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Respected Madam,

We are filing this representation by way of Pre-Grant Opposition along with annexures u/s 25 (1)
of the Patents Act, 1970 and Rule 55 of the Patent Rules, 2003 in Form 7A.

The Learned Controller is requested to take said opposition along with annexures on record and
proceed further in the matter and keep the Opponent advised of each and every step taken in the
matter.

We crave the leave of the Learned Controller to submit additional documents and/or evidence to
support any of the averments in the representation as may be necessitated during the future
proceeding.

Lastly, we request the Learned Controller to grant an opportunity of being heard before the
present Opposition is finally decided.
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Yours faithfully,
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OF RAJESHWARI AND ASSOCIATES
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FORM 7A
THE PATENTS ACT,
1970 (39 OF 1970)
AND
THE PATENTS RULES, 2003
REPRESENTATION FOR OPPOSITION TO GRANT OF PATENT
[See Rule 55]

We, SANKALP REHABILITATION TRUST, having its registered office at SS Bengali
Municipal School, First Floor, Thakurdwar Road, Charni Road East, Mumbai — 400002,
hereby give Notice of opposition to the grant of patent in respect of Indian Patent Application
No. 1576/CHENP/2011 filed on 07/03/2011 made by F. HOFFMANN-LA ROCHE AG on
the grounds.

@ Section 25(1)(b): Lack of novelty

(b) Section 25(1)(e): Lack of inventive step

(c) Section 25(1)(f): Invention is not patentable under section 3(d) and 3(e)

(d) Section 25(1)(g): The complete specification does not sufficiently and clearly
describe the invention or the method by which it is to be performed.

(e) Section 25(1)(h): Failed to disclose to the Controller the information
required by section 8.

(Detailed grounds are set out in the Opposition)
Our address for service in India is:

RAJESHWARI H.

RAJESHWARI & ASSOCIATES

A - 202, FIRST FLOOR

SHIVALIK ENCLAVE

MALVIYA NAGAR

NEW DELHI -110017

INDIA

Tel: + 91-11-41038911

Mobile No. 9910206718

Email: rajeshwari@ralegal.co.in; Opposition@ralegal.co.in

Dated this 10™" day of August, 2022
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BEFORE THE CONTROLER OF PATENTS, THE PATENT OFFICE, CHENNAI

In the matter of Section 25(1) of The Patents Act, 1970 as amended by The Patents
(Amendment) Act 2005;

And

In the matter of Rule 55 of The Patents Rules 2003 as amended by the Patent
(Amendment) Rules, 2006

And

IN THE MATTER of Indian Patent Application 1576/CHENP/2011 filed on 07/03/2011
in the name of F. HOFFMANN-LA ROCHE AG.

REPRESENTATION BY:

SANKALP REHABILITATION TRUST «e... OPPONENT

VS.

F. HOFFMANN-LA ROCHE AG «eeeee APPLICANT

REPRESENTATION BY WAY OF PRE-GRANT OPPOSITION UNDER
SECTION 25(1) OF THE PATENTS ACT, 1970

We, Sankalp Rehabilitation Trust an Indian Non-Government Organization, hereby submit
my representation by way of opposition to the grant of patent in respect of Indian Patent
Application No. 1576/CHENP/2011 filed on 07/03/2011 in the name of F. HOFFMANN-LA
ROCHE AG entitled “POLYMORPHS OF ACYL SULFONAMIDES”.

STATEMENT OF CASE OF OPPONENT

1.  The Opponent has learnt that the Applicant has filed an Indian Patent Application
No0.1576/CHENP/2011 (hereinafter “the Impugned Patent Application”) on 07/03/2011.
The impugned patent application was published in the official journal of the patent
office on 08/06/2012, which is currently pending before the Patent Office. The



Impugned Patent Application is the national phase application of PCT/EP09/061185
and draws its priority from US application 61/095364 dated 09/09/2008.

The Impugned Patent Application is entitled “POLYMORPHS OF ACYL
SULFONAMIDES”.

The Opponent by way of this present pre-grant opposition submits that the claims
currently pending on record are not patentable under the provisions provided in this
Act. The claims as filed and currently on record are annexed herewith as Annexure-1

and reproduced herein below for ready reference:

1. A polymorphic crystalline form (Form VIII) of the compound

F Cl

N,
= o N
Br © ,,0 j\/
\ oﬁ N
(l Na"'

according to formula Ib with an x-ray powder diffraction trace

having a D-spacing essentially as shown:

D-space | 1/1, x 100 | D-space | I/I, x 100
7.2 65.6 4.1 452
6.7 34.3 3.9 100.0
6.1 453 3.4 43.4
4.7 53.9

2. A process for preparing the polymorphic crystalline form
(Form VIII) of compound (1b) as claimed in claim 1 comprising
forming a solution of the compound (Ib) by dissolving the
compound (1b) in a mixture of isopropanol and water, seeding
the solution with Form VIII of compound (1b), and crystallizing

said Form VIII from the solution by recrystallization.



3. A pharmaceutical composition comprising the polymorphic
crystalline form of claim 1lin admixture with at least one

pharmaceutically acceptable carrier, diluent or excipient.

Impugned Patent Application: The present pre-grant opposition is against Indian
Patent Application 1576/CHENP/2011 filed on 07/03/2011 in the name of F.
HOFFMANN-LA ROCHE AG titled “POLYMORPHS OF ACYL
SULFONAMIDES” and is drawn towards a specific polymorphic crystalline form,
denoted as Form VIII in impugned application, of a known compound which has the
INN name Elsulfavirine, the process for preparation and pharmaceutical compositions

thereof.

To discover new antiviral molecules, multiple mechanistic approaches have been
provided by De Clercq (See De Clercq, E. Strategies in the design of antiviral drugs.
Nature Rev. Drug Discov. 1,13-25 (2002)) towards the design and development of
novel antiviral drugs. Among various known strategies, multiple different antiviral
drugs are aimed to target the replication machinery (Clercq ED. 2004. Antivirals and
antiviral strategies. Nat Rev Microbiol 2:704-720). These viral replication machineries
are enzymes such as DNA Polymerase and Reverse Transcriptase. DNA Polymerase
copies DNA to make more DNA, whereas Reverse Transcriptase copies RNA to make
more DNA. The genetic material of viruses, DNA or RNA, are made of its building
blocks called nucleosides and nucleotides. In organisms, nucleosides are synthesized by
metabolic pathways and these nucleosides change in to nucleotides after the
phosphorylation process and these are used by enzymes to build the genetic material of
all known organisms. The genetic material is either DNA or RNA. After infection, the
viruses make more copies of its genetic material. It is well established that if one can
either halt the information copying process itself or introduce mutations in the genetic
material, both of which could be achieved by introducing different building blocks,
with respect to the natural ones (Nucleoside/nucleotide). To halt the information
copying mechanism of the virus, scientists often target the enzymes responsible for the
copying mechanism, which as previously mentioned, are Reverse Transcriptase and
DNA Polymerase. One such well known strategy is to use inhibitor molecules to bind

and block the enzyme activity. One such well known class of inhibitors are called non-



nuceoside reverse transcriptase inhibitors, as reviewed by De Clerg (see De Clercq,
Erik. "Non-nucleoside reverse transcriptase inhibitors (NNRTIs): past, present, and
future.” Chemistry & biodiversity 1.1 (2004): 44-64). Many such non-nucleoside
reverse transcriptase inhibitors belong to the sulfonamide group of molecules with
functional group modifications such as acyl, amino, halogen moieties (see Supuran,
Claudiu T., et al. "Antiviral sulfonamide derivatives." Mini reviews in medicinal
chemistry 4.2 (2004): 189-200).

Elsulfavirine is an acyl sulfonamide based non-nucleoside reverse transcriptase
inhibitor (NNRTI) useful for the treatment and prevention of human immunodeficiency
virus (HIV) infections. It is the prodrug of the active compound VM-1500A, a small
molecule selective NNRTI, which prevents HIV replication. In June 2017, Elsulfavirine
received its first global approval in Russia for the treatment of HIV-1 infections in

combination with other antiretroviral medicines. The structure of Elsulfavirine is as

F a
N H
x omn
0
0 P
Br o
a

0,} N
Na®

shown below:

PRIOR ARTS: The opponent wishes to rely on the following prior arts as evidence in

support of the grounds of opposition.

i. D1: US20050239881 published on 27 October 2005; (annexed herewith as
Annexure — 2)

ii. D2: US20050239880 published on 27 October 2005 (annexed herewith as
Annexure — 3)

iii.  D3: Daniel A. Snider et al.; Polymorphism in generic drug product development,
Advanced Drug Delivery Reviews 56 (2004) 391- 395 (annexed herewith as
Annexure —4)

iv. D4: M Casey et al; Advanced Practical Organic Chemistry, Springer
Science+Business Media New York, First Published 1990 (annexed herewith as

Annexure —5)



8.

v. D5: Stephen W. Wright et al; A Convenient Preparation of Heteroaryl

Vi.

Sulfonamides and Sulfonyl Fluorides from Heteroaryl Thiols, J. Org. Chem. 2006,
71, 1080-1084 (annexed herewith as Annexure — 6)
D6: US 2436062 (US’062) published on 17 Feb 1948 (annexed herewith as

Annexure —7)

It is submitted that the claims of impugned patent application are liable to be refused on
following grounds as below, which are without prejudice to each other:

@ Section 25(1)(b): Lack of novelty

(b) Section 25(1)(e): Lack of inventive step

(c) Section 25(1)(f): Invention is not patentable under section 3(d) and 3(e)

(d) Section 25(1)(g): The complete specification does not sufficiently and clearly
describe the invention or the method by which it is to be performed.

(e) Section 25(1)(h): Failed to disclose to the Controller the information

required by section 8.

GROUND 1: Section 25(1)(b) Lack of Novelty

9.

It is submitted that claims 1 and 3 are not novel, and therefore have to be rejected under
Section 25(1)(b) of the Act.

US20050239881 (US’881):

10.

11.

12.

The impugned patent application lacks novelty in view of US20050239881 (US’881).
US’881 discloses a compound denoted therein as “Compound [-63” in table 1 on page
12 along with its specific melting point. The IUPAC formula and melting point of

compound 1-63 , as stated in the prior art document US’881 is as shown below:

[-63  2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro- M+ H)* 630  164.8-166.2
phenyl}-N-(2-chloro-4-propionylsulfamoyl-phenyl)-
acetamide; sodium salt

US’881 discloses non-nucleoside compounds that inhibit HIV reverse transcriptase and

are useful for treating Human Immunodeficiency Virus (HIV) mediated diseases.

It is submitted that the Compound 1-63 disclosed in US’881 is the compound
Elsulfavirine. Though, US’881 does not explicitly state that the Compound 1-63 is in



13.

14.

15.

16.

crystalline form, the disclosure of specific melting point for said Compound 1-63 is
evidence that said compound exists in crystalline form since as it is known to any
chemist that amorphous solids do not have a regular external structure and hence, they

do not have sharp melting points.

Thus, the disclosure of US’881 encompasses all crystalline forms of the compound

Elsulfavirine including the crystalline form VIII claimed in impugned application.

Therefore, claim 1 of the impugned application lacks novelty in view of disclosure of

prior art document US’881.

Also described in US’881 are pharmaceutical compositions of the compounds disclosed
therein including Compound 1-63 for administration via several routes such as oral

parenteral, topical, suppository etc.

US’881 discloses on pages 56 and 57 in examples A to F that the dosage forms
comprise of the active ingredient i.e. compounds disclosed therein including Compound
I-63 along with pharmaceutically acceptable carrier - lactose, Polyethylene glycol,
Sorbitol (70% solution) etc.; diluents — Cross carmellose sodium, Span, Tween, Mineral
oil, Granulated sugar etc.; or excipient - Fumaric acid, Sodium chloride, Methyl
paraben, Propyl paraben, Magnesium stearate, PVP (polyvinylpyrrollidine), Flavoring,
Colorings. The impugned patent application discloses the same. The comparison of the
formulations disclosed in prior art US881 and those exemplified in impugned

application is tabulated below for ready reference.

Table 1:

Impugned Pharmaceutical compositions of the subject Compounds for administration via several
patent routes can be prepared as described in this Example.

application Composition for Oral Administration (A)

(Page no. Ingredient % Wt./wt.

31) Active ingredient 20.0%

Lactose 79.5%

Magnesium stearate 0.5%




Prior art [0526] Pharmaceutical compositions of the subject Com-
pounds for administration via several routes were prepared
US’881 as described in this Example.
(Page no.56 Composition for Oral Administration (A)
) [0527]
Ingredicnt T ot et
Active ingredient 20,05
Lactose TO_ 5%
Magnesivm stearate 0. 5%
Impugned Composition for Oral Administration (B)
patent Ingredient % wt./wt.
application Active ingredient 20.0%
Page no.
(Pag Magnesium stearate 0.5%
31
) Crosscarmellose sodium 2.0%
Lactose 76.5%
PVP 1.0%
(polyvinylpyrrolidine)
Prior art Composition for Oral Administration (B)
US’881
[0529]
(Page no.
57)
[ngredient %b wit.wt.
Active ingradient 20.0%
Magnesium stearate 0.5%
Crosscammellose sodium 2.0%
Lactose Tb.5%
PVP (polyvinylpyrolidine ) 1.0%
Impugned | Composition for Oral Administration (C)
patent
application
(Page no.

32)




Ingredient . %% wt./wit.
Active compound 1.0g
Fumaric acid 0.5 g
Sodium chloride 20g
Methyl paraben 0.15 g
Propyl paraben 0.05 g
Granulated sugar 255 g
Sorbitol (70%%6 solution) 12.85 g
Veegum K (Vanderbilt 1.0 g
Co.)
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 ml
Prior art Composition for Oral Administration (C)
US’881
[0531]
(Page no.
57)
Ingredient o wiwt.
Active compound 1.0 g
Fumaric acid 05 g
Sodium chloride 20 g
Methyl paraben 0.15 g
Propyl parnben .05 g
Granulated sugar 2$5¢
Sorbitol (70% solution) 1285 g
Veegum K (Manderbilt Co.) 1.0 g
Flovoring 0,035 ml
Colorings 0.5 mg
Distilled water g.5. to 100 m]
Impugned The ingredients are mixed to form a suspension for oral administration.
patent Parenteral Formulation (D)
application -
Ingredient % wt./wt.
(Page no.
Active ingredient 025¢g
32)
Sodium Chloride gs to make isotonic
Water for injection to 100 ml




Priorart | [0532] The ingredicnts arc mixed to form a suspension for
US’881 | oral administration.

(Page no. X
Parenteral Formulation (D)
57)
[0533]
[ngredient % wiwt,
Active ingredient 025 g
Sodium Chloride g& o make isotonic
Water for injection o 100 ml

Impugned Suppository Formulation (E)

patent
application Ingredient % wt./wt.
P .
(Page  no Active ingredient 1.0%
33)
Polyethylene glycol 1000 74.5%
Polyethylene glycol 4000 24.5%
Prior art . . . . .
Suppository Formulation (E)
US’881
(Page no. [0535]
57)
[ngredient e Wi,
Active ingredicnt 1.0%

Polyethylene glyeal 1000 T4.5%
Polyethylene glycel 4000 24.5%
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Impug ned Topical Formulation (F)
patent Ingredients grams
appllcatlon Active compound 0.2-2
(Page no. Span 60 5
33) Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole) 0.01
Water g.s. 100
Prior art Topical Formulation (F)
US’881
[0537]
(Page no.
57)
Ingredients grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral oil 5
Petrolntum 1
Methyl paraben 0.15
FPropyl paraben 0.05
BHA (butylated hydroxy anisole) 0.0
Water g.5. 100

17. As elaborated in preceding paragraphs all the technical features of the composition
claimed in the impugned application are disclosed in the prior art document US’881
and thus, the subject matter of claim 3 also lacks novelty in light of disclosure of
US’881.

US20050239880 (US’880):

18. Without prejudice to the above, it is submitted that impugned patent application lacks
novelty in view of US’880. US’880 discloses a compound denoted as “Compound I-

63” in table 1 on page 11 along with its specific melting point. The [IUPAC formula and



19.

20.

21.

22.

23.

12

melting point of compound 1-63, as stated in the prior art document US’880 is as shown
below:

163 2-[4-Bromo-3-(3-chloro-5-oyuno-phenoxy |- 2- 630 (M + HY 164, 8-166.2
fluoro-pheny| }N-(2-chloro-3-propionylsultamoy]-
phenyl l-acetamide; sodiuem sal

it is submitted that the Compound 1-63 disclosed in US’880 is the compound
Elsulfavirine. Though, US’880 doesn’t explicitly state that Compound I-63 exists in
crystalline form, the disclosure of specific melting point of Compound 1-63 is reflective
that said compound exists in crystalline form, since as it is known to any chemist that
amorphous solids do not have a regular external structure because of which they do not
have sharp melting points.

Thus, the disclosure of US’880 encompasses all the crystalline forms of the compound

Elsulfavirine including the crystalline form VIII claimed in impugned application.

Therefore, claim 1 of the impugned application lacks novelty in view of disclosure of

prior art document US’880.

Also described in US’880 are pharmaceutical compositions of the compounds disclosed
therein including Compound 1-63 for administration via several routes such as oral

parenteral, topical, suppository etc.

US’880 discloses on pages 63 and 64 in example 62 that the dosage forms comprise of
the active ingredient i.e. compounds disclosed therein including Compound 1-63 along
with pharmaceutically acceptable carrier - lactose, Polyethylene glycol, Sorbitol (70%
solution) etc.; diluents — Crosscarmellose sodium, Span, Tween, Mineral oil,
Granulated sugar etc.; or excipient - Fumaric acid, Sodium chloride, Methyl paraben,
Propyl paraben, Magnesium stearate, PVP (polyvinylpyrrollidine), Flavoring,
Colorings. The impugned patent application discloses the same. The comparison of the
formulations disclosed in prior art US’880 and those exemplified in impugned

application is tabulated below for ready reference.

Table 2:
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Impugned Pharmaceutical compositions of the subject Compounds for administration via several
patent routes can be prepared as described in this Example.
application Composition for Oral Administration (A)
(Page no. Ingredient % Wt./wi.
31) Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%
Prior art [0616] Pharmaceutical compositions of the subject Com-
, pounds for administration via several routes were prepared
US’880 as described in this Example.
(Page no. Composition for Oral Administration (A)
63) [0617]
Ingredient WL
Active ingredient 200
Luctose To 5%
Magnesiom sicarate 5%
Impugned Composition for Oral Administration (B)
patent Ingredient % wt./wt.
application Active ingredient 20.0%
Page no.
(Pag Magnesium stearate 0.5%
31
) Crosscarmellose sodium 2.0%
Lactose 76.5%
PVP 1.0%
(polyvinylpyrrolidine)
Prior art Composition for Oral Administiration {B)
US’880 [(0619]
(Page no.
63 ) Ingrediest T wWLWL
Active ingredient 2000%
Magrcsivm sicarmic oi%
Crosscarmaellose aodium 10%
Lactose Th.5%
VP [|m|\'\'i11\.'|pl,'|r-:r|idi11:'] 105
Impugned | Composition for Oral Administration (C)
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patent

Ingredient %% wt./wt.
application Active compound 1.0g
(Page no. Fumaric acid 05¢g
32) Sodium chloride 20¢g
Methyl paraben 0.15 g
Propyl paraben 0.05 g
Granulated sugar 255 g
Sorbitol (70%%6 solution) 12.85 g
Veegum K (Vanderbilt 1.0 g
Co.)
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 ml
Prior art Compaosition for Oral Administration (C)
US’880 | [0621]
(Page no.
64)
lngredient
Active compound g
Fumaric acid ol
Sodium chloride E
Methyl pamben E
Propyl pamben SR
Cirnmulkated sugar £
Sorbimel (T0% soluton) S g
Veegum K (Vanderbilt Co,) g
I"Il.l.-.-'ull.nl._] il
Il"nlnrirw;n. mg
[nstilled water g% 52 100 ml
Impugned The ingredients are mixed to form a suspension for oral administration.
patent Parenteral Formulation (D)
application -
Ingredient % wt./wt.
(Page no.
Active ingredient 025¢g
32)
Sodium Chloride gs to make isotonic

Water for injection to

100 ml
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Prior art [0622] The ingredients are mixed to form a suspension for
US’880 oral adminisiration.
(Page no. Parenteral Formulation (13)
64) [0623]
Ingredignt T Wil wt,
Active ingredicar 0is g
Sodium Chloride s o make
isobonie
Whier for injection to 100 ml
Impugned | Suppository Formulation (E)
patent
application Ingredient % wt./wt.
Page no. — :
(Pag Active ingredient 1.0%
33)
Polyethylene glycol 1000 74.5%
Polyethylene glycol 4000 24.5%
Prior art Suppository Formulation (E)
US’880 [0625]
(Page no.
64 ) Ingredient 5 wiwt.
Active ingredient 1.40%
Polyethylene glyeol 1O T4.5%

Polyethylene glyool 40080 24.5%




24,

16

I mqunEd Topical Formulation (F)

patent Ingredients grams

appllcatlon Active compound 0.2-2

(Page no. Span 60 5

33) Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole) 0.01
Water g.s. 100

Prior art Topical Formulation (I9)
US’880 | [0627)
(Page no.
64 ) [agredwents grams

Active compound 0.2=2
Span 6l 2
Twgen Gl .
Mineml o4l 5
Pret rolanuim 11
Methyl pamben .15
Propyl prraben oS
BHA (butdated hydroxy anisole) 0
Waler s 100

As elaborated in preceding paragraphs all the technical features of the composition

claimed in the impugned application are disclosed in the prior art document US’881

and thus, the subject matter of claim 3 also lacks novelty in light of disclosure of

US’880.

GROUND 3: Section 25(1)(e) Lack of Inventive Step

25.

It is submitted that the invention as claimed is obvious and does not involve any

inventive step in view of whatever was known and published in India or elsewhere

prior to the priority date of impugned patent application i.e. prior to 09/09/2008 the

earliest claimed priority.




26.

27.

28.

29.

30.

31.

32.
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It is submitted that all the claims of the impugned application are not inventive and are
obvious in view of common general knowledge in art and combined with teachings of

above-mentioned prior arts.

Opponent submits that 2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-N-
(2-chloro-4-propionylsulfamoyl-phenyl)-acetamide sodium salt in its crystalline form
(compound 1-63), as evident from the specific melting point, was disclosed in prior art
documents US’881 and US’880.

It is submitted that the prior art document US’881 discloses the synthesis process of
Elsulfavirine sodium salt and of closely related molecules such as compound 126 which
differs from Elsulfavirine (compound 1-63). In said synthesis process of compound I-
126 which is applicable to compound 1-63 also, US’881 discloses that the final step of
reaction of different reactants in solvents results in a solid “material” after removal of
solvents in vacuo. Thereafter, this resultant solid “material” is merely “triturated with”,

and not “reacted with” Et.O and EtOAc to obtain the crystalline solid compound.

From the abovementioned process of synthesis, a person skilled in the art understands
that final step of synthesis which involves merely trituration with solvent and not any
reaction is actually a step of recrystallization to obtain purified crystalline compound
since trituration with a solvent cannot result in chemical change of the “material”

obtained in earlier reaction step.

US’881 teaches a person skilled in the art that Elsulfavirine sodium salt is obtained in
different crystalline forms since different distinct melting points have been disclosed in

said document for Elsulfavirine sodium salt.

Therefore, US’881 teaches a person skilled in the art that Elsulfavirine sodium salt
exists in different crystalline forms which are obtained by a process of synthesis which

involves a step of recrystallization as the final step.

It is submitted that Daniel A. Snider et al. discloses the importance of polymorphism in
the field of drug product development. The desired polymorphic form is used based
upon the ability to manufacture a bioequivalent product. It is well-established that

pharmaceutical solids can exist in several polymorphic forms. In the case of a new drug



33.

34.

35.

36.

37.
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substance, it is important that polymorphism data be generated prior to the initiation of
pivotal clinical studies and primary stability batches.

The document further discloses that Terfenadine exists in three polymorphic forms
whereas Polymorph | was obtained by recrystallization from ethanol-water. Polymorph
Il was obtained from methanol. Polymorph 1l was a metastable form, which was
recrystallized from propylene glycol. Polymorph | has the highest melting point and is
the most stable of the three polymorphic forms.

It is further submitted that Daniel A. Snider et al. teaches following points-
a. A compound can exist in different polymorphic forms.
b. Different polymorphic forms of compounds can be achieved through
recrystallization process.
c. Recrystallized polymorph can have high melting point.
d. Recrystallized polymorph that possesses high melting point will exhibit high
stability.

M Casey et al discloses the basic principle of procedure to perform recrystallization
process in lab which can divided in certain steps which are given below-

a. Select a suitable solvent

b. Dissolve the compound in the solvent

c. Filter the solution to remove insoluble impurities

d. Allow the solution to cool and the crystals to form

e. Filter off and dry the crystals

It is further submitted that M. Casey et al. also teaches the application of seed crystals
to induce crystallization of the compound. Thus, the process opted by Applicant is well

known in the art at the time of the invention.

It is further submitted that the compound Elsulfavirine is a sulphonamide containing
compound and it was well in the art at the time of the invention to use an agueous
alcohol solvent system for recrystallization of sulphonamide compound, such as in
prior art document US’062 and among aqueous alcohol systems use of aqueous 2-
propanol was particularly favoured as disclosed in prior art document Stephan W.
Wright et al.
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US’062 relates to sulphonamide derivatives of nitro guanidine and amino guanidine. It
discloses an aqueous alcohol solvent system for recrystallization of sulphonamide

compounds.

It is further submitted that Stephan W. Wright et al. discloses recrystallization process
for sulphonamide compounds where they mentioned that recrystallization from ethanol
or 2-propanol afforded analytically pure samples of crystalline products. The document
further discloses that recrystallization from 2-propanol gave 64% of compound 3b
whereas recrystallization from ethanol gave 11% of compound 8a. The document
teaches selection of isopropanol (2-propanol) for recrystallization process for

sulphonamide compounds.

It is further submitted that the impugned compound elsulfavirine also contain a
sulphonamide group. US’062 and Stephan W. Wright et al. teach use of water-alcohol
and isopropanol for recrystallization of sulphonamide compounds. The selection of
solvent is based upon the solubility of the compound. Therefore, a person skilled in the

art would use isopropanol-water for recrystallization of the sulphonamide compound.

It is submitted that the Applicant has merely identified a crystalline form (form VIII) of
2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-N-(2-chloro-4-
propionylsulfamoyl-phenyl)-acetamide sodium salt (Ib) as a result of routine

experimentation without the application of inventive faculty.

Therefore, the claimed invention of the impugned application is merely a result of
routine optimization rather than application of inventive approach. Thus, the claimed

subject matter is obvious and devoid of any inventive merit.

It is submitted that the compound Elsulfavirine sodium in crystalline form and the
process of recrystallization to obtain same was known in art. The Applicant has merely

used the solvent system which was taught by US 062 and Stephan W. Wright et al.

Moreover, as disclosed by Daniel A. Snider it was well known that polymorphism also
results in different forms one or more of which will have higher melting point than
other forms and therefore, screening of various polymorphic forms for determination of
their physico-chemical properties is a matter of routine experimentation in the industry.

The Opponent submits that mere use of an alternate solvent system which was clearly
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taught by the prior art to get a polymorphic form of a substance, when not only the
substance itself was well known before the priority date of impugned patent application
but the existence of different crystalline polymorphs was also known in the art at the

time of the invention cannot be considered as inventive.

Thus, the subject matter claimed in claim 1 and 2 of the impugned application is

obvious.

In view of the above submissions, impugned application lacks inventive step and

therefore, should be rejected on this ground alone.

GROUND 3: Claims not patentable under Section 25(1)(f)

The claimed subject matter in not patentable under Section 3(d) of the Act

47.

48.

49,

It is submitted that the impugned patent application should not be allowed under
Section 3(d) which states that “the mere discovery of a new form of a known substance
which does not result in the enhancement of the known efficacy of that substance or the
mere discovery of any new property or new use for a known substance or of the mere
use of a known process, machine or apparatus unless such known process results in a

new product or employs at least one new reactant.

Explanation -For the purposes of this clause, salts, esters, ethers, polymorphs,
metabolites, pure form, particle size, isomers, mixtures of isomers, complexes,
combinations and other derivatives of known substance shall be considered to be the

same substance, unless they differ significantly in properties with regard to efficacy.”

As submitted under the grounds of lack of novelty by prior publication and lack of
inventive step the subject matter claimed in impugned application is neither novel nor

inventive and hence, squarely falls under the ambit of Section 3(d) of the Act.

It is further submitted that section 3(d) clearly states that polymorphs must show
therapeutic enhancement as compared to the “known substance”. The impugned
application claims a polymorphic crystalline form of a known compound i.e. 2-[4-
Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-N- (2-chloro-4-

propionylsulfamoyl-phenyl)-acetamide sodium salt (Elsulfavirine sodium). Therefore,
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Applicant must provide data establishing enhanced therapeutic efficacy as compared to

Elsulfavirine sodium.

The Opponent submits that it is well known and common for a person skilled in the art
that therapeutic efficacy depends on the drug-receptor binding and ability of drug to
make configurational changes that triggers the physiological changes. Furthermore,
different polymorphic forms contain same compound and after binding of different
polymorphic forms with receptor, the drug-receptor interaction will provide same
response. So, different polymorphic form of a compound would not alter therapeutic
efficacy of a known compound.

It is submitted that it was incumbent upon the Applicant to establish why and how the
crystalline form (Form VII1) claimed in impugned application has enhanced therapeutic
efficacy as compared to the compound 1-63 disclosed in US’881 and US’880 and all its
salt and crystalline forms disclosed therein. However, the Applicant has not disclosed

any such data in the specification as filed.

It is further submitted that Applicant has submitted in their FER reply that they have
achieved high melting point compound which is an unexpected effect. However, there

is no correlation in melting point and therapeutic enhancement.

Therefore, the claimed subject matter of the impugned application has no enhancement
of therapeutic efficacy and the impugned application should be rejected on this ground

alone.

Claims of impugned application is not patentable as per Section 3(e) of the Act

54,

55.

Section 3(e) which clearly states that a substance obtained by a mere admixture
resulting only in the aggregation of the properties of the components thereof or a

process for producing such substance is not patentable.

The Opponent states that the subject matter of impugned application is drawn to
composition which is an admixture of various components. It is further submitted that
the Applicant has failed to demonstrate any unexpected effect of the claimed

composition in the impugned specification.
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In absence of any unexpected effect of the claimed composition established in the
impugned specification, the claimed subject matter of the impugned application is
merely an admixture which falls under the prohibition of Section 3(e) read with Section
25(1)(f) of the Act. Thus, impugned application is liable to be rejected on this ground

alone.

GROUND 5: INSUFFICIENCY OF DISCLOSURE

S7.

58.

59.

60.

61.

62.

63.

The complete specification does not sufficiently and clearly describe the invention or
the method by which it is to be performed.

The Opponent states that it is a well settled rule that the specification should clearly and
fairly describe the invention and disclose the best mode of working the invention so
that the person skilled in the art could perform the invention without any undue efforts
and it is hereby stated that the Applicant has failed to do so.

It is submitted that claims are not fairly based on the specification and complete
specification does not describe the invention and the method of performing the

invention.

It is submitted that the specification at page no. 28 discloses preparation of form Il by
heating/drying form | and suspending form I1l in MeOH, without mentioning any

reaction conditions like temperature and time.

Furthermore, it is quite surprising that form I and form Ill can be prepared by using
same solvent system i.e. THF/water/n-butanol/n-butylacetate. (Page no. 28-29) The

solvent system must be different for different forms.

It is submitted that impugned specification states that advantages of present invention
can be directly understood by figurel-11. It is further submitted that these figures are

merely provide X-ray and DSC data, failed to provide any technical advancement data.

Impugned specification discloses that new crystalline forms of 2-[4-Bromo-3-(3-
chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-N- (2-chloro-4-propionylsulfamoyl-
phenyl)-acetamide sodium salt (Ib) have been identified with superior chemical and

physical properties but failed to produce superior chemical and physical properties.
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Moreover, it is further submitted that there is no seeding step in as filed process claim;
Applicant has additionally added such step in amended set of claims. In addition to this,
Applicant has further added a “recrystallization” process in amended set of claims

which was never claimed in as filed claims.

Therefore, the specification does not enable a person of average skill in the art to make
or use the invention as claimed without undue experimentation. Consequently, the

specification as filed does not provide enabling disclosure of the claims at hand.

The impugned patent application does not provide adequate teaching to a person of skill
in the art to practice the invention. Considering above, impugned application does not
sufficiently and clearly describe the invention. Therefore, the impugned application
should be refused on this ground alone.

GROUND 5 -Section 25(1)(h)

67.

68.

69.

70.

71.

The Applicant has failed to disclose to the Patent Office the information required under
Section 8.The Applicant is required to provide all the information regarding the
prosecution of the equivalent applications till the grant of the Indian application to

the Patent Office in writing from time to time and also within the prescribed time.

It is observed that Applicant has not provided information about updated the status
of corresponding application in the Form-3 which information has not been

provided to the learned Controller.

It is further submitted that Japanese Patent Application No. 2019-
124434(publication no. JP2019194229) has got decision of refusal on 30.03.2021
but Applicant has not disclosed in their updated form 3 detail which was uploaded
on 03.09.2021 on IPO website.

Therefore, the applicant has failed to comply with the requirements of the section

8 of the act and the opponent demands rejection on this ground also.

It is submitted that the Applicant has failed to disclose the details of

corresponding foreign applications and impugned patent application to be refused.
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72. The opponents crave leave to file further submissions and evidence with respect to
this ground.

CONCLUSION

73. In view of the above, the claims are not novel, inventive and not patentable and
insufficient. The pre-grant opposition as filed may be allowed and the subject patent
application may be refused.

HEARING REQUESTED

74. The Opponent hereby requests a hearing under section 25(1) of the Patents Act, 1970
(hereinafter referred to as “the Patents Act”) and Rule 55 of the Patents Rules

(hereinafter referred to as “the Rules”).

PRAYER

In the fact and circumstances of the case, the Opponent prays as follows:

i. that the Controller take the present Opposition on record; that the Indian
application 1576/CHENP/2011, be rejected under Section 25(1) of the Patents
(Amendment) Act, 2005;

ii. that the Opponent may be allowed to file further documents and evidence if

necessary to support their averments;

iii.  that the Opponent may be allowed to file rejoinder and affidavit if necessary to

support their averments;

iv. that the Opponent may be granted an opportunity of being heard in the matter

before any final orders are passed;

v. that the Opponent may be allowed to make further submissions in case the Patentee

makes any amendments in the claims;
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vi.  any other reliefs considering the facts and circumstances may be granted in favour

of the Opponent in the interest of justice.

Dated this 10" day of August, 2022

o "g,,z/{xﬂW'
RAJESHWARI H. IN/PA — 0358
OF RAJESHWARI AND ASSOCIATES
AGENT FOR THE OPPONENT
TO
THE CONTROLLER OF PATENTS
PATENT OFFICE, CHENNAI



Annexure - 1

We Claim:

1. A polymorphic crystalline form (Form VIII) of the compound

Fa=

i
according to formula Ib with an x-ray powder diffraction trace having a D-spacing
essentially as shown:

D-space | I/, x 100 | D-space | I/l x 100
7.2 65.6 4.1 452
6.7 34.3 39 100.0
6.1 453 34 43.4
4.7 539

2. A process for preparing the polymorphic crystalline form (Form VIII) of compound
(1b) as claimed in claim 1 comprising forming a solution of the compound (Ib) by
dissolving the compound (1b) in a mixture of isopropanol and water, seeding the solution
with Form VIII of compound (1b), and crystallizing said Form VIII from the solution by
recrystallization.

3. A pharmaceutical composition comprising the polymorphic crystalline form of claim
lin admix ture with at least one pharmaceutically acceptable carrier, diluent or excipient.
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RY Ar

r! R?
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NON-NUCLEOSIDE REVERSE TRANSCRIPTASE
INHIBITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Ser. No. 60/565,117 filed Apr. 23, 2004 and which is
hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention relates to the field of antiviral
therapy and, in particular, to non-nucleoside compounds that
inhibit HIV reverse transcriptase and are useful for treating
Human Immunodeficiency Virus (HIV) mediated diseases.
The invention provides novel N-phenyl phenylacetamide
compounds according to formula I, for treatment or prophy-
laxis of HIV mediated diseases, AIDS or ARC, employing
said compounds in monotherapy or in combination therapy.

BACKGROUND OF THE INVENTION

[0003] The human immunodeficiency virus HIV is the
causative agent of acquired immunodeficiency syndrome
(AIDS), a disecase characterized by the destruction of the
immune system, particularly of the CD4*T-cell, with atten-
dant susceptibility to opportunistic infections. HIV infection
is also associated with a precursor AlDs-related complex
(ARC), a syndrome characterized by symptoms such as
persistent generalized lymphadenopathy, fever and weight
loss.

[0004] In common with other retroviruses, the HIV
genome encodes protein precursors known as gag and
gag-pol which are processed by the viral protease to afford
the protease, reverse transcriptase (RT), endonuclease/inte-
grase and mature structural proteins of the virus core.
Interruption of this processing prevents the production of
normally infectious virus. Considerable efforts have been
directed towards the control of HIV by inhibition of virally
encoded enzymes.

[0005] Currently available chemotherapy targets two cru-
cial viral enzymes: HIV protease and HIV reverse tran-
scriptase. (J. S. G. Montaner et al. Antiretroviral therapy.
‘the stare of the art’, Biomed & Pharmacother 1999 53:03-
72, R.'W. Shafer and D. A. Vuitton, Highly active retroviral
therapy (HAART) for the treatmenit of infection with human
immunodeficiency virus type, Biomed. & Pharmacother.
1999 53 :73-86, E. De Clercq, New Developments in Anti-
HIV Chemotherap. Curr. Med. Chem. 2001 8:1543-1572).
Two general classes of RTI inhibitors have been identified:
nucleoside reverse transcriptase inhibitors (NRTI) and non-
nucleoside reverse transcriptase inhibitors. NRTIs typically
are 2',3-dideoxynucleoside (ddN) analogs which must be
phosphorylated prior to interacting with viral RT. The cor-
responding triphosphates function as competitive inhibitors
or alternative substrates for viral RT. After incorporation into
nucleic acids the nucleoside analogs terminate the chain
elongation process. HIV reverse transcriptase has DNA
editing capabilities which enable resistant strains to over-
come the blockade by cleaving the nucleoside analog and
continuing the elongation. Currently clinically used NRTIs
include zidovudine (AZT), didanosine (ddI), zalcitabine
{ddC), stavudine (d4T), lamivudine (3TC) and tenofovir
(PMPA).
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[0006] NNRTIs were first discovered in 1989. NNRTI are
allosteric inhibitors which bind reversibly at a nonsubstrate-
binding site on the HIV reverse transcriptase thereby alter-
ing the shape of the active site or blocking polymerase
activity (R. W. Buckheit, Ir., Non-nucleoside reverse rran-
scriptase inhibitors. perspeciives for novel therapeutic com-
pounds and strategies for treatment of HIV infection, Expert
Opin. Investig. Drugs 200110{8)1423-1442; E. De Clercq
The role of non-nucleoside reverse transcriptase inhibitors
(NNRTIS) in the therapy of HIV infecrion, Amiviral Res.
1998 38:153-179, E. De Clercq New Developments in Anti-
HIV  Chemotherapy, Cuarrent medicinal Chem. 2001
8{13):1543-1572; G. Moyle, The Emerging Roles of Non-
Nucleoside Reverse Transcriptase Inhibitors in Anriviral
Therapy, Drugs 2001 61 (1):19-26). Although over thirty
structural classes of NNRTIs have been identified in the
laboratory, only three compounds have been approved for
HIV therapy: efavirenz, nevirapine and delavirdine.

[0007] Initially viewed as a promising class of com-
pounds, in vitro and in vivo studies quickly revealed the
NNRTIs presented a low barrier to the emergence of drug
resistant HI'V strains and class-specific toxicity. Drug resis-
tance frequently develops with only a single point mutation
in the RT. While combination therapy with NRTIs, PIs and
NNRTIs has, in many cases, dramatically lowered viral
loads and slowed disease progression, significant therapeutic
problems remain. (R. M. Gulick, Eur: Soc. Clin. Microbiol.
and Inf. Dis. 2003 9(3):186-193) The cocktails are not
effective in all patients, potentially severe adverse reactions
often occur and the rapidly reproducing HIV virus has
proven adroit at creating mutant drug-resistant variants of
wild type protease and reverse transcriptase, There remains
a need for safer drugs with activity against wild type and
commonly occurring resistant strains of HIV.

[0008] Certain N-phenyl phenylacetamide compounds
have been found to have a varety of pharmacological
properties.

[0009] U.S. 20030187008 (H. Miyachi et al) discloses
N-phenyl phenvlacetamide compounds which are peroxi-
some proliferators-activated receptor (PPARc) ligands.

[0010] U.S. 20030220241 (D. Defoe-Jones et al.) disclose
N-phenyl phenylacetamide compounds use to prepare pro-
tein conjugates with a prenyl protein transferase which are
cleaved by prostate-specific antigen and are useful for
treating cancer. W09917777 (J. 8. Desolms et al.) teach
prenyl protein transferase compounds which include N-phe-
nyl phenylacetamides.

[0011] N-(substituted)phenyl 3-phenoxy-phenylacetamide
compounds have been disclosed in WO001/21596 (A. A
Mortlock et al.) as inhibitors of aurora 2 kinase which are
potentially useful in the treatment of proliferative diseases.

[0012] N-phenyl  3-(substituted)phenoxy-phenylaceta-
mide compounds have be disclosed in WO2000059930 as
inhibitors of prenyl protein transferase.

[0013] N-(substituted)phenyl3-phenoxy-phenylacetamide
compounds have been disclosed in U.S. 2003011435 (K.
Tani ¢t al.} as EP4 receptor antagonists which are potentially
useful in the suppression of TNF-¢ production and induction
of IL-10 production.

[0014] Benzanilide compounds have been disclosed in
WOU965874 (Y. Ohtake et al.) as vasopressin antagonists.
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[0015] N-phenyl phenylacetamide compounds 1 wherein
R’ can be substituted aryl, X can be O, n can be 0, R* and R*
can be hydrogen have been disclosed in W09315043 (T. Oe
et al.) as acetyl CoA cholesterol O-acyltransferase inhibitors
usetul for reducing blood lipid levels and for treating
arteriosclerosis.

7
X—r TR

R3

)

[M016] N-Phenyl phenylacetamides have also been used as
synthetic intermediates for the preparation of pharmacologi-
cally active compounds. N-(2-carboalkoxy-5-chloro-phe-
nyl)phenylacetamides (A. Kreimeyer et al., J. Med. Chem.
1999 42:4394-4404; 1. J. Kulagowski et al., J. Med. Chem.
1994 37:1402-1405 K. Ackermann et al., WO 97/26244),
N-(2-cyano-5-chloro-phenyl)phenylacetamides (M. Rowley
et al., J. Med. Chem. 1997 40:4053-4008; R. W. Carling et
al,, J. Med. Chem., 1997 40:754-765 and N+{2-nitrophe-
nyl)phenylacetarides (J. F. W. Keana ¢t al., WO 96/22990)
have becn disclosed and utilized as intermediates for the
synthesis of ligands for the glycine site on the N-methyl-
D-aspartate (NMDA) receptor. NMDA ligands have been
investigated for treating CNS disorders thought to be related
neuronal death caused by over-stimulation of the post syn-
aptic receptor sensitive to N-methyl-D-aspartic acid. Such
disorders include Alzheimer’s discase, epilepsy and cerebral
ischemia. These compounds and indications are unrelated to
the present invention.

[M017] 2-Benzoyl phenyl-N-[phenyl]-acetamide com-
pounds 2a and 2b have been shown to inhibit HIV-1 reverse
transcriptase (P. G. Wyatt et al, J. Med Chem. 1995
38(10):1657-1665). Further screening identified related
compounds, e.g 2-benzoyl phenyloxy-N-[phenyl]-aceta-
mide, 3a, and a sulfonamide derivative 3b which also
inhibited reverse transcriptase (J. H. Chan et al., J. Med
Chem. 2004 47(5):1175-1182; C. L. Webster et al., W0OO01/
17982).

K O(CH.);NMes

Cl
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SUMMARY OF THE INVENTION

[0018] The present invention relates to compounds of

formula I
R? H
X! [L\
RS Ar
O
r! R?
RZ

[0019] wherein
[(20] X'is —O—;

[W21] R? and R* are (i} each independently selected
from the group consisting of hydrogen, C,  alkyl,
C haloalkyl, C, cycloalkyl, C, alkoxy, C, ; alky-
lthio, C,, alkylsulfinyl, C,, sulfonyl, C,,
haloalkoxy, C, . haloalkylthio, halogen, amino,
alkylamino, dialkylamino, aminoacyl, nitro and
cyano, or, (ii}) together R' and R® are
—0—CH=CH— or —O0—CH_CH.— provided
that R* is not hydrogen;

[0022] R?and R* are independently selecied from the
group consisting of hydrogen, C, , alkyl, C, .
haloalkyl, C,_, alkoxy, C, ; haloalkoxy C, . alky-
Ithio, C,_ haloalkylthio, halogen, amino, nitro and
cyano,;

3b:R= S503NH»

[0(023] R® is aryl substituted with one to three sub-
stituents independently selected from the group con-
sisting of C, , alkyl, C,, alkenyl, C,_; alkynyl,
—C=(CCH,0H, —CsCCH,NMe., C, ; haloalkyl,
C,, cycloalkyl, C,; alkoxy, C,, alkylthio, C,
alkylsulfinyl, C,., sulfonyl, C, ; haloalkoxy, C, 4
haloalkylthio, hydroxy, halogen, nitro and cyano,
said alkyl and said cycloalkyl are optionally substi-
tuted with one or two substituents independently
selected from the group consisting of alkyl, hydroxy,

29



US 2005/0239881 Al

alkoxy, thiol, alkylthio, halogen, amino, alkylamino,
dialkylamino, amino alkyl, alkylaminoalkyl, and
dialkylamino;

[0024] Ar is a substituted phenyl ring according to
formula Ila with the proviso that R™ and R™ are not
both hydrogen or if R is hydrogen then R™ is
chlorine:

[[a

[0025] R is selected from the group consisting of
hydrogen, C,  alkyl, C,_; haloalkyl, C,_; alkoxy,
(,_s haloalkoxy, halogen and cyano;

[0026] R in each incidence is independently
selected from the group consisting of C, 4
haloalkyl, C,_, alkoxy, C, 4 alkylthio, C,  alkyl-
sulfinyl, C,_, sulfonyl, amino C,_; alkylsulfonyl,
SO.NR'™RM®, C, . haloalkoxy, C, . haloalky-
Ithio, hydroxy, amino, C, . alkylamino, C, .
dialkylamino, aminoacyl, acyl, CONR®R®, nitro,
cyano, Cie heteroalkoxy,
—XZ(CHz) S(O)QNR’*Rg
—X3(CH,), NHC(O)NHRBR9
—X (C‘HA) NHS(O)A NR®R® and
—X*(CH.) NHCOOR‘O

[0027] R is selected from the group consisting of
heteroalkoxy, —S(0),NR°R",

_%ecH, ~(CH,), S(0).NR°R?;
—Xz(CHA) NHC(O)NHRBRD X*%(CH,),CONR®R®,
—S0.R", —NR°R®, Xz(CHA) NR'S(0), NR*‘R9
—X"(CHZ) NHCOOR'®, )("(C‘HZ)‘,C‘OOR10
—i( (CHZ)UCN —OR" and C(=0)CH,N[(CH,).]
X

[0028] R® and R” (i) taken independently, one of R®
and R? is hydrogen or C,_ alkyl and the other of R®
and R® is selected from the group consisting of
hydrogen, —C(=ORY, —C(=0)CR“NH,,
—(CH,).N[{CH,).],0, COCO_Me, C,_, cycloalkyl
said cycloalkyl optionally substituted with one or
two hydroxyl substituents, pyranyl, C, . alkyl and
aryl said alkyl and said aryl groups optionally sub-
stituted with one or two substituents independently
selected from the group consisting of hydroxy, C, ¢
alkoxy, thiol, C, , alkylthio, C, . alkylsulfinyl, C, .
sulfonyl, and halogen; or, (ii) R® and R® taken
together are (CH,),—X*—(CH.,)., —(CH,).— or
(CH ),5(0),, optionally substituted with one or two
substituents selected from the group consisting of
halogen, hydroxyl and NR**R**";

[0029] R°isC,. alkyl;
[0030] R is hydrogen or C,_; alkyl,
[0031] R and R'® are independently R';

[0032] R'2is the side chain of a naturally occurting
a-amino acid;
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[0033] R¥? s C,s akyl; —(CH..CO.R",
—{(CH;);CN, —(CH,).NH,, —(CH,),0H;

[0034] R™ is C,,, alkyl, —(CH.),NHR™R'®,
(CH,),0R™, —CH,CH(OH)CH,, CH,N[(CH.),]
.0, —(CH,).CO.R", optionally substituted phenyl
or pyridinyl;

[(035] R'¥is C,.4 alkyl substituted with one to three
hydroxyl groups;

[(036] X?is —O— or a bond,

[(037] X*is —O0— or —NMe—;
[(038] X°is —O0—, —S(0),— or NR™,
[0039] XCis O— or —S(0),—;

[0040] m is an integer from O to 2;
[0041] n is an integer from O to 2;
[W42] o is an integer from 4 to 6;
[043] p is an integer from O to 6;
[44] ris an integer from 3 to 4
[0045] s is an integer from 1 to 2
[0046] u is an integer from 2 to 3;
[047] v is an integer from 2 to 6; and,

[0048] hydrates, solvates, and acid addition salts or salts of
the conjugate base thereof.

[0049] Compounds of formula I are useful to inhibit HIV
reverse transcriptase and the prevention and treatment of
HIV infections and the treatment of AIDS and/or ARC. HIV
undergoes facile mutations of its genetic code resulting in
strains with reduced susceptibility to therapy with current
therapeutic options. Compounds of formula I provide new
compounds with a broad spectrum of activity against HIV
resistant to currently available non-nucleoside reverse tran-
scriptase inhibitors. The present invention further relates to
compounds of formula I which are useful in mono therapy
or combination therapy with other anti-viral agents.

DETAILED DESCRIPTION OF THE
INVENTION

[0050] Inone embodiment of the present invention there is
provided a compound a compound according to formula I
wherein R', R, R®, R, R®, R%, R, R™", R"%, R®, R, R"",
Rll, Rlla’ Rllb’ RIZ’ Rl3, Rl4, RIS, Al', Xl, XZ’ X3, Xsl’ XS’
X% m, n, 0, p, r, 5, uand v are as defined herein above,

[0051] In another embodiment of the present invention
there 15 provided a compound according to formula [
wherein X? is a bond; R* is hydrogen or halogen; R* is
hydrogen, halogen or C,_, alkyl; m is 0, and, R*, R*, R®, R®,
R‘?a’ RTh, R?c’ RS, RQ, RIO, Rll, le, Rllh, RIZ, R13, Rlsl,
R Ar, XY, X3, X%, X%, X% n,0,p,1,5,uand v are as defined
herein above.

[0052] In another embodiment of the present invention
there 15 provided a compound according to formula [
wherein X° is a bond; R' and R? are independently hydro-
gen, T4 alkyl, C,_; haloalkyl, C, . alkoxy, C;_, haloalkoxy,
halogcn, amino, nitro or ¢yano; R is hydrogcn or fluoro; R*
is hydrogen, fluoro, chloro, C,_ alkyl; R® is phenyl substi-
tuted with 1 to 3 groups independently selected from halo-
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gen, cyano, C,_ alkyl, C, ; cycloalkyl or C,_ haloalkyl; m
iS O, al‘ld R(:i, R'.-"a’ R7b, R?c’ RB’ RQ’ RIO, Rll, R]la’ Rllb, R]Q’
R, R™, R*, Ar, X', X4, X5, X% n,0,p, 1,5, uand v are
as defined herein above.

[0053] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X” is a bond; R" is C,_, alkyl, C, . alkoxy, C, .
haloalkyl, amino, nitro or halogen; R® and R* are indepen-
dently hydrogen, fluoro, chloro, bromo or C,_4 alkyl, R* is
hydrogen or fluoro; R® is phenyl substituted with 1 to 3
groups independently selected from halogen, cyano, C, .
alkyl, C, ; cycloalkyl or C, _, haloalkyl; mis 0; and R, R™,
R?b’ R‘?c, Rs, Rg’ RIO’ Rn, Rlla’ Rllh’ RIZ’ R13R14, RIS,AI,
XLXYL X5, X% 0, 0,p, 1, 5, u and v are as defined herein
above.

[0054] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X* is a bond; R' is C,_, alkyl, C,_ alkoxy, C,
haloalkyl, amino, nitro or halogen; R? and R* are indepen-
dently hydrogen, fluoro, chloro, bromo or C,_4 alkyl, R* is
hydrogen or fluoro; R® is phenyl substituted with 1 to 3
groups independently selected from halogen, cyano, C,
alkyl, C, ¢ cycloalkyl or C,_, haloalkyl; Ar is a substituted
phenyl ring according to formula IIa wherein R™ is
—S(OyNR"R® or —X?CH_(CH,) S(0),NR°R"; m is 0;
aﬂd, Rﬁ, R'.-"a, R'}b, RS, RQ, Rlﬁ, Rll, Rlla, Rllb, Rlﬁ, R14, Xl,
X%, n, 0, p, r and s, are as defined herein above.

[0055] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X? is a bond; R' is C,_; alkyl, C,.; alkoxy, C,.«
haloalkyl, amino, nitro or halogen; R? and R* are indepen-
dently hydrogen, fluoro, chloro, bromo or C,_ alkyl; R? is
hydrogen or fluoro; R® is phenyl substituted with 1 to 3
groups independently selected from halogen, cyano, C, ¢
alkyl, C5.q cycloalkyl or C,_,; haloalkyl; Ar is a substituted
phenyl ring according to formula ITa wherein R is chloro;
m is 0, flnd, R(:i, R'}b, R?c, RS, RQ, RIO, Rll, Rlla, Rllb, Rlﬁ,
R, R™ RY¥, X', X, X5, X% n,0,p, 1, 5, u and v are as
defined herein above.

[0056] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X? is a bond; R' is C,_; alkyl, C, . alkoxy, C, .
haloalkyl, amino, nitro or halogen; R* and R” are indepen-
dently hydrogen, fluoro, chloro, bromo or C,_ alkyl, R? is
hydrogen or fluoro; R is 24-disubstituted phenyl, 2,5-
disubstituted phenyl, 3,5-disubstituted phenyl or 2,3,5-
trisubstituted phenyl wherein each substituent is indepen-
dently selected from halogen, cyano, C, . alkyl, C, .
cycloalkyl or C, _ haloalkyl; and, R®, R™*, R™, R™, R®, R®,
RIO’ Rll, Rlla’ Rllh, RIZ’ R13, Rld’ RIS, Ar, Xl, Xd, XS, XG,
n,o,p, L5 uand v are as defined herein above.

[0057] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X” is a bond; R" is C,_, alkyl, C, . alkoxy, C, .
haloalkyl, amino, nitro or halogen; R® and R* are indepen-
dently hydrogen, fluoro, chloro, bromo or C, 4 alkyl, R* is
hydrogen or fluoro; R? is 2 4-disubstituted phenyl wherein
each substituent is independently selected from halogen,
cyano, C, 4 alkyl, C,  cycloalkyl or C,  haloalkyl; Ar is a
substituted phenyl ring according to formula ITa wherein R™
is —8(0).NR*R® or —X*CH,(CH.,),$(0),NR*R®; m is 0;
and, R6, R?a, R‘Tb, RB, RQ, RIO, Rll, Rfla, Rllb, R12, R14, Xl,
X%, m, n, 0, p, r and s are as defined herein above.
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[0058] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X is a bond; R' is C,_4 alkyl, C,_; alkoxy, C, 4
haloalkyl, amino, nitro or halogen; R® and R* are indepen-
dently hydrogen, flucro, chloro, bromo or C,_, alkyl; R? is
hydrogen or fluoro; R® is 2,5-disubstituted phenyl wherein
each substituent is independently selected from halogen,
cyano, C, s alkyl, (5 ¢ cycloalkyl or C,_; haloalkyl; Aris a
substituted phenyl ring according to formula Ha wherein R™
is —S{OLNR*R® or —X2CH,(CH.)_ S(0).NR°R"; m is O;
al‘ld, R(:i’ R?a’ R'.-"b, RB, RQ’ RIO, Rll, R?la’ Rllb, R]‘Z’ R14, Xl,
X*, n, 0,p, 1 and s are as defined herein above.

[0059] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X is a bond; R' is C,_4 alkyl, C,_; alkoxy, C, 4
haloalkyl, amino, nitro or halogen; R® and R* are indepen-
dently hydrogen, fluoro, chloro, bromo or C,alkyl; R? is
hydrogen or fluoro; R® is 3,5-disubstituted phenyl wherein
each substituent is independently selected from halogen,
cyano, C, s alkyl, (5 ¢ cycloalkyl or C,_; haloalkyl; Aris a
substituted phenyl ring according to formula Ha wherein R™
is —S{OLNR*R® or —X2CH,(CH.)_ S(0).NR°R"; m is O;
al‘ld, R(:i’ R?a’ R'.-"b, RB, RQ’ RIO, Rll, R?la’ Rllb, R]‘Z’ R14, Xl,
X*, n, 0,p, 1 and s are as defined herein above.

[0060] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X is a bond; R' is C,_4 alkyl, C,_; alkoxy, C, 4
haloalkyl, amino, nitro or halogen; R® and R* are indepen-
dently hydrogen, flucro, chloro, bromo or C,_, alkyl; R? is
hydrogen or fluoro; R® is 2,3,5-trisubstituted phenyl wherein
each substituent is independently selected from halogen,
cyano, C, ; alkyl, C, . cycloalkyl or C, ; haloalkyl; Ar is a
substituted phenyl ring according to formula Ha wherein R™
is —S{OLNR*R® or —X2CH,(CH.)_ S(0).NR°R"; m is O;
al‘ld, R(:i’ R?a’ R'.-"b, RB, RQ’ RIO, Rll, R?la’ Rllb, R]‘Z’ R14, Xl,
X*, n, 0,p, 1 and s are as defined herein above.

[0061] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X is a bond; R' is C,_4 alkyl, C,_ alkoxy, C, 4
haloalkyl, amino, nitro or halogen; R* and R* are indepen-
dently hydrogen, flucro, chloro, bromo or C,_, alkyl; R? is
hydrogen or fluoro; R® is 24-disubstituted phenyl, 2,5-
disubstituted phenyl, 3,5-disubstituted phenyl or 2,3,5-
trisubstituted phenyl wherein each substituent is indepen-
dently selected from halogen, cyano, C, . alkyl, C, 4
cycloalkyl or C,_ haloalkyl; Ar is a substituted phenyl ring
according to formula Ila wherein R™ is —S(O).NR®R® or
—X"CH,(CH.), S(0).NR"R%; R® is hydrogen; R” is hydro-
gen, C(=O)R1‘Por —C{=0O)R'*NH_; m is 0; and, R®, R,
R'}b, RIO, Rll, Rlla, Rllb, Rlﬁ, R14, Xl, XS, n,o,p,r and s
are as defined herein above.,

[0062] In another embodiment of the present invention
there 15 provided a compound according to formula [
wherein X? is a bond; R' is C,_4 alkyl, C,_; alkoxy, C, 4
haloalkyl, amino, nitro or halogen; R* and R* are indepen-
dently hydrogen, fluoro, chloro, bromo or C, _, alkyl; R* is
hydrogen or fluoro; R® is 2,4-disubstituted phenyl, 2,5-
disubstituted phenyl, 3,5-disubstituted phenyl or 2,3.5-
trisubstituted phenyl wherein each substituent is indepen-
dently selected from halogen, cyano, C,., alkyl, Ciq
cycloalkyl or C,_ haloalkyl; Ar is a substituted phenyl ring
according to formula Ila wherein R™ is —S(O)L,NR°R® or
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—XZCHZ(CHA‘)‘PS(O)ANRBR9 R® is hydrogen; R® is
C(=0R",R™isC,_,;alkyl; mis 0; and, R®*, R™,R™, R'°,
R, R™, X', n, p and 1 are as defined herein above.

[0063] In another embodiment of the present invention
there is provided a compound according to formula selected
from:

[064] 2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl -N-(2-chloro-4-sulfamoyl-phenyl)-ac-
etamide;

[0065] 2-[4-Chloro-3+3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl -N-(2-chloro-4-propionylsulfamoyl-
phenyl}-acetamide; sodium salt;

[0066] 2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-
methyl-phenyl}-N-(2-chloro-4-sulfamoyl-phenyl)-ac-
etamide;

[067] 2-[4-Bromo-3~{3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl J-N~(2-chloro-4-sultamoyl-phenyl)-ac-
etamide;

[068] 2-[4-Bromo-3«{3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl J-N~(2-chloro-4-propionylsulfamoyl-
phenyl}-acetamide; sodium salt;

[069] N-(4-Butyrylsulfamoyl-2-chloro-phenyl}-2-{4-
chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phe-
nylJ-acetamide; sodium salt;

[0070] N-{4-((S)-2-Amino-3-methyl-butyrylsulfa-
moyl)-2-chloro-phenyl]-2-[4-chloro-3-(3-chloro-5-cy-
ano-phenoxy)-2-fluoro-phenyl]-acetamide; sodium
salt;

[(71] N-(2-Chloro-4-sulfamoyl-phenyl}-2{3+(3-cy-
ano-5-difluoromethyl-phenoxy)-4-ethyl-2-fluoro-phe-
nylJ-acetamide,

[M072] 2-[3~3-Cyano-5-difluoromethyl-phenoxy)-4-
ethyl-2-fluoro-phenyl}-N~2-methyl-4-sultamoyl-phe-
nyl)-acetamide;

[073] 2-[4-Bromo-3~{3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl -N-(2-methyl-4-sulfamoyl-phenyl)-ac-
etamide;

[0074] 2-[4-Bromo-3-(3-cyano-5-difluoromethyl-phe-
noxy)-2-fluoro-phenyl|-N-(2-methyl-4-sul famoyl-phe-
nyl)-acetamide,

[0075] 2-[4-Bromo-3-(3-cyano-5-difluoromethyl-phe-
noxy)-2-fluoro-phenyl]-N-(2-chloro-4-sulfamoyl-phe-
nyl)-acetamide,

[0076] 2-[4-Chloro-3+3-cyano-5-difluoromethyl-phe-
noxy)-2-fluoro-phenyl]-N-(2-methyl-4-sulfamoyl-phe-
nyl)-acetamide,

[(077] 2-[3~(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-
methoxy-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-
acetamide;

[078] 2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-
methoxy-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide; and,

[079] 2-[3~(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-
methyl-phenyl]-N-(2-chloro-4-propionylsulfamoyl-
phenyl)-acetamide; sodium salt.
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[0080] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X: is —0—; R” is hydrogen or halogen; R* is
hydrogen, halogen or C,_; alkyl; p is 1 to 6, m is 0; and, RY,
RQ, RS, Rﬁ, R?a, R?b, R c, RS, RQ, RIO, Rll, Rlla, Rllb, RI‘Z,
R, RY™, RS, Ar, X', X', X5, X% n,0, 1,5 uand v are as
defined herein above.

[0081] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X* is —O—; R* and R? are hydrogen, Cy.¢ alkyl,
C , haloalkyl, C,_, alkoxy, C,_, haloalkoxy, halogen, amino,
aitro or cyano; R is hydrogen or fluoro; R* is hydrogen,
fluoro, chloro, C,_, alkyl; R is phenyl substituted with 1 to
3 groups independently selected from halogen, cyano, C,
alkyl, C,  cycloalkyl or C,_, haloalkyl; m is 0; and R®, R,
R'}b, R?c, RB, RQ, RIO, Rll, Rlla, Rllb, RI‘Z, RIB, R14, RIS, Af,
X!, XY X5, X%, n,0,p. 1, s, uand v are as defined herein
above.

[0082] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X* is —O—; R* and R? are hydrogen, Cy.¢ alkyl,
C , haloalkyl, C,_ 5 alkoxy, C,_, haloalkoxy, h'llogen amino,
aitro or cyano; R is hydrogen or fluoro; R* is hydrogen,
fluoro, chloro, C, , alkyl; R® is 24-disubstituted phenyl,
2,5-disubstituted phenyl, 3,5-disubstilutcd phenyl or 2,3,5-
trisubstituted phenyl, m is 0, and R®, R™, R™", R™, R®, R®,
RIO, Rll, Rlla, Rllb, R12, RIS, R14, RIS,AI, Xl, X4, XS, X6,
n,o,p, 1,8, uand v are as defined herein above.

[0083] In another embodiment of the present invention
there is provided a compound according to formula I
wherein X? is —0—; R! and R” are hydrogen, C, alkyl,
C Ghaloalkyl, Cy ¢ alkoxy, C,. haloalkoxy, halogen, amino,
aitro or cyano; R* is hydrogen or fluoro; R* is hydrogen,
fluoro, chloro, C, . alkyl; R® is 24-disubstituted phenyl,
2,5-disubstilutcd phenyl, 3,5-disubstituted phenyl or 2,3,5-
trisubstituted phenyl wherein each substituent is indepen-
dently selected from halogen, cyano, C,., alkyl, Ciq
cyeloalkyl or C,_; haloalkyl; m is O; and R®, R™ R™ R,
RS, RQ, RIO, Rll, Rlla, Rllb, RI‘Z, RIB, R14, RIS, Af, Xl, X4,
X5, X% m, n,0,p, 1, 5 u and v are as defined herein above.

[0084] In another embodiment of the present invention
there 15 provided a compound according to formula I
wherein X* is —0—; R! and R? are hydrogen, C,_4 alkyl,
C Ghaloalkyl, Cy ¢ alkoxy, C,. haloalkoxy, halogen, amino,
aitro or cyano; R* is hydrogen or fluoro; R* is hydrogen,
fluoro, chloro, C, . alkyl; R® is 24-disubstituted phenyl,
2,5-disubstilutcd phenyl, 3,5-disubstituted phenyl or 2,3,5-
trisubstituted phenyl wherein each substituent is indepen-
dently selected from halogen, cyano, C, ., alkyl, C ¢
cycloalkyl or C,_ haloalkyl; Ar is a substituted phenyl ring
according to formula Ila wherein R™ is —S(O)zNRQRQ or
—X?CH,(CH.), S(0).NR*R®; R® is hydrogen; R” is hydro-
gen, C(—O)RI‘P or —C(=0)R'*NH,; m is 0; and R®, R™,
R‘Tb, RB, RQ, RIO, Rll, Rlla, Rllb, Rlz, R14, Xl, n and p are
as defined herein above.

[0085] In another embodiment of the present invention
there 15 provided a compound according to formula [
wherein X' is selected from the group consisting of —O—,
—8(0),—, —CH.— and —C{0)—; R' and R? are each
independently selected from the group consisting of hydro-
gen, C,_ alkyl, C, . haloalkyl, C, ; cycloalkyl, C, . alkoxy,
C, alkylthio, C, . alkylsulfinyl, C, . sulfonyl, C,

32



US 2005/0239881 Al

haloalkoxy, C,_ haloalkylthio, halogen, amino, alkylamino,
dialkylamino, aminoacyl, nitro and cyano; R* and R* are
independently selected from the group consisting of hydro-
gen, C, . alkyl, C, ¢ haloalkyl, C, . alkoxy, C,  haloalkoxy
C,_ alkylthio, C,_; haloalkylthio, halogen, amino, nitro and
cyano; R® is selected from the group consisting of C, _ alkyl,
.4 haloalkyl, C, ; cycloalkyl, aryl or heteroaryl selected
from the group consisting of pyridinyl, N-hydroxypyridine,
pynmidinyl, pyrazinyl, N-hydroxy-indolyl, N-hydroxy-
quinolinyl and pyrrolyl; wherein, said aryl and said het-
eroaryl are optionally substituted with one to three substitu-

ents independently selected from the group consisting of

C , alkyl, C., alkenyl, C, ; alkynyl, C,_; haloalkyl, C, ¢
cyglm]Lyl C1 & alkoxy, C,  alkylthio, C, alkylsulﬁnyl
C,, sulfonyl, C, , haloalkoxy, C, ; haloalkylthio, hydroxy,
halogen, amino, C, 4 alkylamino, C,_, dialkylamino, ami-
noacyl, acyl, C, , alkoxycarbonyl, carbamoyl, C, . N-alky-
learbamoyl, C; N,N-dialkylcarbamoyl, nitro and cyano,
said alkyl and said cycloalkyl are optionally substituted with
one or two substituents independently selected from the
group consisting of alkyl, hydroxy, alkoxy, thiol, alkylthio,
halogen, amino, alkylamino, dialkylamino, amino alkyl,
alkylaminoalkyl, and dialkylamino; Ar is a substituted phe-
nyl ring according to formula ITa with the proviso that R™
and R™ are not both hydrogen; R™ is selected from the
group consisting of hydrogen, C,_; alkyl, C,., alkoxy, C,_¢
haloalkoxy, halogen and cyano; R™ in each incidence is
independently selected from the group consisting of C,
alkyl, C, . haloalkyl, C, . cycloalkyl, C, . alkoxy, C, .
alkylthio, C,_ alkylsulfinyl, C,_ sulfonyl, amino C,_; alkyl-
sulfonyl, C,_ 4 haloalkoxy, C,_; haloalkylthio, hydroxy, halo-
gen, amino, C, . alkylamino, C,_; dialkylamino, aminoacyl,
acyl, C, . alkoxycarbonyl, CONR®R®, nitro, cyano, C,
heteroalkyl, C, . heteroalkoxy, —XZ(CHA) S(0), NR°R®,
—Xz(C‘HZ) NHC(O)NHR®R®, —X*(CH.), NHS(O)ZNRE‘R9
and —X (C‘HZ) HCOOR'®, R™ is sclected from the group
consisting of hydrogen Cre akyl, C,, alkoxy, C,
haloalkoxy, halogen, cyano, C, . beteroalkoxy, —X-
(CH,).S(0),, NR®*R?, —X* (CHQ) NHC‘(O)NHRE‘R9 —X
(CH_) NHS(0).NR°R® and —X *(CH,),NHCOOR'?; R®
and R” (i) taken independently are selected from the group
consisting of hydrogen, C, -acyl and C,_; alkyl optionally
substituted with one or two substituents independently
selected from the group consisting of hydroxy, alkoxy, thiol,
alkylthio, C, ¢ alkylsulfinyl, C,., sulfonyl, halogen; or, (ii)
R’ and R® taken together are —(CH )—or—(CH.),—0—
(CH,).; R is C,_ alkyl; X is —O— or a bond; m is an
integer from 0 to 2; n is an integer from 0 to 2; 0 1s an integer
from 4 to 6, p is an integer from 0 to 6; and, hydrates,
solvates, clathrates and acid addition salts thereof.

Definitions

[086] The phrase “a” or “an” entity as used herein refers
to one or more of that entity; for example, a compound refers
to one or more compounds or at least one compound. As
such, the terms “a” (or “an”), “one or more”, and “at least
one” can be used interchangeably herein.

[0087] The phrase “as defined hereinabove” refers to the
first definition provided in the Summary of the Invention.

[0088] The term “optional™ or “optionally™ as used herein
means that a subsequently described event or circumstance
may, but need not, occur, and that the description includes
instances where the event or circumstance occurs and
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instances in which it does not. For example, “optionally
substituted™ means that the moiety may be hydrogen or a
substituent.

[0089] It is contemplated that the definitions described
herein may be appended to form chemically-relevant com-
binations, such as *“heteroalkylaryl,"*haloalkylheteroaryl,
"arylalkylheterocyclyl, " alkylearbonyl, ™ alkoxyalkyl,”
and the like. When the term “alkyl” is used as a suffix
following another term, as in “phenylalkyl,” or “hydroxy-
alkyl,” this is intended to refer to an alkyl group, as defined
above, being substituted with one to two substituents
selected from the other specifically-named group. Thus, for
example, “phenylalky]” refers to an alkyl group having one
to two phenyl substituents, and thus includes benzyl, phe-
nylethyl, and biphenyl. An “alkylaminoalkyl™ i1s an alkyl
group having one to two alkylamino substituents. “Hydroxy-
alkyl” includes 2-hydroxyethyl, 2-hydroxypropyl, 1-(hy-
droxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-dihy-
droxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so
forth. Accordingly, as used herein, the term “hydroxyalkyl”
is used to define a subset of heteroalkyl groups defined
below. The term -(ar)alkyl refers to either an unsubstituted
alkyl or an aralkyl group. The term (hetero)aryl refers to
either an aryl or a heteroaryl group.

[0090] The term “C, 4 alkyl” as used herein denotes an
unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 6 carbon atoms.
Examples of alkyl groups include, but are not limited to,
lower alkyl groups include methyl, ethyl, propyl, i-propyl,
n-butyl, i-butyl, t-butyl or pentyl, isopentyl, neopentyl,
hexyl.

[0091] The term “haloalkyl™ as used herein denotes an
unbranched or branched chain alkyl group as defined above
wherein 1, 2, 3 or more hydrogen atoms are substituted by
a halogen. Examples are 1-fluoromethyl, 1-chloromethyl,
1-bromomethyl, 1-iodomethyl, trifluoromethyl, trichlorom-
ethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chlo-
roethyl, 1-bromoethyl, 1-iodoethyl, 2-ﬂuoroclhyl, 2-chloro-
ethyl, 2-bromoethyl, 2-iodoethyl, 22-dichloroethyl,
3-bromopropyl or 2,2 2-trifluoroethyl.

[0092] The term “C,  cycloalkyl” as used herein denotes
a saturated carbocyclic ring containing 3 to 8 carbon atoms,
1L.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclo-
heptyl or cyclooctyl.

[0093] The term “aryl” as used herein means a monocyclic
or polycyclic-aromatic group comprising carbon and hydro-
gen atoms. Examples of suitable aryl groups include, but are
not limited to, phenyl, tolyl, indenyl, and 1- or 2-naphthyl,
as well as benzo-fused carbocyclic moieties such as 5,6,7,
S-tetrahydronaphthyl. An aryl group can be unsubstituted or
substituted with onc or more suitable substituents which
substituents include €, alkyl, C,, haloalkyl, C,;¢
cycloalkyl, C, , alkoxy, C, , alkylthio, C,  alkylsulfinyl,
C,, sulfonyl, C, , haloalkoxy, C,_, haloalkylthio, halogen,
amino, alkylamino, dialkylamino, aminoacyl, acyl, alkoxy-
carbonyl, carbamoyl, N-alkylcarbamoyl, N.,N-dialkylcar-
bamoyl, nitro and cyano.

[0094] A “heteroaryl group” or “heteroaromatic” as used
herein means a monocyclic- or polycyclic aromatic ring
comprising up to 15 carbon atoms, hydrogen atoms, and one
or more heteroatoms, preferably, 1 to 3 heteroatoms, inde-
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pendently selected from nitrogen, oxygen, and sulfur. As
well known to those skilled in the art, heteroaryl rings have
less aromatic character than their all-carbon counter parts.
Thus, for the purposes of the invention, a heteroaryl group
need only have some degree of aromatic character. Illustra-
tive examples of heteroaryl groups include, but are not
limited to, pyridinyl, pyridine N-oxide, pyridazinyl, pyrim-
idyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imidazolyl, (1,2,
3)- and (1,2 4)-triazolyl, pyrazinyl, pynmidinyl, tetrazolyl,
furyl, thienyl, isoxazolyl, thiazolyl, thienyl, isoxazolyl,
indole, indole N-oxide, quinoline, quinoline N-oxide and
oxazolyl. A heteroaryl group can be unsubstituted or sub-
stituted with one or more suitable substituents selected from
hydroxy, oxo, cyano, alkyl, alkoxy, haloalkoxy, alkylthio,
halo, haloalkyl, nitro, alkoxycarbonyl, amino, alkylamino,
dialkylamino, aminoacyl, alkylsulfonyl, arylsulfinyl,
alkoxycarbonyl, catbamoyl, N-alkylcarbamoyl, N,N-dialky-
learbamoyl, acyl unless otherwise indicated.

[0095] The term “heterocyclyl” means the monovalent
saturated cyclic radical, consisting of one or more rings,
preferably one to two rings, of three to eight atoms per ring,
incorporating one or more ring heteroatoms (chosen from N,
O or S(0),.,), and which can optionally be substituted with
one or more, preferably one to three substituents selected
from hydroxy, oxo, cyano, alkyl, alkoxy, haloalkoxy, alky-
Ithio, halo, haloalkyl, nitro, alkoxycarbonyl, amino, alky-
lamino, dialkylamino, aminoacyl, alkylsulfonyl, arylsulfi-
nyl, alkoxycarbonyl, carbamoyl, N-alkylcartbamoyl, N,N-
dialkylcarbamoyl, acyl unless otherwise indicated.
Examples of heterocyclic radicals include, but are not lim-
ited to, furanyl, tetrahydropyranyl, tetrahydrothiophenyl and
the like. A nitrogen atom in the heteroaryl ring can option-
ally be an N-oxide.

[0096] The term “alkoxy group™ as used herein means an
—O-alkyl group, wherein alkyl is as defined above such as
methoxy, ethoxy, n-propyloxy, I-propyloxy, n-butyloxy,
i-butyloxy, t-butyloxy, peantyloxy, hexyloxy, heptyloxy
including their isomers.

[0097] The term *“alkylthio group™ as used herein means
an —S-alkyl group, wherein alkyl is as defined above such
as methylthio, ethylthio, n-propylthio, i-propylthio, n-bu-
tylthio, i-butylthio, t-butylthio, pentylthio including their
isomers.

[0098] The term “haloalkoxy group™ as used herein means
an —0-haloalkyl group, wherein haloalkyl is as defined
above. Examples of haloalkoxy groups include, but are not
limited to, 2,2,2-trifluoroethoxy, difluoromethoxy and 1.1,
1,3,3,3-hexafluoro-iso-propoxy.

[0099] The term “haloalkthio group” as used herein means
an —S-haloalkyl group, wherein haloalkyl is as defined
above. An example of haloalkthio group includes, but are
not limited to, 2,2 2-trifluorocththanthiol.

[01W] The term “aryloxy group” as used herein means an
Q-aryl group wherein aryl is as defined above. An aryloxy
group can be unsubstituted or substituted with one or more
suitable substituents. Preferably, the aryl ring of an aryloxy
group is a monocyclic ring, wherein the ring comprises 6
carbon atoms, referred to herein as “(Cg)aryloxy™. The term
“optionally substituted aryloxy™ means the aryl or group
may be substituted with one to three groups selected from
the group consisting of C, . alkyl, C, . haloalkyl, C,
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cycloalkyl, C, . alkoxy, C, , alkylthio, C, , alkylsulfinyl,
C,, sulfonyl, C,_; haloalkoxy, C,_s haloalkylthio, halogen,
amino, alkylamino, dialkylamino, aminoacyl, acyl, alkoxy-
carbonyl, carbamoyl, N-alkylcarbamoyl, N,N-dialkylcar-
bamoyl, nitro and cyano.

[0101] The term “heteroaryloxy group” as used herein
means an O-heteroaryl group, wherein heteroaryl is as
defined above. The heteroaryl ring of a heteroaryloxy group
¢an be unsubstituted or substituted with one or more suitable
substituents. Examples of heteroaryl groups include, but are
not limited to, 2-pyndyloxy, 3-pyrrolyloxy, 3-pyrazolyloxy,
2-imidazolyloxy, 3-pyrazinyloxy, and 4-pyrimidyloxy.

[0102] The term *acyl” or “alkylcarbonyl” as used herein
denotes a radical of formula C(=0)R wherein R is hydro-
gen, unbranched or branched alkyl containing 1 to 6 carbon
atoms or a phenyl group.

[0103] The term “alkoxycarbonyl” as used herein denotes
a radical of formula C(=0)OR wherein R is, unbranched or
branched alkyl as described above.

[0104] The term “acylamino” as used herein denotes a
radical of formula —NH-(acyl) where acyl is as defined
herein.

[0105] The term “arylboronic acid™ as used herein denotes
a radical of formula ArB(OH). wherein Ar is an optionally
substituted aryl group as described above.

[0106] The term “alkylene™ as used hercin denotes a
divalent linear or branched saturated hydrocarbon radical,
having from one to six carbons inclusive, unless otherwise
indicated. Examples of alkylene radicals include, but are not
limited to, methylene, ethylene, propylene, 2-methyl-propy-
lene, butylene, 2-ethylbutylene.

[0107] The term “arylalkyl™ or “aralkyl” as used herein
denotes the radical R'R"-, wherein R' is an aryl radical as
defined herein, and R" is an alkylene radical as defined
herein and the arylalkyl group is attached through the
alkylene radical. Examples of arylalkyl radicals include, but
are not limited to, benzyl, phenylethyl, 3-phenylpropyl.

[0108] The term “halogen™ as used herein means fluorine,
chlorine, bromine, or iodine. Correspondingly, the meaning
of the term “halo™ encompasses fluoro, chloro, bromo, and
iodo. The term *hydrohalic acid” refers to an acid comprised
of hydrogen and a halogen.

[0109] The term “alkylsulfiny]l” as used herein means the
radical —S{O)R’, wherein R’ is alkyl as defined herein.
Examples of alkylaminosulfonyl include, but are not limited
to methylsulfinyl and iso-propylsultinyl.

[0110] The term “alkylsulfonyl™ as used herein means the
radical —S(Q),R", wherein R' is alkyl as defined herein.
Examples of alkylaminosulfonyl include, but are not limited
to methylsulfonyl and iso-propylsulfonyl.

[0111] The terms “amino™, “alkylamino” and “dialky-
lamino™ as used herein refer to —NH,, —NHR and —NR,
respectively and R is alkyl as defined above. The two alkyl
groups attached to a nitrogen in a dialkyl moiety can be the
same or different. The terms “aminoalkyl”, “alkylami-
noalkyl™ and “dialkylaminoalkyl” as used herein refer to
NH,(CH.)n-, RHN{CH.)n-, and R.N{CH.)n- respectively
wherein n is 1 to & and R is alkyl as defined above
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[0112] The prefix “carbamoyl” as used herein means the
radical —CONH . The prefix “N-alkylcabamoyl™ and “N,N-
dialkylcarbamoyl” means the radical CONHR' or CONR'R"
respectively wherein the R’ and R" groups are independently
alkyl as defined herein.

[0113] The term “amino acid” as used herein refers to
naturally occurring amino acids, as well as to optical 1somers
(enantiomers and diastercomers), synthetic analogs and
derivatives thereof. a-Amino acids comprise a carbon atom
bonded to a carboxyl group, an amino group, a hydrogen
atom and a unique “side chain” group. The term “naturally
occurring amino acids” means the L-isomers of the naturally
occurring amino acids. The naturally occurring amino acids
are glycine, alanine, valine, leucine, isoleucine, serine,
methionine, threonine, phenylalanine, tyrosine, tryptophan,
cysteine, proline, histidine, aspartic acid, asparagine,
glutamic acid, glutamine, y-carboxyglutamic acid, arginine,
ornithine and lysine. The side chains of naturally occurring
amino acids include: hydrogen, methyl, iso-propyl, iso-
butyl, sec-butyl, —CH.OH, —CH{OH)CH,, —CH,SH,
—CH,CH.8Me, —(CH,) COR wherein R is —OH or
—NH, and p is 1 or 2, —(CH,),—NH, where q is 3 or 4,
—(CH,);—NHC(=NH)NH,, —CH.C,H;, —CH,-p-
C,H,—OH, (3-indolinyl)methylene, (4-imidazolyl)methyl-
ene.

[0114] The term “conjugate base” as used herein means
the chemical species produced when an acid (including here
a carbon acid) gives up its proton.

[0115] Compounds of formula I exhibit tautomerism. Tau-
tomeric compounds can exist as (wo or more interconvert-
able species. Prototropic tautomers result from the migration
of a covalently bonded hydrogen atom between two atoms.
Tautomers generally exist in equilibrium and attempts to
isolate an individual tautomers usually produce a substance
whose chemical and physical properties are consistent with
a mixture of compounds. The position of the equilibrium is
dependent on chemical features within the molecule. For
example, in many aliphatic aldehydes and ketones, such as
acetaldehyde, the keto form predominates while; in phenols,
the enol form predominates. Common prototropic tautomers
include  ketofenol  (—C(=0)—CH——-—C(—
OH)=CH—), amide/imidic acid (—C(=0)—NH—
—»—C(—OHy=N—) and amidine (—C(=NR)}—
NH—~—C(—NHR)=N—) tautomers. The latter two

are particularly common in heteroaryl and heterocyclic rings
and the present invention encompasses all tautomeric forms
of the compounds.

[0116] Compounds of formula I which are basic can form
pharmaceutically acceptable acid addition salts with inor-
ganic acids such as hydrohalic acids (e.g. hydrochloric acid
and hydrobromic acid), sulphuric acid, nitric acid and phos-
phoric acid, and the like, and with organic acids (¢.g. with
acetic acid, tartaric acid, succinic acid, fumaric acid, maleic
acid, malic acid, salicylic acid, citric acid, methanesulphonic
acid and p-toluenesulfonic acid, and the like).

[0117] A »prodrug” of a compound of formula (I) herein
refers to any compound which releases an active drug
according to Formula I in vivo when such prodrug is
administered to a mammalian subject. Prodrugs of a com-
pound of Formula I are prepared by modifying one or more
functional group(s) present in the compound of Formula I in
such a way that the modification(s) may be cleaved in vivo
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to release the compound of Formula I. Prodrugs include
compounds of Formula I wherein a hydroxy, amino, or
sulthydryl group in a compound of Formula I is bonded to
any group that may be cleaved in vivo to regenerate the free
hydroxyl, amino, or sulthydryl group, respectively.
Examples of produgs include N-acyl-benzenesulfonamide
described.

[0118] The term “solvate™ as used herein means a com-
pound of the invention or a salt, thereof, that further includes
a stoichiometric or non-stoichiometric amount of a solvent
bound by non-covalent intermolecular forces. Preferred sol-
vents are volatile, non-toxic, and/or acceptable for admin-
istration to humans in trace amounts.

[0119] The term “hydrate” as used herein means a com-
pound of the invention or a salt thereof, that further includes
a stoichiometric or non-stoichiometric amount of water
bound by non-covalent intermolecular forces.

[0120] The term “clathrate™ as used herein means a com-
pound of the invention or a salt thereof in the form of a
crystal lattice that contains spaces (e.g., channels) that have
a guest molecule (¢.g., a solvent or water) trapped within.

[0121] The term “wikl type” as used herein refers to the
HIV virus strain which possesses the dominant genotype
which naturally occurs in the normal population which has
not been exposed to reverse transcriptase inhibitors. The
term “wild type reverse transcriptase™ used herein has refers
to the reverse transcriptase expressed by the wild type strain
which has been sequenced and deposited in the SwissProt
database with an accession number PO3366.

[0122] The term “reduced susceptibility” as used herein
refers to about a 10 fold, or greater, change in sensitivity of
a particular viral isolate compared to the sensitivity exhib-
ited by the wild type virus in the same experimental system.

[0123] The term “nucleoside and nucleotide reverse tran-
scriptase intibitors” (*NRTI”s) as used herein means
nucleosides and nucleotides and analogues thereof that
inhibit the activity of HIV-1 reverse transcriptase, the
enzyme which catalyzes the conversion of viral genomic
HIV-1 RNA into proviral HIV-1 DNA.

[0124] Typical suitable NRTIs include zidovudine (AZT)
available under the RETROVIR tradename; didanosine
(ddl) available under the VIDEX tradename; zalcitabine
(ddC) available under the HIVID tradename; stavudine
(d4T) available under the ZERIT trademark; lamivudine
(3TC) available under the EPIVIR tradename; abacavir
(1592U89) disclosed in WO96/30025 and available under
the ZIAGEN trademark; adefovir dipivoxil [bis{POM)-
PMEA] available under the PREVON tradename; lobucavir
{BMS-180194), a mucleoside reverse transcriptase inhibitor
disclosed in EP-0358154 and EP-0736533 and under devel-
opment by Bristol-Myers Squibb; BCH-10652, a reverse
transcriptase inhibitor (in the form of a racemic mixture of
BCH-10618 and BCH-10619) under development by Bio-
chem Pharma; emitricitabine [(-)-FTC] licensed from
Emory University under U.S. Pat. No. 5,814,639 and under
development by Triangle Pharmaceuticals; beta-L-FD4 (also
called beta-L-D4C’ and named beta-L-2'3'-dicleoxy-5-
fluoro-cytidene) licensed by Yale University to Vion Phar-
maceuticals; DAPD, the purine nucleoside, (-)-beta-D-2,6-
diamino-purine dioxolane disclosed in EP-0656778 and
licensed to Triangle Pharmaceuticals; and lodenosine
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(FddA), 9-(2,3-dideoxy-2-fluoro-b-D-threo-pentofuranosy-
lyadenine, an acid stable purine-based reverse transcriptase
inhibitor discovered by the NIH and under development by
U.S. Bioscience Inc.

[0125] The term “non-nucleoside reverse transcriptase
inhibitors” (*NNRTI"s) as used herein means non-nucleo-
sides that inhibit the activity of HIV-1 reverse transcriptase.

[0126] Typical suitable NNRTIs include nevirapine (BI-
RG-587) available under the VIRAMUNE tradename;
delaviradine (BHAP, U-90152) available under the
RESCRIPTOR tradename; efavirenz (DMP-266) a benzox-
azin-2-one disclosed in W094/03440 and available under
the SUSTIVA tradename; PNU-142721, a furopyridine-thio-
pyrimide; AG-1549 (formerly Shionogi # 5-1153); 5-(3,5-
dichlorophenyl)-thio-4-isopropyl-1-(4-pyridyl)methyl-1H-
imidazol-2-ylmethyl carbonate disclosed in WO 96/10019;
MKC442 (1-{ethoxy-methyl)-5+1-methylethy])-6-(phenyl-
methyl)-(2,4{1H,3H)-pyrimidinedione); and (+)-calanolide
A (NSC-675451) and B, coumarin derivatives disclosed in
U.S. Pat. No. 5489,697.

[0127] The term “protease inhibitor™ (“PI”™) as used herein
means inhibitors of the HIV-1 protease, an enzyme required
for the proteolytic cleavage of viral polyprotein precursors
{e.g., viral GAG and GAG Pol polyproteins), into the
individual functional proteins found in infectious HIV-1.
HIV protease inhibitors include compounds having a pep-
tidomimetic structure, high molecular weight (7600 daltons)
and substantial peptide character, e.g. CRIXIVAN as well as
nonpeptide protease inhibitors e.g., VIRACEPT.

[0128] Typical suitable PIs include saquinavir available in
hard gel capsules under the INVIRASE tradename and as
soft gel capsules under the FORTOVASE tradename;
ritonavir (ABT-538) available under the NORVIR trade-
name, indinavir {(MK-639) available under the CRIXIVAN
tradename; nelfnavir {(AG-1343) available under the VIRA-
CEPT; amprenavir (141W94), tradename AGENERASE, a
non-peptide protease inhibitor; lasinavir (BMS-234475;
originally discovered by Novartis, Basel, Switzerland (CGP-
61755); DMP-450, a cyclic urea discovered by Dupont;
BMS-2322623, an azapeptide under development by Bris-
tol-Myers Squibb, as a 2nd-generation HIV-1 PI; ABT-378;
AG-1549 an orally active imidazole carbamate.

[0129] Other antiviral agents include hydroxyurea, ribavi-
rin, IL-2, IL-12, pentafuside and Yissum Project No. 11607.
Hydroxyurea (Droxia), a ribonucleoside triphosphate reduc-
tase inhibitor, the enzyme involved in the activation of
T-cells. Hydroxyurea was shown to have a synergistic effect
on the activity of didanosine and has been studied with
stavudine. IL-2 is disclosed in Ajinomoto EP-0142268,
Takeda EP-(1176299, and Chiron U.S. Pat. Nos. RE 33,653,
4,530,787, 4,569,790, 4,604,377, 4,748,234, 4,752,585, and
4,949 314, and is available under the PROLEUKIN
{aldesleukin) tradename as a lyophilized powder for IV
infusion or s¢ administration upon reconstitution and dilu-
tion with water; a dose of about 1 to about 20 million 1
U/day, sc is preferred; a dose of about 15 million 1 U/day,
sc is more preferred. [L-12 is disclosed in W096/25171 and
is available as a dose of about 0.5 microgram/kg/day to
about 10 microgram/kg/day, s¢ is preferred. Pentafuside
(DP-178, T-20) a 36-amino acid synthetic peptide, disclosed
in U.S. Pat. No. 5,464,933 and available under the FUZEON
tradename; pentafuside acts by inhibiting fusion of HIV-1 to
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target membranes. Pentafuside (3-100 mg/day) is given as a
continuous sc infusion or injection together with efavirenz
and 2 PI’s to HIV-1 positive patients refractory to a triple
combination therapy; use of 100 mg/day is preferred. Yis-
sum Project No. 11607, a synthetic protein based on the
HIV-1 Vif protein. Ribavirin, 1-.beta.-D-ribofuranosyl-1H-
1,2 4-triazole-3-carboxamide, is described in U.S. Pat. No.
4,211,771.

[0130] The term “anti-HIV-1 therapy™ as used herein
means any anti-HIV-1 drug found useful for treating HIV-1
infections in man alone, or as part of multidrug combination
therapies, especially the HAART triple and quadruple com-
bination therapies. Typical suitable known anti-HIV-1 thera-
pies include, but are not limited to multidrug combination
therapies such as (i) at least three anti-HIV-1 drugs selected
from two NRTIs, one PI, a second PI, and one NNRTI; and
(ii) at least two anti-HIV-1 drugs selected from NNRTIs and
PIs. Typical suitable HAART—multidrug combination
therapies include: (a) triple combination therapies such as
two NRTIs and one PI; or (b) two NRTIs and one NNRTI;
and (c) quadruple combination therapies such as two NRTIs,
one Pl and a second PI or one NNRTI. In treatment of naive
patients, it is preferred to start anti-HIV-1 treatment with the
triple combination therapy; the use of two NRTIs and one PI
is preferred unless there is intolerance to Pls. Drug compli-
ance is essential. The CD4*and HIV-1-RNA plasma levels
should be monitored every 3-6 months. Should viral load
plateau, a fourth drug, ¢.g., one PI or one NNRTI could be
added.

[0131] Abbreviations used in this application include:
acetyl (Ac), acetic acid (HOAc), azo-bis-isobutyrylnitrile
(AIBN), 1-N-hydroxybenzotriazole (HOBT), atmospheres
(Atm), high pressure liquid chromatography (HPLC), 9-bo-
rabicyclo[3.3.1]nonane (9-BBN or BBN), methyl (Me), tert-
butoxycarbonyl (Boc), acetonitrile (MeCN), di-tert-butyl
pyrocarbonate or boc anhydride (BOC,0), 1-(3-dimethy-
laminopropyl)-3-ethylcarbodiimide hydrochloride (EDCT),
benzyl (Bn), m-chloroperbenzoic acid (MCPBA), butyl
(Bu), methanol (MeOH), benzyloxycarbonyl {cbz or Z),
melting point (mp), carbonyl diimidazole (CDI), MeSO.,—
(mesyl or Ms), 14-diazabicyclo[2.2.2]octane (DABCO),
mass spectrum {ms) diethylaminosulfur trifluoride (DAST),
methyl t-butyl ether (MTBE), dibenzylidencacetone (Dba),
N-carboxyanhydride (NCA), 1,5-diazabicyclo[4.3.0]Jnon-5-
ene (DBN), N-bromosuccinimide (NBS), 1,8-diazabicyclo
[5.4.0Jundec-7-ene (DBU), N-methylpyrrolidone (NMP),
1,2-dichloroethane  (DCE), pyridinium chlorochromate
(PCC), NN'-dicyclohexylcarbodiimide (DCC), pyridinium
dichromate (PDC), dichloromethane {(DCM), propyl (Pr),
diethyl azodicarboxylate (DEAD), phenyl (Ph), di-iso-pro-
pylazodicarboxylate, DIAD, pounds per square inch {psi),
dicthyl iso-propylamine (DEIPA), pyridine (pyr), di-iso-
butylaluminumhydride, DIBAIL -H, room temperature, rt or
RT, N, N-dimethyl acetamide (DMA), tert-butyldimethylsi-
Iyl or t-BuMe,Si, (TBDMS), 4-N N-dimethylaminopyridine
{DMAP), tricthylamine (Et,N or TEA), N,N-dimethylfor-
mamide (DMF), triflate or CF,80.— (Tf), dimethyl sulfox-
ide (DMSO0), trifluoroacetic acid (TEA), 1,1'-bis-{diphe-
nylphosphino)ethane (dppe), 2,2,6,6-tetramethylheptane-2,
6-dione (TMHD), 1,1-bis-(diphenylphosphinoMerrocene
(dppf), thin layer chromatography (TLC), ethyl acetate
(EtOQAc), tetrahydrofuran (THF), diethyl ether (Et,O), tri-
methylsilyl or Me,Si (TMS), ethyl (Et), p-toluenesulfonic
acid monohydrate (TsOH or pTsOH), lithium hexamethyl
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disilazane (LIHMDS), 4-Me-C.H S0,— or tosyl (Tz), iso-
propyl (i-Pr), N-urethane-N-carboxyanhydride (UNCA),
ethanol (EtOH). Conventional nomenclature including the
prefixes normal {n), iso (i-), secondary (sec-), tertiary (tert-)
and neo have their customary meaning when used with an
alkyl moiety. (J. Rigaudy and D. P. Klesney, Nomenciature
in Organic Chemistry, TUPAC 1979 Pergamon Press,
Oxford.).

Compounds and Preparation

[0132] Examples of representative compounds encom-
passed by the present invention and within the scope of the
invention are contained in the Table 1. The compounds in
Table 1 and the preparative examples which follow are
provided to enable those skilled in the art to more clearly
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understand and to practice the present invention. They
should not be considered as limiting the scope of the
invention, but mercly as being illustrative and representative
thereof.

[0133] In general, the nomenclature used in this Applica-
tion 1s based on AUTONOM™ v.4.(1, a Beilstein Institute
computerized system for the generation of IUPAC system-
atic nomenclature. If there is a discrepancy between a
depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addi-
tion, if the stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed
lines, the structure or portion of the structure is to be
interpreted as encompassing all stereoisomers of it.

TABLE 1

Cpd.

Na.  NAME M5 MP

[-1 2-[4-Chlorm-3-(3-chlore-5-cyano-phenoxy)-phenyl ]-N-(4- 210.5-214.0
sulfameyl-phenyl)-acetamide

[-2  2{4-Chloro-3-(3,5-dicyano-phenoxy)-phenyl FN-(4- 218219
sulfameyl-phenyl)-acetamide

-3 243-(2-Bromo-5-chlore-phenoxy)-4-chlore-phenyl]-N-[ 2- 190.1-192.2
methyl-4-(3-sulfamoyl-propoxy)-phenyl]-acetamide

-4 243-(2-Bromo-5-chlore-phenoxy)-4-chlore-phenyl]-N- (4 260.1-261.9
sulfamoyl-phenyl)-acetamide

[-5  2{4-Chloro-3(3,5-dicyano-phenoxy-phenyl }N-( 2-chloro- M- H) 421
phenyl-acetamide

[-6  2{4-Chloro-3-(3,5-dicyano-phenoxy)-phenyl FN-(4- M+ Hy* 429
dimethylamino-phenyl)-acetamide

-7 2{3-(2-Chlom-5-cyano-phenoxy)- 4-ethyl-2-uoro-phenyl]-
N-(4-sulfamovl-phenyl)-acetamide®

-2 2{4-Chlom-3-(2,5-dicyano-phenoxy)-2-Hluoro-pheny FN- (M + H)* 485
(4-sulfamoyl-phenylj-acetamide

[- 2-{4-Chloro-3-( 3,5-dicyano-phenoxy - 2-fluoro-pheny - N- (M + H)* 485 135.7-138.1
{4-sulfamoyl-phenyl}-acetamide

[-10  2{4-Chloro-2-fluore-3-(2,3,5-trichloro-phenoxy)-phenvl (M- H)~ 537 247.0-249.0
N-(4-sulfamoyl-phenyl-acetamide

[-11  23-(3-Cyano-5-fluoro-phenoxy)-4-methyl-phenyl]-N-(4- M+ H)* 440 1658-165.1
sulfamoyl-phenyl)-acetamide

[-12  N-(2-Chlere-phenyly-2-[ 3-(3-cyane-5-Auom-phenoxy)-4- (M + H)* 395 131.1-132.2
methyl-phenylFacetamide

[-13  2{4-Chloro-3-(3cvano-5-difluoromethyl-phenoxy)-2- 214-218
fluere-phenyl]-H-(4-sulfamoyl-phenyll-acetamide

[-14  2{4-Chloro-3-(3cvane-5-difluoromethyl-phenoxy)-2- 169.5-171.0
fluere-phenyl]-H-(2-chlom-phenyll-acetamide

[-15  23-(2-Bromo-5-chlore-phenex y)-4-ethyl-phenyl]-N- {4 193.7-1959
sulfamoyl-phenyl)-acetamide

[-16  23-(2-Bromo-5-chlore-phenex y)-4-ethyl-phenyl]-N-(2- 154-155.5
chloro-phenyl)-acetamide

[-17  2{3-(5-Chloro-2-cyano-phenoxy)-4-cthyl-pheny |} N-(4- 198.1-202.6
sulfameyl-phenyl)-acetamide

[-18  2{3-(5-Chloro-2-cyano-phenoxy)-4-cthyl-pheny |} N-(2- 168-169.9
chloro-phenyl)-acetamide

[-1%  2{3-(2.5Dichlore-phenoxy)-4-ethyl-phenyl]-N-{4- 190-193.4
sulfamoyl-phenyl)-acetamide

[-20 2{3-(2,6-Dichloro-phenoxy)-4-ethyl-phenyl-N-(4- 2325225
sulfameyl-phenyl)-acetamide

[-21  N-(2-Chloro-phenyl)-2-[ 3-(2,5-dichloro-phenoxy )-4-ethyl- 146.3-147.1
phenyl}acetamide

[-22  23-(3-Bromo-5-chlore-phenoxy)-4-ethyl-phenyl]-N- {4 216.1-221.3
sulfamoyl-phenyl)-acetamide

[-23  N-(2-Chloro-phenyl)-2-[ 3-(2,6-dichloro-phenoxy )-4-ethyl- 107.0-110.5
phenyl]-acetamide

[-24  2{3-(3-Bromo-5-chloro-phenoxy)-4-ethyl-phenyl]-N-(2- 11691222
chloro-phenyl)-acetamide

[-25  N-(2-Chlere-phenyl)y-2-[ 3-(3,.5-dicyano-phenoxy )-4-ethyl- (M + H)* 416
phenyl}acetamide

[-26  2-[3-(2-Bromo-5-chloro-phenox y)-4-isopropyl-phenyl}N- 204.1-206.7

{4-sulfamoyl-phenyl}-acetamide

37



US 2005/0239881 Al

TABLE 1-continued
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127 2[3-(2-Bromo-5-chloro-phenoxy)-4-isopropyl-phenyl FN- 142.9-143.6
(2-chloro-phenyl)-acetamide

28 2-[4-Chlore- 34(3,5-dicyano-phenoxy)-2-luore-phenyl - N- 132.6=196.5
(2-chloro-phenyl)-acetamide

29  2-[4-Chloro- 3-(3,5-dicyano-phencay)-pheny FN-[2-methyl- (M + H* 530
4-(3-sulfamoyl- propexy’-phenyl J-acetamide

1-30  2-[3-(2-Bromo-5-chloro-phenoxy)-4-methyl-phenyl-N-(4- 236.0-230.3
sulfamoyl-pheny D-acetamide

31 2-[3-(2-Bromo-5-chloro-phenoxy - 4- methy - phenyl]-N-(2- 52035
methyl-4-sulfamoyl-phenylj-acetamide

32 2-[4-Chlore- 34(3,5-dicyano-phenoxy)-2-luore-phenyl - N- (M- Hy 497 2434-250.8
(2-methyl-4-sulfamoyl-phenylj-acetamide

1-33  2[3-(2-Bromo-5-chloro-phenoxy )-4-methyl-phenyl-N-(2- 133.8-135.9
chlore-pheny-acetamide

I-34  N-(2-Chloro-phenyl)y 2 3-(3,5-dicyano-phenoxy)-4-methyl- 175.1-177.5
Phenyl}acetamide

I35 2-[3-(3-Bromo-2,5-dichloro-phenoxy)-4-ethyl-phenyl]-N- 6.0-202.0
(4-sulfamoyl-phenyl-acetamide

-36  2-[3-(3-Bromo-2,5-dichloro-phenoxy ) -4-ethyl-phenyl]-N- 213.2-219.6
(2-methyl-4-sulfamoyl-phenylj-acetamide

I-37  2-[3-(3-Bromo-2,5-dichloro-phenoxy -4-ethyl-phenyl}N- 146.5-147.6
2-chlore-pheny-acetamide

I-38  N-(2-Chloro-phenyl) 24 3-(3,5-dibromo-2-chloro- 155.5-155.8
phenoxyj-4-ethyl-phenyl]-acetamide

-39 2-[3-(5-Bromo-2-chloro-3-Auero-phenoxy j-4-thyl- 209.9-211.1
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

40 2-[3-(5-Bromo-2-chloro-3-Auero-phenoxy j-4-ethyl- 702020
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-acetamide

141 2-[3-(5-Bromo-2-chloro-3-fuoro-phenoxy)-4-cthyl- 146.6-147.2
pheny 1 }H-(2-chlom-phenyll-acetamide

142 2-[4-Chlore-3-{3-chloro-5-cvano-phenoxy)-2-fluaro- (M + Hy* 509 254.7-260.0
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny - acetamide

43 2-[3-(3.5-Dicyano-phenoxy)-4-methyl-phenyl ]-N-(2- (M - Hj” 452 228.6-230.9
methyl-4-sulfamoyl-phenylj-acetamide

44 N-(2-Chlom-4-sulfamoyl-phenyl)-2-[3-(3.5-dicyano- (M- Hy 479 209.9-211.5
henoxy)-4-methyl-phenyl]-acetamide

145 2-[3-(3-Chloro-5-cyano-phenoxy)-4-ethyl-phenyl]-N-(4- (M - Hy 468 170.7-172.4
sulfamoyl-pheny D-acetamide

146 2-[3-(3-Chloro-5-cyano-phenoxy)-4-ethyl-phenyl]-N-(2- (M- Hy 482 130.1-138%.4
methyl-4-sulfamoyl-phenylj-acetamide

I-47  2-[3-(3-Chloro-5-cyano-phenoxy)-4-ethyl-phenyl]-N-(2- (M -Hy 502  181.1-183.%2
chloro-4-sulfamoyl-phenylj-acetamide

I-48  2-[3-(3-Chloro-5-cyano-phenoxy)-4-ethyl-phenyl]- N-(4- (M -H 482 142.1-151.3
methylsulfamoyl-phenyl -acetamide

145 2-[3-(2-Chloro-5-cyano-3-fluoro-phenoxy)-4-ethyl-phenyl]- (M- Hy 486 167.9-170.5
N-{4-sultamoyl-phenyl)-acetanide

150 2-[3-(2-Chloro-5-cyano-3-fluoro-phenoxy)-4-ethyl-phenyl]- (M- Hy 500 217.6-220.4
N-(2-methyl-d4-sulfamoyl-phenyl)-acetamide

I-51  2-[4-Chlore- 3+ 3-chloro-5-cyano-phenoxy )-2- uoro- (M - Hj” 563 163.3-205.3
phenyl FN-(2-methyl-4-propionylsulfamoyl-phenyl)-
acetamide

I-52  2-[3-(2-Chloro- 3,5-dicyano-phenoxy)-4-cthyl-phenyl ]-N- (M- Hy 493 112.7-1233
(4-sulfamoyl-phenyl-acetamide

I-53  2-[3-(2-Chloro- 3,5-dicyano-phenoxy)-4-cthyl-phenyl ]-N- (M- Hy 507 1084-1053
(2-methyl-4-sulfamoyl-phenylj-acetamide

154 2-[3-(2-Chloro-3,5-dicvano-phenoxy)-4-cthyl-pheny I} N- (M- Hy 527 180.3-183.1
(2-chloro-4-sulfamoyl-pheny[}-acetamide

I35  2-[4-Chloro-3-(4-cyano-2,6-dimethyl-phenoxy -phenyl FN- (M — Hy 468 22732314
(4-sulfamoyl-phenyl}-acetamide

I-56  2-[4-Chlore- 3-(4-cyane-2,6-dimethyl-phenoxy)-phenyl |- N- (M - Hj” 482 232.1-234.6
(2-methyl-4-sulfamoyl-phenylj-acetamide

I-57  2-[3-(3-Chloro-5-cyano-phenoxy)-4-methoxy-phenyl]-N- M+ H* 472 21832214
(4-sulfamoyl-phenyl}-acetamide

I-58  2-[3-(3-Chloro-5-cyano-phenoxy)-4-ethyl-phenyl]-N-(2- (M + Hy* 425
chlore-pheny-acetamide

158 2-[3-(2-Chloro-5-cyano-3-fluoro-phenoxy)-4-ethyl-phenyl]- (M +Hy* 443 142.1-142.8
N-{2-chloro-phenyl)-acetamide

60 2-[3-(2-Chloro- 3,5-dicyano-phenoxy)-4-cthyl-phenyl ]-N- (M + H)* 450 110.0-111.5
(2-chloro-phenyl)-acetamide

I-61  2-[3-(3-Chloro-S-cyano-phenoxy)-4-methoxy-phenyl]-N- (M + H)* 427  175.7-173.3
(2-chloro-phenyl}-acetamide

162 2-[3-(2-Chloro-5-cyano-phenoxy -4-methoxy-phenyl]-N- (M+H)" 427 194.0-197.8

2-chlore-pheny-acetamide
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I-63  2-[4-Bromo-3-(3-chloro-5-cyvano-phenoxy)-2-fluaro- (M + Hy* 830 164.8-166.2
phenyl FN-(2-chloro-4-propionylsulfamoyl-phenyl -
acetamide; sodium salt

I-64  2-[3-(3-Chloro-5-cyano-phenoxy4-methoxy-phenyl]-N- (M) + 305 186.3-189.7
2-chloere-4-sultamoyl-pheny [-acetamide

I-65  2-[3-(2-Chloro-S-cyano-phenoxy)-4-methoxy-phenyl]-N- (M) + 471 25232543
(4-sulfamoyl-phenyl-acetamide

I-66  2-[3-(2-Chloro-S-cyano-phenoxy)-4-methoxy-phenyl]-N- (M) + 485 I32.0-136.0
(2-methyl-4-sultamoyl-phenyl}-acetanide

I-67  2-[3-(2-Chloro-5-cyano-phenoxy 4-methoxy-phenyl]-N- (M) + 503 24.6-216.4
(2-chloro-4-sulfamoyl-pheny[}-acetamide

I-68  2-[4-Chloro-3-{4-cyano-2,6-dimethyl-phenoxy -phenyl FN- (M + Hy* 425 183.9-185.1
(2-chloro-phenyl)-acetamide

I-69  2-[4-Chloro-3-(3,5-dicyano-phenoxy)-pheny } N-(4-
methylsulfamoyl-phenyl}acetamide

170 2-[4-Chloro-3+(3,5-dicyano-phenoxy - pheny } N-(4-
dimethylsulfamoyl-phenyl)-acetamide

I-71  2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny N-[4-
(Hperidine-1-sulfonyl)-phenyl]-acetamide

I-72  2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny N-[4-
{morpholine-d4-sulfonyl}-phenyl}acetamide

I-73  2-[3-(3-Chloro-5-cyano-phenoxy)-4-methoxy-phenyl]-N- (M - H)y” 484  222.3-2243
(2-methyl-4-sulfamoyl-phenylj-acetamide

74 2-[3-(3-Chloro-5-cyane-phenoxy )-2-Auo o -4-meth yl- (M- Hy 486 23002322
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny - acetamide

I-75  2-[4-Chlore-3-{3-cyano-5-difluoromethyl-phenoxy)-2- (M + Hy* 524
Auoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyll-acetamide

I-76  2-[4-Chlore-3-(3,5-dicvano-phenoxy)-phenyl FN-( 2-chloro-
4-methanesulfonyl-phenyl -acetamide

77 N-[4-((3)-2-Amino- 3-methy |- lutyrylsul famoy -2 -methyl- (M + H)* 607 162.0-180.3
phenyl}F2-[4-chloro-3-(3-chloro-5-cvano-phenoxy)-2-
fluoro-phenyl]-acetamide; compound with hydrochloric acid

I-78  2-[4-Chloro-3+(3,5-dicyano-phenoxy)-pheny } N-(4-
evanomethoxy-phenyl}acetamide

I-79  2-[4-Chloro-3+(3,5-dicyano-phenoxy)-pheny } N-(4-
nethanesulfonyl-phenylj-acetanide

120 3-Chloro-4-{2-[4-chloro-3-( 3,5-dicyano-phenoxy -phenyl }
acetylamine §-henzoic acid methyl ester

121 2-[4-Chlore-3-(3,5-dicvano-phenoxv)-pheny FN-{4-[ (2-
hydroxy-ethyl)-methyl-sulfamoyl Fphenyl }-acetamide

I-82  2-[4-Chloro-3+(3,5-dicyano-phenoxy)-pheny } N-[4-(4-
hydroxy-piperidine-1-sulfonyl)-phenyl]-acetamide

-3 2-[3-(3-Chloro-5-cyane-phenoxy )-2-Auom-4-meth yl- (M- Hy 306  I23.9-230.4
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

I-24  N-(2-Chloro-4-sulfamoyl-phenyl)-2-[ 3-(3-cyano-5- (M- Hy 522 218.0-218.7
ditluoremethyl-phenoxy)-2-fluoro-4-methyl-phenyl]-
acetamide

-85 2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-2-fluoro4- (M + Hy* 504 218.0-220.4
methyl-phenyl ]-N-(2-methyl-4-sulfamoyl-phenyl)-acetamide

I-86  N-(2-Chloro-phenyl)y 2 3-( 3-cyano-5-difluoromethyl- (M + Hy* 445 163.3-164.4
Phenoxy)-2-Auom-4-methyl-phenyl]-acetamide

-7 2-[4-Chlore- 3+ 3-chloro-5-cyano-phenoxy )-2- uoro- (M + H* 613 261.8-263.4
phenyl FN-{2-methyl-4-[{pyridine-3-carbonyl)-sulfamoyl}
phenyl}-acetamide: compound with hydrochloric acid

128 2-[4-Chlore-3-{3-cyano-5-trifluoromethyl-phenoxy)- (M - Hy 508 219-221.4
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

I-89  2-[4-Chloro-3-(3-cyano-5-trifluoromethyl-phenoxy)- (M- Hy 522 21162144
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-acetamide

190 2-[4-Chlore-3-{3-cyano-5-trifluoromethyl-phenoxy)- (M- Hy 542 198.0-202.0
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

191 2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-4-cthyl-phenyl} (M + Hy* 486 183.0-193.0
N-(4-sulfamoyl-phenylj-acetamide

92 2-[3-(3-Cyane-5-diflucremethyl-phenoxy -4 methoxy- M+ H* 488 213.9-7142
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

193 2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-4-methoxy- (M+H)" 502 175.0-177.2
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny - acetamide

194 N-(2-Chloro-4-sulfamoyl-phenyl)-2-[ 3-(3-cyano-5- (M - Hy 520 185.0-187.9
diflusromethyl-phenoxy)-4-methoxy-phenylJacetamide

195 2-{4-Chloro-3-[3-cyano-5-(1.1-difluoro-ethyl}-phenox y]-2- (M- Hy 522 20702008
fluoro-phenyl}-N-(4-sulfamoyl-phenyl)-acetamide

196 2-{4-Chloro-3-[3-cyano-5-(1,1-difluoro-ethyl)-phenoxy]} 2- (M + H)* 533 193.5-200.0

Auoro-phenyl}-N-(2-methyl-4-sulfznioyl-phenyl)-acetaniide

Oct. 27, 2005

39



US 2005/0239881 Al

TABLE 1-continued

13

Cpd.

Ne. NAME MS MP

197 2-{4-Chloro-3-[3-cyano-5-(1,1-difluoro-ethyl)-phenoxy]} 2- M- Hy 558 192.0-197.8
fluoro-phenyl}-N-(2-chloro-4-sulfamoyl-phenyl}acetamide

98 2-[4-Chlore- 3+(3-chloro-5-cyano-phenoxy )-2- uoro- (M- Hj” 448 181.3-184.0
phenyl FN-(2-chloro-phenyl)-acetamide

199 2-[4-Chloro- 3+ 3-chloro-3-cyano-phenoxy)-2-tluore- (M + H* 578 212.0-216.9
Pheny 1 }H-[2-methyl-4-(methyl-propionyl-sultamoy1)-
phenylFacetamide

I-100  2-[4-Chloro- 3+ 3-chloro-3-cyano-phenoxy)-2-tluore- 234.4-2340
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

1101 2-[3-{3-Cyano-5-difluoromethyl-phenoxy)-4-cthyl-phenyl} (M + H)* 500
N-{2-methyl-4-sulfamoyl-phenyl)-acetamide

1102 2-[3-{2-Chloro-5-cyano-phenoxy ) S-methoxy-phenyl]-N- (M + Hy* 472 180.5-181.3
(4-sulfamoyl-phenyl-acetamide

I-103  2-[3-(2-Chloro-5-cyane-phenoxy )-5-methox y-phenyl]-N- (M + HY 486 172.83-184.40
(2-methyl-4-sulfamoyl-phenylj-acetamide

I-104  2-[4.5-Dilromo- 3-(3-cyane- 5-difluoromethyl-phenoxy’-2- (M + H)* 646
Auoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyll-acetamide

I-105  2-[3-(2-Chloro-5-cyano-phenoxy) 5-ethyl-phenyl]-N-(4- (M + Hy* 470
sulfamoyl-pheny D-acetamide

1106 2-[3-(2-Chloro-5-cyano-phenoxy) 5-ethyl-phenyl]-N-(2- (M + Hy* 484 231.6-233.1
methyl-4-sulfamoyl-phenylj-acetamide

[-107  2-[3-(2-Chloro- 5-cyane-phenoxy j-5-ethyl-phenyl]- N-(2- (M) + 503 04 0=207.0
chloro-4-sulfamoyl-phenylj-acetamide

I-108 2-[4-Chloro- 3+ 3-chloro-3-cyano-phenoxy)-2-tluore- (M o+ HY 522 20442073
heny 1 }H-(2-methyl-4-methylsulfameyl-phenyl -acetamide

1104 2-[4-Bromo-3-{3-chlore-5-cyvano-phenoxy)-2-fluaro- (M- Hy 572 165.0-166.6
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

110 3-Chloro-4-{2-[3-(3-cyano-5-difluoromethyl-phenoxy)-2- (M - Hy 487 216.9-218.3
fluro-4-methyl-phenyl]-acetylamino }-benzoic acid

I-111  2-[4-Chloro- 3+ 3-chloro-5-cyano-phenoxy)-2-tluore- (M + HY 463 134.0-1371
phenyl FN-(2-chloro-phenyl)-N-methyl-acetamide

1112 N-(2-Chlom-4-methanesulfonyl-phenyl)-2-[3-(3-cyann-5- (M - Hy” 521 179.8=182.0
ditluoremethyl-phenoxy)-2-fluoro-4-methyl-phenyl]-
acetamide

113 2-[3-(2-Chloro-5-cyane-phenoxy )-5-methox y-phenyl]-N- (M + H)* 506
(2-chloro-4-sulfamoyl-pheny[}-acetamide

1114 2-[4,5-Dibromo-3-(3-cyano-5-difluoromethyl-phenoxy )-2- (M) + 631 144.0-147.0
Auoro-phenyl]-N-(4-sulfamoyl-phenyl)-acetamide

I-115  2-[3-(3-Chloro-5-cyano-phenoxy}-4-methyl-pheny FN-[2- (M + Hy* 540
methyl-4-(morpholine-4-sulfonyl)-phenyl]-acetamide

I-116  2-[3-(3-Chloro-5-cyano-phenoxy )-4-methyl-phenyl]-N-[2- (M + H)* 553
methyl-4-(4-methyl-piperazine-1-sulfonyl)-phenyl}
acetamide

I-117  2-[3-(3-Chloro-5-cyane-phenoxy -4-methyl-pheny 1 ]-14-[ 2- (M - H)y” 554  151.2-1553
methyl-4-(thiomorpholine-4-sulfonyl}-phenyl Facetamide

I-11&  2-[3-(3-Chloro-5-cyano-phenoxy )-4-methyl-phenyl]-N-[2- (M - Hy™ 581 177.00-181.00
methyl-4-(2-morpholin-4-yl-ethylsulfamoyl)-phenvl }
acetamide

I-119  2-[3-(3-Chloro-5-cyano-phenoxy )-4-methyl-phenyl]-N-[4- (M + H)* 528
(3-hwdroxy-propylsulfamoyl)-2-methyl-phenyl}acetamide

I-120  2-[4-Chlore- 34 3-cyane-5-tiifluoromethyl-phenoxy)-2- (M - Hj” 540 212.0-2161
Auoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyll-acetamide

1121 2-[3-(3-Chloro-5-cyano-phenoxy)}-4-methyl-phenyl FN-[4- M+ Hy 568 195.1-197.7
(4-hydroxy-cyclohexylsultamoyl)-2-methyl-phenyl]-
acetamide

1122 2-[3-(3-Chloro-5-cyano-phenoxy}-4-methyl-phenylFN-(2- (M - Hy 468 192.8-194.1
nethyl-4-sulfameyl-phenyl)-acetamide

1123 2-[3-(3-Chloro-5-cyano-phenoxy)}-4-methyl-phenylFN-(2- (M - Hy 4828 194.0-194.9
chloro-4-sulfamoyl-phenylj-acetamide

1124 2-[4-Chlore- 3-(4-cyane-6-methyl-pyridin-2-vloxy)-2- (M + HY 488 23012307
fluoro-phenyl]-N-(2-methyl-4-sulfamovl-phenyl)-acetamide

1125 3-(4-§2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl } (M - Hy” 525 74.3-76.5
acetylamine }-3-methyl-benzenesulfonyl)-propionic acid

1126 2-[4-Chlore-3-{3-chlore-5-cyvano-phenoxy)-2-fluaro- 155.4-157.5
phenyl FN-(2-chloro-4-propionylsulfamoyl-phenyl -
acetamide; sodium salt

1127 N-[4-((S)2-Amino-3-methyl-butyrylsulfamoyl)-2-chloro- (M + Hyf 627 219.4-220.2
phenyl}F2-[4-chloro-3-(3-chloro-5-cvano-phenoxy)-2-
Auoro-phenyl]-acetamide; sodium salt

123 2-[3-(3-Chloro-S-cyano-phenoxy}-4-methyl-pheny FN-[2- M+ Hy 554 17171728

methyl-4-(tetrahydro-pyran-4-ylsulfamoyl)-phenyl }
acetamide

Oct. 27, 2005

40



US 2005/0239881 Al

TABLE 1-continued

14

Cpd.

Ne. NAME MS MP

1124 2-[3-(3-Chloro-5-cyano-phenoxy}-4-methyl-phenyl FN-[4- M+ Hy 528 172.2-173.4
(2-hwdroxy-propylsulfamoyl)-2-methyl-phenyl}acetamide

I-130  2-[3-(3-Chloro-5-cyano-phenoxy )-4-methyl-phenyl]-N-[2- (M + H* 344 155.6-156.6
methyl-4-(2-methylsulfanyl-ethylsul famoy 1 )-phenyl}
acetamide

I-131 2-[3-(3-Chloro-5-cyano-phenoxy )-4-methyl-phenyl]-N-[2- M+ H* 558 159.9-162.8
methyl-4-(3-methylsulfanyl-propylsulfamoyl-phenyl }
acetamide

I-132  2-[3-(3-Chloro-5-cyane-phenoxy )-5-methox y-phenyl]-N- M+ H* 472 184.1-185.5
(4-sulfamoyl-phenyl-acetamide

I-133  2-[3-(3-Chloro-5-cyane-phenoxy )-5-methox y-phenyl]-N- M+ H* 486 162.0-171.1
(2-methyl-4-sulfamoyl-phenylj-acetamide

I-134  N-(2-Chloro-4-sulfamoyl-phenyl)-2-[4,5-dibromo-3-(3- (M - Hy” a64
cyann-3-difluoromethyl-phenoxy - 2- Auom-phenyl]-
acetamide

I-135 2-[4-Chlore- 3-(4-cyane-2,6-dimethyl-phenoxy)-phenyl ]-N- (M - Hy” 502
2-chloere-4-sultamoyl-pheny [-acetamide

1136 2-[3-(3-Chloro-5-cyano-phenoxy ) S-methoxy-phenyl]-N- M+ 505 150.0-161.1
2-chloere-4-sultamoyl-pheny [-acetamide

1137 2-[3-(3-Chloro-5-cyano-phenoxy )} 4-methyl-phenyl FN-[4- M+ Hy 508 138.1-138.0
(2-cyano-ethanesulfonyl)-2-methyl-phenyl Facetamide

I-138 N-(4-Butyrylsulfamoyl-2-chlore-phenyl)-2-[4-chloro- 3-(3- (M + H)* 598 157.2-157.9
chloro-5-cyano-phenox y)-2-lnoro-phenyl}acetamide:
sodium salt

I-132  N-[4-(Butyryl-methyl-sulfamoyl}-2-chlore-phenyl]-2-[4- (M + H* 612 186.9-187.6
chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl |
acetamide

1140 N-(2-Chloro-4-sulfamoyl-phenyl)-2-[ 3-(3-cyano-5- (M- Hy 518 191.8-192.5
difluoromethyl-phenoxy)-4-cthyl-phenyl}acetamide

I-141 2-[3-(3-Chloro-5-cyane-phenoxy )-5-methyl-pheny 1 ]-4-(4- (M - H)y 454  183.2-185.2
sulfamoyl-phenyl)-acetamide

I-142  2[3-(3-Chloro-5-cyano-phenoxy )-5-methyl-phenyl ]-N-(2- (M- Hy 468 184.8-186.40
nethyl-4-sulfameyl-phenyl)-acetamide

I-143  2-[3-(3-Chloro-5-cyano-phenoxy) S-methyl-phenylFN-(2- (M - Hy 4828 194.1-195.9
chlore-4-sultamoyl-pheny [-acetamide

144 2-[7-(3-Cyane-phenoxy)-lenzofuran-3-31]-N-(4-sulfamoyl- (M- Hy 446 196.4-193.7
phenyl)-acetamide

I-145  2-[7-(3-Cyano-phenoxy)-benzofuran-5-y1]- N-(2-methyl-4- (M - Hy” 460 218922040
sulfamoyl-phenyl)-acetamide

I-146  2-[3-(2-Chloro-5-cyano-phenoxy) S-methyl-pheny I FN-(4- (M - Hy 454 235.9-230.7
sulfamoyl-pheny D-acetamide

I-147 2-[3-(2-Chloro-5-cyano-phenoxy) S-methyl-phenylFN-(2- (M — Hy 468 200.3-201.1
nethyl-4-sulfameyl-phenyl)-acetamide

I-148  2-[3-(2-Chloro-5-cyane-phenoxy )-5-methyl-pheny 1 ]-4-(2- (M-H 488  212.9-7144
chloro-4-sulfamoyl-phenylj-acetamide

I-142  N-(2-Chlom-4-sulfamoyl-phenyl)-2-[ 7-(3.5-dichlovo- (M- Hy 523 2151-216.6
phenoxy)benzofuran-5-yl]-acetamide

I-150  2-[3-(3-Chloro-5-cyano-phenoxy}-4-methyl-phenyl FN-[4- (M + Hy* 481 137.5-132.4
((53-2, 3-dihyd roxy- propoxy)-2-methyl-phenyl]-acetamide

I-151 2-[3-(3-Chloro-S-cyano-phenoxy)}-4-methyl-phenyl FN-[4- M+ Hy 495 104.9-106.4
((R)-3.4-dibydroxy-lukoxy )-2-methyl-phenyl J-acetamide

1152 (4-{2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]- (M + H* 513 180.5-181.4
acetylamino }-3-methyl-benzenesulfonyl)-acetic acid

I-153  N-[4-(3-Amino-propionylsulfameyly-2-chlovo-phenyl ]-2-[4- (M + HJ* 590 10031084
chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl |
acetamide; compound with hydrochloric acid

I-154  N-[4-(2- Amino-ethanesulfonyl)-2-methyl-phenyl ]-2-{3-(3- (M + H)* 498 24055
chloro-5-cyano-phenoxy)-4- methyl-phenyl]-acetamide

I-155  2-[4-Chloro-3+(3-chloro-3-cyano-phenoxy)-2-tluore- (M -Hy 598  151.7-152.3
Pheny I }H-[2-chlom-4-(2-methoxy -acetylsulfamoyl)-
phenylacetamide; sodium salt

I-156  2-[4-Chloro-3+(3-chloro-3-cyano-phenoxy)-2-tluore- (M -Hy 584  1730-170.5
Pheny I }H-[2-chlom-4-(2-hydmxy-acety lsulamoyl)-
phenylacetamide; sodium salt

I-157  2-[3-(3-Chloro-5-cyano-phenoxy )-4-methyl-phenyl]-N-[4- (M + H* 513 TR0-72.5
(3-hydroxy-propane-1-sulfonyl}-2-methyl-phenyl]-
acetamide

I-158 2-[3-(3-Chloro-5-cyano-phenoxy )-4-methyl-phenyl]-N-[4- (M - Hy 522 34.3-85.6
(1,1-dioxo-12"{1,2 thiazinan-2-y1}-2-methyl-phenyl}
acetamide

[-159  2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl- phenyl J-N-{ 2- (M + H* 531 62.3-64.1

methyl-4-[ 2-(4-methyl-piperazin- 1-yl)-acetyl]-phenyl }-
acetamide
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TABLE 1-continued

15

Cpd.
Nao.

NAME

MS

MP

I-160

I-161

I-162

I-163

I-164

I-165

I-166

I-167

I-168

I-169

I-170

I-171

I-172

I-173

I-174

173

I-176

I-177

I-178

I-172

I-180

I-181

I-182

I-183

I-184

I-185

I-186

I-187

2 3-(3-Chlore-5-cyano-phenoxy - 4-methyl-pheny | N[ 2-
methyl-4-(1-ox0-11*thiomorpholin-4-yl)-phenyl }acetamide
2-[3-(3-Chlovo-5-cyane-phenoxy )-4-methyl- pheny -N-{4-
{1,1-dicxo-1A"-thiomorpholin-4-y1)-2-methyl-phenyl }
acetamide

2-[4-Chloro- 3-(3-chlovo-5-cyano- phenoxy - 2- luore-
phenyl FN-[2-chloro-4-(methyl-propionyl-sulfamoyl)-
Phenyl}acetamide
2-[3-(3-Chlovo-5-cyane-phenoxy )-4-methyl- phenyl -N{ 2-
methyl-4-(2-morpholin-4-yl-acetyl)-phenyl}acetamide:
compound with trifuom-acetic acid
2-{4-Chloro-3-(3-chlore-5-cyano-phenoxy)-2-fluoro-
phenyl FN-[2-chloro-4-( 3-methoxy-propionylsulfamoyl)-
phenyl}acetamide: sedium salt
2-{4-Bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
Auom-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-acetamide
2-[4-Chloro- 3-( 3-cyane-5-difluoremet hoxy-phenoxy - 2-
fluoro-phenyl]-N-(4-sulfamoyl-phenyl)-acetamide
2-[4-Chloro- 3-( 3-cyane-5-difluoremet hoxy-phenoxy - 2-
fluoro-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-acetamide
2-{4-Chloro-3-(3-chlore-5-cyano-phenoxy)-2-fluoro-
Pheny 1 }H-(2-chlom-4-methylsulfamoyl-pheny ) -acetamide
2-{4-Bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
Auoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyll-acetamide
2-[3-(3-Chlovo-5-cyane-phenoxy )-4-methyl-phenyl -N-{4-
{1,1-dioxo-1A -isothiazolidin-2-y1)-2-methyl-phenyl}
acetamide
2-{4-Chloro-3-(3-chlore-5-cyano-phenoxy)-2-fluoro-
phenyl FN-{2-chloro-4{ ( 2-methoxy-acetyl}-methyl-
sulfameoyl]-phenyl}-acetamide
2-{4-Chloro-3-(3-chlore-5-cyano-phenoxy)-2-fluoro-
phenylFN-{2-chlorc-4-[ (3-methoxy-propionyl j-methyl-
sulfameoyl]-phenyl}-acetamide
2-{4-Chloro-3-(3-chlore-5-cyano-phenoxy)-2-fluoro-
Pheny I }H-(2-chlom-4-pentancylsultamoyl-pheny)-
acetamide; sodium salt
2-{4-Chloro-3-(3-chlore-5-cyano-phenoxy)-2-fluoro-
Pheny I }H-[2-chlom-4-(3-methyl-lutyrylsul famoyl)-
phenylacetamide; sodium salt
2-{4-Chloro-3-(3-chlore-5-cyano-phenoxy)-2-fluoro-
Pheny I }H-[2-chlom-4-(2-disthylamino-acetylsulfamoyl)-
phenylFacetamide; compound with hydrochloric acid
2-[4-Chloro- 3-(3-chlovo-5-cyano- phenoxy - 2- luore-
Pheny I }H-[2-chlom-4-(4-methyl-pentaneylsulfanoyl)-
phenylacetamide; sodium salt

2-[4-Chloro- 3-(3-chlovo-5-cyano- phenoxy - 2- luore-
phenyl FN-[2-chloro-4-( 2-moarpholin-4-yl-acetylsulfamoyl)-
phenylFacetamide; compound with hydrochloric acid
N-{4-{2[ 3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]-
acetylamino }-3-methyl-phenyl)-oxalamic acid ethyl ester
N-{2-Chlom-4-sulfamoyl-phenyl)-2-[3-(3-cyane-5-
diflueremethyl-phenoiy)-4-ethyl-2-luere-phenyl }
acetamide
2-[3-(3-Cyane-5-difluoromethyl-phenoxy - 4-ethyl-2-
fluoro-phenyl]-N-(2-methyl-4-sulfamovl-phenyl)-acetamide
N-{4-[(3-Amino-propionyl} methyl-sulfamoyl]-2-chloro-
phenyl}-2-[4-chloro-3-(3-chloro-5-cyano-phencxy)-2-
fluoro-phenylJ-acetamide: compound with hydrochloric acid
23-(3-Chlore-5-cyano-phenoxy -4, 5-dimethyl-phenyl FN-
(4-sulfamoyl-phenyl}-acetamide
23-(3-Chlore-5-cyano-phenoxy -4, 5-dimethyl-phenyl FN-
(2-methyl-4-sulfamoyl-phenylj-acetamide
2-[3-(3-Chlovo-5-cyane-phenoxy )-4.5-dimethyl-phenyl ]-N-
(2-chloro-d-sulfamoyl-phenyl -acetamide

2 3-(3-Bromo-5-cyano-phenoxy 4-chloro-2-fluaro-
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny - acetamide
2-{4-Chloro-3-3-cyano-5-(3-hydroxy-prop-1-ynyl)}
phenoxy]2-fluoro-phenyl}-N-(2-methyl-4-sulfamoyl-
PhenyD-acetamide
2-{4-Chloro-3-3-cyano-5-(3-dimethylamino-prop-1-ynvl -
phenoxy]2-fluoro-phenyl}-N-(2-methyl-4-sulfamoyl-
PhenyD-acetamide

(M + Hy* 508

(M + H)* 574

(M + H)* 598

(M + H)* 518

(M + Hy 614

(M — Hy 586
(M - H 524
(M - Hy 558
(M — Hy” 540
(M — Hy 566

(M + H)* 510

(M + Hy* 614

(M - Hy 626

(M + Hy 612

(M - Hy 610

(M + Hy* 641

(M + HJ* 626

(M + H)* 655

(M + H)* 506

(M + H)* 650

(M — Hy 468
(M — Hy 482
(M - Hy 502
(M — Hy 552

(M - Hy 526

(M + H)* 553

181.3-182.1

64.8-65.4

198.2-200.6

11i3.3-110.5

133.1-140.7

205.4-207.7

196, 1-200.0

22392250

182.5-184.6

183.2-185.5

196.3-203

157.6-159.2

15%.3-163.4

195.3-197.2

195.6=197.0)

223.3-225.0

182.5-183.9

239.6=240.7

237.6-238.4

»300

220.7-231.3

230.8-233.4

224.3-225.7

246.0-250.6

170.1-173.2
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TABLE 1-continued
Cpd.
Ne. NAME MS MP
11838 4-(3-Chloro-4-§2-[4-chloro- 3-(3-chloro-5-cyano-phenoxy)- 143.4-144.0
2-fluaro-phenyl-acetylamino}-benzenesulfonylamino )-4-
oxe-lntyric acid
I-18%  2-[4-Bromo-3-{3-chloro-5-cyvano-phenoxy)-2-fluaro- (M - Hy 551 244-245.1
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny - acetamide
I-194  2-[3-(3-Chloro-5-cyane-phenoxy - 2-Auom -4-methoxy - (M- Hy 522 2120-2128
phenyl FN-(2-chloro-4-sulfamoyl-phenyl)-acetamide
1191 2-[3-(3-Chloro-5-cyane-phenoxy j-2-Auom-4-methoxy - (M- Hy 502 23202408
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny - acetamide
1182 2-[3-(3-Chloro-5-cyano-phenoxy) 2-fluoro-4-methyl- (M + H)* 564 158.8-162.0

43
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pheny 1 }H-(2-chlom-4-propionylsulfamoyl-phenyl)-
acetamide; sodium salt

L0bserved C NMR signals 146475, 22,6539, 36,6875, 1115831, 117.8364, 119.0677, 122,0355,
1251721, 127.0577, 127.3270, 128.0054, 129.2462, 1323304, 137.5287, 138.7981, 1422857,

153.5586, 168.7512

[0134] Compounds of the present invention can be made
by a variety of methods depicted in the illustrative synthetic
reaction schemes shown and described below. The starting
materials and reagents used in preparing these compounds
generally are either available from commercial suppliers,
such as Aldrich Chemical Co., or are prepared by methods
known to those skilled in the art following procedures set
forth in references such as Fieser and Fieser's Reagents for
Organic Synthesis, Wiley & Sons: New York, Volumes 1-21;
R. C. LaRock, Comprehensive Ovganic Transformations,
2" edition Wiley-VCH, New York 1999; Comprefiensive
Organic Syarhesis, B. Trost and 1. Fleming (Eds.) vol. 1-9
Pergamon, Oxford, 1991; Comprefiensive Hererocyvefic
Chemistry, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1984, vol. 1-9; Comprehensive Heterocyclic Chem-
istry I, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1996, vol. 1-11; and Organic Reactions, Wiley &
Sons: New York, 1991, Volumes 1-40. The following syn-
thetic reaction schemes are merely illustrative of some
methods by which the compounds of the present invention
can be synthesized, and various modifications to these
synthetic reaction schemes can be made and will be sug-
gested to ome skilled in the art having referred to the
disclosure contained in this Application.

[0135] The starting materials and the intermediates of the
synthetic reaction schemes can be isolated and purified it
desired using conventional techniques, including but not
limited to, filtration, distillation, crystallization, chromatog-
raphy, and the like. Such materials can be charactenzed
using conventional means, including physical constants and
spectral data.

[0136] Unless specified to the contrary, the reactions
described herein preferably are conducted under an inert
atmosphere at atmospheric pressure at a reaction tempera-
ture range of from about -78° C. to about 150° C., more
preferably from about 0° C. to about 125° C., and most
preferably and conveniently at about room {or ambient)
temperature, ¢.g., about 20° C.

[0137] Some compounds in following schemes are
depicted with generalized substituents; however, one skilled

in the art will immediately appreciate that the nature of the
R groups ¢an varied to afford the various compounds con-
templated in this invention. Moreover, the reaction condi-
tions are exemplary and alternative conditions are well
known. The reaction sequences in the following examples
are not meant to limit the scope of the invention as set forth
in the claims.

[0138] N-Phenyl 3-phenoxy-phenylacetamide compounds
are prepared from phenyl acetic acid derivatives 4 (X!=0,
R*=optionally substituted phenyl) as depicied in Scheme 1.
The preparation of phenylacetic acids related to the present
compounds has been described in U.S. Ser. Nos. 10/807,993
and 10/807,766 entitled Non-nucleoside Reverse Tran-
scriptase Infibitors filed Mar. 23, 2004 These applications
are hereby incorporated by reference in their entirety.

R4
-1
5’)t
R CO.H
—_—
r! R?
RZ
(4
R* H
Lxd Neo
R® AT
ls)
R! R?
RZ
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[0139] 4-Alkyl-3-aryloxy-phenylacetic acid compounds
are useful precursors to some embodiments of the present
invention and can be prepared from 4-hydroxy-3-methox-
yphenyl acetate by Pd catalyzed coupling of a dialkyl zinc
species and ethyl 3-methoxy-4-trifluorosulfonyloxy-pheny-
lacetate (4b) derived therefrom to produce the corresponding
4-alkyl compound (SCHEME 1). The Negishi coupling of
organozinc halides or dialkylzine with haloarenes and aryl
triflates is an effective means for attachment of an alkyl
group to an arene (E.-I. Negishi, Acc. Chem. Res. 1982
15:340-348). The reaction is catalyzed by palladium Pd(0)
and palladium is preferably ligated to a bidentate ligand
including Pd(dppH)Cl, and Pd(dppe)Cl,. (J. M. Herbert Ter-
rahedron Lett. 2004 45:817-819) Typically the reaction is
run in an inert aprotic solvent and common ethereal solvents
include dioxane, DME and THF are suitable. The reaction is
commonly run at elevated temperature.

[0140] Alternatively Friedel-Crafts acylation of ethyl
3-methoxy-phenylacetate atfords 4-acetyl-3-methoxy-phe-
nylacetate 8. Reduction of the ketone to afford the 4-ethyl
derivative 12a can be accomplished under a variety of
conditions including triethylsilylhydride/TEA, catalytic
hydrogenation and hydrogenolysis, Clemmenson and Wolf-
Kischner procedures. Alternatively the side chain can be
further elaborated by subjecting the ketone to a Wittig
condensation and reduction of the resulting olefin. In the
present invention triphenylphosphonium methylide is con-
densed with 8 affording ethyl 4-isopropenyl-3-methoxy-
phenylacetate (14) which was reduced to the corresponding
ethyl 4-iso-propyl-3-methoxy-phenylacetate  (16). One
skilled in the art will recognize many closely related alter-
native procedures are available that afford other 4-alkyl
substituents. Demethylation of the methyl ether affords the
corresponding  ethyl 4-alkyl-3-hydroxyphenylacetate 18a
which are useful synthetic intermediates for introduction of
the 3-aryloxy moiety.

SCHEME 1
CO;EL CO;EL
MeO sep2 RO
ROY Me
4a:R=H I ta: R =Me
step 1 tep 3
3 ‘:411: R = SO,CF; Pl fmR=H
step 4-—‘-- 6er R = Ar

CO4EL CO4E! CO4E!L
MeO step 4 MeO step 5 RO,
——— ——
AC Et Et
8 10 12a:R=H
step 9': 12h: R = aryl
COzEt
CO4EL COEL
MeO.
step 6 MeO RO
—_— B
Me step 7 step 8
i-Pr i-Pr
CHz
14 146

182 R=H
tep 9
sep I:lsb:R=aryl



US 2005/0239881 Al

[0141] 34-Dimethyl-5-aryloxy-phenylacetic acid com-
pounds were also prepared using a dialkylzine mediated
coupling; however, prior to that coupling the activating
effect of the hydroxyl was exploited to formylate the aro-
matic ring and afford 22a. Reduction of the formyl substitu-
ent provides the methylated compound 22¢. (SCHEME 2)
The second methyl substituents was introduced using the
Negishi procedure described in SCHEME 1. Demethylation
of the methyl ether affords the phenol 24¢ which can be used
to introduce the biaryl ether linkage.

SCHEME 2
MeO.
CO-H step 1
HO
20
MeO
co.r! epd
HO
RZ
' 22a: R! = H; R? = CHO
step 2 "
== 22: R!=E; R?= CHO
step 3 ' 5
—=120: R = Et; R* = Me
R*0
CO4Et
R
Me
step 5 24a: R = OT, R* = Me

L J4b: R = Me; R? = Me

step &
L ——w 24¢:R=Me,R*=H

[0142] The preparation of diaryl ethers has been reviewed
(J. 5. Sawvyer, Recent Advances in Diarl Erhier Synthesis,
Tetrahedron 2000 56:5045-5065). Introduction of the (het-
erojaryloxy ether can often be accomplished by direct S, Ar
displacement reaction on a aromatic ring substituted with a
leaving group and electronegative substituents. Fluoroaro-
matic compounds with electronegative substituents are
known to be sensitive to nucleophilic attack by soft nucleo-
philes. Fluorine substituents are generally significantly more
labile than other halogen substituents. While hard nucleo-
philes like water and hydroxide fail to displace fluoride, soft
nucleophiles like phenols, imidazoles, amines, thiols and
some amides undergo facile displacement reactions even at
room temperature (D. Boger et al., Biorg. Med. Chem. Leit.
20000 10: 1471-75; E Terrier Nucleaphilic Aromatic Dis-
placement: The Influence of the Nitro Group VCH Publish-
ers, New York, N.Y. 1991). Phenols typified by 6b and 12a
can be treated with appropriately substituted aryl fluorine
compounds to produce diaryl ethers (infra).

[0143] Aryl ethers also can be efficiently prepared by
Cu(QAc), catalyzed condensation of substituted benzene b
oronic acids and phenols (D. A. Evans et al., Terrafiedron
Lerr, 1998 39:2037-2940 and D. M. T. Chan et al., Tetra-
hedron Letr. 1998 39:2933-2036). This protocol can also be

Oct. 27, 2005

adapted to phenols such as 6b and 12a. Benzene boronic
acids with a variety of other substituents are widely avail-
able.

[0144] Alternatively, variations of the Ullmann diaryl
ether synthesis with Cu(l) salts (J.-F. Marcoux et al.,J. dn.
Chem. Soc. 1997 119:10539-540; E. Buck et al, Org. Lerr.
2002 4(9): 1623-1626) or palladium-catalyzed coupling
procedures also has been reported (G. Mann et al., J. Am.
Chem. Soc., 1999 121:3224-3225) have been described. One
skilled in the art will appreciate that optimal procedure will
vary depending on the nature and position of substituents on
the aryl rings to be coupled and useful conditions for the
coupling can by identified without undue experimentation.

SCHEME 3
COaMe
MeOr
step 2
OR
2Wa:R=H
wep il S g
CO-Me
HO.
3
step 3
R
28a:R = Me
23bk: R = Et
OO:MC
R'O
R
30a: R =Me, R = aryl
30b: B = Et, R = aryl
COsMe
HO.
NC. F
OH
kX
Cl

45
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-continued
CO:Me
NC,, ; O ; J
Cl OR
MaR=H
34b: R =Me

[0145] 5-Methyl- and  S-ethyl-3-hydroxy-phenylacetic
derivatives were prepared by monomethylation of 3,5-dihy-
droxy-phenylacetic acid to atford 26a followed by sequential
treatment with triflic anhydride and dialkylzine/Pd[P(Ph).],
to afford 28a and 28b. While the reactions are illustrated
with methyl and ethyl groups, one skilled in the art will
appreciate that a variety of substitutents can be introduced
depending on the reagent selected. Demethylation of the
methyl ether was accomplished as previously described to
afford phenols that can be used to introduce the diaryl ether
linkage. 3-Aryloxy-5-methoxy-phenylacetic acids com-
pounds can be prepared by mono-arylation of alkyl 3,5-
dihydroxy-phenylacetates and subsequent methylation to
afford 34b (SCHEME 3). Other alkoxy compounds are
readily prepared by replacing methyl iodide with other
alkylating agents.

SCHEME 4
MO Me
shep 1
—
Cl
36
MeO CH=X
step 5
Cl
38b: X =Br 'slepl
3Ber:X=Cn e
stepr 3
38d: X = CG{==NH)OE*HC]
step 4
38e: X = CO-Er
CO-Et
HO. R3O CHA00,Et
slep &
Cl Cl
40 42 (R = aryl)

[0146] When useful substituted phenylacetic acid precur-
sors are unavailable, an alternative route utilizing methyl
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substituents to elaborate the acetic acid side chain has been
used. Ethyl 4-chloro-3-hydroxy-phenylacetate (400 was pre-
pared from 1-chloro-2-methoxy-4-methyl-benzene by ben-
zylic bromination (step 1) and displacement of the bromine
atom with sodium cyanide (step 2). Hydrolysis of the nitrile
(steps 3 and 4) and demethylation of the ether under standard
conditions afford 40. BBry or Lil/syn collidine mediated
demethylation are effective techniques for conversion of
methyl ethers to the corresponding phenols. Incorporation of
the aryl ether is achieved by one of the methods described
previously.

[0147] 4-Chloro-2-fluoro-3-phenoxy-phenylacetic  acid
compounds (SCHEME 5) can prepared by starting from
1-chloro-3-fluoro-2-methoxy-4-methylbenzene utilizing a
sequence comprising benzylic bromination with NBS and
AIBN, cvanide displacement, hydrolysis of the nitrile and
esterification of the carboxylic acid analogous to that
described in SCHEME 4

SCHEME 5
F
MeO. R
5
step 3
Cl
I Ha:R=Me
step 1
step o= 44b: R = CH:Br
-Z M =
step 3.=l= e R =CH;CN

——= 44d: R = CH,CO-H
ep 4 2
stepd__ jaeiR - CHACO-Er

F CO4EL
RO
Cl
Ha:R=H
44b: R =aryl
stepr 6

[0148] Alternatively, the synthesis of 2-fluoro substituted
compounds was accomplished by exploiting the facile dis-
placement of luoroaromatic compounds. Thus, treatment of
1,2, 3-trifluoro-4-nitro-benzene (46) with an alkali metal
phenolate results in displacement of the 3-fluoro group with
good regioselectivity to afford 48a (SCHEME 6). Treatment
of 48a with carbanion formed by deprotonation of tert-butyl
ethyl malonate results in the regioselective introduction of a
malonic ester (48b) which is subjected to acid-catalyzed
hydrolysis of the tert-butyl ester and decarboxylation to
afford 48c. After introduction of the phenoxy and acetic acid
moieties, the nitro group is readily coonverted to other
substituents at the 4-position. Reduction of the nitro sub-
stituent afforded 50a which can be subjected to Sandmeyer
conditions to introduce a bromo 50a or chloro 50e substitu-
ent. The bromo substituent could be further reacted with a
dialkyl zinc (the Negishi Reaction) to afford 4-alkyl-3-
aryloxy-2-fluoro-phenylacetic acid compounds exemplitied
by 50c and 50d.

46
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SCHEME 6
F F F CO-qEt
F. F 0 R o
e AT N e T,
R—r R—r
step 1 | step 4 |
OsN # oN g
® I%«wa: R'=F MR e R = NH,
481: R = CH(COY'Bu)COsEL S0b: K™ = Br

step 8 1 step 10

step 3

0N

$2a: R” = CH{CO, BuyC0OFt

S2b: R =
e 2b: R" = CHCO;Et

[0149] Altematively, the reaction of the mixed tert-butyl
ethyl ester of malonic acid affords a regioisomeric mixture
of adducts in which displacement of the fluorine at the
1-position 52a predominates. The ratio of 1:3 isomers is
approximately 2:1 and the compounds can be separated by
silica chromatography. Hydrolysis and decarboxylation of
52a affords the phenylacetic acid 52b which is an effective
substrate for introduction of an aryl ether and Sandmeyer-
type chemistry.

[0150] 4-Alkoxy-2-fluoro-3-phenoxyphenylacetic  acid
compounds were prepared from o-difluorobenzene. A mix-
ture ortho-difluorobenzene (542) and trimethylsilylchloride
was treated with butyl lithium to produce 2,3-difluoro-1,4-
bis-trimethylsilanyl-benzene (54b) which was brominated to
afford 54c. Selective monometallation of 54¢ with iso-
propylmagnesium chloride-lithium chloride complex and
quenching the organomagnesium compound with DMF
afforded 54d. Reaction of 54d with a phenol in the presence
of K.CO, resulted in displacement of the fluorine atom
adjacent to the aldehyde to afford 56a. The aldehyde was
subjected to a Baever-Villiger oxidation with trifluoroper-
acetic acid which underwent concomitant hydrolysis to the
phenol 56b which was alkylated with Cs.CQ; and methyl
iodide to afford the methoxy substituted analog 56¢. Met-
allation of the remaining bromine substituent with iso-
PerMgCL/LiI/THE and allylation of the resulting Grignard
reagent afforded 58a which was oxidatively cleaved with
NalO /Ru(II)Cl, to produce the phenylacetic acid 58b.

43c: R’ = CHaCO4E!

slep 65— S0c: R = Me
step 7——== 50d: R’ = Et

e R =] —-——
step &
SCHEME 7
NC OH
R
F
Cl
step 4
F
R
S4a: R' = R"=—H
sep 1l rro =TS
step2 S4c: R’ = R"==Br
sep3 | curs CHO, R"==Br
F
NC Q Er
—
step 7
R
1
step ¥ .
Séa: RN =CHO
56b:R'=0OH
—= 360 R = OMe
slep &
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-continued

F
NC O: i R
; MeO
Cl

58a:R = CH,CH=CH,
step 8 -
L I CH,COH

F
H
NC 8] N
8]
MO
1

(1-23%)

step 910
—_—

Cl

SO,NH,

[0151] The substituted phenylacetic acid esters thus
obtained were converted to the corresponding amides
through a three-step sequence including hydrolysis of the
ester, conversion of the resulting acid to an acid chloride and
condensation of the acid chloride with an aryl amine.

[0152] Fluorine-substituted aromatic compounds which
are useful intermediates for formation of the biaryl ether are
commercially available or readily prepared from commer-
cially available precursors. 3-Chloro-5-fluoro-benzonitrile
(59a), l-bromo-3-chloro-5-fluorobenzene,  1-bromo-2-
fluoro-4-chloro-benzene, 4-chloro-3-fluorobenzonitrile,
3-fluoro-5-triflucromethyl-benzonitrile (59b), 3,5-dibromo-
fluoro-benzene, 1,3-dichloro-2-fluorobenzene (59¢), 14-
(59d), 1-chloro-2-
(59¢) and 1-chloro-2,6-
difluoro-4-bromo-benzene (59f) were purchased. Cyanide
substituents can be introduced into a aromatic ring by
Zn{CN),/palladium-catalyzed displacement of a halogen by
cyanide which can be carried out either after formation of
the biaryl ether or on a halogenated precursor (SCHEME
8—reaction B) prior to formation of the ether.

dichloro-2-fluoro-6-bromo-benzene
fluoro-4,6-dibromo-benzene

SCHEME S
(A)
CO,Et
F-HC, PA[P(PHI ]
_ZalCN)y
DMF‘
80°C

a0
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-continued

COsEt
Br. O
step 7
R

CF:Me

74a: R = NO
—== Fdb: B = NH»
—= T4c: R=Cl

skepr 5j

skepr 6j

F CO-Et

oy

CFaMe
7%

[0153] Fluoroalkyl substituted compounds are useful
embodiments of the invention and 66 and 72¢ were prepared
by fluorination of a carbonyl compound with a fluorinating
agent such as (diethylamino)sulfur trifluonde (DAST) or
[bis{2-methoxyethylamino)sulfur  difluoride  (DEOXO-
FLUOR®). Thus 1,3-dibromo-5-fluorabenzene (64a) was
mono-metallated and formylated to afford 64b. Fluorination
of 64b with DAST afforded 64c which was optionally
treated with Zn(CN). and Pd[P(Ph).], to introduce a nitrile
prior to formation of the bis-aryl ether 68 by condensation
of 66 and 52b. The 1,1-difluoroethyl substituent was intro-
duced utilizing an analogous strategy whereby an acetyl
derivative was fluorinated with Deoxo-Fluor®. The acetyl
compound 72b was obtained by mono-metallation of 70 and
quenching with N-methyl-N-(methoxy)acetamide. The fully
elaborated phenylacetic acid 74 was obtained by condensa-
tion of 72¢ and 52b followed by a Sandmeyer reaction in the
presence of Cu([)Cl and HCL Optional introduction of a
cyanide into the aryl ring (step 7) was carried out as
described previously.

[0154] Dicyano substitution is a feature of some embuodi-
ments of the present invention and dicyano aromatic com-
pounds, e.g., 80 are readily available by bis-cyanation of a
dihalo precursor 78. One skilled in the art will appreciate
this transformation can be carried out on a variety of
dihalogenated

SCHEME ©
Cl F NC. F
NaCN
—
EtOH
l CN
78 80
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<l
H
NC. O N
Et S50:NH-~
Er
Zn(CN); [ S2a:R=Br
Pd[P{FPh)s]4
THF, 85° C.

——=52b: R=CN

Br R

—
step 3

l
8la:R=Cl
——= 81k R = OMe
—= S1e: R=0OH

step 1:

step 2|

F
NC 0. i K
; ON
al

ste)4|:83a: R=F
! . 83b: R = CH(CO,Buj00-Et
step S

P k- CH,COE!

[0155] substrates. Considerable flexibility in the sequence
of the transformations is possible and bis-cyanation can be
carried out either prior to or after formation of the biaryl
ether, ¢.g., transformation of 82a to 82b.

[0156] In some examples of the present invention the
biaryl ether is introduced by reacting a suitably substituted
phenol and a fluoro-substituted phenylacetic acid or precur-
sor thereof. (see SCHEME 6) Many useful phenols are
commercially available. 3-Chloro-5-hydroxy-benzonitrile
(81c) was a useful intermediate in the synthesis of some
embodiment of the present invention. 81c was prepared
from 3,5-dichlorobenzonitrile (81a) by displacement of one
chlorine substituent with sodium methoxide and Lil/colli-
dine mediated demethylation of the resulting arylmethyl
ether 81b. The phenol was reacted with 46 to afford 83a
which was further transformed to 83c as described previ-
ously.

[0157] Introduction of haloalkoxy substituents were
readily accomplished by insertion of a dihalocarbene into
phenolic OH. 3,5-Dihydroxy-benzonitrile (84a) is trans-
formed into the base-stable mono SEM-ether 84c then
reacted with difluorocarbene generated by decarboxylative
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SCHEME 10
HO. OR
step 3
CN

Zda: R=H
serd |:84I:|: R=Ac

skep 2
! ‘I:—s4c: R = CH0(CH.);TMS

F,HCO OR
tep 4
step
$3b
N
$6a: R = CH,0(CH,);TMS
step 3 S6b:R=H
F COsEL
F,CHO. oi i J
; 02N
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2

[0158] -elimination of difluorochloroacetic acid (SCHEME
10). Deprotection and condensation of the resulting phenol
86b with ethyl 2,3-difluoro-4-nitro-phenylacetate affords
52b which can be further converted to compounds of the
present invention as described previously.

SCHEME 11
F Cl

H

NC. O N
8]

Cl SO,NHR
Cl
—— S0a:R=H

. O0b: R = (=0, H,

—— e R = C(=0CH,CH,NH— BOC
‘: 90d: R = C(==C)CH,CHsNH;*CI

[0159] Other embodiments of the invention include
N-acylsulfonamides (SCHEME 11) which can be prepared
by acylation of the corresponding sulfonamide. The acyla-
tion can be achieved by reacting the sulfonamide with acyl
halides or anhydrides, e¢.g. propionyl anhydride, or, in the
case of acylation with N-protected amino acids, by transient
activation of the carboxylic acid followed by condensation
with 90a and deprotection. Protocols for activation, coupling
and deprotection of amino acids are well known in the art.
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Although the acylsulfonamides in SCHEME 11 are depicted
as neutral molecules, the acidic proton on the acyl sulfona-
mide nitrogen can be readily deprotonated to form salts.
Embodiments formed by acylation of the sulfonamide with
a protected a-amino acid can be deprotected by established
protocols and the free amine can be converted into an acid
addition salt.

[0160] Other N-substituted sulfonamides were prepared
by amidation with a 4-amino-benzensulfonyl fluoride (95) to
afford an intermediate sulfonyl fluoride 114 which is further
reacted with a (di)alkylamine to afford the desired sulfona-
mide dervatives.

SCHEME 12
COEt

step 1
HO P

NC. F
Me
92
Cl
COR
stepp 4
NC O Me
HaN
Me
Cl

SO,F
95
step 2: 94a: R = OEt
G4b: R = OH
step3[ iR
Me
H
NC. 8] N
8]
Me S0aR
Cl
—— 114 R=F
step 5
I— [-116:R= N NME

/

[0161] 4-Amino-benzene-sulfones are useful intermedi-
ates for the synthesis of some embodiments of the present
invention (SCHEME 13). The requisite anilines were pre-
pared from 4-fluoro-2-methylnitrobenzene. Displacement of
the fluoride with sodium sulfide and alkylation of the
resulting thiol with ethyl bromoacetamide and oxidation of
the thiol to the corresponding sulfone with MCPBA atfords
98d. Reduction of the nitro substituent and condensation of
the resulting amine 100 with an aroyl chloride affords 122,
Subsequent modification of the function groups, e.g.,
hydrolysis of the carboxylic acid ester is possible using
previously described methodology. Other alkylating agents
useful to prepare compounds of the present invention
include haloalkanols, ¢.g. bromoethanol and brompropanol,
N-protected halo amines, ¢.g., (2-bromo-ethyl)-carbamic
acid tert-butyl ester and bromoacetonitrile. The correspond-
ing ether analogs were available by alkylation of the analo-
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gous phenols. (see, e.g., P. G. Wyatt et al. J. Med. Clhem.
1995 38(100:1657-1665).

SCHEME 13
NO, NH,
@/W step 4 ﬁ;/““ step 5
— .
K S0-CHACOsMe

; 98a: R=F
step 1
PQIZQSb:R:SH 100
step 2
P 98c: R = SCHyOO:Ms

aep 3
sep 3 geqm - $0,0HACOMe

g
NC o) N
m
Me SO.CH,R’
Cl

. 122 R = CO-Me
tep & =
siep :1-152:11’:0&){

[0162] (7-Arvloxy-benzofuran-5-yl)-acetic acid deriva-
tives were prepared from (2.3-dihydro-benzofuran-5-yl)-
acetic acid ethyl ester (101a). Introduction of the oxygen
substituent was achieved by Friedel-Craft acetylation and
subsequent Baeyer-Villiger rearrangement and hydrolysis of
the acetate to afford 101d. Introduction of the aryloxy
moiety is accomplished by S Ar displacement of an aryl
halide or by Cu(OAc), catalyzed condensation of substituted
benzene boronic acids and phenols as described previously.
Oxidation of the dibydrofuran by allylic bromination which
spontancously underwent dehydrobromination afforded
1035a.

COLE!

step 1 la:R=H
101b: R = COMe
tep 1
step = l:mlc: R =0A¢
step 3 101d: R=0H
CO,E

NC., : A0
Q
103
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NC 0.
o
105a: R = OEt

Dosage and Administration

[0163] The compounds of the present invention may be
formulated in a wide vanety of oral administration dosage
forms and carriers. Oral administration can be in the form of
tablets, coated tablets, dragées, hard and soft gelatine cap-
sules, solutions, emulsions, syrups, or suspensions. Com-
pounds of the present invention are efficacions when admin-
istered by other routes of administration including
continuous {intravenous drip) topical parenteral, intramus-
cular, intravenous, subcutaneous, transdermal (which may
include a penetration enhancement agent), buccal, nasal,
inhalation and suppository administration, among other
routes of administration. The preferred manner of adminis-
tration is generally oral using a convenient daily dosing
regimen which can be adjusted according to the degree of
affliction and the patient’s response to the active ingredient.

[0164] A compound or compounds of the present inven-
tion, as well as their pharmacentically useable salts, together
with one or more conventional excipients, carriers, or dilu-
ents, may be placed into the form of pharmaceutical com-
positions and unit dosages. The pharmaceutical composi-
tions and unit dosage forms may be comprised of
conventional ingredients in conventional proportions, with
or without additional active compounds or principles, and
the unit dosage forms may contain any suitable effective
amount of the active ingredient commensurate with the
intended daily dosage range to be employed. The pharma-
ceutical compositions may be employed as solids, such as
tablets or filled capsules, semisolids, powders, sustained
release formulations, or liquids such as solutions, suspen-
sions, emulsions, elixirs, or filled capsules for oral use; or in
the form of suppositories for rectal or vaginal adminstra-
tion; or in the form of sterile imjectable solutions for
parenteral use. A typical preparation will contain from about
5% to about 95% active compound or compounds (w/w).
The term “preparation” or “dosage form” is intended to
include both solid and liquid formulations of the active
compound and one skilled in the art will appreciate that an
active ingredient can exist in different preparations depend-
ing on the target organ or tissue and on the desired dose and
pharmacokinetic parameters.

[0165] The term “excipient” as used herein refers to a
compound that is useful in preparing a pharmaceutical
composition, generally safe, non-toxic and neither biologi-
cally nor otherwise undesirable, and includes excipients that
are acceptable for veterinary use as well as human pharma-
ceutical use. The term “excipient™ as used herein includes
both one and more than one such excipient.

[0166] The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable
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and that possesses the desired pharmacological activity of
the parent compound. Such salts include: (1) acid addition
salts, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic
acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, tartaric
acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic
acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxy-
ethanesulfonic acid, benzenesulfonic acid, 4-chlorobenze-
nesulfonic acid, 2-naphthalenesulfonic acid, 4-toluene-
sulfonic  acid, camphorsulfonic acid, 4-methylbicyclo

3-phenylpropionic acid, trimethylacetic acid, tertiary buty-
lacetic acid, lauryl sulfuric acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, steanc acid,
muconic acid, and the like; or (2) salts formed when an
acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal 1on, an alkaline
carth ion, or an aluminum ion; or coordinates with an
organic base such as ethanolamine, diethanolamine, trietha-
nolamine, tromethamine, N-methylglucamine, and the like.
N-acylsulfonamides have an acidic proton which can be
abstracted to form a salt with an organic or inorganic cation.

[0167] The preferred pharmaceutically acceptable salts are
the salts formed from acetic acid, hydrochloric acid, sul-
phuric acid, methanesulfonic acid, maleic acid, phosphoric
acid, tartaric acid, citric acid, sodium, potassium, calcium,
zine, and magnesium. It should be understood that all
references to pharmaceutically acceptable salts include sol-
vent addition forms (solvates) or crystal forms (polymorphs)
as defined herein, of the same acid addition salt.

[0168] Solid form preparations include powders, tablets,
pills, capsules, cachets, suppositories, and dispersible gran-
ules. A solid carnier may be one or more substances which
may also act as diluents, flavoring agents, solubilizers,
lubricants, suspending agents, binders, preservatives, tablet
disintegrating agents, or an encapsulating material. In pow-
ders, the carrier generally is a finely divided solid which is
a mixture with the finely divided active component. In
tablets, the active component generally is mixed with the
carrier having the necessary binding capacity in suitable
proportions and compacted in the shape and size desired.
Suitable carriers include but are not limited to magnesium
carbonate, magnesium stearate, tale, sugar, lactose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose, a low melting wax, cocoa butter,
and the like. Solid form preparations may contain, in addi-
tion to the active component, colorants, flavors, stabilizers,
buffers, artificial and natural sweeteners, dispersants, thick-
eners, solubilizing agents, and the like.

[0169] Liquid formulations also are suitable for oral
administration include liquid formulation including emul-
sions, syrups, elixirs, aqueous solutions, aqueous suspen-
sions. These include solid form preparations which are
intended to be converted to liquid form preparations shortly
before use. Emulsions may be prepared in solutions, for
example, in aqueous propylene glycol solutions or may
contain emulsifying agents such as lecithin, sorbitan
monooleate, or acacia. Aqueous solutions can be prepared
by dissolving the active component in water and adding
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suitable colorants, flavors, stabilizing, and thickening
agents. Aqueous suspensions can be prepared by dispersing
the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methyl-
cellulose, sodium carboxymethyleellulose, and other well
known suspending agents.

[0170] The compounds of the present invention may be
formulated for parenteral administration (e.g., by injection,
for example bolus injection or continuous infusion) and may
be presented in unit dose form in ampoules, pre-filled
syringes, small volume infusion or in multi-dose containers
with an added preservative. The compositions may take such
forms as suspensions, solutions, or emulsions in oily or
aqueous vehicles, for example solutions in aqueous poly-
ethylene glycol. Examples of oily or nonaqueous carriers,
diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils {e.g., olive oil), and
injectable organic esters (€.g., ethyl oleate), and may contain
formulatory agents such as preserving, wetting, emulsifying
or suspending, stabilizing and/or dispersing agents. Alter-
natively, the active ingredient may be in powder form,
obtained by aseptic isolation of sterile solid or by lyophili-
sation from solution for constitution before use with a
suitable vehicle, e.g., sterile, pyrogen-free water.

[0171] The compounds of the present invention may be
formulated for topical administration to the epidermis as
ointments, creams or lotions, or as a transdermal patch.
Ointments and creams may, for example, be formulated with
an aqueous or oily base with the addition of suitable thick-
ening and/or gelling agents. Lotions may be formulated with
an aqueous or oily base and will in general also containing
one or more emulsifying agents, stabilizing agents, dispers-
ing agents, suspending agents, thickening agents, or coloring
agents. Formulations suitable for topical administration in
the mouth include lozenges comprising active agents in a
flavored base, usually sucrose and acacia or tragacanth;
pastilles compnsing the active ingredient in an inert base
such as gelatin and glycerin or sucrose and acacia; and
mouthwashes comprising the active ingredient in a suitable
liquid carrier.

[0172] The compounds of the present invention may be
formulated for administration as suppositories. A low melt-
ing wax, such as a mixture of fatty acid glycerides or cocoa
butter is first melted and the active component is dispersed
homogeneously, for example, by stirring. The molten homo-
gencous mixture is then poured into convenient sized molds,
allowed to cool, and to solidify.

[0173] The compounds of the present invention may be
formulated for vaginal administration. Pessaries, tampons,
creams, gels, pastes, foams or sprays containing in addition
to the active ingredient such carriers as are known in the art
to be appropriate.

[0174] The compounds of the present invention may be
formulated for nasal administration. The solutions or sus-
pensions are applied directly to the nasal cavity by conven-
tional means, for example, with a dropper, pipette or spray.
The formulations may be provided in a single or multidose
form. In the latter case of a dropper or pipette, this may be
achieved by the patient administering an appropriate, pre-
determined volume of the solution or suspension. In the case
of a spray, this may be achieved for example by means of a
metering atomizing spray pump.
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[0175] The compounds of the present invention may be
formulated for aerosol administration, particularly to the
respiratory tract and including intranasal administration. The
compound will generally have a small particle size for
example of the order of five (5) microns or less. Such a
particle size may be obtained by means known in the art, for
example by micronization. The active ingredient is provided
in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluo-
romethane, trichlorofluoromethane, or dichlorotetrafluoro-
ethane, or carbon dioxide or other suitable gas. The aerosol
may conveniently also contain a surfactant such as lecithin.
The dose of drug may be controlled by a metered valve.
Alternatively the active ingredients may be provided in a
form of a dry powder, for example a powder mix of the
compound in a suitable powder base such as lactose, starch,
starch derivatives such as hydroxypropylmethyl cellulose
and polyvinylpyrrolidine (PVP). The powder carrier will
form a gel in the nasal cavity. The powder composition may
be presented in unit dose form for example in capsules or
cartridges of e.g., gelatin or blister packs from which the
powder may be administered by means of an inhaler.

[0176] When desired, formulations can be prepared with
enteric coatings adapted for sustained or controlled release
administration of the active ingredient. For example, the
compounds of the present invention can be formulated in
transdermal or subcutaneous drug delivery devices. These
delivery systems are advantageous when sustained release of
the compound 15 necessary and when patient compliance
with a treatment regimen is crucial. Compounds in trans-
dermal delivery systems are frequently attached to a skin-
adhesive solid support. The compound of interest can also be
combined with a penetration enhancer, e.g., Azone (1-dode-
cylaza-cycloheptan-2-one). Sustained release delivery sys-
tems are inserted subcutaneously into to the subdermal layer
by surgery or imjection. The subdermal implants encapsulate
the compound in a lipid soluble membrane, ¢.g., silicone
rubber, or a biodegradable polymer, e.g., polyactic acid.

[0177] Suitable formulations along with pharmaceutical
carriers, diluents and expcipients are described in Reming-
ton. The Science and Practice of Pharmacy 1995, edited by
E. W. Martin, Mack Publishing Company, 19th edition,
Easton, Pa. A skilled formulation scientist may modify the
formulations within the teachings of the specification to
provide numerous formulations for a particular route of
administration without rendering the compositions of the
present invention unstable or compromising their therapeu-
tic activity.

[0178] The modification of the present compounds to
render them more soluble in water or other vehicle, for
example, may be easily accomplished by minor modifica-
tions (salt formulation, esterification, etc.), which are well
within the ordinary skill in the art. It is also well within the
ordinary skill of the art to modify the route of administration
and dosage regimen of a particular compound in order to
manage the pharmacokinetics of the present compounds for
maximum beneficial effect in patients.

[0179] The term “therapeutically effective amount™ as
used herein means an amount required to reduce symptoms
of the disease in an individual, The dose will be adjusted to
the individual requirements in each particular case. That
dosage can vary within wide limits depending upon numer-
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ous factors such as the severity of the disease to be treated,
the age and general health condition of the patient, other
medicaments with which the patient is being treated, the
route and form of administration and the preferences and
experience of the medical practitioner involved. For oral
administration, a daily dosage of between about 0.01 and
about 100 mg/kg body weight per day should be appropriate
in monotherapy and/or in combination therapy. A preferred
daily dosage is between about 0.1 and about 500 mg/kg body
weight, more preferred 0.1 and about 100 mg/kg body
weight and most preferred 1.0 and about 10 mg/kg body
weight per day. Thus, for administration to a 70 kg person,
the dosage range would be about 7 mg to 0.7 g per day. The
daily dosage can be administered as a single dosage or in
divided dosages, typically between 1 and 5 dosages per day.
Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter,
the dosage is increased by small increments until the opti-
mum effect for the individual patient is reached. One of
ordinary skill in treating diseases described herein will be
able, without undue experimentation and in reliance on
personal knowledge, experience and the disclosures of this
application, to ascertain a therapeutically effective amount
of the compounds of the present invention for a given
disease and patient.

[0180] In embodiments of the invention, the active com-
pound or a salt can be administered in combination with
another antiviral agent, such as a nucleoside reverse tran-
scriptase inhibitor, another normucleoside reverse tran-
scriptase inhibitor or HIV protease inhibitor. When the
active compound or its derivative or salt are administered in
combination with another antiviral agent the activity may be
increased over the parent compound. When the treatment is
combination therapy, such administration may be concurrent
or sequential with respect to that of the nucleoside deriva-
tives. “Concurrent admimistration” as used herein thus
includes administration of the agents at the same time or at
different times. Administration of two or more agents at the
same time can be achieved by a single formulation contain-
ing two or more active ingredients or by substantially
simultaneous administration of two or more dosage forms
with a single active agent.

[0181] It will be understood that references herein to
treatment extend to prophylaxis as well as to the treatment
of existing conditions, and that the treatment of animals
includes the treatment of humans as well as other animals.
Furthermore, treatment of a HIV infection, as used herein,
also includes treatment or prophylaxis of a disease or a
condition associated with or mediated by HIV infection, or
the clinical symptoms thereof.

[0182] The pharmaceutical preparations are preferably in
unit dosage forms. In such form, the preparation is subdi-
vided into unit doses containing appropriate quantities of the
active component. The unit dosage form can be a packaged
preparation, the package containing discrete quantities of
preparation, such as packeted tablets, capsules, and powders
in vials or ampoules. Also, the unit dosage form can be a
capsule, tablet, cachet, or lozenge itself, or it can be the
appropriate number of any of these in packaged form.
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EXAMPLE 1

2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-phenyl]-
N-{4-sulfamoyl-phenyl)-acetamide (I-1)

[0183]
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[0184] step 1—A solution of 4-chloro-3-methoxytoluene
(36; 0.5 g; 3.2 mmol), NBS (0.57 g; 3.2 mmol) and benzoyl
peroxide (0.031 g; 0.13 mmol) and 32 mL of DCE were
heated at reflux for 3 h. The reaction mixture was cooled,
diluted with CH,Cl, and washed with water and brine. The
organic extract was dried, filtered and cvaporated to yield
the bromomethyl compound 38b which was used without
further punfication.

[0185] step 2—The 28 g (0.166 mmol) of 38b from the
previous step, NaCN (28 g; (.58 mmol; 3.5 equiv.) and 500
mL of %0% aqueous EtOH were stirred at room temperature
overnight. The crude residue was partitioned between
EtOAc/H O (359 mL of each), washed with brine, dried,
filtered and evaporated. The crude product was purified by
Si0, chromatography eluting with a EtQAc/hexane gradient
(100% hexane to 90% hexane) to atford 21 g of 38c.

[0186] step 3—Gaseous HCl was slowly bubbled into a
cooled solution of 4-chloro-3-methoxyacetonitrile (38¢) in
toluene (100 mL), ether (10 mL) and EtOH (1 mL) for about
10 min. The reaction was stoppered and stored at =30° C. for
one week. TLC failed to detect any remaining starting
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material. The solvent was evaporated and the vellow solid
was stirred with Et,0, filtered and washed with Et.O and
dried in a vacuum oven to yield (.57 g (90%) of ethyl
4-chloro-3-methoxyphenylmethylimidate (38d).

[0187] step 4—A solution of 0.57 g of 38d and 10 mL of
H.O was heated at 40° C. for 3 h. The reaction was cooled
to RT and extracted with EtOAc. The reaction was dried
(MgS504), filtered and evaporated and the resulting product
38¢ was used without further purification.

[0188] step 5—A solution of ethyl 4-chloro-3-methox-
yphenylacetate (38¢; 36 g; 157 mmol) and DCM (2 L) was
cooled to —~78° C. and a solution of BBr; (74 mL; 785 mmol;
1.0 M in CH.CL.) was added over 30 min. After 1 h at -78°
C. the reaction was allowed to warm to RT. When starting
material was consumed the reaction was cooled in an
ice-water bath and the reaction quenched with 200 mL of
water. The aqueous phase was extracted with
CH,CL,:EtQAc (4:1 v/v). The combined extracts were
washed with water and brine, dried (Na,S0,), filtered and
evaporated to afford 30 g (90%) of 40.

[0189] step 6—A solution of 40 (1.07 g, 5 mmol), 3,5-
dichloro-benzonitrile (1.3 g, 7.56 mmol), K.CO, (2.07 g,
15.0 mmol)y and NMP (10 mL) was stirred and heated to
110° C. for 6 h. The reaction mixture was cooled to RT and
diluted with H,O (50 mL}) and twice extracted with EtQAc.
The combined organic extracts were washed sequentially
with water and brine, dried (Na,S0 ), filtered and concen-
trated in vacuo. The crude product was purified by 810,
chromatography eluting with EtQAc/hexane (10:90) to
afford 0,328 g of 102a.

[0190] step 7—To a solution of 102a (0.80 g; 0.1.98
mmol) and LiOH (142.5 mg, 5.94 mmol) dissolved in EtOH
(8 mL) and water (2 mL) and stirred for at RT. The mixture
was concentrated in vacuo and the residue acidified with 1
N HCI and twice extracted with EtOAc. The combined
extracts were washed sequentially with water and brine,
dried (Na 50,), filtered and evaporated to afford 102b
which was used without further purification in step 8.

[0191] step 8—To a solution of 102b (0.75 g, 1.994 mmol}
and DCM (8 mL) was added DMF (2 drops) and (b.05 mL of
and oxalyl chloride (0.348 mL, 0.505 g; 3.99 mmol). The
reaction mixture was stirred overnight at RT. The volatile
reactants were removed in vacuo and the crude acid chloride
102¢ was used directly in the next step.

[0192] step 9—The acid chloride 102¢ (0.092 g) was
dissolved in 3 mL of acetone and purged with nitrogen. A
separate flask was charged with 4-amino-benzenesulfona-
mide {0.046 g; 0.270 mmol) and water (1 mL) was added to
dissolve the sultonamide. NaHCO, (0050 g) was added and
the acetone solution slowly added and allowed to stir
overnight. The reaction mixture was extracted with EtOAc
and washed with 10% HCI and brine. The EtOAc solution
was dried (Na,80,), filtered and evaporated and the crude
product purified by Si0. chromatography eluting with
EtOAc:hexanes {60:40) to afford I-1: mp 211-213; ms=476.

o4
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EXAMPLE 2

23+(2-Bromo-5-chloro-phenoxy)-4-chloro-phenyl]-
N-{4-sulfamoyl-phenyl)-acetamide (1-4)

[0193]

Br QOR
O
slepl
Cl
Cl
e :104« R =0Et
slep =
104b: R =0OH

step 3 |:— 104e: R =l

step 4 [-4:R = p NH-C3H,80,NH,

[0194] step 1—A solution of phenol 59¢ (2.00 g, 9.32
mmol}, 1-bromo-2-fluoro-4-chloro-benzene (1.28 mL, 2.15
g, 10.25 mmol), K,CO; (3.84 g, 30 mmol) and NMP (20
mL) was stirred and heated to 130° C. for 8 h. The reaction
mixture was cooled to RT and diluted with H,O (50 mL) and
twice extracted with EtOAc. The combined organic extracts
were washed sequentially with water (6 times) and brine,
dried (Na.80,), filtered and concentrated in vacuo. The
crude product was purified by Si0. column chromatography
cliting with (10% EtOAc/hexane) to afford (0328 g (%
theory) of I-4.

[0195] Steps 2-4 were carried out as described in steps 7-9
of Example 1 which afforded I-4

[0196] Compound I-3 was prepared in the same manner
except in step 4, 4-amino-benzenesultonamide was replaced
by 3-(4-amino-3-methyl-phenoxy)-propane-1-sulfonic acid
amide (J. H. Chan et al. J. Med. Chem. 2004 47(5). 1175-
1182).

EXAMPLE 3

2{4-Chloro-3-(4-cyano-2 6-dimethyl-phenoxy)-
phenyl]-N-4-sulfamoyl-phenyl)-acetamide (I-35)

[0197]

CO4EL
4o step 1
Me
F
Cl
40
NC Me
41
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-continued
" i blep 4
CHA-COR
D/ bO:NHz
10¢a: R = OEt
step |
106b: R = OH
sep 3 106¢: R = €1
CN
Me Me
: H
le) N
O
al $0,NH,
I-55

[0198] step 1—A solution of 40 (0.600 g, 279 mmol),
3,5-dimethyl-4-fluorobenzonitrile (41, 0.45% g, 3.07 mmol),
K.CO, (1.157 g, 8.37 mmol) and NMP (6 mL) was stirred
and heated to 120° C. for 6 h. When the starting material was
consumed the solution was cooled and acidified with 10%
HCl1and twice extracted with EtOAec. The combined extracts
were washed sequentially with water and brine, dried
{Na,S0,), filtered and evaporated in vacuo. The crude
product was puritied by Si0, chromatography and eluted
with an EtOAc/hexane gradient (100% hexane to 50%
hexane) to afford 106a.

[0199] Steps 2-4 were carried out as described in steps 7-9
of Example 1 which afforded I-55.

[0200] Compound I-56 was prepared using a similar pro-
cedure except in step 4, 4-amino-benzenesultonamide was
replaced with 4-amino-2-methyl-benzenesulfonamide.

[0201] Compound I-68 was prepared using a similar pro-
cedure except in step 4, 4-amino-benzenesultonamide was
replaced with 2-chloroaniline.

[0202] Compound I-135 was prepared using a similar
procedure except in step 4, 4-amino-benzenesulfonamide
was replaced with 4-amino-2-chloro-benzenesulfonamide.

95
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EXAMPLE 4

2-[4-Chloro-3+(3,5-dicyano-phenoxy)-phenyl]-N-(4-
sulfamoyl-phenyl)-acetamide (I-3)

[0203]
CO-EL
HO
step 1
—
Cl
40

R

[as)
NC. 0: : J
; Cl
CN

102a: R = OEt
step El

108k: R=0H
aepa 108¢: R = €l

step 4 I3: R = p-NH-C4H,SO;NH,

[0204] step 1—A solution of 40 (1.335 g, 6.22 mmol),
5-fluoro-isophthalonitrile (1.0 g, 6.84 mmol), K.CO, (2.579
g, 18.66 mmol) and NMP (10 mL) was stirred and heated to
100° C. for 12 h. The reaction mixture was cooled to RT and
diluted with H,O (50 mL) and twice extracted with EtOAc.
The combined organic extracts were washed sequentially
with water and brine, dried (Na,50,), filtered and concen-
trated in vacuo to afford 108b.

[0205] Steps 2-4 were carried out as described in steps 7-9
of Example 1 which afforded I-3.

[0206] Compound I-5 was prepared using a similar pro-
cedure except in step 4 of Example 3,4-amino-benzene-
sulfonamide was replaced with 2-chloro-phenylamine.

[0207] Compound I-6 was prepared using a similar pro-
cedure except in step 4, 4-amino-benzenesulfonamide was
replaced with N,N-dimethyl-benzene-1,4-diamine.

EXAMPLE 5

2-[4-Chloro-3-(3-cyano-5-trifluoromethyl-phenoxy)-
phenyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-88)

[0208]

CO.EL
HO.
tep 1
step
Cl

40
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-continued

COR
NG o: : J
; al
CFy

[ 2|:1093:R:05t
step

109 R = OH
seps( 109¢: R = CI

step 4 [-88: R = p-NH-C¢H,SOsNH;

[0209] [4-Chloro-343-cyano-5-trifluoromethyl-phe-
noxy)-phenylJ-acetic acid ethyl ester 3-bromo-5-trifluorom-
ethylphenol (109a) was prepared by condensing 40 and
3-fluoro-5-trifluoromethyl-benzontrile (59b) using the pro-
cedure described in step 6 of example 1. Steps 2 to 4 were
carried out by the procedure described in steps 7 to 9 of
example 1 which afford [-88.

[0210] Compound I-89 was in the same procedure as 1-88
except in step 4, 4-amino-benzenesulfonamide was replaced
with 4-amino-2-methyl-benzenesulfonamide was replaced
with

[0211] Compound I-90 was in the same procedure as 1-88
except in step 4, 4-amino-benzenesulfonamide was replaced
with 4-amino-2-chloro-benzenesulfonamide was replaced
with

EXAMPLE 6

2 3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]-
N-[2-methyl-4-(4-methyl-piperazine-1-sulfonyl)-
phenyl]-acetamide (I-116)

[0212] Steps 1-3 are depicted in SCHEME 1 and steps 4-8
are depicted in SCHEME 12.

[0213] step 1—To a cooled solution of ethyl 4-hydroxy-
3-methoxyphenylacetate (4a;, 13.7 g; 65.2 mmol) and 260
mL of CH,Cl, under N, atmosphere was added dropwise
triflic anhydride (16 mL; 979 mmol) followed by dropwise
addition of pyndine (8.9 mL; 8 8 mmol). The reaction was
stirred in an ice-water bath for 3 h. The solution was
transferred to a separatory funnel and washed with water and
brine, dried (Na,80,), filtered and evaporated to yield 21 g
(90%) of 4b.

[0214] step 2—To a solution of ethyl 3-methoxy-4-trif-
lworosulfonyloxyphenylacetate (4b) in 4 mL of THF cooled
in an ice-water bath was added slowly a solution of Pd(dp-
phHClL, (0.024 g; 0.029 mmol) and DIBAL-H (6 mL; 0.058
mmol; 1.0M in PhMe) and a small quantity of THF followed
by dimethylzinc (0.29 mL; 0.58 mmol; 2.0 M in PhMe).
After addition was completed the ice bath was removed and
the reaction allowed to warm to 1t and then heated to reflux
for 1 h. The reaction was carefully quenched with a small
quantity of water, filtered through a pad of CELITE® and
the solids washed thoroughly with EtOAc. The combined
organic extracts were washed with water and brine, dried
{(Mg50,) and the solvent evaporated to afford 0.240 g (85%)
of ethyl 3-methoxy-4-methylphenylacetate (4c).
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[0215] step 3—To a solution of 4¢ (2.2 g; 8.0 mmol) and
250 mL CH,Cl, cooled to -78° C. was added dropwise via
syringe BBr; (9.8 mL; 0.104 mol). After 1 b at =78° C. the
reaction was stirred for 4 h in an ice-water bath. The reaction
mixture was recooled to =78° C. and the reaction quenched
aqueous NaHCO, then warmed to 1t and the organic phase
washed with water, saturated NaHCQO; and brine. The
organic phase was dried (MgS0,) and the solvent evapo-
rated to afford 1.4 g of ethyl 3-hydroxy-4-methylphenylac-
etate (6).

[0216] step 4—A solution of 3-chloro-5-fluorobenzoni-
trile {59a, 9.2 g, 59.14 mmol), &6 (10.44 g, 53.76 mmol),
KCO, (2229 g, 161.3 mmol) and NMP (100 mL) was
stirred and heated to 120° C. for 6 h. The reaction mixture
was cooled to 0° C. and diluted with saturated NaHSO (100
mL) and twice extracted with EtOAc. The combined organic
extracts were washed sequentially with water (6 times) and
brine, dried (Na,50,), filtered and concentrated in vacuo.
The crude product was purified by SiO; column chroma-
tography eluting with a EtQAc/hexane gradient (0 to 10%
EtDAc) to afford 9.28 g (48% theory) of 112a.

[0217] Steps 5-7 were carried out by the procedure
described in steps 7-9 of Example 1 except in step 7,
4-amino-benzenesulfonamide was replaced with 4-amino-
3-methyl-benzenesultonyl fluoride which afforded 114.

[0218] step 8—A mixture of 114 (0.150 g, 0.317 mmol)
and N-methyl-piperazine (0.176 pl, 0.159 g, 1.59 mmol)
was heated to 120° C. without any solvent. The reaction
mixture was cooled to RT and partitioned between EtOAc
(25 ml) and 10% HCl (mL). The aqueous phase was
extracted with EtOAc (25 mL). The aqueous phase was
made basic with 10% NaOH and extracted twice with
EtOAc and the combined organic extracts were washed
sequentially with water and brine, dried (Na,SQ,), filtered
and evaporated in vacuo. The crude product was purified by
column chromatography on 8§10, eluting with DCM:MeOH
(95:5) to afford I-116.

[0219] Compound I-115 was prepared using a similar
procedure except in step 8 N-methyl-piperazine was
replaced with morpholine.

[0220] Compound I-117 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with thiomorpholine.

[0221] Compound I-118 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 2-morpholin-4-yl-ethylamine.

[0222] Compound I-119 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 3-amino-propan-1-ol.

[0223] Compound I-121 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with trans-4-amino-cyclohexanol.

[0224] Compound I-122 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with 4-amino-3-methyl-benzene-
sulfonamide and step 8 was omitted

[0225] Compound I-123 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
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nyl fluoride was replaced with 4-amino-3-chloro-benzene-
sulfonamide and step 8 was omitted

[0226] Compound 1-128 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with tetrahydro-pyran-4-ylamine.

[0227] Compound 1-129 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 1-amino-propan-2-ol.

[0228] Compound I-130 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 2-methylsulfanyl-ethylamine.

[0229] Compound 1-131 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 3-methylsulfanyl-propylamine.

EXAMPLE 7

2-[3-(3,5-Dicyano-phenoxy)-4-methyl-phenyl ]-N-(2-
methyl-4-sulfamoyl-phenyl)-acetamide (I-43)

[0230]

CO.EL
step 1
HO NC F
Me
&
CN
fae]
NC. O
Me
CN
step 2 11%a: R = OEt

11%b: R = OH
step 3
|: 115¢: R =01

step 4
P |: I-43: R = Z-methyl-4-sulfamoyl-pheny lamine

[0231] 5-Fluoro-isophthalonitrile was prepared from 3,5
dibromo-fluoro-benzene (59b) with Za(CN)2/Pd[P(Ph)3]4
mediated coupling.

[0232] step 1—A solution of 5-fluoro-isophthalonitrile
(0.3742 g), 6 (0450 g, 2.55 mmol), K.CO, (0,962 g, 6.96
mmol) and NMP (5 mL}) was stirred and heated to 120° C.
for 6 h. The reaction mixture was cooled to RT and diluted
with H.O (25 mL) and twice extracted with EtOAc. The
combined organic extracts were washed sequentially with
water (6 times) and brine, dried (Na S0,), filtered and
concentrated in vacuo, The crude product was purified by
510 column chromatography eluting with a EtOAc/hexane
gradient (100% to 75% hexane) to afford 115a.

[0233] Steps 2-4 were carried out by the procedure
described in steps 7-9 of Example 1 except in step 4,
4-amino-3-methyl-benzenesulfonamide replaced 4-amino-
3-benzenesulfonamide which afforded 1-43
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[0234] Compound I-34 was prepared using a similar pro-
cedure except in step 4, 2-chloro-phenylamine replaced
4-amino-3-methyl-benzenesulfonamide.

[0235] Compound I-44 was prepared using a similar pro-
cedure except in step 4, 4-amino-3-chloro-benzenesulfona-
mide replaced 4-amino-3-methyl-benzenesulfonamide.

EXAMPLE 8§

2] 3-(2-Bromo-5-chloro-phenoxy)-4-methyl-phe-
nyl]-N+(4-sulfamoyl-phenyl}-acetamide (I-30)

[0236)

CO,Et
HO. step 1
—
SO
Me
6
Br COR
Q.
Me
Cl
step 2 : 116a: R = OFEt
N 116b: R = OH
step 3 |

step 4 |: 116¢: R =11 )
I-30: R = NH-p-C3H4S0,NH2

[0237] step 1—A solution of 1-bromo-4-chloro-2-fluoro-
benzene (59¢, 0415 g, 1.98 mmol), 6 (L350 g, 1.8 mmol),
K.CO; (0,746 g, 5.4 mmol) and NMP (4 mL) was stirred and
heated to 120° C. for 6 h. The reaction mixture was cooled
to RT and diluted with H.O (25 mL) and twice extracted
with EtOAc. The combined organic extracts were washed
sequentially with water (6 times) and brine, dried (Na,S0,),
filtered and concentrated in vacuo. The crude product was
purified by Si0, column chrematography eluting with a
EtOAc/hexane (100% to 75% hexane) to afford 116a

[0238] Steps 2-4 were carried out by the procedure
described in steps 7-9 of Example 1 which afforded I-30.

[0239] Compound I-31 was prepared using a similar pro-
cedure except in step 4, 4-amino-sulfonamide was replaced
by 4-amino-3-methyl-sulfonamide.

[0240] Compound I-33 was prepared using a similar pro-
cedure except in step 4, 4-amino-sulfonamide was replaced
by 2-chloro-phenylamine.

EXAMPLE 9

(4-12[3-(3-Chloro-5-cyano-phenoxy)-4-methyl-
phenyl]-acetylamino }-3-methyl-benzenesulfonyl)-
acetic acid (I-152)
[0241] Reactions are Depicted in SCHEME 13

[0242] step 1—To a solution of 98a (7.76 g, 50 mmol) and
EtOH (15 mL) was added portion wise a hot solution of
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Na,S..H,O (9.6 g, 40 mmol), powdered sulfur (1.28 g, 40
mmol) and EtOH (50 mL). The solution was heated at reflux
for 10 min after the addition was completed. To the solution
was added portion wise NaOH (2 g, 50 mmol) over 5 min
and the solution was stirred for an additional 10 min. The
reaction mixture was cooled to RT and poured into ice water
(200 mL), stirred, filtered and the solid washed with water.
The filtrate was acidified with aqueous HCI to pH 2 and the
resulting orange precipitate was washed with water and air
dried. The crude product was chromatographed on Si0., and
eluted with 20% EtOAc/hexane to afford 3 g of 98b as an
orange powder.

[0243] step 2—To a solution of 98b (0.508 g, 3 mmol) and
MeCN (10 mL) was added TEA (0.83 mL, 6 mmol). To the
dark red solution was added methyl bromoacetate (0.31 mL,
3.3 mmol) and the reaction mixture was stirred overnight at
RT. The reaction mixture was diluted with saturated NH,Cl1
and twice extracted with EtOAc, dried (MgS50,) and con-
centrated in vacuo, The crude product was purified by Si0,
chromatography eluting with a gradient of hexane/EtQOAc
(20% to 30% EtOAc) which afford 0.5 g of 98¢ as a yellow
oil.

[0244] step 3—To a solution of 98¢ (0.484 g, 2 mmol) in
DCM (20 mL) was added MCPBA (1.44 g, 5 mmol, 60%
assay) and the reaction stirred at RT. Stirring was continned
until the reaction was complete. m-Chlorobenzoic acid pre-
cipitated from the reaction. The precipitated solid was
dissolved by addition of DCM until the precipitate dissolved
and the DCM solution then was washed sequentially with
saturated sodium bisulfite and 5% NaHCO,, dried (MgS0,)
and evaporated to afford 0.538 g of 98d as an oil which
solidified upon standing.

[0245] step 4—A mixture of 98d (0.537 g, 1.96 mmol),
wron powder (0.55 g, 9.8 mmol, Fischer electrolyte iron
powder), NH,C1 (0.53 g, 9.8 mmol) and EtOH/water (1:1,
40 mL) was stirred at 85° C. for 2 h. The red solution was
cooled to RT and filtered through a pad of CELITE® and the
pad washed with EtOQAc. The organic solvents were
removed in vacuo and the residue suspended in water and
twice extracted with EtOAc. The combined extracts were
dried (MgS80,), filtered and evaporated to afford 0.449 g of
100 as a brown oil which solidified upon standing.

[0246] step 5—To a solution of 94b (0.140 g) dissolved in
DCM (10 mlL) and 1 drop of DMF was added oxalyl
chloride {1 mL}). The reaction was stirred at RT for 1 h and
the volatile solvents removed in vacuo to afford [3-(3-
chloro-5-cyano-phenoxy)-4-methyl-phenyl]-acetyl chloride
(94c). To a solution of 94¢ (0.113 g, 0.465 mmol), TEA{0.13
mlL, 093 mmol) and EtOAc (6 mL) was added dropwise a
solution of the acid chloride and EtOAc (4 mL) over a 2 h
period. The reaction was stirred at RT for 2 h. The reaction
mixture was diluted with water, twice extracted with EtOAc
and the combined extracts washed sequentially with diluted
HC), saturated NaHCO,, water and brine. The organic phase
was dried (MgSO,), filtered and concentrated in vacuo, The
crude product was redissolved in a minimum volume of
warm EtOAc and hexane was added until slightly cloudy.
The white powder which precipitated was filtered and
washed with 20% EtOAc/hexane to afford 0.161 g of 122,

[0247] step 6—To a solution of 122 (0.161 g, 0.036
mmol), THF (12 mLl) and water (6 mL) was added
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LiOH H.O (0.0384 g, 0.916 mmol) and the reaction stirred
at RT for 2 h. The reaction mixture was evaporated, 1 N HCI
was added and the resulting mixture twice extracted with
EtOAc. The combined extracts were washed with brine,
dried (MgS80,), filtered and concentrated in vacuo. The
crude product was purified by SiQ, chromatography eluting
with MeOH/DCM/HOAc (5:94.5:0.5) which afforded 0,255
g of 1-152 as a white foam.

[0248] Compounds I-137, I-154 and I-157 were prepared
similarly except in step 3 methyl bromoacetate was replaced
with bromoacetonitrile, (2-bromo-ethyl)-carbamic acid tert-
butyl ester and 3-bromoporpanol respectively. After conden-
sation of [2+{4-amino-3-methyl-benzenesulfonyl)-ethyl]-
carbamic acid tert-butyl ester with 112¢, the Boc group was
removed by treatment with TFA/DCM.

EXAMPLE 10

23-(3-Chloro-5-cyano-phenoxy)-4-ethyl-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide (I-45)

[0249]

step 1
12a

——
R O:O/\COzEl steps 35 s
Et
Cl

124a: K. = Br
" ]
sep2[ oapir—cn

[0250] (4-Ethyl-3-hydroxy-phenyl)-acetic acid ethyl ester
(12a) was prepared as depicted in SCHEME 1. Alternatively,
12a can be prepared by the procedures in steps 1-3 of
example 6 except diethylzinc was used in place of dimeth-
ylzine in step 2

[0251] To a stirred solution of ethyl 3-methoxyphenylac-
etate (16.0 g; 82.38 mmol) in CH,CL, (200 mL) at 1t was
added dropwise AcCl (9.88 mL; 138.9 mmol) followed by
stannic chloride (16.9 mL; 169 mmol; 1.0 M solution in
CH.CL). The reaction mixture was stirred at rt for 6 h and
poured into an ice-water mixture. The aqueous phase was
extracted with CH,Cl, and the combined extracts were
washed with water, dried (Na,50,) and the solvent removed
in vacuo. The crude product 8 was purified by chromatog-
raphy on silica gel eluting with CH,CL,'EtOAc (20:1) to
yield 13.96 g (69.5%) of a white solid.

[0252] To a solution of 8 (19 g; 80.42 mmol) and 200 mL
of TFA cooled to 0° C. was added an excess of Et,SiH and
the reaction allowed to warm to rt for 3 h, Excess TFA was
removed in vacuo and the residue partitioned between water
and CH.Cl.. The crude product was purified by chromatog-
raphy on silica gel eluting with CH,Cl,:hexane (3:1) to yield
3.0 g (16%) of 10,

[0253] A solution of ethyl 4-ethyl-3-methoxyphenylac-
etate (105 3.0 g; 13.50 mmol) and CH.CL, {80 mL} was
cooled to -78° C. and a solution of BBr; (5.10 mL; 53.94
mmol; 1.0 M in CH.CL.) over 30 min. After 1 h at -78° C.
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the reaction was allowed to warm to rt and stirred for 12 h.
The reaction was cooled in an ice-water bath and the
reaction quenched with 20 mL of water. The aqueous phase
was extracted with CH,Cl;:EtOAc (41 v/v), dried
(Na,50,), filtered and evaporated. The crude product was
purified by silica gel chromatography and cluted with a
CH.Cl.:EtQAc gradient (100:1 to 100:4) to yicld 122 (2.0 g;
71%): ms 200.2 (M+H)".

[0254] step 1—To a solution of ethyl 4-cthyl-3-hydrox-
yphenylacetate (12a, 0.700 g; 3.36 mmol) and NMP (& mL)
was added K.CO, (1.393 g; 10.08 mmol) and 1-bromo-3-
chloro-5-fluorobenzene (59b, 0.774 g; 3.7 mmol). The reac-
tion was heated to 120° C. and monitored by TLC. After 8
h the reaction was cooled to RT and 10% HCl was added.
The mixture was extracted with EtOAc and the combined
extracts were washed with H,O and brine. The extracts were
dried (Na.S0,) filtered and evaporated. The crude product
was chromatographed with silica gel and eluted with a
gradient of hexane/EtOAc (100 to 60% hexane) to afford
124a.

[0255] step 2—To a solution of the 124a (0.300 g; 0.754
mmol) in DMF (5 mL) was added Zn{CN). (0.354 g; 3.017
mmol) and Pd(PPh_), (0.131 g, (:113 mmol). The solution
was purged with N, and heated at 85° C. overnight. H.O and
EtOAc were added and the mixture stirred for 30 min. The
suspension was filtered and the combined filtrate extracted
with EtOAc. The organic phase was washed with H.O and
brine, dried (Na.S0,) and evaporated. The crude product
was chromatographed with silica gel and eluted with a
gradient of hexane/EtOAc (100 to 70% hexane) to afford
124b.

[0256] step 3—A dried round bottom purged with nitrogen
was charged with 124b (0.380 g; 1.1 mmol) and THF (15
mL} and stirred under a stream of nitrogen. To the reaction
vessel was added LiOH (0.079 g; 3.32 mmol) was added
followed by deionized water (4 mL). The reaction was
allowed to stir for an additional hour under nitrogen. The
homogeneous mixture was cooled to 0° C. and quenched
with 10% aqueous HCL. The reaction mixture was stirred for
an additional 15 min. The crude mixture was extracted with
DCM and washed with water and brine. The organic layers
were dried (N2.50,) and filtered. Solvent removed in vacuo
to yield a crude oil which was used without any further
purification.

[0257] step 4—A round bottom flask was charged with
carboxyl acid from step 3 (1.1 mmol) and DCM (5 mL) and
the solution stirred under nitrogen at RT. To the solution was
added SOCL. (0.192 mL; 2.2 mmol) dropwise followed by a
single drop of DMF. The reaction was stirred for 1 h at RT.
Excess solvent and oxalyl chloride were removed in vacuo,
to yield acid chloride as a crude yellow oil which was used
without any further purification.

[0258] step 5—The acid chloride (0115 mmol) from the
previous step was dissolved in acetone (1 mL) and purged
with nitrogen. NaHCO, (0,025 g; 0.3 mmol) was added
followed by 4-amino-benzenesulfonamide (0.026 g; 0.15
mmol) and water {2 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-45.

[0259] Compound I-46 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-methyl-benzenesulfonamide.
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[0260] Compound [-47 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-chloro-benzenesulfonamide.

[0261] Compound [-48 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-N-methyl-benzenesulfonamide.

[0262] Compound I-73 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.

EXAMPLE 11

2-[3-(3-Cyano-5-fluoro-phenoxy)-4-methyl-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide (I-11)

[0263]

NC O
m \Q
Me SO,NH,

[0264] Compound I-11 was prepared by condensation of 6
with 1,3-dibromo-5-fluorobenzene as described in step 1 of
Example 10 which affords [3-(3-bromo-5-fluoro-phenoxy)-
4-methyl-phenyl]-acetic acid ethyl ester. Displacement of
the bromide with Zn{CN), as described in step 2 of Example
10 affords [3-(3-cyano-5-fluoro-phenoxy)-4-methyl-phe-
nyl]-acetic acid ethyl ester which was converted to I-11 as
described in step 7 to 9 of Example 1.

H
N

[0265] Compound I-12 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.

EXAMPLE 12

2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]-
N 4-{(5)-2,3-dihydroxy-propoxy)-2-methyl-phe-
nyl]-acetamide {I-150)

[0266]

118a
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-continued
NH"J

Me

4
step 2
o
[}
o}

126

Me
H
NC O:@/\r N\Q
O step 3
; Me 0
Cl
o

o]
128

Me
H
NC. O N
:::[::::::I”’\\\]If'
Me Q
Cl

o™

OH
I-150

[0267] step 1—The (R)-dioxolane (1.04 g, 7.86 mmol)
was added to a suspension of NaH (0.35 g of a 60%
dispersion in mineral oil, 1.1 equiv) in DMF (30 mL) under
N, atmosphere at 0° C. The solution was stirred for 10 min,
and 118a (096 mL, 1 equiv) was added dropwise. The
resulting red solution was stirred overnight, poured into a
saturated solution of NH,Cl, and extracted with a 1:1
EtOAc/hexane solution. The organic solution was washed
with water, brine, and dried (MgS80,). The solvent was
evaporated and the crude product purified by 810, chroma-
tography eluting with a EtOAc/hexane gradient (5:95 to
25:75) to afford 1.10 g (52%) of the nitro compound. The oil
was dissolved in EtOH (40 mL), and 10% Pd/C (0.09 g) was
added. The solution was shaken under 40 psi of hydrogen for
3 h, filtered, and evaporated to afford 0.95 g (97%) of 126.

[0268] step 2—Condensation of 112¢ and 126 was carried
out as described in step 9 of example 1 which afforded 128.

[0269] step 3—The amide 120 (0.23 g, 0.44 mmol) was
dissolved in a mixture of 2M HCI (2 mL) and dioxane (2
mL). The solution was stirred at RT for 3 h. DCM was
added, and the organic extracts were dried (MgS0,) and
concentrated in vacuo, The crude product was purified by
Si0_chromatography eluting with a MeOH/DCM gradient
(0% to 5% MeOH) which afforded 0.12 g (55%) of afforded
0.12 g (55%) of I-150.

[0270] Compound [-151 was prepared as described above
except the acetonide of 1,2, 4-butanetriol was used in step 1.
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EXAMPLE 13

2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]-
N-[2-methyl-4-(2-morpholin-4-yl-acetyl)-phenyl ]-
acetamide; compound with trifluoro-acetic acid
(I-163)

[0271]

COR

13)a: R=0H
stepp 2
2 L, 130b: R = CH,Br

step 3 |
130e: R =CHa—

O
__/
o (\0
v
step 4
112¢

HN

Me

H
NE 0 N CF,00H
)
Me N/\I
l

I-163

[0272] step 1—Thionyl chloride (7.55 ¢, 1.1 equiv) was
added to a suspension of 130a {10.45 g, 57.7 mmol) in
anhydrous toluene (50 mL) under N, atmosphere. DMF
{0.44 mL, 0.1 equiv) was added, and the reaction was heated
to reflux. The solution became homogenous, and was heated
4 h, cooled to RT and stirred for 2 d. The volatile materials
were removed. Dry benzene (40 mL) was added and the
volatile materials were again removed. This was repeated
two more times. NMR of the resulting oil (C.D,) showed
formation of the acid chlornide. The resulting oil (11.3 g) was
divided into 3 portions for conversion into the c-bromoke-
tone. To a solution of the acid chloride in dry Et,O (60 mL)
that had been cooled to —=78° C. was quickly added an excess
of a fresh ethereal solution of diazomethane. The solution
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was warmed to 0° C. and bubbling was observed. The
reaction was monitored by TLC, and after 20 min at 0° C.
a solution of 48% HBr (25 mL) was added. A precipitate
formed, and the reaction mixture was diluted with an addi-
tional 100 mL of ether. The three reaction solutions were
combined, the aqueous layer was separated and extracted
with ether. The organic layers were combined, washed
sequentially with water, NaHCO, and brine, and dried
(MgS50,). The solvent was removed, and the material was
crystallized from EtOAc/hexanes which afforded 130b.
NMR of the resulting solid (shows a 8:1 ratio of bromom-
ethyl product to chlororomethyl impurity and was used in
the subsequent reactions.

[0273] step 2—Morpholine (1.35 mL, 5 equiv) was added
dropwise to a 0° C. solution of 130b (0.80 g, 3.1 mmol) in
dry THF (10 mL) under N. atmosphere. The solution was
warmed to 10° C. After 30 min, the solution was added
dropwise to a mixture of EtOAc and saturated NaHCO,
solution. The mixture was extracted with EtOAc, the volatile
materials were removed, and the residue was purified by
$i0_ chromatography cluting with a EtOAc/hexane gradient
(25% to 75% EtOAC) to afford 0.51 g (62%) of 130c.

[0274] step 3—The nitro compound 130c¢ (0.50 g, 1.9
mmol) was dissolved in EtOH (10 mL) and PtO, (21 mg,
0.05 equiv) was added. The solution was degassed and
placed under a H, atmosphere (balloon pressure). After 1 h,
a grey solid precipitated. The solution was stirred for 2 h,
filtered and the precipitate washed with EtOAc and MeCN.
The solvent was removed, and the residue was purified by
Si0_chromatography eluting with a MeOH/DCM gradient
(2%‘ to 5% MeOH) to afford 0.21 g (47%) of 132.

[0275] step 4—Condensation of 102¢ and 132 was carried
out as described in step 9 of example 1 which afforded 1-163.

[0276] Compound I-159 was prepared in a similar manner
except N-methyl piperazine was used in place of morpho-
line. 1-161 and I-163 were prepared in a similar manner
except thiomorpholine was used in place of morpholine. The
sulfur atom was oxidized to the corresponding sulfoxide and
sulfone with HIO, and MCPBA.

EXAMPLE 14
23-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]-

N-[4-{1,1-dioxo-1}6-isothiazolidin-2-y1)-2-methyl-
phenyl]-acetamide (I-170)

[0277]
(i) NaH
NH> CI(CHA)350,C1
(i} P4/C, HZ, EtOH
step 1
0N
Me
134
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-continued

I,
ﬁh"‘\o step 2
O 112¢

HaN
Me
136
Me
§

NC o
o
) -0
Me NT
! L)

[-170)

[0278] step 1—NaH (0.40 g of a 60% dispersion, 3 equiv)
was added to a solution of the 134 (0.50 g, 3.29 mmol) in
DMF (18 mL) at 0° C. The solution was warmed to RT. After
30 min, a DMF (4 mL) solution of 3-chloro-propane-1-
sulfonyl chloride (0.81 g, 1.4 equiv) was added. The solution
was stirred at RT for 45 min, and then heated to reflux for
4 h. The reaction mixture was cooled to RT and quenched
with ice water. The aqueous layer was extracted with EtOAc,
and the organic layers were dried (MgS0,). Filtration and
evaporation of the volatile materials afforded an oil that was
purified by Si0, chromatography eluting with an EtOAc/
hexane gradient (50% to 70% EtOAC) to afford the sulfona-
mide as a yellow solid (0.49 g, 59%). This sulfonamide was
dissolved in EtOH (20 mL). 109% Pd/C (0.05 g) was added,
the solution was placed under a H. atmosphere (50 psi), and
the solution was shaken for 3 h. Filtration of the reaction

mixture and evaporation of the volatile materials afforded
044 g of 136.

[0279] step 2—Condensation of 102¢ and 136 was carried
out as described in step 9 of example 1 which afforded I-170.

[0280] Compound I-158 was made by a similar procedure
except in 3-chloro-propane-1-sulfonyl chloride was replaced
with 3-chloro-butane-1-sulfonyl chloride

EXAMPLE 15

N-(4-{2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl-
phenyl]-acetylamino }-3-methyl-phenyl}-oxalamic
acid ethyl ester (I-178)

[0281]

NH2
step 1
slep
Oy

Me
134
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-continued
NHCOCO;Et
skep 2
—
HzN 112¢
Me
138
Me
H
NC. 6] N
m
Me' NHCOCO;Et
Cl
178

[0282] step 1—TEA (1 mL, 1.1 equiv) and chloro-oxo-
acctic acid ethyl ester (0.9 mL, 1.2 equiv) were added
consecutively to a 0° C. solution of 134 (1.0 g, 6.57 mmol}
in THE (60 mL). The reaction was stirred overnight at RT,
evaporated to dryness, and dissolved in DCM. The organic
layer was washed with water, dried (MgS0,), and concen-
trated to give a yellow solid. The solid was purified by Si0;
chromatography eluting with a EtQAc/hexane gradient (05
to 30% EtOAc) to afford 0.847 g (51%) of the amide as a
yellow solid. The amide (500 mg) was dissolved in EtOH
(20 mL), 10% Pd/C (50 mg) was added, and the reaction was
placed under H, (50 psi) and shaken for 2 h. Filtration of the
catalyst and concentration of the filtrate afforded 0.320 g
(73%) of 138 as a light yellow oil (0.320 g, 73%).

[0283] step 2—Condensation of 102¢ and 138 was carried
out as described in step 9 of example 1 which afforded 1-178.

EXAMPLE 16

2-[3-(3-Bromo-5-chloro-phenoxy)-4-ethyl-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide (I-15)

[0284] step 1—A dried round bottom purged with nitrogen
was charged with [3-(3-bromo-5-chloro-phenoxy)-4-ethyl-
phenylJacetic acid ethyl ester (124a {(example 10y, 0.200 g,
0.5 mmol) and THF (6 mL) and maintained under a stream
of nitrogen. To the reaction vessel was added LiOH (0.036
£; 1.5 mmol) and deionized water (2 mL). The reaction was
allowed to stir for 1 h under N... The homogeneous mixture
cooled to 0° C. and 10% aqueous HCI was added. The
reaction mixture was stirred for an additional 15 min, The
crude mixture was extracted with DCM and washed with
water and brine. The organic layers were dried (Na.S0,),
filtered and the solvent removed in vacuo to yield [3-(3-
bromo-5-chloro-phenoxy)-4-ethyl-phenyl]-acetic acid as a
crude oil which was used without any further purification.

[0285] step 2—The acid chloride was prepared from the
acid in step 1 as described in step 8 of Example 1.

[0286] step 3—The acid chloride (0.25 mmol) from step 2
was dissolved in acetone (3 mL) and purged with nitrogen.
NaHCO, (0.042 g; 0.5 mmol) was added followed by
4-amino-benzenesulfonamide (0,043 g; 0.25 mmol) and
waler (6 mL). The mixture was sonicated for 5 min and
allowed to stir for 12 h at RT. The reaction mixture was
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filtered and the crude product was washed sequentially with
water and diethyl ether to afford I-22.

[0287] Compound I-16 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.

EXAMPLE 17

2-[3«2-Bromo-5-chloro-phenoxy)-4-ethyl-phenyl -
N-{4-sulfamoyl-phenyl)-acetamide (I-15)

[0288] step 1—To a solution of ethyl 4-ethyl-3-hydrox-
yphenylacetate (12a, 1.000 g; 4.8 mmol) and NMP (10 mL)
was added K,CO, (199 g; 14.4 mmol) and 1-bromo-4-
chloro-2-fluorobenzene (1.106 g; 5.28 mmol). The reaction
was heated to 120° C. and monitored by TLC. After 8 h the
reaction was cooled to RT and 10% HCl was added. The
mixture was extracted with EtOAc and the combined
extracts were washed with H,0O and brine. The extracts were
dried {(Na.50,) filtered and evaporated. The crude product
was chromatographed with Si0., and cluted with a gradient
of hexane/EtOAc (100:0 to 60:40) to afford [3+(2-bromo-5-
chloro-phenoxy)-4-ethyl-phenyl]-acetic acid ethyl ester.

[0289] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0290] step 4—{3-(2-Bromo-5-chloro-phenoxy)-4-ethyl-
phenyl]-acetic acid ethyl ester (0.5 mmol) was dissolved in
acetone (2 mL) and the flask was purged with N,,. NaHCO,
(0.084 g, 1.0 mmol) was added followed by 4-amino-
benzenesulfonamide (0.086 g; 0.5 mmol) and water (6 mL).
The mixture was sonicated for 5 min and allowed to stir for
12 h at RT. The reaction mixture was filtered and the crude
product was washed sequentially with water and diethyl
cther to atford I-15.

EXAMPLE 18

2] 3-(5-Chloro-2-cyano-phenoxy)-4-ethyl-phenyl]-
N-{4-sulfamoyl-phenyl)-acetamide (I-17)

[0291]

R
O
COE steps 24
—_—
Et
Cl
P 1a0a:R = Br
140k R = CN
N
H
o} N
0
Et S0.NH;
Cl
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[0292] step 1—To a solution of 140b (step 1 of example
17, 0.629 g, 1.58 mmol) in DMF (14 ml) was added
Zn(CN), (0,929 g; 7.9 mmol) and Pd(PPh.), (0.366 g; (.32
mmol). The solution was purged with N, and heated at 85°
C. ovemnight. The reaction mixture was partitioned between
H.O and EtOAc and the mixture stirred for 30 min. The
suspension was filtered and the combined filtrate extracted
with EtQAc. The organic extracts were washed with H,O
and brine, dried (Na_S0O,) and evaporated. The crude prod-
uct was purified by 510, chromatography and eluted with a
gradient of hexane/EtQOAc (100:0 to 70:30) to afford 140b.

[0293] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0294] step 4—The acid chloride from step 3 (0.29 mmol)
was dissolved in acetone (1 mL) of acetone and purged with
nitrogen. NaHCO, (0,049 g; 0.58 mmol) was added fol-
lowed by 4-amino-benzenesulfonamide (0.050 g; 0.29
mmol) and water {2 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-17.

[0295] Compound I-18 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced by
3-chloro-phenylamine.

EXAMPLE 19

2-[3-(2,5-Dichloro-phenoxy)-4-ethyl-phenyl]-N-4-
sulfamoyl-phenyl)-acetamide ([-19)

[0296]
E
CO,Et
HO Cl@—m
E !
[
1%

dl
O,
COsEL steps 24
—_— e [-17
Et
a

142

[0297] step 1—To a solution of 12a (0.200 g; 0.960 mmol}
and NMP {4 mL) was added K,CO; (0.398 g; 2.88 mmol})
and 1 4-dichloro-2-fluoro-benzene (0.124 mL; 1.056 mmol).
The reaction was heated to 120° C. and monitored by TLC.
After 8 h the reaction was cooled to RT and 10% HCl was
added. The mixture was extracted with EtOAc and the
combined extracts were washed with H,O and brine. The
extracts were dried (Na.S0,) filtered and evaporated. The
crude product was purified by Si0. chromatography eluting
with a gradient of hexane/EtOAc (100:0 to 60:40) to afford
142,
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[0298] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in steps 7 and 8 of
Example 1 and used without additional purification.

[0299] step 4—The acid chloride from step 3 (0.415
mmol) was dissolved in acetone (2 mL) and the flask and
purged with nitrogen. NaHCO, (0.070 g; (.83 mmol) was
added followed by 4-amino-benzenesulfonamide (0.072 g;
0.415 mmol) and water (4 mL). The mixture was sonicated
tor 5 min and allowed to stir for 12 h at RT. The reaction
mixture was filtered and the crude product was washed
sequentially with water and diethyl ether to afford 1-19

[0300] Compound I-21 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.

EXAMPLE 20

2] 3-(2,6-Dichloro-phenoxy)-4-ethyl-phenyl]-N-(4-
sulfamoyl-phenyl)-acetamide (1-20)

[0301]
E 1
COZE[ Cl@
HCr
39¢
—————————
step 1
Et
12a
1
CO4EL
o, steps 2—4
—— 20
Cl Et

144

[0302] step 1—To a solution of 12a (0,200 g; 0,960 mmol)
and NMP (4 mL) was added K, CO; (0.398 g; 2.88 mmol)
and 1,3-dichloro-2-fluoro-benzene (0,174 g; 1.056 mmol).
The reaction was heated to 120° C. and monitored by TLC.
After 8 h the reaction was cooled to RT and 10% HCl was
added. The mixture was extracted with EtOAc and the
combined extracts were washed with H.O and brine, The
extracts were dried (Na,S0,) filtered and evaporated. The
crude product was purified by 810, chromatography eluting
with a hexane/EtOAc gradient (0 to 40¢% EtOAc) to afford
144.

[0303] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0304] step 4—The acid chloride from step 3 (0114 mmol)
was dissolved in acetone (2 mL) and the flask was purged
with nitrogen. NaHCO; (0.024 g; 0.28 mmel) was added
followed by 4-amino-benzenesulfonamide (0.024 g; 0.14
mmol) and water (4 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
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was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-20.

[0305] Compound I-23 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced by
2-chloro-phenylamine.

EXAMPLE 21

2-[3-(3-Bromo-2,5-dichloro-phenoxy)-4-cthyl-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-35)

[0306]

E
CO;Et
<l Cl
HO.
Br
step 1
Et F
12a
Cl CO;Et
Br O,
step 2—4 i
[-35
Et
Cl
146

[0307] step 1—To a solution of 12a (0.450 g; 2.160 mmol}
and NMP (5 mL) was added K,CO; (0,896 g; 6.48 mmol)
and 1-bromo-2,5-dichloro-3-fluoro-benzene (0.580 g; 2.38
mmol). The reaction was heated to 120° C. and monitored by
TLC. After 8 h the reaction was cooled to RT and 10% HC1
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H,O and brine. The
extracts were dried (Na.S0,), filtered and evaporated. The
crude product was purified by Si0. chromatography eluting
with a gradient of hexane/EtOAc (100:0 to 60:40) to afford
146.

[0308] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0309] step 4—The acid chloride from step 3 (0112
mmol) was dissolved in acetone (1 mL) and the flask was
purged with nitrogen. NaHCO, (0.019 g; 0.224 mmol) was
added followed by 4-amino-benzenesulfonamide (0.019 g;
0.112 mmol) and water (2 mL). The mixture was sonicated
for 5 min and allowed to stir for 12 h at RT. The reaction
mixture was filtered and the crude product was washed
sequentially with water and diethyl ether to afford I-35.

[0310] Compound I-36 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-methyl-benzenesulfonamide.

[0311] Compound I-37 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.
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EXAMPLE 22

N-+(2-Chloro-phenyl}-23-(3,5-dibromo-2-chloro-
phenoxy)-4-ethyl-phenyl]-acetamide {I-38)

[0312] .
CO-Et
Er
HO.
Br
step 1
Et P
12a
Cl CO-Et
Br 0.
step 2-4
— [.38
Et
Br
148

[0313] step 1—To a solution of 12a (0.500 g; 2.4 mmol)
and NMP (5 mL) was added K,CO, (0.995 g; 7.2 mmol) and
2-chloro-1,5-dibromo-3-fluoro-benzene  (0.762 g; 2.64
mmol). The reaction was heated to 120° C. and monitored by
TLC. After 8 h the reaction was cooled to RT and 10% HC1
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H.O and brine, The
extracts were dried (Na,SO,) filtered and evaporated. The
crude product was purified by SiQ, chromatography eluting
with a gradient of hexane/EtOAc (0 to 40% EtOAc) to afford
148.

[0314] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0315] step 4—The acid chloride from step 3 (0.155
mmol) was dissolved in acctone (1 mL) and purged with
nitrogen. NaHCOQ, (0.026 g; (.31 mmol) was added fol-
lowed by (0.027 g; 0.155 mmol) and water (2 mL). The
mixture was sonicated for 5 min and allowed to stir for 12
h at RT. The reaction mixture was filtered and the crude
product was washed sequentially with water and diethyl
ether to give the desired product to afford I-38.

EXAMPLE 23

2-[3-(2-Chloro-3,5-dicyano-phenoxy)-4-ethyl-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (1-52)

[0316]
CO,Et

Cl
R o steps 2-4
—_— 52
Et
R

; 148: R =Br
step 1| B
150: R=CN

[0317] step 1—To a solution of the ester 148 (0.660 g;
1.43 mmol) in THF (7 ml) was added Zn{CN), (0.673 g;
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5.73 mmol) and Pd{PPh.), (0.248 g; 0.215 mmol). The
solution was purged with N, and heated at 85° C. overnight.
The reaction mixture was partitioned between H,O and
EtOAc and the mixture stirred for 30t min. The suspension
was filtered and the combined filtrate extracted with EtOAc.
The organic extracts were washed with H,O and brine, dried
(Na,50,) and evaporated. The crude product was purified
by SiO, chromatography eluting with a hexane/EtOAc gra-
dient (0 to 30% EtQAC) to afford 150.

[0318] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0319] step 4—The acid chloride from step 3 (0.12 mmol)
was dissolved in acetone (1 mL) and the flask was purged
with nitrogen. NaHCO, (0.020 g; 0.24 mmol) was added
followed by 4-amino-benzenesulfonamide (0.021 g; 0.12
mmol) and water {2 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-52.

[0320] Compound I-53 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 4-amino-3-methyl-benzenesulfonamide.

[0321] Compound I-54 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 4-amino-3-chloro-benzenesulfonamide.

[0322] Compound I-60 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 2-chlorophenylamine.

EXAMPLE 24

2-[3-(2-Chloro-5-cyano-3-fluoro-phenoxy)-4-ethyl-
phenyl }N-{4-sulfamoyl-phenyl)-acetamide (I1-49)

(0323]

F
CO,Et Cl Br
HO.
F
step 1
Et
12a
Cl COaEt
F. o step 3=5
——— [-49
Et
R

152a: R=Br
step2|
152b: R =CN
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[0324] step 1—To a solution of 12a (0.400 g; 1.920 mmol)
and NMP (5 mL) was added K,CO, (0,796 g; 5.76) and
5-bromo-2-chloro-1,3-difluoro-benzene (481 g 2.11
mmol}. The reaction was heated to 120° C. and monitored by
TLC. After 8 b the reaction was cooled to RT and 10% HC
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H.O and brine, The
extracts were dried (Na,S0O,), filtered and evaporated. The
crude product was purified by SiQ, chromatography cluting
with a hexane/EtQAc gradient (0 to 405 EtQAc) to afford
152a.

[0325] step 2—To a solution of 1522 (0.420 g; 1.01 mmol)
in DMF (5 ml) was added Zn{CN), {0475 g; 4.04 mmol)
and Pd(PPh,), (0,175 g; 0.152 mmol). The solution was
purged with N, and heated at 85° C. overnight. The reaction
mixture was cooled to RT and partitioned between H.O and
EtOAc and the mixture stirred for 30 min. The suspension
was filtered and the combined filtrate extracted with EtQAc.,
The organic extracts were washed with H.O and brine, dried
(Na,50,) and evaporated. The crude product was purified
by 8i0, chromatograph eluting with a hexane/EtOAc gra-
dient (0 to 30% EtOAc) to afford 152b.

[0326] steps 3 and 4—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0327] step 5—The acid chloride from step 4 (0.1 mmol)
was dissolved in acetone (1 mL) and the flask was purged
with nitrogen. NaHCO; (0.017 g; 0.2 mmol) was added
followed by 4-amino-benzenesulfonamide (0.017 g; 0.1
mmol) and water (2 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford I-49.

[0328] Compound I-50 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-methyl-benzenesulfonamide.

[0329] Compound [-59 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chlorophenylamine.

EXAMPLE 25

2-[3-(5-Bromo-2-chloro-3-fluoro-phenoxy)-4-ethyl-
phenyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-39)

[0330] 1-39 was prepared as described in the previous
example except cyanide displacement of the aryl bromide
(step 2) was omitted.

[0331] Compound I-40 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
by 4-amino-3-methyl-benzenesulfonamide.

[0332] Compound I-41 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 2-chlorophenylamine.
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EXAMPLE 26

2-[343-Cyano-5-diflucromethyl-phenoxy)-4-ethyl-
phenyl N~(4-sulfamoyl-phenyl}-acetamide (I-91)

[0333]

CO-Et
HC 60
——
step 4
Et
12a
COsEL
NC O _
steps 5=7
—_— [
Et
CHF2

154

[0334] step 1—To a solution of 64a (25.39 g, 0.1 mol) and
anhydrous Et.0O (125 mL) cooled to -78° C. and maintained
under an Ar atmosphere was added dropwise over 30 min
n-Buli (40 mL, 0.1 mol, 2.5M in hexane). The yellow
solution was stirred at =78° C. for 10 min. To the reaction
mixture was added dropwise dry DMF (8.52 mL, 2.2 mmol)
over 5 min and the reaction stirred at -78° C. for 10 min
before the cooling bath was removed and the reaction
allowed to warm to =30° C. over 30 min. The reaction vessel
was placed in an ice-water bath and warmed to —10° C. The
mixture was slowly added to an ice cold saturated aqueous
NH, 1 solution (400 mL). The organic layer was separated
and the aqueous phase thrice extracted with Et,0. The
combined extracts were washed with water, dried (MgS0 ),
filtered and evaporated to afford an oil which solidified on
standing. The crude product was puritied by Si0, chroma-
tography eluting with a hexane/EtQAc gradient (97.3 to
05:5) to afford 15 g of 64b.

[0335] step 2—To a solution of 64b (32.4 g, (.15 mol) and
DCM (160 mL) cooled to -10° C. in an ice/MeOH/water
bath under an Ar atmosphere in a septum-capped 1 L
Nalgene narrow-neck bottle is added dropwise DAST (35.85
mL. 0.27 mol). The reaction mixture was stirred overnight.
The reaction mixture was added dropwise over a 30 min
period to saturated aqueous NaHCO, (400 mL) cooled to 0°
C. Additional saturated NaHCO, was added to maintain the
reaction at a slightly basic pH. The phases were separated
and the aqueous phase was extracted twice with Et,O and
the combined extracts dried {(MgSQ,) and concentrated at
30° C. under house vacuum to afford 36 g of an orange il
which was purified by bulb-to-bulb distillation in a Kugel-
Rohr at 100° C. under house vacuum to afford 30.65 g of
6dc.

[0336] step 3—A solution of 64c (41.6 g, 0.182 mol),
Pd[P(Ph),],(0) (15 g, 13 mmol), and zine cyanide (12.82 g,
0.109 mol) in dry DMF (400 mL) under nitrogen was heated
to 80° C, for 5.5 h. The reaction mixture was cooled to RT,
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the yellow solid filtered and the filtrate added to water (500
mL). The filtrate was thrice extracted with Et,0 and the
combined extracts washed twice with water, dried (MgS0,),
filtered and evaporated at 30° C. The crude was purified by
Si0. chromatography eluting with a hexane/EtOAc gradient
(10020 to 95:5 to 90: 109 to provide 26.3 g of 66 as a colorless
oil which partially crystallizes.

[0337] step 4—To a solution of 12a (0,400 g; 1.920 mmol)
and NMP (4 mL) was added K,CO; (0,796 g; 5.76) and
3-fluoro-5-(difluoromethyl}-benzonitrile (66, 0.362 g; 2.11
mmol). The reaction was heated to 120° C. and monitored by
TLC. After 8 h the reaction was cooled to RT and 10% HC1
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H.O and brine, The
extracts were dried (Na,S0,) filtered and evaporated. The
crude product was purified by 8i0, chromatographed elut-
ing with a gradient of hexane/EtOAc (100:0 to 60:40) to
afford 154.

[0338] steps 5 and 6—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0339] step 7—The acid chloride from step 6 ((1.25 mmol)
was dissolved in acetone (1 mL) and purged with nitrogen.
NaHCO, (0.042 g; 0.5 mmol) was added followed by
4-amino-benzenesulfonamide (0.043 g; 0.25 mmol) and
water (2 mL). The mixture was sonicated for 5 min and
allowed to stir for 12 h at RT. The reaction mixture was
filtered and the crude product was washed sequentially with
water and diethyl ether to afford [-91.

[0340] Compound I-101 was prepared in the same manner
except in step 7, 4-amino-benzenesulfonamide was replaced
with 4-amino-3-methyl-benzenesulfonamide.

[0341] Compound I-140 was prepared in the same manner
except in step 7, 4-amino-benzenesultonamide was replaced
with 4-amino-3-chloro-benzenesulfonamide.

EXAMPLE 27

N-(2-Chloro-phenyl)-2-[ 3-(3,5-dicyano-phenox y)-4-
ethyl-phenyl]-acetamide (I-25)

[0342]

Cl

ZT

NC 8]

CN

[0343] step 1—Coupling of 5-fluoroisophthalonitrile and
12a was carried out as described in step 1 of example 7.

[0344] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0345] step 4—To a solution of the acid chloride from step
3 (0.15 mmol), TEA (22.7 uL, (.225 mmol) and DCM (4
mL) cooled in an ice bath and maintained under a nitrogen
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atmosphere was added a solution of 2-chloro-phenylamine
(15 uL, 0.0182 g; 0.1425 mmol) was added dropwise. The
mixture was stirred for 12 h at RT. The solvents were
removed in vacuo and the residue partitioned between H,0.
The aqueous phase was extracted with EtOAc and the
combined extracts sequentially washed with I N HCL,
saturated NaHCO; and brine. The organic extracts were
dried (Na,S0,), filtered and the solvents remove in vacuo.
The solid was triturated with Ei,O and filtered 1-25.

EXAMPLE 28

2-[3-(3-Chloro-5-cyano-phenoxy)-4-methoxy-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (1-62)

[0346]

Cl CO4EL
F HO
step 1
. step
MeO'
CN
156
Cl COEt
O
——
—_—,.
step 2-4
o
CN Me

Cl
H
N

158
Cl
O
m
o]
CN Me

[-62

[0347] step 1—To a solution of ethyl 4-methoxy-3-hy-
droxyphenylacetate {156, 1.0 g; 4.46 mmol) and NMP (10
mL) was added K,CO; (1.85 g; 13.3R) and 4-chloro-3-
fluoro-benzonitrile (0.0.763 g; 4.9 mmol). The reaction was
heated to 120° C. and stirred overnight. The reaction was
cooled to RT and 106 HCl was added. The mixture was
extracted with EtQOAc and the combined ecxtracts were
washed with H,O and brine. The extracts were dried
(Na,50,), filtered and evaporated. The crude product was
puritied by SiQ, chromatography eluting with a gradient of
hexane/EtOAc (10000 to 60140) to afford 158.

[0348] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0349] step 4—To a solution of the acid chloride from step
3 (0.36 mmol), TEA {75.2 uL, 0.0546 g, 0.54 mmol) and
DCM (3 mL) cooled 1n an ice bath and maintained under a
nitrogen atmosphere was added 2-chloro-phenylamine (36
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#L, 0.0436 g; 0.342 mmol) was added dropwise. The mix-
ture was stirred for 12 h at RT. The solvents were removed
in vacuo and the residue partitioned between EtOAc and
H_O. The aqueous phase was extracted with EtOAc and the
combined extracts sequentially washed with [ N HCL,
saturated NaHCOQ, and brine. The organic extracts were
dried (Na,S0,), filtered and the solvents remove in vacuo,
The solid was triturated with Et,O and filtered to afford I-62.

[0350] Compound I-65 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced by
4-amino-benzenesulfonamide.

[0351] Compound I-66 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced by
4-amino-3-methyl-benzenesulfonamide.

[0352] Compound [-67 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced by
4-amino-3-chloro-benzenesulfonamide.

EXAMPLE 29

23-(3-Chloro-5-cyano-phenoxy)-4-methoxy-phe-
nyl]-N+(4-sulfamoyl-phenyl}-acetamide (I-61)

[0353] Compound I-61 was prepared by the procedures
described in the previous example except in step 1, 4-chloro-
3-fluoro-benzonitrile was replaced by 3-chloro-5-fluoro-
benzonitrile.

[0354] Compound I-57 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced with
4-amino-benzenesulfonamide.

[0355] Compound I-64 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced with
4-amino-3-chloro-benzenesulfonamide.

EXAMPLE 30

2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-4-meth-
oxy-phenyl]-N-(4-sulfamoyl-phenyl)-acetamide

{1-92)
[0356]
156 + a6 lepl
CO-Et
\Q/ j@) ster ‘—4
F;HC
:; m : S0.NH,
F;HC
[-92
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[0357] step 1—Coupling of 66 and 156 to afford 68 was
carried out as described in step 4 of example 26.

[0358] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0359] step 4—was carried out as described in step 4 of
example 26 to afford 1-92.

[0360] Compound I-93 was prepared in the same manner
except in step 7. 4-aminobenzenesulfonate was replaced
with 4-amino-3-methyl-benzenesulfonamide.

[0361] Compound I-94 was prepared in the same manner
except in step 7, 4-aminobenzenesulfonate was replaced
with 4-amino-3-chloro-benzenesulfonamide.

EXAMPLE 31

2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl}N-{2-methyl-4-sulfamoyl-phenyl)-acetamide
(1-42)

[0362]

CO,Et

slep -
83c step 6
l60a: R = NHa
ster ?l
160 R =C1
COR

F
NC. 0: i J
; Cl
Cl

l62a: R=0H
step 9|
laZb: R =Cl
step 10
[-42: B = NH-2— Me-4-30.NH;— CH;

[0363] step 1—(Steps 1-5 are depicted in Scheme 9) A 100
ml round bottom flask was charged under a stream of
nitrogen with 3,5-dichlorobenzonitrile (81a, 7.0 g, 40.69
mmol) and anhydrous DMF {75 mL). To the solution was
added sodium methoxide (2.26 g, 44.76 mmol) and resulting
solution was stirred further at RT for 24 h. When the reaction
was complete, aqueous 10% hydrochloric acid added drop
wise to the reaction vessel. The crude mixture was extracted
with EtOAc and sequentially washed with aqueous acid,
water and brine. The EtOAc extracts were dried (Na,S0,),
filtered and the solvent was removed in vacue to afford a
crude solid which was recrystallized from hexane/acetone to
afford 5.9 g (86%) of 81b.

[0364] step 2—A 250 mL flask was charged with 81b (7.0
g, 41.766 mmol) and 2,4,6-collidine {100 mL). The mixture
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was heated to 170° C. and Lil (16.76 g, 125.298 mmol) was
added and the reaction mixture was heated for 4 h. When
81b was consumed the reaction was cooled to RT and
quenched with 10% agueous HCL. The resulting mixture was
extracted with EtOAc and washed with water and brine. The
EtOAc extract was dried over (Na,S0,) and filtered. The
solvent was removed in vacuo to afford a yellow oil which
was purified by silica gel chromatography eluting with
EtOAc/hexane (10:90) to afford 6.0 g (94%) of 8lc.

[0365] step 3—A 250 mL round-bottom flask was charged
with 81¢ (6.0 g, 39.070 mmol) and anhydrous THE (100 mL)
and the solution was cooled to 0° C. To the cooled solution
was added sodium tert-butoxide (46.89 g, 4.51 mmol) and
the resulting solution stirred for 1 h. 2,3,4-Trifluoro-nitro-
benzene {(6.92 g, 39.070 mmol) was added dropwise while
maintaining the reaction at 0° C. until phenol was com-
pletely consumed. The mixture was quenched by addition of
10% aqueous HCI and the resulting mixture was stirred for
an additional hour. The mixture was extracted with EtOAc
and washed with water and brine. The EtOAc was dried
{Na.S0,) and filtered. The solvent was removed in vacuo to
yield a yellow oil which was purified by Si0. column
chromatography eluting with hexane/EtOAc (92:8) to afford
10 g (82%) of 83a.

[0366] step 4—To a solution of tert-butyl ethyl malonate
(1031 g, 54.80 mmol) and anhydrous NMP (200 mL)
cooled to 0° C. and stirred under a nitrogen atmosphere. To
this solution was added NaH 40% in mineral oil (1.84 g,
76.70 mmol). The mixture was allowed to stir at 0° C. for an
additional 1 h. The bis-aryl ether 83a (15.00 g, 49.80 mmol)
was then added to the reaction vessel and stirred under
nitrogen at RT until the reaction was complete. The mixture
was quenched by addition of agqueous 10% HCl at RT. The
mixture was extracted with EtOAc and washed with water
and brine. The EtOAc was dried (Na,S0,) and filtered. The
solvent was removed in vacuo to afford 83b as a light yellow
oil which was used in the next step without any further
purification.

[0367] step 5—The diester 83b (24.0 g, 50.117 mmol) was
dissolved in dichloroethane (300 mL) and TFA (629 g,
55.13 mmol) and heated to 75° C. for 24 h. The mixture was
cooled to RT and solvent and excess TEA were removed 1n
vacuo, The crude il was redissolved in DCM and cooled to
0° C. and aqueous NaHCO, was added. The mixture was
extracted with DCM and washed with water and brine. The
DCM was dred (Na,80,), filtered and the solvent was
removed in vacuo to afford a yellow oil. The crude oil was
purified by SiQ, chromatography eluting with hexane/
EtDAc (90:10) to afford 15.0 g (80%) of 83c.

[0368] step 6—A 250 mL round bottom flask was charged
with 83¢ (8.0, 21.12 mmol) and absolute EtOH. To the
reaction vessel was added ammonium chloride (2.26 g,
42.244 mmol), water (30 mL) and iron (1.17 g, 21.12 mmol).
The reaction was stirred and heated to 80° C. for 4 h. When
83c was consumed, the heterogeneous mixture was filtered
through a pad of CELITE® and the filter cake was washed
with EtOAc. The aqueous filirate was extracted with EtOAc
and washed with water and brine. The combined EtOAc
extracts were dried over (Na,S0,) and filtered. The solvent
was removed in vacuo to afford a pale oil which was purified
by 8i0. chromatography eluting with hexane:EtOAc
(85:15) to afford 6.0 g (87%) of 160a.
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[0369] step 7—A 100 mL round bottom flask was charged
with anhydrous MeCN (15 mL) under a continuous stream
of nitrogen. To this mixture was added Cu(I)C1, (0.083 g,
0.624 mmol) and tert-butyl nitrite (0.064 g, 0.624 mmol).
The mixture was heated to 70° C. 30 min. To this mixture
was added 160a (0.100 g, 0.624 mmol) in a single portion
and stirring continued for an additional 2 h. Upon consump-
tion of starting materials the mixture was cooled to RT and
reaction mixture quenched with aqueous 10% HCL The
mixture was extracted with EtOAc and the combined
extracts were washed with water and brine. The EtOAc
extract was dried (Na,50,) and filtered. The solvent was
removed in vacuo to afford a light brown oil which was
purified by 8i0. chromatography eluting with hexane/
EtOAc (96:4) to afford 0.080 g (76%) of 160b.

[0370] step 8—A dried 100 mL round bottom flask purged
with nitrogen and charged with 160b (2.0 g; 5.43 mmol) and
dissolved in THF (20 mL) and stirred under a stream of
nitrogen. To the reaction vessel was added LiOH (0.46 g,
10.86 mmol) followed by 5 mL deionized water. The reac-
tion was stirred for 1 h under a continuous stream of
nitrogen. The homogencous mixture was quenched at 0° C.
with 10% aqueous HCL. The reaction mixture was stirred for
an additional 15 minutes. The crude mixture was extracted
with EtOAc and washed with water and brine. The organic
extracts were dried (Na.S0,) and filtered. The solvent was
removed in vacuo and the crude acid 162a was used without
any further purification.

[0371] step 9—A 100 mL round bottom was charged with
162a (0.200 g, 0.520 mmol) and 5 mL of DCM and the
solution was stirred under nitrogen at RT. To the solution
was added thionyl chloride (0.061 g, 0.520 mmol) dropwise
followed by a single drop of DMF. The reaction was stirred
for 1 h at RT. Excess solvent and thionyl chloride were
removed in vacuo to afford the carboxylic acid 162b as a
crude yellow oil which was used in the next reaction without
any further purification.

[0372] step 10—A 100 mL round bottom was charged
with 4-amino-3-methyl-benzenesulfonamide (0.260 g, 1.40
mmol) and dissolved in 5 mL of acetone and NaHCO,
(0.117 g, 1.40 mmol) under nitrogen. To the stirred mixture
was added dropwise 162b (0.500 g, 1.40 mmol) dissolved in
7 mL of acetone and resulting mixture stirred for 24 h at RT.
When starting material was consumed the reaction mixture
was cooled to 0° C. and quenched with 10% aqueous HCL
The reaction mixture was extracted with EtOAc and washed
with aqueous 10% HCI, water, and brine. The organic
extracts were dried (Na.S0,) and filtered. The solvent was
removed in vacuo to yield a crude solid which was purified
by Si0, chromatography eluting with DCM/MeOH (93:7) to
afford 0.64 g (90%) of [-42: ms (M-H)=507; mp: 250.1-
252.3° C.; Elemental Analysis: caled; C, 51.98, H,3.17; N,
8.27, found: C, 51.20; H, 3.01; N, 810 (with 0.4M H,0).

[0373] Compound I-98 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 2-chlorophenylamine.

[0374] Compound I-100 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 4-amino-3-chloro-benzenesulfonamide.

[0375] Compound I-108 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 4-amino-3,N-dimethyl-benzenesulfonamide.
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[0376] Compound I-111 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 3-methyl-4-methylamino-benzenesulfonamide.

[0377] Compound I-168 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 4-amino-3-chloro-N-methyl-benzenesulfona-
mide.

EXAMPLE 32

N-[4-(3-Amino-propionylsulfamoyl)-2-chloro-phe-

nyl]-2-[4-chloro-3-(3-chloro-5-cyano-phenox y)-2-

fluoro-phenylJ-acetamide; compound with hydro-
chloric acid (I-153)

[0378]

Cl
NC. O N

Cl S0-NHR

Cl

[-100: R=H
skepr 1|
20¢: R = C(—0O)CH-CH-NH— BOC

step El _ o
[-153; R = C{=—O)CHCH.NH I

[0379] step 1—To a solution of I-100 (0.100 g, 0.189
mmol) and Boc-B-alanine (0.05 g, 0.264 mmol) and DCM
(10 mL) was added EDCI hydrochloride (0.04 g,0.21 mmol)
and DMAP (0.01 g, (.09 mmol). The reaction was stirred at
RT for 2 h. The reaction mixture was cooled to 0° C. and 25
mL of ice was added. The reaction mixture was allowed to
warm to RT and extracted with DCM. The organic extracts
were washed sequentially with 10% HCI, water and brine.
The DCM solution was dried (Na,S80,), filtered and evapo-
rated in vacuo. The solid was purified by recrystallization
with EtOAc/acetone to atford 90c.

[0380] step 2—90c was dissolved in Et,O (10 mL) and 1
N HC1 (10 mL) was added and the reaction stirred until
deprotection of the BOC protecting group was compete. The
solvents were evaporated in vacuo and the resulting solid
triturated in toluene to afford 1-153.

[0381] Compound I-77 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-acetamide (I-42)
replaced [-100 and BOC-NH-Val-OH replaced BOC-p-Ala.

[0382] Compound I-127 was prepared in the same manner
except BOC-NH-Val-OH replaced BOC-$-Ala.

[0383] Compound I-181 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-chloro-4-methylsulfamoyl-phenyl}-acetamide
(1-168) replaced I-100.
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EXAMPLE 33

2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl}-N-(2-chloro-4-pentanoylsulfamoyl-phenyl)-
acetamide; sodium salt (I-173)

[0384]

Cl

ZT

NC o)

<l
:1—100: R = 50.NH;
164 R = S0,NHC{(==0)C,Hy

|: [-173: R = SOaNC{==O0)C,HgNa*

[0385] To a solution of the sulfonamide I-100 (0L166 g,
0.314 mmol), THF (2 mL) and DCE (2 mL) was added
valeric anhydride (0.064 g, 0.345 mmol) followed by a
single crystal of DMAP. The solution was stirred for 24 h
and partitioned between water and DCM. The organic phase
was washed sequentially with 10% HCl, water and brine.
The organic phase was dried (Na,50)), filtered and the
solvents removed in vacuo. The residue was triturated with
Et,0 and filtered to afford 2-[4-chloro-3-(3-chloro-5-cyano-
phenoxy)-2-fluoro-phenyl}-N-(2-chloro-4-pentanoylsulfa-
moyl-phenyl)-acetamide (164).

[0386] The acyl sulfonamide 164 was suspended in THF
and stirred until the solution was homogenous. To the
solution cooled to 0° C. was added 1 equivalent of 1M
NaOH. The reaction was stirred for 10 min then allowed to
warm to RT and the solvents were removed in vacuo. The
resulting material was triturated with Et.O and EtOAc to
afford I-173 as a erystalline solid which was dried at 100° C.
for 24 h.

[0387] Compound I-51 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl FN~(2-methyl-4-sulfamoyl-phenyl)-acetamide (I-42)
replaced 1-100 and propionic anhydride replaced valeric
anhydride.

[0388] Compound I-87 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl N-(2-methyl-4-sulfamoyl-phenyl)-acetamide (1-42)
replaced I-100t and nicotinoyl chloride hydrochloride
replaced valeric anhydride. The compound was 1solated as
the hydrochloride salt rather then as a sodium salt.

[0389] Compound I-99 was prepared by alkylation of the
sodium salt of 1-126 in DMF. Sodium salts of the acylsul-
fonamides are prepared by adding 1 equivalent of aqueous
NaOH to a THF solution of I-99 and evaporating the solvent.

[0390] Compound I-126 was prepared in the same manner
except valeric anhydride was replaced with propionic anhy-
dride.

[0391] Compound I-138 was prepared in the same manner
except valeric anhydride was replaced with butyric anhy-
dride.

70



US 2005/0239881 Al

[0392] Compound I-139 was prepared by alkylation of the
sodium salt [-138 with methyl iodide in DMF.

[0393] Compound I-155 was prepared in the same manner
except I-100 methoxvacetic acid replaced valeric anhydride.
The EDIC coupling from the previous procedure was used.

[0394] Compound I-156 was prepared in the same manner
except acetoxyacetyl chloride replaced valeric anhydride
and the acetoxy ester was subsequently cleaved by basic
hydrolysis.

[0395] Compound I-162 was prepared by alkylation of the
sodium salt of 1-126 with methyl iodide in DMF.

[0396] Compound I-171 was prepared by alkylation of the
sodium salt of 1-155 with methyl iodide in DMF.

[0397] Compound I-172 was prepared by alkylation of the
sodium salt of 1-164 with methyl iodide in DMF.

[0398] Compound I-174 was prepared in the same manner
except isovaleric acid replaced valeric anhydride. The EDIC
coupling from the previous procedure was used.

[0399] Compound I-175 was prepared in the same manner
except NN-diethylglycine hydrochloride replaced wvaleric
anhydride. The EDIC coupling from the previous procedure
was used.

[0400] Compound I-176 was prepared in the same manner
except 4-methylvaleric acid replaced valeric anhydride. The
EDIC coupling from the previous procedure was used.

[0401] Compound I-177 was prepared in the same manner
except morpholin-4-yl-acetic acid replaced valeric anhy-
dride. The EDIC coupling from the previous procedure was
used.

[0402] Compound I-188 was prepared in the same manner
except succinic acid replaced valeric anhydride.

EXAMPLE 34

2 4-Chloro-3-(3,5-dicyano-phenoxy)-2-fluoro-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-9)

[0403]

F CO4EL
NC OH F.
step 1
+ —_—
OaN
CN
166 el
F CCnEr
N 0. —

——
steps 3=5

R

ON
N ql: 168a: R = NO,
step 2

168 R=Cl
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-continued

H
NG o N
O
cl : ~S0,NH,

CN

[0404] step 1—A solution of anhydrous THF (100 mL)
and 5-hydroxyisophthalonitrile (166, 10.00 g, 69.38 mmol)
cooled to 0° C. was treated with sodium tert-butoxide (7.34
g, 76.32 mmol). The mixture was stirred for 30 min at 0° C.
then 52b (17.01, 69.38 mmol) was added and allowed to stir
for an additional 3 h. The reaction was quenched with 10%
aqueous HCL. The crude mixture was extracted with EtOAc
and the combined extracts washed with water and brine. The
organic phase was dried (Na,S0,) and filtered. The solvent
was removed in vacuo to afford a crude oil which was
purified by 810, chromatography eluting with hexanes:E-
tOAc (90:10) to afford 20 g (78%) of 168a.

[0405] Introduction of the chloro substituent (step 2) was
carried out as described in steps 6 and 7 of Example 31.
Steps 3-5 were carried out by the procedure described in
steps 7-9 of Example 1 which afforded 1-9.

[0406] Compound I-28 was prepared in the same manner
except in step 5 of the present example, 4-amino-3-methyl-
benzenesulfonamide was replaced with 2-chloropheny-
lamine.

[0407] Compound I-32 was prepared in the same manner
except in step 5 of the present example, 4-amino-3-methyl-
benzenesulfonamide was utilized.

EXAMPLE 35

2] 4-Chloro-3-(3-cyano-5-difluoromethyl-phenoxy)-
2-fluoro-phenyl}-N-(4-sulfamoyl-phenyl)-acetamide

(I-13)
[0408]
RO CHO
step 2
—_—
Er
170a: R = Me
step 1|
170b: R = Ac
HO. CHF,
step 3
F CO.E!
Br F.

53b
172 (530)
ON
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-continued
F C0,Er
F:HC o]
step 6
R.’
Br
stepp 4
|: 174a: R = NO»
174 R’ = NHa
I: 174¢: R’ =Cl
step 3
F COwEt
F-HC O step 7-step @
—_—
1
N 176
F CONH—p-C¢H4SO,NH2
F:HC O,
1
CN
[-13

[0409] step 1—A solution of BBr; (29.1 mL of a 1.0 M
solution in DCM, 29.1 mmol) was added slowly to a solution
of 170a (2.5 g, 11.62 mmol) in anhydrous DCM (25 mL)
maintained under N, at -78° C. The orange solution was
warmed to RT, stirred for 2 h, and poured onto ice. The
mixture was extracted with CH,Cl, (100 mL), and the
organic layer was washed with H.O (50 mL) and brine (50
mL). The solvents were evaporated, and the remaining oil
was purified by flash chromatography on silica gel eluting
with a EtOAc/hexanes gradient (0% to 20% EtOAc) to
provide the desired phenol. To a solution of this phenol in
pyridine (10 mL) under argon was slowly added acetic
anhydride (0.6 mL, 6.33 mmol). After 2 h, the volatile
materials were removed to provide 3-bromo-5-formyl-phe-
nyl acetate (170b, 1.02 g, 40%).

[0410] step 2—DAST (1.02 mL, 7.69 mmol) was added to
a solution of the 3-bromo-5-formyl-phenyl acetate (170b,
1.1 g, 4.52 mmol) in DCM (5 mL) under nitrogen contained
in a NALGENE® bottle. EtOH (0,013 mL, 0.23 mmol) was
added, and the mixture was stirred for 16 h. The reaction
mixture was then added slowly to an aqueous solution of
saturated NaHCO,. After the bubbling was finished, DCM
(50 mL) was added and the layers were separated. The
organic layer was washed with brine (30 mL) and dried with
anhydrous MgSO,. The solvent was removed to provide a
yellow oil that was placed in a mixture of THF (15 mL) and
H,0O (4 mL). LiOH monohydrate {474 mg, 11.3 mmol) was
added, and the reaction mixture was stirred at RT for 2 h.
The solution was then added dropwise to 5% aqueous HCL
{50 mL), and the mixture was extracted with EtOAc (3x30
mL). The combined organic fractions were washed with
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brine (30 mL), and dried with anhydrous MgS80O,. Evapo-
ration of the volatile materials gave an oil that was puritied
by flash chromatography on silica gel (0% to 25% EtQAc/
hexanes) to provide 800 mg (79%) of 3-bromo-5-difluorom-
ethylphenol (172).

[0411] The phenol 172 was condensed with ethyl 23-
difluoro-4-nitro-phenyl acetate (52¢, step 3) as described in
step 1 of Example 34. Reduction of the nitro group and
diazotization and displacement of the diazonium salt by
chloride {steps 4 and 5) were carried out as described in
steps 0 and 7 of Example 31 to afford 174c.

[0412] step 6—A solution of 174¢ (757 mg, 1.73 mmol),
Pd[P(Ph),],(0) (300 mg, 0.26 mmol), and zinc cyanide (122
mg, 1.04 mmol) in DMF (8 mL) under nitrogen was heated
to 80° ., for 4 h. The reaction mixture was cooled to RT and
added to 2 M aqueous NH,OH. The solution was extracted
with 1:1 EtOAc/hexanes (3x30 mL), and the combined
organic fractions were washed with H.O (3x20 mL) and
dried (MgS80,). The solvent was evaporated, and the
remaining oil was purified by SiQ, chromatography eluting
with an EtOAc/hexanes gradient (0% to 25% EtOAc) to
provide 580 mg (87%) of [4-chloro-3-(3-cyano-5-difluo-
romethyl-phenoxy)-2-fluoro-phenyl]-acetic acid ethyl ester
(176).

[0413] Steps 7-9 were carried out by the procedure
described in steps 7-9 of Example 1 which afforded I-13.

[0414] Compound I-14 was prepared in the same manner
except in step 9 of the present example, 2-chloropheny-
lamine was utilized.

[0415] Compound I-75 was prepared in the same manner
except in step 9 of the present example, 4-amino-3-methyl-
benzenesulfonamide was utilized.

EXAMPLE 36

2-[4-Chloro-3-(3-cyano-5-difluoromethoxy-phe-
noxy)-2-fluoro-phenyl]-N-{4-sulfamoyl-phenylac-
etamide ([-166)
[0416]

CHF, F COEt

[ ; SO
R
N
178a: R = NO»
step S |
178b: K = NHa
stepr 6 |
178c: R=Cl

CHF,

E
| H
0 o N
0 \O\
al SO.NH,
CN

I-166

—_—
step -2
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[0417] Steps 1-4 are Depicted in SCHEME 10 EtOH (25 mL) and water (15 mL) was heated to reflux for

[0418] step 1—Acetic anhydride (30 mL, 4 equiv) was 4 h. The solution was cooled, diluted with methylene chlo-
added to a solution of 3,5-dihydroxybenzonitrile (84a, 10.36  ide, and filtered through a pad of Si0,. Evaporation of the
g, 77 mmol) in anhydrous pyridine (60 mL) cooled to 0° C. volatile materials atforded 1.43 g (94%) of 178b.

and blanketed with nitrogen. The reaction was warmed to RT [0423] step 6—A solution of the 178b (143 g, 3.76 mmal)

and stirred for 16 h. The volatile materials were removed in - . .
vacuo, and the remaining oil was dissolved in EtOAc, 2 dTY MeCN(15 mL) was added slowly to a rapidly stirred
solution of CuCl, (1.01 g, 2 equiv) and tert-butyl nitrite

washed with water, 5% HCI solution, brine, and dried : .
(MgS0,). The volatile materials were removed to afford (0.89 mL of a 90% solution, 1.8 equiv) that had been heated

14.5 g (86%) of the diacetate. The diacetate (14 g, 64 mmol)  to 60 Cunder a N, atmosphere. After 1 h, the reaction was
was dissolved in 2 mixture of EtOH (100 mL) and benzene cooled to RT, and 5 mL of 5% HCl was added. The solution
(100 mL) and cooled to 0° C. A solution of KOH (3.6 g, 1 was partitioned between EtOAc and brine. The organic
equiv) in EtOH was added dropwise. After 1 h, the solution extracts were dried (MgSO,), filtiered and concentrated in
was added to an ice-cold solution of saturated ammonium vacuo. The crude product was purified by SiO, chromatog-
chloride, extracted with ether, and washed with brine. The raphy and eluted with an EtOAc/hexane gradient (0% to
Et,O extracts were concentrated and purified by 8i0. chro- 35%) to afford 1.04 g (69%) of 178c.

matography eluting with a hexane/EtQAc gradient (0% to

25% EtOAc) which atforded 10 g of 84b (88%). [0424] Steps 7 to 9 were carried out as described in steps

[0419] step 2—(2-Trimethylsilyl-ethoxy)-methyl-chloride 7-9 of Example 1 1o afford 1-166.

(2.2 mL, 1.1 equiv) was added to a solution of the 84b (2.0 [0425] Compound I-167 was prepared in the same manner
g, 11.3 mmol) and DIPEA (2.4 mL, 1.2 equiv) in DCM (50 except in step 9 of the present example, 4-amino-3-chloro-
mL) cooled to 0° C. The solution was warmed to RT, stired  benzenesulfonamide replaced  4-amino-benzenesulfona-

for 16 h, and poured into a saturated sodium bicarbonate mide.

solution. The aqueous solution was extracted with DCM,

and the combined organic extracts washed with water and EXAMPLE 37

brine and dried (MgS80,). The solvents were removed in

vacuo and the acetylated product was dissolved in a mixture 2-{4-Chloro-3{ 3-cyano-5-(1,1-difluoro-ethyl)-phe-
of water (8 mL) and THF (32 mL). LIOH.H,O (0.71 g, 1.5 ;

noxy]-2-fluoro-phenyl }-N-(4-sulfamoyl-phenyl)-
equiv) was added. The mixture was stirred for 2 h, acidified i1 pacct:niidc EI-95) yl-phenyl)

to pH 5 and extracted with ether. The organic layer was dried
(MgS80,) and evaporated to provide 2.5 g (809%) of the 84c. [0426] Steps 1-7 are depicted in reaction C of SCHEME 8.

[0420] step 3—F,CICCO,Na (2.84 g, 2.3 equiv) was
added to a solution of Cs,CO, (3.69 g, 1.4 equiv), 84b (2.26
g, 8.09 mmol), DMF (32 mL) and water (2 mL). The
solution was heated to 100° . for 2 h, cooled to RT, and
poured into a solution of ammonium chloride. The solution F CO,EL

was extracted with a mixture of EtOAc and hexanes, and the

organic layer was washed with brine and dried (MgS0,). NG o

The crude product was purified by SiQ, chromatography —_—.
cluting with a EtOAc/hexane gradient ((4¥% to 10¢%) which step 8-10
afforded 1.83 g (70%) of 86a. The difluoromethyl ether 86a a

was dissolved in MeOH (30 mL), and 5.6 mLof a 10 M

solution of HCl was added. The solution was heated to 50°
C. for 5 h, and stirred at RT for 16 h. The volatile materials
were evaporated, and the aqueous residue was partitioned

between DCM and water. The aqueous layer was extracted
with DCM, and the combined extracts were washed with

water and brine. The volatile materials were removed in i
vacuo to atford 780 mg (73%) of 86b. NC o
[0421] step 4—Potassium t-butoxide (4.29 mL of a 1 M
solution, 1 equiv) was added to a solution of 86b (795 mg, s}
4.3 mmol) in THF (10 mL) cooled to 0° C. under nitrogen Cl

atmosphere. The solution was stirred for 10 min, and a
solution of the 52b (1.05 g, 1 cquiv) in THF (8 mL) was
added dropwise, The solution was warmed to RT, stirred
overnight, and poured into a saturated ammonium chloride
solution. The mixture was extracted with EtOAc, washed
with water and brine and dried (MgS0,). The solvents were

evaporated and the crude product purified by Si0, chroma-

tography elution with an EtOAc/hexane gradient (0% to [0427] step 1—n-BuLi (13.4 mL of a 1.6 M solution, 1.1
25%) to afford 1.6 g (93%) of 178a. equiv) was added slowly to a solution of the tert-butyl-(3,
[0422] step 5—A solution of 178a (1.59 g, 3.98 mmol), 5-dibromo-phenoxy)-dimethyl-silane (70, 7.16 g, 19.5
iron filings (0.93 g, 4.2 equiv), NH,C1 (0.89 g, 4.2 equiv) in mmol) in Et,O (60 mL) cooled to -78° C. under a blanket

CF;Me
76

ZT

: S0sNH-

CFaMe
[-96
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of N2. The solution was stirred for 25 min, and N-methoxy-
N-methyl-acetamide was added via syringe. The solution
was warmed slowly to RT, added to saturated ammonium
chloride, and extracted with ether. The combined organic
layers were washed with brine and dried (MgS0,), filtered
and concentrated in vacuo. The crude product material was
dissolved in THF (50 mL), and a solution of Bu/NF
{approximately 1.2 equiv) was added. The solution was
stirred for 2 h and partitioned between EtOAc and brine. The
organic layer was washed with water, brine, and dried
(MgS0,) to afford 3.35 g (80%) of 72a.

[0428] step 2—Acetic anhydride (1.1 mL, 1.2 equiv) was
added to a solution of the 72a (2.0 g, 9.3 mmol) in pyridine
(30 mL) cooled to 0° C. The solution was warmed to RT,
stirred for 2 h, and the volatile materials were removed in
vacuo. The residue was dissolved in ether, and washed with
5% HCI solution, water, brine, and dried (MgSO,). The
solvents were evaporated to afford 2.3 g (98%) of 72b.

[0429] step 3—A suspension of 72b (2.35 g, 9.1 mmol)
and Deoxy-Fluor® (2.9 mL, 1.7 equiv) (Caution: EXPLO-
SIVE REAGENT) under N, atmosphere in a Teflon botile
was heated to 85° C. The solution was stirred for 20 h at 85°
C. then for 24 h at RT. The resulting solution was added
slowly to a cooled solution of saturated NaHCOQ,. The
aqueous solution was extracted with DCM, and the organic
layer was washed with brine, Evaporation of the volatile
materials afforded crude 72¢ which was dissolved in THF
(22 mL) and water (6 mL). LIOH.H.O {1.12 g, ca. 3 equiv)
was added, and the solution was stirred for 2 h. The mixture
was then poured into a 5% HCI aqueous solution, extracted
with ether, and the organic layer was washed with brine.
Evaporation of the volatile solvents afforded the crude
residue which was purified by Si0, chromatography eluting
with an EtOAc/hexane gradient (3% to 10%) which afforded
095 g (44%) of 72c.

[0430] Steps 4 to 6 were carried out by the procedure
described in steps 4 and 6 of example 36 to afford 74c.

[0431] step 7—A solution of the 74c (0.78 g, 1.73 mmol),
Zn{CN), (012 g, 0.6 equiv), and (Ph,P),P (0.30 g, 0.15
equiv) in DMF (7 mL) was heated to 80° C. for 4 h. The
solution was cooled, added to 2 M ammonium hydroxide
solution and extracted with ether. The organic extract was
washed with brine and dried (MgS0,) and concentrated in
vacuo. The crude product was purified by Si0, chromatog-
raphy eluting with a EtOAc/hexane gradient (0% to 25%) to
afford 0.55 g (80%) of 76.

[0432] Steps 8 to 10 were carried out as described in steps
7-9 of the example 1 to afford 1-95.

[0433] Compound I-96 was prepared in the same manner
except in step 10 of the present example, 4-amino-3-methyl-
benzenesulfonamide replaced 4-amino-benzenesulfona-
mide.

[0434] Compound 197 was prepared in the same manner
except in step 10 of the present example, 4-amino-3-chloro-
benzenesulfonamide replaced 4-amino-benzenesulfona-
mide.
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EXAMPLE 38

2-[3-(3-Bromo-5-cyano-phenoxy)-4-chloro-2-fluoro-
phenyl}-N~(2-methyl-4-sulfamoyl-phenyl)-acetamide
(1-185)

[0435]

R OMe

step 3

Br
180a: R = Br
step 1 |
18 R = CHO
step El
180¢: R=CN

NC. OH

——
steps 4=7

Br

182
F Me
H
NC 4] N
8]
1 S04NH,

Br
I-18%

[0436] step 1—n-BuLi (2.6 mL of a 1.6 M solution, 1.1
equiv) was added slowly to a solution of the 180a (1.0 g, 3.8
mmol) in Et,0 (20 mL) cooled to =78° C. under an N,
atmosphere. The solution was stirred for 45 min, and DMF
was added via syringe. The solution was warmed slowly to
RT, added to saturated ammonium chloride, and extracted
with ether. The organic phase was washed with brine and
dried (MgS0,), filtered and evaporated to afford 0.80 g
(98%) of 180b.

[0437] step 2—Assolution of the aldehyde 180b (12.0 g, 56
mmol), hydroxylamine hydrochloride (19.4 g, 5 equiv),
EtOH (100 mL) and pyridine {10 mL) was heated to 65° C.
for 16 h. The mixture was cooled to RT, and partitioned
between 509% EtOAc/hexanes and water. The organic layer
was washed with brine and dried (MgS0,). The volatile
materials were evaporated to afford 12.4 g (97%) of the
oxime. This material was dissolved in anhydrous dioxane
(100 mL) and pyndine (26 mL, 6 equiv). The solution was
cooled to 0° C., TEAA (15 mL, 2 equiv) was added, and the
mixture was allowed to warm to RT. The solution was stirred
for 2 d, and warmed to 60 C for 1 h. The mixture was cooled
to RT, and added carefully to ice water. The mixture was
extracted with methylene chloride, and the combined
organic layers were washed with water, 1 M HCl, and brine.
The organic layer was dried (MgS80,) and evaporated to
afford 10.4 g (90%) of 180c,
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[0438] step 3—Anhydrous collidine (100 mL) was added
to a dry flask containing 180¢ (10.4 g, 49 mmol) and Lil
(19.6 g, 3 equiv). The solution was heated under nitrogen to
150° C. overnight, cooled to RT, and poured into an ice cold
1 M HC1 solution. The mixture was extracted with a 1:1
EtOAc/hexanes solution, washed with water, and dried
(Mg80,). Concentration in vacuo afforded 8.7 g (89%) of
182.

[0439] step 4—The condensation of 182 and 52b was
carried out as described in step 4 of example 36. Steps 5 to
7 were carried out as described in steps 7 to 9 of example 1
except in the present case 4-amino-3-methyl-benzensulfona-
mide replaced 4-amino-benzenesulfonamide.

EXAMPLE 39

2] 4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-acetamide
(I-189)

[0440]

F
NC o] OEL
—_
O steps 2—4
R
<l
160a: R = NHa2
step 1| -
124: R = Br

F Me
H
N O M.
Q
Br S0-NH,
Cl

I-18%

[0441] The phenyl acetic acid 160a was prepared as
described in steps 1-6 of example 31.

[0442] step 1—A 150 mL three-neck round bottom flask
was charged with MeCN (50 mL), CuBr (2.8 g, 12.61 mmol)
and t-butyl nitrite (1.4 g, 13.76 mmol), degassed and main-
tained under an Ar atmosphere and heated to 70° C. To the
mixture was added dropwise a solution of 160a (4.0 g, 11.47
mmol) dissolved MeCN (20 mL). The reaction mixture was
stirred at 70° C. for 4 h and then cooled to 0° C. The reaction
was quenched by addition of 10% HCI (30 mL) and
extracted with EtOAc. The combined extracts were sequen-
tially washed with 10¢% HCI and brine. The organic extract
was dried (Na,80,), filtered and the volatile solvents
removed in vacuo to yield a black oil which was purified by
flash chromatography on silica gel (hexanes:EtOAc 95:5) to
afford 2.5 g (52.8% theory) of 184.
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[0443] Steps 2 and 4 were carried out as described steps 7
and 8 of Example 1.

[0444] step 5—A 100 if L round bottom flask was charged
with 4-amino-3-methyl-benzenesulfonamide (0.092 g, 0.495
mmol), dissolved in 2 mL of acetone and NaHCO, (0.040 g,
0.495 mmol) was added. To the stirred suspension under a
nitrogen atmosphere was added dropwise a solution of the
acid chloride from step 4 (0.200 g, 0.495 mmol) dissolved
in 3 mL acetone and the reaction was stirred for 24 h at RT.
The reaction mixture was cooled to 0° C. and quenched with
10% aqueous HCL. The aqueous phase was extracted with
EtOAc and the combined extracts were washed with aque-
ous 10%% HCl, water, and brine. The organic phase was dried
over (Na,S0,), filtered and the solvent was removed in
vacuo. The crude product was purified by SiO, chromatog-
raphy eluting with DCM/MeOH (93:7) to afford 0.240 g
(87%) of I-189: ms (M-H)=551, mp 244.0-245.1; Anal.
CHN; caled C, 47.80; H, 2.92; N, 7.60; found C, 47.51; H,
2805 N, 7.49.

EXAMPLE 40
2{4-Bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-

2-fluoro-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-
acetamide (I-169)

[0445]

F COEt

E,HC 0
—_—
step 2
R.’
Br

:1?4b: R =NH,
186: R"= Br

step 1
E COEt
E-HC, O: i J step 3=3
——
; Br
CN
138
F Me
H
E-HC O N
0
SONH;
CN
[-169

[0446] Step 1 was carried out by the procedure described
in step 1 of example 39. Step 2 was carried out by the
procedure described in step 7 of example 37. Steps 3 to 5
were carricd out by the procedures described in steps 7 to 9
of Example 1 except in step 9, 4-amino-benzenesultonamide
was replaced by 4-amino-3-methyl-bezenesulfonamide
which afforded in [-18%.
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EXAMPLE 41

2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-2-fluoro-
4-methyl-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide (I-85) and 2-[3~(3-Cyano-5-difluorom-
ethyl-phenoxy)-4-cthyl-2-fluoro-phenyl]-N-(2-
methyl-4-sulfamoyl-phenyl)-acetamide (I-169)
[0447]
F CO4EL

NC O,
—
steps 2=5
R"

CHE,

154: R" = Br
step 18E1903: R" = Me
step 1 190b: R = Et

H
0, N
F
NC O
Me SOzNH:
R"

CHEF,

[-35:R" = Me
[-130: B" = Ex

[0448] step 1a—To a degassed ice-cokl solution of THF
(15 mL}), Pd{dppt)Cl, (0.09 g, 0.121 mmol) was added
DIBAL-H (0.012 mmol; 1M in toluene). The reaction mix-
ture was allowed to warm to RT. A solution of 184 (1.0 g,
2.42 mmol) was added followed by Me.Zn (1M in THE,
4.2400 mmol). The reaction was heated to 65° C. for 4 h,
cooled to RT and quenched with aqueous NH,Cl. The
resulting mixture was extracted with EtOAc and washed
sequentially with NH,C1 and brine. The EtOAc extract was
dried (Na,S0,), filtered and the volatile solvent removed in
vacuo to yield a dark brown oil that was puritied by flash
chromatography on silica gel eluting with hexanes:EtOAc
(95:5) to yield 190a (0.50 g, 59% theory)

[0449] step 1b—190b was prepared by a procedure iden-
tical to that described in step 1a except Me,Zn was replaced
with Et.Zn. The product was purified by flash chromatog-
raphy on silica gel eluting with hexanes:EtQAc (95:5) to
afford 0.62 g (74%) of 1%0b.

[0450] 1-85 and [-180 were prepared from 190a and 190b
respectively following the procedure described in steps 7-9
of example 1 except in step 5 of the present example
4-amino-benzenesulfonamide was replaced by 4-amino-3-
methyl-bezenesulfonamide.

[0451] Compound [-84 was prepared in the same manner
from [-190a except in step 5 of the present, example
4-amino-benzenesulfonamide was replaced by 4-amino-3-
chloro-bezenesulfonamide. The crude product recrystallized
from EtOAc/hexane to afford 0.182 g (28%) of 1-84: MS:
{(M-H)=522, mp. 218.0-218.7, Elemental Analysis Found:
C, 52.54; 3.04; 799
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[0452] Compound I-86 was prepared in the same manner
from I-190a except in step 5 of the present example,
4-amino-benzenesulfonamide was replaced by 2-chloro-
phenylamine.

[0453] Compound I-110 was prepared in the same manner
from I-190a except in step 5 of the present, example
4-amino-benzenesulfonamide was replaced by methyl
4-amino-3-chloro-benzoate and in a subsequent step the
benzoic acid methyl ester was converted to the correspond-
ing benzoic acid present in [-110.

[0454] Compound I-112 was prepared in the same manner
except in step 8 of the present example, 4-amino-3-chloro-
benzenesulfonamide was replaced with 2-chloro-4-meth-
anesulfonyl-phenylamine.

EXAMPLE 42

2 3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-me-
thyl-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-aceta-

mide (I-83)
[0455]
F C0O,E
NC. O
—_—
steps 1-3
Me
Cl
182
H
o) N
F
NC O
Cl SCNH-
Me
cl
I-83

[0456] [3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-me-
thyl-phenyl]-acetic acid ethyl ester (192) was prepared from
160 {example 31) by reduction of the nitro group followed
by the diazotization/bromination and Negishi methylation of
160 as described in step 1a of example 41. Steps 1-3 of the
present example were carried out as described in steps 7 to
9 of example 1 except in the present example 4-amino-
benzenesulfonamide was replaced by 4-amino-3-chloro-
benzenesulfonamide to afford I-83.
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EXAMPLE 43

2-[3«3-Chloro-5-cyano-phenoxy)-2-fluoro-4-meth-
oxy-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-aceta-
mide (I-190)

[0457]
F CO-H
NC O
step 9=10
——
MeC
1
58b
F <l
H
NC Q. vl
4]
MeO S0NH;
Cl
I-190)

[0458] See SCHEME 7 for steps 1 to 7.

[0459] step 1—To a solution of di-iso-propylamine (150
mL, 108.3 g, 1.07 mol) in THF {500 mL) cooled to -78° C.
and maintained under a N, atmosphere was added over 1 15
min period, n-Buli (100 mL, 1.00 mol, 10M in hexanes).
The resulting mixture was stirred for 30 min at =78° C. A
mixture of 54a (45 mL, 52.110 g, (.457 mol) and chlorot-
rimethylsilane (1300 mL, 111.28 g, 1.024 mol) was added
at a rate which maintained the internal reaction temperature
below —-50° C. The solution was stirred at -78° C. for 1 h.
The reaction was quenched at -78° C. by addition of 1M
H.S0,, diluted with MTBE and the mixture was saturated
with solid NaCl. The phases were separated and the aqueous
phase was extracted with MTBE (300 mL). The combined
organic extracts were dried (MgSQ,), filtered and the sol-
vents evaporated to afford 118 g (100%) of 54b as a white
solid.

[0460] step 2—To neat bromine (76.9 mL, 1.50 mol)
cooled to 0° C. in an ice bath was added portion wise solid
54b {126.23 g, 0.500 mol) while maintaining the internal
temperature between 20-45° C. (caution: exothermic!). The
reaction mixture was stirred at 58° C. for 2 h. After 1 h of
this period had elapsed additional bromine (4548 g) was
added and the addition funnel was rinse with cyclohexane
(10 mL). The reaction mixture was cooled to 0° C. and
slowly poured into ice-cold saturated NaHSO, solution.
After the addition the resulting mixture was saturated with
solid NaCl, extracted with MTBE (500 mL and 200 mL),
dried (MgS0O,) and concentrated in vacuo to afford 191 g of
54c. The reaction mixture was distilled at ca. 60 mbar which
afforded 161.53 g of colorless liquid which boiled at 110° C.
and contained about 11% of the monobromo derivative. The
product was redistilled through a bubble ball column at ca.
50 mbar which afforded 141.3 (78.5%) of 54¢ with a boiling
point of 93-94° C. which was =99.6 pure.

[0461] step 3—Preparation of iso-PrMgCLLICI—A
sample of LiCl (4.56 g, 107.6 mmol) was dried under high
vacuum with a heat gun for 10 min. To the dry solid under
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a N, atmosphere at 23° C. was added iso-PrMgCl1(53.8 mL,
107.6 mmol, 2M solution in THF) and the resulting mixture
was stirred at 23° C. for 3 days.

[0462] To a solution of 54¢ (1.29 mL, 10 mmol) in THF
(5 mL} at 40° C. was added the iso-PrMgCLLiCl solution
(5.5 mL, 11 mmol, 2.0M in THF) at a rate that maintained
the reaction temperature below -30° C. Stirring was con-
tinued at =35 to -30° C. for 1 h then warmed to =7° C. for
an additional 1 h. The reaction mixture was cooled to -30°
C. and DMF (1.00 mL, 13 mmol) was added in one portion
(temperature rose to =23° C.) and stirring continued for 3.5
h at =25 to +15° C. The reaction mixture was poured into 1M
H.S0, and ice and the resulting mixture was saturated with
solid NaCl and twice extracted with MTBE. The combined
extracts were dried (MgSQ,), filtered and concentrated in
vacuo to afford 2.17 g (98%) of 54d as a white solid.

[0463] step 4—To a solution of 3-chloro-5-hydroxy-ben-
zonitrile (3.84 g), K,CO; powder (4.2 g) and n-butyl nitrile
was added 54d (5.57 g). The reaction mixture was heated to
reflux for 4.5 h when the reaction appeared complete by
gc/ms. The reaction mixture was cooled and poured into
water and then EtOAc was added. The resulting mixture was
allowed to stand until the layers separated. Some crystals
were present at the interface and along the walls of the upper
layer which were filtered and washed with water and hex-
anes. The filtrate was evaporated in vacuo, the residue taken
up in IPA and re-evaporated. The solid was triturated with
hexane and filtered. The mother liquor was evaporated and
the residue purified by 810, chromatography eluting with
hexane/EtOAc (80:20). The product was triturated with IPA,
filtered and washed with hexanes and the product fractions
combined to afford 1.45 g (83%) of 56a.

[0464] step S5—Trifluoroacetic anhydride (8.88, 4.231
mmol) was added to a 100 mL round bottom and stirred at
0° C. 30% Hydrogen peroxide (0.290, 8 .46 mmol) was then
added dropwise to the reaction vessel and stirred for 2 hours
at zero to produce trifluoroperacetic acid (TFPA).

[0465] To a solution of 56a (2.0, 5.64 mmol) in DCM (20
mL) stirred at 0° C. was added KH,PO, (1535 g, 112.82
mmol). To this suspension was added dropwise at 0° C. the
TFPA. The reaction was stirred for 48 h. Upon consumption
of starting material reaction mixture was cooled to 0° C., and
diluted with brine, and quenched with aqueous 10% sodium
bisulfite. The resulting mixture was extracted with DCM and
washed with brine, dried (Na,50,), filtered and the solvent
removed in vacuo to vield a yellow solid which was puritied
by 810, chromatography eluting with hexane/EtOAc (92:8)
to afford 1.8 g (94%) of 56b.

[0466] step 6—To a solution of 56b (1.8 g, 5.26 mmol) in
DMF (15 mL) was added Cs.C0O; (3.43, 10.52 mmol) and
iodomethane (.74 g, 5.26 mmol). The reaction mixture was
stirred at 85° C. for 12 h. When 56b was consumed, the
reaction mixture was cooled to RT and the cured mixture
extracted with EtOAc and the combined extracts washed
with water and brine. The EtOAc was dried (Na.S0,),
filtered and concentrated in vacuo to afford 56¢ as a yellow
oil which was used in the next step without additional
purification.

[0467] step 7—A dry 100 mL round bottom was purged
with nitrogen and charged with 56¢ (1.6 g, 4.50 mmol) and
anhydrous THF (20 mL). The mixture was cooled to =20° C.
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and a solution of s0-PtMgCLLIC] {(5.40 ml, 5.40 mol, 2M
in THEF, see step 3) was added dropwise. The reaction was
stirred for 2 h at =20° C. and a solution of CuCN LiCl (0,100
mL, 0.100 mol 1 M in THF) was added and stirred continued
at =20 C. To this mixture was added allyl bromide (1.08 g,
9.0 mmol) and the mixture stirred for an additional two h.
The reaction was quenched by addition of aqueous NH, (1.
The mixture extracted with EtOAc and washed with water
and brine. The extracts were dried (Na,S0,), filtered and the
solvent was removed in vacuo to yield a yellow oil. The
crude product was purified by SiQ, chromatography cluting
with hexane/EtQAc (95:5) to afford 1 g (70%) of 58a.

[0468] step 8—To a solution of 58a (0.100 g, 0.315
mmol), EtOAc (2 mL), MeCN (2 mL) and water (3 mL) was
added NalQ, ((.437 g, 2.050 mmol) and RuCl; (0.001 g,
(.006 mmol). When 58a was consumed, the crude mixture
was filtered through a pad of CELITE®, washed with
EtOAc and the combined EtOAc washes were washed with
brine, dried (Na,S0,) filtered and evaporated in vacuo to
afford 0.090 g (85%) of 58b as a yellow solid. extracted with
ethyl acetate, and washed with brine. The ethyl acetate was
dried over sodium sulfate and filtered. Solvent was removed
in vacuo to yield 58b as a yellow solid (0.000 g, 85%).

[0469] Steps 9 and 10 were carried as described in steps 8
and 9 of Example 1 except in step 9, 4-amino-3-methyl-
benzenesulfonamide was replaced by 4-amino-3-chloro-
benzenesulfonamide to atford 1-190.

[0470] Compound I-191 was made by a similar procedure
except in step 10 4-amino-3-chloro-benzenesulfonamide
was replaced by 4-amino-3-chloro-benzenesulfonamide

EXAMPLE 44

2 3-(2-Chloro-5-cyano-phenoxy)-5-methoxy-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-102)

[0471]

C0aMe
HOG.
—_—
step 1
OH
32
1 COaMe
O,
—_— -
step 3—step 5
CN OR

1%4a:R=H
step 2|
194b: R = OMe
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-continued
Cl

S0sNH-
CN OMe
I-102

[0472] step 1—A solution of 4-chloro-3-fluoro-benzoni-
trile (5977 g, 38.42 mmol), methyl 3,5-dihydroxy-pheny-
lacetate (7.0 g, 38.42 mmol), K.CO, (159 g,0.115 mol) and
NMP (70 mL}) was stirred and heated to 120° C. for 12 h. The
reaction mixture was cooled to RT and diluted with H,O
(150 mL), acidified with 10% aqueous HCl and twice
extracted with EtOAc. The combined organic extracts were
washed sequentially with water (6 times) and brine, dried
(Na.S0,), filtered and concentrated in vacuo. The crude
product was purified by SiQ, column chromatography elut-
ing with a EtOAc/hexane gradient (0 to 25% EtOAc) to
afford 194a.

[0473] step 2—A solution of 194a (0.500 g, 1.57 mmol),
methyl iodide {196 gL, 0.447 g, 3.15 mmol), K,CO, (0.594
£, 3.93 mmol) and NMP (5 mL) was stirred at 85° C. for 1
h. The reaction mixture was cooled to RT, diluted with H,O
(25 mL) and twice extracted with EtOAc. The combined
organic extracts were washed sequentially with water (6
times) and brine, dried {Na.S0,), filtered and concentrated
in vacuo, The crude product was purified by Si0O., column
chromatography eluting with EtQAc/hexane to afford 194b.

[0474] Steps 3 to 5 were carried out by the procedure
described in steps 7-9 of Example 1 which afforded of I-102.

[0475] Compound [-103 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-methyl-
benzenesulfonamide.

[0476] Compound I-113 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-chloro-
benzenesulfonamide.

EXAMPLE 45

2-[3-(3-Chloro-5-cyano-phenoxy)-5-methoxy-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-132)

[0477]

COsMe
HO.
step 2
NC. F
OR
P! saR=H a
32b: R=Me
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-continued
COaMe
NC .
step 3—step 5
1 OMe
34
NC. G g
L
SONH,
Cl OMe

[-132

[0478] step 1—A solution of methyl iodide (10.25 mL,
23374 g, 0.165 mol), methyl 3,5-dihydroxy-phenylacetate
(32a, 30.0 g, 0.165 mol), K.CO, (34.15 g, 0.247 mol) and
NMP (300 mL) was stirred and heated to 85° C. for 2 h. An
additional 5 mL of methyl iodide and 10 g of K,CO, was
added and stirred for an additional 2 h. The reaction mixture
was cooled to RT and diluted with H,O (150 mL), acidified
with 10% aqueous HCl and twice extracted with EtOAc. The
combined organic extracts were washed sequentially with
water (6 times) and brine, dried (Na,S0O,), filtered and
concentrated in vacuo. The crude product was purified by
$i0_ column chromatography eluting with a EtOAc/hexane
gradient (0 to 25% EtOAc) to afford 32b.

[0479] step 2—A solution of methyl 3-hydroxy-5-meth-
oxy-phenyl acetate (32b, 0.500 g, 2.55 mmol), 3-chloro-5-
fluorobenzonitrile {(0.3964 g, 2.55 mmol), K.CO, (1.057 g,
7.65 mmol) and NMP (5 mL) were stirred and heated at 120°
C. for 12 h. The reaction mixture was cooled to RT and
diluted with H,O (35 mL), adjusted to pH 11 with 1N NaQH
and twice extracted with EtOAc. The combined organic
extracts were washed sequentially with water (6 times) and
brine, dried {Na.S0,), filtered and concentrated in vacuo.
The crude product was purified by 510, column chroma-
tography eluting with a EtQAc/hexane gradient (0 to 25%
EtOAQ) to afford 34,

[0480] Steps 3 to 5 were carried out by the procedure
described in steps 7-9 of Example 1 which afforded I-132,

[0481] Compound I-133 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-methyl-
benzenesulfonamide.

[0482] Compound I-136 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-chloro-
benzenesulfonamide.
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EXAMPLE 46

23-(3-Chloro-5-cyano-phenoxy)-5-methyl-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide {I-141)

(0483]

COsMe
MeOr
step 3
—
R
26a: R=0H
tep 1 “
P I: 26a: R = OTE
i
sep2 36c: R = Me
COMe
:{e]
step S—step 7
———
Me
I: 28a:R'=H
30a: R = 3-C1-3-CN—1;H;
step 4

g
NC o) N
$0.NH;
cl Me

[-141

[0484] step 1—A solution of 26a (4.8 g, 024.46 mmol)
was dissolved in DCM (50 mL) and pyridine (3.957 mL,
3,896 g, 48.92 mmol) was added. The reaction mixture was
cooled to 0° C. and triflic anhydride (4.83 g, 7.593 g, 26.9
mmol) was added dropwise and the reaction mixture stirred
for 1 h. The cold reaction mixture was transferred to a
separatory funnel and washed quickly with ice-cold 1 N
HCY, cold saturated bicarbonate, water and brine. The result-
ing DCM solution was dried (Na,SQ,), filtered and the
volatile solvents removed in vacuo. The resulting crude
triflate 26b was used directly in step 2.

[0485] step 2—A three-neck round bottom flask was
flame-dried and flushed with Ar. The flask was charged with
Pd{dppH)YCL, (0.649 g, 7.95 mmol) and anhydrous THF (30
mL). The reaction mixture was cooled to 0° C. and
DIBAL-H was added dropwise (1.1 mL, 0.2261 g, 1.59
mmol). The reaction mixture was warmed to RT and stirred
for 1 h. A solution of 29a (522 g, 0.0159 mmol) and THF
(30 mL) was added and the resulting solution was stirred at
RT for 3 h. Me.Zn (7.95 mL, 0.159 mmol, 2.0 M solution
in toluene) was added dropwise and the reaction mixture
was stirred at 50° C. for 1 h. The reaction was carctully
quenched with a small quantity of water, filtered through a
pad of CELITE® and the solids washed thoroughly with
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EtDAc. The combined organic extracts were washed with
water and brine, dried (MgS0,) and the solvent evaporated.
The crude product was purified by SiQ, chromatography
clating with a EtQAc/hexane gradient (0 to 25% EtOAC) to
afford 26c.

[0486] step 3—The ester 26¢ (2.64 g, (0136 mmol) was
dissolved in DCM (20 mL) and the reaction mixture was
cooled to -78° C. A solution of BBr, (67.96 mL, 67.96
mmol, 1.0 M in DCM) was added dropwise. After the
addition was completed the reaction mixture was allowed to
warm to RT and stirred for 2 h, The reaction mixture was
recooled to -78° . and the reaction quenched aqueous
NaHCO, then warmed to RT and the organic phase washed
with water, saturated NaHCO,, and brine. The organic phase
was dried (Mg80,) and the solvent evaporated to afford 26a.

[0487] step 4—A solution of 28a (0.500 g, 2.77 mmol),
3-chloro-5-fluoro-benzonitrile (0.4316 g, 277 mmol),
K CO, (1.150 g, 8.32 mmol) and NMP (5 mL) was stirred
and heated for 8 h at 120° C. The reaction mixture was
cooled to RT and diluted with H,O (150 mL), acidified with
10% aqueous HCI and twice extracted with EtOAc. The
combined organic extracts were washed sequentially with
water (6 times) and brine, dried (Na,SO,), filtered and
concentrated in vacuo. The crude product was purified by
5i0, column chromatography cluting with EtOAc/hexane
gradient (0 to 25% EtOAc) to afford 30a.

[0488] Steps 5 to 7 were carried out by the procedure
described 1n steps 7-9 of Example 1 which afforded I-141.

[0489] Compound I-142 was prepared using a similar
procedure except in step 7 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-methyl-
benzenesulfonamide.

[0490] Compound I-143 was prepared using a similar
procedure except in step 7 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-chloro-
benzenesulfonamide.

[0491] Compound I-146 was prepared using a similar
procedure except in step 7 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-chloro-3-fluo-
robenzonitrile.

[0492] Compound I-147 was prepared using a similar
procedure except in step 4 of the present example, 3-chloro-
5-fluoro-benzonitrile was replaced with 4-chloro-3-fluo-
robenzonitrile and in step 7, 4-amino-benzenesulfonamide
was replaced with 4-amino-2-methyl-benzenesulfonamide.

[0493] Compound I-148 was prepared using a similar
procedure except in step 4 of the present example, 3-chloro-
5-fluoro-benzonitrile was replaced with 4-chloro-3-fluo-
robenzonitrile and in step 7, 4-amino-benzenesulfonamide
was replaced with 4-amino-2-chloro-benzenesulfonamide.

[0494] Compound I-105 was prepared using a similar
procedure except in step 2 of the present example, dimeth-
ylzinc was replaced with diethylzine to afford 26 (R=Et) and
in step 4, 3-chloro-5-fluoro-benzonitrile was replaced with
4-chloro-3-fluorobenzonitrile.

[0495] Compound I-106 was prepared using a similar
procedure except in step 2 of the present example, dimeth-
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ylzinc was replaced with diethylzine to afford 26 (R=Etf), in
step 4, 3-chloro-5-fluoro-benzonitrile was replaced with
4-chloro-3-fluorobenzonitrile and in step 7, 4-amino-benze-
nesulfonamide was replaced with 4-amino-2-methyl-benze-
nesulfonamide.

[0496] Compound I-107 was prepared using a similar
procedure except in step 2 of the present example, dimeth-
ylzinc was replaced with diethylzinc to afford 26 (R=Et), in
step 4, 3-chloro-5-fluoro-benzonitrile was replaced with
4-chloro-3-fluorobenzonitrile and in step 7, 4-amino-benze-
nesulfonamide was replaced with 4-amino-2-chloro-benze-
nesulfonamide.

EXAMPLE 47

2-[7-4(3-Cyano-phenoxy)-benzofuran-5-y1]-N-(2-
methyl-4-sulfamoyl-phenyl)-acetamide (I-145)

[0497]
COR
NC. : e
Q

te 0: 105a: R =0Et
slep
?I: 105 R=0H
step
1035c:R=Cl

step &
P I: [-45: R = NH-2-Me-4-S0,NH-—CH4

[0498] step 1—To a solution of 101a (5.0 g; 24.2 mmol,
SCHEME 14) and anhydrous DCM (75 mL) was added
sequentially acetyl chloride ((2.42 mL; 33.9 mmol) and
SnCl, (5.39 mL; 46.1 mmol; 1 M solution in DCM). The
reaction was stirred at RT for 50 minutes and poured into a
mixture of ice and 2 N HC1 (200 mL). The organic phase was
separated and diluted with about 50 mL of CH,Cl.. and thrice
washed with water (100 mL) and once with brine (100 mL).
The organic phase was dried (MgS80,), filtered and evapo-
rated to yield 101b (6.0 g) which contained about 10% of
101a. The crude product was used without further purifica-
tion.

[0499] step 2—To an ice-cold solution of 101b (6.01 g;
24.2 mmol) and DCM (100 mL) under a nitrogen atmo-
sphere was added sequentially a solution of MCPBA (11.9
g; 48.4 mmol) and DCM {12 mL) followed by TFA (2.14
mL; 27.8 mmol). The reaction mixture was stirred at RT
overnight. The reaction mixture was cooled to 0° C. and a
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5% aqueous Na.S0,; solution (150 mL) was added slowly
with stirring.

[0500] The mixture was stirred for 5 minutes after addition
was completed and precipitated m-chlorobenzoic acid was
filtered. The solid was washed with DCM and the combined
filtrates were washed with 109% NaOH (2x250 mL), 2 N HCl
{200 mL), water and brine. The resulting solution was dried
{MgS80,), filtered through a pad of CELITE and concen-
trated in vacuo to yield 101c (4.1 g).

[0501] step 3—A solution of 101¢ (10.3 g, 39.3 mmol),
EtOH (250 mL) and saturated NaHCO, (100 mL) were
heated to retlux for 1 h. The reaction mixture was cooled to
room temperature and the EtOH removed in vacuo. Ice was
added to the residue aqueous solution and the reaction
carefully acidified to about pH 2 with 2 N HC1. The resulting
mixture was extracted with EtOAc (2x300 mL) and the
combined organic phase washed with brine, dried (Na.50,),
filtered and evaporated to yield a brown oil (8.8 g). The
crude product was run through a silica gel column with 15%
EtDAc:hexane to yield 101d (544 g; 62.9%) as a white
solid.

[0502] step 4—A dry 50 mL round bottom flask was
charged with 101d (0.5 g, 2.27 mmol), 3-bromobenzonitrile
(0.620 g, 3.4 mmol), Cs.CO, (1.48 g, 4.54 mmol), Cu(T)C1
(0.112 g, 1.14 mmol), 2,2,6,6-tetramethyl-3,5-heptanedione
(50 L, 0.23 mmol) and NMP (10 mL). The reaction was
heated at 120° C. under an Ar atmosphere for 55 h. The
reaction mixture was partitioned between EtOAc and 10%
aqueous HCL The aqueous extracts were diluted with hex-
ane and the hexane solution was washed thoroughly with
water, dried (MgS0,), filtered and evaporated. The crude
product was purified by Si0. chromatography e¢luting with
20% EtOAc/hexane to atford 0.373 g of 103.

[0503] step 5—To a solution of 103 (0.350 g; 1.052 mmol)
and CCl, (15 mL) was added NBS (0.197 g; 1.104 mmol)
and AIBN (0.0035 g). The reaction was heated at reflux for
50 min, an additional 5 mg of AIBN was added and refluxing
continued for an additional 0.5 h. The reaction mixture was
cooled to RT, diluted with DCM, washed with 10%
NaHSO0,, water and brine. The resulting solution was dried,
filtered and evaporated in vacuo, The crude product was
purified by flash chromatography eluting with 5% EtOAc/
hexane to afford 0.277 g of 105a.

[0504] Steps 6 to & were carried out by the procedure
described in steps 7-9 of Example 1 except 4-amino-3-
methyl-benzenesulfonamide replaced 4-amino-benzene-
sulfonamide which I-145.

[0505] Compound I-144 was prepared using a similar
procedure except in step & of the present example, 4-amino-
2-methyl-benzenesulfonamide was replaced with 4-amino-
benzenesulfonamide.
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[0506] Compound I-149 was prepared from 107 which
was prepared by Cu(IIOAc). mediated coupling of 101d
and 3,5-dichlorobenzeneboronic acid. Conversion of 107 to
[-149 was carried out by the procedure described in steps 7-9
of Example 1 except 4-amino-3-chloro-benzenesultonamide
replaced 4-amino-benzene-sulfonamide.

EXAMPLE 48

2-[3-(3-Chloro-5-cyano-phenoxy)-4,5-dimethyl-
phenyl}-N~(2-methyl-4-sulfamoyl-phenyl)-acetamide

{1-183)
[0507]
RO
CO.EL
steps 8=10
Me
Me
196a: R=H

step 7
P sosire ne

H
N

$0NH;

M. 4]
8]
Me
1 Me

[-83

[0508] step 1—A mixture of 4-hydroxy-3-methoxypheny-
lacetic acid (20; 1.0 g; 5.49 mmol, SCHEME 2} and hex-
amethylenetetramine (0.808 g; 5.76 mmol) and TFA (7 mL)
were stirred and heated at 90° C. for 4 h. The reaction was
cooled and excess TFA removed in vacuo and 35 mL of ice
and water was added to the residue. The resulting dark
brown solution was stirred at rt for 20 min. The aqueous
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solution was extracted with Et,O (40 mL) and the extract
was dried (Na,S0,), filtered and evaporated to atford 0.70 g
of 22a (61%): ms (M+H)™=211.13; mw=210.

[0509] step 2—To a solution of 22a (4.0 g; 19.03 mmol)
in EtOH (80 mL) was added con H,SO, (1 mL). The

reaction was heated at reflux for 6 h. Approximately 80% of

the EtOH was removed in vacuo and the residue partitioned
between EtOAc/H,0 (1:1) the organic phase residue washed
with 10% NaHCO,, water (100 mL), dried (Na,50,), fil-
tered and evaporated to afford a brown oil 22b (88%): ms
(M+H)"=239.19; mw=2383.

[0510] step 3—A mixture of 22b (3.70 g; 15.53 mmol),
5% Pd/C (0.350 g), HOAc (45 mL) were shaken under a H..
atmosphere (40 psi) for 8 h. TLC showed product and the
corresponding benzyl alcohol. An additional 300 mg of Pd/C
in 25 mL HOAc was added and hydrogenation continued for
another 8 h. A second portion of (.15 g of Pd/C in HOAc (15
mL) was added and reaction continued for another 12 h. The
mixture was diluted with EtOAc and filtered through a pad
of CELITE®. The catalyst was washed with EtOAc and the
combined organic extracts dried (Na,50,) and evaporated.
The product was purified by silica gel chromatography and
eluted with CH,Cl,:hexane (4:1) to afford 2.64 g of 22¢
(75.8%).

[0511] step 4—To a solution of 22¢ {5.87 g; 26.175 mmol)
in CH.CL, cooled to 0° C. was added pyridine (3.60 mL;
44.51 mmol) followed by dropwise addition of triflic anhy-
dride (6.605 mL; 3926 mmol) over about 20 min. The
reaction was stirred at 0° C. for 3.5 h. The reaction mixture
was extracted with dilute HCI and half-saturated NaHCO,,
dried (Na,SO,) and evaporated to yield 9.41 g of 24a as a
brown oil (100%).

[0512] step 5—To a suspension of PACL(dppf) (0.650 g,
(.785 mmol) in THF (40 mL) cooled to 0° C. was added
dropwise a solution of DIBAL-H (1.0 M in PhMe; 1.57 mL;
1.57 mmol). The resulting mixture was stirred at 0° C. for 5
minutes and a solution of 24a in 5 mL of THF was added
followed by Me,Zn (23 mL; 46.0 mmol; 1.0 M in PhMe).
The mixture was stirred at 0° C. for 5 m and heated at retlux
for 2.5 h then cooled to rt for 30 m. The reaction was poured
into dilute HC1 and extracted with EtOAc (2x100 mL), dried
(Na,S50,), and evaporated. The crude product was purified
by silica gel chromatography and eluted with
CH,Cl:hexane (1:2 to 1:1 to 2:1 v/v) to yield 5.1 g (87.6%)
of 24b.

[0513] step 6—A solution of ethyl 3, 4-dimethyl-5-meth-
oxyphenylacetate (24b; 0.560 g; 2.519 mmol) and CH.Cl.
(40 mL) was cooled to =78° C. and a solution of BBr, (10.1
mL; 10.1 mmol; 1.0 M in CH,Cl,) dropwise over 10 min.
After 1 h at -78° C. the reaction was allowed to warm to rt
and stirred for 12 h. The reaction was cooled in an ice-water
bath and the reaction quenched with 15 mL of ice/water. The
aqueous phase was extracted with CH.CL.:EtQAc (3:1 v/v),
dried (Na,S0,), filtered and evaporated to yicld 24¢ (0.52 g;
99%%). ms 209.21 (M+H)".

[0514] Steps 7-10 were carried out as described in steps 6
to 9 of Example 1 except in the final step of the present
example, 4-amino-3-methyl-benzenesulfonamide replaced
4-amino-3-benzenesulfonamide.
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[0515] Compound I-182 was prepared in the same manner
except in the final step of the present example, 4-amino-3-
methyl-benzenesulfonamide was replaced with 4-amino-
benzenesulfonamide.

[0516] Compound I-184 was prepared in the same manner
except in the final step of the present example, 4-amino-3-
methyl-benzenesulfonamide was replaced with 4-amino-3-
chloro-benzenesulfonamide.

EXAMPLE 49

2 3-(2-Bromo-chloro-phenoxy)-4-isopropyl-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-26)

[0517]

COsEL

MeO. step 3
—_—

E

step 1|

R = C(=0)Me

14; R= C(Me)=CH2
step 2|
16: R= iso-Pr
CO4Et
MeOr
step 4
—_—
i-Pr
COEL
Ij) Step 5=7
i-Pr
193
H
Q. N
m \O\
i-Pr SOzNHg
Cl

[-26

[0518] step 1—To a suspension of PPh,CH,*Br~(36.29 g;
101.6 mmol) in THF (150 mL) cooled to —40° C. was added
dropwise n-Buli (40.6 mL; 1.6M in hexanes) and the
resulting solution was allowed to warm to —10° C. for 10 m
and re-cooled to —40° C, To the resulting solution was added
in one portion ethyl 4-acetyl-3-methoxyphenyvlacetate (8,
see Example 10) and the reaction mixture was stirred at 0°
C. for 30 m and warmed to 1t and stirred for an additional
2 h. The reaction mixture was diluted with hexane filtered
through a pad of CELITE® and the solids washed with
hexane:Et,O (5:1 v/v; 60 mL). The combined organic layers
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were washed with water (50 mL) and brine (50 mL), dried
(Na,SQ,), filtered and evaporated to vield a yellow oil. The
product was purified by silica gel chromatography and
eluted with CH,Cl,:hexane (50-66% DCM) to yield 9.1 g of
14.

[0519] step 2—A suspension of 14 (9.0 g; 38 41 mmol),
5% Pd/C (380 mg) in 50 mL HOAc and 50 mL EtOH was
shaken under a hydrogen atmosphere (50 psi) for 7 h. The
mixture was filtered through a pad of CELITE® and the
filtered catalyst was washed with EtQAc. The solvents were
evaporated under reduced pressure and the residue dissolved
in MTBE and carefully washed with sat’d HaHCO,, water
and brine. The resulting solution was dried {Na,S0,), fil-
tered and evaporated to yield ethyl 4-iso-propyl-3-methox-
yphenylacetate (16; 9.0 g) as a yellow oil.

[0520] step 3—A solution of 16 (3.38 g; 14.30 mmol) and
CH,Cl, (150 mL) were cooled to =78° C. and a solution of
BBr, (5.41 mL; 5722 mmol) in 130 mL of CH,CL, were
added dropwise over a 30 m period. The reaction mixture
was stirred at -78° C. for 1 h, allowed to warm to 1t for 4
h and re-cooled to -78° C. and carctully quenched with
sat’d. NaHCO; (80 mL}). The aqueous layer was exiracted
with CH.CL, (1x100 mL), EtOAec (50 mL) and the combined
aqueous layers washed with water and brine, dried (Na,S0,,)
and evaporated to yield a light brown oil. The phenol was
purified by silica gel chromatography and eluted with
CH.Cl.:hexane (3:1) to CH,CL, to CH,Cl.:EtDAc (100:4)
to yield ethyl 4-iso-propyl-3-hydroxyphenylacetate (18a;
3.0 g; 94%)

[0521] Introduction of the aryloxy linkage (step 4) was
accomplished by reacting 18a and 1-bromo-4-chloro-2-fluo-
robenzene as described in step 1 of example 17 to afford 198.
Steps 5 to 7 were carried out by the procedure described in
steps 7-9 of example 1 to afford [-26.

[0522] Compound I-27 was prepared in the same manner
except 1n the final step of the present example 2-chloro-
benzeneamine replaced 4-amino-benzenesulfonamide.

EXAMPLE 50

2-[4,5-Dibromo-3-{3-cyano-5-difluoromethyl-phe-
noxy)-2-fluoro-phenyl]-N-( 2-methyl-4-sulfamoyl-
phenyl}-acetamide (I-104)

[0523] [4,5-Dibromo-3-~(3-cyano-5-difluoromethyl-phe-
noxy)-2-fluoro-phenylJ-acetic acid ethyl ester (200} was
isolated as a byproduct in the Sandmeyer reaction used in the
preparation of 186 described in step 1 of example 40. The
dibromo compound was converted to I-104 by the procedure
described in steps 7 to 9 of example 1 except in the present
example, 4-amino-3-methyl-benzenesulfonamide replaced
4-amino-benzenesulfonamide.

EXAMPLE 51

HIV Reverse Transcriptase Assay: Intubitor 1C,,
Determination

[0524] HIV-1 RT assay was carried out in 96-well Milli-
pore MultiScreen MADVNOBS(Q plates using purified
recombinant enzyme and a poly(rA)foligo(dT), template-
primer in a total volume of 50 L. The assay constituents
were 50 mM Tris/HCL, 50 mM NaCl, 1 mM EDTA, 6 mM
MgCl,, 5 uM dTTP, 0.15 uCi[*H] dTTP, 5 pg/ml poly (rA)
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pre annealed to 2.5 pg/ml oligo (dT),, and a range of
inhibitor concentrations in a final concentration of 10%
DMSO. Reactions were initiated by adding 4 oM HIV-1 RT
and after incubation at 37° C. for 30 min, they were stopped
by the addition of 50 ul ice cold 20% TCA and allowed to
precipitate at 4° C. for 30 min. The precipitates were
collected by applying vacuum to the plate and sequentially
washing with 3200 gl of 10% TCA and 2200 gl 70%
ethanol. Finally, the plates were dried and radioactivity
counted in a Packard TopCounter after the addition of 25 gl
scintillation fluid per well. ICs, 's were calculated by plot-
ting % inhibition versus log, inhibitor concentrations.

EXAMPLE 52

Anti-Viral Assay

[0525] Anti-viral assays were carried out by the method
described by R. E. Pauwels et al. J. Virol. Merthods 1988
20(4):309-322.

TABLE 2
Compound # RT inhibition Anti-Wiral Assay
[-138 0.0045 -
[-63 0.0058 —
[-127 0.0059 —
179 0.0074 0.0004
[-83 0.0081 00009
[-109 0.0136 00013
[-180 0.0021 —
[-34 0.014 0.0004
[-140 0.021 0.0004
[-165 0.021 0.0004
[-169 0.027 10004
EXAMPLE 53

Pharmaceutical Compositions

[0526] Pharmaceutical compositions of the subject Com-
pounds for administration via several routes were prepared
as described in this Example.

Composition for Oral Administration (A)

[0527]

Ingredient T WLSWL
Active ingredient LAY
Lactose 5%
Magnesium stearate 0.5%

[0528] The ingredients are mixed and dispensed into cap-
sules containing about 100 mg each; one capsule would
approximate a total daily dosage.
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Composition for Oral Administration (B)

[0529]

[ngredient e WLIWL

=4

= =
=)

Active ingredient

i

Magnesium stearate
Crosscarmellose sodium

Lactose

=

[pe}
! =1
EOOER R

-4
= R
J|

BVF (polyvinylpyrolidine )

[0530] The ingredients are combined and granulated using
a solvent such as methanol. The formulation is then dried
and formed into tablets (containing about 20 myg of active
compound) with an appropriate tablet machine.

Composition for Oral Administration (C)

[0531]

[ngredient e WLIWL
Active compotnd 10 g
Fumaric acid 5 g
Sodium chloride 20 g
Methyl paraben 015 g
Propyl paraben 005 g
Gramulated sugar 255 g
Sorbtol (70% solution) 1285 g
Yeegum K (Vanderhilt Col) 10 g
Flavoring 0035 ml
Colorings 1.5 mg
Distilled water g5 to 100 ml

[0532] The ingredients are mixed to form a suspension for
oral administration.

Parenteral Formulation (D)

[0533]
[ngredient T wifwt,
Active ingredient 0.25 ¢
Sodium Chloride qs to make isatonic
Water for injection to 100 ml

[0534] The active ingredient is dissolved in a portion of
the water for injection. A sufficient quantity of sodium
chloride is then added with stirring to make the solution
isotonic. The solution is made up to weight with the remain-
der of the water for injection, filtered through a 0.2 micron
membrane filter and packaged under sterile conditions.
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Suppository Formulation (E)
[0535]

Ingredient %o Wwt.
Active ingredient L0%
Polysthylens glycol 1000 74.5%
Folyethylene glycol 4000 24, 5%

[0536] The ingredients are melted together and mixed on
a steam bath, and poured into molds containing 2.5 g total
weight.

Topical Formulation (F)

[0537]

[ngredients grams
Active compound 03-2
Span 60 2
Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole) 0.1
Water q.5. 100

[0538] All of the ingredients, except water, are combined
and heated to about 60° C. with stirring. A sufficient quantity
of water at about 60° ., is then added with vigorous stirring
to emulsify the ingredients, and water then added q.5. about
100 g,

[0539] The features disclosed in the foregoing description,
or the following claims, expressed in their specific forms or
in terms of a means for performing the disclosed function,
or a method or process for attaining the disclosed result, as
appropriate, may, separately, or in any combination of such
features, be utilized for realizing the invention in diverse
forms thereof.

[0540] The foregoing invention has been described in
some detail by way of illustration and example, for purposes
of clarity and understanding. It will be obvious to one of skill
in the art that changes and modifications may be practiced
within the scope of the appended claims. Therefore, it is to
be understood that the above description is intended to be
illustrative and not restrictive. The scope of the invention
should, therefore, be determined not with reference to the
above description, but should instead be determined with
reference to the following appended claims, along with the
full scope of equivalents to which such claims are entitled.

[0541] All patents, patent applications and publications
cited in this application are hereby incorporated by reference
in their entirety for all purposes to the same extent as if each
individual patent, patent application or publication were so
individually denoted.
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We claim:
1. A compound according to formula I

(1
R H

wherein
Xlis—0—;

R' and R? are (i) each independently selected from the
group consisting of hydrogen, C, . alkyl, C,
haloalkyl, C, ¢ cycloalkyl, C,  alkoxy, C, . alkylthio,
C,, alkylsulfinyl, C, 4 sulfonyl C, ¢ haloalkoxy, C,
haloa]kylthlo, halogen, amino, alkylamino, dla]ky-
lamino, aminoacyl, nitro and cyano; or, (ii) together R?
and R® are —O—CH—CH— or —0—CH.CH.—
provided that R* is not hydrogen;

R? and R* are independently selected from the group
consisting of hydrogen, C,_; alkyl, C,_ haloalkyl, C, .
alkoxy, C,_; haloalkoxy C,.¢ alkylthio, C,_ haloalky-
Ithio, halogen, amino, nitro and ¢yano;

R? is aryl substituted with one to three substituents inde-
pendently selected from the group consisting of €. 4
alkyl, C., alkenyl, C., alkynyl, —C=CCH,OH,
—(C=CCH,NMe., C,  haloalkyl, C, ; cycloalkyl, C, .
alkoxy, C, . alkylthio, C,  alkylsulfinyl, C,_ sulfonyl,
C,.s haloalkoxy, C,. 4 haloalkylthio, hydroxy, halogen,
nitro and cyano, said alkyl and said cycloalkyl are
optionally substituted with one or two substituents
independently selected from the group consisting of
alkyl, hydroxy, alkoxy, thiol, alkylthio, halogen, amino,
alkylamino, dialkylamino, amino alkyl, alkylami-
noalkyl, and dialkylamino;

Ar is a substituted phenyl ring according to formula Ila
with the proviso that R” and R™ are not both hydrogen
or if R™ is hydrogen, then R’ is chlorine:

[la

R™ is selected from the group consisting of hydrogen,
Cre alkyl, C,; haloalkyl, C,, alkoxy, C,.4
haloalkoxy, halogen and cyano;

R™ in each incidence is independently selected from
the group consisting of C,  haloalkyl, C,_, alkoxy,
C,, alkylthio, T, _; alkylsulfinyl, C, ;sulfonyl, amino
C‘1 P alkylsultonyl SOANR”*’R”b C,_, haloalkoxy,
C , haloalkylthio, hydroxy, amino, C,_s alkylamina,
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C,, dialkylamino, aminoacyl, acyl, CONR®R®,

nitro, cyano, Cis heteroalkoxy,
—X*(CH,),S(0),NR°R®,

—X3}(CH,), NHC(O)NHR’*Rg

—X (CHZ) S(O)ANRE‘R9 and

—X- (CHQ) NHCOOR',

R™ is selected from the group consisting of C,_,
heteroalkoxy, —S(0),NR*R®,
—XZCHZ(CH ),S(0),NR"R";

—X3*(CH,), NHC‘(O)NHRRRg X%CH,),CoNR"R®,

—S0,R*¥, —NR"R®, X*CH,) NR'S(0),NR"R?,

—X5 (CHZ) NHCOOR10 X°(CH2) COORw

—X°( CH2) CN, —C!R15 and C‘(—O)CHzN[(CHz)A]
XY

R® and R® (i) taken independently, one of R® and R® is
hydrogen or C,_; alkyl and the other of R® and R” is
selected from the group consisting of hydrogen,
—C(=0)R!*, —C(=0)CR¥*NH,, —(CH.),N
[(CH,).]1,0, COCO.Me, C,, cycloalkyl said
cycloalkyl optionally substituted with one or two
hydroxyl substituents, pyranyl, C,_, alkyl and aryl said
alkyl and said aryl groups optionally substituted with
one or two substituents independently selected from the
group consisting of hydroxy, C, ; alkoxy, thiol, C,_,
alkylthio, C, 4 alkylsulfinyl, C,_, sulfonyl, and halogen,
or, (i) R® and R® taken together are (CH.),—X°—
(CH,)., —(CH,),— or (CH,) S(0),— optionally sub-
stituted with one or two substituents selected from the
group consisting of halogen, hydroxyl and NR'*R*®;

R'%is C,_, alkyl;

R is hydrogen or C,_; alkyl;

R'* and R™" are independently R,

R*? is the sidechain of a naturally occurring ¢-amino acid,

R™ is C,, akyl —{(CH,).CO.R", —(CH.),CN,
—(CH.),NH,, —(CH,),OH;

R™ is C,_,o alkyl, —(CH.),NHR'*R"®, (CH,),0R",
—CH,CH(OH)CH,, CH.N[(CH.),).0,

—(CH,).CO.R!!, optionally substituted phenyl or
pyridinyl;

R'% is C,_ 4 alkyl substituted with one to three hydroxyl
groups;

X* is —O— or a bond,

X* is —O0— or —NMe-;

X% is —0—, —8(0),— or NR";

X% is O— or —S(0),—

m is an integer from O to 2;

n is an integer from O to 2;

o is an integer from 4 to 6;

p is an integer from O to 6;

r is an integer from 3 to 4

s is an integer from 1 to 2;

u is an integer from 2 to 3;

v is an integer from 2 to 6; and,
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hydrates, solvates, and acid addition salts or salts of the
conjugate base thereof.
2. A compound according to claim 1 wherein:

X? is a bond;
R? is hydrogen or halogen;
R* is hydrogen, halogen or C,_ alkyl; and,

m 1s (.
3. A compound according to claim 2 wherein:

R and R are each independently selected from the group
consisting of hydrogen, C,_; alkyl, C,_, haloalkyl, C, .
alkoxy, C, ; haloalkoxy, halogen, amino, nitro and
<yano;

R? is hydrogen or fluoro;
R* is hydrogen, fluoro, chloro, bromo, C,_; alkyl; and,

R*® is phenyl substituted with 1 to 3 groups indepen-
dently selected from the group consisting of halogen,
cyano, C, . alkyl, C, ; cycloalkyl and C,  haloalkyl.

4. A compound according to claim 3 wherein:

R!is C, 4 alkyl, C,_ alkoxy, C,_. haloalkyl, amino, nitro
or halogen; and,

R? and R* are independently hydrogen, fluoro, chloro,

bromo or C,_ alkyl.

5. A compound according to claim 4 wherein R is
—S(0)NR*R” or —X?*CH,(CH,),S(0).NR*R”.

6. A compound according to claim 4 wherein R™ is
chloro.

7. A compound according to claim 4 wherein R® is
2. 4-disubstituted phenyl, 2,5-disubstituted phenyl, 3,5-dis-
ubstituted phenyl or 2,3,5-trisubstituted phenyl.

8. A compound according to claim 4 wherein R® is
2 A-disubstituted phenyl and R™ is —S(Q).NR"R® or
—X*CH,(CH,),S(0),NR°R",

9. A compound according to claim 4 wherein R® is
2,5-disubstituted phenyl and R™ is —S(Q),NR*R® or
—X*CH,(CH,),S(0),NR°R".

10. A compound according to claim 4 wherein R® is
3,5-disubstituted phenyl and R™ is —S(0).NR"R® or
—X2CH2(CH2)PS(O)2NR3R9.

11. A compound according to claim 4 wherein R® is
2,3,5-trisubstituted phenyl and R™ is —S(0)L.NR®*R® or
—X*CH,(CH,),S(0),NR°R".

12. A compound according to claim 7 wherein R is
—S(OyNR"R” or —X*CH,(CH,),S(0),NR°R", R* is
hydrogen and R® is hydrogen, C(=O)R™ or
—C(=0)R"*NH..

13. A compound according to claim 12 wherein R” is
—(=0)R " and R™ is C,_,, alkyl.

14. A compound according to claim 12 wherein the
compound is selected from the group consisting of:

2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl }N-{2-chloro-4-sulfamoyl-phenyl)-acetamide;

2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl }-N-{2-chloro-4-propionylsulfamoyl-phenyl)-
acetamide; sodium salt;

2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-methyl-
phenyl }N-{2-chloro-4-sulfamoyl-phenyl)-acetamide;
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2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-acetamide;

2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-chloro-4-propionylsultamoyl-phenyl)-
acetamide; sodium salt,

N-(4-Butyrylsulfamoyl-2-chloro-phenyl)-2{ 4-chloro-3-

(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-aceta-
mide; sodium salt;

N-[4~(5)-2-Amino-3-methyl-butyrylsulfamoyl)-2-chloro-
phenyl]-2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl]-acetamide; sodium salt;

N-(2-Chloro-4-sulfamoyl-phenyl)-2{ 3-(3-cyano-5-dif -
luoromethyl-phenoxy)-4-ethyl-2-fluoro-phenyl]-aceta-
mide;

2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-4-ethyl-2-
fluoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-ac-
ctamide;

2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-acetamide;

2-[4-Bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
fluoro-phenyl]-N-(2-methyl-4-sul famoyl-phenyl)-ac-
ctamide;

2-[4-Bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
fluoro-pheny1]-N-(2-chloro-4-sulfamoyl-phenyl}-ac-
ctamide;

2-[4-Chloro-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
fluoro-phenyl]-N-(2-methyl-4-sul famoyl-phenyl)-ac-
etamide;

2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-methoxy-
phenyl]-N-(2-chloro-4-sul famoyl-phenyl)-acetamide;

2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro-4-methoxy-
phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-acetamide;
and,

2-[3-(3-Chloro-cyano-phenoxy)-2-fluoro-4-methyl-phe-
nyl]-N-(2-chloro-4-propionylsulfamoyl-phenyl)-aceta-
mide; sodium salt.

15. A compound according to claim 1 wherein:

Xis 0

R? is hydrogen or halogen;

R* is hydrogen, halogen or C,_, alkyl;
pis 1to 6; and,

m 1s 0.
16. A compound according to claim 15 wherein:

R! and R? are each independently selected from the group
consisting of hydrogen, C,_, alkyl, C, . haloalkyl, C,_,
alkoxy, C,; haloalkoxy, halogen, amino, nitro and
cyano;

R? is hydrogen or fluoro;
R* is hydrogen, fluoro, chloro, C,_ alkyl and,

R? is phenyl substituted with 1 to 3 groups independently
selected from the group consisting of halogen, cyano,
C,, akkyl, C, ; cycloalkyl and C,_; haloalkyl.

86



US 2005/0239881 Al Oct. 27, 2005
60

17. A compound according to claim 16 wherein R® is 19. A compound according to claim 18 wherein R™ is

2 A-disubstituted phenyl, 2,5-disubstituted phenyl, 3,5-dis- —S(OFNR*R® or —X2CH.(CH,) S(O)L,NR*R®, R® is

ubstituted phenyl or 2,3,5-trisubstituted phenyl. hydrogen and R® s Ilydrog:an Q=O0)R™ or

18. A compound according to claim 17 wherein R® is
substituted with 2 to 3 groups independently selected from
the group consisting of halogen, cvano, C, . alkyl, C,
cycloalkyl and C, 4 haloalkyl. LI I I

—C(=O0)R'*NH.,.
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METHODS FOR TREATING RETROVIRAL
INFECTIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Ser. No. 60/565,116 filed Apr. 23, 2004 and which is
hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention relates to the field of antiviral
therapy and, in particular, to non-nucleoside compounds that
inhibit HIV reverse transcriptase and are useful for treating
Human Immunodeficiency Virus (HIV) mediated diseases.
The invention provides novel N-phenyl phenylacetamide
compounds according to formula I, for treatment or prophy-
laxis of HIV mediated diseases, ADS or ARC, employing
said compounds in monotherapy or in combination therapy.

BACKGROUND OF THE INVENTION

[0003] The human immunodeficiency virus HIV is the
causative agent of acquired immunodeficiency syndrome
{AIDS), a disease characterized by the destruction of the
immune system, particularly of the CD4* T-cell, with atten-
dant susceptibility to opportunistic infections. HIV infection
is also associated with a precursor AlDs-related complex
{ARC), a syndrome characterized by symptoms such as
persistent generalized lymphadenopathy, fever and weight
loss.

[0004] In common with other retroviruses, the HIV
genome encodes protein precursors known as gag and
gag-pol which are processed by the viral protease to afford
the protease, reverse transcriptase (RT), endonuclease/inte-
grase and mature structural proteins of the virus core.
Interruption of this processing prevents the production of
normally infectious virus. Considerable efforts have been
directed towards the control of HIV by inhibition of virally
encoded enzymes.

[0005] Currently available chemotherapy targets two cru-
cial viral enzymes: HIV protease and HIV reverse tran-
scriptase. (J. 8. G. Montaner et al. Antirerroviral therapy:
‘the state of the art’ Biomed & Pharmacother. 1999 53:63-
72; R. W. Shafer and D. A. Vuitton, Highly active retroviral
therapy (HAARTYor the treatment of infection with human
immunodeficiency virus tvpe, Biomed. & Pharmacother
1999 53 :73-86; E. De Clercq, New Developments in Anti-
HIV Chemotherap. Carr: Med. Chem. 2001 8:1543-1572).
Two general classes of RTI inhibitors have been identified:
nucleoside reverse transcriptase inhibitors {(NRTI) and non-
nucleoside reverse transcriptase inhibitors.

[0006] NRTIs typically are 2',3"-dideoxynucleoside {(ddN)
analogs which must be phosphorylated prior to interacting
with viral RT. The corresponding triphosphates function as
competitive inhibitors or alternative substrates for viral RT.
After incorporation into nucleic acids the nucleoside analogs
terminate the chain elongation process. HIV reverse tran-
scriptase has DNA editing capabilities which enable resis-
tant strains to overcome the blockade by cleaving the
nucleoside analog and continuing the elongation. Currently
clinically used NRTIs include zidovudine (AZT), didanosine
{ddI}, zalcitabine {ddC), stavudine (d4T), lamivudine (3TC)
and tenofovir (PMPA).
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[0007] NNRTIs were first discovered in 1989. NNRTI are
allosteric inhibitors which bind reversibly at a nonsubstrate-
binding site on the HIV reverse transcriptase thereby alter-
ing the shape of the active site or blocking polymerase
activity (R. W. Buckheit, Ir., Non-nucleoside reverse rran-
scriptase inhibitors. perspeciives for novel therapeutic com-
pounds and strategies for treatment of HIV infection, Expert
Opin. Investig. Drugs 2001 10(8):1423-1442; E. De Clercq
The role of non-nucleoside reverse transcriptase inhibitors
(NNRTIS) in the therapy of HIV infecrion, Amiviral Res.
1998 38:153-179, E. De Clercq New Developments in Anti-
HIV  Chemotherapy, Cuarrent medicinal Chem. 2001
8{13):1543-1572; G. Moyle, The Emerging Roles of Non-
Nucleoside Reverse Transcriptase Inhibitors in Anriviral
Therapy, Drugs 2001 61 (1):19-26). Although over thirty
structural classes of NNRTIs have been identified in the
laboratory, only three compounds have been approved for
HIV therapy: efavirenz, nevirapine and delavirdine.

[0008] Initially viewed as a promising class of com-
pounds, in vitro and in vivo studies quickly revealed the
NNRTIs presented a low barrier to the emergence of drug
resistant HI'V strains and class-specific toxicity. Drug resis-
tance frequently develops with only a single point mutation
in the RT. While combination therapy with NRTIs, PIs and
NNRTIs has, in many cases, dramatically lowered viral
loads and slowed disease progression, significant therapeutic
problems remain. (R. M. Gulick, Eur: Soc. Clin. Microbiol.
and Inf. Dis. 2003 9(3):186-193) The cocktails are not
effective in all patients, potentially severe adverse reactions
often occur and the rapidly reproducing HIV virus has
proven adroit at creating mutant drug-resistant variants of
wild type protease and reverse transcriptase, There remains
a need for safer drugs with activity against wild type and
commonly occurring resistant strains of HIV.

[0009] Certain N-phenyl phenylacetamide compounds
have been found to have a varety of pharmacological
properties.

[0010] US 20030187068 (H. Miyachi et al.) discloses
N-phenyl phenvlacetamide compounds which are peroxi-
some proliferators-activated receptor (PPARc) ligands.

[0011] US 20030220241 (D. Defoe-Jones et al.} disclose
N-phenyl phenylacetamide compounds use to prepare pro-
tein conjugates with a prenyl protein transferase which are
cleaved by prostate-specific antigen and are useful for
treating cancer. W09917777 (J. 8. Desolms et al.) teach
prenyl protein transferase compounds which include N-phe-
nyl phenylacetamides.

[0012] N-(substituted)phenyl  3-phenoxy-phenylaceta-
mide compounds have been disclosed in WOQ1/21596 (A.
A Mortlock et al )as inhibitors of aurora 2 kinase which are
potentially useful in the treatment of proliferative diseases.

[0013] N-phenyl  3-(substituted)phenoxy-phenylaceta-
mide compounds have be disclosed in WO2000059930 as
inhibitors of prenyl protein transferase.

[0014] N-(substituted)phenyl  3-phenoxy-phenylaceta-
mide compounds have been disclosed in US 2003011435
(K. Tani et al)} as EP4 receptor antagonists which are
potentially useful in the suppression of TNF-c production
and induction of IL-10 production.

[0015] Benzanilide compounds have been disclosed in
WOU965874 (Y. Ohtake et al.) as vasopressin antagonists.
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[0016] N-phenyl phenylacetamide compounds 1 wherein
R’ can be substituted aryl, X* can be O, n can be 0, R* and
R? can be hydrogen have been disclosed in W09315043 (T.
Qe et al.) as acetyl CoA cholesterol O-acyltransterase inhibi-
tors usetul for reducing blood lipid levels and for treating
arteriosclerosis.

(1)

R6
O =
RZ
(CHa, P
xni\ N SN \,ﬁ'\RT
"\/ 2 R' R R®
R3

[0017] N-Phenyl phenylacetamides have also been used as
synthetic intermediates for the preparation of pharmacologi-
cally active compounds. N-(2-carboalkoxy-5-chloro-phe-
nyl) phenylacetamides (A. Kreimeyer et al., J. Med Chem.
1999 42:43044404; 1. J. Kulagowski et al., J. Med. Chen.
1994 37:1402-1405 K. Ackermann et al., WO 97/26244),
N-(2-cyano-5-chloro-phenyl) phenylacetamides (M. Row-
ley et al., J. Med. Chem. 1997 40:4053-4008; R. W. Carling
et al., J. Med Chent., 1997 400:754-765 and N-+(Z-nitrophe-
nyl) phenylacetamides (J. F. W. Keana et al., WO 96/22990)
have been disclosed and utilized as intermediates for the
synthesis of ligands for the glycine site on the N-methyl-
D-aspartate (NMDA) receptor. NMDA ligands have been
investigated for treating CNS disorders thought to be related
neuronal death caused by over-stimulation of the post syn-
aptic receptor sensitive to N-methyl-D-aspartic acid. Such
disorders include Alzheimer’s disease, epilepsy and cerebral
ischemia. These compounds and indications are unrelated to
the present invention.

[0018] 2-Benzoyl phenyl-N-[phenyl]-acetamide com-
pounds 2a and 2b have been shown to inhibit HIV-1 reverse
transcriptase (P G. Wyatt et al, J Med Chent. 1995
38(10):1657-1665). Further screening identified related
compounds, e.g. 2-benzoyl phenyloxy-N-[phenyl]-aceta-
mide, 3a, and a sulfonamide derivative 3b which also
inhibited reverse transcriptase (J. H. Chan et al, J. Med
Chem. 2004 47(5): 1175-1182; C. L. Webster et al., W0O01/
17982).

R O{CHa ) NMes

Cl
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-continued

NHR
Cl

Ja: R = CHx

Me
iR = CH;A@*SOﬂH;

SUMMARY OF THE INVENTION

[0019] The present invention related to methods for treat-
ing an HIV infection and the treatment of AIDS and/or ARC
using compounds according to formula I. HIV undergoes
facile mutations of its genetic code resulting in strains with
reduced susceptibility to therapy with current therapeutic
options. The invention also relates to methods of treating
HIV infections resistant to, or with reduced susceptibility to,
currently available non-nucleoside reverse transcriptase
inhibitors. The present invention further relates to com-
pounds of formula I which are useful in mono therapy or
combination therapy with other anti-viral agents. The
present invention further relates to new pharmaceutical
compositions for treating HIV containing compounds
according to formula [:

R4 Rl]c ([)

[0020] wherein

[(021] X' is selected from the group consisting of
—0—, —8—, —CH,—, —C{0)—;

[0022] R? and RZ are (i) each independently selected
from the group consisting of hydrogen, C, .alkyl,
C, shaloalkyl, C, seycloalkyl, C,_.alkoxy, C, .alky-
Ithio, C,salkylsulfinyl, C, gsulfonyl, C, ;ha-
loalkoxy, C,. chaloalkylthio, halogen, amino, alky-
lamino, dialkylamino, acylamino, nitro and cyano;
or, (ii) together R* and R= are —O0—CH=—CH— or
—O0—CH,CH.—

[023] R?and R* are independently selected from the
group consisting of hydrogen, C,., alkyl, C,,
haloalkyl, C,_,; alkoxy, C,_; haloalkoxy C,_ , alky-
Ithio, C, . haloalkylthio, halogen, amino, nitro and
cyano;
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[0024] R® is selected from the group consisting of
C , alkyl, C, ¢ haloalkyl, C;¢ cycloalkyl, aryl or
heteroaryl selected from the group consisting of
pyndinyl, N-hydroxypyrnidine, pyrimidinyl, indole,
pyrazinyl and pyrrolyl; wherein, said aryl and said
heteroaryl are optionally substituted with one to
three substitucnts independently selected from the
group consisting of C,.¢ alkyl, C, . alkenyl, C..¢
alkynyl, —C=CCH.OH, —CsCCH,NMe,, C,
haloalkyl, C, 4 cycloalkyl, C, .alkoxy, C, ; alky-
Ithio, C,, alkylsulfinyl, C, . sulfonyl, C,
haloalkoxy, C,.; haloalkylthio, hydroxy, halogen,
amino, C, . alkylamino, C,  dialkylamino, acy-
lamino, acyl, C,_; alkoxycarbonyl, carbamoyl, C, .
N-alkylcarbamoyl, C,_; N ,N-dialkylcarbamoyl, nitro
and cyano, said alkyl and said cycloalkyl are option-
ally substituted with one or two substituents inde-
pendently selected from the group consisting of
alkyl, hydroxy, alkoxy, thiol, alkylthio, halogen,
amino, alkylamino, dialkylamino, amino alkyl, alky-
laminoalkyl, and dialkylamino,

[0025] Ar is (i) phenyl optionally substituted with
1 to 3 substituents independently selected each
incidence is from the group consisting of C, 4
alkyl, C,_, cycloalkyl, C, . haloalkyl, C, . alkoxy,
C,_ haloalkoxy, halogen, cyano, C, . alkylthio,
C,, alkylsulfinyl, €,  sulfonyl, amino C,  alkyl-
sulfonyl C,.s haloalkoxy, C, _, haloalkylthio, C, .
acyl, nitro, C,.¢ heteroalkyl, C, s heteroalkoxy,
hydroxyl, —X*(CH,),5(0),NR"R";
—(CHy), COORY,

—X- (CHZ) NHC(O)NHRBR9
"(CHZ) CONRR® —SO,RY,
Xi(CH,), I'NIR“S(O)ZI'\IRE"Rg

—XZ(CHz) NHCOOR', —X%CH,),COOR™,

—X- (CHZ) CN, —OR15 and C(—O)CHzN

[(CH,). ]2X or,

—NR&‘RQa,

[0026] (i1) a heteroaryl ring selected from the
group consisting of pyridinyl, pyrazolyl and
triazolyl said heteroaryl ring optionally substi-
tuted with one to threc substituents sclected
from the group consisting of C, ; alkyl, C, 4
alkoxy, C,_, alkylthio, halogen, C, . aminoacyl
and NR**R";

[0027] R® and R® (i) taken independently, one of R®
and R? is hydrogen or C,_ alkyl and the other of R®
and R® is selected from the group consisting of
hydrogen, —C(=O0R", —C(=0)YCHR'NH,,
—(CH,).N[(CH,).],0, COCO.Me, C,_ . cycloalkyl
said cycloalkyl optionally substituted with one or
two hydroxyl substituents, pyranyl, C, . alkyl and
aryl said alkyl and said aryl groups optionally sub-
stituted with one or two substituents independently
selected from the group consisting of hydroxy, C, .
alkoxy, thiol, C, , alkylthio, C, . alkylsulfinyl, C, .
sulfonyl, and halogen; or, (ii) R® and R® taken
together are (CH,).—X"—(CH,). or —(CH.),—
optionally substituted with one or two substituents
selected from the group consisting of halogen,
hydroxyl and NR***R**;

[0028] R® and R® (i) taken independently are
selected from the group consisting of hydrogen, C,
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alkyl, C(=0)CO,R™ and SO.R, or (ii) taken
together are (CH.),S0;, (CH,).5(0),(CH.),;

[0029] R s C, . alkyl;
[0030] R is hydrogen or C,_ alkyl;
[0031] R, RY" and R are independently RY;

[(032] R'? is the side chain of a naturally occurring
ct-amino acid,

[(033] R™ s C,, alkyl; —(CH,),CO,RY,
—(CH,).CN, —CH,),NH., —(CH,),OH;

[0034] R is C, alkyl, —(CH,) NHR™R",
(CH.).OR™, —CH.CH(OH)CH,, CH,N[(CH,).]
50, —(CH.),CO,R", optionally substituted phenyl
or pyridinyl;

[0035] R is C,_, alkyl optionally substituted with
one to three hydroxyl groups;

[0036] X°is —O— or a bond;
[0037] X'is —O— or —NMe—;
[0038] X°is —O—, —S(0),—or NR1;
[0(039] X% is O— or —S(0),—;
[40] n is an integer from O to 2;
[W41] o is an integer from 4 to 6;
[0042] p is an integer from O to 6;
[0043] ris an integer from 3 to 4
[W44] s is an integer from 1 to 2;
[W45] wu is an integer from 2 to 3; and,
[0046] hydrates, solvates and salts thereof

DETAILED DESCRIPTION OF THE
INVENTION

[0047] Inone embodiment of the present invention there is
provided a method for treating an HIV infection, or pre-
venting an HIV infection, or treating AIDS or ARC, com-
prising administering to a host in need thereof a therapeu-
tically effective amount of a compound of formula I wherein
Rl, RZ, RS, Rsl, Rﬁ, RB, RBa, RQ, Rga, RIO, Rll, Rlla. Rllb,
Rllc, RI‘Z, R13, R14, R]S, AI, Xl, X‘Z, X4, XS, Xﬁ, n,o, p, r,
s and u are as defined herein above; and, hydrates, solvates
and salts thereof.

[0048] Inoneembodiment of the present invention there is
provided a method for treating an HIV infection, or treating
AIDS or ARC, comprising administering to a host in need
thereof a therapeutically effective amount of a compound of
formula [ wherein R?, R%, R?, R?, R®, R¥, R®* R® R™ R'°,
Rll, R]la’ Rllb, Rllc’Rl‘Z’ R13’ R14, RIS, A.r, Xl, XQ’ X4, XS’
X% n,0,p, 1, s and u are as defined herein above; and
hydrates, solvates and salts thereof.

[0049] 1In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comprising administering to a host in
need thereof a therapeutically effective amount of a com-
pound of formula I wherein X' is O and X* is a bond; R” is
hydrogen or halogen; R* is hydrogen, halogen or C,_, alkyl;
R® is optionally substituted aryl; R is hydrogen; p is (;
flnd, Rl, RQ, RB, RBa, RQ, Rga, RIO, Rll, Rlla, Rllb, RI‘Z,
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R R™ R Ar X% X5, X% n, 0,1, s and u are as defined
herein above; and hydrates, solvates and salts thercof.

[0050] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comprising administering to a host in
need thereof a therapeutically effective amount of a com-
pound of formula I wherein X" is O and X2 is a bond; Ar is
optionally substituted aryl; R* and R are each independently
hydrogen, C,_; alkyl, C, ; haloalkyl, C, ¢ cycloalkyl, C, 4
alkoxy, C,. 4 haloalkoxy, C,_; haloalkylthio, halogen, nitro
and cyano; R? is hydrogen or fluoro; R* is hydrogen, fluoro,
chloro or C,_, alkyl; R® is optionally substituted aryl; R''® is
hydrogen; p is 0; and, R®, R®*, R®, R®*, R'°, R", R, R"'®,
R'Z, R, R™, R, X', X* X% n, 0,1, s and u are as defined
herein above; and, hydrates, solvates and salts thereof.

[0051] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comprising administering to a host in
need thereof a therapeutically effective amount of a com-
pound of formula I wherein X" is O and X? is a bond; Ar is
optionally substituted aryl; R* and R? are each independently
hydrogen, C,_,; alkyl, C, 4 haloalkyl, C, . eycloalkyl, C,
alkoxy, C, ; haloalkoxy, C,_, haloalkylthio, halogen, nitro
and cyano; R? is hydrogen or fluoro; R* is hydrogen, fluoro,
chloro or C, 4 alkyl; R® is 24-disubstituted phenyl, 2,5-
disubstituted phenyl, 3,5-disubstituted phenyl or 2,3,5-
trisubstituted phenyl; RY!¢ is hydrogen; p is 0; and, R®, R®,
RQ, Rga, RIO, Rll, Rlla, Rllb, Rlﬁ, R13, R14, RIS, X4, XS, X(:i,
0, 0, 1, 5 and u are as defined herein above, and, hydrates,
solvates and salts thereof.

[0052] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comprising administering to a host in
need thereof a therapeutically effective amount of a com-
pound of formula I wherein X" is O and X2 is a bond; Ar is
optionally substituted aryl; R' is chloro, bromo, C, . alkyl or
C,.; alkoxy, R? is hydrogen, C,_; alkyl or bromo,, R® is H,
R* is hydrogen or fluoro; R® is 2,4-disubstituted phenyl,
2,5-disubstituted phenyl, 3,5-disubstituted phenyl or 2,3,5-
trisubstituted phenyl optionally substituted in each incidence

with a substituents selected from the group consisting of

halogen, cyano, C, ; alkyl, C,_,; haloalkyl; Ar is phenyl
substituted according to formula 11

{10y

R*

[0053] wherein R' is hydrogen C, alkyl, or chloro and
R is hydrogen, X® (CH,),5(0), NR3R”, X is a bond; R1*¢ is
hydrogen; p is 0; n is 2; "and, R®, R®, R11 R, Rllb R'%,
R™X% 1, o, r, sanduare as defined herein above; and,
hydrates, solvates and salts thereof.

[0054] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comprising administering to a host in
need thereof a therapeutically effective amount of a com-
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pound of formula I wherein X" is O and x* is a bond; Ar is
optionally substituted aryl; R is chloro, bromo, C,_, alkyl or
C,.q alkoxy, R is hydrogen, C,_, alkyl or bromo,, R is H,
R* is hydrogen or fluoro; R? is 2,4-disubstituted phenyl,
3, 5-disubstituted phenyl, 3,5-disubstituted phenyl or 2,3,5-
trisubstituted phenyl optionally substituted in each incidence
with a substituents selected from the group consisting of
halogen, cyano, C,_, alkyl, C, _; haloalkyl; R™¢ is hydrogen;
Ar is phenyl substituted according to formula II; R?! is
hydrogen C, . alkyl, or chloro and R is hydrogen,
X*(CH,),S(0),NR*R’, R® is hydrogen, R® is hydrogcn,
(—O)R or O(=0)R**NH,; R is Cy alkyl, X* is a
bond; p is 0; n is 2; and, R" is as defined herein above.

[0055] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comprising administering to a host in
need thereof a therapeutically effective amount of a com-
pound of formula I wherein X* and X are O; R is hydrogen
or halogen; R* is hydrogen, halogen or C,_, alkyl; R” is
optionally substituted aryl; RY!¢ is hydrogen; pis 1 to 6; and,
Rl, RQ, RS, RSa, RQ, Rga, RIO, Rll, Rlla, Rllb, Rlﬁ, RIB, R14,
R, Ar, X', X%, X%, n, 0, 1, s and u are as defined herein
above.

[0056] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comprising administering to a host in
need thereof a therapeutically effective amount of a com-
pound selected from the group consisting of:

[0057] 2-{4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl]-N-(2-chloro4-sulfamoyl-phenyl)-aceta-
mide;

[0058] 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl]-N-(2-chloro4-propionylsulfamoyl-phe-
nyl)-acetamide; sodium salt;

[0059] 2{3-(3-chloro-5-cyano-phenoxy)-2-fluorod-
methyl-phenyl]-N-(2-chloro4-sulfamoyl-phenyl)-ac-
etamide;

[0060] 2-{4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl]-N-(2-chloro4-sulfamoyl-phenyl)-aceta-
mide;

[0061] 2-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl]-N-(2-chlorod-propionylsulfamoyl-phe-
nyl)-acetamide; sodium salt;

[0062] N-(4-butyrylsulfamoyl-2-chloro-phenyl)-2-[4-
chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phe-
nyl]-acetamide; sodium salt;

[0063] N{4-((S)-2-amino-3-methyl-butyrylsulfamoyl)-
2-chloro-phenyl J-2{4-chloro-3~(3-chloro-5-cyano-
phenoxy)-2-fluoro-phenyl]-acetamide; sodium salt;

[0064] N+2-chlorod-sulfamoyl-phenyl)-2{3+(3-cyano-
5-difluoromethyl-phenoxy-cthyl-2-fluoro-phenyl -
acetamide;

[0065] 2{3-(3-cyano-5-difluoromethyl-phenoxy)4-
ethyl-2-fluoro-phenyl]-N-( 2-methyl4-sulfamoyl-phe-
nyl}-acetamide;

[0066] 2-{4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl]-N-(2-methyl4-sulfamoyl-phenyl)-ac-
etamide;
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[0067] 2-[4-bromo-3-(3-cyano-5-diftuoromethyl-phe-
noxy)-2-fluoro-phenyl]-N-(2-methyl4-sulfamoyl-phe-
nyl)-acetamide,

[068] 2-[4-bromo-3-(3-cyano-5-diftuoromethyl-phe-
noxy)-2-fluoro-phenyl]-N-(2-chloro4-sulfamoyl-30
phenyl)-acetamide;

[069] 2-[4-chloro-3-(3-cyano-5-difluoromethyl-phe-
noxy)-2-fluoro-phenyl]-N-(2-methyl4-sulfamoyl-phe-
nyl)-acetamide;

[(07¢] 2-[3-3-chloro-5-cyano-phenoxy)-2-fluorod-
methoxy-phenyl]-N-(2-chloro4-sulfamoyl-phenyl)-ac-
etamide;

[0071] 2-[3-{3-chloro-5-cyano-phenoxy)-2-fluorod-
methoxy-phenyl]-N-(2-methyl4-sulfamoyl-phenyl)-ac-
etamide; and,

[0072] 2-[3-{3-chloro-5-cyano-phenoxy)-2-fluorod-
methyl-phenyl]-N-(2-chlorod-proplonylsulfamoyl-
phenyl}-acetamide; sodium salt;

[0073] wherein in each case the compound can either be a
salt or a neutral form of the above.

[0074] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comyprising co-administering to a
host in need thereof a therapeutically effective amount of a
compound of formula I wherein R, R%, R, R*, R®, R® R®,
RQ’ Rga’ RIO, Rll, Rlla, Rllb, Rllc, RI‘Z, R13, R14, R]S’ Al',
XL X35 XY X5, %% 0,0, p, 1, s and u are as defined herein
above and at least one compound selected from the group
consisting of HIV protease inhibitors, nucleoside reverse
transcriptase inhibitors, non-nucleoside reverse transcriptase
inhibitors, CCR5 antagonists and viral fusion inhibitors.

[0075] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, comyprising co-administering to a
host in need thereof a therapeutically effective amount of a
compound of formula I wherein R*, R®, R, R®, R®, R®, R®®,
RQ, Rga, RIO, Rll, Rlla, Rllb, R]lc, Rlﬁ, R13, R14, RIS,AI, Xl,
X2, X% X5, X% n,0,p, 1,5 and u are as defined herein above
and reverse transcriptase inhibitor is selected from the group
consisting of zidovudine, lamivudine, didanosine, zalcitab-
ing, stavudine, rescriptor, sustiva, viramune, efavirenz, nevi-
rapine or delavirdine and/or the protease inhibitor is selected
from the group consisting of saquinavir, ritonavir, nelfinavir,
indinavir, amprenavir, lopinavir

[0076] In another embodiment of the present invention
there is provided a method for inhibiting HIV reverse
franscriptase comprising administering to a host in need
thereof a therapeutically effective amount of a compound of
formula I wherein R*, R%, R?, RY, R%, R®, R®™, R®, R®*, R'°,
Rll, Rlla, Rllb, RIIC,RIZ, RIS, R14, RIS, Al', Xl, XZ’ X4, XS,
X% n, 0,p, r, s and u are as defined herein above

[0077] In another embodiment of the present invention
there is provided a method for inhibiting HIV reverse
franscriptase containing at least one mutation compared to
wild type virus comprising co-administering to a host in
need thereof a therapeutically effective amount of a com-
pound of formula I wherein R, R*, R®, R*, R®, R®, R, R®,
RQa, RIO, Rll, Rlla, Rllb, Rllc,RIZ, RIS, R14, RIS, Al', Xl, XZ,
X, X5, X% n, 0,p, 1, s and u are as defined herein above

Oct. 27, 2005

[0078] In another embodiment of the present invention
there is provided a method for treating an HIV infection, or
treating AIDS or ARC, caused by a strain of HIV with
reduced sensitivity to therapy with efavirenz, nevirapine or
delavirdine comprising co-administering to a host in need
thereof a therapeutically effective amount of a compound of
formula I wherein R*, R*, R, R®, R®, R®, R®™, R", R**, R'",
R“, Rlla, Rllh’ R”c, Rl:, R13, RM, RIS’ Ar, Xl’ XZ, Xd, XS,
X% m, 0,p, 1, s and u are as defined herein above

[0079] In another embodiment of the present invention
there is provided a pharmaceutical composition for treating
an HIV infection, or treating AIDS or ARC, compnsing a
compound of formula I wherein R*, R, R*, R*, R®, R®, R®,
RQ, Rga, RIO, Rll, Rlla, Rllb, RIIC,RIZ, RIS, R14, RIS,AI', Xl,
X%, X4, X5, X% n,0,p, r,s and u are as defined herein above
admixed with at least one pharmacentically acceptable car-
rier, diluent or excipient.

Definitions

[0080] The phrase “a™ or “an” entity as used herein refers
to one or more of that entity; for example, a compound refers
to one oI more compounds or at least one compound. As
such, the terms “a” {or “an™), “one or more”, and “at least
one” can be used interchangeably herein.

[0081] The phrase “as defined hereinabove” refers to the
first definition provided in the Summary of the Invention.

[0082] The term “optional” or *optionally” as used herein
means that a subsequently described event or circumstance
may, but need not, occur, and that the description includes
instances where the event or circumstance occurs and
instances in which it does not. For example, “optionally
substituted” means that the moiety may be hydrogen or a
substituent.

[0083] It is contemplated that the definitions described
herein may be appended to form chemically-relevant com-
binations, such as “heteroalkylaryl,™ haloalkylheteroaryl,
"arylalkylheterocyclyl,™ alkylearbonyl,” alkoxyalkyl,”
and the like. When the term “alkyl™ is used as a suffix
following another term, as in “phenylalkyl,” or “hydroxy-
alkyl,” this is intended to refer to an alkyl group, as defined
above, being substituted with one to two substituents
selected from the other specifically-named group. Thus, for
example, “phenylalkyl” refers to an alkyl group having one
to two phenyl substituents, and thus includes benzyl, phe-
nylethyl, and biphenyl. An *alkylaminoalkyl” is an alkyl
group having one to two alkylamino substituents. “Hydroxy-
alkyl” includes 2-hydroxyethyl, 2-hydroxypropyl, 1-(hy-
droxymethyl)-2-methylpropyl, 2-hydroxybutyl, 23-dihy-
droxybutyl, 2-(hydroxymethyl), 3-hydroxypropyl, and so
forth.

[0084] Accordingly, as used herein, the term “hydroxy-
alkyl” is used to define a subset of heteroalkyl groups
defined below. The term -(arjalkyl refers to cither an unsub-
stituted alkyl or an aralkyl group. The term (hetero)aryl
refers to either an aryl or a heteroaryl group.

[0085] The term “C,_, alkyl” as used herein denotes an
unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 6 carbon atoms.
Examples of alkyl groups include, but are not limited to,
lower alkyl groups include methyl, ethyl, propyl, i-propyl,
n-butyl, i-butyl, t-butyl or peatyl, isopentyl, neopentyl,
hexyl.
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[086] The term “haloalkyl” as used herein denotes an
unbranched or branched chain alkyl group as defined above
wherein 1, 2, 3 or more hydrogen atoms are substituted by
a halogen. Examples are 1-fluoromethyl, 1-chloromethyl,
1-bromomethyl, 1-iodomethyl, trifluoromethyl, trichlorom-
ethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chlo-
roethyl, 1-bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloro-
ethyl, 2-bromoethyl, 2-iodoethyl, 2.2-dichloroethyl,
3-bromopropyl or 2,2 2-triflucroethyl.

[0087] The term “C,_; cycloalkyl™ as used herein denotes
a saturated carbocyclic ring containing 3 to 8 carbon atoms,
1.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclo-
heptyl or cyclooctyl.

[0088] The term “aryl™ as used herein means a monocyclic
or polyeyclic-aromatic group comprising carbon and hydro-
gen atoms. Examples of suitable aryl groups include, but are
not limited to, phenyl, tolyl, indenyl, and 1- or 2-naphthyl,
as well as benzo-fused carbocyclic moieties such as 50,7,
8-tetrahydronaphthyl. An aryl group can be unsubstituted or
substituted with one or more suitable substituents which
substituents include €, alkyl, C,, haloalkyl, C, g
cycloalkyl, C, . alkoxy, C, . alkylthio, C, . alkylsulfinyl,
C , sulfonyl, C, ; haloalkoxy, C, ; haloalkylthio, halogen,
amino, alkylamino, dialkylamino, aminoacyl, acyl, alkoxy-
carbonyl, carbamoyl, N-alkylcarbamoyl, N,N-dialkylcar-
bamoyl, nitro and cyano.

[0089] A “heteroaryl group” or “heteroaromatic” as used
herein means a monocyclic- or polycyclic aromatic ring
comprising up to 15 carbon atoms, hydrogen atoms, and one
or more heteroatoms, preferably, 1 to 3 heteroatoms, inde-
pendently selected from nitrogen, oxygen, and sulfur. As
well known to those skilled in the art, heteroaryl rings have
less aromatic character than their all-carbon counter parts.
Thus, for the purposes of the invention, a heteroaryl group
need only have some degree of aromatic character. Illustra-
tive examples of heteroaryl groups include, but are not
limited to, pyridinyl, pyridine N-oxide, pyridazinyl, pyrim-
idyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imidazolyl, (1,2,
3~ and (1,2,4)-triazolyl, pyrazinyl, pyrimidinyl, tetrazolyl,
furyl, thienyl, isoxazolyl, thiazolyl, thienyl, isoxazolyl,
indole, indole N-oxide, quinoline, quinoline N-oxide and
oxazolyl. A heteroaryl group can be unsubstituted or sub-
stituted with one or more suitable substituents selected from
hydroxy, oxo, cyano, alkyl, alkoxy, haloalkoxy, alkylthio,
halo, haloalkyl, nitro, alkoxycarbonyl, amino, alkylamino,
dialkylamino, aminoacyl, alkylsulfonyl, arylsulfinyl,
alkoxycarbonyl, carbamoyl, N-alkylcarbamoyl, N, N-dialky-
lcarbamoyl, acyl unless otherwise indicated.

[0090] The term “heterocyclyl” means the monovalent
saturated cyclic radical, consisting of one or more rings,
preferably one to two rings, of three to eight atoms per ring,
incorporating one or more ring heteroatoms (chosen from N,
O or 8(0),_.), and which can optionally be substituted with
one or more, preferably one to three substituents selected
from hydroxy, oxo, cyano, alkyl, alkoxy, haloalkoxy, alky-
Ithio, halo, haloalkyl, nitro, alkoxycarbonyl, amino, alky-
lamino, dialkylamino, aminoacyl, alkylsulfonyl, arylsulfi-
nyl, alkoxycarbonyl, carbamoyl, N-alkylcarbamoyl, N,N-
dialkylcarbamoyl, acyl unless otherwise indicated.
Examples of heterocyclic radicals include, but are not lim-
ited to, furanyl, tetrahydropyranyl, tetrahydrothiophenyl and
the like. A nitrogen atom in the heteroaryl ring can option-
ally be an N-oxide.
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[0091] The term *alkoxy group” as used herein means an
—Q-alkyl group, wherein alkyl is as defined above such as
methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy,
i-butyloxy, t-butyloxy, pentyloxy, hexyloxy, heptyloxy
including their isomers.

[0092] The term *alkylthio group” as used herein means
an —S-alkyl group, wherein alkyl is as defined above such
as methylthio, ethylthio, n-propylthio, i-propylthio, n-bu-
tylthio, i-butylthio, t-butylthio, pentylthio including their
ISOMETS.

[0093] The term “haloalkoxy group” as used herein means
an —QO-haloalkyl group, wherein haloalkyl is as defined
above. Examples of haloalkoxy groups include, but are not
limited to, 2,2, 2-trifluoroethoxy, difluoromethoxy and 1,1,
1,3,3,3-hexafluoro-iso-propoxy.

[0094] The term “haloalkthio group” as used herein means
an —S-haloalkyl group, wherein haloalkyl is as defined
above. An example of haloalkthio group includes, but are
not limited to, 2,2,2-trifluoroeththanthiol.

[0095] The term “aryloxy group™ as used herein means an
0O-aryl group wherein aryl is as defined above. An aryloxy
group can be unsubstituted or substituted with one or more
suitable substituents. Preferably, the aryl ring of an aryloxy
group is a monocyclic ring, wherein the ring comprises 6
carbon atoms, referred to herein as “(C) aryloxy”. The term
“optionally substituted aryloxy” means the aryl or group
may be substituted with one to three groups selected from
the group consisting of C, . alkyl, C, . haloalkyl, C,
cycloalkyl, C,_, alkoxy, C,., alkylthio, C, ; alkylsulfinyl,
C,, sulfonyl, C,_; haloalkoxy, C,_s haloalkylthio, halogen,
amino, alkylamino, dialkylamino, aminoacyl, acyl, alkoxy-
carbonyl, carbamoyl, N-alkylcarbamoyl, N,N-dialkylcar-
bamoyl, nitro and cyano.

[0096] The term “heteroaryloxy group” as used herein
means an O-heteroaryl group, wherein heteroaryl is as
defined above. The heteroaryl ring of a heteroaryloxy group
¢an be unsubstituted or substituted with one or more suitable
substituents. Examples of heteroaryl groups include, but are
not limited to, 2-pyndyloxy, 3-pyrrolyloxy, 3-pyrazolyloxy,
2-imidazolyloxy, 3-pyrazinyloxy, and 4-pyrimidyloxy.

[0097] The term *acyl” or “alkylcarbonyl” as used herein
denotes a radical of formula C(=0)R wherein R is hydro-
gen, unbranched or branched alkyl containing 1 to 6 carbon
atoms or a phenyl group.

[0098] The term “alkoxycarbonyl” as used herein denotes
a radical of formula C(=0)OR wherein R is, unbranched or
branched alkyl as described above.

[0099] The term “acylamino” as used herein denotes a
radical of formula —NH-{(acyl) where acyl is as defined
herein.

[0100] The term “arylboronic acid” as used herein denotes
a radical of formula ArB(OH), wherein Ar is an optionally
substituted aryl group as described above.

[0101] The term *alkylene” as used herein denotes a
divalent linear or branched saturated hydrocarbon radical,
having from one to six carbons inclusive, unless otherwise
indicated. Examples of alkylene radicals include, but are not
limited to, methylene, ethylene, propylene, 2-methyl-propy-
lene, butylene, 2-ethylbutylene.
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[0102] The term “arylalkyl” or “aralkyl” as used herein
denotes the radical R'R"—, wherein R' is an aryl radical as
defined herein, and R" is an alkylene radical as defined
herein and the arylalkyl group is attached through the
alkylene radical. Examples of arylalkyl radicals include, but
are not limited to, benzyl, phenylethyl, 3-phenylpropyl.

[0103] The term *halogen™ as used herein means fluorine,
chlorine, bromine, or iodine. Correspondingly, the meaning
of the term “halo” encompasses tluoro, chloro, bromo, and
iodo. The term “hydrohalic acid™ refers to an acid comprised
of hydrogen and a halogen.

[0104] The term “alkylsulfinyl” as used herein means the
radical —S(O)R', wherein R' is alkyl as defined herein.
Examples of alkylaminosulfonyl include, but are not limited
to methylsultiny] and iso-propylsulfinyl.

[0105] The term “alkylsulfonyl” as used herein means the
radical —S(0) R', wherein R' is alkyl as defined herein.
Examples of alkylaminosulfonyl include, but are not limited
to methylsulfonyl and iso-propylsulfonyl.

[0106] The terms “amino”, “alkylamino™ and “dialky-
lamino” as used herein refer to —NH,, —NHR and —NR,
respectively and R is alkyl as defined above. The two alkyl
groups attached to a nitrogen in a dialkyl moiety can be the
same or different. The terms “aminoalkyl™, *alkylami-
noalkyl” and “dialkylaminoalkyl” as used hercin refer to
NH(CH.),—, RHN(CH,),—, and R_.N{CH.) — respec-
tively wherein n is 1 to 6 and R is alkyl as defined above

[0107] The prefix “carbamoyl” as used herein means the
radical —CONH,,. The prefix *N-alkylcabamoy!l™ and “N,N-
dialkylecarbamoyl™ means the radical CONHR' or CONR'R™
respectively wherein the R' and R" groups are independently
alkyl as defined herein.

[0108] The term “amino acid” as used herein refers to
naturally occurring amino acids, as well as to optical isomers
{enantiomers and diastereomers), synthetic analogs and
derivatives thereof. a-Amino acids comprise a carbon atom
bonded to a carboxyl group, an amino group, a hydrogen
atom and a unique “side chain™ group. The term “naturally
occurring amino acids” means the L-isomers of the naturally
occurring amino acids. The naturally oceurring amino acids
are glycine, alanine, valine, leucine, isoleucine, serine,
methionine, threonine, phenylalanine, tyrosine, tryptophan,
cysteing, proline, histidine, aspartic acid, asparagine,
ghitamic acid, glutamine, y-carboxyglutamic acid, arginine,
omithine and lysine. The side chains of naturally occurring
amino acids include: hydrogen, methyl, iso-propyl, iso-
butyl, sec-butyl, —CH,OH, —CH(OH)CH,, —CH..SH,
—CH,CH,8Me, —(CH,),COR wherein R is —OH or
—NH, and p is 1 or 2, —(CH,),—NH, where q is 3 or 4,
—(CH.),—NHC{(=NH)NH., —CH,C,H;, —CH.-p-
C.H,—OH, (3-indolinylymethylene, {(4-imidazolyl)methyl-
ene.

[0109] The term “conjugate base™ as used herein means
the chemical species produced when a proton is abstracted
from an acid (including here a carbon acid).

[0110] Compounds of formula I exhibit tautomerism. Tau-
tomeric compounds can exist as two or more interconvert-
able species. Prototropic tautomers result from the migration
of a covalently bonded hydrogen atom between two atoms.
Tautomers generally exist in equilibrium and attempts to
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isolate an individual tautomers usually produce a mixture
whose chemical and physical propertics are consistent with
a mixture of compounds. The position of the equilibrium is
dependent on chemical features within the molecule. For
example, in many aliphatic aldehydes and ketones, such as
acetaldehyde, the keto form predominates while; in phenols,
the enol form predominates. Common prototropic tautomers
inchide keto/enol (—(=0)—CH—=s—C(—
OH)y=CH—), amide/imidic acid (—C(=0)}—NH—=—
C(—OH)y=N—) and amidine (—C(=NR}—NH—=—
C{(—NHR)=N—) tautomers. The latter two are particularly
common in heteroaryl and heterocyelic rings and the present
invention encompasses all tautomeric forms of the com-
pounds.

[0111] Compounds of formula I which are basic can form
pharmaceutically acceptable acid addition salts with inor-
ganic acids such as hydrohalic acids (e.g. hydrochloric acid
and hydrobromic acid), sulphuric acid, nitric acid and phos-
phoric acid, and the like, and with organic acids (e.g. with
acctic acid, tartaric acid, succinic acid, fumaric acid, maleic
acid, malic acid, salicylic acid, citric acid, methanesulphonic
acid and p-toluenesulfonic acid, and the like).

[0112] A “prodrug” of a compound of formula (I} herein
refers to any compound which releases an active drug
according to Formula I in vivo when such prodrug is
administered to 2 mammalian subject. Prodrugs of a com-
pound of Formula I are prepared by modifying one or more
functional group(s) present in the compound of Formula [ in
such a way that the modification{s) may be cleaved in vivo
to release the compound of Formula 1. Prodrugs include
compounds of Formula I wherein a hydroxy, amino, or
sulfhydryl group in a compound of Formula I is bonded to
any group that may be cleaved in vivo to regenerate the free
hydroxyl, amino, or sulthydryl group, respectively.
Examples of produgs include N-acyl-benzenesulfonamide
described.

[0113] The term “solvate™ as used herein means a com-
pound of the invention or a salt, thereof, that further includes
a stoichiometric or non-stoichiometric amount of a solvent
bound by non-covalent intermolecular forces. Preferred sol-
vents are volatile, non-toxic, and/or acceptable for admin-
istration to humans in trace amounts.

[0114] The term “hydrate” as used herein means a com-
pound of the invention or a salt thereof, that further includes
a stoichiometric or non-stoichiometric amount of water
bound by non-covalent intermolecular forces.

[0115] The term “clathrate™ as used herein means a com-
pound of the invention or a salt thereof in the form of a
crystal lattice that contains spaces (e. g., channels) that have
a guest molecule (e. g, a solvent or water) trapped within.

[0116] The term “wild type” as used herein refers to the
HIV virus strain which possesses the dominant genotype
which naturally occurs in the normal population which has
not been exposed to reverse transcriptase inhibitors. The
term “wild type reverse transcriptase” used herein has refers
to the reverse transcriptase expressed by the wild type strain
which has been sequenced and deposited in the SwissProt
database with an accession number PO3366.

[0117] The term “reduced susceptibility” as used herein
refers to about a 10 fold, or greater, change in sensitivity of
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a particular viral isolate compared to the sensitivity exhib-
ited by the wild type virus in the same experimental system.

[0118] The term “nucleoside and nucleotide reverse tran-
scriptase  inhibitors™ (“NRTI7s) as used herein means
nucleosides and nucleotides and analogues thereof that
inhibit the activity of HIV-1 reverse transcriptase, the
enzyme which catalyzes the conversion of viral genomic
HIV-1 RNA into proviral HIV-1 DNA.

[0119] Typical suitable NRTIs include zidovudine (AZT)
available under the RETROVIR tradename; didanosine
(dd) available under the VIDEX tradename.; zalcitabine
(ddC’) available under the HIVID tradename; stavudine
(d4T) available under the ZERIT trademark.; lamivudine
(3TC) available under the EPIVIR tradename; abacavir
(1592U89) disclosed in WO96/30025 and available under
the ZIAGEN ftrademark, adefovir dipivoxil [bis(POM)-
PMEA] available under the PREVON tradename;, lobucavir
{BMS-180194), a nucleoside reverse transcriptase inhibitor
disclosed in EP-0358154 and EP-0736533 and under devel-
opment by Bristol-Myers Squibb; BCH-10652, a reverse
transcriptase inhibitor (in the form of a racemic mixture of
BCH-10618 and BCH-10619) under development by Bio-
chem Pharma; emitricitabine [(-)-FTC] licensed from
Emory University under U.S. Pat. No. 5,814,639 and under
development by Triangle Pharmaceuticals; beta-L-FD4 (also
called beta-L-D4C and pamed beta-L-2', 3'-dicleoxy-5-
fluoro-cytidene) licensed by Yale University to Vion Phar-
maceuticals; DAPD, the purine nucleoside, {(-)-beta-D-2.6.-
diamino-purine dioxolane disclosed in EP-0656778 and
licensed to Triangle Pharmaceuticals; and lodenosine
(FddA), 9-(2,3-dideoxy-2-fluoro-b-D-threo-pentofuranosy-
Dyadenine, an acid stable purine-based reverse transcriptase
inhibitor discovered by the NIH and under development by
U.S. Bioscience Inc.

[0120] The term *“non-nucleoside reverse transcriptase
inhibitors” (*NNRTI"s) as used herein means non-nucleo-
sides that inhibit the activity of HIV-1 reverse transcriptase.

[0121] Typical suitable NNRTIs include nevirapine (BI-
RG-587) available under the VIRAMUNE tradename;
delaviradine (BHAP, U-90152) available under the
RESCRIPTOR tradename; efavirenz (DMP-266) a benzox-
azin-2-one disclosed in W094/03440 and available under
the SUSTIVA tradename; PNU-142721, a furopyridine-thio-
pyrimide; AG-1549 (formerly Shionogi #5-1 153); 5-(3,5-
dichlorophenyl)-thiod-isopropyl-1-(4-pyridylymethyl- 1H-
imidazol-2-ylmethyl carbonate disclosed in WO 96/10019;
MKC-442 (1-{ethoxy-methyl)-5+1-methylethy)-6-(phenyl-
methyl)-(2,4(1 H, 3H)-pyrimidinedione); and (+)-calanolide
A (NSC-67545 1) and B, coumarin derivatives disclosed in
U.S. Pat. No. 5489,697.

[0122] The term “protease inhibitor™ (“PI”™) as used herein
means inhibitors of the HIV-1 protease, an enzyme required
for the proteolytic cleavage of viral polyprotein precursors
{e.g., viral GAG and GAG Pol polyproteins), into the
individual functional proteins found in infectious HIV-1.
HIV protease inhibitors include compounds having a pep-
tidomimetic structure, high molecular weight (7600 daltons)
and substantial peptide character, e.g. CRIXIVAN as well as
nonpeptide protease inhibitors e.g., VIRACEPT.

[0123] Typical suitable PIs include saquinavir available in
hard gel capsules under the INVIRASE tradename and as
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soft gel capsules under the FORTOVASE tradename;
ritonavir (ABT-538) available under the NORVIR trade-
name; indinavir (MK-639) available under the CRIXIVAN
tradename; nelfnavir (AG-1343) available under the VIRA-
CEPT; amprenavir (141W94), tradename AGENERASE, a
non-peptide protease inhibitor; lasinavir (BMS-234475,
originally discovered by Novartis, Basel, Switzerland (CGP-
61755); DMP-450, a cyclic urea discovered by Dupont,
BMS-2322623, an azapeptide under development by Bris-
tol-Myers Squibb, as a 2nd-generation HIV-1 PI; ABT-378;
AG-1 549 an onally active imidazole carbamate.

[0124] Other antiviral agents include hydroxyurea, ribavi-
rin, IL-2, IL-12, pentaftiside and Yissum Project No. 11607.
Hydroxyurea {Droxia), a ribonucleoside triphosphate reduc-
tase inhibitor, the enzyme involved in the activation of
T-cells. Hydroxyurea was shown to have a synergistic effect
on the activity of didanosine and has been studied with
stavudine. IL-2 is disclosed in Ajinomoto EP-0142268,
Takeda EP-0176299, and Chiron U.S. Pat. Nos. RE 33,653,
4,530,787, 4,569,790, 4,604,377, 4,748,234, 4,752,585, and
4,949,314, and is available under the PROLEUKIN
(aldesleukin) tradename as a lyophilized powder for IV
infusion or sc administration upon reconstitution and dilu-
tion with water; a dose of about 1 to about 200 million
1U/day, sc is preferred; a dose of about 15 million [ U/day,
sc is more preferred. IL-12 is disclosed in W096/25171 and
is available as a dosc of about 0.5 microgram/kg/day to
about 10 microgram/kg/day, sc is preferred. Pentatuside
(DP-178, T-20) a 36-amino acid synthetic peptide, disclosed
in U.S. Pat. No. 5,464,933 and available under the FUZEON
tradename; pentafuside acts by inhibiting fusion of HIV-1 to
target membranes. Pentafuside (3-100 mg/day) is given as a
continuous sc infusion or injection together with efavirenz
and 2 PI's to HIV-1 positive patients refractory to a triple
combination therapy; use of 100 mg/day is preferred. Yis-
sum Project No. 116077, a synthetic protein based on the
HIV-1 Vif protein. Ribavirin, 1-.beta.-D-ribofuranosyl-1H-
1,2 4-triazole-3-carboxamide, is described in U.S. Pat. No.
4,211,771

[0125] The term “anti-HIV-1 therapy™ as used herein
means any anti-HIV-1 drug found useful for treating HIV-1
infections in man alone, or as part of multidrug combination
therapies, especially the HAART triple and quadruple com-
bination therapies. Typical suitable known anti-HIV-1 thera-
pies include, but are not limited to multidrug combination
therapies such as (i) at least three anti-HIV-1 drugs selected
from two NRTIs, one PI, a second PI, and one NNRTI; and
(ii) at least two anti-HIV-1 drugs selected from NNRTIs and
PIs. Typical suitable HAART—multidrug combination
therapies include: (a) triple combination therapies such as
two NRTIs and one PI; or (b) two NRTIs and one NNRTI;
and (c) quadruple combination therapies such as two NRTIs,
one Pl and a second PI or one NNRTI. In treatment of naive
patients, it is preferred to start anti-HIV-1 treatment with the
triple combination therapy; the use of two NRTIs and one PI
is preferred unless there is intolerance to Pls. Drug compli-
ance 1s essential. The CD4™ and HIV-1-RNA plasma levels
should be monitored every 3-6 months. Should viral load
plateau, a fourth drug, ¢.g., one PI or one NNRTI could be
added.

[0126] Abbreviations used in this application include:
acetyl (Ac), acetic acid (HOAc), azo-bis-isobutyrylnitrile
(AIBN), 1-N-hydroxybenzotriazole (HOBT), atmospheres
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{ Atm), high pressure liquid chromatography (HPLC), 9-bo-
rabicyclo[3.3.1 Jnonane (9-BBN or BBN), methyl (Me),
tert-butoxycarbonyl (Boc), acetonitrile (MeCN), di-tert-bu-
tyl pyrocarbonate or boc anhydride (BOC,0), 1-(3-dimethy-
laminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI),
benzyl (Bn), m-chloroperbenzoic acid (MCPBA), butyl
(Bu), methanol (MeOH), benzyloxycarbonyl (cbz or Z),
melting point {mp), carbonyl diimidazole (CDI), MeSO,—

mass spectrum (ms) diethylaminosulfur trifluonde (DAST),
methyl t-butyl ether (MTBE), dibenzylidencacetone (Dba),
N-carboxyanhydride (NCA), 1,5-diazabicyclo[4.3.0]non-5-
ene (DBN), N-bromosuccinimide (NBS), 1.8-diazabicyclo
[5.4.0Jundec-7-ene (DBU), N-methylpyrrolidone {(NMP),
1,2-dichloroethane (DCE), pyridinium chlorochromate
(PCC), N N'-dicyclohexylcarbodiitmide (DCC), pyridinium
dichromate (PDC), dichloromethane (DCM), propyl (Pr),
diethyl azodicarboxylate (DEAD), phenyl (Ph), di-iso-pro-
pylazodicarboxylate , DIAD, pounds per square inch (psi),
diethyl iso-propylamine (DEIPA), pyridine (pyr), di-iso-
butylaluminumhydride , DIBAL-H, room temperature, 1t o1
RT, N.N-dimethyl acetamide (DMA), tert-butyldimethylsi-
Iyl or t-BuMe_Si, (TBDMS), 4-N,N-dimethylarinopyridine
{(DMAP), triethyl amine (Et;N or TEA), N, N-di methyl
formamide (DMF), triflate or CF,50,— (Tt), dimethyl
sulfoxide (DMSO), trifluoroacetic acid (TFA), 1,1'-bis-
(diphenylphosphino)ethane (dppe), 2.2,6,6-tetramethylhep-
tane-2,6-dione (TMHD), 1,1'-bis-{diphenylphosphino)fer-
rocene (dppf), thin layer chromatography (TLC), ethyl
acetate (EtOAc), tetrahydrofuran (THF), diethyl ether
(Et,Q), trimethylsilyl or Me, Si (TM S), ethyl (Et), p-tolu-
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enesulfonic acid monohydrate (TsOH or pTsOH), lithium
hexamethyl disilazane (LIHMDS), 4-Me-C H,S0.— or
tosyl (Ts), iso-propyl (i-Pr), N-urethane-N-carboxyanhy-
dride (UNCA,), ethanol (EtOH). Conventional nomenclature
including the prefixes normal (n), iso (i-), secondary (sec-),
tertiary (tert-) and neo have their customary meaning when
used with an alkyl moiety. (J. Rigaudy and D. P. Klesney,
Nomenclature in Organic Chemistry, IUPAC 1979 Perga-
mon Press, Oxford.).

Compounds and Preparation

[0127] Examples of representative compounds encom-
passed by the present invention and within the scope of the
invention are contained in the Table 1. The compounds in
Table 1 and the preparative examples which follow are
provided to enable those skilled in the art to more clearly
understand and to practice the present invention. They
should not be considered as limiting the scope of the
invention, but mercly as being illustrative and representative
thereof.

[0128] In general, the nomenclature used in this Applica-
tion is based on AUTONOM™ v 4.0, a Beilstein Institute
computenized system for the generation of IUPAC system-
atic nomenclature. If there is a discrepancy between a
depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addi-
tion, if the stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed
lines, the structure or portion of the structure is to be
interpreted as encompassing all stereoisomers of it

TABLE 1

Cpd.

No.  NAME MS MP

[-1  2{4-Chloro-3(3chloro-5-cyano-phenoxy-phenyl | 210.5-214.0
N-{4-sulfamoyl-phenyl)-acetanide

[-2  2{4-Chlore-3-(3,5-dicyano-phenoxy)-phenyl ]-N-(4- 113219
sulfamoyl-phenyl)-acetamide

[-3  2{3-(2-Bromo-5-chlore-phenox y)-4-chlore- 1), 1-192.2

phenyl}N{ 2-methyl-4-(3-sulfamoyl-propoxy)-
phenyl}acetamide

[-4  2{3-(2-Bromo-5-chlore-phenox y)-4-chlore- 260.1-261.9
phenyl}N-(4-sulfamoyl-phenyl)-acetamide

[-5  2{4-Chlore-3-(3,5-dicyano-phenoxy)-phenylN-(2- 422 (M + H)*
chloro-phenyl)-acetamide

[-6  2{4-Chloro-3-(3,5-dicyano-phenoxy)-phenylFN-(4- 431 (M + H)*
dimethylamino-phenyl)-acetamide

-7 2342-Chloro-5-cyano-phenoxy)-4-ethyl-2-fluoro-
phenyl}N-(4-sulfamoyl-phenyl)-acetamide

[-&  2{4-Chlore-3-(2,5-dicyano-phenoxy)-2-Auoro- 483 (M - Hy
phenyl}N-(4-sulfamoyl-phenyl)-acetamide
[-9  2{4-Chlore-3-(3,5-dicyano-phenoxy)-2-Auoro- 483 (M - HY 135.7-138.1

phenyl]-N-(4-sulfamoyl-pheny [-acetamide
[-10 2{4-Chloro-2-fluore-3-(2,3,5-trichloro-phenoxy)- 537 (M- HY 247.0-249.9
phenyl]-N-(4-sulphomyl-phenyl)-acetamide

[-11  23-(3-Cyano-5-fluoro-phenoxy-4-methyl- 440 (M + HY* 165.8-168.1
phenyl}N-(4-sulfamoyl-phenyl)-acetamide

[-12  N-(2-Chlere-phenyl)-2-[ 3-(3-cyane-5-Auom- 305 (M + Hy" 131.1-1322
phenoxy)-4-methyl-phenyl}acetamide

[-13  2{4-Chloro-3(3cyane-5-diflnoromethyl-phenoxy)- 214-218
2-fluere-pheny 1 ]-H-(4-sulfamoyl-phenyl)-acetamide

[-14  2{4-Chloro-3(3cyano-5-diflnoromethyl-phenoxy)- 169.5-171L.0
2-fluoro-pheny FN-(2-chloro-phenyl)-acetamide

[-15  2{3-(2-Bromo-5-chlore-phenox y)-d-ethyl-phenyl]- 193.7-105.9
N-{4-sulfamoyl-phenyl)-acetamide

[-16  2-{3-(2-Bromo-5-chloro-phenoxy)-4-ethyl-phenyl]- 154-155.5

N-(2-chlore-phenylj-acetamide
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TABLE 1-continued

10

Cpd.

No. NAME MS MFP

117 2-[3-(5-Chloro-2-cyano-phenoxy -4-ethyl-phenyl]- 19812026
N-(4-sulfamoyl-phenylj-acetaimde

I-11&  2-[3-(5-Chloro-2-cyance-phenoxy -4-ethyl-phenyl]- 168-160.9
N-{2-chloro-phenyl)-acetamide

119 2-[3-(2.5-Dichlom-phenoxy)-4-ethyl-phenyl ]-N-(4- 190-193.4
sulfamoyl-pheny D-acetamide

120 2-[3-(2,6-Dichloro-phenoxy )-4-cthyl-phenyl } N-(4- 2225225
sulfamoyl-pheny D-acetamide

21 N-(2-Chlom-phenyl)-2-[3-(2.5-dichlovo-phenoxy)- 146.3-147.1
4-cthyl-phenyl Facetamide

22 2-[3-(3-Bromo-5-chloro-phenoxy - 4-ethyl-phenyl]- 216.1-321.3
N-(4-sulfamoyl-phenylj-acetamide

123 N-(2-Chloro-phenyl)y 2{ 3-(2,6-dichloro-phenoxy)- 107.0-110.5
4-ethyl-phenyl Facetamide

124 2-[3-(3-Bromo-5-chloro-phenoxy)-4-ethyl-phenyl } 119.9-122.2
N-{2-chlovo-phenyl}-acetamide

25  N-(2-Chlom-phenyl)-2-[3-(3.5-dicyane-phenoxy)-4- - 416 (M + H)*
ethyl-phenyl Facetamide

I-26  2-[3-(2-Bromo-5-chloro-phenoxy - 4-lsopropyl- 04.1-206.7
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

127 2-[3-(2-Bromo-5-chloro-phenoxy)-4-isopropyl- 142.9-143.6
pheny 1 }H-(2-chlom-phenyll-acetamide

128 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-2-fluoro- 18261965
pheny 1 }H-(2-chlom-phenyll-acetamide

29  2-[4-Chlore- 3-(3,5-dicyano-phenoxy)-pheny FN-[2- - 532 (MY
methyl-4-(3-sulfamoyl-propoxy)-phenyl J-acetamide

I-30  2-[3-(2-Bromo- 5-chloro-phenoxy - 4- methyl- 236.0-2393
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

I-31  2-[3-(2-Bromo-5-chloro-phenoxy)-4-methy |- 20052035
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

32 2-[4-Chlore- 3-(3,5-dicyano-phenoxy)-2-Huore- 490 (M + H)* 243.4-250.8
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

I-33  2-[3-(2-Bromo-5-chloro-phenoxy - 4- methyl- 133.8-1359
pheny 1 }H-(2-chlom-phenyll-acetamide

I-34  N-(2-Chloro-phenyl)y 2{ 3-(3,5-dicyano-phenoxy)-4- 175.1-177.5
methyl-phenylJ-acetamide

I-35  2-[3-(3-Bromo-2,5-dichloro-phenoxy )-4-ethyl- 206.9-200.9
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

I-36  2-[3-(3-Bromo-2,5-dichloro-phenoxy)-4-ethyl- 213.2-219.6
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

I-37  2-[3-(3-Bromo-2,5dichlore-phenoxy)-4-ethyl- 146.5-147.6
phenyl FN-(2-chloro-phenyl)-acetamide

I-38  N-(2-Chloro-phenyl) 24 3-(3,5-dibromo-2-chloro- 155.5-155.8
phenoxyj-4-ethyl-phenyl]-acetamide

I-38  2-[3-(5-Bromo-2-chloro-3-fuoro-phenoxy)-4-cthyl- 209.0-211.1
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

40 2-[3-(5-Bromo-2-chloro-3-Auero-phenoxy j-4-ethyl- 0702000
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

41 2-[3-(5-Bromo-2-chloro-3-Auero-phenoxy j-4-thyl- 146.6-147.2
phenyl FN-(2-chloro-phenyl)-acetamide

142 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 509 (M + H)" 254.7-260.0
Auoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

143 2-[3-(3,5-Dicyano-phenoxy)-4-methyl-phenyl FN- 459 (M - H)” 228.6-230.9
(2-methyl-4-sultamoyl-phenyl}-acetanide

144  N-(2-Chloro-4-sulfamoyl-phenyl)-2-[ 3-(3,5- 479 (M - H)- 200.9-211.5
dicyano-phenoxy)-4-methyl-phenyl Facetamide

45 2-[3-(3-Chloro-5-cyane-phenoxy p-d-ethyl-phenyl] 468 (M - H)- 170.7-172.4
N-(4-sulfamoyl-phenylj-acetamide

146 2-[3-(3-Chloro-5-cyano-phenoxy-4-ethyl-phenyl]- 482 (M - H)” 186.1-18%.4
N-{2-methyl-4-sulfamoyl-phenyl)-acetamide

147 2-[3-(3-Chloro-5-cyano-phenoxy-4-ethyl-phenyl]- 502 (M - H)- 181.1-183.9
N-(2-chloro-4-sulfamoyl-phenyllacetamide

48 2-[3-(3-Chloro-5-cyane-phenoxy -d-ethyl-phenyl] 482 (M - H)- 149.1-151.3
N-(4-methylsulfamoyl-phenyl)-acetamide

145 2-[3-(2-Chloro-5-cyano-3-fluoro-phenoxy)-4-ethyl- 486 (M - H)™ 167.9-170.5

Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide

Oct. 27, 2005
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150 2-[3-(2-Chloro-5-cyano-3-flucro-phenoxy)-4-ethyl- -~ 500 (M - H)~ 217.6-220.4
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

151 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 563 (M - H)- 163.3-205.3
Auomo-phenyl]-N-(2-methyl-4-propionylsultamoyl-
PhenyD-acetamide

152 2-[3-(2-Chloro-3,5-dicvano-phenoxy)-4-cthyl- 493 (M - H)- 119.7-123.3
Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide

I-53  2-[3-(2-Chloro- 3,5-dicyano-phenoxy)-4-cthyl- 507 (M - Hi” 199.4-205.3
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

154 2-[3-(2-Chloro-3,5-dicvano-phenoxy)-4-cthyl- 527 (M - H)- 180.3-183.1
phenyl FN-(2-chloro-4-sulfamoyl-phenyl)-acetamide

I-55  2-[4-Chloro-3-{4-cyano-2.6-dimethyl-phenoxy)- 468 (M - H)™ 23732314
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

I-56  2-[4-Chloro-3-{4-cyano-2.6-dimethyl-phenoxy)- 482 (M - Hi 232.1-234.6
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

I-57  2-[3-(3-Chloro-5-cyano-phenoxy)-4-methox y- 472 (M + H)* 21832214
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

I-58  2-[3-(3-Chloro-5-cyano-phenoxy4-ethyl-phenyl]- 425 (M + H)* X
N-{2-chlovo-phenyl}-acetamide

158 2-[3-(2-Chloro-5-cyano-3-flucro-phenoxy)-4-ethyl- - 443 (M + H)* 142.1-142.8
pheny 1 }H-(2-chlom-phenyll-acetamide

60 2-[3-(2-Chloro- 3,5-dicyano-phenoxy)-4-cthyl- 450 (M + H)* 110.0-111.5
phenyl FN-(2-chloro-phenyl)-acetamide

I-61  2-[3-(3-Chloro-5-cyane-phenoxy -4-methoxy- 427 (M + H)* 175.7-178.3
phenyl FN-(2-chloro-phenyl)-acetamide

162 2-[3-(2-Chloro-5-cyano-phenoxy 4-methoxy- 427 (M + H)" 194.0-197.8
pheny 1 }H-(2-chlom-phenyll-acetamide

I-63  2-[4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2- 830 (M + H)* 164.8-166.2
Auoro-phenyl]-N-(2-chloro-4- propionylsul famoyl-
pheny-acetamide: sodium salt

I-64  2-[3-(3-Chloro-5-cyano-phenoxy 4-methoxy- 505 (M)* 186.3-189.7
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

65  2-[3-(2-Chloro-5-cyane-phenoxy -4-methox y- 471 (M)* 25232543
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

66  2-[3-(2-Chloro-5-cyane-phenoxy j-4-methox y- 485 (M)* 2320-136.9
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

I-67  2-[3-(2-Chloro-5-cyano-phenoxy)-4-methox y- 05 (M 214.6-216.4
phenyl FN-(2-chloro-4-sulfamoyl-phenyl)-acetamide

68  2-[4-Chlore- 3-(4-cyane-2,6-dimethyl-phenoxy)- 425 (M + H)* 183.0-185.1

pheny 1 }H-(2-chlom-phenyll-acetamide

165 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny I FN- (4
methylsulfamoyl-phenyl -acetamide

170 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny FN- (4
dimethylsulfamoyl-phenyl)-acetamide

I-71  2-[4-Chloro-3+(3,5-dicyano-phenoxy - pheny } N-[4-
(piperidine-1-sulfony])-phenylJacetamide

I-72  2-[4-Chloro-3+(3,5-dicyano-phenoxy - pheny } N-[4-
(morpheline-4-sulfony -phenyl J-acetamide

I-73  2-[3-(3-Chloro-5-cyano-phenoxy b4-methoxy- 484 (M - H)- 222.3-224.3
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

I-74  2-[3-(3-Chloro-5-cyano-phenoxy) 2-fluoro-4- 486 (M - H)” 230.0-232.2
methyl-phenyl ]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

7% 2-[4-Chlore- 3+ 3-cyane-5-difluoromethyl-phenoxy)- 524 (M + H)* X
2-luoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

76 2-[4-Chlore- 3-(3,5-dicyano-phenoxy)-pheny FN-(2-
chlore-4-methanesultonyl-phenyD-acetamide

I-77  N-[4-((8)2-Amino-3-methyl-butyrylsulfamoyl)-2- 607 (M + H)* 16%.0-180.3
methyl-phenyl]-2{4-chlore-3-(3-chlore-5-cyano-
phenoxy)-2-fluoro-phenylFacetamide; compound
with hydrochloric acid

I-78  2-[4-Chloro-3+(3,5-dicyano-phenoxy)-pheny } N-(4-
evanomethoxy-phenyl}acetamide

I-79  2-[4-Chloro-3+(3,5-dicyano-phenoxy)-pheny } N-(4-
nethanesulfonyl-phenylj-acetanide

120 3-Chloro-4-{2-[4-chloro-3-( 3,5-dicyano-phenoxy -
phenylFacetylamino}-benzoic acid methyl ester
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121  2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny I N-
{4-[(2-hydroxy-ethyl)-methyl-sulfamoyl]-phenyl }-
acetamide

122 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny N-[4-
(4-hydroxy-piperidine- 1-sultonyl)-phenyl]-

acetamide

83 2-[3-(3-Chloro-5-cyano-phenoxy) 2-fluoro-4- 506 (M - H)- 228.9-230.6
methyl-phenyl ]-N-(2-chlore-4-sulfamoyl-pheny -
acetamide

I-24  N-(2-Chloro-4-sulfamoyl-phenyl)-2-[3-(3-cyano-5- 522 (M - H)” 218.0-218.7

diflueremethyl-phenoxy)-2-luore-4-methyl-
phenylFacetamide

-85 2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-2-fluoro- 504 (M + H)* 218.0-220.4
4-methyl-phenyl]-N-(2-methyl-4-sulfamoyl-
phenyl)-acetamide

I-86  N-(2-Chlom-phenyl)-2-[3-(3-cyann-5- 445 (M + H)* 163.3-164.4
diflueremethyl-phenoxy)-2-luore-4-methyl-
phenylFacetamide

-7 2-[4-Chlore- 3-(3-chloro-5-cyano-phenoxy )-2- 613 (M + H)* 261.8-263.6
fluoro-phenyl]-N-{2-methyl-4-{ (pyridine-3-
carbonyl}-sulfamoyl Fphenyl }-acetamide:
compound with hydrochleric acid

128 2-[4-Chlore-3-(3-cyano-5-trifluoromethyl- 508 (M - H)- 219-221.4
Phenoxy phenyl]-H-(4-sulfamoyl-phenyl)-
acetamide

183 2-[4-Chlore-3-(3-cyano-5-trifluoromethyl- 522 (M - H)” 211.6-214.6

phenoxy phenyl]-H-(2-methyl-4-sulfamoyl -
phenyl)-acetamide

190 2-[4-Chlore-3-(3-cyano-5-trifluoromethyl- 542 (M - H)” 198.0-202.0
Phenoxy pphenyl]-H-(2-chloro-4-sulfamoyl-phenyl)-
acetamide

91 2-[3-(3-Cyane-5-diflueromethyl-phenoxy)-4-cthyl- - 486 (M + H)* 188.00-198.0
Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide

192 2[3-(3-Cyano-5-difluoromethyl-phenoxy)-4- 488 (M + H)* 213.9-214.2
methoxy-phenyl]-N-(4-sultamoyl-phenyl )-
acetamide

193 2-[3-(3-Cyano-5-difluoromethyl-phenoxy)-4- 502 (M + H)" 175.0-177.2
methoxy-phenyl]- N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

194 N-(2-Chloro-4-sulfamoyl-phenyl)-2-[3-(3-cyano-5- 520 (M - H)” 185.0-187.9
diflueremethyl-phenoxy)-4-methoxy-pheny 1 }
acetamide

195 2-{4-Chloro-3-[3-cyano-5-(1,1-difluoro-sthyl)- 532 (M - Hi- M70-202.8
phenoxy]-2-fuoro-phenyl }-N-{4-sulfamoyl-
phenyl)-acetamide

96 2-{4-Chloro-3-[3-cyano-5-(1,1-difluoro-sthyl)- 538 (M + H) 198.5-201.0
phenoxy]2-fluoro-phenyl }-N-(2-methyl-4-
sulfamoyl-phenyl)-acetamide

197 2-{4-Chloro-3-[3-cyano-5-(1,1-difluore-ethyl)- 556 (M - Hi” 192.0-197.6
phenoxy]2-fluoro-phenyl}-N-(2-chloro-4-
sulfamoyl-pheny D-acetamide

198 2-[4-Chloro-3-{3-chloro-5-cyano-phenoxy)-2- 448 (M - Hi- 181.3-1584.0)
fluoro-phenyl]-N-(2-chloro-phenyl-acetamide
99 2-[4-Chlore- 3-(3-chloro-5-cyano-phenoxy )-2- 518 (M + H) 21202169

fluoro-phenyl]-N-[2-methyl-4- (methyl-propionyl-
sulfamoyl)-phenyl]-acetamide

I-100  2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2- 234.4-2349
fluoro-phenyl]-N-(2-chloro-4-sulfamovl-phenyl)-
acetamide

I-101 2-[3-(3-Cyane-5-diflueromethyl-phenoxy)-4-ethyl- 300 (M + H)*
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

[-102  2-[3-(2-Chloro-5-cyane-phenoxy )-5-methox y- 472 (M + H)* 180.5-181.3
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

1103 2-[3-(2-Chloro-5-cyano-phenoxy b 5-methoxy- 486 (M + H)™ 179.8-184.0
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

1104  2-[4,5-Dibromo-3-(3-cyano-5-difluoromethyl- 846 (M + H)*
Phenoxy)-2-Auom-phenyl]-N-(2-methyl-4-
sulfamoyl-phenyl)-acetamide

I-105  2-[3-(2-Chloro-5-cyano-phenoxy ) 5-ethyl-phenyl]- 470 (M + H)*
N-{4-sultamoyl-phenyl J-acetamide
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1106 2-[3-(2-Chloro-5-cyano-phenoxy - 5-ethyl-phenyl]- 484 (M + H)* 231.6-233.1
N-(2-methyl-d4-sulfamoyl-phenyl)-acetamide

[-107  2-[3-(2-Chloro-5-cyane-phenoxy )-S-ethyl-phenyl] 503 (M7 204.0-207.0
N-(2-chloro-4-sulfamoyl-phenyllacetamide

I-108 2-[4-Chloro-3+{3-chloro-5-cyano-phenoxy)-2- 522 (M + H)* 204,4-207.3
Auoro-phenyl]-N-(2-methyl-4-methylsulfamoyl-
phenyl)-acetamide

[-102  2-[4-Bromo- 3-(3-chloro-5-cyano-phenoxy )-2- 572 (M- Hi- 165.00-166.6
Auoro-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl)-
acetamide

I-110  3-Chloro-4-{2-[3-(3-cyano-5-difluoromethyl- 457 (M - Hi- 216.0-218.3
phenoxy)-2-fluoro-4-methyl-phenvl]-acetylamino }-
benzoic acid

I-111  2-[4-Chloro-3-{3-chloro-5-cyano-phenoxy)-2- 463 (M + H)* 13441371
fluoro-phenyl]-N-(2-chloro-phenyl)-N-methyl-
acetamide

112 N-(2-Chlom-4-methanesulfonyl-phenyl)-2-[3-(3- 521 (M - Hi- 170.9-152.0
evano-3-difluoromethyl-phenoxy ) 2-Auoro-4-
methyl-phenylJ-acetamide

113 2-[3-{2-Chloro-5-cyano-phenoxy b 5-methoxy- 506 (M + H)*
phenyl FN-(2-chloro-4-sulfamoyl-phenyl)-acetamide

I-114  2-[4.5-Dilromo- 3-( 3-cyane- 5-difluoromethyl- 631 (My* 144.0-147.00
phenoxy)-2-fluoro-phenyl}FN-(4-sulfamoyl-phenyl)-
acetamide

I-115  2-[3-(3-Chloro-5-cyane-phenoxy -4-methyl- 540 (M + H)*

phenyl FN-[2-methyl-4-(morpholine-4-sulfonyl)-
Phenyl}acetamide

1116 2-[3-(3-Chloro-5-cyano-phenoxy 4-methyl- 553 (M + H)*
phenyl FN-[2-methyl-4-(4-methyl-piperazine-1-
sulfony)-phenylJ-acetamide

1117 2-[3-(3-Chloro-5-cyano-phenoxy -4-methyl- 554 (M - H)- 151.9-155.3
Pheny I }H-[2-methyl-4-(thiomoyholine -4-sulfonyl)-
Phenyl}acetamide

1118 2-[3-(3-Chloro-5-cyano-phenoxy b-4-methyl- 581 (M - H)- 177.0-181.0
Pheny I }H-[2-methyl-4-(2-mophelin-4-yl-
ethylsulfamoyly-phenyl Facetamide

1119 2-[3-(3-Chloro-5-cyano-phenoxy b-4-methyl- 528 (M + H)"
Pheny I }H-[4-(3-hydroxy-propylsulamoyl)-2-
methyl-phenyl Facetamide

120 2-[4-Chlore-3-(3-cyano-5-trifluoromethyl- 540 (M - H)” 212.0-216.1
Phenoxy)-2-Auom-phenyl]-N-(2-methyl-4-
sulfamoyl-phenyl)-acetamide

1121 2-[3-(3-Chloro-5-cyano-phenoxy 4-methyl- 568 (M + H)™ 195.1-197.7
Pheny I }H-[4-(4-hydioxy-cyclohexylsulfamoyl)-2-
methyl-phenyl Facetamide

1122 2-[3-(3-Chloro-5-cyano-phenoxy 4-methyl- 468 (M - H)™ 192.8-194.1
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

1123 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 488 (M - H)” 194.0-194.9
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

1124  2-[4-Chlore-3-(4-cyano-G-methyl-pyridin-2-yloxy)- 489 (M + H)* 230.1-230.7
2-fluaro-phenylHN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

1125 3-(4-§2-[3-(3-Chloro-5-cyano-phenoxy)4-methyl- 525 (M - H)- 74.3-T60.5
phenyl}Facetylamino}-3-methyl-benzenesulfonyl -
Mopionic acid

1126 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 155.4-157.5
fluoro-phenyl]-N-(2-chloro-4-propionylsulfamoyl-
pheny-acetamide: sodium salt

1127 N-[4-((8)2-Amino-3-methyl-butyrylsulfamoyl)-2- 627 (M + H)™ 219.4-220.2
chloro-phenyI}2-{4-chloro-3-(3-chloro-5-cvano-
Phenoxy)-2-Auom-phenyl]-acetamide; sodium salt

1123 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 554 (M + H)* 171.7-172.6
phenyl FN-[2-methyl-4-(tetrahydro-pyran-4-
ylaultamoyl)-phenyl]-acetamide

1129 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 528 (M + H)* 172.2-173.4
phenyl FN-[4-(2-hydroxy-propylsulfamoyl)-2-
methyl-phenylJ-acetamide

1130 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 544 (M + H)* 155.6-156.6
phenyl FN-[2-methyl-4-(2-methylsulfanyl-
ethylsulfamoyly-phenyl Facetamide
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1131 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 558 (M + H)* 159.9-162.8
phenyl FN-[2-methyl-4-(3-methylsulfanyl-
mopylsulfamoyly-phenyl]-acetamide

1132 2-[3-(3-Chloro-5-cyano-phenoxy b 5-methoxy- 472 (M + H)* 184.1-185.5
Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide

I-133 2-[3-(3-Chloro-5-cyane-phenoxy )-5-methox y- 486 (M + H)* 160.9-171.1
phenyl FN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

I-134 N-(2-Chloro-4-sulfamoyl-phenyl)-2-[4.5-dibromo- 664 (M - H)~
3-(3-cyano-5-difluoromethyl-phenoxy)-2-fluoro-
Phenyl}acetamide

1135 2{4-Chloro-3-(4-cyano-2 6-dimethyl-phenoxy - 502 (M - Hy-
phenyl FN-(2-chloro-4-sulfamoyl-phenyl)-acetamide

I-136  2-[3-(3-Chloro-5-cyane-phenoxy )-5-methoxy- 05 (M 15001611
phenyl FN-(2-chloro-4-sulfamoyl-phenyl)-acetamide

I-137  2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl- 08 (M + H)Y 186.1-188.0

Pheny I }H-[4-(2-cyano-ethanesulfony[)-2-methyl-
phenylFacetamide

I-138 N-(4-Butyrylsulfamoyl-2-chlore-phenyl)-2-[4- 598 (M + H)Y 157.2-157.9
chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenylacetamide; sodium salt

I-132  N-[4-(Butyryl-methyl-sulfamoyl)-2-chlore-phenyl]- 612 (M + H)* 186.9-157.6
2-{4-chloro-3-(3-chloro-5-cyano-phenox y)-2-fluoro-
Phenyl}acetamide

I-14)  N-(2-Chlom-4-sulfamoyl-phenyl)-2-[3-(3-cyano-5- 518 (M - H)- 191.8-192.5
difluoromethyl-phenoxy)-4-cthyl-phenyl}acetamide

I-141 2-[3-(3-Chloro-5-cyane-phenoxy )-5-methyl- 454 (M - H)” 183.9-1852
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

1142 2-[3-(3-Chloro-5-cyano-phenoxy b 5-methyl- 468 (M - H)™ 184.8-186.0
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

I-143  2-[3-(3-Chloro-5-cyane-phenoxy )-5-methyl- 458 (M - Hi- 194.1-195.2
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

I-144 2-[7-(3-Cyano-phenoxy)-benzofuran-5-y1]-N-(4- 446 (M - Hy- 196.4-1538.7
sulfamoyl-pheny D-acetamide

[-145  2-[7-(3-Cyane-phenoxy)-lenzofuran-5-31]-MH-(2- 460 (M - H)- 218.0=220.0
methyl-4-sulfamoyl-phenylj-acetamide

I-146  2-[3-(2-Chloro-5-cyane-phenoxy )-5-methyl- 454 (M - H)” 235.0-236.7
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

1147 2-[3-(2-Chloro-5-cyano-phenoxy k- 5-methyl- 468 (M - H)™ 200.3-201.1
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

1143 2-[3-(2-Chloro-5-cyano-phenoxy b 5-methyl- 488 (M - H)” 212.9-214.4
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

I-14%  N-(2-Chloro-4-sulfamoyl-phenyl)-2-[7-(3,5- 523 (M - H)” 215.1-216.6
dichlero-phenoxy)-benzofuran-5-yl}acetamide

I-15)  2-[3-(3-Chloro-5-cyane-phenoxy -4-methyl- 481 (M + H)* 137.5-1384

phenyl FN-[4-((5)-2,3-dihydroxy-propoxy)-2-
methyl-phenyl Facetamide

I-151 2-[3-(3-Chloro-5-cyane-phenoxy j-4-methyl- 495 (M + H)* 104.9-106.4
phenyl FN-[4-((R)- 3,4-dihydroxy-butoxy)-2-methyl-
phenylFacetamide

152 (4-{2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl- 513 (M + H 180.5-151.4
phenyl}Facetylamino}-3-methyl-benzenesulfonyl -
acetic acid

[-153  N-[4-(3- Amino-propionylsulfameyl)-2-chlovo- 590 (M + H)Y 199.3-199.6
phenyl}F2-[4-chlore-3-(3-chloro-5-cyano-phenoxy)-
2-fluaro-phenyl]-acetamide; compound with
hydrochleric acid

I-154 N-[4-(2-Amino-ethanesulfonyl)-2-methyl-phenyl} 492 (M + H)* 92.4-85.5
2 3-(3-chloro-5-cyano-phenoxy)-4methyl-phenyl}
acetamide

I-155  2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 598 (M - H)- 151.7-152.3

fluoro-phenyl]-N-{2-chloro-4-(2-methoxy-
acetylsulfamoyl)-phenyl]-acetamide; sodium salt

I-156  2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 584 (M - H)- 178.0-179.5
fluoro-phenyl]-N-[ 2-chloro-4-(2-hydroxy-
acetylsulfamoyl)-phenyl]-acetamide; sodium salt

1157 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 513 (M + H)* 78.9-79.5
phenyl FN-[4-(3-hydroxy-propane- 1-sulfonyl)-2-
methyl-phenylJ-acetamide
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Cpd.
No.  NAME M5 MF
1158 2-[3-(3-Chloro-5-cyano-phenoxy -4-methyl- 522 (M - H)* 84.3-85.8

phenyl}N-[4-(1,1-dioxo-15[ 1,2]thiazinan-2-¥1)-2-
methyl-phenylJ-acetamide

1159 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 531 (M + H)* 82.3-64.1
phenylFN-{2-methyl-4-[2-{4-methyl-piperazin-1-
yly-acetyl]-phenyl }-acetamide

1160 2-[3-(3-Chloro-5-cyano-phenoxy -4-methyl- 508 (M + H)* 181.3-182.1
phenyl FN-[2-methyl-4-(1-0x0-13"-thiomonrholin-4-
yli-phenyl Facetamide

I-161 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 524 (M + H)" 84.8-65.4
phenyl FN-[4-(1,1-dioxo-145thiemorphelin-4-yl)-2-
methyl-phenyl Facetamide

1162 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 598 (M + H)" 198.2-200.6
Auoro-phenyl]-N-[ 2-chloro-4-(methyl-propionyl-
sulfamoyl)-phenyl]-acetamide

I-163  2-[3-(3-Chloro-5-cyane-phenoxy -4-methyl- 518 (M + H) 110.3-110.5
Pheny I }H-[2-methyl-4-(2-mophelin-4- yl-acetyl)-
phenylFacetamide; compound with trifluoro-acetic
acid

I-164 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- al4 (M + H)* 133.1-140.7
fluoro-phenyl]-N-{ 2-chloro-4-(3-methoxy-
mopionylsul famoy D-phenyl J-acetamide; sodium salt

I-165  2-[4-Bromo-3-(3-cyano-5-diffuoromethyl-phenoxy)- 586 (M - H)~ 205.4-207.7
2-fluoro-phenyl]-N-(2-chlovo-4-sulfamoyl-phenyl)-
acetamide

I-166  2-[4-Chlore-3-(3-cyano-5-difluoromethoxy- 524 (M - H)”
Phenoxy)-2-Auom-phenyl]-N-(4-sultamoyl-pheny (-
acetamide

1167 2-[4-Chlore-3-(3-cyano-5-difluoromethoxy- 558 (M - H)”
Phenoxy)-2-Auom-phenyl]-N-(2-chlovo-4-
sulfamoyl-phenyl)-acetamide

I-168 2-[4-Chlore- 3-(3-chloro-5-cyano-phenoxy )-2- 5440 (M - Hi- 199.1=200.0
Auoro-phenyl]-N-(2-chloro-4-methylsulfamoyl-
phenyl)-acetamide

I-162  2-[4-Bromo- 3-(3-cyane-5-difluoromethyl-phenoxy)- 566 (M - H)” 223.0=22510)
2-luoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

I-17)  2-[3-(3-Chloro-S-cyano-phenoxy)-4-methyl- 510 (M + H)* 182.5-184.6

phenyl}N-[4-(1,1-dioxo-1x%-isothiazolidin-2-y1)-2-
methyl-phenyl Facetamide

I-171 2-[4-Chlore- 3+(3-chloro-5-cyano-phenoxy )-2- 614 (M + H)* 183.2-185.5
fluoro-phenyl]-N-{ 2-chloro-4-[(2-methoxy-acetyl)-
methyl-sulfamoyl]-pheny|} -acetamide

I-172  2-[4-Chlore- 3+(3-chloro-5-cyano-phenoxy)-2- 626 (M - H)™ 199 3203
fluoro-phenyl]-N-{2-chloro-4-[ (3-methoxy-
propionyl)-methyl-sulfamoyl]-phenyl }-acetamide

1173 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 812 (M + H)* 157.6-159.2
fluoro-phenyl]-N-(2-chloro-4-pentancylsulfamoyl-
pheny-acetamide: sodium salt

1174 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 810 (M - H)~ 15%.3-163.4
Auoro-phenyl]-N-[ 2-chloro-4-( 3-methyl-
Tutyrylsulfamoyl)-phenyl]-acetamide: sedium salt

1175 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 841 (M + H)* 195.3-197.2
Auoro-phenyl]-N-[ 2-chloro-4-(2-diethy laming-
acetylsulfamoyl)-phenyl]-acetamide: compound
with hydrochloric acid

I-176  2-[4-Chlore- 3+ 3-chloro-5-cyano-phenoxy )-2- 626 (M + H)* 195.6-197.0
fluoro-phenyl]-N-[ 2-chloro-4-(4-methyl-
pentaneylsulfamoyl-phenyl J-acetamide; sodium
salt

1177 2-[4-Chlore-3-{3-chloro-5-cyano-phenoxy)-2- 855 (M + H)* 22332250
Auoro-phenyl]-N-[ 2-chloro-4-(2-moempholin-4-y1-
acetylsulfamoyl)-phenyl]-acetamide; compound
with hydrochloric acid

1178 N-(4-{2-[3-(3-Chloro-5-cyano-phenoxy-4-methyl- 506 (M + H)* 182.5=-183.2
phenylFacetylamino }-3-methyl-phenyl)-oxalamic
acid ethyl ester

I-17%  N-(2-Chlom-4-sulfamoyl-phenyl)-2-[3-(3-cyano-5- 230.6-244).7
diflusromethyl-phenoxy)-4-ethyl-2-fluoro-phenyl }
acetamide

I-1&) 2-[3-(3-Cyane-5-diflueremethyl-phenoxy)-4-ethyl- 237.6-2334

2-fluaro-phenylHN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

Oct. 27, 2005
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TABLE 1-continued

Cpd.

Ne. NAME MS MP

1181 N-{4-[(3-Amino-propionyl} methyl-sulfamoyl]-2- 650 (M + H)* =300
chloro-phenyl}-2-[4-chloro-3-(3-chloro-5-cvano-
Phenoxy)-2-Auom-phenyl]-acetamide; compound
with hydrochloric acid

182 2-[3-(3-Chloro-5-cyane-phenoxy j-4.5-dimethyl- 468 (M - H)™ 230.7-231.3
Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide

I-183  2-[3-(3-Chloro-5-cyano-phenoxy)-4,5-dimethyl- 482 (M - H)- 230.8-233.4
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

I-184  2-[3-(3-Chloro-5-cyano-phenoxy)-4,5-dimethyl- 502 (M - H)” 22432257
Pheny 1 }H-(2-chlom-4-sulfamoyl-phenyl)-acetamide

1185 2-[3-(3-Bromo-5-cyano-phenoxy -4-chloro-2- 552 (M - H)- 246.0-250.6
fluoro-phenyl]-N-(2-methyl-4-sulfamovl-phenyl)-
acetamide

I-186 2-{4-Chloro-3-[3-cyano-5-(3-hydroxy-prop-1-ynyl) 526 (M - H)- 170.1-173.2

phenoxy]-2-fluoro-phenyl }-N-{2-methyl-4-
sulfamoyl-pheny D-acetamide

1187 2-{4-Chloro-3-[3-cyano-5-(3-dimethylamino-prop- 555 (M + H)* 156.2-158.2
1-ynyl)-phenoxy )-2-Auoro-phenyl } -N-(2-methyl-4-
sulfamoyl-phenyl)-acetamide

1183 4-(3-Chloro-4-§2-[4-chloro- 3-(3-chloro-5-cvano- 143.4-144.0
phenoxy)-2-fluoro-phenyl]-acetylamine }-
benzenesulfonylaming)-4-oxo-butyric acid

I-182  2-[4-Bromo- 3-(3-chloro-5-cyano-phenoxy )-2- 551 (M- H)” 244-245.1
Auoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

I-194  2-[3-(3-Chloro-5-cyane-phenoxy )-2-Auom-4- SI20100%:, 2120-212.8
methoxy-phenyl]-N-(2-chloro-4-sulfamoyl-phenyl}  534(60%) (M - H)~
acetamide

1191 2-[3-(3-Chloro-5-cyane-phenoxy )-2-Auom-4- S02, 504355 230.0-240.8
methoxy-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)- (M - H)~
acetamide

1192 2-[4-Chloro- 3+ 3-chloro-phenoxy)-phenyl ]-N- 372 (M 126.8-127.7
phenyl-acetamide

I-193  2-[3-(2-Bromo- 5-chloro-phenoxy - 4-chloro- 260, 1-261.9

Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide

I-154 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-phenyI}FN-(2- 453 (M + H)*
pyrol-1-yl-phenylj-acetamide

1195 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-phenyI}FN-(2- 406 (M + H)*
Auoro-phenyl)-acetamide

I-196  2-[4-Chlore- 3-(3,5-dicyano-phencxy)-pheny FN-(2- - 418 (M + H)*
methoxy-phenyl)-acetamide

I-197 2-[4-Chlore- 3-(3,5-dicyano-phencxy)-pheny FN-(2- - 430 (M + H)*
isopropyl-phenylj-acetanide

1183 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-phenyl}FN-o- 402 (M + H)*
tolyl-acetamide

1154 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-phenyI}FN-(2- 416 (M + H)*
ethyl-phenyl j-acetamide

200 2-[4-Chlore- 34(3,5-dicyano-phenoxy)-pheny FN- 416 (M + H)*
(2,3-dimethyl-phenylFacetamide

I-201 2-[4-Chlore- 34(3,5-dicyano-phencxy)-pheny FN-(4- - 432 (M + H)*
methoxy-2-methyl-pheny[}-acetamide

1-202  2-[4-Chlore-3-(3,5-dicvano-phenoxy)-phenyI}FN-(4 471 (M + H)*
cyclohexyl-phenylj-acetamide

1-203 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-phenyIFN-(2- 413 (M + H)*
evano-phenyllacetamide

I-204  2-[4-Chlore- 3-(3,5-dicyano-phenoxy)-pheny FN-(2- - 456 (M + H)*
trifflucromethyl-phenyl j-acetamide

1205 2-{2[4-Chloro-3-(3,5-dicvano-phenoxy)-phenyl} 506 (M + H)*
acetylamine }-4.5-dimethoxy-benzoic acid methyl
ester

[-206 is omitted

207 2-[3-(3-Chloro-5-cyane-phenoxy p-d-ethyl-phenyl] 390 (M + H)*

N-phenyl-acetamide

1208 2-[3-(2-Chloro-3,5-dicvano-phenoxy)-4-cthyl- 416 (M + H)* 189.3-192.3
pheny1}H-phenyl-acetamide

1208 2-[4-Chlore-3-(2,5-dichloro-benzyl)-pheny |} N-(2- 219.3-221.5
chloro-4-sulfamoyl-phenylj-acetamide

210 2-[3-(3-Chloro-5-cyane-phenoxy -4-methox y- 393 (M + H)* 171.3171.6
phenyl FN-phenyl-acetamide

1211 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny I} N- 386 (M - H)” 199.0-201.9

Phenyl-acetamide
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No. NAME MS MFP

1212 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny FN- (4
methyl-3-sulfamoyl-phenyl-acetamide

I-213 2-[4-Chlore- 3-(3,5-dicyano-phenoxy)-pheny | FN-(3-
methanesulfonyl-phenyl)-acetamide

I-214  (4-{2-[4-Chloro- 3-(3,5-dicyano-phenoxy)-pheny| }
acetylamine }-phenoxy)-acetic acid methyl ester

1215 3-(4-§2-[4-Chloro-3-(3,5-dicvano-phenoxy)-
phenylFacetylamino}-pheny[)-propionic acid
methyl ester

1216 (4-{2-]4-Chloro-3-(3,5-dicyano-phenoxy)-phenyl}
acetylamine }-phenylsulfanyl)-acetic acid methyl
ester

1217 4-(4-§2-[4-Chloro-3-(3,5-dicvano-phenoxy)-
phenylFacetylamino }-phenyl)-butyric acid methyl
ester

I-218 2-[4-Chlore- 3-(3,5-dicyano-phenoxy)-pheny FN-(2-
Auorm-5-methanesulfonyl-phenylj-acetamide

1219 (4-{2-{4-Chloro-3-(3,5-dicyano-phenoxy)-phenyl}
acetylamine }-phenyl)-acetic acid methyl ester

1220 2-[4-Chlore-3-(3,5-dicvano-phenoxy)-pheny FN- (4
evano-phenyllacetamide

1221 4-{2-[4-Chloro-3-(3,5-dicyano-phenoxy)-phenyl -
acetylamino}-benzoic acid methyl ester

I-222  2-[4-Chloro-3+(3,5-dicyano-phenoxy - pheny } N-(4-
hydrozxy-phenyl}-acetamide

[-223 is omitted

I-224  2-[3-(3-Chloro-S-cyano-phenoxy)-4-methyl- 392 (M + H) 158.6-152.1
phenyl FN-(4-methyl-pyridin- >-y1)-acetamide

1-225  2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 392 (M + H)” 137.9-138.8
Pheny 1 }H-(3-methyl-pyridin-2-yl-acetamide

1-226  2-[3-(3-Chloro-5-cyano-phenoxy 4-methyl- 395 (M + H)* 155.6-159.0
Pheny I }H-(2,5-dimethyl- ZH-pyrazol- 3-310-
acetamide

1-227 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 381 (M + H)* 129.5-132.8
Pheny1}H-(2-methyl-2H-pyrazol-3-yl)-acetamide

[-228  N-(6-Acetylamino-4-methyl-pyridin-3-y1)-2-[3-(3- 449 (M + H)* 232.5-224.40
chloro-5-cyano-phenoxy)-4- methyl-phenyl]-
acetamide

1229 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 422 (M + H)* 168.3-170.4
phenyl FN-(6-methoxy-2-methyl-pyridin- 3-y1)
acetamide

1230 2-[3-(3-Chloro-5-cyano-phenoxy b4-methyl- 428 (M + H)* 173-174
Pheny 1 }H-(2-methyl-5-methylsulfanyl-7H-
[1.2,4}triazol-3-yl)-acetamide

I-231  N-(2-Chloro-phenyl)y2{ 3-(3,5-dichloro-benzoyl)-5- 431 (M)* 142.0-146.2
methyl-phenylJ-acetamide

1-232 2-[3-(3,5-Dichloro-benzovl)-5-methyl-phenyl]-N- 490 (M + H)* 247.1-249.0
(2-methyl-4-sulfamoyl-phenylj-acetamide

I-233 2-[4-Chloro- 3-(4-cyane-f-methyl-pyridin-2-vloxy)- 482 (M + H)* 230.1-230.7
2-fluaro-phenylHN-(2-methyl-4-sulfamoyl-phenyl)-
acetamide

1234 (4-{2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl- 465 (M + H* 174.8-176.4
phenylFacetylamino }-3-methyl-phenoxy -acetic
acid

I-235  (3-Chloro-4-{ 2 3-(3-chlore-5-cyano-phenoxy)-4- 483 (M + H)* 118.9-118.0

methyl-phenylFacetylamino -phenyl}acetic acid
methyl ester

I-236  (3-Chloro-4-{ 2 3-(3-chlore-5-cyano-phenoxy)-4- 468 (M)* 15%.6-160.0
methyl-phenylJ-acetylamino -phenyl)-acetic acid
I-237  2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl- 454 (M + H)* 180.0-181.4

phenylFN-(4-methanesul fonylamino-2-methyl-
PhenyD-acetamide
I-238 2-[3-(3-Chloro-5-cyane-phenoxy -4-methyl- 498 (M + H)* 18401548
phenyl FN-[4-(methanesulfonyl-methyl-amino)-2-
methyl-phenylJ-acetamide

1239 4-{2-[4-Chlore-3-(3-chloro- 5-cyano-phenoxy)-2- 477 (M + H)* 255.9-257.1
fluoro-phenyl]-acetylamino}- 3-methyl-benzamide

2443 2-[7-(4-Chloro-benzoyl)-2,3-dihydro-benzofuran-5- 141.1-144.2
y1]-N-(2-chloro-phenyl)-acetamide

[-241 2-[7-(4-Chloro-benzoyl)-2,3-dihydro-benzofuran-5- 250.0-261.0
y1]-N-{4-sultamoyl-phenyl)-acetamide

1242 2-[4-Chloro-3-(3,5-dicvano-phenylsulfanyl)- 247.9-250.9

Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide
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Cpd.
No. NAME MS

MFP

1-243  2-[3-(2-Bromo-5-chloro-phenylsulfanyl-4-chloro-
phenyl FN-(4-sulfamoyl-phenyl)-acetamide

I-244  2-[3-(2-Bromo-5-chloro-phenylsul tanyl)-4-chloro-
phenyl FN-(2-chloro-phenyl)-acetamide

[-245 and [-246 are omitted

[-247  2-[4-Chlore- 3-(3,5-dichloro-benzoy[)-phenyl -N-(2- 451 (MY*
chloro-phenyl)-acetamide

[-248 2-[4-Chlore- 342, 5-dichloro-benzoy[)-phenyl -N-(2- 451 (MY*
chlore-pheny-acetamide

1249 2-[4-Chlore-3-(2,5-dichloro-benzoyl-phenyl FN-(2- 510 (M)*
nethyl-4-sulfameyl-phenyl)-acetamide

1250 2-[4-Chlore-3-(2,5-dichloro-benzoyl}-phenyl FN-(4- 496 (M)*
sulfamoyl-phenyl)-acetamide

I-251 2-[4-Chlore- 342, 5-dichloro-benzoy[)-phenyl ]-N-
phenyl-acetamide

[-252  2-[4-Chlore- 3-(3,5-dichloro-benzoy[)-phenyl -N-(2- 510 (M7*
nethyl-4-sulfameyl-phenyl)-acetamide

I-253 2-[4-Chlore-3-(2,5-dichloro-benzoyl-phenyl FN-(2- 530 (M)*
chlore-4-sultamoyl-pheny [-acetamide

417 (M)

[-254  2-[3-(4-Chloro-benzoyl)-5-methyl-phenyl |- N-(4- 442 (M)*
sulfamoyl-phenyl)-acetamide

[-255 2-[3-(4-Chloro-benzoyl)-5-methyl-phenyl |- N-(2- 465 (M)*
nethyl-4-sulfameyl-phenyl)-acetamide

I-256  2-[3-(2-Chloro-benzoyl)-5-methyl-phenyl FN-(2- 456 (M
nethyl-4-sulfameyl-phenyl)-acetamide

I-257  2-[3-{4-Chloro-benzoyl)-5-methyl-phenyl ]-N-(2- 476 (M + H)*
chloro-4-sulfamoyl-phenylj-acetamide

[-258 2-[3-(4-Chloro-benzoyl)-5-methyl-phenyl |- N-(2- 397 (My*
chlore-pheny-acetamide

I-25%  2-[3-(2-Chloro-benzoyl)-5-methyl-phenyl FN-(2- 3T (M
chlore-pheny-acetamide

[-264  2-[3-(3-Chloro-benzoyl)-5-methyl-phenyl |- N-(2- 456 (M)*
methyl-4-sulfamoyl-phenylj-acetamide

[-261 2-[3-(3-Chloro-benzoyl)-5-methyl-phenyl ]-N-(4- 442 (M)*
sulfamoyl-pheny D-acetamide

1262 2-[3-(3-Chloro-benzoyl)-5-methyl-phenyl FN-(2- 3T (M
chlore-pheny-acetamide

[-263 2-[3-(2-Chloro-benzoyl)-5-methyl-phenyl |- N-(4- 442 (M)*
sulfamoyl-phenyl)-acetamide

I-264  2-[3-(5-Bromo-2-chloro-benzoyl)-4-methoxy- 551 (M + Hi+
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

I-265 2-[3-(5-Cyane-2-methyl-benzoyl)-4-methyl- 462 (M + Hi+
Pheny 1 }H-(2-methyl-4-sulfamoyl-pheny [}
acetamide

I-266  2-[3-(5-Cyane-2-methyl-benzoyl)-4-methyl- 443 (M + H)+
Pheny 1 }H-(4-sulfamoyl-phenyl)-acetamide

I-267 N-(2-Chloro-phenyl)} 2 3-(5cyano-2-methyl- 403 (M + H+
lenzoyl)-4-methyl-phenyl]-acetamide

I-268 2-[3-(5-Cyane-2-ethyl-benzoyl)-d-ethyl-phenyl]-N- 490 (M + H)+
(2-methyl-4-sulfamoyl-phenylj-acetamide

1269 2-[3-(3,5-Dichloro-benzovl)-5-methyl-phenyl]-N- 476 (M)*
(4-sulfamoyl-phenyl}-acetamide

270 2-[3-(3-Chloro-5-cyano-phenoxy) 2-fluoro-4- 564 (M + H+

methyl-phenyl FN-(2-chloro-4-propionylsul famoyl-
pheny-acetamide: sodium salt

2202223

172.2-172.8

197.2-198.1

121.0-123.5

214.9-218.8

213.9-216.1

167.1-168.5

2031644

197.0-19%.6

260.9-203.3

205.8-208.0

207.7-209.3

218.9-220.7

134.7-135.5

125.1-127.0

210.3-211.6

211-213.1

113.0-113.8

165-167

177.0=-177.9

22432281

229.6-231.1

129.4-131.6

226.0-227.9

158.8-162

[0129] Compounds of the present invention can be made
by a variety of methods depicted in the illustrative synthetic
reaction schemes shown and described below. The starting
materials and reagents used in preparing these compounds
generally are either available from commercial suppliers,
such as Aldrich Chemical Co., or are prepared by methods
known to those skilled in the art following procedures set
forth in references such as Fieser and Fieser s Reagents for
Organic Synthesis, Wiley & Sons: New York, Volumes 1-21;
R. C. LaRock, Comprehensive Ovganic Transformations,

2™ edition Wiley-VCH, New York 1999; Comprehensive
Organic Synthesis, B. Trost and 1. Fleming (Eds.) vol. 1-9
Pergamon, Oxford, 1991; Comprehensive Heterocyelic
Chemistry, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1984, vol. 1-9; Comprehensive Heterocyclic Chem-
istry I, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1996, vol. 1-11; and Organic Reactions, Wiley &
Sons: New York, 1991, Volumes 1-40. The following syn-
thetic reaction schemes are merely illustrative of some
methods by which the compounds of the present invention
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can be synthesized, and various modifications to these
synthetic reaction schemes can be made and will be sug-
gested to one skilled in the art having referred to the
disclosure contained in this Application.

[0130] The starting materials and the intermediates of the
synthetic reaction schemes can be isolated and purified it
desired using conventional techniques, including but not
limited to, filtration, distillation, crystallization, chromatog-
raphy, and the like. Such materials can be charactenzed
using conventional means, including physical constants and
spectral data.

[0131] Unless specified to the contrary, the reactions
described herein preferably are conducted under an inert
atmosphere at atmospheric pressure at a reaction tempera-
ture range of from about -78° C. to about 150° C., more
preferably from about 0° C. to about 125° C., and most
preferably and conveniently at about room (or ambient)
temperature, e.g., about 20° C.

[0132] Some compounds in following schemes are
depicted with generalized substituents; however, one skilled
in the art will immediately appreciate that the nature of the
R groups can varied to afford the various compounds con-
templated in this invention. Moreover, the reaction condi-
tions are exemplary and alternative conditions are well
known. The reaction sequences in the following examples
are not meant to limit the scope of the invention as set forth
in the claims. N-Phenyl 3-phenoxy-phenylacetamide com-
pounds are prepared from phenyl acetic acid derivatives 4
(X'=0, R*= optionally substituted phenyl) as depicted in
Scheme 1. The preparation of phenylacetic acids related to
the present compounds has been described in U.S. Ser. Nos.
10/807,993 and 10/807,766 entitled Non-nucleoside Reverse
Transcriptase Inhibitors filed Mar. 23, 2004 These applica-
tions are hereby incorporated by reference in their entirety.

R-t
5/
K CO.H

r! R?

(4

COEt

MO, RO
step 2
—_—

RO Me
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[0133] 4-Alkyl-3-aryloxy-phenylacetic acid compounds
are usctul precursors to some embodiments of the present
invention and can be prepared from 4-hydroxy-3-methox-
yphenyl acetate by Pd catalyzed coupling of a dialkyl zinc
species and ethyl 3-methoxy-4-trifluorosulfonyloxy-pheny-
lacetate (4b) derived therefrom to produce the corresponding
4-alkyl compound (SCHEME 1). The Negishi coupling of
organozinc halides or dialkylzine with haloarenes and aryl
triflates 1s an effective means for attachment of an alkyl
group to an arene (E.-I. Negishi, Acc. Chem. Res. 1982
15:340-348). The reaction is catalyzed by palladium Pd(0)
and palladium is preferably ligated to a bidentate ligand
including Pd(dppf)Cl, and Pd{dppe)CL,. (J. M. Herbert Ter-
rahedron Lett. 2004 45:817-819) Typically the reaction is
run in an inert aprotic solvent and common ethereal solvents
include dioxane, DME and THF are suitable. The reaction is
commonly run at elevated temperature.

[0134] Alternatively Friedel-Crafts acylation of ethyl
3-methoxy-phenylacetate affords 4-acetyl-3-methoxy-phe-
nylacetate 8. Reduction of the ketone to afford the 4-ethyl
derivative 12a can be accomplished under a wvariety of
conditions including tricthylsilylhydride/TFA, catalytic
hydrogenation and hydrogenolysis, Clemmenson and Wolf-
Kischner procedures. Alternatively the side chain can be
further elaborated by subjecting the ketone to a Wittig
condensation and reduction of the resulting olefin. In the
present invention triphenylphosphonium methylide is con-
densed with 8 affording ethyl 4-isopropenyl-3-methoxy-
phenylacetate (14) which was reduced to the corresponding
ethyl 4-iso-propyl-3-methoxy-phenylacetate  (16). One
skilled in the art will recognize many closely related alter-
native procedures are available that afford other 4-alkyl
substituents. Demethylation of the methyl ether affords the
corresponding  ethyl 4-alkyl-3-hydroxyphenylacetate 18a
which are useful synthetic intermediates for introduction of
the 3-aryloxy moiety.

COEt

e 4a:R=H 3 Ga: R = Me
step 1 [ 307 R - 50,0F, step 2 % gb:R=H

step 4

6o: R = Ar
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[0135] 34-Dimethyl-5-aryloxy-phenylacetic acid com-
pounds were also prepared using a dialkylzine mediated
coupling; however, prior to that coupling the activating
effect of the hydroxyl was exploited to formylate the aro-
matic ring and afford 22a. Reduction of the formyl substitu-
ent provides the methylated compound 22¢. (SCHEME 2)
Demethylation of the methyl ether affords the phenol 24¢
which can be used to introduce the biaryl ether linkage.

SCHEME 2
MeQ
CO-H
sep 1
—i
HO
20
Me(
COLRI
step 4
——
HO
R‘Z
2 22a:R!= H: R* = CHO
slep 2 % 33k R! = Bt R* = CHO
step 3 22e:Rl= B Ri= Me
RO
CO4E
R
Me

. 24a: R = OTE, R® = Me
step 2 % 24b B = Me, BY = Me
step & Me:R=Me, R¥=H

[0136] The preparation of diaryl ethers has been reviewed
(J. 5. Sawvyer, Recent Advances in Diarl Erhier Synthesis,
Tetrahedron 2000 56:5045-5065). Introduction of the (het-
erojaryloxy ether can often be accomplished by direct S AR
displacement reaction on a aromatic ring substituted with a
leaving group and electronegative substituents. Fluoroaro-
matic compounds with electronegative substituents are
known to be sensitive to nucleophilic attack by soft nucleo-
philes. Fluorine substituents are generally significantly more
labile than other halogen substituents. While hard nucleo-

philes like water and hydroxide fail to displace fluoride, soft
nucleophiles like phenols, imidazoles, amines, thiols and
some amides undergo facile displacement reactions even at
room temperature (D. Boger et al., Biorg. Med. Chent. Lent.
2000 10:1471-75; E Terrier Nucleophilic Aromatic Dis-
placement: The Influence of the Nitro Group VCH Publish-
ers, New York, N.Y. 1991). Phenols typified by 6b and 12a
can be treated with appropriately substituted aryl fluorine
compounds to produce diaryl ethers (infra).

[0137] Aryl ethers also can be efficiently prepared by
Cu(OAc), catalyzed condensation of substituted benzene
boronic acids and phenols (D. A Evans et al., Tetrahedron
Letr.,, 1998 39:2937-2040 and D. M. T. Chan ¢t al., Teira-
hedron Lett. 1998 39:2933-2936). This protocol can also be
adapted to phenols such as 6b and 12a. Benzene boronic
acids with a varety of other substituention are widely
available.

[0138] Alternatively, variations of the Ullmann diaryl
ether synthesis with Cu(l) salts (J.-F. Marcoux et al.,J. dn.
Chent. Soc. 1997 119:10539-540; E. Buck et al, Org. Leint.
2002 4(9):1623-1626) or palladium-catalyzed coupling pro-
cedures also has been reported (G. Mann et al., J. Am. Chem.
Soc., 1999 121:3224-3225) have been described. One skilled
in the art will appreciate that optimal procedure will vary
depending on the nature and position of substituents on the
aryl rings to be coupled and useful conditions for the
coupling can by identified without undue experimentation.

COaMe

MeO

step 2
—

OR

; Ba:R=H
sepl [ J6h RoTE
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step 3
R
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28b: R = Et
COaMe
E'Q
R
30a: R = Me, R = aryl
30b: R = Et, R = aryl
COsMe
HO.
NC F
OH
32
l
COaMe
NC,, ; L0, ; J
Cl OR
34u:R=H
34b: R = Me

[0139] 5-Methyl- and  S-ethyl-3-hydroxy-phenylacetic
derivatives were prepared by monomethylation of 3,5-dihy-
droxy-phenylacetic acid to afford 26a followed by sequential
treatment with triflic anhydride and dialkylzine/Pd[P{Ph),],
to afford 28a and 28b. While the reactions are illustrated
with methyl and ethyl groups, one skilled in the art will
appreciate that a variety of substitutents can be introduced
depending on the reagent selected. Demethylation of the
methyl ether was accomplished as previously described to
afford phenols that can be used to introduce diaryl ethers.
3-Aryloxy-5-methoxy-phenylacetic acids compounds can
be prepared by mono-arylation of alkyl 3,5-dihydroxy-
phenylacetates and subsequent methylation to afford 34b
{(SCHEME 3). Other alkoxy compounds are readily prepared
by replacing methyl iodide with other alkylating agents.

SCHFEME 4
MeO. Me
step 1
Cl
36
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MeO. CH.X
step S
Cl
38 X =Br sLep 2

e e I
330: X = C{==NH)OEt-HCl e
3% X = COzEt*-—_I P

COsEL
HO
tep 6
step
Cl
4
R3O CHA00,Et
Cl

42 (R* = aryl)

[0140] When substituted phenylacetic acid precursors are
unavailable, an alternative route utilizing methyl substitu-
ents to elaborate the acetic acid side chain has been used.
Ethyl 4-chloro-3-hydroxy-phenylacetate (40) was prepared
from 1-chloro-2-methoxy-4-methyl-benzene by benzylic
bromination (step 1) and displacement of the bromine atom
with sodium cyanide (step 2). Hydrolysis of the nitrile (steps
3 and 4) and demethylation of the ether under standard
conditions afforded 40. BBr; or Lil/syn-collidine mediated
demethylations are effective techniques for conversion of
methyl ethers to the corresponding phenols. Incorporation of
the aryl or heteroaryl ether is achieved by one of the methods
described previously.

[0141] 4-Chloro-2-fluoro-3-phenoxy-phenylacetic  acid
compounds (SCHEME 5) can prepared by starting from
1-chloro-3-fluoro-2-methoxy4-methylbenzene utilizing a
sequence comprising benzylic bromination with NBS and
AIBN, cvanide displacement, hydrolysis of the nitrile and
esterification of the carboxylic acid analogous to that
described in SCHEME 4

SCHEME 5
COaE1
step 3
44a:R= Me [ He:R=H
:ipég 441: R = CH,Br L~ dbiR=am
P 44¢: R = CHLON step 6

step 3 [ -

444; R = CH300:H
#ep4 Lo 4e: R = CHACOSE

[0142] Alternatively, the synthesis of 2-fluoro substituted
compounds was accomplished by exploiting the facile dis-
placement of fluoroaromatic compounds. Thus, treatment of
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1,2 3-tnifluoro-4-nitro-benzene (46) with an alkali metal
phenolate results in displacement of the 3-fluoro group with
good regioselectivity to afford 48a (SCHEME 6). Treatment
of 48a with carbanion formed by deprotonation of tert-butyl
ethyl malonate resulted in the regioselective introduction of
a malonic ester (48b) which is subjected to acid-catalyzed
hydrolysis of the tert-butyl ester and decarboxylation to
afford 48c. After introduction of the phenoxy and acetic acid
moieties, the nitro group is readily converted to other
substituents at the 4-position. Reduction of the nitro sub-
stituent afforded 50a which can be subjected to Sandmeyer
conditions to introduce a bromo 50a or chloro 50¢ substitu-
ent. The bromo substituent could be further reacted with a
dialkyl zinc (the Negishi Reaction) to afford 4-alkyl-3-
aryloxy-2-fluoro-phenylacetic acid compounds exemplified
by 50c¢ and 50d.

Oct. 27, 2005

NC OH

R

1
step 4

S4a; R'=R’"=H
step 1 L S0l R=R" = TMs
step 2 L= sac; R'=R"= Br
step 2 [ 544 R =CHO, R"= Br

SCHEME &

46 step 2

48a:R'=F
_ L oor- CH{CO,'Bu)CO,Et
step & step 10 I CH,CO,Et

step 3

0N

52a: R" = CH(CO'Bu)CO,EL

52 R = CHACO-EL
step 9

[0143] Alternatively, the reaction of the mixed tert-butyl
ethyl ester of malonic acid atfords a regioisomeric mixture
of adducts in which displacement of the fluorine at the
1-position 52a predominates in a 2:1 ratio and the isomers
are separated by Si0. chromatography. Hydrolysis and
decarboxylation of 52a affords the phenylacetic acid 52b
which is an effective substrate for introduction of an aryl
ether and Sandmeyer-type chemistry.

[0144] 4-Alkoxy-2-fluoro-3-phenoxyphenylacetic  acid
compounds were prepared from o-difluorobenzene. A mix-
ture ortho-difluorobenzene (544) and trimethylsilylchloride
was treated with butyl lithium to produce 2,3-difluoro-1,4-
bis-trimethylsilanyl-benzene (54b) which was brominated to
afford 54c. Selective monometallation of 54¢ with iso-
propylmagnesium chloride-lithium chloride complex and
quenching the organomagnesium compound with DMF
afforded 54d. Reaction of 54d with a phenol in the presence
of K,CO, resulted in displacement of the fluorine atom
adjacent to the aldehyde to afford 56a. The aldehyde was
subjected to a Baever-Villiger oxidation with trifluoroper-
acetic acid which underwent concomitant hydrolysis to the
phenol 56b which was alkylated with Cs,CQO; and methyl
iodide to afford the methoxy substituted analog 56¢. Met-
allation of the remaining bromine substituent with iso-
PrMgCI/Lil/THF and allylation of the resulting Grignard
reagent afforded 58a which was oxidatively cleaved with
NalO /Ru{II)Cl, to produce the phenylacetic acid 58b.

E
O R O
Ry Ry
—_— | —_— |
stepr 1 R—l step 4 R_|
/ /
O;N OaN R™

F CO,Ft

Seps
Sia: R = NH,

- 50 R™" = Br
step & E 50¢: R"" = Me
step 7 S0d: R™ = Et

Sde:R" =Cl

e
step 8

-continued
F

NC O Br

—_—
step 7

F
NC, O R
step 910
—_—
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_ S3a: R = CH.CH=CH,
seps [ S po CHACOH
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[0145] The substituted phenylacetic acid esters thus
obtained were converted to the corresponding amides
through a three-step sequence including hydrolysis of the
ester, conversion of the resulting acid to an acid chloride and
condensation of the acid chloride with an aryl amine or
heteroarylamine.

[0146] Fluorine-substituted aromatic compounds which
are useful intermediates for formation of the biaryl ether are
commercially available or readily prepared from commer-
cially available precursors. 3-Chloro-5-fluoro-benzonitrile
(5%9a), 1-bromo-3-chloro-5-fluorobenzene, 1-bromo-2-
fluoro4-chloro-benzene, 4-chloro-3-fluorobenzonitrile,
3-fluoro-5-trifluoromethyl-benzonitrile (59b), 3,5-dibromo-
fluoro-benzene, 1,3-dichloro-2-fluorobenzene (59¢), 14-
dichloro-2-fluoro-6-bromo-benzene  (59d), 1-chloro-2-
fluoro4,6-dibromo-benzene (59¢)and 1-chloro-2,6-
difluoro4-bromo-benzene (59f) were purchased. Cyanide
substituents can be introduced into a aromatic ring by
Zn(CN) /palladium-catalyzed displacement of a halogen by
cyanide which can be carried out either after introduction of
the biaryl ether or on a halogenated precursor (SCHEME
8-reaction B) prior to formation of the ether.

SCHFEME 2
(A)
F CO-Et
F-HC, O Bd[P{Ph};]4
Zn[CN)y;
DMF
07
Cl
Br
60
F CO4Et
F:HC O,
Cl
CN
62
(B)
Er F
3
step 3
R

Gda: R =Br
S:ep,l, % 64l R = CHO
Siep < 64e: R = CHF;
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step 3 0 72 R= CEoMe. R = H
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Br G
step 7
K
CF;Me
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siep S 5 740 R NH,
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F CO4FEt
N Q.
Cl
CFaMe
76

[0147] Fluoroalkyl substituted compounds are useful
embodiments of the invention and 66 and 72¢ were prepared
by fluorination of a carbonyl compound with a fluorinating
agent such as (diethylamino)sulfur trifluoride (DAST) or
[bis{2-methoxyethylamino)sulfur  difluoride  (DEOXO-
FLUOR®). Thus 1,3-dibromo-5-flucrobenzene (64a) was
mono-metallated and formylated to afford 64b. Fluorination
of 64b with DAST afforded 64c which was optionally
treated with Zn{CN). and PA[P{Ph),], to introduce a nitrile
prior to formation of the bis-aryl ether 68 by condensation

111



US 2005/0239880 Al

of 66 and 52b. The 1,1,-difluoroethyl substituent was intro-
duced utilizing an analogous strategy whereby an acetyl
derivative was fluorinated with DEOXO-FLUORO®, The
acetyl compound 72b was obtained by mono-metallation of
70 and quenching with N-methyl-N-{methoxy)acetamide.
The fully elaborated phenylacetic acid 74 was obtained by
condensation of 72¢ and 52b followed by a Sandmeyer
reaction in the presence of Cu(I)Cl and HCL Optional
introduction of a cyanide into the aryl ring (step 7) was
carried out as described previously.

[0148] Di-cyano substitution is a feature of some embodi-
ments of the present invention and dicyano aromatic com-
pounds, e.g. 80 are readily available by bis-cyanation of a
dihalo precursor 78. One skilled in the art will appreciate
this transformation can be carried out on a variety of

dihalogenated
NeCN
"EoH

80

T8
Cl
H
Br O, N
m \@\
Et S0, NH2
Br

ZMCN) 822:R = Br
PA[P(Ph)s]y £ R = ON
THF, 857 C. el
NC. R
—_—-
step 3

Cl

#la:R=Cl
step 1L 31bi R = OMe
step 2 :aﬂc R=0OH

F
NC 0. :|: K
; ON
al

#3:R=F
step 4 % 23b: R = CH{CO2'Bu)CO,4EL
step 5 23¢: R = CH;CO3E

[0149] substrates. Considerable flexibility in the sequence
of the transformations is possible and bis-cyanation can be
carried out either prior to or after formation of the biaryl
ether, ¢.g., transformation of 82a to 82b.

[0150] In some examples of the present invention the
biaryl ether is introduced by reacting a suitably substituted
phenol and a fluoro-substituted phenylacetic acid or precur-
sor thereof. (see SCHEME 6) Many useful phenols are
commercially available. 3-Chloro-5-hydroxy-benzonitrile
{81c) was a useful intermediate in the synthesis of some
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embodiments of the present invention. 81lc was prepared
from 3,5-dichlorobenzonitrile (81a) by displacement of one
chlorine substituent with sodium methoxide and Lil/colli-
dine mediated demethylation of the resulting arylmethyl
ether 81b. The phenol was reacted with 46 to afford 83a
which was further transformed to 83c as described previ-
ously.

[0151] Introduction of haloalkoxy substituents were
readily accomplished by insertion of a dihalocarbene into to
a phenol. 3,5-Dihydroxy-benzonitrile (84a) is transformed
into the base-stable mono SEM-ether 84¢ which is reacted
with difluorocarbene generated by decarboxylative climina-
tion of

SCHEME 10
HO OFR
step 3
—
CN
Z4a:R=H
sepl & ppzac
step2 [0 3! R = CHO(CHL) TMS
EHCO OR
step 4
———
53b
N
S6a: R = CH,O(CH;); TMS
gh:R=H
CHF, F CO,Ft
o) o

0N

CN
a8

[0152] difluorochloroacetic acid (SCHEME 10). Depro-
tection and condensation of the resulting phenol 86b with
ethyl 2,3-difluoro4-nitro-phenylacetate (52b) affords 88
which can be further converted to compounds of the present
invention.

SCHEME 11

F Cl
H
NC 8] N
Q
l S03NHR

Cl
YWa:R=H
Wib: R = C{=—=0)C4Hy
He: R = C{=— Oy HyCHNH— BOC
|: Wid: R = C{=—O)CHCH.NH; Y CI
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[0153] Other embodiments of the invention include
N-acylsulfonamides (SCHEME 11) which can be prepared
by acylation of the corresponding sulfonamide. The acyla-
tion can be achieved by reacting the sulfonamide with acyl
halides or anhydrides, e.g. propionyl anhydride, or, in the
case of acylation with N-protected amino acids, by transient
activation of the carboxylic acid followed by condensation
with 90a and deprotection. Protocols for activation, coupling
and deprotection of amino acids are well known in the art.
Although the acyl sulfonamides in SCHEME 11 are depicted
as neutral molecules, the acidic proton on the acyl sulfona-
mide nitrogen can be readily deprotonated to form salts.
Embodiments formed from a-amino acids can be depro-
tected utilizing well established procedures and the free
amino group can be converted to acid addition salts.

[0154] Other N-substituted sulfonamides were prepared
by amidation with a 4-amino-benzensulfonyl fluoride (95) to
afford an intermediate sulfonyl fluoride 114 which is further
reacted with a (didalkylamine to afford the desired sulfona-
mide derivatives.

SCHEME 12
CCEt
HCr
step 1
N F
Me
o
1
COR
NC O,
step 4
Me
Me H.N
Cl
9d4a: R = OF!
ep2 O o o SOsF
L] m—— e os
Me
H
NC Q. vl
m
Me S04R
Cl
— 114 E=F
step S
— [-116: K= N NMe

[0155] 4-Amino-benzene-sulfones are useful intermedi-
ates for the synthesis of some embodiments of the present
invention (SCHEME 13). The requisite anilines were pre-
pared from 4-fluoro-2-methylnitrobenzene. Displacement of
the fluoride with sodium sulfide and alkylation of the
nucleophilic thiol with ethyl bromoacetamide and oxidation
of the thiol to the corresponding sulfone with MCPBA
affords 98d. Reduction of the nitro substituent and conden-
sation of the resulting amine 100 with an aroyl chloride
affords 122. Subsequent modification of the function groups,
¢.g., hydrolysis of the carboxylic acid ester is possible using
previously described methodology. Other alkylating agents
useful to prepare compounds of the present invention

113
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include haloalkanols, ¢.g. bromoethanol and brompropanol,
N-protected halo amines, ¢.g., (2-bromo-ethyl)-carbamic
acid tert-butyl ester and bromoacetonitrile. The correspond-
ing ether analogs were available by alkylation of the analo-
gous phenols. (see, e.g., P. G. Wyatt et al. J. Med. Chen.
1995 38(10):1657-1665).

SCHEME 13
NO.
Me
step 4
——
R
98 R=F

Sip ! % 981 R = SH
sep - 93e: R = SCH,CO Me
step 3 98: R = SO,CH,C0-Me

NH;,

Me
tep 5
step
SOACHA00:Me
100
H
NC o N
m \O\
Me SO,CH.R'

cl
i 122: B = C0:Me
lep & il
sep [-152: R' = CO-H

[0156] (7-Aryloxy-benzoftiran-5-yl)-acetic acid deriva-
tives were prepared from (2,3-dihydro-benzofuran-5-yl)-
acetic acid ethyl ester (101a). Introduction of the oxygen
substituent was achieved by Friedel-Craft acetylation and
subsequent Baever-Villiger rearrangement and hydrolysis of
the acetate to afford 101d. Introduction of the aryloxy
moiety is accomplished by S AR displacement of an aryl
halide or by Cu{QAc), catalyzed condensation of substituted
benzene boronic acids and phenols as described previously.
Oxidation of the dihydrofliran by allylic bromination which
spontaneously underwent dehydrobromination. afforded

105a.
SCHEME 1
COLE!
R
—
o

Wa:R=H
step 1
:[:P , % 101b: R = COMe
P 101 R = OAc
step - 101d: R = OH
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o
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o
1052 R = OFt

Dosage and Administration

[0157] The compounds of the present invention may be
formulated in a wide variety of oral administration dosage
forms and carriers. Oral administration can be in the form of
tablets, coated tablets, dragees, hard and soft gelatine cap-
sules, solutions, emulsions, syrups, or suspensions. Com-
pounds of the present invention are efficacious when admin-
istered by other routes of administration including
continuous {intravenous drip) topical parenteral, intramus-
cular, intravenous, subcutaneous, transdermal (which may
include a penetration enhancement agent), buccal, nasal,
inhalation and suppository administration, among other
routes of administration. The preferred manner of adminis-
tration is generally oral using a convenient daily dosing
regimen which can be adjusted according to the degree of
affliction and the patient’s response to the active ingredient.

[0158] A compound or compounds of the present inven-
tion, as well as their pharmaceutically useable salts, together
with one or more conventional excipients, carriers, or dilu-
ents, may be placed into the form of pharmaceutical com-
positions and unit dosages. The pharmaceutical composi-
tions and unit dosage forms may be comprised of
conventional ingredients in conventional proportions, with
or without additional active compounds or principles, and
the unit dosage forms may contain any suitable effective
amount of the active ingredient commensurate with the
intended daily dosage range to be employed. The pharma-
ceutical compositions may be employed as solids, such as
tablets or filled capsules, semisolids, powders, sustained
release formulations, or liquids such as solutions, suspen-
sions, emulsions, elixirs, or filled capsules for oral use; or in
the form of suppositories for rectal or vaginal administra-
tion; or in the form of sterile injectable solutions for
parenteral use. A typical preparation will contain from about
5% to about 95% active compound or compounds (Ww/w).
The term “preparation” or “dosage form™ is intended to
include both solid and liquid formulations of the active
compound and one skilled in the art will appreciate that an
active ingredient can exist in different preparations depend-
ing on the target organ or tissue and on the desired dose and
pharmacokinetic parameters.

[0159] The term “excipient™ as used herein refers to a
compound that is useful in preparing a pharmaceutical

26
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composition, generally safe, non-toxic and neither biologi-
cally nor otherwise undesirable, and includes excipients that
are acceptable for veterinary use as well as human pharma-
ceutical use. The term “excipient™ as used herein includes
both one and more than one such excipient.

[0160] The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable
and that possesses the desired pharmacological activity of
the parent compound. Such salts include: (1) acid addition
salts, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic
acid, glycolic acid, pyrvic acid, lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, tartaric
acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic
acid, cinnamic acid, mandelic acid, methanesultonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxy-
ethanesulfonic acid, benzenesulfonic acid, 4-chlorobenze-
nesulfonic acid, 2-naphthalencsulfonic acid, 4-toluene-
sulfonic acid, camphorsulfonic acid, 4-methylbicyclo
[2.2.2]-0ct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary buty-
lacetic acid, lauryl sulfuinic acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid, and the like; or (2) salts formed when an
acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline
earth ion, or an aluminum ion; or coordinates with an
organic base such as ethanolamine, dicthanolamine, trietha-
nolamine, tromethamine, N-methylglucamine, and the like.
N-acylsulfonamides have an acidic proton which can be
abstracted to form a salt with an organic or inorganic cation.
Other compounds of the invention have a basic nitrogen
which can from acid addition salts.

[0161] The preferred pharmaceutically acceptable salts are
the salts formed from acetic acid, hydrochloric acid, sul-
phuric acid, methanesulfonic acid, maleic acid, phosphoric
acid, tartaric acid, citric acid, sodium, potassium, calcium,
zine, and magnesium. It should be understood that all
references to pharmaceutically acceptable salts include sol-
vent addition forms (solvates) or crystal forms (polymorphs)
as defined herein, of the same acid addition salt.

[0162] Solid form preparations include powders, tablets,
pills, capsules, cachets, suppositories, and dispersible gran-
ules. A solid carrier may be one or more substances which
may also act as diluents, flavoring agents, solubilizers,
lubricants, suspending agents, binders, preservatives, tablet
disintegrating agents, or an encapsulating material. In pow-
ders, the carrier generally is a finely divided solid which is
a mixture with the finely divided active component. In
tablets, the active component generally is mixed with the
carrier having the necessary binding capacity in suitable
proportions and compacted in the shape and size desired.
Suitable carriers include but are not limited to magnesium
carbonate, magnesium stearate, tale, sugar, lactose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellulose, sodium
carboxymethyleellulose, a low melting wax, cocoa butter,
and the like. Solid form preparations may contain, in addi-
tion to the active component, colorants, flavors, stabilizers,
buffers, artificial and natural sweeteners, dispersants, thick-
eners, solubilizing agents, and the like.
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[0163] Liquid formulations also are suitable for oral
administration include liquid formulation including emul-
sions, syrups, elixirs, aqueous solutions, aqueous suspen-
sions. These include solid form preparations which are
intended to be converted to liquid form preparations shortly
before use. Emulsions may be prepared in solutions, for
example, in aqueous propylene glycol solutions or may
contain emulsifying agents such as lecithin, sorbitan
monooleate, or acacia. Aqueous solutions can be prepared
by dissolving the active component in water and adding
suitable colorants, flavors, stabilizing, and thickening
agents. Aqueous suspensions can be prepared by dispersing
the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methyl-
cellulose, sodium carboxymethyleellulose, and other well
known suspending agents.

[0164] The compounds of the present invention may be
formulated for parenteral administration {e.g., by injection,
for example bolus injection or continuous infusion) and may
be presented in unit dose form in ampoules, pre-filled
syringes, small volume infusion or in multi-dose containers
with an added preservative. The compositions may take such
forms as suspensions, solutions, or emulsions in oily or
aqueous vehicles, for example solutions in aqueous poly-
ethylene glycol. Examples of oily or nonagueous carriers,
diluents, solvents or vehicles include propylene glycol,
polvethylene glycol, vegetable oils (e.g., olive oil), and
injectable organic esters (e.g., ethyl oleate), and may contain
tormulatory agents such as prescrving, wetting, emulsifying
or suspending, stabilizing and/or dispersing agents. Alter-
natively, the active ingredient may be in powder form,
obtained by aseptic isolation of sterile solid or by lyophili-
sation from solution for constitution before use with a
suitable vehicle, e.g., sterile, pyrogen-free water.

[0165] The compounds of the present invention may be
formulated for topical administration to the epidermis as
ointments, creams or lotions, or as a transdermal patch.
Ointments and creams may, for example, be formulated with
an aqueous or oily base with the addition of suitable thick-
ening and/or gelling agents. Lotions may be formulated with
an aqueous or oily base and will in general also containing
one or more emulsifying agents, stabilizing agents, dispers-
ing agents, suspending agents, thickening agents, or coloring
agents. Formulations suitable for topical administration in
the mouth include lozenges comprising active agents in a
flavored base, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert base
such as gelatin and glycerin or sucrose and acacia; and
mouthwashes comprising the active ingredient in a suitable
liquid carrier.

[0166] The compounds of the present invention may be
formulated for administration as suppositories. A low melt-
ing wax, such as a mixture of fatty acid glycerides or cocoa
butter is first melted and the active component is dispersed
homogeneously, for example, by stirning. The molten homo-
gencous mixture is then poured into convenient sized molds,
allowed to cool, and to solidify.

[0167] The compounds of the present invention may be
formulated for vaginal administration. Pessaries, tampons,
creams, gels, pastes, foams or sprays containing in addition
to the active ingredient such carriers as are known in the art
to be appropriate.
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[0168] The compounds of the present invention may be
formulated for nasal administration. The solutions or sus-
pensions are applied directly to the nasal cavity by conven-
tional means, for example, with a dropper, pipette or spray.
The formulations may be provided in a single or multidose
form. In the latter case of a dropper or pipette, this may be
achieved by the patient administering an appropriate, pre-
determined volume of the solution or suspension. In the case
of a spray, this may be achieved for example by means of a
metering atomizing spray pump.

[0169] The compounds of the present invention may be
formulated for aerosol administration, particularly to the
respiratory tract and including intranasal administration. The
compound will generally have a small particle size for
example of the order of five (5) microns or less. Such a
particle size may be obtained by means known in the art, for
example by micromzation. The active ingredient is provided
in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluo-
romethane, trichlorofluoromethane, or dichlorotetrafluoro-
ethane, or carbon dioxide or other suitable gas. The aerosol
may conveniently also contain a surfactant such as lecithin.
The dose of drug may be controlled by a metered valve.
Alternatively the active ingredients may be provided in a
form of a dry powder, for example a powder mix of the
compound in a suitable powder base such as lactose, starch,
starch derivatives such as hydroxypropylmethyl cellulose
and polyvinylpyrmolidine (PVP). The powder carrier will
form a gel in the nasal cavity. The powder composition may
be presented in unit dose form for example in capsules or
cartridges of e.g., gelatin or blister packs from which the
powder may be administered by means of an inhaler.

[0170] When desired, formulations can be prepared with
enteric coatings adapted for sustained or controlled release
administration of the active ingredient. For example, the
compounds of the present invention can be formulated in
transdermal or subcutaneous drug delivery devices. These
delivery systems are advantageous when sustained release of
the compound is necessary and when patient compliance
with a treatment regimen is crucial. Compounds in trans-
dermal delivery systems are frequently attached to a skin-
adhesive solid support. The compound of interest can also be
combined with a penetration enhancer, e.g., Azone (1-dode-
cylaza-cycloheptan-2-one). Sustained release delivery sys-
tems are inserted subcutaneously into to the subdermal layer
by surgery or injection. The subdermal implants encapsulate
the compound in a lipid soluble membrane, e.g., silicone
rubber, or a biodegradable polymer, e.g., polyactic acid.

[0171] Suitable formulations along with pharmaceutical
carriers, diluents and expcipients are described in Reming-
ton: The Science and Practice of Pharmacy 1995, edited by
E. W. Martin, Mack Publishing Company, 19th edition,
Easton, Pa. A skilled formulation scientist may modify the
formulations within the teachings of the specification to
provide numerous formulations for a particular route of
administration without rendering the compositions of the
present invention unstable or compromising their therapeu-
tic activity.

[0172] The modification of the present compounds to
render them more soluble in water or other vehicle, for
example, may be easily accomplished by minor modifica-
tions (salt formulation, esterification, etc.), which are well
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within the ordinary skill in the art. It is also well within the
ordinary skill of the art to modity the route of administration
and dosage regimen of a particular compound in order to
manage the pharmacokinetics of the present compounds for
maximum beneficial effect in patients.

[0173] The term “therapeutically effective amount” as
used herein means an amount required to reduce symptoms
of the disease in an individual. The dose will be adjusted to
the individual requirements in each particular case. That
dosage can vary within wide limits depending upon numer-
ous factors such as the severity of the disease to be treated,
the age and general health condition of the patient, other
medicaments with which the patient is being treated, the
route and form of administration and the preferences and
experience of the medical practitioner involved. For oral
administration, a daily dosage of between about 0.01 and
about 100 mg/kg body weight per day should be appropriate
in monotherapy and/or in combination therapy. A preferred
daily dosage is between about (.1 and about 500 mg/kg body
weight, more preferred 0.1 and about 100 mg'kg body
weight and most preferred 1.0 and about 10 mg/kg body
weight per day. Thus, for administration to a 70 kg person,
the dosage range would be about 7 mg to (0.7 g per day. The
daily dosage can be administered as a single dosage or in
divided dosages, typically between 1 and 5 dosages per day.
Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter,
the dosage is increased by small increments until the opti-
mum effect for the individual patient is reached. One of
ordinary skill in treating diseases described herein will be
able, without undue experimentation and in reliance on
personal knowledge, experience and the disclosures of this
application, to ascertain a therapeutically effective amount
of the compounds of the present invention for a given
disease and patient.

[0174] In embodiments of the invention, the active com-
pound or a salt can be administered in combination with
another antiviral agent, such as a mucleoside reverse tran-
scriptase  inhibitor, another nonnucleoside reverse tran-
scriptase inhibitor or HIV protease inhibitor. When the
active compound or its derivative or salt are administered in
combination with another antiviral agent the activity may be
increased over the parent compound. When the treatment is
combination therapy, such administration may be concurrent
or sequential with respect to that of the nucleoside deriva-
tives. “Concurrent administration” as used herein thus
includes administration of the agents at the same time or at
different times. Administration of two or more agents at the
same time can be achieved by a single formulation contain-
ing two or more active ingredients or by substantially
simultaneous administration of two or more dosage forms
with a single active agent.

[0175] It will be understood that references herein to
treatment extend to prophylaxis as well as to the treatment
of existing conditions, and that the treatment of animals
includes the treatment of humans as well as other animals.
Furthermore, treatment of a HIV infection, as used herein,
also includes treatment or prophylaxis of a disease or a
condition associated with or mediated by HIV infection, or
the clinical symptoms thereof.

[0176] The pharmaceutical preparations are preferably in
unit dosage forms. In such form, the preparation is subdi-
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vided into unit doses containing appropriate quantities of the
active component. The unit dosage form can be a packaged
preparation, the package containing discrete quantities of
preparation, such as packeted tablets, capsules, and powders
in vials or ampoules. Also, the unit dosage form can be a
capsule, tablet, cachet, or lozenge itself, or it can be the
appropriate number of any of these in packaged form.

EXAMPLE 1

2{4-Chloro-3-(3-chloro-5-cyano-phenoxy)-phenyl]-
N-+{4-sulfamoyl-phenyl)-acetamide (I-1)

[0177]
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[0178] step 1—A solution of 4-chloro-3-methoxytoluene
(36; 0.5 g; 3.2 mmol), NBS (0.57 g; 3.2 mmol) and benzoyl
peroxide (0.031 g; 0.13 mmol) and 32 mL of DCE were
heated at reflux for 3 h. The reaction mixture was cooled,
diluted with CH.Cl, and washed with water and brine. The
organic extract was dried, filtered and evaporated to yield
the bromomethyl compound 38b which was used without
further purification.

[0179] step 2—The 28 g (0.166 mmol) of 38b from the
previous step, NaCN (28 g; 0.58 mmol; 3.5 equiv.) and 500
mL of 90¥% aqueous EtOH were stirred at room temperature
overnight. The crude residue was partitioned between
EtOAc/H,O (359 mL of each), washed with brine, dried,
filtered and evaporated. The crude product was purified by
Si0, chromatography eluting with a EtQAc/hexane gradient
(100% hexane to 90%hexane) to afford 21 g of 38c.

[0180] step 3—Gaseous HCl was slowly bubbled into a
cooled solution of 4-chloro-3-methoxyacetonitrile (38¢) in
toluene (10mL), ether (10 mL) and EtOH {1 mL) for about
10 min. The reaction was stoppered and stored at -30° C. for
one week. TLC failed to detect any remaining starting
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material. The solvent was evaporated and the yellow solid
was stired with Et.O, filtered and washed with Et,O and
dried in a vacuum oven to yield 0.57 g (90%) of ethyl
4-chloro-3-methoxyphenylmethylimidate (38d).

[0181] step 4—A solution of 0.57 g of 38d and 10 mL of
H.O was heated at 40° C. for 3 h. The reaction was cooled
to RT and extracted with EtOAc. The reaction was dried
{MgS804), filtered and evaporated and the resulting product
38e was used without further purification.

[0182] step 5—A solution of ethyl 4-chloro-3-methox-
yphenylacetate (38¢; 36 g; 157 mmol) and DCM (2 L) was
cooled to =78° C. and a solution of BBr, (74 mL; 785 mmol,
1.0 M in CH,CL,) was added over 30 min. After 1 h at -78°
C. the reaction was allowed to warm to RT. When starting
material was consumed the reaction was cooled in an
ice-water bath and the reaction quenched with 200 mL of
water. The aqueous phase was extracted with
CH,Cl,:EtOAc (4:1 v/). The combined extracts were
washed with water and brine, dried (Na,50,), filtered and
evaporated to afford 30 g (90%) of 40.

[0183] step 6—A solution of 40 (1.07 g, 5 mmol), 3,5-
dichloro-benzonitrile (1.3 g, 7.56 mmol), K, CO, (2.07 g,
15.0 mmol}) and NMP (10 mL) was stirred and heated to 110
¢ C. for 6 h. The reaction mixture was cooled to RT and
diluted with H,O (50 mL) and twice extracted with EtQAc.
The combined organic extracts were washed sequentially
with water and brine, dried (Na.S0,), filtered and concen-
trated in vacuo. The crude product was purified by 8i0.
chromatography eluting with EtOAc/hexane (10:90) to
afford (0328 g of 102a.

[0184] step 7—To a solution of 102a (0.80 g; 0.1.98
mmol) and LiOH (142.5 mg, 5.94 mmol) dissolved in EtOH
(8 mL) and water (2 mL}) and stirred for at RT. The mixture
was concentrated in vacuo and the residue acidified with 1
N HCl and twice extracted with EtOAc. The combined
extracts were washed sequentially with water and brine,
dried (Na,S0,), filtered and evaporated to afford 1020
which was used without further purification in step 8.

[0185] Step 8—To a solution of 102b (0.75 g, 1.994
mmol) and DCM (8 mL) was added DMF (2 drops) and 0.05
mL of and oxalyl chlonde {0.348 mL, 0.505 g; 3.99 mmol).
The reaction mixture was stirred overmight at RT. The
volatile reactants were removed in vacuo and the crude acid
chloride 102¢ was used directly in the next step.

[0186] Step 9—The acid chloride 102¢ ((L.092 g)was dis-
solved in 3 mL of acetone and purged with nitrogen. A
separate flask was charged with 4-amino-benzenesulfona-
mide (0.046 g; 0.270 mmol) and water (1 mL) was added to
dissolve the sulfonamide. NaHCO, (0.050 g) was added and
the acetone solution slowly added and allowed to stir
overnight. The reaction mixture was extracted with EtOAc
and washed with 10% HCI and brine. The EtOAc solution
was dried {(Na,80,), filtered and evaporated and the crude
product purified by 810, chromatography eluting with
EtOAc:hexanes (60:40) to afford I-1: mp 211-213; ms=476.

[0187] Compound I-3 was prepared in a by a similar
procedure except in step 9, 4-amino-benzene was replaced
by 3-(4-amino-3-methyl-phenoxy)-propane-1-sulfonic acid
amide (J. H Chan et al. J. Med. Chen. 2004 47(5):1175-
1182)
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EXAMPLE 2

2-[3-(2-Bromo-5-chloro-phenoxy)-4-chloro-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide (I-4)
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[0189] Step 1—A solution of phenol 59¢ (2.0 g, 9.32
mmol), 1-bromo-2-fluoro-4-chloro-benzene (1.28 mL, 2.15
£,10.25 mmol), K.CO; (3.84 g, 30 mmol) and NMP {20 mL)
was stirred and heated to 130° C. for 8 h. The reaction
mixture was cooled to RT and diluted with H,O (50 mL) and
twice extracted with EtOAc. The combined organic extracts
were washed sequentially with water (6 times) and brine,
dried (Na.80,), filtered and concentrated in vacuo. The
crude product was purified by Si0. column chromatography
eluting with (10% EtQAc/hexanc) to afford 0.328 g (%
theory) of 1-4.

[0190] Steps 2-4 were carried out as described in steps 7-9
of Example 1 which afforded I-4

[0191] Compound I-3 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
by 3-(4-amino-3-methyl-phenoxy)-propane-1-sulfonic acid
amide (J. H. Chan et al. J. Med. Chem. 2004 47(5). 1175-
1182),

EXAMPLE 3

2-[4-Chloro-3-(4-cyano-2,6-dimethyl-phenoxy)-
phenyl N~(4-sulfamoyl-phenyl}-acetamide (I-55)

[0192]
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[0193] step 1—A solution of 40 (0.600 g, 2.79 mmol),
3,5-dimethyl4-fluorobenzonitrile (41, 0.459 g, 3.07 mmol),
K.CO, (1157 g, 837 mmol) and NMP (6 mL) was stirred
and heated to 120° C. for 6 h. When the starting material was
consumed the solution was cooled and acidified with 10%
HCl and twice extracted with EtOAc. The combined extracts
were washed sequentially with water and brine, dried
{Na.S0,), filtered and evaporated in vacuo. The crude
product was purified by Si0Q, chromatography and eluted
with an EtOAc/hexane gradient (100% hexane to 50%
hexane) to afford 106a.

[0194] Steps 2-4 were carried out as described in steps 7-9
of Example 1 which afforded [-55.

[0195] Compound I-56 was prepared using a similar pro-
cedure except in step 4, 4-amino-benzenesulfonamide was
replaced with 4-amino-2-methyl-benzenesulfonamide.

[0196] Compound I-68 was prepared using a similar pro-
cedure except in step 4, 4-amino-benzenesulfonamide was
replaced with 2-chloroaniline.

[0197] Compound I-135 was prepared using a similar
procedure except in step 4, 4-amino-benzenesulfonamide
was replaced with 4-amino-2-chloro-benzenesulfonamide.

EXAMPLE 4

2-[4-Chloro-3-(3,5-dicyano-phenoxy)-phenyl]-N-(4-
sulfamoyl-phenyl)-acetamide (I-3)

[0198]
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step 1
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[0199] Step 1—A solution of 40 (1.335 g, 6.22 mmol),
5-fluoro-isophthalonitrile (1.0 g, 6.84 mmol), K,C03 (2.579
g, 18.66 mmol) and NMP (10 mL) was stirred and heated to
100° C. for 12 h. The reaction mixture was cooled to RT and
diluted with H,O (50 mL) and twice extracted with EtOAc.
The combined organic extracts were washed sequentially
with water and brine, dried (Na,S0,), filtered and concen-
trated in vacuo to afford 108a.

[0200] Steps 2-4 were carried out as described in steps 7-9
of Example 1 which afforded I-3.

[0201] Compound I-5 was prepared using a similar pro-
cedure except in step 4 of Example 34-amino-benzene-
sulfonamide was replaced with 2-chloro-phenylamine.

[0202] Compound I-6 was prepared using a similar pro-
cedure except in step 4, 4-amino-benzenesulfonamide was
replaced with N \N-dimethyl-benzene-1,4-diamine.

[0203] Compound 1-194 was prepared using a similar
procedure except in step 4 of Example 3 4-amino-benzene-
sulfonamide was replaced with 2-pyrrol-1-yl-phenylamine.

[0204] Compound 1-195 was prepared using a similar
procedure except in step 4 of Example 3,4-amino-benzene-
sulfonamide was replaced with 2-fluoro-phenylarrane.

[0205] Compound I-196 was prepared using a similar
procedure except in step 4 of Example 3,4-amino-benzene-
sulfonamide was replaced with 2-methoxy-phenylarmine.

[0206] Compound I-197 was prepared using a similar
procedure except in step 4 of Example 3 4-amino-benzene-
sulfonamide was replaced with 2-iso-propyl-phenylamine.

[0207] Compound [-198 was prepared using a similar
procedure except in step 4 of Example 3 4-amino-benzene-
sulfonamide was replaced with 2-methyl-phenylamine.

[0208] Compound 1-199 was prepared using a similar
procedure except in step 4 of Example 3,4-amino-benzene-
sulfonamide was replaced with 2-ethyl -phenylamine.

[0209] Compound I-200 was prepared using a similar
procedure except in step 4 of Example 3,4-amino-benzene-
sulfonamide was replaced with 2,3-dimethyl-phenylamine.

[0210] Compound [-201 was prepared using a similar
procedure except in step 4 of Example 3 4-amino-benzene-
sulfonamide was replaced with 2-methyld-methoxy-pheny-
lamine.

[0211] Compound I-202 was prepared using a similar
procedure except in step 4 of Example 3,4-amino-benzene-
sulfonamide was replaced with 4-cyclohexyl-phenylamine.
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[0212] Compound I-203 was prepared using a similar
procedure except in step 4 of Example 3,4-amino-benzene-
sulfonamide was replaced with 2-amino-benzonitrile.

[0213] Compound I-204 was prepared using a similar
procedure except in step 4, 4-amino-benzenesulfonamide
was replaced with 2-trifluoromethyl-phenylamine.

[0214] Compound I-205 was prepared using a similar
procedure except in step 4 of Example 3.4-amino-benzene-
sulfonamide was replaced with 2-aminod,5-dimethoxy-ben-
zoic acid methyl ester.

[0215] Compound I-208 was prepared in the same manner
except in step 4, 4-amino-benzenesultonamide was replaced
with phenylamine.

EXAMPLE 5

2-[4-Chloro-3-(3-cyano-5-trifluoromethyl-phenoxy)-
phenyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-88)
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[0217] [4-Chloro-3-(3-cyano-5-trifluoromethyl-phe-
noxy)-phenyl]-acetic acid ethyl ester3-bromo-5-trifluorom-
ethylphenol (10%9a)ywas prepared by condensing 40 and
3-fluoro-5-trifluoromethyl-benzontrile (59b) using the pro-
cedure described in step 6 of example 1. Steps 2 to 4 were
carried out by the procedure described in steps 7 to 9 of
example 1 which afford 1-88.

[0218] Compound I-89 was in the same procedure as [-88
except in step 4, 4-amino-benzenesultonamide was replaced
with 4-amino-2-methyl-benzenesulfonamide was replaced
with

[0219] Compound I-90 was in the same procedure as [-88
except in step 4, 4-amino-benzenesulfonamide was replaced
with 4-amino-2-chloro-benzenesulfonamide was replaced
with

EXAMPLE 6
2-[3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]-
N-[2-methyld-(4-methyl-piperazine-1-sulfonyl)-
phenyl}-acetamide (1-116)

[0220] Steps 1-3 are depicted in SCHEME 1 and Steps 4-8
are depicted in SCHEME 12
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[0221] Step 1—To a cooled solution of ethyl 4-hydroxy-
3-methoxyphenylacetate (4a;, 13.7 g; 65.2 mmol) and 260
mL of CH,Cl, under N, atmosphere was added dropwise
triflic anhydride (16 mL; 979 mmol) followed by dropwise
addition of pyndine (8.9 mL; 8 8 mmol). The reaction was
stirred in an ice-water bath for 3 h. The solution was
transferred to a separatory funnel and washed with water and
brine, dried (Na,S0,), filtered and evaporated to yield 21 g
(90%) of 4b.

[0222] Step 2—To a solution of ethyl 3-methoxy4-trifluo-
rosulfonyloxyphenylacetate {(4b) in 4 mL of THF cooled in
an ice-water bath was added slowly a solution of Pd{dp-
phHClL, (0.024 g; 0.029 mmol) and DIBAL-H (6 mL; 0.058
mmol; 1.0 M in PhMe)and a small quantity of THF followed
by dimethylzinc (0.29 mL; 0.58 mmol; 2.0 M in PhMe).
After addition was completed the ice bath was removed and
the reaction allowed to warm to 1t and then heated to reflux
for 1 h. The reaction was carefully quenched with a small
quantity of water, filtered through a pad of CELITE® and
the solids washed thoroughly with EtOAc. The combined
organic extracts were washed with water and brine, dried
{(Mg50,) and the solvent evaporated to afford 0.240 g (85%)
of ethyl 3-methoxy-4-methylphenylacetate (4c).

[0223] step 3—To a solution of 4¢ (2.2 g; 8.0 mmol) and
250 mL CH.CL, cooled to -78° C. was added dropwise via
syringe BBr, (9.8 mL; 0.104 mol). After 1 h at =78° C. the
reaction was stirred for 4 h in an ice-water bath. The reaction
mixture was recooled to =78° C. and the reaction quenched
aqueous NaHCO; then warmed to rt and the organic phase
washed with water, saturated NaHCO, and brine. The
organic phase was dried (MgS0,) and the solvent evapo-
rated to afford 1.4 g of ethyl 3-hydroxy-4-methylphenylac-
etate (6).

[0224] step 4—A solution of 3-chloro-5-fluorobenzoni-
trile (59a, 9.2 g, 59.14 mmol), 6 (10.44 g, 53.76 mmol),
K CO, (2229 g, 161.3 mmol) and NMP (100 mL) was
stirred and heated to 120° C. for 6 h. The reaction mixture
was cooled to 0° C. and diluted with saturated NaHSO, (100
mL) and twice extracted with EtOAc. The combined organic
extracts were washed sequentially with water (6 times) and
brine, dried (Na,50,), filtered and concentrated in vacuo.
The crude product was puritied by SiO, column chroma-
tography cluting with a EtQOAc/hexane gradient (0 to 10%
EtOAc) to afford 9.28 g (48% theory) of 112a.

[0225] steps 5-7—were carried out by the procedure
described in steps 7-9 of Example 1 except in step 7,
4-amino-benzenesulfonamide was replaced with 4-amino-
3-methyl-benzenesulfonyl fluoride which atforded 114.

[0226] step 8—A mixture of 114 (0.150 g, 0.317
mmoljand N-methyl-piperazine (0.176 uL, 0.159 g, 1.59
mmol) was heated to 120° C. without any solvent. The
reaction mixture was cooled to RT and partitioned between
EtOAc (25 mL) and 109% HC1 (mL). The aqueous phase was
extracted with EtOAc (25 mL). The aqueous phase was
made basic with 10% NaOH and extracted twice with
EtOAc and the combined organic extracts were washed
sequentially with water and brine, dried (Na.S0,), filtered
and evaporated in vacuo. The crude product was purified by
column chromatography on Si0, eluting with DCM:MeOH
(55:5) to afford I-116.

[0227] Compound I-115 was prepared using a similar
procedure except in step 8 N-methyl-piperazine was
replaced with morpholine.
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[0228] Compound I-117 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with thiomorpholine.

[0229] Compound I-118 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 2-morpholind-yl-ethylamine.

[0230] Compound I-119 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 3-amino-propan-1-ol.

[0231] Compound I-121 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with trans4-amino-cyclohexanol.

[0232] Compound I-122 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with 4-amino-3-methyl-benzene-
sulfonamide and step 8 was omitted

[0233] Compound I-123 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesul fo-
nyl fluoride was replaced with 4-amino-3-chloro-benzene-
sulfonamide and step 8 was omitted

[0234] Compound I-128 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with tetrahydro-pyrand-ylamine.

[0235] Compound I-129 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 1-amino-propan-2-ol.

[0236] Compound I-130 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 2-methylsulfanyl-ethylamine.

[0237] Compound I-131 was prepared using a similar
procedure except in step 8, N-methyl-piperazine was
replaced with 3-methylsulfanyl-propylamine.

[0238] Compound I-224 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with 3-amino4-methyl-pyridine
and step 8 was omitted.

[0239] Compound I-225 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with 2-amino-3-methyl-pyridine
and step 8 was omitted.

[0240] Compound I-226 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesul fo-
nyl fluoride was replaced with 2,5-dimethyl-2H-pyrazol-3-
ylamine and step 8 was omitted.

[0241] Compound I-227 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with 2-methyl-2H-pyrazol-3-
ylamine and step 8 was omitted.

[0242] Compound I-228 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesul fo-
nyl fluoride was replaced with N-(5-amino-4-methyl-pyri-
din-2-yl)-acetamide and step 8 was omitted.

[0243] Compound I-229 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesul fo-
nyl fluoride was replaced with 3-amino-6-methoxy-2-me-
thyl-pyridine and step 8 was omitted.
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[0244] Compound 1-230 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with 2-methyl-5-methylsulfanyl-
2H1,2,4]triazol-3-ylamineand step 8 was omitted.

[0245] Compound 1-235 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with (4-amino-3-methyl-phenyl)-
acetic ac id methyl ester and step 8 was omitted.

[0246] Compound [-236 was prepared base hydrolysis
[-235 with LiOH in EtOH/H,0.

[0247] Compound 1-237 was prepared using a similar
procedure except in step 7, 4-amino-3-methyl-benzenesulfo-
nyl fluoride was replaced with N-(4-amino-3-methyl-phe-
nyl)-methanesulfonamide and step & was omitted. N-(4-
Amino-3-methyl-phenyl)-methanesulfonamide was
prepared by mesylation of 3-methyl4-nitro-phenylamine fol-
lowed by catalytic hydrogenation of the nitro group.

[0248] Compound [-238 was prepare as described for
[-237 except N-{3-methyl4-nitro-phenyl)-methanesulfona-
mide (113a) was N-methylated to produce N-methyl-N-(3-
methyl4-nitro-phenyl)-methanesulfonamide (113b) prior to
reduction and acylation.

Me

0N

50:Me
N/

R
I:ll_’»a: E=H
113b: R = Me

[0249] NaH (0.057 g of a 60% dispersion in mineral oil,
1.1 equiv) was added to a solution of 113a (030 g, 1.3
mmol) in DMF (6 mL) cooled to 0° C. The solution was
stirred for 10 min, and iodomethane {0.12 mL, 1.5 equiv)
was added dropwise. The solution was stirred for 16 h and
poured into a saturated NH,C1 solution. The solution was
extracted with EtOAc, and the combined organic layers were
washed with water, brine, and dried (MgS0,). Evaporation
of the volatile materials 113b as a yellow oil (0.30 g, 94%).

EXAMPLE 7

23-(3,5-Dicyano-phenoxy)4-methyl-phenyl]-N-(2-
methyl-4-sulfamoyl-phenyl)-acetamide (I-43)

[0250]

HO step 5
NC F

CN
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COR
NC o}
Me
CN

1150 R = OEL
sep? C— Jiswr-on
P3l—m ser=c

step 4 I: [-43: R = 2-methyl-4-sulfamoyl-phenylamine

[0251] S5-Fluoro-isophthalonitrile was prepared from 3,5
dibromo-fluoro-benzene (59) with Zn{CN)./Pd[P(Ph).],
mediated coupling,

[0252] step 1—A solution of 5-fluoro-isophthalonitrile
(0.3742 g), 6 (0.450 g, 2.55 mmol), K,CO, (0.962 g, 6.96
mmol)y and NMP (5mL) was stirred and heated to 120° C. for
6 h. The reaction mixture was cooled to RT and diluted with
H,O (25 mL) and twice extracted with EtOAc. The com-
bined organic extracts were washed sequentially with water
(6 times) and brine, dried (Na,SO,), filtered and concen-
trated in vacuo. The crude product was purified by SiQ,
column chromatography eluting with a EtOAc/hexane gra-
dient (100% to 75% hexane) to afford 115a.

[0253] steps 2-4—were carried out by the procedure
described in steps 7-9 of Example 1 except in step 4
4-amino-3-methyl-benzenesulfonamide replaced 4-amino-
3-benzenesulfonamide which afforded 1-43

[0254] Compound I-34 was prepared using a similar pro-
cedure except in step 4, 2-chloro-phenylamine replaced
4-amino-3-methyl-benzenesulfonamide.

[0255] Compound I-44 was prepared using a similar pro-
cedure except in step 4, 4-amino-3-chloro-benzenesulfona-
mide replaced 4-amino-3-methyl-benzenesulfonamide.

EXAMPLE 8§

2] 3-(2-Bromo-5-chloro-phenoxy)-4-methyl-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (1-30)

[0256]

COE
HO
step 1
¢
Me

Br COR
OU
Me
al
116a: R = OFt
. A
sep2 Lo 114 R om

stepdl o 11 Ra0

step4 [ 130! R = NH-p-C4H,SO,NH,
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[0257] step 1—A solution of 1-bromo-4-chloro-2-fluoro-
benzene (59¢, (L4115 g, 1.98 mmol), 6 (0.350 g, 1.8 mmol),
K,CO,(0.746 g, 5.4 mmol) and NMP (4 mL) was stirred and
heated to 120° C. for 6 h. The reaction mixture was cooled
to RT and diluted with H,O (25 mL) and twice extracted
with EtOAc. The combined organic extracts were washed
sequentially with water (6 times) and brine, dried (Na,S0,),
filtered and concentrated in vacuo. The crude product was
purified by SiO, column chromatography eluting with a
EtOAc/hexane (100% to 75% hexane) to afford 116a.

[0258] steps 2-4—were carried out by the procedure
described in steps 7-9 of Example 1 which afforded 1-30.

[0259] Compound I-31 was prepared using a similar pro-
cedure except in step 4, 4-amino-sulfonamide was replaced
by 4-amino-3-methyl-sulfonamide.

[0260] Compound I-33 was prepared using a similar pro-
cedure except in step 4, 4-amino-sulfonamide was replaced
by 2-chloro-phenylamine.

EXAMPLE ¢

(4-{23-(3-Chloro-5-cyano-phenoxy)-4-methyl-
pheayl]-acetylamino } -3-methyl-benzenesulfonyl)-
acetic acid {I-152)

[0261] The reactions are depicted in SCHEME 13

[0262] step 1—To a solution of 98a (7.76 g, 50 mmol) and
EtOH (15 mL) was added portion wise a hot solution of
Na,S,.H,0O (9.6 g, 40 mmol), powdered sulfur (1.28 g, 40
mmol) and EtOH (50 mL). The solution was heated at reflux
for 10 min after the addition was completed. To the solution
was added portion wise NaOH (2 g, 50 mmol) over 5 min
and the solution was stirred for an additional 10 min. The
reaction mixture was cooled to RT and poured into ice water
(200 mL), stirred, filtered and the solid washed with water.
The filtrate was acidified with aqueous HC1 to pH 2 and the
resulting orange precipitate was washed with water and air
dried. The crude product was chromatographed on Si0., and
eluted with 20% EtOAc/hexane to afford 3 g of 98b as an
orange powder.

[0263] step 2—To a solution of 98b (0.508 g, 3 mmol) and
MeCN (10 mL) was added TEA (0.83 mL, 6 mmol). To the
dark red solution was added methyl bromoacetate (0.31 mL,
3.3 mmol) and the reaction mixture was stirred overnight at
RT. The reaction mixture was diluted with saturated NH,C1
and twice extracted with EtQAc, dried (MgS0,) and con-
centrated in vacuo. The crude product was purified by Si0,
chromatography eluting with a gradient of hexane/EtOAc
(20% to 30% EtOAc) which afford 0.5 g of 98¢ as a yellow
oil.

[0264] step 3—To a solution of 98¢ (0.484 g, 2 mmol) in
DCM (20 mL) was added MCPBA (1.44 g, 5 mmol, 60%
assay) and the reaction stirred at RT. Stirring was continued
until the reaction was complete. m-Chlorobenzoic acid pre-
cipitated from the reaction. The precipitated solid was
dissolved by addition of DCM until the precipitate dissolved
and the DCM solution then was washed sequentially with
saturated sodium bisulfite and 5% NaHCO;, dried (MgSO,)
and evaporated to afford 0.538 g of 98d as an oil which
solidified upon standing.

[0265] step 4—A mixture of 98d (0.537 g, 1.96 mmol),
iron powder (0.55 g, 9.8 mmol, Fischer electrolyte iron
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powder), NH,C1 (0.53 g, 9.8 mmol) and EtOH/water (1: 1,
40 mL) was stirred at 85° C. for 2 h. The red solution was
cooled to RT and filtered through a pad of CELITE® and the
pad washed with EtOAc. The organic solvents were
removed in vacuo and the residue suspended in water and
twice extracted with EtOAc. The combined extracts were
dried (MgS0,), filtered and evaporated to atford 0.449 g of
100 as a brown oil which solidified upon standing.

[0266] step 5—To a solution of 94b (0.140 g) dissolved in
DCM (10 mL}) and I drop of DMF was added oxalyl chloride
{1 mlL) The reaction was stirred at RT for 1 h and the
volatile solvents removed in vacuo to afford [3-(3-chloro-
5-cyano-phenoxy)4-methyl-phenyl]-acetyl chloride (94c).
To a solution of 94¢ (0113 g, 0.465 mmol), TEA (0.13 mL,
093 mmol) and EtOAc (6 mL) was added dropwise a
solution of the acid chloride and EtOAc (4 mL)overa 2 h
period. The reaction was stirred at RT for 2 h. The reaction
mixture was diluted with water, twice extracted with EtOAc
and the combined extracts washed sequentially with diluted
HCl, saturated NaHCO,, water and brine. The organic phase
was dried (MgS80,), filtered and concentrated in vacuo. The
crude product was redissolved in a minimum volume of
warm EtOAc and hexane was added until slightly cloudy.
The white powder which precipitated was filtered and
washed with 20% EtOAc/hexane to afford 0.161 g of 122,

[0267] Step 6—To a solution of 122 (0161 g,0.036
mmol), THF (12 mL) and water (¢ mL) was added
LiOH H.O (0.0384 g, 0.916 mmol) and the reaction stirred
at RT for 2 h. The reaction mixture was evaporated, 1 N HCI
was added and the resulting mixture twice extracted with
EtOAc. The combined extracts were washed with brine,
dried (MgS80,), filtered and concentrated in vacuo. The
crude product was purified by 810, chromatography eluting
with MeOH/DCM/HOAc (5.94.5:0.5) which afforded
(1.255g of 1-152 as a white foam.

[0268] Compounds I-137, I-154 and I-157 were prepared
similarly except in step 3 methyl bromoacetate was replaced
with bromoacetonitrile, (2-bromo-ethyl)-carbamic acid tert-
butyl ester and 3-bromoporpanol respectively. After conden-
sation of [2+{4-amino-3-methyl-benzenesulfonyl)-ethyl]-
carbamic acid tert-butyl ester with 112¢, the Boc group was
removed by treatment with TFA/DCM.

EXAMPLE 10

23-(3-Chloro-5-cyano-phenoxy)4-ethyl-phenyl]-N-
{4-sulfamoyl-phenyl)-acetamide (I-45)
[0269]

R 0,
L. stepl COEt
122 > steps 3-3
I
1

124a: R = Br
sep2[ oo

45

[0270] (4-Ethyl-3-hydroxy-phenyl)-acetic acid ethyl ester
{12a) was prepared as depicted in SCHEME 1. Alternatively,
12a can be prepared by the procedures in steps 1-3 of
example 6 except diethylzinc was used in place of dimeth-
ylzinc in step 2
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[0271] To a stirred solution of ethyl 3-methoxyphenylac-
etate (16.0 g; 82.38 mmol) in CH,CL, (200 mL) at rt was
added dropwise AcCl (9.88 mL; 138.9 mmol) followed by
stannic chloride (16.9 mL; 169 mmol; 1.0 M solution in
CH,Cl,). The reaction mixture was stirred at rt for 6 h and
poured into an ice-water mixture. The aqueous phase was
extracted with CH.Cl. and the combined extracts were
washed with water, dried (Na_S0,) and the solvent removed
in vacuo. The crude product & was purified by chromatog-
raphy on silica gel and eluting with CH,CL,:EtOAc (20:1) to
yield 13.96 g (69.5%) of a white solid.

[0272] To a solution of 8 (19¢; 80.42 mmol) and 200 mL
of TFA cooled to 0° C. was added an excess of Et,SiH and
the reaction allowed to warm to 1t for 3 h. Excess TFA was
removed in vacuo and the residue partitioned between water
and CH,CL,. The crude product was purified by chromatog-
raphy on silica gel and eluting with CH.CL.-hexane (3:1) to
yield 3.0 g (16%) of 10.

[0273] A solution of ethyl 4-ethyl-3-methoxyphenylac-
etate (10; 3.0 g; 13.50 mmol)} and CH.Cl, (80 mL) was
cooled to -78° C. and a solution of BBr; (5.10 mL; 53.94
mmol; 1.0 M in CH,CL,) over 30 min. After 1 h at -78° C.
the reaction was allowed to warm to rt and stirred for 12 h.
The reaction was cooled in an ice-water bath and the
reaction quenched with 20 mL of water. The aqueous phase
was extracted with CH,ClL:EtQAc (41 wv/), dried
(Na,50,), filtered and evaporated. The crude product was
purified by silica gel chromatography and eluting with a
CH,CL,:EtQAc gradient (100:1 to 100:4) to yicld 122 (2.0 g;
71%): ms 200.2 (M+H)".

[0274] Step 1—To a solution of ethyl 4-cthyl-3-hydrox-
yphenylacetate (12a, 0.700 g; 3.36 mmol) and NMP (8 mL)
was added K,CO; (1.393 g; 10.08 mmol) and 1-brome-3-
chloro-5-fluorobenzene (59b, 0.774 g; 3.7 mmol). The reac-
tion was heated to 120° C. and monitored by TLC. After 8
h the reaction was cooled to RT and 10% HCl was added.
The mixture was extracted with EtOAc and the combined
extracts were washed with H,O and brine. The extracts were
dried {Na.80,) filtered and evaporated. The crude product
was chromatographed with silica gel and eluted with a
gradient of hexane/EtOAc (100 to 60% hexane) to afford
124a.

[0275] Step 2—To a solution of the 124a (0.300 g; 0.754
mmol) in DMF (5mL) was added Zn{CN), (0.354 g; 3.017
mmol) and Pd{PPh.), {0.131 g; 0.113 mmol). The solution
was purged with N, and heated at 85° C. overnight. H,0 and
EtOAc were added and the mixture stirred for 30 min. The
suspension was filtered and the combined filtrate extracted
with EtOAc. The organic phase was washed with H,O and
brine, dried (Na,80,) and evaporated. The crude product
was chromatographed with silica gel and eluted with a
gradient of hexane/EtOAc (100 to 70% hexane) to afford
124b

[0276] Step 3—A dried round bottom purged with nitro-
gen was charged with 124b (0,380 g; 1.1 mmol) and THF
(15 mL) and stirred under a stream of nitrogen. To the
reaction vessel was added LiOH (0.079 g; 3.32 mmol) was
added followed by deionized water (4 mL). The reaction was
allowed to stir for an additional hour under nitrogen. The
homogeneous mixture was cooled to 0° C. and quenched
with 10% aqueous HCL. The reaction mixture was stirred for
an additional 15 min. The crude mixture was extracted with
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DCM and washed with water and brine. The organic layers
were dried (Na,S0,) and filtered. Solvent removed in vacuo
to yield a crude oil which was used without any further
purification.

[0277] step 4—A round bottom flask was charged with
carboxyl acid from step 3 (1.1 mmol) and DCM (5 mL) and
the solution stirred under nitrogen at RT. To the solution was
added SOCL, (0.192 mL; 2.2 mmol) dropwise followed by a
single drop of DMF. The reaction was stirred for 1 h at RT.
Excess solvent and oxalyl chloride were removed in vacuo,
to yield acid chloride as a crude vellow oil which was used
without any further purification.

[0278] step 5—The acid chloride (0.15 mmol) from the
previous step was dissolved in acetone (1 mL) and purged
with nitrogen. NaHCO, (0.025 g; 0.3 mmol) was added
followed by 4-amino-benzenesulfonamide (0.026 g; 0.15
mmol) and water (2 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford I-45.

[0279] Compound I-46 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-methyl -benzenesulfonamide.

[0280] Compound I-47 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-chloro-benzenesulfonamide.

[0281] Compound I-207 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with phe-
nylamine.

[0282] Compound [-48 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3,N-dimethyl-benzenesulfonamide.

[0283] Compound I-73 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.

EXAMPLE 11

2-[343-Cyano-5-fluoro-phenoxy)4-methyl-phenyl]-
N-{(4-sulfamoyl-phenyl)-acetamide (I-11)

[0284]
NC O
m - :i
Me S0;NH,

[0285] Compound I-11 was prepared by condensation of
6b with 1,3-dibromo-5-fluorobenzene as described in step 1
of Example 10 which affords [3+(3-bromo-5-fluoro-phe-
noxy M-methyl-phenyl]-acetic acid ethyl ester. Displace-
ment of the bromide with Zn{CN),, as described in step 2 of
Example 10 affords [3+(3-cyano-5-fluoro-phenoxy)d-me-
thyl-phenylJ-acetic acid ethyl ester which was converted to
I-11 as described in step 7 to 9 of Example 1.

H
N

[0286] Compound I-12 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.
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EXAMPLE 12
2] 3-(3-Chloro-5-cyano-phenoxy M-methyl-phenyl ]-
N-[4-((S)-2,3-dihydroxy-propoxy)-2-methyl-phe-
nylJ-acetamide (1-150)

[0287]
NOa2
Me
O
HO\/'\/O
sep 1
E i
118z
NGy,
Me
skep 2
—_—
OA(
O\/[\/O
126
Me
H
NC. Q. N
)OS
Me 0,
—
<l step 3

o

a
128
Me

H
N L8] N
m
Me 0,
1

HO“‘“

I-150 CH

[0288] Step 1—The {R)-dioxolane (1.04g, 7.86 mmol)
was added to a suspension of NaH (0.35 g of a 60%
dispersion in mineral oil, 1.1 equiv) in DMF (30 mL) under
N. atmosphere at 0° C. The solution was stirred for 10 min,
and 118a (096 mL, 1 equiv) was added dropwise. The
resulting red solution was stirred overnight, poured into a
saturated solution of NH,Cl, and extracted with a 1:1
EtOAc/hexane solution. The organic solution was washed
with water, brine, and dried (MgS50,). The solvent was
evaporated and the crude product purified by 810, chroma-
tography cluting with a EtQOAc/hexane gradient (5 to 25%
EtOAc) to afford 1.10 g (529} of the nitro compound. The
o1l was dissolved in EtOH (40 mL), and 10% Pd/C (0.09 g)
was added. The solution was shaken under 40 psi of hydro-
gen for 3 h, filtered, and evaporated to afford 0.95 g (97%)of
126.

[0289] step 2—Condensation of 94¢ and 126 was carried
out as described in step 9 of example 1 which afforded 128.

123
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[0290] step 3—The amide 128 (0.23 ¢, 0.44 mmol) was
dissolved in a mixture of 2 M HC1 (2 mL) and dioxane (2
mL). The solution was stirred at RT for 3 h. DCM was
added, and the organic extracts were dried (MgSO,) and
concentrated in vacuo. The crude product was punfied by
Si0Q_ chromatography eluting with 2 MeOH/DCM gradient
(0% to 5% MeOH) which afforded 0.12 g (55%) of 1-150.

[0291] Compound I-151 was prepared as described above
except the acetonide of 1,2,4-butanetriol was used in step 1.

EXAMPLE 13

2-[3-(3-Chloro-5-cyano-phenoxy)4-methyl-phenyl]-
N-[2-methyl4~(2-morpholin-4-yl-acety)-phenyl]-
acetamide; compound with trifluoro-acetic acid

(I-163)
[0292]
COR
N
Me step 3
—_—
130a: R = OH
step 1 |
—— 1300 R = CHaBr
step 2

— 130c: R= CHy—

O
N/

HN step 4
112
Me
132
Me
NC O ﬁ\@\;@(}zH
oY

Mg N/ﬁ
cl o] k/O

[0293] step 1—Thionyl chloride (7.55 g, 1.1 equiv) was
added to a suspension of 130a {10.45 g, 57.7 mmol) in
anhydrous toluene (50 mL) under N. atmosphere. DMF
{0.44 mL, 0.1 equiv) was added, and the reaction was heated
to reflux. The solution became homogenous, and was heated
4 h, cooled to RT and stirred for 2 d. The volatile materials
were removed. Dry benzene (40 mL) was added and the
volatile materials were again removed. This was repeated
two more times. NMR of the resulting oil {C.D,) showed
formation of the acid chloride. The resulting oil {11.3 g) was
divided into 3 portions for conversion into the (x-bromoke-
tone. To a sclution of the acid chloride in dry Et,O (60 mL)
that had been cooled to =78° C. was quickly added an excess
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of a fresh ethereal solution of diazomethane. The solution
was warmed to 0° C. and bubbling was observed. The
reaction was monitored by TLC, and after 20 min at 0° C.
a solution of 48% HBr (25 mL) was added. A precipitate
formed, and the reaction mixture was diluted with an addi-
tional 100 mL of ether. The three reaction solutions were
combined, the aqueous layer was separated and extracted
with ether. The organic layers were combined, washed
sequentially with water, NaHCO_ and brine, and dried
(Mg50,). The solvent was removed, and the material was
crystallized from EtOAc/hexanes which afforded 130b.
NMR of the resulting solid (shows a 8:1 ratio of bromom-
ethyl product to chlororomethyl impurity and was used in
the subsequent reactions.

[0294] step 2—Morpholine (1.35 mL, 5 equiv) was added
dropwise to a 0° C. solution of 130b (0.80 g, 3.1 mmol) in
dry THF (10 mL) under N, atmosphere. The solution was
warmed to 10° C. After 30 min, the solution was added
dropwise to a mixture of EtOAc and saturated NaHCO,
solution. The mixture was extracted with EtOAc, the volatile
materials were removed, and the residue was purified by
$i0_ chromatography cluting with a EtOAc/hexane gradient
(25% to 75% EtOAC) to afford 0.51 g (62%) of 130c.

[0295] step 3—The nitro compound 130c¢ (0.50 g, 1.9
mmol) was dissolved in EtOH (10 mL) and PtQ, (21 mg,
0.05 equiv) was added. The solution was degassed and
placed under a H, atmosphere (balloon pressure). After 1 h,
a grey solid precipitated. The solution was stirred for 2 h,
filtered and the precipitate washed with EtOAc and MeCN.
The solvent was removed, and the residue was purified by
Si0, chromatography eluting with a MeOH/DCM gradient
(2% to 5% MeOH) to afford 0.21 g (47%) of 132.

[0296] step 4—Condensation of 94¢ and 132 was carried
out as described in step 9 of example 1 which afforded 1-163.

[0297] Compound I-159 was prepared in a similar manner
except N-methyl piperazine was used in place of morpho-
line. I-161 and I-163 were prepared in a similar maonner
except thiomorpholine was used in place of morpholine. The
sulfur atom was oxidized to the corresponding sulfoxide and
sulfone with HIO, and MCPBA.

EXAMPLE 14
2 3-(3-Chloro-5-cyano-phenoxy)-4-methyl-phenyl]-

N-[4-{1,1-dioxo-1}6-isothiazolidin-2-y1)-2-methyl-
phenyl]-acetamide (I-170)

[0298]
NHa
{1) NaH
CUCH1,50,C1
{if) Pd/C, H2, EtOH
————
ON step 1
Me
134

124
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-continued

N‘”‘S-a‘
|rﬁh0 step 2
o 9:;

HaN
Me
136
Me

NE o
i
Me © ST
! )

[-170

[0299] step 1—NaH (0.40 g of a 60% dispersion, 3 equiv)
was added to a solution of the 134 (0.50 g, 3.29 mmol) in
DMF (18 mL) at 0° C. The solution was warmed to RT. After
30 min, a DMF (4 mL) solution of 3-chloro-propane-1-
sulfonyl chloride (0.81 g, 1.4 equiv) was added. The solution
was stirred at RT for 45 min, and then heated to reflux for
4 h. The reaction mixture was cooled to RT and quenched
with ice water. The aqueous layer was extracted with EtOAc,
and the organic layers were dried (gS0,). Filtration and
evaporation of the volatile materials afforded an oil that was
purified by Si0, chromatography eluting with an EtOAc/
hexane gradient (50% to 70% EtOAc) to afford the sulfona-
mide as a yellow solid (0.49 g, 59%). This sulfonamide was
dissolved in EtOH (20 mL). 105 Pd/C (0.05 g} was added,
the solution was placed under a H, atmosphere (50 psi), and
the solution was shaken for 3 h. Filtration of the reaction
mixture and evaporation of the volatile materials afforded
044z of 136,

[0300] step 2—Condensation of 94¢ and 136 was carried
out as described in step 9 of example 1 which afforded I-170.

[0301] Compound I-158 was made by a similar procedure
except in 3-chloro-propane-1-sulfonyl chloride was replaced
with 3-chloro-butane-1-sulfonyl chloride

EXAMPLE 15

N-(4-{2-[3-(3-Chloro-5-cyano-phenoxy)4-methyl-
phenyl]-acetylamino }-3-methyl-phenyl}-oxalamic
acid ethyl ester (I-178)

[0302]

NHa

step 1
—
0N

134
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-continued
NHCOCO-E!
step 2
112¢
H;N
Me
138
Me
H
NC o) N
T
Me NHCOCO,E
Cl
[-174
[0303] step 1—TEA (1 mL, 1.1 equiv) and chloro-oxo-

acetic acid ethyl ester (0.9 mL, 1.2 equiv) were added
consecutively to a 0° C. solution of 134 (1.0 g, 6.57 mmol)
in THE (60 mL). The reaction was stirred overnight at RT,
evaporated to dryness, and dissolved in DCM. The organic
layer was washed with water, dried (MgS0,), and concen-
trated to give a yellow solid. The solid was purified by Si0;
chromatography eluting with a EtQAc/hexane gradient (05
to 30% EtOAc) to afford 0.847 g (51%) of the amide as a
yellow solid. The amide (500 mg) was dissolved in EtOH
(20 mL), 10% Pd/C {50 mg) was added, and the reaction was
placed under H., (50 psi) and shaken for 2 h. Filtration of the
catalyst and concentration of the filtrate afforded 0.320 g
(73%) of 138a as a light yellow oil ((1.320g, 73%)

[0304] step 2—Condensation of 84¢ and 138 was carried
out as described in step 9 of example 1 which afforded 1-178.

EXAMPLE 16

2-[3-(3-Bromo-5-chloro-phenoxy M-ethyl-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide (I-15)

[0305] step 1—A dried round bottom purged with nitrogen
was charged with [3-(3-bromo-5-chloro-phenoxy)d-ethyl-
phenyl}-acetic acid ethyl ester (124a (example 10), 0.200 g;
0.5 mmol) and THF (6 mL) and maintained under a stream
of nitrogen. To the reaction vessel was added LiOH (0.036
g; 1.5 mmol) and deionized water (2 mL). The reaction was
allowed to stir for 1 h under N,. The homogeneous mixture
cooled to 0° C. and 10% aqueous HCl was added. The
reaction mixture was stirred for an additional 15 min. The
crude mixture was extracted with DCM and washed with
water and brine, The organic layers were dried (Na.SO,),
filtered and the solvent removed in vacuo to yield [3-(3-
bromo-5-chloro-phenoxy)-4-ethyl-phenyl]-acetic acid as a
crude oil which was used without any further purification.

[0306] step 2—The acid chloride was prepared from the
acid obtained in step 1 as described in step 8 of Example 1.

[0307] step 3—The acid chloride (0.25 mmol) from step 2
was dissolved in acetone (3 mL) and purged with nitrogen.
NaHCO; (0.042g; 0.5 mmol) was added followed by
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4-amino-benzenesulfonamide (0.043 g; 0.25 mmol) and
water (6 mL). The mixture was sonicated for 5 min and
allowed to stir for 12 h at RT. The reaction mixture was
filtered and the crude product was washed sequentially with
water and diethyl ether to afford I-22.

[0308] Compound I-16 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.

EXAMPLE 17

2-[3-(2-Bromo-5-chloro-phenoxy)4-ethyl-phenyl -
N-{4-sulfamoyl-phenyl)-acetamide (I-15)

[0309] step 1—To a solution of ethyl 4-ethyl-3-hydrox-
yphenylacetate (12a, 1.000 g; 4.8 mmol) and NMP (10 mL)
was added K.CO, (1.99 g; 144 mmol) and 1-bromo4-
chloro-2-fluorobenzene (1.106 g; 528 mmol).

[0310] The reaction was heated to 120° C. and monitored
by TLC. After & h the reaction was cooled to RT and 10%
HC1 was added. The mixture was extracted with EtOAc and
the combined extracts were washed with H,O and brine. The
extracts were dried (Na.SQ,) filtered and evaporated. The
crude product was chromatographed with S10, and eluted
with a gradient of hexane/EtOAc (100:0 to 60:40) to afford
[3-(2-bromo-5-chloro-phenoxy)d-ethyl phenyl]-acetic acid
ethyl ester.

[0311] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0312] step 4—{3-(2-Bromo-5-chloro-phenoxy)-4-ethyl-
phenyl]-acetic acid ethyl ester (0.5 mmol) was dissolved in
acetone (2 mL) and the flask was purged with N,,. NaHCO,
(0.084 g, 1.0 mmol) was added followed by 4-amino-
benzenesulfonamide (0.086 g; 0.5 mmol) and water (6 mL).
The mixture was sonicated for 5 min and allowed to stir for
12 h at RT. The reaction mixture was filtered and the crude
product was washed sequentially with water and diethyl
ether to afford I-15.

EXAMPLE 18

2] 3-(5-Chloro-2-cyano-phenoxy)-4-ethyl-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide (I-17)

[0313]

R
o]
CO4EL
teps 2—4
Et L
cl
sep 1

140a: B = Br
140b: R=CN
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CN
H
o N
Q
Et SO-NH3
al
[0314] step 1—To a solution of 140b (step 1 of example

17, 0.629 gz 158 mmol) in DMF (14 ml) was added
Zn(CN), (0.929 g; 7.9 mmol) and Pd(PPh,), ((.366 g; 0.32
mmol). The solution was purged with N, and heated at 85°
C. overnight. The reaction mixture was partitioned between
H,O and EtOAc and the mixture stirred for 30 min. The
suspension was filtered and the combined filtrate extracted
with EtOAc. The organic extracts were washed with H.O
and brine, dried (Na,50,) and evaporated. The crude prod-
uct was purified by Si0, chromatography and eluted with a
gradient of hexane/EtOAc (100:0 to 70:30) to afford 140b.

[0315] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7 and 8 of
Example 1 and used without additional purification.

[0316] step 4—The acid chloride from step 3 (0.29 mmol)
was dissolved in acetone (1 mL) of acetone and purged with
nitrogen. NaHCO, (0.049 g; 0.58 mmol) was added fol-
lowed by 4-amino-benzenesulfonamide (0.050 g; 0.29
mmol) and water (2 mL}). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-17.

[0317] Compound I-18 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced by
3-chloro-phenylamine.

EXAMPLE 19

2-[3-(2,5-Dichloro-phenoxy)4-ethyl-phenyl -N-{4-
sulfamoyl-phenyl)-acetamide ([-19)

[0318]
COsEt E
HO.
Cl Cl
Et step 1
12a
Cl
O
COE steps 24
— 15
Et
Cl
142
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[0319] step 1—To a solution of 12a {0.200 g; 0.960 mmol)
and NMP (4 mL) was added K, CO; (0.398 g; 2.88 mmol)
and 1,4-dichloro-2-fluoro-benzene (0.124 mL; 1.056 mmol).
The reaction was heated to 120° C. and monitored by TLC.
After 8 h the reaction was cooled to RT and 10% HCl was
added. The mixture was extracted with EtOAc and the
combined extracts were washed with H.O and brine, The
extracts were dried (Na,S0,) filtered and evaporated. The
crude product was purified by 810, chromatography eluting
with a gradient of hexane/EtQAc (100:0 to 60:40) to afford
142

[0320] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0321] step 4—The acid chloride from step 3 (0415
mmol) was dissolved in acetone (2 mL) and the flask and
purged with nitrogen. NaHCO; (0.070 g; 0.83 mmol) was
added followed by 4-amino-benzenesulfonamide (0.072 g;
(1415 mmol) and water (4 mL). The mixture was sonicated
for 5 min and allowed to stir for 12 h at RT. The reaction
mixture was filtered and the crude product was washed
sequentially with water and diethyl ether to afford 1-19

[0322] Compound I-21 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.

EXAMPLE 20

2-[3-(2,6-Dichloro-phenoxy)d-ethyl-phenyl]-N-(4-
sulfamoyl-phenyl)-acetamide (I-20)

[0323]
F, Cl
CO4EL
59
i
Et step 1
12a
1
CO-E
0
steps 24 20
Cl Et

144

[0324] step 1—To a solution of 12a (0,200 g; 0,960 mmol)
and NMP (4 mL) was added K, CO; (0.398 g; 2.88 mmol)
and 1,3-dichloro-2-fluoro-benzene (0.174 g; 1.056 mmol).
The reaction was heated to 120° C. and monitored by TLC.
After 8 h the reaction was cooled to RT and 10% HCI was
added. The mixture was extracted with EtOAc and the
combined extracts were washed with H,O and brine. The
extracts were dried (Na,SO,) filtered and evaporated. The
crude product was purified by SiQ, chromatography cluting
with a hexane/EtOAc gradient (0 to 40¢% EtOAc) to afford
144.

[0325] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.
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[0326] step 4—The acid chloride from step 3 (0.14 mmol)
was dissolved in acetone (2 mL) and the flask was purged
with nitrogen. NaHCO; (0.024 g; 0.28 mmol) was added
followed by 4-amino-benzenesulfonamide (0.024 g; 0.14
mmol) and water {4 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-20.

[0327] Compound I-23 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced by
2-chloro-phenylamine.

EXAMPLE 21

2-[3-(3-Bromo-2,5-dichloro-phenoxy)4-ethyl-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-35)

[0328]

E
COEt
Cl Cl
HO.
Br
step 1
123
1
Br O
Et
Cl

146

Et

CO4EL

steps 24 [-35

[0329] step 1—To a solution of 12a (0.450 g; 2.160 mmol}
and NMP (5 mL) was added K,CO; (0,896 g; 6.48 mmol)
and 1-bromo-2,5-dichloro-3-fluoro-benzene (0.580 g; 2.38
mmol). The reaction was heated to 120° C. and monitored by
TLC. After 8 h the reaction was cooled to RT and 10% HCI
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H,O and brine. The
extracts were dried (Na.S0,), filtered and evaporated. The
crude product was purified by SiQ, chromatography eluting
with a gradient of hexane/EtOAc (100:0 to 60:40) to afford
146,

[0330] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0331] step 4—The acid chloride from step 3 (0.112
mmol) was dissolved in acetone (1 mL) and the flask was
purged with nitrogen. NaHCO, (0.019 g; 0.224 mmol) was
added followed by 4-amino-benzenesulfonamide (0.019 g,
0.112 mmol) and water (2 mL). The mixture was sonicated
for 5 min and allowed to stir for 12 h at RT. The reaction
mixture was filtered and the crude product was washed
sequentially with water and diethyl ether to afford I-35.

[0332] Compound I-36 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-methyl-benzenesulfonamide.

[0333] Compound I-37 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chloro-phenylamine.
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EXAMPLE 22

N+(2-Chloro-phenyl}-23-(3,5-dibromo-2-chloro-
phenoxy)d-ethyl-phenyl]-acetamide (I-38)

[0334]

E
C0LEL
] Br
HO.
Br

Et step 1

~

12a
cl CO.E!

Br

O
steps 2= L3

Et

148

[0335] step 1—To a solution of 12a (0.500 g; 2.4 mmol)
and NMP (5 mL) was added K, CO; (0.995 g; 7.2 mmol) and
2-chloro-1,5-dibromo-3-fluoro-benzene (0762 g, 2.64
mmol). The reaction was heated to 120° C. and momitored by
TLC. After 8 h the reaction was cooled to RT and 10% HC1
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H,O and brine. The
extracts were dried (Na,80,), filtered and evaporated. The
crude product was purified by SiQ, chromatography eluting
with a hexane/EtQAc gradient (0 to 405 EtQAc) to afford
148.

[0336] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0337] step 4—The acid chloride from step 3 (0.155
mmol) was dissolved in acetone (1 mL) and purged with
nitrogen. NaHCO, (0.026 g; (.31 mmol) was added fol-
lowed by (0.027 g; 0.155 mmol) and water (2 mL). The
mixture was sonicated for 5 min and allowed to stir for 12
h at RT. The reaction mixture was filtered and the crude
product was washed sequentially with water and diethyl
ether to atford I-38.

EXAMPLE 23

2-[3-(2-Chloro-3,5-dicyano-phenoxy)d-ethyl-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (1-52)

[0338]

Cl
R O
Et
R

148: K = Br
skepr 1| !
150: R =CN

CO,Et

steps 2—4
—— [-52
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[0339] step 1—To a solution of the ester 148 (0.660 g;
1.43 mmol) in THF (7 ml) was added Zn(CN). (0.673 g,
5.73 mmol) and Pd(PPh,), (0.248 g; 0.215 mmol). The
solution was purged with N, and heated at 85° C. overnight.
The reaction mixture was partitioned between H,O and
EtOAc and the mixture stirred for 30t min. The suspension
was filtered and the combined filtrate extracted with EtOAc.
The organic extracts were washed with H,O and brine, dried
(Na.S0,) and evaporated. The crude product was puritied
by Si0O. chromatography eluting with a hexane/EtOAc gra-
dient (0 to 30%) to afford 150.

[0340] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0341] step 4—The acid chloride from step 3 (0.12 mmol)
was dissolved in acetone (1 mL) and the flask was purged
with nitrogen. NaHCO; (0.020 g; 0.24 mmol) was added
followed by 4-amino-benzenesulfonamide (0.021 g; 0.12
mmol) and water {2 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-52.

[0342] Compound I-53 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 4-amino-3-methyl-benzenesulfonamide.

[0343] Compound I-54 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 4-amino-3-chloro-benzenesulfonamide.

[0344] Compound I-60 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 2-chlorophenylamine.

[0345] Compound I-208 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with phenylamine.

EXAMPLE 24

2-[3-(2-Chloro-5-cyano-3-fluoro-phenoxy)d-ethyl-
phenyl -N~(4-sulfamoyl-phenyl)-acetamide (I-49)

[0346]

Cl Br
HO.

Et
12a
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step 2 : 152a: R =Er
152b: R=CN

[0347] step 1—To a solution of 12a (0,400 g; 1.920 mmol)
and NMP (5 mL) was added K, CO, (0.7%6 g; 5.76) and
5-bromo-2-chloro-1,3-difluoro-benzene (0481 g 211
mmol). The reaction was heated to 120° C. and monitored by
TLC. After 8 b the reaction was cooled to RT and 10% HC
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H,O and brine. The
extracts were dried (Na,S0), filtered and evaporated. The
crude product was purified by SiQ, chromatography eluting
with a hexane/EtQAc gradient (0 to 405 EtQAc) to afford
152a.

[0348] step 2—To a solution of 152a (0.420 g; 1.01 mmol)
in DMF (5 ml) was added Zn{CN). {0475 g; 4.04 mmol)
and Pd(PPh;), (0.175 g; 0.152 mmol). The solution was
purged with N, and heated at 85° C. overmght. The reaction
mixture was cooled to RT and partitioned between H,O and
EtOAc and the mixture stirred for 30 min. The suspension
was filtered and the combined filtrate extracted with EtOAc.
The organic extracts were washed with H,O and brine, dried
{Na.S0,) and evaporated. The crude product was purified
by SiQ, chromatograph eluting with a hexane/EtQOAc gra-
dient {0 to 30% EtOAc) to afford 152b.

[0349] steps 3 and 4—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0350] step 5—The acid chloride from step 4 (0.1 mmol)
was dissolved in acetone (I mL) and the flask was purged
with nitrogen. NaHCO, (0.017 g; 0.2 mmol) was added
followed by 4-amino-benzenesulfonamide (0L0O17 g; 0.1
mmol) and water (2 mL). The mixture was sonicated for 5
min and allowed to stir for 12 h at RT. The reaction mixture
was filtered and the crude product was washed sequentially
with water and diethyl ether to afford 1-49.

[0351] Compound I-50 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
4-amino-3-methyl-benzenesulfonamide.

[0352] Compound I-59 was prepared in the same manner
except 4-amino-benzenesulfonamide was replaced with
2-chlorophenylamine.

EXAMPLE 25
2-[3-45-Bromo-2-chloro-3-fluoro-phenoxy)4-ethyl-
phenyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-39)

[0353] 1-39 was prepared as described in the previous
example except cyanide displacement of the aryl bromide
(step 2) was omitted.

41
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[0354] Compound I-40 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
by 4-amino-3-methyl-benzenesulfonamide.

[0355] Compound I-41 was prepared in the same manner
except in step 4, 4-amino-benzenesulfonamide was replaced
with 2-chlorophenylamine.

EXAMPLE 26
2-[3-(3-Cyano-5-difluoromethyl-phenoxy)4-ethyl-

phenyl]-N-{(4-sulfamoyl-phenyl)-acetamide (I-91,
see SCHEME 8)

[0356]
CO,Et
HO
&6
step 4
Et
123
CO,E
NC o)
steps 3=7
— 191
Et
CHE;
154
[0357] step 1—To a solution of 64a (25.39 g, 0.1 mol) and

anhydrous Et.0O (125 mL)cooled to -78° C. and maintained
under an Ar atmosphere was added dropwise over 30 min
n-BuLi (40 mL, 0.1 mol, 2.5 M in hexane). The yellow
solution was stirred at -78° C. for 10 min. To the reaction
mixture was added dropwise dry DMF (8.52 mL, 2.2 mmol)
over 5 min and the reaction stirred at =78° C. for 10 min
before the cooling bath was removed and the reaction
allowed to warm to —=30° C. over 30 min. The reaction vessel
was placed in an ice-water bath and warmed to -10° C. The
mixture was slowly added to an ice cold saturated aqueous
NH,, 1 solution (400 mL). The organic layer was separated
and the aqueous phase thrice extracted with Et,0. The
combined extracts were washed with water, dried (MgS0O,).
filtered and evaporated to afford an oil which solidified on
standing. The crude product was purified by SiO. chroma-
tography eluting with a hexane/EtOAc gradient (97:3 to
05:5) to afford 15g of 64b.

[0358] step 2—To a solution of 64b (32.4 g, 0.15 mol) and
DCM (160 mL) cooled to -10° C. in an ice/MeOH/water
bath under an Ar atmosphere in a septum-capped [ L
Nalgene narrow-neck bottle is added dropwise DAST (35.85
mL. 0.27 mol). The reaction mixture was stirred overnight.
The reaction mixture was added dropwise over a 30 min
period to saturated aqueous NaHCO, (400 mL) cooled to 0°
C. Additional saturated NaHCOQ, was added to maintain the
reaction at a slightly basic pH. The phases were separated
and the aqueous phase was extracted twice with Et.O and
the combined extracts dried {(MgSQ,) and concentrated at
30° C. under house vacuum to afford 36 g of an orange il
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which was purified by bulb-to-bulb distillation in a Kugel-
Rohr at 100° C. under house vacuum to afford 30,65 g of
64c.

[0359] step 3—A solution of 64c (41.6 g, 0.182 mol),
Pd[P(Ph},],{0) (15 g, 13 mmol), and zin¢ cyanide (12.82 g,
0.109 mol) in dry DMF (400 mL) under nitrogen was heated
to 80° C. for 5.5 h. The reaction mixture was cooled to RT,
the yellow solid filtered and the filtrate added to water (500
mL). The filtrate was thrice extracted with Et,0 and the
combined extracts washed twice with water, dried (MgS0,),
filtered and evaporated at 30° C. The crude was purified by
Si0. chromatography eluting with a hexane/EtOAc gradient
(10020 to 95:5 to 90: 109 to provide 26.3 g of 66 as a colorless
oil which partially crystallizes.

[0360] step 4—To a solution of 12a (0,400 g; 1.920 mmol)
and NMP (4 mL) was added K,CO; (0,796 g; 5.76) and
3-fluoro-5-{difluoromethyl)-benzonitrile (66, 0.362 g; 2.11
mmol). The reaction was heated to 120° C. and monitored by
TLC. After 8 h the reaction was cooled to RT and 10% HC1
was added. The mixture was extracted with EtOAc and the
combined extracts were washed with H.O and brine, The
extracts were dried (Na,S0,) filtered and evaporated. The
crude product was purified by 8i0, chromatographed elut-
ing with a gradient of hexanc/EtOAc (100:0 to 60:40) to
afford 154.

[0361] steps 5 and 6—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0362] step 7—The acid chloride from step 6 ((1.25 mmol)
was dissolved in acetone {1 mL) and purged with nitrogen.
NaHCO, (0.042 g; 0.5 mmol) was added followed by
4-amino-benzenesulfonamide (0.043 g; 0.25 mmol) and
water (2 mL). The mixture was sonicated for 5 min and
allowed to stir for 12 h at RT. The reaction mixture was
filtered and the crude product was washed sequentially with
water and diethyl ether to afford [-91.

[0363] Compound I-101 was prepared in the same manner
except in step 7, 4-amino-benzenesulfonamide was replaced
with 4-amino-3-methyl-benzenesulfonamide.

[0364] Compound I-140 was prepared in the same manner
except in step 7, 4-amino-benzenesultonamide was replaced
with 4-amino-3-chloro-benzenesulfonamide.

EXAMPLE 27

N-(2-Chloro-phenyl)-2-[3-(3,5-dicyano-phenoxy)d-
ethyl-phenyl]-acetamide (I-25)

[0365]

NC. O
m
Et

[0366] step 1—Coupling of 5-fluoroisophthalonitrile and
12a was carried out as described in step 1 of example 7.

den)
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[0367] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0368] step 4—To a solution of the acid chloride from step
3 (0,15 mmol), TEA (22.7 gL, 0.225 mmol) and DCM (4
mL) cooled in an ice bath and maintained under a nitrogen
atmosphere was added a solution of 2-chloro-phenylamine
(15 uL, 0.0182 g; 0.1425 mmol) was added dropwise. The
mixture was stirred for 12 h at RT. The solvents were
removed in vacuo and the residue partitioned between H,O.
The aqueous phase was extracted with EtOAc and the
combined extracts sequentially washed with I N HCL,
saturated NaHCO, and brine. The organic extracts were
dried (Na,S0,), filtered and the solvents remove in vacuo.
The solid was triturated with Ei,O and filtered 1-25.

EXAMPLE 28

2-[3-(3-Chloro-5-cyano-phenoxy)d-methoxy-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (1-62)

[0369]

Cl CO,EL
F HO
step 1
+ —_—n
MeO
N 156
1 COaEL
o]
——
[——
—
o step 2—4
CN Me

153
cl al

H
0 N
T
0
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162
[0370] step 1—To a solution of ethyl 4-methoxy-3-hy-
droxyphenylacetate (156, 1.0 g; 4.46 mmol) and NMP (10
mL) was added K.CO, (1.85 g, 13.38) and 4-chloro-3-
fluoro-benzonitrile ((.0.763 g, 4.9 mmol). The reaction was
heated to 120° C. and stirred overnight. The reaction was
cooled to RT and 10% HCl was added. The mixture was
extracted with EtOAc and the combined extracts were
washed with H,O and brine. The extracts were dried
(Na.S0,), filtered and evaporated. The crude product was
purified by S8i0, chromatography eluting with a gradient of
hexane/EtOAc (100:0 to 60:40) to afford 158.

[0371] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.
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[0372] step 4—To a solution of the acid chloride from step
3 (0.36 mmol), TEA {(75.2 uL, 0.0546 g, (.54 mmol) and
DCM (3 mL) cooled in an ice bath and maintained under a
nitrogen atmosphere was added 2-chloro-phenylamine (36
#L, 00436 g; 0.342 mmol)y was added dropwise. The mix-
ture was stirred for 12 h at RT. The solvents were removed
in vacuo and the residue partitioned between H.O and
EtOAc. The aqueous phase was extracted with EtOAc and
the combined extracts sequentially washed with I N HCI,
saturated NaHCO; and brine. The organic extracts were
dried (Na,80,), filtered and the solvents remove in vacuo.
The solid was triturated with Et,0 and filtered to afford 1-62.

[0373] Compound I-65 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced by
4-amino-benzenesulfonamide.

[0374] Compound I-66 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced by
4-amino-3-methyl-benzenesulfonamide.

[0375] Compound I-67 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced by
4-amino-3-chloro-benzenesulfonamide.

EXAMPLE 29

23-(3-Chloro-5-cyano-phenoxy)-4-methoxy-phe-
nyl]-N+(4-sulfamoyl-phenyl}-acetamide (I-61)

[0376] Compound I-61 was prepared by the procedures
described in the previous example except in step 1, 4-chloro-
3-fluoro-benzonitrile was replaced by 3-chloro-5-fluoro-
benzonitrile.

[0377] Compound I-57 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced with
4-amino-benzenesulfonamide.

[0378] Compound I-64 was prepared in the same manner
except in step 4, 2-chloro-phenylamine was replaced with
4-amino-3-chloro-benzenesulfonamide.

[0379] Compound I-210 was prepared in the same manner
except in step 4, 2-chlorophenylamine was replaced with
phenylamine.

EXAMPLE 30

23-(3-Cyano-5-difluoromethyl-phenoxy)4-meth-
oxy-phenyl]-N-(4-sulfamoyl-phenyl)-acetamide

(1-92)
[0380]
COLE
NC o
tep 1
156 4+ 66 —L —_
O ——
1 step 2-4
BHC  Me
68
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NC. o ﬁ
JORA®
(I) SOsNH»
F-HC Me
92

[0381] step 1—Coupling of 66 and 156 to afford 68 was
carried out as described in step 4 of example 26,

[0382] steps 2 and 3—Hydrolysis and formation of the
acid chloride were carried as described in step 7and 8 of
Example 1 and used without additional purification.

[0383] step 4—was carried out as described in step 4 of
example 26 to afford 1-92.

[0384] Compound I-93 was prepared in the same manner
except in step 7. 4-aminobenzenesulfonate was replaced
with 4-amino-3-methyl-benzenesulfonamide.

[0385] Compound I-94 was prepared in the same manner
except in step 7, 4-aminobenzenesulfonate was replaced
with 4-amino-3-chloro-benzenesulfonamide.

EXAMPLE 31

2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl}-N-(2-methyld-sulfamoyl-phenyl)-acetamide
[-42)

[0386]

F  COMe

NC O
step 8
33c _-'step I3 »
R
l

16ia: R = NHy
step 7
P I: 160 R =Cl
F COR

NC O

Cl

Cl

162a: R =0H
step @
L iavr-a

step 10' :.,[.42; R = NH-2-Me-4-50-NH;— C¢H;

[0387] step 1—(Steps 1-5 are depicted in Scheme 9) A 100
ml round bottom flask was charged under a stream of
nitrogen with 3,5-dichlorobenzonitrile (81a, 7.0 g, 40.69
mmol) and anhydrous DMF {75 mL). To the solution was
added sodium methoxide (2.26 g, 44.76 mmol) and resulting
solution was stirred further at RT for 24 h. When the reaction
was complete, aqueous 10% hydrochloric acid added drop
wise to the reaction vessel. The crude mixture was extracted
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with EtOAc and sequentially washed with aqueous acid,
water and brine. The EtOAc extracts were dried (Na,S0,),
filtered and the solvent was removed in vacuo to afford a
crude solid which was recrystallized from hexane/acetone to
afford 5.9 g (86%) of 81b.

[0388] step 2—A 250 mL flask was charged with 81b (7.0
2, 41.766 mmol) and 2.4,6-collidine {100 mL). The mixture
was heated to 170° C. and Lil (16.76 g, 125.298 mmol) was
added and the reaction mixture was heated for 4 h. When
81b was consumed the reaction was cooled to RT and
quenched with 10% agueous HCL. The resulting mixture was
extracted with EtOAc and washed with water and brine. The
EtOAc extract was dried over (Na,S0,) and filtered. The
solvent was removed in vacuo to afford a yellow oil which
was purified by silica gel chromatography eluting with
EtOAc/hexane (10:90) to afford 6.0 g (94%) of 8lc.

[0389] step 3—A 250 mL round-bottom flask was charged
with 81¢ (6.0 g, 39.070 mmol) and anhydrous THE (100 mL)
and the solution was cooled to 0° C. To the cooled solution
was added sodium tert-butoxide (46.89 g, 4.51 mmol) and
the resulting solution stirred for 1 h. 2,3,4-Trifluoro-nitro-
benzene (6.92 g, 39.070 mmol) was added dropwise while
maintaining the reaction at 0° C. until phenol was com-
pletely consumed. The mixture was quenched by addition of
10% aqueous HCI and the resulting mixture was stirred for
an additional hour. The mixture was extracted with EtOAc
and washed with water and brine. The EtOAc was dried
{Na.S0,) and filtered. The solvent was removed in vacuo to
yield a yellow oil which was purified by SiO. column
chromatography eluting with hexane/EtOAc (92:8) to afford
10 g (82%) of 83a.

[0390] step 4—To a solution of tert-butyl ethyl malonate
(10.31 g, 54.80 mmol) and anhydrous NMP (200 mL)
cooled to 0° C. and stirred under a nitrogen atmosphere. To
this solution was added NaH 40% in mineral oil (1.84 g,
76.70 mmol). The mixture was allowed to stir at 0° C. for an
additional 1 h. The bis-aryl ether 83a (15.00 g, 49.80 mmol)
was then added to the reaction vessel and stirred under
nitrogen at RT until the reaction was complete. The mixture
was quenched by addition of aqueous 10% HCI at RT. The
mixture was extracted with EtQAc and washed with water
and brine. The EtOAc was dried (Na,S0,) and filtered. The
solvent was removed in vacuo to afford 83b as a light yellow
oil which was used in the next step without any further
purification.

[0391] step 5—The diester 83b (24.0 g, 50.117 mmol) was
dissolved in dichloroethane (300 mL) and TFA (6.29 g,55.13
mmol) and heated to 75° C. for 24 h. The mixture was cooled
to RT and solvent and excess TFA were removed in vacuo.
The crude oil was redissolved in DCM and cooled to 0° C.
and aqueous NaHCO, was added. The mixture was extracted
with DCM and washed with water and brine. The DCM was
dried (Na,SO,), filtered and the solvent was removed in
vacuo to afford a yvellow oil. The crude oil was purified by
Si0. chromatography eluting with hexane/EtOAc (90: 10)
to afford 15.00 g (80%) of 83¢

[0392] step 6—A 250 mL round bottom flask was charged
with 83c (8.0, 21.12 mmol) and absolute EtOH. To the
reaction vessel was added ammonium chloride (2.26 g,
42.244 mmol), water (30 mL}) and iron (1.17 g, 21.12 mmol).
The reaction was stirred and heated to 80° C. for 4 h. When
83¢c was consumed, the heterogeneous mixture was filtered
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through a pad of CELITE® and the filter cake was washed
with EtQAc. The aqueous filtrate was extracted with EtOAc
and washed with water and brine. The combined EtQAc
extracts were dried over (Na,80,) and filtered. The solvent
was removed in vacuo to afford a pale oil which was purified
by Si0, chromatography cluting with hexane:EtOAc
(85:15) to afford 6.0 g (87%) of 160a.

[0393] step 7—A 100 mL round bottom flask was charged
with anhydrous MeCN (15 mL) under a continuous stream
of nitrogen. To this mixture was added Cu(H)Cl, (0.083 g,
0.624 mmol) and tert-butyl nitrite (0.064 g, 0.624 mmol).
The mixture was heated to 70° C, 30 min. To this mixture
was added 160a (0.100 g, 0.624 mmol) in a single portion
and stirring continued for an additional 2 h. Upon consump-
tion of starting materials the mixture was cooled to RT and
reaction mixture quenched with aqueous 10% HCL The
mixture was extracted with EtOAc and the combined
extracts were washed with water and brine. The EtOAc
extract was dried (Na,50,) and filtered. The solvent was
removed in vacuo to afford a light brown oil which was
purified by 8i0. chromatography eluting with hexane/
EtOAc (96:4) to afford 0LO8D g (76%) of 160Db.

[0394] step 8—Adried 100 mL round bottom flask purged
with nitrogen and charged with 160b (2.0 g; 5.43 mmol) and
dissolved in THF (20 mL) and stirred under a stream of
nitrogen. To the reaction vessel was added LiOH (0.46 g;
10.86 mmol) followed by 5 mL deionized water. The reac-
tion was stirred for 1 h under a continuous stream of
nitrogen. The homogencous mixture was quenched at 0° C.
with 10% aqueous HCL. The reaction mixture was stirred for
an additional 15 minutes. The crude mixture was extracted
with EtOAc and washed with water and brine. The organic
extracts were dried (Na,S0,) and filtered. The solvent was
removed in vacuo and the crude acid 162a was used without
any further purification.

[0395] step 9—A 100 mL round bottom was charged with
162a (0,200 g, 0.520 mmol) and 5 mL of DCM and the
solution was stirred under nitrogen at RT. To the solution
was added thionyl chloride (0.061 g, 0.520 mmol) dropwise
followed by a single drop of DMF. The reaction was stirred
for 1 b at RT. Excess solvent and thionyl chloride were
removed in vacuo to afford the carboxylic acid 162b as a
crude vellow oil which was used in the next reaction without
any further purification.

[0396] step 10—A 100 mL round bottom was charged
with 4-amino-3-methyl-benzenesulfonamide (0.260 g, 1.40
mmol) and dissolved in 5 mL of acetone and NaHCO,
(0.117 g, 1.40 mmol) under nitrogen. To the stirred mixture
was added dropwise 162b (0.500 g, 1.40 mmol) dissolved in
7 mL of acetone and resulting mixture stirred for 24 h at RT.
When starting material was consumed the reaction mixture
was cooled to 0° C. and quenched with 10% aqueous HCL
The reaction mixture was extracted with EtOAc and washed
with aqueous 10% HCI, water, and brine. The organic
extracts were dried (Na,S0,) and filtered. The solvent was
removed in vacuo to yield a crude solid which was purified
by 5i0. chromatography eluting with DCM/MeOH (93:7) to
afford (.64 g (909%) of 1-42: ms (M-H) =507; mp.: 250.1-
252.3° C,; Elemental Analysis: caled; C, 51.98; H, 3.17; N,
8.27; found: C, 51.20; H, 3.01; N, 8.10 (with 0.4M H,0).
[0397] Compound I-98 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 2-chlorophenylamine.
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[0398] Compound I-100 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 4-amino-3-chloro-benzenesulfonamide.

[0399] Compound I-108 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 4-amino-3,N-dimethyl-benzenesulfonamide.

[0400] Compound I-239 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 4-amino-3-methyl-benzamide.

[0401] Compound I-111 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 3-methyl4-methylamino-benzenesulfonamide.

[0402] Compound I-168 was prepared in the same manner
except in step 10, 4-amino-benzenesulfonamide was
replaced by 4-amino-3-chloro-N-methyl-benzenesulfona-
mide.

EXAMPLE 32

N-[4-(3-Amino-propionylsulfamoyl})-2-chloro-phe-

nyl]-2-[4-chloro-3-(3-chloro-5-cyano-phenox y)-2-

fluoro-phenyl]-acetamide; compound with hydro-
chloric acid (I-153)

[0403]

Cl

den)

NC. O

Cl SCO;NHR
Cl
— [[100: R=H

L—r  90c: R = C(==0)CH:CH;NH—BOC
step2l o (143 R = C(==0JCH,CH-NH,* CI'

step 1

[0404] step 1—To a solution of I-100 (0.100 g, 0.189
mmol) and Boc-B-alanine (0.05 g, 0.264 mmol) and DCM
{10 mL) was added ED}CI hydrochloride (0.04 g, 0.21 mmol)
and DMAP (0.01 g, 0.09 mmol). The reaction was stirred at
RT for 2 h. The reaction mixture was cooled to 0° C. and 25
mL of ice was added. The reaction mixture was allowed to
warm to RT and extracted with DCM. The organic extracts
were washed sequentially with 10% HCI, water and brine.
The DCM solution was dried (Na,S80,), filtered and evapo-
rated in vacuo. The solid was purified by recrystallization
with EtOAc/acetone to atford 90c.

[0405] step 2—90¢ was dissolved in Et.O (10 mL) and 1
N HC1 (10 mL) was added and the reaction stirred until
deprotection of the BOC protecting group was compete. The
solvents were evaporated in vacuo and the resulting solid
triturated in toluene to afford 1-153.

[0406] Compound I-77 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-methyl4-sulfamoyl-phenyl}-acetamide (I-42)
replaced 1-100 and BOC-NH-Val-OH replaced BOC-B-Ala.

[0407] Compound I-127 was prepared in the same manner
except BOC-NH-Val-OH replaced BOC-3-Ala.

Oct. 27, 2005

[0408] Compound I-181 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl -N~(2-chloro4-methylsulfamoyl-phenyl)-acetamide
(1-168) replaced [-100.

EXAMPLE 33
2-[4-Chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-

phenyl }N-(2-chlorod-pentanoysulfamoyl-phenyl)-
acetamide; sodium salt (I-173)

[0409]

Cl

ZT

NC O

l R

Cl

[-100: R = SO,NH;
L—= 164: R = SONHC(==0)C4H,
L [173: R = SON'C(==0)CyHp Na*

[0410] To a solution of the sulfonamide I-100 (0.166 g,
0.314 mmol), THF (2 mL) and DCE (2 mL) was added
valeric anhydride (0.064 g, 0.345 mmol) followed by a
single crystal of DMAP. The solution was stirred for 24 h
and partitioned between water and DCM. The organic phase
was washed sequentially with 10% HCI, water and brine.
The organic phase was dried (Na,S0,), filtered and the
solvents removed in vacuo. The residue was triturated with
Et,O and filtered to afford 2-[4-chloro-3-(3-chloro-5-cyano-
phenoxy)-2-fluoro-phenyl}-N-(2-chloro4-pentanoylsulfa-
moyl-phenyly-acetamide (164).

[0411] The acyl sulfonamide 164 was suspended in THF
and stirred until the solution was homogenous. To the
solution cooled to 0° C. was added 1 equivalent of 1 M
NaOH. The reaction was stirred for 10 min then allowed to
warm to RT and the solvents were removed in vacuo. The
resulting material was ftriturated with Et,O and EtOAc to
afford I-173 as a erystalline solid which was dried at 100° C.
for 24 h.

[0412] Compound I-51 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl FN~(2-methyl4-sulfamoyl-phenyl)-acetamide  (1-42)
replaced I-100 and propionic anhydride replaced valeric
anhydride.

[0413] Compound I-87 was prepared in the same manner
except 2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl FN~(2-methyl4-sulfamoyl-phenyl)-acetamide  (1-42)
replaced I-100t and nicotinoyl chloride hydrochloride
replaced valeric anhydride. The compound was isolated as
the hydrochloride salt rather then as a sodium salt.

[0414] Compound I-99 was prepared by alkylation of the
sodium salt of [-126 in DMFE. Sodium salts of the acylsul-
fonamides are prepared by adding 1 equivalent of aqueous
NaOH to a THF solution of I-99 and evaporating the solvent.

[0415] Compound I-126 was prepared in the same manner
except valeric anhydride was replaced with propionic anhy-
dride.
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[0416] Compound I-138 was prepared in the same manner
except valeric anhydride was replaced with butyric anhy-
dride.

[0417] Compound I-139 was prepared by alkylation of the
sodium salt [-138 with methyl iodide in DMEF.

[0418] Compound I-155 was prepared in the same manner
except [-100 methoxyacetic acid replaced valeric anhydride.
The EDIC coupling from the previous procedure was used.

[0419] Compound I-156 was prepared in the same manner
except acetoxyacetyl chloride replaced valeric anhydride
and the acetoxy ester was subsequently cleaved by basic
hydrolysis.

[0420] Compound I-162 was prepared by alkylation of the
sodium salt of 1-126 with methyl iodide in DMF.

[0421] Compound I-171 was prepared by alkylation of the
sodium salt of 1-155 with methyl iodide in DMF.

[0422] Compound I-172 was prepared by alkylation of the
sodium salt of 1-164 with methyl iodide in DMF.

[0423] Compound I-174 was prepared in the same manner
except isovaleric acid replaced valeric anhydride. The EDIC
coupling from the previous procedure was used.

[0424] Compound I-175 was prepared in the same manner
except NN-diethylglycine hydrochloride replaced wvaleric
anhydride. The EDIC coupling from the previous procedure
was used.

[0425] Compound I-176 was prepared in the same manner
except 4-methylvaleric acid replaced valeric anhydride. The
EDIC coupling from the previous procedure was used.

[0426] Compound I-177 was prepared in the same manner
except morpholind-yl-acetic acid replaced valeric anhy-
dride. The EDIC coupling from the previous procedure was
used.

[0427] Compound I-188 was prepared in the same manner
except succinic acid replaced valeric anhydride.

EXAMPLE 34

2 4-Chloro-3-(3,5-dicyano-phenoxy)-2-fluoro-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-9)

[0428]

F CO;Ee
NC OH
- step 1
OaN
ON 52b
166
F CCEr
N 0.
—_—-
—
—
steps 3-8
R
N

; 168a: R = NO-
T I
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-continued
F

H
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O O
cl SO,NH,

CN

[0429] step 1

[0430] A solution of anhydrous THF (100 mL) and 5-hy-
droxyisophthalonitrile {166, 10.00 g, 69.38 mmol) cooled to
0° C. was treated with sodium tert-butoxide {(7.34 g, 76.32
mmol). The mixture was stirred for 30 min at 0° C. then 52b
(17.01, 69.38 mmol) was added and allowed to stir for an
additional 3 h. The reaction was quenched with 10% aque-
ous HCI. The crude mixture was extracted with EtOAc and
the combined extracts washed with water and brine. The
organic phase was dried (Na,.50,) and filtered. The solvent
was removed in vacuo to afford a crude oil which was
puritied by SiO. chromatography eluting with hexanes:.E-
tOAc (90:10) to afford 20 g (78%) of 168a.

[0431] Introduction of the chloro substituent (step 2) was
carried out as described in steps 6 and 7 of Example 31.
Steps 3-5 were carried out by the procedure described in
steps 7-9 of Example 1 which afforded [-9.

[0432] Compound I-28 was prepared in the same manner
except in step 5 of the present example, 4-amino-3-methyl-
benzenesulfonamide was replaced with 2-chloropheny-
lamine.

[0433] Compound I-32 was prepared in the same manner
except in step 5 of the present example, 4-amino-3-methyl-
benzenesulfonamide was utilized.

EXAMPLE 35

2] 4-Chloro-3-(3-cyano-5-difluoromethyl-phenoxy)-
2-fluoro-phenyl]-N-(4-sulfamoyl-phenyl}-acetamide

(I-13)
[0434]
RO CHO
skep 2
—
Br
) 17 R =Me
step 1 170b+ R = Ac
HO. CHF,
step 3
—
(52b)

172
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174 B = NHa
[ irer=
step 5

CO-Et
F-HC
\Q/ step 7 -step 9
CONH-p-CH S02NH2

[0435] step 1—A solution of BBr; (29.1 mL of a 1.0 M
solution in DCM, 29.1 mmol) was added slowly to a solution
of 170a (2.5 g, 11.62 mmol) in anhydrous DCM (25 mL)
maintained under N, at =78° C. The orange solution was
warmed to RT, stirred for 2 h, and poured onto ice. The
mixture was extracted with CH,Cl, (100 mL), and the
organic layer was washed with H,O (50 mL) and brine (50
mL). The solvents were evaporated, and the remaining oil
was purified by flash chromatography on silica gel eluting
with a EtOAc/hexanes gradient (0% to 20% EtOAc) to
provide the desired phenol. To a solution of this phenol in
pyridine (10 mL) under argon was slowly added acetic
anhydride (0.6 mL, 6.33 mmol). After 2 h, the volatile
materials were removed to provide 3-bromo-5-formyl-phe-
nyl acetate (170b, 1.02 g, 40%).

[0436] step 2—DAST (1.02 mL, 7.69 mmol) was added to
a solution of the 3-bromo-5-formyl-phenyl acetate (170b,
1.1 g, 4.52 mmol) in DCM (5 mL) under nitrogen contained
in a NALGENE® bottle. EtOH (0,013 mL, 0.23 mmol) was
added, and the mixture was stirred for 16 h. The reaction
mixture was then added slowly to an aqueous solution of
saturated NaHCOQ,. After the bubbling was finished, DCM
(50 mL) was added and the layers were separated. The
organic layer was washed with brine (30 mL) and dried with
anhydrous MgSO,. The solvent was removed to provide a
yellow oil that was placed in a mixture of THF (15 mL) and
H,O (4 mL). LiOH monohydrate (474 mg, 11.3 mmol) was
added, and the reaction mixture was stirred at RT for 2 h.
The solution was then added dropwise to 5% aqueous HC1
{50 mL), and the mixture was extracted with EtOAc (3x30
mL). The combined organic fractions were washed with

47
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brine (30 mL), and dried with anhydrous MgS80O,. Evapo-
ration of the volatile materials gave an oil that was puritied
by flash chromatography on silica gel (0% to 25% EtQAc/
hexanes) to provide 800 mg (79%) of 3-bromo-5-difluorom-
ethylphenol (172).

[0437] The phenol 172 was condensed with ethyl 23-
difluoro4-nitro~-phenyl acetate {58¢, step 3) as described in
step 1 of Example 34. Reduction of the nitro group and
diazotization and displacement of the diazonium salt by
chloride {steps 4 and 5) were carried out as described in
steps 6 and 7 of Example 31 to afford 174¢c.

[0438] step 6—A solution of 174¢ (757 mg, 1.73 mmol),
PA[P(Ph),],(0} (300 mg, 0.26 mmol), and zinc cyanide (122
mg, 1.04 mmol) in DMF (8 mL}) under nitrogen was heated
to 80° C. for 4 h. The reaction mixture was cooled to RT and
added to 2 M aqueous NH,OH. The solution was extracted
with 1:1 EtOAc/hexanes (3x30 mL), and the combined
organic fractions were washed with H,O (3x200 mL) and
dried (MgSQ,). The solvent was cvaporated, and the
remaining oil was purified by S§i0, chromatography eluting
with an EtOAc/hexanes gradient (0% to 25% EtOAc) to
provide 580 mg (87%) of [4-chloro-3-(3-cyano-5-difluo-
romethyl-phenoxy)-2-fluoro-phenyl]-acetic acid ethyl ester
(176).

[0439] steps 7-9were carried out by the procedure
described in steps 7-9 of Example 1 which afforded I-13.

[0440] Compound I-14 was prepared in the same manner
except in step 9 of the present example, 2-chloropheny-
lamine was utilized.

[0441] Compound I-75 was prepared in the same manner
except in step 9 of the present example, 4-amino-3-methyl-
benzenesulfonamide was utilized.

EXAMPLE 36
2-[4-Chloro-3-(3-cyano-5-difluoromethoxy-phe-

noxy)-2-fluoro-phenyl]-N-{4-sulfamoyl-phenylac-
etamide ([-166)

[0442]

CHF‘z COEt

Q/ D) S[ep? 9

slep ‘l:l?Sa‘ R =Ny,

178b: R = NH,
wep 6 g =
CHF,
| H
o o N
al S0.NH;
CN
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[0443] Steps 1-4 are depicted in SCHEME 10

[0444] step 1—Acetic anhydride (30 mL, 4 equiv) was
added to a solution of 3,5-dihydroxybenzonitrile (84a, 10.36
g, 77 mmol) in anhydrous pyridine (60 mL) cooled to 0° C.
and blanketed with nitrogen. The reaction was warmed to RT
and stirred for 16 h. The volatile materials were removed in
vacuo, and the remaining oil was dissolved in EtQAc,
washed with water, 5% HCI solution, brine, and dried
(MgS80,). The volatile materials were removed to afford
14.5 g (86%) of the diacetate. The diacetate (14 g, 64 mmol)
was dissolved in a mixture of EtOH (100 mL) and benzene
(100 mL) and cooled to 0° C. A solution of KOH (3.6 g, 1
equiv) in EtOH was added dropwise. After 1 h, the solution
was added to an ice-cold solution of saturated ammonium
chloride, extracted with ether, and washed with brine. The
Et,O extracts were concentrated and purified by SiQ, chro-
matography eluting with a hexane/EtOAc gradient (0% to
25% EtOAc) which afforded 10 g (88%) of 84b .

[0445] step 2—(2-Trimethylsilyl-cthoxy)-methyl-chloride
(2.2 mL, 1.1 equiv) was added to a solution of the 84b (2.0
g, 11.3 mmol} and DIPEA (2.4 mL, 1.2 equiv) in DCM (50
mL) cooled to 0° C. The solution was warmed to RT, stirred
for 16 h, and poured into a saturated sodinm bicarbonate
solution. The agqueous solution was extracted with DCM,
and the combined organic extracts washed with water and
brine and dried (MgS0,). The solvents were removed in
vacuo and the acetylated product was dissolved in a mixture
of water (8 mL) and THF (32 mL). LIOH.H.O (0,71 g, 1.5
equiv) was added. The mixture was stirred for 2 h, acidified
to pH 5 and extracted with ether. The organic layver was dried
(MgS80,) and evaporated to provide 2.5 g (80%) of the 84c.

[0446] step 3—F.CICCO.Na (2.84 g, 2.3 equiv) was
added to a solution of Cs,CO, (3.69 g, 1.4 equiv), 84b (2.26
g, 809 mmol), DMF (32 mL) and water (2 mL). The
solution was heated to 100° C. for 2 h, cooled to RT, and
poured into a solution of ammonium chloride. The solution
was extracted with a mixture of EtOAc and hexanes, and the
organic layer was washed with brine and dried (MgS0,).
The crude product was purified by SiQ, chromatography
cluting with a EtQOAc/hexane gradient (05% to 104%) which
afforded 1.83 g (70%) of 86a. The difluoromethyl ether 86a
was dissolved in MeOH (30 mL), and 5.6 mLof a 10 M
solution of HC1 was added. The solution was heated to 50°
C. for 5 h, and stirred at RT for 16 h. The volatile materials
were evaporated, and the aqueous residue was partitioned
between DCM and water. The aqueous layer was extracted
with DCM, and the combined extracts were washed with
water and brine. The volatile materials were removed in
vacuo to afford 780 mg (73%) of 86b.

[0447] step 4—Potassium t-butoxide (429 mLof a 1 M
solution, 1 equiv) was added to a solution of 86b (795 mg,
4.3 mmol) in THF (10 mL} cooled to 0° C. under nitrogen
atmosphere. The solution was stirred for 10 min, and a
solution of the 52b (1.05 g, 1 equiv) in THF (8 mL) was
added dropwise. The solution was warmed to RT, stirred
overnight, and poured into a saturated ammonium chloride
solution. The mixture was extracted with EtOAc, washed
with water and brine and dried (MgS0,). The solvents were
evaporated and the crude product purified by Si0. chroma-
tography elution with an EtOAc/hexane gradient (0% to
25%) to afford 1.6 g (93%) of 178a.

[0448] step 5—A solution of 178a {1.59 g, 3.98 mmol),
iron filings (0193 g, 4.2 equiv), NH,C1 (0.89 g, 4.2 equiv) in
EtOH (25 mL) and water {15 mL) was heated to reflux for
4 h. The solution was cooled, diluted with methylene chlo-
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ride, and filtered through a pad of 5i0.. Evaporation of the
volatile materials atforded 1.43 g (94%) of 178b.

[0449] step 6—Asolution of the 178b (1.43 g, 3.76 mmol)}
in dry MeCN{15 mL) was added slowly to a rapidly stirred
solution of CuCl, (1.01 g, 2 equiv) and tert-butyl nitrite
(0.89 mL of a 90% solution, 1.8 equiv) that had been heated
to 60 C under a N, atmosphere. After 1 h, the reaction was
cooled to RT, and 5 mL of 5% HC1was added. The solution
was partitioned between EtOAc and brine. The organic
extracts were dried (MgS80,), filtered and concentrated in
vacuo. The crude product was purified by SiO,, chromatog-
raphy and eluted with an EtQOAc/hexane gradient (0% to
35%) to afford 1.04 g (69%) of 178c.

[0450] steps 7 to 9 were carried out as described in steps
7-9 of Example 1 to afford [-166.

[0451] Compound I-167 was prepared in the same manner
except in step 9 of the present example, 4-amino-3-chloro-
benzenesulfonamide replaced  4-amino-benzenesulfona-
mide.

EXAMPLE 37

2-{4-Chloro-3{3-cvano-5-(1,1-difluoro-ethyl)-phe-
noxy]-2-fluoro-phenyl}-N-(4-sulfamoyl-phenyl)-
acetamide ([-95)

[0452]

F COsEt
NG o
—_—
——
lep 8- 10
cl ep

CFaMe

746
F
H
NC o) N
<l S0,.NH,

CF;Me

[-596

[0453] Steps 1-7 are depicted in reaction C of SCHEME 8

[0454] step 1—n-BuLi (13.4 mL of a 1.6 M solution, 1.1
equiv) was added slowly to a solution of the tert-butyl-(3,
5-dibromo-phenoxy)-dimethyl-silane (70, 7.16 g, 19.5
mmol) in Et,O (60 mL) cooled to -78° C. under a blanket
of N2. The solution was stirred for 25 min, and N-methoxy-
N-methyl-acetamide was added via synnge. The solution
was warmed slowly to RT, added to saturated ammonmum
chloride, and extracted with ether. The combined organic
layers were washed with brine and dried (MgS80,), filtered
and concentrated in vacuo. The crude product material was
dissolved in THF (50 mL), and a solution of Bu,NF
(approximately 1.2 equiv) Was added. The solution was
stirred for 2 h and partitioned between EtOAc and brine. The
organic laver was washed with water, brine, and dried
(MgS0,) to afford 3.35 g (80%) of 72a.

[0455] step 2—Acetic anhydride (1.1 mL, 1.2 equiv) was
added to a solution of the 72a (2.0 g, 9.3 mmol) in pyridine
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(30 mL) cooled to 0° C. The solution was warmed to RT,
stirred for 2h, and the volatile materials were removed in
vacuo. The residue was dissolved in ether, and washed with
5% HCI solution, water, brine, and dried (MgS804). The
solvents were evaporated to afford 2.3 g (98%) of 72b.

[0456] step 3—A suspension of 72b (2.35 g, 9.1 mmol)
and Deoxy-Fluore® (2.9 mL, 1.7 equiv) (Caution: EXPLO-
SIVE REAGENT) under N, atmosphere in a Teflon bottle
was heated to 85° C. The solution was stirred for 20 h at 85°
C. then for 24 h at RT. The resulting solution was added
slowly to a cooled solution of saturated NaHCOQ,. The
aqueous solution was extracted with DCM, and the organic
layer was washed with brine. Evaporation of the volatile
materials afforded crude 72¢ which was dissolved in THF
(22 mL) and water {6 mL). LIOH.H,O (1.12 g, ca. 3 equiv)
was added, and the solution was stirred for 2 h. The mixture
was then poured into a 5% HCI aqueous solution, extracted
with ether, and the organic layer was washed with brine.
Evaporation of the volatile solvents afforded the crude
residue which was purified by SiQ, chromatography eluting
with an EtOAc/hexane gradient (3% to 10%) which afforded
095 g (44%) of 72c.

[0457] steps 4 to 6 were carried out by the procedure
described in steps 4 and 6 of example 36 to afford 74c.

[0458] step 7—A solution of the 74¢ (0.78 g, 1.73 mmol),
Zn(CN), (012 g, 006 equiv), and (Ph,P)LP (0.30 g, 0.15
equiv) in DMF (7 mL) was heated to 80° C. for 4 h. The
solution was cooled, added to 2 M ammonium hydroxide
solution and extracted with ether. The organic extract was
washed with brine and dred (MgS0,) and concentrated in
vacuo. The crude product was purified by Si0. chromatog-
raphy eluting with a EtQAc/hexane gradient (0% to 25%) to
afford 0.55 g (80%) of 76.

[0459] steps 8 to 10 were carried out as described in steps
7-9 of the example 1 to afford 1-95.

[0460] Compound I-96 was prepared in the same manner
except in step 10 of the present example, 4-amino-3-methyl-
benzenesulfonamide replaced 4-amino-benzenesulfona-
mide.

[0461] Compound [-97 was prepared in the same manner
except in step 10 of the present example, 4-amino-3-chloro-
benzenesulfonamnide replaced 4-amino-benzenesulfona-
mide.

EXAMPLE 38

2-[3+3-Bromo-5-cyano-phenoxy }4-chloro-2-fluoro-
phenyl]-N-(2-methyld-sulfamoyl-phenyl)-acetamide
3)

[0462]
R OMe
—_—
step 3
Br
step 1 :1803: R=Br

180k R = CHO

" ]
wep2[_ JoneR-cn
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NC. OH
—_—-
—_— .
——
steps 4 =7
Br
182
F Me
H
NC 9] N
m @
Cl S0.NH;
Br
I-185

[0463] step 1—n-BuLi (2.6 mL of a 1.6 M solution, 1.1
equiv) was added slowly to a solution of the 180a (1.0 g, 3.8
mmol) in Et,0 (20 mL}) cooled to -78° C. under an N,
atmosphere. The solution was stirred for 45 min, and DMF
was added via syringe. The solution was warmed slowly to
RT, added to saturated ammonium chloride, and extracted
with ether. The organic phase was washed with brine and
dried (MgS80,), filtered and evaporated to afford 0.80 g
(98%) of 180b.

[0464] step 2—Asolution of the aldehyde 180b (12.0 g, 56
mmol), hydroxylamine hydrochloride (19.4 g, 5 equiv),
EtOH (100 mL) and pyridine {10 mL) was heated to 65° C.
for 16 h. The mixture was cooled to RT, and partitioned
between 509% EtOAc/hexanes and water. The organic layer
was washed with brine and dried (MgS0,). The volatile
materials were evaporated to afford 12.4 g (97%) of the
oxime. This material was dissolved in anhydrous dioxane
(100 mL) and pyndine (26 mL, 6 equiv). The solution was
cooled to 0° C., TEAA (15 mL, 2 equiv) was added, and the
mixture was allowed to warm to RT. The solution was stirred
for 2 d, and warmed to 60 C for 1 h. The mixture was cooled
to RT, and added carefully to ice water. The mixture was
extracted with methylene chloride, and the combined
organic layers were washed with water, 1 M HCl, and brine.
The organic layer was dried (MgS80,) and evaporated to
afford 10.4 g (90%) of 180c¢.

[0465] step 3—Anhydrous collidine (100 mL) was added
to a dry flask containing 180¢ {104 g, 49 mmol) and Lil
(19.6 g, 3 equiv). The solution was heated under nitrogen to
150° C. overnight, cooled to RT, and poured into an ice cold
1 M HCI solution. The mixture was extracted with a 1:1
EtQOAc/hexanes solution, washed with water, and dried
{(MgS0,). Concentration in vacuo afforded 8.7 g (89%) of
182.

[0466] step 4—The condensation of 182 and 52b was
carried out as described in step 4 of example 36. Steps 5 to
7 were carried out as described in steps 7 to 9 of example 1
except in the present case 4-amino-3-methyl-benzensulfona-
mide replaced 4-amino-benzenesulfonamide.
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EXAMPLE 39

2{4-Bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-
phenyl]-N-(2-chloro4-sulfamoyl-phenyl}-acetamide
(1-189)

[0467]

\Q/ b/\“/ steps "—4

160a: R = NH;
Step ) I 134: R = Br

E
H
NC 0 N
O
Br SOzNH:
Cl

[-13%

[0468] The phenyl acetic acid 160a was prepared as
described in steps 1-6 of example 31

[0469] step 1—A 150 mL three-neck round bottom flask
was charged with MeCN (50 mL), CuBr (2.8 g, 12.61 mmol)
and t-butyl nitrite (1.4 g, 13.76 mmol), degassed and main-
tained under an Ar atmosphere and heated to 70° C. To the
mixture was added dropwise a solution of 160a (4.0 g, 11.47
mmol) dissolved MeCN (20 mL). The reaction mixture was
stirred at 70° C. for 4 h and then cooled to 0° C. The reaction
was quenched by addition of 10% HCI (30 mL) and
extracted with EtOAc. The combined extracts were sequen-
tially washed with 10% HCI and brine. The organic extract
was dried (Na,50), filtered and the wvolatile solvents
removed in vacuo to yield a black oil which was puritied by
flash chromatography on silica gel (hexanes:EtQAc 95:5) to
afford 2.5 g (52.8% theory) of 184.

[0470] steps 2 and 4 were carried out as described steps 7
and 8 of Example 1.

[0471] step 5—A 100 mL round bottom flask was charged
with 4-amino-3-methyl-benzenesulfonamide (0.092 g, 0.495
mmol), dissolved in 2 mL of acetone and NaHCO, (0.040 g,
(1.495 mmol) was added. To the stirred suspension under a
nitrogen atmosphere was added dropwise a solution of the
acid chloride from step 4 (0.200 g, 0.495 mmol) dissolved
in 3 mL acetone and the reaction was stirred for 24 h at RT.
The reaction mixture was cooled to 0° C. and quenched with
10% aqueous HCL The aqueous phase was extracted with
EtDAc and the combined extracts were washed with aque-
ous 10% HCl, water, and brine. The organic phase was dried
over (Na,S0,), filtered and the solvent was removed in
vacuo. The crude product was purified by Si0, chromatog-
raphy eluting with DCM/MeOH (93:7) to afford 0.240 g
(87%) of 1-189: ms (M-H)=551, mp 244.0-245.1, CHN;
caled C, 47.80; H, 2.92, N, 7.6(; found C, 47.51; H,2.80; N,
7.49.
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EXAMPLE 40

2{4-Bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-
2-fluoro-phenyl]-N-( 2-chloro4-sulfamoyl-phenyl)-
acetamide (I-169)

[0472]

Et

CO4l
E,HC
—_—
\Q/ step 2

I:l?4b: R' = NH»
136: R = Br
step 1
COEL

FoHC
\Q Step =
; SONH,

[-16%

[0473] Step 1 was carried out by the procedure described
in step 1 of example 39. Step 2 was carried out by the
procedure described in step 7 of example 37. Steps 3 to 5
were carried out by the procedures described in steps 7 to 9
of Example 1 except in step 9, 4-amino-benzenesultonamide
was replaced by 4-amino-3-methyl-bezenesultonamide
which afforded in [-169.

EXAMPLE 41

23-(3-Cyano-5-difluoromethyl-phenoxy)-2-
fluorod-methyl-phenyl |-N-(2-methyl4-sulfamoyl-
phenyl)-acetamide (1-85) and 2-[3-(3-Cyano-5-dif-
luoromethyl-phenoxy)}4-ethyl-2-fluoro-phenyl ]-N-
(2-methyl4-sulfamoyl-phenyl)-acetamide (I-1809)

[0474]

F COsEt
NC o]
——
steps 2=5
RH

CHF-

184; R" = Br
step la [——=1902: R" = Me
step 1b b——=150b: B" = Et
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os. N
F
NC o
Me S0.NH;
RH
CHF.
[-85: R" =Me
[-120: R" = Bt

[0475] step 1a—To a degassed ice-cokl solution of THF
(15 mL), Pd{dppD)Cl, (0.09 g, 0.121 mmol) was added
DIBAL-H (0.012 mmol; 1M in toluene). The reaction mix-
ture was allowed to warm to RT. A solution of 184 (1.0 g,
2.42 mmol) was added followed by Me.Zn (1 M in THF,
4240 mmol). The reaction was heated to 65° C. for 4 h,
cooled to RT and quenched with aqueous NH,Cl. The
resulting mixture was extracted with EtOAc and washed
sequentially with NH,Cl and brine. The EtOAc extract was
dried (Na,S0,), filtered and the volatile solvent removed in
vacuo to yield a dark brown oil that was purified by flash
chromatography on silica gel eluting with hexanes:EtOAc
(95:5) to yield 190a (0.50 g, 59% theory)

[0476] step 1lb—190b was prepared by a procedure iden-
tical to that described in step 1a except Me,Zn was replaced
with Et,Zn. The product was purified by flash chromatog-
raphy on silica gel eluting with hexanes:EtQAc (95:5) to
afford 0.62 g (74%) of 190b.

[0477] 1-85 and [-180 were prepared from 190a and 190b
respectively following the procedure described in steps 7-9
of example 1 except in step 5 of the present example
4-amino-benzenesulfonamide was replaced by 4-amino-3-
methyl-bezenesulfonamide.

[0478] Compound -84 was prepared in the same manner
from [-190a except in step 5 of the present, example
4-amino-benzenesulfonamide was replaced by 4-amino-3-
chloro-bezenesulfonamide. The crude product recrystallized
from EtOAc/hexane to afford 0.182 g (28%) of 1-84: MS:
{(M-H)=522, mp. 218.0-218.7, Elemental Analysis Found:
C: 52.54; 3.04;, 7.99

[0479] Compound [-86 was prepared in the same manner
from [-190a except in step 5 of the present example,
4-amino-benzenesulfonamide was replaced by 2-chloro-
phenylamine.

[0480] Compound I-110 was prepared in the same manner
from [-190a except in step 5 of the present, example
4-amino-benzenesulfonamide was replaced by methyl
4-amino-3-chloro-benzoate and in a subsequent step the
benzoic acid methyl ester was converted to the correspond-
ing benzoic acid present in I-110.

[0481] Compound I-112 was prepared in the same manner
except in step 8 of the present example, 4-amino-3-chloro-
benzenesulfonamide was replaced with 2-chloro4-methane-
sulfonyl-phenylamine.
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EXAMPLE 42
2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro4-methyl-
phenyl]-N-(2-chloro4-sulfamoyl-phenyl)-acetamide
(1-83)
[0482]
F CO,Et
NC 0
steps 1=3
Me
l
192
H
0. N
E
NC o
Cl SOsNH»
Me'
cl
I-83

[0483] [3-(3-Chloro-5-cyano-phenoxy)-2-fluorod4-methyl-
phenylJ-acetic acid ethyl ester {192) was prepared from 160
(example 31) by reduction of the nitro group followed by the
diazotization/bromination and Negishi methylation of 160
as described in step la of example 41.

[0484] Steps 1-3 of the present example were carried out
as described in steps 7 to 9 of example 1 except in the
present example 4-amino-benzenesulfonamide was replaced
by 4-amino-3-chloro-benzenesulfonamide to afford 1-83.

EXAMPLE 43

2-[3-(3-Chloro-5-cyano-phenoxy)-2-fluoro4-meth-
oxy-phenyl]-N+(2-chlorod-sulfamoyl-phenyl)-aceta-

mide (I-190)
[0485]
F COH
MC, 4]
steps 9-10
———
MeO
Cl
&b
F 1
H
NC 0. N
m
MeO SOsNH»
cl
I-150
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[0486] See SCHEME 7 for steps 1 to 8.

[0487] step 1—To a solution of di-iso-propylamine (150
mL, 108.3 g, 1.07 mol) in THF {500 mL) cooled to =78° C.
and maintained under a N. atmosphere was added over 1 15
min period, n-BuLi (100 mL, 1.00 mol, 10 M in hexanes).
The resulting mixture was stirred for 30 min at =78° C. A
mixture of 54a (45 mL, 52.110 g, (0457 mol) and chlorot-
rimethylsilane (130.0 1L, 111.28 g, 1.024 mol) was added at
a rate which maintained the internal reaction temperature
below —-50° C. The solution was stirred at -78° C. for 1 h.
The reaction was quenched at =78° C. by addition of 1 M
H,S0,, diluted with MTBE and the mixture was saturated
with solid NaCL The phases were separated and the aqueous
phase was extracted with MTBE (300 mL). The combined
organic extracts were dried (MgSQ,), filtered and the sol-
vents evaporated to afford 118 g (100%) of 54b as a white
solid.

[0488] step 2—To neat bromine (76.9 mL, 1.50 mol)
cooled to 0° C. in an ice bath was added portion wise solid
54b {126.23 g, 0.500 mol) while maintaining the internal
temperature between 20-45° C. (caution: exothermic!). The
reaction mixture was stirred at 58° C. for 2 h. After 1 h of
this period had elapsed additional bromine (4548 g) was
added and the addition funnel was rinse with cyclohexane
(10 mL). The reaction mixture was cooled to 0° C. and
slowly poured into ice-cold saturated NaHSO; solution.
After the addition the resulting mixture was saturated with
solid NaCl, extracted with MTBE (500 mL and 200 mL),
dried (MgS0,) and concentrated in vacuo to afford 191 g of
54¢. The reaction mixture was distilled at ca. 60 mbar which
afforded 161.53 g of colorless liquid which boiled at 110° C.
and contained about 11% of the monobromeo derivative. The
product was redistilled through a bubble ball column at ca.
50 mbar which afforded 141.3 (78.5%) of 54¢ with a boiling
point of 93-94° C. which was »99.6 pure.

[0489] step 3—Preparation of iso-PrMgCLLICI—A
sample of LiCl (4.56 g, 107.6 mmol) was dried under high
vacuum with a heat gun for 10 min. To the dry solid under
a N, atmosphere at 23° C. was added iso-PrMgC1 (53.8 mL,
107.6 mmol, 2M solution in THF) and the resulting mixture
was stirred at 23° C. for 3 days.

[0490] To a solution of 54¢ (1.29 mL, 10 mmol) in THF
(5 mL) at —-40° C. was added the iso-PrMgCl LiCl solution
(5.5 mL, 11 mmol, 2.0 M in THF) at a rate that maintained
the reaction temperature below -30° C. Stirring was con-
tinued at =35 to =30° C. for 1 h then warmed to =7° C. for
an additional 1 h. The reaction mixture was cooled to =30°
C. and DMF (1.00 mL, 13 mmol} was added in one portion
(temperature rose to =23° C.) and stirring continued for 3.5
h at =25 to +15° C. The reaction mixture was poured into 1
M H.S80, and ice and the resulting mixture was saturated
with solid NaCl and twice extracted with MTBE.

[0491] The combined extracts were dried (MgSO0,), fil-
tered and concentrated in vacuo to afford 2.17 g (98%) of
54d as a white solid.

[0492] step 4—To a solution of 3-chloro-5-hydroxy-ben-
zonitrile (3.84 g), K,CO, powder (4.2 g) and n-butyl nitrile
was added 54d (5.57 g). The reaction mixture was heated to
reflux for 4.5 h when the reaction appeared complete by
gc/ms. The reaction mixture was cooled, poured into water
and EtOAc was added. The resulting mixture was allowed to

Oct. 27, 2005

stand until the layers separated. Some crystals were present
at the interface and along the walls of the upper layer which
were filtered and washed with water and hexanes. The
filtrate was evaporated in vacuo, the residue taken up in IPA
and re-evaporated. The solid was triturated with hexane and
filtered. The mother liquor was evaporated and the residue
purified by SiQ, chromatography eluting with hexane/
EtOAc (80:20). The product was triturated with IPA, filtered
and washed with hexanes and the product fractions com-
bined to afford 1.45 g (83%) of 56a.

[0493] step 5—Trfluoroacetic anhydride (8.88, 4.231
mmol) was added to a 100 mL round bottom and stirred at
0° C. 30% Hydrogen peroxide (0.290, 8.46 mmol) was then
added dropwise to the reaction vessel and stirred for 2 hours
at zero to produce trifluoroperacetic acid (TFPA).

[0494] To a solution of 56a (2.0, 5.64 mmol) in DCM (20
mL) stirred at 0° C. was added KH,PO, (15.35 g, 112.82
mmol). To this suspension was added dropwise at 0° C. the
TFPA. The reaction was stirred for 48 h. Upon consumption
of starting material reaction mixture was cooled to 0° C., and
diluted with brine, and quenched with aqueous 10% sodium
bisulfite. The resulting mixture was extracted with DCM and
washed with brine, dried (Na,S0,), filtered and the solvent
removed in vacuo to vield a yellow solid which was puritied
by Si0, chromatography eluting with hexane/EtOAc (92:8)
to afford 1.8 g (94%%) of 56b.

[0495] step 6—To a solution of 56b (1.8 g, 5.26 mmol) in
DMF (15 mL) was added Cs,CO, (3.43,10.52 mmol) and
iodomethane (.74 g, 5.26 mmol). The reaction mixture was
stirred at 85° C. for 12 h. When 56b was consumed, the
reaction mixture was cooled to RT and the cured mixture
extracted with EtOAc and the combined extracts washed
with water and brine. The EtOAc was dried (Na,S0,),
filtered and concentrated in vacuo to afford 56¢ as a yellow
oil which was used in the next step without additional
purification.

[0496] step 7—A dry 100 mL round bottom was purged
with nitrogen and charged with 56¢ (1.6 g, 4.50 mmol) and
anhydrous THF (200 mL). The mixture was cooled to -20° C.
and a solution of iso-PrMgCl-LiCC1 (5.40 ml, 5.40 mol, 2 M
in THE, see step 3) was added dropwise. The reaction was
stirred for 2 h at =20° C. and a solution of CuCN LiCl (0.100
mL, .100 mol 1 M in THF) was added and stirred continued
at —=20° C. To this mixture was added allyl bromide (1.08 g,
9.0 mmol) and the mixture stirred for an additional two h.
The reaction was quenched by addition of aqueous NH,Cl.
The mixture extracted with EtOAc and washed with water
and brine. The extracts were dried (Na,S0,), filtered and the
solvent was removed in vacuo to vield a yellow oil. The
crude product was purified by Si0. chromatography eluting
with hexane/EtOAc (95:5) to afford I g (70%) of 58a.

[0497] step 8—To a solution of 58a (0.100 g, 0.315
mmol), EtOAc (2 mL), MeCN (2 mL) and water (3 mL) was
added NalQ, (0.437 g, 2.050 mmol) and Ru(l, (0.001 g,
0.006 mmol). When 58a was consumed, the crude mixture
was filtered through a pad of CELITE®, washed with
EtOAc and the combined EtOAc washes were washed with
brine, dried (Na,S0,) filtered and evaporated in vacuo to
afford 0.090g (85%) of 58b as a yellow solid. extracted with
ethyl acetate, and washed with brine. The ethyl acetate was
dried over sodium sulfate and filtered. Solvent was removed
in vacuo to yield 58b as a vellow solid (0.090 g, 85%).
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[0498] step 9 and 10 were carried as described in steps 8
and 9 of Example 1 except in step 9, 4-amino-3-methyl-
benzenesulfonamide was replaced by 4-amino-3-chloro-
benzenesulfonamide to afford [-190.

[0499] Compound I-191 was made by a similar procedure
except in step 10, 4-amino-3-chloro-benzenesulfonamide
was replaced by 4-amino-3-chloro-benzenesulfonamide

EXAMPLE 44

2 3-(2-Chloro-5-cyano-phenoxy)-5-methoxy-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-102)

[0500]

COMe
HO.

—_—
step 1

OH

32
Cl CO4Et
)
—_— 3=
step 3 —step 5
N OR
sten 2 194a: R =H
F 194b: R = OMe
Cl
H
o} N
O \Q
SOaNH»
N OMe

[-102

[0501] step 1—A solution of 4-chloro-3-fluoro-benzoni-
trile (5.977 g, 38.42 mmol), methyl 3,5-dihydroxy-pheny-
lacetate (7.0 g, 38.42 mmol), K,CO; (15.9 g, 0.115 mol) and
NMP (70 mL) was stirred and heated to 120° C. for 12 h. The
reaction mixture was cooled to RT and diluted with H.O
(150 mL), acidified with 10% agueous HCl and twice
extracted with EtOAc. The combined organic extracts were
washed sequentially with water (6 times) and brine, dried
(Na,SQ,), filtered and concentrated in vacuo. The crude
product was purified by §i0, column chromatography elut-
ing with a EtOAc/hexane gradient {0 to 25% EtOAc) to
afford 194a.

[0502] step 2—A solution of 194a (0.500 g, 1.57 mmol),
methyl iodide (196 pL, 0.447 g, 3.15 mmol), K,CO, (0.5%4
g, 3.93 mmol) and NMP (5 mL) was stirred at 85° C. for 1
h. The reaction mixture was cooled to RT, diluted with H,O
(25 mL) and twice extracted with EtOAc. The combined
organic eXxtracts were washed sequentially with water (6
times) and brine, dried (Na,S0O,), filtered and concentrated
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in vacuo. The crude product was purified by 810, column
chromatography eluting with EtQAc/hexane to afford 194b.

[0503] steps 3 to 5 were carried out by the procedure
described in steps 7-9 of Example 1 which afforded of I-102.

[0504] Compound I-103 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-methyl-
benzenesulfonamide.

[0505] Compound I-113 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-chloro-
benzenesulfonamide.

EXAMPLE 45

2-[3-(3-Chloro-53-cyano-phenoxy)-5-methoxy-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-132)

[0506]

CO;Me

HO.
step 2

NC F

OR
step 1
: 3a:R=H Cl
3 R= Me

COsMe

NC O

—_—
step 3—step S

: ~SONH,

Cl OMe

34
NC o
\Q/ m
cl OMe

[-132

H
N

[0507] step 1—A solution of methyl iodide (10.25 mL,
23.374 g, 0.165 mol), methyl 3,5-dihydroxy-phenylacetate
(32a, 30.0 g, 0.165 mol), K,CO; (34.15 g, 0.247 mol) and
NMP (300 mL) was stirred and heated to 85° C. for 2 h. An
additional 5 mL of methyl iodide and 10 g of K. CO; was
added and stirred for an additional 2 h. The reaction mixture
was cooled to RT and diluted with H.O (150 mL), acidified
with 10% aqueous HCl and twice extracted with EtOAc. The
combined organic extracts were washed sequentially with
water (6 times) and brine, dried (Na S0,), filtered and
concentrated in vacuo. The crude product was purified by
510 columnn chromatography eluting with a EtOAc/hexane
gradient (0 to 25% EtOAc) to afford 32b.

[0508] step 2—A solution of methyl 3-hydroxy-5-meth-
oxy-phenyl acetate (32b, 0.500 g, 2.55 mmol), 3-chloro-5-
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fluorobenzonitrile {(0.3964 g, 2.55 mmol), K.CO, (1.057 g,
7.65 mmol) and NMP (5 mL) was stirred and heated at 120°
C. for 12 h. The reaction mixture was cooled to RT and
diluted with H,O (35 mL), adjusted to pH 11 with 1 N NaOH
and twice extracted with EtOAc. The combined organic
extracts were washed sequentially with water (6 times) and
brine, dried (Na,50,), filtered and concentrated in vacuo.
The crude product was purified by SiO; column chroma-
tography eluting with a EtOAc/hexane gradient (0 to 25%
EtDAc) to afford 34

[0509] steps 3 to 5 were carried out by the procedure
described 1n steps 7-9 of Example 1 which afforded I-132.

[0510] Compound I-133 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-methyl-
benzenesulfonamide.

[0511] Compound I-136 was prepared using a similar
procedure except in step 5 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-chloro-
benzenesulfonamide.

EXAMPLE 46

2-[3-(3-Chloro-5-cyano-phenoxy)-5-methyl-phenyl]-
N-(4-sulfamoyl-phenyl)-acetamide (I-141)

[0512]

COsMe

MeO

step 3
—
R
step 1:363: R=0H
26a: R = OTI
sep2 R = Me
COsMe
RO
ste S—step 7
—————
Me
I:’l&a: R'=H
30a: R’ m 5-Cl-3-UN—C¢H;
step 4
H
NC. 4] N
0 \O\
SO;NH»
Cl Me

I-141

[0513] step 1—A solution of 26a (4.8 g, 024.46 mmol)
was dissolved in DCM (50 mL) and pyridine {(3.957 mL,
3,806 g, 48.92 mmol) was added. The reaction mixture was
cooled to 0° C. and triflic anhydride (4.83 g, 7.593 g, 26.9
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mmol) was added dropwise and the reaction mixture stirred
for 1 h. The cold reaction mixture was transferred to a
separatory funnel and washed quickly with ice-cold 1 N
HCY, cold saturated bicarbonate, water and brine. The result-
ing DCM solution was dried (NaS0,), filtered and the
volatile solvents removed in vacuo. The resulting crude
triflate 26b was used directly in step 2.

[0514] step 2—A three-neck round bottom flask was
flameed and flushed with Ar. The flask was charged with
Pd(dppf)Cl {0.64% g, 7.95 mmeol) and anhydrous THF (30
mL). The reaction mixture was cooled to 0° C. and
DIBAL-H was added dropwise (1.1 mL, 0.2261 g, 1.59
mmol). The reaction mixture was warmed to RT and stirred
for 1 h. A solution of 26a (522 g, 0.0159 mmol) and THF
(30 mL) was added and the resulting solution was stirred at
RT for 3h. Me,Zn (7.95 mL, 0,159 mmol, 2.00 M solution in
toluene) was added dropwise and the reaction mixture was
stirred at 50° C. for 1 h. The reaction was carefully quenched
with a small quantity of water, filtered through a pad of
CELITE® and the solids washed thoroughly with EtQAc.
The combined organic extracts were washed with water and
brine, dried {MgSQ,) and the solvent evaporated. The crude
product was purified by SiO, chromatography eluting with
a EtOAc/hexane gradient (0 to 25% EtOAc) to afford 26¢.

[0515] step 3—The ester 26¢ (2.64 g, 0.136 mmol) was
dissolved in DCM (20 mL) and the reaction mixture was
cooled to =78° C. A solution of BBr, (67.96 mL, 67.96
mmol, 1.0 M in DCM) was added dropwise. After the
addition was completed the reaction mixture was allowed to
warm to RT and stirred for 2 h. The reaction mixture was
recooled to =78 ° C. and the reaction quenched aqueous
NaHCO, then warmed to RT and the organic phase washed
with water, saturated NaHCO, and brine. The organic phase
was dried (MgS0,) and the solvent evaporated to afford 28a.

[0516] step 4—A solution of 28a (0.500g, 2.77 mmol),
3-chloro-5-fluoro-benzonitrile  (0.4316 g, 2.77 mmol),
K,CO; (1.150 g, 8.32 mmol) and NMP (5 mL) was stirred
and heated for 8 h at 120° C. The reaction mixture was
cooled to RT and diluted with H.O (150 mL)}, acidified with
10% aqueous HCI and twice extracted with EtOAc. The
combined organic extracts were washed sequentially with
water (6 times) and brine, dried (Na S0,), filtered and
concentrated in vacuo. The crude product was purified by
Si0_ column chromatography eluting with EtOAc/hexane
gradient (0 to 25% EtOAc) to afford 30a.

[0517] steps 5 to 7 were carried out by the procedure
described in steps 7-9 of Example 1 which afforded 1-141.

[0518] Compound [-142 was prepared using a similar
procedure except in step 7 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-methyl-
benzenesulfonamide.

[0519] Compound 1-143 was prepared using a similar
procedure except in step 7 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-amino-2-chloro-
benzenesulfonamide.

[0520] Compound I-146 was prepared using a similar
procedure except in step 7 of the present example, 4-amino-
benzenesulfonamide was replaced with 4-chloro-3-fluo-
robenzonitrile.
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[0521] Compound 1-147 was prepared using a similar
procedure except in step 4 of the present example, 3-chloro-
5-fluoro-benzonitrile was replaced with 4-chloro-3-fluo-
robenzonitrile and in step 7, 4-amino-benzenesulfonamide
was replaced with 4-amino-2-methyl-benzenesulfonamide.

[0522] Compound I-148 was prepared using a similar
procedure except in step 4 of the present example, 3-chloro-
5-fluoro-benzonitrile was replaced with 4-chloro-3-fluo-
robenzonitrile and in step 7, 4-amino-benzenesulfonamide
was replaced with 4-amino-2-chloro-benzenesulfonamide.

[0523] Compound I-105 was prepared using a similar
procedure except in step 2 of the present example, dimeth-
ylzinc was replaced with diethylzine to afford 26 (R=Et) and
in step 4, 3-chloro-5-fluoro-benzonitrile was replaced with
4-chloro-3-fluorobenzonitrile.

[0524] Compound I-106 was prepared using a similar
procedure except in step 2 of the present example, dimeth-
ylzinc was replaced with diethylzine to afford 26 (R=Et), in
step 4, 3-chloro-5-fluoro-benzonitrile was replaced with
4-chloro-3-fluorobenzonitrile and in step 7, 4-amino-benze-
nesulfonamide was replaced with 4-amino-2-methyl-benze-
nesulfonamide.

[0525] Compound I-107 was prepared using a similar
procedure except in step 2 of the present example, dimeth-
ylzinc was replaced with diethylzine to afford 26 (R=Et), in
step 4, 3-chloro-5-fluoro-benzonitrile was replaced with
4-chloro-3-fluorobenzonitrile and in step 7, 4-amino-benze-
nesulfonamide was replaced with 4-amino-2-chloro-benze-
nesulfonamide.

EXAMPLE 47

2-[7-(3-Cyano-phenoxy)-benzofuran-5-y1]-N-(2-
methyl-4-sulfamoyl-phenyl)-acetamide (I-145)

[0526]
COR
NC., : nel
8]

10%a: R = OEt
seps [ 10%b: R = OH
step 7 = 105%c: R=Cl

step Bl e 105d: R = NH -2-Me-4-SO,NHa—CoH

[0527] step 1—To a solution of 101a (5.0g; 24.2 mmol;
SCHEME 14) and anhydrous DCM (75 ML) was added
sequentially acetyl chloride ((2.42 mL; 33.9 mmol) and
SnCl (5.39 mL; 46.1 mmol, 1 M solution in DCM). The
reaction was stirred at RT for 50 minutes and poured into a
mixture of ice and 2 N HC1 (200 mL). The organic phase was
separated and diluted with about 50 mL of CH..Cl.. and thrice
washed with water (100 mL) and once with brine {10(' mL).
The organic phase was dried (MgS0,), filtered and evapo-
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rated to yield 101b (6.0 g) which contained about 10% of
101a. The crude product was used without further purifica-
tion.

[0528] step 2—To an ice-cold solution of 101b (6.01 g;
24.2 mmol) and DCM (100 mL) under a nitrogen atmo-
sphere was added sequentially a solution of MCPBA (11.9
g; 48.4 mmol) and DCM {12 mL) followed by TFA (2.14
ml; 27.8 mmol). The reaction mixiure was stirred at RT
overnight. The reaction nixture was cooled to 0° C. and a 5%
aqueous Na.SO, solution (150 mL) was added slowly with
stirring. The mixture was stirred for 5 minutes after addition
was completed and precipitated m-chlorobenzoic acid was
filtered. The solid was washed with DCM and the combined
filtrates were washed with 109% NaOH (2x250 mL), 2 N HC1
(200 mL), water and brine. The resulting solution was dried
(Mg50,), filtered through a pad of CELITE and concen-
trated in vacuo to vield 101c (4.1g).

[0529] step 3—A solution of 101¢ (10.3 g; 39.3 mmol),
EtOH (250 mL) and saturated NaHCO, (100 mL) were
heated to reflux for 1 h. The reaction mixture was cooled to
room temperature and the EtOH removed in vacuo. [ce was
added to the residue aqueous solution and the reaction
carefully acidified to about pH 2 with 2 N HCI. The resulting
mixture was extracted with EtOAc (2x300 mL) and the
combined organic phase washed with brine, dried (N2.S0,),
filtered and evaporated to yield a brown oil (8.8 g). The
crude product was run through a silica gel column with 15%
EtOAcrhexane to yield 101d(5.44g; 62.9%) as a white solid.

[0530] step 4—A dry 50 mL round bottom flask was
charged with 101d (0.5 g, 2.27 mmol), 3-bromobenzonitrile
(0.620 g, 3.4 mmol), Cs,CO; (1.48 g, 4.54 mmol), Cu(T}C1
(0.112 g, 1.14 mmol), 2,2.6,6-tetramethyl-3,5-heptanedione
(50 4L, 0.23 mmol) and NMP (10 mL). The reaction was
heated at 120° C. under an Ar atmosphere for 55 h. The
reaction mixture was partitioned between EtOAc and 10%
aqueous HCL The aqueous extracts were diluted with hex-
ane and the hexane extracts were washed thoroughly with
water, dried (NgSO0,), filtered and evaporated. The crude
product was purified by Si0,, chromatography eluting with
20% EtOAc/hexane to afford 0.373 g of 103,

[0531] step 5—To a solution of 103 (00,350 g; 1.052 mmol)
and CCl, (15 mL) was added NBS (0.197 g; 1.104 mmol)
and AIBN (0.0035 g). The reaction was heated at reflux for
50 min, an additional 5 mg of AIBN was added and refluxing
continued for an additional 0.5 h. The reaction mixture was
cooled to RT, diluted with DCM, washed with 10%
NaHSO,, water and brine. The resulting solution was dried,
filtered and evaporated in vacuo. The crude product was
puritied by flash chromatography eluting with 5% EtQAc/
hexane to atford (,277 g of 105.

[0532] steps 6 to 8 were carried out by the procedure
described in steps 7-9 of Example 1 except 4-amino-3-
methyl-benzenesulfonamide replaced  4-amino-benzene-
sulfonamide which 1-145.

[0533] Compound I-144 was prepared using a similar
procedure except in step 8 of the present example, 4-amino-
2-methyl-benzenesulfonamide was replaced with 4-amino-
benzenesulfonamide.
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[0534] Compound 1-149 was prepared from 107 which
was prepared by Cu(ITI)}OQAc), mediated coupling of 101d
and 3,5-dichlorobenzeneboronic acid. Conversion of 107 to
I-149 was carried out by the procedure described in steps 7-9
of Example 1 except 4-amino-3-chloro-benzenesulfonamide
replaced 4-amino-benzene-sulfonamide.

EXAMPLE 48

2-[3-(3-Chloro-5-cyano-phenoxy)4,5-dimethyl-phe-
nyl]-N-(2-methyl4-sulfamoyl-phenyl)-acetamide
(1-183)

[0535]

RO

CO-Et

—_— -
step 810
Me

Me

ate ?|:196Q:R=H
P 196b: R = NC

Cl
Me
H
NC o) N
o]
Me SO:NHz
Me

Cl

[0536] step 1—A mixture of 4-hydroxy-3-methoxypheny-
lacetic acid (20, 1.0 g; 5.49 mmol, SCHEME 2) and hex-
amethylenetetramine (0,808 g; 5.76 mmol) and TFA (7 mL)
were stirred and heated at 90° C. for 4 h. The reaction was
cooled and excess TEA removed in vacuo and 35 mL of ice
and water was added to the residue. The resulting dark
brown solution was stirred at RT for 20 min. The aqueous
solution was extracted with Et,O (40 mL}) and the extract
was dried (Na,S0 ), filtered and evaporated to afford 0.70 g
of 22a (61%); ms (M+H)*=211.13.

[0537] step 2—To a solution of 22a (4.0 g; 19.03 mmol)
in EtOH (80 mL) was added con H,50, (1 mL). The

56
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reaction was heated at reflux for 6 h. Approximately 80% of
the EtOH was removed in vacuo and the residue partitioned
between EtOAc/H.O (1:1) the organic phase residue washed
with 10% NaHCO,, water (100 mL), dried (Na,S0,), fil-
tered and evaporated to afford a brown oil 22b (88%); ms
(M+H)"=239.19.

[0538] step3—Amixture of 22b (3.70 g; 15.53 mmol), 5%
Pd/C (0350 g), HOAc (45 mL) were shaken under a H,
atmosphere (40 psi) for 8§ h. TLC showed product and the
corresponding benzyl alcohol. An additional 300 mg of Pd/C
in 25 mL HOAc was added and hydrogenation continued for
another 8 h. A second portion 0f 0.15 g of Pd/C in HOAc (15
mL) was added and reaction continued for another 12 h. The
mixture was diluted with EtQAc and filtered through a pad
of CELITE®. The catalyst was washed with EtOAc and the
combined organic extracts dried (Na.80,) and evaporated.
The product was purified by silica gel chromatography and
eluted with CH,Cl.:hexane (4:1) to afford 2.64 g of 22¢
(75.8%).

[0539] stepd—To a solution of 22¢ (5.87 g; 26.175 mmol)
in CH,Cl, cooled to 0° C. was added pyridine (3.60 mL;
44.51 mmol) followed by dropwise addition of triflic anhy-
dride (6.605 mL; 39.26 mmol) over about 200 min. The
reaction was stirred at 0° C. for 3.5 h. The reaction mixture
was extracted with dilute HCI and half-saturated NaHCOQ,,
dried (Na,80,) and evaporated to yield 941 g of 24a as a
brown oil {(100%).

[0540] step5—To a suspension of PACL(dppf) (0.650 g;
0.785 mmol) in THF (40 mL) cooled to 0° C. was added
dropwise a solution of DIBAL-H (1.0 M in PhMe; 1.57 mL,
1.57 mmol). The resulting mixture was stirred at 0° C. for 5
minutes and a solution of 24a in 5 mL of THF was added
followed by Me.Zn (23 mL; 46.0 mmol; 1.0 M in PhMe).
The mixture was stirred at 0° C, for 5 m and heated at reflux
for 2.5 h then cooled to t for 30 m. The reaction was poured
into dilute HC1 and extracted with EtQAc (2x100 mL), dried
(Na,50,), and evaporated. The crude product was purified
by silica gel chromatography and eluted with
CH,Cl,:hexane (1:2 to 1:1 to 2:1 v/¥) to yield 5.1 g (87.6%)
of 24b.

[0541] step6—A solution of ethyl 3,4-dimethyl-5-methox-
yphenylacetate (24b; 0.560 g; 2.519 mmol) and CH,CIL, (40
mL) was cooled to =78° C. and a solution of BBr, (10.1 mL;
10.1 mmol; 1.0 M in CH,Cl,) dropwise over 10 min. After
1 h at =78° C. the reaction was allowed to warm to 1t and
stirred for 12 h. The reaction was cooled in an ice-water bath
and the reaction quenched with 15 mL of ice/water. The
aqueous phase was extracted with CH,CL,EtDAc (3:1 v/v),
dried (Na,S0,), filtered and evaporated to yield 0.52 g
(99%) of 24c; ms 209.21 (M+H)™.

[0542] steps 7-10 were carried out as described in steps 6
to 9 of Example 1 except in the final step of the present
example, 4-amino-3-methyl-benzenesulfonamide replaced
4-amino-3-benzenesulfonamide.

[0543] Compound I-182 was prepared in the same manner
except in the final step of the present example, 4-amino-3-
methyl-benzenesulfonamide was replaced with 4-amino-
benzenesulfonamide.

[0544] Compound I-184 was prepared in the same manner
except in the final step of the present example, 4-amino-3-
methyl-benzenesulfonamide was replaced with 4-amino-3-
chloro-benzenesulfonamide.
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EXAMPLE 49

2-[3-(2-Bromo-5-chloro-phenoxy)-4-isopropyl-phe-
nyl]-N-(4-sulfamoyl-phenyl)-acetamide (1-26)

[0545]
CO,EL
MeO
step 3
R

8:R = C=0)Me
skepr 1| ’
14: R = C(Me)=—=CH2

0216 R = isoepr
COEt

HO
stepy 4
—_—
i-Pr

18a
Br CO,Et
O
step 37
—
i-Pr p—
Cl
198
Br
H
O, N
:O/\ﬂ/
i-Pr S0.NH;
Cl

[-26

[0546] step 1

[0547] To a suspension of PPh,CH,*Br7(36.29 g; 101.6
mmol) in THF (150 mL) cooled to —40° C. was added
dropwise n-Buli (40.6 mL; 1.6 M in hexanes) and the
resulting solution was allowed to warm to -10° C. for 10 m
and re-cooled to —40° C. To the resulting solution was added
in one portion ethyl 4-acetyl-3-methoxyphenylacetate (8,
see Example 10; ) and the reaction mixture was stirred at 0°
C. for 30 m and warmed to rt and stirred for an additional
2 h. The reaction mixture was diluted with hexane filtered
through a pad of CELITE ® and the solids washed with
hexane:Et.O (5:1 v/v; 60 mL). The combined organic layers
were washed with water (50 mL) and brine (50 mL), dried
(Na,S0,), filtered and evaporated to vield a yellow oil. The
product was purified by silica gel chromatography and
eluted with CH,Cl,-hexane (50- 66% DCM) to yield 9.1 g
of 14.

[0548] step 2

[0549] A suspension of 14 (9.0 g; 38.41 mmol), 5% Pd/C
(380 mg) in 50 mL HOAc and 50 mL EtOH was shaken
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under a hydrogen atmosphere (50 psi) for 7 h. The mixture
was filtered through a pad of CELITE® and the filtered
catalyst was washed with EtOAc. The solvents were evapo-
rated under reduced pressure and the residue dissolved in
MTRBE and carefully washed with sat’d HaHCO,, water and
brine. The resulting solution was dried (Na,SO,), filtered
and evaporated to yield ethyl 4-iso-propyl-3-methoxyphe-
nylacetate (16; 9.0 g) as a yellow oil.

[0550] step 3—A solution of 16 (3.38 g; 14.30 mmol) and
CH.Cl. (150 mL} were cooled to —78° C. and a solution of
BBr, (541 mL; 57.22 mmel) in 130 mL of CH,Cl, were
added dropwise over a 30 m period. The reaction mixture
was stirred at -78° C, for 1 h, allowed to warm to rt for 4
h and re-cooled to -78° C. and carefully quenched with
sat’d. NaHCOQ, (80 mL). The aqueous layer was extracted
with CH,CL, (12100 mL), EtOAc (50 mL) and the combined
aqueous layers washed with water and brine, dried (Na.S0,)
and evaporated to yield a light brown oil. The phenol was
purified by silica gel chromatography and cluted with
CH.Clhexane (3:1) to CH,Cl, to CH,CL,:EtOAc (100:4)
to yield ethyl 4-iso-propyl-3-hydroxyphenylacetate (18a;
3.0 g; 94%)

[0551] Introduction of the aryloxy linkage (step 4) was
accomplished by reacting 18a and 1-bromo4-chloro-2-fluo-
robenzene as described in step 1 of example 17 to afford 198.
Steps 5 to 7 were carried out by the procedure described in
steps 7-9 of example 1 to afford I-26.

[0552] Compound I-27 was prepared in the same manner
except in the final step of the present example 2-chloro-
benzeneamine replaced 4-amino-benzenesulfonamide.

EXAMPLE 50

2J4.,5-Dibromo-3-(3-cyano-5-difluoromethyl-phe-
noxy)-2-fluoro-phenyl -N-{2-methyl4-sulfamoyl-
phenyl)-acetamide (I-104)

[0553] [4.5-Dibromo-3-(3-cyano-5-ditluoromethyl-phe-
noxy)-2-fluoro-phenyl]-acetic acid ethyl ester (200) was
isolated as a byproduct in the Sandmeyer reaction used in the
preparation of 186 described in step 1 of example 40. The
dibromo compound was converted to [-104 by the procedure
described in steps 7 to 9 of example 1 except in the present
example, 4-amino-3-methyl-benzenesulfonamide replaced
4-amino-benzenesulfonamide.

EXAMPLE 51

(4-12[3-(3-Chloro-5-cyano-phenoxy)4-methyl-phe-
ayl]-acetylamino } -3-methyl-phenoxy)-acetic acid

1-23%)
[0554]
OH
step 1
OaN
Me
19%
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-continued
OCH,CO»—t-Bu

step 21—
T .
I:'lola: R =N
201b: R = NH»

NC. O
m
Me'

l

H
N
OCH2CO:R

: 203: R = tert-Bu
I-23: R=H

step 5

[0555] K,CO, (2.7 g, | equiv) was added to a solution of
199 (3.0 g, 19.6 mmol} and DMF (20 mL). To this mixture
was added the tert-butyl bromoacetate (4.09 g, 1.1 equiv).
The reaction mixture was stirred for 2 h, poured into NH,Cl1
solution, and extracted with EtOAc. The organic layer was
washed with water, dried (MgS0Q,), filtered, and concen-
trated to provide a brown oil. This oil was purified by Si0,
chromatography eluting with a EtQAc/hexane gradient (0%
to 20% EtOAc) to afford 3.67 g (719%) of the 201a as a white
solid. The solid was dissolved in EtOH, 10% Pd/C (0.3 g)
was added, and the reaction was placed under a hydrogen
atmosphere(45 psi). After 2 h, the catalyst was filtered and
the filtrate concentrated in vacuo to afford 201b.

[0556] Hydrolysis of the ester, formation of the acid
chloride and condensation with 201b were carried out as
described in steps 7 to 9 of Example 1 which afforded 203,
The ester 203 (0.22 g, 0.42 mmol) was stirred in formic acid
(4.6 mL) under N After 2 h, the reaction was diluted with
EtDAc and poured into water. The organic laver was washed
with NaHCO3. The combined organic layers were (MgS0,)
and concentrated in vacuo to afford 0.103 g (53%) of 1-234
as a white solid.

EXAMPLE 52

2-[3-(4-Chloro-benzoyl)-5-methyl-phenyl]-N-{2-
methyl4-sulfamoyl-phenyl}-acetamide (I-255)

[0557)

COR MgBr
al
cl Me step 2
]: 204a: R=0H
204b: R = -5-(2-pyridinyl)

step 1
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-continued
8}
R
a ‘ ‘ step 6 to 7
Me

step 3:2063: R =Me
step 4:30613: R =CHaBr
Hge: B = CHCN

sep S Soed:r' = CHACO.H

Me
H
O N
/O/ Q
Cl SO-NH3
Me

[0558] step 1—A solution of 204a (25 g, 0.166 mmol),
triphenylphosphine (43.66 g, 0.166 mmol), 2,2"-dipyridyl
disulfide (36.67g, 0.166 mmol) and MeCN (250 mL) was
heated under an Ar atmosphere for 2 h. The reaction mixture
was cooled to RT and partitioned between EtOAc and H.O.
The aqueous phase was extracted with EtOAc and the
combined EtQAc extracts were dried (MgS0,), filtered and
concentrated in vacuo. The crude product was purified by
Si0_ chromatography eluting with a EtOAc/hexane gradient
(10 to 30% EtOAc) which afforded 37 g of 204b,

[0559] step 2—A dry flask was charged with fine Mg
turnings {1.48 g, 60.8 mmol} and dry THF (50 mL) and a
crystal of iodine was added. Asolution of 1-bromo-4-chloro-
benzene (11.64 g, 60.8 mmol) and dry THF was added
dropwise. If the Grignard reagent does not form spontane-
ously the flask was gently warmed until the reaction began
and stirring was continued until the Mg was consumed. To
a solution of 204b (7.4 g, 30.4 mmol)and dry THF (50 mL})
cooled to 0° C. and maintained under an Ar atmosphere was
added dropwise the solution of 1-chloro-1-bromomagne-
sium-benzene over a 30 min period. After the reaction was
complete the solution was warmed to RT and stirred over-
night. The reaction mixture was cooled to 0° C. and the
reaction was quenched with saturated NH,ClL. The solution
was extracted with EtDAc, dried (MgS0,), filtered and
evaporated. The crude product was purified by SiO, chro-
matography eluting with a EtQOAc/hexane gradient (10 to
30% EtDAC) to afford 3.46 g of 206a.

[0560] step 3—A solution of 206a (3.46g, 14.1 mmol),
NBS (252 g, 14.1 mmol) and benzoyl peroxide (0.035 g)
and CCl, (75 mL) was heated to reflux for 1.5 h while
exposed to a 300 watt lamp. The solution was cooled and the
precipitated succinimde was removed by filtration. The
solvent was removed in vacuo and purified by flash chro-
matography eluting with a EtOAc/hexane gradient (1 to 2%
EtOAc) to atford 206b.

[0561] step 4—A solution of 206b (1.97 g, 6.09 mmol),
sodium cyanide (0.59 g, 12.1 mmol} and EtOH/H,O (50 mL,
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90% EtOAc was stimed at RT overmight. The reaction
mixture was concentrated in vacuo and partitioned between
EtOAc and H.O. The aqueous phase was extracted with
EtOAc and the combined extracts dried (MgS0,), filtered
and evaporated. The crude solid was recrystallized from
hexane/EtOAc to afford 1.36 g of 206c.

[0562] step 5—A mixture of 206¢ (1.36 ¢, 5.04 mmol) and
concentrated HCI/HOAc (50 mL, 1:1) was stirred at 100° C,
for 2 h. The reaction mixture was concentrated in vacuo,
H_O was added and the aquecus phase exiracted twice with
EtDAc. The combined extracts were dried (MgS0O,), filtered
and evaporated to afford 1.2 g of 206d as a white powder.

[0563] Steps 6 and 7 were carried out by the procedure in
steps 8 and 9 of example 1 except in step 7 of the present
example 4-amino-3-methyl-benzenesulfonamide replaced
4-amino-benzenesulfonamide to afford I-255.

[0564] Compound 1-254 was prepared as described for
I-255 except in step 7, 4-amino-3-methyl-benzenesulfona-
mide was replaced by 4-amino-benzenesulfonamide.

[0565] Compound 1-256 was prepared as described for
I-255 except in step 2, 2-bromo-1-chloro-benzene was used
instead of 4-bromo-1-chloro-benzene.

[0566] Compound 1-257 was prepared as described for
I-255 except in step 7, 4-amino-3-chloro-benzenesulfona-
mide was used in place of 4-amino-3-methyl-benzene-
sulfonamide.

[0567] Compound 1-258 was prepared as described for
I-255 except in step 7, 2-chloro-phenylamine was used in
place of 4-amino-3-methyl-benzenesulfonamide.

[0568] Compound 1-259 was prepared as described for
I-256 except in step 7, 2-chloro-phenylamine was used in
place of 4-amino-3-methyl-benzenesulfonamide.

[0569] Compound I-260 was prepared as described for
I-255 except in step 2, 1-bromo-3-chlorobenzene was used
in place of [-bromo-4-chlorobenzene.

[0570] Compound 1-261 was prepared as described for
I-256 except in step 7, 4-amino-benzenesulfonamide
replaced 4-amino-3-methyl-benzenesulfonamide.

[0571] Compound 1-262 was prepared as described for
I-260 except in step 7, 2-chloro-phenylamine replaced
4-amino-3-methyl-benzenesulfonamide.

[0572] Compound 1-232 was prepared as described for
I-255 except in step 2, 1-bromod-chlorobenzene was
replaced by 1-bromo-3,5-dichloro-benzene.

[0573] Compound 1-231 was prepared as described for
1-232 except in step 7, 4-amino-3-methyl-benzenesulfona-
mide was replaced by 2-chloro-phenylamine.

[0574] Compound 1-247 was prepared as described for
I-255 except in step 1 2-chloro-5-methyl benzoic acid was
used in place of 3.,5-dimethylbenzoic acid, in step 2,
1-bromo-3,5-dichloro-benzene  was used instead of
4-bromo-1-chloro-benzene and in step 7, 4-amino-benzene-
sulfonamide was replaced by 2-chloro-phenylamine.

[0575] Compound 1-252 was prepared as described for
I-247 except in step 7, 4-amino-3-methyl-benzenesulfona-
mide was used in place of 2-chloro-phenylamine

[0576] Compound 1-248 was prepared as described for
I-247 except in step 2, 2-bromo-14-dichloro-benzene was
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used instead of 1-bromo-3,5-dichloro-benzene and in step 7,
2-chloro-phenylamine was used instead of 4-amino-benze-
nesulfonamide.

[0577] Compound I-249 was prepared as described for
[-248 except in step 7, 4-amino-3-methyl-benzenesulfona-
mide was used in place of 2-chloro-phenylamine

[0578] Compound I-250 was prepared as described for
[-248 except in step 7, 4-amino-benzenesulfonamide was
used in place of 2-chloro-phenylamine.

[0579] Compound I-253 was prepared as described for
[-248 except in step 7, 4-amino-3-chloro-benzene-
sulfonarmide was used in place of 2-chloro-phenylamine

[0580] Compound I-251 was prepared as described for
[-248 except 1n step 7, phenylamine was used in place of
2-chloro-phenylamine

EXAMPLE 53

2-[3-(2-Bromo-5-chloro-phenylsulfanyl)-4-chloro-
phenyl]-N-(4-sulfamoyl-phenyl)-acetamide (I-243)

[0581]

C0,Er
R
step 3
step 3
Cl
step 1]:20821: R=0H
o 2081 R = OC(==5)NMey
P2 Soseir- SC(==0}NMe;
CO-H
H5
stepy 4
—_—
<l
210
Br CO-H
5
step 56
—
1 _—
<l
212
Br
H
5 ¥
4]
1 50, MNH-
a
[-243

[0582] step 1—A solution of 208a (10.11 g, 47 mmol),
dimethylthiocarbamoyl chlonde (8.73 g, 70.6 mmol),
DABCO (1056 g, 94.2 mmol) and DMF (75 mL) was
stirred at RT for 20 min then at 75° C. for an additional 30
min. The reaction mixture was cooled to RT, diluted with
H,O, and twice exiracted with EtOAc. The combined
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EtDAc extracts were thrice washed with H.O, dried
(MgS0,), filtered and evaporated. The impure product was
purified by Si0, chromatography elution with an EtOAc/
hexane gradient (10 to 20% EtOAc) to afford 1127 g of
208b.

[0583] step 2—A flask was charged with 208b (11.27 g)
and the melt was heated at 220° C. overnight. The crude
product was purified by Si0, chromatography e¢luting with
an EtOAc/hexane gradient (10 to 20% EtOAc) to afford 7.08
g of 208c. An additional 2.19 g was 1solated form the column
which contained a small amount of an impurity.

[0584] step 3—To a solution of 208¢ (7.08 g, 23.4 mmol)
was added a solution of NaOH (3.75 g, 93.8 mmol) and H,0O
(25 mL). The solution was heated for 1 h at 60° C. under an
Ar atmosphere. The reaction mixture was cooled to RT and
acidified with 1 N HCL. The resulting solid was filtered,
washed well with water and dried to atford 4.6 g of product.
The crude product along with an earlier batch was purified
by Si0, chromatograph eluting with EtOAc/ hexane/HOAc
(39.5:60:0.5) to afford 5.26 g of 210.

[0585] stepd—A solution of 210 (0.26 g, 1.28 mmol),
1-bromo-2-fluorod-chloro-benzene (0.16 mL, 1.28 mmol),
K €O, (0.35 g, 2.56 mmol) and DMF (12 mL} maintained
under an Ar atmosphere was warmed to 60° C. overnight.
The reaction mixture was cocled to RT, diluted with H,O (20
mL) and extracted with EtOAc. The aqueous phase was
adjusted to pH 2 with dilute HC and the resulting precipitate
was collected by filtration and washed with H,O. The crude
product was preabsorbed onto SiO, and purified by flash
chromatography elution 50% EtOAc/hexane to afford 0.053
g of 212.

[0586] Steps 5 and 6 were carried out as described for
steps 8 and 9 of Example 1 to afford 1-243.

[0587] Compound I-244 prepared as described for 1-243
except in step 7, 4-amino-benzenesultonamide was replaced
with 2-chlorophenylamine.

[0588] Compound I-242 prepared as described for 1-243
except in step 4, 1-bromo-2-fluorod-chloro-benzene was
replaced by 5-fluoroisophthalonitrile.

EXAMPLE 54

(3-Chlorod-{2-[3-(3-chloro-5-cyano-phenoxy)4-
methyl-phenyl]-acetylamino }-phenyl)-acetic acid
methyl ester (I-235) and (3-Chloro4-{2-[3-(3-
chloro-5-cyano-phenoxy)4-methyl-phenyl]-acety-
lamino}-phenyl)-acetic acid (I-236)

[0589]

CO-H
HaN

214
COsMe
H,N step 21—
1
24
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-continued

1
H
N L8] N
m
Me
Cl COsR

I:[—Q_’»S: R =Me
[-236:R=H

[0590] step 1

[0591] The aniline 214(21.4 g, 140 mmol) was dissolved
in MeOH (140 mL), and 1 mL of concentrated sulfuric acid
was added. The solution was heated to reflux for 3 d, cooled,
and poured into saturated NaHCO; solution. The aqueous
solution was extracted with a 1:1 EtOAc/hexane, dried
(Mg80,) and evaporated in vacuo. Six grams of the result-
ing crude product was punified by $10. chromatography
eluting with a hexane/EtOAc gradient (109% to 50% EtOAc)
to provide 5.5 grams of methyl ester. The methyl ester (0.50
g, 3.0 mmol) was dissolved in MeCN (10 mL). The solution
was warmed to 30° C., and NCS (0.42 g, 1.05 equiv) was
added in one portion. After 1 h, the reaction was warmed to
50 C. After an addition hour, the reaction was cooled to RT
and the solvent was evaporated. The remaining oil was
dissolved in DCM, and the organic layer was washed with
a 5% NaOH solution, brine, and dried (MgS0Q,). Evapora-
tion of the volatile materials and SiQ, chromatography of
the residue provided 0.28 g (45%) of 216.

[0592] Steps 2-4 were carried out as described in steps 7
to 9 of example 1 except in the final step 4-amino-benze-
nesulfonate was replaced by 216 which afforded 1-235.

[0593] The ester was hydrolyzed by adding LiOH (1.1 mL
of a 2 M solution, 4 equiv) to a solution of the ester (0.29 g,
0.55 mmol) in THF {4 mL). The solution was stirred for 4
h. The mixture was quenched with 2 M HCl solution, and the
aqueous layer was extracted with ¢thyl acetate. The com-
bined organic extracts were washed with brine and dried

over magnesium sulfate. Evaporation of the volatile mate-
rials afforded 1-236.

EXAMPLE 55

(4-{23-(3-Chloro-5-cyano-phenoxy)-4-methyl-
phenyl]-acetylamino}-3-methyl-phenoxy)-acetic

acid (1-234)
[0594]
OH
step 1
O;N

218
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-continued
OCHACO;—t-Bu

step 1-4
HaN

70

Me
H
N (o) &)
m
Me OCHACO0R
Cl

I: 222: R = tert-Bu
[-234:R=H

step 5

[0595] step 1—K,CO; (2.7 g, 1 cquiv) was added to a
solution of 218 (3.0 g, 19.6 mmol) and DMF (20 mL}). To
this mixture was added the tert-butyl bromoacetate (4.09 g,
1.1 equiv). The reaction mixture was stirred for 2 h, poured
into NH,Cl solution, and extracted with EtOAc. The organic
layer was washed with water, dried (MgS0,), filtered, and
concentrated to provide a brown oil. This o1l was purified by
Si0. chromatography eluting with a EtOAc/hexane gradient
(0% to 209 EtOAc) to afford 3.67 g (71%) of the nitro ether
as a white solid. This solid was dissolved in EtOH, 10%
Pd/C (0.3 g) was added, and the reaction was placed under
a hydrogen atmosphere (45 psi). After 2 h, the catalyst was
filtered and the filtrate concentrated in vacuo to afford 220

[0596] Steps 2-4 were carried out as described in steps 7
to 9 of example 1 except in the final step 4-arnino-benze-
nesulfonate was replaced by 220

[0597] The ester 220 (0.22 g, (.42 mmol) was stirred in
formic acid (4.6 mL) under N... After 2 h, the reaction was
diluted with EtOAc and poured into water. The organic layer
was washed with NaHCO3. The combined organic layers
were dried (MgS0O,) and concentrated in vacuo to afford
0103 g (53%) of 1-234 as a white solid.

EXAMPLE 56
2-[4-Chloro-3+(4-cyano-6-methyl-pyridin-2-yloxy)-

2-fluoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-
acetamide (I-233)

[0598]
F COaEL
1 N cl
S HO
T
Cl
step 1
CN
224

61
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R N 0

R COoEt

Z sieps 2

CN
220:1 R=Cl

shep 2
22011 R=Me

um

[-233

$0NH;

[0599] step 1 To a stirred mixture containing 2,6-dichloro-
1sonicotinonitrile (224, (L95 g, 5.49 mmol), Cs,CO;(1.97 g,
6.04 mmol) in dimethylacetarmide (20 mL) was added
(4-chloro-2-fluoro-3-hydroxy-phenyl)-acetic acid ethyl ester
(1.20 g, 5.16 mmol). The flask was flushed with argon and
heated at 100° C. After stirring for 3 h the reaction mixture
was cooled to RT and diluted with EtOAc/hexanes (3: 1).
The organic phase was washed with saturated NH,Cl solu-
tion and brine solution, dried (MgS0Q,) and concentrated in
vacuo. The crude product was purified by SiO. chromatog-
raphy ¢luting with a EtOAc/hexane gradient (0 to 20%) to
afford 0.78 g (39%) of 226a as a white solid.

[0600] step 2—Me,Zn solution (1.58 mL, 3.17 mmol, 2 M
in PhMc) was added to a mixture (0° C.} containing 226a
(0.78 g, 2.11 mmol), (Ph P),Pd(INCL; (0.15 g, 0.211 mmol),
N,N-dimethylethanolamine (43 mL, (1422 mmol} cooled to
0° C. After stirring for 20 min the reaction mixture was
warmed to RT and stirred for 2 h then poured onto ice/
aqueous saturated ammonium chloride solution. The organ-
ics were extracted with EtOAc, washed with brine, dried
{Mg50,) and concentrated in vacuo. The crude product was
purified by Si0Q, chromatography eluting with a EtQAc/
hexane gradient (0 to 15%) to atford 0.67 g (91%) of 226b
as a white solid.

[0601] The phenyl acetic acid ester 226b was converted to
[-124 (steps 24) utilizing the procedures described in steps
7-9 of Example 1 except in the final step 4-amino-3-methyl-
benzenesulfonamide replaced 4-aminobenzenesulfonamide.

EXAMPLE 57

2-[7-(4-Chloro-benzoyl)-2 3-dihydro-benzofuran-5-
y1]-N-(4-sulfamoyl-phenyl)-acetamide (1-241)

[0602]
8]

228

——
steps 1=3
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[0603] The dihydrobenzoftiran 228 was prepared as
described by J. Dunn et al. J. Med Chem 1986 29:2326.
Steps 1-3 were carried out as described in steps 7-9 of
example 1 to afford [-241.

[0604] Compound 1-240 was prepared as described for
I-241 except in step 3, 2-chloro-phenylamine was used in
place of 2-amino-benzenesulfonamide

EXAMPLE 58

2-[4-Chloro-3-(2,5-dichloro-benzyl}-phenyl ]-N-(2-
chloro-4-sulfamoyl-phenyl}-acetamide (I-209)

[0605]

cl o] CCyEL
—
‘ ‘ sep 1
<l
a
230
dl COwEt
—
——
—_—
al steps 24
cl
232
1
H
M
Cl S0H;
1
I-209

[0606] step 1—A solution of 230(0.521 g, 1.47 mmol) and
triethylsilane ((.64 mL, 3.98 mmol) and TFA (10 mL}) were
stirred overnight at RT. The reaction mixture was diluted
with H,O (20 mL) and extracted twice with EtOAc. The
combine extracts were dried, filtered and evaporated to
afford 232. Steps 2-4 were carried out as described in steps
7-9 of example 1 except in the final step 4-amino-benzene-
sulfonamide was replaced by 4-amino-3-chloro-benzene-
sulfonamide to afford 1-209.
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EXAMPLE 59

2-[3+5-Cyano-2-ethyl-benzoyl)-4-ethyl-phenyl]-N-
(2-methyld-sulfamoyl-phenyl)-acetamide (1-268)

[0607]
f Me
step 2

:2343: R=0H
234h: R = -5-(2-pyridiny )

step 1
“ Step ’

2362 R'=Me
236h: R' = CHaBr

step ]
step 4
sle|
F I:”de R'=CHC0H

sep S e CH,CO,Et
COoEL
“ sep1o
Step8:33sa R =0Me
9:43811 R=0OH
shey
P 238¢: R = OTE
COLE
“ Step —
* i I SO,NH,
1268

[0608] Steps 1 to 5 were carried out as described in steps
1 to 5 Example 52 except in the present example 5-15
chloro-2-bromo-benzoic acid was used in place of 3,5-
dimethylbenzoic acid.
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[0609] step6—A solution of 236d (6.09 g, 159 mmol),
EtOH (75 mL) and con H.SO, were heated at 80° C.
overnight. Approximately 75% of the EtOH was evaporated
and the residue diluted with H,O and twice exiracted with
EtOAc. The combined extracts were washed with saturated
NaHCQ,, dried (MgS0,), filtered and evaporated to yield
5.54 g of 236¢ as a white solid.

[0610] step7—Aflask was charged with 236¢ (5.54 g, 134
mmol), Zn{CN), (1.57 g, 13.4 mmol), PA[P(Ph),], (1.55 g,
13.34 mmol) and dry DMF (70 mL) and the flask thrice
evacuated and flushed with Ar. The reaction mixture was
heated at 80° C. for 1.5 h. The reaction was cooled to RT and
diluted with EtOAc/hexane (300 mL 1: 1) and twice
extracted with EtOAc/hexane. The EtOAc extracts were
washed once with H,O, dried (MgSQ,), filtered and evapo-
rated. The resulting orange oil was purified by SiO, chro-
matography eluting with an EtOAc/hexane gradient (20 to
30% EtQAc) to afford 1.1 g of 238a as white solid.

[0611] step8—To a solution of 238a (3.1 g, 8.66 mmol)
and DME (40 mL) cooled to =78° C. was added dropwise
over 5 min, a solution of BBr; and DCM (433 mL of a 1.0
M solution in DMC, 43.3 mmol). After the addition was
complete the reaction mixture was stirred at RT for 2 h,
poured onto ice. The aqueous layer was separated and
extracted with DCM and the combined DCM solutions
washed with brine, dried (MgS0,), filtered and evaporated.
The crude product was purified by SiQ, chromatography
eluting with 20% EtOAc/hexane to afford 2.63 g of 238b as
a white solid.

[0612] step 9—The conversion of 238b to the triflate 238¢
was carried out as described in step 1 of example 6.

[0613] step 10—A flask was charged with 238¢ (1.2 g,
2.52 mmol), Pd(dppf).CH_CL, (0.103 g, 0.126 mmol), TEA
(3.4 mL, 3.78 mmol). DIBAL-H (75 L, 0.113 mmol) was
added at 0° C.,, warmed to RT and Et.Zn was added as
described in step 2 of example 6 to afford 0.86 g of 240.
Steps 11-13 were carried out as described for steps 7-9 of
example 1 except in the present example 4-amino-3-methyl-
benzenesulfonamide was used in place of 4-amino-benze-
nesulfonamide which afford 1-268.

EXAMPLE 60

HIV Reverse Transcriptase Assay: Intubitor 1C,,
Determination

[0614] HIV-1 RT assay was carried out in 96-well Milli-
pore MultiScreen MADVNOBS0 plates using purified
recombinant enzyme and a poly(rA)foligo(dT), , template-
primer in a total volume of 50 L. The assay constituents
were 50 mM Tris/HCL, 50 mM NaCl, 1 mM EDTA, 6 mM
MgCl,, 5 uM dTTP, 0.15 uCi[*H] dTTP, 5 pg/ml poly (rA)
pre annealed to 2.5 pg/ml oligo (dT),; and a range of
inhibitor concentrations in a final concentration of 10%
DMSO. Reactions were initiated by adding 4 nM HIV-1 RT
and after incubation at 37° C. for 30 min, they were stopped
by the addition of 50 ul ice cold 20% TCA and allowed to
precipitate at 4° C. for 30 min. The precipitates were
collected by applying vacuum to the plate and sequentially
washing with 3x200 gl of 10% TCA and 2x200 #l 70%
ethanol. Finally, the plates were dried and radioactivity
counted in a Packard TopCounter after the addition of 25 ul
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scintillation fluid per well. 1C.;’s were calculated by plot-
ting % inhibition versus log, inhibitor concentrations.

EXAMPLE 61

Anti-Viral Assay

[0615] Anti-viral assays were carried out by the method
described by R. E. Pauwels et al. J. Virol. Merthods 1988
2064):309-322,

TABLE 2
RT inhilition Anti-Viral Assay
Compound # IC,, (M) EC ., (#M)
[-138 0.0045 —
[-63 0.0058 —_
[-127 0.0059 —
[-179 0.0074 0.0004
[-83 0.0081 00002
[-109 0.0136 00013
[-180 0.0091 —_
[-84 0.014 00004
[-140 0.021 0.0004
[-165 0.021 0.0004
[-169 0.027 0.0004
EXAMPLE 62

Pharmaceutical Compositions

[0616] Pharmaceutical compositions of the subject Com-
pounds for administration via several routes were prepared
as described in this Example.

Composition for Oral Administration (A)

[0617]

Ingredient T WLSWL
Active ingredient 2005
Lactase TS
Magnesium stearate 0.5%

[0618] The ingredients are mixed and dispensed into cap-
sules containing about 100 mg each; one capsule would
approximate a total daily dosage.

Composition for Oral Administration (B)

[0619]

[ngredient %o Wwt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%
PVFE (polyvinylpyrrolidine) 1.0%

[0620] The ingredients are combined and granulated using
a solvent such as methanol. The formulation is then dried
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and formed into tablets (containing about 20 myg of active
compound) with an appropriate tablet machine.

Composition for Oral Administration (C)

[0621]

[ngredient e WLIWL
Active compound 1 g
Fumaric acid 05 g
Sodium chloride 20g
Methyl paraben 015 g
Propyl paraben 005 g
Granulated sugar 5 g
Sorbtol (70% solution) 1285 g
Veegum K (Vanderbilt Co.) 10 g
Flavoring 0.035 ml
Colorings 0.5 myg
Distilled water q.s. to 100 ml

[0622] The ingredients are mixed to form a suspension for
oral administration.

Parenteral Formulation (D)

[0623]

[ngredient e WLIWL
Active ingredient 025 g
Sodium Chloide gz o make
isotonic
Water for injection to 100 ml

[0624] The active ingredient is dissolved in a portion of
the water for injection. A sufficient quantity of sodium
chloride is then added with stirring to make the solution
isotonic. The solution is made up to weight with the remain-
der of the water for injection, filtered through a (.2 micron
membrane filter and packaged under sterile conditions.

Suppository Formulation (E)
[0625]

Ingredient e WLIWL
Active ingredient L%
Polyethylene glycol 1000 74.5%
Faolyethylene glycol 4000 4.5%

[0626] The ingredients are melted together and mixed on
a steam bath, and poured into molds containing 2.5 g total
welght.
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Topical Formulation (F)

[0627]

[ngredients grams
Active compound 03-2
Span 60 2
Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole) 0.1
Water q.5. 100

[0628] All of the ingredients, except water, are combined
and heated to about 60° C. with stirring. A sufficient quantity
of water at about 60° C. is then added with vigorous stirring
to emulsify the ingredients, and water then added q.5. about
100 g,

[0629] The features disclosed in the foregoing description,
or the following claims, expressed in their specific forms or
in terms of a means for performing the disclosed function,
or a method or process for attaining the disclosed result, as
appropriate, may, separately, or in any combination of such
features, be utilized for realizing the invention in diverse
forms thereof.

[0630] The foregoing invention has been described in
some detail by way of illustration and example, for purposes
of clarity and understanding,. [t will be obvious to one of skill
in the art that changes and modifications may be practiced
within the scope of the appended claims. Therefore, it is to
be understood that the above description is intended to be
illustrative and not restrictive. The scope of the invention
should, therefore, be determined not with reference to the
above description, but should instead be determined with
reference to the following appended claims, along with the
full scope of equivalents to which such claims are entitled.

[0631] All patents, patent applications and publications
cited in this application are hereby incorporated by reference
in their entirety for all purposes to the same extent as if each
individual patent, patent application or publication were so
individually denoted.

We claim:

1. A method for treating an HIV infection, or preventing
an HIV infection, or treating AIDS or ARC, comprising:
administering to a host in need thereof a therapeutically
effective amount of a compound according to formula I

R Rl

X! &)
RY Ar

r! R?
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wherein

X' is selected from the group consisting of —O—, —§—,
—CH,—, —C(0)—;

R* and R* are (i) each independently selected from the
group consisting of hydrogen, C,. alkyl, C,,
haloalkyl, C,_, cycloalkyl, C,_,; alkoxy, C,_¢ alkylthio,
C,, alkylsulfinyl, C,_; sulfonyl, C, 4 haloalkoxy, C,_,
halealkylthio, halogen, amine, C, 4 alkylamino, C,
dialkylamino, C,_, acylamino, nitro and cyano; or, (i1)
together R' and R®* are —O—CH=CH— or
—O—CH.CH.—

R* and R are independently selected from the group
consisting of hydrogen, C, 4 alkyl, C, _; haloalkyl, C, 4
alkexy, C,_,; haloalkoxy C, ; alkylthio, C,_ haloalky-
lthio, halogen, amino, nitro and cyano;

R? is selected from the group consisting of C, _, alkyl, C, 4
haloalkyl, C, 4 cycloalkyl, aryl or heteroaryl selected
from the group consisting of pyridinyl, N-hydroxypy-
ridine, pyrimidinyl, indole, pyrazinyl and pyrrolyl;
wherein, said aryl and said heteroaryl are optionally
substituted with one to three substituents independently
selected from the group consisting of C,_; alkyl, C, .
alkenyl, L alkynyl, —C=CCH.OH,
—Cw(’CH.NMe,, C,_ haloalkyl, C;_ 5 cycloalkyl, T, _«
alkoxy, C,_¢ alkylthio, C,_; alkylsulfinyl, C,_, sulfonyl,
C, ¢ hal oalkoxy, C,  haloalkylthio, hydroxy, halogen,
amino, C, . alkylamino, C,_ dialkylamino, acylamino,
acyl, C, . alkoxycarbonyl, cartbamoyl, C,_, N-alkylcar-
bamoyl, C,.; N,N-dialkylcarbamoyl, nitro and cyano,
said alkyl and said cycloalkyl are optionally substituted
with one or two substituents independently selected
from the group consisting of alkyl, hydroxy, C,
alkoxy, thiol, C,_4 alkylthio, halogen, amino, C, 4 alky-
lamino, C,. (dialkylamino, amino C,_ 4 alkyl, C,_;alky-
lamino C, 4 alkyl, and C,  dialkylamino C,_, alkyl;

Ar is (i) phenyl optionally substituted with 1 to 3
substituents independently selected in each inci-
dence is from the group consisting of C,  alkyl, C;
cycloalkyl, C,; haloalkyl, C, . alkoxy, C,
haloalkoxy, halogen, cyano, C,. alkylthio, C, 4
alkylsulfinyl, C,_; sulfonyl, amino C,_, alkylsulfo-
nyl, C, ; haloalkoxy, C,_; haloalkylthio, C,  acyl,
nitro, C, . heteroalkyl, C, . heteroalkoxy, hydroxyl,

—Xz(CHA) S(0),NR®R®; —(CH,),COOR™,
—X*(CH,), NHC(O)NHR®R®,
X3(CH,) CONR'R® —SO_ R, —NR®R®,

Xz(CHA) NR™S(0)., NRQR
—Xz(CHA) NHCOOR?®, Xﬁ(CHA) COOR,
Xz(CHZ) CN, —OR” and C(—O)CHZN[(CHZ) ]
X% or
2 L)

(ii) a heteroaryl ring selected from the group con-
sisting of pyridinyl, pyrazolyl and triazolyl said
heteroaryl ring optionally substituted with one to
three substituents selected from the group consist-
ing of C,_; alkyl, C,_, alkoxy, C, , alkylthio, halo-
gen, C,_; aminoacyl and NR®™ R,

R® and R? (i) taken independently, one of R® and R® is
hydrogen or C,_, alkyl and the other of R® and R® is
selected from the group consisting of hydrogen,
_C(—=O)R ¥, —C(—O)CHR™NH,, —{CH.),N
[(CH,),].0, COCO,Me, C,, cycloalkyl said
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cycloalkyl optionally substituted with one or two
hydroxyl substituents, pyranyl, C,_, alkyl and aryl said
alkyl and said aryl groups optionally substituted with
one or two substituents independently selected from the
group consisting of hydroxy, C, ; alkoxy, thiol, C,_,
alkylthio, C, , alkylsulfinyl, C,_, sulfonyl, and halogen,
or, (i) R® and R® taken together are (CH ),—X°—
(CH,). or —CH,),— opticnally substituted with one
or two substituents selected from the group consisting
of halogen, hydroxyl and NRM* R*'®;

R**and R™%(i) taken independently are selected from the
group consisting  of  hydrogen, C, . alkyl,
C(=0)COR and SO.R', or (ii} taken together are
(CH,),50;, (CH,):5(0)(CH, )2

R'7is C, , alkyl;

R" is hydrogen or C,_, alkyl;

R'=, RM* and R"° are independently R™;

R1? is the side chain of a naturally occurring c-amino
acid,

RS is C,, alkyl —{(CH,).CORY,
—{(CH.),NH,, —(CH,),0H;

R s C,_, alkyl, —(CH.).NHR!"R'™® (CH,),0R,
—CH,CH(OH)CH,, CHLN[(CH.),].0,
—(CH.),CO,R", optionally substituted phenyl or
pyridinyl;

—(CH,),CN,

R'% is C,_, alkyl optionally substituted with one to three
hydroxyl groups;

X? is —O— or a bond,

X*is —O— or —NMe—;

X% is —0—, —8(0),— or NR";
X® is O— or —8(0),—;

n is an integer from O to 2;

o is an integer from 4 to 6;

p is an integer from O to 6;

r is an integer from 3 to 4

s 15 an integer from 1 to 2;

u is an integer from 2 to 3

salts thereof.

2. A method according to claim 1 treating for treating an
HIV infection, or treating AIDS or ARC, comprising admin-
istering to a host in need thereof a therapeutically effective
amount of a compound of formula I wherein RY, R*, R*,R*,
RS, RB, R&'\, RQ, RQa, RIO, Rll, Rlla, Rllb, Rllc, R12, RIS,
R™, R', Ar, X', X°, X%, X5, X%, n, 0, p, 1, 5 and u are as
defined herein above,

3. A method according to claim 2 wherein:

X! is O andX3is a bond;

; and, hydrates, solvates and

R? is hydrogen or halogen;

R* is hydrogen, halogen or C,_; alkyl;
R? is optionally substituted aryl;

R"* is hydrogen; and,

pisO.
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4. A method according to claim 3 wherein:
Ar is optionally substituted aryl;

R! and R* are each independently selected from the group
consisting of hydrogen, C,_;; alkyl, C,_ haloalkyl, C, .
cycloalkyl, C, . alkoxy, C, _ haloalkoxy, C,_, haloalky-
Ithio, halogen, nitro and cyano, and,

R?is hydrogen or fluoro; and,

R* is hydrogen, flucro, chloro or C,_, alkyl.

5. A method according to claim 3 wherein R® is 2,4-
disubstituted phenyl, 2,5-disubstituted phenyl, 3,5-disubsti-
tuted phenyl or 2,3,5-trisubstituted phenyl.

6. A method according to claim 5 wherein RY is chloro,
bromo, C,_ alkyl or C,_, alkoxy, R? is hydrogen, C,_ alkyl
or bromo, R? is H, R* is hydrogen or fluoro, X' is O, R% is
di- or trisubstituted phenyl optionally substituted in each
incidence with a substituents selected from the group con-
sisting of halogen, cyano, C,  alkyl, C, ; haloalkyl and Ar
is phenyl substituted according to formula II

{10y
B

R”
wherein R' is hydrogen C, ; alkyl, or chloro and R" is
hydrogen, X*(CH,),S(0),NR*R®, X? is a bond, p is (¢ and n
is 2.

7. Amethod according to claim 6 wherein R® is hydrogen,
R? is hydrogen, C(=0)R* or C(=0)CR**NH.,; and, R™ is
C,_, alkyl.

8. A method according to claim 2 wherein:

X! and X* are O;

R? is hydrogen or halogen;

R* is hydrogen, halogen or C,_; alkyl;
R?® is optionally substituted phenyl;
R'*¢ is hydrogen; and,

pisltob.
9. A method according to claim 2 where the compound is
selected from the group consisting of:

2{4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phe-
nyl ]-N+(2-chloro4-sulfamoyl-phenyl)-acetamide;

2-[4-chloro-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phe-
nyl ]-N+(2-chloro-4-propionylsulfamoyl-phenyl)-aceta-
mide; sodium salt;

2-[3-(3-chloro-5-cyano-phenoxy)-2-fluorod-methyl-phe-
nyl]-N-(2-chloro-4-sulfamoyl-phenyl)-acetamide;

2-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phe-
nyl]-N-(2-chloro4-sulfamoyl-phenyl)-acetamide;

2-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phe-
nyl]-N-(2-chloro-4-propionylsulfamoyl-phenyl)-aceta-
mide; sodium salt;

N-{4-butyrylsulfamoyl-2-chloro-phenyl)-2-[4-chloro-3-

(3-chloro-5-cyano-phenoxy)-2-fluoro-phenyl]-aceta-
mide; sodium salt;
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N-[4-{(5)-2-amino-3-methyl-butyrylsul famoyl)-2-chloro-
phenyl]-2-[4chloro-3-(3-chloro-5-cyano-phenoxy)-2-
fluoro-phenyl]-acetamide; sodium salt;

N-(2-chloro4-sulfamoyl-phenyl)-2-[3-(3-cyano-5-difluo-
romethyl-phenoxy)4-ethyl-2-fluoro-phenyl]-aceta-
mide;

2-[3-(3-cyano-5-difluoromethyl-phenoxy)4-ethyl-2-
fluoro-phenyl]-N-(2-methyl4-sulfamoyl-phenyl)-ac-
etamide;

2-[4-bromo-3-(3-chloro-5-cyano-phenoxy)-2-fluoro-phe-
nyl]-N-(Z-methyl4-sulfamoyl-phenyl)-acetamide;

2-[4-bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
fluoro-phenyl]-N-(2-methyl4-sulfamoyl-phenyl)-ac-
etamide;

2-[4-bromo-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
fluoro-phenyl]-N-(2-chloro4-sulfamoyl-phenyl)-aceta-
mide;

2-[4-chloro-3-(3-cyano-5-difluoromethyl-phenoxy)-2-
fluoro-phenyl]-N-(2-methyl-4-sulfamoyl-phenyl)-ac-
etamide;

2-[3-{3-chloro-5-cyano-phenoxy)-2-fluoro4-methoxy-
phenyl]-N-(2-chloro4-sulfamoyl-phenyl)-acetamide;

2-[3-{3-chloro-5-cyano-phenoxy)-2-fluoro4-methoxy-
phenyl]-N-(2-methyl4-sulfamoyl-phenyl)-acetamide;
and,

2-[3-{3-chloro-5-cyano-phenoxy)-2-fluorod4-methyl-phe-
nyl]-N-(2-chloro-4-propionylsulfamoyl-phenyl)-aceta-
mide; sodium salt.

10. A method for treating HIV infection according to
claim 2 further comprising co-administering at least one
compound selected from the group consisting of HIV pro-
tease inhibitors, nucleoside reverse transcriptase inhibitors,
non-nucleoside reverse transcriptase inhibitors, CCRS
antagonists and viral fusion inhibitors.

11. A method according to claim 10 wherein the reverse
taanscriptase inhibitor is selected from the group consisting
of zidovudine, lamivudine, didanosine, zalcitabine, stavu-
dine, rescriptor, sustiva and viramune, efavirenz, nevirapine
or delavirdine and/or the protease inhibitor is selected from
the group consisting of saquinavir, ritonavir, nelfinavir,
indinavir, amprenavir, lopinavir.

12. A method for intibiting HIV reverse transcriptase
comprising administering a compound according to claim 1.

13. A method according to claim 12 wherein the host is
infected with a strain of HIV expressing a reverse tran-
scriptase with at least one mutation compared to wild type
HIV.

14. A method according to claim 13 wherein said strain of
HIV exhibits reduced susceptibility to efavirenz, nevirapine
or delavirdine.

15. A pharmaceutical composition for treating an HIV
infection, or preventing an HIV infection, or treating AIDS
or ARC, comprising a therapeutically effective quantity of a
compound according to claim 1 admixed with at least one
carrier, excipient or diluent.

& & * * *

154



Annexure - 4

Available online at www.sciencedirect.com

Advanced
2 ’.’f{‘ SCIENCE@DIREGT' DRUG DELIVERY
sl Reviews
ELSEVIER Advanced Drug Delivery Reviews 56 (2004) 391395

www.elsevier.com/locate/addr

Polymorphism in generic drug product development

Daniel A. Snider™®, William Addicks, Walter Owens

Mylan Pharmaceuticals Incorporated, 781 Chestnut Ridge Road, P.O. Box 4310, Morgantown, WV 26504-4310, USA

Received 19 July 2003; accepted 6 October 2003

Abstract

The affect of polymorphism in the development of generic drug products is discussed. The desired polymorphic form is used
based upon the ability to manufacture a bioequivalent product. The critical issues are control of the polymorphic form of the

drug substance and the dissolution behavior of the drug product.
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1. Introduction

It is well-established that pharmaceutical solids
can exist in several polymorphic forms. Byrn et al.
[1] have published “Solid State Chemistry of Drugs”
which provides the details of most scientific aspects
in the determination of polymorphism of drugs. There
have been several reviews published in the literature
that provide information on the characterization of
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polymorphic forms of drug substances [2—5]. Recent-
ly, there has been a review of the scientific aspects of
polymorphism that are applicable to abbreviated new
drug applications [6]. For the purposes of this article,
polymorphism includes polymorphs, solvates, and
amorphous forms as defined in the International
Conference on Harmonization (ICH) Guideline Q6A
[7].

In the case of a new drug substance, it is important
that polymorphism data be generated prior to the
initiation of pivotal clinical studies and primary sta-
bility batches. Companies have experienced market
shortages because they have observed unpredicted
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changes in polymorphic form, which ultimately
resulted in problematic quality release and stability
testing (i.e. dissolution) of the finished dosage form.
A well-known example of this is the Norvir® brand of
ritonavir semisolid capsules [8]. Commercial start-up
began in January 1996. During 1998 the drug began
to precipitate in the capsules. These precipitations in
the capsules lead to dissolution failures for the semi-
solid capsule. The Form I polymorph, which was
initially used in the semisolid capsules, converted to
a less soluble Form II. Form I was the kinetic product
and Form II was the thermodynamic product. This
change in polymorphic form during stability caused a
great deal of market disturbance for this product.

Generic drug manufacturers have the benefit of a
large amount of information that is known before bulk
drug manufacturers even begin their synthesis. Prior
to developing the drug product the recall history for
the branded product is known.

Drug substance manufacturers can develop a
process that will yield the desired polymorph. The
important aspect is to ensure that the process
remains in control and that the polymorph acquired
will be suitable.

2. Initial studies

Since all molecules that will be used in generic
drugs are well-known, a great deal of data has been
published in the literature on polymorphs for indi-
vidual drug substances. Electronic searches on
Chemical Abstract Services typically yield a wealth
of information. In the case of terfenadine and spi-
ronolactone, literature describing polymorphism is
available. For terfenadine, it is known that there are
three polymorphs [9]. A chemical abstracts search
under: terfenadine and polymorph yielded 18 search
results.

For spironolactone, it is known that there are six
polymorphs (two anhydrous forms and four solvates).
A chemical abstracts search under spironolactone and
polymorph yielded eight search results. The individ-
ual search terms that should be used will depend on
the exact circumstances to be investigated, however,
there is in general a broad amount of information in
the literature. With the knowledge from the literature,
generic pharmaceutical scientists have a significant

body of information to begin working on the devel-
opment of a bioequivalent, manufacturable, and stable
drug product.

3. Drug substance characterization

With the knowledge obtained in an appropriate
literature search, an assessment of commercially avail-
able drug substance needs to be made. This initial
assessment will focus on the confirmation of the
polymorphic form of the drug substance. In addition,
a sufficient number of lots of drug substance should
be evaluated to establish the batch-to-batch reproduc-
ibility of the manufacturers process.

The most critical issue related to drug substance
polymorphism is equilibrium solubility. Equilibrium
solubility is the concentration of drug dissolved when
there is an equilibrium between the solid drug sub-
stance and solution. Although dissolution testing is
appropriate for drug product evaluation, equilibrium
solubility is more reliable than dissolution rate for
drug substance evaluation since dissolution rate is
typically influenced by particle size and wettability.
The influence of wettability on the dissolution rate of
pharmaceutical powders was studied by Lippold and
Ohm [10]. It was determined that there is a correla-
tion between wettability and dissolution rate. Particle
size affects the rate of dissolution. Dissolution rate is
proportional to the surface area and decreasing the
particle size increases surface area.

Pinnamaneni et al. have reviewed the approaches
to characterize poorly soluble drugs in order to predict
bioavailability [11]. This paper suggests that equilib-
rium solubility studies be conducted to assess the
affect of crystal structure or polymorphism. Particle
size and wettability can be modified by processing
parameters but equilibrium solubility is determined by
polymorphic form.

Equilibrium solubility should be assessed accord-
ing to the procedures recommended in the Biophar-
maceutics Classification System (BCS) guidance [12].
According to the BCS guidance, the definition of a
highly soluble drug is one that has solubility in excess
of the highest dose strength in 250 ml in aqueous
media through the pH range 1-7.5. For drugs, that are
highly soluble, the effect of polymorphism on bio-
availability is not anticipated, and therefore, no con-



trols on polymorphism should be required provided
that the drug product is manufacturable.

As an example a solubility study was performed on
metoprolol tartrate. Metoprolol tartrate is presented
because it is one of the examples of a highly soluble
and highly permeable drug that is listed in the BCS
guidance as a potential internal standard to be used in
permeability studies. A study was conducted by
placing an amount equal to ten times the highest dose
of metoprolol into a 250 ml flask and stirring at
37.5 °C overnight. Aliquots of the solution were taken
and analyzed by HPLC for the concentration of
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Table 2
DSC survey of spironolactone
Sample Tpeak (°C) AH (J/g)
1 208.7 48.5
2 208.7 52.5
3 208.7 52.7
4 208.3 49.8
5 208.7 51.3
6 209.0 51.5
7 208.6 52.2
8 209.3 50.4
9 208.7 51.9
10 208.7 52.2
Mean (R.S.D.) 208.7 (0.1%) 51.3 (2.6%)

metoprolol dissolved. The data is presented in Table 1.
It is clear from the data that the polymorphic form
should have little impact on the bioavailability of
metoprolol since it is highly soluble at all relevant
pH levels. In the case of metoprolol, there would be
no requirement to control for polymorphism.
Spironolactone is a poorly soluble drug substance,
which has been reported to have differences in solubil-
ity according to the literature. It is important to estab-
lish that the drug substance manufacturers process
yields the same polymorphic composition. There are
six spironolactone polymorphs with two anhydrous
forms and four known solvates. In order to establish
that the drug substance manufacturing process is under
control an appropriate experimental plan must be
established. The solvates can be eliminated from con-
sideration by performing the Loss on Drying Test

Table 1
Metoprolol BCS solubility study

Solubility determination

1. Conditions for solubility
testing

Conditions: buffer with a pH
in the range of 1.2—7.4

Number of observations: 3

Test drug: metoprolol tartrate

II. Results of solubility

testing

Buffer Metoprolol tartrate  Solution pH
solubility (mg/ml) after addition
average (R.S.D.)  of drug

HCI buffer, pH 1.2 40.5 (0.6) 2.07

USP phthalate buffer, pH 3.0  40.5 (2.1) 4.18

USP acetate buffer, pH 4.7 40.1 (1.8) 4.88

USP phosphate buffer, pH 6.0 40.0 (1.4) 5.90

USP phosphate buffer, pH 7.4 40.2 (0.6) 7.25

USP(731). The specification included as part of the
USP monograph of 0.5% weight loss precludes the
possibility of significant levels of solvated forms of
spironolactone. The two anhydrous forms can be dif-
ferentiated by differential scanning calorimetry (DSC)
with Form I having a peak temperature of 205 °C and
Form II having a peak temperature of 210 °C [13]. Ten
lots of spironolactone were examined by DSC and the
thermograms are consistent with Form II. The results
can be found in Table 2. In addition to the peak
temperatures being the same, heat of fusion (AH)
values were also observed to be consistent. The heat
of fusion data is significant since the degree of crys-
tallinity in the spironolactone drug substance is pro-
portional to the AH value obtained [14]. Based upon
the data presented, it is clear that the process consis-
tently provides Form II. It is suggested that in this case
there should be no specification required since there is
sufficient data to support the reproducibility and ro-
bustness of the process with respect to polymorphism.

4. Impact of polymorphism on drug
manufacturing

With knowledge of polymorphism in the drug
substance, the generic pharmaceutical scientist must
devise a formulation that will overcome the effects of
polymorphism. Highly water-soluble compounds have
no effect on bioequivalence since the first step in the
bioavailability of any drug is solubilization. The only
effect that polymorphism could have in the case of a
highly water-soluble compound is with respect to
manufacturability. It has been reported [1] that particle
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shape and powder density is dependent on polymor-
phism. Both of these physical parameters can affect
manufacturability resulting in poor flowability and
compaction. Rasenack and Miiller conducted a study
on the tabletting behavior of ibuprofen and acetamin-
ophen having different crystal habits [15]. It was
determined that the crystal habit of the drug affects
the flowability and tendency of the drug to stick to
tablet press punches. It has been reported by Suihko et
al. that four different theophylline forms exhibit differ-
ent processing characteristics. The tabletting properties
were related to the water content and solid state
structure of these materials [16]. Common techniques
such as wet and dry granulation can be used to improve
the physical characteristics of the powder so that tablets
and or capsules can be effectively manufactured [17].

5. Impact of polymorphism on formulation
bioequivalence

As was demonstrated in the ritonavir example,
the primary impact of polymorphism is with respect
to drug product dissolution. Dissolution is a prereq-
uisite for bioequivalence since the drug must first
dissolve before it can be absorbed by the gastroin-
testinal tract [18]. In general the most stable poly-
morphic form will have the lowest solubility. Since
bioequivalence is relative bioavailability, in the case
of poorly soluble compounds, polymorphism should

be overcome by formulation chemistry in order to
ensure bioequivalence.

A good example of the impact of polymorphism on
generic drug development is the development of
terfenadine tablets. Seldane® tablets were available
with a label claim of 60 mg terfenadine. A thorough
review of terfenadine has been published [19]. Terfe-
nadine exists in three polymorphic forms. Polymorph I
was obtained by recrystallization from ethanol—water.
Polymorph II was obtained from methanol. Poly-
morph III was a metastable form, which was recrystal-
lized from propylene glycol. Polymorph I has the
highest melting point and is the most stable of the
three polymorphic forms. Most commercial materials
contain Forms I and II in various proportions. The
terfenadine used in this example was polymorphic
Form I. Terfenadine is hydrophobic with an equilibri-
um solubility of 0.01 mg/ml in water and 0.12 mg/ml
in 0.1 M hydrochloric acid. Despite the low solubility,
terfenadine is completely and rapidly absorbed.

Initially a wet granulated/compressed tablet was not
bioequivalent to Seldane®. The rate of absorption was
slower and the extent of absorption was lower than
Seldane® in the bioequivalency study. It was recog-
nized that the Form I polymorph was the least soluble
polymorph and hydrophobic. It is generally well-
known that [11] the addition of a surfactant to a tablet
formulation can improve the wettability of the tablet
and increase the solubility of the dosage. A bioequi-
valent granulated/compressed tablet was developed by
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Fig. 1. Dissolution study for the development of terfenadine tablets. USP XXII dissolution with paddles at 50 rpm in 900 ml pH 1.4 HCL.
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adding polysorbate 80 as a wetting agent to the
granulation. Dissolution curves are presented for both
formulations and the Seldane® tablets in Fig. 1.
Analysis of the data shows that at the early time-
points the dissolution curve for the tablets without
polysorbate 80 are depressed relative to Seldane®
tablets. It was necessary to increase the wettability of
the drug in order to manufacture a bioequivalent tablet.

6. Conclusion

The impact of drug substance polymorphs on
generic pharmaceuticals development revolves
around solubility of the drug substance and dissolu-
tion of the drug product. Once the existence of
polymorphism has been identified through the litera-
ture, the drug substance available must be evaluated.
Based upon the solubility of the drug substance,
formulations can be developed. In the case of com-
pounds that have poor solubility, the formulation must
be developed so that the effect of polymorphism on
dissolution and bioequivalence can be minimized.
Drug substance polymorphism is an old issue that
organic chemists have had to deal with since they first
recrystallized a compound. Although this is an un-
avoidable reality of organic compounds, there is no
affect on the ability of the generic pharmaceutical
scientist to be able to formulate a manufacturable and
bioequivalent product.
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Preface

The preparation of organic compounds is central to many areas of scientific
research, from the most applied to the most academic, and is not limited to
chemists. Any research which uses new organic chemicals, or those which
are not available commercially, will at some time require the synthesis of
such compounds.

This highly practical book, covering the most up-to-date techniques
commonly used in organic synthesis, is based on our experience of
establishing research groups in synthetic organic chemistry and our
association with some of the leading laboratories in the field. It is not
claimed to be a comprehensive compilation of information to meet all
possible needs and circumstances; rather, the intention has been to provide
sufficient guidance to allow the researcher to carry out reactions under
conditions which offer the highest chance of success.

The book is written for postgraduate and advanced level undergraduate
organic chemists and for chemists in industry, particularly those involved in
pharmaceutical, agrochemical and other fine chemicals research. Biologists,
biochemists, genetic engineers, material scientists and polymer researchers
in university and industry will find the book a useful source of reference.
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CHAPTER 1

General Introduction

The preparation of organic compounds is central to many areas of scientific
research, from the most applied to the most academic, and is not limited to
chemists alone. Any research which uses new organic chemicals, or those
which are not available commercially, will at some time require the
syathesis of such compounds. Accordingly the biologist, biochemist,
genetic engineer, materials scientist, and polymer researcher in university or
industry all might find themselves faced with the task of carrying out an
organic preparation, along with those involved in pharmaceutical,
agrochemical, and other fine chemicals research.

These scientists share with the new organic chemistry graduate student
a need to be able to carry out modern organic synthesis with confidence and
in such a way as to maximize the chance of success. The techniques,
methods, and reagents used in organic synthesis are numerous, and
increasing every year. Many of these demand particular conditions and care
at several stages of the process, and it is unrealistic to expect an
undergraduate course to prepare the chemist for all the situations which
might be met in the research laboratories. The non-specialist is even more
likely not to be conversant with most modern techniques and reagents.

Nevertheless, it is perfectly possible for both the non-specialist and the
graduate student beginning research in organic chemistry to carry out such
reactions with success, provided that the appropriate precautions are taken
and the proper experimental protocol is observed.

Much of this is common sense, given a knowledge of the properties of
the reagents being used, as most general techniques are relatively
straightforward. However, it is often very difficult for the beginner or non-
specialist to find the appropriate information.
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2 General Introduction

At Salford, we found ourselves handing out to students beginning
research in organic chemistry a compilation of what we hoped was useful
information on the practical aspects of organic synthesis, based on the
authors’ recent associations with some of the top synthetic organic research
laboratories. We have gathered this information together in this book, and
expanded it to cover some other areas, in the hope that it will be an aid to the
specialists and non-specialists alike. Of course most research groups will
have their own modifications and requirements, but on the whole the basic
principles will remain the same.

This book is intended to be a guide to carrying out the types of
reactions which are widely used in modern organic synthesis, and is
concerned with basic technique. It is not intended to be a comprehensive
survey of reagents and methods. A few representative procedures are
given, and the appendix contains some information on commonly used
reagents,

If we have achieved our aims, users of this book should be able to
approach their synthetic tasks with confidence. Organic synthesis is both
exciting and satisfying, and provides opportunity for real creativity. If our
book helps anyone along this particular path then our efforts will have been
worthwhile.
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CHAPTER 2

Keeping Records of Laboratory Work

2.1 Introduction

No matter how high the standard of experimental technique employed
during a reaction, the results will be of little use unless an accurate record is
kept of how that reaction was carried out and of the data obtained on the
product(s). Individuals or individual research groups will develop their
own style for recording experimental data, but no matter what format you
choose to follow, there are certain pieces of vital information which should
always be included. In this section a format for keeping records of
experimental data will be suggested and although this need not be strictly
adhered to, it will be used to point out the essential features which should be
included. Tt is suggested that records of experimental work and
experimental data be kept in two complementary forms: The lab notebook
should be a diary of experiments performed and should contain exact details
of how experiments were carried out; A dara book or set of data sheets
should also be kept to record the physical data and preferred experimental
procedure for each individual compound which has been synthesized.

2.2 The laboratory notebook
2.2.1 Why keep a lab book ?

Before any practical work is undertaken in the laboratory a sturdy hard-
backed lab notebook should be obtained and a standard format for keeping
the notebook should be decided upon. A good deal of thought should go
into the layout of the lab book. It should be stressed that a lab book is not a
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4 Keeping Records of Laboratory Work

format for polished report writing, but a daily log of work carried out in the

lab. Some of the main reasons for keeping a lab book are:

1. Inorder that the exact procedure followed for a reaction can be referred
to later. This can be very important even if the reaction was not
successful. For instance, after several attempts to bring about a
reaction have failed, it is often possible to review what has been done
then carry out a more successful experiment.

2. Tt should be the main index point that will enable you to find
experimental, literature and spectroscopic data on any compound which
you have synthesized.

3. It is the main source of reference when you come to write reports,
papers, theses etc.

4. Itis a chronological diary of the experiments carried out and thus it
should allow you to say exactly when a particular experiment was
carried out.

5. In order that another worker can follow your work, it is very important
to use a lab book style which is easily understood by others.

2.2.2 How to write a lab book

One of the most important points about keeping a lab book is that it is kept
on the bench and written up as you perform the experiments. It is bad
practice to keep rough notes abour experimenis, then iransfer the details 10 a
lab book later. This can cause many problems, for instance: the original
notes can be lost; even with the strongest will, the exact truth often becomes
distorted in transferring information to the lab book and small facts which
may at the time seem unimportant are left out; it is also very easy to forget
to rewrite an experiment altogether, especially if the reaction failed, and this
can lead to much time wasting later. It is more important that the lab book
be an accurate record of the way an experiment was performed, than for it to
be in your neatest writing, although of course it should be legible.

An example of a format that is effective for general synthetic chemistry
is outlined on page 6. This can be adjusted to personal needs but its
essential features, which are listed below, should be included in any format
chosen.
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Keeping Records of Laboratory Work 5

2.2.3 Suggested notebook format (Fig. 2.1}

1.

General layout

It is good practice to start each new experiment on the next free right
hand page of the notebook. This makes finding any particular
experiment easier,

Experiment number

The experiment number is in the top right hand corner of the page and
this is very important since it is used to reference all the compounds
which are prepared. If a notebook with numbered pages is used, it is
common for the experiment number to be the number of the page on
which the experiment starts. The way in which the notebook is indexed
is open to personal preference. In this system a researcher's first book
is book A, then B,C,D etc. Figure 2.1 therefore shows experiment 23
of book A. Compounds isolated from this experiment all carry the
number A23, prefixed with the researchers initials (in this case BB).
When more than one product is isolated from a reaction a suffix, @, b, ¢
etc. is added to the reference number, @ being the spot running highest
on tl¢, b the next, and so on. Thus, for this experiment two products
were isolated and these carry reference numbers BB A23¢ and BB
A23b. Using this system the origin of any synthetic sample can be
determined very quickly.

The date
It is important that the date is always included.

A reaction scheme indicating the proposed transformation

This is always included at the top of the page so that an individual
experiment is easily found. If the reaction proceeded as desired the
scheme is left intact, but if the desired product was not obtained it can
be crossed through in red to indicate this. If other products were also
obtained they can be added, again in a different colour ink if desired.
Thus, simply flicking through the lab book, looking at the schemes,
can quickly provide a good deal of information. Some people prefer to
write only the left-hand side of the equation until the experiment is
complete.

176



6 Keeping Records of Laboratory Work
9 March 2000 A23
H H
NaBH,/CeCl,
OBn —_— OBn
MeOH/ OC
oid H ‘oBn HO H "0Bn
BBE21a mw=348 W =350

Ref., J.-L. Luche, L. Rodriguez-Hahn and P, Crabbe, J. Chem. Soc.. Chem. Commun.,
1978, 601

Substance Quant. Mol. wt.  m.moles Equiv. Source
BB A2la 200mg 348 0.57 p.A21
NaBHy 27mg 38 0.71 2.84 Aldrich
CeCi3(0.4MIMeOH ) 2ml 0.8 14

MeOH 25ml

Method:

The aldehyde (200mg) and CeCly solution 2ml} in MeOH (25ml), was cooled to
0°9C, then treated with NaBHy4 (27mg in MeOH, 8mi} .

TLC 18 min 30 min
4.1 Pet/EtOAc ki1 PettErQAc
o 8 8 © 8 0 ~——— BB A23a (redibrown - vanilin)
o0 00 ~——BR A23b (blue - vanilin)
o u ] » £ b
SM__ Rxan SM_ Rxn|

After 30 min ile shows no SM, but two products. MeOH was evaporated, CH2Cl2
{30mi) added and the mixture washed with 10% HCI {10mi)} followed by satd. NaHCO 3 (3
X10ml), dried and evaporated. (210mg crude)

Flash chromatography using 9:1 {pet. ether/EtOAc) on 8g of silica provided:
H
BB A23a 27mg (12%)- NMR (BB28),

MS (BBI9), IR (BB27) , Data sheet 6 - MeO OBn CasH2004
looks like: H %g, mw = 394
OMe
BB A23b 140 mg (69% yield) - NMR H
(BB29), MS (BB20}, IR {BB28) , Data OB CoaHaeO:
sheet 5 - OK for: " mzv:: =2:§503
HO/ H Yoen

Comment:
Next time use agueous solvent - may avoid ketal formation

Figure 2.1
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Keeping Records of Laboratory Work 7

Literature references (if there are any)

Quantities

The quantities of each ingredient of the reaction are listed at the
beginning, together with the molecular weight, number of moles and
number of molar equivalents. It is very useful to have this information
available at a glance. Having the molecular weights on hand saves a
good deal of time when going on to other reactions and when looking at
mass spectra etc., but the real importance of this section is that the
values contained here are critical when evaluating the outcome of a
reaction, and you might want to adjust them in subsequent
modifications of the procedure.

The procedure

This should be an exact account of the practical procedure carried out,
including any spillages or other mishaps. It can be quite brief and not
necessarily of publication standard, as long as it is understandable,
Reaction monitoring

Tlc is the most widely used method for reaction monitoring and it is
very important to include a full size representation of the tle plate(s)
used, giving the development solvent and the stain used for
visualization. Tlc gives us a true feel for the reaction and a good picture
of a tlc is worth many words when it comes to following a procedure.
In some cases hplc, ge, or other technique will be used to monitor the
progression of the reaction and again a representation of this should be
included. Some people find that it is more convenient to draw the tlcs

on the adjacent notebook page. (For more details about tlc, see Chapter
8)

Dezails of work-up and purification of the produci(s)

For chromatography it is important to include the quantity and type of
adsorbent, and the solvent system used for elution. Some people also
like to include a tlc representation of the column fractions. If the
product is purified by crystallization, record the solvent used and the
m.p. If it is distilled describe the type of distillation set-up and record
the b.p. and pressure.
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8 Keeping Records of Laboratory Work

10Q. Cross references to the spectra and data book{sheet)
All compounds should be given reference numbers, as described
above, and these should be cross referenced with data book entries and
the reference numbers of the corresponding spectra. Indeed, many
people like to use the same number for the spectra. The yield of each
compound isolated should also be given and if possible its structure.

11. Finally include any concluding remarks about the reaction.

2.3 Keeping records of data

When it comes to writing reports, papers, and especially theses, one of the
most time consuming and tedious jobs is collecting together experimental
and spectroscopic data for compounds, and it can be very frustrating to find
that a particular piece of data has been mislaid or was never obtained. Also,
when the collecting of such data is left to the time of report writing, errors
can easily creep into spectral assignments. It is a much better practice to
collect data and make spectral assignments as your work progresses and
keep this information stored in a standard format.

Whenever a significant compound has been synthesized a data sheet or
data book page should be created for it. The format of a data sheet can vary
according to personal preferences, but it should contain at least the
following pieces of information:

1. The structure and molecular formula of the compound

2. A procedure for the preparation of the compound, preferably in a style
suitable for publication,

3. An appropriate range of spectroscopic and chromatographic data which

is sufficient to characterize the compound. Full assignments of spectra

should be entered in the data sheets as soon as the information is obtained,

then when it comes to report writing most of the information required is on

hand.

4. Cross references to spectra and lab notebook

5. Literature references, if there are any

2.3.1 What types of data should be collected ?

There is now a plethora of spectroscopic and chromatographic techniques
available for determining the structure and purity of organic compounds and
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Keeping Records of Laboratory Work 9

it is therefore impossible to give a hard and fast rule stating the type of data
which should be obtained on every compound. Because of the rapid
expansion in the variety of techniques available there is presently much
debate about what constitutes a rigorous structure and purity analysis.
Traditionally, microanalysis was held to be the single standard test to which
any new organic molecule was subjected, and in some instances you may
find that it is a mandatory requirement. This is often the case for patent
applications. However, many researchers now prefer to use a range of
spectroscopic and chromatographic techniques to determine the structure and
purity of their compounds, and each researcher or research group will be
biased towards the particular types of data they find appropriate to
characterize the type of compounds that they work with.

For each individual compound you should decide first of all how
rigorously it needs to be characterized, then decide upon the appropriate
techniques to do this. For known compounds structure proof is often trivial
and simple techniques such as mixed melting point should not be
overlooked. If you are working on a synthetic sequence where the
structures of some of your intermediates are well established, it is not
always necessary to treat each individual compound as a complete
unknown. This is especially true if the reaction which has been carried out
is a very simple one, such as the reduction of an aldehyde to a primary
alcohol. On the other hand, when a crucial reaction has been carried out you
should be very careful to choose a characterization technique which gives
you the structural information you require, unambiguously.

2.3.2 Formats for data records

If you choose to keep a data book, it is a good idea to start each new entry
on the next free right hand page of the book. The data for some compounds
will not fill the space allocated, but it is best to allow a reasonable space,
because some compounds will require a large amount of spectroscopic data
for characterization.

Data sheets are an alternative to the data book. These can be of a
standardized design with spaces for each type of data to be filled in. The
advantage of this system is that it is easy to see at a glance whether a
particular piece of data has been obtained for a compound. However, two
disadvantages of the fixed format data sheet are: it does not provide the
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Keeping Records of Laboratory Work

flexibility which is often required to record diverse types of data which may
be used to characterize a particular compound; and it tends to encourage the
mistaken idea that every compound requires the same characterization data.
The system we prefer for data records, is one which makes use of a micro
computer word processor. A standard format blank data sheet, as shown
below, is kept on disk (Fig. 2.2).

Chemical Name:

Scheme:
Lit. Refs:
Method:

Mol. Formula:
m.p.lb.p.:

Tlc ;

[a}DZS :

1H nmr (MHz):

3¢ nmr (MHz):

V max.
A
max

miz (NHy, CI):

DATA SHEET

C
Ry (pet. etherfethyl acetate, )
" (¢ =,CHCI3)
5
8
em-1
nm

Found M , calc. for

Analysis: Found C%; H%; N%; 0%,

Calc. for CHNO = C%; H%; N%: O%
Notebook:
Spectra:

Figure 2.2

When a new compound is synthesized a blank data sheet is modified
with the data of the compound and a data record is created which is tailored
to the needs of the particular compound. Any of the data types which are
inappropriate for characterization of a particular compound can be removed,
and any additional data types can be added if required. This is especially



Keeping Records of Laboratory Work 11

(x)-Exo,ex¢-7,8-Dibenzyloxy-exo-cis-bicyclo[3.3.0)-0ct-2-en-4-0l-2-
carboxaldehyde

R
Q a) Swamn oxidn.
OPBn ———
b) DBUCH,C,
HC H "oBn
Method:

To a stirred solution of oxalyl chloride (100ml, 1.10mmol) in dry dichloromethane
(15ml) at -78°C, a solution of dimethylsulphoxide (200ml, 2.58mmol} in
dichloromethane (1ml) was added dropwise. The reaction mixture was stirred for 5 min,
then epoxide (200mg, 0.55mmol) in dichloromethane (2ml} was added dropwise. The
resulting mixwre was stirred for a further 20 min, then triethylamine (1ml, 7.61mmol)
was added. After 10 min at -78°C the mixture was allowed to warm to room temperature,
then poured into 2M HC1 (30m1) and extracted with dichloromethane (2 x 30ml)., The
extract was washed with saturated aqueous NaHCO3 (40ml}, then dried, and the solvent
removed in vacuo,

The crude product was taken up in dichloromethane (15ml), 1,5-
diazabicyclo[5 .4 .0lundec-5-ene (167mg, 1.1 mmol} was added, and the mixture was stirred
at room temperature for 2h. The solution was then poured into 2M HCI (20m1), extracted
with dichloromethane (2 x 30ml), and washed with saturated aqueous NaHCO3 (40ml),
then dried, and the solvent removed in vacuo. Tle. examination of the crude mixture
showed the presence of one major product. An analytical sample of the hydroxy enal was
obtained by flash chromatography (1:1 pet. ether/ethy] acetate), yield, 80%.

Mol, Formula: Co3H2404 (mw = 364)

Tle: Rf 0.23 (uv-active; pet. ether/ethyl acetate, 1:1)
Vimax.: 3600-3200, 3075, 3050, 2750,1690 and 700cm™]
miz (FABY, thioglycerol): 365 (M + 1, 9.6%), 364 (M*), 92 and 57 (100%)
Notebook: BR D45b

Spectra: nmr 257; ms 163; ir 250

1y nme (300 MHz):

Svalue  Proton(s) Mulr, T valuelHz (coupled proton)

9.73 H-10 s

7.5-7.15 Ar m

6.55 H-7 ~t I=1.0(H-6)and 1.0 (H-9)

470 PhCH2 m

4.50 H-6 d J=1.5(H-5)and 1.0 (H-7}

430 PhCH2 m

3.80 H-1 il J=4.5 (H-3) and 1.0 (H-9)

3.58 H9 dai J=8.0(H-5), 1.0(H-7)and 1.0 (H-1)

347 H-3 did J=11.0{H-4b), 6.5 (H4a) and 4.5 (H-1)

268 H-5 m J=9.0(H-4b), 8.0 (H-9), 1.5(H-4a) and 1.5 (H-6)
2.37 H-4b dd 1 =12.5(H-4a), 11.0 (H-3) and 9.0 (H-5)}

1.84 H4a di 1=12.5 (H-4b}, 6.5 (H-3) and 1.5 (H-5)

1.65 OH bs

Figure 2.3
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12 Keeping Records of Laboratory Work

useful for nmr data, which can be as simple as a list of 60MHz signals, or
could comprize a vast array of information from a high field FT instrument
such as, coupling constants, nOe's or 2D data. Once the data sheets have
been printed out they are kept in a ring file, to make a very flexible data
book. Similar non-computer based record systems can also be devised but
the advantage of using a computer is that the record can easily be updated at
any time. When designing our data sheet we decided upon a standard style
which we also use for experimental sections of reports and theses.
Therefore, if a researcher is conscientious about keeping data records up to
date the tedium is taken out of reporting results. Also, with only slight
modifications, the data record can become an experimental entry which fits
the style of any major journal. An example of a completed data record is
shown in Fig. 2.3. Notice that there are some quite detailed high field nmr
data which are represented in a table. The table is also a standard design and
provides a good way of presenting complex nmr data so that they can be
deciphered quickly.
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CHAPTER 3

Equipping the Laboratory and the Bench

3.1 Introduction

In this chapter we will describe general laboratory and bench equipment
which we have found 1o be of great use when working with modern organic
chemical reactions.

Many modern procedures which have now become standard
methodology in organic chemistry require dry reaction conditions, and often
an inert atmosphere. This has had a dramatic effect on the way efficient
laboratory facilities are arranged. Not so long ago reactions involving
anhydrous, inert conditions were rare and it was expedient to arrange the
equipment for such procedures on a one-off basis. However, now that this
type of reaction is common place, it makes sense to set up the laboratory in
such a way that reactions under inert conditions can be carried out as a
matter of routine. This chapter is written with this principte in mind. Much
of the equipment introduced here will be discussed in more detail in
subsequent chapters.

3.2 Setting up the laboratory

The basic furniture provided in organic chemistry laboratories will vary
considerably from one establishment to another and clearly any advice given
in this chapter will have to be tailored to the facilities available. The ideal
layout of the lab is also a very subjective matter and the advice given here is
therefore not intended to be taken as gospel, but simply reflects the
experiences of the authors from various laboratories in which they have
worked.
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14 Equipping the Laboratory and the Bench

When setting up the lab it is usual for some areas of bench space to be
set aside for communal apparatus, and other parts to be allocated as
individual benches. Clearly, the areas which are assigned as communal
bench space will depend on the amount and type of communal equipment
which is to be installed. In this chapter some pieces of equipment will be
identified as communal and others as part of the individual bench kit, but the
classification will vary from one laboratory to another. The distinction will
to some extent depend on the type of work being undertaken, but will also
depend on the budget and space available.

Unless alternative office space is provided, it is a good idea to have
some desk space in the lab where workers can read and write, away from
areas used for chemicals. Desk space may also be required for small
computers which are also becoming a common feature of the modem
organic chemistry lab. Drawers or filing cabinets are useful for the safe
storage of spectra and other paperwork, and a blackboard is an invaluable
laboratory aid.

The area which constitutes an individual 'bench’ will vary considerably
from one lab to another. In our view all procedures involving organic
chemicals should be carried out in an efficient fume cupboard. This implies
that each full-time worker in an organic chemistry lab permanently requires
at least one metre of fume cupboard space. However, in practice it is often
the case, particularly in academic labs, that much less fume cupboard space
is actually provided, and fume cupboards may be communal. In this chapter
the term ‘bench’ will refer to the space occupied by an individual worker
and it will be assumed that this space incorporates an adequate area of fume
cupboard, where all reactions are carried out.

3.3 General laboratory equipment

In this section we describe the communal facilities that should be found in a
laboratory in which modern organic chemistry is undertaken. Careful
thought should go into the placing of communal equipment. It may be quite
reasonable to place unattended items such as a fridge or oven in an awkward
comner, but a piece of apparatus at which a person will be working should be
in a position where the operator has enough room to work without hindering
anybody else. Equipment such as stills, which are used regularly by all
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members of the lab, should be located so that they are easily accessible,
without causing a disturbance to anyone working close by.

Rotary evaporators
Rotary evaporators are perhaps the most heavily used pieces of equipment in
an organic research lab. They should therefore be located conveniently

throughout the lab, or preferably, each worker should have his or her own
on the bench.

Fridge andlor freezer

A fridge and/or freezer should be provided to store chemicals, and this
should never be used for food storage.

Glass drying oven(s)
Again these should be conveniently located.
Vacuum oven

This may be used infrequently, but is still a very valuable piece of
equipment.

Balances

A two place balance is indispensable and a four place balance needs to be
available for small scale work. When locating these remember that they are
used frequently, by people carrying out careful work, so do not put them in
the way of others, also avoid drafts and vibrations.

Kugelrohr bulb to bulb distillation apparatus (e.g. Buchi)

This apparatus is invaluable when preparing relatively small quantities of
high-boiling liquids. It is relatively mobile and can be moved from bench to

bench and attached to various vacuum sources. However, it is useful to
locate it near to a high vacuum pump, where it is normally used.

Vacuum pumps

Vacuum at various levels will be required around the lab. Each bench
should have a modest vacuum source available (about 20mmHg), and this
can be provided by a water aspirator, a house vacuum system or a small
diaphragm pump. This level of vacuum is sufficient for rotary evaporation
of most solvents, filtering under vacuum, distillation of relatively volatile
oils, and similar tasks. However, there are a variety of operations for which
a high vacuum pump is either preferable or necessary. These operations
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16 Equipping the Laboratory and the Bench

include, removing last traces of solvent from small quantides of product,
distillation of high-boiling oils and providing vacuum for a double manifold
(described later). For most purposes a simple two stage rotary pump,
which will provide a vacuum of <1mm, is adequate. If sufficient resources
are available each bench should have a high vacuum pump, connected to a
double manifold, but in many labs vacuum pumps are considered to be
communal equipment. Whether or not pumps are used communally, it is a
good idea to reserve one pump for distillations, so that a reliable high
vacuum can always be obtained. This pump should be fitted with an
efficient trapping system (see Chapter 7) to avoid solvent contamination,
and can be either on a mobile wrolley or in a fixed position, depending on the
bench and floor space available. A pump which is used for distillations only
does not require a manifold to be attached. It is useful to have a general
purpose communal pump, attached to a single manifold (Fig. 3.1), which
can be used for removing trace amounts of solvent, and for distillations.

connected to
:@ -+ high vacuum
/ pump via traps

vacuum gauge N

high vacuum
stopeock

Figure 3.1

Inert gases

A constant supply of dry inert gas (usually argon or nitrogen) is now
essential in an organic chemistry lab. Some labs will have nitrogen or argon
on tap and this is ideal, provided there are enough outlets and the gas is dry.
However, in most labs gas is supplied from cylinders, which take up a lot
of space and are quite expensive to rent. It causes great inefficiency in a
modern lab if there are too few inert gas outlets, and it is therefore important
when setting up the lab to decide how many gas outlets are required. We
suggest that there should be at least one outlet for each person working in
the lab, plus one for each piece of apparatus (such as a still} which is kept
permanently under inert gas. This may suggest that the same number of
cylinders is required, but the cost of this is usually prohibitive and space can
also be a problem. One efficient way to use cylinders 1o service a large
number of permanent inert gas lines, is to fit them with mult-way needle
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valves (e.g. 3-way). These are available from gas line hardware suppliers at
a very modest cost and give several gas outlets for the price of one!

Having decided on the number of gas cylinders required these should
be positioned in the laboratory so that semi-permanent PVC (Tygon) tubing
lines can easily be taken to each bench and to each piece of apparatus
requiring a supply. Some of the apparatus commonly used in conjunction
with inert gases will be described below and in Chapters 6 and 8.

Solvent stills

Two basic types of solvent still are found in the lab, one is for distillation of
solvents for routine use and the other is for distillation of ulira-dry solvents
for carrying out reactions under dry conditions. Unless very high grade
solvents are purchased, most solvents used in the lab for reactions or
chromatography should be distilled. For solvents which are used regularly
it is best to set up permanent stills and some typical designs for these are
given in Chapter 4. Routine stills are usually quite large (up to 5 litres), and
so therefore take several bottles of solvent at a time. Permanent large scale
stills should normally be available for petroleum ether (usually the largest
still), ethyl acetate, methylene chloride and any other solvents, according to
your particular needs.

Some solvents, such as tetrahydrofuran and diethyl ether (there may be
others you require also) are frequently required in very dry form, and it is
inconvenient to set up a still each time a small quantity is required for a trial
reaction. The efficiency of an organic lab is therefore greatly enhanced by
having these dry solvents available ‘on-tap’ from permanent stills, which
provide very effective drying, and are kept under an inert atmosphere.
Modern designs for permanent stills used for these distillations are very
compact, and do not cause inconvenience (see Chapter 4). A permanent still
should be installed for any solvent which is used regularly in the lab. Itis
also worth keeping a spare distillation apparatus on hand for occasions
when a less common dry solvent is required.

General distillation equipment
Apart from standard Quickfit equipment, labs should also have some one-

piece distillation kits, which provide more effective distillation. A short-
path distillation apparatus is very useful for low-holdup, high-throughput

188



189

18 Equipping the Laboratory and the Bench

distillations, particularly on a small scale. These can be made by a
glassblower, and one design is shown in Fig. 3.2.

—

A B C D E F

Size 1 55cm  3.5cm  6cm  2cm Bl4 Bl4
Size 2 llem 35em  13¢m 3em B24 Bl4

Figure 3.2

For fractional distillation a one-piece apparatus incorporating small
fractionating columns is useful, and again two sizes are frequently used
(Fig. 3.3; see also Chapters 5 and 9).

General laboratory glassware

In any lab there will be quite a number of pieces of glassware which it is
only practical to keep communally, this is especially true for large
equipment. However, the nature of this equipment will vary a good deal,
depending on the type of work being undertaken.
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B14
(14/20)

- ( \ID B14
(14/20%

— Alternative take
off for direct
coupling with
vacuum

B14 or
B24

A B C
Sizel Scm 31.5em 13cm
Size 2 18¢cm 3.5¢m 18cm

Figore 3.3

Chromatographic equipment
Tlc 1s by far the most widely used technique for rapid, routine reaction
monitoring and it is essential that the lab should have permanent facilities for
visualization of tlc plates. A range of solvent dips, an iodine tank and a
small uv lamp are usnally all that is necessary (see Chapter 8).

More sophisticated chromatographic techniques are also finding much
wider application in organic chemistry labs, and both hplc and capillary ge
instruments are now quite common-place. These techniques complement tlc

190



20 Equipping the Laboratory and the Bench

as analytical techniques and, although an initial investment of time is
necessary to learn how to use the instrumentation, this pays good dividends
in the long run (see Chapters 8 and 9).

3.4 The individual bench

There are a variety of factors that influence the proportion of laboratory
equipment which is part of an individual bench set, and that which is
communal. In most academic research labs workers find it most convenient
to keep a more or less complete set of routine glassware as part of the bench
kit. The individual then looks after the set, replaces broken equipment, and
keeps it clean, so that any particular piece of equipment is available when
required. On the other hand, in an industrial lab there is normally an
extensive range of communal routine glassware which is washed by lab
helpers, and there is little need for workers to keep a full set of bench
equipment. In either type of situation there are certain pieces of equipment
which individuals usually like to keep for personal use, including such
things as syringes and chromatography columns. Whether more specialized
or sophisticated equipment is communal or personal will depend, to some
extent, on how frequently it is used, and on the funds available. A list of
equipment which we find useful to keep as part of the bench set is given
below, with a brief description of some of the more specialized items.

3.4.1 Routine glassware

A typical bench set of routine glassware, excluding specialized equipment,
is given below.

Ttem Quantity

Adapter reduction B14 socket B24 cone
Adapter reduction B10 socket B14 cone
Adapter tube B14 cone

Adapter expansion B24 socket B 14 cone
Adapter expansion B29 socket B24 cone
Beakers low form 10ml

Beakers low form 25mli

Beakers low form 100ml

Beakers low form 400ml

Cylinders measuring 10ml

Cylinders measuring 25ml

Cylinders measuring 100m]

Ll o R o A S
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Cylinders measuring (stoppered} 1000ml
Funnels filter 15.00cm

Funnels filter 7.5cm

Funnels separating 250ml

Funnels separating 50m/

Funnels separating 1000ml

Flask conical 100ml

Flask conical 250ml

Flask conical 500ml

Flask round-bouom 10ml B14 socket
Flask round-bottom 50ml B14 socket
Flask round-bottom 100m1 B24 socket
Flask round-bottom 250m! B24 socket
Flask round-bottom 500ml B24 socket
Flask round bottom 1000m1 B24 sacket

L T e R R O S S

34.2 Personal items

There are certain items which individuals usually prefer to keep for their
own personal use, even when routine glassware is communal. Here is a list
of standard, commercially-available items which we think should be kept as
the bench kit:

Etem Quantity

Spatulas (various sizes)

Magnetic followers 25.00mm
Magnetic followers 12.5mm
Magnetic followers 25.00mm (oval)
Magnetic followers 50.00mm (oval}
Syringe needles 6 inch S-S Luer fit
Syringe needles 12 inch S-5 Luer fit
Syringe with metal Luer lock 2ml
Syringe with metal Luer lock Sml
Syringe with metal Luer lock 10ml]
Luer lock tubing adapter
Thermometers -10 to 360°C
Thermometers -10 to 110°C
Thermometers -100 to 10°C
Thermometers, quickfit B14 -10 10 360°C
Pasteor pipettes

Vials (1 & 5 dram)

8‘8‘;——;—-—-_[\)[\)'\)@0\——##1
i

—
-

3.4.3 Specialized personal items

There are some specialized pieces of glassware which we find to be
extremely useful to have as part of the bench set and these will be briefly
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described here, but for full details of how they are used see the appropriate
chapter.

The double manifold
25em
inert gas from cylinder
( \,:3 € via bubbler
from vacuum pump
( )3 = via trapping system

¥ ¥ ¥

2-way double
oblique tap - see Fig. 3.5

Figure 34

If you would like to carry out reactions under dry and/or inert
conditions as a matter of routine, the double manifold is perhaps the single
most useful item of equipment which will enable you to do this. We
recommend that this be a standard item of equipment, permanently fitted to
every individual bench and connected to the laboratory inert gas supply by
PVC (Tygon) tubing. The manifold consists of two glass barrels, one
evacuated and one filled with an inert gas. An outlet is supplied by either
barrel of the manifold via a two-way double oblique tap (see Figs. 3.4 and
3.5). Thus, at the turn of the tap, equipment connected to the manifold can
be alternately evacuated or filled with inert gas.

¢ inert gas barrel

(a) tap switched to inert gas (b) tap switched to vacuum

Figure 3.5 Cross section through a double oblique tap
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A bubbler should be incorporated in the line from the cylinder which
feeds the inert gas barrel and it should have a built in anti suck-back valve to
avoid oil contaminating the manifold (Fig. 3.6).

to manifold €— +— from inert gas
+ cylinder
Zem I
& anii suck-back
12em valve
= 0il
Figure 3.6

A rotary pump is normally connected to the vacuum barrel of the
manifold and a schematic diagram showing the complete set-up is shown in
Fig. 3.7.

PCV ({Tygon) tubing

L| — T T—¢—inert gas
(_L from cylinder
regulator
F ¥ ¥ | |
double vacuum
manifold tubing hubbter
—— vacuum
solvent tebing
traps | Q

—————
rotary pump

Figure 3.7

Although it is preferable for workers to have their own individual
manifold, in some labs this may not be possible, because of insufficient
fume cupboard space or lack of pumps. In this case, manifolds can be
treated as communal items of equipment, but discipline must be observed to
keep the manifold clean and avoid cross-contamination.

Another type of manifold which is useful for carrying out reactions
under inert atmosphere is the 'spaghetti tubing’ manifold (Fig. 3.8). This is
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a single barrel inert gas manifold, fitted with narrow bore Teflon tubing
outlets. Each outlet has a syringe needle attached which can be pushed
through a septum to provide an inert atmosphere within a flask. This type
of system is particularly useful for small scale work.

to bubbler « inert gas
+—stopcock
{opticnal)
€—1.5 mm Teflon
tubing
4 syTinge needle
{Luer fitting removed)

Figure 3.8
Full descriptions of how to use manifolds are given in Chapters 5 and
8.
Three-way Quickfit gas inlet T taps
A simple piece of equipment which is applicable to a variety of tasks is a 3-
way teflon tap connected to a Quickfit cone joint (Fig. 3.9).

2ch m 2ch

/ 7

‘ B24

3.4 mm bore PTFE 1.2 mm bere PTFE Bl4
stopeock (24/40) stopcock (14720}
Figure 3.9

These are so universally useful that we suggest you have at least three
of the B14 size and two of the B24 size as part of your personal bench set.
They are particularly useful when used in conjunction with a double
manifold. With the inert gas from the manifold connected to the horizontal
inlet and the tap in position A (Fig. 3.10), a reaction flask can be kept under
a slight positive inert gas pressure. If the gas flow is increased and the tap
is turned to position B, liquids can be introduced via the vertical inlet, whilst
maintaining an inert atmosphere (see Chapters 5 and 8 for more details).



Equipping the Laboratory and the Bench 25

Another simple use is for connecting flasks to a high vacuum system for
removal of last traces of solvent.

Lap
position /
stud

position A position B pesition C

flow through
- Wk
(b ()
Figure 3.10
Filtering aids

Rapid filtration is often needed, and the speed of filtration is increased
dramatically by applying pressure or a vacuum. There are two types of one-
piece sintered funnels which we find very useful, as shown in Fig. 3.11.
The parallel-sided type are constructed by fusing a circular sinter into the
appropriate diameter glass tubing, which is then joined to a cone joint and a
piece of narrow-bore tubing (about 10mm od). It is useful to have two or
three of these in the bench Kit, ranging in diameters of between 1 and 10cm.
The larger ones are particularly valuable for filtering off drying agent,
leaving the the dried solution in a round-bottom flask, from which solvent
can be evaporated directly. One or two of the smaller Hirsch-style funnels
are useful and these are more commeonly used for filtering off crystals after
small-scale recrystallizations, the mother liquor being conveniently
deposited in a round-bottom flask. These can be made starting from a
sintered funnel, but a glassblower can make them more cheaply by inserting
a circular sinter into a narrow tube, then forming the funnel from this,

Two other pieces of equipment of value as filtration aids are the Craig
tube (Fig. 3.12a, see Chapter 9), used for very small recrystallizations, and
a sintered funnel (Fig. 3.12b) for filtration under inert atmosphere (see
Chapter 5 for more details).
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—— C—

R N A R

E
+— B24
l (24/40)

A\

C D E
size 1 S5em Sem 5.5cm
size 2 7.5cm Tem  5.5cm
size 3 Wem 9%cm 5.5¢m

Figure 3.11

10cm > < — > <
solid
glass
 glass
tubing
4 N P
(2) Craig mbe

Figure 3.12

— BR14
T (14/20)

12cm

«—— porosity 3
sinter

+— PIFE

stopcock
B4

(14/20)

(b} inert atmosphere filter
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Glassware for chromatography

Flash chromatography (see Chapter 9) is probably the most effective method
available for rapid routine purification and separation of reaction products.
To gain expertise in flash chromatography it is a sound idea to have a
familiar set of columns on hand, and it is useful to have a set of about five,
ranging in diameter from about Smm to 50mm, as part of the bench kit (Fig.
3.13b). A convenient length for all columns is 25cm, except for those with
a very narrow bore, which can be shorter. Reservoirs will also be required
for flash chromatography, 250ml, 500ml, and 1 litre being useful sizes
(Fig. 3.13c). Another useful item is a simple "flash valve' (Fig. 3.13a) that
will limit the pressure applied to the column, thus making the operation safer
by reducing the possibility of column fracture. All this equipment is
described in more detail in Chapter 9,

«— B24
. (25/40)

—B24
(25140)

25em
€ 500m]
«—B24
—Taflon (25140)
stopcock
(a) flash valve (b} flash column (c) reservoir

Figure 3.13
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CHAPTER 4

Purification and Drying of Solvents

4.1 Introduction

The use of appropriately purified solvents is vital to the success of the
procedures for which they are used. It is important to note that the degree of
purity and dryness required depends on the intended application, s¢ when
choosing a method from this chapter remember to pick one which is
appropriate for your purpose. Consult Appendix 1 for useful data about
commonly used organic solvents.

Remember that solvents are hazardous materials and
beware particularly of the flammability of the hydrocarbons
and ether, the toxicity of benzene, chloroform, and carbon
tetrachloride, and the possibility of peroxide contamination of
ethereal solvents.

4,2 Purification of solvents

The most commonly used grade of solvent is reagent grade' which typically
means 97-99% puority with small amounts of water and other volatile
impurities as listed in the specification. This is adequate for use in
extractions and in many chemical reactions. However, some applications
are more demanding and require either the use of commercial solvents of
higher purity, or the purification of commercially available products.
Notable examples include the following.
1. Reactions involving strongly basic organometallic compounds, e.g.
Grignard reagents, organolithiums, and metal hydrides, require the use
of carefully dried solvents. Anhydrous solvents (< S0ppm of water)
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are available but they are more expensive and less reliable than solvents

dried by the techniques described below.

2. Solvents used for spectroscopy, especially nmr and uv, should be of
high purity. Many suppliers provide 'spectroscopic grade’ solvents
which are particularly suitable for uv spectroscopy because ultraviolet
absorbing impurities have been removed.

3. Solvents used for chromatography should always be fractionally
distilled to ensure that non-volatile impurities are removed. Solvents
for hplc should be of high purity and again many suppliers provide
special ‘hplc grade' solvents, which have been purified and filtered to
remove contaminants which might degrade hple columns.

4. All applications involving quantitative analysis require the use of
‘analytical grade’ (typically >99.5% purity) solvents. It is good
practice in general to use high quality solvents for the purification of
your products, and it is particularly important to use pure solvents
when purifying samples for microanalysis.

In most cases purification of a solvent simply involves drying and
distilling it, so the next sections are devoted to drying agents and methods
used for drying common solvents, and the final section contains
descriptions of typical continuous stills. Apart from water the only other
commonly encountered contaminant is peroxidic material formed by aerial
oxidation of ethereal solvents. Methods for dealing with these dangerous
impurities are described in the section on the purification of diethyl ether.

4.3 Drying agents

Drying agents fall into two broad categories, those used for preliminary
drying and the drying of extracts, and those used for rigorous drying. The
pre-drying agents are largely interchangeable with each other and the choice
is usually limited only by the chemical reactivity of some of the reagents.
Preliminary drying of solvents, prior to rigorous drying, is essential unless
the solvent already has a low (< 0.1%) water content. Of necessity the
reagents used for thorough drying are very reactive and they must be treated
with great care. In particular, it is important to make the right choice of
drying agent for the solvent in question, in order o avoid dangerous or
undesirable reactions between the solvent and the drying agent, and care
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must be taken to ensure the safe destruction and disposal of excess reagent
remaining in solvent residues.

When the solvent is 1o be distilled after standing over a desiccant, the
drying agent should be filtered off before distillation if it removes water
reversibly, e.g. by hydrate formation (MgSQ4, CaCly), or by absorption
(molecular sieves). The solvent can be distilled without removal of the
desiccant in cases where water removal is irreversible (CaH;, P;Os).

The recommendations in this and the following section are largely
based on the work of Burfield and Smithers et al. who have carried out
quantitative studies on the efficiency of drying agents for a wide range of
solvents.! Their work has supplanted earlier studies many of which are of
doubtful reliability. Other useful sources of information include Perrin and
Armarego?, and Riddick, Bunger, and Sakano.3

Alumina, AlO3

Neutral or basic alumina of activity grade I is an efficient drying agent for
hydrocarbons, 5% w/v loading giving extremely dry solvents. It is also
useful for the purification of chloroform.

Barium oxide, BaO

The commercially available anhydrous product is an inexpensive drying
agent which is useful for amines and pyridines (30-50ppm after standing for
24h over 5% w/v). It is strongly basic and is ineffective for alcohols and
dipolar aprotic solvents.

Boric anhydride, B2O;

Recommended drying agent for acetone, and effective also for thorough
drying of acetonitrile.

1. (a) D.R. Burfield, K.H. Lee, and R.H. Smithers, J. Org. Chem., 1977, 42, 3060; (b)
D.R. Burfield, G.H. Gan, and R.H. Smithers, J. Appi. Chem, Riotechnol., 1978,
28, 23; (c) D.R. Burfield and R.H. Smithers, J. Org. Chem., 1978, 43, 3966; (d)
D.R. Burfield and R.H, Smithers, J. Chem. Technol. Biotechnol., 1980, 30, 491; (e)
D.R. Burfield and R H. Smithers, and A.S.C. Tan, J. Org. Chem., 1981, 46, 629;
(f) D.R. Burfield and R.H. Smithers, J. Chem. Educ., 1982, 59, 703; {(g) D.R.
Burficld and R H, Smithers, J. Org. Chem., 1983, 48, 2420,

2. D.D. Perrin and W .L.F. Armarego, Purification of Laboratory Chemicals, 3rd ed.,
Pergamon, Oxdord, 1988.

3. LA.Riddick, W.B. Bunger, and T.K. Sakano, Organic Solvents, Physical Properties
and Methods of Purification, 4th ed., Wiley-Interscience, New York, 1986,
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Calcium chioride, CaCly

Both the powder and pellet forms are effective for pre-drying hydrocarbons
and ethers. It reacts with acids, alcohols, amines, and some carbonyl
compounds.

Calcium hydride, CaHy

The reagent of choice for rigorous drying amines, pyridines, and HMPA,
and effective also for hydrocarbons, alcohols, ethers, and DMFE. Tt is
available in powdered or granular form, the granular is preferable if it is to
be stored for any length of time. The granules should be crushed

immediately before use and residues should be destroyed by careful
addition of water (H; evolution).

Calcium sulphate, CaSOy4

Available as 'Drierite’, it is only suitable for drying organic extracts. The
blue self-indicating version should not be used to dry liquids because the
coloured compound may leach into the solvent.

Lithium aluminium hydride, LiAlH
Although widely used for drying ethers, it is less effective than other

methods and is extremely dangerous.
Iis use is sirongly discouraged.

Magnesium, Mg
Recommended for methanol and ethanol,

Magnesium sulphate, MpgSOy

The monohydrate is fast acting and has a high capacity (forms a
heptahydrate), making it the desiccant of choice for organic extracts. It is
slightly acidic so care is required with very sensitive compounds. It is not
efficient enough to be useful for pre-drying.

Molecular sieves

These are sodium and calcium aluminosilicates which have cage-like crystal
lattice structures containing pores of various sizes, depending on their
constitution, They can absorb small molecules, such as water, which can fit
into the pores. The most commonly used types 3A, 4A, and 5A have pore
sizes of approximately 34, 4A, and 5A respectively, and they are available
in bead or powder form. After activation at 250-320°C for a minimum of 3h
they are probably the most powerful desiccants available!®). They can be
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stored in a desiceator or in an oven at >100°C for a few weeks but they are
rapidly hydrated in the air. If you are doubtful about the effectiveness of an
old batch, place a few beads in the palm of your hand and add a drop of
water - if the sieves are active you should feel a distinctly exothermic
reaction. In most cases extremely dry solvent can be obtained simply by
batchwise drying over sieves, i.e. allowing the solvent to stand over 5%
wiv of sieves for 12h, decanting, adding a second batch of sieves eic.
Sieves absorb water reversibly so a solvent should always be decanted from
the sieves prior to distillation. 4A Beads are recommended for thorough
drying of amines, DMF, DMSO, and HMPA, and almost all rigorously
dried solvents are best stored over 5% w/v of 4A sieves. However, only
the 3A form is suitable for drying acetonitrile, methanol, and ethanol, and
higher alcohols require the use of powdered 3A sieves. They are not useful
for drying acetone because they cause self-condensation. Provided that they
are not discoloured, sieves can be reused by washing well with a volatile
organic solvent, allowing to dry, drying at 100°C for several hours, and
then reactivating at 300°C.

Phosphorus pentoxide, P20

(Causes burns})  Although a rapid and efficient desiccant its use is
limited by its high chemical reactivity. It reacts with alcohols, amines,
acids, and carbonyl compounds and causes significant decomposition of
HMPA, DMSQ, and acetone. It is useful for drying acetonitrile and may be
used for hydrocarbons and ethers but is less convenient than other reagents.
It is often used in desiccators. It is best decomposed by careful portionwise
addition to ice-water followed by neutralization with base (do not add water
to P05, the mixture may become so hot that the vessel could crack). Itis
extremely efficient for drying gases and is available in a convenient form,
mixed with an inert support, so that it does not become syrupy.

Potassium hydroxide, KOH

(Causes burns)  Freshly powdered KOH is a good drying agent for
amines and pyridines but is inferior to calcium hydride. It should not be
used with base sensitive solvents.

Sodium, Na

Sodium is widely used to dry hydrocarbons and ethers. It may be formed
into wire using a sodium press or used as granules by cutting the bars under
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petroleum ether. It suffers from the disadvantage that the metal surface
rapidly becomes coated with an inert material so it should not be used unless
the solvent is pre-dried. Sodium reacts with benzophenone to give a dark
blue ketyl radical which is protonated by water to give colourless products.
Thus the sodium-benzophenone system is particularly convenient because it
is self-indicating, and it is the preferred reagent for rigorous drying of ether,
THF, DME, and other ethereal solvents. Sodium-potassium alloy has been
recommended because it is liquid and therefore its surface does not become
coated so easily, but this advantage is outweighed by the increased danger
resulting from the use of potassium. Sodium residues can be destroyed by
slow careful addition of ethanol until hydrogen evolution ceases. The
mixture should then be stirred well, to ensure that no coated lumps of
sodium remain, before carefully adding methanol. After leaving for several
hours the mixture should be stirred again to ensure that all of the sodium has
been consumed, and then the mixture should be added cautiously to a large
excess of water before disposal.

Sodium should never be added to chlorinated solvents
because a vigorous or explosive reaction could occur.

Sodium sulphate, Na:SOy
Anhydrous sodium sulphate is a weak drying agent suitable only for drying

extracts. It is preferable to magnesium sulphate for drying very acid
sensitive compounds.

4.4 Drying of solvents

Solvents may be dried in individual batches using conventional distillation
apparatus (Chapter 9), but it is more convenient to dry common solvents
such as dichloromethane, ether, and THF in continuous stills (Section 4.5).
In either case the solvent must be protected from moisture using an inert
atmosphere (nitrogen or argon). Rigorously dried solvents must be stored
under an inert atmosphere and handled using syringe or cannula techniques
(Chapter 5).

Acetone

Acetone is completely miscible with water and its susceptibility to acid and
base catalysed self condensation makes it particularly difficult to dry. Good
results are obtained by drying over 3A sieves (10% w/v) overnight (any
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longer causes significant condensation), stirring over boric anhydride (5%
w/v) for 24h, and then distilling!(¢). Distillation after 24h over boric
anhydride or 6h over 3A sieves provides material which is adequate for
mOost purposes.

Acetic acid

{Causes burns) Acetic acid is very hygroscopic. It can be dried by
adding acetic anhydride (3% w/v) and distilling (b.p. 118°C). Reagent
grade acetic acid usually contains some acetaldehyde. If this is likely to
cause problems add chromium trioxide (2% w/v) as well as acetic anhydride
before distilling, or use analytical grade material.

Acetonitrile

(Toxic) Preliminary drying is accomplished by stirring over potassium
carbonate for 24h. A further 24h over 3A sieve or boric anhydride gives
moderately dry solvent (~ 50ppm) but much better results are obtained by
stirring over phosphorus pentoxide (5% w/v) for 24h. and then distilling (),
Drawbacks of this method are the formation of substantial quantities of
coloured residue, and the possibility that the product is contaminated with
traces of acidic impurities. If the acetonitrile is required for use with very
acid sensitive compounds it is best to redistil it from potassium carbonate.

Ammonia

Distil from the cylinder into a flask cooled to <-40°C and fitted with a dry-
ice condenser (Chapter 14). Add pieces of sodium until the dark blue colour
persists, and then distil the ammonia into your reaction vessel.

Benzene

(Carcinogenic) Benzene, like most hydrocarbons is very easy to dry.
No preliminary drying is required and several reagents will reduce the water
content to < 1ppm. Alumina, calcium hydride, and 4A sieves (all 3% wiv
for 6h) are the most convenient drying agents and the benzene is then
distilled and stored over 4A sievesl@). Alternatively benzene may be dried
over calcium hydride in a continnous still. Toluene may be dried in the
same way.
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tert-Butanol

Reflux over calcium hydride (5% w/v) and distil onto powdered 3A
sieves!{8). Other low molecular weight alcohols, but not methanol, can be
dried in this way.

Carbor disulphide

(Highly flammable, toxic) Distil {using a water bath) from calcium
chloride or phosphorus pentoxide (2% w/v). Do not use sodium or
potassium.

Carbon tetrachloride

(Carcinogenic}) See chloroform.

Chlorobenzene
See dichloromethane
Chloroform
(Toxic) Perhaps the simplest procedure is to pass the chloroform through
a column of basic alumina (grade I, 10g per 14ml), This removes traces of
water and acid and also removes the ethanol which is present as a stabiliser,
Carbon tetrachloride may be purified in the same way, Larger volumes of
either solvent can be dried with 4A sieves, or by distillation from
phosphorus pentoxide (3% w/v). Distilled chloroform should be stored in
the dark to prevent formation of phosgene.

Addition of sodium to chloroform or carbon tetrachloride
may cause an explosion, Chloroform may also react
explosively with strong bases and with acetone.

Cyclohexane

See petroleum ether.

Decalin (decahydronaphihalene)

Decalin is very easy to dry but it forms peroxides on prolonged contact with
air so it is advisable to use a drying agent which will reduce the peroxides.
Reflux over sodium for 2h and distil onto 4A sieves. Tetralin should be
treated similarly.

1.2-Dichioroethane

See dichloromethane.
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Dichloromethane
Reflux over calciumn hydride (5% w/v) and distil onto 4A molecular sieves.
Chlorobenzene and 1,2-dichloroethane can be dried in the same way.
Dichloromethane can be dried over calcium hydride in a continnous still.
Never add sodium or powerful bases to chlorinated
solvents - an explosion may occur. Reaction of azide salts
with dichloromethane results in the formation of explosive
azides.

Diethyl ether (ether)

(Flammable)  Ether itself, along with the other commonly used ethereal
solvents, THF, DME, and dioxan, can contain substantial amounts of
peroxides formed by exposure to the air. These peroxides can cause
serious explosions. Test for the presence of peroxides by adding 1ml
of the solvent to 1ml of a 10% solution of sodivm iodide in acetic acid. A
yellow colour indicates the presence of low concentrations of peroxides
whereas a brown colour indicates high concentrations. Low concentrations
of peroxides must be removed before further purification and a number of
methods have been suggested?. One frequently recommended procedure is
1o shake the solvent with concentrated aqueous ferrous sulphate. Ethers are
usually pre-dried over calcium chloride or sodium wire, and rigorously
dried over sodium-benzophenone. Careful preliminary drying is necessary
because all of these solvents can dissolve substantial quantities of water.
The pre-dried solvent is then placed in a reflux apparatus or a continuous
still and sodium pieces (1% w/v) and benzophenone (0.2% w/v) are added.
The mixture is refluxed under an inert atmosphere until the deep blue colour
of the ketyl radical anion persists. The ether may then be collected or
distilled onto 4A sieves. This drying method also removes the peroxides
which are a serious hazard when handling ethereal solvents. If a continuous
still is used it will be necessary to add more sodium and benzophenone
occasionally. Eventually the still will become very murky as the
benzophenone reduction products accumulate. If this happens, or if the blue
colour no longer persists, it is time to distil most of the solvent - do not distil
to dryness. The sodium residues may then be destroyed as described in

4. D.R. Burfield, J. Org. Chem., 1982, 47, 3821.
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Section 4.3. Purified ethers are very susceptible to peroxide formation, so
they should be stored in dark bottles under an inert atmosphere, and they
should not be kept for more than a few weeks.

1,2-Dimethoxyethane (DME)

See diethyl ether.

Dimethylformamide (DMF)

Stir over calcium hydride or phosphorus pentoxide (5% w/v, overnight),
filter, and distil (56°C at 20mmHg) onto 3A sieves!{®), If phosphorus
pentoxide is used a second distillation from potassium carbonate may be
necessary. Alternatively, sequentially dry over three batches of 3A sieves
(5% wiv, 12h).

Dimethy! sulphoxide (DMSO)

Distil (753°C at 12mmHg) discarding the first 20% and sequentially dry with
two batches of 4A sieves (5% wiv, 121}, Store over 4A sieves.

Dioxan

See diethyl ether.

Ethanol

Distil absolute alcohol from magnesium (as described for methanol) onto 3A
molecular sieve powder or sequentially dry over two batches of 3A sieve
powder (5% w/v, 12h)1(8),

Ether

See diethyl ether.

Ethyl acerare

Distil from potassium carbonate onto 4A sieves.

Hexamethylphosphoric riamide (HMPA)

(Carcinogenic) HMPA is very difficult to dry and even when stored
over 4A sieves it needs to be dried afresh within a couple of weeks. Dry
HMPA can be obtained by distilling (89°C at 3mmHg) from calcium hydride
(10% w/v) onto 4A molecular sieve (20% w/v)1(c),

Hexane

See petroleum ether.
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Methanol

{Toxic) To dry 1 litre of methanol place magnesium turnings (5g) and
iodine (0.5g) in a 2 litre flask fitted with a reflux condenser and add
methanol (50ml). Warm the mixture until the iodine disappears, and if a
stream of bubbles (hydrogen) is not observed add more iodine (0.5g).
Continue heating until all of the magnesium has been consumed and then
add the remainder of the methanol. Reflux the mixture for 3h, distil
(bumping) onto 3A sieve beads (10% w/v), and allow to stand for at least
24hl®,

Nitromethane

Dry by standing over calcium chloride, filtering, and distilling onto
molecular sieves. Do not use phosphorus pentoxide.

Pentane

See petroleun ether.

Petroleum ether (petrol)
(Flammable) This confusing name is used for mixtures of aliphatic
hydrocarbons containing smaller amounts of aromatic compounds. It is
generally supplied as several fractions each having a 20°C boiling range (40-
60, 60-80 etc.). Alkane mixtures which do not contain aromatic compounds
are supplied as pentane, hexane, cyclohexane etc. All of these solvents are
readily dried by distilling, and standing over activity grade I alumina (5%
wiv), or over 4A molecular sieves.
FPyridines
(Toxic) Distil from calcium hydride onto 4A molecular sieves!(e),
Tetrahydrofuran (THF)

See diethyl ether.
Tetralin (tetrahydronaphthalene)
See decalin.

Toluene

See benzene.
Xylene

See benzene,
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4.5 Solvent stills

There are two main types of solvent still that are commonly employed in
organic research laboratories. One is the classical distillation set-up
consisting of distillation pot, still-head, thermometer, condenser, receiver-
adapter, and collection vessel, This arrangement is described in more detail

condenser——e

syringe porl
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1

collecting pot—-«

solvent
outlet

still pot

Figure 4.1
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in Chapter 9, and is used for the distillation of solvents that are either
required infrequently, or that can be stored without deterioration for long
periods of time. The other is a continuous still set-up that consists of a
distillation pot, collecting head, and condenser (see Fig. 4.1).

This type of still arrangement is used for solvents that are required on a
regular basis and the still system is usually left set up, although generally it
is only turned on when the solvent is required - it is not recommended that
any type of solvent still is left on unattended for prolonged periods of time .

Continuous still systems typically have an upright arrangement that
takes up less space than the conventional still set-up and a collecting vessel
that is positioned between the still-pot and the condenser, The apparatus is
designed such that the distilling solvent i1s condensed and collects in a
collecting head. Once the collecting head is full the solvent simply
overflows back into the still pot, allowing continuous distillation without the
still boiling dry. The solvent can simply be drawn off from the collecting
head when required, or poured back into the still pot if not.

round-bottomed
flask

\ & /2-way tap

syringe port
/
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/ |- coliecting hesd
hole in top
of tube_@
— :

solvent

glass tube with outlet

male joint

—-—

Figure 4.2
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A typical design for the continuous still collecting head is outlined in
Fig. 4.2, and can be simply constructed from a round-bottom flask, ground
glass cone, 2-way tap, and 3-way tap. The 2-way tap allows the solvent to
be withdrawn vig syringe which is particularly convenient for anhydrous
solvents. The 3-way tap allows the solvent to be collected, drawn off, or
poured back into the distillation pot. Obviously the size of the still depends
upon the quantity of solvent required, however the still head should always
be smaller in capacity than the still pot, so as to avoid the possibility of the
still boiling dry.

When setting up a continuous still it is necessary to ensure that the
solvent condenser is efficient, usually a double walled condenser is required
(see Chapter 9), this is especially true for the lower boiling solvents. Also,
all ground glass joints should be fitted with teflon sleeves to ensure a good
seal, and prevent jamming. It is inadvisable to use grease on the joints since
this will be leached out by the hot solvent, contaminating the solvent and
causing the joints to stick. Similarly teflon taps are to be preferred over
glass taps in the collecting head.

If an inert atmosphere is required for the solvent distillation, as is often
the case for anhydrous solvents, then the continuous still system requires to
be connected to a nitrogen or argon line (see Chapter 8). It is important
when using such lines, you ensure that oil bubblers or similar devices do
not suck back when the still is cooling. This often happens as a result of the
gas volume of the still contracting as it cools, which creates a partial vacuum
in the system. It is simply remedied by tuming up the flow rate of the inert
gas for the period whilst the still is cooling. Itis also important that you do
not heat vp the still system without some mechanism for allowing the
increase in gas volume to be released otherwise an explosion may result; this
is prevented by incorporating an oil bubbler in the gas line (see Chapter 8).

The design of collecting heads can vary, for instance they can also be
constructed using a conical flask instead of the round-bottom flask (Fig.
4.3a). Also, a more complex arrangement (Fig. 4.3b) incorporating a
condenser to cool the distillate (particularly useful for high boiling solvents)
is often used. This system also has the advantage of less ground glass
joints in the set-up, although this can make cleaning the still head more
difficult.
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CHAPTER 5

Reagents: Purification and Handling

5.1 Introduction

One of the key steps to becoming a successful practitioner of modern
organic chemistry is knowing how to handle and store air- and moisture-
sensitive reagents, with the certainty that they have not been contaminated.
This is a skill which takes some time to acquire and many people
unfortunately learn the hard way, after a string of failed reactions. An
efficient, successful organic chemist achieves good results rapidly, not by
cutting corners, but by rigidly observing strict working practices that allow
sensitive reagents to be used with confidence. The biggest waste of
research time stems from employing reagents or procedures which you think
are 'OK'. Tt will usually take far more time to repeat a reaction than it would
have taken to re-purify a suspect reagent before starting. Perhaps more
important than the time wasted by failed reactions, is the uncertainty which
is introduced by using suspect reagents. No matter how carefully the
outcome of an experimental reaction is quantified, in terms of yield,
stereoselectivity, by-products, etc., the data will be meaningless if there was
any uncertainty about the reaction conditions or reagents.

Handling sensitive reagents confidently is not difficult once a few
standard techniques are learned and adhered to. In this chapter we will give
examples of simple general methods which can be employed to handie a
variety of reagents.

214



44 Reagents: Purification and Handling

5.2 Classification of reagents for handling

The methods used to handle a particular reagent will be dependent on the
properties of that reagent and you should be fully conversant with these
before you start work. If you are working with a reagent and you are not
familiar with its properties, you should look them up, or consult someone
who is familiar with them, before you begin. This is very important, if you
are to use the reagent effectively, without causing a hazard to you and others
around you. Once you are conversant with the properties of a particular
reagent, the handling requirements are largely a matter of common sense.
For example, it is clearly unnecessary to rigorously exclude atmospheric
moisture from a reagent which is to be reacted in aqueous solution, but it is
important if the reagent is pyrophoric! Most reagents fall into one of the
four categories below.

Stable non-toxic reagents

Reagents which are neither sensitive to the atmosphere nor toxic are
normally stored in ordinary bottles on the shelf and they are usually easy to
handle. However, if you are going to use this type of reagent for reactions
with air sensitive materials, they must also be dry and be stored with the
armosphere excluded! It is no use setting up an anhydrous reaction very
carefully, ther adding a reagent straight from an unsealed bottle on the shelf.

Stable reagenis which are toxic or have an unpleasant odour

These should be treated in the same way as those in the previous category,
except that special precautions should be taken to avoid their escape into the
lab. They should always be used in a fume cupboard and stored in a
ventilated storage cupboard.

Reagents which will decompose on exposure to moisture or air

These reagents should always be stored in special containers, under a dry
inert atmosphere. Whenever they are used, they should be measured and
transferred using techniques which constantly maintain the inert atmosphere.
Some of these technigues will be described below.

Reagents which decompose explosively or pyrophorically on exposure to
moisture or air

These should be treated as above, but extra care should be taken, especially
when dealing with residues once the reaction is over.
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5.3 Techniques for obtaining pure and dry reagents

Before using any organic reagent or starting material for a reaction its purity
should be checked. It should not be taken for granted that a reagent is pure
simply because it has been obtained from a commercial source. Indeed the
specification of many commercial compounds is much less than 100% and
this should always be checked. Even if the specified purity of the reagent is
high, at least one analytical check should also be carried out, such as tlc, gc
or nmr. This check is particularly important if you are attempting new
reactions. If the purity of the reagent is not up to the level required,
standard purification techniques (distillation, recrystallization,
chromatography, sublimation etc.) should be used to purify it (sce Chapter 9
for more details).

Remember that any reagent which is to be used in a reaction under inert
conditions with sensitive reagents, must also be dried very carefully!

Once you have gone to the trouble of purifying and drying a reagent, it
is good practice to store it very carefully in order to keep it dry for future
use. This normally means storing it in a sealed container, under an inert
ammosphere. When you keep reagents in this way, you must be able to rely
on their purity and it is therefore best to keep them for your own personal
use. Remember that a person who has not gone to the trouble of purifying a
reagent is not likely to take good care of yours!

In this section we will describe some typical techniques for purification
and drying of reagents. There are several other more specialized texts which
should be consulted if you need to purify other reagents.}\2.3

5.3.1 Purification and drying of liquids

For most liquids the method of choice for both purification and drying is
distillation. In many cases the liquid is either dried over a drying agent
before distillation or distilled from a drying agent (see also Chapter 4).

1. Purification of Laboratory Chemicals, 3rd ed., D.D, Perrin and W.L.F, Armarego,
Pergamen Press, Oxford, 1988,

2. Reagents for Organic Synthesis, Vols. 1-13, Fieser and Fieser, Wiley, New York.
Organic Synthesis, Col, Vols. 1-6, Wiley, New York,
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Distillation under inert atmosphere at normal pressure

This technique is used to purify and/or dry most liquid reagents which boil
at less than about 150°C, at atmospheric pressure. Typically the liquid is
pre-dried by shaking over magnesium sulphate, then decanted onto a more
active drying agent, such as powdered calcium hydride, from which it is
distilled. Itis important to make sure that the drying agent does not react
with the liquid. If you require a dry reagent, it is useless to carry out the
distillation in the atmosphere, and the process must be carried out under
argon (or nitrogen). For ease and reliability we suggest that a one-piece
distillation apparatus is used for this type of distillation, in conjunction with
a double manifold; the technique is fully described in Chapter 9, Section
9.4.2.

When the distillation is complete remove the collector, seal it quickly
with a septum and purge the bottle with inert gas. For compounds which
react with rubber, such as Lewis acids, a Teflon stopper should be used.
Some of the less sensitive reagents can simply be poured into a reagent
bottle before it is sealed, provided this is done quickly. However, if the
reagent is particularly sensitive to air or moisture (such as a Lewis acid), a
cannulation technique should be used to transfer it. See Section 5.4.1 for
more details about storage and transfer of reagents under dry, inert
conditions. Whatever type of container is used for storage it is always
preferable that it be full, or nearly so.

Table 5.1
Reagent Drying agent b.p.’C  Comment
Methyl iodide CaCl; before dist. 43 Very toxic! Wash with
Na35203 or pour through
alumina first to remove Iy
Diisopropylamine dist. from CaHj 84
Trigthylamine dist. from CaHgy 89
Isobutyraldehyde CaS04 before dist. 62 readily oxidized
Titanivm tetrachloride  none 136 very reactive with moisture
Cyclohexene dist. from Na & wash first with NaHSO;

to remove peroxides
Crotonaldehyde CaS04 before dist. 104 use vigrenx
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Distillation under reduced pressure

For liquids with a high boiling point, or which decompose on heating,
distillation under reduced pressure is the usual method of purification,
Again it is convenient and effective to use a one-piece distillation apparatus
in conjunction with a double manifold for this type of distillation. The
procedure is described in more in Chapter 9, Section 9.4.2.

When the distillation is complete the heat is turned off and the two-way
tap on the double manifold is slowly turned to the inert gas position, The
flask containing the distillate will then be conveniently under an inert
atmosphere and should be quickly removed and fitted with a tightly fitting
septum (see Section 5.4.1 for more details about storing and transferring
reagents under inert conditions).

Table 5.2

Reagent Drying agent  b.p."C/mm Comment

Dimethy! formamide MgS04 before dist.  76°/39 do not use CaHy or other
basic drying agents

BF3.Et20 dist. from CaHj 67743 reacts with moisture
SnCly dist, from tin high vac.  reacts with moisture
Et7AIC] dist. from NaCl 107°/25 heated nichrome spiral in

50cm column; Reacts
with air - spontaneously

(lammable!
Et3Al none 130°/55 ibid.
Benzaldchyde MgpS80y4 before dist. 62710 wash with Na>COsbefore

dist, Store over
0.1% hydroquinone
Benzylt bromide MgSQy before dist.  85°/12 dist. in dark. lacrymator

Some special cases for drying of liquids

There are a number of liquid reagents which hydrolyse when they come in
contact with water and subsequently contain the hydrolysis product, which
is usually an acid. These reagents are distilled from a high-boiling amine, or
other base, so that any acidic impurity is removed. It is always important
that the distillation is carried out under inert atmosphere (or under reduced
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pressure) and the techniques are exactly as above, Some examples are given
in Table 5.3.

Table 5.3
Reagent Distil from b.p.°C  Comment
Acetic anhydride quinoline 138 10:1 with quinoline
Acetyl chloride quinoline 52 10:1 with quinoline
Me3SiCI* quinoline 106 10:1 with quinoline

(Chloro trimethylsilane)

* Another method for removing HCI from trimethylsilyl chloride (chlorotrimethyl
silane) is to add it to an equal volume of triethylamine in a centrifuge tube, sealed under
argon with a septum, After centrifuging, triethylamine hydrochloride forms a solid
precipitate and the liquid can be drawn off by syringe and used for most purposes as 50%
MesSiCl,

Details about how to store and handle liquid reagents under dry and
inert conditions are given in Section 5.4.1,

5.3.2 Purifying and drying solid reagents

If the purity of the reagent is not up to the level required, standard solid
purification techniques {(chromatography, recrystallization, sublimation)
should be used to purify it (see Chapter 9 for more details).

Remember that if a solid reagent is to be vsed in a reaction under inert
conditions with sensitive reagents, it must be dried very carefully. For bulk
drying of solids an oven is often used (preferably a vacuum oven), or the
solid is placed in a vacuum desiccator over a drying agent (P2Os, H2504,
etc.). If the reagent is to be stored, for future use in reactions under inert
conditions, it should be kept under argon (or nitrogen), in a sealed bottle, to
prevent exposure to moisture. Small quantities of solid can often be dried in
the reaction flask, prior to the apparatus being set up. This is conveniently
done by connecting the dried flask, containing the solid, to the double
manifold, evacuating under high vacuum for several hours, then introducing
argon (or nitrogen).
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Purification of some common solid reagents

AIBN ( o, a-Azobis(isobutyronitrile))

Recrystallize from ether and dry under vacuum, over PpOs5 at room
temperature. Store under inert atmosphere, in the dark, at -10°C.
Para-toluenesulphonyl chloride

Para -toluenesulphonyl chloride often contains a considerable quantity of p-
toluenesulphonic acid. This can be removed by placing the reagent in the
thimble of a soxhlet apparatus containing dry petroleumn ether. After several
hours of extraction under an inert atmosphere, the chloride will have
dissolved in the solvent and the unwanted acid will be left behind in the
soxhlet thimble. On cooling the solvent mixture, the acid chloride
crystallizes and can be collected by filtration. The purified material should
be stored under an inert atmosphere.

Copper(l) iodide {for the preparation of cuprate reagents)

Impure copper iodide is often slightly brown due to the presence of iodine
and copper(Il) salts. It is very important that these contaminants are
removed and that the reagent is dried efficiently if it is to be used in the
preparation of copper-lithium reagents. This is accomplished by placing the
material in the thimble of a soxhlet apparatus and extracting with methylene
chloride for several hours (usually overnight) until no further colour is being
removed. The almost white reagent is then dried under vacuum and stored
under argon (or nitrogen) in a dark bottle, sealed with parafilm.

Magnesium (for Grignard reactions eic.)

Wash with ether, to remove grease from the surface of the metal, dry at
100°C under vacuum and cool in a desiccator. For a more active form of
magnesinm, stir the turnings under nitrogen overnight. They will turn
almost black as the oxide coat is removed from the surface. The material
produced is very active and should be stored under inert atmosphere.

Zine

Zinc is normally coated with oxide, which must be removed prior to use.
This can be done by stirring with 10% HCI for 2 min, then filtering and
washing with water, followed by acetone. The metal can then be vacuum-
dried and kept under an inert atmosphere prior to use.
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5.4 Techniques for handling and measuring reagents

Although extreme care must be taken to exclude air and moisture from
reagents kept under an inert atmosphere, once you become familiar with the
simple techniques outlined in this section, you should find them easy to use.
Bottles and flasks containing liquids or solutions sealed under an inert
atmosphere are widely used in modern organic chemistry. A knowledge of
the techniques required to manipulate such reagents, without allowing them
to come into contact with the atmosphere, is therefore essential.

When handling air sensitive reagents always think ahead, and design
the whole sequence of events you intend to follow so thar air never comes
into contact with the reagent.

A method for titration of alkyllithium reagents is given in Chapter 16
and a method for titration of hydride reagents is given in Chapter 6.

5.4.1 Storing liquid reagents or solvents under an inert atmosphere

After drying and/or distillation, reagents or solvents can be stored, under
argon, in a bottle or flask sealed with a septum. There are also many other
commonly used reagents that are extremely reactive towards water and/or
oxygen and these are stored in the same way. Examples of such reagents
are: alkyllithivm reagents; Grignard reagents; organoboranes; metal
hydrides; organoaluminium compounds and Lewis acids. Some of these are
available commercially and are delivered under inert atmosphere in sealed
bottles. Less common reagents may be prepared in the lab and then stored
for future use. The seals of the commercially supplied containers have a
limited life-span and if one is suspect it should be replaced with a rubber
septum. For Lewis acids, which often react with rubber, a Teflon stopper
can be used. For storing small quantities of liquid under inert atmosphere
'mininert valves' are very useful. These screw threaded bottle caps
incorporate Teflon valves through which a syringe needle can enter the
container. They provide a better seal than ordinary septa (see Section 5.4.4
for more detail on the use of mininert valves).

To change or fit a septum

Choose a septum which fits tightly into the neck of the bottle that you wish
to seal. Fit a new septum as quickly as possible, minimizing exposure of
the reagent to the atmosphere. As soon as the septum has been fitted purge
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the container with argon (or nitrogen). This is done using a syringe needle
connected to an inert gas manifold by a Luer adapter. Another needle is
used as a vent as shown in Fig, 5.1a, The septum should be secured with
copper wire and for extra protection another septum of the same size,
without any needle holes in it, can be pulled over the first (Fig. 5.1b and ¢).
The second septum is removed before syringing liquid from the bottle. For
long term storage, it is also a good idea to wrap parafilm around the septum,
especially if the bottle is to be stored in the fridge.

NS T
gas second
| ? —vent septum
e L septum
P

(0) ©

(a)

Figure 5.1

If the septum has been fitted properly and the reagent is used carefully,
according to the techniques below, it can be kept for many months and used
many times over.

If you need to use a reagent which has been stored in a fridge or
freezer, always allow it to warm up to room temperature and remove any
condensation, before unsealing it.

5.42 Bulk transfer of a liquid under inert atmosphere (cannulation)

As a general rule, never attempt 1o remove liquid from a container which is
sealed under inert gas, unless you have pressurized the container with inert
gas first (Fig. 5.2a). Also, whenever you are using ground glass joints
connected under pressure always secure them with either plastic (bibby)
clips, elastic bands or springs.
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General principle of cannulation and gas pressure adjustments

Cannulation is a very general procedure for the transfer of a liquid from one
container to another whilst maintaining an inert atmosphere. The principle
of cannulation is very simple. A positive pressure is applied to the flask
from which the liquid 1s to be wansferred. This pressure forces the liquid
out through a double ended needle (cannula) into the receiving flask (see

Fig. 5.3). In order for the liquid to flow, there must be some means by

which the gas in the receiving vessel can escape. The simplest way to allow

this to happen is to vent the receiving flask with a short needle passed

through the septum. It is good practice to connect the vent needle to a

bubbler to prevent suck back of air occurring.

It is is quite common that the flask into which you need to cannulate the
liquid is already part of an inert gas system and can not simply be vented.
In this case the pressure applied to the first flask must be higher than the
pressure in the receiving flask if the liquid is to flow and there must be some
means by which gas can escape from the receiving flask. All inert gas
systems should incorporate a bubbler (for example, see Fig, 3.7) and this
automatically provides a means of escape for gas which is displaced from
the receiving flask. To create a higher pressure in the delivery flask, the
inert gas inlet could, in principle, be connected directly to a cylinder outlet.
However, it is preferable to incorporate a bubbler into this line also. The
rate of flow of liquid during cannulation will be govemed by the pressure in
this gas line and it can easily be controlled by restricting the vent of the
bubbler with a finger. For more precise control of pressure the vent can be
restricted by connecting a Rotaflow tap or needle valve to it (see Fig. 5.2).
General procedure for cannulation
The following procedure is a general method for transferring liquids by
cannulation and will be referred to in other sections of the book.

1. Make sure the bottle or flask into which you are going to transfer the
reagent is thoroughly dry, fit a septum into the neck and purge with
inert gas as described in the previous section. If the container was oven
dried it is preferable 1o fit the septum whilst it is still hot and allow it to
cool as it is being purged with inert gas (Fig. 5.1a).

2. When the bottle or flask is cool, make sure the septum is fitted tightly
and wire it on, then remove the vent before removing the argon line
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(Fig.5.1b). The container now contains an inert atmosphere and is
ready for use.

Insert an inert gas line needle into the septum of the bottle or flask
containing the liquid to be transferred. If you are transferring liquid to
a flask that is already part of an inert gas system, a separate gas line
must be used to pressurize the bottle and a simple bubbler system is
recommended (Fig. 5.2a).

mert gas
from cylinder —3

restrict veni—>
with finger or
needle valve

to increase
pressure

Figure 5.2

Insert a double ended needle (cannula) into the bottle containing the
reagent, taking care not to push the needle below the surface of the
liquid. Check that the inert gas is flowing through the system and out
through the cannula (Fig. 5.2b).

Insert the other end of the cannula through the septum of the new bottle
or flask, then push the inlet end below the surface of the liquid in the
delivery flask. There should be no flow initially, because the receiving
container is sealed. Vent it by inserting a short needle through the
septum. The vent needle can be connected to a bubbler or an inert gas
system which incorporates a bubbler. If the liquid does not start to
flow, increase the pressure by restricting the vent of the inlet bubbler
using a finger, a septum or by connecting a needle valve (Fig. 5.3).
When argon is used it is normally safe to dispense with the bubbler
connected to the vent of the collecting flask.
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Figure 5.3

6. When all the liguid has been transferred, first remove the vent needle,
then remove the cannula at the receiver end. The remainder of the
system can then be dismantled in any order, but remember to be very
careful with the residues, particularly if the liguid is toxic or reactive to
moisture,

5.4.3 Using cannulation techniques to transfer measured volumes of
liguid under inert atmosphere

The cannulation technique can easily be adapted for measuring volumes of
liquid under inert atmosphere. It is mainly used for measuring quantities of
liquid that are too large to be conveniently handled by syringe (> 50ml), but
it is also suitable for measuring pre-cooled solutions without significant
warming, The cannulation technique is identical to that described in the
previous section, but an intermediary graduated container is used. The
graduated container can be a measuring cylinder with a neck that can be
fitted with a septum (Fig. 5.4a), or it can be a graduated Schlenk tube (Fig.
5.4b).

Dry the container and transfer the required quantity of liquid to it
according to the procedure described in Section 5.4.2.

Once the required volume of liquid has been measured, remove the
needle from the storage bottle and insert it through the septum of a dry
receiving vessel that is filled with inert gas. Apply inert gas pressure to the
graduated cylinder and vent the receiving flask to deliver the liquid (Fig.
5.3, see also Chapter 8 for more details on setting up reactions).
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Figure 5.5

If the liquid is being measured for addition to a reaction flask, an
alternative procedure is to use a graduated pressure equalizing dropping
funnel attached to the apparatus. The required quantity of liquid can then be
cannulated into the dropping funnel directly.
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Types of cannula

For most purposes cannulation can be carried out using an ordinary double
ended needle, bent to a suitable shape (Fig. 5.6a). A cannula made by
joining two long syringe needles to a Luer to Luer stopcock allows the flow
of liquid to be controlled (Fig. 5.6b). For tansferring large volumes of
liquid the ‘flex-needle' (available from Aldrich Chemical Co.) is useful.
This is a jacketed Teflon tube with a wide-bore needle attached to either end
(Fig. 5.6¢). It provides rapid liquid transfer, and a degree of insulation for
a cold reagent. The wide-bore needles of the flex-needle should not be
inserted through a new septum without first making a hole with a normal
gauge needle.

VTN

Luer to Luer
stopcock
long  —> Va SIS
needles PVC outer Teflon inner
insulation tubing,
——= metal needle
() ®) ) (©) N
Figure 5.6

For small scale work all Teflon cannulas are very useful, and some
people prefer them to syringes. They are easily made by taking a piece of
narrow-bore (1.5mm) Teflon tubing, of a suitable length and cutting each
end at a shallow angle with a sharp razor blade or scalpel (Fig. 5.7).
Always be sure to make holes in the septa, using a metal needle, before
attempting to insert the Teflon cannula.

ends cut at an angle narrow-bOfc
Teflon mubing

e \ m

Figure 5.7
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544 Use of syringes for the transfer of reagents or solvents

Syringes are extremely useful for transferring small quantities (up to 50ml)
of air sensitive reagents or dry solvents from one bottle or flask to another.
There are a variety of syringe types and you need to appreciate which type is
suitable for a particular application. It is most important to choose a syringe
of an appropriate size for the quantity of liquid you need to transport. Using
a syringe with a volume much larger than you need will lead to inaccuracy
and using a syringe which is too small will waste time. For most purposes
the syringe should be equipped with a long needle (10-20cm). This is
necessary in order to avoid any need to tip the reagent or solvent bottle when
syringing from it. When using syringes, the condition of septa should be
checked regularly. Their life can be extended by making sure that the needle
tips are kept sharp.

The skill of using syringes is of great importance to an organic chemist,
but, as with all skills, you will only become proficient after a certain amount
of practice. Itis a good idea to have your own set of syringes which are
appropriate for the type of work in which you are engaged. They will be
some of your most frequently used tools so you should practice using them
and take great care of them.

Types of syringe

Micro syringes

Micro syringes are extremely useful for small scale synthetic work,
delivering small quantities of liquid accurately. Sizes ranging from 10ul to
1ml are comumon, but 100 is perhaps the most useful size to have.

There are two general types of micro syringe, gas-tight and liquid-tight.
The liquid-tight syringes have matched glass bores and stainless steel
plungers, which should not be mixed-up (Fig. 5.8). Certain types of
reagent will corrode the steel plunger and cause ceasure if the syringe is not
cleaned immediately after use. These are indeed delicate and quite expensive
items which should always be treated with great care (see later for care of
syringes).
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screw-on needle G
Figure 5.8
Gas-tight micro syringes have Teflon tipped plungers, making them
more inert to chemical reagents (e.g. Lewis acids). The barrels and
plungers are also interchangeable and they are thus much more reliable than
the liquid-tight syringes. The drawback with gas tight syringes is that they
are more expensive (Fig. 5.9).

e e e e I ot e el T A A u
glass barrel Teflon tipped plunger
o
=

screw-on needle
Figure 5.9
Both types of micro syringe are available with either fixed or removable
needles, but the type with removable needles are generally preferred.
Removable needles have the advantages that they can be replaced when
damaged or blocked and that different sizes can be fitted. Long needles for
micro syringes normally have to be ordered specially.
All-glass Luer syringes
These syringes range in size from 1ml to 100ml, are generally quite cheap
and are the most commonly used type. Some glass syringes have matched
barrel and plunger and they can only be used as a pair, but most modern
syringes have interchangeable barrels and plungers. Syringes with
interchangeable parts will be marked as such and these are the preferred type
to use. They are adequate for most purposes, but should be cleaned
immediately after use and treated carefully to avoid jamming,

[T

glass plunger glass barrel

Figure 5.10
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Glass gas-tight Luer syringes

For most purposes these are the best type of syringe available. The barrel of
the syringe is made from glass and the plunger is made from metal or plastic
and has a separate Teflon tip (Fig. 5.11). Their main advantages over all-
glass syringes are that they are less prone to leakage and jamming. They are
very expensive, but all the components are replaceable, so they do last a
long time,

plunger with Teflon tip glass barrel

Figure 5.11

Plastic disposable syringes

Plastic syringes are cheap, hold a very good seal, they are quite accurate and
virtually unbreakable. They can be used many times over, but they do have
the drawback of being susceptible to attack from certain solvents. For this
reason they are most widely used transferring aqueous solutions, such as
aqueous hydrogen peroxide.

Syringe fittings

Micro syringes normally have one of two types of screw-on needle, as
shown in Figs. 5.8 and 5.9. The fittings of larger syringes are more
standard and are normally the Luer type. A Luer fitting is a joint produced

with a standard taper which matches the internal taper of a Luer syringe
needle. There are several types of Luer fitting (Fig. 5.12).

locking sleeve
Luer tip - /

Luer lock metal Luer glass Luer

Figure 5,12

The simplest fitting is the Luer glass tip, but these break very easily and
should be avoided. Metal Luer tips are more robust, but the needles tend to
work loose and for this reason Luer-lock syringes are preferred. These
have a slot into which the rim of the needle engages so that it can not come
loose. The most commeon fitting is the metal tip Luer-lock, but the best seal
of all is provided by the Teflon tip Luer-lock, normally found only on gas-
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tight syringes. In this case the Luer tip is Teflon and the locking sleeve is
metal,

Syringe needles

Luer fitting syringe needles are available in a range of lengths and bore
diameters. The optimum bore diameter depends on the volume of liquid
being dispensed. As arough guide we use 22 gauge needles for volumes of
less than 1ml, 20 gauge for volumes between 1 to 5ml and 18 gauge for
larger quantities. Long needles are usually preferred for transferring liquids
by syringe, but short needles are useful as nitrogen inlets or vents.
Disposable needles with plastic shanks can also be used for this purpose.

<

/ Bevel must be clean and sharp

long all-metal needle for wansferring liquid

=C]]

short disposable needte for inrroducing and venting inert gas
Figure 5.13

Most needles have a 12° bevel and this should be kept in good, sharp
condition so that minimal damage is caused when penetrating a septurmn. Flat
ended needles are sometimes useful for removing the last traces of liquid
from a container, but they should only be introduced through septa which
have previously been pierced by a sharp needle.

Cleaning and care of syringes

Syringes and needles can give good service for long periods, but careful
treatment is required to prevent leakage and jamming. It is therefore very
important to clean syringes and needles immediately after use. Organic
liquids or solutions are generally quite easily removed, by simply flushing
with solvent. However, more care is required when a reactive reagent such
as butyllithivm or titanium tetrachloride has been used. To clear such
reactive reagents the syringe should immediately be flushed several times
with the solvent in which the reagent is dissolved. Whatever the syringe has
been used for it should always be dismantled for final cleaning of the
individual components. If the syringe has been used for an alkyllithium or
any other strongly basic reagent, it should be washed with dilute HCI,
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water, then acetone. After using an acidic reagent or a Lewis acid, the
components should be washed with dilute sodium hydroxide, waiter, then
acetone,

If a syringe has jammed or become contaminated with remnants of a
stubborn reagent, handle it carefully and do not use force to free the
plunger. This will almost certainly lead to the syringe being broken and you
may well end up with a cut hand also. One of the most reliable methods for
removing a contaminant from a syringe, or syringe needle, is to submerge it
in a solvent which will dissolve the contaminant and place it in an vltra sonic
cleaning bath for a few minutes. Sonication will often free syringes which
are completely jammed provided you choose the correct solvent. If you do
not know what is blocking the syringe try sequentially sonicating in the
following series of solvents; 10% HCI, then water, then dilute NaOH, then
water, then acetone, then methanol and finally methylene chloride.

How to handle a syringe

The type of reagent that you will need to deliver by syringe is very often one
that has to be measured precisely in order for the reaction to be successful.
It is also likely to be a very corrosive reagent, such as butyllithium, which
you do not want to splash around the lab or spill onto your skin. So, before
attempting to use a syringe for transferring any reagent, practise using it first
by measuring solvent until you are confident that you can handle it safely.
You will often need to hold a syringe full of liquid in one hand whilst
performing another operation with the other hand. One way to do this is as
follows: fill the syringe with the required volume of liquid using both
hands; then place the syringe against the palm of one hand using the 3rd, 4th
and 5th fingers of the same hand to grip the barrel; carefully place the
forefinger around the plunger and against the end of the barrel to hold the
plunger firmly in place; the liquid can now be delivered by pressing the
plunger down using the thumb, and the other hand is completely free. This
method should be practised using solvent until your technique is good
enough to confidently transfer liquid without spillage.

Preparing a syringe for use
An appropriate clean syringe and needle should be chosen, dried in an oven,

then left to cool in a desiccator. Before using a syringe it should be purged
with argon {or nitrogen) and this is conveniently done by 'syringing out’ the
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gas via a septum inlet attached to the inert gas system. This should be
repeated several times (Fig. 5.14). After purging with argon (or nitrogen)
the syringe can be kept for a short time before use if the tip of the needle is
inserted into a ubber stopper.

PE— / septum

glass or rubber tubing
connected to inert gas system

Figure 5.14

Syringing liquid from a bottle or flask under inert atmosphere
Before attempting to syringe liguid from a bottle which is under an inert
atmosphere, make sure you have: an effective inert gas system with a needle
outlet; a dry syringe (and preferably a spare) prepared as described above;
and a receptacle, also under inert conditions, into which you are going to
transfer the liquid. The procedure outlined below should be practised with
solvent first if you have not done it before.

1. Pressurize the reagent container with an inert gas line using a syringe
needle attached via a tnbing connector,

2. Carefully insert the needle of the syringe through the septum, holding
the syringe plunger in. Then very slowly fill the syringe by pulling the
plunger up (Fig. 5.15a). You should never fill the syringe more than
about two-thirds capacity.

3. Tip the syringe upside down, bending the long needle. Slowly force
any excess reagent and bubbles back into the bottle until the exact
volume is indicated (Fig. 5.15b).

4. Holding the syringe barrel carefully in place with one hand, slowly
withdraw the needle from the septum using your other hand to control
it. Then, avoiding prolonged exposure to the atmosphere, quickly
insert the needle into the receptor,

5. Slowly deliver the measured volume into the receptor flask, which
should itself be connected to an inert gas system.
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Figure 5.15

Syringing reagenis which are extremely moisture sensitive

When a particularly moisture sensitive reagent is being transported by

syringe, simply exposing the tip of the syringe needle to the atmosphere

may cause problems. However, there is a very simple method for keeping

the syringe tip under inert atmosphere at all times. Take a short piece of dry

glass tubing (about S5cm long), insert a tight fitting septum in each end and

purge with inert gas. This provides a mobile inert gas capsule that can be

used to protect your syringe tip (Fig. 5.16a). The procedure for transferring

the liquid is exactly as described above except for the following points:

1. When drawing the liquid out of the reagent container the syringe needle
is passed through both septa of the inert gas capsule (Fig. 5.16b).

2. After filling the syringe the end of the needle is pulled into the capsule
so that the tip is protected (Fig. 5.16¢).

3. The capsule is pressed against the septum of the receiving flask and the
needle is pushed through both septa to deliver the liquid (Fig. 5.16d).
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Syringing from Mininert bottles

Mininert valves are too narrow for two syringe needles to pass through

them. It is therefore impossible for a container fitted with a Mininert valve

to be pressurized from an inert gas system while syringing from it.

However, because the containers used with these valves are very small a

very simple alternative procedure can be used.

1. After flushing a syringe with inert gas fill it with slightly more gas than
the quantity of liquid you wish to syringe. (A gas-tight syringe is
preferred for this procedure).

2. Open the Mininert valve, push the syringe needle through and push the
plunger to pressurize the container with inert gas.

3. With the needle below the surface of the liquid allow the syringe to fill
with liquid, under the pressure which you have introduced (never suck
liquid into the syringe as this will draw air into the system).

4. Bend the needle to invert the syringe, displace air bubbles and measure
the required volume of liquid.

5. Remove the needle from the container and deliver the liquid as usual.

5.4.5 Handling and weighing solids under inert armosphere

Manipulation of solid reagents under dry conditions tends to be somewhat
more awkward than handling liquids or solutions. However, there are two
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distinctly different problems which can be considered. Firstly, there is the
use of dry but unreactive solid reagents in reactions under inert conditions,
and this will be dealt with in Chapter 8. The other, and more significant
problem, is manipulation of very reactive solid reagents which may react
with moisture in the atmosphere. The only way to handle solids under
completely dry conditions is to use a glove box, which is a sophisticated and
relatively expensive piece of equipment. Fortunately most solid reagents
used in organic chemistry are not so reactive that absolute dryness is
required.

In cases where great accuracy is required, or where a particularly
reactive solid is to be handled, a glove bag can be used. This is essentially a
large, clear polythene bag, which can be sealed after equipment and reagents
have been placed in it. Inlets are provided for electricity cables, gas lines
etc. and glove inserts allow for the manipulation of the apparatus inside the
bag. After loading all the equipment and the reagent into the bag, it is
evacuated three times and filled with an inert gas (a double manifold can be
used for this purpose). Some skill is required to work within a glove bag
o0, as usual when working under inert conditions, plan your work very
carefully making sure everything you require is on hand before you start. It
is also a good idea to practice working in the bag before you attempt the
'real thing'.

In the vast majority of cases, the reactive solids used in organic
synthesis can be handled relatively simply, without the need for a glove bag,
provided you master a few simple techniques, and you are careful and work
quickly. The most common moisture sensitive solids are metals (sodium,
lithium, potassium etc.) and metal hydrides (sodium hydride, potassium
hydride, lithium aluminivm hydride etc.) and the most commonly
encountered problem is weighing. We have already seen that measuring
liquids under inert atmosphere is relatively simple and for this reason many
air-sensitive organic solids are sold in solution. In order to weigh a solid
without using a glove bag, a certain amount of exposure to the atmosphere
is inevitable, but this can be minimized, provided you are careful. When
carrying out a reaction it is normally best if you can plan events so that any
air sensitive solid is added to the reaction flask before other reagents or
solvent (see Chapter 8 for more details).
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Weighing solid reactive metals
As usual, plan your work ahead and make sure you have a flask pre-dried
and under inert gas. The metal will normally be under paraffin oil and may
also have an oxide or hydroxide layer coating it. Both these impurities will
have to be removed before weighing the metal and this can be done using
the following sequence. Remember that reactive metals are
pyrophoric when they come into contact with moisture.

1. Place the metal into a beaker, covering it with oil, then cut some of it
into small pieces with a scalpel, removing any coating and leaving the
shiny surface exposed. Heavily coated potassium has been
known to detonate on cutting and should be discarded.

2. Using a pair of forceps, quickly wash the oil from the metal chunks in a
second beaker containing dry hexane or pentane. Remove the chunks,
allowing the solvent to evaporate very briefly, and drop into a weighed
beaker of oil.

3. Once you have weighed the required quantity, remove the metal
chunks, wash again in the pet. ether, quickly add them to the reaction
flask and re-connect to the inert gas system.

4. When weighing is complete add an alcohol (e.g. ethanol) to the beakers
to neutralize any scraps of metal before washing with water.
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Figure 5.17

Handling metal and metal hydride dispersions

Finely divided metals and metal hydrides are very useful reagents and are
usually packed as dispersions in paraffin ¢il. The most common of these
reagents are sodium hydride, potassium hydride and lithium metal. Whilst
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dispersed in the oil the reagents are moderately stable and can be weighed

out quickly in the atmosphere.

For some experiments the dispersion can be used without separating
out the oil. To do this simply weight it into a pre-dried reaction flask and
place it under inert atmosphere by sequentially evacuating, then purging the
flask with an inert gas. A 3-way Quickfit tap connected to a double
manifold is ideal for this purpose.

There are various techniques for removing the oil from a metal
dispersion. The simplest method is as follows:

1. Weigh the dispersion in a flask (do not forget to take the oil into
account) and place it under inert atmosphere. Use a double manifold
connected by a 3-way Quickfit tap if possible (Fig. 5.18a).

2.  While maintaining a rapid flow of inert gas through the bubbler of the
inert gas system, open the 3-way tap and add some dry petroleum ether
using a syringe. Swirl the flask to dissolve the oil, then let it stand until
the metal has settled at the bottom (Fig. 5.18b).

inert gas

(I I::-:.:.

Figure 5.18

3. Draw off the petroleum ether carefully using a syringe (Fig, 5.18¢c).
Discard the solvent carefully as it may contain a small quantity of the
metal.

4. Repeat the washing process two more times.

5. The flask can then be evacuated to remove last traces of petroleum
ether, then re-weighed to determine the exact quantity of metal.
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Reaction solvents and other reagents can then be added directly to this

flask.

If you need to separate the oil from a quantity of metal dispersion
without placing it directly into a reaction flask, the piece of apparatus shown
in Fig. 5.19 is very useful. A typical procedure is as follows:

1. After drying the filtration apparatus and cooling under a stream of inert
gas, quickly weigh into it slightly more than the required quantity of the
dispersion, loosely packed.

2. Add some dry petroleum ether to the apparatus and quickly connect a
Quickfit 3-way Teflon tap to the top.

3. Open the stopcock at the bottom of the funnel and pressurize with inert
gas (Fig. 5.19a). The inert gas can be introduced from a simple line
which incorporates a bubbler (see Fig. 5.2a). The vent of the bubbler
should be restricted to increase the pressure,
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Figure 5.19

4. Before the level of the solvent reaches the top of the dispersion, turn the
the 3-way tap so that argon is directed out of the vertical inlet as well as
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into the funnel. Then add more solvent through the vent using a Pasteur
pipette (Fig. 5.19b).

5. Repeat the washing steps until solvent flows freely, indicating that all
the oil has been washed away, then close the top and bottom stopcocks.
This procedure will leave you with finely divided metal or hydride,

under argon, and this can be kept for a few hours in the sealed apparatus

without deterioration. The fine powder will be very reactive and therefore
great care is required in handling it. For titration of metal hydrides see

Chapter 6,

Weighing reactive powdered solids

The simple procedure given below can be used for most solids, other than
those which are extremely reactive with even the slightest amount of
moisture or air. Examples of reagents which can be weighed by this method
are: sodium hydride, potassium hydride, lithium metal, lithium aluminium
hydride, finely divided metals and metal hydrides (from dispersions). A
glove bag should be used for particularly reactive solids, or in cases where
extreme accuracy is required.

As always, plan ahead when handling reactive materials and make sure
you have a dry vessel, under inert atmosphere, into which you want to
weigh the powder.

1. Remove the receiving vessel from the inert gas system and place on a
balance pan under a stream of argon, provided by the simple set-up
shown in Fig. 5.20. Caution: argon is the preferred inert gas for this
procedure, bur because it is heavier than air, make sure the flask
remains filled through-out the weighing procedure.

2. Keep the top of the container holding the powdered metal under the
argon stream whilst removing it, and quickly weigh the required
amount into the flask. When weighing any finely powdered
reactive solid avoid sifting it through the air as this can
lead to a fire.

3. Re-connect the flask to the inert gas system (preferably a double
manifold, evacuate very carefully to avoid the power being disturbed,
then refill with inert gas.

4. Carefully neutralize remaining traces of the metal or hydride on the
apparatus using an alcohol.
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4 argon

& filter funnel

B A ANl
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Figure 5.20

The inverted filter funnel technique described above reduces contact of
the reactive solid with moist air and thus lowers the chances of deterioration,
and also the risk of fire. In some instances the less reactive powders, such
as sodium hydride, can be safely weighed in the atmosphere if you are quick
and careful, However, it is recommend that an inert atmosphere blanket is
always used for weighing more reactive reagents, such as potassium
hydride.

5.5 Preparation of diazomethane

Diazomethane is an extremely valuable reagent which is very easy to prepare
and use. However, there are certain hazards associated with the compound
and its preparation that should be taken into account. The observance of a
few simple safety measures allow the reagent to be prepared and used with
confidence.

The single most valuable application of diazomethane is its reaction
with carboxylic acids to provide the equivalent methyl ester, under very mild
conditions. This and other reactions of the reagent have been well
reviewed 4

4. T.H. Black, Aldrichimica Acta, 1983, 16, 3.
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5.5.1 Safery measures

There are two types of hazard associated with diazomethane; toxicity and
detonation. Since the reagent is a gas, it can easily be inhaled causing
serious lung disorders and a cancer risk. The precursors to diazomethane
are also toxic and should also be treated with extreme care.

Diazomethane has been known to explode, initiators to detonation being
rough glass surfaces, alkali metals, certain drying agents such as calcium
sulphate, and strong light.

Fortunately, the risks highlighted can be circumvented by adhering to
the following simple safety measures.

1. Diazomethane should always be prepared and used in an
efficient fume cupboard, behind a safety shield.

2, The detonation risk is chiefly associated with concentrated
solutions or neat diazomethane, and the risk is almost
completely avoided if it is always handled in dilute
solution. This also reduces the health hazard.

3. Never use diazomethane with ground glass joints or glass
apparatus with rough, broken edges and do nof use anti
bumping chips.

4. If a dry solution is required use potassium hydroxide as

the drying agent.

. Avoid strong light.

6. Do not store diazomethane, use it immediately and
neutralize any excess reagent with acetic acid.

th

5.5.2 Preparation of diazomethane (a dilute ethereal solution)

'Clearfit' apparatus can be used to prepare diazomethane, but a cheaper
alternative is to have a simple one piece distillation apparatus made by a
glassblower. The set-up shown in Fig. 5.21 can be used to prepare
between 3 and 17mmol of diazomethane.
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Figure 5.21
Method 1

Dissolve KOH (1g) in water (2ml), dilute with 95% ethanol (8ml), and add
to the reaction flask. Cool the flask in an ice bath, then slowly add a
solution of Diazald (N-methyl-N-niroso-p-toluenesuphonamide) in diethyl
ether (15ml), using a Pasteur pipette. When all the Diazald has been added,
stopper the neck of the flask, put the ice bath under the receiver and place a
warm water bath (about 65°C) under the reaction flask. The yellow
diazomethane-ether mixture will start to distil out of the flask. Carry-on
distilling until all the yellow colour has disappeared from the reaction flask,
adding a further Sml of diethyl ether if necessary. The yellow distillate
contains about 3.3mmol of diazomethane.

Method 2

To produce 16.6mmol of diazomethane use 5g Diazald, 5g KOH, 8ml
water, 10ml ethano! and 50ml of diethyl ether. The procedure is similar, but
on this larger scale, add the Diazald solution slowly to the warm KOH
solution, while distilling off the diazomethane. A separating funnel (with a
PTEFE stopcock) pushed through a rubber stopper can be used for the
addition.
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535.3 General procedure for esterification of carboxylic acids

To an ice cooled solution of the carboxylic acid in ether or ethanol, add an
ethereal solution of diazomethane slowly, until gas evolution stops, and a
very pale yellow colour remains. Add just enough dilute acetic acid in ether
to remove the yellow colour, then evaporate the mixture and purify the
product as appropriate. For very acid-sensitive reactants the acetic acid
work-up can be omitted, and excess diazomethane removed by bubbling
nitrogen through the reaction mixture (in a good fume cupboard) until all the
yellow colour has disappeared.

5.5.4 Tiration of diazomethane solutions

Add an aliquot of diazomethane solution to an accurately weighed, excess

quantity of benzoic acid in ether. Dilute the mixture with ether and titrate

with a standard alkali solution to calculate the quantity of acid remaining,.
For more information on the uses of diazomethane see reference 4.

244



CHAPTER 6

Gases

6.1 Introduction

Many organic reactions require the use of gases, either inert gases which are
used to protect the reaction, or reagent gases which actually take part in the
reaction. Special experimental techniques are required for handling gases
and this chapter contains a summary of methods for the preparation,
handling and measurement of the more commonly encountered gases.

It must be emphasized at the outset that many gases are
very hazardous, either because they are toxic or because they
are supplied in cylinders which contain compressed gas at very
high pressures and, as a result, particular attention must be
paid to safe practice in gas manipulation.

6.2 Use of gas cylinders

A large number of gases are commercially available and details about
individual gases are provided in Sections 6.5 and 6.6. The purpose of this
section is to describe safe methods for handling the containers in which
these gases are supplied.1:2

Most gases are supplied in pressurized metal cylinders in sizes ranging
from about 50cm in diameter and 350cm tall (lecture bottles) to the familiar
size used for nitrogen (ca. 0.25m diameter by 1.5m tall). Some gases with
higher boiling points are supplied at lower pressure in relatively light metal
cylinders. The fittings on the cylinders vary depending on the supplier and

1. Safe under Pressure, BOC Lid, 1988.
2. Handbook of Compressed Gases, Compressed Gas Association, Reinhold, 1981.
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on the gas hence it is very important to comply with the suppliers
instructions regarding fittings and accessories,

fitting for

' /—\ regulator spindle

I- —— cylinder valve —=

Figure 6.1

Most cylinders are fitted with a unit containing an on-off valve, and an
outlet fitting (Fig. 6.1). This unit should never be tampered with.
The valve fitting is a weak point in the cylinder and might be dislodged or
weakened if the cylinder was dropped. Apart from releasing a potentially
dangerous gas this could allow the highly pressurized gas to vent
uncontrollably converting the cylinder into an extremely dangerous missile.

For this reason cylinders and lecture bottles should never
be allowed fo stand unsupported.

They should always be securely clamped to a bench or a wall. If they
have to be moved frequently they should be supported in a sturdy metal
frame, or in a trolley designed for this purpose. Cylinders should only be
moved in purpose designed trolleys and should always be treated with great
care,

Cylinders are generally pressurized to 175-200atm and the on/off
valves provide no more control than their name suggests so cylinders must
be fitted with a regulator to allow controlled delivery of the gas. The most
popular regulators are the two stage types shown in Fig. 6.2.

The regulators provide a constant outlet pressure which can be adjusted
to suit the particular application. These are often fitted with needle valves to
give control over the outlet flow rate. The procedure for fitting a regulator
to a cylinder is as follows:

1. Find the correct regulator for the gas in question. Different gas
cylinders have different fittings (to prevent the gas from coming into
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contact with incompatible materials) so the appropriate regulator, fitted
with the correct threaded connector, must be used. (Consult supplier's
data for more detailed information). For safety reasons it is best to
choose a regulator which has a fairly low delivery pressure (< 0-50
psi), unless a high output pressure is specifically required. (latm =
1.01bar = 14.5psi (Ibf/in2) = 1.03 kgf/cm? = 760mmHg.)

Remove the protective cap from the cylinder fitting and ensure that the
fitting is clean and dry.

Never use grease or Teflon tape on cylinder fittings.

Screw the fitting onto the cylinder and tighten firmly. A poor fit
probably means that the regulator is not of the correct type. (Note that
some cylinders have ‘left hand' threads.)

Never try to force the fitting.

Test for leaks by applying a little dilute soapy water, or a commercial
leak detection solution, around the joint.

The correct procedure for controlled delivery of the gas is as follows:
Turn the delivery pressure adjusting screw anticlockwise until it rotates
freely. The regulator is then closed.

Open the cylinder valve by slowly turning the spindle anticlockwise
with the recommended key, until the cylinder pressure gauge shows the
tank pressure. Do not open the valve any further.

Close the output needle valve.
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4. Turn the delivery pressure adjusting screw clockwise until the required
output pressure (typically 10psi) is registered on the outlet pressure
gauge.

5. When the gas line is comrectly attached to the apparatus (see Section
6.2) open the needle valve slowly to obtain the desired flow rate.

When the gas is no longer required the flow should be shut off and the
cylinder closed by closing the regulator (rotate the pressure adjusting screw
anticlockwise) and then closing the cylinder valve. The cylinder valve
should always be shut when the gas is not in use.

Lecture bottles should also be fitted with a regulator and needle valve,
as specified by the manufacturer. The regulators are of two types, one for
corrosive and one for non-corrosive gases, and they require a Teflon or lead
washer. The procedures for using lecture bottles are the same as for larger
cylinders.

A number of gases are supplied in liquefied form at relatively low
pressures and these generally only require the use of a flow control valve,
The valves on these cylinders are generally fitted with a handwheel., Again
you should consult the supplier's technical data for information on the
correct fittings and handling procedures.

6.3 Handling gases

This section is concerned with general procedures for handling gases and

includes a discussion of apparatus and techniques for adding them to

reaction flasks,. The preparation and scrubbing of some common reagent
gases are described in Section 6.6. Methods for use of inert gases to protect
air sensitive reactions are detailed in Chapter 8. Hydrogenation, ozonolysis,

and liquid ammonia reactions are described in Chapter 14.

Two important principles must be borne in mind when carrying out a
reaction involving a gas.

1. A pressure release device, such as an oil or mercury bubbler, must be
attached to the apparatus in order to prevent the possibility of a
dangerous pressure build-up.

2. Pressure fluctuations may result in the reaction mixture being sucked
out of the reaction flask, so valves or traps must be placed in the gas
line.
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Reactions involving toxic gases must be carried out in an
efficient fume hood.

A typical arrangement for the addition of a gas to a reaction flask is
shown in Fig. 6.3. The gas is supplied from a cylinder or is prepared in
another vessel and is supplied at a steady flow rate. It passes through an
appropriately sized trap, such as a Dreschel bottle or an empty bubbler,
before reaching the reaction flask, If a pressure reversal occurred and the
contents of the flask were sucked back, the trap would prevent them from

oli to fume
P hood
~— trap
fritted \ oil
mercury dise reaction bubbler
bubbler flask
Figure 6.3

coming into contact with the cylinder or the reagents used to prepare the gas.
The gas can be bubbled into the solution vig a needle or via a glass tube
fitted with a wide bore glass frit. Use of a frit gives better dispersion of the
gas but care should be taken that the frit does not become blocked by a solid
product.

It is important to place an 0il or mercury bubbler between the gas
supply and the trap so that if the gas line is blocked the gas can be vented
safely. Obviously the depth of 0il or mercury in the bubbler must be large
enough to ensure that the gas will pass through the reaction mixture rather
than venting from the bubbler. With the inclusion of a bubbler as a safety
device, it is advisable to put clips on all the ground glass joints, or to wrap
them securely with Teflon tape, so that the gas cannot leak from the
apparatus.

The type of tubing used in the line will be dictated by the nature of the
gas. Rubber or PVC tubing is convenient for non-corrosive, non-toxic
gases such as carbon dioxide but many reagent gases require the use of
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glass or resistant plastic tubing. A brief guide to the chemical resistance of
some common tubing materials is provided below, and more detailed
information about specific products can be obtained from manufacturers,
Caution should be exercized when corrosive and toxic gases are used.

PVC (Tygon)

Flexible with low permeability but poor resistance to organic solvents and
acidic gases.

Polyethylene, polypropylene

Better resistance to solvents and acids than PVC but not suitable for
halogens.

Fluorocarbons (Teflon)

Poor flexibility, but excellent chemical resistance.

Natural rubber

High gas permeability and low chemical resistance.

Neoprene

Relatively good resistance to organic solvents and to acids.

Fluorocarbon rubber (Viton)
Expensive but good chemical resistance. Unsuitable for amines and
ammonia.

Gas which is not absorbed can escape via a bubbler. Small quantities
of non-toxic gases can be allowed to vent into an efficient fume-cupboard.
Toxic gases should be passed through a scrubbing system and suitable
procedures for various gases are described in Section 6.6. The bubbler also
provides a means of monitoring the rate of uptake of the gas, and the flow
rate should be adjusted so that very little is vented. For relatively insoluble
gases, or for slow reactions, it may be necessary to stir or shake the reaction
flask.

6.4 Measurement of gases

The addition of an accurately measured quantity of a gas is sometimes
necessary, for example to obtain selective hydrogenation of a diene. Some
convenient and reasonably accurate methods for measuring gases are
described in this section.
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Use of standardized solutions

If a gas is soluble in a suitable solvent, and the concentration of the solution
can be determined by a simple analytical technique, then accurately
measured quantities of the gas can be dispensed by using the appropriate
volume of the solution. For example solutions of the hydrogen halides in
various solvents can be determined by simple acid/base titration and
solutions of chlorine in carbon tetrachloride can be determined by addition
of excess potassium iodide and back titration with sodium thiosulphate.
Refer to textbooks of inorganic analysis for details of these methods.

Using gas-tight syringes

Commercially available gas-tight syringes provide the most convenient
method for dispensing small volumes of gases. A syringe fitted with an
on/off valve and a needle (Fig. 6.4} is repeatedly filled with the gas and then
emptied again, to remove the air. It is then filled to the required volume
from a gas stream, pressurized by a bubbler, and the valve is shut,

N i]lllilllllllllllllllh
gas-tight valve with inert

Luer-lock :
syringe
yrng fittings gas line

Figure 6.4

Just before use, the valve is opened to purge the needle and allow the gas to
reach atmospheric pressure, and then the needle is inserted into the reaction
flask. If a small volume of gas is involved (less than 100ml) the reaction
vessel can be a sealed system and the gas can be added slowly from the
syringe. For larger volumes the reaction flask should be fitted with a
mercury bubbler and the gas should be added at such a rate that gas does not
vent from the bubbler.
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Using a gas burette

Gas burettes are most commonly used for low pressure hydrogenations, but

they can of course be nsed for delivering other gases thus providing an easy

method of dispensing accurately measured volumes. A simple gas burette
design is shown in Fig. 6.5. It is operated as follows:

1. Open the double oblique tap to the vent (fume hood), and the three-way
tap to the burette. Raise the levelling bulb to expel most of the gas from
the burette.

2. Tum the double oblique tap to the gas line, turn on the gas supply, and
fill the burette slowly, lowering the levelling bulb as the burette fills.

3. Repeat steps 1 and 2 twice more to ensure that all of the air has been
expelled. Then fill the burette to approximately 20% more than the
required volume.

4. Open the three-way tap to the line fitted with a needle, which can be
inserted into the reaction flask, and flush the tubing with gas. Turn off
the gas supply.

to fume hood -=— %
" N
double -g
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bulb

1
10 reaction

flexible
wbing

Figure 6.5
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Open the three-way tap to connect the burette to the line with the needle,
thus allowing the gas to come to atmospheric pressure and giving the
the needle a final flush. Rapidly read the volume in the burette and
insert the needle into the reaction flask.

Raise the levelling bulb slowly to keep a slight positive pressure of the
gas as the reaction proceeds. When the required volume has been
added, close the three-way tap. If the gas is hazardous flush the
apparatus with inert gas (steps 1-4) after use.

If gas burettes are used for a variety of different gases then some safety

points should be noted. The burette should be thoroughly flushed with inert
gas after each use. The tubing may need to be changed for use with
different gases, and the liquid in the reservoir may also need to be changed
depending on the application (aqueous copper sulphate, mercury, mineral
oil, and dibutyl phthalate are often used). The gas burette method is
particularly good for reactions in which the uptake of gas is slow. Gas
burettes are also used for measuring the volume of gas absorbed, or
evolved, in a reaction. A useful application is the quantitative analysis of
hydride solutions by adding the hydride to an excess of protic or acidic
solvent, and measuring the volume of hydrogen evolved.3

1.

The procedure for the analysis of BH3. THF is illustrative.

Place 50 ml of a 1:1 mixture of glycerol and water, and a stirring bar, in
a flask and seal it with a rubber septum. Connect to the gas burette
using a needle as before.

Open the burette to the flask and add a few millilitres of hydride
solution to the flask in order to saturate the atmosphere with hydrogen.
Open the burette to the atmosphere and raise the levelling bulb to give a
reading of approximately zero. Note this reading.

Turn the three-way tap so that the burette is connected only to the flask.
Add an accurately measured volume of hydride solution, with rapid
stirring. The volume used should be sufficient to more than half fill the
gas burette you are using.

. When hydrogen evolution has ceased, lower the levelling bulb so that

the liquid levels in the burette and the reservoir are equal, and read the
volume. Calculate the molarity using the following equation.

H.C. Brown, Organic Synthesis via Boranes, Wiley, New York, 1975.
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Molarity =  (Pa-Pi273)}(Vp-Vo)
((T60XTH(22.4XVy)
Pa = Atmospheric pressure (mmHg)
Pg = Vapour pressure of the solvent in the resevoir at temp. T
(mmHg)

Vh = Volume of hydrogen evolved (ml)

Va = Volume of hydride solution added (ml)
T = Temperature (°K)

This method should give an accuracy of better than +5%.
6. Repeat the measurements until reproducible results are obtained.

By condensing the gas

Many gases (see Appendix 2) have relatively high boiling points so they can
easily be liquefied and measured in the liquid form. The gas is passed into a
vessel, which is then cooled to the appropriate temperature, as shown in
Fig. 6.6. The quantity of condensed gas can be measured by
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volume or by weight. When the required quantity has been condensed the
cylinder is closed and the reaction flask is attached to the safety trap. The
cooling bath is then removed and the gas allowed to distil into the reaction
vessel. The mercury bubbler and safety trap serve the usual functions.

Using a quantitative reaction

A specific quantity of gas can be added to a reaction if the gas is prepared
using a chemical reaction of known yield. Methods and apparatus for
preparing some commonly used gases are described in Section 6.6 and
mention must also be made of an elegant gas generator devised by H.C,
Brown, which is described in detail elsewhere.3

6.5 Inert gases

Nitrogen and argon are by far the most commonly used inert gases and
techniques for conducting reactions under an inert atmosphere are described
in Chapter 8. Both N7 and Ar are available in various grades of purity and
usually gas of 99.995% purity can be used without further purification.
Attempted purification using conventional drying trains is generally counter-
productive. An easy method of checking whether your inert gas line is
absolutely dry is to place a flask containing some titanium tetrachloride on
the manifold. Evacuate carefully for a few seconds and then open to the
inert gas. If you see white fumes of titanium dioxide, you have a poor batch
of gas or a leak in your gas line. Effective gas purification systems are
described elsewhere.®> Although it is more expensive, argon is superior to
nitrogen in two important respects. It is heavier than air and therefore
protects the contents of a flask more effectively, and it is completely inert
whereas nitrogen does react with some materials, the most commonly
encountered examples being lithium metal and some transition metal
complexes.

6.6 Reagent gases

It may occasionally be necessary to prepare a gas, if a cylinder is not
available. Methods for the preparation (and scrubbing) of some simple
gases are provided in this section. Most of these preparations can be carried
out in the apparatus shown in Fig. 6.7.
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The solution in the pressure-equalizing dropping funnel is added
slowly and cautiously 1o the reagent in the flask, with stirring and
cooling if necessary. The gas then passes through a suck-back trap and on
to the reaction flask, and any that is not absorbed passes through a scrubber.
As usual, there are two bubblers, the first to prevent pressure build-up and
the second to monitor the amount of gas which is not being absorbed. The
rate of addition of the reagents should be adjusted so that relatively little of
the gas escapes through the second bubbler. This bubbler also provides a
gas-tight seal to the atmosphere which protects the reaction flask from the
reagent (often water) used in the scrubber. If a toxic gas is being generated,
the apparatus should be flushed with an inert gas before dismantling.

4. DF. Shriver and M.A. Drezdzon, The Manipulation of Air-Sensitive Compounds,
2nd ed., Wiley, New York, 1936.

5. AL. Wayda and M.Y. Darenshourg Eds., Experimental Organometaliic Chemistry,
A Practicum in Synthesis and Characterization, American Chemical Society,
Washington, 1987.
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Various types of scrubber may be employed but the simplest method of
scrubbing relatively small quantities of water-soluble gases is to pass them
through water, Two simple devices for this purpose are shown below, The
first (Fig. 6.8(a)) is suitable only for small quantities of gas whereas the
second (Fig. 6.8(b)) is more appropriate for larger volumes.
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— to drain
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Figure 6.8

Methods for preparing some common gases are described below (see
ref. 3 for other methods). The properties of these and other gases are listed
in Appendix 2. Many of these gases are very harmful and they should only
be handled in an efficient fume cupboard, taking care to prevent leaks and to
scrub any excess gas.

Acetylene

Prepare by addition of water to calcium carbide and dry by passing through
a column of molecular sieves. Acetylene can explode spontaneously,
especially when pressurized. For this reason the gas should be generated
very cautiously, the generator should be cooled, and the gas line should be
fitted with a bubbler so that the pressure cannot rise above 15 psi. Dispose
by venting slowly in an efficient hood,

Carbon dioxide
The simplest method is to allow solid carbon dioxide to evaporate, and the
gas can be dried by passage over molecular sieves. It can also be prepared
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by addition of dilute hydrochloric acid to calcinm carbonate. Passage over
molecular sieves will remove any aqueous acid in the gas stream,

Carbon monoxide

Carbon monoxide is very toxic by inhalation: TLV 50ppm. Prepare by
slow addition of anhydrous formic acid to concentrated sulphuric acid at 90-
100°C (frothing tends to be a problem). One millilitre of formic acid
generates 26.6 mmoles of gas. The CQ is contaminated with small amounts
of carbon dioxide and sulphur dioxide which may be removed by passage
over potassium hydroxide or the commercial product Ascarite (sodium
hydroxide on silica). Dispose of carbon monoxide by slow venting in an
efficient hood.

Chlorine

Chlorine is extremely toxic and a powerful irritant: TLV 1ppm. Prepare by
slow addition of concentrated hydrochloric acid to potassium permanganate
(6.2ml of acid per gram of permanganate ), with occasional shaking. The
gas evolution slows as the reaction proceeds and warming is required to
complete the reaction; 1.12g of chlorine should be formed per gram of
permanganate but in our experience the yield is substantially lower than this.
Chlorine may be stored in solution in carbon tetrachloride. Dispose by
dissolving in water.

Diazomethane
See Chapter 5.
Hydrogen bromide

HBr is corrosive and toxic: TLV 3ppm. It can be prepared by slow
addition of bromine to purified tetralin, with stirring. The small amount of
bromine which passes over with the HBr can be removed by passing the gas
through a trap containing pure dry tetralin. Dispose by dissolving in water.

Hydrogen chloride

Hydrogen chloride is corrosive and toxic: TLV 5ppm. Prepare by adding
concentrated sulphuric acid to anhydrous ammonium chloride and dry by
passage over molecular sieves. Dispose by dissolving in water.
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CHAPTER 7

Vacuum Pumps

7.1 Introduction

There are a variety of tasks in organic chemistry which require provision of
a vacuum source. However, different tasks will require different levels of
vacuum and more than one type of vacuum source will be needed to service
all the requirements of the lab. We can split vacuum supplies loosely into
two categories: low vacuum, being 1-50mmHg and high vacuum being
below lmmHg. A low vacuum source is valuable for such tasks as vacuum
filtration, operation of rotary evaporators and vacuum distillation of
relatively volatile liquids. High vacunm is required for serving inert gas line
manifolds, vacuum distillations and drying solids by removing traces of
solvent or moisture from them.

7.2 Low vacuum pumps

7.2.1 Water aspirators

The water aspirator is probably the most common laboratory vacuum
source. It is normally possible to achieve a vacuum of about 10-12mmHg
using a normal cold water supply, and this is adequate for many
requirements. The advantage of the water aspirator is that it is cheap, simple
1o operate and fairly reliable. Its main disadvantage is that it is prone to
'suck-back’, which can leave your apparatus full of water! This occurs if
the water pressure drops after a good vacuum has built up in the apparatus.
The same thing will happen if the tap is turned off while the system is still
under vacuum. For this reason the tap should always be kept full on, and
an air inlet should be provided by means of a 3-way tap. A simple trap
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Vacuum Pumps 89

should also be incorporated, which will give you some time to disconnect
the apparatus if suck-back occurs (Fig. 7.1). A water trap will not prevent
suck-back altogether and hence it is not advisable to leave apparatus
unattended while connected to an aspirator. Clearly, this type of pump is
not suitable for connecting to an inert gas manifold.

f:j) & from aspirator

10 apparatus €— —
Buchner

flask

3-way tap
(air inler)

Water trap for aspirator
Figure 7.1

Other disadvantages of the water aspirator are that it is quite noisy and
uses a considerable volume of water if it is left on for prolonged periods.

7.2.2 House vacuum systems

Many large laboratory buildings have a large central vacuum pump which
serves a house vacuum system. There are great variations in the
effectiveness of such systems, depending on the type of pump employed,
the number of users and various other factors. A good house vacuum
system will pull about 50mmHg and can be very useful for driving rotary
evaporators, filtrations and simple vacuum distillations. The advantage of
the system is ease of use, but the vacuum can fluctuate quite considerably
depending on how many people are using it.

7.2.3 Electric diaphragm pumps

There are now a number of simple low-vacuum electric pumps available that
will produce a vacuum of about 12mmHg. Some of these pumps are
specially designed to withstand solvent vapours and are therefore suitable
for use with rotary evaporators. They are clearly an alternative to water
pumps and, although the initial capital expenditure is much higher, they
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90 Vacuum Pumps

have several advantages: they are quiet, there are no problems of 'suck-
back’ and they do not use vast quantities of water.

For some tasks very cheap and simple fishtank-type diaphragm pumps
are useful. These will produce a vacuum of about 300mmHg and can also
be used to provide compressed air for pressurizing chromatography
columns (see Chapter 9).

7.3 High vacuum pumps

7.3.1 Rowary oil pumps

Rotary oil pumps will provide a reliable vacuum down to about 0.01mmHg
(at the apparatus) and are thus one of the most valuable pieces of equipment
in the lab, being used for a wide variety of tasks. Ideally every research
worker should have his/her own high vacuum pump, but in many cases cost
prohibits this and pumps are shared. If a pump is shared, it is common to
have it mounted on a trolley which has all the ancillary devices (traps, gauge
etc.) mounted on it. Alternatively, a shared pump may be fixed in one
place, but attached to a communal manifold, distillation set-up or other piece
of apparatus. A good two-stage pump is suitable for most high vacuum
requirements in an organic chemistry lab.

Solvent traps

A high vacuum pump must be fitted with efficient solvent traps to prevent
the pump oil from becoming contaminated. The traps are simply cold finger
condensers incorporated into the vacuum line before it enters the pump. Itis
preferable to have two traps which can be cooled by either liquid nitrogen,
or solid COy-acetone, but if only one trap is used solid COs-acetone will be
ineffective and liquid nitrogen must be used as the coolant. A typical design
for a trapping system is given in Fig. 7.2.

If the trapping system incorporates a cone joint, it can be connected
directly to a manifold such as that shown in Fig. 3.1 (Chapter 3).
Alternatively, a piece of high vacuum wbing can be used to connect the traps
to a distillation apparatus, a double manifold (Fig. 3.4, Chapter 3), or any
other piece of equipment.

261



Vacuum Pumps 91
. 3-way
high vac. tap high vac, tap
€ 16cm »
(T=5 LT
[\ N
J

cone joint

or tubing '\ l

connection 1 B29 onmectad
connecte
to pump

18em

N ./

Figure 7.2

Operating a high vacuum pump

Do not immerse the traps in liquid nitrogen unless they are
evacuated, as this will cause liguid air to condense, The result
of this can be a violent explosion, caused by re-vaporization or
by oxidations of organic solvents elc.

Before switching the pump on check that the traps are empty. Then
with the 2-way tap closed and the 3-way tap open between the pump and the
traps, but closed to the vent, turn the pump on. Next immerse the traps in
Dewars filled with liquid nitrogen and check the vacuum by connecting a
vacuum gauge to the 3-way tap. If the vacuum is satisfactory (<1mm), the
2-way tap can be opened, 1o evacuate the apparatus which is connected to it
The vacuum should then be checked again to make sure there are no leaks in
the system,

When you want to switch the pump off, close the 2-way tap, turn the 3-
way tap to vent through the pump (not into the traps), then turn the pump
off. Remove the liquid nitrogen Dewars from the traps immediately after
switching the pump off and then vent air into the traps using the 3-way tap.
It is very important to vent the pump before turning it off otherwise pump
0il may suck back into the traps.
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92 Vacuom Pumps

Care of high vacuwm pumps

High vacuum pumps are very expensive items, but they will give very
reliable service for many years if they are treated properly. For an organic
chemist to work efficiently he/she must be able to rely on pumps working
properly and this will only be the case if they are treated with care. The
main reason for deterioration of vacuum pumps is contamination of the oil
with volatile organic compounds and acidic vapours such as HC] or HBr.
To avoid this problem, you should be very conscientious about keeping the
coolant well topped-up around the traps, and emptying them regularly, No
matter how careful you are, some solvent vapour will always find its way
into the pump, and for this reason the oil should be changed regularly, at
least once a month for a pump which is used every day.

7.3.2 Vapour diffusion pumps

Occasionally a distillation will require a higher vacuum than that produced
by a rotary pump. Higher vacuums are normally obtained by employing a
mercury or oil vapour diffusion pump, in conjunction with a rotary pump.
Oil vapour pumps are most commonly used today and various models are
now commercially available which will produce a vacuum of about
10->mmHg. These pumps are only used occasionally but it is very useful to
have one shared between a large group or section.

7.4 Pressure measurement and regulation

It is very important to be able 1o measure the pressure in a vacuum system,
particularly when carrying out a distillation. For low vacuum measurement
a simple manometer, such as that shown in Fig. 7.3a, is commonly used
and the pressure is taken by subtracting the heights of the mercury levels.
Dial gauges are also useful for in-line measurements and they are
particularly valuable when used with rotary evaporators. For high vacuum
measurement a McLeod gauge, with a range of 1 to 0.001mmHg, is most
commonly used (Fig. 7.3b). The gauge is rotated into the vertical position
to read the vacuum, but must be turned back to the horizontal position and
back again to vertical, in order to read a change in pressure. Electronic
Pirani gauges are also available for measuring high vacuum.
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Quite a common requirement is for a distillation pressure somewhat
higher than that delivered by the high vacuum pump. Achieving this is no
simple matter because a very accurate leak must be provided in order to
maintain a constant vacuum. There are vanious devices available, one of the
simplest being an accurate needle valve (such as an Edwards LV35) which
will be suitable for most distillation purposes.

7EN

— mercury

pressure
gauge

i

press UYCI

o ¢— mercury

(a) (b)

Figure 7.3

7.4.1 Units of pressure (vacuum)} measurement

There is often confusion about different units of pressure measurement, but
the way they relate to one another is quite simple. The most common units
are mm Hg, and Imm Hg is the same as 1Torr. The other common scale is
mbar which relates to atmospheric pressure, 1 bar = 1 atmosphere =
760mm. Thus:

Imbar = 0.76mmHg = 0.76Torr



CHAPTER 8

Carrying Out The Reaction

8.1 Introduction

This is the most important single chapter in this book. In order to be certain
of the results of a particular experiment, and to ensure reproducibility, it is
important that the appropriate precautions are taken, and that proper
preparations are made. Many common organic reactions involve the use of
air sensitive reagents, which requires the reaction to be carried out under
inert, anhydrous conditions, These conditions are also used for reactions
which are sensitive to the presence of water. Indeed the majority of
reactions, although not requiring such conditions, will usually benefit from
being carried out in the absence of air and water. Accordingly most of this
chapter is concerned with the use of air sensitive reagents, since the same
basic techniques can be used for almost all types of reactions likely to be
encountered.

First of all, before attempting the reaction it is important to ensure that
you have the necessary glassware, apparatus, reagents, and experimental
procedure (including work up and a tlc system which will allow you to
follow the reaction). Do not forget to check on the safety aspects of the
chemicals (including solvents), of the likely reaction products, and of the
procedures which you will be using. As alluded to above, most reactions
will require monitoring of some kind (tlc, ge, hple, etc.) and it is important
to ensure that your chosen system is suitable for the starting material, and
give some consideration as to where the expected product is likely to be
found (will the polarity increase or decrease on converting starting material
to product?). Make certain that you allow yourself plenty of time to
complete the reaction, or at least to monitor it in the early stages if it is likely
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Carrying Out The Reaction 95

to be a lengthy experiment. Finally it is most important that the reaction is
written up carefully as you go along, rather than writing it up 'properly’ a
few days later for the reasons given in the section on keeping your
laboratory notebook. Remember, it is important to write up experiments
which have 'failed’ as carefully as those which are successful. If this is
done the reason for 'failure’ might be apparent to you at a later stage, and in
any case this detailed information is likely to be of real value to someone
following up your work.

8.2 Reactions with air sensitive reagents

8.2.1 Introduction

Many commonly used organic reagents are extremely reactive towards water
and/or oxygen. Some examples are: alkyllithium reagents, Grignard
reagents, organoboranes, metal hydrides, organoaluminium compounds,
cuprates, titanium tetrachloride, dry solvents, etc. Some of these reagents
are available commercially and others are prepared in sifu, in either case they
are most conveniently handled in solution. Although extreme care must be
taken to exclude air and moisture when using these reagents, you should
find them easy to handle once you become familiar with some simple
techniques. General procedures for handling air sensitive reagents are
described in Chapter 5 and the appropriate parts of that chapter should be
consulted in conjunction with this section.

822 Preparing to carry out a reaction under inert conditions

If you already have permanent inert gas lines in the lab as suggested in
Chapter 3, then carrying out a reaction under inert conditions should be
routine, However, it is very important that you do not expose the reaction
to the atmosphere at any stage. The techniques for ensuring this become
second nature once you gain experience; but forward planning is always
essential so that everything is in the right place at the right time and under an
inert atmosphere. Therefore, before you start think very carefully about
how you intend to carty out each operation of your reaction sequence, and
list the equipment you will need. All equipment needs to be dried and
cooled in advance and it is particularly important to have enough syringes
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available. Indeed, you should always have some spare dry syringes in case
one gets jammed, contaminated or broken.

8.2.3 Drying and assembling glassware

It is assumed that the glassware has been cleaned before use and it is also
important to check glassware, particularly flasks, for cracks and scratches
especially if the glassware is going to be evacuated. If you are in doubt as
to the safety of a particular item of glassware do not use it, and do not forget
to get it repaired by the glassblower or to dispose of it. Do not leave it
around for someone else to discover its weakness. Under normal
conditions glassware has a thin film of water adsorbed to its surfaces which
must be removed before moisture-sensitive reagents, dried solvents, or
starting materials are allowed to come into contact with it. There are two
basic methods for doing this. The first method is to heat the glassware in an
oven at a temperature above 125°C for at least 6h, then quickly assemble it
whilst hot and cool under a stream of dry inert gas. The second method is
to assemble the glassware, evacuate it by connecting it to a double
manifold/high vacuum pump, then heat the whole set-up with either a
bunsen or heat-gun. The two-way tap on the manifold is then switched so
that the apparatus filled with argon (or nitrogen) while it cools, leaving the
apparatus set up and ready for use. This procedure can save a good deal of
time but, because of the dangers involved in heating glassware under
vacutim, this procedure is best reserved for small-scale reactions.

Glassware and normal syringes can be dried in an oven then cooled in a
desiccator over P,O5 or self-indicating silica gel, but it is not advisable to
heat microlitre syringes and these should be dried under vacuum in a
desiccator.

If you are going to use magnetic stirring, do not forget to include a
stirrer bar before the apparatus is assembled and before the drying procedure
is carried out, since the stirrer bar will also be covered in a film of moisture
and adding it later is likely to introduce air and moisture into the system.

It is not advisable to use grease for glassware assembly, since this will
eventually find its way into your reaction product. If you have to use it,
always use the minimum quantity possible and remove it carefully from the
joint immediately after the reaction has been quenched. This can be done
using a tissue dampened with chloroform or other halogenated solvent. It is
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important to do this before addition of an extraction solvent, or before
pouring the reaction mixture through the joint. Rather than use grease, it is
much better to use Teflon tape or sleeves, since these are at least as efficient,
do not contaminate your product, and in the case of sleeves they are
reusable. It is also advisable to seal the outside of the joint by wrapping
Teflon tape around to cover the 'join'. This will help to prevent any
condensation on the outside of the glassware from finding its way into the
reaction. Joint clips (e.g. Bibby clips) should be used on all accessible
joints.

8.2.4 Typical reaction set-ups using a double manifold

A double manifold (Fig. 8.1) is an extremely useful piece of apparatus,
especially for carrying out reactions under inert atmosphere and its
installation is described in more detail in Chapter 3. One barrel of the
manifold is connected to a high vacuum pump (or house vacuum systern)
and another to a cylinder of dry inert gas. Its main advantage is that, simply
by turning the two-way tap on one of the outlets, any vessel connected to
that outlet can be switched instantaneously from vacuum to inert gas
atmosphere or vice versa, Several reactions can also be set up at once, the
only limit being the number of outlets. At the end of the argon (or nitrogen)
line there is a bubbler which prevents air from being sucked back into the
system, and provides a convenient means of monitoring the gas flow rate.

to bubbler =— )3 ~— inert gas

-E# ‘i# -%\ double-oblique taps

tubing —=\_ T3 —=— 3-way tap

reaction flasks

Figure 8.1
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A fast flow is used when filling a system, but once the reaction is set up,
one bubble every 5-10s is adequate. A piece of apparatus which is very
useful when used in conjunction with a double manifold is a Quickfit 3-way
tap, which is also described in more detail in Chapter 3.

8.2.5 Basic procedure for inert atmosphere reactions

A typical simple reaction set-up using a manifold is shown in Fig, 8.1 and
the following general procedure is applicable to a wide range of reactions.
However, this is only intended to be a general guide-line and can easily be
modified to suit various requirements. Some of these modifications are
discussed later in this chapter.

Before starting decide on the order for addition of reagents and if

possible arrange this so that any solid reagent is added first. If this is not
possible try to add the solid as a solution, using the technique described
later. If a reagent really does have to be added as a solid, this can be done
successfully and again a method will be described to do this,

Make sure before you start that you have all the dry syringes, needles,

and any other ancillary items, and that you are familiar with the operation of
the manifold and the 3-way Quickfit tap.

I

Set up and dry the system

Connect the reaction flask including stirrer bar to the manifold (Fig.
8.1), set the 2-way tap on the manifold and the 3-way tap on the
reaction flask (position A, Fig. 8.2a) so that the system is evacuated,
and heat the glassware with a heat gun (or bunsen) for 5min. Then,

2 ik

position A position B position C
flow through tap: gt: [—- é—_}l’(: l—- é_é: l
(a) (b) (]

Figure 8.2 Flow through a 3-way tap relative 1o tap position.
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with inert gas flowing through the bubbler at a rapid rate, tum the
manifold tap slowly to introduce the inert gas. Keep an eye on the
bubbler while you are switching to the inert gas supply and operate the
tap carefully to avoid 'suck-back’. Finally leave the apparatus to cool.

Add initial reactants

Solid reactants (or heavy gum oils) can be weighed into the reaction
flask at this stage. With the inert gas flow at a reasonably high level,
remove the flask from the system and quickly weigh the reagent into it
(for reactive solids see Chapter 5). Then re-attach the flask to the 3-
way tap and switch the manifold tap to evacuate. If there are traces of
solvent on the reactant these can be removed by leaving the flask under
vacuum for an extended period, otherwise the 2-way tap can be
switched back to argon straight away leaving the reactant in the flask
under inert atmosphere,

Add solvent

The best way to add solvent to the system, and avoid breaking the inert
atmosphere, is to use a syringe. It is best to syringe the solvent straight
from the collecting head of a still, which is itself under inert atmosphere
(see Chapter 4), but the solvent might also be taken from a bottle or
flask under inert atmosphere (see Chapter 5). In either case, once you
have a syringe loaded with solvent, open the 3-way tap to position B
(Fig. 8.2b), keeping an inert gas flow which is rapid enocugh to
maintain bubbling, and add the solvent. Then turn 3-way tap back to
position A (Fig. 8.2a) and reduce gas pressure t© maintain steady
bubbling. For large scale reactions solvents can be added by
disconnecting the flask, adding the solvent quickly and re-assembling,
but this inevitably leads to air entering the system. With higher boiling
solvents the air can be removed by sequentially partially evacuating and
refilling with inert gas several times, using the 2-way manifold tap.

Cool the flask
At this stage the reaction flask can be immersed in a cooling bath and
stirred with a magnetic stirrer (see Chapter 8). Never cool a flask

before it is under the inert atmosphere as this causes moisture to
condense.
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Add reagentis

It is most commonly the reagents used in the reaction which are air
and/or moisture sensitive and they should be added with great care (see
Chapter S for more detail). After pressurizing the reagent container
with inert gas, syringe out the required quantity (Fig. 8.3a). Increase
the inert gas flow through the manifold so that rapid bubbling is
maintained as the 3-way tap is opened to position B, then insert the
syringe through the tap to deliver the reagent (Fig. 8.3b). When all the
reagent has been added turn the 3-way tap back to position A and
reduce the gas flow so that there is a bubble every few seconds (Fig.
8.3c). Any further reagents are added in the same way and the reaction
is left to proceed. To add a cooled reagent it is advisable to use a
cannula made out of Teflon tubing (see Chapter 5, Section 5.4.3 for
more detail).

Reaction monitoring

The reaction can easily be monitored by tlc, gc, etc. Again increase the
inert gas flow through the manifold so that rapid bubbling is maintained
as the 3-way tap is opened to position B, then insert a drawn piece of
glass tubing or Pasteur pipette through the tap to remove a drop of the
mixture,
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7. Work-up

Once the reaction is complete it can be worked up as normal (see
Chapter 9). However, when there is the likelihood of residual reactive
reagents such as organometallics, be very careful when adding aqueous
solutions It is normally safer to keep the mixture under an inert
atmosphere whilst the solution is added.

8.2.6 Modifications to basic procedure

1. Reactions at elevated temperatures

When a reaction needs to be heated or when there is any possibility that it
might be exothermic, a condenser should be incorporated into the reaction
set-up. Normal Liebig condensers have the water jacket next to the outer
surface and there is always the possibility of atmospheric moisture
condensing on the outside, running down to the ground glass joint, and
seeping into the reaction flask. Teflon sleeved joints should prevent water
getting into the reaction vessel, but a better method is to use coil type-

inert inert
-_— -_—
gas 2as

Figure 8.4
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condensers (Fig. 8.4) for reactions under inert conditions. Since the
cooling surfaces are inside the apparatus, the problem of outside
condensation is alleviated,

Typical set-ups for reactions which are to be heated are shown in Fig.
8.4. The procedure for carrying out the reaction is exactly as described in
the previous section, except that the reaction is heated instead of being
cooled. Reagents can be added through the 3-way tap, provided a syringe
with a long needle is used, or as an alternative a flask with a side arm fitted
with a septum can be used. Whilst the temperature of a reaction is changing
the bubbler of the system should be checked o make sure there is a constant
inert gas pressure.

2. Slow addition of reagents and large scale work
When slow addition of an air-sensitive reagent is required it is best to
incorporate a pressure equalizing addition funnel into the apparatus, and for

inert ~—— mechanical stirrer
gas
[ ) <——— sepum
 —

N

coiled condenser —=
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Figure 8.5
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large scale work this is always best. The apparatus can be set up with or
without a condenser, can be stirred either magnetically or mechanically. A
typical arrangement is shown in Fig. 8.5. Where very careful slow addition
is required, particular on a small scale, the use of a syringe pump is strongly
advised. These are mechanical devices which drive the plunger of a syringe
very slowly into the barrel.

mechanical

stirrer \

inert
gas

(a) Cooling apparatus under inert atmosphere
inert

/ gas

to bubbler

via manifold
{inert gas
turned off)

{t) Filling dropping funnel using cannula

Figure 8.6

To dry this larger, more elaborate set-up, it is best to oven-dry the
equipment first, assemble it hot and leave to cool under a stream of inert
gas. This can be done by connecting to inert gas from the manifold, with a
short needle through the septum acting as a vent (Fig. 8.6a). Once the
apparatus is cool reactants can be added as described above. A syringe can
be used to add small quantities of reagent to the addition funnel. For larger
quantities (>50ml) the cannulation technique described in Chapter 5 for bulk
transfer of liquids is best, and if the funnel is graduated the reagent can be
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added straight from the reagent bottle (Fig. 8.6b). If a mechanical stirrer is
used a Teflon sealed guide should be used for the stirrer rod, The reaction
is carried out exactly as before.

3. Addition of a reagent prepared separately, or of a solid

] -

( =

reaction flask —» b= -~ reagent
g

Figure 8.7

When a solid reagent is to be added to a reaction set-up which is already
under inert conditions, it is best to add it in solution. To do this, weigh the
solid into a dry flask, fit the flask with a 3-way tap, connect to a separate
outlet on the manifold, and evacuate. Then switch the manifold tap to
introduce inert gas, and with the gas flow high enough to maintain rapid
bubbling at the bubbler, open the 3-way tap to position B and syringe in the
required dry solvent, With the 3-way tap turned back to position A, the
solution is under inert atmosphere and can be kept indefinitely (Fig. 8.7).
To transfer the reagent, make sure that the inert gas flow is high enough to
maintain rapid bubbling whilst the 3-way tap on the reagent vessel is opened
to position B. Then syringe out the solution, turn the tap back to position
A, open the tap on the reaction flask to position B and add the reagent.
Alternatively, a cannula can be used to transfer the reagent (see below).

A similar procedure can be used when a reagent has to be prepared
under inert conditions for use in the reaction. This is quite a common
occurrence, for example when a Grignard or alkyllithium reagent has 1o be
prepared, then added to a reaction mixture. In this case the reaction flask
assembly is set up attached to one outlet of the manifold, while the reagent is
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prepared in an appropriate set-up at another outlet. The reagent can easily be
transferred to the reaction flask using a syringe.

For large scale transfers, or for the transfer of a pre-cooled solution, a
cannula can be used. To use a cannula, first fit the 3-way tap of the reagent
flask with a septum, turn the tap to the closed position and disconnect from

inert

(@) (b)
Figure 8.8

the manifold. Then pressurize the flask with a separate inert gas supply,
turn the 3-way tap to position B, insert a cannula, and transfer the solution
cither to the reaction flask directly (Fig. 8.8a), or to an addition funnel (Fig.
8.8b).

For more information about cannulation and adjustment of inert gas
pressures see Chapter 5, Section 5.4.2.

4. Direct addition of a solid to a reaction under inert armosphere

Although it is much easier to add solids in solution, on some occasions a
solid will have to be added directly. With the apparatus connected to a
manifold and with argon as the inert gas, the procedure is often quite
simple. A reaction flask with a stoppered side arm should be used and, after
first increasing the argon flow to give very rapid bubbling, the stopper can
be removed to add the solid reactant. If this procedure is used, great care
should be taken. The stopper should be removed for the minimum time

- ———
gas
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Figure 8.9

required to add the reagent, and you should make sure that it is not added at
a rate which might lead to the reaction going out of control. Alternatively,
an inverted funnel (see Chapter 5) can be used to blanket the apparatus with
an inert atmosphere to protect the reaction mixture.

There are alternative arrangements for adding solids, but none are
universal. One method is to attach a bent tube containing the solid to the
side arm of the flask, and twist the tube to allow the compound to pour into
the reaction flask (Fig. 8.9).

8.2.7 Use of balloons for holding an inert atmosphere

Although we recommend using the double manifold techniques described
above, reactions can also be kept under inert atmosphere by using a balloon
filled with inert gas (Fig. 8.10). This can prove particularily useful if a
double manifold system is not available. To do this you first fill the balloon

needle ——=

Figure 8.10
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with the inert gas from a cylinder, then attach it to the reaction system using
either a needle/septumn or 3-way tap, taking care to ensure that there are no
leaks in the system,

In the case of the needle/septum attachment, any air contained in the
reaction flask is then flushed out by using another needle to vent the system
(Fig. 8.11). After the reaction flask has been thoroughly flushed with the
inert gas, the extra needle is removed and the reaction flask is ready for use.
The balloon keeps the whole system under a positive pressure of the inert
gas, and also allows liquid materials to be added to, or removed from, the
flask viag syringe insertion through the septum.

balloon filled
with inert gas

needle allowing air

[ / to be flushed out

needle ——= |§

i)

seprum

Figure 8.11

Generally argon is preferred when using this technique because it is
more dense than air, and will fill the reaction flask, pushing out any air more
effectively than would nitrogen. This technique can also be employed when
syringing air-sensitive materials from bottles or containers.

With the three-way tap attachment, a vacuum line can be connected
(Fig. 8.10). The system can then be purged by sequentially evacuating,
then filling with the inert gas from the balloon. This is a more effective
procedure than simply flushing out the flask and so both nirogen and argon
can be used with this set-up. Liquid materials can then be added to the flask
by syringe via the septum inlet as before.

Since balloons are perishable it is often advisable to use a 'double
balloon system’. This is simply two balloons, one inside the other,
allowing the inert atmosphere to be maintained even if one bursts.
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How to make a balloon attachment

Balloon attachments are easily constructed as outlined in Fig. 8.12. First
the balloon (or double balloon) is pushed over a piece of rubber tubing
which is about the same diameter as the balloon neck. This is secured in

/ balloon {not inflated)
L -
] L
tubber tibing 1 3-way tap
\nﬁed.lc adapter
+ needle
Figure §.12

place using a piece of wire, elastic band, or parafilm. The open end of the
tubing can then be attached to a three-way tap, or to a needle-tubing adapter
and needle as shown. It is advisable to seal all joins with parafilm in order
to ensure that there are no leaks.

Setting up a reaction

Once the balloon system has been constructed, the reaction system is simply
set up as outlined in Fig. 8.10.

If the reaction is to be heated, a condenser will need to be fitted, in this
case it may be necessary to use a two necked flask so that materials can be
added to the flask. In such cases the balloon should be placed at the top of
the condenser in order to prevent volatile liquids reaching it.

All joints should be sealed with Parafilm or Teflon tape, the latter being
especially useful if the system is to be heated (Parafilm melts!).

8.2.8 The use of a ‘spaghetti’ tubing manifold

The main drawback with balloons is that they have a tendancy to burst and
this can have grave consequences, especially if you are working on a small
scale. A spaghetti manifold (Fig. 8.13) will provide a similar low pressure
inert gas source, but is much more reliable. It is particularly useful if you
need to set up several small scale reactions running in parallel to one
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another, This is often the case if you need to optimize the conditions for a
reaction.

to bubbler & « iner¢ gas

)

-E +—stopcock

j {optional)

4— 1.5 mm Teflon
tubing
tle capillary —

syringe needle —3 o

— syringe needle
(Luer fitting removed)

Figure 8.13
The reaction is set up in exactly the same way as described in the
previous section for use of balloons. With either type of set-up a tlc sample
can easily be removed by pushing a syringe needle through the septum then
inserting the tlc capillary through it. When using the 'spaghetti’ manifold it
is often convenient to add reagents, or transfer them, by cannulation using a
Teflon cannula (Fig. 8.14, see also Chapter 5, Section 5.4.2).
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8.3 Reaction monitoring

Most people who are new recruits to the research labs learned their basic
skills for carrying out reactions in an undergraduate laboratory. Inevitably,
most of the organic chemistry undertaken in these lab classes involves
following 'recipes’, which have been well tried and tested. Therefore the
conditions and the time taken for the reactions to reach completion is well
established, and work-up can be carried out after a preset time.
Unfortunately, the idea that you can guess the time it takes for a reaction to
reach completion is a very bad habit to carry over into a research
environment.

Every reaction you carry out should be monitored, and one of the first
things you should do before starting any reaction is to decide on a suitable
method for monitoring its progress. Even if you are following a literature
procedure, reaction monitoring is still essential and it will usually save you
time as well as giving you confidence about what is happening. Carrying
out a reaction without monitoring its progress is like trying to thread a
needle with your eyes closed!

The simplest and most universal method of reaction monitoring is thin
layer chromatography (tlc) and this will be discussed first of all, but it is not
always the best or only method, and sometimes you may have to use a little
ingenuity to find an appropriate reaction monitoring technique.

8.3.1 Thin layer chromatography (tlc)

Tlc is a simple, but extremely powerful analytical tool. However it may take
a little time before your expertise reaches a consistently high level, since a
certain amount of intuition is always involved in choosing the appropriate
solvent system, spotting the correct amount of sample, etc. Once you have
gained experience and confidence in the use of tlc, you will find it extremely
useful for a variety of purposes.

The main uses of tlc

1. Tlc is normally the simplest and quickest way to monitor a reaction and
the reaction mixture should be chromatographed against starting
materials (and a co-spot). This allows you to follow how the reaction
is progressing, and to assess when is the best time to work it up. In all
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cases a record of the tlc should be made in your lab book (see Chapter
2).

2. Tlc can be used to indicate the identity of a compound, by comparing
the unknown sample with a known material. In general each substance
is spotted separately and also together (co-spot). Caution should be
applied as co-running on tlc is not definitive proof of identity. Of
course, substances that do not co-run are definitely not the same.

3. Tlc usually gives a good indication of the purity of a substance.
Diastereoisomers can usually (but not always), be distinguished.

4. For flash chromatography (see Chapter 9), tlc is first used to determine
the solvent system and quantity of silica required, and secondly to
monitor the column fractions.

Tic plates

There are two main types of coating for tlc plates, silica and alumina. Silica
plates are most commonly used, they are slightly acidic and are suitable for
running a broad range of compounds. Most of the information in this
section refers directly to silica plates, but the same principles apply when
using alumina plates, Alumina plates are slightly basic and are quite
commonly used when a basic compound will not run very well on silica.

The most common tlc plates have either a glass or plastic backing
coated with a thin layer of silica, which contains a binding agent to keep it
bonded to the backing. Although tic plates can be home-made, most people
prefer to use commercial ones as they give very consistent results. For
analytical purposes plates with a 0.25mm layer of silica are normally used.
They are available in a variety of sizes, although 5 x 20cm is probably the
most convenient size. The chromatographs are run along the 5cm length,
cut to an appropriate width. This normally gives adequate resolution, with a
very short running time. Plastic backed plates are sometimes cheaper and
can easily be cut into strips with scissors, but glass plates seem to give
better resolution and can be heated more vigorously for visualization
purposes,

To cut a glass tlc plate, place it face down on a clean piece of paper,
hold a ruler firmly along the proposed cut and draw a sharp diamond glass
cutter along the line once only. Then holding the plate with the forefinger
and thumb of each hand, on either side of the score line snap the plate along
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the line, With practice, and a good glass cutter, you should be able 1o cut
plates down to about 1.5¢m without ever spoiling them.

The procedure for running a tlc

1.

Cut a tlc plate which is 5cm long, and wide enough so that about 0.5cm
can be left between each spot (obviously the width of the plate is
dependant upon the number of spots to be run on it).

Make a tlc spotter by drawing out a Pasteur pipette or melting point tube
to about 0.5mm using a micro burner. The spotter can be used many
times provided you wash it with clean solvent in between Tuns.

If the substance to be analysed is not already in solution, take it up in a
volatile solvent as a ca. 1-2% solution. A non-polar solvent is
preferable but methylene chloride is often used as a universal solvent
for tic samples. Reaction mixture solutions can be diluted down if
necessary, and with experience making samples to a reasonable

strength becomes intuitive,
cover

tlc plate e tank
l tle tank—« tlc plate solvent front

tlc spotier

~~ filter paper spots

e NOR
N I —

+
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/ \ solvent
starting reaclion
malerial mixture ) (©)

co-spot

(a) .
Figure 8.15

Using the spotter, spot a small amount of each solution about 0.5¢cm
from the bottom of the plate, leaving a similar distance between each
spot. The spots should be kept as small as possible, and you should
take care to make sure that each of the spots is the same distance from
the bottom of the plate (Fig. 8.15a).
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The absolute distance which a compound runs up a tlc plate is
extremely variable, depending on the exact conditions under which the
plate was run. It is therefore much more informative to run
comparative tlcs. When analysing a reaction mixture, it should always
be run in comparison with the starting material and a mixed spot should
also be run. This is very important because it often enables you to
distinguish between compounds which run in almost identical
positions,

Place the plate upright in a tank lined with a filter paper and containing
the chosen solvent system (to a depth of ca. 0.3cm as shown in Fig.
8.15b). Allow the solvent to creep up the tle plate until it is ca. 0.3cm
from the top, then remove it, and mark the level of the solvent front
(Fig. 8.15¢). A 150ml lipless beaker makes a convenient tlc tank and a
petri dish can be used as a cover.

Detecting the spots

The three general ways to visualize spots on tlc plates are listed below. Any
one or combination of these techniques can be used, but they should be
carried out in the order shown, as the first two techniques are non-
destructive.

1.

The plate can be viewed under a ultraviolet lamp to show any uv-active
spots.

The plate can be stained with iodine. This can be achieved rapidly, by
shaking the plate in a bottle containing silica and a few crystals of
iodine. The iodine will stain any compound that reacts with it and so is
especially good for visualizing unsaturated compounds. Most spots
show up within a few seconds, but the stain is not usually permanent.
The plate can be treated with one of the reagents listed below and then
heated to stain the spots. The reagent can be sprayed onto the plates,
but this technique is quite hazardous and it is more effective for them to
be dipped in the reagent. To do this, first let the tlc solvent evaporate,
then holding the edge of the plate with tweezers, immerse the plate as
completely as possible in the stain and remove it quickly. Rest the edge
of the plate on a paper towel to absorb the excess stain before heating
carefully on a hot plate or with a heat gun, until the spots show. This
method is always permanent and so should be done last. When glass
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plates are used the spots can sometimes be seen more clearly from the
glass side of the plate.

Stains Use/comments

Vanillin Good general reagent, gives a range of colours,

PMA Good general reagent, gives blue-green spots.

Anisaldehyde Good general reagent, gives a range of colours,

Ceric sulphate Fairly general, gives a range of colours.

DNP# Mainly for aldehydes and ketones, gives orange
spots.

Permanganate® Mainly for unsaturated compounds and

alcohols, gives yellow spots.

# - usually do not require heating.

Recipes for visualization reagents.

Vanillin: vanillin (15g) in ethanol (250ml) + conc. H,SO,
(2.5ml)

PMA: phosphomolybdic acid (12g) in ethanol (250ml).

Anisaldehyde: anisaldehyde (15g) in ethanol (250ml) + conc.
H,S80, (2.5ml).

Ceric sulphate: 15% aqueous HySOy4 saturated with ceric sulphate.

DNP: 2,4-dinitrophenolhydrazine (12g) + conc. H,SO,
(60ml) + water (80ml) + ethanol (200ml).

Permanganate: KMnQ, (3g) + K,CO; (20g) + 5% aqueous NaOH

(5ml) + water (300ml).

Solvent systems and polarity

The distance which a compound travels up a tlc plate depends on two
factors, its polarity and that of the solvent. In the same solvent, the more
polar the compound, the more tightly it is bound to the silica (or alumina)
and the less it travels. There are some common trends, and with experience,
it is often possible to predict whether a product will be less or more polar
than the starting material. For example when a ketone, or ester is reduced,
the resultant alcohol is almost always significantly more polar, and a clean
transformation to a lower running spot will indicate a successful reaction. If
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the polarity of the solvent used for elution is increased the spots will move
further up the plate and the distance between the centres of the spots usually
increases, up to about half way up the plate, However, the spots also
become more defuse, the further they travel, so an Rf value of about 0.4 is
normally the optimum for analytical purposes.

The best tlc solvent system for a particular compound or mixture can
only be determined by trial and error. However it is good practice to stick to
a 'standard’ solvent mixture, which can be used most of the time and you
are familiar with. The most widely used solvent mixtures are based on a
non-polar hydrocarbon, such as 40/60 petroleum ether or hexane, with a
polar constituent added in a proportion which gives a suitable polarity.
Probably the most popular ‘universal' tle system is petroleum ether - ethyl
acetate, the polarity of which is easily adjusted by changing the proportions
of the two solvents. If the compounds being analysed will not travel in
ethyl acetate mixtures, a more polar solvent such as ethanol is used as the
additive. On the other hand, if the compounds travel too far a less polar
additive such as petroleum ether is used.

The degree of separation between compounds will also vary according
to the solvent used, so if compounds do not separate or give poor separation
in one system, different systems should be tried. Where there are a number
a compounds in a mixture it may be best to use two or more different
systems, for resolving the polar and non-polar components.

Common tlc solvents fall into one of three categories based on polarity,
with smaller variations within each category.

Very polar solvent additives: methanol > ethanol > isopropanol

All much more polar than:

Moderately polar additives. acetonitrile > ethy! acetate > chloroform >
dichloromethane > diethyl ether > toluene

All much more polar than:

Non-polar solvents: cyclohexane, petroleum-ether, hexane,

pentane
Most solvent systems consist of one of the non-polar solvents together
with a solvent from one of the other classes. However, for very polar
compounds, one of the moderately polar solvents can be used as the less
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polar constituent. An example of this is chloroform - methanol mixtures,
which are useful for highly hydroxylated compounds. The chlorinated
hydrocarbons are also commonly used as single components.

Rf values

The Rf value of a compound depends upon the conditions under which the
plate was run and is only accurate to about 20%, therefore it is best to
compare compounds on the same plate, and run a mixed spot. However, it
is useful to record the Rf value of a compound, remembering to quote the
solvent system.

Rf= Distance of centre of the spot from th ling
Distance of solvent front from baseline

Multiple elutions
It is sometimes useful to elute a particular tlc plate several times and so
improve the separation of closely running spots. In practice this is done by
eluting the tlc plate as normal, removing it from the tlc tank and allowing the
solvent to evaporate from it, and then re-¢luting the plate as before. Eluting
a plate n-times is effectively the same as running a plate n-times its length.
Running acidic or basic compounds
Acidic and basic compounds often streak up the tlc plate. However, they
will usually form distinct spots if, for acids a small amount of a carboxylic

acid (e.g. acetic acid) is added to the solvent system, and for bases a small
amount of amine (e.g. triethylamine) is added.

Running acid sensitive compounds

The silica on tlc plates is acidic in nature, and so compounds that are
sensitive to acid may well decompose on tlc. There are several ways of
getting around this problem, you can use alumina tlc plates (these suffer
from the disadvantage that resolution is generally not as good, and the plates
are basic in nature), or alternatively you can add a small amount of an amine
(usually ammonia or triethylamine) to the solvent mixture to neutralize the
acidic sites on the silica,

Checking for decomposition

Some organic compounds do decompose on silica to some extent, if you
suspect that this is happening you can check by running a two-dimensional
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plate. This is done by cutting a square plate {(ca. 5cm x Scm) and spotting
the compound in the bottom left-hand corner (ca. 0.5¢m from the bottom) as
shown in Fig. 8.16a. The plate is then eluted as normal to give the spots in
a line up the left-hand side of the plate. The plate is then removed from the
tlc tank and the solvent allowed to evaporate. It is then placed back in the
tank with the line of spots along the bottom, and re-eluted (Fig. 8.16b).

decomposition

alute —

- e o &
LY

————
elute

(a) (b} {c)
Figure 8.16

The result, if no decomposition is occurring will be the tlc running
diagonally across the square plate, however if decomposition is occurring,
the spot due to the unstable compound will show decomposition products
off-diagonal (Fig. 8.16¢).

It is very useful to carry out this test before any form of preparative
chromatography, if you suspect that a compound may be labile on silica.

8.3.2 High performance liquid chromatography (hpic)

There is a broad range of hplc techniques, and many different types of
equipment. It is beyond the scope of this book to describe in great detail the
methods for operating the equipment. This section will therefore focus on
some of the ways that hplc can be used to aid the synthetic organic chemist.
Description of hplc
The general arrangement of an hplc system is fairly simple, as shown in
Fig. 8.17.

Solvent is pumped from a reservoir through a piston pump, which
controls the flow rate. From the pump the solvent passes through a pulse
damper, which removes some of the pulsing effect generated in the pump
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Figure 8.17

and also acts as a pressure regulator. In between the pulse damper and the
column there is an injection valve which allows the sample to be introduced
into the solvent stream. In the 'load' mode the solvent by-passes a sample
loop, into which the sample is injected from a syringe. On switching to
‘inject’, the solvent stream is diverted through the load loop, introducing a
very accurately measured volume of the sample solution onto the column.
Components are separated on the hplc column in exactly the same way as
they would be on a tlc plate, the less polar compounds running faster and
coming through first. The effluent from the column passes into a detector
(usunally an ultraviolet or refractive index) which produces a signal on the
chart recorder when a component is present.

The time at which the compound comes off the column is characteristic
of that particular material, and is referred to as the retention time.

The area under any peak on the chart recorder is proportional to the
quantity of that component and the method is therefore quantitative.

Uses of analytical hplc

Finding a tlc system and running a sample can be done very quickly and for
this reason tlc is the normal method of cheoice for routine reaction
monitoring. However, there are occasions when it is worth spending the
time to set up an hplc system for reaction monitoring, especially if, as in
many modern synthetic labs, you have a system close to hand. One reason
to use hple is that the compounds in which you are interested do not separate
very well on tle, The other common reason is that you require a quantitative
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technique. This may be the case if you are trying to optimize a reaction to
maximize the quantity of one product over another, and for this type of
extended study it is well worth the time it takes to set up the system. For
most synthetic purposes it is the relative, rather than the absolute
proportions of substances which are important, and if that is the case a
simple comparison of integrated peak areas may be all that is required. If
accurate quantification is needed, then a calibration is required and this can
be done using an internal standard (see below).

Another common use of hplc is for identification of a compound by
comparison with a known substance. Under a specific set of conditions
(solvent, flow rate and quantity applied) any compound will have a specific
retention time and this can therefore be used as a characteristic of the
compound. However, just as a mixed spot should be always be run when
comparing substances on tlc, so with hplc a single enhanced peak should be
observed when the comparison substance and the unknown are injected as a
mixture. Again caution should be used, since a single peak is not absolute
proof that compounds are the same.

Preparative hple is now becoming widely used in organic chemistry for
separating compounds with very similar polarity (see Chapter 9 for more
details). Before committing all your material to a preparative column it is
always best to run a small quantity of the sample on an analytical column, in
order to work out the best conditions. Indeed, columns are produced in
various sizes which are directly comparable with one another.,

If you are monitoring a reaction by hplc and you want to know the
identity of one or more of the products, you can often separate a few
milligrams from a few runs on the analytical column, which is enough to get
a full range of spectral data. On simple hplc systems this can be done
manually by collecting the effluent from the column when the peak of
interest is coming off, and repeating several times. On more sophisticated
systems a fraction collector is often incorporated and in some cases
injections can be made automatically, so that the system can be set up to
collect a particular peak or peaks over a large number of runs.

Several methods are now available for coupling an hplc system to a
mass spectrometer, so that a mass spectrum is produced for each peak thus
providing some structural information.
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Quantitative analysis

For any type of detector each compound will have a different response, but
for a particular compound, the area under its peak is directly proportional to
the mass of material which produced the peak. If you are using a uv
detector to analyse two compounds which have the same chromophore and
extinction coefficients, then you can compare peak areas directly to
determine the proportions of each compound.

Since the peak area is proportional to the mass of a compound, it is
possible to take a known mass of a compound, make a standard solution
and inject specific quantities, to work out the proportionality constant.
However, a more accurate method of calibration is to use an internal
standard. To do this follow the procedure below:

1. Choose as a standard a readily-available stable compound, with a
retention ime away from the peaks of interest.

2. Make up at least three mixtures containing known quantities of the
standard and each of the compounds which are to be analysed.

3. Run the mixtures and measure the areas of each peak -
The mass of material under any peak, y, is:

My =ky X Areay
now, comparing the area under the standard peak with that under the
unknown:

My/M(std) = ky/k(std) x Areay/Area(sid)

Using this equation we can work out ky/k(std) which is a constant ky,
known as the correction factor for compound y. Using data from each
of the runs, the average correction factor for each compound is
calculated.

4. Now if we want to calculate the quantity of a compound in a mixture,
the mixture is spiked with a known quantity of the standard and the
following equation is used:

My = ky/M(std) X Areay/Area(std)
Peak shape

For good quantitative results from analytical hplc (or ge, see below) you
should aim to produce chromatographs with symmetrical peaks. Tailing of
the peaks is usually caused by overloading and can thus be avoided by
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reducing the quantity of sample applied. If this does not solve the problem
and the tail of a component is long and drawn out, there may be an
incompatibility between the compound and the stationary phase, a problem
which is less easy to rectify.

Hple can also be vsed for preparative separations and this is described
in Chapter 9.

8.3.3 Gas-liguid chromatography (gc, glc, vpe)

Gas-liquid chromatography is becoming increasingly popular for reaction
monitoring and for analysis of reaction products. It can be used for the
analysis of any compounds which are volatile below about 300°C and
thermally stable. It is not the intention of this section to give a detailed
description of gc instrumentation, but simply to outline some of the uses of
the technique for reaction monitoring and related work.

Description of gas chromatography

Gas chromatography is a very sensitive technique requiring only very small
amounts of sample (10-5g). A solution of about 1% is sufficient and a few
microlitres of this is injected into a heated injector block. A stream of carrier
gas, usually helium, passes through the injector and sweeps the vapours
produced onto the column, which is contained in an oven. The temperature

sample injection

flame ionization
injection port detector
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(HETIN) T = Tw/
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column
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Figure 8.18
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of the oven can be accurately controlled and can either be kept constant or
increased at a specified rate. Separation of the components in gc is not
based on the principle of adsorption, as it is in liquid chromatography, but
on partition. A gc column is rather like an extremely effective distillation
column with the relative volatility of the components being the main factor
which determines how quickly they travel through the column. The
stationary phase of the column is a very high molecular weight, non-volatile
oil, which has a very large surface area (see below for more detail about
columns) and the gaseous components of the mixture are partitioned
between the oil and the carrier gas at different rates. Thus the components
are separated along the length of the column and emerge as discrete bands.
The gas streamn passing out of the column enters a flame ionization detector
(FID) which produces an electric current when a compound is bumned in the
its flame. The electric current is amplified to produce a peak on the chart
recorder. These detectors are very sensitive and the response produced is
proportional to the quantity of material being burned, thus the peak area is
proportional to the quantity of sample. As with hplc, the time taken for a
particular substance to reach the detector is characteristic of that substance,
and referred to as the retention time.

Types of gc column

A gc column must contain a liquid stationary phase with a large surface area,
which must be supported, so that it stays in the column and the gas can pass
through it. Packed columns are the traditional type, they are made from
metal or glass coils, and have an internal diameter of about 2 to 4mm. The
stationary liquid phase is coated on particles of solid with which the column
is packed. There are a wide variety of stationary phases available ranging
from Apiezon greases, which are very non-polar to polyethylene glycols
which are very polar. With packed columns the choice of stationary phase
is often critical for good separation and a good deal of experimentation is
usually required before the best material is found.

The development of modemn capillary columns has led to improved
resolution and has also simplified the process of running ges considerably.
The columns are normally made from fused silica capillary with an inside
diameter of between 0.2 and 0.5mm, and are polymer coated. They have no
packing, but instead the liquid stationary phase is bonded to the inside wall
of the capillary, and this allows gas to flow very easily. Because of this the
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columns can be made much longer than packed columns (between 12 and
100m) and they are typically ten times as efficient. Capillary columns give
extremely high sensitivity and only a very small quantity of material is
required. For this reason the injector normally incorporates a 'splitter’, so
that only a small portion of the sample injected actually enters the column.

The development of capillary columns has been largely responsible for
the increased use of ge for monitoring organic reactions and for product
analysis. The increased sensitivity of these columns is one important reason
for this, but the fact that they are very simple to set up and operate is
perhaps more significant. The type of stationary phase is not so critical as
with packed columns and the gas flow rate is essentially determined by the
column, so the instrument can be operated successfully with minimal prior
expertise. For most purposes relating to preparative organic chemistry it is
sufficient to rely on just two types of column, one non-polar (such as a
BP1) and one polar column (such as a BP20).

Uses of gc for reaction monitoring and product analysis

Capillary gc instruments are so simple to use that, provided there is one
close by, monitoring a reaction by gc is almost as quick as running a tlc. It
1s common to turn to gc monitoring when tlc does not provide resolution
between starting material and product or between one product and another.
Gc will usually separate components which co-run on tle. We also find that
some compounds, such as amines, which do not run very well on tlc, can
be analysed very easily by capillary gc.

Ge also provides quantitative analysis and is widely used for
determination of product ratios from diastereoselective reactions, down to
about 200:1. This makes it an ideal technique for optimization studies,
where a large number of small-scale reactions are carried out under different
conditions and product ratios are measured simply by syringing out a few
microlitres from each and then injecting into the gc insrument earlier.

For absolute quantitative studies the gc instrument can be calibrated in
exactly the same way as described for the hplc instrument. Some people use
this technique to measure theoretical yields for reactions, although it is
always preferable that isolated yields are quoted.

The identity of a compound can often be determined by gc, if an
unknown has the same retention time, and co-runs with a known compound
when the two are injected as a mixture, but just as with tlc and hplc co-
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running, caution should be exercised. A very powerful structure analysis
technique is gc mass specrometry (gc-ms) and when capillary ge is used this
is a very simple and quick form of analysis. The mass spectrometer simply
acts as the detector, but as well as providing a chromatograph, a mass
spectrum of each individual component is obtained. Capillary ge-ms is a
very sensitive technique and mass spectroscopic data can be obtained even
on very minor components of a mixture.

One example of how gc and gc-ms can be useful is shown in Fig. 8.19.
The first time this reaction was carmied out, tlc analysis indicated that the
starting material had been completely transformed to a single product, which
ran as one spot in a number of solvent systems, but the product did not
appear to be pure by 1H nmr spectroscopy. When a gc-ms was run on the
reaction product, two compounds (which ran together on tlc) were separated
and easily distinguished as compounds A and C. Also, 3% of isomeric
compound B was identified and although this runs separately from A and C
on tlc it had not been detected previously due to lack of scnsitivity

P_P Ve ?_kc-;e :
Eto\n/\/:\/t‘))_ m+‘°\qv,4\(\/\/

A B c
Figure 8.19

Having discovered the identity of the reaction products by gec-ms,
product ratios for a series of reaction were obtained using simple gc and we
were thus able to find optimum conditions for generation of compound A.

In this section we have not endeavoured to give a comprehensive
review of methods which can be used for reaction monitoring, but we have
described the most universal and commonly used modern techniques.
Various other monitoring methods can be devised for specific reactions.
For instance ultraviolet (uv) spectroscopy can be used if one strong
chromophore is being converted to another, but the disadvantage of
spectroscopic methods is that they do not indicate how many products are
being produced. Nmr spectroscopy can also be employed and this is
mentioned further in Chapter 10.
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8.4 Reactions at other than room temperature

In many cases it is necessary to carry out reactions at non-ambient
temperatures. Usually reacttons that are exothermic or involve the
intermediacy of thermally-unstable species have to be carried out at low
temperatures, typically in the range 0°C to -100°C. Similarly, reactions that
are endothermic or have high energies of activation have to be carried out at
higher iemperatures, typically in the range 30°C to 180°C although in some
cases temperatures exceeding 300°C may be necessary. This section deals
with the techniques involved in such situations.

8.4.1 Low temperature reactions

Figure 8.20

Reactions are usually carried out below room temperature by placing the
reaction vessel in a cooling bath., In general this is done by placing a
cooling mixture into a lagged bath, and then immersing the reaction vessel in
the cooling mixture to a depth that ensures the reaction contents are below
the level of coolant (Fig. 8.20). The temperature of the coolant can be
monitored by means of a low temperature thermometer-immersed in the
bath. Tt should be noted when carrying out reactions using cooling baths,
that the reaction itself may not be at the same temperature as the bath due to
exothermic processes taking place, so where possible the internal reaction
temperature should also be monitored. A particularly convenient way of
doing this is to use a digital low-temperature thermometer. These are
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Figure 8.21

commercially available, and most come with a hypodermic probe which can

be inserted into the reaction flask through a septum (Fig. 8.21). The

temnperature can then be noted and the probe withdrawn. This is often a

much easier procedure than the more usual method of setting up the reaction

apparatus to include an internal thermometer, and is particularly useful for
small-scale set-ups where an internal thermometer cannot be used.

In general all low temperature reactions should be done under inert
atmosphere (nitrogen or argon) to avoid atmospheric moisture from being
condensed into the reaction mixture.

The three main types of cooling mixtures are described below:

i) Ice-salt baths. Various salts or solvents can be mixed with crushed ice
to produce sub-zero temperatures. In practice, temperatures ranging
from 0°C 10 -40°C can be obtained (see Table 8.1); however at the
lower temperatures the cooling mixture consists of granular ice-salt
particles with little or no liquid, and so this can result in poor thermal
contact with any vessel immersed in it. For the lower temperatures,
where careful temperature control is important, it is preferable to use a
liquid or slush coolant which has good thermal contact with any vessel
immersed in it,
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Table 8.1: Ice-based cold baths!

Additive Ratio (icefadditive) Temperature “C

Waiter 151 0

NaCl 31 -8

Acetone 1:1 -10

CaCl,.6H,0 4:5 -40

ii) Dry ice-solvent baths. Solid carbon dioxide (dry ice) is commercially

available as pellets or blocks, and forms very good cooling mixtures
when combined with a variety of organic solvents (see Table 8.2). In
practice the baths are prepared by adding the dry ice pellets carefully to
a bath containing the requisite solvent until the temperature required is
reached. The temperatures quoted in Table 8.2 refer to baths in which
an excess of dry ice is contained in the solvent. In this case cooling
mixtures ranging from -15°C to -78°C can be achieved.

Table 8.2: Dry-ice cold baths?

Solvent Temperature *C Solvent Temperature "C
Ethylene glycol -15 Chloroform -61
Carbon tetrachloride -25 Ethanol -2
Heptan-3-one -38 Acctone -78
Acctonitrile -42

iiijy Liquid nitrogen slush baths. Slush baths are made by adding liquid

nitrogen carefully to a solvent contained in the bath, with continuous
stirring (glass rod, not a thermometer). The coolant should become the
consistency of ice-cream, and stirring should prevent any solidification.
Again a variety of different liquids can be used to give temperatures
ranging from 13°C to -196°C (see Table 8.3). Such cooling systems
can often be left for several hours if the cooling bath is well lagged,
however for longer periods (overnight) some form of mechanical
cooling is usually necessary. In such instances, the reaction vessel can

1.

2.

AJ. Gordon and R.A. Ford, "The Chemist's Companion“, J, Wilcy and Sons, New
York, 1972,
A.M. Phillips and DN. Hume, J. Chem. Ed., 1968, 54, 664.
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be placed in a refrigerator, or cooled by the use of a portable
commercial refrigeration unit,

Table 8.3: Liquid nitrogen slush baths3

Solvent Temperature *C Sclvent Temperature "C
p-Xylene 13 Chloroform -63
p-Dioxane 12 Isopropyl acetate -73
Cyclchexane 6 Butyl acetate =77
Formamide 2 Ethyl acetate -84
Aniline 2-Butanone -86
Diethylene glycol -10 Isopropanol -89
Cycloheptane -12 n-Propyl acetate -92
Benzyl alcohol -15 Hexane 04
o-Dichlorobenzene -18 Toluene -95
Carben tetrachloride -23 Methanol -98
0-Xylene -29 Cyclohexene -104
m-Toluidine -32 Isooctane -107
Thiophene -38 Carbon disulphide -110
Acetonitrile -41 Ethanc! -116
Chlorobenzene -45 Methyl cyclohexane -126
m-Xylenc -47 n-Pentane -131
Benzyl acetate ~52 Isopentane -160
n-Octane -36 Liquid nitrogen -196

8.4.2 Reactions above room temperatiire

1. Reactions in a sealed tube

Reactions above room temperature usunally require modifications to the
standard equipment set-up. In some instances the reaction can be performed
in a sealed tube, usually made of thick-walled glass. The reaction mixture is
placed in the tube which is then sealed, placed in an oven and heated to the
appropriate temperature (Fig. 8.22). After the reaction is complete, the tube
is cooled, opened and the contents removed. Such a technique is employed
when temperatures in excess of the solvent boiling point are required, or for
reactions involving extremely volatile compounds. This technique naturally

3. R.E.Rondeau, J. Chem. Eng. Data, 1966, 11, 124,
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sealed
thick-walled e
glass tube

N[ — —_—

reaction o
3 —
mixturc

Figure 8.22

requires a high degree of skill, since heating leads to a pressure build-up
inside the tube which can result in explosion if there are any flaws in the
seal.

Tefllon
screw-lop
outlet to allow
evacuation
O-ring scal ——
thick walled
glass tube
reaction
mixture

Figure 8.23

An alternative to the all-glass sealed tube is to use a reaction tube,
which consists of a thick-walled glass tube with a teflon screw seal at the
top (Fig. 8.23). This serves as a re-usable sealed tube apparatus, and
commercial versions of this apparatus are available. It also features a useful
side-arm that allows evacuation or purging with an inert gas prior to sealing
the tube.
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2, Reactions involving the use of a condenser

For most reactions above room temperature, an open system which does not
lead to a build-up of pressure is employed. This usually consists of a

— Waler out
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condenser —e

water in—= .
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Figure 8.24

reaction vessel protected with a condenser (Fig. 8.24). The condenser is
used to prevent the evaporation of volatile materials (usually the solvent)
from the reaction mixture.

There are many different designs of condenser available, and the type
used depends upon the nature of the reaction involved. The most common
designs of condenser are the Liebig condenser (Fig. 8.25a), the coiled
condenser (Fig. 8.25b), the double-jacketed coiled condenser (Fig. 8.25¢),
and the cold-finger condenser (Fig. 8.25d). Other condensers available tend
to be simple modifications of these three types.

The Liebig condenser, the coiled condenser, and the double-jacketed
coiled condenser are similar in design and function. They are water-cooled
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via connection to a cold-water tap, in the case of the Liebig condenser the
water flows in at the bottom and flows out at the top giving a jacket of cold
water around the condenser stem and leading to a cold surface on the inside.
Any volatile materials in the reaction condense on the cold outer surface and
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Figure 8.25

run back into the reaction mixture. The coiled condenser functions in a
similar way only now the cold surface is on the inside of the condenser.
This can offer an advantage in particularly humid locations because there is
less tendency for atmospheric moisture to condense on the outside of the
condenser and run down over the reaction vessel. The double-jacketed
coiled condenser is also water-cooled, again water flows in at the bottom
and out at the top. This condenser design tends to be more efficient than the
other two because it provides a greater area of cold surface. Consequently it
is preferred when low boiling materials (< 40°C) are involved.

The cold-finger condenser is rather different from the above three. Itis
cooled by either solid carbon dioxide / acetone (-78°C) or liquid nitrogen
(-196°C). The coolant is placed in the top of the condenser and more
coolant is added as required. This results in an extremely cold surface on
the inside of the condenser. Condensers of this type are usually employed
for reactions that involve solvents or components that boil at or below room
temperature (e.g. liquid ammonia, b.p. -33°C), although they can be used
for higher boiling materials as well.
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3. Heating devices

As with low-temperature reactions, a common method of increasing the
temperature of a reaction is to place the reaction flask in a bath (Fig. 8.23).
In this case the contents of the bath are then heated, usually using a hotplate.
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Figure 8.26

There are four commonly employed heating baths; water, silicone oil,
Woods metal, flaked graphite, and sand. Water baths consist of a pyrex
glass container filled with water, and are used for reactions requiring
temperatures up to 100°C. Silicone oil baths are similar in design but can be
used for temperatures up to about 180°C, although the maximum
temperature in this case depends upon the precise type of oil employed.
Woods metal is a commercially available alloy (50% Bi, 25% Pb, 12.5%
Sn, 12.3% Cd) that melts at 70°C. It has excellent thermal properties and so
is a safe material for use at quite high temperatures (up to 300°C). It is
normally used in a steel container, and again heated via a hot-plate device.
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Similarly, flaked graphite and sand can be used in heating baths up to
300°C, although they cool slowly compared with the Woods metal.
Reactions can also be heated by an electric heating mantle (Fig. 8.26),
although in general this is less satisfactory since it is more difficult to control
the temperature of the mantle surface and excessive heating of the reaction
flask can result. Because of this, where possible heating mantles should be
avoided for reactions below 100°C although they can be used if necessary.

8.5 Driving equilibria

A number of important organic reactions involve equilibria and do not give
good yields unless the equilibrium can be shifted to the product side. An
equilibrium can be driven to the right by vsing an excess of one of the
reactants, by continuously removing one of the products, or by changing the
temperature or the pressure at which the reaction is carried out. In most
cases use of excess reagent or removal of a product can be achieved
usingnormal apparatus and techniques. This section is concerned with two
methods which involve special apparatus; Dean and Stark traps, and high
pressure reactors.

8.5.1 Dean and Stark traps

Perhaps the most commonly encountered equilibrium reactions are those
involving water as a reactant or product. Dniving such equilibria by using
excess water (¢.g. hydrolysis reactions) is easy, but driving equilibria by
removing water (e.g. in ester or acetal formation) can be more difficult. An
excellent device for the continuous removal of water from a reaction mixture
is the Dean and Stark trap (Fig. 8.27). The apparatus is assembled as
shown and the reaction is conducted in a solvent which forms an azeotrope
with water {almost invariably a hydrocarbon such as toluene). When the
mixture is heated the solvent/water azeotrope distils over and, on
condensing, is collected in the trap. The water then separates and the light
organic solvent flows back into the reaction flask. It is usually easy to
monitor the progress of the reaction either by recording the volume of water
produced or by waiting until the characteristically milky heterogeneous
azeotrope is no longer produced.
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Figure 8.27 A Dean and Stark trap

A Dean and Stark trap can also be used to remove volatile alcohols,
such as methanol and ethanol, which gre miscible with many organic
solvents. They can nevertheless be removed by placing 5A molecular sieves
(Section 4.3) in the trap, in order to absorb the alcohol. An alternative is
use a Soxhlet extractor containing molecular sieves.

On a small scale, simply placing some activated sieves in the reaction
flask is a convenient means of removing water. This method is effective in
driving equilibria and is also used to promote reactions which are adversely
affected by water.

8.5.2 High pressure reactions

A more esoteric technique is to carry out the reaction at very high pressures
(>10kbar), thus shifting the equilibrium to the side of the components which
have the smaller volume. Some transformation of the products must be
carried out as soon as they are removed from the reactor, in order to prevent
re-equilibration. A recent review! gives an account of some applications of
high pressure techniques.

1. N.§. [saacs and A.V. George, Chem. Br., 1987, 23, 47,
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8.6 Agitation

For homogeneous reaction systems at constant temperature, agitation is not
normally necessary. However, most reactions involve heterogeneous
reaction mixtures and so require some form of agitation to ensure efficient
mixing of the reactants. The most commonly used methods of agitation are
outlined in this section.

8.6.1 Magnetic stirring

Magnetic stirer machines are commonly available and come in two general
types: either a simple stirring machine, or one that also incorporates a
hotplate for heating reaction systems (Fig. 8.28). They consist of a box
containing a motor that drives an electromagnet which spins horizontally.
Most magnetic stirrers have a flat top to allow cooling or heating baths (see
Section 4.6) to be placed on top. Agitation of the reaction mixture is
achieved by placing a magnetic stirrer bar (or follower) in the reaction
mixture, The reaction vessel is then clamped over the top of the stirrer
machine in such a position as to allow the mixture to be stirred by magnetic
interaction of the follower with the ¢lectromagnet in the stirrer machine.
Usnally the rate of stirring can be adjusted using a control on the stirrer
machine.

hot-plaie
speed control — l )
7 . .
i A ARRA
S .- e
VY, N Y
\\ //
speed + temperature
controls

Figure 8.28

The follower consists of a magnet coated with an inert polymer, usually
Teflon or PVC, and come in a variety of shapes and sizes (Fig. 8.29) Itis
important that the polymer coating does not react with any components in
the reaction mixture, and because of this Teflon is usually the preferred
coating. The size of the follower is also important, it should be large
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enough to stir the reaction mixture effectively but not so large that it will not
sit flat in the bottom of the reaction flask.

e I — —

(a) (b) (c)

Figure 8.29 Magnetic followers: {a) bar; (b) octagonal; {c} egg-shaped

Because the follower is driven by a magnetic field and has no
mechanical connection with the stirrer machine, this method of agitation
does not require special modification of a reaction apparatus,

Magnetic stirrer machines are probably the most commonly employed
method of agitation for organic reactions, but can become ineffective if
particularly viscous systems are encountered. They may also be ineffective
if the reaction vessel has to be placed inside another piece of apparatus such
as a heating mantle or large cooling bath. In such cases the extra apparatus
can effectively shield the reaction flask from the magnetic field created by
the stirrer machine. Magnetic stirring can also be a problem for large scale
reactions (reaction volumes over one litre), and in such cases mechanical
stirring is a valuable alternative.

8.6.2 Mechanical stirrers

Mechanical stirring machines consist of an electric motor clamped above the
reaction vessel, that rotates a vertical rod (usually glass, although it can be
steel or Teflon). A vane or paddle is attached to the bottom of this rod, and
it is this that is responsible for agitation of the reaction mixture (Fig. 8.30)
The rod and vane are usually detachable enabling different length rods and
different sized vanes to be used as appropriate. As with magnetic stirrer
machines, the rate of stirring can usually be adjusted by means of a control
on the motor. There are many different designs for the vane, the most
common being a crescent shaped piece of Teflon about Smm thick. This has
a slot in it that allows easy attachment to the glass rod (Fig. 8.31). In this
design the vane can be rotated about a horizontal axis and so can easily be
put through the narrow neck of a round-bottomed flask, then rotated into a
horizontal position ready for use,
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Because the mechanical stirrer requires a physical attachment to the
reaction flask, precautions have to be taken if the reaction is to be carried out
under anhydrous conditions, or under an inert gas atmosphere. The usual
way of doing this is to use a stirrer guide that allows the rod to enter the
reaction flask, but prevents atmospheric gases from doing so. These are
constructed from Teflon (Fig.8.32a), and provide a tight fit between a
ground glass joint and the glass rod. The tight seal around the rod is
achieved by means of an O-ring seal inside the stirrer guide, and a set-up of
this type should be good enough to withstand a vacuum of 0.5-0,lmmHg
inside the reaction flask without leaking. Because the guide is constructed
entirely from Teflon it does not require lubrication.
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e ground glass
RTEIIT =— locking nut 7 stirrer guide
- Tellon joint gronnd glass
joint
- glass rod ground glass

-  rod

O / W
Figure §.32

Such guides are necessarily expensive, and for many uses that do not
require rigorously controlled reaction conditions a glass guide can be
employed (Fig. 8.32b). This consists of a precision-ground glass tube
attached to a nommal ground glass joint. In this case it is essential to use a
ground glass rod that forms a good fit with the tube. Oil lubrication is
required to allow the rod to rotate, and so this set-up is not suitable for
reactions above room temperature that involve volatile solvents which can
leach the lubricant into the reaction mixture,

Because mechanical stirrers use an electric motor mounted above the
reaction flask, there is a sertous danger of sparks from the motor igniting
volatile flammable solvents. In such instances the use of mechanical stirrers
powered by compressed air is recommended.
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8.6.3 Mechanical shakers

counter balance
flask

reaction flask

Figure 8.33

Mechanical shakers come in many designs, and are simply motors that will
shake an attached reaction flask. The flask is usually clamped to the shaker
(Fig. 8.33), often with a counter-weight to balance the machine, This is a
useful device for reactions that involve vigorous mixing of two immiscible
liquids for prolonged periods of time, and can also be employed when
efficient mixing of a gas and liquid are required (e.g. hydrogenation);
however, for most applications other methods of agitation are preferable.

8.6.4 Sonication
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Figure 8.34
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Ultrasonic waves can also be employed as a means of agitation. This most
common arrangement is to use a simple ultrasonic bath, in which the
reaction vessel is placed (Fig. 8.34), although ultrasonic probes can also be
used and are often placed inside the reaction vessel (Fig. 8.35). The latter
arrangement is particularly desirable if precise control of the ultrasound
frequency is required, or if external control of the reaction temperature is
necessary. In both cases ultrasonic waves are generated inside the reaction
vessel, causing agitation of its contents. This technique is particularly
useful for reactions involving insoluble solids. The ultrasonic waves break
up the solids into very small particles facilitating solvolysis and reaction.

septum
ultrasound generator

/

{lllllllllil

.-
N

ultrasenic probe

Figure 8.35
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CHAPTER 9

Working Up The Reaction

9.1 Introduction

It is important to give some thought to the work up of the reaction before
you attempt it. There are several aspects which need to be considered which
will be dealt with here. First of all do make sure that the reaction has indeed
finished (by careful analysis using your chosen monitoring system). When
using tle analysis it is sometimes difficult to judge by spotting the reaction
mixture directly on to the tlc plate. In these cases it is often possible to get a
more accurate assessment by withdrawing a small aliquot of reaction
mixture by syringe and adding it to a small vial containing a few drops each
of ether and aqueous ammonium chloride. Agitation followed by tlc of the
organic phase will often give clean, reliable tlc information. This technique
can also be used to screen alternative work up conditions, for example
adding to water or aqueous base rather than ammonium chloride solution, or
using other organic solvents in place of ether.

Having satisfied yourself that the reaction has run to completion, or that
it is time to end the experiment, the appropriate 'quench’ is added 1o the
reaction mixture. Choice of this reagent can be very important in
determining the yield of desired product, and it is obviously vital to use a
reagent or procedure which is safe. Given that the product is expected to be
reasonably stable, which usually is the case, then the choice of procedure
for quenching the reaction is determined by the reagent(s) used in the
reaction. Clearly we cannot cover all possibilities in this chapter, but
general procedures which should cover most of the situations that are likely
to be encountered are provided below. The classification is made on the
basis of the nature of the reaction mixture which is to be worked up.
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142 Warking Up The Reaction

9.2 Quenching the reaction

9.2.1 General comments

If the reaction has been carried out under an inert atmosphere then it is
advisable to add the quench before exposing the reaction mixture to the air.
It is best added as you would add a reagent, dropwise by syringe. If the
reaction was run at low temperature, then add the quench at this temperature
and allow to warm to room temperature slowly before opening to the air and
proceeding with the isolation of the product. If the reaction was run at
elevated temperature, allow to cool before adding the guench (still under the
inert atmosphere if used). If an exotherm is possible, ensure that the
reaction is cooled in a cooling bath (e.g. ice/water) if it is not already in a
low temperature bath, and that the quench is added very carefully (if the
scale of the reaction is such that an internal thermometer can be used, then
do so and keep a close eye on the internal temperature while quenching the
reaction).

These general comments apply to the following specific types of
reactions. Obviously if a known, fully described literature procedure is
being used, then follow the work up and isolation process exactly. Only
modify such a procedure if you encounter problems.

9.2.2 Strongly basic non-agueous reactions

This is a common type of reaction, typical examples would include
alkylation using strong bases {e.g. Buli, (i-Pr)aNLi}, many organometallic
reagents (e.g. MeLi, Grignard reagents), hydride reducing agents (e.g.
LiAlHg, Na(EtOCH2CH20)2A1H3), and cuprate reactions. The most
commonly used quench for this type of reaction is an excess of agqueous
ammonium chloride, added slowly, to protonate anions present and to
destroy excess or unreacted reagent. This can be added at low temperatures,
but if you are concerned about the aqueous solution freezing out (there is
usually no need to worry about this in our experience) then use acetic acid as
the quench. Make sure that enough is added to destroy all the reagent and to
protonate any anions which might be present, but do not add too much as it
can sometimes make isolation and purification of the product more difficult.
In the case of aluminivm based reagents such as LiAlH4 and
(i-Bu);AlH, alternative procedures are often used to attempt to avoid very
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fine precipitates which are difficult to filter and which can lead to emulsions,
One simple method which often gives good results is 1o add a saturated
aqueous solution of sodism sulphate dropwise with stirring (and cooling?),
until a very heavy precipitate is formed (do not add excess solution just to
'make sure’). The supernatant can then be decanted and the solid extracted a
few times with the reaction solvent, combining all the organics. (If you try
this, do not dispose of the solid until you are certain that you have obtained
a good recovery of material. It might be necessary to extract further to
obtain all of the product).

9.2.3 Neutral non-aqueous reactions

'Neutral' is taken to cover all reactions which involve neither strong base or
acid. Such a 'neutral’ reaction might be in fact slightly acidic (e.g. acid-
catalysed ketalisation) or slightly basic (e.g. tosylation of an alcohol using
pyridine or triethylamine as the base). Clearly a great many reactions fall
into this category and in general the guench can be ammonium chloride
solution or water for mildly basic reactions, and dilute sodium hydrogen
carbonate for mildly acidic reactions.

If a fairly reactive reagent has been used then add the quench carefully
with cooling. For example if p-toluene sulphonyl chloride has been used to
prepare a tosylate, itis useful to add a relatively small volume of water and
stir for an hour or so to destroy any remaining sulphonyl chloride (be certain
to add at least enough to destroy all of the sulphonyl chloride which was
used). This will convert the chloride to the sulphonic acid (present as a salt
with the amine used in the reaction) which is easy to remove in the
subsequent extraction and purification,

As ever, it is important to be certain that your product is unlikely to be
sensitive to {or destroyed by) the quench. For example any reaction which
has been driven to completion by removal of water needs some thought, A
common example of this is acid-catalysed ketalisation. The product ketal is
likely 1o be sensitive to aqueous acid, so be sure to quench with plenty of
aqueous sodium hydrogen carbonate solution before proceeding with the
isolation.
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9.2.4 Strongly acidic non-aqueous reactions

This type of reaction will usually involve the use of a strong Lewis acid
such as TiCly or BF3.0Et, Itis important to be aware that the addition of
water to these reagents will be exothermic and usually liberates strong protic
acid. If the product is likely to be unaffected by the liberated acid, then
water can be used as a quench. It is often the case that the product will be
unstable towards this acid, or at least to confain functionality which will be
destroyed by acid, and in this case aqueous sodium bicarbonate or carbonate
can be used. If a non-aqueous quench is desired then a solution of gaseous
ammonia in the reaction solvent can be used. Quench these reactions
carefully, with cooling, and be aware that the metals used (Ti and Al
particularly) can give rise to insoluble precipitates and be prepared to deal
with the problems which these might cause (see below).

9.2.5 Acidic or basic agueous reactions

To quench these reactions it is usually enough to neutralize with dilute acid
or base, but do consider the product which you wish to isolate. For
example if you are hydrolyzing an ester then no quench will be required, the
desired product will be isolated by the appropriate extraction procedure,

9.2.6 Liquid ammonia reactions

A number of synthetically useful reactions use this as solvent, and usually
involve either the use of, or generation of strongly basic species. The usual
quench for this type of reaction is to add {(carefully) an excess solid
ammonium chloride, and allowing the ammonia to evaporate (fume
cupboard).

Conclusion

In conclusion, the correct quench for a reaction is usually simple to
determine, given that adequate consideration is given to the reagents used
and the product expected. If you are at all unsure, then remove a small
quantity of the reaction mixture and add it to a vial containing a few drops of
both the quench and the reaction solvent and observe. Tlc analysis (or
whatever analytical technique was used to monitor the reaction) will be
useful in ensuring that all is well (or otherwise). Tt is better to 'waste’ a little
product in this way than to lose it all by incorrect choice of quench.
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With the reaction successfully quenched, then the isolation of the crude
product can be carried out, as outlined below.

9.3 Isolation of the crude product

Q3.1 General comments

The usual isolation procedure involves partitioning the reaction mixture
between an organic solvent and water (or aqueous solutions). Before
carrying this out it is often useful to remove any solid which is present. It
can be particularly important to remove very fine particles, even if they are
present in a small amount, as these can lead to emulsions forming in
subsequent extractions. This is best achieved by dilution of the {quenched)
reaction mixture with the reaction solvent followed by vacuum filtration
through a Celite pad, made by packing Celite onto a sintered glass funnel
(with the vacuum on). Do wash the pad thoroughly with water, followed
by the solvent which you are using since Celite can contain soluble
impurities. Simply filter the reaction mixture through this pad, and rinse
through two or three times to ensure complete transfer of your product.

If your solvent has reasonable solubility in water then it is advisable to
remove most or all of it at this stage on a rotary evaporator, This is not
always necessary but omitting it can lead to losses of product to the aqueous
phase during extraction. The most commonly encountered examples of this
type of solvent are alcohols and tetrahydrofuran, and the problem gets
worse as the polarity of the product increases.

The reaction mixture can now be partitioned between water (or an
agueous solution) and an organic solvent. Throughout the extraction
procedure do not discard any extract until you have made sure that you have
a good mass recovery (on weighing the crude product). If a low recovery is
obtained the rest must be somewhere and it is likely that the product will be
in one of the extracts. For most reactions dichloromethane can be used or
diethyl ether if a solvent less dense than water is required. Dichloromethane
is much safer than ether so use it whenever possible. If a low recovery is
obtained with dichloromethane or ether, then simply extract the aqueous
layers (which you have kept!) with either chloroform or ethyl acetate. These
are more powerful solvents and will often extract polar compounds from
aqueous solutions. If this fails, try saturating the aqueous extracts with
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sodium chloride and extracting again with chloroform or ethyl acetate.
Whenever you extract with an organic solvent use several portions rather
than one large one as this is much more efficient.

Occasionally you will encounter the problem of emulsions during
extraction. There is no universal solution to this, but a common cause is the
presence of very fine particles, which can be removed by filtration through
Celite as described above. If this fails, try adding sodium chloride to the
aqueous, and try adding another organic solvent.

9.3.2 Very polar aprotic solvents

The most commonly encountered of these are dimethyl sulphoxide (DMSQ)
and N,N-dimethylformamide (DMF). With these solvents it is often
possible to remove most if not all by adding the quenched reaction mixture
to a relatively large volume of water, and extracting this several times with
ether. The combined organics are then washed with more water. Any
remaining DMF or DMSO will need to be removed in further purification of
the crude product.

With the extractions completed the organic extract needs to be dried. A
lot of the dissolved water can be removed by extracting with saturated brine
and it is advisable to do this. The organic extract is then dried fully by
addition of either anhydrous magnesium or sodium sulphate and standing
for an hour or so (or less if you are in a hurry!), followed by vacuum
filtration through a sintered glass funnel.

The solvent is now usually removed using a rotary evaporator, with the
final traces being removed using a high vacuum line. Beware when using
the high vacuum line, if your product is volatile it will 'disappear’ into the
traps!

At this stage it is very useful {after weighing!) to examine the crude
product by ir, nmr, and tlc before proceeding with purification as this will
give you an idea as to the state of purity amongst other things. The rest of
this chapter is given over to methods for purification of the crude product.
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9.4 Purification

When a product has been isolated from a reaction the next step is to purify
it. The degree of purity required will depend on the use for which the
sample is intended, a synthetic intermediate might only require rough
purification, whereas a product for elemental analysis would require
rigorous purification. This section describes the most important purification
techniques, crystallization, distillation, sublimation, and chromatography. It
is assumed that the reader is familiar with the basic principles of these
methods, so the emphasis is on more demanding applications such as the
purification of air-sensitive materials, and purifications on a micro-scale.

94.1 Crystallization

Simple recrystallization of an impure solid is a routine operation, which
nevertheless requires care and good judgement if good results are to be
obtained. The basic procedure can be broken down into six steps, which
are listed below, together with some tips on how to overcome common
problems.

I. Select a suitable solvent

Find a suitable solvent by carrying out small scale tests. Remember that
like dissolves like’. The most commonly used solvents in order of
increasing polarity are petroleum ether, toluene, chloroform, acetone, ethyl
acetate, ethanol, and water. Chloroform and dichloromethane are rarely
useful on their own because they are good solvents for the great majority of
organic compounds. It is preferable to use a solvent with a boiling point in
excess of 60°C, but the b.p. should be at least 10°C lower than the m.p. of
the compound to be crystallized, in order to prevent the solute from ‘oiling
out’ of solution. In many cases a mixed solvent must be used, and
combinations of toluene, chloroform, or ethyl acetate, with the petroleum
ether fraction of similar boiling point are particularly useful. Consult
Appendix 1 for boiling points, polarity (dielectric constant), and toxicity of
common solvents.

2. Dissolve the compound in the minimum volume of hot solvent

Remember that most organic solvents are extremely flammable
and that many produce very toxic vapour.
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Place the crude compound (always keep a few 'seed’ crystals) in a
conical flask fitted with a reflux condenser, add boiling chips and a small
portion of solvent, and heat in a water bath. Continue to add portions of
solvent at intervals until all of the crude has dissolved in the hot/refluxing
solvent. If you are using a mixed solvent, dissolve the crude in a small
volume of the good sclvent, heat to reflux, add the poor solvent in portions
until the compound just begins to precipitate (cloudiness), add a few drops
of the good solvent to redissolve the compound, and allow to cool.

When adding the solvent it is very easy to be misled into adding far too
much if the crude is contaminated with an insoluble material such as silica or
magnesium sulphate.

3. Filter the hot solution to remove insoluble impurities

This step is often problematic and should NOT be carried out unless an
unacceptable (use your judgement) amount of insoluble material is
suspended in the solution. The difficulty here is that the compound tends to
crystallize during the filtration so an excess of solvent (ca. 5%) should be
added, and the apparatus used for the filtration should be preheated to about
the boiling point of the solvent. Use a clean sintered funnel of porosity 2 or
3, or a Hirsch or Buchner funnel, and use the minimum suction needed to
draw the solution rapidly through the funnel.

If the solution is very dark and/or contains small amounts of tarry
impurities, allow it to cool for a few moments, add ca. 2% by weight of
decolorising charcoal, reflux for a few minutes, and filter off the charcoal.
Charcoal is very finely divided so it is essential to put a 1 cm layer of a filter
aid such as Celite on the funnel before filtering the suspension. Observe the
usual precautions for preventing crystallization in the funnel. Very dark or
tarry products should be chromatographed through a short (2-3cm) plug of
silica before attempted recrystallization.

4. Allow the solution to cool and the crystals to form

This is usually straightforward except when the material is very impure or
has a low m.p. (< 40°C) in which case it sometimes precipitates as an oil. If
an oil forms it is best to reheat the solution and then 1o allow it to cool
slowly. Try scratching the flask with a glass rod or adding a few 'seed’
crystals to induce crystallization, and if this fails ry adding some more
solvent so that precipitation occurs at a lower temperature.
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If nothing at all precipitates from the solution, try scratching with a
glass rod, seeding, or cooling the solution in ice-water, If all these fail,
stopper the flask and set it aside for a few days, patience is sometimes the
best policy.

5. Filter off and dry the crystals

When crystallization appears to be complete filter off the crystals using an
appropriately sized sintered glass funnel. It is very important to wash the
crystals carefully. As soon as all of the mother liquor has drained through
the funnel, remove the suction and pour some cold solvent over the crystals,
stirring them if necessary, in order to ensure that they are thoroughly
washed. Drain off the washing under suction and repeat once or twice
more.

After careful washing allow the crystals to dry briefly in the air and then
remove the last traces of solvent under vacuum, in a vacuum oven, in a
drying pistol, or on a vacuum line. Take care to protect your crystals
against accidental spillage or contamination. If they are placed in a dish, a
beaker, or a sample vial, cover with aluminium foil, secure with wire or an
elastic band, and punch a few small holes in the foil. If the crystals arein a
flask connected directly to a vacuum line, use a tubing adapter with a tap and
put a plug of glass wool in the upper neck of the adapter so that the crystals
are not blown about or contaminated with rubbish from the tubing, when the
airfinert gas is allowed in.

If a relatively high boiling solvent such as toluene was used for the
recrystallization it is essential to heat the sample under vacuum for several
hours to ensure that all of the solvent is removed.

Small scale crystallization

When small samples (less than 200mg) are to be recrystallized it is
particularly important to remove traces of insoluble material and to avoid
contamination by dust, filter paper, etc. Thus it is essential to use carefully
cleaned glassware and purified solvents, and to filter the hot solution. The
apparatus shown in Fig. 9.1 is convenient for small scale (5-200mg)
recrystallizations. Place the sample in the bulb and wash it with a few drops
of solvent. Heat the bulb in an oil bath or a water bath so that the solvent
refluxes up to the level of the sintered disc. Add more solvent, in small
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portions, until the compound has dissolved. Remove the apparatus from the
bath, wipe the bulb to remove oil or water, and quickly filter the hot solution
into a clean receiver by pressurising the vessel using hand bellows or an
inert gas line. Filtering under pressure in this way avoids the problem of
unwanted crystallization, and reduces transfer losses.

apply
PIESSUTE m,

Figure 9.1
The hot solution can be filtered into a small conical flask, but on a scale

of 100mg or less, a Craig tube (Fig. 9.2) gives better recovery because it
allows the crystals to be recovered without another filtration.

glass
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(a) )
Figure 9.2
Filter the hot solution into a suitably sized Craig tube and cover the tube
with aluminium foil while crystallization occurs. When crystallization is
complete fit the matching (a close fit is essential) glass rod into the Craig
tube and secure it tightly with a rubber band. Place the inverted assembly in
a centrifuge tube (Fig. 9.2b) and put the centrifuge tube (and a counter-
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balancing tube) in a centrifuge. Centrifuge for a few minutes to force the
mother liquor through the narrow gap into the centrifuge tube, and then
remove the Craig tube. Tap the tube to dislodge any crystals attached to the
neck, cover the tube with foil, and dry the crystals under vacuum.

If necessary the product can be recrystallized again in the same tube.
Dissolve in the minimum volume of hot solvent as usual. The neck of the
tube will act as a condenser but care is required, and the tube should be no
more than one third full in order to avoid losses due to splashing or frothing
of the refluxing solution. Cooling and centrifuging then gives another batch
of crystals. This process can be carried out several times with minimal
losses.

Crystallization at low temperature

Occasionally the most convenient method of purifying a low melting solid or
a thermally unstable liquid may be by low temperature crystallization. This
technique is attended by two important complications. First, cooling the
materials and apparatus below ambient temperature will cause condensation
to form. If the compound being crystallized is inert to water, and can be
easily dried, then the condensation is not a2 major problem and normal
recrystallization methods can be adopted particularly if drying tubes are used
to protect the solutions. A more satisfactory solution is to carry out the
crystallization under an inert atmosphere. The second difficulty is that of
keeping the solutions cold during the filtration and washing steps. This can
be achieved by using apparatus which can be immersed in ordinary cold
baths, by using specially built apparaius with integral jackets for holding
cooling solutions, or in small scale work by carrying out these steps very
rapidly.

A number of ingenious solutions to these technical problems have been
developed, but only a few methods which involve standard organic
laboratory glassware will be described here.

For medium to large scale crystallizations (= 1g) a set-up along the lines
shown in Fig. 9.3 may be used. The compound is dissolved in the
minimum volume of solvent at room temperature and is filtered into a two-
or three-necked pear shaped flask. The flask is then fitted with an inert gas
inlet and a thermometer adapter containing a filter stick connected to a
bubbler. With the filter stick held above the solution the flask is purged
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with inert gas and placed in a cooling bath. It should be cooled slowly by
gradual addition of the cooling agent to the solvent. When crystallization is
complete the bubbler is disconnected and the filter stick is connected to an
appropriately sized receiver using chemically inert tubing (Teflon). The
filter stick is then lowered into the solution and the mother liquor is forced
through into the receiver using inert gas pressure. The thermometer adapter
will allow suofficient freedom of movement of the filter stick to pack the
crystals to the bottom of the flask and drain off the mother liquor
thoroughly. The crystals can then be washed by releasing the gas pressure
and adding small amounts of precooled solvent via the three-way tap, using
a cannula. The washings can then be removed using the filter stick as
before. The cooling bath can be removed and the crystals isolated and dried
in the usual way or the low temperature recrystallization can be repeated in
the same flask.
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Figure 9.3

The sintered disc of the filter stick should be of porosity 3 or larger in
order to avoid blockage. A convenient alternative to a filter stick is to use an
ordinary glass rod with filter paper wrapped round the end (Fig.
9.4b).Wrap some Teflon tape round the end of the tube, then carefully fold
filter paper over the end and secure it with wire. The Teflon tape will give a
better seal because the wire will sink into it. Another alternative, which is
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very useful on a smaller scale, it to use a septum with an inverted needle
throungh it (Fig. 9.4c). Again the end of the needle should be wrapped with
Teflon tape and covered with filter paper, which is then secured with wire.
The sharp end of the needle can be inserted into the receiving flask, thus
obviating the need for connecting tubing (Fig. 9.6). These devices are also
very useful for filtering reaction mixtures under an inert atmosphere, as is
the filter flask described in Chapter 5 (Fig. 5.19).
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Figure 9.4

Small scale low temperature recrystallizations can be carried out in the
same device recommended for ordinary small scale work. The solution is
filtered into the flask and the apparatus is then purged with inert gas. The
outlet is sealed with a small septum and the flask immersed in a cold bath
almost up to the level of the sintered disk (Fig. 9.5).
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Figure 9.5
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When crystallization is complete the outlet septum is removed, the
apparatus is removed from the cold bath and wiped dry, and the suspension
is filtered rapidly under inert gas pressure. On a small scale the solution will
not warm up significantly during the short time required to filter off the
crystals. The crystals can be washed with precooled solvent in the usual
way.

Crystallization of air-sensitive compounds

Clearly the recrystallization of air and moisture sensitive compounds must
be carried out under an inert atmosphere. The trickiest step in this regard is
often the introduction of the crude solid into the recrystallization flask. [t
may be possible to do this by transferring it very quickly in the air or using a
"blanket” of inert gas under a funnel (Fig. 5.20). For very sensitive
compounds the transfer of the solid must be carried out in a glove bag or a
glove box.

Once the solid has been placed in the flask the remaining problems are
similar to those described for low temperature recrystallizations under inert
atmosphere. Many methods for carrying out inert atmosphere
recrystallizations have been developed but organic chemists are rarely likely
to need anything more sophisticated than those described in the previous
section. Those methods involve inert atmosphere filtration using a filter
stick (Fig. 9.3) or a flask with an integral sintered disk (Fig. 9.5) and we
leave it to the reader to devize variations appropriate to his particular
problem. Figure 9.6 shows a typical set-up which could be used either for
filtration of the hot solution or for removal of the mother liquor from the
recrystallized product.

One particular problem which arises with air sensitive materials is that
they tend to be contaminated with small amounts of decomposition products
which can block filters. Also if a sintered disc is used it must be
scrupulously dry in order to prevent some hydrolysis occurring in the pores
of the disc, which will rapidly block the filter. For these reasons the filter
sticks made using filter paper are probably better than sintered discs, and at
least one dry filter should be kept at hand in case the first one is blocked.
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Figure 9.6

9.4.2 Distillation

Distillation is the most useful method of purifying liquids. It is used
routinely for purifying solvents and reagents and, with care and the correct
apparatus, it can be used to separate liquids whose boiling points are less
than 5°C apart. We will assume that the reader is familiar with the
fundamentals of the theory and practice of distillation but it is appropriate to
begin by reiterating some basic safety rules.

1. Never heat a closed system.

2. Remember that most organic liquids are extremely flammable so great
care must be taken to ensure that the vapour does not come into contact
with flames, sources of sparks (electrical motors), or very hot surfaces
(hot plates).

3. Never allow a distillation pot to boil dry. The residues may ignite or
explode.
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4. Beware of the possibility that ethers and hydrocarbons may be
contaminated with peroxides (Section 4.4).

5. Carry out a safety audit on the compound you plan to distil to check that
it is not thermally unstable. Some types of compounds, e.g. azides,
should never be distilled.

Simple distiliation

The conventional apparatus for simple distillation is shown in Fig. 9.7. Itis
only useful for distilling compounds from involatile residues, or for
separating liquids whose boiling points differ by at least 50°C. Moisture
can be excluded by attaching a drying tube to the vent or by connecting the
vent to an inert gas line, It is essential 10 add some boiling chips, or better
to stir the liquid, in order to prevent bumping, especially if a finely divided
solid, such as a drying agent, is present.
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Figure 9.7

The flask should be heated in a water bath, or an oil bath, net with a
Bunsen burner or a heating mantle (Section 8.4.2). The temperature of the
bath should be increased slowly until distillation begins and then it should
be adjusted to give a steady rate of distillation. If the boiling point is high



Working Up The Reaction 157

(>150°C) the stillhead may need to be lagged with glass wool, and an air
condenser should be used rather than a water condenser,

For routine solvent distillation it is more convenient to use a compact
distillation apparatus such as that shown in Fig. 9.8. These can be bought,
or constructed in two or three convenient sizes to fit the common ground
glass joints.

solid
glass rod

Figure 9.8

If the distillation is being used to dry a reagent, the process must be
carried out under an inert atmosphere. To do this, first of all dry all glass
apparatus in an oven, or with a heat gun under vacuum, and purge with
argon whilst cooling. This is most easily accomplished by connecting the
apparatus to a double manifold/bubbler system (see Chapter 3). Although
Quickfit assemblies can be used, we prefer one piece type distillation
apparatus, as shown in Fig. 9.8 and Fig. 9.9b. When the glassware has
cooled, increase the argon flow, quickly disconnect the distillation flask,
add any drying agent required, a few anti-bumping granules, and the liquid
to be distilled, and reassemble the system. Heat the distillation flask in an
oil bath (do not carry out distillations using a heating mantle) and collect the
distillate which comes over at the required temperature. When the
distillation is complete remove the collector and seal it quickly with a
septum. Most reagents can simply be poured into a reagent bottle before
sealing, provided you are quick. However, if the reagent is particularly
sensitive to air or moisture a cannulation technique should be used to
transfer it (see Chapter 5). Whatever type of container is used for storage it
is always preferable that it be full or nearly so.
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Figure 9.9

Fractional distillation

Separation of liquids whose boiling points are between 5°C and 50°C apart
requires the use of an apparatus which gives better contact between the
vapour and liquid phases in the distillation column, Columns which do this
are called fractionafing columns and the most common type, a Vigreux
column, is shown in Fig. 9.9. A 50cm long vacuum jacketed Vigreux (Fig.
9.9a) should allow reasonable separation of compounds which boil 30-40°C
apart, The Vigreux assembly shown in Fig. 9.9b is less efficient but is
convenient for routine distillations and gives quite good results at reduced
pressure. The keys to getting good results from a fractional distillation are
to raise the temperature very gradually, and to collect the distillate very
slowly.

Efficient separation of compounds with a boiling point difference of 10-
30°C can be achieved using a long glass tube packed with glass rings or
helices, or for high efficiency, wire mesh rings (Fig. 9.9¢). A description
of the technique for operating such columns is beyond the scope of this
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book. Two more sophisticated commercially available designs are the
‘Spaltrohr’ columns which consist of concentric grooved tubes, and
spinning band columns in which a rapidly spinning spiral band is fitted
inside the column. Both of these systems have low hold ups and give very
high efficiency so they can be used for the separation of small volumes (as
little as 1ml) and for separating compounds with very similar boiling points
(as little as 3°C). Consult the manufacturer's manuals for operating
instructions for these devices.
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Figure 9.10

Distillation under reduced pressure

Many compounds decompose when heated to their boiling points so they
cannot be distilled at atmospheric pressure. In this situation it may be
possible to avoid thermal decomposition by carrying out the distillation at
reduced pressure. The reduction in the boiling point will depend on the
reduction in pressure and it can be estimated from a pressure-temperature
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nomograph (Fig. 9.10). To find the approximate boiling point at any
pressure simply place a ruler on the central line at the atmospheric boiling
point of the compound, pivot it to line up with the appropriate pressure
marking on the right-hand line, and read off the predicted boiling point from
the left-hand line. You can also use the nomograph to find the b.p. at any
pressure if you know the b.p. at some other pressure, by first using the
known data to arrive at an estimate of the atmospheric boiling point. Note
that although pressure is usually measured in millimetres of mercury
(mmHg) it is often quoted in different units, especially Torr. Happily 1
Torr = 1lmmHg., Boiling points measured at reduced pressure may be
expressed in several ways, e.g. 57°C/25mmHg or b.p.gs 57°C. As a very
rough guide a water pump (ca. 15mmHg) will give a 125°C reduction in
boiling point and an oil pump (ca. 0. ImmHg) will give a reduction of 200-
250°C. A typical vacuum distillation apparatus is shown in Fig. 9.11.
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Figure 9.11

The chief difference from the simple distillation apparatus is in the
design of the receiver adaptor. This must allow several fractions to be

331



332

Working Up The Reaction 161

collected without needing to break the vacuum, The simplest design is the
'pig' type shown in Fig. 9.12a. When using a pig, remember 10 grease the
joint lightly so that the receiver can be rotated while under vacuum, and to
fix the receivers securely using clips.

- tap A
cond
ondenser.,
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-— tap B
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l inert
receiver  Bas
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Figure 9.12

The procedure for carrying out the distillation is as follows.

1. Place the sample in the distillation flask {no more than two thirds full)
and add a stirring bar. Anti-bumping granules are not effective at
reduced pressure and so an alternative must be used. A very narrow
capillary which allows a slow stream of air or nitrogen bubbles to pass
through the solution is effective, but brisk stirring using a magnetic
follower is much more convenient.

2. Assemble the (oven-dried) apparatus, putting a little high vacuum grease
on each joint. Ensure that the receiver adapter and the collection flasks
are secured using clips, and connect the assembly to a vacuum pump.
One convenient method of doing this is to connect it to a vacuumy/inert
gas double manifold (Chapter 3). The pump must be protected with a
cold finger trap and the line should contain a gange for monitoring the
pressure (Chapter 7).

3. Stir the liquid rapidly and carefully open the apparatus to the vacuum.
Some bumping and frothing may occur as air and volatile components
are evacuated. Adjust the pressure to the required value by allowing
inert gas into the system vig a needle valve.
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4. Heat the flask slowly to drive off any volatile impurities and then to
distil the product. Monitor the stillhead temperature and collect a forerun
and a main fraction, which should distil at a fairly constant temperature.
If fractionation is required you may have to collect several fractions and
it is very important to distil the mixture slowly and steadily.

5. Stop the distillation when the level of liquid in the pot is running low, by
removing the heating bath.

6. Isolate the apparatus from the vacuum and carefully fill with inert gas.
The flask containing the distillate is now under a dry, inert atmosphere
and should be quickly removed and fitted with a tightly fitting septum .

7. Switch off the pump and clean the cold trap.

A Perkin triangle (Fig. 9.12b) is a more convenient device for
collecting fractions on a larger scale. It 1s operated as follows.

1. Attach a receiver and open both the apparatus and the receiver to the
vacuum using taps A and B. Open tap C and collect the forerun in the
Teceiver.

2. Close tap C so that the next fraction will collect in the bulb D, while
you are removing the receiver. Use tap B to allow inert gas/air into the
receiver, and then replace the receiver with a new one,

3. Close tap A to temporarily isolate the still. Evacuate the receiver by
opening tap B to the vacuum. Wait until the pressure has steadied,
open tap A, and then open tap C to allow the distillate to drain inte the
new receiver.

4. Continue to collect fractions by repeating steps 3 and 4 as necessary.

Small scale distillation

The chief difficulty with small scale distillations is that a significant
proportion of the sample may be lost in "wetting’ the surface of the column
and the condenser. This problem is reduced by using very compact
designs, but this reduces the efficiency of the columns thus making
fractionation impractical. Different apparatus designs, giving different
tradeoffs between recovery and efficiency, are available. A typical example,
featuring a short Vigreux and a rotary fraction collector, is shown in Fig.
9.13. Very small quantities can be distilled in a cold-finger sublimation
apparatus (Fig. 9.15). Spinning band and Spaltrohr columns combine high
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efficiency with low hold up so they provide an effective, if expensive,
solution to the problem of fractionation of small volumes (> 1mt).

— 10 vacuum

1~ multiple
fraction
collector

stirring bar

Figure 9.13

Another popular solution to these problems is the Buchi Kugelrohr
apparatus (Fig. 9.14). The key features of this system are (i) a horizontal
oven (made of glass or metal} with an iris closure, which heats the flasks
efficiently, (ii) short path distillation between a series of bulbs which can be
moved horizontally in and out of the oven, and (iii) a motor to rotate the
bulbs (optional). The Kugelrohr can be used to distil very small quantities
(< 100mg) and can be operated at high vacuum. A simple distillation is
carried out as follows. Place the sample in the end bulb using a Pasteur
pipette. If necessary wash the sample into the bulb and then evaporate the
solvent on a rotary evaporator. Add two more bulbs and a straight length of
tubing, insert the tube in the motor assembly, and slide the end bulb into the
oven., Gently close the iris type seal gently onto the connecting joint. Set
the bulbs rotating (to prevent bumping and speed up the distillation), apply
the vacuum and raise the oven temperature gradually. When distillation is
complete allow the flasks to cool under an inert atmosphere and then remove
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the bulbs from the apparatus and recover the distillate. Fractionation of
compounds with a 20-30°C boiling point difference can be achieved by
inserting all the bulbs except one into the oven, distilling the most volatile
component into that bulb, withdrawing the next bulb from the oven and
distilling the next fraction into that, and so on.
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Figure 9.14

94.3 Sublimation

Sublimation is an excellent method for purifying relatively volatile organic
solids on scales ranging from a few milligrams to tens of grams. At reduced
pressure many compounds, especially those of low polarity, have a
sufficiently high vapour pressure that they can be sublimed, i.e. converted
directly from the solid phase into the vapour phase without melting,
Condensation of the vapour then gives purified solid product provided, as is
often the case, that the coriginal impurities were much less volatile, Two
designs of sublimation apparatus are shown in Fig. 9.15. The larger
sublimator (Fig. 9.15a) consists of a tube with a side arm which is fitted
with a cold-finger condenser. It is used as follows. If the crude material is
a solid, powder it and place it in the bottom of the outer vessel. If it is waxy
or oily, wash it into the tube with a small amount of solvent, cover the side
arm with a septum, and remove the solvent on a rotary evaporator. Put
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some vacuum grease con the joint of the cold-finger condenser and fit it into
the sublimator (there should be a gap of approximately Icm between the
solid and the condenser). Evacuate the apparatus slowly to try to prevent
any spattering of the solid. Turn on the condenser water and slowly heat the
base of the sublimator, A fine mist of sublimed material on the condenser
indicates that sublimation is beginning and the temperature should then be
held fairly constant until the process is complete. At this stage the sublimed
product may be clinging precariously to the cold finger so proceed with
great care. Turn off the water, carefully allow airfinert gas into the
sublimator, and very carefully remove the cold-finger. Scrape off the
product with a microspatula.

rlass

glass to
wool vacuum

oven

crude wool

(b)

Figure 9.15

The simple glass tube shown in Fig. 9.15b functions in a similar way
except that the water condenser is omitted. Place the crude sample in a small
sample vial, put a plug of glass wool in the neck, and drop the vial into the
tube. Put a plug of glass wool in the neck of the tube and attach it to a
vacuum line. Evacuate carefully and heat the base of the tube gently in an
oil bath or in a custom designed metal block as shown. Proceed as before
and isolate the sublimed product by cutting the tube and scraping out the
solid.
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9.5 Chromatographic purification of reaction products

Chromatographic techniques for analysis and purification of reaction
products are probably the most universally important of all the skills in
which an organic chemist requires expertise!

Before attempting any of the chromatographic separation techniques
described in this section you will need to be confident about your ability in
running analytical tlc (see Chapter 8), as the two skills are very closely
interlinked. For routine separation and purification of reaction products,
some form of column chromatography is normally employed. Traditionally
long columns were filled with silica and a good head of solvent was used,
so that a flow was achieved by force of gravity. This method of
chromatography is very slow and the slow elution rate not only wastes time,
but also but leads to band dispersion. This reduces the resolution and often
leads to a large number of fractions which contain a mixture of compounds.
The technique has therefore become obsolete, and has been largely
superseded by flash chromatography.

9.5.1 Flash chromatography

Flash chromatography was introduced by Still, Khan and Mitra in 1978t. It
has cut down the time taken for routing purification of reaction mixtures
considerably and, perhaps more importantly, has provided the chemist with
a fast and simple technique for separating isomeric materials which have
similar polarities. It has become the standard method of purification in
many synthetic laboratories, with a resultant reduction in the time taken to
achieve many synthetic goals.

The key to the effectiveness of flash chromatography is that a
comparatively fine silica powder is used, with a relatively narrow particle
range (e.g. Merck C60, 40-63um, type 9385 or May and Baker Sorbsil C60
40-60um). This silica gives better surface contact, and therefore more
effective adsorption, than that previously used for gravity columns. The
pressure required to drive the solvent through increases the resolution by
cutting down band dispersion and considerably reduces the time required for
running the column.

There are some practical difficulties with the original published method

1. W.C. Still, M. Khan and, A. Mitra, J. Org. Chem., 1978 43, 2923
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for running flash columns and modifications have therefore been introduced
over the years. These make the technique easier to carry out and somewhat
safer. This section will lead you through the basic steps for running a
modified version of flash chromatography which we find to be very
convenient and effective. Flash chromatography is a very powerful and
rapid technique for separation of organic compounds, but like all
chromatographic techniques you will only gain expertise by experience, and
these instructions can only be considered as guide-lines. Every separation is
different so do not be despondent if you have some failures at first. With
practice you should be able to acquire the skill and intuition required to get
good separation, even in the most difficult circumstances, every time, and
quickly!

Equipment required

The set-up originally described by Still requires the use of long columns, to
accommodate a reasonable supply of solvent, but these are difficult to load
and need to be dismantled for addition of extra solvent during the run, We
therefore recommend the use of shorter columns plus a reservoir. It is
important to have a familiar set of columns on hand and we suggest that you
have a set of about five columns, ranging in diameter from about 5mm to
50mm. A very convenient length for all columns is 25cm, except for those
with a very narrow bore, which can be shorter (Fig. 9.16). It is convenient
to standardize on a B24 (24/40) joint on the top of the column and a
glassblower can make reservoirs from a round-bottom flask and a male
joint. The 250ml reservoir is used more than any other, but it is also useful
to have 100ml, 500m], and 1 litre sizes available,

We find that it is difficult to control the column pressure using a
Rotaflow valve as suggested in the original paper and this can be dangerous
if too much pressure is inadvertently applied. Two alternative methods are
used successfully in our labs. One of these is simply to use a rubber
bellows attached directly to a tubing inlet and apply enough pressure to give
the required flow rate. The only problem with this technique is that it is
difficult to keep the pressure constant, particularly with large columns, An
alternative is to construct a simple pressure-release valve, such as that
shown in Fig. 9.17 and use this in conjunction with a compressed air
supply or nitrogen cylinder,
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Figure 9.16

The glass part of the 'flash adapter’ is made from a B24 jeint and a
piece of 14mm i.d. heavy wall tubing. The valve is simply a septum, with
the skirt cut off, glued to a shaped metal (brass) plate.
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The adapter should be constructed with the dimensions shown and
fitted with standard 4cm stainless steel lab springs and it will then provide a
constant, safe pressure, which will give a snitable flow rate for all purposes.
It is also possible to use a small compressor, such as a fish tank pump, or
small diaphragn pump, to provide a suitable pressure source,

For analysis of the column fractions, have a tlc tank close at hand
containing an appropriate solvent, and several tle plates, cut to about 4cm
wide.

For relatively small columns the most suitable way for collecting
fractions is in a rack of tubes and the best type of racks are those which hold
the tubes very close together (for example those supplied by
Gilson/Anachem for their fraction collectors). Using this type of rack, the
column flow can be changed from one tube to the next simply by moving
the whole rack. For large columns, conical flasks are often more convenient
for collecting fractions.

Procedure for running a flash column

Safety note:

Silica dust is very toxic if inhaled, you should therefore
take precautions to avoid breathing it in and always handle it in
a fume cupboard. Large volumes of solvent are also used for
chromatography and you should take precautions to avoid
breathing in the vapours or exposing them 1o sparks,

I. Decide on the solvent system and on the quantity of silica

1) Run tlcs to find a solvent system which will give a good separation of
the components of the mixture, and a Ry value of ca, (.2-0.3 (usually
start with ethyl acetate - petroleum ether mixtures). If spots are running
close together an Ry value of (.2-0.3 at the mid-point is normally
satisfactory, but if they are well separated, a solvent which puts the
lower spot at Ry 0.2-0.3 will usually work. If you know which spot
you are most interested in, try to bias your judgement fowards this.
There are often irrelevant impurities which are either very polar or very
non-polar and these can be largely ignored.
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Figure 9.18
ii} You should try to vse as little silica as possible since it is quite

expensive. Where the component you require is well separated from
other components, a ratio of ca. 20:1 (silica:mixture) should be
sufficient. For more difficult separations up to 100:1 ratio can be used
(with a ratio of 100:1 spots that are touching on tic should be separable
in the appropriate solvent system). As a rough guide some
representations of tlcs are given in Fig. 9.18 which indicate a solvent
system which could be selected for separation of the mixture. Below
the drawings, an approximation of the relative quantity of silica
(compared to the sample) required to bring about separation is given.
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An important fact to remember for all chromatographic separations is
that the more spots there are in the mixture, the greater the ratio of silica
for each individual separation. Thus, you normally require less not
more silica to separate a 3 spot mixture, than for a 2 spot mixture
having similar separations. It is in this first step of the procedure that
the greatest skill and judgement is required and careful attention should
be paid to trial tlc's. With experience, the appropriate column and
solvent to choose will become almost instinctive,

Choose and prepare the column

Weigh out the required quantity of silica in a conical flask and make it
into a mobile slurry with some of the chosen solvent.

Choose a column which will fill to about 18cm with the amount of
silica being used (it is useful to mark columns once you know how
much they hold).

To plug the bottom of the column: roll a piece of cotton wool between
the fingers so that it is just wider than the column outlet; connect the
column to a low vacuum line with the tap closed; drop the cotton wool
ball to the bottom of the column, then open the tap. This is the most
reliable way to insert the plug.

Mount the column vertically using a clamp stand, pour about 8cm of the
solvent in and then carefully sprinkle a layer of fine sand {(ca. lmm), o
cover the plug.

Very carefully add the silica slumry to the column, in small portions, via
a powder funnel, Between each portion, pressurize the column to pack
down the silica and remove excess solvent. Be careful not to allow the
the solvent to drop below the level of the top of the silica.

When all the silica has been loaded, leave a good head of solvent on top
of it and sprinkle in enough sand to cover the surface of the silica
evenly (ca. Imm). Then force the excess solvent through the column
until there is just a small layer left above the sand. There should now
be aflat layer of silica covered by a thin and even layer of sand.
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(a) loading the column (b) complete column set-up

Figure 9.1%

Note:

The column once prepared can be left for a very short time, but once
you load the sample the remaining steps should be carried out as swifily
as possible, and the solvent flow should be continued without
interruption if possible, especially during the early stages of elution.

343



1ii)

i)

i)

ii)

Working Up The Reaction 173

Leaving the column standing with the sample loaded leads to band
dispersion and loss of resolution. So, before starting the remainder of
the procedure make sure you have everything that you will need 1o
hand, including plenty of solvent.

Load the sample

Dissolve the sample in the minimum amount of solvent, preferably the
same solvent that you intend to run the column in (if this is not possible
as is often the case, dissolve the sample in a small amount of
dichloromethane)t. Keep a tlc sample of the sample mixture to
compare with the column fractions.

Load the solution onto the top of the column, very carefully, using a
Pasteur pipette to drip it around the walls of the column, just above the
sand. Caution must be taken not to disturb the layer of sand. Repeat
the procedure using the minimum quantity of solvent to rinse any
remaining sample from the flask.

Once all the solution has been added allow the level of liquid to drop so
that the top of the sand is just starting to dry.

Add the solvent

Add the solvent to the top of the column, very carefully at first, again
using a Pasteur pipette to drip solvent around the walls of the column
just above the sand, and taking care not to disturb the sand. Once a
head of sclvent is present, more can be poured in carefully from a
beaker.

Attach a solvent reservoir to the top of the column, secure it with elastic
bands (Bibby clips are not strong enough), and fill with solvent.

Run the column

Connect bellows or flash adapter to the top of the reservoir and secure
with elastic bands (your set-up should then look like the diagram
shown in Fig. 9.19).F

Apply pressure to give a fast solvent flow rate and collect fractions
continuously. Itis very important to maintain a fast flow rate through

¥ For some very non-polar compounds, even small quantities of methylene chloride
may causce ¢lution problems and an alternative method of loading can be used. Thus, a
selution of the sample is added w© a small amount of silica in a round bottom flask and
the mixture is evaporated o dryness. The dry impregnated silica is then added to the top
of the pre-packed column.
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the column - the solvent should run, rather than drip! A slow flow rate
causes reduced resolution, NOT improved separation.’t The size of
fractions will depend mainly upon the size of the column and as a rough
guide, they should be in ml about half the weight of silica (i.e. for a
30g column you should collect ca.15ml fractions). It is a myth that you
get less mixtures by collecting smaller fractions - the mixture simply
appears in more tubes and leads to a good deal of extra work! You may
feel safer collecting relatively small fractions at first, but as you become
more experienced you will tend to collect larger fractions, and thus
considerably lower the amount of time you spend on chromatography.
Always be careful not to let the column run dry.

iify Monitor the column fractions by running tlcs whilst the column is
running (5 or 6 spots per tle plate is usually a convenient amount). You
should have time to apply a spot of the previous fraction to a tlc plate
whilst the present fraction is collecting.

6. Analyse tics and combine fractions

When all the compounds you are interested in have eluted, and you
have identified in which fractions they are, combine the fractions as
appropriate (keeping fractions that contain mixtures separate from those
containing pure materials). Remove the solvent from the combined
fractions on a rotary evaporator, and finally remove the last traces of
solvent under high vacuum,

. Qo

Figure 9.20 Typical set of tlcs for a successful column

Gradient elution

When the components of a mixture run close together, a single solvent
system which gives the spots a tlc Ry of 0.2-0.3, will be effective.
However, when the spots are a long way apart, increasing the
solvent

T A pressure of 7psi is recommended in Sdll’s original paper, but we tend to rely on
flow rate, rather than pressure.
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polarity as the column is running will save a good deal of time and solvent -
this is referred to as gradient elution. You should be confident with single
solvent chromatography before you attempt gradient elution, as it requires
quite a bit of experienced judgement. The procedure for doing this is:

1.

Start running the column in a solvent which will give the highest
running spot an Ry of 0.2-0.3.

When tlc analysis indicates that this component is almost completely
off, change the solvent polarity to that which gives the second spot an
R of 0.3. In some cases you may need to change the solvent polarity
in steps.

Continue this process until all the spots that you require are off.

Recyceling procedure for flash silica

Flash silica is quite expensive but if you can buy it in bulk (25kg at a time)
the cost will be reduced by nearly half. Another way to save money is to
recycle it, using the procedure given below. The material generated by this
method is very reliable.

1.

Washing

Suspend lkg of silica in 1.5 litres of acetone, stir, then filter on a
Buchner funnel and wash with an additonal 1 liire of acetone, followed
by 2 litres of deionized water

Ignition
Place the silica in a large crucible and dry at 120-140°C overnight.
Then heat in a muffle furnace at 500-600°C for 4h.

Coarse particle removal

After cooling, place the silica in a bucket containing about 3 litres of
deionized water. Mix the suspension thoroughly, avoiding vortexing,
and allow the mixture to settle for 30 s. Then carefully pour the top
50% of the mixture into a second bucket. Make the first bucket up to 5
litres, stir again, allow to settle for 30 s and again decant off the first
50% into the second bucket. Repeat this procedure twice further then
discard the remaining contents of the first bucket.
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4. Fine particle removal
The second bucket should now contain about 10 litres of silica/water
mixture. Stir this thoroughly and allow it to settle for 4 min. Decant
off the first 50% carefully and discard it. Stir again, then allow to
settle for 4 min, decant off the first 50% and discard again. Repeat this
procedure twice more, after making up to 5 litres each time.

5. Activation

Filter the silica in a Buchner funnel then dry in an oven at 120-130°C
overnight. Recovery should be 650-800¢.

9.5.2 Dry-column flash chromatography

This technique was developed by Harwood? and can be used as an
alternative to flash chromatography. The apparatus simply consists of a
parallel-sided vacuum filter funnel, incorporating a porosity 3 sinter (see
Chapter 3) and a flask (Fig. 9.21).

F-----| &—— solvent

«—— silica
porosity 3 ——

sinter

funnel

Figure 9.21

Method for running the column

I. Column packing

Fill the funnel to the lip with tlc grade silica (e.g. Merck Kieselgel 60) and
tap gently, then apply suction from a water aspirator, pressing the silica
down starting at the circumference and working towards the centre.
Continue until a level and firm bed is obtained and there is a head space for

2, LM. Harwood, Aldrichimica Acta, 1985, 18, 25
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sample and solvent addition. The approximate funnel sizes, compared with
the quantity of sample to be applied, are given in Table 9.1.

Table 9.1
Funnel Funnel Weight of Weight of Fraction
Diameter(mm) Length(mm) Silica(g) Sample(mg)  Size(ml)
30 45 15 15-500 10-15
40 50 30 500-2000 15-30
70 55 100 1000-5000 20-50

2. Pre-elution

Under vacuum, pre-elute the column with a solvent which will give a tlc R¢
of about 0.2 for the least polar constituent of the sample. If the silica has
been packed correctly, the solvent should run down the column with a
horizontal front, but if it channels, the column should be sucked dry and re-
packed. Keep the surface of the silica covered with solvent while pre-
eluting until solvent starts collecting, then suck it dry.

3. Loading the sample

Load the sample as a solution, in the same solvent as used for pre-elution, in
an even layer onto the surface of the silica. Alternatively, if the sample is
insoluble in the pre-elution solvent, it can be pre-adsorbed onto a small
quantity of silica (see Section 9.5.1, loading a flash colurnn)) which is then
spread on the surface of the silica in the funnel.

4. FEluting the column
Sequentially add solvent fractions to the funnel according to the quantities
indicated in Table 9.1, sucking the silica dry in between each fraction, and
keeping fractions separate. For each successive fraction increase the solvent
polarity by increasing the proportion of the more polar solvent by about 5-
10% (e.g. from 50% EtOAc/50% petrol to 55% EtOAc, for a 10%
increase). Analyse the fractions by tlc to determine the locations of the
components of interest, but as a rough guide, the solvent mixture which
would give the compound a tle R value of about 0.5 will probably elute it.
As with any chromatographic technique expertise will only come with
experience, but given that, you should be able to separate quite closely
running compounds quickly using this technique.
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95.3 Preparaiive tic

Until quite recently preparative tic was widely used for separating small
quantities of compounds of similar polarity, but the technique has largely
been superseded by the development of flash chromatography and hplc,
each of which can give better resolution. Thickly coated ‘prep plates'
should definitely be considered a thing of the past, but some people still do
like to run large (e.g. 20 x 10cm) analytical plates as prep plates, and about
10mg can be loaded onto this size plate.

A high degree of skill is required to draw a tlc dropper across a line at
the base of the plate, applying a very thin and even line of the sample
solution, without damaging the silica. In between each application the
solvent is allowed to dry before a further application is made, and this
process is repeated until all the sample has been loaded.

After running the plate (multiple elution is often required for good
separation), it is viewed under a uv lamp and the bands are marked with a
fine pencil (it is very difficult to use prep tle for non-uv active compounds).
A sharp scalpel is used to cut the bands and scrape them carefully off the
plate and the compound is separated from the silica by washing through a
cotton-wool plug with a very small quantity of methanol. After evaporation
it is necessary to re-dissolve the compound in methylene chloride and filter
again to remove traces of silica,

Great skill is required to run preparative tles effectively, and even then
the sample obtained is often contaminated with significant quantities of
grease and tlc plate binding agent. Since there are now much better modemn
small scale separation techniques available, we do not recommend
preparative tlc (see below for details of preparative hplc and Chapter 10 for
more on small scale flash chromatography).

954 Medium pressure liguid chromatography (mplc)

There are often times when quite difficult separations need to be performed
on a fairly large scale. Even if the mixture will separate by flash
chromatography, it may be prohibitively expensive, especially if it is a step
which needs to be carried out routinely. This is one occasion when mplc is
very useful. The resolution of mplc is somewhat better than flash
chromatography, but another important feature is that the columns are re-
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used many times, thus avoiding the expense of throwing away large
quantities of silica.

Setting up an mplc system

pulse damper injection valve
with pressure

limiter

incorporating sample loop -
see Fig. 9.26 for flow diagram

pump

oo [

S—
o0 o0o0

I €— scrubber
column

€— main
column

fraction

/ collector

"] & solvent bottle

MPLC scematic diagram
L L VVVVY yywvwywy

Figure 9.22

The mplc system is essentially a simplified and much cheaper version
of an hplc set-up. At the heart of the system is any type of pump which will
operate at 100psi, with a controllable flow rate of up to 100ml/min. There
are a variety of moderately-priced pumps on the market, including one
produced by Buchi, which is especially designed for mple. However, we
use a Gilson hplc pump, which has interchangeable flow heads. For mplc,
a 100ml head is fitted, but the same pump can also be used for either
analytical or preparative hplc, simply by changing the head. Since glass
columns are used for mplc it is important that a pressure limiting valve is
fitted in-line, to prevent high pressure building up in the column, in the
event of a blockage. The valve should normally be set to cut off the pump at
about 100psi, but you should consult the instructions for your columns
before setting this.
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All the pipework used in the mplc system is 3mm Teflon tubing, which
is very easily tailored to your needs. The tubing is connected to the various
components of the system by plastic screw ferules, which should only be
tightened finger tight. It is very easy to make up the tubing to suit your
needs, but you will need a flanging tool to fit the ferules onto the tube ends
(Fig. 9.23). The tubing can be connected using threaded plastic sleeves
(Fig. 9.24).

ferule

N

hot flanging metal flange teflon tubing

tanl

—

Figure 9.23 Fitting a ferule to 3mm teflon tubing

! m—
] -:

Figure 9.24 Connecting 3mm tubing using a threaded sleeve

The sample is introduced into the system vig an injection valve, but this
is a much simpler and less expensive valve than that found in an hplc
system. We use a Rheodyne type 50 Teflon rotary valve, which will take a
flow rate of 100ml/min (Fig. 9.25). The pump and the column are
connected to the red and white connectors respectively, whilst a sample load
loop (see below) is fitted to the black and yellow connectors. A Luer fitting
is attached to the blue connector, which is where the sample is introduced,
using a syringe. The green connector is a vent and should be positioned so
that effluent from it can be collected in a beaker or flask.
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Figure 9.25 Rheodyne Type 50 mplc injection valve

In the 'load’ mode (anti-clockwise position), solvent from the pump
inlet (red) passes directly out into the column {white). In this mode the
sample inlet (blue) is connected through the load loop (black and yellow) to
the vent (green). Thus with the solvent flow by-passing the load loop,
sample can be injected from a syringe onto the loop, displacing any residual
solvent out of the vent.

column column
Anti-clockwise position Clockwise position -
- sample loaded onto loop sample flows onto column

by injection at port 6
Figure 9.26 Flow through mplc injection valve

On switching the valve clockwise to the alternative ‘inject’ position, the
solvent stream is diverted through the load loop, introducing the sample
onto the column (Fig. 9.26).

Load loops are made very simply by coiling a length of 3mm Teflon
tubing which holds the required volume and fitting ferules on either end -
10, 25 and 50 ml loops are useful sizes to make.
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There are now several manufacturers of good quality glass mplc
columns, The ones we use are made by Buchi and we have found them to
be very effective. They are available in a wide variety of sizes and it is
convenient to have a selection, but if your budget is tight, just one large
column would be very useful. The column we use most frequently is 50cm
long by 50mm wide and we can separate between 8 and 20g on this
depending on the separation. It is useful to have a small 'scrubber’ column
in front of the main column, which will prolong its useful life. Each column
manufacturer will recommend a packing method, and Buchi supply a special
loader for their columns, which is very quick and simple to use, and packs
the silica dry under compressed air pressure.

There is a choice of silica available for mplc, but for most purposes
ordinary 'flash’ (40-60pm) silica is used. It is surprising to find out how
much more effective this silica is under mplc conditions than under simple
flash conditions. A column packed with 15-20um silica is more effective
for difficult separations but there is a lot to be said for sticking to only one,
or perhaps two types of silica and becoming familiar with their
characteristics. In most cases getting a good separation 1s simply a matter of
choosing the appropriate size of column and the correct solvent. Other solid
phases can also be used on an mple system alumina, ion exchange resin,
Sephadex,

The final piece of equipment which is more or less essential to an mplc
system is a fraction collector, Any kind of fraction collector will work, but
we use a Gilson computer controlled device, which is ideal for a variety of
purposes. For small scale work we collect 20 ml fractions (Gilson number
22 rack), and for large scale we collect 60 ml fractions (sintillation rack
number 24 with home-made tubes to fit).

A uv or refractive index detector can also be incorporated into the
system, or the fractions can simply be analysed by tlc, as for flash
chromatography. If the conditions are kept constant the results from mplc
are very consistent, so if you wish to repeat separations of the same
mixture, it is very easy to predict which fractions will contain each
component.
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Procedure for using mplc

You will normally have had experience of flash chromatography before
attempting mplec, and the two are really quite similar except that the
relationship between tlc polarity and column solvent is slightly different.
Again there is no substitute for experience! The following list will guide
you through the essential steps.

1.

Decide on column and solvent

A solvent which gives an R between 0.2-0.4 usvally works best, and
the size of the column will depend on quantity and separation. As a
guide, we routinely resolve 8g quantities of a quite closely running
mixture on a 50 x Scm column, but we have separated up to 20g if the
separation is very good. Itis always best to rely on experience and for
this reason we keep a log of all the Tuns on the system, which includes
tlc sketches, quantities, solvent system, flow rate, column information
and comments. Then when you are running something for the first
time, you can look back to find similar mixtures which have been
separated before and gain some idea of what to use for your sample.

Ser up the system

Set the system up as described above, re-charging the scrubber column,
if one is fitted, and switch on to run solvent through the column. If the
column is newly packed, recycle the effluent from the column back into
the solvent reservoir and leave the instrument to equilibrate for at least
15 min. If the column already contains solvent, flush this off before
recycling. Also, set the injection valve so that solvent flows through
the load loop and flushes away any solvent which was in there! The
optimum flow rate is dependent on column diameter, but will also vary
with solvent , separation etc. The following figures are a rough guide:
about 20ml/min for a 25mm column; about 45ml/min for a 35mm
column; 75-85ml/min for a 50mm column and 100ml/min for anything
larger (see under preparative hplc for flow rate calculation). Having
chosen the flow rate, set the fraction collector to stop at each tube for an
appropriate time.

Sample preparation

Mplc is a separation technique and not a clean-up technique, and since
the columns are re-used, any base-line material or inorganic solid
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should be removed from the sample before you start. This can be done
either by simple filtration or by filtration through a small pad of silica in
a short column. While the mple column is equilibrating, make up a
concentrated solution of the sample in ¢ither the chosen solvent or in
methylene chloride.

Load the sample

Switch the injection valve to the load’ position (Fig. 9.26, solvent by-
passing the loop). Using a good syringe with a flat-ended needle, draw
up the sample, then invert the syringe and hold it with the needle
pointing upwards. Next draw in an air bubble of about 1ml and
remove the needle from the syringe. Still holding the syringe in the
inverted position, carefully connect it to the Luer finting on the injection
valve. Now turn the syringe the right way up and inject the sample
until all the solution and a very small bubble have entered the load loop.
To avoid a sudden pressure build-up as the sample is injected, reduce
the flow rate by half, then switch the injection valve quickly. As the
sample begins to enter the column, gradually turn the flow rate back up
and start the fraction collector.

Running the column

Whilst the column is running, collect tlcs or use the detector to
determine which fractions contain the required components. Unless
you are using a refractive index detector, gradient elution is simply
achieved by gradually adding more polar solvent to the reservoir.
Finishing the run

Before you leave the system make sure all the components that were
loaded onto the column have been eluted and if necessary, run a more
polar solvent through to remove polar material, The column can be left
with a length of Teflon tubing attached between the ends to prevent it
drying out.

Regenerating columns

Sometimes a column will become contaminated with stubbora polar
material. 'Back-washing’ some columns is possible, but this is not
necessarily the best way to weat them. It is better to run a polar solvent
through, such as methanol ( or even water), then gradually change the
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solvent back to a less polar system, through the sequence: water;
methanol; ethyl acetate; ethyl acetate/petrol; petrol.

9.5.5 Preparative hplc

Equipment required

A preparative hplc system has exactly the same components as an analytical
system, except that several features are larger (see Chapter 8). With some
systems, such as the Gilson, the pump head can simply be changed to
provide the higher flow rates required. The injection valve must also be the
large bore type (e.g. Rheodyne 7125) fitted with a large load loop (up
5ml), and of course the columns are much larger, Tt is also useful, but not
essential, to have a fraction collector, and if this is microprocessor
controlled, it can be liked to the detector so that fractions are only collected
when a peak is being detected. There are now several extremely
sophisticated, computer-controlled systems available, which can be set to
inject samples automatically and collect selected peaks into designated
flasks. Thus, large quantities of material can be separated over multiple
injections. However, for most research purposes the prime requirement is
for one-off separations.

The choice of detector can be quite critical. Uv detectors are very
sensitive but are of little use if molecules without chromophores are being
separated. A refractive index detector is universally applicable but has the
drawback that gradient ¢lution is virtually impossible,

Running a prepararive hplc column

The sequence of events for running a preparative hple column is almost the
same as that for mplc, as described above. However, there are a few
significant differences which should be taken into account, and will be
described here.

Care of hpic columns

First of all you should appreciate that preparative hplc should only be used
for separation of clean mixtures. Some other form of chromatography
should always have been carried out previously to remove any material
which is significantly more polar than the compounds to be separated and
any suspended solid should also be removed. Preparative hplc is a very
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powerful technique and it is often possible to separate compounds which do
not separate on tlc. However, preparative hple columns are extremely
expensive, and although they should last for a very long time, they can
easily be ruined by one thoughtless application. Tiny solid particles will
damage a column, and for this reason sample solutions should be passed
through a fine filter directly before loading

Choice of column, solvent and flow raie

It is very difficult to draw a correlation between the behaviour of a mixture
on tlc and the way it runs on hplc, and it is therefore preferable to carry out a
few analytical hplc runs to find an appropriate solvent system and determine
the quantity which can be separated. If you can use the identical type of
column for your analytical work this is of course ideal. There are now sets
of columns which run from micro analytical sizes through to large
preparative scale, and have uniform characteristics through the series. We
use ‘Rainin Dynamax’ columns which have a very sophisticated design and
give excellent results for preparative work. The biggest factor which leads
to loss of performance in hplc columns is the packing down of the solid
phase which occurs with constant use and causes voids, particularly at the
ends of the column. One of the features of Dynamax columns is that they
are fitted with a compression joint, which closes the voids and enables the
columns to perform well over extended periods of use. They can also be
fitted with integral scrubber units which extend the life of the main column,

The sizes of the columns increase in regular steps and it is therefore
very easy to correlate between the smaller 'analytical' columns and the larger
‘preparative’ columns. In fact the column which we use for analytical work
is 4.5mm x 25cm, and would probably be viewed as a semi-prep column by
an analytical chemist. However, it is very useful for method development,
as it takes only a few minutes to equilibrate and to run. Indeed, it can be
used as a small scale preparative column for quantities between about 5 and
40mg. For normal analytical hplc the intention is to develop a method
which gives the best peak shape with good separation, and column
overloading is therefore to be avoided. On the other hand, a good
preparative method is one which will separate the components and allow
you to 'get away' with maximum overloading, peak shape being largely
irrelevant.
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For full-scale preparative work either a 22.5mm or a 45mm column is
nomnally used and it is easy to scale up to this size knowing the conditions
used for the smaller column. If the columns are the same length the scale-up
factor will depend on the area of the column surface, thus:-

Scale-up factor, F = Area(largecol) = nR2(large) = (D/2)(large)
Area(small col) wR2(small) (D/2)2(small)

Using these equation, the scale-up factor between the 4.5mm column
and the 22.5mm column is 22.35. and between the 22 5mm and the 45mm
itis 4. If the columns are not the same length then simply multiply the
factor by the proportionate length difference (for example going from a
4.5mm x 12.25cm column to a 22.5 x 25cm column the scale-up factor
would be 44.7). To work out the conditions for running the larger column
simply multiply the flow rate and the quantity loaded on the small column by
the scale-up factor and this should produce identical results on the large
column. As a rough guide a 4.5mm x 25cm column runs at about
0.75ml/min and can be loaded with 5-35mg; a 22.5mm x 25¢m column runs
at about 16ml/min and can be loaded with 100-800mg and a 45mm x 25¢m
column runs at about 64ml/min and has a capacity of about 450mg to 3.2g.
Once you have worked out a good system for prep hplc the run times are
quite short, so that large amounts of material can be separated quite
conveniently by multiple runs.

Solvents for hplc

All solvents used for hple must be very high grade and must be degassed
before use. Degassing can be achieved by bubbling helium through the
solvent vig a gas diffuser, by standing the bottle of solvent in an ultrasonic
bath, or by stirring the solvent under vacuum. The solvent inlet line of the
hple system should always incorporate a filter to prevent small particles
entering the system. Ethereal solvent mixtures are not very successful for
hple work and in general it is normally best to use a system where the more
polar constituent is also the least volatile.
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CHAPTER 10

Small Scale Reactions

10.1 Introduction

For the purposes of this chapter we will define small scale reactions as those

involving reaction mixture volumes of less than 5ml. When performing

organic reactions on this scale special problems arise, most notably:

1. Difficulties in measuring out small quantities of sensitive reagents.

2. Significant losses of material due to apparatus design.

3. Difficulties in excluding trace amounts of water from moisture-sensitive
reactions.

Whenever reactions are performed, material losses are obtained as a
consequence of the above problems. Normally these losses only account
for a few percent of the total material, however this percentage can increase
dramatically as the reaction scale decreases. For example if a moisture-
sensitive reaction was carried out on a one mole scale, it would take 18g of
water to completely stop the reaction occurring, however if the same
reaction is carried out on a 0.1mmol scale, then only 1.8mg of water would
completely quench the reaction.

The problem of weighing out small quantities of sensitive reagents is
best solved by accurately weighing larger quantities, and making up
solutions in an inert solvent, ideally the reaction solvent. Since the molarity
of the solution is known, a quantitative aliquot of this solution can then be
added to the reaction mixture using a syringe . This effectively reduces the
problems of weighing out the material to those that exist in larger scale
reactions, and discussed in earlier chapters. As a general rule many of the
techniques used in setting up reactions discussed in the earlier chapters, can,
with care, be applied to small scale reactions. Indeed there are a wide
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variety of miniature chemical apparatus commercially available for just this
purpose.

This chapter will outline some of the more specialized techniques that
can be employed to alleviate the problems associated with small scale, and
that can be carried out without the requirement of relatively expensive
specialized glassware.

10.2 Reactions at or below room temperature

When carrying out small-scale reactions at or below room temperature it is
quite possible to use a conventional apparatus set-up. Most reactions are
carried out in round-bottomed flasks, which are available in sizes down to
1ml. The main problems arise when you come to work up the reaction
mixture. If an aqueous or organic extraction is required, then the material
must be transferred to a separating funnel. This will inevitably lead to some
loss of material during the transfer, but this should be minimal. The main
problem arises from the fact that separating funnels rarely come in sizes
below 10ml. In addition, because of their design there will always be some
loss of material in the apparatus itself. This is mainly because the reaction
mixture necessarily comes into contact with a large surface area of
glassware, and retrieving material coated over this large area tends to be
difficult. A useful alternative for extractions involving 2ml or less is to use
a glass sample vial or small test-tube (Fig. 10,1), The reaction mixture can
be washed into the sample vial, and the extraction solvent added. The lid of
the vial is then put on, and the mixture shaken. Removal of the lid allows
any pressure build-up to be released. Particular care should be taken when
removing the lid to avoid spillage.

The required solvent layer is then removed using a Pasteur pipette.
Three or four extractions are usually sufficient to recover the majority of the
material. This technique is particularly straightforward for diethyl ether
extractions of aqueous solutions in which the ether layer is required, since it
can readily be pipetted from the top of the aqueous layer (Fig. 10.1). If you
require the lower solvent layer, this can be recovered either by pipetting
away the top layer, or by pipetting from the bottom of the vial. Because
efficient separation of the two phases is required, it is preferable to use a
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tall, thin vial rather than a short, fat one. A second vial containing drying
agent can then be used to dry the extracts.

Removal of the drying agent is normally achieved by filtration of the
solvent mixture, and on a small scale this is best achieved using a Pasteur
pipette fitted with a cotton wool plug as the filtration apparatus (Fig. 10.2).
Once the solvent has been transferred into the filtration pipette, it can be
forced through the plug by applying pressure with a pipetie teat.
Evaporation of the solvent in the normal way then yields the crude reaction
product. As stated earlier, material is inevitably lost with each transfer of
apparatus. It is possible to cut down the number of transfers by using the
sample vial as the reaction vessel. Very small magnetic fleas are now
commonly available, and will fit most small sample vials. Consequently,
with magnetic stirring, the vials can serve as small reaction vessels (Fig.
10.3). They are conveniently attached to the top of a magnetic stirrer
machine using plasticine.
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When capped, the vial is a sealed system, consequently this set-up is
only useful for small scale reactions at room temperature that do not involve
an increase or decrease in pressure inside the reaction vessel. For reactions
at low temperature, or those requiring a positive pressure of an inert gas
atrnosphere, it is often more convenient to use a Pyrex test tube fitted with a
septum (Fig. 10.3). In all other respects the arrangement is the same and,
since Pyrex test tubes are available in a range of sizes, this apparatus can

inert gas

l
[ T] ~— septum

sample vial—-
—=— test tube

reaction

/ mixture

2 -—___magnelic

fleag ———=

Figure 10.3 Use of sample vial or test tibe as a reaction vessel
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cope with a range of reaction volumes down to about 0.2ml. Again the
reaction vessel can also be used for a subsequent extraction procedure
simply by replacing the septum with a bung,

10.3 Reactions above room temperature

Carrying out small scale reactions above room temperature, particularly
those involving solvent at reflux, is very difficult. The problems are
associated with preventing the evaporation of very small amounts of
solvent, and material losses in the apparatus. This is usvally caused by
losses of material through ground-glass joint attachments of condensers to
the reaction flask, and by inefficient condensation of the solvent vapour.
One solution is to use a sealed tube (see Chapter 8) as the reaction vessel,
and this is probably the equipment of choice for reactions involving volatile
solvents (< 50°C) on scales below 1ml. For higher boiling solvents it is
possible to use a one-piece apparatus, incorporating an air condenser system
(Fig. 10.4). This apparatus can be conveniently constructed at the required
size from a piece of Pyrex tubing. The air condenser is adequate enough to
prevent the evaporation of higher boiling solvents (= 100°C). Alternatively,
a one-piece apparatus incorporating a water condenser can also be used

inert gas inert gas

| {

septum [
reaction mixture

/|, [
- water
condenser
-

N

Figure 10.4 Small scale air condenser and water condenser sysiems.

air
condenser
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(Fig. 10.4). In this case the condenser system is more efficient, however
construction of the apparatus is correspondingly more complex. In both
cases the refiux apparatus can be easily constructed to allow reaction
volumes down to about 0.5ml.

10.4 Reactions in nmr tubes

In many cases it is necessary to monitor closely the progress of a small scale
reaction by methods other than tlc; one very useful alternative is nuclear
magnetic resonance (nmr). With larger scale reactions this is simply done
by removing an aliquot of the reaction mixture and recording its nmr
spectrum. Obviously this approach cannot be applied to reactions involving
relatively small quantities of material. The answer is to carry out the
reaction in an nmr tube. Both Smm and 10mm diameter nmr tubes can
conveniently be used as reaction vessels (Fig. 10.5) in the same way as test-
tubes were employed in Section 10.2,

inert gas

septum —

orr tube —- inert gas supply
must be removed
——
prior to running
the nmr spectrum
[ ]
reaction - -
mixlure o -

Figure 10.5
The reaction can then be monitored by recording the spectrum of the
reaction mixture directly. There are however several important points to
note when using nmr tubes as reaction vessels:
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1. The reaction solvent should be chosen carefully to ensure that it does
not obscure the nmr region to be observed.

2. Magnetic stirring cannot be used because the magnetic flea in the nmr
tube would interact with the nmr field causing severe broadening of the
spectrum. Similarly the presence of paramagnetic material in the
reaction mixture will lead to broadening of the spectrum,

3. For high-quality nmr spectra to be recorded, the reaction mixture
should be homogeneous. The presence of solids in the reaction mixture
will lead to poorly resolved spectra.

As a general rule you should use the reaction solvent that is normally
employed for the type of reaction being carried out, however its deuterated
equivalent must be used if 'H nmr spectra are to be observed. Agitation of
the reaction mixture is probably best achieved using sonication in an
ultrasonic bath (Chapter 8), although periodic shaking will often suffice.

If you require to carry out the reaction at elevated temperatures then it is
usually advisable to use a sealed nmr tube. Thick-walled nmr tubes are
commercially available if the reaction mixture is required to withstand
increased reaction pressures typical of those obtained in sealed tube
experiments.

10.5 Purification of materials

The purification of small quantities of materials (< 50mg) also poses certain
problems. A number of simple techniques used are outlined below.

10.5.1 Distillation

By far the most convenient method of carrying out distillation on a small
scale is to use a Kugelrohr apparatus (se¢ Chapter 9). Tn order to cut down
on losses through ground glass joint connections it is often necessary to use
a one piece Kugelrohr bulb set (Fig. 10.6). This can be conveniently made
to the size required from a piece of Pyrex tubing,

After distillation is complete the apparatus is left to cool, and the
purified material recovered by cutting up the apparatus into three sections
using a glass knife,
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10.5.2 Crystallization

Crystallizations on a small scale are most conveniently carried out using a
Craig tube apparatus as described in Chapter 9.

10.5.3 Chromatography

All the normal ¢hromatography techniques (see Chapter 9) can be used to
purify small quantities of material. Indeed preparative hplc and glc are often
more successful when small quantities of material are involved.

In the case of flash chromatography however, it is often impractical to
simply scale down the equipment. A useful alternative is to employ a
Pasteur pipette as the column. Such a column is easily constructed using a
pipette containing a cotton wool plug (Fig. 10.7a). The pipette is then filled
with the required adsorbent (typically silica gel). The amount of adsorbent
used depends upon the quantity of crude sample to be purified, however it is
inadvisable to fill the pipette more than three-quarters full, otherwise there is
insufficient room for the solvent. Next, the eluting solvent is added to the
top of the column and allowed to run through the column under gravity.
More solvent is added to the top of the column as required. Once the
solvent starts to appear at the bottom of the column, pressure can be applied
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using a pipette teat, forcing the solvent through at a faster rate. After about
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Figure 10.7

two column-volumes of solvent have been passed through the silica it
should be ready for use. The sample is applied to the top of the column in
the usual way and pressure is applied using a pipette teat. The main
difference between this arrangement and the more usual flash
chromatography set-up is that the pressure applied to the top of the column
is not constant. The teat is constantly being removed to allow the addition
of more solvent to the top of the column. Consequently the solvent is not
passing through the column at a constant rate. In most instances this does
not appear to significantly affect the separations achieved. If, however, this
proves to be a problem, a miniature chromatography column with solvent
reservoir can easily be constructed from Pyrex glass tubing (Fig. 10.7b).
With a cotton wool plug in the bottom this can be used in exactly the same
way as the larger columns described in Chapter 9.
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CHAPTER 11

Large Scale Reactions

11.1 Introduction

This chapter deals briefly with some of the specialized techniques required
when working with larger scale reactions. For the purposes of this chapter
we will define a large scale reaction as one involving reaction volumes of
between 2 and 5 litres. Working on reaction volumes in excess of this
usually requires the use of pilot-plant equipment and is beyond the scope of
this book.

When working on larger reaction volumes, several problems arise as a

consequence of the scale:

1.

The use of syringes to add liquids to a reaction becomes impractical if
you require to add volumes of more than 50ml.

Strring the reaction mixtures can become a problem, because magnetic
stirrers become ineffective for volumes much above 1 litre.

Control of the reaction temperature becomes more difficult as the
reaction volume increases, because reaction mixtures will take much
longer to heat up or cool down.

Exothermic reactions can prove to be a major problem on a large scale
since they are prone to induction periods before reaction starts, After
the induction period, the reaction can heat up rapidly and, unless
extreme care is taken in these situations, the reaction can easily go out
of control. It is recommended that very careful monitoring of the
temperature is undertaken in such cases, and any addition of reagents
which may lead to an exothermic reaction is carried out slowly.
Purification of materials on a large scale is often less easily carried out.
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On the other hand, some problems that exist with smaller scale
reactions can be less troublesome when working on large scale. For
example, material losses that occur as a consequence of transferring the
material between pieces of equipment become insignificant. Moisture-
sensitive reactions are less of a problem because if traces of water get into
the reaction they will only affect a very small percentage of the reaction
mixture.

11.2 Carrying out the reaction

~
o —— R
et
mechanical stirrer ———- | (0] |
—ﬂ— dropping
- funnel
inert gas — /

condenser ——

u:alnnln:l|m‘|||:L|||!nn‘u|1]|nd

reaction [lask

SR

Figure 11.1

369



Large Scale Reactions 199

In most cases large versions of the standard laboratory equipment are
adequate. Agitation is almost always achieved using a mechanical stirrer
(see Chapter 8), since this is the only device powerful enough to stir large
reaction volumes efficiently. As already mentioned, syringes tend to be
useless for transferring large volumes of liquid and pressure-equalized
dropping funnels serve well as their replacement. A typical set-up for a
large scale reflux is outlined in Fig. 11.1. The pressure-equalized dropping
funnel can be filled by removing the stopper and pouring in the required
material or, if the material is moistore sensitive, then it can be transferred

mechanical stirrer— ::] 0 ‘

incrt pas

jacketed dropping

funnel

coolant

low temperature
thermometer

Figure 11.2
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into the dropping funnel vig a cannula by replacing the stopper with a
septum.

If the solution to be added from the dropping funnel requires cooling
prior to addition it is possible to use a jacketed dropping funnel, with the
cooling mixture (e.g. dry-ice/acetone) placed in the jacket. This is a
common set-up encountered for low temperature reactions on larger scales
(Fig. 11.2).

11.3 Purification of the products

Many purification techniques are not practical when dealing with large
quantities of material. In general the most useful methods of purification
that can be applied to large quantities of material are recrystallization for
solids, and distillation or steam distillation for liquids, These techniques
have already been discussed in previous chapters. Chromatography should
be avoided if possible since it becomes a very expensive operation on large
scale, but if it is necessary, then medium pressure liquid chromatography
(mple) as described in Chapter 9 is the method of choice.
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CHAPTER 12

Characterization

12.1 Imtroduction

This chapter deals with the type of physical data that are required for the
proper characterization of the purified product. No theory is discussed as
this is well covered in other sources and, given good data, it is often
possible to find a colleague (for example) who will help out if you are
unable to interpret a spectrum. With inadequate data it will be difficult to be
certain of the structure and purity of your product, and it will certainly be
more difficult to interest the colleague referred to above!

It is important to acquire as much information as possible on your
product. It might be 'obvious’ from the nmr that the structure is what you
think that it should be, but it is still necessary to record (at least) the ir and
mass spectra. These might simply confirm the nmr data, or they might raise
other structural possibilities.

The full set of routine physical data which could and, ideally, should be
obtained on a pure compound is as follows; ir, uv, high field nmr (!H and
13C), and low and high resolution mass spectra, m.p. or b.p.,
microanalysis (for a new compound). If the compound is optically active
then the optical rotation must be measured. Only mass spectroscopy and
microanalysis from this list are destructive techniques, but modern
techniques mean that only a small amount of material need be 'sacrificed’.
Some general points concerning these techniques and the sample
requirements are given below.
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12.2 Nmr

Nowadays the H nmr spectrum is often the first measurement taken. The
size of sample required depends on the type of spectrometer used. A
continuous wave machine operating at 90 MHz will need at least 10mg of a
normal organic compound, probably more. Pulsed Fourier transform
spectrometers require less, Smg being a normal amount, and good spectra
can be obtained using much smaller quantities. Most spectra are measured
in deuteriochloroform (CDClI3) although other solvents will be required
from time to time. A typical solvent volume would be ca. 0.4-0.5ml in a
5mm tube. Routine measurement of the 13C nmr spectrum usually requires
more sample (25-50mg) but good spectra can be obtained on less, it simply
takes more time.

The solution used must be free of paramagnetic metal ions (it usually is)
and particles (it usually is not). Filtration through a small wad of cotton
wool forced into a Pasteur pipette will usually remove sufficient particles to
allow a good spectrum to be obtained.

The high field 1H nmr spectrum will show up impurities containing
protons. Given that the compound has been purified, the most common
impurity peaks observed in the 'H nmr spectrum are those from the last
solvent used (for example, solvents used in crystallization or
chromatography). This should be avoided, and it is always possible unless
the boiling point of your product is close to the solvent (which it should not
be) or your product is a crystalline solvate (not that common). Thorough
exposure to high vacuum should suffice but some very viscous oils and
gums will 'hold on' to solvent due to the very slow rate of diffusion. If
warming in high vacuum fails to remove all solvent, and a ‘clean’ 1H nmr
spectrum cannot be obtained, then dissolve the sample in a small amount of
CDCl3 and evaporate. Repeat once or twice and most of the residual solvent
should be CDClIj3 rather than (say) ethyl acetate. This will improve matters,
but do not forget that your sample will still be impure on evaporation as it
will contain residual CDCl3.

123 Ir

The sample again needs to be free of impurities and solvents for infrared
spectroscopy. There are various methods for sample preparation and which
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you choose will depend largely on the type of compound. The amount
required is no more than a few milligrams. For a liquid sample the spectrum
can be obtained using a thin film obtained by compressing a small drop
between sodium chloride plates, or as a solution {usually in chloroform)
using solution cells. The spectra of solids can be recorded either as mulls
with a hydrocarbon ('Nujol', for example), or by mixing with KBr and
compressing to form a thin disk. Which you use will depend upon the
facilities available, and often on the usual working practice of your
department.

124 Uv

Ultraviolet spectroscopy is only of use if your compound has a characteristic
chromophore. There is little point trying to measure weak bands which will
provide no information. However, it is of considerable value in several
areas of research; for example, natural product isolation, heteroaromatic
chemistry, porphyrin and related chemistry, and in the study of dyestuffs.
The amount of material required is usually very small {fractions of a
milligram) since the extinction coefficients are usually large. The sample
must be as pure as possible and is dissolved in the solvent of choice (usnally
spectroscopically pure ethanol). The concentration must be known
accurately before extinction coefficients can be calculated, and will vary
depending upon the type of chromophore. An estimate of the concentration
to use can be made if the extinction coefficients of compounds similar to that
being studied are available. If this data is not available make up a solution
accurately and dilute it (accurately!) until a reasonable spectrum is obtained.

12.5 Mass spectra

There are three pieces of useful information which can be obtained from
mass spectroscopy; the molecular mass, composition, and the fragmentation
pattern of your compound. The accurate molecular mass is of primary
importance since this will confirm the composition of your compound.
Fragmentation information might be of value for supporting the proposed
structure, possibly by comparison with known compounds. The amount
required is minimal (a few milligrams at most), and the material should be
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reasonably pure. If you are unable to obtain good microanalytical data the
accurate mass measurement may provide an acceptable alternative.

12.6 M.p. and b.p.

These are usually straightforward. Always obtain a rough melting point
before attempting to make accurate measurements and it is often useful to
'calibrate' the apparatus by measuring a known (pure!) compound with a
similar m.p. to the product. If there is a significant discrepancy then a more
reliable apparatus must be used. Do not forget to get the inaccurate
apparatus repaired, and discard it if necessary The compound needs to be
pure and free from dust, and the temperature must be raised very slowly as
you near the melting point. If there is a range over which the compound
melts (there usually is) then record it; do not estimate an ‘average' reading.
If a capillary tube is used, it is sometimes useful to examine the upper part
of the tube for sublimate or distilled decomposition products.

If you have distilled your product to isolate and purify it then you
should already have the information required for reporting the boiling point.
It is important to quote the range of temperature (if observed) over which the
compound distills, the pressure {measured as it is distilling), the vapour
temperature (if measured), and the bath temperature. All these will be useful
when you or anyone else come to repeat the work, and most of this
information will be required at some time for a publication, report, or thesis.

12,7 Optical rotation

If your product is, or should be, optically active then the specific rotation
will need to be measured and recorded. The precise value of this property is
dependent on the wavelength of the light used, solvent, concentration, and
temperature. Moreover, great care should be taken to exclude any by-
products from the reaction since, although these might be present in small
quantities, they might have very large rotations and make your
measurements quite misleading. Clearly then, it is important to be sure of
the purity of your product, and to make up the solution carefully and
accurately. If you are unsure then make a measurement using a known
compound before you try to measure the rotation of your product (assuming
that the specific rotation of your product is not known). Usually you will
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use the sodium-D line and measure at ambient temperature, but be sure to
record the concentration, solvent, wavelength, and temperature along with
the actual value of the measured specific rotation. Occasionally optical
rotatory dispersion and/or circular dichroism spectra will be required.
These measurements will usually made by specialists and the specific
requirements for your particular type of compound are best discussed with
them,

12.8 Microanalysis

There are several schools of thought on this topic. Some maintain that all
new compounds must be analysed, whereas others say that, with the
modern array of physical methods (high resolution nmr spectroscopy and
high resolution soft ionization mass spectroscopy, for example) the need for
combustion analysis no longer exists. Many follow a middle course and use
microanalysis for crystalline compounds which are available in sufficient
quantity, and high resolution mass spectrometric measurements in all other
cases. The course you take will depend upon circumstances (the
requirements of your supervisor or the department, for example).

It goes without saying that the compound must be homogeneous and
free from dust, inorganics, etc. For solids, careful recrystallization using
pure, filtered solvents followed by equally careful filtration will usually
suffice. For oils, distillation folllowed by sealing in an ampoule will
provide acceptable samples. All the glassware involved must be clean and
dry including the ampoule. Solids must be dried in high vacuum in a drying
pistol to temove traces of solvent, and submitted in clean, dry vials. 1tis
possible to obtain reasonable microanalytical data on oils which cannot be
distilled by careful column chromatography using pure, distilled solvents
followed by thorough pumping down in high vacuum.

12.9 Keeping the data

If you work for any length of time in the laboratory you will rapidly acquire
a large number of spectra. It is important that you keep these safe and in
proper order, with an unambiguous cross-referencing system so that you
(and anyone else) can locate the spectra or measurements which apply to the
product of a particular experiment (see Chapter 2 for detailed advice on
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this). Spectra are best kept in clearly labelled folders or binders of some
description, preferably ones which allow for removable attachment of the
spectra. The other data should be recorded in the laboratory notebook along
with the experimental write up. If data sheets are used then all the data
should be recorded on these as they are measured.
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CHAPTER 13

The Chemical Literature

13.1 The structure of the chemical literature

13.1.1 Imtroduction

Consulting the literature is an essential element of chemical research.
Whether you want to confirm the identity of your latest product, or check
the feasibility of an exciting new idea, it would be both unscientific and
counterproductive not to conduct a thorough literature search. Moreover, it
is vital to the success of your work to keep abreast of developments in
organic chemistry in general, and in your area in particular. The problem is
that finding chemical information and keeping in touch with current
developments are difficult and time consuming tasks.

We are the beneficiaries of almost one and a half centuries of research
in organic chemistry. The accumulated output of that effort is an enormous
body of data collected in a vast literature. It is estimated that over half a
million articles (papers, patents, books, etc.) are published each year and the
volume of publications will probably continue to rise. Searching such a
huge body of work is a formidable problem but it must be emphasized that
the time spent reading the literature is often more than repaid by the
experimental time saved as a result.

This chapter is intended as a practical guide to efficient searching of the
chemical literature; the main part is devoted to a description of the most
important access routes to the primary literature, and a discussion of
methods of tackling some common types of literature search. The chapter
concludes with a section on methods of keeping in touch with the current
literature. The reader is referred to two recent texts for more detailed
information. 1.2
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13.1.2 The structure of the literature

Almost all chemical information is originally published in research journals,
in patents, and in theses. These sources are called the primary literature and
the goal of most literature searches is to find the original reports containing
the required information. There are thousands of journals which publish
papers on chemistry but in practice the great majority of papers which are of
interest to the organic research chemist appear in just a hundred or so of
these. This is still a dauntingly large body of information but there are
several routes by which it can be searched and specific items of information
located.

An important route, and one which is rapid and easy, is to tap the
chemical knowledge of your colleagues and supervisors, Many of the
people working around you are likely to be experts in their own fields.
Another route is to use the secondary literature. This comprises review
articles and books, in which the original literature has been organized and
summarized, and reference books in which particular kinds of data have
been collected together. Of course, finding the appropriate review or
handbook is a problem in itself. A third route is via indexes which give the
literature references for all of the information on a given compound, or
procedure, or author etc. Prominent among these is Chemical Abstracts,
which contains short summaries of just about every paper published on a
chemical topic, as well as comprehensive indexes to these abstracts, and
hence to the original papers. Finally there are computer databases, which
offer unprecedented speed, reliability, and flexibility, but at a price!

13.2 Some important sources of chemical information

This section contains a description of structure, strengths, and weaknesses
of four of the most important tools for locating information in the primary
literature: Chemical Abstracts, Beilstein, the Science Citation Index, and
computer databases. It is followed by a complementary section on how to
carry out some specific kinds of searches.

1. Y. Wolman, Chemical Information, A Practical Guide to Utilization, 2nd ed., Wiley,
Chichester, 1988,
2. R.E. Maizell, How to Find Chemical Information, 2nd ed., Wiley, Chichester, 1987.
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13.2.1 Chemical Abstracts

Chemical Abstracts (CA) consists of two main parts, abstracts of every
paper containing new chemical information, and indexes which provide
access to the abstracts and thence to the original literature. It is published
weekly and each issue contains a keyword index and an author index. The
weekly issues are collected in volumes covering a six month period (one
year, prior to 1962) and each volume contains author, chemical substance,
formula, and general subject indexes. Every five years (ten years, prior to
1957) the indexes for the ten volumes are combined to give Collective
Indexes. These indexes are the single most important and comprehensive
information tool available to the chemist.

A search of Chemical Abstracts should begin with the appropriate index
of the most recent volume and should progress backwards through the other
volumes until the beginning of the period covered by the most recent
Collective Index (currently the 11th - 1981-1986), at which stage the
Collective Indexes are used to search the literature back to 1907. The most
useful indexes are the chemical substance, formula, and general subject
indexes and their use is described more fully in Section 13.3. Consulting
the indexes will, in the first instance, lead to references to the abstracts, not
directly to the literature. The references to the abstracts take the following
form: 90:108753h where 90 is the CA volume number and the abstract
number is 108753. Since 1967 abstracts have been numbered sequentially
in each volume. Prior to that the references were of the form 46:13761a
where 46 is the volume number, 73761 is the column number, and the letter
a indicates that the abstract is at the top of the column, Earlier still, a
numerical superscript was used to indicate the position of the abstract in the
column. The letters R or P before an abstract number indicate that the
original work is a review or a patent, respectively.

The abstracts contain full bibliographic details of the original paper, and
a summary of the principal new findings reported in the paper. A glance at
the abstract will tell you if the original journal is likely to be accessible, what
language the paper is in, and most importantly it will give an indication of
whether the paper really does contain the information you require,
Remember that many of the compounds described in the original paper will
not be mentioned in the abstract but will be contained in the indexes. If the
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abstract looks promising all that remains is to locate the journal and consult
the paper.

An Index Guide is published every eighteen months and contains
invaluable information on the use of the indexes and the system of
nomenclature used in CA. It is essential reading for serious users of
Chemical Abstracts. Finally, the Ring Systems Handbook and its
predecessors, the Ring Index and the Parent Compound Handbook, contain
information on ring and cage systems and gives the names under which ring
systems can be found in the Chemical Substance Index.

The great strengths of CA are that it provides comprehensive literature
coverage, and it has extensive indexes. However, the coverage of the
literature in the early years was not so rigorous, and Beilstein provides more
thorough coverage of the pre-1949 literature.

132.2 Beilstein

Beilstein's Handbuch der Organischen Chemie, or Beilstein for short, is a
huge (> 300 volumes) reference work which contains physical and chemical
data for over one and a half million compounds. The compounds are
organized according to a unique classification system and each volume
contains a subject (actually compound) index and a formula index.
Comprehensive literature coverage is attempted, so Beilstein contains
essentially all the compounds of a given class, which were prepared from
the beginning of organic chemistry to the date of publication of the most
recent volume covering that class of compounds. A considerable amount of
critically reviewed information, with references to the primary literature, is
provided for each compound. This data includes the molecular structure,
natural occurrence, methods of preparation, physical properties including
references to papers containing spectral data, and chemical properties.

The Handbook consists of the original series of 27 volumes (the
Hauptwork, H) and a number of supplementary series (Ergansingbande, El,
Ell, etc.). Work on the supplements is constantly in progress. Coverage of
the literature up to 1959 has almost been completed, and some progress has
been made in bringing the coverage up to 1979. Cumulative indexes are
only available for the pre-1930 literature. It is relatively easy to find data for
any compound reported prior to 1930 by checking the cumulative formula
index (Volume 29 in three subvolumes) which will give the volume and
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page numbers for the entries in H, EI and EIl. Compounds of the same
class will appear in the same volume of each series (although some of the
volumes are now divided into several subvolumes). Thus if a compound is
located using the cumulative index it is a simple matter to locate references in
the later series, using the volume indexes for the same volume or using the
Beilstein System Number. If a compound is not contained in the cumulative
index it is best to try to identify which volume it should be contained in,
using the classification system. A free booklet explaining how to use the
Beilstein system is available from the publishers (Springer-Verlag).

Beilstein is the best and most comprehensive source of data for organic
compounds prepared before 1930 and it is not particularly difficult to use.
Its major weakness is the lack of data and cumulative indexes for more
modern work.

1323 Science Chtation Index

Science Citation Index (SCI) is a combinanon of three indexes which

provide coverage of all the important publications in the physical sciences.

SCI is published every two months and is cumulated annually. There are

cumulative indexes covering the period 1945-1979. It includes coverage of

all of the major chemistry journals.

1. The Source Index lists the bibliographic details for the publications for
each author/organization.

2. The Permuterm Index is based on combinations of keywords in the
titles of the articles published in the journals which are covered by SCI.
For example under the keyword 'epoxide’ will be a list of other
keywords, such as 'stereoselective’, which occur in association with
'epoxide’. For each pairing there is a list of authors names, and
looking these up in the Source Index will lead to the references for the
original work.

3. The Citation Index is a unique feature which allows you to search the
literature forward in time. The index entries are the names of the first
authors of each paper which was cited in any paper published during
the period covered by that issue. Its use is best illustrated with the aid
of an example. Suppose that a researcher found a paper published in
1980, by S. Smith er o/, which contained some very interesting
results, and he wanted to know if any further relevant work had
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appeared. He would consult the annual indexes of the SCI from 1980
onwards. Each index contains an alphabetic list of first authors names
and under S. Smith's name would be a chronological list of his/her
publications. Under the entry for the paper of interest to our researcher
there would be a list of papers, published during the period covered by
that index, which cited it. It is reasonable to assume that any workers
who followed up on the results in the Smith paper would have cited it
in their own publications. Thus the list of papers which cited the
original should include most of the work subsequently carried out in
that area. Hence if you find an important paper you can use SCI to get
a list of all the papers which subsequently referred to it. The drawback
is that many of the references you find will not be relevant to your
interest and there is no way of knowing which are relevant except by
consulting the Source Index, which gives the titles of the papers, or by
consulting the papers themselves.
The citation index is an extremely useful tool and we recommend that
you carry out a search for every key paper you come across. You can also
use it to find out who is referring to your own work.

1324 Computer databases

The development of computer databases over the last decade has brought
about a revolution in the way in which we search and store chemical
information, The advantages of online searching include much greater
speed, greater accuracy, and greater reliability. Some computer databases
include material which cannot otherwise be searched directly, e.g. the full
text of many major journals and reference books, and they generally contain
more information than is accessible at the majority of institutional libraries.
The principal advantage is much greater flexibility and power in carrying out
searches. For example, it is possible to combine a number of searches in
one using logical operators (oxidation AND (alcohol OR aldehyde)). Even
more importantly it is possible to search for classes of compounds or
compounds containing some specific substructure, searches which were
almost impossible using printed indexes.

There are disadvantages too. Some databases do not include all of the
material available in conventional form; for example, much of the early
Chemical Abstracts is not available online. Another problem is that the
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software for online searching is relatively complex, so it is more difficult to
learn and, as a result, online searches by inexperienced users can be
unreliable. The increasing use of personal computers and graphical input
and output have made database searching much easier but a good
understanding of the software is still essential. Finally the cost of hardware,
software, consumables, and the searches themselves, can be considerable.

The most important chemical databases include CAS Online, CAS
React, Beilstein, ORAC, and REACCS. The online versions of CA and
Beilstein are incomplete but the searching facilities are so powerful that they
are indispensible. CAS React, ORAC and REACCS are databases of
organic reactions which are extremely wseful in searching for precedents for
synthetic transformations. Many other databases are available so you
should ask at your library for a list of those accessible to you. It is not
possible to describe the operation of the databases here but you should get
some help from your librarians or your supervisor and learn how these very
powerful tools can help you.

13.3 How to find chemical information

13.3.1 How to do searches

The following are some basic rules for guidance in searching the literature.

1. Clearly define the goals of your search.

2. Discuss the problem with your colleagues and supervisors; they may

have some valuable expertise,

Decide which information sources to use.

4, Start with the current literature and work backwards, the recent
literature will contain references to earlier work.

5. When you find a key paper, check it carefully for references to relevant
earlier work, and also work forward in time by carrying out a Science
Citation Index search.

6. Keep a complete record of your search, noting all the sources you used
and the information you obtained (e.g. lists of CA abstract numbers and

-their contents). This is invaluable if you have to carry out related
searches later. It is advisable to keep a separate notebook for recording
your literature searches, the information you accumulate will build into
a very useful resource.

LS
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13.3.2 How 1o find information on specific compounds

The chief sources of data for particular compounds are Chemical Abstracts
and the numerous reference handbooks, including Beilstein, Information on
relatively simple compounds can often be obtained from handbooks such as
the following:

1. The catalogues of major chemicals suppliers.

2. CRC Handbook of Chemistry and Physics, R.C. Weast Ed., CRC
Press.

CRC Handbook for Organic Compound Identification.

CRC Handbook of Data on Organic Compounds.

These sources contain physical and chemical data for a large number of
organic compounds.

3. The Dictionary of Organic Compounds, 5th ed. Chapman and Hail.

The Dictionary of Organomeiallic Compounds.
These multivolumed works quote physical properties and references to
the preparation and properties of about 75,000 compounds and many
derivatives. Both have name and formula indexes, kept up to date by
the publication of annual supplements. They are available online,

4. Several extensive collections of spectral data are available. The most
extensive of these are produced by Sadtler Research Laboratories and
cover ir, Raman, uv, 1H nmr, 13C nmr, and mass spectra. The Aldrich
Chemical Company has produced three excellent collections of data: ir,
FT-ir, and 'H nmr.

For data on more complex structures it is usually necessary to turn to

Beilstein or CA. Beilstein is in fact a giant handbook containing data for aff

organic compounds published in the timespan of the volumes which are

available. Its use is described in Section 13.2.2. The best way to find
specific compounds in Chemical Abstracts is to start with the Formula

Index. The formulas are listed in order of increasing number of carbons,

then increasing number of hydrogens, and then increasing numbers of the

other elements in alphabetical order. Under each formula is a list of names,
and for each substance there is a list of abstract numbers. It is best to scan
through the list of names to try to identify the compound you want and then,
armed with the correct CA name, use the Chemical Substance Index. The

Chemical Substance Index has the advantage that, for each substance, it

gives a list of keywords (isolation, preparation, ete.) followed by the

385



The Chemical Literature 215

abstract numbers. The keyword list makes it much easier to identify which
abstracts are most likely to contain the information you require. With a little
experience you may prefer to use the Chemical Substance Index directly but
the complexities of nomenclature and indexing preclude any further
discussion here. Note that prior to the Oth Collective Index, the Chemical
Substance and General Subject Indexes were combined in the Subject
Index.

13.3.3 How 1o find information on classes of compounds

Finding information about a broader area, such as a class of compounds is
usually more difficult than finding data about a specific compound. It is
usually best to begin by consulting books on the area, and then progress to
more specialized monographs and reviews, before consulting the primary
literature.

Good starting places include Comprehensive Organic Chemistry,
Comprehensive Organometallic Chemistry and Comprehensive
Heterocyclic Chemistry (Pergamon Press), which are multivolume texts
giving a detailed overviews of the title areas. A much more detailed
treatment of many common classes of compounds is contained in the series
The Chemistry of the Functional Groups edited by S. Patai (Wiley). This
excellent series consists of over 30 volumes (in nearly 60 parts) each of
which contains reviews on all aspects of the chemistry of one particular
functional group. Other multivolume series include The Chemistry of
Herterocyclic Compounds - A Series of Monographs (Wiley) and Rodd's
Chemistry of Carbon Compounds (Elsevier). In addition there are many
review series devoted to the chemistry of particular classes of compounds,
including the Specialist Periodical Reports published by the Royal Society
of Chemistry. See Section 13.3.4 for a list of sources of information on
synthetic methods for families of compounds.

Finding individual books or reviews is more difficult. A good starting
point is your library, glance along the shelves and consult the catalogue. A
more systematic method is to use Index of Reviews in Organic Chemistry
(Rovyal Society of Chemistry) or Index to Scientific Reviews (Institute for
Scientific Information) to locate books and reviews.

Manual searching of Chemical Abstracts is not a good method for
tackling this kind of search because the indexing policy means that very few
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articles will be cited under a general heading such as aldehydes. CAS
Online will usually give much better results because a wider range of subject
terms can be used in the search. If you are looking for information on a
highly specific structure type, a substructure search of CAS Online should
give essentially 100% recovery of the relevant references.

13.3.4 How to find information on synthetic methods

The reference books on the chemistry of classes of compounds which are
listed in Section 13.3.3 are good starting points in this case too.
Additionally there are several major works devoted specifically to synthetic
methods. Comprehensive Organic Synthesis (Pergamon), a nine volume
overview of the area, is due to be published in 1989. Other useful texts
include Compendium of Organic Syntheric Methods (Wiley) and Survey of
Organic Synthesis (C.A. Buehler and D.E. Pearson, Wiley), and no list
would be complete without the excellent Advanced Organic Chemistry,
Reactions, Mechanisms, and Structures by J. March (Wiley). Organic
Syntheses (Wiley) is a compilation of carefully checked procedures with
full experimental details and is an excellent source of representative synthetic
procedures. Numerous syntheses of natural products are reviewed in the
volumes of The Total Synthesis of Natural Products edited by Ap Simon
(Wiley). Organic Reactions (Wiley) is an ongoing series containing
reviews of specific reactions. A relatively new series called Best Synthetic
Methods (Academic Press) aims to present critical reviews of the preferred
methods for carrying out common transformations. Reagents for Organic
Synthesis (L.F. Fieser and M. Fieser, Wiley) is the best source of
information on the preparation, purification, and use, of reagents, whereas
Syntheric Reagents (S.S. Pizey, Wiley) provides detailed reviews of a
smaller number of particularly common reagents.

Two excellent series provide annual coverage of developments in
synthetic chemistry. Theilheimer's Syntheric Methods of Organic
Chemistry provides thorough coverage of the synthetic literature and is
organized according to a unique (and easily learned) system of classifying
the transformations taking place. Theilheimer is available online vig the
Chemical Reactions Documentation Service (Derwent Publications Ltd.)
and REACCS (Molecular Design Ltd.). Annual Reports in Organic
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Synthesis (Academic Press) is a well organized collection of representative
synthetic transformations and it is up to date and very easy to use.

Chemical Abstracts is not particularly useful for the same reasons as
outlined in Section 13.3.3, Again CAS Online is much better but the best
online sources are the databases of synthetic methods. Databases such as
ORAC, SYNLIB and REACCS contain tens of thousands of
transformations, chosen for their synthetic value. They can be searched
very easily using graphical input and output, and powerful software features
allow you to perform highly specific searches which cannot be carried out in
any other way.

13.4 Current awareness

Keeping in touch with the current literature is a difficult and time consuming
exercise but it is vital to your development as a chemist, and to the success
of your research. You should aim to read through at least 6-12 of the most
important journals in your field and the best way of doing this is to set aside
a specific period each week for reading the periodicals. You should also
scan the review journals (Angewandie Chemie International Edition in
English, Chemical Society Reviews, Chemical Reviews, Synthesis, and
Tetrahedron) and magazines such as Chemical and Engineering News,
Chemistry and Industry and Chemistry in Britain.

As if this is not enough, there is still the problem of how to cover the
hundreds of other chemistry periodicals. The only practical method of
doing this is to use compilations of abstracts. You could read Chemical
Abstracts itself but this is too large and a much better choice is one or more
of the titles in the CA Selects series, which only contain abstracts relating to
a particular area. However, wider literature coverage is essential and a good
approach is to read one of the periodicals which abstracts new compounds
and reactions. Methods of Organic Synthesis (Royal Society of Chemistry)
and the more comprehensive Index Chemicus (Institute of Scientific
Information) are good examples of this genre.

All of this effort will be wasted if you do not keep good records of
what you have read. Building your own computer database is an
increasingly practical way of doing this but for now the simplest method is
to use a card file. Make a record of each important paper on an index card.
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Include the bibliographic details and an abstract of the key results in the
paper. The pile of cards is not of much use unless it is properly filed.
Many filing systems, each with its own strengths and weaknesses, can be
conceived but one possibility deserves special mention, at least as a starting
point. Annual Reports in Organic Synthesis (Section 13.3.4) is essentially
a compilation of index cards in book form, and the systematic way in which
the material is organized could serve as a useful model for your system. As
time progresses you can modify this system to adapt it to your own interests
and requirements.
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CHAPTER 14

Special Procedures

14.1 Introduction

This section deals with some of the specialized procedures which might be
encountered. All the topics covered here have one thing in common, namely
that the particular type of apparatus used will vary from one laboratory to
another and accordingly detailed instructions will not be given here for any
one piece of apparatus. Representative systems are shown, and common
operating procedures discussed. Often there will be someone in the
department who is responsible for, or has particular expertise in, one of
these techniques. If this is the case then always consult this person before
you intend attempting the reaction.

14.2 Catalytic hydrogenation

Caution: Extreme care must be taken whenever hydrogen gas
and active catalysts are used. Qbserve local safety precautions
strictly.

If you are unfamiliar with catalytic hydrogenation or with the particular
local apparatus, do find someone with experience of the apparatus and
technique, and familiarize yourself with the manipulations and precautions
before attempting the reaction.

The reduction of organic compounds wsing hydrogen and a catalyst is a
reaction which is often encountered. Most catalytic hydrogenations are
carried out at atmospheric pressure, and organic chemistry laboratories will
have their own 'atmospheric' hydrogenation apparatus. These consist of a
gas burette (or burettes) connected to a hydrogen supply, and to the reaction
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flask (see Section 6.3 for details of gas burettes). A typical arrangement is
shown in Fig. 14.1 and the operation is simple in principle. A volume of
hydrogen {more than the theoretical amount whenever possible) is
transferred to the burette, with the reaction vessel containing the solvent,
catalyst, and reactant, and the initial volume noted. The reaction is then
agitated (stirred or shaken) and the uptake of hydrogen monitored using the
burette. The detailed operation will depend upon the precise equipment
which is used, but a written step-by-step procedure should be available. It
is important to follow the procedure closely, and to consider the effect of
opening any tap before doing so.

£ |

T |
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Figure 14.1 Schematic diagram of an atmospheric hydrogenator

When filling the reaction flask, add the catalyst first, followed by the
solvent, and then your substrate. Addition of an active batch of catalyst to
solvent can cause fires. Do make sure that all air is removed from the
system by following the detailed procedure which applies 1o your particular
system, and when the reaction is over, ensure that as much residual
hydrogen is removed as possible; again, follow the procedure. Ensure that
a safety screen is used as much as possible throughout the whole operation.

Filtration of the reaction mixture must be done carefully. Filter through
a pad of Celite on a sintered glass funnel, but do not allow the catalyst to dry
out. Wash through with more solvent and dispose of the wet catalyst/Celite
mixture properly. Most laboratories have a special bottle for catalyst
residues; use it. Numerous fires have resulted from wet catalyst residues
being placed in a waste bin, since the residue dries out in the air and ignites.
Do not attempt a catalytic hydrogenation until you know what to do with the
catalyst residue.
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The above procedure is sometimes inconvenient for small scale work (it
depends upon the type of hydrogenation system available), and we often
resort to the use of a small balloon of hydrogen connected to the reaction via
a three-way tap, which is also connected to a manifold. This technique is
illustrated in Fig, 14.2,

Fill the batloon with hydrogen (several times to remove air) and connect
it to the flask. Connect the three-way tap to the manifold, open to vacuoum
(carefully) and then to the inert gas (Fig. 14.2a). Several cycles will be
required. Then turn the tap so as to isolate the system from the manifold,
and allow hydrogen to enter the flask (Fig. 14.2b). The reaction can then be
monitored in the usual way. When the reaction is over, vent the excess
hydrogen from the balloon (safely) to a fume cupboard (Fig. 14.2¢c).
Residual hydrogen can be removed from the system by the use of several
cycles of evacuation followed by admission of inert gas using the manifold
as above (Fig. 14.2a). All precautions referred to in the use of the
atmospheric hydrogenator must be observed here of course.

(a) (b) (c)
Figure 14,2 Small scale hydrogenation using a balloon

Medium- and high-pressure hydrogenations require specialized
equipment and great care. This equipment usually consists of a metal
reaction vessel and the appropriate ‘plumbing' to allow its safe
pressurization with hydrogen. These reactions are potentially most
hazardous, and must be carried out under the close supervision of the
person who is responsible for the apparatus.
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14.3 Photolysis

Caution: Ultraviolet radiation is very damaging to the eyes and
skin.

The reactor must be properly screened. Wear special protective
goggles, or better still a face shield which offers protection against
ultraviolet radiation if the apparatus is to be adjusted (or samples taken)
while the lamp is on. When doing this also protect the hands with gloves
and make sure that no other areas of skin would be exposed to radiation in
the event of an accident. It is much safer to turn off the lamp when such
manipulations are being carried out.

Preparative photochemical reactions are usually carried oot in an
immersion-well reactor, the usual design is shown in Fig. 14.3,
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Figure 14.3 Photochemical reactor

Air is removed from the solvent by bubbling nitrogen or argon up
through the solution via the sintered glass disk. Ensure that the cormrect
choice of lamp has been made. Low pressure lamps emit most of their
radiation at 254nm, are low power (up to ~ 20W) and require a quartz
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immersion well (not Pyrex). Most preparative reactions use the much
higher power (100-400W) medium pressure lamps, as these emit their
radiation over a much wider range (mainly at ~ 365nm with other bands at
both shorter and longer wavelength). Occasionally a filter will be required
and it is important that the correct one is used (this will be specified in the
preparation being followed).

Reactions are usually run at fairly high dilution (up to ~ 0.05M) and the
solvent should be pure and chosen with care. It must not decompose under
ultraviolet irradiation and should not absorb at the wavelength being used
for the reaction. Work up often involves no more than evaporation of the
solvent followed by purification.

14.4 Ozonolysis

Caution: Ozone is toxic, and ozonides potentially explosive.

Qzone 1s generated using a commercial ozonator (or ozonizer) which
can produce a concentration of up to 8% in oxygen, and which will be
available in most organic research establishments. The operation of these is
very simple providing that the instructions for the particular device are
followed carefully. Make sure that these are consulted before attempting the
reaction.

The compound to be ozonized is dissolved in the appropriate solvent,
and cooled to the desired temperature, Qzone is then passed through the
solution until no more starting material remains. For most purposes an
excess of ozone can be used. It can be difficult to avoid this, but an
indicator which can be added to the solution to show you when there is free
ozone in the solution can sometimes be most valuable in avoiding over-
oxidation.l

The work up depends upon the desired product, but will include a
reagent which reacts with the ozonide. This reagent is almost always added
in excess, and before any product isolation is attempted. Make sure that yon
allow plenty of time for the ozonide to react, as isolation of ozonides is to be
avoided due to their potential for violent explosive decomposition. Once the
ozonide is fully reacted the reaction can be processed in the usual manner.

1. T. Veysogiu, L.A. Mitscher, and LK. Swayze, Syathesis, 1980, 807,
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14.5 Flash vacuum pyrolysis (fvp)

This technique is not often encountered in synthetic organic chemistry, but it
can prove invaluable in some circumstances. As with most of the topics in
this chapter, the exact type of apparatus used will depend on what is
available in your department. One simple (schematic) set up is shown in

nirogen
inle1

Or== =

vacuum
guage

flask for pyrelysis oven
substrate

cold bath s

Figure 14.4 Schematic representation of an apparatus for FVP

Fig. 14.4. It is important to vaporize the substrate at the appropriate rate,
and to make sure that the thermolysis temperature is correct. If this
information is not available then some experimentation will inevitably have
to be carried out. A typical vaporization rate might be between 0.5 and 1.0g
per h,

As with all high vacuum work, care must be taken. After all of the
substrate has passed through the hot tube, turn off the furnace and allow to
cool to room temperature (still under vacuum). Then turn off the pump and
admit nitrogen to atmospheric pressure. Remove the traps to a fume
cupboard and allow to warm to room temperature, and work up in the usual
way. If the desired product is unstable towards air, water, or is simply
very reactive, then a more sophisticated pyrolysis system might be required,
and more elaborate work up procedures used.

14.6 Liquid ammonia reactions

Caution: Ammonia is a powerful irritant, toxic, and the gas is
flammable. Conduct all reactions in an efficient fume
cupboard and avoid all contact with the liguid.
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Liguid ammeonia (b.p. -33°9C) is a solvent which is not encountered
frequently, but which does have several important general uses, in particular
'dissolving metal' reductions ( 'Birch' type reductions) and most reactions
involving lithium amide or sodivm amide as bases. Ammonia gas from a
cylinder is condensed directly into the flask (Fig. 14.5).

) ™

— |0 bubbler

o | =T “—— CO5facetone

low temperature ———>
thermometer

ammonia

et k]

Figure 14.5

The apparatus is set up as in Fig. 14.5 and a rapid flow of ammonia is
used to flush out the systemn. A small volume of acetone (or ethanol) is
poured into the condenser, and solid carbon dioxide pellets are added (very
slowly at first) until the condenser is nearly full. The ammonia will begin to
condense, and when the required volume is obtained, the ammonia flow is
shut off and the gas inlet replaced by a septum or stopper. If undried
impure ammonia will suffice, and often it will, then the reaction is carried
out as normal. A cooling bath can be added if a long reaction time is
anticipated, or if a temperature below -33°C is required (see Chapter 8).

If dry liquid ammonia is needed this is usually obtained by distillation
off sodium. The appropriate volume of ammonia is condensed as above and
small pieces of sodium are added to produce a blue solution. The ammonia
can then be distilled using a normal distillation apparatus (Chapter 9) except
that the receiver (usually the reaction flask) is cooled in a solid carbon
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dioxide/acetone cooling bath. The ammonia in the distillation flask must
remain blue throughout). The distitlation apparatus is disconnected from the
receiver which is then fitted with a cold-finger condenser and the reaction
carried out as normal. The work up is usually simple. Solid ammonium
chloride is added carefully and the ammonia allowed to evaporate (Chapter
9). The product may then be isolated and purified in the vsval way.
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CHAPTER 15

"Trouble Shooting':
What to do when things do not work

Do not despair - yet...

Some reactions will not work, for proper chemical reasons associated
with the substrate. These may or may not be 'obvious’ (many things
become ‘obvious’ with hindsight). Do not jump to the conclusion that you
have encountered such a reaction. Before you can conclude that this is the
case a number of possibilities must be explored.

The first and most obvious is to make sure that the starting material is
pure, dry, and free from solvents, and that it is indeed what you think it is.
A critical perusal of aif the analytical and spectroscopic data will usually be
sufficient. If you have used several batches of starting material then do
make certain that the specira which you check are from the batch which you
used in the failed reaction. If necessary, re-run the spectra to ensure that the
starting material has not partially decomposed, or picked up moisture.

Once you are certain that the problem does not lie with the starting
material, check the solvent, Many reactions will not work if the solvent is
not anhydrous; methods for obtaining anhydrous solvents are given in
Chapter 4. Tetrahydrofuran (THF) is very commonly used, and is usually
dried by distillation off sodium/benzophenone; however it is possible collect
wet THF from a bright blue distillation pot (which means that the solvent is
dry in this part of the still). This problem is encountered when a still head is
used to collect the solvent, but insufficient time has been allowed at reflux
before collection is commenced. One way to check this is to repeat the
reaction, but take a sample of the THF used (before introducing it into the
reaction flask) and add a lirtle sodium hydride (dispersion in oil) (care). If
immediate hydrogen evolution is observed, the solvent is wet. The remedy
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is to allow more time at reflux before collecting the solvent, if this does not
work the drying agents might need recharging.

Another source of water could be the inert gas which you are using;
make sure that the drying agent (if used) used is still working renew it if
necessary. Failing this, try the reaction under argon, which usually contains
much less moisture than nitrogen. Check the manifold and renew any
suspect tubing.

With pure starting materials, and anhydrous solvent and atmosphere,
the reagent(s) must be suspected. If it is possible to purify them, do so, and
make sure that you are handling them correctly (see Chapter 5). It will not
be practical to purify some reagents, for example alkyllithiums, and in this
case the quality should be checked by titration where possible. It is unwise
to purchase a reagent (from any source) and to take for granted the quoted
molarity and purity; even the most reputable suppliers are fallible and
occasionally make mistakes.

If starting material, reagents, solvent, and inert gas are all as they
should be then it might be you! You might be inadvertently carrying out the
reaction in such a way that it will not work. For example, is the temperature
correct, is the concentration of reactant and reagent correct, is too much or
too little time being allowed at a particular stage? There are many
possibilities. To test this it is advisable to carry out the same reaction but
use a subsirate which is known from the literature to react properly. If this
is successful, and your desired reaction is not then you have found a
reaction which does not work on your substrate, and alternative conditions
(different metal ions, different Lewis acid etc.) might be required. Above
all, if the reaction is an important one, do not give up; perhaps you could
take the opportunity to develop a new reagent or procedure which will
work!
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CHAPTER 16

Example Reactions

16.1 Preparation of n-butyllithium!

/\/\Ci Li /\/\Li

A dry, 250ml, round-bottomed flask fitted with Liebig condenser and a
septum is flushed with dry argon and the reaction vessel placed under a
positive pressure of argon (Fig. 16.1). Freshly cut lithium wire (5g,
0.71mol) is placed in the reaction flask, and dry hexanes (80ml) added to
the reaction flask viag syringe. The reaction mixture is sonicated using an
ultrasonic bath. n-Butyl chloride (37ml, 0.35mol) in dry hexanes (50ml) is
added dropwise to the lithium suspension via syringe over a period of about
10min. Reaction begins after a short induction period (ca. 5-10min) causing
the reaction mixture to warm and producing a purple precipitate. The
reaction mixture is sonicated for a further 3h, and then filtered under an
argon atmosphere (see Chapter 9). The resulting n-butyllithium solution is
collected in a 250ml conical flask which is subsequently fitted with a
septum. The conical flask is flushed with argon such that the n-butyllithium
solution remains under an inert atmosphere. As long as the solution is
protected from atmospheric moisture and oxygen, it can be stored in the
conical flask until required for use. The molarity of the n-butyllithium
solution produced should be about 1.8M, and this can be checked by
titration (see Section 16.2).

i. H. Gilman, J.A. Beel, C.G. Brannen, M. W, Bullock, G.E. Dunn, and L.S. Milter,
J. Am. Chem. Soc., 1949, 71, 1499,
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Figure 16.1
16.2 Titration of n-butyllithium
/-\/\Li
| Li
N\NHSOZ—Q— N\NLisoz—@—
Red-orange

A dry, 2ml, round-bottomed flask or small Pyrex test tube fitted with a
magnetic stirrer bar and septum is flushed with argon, and then placed under
a positive pressure of argon (Fig. 16.2).
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inert gas

C D

Figure 16.2

1,3-Diphenyl-2-propanone p-toluenesulphonylhydrazone (113 mg,
(0.5mmol)2 is placed in the flask, and dry tetrahydrofuran (2ml) added via
syringe. The reaction mixture is stirred rapidly to dissolve the hydrazone,
and the n-butyllithium solution is added dropwise to the colourless solution
until the orange-red end-point is observed. At this point the volume of n-
butyllithium solution added is noted, and from this the molarity of the
solution is calculated using the following equation:

Molarity of n-butyl lithium solution = Volume of solution used x 1000

In order wo obtain an accurate titre it is necessary to carry out this
titration at least three times and calculate the average of the results obtained.

16.3 Aldol reaction: preparation of 5-hydroxy-2,2-dimethyl-5-
phenylpentan-3-one3

Q O OH
| 1) LDA
7) Benzaldehyde

A dry, 100m], round-bottomed flask fitted with septum and magnetic stirrer

2. For a discussion of the varoious titration methods see, J. Suffert, J. Org. Chem.,
1989, 54, 509.

3. H.O. House, D.S. Crumrine, A.Y. Teranishi, and H.D. Olmstead, J, Am. Chem.
Soc., 1973, 95, 3310.
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Figure 16.3

bar is flushed with argon, then placed under a positive pressure of argon,
Anhydrous diisopropylamine (2.9ml, 20.8mmol) is added to the flask via
syringe, followed by dry diethyl ether (20ml). The reaction mixture is
cooled to -78°C using a dry ice-acetone cooling bath (Fig. 16.3). n-
butyllithium (11.6ml of a 1.8M solution in hexanes, 20.8mmol) added
dropwise via syringe to the stirred mixture. After addition of the n-butyl-
lithium is complete the reaction mixture is stirred for 10min at -78°C
allowing complete formation of lithiumn diisopropylamide then a solution of
3,3-dimethylbutan-2-one (2.4ml, 19.2mmol) in dry diethyl ether (5ml) is
added dropwise via syringe to the reaction mixture. After stirring at -78°C
for 10min, benzaldehyde (2.4g, 19.2mmol) is added and the mixture stirred
for a further 30min. The reaction is quenched by careful addition of IM
hydrochloric acid (50ml), and the resulting mixture allowed to warm to
room temperature before being transferred to a 250ml separating funnel.
The mixture is extracted with diethyl ether (3x50ml) and the combined
etheral extracts washed with saturated aqueous sodium chloride solution
(50ml). The organic exiracts are then dried over magnesium sulphate, and
the solvent removed on a rotary evaporator to give the crude product as an
oil. Kugelrohr distillation gives 5-hydroxy-2,2-dimethyl-5-phenylpentan-3-
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one (3.2g, 80%) as a colourless oil (b.p. 86°C/0.07mmHg) which solidifies
on standing to give a colourless solid m.p. 22-23°C.

16.4 Preparation of ethyl(triphenylphosphoranylidene)
acetate?

o

o
1. PhaP
Bf\/ll\o/\ ———-—-—2‘ NaOH Phap\)ko/\\

A 2 litre, 3-necked, round-bottomed flask, fitted with thermometer,
mechanical stirrer, and dropping funnel (Fig. 16.4) is charged with
triphenylphosphine (104.8g, 0.4mol) and toluene {250ml). The solution is
stirred vigorously while ethyl bromoacetate (74.4g, 0.4mol) is added
dropwise at a rate that maintains the reaction temperature at, or slightly
above, room temperature. Afier the addition is complete, the reaction mixture

=N .
b 2 nitrogen

mechanical stirrer—e

—— dropping funnel

e I1II!

thermometer—s

reaction mixture

Figure 16.4

4. R.W.Lang and H.-J. Hansen, Org. Synth., 1984, 62, 202,
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is stirred at room temperature for 2h, then the colourless phosphonium salt
precipitate is filtered off, and washed first with cold toluene (250ml) and
then petroleum ether (150ml). The crude phosphonium salt is disselved in
water (2 litres), placed in a separatory funnel, and further organic impurities
removed by washing with diethyl ether (2x400ml). The aqueous solution is
ransferred to a 5 litre beaker, and 2% alcoholic phenolphthalein (10 drops)
added. The solution is cooled in an ice-water bath and stirred vigorously by
means of a glass rod as 2N aqueous sodium hydroxide is added slowly until
the pink end-point is reached. At this stage as much water as possible is
decanted from the precipitated phosphorane, then ethyl acetate (1.5 litres) is
added. The resulting two phase mixture is transferred to a separating funnel
and the aqueous layer removed. The ethyl acetate solution is dried over
magnesium sulphate and evaporated on a rotary evaporator, to give ethyl
(triphenylphosphoranylidene)acetate (122g, 88%) as a cream solid, m.p.
124-126°C.

16.5 Claisen rearrangement>

OH 1) (E10)sCCH;, H”
2) KOH

A mixture of cinnamyl alcohol (3.3g, 25mmol), triethyl orthoacetate
(4.6ml, 25mmol) and hexanoic acid (2 drops) is placed in a 50m], 2-necked,
round-bottomed flask equipped with a thermometer, Dean-Stark trap, and
condenser (Fig. 16.5). The solution is heated in an oil bath, allowing the
ethanol produced to distil out of the reaction mixture and collect in the trap.
After 2h, the distillation of ethanol slows, and more hexanoic acid (1 drop)
is added. Additional portions of hexanoic acid are added after 3 and 4h.
After 4.5h, at least 2ml of ethanol should have been collected, and tc (25%
diethyl ether - 75% petroleum ether) should indicate complete consumption
of the cinnamy] alcohol. Over the 4.5h period the internal temperature rises
from 100°C to 166°C. The solution is then allowed to cool and a solution of
potassium hydroxide (2g, 35mmol) in water (3ml) and methanol (8m)) is
added. The Dean-Stark trap is replaced by a condenser and then the mixture

5. F. B. Gonzalez and P. A. Bartlett., Org. Synth., 1985, 64, 175.
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Figure 16.5
is heated under reflux for 45min under nitrogen (Fig, 16.6). After the
alkaline solution has cooled to room temperature, water (30ml) is added, the
mixture washed with diethyl ether (20ml) and then acidified with
concentrated hydrochloric acid. The acidic aqueous solution is extracted
with diethyl ether (3x20ml), and the extracts dried over magnesium
sulphate. Filtration and removal of the solvent on a rotary evaporator then
gives the crude product. Flash chromatography on silica gel (20% diethyl
ether - 80% petroleum ether) gives the purified 3-phenyl-4-pentenoic acid as

a pale yellow solid which can be recrystallized from petroleum ether (m.p.
44-46°C).
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Figure 16.6

16.6 Hydrogenation of maleic acid®

CoH Hy , Ethanol
| PtO,

CO,H

Co
COyH

A 50ml, round-bottomed flask fitted with a magnetic stirrer bar is charged
with maleic anhydride (2.32g, 20mmol) platinum oxide (20mg), and ethanol
(30ml). The flask is fitted with a 3-way tap connected to a vacuum line, and
balloon filled with hydrogen (Fig, 16.7). The reaction flask is sequentially
evacuated and purged with hydrogen three times, and then left under a slight

6. R. Adams and V. Voorhees, Org. Synth. Col, , 1932, 1, 61.
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balleon filled
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with hydrogen
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Figure 16.7

positive pressure of hydrogen maintained by the balloon,

The reaction mixture is stirred at room temperature for 1h, the hydrogen
balloon removed, and the mixtwre filtered through a pad of silica gel (3g) to
remove the catalyst. The solvent is the removed on a rotary evaporator to
give a white solid which can be crystallized from about 2ml of boiling
water, to give succinic acid (2g, 84%), m.p. 187-189°C.
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CHAPTER 17

Safety

17.1 Safety is your primary responsibility

Chemical laboratories are potentially dangerous workplaces and accidents in
the lab can have serious and tragic consequences. However, if you are
aware of potential hazards, and work with due care and attention to safety,
the risk of accidents is small. Some general guidelines for safety in the
laboratory are presented in this section. In addition to these principles you
must be familiar with the safety regulations in force in your area and the
rules and guidelines applied by the administrators of your laboratory,

Your supervisor has a responsibility to warn you of the dangers
associated with your work, and you should always consult him/her, or a
safety officer, if you are unsure about potential hazards. However, your
own safety, and that of your colleagues in the lab, is largely determined by
your work practices. Always work carefully, use your commonsense, and
abide by the safety regulations.

Some important general principles of safe practice are summarized in
the following rules
1. Weork carefully, do not take risks.

This covers basic rules such as always wearing safety spectacles, never

working alone, and working neatly and unhurriedly.

2. Assess the possible hazards before carrying out a reaction.
Find out about the dangers of handling unfamiliar chemicals or
apparatus and take note of any necessary precautions.

3. Know the accident and emergency procedures.
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It is vital to know what to do in case of an accident. This includes
being familiar with the fire fighting and first aid equipment, and knowing
how to get assistance from qualified personnel.

17.2 Safe working practice

It has been emphasized already that you should be familiar with the
regulations and codes of practice pertaining in your laboratory. We will not
discuss safety legislation here but some fundamental rules should be
stressed. Never work alone in a laboratory. Always wear suitable safety
spectacles and a non-flammable lab coat, and use other protection such as
gloves, face masks, or safety shields if there is a particular hazard, Never
eat, drink or smoke in a laboratory. Work at a safe steady pace, and keep
your bench and your lab clean and tidy. Familiarity breeds contempt, do not
allow yourself to get careless with everyday dangers such as solvent
flammability. Familiarize yourself with the location and operation of the
safety equipment in your laboratory,

As regards specific hazards the chief rule is to carry out an assessment
of the dangers involved before using an unfamiliar chemical or piece of
apparatus. Some of the commonest hazards are described in the next
section. Once you are aware of the possible dangers take all the necessary
precautions, and ensure that you know what to do if an accident does occur.

Store your chemicals in clearly labelled containers, and abide by the
regulations concerning storage of solvents and other hazardous materials.
Dispose of waste chemicals safely, according to the approved procedures
for your laboratory. Never pour organic compounds down the sink.

17.3 Common hazards

Always assess the risks involved before carrying out a reaction. Extensive
compilations of information about the dangers posed by a large number of
compounds are available (see Bibliography). Consult these references and
your supervisor before using a compound or procedure which is new to
you. In some areas safety legislation makes it mandatory to conduct such a
safety audit, but even if it is not legally required, it should still be regarded
as an essential preliminary before doing a reaction.
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Remember to treat all compounds, especially new materials, with care.
Avoid breathing vapours and do not allow solids or solutions to get on your
skin. The majority of accidents are caused by a few common hazards.
Some of the most frequently encountered dangers are listed in Table 17.1
and you should be aware of all of these, and always take appropriate
precautions. Consult safety manuals and other Sections of this book for
more information, Throughout the book safety warnings are highlighted in
bold italic text.

Table 17.1

Common hazards in the chemical laboratory

Source Hazard
Glassware Danger of cuts, leaks of harmful compounds
Solvents Most are extremely flammable

Benzene, halogenated solvents are toxic

Vacuum apparatus May implede violently

Pressure apparatus May explode violently

Gas cylinders May leak harmful gases or discharge violently
{Chapter 6)

Strong acids Extremely corrosive
React violently with water, bases
May produce harmful vapours

Strong bases Extremely corrosive

React violently with acids, protic solvents

Strong oxidizing agents React viclently with easily oxidizable compounds
such as organic solvents

Alkali metals React violently with water, protic solvents and
chlorinated solvents

Strong alkylating agents Extremely toxic

In addition to these general warnings you should be aware of the severe
hazards posed by some more specific families of compounds. The
compounds listed in Table 17.2 pose a severe risk of explosion and those in
Table 17.3 should be regarded as extremely toxic.
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Table 17.2

Explosion hazards

Acetylene and metal acetylides

Alkali metals in contact with chlorinated solvents

Azides, both organic and inorganic

Diazo compounds and diazonium salts

Glass vacuum apparatus, e.g. Dewar flasks

Liquid oxygen and liquid air (formed by evaporation of liquid nitrogen)
Nitrates and polynitro compounds, e.g. TNT (trinitrotoluene)
Perchloric acid, perchlorates, and chlorates

Peroxides (formed in ethers and in alkenes on standing in air}

Table 17.3

Toxic and carcinogenic compounds

Compounds of heavy metals {arsenic, mercury, lead, seleniom, thallium)
Alkylating agents including methy] iodide, dimethyl sulphate {CARCINOGENIC)
Fluorine, chlorine and bromine

Hydrofluoric acid and metal fluorides

Cyanides and hydrogen cyanide

Oxalic acid and its salts, oxalyl chloride

Aromatic amines and nitro compounds

Ozone

Hydrogen sulphide

Phosgene

Osmium tetroxide

Benzene, polycyclic aromatics (CARCINOGENIC)
Hexamethylphosphoric triamide (HMPA} (CARCINOGENIC)

17.4 Accident and emergency procedures

Regrettably accidents are still all too common so it is vital that you know
what to do if an accident does occur. You must be familiar with the fire
fighting equipment in your lab (fire extinguishers, fire blankets, sand
buckets) and you must know the procedures for summoning the fire brigade

412



242 SAFETY

and for evacuating the building. In the case of injuries or exposure to
harmful chemicals you should know who to surnmon to administer first aid,
and how to get medical assistance. It is particularly important to know how
to get help outside of normal working hours. If you are using particularly
dangerous matertals (such as cyanides) or equipment (such as high pressure
apparatus) you should know about the relevant emergency procedures and
take precautions such as having antidotes, protective equipment, or qualified
personnel at hand. In the aftermath of an accident it is very important that
you complete the required accident report forms, and take steps to avoid any
possibility of a repeat.

Ask yourself now: are you familiar with accident procedures? If not
you should not be working in the lab,
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Index
Accidents 241 safety 242
Acetic acid 34 synthetic chemistry 216
Acetic anhydnde Boric anhydride, drying agent 30,34
drying agent 34 Boron trifluoride etherate 47
purification 48 'Butanol, drying 35
Acelone 33 DButy! lithium
reaction with chloroform 35 preparation 229
Acetonitrile 34 titration 230
Acetyl chloride 48 use PA]
Acetylene, preparation 86 Calcium chloride, drying agent 31,34,35
Ajr sensitive reagents Calcium hydride, drying agent 30-35
cannulation 51 Calciumn sulphate, drying agent 3
setting up reactions 97 Cannuta, cannulation 51,56,103
syringing 62,100 Capillary gc columns 122
Aldol reaction 231 Carbon dioxide, preparation 36-87
Alumina, drying agent 30,34 Carbon disulphide, drying 15
Ammonia 34,224 Carbon monoxide, preparation 87
Azeotrope 133 Carbon tetrachloride, drying 35
Azides, hazards 36 Celite 145
a.o'Azobis(isobuyronitrile), (AIBN) 49 Chemical abstracts 213-217
Balances 15 CA Selects 217
Balloons CAS Online 216,217
attachment 108 CAS REACT 213
for inert reactions 106 Chlorine, preparation 37
for hydrogenation 236 Chlorobenzene, drying 35
Barium oxide 30 Chloroform, drying 35
Bases, table 245 Chromatographic equipment 19
Beilstein 210,214 Chromatography
Bench kit 14,20 dry column 176
Benzene, drying 34 flash chromatography 27,166
Benzyl bromide 47 195,235
Bibby clips o7 e 121-124
Boiling point 204 hple 117,185
Books mplc 178
functional group chemistry 215 tle 110
reference handbooks 215,216 Circular dichroism 205
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258 Index
Claisen rearrangement 234 Detectors
Cold finger condenser 131,165 uv 182,185
Collecting heads 40 refractive index 182,185
Column packing Diaphragm pump 89,169
dry column chromatography 176 Diazomethane
flash chromatography 171 esterification 13
Common reagents, table 46,47,48 preparation 70,71
Compressor, for chromatography 169 safety measures 71
Computer data records 10 titration 13
Condensers 1,2-Dichloroethane 35
air 192 Diethylaluminium chloride 47
coiled 101,131 Diethyl ether
cold finger 91,131,165 drying 36
double jacketed 131 peroxides 36
double walled 131 Diisopropylamine 46
for solvent stills 41 1.2-Dimethoxyethane, drying 37
Liebig 131,192,229 Dimethylformamide, drying 35
Cooling bath 125,199,232 Dimethyl sulphoxide 37,146
Cooling mixtures 126-128 Dioxan, drying 37
Copper(l) iodide 49 Distillation
Craig tube 2526,150,195 equipment 17,155-157
Crude product, isolation 145 fractonal 158-159
Crystallization Kugelrohr 15,163,194,232
at low temperature 151 one-piece 17
of air-sensitive compounds 154 pressure/temperature nomograph 159
small scale 150 reduced pressure 47,159-162
technigue 147 short path 17,157,158
Cyclohexane, drying 35 small scale 162-164
Cylinders, gas 74-17 solvents 3942
Data book/data record solvent stills 39-42
completed example 12 under inert atmosphere 46,157
formats 10 Double manifold 23,23,97,104
keeping records 8 Dropping funnel 199,233
Dean and Stark trap 135,235 Dry column chromatography 176
Decalin, drying 15 Dry ice, solvent mixtures 127
Deuteriochloroform 204 Drying agents 29-13



Drying liquids 33-38,145
organic extracts 146
special cases 47

Drying ovens, for glassware 15,23

Emulsions 143,145,146
Equipment
bench set 20
specialized items 21
Ethanol, drying 37
Ethyl acetate, drying 35
Ethylriphenylphosphoranylidene
acetate 233
Failed reactions 43227.228
Filtration
at low temperature 154
Craig tube 25,26,150,195
filter aids 25
filter sticks 152,154
of hot solutions 148,150
small scale 190
under inert atrnosphere 68,154
Flame icnization detector (FID) 122
Flash adapter 168-169,172
Flash chromatography 166-176
columns 27
column loading 173
celumn preparation 171
column ronning 171
equipment 167-169
fraction size 174
gradient elution 174
reservoirs 27
silica 166,175
solvent systemns 169,170
Flash vacuum pyrolysis 224
Follower 135,136

Index 259
Fraction collecting 174,182
Fractional distillation 18
Fume cupboard 14
Funnels

for filtration under inert

atmosphere 25,26
Hirsch one piece sintered, 25
Gas bubbler 23,41,53,78,97
Gas burette §1-83
Gases
addition to reactions 78-79
bubblers 23.41,53,78,97
cylinders 74-77
gas burette B1-83
gas-tight syringes 59,80
handling 719
inent 16,84
lecture bottles 17
measurement 79-84
preparation 86-87
properties, table 244
reagent gases 84-87
regulators 75-76
scrubbing 86
suck back traps 18
Ge {glc)
capillary 121-124
columns 122
correction facior 120
£C-Mass spectrometry 124
quantitative 123
splitter 123
Glassware
assembling 96
chromatography 27

drying 96
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260

general 18-20
routine 20-21
typical bench set 20-21
Glove bag 65
Glove box 65
Grignard reagents 28
Hazards
common 239
table 240
with solvents 33-38
Heating baths 132-133
Heating mantles 132
Hexamethylphosphoric triamide 37
Hexane, drying 37
High vacoum sysiem
care 92
operation 91
ressure measurement 92
raps 90-91
with manifold 97
Hotplates 132,135
Hplc 117-121
analytical 118
care of columns 185
choice of columns 186-187
correction factor 120
detectors 185
equipment 117,185
flow rates 186
load loop 118
preparative 185-187
quantitative 120
solvents 187
Hydrides
quantitative analysis 82
reducing agents 31,142-143

table
Hydrogen bromide, preparation
Hydrogen chloride, preparation
Hydrogenation
atmospheric hydrogenator
catalytic
catalysts
medivm pressure
using & balloon
Ice-salt mixtures
Identification of compounds
b.p.
&
gc-ms
hple
microanalysis
m.p.
optical rotation
spectra
Inert atmosphere
crystallization
distillation
fitration
general
measuring liquids
transfering liquids

247
87
87

219
219
249
214
236-237
126-127

204
121-124
124
117-121
205
201204
204-205
202204

154
46,157
154

16-17,84

55,103
51-57

Inert atmosphere reactions 95,109,191

addition of reactants
addition of reagenis
addition of solids

addition of solvents

99

100
105-106
99

at elevated temperanre  101-104,192

in nmr tubes 193
large scale 102-104,198-199
slow addition to 102-104
tle 109
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weighing solids 66-70
use of balloons 106-108
Inert gas
cylinders 16
outlets 16-17
pressures 06
purity 4
semi-permanent gas lines 17
use with solvent stills 41
Ir spectra 202-203
Iscbutyraldchyde 46
KBr disks, for ir 203
Kugelrohr apparatus 15,163,194,232
Laboratory
equipment 14-27
notebook 3-8
setting up 13
Lewis acids 47,144
table 246
Literature
computer databases 212
CUITEnt AWareness 217
primary 208
references 8
reviews and books 216-218
searches 213
searches for classes of
compounds 215

searches for specific compounds 214
searches for synthetic methods 216

secondary 208
structuare 208
Lithium aluminium hydride 31,142
Lithium amide 225
Lithium diisopropyl amide 231,232
Liquid ammonia 224

261
Birch reductions 225
condensing 225
dry 225
reaction work-up 144

Liquid nitrogen-solvent mixtures 127-128
Liquids
storing under inert afmosphere 50

distillation 46-48
purification and drying 33-38,45
Magnesium 3149
Magnesium sulphate, drying agent 31
Magnetic stirrers 135-136
Manifold
double 22,23.97,104
single 16
spaghetti 23-24,108-109
Manometer 92-93
Mass spectra 203-204
McLeod gauge 9293
Mechanical shaker 139
Mechanical stirrer  136-138,198-199,233
Melting point 204
Metal and metal hydride
dispersions, handling 66-69
Metal hydrides 31,142-143,247
Methanol 38
Methyl iodide 46
Microanalysis 205
Microsyringe 571-58
Mininert valves 50,64
Molecular sieves 31-32
Mplc 178-185
columns 182
fermules 180
flanging 180

flow through injection valve 181
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flow rates 183
load loops 181
procedure for ninning 183-184
regenerating columns 184-185
sample loading 181
silica 182
Mulls, ir 203
Multiple elution, tic 116
Needle valves, three-way 16-17
Nitrogen-solvent mixtures 127-128
Nitromethane, drying 38
Nmr
13¢ spectra 202
following reactions 193-194
IH spectra 202
impurities in spectra 202
reporting data 10-12
N,N-Dimethylformamide 37.146
Notebook, laboratory 3-8
Oil bath 132,235
Qil bubbler 23,41,53,78,97
Optical rotation 204-5
Optical rotatory dispersion 205
Organolithiums 28,220
Organometallic reagents 42,4750
Ozonolysis 223
Peak shape, hplc, gc 120-121
Pentane, drying 38
Perkin triangle 161,162
Peroxides
detection, removal 36
in decalin 35
in ether 36
Petroleunt ether, drying 38
Phosphorus pentoxide 32,37
Photolysis 223

Pirani gauge 92
Platinum oxide 236
Potassium hydroxide, drying agent 32
Preparative hplc 185-187
Preparative tlc 178
Pressure {vacuum) measurement  92-93
Pumps
diaphragm 169
mplc 179
vacuum 87-92
Pyridine, drying 38
Quantitative analysis
by gc¢ 123
by hplc 120
Reactions
high temperature  101-102,128-133,
192
in nmr tubes 193-194
large scale 197200
low temperature  125-128,189-192,
199-200
small scale 187-196
Reaction monitoring
g 123-124
hple 118-119
nmr 193-194
tlc 100,110-117
Reaction tube 129
Reagents
air and moisture sensitive 51
gases 84-87
handling and measuring 50-70
purity 45
pyrophoric 44
specification 44

storage 44
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Records

of experimental data 8-11

of laboratory work 3-8
Refractive index detector 182,185
Retention time

g 122

hplc 118
Safety 238-242
Sand bath 132
Science Citation Index 211
Sealed tube 128-129,194
Septum 50-51
Shaker 139
Sieves, molecular 31-32
Silica i

for flash chromatography 166

quantity for flash 170

recycling 175-176

safety 169
Silicafsample ratio, for flash 170
Sodium 33
Sodium/benzophenone ketyl 33
Sodium chloride plates, ir 203
Sodium-D line 205
Sodium/potassium alloy 13
Sodium sulphate, drying agent 13
Solids

air sensitive 66,69,154

crystallization 61,147,154

handling and weighing 69

purification and drying 48
Solvent

analytical grade 29

anhydrous 28

distillation 3042

drying 2933

263
flammability 28
for chromatography 29,169-170
for crystallization 147
for spectroscopy 29
inert atmosphere distillation 41,46,
137
peroxide contamination 29
properties 243
purification 28,29
stills 3942
toxicity 28
Solvent reservoir, for flash 167,168
Solvent traps, for vacuum system N
Sonication 139,194 229
Soxhlet extractor 49,134
Spaghetti manifold 108
Spaltrohr columns 159,162
Specific rotation 204
Spinning band columns 159
Stills
one-piece 18,19,157,158
solvent 3942
Stirring 135-138,190,199
Strong bases 142 246
Structure determination 201-205
Sublimation apparatus 164,165
Syringe fittings 59
Syringes 57-65
care and cleaning 60
glass 58
gas-tight 59,80
handling 61
micro 57
plastic, disposable 59
preparation for use 61

transfer of liquid under inert
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atmosphere 62
Taps
double oblique 22
three way T 24,2598
Teflon tubing, for mplc 180
Tetrahydrofuran, drying 38
Tetralin, drying 38
Thermometers
digital 126
low temperature 125
Tin tetrachloride 44
Titanium tetrachloride 47
Tic 19,110-117
checking decomposition 117
detecting spots 113
for flash analysis 169,170,174
tnert reaction monitoring 109
multiple elution 116
plaies 111
preparative 178
procedure for running 112
recipes for staining reagents 114
R¢ values 116
solvent polarity 114
spotter 102
Toluene, drying 38
p-Toluenesulphonyl chloride 49,143
Traps, for vacuum pumps 9
Triethylalumininm 47
Triethylamine 46
Trimethylsilyl chloride 48
Ulwasound 139,194,229
Uleraviolet radiation
detectors 182
in photolysis, 222.223
lamp for tle viewing 178

spectra

Vacuum pumps
electric diaphragm
house system
rotary oil pumps
vapour diffusion
waler aspirator

Vacuum sinter funnel

Vials

Vigreux columns

Vpe

Waier bath

Wood's metal

Work-up

Xylene, drying

203
88-92
89

89
20
92
88

176
190
158,162
see gC
131

132

142

38
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Heteroaromatic thiols may be oxidized to the sulfonyl chloride at low temperati2b {C) by using

3.3 equiv of aqueous sodium hypochlorite. The reaction is rapid, avoids the use of chlorine gas, and
succeeds with substrates that have previously been found to afford little or none of the sulfonamide
product with other procedures. The method allows the preparation of the sulfonyl fluorides, which are
stable enough to be purified and stored, making them potentially useful monomers in parallel chemistry
efforts.

Introduction Unfortunately, as was indicated in the original papers and as
subsequently confirmed by others, this procedure has preparative
value only when the heterocycle is a pyridine. Other hetero-

Sulfonamides play an important role in many medicinal
tcycles, for example, pyrimidine, frequently afford yields of 10%

work, we wanted to prepare a number of heteroaryl sulfon-

, it has been reported that the use of exactly 3 equiv

. of chlorine gas is required, although in the literature preparations
very small number of these compounds are commercially

4 . . -~ - little effort has been made to actually limit the amount of
ava|I<'_;1bIe due to their known instabiliyAn examination of chlorine to 3 equivt. Other conditions that have been used to
the literature revealed that these compounds are generallygeo ot this transformation include oxidation of the heteroaryl
prepared by the oxidation of the corresponding heteroaryl thiol i by chioramines to afford the sulfenamide, followed by
such as2a with chlorine gas in the presence of aqueous

. . . i ~> oxidation to the sulfonamide by mCPBAr potassium per-
hydrochloric acid. These conditions were first employed with manganaté The inadequate yield and lack of generality of these
a heteroaryl thiol in 1942,and subsequent workers have

o o o methods, coupled with the hazards associated with chlorine gas
generally used these conditions with little or no modificafion. and chloramines, and the potential need to control the stoichi-
- Add p o s author, Phone: 800-441.5831 Fax: 860 ometry of a gaseous reagent, led us to examine other conditions
215 aggs S gorrespondence fo this author. Phone: 860-441-5831. Fax: 850-for effecting the oxidation ofato 1a(Scheme 1). We reasoned

T Pfizer Global Research and Development. - —
8 Pfizer Global Research and Development Summer Intern, 2004 and 2005.  (4) (a) Vedejs, E.; Kongkittingam, Q. Org. Chem2000Q 65, 2309. (b)

* Clark University. Vedejs, E.; Lin, S.; Klapars, A.; Wang, J. Am. Chem. S0d 996 118
(1) Johnson, T. B.; Sprague, J. Nl. Am. Chem. Sod 936 58, 1348. 9796. (c) Deeb, A.; Essawy, A.; EI-Gendy, A. M.; Shaban,Monatsh.
(2) (a) Caldwell, W. T.; Kornfeld, E. CJ. Am. Chem. Sod 942 64, Chem 1990 121, 281.

1695. (b) Roblin, R. O.; Clapp, J. W. Am. Chem. Sod95Q 72, 4890. (5) (a) Ramasamy, K.; Imamura, N.; Hanna, N. B.; Finch, R. A.; Avery,

(3) See, for example: (a) Skulnick, H. I.; Johnson, P. D.; Aristoff, P. T. L.; Robins, R. K.; Revankar, G. R. Med. Chem199Q 33, 1220. (b)
A.; Morris, J. K.; Kristine, D.;Lovasz, K. D.; Howe, W. J.; Watenpaugh, Revankar, G. R.; Hanna, N. B.; Imamura, N.; Lewis, A. F.; Larson, S. B,;
K. D.; Janakiraman, M. N.; Anderson, D. J.; Reischer, R. J.; Schwartz, T. Finch, R. A.; Avery, T. L.; Robins, R. KJ. Med. Chem199Q 33, 121. (c)
M.; Banitt, L. S.; Tomich, P. K.; Lynn, J. C.; Horng, M.-M.; Chong, K.-T.; Revankar, G. R.; Hanna, N. B.; Ramasamy, K.; Larson, S. B.; Smee, D.
Hinshaw, R. R.; Dolak, L. A.; Seest, E. P.; Schwende, F. J.; Rush, B. D.; F.; Finch, R. A.; Avery, T. L.; Robins, R. KJ. Heterocycl. Cheml99Q
Howard, G. M.; Toth, L. N.; Wilkinson, K. R.; Kakuk, T. J.; Johnson, C. 27, 909.

W.; Cole, S. L.; Zaya, R. M.; Zipp, G. L.; Possert, P. L.; Dalga, R. J,; (6) Woltersdorf, O. W., Jr.; Schwam, H.; Bicking, J. B.; Brown, S. L.;
Zhong, W.-Z.; Williams, M. G.; Romines, K. R.. Med. Chem1997, 40, DeSolms, S. J.; Fishman, D. R.; Graham, S. L.; Gautheron, P. D.; Hoffman,
1149. (b) Ager, E.; Iddon, B.; Suschitzky, Bl. Chem. Soc. @970 1530. J. M,; Larson, R. D.; Lee, W. S.; Michelson, S. R.; Robb, C. M.; Share, N.
(c) Bhattacharya, B. KJ. Heterocycl. Cheml986 23, 113. (d) Marsais, N.; Shepard, K. L.; Smith, A. M.; Smith, R. L.; Sondey, J. M.; Strohmaier,
F.; Cronnier, A.; Trecourt, F.; Quequiner, &.0rg. Chem1987 52, 1133. K. M.; Sugrue, M. F.; Viader, M. PJ. Med. Chem1989 32, 2486.

10.1021/jo052164+ CCC: $33.50 © 2006 American Chemical Society
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Under these condition&b was transformed t8b in 77% crude
yield and 64% yield following recrystallization. The addition
of calcium chloride to both the aqueous acid and the sodium
hypochlorite was necessary, otherwise the mixture began to
freeze as the sodium hypochlorite solution was added. Addition
of 25 wt % of anhydrous calcium chloride to the sodium
hypochlorite solution caused decomposition of the hypochlorite,
even with cooling in ice; therefore, calcium chloride hexahydrate
was added to the bleach in a quantity sufficient to be equivalent
to 25 wt % of anhydrous calcium chloride.

When the reaction was carried out @a at 5 to 10°C
(internal temperature, ice water bath) and the dichloromethane
layer was washed with saturated sodium bicarbonate solution
prior to the trapping with benzylamine, the yield 8& was
reduced to 25%. When brine was used in place of the sodium
bicarbonate solution, the yield d&a was increased to 53%.
However, as dichloromethane dissolves very little water, and
that aqueous sodium hypochlorite, which is inexpensive and of the washing procedure appeared to provide no benefit, the
easily determined molarity,would provide an alternative  washing of the crude sulfonyl chloride solution was omitted
oxidizing agent that would be more convenient to use and allow entirely. Instead, the crude sulfonyl chloride solution was
much greater control of reactant stoichiometry. We also separated from the aqueous phase in a separatory funnel pre-
anticipated that the use of a watémmiscible cosolvent such  cooled with ice water, and the dichloromethane layer was
as dichloromethane would be beneficial by allowing extraction collected in a flask cooled in a dry ie@cetone bath. By this
of the heteroaryl sulfonyl chloride as formed, thereby reducing means further decomposition of the crude sulfonyl chloride was
the exposure of the heteroaryl sulfonyl chloride to the aqueous prevented and any aqueous phase entrained in the dichlo-
acid. romethane was immobilized by freezing.

Such a process would have significant advantages: (a) the When only the theoretical amount of HCI required by the
use of chlorine gas would be eliminated, resulting in a safer reaction stoichiometry was used (6.6 mt.1oM HCI, 2 equiv
and much more convenient procedure, and (b) the stoichiometryto NaOCI used) at 5 to 18C (internal temperature, ice water
of the oxidizing agent could be easily controlled, possibly bath), the yield of3a decreased slightly to 50%. The use of
resulting in higher yields by preventing decomposition of the €thyl acetate as cosolvent in the oxidation2afresulted in a
heteroaryl sulfonyl chloride by excess chlorine or aqueous acid. low recovery (30%) of3a Not surprisingly, if the dichlo-

In view of the known instability of heteroaryl sulfonyl chlorides, romethane solution ofla was allowed to warm to room
we elected to confirm their formation by trapping with an excess temperature, n8awas obtained on trapping with benzylamine.

SCHEME 1. Oxidation of Heteroaryl Thiol to Heteroaryl

Sulfonyl Chloride?
fN \/@
s
o]

b H
N

-
NS

o}
3a

4a

a Reagents and conditions: (a)©r NaOCI, HCI; (b) BnNH (excess);
(c) HCI, prolonged standing or increased temperature.

of benzylamine, followed by isolation of thé-benzyl sulfon-
amide.

Results and Discussion

A preliminary experiment, using commercial bleach as a

source of sodium hypochlorite, showed that such a process was

possible, affording a 67% yield of the pyrimidine sulfonamide
3a. The reaction was run several times with 2-mercaptopyri-
midine 4) to identify optimal conditions. The yield of product
was found to be dependent on four variables: (a) the temperatur
of the oxidation reaction, (b) the procedure used to separate
the crude acid chloride, (c) the concentration of hydrochloric
acid, and (d) the reaction cosolvent.

When the reaction was run at 5 to 0 (internal temperature,
ice water bath), the yield of isolate®h averaged at 64%. At
—10 to —5 °C internal temperature, the yield was almost
guantitative. However, other substrates (for example, 4,6-
dimethyl-2-mercaptopyrimidin€b) afforded much less product
at —10 to —5 °C internal temperature, yielding instead largely
the heteroaryl chloride4p) resulting from decomposition of
the heteroaryl sulfonyl chloride. This difficulty was circum-
vented by carrying out the reaction-aB0 to —25 °C internal
temperature. In these cases it was necessary to include 25 w
% of calcium chloride in the aqueous phase to prevent freézing.

(7) The United States Pharmacopeia USP; 28ational Publishing:
Philadelphia, PA, 2005; p 1786.

This method was then applied to a variety of commercially
available heteroaryl thiols (Table 1). As will be seen from the
results in Table 1, certain heteroaryl thiols afforded reasonable
yields of products at-10 to —5 °C (Method A), while other
heteroaryl thiols required reaction aB0 to —25 °C (Method
B) to afford acceptable yields of the sulfonamide prodi&ts
The limitations of the methods are apparent from Table 1 as
well. The imidazole substrated and 2t required chromato-
graphic purification of the crude product mixtures and afforded
a low purified yield of the desired sulfonamides. In the case of

2t the primary byproducts were identified as 2-chlorobenzimi-

dazole and 2-hydroxybenzimidazole by comparison to com-
mercial samples. The benzoxazole substtatand 4-mercap-
toquinoline substrat@] failed at either temperature, affording
only 2-chlorobenzoxazole4(, identified by comparison to a
commercial sample) and 4-chloro-7-(trifluoromethyl)quinoline
(4j, identified by IH NMR and GC-MS), respectively. The
4-trifluoromethylpyrimidine2sreturned only the disulfide upon
reaction at either-25 or —5 °C. Predictably, the 4-hydroxy-
pyrimidine substrat@h underwent simultaneous nuclear chlo-
rination under the reaction conditions to afford product con-
taining a 5-chloro-4-hydroxypyrimidine. However, we were
pleased to find that certain substrat2s, 2b, 2c, 2m) that had
been previously reported to give low yiefsgave much
Fmproved yields using this procedure.

(8) Lide, D. R., EA.CRC Handbook of Chemistry and Physitgernet
Version 2005http://www.hbcpnetbase.com; CRC Press: Boca Raton, FL,
2005.
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TABLE 1. Results of Conversion of Heteroaryl Thiols to HeteroaryIN-Benzyl Sulfonamides

entry starting thiol temp,°C product yield? % mp,°C

1 2-mercaptopyrimidine2@) -5 3a 94 117118
2 4,6-dimethyl-2-mercaptopyrimidinglf) -5 3b 19 129-130
3 4,6-dimethyl-2-mercaptopyrimidinglf) -25 3b 64 129-13C
4 5-mercapto-1-phenyl-1,2,3,4-tetrazale)( —25 3c 74 129-131
5 2-mercapto-4-methylpyrimidin@d) —25 3d 75° 103-105
6 2-mercaptobenzothiazol2d) -5 3e 90 129-13C¢
7 2-mercaptopyridine2f) -5 3f 98 102-103
8 methyl 2-mercaptonicotinat@d) =5 39 53 97-98
9 4-hydroxy-2-mercapto-6-phenylpyrimidin2h -5 5f 22 167168

10 2-mercapto-1-methylimidazol@if —25d 3i 9 109-110

11 2-mercapto-7-(trifluoromethyl)quinolingj —25 3 0

12 2-mercaptoquinoline2k) -5 3k 80 106-107

13 3-cyano-4,6-dimethyl-2-mercaptopyridir) -5 3l 80 157-158

14 2-mercaptothiazole(n) -5 3m 93 98-99

15 methyl 6-mercaptonicotinater) =5 3n 57 115-116

16 3-mercapto-6-methoxypyridazin2oj —25 30 64 181-183

17 3-mercapto-5-methyl-4-phenyH41,2 4-triazole 2p) —25d 3p 76 221-223

18 4-mercaptopyridine2q) —25 3q 39 163-166

19 2-mercaptobenzoxazol2r{ —25 3r 0

20 2-mercapto-4-trifluoromethylpyrimidin@¢) —25 3s 0

21 2-mercaptobenzimidazol2t} —25 3t 16 217218

aMaximum internal reaction temperature during oxidation by Na®CInoptimized yield of analytically pure isolated produtLiterature mp 130.5
131 (see ref 16a) Reaction was unsuccessful when carried out&at°C. © Literature mp 134 (see ref 166)Product wasN-benzyl-4-hydroxy-5-chloro-

6-phenylpyrimidine-2-sulfonamide.

Having identified a convenient oxidation and trapping

fluoride at—10 to —5 °C using bleach as the oxidizing agent

procedure to prepare the desired heteroaryl sulfonamides, wein the presence of a tetralkylammonium salt. The identitgaf
turned our attention to the identification and preparation of stable was confirmed byH, 13C, and'®F NMR, IR, elemental analysis,

heteroaryl sulfonyl derivatives that would serve as synthetic

and conversion t@a by reaction with excess benzylamine in

equivalents to the unstable sulfonyl chlorides. Such derivatives CH,Cl, at room temperature. We found that the inclusion of a
would be of great value in medicinal chemistry analogue quaternary ammonium salt was crucial to obtain good yields of
programs and parallel synthesis. Arylsulfonyl 1-hydroxyben- the sulfonyl fluoride. With use of 2-mercaptobenzothiazalg (
zotriazole esters have been described as reactive sulfonylatingas a model, tetrabutylammonium ion and tetraethylammonium
agents as have heteroaryl benzotriazole sulfonamiestyl ion gave approximately a 2:1 ratio of the sulfonyl fluoride to
sulfonyl 4-nitrophenyl esters have also been described; combined other products as judged by examination oftkhe
however, these appeared unsuitable for our purpose as they arélMR spectra of the crude reaction products. Not surprisingly,
known to react with amine nucleophiles by two pathways: (a) the tetraethylammonium ion was more easily washed out of the
attack at the sulfonyl group to afford the sulfonamide and crude sulfonyl fluoride product with water. Benzyltrimethyl-
4-nitrophenol and (b) attack at the 4-position of the nitrophenol ammonium ion was less satisfactory, affording approximately
to afford the sulfonic acid and a 4-nitroaniline derivative by an a 1:1 ratio of the sulfonyl fluoride to combined other products
Sv2Ar mechanismi2 Attempts to prepare either pyrimidine-2-  as judged by examination of tARE NMR spectrum of the crude
sulfonic acid benzotriazol-1-yl estef)(or 1-(pyrimidine-2- reaction product. Somewhat surprisingly, the use of a methanol
sulfonyl)-1H-benzotriazole®) from dichloromethane solutions  water mixture as reaction solvent generally gave poor results
of lawere entirely unsuccessful, affording only 2-chloropyri- in all cases, with the crude reaction products consisting largely
midine. of disulfide and somet14 We therefore applied the biphasic
oxidation method to some commercially available heteroaryl
N thiols (Table 2).
@\ o XN We found that in general the reaction afforded good yields
N //S\i \l\\l f/)\ NN (>80%) of the heteroaryl sulfonyl fluorides following removal
0 O N=y NT OsCN of the tetraalkylammonium salt by washing with water. Further
0 © purification, to remove the last traces of tetraalkylammonium

6a 7a . E
salt in order to afford analytically pure samples, was more
f)n\ difficult. Not surprisingly, the heteroaryl sulfonyl fluorides were
7 _F
N //S\\O (10) Katritzky, A. R.; Rodriguez-Garcia, V.; Nair, S. K. Org. Chem
. 0 2004 69, 1849.
a

(11) (a) Islam, A. M.; Bedair, A. H.; EI-Maghraby, A. A.; Aly, F. M;
Emam, H. A.Indian J. Chem.Sect. BOrg. Chem. Incl. Med. Chert982
21B, 487. (b) Osman, A. M.; El-Sherief, H. A. H.; Mahmoud, A. M.
Indian Chem. Sacl979 56, 293. (c) Wentworth, S. E.; Sciaraffa, P. L.
Org. Prep. Proced. Int1969 1, 225.

(12) (a) Netscher, T.; Schwesinger, R.; Trupp, B.; Prinzbach, H.
Tetrahedron Lett1987 28, 2115. (b) Takikawa, Y.; Yoshida, S.; Sato, R.;
Takizawa, SNippon Kagaku Kaishil976 631 Chem. Abstr1976 85,

We therefore turned our attention to the preparation of
2-pyrimidinyl sulfonyl fluoride 8a).1 We were pleased to find
that we could obtain a nearly quantitative yield of the sulfonyl

(9) (a) Carpino, L. A; Xia, J.; Zhang, C.; EI-Faham, A.Org. Chem

2004 69, 62. (b) Kim, S. Y.; Sung, N.-D.; Choi J.-K.; Kim, S. S. 93352).
Tetrahedron Lett.1999 40, 117. (c) Itoh, M.; Notani, K. U.S. Patent (13) Brown, D. J.; Hoskins, J. Al. Chem. So¢Perkin Trans. 11972
4,242,507, 1980Ghem. Abstr1981, 95, 7290). 522.
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TABLE 2. Results of Conversion of Heteroaryl Thiols to Heteroaryl Sulfonyl Fluorides
entry starting thiol product yieltl% mp,°C
1 2-mercaptopyrimidine2@) 8a 73 58-60°
2 4,6-dimethyl-2-mercaptopyrimidin2f) 8b 79 57-58
3 2-mercaptobenzothiazolgd) 8e 42 95-96
4 2-mercaptopyridine2f) 8f 70 25-28
5 2-mercaptoquinoline2k) 8k 49 76-77
6 3-mercapto-6-methoxypyridazin2d) 80 73 55-57¢

aUnoptimized yield of analytically pure isolated produttiterature mp 57°C (see ref 13)¢ Literature mp 58°C (see ref 13)9 Product purified by
Kugelrohr distillation (oven temperature 128, pressure 2 Torrf See ref 16¢.

decomposed upon attempted chromatography on silica orhypochlorite solution was added by pipet and the liberated iodine
alumina. Distillation proved successful for sufficiently low was titrated with 0.100 N standardized sodium thiosulfate solution,
molecular weight compoundsfj. Recrystallization from etha- ~ adding a few milliliters of starch solution as the endpoint was
nol or 2-propanol afforded analytically pure samples of crystal- gpproached. Each milliliter of 0.100 N sodium thiosulfate required
line products, but the relatively high solubility of the products 'S €duivalent to 3.722 mg of NaOClI. _

in these solvents resulted in low recovery of the products. Procedure A: Preparation of Heteroaryl Sulfonamides at

| h developed | thod for th —10 to —5 °C. N-Benzyl Pyrimidine-2-sulfonamide (3a).2-Mer-
n summary, we have deveioped a genéral method for the captopyrimidine 2a, 0.561 g, 5 mmol) was stirred in a mixture of

preparation of_ heteroaryl _sulfc_)namides from the readily available 55 | of CHCl, and 25 mL of 1 M HCl in a 125-mL Erlenmeyer
heteroaryl thiols by oxidation at lower temperatures than fiask for 10 min at—10 to —5 °C (internal temperature). Cold (5
previously employed and immediate trapping of the unstable °C) sodium hypochlorite (6% solution, 0.68 M, 26 mL, 18 mmol,
intermediate heteroaryl sulfonyl chloride with the desired amine. 3.3 equiv) was added dropwise withry rapidstirring, maintaining

The reaction uses readily available reagents, allows easy controthe internal temperature at10 to —5 °C. The mixture was stirred

of stoichiometry, and avoids the use of chlorine gas. The reactionfor 15 min at—10 to—5 °C (internal temperature) after the addition
conditions may be modified to afford the heteroaryl sulfonyl Was completed. The mixture was transferred to a separatory funnel

fluorides, which are stable enough to isolate and store, yet (Pré-cooled with ice water) and the Q& layer was rapidly
reactive enough toward amines to afford the corresponding separated and collected in a clean 125-mL Erlenmeyer flask cooled

; n a dry ice-acetone bath. Benzylamine (1.4 mL, 12.5 mmol) was
heteroaryl sulfonamides. These features make the heteroafy':added with stirring, whereupon the GEl, layer became a white

sulfonyl fluor.id.es potent?ally useful fragments to consider in a suspension. The flask was removed to an ice-water bath and the
parallel medicinal chemistry effort. We hope that these proce- syspension was stirred for 30 min at’G. The suspension was
dures may be of value to others seeking novel synthetic then washed wit 1 M phosphoric acid (all solids dissolved at once),
fragments with unigue properties for medicinal chemistry then with water and brine. Drying (N8O;) and concentration
programs. afforded 1.171 g (94%) o8a as a fine white powder, mp 117
118°C.™H NMR (CDCly) 6 8.87 (d,J = 5 Hz, 2 H), 7.46 (tJ =
5Hz, 1 H), 7.28 (m, 5 H), 5.14 (br t, 1 H), 4.41 (@= 6 Hz, 2
H); 3C NMR (CDCk) ¢ 158.7, 136.5, 129.0, 128.2, 123.3, 48.4.
All oxidation reactions involving sodium hypochlorite were APCI MS: m/z 250 (M + H)*. Anal. Calcd for G;H1;N30,S: C,
carried with rapid continuous magnetic stirring in Erlenmeyer flasks 53.00; H, 4.45; N, 16.86. Found: C, 52.71; H, 4.40; N, 16.71.
open to the atmosphere. Sodium hypochlorite was commercial Procedure B: Preparation of Heteroaryl Sulfonamides at
“ultra” laundry bleach containing a stated concentration of 6% —30 to—25°C. N-Benzyl 4,6-dimethylpyrimidine-2-sulfonamide
NaOCI. The actual concentration of hypochlorite was determined (3b): 4,6-Dimethyl-2-mercaptopyrimidineb, 0.701 g, 5 mmol)
by iodometric titration. Hydrochloric acid (ca. 1 M) containing 25 was stirred in a mixture of 25 mL of Gi€l, and 25 mL of 1 M
wt % of calcium chloride was prepared by dissolving 125 g of HCI (25 wt % CaC}) in a 125-mL Erlenmeyer flask for 10 min at
anhydrous calcium chloride in 350 mL of water and cooling to —30 to —25 °C (internal temperature, maintained by intermittent
room temperature. Once the solution had cooled, 42 mL of cooling with a dry ice-acetone bath). Calcium chloride 6-hydrate
concentrated hydrochloric acid was added and the solution was(19 g) was dissolved in sodium hypochlorite (6% solution, 0.74

Experimental Section

diluted to 500 mL with water. Methyl 2-mercaptonicotinag) M, 24 mL, 18 mmol, 3.3 equiv), and the resulting clear solution
and methyl 6-mercaptonicotinat2n) were prepared by literature ~ was added dropwise withery rapid stirring, maintaining the
procedures® internal temperature at30 to —25 °C. The mixture was stirred
Titration of Sodium Hypochlorite. Potassium iodide (2 g)and  for 15 min at—30 to —25 °C (internal temperature) after the
3 mL of glacial HOAc were dissolved in 50 mL of B in an addition was completed. The mixture was diluted with 25 mL of

Erlenmeyer flask. An accurately measured volume (3 mL) of ice water and transferred to a separatory funnel (pre-cooled with

ice water). The ChLCl, layer was rapidly separated and collected
(14) Oxidation of2a, 2b, and2d with Cl, in MeOH—H,O—KHF; has in a clean 125-mL Erlenmeyer flask cooled in a dry-ieeetone

been reported to proceed in good yield; see ref 13. Oxidatictoaider bath. Benzylamine (1.4 mL, 12.5 mmol) was added with stirring,

similar‘conditions has been reported; see: Turck, A.; Ple, N.; Pollet, P.; Whereupon the Ct@|2 |ayer became a white Suspension_ The flask

Queguiner, GJ. Heterocycl. Cheml998 35, 429. These procedures use  \ya5 removed to an ice-water bath and the suspension was stirred

chlorine gas in large excess as the oxidant. Presumably the use of . ° . .
hypochlorite in stochiometeric amounts is unsatisfactory under the MeoH 107 30 min at 0°C. The suspension was then washed with 1 M

H,O conditions due to competing oxidation of MeOH by hypochlorite. phosphoric acid, then with water and brine. Drying {8i@,) and

(15) Fibel, L. R.; Spoerri, P. E. Am. Chem. So&948 70, 3908. Young, concentration afforded 1.060 g 8b as a fine white powdefH
R. N.; Gauthier, J. Y.; Coombs, W.etrahedron Lett1984 25, 1753. NMR indicated the presence of about 5% of 2-chloro-4,6-dimeth-
(16) (a) Clapp, J. W.; Roblin, R. O., Jr. U.S. Patent 2,577,231, 1951 y|gyrimidine. Recrystallization from 2-propanol gave 0.885 g (64%)
(Chem. Abstr1952 46, 32788). (b) Stanovnik, B.; Tisler, Mirch. Pharm. of 3b as white crystals, mp 129130°C. *H NMR (CDCl) 6 7.29-

1965 298 357. (c) Mylari, B. L.; Armento, S. J.; Beebe, D. A.; Conn, E.
L.; Coutcher, J. B.; Dina, M. S.; O'Gorman, M. T.; Linhares, M. C.; Martin, 7.20 (m, 5 H), 7'3-1 (s, 1 H),5.24 (brt, 1 H), 4.37 (b= 6 Hz, 2
W. H.; Oates, P. J.; Tess, D. A.; Withbroe, G. J.; Zembrowski, W..J.  H), 2.54 (s, 6 H)!*C NMR (CDCk) 6 169.2, 165.3, 136.7, 128.8,

Med. Chem2003 46, 2283. 128.3, 128.2, 128.1, 122.4, 48.4, 24.1. APCI M$z 278 (M +

J. Org. ChemVol. 71, No. 3, 2006 1083
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H)*. Anal. Calcd for GsH1sN30O,S: C, 56.30; H, 5.45; N, 15.15.
Found: C, 56.28; H, 5.23; N, 15.13.

Procedure C: Preparation of Heteroaryl Sulfonyl Fluorides.
Pyrimidine-2-sulfonyl Fluoride (8a): 2-Mercaptopyrimidine4a,
2.803 g, 25 mmol) was stirred in a mixture of 100 mL of £Hp
and 100 mL of water containing 19.55 g (250 mmol) of KHénd
8.48 g (25 mmol) of BENHSQ, in a 500-mL polypropylene
Erlenmeyer flask for 30 min at 0 te5 °C (internal temperature).
Cold (5°C) sodium hypochlorite (6% solution, 0.68 M, 130 mL,
90 mmol, 3.6 equiv) was added dropwise witry rapid stirring,
maintaining the internal temperature at 0-t& °C. The mixture
was stirred for 10 min at 0 te-5 °C (internal temperature) after
the addition was completed. The @, phase was separated,
washed with water and brine, dried (}$0,), and concentrated.
The residual oil (5.241 g) was dissolved in@tand washed twice
with water to remove the BN salt, then dried (N&0O,) and
concentrated to afford 3.210 g (79%)8& as an oil that crystallized

1084 J. Org. Chem.Vol. 71, No. 3, 2006
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quickly. Recrystallization from EtOH gave 0.442 g (11%)Bafas
white crystals, mp 5860 °C. *H NMR (CDCl) ¢ 9.03 (d, 2 H),
7.71 (t, 1 H);'3C NMR (CDCk) 6 159.4, 125.51F NMR (CDCh)
®* —180.8; IR 1570, 1415, 1383, 1241, 1157 C¢mEl MS: m/z
162 (M"). Anal. Calcd for GH3FN,O,S: C, 29.63; H, 1.86; N,
17.28; F 11.72. Found: C, 29.67; H, 1.87; N, 17.07; F 11.53.
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SULFONAMIDE DERWAT}WES

Philip S. Winnek, Riverside, Conn., assignor to
American Cyanamid Company, New York,
N. Y., a corporation of Maine

No I)mwing. Apphcatlon October 17, 1941,
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: 1 -
This invention relates to a new class of chemi~
_ cal compounds and methods for ‘their prepara-
tion. More partmularly it relates to.sulfonamide
derivatives of nitro guanidines and amino guam-
dines.

This new class of chemical compounds may be'

represented by the following general formula:

in which X represents amino or a substituted

amino radical, such as alkylamino, arylamino,
aralkylamine, and the like, or .a radical -con-
vertible into an amino group including radicals
such as nitro, acylaimirio, halogen, and azo radi~
cals, G represents an amino guaniding or'a. nitro
‘guanidine radical and the acid addition salts of
such compounds.

The structural formula for the sulfamlyl
‘aming or n1t10 guanidines is probably as fol-
lows:

NI .

Ve ; I
X—QSO'::NHC—NHR

in which X represents one of the radicals in-
dicated inthe general formula and R is an amino
‘or nitrogroup.

Some of the compounds of this mventlon are
bacteriostatic ‘and hence may be used as chemo-
therapeutic agents. They may-also be used as,
intermediates for the preparation of other com-
pounds, such as pharmaceuticals and particularly
azo dyestuffs. '

The compounds of the preseni invention may
be prepared by reacting a p-substituted benzene.
sulfony! halide with nitroguanidine; in which the

- p-substituent is a radical convertible “into an
amino group, including those such as nitro, acyl-
amino, halogen, and azo radicals. These reaction
products may then be -converted into the com-.
pounds of the general formula in which X is an
amino group by hydrolysis of the acylamino
.group, by reduction of the nitro and azo groups,

“or by reaction of the halsgen group with am-
monia. Preferably the reaction between the
nitro guanidine and the sulfonyl halide is one in
which s reaction medium employing an organic
liquid, such as acetone, isopropyl alcohol, tertiary
butyl ‘alcohol, dioxane, or the like, is used. In
this reaction -a hydrogen halide is liberated and

5 Claims. (CL 260—397.7)

10

15

20

2,436,062

PATENT OFFICE

. 1_’2...

in some instances it may be desirable to provide
a basic reaction medium which will unite with
the hydrogen halide evolvéd.  This may be ef-

fected by carrying out the reaction in a suitable

medium and adding an excess of sodium hydrox-
ide or other alkali hydroxide or in some instances
the reaction may be carried out in the presence
of a basic reaction medium, such as pyridine, in
which case it is not’ necessary to add tbe sodium
‘hydroxide.

In the reactlon between the p- substituted
benzene sulfonyl hahde and nitro guamdmes the
nitro guanidine derlvatlves ‘gre obtained and’ the
nitro group on ‘the- guanidine ‘portion of the
molecule may bé Teadily” reduced by ordinary
methods to the corresponding amino guanidine
derivative. For many purposes the nitro guani-
dine derivatives and the amino guanidine deriva-
tives may be ‘used mterchangeably since this
particular group represents a very small propor-
tion of the compound as a whole.

. The invention will be described in greater de-

" tail in conjunction with the following specific
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examples, which however, are merely illustrative
of the preferred methods of preparing repre-
sentative compounds of the class and are not in-
tended to Limit the scope of the invention. The
parts are by weight except in the case of liquids

which are expressed in corresponding parts by -

volume.
’ EXAMPLE 1

Ace’tylsul;fanilylnitroguanidi‘ne :
) NH

L . L ! it
. CHiC OHN——SOzNHC——NHNOz

To a solutlon of 40 parts.of sodlum hydroxxde
in 100 parts-of water -are- added 100 parts of
acetone and 52 parts of nitro ‘guanidine.- Then a
solution of 125 parts of acetylsulfanilylchloride in
500 parts of acetone is slowly -added with me-
chanical stirring and cooling so that the tem-
perature does not rise above 13° C. During .the

..addition 300 parts of water are added to prevent

the formation of a solid cake. The final mixture
is stirred for half- an hour and then made acid
with hydrochloric .acid. .Any .solid which does
7ot dissolve is fltered off, dissolved -in acetone
‘and recombined with the filtrate. On-removal of
the ecetone by, distillation, a precipitate of acetyl
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3

sulfanilylnitroguanidine forms. The product is
purified by dissolving in dilute ammonium hy-

droxide and reprecipitating with hydrochloric -

acid.

In place of acetone, isopropyl alcohol, tertiary
butyl alcohol, or dioxane may be used as the re-
action medium.

ExaMpriE 2
Acetylsulfanilylaminoguanidine

CH:iC ONHO—SOzNHC——NH—NHe

Sixty-nine parts of acetylsulfanilynitroguani-
dine are added to a hot slurry of 100 parts of
iron powder and 270 parts of 5% acetic acid.
The reaction mixture is evaporated to dryness
on a steam bath. The residue is extracted with
500 parts of boiling acetone in several portions.
By evaporating the extracts, crude acetylsulfanil=
ylaminoguanidine is obtained. This is purified
by crystallization from water.

ExampLE 3
Sulfanilylaminoguanidine

1;,&1
H:N—O—SO:NHC—NHNH:

Eighteen parts of acetylsulfanilylaminoguani-
dine are refluxed with 37 parts of concentrated
hydrochloric acid and 74 parts of water for five
minutes after all of the solid has dissolved. On
cooling and neutralization with 40% sodium hy-
droxide solution the crude sulfanilylaminoguani-
dine precipitates. It is purified by crystallization
from water, washing with boiling acetone and
recrystallization from agueous alcohol,

Exanrix 4
Sulfanilylnitroguanidine
NH

H:N—Q—so,mg—NHNoz

. Ten parts of acetylsulfanilylnitroguanidine are
refluxed with 21 parts of concentrated hydro-

. chloric acid and 42 parts of water until all the
solid has dissolved. The solution is filtered hot
and rapidly cooled. Ammonium hydroxide is
added to maximum precipitation. The crude
sulfanilylnitrogusnidine is filtered off and puri-
fied by crystallization from absolute aleohol using
activated charcoal to remove impurities.

In the above examples the p-acetylaminoben-
zenesulfonyl chloride was used in carrying out the
reaction. The acetyl compound is preferred be-
cause of its cheapness and availability, However,
it is to be understood that other acyl compounds
may be used including those such as propionyl,
butyryl, benzoyl, nicotinyl, and the like. Similar-
ly, Instead of p-acetylaminobenzenesulfonylchlo-
ride the corresponding p-acetylaminobenzéne-

- sulfonylbromide may be used. -

In Examplé 1 p-nitrobenzenesulfonylchloride
may be used instead of the p-acetylamino com-
pound, in which instances the corresponding p-ni-
trobenzenesulfonyl nitro guanidines are obtained.
The p-nitro compounds thus obtained may be re-
duced to the p-amino compounds by any one of
several reduction methods well known in the art.

The sulfanilylamino or nitroguanidines will re-
act readily with any inorganic or organic acid to.
form addition salts therewith. The ordinary in-

- organic acid addition salts, such as the hydro-
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chlorides, sulfates, phosphates, chlorates, and the
like, may-be prepared by adding the sulfanilyl-
amino or nitroguanidine to a relatively strong
aqueous solution of the acid. The salts produced
by such reactions may be very conveniently re-
covered by diluting the aqueous solution with an
organic solvent such as acetone and collecting
the resulting precipate by filtration. The acid
addition salis of the water soluble organic acids,
for example, acetic, lactic. mandelic, and the like,
may be prepared as described in the processes
above and in other cases the acid addition salts
may be prepared by a method in which a rela-

tively water insoluble organic acid, such as ben-

zole, Is dissolved in an organic sclvent, for ex-
ample ethyl alcohol, and the sulfanilylamino or
nitro guanidine added to this solution. The salt
may then be recovered from the solution by any
convenient means, as for example by evaporating
the solution to dryness. It is readily seen, there-
fore, that the present invention relates to and in-
cludes any inorganic acid salt or any organic acid
salt of the various sulfanilylamino or nitro guani-
dines. The orgapic acid salts may be those pro-
duced from saturated or unsaturated carboxylic
acids, saturated or unsaturated hydroxy car-
boxylie acids, as well as halogenated or other sub-
stituted or unsubstituted acids of the aliphatic,
alicyclic, aromatic, or heterocyclic series. Prefer-
ably the salts are those produced from relatively
non-toxic organie acids or those having some bac.
tericidal or other therapeutic property including
acids such as acetie, salieyclic, mandelic, lactic,
nicotinyl, p-aminobenzoic, and the like.

The above description and examples are in-
tended to be illustrative only. Any modification
or variation therefrom which conforms to the
spirit of the invention is intended to be included
within the scope of the claims.

I claim: :

1. The process which comprises reacting nitro
guanidine with a p-acetylaminobenzenesulfonyl
halide and reducing the nitro group on the guan-
idine portion of the reaction product to an amino
group to produce p-acetylsulfanilylaminoguani-
dine, and removing the acetyl group by hy-
drolysis to produce sulfanilylaminoguanidine,

2. The process which comprises reacting nitro
guanidine with p-acetylaminobenzenesulfonyl-
chloride and reducing the nitro group on the
guanidine portion of the reaction product to an
amino group to produce p-acetylsulfanilylamino~
guanidine, and removing the acety! group by hy-
drolysis to produce sulfanilylaminoguanidine.

3. A compound represented by the following

formula
Nm
H—}{OSOM{&—NHNH.

Acyl

in which acyl is a carboxylic acid acyl radical.
4. A compound represented by the following

formuls,
Nm
H—NO—SO;NHC—NHNH:

CH:C(IJ
5. A compound represented by the following

formula
|
HmOsoané—NnNm

PHILIP S. WINNER.
{References on following page)
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