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CONDUCTANCE REGULATOR 

APPLICANT: VERTEX PHARMACEUTICALS INCORPORATED 
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Respected Sir, 

 

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. 

 



Also, at: A – 202, FIRST FLOOR, SHIVALIK ENCLAVE, MALVIYA NAGAR, NEW DELHI – 110017, INDIA 

 

Lastly, we request the Learned Controller to grant an opportunity of being heard before the 

present Opposition is finally decided.  

 

Thanking you, 

 

Yours faithfully,  

 

PRAGYA SINGH THAKUR (IN/PA – 3329) 

FOR RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

 

Encl.: As stated  

 

C.C:   ANAND AND ANAND      

EMAIL: email@anandandanand.com;   
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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]  

 

I, Balaji R., having address at No. 428, 3rd Cross, Chikkarmarana Halli, New BEL Road, 

Devesandra, MSRIT PO, Bangalore – 560054, India, hereby give Notice of opposition to the 

grant of patent in respect of Indian Patent Application No. 201737015848 dated 05/05/2017 

made by VERTEX PHARMACEUTICALS INCORPORATED on the grounds.  

 

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

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

(c) 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. 

(d) Section 25(1)(h): Failure to disclose the information required by section 8 of 

the Patents Act. 

 

(Detailed grounds are set out in the Opposition) 

 

Our address for service in India is:  

 

RAJESHWARI & ASSOCIATES 

S – 357, FIRST FLOOR  

NEAR HDFC BANK 

PANCHSHEEL PARK 

MALVIYA NAGAR 

NEW DELHI – 110017, INDIA 

Tel: + 91-11-41038911 

Mobile No. 8368982401; Email: pragya@ralegal.co.in 

 

 

 

 

mailto:pragya@ralegal.co.in


2 
 

Dated this 04th day of December, 2023 

 

PRAGYA SINGH THAKUR (IN /PA – 3329) 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

TO 

THE CONTROLLER OF PATENTS 

PATENT OFFICE, KOLKATA  

 

    

 

 



 
 

3 
 

BEFORE THE CONTROLLER OF PATENTS, THE PATENT OFFICE, 

KOLKATA 

 

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 Patents 

(Amendment) Rules, 2006 

 

And 

 

IN THE MATTER of Indian Patent Application 201737015848 dated 05/05/2017, in the 

name of VERTEX PHARMACEUTICALS INCORPORATED 

 

REPRESENTATION BY: 

 

BALAJI R.                                                 ........OPPONENT 

 

VS. 

 

VERTEX PHARMACEUTICALS INCORPORATED                   ........APPLICANT    

   

REPRESENTATION BY WAY OF PRE-GRANT OPPOSITION UNDER 

SECTION 25(1) OF THE PATENTS ACT, 1970 

 

I, Balaji R.an Indian citizen, hereby submit my representation by way of opposition to the 

grant of patent in respect of Indian Patent Application 201737015848 dated 05/05/2017 in the 

name of VERTEX PHARMACEUTICALS INCORPORATED titled “Modulators of Cystic 

Fibrosis Transmembrane conductance Regulator”. 

 

STATEMENT OF CASE OF OPPONENT 

 

1. The Opponent has learnt that the Applicant has filed an Indian Patent Application 

201737015848 (hereinafter “the Impugned Patent Application”) on 02/09/2020. The 

impugned patent application was published in the official journal of the patent office on 

25/08/2017, which is currently pending before the Patent Office. The Impugned Patent 
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Application is the national phase application of PCT/US2015/054316 and draws its 

priority from US application 62/060,182 dated 06th Oct 2014, US application 62/114,767 

dated 11th Feb 2015 and 62/153,120 dated 27th April 2015. 

 

2. The Impugned Patent Application is entitled “Modulators of Cystic Fibrosis 

Transmembrane conductance Regulator”. 

 

3. 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 the 

representative claim 1 is reproduced herein below for ready reference: 
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4. Impugned Patent Application: The present pre-grant opposition is against Indian Patent 

Application201737015848 dated05/05/2017 in the name of “MODULATORS OF 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR”. The 

impugned patent application is drawn towards compounds that are modulators of CFTR 

channel. The claims of the impugned application are also drawn towards pharmaceutical 

compositions comprising compounds of the invention with pharmaceutical acceptable 

carrier(s). The pending claims are also drawn towards compositions of compounds of the 

invention with pharmaceutical acceptable carrier(s) andone or more additional 
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therapeutic agent(s) comprising a CFTR modulator which include combination with 

tezacaftor and ivacaftor.  

 

BRIEF BACKGROUND ABOUT CYSTIC FIBROSIS (CF) AND TREATMENT 

 

5. This impugned patent application concerns with compounds aimed at treating the genetic 

disease cystic fibrosis. Cystic fibrosis (CF) is a genetic disorder that primarily affects the 

lungs and digestive system. It is caused by mutations in the cystic fibrosis 

transmembrane conductance regulator (CFTR) gene, which regulates the movement of 

salt and water in and out of cells. These mutations lead to the production of a faulty 

CFTR protein, resulting in the buildup of thick, sticky mucus in various organs. 

 

6. In the lungs, the thick mucus obstructs the airways, making it difficult to breathe and 

leading to frequent lung infections and inflammation. Over time, this can cause 

progressive lung damage and respiratory failure. The symptoms of cystic fibrosis can 

vary widely, but they often include persistent cough, recurrent lung infections, wheezing, 

poor weight gain despite a good appetite, greasy and bulky stools, and salty-tasting skin. 

 

7. Advancements in research and medical treatments have improved the prognosis and life 

expectancy of individuals with cystic fibrosis. Therapies targeting specific CFTR 

mutations, known as CFTR modulators (caftors), have shown promising results in 

improving lung function and reducing disease progression. 

 

8. In the context of treating cystic fibrosis (CF), CFTR (cystic fibrosis transmembrane 

conductance regulator) modulators, i.e., caftors have emerged as a significant 

advancement in therapy. (reference ~ De Boeck, Kris, and Margarida D. Amaral. 

"Progress in therapies for cystic fibrosis." The Lancet Respiratory Medicine 4, no. 8 

(2016): 662-674.) These are carboxamide molecules synthesized in the laboratory 

following routine total synthesis protocols (reference ~ WO2013038390 (WO’390), 21 

March 2013, discloses N-substituted heterocyclyl carboxamides along with their 

preparation and use in treatment.) These drugs work by targeting and modulating the 

function of the CFTR protein. By enhancing CFTR activity, carboxamide drugs aim to 

restore chloride ion transport and reduce the buildup of thick mucus in the lungs and 

other affected organs.  
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PRELIMINARY: LACK OF UNITY OF INVENTION 

 

9. It is submitted that the claims of impugned application relate to multiple inventions that 

are being claimed in a single application as shown: 

a) Claim 1 is independent claim which is directed to modulators of Cystic Fibrosis 

Transmembrane Conductance Regulator (CFTR), or a pharmaceutically 

acceptable salt. The claimed compounds purportedly possess activity as CFTR 

modulators. Claim 1 is representative and encompasses structures claimed in 

claims 1-24. The Markush structure of claim 1 is represented below 

 

b) Claims 2-12 are dependent on claim 1, and claim modulators of CFTR or salt of 

those compounds. These claims describe specifications for the Markush claimed 

in claim 1. 

c) Claim 13 – 16 are dependent on claim 1, and are also Markush claims with 

specifications. Claims 13 – 16 are Markush claims which are derived by 

modifying the Markush of claim 1. 

d) Claim 17 is dependent on claim 1, and it specifically claims a large number of 

compounds. 

e) Claim 18 and claim 19 are dependent on claim 17, wherein compound numbers 

368 and 1356 are claimed from the list of already claimed compounds under claim 

17. 

f) Claim 20 claims pharmaceutical composition comprising the compound or salt as 

claimed in any one of claims 1 to 19 and a pharmaceutically acceptable carrier, 
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which is a distinct invention separate from the purported invention claimed in 

claims 1-19. 

g) Claim 21 claims pharmaceutical composition as claimed in claim 20, further 

comprising one or more additional therapeutic agent(s). This claim represents a 

separate aspect and invention different from the aforementioned claims 1-19 and 

claim 20. 

h) Claim 22 is dependent on claim 21, and claims pharmaceutical composition as 

claimed in claim 21, wherein the one or more additional therapeutic agent(s) 

comprises a CFTR modulator 

i) Claim 23 is dependent on claim 21 or 22, and claims pharmaceutical composition 

as claimed in claims 21 or 22, wherein the one or more additional therapeutic 

agent(s) comprises tezacaftor (or pharmaceutically acceptable salt thereof).  

j) Claim 24 claims pharmaceutical composition as claimed in any one of claims 21 

to 23, wherein the one or more additional therapeutic agent(s) comprises Ivacaftor 

(or pharmaceutically acceptable salt thereof).  

 

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

support of the grounds of opposition. 

i. WO2013038373A1 (WO’373) published 21 March 2013 (Annexed herewith as 

Annexure 2) 

ii. WO2007056341A1 (WO’341) published 18 May 2007 (Annexed herewith as 

Annexure 3) 

iii. Pedemonte et al., “Phenylglycine and Sulfonamide Correctors of Defective 

ΔF508 and G551D Cystic Fibrosis Transmembrane Conductance Regulator 

Chloride-Channel Gating”; Molecular Pharmacology May 2005, 67 (5) 1797-

1807 (Annexed herewith as Annexure 4) 

iv. WO2010123822A1 (WO’822) published 28 October 2010 (Annexed herewith 

as Annexure 5) 

 

11. 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: 

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

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

(d) Section 25(1)(h): Failure to disclose the information required by section 8 of the 

Patents Act. 

 

GROUND 1: Lack of inventive step under Section 25(1)(e) 

 

12. It is submitted that WO’373 discloses compounds which restore or enhance the function 

of mutant and/or wild type CFTR to treat cystic fibrosis (lines 15-16, internal page 1). 

The compounds disclosed in WO’373 are represented by the Markush formula as 

depicted below: 

 

 

13. From the above it can be seen that, the R3 substituent in the above structure may be a 

hydrogen (line 11, internal page 2). Further, the R1 substituent may be-(C0-C4 alkyl)-3 to 

14 membered heterocyclic group, wherein the heterocyclic group contains at least one 

heteroatom selected from N, O and S (lines 3-4, internal page 2). Thus, the compounds 

encompassed by the above Markush structure represent compounds that include pyridine 

carboxamide compounds. These compounds can, by way of the substituent R1, have a 

heterocyclic group with a nitrogen heteroatom attached to the pyridine ring, since the R1 

substituent includes 3 to 14 membered heterocyclic groups with the heterocyclic group 

incorporating at least one heteroatom selected from N, O and S. Further, the R2 

substituent is defined to be R2 C1-C4 haloalkyl. Thus, the pyridine ring can have a 

haloalkyl substituted upon it e.g. fluoroalkyl.  

 

14. Further, it is submitted that the structures in WO’373 are disclosed to be suitable CFTR 

activity modulators (Line 4, internal page 41). The  
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15. Some compounds that fall within the Markush disclosed in WO’373 are shown below: 

 

 

16. Further, the compounds of the invention demonstrate activity as CFTR potentiator in 

CFTR potentiator assay as shown below: 

 

17. The activity demonstrated in the impugned specification is expressed in EC30 (µM). The 

activity of compounds is specified as“+++” indicating < 3 μM; “++” indicating activity 

between 3 μM and 10 μM and “+” indicating activity greater than 10 μM. The activity of 

all compounds is thus inferior to that shown above in WO’373. 

 

18. It is submitted that WO’341 discloses compounds which are modulators of ABC 

transporter activity (para [00127], internal page 7). WO’341 discloses that compounds 

that modulate ABC Transporter activity, such as CFTR activity, by increasing the 

activity of the ABC Transporter, e.g., a CFTR anion channel, are called agonists (para 

[00132], internal page 8). It is further disclosed that an agonist interacts with an ABC 

Transporter, such as CFTR anion channel, to increase the ability of the receptor to 
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transduce an intracellular signal in response to endogenous ligand binding (para [00132], 

internal page 8).  

 

19. The compounds disclosed in WO’341 are represented by the Markush formula as 

depicted below: 

 

 

20. Some compounds that fall within the above Markush are shown below 

 

 

21. From the above, it can be seen that the substituent R2 can be a hydrogen (para [00199], 

internal page 22). Further, the substituent R1 includes an optionally substituted 

heteroaryl (para [00199], internal page 22). The optionally substituted heteroaryl can 

thus be a nitrogen-containing ring attached to the pyridine ring. It is further disclosed that 

the substituent R1 is attached to the 5 or 6 position of the pyridyl ring. A nitrogen-

containing heterocyclic ring can thus be attached to the 6th position of the pyridyl ring, 

adjacent to the nitrogen of the pyridyl ring. WO’341 thus discloses pyridine carboxamide 

compounds that are active as modulators of CFTR activity that include compounds with 

a nitrogen-containing heteroaryl ring adjacent to the nitrogen on the pyridine ring. Thus, 

it is clear that such pyridine carboxamide compounds were already known in the art.  
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22. The above disclosures are to be read with Pedemonte et al. (Annexure 4). Pedemonte et 

al. discloses the results of screening efforts to identify compounds that would be active 

as correctors of gating. It is disclosed that a large screening of diverse compounds 

yielded two novel classes of correctors of defective F508-CFTR gating(“potentiators”) 

with nanomolar potency that were active in human F508 and G551D cells (Abstract, 

internal page 1797).  

 

23. It is further disclosed that one of the classes of said compounds is sulfonamides may be 

useful for monotherapy of cystic fibrosis caused by gating mutants and possibly for a 

subset of ΔF508 subjects with significant ΔF508-CFTR plasma-membrane expression 

(Abstract, internal page 1797). 

 

24. Pedemonte et al. further discloses that Measurement of transepithelial chloride current in 

FRT cells confirmed the correction of defective ΔF508-CFTR gating by the sulfonamide 

compounds (left hand last paragraph, internal page 1806). 

 

25. Thus, Pedemonte el al. teaches that sulphonamides are an entire class of compounds that 

possess activity as correctors of defective ΔF508-CFTR gating. It would be 

advantageous to investigate and incorporate the sulfonamide moiety in a molecule to 

arrive at effective and potent modulators of CFTR channel activity.    

 

26. Thus, the prior arts Annexures 2-3 teach that compounds possessing pyridine 

carboxamide scaffold are CFTR modulators. A person skilled in the art would thus be 

motivated to investigate this scaffold for developing further compounds that possess 

activity as CFTR modulators.  Further, the compounds disclosed in Annexure 4 having 

sulphonamide moiety possess activity as correctors of defective ΔF508-CFTR gating. 

Thus, a person skilled in the art would be motivated to consider attaching this moiety to 

pyridine carboxamide moiety to obtain better CFTR modulator activity. Thus, these prior 

arts teach that compounds possessing both pyridine carboxamide moiety and the 

sulphonamide moiety would be effective as CFTR modulators, and hence it would be 

obvious to a person skilled in the art to screen compounds having both pyridine 

carboxamide moieties and sulphonamide moieties to act as CFTR modulators. Therefore, 

these chemical modifications are obvious. 
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27. With regard to the technical advancement of the impugned application, the Applicant 

submitted in the specification as well as in FER response that the technical problem 

addressed by impugned invention is provision of novel treatments of CFTR mediated 

diseases.  

 

28. However, it is submitted that at the time of the invention novel treatments of CFTR 

mediated diseases were already known in the field of the invention such as in document 

WO’822.  

 

29. It is submitted that WO’822 relates to compounds for the treatment of cystic fibrosis 

(claim 44). The compounds disclosed for the treatment of cystic fibrosis shown in 

WO’822 are as shown below: 

 

30. It is submitted that WO’822 relates to compounds for the treatment of cystic fibrosis 

(claim 44). The compounds disclosed for the treatment of cystic fibrosis shown in 

WO’822 are as shown below: 
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31. It is further submitted that there are minor structural differences between the compounds 

disclosed in WO’822 and the compounds claimed in impugned application. Even in these 

minor differences the alternate structural features are merely isosteres of each other. 

 

32. Since the effect of a compound is by virtue of pharmacophore of a compound, the 

compounds of WO’822 and compounds claimed in impugned application have same 

effect unless otherwise proven by the Applicant. However, the Applicant has failed to 

provide any such improvement in effect of the claimed compounds over the effect 

obtained by the compounds of WO’822, and/or obtained by compounds of WO’373. 

 

33. In view of the above, the claimed subject matter of the impugned application lacks 

technical advancement in view of the knowledge which was already available in the field 

at the time of the invention. 

 

34. In view of the above, the subject matter claimed in the impugned application is obvious 

and lacks technical advancement. Therefore, the subject matter claimed in impugned 

application lacks inventive step and the impugned application ought to be rejected on this 

ground alone. 

 

35. Further, since the claim 1 is directed to a Markush formula covering compounds 

purported to be effective as CFTR modulators, it follows that all claimed compounds 

should possess that activity. 

 

36. The Applicant has claimed a very large number of compounds, but has failed to provide 

data that establishes CFTR modulation activity over the entire breadth of the claim. In 

the absence of such activity, the alleged “invention” is nothing but the provision of novel 

compounds. Furthermore, since activity over entire claimed range is not established, 
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there is nothing inventive about the compounds claimed in the impugned application. 

Thus, the Applicant has failed to establish inventive step of the purported invention 

claimed in the impugned Application. 

 

37. Thus, the prior arts (Annexure 2-5) taken together, amply disclose and teach the alleged 

invention claimed in the impugned application. The pending claims 1-24 are clearly 

obvious and do not involve any inventive step in light of Annexure 2-5. Therefore, the 

impugned application ought to be rejected in its entirety on this ground alone. 

 

The claimed compounds represent an arbitrary selection from those in the Application 

 

38. The amended claims of the impugned application claim a large number of compounds. 

The complete specification of the impugned application demonstrates the purported 

CFTR modulator activity of the compounds disclosed therein, in the form of EC30 (μM) 

and relative efficacy data (Table 3, internal page 1392-1426). The activity is shown 

symbolically with “+++” indicating < 3 μM; “++” indicating activity between 3 μM and 

10 μM and “+” indicating activity greater than 10 μM. 

 

39. From the aforementioned data, it can be seen that there are several claimed compounds 

that have significantly inferior activity as compared to several unclaimed compounds. 

The aforementioned claimed compounds, with significantly inferior activity, are shown 

below. From the said data, it can be seen that there are several unclaimed compounds 

with identical activity to those being claimed in the currently amended claims. It can also 

be seen that there are claimed compounds that have inferior activity than several 

unclaimed compounds The relevant data is shown below: 

 

Claimed compounds having significantly inferior activity: 

Claimed compounds EC30 (μM) 

445 + 

556 + 

565 + 

660 + 

781 + 

1073 + 

1245 + 
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1323 + 

1382 + 

1538 + 

1882 + 

2110 + 

2131 + 

2157 + 

2636 + 

 

40. Further, several claimed compounds have inferior activity compared to several 

unclaimed compounds. Some of such aforementioned claimed compounds are shown 

below: 

Claimed compounds EC30 (μM) 

373 ++ 

373 ++ 

400 ++ 

403 ++ 

431 ++ 

476 ++ 

486 ++ 

487 ++ 

495 ++ 

519 ++ 

 

41. Further, several claimed compounds have identical activity compared to several 

unclaimed compounds. Some of such aforementioned claimed compounds are shown 

below: 

Claimed compounds EC30 (μM) 

114 +++ 

171 +++ 

233 +++ 

353 +++ 

307 +++ 

321 +++ 



 
 

18 
 

337 +++ 

361 +++ 

368 +++ 

371 +++ 

 

42. Thus, it is clear that several compounds claimed in impugned application are inferior or 

simply equivalent in terms of activity compared to a number of unclaimed compounds.  

 

GROUND 2: Claims not patentable under Section 25(1)(f) 

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

 

43. It is submitted that the impugned patent application falls within the purview of section 

3(d) of the Patents Act, 1970 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.” 

 

44. It is humbly submitted that the compounds claimed in impugned application are 

derivatives of compounds already known in prior art that possess CFTR activity as 

disclosed in Annexure 2-5. The compounds claimed in the application are therefore 

derivatives of such known substances that are active as CFTR modulators.   

 

45. Opponent submits that the compounds disclosed in WO’373 demonstrate activity as 

CFTR potentiator in CFTR potentiator assay as shown below: 

 

46. Further, the amended claims of the impugned application claim a large number of 

compounds. The complete specification of the impugned application demonstrates the 

purported CFTR modulator activity of the compounds disclosed therein, in the form of 
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EC30 (μM) and relative efficacy data (Table 3, internal page 1392-1426). The activity is 

shown symbolically with “+++” indicating < 3 μM; “++” indicating activity between 3 

μM and 10 μM and “+” indicating activity greater than 10 μM. 

 

47. From the aforementioned data, it can be seen that there are several claimed compounds 

that have significantly inferior activity as compared to several unclaimed compounds. 

The aforementioned claimed compounds, with significantly inferior activity, are shown 

below. From the said data, it can be seen that there are several unclaimed compounds 

with identical activity to those being claimed in the currently amended claims. It can also 

be seen that there are claimed compounds that have inferior activity than several 

unclaimed compounds The relevant data is shown below: 

Claimed compounds having significantly inferior activity: 

Claimed compounds EC30 (μM) 

445 + 

556 + 

565 + 

660 + 

781 + 

1073 + 

1245 + 

1323 + 

1382 + 

1538 + 

1882 + 

2110 + 

2131 + 

2157 + 

2636 + 

 

48. Further, several claimed compounds have inferior activity compared to several 

unclaimed compounds. Some of such aforementioned claimed compounds are shown 

below: 

Claimed compounds EC30 (μM) 

373 ++ 
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373 ++ 

400 ++ 

403 ++ 

431 ++ 

476 ++ 

486 ++ 

487 ++ 

495 ++ 

519 ++ 

 

49. Further, several claimed compounds have identical activity compared to several 

unclaimed compounds. Some of such aforementioned claimed compounds are shown 

below: 

Claimed compounds EC30 (μM) 

114 +++ 

171 +++ 

233 +++ 

353 +++ 

307 +++ 

321 +++ 

337 +++ 

361 +++ 

368 +++ 

371 +++ 

 

50. Thus, it is clear that several compounds claimed in impugned application are inferior or 

simply equivalent in terms of activity compared to a number of unclaimed compounds.  

 

51. The activity demonstrated in the impugned specification is expressed in EC30 (µM). The 

activity of compounds is specified as“+++” indicating < 3 μM; “++” indicating activity 

between 3 μM and 10 μM and “+” indicating activity greater than 10 μM. The activity of 

all compounds is thus inferior to that shown above in WO’373. Thus, no enhanced 

therapeutic efficacy of compounds of the impugned application has been established with 

respect to compounds in the prior art.  
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52. It is submitted that the complete specification fails to demonstrate enhanced therapeutic 

efficacy of the compounds of the invention in comparison to other pyridine carboxamide 

derivatives already known to possess CFTR modulation activity. The claimed 

compounds thus attract the provisions of section 3(d) of the Act and the impugned 

application ought to be rejected on this ground alone.   

 

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

 

53. It is submitted that the impugned patent application falls within the purview of section 

3(e) of the Patents Act, 1970 which 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”. 

 

54. Claims 20 claims a pharmaceutical composition comprising the compound or salt as 

claimed in any one of claims 1 to 19 and a pharmaceutically acceptable carrier. It is 

submitted that no data is presented showing any synergistic effect resulting from 

formulating the compounds claimed in impugned application with a pharmaceutically 

acceptable carrier. Thus, said pharmaceutical composition merely represents an 

admixture and attracts the provisions of section 3(e) of the Act. 

 

55. Further, claims 21-24 claim pharmaceutical composition as claimed in claim 20, further 

comprising one or more additional therapeutic agent(s). It is submitted that no data is 

presented showing any synergistic effect resulting from a combination of any of the 

compounds claimed in the impugned application with any additional therapeutic 

agent(s). Such combinations thus represent mere admixtures and attract the provisions of 

section 3(e) of the Act and should be refused on the said ground. 

 

GROUND 4: INSUFFICIENCY OF DISCLOSURE 

 

56. It is submitted that claim 1 claims a compound of formula Ib-iii as shown below: 
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57. In the reply to the FER dated 3rd December, 2020, the Applicant has contended that 

support from claim 1 can be found in Paragraph [00227] of the PCT publication 

WO2016/057572 (Annexure A, Claim Support Table, response to FER). However, this 

passage does not include the definition of the substituents on R1-R4, and therefore does 

not provide basis for claim 1.  

 

58. Further, the support for dependent claims 2 to 7 and 10 to 15 was shown as follows in the 

response to the FER: 

 

59. However, the aforementioned claims disclose new combinations of features, by virtue of 

their multiple dependencies, that are not disclosed in the application as-filed, because 

each relevant paragraph in the description identified above is a separate paragraph that is 

not linked to the other paragraphs. The options defined at paragraph [00232] are 

incompatible with the options defined at paragraph [00231]. Paragraph [00232] includes 

the option that ring C is morpholinyl, which is not covered by the options at paragraph 

[00231]. It can be seen that the options at paragraph [00232] cannot be read in 

combination with the options at paragraph [00231], because they are incompatible. 
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Therefore, the impugned application does not provide basis for the dependent claims 2 to 

7 and 8 to 15, as these claims, by virtue of their multiple dependencies claim 

combinations that have no support in the specification.  

 

60. It is submitted that impugned application claims a large number of compounds. 

However, the synthesis of only a few of these compounds is disclosed. Moreover, a 

number of compounds covered by claim 1, are such that they would not be stable, and 

rapidly degrade to form different byproducts. This is elaborated in detail below 

 

The representative structure of claim 1 is shown below 

 

Ring B is a ... C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring 

atoms are independently O, S, N, or NR; 

Ring C is a C3-C14 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring 

atoms are independently N, O, or S, and wherein one nitrogen on Ring C is the point of 

attachment to the pyridine ring; 

... R1 is ... C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring 

atoms are independently O, S, N, or NR; 

... R2 is ... C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring 

atoms are independently O, S, N, or NR; 

... R3 is ... C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring 

atoms are independently O, S, N, or NR; 

... R4 is ... C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring 

atoms are independently O, S, N, or NR; 

... R is ... C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring atoms 

are independently O, S, N, or NR; 
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...wherein each of the specific groups for the variables R1-R4 can be optionally 

substituted with one or more group selected from ... (C1-C9aIkyIene)-E wherein up to 4 

CH2 units are independently replaced with O, S, SO2, SO, CO, NH, N-alkyl, N- alkenyl, 

or N-alkynyl, 

 

61. Therefore, it can be seen from the above that two definitions are emphasised. The first 

permeates the entire claim, insofar as it applies to each generically defined substituent. It 

is that ring B, ring C, R1, R2, R3, R4, and R can each be a C3-C10 (C3-C14 in the case of 

ring C) heterocyclic ring wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR. 

 

62. The second relates to the further substitution of substituents R1-R4. It is that in addition to 

the first definition, each of R1-R4 may further be optionally substituted with (C1-

C9aIkyIene)-E wherein up to 4 CH2 units are independently replaced with O, S, SOz, 

SO, CO, NH, N-alkyl, N- alkenyl, or N-alkynyl. 

 

63. It is submitted that the chemical space covered by the first definition of compounds— 

C3-C10 or C3-C14 heterocyclic ring wherein anywhere from 1 to 4 ring atoms are 

independently O, S, N, or NR, is not commensurate with the disclosure contained in the 

specification of the impugned application, as illustrated below: 

 

64. Ring B, ring C, R1, R2, R3, R4, and R can, for example, each be a C3, C4 or C5 

heterocyclic ring wherein anywhere from 1 to 4 ring atoms are independently selected 

from O, S, N, or NR. Therefore, if using a C4 heterocyclic ring wherein 4 ring atoms are 

independently selected from O and N, we apply the first definition to ring B and ring C, 

the following structures are obtained: 
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65. Further, if using a C4 heterocyclic ring wherein 4 ring atoms are independently selected 

from O and N, we apply the first definition to R1, R2 and R3, the following structures are 

obtained: 

 

 

66. Furthermore, if using a C4 heterocyclic ring wherein 4 ring atoms are independently 

selected from O and NR we apply the first definition to R1 and R the following structure 

is obtained: 

 

67. It is submitted that it would be readily apparent to a skilled person that these compounds 

could not be obtained or would be unstable. Indeed, four-membered rings containing 

three oxygen atoms and a nitrogen atom are inherently unstable, and even if they could 

be synthesised (of which we have found no evidence) they would presumably rapidly 

degrade to form gaseous by-products. For these reasons, the skilled person could not 

obtain compounds containing one such group, let alone two, three, four or five groups, 

which are all contemplated by the claim. Thus, owing to the presence of the first 

definition, and that it applies to each generically defined substituent, claim 1 is 

insufficiently disclosed. 

 

68. Further, structures with three- and five-membered rings would suffer from similar issues, 

for example, any sized ring (C3-C14) with three or more ring atoms (independently 

selected from O, S, N, or NR) wherein the atoms are one after the other e.g. O-O-O, N-S-

S, N-N-N etc. 

 

69. Moreover, a further issue to consider is the one of steric hindrance. This is because, one 

or more (or all) of ring B, ring C, R1, R2, R3, R4 and R can at least be a C3-C10 

heterocyclic ring. This issue is compounded by the fact that the substitution pattern of R1 
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R2 and R3 are not defined in the Markush formula. For example, the following compound 

falls within the scope of the claim 1, but would not be accessible to the skilled person 

because it could not be synthesised owing to steric hindrance: 

 

 

70. In this definition, ring B is a C3 heterocyclic ring wherein one ring atom is nitrogen, and 

R2 is C10 cycloalkyl; ring C is a C4 heterocyclic ring and R3 is C10 cycloalkyl; and R1 is 

C6 heteroaryl. 

 

71. It also is worth pointing out that the above example does not go to the extremes of the 

substituent definitions provided by the claim. For example, it does not account for 

substitution of R1, R2 or R3 with further large substituents (substituted upon any atom) 

nor does it consider the largest group definitions for ring C (C11-C14) or substitution of 

R1 and R2 with planar aromatic substituents, which would likely pose a greater steric 

barrier than cycloalkyl substituents (particularly in combination with further substitution 

of R1, R2 or R3 with aromatic substituents). 

 

72. Compounds covered by the first and second definitions — C3-C10 or C3-C14 heterocyclic 

ring wherein anywhere from 1 to 4 ring atoms are independently O, S, N, or NR and (C1-

C9aIkyIene)- E wherein up to 4 CH2 units are independently replaced with O, S, SO2, 

SO, CO, NH, N-alkyl, N- alkenyl, or N-alkynyl. 

 

73. If using a C5 heterocyclic ring wherein 4 ring atoms are independently selected from O 

and NR we apply the first definition to R1 (the same would apply equally to R2 and R3), 

and using (C1- C9aIkyIene)-E wherein up to 4 CH2 units are independently replaced 

with O, S, or NH we apply the second definition to R1 (optional substitution of R1) the 

following structure is obtained: 
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74. For the same reasons discussed hereinabove, the skilled person would not be able to 

obtain such a compound.   Thus, the second definition relating to R1-R4 provides even 

more compounds that fall within the scope of the claim that the skilled person could not 

obtain. 

 

75. Equally, if we define R1 as follows (C5 heteroaryl) and using (C1-C9aIkyIene)-E wherein 

up to 4 CH2 units are independently replaced with O, S, or NH we apply the second 

definition to R1 (optional substitution of R1) the following structure is obtained: 

 

 

76. It is submitted that this compound also could not be obtained by the skilled person owing 

to the four consecutive oxygen atoms present in the sidechain. 

 

77. In conclusion, it can be seen that the permeation of a definition to each generic 

substituent (namely ring B, ring C, R1, R2, R3, R4, and R can each be a C3-C10 (C3-C14 in 

the case of ring C) heterocyclic ring wherein anywhere from 1 to 4 ring atoms are 

independently O, S, N, or NR) renders the skilled person unable to obtain a vast number 

of compounds falling within the scope of the claims. 

 

78. Thus, the specification does not clear does not sufficiently and clearly describe the 

invention or the method by which it is to be performed and is liable to be rejected on said 

ground.  

 



 
 

28 
 
GROUND 5: INFORMATION RELATING TO CORRESPONDING APPLICATIONS 

UNDER SECTION 8 [SECTION 25(1)(H)]  

 

79. 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. 

 

80. 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. 

 

81. 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. 

 

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

foreign applications and impugned patent application to be refused. 

 

83. The opponents crave leave to file further submissions and evidence with respect to this 

ground. 

 

CONCLUSION 

 

84. 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 

 

85. 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”). 
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P R A Y E R 

 

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 

201737015848, 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; 

 

vi. any other reliefs considering the facts and circumstances may be granted in favour of 

the Opponent in the interest of justice. 

 

Dated this 04thday of December, 2023   

                                                                                       

PRAGYA SINGH THAKUR (IN /PA – 3329) 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

TO 

THE CONTROLLER OF PATENTS 

PATENT OFFICE, KOLKATA  

 



 

 

1431 
 

Clean copy 

03.12.2020 

We Claim: 

1.  A compound of formula Ib-iii: 

 

Ib-iii 

or a pharmaceutically acceptable salt thereof, wherein: 

 Ring B is a C6-C10 aryl ring or C3-C10 heteroaryl or heterocyclic ring wherein   

  anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; 

 Ring C is a C3-C14 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring  

  atoms are independently N, O, or S, and wherein one nitrogen on Ring C is the  

  point of attachment to the pyridine ring; 

and wherein, independently for each occurrence: 

R1 is halo; CN; F5S; SiR3; OH; NRR;  C1-C6 alkyl or fluoroalkyl; C1-C6 alkoxy or 

fluoroalkoxy; C2-C6 alkenyl; C2-C6 alkynyl;  (C1-C9 alkylene)-R4 wherein up to 

four CH2 units are independently replaced with O, CO, S, SO, SO2 or NR; C6-

C10 aryl; C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 

ring atoms are independently O, S, N, or NR; or C3-C10 cycloalkyl; 

R2 is halo; OH; NRR; azide; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C1-C6 alkoxy or 

fluoroalkoxy; C2-C6 alkenyl; C2-C6 alkynyl;  C6-C10 aryl; C3-C13 heteroaryl or 

heterocyclic ring wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four 

CH2 units are independently replaced with O, CO, S, SO, SO2 or NR; 

 or two R2 groups taken together may form a =CH2 or =O group; 

30
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R3 is halo; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C2-C6 alkenyl; C2-C6 alkynyl; C1-C6 

alkoxy or fluoroalkoxy; or C6-C10 aryl; C3-C10 heteroaryl or heterocyclic ring 

wherein anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; C3-

C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four CH2 units are 

independently replaced with O, CO, S, SO, SO2 or NR;  

 or two R3 groups taken together may form a =CH2 or =O group; 

R4 is H; azide; CF3; CHF2; OR; CCH; CO2R; OH; C6-C10 aryl, C3-C10 heteroaryl or 

heterocycloalkyl wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; NRR, NRCOR, CONRR, CN, halo, or SO2R;  

R is independently H; OH; CO2H; CO2C1-C6 alkyl; C1-C6 alkyl; C2-C6 alkenyl; C2-C6 

alkynyl; C6-C10 aryl; C3-C10 heteroaryl or heterocycloalkyl wherein anywhere 

from 1 to 4 ring atoms are independently O, S, N, or NR; or C3-C10 cycloalkyl; 

n is 0, 1, 2 or 3; 

p is 0, 1, 2, or 3; and 

q is 0, 1, 2, 3, 4, or 5. 

wherein each of the specific groups for the variables R1-R4 can be optionally substituted 

with one or more group selected from halo, phospho, OH, cycloalkyl, 

heterocycloalkyl, aryl, heteroaryl, fluoroalkyl, alkyl, alkenyl, alkynyl, nitro, CN, 

hydroxyl, and (C1-C9alkylene)-E wherein up to 4 CH2 units are independently 

replaced with O, S, SO2, SO, CO, NH, N-alkyl, N-alkenyl, or N-alkynyl, and E is 

H, aryl, cycloalkyl, heterocycloalkyl, heteroaryl, alkoxy,CN, or CF3, further 

wherein each of the aryl, cycloalkyl, heterocycloalkyl, and heteroaryl is optionally 

substituted with one or more group selected from halo, alkyl, amino, CN, alkenyl, 

alkynyl, and alkoxy; and 

when two alkoxy groups are bound to the same atom or adjacent atoms, the two alkoxy 

groups can form a ring together with the atom(s) to which they are bound; and 

wherein the term “amino” refers to NH2 which is optionally substituted with one or two 

groups independently selected from alkyl, cycloalkyl, and heterocycloalkyl. 
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2.  The compound or salt as claimed in claim 1, wherein ring B is: 

(a) phenyl, pyridyl, pyridine-2(1H)-one, pyrazole, indole, aza-indole, thiophene, 

dihydrobenzofuran, or quinoline; or  (b) selected from , , , 

, , , , , , ,  , 

, , , , , , , , 

, , ,  , , , , , 

 ,  ,  ,  , ,  or . 

 

3.  The compound or salt as claimed in claim 1 or claim 2, wherein ring C is selected from 

indole, piperidine, azepane, azetadine, indoline, isoindoline, or pyrrolidine. 

4.  The compound or salt as claimed in any one of claims 1 to 3, wherein ring C is , 

, , , , , , , 

N

O
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, , , , , , , 

,  ,  , , , , 

, , , , , , ,  

, , , , , , , ,

, or  . 

5.  The compound or salt as claimed in any one of claims 1 to 4, wherein R1 is: (a) halo, CN, C1-

C6 alkyl, C1-C6 alkoxy, C3-C8 cycloalkyl, or a phenyl, pyridyl, pyrimidine, indole, aza-indole, 

pyrazole,  or thiophene ring, or a (C1-C9 alkylene)-R4 wherein up to four CH2 units are 

independently replaced with O, CO, S, SO, SO2 or NR, wherein all rings may be substituted with 

halo, C1-C6 alkyl, C1-C6 alkoxy, C1-C6 fluoroalkyl, C1-C6 fluoroalkoxy, OH, CH2OH, 

CH2OCH3, CN, CO2H, amino, amido, C3-C10 heteroaryl, or C3-C10 heterocycloalkyl; or (b) R1 

is selected from CH3, Cl, F, CN, OCH3, CF3, CH2CH3, tBu, CH(CH3)2, OCH2CH2OCH2CH3, 

, , , , , , 

N
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, , , , , , 

, , , ,  , , 

, , , , , , 

, , , , , , 

, , , , , 

, , , , , , 

, , , , , , 

, , , , , , 

, , , , , 

Cl

O
NC

N
O

N
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, , , , , , 

, ,  , , , 

, , , , , 

, , , , , 

, , , , , 

, , , , , 

, , , , , 

, , , , , 

O

NH
O

CN

N

O

O

F
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, , , , 

, , , , , 

, , , , , 

, , , , , 

, , , , 

, , , , , 

, , , , , or 

. 

6.  The compound or salt as claimed in any one of claims 1 to 5, wherein R2 is: (a) selected from 

halo, OH, CN, azide, amino, C1-C6 alkyl or fluoroalkyl, C1-C6 alkoxy or fluoroalkoxy, C3-C10 

heterocyclic ring wherein up to 4 ring atoms may be replaced with O, S, N, or NR; or a (C1-C9 
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alkylene)-R4 wherein up to four CH2 units are independently replaced with O, CO, S, SO, SO2 or 

NR ; or (b) selected from Cl, F, OH, CN, N3, NH2, NH(CH3), N(CH3)2, N(CH3)CH2CH2CH3, 

N(CH3)CH2CH2CH2CH3, CH3, CH2OH, CH2CH3, CH2CH2CH3, =O, CH3SO2, CH3SO2NH, 

CF3CONH, CH3CONH, CH3CON(CH3), tBuOCONH, (CH3)2CHOCONH, CH(CH3)2, CHF2, 

OCH3, OCH2CH3, OCH2CH2CH3, OCH2CH2CH(CH3)2, OCF3, OCHF2, OC(CH3)3, 

OCH2CH2tBu, NHCH(CH3)(CH2CH2CH3), OCH(CH3)2, NH(CH2)2O(CH2)2CH3, C(O)CH3, 

CH2CH2OH, CH2NH2, NH(CH2)2OH, N(CH3)CH2CH2CH2OCH3, NHCH2CH2COOH, 

NH(CH2)2N(CH3)2, NH(CH2)2NH2, NH(CH2)3NH2, NH(CH2)2OCH3, NHCH(CH3)2, 

, , , , , , , 

, , , , , , 

, , , , , , 

, , , , ,  or CO2H. 

7.  The compound or salt as claimed in any one of claims 1 to 6, wherein R3 is: (a) selected from 

halo, CN, C1-C6 alkyl or fluoroalkyl, C1-C6 alkoxy, or C3-C10 heteroaryl wherein up to 4 ring 

atoms may be replaced by O, S, N, or NR; or (b) selected from Cl, I, deuterium, F, CN, CH3, 

OH, OCH3, CF3, CH2CH3, CH2CF3, CH2CH2CH3, OCH2CH(CH3)2, OCH(CH3)2, CO2H, 

CO2NH2, OCH2CH3, CH2OCH3, CH(CH3)2, CCH, CH2CONH2, CO2CH3, -CH2N(CH3)2, 

CO2tBu, tBu, =CH2, =O,  , , , , 

O
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, , , , , , , 

, , , , , , , ,  

, , , , , or . 

8.  The compound or salt as claimed in any one of claims 1 to 7, wherein n is: 

(a) 0; or   

(b) 1; or   

(c) 2. 

9.  The compound or salt as claimed in any one of claims 1 to 8, wherein p is: 

(a) 0; or   

(b) 1; or   

(c) 2. 

10.  The compound or salt as claimed in claim 1, wherein R1 is phenyl, pyridine, or pyrazole, and 

n is 1. 

11.  The compound or salt as claimed in claim 1, wherein R1 is phenyl, pyridine, or pyrazole, n is 

1, R2 is amino or alkyl, and p is 0 or 1. 

12.  The compound or salt as claimed in claim 1, wherein R1 is phenyl, pyridine, or pyrazole, n is 

1, R3 is alkyl, and q is 1, 2, 3, or 4. 

13.  The compound as claimed in claim 1, wherein the compound is a compound of formula Ib-

iv: 

O
N

N
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Ib-iv 

or a pharmaceutically acceptable salt thereof, wherein, independently for each occurrence: 

 Ring B is a C6-C10 aryl ring or C3-C10 heteroaryl or heterocyclic ring wherein   

  anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; 

 Ring C is a C3-C14 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 ring  

  atoms are independently N, O, or S, and wherein one nitrogen on Ring C is the  

  point of attachment to the pyridine ring; 

R1 is C6-C10 aryl or C3-C10 heteroaryl wherein anywhere from 1 to 4 ring atoms are 

independently O, S, N, or NR;  

R2 is halo; OH; NRR; azide; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C1-C6 alkoxy or 

fluoroalkoxy; C2-C6 alkenyl; C2-C6 alkynyl; C6-C10 aryl; C3-C13 heteroaryl or 

heterocyclic ring wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four 

CH2 units are independently replaced with O, CO, S, SO, SO2 or NR; 

 or two R2 groups taken together may form a =CH2 or =O group; 

R3 is halo; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C2-C6 alkenyl; C2-C6 alkynyl; C1-C6 

alkoxy or fluoroalkoxy;  or C6-C10 aryl; C3-C10 heteroaryl or heterocyclic ring 

wherein anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; C3-

C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four CH2 units are 

independently replaced with O, CO, S, SO, SO2 or NR;  

 or two R3 groups taken together may form a =CH2 or =O group; 

B (R2)p

N

NH

S

O
O

O

(R3)q

N
C

R1
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R4 is H; azide; CF3; CHF2; OR; CCH; CO2R; OH; C6-C10 aryl, C3-C10 heteroaryl or 

heterocycloalkyl wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; NRR, NRCOR, CONRR, CN, halo, or SO2R;  

R is independently H; OH; CO2H; CO2C1-C6 alkyl; C1-C6 alkyl; C2-C6 alkenyl; C2-C6 

alkynyl; C6-C10 aryl; C3-C10 heteroaryl or heterocycloalkyl wherein anywhere 

from 1 to 4 ring atoms are independently O, S, N, or NR; or C3-C10 cycloalkyl; 

p is 0, 1, 2, or 3; and 

q is 0, 1, 2, 3, 4, or 5. 

14.  The compound as claimed in claim 1, wherein the compound is a compound of formula Ib-v: 

 

Ib-v 

or a pharmaceutically acceptable salt thereof, wherein, independently for each occurrence: 

 Ring B is a C6-C10 aryl ring or C3-C10 heteroaryl or heterocyclic ring wherein   

  anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; 

R1 is halo; CN; F5S; SiR3; OH; NRR; C1-C6 alkyl or fluoroalkyl; C1-C6 alkoxy or 

fluoroalkoxy; C2-C6 alkenyl; C2-C6 alkynyl; (C1-C9 alkylene)-R4 wherein up to 

four CH2 units are independently replaced with O, CO, S, SO, SO2 or NR; C6-

C10 aryl; C3-C10 heteroaryl or heterocyclic ring wherein anywhere from 1 to 4 

ring atoms are independently O, S, N, or NR; or C3-C10 cycloalkyl; 

R2 is halo; OH; NRR; azide; CN; CO2R; C1-C6 alkyl or fluoroalkyl;C1-C6 alkoxy or 

fluoroalkoxy; C2-C6 alkenyl; C2-C6 alkynyl; C6-C10 aryl; C3-C13 heteroaryl or 

heterocyclic ring wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four 

CH2 units are independently replaced with O, CO, S, SO, SO2 or NR; 

B (R2)p

N

N

NH

S

O
O

O

(R3)q

(R1)n
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 or two R2 groups taken together may form a =CH2 or =O group; 

R3 is halo; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C1-C6 alkenyl; C1-C6 alkynyl; C1-C6 

alkoxy or fluoroalkoxy; or C6-C10 aryl; C3-C10 heteroaryl or heterocyclic ring 

wherein anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; C3-

C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four CH2 units are 

independently replaced with O, CO, S, SO, SO2 or NR;  

 or two R3 groups taken together may form a =CH2 or =O group; 

R4 is H; azide; CF3; CHF2; OR; CCH; CO2R; OH; C6-C10 aryl, C3-C10 heteroaryl or 

heterocycloalkyl wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; NRR, NRCOR, CONRR, CN, halo, or SO2R;  

R is independently H; OH; CO2H; CO2C1-C6 alkyl; C1-C6 alkyl; C2-C6 alkenyl; C2-C6 

alkynyl; C6-C10 aryl; C3-C10 heteroaryl or heterocycloalkyl wherein anywhere 

from 1 to 4 ring atoms are independently O, S, N, or NR; or C3-C10 cycloalkyl; 

n is 0, 1, 2 or 3; 

p is 0, 1, 2, or 3; and 

q is 0, 1, 2, 3, 4, or 5. 

15.  The compound as claimed in claim 1, wherein the compound is a compound of formula Ib-

vi: 

 

Ib-vi 

or a pharmaceutically acceptable salt thereof, wherein, independently for each occurrence: 
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 Ring B is a C6-C10 aryl ring or C3-C10 heteroaryl or heterocyclic ring wherein   

  anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; 

R1 is C6-C10 aryl or C3-C10 heteroaryl wherein anywhere from 1 to 4 ring atoms are 

independently O, S, N, or NR;  

R2 is halo; OH; NRR; azide; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C1-C6 alkoxy or 

fluoroalkoxy; C2-C6 alkenyl; C2-C6 alkynyl; C6-C10 aryl; C3-C13 heteroaryl or 

heterocyclic ring wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four 

CH2 units are independently replaced with O, CO, S, SO, SO2 or NR; 

 or two R2 groups taken together may form a =CH2 or =O group; 

R3 is halo; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C2-C6 alkenyl; C2-C6 alkynyl; C1-C6 

alkoxy or fluoroalkoxy; or C6-C10 aryl; C3-C10 heteroaryl or heterocyclic ring 

wherein anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; C3-

C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four CH2 units are 

independently replaced with O, CO, S, SO, SO2 or NR;  

 or two R3 groups taken together may form a =CH2 or =O group; 

R4 is H; azide; CF3; CHF2; OR; CCH; CO2R; OH; C6-C10 aryl, C3-C10 heteroaryl or 

heterocycloalkyl wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; NRR, NRCOR, CONRR, CN, halo, or SO2R;  

R is independently H; OH; CO2H; CO2C1-C6 alkyl; C1-C6 alkyl; C2-C6 alkenyl; C2-C6 

alkynyl; C6-C10 aryl; C3-C10 heteroaryl or heterocycloalkyl wherein anywhere 

from 1 to 4 ring atoms are independently O, S, N, or NR; or C3-C10 cycloalkyl; 

p is 0, 1, 2, or 3; and 

q is 0, 1, 2, 3, 4, or 5. 

16.  The compound as claimed in claim 1, wherein the compound is a compound of formula Ib-

ix: 
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Ib-ix 

or a pharmaceutically acceptable salt thereof, wherein, independently for each occurrence: 

Ring B is a C6-C10 aryl ring or C3-C10 heteroaryl or heterocyclic ring wherein   

  anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; 

R2 is halo; OH; NRR; azide; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C1-C6 alkoxy or 

fluoroalkoxy; C2-C6 alkenyl; C2-C6 alkynyl; C6-C10 aryl; C3-C13 heteroaryl or 

heterocyclic ring wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four 

CH2 units are independently replaced with O, CO, S, SO, SO2 or NR; 

or two R2 groups taken together may form a =CH2 or =O group; 

R3 is halo; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C2-C6 alkenyl; C2-C6 alkynyl; C1-C6 

alkoxy or fluoroalkoxy; or C6-C10 aryl; C3-C10 heteroaryl or heterocyclic ring 

wherein anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; C3-

C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four CH2 units are 

independently replaced with O, CO, S, SO, SO2 or NR;  

or two R3 groups taken together may form a =CH2 or =O group; 

R4 is H; azide; CF3; CHF2; OR; CCH; CO2R; OH; C6-C10 aryl, C3-C10 heteroaryl or 

heterocycloalkyl wherein anywhere from 1 to 4 ring atoms are independently O, 

S, N, or NR; C3-C10 cycloalkyl; NRR, NRCOR, CONRR, CN, halo, or SO2R;  
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R is independently H; OH; CO2H; CO2C1-C6 alkyl; C1-C6 alkyl; C2-C6 alkenyl; C2-C6 

alkynyl; C6-C10 aryl; C3-C10 heteroaryl or heterocycloalkyl wherein anywhere 

from 1 to 4 ring atoms are independently O, S, N, or NR; or C3-C10 cycloalkyl; 

R5 is halo; CN; CO2R; C1-C6 alkyl or fluoroalkyl; C2-C6 alkenyl; C2-C6 alkynyl; C1-C6 

alkoxy or fluoroalkoxy; or C6-C10 aryl; C3-C10 heteroaryl or heterocyclic ring 

wherein anywhere from 1 to 4 ring atoms are independently O, S, N, or NR; C3-

C10 cycloalkyl; or a (C1-C9 alkylene)-R4 wherein up to four CH2 units are 

independently replaced with O, CO, S, SO, SO2 or NR; 

p is 0, 1, 2, or 3; 

q is 0, 1, 2, 3, 4, or 5; and 

 r is 0, 1, 2, 3, 4, or 5. 

 

17.  The compound as claimed in claim 1, or a pharmaceutically acceptable salt thereof, wherein 

the compound is selected from: 

114 171 233 

353 
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307 321 337 

 

 

361 368 371  

373 380 382 

383 384 385 
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389 390 392 

395 397 398 

400 402 403 

405 408 412 

46



 

 

1448 
 

 
414 415 418 

419 420 421 

422 424 425 

426 428 431 

47



 

 

1449 
 

 
432 435 437 

  
440 441 442 

  
445 446 447 

453 454 455 

 

48



 

 

1450 
 

 
456 458 459 

464 466 470 

471 473 476 

479 481 483 

49



 

 

1451 
 

 
484 486 487 

488 489 490 

491 492 493 

495 496 497 

50



 

 

1452 
 

 
498 502 504 

506 507 509 

510 511 519 

520 521 522 

51



 

 

1453 
 

 
523 526 527 

528 530 532 

534 536 541 

544 547 549 

52



 

 

1454 
 

 
551 553 555 

556 557 558 

560 563 565 

567 569 571 

53



 

 

1455 
 

 
572 574 575 

576 578 580 

581 583 587 

588 589 591 

54



 

 

1456 
 

 
592 593 596 

597 600 601 

605 606 609 

611 613 614 

55



 

 

1457 
 

 
615 616 617 

619 620 625 

626 630 631 

642 643 644 

56



 

 

1458 
 

 
647 651 655 

 
656 657 658 

659 660 663 

664 668 675 

 

57



 

 

1459 
 

 
677 678 680 

681 684 687 

688 689 692 

693 694 695 

58



 

 

1460 
 

 
699 701 703 

704 708 710 

711 712 716 

717 719 720 

59



 

 

1461 
 

 
721 723 724 

 
726 728 729 

731 732 733 

734 735 736 

60



 

 

1462 
 

 
737 739 741 

742 745 749 

751 753 756 

757 760 761 

  

61



 

 

1463 
 

 
 

763 764 770 

772 773 774 

775 776 777 

779 780 781 

62



 

 

1464 
 

 
788 789 794 

796 802 805 

  
807 811 814 

818 822 827 

63



 

 

1465 
 

 
832 833 834 

836 837 842 

843 844 845 

846 847 848 

64



 

 

1466 
 

 
850 851 852 

857 858 859 

863 864 878 

 
884 887 889 

65



 

 

1467 
 

 
890 891 896 

904 905 906 

907 910 912 

913 915 921 

66



 

 

1468 
 

 

 
922 924 925 

926 928 931 

934 940 941 

942 944 946 

67



 

 

1469 
 

 
949 951 952 

953 954 957 

958 960 965 

969 971 972 

68



 

 

1470 
 

 
973 975 979 

981 985 986 

 
987 988 990 

 
991 992 994 

69



 

 

1471 
 

 
995 997 998 

1001 1004 1005 

1006 1008 1011 

1012 1013 1014 

70



 

 

1472 
 

 
1017 1020 1021 

1023 1028 1029 

1030 1037 1038 

 
1040 1041 1042 

71



 

 

1473 
 

  
 

1043 1051 1059 

1060 1061 1062 

1063 1065 1067 

1069 1072 1073 

72



 

 

1474 
 

 
1074 1076 1078 

1080 1081 1083 

1084 1087 1088 

1090 1092 1094 

73



 

 

1475 
 

 
1095 1097 1093 

1099 1100 1107 

1109 1110 1112 

1114 1116 1119 

74



 

 

1476 
 

 
1121 1123 1125 

1127 1132 1134 

 
1135 1141 1142 

 
1144 1149 1155 

75



 

 

1477 
 

 
1156 1159 1160 

1162 1164 1166 

1168 1169 1170 

1171 1174 1176 

76



 

 

1478 
 

 
1180 1181 1182 

1184 1189 1191 

1192 1193 1194 

1197 1198 1200 

77



 

 

1479 
 

 
1206 1209 1210 

 
1214 1215 1218 

1222 1224 1230 

1234 1236 1240 

78



 

 

1480 
 

1241 1242 1245 

1247 1248 1252 

1254 1257 1258 

 
1259 1260 1261 

79



 

 

1481 
 

 
 

1262 1264 1266 

1267 1269 1270 
 

1271 1274 1279 

1282 1283 1285 

80



 

 

1482 
 

 
1286 1287 1288 

1289 1293 1298 

1302 1303 1304 

1308 1309 1313 

81



 

 

1483 
 

 
1315 1316 1319 

1322 1323 1327 

1328 1333 1334 

1335 1339 1340 

82



 

 

1484 
 

 
 

1341 1343 1345 

1348 1352 1354 

1356 1359 1360 

83



 

 

1485 
 

1362 1363 1364 

 
1369 1371 1373 

1375 1377 1378 

1379 1380 1381 

84



 

 

1486 
 

1382 1383 1384 

1387 1388 1391 

1396 1397 1398 

  
1399 1400 1401 

  

85



 

 

1487 
 

1404 1405 1407 

  
1409 1410 1411 

1412 1414 1416 

 
1417 1419 1420 

  

86



 

 

1488 
 

1423 1424 1429 

1430 1431 1435 

  
1438 1439 1441 

  
1442 1443 1444 

 

87



 

 

1489 
 

1445 1447 1448 

 
1452 1455 1459 

1461 1462 1463 

1467 1469 1471 

88



 

 

1490 
 

1472 1473 1482 

1483 1484 1485 

1487 1488 1489 

 
1490 1495 1500 

  

89



 

 

1491 
 

1503 1504 1505 

 
1506 1507 1508 

1510 1511 1512 

 
1514 1515 1520 

 

90



 

 

1492 
 

1521 1522 1523 

 
1524 1527 1529 

1532 1533 1534 

  
1535 1536 1537 

91



 

 

1493 
 

1538 1543 1544 

1545 1547 1548 

  
1550 1554 1556 

1557 1560 1561 

92



 

 

1494 
 

1563 1564 1566 

1567 1569 1571 

 
1572 1573 1575 

 
1577 1578 1581 

 

93



 

 

1495 
 

1586 1588 1590 

 
1593 1594 1595 

 
1599 1600 1601 

 
1603 1607 1608 

 

94



 

 

1496 
 

1610 1611 1612 

 

1613 1614 1617 

1618 1619 1620 

 
1623 1624 1626 

 

95



 

 

1497 
 

1627 1628 1632 

 
1633 1634 1635 

1636 1637 1638 

1640 1641 1645 

96



 

 

1498 
 

1646 1647 1648 

  
1652 1656 1657 

 
1658 1659 1660 

  
1663 1664 1665 

  

97



 

 

1499 
 

1671 1672 1673 

  
1674 1675 1677 

 
1679 1682 1683 

  
1684  1695 

 

98



 

 

1500 
 

1696 1697 1698 

1699 1700 1701 

1702 1703 1704 

1705 1706 1707 

 

99



 

 

1501 
 

1708 1709 1710 

 
1711 1712 1713 

1714 1715 1716 

 
1717 1718 1719 

 

100



 

 

1502 
 

1720 1721 1722 

 
 1724 1725 
 

1726 1727 1728 

 
1729 1730 1731 

101



 

 

1503 
 

1732 1733 1734 

1735 1736 1737 

1738 1739 1740 

 
  

102



 

 

1504 
 

1741 1742 1743 

 
1744 1745 1746 

1747 1748 1749 

 
1750 1751 1752 

 

103



 

 

1505 
 

1753 1754 1755 

  
1756 1757 1758 

1759 1760 1761 

  
 1763 1764 
 

  

104



 

 

1506 
 

1765 1766 1767 

  1770 
  

1771 1772 1773 

1774 1775 1776 

105



 

 

1507 
 

1777 1778 1779 

  
1780 1781 1782 

1783 1784 1785 

  
1786 1787 1788 

  

106



 

 

1508 
 

1789 1790 1791 

  
1792 1793 1794 

 1796  
 

 

 

1798 1799 1800 

  

107



 

 

1509 
 

1801 1802 1803 

1804 1805 1806 

1807 1808 1809 

1810 1811 1812 

108



 

 

1510 
 

1813 1814 1815 

 
1816 1817 1818 

1819 1820 1821 

 
1822 1823 1824 

 

109



 

 

1511 
 

1825 1826 1827 

1828 1829 1830 

1831 1832 1833 

1834 1835 1836 

110



 

 

1512 
 

 
1837 1838 1839 

1840 1841 1842 

1843 1844 1845 

1846 1847 1848 

111



 

 

1513 
 

1849 1850 1851 

 
1852 1853 1854 

1855 1856 1857 

 
1858  1860 

 

 

112



 

 

1514 
 

1861 1862 1863 

  
1864 1865 1866 

1867 1868 1869 

  
1870 1871 1872 

  

113



 

 

1515 
 

1873 1874 1875 

 
1876 1877 1878 

1879 1880 1881 

 
1882 1883 1884 

 
 

114



 

 

1516 
 

1885 1886 1887 

  
1888 1889  

 

1891 1892 1893 

  
1894 1895 1896 

  

115



 

 

1517 
 

1897 1898 1899 

1900 1901 1902 

1903 1904 1905 

1906 1907 1908 

116



 

 

1518 
 

 
1909 1910 1911 

1912 1913 1914 

1915 1916 1917 

1918 1919 1920 

117



 

 

1519 
 

1921 1922 1923 

 
1924 1925 1926 

1927 1928 1929 

 
1930 1931 1932 

 

118



 

 

1520 
 

1933 1934 1935 

 
1936 1937 1938 

1939 1940 1941 

 
1942 1943 1944 

 

119



 

 

1521 
 

1945 1946 1947 

1948 1949 1950 

1951 1952 1953 

1954 1955 1956 

120



 

 

1522 
 

1957 1958 1959 

1960  1962 
 

1963 1964 1965 

1966 1967 1968 

121



 

 

1523 
 

1969 1970 1971 

1972 1973 1974 

1975 1976 1977 

1978 1979 1980 

122



 

 

1524 
 

1981 1982 1983 

 
1984 1985 1986 

1987 1988 1989 

 
1990 1991 1992 

 

123



 

 

1525 
 

1993 1994 1995 

1996 1997 1998 

1999 2000 2001 

2002 2003 2004 

124



 

 

1526 
 

2005 2006 2007 

2008 2009 2010 

2011 2012 2013 

2014 2015 2016 

 

125



 

 

1527 
 

2017 2018 2019 

2020 2021 2022 

2023 2024 2025 

2026 2027 2028 

126



 

 

1528 
 

2029 2030 2031 

 
2032 2033 2034 

2035 2036 2037 

 
2038  2040 

 

 

127



 

 

1529 
 

2041 2042 2043 

2044 2045 2046 

2047 2048 2049 

2050 2051 2052 

128



 

 

1530 
 

 
2053 2054 2055 

2056 2057 2058 

2059 2060 2061 

2062 2063 2064 

129



 

 

1531 
 

 
2065 2066 2067 

2068 2069 2070 

2071 2072 2073 

2074 2075 2076 

130



 

 

1532 
 

2077 2078 2079 

  
2080  2082 

 

 

2083 2084 2085 

  
2086 2087 2088 

  

131



 

 

1533 
 

2089 2090 2091 

 
2092 2093 2094 

2095 2096 2097 

 
2098 2099 2100 

 

132



 

 

1534 
 

2101 2102 2103 

  
2104 2105 2106 

2107 2108 2109 

  
2110 2111 2112 

  

133



 

 

1535 
 

 2114 2115 
 

 
2116 2117 2118 

2119 2120  
 

2122 2123 2124 

 

134



 

 

1536 
 

2125 2126 2127 

 
2128 2129 2130 

2131 2132 2133 

 
2134 2135 2136 

 

135



 

 

1537 
 

2137 2138 2139 

  
2140 2141 2142 

2143 2144 2145 

  
2146 2147 2148 

  

136



 

 

1538 
 

2149 2150 2151 

 
2152 2153 2154 

2155 2156 2157 

 
2158 2159 2160 

 

137



 

 

1539 
 

2161 2162 2163 

  
2164 2165 2166 

2167 2168 2169 

  
2170 2171 2172 

  

138



 

 

1540 
 

2173 2174 2175 

  
2176 2177 2178 

2179 2180 2181 

  
2182 2183 2184 

  

139



 

 

1541 
 

2185 2186 2187 

2188 2189 2190 

2191 2192 2193 

2194 2195  
 

 

140



 

 

1542 
 

2197 2198 2199 

2200 2201 2202 

2203 2204 2205 

2206 2207 2208 

141



 

 

1543 
 

2209 2210 2211 

 
2212 2213 2214 

2215 2216 2217 

 
2218 2219 2220 

 

142



 

 

1544 
 

2221 2222 2223 

2224 2225 2226 

2227 2228 2229 

2230 2231 2232 

143



 

 

1545 
 

2233 2234 2235 

  
2236 2237 2238 

2239 2240 2241 

  
2242 2243 2244 

  

144



 

 

1546 
 

2245 2246 2247 

  
2248 2249 2250 

2251 2252 2253 

  
2254 2255 2256 

  

145



 

 

1547 
 

2257 2258 2259 

 
2260 2261 2262 

2263 2264  
 

2266 2267 2268 

 

146



 

 

1548 
 

2260 2270 2271 

2273 2273 2274 

2275  2277 
 

2278 2279 2280 

 

147



 

 

1549 
 

2281 2282 2283 

2284 2285 2286 

2287 2288  
 

2290 2291 2292 

148



 

 

1550 
 

2293 2294 2295 

2296 2297 2298 

2299 2300  
 

2302 2303 2304 

149



 

 

1551 
 

2305 2306 2307 

2308 2309 2310 

2311 2312 2313 

2314 2315 2316 

150



 

 

1552 
 

2317 2318 2319 

2320 2321 2322 

2323 2324 2325 

2326 2327 2328 

151



 

 

1553 
 

2329 2330  
 

2332 2333 2334 

2335 2336 2337 

2338 2339 2340 

152



 

 

1554 
 

2341 2342 2343 

2344 2345 2346 

2347 2348 2349 

2350 2351 2352 

153



 

 

1555 
 

2353 2354 2355 

2356 2357 2358 

2359 2360 2361 

2362 2363 2364 

154



 

 

1556 
 

2365 2366 2367 

2368 2369 2370 

2371 2372 2373 

  2376 
  

155



 

 

1557 
 

2377 2378 2379 

2380 2381 2382 

2383 2384 2385 

2386 2387 2388 

156



 

 

1558 
 

2389 2390 2391 

2392 2393 2394 

2395 2396 2397 

2398 2399 2400 

157



 

 

1559 
 

2401 2402 2403 

2404  2406 
 

2407 2408 2409 

2410 2411 2412 

158



 

 

1560 
 

2413 2414 2415 

2416 2417 2418 

 2420 2421 
 

2422 2423 2424 

159



 

 

1561 
 

2425 2426 2427 

2428 2429 2430 

2431 2432 2433 

2434 2435 2436 

 

160



 

 

1562 
 

2437 2438 2439 

2440 2441 2442 

2443 2444 2445 

2446 2447 2448 

161



 

 

1563 
 

2449 2450 2451 

2452 2453 2454 

 2456 2457 
 

2458 2459 2460 

162



 

 

1564 
 

2461 2462 2463 

2464 2465 2466 

2467 2468 2469 

2470  2472 
 

163



 

 

1565 
 

2473 2474 2475 

2476 2477 2478 

2479 2480 2481 

2482 2483 2484 

164



 

 

1566 
 

2485 2486 2487 

2488 2489 2490 

2491  2493 
 

2494 2495 2496 

165



 

 

1567 
 

2497 2498 2499 

2500  2502 
 

2503 2504 2505 

2506 2507 2508 

166



 

 

1568 
 

2509 2510  
 

2512 2513 2514 

2515 2516 2517 

  
2518  2520 

 

 

167



 

 

1569 
 

2521 2522 2523 

  
2524 2525 2526 

2527 2528 2529 

  
2530 2531 2532 

  

168



 

 

1570 
 

2533 2534 2535 

  
2536 2537 2538 

2539 2540 2541 

  
2542 2543  

 

 

169



 

 

1571 
 

2545 2546 2547 

 2549 2550 
 

2551 2552 2553 

 2555 2556 
 

170



 

 

1572 
 

2557 2558 2559 

2560 2561 2562 

2563 2564 2565 

2566 2567 2568 

171



 

 

1573 
 

2569 2570 2571 

2572 2573 2574 

2575 2576 2577 

2578 2579 2580 

172



 

 

1574 
 

2581 2582 2583 

 
2584 2585 2586 

2587 2588 2589 

 
2590 2591 2592 

 

173



 

 

1575 
 

2593 2594 2595 

 
2596 2597 2598 

 2600 2601 
 

 
2602 2603 2604 

 

174



 

 

1576 
 

2605 2606 2607 

  
2608 2609 2610 

2611 2612 2613 

  
2614 2615 2616 

  

175



 

 

1577 
 

2617 2618 2619 

  
2620 2621 2622 

2623 2624 2625 

  
2626 2627 2628 

  

176



 

 

1578 
 

2629 2630 2631 

  
2632 2633 2634 

2635 2636 2637 

  
2638 2639 2640 

  

177



 

 

1579 
 

2641 2642 2643 

2644 2645 2646 

2647 2648 2649 

2650 2651 2652 

178



 

 

1580 
 

2653 2654 2655 

 
2656 2657 2658 

2659 2660 2661 

 
2662 2663 2664 

 

179



 

 

1581 
 

2665 2666 2667 

 
2668  2670 

 

 2672  
  

 2675  
  

 

180



 

 

1582 
 

2677 2678 2679 

2680 2681 2682 

2683 2684 2685 

2686 2687 2688 

 

181



 

 

1583 
 

2689 2690 2691 

2692 2693 2694 

2695 2696 2697 

2698 2699 2700 

182



 

 

1584 
 

2701 2702 2703 

2704 2705 2706 

2707  2709 
 

2710  2712 
 

183



 

 

1585 
 

2713 2714 2715 

2716 2717 2718 

2719 2720 2721 

2722 2723 2724 

184



 

 

1586 
 

2725 2726 2727 

  
2728 2729 2730 

2731 2732 2733 

  
2734 2735 2736 

  

185



 

 

1587 
 

2737 2738 2739 

  
2740 2741 2742 

2743 2744 2745 

2746 2747  

186
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. 

18.  The compound as claimed in claim 17, or a pharmaceutically acceptable salt thereof, 

wherein the compound is selected from: 

368 

. 

19.  The compound as claimed in claim 17, or a pharmaceutically acceptable salt thereof, 

wherein the compound is: 

1356 

. 

20.  A pharmaceutical composition comprising the compound or salt as claimed in any one of 

claims 1 to 19 and a pharmaceutically acceptable carrier. 

21.  The pharmaceutical composition as claimed in claim 20, further comprising one or more 

additional therapeutic agent(s). 

22.  The pharmaceutical composition as claimed in claim 21, wherein the one or more additional 

therapeutic agent(s) comprises a CFTR modulator. 

187
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23.  The pharmaceutical composition as claimed in any one of claims 21 or 22, wherein the one 

or more additional therapeutic agent(s) comprises  

, 

or pharmaceutically acceptable salt thereof. 

24.  The pharmaceutical composition as claimed in any one of claims 21 to 23, wherein the one 

or more additional therapeutic agent(s) comprises 

, 

or pharmaceutically acceptable salt thereof. 

 

Dated this 5th day of May 2017 
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ABSTRACT
Mutations in the cystic fibrosis transmembrane conductance
regulator (CFTR) chloride channel cause cystic fibrosis. The
�F508 mutation produces defects in channel gating and cellu-
lar processing, whereas the G551D mutation produces primar-
ily a gating defect. To identify correctors of gating, 50,000
diverse small molecules were screened at 2.5 �M (with forsko-
lin, 20 �M) by an iodide uptake assay in epithelial cells coex-
pressing �F508-CFTR and a fluorescent halide indicator (yel-
low fluorescent protein-H148Q/I152L) after �F508-CFTR
rescue by 24-h culture at 27°C. Secondary analysis and testing
of �1000 structural analogs yielded two novel classes of cor-
rectors of defective �F508-CFTR gating (“potentiators”) with
nanomolar potency that were active in human �F508 and
G551D cells. The most potent compound of the phenylglycine
class, 2-[(2–1H-indol-3-yl-acetyl)-methylamino]-N-(4-isopro-
pylphenyl)-2-phenylacetamide, reversibly activated �F508-

CFTR in the presence of forskolin with Ka � 70 nM and also
activated the CFTR gating mutants G551D and G1349D with Ka
values of �1100 and 40 nM, respectively. The most potent
sulfonamide, 6-(ethylphenylsulfamoyl)-4-oxo-1,4-dihydro-
quinoline-3-carboxylic acid cycloheptylamide, had Ka � 20 nM
for activation of �F508-CFTR. In cell-attached patch-clamp
experiments, phenylglycine-01 (PG-01) and sulfonamide-01
(SF-01) increased channel open probability �5-fold by the re-
duction of interburst closed time. An interesting property of
these compounds was their ability to act in synergy with cAMP
agonists. Microsome metabolism studies and rat pharmacoki-
netic analysis suggested significantly more rapid metabolism of
PG-01 than SF-03. Phenylglycine and sulfonamide compounds
may be useful for monotherapy of cystic fibrosis caused by
gating mutants and possibly for a subset of �F508 subjects
with significant �F508-CFTR plasma-membrane expression.

Cystic fibrosis (CF), a relatively common hereditary dis-
ease in white populations, can produce chronic lung infection
and deterioration of lung function, pancreatic insufficiency,
male infertility, and meconium ileus (Pilewski and Frizzell,
1999). CF is caused by mutations in the cystic fibrosis trans-

membrane conductance regulator (CFTR) protein, a cAMP-
activated Cl� channel expressed in airway, pancreatic, intes-
tinal, testicular, and other epithelia (Sheppard and Welsh,
1999). �F508 is by far the most common CFTR mutation
causing CF, being present in �60% of CF genes and in �90%
of CF subjects as at least one allele (Bobadilla et al., 2002).
The �F508 mutation is believed to produce Cl�-impermeable
epithelial cells by aberrant protein folding and consequent
defects in cellular processing and channel gating (Dalemans
et al., 1991; Denning et al., 1992; Haws et al., 1996; Kopito,
1999). Most �F508-CFTR protein is retained at the endoplas-
mic reticulum and is degraded rapidly (Jensen et al., 1995;
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Ward et al., 1995). Many other CFTR mutations causing CF
are targeted to the cell plasma membrane but produce chlo-
ride-impermeable cells by a primary defect in channel gating.
The most common of the CFTR gating mutants is G551D,
with a worldwide frequency of 3.1% among CF chromosomes
(Hamosh et al., 1992), although people of Celtic descent have
frequencies as high as 8% (Cashman et al., 1995).

Small-molecule activators/correctors of mutant CFTRs
may provide a strategy for treatment of CF that corrects the
underlying defect. Activation of mutant CFTRs avoids poten-
tial concerns about treating the wrong cells and/or losing
physiological CFTR regulation as might occur with gene
therapy or activation of alternative chloride channels. Resto-
ration of cAMP-regulated chloride permeability in epithelial
cells expressing �F508-CFTR would probably require com-
pound(s) that correct the underlying defects in cellular pro-
cessing and channel gating, although there may exist a sub-
set of subjects with enough plasma membrane �F508-CFTR
expression (Penque et al., 2000; Sermet-Gaudelus et al.,
2002) to be benefited by a corrector of defective channel
gating (“potentiator”). Potentiators may also be useful as
monotherapy for CF caused by gating mutants of CFTR such
as G551D.

Various small molecules have been found to have potentiator
activity for correction of the �F508-CFTR gating defect. Rela-
tively high concentrations of flavones such as genistein (�50
�M) and xanthines such as isobutylmethylxanthine (�1 mM)
can restore normal or near-normal �F508-CFTR channel gat-
ing when given with cAMP agonists (Drumm et al., 1991; Haws
et al., 1996; Hwang et al., 1997). Flavones at high concentra-
tions also are able to correct defective gating in G551D-CFTR
(Illek et al., 1999; Zegarra-Moran et al., 2002). We identified
previously a benzothiophene class of �F508-CFTR potentiators
by high-throughput screening of 100,000 small molecules (Yang
et al., 2003). After compound optimization by structure-activity
studies, benzothiophenes were identified that rapidly restored
near-normal �F508-CFTR channel gating with Ka � 0.5 �M, as
measured by short-circuit current analysis. However, activation
required high concentrations of cAMP agonists, and the benzo-
thiophenes did not activate CFTR gating mutants such as
G551D.

In this study, we carried out high-throughput screening to
identify novel classes of correctors of defective �F508-CFTR
channel gating, focusing on compounds with very high po-
tency, potentiator activity in human airway epithelial cells
from CF subjects, and activity against other CFTR gating
mutants. Two novel classes of potentiators emerged from
primary screening and secondary evaluation: phenylglycines
and sulfonamides. These compounds were potent in �F508-
CFTR–transfected and natively expressing human cells, ac-
tive in the presence of relatively low concentrations of cAMP
agonists, and active against multiple CFTR gating mutants,
including G551D. To evaluate their potential usefulness for
drug development, the phenylglycines and sulfonamides
were subject to analysis of structure-activity relationships,
single-channel electrophysiology, and metabolic stability/in
vivo pharmacology.

Materials and Methods
Cell Lines. Fischer rat thyroid (FRT) epithelial cells stably coex-

pressing human �F508-CFTR and the high-sensitivity halide-sens-

ing green fluorescent analog YFP-H148Q/I152L (Galietta et al.,
2001a) were generated as described previously (Yang et al., 2003).
FRT cells were cultured on plastic in Coon’s modified F-12 medium
supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 100
U/ml penicillin, and 100 �g/ml streptomycin. For primary screening,
cells were plated using a multidrop dispenser (Thermo Electron
Corp., Woburn, MA) into black 96-well microplates (Corning-Costar,
Acton, MA) at 50,000 cells/well. Screening was done 18 to 24 h after
plating. For short-circuit current measurements, cells were cultured
on Snapwell permeable supports (Corning-Costar) at 500,000 cells/
insert. Human nasal epithelial cells from subjects with CF were
cultured on Snapwell inserts and were allowed to differentiate in a
hormone-supplemented medium as described previously (Galietta et
al., 1998). Some measurements were done using stably transfected
FRT cells expressing YFP-H148Q and wild-type or G551D-CFTR
(Galietta et al., 2001b). Patch-clamp experiments were done on
�F508-CFTR expressing FRT cells plated on 35-mm Petri dishes.

Compounds. A collection of 50,000 diverse drug-like compounds
(�90% with molecular size of 250–500 Da; ChemDiv, San Diego, CA)
was used for initial screening. The compounds were cherry-picked for
favorable drug-like properties, maximal chemical diversity, and min-
imal overlap with 100,000 compounds tested previously. For optimi-
zation, �1000 analogs of activators identified in the primary screen
were purchased from ChemDiv. Compounds were prepared as 10
mM stock solutions in DMSO. Secondary plates containing one or
four compounds per well were prepared for screening (1 mM in
DMSO). Compounds for secondary analysis were resynthesized, pu-
rified, and confirmed by NMR and liquid chromatography/mass spec-
trometry.

Screening Procedures. Screening was carried out using a Beck-
man integrated system containing a 3-m robotic arm, a CO2 incuba-
tor containing microplate carousel, plate washer, liquid-handling
workstation, barcode reader, delidding station, plate sealer, and two
FluoStar fluorescence plate readers (Optima; BMG LABTECH,
Durham, NC), each equipped with dual syringe pumps and HQ500/
20X (500 � 10 nm) excitation and HQ535/30M (535 � 15 nm) emis-
sion filters (Chroma Technology Corp., Brattleboro, VT). For assay of
�F508-CFTR potentiator activity, FRT cells were incubated at 27°C
(90% humidity, 5% CO2) to allow the rescue of mutant CFTR. After
18- to 24-h incubation, plates (40–50 per day) were washed with
PBS, and cells were incubated with 60 �l of PBS containing forskolin
(20 �M) and test compounds (2.5 �M). After 15 min, the 96-well plate
was transferred to a plate reader for fluorescence assay. Each well
was assayed individually for I� influx by recording fluorescence
continuously (200 ms per point) for 2 s (baseline) and then for 12 s
after rapid (�1 s) addition of 165 �l of PBS, in which 137 mM Cl�

was replaced by I�. I� influx rate was computed by fitting the final
11.5 s of the data to an exponential for extrapolation of initial slope
and normalizing for total fluorescence (background-subtracted ini-
tial fluorescence). All compound plates contained negative controls
(DMSO vehicle alone) and positive controls (genistein, 5 and 50 �M).
Assay analysis indicated a Z� factor (Zhang et al., 1999) of �0.7.

Synthetic Chemistry. 1H spectra were obtained in CDCl3 or
d6-DMSO using a Mercury 400 MHz spectrometer. Flash-column
chromatography was done using EM silica gel (230–400 mesh). Thin-
layer chromatography was carried out on Merk silica gel 60 F254
plates and visualized under a UV lamp. Microwave reactions were
carried out on a synthesizer (Emrys, Charlottesville, VA). Represen-
tative synthetic schemes for a phenylglycine and sulfonamide follow
(Fig. 2A).

For synthesis of phenylglycine-01 (PG-01), to a solution of N-tert-
butoxycarbonyl-N-methylphenylgycine (compound I) (1.26 g, 4.75
mmol) at room temperature was added p-isopropylaniline (705 mg,
5.22 mmol), 4-(N,N-dimethylamino)pyridine (DMAP) (116 mg, 0.92
mmol) in CH2Cl2 (25 ml) and 1-ethyl-3-[3-(dimethylamino)-propyl]-
carbodiimide (EDCI; 1.00 g, 5.22 mmol). The reaction mixture was
stirred for 2 h and then quenched by pouring over saturated NH4Cl.
After extraction with CH2Cl2, the organic layer was washed succes-
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sively with water and brine, dried (Na2SO4), and concentrated in
vacuo. Column chromatography of the crude residue gave [(4-isopro-
pylphenylcarbamoyl)-phenylmethyl]-methylcarbamic acid tert-butyl
ester (compound IIA) as a white solid (1.67 g, 92%). Compound IIA
(300 mg, 0.785 mmol) was dissolved in a minimal quantity of triflu-
oroacetic acid, maintained at room temperature for 15 min, poured
over aqueous NaHCO3, and extracted with CH2Cl2. Washing, drying,
and evaporation of the organic layer gave compound II as a yellow oil
(218 mg, 98%). To a mixture of compound II (177 mg, 0.620 mmol),
indole-3-acetic acid (114 mg, 0.651 mmol) and DMAP (15 mg, 0.124
mmol) in CH2Cl2 (5 ml), EDCI (131 mg, 0.682 mmol) was added at
room temperature. The reaction mixture was worked up as for com-
pound IIA and recrystallized from CH2Cl2/MeOH (9:1) to give PG-01
as a white solid (1.67 g, 92%). Mass (ES�): m/z 	 440 [M � 1]�; 1H
NMR � 1.21 (d, 6H, J 	 6.9 Hz), 2.85 (sep, 1H, J 	 6.9 Hz), 2.95 (s,
3H), 3.91 (s, 2H), 6.55 (s, 1H), 7.08 to 7.40 (m, 13H), 7.59 (d, 1H, J 	
7.8 Hz), 7.88 (bs, 1H), 8.13 (bs, 1H).

For synthesis of sulfonamide-03 (SF-03), compound III (Blus,
1999) (2.21 g, 8.0 mmol) and diethylethoxymethylenemalonate (1.81
g, 8.4 mmol) were dissolved in tetrahydrofuran (4 ml), and the
solution was heated to 140°C for 30 min until the tetrahydrofuran
and ethanol by-product evaporated. The residue was diluted with
ethyl acetate, washed with brine, dried with Na2SO4, and evaporated
to dryness. Flash chromatography gave light yellow solid compound
IIIB (3.29 g, 90%). To a solution of phenyl ether (Ph2O, 3 ml) and
compound IIIB (130 mg, 0.30 mmol) in an Emrys microwave reaction
vessel was added 4-chlorobenzoic acid (1 mg, 0.02 mmol). The solu-
tion was microwave-irradiated at 250°C for 75 min. The white pre-
cipitate was filtered and washed with hexane to yield compound IV
(48 mg, 42%). To an Emrys microwave reaction vessel (0.2–0.5 ml)
containing compound IV (65 mg, 0.083 mmol) was added o-methoxy-
benzyl amine (200 mg, 1.4 mmol) and microwave-irradiated at 180°C
for 30 min. The resulting solution was diluted with dichloromethane

and water and extracted with ethyl acetate three times. After wash-
ing, drying, and evaporation, the residue was purified by flash chro-
matography giving SF-03 as a white powder (27 mg, 35%). Mass
(ES�): m/z 	 492 [M � 1]�; 1H NMR CDCl3 � 1.08 (t, 3H, J 	 7.2 Hz),
3.65 (q, 2H, J 	 7.2 Hz), 3.79 (s, 3H), 4.70 (d, 2H, J 	 6.0 Hz), 6.81
(m, 2H), 7.02 (m, 2H), 7.16 (td, 1H, J 	 8.0, 1.6 Hz), 7.23 (d, 1H, J 	
7.2 Hz), 7.29 (m, 2H), 7.37 (d, 1H, J 	 8.4 Hz), 7.53 (dd, 1H, J 	 8.8,
2.0 Hz), 8.77 (d, 1H, J 	 2.0 Hz), 8.83 (d, 1H, J 	 6.4 Hz), 10.74 (t,
1H, J 	 5.6 Hz), 12.30 (d, 1H, J 	 4.4 Hz).

Assays of cAMP. cAMP activity was measured using the BIO-
TRAK enzymatic immunoassay (Amersham Biosciences Inc., Pisca-
taway, NJ) on FRT cell lysates after incubation with activators for 10
min in the presence of 0.5 �M forskolin.

Short-Circuit Current Measurements. For Ussing chamber
experiments, �F508-CFTR–expressing FRT cells were seeded on
Snapwell inserts and cultured for 7 to 9 days. The basolateral solu-
tion contained 130 mM NaCl, 2.7 mM KCl, 1.5 mM KH2PO4, 1 mM
CaCl2, 0.5 mM MgCl2, 10 mM glucose, and 10 mM sodium HEPES,
pH 7.3. In the apical bathing solution, 65 mM NaCl was replaced by
sodium gluconate, and CaCl2 was increased to 2 mM. Solutions were
bubbled with air and maintained at 37°C. The basolateral membrane
was permeabilized with 250 �g/ml amphotericin B. For human bron-
chial epithelial cells, apical and basolateral chambers contained 126
mM NaCl, 0.38 mM KH2PO4, 2.1 mM K2HPO4, 1 mM MgSO4, 1 mM
CaCl2, 24 mM NaHCO3, and 10 mM glucose (basolateral membrane
not permeabilized). Hemichambers were connected to a DVC-1000
voltage clamp (World Precision Instruments, Inc., Sarasota, FL) via
Ag/AgCl electrodes and 1 M KCl agar bridges for recording short-
circuit current.

Patch-Clamp Analysis. Experiments were performed in the cell-
attached configuration of the patch-clamp technique on FRT cells
expressing �F508-CFTR. Cells were plated at a density of 104 cells/
well, grown at 37°C for 24 to 48 h, and then incubated for 24 to 48 h

Fig. 1. Identification of �F508-CFTR potentiators
by high-throughput screening. A, original traces
showing quenching of cellular YFP fluorescence by
I� addition with saline alone and after additions of
forskolin (20 �M) alone or forskolin plus genistein
(50 �M), SF-01 (2.5 �M), or PG-01 (2.5 �M). B,
chemical structures of potent PG-01 and SF-01 com-
pounds. C and D, dose-response analysis of indi-
cated compounds (mean � S.E., n 	 4), including
the tetrahydrobenzothiophene �F508act-02 (Yang et
al., 2003).

Potentiators of �F508-CFTR Gating 1799

 at A
SPE

T
 Journals on O

ctober 26, 2014
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

498

http://molpharm.aspetjournals.org/


at 27°C to allow trafficking of the �F508 protein to the plasma
membrane.

Single channel recordings were obtained using an EPC-7 patch-
clamp amplifier (List Medical Instruments, Darmstadt, Germany).
Data were filtered at 250 Hz and digitized at 500 Hz using an ITC-16
data translation interface (InstruTECH Corporation, Port Washing-
ton, NY). The pipette solution contained 120 mM CsCl, 10 mM TEA
chloride, 0.5 mM EGTA, 1 mM MgCl2, 40 mM mannitol, and 10 mM
cesium HEPES, pH 7.3. The bath solution contained 130 mM KCl, 2
mM NaCl, 2 mM CaCl2, 2 mM MgCl2, 10 mM glucose, 20 mM
mannitol, and 10 mM sodium HEPES, pH 7.3. Channel activity in
the patches was recorded before and after stimulation with forskolin
(20 �M), with and without potentiators. Most experiments were done
with a pipette voltage of �60 mV (referred to the bath). Analysis of
open-channel probability (Po), mean channel open time (To), and
mean channel closed time (Tc) was done using recordings of at least
3 min as described previously (Taddei et al., 2004).

Pharmacokinetics. To increase compound solubility, potentia-
tors were dissolved in a liposomal formulation containing 5 mg of
potentiator in 21.3 mg of hydrogenated soy phosphatidylcholine, 5.2
mg of cholesterol, 8.4 mg of distearoylphosphatidylglycerol, and 90
mg of sucrose in 5 ml of PBS. A bolus of potentiator-containing
solution (5 mg/kg) was administered intravenously in rats over 1 min
(male Sprague-Dawley rats, 360–420 g) by a jugular vein catheter.
Arterial blood samples (�1 ml) were obtained at predetermined
times for liquid chromatography/mass spectrometry (LCMS) analy-

sis. Animal procedures were approved by the University of Califor-
nia, San Francisco, Committee on Animal Research.

LCMS. For analysis of blood samples, collected plasma was chilled
on ice, and ice-cold acetonitrile (2:1, v/v) was added to precipitate
proteins. Samples were centrifuged at 4°C at 20,000g for 10 min.
Supernatants (supplemented with sulforhodamine 101 as internal
standard) were analyzed for PG-01 and SF-03 by extraction with
C-18 reversed-phase cartridges (1 ml; Alltech Associates, Inc., Deer-
field, IL) by standard procedures. The eluate was evaporated, and
the residue was reconstituted in 100 �l of mobile phase for HPLC
analysis. Reversed-phase HPLC separations were carried out using a
C18 column (2.1 
 100 mm, 3 �m particle size; Supelco, Bellefonte,
PA) connected to a solvent delivery system (model 2690; Waters,
Milford, MA). The solvent system consisted of a linear gradient from
20% CH3CN/10 mM KH2PO4, pH 3, to 95% CH3CN/10 mM KH2PO4,
pH 3, over 10 min, followed by 6 min at 95% CH3CN/20 mM NH4OAc
(0.2 ml/min flow rate). PG-01 and SF-03 were detected at 256 nm,
after establishing a linear standard calibration curve in the range of
20 to 5000 nM. The detection limit was 10 nM, and recovery was
�90%. Mass spectra were acquired on a mass spectrometer (Alliance
HT 2790 � ZQ; Waters) using positive ion detection, scanning from
200 to 800 Da as described previously (Sonawane et al., 2004).

Stability in Hepatic Microsomes. PG-01 and SF-03 (10 �M
each) were incubated separately with a phosphate-buffered (100
mM) solution of rat liver microsomes (2 mg of protein/ml; Sigma-
Aldrich, St. Louis, MO) containing NADPH (0 or 1 mM) for 60 min at

TABLE 1
Structure-activity relationship analysis of phenylglycine and sulfonamide �F508-CFTR potentiators

Phenylglycines Sulfonamides

Compound R1 R2 R3 R4 Ka

�M

PG-01 4-Isopropyl-Ph H Me Indol-3-actyl 0.30
PG-02 2,3-diH-1,4-benzodioxin-6-yl H Me Ac-NHCH2CO- 0.30
PG-03 4-Isopropyl-Ph 4-OMe Me Indol-3-actyl 0.34
PG-04 2,3-diH-1,4-benzodioxin-6-yl H Me Indol-3-acetyl 0.40
PG-05 4-OMe-Ph H Me Indol-3-acetyl 0.70
PG-06 4-Isopropyl-Ph H H Indol-3-acetyl 0.88
PG-07 1,3-benzodioxol-5-yl 4-Me Me Indol-3-acetyl 1.33
PG-08 4-OMe-Ph 4-OMe Me Indol-3-acetyl 2.13
PG-09 2,3-diH-1,4-benzodioxin-6-yl 4-Me H Indol-2-acetyl 2.33
PG-10 2,3-diH-1,4-benzodioxin-6-yl 4-OMe Me Indol-3-acetyl 2.71
SF-01 2-OEt-Ph Me 2-Propenyl 0.30
SF-02 Ph Et Cycloheptyl 0.02
SF-03 Ph Et 2-OMe-Ph-methyl 0.03
SF-04 Ph Et Cyclohexyl 0.03
SF-05 OMe-Ph Me n-Pentyl 0.06
SF-06 Ph 2-Propenyl n-Butyl 0.11
SF-07 Ph 2-Propenyl Cycloheptyl 0.12
SF-08 2,5-di-Me-Ph Me 2-Pyridinylmethyl 0.13
SF-09 Ph Et (3-OMe)-propyl 0.14
SF-10 CH2-CH2-CH(Me)-CH2-CH2- 3(N-(n-butyl)phenylamino)propyl 0.14
SF-11 Ph 2-propenyl 2-Pyridinylmethyl 0.16
SF-12 Ph 2-Propenyl n-Hexyl 0.19
SF-13 2-Me-Ph Me n-Butyl 0.20
SF-14 2-EtO-Ph Me (Tetrahydro-2-furanyl)methyl 0.20
SF-15 3-Me-Ph Me n-Pentyl 0.22
SF-16 Ph Et 2-(1-Cyclohexen-1-yl)ethyl 0.24
SF-17 Ph Et (Tetrahydro-2-furanyl)methyl 0.24
SF-18 2-Et-Ph Me 2-Pyridinylmethyl 0.27
SF-19 2,5-di-Me-Ph Me 3-OMe-propyl 0.29
SF-20 2,6-di-Me-Ph Me n-Butyl 0.33
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Fig. 2. Synthesis and structure-activity analysis of
�F508-CFTR potentiators. A, top, synthesis of phe-
nylglycine PG-01. Conditions: a, p-isopropylaniline,
EDCI, catalytic amount DMAP, CH2Cl2, 22°C, 2 h,
yield 92%; b, trifluoroacetic acid, 22°C, 15 min, 98%;
c, indole-3-acetic acid, EDCI, catalytic amount
DMAP, CH2Cl2, 22°C, 2 h, 92%. Bottom, synthesis of
sulfonamide SF-03. Conditions: d, diethyl ethoxy-
methylene-malonate, 140°C, 1 h, 95%; e, catalytic
amount p-chlorobenzoic acid, Ph2O, 250°C, 45%; f,
o-methoxybenzyl-amine, neat, 180°C, 35%. B, con-
clusions from SAR analysis of PG and SF analogs.
See Results for explanations.

Fig. 3. Activation of cell-membrane Cl� current by
�F508-CFTR potentiators. Apical membrane Cl�

current measured in FRT cells expressing �F508-
CFTR after low-temperature rescue. A, representa-
tive traces showing currents activated by forskolin
(fsk, 20 �M) and �F508-CFTR potentiators PG-01
and SF-01 and inhibited by CFTRinh-172. B, average
dose-responses for potentiators, with genistein data
shown for comparison (S.E., n 	 4). C, representa-
tive curves (left) and averaged data (S.E., n 	 4,
right) from experiments showing forskolin dose-
response with versus without the prior addition of
potentiators (2 �M).
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37°C. After 60 min, the mixture was chilled on ice, and 0.5 ml of
ice-cold acetonitrile was added to precipitate the proteins for LCMS
analysis as described above.

Results
Compounds were screened at a concentration of 2.5 �M (in

the presence of forskolin, 20 �M) in �F508-CFTR–expressing
FRT cells after low-temperature rescue. CFTR-dependent I�

influx was determined from the time course of decreasing
cellular YFP fluorescence. The screening revealed many com-
pounds that at 2.5 �M increased I� influx as much as the
reference compound genistein at 50 �M and substantially
greater than forskolin (20 �M) alone (Fig. 1A). Most of these
active compounds had PG and SF scaffolds (Fig. 1B); in
addition, some active compounds were related structurally to

tetrahydrobenzothiophene potentiators identified previously
(Yang et al., 2003). Dose-response analysis of more than 1000
analogs of each chemical class not included in the primary
library established a structure-activity relationship data-
base. An example of dose-response analysis of phenylglycine
analogs is shown in Fig. 1C, with compounds having a wide
range of activating potencies. Dose-response data from the
fluorescence assay for the most active compound of each class
is shown in Fig. 1D, with data for comparison shown for
genistein and the tetrahydrobenzothiophene �F508act-02.
Activation of �F508-CFTR was confirmed for each of the
compounds by showing no activity on nontransfected FRT
cells and near-complete inhibition of the increased I� influx
by the thiazolidinone CFTRinh-172 (Ma et al., 2002a) at 10
�M (data not shown).

Fig. 4. Specificity of �F508-CFTR potentiators. A,
intracellular cAMP concentration after forskolin ad-
dition without and with potentiators (2 �M). Effects
of PG-01 and SF-01 not significant. B, MDR-1 activ-
ity shown as rhodamine-123 accumulation in mul-
tidrug-sensitive (9HTEo-) and multidrug-resistant
(9HTEo-/Dx) cells. Significant accumulation was
found in 9HTEo-/Dx cells for verapamil (100 �M)
but not for the potentiators (5 �M). C, activation of
Cl� current by apical UTP in polarized human bron-
chial epithelia. Pretreatment with �F508-CFTR ac-
tivators (2 �M) did not affect the maximum current
or time course of the UTP response.

Fig. 5. Single-channel patch-clamp analysis of
�F508-CFTR channel stimulation by potentiators.
A, representative recordings showing activity in
multichannel patches. Broken line indicates current
with channels closed. Pipette voltage was �60 mV.
Downward deflections represent channel openings
(Cl� ions moving from pipette to cell). B, mean Po,
Tc, and To in the presence of forskolin alone or in
combination with indicated potentiators.
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Table 1 summarizes structure-activity relationship (SAR)
data for the most potent PG and SF analogs; data for a larger
series of less-active analogs is provided as Supplemental
Table S1. Fig. 2B summarizes the principal conclusions from
SAR analysis. Active PGs contained a disubstituted glycyl
amine with amide of aromatic amines. Substitutions at R1
had relatively little effect on compound activity. Most active
compounds had as R1 4-isopropylphenyl, with reduced activ-
ity for R1 as 2,3-diH-1,4-benzodioxin-6-yl in (PG-02 and -04)
or 4-methoxyphenyl (PG-05). Evaluation of R2 substitutions
indicated that replacement of hydrogen by methyl (PG-07) or
methoxy (PG-10) strongly reduced potency. The R2 phenyl
group seemed to be important for activity because its replace-
ment by indol-3-methyl reduced activity. All potent com-
pounds had as R3 a methyl, because its replacement by
hydrogen (PG-06) or furfuryl-2-methyl reduced activity. Most
active compounds had as R4 an indolyl-3-acetyl, because
substitution by thiophene-2-acetyl or diphenyl acetyl re-
sulted in loss of activity. Thus, the greatest �F508-CFTR–
activating potency was produced by hydrophobic R1, R2, and
R3, with R4 as indolyl-2 (or 3)-acetyl.

SAR analysis of sulfonamides supported the requirement
of 3-carboxamide and 6-aminosulfo groups. All active quino-
lone compounds had as R1 hydrophobic groups such as

alkoxy-, dialkyl-, alkyl-, and halo-substituted phenyl or cy-
clohexyl (SF-10) groups. The greatest activity was found for
R2 as nonpolar alkyl chains (ethyl, methyl, 2-propenyl). The
most potent compounds (SF-02 to -04) contained an ethyl
group at R2 in combination with phenyl as R1 and an alkyl
group as R3. Substitutions at R3 with nonpolar linear or
branched alkyl or cycloalkyl groups improved activity. In
general, the greatest potency was found with hydrophobic-
nonpolar substitutions on sulfonamide and carboxamide
moieties.

Apical membrane current in FRT cells was measured to
verify the activation of �F508-CFTR Cl� conductance and to
determine compound potency. Apical membrane current was
measured after permeabilization of the basolateral mem-
brane with amphotericin B in the presence of a Cl� gradient
(apical, 65 mM Cl�; basolateral, 130 mM). After maximal
forskolin (20 �M), test compounds were added at increasing
concentrations as shown in Fig. 3A, followed by CFTRinh-172.
The small effect of forskolin alone demonstrated defective
�F508-CFTR gating, because a 10-fold lower concentrations
of forskolin fully activated wild-type CFTR in this assay
(Galietta et al., 2001c). PG-01 and SF-01 gave �F508-CFTR
Cl� currents with potencies greater than 100 nM (Fig. 3B),
and maximal currents comparable with or greater than that

Fig. 6. Activation of G551D- and G1349D-CFTR
mutants. A and B, stimulation of apical membrane
Cl� current by genistein (top) and PG-01 (bottom) in
G551D- and G1349D-CFTR–expressing FRT cells.
Cells were pretreated with forskolin (fsk, 20 �M). C
and D, dose-responses for the PG-01 and genistein
for activation of G551D- and G1349D-CFTR (S.E.,
n 	 4).
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produced by 50 �M genistein. It is interesting that these
compounds were substantially less effective for the activation
of wild-type CFTR. When stimulated with submaximal fors-
kolin, PG-01 and SF-01 produced only a fraction (40–60%) of
the current elicited by genistein (data not shown).

Experiments were also done by adding the potentiator
first, followed by increasing concentrations of forskolin. For-
skolin alone at 0.5 and 2 �M gave little apical membrane
current (Fig. 3C, top left). However, PG-01, which did not
itself activate �F508-CFTR, produced substantial �F508-
CFTR Cl� current after the addition of 0.5 and 2 �M forsko-
lin (Fig. 3C, bottom left). Data are summarized in Fig. 3C
(right), showing significant synergy of these potentiators
with forskolin. The correction of �F508-CFTR gating in the
presence of relatively low concentrations of cAMP agonists is
a desirable property of these compounds (see Discussion).

An initial analysis of compound specificity was done. Cells
were incubated with potentiators in the presence of a low
concentration of forskolin (0.5 �M), lysed, and assayed for
cAMP. PG-01 and SF-01 did not increase cAMP above the
level induced by forskolin 0.5 �M alone (Fig. 4A), whereas
the compound CFTRact-16, an indirect activator of CFTR (Ma
et al., 2002b), strongly increased cAMP. MDR-1 activity was
assayed by intracellular accumulation of the fluorescent
probe rhodamine-123. Two cell lines were used, the parental
human tracheal cell line 9HTEo-, and its multidrug-resistant
subclone 9HTEo-/Dx that strongly expresses MDR-1 (Rasola
et al., 1994). 9HTEo-/Dx cells accumulate much less rhoda-
mine-123 than 9HTEo- cells as a consequence of MDR-1–

mediated dye extrusion. Dye accumulation was increased
significantly by the MDR-1 inhibitor verapamil but was not
affected by PG-01 or SF-01 (Fig. 4B). Last, effects on the
UTP/calcium-activated Cl� channel were measured from
short-circuit current measurements on human bronchial ep-
ithelial cells. There was no effect of PG-01 or SF-01 on the
magnitude or kinetics of the calcium-activated Cl� current
(Fig. 4C).

The �F508-CFTR–activating mechanism was investigated
by cell-attached patch-clamp measurements. The addition of
20 �M forskolin produced low channel activity, with a Po of
0.04 (Fig. 5A). Channel openings were separated by long-
duration closures, in agreement with previous observations
on �F508-CFTR (Dalemans et al., 1991; Haws et al., 1996).
Although all patches contained more than one channel, si-
multaneous channel openings were rarely seen because of
the low Po. PG-01 or SF-01 at 100 nM strongly stimulated
channel activity with multiple channel openings observed. Po

after activation (0.3–0.4) was comparable with that of wild-
type CFTR (Dalemans et al., 1991; Haws et al., 1996) (Fig.
5B). Analysis of gating kinetics indicated that the increase in
Po was caused by a reduction in mean channel closed time
(Tc) rather than an increase in To (Fig. 5B).

The possibility was evaluated that the PG or SF �F508-
CFTR potentiators might correct defective gating in other
mutant CFTRs that cause CF in humans. Measurements
were done in the “class III” mutants G551D and G1349D,
which produce a severe gating defect without impairment in
protein trafficking (Gregory et al., 1991). These mutations

Fig. 7. Stimulation of Cl� secretion in CF human
airway epithelial cells. Transepithelial short-circuit
Cl� current measured in response to genistein and
indicated �F508-CFTR potentiators. A, nasal epi-
thelial cells from a �F508 homozygous patient. Cells
were incubated at 27°C for 24 h where indicated. B,
G551D-CFTR cells. C, D1152H-CFTR cells.
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affect the glycine residues in NBD1 and NBD2 that are
highly conserved in ATP-binding cassette proteins (Hyde et
al., 1990; Logan et al., 1994). The G551D and G1349D mu-
tant CFTRs produced little Cl� current after the addition of
maximal forskolin (Fig. 6, A and B). Genistein, a known
activator of G551D- and G1349D-CFTR, increased Cl� cur-
rent substantially, albeit at high micromolar concentrations
(Fig. 6, A and B, top curves). PG-01 produced large currents
in both G551D- and G1349D-CFTR–expressing cells as
shown in Fig. 6, A and B (bottom curves) and summarized in
Fig. 6, C and D. The currents were sensitive to CFTRinh-172
and were not seen in nontransfected cells. In contrast, PG-01,
SF-01, and the benzothiophene �F508act-02 did not increase
Cl� currents in G551D- and G1349D-CFTR–expressing cells
(data not shown).

The ability of PG-01 and SF-01 to correct defective CFTR
channel gating in CF human airway epithelial cells was
tested (Fig. 7). Human nasal epithelial cells from �F508
homozygote subjects were cultured as polarized monolay-
ers on permeable supports for transepithelial short-circuit
current measurement. After blocking the epithelial Na�

channel with amiloride, forskolin (20 �M) was applied,
followed by genistein, PG-01, or SF-01. CFTRinh-172 was
applied at the end of each study to determine total CFTR-
dependent current. Cells maintained at 37°C had little
CFTR current, in agreement with the expected intracellu-
lar retention of �F508-CFTR. Low-temperature rescue by
incubation at 27°C for 20 to 24 h produced greater �F508-

CFTR current, with significant activation by PG-01 and
SF-01 at nanomolar concentrations (Fig. 7A). Stimulation
by forskolin plus PG-01 or SF-01 was blocked by CFTRinh-
172. Genistein was comparably effective but at much
higher concentrations. Primary cell cultures from subjects
carrying CFTR mutations causing pure gating defects
were also tested. For these studies, cells were cultured at
37°C. Nasal epithelial cells from a subject with the G551D
mutation (Zegarra-Moran et al., 2002) showed a large re-
sponse to PG-01 after forskolin stimulation (Fig. 7B). Cells
were also tested from a subject having D1152H and �F508
CFTR mutations, with the former mutation affecting the
second nucleotide-binding domain and causing a decrease
in channel activity (Vankeerberghen et al., 1998). The
D1152H/�F508 cells maintained at 37°C showed large
CFTR currents in response to PG-01 (Fig. 7C).

To predict hepatic clearance of PG-01 and SF-03, in vitro
incubations were done with rat hepatic microsomes for 1 h at
37°C in the absence (control) and presence of NADPH fol-
lowed by LCMS analysis. SF-03 was chosen for these studies
as the most potent of the SF compounds. Figure 8A (top, left
and right) shows representative HPLC chromatograms, with
PG-01 eluting at 7.85 min and its two major metabolites (M1
and M2) eluting at 7.16 and 6.88 min. Mass spectrometry
identified the original compound, and M1 and M2 with m/z
456 (�PG-01�OH; [M � 1]�) and 472 (�PG-01 � 2OH; [M �
1]�), respectively (Fig. 8A, top, middle). A minor metabolite
was also detected at 7.43 min with m/z 428. Approximately

Fig. 8. Liquid chromatography/mass spectrometry
analysis of microsomal metabolites of PG-01 and
SF-03, and rat pharmacokinetics. A, microsomes
were incubated with PG-01 or SF-03 (each 10 �M) in
the absence (control) or presence of NADPH for 1 h
at 37°C, and processed as described under Materials
and Methods. HPLC chromatograms at 256 nm for
control (left) and NADPH (right) samples, and cor-
responding ion current chromatograms for positive
ion electrospray mass spectrometry for indicated
m/z (middle). M1, metabolite 1; M2, metabolite 2. B,
pharmacokinetic analysis. Left, HPLC chromato-
gram of PG-01 and SF-03 demonstrating assay sen-
sitivity to greater than 50 nM. Right, pharmacoki-
netics of PG-01 (E) and SF-03 (F) after 5 mg/kg
intravenous bolus injection (mean � S.E., n 	 3–4
rats).
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90% of the PG-01 was metabolized after incubation with
microsomes for 1 h in the presence of NADPH, and nonme-
tabolized PG-01 was not detectable after 2 h (data not
shown). Figure 8A (bottom, left and right) shows the HPLC
profile for SF-03 and its two major metabolites eluting at 7.44
min and 7.16/6.77 min, respectively, with corresponding mo-
lecular ion peaks (Fig. 8A, bottom, middle) at m/z 492 (SF-03,
[M � 1]�), 508 (�SF-03�OH, [M � 1]�) and 389. SF-03 was
�35% degraded after a 1-h incubation with liver microsomes
in the presence of NADPH.

Pharmacokinetic analysis of PG-01 and SF-03 in rats was
done by serial measurements of plasma concentrations after
single bolus infusions (5 mg/kg). Figure 8B (left) shows HPLC
chromatograms for PG-01 and SF-03 (each at 50 nM added to
control plasma and supplemented with sulforhodamine 101
as internal standard), demonstrating the sensitivity of the
assay. PG-01 pharmacokinetics fitted a two-compartment
model with half-times of �5 min and 130 min with volume of
distribution �4 L, whereas SF-03 clearance had elimination
half-times of �7 and 110 min with volume of distribution �2
L (Fig. 8B, right).

Discussion
The purpose of this study was to identify new classes of

drug-like compounds that strongly activate CF-causing mu-
tant CFTRs. Our strategy was to carry out high-throughput
screening for �F508-CFTR potentiators using a collection of
50,000 diverse, drug-like small molecules. The screening
yielded two novel classes of �F508-CFTR potentiators having
phenylglycine and sulfonamide scaffolds. Several rounds of
optimization involving testing of analogs of each compound
class produced �F508-CFTR potentiators that fully activated
�F508-CFTR with potencies greater than 100 nM. Many
active phenylglycine and sulfonamide analogs of widely dif-
fering activities were identified, which is an important pre-
requisite for the development of these compounds as drugs to
treat CF. Analysis of phenylglycine properties revealed a
number of favorable properties, including the ability to cor-
rect defective channel gating in several different CFTR mu-
tants and synergy with cAMP agonists. The phenylglycine
PG-01 was metabolized rapidly in hepatic microsomes, sug-
gesting the possibility of aerosol delivery for CF therapy in
which any absorbed compound would be inactivated rapidly
by hepatic metabolism. The sulfonamides were relatively
stable metabolically and did not correct defective gating in
non-�F508 CFTR mutants, although they did show synergy
with cAMP agonists.

Measurement of transepithelial chloride current in FRT
cells confirmed the correction of defective �F508-CFTR gat-
ing by the phenylglycine and sulfonamide compounds. In one
protocol, cells were stimulated with maximal forskolin, fol-
lowed by increasing concentrations of test compounds. Total
current activated by forskolin plus potentiators was blocked
by CFTRinh-172. In a different protocol, a dose-response to
forskolin was done with versus without prior potentiator
addition. Little response to forskolin was seen in the absence
of potentiator, and only at high forskolin concentrations. The
addition of the potentiator first, which did not itself activate
�F508-CFTR, restored substantial sensitivity to forskolin.
Measurements of cellular cAMP concentrations indicated
that the apparent synergy of the potentiators with forskolin

is not caused by cAMP elevation. We propose a direct inter-
action between the phenylglycine and sulfonamide potentia-
tors with �F508-CFTR. The lack of effect of these compounds
in the absence of cAMP-elevating agents and the apparent
synergy with cAMP-elevating agents are favorable properties
in that near-native CFTR regulation is recapitulated.

Cell-attached patch-clamp experiments were carried out to
investigate the mechanism of channel activation. In the pres-
ence of forskolin alone, �F508-CFTR produced bursts of
channel openings separated by long closures lasting for sev-
eral seconds, resulting in reduced open-channel probability.
The potentiators strongly increased channel activity, re-
markably reducing the time spent in the closed state. The
resulting open-channel probability was comparable with that
of wild-type CFTR.

The phenyglycines corrected defective gating in a number
of CF-causing CFTR mutants including �F508, G551D,
G1349D, and D1152H. G551D and G1349D affect critical
glycine residues in nucleotide binding domains 1 and 2 of
CFTR, respectively (Hyde et al., 1990), producing a severe
gating defect (Gregory et al., 1991; Logan et al., 1994; Derand
et al., 2002; Zegarra-Moran et al., 2002). Forskolin alone
produced little activation of these mutant CFTRs even at
high concentrations, whereas PG-01 after forskolin produced
a �10-fold elevation in current. The apparent Kd for PG-01
for G551D-CFTR activation was �1 �M, approximately 100-
fold better than that of genistein. The potency for activation
G1349D-CFTR by PG-01 was even better at �40 nM. In
contrast to �F508, other cystic fibrosis mutations, of which
more than 1000 have been identified, have a relatively very
low frequency. The fraction of CF mutations that cause a
pure gating defect (class III mutants) is unknown but is
likely to be substantial. The phenylglycines may be useful in
monodrug therapy for many of these mutations. Further
studies are warranted to establish the molecular mechanism
by which a small molecule is able to correct defective channel
gating in quite different CFTR mutants.

Transepithelial current measurements on primary cul-
tures of human airway epithelia indicated that the phenyl-
glycine and sulfonamide potentiators identified here are also
effective in a native epithelium. This finding is not unex-
pected because these compounds probably bind to mutant
CFTRs directly, and so their activity should be cell-context–
independent. The best phenylglycine was also effective on
cells cultured from subjects with CF having G551D and
D1152H CFTR mutations, supporting the possible use of this
class of compounds for monotherapy of CF caused by some
mutations. For treatment of CF caused by the �F508-CFTR
mutation, the potentiators would probably need to be com-
bined with compounds that correct defective �F508-CFTR
cellular processing.
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