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The Patents Act, 1970 and The Patent Rules 2003 

 
IN THE MATTER OF: 
 
A representation by way of opposition 
under s25(1) of The Patents Act, 1970 
as amended by the Patents 
(Amendment) Act 2005 (“the Act”) 
and Rule 55 of The Patents Rules, 
2003 as amended by the Patents Rules, 
2006 (“the Rules”) by the Initiative for 
Medicines, Access  & Knowledge (I-
MAK) (“the OPPONENT”) 
 
And 

 
Indian Application No. 
3658/KOLNP/2009 by  
Pharmasset, Inc  
(“the APPLICANT”) 

 
 
 

STATEMENT OF CASE OF THE OPPONENT 
 

 
 
 

1. The Opponent is a not-for-profit public service organisation having its 

registered address at 16192 Coastal Highway, Lewes, Delaware, 19958-9776, 

U.S.A. I-MAK consists of lawyers and scientists working to protect the 

public domain against undeserved patents to ensure that patents do not act as 

a barrier to research and restrict the public’s access to affordable medicines. 

 

2. One such application of concern is Application No. 3658/KOLNP/2009 

(‘3658) titled ‘Nucleoside Phosphoramidate Prodrugs’ filed in India on 20 

October 2009. ‘3658 is a national phase application stemming from 

International Application WO 2008/121634, filed on 26 March 2008 and 
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published on 9 October 2008. WO 2008/121634 claims priority from multiple 

applications: US 60/909,315 dated 30 March 2007, US 60/982,309 dated 24 

October 2007 and US 12/053,015 dated 21 March 2008. ‘3658 was published 

for opposition in the Official Journal of the Patent Office, Journal No. 

12/2010 on 19 March 2010.  A copy of the Journal publication is attached as 

Exhibit 1.  

 

3. Based on the information provided by the Patent Office, ‘3658 is currently 

awaiting examination. Accordingly, as permitted under s25(1) of the Act and 

Rule 55(1), any person may file a representation by way of opposition at the 

appropriate office (Kolkata) before the grant of a patent. The Opponent 

submits its opposition and supporting evidence to ‘3658 based on the grounds 

set out below. The Opponent, as is allowed under s25(1) of the Act and Rule 

55(1), also requests a hearing before this matter is finally decided.  

 

Background to ‘3658 

 

4. The hepatitis C virus (HCV) presents a serious global health problem. The 

virus is transmitted through direct contact with an infected persons blood. 

Persons with needle-stick injury, health care workers with exposure to 

blood/blood products, transfusion/blood product recipients, organ transplant 

recipients and intravenous drug users are some of the populations at risk from 

HCV. Globally, the World Health Organization estimates that over 170 

million people are chronic carriers of HCV and are likely to develop liver 

cancer and/or cirrhosis. India alone has an estimated 12 million people who 
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are chronically infected with HCV, with 96,000 deaths annually due to the 

infection. India is also home to 2.1 million people living with HIV (PLHIV) 

and applying the global co-infection rate of 13% implies that approximately 

273,000 people in this community may be co-infected with HCV.  

 

Given the public health crisis around HCV, it is imperative that people living 

with HCV are able to access the latest and most effective treatments without 

unmerited patents standing in the way. Undeserved patents of the nature 

applied for in ‘3658 affords a company, such as the Applicant, artificial 

exclusive rights, which then allows it to price a medicine beyond the reach of 

not only Indian patients, but also many in need in other developing and even 

developed countries.  

 

5. ‘3658 claims an invention for a phosphoramidate prodrug and its 

stereoisomers of a nucleoside derivative for treating viral diseases, including 

HCV. The compounds claimed in ‘3658 are inhibitors of RNA-dependent 

RNA viral replication and the HCV NS5B polymerase. The phosphoramidate 

prodrug claimed in ‘3658 is of the 5’ monophosphate derivative of the β-D-

2’-deoxy-2’-α-flouro-2’-β-C methyluridine nucleoside, also known as 

sofosbuvir under the International Non-Proprietary (INN) nomenclature 

(Exhibit 2).   

 

Nucleoside compounds and their derivatives, in particular uridine derivatives, 

have a long history of use for antiviral drugs. The first marketed antiviral 

nucleoside was idoxuridine in 1959 for treating herpes simplex keratitis. 
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Since then, uses for nucleosides have been researched and marketed in 

relation to cancer, hepatitis B, HCV and HIV, including but not limited to 

zidovudine (first synthesised as a potential anti-cancer medicine but marketed 

for HIV), acyclovir (herpes virus), lamivudine (HIV), ribavirine (HCV) and 

ganciclovir (cytomegalovirus).  

 

The invention claimed in ‘3658 is for a prodrug of a uridine nucleoside 

derivative for inhibiting NS5B polymerase. Pages 6-7 of ‘3658 describe the 

problem the Applicant is seeking to resolve: 

 

“Nucleoside inhibitors of NS5B polymerase can act either as a non-natural 

substrate that results in chain termination or as a competitive inhibitor which 

competes with nucleotide binding to the polymerase. To function as a chain 

terminator the nucleoside analog must be taken up by the cell and converted 

in vivo to a triphosphate to compete for the polymerase nucleotide binding 

site. This conversion to the triphosphate is commonly mediated by cellular 

kinases which imparts additional structural requirements on a potential 

nucleoside polymerase inhibitor. Unfortunately, this limits the direct 

evaluation of nucleosides as inhibitors of HCV replication to cell-based 

assays capable of in situ phosphorylation.  In some cases the biological 

activity of a nucleoside is hampered by its poor substrate characteristics for 

one or more kinases needed to convert it into the active phosphate form. 

Formation of the monophosphate by a nucleoside kinase is generally viewed 

as the rate limiting step of the three phosphorylation events. To circumvent 

the need for the initial phosphorylation step in the metabolism of a nucleoside 
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to the active triphosphate analog, the preparation of stable phosphate 

prodrugs has been reported”. Page 7 of ‘3658 then goes on to provide 

additional reasons for using prodrugs to improve the physicochemical and 

pharmacokinetics properties of nucleosides, including systemic absorption.  

 

Indeed, numerous marketed medicines based on nucleosides have been based 

on the prodrug approach, including but not limited to valganciclovir, 

tenofovir disoproxil and adefovir dipivoxil. One particular prodrug strategy 

that has been successfully adopted since the early 1990s to deliver nucleoside 

monophosphate drugs into the cell by circumventing the first and inefficient 

rate-limiting phosphorylation step of nucleosides and improving the cellular 

penetration of nucleotides has been the ProTide (pronucleotide) approach. 

The prodrug strategy, including the ProTide approach, has been applied time 

and time again over the past 20 years to the extent that in the recent study by 

an expert in the field, Valentino Stella stated that the vast majority “contain 

little true novelty either in a chemical or biological sense”. Exhibit 3 

Prodrugs as Therapeutics, Opinion on Therapeutic Patents, March 2004, Vol 

14 No.3 page 279, 2nd column.   

 

The ProTide prodrug strategy is the invention for which the Applicant seeks a 

patent in ‘3658. Should a patent be granted for ‘3658 it will provide the 

Applicant with unmerited additional exclusivity over the base active 

ingredient by another 4-5 years, thereby causing further obstruction and delay 

to more affordable versions of the medicine.  
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GROUNDS  

 

6. As the Background above describes, the invention claimed in ‘3658 relates to 

a nucleoside phosphoramidate prodrug for the compound known as 

sofosbuvir. According to documents made available on the Patent Office 

website, the initial filing of ‘3658 on 20 October 2009 comprised of 80 claims 

covering various prodrugs, their stereoisomers and processes for making the 

various compounds. On the same date, the Applicant submitted a more 

specific set of claims, attached as Exhibit 4. The Opponent believes that it is 

the set of claims as set out in Exhibit 4 that the Applicant wishes to be 

examined and accordingly sets out its grounds of opposition against the same. 

However, should the Applicant amend any of its claims during examination, 

as is necessary for a fair opposition proceeding and hearing, it is respectfully 

requested that the Controller keep the Opponent informed. 

 

7. The current set of claims for ‘3658 as set out in Exhibit 4 may be 

summarised as follows: 

 

a) Claim 1 covers (S)-2-{[(2R,3R,4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-

pyrimidin-1-yl)-4-f1uoro-3-hydroxy-4-methyl-tetrahydro-furan-2 

ylmethoxy]-phenoxy-phosphorylam-ino}-propionic acid isopropyl 

ester or a stereoisomer thereof. The claim covers the methylester of L-

alanine as part of the prodrug moiety of the phosphonate group. The 

ester specifically used is an isopropyl ester. 
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b) Claim 2 is a dependent claim covering a composition comprising the 

compound or a stereoisomer in Claim 1 and a pharmaceutically 

acceptable medium. 

 

c) Claims 3-5 are dependent on Claim 1 and cover methods of treatment, 

whether in the form of a composition and a pharmaceutically 

acceptable medium or as a method of treating, by using an effective 

amount of the compound or stereoisomer in Claim 1 for treating HCV 

and various other viruses. 

 

d)  Claim 6 covers a process for preparing the compound as claimed in 

Claim 1. 

 

e) Claim 7 is a product-by-process claim comprising the compound or 

stereoisomer thereof as claimed in Claim 1 using the process as 

claimed in Claim 6. 

 

f) Claim 8 covers the diastereomer of Claim 1. 

 

g) Claim 9 is a dependent claim covering the compound as claimed in 

Claim 8 and a pharmaceutically acceptable medium. 

 

h) Claims 10-12 are dependent on Claim 8 and cover methods of 

treatment, whether in the form of a composition and a 

pharmaceutically acceptable medium or as a method of treating, by 
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using an effective amount of the compound or stereoisomer in Claim 1 

for treating HCV and various other viruses. 

 

i) Claim 13 covers a process for preparing the compound as claimed in 

Claim 8. 

 

j) Claim 14 is a product-by-process claim comprising the compound or 

stereoisomer thereof as claimed in Claim 8 using the process as 

claimed in Claim 13. 

 

8. Based on the claims set out above, the Opponent believes that Claims 1-14 

are not patentable under the following grounds of s25(1) of the Act: 

 

a) S25(1)(b) – that the invention so far as claimed in any claim of the 

complete specification has been published before the priority date of 

the claim. 

 

b) s25(1)(e) – that the invention so far as claimed in any claim of the 

complete specification is obvious and clearly does not involve any 

inventive step having regard to the matter published as mentioned in 

clause (b) or having regard to what was used in India before the 

priority date of the applicant’s claim. 
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c) s25(1)(f) – that the subject of any claim of the complete specification 

is not an invention within the meaning of this Act, or is not patentable 

under this Act, in particular under sections 3(d).  

 

d) S25(1)(h) –that the applicant has failed to disclose to the Controller the 

information required by s8 or has furnished the information that in any 

material particular was false to his knowledge. 

 

Claims 1-14 of ‘3658 are not patentable under sections 25(1)(b) and 2(1)(l) of the 

Act 

 

9. Section 2(1)(l) states that a new invention means any invention or technology 

which has not been anticipated by publication in any document or used in the 

country or elsewhere in the world before the date of filing of the patent 

application with complete specification i.e. the subject matter has not fallen in 

the public domain or that it does not form part of the state of the art.  

 

10. Under the above definition and the published matter/existing knowledge in 

the field prior to the priority dates of ‘3658 (30 March 2007, 24 October 2007 

and 21 March 2008), the Opponent is of the view that the subject matter of 

claims 1-14 does not amount to a new invention. 

 

11. As discussed in the Background section above and on pages 6 and 7 of ‘3658, 

the Applicant sets out the problem it intended to resolve, namely a suitable 

phosphoramidate prodrug of the 5’monophosphate derivative of the β-D-2’-
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deoxy-2’-α-flouro-2’-β-C methyluridine nucleoside in order to activate its 

phosphate as well as to improve the physicochemical and pharmacokinetics 

properties of the said compound. 

 

12. The Opponent first draws the Controller’s attention to patent WO 

2005/003147 (‘147) published on 13 January 2005 and attached as Exhibit 5.  

The applicant for the ‘147 patent is the same as for the ‘3658 patent. ‘147 

covers an invention for “(2’R)-2’-deoxy-2’-flouro-2’-C-methyl nucleoside (β-

D or β-L), or its pharmaceutically salt or prodrug thereof, and the use of 

such compounds for the treatment of a host infected with a virus belonging to 

the flaviviridae family, including HCV (page 16, lines 3-8)”. Page 16 at lines 

16-24 of ‘147 adds that the 2’substitutions of β-D or β-L nucleosides of the 

invention claimed impart greater specificity for HCV and include a method 

for treating various viruses included HCV, or its pharmaceutically acceptable 

salt or prodrug.  

 

More specifically, the compound set out in Claim 6 of ‘147 (as shown below) 

covers the structure of the base compound for sofosbuvir, including its 

monophosphate, diphosphate, triphosphate or a stabilised phosphate prodrug:  
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(Claim 6 of WO 2005/03147) 
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To illustrate: 

 

Claim 6 of ‘147 provides: 

 

“A (2’R)-2’-deoxy-2’-flouro-C-methyl nucleoside (β-D or β-L) or its 

pharmaceutically acceptable salt or prodrug thereof of the structure”. 

 

Sofosbuvir is a (2’R)-2’-deoxy-2’-fluoro-2’-C-methyl nucleoside as specified: 

 

“wherein Base is a purine or pyrimidine base” 

 

 Uracil is the “base” of sofosbuvir. Uracil is a well known pyrimidine base: 

 

“X is O, S, CH2, Se, NH, N-alkyl, CHW (R,S,  or racemic), C (W)2, wherein W 

is F, Cl, Br, or I;” 

 

In the compound sofosbuvir, X=O (oxygen), which is the first atom mentioned 

for X in claim 6: 

 

“R1 and R7 are independently H, phosphate, including monophosphate, 

diphosphate, triphosphate or a stabilized phosphate prodrug”. 

 

In the compund sofosbuvir, R1=H and R7=H. In the prodrug compound of 

sofosbuvir which is delivered to the patient, sofosbuvir is a stabilised 

phosphate prodrug, specifically a phosphoramidate.  
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Claim 6, therefore, covers the actual structure of sofosbuvir in its base form, 

but also in its complete form as administered to patients by way of a 

phosphoramide-stabilised prodrug.   

 

Further confirmation of this can be found through the disclosures made 

throughout ‘147. Under the heading “Definitions”, on page 31, lines 7-22 of 

‘147, the patent document states: “The term “pharmaceutically acceptable 

salt or prodrug” is used throughout the specification to describe any 

acceptable form (such as an ester, phosphate ester, salt of an ester or a 

related group) of a compound which upon administration to a patient, 

provides the active compound…..Typical examples of prodrugs include 

compounds that have biologically labile protecting groups on a functional 

moiety of the active compound. Prodrugs include compounds that can be 

oxidized, reduced, aminated, deaminated, hydroxylated, dehydroxylated, 

hydrolysed, dehydrolyzed, alkylated, dealkylated, acylated, deacylated, 

phosphorylated, dephosphorylated to produce the active compound”. 

 

Pages 42-43 of ‘147 further provides that the invention contemplates and 

includes the 5’-triphosphate triphosphoric acid ester derivatives of a 

nucleoside compound and pharmaceutically acceptable salts of the 

triphosphate ester, as well as pharmaceutically acceptable salts of 

5’disphosphate and 5’monophosphate ester derivatives of the formulas 

claimed.  
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Pages 45-48 and 57-61 of ‘147 provide further discussion of prodrugs and 

pharmaceutical compositions for the compounds claimed. Page 46, lines 16-18 

of ‘147 state: “Any of the nucleosides described herein can be administered as 

a nucleotide prodrug to increase the activity, bioavailability, stability or 

otherwise alter the properties of the nucleoside”. Pages 47-48 disclose how 

pharmaceutical compositions based upon the β-D or β-L compound or its 

pharmaceutically acceptable salt or prodrug can be prepared in a 

therapeutically effective amount for treating a flaviviridae infection, including 

HCV. Page 59, lines 4-23 of ‘147, discusses similar phosphoramidates as 

claimed in the present patent ‘3658.  

 

Pages 51-54 of ‘147, under the heading ‘Stereoisomerism and Polymorphism’ 

discusses how the nucleoside compounds covered have several chiral centres 

and may exist in and be isolated in optically active and racemic forms, as do 

most amino acids which can exist as separate enantiomers. Pages 52-53 then 

set out commonly known techniques in the art for obtaining optically active 

materials.  

 

13. Based on the disclosures and claims made in ‘147, Claims 1-14 of ‘3658 are 

already covered or at least anticipated. ‘147, by stating ‘any acceptable form’ 

of a prodrug can be adopted for the compounds, clearly anticipates that a 

phosphoramidate prodrug could be used to increase the activity 

bioavailability, stability or otherwise alter the properties of the claimed 

nucleosides, including sofosbuvir as claimed in Claim 6 of ‘147. The 

disclosures and Claims in ‘147 also anticipate the stereoisomers of suitable 
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prodrugs, their pharmaceutical compositions and use as methods of treatment. 

In view of the disclosures and claims made in ‘147, ‘3658 is not a new 

invention. 

 

Claims 1-14 of ‘3658 are not patentable under sections 25(1)(e) and 2(1)(j) and 

2(1)(ja) of the Act 

 

14. In the alternative and without prejudice to the aforesaid, Claims 1-14 of ‘3658 

lack any inventive step. Section 2(1)(j) states that an invention means a new 

product or process involving an inventive step. Section 2(1)(ja) qualifies the 

meaning of ‘inventive step’ as being a “feature of an invention that involves a 

technical advance compared to existing knowledge and that makes the 

invention not obvious to a person skilled in the art”. Section 25(1)(e) defines 

the abovementioned sections for the purpose of an opposition as “an 

invention which is obvious and clearly does not involve any inventive step 

having regard to matter published as mentioned in s25(1)(b) or having regard 

to what was used in India before the priority date of the applicant’s claim”.  

 

15. Under the above definitions and the published matter/existing knowledge in 

the field prior to the priority dates of ‘3658, the Opponent is of the view that 

the subject matter of Claims 1-14 do not amount to a technical advance and 

would have been obvious to a person skilled in the art.  

 

16. As the discussion above already demonstrates, the disclosure and claims 

made in ‘147 (Exhibit 5) cover the structure of the base compound 
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sofosbuvir as well as the phosphoramide-stabilised prodrug. As such, ‘147 

would have made Claims 1-14 of ‘3658 obvious to a person skilled in the art.  

 

17. To further substantiate the above, the Opponent refers the Controller to the 

following prior art: 

 

a) Plinio Perrone et al., Application of the Phosphoramidate ProTide 

Approach to 4’Azidouridine Confers Sub-micromolar Potency versus 

Hepatitis C Virus on an Inactive Nucleoside, Journal of Medicinal 

Chemistry, 17 March 2007 (Exhibit 6).  

 

Exhibit 6 demonstrates how the use of an aryloxy phosphoramidate 

ProTide prodrug approach for a ribonucleoside 4’ azidouridine 

derivative (a uridine based nucleoside) was able to deliver the 

monophosphates to HCV replicon cells and unleash the antiviral 

potential of the triphosphate in a manner that vastly improved the 

antiviral activity over the parent compound. Moreover, the ProTide 

prodrugs tested by the authors included the alanine isopropyl ester as 

the phosphoramidate (Table 1, compound 15 on page 4), the exact 

same prodrug as claimed by the Applicant in ‘3658.  

 

b) Christopher McGuigan, et al, Certain Phosphoramidate Derivatives of 

Dideoxy Uridine (ddU) are Active Against HIV and successfully By-

pass Thymidine Kinase, FEBS Letter 351, 1994 (Exhibit 7).  

 



 17 

Exhibit 7 demonstrates the success of using the ProTide prodrug 

strategy to activate the active triphosphates of an inactive HIV 

compound ddU. On page 13, column 2 of Exhibit 7, the authors state 

how the aryloxy phosphoramidate (the prodrug as used in ‘3658) is a 

potent agent being 50 times more active than the parent nucleoside.  

 

c) Dominique Cahard et al., Aryloxy Phosphoramidate Triesters as Pro-

Tides, Mini-Reviews in Medicinal Chemistry, 2004 (Exhibit 8). 

 

Exhibit 8 reiterates the benefits of the aryloxy phosphoramidate 

prodrug strategy, including the identical prodrug used by the Applicant 

in ‘3658. On pages 376- 378 of Exhibit 8, the authors also discuss the 

benefits of amino acids (including the L-alanine ester) and phosphate 

stereochemistry, which the Applicant also claims as an invention in 

‘3658. 

 

d)  Christopher McGuigan et al., Aryl Phosphoramidate Derivatives of 

d4T Have Improved Anti-HIV Efficacy in Tissue Culture and May Act 

by the Generation of Novel Intracellular Metabolite, Journal of 

Medicinal Chemistry, 1996 (Exhibit 9)  

 

Exhibit 9 reinforces the common knowledge in the field of how to 

activate nucleosides by intracellular phosphorylation drug activation 

and how the ProTide prodrug approach was known to be advantageous 

by providing the drug in a form that is already mono-phosphorylated. 
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e) WO 2006/067606 (‘606’) published 29 June 2006 (Exhibit 10). 

 

Exhibit 10 covers uridine nucleoside derivatives as antiviral drugs 

against flaviviridae, especially HCV. On page 5, lines 31-37, ‘606 

discusses amino acid esters e.g. alanine esters as potential prodrugs.  

 

f) WO 2002/08241 (‘241) published 31 January 2002 (Exhibit 11). ‘241 

discloses the identical prodrug and diastereomers claimed by the 

Applicant in ‘3658.  Pages 30-33 of ‘241 provide examples for 

diastereomer separation. 

 

18. Taking into the consideration the prior art provided in Exhibits 5-11 and the 

existing common general knowledge of aryloxy phosphoramidate prodrugs, 

Claims 1-14 of ‘3658 would have been obvious to one skilled in the art. It 

would have been obvious for the Applicant to pursue the phosphoramidate 

prodrug approach adopted for the compounds in ‘3658 including their 

stereoisomers, pharmaceutical compositions, processes for preparing the 

compounds and methods of treatment. As already discussed in the 

Background section above and admitted by the Applicant on page 7 of ‘3658, 

it is well known to a skilled person in the art that a prodrug of the compounds 

claimed in ‘3658 would have advantages such as activating the phosphate and 

improving the pharmacokinetic characteristics of the parent compounds 

discussed in ‘147. As such, claims 1-14 of ‘3658 would have been obvious to 
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try and do not amount to a technical advance over the art and lack any 

inventive step. 

 

Claims 1-5, 7-12 and 14 of ‘3658 are not patentable under sections 25(1)(f) and 

3(d) of the Act. 

 

‘3658 is a new form of a known substance that does not result in an enhancement 

of the known efficacy of the known form: 

 

19. In the alternative and without prejudice to the grounds raised above Claims 1-

5, 7-12 and 14 are not patentable inventions as set out under s3d. Section 3d 

of the Act provides 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. For the purpose of s3d, substances such as esters, metabolites 

and other derivatives of a known substance shall be considered the same 

substance unless they differ significantly with regard to efficacy. 

 

20. The recent decision of Supreme Court of India in Novartis AG v Union of 

India & Others, Civil Appeal Nos. 2706-2716, 2728 and 2717-2727 of 2013 

(Novartis) at page 90, paragraph 179 confirmed that the test of efficacy can 

only be therapeutic efficacy. Pages 90-91, paragraph 180 of Novartis states 

that not all advantageous or beneficial properties are relevant but only such 

properties that directly relate to efficacy, being therapeutic efficacy in the 

case of medicine.  
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21. In view of s3d, as already set out above, ‘147 (Exhibit 5) disclosed and 

claimed the base compound of sofosbuvir. ‘3658 seeks a prodrug form of the 

compound sofosbuvir as disclosed in ‘147 and is, therefore, a new form of a 

known substance. In order for the ‘3658 to meet the requirements of s3d of 

the Act it must show that the prodrug form enhances the therapeutic efficacy 

of the already known form. However, the Applicant in the specification as 

filed for ‘3658 has failed to submit any comparative data that shows an 

enhancement of therapeutic efficacy over the known form disclosed and 

claimed in ‘147. As such, ‘3658 should be prima facie refused under this 

ground. 

 

22. Even if the Applicant was to submit data, it should be noted that according to 

the recent Supreme Court ruling in Novartis, physico-chemical properties 

such as pharmacokinetic improvements would not be considered to amount to 

therapeutic efficacy. Given that the phosphoramidate prodrug claimed in 

‘3658 is designed to improve the pharmacokinetic properties of the base 

compound disclosed in ‘147, and once delivered intracellularly cleaves back 

to the known form without any additional therapeutic efficacy, the Opponent 

believes that the ‘3658 does not amount to a patentable invention as set out 

under s3d. 

 

‘3658 is the mere discovery of any new property or new use for a known substance: 

 

23. In the alternative and without prejudice to the above, the subject matter 

claimed in ‘3658 is a new use for a known substance. WO 2005/012327 
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(‘012327) published on 10 February 2005 (Exhibit 12) claims various 

phosphoramidate derivatives of nucleotides for use in the treatment of cancer. 

The base moieties of, for example, each of the nucleosides deoxyuridine, 

cytabrine, gemcitabine and citidine may be substituted at the 5’-position. 

 

24. Claim 1 of ‘012327 provides the following broad Markush formula: 

 

 

Claim 1 WO 2005/012327 
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Claim 1 of 012327 clearly covers the molecule sofosbuvir and its prodrug as 

claimed by ‘3658 in the following manner: 

 

“R is selected from the group comprising alkyl, aryl and alkylarly”. 

 

In sofosbuvir as claimed in ‘3658 R=isopropyl which is a common alkyl 

group: 

 

“R1 and R” are independently selected from the group comprising H, alkyl 

and alkylarly or R’ and R” together form an alkylene chain so as to provide, 

together with the C atom to which they are attached, a cyclic system”. 

 

In sofosbuvir R’ and R” are respectively –H and the common alkyl group –

CH3 (methyl): 

 

“Q is selected from the group comprising –O- and –CH2-”.  

 

In sofosbuvir Q= -O-: 

 

“X and Y are independently selected from the group comprising H, F, Cl, Br, 

I, OH and methyl (-CH3)”. 

 

In sofosbuvir X and Y are methyl (-CH3) and F:  
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“Ar is a monocyclic aromatic ring moiety or a fused bicyclic aromatic ring 

moiety, either of which said ring moieties is carbocyclic or heterocyclic and 

is optionally substituted”. 

 

In sofosbuvir Ar is an unsubstituted phenyl (-C6H5) group: 

 

“Z is selected from the group comprising H, alkyl and halogen and n is 0 or 

1, wherein n is 0, Z’ is –NH2 and a double bon exists between position 3 and 

position 4 and when n is 1, Z’ is =O”. 

 

In sofosbuvir n is 1, and Z’ is =O: 

 

“Or a pharmaceutically acceptable derivative or metabolite of formula I; 

with the proviso that, except where R is 2-Bu (-CH2-CH(CH3)2) and one of 

R’ and R” is H and one of R’ and R” is methyl (-CH3), when n is 1 and X and 

Y are both H, then Ar is not unsubstituted phenyl (-C6H5)”. 

 

Ar may be an unsubstituted phenyl (-C6H5). 

 

25. As described above, ‘012327 claims the prodrug of sofosbuvir claimed in 

‘3658. Page 73, line 5 provides one example of many showing use of 

phosphoramide esters containing alanine as the amino-acid, and unsubstituted 

phenyl (-C6H5) is clearly exemplified by the preparation and use of the 

following phosphonyl chloride derivative to incorporate such 

phosphoramidate prodrug moiety into the base compound: 
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26. In view of the subject matter claimed in ‘012327, the subject matter in ‘3658 

amounts to a new use for a known substance. As such all the claims in ‘3658 

should be not be considered an invention. 

 

Claims 3-5 and 10-12 of ‘3658 are not patentable under sections 25(1)(f) and 3(i) 

of the Act. 

 

27. Section 3(i) of the Act provides that therapeutic or other treatment of human 

beings are not inventions that are patentable. As Claims 3-5 and 10-12 are 

merely methods of administration for treating human beings using the 

compounds claimed in ‘3658, they should be rejected. 

 

Claims 1-14 are not patentable under sections 25(1)(h) and s8 of the Act. 

 

28. As required under s8 of the Act, the Applicant is required to provide all 

information regarding the prosecution of patent applications for the same or 

substantially the same invention as ‘3658 in other countries. Based on the 

information accessible via the Patent Office’s website, it appears the 
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Applicant has failed to comply with this requirement. Accordingly, the ‘3658 

application should be refused on this ground. 

 

PRAYER: 

Based on the grounds and evidence presented above the Opponent requests: 

 

a) that Indian Application No. 3658/KOLNP/2009 in the name of Pharmasset, 

Inc. be refused in its entirety; 

 

b) the Opponent be allowed to make further submissions in the event the 

Applicant makes any amendments to its claims; 

 

c) the Opponent be permitted to file further evidence if necessary to support its 

case; 

 

d) the Opponent be granted an opportunity of being heard in the matter before 

any final orders are passed. 

 

Dated 16 day of November 2013, 

 

For and behalf of the Initiative for Medicines, Access & Knowledge (I-MAK) 
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STATEMENT ON A NONPROPRIETARY NAME ADOPTED BY THE USAN COUNCIL 
 
USAN SOFOSBUVIR 
 
PRONUNCIATION soe  fos'  bue  vir 
 
THERAPEUTIC CLAIM Treatment of chronic HCV infection 
 
CHEMICAL NAMES 
 
1. L-Alanine, N-[[P(S),2'R]-2'-deoxy-2'-fluoro-2'-methyl-P-phenyl-5'-uridylyl]-, 1-methylethyl 

ester 
 
2. 1-methylethyl N-[(S)-{[(2R,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-

fluoro-3-hydroxy-4-methyltetrahydrofuran-2-yl]methoxy}phenoxyphosphoryl]-L-
alaninate 

 
STRUCTURAL FORMULA     
 

O N

H
N

O
P

N
H

OH3C

O O
OO

HO F
CH3

OCH3

HH3C

 
 
MOLECULAR FORMULA C22H29FN3O9P 
 
MOLECULAR WEIGHT 529.5 
 
TRADEMARK None as yet 
 
SPONSOR Gilead Sciences 
 
CODE DESIGNATION PSI-7977 
 
CAS REGISTRY NUMBER 1190307-88-0 
 
 
 
    

sofosbuvir   N12/67 
Page 1 of 1 
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We claim:

1. (S)-2-{[(2R,3R,4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-4-f1- uoro-3-
hydroxy-4-methyl-tetrahyd ro-fu ran-2-ylmethoxy ]-phenoxy-phosphorylam- ino}-
propionic acid isopropyl ester or a stereoisomer thereof.

2. A composition comprising the compound or a stereoisomer thereof as claimed in
claim 1 and a pharmaceutically acceptable medium.

3. A composition for treating a hepatitis C virus, which comprises an effective
amount of the compound or a stereoisomer thereof as claimed in claim 1 and a
pharmaceutically acceptable medium.

4. A method of treating a subject infected by a virus, which comprises: administering
to the subject an effective amount of the compound or a stereoisomer thereof as
claimed in claim 1; wherein the virus is selected from among hepatitis C virus, West
Nile virus, a yellow fever virus, a dengue virus, a rhinovirus, a polio virus, a hepatitis
A virus, a bovine viral diarrhea virus, and a Japanese encephalitis virus.

5. A method of treating a hepatitis C virus infection in a subject in need thereof,
which comprises: administering to the subject an effective amount of the compound
or a stereoisomer thereof as claimed in claim 1.

6.A process for preparing the compound or a stereoisomer
thereof as claimed in claim 1, said process comprising:

reacting a compound 4" vvith a nucleoside analog 5'

4"

5'

HO

vvherein X' is a leaving group.
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7. A product comprising the compound or a stereoisomer
thereof as claimed in claim 1 obtained by a process compris-
ing:

reacting a compound 4" 'W'itha nucleoside analog 5'

4"

5'

HO

'W'hereinX' is a leaving group.

8. (S)-isopropyl 2-(((S)-(((2R,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydropyrimidin-1 (2H)-yl)-
4-flu- oro-3-hyd roxy-4-methyltetrahyd rofuran-2-
yl)methoxy)(phenoxy)phosphoryl)ami- no)propanoate.

9. A composition comprising the compound as claimed in claim 8 and a
pharmaceutically acceptable medium.

10. A composition for treating a hepatitis C virus, which comprises an effective
amount of the compound as claimed in claim 8 and a pharmaceutically acceptable
medium.

11. A method of treating a subject infected by a virus, which comprises:
administering to the subject an effective amount of the compound as claimed in
claim 8; wherein the virus is selected from among hepatitis C virus, West Nile virus,
a yellow fever virus, a dengue virus, a rhinovirus, a polio virus, a hepatitis A virus, a
bovine viral diarrhea virus, and a Japanese encephalitis virus.

12. A method of treating a hepatitis C virus infection in a subject in need thereof,
which comprises: administering to the subject an effective amount of the compound
as claimed in claim 8.

701



13. A process for preparing the compound as claimed in
claim 8, said process comprising:

reacting a compound 4" with a nucleoside analog 5'

4"

HC>

5'

vvherein. X' is a leavin.g group.
14 . .A product comprisin.g t:h.e compoun.d as claimed in.

claim 8 obtain.ed by a process comprisin.g:
reactin.g a compoun.d 4" vvith a n.ucleoside an.alog 5'

4"

HC>

5'

vvherein. X' is a leavin.g group.

Dated this 20th day of October 2009.

Abhishek Sen
of S. MAJUMDAR & CO.

Applicants' Agent
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Certain phosphoramidate derivatives of dideoxy uridine (ddU) are active 
against HIV and successfully by-pass thymidine kinase 

FEBS Letters 351 (1994) II-14 

FEBS 14389 

Christopher McGuigan”,*, Patrice Bellevergue b, Hendrika Sheekab, Naheed Mahmood”, 
Alan J. Hayd 

a Weish School of Pharmacy, University of Wales Card$ Redwood Building, King Edward VII Avenue, Cardiff; CFI 3XE UK 
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Received 27 June 1994 

Abstract 
As part of our effort to deliver masked phosphates inside living cells we have discovered that certain phosphate triester derivatives of the inactive 

nucleoside analogue, dideoxy uridine (ddU) are inhibitors of HIV replication at PM levels. Moreover, we note that certain phosphoramidate 
derivatives retain their activity in thymidine kinase-deficient cells, which indicates that they do indeed act by intracellular release of the free nucleotide, 
and that they successfully by-pass the nucleoside kinase. The increased structural freedom in drug design which this allows may have implications 
for dealing with the emergence of resistance and may stimulate the discovery of improved therapeutic agents. 

Key words: Nucleoside; Nucleotide; Anti-HIV 

1. Introduction 

Although nucleoside analogues, such as 3’-azidothy- 
midine (AZT, 1, Fig. 1) continue to dominate anti-HIV 
drug therapy they have a number of major limitations, 
such as their inherent toxicity, a dependence on kinase- 
mediated activation to generate the bio-active 
(tri)phosphate forms, and the emergence of resistance 
[l-2]. 

We [3-61 and others [7-91 have pursued a masked 
phosphate approach in an attempt to improve on the 
therapeutic potential of the parent nucleoside analogues. 
In this approach, inactive phosphate derivatives of the 
nucleoside analogue are designed to penetrate the cell 
membrane and liberate the bio-active nucleotides intra- 
cellularly. Masking of the phosphate group is necessary 
on account of the extremely poor membrane penetration 
by the polar (charged) free nucleotide. One mechanism 
by which masked phosphates may lead to enhanced 
selectivity of action arises from what we have termed 
‘kinase bypass’ [3]. Thus, the complete dependence of 
administered (anti-HIV) nucleoside analogues on host 
nucleoside kinase-mediated activation places constraints 
upon the structures of nucleoside analogues which might 
be active. Nucleoside analogues which fall outside these 
strict constraints will be inactive, even if their 5’-tri- 
phosphates (the bio-active form) are potent and selective 
inhibitors of a viral target, such as reverse transcriptase 
(RT). Several such cases are known. Dideoxythymidine, 
and 3’-O-methylthymidine are examples of nucleoside 

*Corresponding author. Fax: (44) (222) 874537 or (44) (222) 874180. 

analogues which are inactive against HIV, whilst their 
triphosphates are exceptionally potent inhibitors of HIV 
RT [lo]; the inactivity of the nucleoside being attributed 
to poor phosphorylation by host kinases. If the masked 
phosphate strategy were able to deliver nucleotides in- 
tracellularly, the nucleoside kinase would be by-passed 
and the structural constraints such host enzymes impose 
would be obviated. In this way, wider structural varia- 
tion of the nucleoside analogue would be permitted, and 
more specific (less toxic) inhibitors of viral function may 
arise. We have recently reported on the success of this 
‘kinase by-pass’ strategy with several highly modified 
3’-substituted nucleosides [ 1 l-l 21. 

We now report the success of this approach with the 
simple nucleoside analogue dideoxy uridine (ddU, 2). 
This is essentially inactive against HIV, but judicious 
phosphorylation leads to the introduction of a signifi- 
cant, selective antiviral effect. Moreover, this effect is 
retained in thymidine kinase-deficient cells, indicating a 
successful by-pass of this enzyme, and strongly support- 
ing the suggested intracellular delivery of free nucleotides 
by this strategy. Whilst other researchers have recently 
reported the failure of the by-pass approach with 
phosphoramidates derived from ddu [13], we herein 
clearly demonstrate the success of this strategy with our 
previously reported aryloxy phosphoramidates [6] 

2. Materials and methods 

2.1. Chemistry 
General synthetic procedures were similar to those we have described 

[S]. All nucleotides were pure by high-field multi-nuclear NMR and 
reverse phase High Performance Liquid Chromatography (HPLC: 

OOl4-5793/94/$7.00 0 1994 Federation of European Biochemical Societies. All rights reserved. 
SSDI 0014-5793(94)00776-4 
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ACS system, 50 + 250 mm x 4.6 mm, Spherisorb 0DS2 5 p column, 
gradient elution using 5% acetonitrile in-water (A), and 5% water in 
acetonitrile (B). with 20% B for O-10 min. then a linear gradient to 80% \ II 

B at 30 min, with a flow rate of 1 ml/min). 
2.1.1. 2’,3’-dideoxy uridine (ddlJ, 2). 
(a) 5’-Trityl uridine. Trityl chloride (4.1 g, 14.7 mmol) was added to 

a solution of uridine (3 g, 12.3 mmol) in pyridine (50 ml) and the 
reaction mixture heated at 50°C for 24 h. The solvent was removed 
under high vacuum and the residue purified by chromatography on 
silica using 5% methanol in chloroform as eluant. Pooling and evapora- 
tion of appropriate fractions, followed by recrystallisation from ethanol 
gave the product as a white solid (5.32 g, 89%). G,(d,-DMSO) 3.3(28, 
dd, H5’, J = 10.8, 4.5 Hz), 4.0(1H, m, H3’), 4.15(28, m, H2’, H4’), 
5.2(IH, d, OH, J = 4.8 Hz), 5.35(1H, d, H5,J = 8.1 Hz), 5.6(1H, d, 
OH,J = 3.7 Hz), 5.8(1H, d, HI’, 3 = 3.1 Hz), 7.2-7.5(15H, m, Ar), 
7.8(lH, d, H6, J = 8.1 Hz), 11.2(lH, s,NH). &(d,- DMSO) 63.24(CS), 
69.56(C3’), 73.44(C2’), 82.36(C4’), 86,45(Cl’), 88.97(CPh,), 101.47(C5); 
127.18, 127.00,128.32(Ar), 140.62(C6), 143,43(Ar), 150,52(C4), 
163.07(C2). 

(h) 5’-Trityl-2’.3’-thiocarbonyl uridine. A solution of 5’-trityl uridine 
(1 g, 2.05 mmol) and thiocarbonyldiimidazole (400 mg, 2.24 mmol) in 
THF (20 ml) was stirred at ambient temperature for 17 h. After evap- 
oration of the solvent under reduced pressure the residue was purified 
by chromatography on silica using 5% methanol in chloroform as 
eluant. Pooling and evaporation of appropriate fractions gave the prod- 
uct as a white solid (990 mg, 91%). 6, (CDCI,) 3.5(2H, m, HS), 4.5(1 H, 
m, H4’), 5.5(lH, m, H2’); 5.65.9(2H,m, H3’, H5), 7.2-7.6(16H,m, Ar, 
H6), 9.5(lH, s, NH). 

(c) 2’,3’-Didehydro-2’,3’-dideoxy uridine (d4l.f). A solution of thio- 
carbonate (850 mg, 1.61 mmol) in triethylphosphite (10 ml) was heated 
at 150°C for 30 min. Excess triethylphosphite was evaporated under 
high vacuum and the residue purified by chromatography on silica 
using 5% methanol in chloroform as eluant. Pooling and evaporation 
of appropriate fractions gave the product and triethylphosphite 
(ratio = 60/40 by NMR). This mixture was dissolved in acetic acid and 
left for 17 h with stirring at ambient temperature. The solid obtained 
after evaporation of the solvent was purified by chromatography on 
silica using 8% methanol in chloroform as eluant. Pooling and evapora- 
tion of appropriate fractions gave the product (240 mg, 71%). 
6, (CDCI,. CD,OD) 3.7(28, dd, H5’. J = 12.3, 3.0 Hz’), 
4:85(lH, m, H4’);5.6(lH, d, H5, J = 8.1 Hz), 5.8(1H, m, H2’), 6.3(IH, 
m. H3’). 6.9(1H. m. HI’). 7.7(1H. d.H6. J = 8.1 Hz). 6,(CDCI,. 
CD,ODj 62.&l(&), ‘87.4i(C4’),‘89.86(Cl’j, 101.95(C5): 12?81(C2’j; 
134.71(C3’), 141.29(C6), 15l.Ol(C4), 164.25(C2). 

(d) 2’,3’-dideoxy uridine (2, ddll). D4U (240 mg, 1.14 mmol) was 
dissolved in methanol (10 ml) and ethanol (10 ml) and 10% palladium 
on charcoal (200 mg) was added. This mixture was shaken under a 
hydrogen atmosphere for 4 h.The catalyst was removed by filtration 
through celite and the residue purified by chromatography on silica 
using 8% methanol in chloroform as eluant. Pooling and evaporation 
of appropriate fractions gave the product as a white solid (200 mg, 
83%). 6, tCDCI,,CD,OD) l.9-2.1(3H, m, H2’,H3’), 2.4(1H, m, H2’), 
3,8(2H,‘hd, H5’, J =-12.2; 2.7 Hz); 4.15(1H, m, H4’), 5.7(lH, d, H5, 
J = 8.1 Hz).6.0(1H.Hl’.dd.J =6.6.3.3Hz)7.9(lH.d.H6.J =8.l Hz): 
FAB MS ‘m/e ‘213,0886(MH’, 72% C H N-0 requires 213.0875), 9 I? 2 4 
149(32), 137(93), 129(40), 113(68), lOl(1OO). 

2.1.2. 2:3’-Dideoxy uridine 5’-bis[2,2,2-trichloroethyl] phosphate 
(3a). DdU (2) (0.08 g, 0.38 mmol) and N-methyl imidazole (0.155 g, 
1.89 mmol) were mixed in THF (10 ml ) and bis(2,2,2-trichloroethyl) 
phosphorochloridate (0.186 g, 0.49 mmol) was added slowly at ambient 
temperature. After I h the solvent was evaporated and the residue 
dissolved in CHCI, (30 ml) washed with HCI (1 M; 10 ml), sodium 
bicarbonate solution (15 ml) and water (15 ml). The organic phase was 
dried (MgSO,) and evaporated under reduced pressure. The crude 
product was purified by chromatography on silica eluting with 4% 
methanol in chloroform. Pooling and evaporation of appropriate frac- 
tions under reduced pressure gave the product (0.20 g, 95%). 
6,, (CDCI,) 2.1(3H, m, H2’, H3’), 2.45(18, m, H2’), 4.4(28, m, 
HS), 4.55(18, m, H4’), 4.7(4H, m, CHZOP), 5.75(1H, d, H5, J = 8 Hz), 
6.l(lH, m, HI’), 7.6(1H, d, H6, J = 8 Hz), 9.4(lH, s, NH); FAB MS 
m/e 552,8792(MH’, lo%, C,,H,,N20,PCI, requires 552.8826); HPLC 
RT = 32.6 min. 

2.1.3. 2’.3’-Dideoxy uridine 5’-(ethyl methoxyalaninyl)phosphate 
(3b). DdU (2) (0.05 g, 0.23 mmol) and N-methyl imidazole (0.09 g, 

1.18 mmol) were mixed in THF (IO ml) and ethyl methoxyalaninyl 
phosphorochloridate (0.11 g, 0.47 mmol) was added slowly at ambient 
temperature. After 4h the solvent was evaporated and the crude prod- 
uct purified entirely as described for (3a) above, except that a second 
chromatographic column was necessary, using an eluant of 15% meth- 
anol in diethyl ether, in order to obtain pure (3b) (0.051 g, 54%). 
&(CDCI,) 1.3(6H, m, Ala-Me, POCC), 2.0(3H, m, H2’, H3’). 
2.4(lH,m, H2’), 3.70,3.71(3H, s, OMe), 3.84.25(7H,m, Ala-CH, Ala- 
NH, H4’, H5’, POC), 5.7(lH, d, H5, J = 8 Hz), 6.05(lH, m, Hl’), 
7.68,7.73(lH,d,H6,J=8Hz),9.5(lH,bs,NH);FABMSm/e406.1392 
(MH’, IO%, CSH,,N,O,P requires 406.1379) 294( IOO), 94(7); HPLC 
RT = 29.9,30.3 min. 

2.1.4. 2’,3’-dideoxy uridine 5’-(phenyl methoxyalaninyl)pho.sphate 
(3~). This was prepared by a procedure which was entirely analogues 
to (3a) above, except that the reaction was stirred for 17 h, and 4% 
methanol in chloroform was used as chromatographic eluant. Thus, 
from 92 mg of ddU was isolated 178 mg (90%) of (3~). 6, (CDCI,) 
1.32,1.33(3H, d, Ala-Me, J = 7 Hz), 1.8-2.1(3H, m, H2’,H3’), 2.3(IH, 
m, H2’), 3.66,3.67(3H, s, OMe), 4.0(lH, m, Ala-CH), 4.34.4(4H, m, 
H4’, HS’, Ala-NH), 5.60,5.65(1H, d, H5, J = 9 Hz), 6.0(lH. m, Hl’), 
7.25(5H. m. Ph). 7.60.7.61(18. d. H6, J = 8 Hz). lO.O(lH, bs. NH): 
FAB MS m/e 454.1397 (M-H’, 13% C&H,,N,O,P requires 454.1379) 
342(35), 307(14), ZOO(l5); 154(100),136(79); HPLC RT = 34.4, 34.6 
min. 

2.2. Virology 
2.2. I. Antiviral assays. The anti-HIV-1 activities and toxicities of 

compounds were assessed in two cell lines 1141. C8166 (a normal T-cell 
transformed by co-cultivation with leukaemialymphocytes harbouring 
HTLV-I) were infected with the III-B strain of HIV-l. Secondly. JM, 
a semi-mature T-cell line derived from a patient with lymphoblastic 
leukaemia, were infected with HIV-I strains GB8 or BIB. JM cells are 
relatively resistant to the antiviral effects of AZT and a number of its 
derivatives. 

Cells were grown in RPM1 1640 with 10% calf serum. 4 x IO4 cells 
per microtiter plate well were mixed with 5-fold dilutions of compound 
prior to addition of IO CCID,,, units of virus and incubated for 557 
days. Formation of syncytia was examined from 2 days post-infection. 
Culture fluid was collected at 557 davs and an120 antigen production 
measured by ELISA. Cell viability ofinfectezcells andcytotoxicity to 
uninfected cell controls were assessed by the MTT-Formazan method 

1151. 
2.2.2. gpl20 antigen assay. A microtiter antigen capture ELISA 

was developed [16] using a lectin (GNA) from Galanthus nivalis (Vector 
Labs., Peterborough, UK) and anti-HIV antibodies in human serum. 
The plates were coated with lectin (0.5pg), and after blocking with 10% 
calf serum, dilutions of virus supernatants in 0.25% Empigen solution 
(Albright and Wilson Ltd., Whitehaven, UK) were added to the wells 
and incubated at 4°C for 12-16 h. Bound antigen was detected using 
human anti-HIV-I antibodies, and anti-human IgG antibodies coupled 
to horseradish peroxidase. 

3. Results and discussion 

Dideoxy uridine (ddU, 2) was prepared via three inde- 
pendent routes, all involving a final hydrogenation of the 
didehydro dideoxy compound d4U. Thus, 5’-silylation of 
uridine, followed by thiocarbonate formation, elimina- 
tion with triethyl phosphite, and deprotection with fluo- 
ride, gave 2’,3’-dideoxy 2’,3’-didehydro uridine (d4U) 
[17] in an overall yield of 50%. Alternatively, a 5’-trityl 
protecting group could be used in this synthesis to give 
d4U, again via the 2’,3’-thiocarbonate, in an overall yield 
of 58%. Alternatively, by the procedures of Horwitz [18] 
2’-deoxyuridine could be converted to its 3’,5’-dimesyl- 
ate, which gave the 3’,5’-oxetane, and which could be 
converted to d4U on treatment with strong base. The 
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Fig. 1. The structures of potential anti-HIV nucleoside and nucleotide 

analogues. 

overall yield by this route was 29%. Thus, in terms of 
yield the best route to d4U was via the 5’-trityl protected 
2’,3’- thiocarbonate. 

The didehydro compound d4U generated by either of 
these routes was hydrogenated to give ddU (2) in 83% 
yield, and the structure and purity of this compound was 
confirmed by ‘H, 13C NMR, mass spectrometry and 
HPLC. 

The nucleoside analogue was then subjected to 5’- 
phosphorylation with a range of phosphates. A labile 
phosphate blocking group is clearly a pre-requisite for 
the masked phosphate approach, in order to facilitate 
(intracellular) release of the free nucleotides. Thus, sim- 
ple dialkyl phosphate derivatives of AZT are extremely 
resistant to phosphate hydrolysis, and they display no 
antiviral effect [3]. On the other hand bis(trihaloethy1) 
phosphate derivatives of zidovudine and of 2’,3’-dide- 
oxycytidine (ddC) show significant lability towards hy- 
drolysis [ 191, and are potent inhibitors of viral prolifera- 
tion [5]. We have also noted that one of these phosphate 
masking groups, the bis(2,2,2-trichloroethyl) phosphate 
moiety is successful in the kinase by-pass activation of 
certain inactive 3’-modified nucleosides [l l-121. We 
therefore chose this phosphate as the first blocking group 
for ddU. 

Thus, ddU was allowed to react with bis(2,2,2-trichlo- 
roethyl) phosphorochloridate in tetrahydrofuran con- 
taining N-methyl imidazole at room temperature to give 
(3a) in good yield. This was fully characterised by heter- 
onuclear NMR, FAB mass spectrometry, and HPLC, all 
data being consistent with its structure and purity. We 
have also noted that certain phosphoramidate deriva- 
tives of AZT are potent and selective inhibitors of HIV 
[4]. Thus, ethyl methoxyalaninyl phosphorochloridate 
was prepared by methods we have reported [4] and was 
allowed to react with ddU to give the target compound 
(3b) in moderate yield. This compound was recently re- 

ported by another group, following our earlier phosphor- 
amidate strategy [13]. However, we have found that 

aryloxy phosphoramidates are especially potent phos- 
phate blocking groups for AZT, and appear to release 
the free nucleotides within cells, on the basis of data in 
thymidine kinase-deficient cells [6,20]. Thus, phenyl 
methoxyalaninyl phosphorochloridate was similarly pre- 
pared [20] and was allowed to react with ddU to give (3~) 
in good yield. Full carbon-13 and (where appropriate) 
phosphorus-3 1 NMR data for the nucleoside (2) and the 
phosphates (3a-c) are given in Table 1. 

The parent nucleoside (2) and the corresponding 
masked phosphates (3a-c) were tested for their ability to 
inhibit the replication of HIV-l in C8166 cells, and in 
thymidine kinase-deficient [JM] cells, data being pre- 
sented in Table 2. As expected, the parent nucleoside (2) 
is active only at the highest concentrations tested, and is 
essentially inactive in JM cells. The bis[trichloroethyl] 
phosphate (3a) is approximately 5-10 times more active 
in each assay. On the other hand, the simple phospho- 
ramidate (3b) is devoid of antiviral activity in this assay, 
as has been recently noted by other researchers in a 
different assay [ 131. However, the aryloxy phosphorami- 
date (3~) is a potent agent, being approximately 50-times 
more active than the parent nucleoside analogue. This 
confirms the importance of data derived from assays in 
kinase deficient cells for the interpretation of the activi- 
ties of blocked nucleotides. As we have noted [20] only 

Table 1 
Carbon-13 and phosphorus-31 NMR data for compounds (2) and 

(3ac) 

2 3a 3b 3c 

Base C2 

c4 

c5 

C6 

Sugar Cl’ 

C2’ 

C3’ 

c4 

C5’ 

P-OR POC 

POCC 
P-OAr Cl” - 

C2” 

C3” 

C4” 

P-NHR PNC 

c=o 

OMe 

164.3 

150.5 

101.4 

140.8 

89.3 

24.6 

32.5 

81.8 

62.6 
_ 

CHMe - - 
SP _ 

163.4 

150.6 

102.6 

139.7 

86.6 

25.5 

32.2 

78.66 

69.6 

77.3” 

94.7’O 

-3.6 

163.9 163.7 

150.7 150.4 

102.1 101.9, 102.0 

140.0 139.7 

86.5, 86.3 85.9, 86.2 

25.3, 25.4 25.0, 25.2 

32.5, 32.6 32.0, 32.1 

79.46 78.86 

66.5, 66.8 66.9, 67.0 
66.0 _ 

16.2, 16.3 - 

_ 150.5 

119.8, 1 19.95 

_ 129.6, 129.7 

_ 125.0 

50.0, 50.1 50.0, 50.2 

174.4, 174.3” 173.8, 174.0’ 

52.6 52.4 

21.1, 21.05 20.6, 20.7 

7.2(d) 3.2 

“Multiplet. All spectra were recorded in CDCI,, except for (2) which 

were recorded in CDCI, plus CD,OD. Data are presented as 6 in ppm. 

All spectra were recorded using proton decoupling. In the case of 

carbon data phosphorus coupling constants in Hz are superscripted. 

Many carbon peaks for (3b-c) display diastereomeric splitting arising 

from mixed stereochemistry at the phosphate centre. 
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Table 2 

Anti-HIV1 activity of nucleoside and nucleotide analogues 

Compound C8166 JM 

ED,, CCS” ED,,, CC,” 

2 200 > 1,000 1,000 > 1,000 

3a 40 500 80 400 

3b > 1,000 > 1,000 400 400 

3c 4 400 20 500 

The antiviral activity and cytotoxicity of test compounds in two differ- 

ent cell lines. ED,, represents the concentration of compound (in ,uM) 

that decreases viral antigen production in infected cells to 50% of 

control. CC,, represents the concentration of compound (in ,uM) which 

causes 50% cytotoxicity to uninfected cells. 

such data will allow a clear understanding of the likely 
mechanism of action of blocked nucleotides, and dis- 
criminate between the release of nucleosides and nucleo- 
tides. 

In conclusion, we report the antiviral activity of cer- 
tain masked phosphate derivatives of the inactive nucle- 
oside ddU. We note that aryloxy phosphoramidates are 
particularly efficacious, and attribute the introduction of 
activity to kinase by-pass. Finally we stress the impor- 
tance of data in kinase-deficient cells for the clear inter- 
pretation of results on blocked phosphates. 
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Dominique Cahard1, Christopher McGuigan*2 and Jan Balzarini3

1UMR 6014 CNRS, Université de Rouen, 76821 Mont Saint Aignan cedex France
2Welsh School of Pharmacy, Cardiff University, King Edward VII Avenue, Cardiff CF10 3XF, UK
3Rega Institute for Medical Research, Katholieke Universiteit Leuven, B-3000 Leuven, Belgium

Abstract: We herein describe the development of aryloxy phosphoramidate triesters as an effective pro-tide
motif for the intracellular delivery of charged bio-active antiviral nucleoside monophosphates. The review
covers the discovery of such aryl phosphoramidates, their mechanism of action and structure-activity
relationships. The application of this strategy to a range of antiviral nucleosides is highlighted.

Keywords: Nucleotide, Pro-drug, Phosphoramidate.

SCOPE OF THIS WORK

We will describe the discovery, in vitro evaluation,
Structure-Activity Relationships (SARs) and Mechanism of
Action (MoA) of phosphoramidate triesters of a range of
antiviral nucleosides. We describe these compounds as
triesters to emphasise the fact that all of the charges on the
phosphate nucleus are blocked and to distinguish our
compounds from the phosphoramidate diesters described by
Wagner and Coworkers [1]. These latter compounds have
been well reviewed [1,2], operated by a quite separate
mechanism, and displayed distinct SARs to those
compounds we will describe here. Therefore we will not
include them below. We will thus describe the development
of fully blocked phosphoramidates, culminating in our lead
series, the aryloxy phosphoramidates.

ALKYL AND HALOALKYL PHOSPHATE
TRIESTERS

Early work from our laboratories indicated that simple
alkyl triesters of the antiviral agent araA (vidarabine) and the
anti-neoplastic agent araC (cytarabine), of general formulas 1
and 2, (Fig. 1) respectively displayed significant biological
activity in tissue culture [3,4]. However, analogous dialkyl
phosphate triesters of AZT (3) were devoid of significant
anti-HIV activity, in marked contrast to the parent
nucleoside analogue [5]. Similarly, whilst haloalkyl
phosphate triesters of araA and araC (4, 5) had enhanced
biological activity [6], the corresponding AZT derivatives
(6) and also those of 2’,3’-dideoxycytidine (ddC) (7) were in
general poorly active [7].

Thus, although the bis(trifluoroethyl) analogue (6) was
active at 0.4µM, and thus >200 times more active than
compound (3), it was still 100-fold less potent than AZT
itself [7]. Attempts to boost the potency of these haloalkyl
phosphate triesters by changing the degree of halogenation
were in general not successful [8].

*Address correspondence to this author at the Welsh School of Pharmacy,
Cardiff University, King Edward VII Avenue, Cardiff CF10 3XF, UK;
Tel./ Fax: 44 2920 874537; E-mail: mcguigan@cardiff.ac.uk

ALKYLOXY PHOSPHORAMIDATES

The original rationale for preparing phosphoramidate-
based pro-tides was the possibility that HIV aspartate
protease [9] might cleave a suitable oligo-peptide from the
phosphate moiety of a blocked nucleotide phosphoramidate.
Simple model mono-amino acyl analogues were prepared
and evaluated in the first instance and were of sufficient
interest to pursue in their own right. Thus, a series of simple
alkyloxy phosphoramidates of AZT were prepared with a
small family of methyl esterified aminoacids (8) [10]. By
comparison to earlier dialkyl phosphates of AZT (3, 6) the
alkyloxy phosphoramidates (8) showed significant anti-HIV
activity. A notable dependence of the antiviral activity on
the aminoacid side-chain began to emerge; with alanine
being most efficacious, and with leucine and, particularly,
isoleucine being less active [10,11]. By contrast, the alkyl
phosphate chain could be varied from C1 to C6 with no
significant change in activity [11].

In a subsequent study [12], α−aminoacids were
compared to their β,γ derivatives etc (9). Anti-HIV activity
was maximal for the parent α  system (glycine) and
diminished with increasing alkyl spacer length, being 10-
fold less active for n=3 as compared to n=1 [12].

Given the earlier improvements in antiviral activity noted
for the haloalkyl phosphate parents, we wondered whether
haloalkyl phosphoramidates might also be more potent.
Therefore, a small series of compounds (10) was prepared
[13]. For each of the aminoacids glycine, alanine and valine,
the alkyl chain either was ethyl, trifluoroethyl or
trichloroethyl. However, by contrast to earlier observations,
we herein noted no enhancement in antiviral potency
compared with the haloalkyl compounds, with one striking
exception. The trichloroethyl alanine compound (10, X=Cl,
R=Me) was active at 0.08µM and thus 50 times more potent
than either the ethyl or trifuoroethyl analogues. Interestingly,
this enhancement was only seen for the alanine series, and
not for the glycine and valine systems [13]. Thus, alanine
emerged as a preferred aminoacid, although the mechanistic
origins of this preference were, and still largely remain,
unknown. Much of the preceding literature from our labs and
others has utilized alanine as the empirical aminoacid of
choice, although as we will note below there are other
aminoacids, which may usefully substitute for it.
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PHOSPHORODIAMIDATES

Given the promising activity of alkyl phosphoramidates,
particularly those related to alanine, we wondered whether
diamidates might also be efficacious. Thus, several methyl
esterified amino acyl phosphorodiamidates (11) were
prepared and tested [14]. Non-amino acyl phosphoro-
diamidates derived from simple primary and secondary
amines were also prepared. Structure-activity relationships
were noted that indicated a strong preference for aminoacids
such as phenylalanine [14]. Thus a different aminoacid SAR
emerged for these diamidates as compared to the earlier alkyl
phosphoramidates. It is intriguing to note that this
preference for aromatic side-chains was also seen by Wagner
for the rather un-related phosphoramidate diesters [1].
However, in general the diamidates appeared to offer no
biological advantage over the amidates, and the chemical
yields of the diamidates were significantly lower; hence they
were not further pursued.

LACTYL DERIVED SYSTEMS

In an effort to establish the importance of the bridging
aminoacid nitrogen atom for the biological activity of the
phosphoramidates a small family of isosteric O-linked
analogues derived from lactic and glycolic acid was prepared
(12) [15]. In each case, lengthening of the alkyl phosphate
chain (R”) leads to a reduction in potency. It was also
notable that glycolyl systems (R’=H) were more active than
lactyl (R’=Me) by a factor of ca. 20. This is in contrast to
the earlier work on phosphoramidates noted above where
alanine was preferred over glycine [10,11]. A brief hydrolytic
stability study was undertaken on compounds 12, which
revealed liberation of polar compounds and traces of AZT in
biological media, but not in DMSO/water. Thus, enzyme-
mediated activation was possible. However, since the anti-
HIV activity of even the most active compound in the series
was significantly (>10-fold) lower than AZT itself, these
compounds were not further pursued.

DIARYL PHOSPHATES OF AZT

One of our major breakthroughs in phosphoramidate pro-
tide research was made in 1992, when we noted the efficacy
of aryloxy phosphates and phosphoramidates [16]. Thus,
diaryl phosphates (13, Fig. 2) were prepared from AZT
using simple phosphorochloridate chemistry. For the first
time, the anti-HIV activity of these phosphate derivatives of
AZT exceeded that of the parent nucleoside in some cases.
Thus, the bis (p-nitrophenyl) phosphate was ca. 3-fold more
potent than AZT vs. HIV-1 in C8166 cells, with an EC50 of
3nM [16]. Moreover, whilst AZT was almost inactive (EC50
100µM) in the JM cell line, the substituted diaryl phosphate
was 10-times more active (EC50 10µM). At the time, it was
considered that JM was AZT – insensitive due to poor
phosphorylation [17]. It later emerged that an AZT-efflux
pump was the source of this poor AZT sensitivity [18].
However, the conclusion remains valid that the diaryl
phosphate was more able to retain activity in the JM cell
line, and that this may imply a (small) degree of intracellular
phosphate delivery. The nitro group was implicated as vital
to this activity, as the parent diphenyl phosphate was ca.
100-fold less active (C8166 cells). The electron-withdrawing
power of the p-nitro groups and putative enhancements in

aryl leaving group ability were suggested as the major
driving force of this SAR [16].

Thus, a series of analogues of (13) were prepared, with
various alternative para substituents (CN, SMe, CF3, I,
OMe, H) [19]. A very clear correlation emerged between
electron-withdrawing power of the para substituent and
antiviral potency; the nitro and cyano substituted
compounds being the most potent, the parent phenyl
substituted compound intermediate in activity and the
methoxy analogue least active, being 500-fold less active
than the nitro compound. The effect of location of the
electron withdrawing nitro group on the aryl rings was also
briefly pursued, with symmetrical bis-ortho nitro and bis-
meta nitro analogues being prepared [20]. In a study of both
HIV-1 and HIV-2 in several cell lines it was found that the
location of the nitro group had little effect on activity.
However, for the first time we were able to assess the
activity of the phosphate pro-drugs in the ‘true’ kinase-
deficient cell line CEM-TK-. This was a clear but
disappointing result, with all of the diaryl phosphates losing
almost all their activity, alongside AZT, in the TK- cell line.
This most likely implied poor intracellular phosphate
delivery and that the diaryl phosphates were acting largely, if
not entirely, as AZT pro-drugs, not as AZTMP pro-drugs as
intended [20]. However, the earlier work using JM cells on
phosphoramidates [16] had indicated that aryloxy
phosphoramides may offer a chance for true phosphate
delivery, and this became the main focus of our work.

ARYLOXY PHOSPHORAMIDATES OF AZT

Thus, a series of aryloxy phosphoramidates of AZT was
prepared (14) with various p-aryl substituents and several
aminoacids [21]. Compounds were only studied in the AZT-
resistant JM cell line to probe potential (implied) AZTMP
release, and the alanine phosphoramidate emerged as
strikingly effective. In HIV-1 infected JM all cultures, AZT
was inhibitory at 100µM, whilst the phenyl methoxy
alaninyl phosphoramidate (14, R=Me, Ar=Ph) was active at
0.8µM. This was taken as the first evidence of a successful
nucleotide delivery. As had been noted by us previously in
other series there was a marked preference for alanine over
leucine (10-fold) and glycine (>100-fold). Moreover, whilst
electron-withdrawing aryl substitution had been noted to be
very effective in the diaryl systems [19], it was detrimental
here. Para fluoro substitution had a slight adventitious
effect, but not significantly so, whilst para-nitro substitution
led to a 100-fold loss of activity. In a subsequent study [22]
the range of aryl substituents was extended and compounds
studied in true TK+ and TK- cell lines. None of the
phosphoramidates retained the high (2-4 nM) potency of
AZT in TK competent cell lines (CEM and MT-4) against
either HIV-1 or HIV-2 [22]. However, whilst AZT lost all of
its activity in the TK- deficient cell line CEM/TK-, most of
the phosphoramidates retained antiviral activity, thus being
ca >10-35-fold more active than AZT in this assay. Again,
alanine emerged as an important component, with the
glycine analogue being inactive in HIV-infected CEM/TK-

all cultures. In this assay, leucine and phenylalanine were as
effective as alanine, although they were less so in CEM/TK+

assays. Thus, the parent phenyl methoxy alanyl
phosphoramidate emerged as an important lead compound
[22].
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Fig. (1). Structures of some nucleosides and nucleotides. All nucleotides are 5'-linked.
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APPLICATION TO OTHER NUCLEOSIDES

As with other research groups reported in this
compilation, we had sought to find a universal phosphate
delivery motif that could be applied to a range of
nucleosides. Indeed as early as 1993 we suggested that the
phenyl alanyl phosphoramidate approach might be successful
on a range of nucleosides (ddC, d4T) and phosphonates
(PMEA) [22]. This has subsequently been confirmed to be
the case with extensive application of the technology by
others and us.

Stavudine (d4T) was an early application of ours [23].
This was a rational choice based on the known kinetics of
phosphorylation of d4T. Thus, whilst the 2n d

phosphorylation (AZTMP to AZTDP) but not the first
phosphorylation (AZT to AZTMP) is regarded as rate
limiting for AZT, the first step (d4T to d4TMP) is thought
in general to be the slow step for d4T [24]. Thus, an
intracellular (mono) nucleotide delivery should have
maximal impact for d4T and similar nucleosides. In the first
instance (halo)alkyloxy phosphoramidates of d4T (15) were
prepared [23] and found to retain activity in d4T-resistant
JM cells. The activity was dependent on the haloalkyl
group; the parent propyl system being poorly active.
Subsequent studies in HIV-infected CEM/TK- cell cultures
[25] revealed the aryloxy phosphoramidates of d4T (16) to be
highly effective and, notably, to retain their full activity in
CEM/TK- cells. In this study the benzyl ester emerged as
slightly more potent than the parent methyl compound,
being almost 10-times more active than d4T in CEM/TK+

assays and thus ca 300-500 fold more active than d4T, in
CEM/TK- assays. Extensive studies followed on these
promising d4T derivatives [26,27] which we will discuss
later.

In 1994 Franchetti and coworkers [28] applied the aryl
phosphoramidate technology to 8-aza-isoddA (17) and
isoddA (18). Very significant boosts in the antiviral potency
of the parent nucleosides were noted; >25-fold for (17) and
350-800 fold for (18). This was important an work, which
demonstrated the power of the aryloxy phosphoramidate
approach to greatly improve the biological profiles of poorly
active nucleosides. Thus, (18) was transformed from 32µM
activity versus HIV-2, to 40nM activity, on
phosphoramidate formation. Subsequent analysis of these
compounds by the Montpellier team [29] leads to the clear
conclusion that they function as efficient intracellular
phosphate delivery forms.

To a large extent this could be regarded as an example of
what in 1990 we termed ‘kinase bypass’, wherein an
inactive, or moderately active and poorly phosphorylated
nucleoside could be ‘activated’ or potentiated by suitable
pro-tide modification [5,30]. A further example of this has
emerged in our labs on application of the technology to ddU
[31]. Thus, whilst dideoxyuridine (ddU) is almost inactive
( E C 5 0  200µM) vs. HIV-1 in C8166 cells, the
phosphoramidate (19) was noted to be active at low µM
levels and to retain potency in the AZT-resistant JM cell
line. This activity was specific to the aryloxy
phosphoramidate both with our lab [31] and the Montpellier
group [32] noting poor activity for the alkyloxy
phosphoramidates.

Given the success of the phosphoramidate approach by
the Franchetti lab when applied to iso nucleosides [28], we
were interested to pursue other sugar modifications.
Therefore, we applied the approach to 2’,3’-dideoxy-3’-
thiacytidine (3TC) [33]. In fact, compound 20 was found to
be less effective than 3-TC in deoxycytidine (dCyd) kinase
competent HIV-1 and –2 infected cell assays, but assay in
dCK deficient cells indicated far less of an impact on
potency for the phosphoramidate than the parent CEM cells
3TC (ca. 20-fold vs 2000-fold). Interestingly, both
compounds were equally effective versus hepatitis B virus in
hepatoma G2 cells indicating efficient pro-tide activation in
these cells but not in the CEM cells used for the HIV assay
[33]. This was amongst the first indications that the
(relative) efficacy of phosphoramidates might be cell-line
dependent.

One of the most remarkable demonstrations of the
effectiveness of the aryloxy phosphoramidate approach came
from our application of the technology to the
dideoxydidehydro purine d4A [34]. Compounds of the type
21 were found to be exquisitely potent inhibitors of HIV-1
and 2. Both the methyl and benzyl esters displayed EC50
values of ca. 6-18nM thus being 1000-4000 times more
potent than the parent nucleoside analogue d4A. Although
the phosphoramidates (21) are more cytotoxic than d4A (ca.
30-fold), their extraordinary potency enhancements still leave
them with enhanced selectivities (50-150 fold) [34], and they
are taken as a good example of nucleoside‘kinase’ (in this
case adenosine) bypass. Subsequent application of the
technology to dideoxyadenosine ddA (22) revealed a similar
outcome; a >100-fold potency boost, with some increase in
cytotoxicity [35].

The Detroit-based lab a Jiri Zemlicka has pioneered the
synthesis of highly modified nucleosides with alkene,
alkyne, alkene, methylenecyclopropane, methylenecyclo-
butane and spiropentane modifications and successfully
applied our phosphoramidate technology. Indeed, they have
recently reviewed these efforts [36].

Thus, phenyl methoxy alaninyl phosphoramidates of the
anti-HIV active adenallene (23) and the inactive hypoxallene
(24) were prepared [37].

A 10-20 fold boost in anti-HIV potency was noted on
phosphoramidate formation from (23). Alkenyl adenine
nucleosides such as (25) and (26) were similarly studied
[38,39]. In these cases, both the Z (25 ) and E (26 )
nucleosides were inactive, whilst the phosphoramidate of
(25) was active in the 1-10 µM range and non-toxic; the
isomeric phosphoramidate (26) remained inactive. The
hypoxanthine analogue of (25) was also poorly active
[38,39].

A study of methylenecyclopropane nucleoside
phosphoramidates (27) was conducted by the Zemlicka
group [40-43]. Besides these active Z-isomers, the inactive
E-series were also phosphorylated and compounds evaluated
against a very wide range of viruses (HCMV, HSV-1, HSV-
2, HHV-6, EBV, VZV, HBV, HIV-1 and HIV-2). Amongst
the conclusions were the following:

- The Z-adenine compound is a potent inhibitor of a
variety of viruses, but is cytotoxic.
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- The Z-guanine analogue is active against HCMV,
HBV, EBV and VZV and is non-cytotoxic.

- The Z-diaminopurine is highly active against HBV
and HIV-1, with lower activity against other viruses
and is non-cytotoxic. This compound emerged as the
best candidate for further development. Again, whilst
the E-isomers of the parent nucleosides were either
inactive or very poorly active, their phosphoramidates
emerged as potent and selective antivirals, particularly
the adenine compound.

The Zemlicka group has also applied the
phosphoramidate technology to methylene cyclobutane (28)
[44] and spiropentane (29) [45] nucleosides with varying
degrees of efficacy.

Further pursuing the kinase bypass approach we prepared
some inactive novel d4T derivatives with 5-halo substituents
in place of the 5-methyl group (30) and converted them to
their phosphoramidates [46]. Whilst all compounds (30)
were poorly active/inactive at >10-50 µM, the
phosphoramidates were all active. The phenyl methoxy
alaninyl phosphoramidate of the 5-chloro compound (30, X
= Cl) was active at sub µM concentrations, being >100-fold
more potent than its nucleoside parent, and was also non-
cytotoxic [46].

Inspired by Zemlicka, who had shown that
phosphoramidate formation could broaden the spectrum of
activity of nucleoside analogues, we sought its application
to a variety of nucleosides with different therapeutic targets.
Thus, the anti-herpetic agents acyclovir (31), BVDU (32)
and netivudine (3 3 ) were all converted to their
phosphoramidates [47-49].

In general terms, the approach failed for acyclovir (31),
where the phosphoramidate was significantly less active than
the parent versus HSV-2, and slightly more active versus
HCMV [47]. Similarly, with BVDU (32) we noted a
reduction in anti-VZV activity (5-25 fold) for the
phosphoramidates, as well and very poor activity in TK-

assays [48]. This was taken as evidence of a low degree of
kinase bypass resulting from inefficient pro-tide activation in
this case or, alternatively, fact dephosphorylation of the

released nucleoside monophosphate. It is therefore surprising
to note the apparent efficacy of these phosphoramidates of
BVDU in anti-cancer assays reported by the NewBiotics
Group [50]. It may be that the necessary pro-tide activating
enzymes (see below) are absent in the cell lines used in our
antiviral assays, but present in the (tumour) cell lines used
by NewBiotics, or that the apparent anti-cancer activity of
BVDU phosphoramidates does not arise via monophosphate
release. However, the apparent clinical progression of these
agents [51] would suggest that the anti-cancer arena may
well be a fruitful area for future phosphoramidate studies.

Finally, our application of the technology to the potent
anti-VZV agent netivudine (3 3 ) [49] was again
disappointing, with little activity being noted.

Thus, in conclusion others and we have demonstrated
that the phenol methoxyalaninyl group may significantly
enhance the potency, selectivity and activity of spectrum of a
range of nucleosides and by-pass their dependence on
nucleoside-kinase mediated activation. The approach is very
successful for the Zemlicka agents with highly modified
sugar regions, and for ddA and d4A. It is also effective for
d4T and AZT in nucleoside kinase deficient cells. However,
it is clearly dependent on the nature of the parent nucleoside
and the cell line/target studied. The example of BVDU
highlights this final point [48,50].

APPLICATION TO ACYCLIC NUCLEOSIDE
PHOSPHONATES

Until recently all of the published work on
phosphoramidate pro-tides was on nucleoside analogues, as
noted above. However, recently there have been a few reports
of application of the technology to phosphonates, and in
particular acyclic nucleoside phosphonates (ANPs). The
Gilead group who has been active in the commercialization
of ANPs have reported [52] that aryloxy phosphonamidates
(34, Fig. 2) of PMPA (tenofovir) are highly active anti-
retrovirals. We reached the same conclusion for PMPA and
the closely related PMEA [53]. Boosts in antiviral potency
of 30-100 fold were noted for PMPA and PMEA, with the
usual preference for alanine as the aminoacid component.
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Graph 1. The effect of ester changes on antiviral potency.

Interestingly, we noted a significant preference for L-alanine
over D-alanine (5-60 fold), whereas Gilead observed a
preference for one phosphonate diastereoisomer over the
other, observations we will further discuss later under
‘stereochemistry’ matters. Gilead commenced clinical trials
on their amidate GS7340 in 2002, most notably progressing
with one phosphate diastereoisomer, afforded by an efficient
large-scale synthesis and isomer separation [54].

D4T Aryloxy Phosphoramidate SARs

We have conducted fairly extensive structure-activity
relationship studies of various regions of the
phosphoramidate unit when attached to d4T, with over 250
analogues prepared to date [26,27]. These will be discussed
by the respective region of the phosphoramidate:

Ester Region

Some early work on AZT alkyloxy phosphoramidates
revealed the importance of the carboxyl ester region for anti-
HIV activity [55], which was subsequently confirmed for
d4T aryloxy analogues [56]. Thus, a range of primary,
secondary, tertiary, alkyl, benzyl and linear and branched
esters related to (16) were prepared and evaluated against
HIV-1 and –2 in thymidine kinase – competent and
–deficient cell lines. Data are presented in Graph 1 as plot of
potency (1/EC50) for a range of esters, versus HIV-1 in CEM
TK+ cells, with d4T as control. A number of esters lead to
potent activity, comparable with, or slightly more potent
than, the methyl parent with compound. The benzyl, and

naphthyl esters in particular were noted to be highly potent.
The t-butyl ester analogue on the other hand was >10-times
less potent than the methyl ester parent compound. As we
will note below under Mechanism of Action studies, this
correlates well with the poor esterase susceptibility of this
particular ester. We later conducted a QSAR analysis using
calculated physical properties (TSARTM) for 15 esters related
to (16), which showed a good degree of correlation between
predicted and measured activity, with a clear dependence on
the shape and electronic distribution of the ester [57]. In
particular, there emerged a strong dependence on the
directional component of the ester group lipophilicity (the
‘lipole moment’), indicating that electron withdrawing
groups in the ester, but removed from the ester bond, should
boost potency.

Amino Acid

As noted above, alanine had arisen as the aminoacid of
choice based on limited studies with alkyloxy
phosphoramidates of AZT. We now compared 13
aminoacids related to (16, R=Me) [58]. Very clear SARs
emerged from this study as presented in Graph 2, along with
other highly amino-modified systems will be described later.
Thus, versus HIV-1 in CEM TK+ cells, alanine remained the
most effective aminoacid. However, several other aminoacids
led to potencies, which were not significantly reduced,
notably the un-natural, achiral α,α-dimethylglycine
compound (35), which was slightly more potent than the
alanine compound in CEM / TK- cells. In fact, all of the
phosphoramidates retained full potency in the nucleoside
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Graph 2. The effect of amino acid changes on antiviral potency.

kinase deficient CEM cell assay, indicating action via
intracellular d4TMP release. However, some aminoacids
were less effective; proline in particular, leads to a
compound 20-100 times less potent than (16); whether this
relates to the importance of a free aminoacid NH, or steric or
conformational issues relating particularly to proline is not
entirely clear. However, valine and isoleucine were also
poorly effective, indicating some steric restriction issues
related to the side-chain. On the contrary, however, glycine
is a striking example; the simple loss of the alanine methyl
group resulting in a ca 60-70 fold reduction in potency.

The potency of (35) was an important discovery, since
for the first time it indicated that ‘un-natural’ (or less
common) aminoacids could be utilized in the
phosphoramidate approach. Indeed, we subsequently studied
the α,α-diethyl- and -dipropyl analogues of (35), but found
that these were poorly active (≥100-fold less potent than the
dimethyl parent) [59]. On the other hand, considerable
tolerance was allowed for un-natural, non-alkyl glycines, of
the type (36). Thus, whilst α-ethylglycine was 10-fold less
effective than alanine, the n-propyl and n-butyl analogues
showed no subsequent losses in potency [59].

These compounds are therefore all substantially more
potent than the ‘natural’ glycine system. Replacement of the
side-chain in (36) by a phenyl did however lead to a further

loss of activity, to yield a material similar in potency to the
glycine compound [58,59].

Amino Acid Stereochemistry

Given the importance of the aminoacid side-chain it
became interesting to probe its stereochemical requirements.
Thus, we prepared the isomeric, D- compound related to (16,
R=Me) and found it to be 20-30 fold less effective than the
L-parent [60]. Despite this reduction in potency, the D-
compound did retain full potency in TK-deficient CEM
assays, indicating its functioning entirely as a d4TMP
delivery form, with little or no free d4T release. It is further
interesting to note that the D-alanine compound is of similar
(slightly higher) potency as the glycine analogue [58,60].
This implies that a methyl group on the L-face of the
aminoacid (as in L-alanine and α,α-dimethylglycine)
contributes about a log in potency to the baseline of glycine,
that the D-face-methyl group of D-alanine cannot substitute,
and that the Pro-D-methyl group of α,α-dimethylglycine is
neither advantageous nor detrimental to potency.

Amino Acid Replacement

In this section we briefly describe some large-scale
aminoacid changes, which have a significant (largely
negative) impact on potency. Thus, replacement of the
aminoacid in (16) by a family of non-aminoacyl simple n-
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alkylamines (C3 to C12) leads to a complete removal of
activity [61]. The same result was observed for simple
alkylamine analogues of the AZT phosphoramidates (14)
[61]. Thus, an aminoacid appears a pre-requisite for a
successful aryloxy phosphoramidate approach. This is in
marked contrast to recent data from the Montpellier group
who has prepared phosphoramidate – SATE hybrids of AZT,
and found them to be highly potent and not to depend on an
aminoacid type structure for potency [62]. As noted by
Peyrottes et al. in this Compilation, this indicates a
different mechanism of action for SATE – phosphoramidates
as compared to aryloxy phosphoramidates (see below).

We had previously noted that chain extended aminoacid-
related alkyloxy phosphoramidates of type (9) were poorly
effective [12]. It was of interest to extend this study to
analogous beta- and other aminoacids, when applied to
aryloxy derivatives of d4T. Thus, compounds (37) were
prepared and found to be very poorly active; all extended
compounds were ca 40-times less potent than the glycine
parent compound [63]. Interestingly the β-alanine compound
(37 , n=2) was thus ca 2500 times less potent than its
structural isomer, the alanine lead compound (16, R=Me). It
is striking therefore, that the beta- and further extended
aminoacids are no more effective as aryloxy
phosphoramidate motifs than simple n-alkylamines [61,63]
(Graph 2) and that the substantial potency benefit offered by
aminoacids such as alanine does not extend to their beta- and
longer isomers. We will discuss this SAR further below
under Mechanism of Action.

Finally in this section, we note that the bridging
aminoacid nitrogen atom is vital for the antiviral potency,
since its replacement by a bridging oxygen atom, as in (12),
but now for aryloxy phosphoramidates of d4T (38), leads to
a very significant loss (ca.600-fold) of activity [64].

Aryl Substitution

We had previously noted the effect of aryl substitution
on aryloxy phosphoramidates of AZT (14) [21,22]. We now
extended this study to d4T with a variety of substituents
ranging from electron donating to electron withdrawing (39)
[65]. It was notable that strongly electron withdrawing
groups (p-CN, p-NO2) lead to slight reductions in potency,
whilst several substituents, such as the p-COOMe and,
particularly p-Cl groups showed significant potency boosts.
The p-chloro compound emerges as a new lead structure,
being 14-times more potent than the phenyl parent
compound, with an EC50 versus HIV-1 in wild-type
nucleoside kinase competent CEM cells of 5nM, and being
fully active in the CEM/TK- assays. The chloro compound
was also the most lipophilic studied, and logP
measurements indicated a correlation (r=0.9) between
measured logP and antiviral activity. However, this may be
an artefact of the small sample size, and logP may not in
itself correlate with activity in wider compound series. In
general, this study concluded that lipophilic substituents
which were mildly electron-withdrawing (σ 0.15 - 0.48)
were preferred [65]. Indeed, a subsequent more rigorous
QSAR analysis of 21 compounds of this type confirmed
lipophilicity as an important factor, with steric and
electronic factors of more secondary importance [66].

Uckun et al. also noted the efficacy of compounds of the
type (39), and in particular with a para-bromo substitutent

[67-69]. This group later went on to suggest these agents as
virucidals [70,71].

Phosphate Stereochemistry

One of the notable structural features of all of the
phosphoramidate  t r ies ters ,  excluding some
phosphorodiamidates [14], is the presence of a chiral centre
at the phosphate. Due to the chirality of the nucleoside all of
the compounds prepared are thus isolated as a pair of
diastereoisomers. In this regard the phosphoramidate
approach is similar to the cylcoSAL approach of Meier
reported in this compilation. As early as 1990 we had started
to partly separate the diastereoisomers [10]. Thus, some
alkyoxy phosphoramidates of AZT (8) were partly separated
by flash silica chromatography and fractions enriched in the
more lipophilic (‘fast’) and less lipophilic (‘slow’) isomer
were separately evaluated. We found a small, ca 3-fold,
difference in potency, with the ‘fast’ isomer being less
potent. A subsequent study on some mixed haloalkyl
triesters of the type (6) indicated a 10-fold difference, with
the ‘fast’ isomer being more potent [8]. In neither case was
any link made between the absolute chirality at the
phosphorus atom and the relative lipophilicity/potency; such
work was only to emerge later. Thus, working with alanine
phosphonamidates of PMEA (34), researchers at Gilead
found a 10-fold difference in potency, with the S-phosphate
isomer being more potent [52]. Their recent disclosure of a
large scale synthesis and purification of the most active
isomer clears the way towards clinical evaluation of single
isomers of phosphoramidate triesters [54].

MECHANISM OF ACTION STUDIES

The putative first activation step for these
phosphoramidates is esterase mediated carboxyl ester
cleavage. In an effort to model this in a predictive sense, we
exposed various esters of type (16) to pig liver esterase, and
followed the P-31 NMR signal [56]. The parent compound
always shows two closely spaced signals, due to the
phosphate diastereoisomers. Upon esterase treatment these
signals collapsed to give a downfield singlet (δp ca 8.2ppm).
This was characterised as the amino acyl phosphate
monoester (Fig. 3, A). Whilst the rate of cleavage of various
esters did not readily correlate with antiviral activity, we did
note that esterase lability was a necessary (but not sufficient)
condition for high biological potency; the t-butyl ester in
particular was not hydrolyed, and that phosphoramidate was
the least potent assayed in cell culture [56].

As noted above, subsequent studies on compounds with
chain-extended aminoacids of type (37) [63] showed the
importance of the α -aminoacid for activity. Indeed, the
esterase study on these compounds, each of which had a
methyl ester, showed that they were all well processed.
However, only the α -compound, derived from glycine,
proceeded to form the intermediate of type A (Fig. 3). The
beta- and longer homologues were processed only to the
carboxylate B (Fig. 3). It appears that for entropic, or steric,
reasons the loss of the phenyl group from these systems
does not proceed under the conditions of the assay, diesters
of type A do not arise, and the antiviral activity is poor. We
surmise that an alpha aminoacid (or similar) is required for
neighboring group assistance to displace the phenyl group,
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and that in its absence phenyl loss does not take place, and
moreover, that in the absence of such a displacement the
phenyl group is not lost in vitro, and thus the antiviral
action is limited.

Similar mechanistic conclusions were derived by the
Montpellier group [72] on the isoddA compounds of
Franchetti (18) using an elegant online ISRP-cleaning HPLC
method they had earlier reported for POM esters [73].
However, in contrast to our work, under some conditions
this group noted an alternative pathway involving loss of the
aryl group prior to ester hydrolysis, to give compounds of
the type C (Fig. 3) [72]. We believe this to be specific to
compounds with strong electron withdrawing aryl
substituents (e.g. nitro) and/or under conditions of reduced
esterase activity, and may be of limited in vitro significance
for un-substituted phenyl systems.

We confirmed our general view using radio labelled
compound (16, R=Me) incubated with a range of cell lines
used in the antiviral assays and then studied by HPLC [74].
In these studies high levels of metabolite A were noted,
which varied with the cell line, but in general corresponded
with high anti-retroviral activity. Thus, compound ‘A’ was
suggested as an important intracellular depot form for the
free nucleotide [74]. This study was subsequently extended
to include a wide range of compounds of the general type
(36), with varying aminoacids and esters, and also chain
extended compounds (37), and AZT analogues (14) [75].
Again, the generation of intermediates of the general type
‘A’ was seen as a necessary condition for high antiviral
potency. For the first time, this study rationalised many of
the SARs noted previously, such as the strong aminoacid
preferences we had seen [58]. For example, valine had been
noted to be a poorly effective aminoacid, and its
phosphoramidate was now of to be poorly processed by

carboxy esterase, human serum, and CEM cell extracts to the
type ‘A’ compound [75].

In this study, the final step in conversion of metabolites
‘A’ to the free nucleotide was also studied, namely the
cleavage of the aminoacid moiety. This represents a
phosphoramidase activity [EC 3.9.1.1] as originally defined
by Dixon and Webb [76]. However, a variety of
phosphoramidase preparations have been reported from a
range of sources, and “pure” enzyme has proved elusive [77-
81]. Using a rat liver cytosolic preparation we were able to
partially purify a fraction with the ability to hydrolyse
compounds of type A to generate d4TMP. The fraction was
distinct from creatine kinase, alkaline phosphatase and
phosphodiesterase on the basis of its lack of inhibition by
known reagents (enzyme inhibitions), and may truly be
described as a phosphoramidase [81]. It appears to have a
molecular weight in the range of 50-100KDa, has a pH
optimum of 7.4, and is inhibited by the phosphoramidase
inhibitor iodobenzene [82].

Lastly, when exposed to carboxyl esterase hydrolysis the
poorly active lactate and glycolate compounds (38) [64] gave
a rapid hydrolysis to give amino acyl intermediates related
to ‘A’ (but O-bridged). Thus, we surmise that such lactates
are poorly effective as antivirals due to poor onward
processing of this intermediate by phosphodiesterase under
the conditions of the assay, and that such analogues are not
substrates for the putative phosphoramidase that hydrolyses
‘A’.

CONCLUSIONS

The aryloxy phosphoramidate approach has emerged,
along with SATE, CycloSAL, aryl phosphoramidate diester
and others [1,2] as a viable method for the intracellular
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delivery of free monophosphates of a range of nucleoside
analogues. The approach works poorly for AZT, where the
second phosphorylation is rate limiting [24] but well for
d4T and a range of dd and d4 nucleosides. D4A is a
particularly dramatic example with >1,000 fold boosts in
potency on phosphoramidate formation. Indeed, recent work
from our labs in collaboration with researchers at
GlaxoSmithKline on the carbocylic L- d4A (40) has shown
potency enhancements of almost 10,000 on phosphoramidate
formation [83]. We believe that this has reached the levels
that we originally described over 10 years ago as ‘kinase
bypass’ [5], wherein an ‘inactive’ nucleoside is activated by
phosphate pro-drug formation. This suggests the prudency of
pro-tide synthesis on a range of nucleoside analogues, and
particularly not just those selected as active in initial
screens; the inactivity of other structures may simply
correspond to poor initial phosphorylation, which may now
be by-passed with pro-tides. The activity of the
phosphoramidates of the highly modified Zemlicka
nucleosides highlights this point well [36].

In terms of SARs, it has emerged that an alpha
aminoacid is essential for this approach, by contrast to
phosphoramidate-SATE hybrids of the Montpellier group.
Alanine remains a good choice of aminoacid, although the
achiral α,α−dimethylglycine is a good alternative. The ester
and aryl moieties can be varied considerably, provided the
ester can be cleaved by esterase, and the aryl is a reasonable
leaving group. A P-N bond is also essential for activity,
with lactate isosteres being poorly active. This appears to
correlate with putative phosphoramidase mediated cleavage
of the key amino acyl intermediate (A, Fig. 3). Summary
SARs and their mechanistic origins are collected together in
(Fig. 4).

Finally, the issue of phosphate stereochemistry is worth
considering. All of the current syntheses of phosphoramidate
triesters currently give mixtures, often approximately 1:1, of
the phosphate diastereoisomers. These can be separated by
chromatography, and often have 5-10 fold potency
differences. Whilst it may be possible for mixtures to be
progressed towards the clinic, such progression faces
substantial regulatory hurdles, and separation and clinical
evaluation of pure isomers seem more likely. The recent
example of Gilead’s GS-7340 supports this view [54]. On
the Kilo scale, Gilead is using moving bed chromatography

to separate the unwanted diastereomer. On a smaller scale,
we have reported the novel use of molecular imprinted
polymers (MIPs), which may be a useful tool in the research
lab in this regard [84].

As in vivo data begin to emerge on aryloxy
phosphoramidates [85] and with clinical evaluation
proceeding, the next few years will confirm whether or not
they have a role to play in future drug development for
viruses and beyond.
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and Rule 55 of The Patents Rules, 
2003 as amended by the Patents Rules, 
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STATEMENT OF CASE OF THE OPPONENT 
 

 
 
 

1. The Opponent is a not-for-profit public service organisation having its 

registered address at 16192 Coastal Highway, Lewes, Delaware, 19958-9776, 

U.S.A. I-MAK consists of lawyers and scientists working to protect the 

public domain against undeserved patents to ensure that patents do not act as 

a barrier to research and restrict the public’s access to affordable medicines. 

 

2. One such application of concern is Application No. 3658/KOLNP/2009 

(‘3658) titled ‘Nucleoside Phosphoramidate Prodrugs’ filed in India on 20 

October 2009. ‘3658 is a national phase application stemming from 

International Application WO 2008/121634, filed on 26 March 2008 and 



 2 

published on 9 October 2008. WO 2008/121634 claims priority from multiple 

applications: US 60/909,315 dated 30 March 2007, US 60/982,309 dated 24 

October 2007 and US 12/053,015 dated 21 March 2008. ‘3658 was published 

for opposition in the Official Journal of the Patent Office, Journal No. 

12/2010 on 19 March 2010.  A copy of the Journal publication is attached as 

Exhibit 1.  

 

3. Based on the information provided by the Patent Office, ‘3658 is currently 

awaiting examination. Accordingly, as permitted under s25(1) of the Act and 

Rule 55(1), any person may file a representation by way of opposition at the 

appropriate office (Kolkata) before the grant of a patent. The Opponent 

submits its opposition and supporting evidence to ‘3658 based on the grounds 

set out below. The Opponent, as is allowed under s25(1) of the Act and Rule 

55(1), also requests a hearing before this matter is finally decided.  

 

Background to ‘3658 

 

4. The hepatitis C virus (HCV) presents a serious global health problem. The 

virus is transmitted through direct contact with an infected persons blood. 

Persons with needle-stick injury, health care workers with exposure to 

blood/blood products, transfusion/blood product recipients, organ transplant 

recipients and intravenous drug users are some of the populations at risk from 

HCV. Globally, the World Health Organization estimates that over 170 

million people are chronic carriers of HCV and are likely to develop liver 

cancer and/or cirrhosis. India alone has an estimated 12 million people who 



 3 

are chronically infected with HCV, with 96,000 deaths annually due to the 

infection. India is also home to 2.1 million people living with HIV (PLHIV) 

and applying the global co-infection rate of 13% implies that approximately 

273,000 people in this community may be co-infected with HCV.  

 

Given the public health crisis around HCV, it is imperative that people living 

with HCV are able to access the latest and most effective treatments without 

unmerited patents standing in the way. Undeserved patents of the nature 

applied for in ‘3658 affords a company, such as the Applicant, artificial 

exclusive rights, which then allows it to price a medicine beyond the reach of 

not only Indian patients, but also many in need in other developing and even 

developed countries.  

 

5. ‘3658 claims an invention for a phosphoramidate prodrug and its 

stereoisomers of a nucleoside derivative for treating viral diseases, including 

HCV. The compounds claimed in ‘3658 are inhibitors of RNA-dependent 

RNA viral replication and the HCV NS5B polymerase. The phosphoramidate 

prodrug claimed in ‘3658 is of the 5’ monophosphate derivative of the β-D-

2’-deoxy-2’-α-flouro-2’-β-C methyluridine nucleoside, also known as 

sofosbuvir under the International Non-Proprietary (INN) nomenclature 

(Exhibit 2).   

 

Nucleoside compounds and their derivatives, in particular uridine derivatives, 

have a long history of use for antiviral drugs. The first marketed antiviral 

nucleoside was idoxuridine in 1959 for treating herpes simplex keratitis. 
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Since then, uses for nucleosides have been researched and marketed in 

relation to cancer, hepatitis B, HCV and HIV, including but not limited to 

zidovudine (first synthesised as a potential anti-cancer medicine but marketed 

for HIV), acyclovir (herpes virus), lamivudine (HIV), ribavirine (HCV) and 

ganciclovir (cytomegalovirus).  

 

The invention claimed in ‘3658 is for a prodrug of a uridine nucleoside 

derivative for inhibiting NS5B polymerase. Pages 6-7 of ‘3658 describe the 

problem the Applicant is seeking to resolve: 

 

“Nucleoside inhibitors of NS5B polymerase can act either as a non-natural 

substrate that results in chain termination or as a competitive inhibitor which 

competes with nucleotide binding to the polymerase. To function as a chain 

terminator the nucleoside analog must be taken up by the cell and converted 

in vivo to a triphosphate to compete for the polymerase nucleotide binding 

site. This conversion to the triphosphate is commonly mediated by cellular 

kinases which imparts additional structural requirements on a potential 

nucleoside polymerase inhibitor. Unfortunately, this limits the direct 

evaluation of nucleosides as inhibitors of HCV replication to cell-based 

assays capable of in situ phosphorylation.  In some cases the biological 

activity of a nucleoside is hampered by its poor substrate characteristics for 

one or more kinases needed to convert it into the active phosphate form. 

Formation of the monophosphate by a nucleoside kinase is generally viewed 

as the rate limiting step of the three phosphorylation events. To circumvent 

the need for the initial phosphorylation step in the metabolism of a nucleoside 
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to the active triphosphate analog, the preparation of stable phosphate 

prodrugs has been reported”. Page 7 of ‘3658 then goes on to provide 

additional reasons for using prodrugs to improve the physicochemical and 

pharmacokinetics properties of nucleosides, including systemic absorption.  

 

Indeed, numerous marketed medicines based on nucleosides have been based 

on the prodrug approach, including but not limited to valganciclovir, 

tenofovir disoproxil and adefovir dipivoxil. One particular prodrug strategy 

that has been successfully adopted since the early 1990s to deliver nucleoside 

monophosphate drugs into the cell by circumventing the first and inefficient 

rate-limiting phosphorylation step of nucleosides and improving the cellular 

penetration of nucleotides has been the ProTide (pronucleotide) approach. 

The prodrug strategy, including the ProTide approach, has been applied time 

and time again over the past 20 years to the extent that in the recent study by 

an expert in the field, Valentino Stella stated that the vast majority “contain 

little true novelty either in a chemical or biological sense”. Exhibit 3 

Prodrugs as Therapeutics, Opinion on Therapeutic Patents, March 2004, Vol 

14 No.3 page 279, 2nd column.   

 

The ProTide prodrug strategy is the invention for which the Applicant seeks a 

patent in ‘3658. Should a patent be granted for ‘3658 it will provide the 

Applicant with unmerited additional exclusivity over the base active 

ingredient by another 4-5 years, thereby causing further obstruction and delay 

to more affordable versions of the medicine.  
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GROUNDS  

 

6. As the Background above describes, the invention claimed in ‘3658 relates to 

a nucleoside phosphoramidate prodrug for the compound known as 

sofosbuvir. According to documents made available on the Patent Office 

website, the initial filing of ‘3658 on 20 October 2009 comprised of 80 claims 

covering various prodrugs, their stereoisomers and processes for making the 

various compounds. On the same date, the Applicant submitted a more 

specific set of claims, attached as Exhibit 4. The Opponent believes that it is 

the set of claims as set out in Exhibit 4 that the Applicant wishes to be 

examined and accordingly sets out its grounds of opposition against the same. 

However, should the Applicant amend any of its claims during examination, 

as is necessary for a fair opposition proceeding and hearing, it is respectfully 

requested that the Controller keep the Opponent informed. 

 

7. The current set of claims for ‘3658 as set out in Exhibit 4 may be 

summarised as follows: 

 

a) Claim 1 covers (S)-2-{[(2R,3R,4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-

pyrimidin-1-yl)-4-f1uoro-3-hydroxy-4-methyl-tetrahydro-furan-2 

ylmethoxy]-phenoxy-phosphorylam-ino}-propionic acid isopropyl 

ester or a stereoisomer thereof. The claim covers the methylester of L-

alanine as part of the prodrug moiety of the phosphonate group. The 

ester specifically used is an isopropyl ester. 
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b) Claim 2 is a dependent claim covering a composition comprising the 

compound or a stereoisomer in Claim 1 and a pharmaceutically 

acceptable medium. 

 

c) Claims 3-5 are dependent on Claim 1 and cover methods of treatment, 

whether in the form of a composition and a pharmaceutically 

acceptable medium or as a method of treating, by using an effective 

amount of the compound or stereoisomer in Claim 1 for treating HCV 

and various other viruses. 

 

d)  Claim 6 covers a process for preparing the compound as claimed in 

Claim 1. 

 

e) Claim 7 is a product-by-process claim comprising the compound or 

stereoisomer thereof as claimed in Claim 1 using the process as 

claimed in Claim 6. 

 

f) Claim 8 covers the diastereomer of Claim 1. 

 

g) Claim 9 is a dependent claim covering the compound as claimed in 

Claim 8 and a pharmaceutically acceptable medium. 

 

h) Claims 10-12 are dependent on Claim 8 and cover methods of 

treatment, whether in the form of a composition and a 

pharmaceutically acceptable medium or as a method of treating, by 
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using an effective amount of the compound or stereoisomer in Claim 1 

for treating HCV and various other viruses. 

 

i) Claim 13 covers a process for preparing the compound as claimed in 

Claim 8. 

 

j) Claim 14 is a product-by-process claim comprising the compound or 

stereoisomer thereof as claimed in Claim 8 using the process as 

claimed in Claim 13. 

 

8. Based on the claims set out above, the Opponent believes that Claims 1-14 

are not patentable under the following grounds of s25(1) of the Act: 

 

a) S25(1)(b) – that the invention so far as claimed in any claim of the 

complete specification has been published before the priority date of 

the claim. 

 

b) s25(1)(e) – that the invention so far as claimed in any claim of the 

complete specification is obvious and clearly does not involve any 

inventive step having regard to the matter published as mentioned in 

clause (b) or having regard to what was used in India before the 

priority date of the applicant’s claim. 
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c) s25(1)(f) – that the subject of any claim of the complete specification 

is not an invention within the meaning of this Act, or is not patentable 

under this Act, in particular under sections 3(d).  

 

d) S25(1)(h) –that the applicant has failed to disclose to the Controller the 

information required by s8 or has furnished the information that in any 

material particular was false to his knowledge. 

 

Claims 1-14 of ‘3658 are not patentable under sections 25(1)(b) and 2(1)(l) of the 

Act 

 

9. Section 2(1)(l) states that a new invention means any invention or technology 

which has not been anticipated by publication in any document or used in the 

country or elsewhere in the world before the date of filing of the patent 

application with complete specification i.e. the subject matter has not fallen in 

the public domain or that it does not form part of the state of the art.  

 

10. Under the above definition and the published matter/existing knowledge in 

the field prior to the priority dates of ‘3658 (30 March 2007, 24 October 2007 

and 21 March 2008), the Opponent is of the view that the subject matter of 

claims 1-14 does not amount to a new invention. 

 

11. As discussed in the Background section above and on pages 6 and 7 of ‘3658, 

the Applicant sets out the problem it intended to resolve, namely a suitable 

phosphoramidate prodrug of the 5’monophosphate derivative of the β-D-2’-
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deoxy-2’-α-flouro-2’-β-C methyluridine nucleoside in order to activate its 

phosphate as well as to improve the physicochemical and pharmacokinetics 

properties of the said compound. 

 

12. The Opponent first draws the Controller’s attention to patent WO 

2005/003147 (‘147) published on 13 January 2005 and attached as Exhibit 5.  

The applicant for the ‘147 patent is the same as for the ‘3658 patent. ‘147 

covers an invention for “(2’R)-2’-deoxy-2’-flouro-2’-C-methyl nucleoside (β-

D or β-L), or its pharmaceutically salt or prodrug thereof, and the use of 

such compounds for the treatment of a host infected with a virus belonging to 

the flaviviridae family, including HCV (page 16, lines 3-8)”. Page 16 at lines 

16-24 of ‘147 adds that the 2’substitutions of β-D or β-L nucleosides of the 

invention claimed impart greater specificity for HCV and include a method 

for treating various viruses included HCV, or its pharmaceutically acceptable 

salt or prodrug.  

 

More specifically, the compound set out in Claim 6 of ‘147 (as shown below) 

covers the structure of the base compound for sofosbuvir, including its 

monophosphate, diphosphate, triphosphate or a stabilised phosphate prodrug:  
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(Claim 6 of WO 2005/03147) 
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To illustrate: 

 

Claim 6 of ‘147 provides: 

 

“A (2’R)-2’-deoxy-2’-flouro-C-methyl nucleoside (β-D or β-L) or its 

pharmaceutically acceptable salt or prodrug thereof of the structure”. 

 

Sofosbuvir is a (2’R)-2’-deoxy-2’-fluoro-2’-C-methyl nucleoside as specified: 

 

“wherein Base is a purine or pyrimidine base” 

 

 Uracil is the “base” of sofosbuvir. Uracil is a well known pyrimidine base: 

 

“X is O, S, CH2, Se, NH, N-alkyl, CHW (R,S,  or racemic), C (W)2, wherein W 

is F, Cl, Br, or I;” 

 

In the compound sofosbuvir, X=O (oxygen), which is the first atom mentioned 

for X in claim 6: 

 

“R1 and R7 are independently H, phosphate, including monophosphate, 

diphosphate, triphosphate or a stabilized phosphate prodrug”. 

 

In the compund sofosbuvir, R1=H and R7=H. In the prodrug compound of 

sofosbuvir which is delivered to the patient, sofosbuvir is a stabilised 

phosphate prodrug, specifically a phosphoramidate.  
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Claim 6, therefore, covers the actual structure of sofosbuvir in its base form, 

but also in its complete form as administered to patients by way of a 

phosphoramide-stabilised prodrug.   

 

Further confirmation of this can be found through the disclosures made 

throughout ‘147. Under the heading “Definitions”, on page 31, lines 7-22 of 

‘147, the patent document states: “The term “pharmaceutically acceptable 

salt or prodrug” is used throughout the specification to describe any 

acceptable form (such as an ester, phosphate ester, salt of an ester or a 

related group) of a compound which upon administration to a patient, 

provides the active compound…..Typical examples of prodrugs include 

compounds that have biologically labile protecting groups on a functional 

moiety of the active compound. Prodrugs include compounds that can be 

oxidized, reduced, aminated, deaminated, hydroxylated, dehydroxylated, 

hydrolysed, dehydrolyzed, alkylated, dealkylated, acylated, deacylated, 

phosphorylated, dephosphorylated to produce the active compound”. 

 

Pages 42-43 of ‘147 further provides that the invention contemplates and 

includes the 5’-triphosphate triphosphoric acid ester derivatives of a 

nucleoside compound and pharmaceutically acceptable salts of the 

triphosphate ester, as well as pharmaceutically acceptable salts of 

5’disphosphate and 5’monophosphate ester derivatives of the formulas 

claimed.  
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Pages 45-48 and 57-61 of ‘147 provide further discussion of prodrugs and 

pharmaceutical compositions for the compounds claimed. Page 46, lines 16-18 

of ‘147 state: “Any of the nucleosides described herein can be administered as 

a nucleotide prodrug to increase the activity, bioavailability, stability or 

otherwise alter the properties of the nucleoside”. Pages 47-48 disclose how 

pharmaceutical compositions based upon the β-D or β-L compound or its 

pharmaceutically acceptable salt or prodrug can be prepared in a 

therapeutically effective amount for treating a flaviviridae infection, including 

HCV. Page 59, lines 4-23 of ‘147, discusses similar phosphoramidates as 

claimed in the present patent ‘3658.  

 

Pages 51-54 of ‘147, under the heading ‘Stereoisomerism and Polymorphism’ 

discusses how the nucleoside compounds covered have several chiral centres 

and may exist in and be isolated in optically active and racemic forms, as do 

most amino acids which can exist as separate enantiomers. Pages 52-53 then 

set out commonly known techniques in the art for obtaining optically active 

materials.  

 

13. Based on the disclosures and claims made in ‘147, Claims 1-14 of ‘3658 are 

already covered or at least anticipated. ‘147, by stating ‘any acceptable form’ 

of a prodrug can be adopted for the compounds, clearly anticipates that a 

phosphoramidate prodrug could be used to increase the activity 

bioavailability, stability or otherwise alter the properties of the claimed 

nucleosides, including sofosbuvir as claimed in Claim 6 of ‘147. The 

disclosures and Claims in ‘147 also anticipate the stereoisomers of suitable 
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prodrugs, their pharmaceutical compositions and use as methods of treatment. 

In view of the disclosures and claims made in ‘147, ‘3658 is not a new 

invention. 

 

Claims 1-14 of ‘3658 are not patentable under sections 25(1)(e) and 2(1)(j) and 

2(1)(ja) of the Act 

 

14. In the alternative and without prejudice to the aforesaid, Claims 1-14 of ‘3658 

lack any inventive step. Section 2(1)(j) states that an invention means a new 

product or process involving an inventive step. Section 2(1)(ja) qualifies the 

meaning of ‘inventive step’ as being a “feature of an invention that involves a 

technical advance compared to existing knowledge and that makes the 

invention not obvious to a person skilled in the art”. Section 25(1)(e) defines 

the abovementioned sections for the purpose of an opposition as “an 

invention which is obvious and clearly does not involve any inventive step 

having regard to matter published as mentioned in s25(1)(b) or having regard 

to what was used in India before the priority date of the applicant’s claim”.  

 

15. Under the above definitions and the published matter/existing knowledge in 

the field prior to the priority dates of ‘3658, the Opponent is of the view that 

the subject matter of Claims 1-14 do not amount to a technical advance and 

would have been obvious to a person skilled in the art.  

 

16. As the discussion above already demonstrates, the disclosure and claims 

made in ‘147 (Exhibit 5) cover the structure of the base compound 
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sofosbuvir as well as the phosphoramide-stabilised prodrug. As such, ‘147 

would have made Claims 1-14 of ‘3658 obvious to a person skilled in the art.  

 

17. To further substantiate the above, the Opponent refers the Controller to the 

following prior art: 

 

a) Plinio Perrone et al., Application of the Phosphoramidate ProTide 

Approach to 4’Azidouridine Confers Sub-micromolar Potency versus 

Hepatitis C Virus on an Inactive Nucleoside, Journal of Medicinal 

Chemistry, 17 March 2007 (Exhibit 6).  

 

Exhibit 6 demonstrates how the use of an aryloxy phosphoramidate 

ProTide prodrug approach for a ribonucleoside 4’ azidouridine 

derivative (a uridine based nucleoside) was able to deliver the 

monophosphates to HCV replicon cells and unleash the antiviral 

potential of the triphosphate in a manner that vastly improved the 

antiviral activity over the parent compound. Moreover, the ProTide 

prodrugs tested by the authors included the alanine isopropyl ester as 

the phosphoramidate (Table 1, compound 15 on page 4), the exact 

same prodrug as claimed by the Applicant in ‘3658.  

 

b) Christopher McGuigan, et al, Certain Phosphoramidate Derivatives of 

Dideoxy Uridine (ddU) are Active Against HIV and successfully By-

pass Thymidine Kinase, FEBS Letter 351, 1994 (Exhibit 7).  
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Exhibit 7 demonstrates the success of using the ProTide prodrug 

strategy to activate the active triphosphates of an inactive HIV 

compound ddU. On page 13, column 2 of Exhibit 7, the authors state 

how the aryloxy phosphoramidate (the prodrug as used in ‘3658) is a 

potent agent being 50 times more active than the parent nucleoside.  

 

c) Dominique Cahard et al., Aryloxy Phosphoramidate Triesters as Pro-

Tides, Mini-Reviews in Medicinal Chemistry, 2004 (Exhibit 8). 

 

Exhibit 8 reiterates the benefits of the aryloxy phosphoramidate 

prodrug strategy, including the identical prodrug used by the Applicant 

in ‘3658. On pages 376- 378 of Exhibit 8, the authors also discuss the 

benefits of amino acids (including the L-alanine ester) and phosphate 

stereochemistry, which the Applicant also claims as an invention in 

‘3658. 

 

d)  Christopher McGuigan et al., Aryl Phosphoramidate Derivatives of 

d4T Have Improved Anti-HIV Efficacy in Tissue Culture and May Act 

by the Generation of Novel Intracellular Metabolite, Journal of 

Medicinal Chemistry, 1996 (Exhibit 9)  

 

Exhibit 9 reinforces the common knowledge in the field of how to 

activate nucleosides by intracellular phosphorylation drug activation 

and how the ProTide prodrug approach was known to be advantageous 

by providing the drug in a form that is already mono-phosphorylated. 
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e) WO 2006/067606 (‘606’) published 29 June 2006 (Exhibit 10). 

 

Exhibit 10 covers uridine nucleoside derivatives as antiviral drugs 

against flaviviridae, especially HCV. On page 5, lines 31-37, ‘606 

discusses amino acid esters e.g. alanine esters as potential prodrugs.  

 

f) WO 2002/08241 (‘241) published 31 January 2002 (Exhibit 11). ‘241 

discloses the identical prodrug and diastereomers claimed by the 

Applicant in ‘3658.  Pages 30-33 of ‘241 provide examples for 

diastereomer separation. 

 

18. Taking into the consideration the prior art provided in Exhibits 5-11 and the 

existing common general knowledge of aryloxy phosphoramidate prodrugs, 

Claims 1-14 of ‘3658 would have been obvious to one skilled in the art. It 

would have been obvious for the Applicant to pursue the phosphoramidate 

prodrug approach adopted for the compounds in ‘3658 including their 

stereoisomers, pharmaceutical compositions, processes for preparing the 

compounds and methods of treatment. As already discussed in the 

Background section above and admitted by the Applicant on page 7 of ‘3658, 

it is well known to a skilled person in the art that a prodrug of the compounds 

claimed in ‘3658 would have advantages such as activating the phosphate and 

improving the pharmacokinetic characteristics of the parent compounds 

discussed in ‘147. As such, claims 1-14 of ‘3658 would have been obvious to 
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try and do not amount to a technical advance over the art and lack any 

inventive step. 

 

Claims 1-5, 7-12 and 14 of ‘3658 are not patentable under sections 25(1)(f) and 

3(d) of the Act. 

 

‘3658 is a new form of a known substance that does not result in an enhancement 

of the known efficacy of the known form: 

 

19. In the alternative and without prejudice to the grounds raised above Claims 1-

5, 7-12 and 14 are not patentable inventions as set out under s3d. Section 3d 

of the Act provides 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. For the purpose of s3d, substances such as esters, metabolites 

and other derivatives of a known substance shall be considered the same 

substance unless they differ significantly with regard to efficacy. 

 

20. The recent decision of Supreme Court of India in Novartis AG v Union of 

India & Others, Civil Appeal Nos. 2706-2716, 2728 and 2717-2727 of 2013 

(Novartis) at page 90, paragraph 179 confirmed that the test of efficacy can 

only be therapeutic efficacy. Pages 90-91, paragraph 180 of Novartis states 

that not all advantageous or beneficial properties are relevant but only such 

properties that directly relate to efficacy, being therapeutic efficacy in the 

case of medicine.  
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21. In view of s3d, as already set out above, ‘147 (Exhibit 5) disclosed and 

claimed the base compound of sofosbuvir. ‘3658 seeks a prodrug form of the 

compound sofosbuvir as disclosed in ‘147 and is, therefore, a new form of a 

known substance. In order for the ‘3658 to meet the requirements of s3d of 

the Act it must show that the prodrug form enhances the therapeutic efficacy 

of the already known form. However, the Applicant in the specification as 

filed for ‘3658 has failed to submit any comparative data that shows an 

enhancement of therapeutic efficacy over the known form disclosed and 

claimed in ‘147. As such, ‘3658 should be prima facie refused under this 

ground. 

 

22. Even if the Applicant was to submit data, it should be noted that according to 

the recent Supreme Court ruling in Novartis, physico-chemical properties 

such as pharmacokinetic improvements would not be considered to amount to 

therapeutic efficacy. Given that the phosphoramidate prodrug claimed in 

‘3658 is designed to improve the pharmacokinetic properties of the base 

compound disclosed in ‘147, and once delivered intracellularly cleaves back 

to the known form without any additional therapeutic efficacy, the Opponent 

believes that the ‘3658 does not amount to a patentable invention as set out 

under s3d. 

 

‘3658 is the mere discovery of any new property or new use for a known substance: 

 

23. In the alternative and without prejudice to the above, the subject matter 

claimed in ‘3658 is a new use for a known substance. WO 2005/012327 
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(‘012327) published on 10 February 2005 (Exhibit 12) claims various 

phosphoramidate derivatives of nucleotides for use in the treatment of cancer. 

The base moieties of, for example, each of the nucleosides deoxyuridine, 

cytabrine, gemcitabine and citidine may be substituted at the 5’-position. 

 

24. Claim 1 of ‘012327 provides the following broad Markush formula: 

 

 

Claim 1 WO 2005/012327 
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Claim 1 of 012327 clearly covers the molecule sofosbuvir and its prodrug as 

claimed by ‘3658 in the following manner: 

 

“R is selected from the group comprising alkyl, aryl and alkylarly”. 

 

In sofosbuvir as claimed in ‘3658 R=isopropyl which is a common alkyl 

group: 

 

“R1 and R” are independently selected from the group comprising H, alkyl 

and alkylarly or R’ and R” together form an alkylene chain so as to provide, 

together with the C atom to which they are attached, a cyclic system”. 

 

In sofosbuvir R’ and R” are respectively –H and the common alkyl group –

CH3 (methyl): 

 

“Q is selected from the group comprising –O- and –CH2-”.  

 

In sofosbuvir Q= -O-: 

 

“X and Y are independently selected from the group comprising H, F, Cl, Br, 

I, OH and methyl (-CH3)”. 

 

In sofosbuvir X and Y are methyl (-CH3) and F:  
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“Ar is a monocyclic aromatic ring moiety or a fused bicyclic aromatic ring 

moiety, either of which said ring moieties is carbocyclic or heterocyclic and 

is optionally substituted”. 

 

In sofosbuvir Ar is an unsubstituted phenyl (-C6H5) group: 

 

“Z is selected from the group comprising H, alkyl and halogen and n is 0 or 

1, wherein n is 0, Z’ is –NH2 and a double bon exists between position 3 and 

position 4 and when n is 1, Z’ is =O”. 

 

In sofosbuvir n is 1, and Z’ is =O: 

 

“Or a pharmaceutically acceptable derivative or metabolite of formula I; 

with the proviso that, except where R is 2-Bu (-CH2-CH(CH3)2) and one of 

R’ and R” is H and one of R’ and R” is methyl (-CH3), when n is 1 and X and 

Y are both H, then Ar is not unsubstituted phenyl (-C6H5)”. 

 

Ar may be an unsubstituted phenyl (-C6H5). 

 

25. As described above, ‘012327 claims the prodrug of sofosbuvir claimed in 

‘3658. Page 73, line 5 provides one example of many showing use of 

phosphoramide esters containing alanine as the amino-acid, and unsubstituted 

phenyl (-C6H5) is clearly exemplified by the preparation and use of the 

following phosphonyl chloride derivative to incorporate such 

phosphoramidate prodrug moiety into the base compound: 
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26. In view of the subject matter claimed in ‘012327, the subject matter in ‘3658 

amounts to a new use for a known substance. As such all the claims in ‘3658 

should be not be considered an invention. 

 

Claims 3-5 and 10-12 of ‘3658 are not patentable under sections 25(1)(f) and 3(i) 

of the Act. 

 

27. Section 3(i) of the Act provides that therapeutic or other treatment of human 

beings are not inventions that are patentable. As Claims 3-5 and 10-12 are 

merely methods of administration for treating human beings using the 

compounds claimed in ‘3658, they should be rejected. 

 

Claims 1-14 are not patentable under sections 25(1)(h) and s8 of the Act. 

 

28. As required under s8 of the Act, the Applicant is required to provide all 

information regarding the prosecution of patent applications for the same or 

substantially the same invention as ‘3658 in other countries. Based on the 

information accessible via the Patent Office’s website, it appears the 
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Applicant has failed to comply with this requirement. Accordingly, the ‘3658 

application should be refused on this ground. 

 

PRAYER: 

Based on the grounds and evidence presented above the Opponent requests: 

 

a) that Indian Application No. 3658/KOLNP/2009 in the name of Pharmasset, 

Inc. be refused in its entirety; 

 

b) the Opponent be allowed to make further submissions in the event the 

Applicant makes any amendments to its claims; 

 

c) the Opponent be permitted to file further evidence if necessary to support its 

case; 

 

d) the Opponent be granted an opportunity of being heard in the matter before 

any final orders are passed. 

 

Dated 16 day of November 2013, 

 

For and behalf of the Initiative for Medicines, Access & Knowledge (I-MAK) 
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Address for service in connection with these proceedings is: - 

Rajeswari & Associates 

Amsoft Business Centre 

UNITECH Trade Centre 

Sector 43 

Gurgaon 

122 002 Haryana 

India 

 

To: 

The Controller of Patents 

The Patent Office, Kolkata 

 


