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THE CONTROLLER OF PATENT 

THE PATENT OFFICE  

BOUDHIK SAMPADA BHAWAN, PLOT NO. 32 

SECTOR 14, DWARKA, NEW DELHI-110078 

 

Re: REPRESENTATION u/s 25(1) of the Patent act – By SANKALP 

REHABILITATION TRUST against Indian Patent Application No. 

201917029812 filed on 23/07/2019 

Title:  NUCLEOTIDE HEMI-SULFATE SALT FOR THE TREATMENT OF 

HEPATITIS C VIRUS  

Applicant: ATEA PHARMACEUTICALS, INC.  

                          

Respected Madam, 

 

We are filing this representation by way of Pre-Grant Opposition along with annexures u/s 25 

(1) of the Patents Act, 1970 and Rule 55 of the Patent Rules, 2003 in Form 7A.  

 

The Learned Controller is requested to take said opposition along with annexures on record 

and proceed further in the matter and keep the Opponent advised of each and every step taken 

in the matter. 

 

We crave the leave of the Learned Controller to submit additional documents and/or evidence 

to support any of the averments in the representation as may be necessitated during the future 

proceeding. 

 

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

present Opposition is finally decided.  

 

Thanking you, 

 

Yours faithfully,  

 
RAJESHWARI H. IN/PA - 0358 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

 

Encl: As stated  

 

C.C:   LAKSHMI KUMARAN & SRIDHARAN 

Email:  iprdel@lakshmisri.com;  

 

mailto:iprdel@lakshmisri.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]  

 

We, SANKALP REHABILITATION TRUST, having its registered office at SS Bengali 

Municipal School, First Floor, Thakurdwar Road, Charni Road East, Mumbai – 400002, 

hereby give Notice of opposition to the grant of patent in respect of Indian Patent Application 

No. 201917029812 filed on 23/07/2019 made by ATEA PHARMACEUTICALS, INC. on 

the grounds.  

 

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

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

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

(d) Section 25(1)(g): The complete specification does not sufficiently and clearly 

describe the invention or the method by which it is to be performed. 

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

section 8. 

 

(Detailed grounds are set out in the Opposition) 

 

Our address for service in India is:  

 

RAJESHWARI H. 

RAJESHWARI & ASSOCIATES 

A – 202, FIRST FLOOR  

SHIVALIK ENCLAVE   

MALVIYA NAGAR 

NEW DELHI – 110017 

INDIA 

Tel: + 91-11-41038911 

Fax: +91-11-43851067 

Mobile No. 9910206718 

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

 

Dated this 28th day of September, 2022 

 
RAJESHWARI H. IN/PA – 0358 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

TO 

THE CONTROLLER OF PATENTS 

PATENT OFFICE, NEW DELHI  

mailto:rajeshwari@ralegal.co.in
mailto:opposition@ralegal.co.in
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BEFORE THE CONTROLER OF PATENTS, THE PATENT OFFICE,  

NEW DELHI 

  

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 thePatent (Amendment) 

Rules, 2006 

 

And 

 

IN THE MATTER of Indian Patent Application 201917029812 dated 23/07/2019 in the 

name of ATEA PHARMACEUTICALS, INC. 

 

REPRESENTATION BY: 

 

SANKALP REHABILITATION TRUST                .…..OPPONENT 

 

VS. 

 

ATEA PHARMACEUTICALS, INC.     …...APPLICANT                

 

REPRESENTATION BY WAY OF PRE-GRANT OPPOSITION UNDER 

SECTION 25(1) OF THE PATENTS ACT, 1970 

 

We, Sankalp Rehabilitation Trust an Indian Non-Government Organization, hereby submit 

our representation by way of oppostion to the grant of patent in respect of Indian Patent 

Application 201917029812 filed on 23/07/2019 in the name of ATEA 

PHARMACEUTICALS, INC. entitled “Nucleotide Hemi-Sulfate Salt for the Treatment of 

hepatitis C Virus”. 
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STATEMENT OF CASE OF OPPONENT 

 

1. The Opponent has learnt that the Applicant has filed an Indian Patent Application No. 

201917029812 (hereinafter “the Impugned Patent Application”) on 23/07/2019. The 

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

18/10/2019, which is currently pending before the Patent Office. The Impugned Patent 

Application has a priority date of 01/02/2017. 

 

2. The Impugned Patent Application is entitled “NUCLEOTIDE HEMI-SULFATE SALT 

FOR THE TREATMENT OF HEPATITIS C VIRUS”. 

 

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

Patent Application 201917029812 dated 23/07/2019 in the name of ATEA 

PHARMACEUTICALS, INC. entitled “Nucleotide Hemi-Sulfate Salt for The 

Treatment of hepatitis C Virus” and is drawn towards the hemi-sulfate salt of a selected 

nucleotide compound that has therapeutic properties to treat a host infected with 

hepatitis C, as well as pharmaceutical compositions and dosage forms thereof. 

 

5. The impugned patent application further discloses that the hemisuifate salt of 

Compound 1, which is provided below as Compound 2, exhibits unexpected 

advantageous therapeutic properties, including enhanced bioavailability and target 

organ selectivity, over its free base (Compound 1). Compound 2 is referred to as the 

hemi -sulfate salt of isopropyl((S)-(((2R,3R,4R,5R)-5-(2-amino-6-(methylamino)-9.H-

purin-9-yl)- 4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-

yl)methoxy)(phenoxy)phosphoryl)-Z-alaninate. 
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Figure 1   

 

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

support of the grounds of opposition. 

 

i. D1-  WO2016144918A1 (WO’918) published on 15 September 2016 (annexed 

herewith as Annexure -2) 

 

ii. D2- G. Steffen Paulekuhn et al; Trends in Active Pharmaceutical Ingredient 

Salt Selection based on Analysis of the Orange Book Database, J. Med. Chem. 

2007, 50, 6665–6672 (annexed herewith as Annexure -3). 

 

iii. D3- Herve Rebiere et al; Determination of 19 antiretroviral agents in 

pharmaceuticals or suspected products with two methods using high-

performance liquid chromatography; Journal of Chromatography B, 850 

(2007) 376–383 (annexed herewith as Annexure -4). 

 

iv. D4- US 2014/0187773 (US’773) published on 03 July 2014 (annexed herewith 

as Annexure – 5).  

 

7. It is submitted that the claims of impugned patent application are liable to be refused on 

following grounds as below, which are without prejudice to each other: 

 

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

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

(c) Section 25(1)(f): Invention is not patentable under section 3(d) and 3(e) 
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(d) Section 25(1)(g): The complete specification does not sufficiently and clearly 

describe the invention or the method by which it is to be performed. 

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

required by section 8. 

 

GROUND 1: SECTION 25(1)(B) LACK OF NOVELTY  

 

8. It is submitted that claim 1 to 19 are not novel, and therefore have to be rejected under 

Section 25(1)(b) of the Act. 

 

9. It is submitted that claim 1 to 19 are not novel in view of WO 2016144918 (WO’918) 

published on 15 September 2016 which is before the priority date of impugned patent 

application i.e. 01/02/2017. 

 

10. It is further submitted that WO’918 discloses the impugned molecule and its 

pharmaceutically acceptable salts like sulphate salt. The said document not only 

encompassed the mono salt but also encompassed the hemi-salt of compound. The 

structure of impugned molecule is given below. 

 

Figure 1 

 

11. Moreover, WO’918 further discloses the pharmaceutical compositions that comprise an 

anti-HCV virus effective amount of β-D-2'-deoxy-2'-α-fluoro-2'-β-methyl-N6-methyl-

2,6-diaminopurine nucleoside phosphoramidate compound, optionally in combination 

with a pharmaceutically acceptable carrier, additive, or excipients. In addition to this, it 

further discloses that the said composition optionally in combination with at least one 

other antiviral, such as an anti-HCV agent.  
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12. Furthermore, WO’918 also states that the amount of compound included within 

therapeutically active formulations is an effective amount for treating the Hepatitis C 

virus (HCV) infection, reducing the likelihood of a HCV infection or the inhibition, 

reduction, and/or abolition of HCV or its secondary effects, including disease states, 

conditions, and/or complications which occur secondary to HCV. In general, a 

therapeutically effective amount of the present compound in pharmaceutical dosage 

form usually ranges from about 0.001 mg/kg to about 100 mg/kg per day or more. The 

average body weight of a human being is considered as 70 kg approximately. 

Therefore, therapeutically effective amount of the present compound for a human being 

could be 700mg or more. 

 

13. The above paragraph discloses that the amount of compound which is delivers through 

solid dosage forms as claimed in impugned patent application is overlapping with the 

disclosure of WO’918.  

 

14. WO’918 further discloses that it may be useful to use β-D-2'-deoxy-2'-α-fluoro-2'-β-

methyl-N6-methyl-2,6-diaminopurine nucleoside phosphoramidate compound in 

combination with other therapeutically active agents like protease inhibitor, NS5A 

inhibitor, Another NS5B polymerase inhibitor, NS5B non-substrate inhibitor, ribavirin 

Helicase inhibitor, Antisense oligodeoxynucleotide, Aptamer, Nuclease-resistant 

ribozyme, iRNA, Antibody, and partial antibody or domain antibody to the virus.  

 

15. WO’918 further discloses that it may be useful to use β-D-2'-deoxy-2'-α-fluoro-2'-β-

methyl-N6-methyl-2,6-diaminopurine nucleoside phosphoramidate compound in 

combination with a protease inhibitor, such as an NS3/4A protease inhibitor (for 

example, telaprevir (Incivek®) boceprevir (Victrelis™) simeprevir (Olysio™), or 

paritaprevi. 

 

16. WO’918 further discloses that compounds of the present invention are often 

administered orally, for example in tablet form (Page 20).  

 

17. In addition to above, WO’918 further discloses that for solid oral preparations such as 

tablet suitable carriers and additives including starches, sugar carriers, such as dextrose, 
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manifold, lactose, and related carriers, diluents, granulating agents, lubricants, binders, 

disintegrating agents, and the like may be used (Page 108). 

 

18. Opponent submits that each and every feature of the claimed subject matter is disclosed 

and encompassed in cited prior art. Therefore, the subject matter claimed in impugned 

patent application is disclosed by WO’918. Thus, claimed subject matter is anticipated 

and lacks novelty in view of WO’918.  

 

19. Thus, a case of lack of novelty is made out and the impugned patent application ought 

to be refused on this ground alone. 

 

GROUND 3: SECTION 25(1)(E) LACK OF INVENTIVE STEP  

 

20. It is submitted that the invention as claimed in claim 1-19 of impugned patent 

application is obvious and does not involve any inventive step in view of whatever was 

known and published in India or elsewhere prior to the priority date of impugned patent 

application i.e. prior to 01/02/2017 the earliest claimed priority. 

 

21. Without prejudice, the impugned patent application lacks inventive step in view of 

disclosure of WO’918.  

 

22. WO’918 discloses that compound is highly active against the HCV virus when 

administered in an effective amount to a host in need thereof. The host can be a human 

or any animal that carries the viral infection.  

 

23. WO’918 further states that the activity of the parent nucleoside β-D-2'-deoxy-2'-α-

fluoro-2'-β-methyl-N6-methyl-2,6-diaminopurine in a replicon assay (EC50 = 15.7 

micromolar) indicates that it is not suitable for use as a human drug due to insufficient 

activity. However, the stabilized racemic phosphate prodrug (phosphoramidate) 

exhibits an EC50 = 26 nanomolar (nM), in a replicon assay, which is at least 600 fold 

increase in activity. The corresponding (S)-phosphoramidate exhibits an EC50 = 4 nM, 

which is at least a 3,900 fold increase in activity.  
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24. It is further submitted that the compound and its pharmaceutically active salt i.e 

sulphate salt is disclosed in WO’918. Moreover, the significance of this compound is 

disclosed in the document and it would be sufficient to motivate a person skilled in the 

art to use the impugned compound and make its preferential pharmaceutically 

acceptable salt to get better property. It is common in practice to make a salt of known 

compound to enhance the solubility of that compound. 

 

25. Furthermore, WO’918 also discloses that compounds of the present invention are 

typically administered through oral route in the tablet form in the range of 700mg or 

more to a human patient. 

 

26. G. Steffen Paulekuhn et al discloses the concepts and importance of salt selection of 

active pharmaceutical ingredient. Salt formation is a well-known technique to modify 

and optimize the physical chemical properties of an ionisable research or development 

compound. Properties such as solubility, dissolution rate, hygroscopicity, stability, 

impurity profiles, and crystal habit can be influenced by using a variety of 

pharmaceutically acceptable counter ions. The crystal structure of a salt is usually 

completely different from the crystal structure of the conjugate base or acid and also 

differs from one salt to another. The modification of physical chemical properties, 

mainly solubility and dissolution rate, may also lead to changes in biological effects 

such as pharmacodynamics and pharmacokinetics, including bioavailability and toxicity 

profile. 

 

27. G. Steffen Paulekuhn et al further discloses that there are only two anions with an 

average incidence of more than 5% over the whole period. These are the chlorides and 

sulfates. The anion encountered with highest frequency after chloride is sulfate. The 

table 2 in the said document further discloses the distribution of anions used in active 

pharmaceutical ingredients of category I, where chloride possesses 53.4% and sulphate 

7.5%. For oral delivery two most common anions are chloride and sulphate. This 

document motivate to a person skilled in the art to select chloride or sulphate as a 

preferential anion to make salt. 
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28. Furthermore, the selection of salt for active pharmaceutical ingredient is routine 

practice for a person skilled in the art which depends on the property any nature of 

active pharmaceutical ingredient. 

 

29. Moreover, Herve Rebiere et al. discloses various antiviral drugs - 

 Aatazanavir sulfate,  

 Didanosine,  

 Efavirenz  

 Stavudine  

 Zidovudine,  

 Lamivudine,  

 Abacavir sulfate,  

 Amprenavir and  

 Fosamprenavir; 

 Amdoxovir,  

 Emtricitabine  

 Tenofovir disoproxil fumarate;  

 Enfuvirtide,  

 Nelfinavir mesylate,  

 Saquinavir mesylate  

 Zalcitabine from  

 Indinavir sulfate, 

 Lopinavir  

 Ritonavir; 

  nevirapine anhydre, 

  nevirapine  

 Tipranavir 

 

30. Opponent submits that among the list of various antiviral drugs, the sulfate salt is one 

of the common salt for antiviral drugs. Therefore, it would motivate to a person skilled 

in the art to opt sulphate salt for antiviral drugs.  
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31. US’773 disclose the hemi-salt of tenofovir which is an antiviral drug. This document 

teaches the importance of hemi-salt over mono-salt of tenofovir alafenamide. The 

hemifumarate form of tenofovir alafenamide can be more readily and easily separated 

from impurities than the monofumarate form. Other major advantages of tenofovir 

alafenamide hemifumarate over the monofumarate form include improved thermo 

dynamic and chemical stability (including long-term storage stability), Superior process 

reproducibility, Superior drug product content uniformity, and a higher melting point. 

The hemifumarate form of tenofovir alafenamide was compared with the 

monofumarate form. Under identical conditions, the hemifumarate form of tenofovir 

alafenamide was chemically more stable and exhibited better long-term storage 

stability, with significantly less degradation (%Total Deg. Products) than the 

monofumarate form.  

 

32. The hemifumarate form of tenofovir alafenamide has a melting point that is about 10°C 

higher than that of the monofumarate form, indicating that the hemifumarate form has 

improved thermal stability as compared with the monofumarate form. 

 

33. The preceding paragraphs are evident that the stability of the hemi salt form is more 

than the mono salt form.  

 

34. US’773 clearly motivates to person skilled in the art to make hemi-salt of a well known 

molecule i.e. the compound as disclosed in WO’918. 

 

35. It is submitted that the dosage form of the compound 2 is same as disclosed in WO’918. 

Moreover, the effective blood level concentration of active compound is also same. The 

relevant paragraphs are reproduced here for reference. 

 

 “In general, a therapeutically effective amount of the present compound in a 

pharmaceutical dosage form may range from about 0.001 mg/kg to about 100 mg/kg 

per day or more, more often, slightly less than about 0.1 mg/kg to more than about 25 

mg/kg per day of the patient or considerably more, depending upon the compound used, 

the condition or infection treated and the route of administration. Compound 2 is often 

administered in amounts ranging from about 0.1 mg/kg to about 15 mg/kg per day of 
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the patient, depending upon the pharmacokinetic of the agent in the patient. This 

dosage range generally produces effective blood level concentrations of active 

compound which may range from about 0.001 to about 100, about 0.05 to about 100 

micrograms/cc of blood in the patient.” From Impugned patent application 

 

“In general, a therapeutically effective amount of the present compound in 

pharmaceutical dosage form usually ranges from about 0.001 mg/kg to about 100 

mg/kg per day or more, more often, slightly less than about 0.1 mg/kg to more than 

about 25 mg/kg per day of the patient or considerably more, depending upon the 

compound used, the condition or infection treated and the route of administration. The 

active nucleoside compound according to the present invention is often administered in 

amounts ranging from about 0.1 mg/kg to about 15 mg/kg per day of the patient, 

depending upon the pharmacokinetics of the agent in the patient. This dosage range 

generally produces effective blood level concentrations of active compound which may 

range from about 0.001 to about 100, about 0.05 to about 100 micrograms/cc of blood 

in the patient.” From Prior art WO’918 

 

The above mentioned paragraphs disclose that dosage form ranges are same in both 

conditions.  

 

36. The above mentioned paragraph discloses that there is no technical advancement in 

impugned patent application. 

 

37. The combined teaching of the cited prior arts are given below- 

 

 WO’918 discloses the compound and its active metabolite. 

  

Compound                                           Metabolite 
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 G. Steffen Paulekuhn et al discloses two preferred anions for salt preparation i.e. 

chloride and sulphates. Selection of salt is common in practice for a person 

skilled in the art. 

 

 Herve Rebiere et al discloses various antiviral drugs among them sulphate is the 

preferred salt for antiviral drugs. 

 

 US’773 disclose the importance and significance of hemi-salt over mono salt. 

 

38. It is clear from the above paragraphs that each and every feature of the claimed subject 

matter was already known and taught by cited prior arts. Therefore, the claimed subject 

matter is obvious and devoid of any inventive merit.  

 

39. Thus, the subject matter claimed in impugned patent application is obvious and lacks 

inventive step. 

 

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

therefore, should be rejected on this ground alone. 

 

GROUND 3: CLAIMS NOT PATENTABLE UNDER SECTION 25(1)(F) 

 

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

 

41. It is submitted that the impugned patent application should not be allowed under 

Section 3(d) which states that “the mere discovery of a new form of a known substance 

which does not result in the enhancement of the known efficacy of that substance or the 

mere discovery of any new property or new use for a known substance or of the mere 

use of a known process, machine or apparatus unless such known process results in a 

new product or employs at least one new reactant.  

 

Explanation -For the purposes of this clause, salts, esters, ethers, polymorphs, 

metabolites, pure form, particle size, isomers, mixtures of isomers, complexes, 
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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.” 

 

42. As submitted under the grounds of lack of novelty by prior publication and lack of 

inventive step the subject matter claimed in impugned application is neither novel nor 

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

 

43. It is further submitted that Applicant has provided AUC data for hemisulfate salt of the 

compound with respect to free base but failed to provide any data in the specification to 

demonstrate enhanced therapeutic efficacy.  

 

44. Therefore, the claims of impugned patent application squarely fall under the ambit of 

section 3(d). The impugned patent application should be rejected on this ground alone. 

 

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

 

45. Section 3(e) which clearly states that a substance obtained by a mere admixture 

resulting only in the aggregation of the properties of the components thereof or a 

process for producing such substance is not patentable.  

 

46. The Opponent state that the subject matter of impugned application is drawn to 

composition which is an admixture of various components. It is further submitted that 

the Applicant has failed to demonstrate any unexpected effect of the claimed 

composition in the impugned specification as compared to other formulations. 

 

47. In absence of any unexpected effect of the claimed composition established in the 

impugned specification, the claimed subject matter of the impugned application is 

merely an admixture which falls under the prohibition of Section 3(e) read with Section 

25(1)(f) of the Act. Thus, impugned application is liable to be rejected on this ground 

alone. 
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GROUND 5: INSUFFICIENCY OF DISCLOSURE 

 

48. The complete specification does not sufficiently and clearly describe the invention or 

the method by which it is to be performed. 

 

49. The Opponent states that it is a well settled rule that the specification should clearly and 

fairly describe the invention and disclose the best mode of working the invention so 

that the person skilled in the art could perform the invention without any undue efforts 

and it is hereby stated that the Applicant has failed to do so. 

 

50. It is submitted that claims are not fairly based on the specification and complete 

specification does not describe the invention and the method of performing the 

invention.  

 

51. It is submitted that Applicant has not provided C13 NMR, and IR data for the 

synthesized compounds.  

 

52. It is submitted that Applicant has merely mentioned the effectiveness of the claimed 

subject matter in combination therapies, but failed to provide any relevant or supporting 

data. 

 

53. Therefore, the impugned specification does not enable a person of average skill in the 

art to make or use the invention as claimed without undue experimentation. 

Consequently, the specification as filed does not provide enabling disclosure of the 

claims at hand. 

 

54. The impugned patent application does not provide adequate teaching to a person of skill 

in the art to practice the invention. Considering above, impugned application does not 

sufficiently and clearly describe the invention. Therefore, the impugned application 

should be refused on this ground alone. 
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GROUND 5 - SECTION 25(1)(H) 

 

55. 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. 

 

56. 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. 

 

57. 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.  

 

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

corresponding foreign applications and impugned patent application to be refused. 

 

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

this ground.  

 

CONCLUSION 

 

60. 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  

 

61. 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 201917029812, 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 28th day of September, 2022 

 
RAJESHWARI H. IN/PA – 0358 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

TO 

THE CONTROLLER OF PATENTS 

PATENT OFFICE, NEW DELHI  
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I/We Claim:  

1. A compound of the formula: 

. 

2. A solid dosage form comprising a compound of the formula  

 

 

3. A pharmaceutical composition comprising from 10 to 1000 mg of a compound of the 

formula 

 

in a pharmaceutically acceptable carrier.  

4. The pharmaceutical composition of claim 3, in a solid dosage form that delivers from 100 

mg to 800 mg of the compound.  
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5. The pharmaceutical composition of claim 3, in a solid dosage form that delivers at least 

600 mg of the compound.  

6. The pharmaceutical composition of claim 3, in a solid dosage form that delivers at least 

700 mg of the compound.  

7. The pharmaceutical composition of claim 3, in a solid dosage form that delivers at least 

800 mg of the compound.  

8. The pharmaceutical composition of any one of claim 3-7, wherein the pharmaceutically 

acceptable carrier is suitable for oral delivery. 

9. The pharmaceutical composition of claim 8, wherein the pharmaceutically acceptable 

carrier is in the form of a tablet. 

10. The compound of formula   

 

optionally in a pharmaceutically acceptable carrier, for use in the treatment of a hepatitis 

C infection or a condition resulting from a hepatitis C infection, in a host in need thereof.  

11. The compound of claim 10, wherein the compound is administered orally.  

12. The compound of claim 10, wherein the compound is administered via controlled release.  

13. The compound of claim 10, wherein the condition resulting from a hepatitis C infection 

has resulted in antibody positive and antigen positive conditions, a viral-based chronic 

liver inflammation, a liver cancer resulting from advanced hepatitis C, cirrhosis, or 

fatigue.  

14. The compound of any one of claims 10-13, wherein at least 300 mg of the compound is 

administered.  

21
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15. The compound of any one of claims 10-13, wherein at least 400 mg of the compound is 

administered.  

16. The compound of any one of claims 10-13, wherein at least 500 mg of the compound is 

administered.  

17. The compound of any one of claims 10-13, wherein at least 600 mg of the compound is 

administered.  

18. The compound of any one of claims 10-17, further comprising administering the 

compound in combination with another anti-HCV agent. 

19.  The compound of claim 18, wherein the additional anti-HCV agent is selected from the 

group consisting of a protease inhibitor, an NS5A inhibitor, another NS5B polymerase 

inhibitor, a non-substrate inhibitor, interferon alfa-2a, ribavirin, a helicase inhibitor, an 

antisense oligodeoxynucleotide, an aptamer, a nuclease-resistant ribozyme, iRNA, an 

antibody to HCV, a partial antibody to HCV, and a domain antibody to HCV. 

Dated 23 July 2019                         
MALATHI LAKSHMIKUMARAN 

IN/PA-1433 
AGENT FOR THE APPLICANT 

To,   
The Controller of Patents 
The Patent Office at New Delhi 
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Trends in Active Pharmaceutical Ingredient Salt Selection based on Analysis of the Orange
Book Database

G. Steffen Paulekuhn,†,‡ Jennifer B. Dressman,‡ and Christoph Saal*,†

Merck KGaA, Frankfurter Strasse 250, 64293 Darmstadt, Germany, and Institute of Pharmaceutical Technology, Biocenter, Johann Wolfgang
Goethe UniVersity, Max Von Laue Street 9, 60438 Frankfurt (Main), Germany

ReceiVed August 20, 2007

The Orange Book database published by the U.S. Drug and Food Administration (FDA) was analyzed for
the frequency of occurrence of different counterions used for the formation of pharmaceutical salts. The
data obtained from the present analysis of the Orange Book are compared to reviews of the Cambridge
Structural Database (CSD) and of the Martindale “The Extra Pharmacopoeia”. As well as showing overall
distributions of counterion usage, results are broken down into 5-year increments to identify trends in
counterion selection. Chloride ions continue to be the most frequently utilized anionic counterions for the
formation of salts as active pharmaceutical ingredients (APIs), while sodium ions are most widely utilized
for the formation of salts starting from acidic molecules. A strong trend toward a wider variety of counterions
over the past decade is observed. This trend can be explained by a stronger need to improve physical chemical
properties of research and development compounds.

Introduction

Salt formation is a well-known technique to modify and
optimize the physical chemical properties of an ionizable
research or development compound. Properties such as solubil-
ity, dissolution rate, hygroscopicity, stability, impurity profiles,
and crystal habit can be influenced by using a variety of
pharmaceutically acceptable counterions.1–8 Even polymorphism
issues can be resolved in many cases by formation of salts. The
crystal structure of a salt is usually completely different from
the crystal structure of the conjugate base or acid and also differs
from one salt to another. The modification of physical chemical
properties, mainly solubility and dissolution rate, may also lead
to changes in biological effects such as pharmacodynamics and
pharmacokinetics, includingbioavailabilityandtoxicityprofile.1,9,10

Owing to dramatic changes in the techniques applied in
pharmaceutical discovery programs over the past 20 years, the
physical chemical properties of development candidates have
changed substantially.11 Drug design based on high-throughput
screening has in general led to more lipophilic compounds
exhibiting low aqueous solubility.

There are many well-known formulation techniques to
increase aqueous solubility,12–14 e.g., micronization, nanosizing,
or complexation with cyclodextrins. The use of solid solutions
and solid dispersions is another way to improve bioavailability
for development candidates with low solubility. Nevertheless,
formation of salts is almost the only chemical technique
available to change aqueous solubility and dissolution rate
without changing the API molecule. Further options for modify-
ing these properties comprise the choice of the polymorphic
form including solvates and formation of cocrystals. Although
cocrystals in particular are an innovative way of designing APIs,
this method is beyond the scope of this publication. An overview
of this topic can be found in ref 15. Salt selection remains an
important step at the interface between pharmaceutical research
and development. A large number of publications covering

physical chemical properties of pharmaceutical salts and meth-
ods for salt screening exist, e.g., refs 4, 16-19 and references
included therein. On the other hand, publications giving an
overview of approved salt forms are very few.1–3 All publica-
tions known to the authors dealing with occurrence of coun-
terions for formation of pharmaceutical salts list the counterions
and their distribution in the respective data set only at a given
point in time. Neither the distribution trends over time nor the
causes for these have been analyzed to date.

The present contribution examines the selection of counterions
for the formation of salts by analyzing the Orange Book
Database20 published by the U.S. Drug and Food Administration
(FDA). The Orange Book lists all drug products approved in
the U.S. Drug products approved after 1981 are listed including
their date of approval. This enables an analysis of the changes
in frequency of usage of the different counterions with time.
Trends in salt selection over the past 25 years can thus be
identified and the outcome of the overall analysis of the Orange
Book compared to results based on other sources.

Study Design

The data were compiled from the FDA Orange Book
Database as of the end of 2006. At this date, 21 187 drug
products were listed, including 1356 chemically “well-defined”
APIs. “Well defined” for the purpose of our analysis means
that the API molecules are small chemical entities with a defined
molar mass, typically below 1000 Da and that their chemical
structure is completely known. Dosage forms containing
multiple APIs, peptide hormones, biological APIs like antibod-
ies, enzymes, extracts, and proteins, metal complexes, polymeric
salt forms, inorganic APIs, and markers were excluded from
our analysis. The APIs were classified into three categories:
Category I consists of salts formed from basic molecules
containing at least one atom suitable for protonation. Category
II comprises salts formed from acidic species. Finally, category
III is represented by APIs that are used as nonsalt forms. This
class also includes zwitterions. Counterions are reported ac-
cording to their type of charge as cations and anions. The
stoichiometry of the salts is not discussed separately: for

* To whom correspondence should be addressed. Phone: +496151727634.
Fax: +496151723073. E-mail: Christoph.Saal@merck.de.

† Merck KGaA.
‡ Johann Wolfgang Goethe University.
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example, the occurrence of bromides includes bromides and
dibromides. Furthermore, the APIs were arranged by year of
approval to analyze how trends in the choice of salt forms have
changed in recent decades. Prior to 1981, no date of approval
is given in the Orange Book. Therefore, the drug products
approved before 1982 are summarized under “pre-1982”. The
period from 1982 to 2006 has been divided into five intervals,
each comprising 5 years. After completion of the analysis of
all chemically well-defined APIs, a separate assessment of the
subset of APIs of oral (844 APIs) and injectable (482 APIs)
dosage forms was made. Our analysis shows how the route of
administration influences the choice of a specific salt form. This
observation can be assigned to the different requirements of
the two routes of administration. For example, for the two basic
compounds biperiden and pentazocine, the chloride salts are
used for oral dosage forms, whereas the lactate salts are used
for injectable dosage forms.

Results and Discussion

Distribution of API Salts Formed of Basic and Acidic
Molecules and APIs in Nonsalt Forms. The 1356 chemically
well-defined APIs listed in the Orange Book comprise 659
(48.6%) APIs in nonsalt forms, 523 (38.6%) salts formed from
basic compounds, and 174 (12.8%) salts formed from acidic
molecules. Thirty-eight different anions and 15 cations are used
as counterions for the formation of salts. Thereof, 16 anions
and 8 cations were only used once. During the past 25 years,
25 anions and 7 cations have been used to form salts. The ratios
of APIs obtained by salt formation of molecules exhibiting basic
properties, API salts obtained from acidic species, and APIs in
nonsalt forms have remained virtually constant. This is shown
in Table 1. During 2002–2006, there has been some decrease
in the percentage of APIs obtained as salts of basic compounds.
This leads to a small increase in both of the other categories.
Figure 1 shows the corresponding distribution of APIs among
the three categories used in oral and injectable dosage forms.
Together, oral and injectable formulations represent the majority
of FDA-approved formulations. However, the requirements
placed on an API for oral and injectable dosage forms are quite
different. For oral dosage forms, a key prerequisite of the API
is a certain minimum solubility in the pH range of the
gastrointestinal tract. An adequate dissolution rate and a
sufficient permeability are also important. If these requirements
are not fulfilled, bioavailability will be insufficient to achieve
the desired therapeutic effect. In the case of solutions for
injection, considerations such as pH of the solution, osmolarity,
and solubility in a small volume are important for efficient and
pain-free administration. In many cases, this can lead to
situations where a considerably higher solubility is required for
injectables than for oral formulations.

Distribution of Anionic Counterions Used To Form
Pharmaceutical Salts. A summary of all anions used along
with their distribution during different time periods is given in

Table 2. Figure 2 displays the overall distribution of anions,
whereas Figure 3 depicts the most recent period, 2002–2006.
The anion encountered most frequently in FDA-approved
pharmaceutical salts is the chloride ion. The fraction of chlorides
increased from 52.9% (pre-1982) to 63.8% (1987–1991),
remained almost constant at 63.3% over the next 5 years
(1992–1996) and decreased significantly to 38.9% (2002–2006)
over the past 10 years. The anion encountered with highest
frequency after chloride is sulfate. However, it accounts for only
7.5% of APIs formed from basic molecules. Its peak incidence
was 12.0% during the period 1982–1986. Further acidic
counterions frequently encountered include bromides, with a
total incidence of 4.6%, as well as maleates and mesylates, both
with incidences of 4.2%.

There appears to be some tendency for “fashions” in anionic
counterion selection, with certain counterions showing a notice-
ably higher occurrence during one period compared to their
overall usage. For example, nitrates represented 8.0% of anionic
counterions during the 1982–1986 period. The average usage
of nitrates is only 1.7%. Further examples include acetate with
a maximum incidence of 12.7% during 1987–1991 and an
overall usage of 3.3%. Tartrates exhibited a higher incidence
of 6.7% in 1992–1996 than the average of 3.8%. Fumarates
showed most frequent utilization during 1997–2001, contributing
8.6% of FDA-approved salts formed of basic molecules during
this period. They yielded an average fraction of 1.7%. For
mesylates, the same is true with a peak occurrence of 13.8%
during the same period and an average incidence of 4.2%. The
number of anions used to form salts has varied during the past
25 years between 11 and 15 per 5-year period. In total, there
are only two anions with an average incidence of more than
5% over the whole period. These are the chlorides and sulfates.
Nevertheless, during the individual 5-year intervals, there are
several anions reaching fractions of more than 5%. For example,
in the pre-1982 period these are bromides and maleates. From
1982 to 1986, acetates and nitrates are encountered in more
than 5% of the APIs of category I. From 1987 to 1991, acetate
and from 1992 to 1996 tartrate are the only anions other than
chloride that were used to form more than 5% of the FDA-
approved salts of basic molecules. After 1996, a broader variety
of anions has reached an incidence of more than 5% usage.
During 1997–2001 five anions exhibit an occurrence of more
than 5%: bromides, chlorides, citrates, fumarates, and mesylates.
From 2002 to 2006, seven different anions including bromides,
chlorides, maleates, mesylates, phosphates, sulfates, and tartrates
had an incidence of 5% or more. These figures indicate a strong,
recent trend toward increased diversity of anions applied for
the formation of salts in category I. The trend can be explained
as a consequence of the changes in research techniques

Table 1. Distribution of FDA Approved APIs among Categories I-III

overall
(%)

pre-
1982
(%)

1982–1986
(%)

1987–1991
(%)

1992–1996
(%)

1997–2001
(%)

2002–2006
(%)

Category I: API Salts Formed of Basic Entities

38.6 38.4 42.0 40.2 38.0 40.3 32.7

Category II: API Salts Formed of Acidic Entities

12.8 13.6 10.1 11.1 13.3 11.1 14.6

Category III: Nonsalt APIs

48.6 48.0 47.9 48.7 48.7 48.6 52.7

Figure 1. Classification and distribution of species in the Orange Book
according to their type of charge and administration route.
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employed by the pharmaceutical industry. The extensive use
of combinatorial chemistry and high-throughput screening in
drug discovery has led to higher lipophilicity and commensurate
lower solubility and dissolution rate of new drug candidates
over the past 20 years. This in turn has necessitated a more
intensive search for appropriate salts as a tool to improve
physical chemical properties, a search typically conducted at
the end of lead optimization or during exploratory development.

Distribution of Cationic Counterions Used To Form
Pharmaceutical Salts. All cationic counterions together with
their respective incidences are listed in Table 3. Figure 4 shows
the overall distribution of cations in salts formed from chemical
entities exhibiting acidic properties. In Figure 5, the relative
occurrence during the last period from 2002 to 2006 is depicted.
Among the cations used to form API salts of acidic molecules,
the sodium ion strongly dominates with an incidence of 75.3%
over the entire period. From 1982 to 1991, the fraction of sodium
salts was more than 90%. This decreased to 62.5% during the

Table 2. Distribution of Anions Used in APIs of Category I

overall (%) pre-1982 (%) 1982–1986 (%) 1987–1991 (%) 1992–1996 (%) 1997–2001 (%) 2002–2006 (%)

acetate 3.3 1.5 8.0 12.7 3.5 2.8
benzoate 0.2 1.7
besylate 0.8 0.4 2.0 3.3
bromide 4.6 5.2 4.0 2.1 1.7 5.2 8.3
camphorsulfonate 0.2 0.4
chloride 53.4 52.9 52.0 63.8 63.3 46.6 38.9
chlortheophyllinate 0.2 0.4
citrate 2.7 2.6 2.0 3.3 5.2 2.8
ethandisulfonate 0.2 0.4
fumarate 1.7 0.4 2.1 3.3 8.6
gluceptate 0.2 0.4
gluconate 0.4 0.7
glucuronate 0.2 1.7
hippurate 0.2 0.4
iodide 1.0 1.5 2.0
isethionate 0.4 0.4 2.0
lactate 1.3 1.5 4.0 2.1
lactobionate 0.2 0.4
laurylsulfate 0.2 0.4
malate 0.4 0.4 2.8
maleate 4.2 5.5 2.0 3.3 3.5 5.6
mesylate 4.2 2.6 2.0 4.3 1.7 13.8 8.3
methylsulfate 0.4 0.7
naphthoate 0.2 1.7
napsylate 0.4 0.7
nitrate 1.7 0.7 8.0 2.1 1.7 2.8
octadecanoate 0.2 0.4
oleate 0.2 2.1
oxalate 0.2 2.8
pamoate 0.8 1.1 1.7
phosphate 2.7 3.3 2.1 1.7 1.7 5.6
polygalacturonate 0.2 0.4
succinate 1.2 0.7 3.3 1.7 2.8
sulfate 7.5 9.6 12.0 4.3 1.7 3.5 5.6
sulfosalicylate 0.2 0.4
tartrate 3.8 3.7 2.1 6.7 3.5 8.3
tosylate 0.4 0.4 2.8
trifluoroacetate 0.2 1.7

number of salts 523 272 50 47 60 58 36

Figure 2. Overall distribution of anions used in APIs of category I in
the Orange Book.

Figure 3. Distribution of anions used in APIs of category I from 2002
to 2006.
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2002–2006 period. The second most common cation is calcium
with an average incidence of 6.9%. Its peak frequency of 18.8%
was reached during 2002–2006. Another cation with frequent
usage is potassium. On average, 6.3% of the FDA-approved
drugs of category II are potassium salts. Potassium salts show
their highest relative occurrence during 1992–1996, yielding
14.3% of API salts obtained from acidic entities. Benzathine,
cholinate, diethanolamine, diethylamine, meglumine, piperazine,
procaine, and silver have not been used over the past 25 years.
They were only used once each during the time frame before
end of 1981. Lysine and magnesium were both introduced as
counterions during the past 10 years.

Only two basic counterions were utilized in each of the two
5-year periods 1982–1986 (sodium, zinc) and 1987–1991
(sodium, tromethamine). This number increased from three in
the period 1997–2001 to five in the period 2002–2006. This
analysis indicates that the trend toward a wider diversity of
counterions observed for usage of anions is also occurring with
cations.

Salts Used in Oral Formulations. Of the 1356 chemically
well-defined APIs listed in the Orange Book, 844 are used for
oral delivery. A total of 449 (53.2%) of them are nonsalt forms,
320 (37.9%) salts are formed from molecules exhibiting basic
properties, and 75 (8.9%) are salts formed from entities with
acidic behavior. A total of 30 different anions have been used,
17 of them during the past 25 years. Only eight cations have
been employed for formation of salts from acidic moieties, five
of which were employed over the past 25 years. The analysis
shows that 15 anions and 3 cations were only used once.

Distribution of Anionic Counterions Used in Oral
Formulations. Relative incidences of all anions used in FDA-
approved oral formulations are presented in Table 4. The anion

applied most frequently in APIs utilized in oral formulations is
chloride. Its fraction increased from 55.8% (pre-1982) through
65.4% (1982–1986) to 79.2% (1987–1991). After this period,
there was a continuous decrease from 65.7% (1992–1996)
through 45.0% (1997–2001) to 34.8% (2002–2006). Other
important anions for oral delivery comprise sulfate with an
incidence of 7.5%, maleate with 6.9%, and mesylate with 4.4%
over the whole period. Mesylate salts exhibited a peak incidence
of 15.0% during 1997–2001. Citrate salts were also frequently
encountered during the same period, with 7.5% compared to
an average fraction of 3.4% over the whole time period. The
fifth anion according to frequency of usage ranking is bromide
with an average value of 4.1% and a peak occurrence of 8.7%
in 2002–2006.

During each of the periods from 1982 to 1986 and 1987–1991,
salts containing five different anions were approved in oral
formulations. Between 1992 and 1996, 10 different anions were
used in API salts in newly approved drug products intended
for oral use. During the two last periods of 1997-2001 and
2002–2006, 11 anions were applied per period. Thus, the overall
trend toward a higher variety of acids and bases used for
formation of salts is reflected in APIs for oral application.

Distribution of Cationic Counterions Used in Oral
Formulations. All cations encountered as counterions for
formation of API salts used in products for oral delivery are
summarized in Table 5. Sodium represents the most common
cation of this category. Its average frequency of occurrence
during the whole time period analyzed is 65.3%. It strongly
fluctuates during the different 5-year time periods with a relative

Table 3. Distribution of Cations Used in APIs of Category I

overall (%) pre-1982 (%) 1982–1986 (%) 1987–1991 (%) 1992–1996 (%) 1997–2001 (%) 2002–2006 (%)

benzathine 0.6 1.0
calcium 6.9 7.3 9.5 18.8
cholinate 0.6 1.0
diethanolamine 0.6 1.0
diethylamine 0.6 1.0
lysine 0.6 6.3
magnesium 1.2 6.3 6.3
meglumine 2.9 5.2
piperazine 0.6 1.0
potassium 6.3 6.3 14.3 6.3 6.3
procaine 0.6 1.0
silver 0.6 1.0
sodium 75.3 72.9 91.7 92.3 66.7 87.5 62.5
tromethamine 1.7 7.7 9.5
zinc 1.2 1.0 8.3

number of salts 174 96 12 13 21 16 16

Figure 4. Overall distribution of cations used in APIs of category II
in the Orange Book.

Figure 5. Distribution of cations used in APIs of category II from
2002 to 2006.
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fraction of at least 68.2% until 1991. This value decreased to
44.4% during 1992–1996. During the following period,
1997–2001, there was an increase to 88.9% followed by a huge
drop to just 16.7% during 2002–2006. The strong fluctuations
are caused by the small absolute numbers of approved drug
products containing salts formed from acidic entities. There were
a maximum of nine drugs approved in this category for oral
usage during each of the 5-year periods. The second common
cation is potassium with an average fraction of 13.3% over the
whole period and a peak of 33.3% in 1992–1996. The third
important cation for oral dosage forms, which accounted for a
total frequency of 12.0% and a peak of 50.0% during the last
period from 2002 to 2006, is calcium. Thus, calcium and
potassium have changed positions in usage ranking for oral
dosage forms in recent times.

A good example of how the counterion affects the physical
chemical properties of an API in oral formulations is diclofenac
and its salts. There are both sodium and potassium salts of
diclofenac applied in drug products for oral delivery. The free
acid is not used in FDA-approved drug products. Only the
diclofenac sodium salt is utilized for extended and delayed
release tablet dosage forms. In contrast, the diclofenac potassium
salt is used for immediate release tablets. This suggests that

the different salt forms may influence dissolution rates. Fini et
al.21 have discussed the difference in dissolution behavior
between these salt forms.

Salts Used in Injectable Formulations. The 482 APIs used
for injectable formulations consist of 171 (35.5%) nonsalt forms,
208 (43.2%) API salts of basic molecules, and 103 (21.4%)
salts of acidic entities, whereas in APIs utilized in oral
formulations about half of the APIs were used as nonsalt forms;
in injectable formulations only about one-third were employed
as noncharged forms. This shows that formation of salts is even
more important for injectable dosage forms than for oral
formulations. The more frequent usage of salt forms in injectable
formulations can be explained by the need for even higher
solubility compared to oral formulations. An oral dosage form
needs to completely dissolve in 250 mL of aqueous media in
the physiological relevant pH range of 1–8 to be classified as
highly soluble with reference to the Biopharmaceutical Clas-
sification System.22 Typically, the preferred injectable dosage
form comprises a volume of a few milliliters. If the solubility
of the API is too low for this application, an infusion formulation
becomes necessary. In many cases, there is a difference of at
least one order of magnitude with respect to the solubility
required for the formulation of an API as an injectable versus

Table 4. Distribution of Anions for API Used in Oral Dosage Forms

overall (%) pre-1982 (%) 1982–1986 (%) 1987–1991 (%) 1992–1996 (%) 1997–2001 (%) 2001–2006 (%)

acetate 0.9 0.6 7.7
benzoate 0.3 2.5
besylate 0.6 0.6 2.9
bromide 4.1 5.2 5.0 8.7
chloride 56.6 55.8 65.4 79.2 65.7 45.0 34.8
chlortheophyllinate 0.3 0.6
citrate 3.4 4.1 2.9 7.5
ethandisulfonate 0.3 0.6
fumarate 1.6 0.6 4.2 2.9 5.0
gluconate 0.3 0.6
hippurate 0.3 0.6
iodide 0.3 0.6
lactate 0.3 0.6
laurylsulfate 0.3 0.6
malate 0.3 4.4
maleate 6.9 8.7 3.9 5.7 5.0 8.7
mesylate 4.4 1.7 8.3 2.9 15.0 8.7
methylsulfate 0.6 1.2
napsylate 0.6 1.2
nitrate 0.6 3.9 2.9
octadecanoate 0.3 0.6
oxalate 0.3 4.4
pamoate 0.9 1.7
phosphate 2.5 2.9 2.5 8.7
polygalacturonate 0.3 0.6
succinate 1.9 1.2 5.7 2.5 4.4
sulfate 7.5 7.6 19.2 4.2 2.9 5.0 8.7
tartrate 2.8 1.7 4.2 5.7 5.0 4.4
tosylate 0.3 4.4

number of salts 320 172 26 24 35 40 23

Table 5. Distribution of Cations for API Used in Oral Dosage Forms

overall (%) pre-1982 (%) 1982–1986 (%) 1987–1991 (%) 1992–1996 (%) 1997–2001 (%) 2002–2006 (%)

benzathine 1.3 2.3
calcium 12.0 11.4 11.1 50.0
cholinate 1.3 2.3
magnesium 2.7 11.1 16.7
piperazine 1.3 2.3
potassium 13.3 13.6 33.3 16.7
sodium 65.3 68.2 100.0 83.3 44.4 88.9 16.7
tromethamine 2.7 16.7 11.1

number of salts 75 44 1 6 9 9 6
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an oral dosage form, with higher solubility generally required
for APIs used in injectable dosage forms. The increased
percentage of APIs employed as salt forms in injectable dosage
forms shows that formation of salts is a practical way to achieve
this objective. A total of 28 different anions and 10 different
cations were used as counterions for formation of salts utilized
in FDA-approved injectable formulations. Seventeen anions and
only three cations were used over the past 25 years.

Distribution of Anionic Counterions Used in Injectable
Formulations. A summary of the frequency of occurrence of
all anions used for the formation of salts of basic molecules in
injectable formulations is presented in Table 6. As for oral
dosage forms, the most important anion is chloride with an
average fraction of 53.4%. This incidence has remained quite
stable, exhibiting a minimum of 42.1% and a maximum of
60.0%. During the last two periods (1997–2001 and 2002–2006)
the fraction was 50.0% each. The second widely used anion is
sulfate with a total fraction of 8.2%. However, after 1991 no
further sulfate salts have been approved for injectable dosage
forms. The third anion in frequency of occurrence ranking is
acetate with an average fraction of 5.8% and a peak value of
26.3% during the 1987–1991 period. During the following

period, from 1992 to 1996, there were no further FDA-approved
acetate salts. On the other hand, during the last two periods
1997–2001 and 2002–2006 the relative fraction of acetates
increased to 14.3% and 16.7%. Frequent usage of mesylates
over the past 10 years, with a relative frequency of occurrence
of 21.4% during the 1997–2001 period and 16.7% during the
2002–2006 period, is apparent from Table 6. This is in strong
contrast to the period from 1982 to 1996 in which no mesylate
salts were approved for injectable dosage forms. In contrast to
API salts containing anionic counterions intended for oral
formulations, a trend toward a broader variety of anions cannot
be observed for injectable formulations.

Distribution of Cationic Counterions Used in Injectable
Formulations. In category II, 38 of the 40 APIs used in
injectable formulations and approved over the past 25 years are
sodium salts. Beyond the sodium salts, there is only one
tromethamine salt approved in 1989 and one lysine salt approved
in 2006. A summary together with the 63 salt forms approved
before 1982 is given in Table 7.

Comparison with Analysis of Data from the Cam-
bridge Structural Database. Haynes, Jones, and Motherwell
searched the Cambridge Structural Database (CSD) for the

Table 6. Distribution of Anions for API Used in Injectable Dosage Forms

overall (%) pre-1982 (%) 1982–1986 (%) 1987–1991 (%) 1992–1996 (%) 1997–2001 (%) 2002–2006 (%)

acetate 5.8 2.3 5.0 26.3 14.3 16.7
besylate 1.4 0.8 5.0 5.0
bromide 4.3 3.9 5.0 5.3 5.0 7.1
camphorsulfonate 0.5 0.8
chloride 53.4 54.3 60.0 42.1 55.0 50.0 50.0
chlortheophyllinate 0.5 0.8
citrate 2.4 1.6 5.0 5.0 16.7
ethandisulfonate 0.5 0.8
fumarate 0.5 5.0
gluceptate 0.5 0.8
gluconate 0.5 0.8
glucuronate 0.5 - 5.0
iodide 1.0 1.6
isethionate 1.0 0.8 5.0
lactate 2.9 3.1 5.0 5.3
lactobionate 0.5 0.8
malate 0.5 0.8
maleate 1.4 2.3
mesylate 3.9 3.1 21.4 16.7
nitrate 0.5 0.8
oleate 0.5 5.3
pamoate 0.5 7.1
phosphate 3.4 3.9 5.3 5.0
succinate 0.5 5.0
sulfate 8.2 10.9 10.0 5.3
tartrate 3.9 4.7 5.3 5.0
tosylate 0.5 0.8
trifluoracetate 0.5 5.0

number of salts 208 129 20 19 20 14 6

Table 7. Distribution of Cations for API Used in Injectable Dosage Forms

overall (%) pre-1982 (%) 1982–1986 (%) 1987––1991 (%) 1992–1996 (%) 1997–2001 (%) 2002–2006 (%)

benzathine 1.0 1.6
calcium 2.9 4.8
diethanolamin 1.0 1.6
diethylamin 1.0 1.6
lysine 1.0 14.3
meglumine 4.9 7.9
potassium 1.0 1.6
procaine 1.0 1.6
sodium 85.4 79.4 100.0 88.9 100.0 100.0 85.7
tromethamine 1.0 11.1

number of salts 103 63 9 9 8 7 7
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occurrence of salts with pharmaceutically acceptable counter-
ions.23 It is mentioned that the CSD is a database that is not
limited to pharmaceuticals. Rather, it contains many substances
used in other industries, such as pigments. The analysis of
Haynes et al. was published in 2005, covering a time span of
more than 80 years. Haynes et al. received 6021 hits for anions
and 587 hits for cations. A hit represents one structure of an
organic salt found in the CSD. Because of the fact that the CSD
is not a database exclusively comprising APIs, it is difficult to
obtain pharmaceutically relevant trends in salt selection from
this database.

Haynes et al. searched the CSD for salt forms containing
pharmaceutically acceptable counterions. For this search they
used 69 different anions and 21 different cations. However, since
the authors faced difficulties in determining charges and the
bonding type of metal atoms, they were unable to differentiate
appropriately between ionic and covalent compounds. This
problem forced the authors to omit all compounds containing
metal atoms. Because metal cations are the most frequently used
cationic counterions in the Orange Book, a comparison of the
data between the Orange Book and CSD for cations is not
meaningful.

As a consequence, only the results for anionic counterions
are compared with the Orange Book data. The comparison of
the relative occurrence of anions used as counterions for the
formation of salts shows large differences between the CSD
and the Orange Book analysis. As one example, bromides used
for formation of salts account for a much higher share in the
CSD (23.3%) than in the Orange Book (4.6%). In contrast to
this observation, the results for chlorides agree quite well: 47.7%
in the CSD and 53.4% in the Orange Book. The maleate,
mesylate, and sulfate fractions in the CSD are distinctly lower
than in the Orange Book: 1.3% (CSD) versus 4.2% (Orange
Book) for maleates, 1.1% (CSD) versus 4.2% (Orange Book)
for mesylates, and 2.7% (CSD) versus 7.5% (Orange Book) for
sulfates.

The ratio of salts formed with anionic counterions to salts
formed with cationic counterions in the CSD analysis is about
10 to 1. The respective ratio obtained from the Orange Book is
roughly 3 to 1. This reflects the large fraction of compounds
left out by neglecting substances containing metal cations in
the CSD analysis. Nonsalt forms of API were not considered
in the CSD analysis.

The CSD analysis for cationic counterions loses pharmaceuti-
cal relevance by using a database that includes non-API
substances and leaves out metal cations as counterions. Surpris-
ingly, the analysis for anionic counterions gives the right order
of magnitude for most anions. Nevertheless, examples such as
the bromide salts show that the CSD results are not sufficiently
reliable. In conclusion, analysis of a very general database like
the CSD cannot be expected to and does not yield results
relevant in a pharmaceutical environment.

Comparison with Analysis of Data from Martindale.
Berge, Bighley, and Monkhouse published a review article about
pharmaceutical salts in 1977.1 In this article, the distribution of
counterions at that time was presented. Their list was based on
Martindale’s “The Extra Pharmacopoeia”, 26th edition, from
1974. The authors listed 80 different anions and 21 different
cations used as counterions for formation of pharmaceutical
salts. At that time, 53 anions and 14 cations were classified as
FDA-approved. The distribution of counterions obtained in this
analysis is comparable to the average values from the Orange
Book compilation obtained 30 years later. This can be derived
from the data summarized in Table 8. The good agreement is

not surprising because the trend toward a broader variety of
counterions first started to have a notable impact on distributions
around the mid-1990s. Because of the large number of APIs
approved before that point in time, the average distribution is
still dominated by drug products approved earlier.

There is a second publication by the same authors on this
topic.3 This analysis is based on Martindale’s “The Extra
Pharmacopoeia”, 30th edition, from 1993. It lists 112 different
anions and 38 cations. Some of the counterions have not been
newly introduced for formation of API salts but simply listed
with the respective trivial names. This leads to multiple
references of the same counterion. Another circumstance leading
to the increased variety of anionic and cationic counterions at
this time is the fact that quite a lot of counterions were used in
only one case. Although the database changed considerably from
1974 to 1993, results are still in quite good agreement for the
most important counterions and compare well with the data from
our Orange Book analysis. Some examples of important
counterions are given in Table 8.

One must keep in mind that the Orange Book only contains
drug products approved in the U.S. In contrast, the “Martindale
Extra Pharmacopoeia” contains drug products from all over the
world. A further reason for differences between both databases
is the way salt forms and formulations are counted, e.g., if salt
forms used in drug products containing more than one API are
considered as separate use of the counterion.

Conclusions

This contribution proves that there is a trend away from using
a small selection of counterions for formation of pharmaceutical
salts toward a much broader variety of ions. This trend started
in the 1990s and has accelerated significantly during recent
years. The separate analysis for APIs used in oral and injectable
dosage forms confirms that trends in the choice of counterions
depend on the route of administration.

The comparison with data from other databases indicates the
importance of the choice of the data source. Only pharmaceutical
databases will give pharmaceutically relevant results reflecting
the specific needs for development of new drugs. The data from
the Orange Book agrees well with data from older pharmaceuti-
cal sources; this is exemplified by comparison with data from
Martindale’s “The Extra Pharmacopoeia”. Finally, it is specu-
lated that the trend toward more diversity in pharmaceutical
salts will be even more pronounced in the near future, as
increasingly challenging molecules are selected for predevel-
opment and clinical development.
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Abstract

Three classes of antiretroviral agents are usually available for the treatment of HIV infection: nucleoside reverse transcriptase inhibitors (IN),
non-nucleoside reverse transcriptase inhibitors (INN) and protease inhibitors (IP). Two methods by reversed-phase liquid chromatography were
developed for the analysis of 19 antiretroviral molecules belonging to these three therapeutic classes and used in medicinal products. Both
of these HPLC techniques use a C18 column and UV detection. The first method is for IN family analysis and allows eight molecules to be
separated: zalcitabine, lamivudine, amdoxovir, emtricitabine, didanosine, stavudine, zidovudine and abacavir. The second method is for INN and
IP family analysis and allows 11 molecules to be separated: fosamprenavir, nevirapine, indinavir, amprenavir, saquinavir, atazanavir, ritonavir,
lopinavir, efavirenz, nelfinavir and tipranavir. The combination of these two methods makes possible the quality control of mono-, bi- or tri-therapy
pharmaceutical products and the detection of illegal products sold particularly in developing countries.
© 2006 Elsevier B.V. All rights reserved.

Keywords: HIV; Antiretroviral agent; Nucleoside reverse transcriptase inhibitors; Non-nucleoside reverse transcriptase inhibitors; Protease inhibitors; HPLC–UV;
Illegal products

1. Introduction

Availability of good quality medicines is of major impor-
tance both in developed and developing countries. Counterfeit
of essential medicines, such as antibiotics, antimalarials and
antiretrovirals, is a public health danger that can lead to life
threatening situations [1,3]. In such a context and in order
to make available screening methods for suspected products,
a methodology has been developed to assess the quality
of most antiretroviral medicines available in 2006 for HIV
treatment.

In order to check medicine quality and, in particular, generic
specialities distributed in developing countries, the aim of our
laboratory was to develop a protocol for the identification and
quantification of the most antiretroviral molecules available
in the international market. These molecules belong mainly
to three therapeutic families [2]: nucleoside/nucleotide reverse
transcriptase inhibitors (IN), non-nucleoside reverse transcrip-

∗ Corresponding author. Tel.: +33 467913940; fax: +33 467913983.
E-mail address: herve.rebiere@afssaps.sante.fr (H. Rebiere).

tase inhibitors (INN) and protease inhibitors (IP). Researching
in scientific literature [4–15] and compiling a library of antiviral
molecules led us to develop and validate two complementary
HPLC methods (on C18 column with solvent gradient and UV
detection). The first method allowed eight IN family molecules
to be separated: zalcitabine, lamivudine, amdoxovir, emtric-
itabine, didanosine, stavudine, zidovudine and abacavir. The
second method allowed 11 molecules belonging to the INN and
IP families to be separeted: fosamprenavir, nevirapine, indi-
navir, amprenavir, saquinavir, atazanavir, ritonavir, lopinavir,
efavirenz, nelfinavir and tipranavir. For active ingredient ver-
ification and quantification, these methods were designed to be
as easy as possible to work.

2. Experimental

2.1. Reagents

Standards and compounds were kindly obtained from
the respective pharmaceutical companies: atazanavir sulfate,
didanosine, efavirenz and stavudine from Bristol Myers Squib

1570-0232/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2006.12.007
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(Epernon, France); zidovudine, lamivudine, abacavir sulfate,
amprenavir and fosamprenavir calcic from GlaxoSmithKline
(Greenford, UK); amdoxovir, emtricitabine and tenofovir diso-
proxil fumarate from Gilead (Paris, France); enfuvirtide, nelfi-
navir mesylate, saquinavir mesylate and zalcitabine from Roche
(Neuilly-sur-seine and Fontenay-sous-bois, France); indinavir
sulfate from Merck Charp & Dohme–Chibret (Clermont-
Ferrand, France), lopinavir and ritonavir form Abbott (Saint-
Rémy-sur-Avre, France); nevirapine anhydre, nevirapine hemi-
hydrate and tipranavir from Boeringer Ingelheim (Paris, France).

Acetonitrile (Carlo Erba, France) and methanol (BDH,
France) were HPLC grade. Ammonium acetate, potassium
dihydrogenphosphate (KH2PO4), acetic acid 100% (Prolabo,
France), potassium hydroxide 37% (Carlo Erba, France) were
analytical-reagent grade. Water was ultra pure HPLC grade
(Milli-Q, Millipore).

2.2. Instrumentation and chromatographic conditions

The HPLC system consisted of a Waters model composed
of a 600 quaternary pump, a 996 diode array detector and a
Wisp 717+ autosampler injector operated with the Millenium
32 software.

The first HPLC method enabled IN molecules identification
and assay. The separation was performed using an YMC-pack
ODS-AM, 250 × 4.6 mm, 5 �m analytical column (Interchim,
France). The mobile phase was composed of an ammonium
acetate buffer (25 mM adjusted to pH 4.0 with acetic acid 100%)
filtered through a 0.45 �m polypropylene membrane (GHP, Pall
Gelman) and ultrasonically degassed for 15 min. A gradient
with ammonium acetate buffer and methanol was programmed.
The proportion of methanol stayed at 5% for 5 min, rose to
30% in 25 min and stayed at 30% for 15 min before falling back
down to 5% in 5 min. The system was then equilibrated for
10 min under initial conditions. The mobile phase was delivered

at a flow rate of 1 ml/min. The sample injection volume
was 10 �l.

The second HPLC method enabled INN and IP molecules
identification and assay. The separation was performed using a
Symmetry C18 250 × 4.6 mm, 5 �m column (Waters, France).
The mobile phase was composed of potassium phosphate
buffer (50 mM adjusted to pH 5.65 with potassium hydroxide
100%) filtered through a 0.45 �m polypropylene membrane
(GHP, Pall Gelman) and ultrasonically degassed for 15 min. A
gradient with the potassium phosphate buffer and acetonitrile
was programmed. The proportion of acetonitrile stayed at 40%
for 5 min, rose to 60% in 35 min and stayed at 60% for 5 min
before falling back down to 40% in 1 min. The system was then
equilibrated for 4 min under initial conditions. The mobile phase
was delivered at a flow rate of 1.5 ml/min. The sample injection
volume was 20 �l. A summary of the two methods is reported in
Table 1.

2.3. Calibration curves preparation

Substance solubilities were determined. Standards for IN
family molecules were dissolved in water. Standards for INN
and IP family molecules were dissolved in methanol, except for
atazanavir sulphate which is water soluble and fosamprenavir
calcic which is soluble in acidified water. Enfuvirtide, belonging
to a fourth family (entry inhibitors), was used to study possi-
ble interferences. This molecule is soluble in dimethylforma-
mide.

Stock solutions of IN family molecules were prepared in
water at a 0.5 mg/ml concentration. A calibration range was car-
ried out in a dilution solvent (methanol 5%–water 95%) in order
to obtain concentrations of 10, 25, 50, 75 and 100 �g/ml for each
compound. Stock solutions of INN and IP family molecules were
prepared in methanol at the concentration of 0.5 mg/ml. A cal-
ibration range was carried out in order to obtain concentrations

Table 1
Summary of HPLC methods

Method 1 Method 2

Column YMC pack ODS-AM, 250 × 4.6 mm, 5 �m Symmetry C18 250 × 4.6, 5 �m

Mobile phase A Ammonium acetate buffer 0.025 M pH 4.0 Potassium phosphate buffer 50 mM pH 5.65

Mobile phase B Methanol Acetonitrile

Gradient Time (min) %A %B Time (min) %A %B
0 95 5 0 60 40
5 95 5 5 60 40
30 70 30 40 40 60
45 70 30 45 40 60
50 95 5 46 60 40
60 95 5 50 60 40

Flow rate 1.0 ml/min 1.5 ml/min
UV detection λ = 270 nm λ = 260 nm
Injection volume 10 �l 20 �l
Column temperature Ambient 30 ◦C
Run time 60 min 50 min
Dissolve solvent Milli-Q water Methanol
Diluents Milli-Q water 95%–methanol 5% Initial mobile phase
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of 10, 25, 50, 75 and 100 �g/ml for each molecule. The initial
mobile phase (acetonitrile 40%–ammonium acetate buffer 60%)
was used as dilution solvent.

2.4. Sample preparation

The sample weight (equivalent to two or four tablets or cap-
sules accurately weighed) was placed directly into a graduated
flask with a little water, and it underwent magnetic stirring for
30 min. The preparation was then diluted to volume with water
for medicine containing IN family molecules or diluted with
methanol for medicine containing INN and IP family molecules.
The solution was centrifuged for 15 min at 4000 rotation/min.
Supernatant dilutions were then performed with the methanol
5%–water 95% mixture for the first family and with the mobile
phase (acetonitrile 40%–ammonium acetate buffer 60%) for the
two other families in order to obtain approximately 50 �g/ml
sample solutions. Solutions were filtered by acrodisk GHP
0.45 �m (Pall Gelman) before injection. It should be noted that
a test has shown that acrodisk filtered solutions did not modify
studied peak areas.

3. Results

3.1. Specificity and selectivity

UV spectra of IN family molecules differ from each other and
are compound specific, except for zalcitabine and lamivudine,
and stavudine and zidovudine for which spectra are similar. Max-
imum absorption ranges between 250 and 290 nm. A 270 nm
wavelength was chosen for the analysis, being appropriate for
whole molecules determination in the selected concentration
range. UV spectra of INN and IP family molecules also differ
from each other and are compound specific, except for fosampre-
navir and amprenavir for which spectra are similar. Maximum
absorption ranges between 240 and 280 nm. A 260 nm wave-
length was chosen for the analysis, being appropriate for whole
molecules determination in the selected concentrations range.
The use of a photodiode array detector allowed, on one hand,
antiretroviral molecule identification by comparison with the
reference spectrum and on the other hand, the detection of other
non-antiretroviral molecules added to the speciality in case of
falsification.

There is no interference of IN family molecules during the
analysis of INN and IP family molecules, and vice versa. The
study was supplemented by injecting three additional com-
pounds which did not cause any interference: enfuvirtide (entry
inhibitor antiretroviral), hypoxanthine (degradation product
of didanosine) and aciclovir (antiviral). Analysing over 110
medicinal products enabled the verification of the absence of
interference of excipients commonly used in tablet and capsule
formulation. Symmetry factor and resolution were calculated
for each peak in both chromatographic systems studied, in
accordance to the recommendations of the European Pharma-
copeia 5th edition. Results are reported in Tables 2 and 3. The
symmetry factor always complied with the recommendations
of the European Pharmacopeia (between 0.8 and 1.5) and the

Table 2
Chromatographic parameters of method 1 for IN family

Method 1 for IN

Name tR (min) Symmetry Resolution

Zalcitabine 14.1 1.0 –
Lamivudine 18.2 1.0 12.7
Amdoxovir 20.1 1.1 6.9
Emtricitabine 23.4 1.1 12.3
Didanosine 24.0 1.1 2.3
Stavudine 24.4 1.0 1.5
Zidovudine 37.3 1.0 44.9
Abacavir 44.2 1.1 18.4

resolution was always higher than 1.5 (minimal resolution for
a complete separation).

3.2. Concentration range

The study of method linearity was carried out on
10–25–50–75 and 100 �g/ml standard solutions, and the study
of reliability was carried out on a 50 �g/ml standard solution
(Figs. 1–4).

3.3. Linearity and precision

Validation was done according to recommendations [16,17]
and using AVA software (3rd version). The statistical study
applied to the eight IN compounds (Table 4) led to the following
conclusions on method n◦1:

- variances in linearity and precision were homogeneous for the
three series of injections (carried out on three different days),

- the correlation coefficient of the linear calibration curve was
always greater than 0.996,

- the linearity of the calibration curve was shown (statistical
tests of variance homogeneity, comparison of y-intercept with
0, existence of a significant slope and validity of the linear
curve are in compliance),

- the relative standard deviation of injections, repeatability and
intermediate precision were always less than 1.2% (except for
Didanosine, a fragile molecule in solution which presented an
intermediate precision RSD of 5.7%).

Table 3
Chromatographic parameters of method 2 for INN and IP families

Method 2 for INN and IP

Name tR (min) Symmetry Resolution

Fosamprenavir 2.3 1.2 –
Nevirapine 2.7 1.3 2.8
Indinavir 6.7 1.2 18.1
Amprenavir 11.5 1.2 14.0
Saquinavir 19.8 1.1 20.6
Atazanavir 20.7 1.1 2.2
Ritonavir 23.0 1.1 5.3
Lopinavir 25.6 1.1 5.9
Efavirenz 27.2 1.1 3.5
Nelfinavir 34.2 1.0 13.6
Tipranavir 39.5 1.1 8.2
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Fig. 1. Method 1 chromatogram (IN family).

The statistical study applied to the 11 INN and IP compounds
(Table 5) allowed the following conclusions to be drawn on
method n◦2:

- variances in linearity and precision were homogeneous for the
three series of injections (carried out on three different days),

- the correlation coefficient of the linear calibration curve was
always greater than 0.999,

- the linearity of the calibration curve was shown (statistical
tests of variance homogeneity, comparison of y-intercept with
0, existence of a significant slope and validity of the linear
curve are in compliance),

- the relative standard deviation of injections, repeatability and
intermediate precision were always less than 1.0% (except
for Lopinavir which presented a RSD of 2% because of low
absorbance at maximum absorption λ = 260 nm).

Fig. 2. Method 2 chromatogram (INN and IP families).
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Fig. 3. UV spectra of IN family molecules.

3.4. Sample analysis

Several medicinal products (1 1 0) taken from the African
and Asian markets were tested. Among these products,
different forms were available, such as tablets, hard and
soft capsules and oral suspensions. These were presented
as mono-therapy (61), bi-therapy (24) and tri-therapy (25)
products. The analysis involved determining the declared active
ingredient content. Both HPLC methods made possible the
verification of the absence of interference by excipients com-
monly used in tablet and capsule formulation. The developed

methods were thus specific for ARV and excipients of tested
products.

3.5. Solution stability

A stability study was specifically performed on didanosine.
The molecule degrades by 30% in 6 h in acidic solutions
(mobile phase) giving hypoxanthine as impurity. However,
didanosine remains stable in aqueous solutions and in the
solvent mixture (water 95%–methanol 5%). For this reason,
all method 1 standard solutions were prepared in solvent

Table 4
Statistical study of method 1 for IN family

Theoretical value Results Conclusion

LINEARITY
Slope / 6824 to 26806
Y-intercept / −8936 to 8210
Correlation coefficient / 0.996 to 1.000
Variances homogeneity (Cochran) C (0.05; 6; 2) = 0.6161 0.5664 to 0.6085 Non significant
Y-intercept comparison with 0 (Student) t (0.05; 16) = 2.1199 0.4515 to 1.1239 Non significant
Significant slope existence (Fisher) F (0.001; 1; 16) = 16.1202 1848.9 to 16455.3 Highly significant
Validity of calibration curve (Fisher) F (0.05; 4; 12) = 3.2592 0.1299 to 0.4214 Non significant

PRECISION
Variances homogeneity (Cochran) C (0.05; 3; 4) = 0.7457 0.4373 to 0.6114 Non significant
Repeatability RSD / 0.41% to 0.84%
Intermediate precision RSD / 0.72% to 1.17% except didanosine = 5.7%
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Fig. 4. UV spectra of INN and IP family molecules.

mixture (water 95%–methanol 5%). Didanosine, a fragile
molecule in solution and unstable in acidic medium, must be
injected within 4 h after being set in the water solution and
diluted in the solvent mixture (water 95%–methanol 5%).
Stability of others molecules in solution was shown over at least
48 h.

4. Discussion

The two developed HPLC methods allowed separation, iden-
tification and quantification of 19 antiretroviral agents. HPLC
columns were reversed phase, and detection was done in the
ultraviolet region at 270 nm and 260 nm. Mobile phases were
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Table 5
Statistical study of method 2 for INN and IP families

Theoretical value Results Conclusion

LINEARITY
Slope / 726 to 27576
Y-intercept / −5141 to −518
Correlation coefficient / 0.999 to 1.000
Variances homogeneity (Cochran) C (0.05; 6; 2) = 0.6161 0.4193 to 0.5324 Non significant
Y-intercept comparison with 0 (Student) t (0.05; 16) = 2.119905 0.1829 to 1.8682 Non significant
Significant slope existence (Fisher) F (0.001; 1; 16) = 16.1202 8271.4 to 106203.5 Highly significant
Validity of calibration curve (Fisher) F (0.05; 4; 12) = 3.2592 0.0166 to 1.7110 Non significant

PRECISION
Variances homogeneity (Cochran) C (0.05; 3;6) = 0.4160 0.4039 to 0.6706 Non significant
Repeatability RSD / 0.30 to 0.79% except lopinavir = 1.97%
Intermediate precision RSD / 0.32% to 0.85% except lopinavir = 1.97%

binary with a buffer gradient (pH 4.0 for method 1 and pH 5.65
for method 2) and an organic solvent (methanol for method 1
and acetonitrile for method 2). Several columns were tested
(YMC-pack ODS-AQ, Stability RP18, YMC-pack ODS-AM
and Symmetry C18) and gave chromatographic profiles similar
to those obtained with the columns used for the validations. It
was possible to transpose method 1 on a LC/MS system in order
to obtain additional structural information [12,13]. Method 2
transposition was not initiated yet.

A UV mono wavelength detector can be used. The choice of
detection wavelengths was made after studying absorption spec-
tra of all the molecules. These maxima ranged between 240 nm
and 290 nm; 270 nm was chosen for method 1 and 260 nm for
method 2. Lopinavir had a maximum absorption at 260 nm, but
its low signal brought coefficients of variation of repeatabil-
ity and intermediate reliability slightly greater than the other
compounds but always less than 2%. To confirm wavelength
choice, the determination of several selected medicinal prod-
ucts was carried out with the presented method’s wavelength
and with that of the maximum of absorption of the molecule to
be proportioned. These tests showed exactly the same results.

The solubility of all compounds was studied during the prepa-
ration of standards and sample solutions. The dead volume
(1.5 min) of each method was determined by the injection of
a non retained compound. The 19 studied molecules were suit-
ably chromatographied. A compound from the IN family was
withdrawn from the study: tenofovir disoproxil fumarate [6].
This compound appeared in dead volume with method 1. How-
ever, under our experimental conditions, the peak shape was
symmetrical and did not show interference. Its UV spectrum
was determined and its purity was calculated by the software.
The validation of the method for this molecule’s analysis was
not scientifically possible, but tenofovir could be identified
in a product if no other compound is detected in the dead
volume.

The solutions were stable at 48 h minimum in their dilu-
tion solvent. Only didanosine presented rapid degradation in
an acidic medium. It was, therefore, necessary to dissolve this
compound in water, dilute it in the water 95%–methanol 5%
mixture and then inject it within 4 h after preparing the sample.

The analysis lasted 60 min for method 1 and 50 min for
method 2, but the separation of all the compounds was carried
out in 45 min. Compounds were correctly separated and peak
resolution was always greater or equal to 1.5. A series of three
IN molecules was eluted in less than 1 min (between 23.4 and
24.4 min). The peak resolution was however correct because the
resolution of the two nearest compound (didanosine and stavu-
dine) was sufficient (according to the European pharmacopeia
5th edition). Moreover, the association of these two molecules
does not exist in any commercial trade.

Method validation was based on a statistical study of
linearity and precision. The calibration range selected was
rather broad, from 10 �g/ml to 100 �g/ml, making possible
in one single injection the analysis of products containing
several active ingredients having wide variations in their quanti-
ties (example: lamivudine 150 mg, stavudine 30 mg). Method
precision was checked with the average concentration of
50 �g/ml.

Analysis of 110 medicinal products issued from the African
and Asian market allowed the specificity of the method to be
checked. The absence of interference with the excipients of the
analyzed formulations was emphasized, and the purity of the
chromatographic peaks was shown. The controlled drugs were
in the form of hard and soft capsules and tablets. These two meth-
ods demonstrated a tri-therapy medicinal product falsification:
presence of the first ARV molecule, substitution of the second
ARV molecule by another ARV compound and replacement of
the third ARV compound by an inactive molecule. An analy-
sis by LC/MS was able to determine the nature of the falsified
molecule.

5. Conclusion

A research in scientific literature shows that several studies
exist concerning antiretroviral compounds in biological sam-
ples. Some publications describe a simultaneous determination
of several molecules [4–13]. For drug control, several HPLC
techniques exist and allow the determination of one or two
molecules. The emergence of antiretroviral generic medicinal
products and the search for counterfeits, falsifications or fake
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products in this field led to the need to develop new comprehen-
sive methods.

Two complementary HPLC methods were developed for this
purpose: The first studied 8 antiretroviral molecules of the IN
class and the second studied 11 antiretroviral molecules of INN
and IP classes. These two HPLC methods enabled the separation,
identification and quantification of 19 molecules among the 26
compounds which are currently indexed. Of the seven remaining
molecules, five are under development [2], one is not analyzable
with any of the two methods (Tenofovir), three were not obtained
(elvucitabine, delavirdine and capravirine) and three were not
indexed at the beginning of the study (alovudine, etravirine
and calanolide). Nevertheless, analysing 19 molecules made it
possible to cover the majority of the antiretroviral substances
commonly found in the international market.

Concentrations of these molecules used in medicinal prod-
ucts range from 30 mg to 600 mg per tablet or capsule. Analysing
more than 110 products made it possible to check the absence of
interference by excipients used for the formulation. The linearity
established between 10 �g/ml and 100 �g/ml was checked for
all the molecules as well as the analysis precision. The use of a
photodiode array detector allowed an identification of the chro-
matographic peaks by their UV spectrum and the verification
of their purity. Creating a library of raw material antiretroviral
molecules in the laboratory provided a rapid answer to the whole
of these qualitative and quantitative analyses.
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TENOFOVIRALAFENAMIDE 
HEMFUMARATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of priority from 
U.S. Provisional Patent Application No. 61/524.224, filed 
Aug. 16, 2011, the content of which is hereby incorporated by 
reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

Description of Related Art 

0002 U.S. Pat. Nos. 7,390,791 and 7,803,788 (the content 
of each of which is incorporated by reference herein in its 
entirety) describe certain prodrugs of phosphonate nucleotide 
analogs that are useful in therapy. One Such prodrug is 9-(R)- 
2-(S)-(S)-1-(isopropoxycarbonyl)ethylaminophenoxy 
phosphinylmethoxypropyladenine. This compound is also 
known by the Chemical Abstract name L-alanine, N-(S)- 
(1R)-2-(6-amino-9H-purin-9-yl)-1-methylethoxymethyl 

phenoxyphosphinyl-, 1-methylethyl ester. U.S. Pat. Nos. 
7,390,791 and 7,803,788 also disclose a monofumarate form 
of this compound and its preparation method (see, e.g., 
Example 4). 

SUMMARY OF THE INVENTION 

0003) Described is a hemifumarate form of 9-(R)-2-(S)- 
(S)-1-(isopropoxycarbonyl)ethylaminophenoxyphosphi 

nyl)methoxypropyladenine. The name for 9-(R)-2-(S)- 
(S)-1-(isopropoxycarbonyl)ethylamino 

phenoxyphosphinylmethoxypropyladenine is tenofovir 
alafenamide. The hemifumarate form of tenofovir alafena 
mide is also referred to herein as tenofoviralafenamide hemi 
fumarate. 
0004. In one embodiment of the invention is provided 
tenofoviralafenamide hemifumarate. 
0005. In another embodiment is provided tenofoviralafe 
namide hemifumarate, wherein the ratio of fumaric acid to 
tenofoviralafenamide is 0.5-0.1, or 0.5-0.05, or 0.5-0.01, or 
about 0.5. 

0006. In one embodiment is provided tenofovir alafena 
mide hemifumarate in a Solid form. 

0007. In one embodiment is provided tenofovir alafena 
mide hemifumarate that has an X-ray powder diffraction 
(XRPD) pattern having 2theta values of 6.9+0.2° and 8.6+0. 
2. In another embodiment is provided tenofoviralafenamide 
hemifumarate wherein the XRPD pattern comprises 2theta 
values of 6.9-0.2°, 8.6+0.2°, 11.0+0.2°, 15.9+0.2°, and 
2O2.0.2. 

0008. In one embodiment is provided tenofovir alafena 
mide hemifumarate that has a differential scanning calorim 
etry (DSC) onset endotherm of 131+2° C., or 131+1° C. 
0009. In one embodiment is provided a pharmaceutical 
composition comprising tenofovir alafenamide hemifuma 
rate and a pharmaceutically acceptable excipient. In another 
embodiment is provided the pharmaceutical composition, 
further comprising an additional therapeutic agent. In a fur 
ther embodiment, the additional therapeutic agent is selected 
from the group consisting of human immunodeficiency virus 
(HIV) protease inhibiting compounds, HIV nonnucleoside 
inhibitors of reverse transcriptase, HIV nucleoside inhibitors 
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of reverse transcriptase, HIV nucleotide inhibitors of reverse 
transcriptase, HIV integrase inhibitors, and CCR5 inhibitors. 
0010. In one embodiment is provided a method for treat 
ing a human immunodeficiency virus (HIV) infection com 
prising administering to a Subject in need thereofatherapeu 
tically effective amount of tenofovir alafenamide 
hemifumarate. In another embodiment is provided a method 
for treating an HIV infection comprising administering to a 
subject in need thereofatherapeutically effective amount of a 
pharmaceutical composition comprising tenofovir alafena 
mide hemifumarate. In a further embodiment, the method 
comprises administering to the Subject one or more additional 
therapeutic agents selected from the group consisting of HIV 
protease inhibiting compounds, HIV nonnucleoside inhibi 
tors of reverse transcriptase, HIV nucleoside inhibitors of 
reverse transcriptase, HIV nucleotide inhibitors of reverse 
transcriptase, HIV integrase inhibitors, and CCR5 inhibitors. 
0011. In one embodiment is provided a method for treat 
ing a hepatitis B virus (HBV) infection comprising adminis 
tering to a subject in need thereof a therapeutically effective 
amount of tenofovir alafenamide hemifumarate. In another 
embodiment is provided a method for treating an HBV infec 
tion comprising administering to a subject in need thereof a 
therapeutically effective amount of the pharmaceutical com 
position comprising tenofoviralafenamide hemifumarate. 
0012. In one embodiment is provided a method for pre 
paring a pharmaceutical composition comprising combining 
tenofoviralafenamide hemifumarate and a pharmaceutically 
acceptable excipient to provide the pharmaceutical composi 
tion. 
0013. In one embodiment is provided a method for pre 
paring tenofoviralafenamide hemifumarate comprising Sub 
jecting a solution comprising a Suitable solvent; fumaric acid; 
tenofoviralafenamide; and, optionally, one or more seeds of 
tenofoviralafenamide hemifumarate to conditions that pro 
vide for the crystallization of the fumaric acid and the teno 
foviralafenamide. In one embodiment, the solvent comprises 
acetonitrile. In another embodiment, the solution is subjected 
to a temperature in the range of from about 0°C. to about 75° 
C 

0014. In one embodiment is provided tenofovir alafena 
mide hemifumarate for use in medical therapy. 
0015. In one embodiment is provided the use oftenofovir 
alafenamide hemifumarate for the prophylactic ortherapeutic 
treatment of an HIV infection. In another embodiment is 
provided the use of tenofovir alafenamide hemifumarate to 
treat an HIV infection. In a further embodiment is provided 
the use oftenofoviralafenamide hemifumarate for the prepa 
ration or manufacture of a medicament for the treatment of an 
HIV infection. In another further embodiment is provided 
tenofovir alafenamide hemifumarate for use in treating an 
HIV infection. 
0016. In one embodiment is provided the use oftenofovir 
alafenamide hemifumarate for the prophylactic ortherapeutic 
treatment of an HBV infection. In another embodiment is 
provided the use of tenofovir alafenamide hemifumarate to 
treat an HBV infection. In a further embodiment is provided 
the use oftenofoviralafenamide hemifumarate for the prepa 
ration or manufacture of a medicament for the treatment of an 
HBV infection. In another further embodiment is provided 
tenofovir alafenamide hemifumarate for use in treating an 
HBV infection. 

0017. In some embodiments of the invention, the methods 
of treating and the like comprise administration of multiple 
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daily doses. In other embodiments, the methods of treating 
and the like comprise administration of a single daily dose. 
0018. In one embodiment of the invention is provided a 
composition consisting essentially of tenofoviralafenamide 
hemifumarate. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

0019 FIG. 1 shows the X-ray powder diffraction (XRPD) 
pattern oftenofoviralafenamide hemifumarate. 
0020 FIG. 2 shows a graph of the DSC analysis ofteno 
foviralafenamide hemifumarate. 
0021 FIG. 3 shows a graph of the thermogravimetric 
analysis (TGA) data for tenofovir alafenamide hemifuma 
rate. 

0022 FIG. 4 shows a graph of the dynamic vapor sorption 
(DVS) analysis oftenofoviralafenamide hemifumarate. 

DETAILED DESCRIPTION OF THE INVENTION 

0023 Specific values listed within the present description 
for radicals, Substituents, and ranges are for illustration only; 
they do not exclude other defined values or other values 
within defined ranges for the radicals and Substituents. 
0024. In one embodiment, there is provided a hemifuma 
rate form of tenofovir alafenamide (i.e., tenofoviralafena 
mide hemifumarate). This form may have a ratio (i.e., a sto 
ichiometric ratio or mole ratio) of fumaric acid to tenofovir 
alafenamide of 0.5-0.1, 0.5-0.05, 0.5-0.01, or about 0.5, or 
the like. 
0025. In one embodiment, tenofoviralafenamide hemifu 
marate consists of fumaric acid and tenofoviralafenamide in 
a ratio of 0.5-0.1. 
0026. In one embodiment, tenofoviralafenamide hemifu 
marate consists essentially of fumaric acid and tenofovir 
alafenamide in a ratio of 0.5-0.1. 

0027. In one embodiment, tenofoviralafenamide hemifu 
marate has an XRPD pattern comprising 2theta values of 
6.9-0.2°, 8.6+0.2°, 10.0+0.2°, 11.0+0.2°, 12.20.2°, 15.90. 
29, 16.3-0.2°, 20.2-0.2°, and 20.8.0.2°. 
0028. In one embodiment, tenofoviralafenamide hemifu 
marate has an XRPD pattern comprising at least four 2theta 
values selected from 6.9-0.2°, 8.6+0.2°, 10.0+0.2°, 11.0+0. 
29, 12.2+0.2°, 15.9-0.2°, 16.3-0.2°, 20.2-0.2°, and 20.8+0. 
20. 

0029. In one embodiment, tenofoviralafenamide hemifu 
marate has a DSC onset endotherm of 131+2°C., or 131+1 
C. 

0030. In one embodiment, a tenofoviralafenamide hemi 
fumarate composition comprises less than about 5% by 
weight oftenofoviralafenamide monofumarate. 
0031. In one embodiment, a tenofoviralafenamide hemi 
fumarate composition comprises less than about 1% by 
weight oftenofoviralafenamide monofumarate. 
0032. In one embodiment, a tenofoviralafenamide hemi 
fumarate composition comprises less than about 0.5% by 
weight oftenofoviralafenamide monofumarate. 
0033. In one embodiment, a tenofoviralafenamide hemi 
fumarate composition comprises no detectable tenofovir 
alafenamide monofumarate. 
0034 Tenofovir alafenamide (i.e., the compound 9-(R)- 
2-(S)-(S)-1-(isopropoxycarbonyl)ethylaminophenoxy 
phosphinylmethoxypropyladenine) can be prepared as 
described in U.S. Pat. No. 7,390,791. 

Jul. 3, 2014 

Selective Crystallization 

0035. In one embodiment, tenofoviralafenamide hemifu 
marate can be prepared using selective crystallization. An 
example of a scheme for this preparation method is as fol 
lows. 

NH2 
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0036. The method can be carried out by subjecting a solu 
tion comprising: a) a suitable solvent; b) fumaric acid; c) 
tenofoviralafenamide; and, optionally, d) one or more seeds 
comprising tenofovir alafenamide hemifumarate, to condi 
tions that provide for the crystallization of fumaric acid and 
tenofoviralafenamide. The starting solution can contain the 
single diastereomer oftenofoviralafenamide or a mixture of 
tenofoviralafenamide and one or more of its other diastere 
omers (e.g., GS-7339, as described in U.S. Pat. No. 7,390, 
791). 
0037. The selective crystallization can be carried out in 
any suitable solvent. For example, it can be carried out in a 
protic solvent or in an aprotic organic solvent, or in a mixture 
thereof. In one embodiment, the solvent comprises a protic 
Solvent (e.g., water or isopropyl alcohol). In another embodi 
ment, the solvent comprises an aprotic organic solvent (e.g., 
acetone, acetonitrile (ACN), toluene, ethyl acetate, isopropyl 
acetate, heptane, tetrahydrofuran (THF), 2-methyl THF, 
methyl ethyl ketone, or methyl isobutyl ketone, or a mixture 
thereof). In one embodiment, the solvent comprises ACN or a 
mixture of ACN and up to about 50% methylene chloride (by 
volume). The selective crystallization also can be carried out 
at any Suitable temperature, for example, a temperature in the 
range of from about 0°C. to about 70° C. In one specific 
embodiment, the resolution is carried out at a temperature of 
about 0° C. 

0038. One major advantage of the hemifumarate form of 
tenofovir alafenamide over the monofumarate form is its 
exceptional capability to purge GS-7339 (i.e., 9-(R)-2-((R)- 
(S)-1-(isopropoxycarbonyl)ethylaminophenoxyphosphi 

nyl)methoxypropyladenine; described in, e.g., U.S. Pat. No. 
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7.390,791), which is the major diastereomeric impurity in the 
active pharmaceutical ingredient. Thus, the hemifumarate 
form oftenofoviralafenamide can be more readily and easily 
separated from impurities than the monofumarate form. 
Other major advantages oftenofoviralafenamide hemifuma 
rate over the monofumarate form include improved thermo 
dynamic and chemical stability (including long-term storage 
stability), Superior process reproducibility, Superior drug 
product content uniformity, and a higher melting point. 
0.039 Tenofovir alafenamide hemifumarate is useful in 
the treatment and/or prophylaxis of one or more viral infec 
tions in man or animals, including infections caused by DNA 
viruses. RNA viruses, herpesviruses (e.g., CMV, HSV 1, 
HSV 2, VZV), retroviruses, hepadnaviruses (e.g., HBV), pap 
illomavirus, hantavirus, adenoviruses and HIV. U.S. Pat. No. 
6,043,230 (incorporated by reference herein in its entirety) 
and other publications describe the antiviral specificity of 
nucleotide analogs, such as tenofovir disoproxil. Like teno 
fovir disoproxil, tenofovir alafenamide is another prodrug 
form of tenofovir, and can be used in the treatment and/or 
prophylaxis of the same conditions. 
0040 Tenofoviralafenamide hemifumarate can be admin 
istered by any route appropriate to the condition to be treated. 
Suitable routes include oral, rectal, nasal, topical (including 
ocular, buccal, and Sublingual), vaginal, and parenteral (in 
cluding Subcutaneous, intramuscular, intravenous, intrader 
mal, intrathecal, and epidural). Generally, tenofoviralafena 
mide hemifumarate is administered orally, but it can be 
administered by any of the other routes noted herein. 
0041 Accordingly, pharmaceutical compositions include 
those Suitable for topical or systemic administration, includ 
ing oral, rectal, nasal, buccal, Sublingual, vaginal, or 
parenteral (including Subcutaneous, intramuscular, intrave 
nous, intradermal, intrathecal, and epidural) administration. 
The formulations are in unit dosage form and are prepared by 
any of the methods well known in the art of pharmacy. 
0042. For oral therapeutic administration, the tenofovir 
alafenamide hemifumarate may be combined with one or 
more excipients and used in the form of ingestible tablets, 
buccal tablets, troches, capsules, elixirs, Suspensions, syrups, 
wafers, and the like. Such pharmaceutical compositions and 
preparations will typically contain at least 0.1% oftenofovir 
alafenamide hemifumarate. The percentage of this active 
compound in the compositions and preparations may, of 
course, be varied and may conveniently be between about 2% 
to about 60% or more of the weight of a given unit dosage 
form. The amount of active compound in Such therapeutically 
useful pharmaceutical compositions is preferably Such that an 
effective dosage level will be obtained upon administration of 
a single-unit dosage (e.g., tablet). Other dosage formulations 
may provide therapeutically effective amounts of tenofovir 
alafenamide hemifumarate upon repeated administration of 
subclinically effective amounts of the same. Preferred unit 
dosage formulations include those containing a daily dose 
(e.g., a single daily dose), as well as those containing a unit 
daily Subclinical dose, oran appropriate fraction thereof (e.g., 
multiple daily doses), oftenofovir alafenamide hemifuma 
rate. 

0043 Pharmaceutical compositions suitable for oral 
administration may be presented as discrete units such as 
capsules, cachets, or tablets, each containing a predetermined 
amount oftenofoviralafenamide hemifumarate; as a powder 
or granules; as a solution or a suspension in an aqueous liquid 
or a nonaqueous liquid; or as an oil-in-water liquid emulsion 
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or a water-in-oil liquid emulsion. Tenofovir alafenamide 
hemifumarate may also be presented as a bolus, electuary, or 
paste. 
0044 Tenofovir alafenamide hemifumarate is preferably 
administered as part of a pharmaceutical composition or for 
mulation. Such pharmaceutical composition or formulation 
comprises tenofoviralafenamide hemifumarate together with 
one or more pharmaceutically acceptable carriers/excipients, 
and optionally other therapeutic ingredients. The excipient 
(s)/carrier(s) must be “acceptable' in the sense of being com 
patible with the other ingredients of the formulation and not 
deleterious to the patient. Excipients include, but are not 
limited to, Substances that can serve as a vehicle or medium 
for tenofoviralafenamide hemifumarate (e.g., a diluent car 
rier). They may be enclosed in hard or soft shell gelatin 
capsules, may be compressed into tablets, or may be incor 
porated directly with the food of the patient’s diet. 
0045. Accordingly, the tablets, troches, pills, capsules, 
and the like may also contain, without limitation, the follow 
ing: a binder(s). Such as hydroxypropyl cellulose, povidone, 
or hydroxypropyl methylcellulose; a filler(s). Such as micro 
crystalline cellulose, pregelatinized starch, starch, mannitol, 
or lactose monohydrate; a disintegrating agent(s). Such as 
croScarmellose Sodium, cross-linked povidone, or sodium 
starch glycolate; a lubricant(s). Such as magnesium Stearate, 
Stearic acid, or other metallic Stearates; a Sweetening agent(s), 
Such as Sucrose, fructose, lactose, or aspartame; and/or a 
flavoring agent(s), Such as peppermint, oil of wintergreen, or 
a cherry flavoring. When the unit dosage form is a capsule, it 
may contain, in addition to materials of the above types, a 
liquid carrier, Such as a vegetable oil or a polyethylene glycol. 
Various other materials may be present as coatings or to 
otherwise modify the physical form of the solid unit dosage 
form. For instance, tablets, pills, or capsules may be coated 
with gelatin, polymers, wax, shellac, or Sugar and the like. Of 
course, any material used in preparing any unit dosage form 
typically will be pharmaceutically acceptable and Substan 
tially nontoxic in the amounts employed. In addition, teno 
fovir alafenamide hemifumarate may be incorporated into 
Sustained-release preparations and devices. 
0046 For infections of the eye or other external tissues, 
e.g., mouth and skin, the pharmaceutical compositions are 
preferably applied as a topical ointment or cream containing 
tenofovir alafenamide hemifumarate in an amount of for 
example, 0.01 to 10% w/w (including active ingredient in a 
range between 0.1% and 5% in increments of 0.1% w/w such 
as 0.6% w/w, 0.7% w/w, etc.), preferably 0.2 to 3% w/w and 
most preferably 0.5 to 2% w/w. When formulated in an oint 
ment, the active ingredient may be employed with either a 
paraffinic or a water-miscible ointment base. Alternatively, 
the active ingredient may be formulated in a cream with an 
oil-in-water cream base. 
0047 Pharmaceutical compositions suitable for topical 
administration in the mouth include lozenges comprising 
tenofoviralafenamide hemifumarate in a flavored basis, for 
example, Sucrose and acacia or tragacanth; pastilles compris 
ing the active ingredient in an inert basis Such as gelatin and 
glycerin, or Sucrose and acacia; and mouthwashes compris 
ing the active ingredient in a Suitable liquid carrier. 
0048 Formulations for rectal administration may be pre 
sented as a Suppository with a suitable base comprising, for 
example, cocoa butter or a salicylate. 
0049 Pharmaceutical formulations suitable for parenteral 
administration are sterile and include aqueous and nonaque 
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ous injection solutions that may contain antioxidants, buffers, 
bacteriostats, and solutes that render the formulation isotonic 
with the blood of the intended recipient; and aqueous and 
nonaqueous sterile Suspensions that may include Suspending 
agents and thickening agents. The formulations may be pre 
sented in unit-dose or multi-dose containers, for example, 
sealed ampoules and vials with elastomeric stoppers, and may 
be stored in a freeze-dried (lyophilized) condition requiring 
only the addition of the sterile liquid carrier (e.g., water for 
injections) immediately prior to use. Injection solutions and 
Suspensions may be prepared from Sterile powders, granules, 
and tablets of the kind previously described. 
0050. In addition to the ingredients particularly mentioned 
above, the pharmaceutical compositions/formulations may 
include other ingredients conventional in the art, having 
regard to the type of formulation in question. 
0051. In another embodiment, there is provided veterinary 
compositions comprising tenofoviralafenamide hemifuma 
rate together with a veterinary carrier therefor. Veterinary 
carriers are materials useful for the purpose of administering 
the composition to cats, dogs, horses, rabbits, and other ani 
mals, and may be solid, liquid, or gaseous materials that are 
otherwise inert or acceptable in the veterinary art and are 
compatible with the active ingredient. These veterinary com 
positions may be administered orally, parenterally, or by any 
other desired route. 

0.052 The tenofovir alafenamide hemifumarate can be 
used to provide controlled release pharmaceutical formula 
tions containing a matrix or absorbent material and an active 
ingredient of the invention, in which the release of the active 
ingredient can be controlled and regulated to allow less fre 
quent dosing or to improve the pharmacokinetic or toxicity 
profile of the compound. Controlled release formulations 
adapted for oral administration, in which discrete units com 
prising a compounds of the invention, can be prepared 
according to conventional methods. 
0053 Useful dosages oftenofoviralafenamide hemifuma 
rate can be determined by comparing in vitro activities, and 
the in vivo activities in animal models. Methods for the 
extrapolation of effective amounts/dosages in mice and other 
animals to therapeutically effective amounts/dosages in 
humans are known in the art. 

0054 The amount oftenofoviralafenamide hemifumarate 
required for use in treatment will vary with several factors, 
including but not limited to the route of administration, the 
nature of the condition being treated, and the age and condi 
tion of the patient; ultimately, the amount administered will 
beat the discretion of the attendant physician or clinician. The 
therapeutically effective amount/dose of tenofoviralafena 
mide hemifumarate depends, at least, on the nature of the 
condition being treated, any toxicity or drug interaction 
issues, whether the compound is being used prophylactically 
(e.g., sometimes requiring lower doses) or against an active 
disease or condition, the method of delivery, and the pharma 
ceutical formulation, and will be determined by the clinician 
using conventional dose escalation studies. 
0055. In one embodiment, the oral dose oftenofoviralafe 
namide hemifumarate may be in the range from about 0.0001 
to about 100 mg/kg body weight per day, for example, from 
about 0.01 to about 10 mg/kg body weight per day, from about 
0.01 to about 5 mg/kg body weight per day, from about 0.5 to 
about 50 mg/kg body weight per day, from about 1 to about 30 
mg/kg body weight per day, from about 1.5 to about 10 mg/kg 
body weight per day, or from about 0.05 to about 0.5 mg/kg 
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body weight per day. As a nonlimiting example, the daily 
candidate dose for an adult human of about 70kg body weight 
will range from about 0.1 mg to about 1000 mg. or from about 
1 mg to about 1000 mg, or from about 5 mg to about 500 mg. 
or from about 1 mg to about 150 mg. or from about 5 mg to 
about 150 mg. or from about 5 mg to about 100 mg, and may 
take the form of single or multiple doses. 
0056. The pharmaceutical compositions described herein 
may further include one or more therapeutic agents in addi 
tion to tenofoviralafenamide hemifumarate. In one specific 
embodiment of the invention, the additional therapeutic agent 
can be selected from the group consisting of HIV protease 
inhibiting compounds, HIV nonnucleoside inhibitors of 
reverse transcriptase, HIV nucleoside inhibitors of reverse 
transcriptase, HIV nucleotide inhibitors of reverse tran 
scriptase, HIV integrase inhibitors, and CCR5 inhibitors. 
0057 Therapeutic methods include administering teno 
foviralafenamide hemifumarate to a Subject/patient in need 
of the same as a therapeutic or preventative treatment. Thus, 
tenofoviralafenamide hemifumarate may be administered to 
a subject/patient having a medical disorder or to a subject who 
may acquire the disorder. One of ordinary skill will appreciate 
that such treatment is given in order to ameliorate, prevent, 
delay, cure, and/or reduce the severity of a symptom or set of 
symptoms of a disorder (including a recurring disorder). The 
treatment may also be given to prolong the Survival of a 
Subject, e.g., beyond the Survival time expected in the absence 
of such treatment. The medical disorders that may be treated 
with tenofoviralafenamide hemifumarate include those dis 
cussed herein, including without limitation, HIV infection 
and HBV infection. 
0058. The following are 
Examples. 

nonlimiting, illustrative 

Example 1 

0059 Tenofoviralafenamide monofumarate solids (5.0 g) 
and 9-(R)-2-((R)-(S)-1-(isopropoxycarbonyl)ethyl 
aminophenoxyphosphinylmethoxypropyladenine (GS 
7339) monofumarate solids (0.75 g) were charged into 35g 
MTBE at 22° C. and the mixture was stirred for 1 hour. A 
slurry was formed and was dried in a rotary evaporator. 58 g 
acetonitrile (ACN) was charged into the solids and the mix 
ture was heated to reflux to dissolve the solids. The resulting 
Solution was allowed to cool naturally while agitated. A slurry 
was formed, and the slurry was further cooled by ice-water 
bath. The solids were isolated by filtration and washed with 5 
g ACN. The solids were dried in a vacuum oven at 40° C. 
overnight. 5.52 g off-white solids were obtained. The solids 
were analyzed by XRPD and found to containtenofoviralafe 
namide monofumarate, GS-7339 monofumarate, and teno 
foviralafenamide hemifumarate. 

Example 2 

Preparation of Tenofovir Alafenamide Hemifumarate 
via Selective Crystallization 

0060 9-(R)-2-(S)-1-(isopropoxycarbonyl)ethyl 
aminophenoxyphosphinylmethoxypropyladenine as a 
slurry in ACN (9.7 kg slurry, 13.8 wt %, a diastereomeric 
mixture of 1.0 kg (2.10 mol, 1 mol equiv) of 9-(R)-2-(S)- 
(S)-1-(isopropoxycarbonyl)ethylaminophenoxyphosphi 

nyl)methoxypropyladenine and 0.35 kg of 9-(R)-2-((R)- 
(S)-1-(isopropoxycarbonyl)ethylamino 
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phenoxyphosphinylmethoxypropyladenine was charged 
into a reactor and rinsed forward with dichloromethane (5 
kg). The mixture was concentrated under vacuum to about 3 
L with jacket temperature below 40°C. The concentrate was 
then coevaporated with ACN (6 kg) under vacuum to about 3 
L with jacket temperature below 40°C. The concentrate was 
diluted with ACN (8.5 kg) and warmed to 40-46° C. The 
warm mixture was filtered into a second reactor and the 
filtrate was cooled to 19-25° C. 

0061. To the above solution was charged fumaric acid 
(0.13 kg, 1.12 mol, 0.542 mole equiv) followed by ACN (1 
kg), and the mixture was heated to 67-73°C. The hot mixture 
was transferred into a reactor via a polishing filter, and then 
adjusted to 54-60° C. Seed crystals (5 g) of the hemifumarate 
form oftenofoviralafenamide were charged (for example, the 
mixture can be seeded with tenofovir alafenamide hemifu 
marate formed in Example 1 or a Subsequent production), and 
the resulting mixture was agitated at 54-60° C. for about 30 
minutes. The mixture was cooled over a minimum of 4 hours 
to 0-6°C., and then agitated at 0-6° C. for a minimum of 1 
hour. The resulting slurry was filtered and rinsed with chilled 
(0-6°C.) ACN (2 kg). The product was dried under vacuum 
below 45°C. until loss on drying (LOD) and organic volatile 
impurities (OVI) limits were met (LODs 1.0%, dichlo 
romethane contents0.19%, acetonitrile contents 0.19%) to 
afford the final compound of the hemifumarate form ofteno 
fovir alafenamide as a white to off-white powder (typical 
yield is about 0.95 kg). "H NMR (400 MHz, d6 DMSO): 8 
1.06 (d. J=5.6 Hz, 3H), 1.12-1.16 (m, 9H), 3.77 (dd, J=10.4, 
11.6 Hz, 1H), 3.84-3.90 (m, 2H), 3.94 (m, 1H), 4.14 (dd. 
J=6.8, 14.8 Hz, 1H), 4.27 (m. 1H), 4.85 (heptet, J=6.0 Hz, 
1H), 5.65 (t, J=11.2 Hz, 1H), 6.63 (s, 1H), 7.05 (d. J=7.6 Hz, 
2H), 7.13 (t, J=7.2 Hz, 1H), 7.24 (s. 2H), 7.29 (t, J=7.6 Hz, 
2H), 8.13 (t, J=13.6 Hz, 2H), P NMR (162 MHz, d6 
DMSO): & 23.3. 

Example 3 

Preparation of Tenofovir Alafenamide Hemifumarate 

0062) To a jacketed reactor equipped with overhead agita 
tor, was charged 9-(R)-2-(S)-(S)-1-(isopropoxycarbo 
nyl)ethylaminophenoxyphosphinylmethoxypropyllad 
enine (10 g), fumaric acid (1.22 g), and ACN (100 mL). The 
mixture was heated to 70-75° C. to dissolve the solids. Any 
undissolved particulates were removed by filtration through a 
cartridge filter. The filtered solution was cooled to 60-65°C., 
and seeded with 1% (by weight) of tenofovir alafenamide 
hemifumarate. The slurry was aged for 30 minutes and cooled 
to 0-5°C. over 2 hours. The temperature was maintained for 
1-18 hours, and the resulting slurry was filtered and washed 
with 2 ml of cold ACN (0-5°C.). The solids were dried under 
vacuum at 50° C. to provide the hemifumarate form ofteno 
fovir alafenamide, which was characterized as described 
below. 

Characterization of Tenofovir Alafenamide Hemifumarate 
from Example 3 
0063 Tenofovir alafenamide hemifumarate from 
Example 3 consists of 9-(R)-2-(S)-(S)-1 (isopropoxycar 
bonyl)ethylaminophenoxyphosphinylmethoxypropyl 
adenine and one-half an equivalent of fumaric acid. Tenofovir 
alafenamide hemifumarate is anhydrous, nonhygroscopic, 
and has a DSC onset endotherm of about 131° C. 
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X-ray Powder Diffraction 
0064. The XRPD pattern of tenofoviralafenamide hemi 
fumarate was obtained in the following experimental setting: 
45 KV 45 mA, KC.1–1.5406 A, scan range 2.-40', Step size 
0.0084, counting time: 8.25 s. The XRPD pattern for teno 
fovir alafenamide hemifumarate is shown in FIG. 1. The 
characteristic peaks include: 6.9+0.2°, 8.6+0.2°, 10.0+0.2°, 
11.0+0.2°, 12.2+0.2°, 15.90.2°, 16.3-0.2°, 20.2-0.2°, and 
20.8.0.2. 

Single-Crystal X-Ray Diffraction 
0065. The crystal size was 0.32x0.30x0.20 mm. The 
sample was held at 123 K and the data was collected using a 
radiation source with a wavelength of 0.71073 A in the theta 
range of 1.59 to 25.39°. Conditions of, and data collected 
from the single-crystal X-ray diffraction are shown in Table 1. 

TABLE 1 

Single-Crystal X-ray Diffraction 

Empirical formula C23H31NO7P 
Formula weight 534. SO 
Temperature 123(2) K 
Crystal size 0.32 x 0.30 x 0.20 mm 
Theta range for data collection 1.59 to 25.39° 
Wavelength 0.71073 A 
Crystal system Tetragonal 
Space group P4(2)2(1)2 
Unit cell dimensions a = 18.1185 (12) A C = 90° 

b = 18.1185 (12) A B = 90° 
c = 17.5747(11) A y = 90° 

Volume 5769.4(6) A 
Z. 8 
Density (calculated) 1.231 g/cm 

DSC Analysis 
0066. The DSC analysis was conducted using 2.517 mg of 
tenofovir alafenamide hemifumarate. It was heated at 10° 
C./min over the range of 40-200°C. The onset endotherm was 
found to be about 131° C. (FIG. 2). 

TGA Data 

0067. The TGA data were obtained using 4.161 mg of 
tenofovir alafenamide hemifumarate. It was heated at 10° 
C./min over the range of 25-200° C. The sample lost 0.3% 
weight before melting (FIG. 3). It was determined to be an 
anhydrous form. 

DVS Analysis 
0068 DVS analysis was conducted using 4.951 mg of 
tenofoviralafenamide hemifumarate. The material was kept 
at 25°C. in nitrogen at humidities ranging from 10% to 90% 
relative humidity; each step was equilibrated for 120 minutes. 
The sorption isotherm is shown at FIG. 4. The material was 
found to be nonhygroscopic, and to absorb 0.65% water at a 
relative humidity of 90%. 

Purging of Diastereomeric Impurity 
0069. In the prior syntheses oftenofoviralafenamide, one 
of the major impurities is typically the diastereomer 9-(R)- 
2-(R)-(S)-1 (isopropoxycarbonyl)ethylaminophenoxy 
phosphinylmethoxypropyladenine. The hemifumarate 
form oftenofoviralafenamide from Example 3 has an excep 
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tional capability to purge this diastereomeric impurity, as 
compared with the capability of the monofumarate form (de 
scribed in U.S. Pat. No. 7,390,791). The data in Table 2 
(below) demonstrates that tenofoviralafenamide hemifuma 
rate (Batch 2) purged the diastereomeric impurity to less than 
one-tenth of the starting concentration, whereas the monofu 
marate form of tenofoviralafenamide (Batch 1) only slightly 
purged the diastereomeric impurity. 

TABLE 2 

Purging Capability Comparison 

Diastereo 
meric Fumaric 

Impurity acid Diastereo 
in charge meric 

Starting (mole Product Impurity in 
Batch Material Solvent equivalent) obtained Product 

1 9.3% ACN O.9 Monofumarate 7.6% 
form 

2 10.0% ACN O.S Hemifumarate O.65% 
form 

Chemical Stability 

0070 Chemical stability of the hemifumarate form of 
tenofoviralafenamide was compared with the monofumarate 
form. As shown in Table 3 (below), under identical condi 
tions, the hemifumarate form of tenofoviralafenamide was 
chemically more stable and exhibited better long-term stor 
age stability, with significantly less degradation (%Total Deg. 
Products) than the monofumarate form. Conditions evaluated 
include temperature, relative humidity (RH), and the open or 
closed state of the container cap. 

TABLE 3 

Chemical Stability Comparison 

Monofumarate form Hemifumarate form 

Time 96 TA: % Total %. TA % Total 
Storage Points Area Deg. Area Deg. 
Condition (weeks) Normalized Products Normalized Products 

40° C., O 97.1 O.69 98.4 O.OS 
75% RH 1 97.0 O.87 98.4 O.14 
Cap 2 96.6 1.18 98.5 O.14 
Closed 4 96.4 1.49 98.4 O.25 

8 95.4 2.36 98.0 O49 
40° C., O 97.1 O.69 98.4 O.OS 
75% RH 1 96.9 O.90 98.5 O.15 
Cap 2 96.6 1.10 98.5 O.14 
Open 4 96.2 1.67 98.4 O.26 

8 95.0 2.74 98.1 OSO 
70° C. O 97.1 O.69 98.4 O.OS 
Cap 2 96.2 1.83 98.5 O.22 
Closed 4 93.3 4.78 98.4 O.33 

TA is tenofoviralafenamide 

Thermodynamic Stability 

0071 Stable form screening of tenofovir alafenamide 
hemifumarate showed that it is thermodynamically stable in 
most solvents, such as ACN, toluene, ethyl acetate, methyl 
tert-butyl ether (MTBE), acetone, THF, and 2-methyl THF. A 
similar stable form screening of the monofumarate form 
showed that this form is not thermodynamically stable in the 
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above-listed solvents. When suspended in these solvents, the 
monofumarate form of tenofoviralafenamide fully converts 
to the hemifumarate form in THF and 2-methyl THF, and 
partially converts to the hemifumarate form in ACN, ethyl 
acetate, MTBE, and acetone, as well as at ambient tempera 
tures. 

Thermal Stability 
0072. As shown by the DSC data, the hemifumarate form 
oftenofoviralafenamide has a melting point that is about 10° 
C. higher than that of the monofumarate form, indicating that 
the hemifumarate form has improved thermal stability as 
compared with the monofumarate form. 
0073 All publications, patents, and patent documents are 
incorporated by reference herein, as though individually 
incorporated by reference. The invention has been described 
with reference to various specific and preferred embodiments 
and techniques. However, it should be understood that many 
variations and modifications may be made while remaining 
within the spirit and scope of the invention. 
What is claimed is: 
1. Tenofoviralafenamide hemifumarate. 
2. Tenofoviralafenamide hemifumarate, wherein the ratio 

of fumaric acid to tenofoviralafenamide is 0.5-0.1. 
3. The hemifumarate of claim 2, wherein the ratio of 

fumaric acid to tenofoviralafenamide is 0.5+0.05. 
4. The hemifumarate of claim 2, wherein the ratio of 

fumaric acid to tenofoviralafenamide is 0.5-0.01. 
5. The hemifumarate of claim 2, wherein the ratio of 

fumaric acid to tenofoviralafenamide is about 0.5. 
6. The hemifumarate of claim 1 that is a solid. 
7. Tenofoviralafenamide hemifumarate, wherein an X-ray 

powder diffraction (XRPD) pattern comprises 2theta values 
of 6.9-0.2 and 8.6-0.2°. 

8. The hemifumarate of claim 7, wherein the XRPD pattern 
comprises 2theta values of 6.9+0.2°, 8.6+0.2°, 11.0+0.2°, 
15.90.2°, and 20.2-0.2°. 

9. The hemifumarate of claim 1 that has a differential 
scanning calorimetry (DSC) onset endotherm of 131+2°C. 

10. The hemifumarate of claim 9 that has a DSC onset 
endotherm of 1311° C. 

11. A pharmaceutical composition comprising the hemifu 
marate of claim 1 and a pharmaceutically acceptable excipi 
ent. 

12. The pharmaceutical composition of claim 11, further 
comprising an additional therapeutic agent. 

13. The pharmaceutical composition of claim 12, wherein 
the additional therapeutic agent is selected from the group 
consisting of human immunodeficiency virus (HIV) protease 
inhibiting compounds, HIV nonnucleoside inhibitors of 
reverse transcriptase, HIV nucleoside inhibitors of reverse 
transcriptase, HIV nucleotide inhibitors of reverse tran 
scriptase, HIV integrase inhibitors, and CCR5 inhibitors. 

14. A method for treating a human immunodeficiency virus 
(HIV) infection comprising administering to a subject in need 
thereofatherapeutically effective amount of the hemifuma 
rate of claim 1. 

15. A method for treating an HIV infection comprising 
administering to a subject in need thereof a therapeutically 
effective amount of the pharmaceutical composition of claim 
11. 

16. The method for treating an HIV infection of claim 14, 
further comprising administering to the Subject one or more 
additional therapeutic agents selected from the group consist 
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ing of HIV protease inhibiting compounds, HIV nonnucleo 
side inhibitors of reverse transcriptase, HIV nucleoside 
inhibitors of reverse transcriptase, HIV nucleotide inhibitors 
of reverse transcriptase, HIV integrase inhibitors, and CCR5 
inhibitors. 

17. A method for treating a hepatitis B virus (HBV) infec 
tion comprising administering to a subject in need thereof a 
therapeutically effective amount of the hemifumarate of 
claim 1. 

18. A method for treating an HBV infection comprising 
administering to a Subject in need thereof a therapeutically 
effective amount of the pharmaceutical composition of claim 
11. 

19. A method for preparing a pharmaceutical composition 
comprising combining the hemifumarate of claim 1 and a 
pharmaceutically acceptable excipient to provide the phar 
maceutical composition. 

20. A method for preparing tenofoviralafenamide hemifu 
marate comprising Subjecting a solution comprising: a) a 
suitable solvent; b) fumaric acid; c) tenofoviralafenamide: 
and d) one or more seeds of tenofovir alafenamide hemifu 
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marate, to conditions that provide for the crystallization of the 
fumaric acid and the tenofoviralafenamide. 

21. The method of claim 20, wherein the solvent comprises 
acetonitrile. 

22. The method of claim 20, wherein the solution is sub 
jected to a temperature in the range of from about 0°C. to 
about 75° C. 

23. The method for treating an HIV infection of claim 14, 
wherein the hemifumarate is administered in multiple daily 
doses. 

24. The method for treating an HIV infection of claim 14, 
wherein the hemifumarate is administered in a single daily 
dose. 

25. The method for treating an HBV infection of claim 17, 
wherein the hemifumarate is administered in multiple daily 
doses. 

26. The method for treating an HBV infection of claim 17, 
wherein the hemifumarate is administered in a single daily 
dose. 
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