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REPRESENTATION BY WAY OF OPPOSITION U/S 25(1) 

 

1. A pre-grant opposition under Section 25(1) of the Patents Act, 1970, is being submitted by 

the Opponent against Indian Patent Application No. 3658/KOLNP/2009 (hereinafter 

referred to as the “Present Application”) in the name of Gilead Pharmasset LLC (hereinafter 

referred to as the “Applicant”). 

 

OPPONENT’S BUSINESS AND ACTIVITIES 

 

2. The Opponent is a company incorporated under the laws of India and involved in the 

development of various Active Pharmaceutical Ingredients / Drug Intermediates for 

commercialization in different markets. Being a research organization the Opponent has 

access to the latest technologies relating to manufacture of the pharmaceutical products and 

drug intermediates.  

 

3. The Opponent submits that a patent confers on the patentee a monopoly over any invention. 

This monopoly allows the patentee to exclude interested parties such as the Opponent itself, 

from manufacturing or developing inventions, in this case medicines, around the patent for a 

period of twenty years. The Opponent is therefore concerned about the impact of product 

patent on availability of safe and effective treatment for various diseases including Hepatitis 

C.  

  

I. PROSECUTION HISTORY OF THE PRESENT APPLICATION 

 

4. The Present Application - IN 3658/KOLNP/2009 titled “Nucleoside Phosphoramidate 

Prodrugs” was originally filed in the name of Pharmasset Inc. on October 20, 2009. The 

Applicant’s name was later changed to Gilead Pharmasset, LLC. The Present Application 

was published in India on March 19, 2010.  

 

5. The Present Application is the national phase application of PCT/US2008/058183 dated 

March 26, 2008 and was published on October 9, 2008 bearing the publication number WO 

2008/121634 (hereinafter referred as “WO ’634”). WO ’634 claims priority from US 

Provisional Application No. US 60/909,315 dated March 30, 2007, US Application No. 
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60/982,309 dated October 24, 2007 and US Patent Application 12/053,015 dated March 21, 

2008. 

 

6. The Applicant filed a request for examination on March 21, 2011. Thereafter, the Applicant 

amended the claims with claims totalling 14. It is pertinent to point out here that the 

duplicate Form-1 filed by the Applicant on April 1, 2014, incorrectly indicates US 

Application No. 60/666,230 as one of the priority applications instead of the US Application 

No. 12/053,015. The First Examination Report (FER) for the Present Application was issued 

on January 29, 2015. On November 4, 2015 the Applicant filed Form- 13 to amend the 

claims. The Applicant filed a response on November 27, 2015, and also made amendments 

to the claim, thereby bringing down the total number of claims to 5. 

 

II. ANALYSIS OF THE PRESENT APPLICATION 

 

7. The Present Application relates to Nucleoside Phosphoramidate prodrugs, which is claimed 

by the Applicant to be useful for treatment of viral diseases such as Hepatitis C. The 

Applicant claims that the mechanism with which the Phosphoramidate Prodrugs treat viral 

disease is by inhibiting the RNA polymerase that the hepatitis C virus uses to replicate its 

RNA. 

 

8. The Applicant at internal page 3 of the complete specification claims that inhibition of HCV 

NS5B polymerase prevents formation of the double - stranded HCV RNA and therefore 

constitutes an attractive approach to the development of HCV-specific antiviral therapies. 

The Applicant further states that in order 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. According to the Applicant, the formation of the 

monophosphate by a nucleoside kinase is generally viewed as the rate limiting step of the 

three phosphorylation events (Refer to page 3 of the Present Application). 

 

9. The complete specification of the Present Application discloses a compound of markush 

formula covering millions of compounds and its stereoisomers. The markush structure as 

disclosed on page 8 of the Present Application is given below : 

 

3



4 
 

 

 

 

Wherein R
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2
, R
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, R

3b
, R

4
, R

5
, R

6
, X and Y represent a series of groups / substitutions on 

these groups. The complete specification also states that the compounds of the Formula I are 

racemic because of the chirality at phosphorous (see internal pages 18 – 19 of the Present 

Application). 

 

III. CLAIMS OF THE PRESENT APPLICATION 

 

Claims at the PCT stage 

 

10. The Present Application had 12 claims at the PCT stage, discussed as under: 

 

i) Claim 1 relates to a compound of Formula I  

 

and its stereoisomer, salt, hydrate, solvate, or crystalline form thereof, where the base is 

a naturally occurring modified purine/pyrimidine represented by following structures: 

 

 

ii) Claim 2 relates to a compound, its stereoisomer, salt, hydrate, solvate or crystalline 

form thereof selected from a list of compounds, identified by their IUPAC names. 

Formula I 
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iii) Claim 3 relates to a composition for treatment and/or prophylaxis of any viral agents 

disclosed therein, comprising a pharmaceutically acceptable medium selected from 

among an exepient carrier, diluent and compound of claim 1. 

 

iv) Claim 4 relates to a composition for treatment and/or prophylaxis of any viral agents 

disclosed therein, comprising a pharmaceutically acceptable medium selected from 

among an excipient, carrier, diluent and equivalent medium and a compound of claim 

2. 

 

v) Claim 5 relates to a use of the compound of claim 1 in the manufacture of a 

medicament for the treatment of any condition the result of an infection by Hepatitis C 

virus, West Nile virus, yellow fever virus, dengue virus, rhinovirus, polio virus, 

Hepatitis A virus, bovine viral diarrhea virus or Japanese encephalitis virus. 

 

vi) Claim 6 relates to a use of a compound of claim 2 in the manufacture of a medicament 

for the treatment of any condition the result of an infection by Hepatitis C virus, West 

Nile virus, yellow fever virus, dengue virus, rhinovirus, polio virus, Hepatitis A virus, 

bovine viral diarrhea virus or Japanese encephalitis virus. 

 

vii) Claim 7 relates to a method of treatment which comprises administering a 

therapeutically effective amount of a compound of claim 1. 

 

viii) Claim 8 relates to a method of treatment which comprises administering a 

therapeutically effective amount of a compound of claim 2. 

 

ix) Claim 9 relates to a process for preparing compound of claim 1, the said process 

comprising reacting a substituted phosphorchloridate compound 4 with a nucleoside 

analog 5 reproduced below 
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x) Claim 10 relates to a process for preparing compound of claim 2, wherein the said 

process comprising reacting a substituted phosphorchloridate compound 4 with a 

nucleoside analog 5 reproduced below-  

 

 

xi) Claim 11 relates to a product, its stereoisomer, salt, hydrate, solvate or crystalline 

form thereof, prepared by a process comprising reacting a substituted 

phosphochloridate compound 4 with nucleoside of analog 5, as reproduced under 

 

 

xii) Claim 12 relates to a product comprising a compound of claim 2, its stereoisomer, salt, 

hydrate, solvate or crystalline form thereof, prepared by a process comprising reacting 

a substituted phosphochloridate compound 4 with nucleoside of analog 5, as 

reproduced under 

 

 

CLAIMS AS FILED AT THE INDIAN PATENT OFFICE 

 

11. As against the 12 claims filed at the PCT stage, the Present Application was filed at the 

Indian Patent Office with only 10 claims (claims 7 and 8 as claimed in the PCT 

Application were deleted).  
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Amendment of claims 

 

12. On December 26, 2011, the Applicant amended the claims for the first time. After the 

amendment, the total number of claims was 14. Further on November 27, 2015, the 

Applicant again amended the claims of the Present Application. After this amendment, 

the total number of claims was reduced to 5. These are the existing claims in the Present 

Application as set out below. 

 

13.  Claim 1 is independent claim and claims 2, 3, 4, 5 are dependent claims. These 5 claims 

are summarised below: 

 

i) Claim 1 relates to (S)-2-{[(2R, 3R, 4R, 5R)-5-(2, 4-Dioxo-3, 4-dihydro-2H-pyrimidin-

1-yl)-4-fluoro-3-hydroxy-4-methyl-tetrahydrofuran-2-ylmethoxy] phenoxy-

phosphorylamino}-propionic acid isopropyl ester having the following structure 

O N

CH3

F

NH

O

O

HO

O
P

O

O

HN

CH3O

O

 

 

or a stereoisomer thereof. 

 

ii) Claim 2 relates to the compound as claimed in claim 1 wherein the stereoisomer is 

(S)-isopropyl-2-(((S)-((2R,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-

fluoro-3-hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl) 

amino)propanoate having the following structure: 

O N

CH3

F

NH

O

O

HO

O
P

O

O

HN

CH3O

O
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It is submitted that claim 2 claims a particular stereoisomer with the stereoisomer so 

identified at Phosphorus atom. 

 

iii) Claim 3 relates to the compound as claimed in claim 1 wherein the stereoisomer is 

(S)-isopropyl-2-(((R)-((2R,3R,4R,5R)-5-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-

fluoro-3-hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl) 

amino)propanoate having the following structure : 

O N

CH3

F

NH

O

O

HO

O
P

O

O

HN

CH3O

O

 

It is submitted that claim 2 claims a particular stereoisomer with the stereoisomer so 

identified at Phosphorus atom. 

 

iv) Claim 4 relates to a composition comprising the compound as claimed in any of the 

claims 1 to 3 and a pharmaceutically acceptable medium.  

 

v) Claim 5 relates to a process for preparing the compound or a stereoisomer thereof as 

claimed in claim 1, said process comprising reacting a compound of 4” (reproduced 

below) with a nucleoside analog 5’ (reproduced below) 

PN
H

X'

O

O
O

OH3C

CH3

CH3

4"

O N

CH3

F

NH

O

O

HO

HO

5'

 

 

wherein X’ is a leaving group. 

 

IV. INCORRECT CLAIM OF PRIORITY DATE 

 

14. The Present Application was filed in India on October 20, 2009. The Present application 

claims the benefit of three priority dates namely, 
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i)  March 30, 2007 from US Provisional Application No. 60/909, 315 ( hereinafter referred 

to as “US ’315”) 

ii) October 24, 2007 from US Provisional Application No. 60/982, 309 ( hereinafter referred 

to as “US ’309”) 

iii) March 21, 2008 from US Patent Application No. 12/053, 015 (hereinafter referred to as 

“US ’015”)  

It is submitted that the Applicant has not specified as to which priority date corresponds 

to which claim. It is not open to the Applicant to claim 3 priority dates without 

specifying which claim(s) relates to which priority date. 

Claims 1-5 cannot claim priority from 1
st
 Priority date 

15. It is submitted that the date claimed from US ’315 is not validly claimed for the entire set of 

claims in the Present Application. Claims 1-5 are not entitled to claim priority from US 

Provisional Application No ’315 i.e. 30.03.2007. The general structure and the specific 

structure of the compound in claim 1 is reproduced below for reference 

General structure disclosed on 

page 8 of the US ’315 (on the basis of which 

1
st
 Priority date is claimed) 

Compound claimed in claim 1 of the 

Present Application 

 
 

 

16. The support for the compound of claim 1 in the 1st priority date is to be allegedly found 

in compound IX-25-2, as provided on page 195 of complete specification of US ’315, on 

the basis of which the first priority date is claimed. It is submitted that the compound IX-

25-2 in the US ’315 is not identical to compound of claim 1 of the Present Application 

and hence no priority can be claimed on the basis of US ’315. 
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Structure corresponding to  

compound IX-25-2 disclosed  

on page 195 of US ’315  

Compound claimed in claim 1 of the 

Present Application 

  

 

17. It is submitted that the compound IX-25-2 at page 195 of the complete specification does 

not specify the stereochemistry of the asymmetric carbon linked to group R
3b

 (methyl group 

i.e. –CH3). The compound of closest to claim 1 of the Present Application in fact follows 

from the selection from 3 lists of substituents or configuration. These lists have been 

identified as under- 

i) Selecting one structure from the lists II to XXXII (from page 97-661 of the complete 

specification); 

ii) Selecting one configuration for the asymmetric carbon from the list consisting of R and 

S; 

iii) Selecting one set from the list of 8 possible sets of substituents in each table  

 

18. It is submitted that the compound of claim 1 cannot be derived directly and unambiguously 

either from the general formula or from compound IX-25-2 given in US ’315. Therefore, it 

is not open to the Applicant to claim priority of US ’315. 

 

19. The Opponent would further like to rely on the Opposition proceeding against the 

corresponding patent number EP 2 203 462 granted to the Applicant in European Union. 

The Opponent submits that while granting the Auxiliary request 1 (a copy of which is 

annexed hereto as Exhibit A) in the opposition proceeding the said patent, the Opposition 

Division of the European Patent Office (order dated 31.10.2016 exhibited as Exhibit B) 

noted that the Auxiliary request 1 (that corresponds to claim 1 of the Present Application) 

was not entitled to priority from US ’315. Therefore, claim 1 of the Present Application 

cannot claim priority from US ’315. 
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20. It is submitted that the complete specification of US ’315 also does not disclose the 

diastereomers of the compound in claim 1 of the Present Application. Therefore, the 

compounds as claimed in claims 2 and 3 have not been disclosed in US ’315. The Opponent 

therefore submits that claims 2 and 3 cannot claim priority from US ’315. 

 

21. It is submitted that claim 4 relates to a composition comprising the compound of claims 1-3 

and a pharmaceutically acceptable medium. As the compound in claim 1 cannot derive its 

priority from US ’315, a composition formed from the compound thereof cannot claim 

priority from US ’315. 

 

22. Further, that claim 5 also cannot claim priority from US ’315. The process for preparing the 

compound of claim 1, as claimed in claim 5 has not been described in US ’315. It is 

therefore submitted that claims 1-5 of the Present Application cannot claim priority from US 

’315.  

 

23. At the most, the Applicant may claim priority from US ‘309(from which second priority 

date is claimed) or US ’015 (from which the third priority date is claimed). However 

without identifying the corresponding claims to the priority applications, it is not allowed 

for the Applicant to claim priority from multiple priority dates. 

 

V. SUMMARY OF GROUNDS CONSIDERED FOR OPPOSITION 

 

24. The Opponent brings this opposition under the following grounds, amongst others, each of 

which are without prejudice to one another: 

 

i. Claims 1-5 the Present Application lack inventive step, and therefore fail under 

Sections 2(1)(j) and 2(1)(ja) of the Patents Act. Therefore, the Opponent brings this 

opposition under Section 25(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 before the priority date in India or 

elsewhere in any document. 

 

ii. Claims 1-3 of the Present Application do not satisfy the test of Section 3(d) of the 

Patents Act as the subject matter does not exhibit enhanced therapeutic efficacy. 
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Therefore, the Opponent brings this opposition under Section 25(1) (f) -that the 

subject of any claim of the complete specification is not an invention within the 

meaning of this Act.  

 

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

the method in claims 1-5, by which it is to be performed. Therefore, the Opponent 

brings this opposition under Section 25(1) (g) -that that complete specification does 

not sufficiently and clearly describe the invention or the method by which it is to be 

performed. 

 

iv. The Opponent brings this opposition under Section 25(1) (h) of the Act-viz. that the 

Patent Applicant has failed to disclose the Controller information required by 

Section 8 or has furnished information which in any material particular was false to 

his knowledge. 

 

 

VI. DETAILED GROUNDS 

 

i. CLAIMS 1 TO 3 ARE OBVIOUS, DO NOT INVOLVE A TECHNICAL ADVANCE AND LACK 

INVENTIVE STEP AS DEFINED UNDER SECTION 2(1)(ja) AND THEREFORE HAVE TO BE 

REJECTED UNDER SECTION 25(1)(e) OF THE PATENTS ACT 

 

25.  Section 2(1) (j) defines an “invention” as “a new product or process involving an inventive 

step and capable of industrial application.” Therefore, an alleged invention, in order to 

qualify for a patent, must satisfy the criteria of inventive step. Section 2(1)(ja) of the Patents 

Act defines an inventive step as “a feature of an invention that involves technical advance as 

compared to the existing knowledge … and that makes the invention not obvious to a person 

skilled in the art”. 

 

26. Sub-sections (j) and (ja) of Section 2(1) of the Patents Act thus require a Patent Applicant to 

show that the feature of the alleged invention involves a technical advance and that it is not 

obvious to a person skilled in the art. These requirements are laid down to ensure that 

patents, which result in a monopoly, are granted only to genuine inventions. 
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27. Section 25(1)(e) of the Patents Act provides a ground for opposition if the alleged invention 

is obvious and does not involve an inventive step having regard to matter published, as 

described in section 25(1)(b) of the Patents Act. The published matter to be considered 

under this provision includes matter published in India or elsewhere in any document before 

the priority date of the alleged invention. The Opponent submits that claims 1-3 of the 

Present Application lack an inventive step and therefore should be rejected. 

 

28. At the time of the alleged invention, as will be explained below, the following were well 

known to persons skilled in the art: 

 

a. 2`-deoxy-2`-fluorocytidine was known as a potent anti-HCV agent and its in vivo uridine 

derivative was found to be inactive despite known to be possessing anti-HCV potency; 

b. ProTide approach/kinase bypass to activate an inactive nucleoside by phosphate prodrug 

formation was well known; 

c. L-alanine was well known as a preferred amino acid in ProTide approach; 

d. The stereoisomers arising from chirality at Phosphate in a Phosphoramidate were well 

known 
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A table representing the teaching of different prior art documents used in the following sections is produced below for ease of reference 

Teaching 

 

2`-deoxy-2`-

fluorocytidine is 

a potent anti-

HCV agent and 

its in vivo 

uridine 

derivative is 

inactive 

2`-deoxy-2`-

fluorouridine-

triphosphate 

has better half-

life than 2`-

deoxy-2`-

fluorocytidine 

Problem of non-

permeability of 

2`-deoxy-2`-

fluorouridine  

through cell 

membrane may 

be overcome by 

making a 

monophosphate 

prodrug 

 

ProTide 

approach can be 

used to activate 

an inactive 

nucleoside  

 

L-alanine is a 

preferred amino 

acid in ProTide 

approach 

 

Chirality at 

Phosphate in a 

Phosphoramidate 

gives two 

stereoisomers 

 

Prior art  

 

 

Clark et al (Exhibit C)       

WO 2005/003147 

(Exhibit D) 

      

Ma et al 

(Exhibit E) 

      

McGuigan et al 

(Exhibit F) 

      

Cahard et al 

(Exhibit G) 

      

Lee et al 

(Exhibit H) 

      

Perrone et al       
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(Exhibit I) 

Sofia et al 

(Exhibit J) 
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The ground of obviousness of the invention in the Present Application is discussed in detail 

below: 

 

A. 2`-DEOXY-2`-FLUOROCYTIDINE WAS KNOWN AS POTENT ANTI-HCV AGENT AND ITS IN 

VIVO URIDINE DERIVATIVE WAS FOUND TO BE INACTIVE DESPITE KNOWN TO BE 

POSSESSING ANTI-HCV POTENCY. 

Clark et al (Published on web: 26.07.2005) 

29. The Opponent relies on Clark et al titled “Design Synthesis, and Antiviral Activity of 2`-

Deoxy-2`-fluoro-2`-C-methyleytidine, a Potent Inhibitor of Hepatitis C Virus Replication”, 

J. Med. Chem. 2005, 48, pp. 5504-5508 (hereinafter referred as “Clark et al” and Exhibited 

as Exhibit C). This document was published in 2005, which is prior to the date of 1
st
 

Priority Application, and hence can be considered as a prior art. Clark et al notes that 2`-

deoxy-2`fluoro-2`C-methylcytidine and 2`-C-methylcytidine were assayed in a sub genomic 

HCV replicon assay system and found to be potent and selective inhibitors of HCV 

replication (see abstract).  

 

30. Clark et al points out that “several 2`-modified nucleoside analogues with potent inhibitory 

activity against the HCV NS5B polymerase have been identified. Among the most potent 

compounds in this class are 2`-deoxy-2`-fluorocytidine (2`-FdCyd) and 2`-C-methyl 

cytidine nucleosides.” (see internal page 5504, RHS column, para 1, lines 2-6). The 

structure of these identified potent compounds are reproduced below for easy reference (see 

Figure 1 on internal page 5504)  
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31. Clark et al further notes that “despite potent HCV inhibition of 2`-FdCyd, its therapeutic 

potential as an antiviral agent is diminished due to lack of selectivity between the cells and 

the target agents” (see internal page 5504, RHS column, para 1, lines 7-10). Hence, the 

authors of Clark et al worked towards synthesis and analysis of biological activity of a novel 

nucleoside analogue - 2`-fluoro-2`-C-methylcytidine (compound 1). The structure of 

compound 1 is reproduced below for reference (see Figure 1, internal page 5504) 

 

 

 

32. The novel nucleoside analogue, viz. compound 1, was tested for anti-HCV activity in both a 

cell-based quantitative real-time RT-PCR assay and surrogate bovine viral diarrhea virus 

(BVDV) assays. On comparison of compound 1 with 2`-deoxy-2`-fluorocytidine (2`-FdCyd) 

and 2`-C-methyl cytidine, compound 1 demonstrated similar potency as 2`-FdCyd in the 

HCV replicon assay. Further, “dynamic profiling of the cell growth in this replicon assay 

revealed no cytostasis for compound 1 at the HCV replicon EC90 value.” (see internal page 

5506, RHS column, para 1, lines 3-5). However, much like 2`-FdCyd, but unlike 2`-C-

methyl cytidine, compound 1 was inactive in BVD assays. (see internal page 5506, RHS 

column, para 1). The table comparing the anti-HCV activity and cellular toxicity of 

compound 1 with 2`-FdCyd, but unlike 2`-C-methyl cytidine is reproduced below for 

reference (see internal page 5506): 

 

 

17



18 
 

 

33. Clark et al also states that “the degradation of enzymes cytidine deaminase (CDA) and 

deoxycytidine monophosphate deaminase (dCMP-DA) are responsible for in vivo metabolic 

conversion of cytidine or cytidine monophosphate to uridine. To facilitate future in vitro 

studies of compound 1, 2`-deoxy-2`-fluoro-2`-C-methyluridine (9) was prepared”.(see 

internal page 5506, LHS column, para 2, lines 4-11). The structure of compound 2`-deoxy-

2`-fluoro-2`-C-methyluridine (compound 9) is being reproduced below for reference- 

 

 

 

 

34. Clark et al also tested compound 9 for anti-HCV activity in both a cell-based quantitative 

real-time RT-PCR assay and surrogate bovine viral diarrhea virus (BVDV) assays. 

However, compound 9 demonstrated neither any activity nor cytoxicity in any assay. (see 

internal page 5506, RHS column, para 1, lines 9-10). Compound 9 is disclosed to have an 

EC90 of greater than 100 µM and a low cytotoxicity CC50 (refer Table 2, page 5506, RHS 

column).  

 

35. The Opponent submits Clark et al teaches that in vivo metabolism was converting the 

cytidine derivate - compound 1, into uridine. In light of this, Clark et al was motivated to 

make a uridine derivative of compound 1 in order to test whether such a compound might 

show better activity. Hence, if compound 1 is envisaged for in vivo studies, the skilled 

person would also consider its in vivo metabolite i.e. compound 9 for the development of an 

anti-viral agent. This applies all the more because compound 9 (and its in vivo precursor- 

compound 1) are described in Clark et al to be not cytotoxic, which is an obvious pre-

requisite for its use as medicament. 

 

36. Therefore, in view of the foregoing, it is submitted that the person skilled in the art, based 

on teachings of Clark et al would identify compound 9 to be the starting compound of 

interest and would try to look into alternative approaches to make the compound 'active'. In 

Compound 9 
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other words, the technical problem to be solved would now be as to how to activate the in 

vivo derivative of a compound 1 which is known to possess high anti-HCV potency. 

 

37. In fact, it may be seen that compound 9 of Clark et al and compound of claim 1 of the 

Present Application have identical nucleoside. A tabular comparison of compound of claim 

1 of the Present Application and compound 9 disclosed in Clark et al is produced below- 

 

Compound in claim 1 of the Present 

Application 

Compound 9 disclosed on 

internal page 5506 of Clark et al 

 

 

               Nucleoside  

 

 

Compound 9, where R is H is 

represented below 

 

 

 

 

WO 2005/003147 (Published: April 21, 2004) 

38. The Opponent relies on WO 2005/003147 (hereinafter referred to as “WO ’147” and 

annexed hereto as Exhibit D), titled “Modified fluorinated nucleoside analogues” dated 
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April 21, 2004 and bearing a priority date of May 30, 2003. As the priority date of WO ’147 

is earlier than the priority date of the Present Application, it is a prior art document. 

 

39. WO ’147 relates to compounds for treating Flaviviridiae virus, in particular for HCV (see 

“field of invention” o page 1 of the complete specification). The   embodiment given at page 

39, lines 3-9 of WO ’147, discloses in the twelfth embodiment a compound, including its 

pharmaceutically acceptable salt or its prodrug of the embodiment. The twelfth 

embodiment is reproduced below:  

 

 

Wherein the base is a structure as reproduced below: 

 

Where R
1
, R

3
 and R

7
 are H and R

4
 is NH2 or OH. 

 

40. The twelfth embodiment in WO ’147 also clearly includes a “prodrug”. WO ’147 indicates 

that, “The invention also contemplates other embodiments, wherein the prodrug of a (2’R)-

2’-deoxy-2’-fluoro-2’-C-methyl nucleoside (β-D or β-L) includes biologically cleavable 

moieties at the 3’ and/or 5’ positions. Preferred moieties are natural of synthetic D or L 

amino acid esters, including D or L- valyl, though preferably L-amino acid esters, such as 

L-valyl, and alkyl esters including acetyl. Therefore, this invention specifically includes 3’-L 

or D-amino acid ester and 3’,5’-L or D-diaminoacid ester of (2’R)-2’-deoxy-2’-fluoro-2’-C-

methyl nucleoside (β-D or β-L)nucleosides, preferably L-amino acid, with any desired 

purine or pyrimidine base, wherein the parent drug optionally has an EC50 of less than 15 

micromolar, and even more preferably less than 10 micromolar…”. (see WO ’147 at 

internal page 60, placitum 11-20) 
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41. Therefore, WO ’147 provides prodrug of the identified nucleoside as a solution to the 

problem of non-availability of an active form of 2’-deoxy-2’-fluoro-2’-C-methyluridine, as 

recognised in Clark et al. The alleged solution provided by the Present Application is the 

phosphoramidate prodrug of β-D-2’-deoxy-2’-fluoro-2’-C-methyluridine wherein the 

phosphoramidate moiety is the phenyl phosphoramidate of L-alanine isopropyl ester. 

Ma et al (Published: August 13, 2007) 

 

42. The Opponent further relies on the publication by Ma et al, titled “Characterization of the 

Metabolic Activation of Hepatitis C Virus Nucleoside Inhibitor β-D-2′-Deoxy-2′-fluoro-2′-

C-methylcytidine (PSI-6130) and Identification of a Novel Active 5′-Triphosphate Species”, 

The Journal of Biological Chemistry, Vol. 282, No. 41, pp. 29812–29820, (hereinafter 

referred as “Ma et al” and exhibited as Exhibit E) published on October 12, 2007. This 

document can be considered as a valid prior art considering the Applicant has wrongly 

claimed the priority date of March 30, 2007 and the effective date of priority should be 

October 24, 2007, as discussed in section titled ‘incorrect claim of priority’.  

 

43. Ma et al has described the incubation of 2′-Deoxy-2′-fluoro-2′-C-methylcytidine (cited as 

PSI-6130 in Ma et al and identical to compound 1 from Clark et al) with human 

hepatocytes which results into formation of the phosphate of its uridine analogue, RO2433-

TP. The structure of PSI-6130 is produced below for reference: 

 

 

 

 

44. Ma et al then “determined whether the PSI-6130-derived uridine analog RO2433 could 

inhibit HCV replication targeting NS5B polymerase.  Huh7 cells containing a subgenomic 

genotype 1b Con1 strain HCV replicon were incubated with RO2433 or PSI-6130 for 72 h, 
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and dose-dependent inhibition of luciferase reporter activity was determined. RO2433 did 

not inhibit the HCV replication in the HCV subgenomic replicon system at concentrations 

up to 100 µM, whereas PSI-6130 inhibited HCV replication with a mean IC50 of 0.6 µM 

under the same assay conditions. The lack of potency in the replicon could be related to 

inefficient compound phosphorylation. To address whether the triphosphate of RO2433 

directly inhibits the HCV RNA polymerase, the RNA synthesis activity of the native 

membrane-associated HCV replication complexes isolated from the same replicon cells was 

tested in the presence of RO2433-TP. RO2433-TP inhibited the RNA synthesis activity of 

HCV replicase with a mean IC50 of 1.19 µM, whereas PSI-6130-TP inhibited HCV replicase 

with a mean IC50 of 0.34 µM. RO2433-TP also inhibited the RNA synthesis activity of the 

recombinant HCV Con1 NS5B on a heteropolymeric RNAtemplate derived from the 3-end of 

the negative strand of the HCV genome with an IC50 of 0.52 µM and Ki of 0.141µM, as 

compared with an IC50 of 0.13 µM and Ki of 0.023 µM for PSI- 6130-TP under the same 

assay conditions. These results established that both RO2433-TP and PSI-6130-TP are 

intrinsically potent inhibitors of RNA synthesis by HCV polymerase.” (see internal page 

29815, RHS column, para 1, lines 4-31) 

 

45. Ma et al also determined the half-life of PSI-6130 TP and RO 2433-TP. Here half-life is 

defined as the time needed for the triphosphates to be reduced to 50% that of the highest 

level of triphosphates after extra cellular parent compound removal (see internal page 

29818, RHS column, table 4). The table is reproduced for reference below- 

 

 

 

46. Therefore, Ma et al concluded that “The longer intracellular half-life of RO2433-TP may 

have pharmacologic relevance for maintaining more constant concentrations of the 
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antiviral triphosphate over the dosing period in clinical studies” (see internal page 29819, 

RHS column, para 3, lines 27-31) 

 

Problem of non-permeability of RO2433 through cell membrane may be overcome by 

making a monophosphate prodrug 

 

47. Ma et al further notes that “Despite the intrinsic potency of RO2433-TP against HCV 

polymerase, RO2433 was not active in the HCV replicon system at concentrations up to 100 

µM. RO2433 was either not phosphorylated in the replicon cells or could not penetrate the 

cell membrane. However, RO2433, when formed intracellularly from radiolabeled PSI-

6130, dissociated rapidly across the cell membrane with a half-life faster than 30 min. 

Therefore, RO2433 is most likely not efficiently phosphorylated to form RO2433-MP. 

Similarly, the uridine analog of the HCV replication inhibitor R1479 (4-azidocytidine) was 

inactive in the replicon system. However, when delivered as a monophosphate prodrug, 4-

azidouridine could be converted into a potent inhibitor of HCV replication, demonstrating 

that a block of monophosphate formation resulted in lack of antiviral activity of 4-

azidouridine. Assuming a likely block of RO2433 phosphorylation to its monophosphate, 

RO2433-MP in human hepatocytes was most likely formed through the deamination of PSI-

6130-MP by the cellular dCMP deaminase and subsequently further phosphorylated to 

RO2433-DP and -TP by uridine/ cytidine monophosphate kinase and possibly nucleoside 

Despite the intrinsic potency of RO2433-TP against HCV polymerase, RO2433 was not 

active in the HCV replicon system at concentrations up to 100 µM. RO2433 was either not 

phosphorylated in the replicon cells or could not penetrate the cell membrane. However, 

RO2433, when formed intracellularly from radiolabeled PSI-6130, dissociated rapidly 

across the cell membrane with a half-life faster than 30 min. Therefore, RO2433 is most 

likely not efficiently phosphorylated to form RO2433-MP. Similarly, the uridine analog of 

the HCV replication inhibitor R1479 (4-azidocytidine) was inactive in the replicon system. 

However, when delivered as a monophosphate prodrug, 4-azidouridine could be converted 

into a potent inhibitor of HCV replication, demonstrating that a block of monophosphate 

formation resulted in lack of antiviral activity of 4-azidouridine. Assuming a likely block of 

RO2433 phosphorylation to its monophosphate, RO2433-MP in human hepatocytes was 

most likely formed through the deamination of PSI-6130-MP by the cellular dCMP 

deaminase and subsequently further phosphorylated to RO2433-DP and -TP by 
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uridine/cytidine monophosphate kinase and possibly nucleoside diphosphate kinase. The 

proposed metabolic pathway for PSI-6130 is illustrated in Fig. 7. Using a primer-directed 

nucleotide incorporation assay mediated by HCV NS5B, we demonstrated that the 

incorporation of both PSI-6130-MP and RO2433-MP resulted in the complete blockage of 

the next nucleotide incorporation similar to that of the obligatory chain terminator 3-dCMP 

and 3-dUMP (Fig. 3, B and C). Therefore, the 2-C-methyl-2-Fluoro motif resulted in 

functional chain terminators on the respective uridine and cytidine analogs. It has been 

proposed that the chain termination activity of 2-C-methyl nucleotide analogs is related to a 

steric clash of the 2-methyl group with the ribose of the next incoming nucleotide substrate 

based on modelling of the NS5B initiation complex from bacteriophage 6 RNA-dependent 

RNA polymerase and NS5B crystal structures. Similar steric hindrance could occur with 

PSI- 6130-TP and RO2433-TP after incorporation due to the presence of the 2-C-methyl 

group” (see internal page 29819 LHS column, para 3, lines 39-59 and RHS column, para 1 

and 2, lines 1-18). The proposed metabolic pathway of PSI-6130 is reproduced below for 

reference. 

 

 

48. The Opponent submits that although the uridine derivative (compound 9 of Clark et al) 

which had been synthesised because it was believed to be the in vivo metabolite of the 

cytidine analogue of compound 1 was inactive, Ma et al motivates a person skilled in the 

art to identify the phosphorylated forms of both cytidine and uridine as having anti-viral 

activity and therefore possessing the realistic potential as anti-viral agents.  

 

b. PROTIDE APPROACH/KINASE BYPASS TO ACTIVATE AN INACTIVE NUCLEOSIDE BY 

PHOSPHATE PRODRUG FORMATION WAS KNOWN 

McGuigan et al (Published: 1994) 

49. The Opponent relies on a document titled “Certain Phosphoramidate derivatives of dideoxy 

uridine (ddU) are active against HIV and successfully by-pass thymidine kinase” authored 
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by McGuigan et al, FEBS Letters 351 (1994) 11-14 (hereinafter referred to as McGuigan et 

al and exhibited as Exhibit F). McGuigan et al discovered that “certain phosphate trimester 

derivatives of the inactive nucleoside analogue, dideoxy uridine (ddU) are inhibitors of HIV 

replication at µM levels…certain phosphoramidate derivatives retain their activity in 

thymidine kinase deficient cells…The increased structural freedom in drug design that this 

allows may simulate the discovery of improved therapeutic agents.” (see abstract) 

 

50. McGuigan et al further notes that “We and others 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 analogues 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’” (see internal page 11, LHS column, para 2, lines 8-19). It adds 

that,” We have recently reported on the success of this “kinase by-pass” strategy with 

several highly modified 3’-substituted nucleosides. (see internal page 11, RHS column, lines 

11-13).  

 

It also states that, “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 introduction of significant, selective anti-viral effect.” (see internal 

page 11, RHS column, lines 14-18) 

 

51. McGuigan et al worked on a parent nucleoside identified as compound (2). The structure of 

compound (2) is reproduced below for reference (see internal page 13, LHS column): 
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52. McGuigan et al tested the above compound and its corresponding masked phosphates for 

their ability to inhibit replication of HIV-1 in C8166 cells, and in the thymidine kinase 

deficient [JM] cells. The masked phosphates of compound 2, particularly 3a, 3b and 3c are 

reproduced below- (see internal page 13, LHS column)  

  

 

53. McGuigan et al notes that “…we have found that aryloxy phosphoramidates are especially 

potent phosphate blocking groups for AZT, and appear to release the free nucleotides within 

cells, on the basis of data in thymidine kinase-deficient cells…” (see internal page 13, RHS 

column, para 2, lines 2-6). Further, McGuigan states that, “ the parent nucleoside (2) is 

active only at the highest concentration tested... The bis (trichloroethyl) phosphate (3a) is 

approximately 5-10 times more active in each assay. On the other hand, the simple 

phosphoramidate (3b) is devoid of antiviral activity in this assay…However, the arloxy 

phosphoramidate (3c) is a potent agent, being approximately 50-times more active than the 

parent nucleoside analogue” (see internal page 13, RHS column, para 2, lines 2-6 and line 

12-25).The table depicting the activity of the parent compound and the masked phosphates 

is given under for reference (see Table 2. Internal page 14, LHS column) 
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54. Therefore, as is evident from the table above, compound 3c showed the most activity. 

Further, McGuigan et al teaches that “ the antiviral activity of certain phosphate derivatives 

of the inactive nucleoside ddU. We note that aryloxy phosphoramidates are particularly 

efficacious, and attribute the introduction of activity to kinase by-pass.” (see internal page 

14, LHS column, para 2, lines 5-9). 

 

Cahard et al (Published: 2004) 

55. The Opponent further relies on a document titled “Aryloxy Phosphoramidate Triester as 

Pro-Tides” by Cahard et al, Mini-Reviews in Medicinal Chemistry, 2004, 4, pp. 371-381 

(hereinafter referred as “Cahard et al” and exhibited as Exhibit G). The document was 

published in 2004, which is prior to the date of earliest priority of the Present Application. 

Therefore, Cahard et al qualifies as a prior art document. Cahard et al discusses the 

development of aryloxy phosphoramidate triesters as an effective protide motif for the intra-

cellular delivery of charged bioactive anti-viral nucleoside monophosphates (see abstract). 

 

56. Cahard et al notes that the authors “sought to find a universal phosphate delivery motif that 

could be applied to a range of nucleosides” (see internal page 374, LHS column, para 1, 

lines 2-6). It further states that “one of the most remarkable demonstrations of effectiveness 

of the aryloxy phosphoramidate approach came from our application of the technology to 

the dideoxydihydro purine d4A [34]”. (see internal page 374, RHS column, para 2, Lines 

16-20). The structure of compound 34 is being reproduced below for reference (see internal 

page 375, LHS bottom) 
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It may be noted that compound 34 has a (2S)-isopropyl 2-(((phenoxy) phosphoryl) amino) 

propanoate moiety. 

 

57. Cahard et al also pointed out that the Gilead group who has been active in the 

commercialisation of ANPs (Acyclic nucleoside phosphonates) have reported that aryloxy 

phosphoramidates (compound 34) of PMPA (tenofovir) are highly active anti-retrovirals. 

Cahard et al reached the same conclusion for PMPA and the closely related PMEA 

(adefovir) (see internal page 375, RHS column, para 3, lines 33-36). The Opponent submits 

that at least as early as 2004, a person skilled in the art would be aware that aryloxy 

phosphoramidates of an anti-viral (such as PMPA) show high activity. 

 

58. In the section “Conclusions” (see paragraph bridging pg. 379-380) of Cahard et al points out 

that the “aryloxy phosphoramidate approach has emerged, along with SATE, CycloSAL, 

aryl phosphate diester and others as viable method for intracellular delivery of free 

monophosphates of a range of nucleoside analogues…the approach works well for 

d4T(stavudine) and a range of dd and d4 nucleosides. D4A (2’-3’-didehydro-2’, 3’-

dideoxyadenosine) is a particularly dramatic example with >1,000 fold boosts in potency on 

phosphoramidate formation…carbocyclic L-d4A has shown potency enhancements of 

almost 10,000 on phosphoramidate formation. We believe that this has reached the levels 

that we originally described over 10 years ago as ‘kinase bypass’, 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” (see internal 

page 380, LHS column, para 1, lines 2-18).  
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59. Therefore, Opponent submits that a person having ordinary skill in the art would consider 

aryloxy phosphoramidate of Cahard et al to be suitable for the provision of a 

phosphoramidate prodrug of compound 9 of Clark et al.  

 

c. L-ALANINE WAS KNOWN AS A PREFERRED AMINO ACID IN PROTIDE APPROACH 

Cahard et al (Published: 2004) 

60. The Opponent relies on Cahard et al (Exhibit G), in particular, Figure 4 on pg. 380 which 

illustrates the preferred moieties of such a “viable” aryloxy phosphoramidate. The figure has 

been reproduced below: 

 

(Figure 4)  

 

It may be seen from the above figure that: 

- the O Aryl substitution at the phosphorus atom is “essential”. The Opponent submits 

here that the claimed compounds of the Present Application have a OPh at this site); 

- the α-amino acid is “strongly preferred”. According to pg. 380, LHS column at para 2 

“alanine remains a good choice of amino acid”. It is submitted that the claimed 

compounds of the Present Application have an L-alanine moiety; 

- the esterification of the amino acid moiety is “essential”. Primary alkyl, secondary alkyl 

or benzyl groups are “preferred”. It is submitted that one may look at the compounds of 

claims 1-3 of the Present Application have an iso-propyl ester moiety. 

 

61. Hence, Fig. 4 and the corresponding general statements provide a strong motivation to 

screen various arloxy phosphoramidate nucleoside prodrugs by varying the moieties in the 
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phosphoramidate part as taught by Cahard et al, bearing in mind that not only active parent 

nucleoside analogues but also those parent nucleoside analogues described in the art as 

inactive should be considered in the screening. 

 

62. Further, Cahard et al states that “alanine has risen as the aminoacid of choice” with alkyl 

phosphoramidates. (see page 372, LHS, para 1, lines 1-3 and page 376 RHS, para 2, lines 

17-19).  

 

63. Cahard et al teaches, “Indeed, recent work from our labs in collaboration with 

GLaxoSmithKilne on the carbolycylic L-d4A has shown potency enhancements of almost 

10,000 on phosphoramidate 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.” (see internal page 380, LHS 

column, lines 4-20). 

 

64. It is further concluded from Cahard et al that, "Alanine remains a good choice of amino 

acid, although the achiral α,α-dimethylglycine is a good alternative.” (see internal page 380, 

LHS column, lines 24-25). Cahard et al also teaches the, “ the issue of phosphate 

stereochemistry is worth considering” (see internal page 380, LHS column, lines 34-35) 

 

65. The Opponent submits that, since Cahard et al clearly teaches that the protide approach is 

applicable to both nucleosides and acyclic nucleoside phosphonates, a person having 

ordinary skill in the art would be directly led to the phosphoramidate moiety of the 

compound of claim 1 of the Present Application. Therefore, a person having ordinary skill 

in the art (PHOSITA), starting with compound 9 of Clark et al would have considered 

applying the teachings of Cahard et al with (2S)-isopropyl 2-(((phenoxy)phosphoryl)amino) 

propanoate) of compound 34, and would have arrived at compounds of claim 1 of the 

Present Application with no need of inventive skill. 

 

66. The prodrug moiety of the compound of claim 1 of the Present Application is compared 

with compound 34 (where R=iPr and R’=Me) disclosed in Cahard et al, in the table below. 

 

Compound of claim 1 of Present Compound 34 disclosed in Cahard et al  
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Application at page 375 (when R=iPr and R’=Me) 

 

  Prodrug moiety 

 

 

Lee et al (Published: 2005)  

 

67. It is submitted that the Applicant at internal page 7, placitum 7-18 of the complete 

specification, identifies first phosphorylation bypass as a problem to effective biological 

activity of a nucleoside. In the same paragraph, the Applicant states that “nucleoside 

phosphoramidate prodrugs have been shown to be precursors of the active nucleoside 

triphosphate and to inhibit viral replication when administered to viral infected whole 

cells”. In this regard, the Applicant relies on paper authored by Lee, W.A., et al., titled “ 

Selective Intracellular Activation of a Novel Prodrug of the Human Immunodeficiency 

Virus Reverse Transcriptase Inhibitor Tenofovir Leads to Preferential Distribution and 

Accumulation in Lymphatic Tissue”, Antimicrobial Agents and Chemotherapy, 2005, 49, 

pp. 1898-1906 (hereinafter “Lee et al” and exhibited as Exhibit H). 

 

68. Lee et al discloses “GS 7340”- an isopropylanalinyl monoamidate phenyl monoester 

prodrug of an anti-HIV agent tenofovir. It states that this prodrug demonstrates extreme 

potent in-vitro activity (see internal page 1899, LHS, para 1, lines 1-3). The structure of GS 

7340 is reproduced below for reference: 
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69. Lee et al teaches that isopropylanalinyl monoamidate phenyl monoester moiety may be 

used to overcome the problem of first phosphorylation bypass. It is further submitted that 

Lee et al demonstrates that,” The amidate prodrug GS 7340 was designed to overcome the 

permeability limitations of tenofovir by masking the dianion with a neutral promoiety and 

increasing the plasma stability of the prodrug relative to its intracellular stability” (see 

internal page 1903, LHS para 2, lines 41-45). Lee et al states that “The principal advantage 

of this approach with nucleosides is the ability to deliver the nucleoside monophosphate 

into the cell, thereby removing the potential rate-limiting step in the formation of nucleoside 

triphosphate” (see internal page 1903, RHS column, lines 43-47). Therefore, Lee et al 

implies that (2S)-isopropyl 2- (((phenoxy) phosphoryl) amino) propanoate) is a suitable 

solution for the problem of cell permeability.  

 

70. Hence a person having ordinary skill in the art, starting from compound 9 of Clark et al 

would apply the teachings of Lee et al to arrive at the compound of claim 1 of the Present 

Application. Similarly applying the teachings of WO ’147 and Cahard et al with Lee et al, a 

person skilled in the art would arrive at the compound of claim 1 of the Present Application. 

 

71. On comparison of GS 7340 with the compound claimed in the Present Application, one 

would find that both the compounds have the isopropylanalinyl monoamidate phenyl 

monoester moiety in common. The compound in the Present Application and GS 7340 as 

reproduced next to each other below: 

 

Compound of claim 1 of the Present 

Application 

GS 7340 

(as disclosed on page 1899 of Lee et al) 
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Perrone et al (Published: November, 2006) 

72. The Opponent relies on a paper titled “Application of the Phosphoramidate ProTide 

Approach to 4’-Azidouridine Confers Sub-micromolar Potency versus Hepatitis C Virus on 

an Inactive Nucleoside” by Perrone et al (J. Med. Chem. 2007, 50, pp. 1840-1849) 

(hereinafter referred as “Perrone et al” and exhibited as Exhibit I). This document was 

received for publication on November 17, 2006 and was published on web on March 17, 

2007. The date of publication of Perrone et al is prior to the earliest priority date of the 

Present Application. Therefore, this document may be considered as prior art. 

 

73. Perrone et al reports that “4’-azidocytidine was discovered as a potent inhibitor of HCV 

replication in cell culture. The corresponding 5’-triphosphate was described as a 

competitive inhibitor of cytidylate incorporation by HCV polymerase and a potent inhibitor 

of native, membrane-associated HCV replicase in vitro…the first phosphorylation step to 

produce the 5’-monophosphate has often been found to be the rate-limiting step in the 

pathway to intracellular nucleotide triphosphate formation, suggesting that nucleoside 

monophosphate analogues could be useful antiviral agents…nucleoside 

monophosphate…also show poor membrane permeation” (see internal page 1840, LHS para 

4 and RHS para 3, lines 9-15).  

 

74. Further, Perrone et al notes that “the first phosphorylation step to produce 5’-

monophosphate has often been found to be rate limiting step in pathway to intracellular 

nucleoside triphosphate formation, suggesting that nucleoside monophosphate analogues 

could be useful antiviral agents. However, as unmodified agents, nucleoside 

monophosphates are unstable in biological media and they also show poor membrane 

permeation because of associated negative charges at physiological pH” (see internal page 

1840, RHS column, para 3, lines 9-17).  

 

75. Further, the amino acid ester and the aryl moiety have been identified as the two masking 

groups in the prodrug (see internal page 1840, RHS para 4, placitum 32-36). Perrone et al 

further states that “L-alanine derivatives represented a series of active antiviral 

phosphoramidates (11-17). Low or sub-molecular activity was noted in marked contrast to 

the inactive nucleoside parent (1). The tert-butyl ester (16) was the least active of the 

series…The isopropyl ester (15) showed high potency and represented one of the most 
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active phosphoramidates prepared. Similarly the 2-butyl ester (14) was highly active…in 

contrast to the previous observations with other nucleoside analogues. Together with benzyl 

analogue (17), these three esters provided the most potent compounds of the HCV 

replication inhibitors in the L-alanine series, all having µM inhibition of HCV. The antiviral 

activity of these three phosphoramidates was exceptional if compared to the parent 

compound 1. EC50 > 100µM), providing strong support for the notion of ProTide-mediated 

kinase bypass.”  (see internal page 1842, RHS column, para 2, lines 4-16 and page 1843, 

LHS column, para 1, lines 1-5). Compound 1, identified in this paragraph is azidouridine. 

The relevant portions of table showing biological activity of the L-alanine 

phosphoramidates in the HCV replicon assay as reported in Perrone et al (see internal page 

1843 LHS, table 1) is reproduced below: 

 

 

 

76. Perrone et al concludes by stating that “A series of phosphormaidate ProTides of 4’-

azidouridine were prepared and evaluated as inhibitors of HCV replication in vitro. The 

phospharamidate approach provided novel compounds with highly increased potency in the 

replicon assay when compared to the inactive parent compound, corresponding to boosts in 

anti-HCV potency of >450-fold. All phosphoramidates tested were non-toxic in the replicon 

assay (CC50 >100µM)…This report demonstrates the ability of ProTide approach to 

successfully bypass the rate limiting initial phosphorylation of a ribonucleoside analogue 

and thus confer significant antiviral activity on an inactive parent nucleoside.” (see internal 

page 1844, lines 14-20 and 26-30) 

 

77. Thus, a PHOSITA willing to overcome the problem of cell permeability in drugs used for 

treating Hepatitis-C would be prompted to replace 4’-azidouridine by all available 
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embodiments for treating HCV. Further, a skilled person would also be motivated to use an 

inactive parent nucleoside such as compound 9 of Clark et al.  

Sofia et al (Published: September, 2007) 

78. The Opponent further relies on a poster (P-259) presented at 14th International symposium 

on Hepatitis C virus held in Glasgow, Scotland on September 9-13, 2007 by Michael J. 

Sofia et al titled “β-D-2'-deoxy-2'-fluoro-2'-C-methyluridine Phosphoramidates: potent and 

Selective inhibitors of HCV RNA” (hereinafter referred as “Sofia et al” and exhibited as 

Exhibit J). This document can be considered as a valid prior art considering the Applicant 

has wrongly claimed the priority date of March 30, 2007 and the effective date of priority 

should be October 24, 2007, as discussed in section titled ‘incorrect claim of priority’.  

 

79. Sofia et al discloses compound PSI-6206 which is 2` deoxy-2`-fluoro-2`-C-methyluridine 

and compound PSI-6130 which is its corresponding 2`-methylcytidine. PSI-6206 and PSI-

6130 are reproduced below: 

 

 

 

80. Sofia et al further discloses that PSI-6130 is converted into PSI-6206 and that PSI-6130 is 

inactive in vitro, but its triphosphate counterpart is a potent inhibitor of the HCV NS5B 

polymerase. It also states that for investigation of the potential of PSI-6206 as an inhibitor of 

the HCV replication, the bypass of the first phosphorylation step is required. It further 

reports that in order to investigate the potential for utilizing PSI-6206 as an inhibitor of 

HCV replication required the first phosphorylation step to be bypassed (see introduction). 
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Phosphoramidate prodrugs of PSI-6206 are depicted in a markush formula in the last box 

left hand column of the poster as follows: 

 

81. Radical R
2
 is a variable defining the amino acid residue (see title of table 1). It can be 

appreciated that the radical R
2
 of the amino acid side chain is projecting away from the 

viewer as is the case in compounds of claims 1-3 of the Present Application. Radical R
3
 is 

the amino acid ester radical and R
1
 is the phosphate ester (see title of table 3). No exact 

meanings/substitutions of radicals R
1
 to R

3
 are disclosed in the poster and each compound is 

identified by a code. Further, the EC90 values for the compounds disclosed in tables 1-3 are 

lower than the parent compound PSI-6206 thus confirming that they had better anti-HCV 

activity. 

 

82. Sofia et al teaches that 5’-phosphoramidate derivatives of PSI-6206 are potent inhibitors of 

HCV, that selected phosphoramidates of PSI-6206 are as much as 100x more potent than 

cytidine analogue PSI-6130, that β-D-2`-Deoxy-2`-fluoro-2`-C-methyluridine 

phosphoramidates have potential as therapeutic agents for treatment of HCV infection and 

that several PSI-6206 phosphoramidates have demonstrated stability profiles that are 

attractive for further development (see conclusions). 

 

83. It is submitted that starting from the teachings disclosed in Sofia et al, an alternative 

technical problem could be formulated, which is, providing an active form of PSI-6206 

which is useful in the treatment of HCV. The structural variation seen in tables 3 and 5 

(Sofia et al) would have motivated a skilled person to carefully select the amino acid part, 

which is known to have a potential negative impact on cytotoxicity. The data in the Sofia et 
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al therefore would lead a person skilled in the art to work out the groups at R
1
, R

2
, R

3
 with a 

reasonable expectation of success.  

 

84. Also, the solution to the problem of identifying a suitable combination for the residues R
1
 –

R
3
 as discussed in Sofia et al is suggested by Perrone et al which proposes three candidates 

(L-alanine derivatives) as being “exceptional”. (See Perrone et al, internal page 1843, LHS 

para 1, placitum 2-5). There was, thus only a limited number of possible candidates of 

suitable phosphoramidates and in view of envisaged success promised in Sofia et al, there 

was no undue burden to test and identify the most suitable candidate. Therefore, in light of 

the teachings of Clark et al, WO ’147, Cahard et al and Lee et al and Sofia et al the 

compound of claims 1-3 of the Present Application, lacks an inventive step and would have 

been obvious to a person skilled in the art.  

 

d. THE STEREOISOMERS ARISING FROM CHIRALITY AT PHOSPHATE IN A PHOSPHORAMIDATE 

WERE KNOWN 

Cahard et al (Published: 2005) 

85.  The Opponent also relies on Cahard et al (Exhibit G) on another aspect. This prior art 

reports that “one of the notable features of all the phosphoramidate triesters, excluding 

some phosphoramidates, 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….as early as 1990 we had started to partly separate the diastereoisomers. 

Thus, some alkoxy phosphoramidates of AZT were partly separated by flash silica 

chromatography and fractions enriched in the more lipophilic (‘fast’) and less (‘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 

type (6) indicated 10 fold difference, with ‘fast’ isomer being more potent…Thus working 

with alanine phosphoramidates of PMEA (34), researchers at Gilead found a 10-fold 

difference in potency, with the S-phosphate isomer being more potent. 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.” (see 

internal page 378, RHS column, lines 5-20 and 24-29). The structure of compound 34 is 

reproduced below for reference (see internal page 375, LHS bottom) 
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86. Cahard et al also teaches the “the issue of phosphate stereochemistry is worth considering” 

(see internal page 380, LHS column, para 3, placitum 1), thus rendering the diastereomers of 

claims 2 and 3 to be obvious.  

 

87. The Opponent submits that, a PHOSITA starting with compound 9 of Clark et al would 

have considered applying the teachings of Cahard et al with (2S)-isopropyl 2-

(((phenoxy)phosphoryl)amino) propanoate) of compound 34, and would have arrived at 

compounds of claims 1-3 of the Present Application with no need of inventive skill. 

 

Lee et al (Published: 2005) 

 

88. The Opponent again relies on Lee et al (Exhibit H). Lee et al has described the in vivo and 

in vitro characterisation of GS 7340, an isopropylalaninyl monoamidate phenyl monoester 

prodrug of tenofovir. This structures of Tenfovir and GS 7340 are reproduced below for 

reference (see internal page 1899, LHS column) 

 

89. Lee et al notes that, “In this report, we describe the in vitro and in vivo characterisation of 

GS 7340, an isopropylalaninyl monoaminodate phenyl monoester prodrug of tenofovir(fig 

1). This molecule demonstrates extremely potent in vitro activity and selective targeting to 
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lymphoreticular tissues and PBMCs in vitro and in vivo.” (see internal page 1898, RHS 

column, para2, lines 29-30 and page 1899, LHS column, para 1, lines 1-4).  

 

90. Further, it records that “GS 7340 was synthesized from (R)-PMPA and (L)-isopropyl alanine 

ester in a nonstereospecific synthesis, resulting in the formation of equal amounts of two 

stereoisomers at phosphorus. These two diastereomers, GS 7339 and GS 7340, were 

subsequently separated by chromatography. To assess the ability of these prodrugs to cross 

the cellular membrane and undergo intracellular metabolism to tenofovir, their in vitro 

activities were measured against HIV-1 in MT-2 cells. The antiviral activities for the 

diastereomeric mixture (GS 7171), the individual diastereomers (GS 7339 and GS 7340), 

the diastereomic mixture of D-alaninyl analog (GS 7485), and the alaninyl monoamidate 

metabolite (GS 7160) are shown in Table 1. Compared to tenofovir, the individual isomers, 

GS 7339 and GS 7340, were 83- and 1,000-fold more active, respectively, whereas the D-

isopropyl alaninyl analog (GS 7485) and the metabolite (GS 7160) showed activity similar 

to tenofovir. The enhanced activities of the L-alaninyl prodrugs compared to those of 

tenofovir are a result of greater cellular permeability and rapid conversion to tenofovir 

inside the MT-2 cells. The dramatically reduced activity (1,000 fold) of the D-alaninyl 

analog (GS 7485), relative to the L-alaninyl analog (GS 7171) demonstrates a strong 

metabolic preference inside the MT-2 cells for the L-amino acid (see below). The 12-fold-

greater activity of GS 7340 compared to that of GS 7339 further suggests that 

intracellular metabolism is also sensitive to stereochemistry at the phosphorus. The 

greater selectivity index (~10x) for GS 7340 than tenofovir DF may reflect the kinetics of 

cell loading; GS 7340 results in a higher initial intracellular concentration of tenofovir, 

which may differentially affect antiviral potency and cytotoxicity.” (see internal page 1900, 

‘Results’, LHS column and RHS column lines 1-12) 

 

91. Hence, a person skilled in the art working towards finding a potent anti-HCV compound on 

reading about compound 9 of Clark et al or twelfth embodiment of WO ’147 or RO2433 of 

Ma et al would be motivated to find means to activate the nucleoside found to be active in 

vitro but inactive in vivo. Cahard et al and McGuigan et al teach that further inactive 

nucleoside can be activated by phosphate pro-drug formation. On reading Cahard et al, Lee 

et al, Sofia et al, Perrone et al, PHOSITA would be motivated to use L-alanine ester in the 

ProTide approach to the nucleoside identified in Clark et al and would also be able to 
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identify the stereochemistry at Phosphorus. On putting together these teachings, a skilled 

person would arrive at the compounds of claims 1-3 without any inventive step. 

 

92. For the sake of convenience, the ground of claims 1-3 lacking an inventive step is 

summarised in a pictorial representation below: 

 

 

 

 

ii. S. 25(1)(f) :THE SUBJECT OF ANY CLAIM OF THE COMPLETE SPECIFICATION 

IS NOT AN INVENTION WITHIN THE MEANING OF THE PATENTS ACT 

 

93. Section 25(1)(f) of the Patents Act provides a ground for opposition if the subject matter of 

any claim of the Complete Specification is not an invention within the meaning of the Act. 

The Opponent raises this ground specifically in the ground that- 

i) That the subject matter of claims 1-3 falls within the scope of Section 3(d); 

ii) That the subject matter of claim 4 fall within the scope of 3(e); 

iii) That the subject matter of claims 2 and 3 do not have industrial applicability and 

hence do not qualify as an invention as per S. 2(1)(j). 

 

THAT CLAIMS 1-3 OF THE PRESENT APPLICATION DO NOT SATISFY THE TEST OF SECTION 3(d) 

AND THEREFORE ARE OBJECTED TO UNDER SECTION 25(1) (f)  
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94. Without prejudice to other grounds raised herein, it is submitted that claims 1-3 fail under 

section 3(d) of the Patents Act. 

 

95. Section 3(d) of the Patents Act states: 

“the mere discovery of a new form of a known substance which does not result in the 

enhancement of the known efficacy of that substance or the mere discovery of any new 

property or new use for a known substance or of the mere use of a known process, machine 

or apparatus unless such known process results in a new product or employs at least one 

new reactant. 

 

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

pure form, particle size, isomers, mixtures of isomers, complexes, combinations and other 

derivatives of known substance shall be considered to be the same substance, unless they 

differ significantly in properties with regard to efficacy.” 

 

96. Section 3(d) of the Patents Act was amended in 2005 to prevent patents on modification of 

known substances. The statute requires product claim relating to a known substance, to 

satisfy the requirement of S. 3(d). It is an established position of law that S. 3(d) has to be 

satisfied independently of Section 2(1)(j) and S. 2(1)(ja) [see Novartis AG versus Union of 

India and Others (2013) 6 SCC 1]. This requirement under S. 3(d) is to be satisfied by the 

Applicant by showing efficacy (see Novartis AG versus Union of India and Others 2007 4 

MLJ 1153, para 13). In case of pharmaceutical products this efficacy would have to be 

shown in terms of therapeutic efficacy. Further, such data has to be provided by the 

Applicant in the complete specification (see the order of the Hon’ble IPAB, Novartis AG 

versus Union of India, MIPR 2009 (2) 0345, para 9(xvii)). 

 

WO ’147 

 

97. The Opponent relies on the disclosure of (2’R)-2’-deoxy-2’-fluoro-2’-C-methylcytidine in 

WO ’147 (see internal page 55). This compound is the first compound drawn in the series of 

compound identified in the (2’R)-2’-deoxy-2’-fluoro-2’-C-methylcytidine series and 

therefore qualifies as a preferred form because WO ’147 at internal page 56 indicates the “In 
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each example above, the first drawn structure is the preferred form”(see placitum 1). The 

structure of the said compound is reproduced below for easy reference: 

 

 
where X is O; R1 is H, R6 is H and R2 is H (substitutions as provided on internal pages 31 and 

32 of WO ’147). 

 

98. From the prior art documents cited above (particularly Clark et al), it is clear that closest 

compound known to (2’R)-2’-deoxy-2’-fluoro-2’-C-methylcytidine was its uridine derivate, 

which was formed in-vivo. It was also known that this uridine derivative did not show any 

activity in vitro (see Clark et al at internal page 5506, RHS column, para 1, lines 9-10). 

Therefore, the closest compound to the compounds in claims 1-3 that recorded activity 

would be (2’R)-2’-deoxy-2’-fluoro-2’-C-methylcytidine. 

 

99. WO ’147 also provides the activity of the known compound- (2’R)-2’-deoxy-2’-fluoro-2’-

C-methylcytidine in different anti-HCV replicon assays (see Table 1 at internal page 90). 

Table 1 is reproduced below for reference: 

 

  

100. Therefore, it is submitted that the Applicant has failed to comply with the requirement 

under Section 3(d) by not showing any enhancement therapeutic by compounds of claims 1-
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3 over the therapeutic effect (if any) of (2’R)-2’-deoxy-2’-fluoro-2’-C-methylcytidine. The 

burden to show that the claimed compounds have any enhanced therapeutic efficacy over 

the known compound lies with the Applicant. 

 

WO ’147 

 

101. Without prejudice to the above, in the alternative, the Opponent relies on the 

embodiments provided in WO ’147 under the heading “Active Compound, and 

physiologically Acceptable Derivatives and Salts Thereof” (see internal page 31). The 

Opponent in particular relies on the seventh embodiment (see internal page 36). Seventh 

embodiment is reproduced below for reference: 

 

 

The substitutions have been defined at internal pages 31 and 34. When R
1
 is a 

monophosphate, R
3
 and R

7
 are H and R

4
 is O we get the following compound- 

 

 

Formula II 
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For the purpose of convenience, the compound has been labelled as Formula II. 

 

102. It may be noted that WO ’147 was an application filed by the Applicant of the Present 

Application. Therefore, it is reasonable to assume that the Applicant would have known the 

activity of any of the compounds disclosed by it in its previous patent applications. 

 

103. It is submitted that the compounds of claims 1-3 of the Present Application are an ester 

derivative, particularly L-alanine isopropyl ester derivative of the compound of Formula II. 

The Applicant, however, has failed to provide any data that indicates that the compounds of 

claims 1-3 show an enhancement of therapeutic efficacy of compound of Formula II, which 

it was bound to show. Therefore, claims 1-3 must be rejected as they fail to comply with the 

standards laid down in S. 3(d).  

 

104. The Formula II disclosed in WO ’147 is compared with compounds of claims 1-3 below: 

Formula II  

In WO ’147 

Compounds of claims 1-3 of the Present 

Application 

 

 
 

 

 

 

 

 

Compound of claim 1 

Compound of claim 2 

L-alanine isopropyl ester 
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105. The Applicant of the Present Application has failed to show any data that indicates that 

compound of claims 1-3 result in the enhancement of the efficacy of the compound of 

Formula II. 

 

Sofia et al 

 

106. Without prejudice to the above, in the alternative, the Opponent again relies on the poster 

(P-259) presented at 14th International symposium on Hepatitis C virus held in Glasgow, 

Scotland on September 9-13, 2007 by Michael J. Sofia et al titled “β-D-2'-deoxy-2'-fluoro-

2'-C-methyluridine Phosphoramidates: potent and Selective inhibitors of HCV RNA” 

(referred as “Sofia et al” and exhibited as Exhibit J). As discussed in the section related to 

obviousness, this document can be considered to have been known on the second priority 

date as claimed by the Applicant.   

 

107. It is submitted that this poster discloses the Phosphoramidate nucleoside-PSI-6206. The 

structure of PSI-6206  as given in Sofia et al is reproduced below for easy reference- 

 

 
 

Compound of claim 3 
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108.  Sofia et al clearly studies the structure activity relationship and records EC90 of different 

amino acid ester substitutions at R
3 

(as disclosed in Table 3).  Table 3 as given on the RHS 

column of the Sofia et al  poster is reproduced below for easy reference: 

 
109. It is submitted that as on the second priority date, the activity of various compounds with 

amino acid ester substation at R
3
 position of PSI- 6206 was known. The exact nature of 

these acetic acid ester substitutions were also known to the Applicant as on the second 

priority date of the Present Application. Therefore, as on the second priority date, the 

compounds disclosed in Table-3 of Sofia et al, were the closest compounds to the 

compounds claimed in claims 1-3 of the Present Application.  Therefore, the Applicant 

ought to have shown sufficiently enhanced efficacy of the compounds of claims 1-3 over 

any of the compounds (PSI-7672, PSI-7818, PSI-7838, PSI-7839, PSI-7851, PSI-7849) in 

Table-3 in Sofia et al, which it has failed to do.  

 

110. In summary it is submitted that the Applicant has failed to discharge the burden of 

showing an increase in therapeutic efficacy for compounds of claims 1-3. Therefore, these 

claims fail under Section 3(d) and ought to be rejected under Section 25(1) (f) of the Patents 

Act. 

THAT CLAIM 4 OF THE PRESENT APPLICATION FALLS WITHIN THE SCOPE OF S. 3(e) AND 

THEREFORE ARE OBJECTED TO UNDER SECTION 25(1) (f)  

 

111. Section 3(e) of the Patents Act states that: 

“A substance obtained by a mere admixture resulting only in the aggregation of the 

properties of the components thereof or a process for producing such substance.” 
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112. Without prejudice to other grounds raised herein, the pharmaceutical composition as 

claimed by the Applicant in Claim 4 is a substances obtained by a mere admixture. Claim 4 

of the Present Application relates to a composition comprising the compound as claimed in 

any of the claims 1 to 3. The Applicant has not shown that the compound of claim 4 exhibits 

any synergistic effect, whether improved and unexpected or otherwise, over and above the 

aggregation of the properties of the components thereof. In other words, the Applicant has 

not any therapeutic effect of such pharmaceutical composition of claim 4 to be in excess of 

the sum of that is observed in either of the therapeutic agents individually. Thus, the 

Opponent states that the Patent Applicant has failed to show synergistic activity for the 

claimed pharmaceutical composition.  

 

113. Therefore, Claim 4 to 8 fails under section 3(e) and should be rejected under section 

25(1) (f) of the Patents Act. 

THAT CLAIMS 1-3 OF THE PRESENT APPLICATION DID NOT HAVE ANY INDUSTRIAL 

APPLICABILITY AS ON THE DATE OF FILING OF THE APPLICATION AND THEREFORE ARE 

OBJECTED TO UNDER SECTION 25(1) (F)  

 

114. It is submitted that on the date of making Present Application, the Applicant did not 

submit any activity or industrial applicability of compounds of claims 1-3. Further, the 

burden is on the Applicant to show industrial utility of the claimed compounds, on the 

date of filing the application. Therefore, as the Applicant has, ex facie, failed to disclose 

activity of the compounds claimed in claims 1-3, these claims should be rejected under S. 

25(1)(f) as they do not qualify as an invention. 

 

iii. S. 25(1)(g) : THE COMPLETE SPECIFICATION DOES NOT SUFFICIENTLY AND 

CLEARLY DESCRIBE THE INVENTION 

 

115. The Present Application does not sufficiently and clearly describe the invention or the 

method by which it is to be performed. Further the claims are not appropriately supported by 

the specification of the alleged application. Hence, without prejudice to the grounds raised 

in this representation, the Opponent invokes Section 25(1) (g). 
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Preparation of compound of claim 1 has not been sufficiently described 

116. It is submitted that the Applicant has failed to specifically describe the process of 

preparation of compound of claim 1. Compound IX-25-2 in Table IX on page 251 mentions 

all substituents of the compound claimed in claim 1 of the Present Application. This table 

has to be read in combination with structure given on page 243 of the complete specification 

which does not mention the stereochemistry on “Phosphorus atom”. In the absence of a 

specific method for preparation of this aspect of the embodiment, a person having ordinary 

skill in the art will be drawn to method used for preparing phosphoramidate as identified at 

example 3 (internal page 675 of the complete specification). The general preparation for 

making the nucleoside as in claim 1 has been given at example 4 (internal page 676 of the 

complete specification). However, no procedure to prepare the exact compound of claim 1 

has been disclosed in the complete specification. Further, nothing in the complete 

specification indicates that the disclosed method for preparing example 3 and example 4 

would enable making compound at IX-25-2. 

 

117. Further, even if one refers to Examples 5-8 (on pages 677-680 of the complete 

specification); one finds that they only disclose a process for the preparation of methyl ester 

analog of the compound claimed in claim 1 of the Present Application. Also, the complete 

specification has provided that examples 13-54 and 56-66 on pages 684-689 may be 

prepared using similar procedures used for examples 5-8. It is submitted that example 25 

covered in these pages (see particularly page 685 of the complete specification) covers the 

compound claimed in claim 1. It is submitted that the specification has only given a general 

method of preparation and does not enable the preparation of the compound of claim 1.  

 

118. The Opponent submits that the compound of claim 1 contains 6 stereogenic centres giving 

the possibility of multiple stereoisomers (64 isomers) with a specific configuration. The 

specification of the alleged application has not provided any specific process for the 

preparation of stereoisomers. Further, the Applicant has also failed to show any activity and 

reason for choosing the diastereomers identified in claims 2 and 3. 
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Preparation of stereoisomers claimed in claims 2 and 3 has not been sufficiently described 

 

119. In the last paragraph given at page 18 of the complete specification, the Applicant has 

stated that the term “P*” means that the phosphorus atom is chiral. It is contemplated that 

the compounds of Formula I (as given at page 8) are racemic because the chirality of 

phosphorus. It then states that ‘applicant contemplates use of the racemate and/or the 

resolved enantiomer’ (emphasis added). The use of the term ‘the’ clearly indicates that the 

contemplation is in relation to the racemate of the compound reproduced below-  

 

 

 

 

120. The passage at page 18 of the complete specification, then goes on to other cases 

mentioned in the complete specification, where the asterisk does not appear next to the 

phosphorus atom. It states that ‘in these instances, it is understood that the phosphorus atom 

is chiral and that one of the ordinary skill understands this to be so unless the substituents 

bound to the phosphorus exclude the possibility of chirality at the phosphorus.’ In other 

words, the skilled person would understand that a formula not showing P* but only P may 

still be chiral. It cannot be read from this passage that the patentee contemplates the use of 

resolved enantiomers of a compound of formula IX-25-2, since such a compound is depicted 

in the patent application with a P and not P*, as well as because the contemplation of using 

resolved enantiomers is only made in connection with compound of Formula III. This 

passage cannot be read to be disclosing the pure resolved diastereoisomers claimed in claim 

2 and 3. Even if one is to assume that separate stereoisomers can be arrived at, the complete 

specification does not disclose how to assign the phosphorus atom steric configuration of 

the two separated diastereoisomers of claim 2 and 3. 

 

121. Further, the compounds claimed in claims 2 and 3 depict specifically different 

configurations at phosphorous atom ((S) and (R) respectively. However, neither these 

Formula III 
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structures nor the IUPAC name of claims 2 and 3 are disclosed as such in the specification 

of the Present Application.  

 

122. The specification of the Present Application however, fails to disclose specific preparation 

of stereoisomer, except for the generic procedure in Example 81 which states that certain 

exemplified compounds were obtained as mixture of diastereomers because of the chirality 

at phosphorous. The diastereomers were separated on a Chiralpak-AS-H (2 X 25 cm) 

column under Supercritical Fluid Chromatography (SFC) conditions using 20% methanol in 

carbon dioxide as solvent. The absolute stereochemistry of the P-chiral centre of the 

diastereomers was not determined. However, chromatographic resolution of these two 

diastereomers provides for isomers that are characterized as fast eluting and slow eluting 

isomers (see page 695 of the complete specification). The examples given are reproduced 

below: 

 

Compound EC90 (M) 

Example 15 (Diastereomeric mixture) 0.86 

Fast moving isomer of Example 15 1.35 

Slow moving isomer of Example 15 0.26 

Example 39 (Diastereomeric mixture) 0.47 

Fast moving isomer of Example 39 0.78 

Slow moving isomer of Example 39 0.02 

Example 49 (Diastereomeric mixture) 0.126 

Fast moving isomer of Example 49 0.03 

Slow moving isomer of Example 49 5.78 

 

123. The specification of the Present Application failed to specify (R) and (S) nomenclature to 

the fast moving and slow moving isomer, which means the applicant did not conclude 

whether fast moving isomer or the slow moving isomer is the (S)-isomer or vice versa.  

 

124. The Applicant appears to have left to the intuition of the reader to find out the 

stereochemistry of the fast moving and slow moving isomers. If one would assume that the 

compound of claim 1 can be separated into a slow and fast eluting isomer by following the 
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procedure in Example 81, even then it would be unknown how to determine which of the 

fast / slow eluting isomers is (R) isomer and (S) isomer.  

 

125. The PHOSITA would have known that the synthesis of nucleosides is often complicated, as 

a result of the number of chiral centres in the sugar ring and the number of reactive 

functional groups attached to the sugar (which might give rise to unwanted reactions and 

which would therefore need masking with suitable protecting groups). Hence, it is difficult 

to a person skilled in the art to prepare subject matter claimed in claims 1 to 3 specifically 

claims 2 and 3 and their isolation as a specific diastereomers.  

 

126. The Opponent would also like to draw attention to the Applicant’s corresponding patent 

at the European Union, numbered – EP 2 203 462. The first three claims of this patent were 

identical to the claims of the Present Application. However, ten oppositions were filed 

against this patent.  

 

127. The Opposition Division of the European Patent Office (EPO), in its order (Exhibit B), 

did not find claims (corresponding to claims 1-3 of the Present Application) to be 

sufficiently described.  

 

128. The Opposition Division noted that the compound IX-25-2 disclosed in the complete 

specification of the impugned patent had 2 possible points of chirality leading to 4 possible 

enantiomers. It also noted that these 4 possible enantiomers were not individualised in the 

complete specification (Refer to internal page 15, para 19.10 of Exhibit B). Therefore, the 

Opposition Division of the EPO allowed the Applicant’s amendment that retained only one 

claim that corresponds to claim 1 of the Present Application.  

 

129. Therefore, the Opponent humbly requests that the Controller should particularly disallow 

claims 2-3, considering that EPO has found the claims, identical to claims 2-3 of the Present 

Application, to be not sufficiently described in the complete specification. The Applicant 

itself has disclaimed the compounds corresponding to claims 2-3 of the Present 

Application at EPO and has amended the claim to limit its scope to one claim that 

corresponds to claim 1 of the Present Application. 
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Reason for choosing compounds of claims 1-3 has not been disclosed 

130. It is submitted that the Applicant has failed to show any activity or industrial utility of 

compounds of claims 1-3. In the absence of such evidence, the Applicant ought show 

reasons of choosing the claimed compounds. 

  

Method to prepare compound claimed in claim 4 not disclosed sufficiently  

131. It is submitted that the invention as claimed in claim 4, has not been sufficiently 

described. The specification of the Present Application does not support or describe a 

method by which the composition claimed in claim 4 can be arrived at. Since the 

specification fails to describe how to arrive at the compound claimed in claim 1, it can be 

said that the method of arrive at the composition has also not been disclosed. 

The process as claimed in claim 5 has not been disclosed 

132. Claim 5 of the Present Application claims “ a process for preparing the compound or a 

stereoisomer thereof as claimed in claim , the said process comprising reacting a compound 

of 4” with compound of 5””. For the sake of convenience, the compounds 4” and 5” are 

being disclosed as below: 

Where X is a leaving group. 

 

133. It may be noted that the claim 5 talks about a leaving group but does not identify what all 

groups may be included in the same. Therefore, Opponent submits that claim 5 is vague. It 

is further submitted that as per the requirement under Section 10, the applicant for a patent 

should fully and particularly describe the compound. The Applicant in the Present 

Application has failed to do so. Thereby a person skilled in the art would not be enabled to 

carry out invention as claimed in claims 1 through 5.  
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iv. THAT THE APPLICANT FAILED TO DISCLOSE INFORMATION REQUIRED BY SECTION 8, 

HENCE THE OPPOSITION IS RAISED UNDER SECTION 25(1)(h) 

 

134. Section 25(1) (h) of the Patents Act provides a ground for opposition if the patent 

applicant has not furnished information required under Section 8 of the Patents Act, within 

the time prescribed by law. Without prejudice to other grounds raised herein, the present 

application should be rejected because the Patent Applicant has not complied with the 

mandatory requirements of Section 8 of the Patents Act. 

 

135. Section 8 of the Patents Act read with rule 12(1) of the Patents Rules requires, inter alia, 

a patent applicant, who is prosecuting, either alone or jointly with any other person, an 

application for a patent in any country outside India in respect of the same or substantially 

the same invention, to file a statement setting out the particulars of such application (Form -

3) within six months of the date of filing of such application in India.  

 

136. On 16.01.2017, the Applicant filed Form-3 giving details of the status of corresponding 

applications (of the Present Application) in other jurisdictions. This form indicates that apart 

from India, the corresponding application has been opposed in China, European Union and 

Thailand. It is to be noted that the Applicant has amended the claims in the European Union 

subsequent to the filing of opposition. However the Form-3 filed by the Applicant only 

reflects the status of the Application in the European Union as ‘opposed’. Given that 

complete information related to the corresponding applications in other jurisdictions has not 

been given, the Applicant is in violation of S. 25(1) (h) of the Patents Act. The Opponent 

also requests the Controller to direct the Applicant to submit translated copies of the 

opposition proceedings in these jurisdictions to facilitate examination of the Present 

Application.  

 

VII. PRAYER FOR RELIEF 

 

In view of the above said references Opponent prays as follows:  

 

i) To be heard and be allowed to lead evidence (documentary and oral) before any order 

is passed; 
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ii) To reject the claims of IN 3658/KOLNP/2009 filed by Gilead Pharmasset Inc. in toto; 

 

iii) To allow the Opponent to file further documents as evidence if necessary to support 

the averments; 

 

iv) To allow amendment of the opposition as and when the need may arise; 

 

v) To allow the Opponent to make further submissions in case the Applicant amends the 

claims; 

 

vi) any other relief considering the facts and circumstances that may be granted in favour 

of the Opponent in the interest of justice. 

 

Dated this Sixth (06
th

) day of July, 2017. 

 

__________________________________ 

Dr. S. Padmaja 

Agent for the Opponent 

IN/PA/883 

 

To, 

The Controller of Patents, 

Intellectual Property Office Building, 

CP-2, Sector V, Salt Lake City, 

Kolkata-700091 

Phone: 033-23679101 
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Description

Field of Invention

[0001] The present invention pertains to nucleoside phosphoramidates and their use as agents for treating viral dis-
eases. These compounds are inhibitors of RNA-dependent RNA viral replication and are useful as inhibitors of HCV
NS5B polymerase, as inhibitors of HCV replication and for treatment of hepatitis C infection in mammals. The invention
provides novel chemical compounds, and the use of these compounds alone or in combination with other antiviral agents
for treating HCV infection.

Background

[0002] Hepatitis C virus (HCV) infection is a major health problem that leads to chronic liver disease, such as cirrhosis
and hepatocellular carcinoma, in a substantial number of infected individuals, estimated to be 2-15% of the world’s
population. There are an estimated 4.5 million infected people in the United States alone, according to the U.S. Center
for Disease Control. According to the World Health Organization, there are more than 200 million infected individuals
worldwide, with at least 3 to 4 million people being infected each year. Once infected, about 20% of people clear the
virus, but the rest can harbor HCV the rest of their lives. Ten to twenty percent of chronically infected individuals eventually
develop liver-destroying cirrhosis or cancer. The viral disease is transmitted parenterally by contaminated blood and
blood products, contaminated needles, or sexually and vertically from infected mothers or carrier mothers to their offspring.
Current treatments for HCV infection, which are restricted to immunotherapy with recombinant interferon-α alone or in
combination with the nucleoside analog ribavirin, are of limited clinical benefit. Moreover, there is no established vaccine
for HCV. Consequently, there is an urgent need for improved therapeutic agents that effectively combat chronic HCV
infection.
[0003] The HCV virion is an enveloped positive-strand RNA virus with a single oligoribonucleotide genomic sequence
of about 9600 bases which encodes a polyprotein of about 3,010 amino acids. The protein products of the HCV gene
consist of the structural proteins C, E1, and E2, and the non-structural proteins NS2, NS3, NS4A and NS4B, and NS5A
and NS5B. The nonstructural (NS) proteins are believed to provide the catalytic machinery for viral replication. The NS3
protease releases NS5B, the RNA-dependent RNA polymerase from the polyprotein chain. HCV NS5B polymerase is
required for the synthesis of a double-stranded RNA from a single-stranded viral RNA that serves as a template in the
replication cycle of HCV. Therefore, NS5B polymerase is considered to be an essential component in the HCV replication
complex (K. Ishi, et al, Heptology, 1999, 29: 1227-1235; V. Lohmann, et al., Virology, 1998, 249: 108-118). Inhibition of
HCV NS5B polymerase prevents formation of the double-stranded HCV RNA and therefore constitutes an attractive
approach to the development of HCV-specific antiviral therapies.
[0004] HCV belongs to a much larger family of viruses that share many common features.

Flaviviridae Viruses

[0005] The Flaviviridae family of viruses comprises at least three distinct genera: pestiviruses, which cause disease
in cattle and pigs; flavivruses, which are the primary cause of diseases such as dengue fever and yellow fever; and
hepaciviruses, whose sole member is HCV. The flavivirus genus includes more than 68 members separated into groups
on the basis of serological relatedness (Calisher et al., J. Gen. Virol, 1993,70,37-43). Clinical symptoms vary and include
fever, encephalitis and hemorrhagic fever (Fields Virology, Editors: Fields, B. N., Knipe, D. M., and Howley, P. M.,
Lippincott-Raven Publishers, Philadelphia, PA, 1996, Chapter 31, 931-959). Flaviviruses of global concern that are
associated with human disease include the Dengue Hemorrhagic Fever viruses (DHF), yellow fever virus, shock syn-
drome and Japanese encephalitis virus (Halstead, S. B., Rev. Infect. Dis., 1984, 6, 251-264; Halstead, S. B., Science,
239:476-481, 1988; Monath, T. P., New Eng. J. Med, 1988, 319, 64 1-643).
[0006] The pestivirus genus includes bovine viral diarrhea virus (BVDV), classical swine fever virus (CSFV, also called
hog cholera virus) and border disease virus (BDV) of sheep (Moennig, V. et al. Adv. Vir. Res. 1992, 41, 53-98). Pestivirus
infections of domesticated livestock (cattle, pigs and sheep) cause significant economic losses worldwide. BVDV causes
mucosal disease in cattle and is of significant economic importance to the livestock industry (Meyers, G. and Thiel, H.J.,
Advances in Virus Research, 1996, 47, 53-118; Moennig V., et al, Adv. Vir. Res. 1992, 41, 53-98). Human pestiviruses
have not been as extensively characterized as the animal pestiviruses. However, serological surveys indicate consid-
erable pestivirus exposure in humans.
[0007] Pestiviruses and hepaciviruses are closely related virus groups within the Flaviviridae family. Other closely
related viruses in this family include the GB virus A, GB virus A-like agents, GB virus-B and GB virus-C (also called
hepatitis G virus, HGV). The hepacivirus group (hepatitis C virus; HCV) consists of a number of closely related but
genotypically distinguishable viruses that infect humans. There are at least 6 HCV genotypes and more than 50 subtypes.
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Due to the similarities between pestiviruses and hepaciviruses, combined with the poor ability of hepaciviruses to grow
efficiently in cell culture, bovine viral diarrhea virus (BVDV) is often used as a surrogate to study the HCV virus.
[0008] The genetic organization of pestiviruses and hepaciviruses is very similar. These positive stranded RNA viruses
possess a single large open reading frame (ORF) encoding all the viral proteins necessary for virus replication. These
proteins are expressed as a polyprotein that is co- and post-translationally processed by both cellular and virus-encoded
proteinases to yield the mature viral proteins. The viral proteins responsible for the replication of the viral genome RNA
are located within approximately the carboxy-terminal. Two-thirds of the ORF are termed nonstructural (NS) proteins.
The genetic organization and polyprotein processing of the nonstructural protein portion of the ORF for pestiviruses and
hepaciviruses is very similar. For both the pestiviruses and hepaciviruses, the mature nonstructural (NS) proteins, in
sequential order from the amino-terminus of the nonstructural protein coding region to the carboxy-terminus of the ORF,
consist of p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B.
[0009] The NS proteins of pestiviruses and hepaciviruses share sequence domains that are characteristic of specific
protein functions. For example, the NS3 proteins of viruses in both groups possess amino acid sequence motifs char-
acteristic of serine proteinases and of helicases (Gorbalenya et al., Nature, 1988, 333, 22; Bazan and Fletterick Virology ,
1989,171,637-639; Gorbalenya et al., Nucleic Acid Res., 1989, 17, 3889-3897). Similarly, the NS5B proteins of pestivi-
ruses and hepaciviruses have the motifs characteristic of RNA-directed RNA polymerases (Koonin, E.V. and Dolja, V.V.,
Crir. Rev. Biochem. Molec. Biol. 1993, 28, 375-430).
[0010] The actual roles and functions of the NS proteins of pestiviruses and hepaciviruses in the lifecycle of the viruses
are directly analogous. In both cases, the NS3 serine proteinase is responsible for all proteolytic processing of polyprotein
precursors downstream of its position in the ORF (Wiskerchen and Collett, Virology, 1991, 184, 341-350; Bartenschlager
et al., J. Virol. 1993, 67, 3835-3844; Eckart et al. Biochem. Biophys. Res. Comm. 1993,192, 399-406; Grakoui et al., J.
Virol. 1993, 67, 2832-2843; Grakoui et al., Proc. Natl. Acad Sci. USA 1993, 90, 10583-10587; Hijikata et al., J. Virol.
1993, 67, 4665-4675; Tome et al., J. Virol., 1993, 67, 4017-4026). The NS4A protein, in both cases, acts as a cofactor
with the NS3 serine protease (Bartenschlager et al., J. Virol. 1994, 68, 5045-5055; Failla et al., J. Virol. 1994, 68,
3753-3760; Xu et al., J. Virol, 1997, 71:53 12-5322). The NS3 protein of both viruses also functions as a helicase (Kim
et al., Biochem. Biophys. Res. Comm., 1995, 215, 160-166; Jin and Peterson, Arch. Biochem. Biophys., 1995, 323,
47-53; Warrener and Collett, J. Virol. 1995, 69,1720-1726). Finally, the NS5B proteins ofpestiviruses and hepaciviruses
have the predicted RNA-directed RNA polymerases activity (Behrens et al., EMBO, 1996, 15, 12-22; Lechmann et al.,
J. Virol., 1997, 71, 8416-8428; Yuan et al., Biochem. Biophys. Res. Comm. 1997, 232, 231-235; Hagedorn, PCT WO
97/12033; Zhong et al, J. Virol., 1998, 72, 9365-9369).
[0011] Currently, there are limited treatment options for individuals infected with hepatitis C virus. The current approved
therapeutic option is the use of immunotherapy with recombinant interferon-α alone or in combination with the nucleoside
analog ribavirin. This therapy is limited in its clinical effectiveness and only 50% of treated patients respond to therapy.
Therefore, there is significant need for more effective and novel therapies to address the unmet medical need posed by
HCV infection.
[0012] A number of potential molecular targets for drug development of direct acting antivirals as anti -HCV therapeutics
have now been identified including, but not limited to, the NS2-NS3 autoprotease, the N3 protease, the N3 helicase and
the NS5B polymerase. The RNA-dependent RNA polymerase is absolutely essential for replication of the single-stranded,
positive sense, RNA genome and this enzyme has elicited significant interest among medicinal chemists.
[0013] Inhibitors of HCV NS5B as potential therapies for HCV infection have been reviewed: Tan, S.-L., et al., Nature
Rev. Drug Discov., 2002, 1, 867-881; Walker, M.P. et al., Exp. Opin. Investigational Drugs, 2003, 12, 1269-1280; Ni, Z-
J., et al., Current Opinion in Drug Discovery and Development, 2004, 7, 446-459; Beaulieu, P. L., et al., Current Opinion
in Investigational Drugs, 2004, 5, 838-850; Wu, J., et al., Current Drug Targets-Infectious Disorders, 2003, 3, 207-219;
Griffith, R.C., et al, Annual Reports in Medicinal Chemistry, 2004, 39, 223-237; Carrol, S., et al., Infectious Disorders-
Drug Targets, 2006, 6, 17-29. The potential for the emergence of resistant HCV strains and the need to identify agents
with broad genotype coverage supports the need for continuing efforts to identify novel and more effective nucleosides
as HCV NS5B inhibitors.
[0014] Nucleoside inhibitors of NS5B polymerase can act either as a non-natural substrate that results in chain ter-
mination 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.
[0015] In some cases, the biological activity of a nucleoside is hampered by its poor substrate characteristics for one
or more of the kinases needed to convert it to the active triphosphate 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 to the active triphosphate analog, the preparation
of stable phosphate prodrugs has been reported. Nucleoside phosphoramidate prodrugs have been shown to be pre-
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cursors of the active nucleoside triphosphate and to inhibit viral replication when administered to viral infected whole
cells (McGuigan, C., et al., J. Med. Chem., 1996, 39, 1748-1753; Valette, G., et al., J. Med. Chem., 1996, 39, 1981-1990;
Balzarini, J., et al., Proc. National Acad Sci USA, 1996, 93, 7295-7299; Siddiqui, A. Q., et al., J. Med. Chem., 1999, 42,
4122-4128; Eisenberg, E. J., et al., Nucleosides, Nucleotides and Nucleic Acids, 2001, 20, 1091-1098; Lee, W.A., et
al., Antimicrobial Agents and Chemotherapy, 2005, 49, 1898); US 2006/0241064; and WO 2007/095269.
[0016] Also limiting the utility ofnucleosides as viable therapeutic agents is their sometimes poor physicochemical and
pharmacokinetic properties. These poor properties can limit the intestinal absorption of an agent and limit uptake into
the target tissue or cell. To improve on their properties prodrugs of nucleosides have been employed. It has been
demonstrated that preparation of nucleoside phosphoramidates improves the systemic absorption of a nucleoside and
furthermore, the phosphoramidate moiety of these "pronucleotides" is masked with neutral lipophilic groups to obtain a
suitable partition coefficient to optimize uptake and transport into the cell dramatically enhancing the intracellular con-
centration of the nucleoside monophosphate analog relative to administering the parent nucleoside alone. Enzyme-
mediated hydrolysis of the phosphate ester moiety produces a nucleoside monophosphate wherein the rate limiting
initial phosphorylation is unnecessary.
[0017] WO 2005/003147 discloses compositions and methods of treating a Flaviviviridae infection, including hepatitis
C virus.
[0018] J. Med. Chem., 2005, 48, 5504-5508, Clark et al., discloses 2’-deoxy-2’-fluoro-2’-C-methylcytidine as an inhibitor
of Hepatitis C Virus.

SUMMARY OF THE INVENTION

[0019] The present invention is as set out in the claims.
[0020] The present disclosure is directed toward phosphoramidate prodrugs of nucleoside derivatives for the treatment
of viral infections in mammals, which is a compound, its stereoisomers, salts (acid or basic addition salts), hydrates,
solvates, or crystalline forms thereof, represented by the following structure:

wherein

(a) R1 is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted with at least one of C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6
alkoxy, F, Cl, Br, I, nitro, cyano, C1-6 haloalkyl, -N(R1’)2, C1-6 acylamino, - NHSO2C1-6 alkyl, -SO2N(R1’)2, COR1",
and -SO2C1-6 alkyl; (R1’ is independently hydrogen or alkyl, which includes, but is not limited to, C1-20 alkyl, C1-10
alkyl, or C1-6 alkyl, R1" is -OR’ or -N(R1’)2);

(b) R2 is hydrogen, C1-10 alkyl, R3a or R3b and R2 together are (CH2)n so as to form a cyclic ring that includes the
adjoining N and C atoms, C(O)CR3aR3bNHR1, where n is 2 to 4 and R1, R3a, and R3b;

(c) R3a and R3b are (i) independently selected from hydrogen, C1-10 alkyl, cycloalkyl, -(CH2)c(NR3’)2, C1-6 hydroxy-
alkyl, -CH2SH, -(CH2)2S(O)dMe,-(CH2)3NHC(=NH)NH2, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)me-
thyl,-(CH2)eCOR3", aryl and aryl C1-3 alkyl, said aryl groups optionally substituted with a group selected from hydroxyl,
C1-10 alkyl, C1-6 alkoxy, halogen, nitro and cyano; (ii) R3a and R3b both are C1-6 alkyl; (iii) R3a and R3b together are
(CH2)f so as to form a spiro ring; (iv) R3a is hydrogen and R3b and R2 together are (CH2)n so as to form a cyclic ring
that includes the adjoining N and C atoms (v) R3b is hydrogen and R3a and R2 together are (CH2)n so as to form a
cyclic ring that includes the adjoining N and C atoms, where c is 1 to 6, d is 0 to 2, e is 0 to 3, f is 2 to 5, n is 2 to 4,
and where R3’ is independently hydrogen or C1-6 alkyl and R3" is -OR’ or -N(R3’)2); (vi) R3a is H and R3b is H, CH3,
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CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H,
CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH2CH2CH2NHC(NH)NH2, CH2-imida-
zol-4-yl, CH2OH, CH(OH)CH3, CH2((4’-OH)-Ph), CH2SH, or lower cycloalkyl; or (viii) R3a is CH3, -CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH2CH2CH2NHC(NH)NH2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4’-OH)-Ph), CH2SH, or lower cycloalkyl and R3b is H, where R3’ is independently hydrogen or
alkyl, which includes, but is not limited to, C1-20 alkyl, C1-10 alkyl, or C1-6 alkyl, R3" is -OR’ or -N(R3’)2);

(d) R4 is hydrogen, C1-10 alkyl, C1-10 alkyl optionally substituted with a lower alkyl, alkoxy, di(lower alkyl)-amino, or
halogen, C1-10 haloalkyl, C3-10 cycloalkyl, cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl, heter-
oaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) R5 is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl, i.e., -(CH2)pOH, where p is 1 -6, including
hydroxyl methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2, CH2NHCH3, CH2N(CH3)2, alkyne (optionally substituted),
or halogen, including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and R6 is H, R5 cannot
be N3 and when X is OH, R6 is CH3 or CH2F and B is a purine base, R5 cannot be H;

(f) R6 is H, CH3, CH2F, CHF2, CF3, F, or CN;

(g) X is H, OH, F, OMe, halogen, NH2, or N3;

(h) Y is OH, H, C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl, Br, F, I, NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4
alkyl), OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), OC1-10 haloalkyl, O(aminoacyl), O(C1-10 acyl), O(C1-4 alkyl),
O(C2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl), SO(C1-4 alkyl), SO(C2-4
alkynyl), SO(C2-4 alkenyl), SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4 alkenyl), OS(O)2(C14 acyl),
OS(O)2(C1-4 alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1-18 acyl)2, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by N3, CN, one to
three halogen (Cl, Br, F, I), NO2, C(O)O(C1-4 alkyl), C(O)O(C1-4 alkyl), C(O)O(C2-4 alkynyl), C(O)O(C2-4 alkenyl),
O(C1-4 acyl), O(C1-4 alkyl), O(C2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4
acyl), SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4 alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4 alkenyl), NH(C2-4
alkynyl), NH(C1-4 acyl), N(C1-4 alkyl)2, N(C1-4 acyl)2;
the base is a naturally occurring or modified purine or pyrimidine base represented by the following structures:

wherein

Z is N or CR12;

R7, R8,R9, R10, and R11 are independently H, F, Cl, Br, I, OH, OR’, SH, SR’, NH2, NHR’, NR’2, lower alkyl of
C1-C6, halogenated (F, Cl, Br, I) lower alkyl of C1-C6, lower alkenyl of C2-C6, halogenated (F, Cl, Br, I) lower
alkenyl of C2-C6, lower alkynyl of C2-C6 such as C≡CH, halogenated (F, Cl, Br, I) lower alkynyl of C2-C6, lower
alkoxy of C1-C6, halogenated (F, Cl, Br, I) lower alkoxy of C1-C6, CO2H, CO2R’, CONH2, CONHR’, CONR’2,
CH=CHCO2H, or CH=CHCO2R’,

wherein R’ is an optionally substituted alkyl, which includes, but is not limited to, an optionally substituted C1-20
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alkyl, an optionally substituted C1-10 alkyl, an optionally substituted lower alkyl; an optionally substituted cy-
cloalkyl; an optionally substituted alkynyl of C2-C6, an optionally substituted lower alkenyl of C2-C6, or optionally
substituted acyl, which includes but is not limited to C(O) alkyl, C(O)(C1-20 alkyl), C(O)(C1-10 alkyl), or C(O)(lower
alkyl) or alternatively, in the instance of NR’2, each R’ comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms; and

R12 is H, halogen (including F, Cl, Br, I), OH, OR’, SH, SR’, NH2, NHR’, NR’2, NO2 lower alkyl of C1-C6,
halogenated (F, Cl, Br, I) lower alkyl of C1-C6, lower alkenyl of C2-C6, halogenated (F, Cl, Br, I) lower alkenyl
of C2-C6, lower alkynyl of C2-C6, halogenated (F, Cl, Br, I) lower alkynyl of C2-C6, lower alkoxy of C1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of C1-C6, CO2H, CO2R’, CONH2, CONHR’, CONR’2, CH=CHCO2H, or
CH=CHCO2R’; with the proviso that when base is represented by the structure c with R11 being hydrogen, R12

is not a: (i) -C≡C-H, (ii) -C=CH2, or (iii) -NO2.

DEFINITIONS

[0021] The phrase "a" or "an" entity as used herein refers to one or more of that entity; for example, a compound refers
to one or more compounds or at least one compound. As such, the terms "a" (or "an"), "one or more", and "at least one"
can be used interchangeably herein.
[0022] The phrase "as defined herein above" refers to the first definition provided in the Summary of the Invention.
[0023] The terms "optional" or "optionally" as used herein means that a subsequently described event or circumstance
may but need not occur, and that the description includes instances where the event or circumstance occurs and instances
in which it does not. For example, "optional bond" means that the bond may or may not be present, and that the description
includes single, double, or triple bonds.
[0024] The term "independently" is used herein to indicate that a variable is applied in any one instance without regard
to the presence or absence of a variable having that same or a different definition within the same compound. Thus, in
a compound in which R appears twice and is defined as "independently carbon or nitrogen", both R’s can be carbon,
both R’s can be nitrogen, or one R’ can be carbon and the other nitrogen.
[0025] The term "alkenyl" refers to an unsubstituted hydrocarbon chain radical having from 2 to 10 carbon atoms
having one or two olefinic double bonds, preferably one olefinic double bond. The term "C2-N alkenyl" refers to an alkenyl
comprising 2 to N carbon atoms, where N is an integer having the following values: 3, 4, 5, 6, 7, 8, 9, or 10. The term
"C2-10 alkenyl" refers to an alkenyl comprising 2 to 10 carbon atoms. The term "C2-4 alkenyl" refers to an alkenyl comprising
2 to 4 carbon atoms. Examples include, but are not limited to, vinyl, 1-propenyl, 2-propenyl (allyl) or 2-butenyl (crotyl).
[0026] The term "halogenated alkenyl" refers to an alkenyl comprising at least one of F, Cl, Br, and I.
[0027] The term "alkyl" refers to an unbranched or branched chain, saturated, monovalent hydrocarbon residue con-
taining 1 to 30 carbon atoms. The term "C1M alkyl" refers to an alkyl comprising 1 to M carbon atoms, where M is an
integer having the following values: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, or 30. The term "C1-4 alkyl" refers to an alkyl containing 1 to 4 carbon atoms. The term "lower alkyl" denotes
a straight or branched chain hydrocarbon residue comprising 1 to 6 carbon atoms. "C1-20 alkyl" as used herein refers
to an alkyl comprising 1 to 20 carbon atoms. "C1-10 alkyl" as used herein refers to an alkyl comprising 1 to 10 carbons.
Examples of alkyl groups include, but are not limited to, lower alkyl groups include methyl, ethyl, propyl, i-propyl, n-butyl,
i-butyl, t-butyl or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl. The term (ar)alkyl or (heteroaryl)alkyl indicate the
alkyl group is optionally substituted by an aryl or a heteroaryl group respectively.
[0028] The term "cycloalkyl" refers to an unsubstituted or substituted carbocycle, in which the carbocycle contains 3
to 10 carbon atoms; preferably 3 to 8 carbon atoms; more preferably 3 to 6 carbon atoms (i.e., lower cycloalkyls).
Examples of cycloalkyl groups include, but are not limited to, cyclopropyl, 2-methyl-cyclopropyl, cyclobutyl, cyclopentyl,
and cyclohexyl.
[0029] The term "cycloalkyl alkyl" refers to an additionally unsubstituted or substituted alkyl substituted by a lower
cycloalkyl. Examples of cycloalkyl alkyls include, but are not limited to, any one of methyl, ethyl, propyl, i-propyl, n-butyl,
i-butyl, t-butyl or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl that is substituted with cyclopropyl, 2-methyl-
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.
[0030] The term "cycloheteroalkyl" refers to an unsubstituted or substituted heterocycle, in which the heterocycle
contains 2 to 9 carbon atoms; preferably 2 to 7 carbon atoms; more preferably 2 to 5 carbon atoms. Examples of
cycloheteroalkyls include, but are not limited to, aziridin-2-yl, N-C1-3-alkyl-aziridin-2-yl, azetidinyl, N-C1-3-alkyl-azetidin-
m’-yl, pyrrolidin-m’-yl, N-C1-3-alkyl-pyrrolidin-m’-yl, piperidin-m’-yl, and N-C1-3-alkyl-piperidin-m’-yl, where m’ is 2, 3, or
4 depending on the cycloheteroalkyl. Specific examples of N-C1-3-alkyl-cycloheteroalkyls include, but are not limited to,
N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-2-yl,
N-methyl-piperidin-3-yl, and N-methyl-piperidin-4-yl. In the instance of R4, the point of attachment between the cy-
cloheteroalkyl ring carbon and the oxygen occurs at any one of m’

60



EP 2 203 462 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0031] The term "heterocycle" refers to an unsubstituted or substituted heterocycle containing carbon, hydrogen, and
at least one ofN, O, and S, where the C and N can be trivalent or tetravalent, i.e., sp2- or sp3-hybridized. Examples of
heterocycles include, but are not limited to, aziridine, azetidine, pyrrolidine, piperidine, imidazole, oxazole, piperazine,
etc. In the instance of piperazine, as related to R10 for NR’2, the corresponding opposite nitrogen atom of the piperazinyl
is substituted by a lower alkyl represented by the following structure:

Preferably, the opposite nitrogen of the piperazinyl is substituted by a methyl group.
[0032] The term "halogenated alkyl" (or "haloalkyl") refers to an unbranched or branched chain alkyl comprising at
least one of F, Cl, Br, and I. The term "C1-M haloalkyl" refers to an alkyl comprising 1 to M carbon atoms that comprises
at least one of F, Cl, Br, and I, where M is an integer having the following values: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30. "C1-3 haloalkyl" refers to a haloalkyl comprising 1 to 3
carbons and at least one of F, Cl, Br, and I. The term "halogenated lower alkyl" (or "lower haloalkyl") refers to a haloalkyl
comprising 1 to 6 carbon atoms and at least one of F, Cl, Br, and I. Examples include, but are not limited to, fluoromethyl,
chloromethyl, bromomethyl, iodomethyl, difluoromethyl, dichloromethyl, dibromomethyl, diiodomethyl, trifluoromethyl,
trichloromethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-
chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-difluoroethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 2-2-diiodomethyl, 3-fluor-
opropyl, 3-chloropropyl, 3-bromopropyl, 2,2,2-trifluoroethyl or 1,1,2,2,2-pentafluoroethyl.
[0033] The term "alkynyl" refers to an unbranched or branched hydrocarbon chain radical having from 2 to 10 carbon
atoms, preferably 2 to 5 carbon atoms, and having one triple bond. The term "C2-N alkynyl" refers to an alkynyl, comprising
2 to N carbon atoms, where N is an integer having the following values: 3, 4, 5, 6, 7, 8, 9, or 10. The term "C C2-4 alkynyl"
refers to an alkynyl comprising 2 to 4 carbon atoms. The term "C2-10 alkynyl" refers to an alkynyl comprising 2 to 10
carbons. Examples include, but are limited to, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl or 3-butynyl.
[0034] The term "halogenated alkynyl" refers to an unbranched or branched hydrocarbon chain radical having from 2
to 10 carbon atoms, preferably 2 to 5 carbon atoms, and having one triple bond and at least one of F, Cl, Br, and I.
[0035] The term "cycloalkyl" refers to a saturated carbocyclic ring comprising 3 to 8 carbon atoms, i.e. cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl. The term "C3-7 cycloalkyl" as used herein refers to a cy-
cloalkyl comprising 3 to 7 carbons in the carbocyclic ring.
[0036] The term "alkoxy" refers to an -O-alkyl group or an -O-cycloalkyl group, wherein alkyl and cycloalkyl are as
defined above. Examples of -O-alkyl groups include, but are not limited to, methoxy, ethoxy, n-propyloxy, i-propyloxy,
n-butyloxy, i-butyloxy, t-butyloxy. "Lower alkoxy" as used herein denotes an alkoxy group with a "lower alkyl" group as
previously defined. "C1-10 alkoxy" refers to an-O-alkyl wherein alkyl is C1-10. Examples of -O-cycloalkyl groups include,
but are not limited to, -O-c-propyl, -O-c-butyl, -O-c-pentyl, and -O-c-hexyl.
[0037] The term "halogenated alkoxy" refers to an -0-alkyl group in which the alkyl group comprises at least one of F,
Cl, Br, and I.
[0038] The term "halogenated lower alkoxy" refers to an -O-(lower alkyl) group in which the lower alkyl group comprises
at least one of F, Cl, Br, and I.
[0039] The term "amino acid" includes naturally occurring and synthetic α, β γ or δ amino acids, and includes but is
not limited to, amino acids found in proteins, i.e. glycine, alanine, valine, leucine, isoleucine, methionine, phenylalanine,
tryptophan, proline, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartate, glutamate, lysine, arginine
and histidine. In a preferred embodiment, the amino acid is in the L-configuration. Alternatively, the amino acid can be
a derivative of alanyl, valinyl, leucinyl, isoleucinyl, prolinyl, phenylalaninyl, tryptophanyl, methioninyl, glycinyl, serinyl,
threoninyl, cysteinyl, tyrosinyl, asparaginyl, glutaminyl, aspartoyl, glutaroyl, lysinyl, argininyl, histidinyl, β-alanyl, β-valinyl,
β-leucinyl, β-isoleucinyl, β-prolinyl, β-phenylalaninyl, β-tryptophanyl, β-methioninyl, β-glycinyl, β-serinyl, β-threoninyl, β-
cysteinyl, β-tyrosinyl, β-asparaginyl, β-glutaminyl, β-aspartoyl, β-glutaroyl, β-lysinyl, β-argininyl or β-histidinyl. When the
term amino acid is used, it is considered to be a specific and independent disclosure of each of the esters of α, β γ or δ
glycine, alanine, valine, leucine, isoleucine, methionine, phenylalanine, tryptophan, proline, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, aspartate, glutamate, lysine, arginine and histidine in the D and L-configurations.
[0040] The term "aminoacyl" includes N,N-unsubstituted, N,N-monosubstituted, and N,N-disubstituted derivatives of
naturally occurring and synthetic α, β γ or δ amino acyls, where the amino acyls are derived from amino acids. The
amino-nitrogen can be substituted or unsubstituted. When the amino-nitrogen is substituted, the nitrogen is either mono-
or di-substituted, where the substituent bound to the amino-nitrogen is a lower alkyl or an alkaryl. In the instance of its
use for Y, the expression "O(aminoacyl)" is used. It is understood that the C3’ carbon of the ribose is bound to the oxygen
"O", which is then bound to the carbonyl carbon of the aminoacyl.
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[0041] The terms "alkylamino" or "arylamino" refer to an amino group that has one or two alkyl or aryl substituents,
respectively.
[0042] The term "protected," as used herein and unless otherwise defined, refers to a group that is added to an oxygen,
nitrogen, or phosphorus atom to prevent its further reaction or for other purposes. A wide variety of oxygen and nitrogen
protecting groups are known to those skilled in the art of organic synthesis. Nonlimiting examples include: C(O)-alkyl,
C(O)Ph, C(O)aryl, CH3, CH2-alkyl, CH2alkenyl, CH2Ph, CH2-aryl, CH2O-alkyl, CH2O-aryl, SO2-alkyl, SO2-aryl, tert-
butyldimethylsilyl, tert-butyldiphenylsilyl, and 1,3-(1,1,3,3-tetraisopropyldisiloxanylidene).
[0043] The term "aryl," as used herein, and unless otherwise specified, refers to substituted or unsubstituted phenyl
(Ph), biphenyl, or naphthyl, preferably the term aryl refers to substituted or unsubstituted phenyl. The aryl group can be
substituted with one or more moieties selected from among hydroxyl, F, Cl, Br, I, amino, alkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, and phosphonate, either unprotected, or pro-
tected as necessary, as known to those skilled in the art, for example, as taught in T.W. Greene and P.G. M. Wuts,
"Protective Groups in Organic Synthesis," 3rd ed., John Wiley & Sons, 1999.
[0044] The terms "alkaryl" or "alkylaryl" refer to an alkyl group with an aryl substituent, such as benzyl. The terms
"aralkyl" or "arylalkyl" refer to an aryl group with an alkyl substituent.
[0045] The term "di(lower alkyl)amino-lower alkyl" refers to a lower alkyl substituted by an amino group that is itself
substituted by two lower alkyl groups. Examples include, but are not limited to, (CH3)2NCH2, (CH3)2NCH2CH2,
(CH3)2NCH2CH2CH2, etc. The examples above show lower alkyls substituted at the terminus carbon atom with an N,N-
dimethyl-amino substituent. These are intended as examples only and are not intended to limit the meaning of the term
"di(lower alkyl)amino-lower alkyl" so as to require the same. It is contemplated that the lower alkyl chain can be substituted
with an N,N-di(lower alkyl)-amino at any point along the chain, e.g., CH3CH(N-(lower alkyl)2)CH2CH2.
[0046] The term "halo," as used herein, includes chloro, bromo, iodo and fluoro.
[0047] The term "acyl" refers to a substituent containing a carbonyl moiety and a non-carbonyl moiety. The carbonyl
moiety contains a double-bond between the carbonyl carbon and a heteroatom, where the heteroatom is selected from
among O, N and S. When the heteroatom is N, the N is substituted by a lower alkyl. The non-carbonyl moiety is selected
from straight, branched, and cyclic alkyl, which includes, but is not limited to, a straight, branched, or cyclic C1-20 alkyl,
C1-10 alkyl, or lower alkyl; alkoxyalkyl, including methoxymethyl; aralkyl, including benzyl; aryloxyalkyl, such as phe-
noxymethyl; or aryl, including phenyl optionally substituted with halogen (F, Cl, Br, I), hydroxyl, C1 to C4 alkyl, or C1 to
C4 alkoxy, sulfonate esters, such as alkyl or aralkyl sulphonyl, including methanesulfonyl, the mono, di or triphosphate
ester, trityl or monomethoxytrityl, substituted benzyl, trialkylsilyl (e.g. dimethyl-t-butylsilyl) or diphenylmethylsilyl. When
at least one aryl group is present in the non-carbonyl moiety, it is preferred that the aryl group comprises a phenyl group.
[0048] The term "lower acyl" refers to an acyl group in which the non-carbonyl moiety is lower alkyl.
[0049] The term "purine" or "pyrimidine" base includes, but is not limited to, adenine, N6-alkylpurines, N6-acylpurines
(wherein acyl is C(O)(alkyl, aryl, alkylaryl, or arylalkyl), N6-benzylpurine, N6-halopurine, N6-vinylpurine, N6-acetylenic
purine, N6-acyl purine, N6-hydroxyalkyl purine, N6-allcylaminopurine, N6-thioallcyl purine, N2-alkylpurines, N2-alkyl-6-
thiopurines, thymine, cytosine, 5-fluorocytosine, 5-methylcytosine, 6-azapyrimidine, including 6-azacytosine, 2- and/or
4-mercaptopyrmidine, uracil, 5-halouracil, including 5-fluorouracil, C5-alkylpyrimidines, C5-benzylpyrimidines, C5-ha-
lopyrimidines, C5-vinylpyrimidine, C5-acetylenic pyrimidine, C5-acyl pyrimidine, C5-hydroxyalkyl purine, C5-amidopyri-
midine, C5-cyanopyrimidine, ,C5-iodopyrimidine, C6-lodo-pyrimidine, C5-Br-vinyl pyrimidine, C6-Br-vinyl pyrimidine,
C5-nitropyrimidine, C5-amino-pyrimidine, N2-alkylpurines, N2-alkyl-6-thiopurines, 5-azacytidinyl, 5-azauracilyl, triazol-
opyridinyl, imidazolopyridinyl, pyrrolopyrimidinyl, and pyrazolopyrimidinyl. Purine bases include, but are not limited to,
guanine, adenine, hypoxanthine, 2,6-diaminopurine, and 6-chloropurine. Functional oxygen and nitrogen groups on the
base can be protected as necessary or desired. Suitable protecting groups are well known to those skilled in the art,
and include trimethylsilyl, dimethylhexylsilyl, t-butyldimethylsilyl, and t-butyldiphenylsilyl, trityl, alkyl groups, and acyl
groups such as acetyl and propionyl, methanesulfonyl, and p-toluenesulfonyl.
[0050] The term "tautomerism" and "tautomers" have their accepted plain meanings.
[0051] The term "P*" means that the phosphorous atom is chiral and that it has a corresponding Cahn-Ingold-Prelog
designation of "R" or "S" which have their accepted plain meanings. It is contemplated that compounds of the formula
I are racemic because the chirality at phosphorous. Applicants contemplate use of the racemate and/or the resolved
enantiomers. In some instances, an asterisk does not appear next to the phosphoroamidate phosphorous atom. In these
instances, it is understood that the phosphorous atom is chiral and that one of ordinary skill understands this to be so
unless the substituents bound to the phosphorous exclude the possibility of chirality at phosphorous, such as in P(O)Cl3.

DETAILED DESCRIPTION OF THE INVENTION

[0052] The present invention is as set out in the following clauses:

1. A compound represented by the formula
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2. A compound represented by the formula

3. A compound represented by the formula

4. A composition comprising the compound of clause 1 and a pharmaceutically acceptable medium.

5. A composition comprising the compound of clause 2 and a pharmaceutically acceptable medium.

6. A composition comprising the compound of clause 3 and a pharmaceutically acceptable medium.

[0053] The following tables contain numeric identifiers associated with various substituent designators that should be
viewed in light of the accompanying structure. These structures are contemplated species of the various aspects of the
present disclosure. However, it is contemplated that any one of the exemplified nucleoside bases can be used in com-
bination with any one of contemplated species that specify a particular combination of R1, R2, R3a, R3b, R4, R5, R6, X,
and Y. In each of the presented tables, the phosphoramidate substituent containing the substituents R3a and R3b are
depicted without reference to stereochemical structure. It is contemplated that the compounds recited below embody
compounds in which R3a projects toward the viewer while R3b projects away from the viewer. Moreover, it is contemplated
that the compounds recited below also embody compounds in which R3a projects away from the viewer while R3b projects
towards the viewer. Not meant to be limiting, however, it is contemplated that preferred compounds are those in which
R3a projects towards the viewer and R3b projects away from the viewer such that the natural L-amino acid (S)-configuration
is presented. Additionally, the inventors recognize that the phosphorus atom of the phosphoramidate moiety is another
source of chirality. Although the structures below do not specifically depict chirality at phosphorus, the inventors recognize
that stereochemical configurations are possible such that in a staggered (or zig-zag) line structure the oxo-substitutent
projects towards the viewer while the OR1 substitutent projects away from the viewer, and vice versa, i.e., where the
Cahn-Ingold-Prelog stereochemical designation of phosphorous is either R or S. Therefore, the structures below include
all possible stereochemical configurations possible for phosphorus.
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Table IX-1.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-1-1 CH3 H H H CH3 H CH3 F OH H H
IX-1-2 CH3 H H CH3 CH3 H CH3 F OH H H
IX-1-3 CH3 H H CH(CH3)2 CH3 H CH3 F OH H H
IX-1-4 CH3 H H CH2CH(CH3)2 CH3 H CH3 F OH H H

IX-1-5 CH3 H H CH2Ph CH3 H CH3 F OH H H
IX-1-6 CH3 H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-1-7 CH3 H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-1-8 CH3 * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-2.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-2-1 Et H H H CH3 H CH3 F OH H H
IX-2-2 Et H H CH3 CH3 H CH3 F OH H H
IX-2-3 Et H H CH(CH3)2 CH3 H CH3 F OH H H
IX-2-4 Et H H CH2CH(CH3)2 CH3 H CH3 F OH H H

IX-2-5 Et H H CH2Ph CH3 H CH3 F OH H H
IX-2-6 Et H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-2-7 Et H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-2-8 Et * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-3.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-3-1 iPr H H H CH3 H CH3 F OH H H
IX-3-2 iPr H H CH3 CH3 H CH3 F OH H H
IX-3-3 iPr H H CH(CH3)2 CH3 H CH3 F OH H H

IX-3-4 iPr H H CH2CH(CH3)2 CH3 H CH3 F OH H H
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(continued)

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-3-5 iPr H H CH2Ph CH3 H CH3 F OH H H
IX-3-6 iPr H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-3-7 iPr H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-3-8 iPr * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-4.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-4-1 tBu H H H CH3 H CH3 F OH H H
IX-4-2 tBu H H CH3 CH3 H CH3 F OH H H
IX-4-3 tBu H H CH(CH3)2 CH3 H CH3 F OH H H
IX-4-4 tBu H H CH2CH(CH3)2 CH3 H CH3 F OH H H
IX-4-5 tBu H H CH2Ph CH3 H CH3 F OH H H
IX-4-6 tBu H H CH2-indol-3-yl CH3 H CH3 F OH H H

IX-4-7 tBu H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-4-8 tBu * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-5.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-5-1 Ph H H H CH3 H CH3 F OH H H
IX-5-2 Ph H H CH3 CH3 H CH3 F OH H H
IX-5-3 Ph H H CH(CH3)2 CH3 H CH3 F OH H H
IX-5-4 Ph H H CH2CH(CH3)2 CH3 H CH3 F OH H H
IX-5-5 Ph H H CH2Ph CH3 H CH3 F OH H H

IX-5-6 Ph H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-5-7 Ph H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-5-8 Ph * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-6.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-6-1 p-Me-Ph H H H CH3 H CH3 F OH H H
IX-6-2 p-Me-Ph H H CH3 CH3 H CH3 F OH H H
IX-6-3 p-Me-Ph H H CH(CH3)2 CH3 H CH3 F OH H H
IX-6-4 p-Me-Ph H H CH2CH(CH3)2 CH3 H CH3 F OH H H

IX-6-5 p-Me-Ph H H CH2Ph CH3 H CH3 F OH H H
IX-6-6 p-Me-Ph H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-6-7 p-Me-Ph H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-6-8 p-Me-Ph * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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Table IX-7.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-7-1 p-F-Ph H H H CH3 H CH3 F OH H H
IX-7-2 p-F-Ph H H CH3 CH3 H CH3 F OH H H

IX-7-3 p-F-Ph H H CH(CH3)2 CH3 H CH3 F OH H H
IX-7-4 p-F-Ph H H CH2CH(CH3)2 CH3 H CH3 F OH H H
IX-7-6 p-F-Ph H H CH2Ph CH3 H CH3 F OH H H
IX-7-7 p-F-Ph H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-7-8 p-F-Ph H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-7-20 p-F-Ph * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-8.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-8-1 p-Cl-Ph H H H CH3 H CH3 F OH H H
IX-8-2 p-Cl-Ph H H CH3 CH3 H CH3 F OH H H

IX-8-3 p-Cl-Ph H H CH(CH3)2 CH3 H CH3 F OH H H
IX-8-4 p-Cl-Ph H H CH2CH(CH3)2 CH3 H CH3 F OH H H
IX-8-5 p-Cl-Ph H H CH2Ph CH3 H CH3 F OH H H
IX-8-6 p-Cl-Ph H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-8-7 p-Cl-Ph H H CH2CH2SCH3 CH3 H CH3 F OH H H

IX-8-8 p-Cl-Ph * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-9.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-9-1 p-Br-Ph H H H CH3 H CH3 F OH H H

IX-9-2 p-Br-Ph H H CH3 CH3 H CH3 F OH H H
IX-9-3 p-Br-Ph H H CH(CH3)2 CH3 H CH3 F OH H H
IX-9-4 p-Br-Ph H H CH2CH(CH3)2 CH3 H CH3 F OH H H
IX-9-6 p-Br-Ph H H CH2Ph CH3 H CH3 F OH H H
IX-9-7 p-Br-Ph H H CH2-indol-3-yl CH3 H CH3 F OH H H
IX-9-8 p-Br-Ph H H CH2CH2SCH3 CH3 H CH3 F OH H H

IX-9-20 p-Br-Ph * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-10.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-10-1 p-I-Ph H H H CH3 H CH3 F OH H H
IX-10-2 p-I-Ph H H CH3 CH3 H CH3 F OH H H
IX-10-3 p-I-Ph H H CH(CH3)2 CH3 H CH3 F OH H H
IX-10-4 p-I-Ph H H CH2CH(CH3)2 CH3 H CH3 F OH H H
IX-10-5 p-I-Ph H H CH2Ph CH3 H CH3 F OH H H
IX-10-6 p-I-Ph H H CH2-indol-3-yl CH3 H CH3 F OH H H
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(continued)

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-10-7 p-I-Ph H H CH2CH2SCH3 CH3 H CH3 F OH H H
IX-10-8 p-I-Ph * H * CH3 H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-11.

R1 R1 R3a R3b R4 R5 R6 X Y R7 R8

IX-11-1 CH3 H H H Et H CH3 F OH H H
IX-11-2 CH3 H H CH3 Et H CH3 F OH H H

IX-11-3 CH3 H H CH(CH3)2 Et H CH3 F OH H H
IX-11-4 CH3 H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-11-5 CH3 H H CH2Ph Et H CH3 F OH H H
IX-11-6 CH3 H H CH2-indol-3-yl Et H CH3 F OH H H
IX-11-7 CH3 H H CH2CH2SCH3 Et H CH3 F OH H H
IX-11-8 CH3 * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-12.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-12-1 Et H H H Et H CH3 F OH H H

IX-12-2 Et H H CH3 Et H CH3 F OH H H
IX-12-3 Et H H CH(CH3)2 Et H CH3 F OH H H
IX-12-4 Et H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-12-5 Et H H CH2Ph Et H CH3 F OH H H
IX-12-6 Et H H CH2-indol-3-yl Et H CH3 F OH H H
IX-12-7 Et H H CH2CH2SCH3 Et H CH3 F OH H H

IX-12-8 Et * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-13.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-13-1 iPr H H H Et H CH3 F OH H H
IX-13-2 iPr H H CH3 Et H CH3 F OH H H
IX-13-3 iPr H H CH(CH3)2 Et H CH3 F OH H H
IX-13-4 iPr H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-13-5 iPr H H CH2Ph Et H CH3 F OH H H
IX-13-6 iPr H H CH2-indol-3-yl Et H CH3 F OH H H

IX-13-7 iPr H H CH2CH2SCH3 Et H CH3 F OH H H
IX-13-8 iPr * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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Table IX-14.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-14-1 tBu H H H Et H CH3 F OH H H
IX-14-2 tBu H H CH3 Et H CH3 F OH H H
IX-14-3 tBu H H CH(CH3)2 Et H CH3 F OH H H
IX-14-4 tBu H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-14-5 tBu H H CH2Ph Et H CH3 F OH H H

IX-14-6 tBu H H CH2-indol-3-yl Et H CH3 F OH H H
IX-14-7 tBu H H CH2CH2SCH3 Et H CH3 F OH H H
IX-14-8 tBu * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-15.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-15-1 Ph H H H Et H CH3 F OH H H
IX-15-2 Ph H H CH3 Et H CH3 F OH H H
IX-15-3 Ph H H CH(CH3)2 Et H CH3 F OH H H

IX-15-4 Ph H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-15-5 Ph H H CH2Ph Et H CH3 F OH H H
IX-15-6 Ph H H CH2-indol-3-yl Et H CH3 F OH H H
IX-15-7 Ph H H CH2CH2SCH3 Et H CH3 F OH H H
IX-15-8 Ph * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-16.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-16-1 p-Me-Ph H H H Et H CH3 F OH H H
IX-16-2 p-Me-Ph H H CH3 Et H CH3 F OH H H

IX-16-3 p-Me-Ph H H CH(CH3)2 Et H CH3 F OH H H
IX-16-4 p-Me-Ph H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-16-5 p-Me-Ph H H CH2Ph Et H CH3 F OH H H
IX-16-6 p-Me-Ph H H CH2-indol-3-yl Et H CH3 F OH H H
IX-16-7 p-Me-Ph H H CH2CH2SCH3 Et H CH3 F OH H H
IX-16-8 p-Me-Ph * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-17.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-17-1 p-F-Ph H H H Et H CH3 F OH H H

IX-17-2 p-F-Ph H H CH3 Et H CH3 F OH H H
IX-17-3 p-F-Ph H H CH(CH3)2 Et H CH3 F OH H H
IX-17-4 p-F-Ph H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-17-5 p-F-Ph H H CH2Ph Et H CH3 F OH H H
IX-17-6 p-F-Ph H H CH2-indol-3-yl Et H CH3 F OH H H
IX-17-7 p-F-Ph H H CH2CH2SCH3 Et H CH3 F OH H H
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(continued)

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-17-8 p-F-Ph * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-18.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-18-1 p-Cl-Ph H H H Et H CH3 F OH H H
IX-18-2 p-Cl-Ph H H CH3 Et H CH3 F OH H H
IX-18-3 p-Cl-Ph H H CH(CH3)2 Et H CH3 F OH H H

IX-18-4 p-Cl-Ph H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-18-5 p-Cl-Ph H H CH2Ph Et H CH3 F OH H H
IX-18-6 p-Cl-Ph H H CH2-indol-3-yl Et H CH3 F OH H H
IX-18-7 p-Cl-Ph H H CH2CH2SCH3 Et H CH3 F OH H H
IX-18-8 p-Cl-Ph * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-19.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-19-1 p-Br-Ph H H H Et H CH3 F OH H H
IX-19-2 p-Br-Ph H H CH3 Et H CH3 F OH H H

IX-19-3 p-Br-Ph H H CH(CH3)2 Et H CH3 F OH H H
IX-19-4 p-Br-Ph H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-19-5 p-Br-Ph H H CH2Ph Et H CH3 F OH H H
IX-19-6 p-Br-Ph H H CH2-indol-3-yl Et H CH3 F OH H H
IX-19-7 p-Br-Ph H H CH2CH2SCH3 Et H CH3 F OH H H
IX-19-8 p-Br-Ph * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-20.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-20-1 p-I-Ph H H H Et H CH3 F OH H H

IX-20-2 p-I-Ph H H CH3 Et H CH3 F OH H H
IX-20-3 p-I-Ph H H CH(CH3)2 Et H CH3 F OH H H
IX-20-4 p-I-Ph H H CH2CH(CH3)2 Et H CH3 F OH H H
IX-20-5 p-I-Ph H H CH2Ph Et H CH3 F OH H H
IX-20-6 p-I-Ph H H CH2-indol-3-yl Et H CH3 F OH H H
IX-20-7 p-I-Ph H H CH2CH2SCH3 Et H CH3 F OH H H

IX-20-8 p-I-Ph * H * Et H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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Table IX-21.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-21-1 CH3 H H H iPr H CH3 F OH H H
IX-21-2 CH3 H H CH3

iPr H CH3 F OH H H
IX-21-3 CH3 H H CH(CH3)2 iPr H CH3 F OH H H
IX-21-4 CH3 H H CH2CH(CH3)2

iPr H CH3 F OH H H
IX-21-5 CH3 H H CH2Ph iPr H CH3 F OH H H

IX-21-6 CH3 H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-21-7 CH3 H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-21-8 CH3 * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-22.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-22-1 Et H H H iPr H CH3 F OH H H
IX-22-2 Et H H CH3

iPr H CH3 F OH H H
IX-22-3 Et H H CH(CH3)2

iPr H CH3 F OH H H

IX-22-4 Et H H CH2CH(CH3)2 iPr H CH3 F OH H H
IX-22-5 Et H H CH2Ph iPr H CH3 F OH H H
IX-22-6 Et H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-22-7 Et H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-22-8 Et * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-23.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-23-1 iPr H H H iPr H CH3 F OH H H
IX-23-2 iPr H H CH3

iPr H CH3 F OH H H

IX-23-3 iPr H H CH(CH3)2 iPr H CH3 F OH H H
IX-23-4 iPr H H CH2CH(CH3)2 iPr H CH3 F OH H H
IX-23-5 iPr H H CH2Ph iPr H CH3 F OH H H
IX-23-6 iPr H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-23-7 iPr H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-23-8 iPr * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-24.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-24-1 tBu H H H iPr H CH3 F OH H H

IX-24-2 tBu H H CH3
iPr H CH3 F OH H H

IX-24-3 tBu H H CH(CH3)2 iPr H CH3 F OH H H
IX-24-4 tBu H H CH2CH(CH3)2 iPr H CH3 F OH H H
IX-24-5 tBu H H CH2Ph iPr H CH3 F OH H H
IX-24-6 tBu H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-24-7 tBu H H CH2CH2SCH3

iPr H CH3 F OH H H
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(continued)

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-24-8 tBu * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-25.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-25-1 Ph H H H iPr H CH3 F OH H H
IX-25-2 Ph H H CH3

iPr H CH3 F OH H H
IX-25-3 Ph H H CH(CH3)2 iPr H CH3 F OH H H

IX-25-4 Ph H H CH2CH(CH3)2 iPr H CH3 F OH H H
IX-25-5 Ph H H CH2Ph iPr H CH3 F OH H H
IX-25-6 Ph H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-25-7 Ph H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-25-8 Ph * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-26.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-26-1 p-Me-Ph H H H iPr H CH3 F OH H H
IX-26-2 p-Me-Ph H H CH3

iPr H CH3 F OH H H

IX-26-3 p-Me-Ph H H CH(CH3)2
iPr H CH3 F OH H H

IX-26-4 p-Me-Ph H H CH2CH(CH3)2 iPr H CH3 F OH H H
IX-26-5 p-Me-Ph H H CH2Ph iPr H CH3 F OH H H
IX-26-6 p-Me-Ph H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-26-7 p-Me-Ph H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-26-8 p-Me-Ph * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-27.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-27-1 p-F-Ph H H H iPr H CH3 F OH H H

IX-27-2 p-F-Ph H H CH3
iPr H CH3 F OH H H

IX-27-3 p-F-Ph H H CH(CH3)2 iPr H CH3 F OH H H
IX-27-4 p-F-Ph H H CH2CH(CH3)2

iPr H CH3 F OH H H
IX-27-5 p-F-Ph H H CH2Ph iPr H CH3 F OH H H
IX-27-6 p-F-Ph H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-27-7 p-F-Ph H H CH2CH2SCH3

iPr H CH3 F OH H H

IX-27-8 p-F-Ph * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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Table IX-28.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-28-1 p-Cl-Ph H H H iPr H CH3 F OH H H
IX-28-2 p-Cl-Ph H H CH3

iPr H CH3 F OH H H
IX-28-3 p-Cl-Ph H H CH(CH3)2

iPr H CH3 F OH H H
IX-28-4 p-Cl-Ph H H CH2CH(CH3)2

iPr H CH3 F OH H H
IX-28-5 p-Cl-Ph H H CH2Ph iPr H CH3 F OH H H

IX-28-6 p-Cl-Ph H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-28-7 p-Cl-Ph H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-28-8 p-Cl-Ph * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-29.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-29-1 p-Br-Ph H H H iPr H CH3 F OH H H
IX-29-2 p-Br-Ph H H CH3

iPr H CH3 F OH H H
IX-29-3 p-Br-Ph H H CH(CH3)2

iPr H CH3 F OH H H

IX-29-4 p-Br-Ph H H CH2CH(CH3)2
iPr H CH3 F OH H H

IX-29-5 p-Br-Ph H H CH2Ph iPr H CH3 F OH H H
IX-29-6 p-Br-Ph H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-29-7 p-Br-Ph H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-29-8 p-Br-Ph * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-30.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-30-1 p-I-Ph H H H iPr H CH3 F OH H H
IX-30-2 p-I-Ph H H CH3

iPr H CH3 F OH H H

IX-30-3 p-I-Ph H H CH(CH3)2 iPr H CH3 F OH H H
IX-30-4 p-I-Ph H H CH2CH(CH3)2 iPr H CH3 F OH H H
IX-30-5 p-I-Ph H H CH2Ph iPr H CH3 F OH H H
IX-30-6 p-I-Ph H H CH2-indol-3-yl iPr H CH3 F OH H H
IX-30-7 p-I-Ph H H CH2CH2SCH3

iPr H CH3 F OH H H
IX-30-8 p-I-Ph * H * iPr H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-31.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-31-1 CH3 H H H nBu H CH3 F OH H H

IX-31-2 CH3 H H CH3
nBu H CH3 F OH H H

IX-31-3 CH3 H H CH(CH3)2 nBu H CH3 F OH H H
IX-31-4 CH3 H H CH2CH(CH3)2 nBu H CH3 F OH H H
IX-31-5 CH3 H H CH2Ph nBu H CH3 F OH H H
IX-31-6 CH3 H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-31-7 CH3 H H CH2CH2SCH3

nBu H CH3 F OH H H
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(continued)

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-31-8 CH3 * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-32.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-32-1 Et H H H nBu H CH3 F OH H H
IX-32-2 Et H H CH3

nBu H CH3 F OH H H
IX-32-3 Et H H CH(CH3)2

nBu H CH3 F OH H H

IX-32-4 Et H H CH2CH(CH3)2
nBu H CH3 F OH H H

IX-32-5 Et H H CH2Ph nBu H CH3 F OH H H
IX-32-6 Et H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-32-7 Et H H CH2CH2SCH3

nBu H CH3 F OH H H
IX-32-8 Et * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-33.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-33-1 iPr H H H nBu H CH3 F OH H H
IX-33-2 iPr H H CH3

nBu H CH3 F OH H H

IX-33-3 iPr H H CH(CH3)2 nBu H CH3 F OH H H
IX-33-4 iPr H H CH2CH(CH3)2 nBu H CH3 F OH H H
IX-33-5 iPr H H CH2Ph nBu H CH3 F OH H H
IX-33-6 iPr H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-33-7 iPr H H CH2CH2SCH3

nBu H CH3 F OH H H
IX-33-8 iPr * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-34.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-34-1 tBu H H H nBu H CH3 F OH H H

IX-34-2 tBu H H CH3
nBu H CH3 F OH H H

IX-34-3 tBu H H CH(CH3)2 nBu H CH3 F OH H H
IX-34-4 tBu H H CH2CH(CH3)2 nBu H CH3 F OH H H
IX-34-5 tBu H H CH2Ph nBu H CH3 F OH H H
IX-34-6 tBu H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-34-7 tBu H H CH2CH2SCH3

nBu H CH3 F OH H H

IX-34-8 tBu * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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Table IX-35.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-35-1 Ph H H H nBu H CH3 F OH H H
IX-35-2 Ph H H CH3

nBu H CH3 F OH H H
IX-35-3 Ph H H CH(CH3)2 nBu H CH3 F OH H H
IX-35-4 Ph H H CH2CH(CH3)2 nBu H CH3 F OH H H
IX-35-5 Ph H H CH2Ph nBu H CH3 F OH H H

IX-35-6 Ph H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-35-7 Ph H H CH2CH2SCH3

nBu H CH3 F OH H H
IX-35-8 Ph * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-36.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-36-1 p-Me-Ph H H H nBu H CH3 F OH H H
IX-36-2 p-Me-Ph H H CH3

nBu H CH3 F OH H H
IX-36-3 p-Me-Ph H H CH(CH3)2

nBu H CH3 F OH H H

IX-36-4 p-Me-Ph H H CH2CH(CH3)2 nBu H CH3 F OH H H
IX-36-5 p-Me-Ph H H CH2Ph nBu H CH3 F OH H H
IX-36-6 p-Me-Ph H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-36-7 p-Me-Ph H H CH2CH2SCH3

nBu H CH3 F OH H H
IX-36-8 p-Me-Ph * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-37.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-37-1 p-F-Ph H H H nBu H CH3 F OH H H
IX-37-2 p-F-Ph H H CH3

nBu H CH3 F OH H H

IX-37-3 p-F-Ph H H CH(CH3)2 nBu H CH3 F OH H H
IX-37-4 p-F-Ph H H CH2CH(CH3)2

nBu H CH3 F OH H H
IX-37-5 p-F-Ph H H CH2Ph nBu H CH3 F OH H H
IX-37-6 p-F-Ph H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-37-7 p-F-Ph H H CH2CH2SCH3

nBu H CH3 F OH H H
IX-37-8 p-F-Ph * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-38.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-38-1 p-Cl-Ph H H H nBu H CH3 F OH H H

IX-38-2 p-Cl-Ph H H CH3
nBu H CH3 F OH H H

IX-38-3 p-Cl-Ph H H CH(CH3)2
nBu H CH3 F OH H H

IX-38-4 p-Cl-Ph H H CH2CH(CH3)2
nBu H CH3 F OH H H

IX-38-5 p-Cl-Ph H H CH2Ph nBu H CH3 F OH H H
IX-38-6 p-Cl-Ph H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-38-7 p-Cl-Ph H H CH2CH2SCH3

nBu H CH3 F OH H H
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(continued)

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-38-8 p-Cl-Ph * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-39.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-39-1 p-Br-Ph H H H nBu H CH3 F OH H H
IX-39-2 p-Br-Ph H H CH3

nBu H CH3 F OH H H
IX-39-3 p-Br-Ph H H CH(CH3)2

nBu H CH3 F OH H H

IX-39-4 p-Br-Ph H H CH2CH(CH3)2
nBu H CH3 F OH H H

IX-39-5 p-Br-Ph H H CH2Ph nBu H CH3 F OH H H
IX-39-6 p-Br-Ph H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-39-7 p-Br-Ph H H CH2CH2SCH3

nBu H CH3 F OH H H
IX-39-8 p-Br-Ph * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-40.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-40-1 p-I-Ph H H H nBu H CH3 F OH H H
IX-40-2 p-I-Ph H H CH3

nBu H CH3 F OH H H

IX-40-3 p-I-Ph H H CH(CH3)2 nBu H CH3 F OH H H
IX-40-4 p-I-Ph H H CH2CH(CH3)2 nBu H CH3 F OH H H
IX-40-5 p-I-Ph H H CH2Ph nBu H CH3 F OH H H
IX-40-6 p-I-Ph H H CH2-indol-3-yl nBu H CH3 F OH H H
IX-40-7 p-I-Ph H H CH2CH2SCH3

nBu H CH3 F OH H H
IX-40-8 p-I-Ph * H * nBu H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-41.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-41-1 CH3 H H H Bz H CH3 F OH H H

IX-41-2 CH3 H H CH3 Bz H CH3 F OH H H
IX-41-3 CH3 H H CH(CH3)2 Bz H CH3 F OH H H
IX-41-4 CH3 H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-41-5 CH3 H H CH2Ph Bz H CH3 F OH H H
IX-41-6 CH3 H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-41-7 CH3 H H CH2CH2SCH3 Bz H CH3 F OH H H

IX-41-8 CH3 * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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Table IX-42.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-42-1 Et H H H Bz H CH3 F OH H H
IX-42-2 Et H H CH3 Bz H CH3 F OH H H
IX-42-3 Et H H CH(CH3)2 Bz H CH3 F OH H H
IX-42-4 Et H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-42-5 Et H H CH2Ph Bz H CH3 F OH H H

IX-42-6 Et H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-42-7 Et H H CH2CH2SCH3 Bz H CH3 F OH H H
IX-42-8 Et * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-43.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-43-1 iPr H H H Bz H CH3 F OH H H
IX-43-2 iPr H H CH3 Bz H CH3 F OH H H
IX-43-3 iPr H H CH(CH3)2 Bz H CH3 F OH H H

IX-43-4 iPr H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-43-5 iPr H H CH2Ph Bz H CH3 F OH H H
IX-43-6 iPr H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-43-7 iPr H H CH2CH2SCH3 Bz H CH3 F OH H H
IX-43-8 iPr * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-44.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-44-1 tBu H H H Bz H CH3 F OH H H
IX-44-2 tBu H H CH3 Bz H CH3 F OH H H

IX-44-3 tBu H H CH(CH3)2 Bz H CH3 F OH H H
IX-44-4 tBu H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-44-5 tBu H H CH2Ph Bz H CH3 F OH H H
IX-44-6 tBu H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-44-7 tBu H H CH2CH2SCH3 Bz H CH3 F OH H H
IX-44-8 tBu * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-45.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-45-1 Ph H H H Bz H CH3 F OH H H

IX-45-2 Ph H H CH3 Bz H CH3 F OH H H
IX-45-3 Ph H H CH(CH3)2 Bz H CH3 F OH H H
IX-45-4 Ph H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-45-5 Ph H H CH2Ph Bz H CH3 F OH H H
IX-45-6 Ph H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-45-7 Ph H H CH2CH2SCH3 Bz H CH3 F OH H H
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(continued)

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-45-8 Ph * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-46.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-46-1 p-Me-Ph H H H Bz H CH3 F OH H H
IX-46-2 p-Me-Ph H H CH3 Bz H CH3 F OH H H
IX-46-3 p-Me-Ph H H CH(CH3)2 Bz H CH3 F OH H H

IX-46-4 p-Me-Ph H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-46-5 p-Me-Ph H H CH2Ph Bz H CH3 F OH H H
IX-46-6 p-Me-Ph H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-46-7 p-Me-Ph H H CH2CH2SCH3 Bz H CH3 F OH H H
IX-46-8 p-Me-Ph * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-47.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-47-1 p-F-Ph H H H Bz H CH3 F OH H H
IX-47-2 p-F-Ph H H CH3 Bz H CH3 F OH H H

IX-47-3 p-F-Ph H H CH(CH3)2 Bz H CH3 F OH H H
IX-47-4 p-F-Ph H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-47-5 p-F-Ph H H CH2Ph Bz H CH3 F OH H H
IX-47-6 p-F-Ph H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-47-7 p-F-Ph H H CH2CH2SCH3 Bz H CH3 F OH H H
IX-47-8 p-F-Ph * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-48.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-48-1 p-Cl-Ph H H H Bz H CH3 F OH H H

IX-48-2 p-Cl-Ph H H CH3 Bz H CH3 F OH H H
IX-48-3 p-Cl-Ph H H CH(CH3)2 Bz H CH3 F OH H H
IX-48-4 p-Cl-Ph H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-48-5 p-Cl-Ph H H CH2Ph Bz H CH3 F OH H H
IX-48-6 p-Cl-Ph H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-48-7 p-Cl-Ph H H CH2CH2SCH3 Bz H CH3 F OH H H

IX-48-8 p-Cl-Ph * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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DOSAGE, ADMINISTRATION, AND USE

[0054] A further aspect of the present disclosure is directed to a composition for the treatment of any of the viral agents
disclosed herein said composition comprising a pharmaceutically acceptable medium selected from among an excipient,
carrier, diluent, and equivalent medium and a compound, that is intended to include its salts (acid or basic addition salts),
hydrates, solvates, and crystalline forms can be obtained, represented by formula I.
[0055] It is contemplated that the formulation according to this aspect of the present disclosure can contain any of the
compounds contemplated in any other aspect of the present disclosure or those specifically recited in the tables above
or exemplified herein, either alone or in combination with another compound of the present invention.
[0056] The compounds of the present invention may be formulated in a wide variety of oral administration dosage
forms and carriers. Oral administration can be in the form of tablets, coated tablets, hard and soft gelatin capsules,
solutions, emulsions, syrups, or suspensions. Compounds of the present invention are efficacious when administered
by suppository administration, among other routes of administration. The most convenient manner of administration is
generally oral using a convenient daily dosing regimen which can be adjusted according to the severity of the disease
and the patient’s response to the antiviral medication.
[0057] A compound or compounds of the present invention, as well as their pharmaceutically acceptable salts, together
with one or more conventional excipients, carriers, or diluents, may be placed into the form of pharmaceutical compositions
and unit dosages. The pharmaceutical compositions and unit dosage forms may be comprised of conventional ingredients
in conventional proportions, with or without additional active compounds and the unit dosage forms may contain any
suitable effective amount of the active ingredient commensurate with the intended daily dosage range to be employed.
The pharmaceutical compositions may be employed as solids, such as tablets or filled capsules, semisolids, powders,
sustained release formulations, or liquids such as suspensions, emulsions, or filled capsules for oral use; or in the form
of suppositories for rectal or vaginal administration. A typical preparation will contain from about 5% to about 95% active
compound or compounds (w/w). The term "preparation" or "dosage form" is intended to include both solid and liquid
formulations of the active compound and one skilled in the art will appreciate that an active ingredient can exist in different
preparations depending on the desired dose and pharmacokinetic parameters.
[0058] The term "excipient" as used herein refers to a compound that is used to prepare a pharmaceutical composition,

Table IX-49.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-49-1 p-Br-Ph H H H Bz H CH3 F OH H H
IX-49-2 p-Br-Ph H H CH3 Bz H CH3 F OH H H
IX-49-3 p-Br-Ph H H CH(CH3)2 Bz H CH3 F OH H H
IX-49-4 p-Br-Ph H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-49-5 p-Br-Ph H H CH2Ph Bz H CH3 F OH H H

IX-49-6 p-Br-Ph H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-49-7 p-Br-Ph H H CH2CH2SCH3 Bz H CH3 F OH H H
IX-49-8 p-Br-Ph * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.

Table IX-50.

R1 R2 R3a R3b R4 R5 R6 X Y R7 R8

IX-50-1 p-I-Ph H H H Bz H CH3 F OH H H
IX-50-2 p-I-Ph H H CH3 Bz H CH3 F OH H H
IX-50-3 p-I-Ph H H CH(CH3)2 Bz H CH3 F OH H H

IX-50-4 p-I-Ph H H CH2CH(CH3)2 Bz H CH3 F OH H H
IX-50-5 p-I-Ph H H CH2Ph Bz H CH3 F OH H H
IX-50-6 p-I-Ph H H CH2-indol-3-yl Bz H CH3 F OH H H
IX-50-7 p-I-Ph H H CH2CH2SCH3 Bz H CH3 F OH H H
IX-50-8 p-I-Ph * H * Bz H CH3 F OH H H

*R2 and R3b joined together by (CH2)3 to form five-membered ring.
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and is generally safe, non-toxic and neither biologically nor otherwise undesirable, and includes excipients that are
acceptable for veterinary use as well as human pharmaceutical use. The compounds of this invention can be administered
alone but will generally be administered in admixture with one or more suitable pharmaceutical excipients, diluents or
carriers selected with regard to the intended route of administration and standard pharmaceutical practice.
[0059] A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer a desirable pharma-
cokinetic property on the active ingredient which were absent in the non-salt form, and may even positively affect the
pharmacodynamics of the active ingredient with respect to its therapeutic activity in the body. The phrase "pharmaceu-
tically acceptable salt" of a compound as used herein means a salt that is pharmaceutically acceptable and that possesses
the desired pharmacological activity of the parent compound. Such salts include: (1) acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or
formed with organic acids such as glycolic acid, pyruvic acid, lactic acid, malonic acid, malic acid, maleic acid, fumaric
acid, tartaric acid, citric acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenze-
nesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, lauryl sulfuric acid, gluconic
acid, glutamic acid, salicylic acid, muconic acid, and the like or (2) basic addition salts formed with the conjugate bases
of any of the inorganic acids listed above, wherein the conjugate bases comprise a cationic component selected from
among Na+, K+, Mg2+, Ca2+, and NHgR"’4-g

+, in which R"’ is a C1-3 alkyl and g is a number selected from among 0, 1,
2, 3, or 4. It should be understood that all references to pharmaceutically acceptable salts include solvent addition forms
(solvates) or crystal forms (polymorphs) as defined herein, of the same acid addition salt.
[0060] Solid form preparations include powders, tablets, pills, capsules, suppositories, and dispersible granules. A
solid carrier may be one or more substances which may also act as diluents, flavoring agents, solubilizers, lubricants,
suspending agents, binders, preservatives, tablet disintegrating agents, or an encapsulating material. In powders, the
carrier generally is a finely divided solid which is a mixture with the finely divided active component. In tablets, the active
component generally is mixed with the carrier having the necessary binding capacity in suitable proportions and com-
pacted in the shape and size desired. Suitable carriers include but are not limited to magnesium carbonate, magnesium
stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose,
a low melting wax, cocoa butter, and the like. Solid form preparations may contain, in addition to the active component,
colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and
the like.
[0061] Liquid formulations also are suitable for oral administration include liquid formulation including emulsions,
syrups, elixirs and aqueous suspensions. These include solid form preparations which are intended to be converted to
liquid form preparations shortly before use. Emulsions may be prepared in solutions, for example, in aqueous propylene
glycol solutions or may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous suspensions
can be prepared by dispersing the finely divided active component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and other well known suspending agents.
[0062] The compounds of the present invention may be formulated for administration as suppositories. A low melting
wax, such as a mixture of fatty acid glycerides or cocoa butter is first melted and the active component is dispersed
homogeneously, for example, by stirring. The molten homogeneous mixture is then poured into convenient sized molds,
allowed to cool, and to solidify.
[0063] The compounds of the present invention may be formulated for vaginal administration. Pessaries, tampons,
creams, gels, pastes, foams or sprays containing in addition to the active ingredient such carriers as are known in the
art to be appropriate.
[0064] Suitable formulations along with pharmaceutical carriers, diluents and expcipients are described in Remington:
The Science and Practice of Pharmacy 1995, edited by E. W. Martin, Mack Publishing Company, 19th edition, Easton,
Pennsylvania. The compounds of the present invention can also be encapsulated in liposomes, such as those disclosed
in U.S. Patent Nos. 6,180,134, 5,192,549, 5,376,380, 6,060,080, 6,132,763. A skilled formulation scientist may modify
the formulations within the teachings of the specification to provide numerous formulations for a particular route of
administration without rendering the compositions of the present invention unstable or compromising their therapeutic
activity.
[0065] The modification of the present compounds to render them more soluble in water or other vehicle, for example,
may be easily accomplished by minor modifications (e.g., salt formulation), which are well within the ordinary skill in the
art. It is also well within the ordinary skill of the art to modify the route of administration and dosage regimen of a particular
compound in order to manage the pharmacokinetics of the present compounds for maximum beneficial effect in patients.
[0066] A further aspect of the present disclosure is directed to a use of the compounds of the present invention in the
manufacture of a medicament for the treatment of any condition the result of an infection by any one of the following
viral agents: hepatitis C virus, West Nile virus, yellow fever virus, dengue virus, rhinovirus, polio virus, hepatitis A virus,
bovine viral diarrhea virus and Japanese encephalitis virus.
[0067] The term "medicament" means a substance used in a method of treatment and/or prophylaxis of a subject in
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need thereof, wherein the substance includes, but is not limited to, a composition, a formulation, a dosage form, and
the like, comprising the compounds of the present invention.
[0068] The term "subject" means a mammal, which includes, but is not limited to, cattle, pigs, sheep, chicken, turkey,
buffalo, llama, ostrich, dogs, cats, and humans, preferably the subject is a human.
[0069] The term "therapeutically effective amount" as used herein means an amount required to reduce symptoms of
the disease in an individual. The dose will be adjusted to the individual requirements in each particular case. That dosage
can vary within wide limits depending upon numerous factors such as the severity of the disease to be treated, the age
and general health condition of the patient, other medicaments with which the patient is being treated, the route and
form of administration and the preferences and experience of the medical practitioner involved. For oral administration,
a daily dosage of between about 0.1 and about 10 g, including all values in between, such as 0.25, 0.5, 0.75, 1, 1.5, 2,
2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, and 9.5, per day should be appropriate in monotherapy and/or in
combination therapy. A preferred daily dosage is between about 0.5 and about 7.5 g per day, more preferred 1.5 and
about 6.0 g per day. Generally, treatment is initiated with a large initial "loading dose" to rapidly reduce or eliminate the
virus following by a decreasing the dose to a level sufficient to prevent resurgence of the infection. One of ordinary skill
in treating diseases described herein will be able, without undue experimentation and in reliance on personal knowledge,
experience and the disclosures of this application, to ascertain a therapeutically effective amount of the compounds of
the present invention for a given disease and patient.
[0070] Therapeutic efficacy can be ascertained from tests of liver function including, but not limited to protein levels
such as serum proteins (e.g., albumin, clotting factors, alkaline phosphatase, aminotransferases (e.g., alanine transam-
inase, aspartate transaminase), 5’-nucleosidase, γ-glutaminyltranspeptidase, etc.), synthesis of bilirubin, synthesis of
cholesterol, and synthesis of bile acids; a liver metabolic function, including, but not limited to, carbohydrate metabolism,
amino acid and ammonia metabolism. Alternatively the therapeutic effectiveness may be monitored by measuring HCV-
RNA. The results of these tests will allow the dose to be optimized.
[0071] A further aspect of the present disclosure, is directed to a method of treatment and/or prophylaxis in a subject
in need thereof said method comprises administering to the subject a therapeutically effective of a compound represented
by compounds of the present invention and a therapeutically effective amount of another antiviral agent; wherein the
administration is concurrent or alternative. It is understood that the time between alternative administration can range
between 1-24 hours, which includes any sub-range in between including, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, and 23 hours. Examples of "another antiviral agents" include, but are not limited to: HCV NS3
protease inhibitors (see WO 2008010921, WO 2008010921, EP 1881001, WO 2007015824, WO 2007014925, WO
2007014926, WO 2007014921, WO 2007014920, WO 2007014922, US 2005267018, WO 2005095403, WO
2005037214, WO 2004094452, US 2003187018, WO 200364456, WO 2005028502, and WO 2003006490); HCV NS5B
Inhibitors (see US 2007275947, US20072759300, WO2007095269, WO 2007092000, WO 2007076034, WO
200702602, US 2005-98125, WO 2006093801, US 2006166964, WO 2006065590, WO 2006065335, US 2006040927,
US 2006040890, WO 2006020082, WO 2006012078, WO 2005123087, US 2005154056, US 2004229840, WO
2004065367, WO 2004003138, WO 2004002977, WO 2004002944, WO 2004002940, WO 2004000858, WO
2003105770, WO 2003010141, WO 2002057425, WO 2002057287, WO 2005021568, WO 2004041201, US
20060293306, US 20060194749, US 20060241064, US 6784166, WO 2007088148, WO 2007039142, WO 2005103045,
WO 2007039145, WO 2004096210, and WO 2003037895); HCV NS4 Inhibitors (see WO 2007070556 and WO
2005067900); HCV NS5a Inhibitors (see US 2006276511, WO 2006120252, WO 2006120251, WO 2006100310, WO
2006035061); Toll-like receptor agonists (seeWO 2007093901); and other inhibitors (see WO 2004035571, WO
2004014852, WO 2004014313, WO 2004009020, WO 2003101993, WO 2000006529).
[0072] A further aspect of the present disclosure, is directed to a method of treatment in a subject in need thereof said
method comprises alternatively or concurrently administering a therapeutically effective of a compound according to the
present invention and another antiviral agent to the subject. It is understood that the time between alternative adminis-
tration can range between 1-24 hours, which includes any sub-range in between including, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, and 23 hours.
[0073] A further aspect of the present disclosure, is directed to a method of treatment and/or prophylaxis in a subject
in need thereof said method comprises administering to the subject a therapeutically effective of at least one compound
according to the present invention and a therapeutically effective amount of another antiviral agent; wherein the admin-
istration is concurrent or alternative. It is understood that the time between alternative administration can range between
1-24 hours, which includes any sub-range in between including, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, and 23 hours.
[0074] A further aspect of the present disclosure, is directed to a method of treatment in a subject in need thereof said
method comprises alternatively or concurrently administering a therapeutically effective of at least one compound ac-
cording to the present invention and another antiviral agent to the subject. It is understood that the time between alternative
administration can range between 1-24 hours, which includes any sub-range in between including, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, and 23 hours.
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[0075] It is contemplated that the another antiviral agent includes, but is not limited to interferon-α, interferon-β, pegylat-
ed interferon-α, ribavirin, levovirin, viramidine, another nucleoside HCV polymerase inhibitor, a HCV non-nucleoside
polymerase inhibitor, a HCV protease inhibitor, a HCV helicase inhibitor or a HCV fusion inhibitor. When the active
compound or its derivative or salt are administered in combination with another antiviral agent the activity may be
increased over the parent compound. When the treatment is combination therapy, such administration may be concurrent
or sequential with respect to that of the nucleoside derivatives. "Concurrent administration" as used herein thus includes
administration of the agents at the same time or at different times. Administration of two or more agents at the same
time can be achieved by a single formulation containing two or more active ingredients or by substantially simultaneous
administration of two or more dosage forms with a single active agent.
[0076] It will be understood that references herein to treatment extend to prophylaxis as well as to the treatment of
existing conditions. Furthermore, the term "treatment" of a HCV infection, as used herein, also includes treatment or
prophylaxis of a disease or a condition associated with or mediated by HCV infection, or the clinical symptoms thereof.

PROCESS FOR PREPARATION

[0077] An aspect of the present disclosure is directed to a process for preparing the compounds, which comprises
reacting a suitably substituted phosphochloridate compound 4 with a nucleoside analog 5

wherein the substituents R1, R2, R3a, R3b, R4, R5, X, Y, R6, and base have their meanings as disclosed in the Detailed
Description of the Invention and X’ is a leaving group, such as Cl, Br, I, tosylate, mesylate, trifluoroacetate, trifluorosul-
fonate, pentafluorophenoxide, p-NO2-phenoxide, or other commonly used leaving groups as disclosed in Advanced
Organic Chemistry by March, Fourth Edition. Leaving groups and methods that can be used to effect the formation of
a phosphoramidate nucleoside conjugate are found in US 20060142238 and WO 2007095269. Preferably, the leaving
group is Cl.
[0078] This reaction is performed in an anhydrous aprotic solvent such tetrahydrofuran, dioxane, or both tetrahydrofuran
and dioxane, or any functional equivalent thereof, with tetrahydrofuran being the preferred solvent. The reaction is
typically initiated at a temperature range from -78°C to 40°C with the preferred reaction temperature being between 0°C
and room temperature. The nucleoside is first stirred with a base (5 to 12 equivalents) such as N-methylimidazole,
collidine, pyridine, 2,6-lutidine, 2, 6-tBu-pyridine, etc. a tertiary amine base, such as triethylamine, diisopropylethylamine,
etc., or an alkyl Grignard reagent, such as tBuMgCl, tBuMgBr, MeMgCl, MeMgBr, etc. The phosphorochloridate (3-10
equivalents) is dissolved in the reaction solvent and added to the mixture of the nucleoside and base. The reaction is
then allowed to stir over a period of time at a temperature between room temperature and 40°C for a period of 30 min
to 24 hr. with the preferred reaction temperature being room temperature and time being 24 hr. The solvent is removed
from the reaction mixture and the product is purified by chromatography on silica gel.
[0079] An aspect of the present disclosure is directed to a product obtained by a process which comprises reacting a
suitably substituted phosphochloridate compound 4 with a nucleoside analog 5

wherein the substituents R1, R2, R3a, R3b, R4, R5, X, Y, R6, X’, and base have their meanings as disclosed in the Detailed
Description of the Invention.
[0080] This reaction can be performed in an anhydrous aprotic solvent or other suitable solvent, such as tetrahydrofuran,
dioxane, or a mixture of tetrahydrofuran and dioxane, with tetrahydrofuran being the preferred solvent. The reaction is
typically initiated at a temperature range from -78°C to 40°C with the preferred reaction temperature being between 0°C
and room temperature. The nucleoside is first stirred with a base (5 to 12 equivalents) such as N-methylimidazole, a
tertiary amine base or tButyl Magnesium Chloride. A phosphorochloridate (3-10 equivalents (or suitable "phospho-
ro-(leaving group)-date")) is dissolved in the reaction solvent and added to the mixture of the nucleoside and base. The
reaction is then allowed to stir over a period of time at a temperature between room temperature and 40°C for a period
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of 30 min to 24 hr. with the preferred reaction temperature being room temperature and time being 24 hr. The solvent
is removed from the reaction mixture and the product is purified by chromatography on silica gel.

Compounds and Preparation

[0081] Phosphoramidate compounds of the present invention can be prepared by condensation of a nucleoside analog
5 with a suitably substituted phosphochloridate compound 4 (Scheme 1). The nucleoside analog is made by conventional
procedures disclosed in any one of U.S. Published Application Nos. 2005/0009737, 2006/0199783, 2006/0122146, and
2007/0197463.
[0082] Disclosed 1H-NMR values were recorded on a Varian AS-400 instrument. Mass spectral data were obtain using
either a Micromass-Quattromicro API or a Waters Acquity.
[0083] Thus, by way of example only, a suitably substituted phenol can be reacted with phosphorus oxychloride (1)
to afford an aryloxy phosphorodichloridate 2 (see Example 1) which is subsequently treated with a acid addition salt of
an α-amino acid ester in the presence of TEA to afford an aryloxy phosphorochloridate 4. This arylalkoxy-amino acid
phosphoramidate is reacted with the nucleoside analog to provide the product I (for procedure see, e.g., C. McGuigan
et al. Antiviral Res. 1992 17:311-321; D. Curley et al. Antiviral Res. 1990 14:345-356; McGuigan et al. Antiviral Chem.
Chemother 1990 1(2):107-113).

[0084] The preparation of nucleoside phosphoramidates requires reacting an appropriately substituted phosphochlo-
ridate with a nucleoside containing a free 5’-hydroxyl moiety. In cases where only one hydroxyl group is present, prep-
aration of the phosphoramidate usually proceeds smoothly when the phosphochloridate is reacted with the desired
nucleoside. In cases where the nucleoside contains more than one free hydroxyl group, preparation of the appropriately
protected nucleoside might be required. Silyl, acetonide or other alcohol protecting groups known in the art might be
warranted for protection of the sugar moiety. For protection of the nucleoside base, protecting a free amino group may
require amidine protection strategy.
[0085] Condensation of the phosphochloridate can be carried out on the unprotected nucleoside. Since the 5’-OH
group of a nucleoside is much less hindered than the 3’-OH group, selective phosphoramidation is possible under
carefully controlled conditions. After condensation to form a protected phosphoramidate nucleoside, deprotection to
obtain the free phosphoramidate nucleoside can be carried out using standard protocols for nucleic acid chemistry. In
many cases, the desired product is readily separated from the starting material using column chromatography on silica
gel. The synthetic scheme is summarized in Scheme 1.
[0086] A further understanding of the present disclosure will be appreciated by consideration of the following examples,
which are only meant to be illustrative, and not limit the disclosed invention.
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EXAMPLE 1

General Procedure for Preparation of phosphorodichloridates

[0087]

[0088] A solution of the appropriate phenol R1-OH (1eq) and triethylamine (1 eq.) in anhydrous ether was added
dropwise to a stirred solution of phosphoryl trichloride 1 (1eq) at 0 °C over a period of 3 hours under nitrogen. Then the
temperature was warmed to room temperature, and the reaction was stirred overnight. The triethylamine salt was quickly
removed with suction filtration and the filtrate concentrated in vacuo to dryness to afford 2 as an oil which was used
without further purification.

EXAMPLE 2

General Procedure for Preparation of phosphorochloridates

[0089]

[0090] A solution of triethylamine (2eq) in anhydrous dichloromethane was added dropwise to a solution of aryloxy-
phosphodichloridate 2 (1 eq) and the appropriate amino ester 3 (1 eq) in anhydrous dichloromethane with vigorous
stirring at -78 °C over a period of 30 to 120 minutes. Then the reaction temperature was allowed to warm to room
temperature and stirred over night. Solvent was removed. The residue was washed with ethyl ether and filtered, the
filtrate was dried over reduced pressure to give 4.

EXAMPLE 3

General Procedures for nucleoside phosphoramidate derivatives

[0091]

[0092] A solution of the appropriate phosphorochloridate 4 (6.5 equivalents) in anhydrous tetrahydrofuran (THF) was
added to a mixture of nucleoside 5 (1 equivalent) and N-methylimidazole (8 equivalents) in anhydrous THF with vigorous
stirring at room temperature and the reaction mixture was stirred overnight. The solvent was removed in vacuo and the
crude was purified by column chromatography and/or preparative thin layer chromatography to give I.
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EXAMPLE 4

Preparation of 2’-deoxy-2’-fluoro-2’-C-methyluridine

[0093]

[0094] 2’-Deoxy-2’-fluoro-2’-C-methylcytidine (1.0g, 1 eq) (Clark, J., et al., J. Med. Chem., 2005, 48, 5504-5508) was
dissolved in 10 ml of anhydrous pyridine and concentrated to dryness in vacuo. The resulting syrup was dissolved in 20
ml of anhydrous pyridine under nitrogen and cooled to 0°C with stirring. The brown solution was treated with benzoyl
chloride (1.63g, 3eq) dropwise over 10 min. The ice bath was removed and stirring continued for 1.5h whereby thin-
layer chromatography (TLC) showed no remaining starting material. The mixture was quenched by addition of water
(0.5 ml) and concentrated to dryness. The residue was dissolved in 50 mL of dichloromethane (DCM) and washed with
saturated NaHCO3 aqueous solution and H2O. The organic phase was dried over NaSO4 and filtered, concentrated to
dryness to give N4,3’,5’-tribenzoyl-2’-Deoxy-2’-fluoro-2’-C-methylcytidine (2.0 g, Yield: 91%).
[0095] N4,3’,5’-tribenzoyl-2’-Deoxy-2’-fluoro-2’-C-methylcytidine (2.0g, 1 eq) was refluxed in 80% aqueous AcOH over-
night. After cooling and standing at room temperature (15 °C), most of the product precipitated and then was filtered
through a sintered funnel. White precipitate was washed with water and co-evaporated with toluene to give a white solid.
The filtrate was concentrated and co-evaporated with toluene to give additional product which was washed with water
to give a white solid. Combining the two batches of white solid gave 1.50g of 3’,5’-dibenzoyl-2’-Deoxy-2’-fluoro-2’-
C-methyluridine (Yield: 91%).
[0096] To a solution of 3’,5’-dibenzoyl-2’-Deoxy-2’-fluoro-2’-C-methyluridine (1.5 g, 1eq) in MeOH (10 mL) was added
a solution of saturated ammonia in MeOH (20mL). The reaction mixture was stirred at 0 °C for 30 min, and then warmed
to room temperature slowly. After the reaction mixture was stirred for another 18 hours, the reaction mixture was evap-
orated under reduced pressure to give the residue, which was purified by column chromatography to afford pure com-
pound 2’-deoxy-2’-fluoro-2’-C-methyluridine (500 mg, Yield: 60 %).

EXAMPLE 5

Preparation of 2’-Deoxy-2’-fluoro-2’-C-methyluridine 5’-(phenyl methoxy-alanyl phosphate)

[0097]

[0098] Phenyl methoxyalaninyl phosphorochloridate (1 g, 6.5 eq) dissolved in 3 mL of THF was added to a mixture of
2’-Deoxy-2’-fluoro-2’-C-methyluridine (0.15 g, 1 eq) and N-methylimidazole (0.3 g, 8 eq) in 3 mL THF with vigorous
stirring at room temperature, then the reaction was stirred overnight. Solvent was removed by reduced pressure. The
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resulting crude product was dissolved in methanol purified by prep-HPLC on a YMC 25x30X2 mm column using a water
/ acetonitrile gradient elution mobile phase. The acetonitrile and water were removed under reduced pressure to give
the desired product (50.1 mg, 15.6%). 1H NMR (DMSO-d6) δ 1.20-1.27 (m, 6H), 3.58 (d, J = 16.0 Hz, 3H), 3.75-3.92
(m, 2H), 4.015-4.379 (m, 2H), 5.54 (t, J = 10.2 Hz, 1H), 5.83-5.91 (m, 1H), 6.00-6.16 (m, 1H), 7.18 (d, J = 8.0 Hz, 2H),
7.22 (s, 1H), 7.35 (t, J = 4.4 Hz, 2H), 7.55 (s, 1H), 11.52 (s, 1H); MS, m/e 502 (M+1)+.

EXAMPLE 6

Preparation of 2’-Deoxy-2’-fluoro-2’-C-methyluridine 5’-(phenyl methoxy-valyl phosphate)

[0099]

[0100] Phenyl methoxy-valyl phosphorochloridate (0.6 g, 3.6 eq) dissolved in 3 mL of THF was added to a mixture of
2’-Deoxy-2’-fluoro-2’-C-methyluridine (0.15 g, 1 eq) and N-methylimidazole (0.44 g, 9 eq) in 3 mL THF with vigorous
stirring at room temperature, then the reaction was stirred overnight. Solvent was removed by reduced pressure. The
resulting crude product was dissolved in methanol purified by prep-HPLC on a YMC 25x30X2 mm column using a water
/ acetonitrile gradient elution mobile phase. The acetonitrile and water were removed under reduced pressure to give
the desired product (60 mg, 20%). 1H NMR (DMSO-d6) δ 0.74-0.847 (m, 6H), 1.20-1.28 (m, 3H), 1.89-1.92 (m, 1H),
3.50-3.54 (m, 1H), 3.58 (d, J = 10.4Hz, 3H), 3.72-3.95 (m, 1H), 4.03-4.05 (m, 1H), 4.23-4.43 (m, 2H), 5.56 (t, J = 16.0
Hz, 1H), 5.85-5.92 (m, 1H), 6.01-6.07 (m, 1H), 7.16-7.21 (m, 3H), 7.37 (t, J = 8 Hz, 2H), 7.55-7.60 (m, 1H), 11.52 (s,
1H); MS, m/e 530 (M+1)+.

EXAMPLE 7

Preparation of 2’-Deoxy-2’-fluoro-2’-C-methyluridine 5’-(4-bromophenyl methoxy-valyl phosphate)

[0101]

[0102] 4-Bromophenyl methoxy-valyl phosphorochloridate (1 g, 3.4 eq) dissolved in 3 mL of THF was added to a
mixture of 2’-deoxy-2’-fluoro-2’-C-methyluridine (0.2 g, 1 eq) and N-methylimidazole (0.35 g, 6 eq) in 3 mL THF with
vigorous stirring at room temperature, then the reaction was stirred overnight. Solvent was removed by reduced pressure.
The resulting crude product was dissolved in methanol purified by prep-HPLC on a YMC 25x30X2 mm column using a
water / acetonitrile gradient elution mobile phase. The acetonitrile and water were removed reduced pressure to give
the desired product (120 mg, 26%). 1H NMR (DMSO-d6) δ 0.72-0.82 (m, 6H), 1.19-1.26 (m, 3H), 1.86-1.92 (m, 1H),
3.48-3.50 (m, 1H), 3.56 (d, J = 12.0 Hz, 3H), 3.72-3.89 (m, 1H), 3.96-4.03 (m, 1H), 4.22-4.37 (m, 2H), 5.54-5.60 (m,
1H), 5.85-5.91 (m, 1H), 5.98-6.13 (m, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.49-7.56 (m, 3H), 11.53 (s, 1H); MS, m/e 608 (M+1)+.
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EXAMPLE 8

Preparation of 2’-Deoxy-2’-fluoro-2’-C-methyluridine 5’-(4-bromophenyl methoxy-alanyl phosphate)

[0103]

[0104] 4-Bromophenyl methoxy-alanyl phosphorochloridate (0.6 g, 5 eq) dissolved in 3 mL of THF was added to a
mixture of 2’-deoxy-2’-fluoro-2’-C-methyluridine (0.15 g, 1 eq) and N-methylimidazole (0.3 g, 7.8 eq) in 3 mL THF with
vigorous stirring at room temperature, then the reaction was stirred overnight. Solvent was removed by reduced pressure.
The resulting crude product was dissolved in methanol purified by prep-HPLC on a YMC 25x30X2 mm column using a
water / acetonitrile gradient elution mobile phase. The acetonitrile and water were removed under reduced pressure to
give the desired product (40 mg, 12 %); 1H NMR (DMSO-d6) δ 1.20-1.26 (m, 6H), 3.57 (d, J = 2.8 Hz, 3H), 3.84 (s, 1H),
3.97-4.03 (m, 1H), 4.21-4.25 (m, 1H), 4.33-4.37 (m, 2H), 5.54-5.60 (m, 1H), 5.83-5.89 (m, 1H), 5.98-6.19 (m, 1H), 7.16
(t, J = 10.2 Hz, 2H), 7.52-7.57 (m, 3H), 11.52 (s, 1 H); MS, m/e 580(M+1)+.

EXAMPLE 9

Preparation of N4-(N,N-dimethylformamidinyl)-2’-deoxy-2’-fluoro-2’-C-methylcytidine

[0105]

[0106] 2’-Deoxy-2’-fluoro-2’-C-methylcytidine (500 mg, 1.9 mmol) was stirred with dimethylformamide dimethyl acetal
in DMF (10 mL). The resulting mixture was stirred at room temperature overnight. After solvent removal the crude product
was used for next step without further purification.

EXAMPLE 10

Preparation of 2’-Deoxy-2’-fluoro-2’-C-methylcytidine 5’-(phenyl methoxy-alanyl phosphate)

[0107]

[0108] Phenyl methoxyalaninyl phosphorochloridate (0.6 g, 6 eq) dissolved in 3 mL of THF was added to a mixture of
N4-(N,N-dimethylformamidinyl)-2’-deoxy-2’-fluoro-2’-C-methylcytidine (0.15 g, 1 eq) and N-methylimidazole (0.3 g, 7.8
eq) in 3 mL THF with vigorous stirring at room temperature, then the reaction was stirred overnight. Solvent was removed
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by reduced pressure. The resulting crude product was dissolved in methanol purified by prep-HPLC on a YMC 25x30X2
mm column using a water / acetonitrile gradient elution mobile phase. The acetonitrile and water were removed under
reduced pressure to give the desired product (62 mg, 20.6%). 1H NMR (DMSO-d6) δ 1.16 (d, J = 23.2 Hz, 3H), 1.22 (d,
J = 7.2 Hz, 3H), 3.56 (S, 3H), 3.69-3.75 (d, J = 25.6 Hz, 1H), 3.82-3.86 (m, 1H), 3.96-3.98 (m, 1H), 4.21-4.34 (m, 2H),
5.68 (d, J = 7.2 Hz, 1H), 5.75-5.77 (m, 1H), 6.07-6.16 (m, 1H), 7.15-7.19 (m, 3H), 7.2 (d, J = 9.2 Hz, 2H), 7.39 (t, J =
7.8 Hz, 2H), 7.48 (d, J = 9.2 Hz, 1H); MS, m/e 501(M+1)+.

EXAMPLE 11

Preparation of 2’-Deoxy-2’-fluoro-2’-C-methylcytidine 5’-(4-bromophenyl methoxy-valyl phosphate)

[0109]

[0110] 4-Bromophenyl methoxy-valyl phosphorochloridate (1.0 g, 3.4 eq.) dissolved in 3 mL of THF was added to a
mixture of N4-(N,N-dimethylformamidinyl)-2’-deoxy-2’-fluoro-2’-C-methylcytidine (0.2 g, 1 eq.) and N-methylimidazole
(0.35 g, 6 eq.) in 3 mL THF with vigorous stirring at room temperature, then the reaction was stirred overnight. Solvent
was removed by reduced pressure. The resulting crude product was dissolved in methanol purified by prep-HPLC on a
YMC 25x30X2 mm column using a water / acetonitrile gradient elution mobile phase. The acetonitrile and water were
removed under reduced pressure to give the desired product as a white solid (59 mg, 13%); 1H NMR (DMSO-d6) δ
0.74-0.83 (m, 6H), 1.12-1.20 (m, 3H), 1.89-1.92 (m, 1H), 3.49-3.51 (m, 1H), 3.55 (s, 3H), 3.59-3.68 (m, 1H), 3.72-.383
(m, 1H), 4.21-4.39 (m, 2H), 5.70-5.72 (m, 1H), 5.76-5.83 (m, 1H), 6.04-6.16 (m, 1H), 7.15 (d, J = 13.0 Hz, 2H), 7.26 (s,
1H), 7.33 (s, 1H), 7.46-7.55 (m, 1H), 7.56 (d, J = 4.4 Hz, 2H); MS, m/e 607 (M+1)+.

EXAMPLE 12

Preparation of 2’-deoxy-2’-fluoro-2’-C-methylcytidine 5’-(phenyl methoxy-valyl phosphate)

[0111]

[0112] Phenyl methoxy-valyl phosphorochloridate (0.6 g, 6 eq) dissolved in 3 mL of THF was added to a mixture of
N4-(N,N-dimethylformamidinyl)-2’-deoxy-2’-fluoro-2’-C-methylcytidine (0.15 g, 1 eq) and N-methylimidazole (0.3 g, 7.8
eq) in 3 mL THF with vigorous stirring at room temperature, then the reaction was stirred overnight. Solvent was removed
by reduced pressure The resulting crude product was dissolved in methanol purified by prep-HPLC on a YMC 25x30X2
mm column using a water / acetonitrile gradient elution mobile phase. The acetonitrile and water were removed under
reduced pressure to give the desired product as a white solid (86 mg, 42.9 %). 1H NMR (DMSO-d6) δ 0.72-0.80 (m, 6H),
1.09-1.18 (m, 3H), 1.87-1.92 (m, 1H), 3.47-3.51 (m, 1H), 3.58 (s, 3H), 3.71-3.75 (m, 1H), 3.97 (t, J = 11.2 Hz,1H),
4.22-4.37 (m, 2H), 5.70 (d, J = 8.0 Hz,1H), 5.76-5.84 (m, 1H), 6.01-6.15 (m, 1H), 7.13-7.18 (m, 3H), 7.27 (s, 2H), 7.34
(d, J= 4.0 Hz, 2H), 7.46-7.50 (m, 1H); MS, m/e 529 (M+1)+.
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EXAMPLES

[0113] Example numbers 13-54 and 56-66 are prepared using similar procedures described for examples 5-8. The
example number, compound identification, and NMR/MS details are shown below:

Ex. R1 R2 R3a R3b R4 NMR/MS

13 Ph H H Me Et 1H NMR (DMSO-d6) δ 1.12-1.16 (m, 3H), 
1.20-1.28(m,6H), 3.70-3.90 (m, 2H), 4.00-4.08 (m, 3H), 
4.18-4.45 (m, 2H), 5.52-5.58 (m, 1H), 5.85-5.98 (m, 1H), 
6.00-6.20 (m, 2H), 7.16-7.23 (m, 3H), 7.37-7.40 (m, 2H), 
7.54-7.60 (m, 1H), 11.54 (s.1H); MS, m/e 516.1 (M+1)+

14 1-Napth H H Me Bn 1H NMR (DMSO-d6) δ 1.18-1.30 (m, 6H), 3.78-4.10 (m, 
3H), 4.38-4.49 (m, 2H), 4.99-5.11 (m, 2H), 5.28-5.40 (m, 
1H), 5.85-6.10 (m, 2H), 6.30-6.41 (m, 1H), 7.28-7.32 (m, 
5H), 7.41-7.60 (m, 5H), 7.73-7.76(m, 1H), 7.94-8.11(m, 
1H), 8.13-8.15(m, 1H), 11.50 (s.1H); MS, m/e 628.4 
(M+1)+

15 Ph H H H Me 1H NMR (DMSO-d6) δ 1.22 (d, J=22.4 Hz, 3H), 3.59(s, 
3H), 3.63-3.69 (m, 2H), 3.74-3.8(m, 1H), 4.02(d, J=11.2 
Hz, 1H), 4.23-4.28(m, 1H), 4.40-4.43 (m, 1H), 5.57-5.60 
(m, 1H), 5.89(d, J=6.8 Hz, 1H), 6.00-6.06(m, 2H), 
7.15-7.23 (m, 3H), 7.35-7.39 (m, 2H),7.52(d, J=8 Hz, 1H), 
11.52(s, 1H); MS, m/e 487.97 (M+1)+

16 2,4-Cl-Ph H H Me Me 1H NMR (DMSO-d6) δ 1.22-1.28 (m, 6H), 3.57-3.60 (m, 
3H), 3.84-3.92 (m, 2H), 4.00-4.04 (m, 1H), 4.31-4.44 (m, 
2H), 5.54-5.61 (m, 1H), 5.85-6.10 (m, 2H), 6.32-6.43 (m, 
1H), 7.44-7.54 (m, 3H), 7.72-7.75 (m, 1H), 11.54 (s.1H); 
MS, m/e 570.2 (M+1)+

17 1-Napth H H Me Me 1H NMR (DMSO-d6) δ 1.15-1.27 (m, 6H), 3.51-3.55 (d, 
3H), 3.85-3.96 (m, 2H), 4.00-4.10(m, 1H), 4.30-0.46 (m, 
2H), 5.31-5.39 (m, 1H), 5.89-6.05 (m, 2H), 6.22-6.34 (m, 
1H), 7.44-7.60 (m, 5H), 7.73-7.77 (m, 1H), 7.93-7.96 (m, 
1H), 8.12-8.14 (m, 1H),11.50(s.1H); MS, m/e 552.1 
(M+1)+

18 Ph * H * Me 1H NMR (DMSO-d6) δ 1.19 (d, J=22.8 Hz, 3H), 1.69-1.84 
(m, 3H), 1.99-2.04 (m, 1H), 3.16-3.21 (m, 2H), 3.58 (s, 
3H), 3.68-3.8 (m, 1H), 4.00 (m, 1H), 4.01-4.13 (m, 1H), 
4.22-4.25 (m, 1 H), 4.5 (d, J = 11.2 Hz, 1H), 5.54 (d, J = 
8.0 Hz, 1H), 5.86 (s, 1H), 5.6 (d, J = 19.6 Hz, 1H), 7.15-7.2 
(m, 3H), 7.34 (t, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 1H), 
11.38 (s, 1H); MS, m/e 527.93(M+1)+

19 Ph H H Me n-Bu 1H NMR (DMSO-d6) δ 0.80-0.90 (m, 3H), 1.20-1.35 (m, 
8H), 1.48-1.55 (m, 2H), 3.78-3.88 (m, 2H), 3.95-0.08 (m, 
3H), 4.22-4.45 (m, 2H), 5.55-5.57(t, 1H), 5.85-6.18 (m, 
3H), 7.14-7.23 (m, 3H), 7.35-7.40 (m, 2H), 7.51-7.60 (d, 
1H), 11.50 (s.1H); MS, m/e 544.2 (M+1)+
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(continued)

Ex. R1 R2 R3a R3b R4 NMR/MS

20 Ph H H Me Bn 1H NMR (DMSO-d6) δ 1.20-1.30 (m, 6H), 3.72-4.05 (m, 
3H), 4.23-4.27 (m, 1H), 4.32-4.45 (m, 1H), 5.07-5.10(t, 
2H), 5.52-5.56(t, 1H), 5.86-6.10 (m, 2H), 
6.13-6.21(m,1H), 7.15-7.21 (m, 3H), 7.29-7.40 (m, 7H), 
7.51-7.56 (d, 1H), 11.50 (s,1H); MS, m/e 578.2 (M+1)+

21 4-F-Ph H H Me Me 1H NMR (DMSO-d6) δ 1.28-1.34 (m, 6H), 3.65(d, J= 4 Hz, 
3H), 3.85-3.96 (m, 2H), 4.06-4.12 (m, 1H), 4.30-4.34 
(m,1H), 4.40-4.47 (m, 1H), 5.62-5.67 (m, 1H), 
5.94-6.01(m, 1H), 6.09 (d, J=18.8 Hz, 1H), 6.17-6.26 (m, 
1H), 7.27-7.33(m, 4H), 7.62 (d, J = 7.6 Hz, 1H), 11.61 (s, 
1H) ; MS, m/e 519.94(M+1)+

22 4-Cl-Ph H H Me Me 1H NMR (DMSO-d6) δ 1.22-1.28 (m, 6H), 3.58 (d, 2H), 
3.70-3.95(m,2H), 3.95-4.08 (m,1H), 4.23-4.45 (m, 2H), 
5.55-5.61(t, 1H), 5.85-6.10 (m, 2H), 6.15-6.23(m,1H), 
7.20-7.26 (m, 2H), 7.43-7.46 (m, 2H), 7.54-7.57 (d, 1H), 
11.50 (s,1H); MS, m/e 536.1 (M+1)+

23 3,4-Cl-Ph H H Me Me 1H NMR (DMSO-d6) δ 1.13 (m, 6H), 3.49 (s, 3H), 
3.61-3.85 (m, 2H), 3.90-3.93 (m, 1H), 4.16-4.22 (m, 1H), 
4.27-4.31 (m, 1H), 5.47-5.52 (m, 1H), 5.82 (d, J = 11.6 
Hz, 1H), 5.93(d, J = 19.2 Hz, 1H), 6.15-6.25 (m, 1H), 7.13 
(t, J = 9.6 Hz, 1H), 7.43 (d, J = 12Hz, 2H), 7.57 (d, J = 6.0 
Hz, 1H), 11.43(s, 1H); MS, m/e 569.85 (M+1)+

24 Ph H H Me 2-Bu 1H NMR (DMSO-d6) δ 0.83 (d, J = 6.8 Hz, 6H), 1.20-1.26 
(m, 6H), 1.79-1.86 (m, 1H), 3.73-3.90 (m, 4H), 4.01 (t, J 
= 11.2 Hz, 1H), 4.21-4.28 (m, 1H), 4.33-4.42 (m, 1H), 5.54 
(t, J = 7.6 Hz, 1H), 5.85-5.92 (m, 1H), 5.99-6.13 (m, 2H), 
7.19 (t, J = 8 Hz, 3H), 7.36 (t, J = 7.6 Hz, 2H), 7.53 (d, J 
= 7.6 Hz, 1H), 11.52 (s, 1H); MS, m/e 544.00 (M+1)+

25 Ph H H Me i-Pr 1H NMR (DMSO-d6) δ 1.13-1.28 (m, 12H), 3.74-3.81 (m, 
2H), 3.95-4.08 (m,1H), 4.20-0.45 (m, 2H), 4.83-4.87 (m, 
1H), 5.52-5.58 (m, 1H), 5.84-6.15 (m, 3H), 7.17-7.23 (m, 
3H), 7.35-7.39 (m, 2H), 7.54-7.57 (m, 1H), 11.50 (s,1H); 
MS, m/e 530.2 (M+1)+

26 4-MeOH-Ph H H Me n-Bu 1HNMR (400MHz, DMSO-d6): δ =0.78-0.82 (m, 3H), 
1.29-1.47 (m, 8H), 1.49-1.54 (m, 2H), 3.66-3.87 (m, 5H), 
3.96-4.02 (m, 3H), 4.21-4.39 (m, 2H), 5.57 (t, J= 12.0Hz, 
1H), 5.84-6.05 (m, 3H), 6.90 (dd, J1 =8.0Hz, J2=4.0Hz, 
2H), 7.09-7.14 (dd, J1=16.0Hz, J2=4.0Hz, 2H), 7.55 (d, 
J=8.0Hz, 1H), 11.48-11.62 (s, 1H)

27 4-F-Ph H H Me Et 1H NMR (DMSO-d6) δ 1.12-1.28 (m, 9H), 
3.72-3.94(m,2H),3.98-4.10 (m,3H), 4.21-4.42(m,2H), 
5.55-5.61 (t, 1H), 5.85-6.20 (m, 3H), 7.18-7.25 (m,4H), 
7.55-7.58 (d, 1H), 11.50 (s,1H); MS, m/e 533.90 (M+1)+

28 4-F-Ph H H Me i-Pr 1H NMR (DMSO-d6) δ 1.13-1.30 (m, 12H), 
3.74-3.85(m,2H), 3.98-4.06 (m, 1H), 4.23-4.41(m,2H), 
4.83-4.87 (m, 1H), 5.55-5.61 (t, 1H), 5.85-6.12 (m, 3H), 
7.18-7.24 (m,4H), 7.55-7.58 (d, 1H), 11.50 (s,1H); MS, 
m/e 547.91 (M+1)+

29 4-F-Ph H H Me Bn 1H NMR (DMSO-d6) δ 1.10-1.23 (m, 6H), 
3.65-3.89(m,3H),4.10-4.30 (m,2H), 4.96-5.00(m,2H), 
5.46-5.50 (t, 1H), 5.75-5.96 (m, 2H), 6.04-6.12(m,1H), 
7.05-7.11 (m,4H), 7.20-7.24 (d, 5H), 7.42-7.45(d,1H), 
11.50 (s,1H); MS, m/e 595.94 (M+1)+
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(continued)

Ex. R1 R2 R3a R3b R4 NMR/MS

30 4-MeO-Ph H H Me i-Pr 1HNMR (400MHz, DMSO-d6): δ=1.15-1.27 (m, 12H), 
3.71-3.89 (m, 5H), 3.98-4.02 (m, 1H), 4.22-4.25 (m, 1H), 
4.33-4.39 (m, 1H), 4.84-4.87 (m, 1H), 5.57 (t, J= 12.0Hz, 
1H), 5.91-6.03 (m, 3H), 6.90 (d, J= 8.0Hz, 2H), 7.09-7.14 
(m, 2H), 7.55 (d, J= 8.0Hz, 1H), 11.51 (s, 1H)

31 2-Cl-Ph H H Me Bn 1H NMR (DMSO-d6) δ 1.23 (m, 6 H), 3.93-4.00 (m, 3 H), 
4.27-4.40 (m, 2H), 5.0(t, J= 7.2 Hz, 2 H), 5.53 (m, I H), 
5.80-6.0(m, 2 H), 6.30(m, 1H), 7.15 (d, J= 2.4 Hz, 1 H), 
7.27 (m, 6 H), 7.51 (m, 3 H), 11.5 (s, I H) ; MS, m/e 
579.87(M+1)+/ 596.78 (M+18)+

32 2,4-Cl-Ph H H Me n-Bu 1H NMR (DMSO-d6) δ=0.82 (m, 3 H),1.23 (m, 8 H), 1.47 
(m, 2 H), 3.86 (m, 2 H), 3.84 (m, 3 H),4.27-4.43 (m, 2H), 
5.5 (m , 1H), 6.02 (m ,2 H), 6.35(m, 1H), 7.44 (m, 3 H), 
7.77 (m, 1 H), 11.5 (s, 1 H) ; MS, m/e 611.87(M+1)+

33 4-Me-Ph H H Me i-Pr 1H NMR (DMSO-d6) δ 1.14-1.27 (m, 12H), 2.17-2.26 (m, 
3H), 3.73-3.82 (m, 1H), 3.99-4.02 (m, 1H), 4.23-4.26 (m, 
1H), 4.37 -4.40 (m, 1H), 4.82-4.88 (m, 1H), 5.52-5.58 (m, 
1H), 5.85-6.07 (m, 3H), 7.01-7.20 (m, 4H), 7.55 (d, J = 
16Hz, 1H), 11.51 (s, 1H); MS, m/e 543.98 (M+1)+; 
1108.86 (2M+23)+

34 4-F-Ph H H Me n-Bu 1H NMR (DMSO-d6) δ 0.82-0.89 (m,3H), 1.20-1.31 (m, 
8H), 1.48-1.53 (m,2H), 3.77-3.90 (m,2H) ,3.95-4.10 
(m,3H), 4.21-4.45(m,2H), 5.56-5.61 (t, 1H), 5.83-6.20 (m, 
3H), 7.18-7.25 (m,4H), 7.55-7.58 (d, 1H), 11.50 (s,1H); 
MS, m/e 584.1 (M+23)+

35 3,4-diCl-Ph H H Me Et 1H NMR (DMSO-d6) δ1.12-1.31 (m, 9H), 3.77-3.92 
(m,2H), 3.95-4.08 (m,3H), 4.21-4.45(m,2H), 5.56-5.62 (t, 
1H), 5.80-6.11 (m, 2H), 6.18-6.33(m,1H), 7.18-7.25 
(m,1H), 7.49-7.56 (d, 2H), 7.62-7.67(m,1H), 11.50 (s,1H); 
MS, m/e 606.1 (M+23)+

36 2-Cl-Ph H H Me i-Pr 1HNMR (400MHz, DMSO-d6): δ =1.12-1.16 (m, 6H), 
1.21-1.27 (m, 6H), 3.79-3.85 (m, 2H), 4.00-4.07 (m, 1H), 
4.28-4.32 (m, 1H), 4.38-4.43 (m, 1H), 4.83-4.87 (m, 1H), 
5.56 (dd, J1=16.0Hz, J2=8.0Hz, 1H), 5.85-6.12 (m, 2H), 
6.20-6.33 (m, 1H), 7.19-7.22 (m, 1H), 7.33 (t, J= 16.0Hz, 
1H), 7.48-7.55 (m, 3H), 11.55 (s, 1H)

37 4-Me0-Ph H H Me Bn 1HNMR(400MHz, DMSO-d6): δ=1.19-1.26 (m, 6H), 
3.69-3.70 (s, 3H), 3.87 (m, 2H), 3.99 (m, 1H), 4.20-4.21 
(m, 1H), 4.35 (m, 1H), 5.07-5.09 (m, 2H), 5.54 (t, J = 
16.0Hz, 1H), 5.85-5.92 (m, 1H), 6.04-6.10 (m, 2H), 6.86 
(d, J= 8.0Hz, 2H), 7.09 (dd, J1=16.0Hz, J2=4.0Hz, 2H), 
7.30-7.34 (m, 5H), 7.53 (s, 1H), 11.52(s, 1H)

38 Ph H H Me n-Pen 1H NMR (DMSO-d6) δ 0.79-0.81 (m, 3H), 1.17-1.23 (m, 
10H), 3.74-3.81 (m, 2H), 3.94-3.96 (m, 3H), 4.19-4.36 (m, 
2H), 5.49-5.54 (m, 1H), 5.87-6.08 (m,3H), 7.14-7.33 (m, 
3H), 7.31-7.35 (m, 2H), 7.51 (d, J = 8Hz, 1H), 11.51 (s, 
1H); MS, m/e 557.9 (M+1)+; 1136.88 (2M+23)+

39 4-Cl-Ph H H Me i-Pr 1H NMR (DMSO-d6) δ 1.04-1.19 (m, 12H), 3.76-3.80 (m, 
2H), 3.98-4.08 (m, 1H), 4.42-4.42 (m, 2H), 4.82-4.85 (m, 
1H), 5.55-5.60 (m, 1H), 5.80-6.20 (m,3H),7.20-7.2 5(m, 
2H), 7.43 (d, J = 8.8Hz, 1H), 7.54 (d, J = 8Hz, 1H), 11.51 
(s, 1H); MS, m/e 563.88 (M+1)+; 1148.73 (2M+23)+

90



EP 2 203 462 B1

37

5

10

15

20

25

30

35

40

45

50

55

(continued)

Ex. R1 R2 R3a R3b R4 NMR/MS

40 4-Cl-Ph H H Me n-Bu 1H NMR (DMSO-d6) δ 0.85 (t, J = 7.2 Hz, 3H), 1.22-1.33 
(m, 8H),1.45-1.53 (m, 2H), 3.80-3.87 (m, 2H), 3.96-4.04 
(m, 3H), 4.24-4.27 (m, 1H), 4.35-4.39 (m, 1H), 5.56-5.61 
(m, 1H), 5.82-6.11 (m, 2H), 6.15-6.18 (m, 1H), 7.20-7.56 
(m, 4H), 7.51-7.57 (m,1H), 11.54 (s, 1H); MS, m/e 
577.95(M+1)+

41 4-Cl-Ph H H Me Et 1H NMR (DMSO-d6) δ 1.14 (t, J = 7.0Hz, 3H), 1.20-1.28 
(m, 6H),3.77-3.88 (m, 2H), 3.99-4.07 (m, 3H), 4.24-4.28 
(m, 1H), 4.34-4.43 (m, 1H), 5.56-5.61 (m, 1H), 5.86-6.13 
(m, 2H), 6.15-6.24 (m, 1H), 7.20-7.26 (m, 2H), 7.44 (d, J 
= 7.6Hz, 2H), 7.55 (d, J = 7.6Hz, 1H), 11.55 (s, 1H); MS, 
m/e 549.11(M+1)+

42 4-Me-Ph H H Me n-Bu 1H NMR (DMSO-d6) δ 0.79-0.83 (m, 3H), 1.17-1.28 (m, 
8H), 1.45-1.47 (m, 2H), 2.22 (d, J = 2.8Hz, 1H), 3.70-3.90 
(m, 2H), 3.95-3.98 (m, 3H), 4.10-0.40 (m, 2H), 5.51 (t, 
1H), 5.80-5.90 (m, 1H), 5.95-6.05 (m, 2H), 7.02-7.06 (m, 
2H), 7.51 (t, J = 4.2Hz, 4H), 7.51 (d, 1H), 11.51 (s, 1H); 
MS, m/e 557.99(M+1)+; 1136.84(2M+23)+

43 4-Me-Phe H H Me Bn 1H NMR (DMSO-d6) δ 1.16-1.24 (m, 6H), 2.22 (s, 3H), 
3.65-4.03 (m,3H), 4.11-4.38 (m, 2H), 5.04-5.05 (m, 2H), 
5.48-5.50 (m, 1H), 5.77-5.87 (m,1H),5.90-6.11 (m, 2H), 
6.98-7.10 (m, 4H), 7.28-7.32 (m, 5H), 7.50 (t,1H), 11.48 
(s, 1H); MS, m/e 592.00 (M+1)+.

44 Ph H H Et Me 1H NMR (DMSO-d6) δ 0.70-0.80 (m, 3H), 1.11-1.26 (m, 
3H), 1.42-1.61 (m, 2H), 3.50-3.54 (m, 3H), 3.58-3.80 (m, 
2H), 3.91-4.02 (m, 1H), 4.12-4.38 (m, 2H), 5.47-5.52 
(m,1H),5.90-6.03 (m, 2H), 7.08-7.16 (m, 3H), 7.26-7.35 
(m, 2H),7.48 (t,1H),11.45 (s, 1H); MS, m/e 515.95 (M+1)+; 
1052.82 (2M+23)+

45 Ph H H Me 4-F-Bn 1HNMR (400MHz, DMSO-d6): δ 1.20-1.26 (m, 6H), 
3.80-3.93 (m, 2H), 3.98 (s, 1H), 4.25-4.26 (m, 1H), 
4.36-4.37 (m, 1H), 5.07 (s, 2H), 5.52-5.55 (m, 1H), 
5.86-5.87(m, 1H), 5.98-6.04 (m, 1H), 6.14-6.17 (m, 1H), 
7.15-7.20 (m, 5H), 7.36 (dd, J = 20.0, 8.0 Hz, 4H), 7.54 
(s, 1H), 11.55 (s, 1H)

46 4-Cl-Ph H H Me n-Bu 1HNMR (400MHz, DMSO-d6): δ 1.21-1.28 (m, 6H), 
3.71-3.88 (m, 1H), 3.91-3.98 (m, 1H), 4.00-4.01 (m, 1H), 
4.23-4.27 (m, 1H), 4.35-4.38 (m, 1H), 5.08 (d, J = 4.0Hz, 
2H), 5.57 (dd, J = 12.0, 8.0 Hz, 1H), 5.91 (d, J = 8.0 Hz, 
1H), 6.01 (d, J = 8.0 Hz, 1H), 6.22-6.24 (m, 1H), 7.17-7.23 
(m, 2H), 7.31-7.40 (m, 7H), 7.53 (s, 1H), 11.50 (s, 1H)

47 Ph H H Me 3-Me-1-Bu 1H NMR (DMSO-d6) δ 0.80-0.82 (m, 6H), 1.18-1.40 (m, 
8H), 1.50-1.58 (m, 1H), 3.71-3.82 (m, 3H), 3.97-3.4.01 
(m, 3H), 4.21-4.40 (m, 2H), 5.30(t, J = 8.6 Hz, 1H), 
5.81-6.10 (m, 3H), 7.15-7.20 (m, 3H), 7.32-7.36 (m, 2H), 
7.48 (d, J = 8.4 Hz, 1H), 11.38 (s, 1H); MS, m/e 557.98 
(M+1)+; 1136.88 (2M+23)+

48 3,4-diCl-Ph H H Me Bn 1H NMR (DMSO-d6) δ 1.05-1.37 (m, 6H), 3.71-3.82 (m, 
1H), 3.87-4.02 (m, 2H), 4.28-4.29 (m, 1H),4.36-4.38 (m, 
1H),5.04 (d, J= 5.2Hz, 2H), 5.55-5.64 (m, 1H), 5.85-5.94 
(m, 1H), 6.00-6.05 (m, 1H), 6.29-6.40 (m, 1H),7.17-7.24 
(m, 1H), 7.30-7.41 (m, 5H), 7.45-7.58 (m, 2H), 7.61 (d, J 
= 4.0Hz, 1H), 11.53(s, H); MS, m/e 545.80(M+1)+;
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(continued)

Ex. R1 R2 R3a R3b R4 NMR/MS

49 Ph H H Me c-Hex 1H NMR (DMSO-d6) δ 1.18-1.41 (m, 12H), 1.59-1.67 (m, 
4H), 3.74-13.80 (m, 1H), 3.96-4.02 (m, 1H), 4.19-4.26 (m, 
1H), 4.31-4.39 (m, 1H), 4.60 (s, 1H), 5.52 (t, J= 7.8 Hz, 
1H), 5.80-6.09 (m, 3H), 7.15-7.20 (m, 3H), 7.32-7.36 (m, 
2H), 7.52 (d, J = 8 Hz, 1H), 11.50 (s, 1H); MS, 569.98 
(M+1)+; 592.14 (M+23)+

50 Ph H Me H n-Bu 1H NMR (DMSO-d6) δ 0.76 (t, J = 7.2Hz, 3H), 1.10-1.22 
(m, 8H), 1.38-1.43 (m, 2H), 3.72-3.75 (m, 2H), 3.87-3.93 
(m, 3H), 4.14-4.21 (m, 1H), 4.23-4.33 (m, 1H), 5.46-5.54 
(m, 1H), 5.84-6.11 (m, 3H), 7.09-7.14 (m, 2H), 7.27-7.32 
(m, 2H), 7.34-7.51 (m, 1H), 11.47 (s, 1H); MS, m/e 
543.98(M+1)+

51 Ph H Me H i-Pr 1H NMR (DMSO-d6) δ 1.39 (d, J = 7.2Hz, 6H), 1.19-1.29 
(m, 6H), 3.65-3.75 (m, 2H), 3.95-4.05 (m, 1H), 4.20-4.22 
(m, 1H), 4.31-4.33 (m, 1H), 4.79-4.82 (m, 1H), 5.48-5.57 
(m, 1H), 5.84-5.91 (m, 1H), 5.96-6.07 (m, 2H), 7.12-7.35 
(m, 5H), 7.44-7.54 (m,1H), 11.49(s, 1H); MS, m/e 529.96 
(M+1)+

52 Ph H Me H Bn 1HNMR (DMSO-d6) δ 1.18-1.28 (m, 6H), 3.70-3.83 (m, 
1H), 3.87-3.94 (m, 1H), 3.99-4.01 (m, 1H), 4.23-4.26 (m, 
1H), 4.33-4.37 (m, 1H), 5.03-5.12 (m, 2H), 5.51-5.59 (m, 
1H), 5.87-5.90 (m, 1H), 5.95-6.07 (m, 1H), 6.10-6.27 (m, 
1H), 7.15-7.23 (m, 3H), 7.31-7.38 (m, 7H), 7.47-7.56 (m, 
1H), 11.50 (s, 1H); MS, m/e 577.99 (M+1)+

53 2-Cl-Ph H H Me n-Bu 1HNMR (400MHz, DMSO-d6): δ 0.81-0.86 (m, 3H), 
1.21-1.31 (m, 8H), 1.46-1.52 (m, 2H), 3.84-3.90 (m, 2H), 
3.97-4.04 (m, 3H), 4.27-4.41 (m, 2H), 5.53-5.58 (m, 1H), 
5.82-5.95 (m, 1H), 5.96-6.10 (m, 1H), 6.27-6.31 (m, 1H), 
7.19-7.22 (m, 1H), 7.34 (dd, J = 8.0, 4.0 Hz, 1H), 7.47-7.55 
(m, 3H), 11.55 (s, 1H)

54 4-Br-Ph H H Me i-Pr 1HNMR (400MHz, DMSO-d6): δ 1.10-1.14 (m, 6H), 
1.20-1.27 (m, 6H), 3.74-3.81 (m, 2H), 3.99-4.01 (m, 1H), 
4.21-4.25 (m, 1H), 4.37-4.38 (m, 1H), 4.81-4.85 (m, 1H), 
5.58 (dd, J = 8.0, 4.0 Hz, 1H), 5.82-5.95 (m, 1H), 5.96-6.09 
(m, 1H), 6.10-6.13 (m, 1H), 7.18 (dd, J = 12.0, 8.0 Hz, 
2H), 7.53-7.57 (m, 3H), 11.52 (s, 1H)

55 4-F-Ph H H Me c-Hex 1H NMR (DMSO-d6) δ 1.20-1.44 (m, 12H), 1.60-1.71 (m, 
4H), 3.75-4.02 (m, 2H), 3.94-4.02 (m, 1H), 4.19-4.26 (m, 
2H), 4.59-4.61 (m, 1H), 5.57 (t, J = 8.4 Hz, 1H), 5.85-6.06 
(m, 3H), 7.17-7.23 (m, 4H), 7.54 (d, J = 8.4 Hz, 1H), 11.50 
(s, 1H); MS, m/e 587.92 (M+1)+

56 4-Br-Ph H H Me c-Hex 1HNMR (400MHz, DMSO-d6): δ =1.18-1.46 (m, 12H), 
1.61-1.69 (m, 4H), 3.75-3.82 (m, 2H), 3.95-4.08 (m, 1H), 
4.25-4.28 (m, 1H), 4.38 (s, 1H), 4.60-4.62 (m, 1H), 
5.56-5.60 (m, 1H), 5.82-5.95 (m, 1H), 6.02-6.20 (m, 2H), 
7.09-7.20 (m, 2H), 7.53-7.57 (m, 3H), 11.52 (s, 1H) MS, 
m/e 650.0 (M+3)+

57 Ph H H Et i-Pr 1HNMR (400MHz, DMSO-d6): δ =0.75-0.82 (m, 3H), 
1.12-1.26 (m, 9H), 1.52-1.59 (m, 2H), 3.55-3.68 (m, 1H), 
3.72-3.85 (m, 1H), 3.95-4.08 (m, 1H), 4.18-4.28 (m, 1H), 
4.32-4.41 (m, 1H), 4.83-4.86 (m, 1H), 5.55 (m, J= 7.6Hz, 
1H), 5.99-6.04 (m, 2H), 6.05-6.10 (m, 1H), 7.14-7.21 (m, 
3H), 7.33-7.37 (m, 2H), 7.52-7.54 (m, 1H), 11.53 (s, 1H); 
MS, m/e 566.07(M+23)+
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(continued)

Ex. R1 R2 R3a R3b R4 NMR/MS

58 Ph H H Et c-Hex 1HNMR (400MHz, DMSO-d6): δ 0.75-0.88 (m, 3H), 
1.26-1.46 (m, 9H), 1.52-1.69 (m, 6H), 3.60-3.63 (m, 1H), 
3.72-3.90 (m, 1H), 4.02-4.03 (m, 1H), 4.24-4.27 (m, 1H), 
4.37-4.38 (m, 1H), 4.63-4.65 (m, 1H), 5.55 (dd, J = 8.0Hz, 
4.4Hz, 1H), 5.80-5.95 (m, 1H), 6.00-6.07 (m, 2H), 
7.15-7.22 (m, 3H), 7.34-7.38 (m, 2H), 7.54 (d, J =8.0Hz, 
1H), 11.55 (s, 1H); MS, m/e 584.01 (M+1)+; 606.17 
(M+23)+

59 4-F-Ph H H Et c-Hex 1H NMR (DMSO-d6) δ 0.75-0.84 (m, 3H), 1.24 (d, J = 
22.8Hz, 3H), 1.29-1.47 (m, 6H), 1.51-1.70 (m, 6H), 
3.59-3.66 (m, 1H), 3.77-3.84 (m, 1H), 3.98-4.04 (m, 1H), 
4.21-4.27 (m, 1H), 4.34-4.41 (m, 1H), 4.60-4.65 (m, 1H), 
5.56-5.60 (m, 1H), 5.84-5.90 (m, 1H), 6.00-6.08 (m, 2H), 
7.20-7.24 (m, 4H), 7.56(d, J = 8.0Hz, 1H), 11.49 (s, 1H); 
MS, m/e 602.00(M+1)+

60 Ph H H Me F-CH2-CH2- 1H NMR (DMSO-d6) δ 1.18-1.25(m, 6H), 3.71-3.89 (m, 
2H), 3.92-3.99 (m, 1H), 4.19-4.27 (m, 4H), 4.48-4.61 (m, 
2H), 3.94-3.98 (m, 2H), 4.11-4.23 (m, 4H), 5.47-5.52 (m, 
1H), 6.01-6.11 (m, 1H), 5.90-6.14 (m, 2H), 7.15-7.21 (m, 
3H), 7.32-7.36 (m, 2H), 7.46-7.57 (m, 1H), 11.49 (s,1H); 
MS, m/e 533.86 (M+1)+

61 Ph H H Me F2CH-CH2- 1H NMR (DMSO-d6) δ 1.17-1.24 (m, 6H), 3.67-3.81 (m, 
1H), 3.89-3.98 (m, 2H),4.21-4.36 (m, 4H), 5.48-5.53 (m, 
1H), 5.82-6.05 (m, 2H), 6.18-6.22 (m, 2H), 7.15-7.20 (m, 
3H), 7.32-7.36 (m , 2H), 7.51 (s, 1H),11.50 (s, 1H); MS, 
m/e 551.92 (M+1)+;

62 Ph H H Me (CF3)2-CH- 1H NMR (DMSO-d6) δ 1.13-1.29 (m, 6H), 3.67-3.81 (m, 
1H), 3.94-4.32 (m, 4H), 5.47 (t, J = 8 Hz 1H), 5.82-6.01 
(m, 2H), 6.33-6.36 (m, 1H), 6.70-6.78 (m, 1H), 7.09-7.15 
(m, 3H), 7.28-7.32 (m , 2H), 7.43-7.46 (m, 1H),11.44 (s, 
1H) ; MS, m/e 637.90 (M+1)+

63 Ph H H Me (CH2F)2 
-CH-

1H NMR (DMSO-d6) δ 1.20-1.29 (m, 6H), 3.70-3.90 (m, 
1H), 3.91-4.12 (m, 2H), 4.20-4.33 (m, 1H), 4.35-4.48 (m, 
1H), 4.52-4.55 (m, 2H), 4.63-4.67 (m, 2H), 5.20-5.35 (m, 
1H), 5.56 (t, J = 8.4 Hz, 1H), 5.80-5.95 (m, 1H), 5.95-6.10 
(m, 1H), 6.18-6.21 (m, 1H), 7.18-7.23 (m, 3H), 7.35-7.39 
(m , 2H), 7.54 (s, 1H), 11.55 (s, 1H); MS, m/e 565.98 
(M+1)+

64 Ph H H Me c-Pr- CH2- 1H NMR (DMSO-d6) δ 0.20-0.24(m, 2H), 0.47-0.48(m, 
2H), 0.76-0.84(m, 3H), 1.03-1.05(m, 1H), 1.23(dd, J= 22.4 
6.8 Hz 3H), 1.55-1.60(m, 2H), 3.61-3.68(m, 1H), 
3.81-3.89 (m, 3H), 3.98-4.03(m, 1H), 4.23-4.29(m, 1H), 
4.35-4.41(m, 1H), 5.56-6.00(m, 1H), 5.88-5.91(m, 1H), 
6.04-6.10(m, 2H), 7.20-7.24(m, 4H), 7.55 (d, J= 7.6 Hz 
1H), 11.53 (s, 1H); MS, m/e 573.17 (M+1)+

65 Ph H H Et c-Pen 1H NMR (DMSO-d6) δ 0.75-0.83 (m, 3H), 1.20-1.28 (m, 
3H), 1.49-1.63 (m, 8H), 1.76-1.80 (m, 2H), 3.58-3.60 (m, 
1H), 3.70-3.82 (m, 1H), 3.98-4.05 (m, 1H), 4.24-4.26 (m, 
1H), 4.37-4.42 (m, 1H), 5.03 (s, 1H), 5.54-5.57 (m, 1H), 
5.90-6.00 (m, 1H), 6.02-6.07 (m, 2H), 7.15-7.22 (m, 3H), 
7.35-7.39 (m, 2H) 7.55 (d, J = 8.0 Hz, 1H), 11.55 (s, 1H); 
MS, m/e 570.03 (M+1)+

*R2 and R3b together are -(CH2)3- as derived from L-proline
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The purification procedure by Prep-HPLC:

[0114] Crude products were dissolved in methanol. Injection volumes of these solutions were 5 mL.
[0115] The preparative HPLC system including 2 sets of Gilson 306 pumps, a Gilson 156 UV/V is detector, a Gilson
215 injector & fraction collector, with Unipoint control software. A Ymc 2533032 mm column was used. The mobile
phase was HPLC grade water (A), and HPLC grade acetonitrile (B). Fractions were collected into 100*15mm glass tubes.
[0116] HPLC gradient is shown in Table 1. Once the gradient was selected, acetonitrile solution was injected into
HPLC system, and then fractions collected according to UV peaks. After the separation, each glass tubes were run MS
test to collect the desired compounds. The fractions with target MS were combined in a well-weighted flask. Most of
acetonitrile was removed under reduce pressure and the remaining solution was freeze-dried to give desired compound.

Preparation of Example 66

[0117]

Preparation of compound (b)

[0118] To a solution of compound a (1 g, 2.69 mmol) in anhydrous THF (30 mL) was added dropwise 1 M solution of
LiAl(OBu-t)3H in THF (2.69 mL, 2. 69 mmol) at -20 °C. The reaction mixture was stirred for 2-3 h at the same temperature.

Table 1:

Preparative HPLC gradient

Time (min) Flow rate (mL/min) % A % B

0 15 90 10

30 15 60 40
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EtOAc (100 mL) was added followed by saturated NH4Cl solution (10 mL) and reaction mixture was slowly brought to
room temperature. Reaction mixture was extracted with EtOAc and washed with 1N HCl and water. Combined organic
phase was evaporated to give 0.8 g of crude compound b as transparent oil, which was used directly for next reaction.

Preparation of compound (d)

[0119] To a solution of compound b (0.8 g, 2.1mmol), compound c (0.45 g, 2.5 mmol) and Ph3P (0.56 g, 2.1 mmol) in
anhydrous THF (20 mL) under nitrogen atmosphere was added DEAD (1.8 mL). The reaction mixture was stirred at
room temperature overnight. The reaction solution was concentrated under reduce pressure. The residue was separated
by preparative layer chromatography (hexanes:EtOAc = 3:1) to give crude compound d (0.8 g). The crude compound
d was used to the next step without further purification.

Preparation of compound (e)

[0120] Compound d (0.8 g, 1.57 mmol) was dissolved in THF (2 mL) and THF saturated with ammonia (5 mL) was
then added to this solution. The reaction mixture was heated to 90 °C overnight. After 18 hours, the solution was cooled
to room temperature by ice water, then the solvent was removed under reduced pressure and the residue was purified
by column to give compound e (0.75 g) for the next step.

Preparation of compound (f)

[0121] Compound e (0.5 g, 1.01 mmol) was dissolved in methanol (2 mL) and methanol was saturated with ammonia
(5 mL) was then added to this solution. The reaction mixture was stirred at room temperature overnight. After 18 hours,
the solvent was removed under reduced pressure and the residue was purified by column to give crude compound f
(0.15 g) for the next step.

Preparation of compound (i)

[0122] A solution of triethylamine (1.07 g, 10.6 mmol) in anhydrous dichloromethane (15 mL) was added dropwise to
a solution of compound g (1.16 g, 5.3 mmol) and compound h (1.31 g, 5.3 mmol) in dichloromethane (10 mL) with
vigorous stirring at -78 °C over a period of 2 hours. After completion of addition, the reaction temperature was allowed
to warm to room temperature gradually and stirred over night. Then the solvent was removed under vacuum and anhy-
drous ether 20 mL was added and the precipitated salt was filtered and the precipitate was washed with ether. The
combined organic phase was concentrated to give the colorless oil of compound i (1.0 g).

Preparation of Compound 66

[0123] To a solution of compound j (0.1 g, 0.35 mmol) dissolved in 10 mL of anhydrous THF, stirred and added 0.4g
NMI till the solution became clear, added compound i (0.8 g, 2.89 mmol) in 10 mL THF dropwise, stirred at r.t. overnight.
Compound purity and identification was confirmed by LCMS. The solvent was evaporated and purified by Prep-HPLC
to afford 66. (25 mg, Yield: 13.6%). 1H NMR (DMSO-d6) δ 1.08 (d, J = 22.8 Hz, 3H), 1.17-1.24 (m, 3H), 3.50-3.52 (m,
3H), 3.78-3.83 (m, 1H), 4.10-4.13 (m, 1H), 4.24-4.44 (m, 2H), 5.85-5.92 (m, 1H), 6.01-6.11 (m, 1H), 6.2.-6.27 (m, 1H),
7.08-7.19 (m, 4H), 7.31-7.38 (m, 3H), 8.15 (s, 1H), 8.26 (s, 1H); MS, m/e 525 (M+1)+.
[0124] Example numbers 67-74, identified below, were prepared using similar procedures disclosed for Example 66,
above.
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[0125] Example numbers 75-80 are prepared using similar procedures disclosed for Example 66, above.

Example R11 R10 NMR/MS

67 OH NH2
1H NMR (DMSO-d6) δ 1.06-1.13 (m, 3H), 1.20-1.24 (m, 3H), 3.27-3.33(m, 
3H), 3.56 (s, 1H), 3.82-3.88 (m, 1H), 4.07-4.13 (m, 1H), 4.25-4.40 (m, 2H), 
5.85-5.87 (m, 1H), 5.98-6.09 (m, 2H), 6.59 (s, 32H), 7.14-7.37 (m, 3H), 
7.35-7.37 (m, 2H), 7.79 (d, J=7.2 Hz, 1H), 10.69 (s, 1H); MS, m/e 541 (M+1)+;

68 NH2 NH2
1H NMR (DMSO-d6) δ 1.07 (d, J=22.8 Hz, 3H), 1.19 (d, J=7.2 Hz, 3H), 3.51 
(s, 3H), 3.62 (s, 1H), 3.75-3.81 (m, 1H), 4.05-4.11 (m, 1H), 4.27-4.42 (m, 2H), 
5.79-5.83 (m, 1H), 5.92 (s, 2H), 6.00-6.09 (m, 2H), 6.75 (s, 2H), 7.08-7.17 
(m, 3H), 7.31-7.35 (m, 2H), 7.78 (s, 1H); MS, m/e 540 (M+1)+;

69 NH2 c-Pentyl-NH- 1H NMR (DMSO-d6) δ 1.05 (d, J=22.8 Hz, 3H), 1.09-1.19 (m, 3H), 1.48 (s, 
4H), 1.66 (s, 1H), 1.86 (s, 1H), 3.54 (d, J=14 Hz, 3H), 3.65 (s, 1H), 4.25-4.43 
(m, 4H), 5.71-5.82 (m, 1H), 5.94-6.04 (m, 4H), 7.11-7.24 (m, 3H), 7.26-7.34 
(m, 2H), 7.77(d, J=3.6 Hz, 1H); MS, m/e 608(M+1)+

70 NH2
1H NMR (DMSO-d6) δ 1.07 (d, J=22.4 Hz, 3H), 2.35-2.38 (m, 2H), 3.54 (d, 
J=9.2 Hz, 3H), 3.59-3.62 (m, 2H), 3.65 (s, 1H), 3.75-3.82 (m, 1H), 4.01-4.13 
(m, 2H), 4.22-4.40 (m, 6H), 5.75-5.85 (m, 1H), 6.00-6.07 (m, 4H), 7.15-7.21 
(m, 3H), 7.32-7.35 (m, 2H), 7.79 (d, J=4.0 Hz, 1H); MS, m/e 580 (M+1)+

71 NH2 Et2N- 1H NMR (DMSO-d6) δ 1.06-1.28 (m, 12H), 3.55 (d, J=4.8 Hz, 3H), 3.79-3.87 
(m, 4H), 4.07-4.12 (m, 2H), 4.29-4.42 (m, 3H), 5.75-5.82 (m, 1H), 5.94 (s, 
2H), 6.04-6.10 (m, 2H), 7.14-7.22 (m, 3H), 7.31-7.37 (m, 2H), 7.82 (d, J=4.4 
Hz, 1H); MS, m/e 596 (M+1)+

72 NH2 n-Propyl-NH- 1H NMR (DMSO-d6) δ 0.84 (t, J=7.2 Hz, 3H), 1.01-1.01 (m, 3H), 1.09-1.12 
(m, 3H), 1.51-1.56 (m, 2H), 3.48 (d, J=15.2 Hz, 3H), 3.79-3.82 (m, 1H), 
4.04-4.05 (m, 1H), 4.27-4.38 (m, 3H), 5.72-5.79 (m, 1H), 5.98-6.04 (m, 4H), 
7.13-7.20 (m, 3H), 7.26-7.32 (m, 2H), 7.76 (d, J=5.2 Hz, 1H); MS, m/e 582 
(M+1)+

73 NH2 c-Butyl-NH- 1H NMR (DMSO-d6) δ 1.02-1.08 (m, 3H), 1.18 (d, J=4.8 Hz, 3H), 1.44-1.61 
(m, 2H), 2.02-2.17 (m, 4H), 3.51 (d, J=10.8 Hz, 3H), 3.78-3.83 (m, 1H), 
4.03-4.06 (m, 1H), 4.27-4.38 (m, 2H), 4.53-4.62 (m, 1H), 5.68-5.79 (m, 1H), 
5.95-6.04 (m, 4H), 7.11-7.18 (m, 3H), 7.29-7.35 (m, 2H), 7.51-7.58 (m, 1H), 
7.78 (d, J=5.2 Hz, 1H); MS, m/e 594 (M+1)+

74 NH2
1H NMR (DMSO-d6) δ 0.97-1.20 (m, 6H), 2.18 (s, 3H), 2.19 (s, 4H), 
3.43-3.47(m, 3H), 3.75 (s, 1H), 4.01-4.06 (m, 4 H), 4.22-4.35 (m, 3H), 
5.69-5.75 (m, 1H), 5.98-6.05 (m, 3H), 7.09-7.15 (m, 3H), 7.25-7.29 (m, 2H), 
7.77 (d, J=3.6 Hz, 1H); MS, mle 623 (M+1)+

Example R11 R10

75 H n-propyl-NH-
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EXAMPLE 81

[0126] Certain exemplified compounds were obtained as mixture of diastereomers because of the chirality at phos-
phorous. The diastereomers were separated on a Chiralpak-AS-H (2 X 25 cm) column under Supercritical Fluid Chro-
matography (SFC) conditions using 20% methanol in carbon dioxide as solvent. The absolute stereochemistry of the
P-chiral center of the diastereromers were not determined. However, chromatographic resolution of these two diaster-
eomers provides for isomers that are characterized as fast eluting and slow eluting isomers. Some examples are shown
below.

EXAMPLE 82

[0127] HCV replicon assay. HCV replicon RNA-containing Huh7 cells (clone A cells; Apath, LLC, St. Louis, Mo.) were
kept at exponential growth in Dulbecco’s modified Eagle’s medium (high glucose) containing 10% fetal bovine serum,
4 mM L-glutamine and 1 mM sodium pyruvate, 13nonessential amino acids, and G418 (1,000 mg/ml). Antiviral assays
were performed in the same medium without G418. Cells were seeded in a 96-well plate at 1,500 cells per well, and
test compounds were added immediately after seeding. Incubation time 4 days. At the end of the incubation step, total
cellular RNA was isolated (RNeasy 96 kit; Qiagen). Replicon RNA and an internal control (TaqMan rRNA control reagents;
Applied Biosystems) were amplified in a single-step multiplex RT-PCR protocol as recommended by the manufacturer.
The HCV primers and probe were designed with Primer Express software (Applied Biosystems) and covered highly
conserved 5’-untranslated region (UTR) sequences (sense, 5’-AGCCATGGCGTTAGTA(T)GAGTGT-3’, and antisense,
5’-TTCCGCAGACCACTATGG-3’; probe, 5’-FAM-CCTCCAGGACCCCCCCTCCC-TAMRA-3’).
[0128] To express the antiviral effectiveness of a compound, the threshold RT-PCR cycle of the test compound was
subtracted from the average threshold RT-PCR cycle of the no-drug control (ΔCtHCV). A ΔCt of 3.3 equals a 1-log 10
reduction (equal to the 90% effective concentration [EC90]) in replicon RNA levels. The cytotoxicity of the test compound
could also be expressed by calculating the ΔCtrRNA values. The ΔΔCT specificity parameter could then be introduced
(ΔCtHCV - ΔCtrRNA), in which the levels of HCV RNA are normalized for the rRNA levels and calibrated against the no-

(continued)

Example R11 R10

76 H c-Butyl-NH-

77 H c-Pentyl-NH-

78 H

79 H

80 H

Compound EC90 (mM)

Example 15 (Diastereomeric mixture) 0.86

Fast Moving isomer of Example 15 1.35

Slow Moving isomer of Example 15 0.26

Example 39 (Diastereomeric mixture) 0.47

Fast Moving isomer of Example 39 0.78

Slow Moving isomer of Example 39 0.02

Example 49 (Diastereomeric mixture) 0.126

Fast Moving isomer of Example 49 0.03

Slow Moving isomer of Example 49 5.78
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drug control.

Ex # Compound Log10 Reduction at 50mM EC90 (mM)

5 -1.21 3.0

6 -0.45 ND

7 0.31 ND

8 -1.48 2.11

10 -1.25 19.15

11 -0.55 ND

12 0.31 ND

15 ND 0.86
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(continued)

Ex # Compound Log10 Reduction at 50mM EC90 (mM)

25 -2.22 0.39

27 -2.25 0.66

28 -2.16 0.75

36 -1.64 21.9

39 -1.78 0.47

49 -2.69 0.126

53 -1.33 <0.3

54 -1.55 0.57
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Claims

1. A compound represented by the formula

2. A compound represented by the formula

3. A compound represented by the formula

(continued)

Ex # Compound Log10 Reduction at 50mM EC90 (mM)

55 -2.38 <0.3

69 -2.25 < 0.3

70 -2.25 <0.3

1(4-BrPh): 4-bromo-phenyl.

100



EP 2 203 462 B1

47

5

10

15

20

25

30

35

40

45

50

55

4. A composition comprising the compound of claim 1 and a pharmaceutically acceptable medium.

5. A composition comprising the compound of claim 2 and a pharmaceutically acceptable medium.

6. A composition comprising the compound of claim 3 and a pharmaceutically acceptable medium.

Patentansprüche

1. Eine Verbindung , repräsentiert durch die Formel

2. Eine Verbindung , repräsentiert durch die Formel

3. Eine Verbindung, repräsentiert durch die Formel
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4. Eine Verbindung, welche die Verbindung nach Anspruch 1 und ein pharmazeutisch akzeptables Medium umfasst.

5. Eine Verbindung, welche die Verbindung nach Anspruch 2 und ein pharmazeutisch akzeptables Medium umfasst.

6. Eine Verbindung, welche die Verbindung nach Anspruch 3 und ein pharmazeutisch akzeptables Medium umfasst.

Revendications

1. Composé représenté par la formule

2. Composé représenté par la formule

3. Composé représenté par la formule
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4. Composition comprenant le composé selon la revendication 1 et milieu pharmaceutiquement acceptable.

5. Composition comprenant le composé selon la revendication 2 et milieu pharmaceutiquement acceptable.

6. Composition comprenant le composé selon la revendication 3 et milieu pharmaceutiquement acceptable.
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Design, Synthesis, and Antiviral Activity of

2′-Deoxy-2′-fluoro-2′-C-methylcytidine, a Potent Inhibitor of Hepatitis C Virus
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The pyrimidine nucleoside beta-D-2′-deoxy-2′-fluoro-2′-C-methylcytidine (1) was designed as a
hepatitis C virus RNA-dependent RNA polymerase (HCV RdRp) inhibitor. The title compound
was obtained by a DAST fluorination of N4-benzoyl-1-(2-methyl-3,5-di-O-benzoyl-â-D-arabino-
furanosyl]cytosine (6) to provide N4-benzoyl-1-[2-fluoro-2-methyl-3,5-di-O-benzoyl-â-D-ribofura-
nosyl]cytosine (7a). The protected 2′-C-methylcytidine (7c) was obtained as a byproduct from
the DAST fluorination and allowed for the preparation of two biologically active compounds
from a common precursor. Compound 1 and 2′-C-methylcytidine were assayed in a subgenomic
HCV replicon assay system and found to be potent and selective inhibitors of HCV replication.
Compound 1 shows increased inhibitory activity in the HCV replicon assay compared to 2′-
C-methylcytidine and low cellular toxicity.

Introduction

Hepatitis C virus infection is a major health problem
that leads to chronic liver disease, such as cirrhosis and
hepatocellular carcinoma, in a substantial number of
infected individuals. Once infected, about 20% of people
clear the virus, but the rest can harbor HCV the rest of
their lives. Ten to 20% of chronically infected individuals
eventually develop liver-destroying cirrhosis or cancer.
The current standard of care for chronic hepatitis C is
combination therapy with an interferon-R and ribavirin.
Studies have shown that more patients with hepatitis
C respond to pegylated interferon-R/ribavirin combina-
tion therapy than to combination therapy with unpegy-
lated interferon-R. The overall response rate to treat-
ment, defined as loss of HCV from serum 6 months after
completion of treatment, is 40%. Because of the low
response rates as well as toxic side effects and unsus-
tained viral load reductions, these therapies are inad-
equate. Moreover, there is no established vaccine for
HCV, and there is an urgent need for improved thera-
peutic agents that effectively combat chronic HCV
infection.1

The nonstructural protein NS5B has been character-
ized as an RNA-dependent RNA polymerase (RdRp) that
is required for viral replication. This polymerase is
considered to be an essential component in the HCV

replication complex and therefore is an ideal target for
drug discovery. Recently, several 2′-modified nucleoside
analogues with potent inhibitory activity against the
HCV NS5B polymerase have been identified. Among the
most potent compounds in this class are 2′-deoxy-2′-
fluorocytidine (2′-FdCyd)2 and 2′-C-methyl nucleosides
(Figure 1).3-5 Despite the potent HCV inhibition of 2′-
FdCyd, its therapeutic potential as an antiviral agent
is diminished due to a lack of selectivity between host
cells and the viral target. 2′-FdCyd triphosphate has
been demonstrated to be a substrate for both RNA and
DNA polymerases.6,7 Here we describe the synthesis and
biological activity of 2′-deoxy-2′fluoro-2′-C-methyl cyti-
dine (1) as a potent anti-HCV agent.

Chemistry

For the synthesis of 2′-deoxy-2′-fluoro-2′-C-methylcy-
tidine (1), N4-benzoyl-1-(2-methyl-3,5-di-O-benzoyl-â-D-
arabinofuranosyl]cytosine (6) was chosen as the key
intermediate and was prepared in approximately 20%
yield in six steps from cytidine (Scheme 1).8 Briefly,
selective benzoylation of cytidine with benzoic anhydride
in DMF,9 followed by treatment with TIDPSCl2 in
pyridine, afforded N4-benzoyl-3′,5′-O-(tetraisopropyl-
disiloxane-1,3-diyl)cytidine (2).10 Oxidation of the 2′-
alcohol to the 2′-ketone derivative (3) was achieved with
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4150. E-mail: kwantanabe@pharmasset.com.
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# Current address: UMN Center for Drug Design, 7-146, Phillips-

Wangensteen Bldg., 516 Delaware St SE, Minneapolis, MN 55455.

Figure 1. Structures of 2′-deoxy-2′-fluoro-2′-C-methylcytidine
(1), 2′-C-methylcytidine, and 2′-deoxy-2′-fluorocytidine (2′-
FdCyd).
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trifluoroacetic anhydride/DMSO under Swern oxidation
conditions.11 Purification of compound 3 by silica gel
chromatography followed by crystallization from petro-
leum ether-CH2Cl2 provided a white solid that was
stable when stored at room temperature with minimal
atmospheric exposure.12 Treatment of the 2′-ketone (3)
with methyllithium at -78 °C in diethyl ether gave
exclusively the protected 1-[2-C-methyl-3,5-O-(tetrai-
sopropyldisiloxane-1,3-diyl)-â-D-arabinofuranosyl]cy-
tosine (4).13 The 3′,5′-silyl protecting group was removed
with TBAF/acetic acid and replaced with benzoyl pro-
tecting groups to provide compound 6.

The fluorination of tertiary alcohols using DAST has
been reported, but the stereochemistry of such trans-
formations is substrate-specific and often unpredictable.
For instance, Yang et al. reported that the DAST
fluorination of a tertiary alcohol in 2-bromomethyl-DL-
myo-inositol proceeds with retention of configuration.14

Wachtmeister et al. obtained a 4-fluoro-1-cyclopentanol
containing a tertiary fluorine in 25% yield using DAST
as a fluorinating reagent, and this transformation
proceeded with inversion of configuration.15 Further-
more, dehydrations or eliminations, rearrangements,
and ring contractions are often pervading problems in
the DAST fluorination of highly functionalized mol-
ecules.16

Upon treating 6 with DAST in toluene or dichloro-
methane, a clean mixture of three products (7a-7c) in
15-20% yield for each compound was obtained (Scheme
2). The desired transformation of 6 to N4-benzoyl-1-[2-
fluoro-2-methyl-3,5-di-O-benzoyl]cytosine (7a) proceeded
with inversion of configuration and was stereospecific;
no diastereomeric N4-benzoyl-1-[2-fluoro-2-methyl-3,5-
di-O-benzoyl-â-D-arabinofuranosyl]cytosine was detected
in the crude reaction mixture. The presence of the
tertiary fluorine at the 2′ position in 7a was confirmed
by the 1H and 13C NMR multiplicities and coupling
constants (Table 1), whereas the stereochemistry of the
fluorination was determined by nuclear Overhauser
enhancement 1H NMR difference spectroscopy (Figure
2).

Analysis of the 1H NMR spectrum of compound 7a

revealed three distinct multiplicities due to H-F cou-
pling: a doublet at δ 1.49 (2′-CH3), a doublet of doublets
at δ 5.56 (H-3′), and a doublet at δ 6.52 (H-1′). Irradia-
tion of the H-3′ resonance resulted in a relatively large
enhancement of both the H-5′ signal (4.8%) and the 2′-
methyl signal (5.9%), while irradiation of the 2′-methyl
signal resulted in an enhancement of both H-3′ (3.4%)
and, to a lesser extent, H-1′ (1.7%). Deprotection of 7a

using methanolic ammonia provided the title compound,

Scheme 1a

a Reagents and conditions: (a) (i) Bz2O, DMF, room temp, (ii) TIDPSCl2, DMF; (b) DMSO, TFAA, TEA, -15 °C; (c) MeLi, -78 °C; (d)
1 M TBAF, concd HOAc, rt; (e) BzCl, pyridine, rt.

Scheme 2a

a Reagents and conditions: (a) DAST, toluene, -20 °C to rt; (b) MeOH/NH3, rt.

Table 1. Flourine-Coupled 1H and 13C NMR Chemical Shifts, Multiplicities, and J Values for Compounds 1, 7a, 8, and 9a

compd 2CH3 H-1/C-1 C-2 H-3/C-3

1 δ 1.17, d, 3JH-F ) 22.3 δ 6.07, d, 3JH-F ) 18.9 δ 101.2, d, 1JC-F ) 180.1 overlapping mult.
δ 16.6, d, 2JC-F ) 25.9 δ 88.6, d, 2JC-F ) 37.4 δ 70.5, d, 2JC-F ) 18.3

7a δ 1.49, d, 3JH-F ) 22.4 δ 6.52, d, 3JH-F ) 18.0 δ 100.2, d, 1JC-F ) 187.7 δ 5.56, dd, 3JH-F ) 20.7
δ 17.4, d, 2JC-F ) 25.2 δ 91.2, d, 2JC-F ) 42.0 δ 72.4, d, 2JC-F ) 16.0

8 δ 1.39, d, 3JH-F ) 22.3 δ 6.17, d, 3JH-F )19.3 δ 99.9, d, 1JC-F ) 186.2 δ 5.49, d, 3JH-F ) 21.2
δ 17.3, d, 2JC-F ) 25.1 δ 90.7, d, 2JC-F )44.2 δ 72.7, d, 2JC-F ) 16.1

9 δ 1.35, d, 3JH-F ) 22.3 δ 6.13, d, 3JH-F ) 18.9 δ 102.1, d, 1JC-F ) 180.1 overlapping mult.
δ 16.9, d, 2JC-F ) 25.2 δ 90.6, d, 2JC-F ) 44.0 δ 72.5, d, 2JC-F ) 17.6

a NMR spectra were recorded at 30 °C (400 MHz) in DMSO-d6 for compound 1, CDCl3 for compound 7a, CD3OD + CDCl3 for 8, and
CD3OD for 9 with concentrations of ∼40 mg/0.75 mL. J values are in Hz.
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1, whose structure was unambiguously confirmed by
X-ray crystallography and revealed the expected 3′-endo
conformation (Figure 3).

The degradation enzymes cytidine deaminase (CDA)
and deoxycytidine monophosphate deaminase (dCMP-
DA) are responsible for the in vivo metabolic conversion
of cytidine or cytidine monophosphate to uridine. To
facilitate future in vivo studies of compound 1, 2′-deoxy-
2′-fluoro-2′-C-methyluridine (9) was prepared from 7a
by deamination in refluxing 80% acetic acid followed by
debenzoylation using methanolic ammonia (Scheme 3).

Results and Discussion

The novel pyrimidine nucleoside analogues 2′-deoxy-
2′-fluoro-2′-C-methylcytidine (1) and 2′-deoxy-2′-fluoro-
2′-C-methyluridine (9) were tested for anti-HCV activity
in both a cell-based quantitative real-time RT-PCR
assay and surrogate bovine viral diarrhea virus (BVDV)
assays as previously described (Table 2).17 The activity
and cytotoxicity profiles of 2′-C-methylcytidine and 2′-
deoxy-2′-fluorocytidine (2′-FdCyd) are included for com-

parison and indicate that compound 1 demonstrated a
similar potency as 2′-FdCyd in the HCV replicon assay.
Dynamic profiling of the cell growth in this replicon
assay revealed no cytostasis for compound 1 at the HCV
replicon EC90 value. As previously reported, 2′-FdCyd,
although not cytotoxic, induced cytostasis at the EC90

value.2 Additionally, much like 2′-FdCyd, but unlike 2′-
C-MeCyd, compound 1 was inactive in the BVDV
assays. Compound 9 demonstrated no activity or
cytoxicity in any assay.

Experimental Section

All reagents and anhydrous solvents were purchased from
Aldrich or Acros and were used as received. 1H, 19F, and 13C
NMR spectra were obtained with a Varian Unity Plus 400
spectrometer at 400, 376, and 100 MHz, respectively. 1H and
13C NMR chemical shifts are reported as δ (ppm) downfield
with respect to an internal standard of tetramethylsilane,
while 19F chemical shifts are reported downfield from an
external standard of hexafluorobenzene. Optical rotations were
measured with a Perkin-Elmer 241 automatic polarimeter at
the sodium D line (589 nm) in a 1-dm cell. Melting points were
determined using an electrothermal digital melting point
apparatus and are uncorrected. Atlantic Microlab, Inc. of
Norcross, GA provided the elemental analysis.

N4-Benzoyl-1-[2-C-methyl-3,5-O-(tetraisopropyldisilox-
ane-1,3-diyl)-â-D-arabinofuranosyl]cytosine (4). Com-
pound 3 (37.6 g, 64 mmol) was dissolved in anhydrous Et2O
(800 mL) under argon and cooled to -78 °C with stirring. To
this solution was added MeLi (103 mL, 1.6 M in Et2O) dropwise
over 1 h. After stirring for an additional 2 h, the reaction
mixture was quenched by dropwise addition of 1 M NH4Cl (165
mL). Upon warming to room temperature, the mixture was
diluted with EtOAc (600 mL) and H2O (130 mL). The organic
phase was separated, washed with H2O (1 × 130 mL), dried
(Na2SO4), and the concentrated to dryness to give a brown
foam (42.5 g, >100%) that was used without further purifica-
tion. An analytical sample was obtained by silica gel chroma-
tography eluting with 2:1 Et2O-petroleum ether: [R]25

D +52.2°
(c 1, CHCl3); 1H NMR (CDCl3) δ 0.96-1.15 (m, 24H), 1.60 (s,
3H), 3.81 (dt, 1H, J ) 1.9, 9.2 Hz), 4.02 (dd, 1H, J ) 2.5, 13.7
Hz), 4.17-4.23 (m, 2H), 5.85 (s, 1H), 7.50-7.54 (m, 2H), 7.60-
7.64 (m, 2H), 7.91 (d, 2H, J ) 7.3 Hz), 8.38 (d, 1H, J ) 7.3
Hz), 8.89 (bs, 1H); 13C NMR (CDCl3) δ 12.5, 13.0, 13.1, 13.6,
16.9, 17.1, 17.2, 17.4, 17.5, 17.6, 17.7, 20.9, 60.4, 72.9, 81.7,
91.2, 96.5, 127.8, 129.0, 133.2, 145.2, 156.6, 162.5, 166.7. Anal.
Calcd (C29H45N3O7Si2): C, 57.68; H, 7.51; N, 6.96. Found: C,
57.63; H, 7.55; N, 6.82.

N4-Benzoyl-2′-C-methyl-â-D-arabinofuranosylcyti-
dine (5). Crude 4 (128.0 g, 0.212 mol) was dissolved in THF
(1.28 L) and treated with glacial HOAc (23.0 mL, 0.401 mol).
To this solution was added tetrabutylammonium fluoride (384
mL, 1 M in THF) at room temperature and stirred for 0.75 h.
The mixture was treated with silica gel (750 g) and concen-
trated to dryness in vacuo, and the tan-colored residue was
placed onto a silica gel column. Eluting with 1:7 EtOH-CH2-
Cl2 afforded a waxy solid that was preadsorbed onto silica gel

Figure 2. 1H NMR NOE correlations of compound 7a.

Figure 3. ORTEP drawing of 2′-deoxy-2′-fluoro-2′-C-methyl-
cytidine (1).

Scheme 3a

a Reagents and conditions: (a) 80% HOAc, reflux; (b) MeOH/
NH3, rt.

Table 2. Anti-HCV Activity and Cellular Toxicity of
Compounds 1, 9, 2′-C-Methylcytidine (2′-C-MeCyd), and
2′-Deoxy-2′-fluorocytidine (2′-FdCyd)

cpBVDVa (MDBK cells) HCV repliconb

compound EC90 (µM)b CC50 (µM) EC90 (µM) CC50
c (µM)

1 >100 >100 5.40 ( 2.6 >100
9 >100 >100 >100 >100
2-C-MeCyd 2.30 ( 0.1 >100 19.0 ( 5.7 >100
2-FdCyd >100 >100 6.50 ( 1.6 >100

a cpBVDV ) cytopathic BVDV. b 96 h, average of at least four
experiments. c MTS CC50 was determined in a 4-day assay using
the Celltiter 96 nonradioactive cell proliferation assay from
Promega (Madison, WI).

5506 Journal of Medicinal Chemistry, 2005, Vol. 48, No. 17 Clark et al.

166



(300 g) and chromatographed as before to give an off-white
solid (46.4 g, 61%). Crystallization from aqueous acetone
afforded an analytical sample: mp 197-200 °C; [R]22

D +132.0°
(c 1, MeOH); 1H NMR (DMSO-d6) δ 1.20 (s, 3H), 3.62-3.69
(m, 2H), 3.73-3.78 (m, 2H), 5.19 (t, 1H, J ) 5.4 Hz), 5.25 (s,
1H), 5.52 (d, 1H, J ) 5.0 Hz), 5.99 (s, 1H), 7.32 (d, 1H, J ) 5.8
Hz), 7.50 (Ψt, 2H, J ) 7.7 Hz), 7.62 (Ψt, 1H, J ) 7.3 Hz), 8.00
(d, 2H, J ) 7.3 Hz), 8.14 (d, 1H, J ) 6.9 Hz), 11.22 (s, 1H); 13C
NMR (DMSO-d6) δ 19.6, 61.3, 77.5, 78.5, 85.2, 88.9, 95.2, 128.5,
132.8, 133.3, 147.3, 154.9, 162.9, 167.4. Anal. Calcd (C17H19N3O6‚

0.5H2O): C, 55.14; H, 5.41; N, 11.35. Found: C, 55.21; H, 5.47;
N, 11.33.

N4-Benzoyl-1-(2-C-methyl-3,5-di-O-benzoyl-â-D-arabino-
furanosyl]cytosine (6). Compound 5 (46.0 g, 0.127 mol) was
dissolved in anhydrous pyridine (200 mL) and the solvent was
removed in vacuo. The resulting syrup was dissolved in
anhydrous pyridine, cooled to 0 °C under argon with stirring,
and treated with BzCl (30.0 mL, 0.250 mol) dropwise over 10
min. After the addition was complete, the ice bath was
removed and stirring was continued for 1.5 h. Water (5 mL)
was added and the mixture was concentrated to dryness in
vacuo. The residue was dissolved in CH2Cl2 and washed with
saturated NaHCO3 (1 × 500 mL) and water (1 × 500 mL).
The organic layer was dried (Na2SO4), filtered, and concen-
trated to dryness to afford a syrup that was purified by silica
gel chromatography eluting with 1:1 EtOAc-hexanes. Com-
pound 6 was isolated as an off-white solid (48.5 g, 67%): [R]22

D

+9.6° (c 1, CHCl3); 1H NMR (CDCl3) δ 1.64 (s, 3H), 4.50 (m,
1H), 4.78-4.85 (m, 2H), 5.50 (d, 1H, J ) 3.4 Hz), 6.42 (s, 1H),
7.44-7.54 (m, 7H), 7.57-7.66 (m, 3H), 7.94 (d, 2H, J ) 7.8
Hz), 8.05-8.09 (m, 4H), 8.21 (d, 1H, J ) 7.3 Hz); 13C NMR
(CDCl3) δ 19.9, 64.4, 79.2, 80.6, 81.6, 90.3, 96.7, 128.1, 128.6,
128.8, 128.9, 129.5, 129.9, 130.0, 133.2, 133.5, 134.0, 147.5,
156.0, 162.7, 165.9, 166.6. Anal. Calcd (C31H27N3O8): C, 65.37;
H, 4.78; N, 7.38. Found: C, 65.59; H, 4.79; N, 7.16.

Reaction of 6 with DAST. To a stirred solution of 6 (2.96
g, 5.20 mmol) in anhydrous toluene (50 mL) was added DAST
(1.0 mL, 7.8 mmol) at -20 °C under argon. After the addition
was complete, the cooling bath was removed and stirring was
continued for 1 h. The reaction mixture was poured into
saturated NaHCO3 (50 mL) and washed until gas evolution
ceased. The organic phase was dried (Na2SO4), concentrated
to dryness, and purified by silica gel chromatography eluting
with 1:1:1 EtOAc-CHCl3-hexanes to afford compound 7a
(0.55 g, 19%) as a white solid, followed by compound 7b (0.39
g, 14%) as an off-white solid. Elution was continued with 1:1:1
EtOH-EtOAc-CHCl3-hexanes to afford compound 7c (0.451
g, 15%) as an off-white solid. Analytical samples were obtained
by recrystallization from the indicated solvents.

N4-Benzoyl-3′,5′-di-O-benzoyl-2′-fluoro-2′-C-methyl-
cytidine (7a): mp 241 °C (CH2Cl2-hexanes); [R]22

D +82.0° (c
1, CHCl3); 1H NMR (CDCl3) δ 1.49 (d, 3H, J ) 22.4 Hz), 4.64
(dd, 1H, J ) 3.44, 12.9 Hz), 4.73 (d, 1H, J ) 9.5 Hz), 4.90 (dd,
1H, J ) 2.4, 12.7 Hz), 5.56 (dd, 1H, J ) 8.6, 20.7 Hz), 6.52 (d,
1H, J ) 18.0 Hz), 7.47-7.57 (m, 7H), 7.62-7.71 (m, 3H), 7.89
(d, 2H, J ) 6.9 Hz), 8.07-8.11 (m, 5H), 8.67 (bs, 1H); 13C NMR
(CDCl3) δ 17.4 (d, J ) 25.2 Hz), 62.1, 72.4 (d, J ) 16.0 Hz),
77.7, 91.2 (d, J ) 42.0 Hz), 97.5, 100.2 (d, J ) 187.7 Hz), 127.8,
128.6, 128.8, 128.9, 129.2, 129.6, 129.7, 130.3, 133.2, 133.4,
133.8, 134.1, 143.8, 154.6, 162.6, 165.6, 166.1; 19F NMR (CDCl3)
δ 3.9 (m). Anal. Calcd (C31H26FN3O7‚0.7H2O): C, 63.74; H, 4.73;
N, 7.19. Found: C, 63.71; H, 4.54; N, 7.20.

N4-Benzoyl-1-[2-deoxy-2-methylidene-3,5-di-O-benzoyl-
â-D-glycero-pentofuranosyl]cytosine (7b): mp 173.4-174.4
(EtOH); [R]22

D -40.4° (c 1, CHCl3); 1H NMR (CDCl3): δ 4.58
(dd, 1H, J ) 3.7, 5.0 Hz), 4.70-4.81 (m, 2H), 5.55 (s, 1H), 6.09-
6.11 (m, 1H), 7.03 (d, 1H, J ) 1.3 Hz), 7.40-7.66 (m, 10H),
7.85 (d, 1H, J ) 7.3 Hz), 7.91 (d, 2H, J ) 7.7 Hz), 8.03 (dd,
2H, J ) 0.9, 8.3 Hz), 8.03 (dd, 2H), 8.86 (bs, 1H); 13C NMR
(CDCl3) δ 63.9, 73.3, 80.7, 85.9, 97.8, 117.3, 127.8, 128.0, 128.7,
128.9, 129.1, 129.4, 129.6, 129.9, 130.2, 133.0, 133.6, 133.8,
144.1, 144.9, 155.1, 162.5, 165.9, 166.1. Anal. Calcd (C31H25-
N3O7): C, 67.51; H, 4.57; N, 7.62. Found: C, 67.21; H, 4.51;
N, 7.66

N4-Benzoyl-2′-C-methyl-3′ ,5′-di-O-benzoylcytidine
(7c): mp 176.7-179.1 °C (EtOH); [R]22

D +46.2° (c 1, CHCl3);
1H NMR (CDCl3) δ 1.29 (s, 3H), 4.67-4.80 (m, 3H), 4.82-4.87
(m, 1H), 5.30 (d, 1H, J ) 5.8 Hz), 6.09 (s, 1H), 7.47-7.56 (m,
4H), 7.89 (d, 2H, J ) 7.3 Hz), 8.07-8.14 (m, 4H), 8.68 (s, 1H);
13C NMR (CDCl3) δ 21.4, 62.7, 75.8, 78.5, 79.0, 93.4, 97.3, 127.8,
128.5, 128.7, 128.9, 129.0, 129.4, 129.6, 130.0, 132.9, 133.2,
133.6, 144.3, 156.0, 162.8, 165.8 166.2, 166.8. Anal. Calcd
(C31H27N3O8‚0.4H2O): C, 64.56; H, 4.86; N, 7.29. Found: C,
64.54; H, 4.81; N, 7.32.

3′ ,5′-Di-O-benzoyl-2′-deoxy-2′-fluoro-2′-methyluri-
dine (8). Compound 7a (0.225 g, 0.394 mmol) was suspended
in 80% aqueous HOAc (15 mL) and heated under reflux with
stirring for 12 h. The clear solution was cooled, concentrated
to dryness in vacuo, and coevaporated with 50% MeOH-water
(3 × 5 mL) to remove the residual HOAc. Purification by silica
gel chromatography, eluting with 2% EtOH-CH2Cl2, gave
0.160 g of 8 (87%) as a white solid. Crystallization from
2-propanol afforded an analytical sample: mp 256.4-257.6 °C;
[R]22

D +71.7° (c 1, CHCl3); 1H NMR (CDCl3 + CD3OD) δ 1.39
(d, 3H, J ) 22.3 Hz), 4.49 (dd, 1H, J ) 3.9, 12.7 Hz), 4.57 (m,
1H,), 4.79 (dd, 1H, J ) 2.7, 12.5 Hz), 5.42 (d, 1H, J ) 8.1 Hz),
5.49 (dd, 1H, J ) 9.20, 21.2 Hz), 6.17 (d, 1H, J ) 19.3), 7.37-
7.50 (m, 4H), 7.51-7.57 (m, 3H, H-6) 7.93-8.01 (m, 4H); 13C
NMR (CDCl3 + CD3OD) δ 17.3 (d, J ) 25.1 Hz), 62.1, 72.7 (d,
J ) 16.1 Hz), 90.7 (d, J ) 44.2 Hz), 99.9 (d, J ) 186.2 Hz),
103.1, 128.5, 128.6, 128.7, 129.4, 129.5, 130.1, 133.6, 134.0,
139.3, 150.4, 163.2, 165.7, 166.1; 19F NMR (CDCl3 + CD3OD)
δ 6.02 (m). Anal. Calcd (C24H21FN2O7): C, 61.54; H, 4.52; N,
5.98. Found: C, 61.42; H, 4.51; N, 5.96.

General Procedure for Deprotection. The free nucleo-
sides were prepared by treating compounds 7a-c and 8 with
NH3/MeOH (ca. 7 N, ∼12 mL/mmol) followed by stirring at
room temperature overnight (8-12 h). The solvent was
removed in vacuo, and the compounds were isolated as
indicated.

2′-Deoxy-2′-fluoro-2′-C-methylcytidine (1). Compound
7a (6.30 g, 0.011 mol) was deprotected to give 1 (2.18 g, 76%)
as a white powder after column chromatography eluting with
9% EtOH in CHCl3 and then 17% EtOH and finally 25% EtOH
in CHCl3: mp 216.4-218.0 °C (EtOH); [R]22

D +125.6° (c 1,
H2O); 1H NMR (DMSO-d6) δ 1.17 (d, 3H, J ) 22.3 Hz), 3.63
(dd, 1H, J ) 2.7, 13.7 Hz), 3.70-3.84 (m, 3H), 5.24 (app s,
1H), 5.60 (d, 1H, J ) 5.4 Hz), 5.74 (d, 1H, J ) 7.71 Hz), 6.07
(d, 1H, J ) 18.9 Hz), 7.31 (s, 1H, NH2), 7.42 (s, 1H, NH2), 7.90
(d, 1H, J ) 7.3 Hz); 13C NMR (DMSO-d6) δ 16.6 (d, J ) 25.9
Hz), 58.5, 70.5 (d, J ) 18.3 Hz), 81.4, 88.6 (d, J ) 37.4 Hz),
94.4, 101.2 (d, J ) 180.1 Hz), 140.5, 154.8, 165.2; 19F NMR
(DMSO-d6) δ 2.60 (m). Anal. Calcd (C10H14FN3O4‚1.5H2O): C,
41.96; H, 5.94; N, 14.69. Found: C, 42.24; H, 5.63; N, 14.54.

Compound 1 was converted to the HCl salt and crystallized
from aqueous ethanol: mp 243 °C (dec); [R]22

D +108.4° (c 1,
H2O); 1H NMR (DMSO-d6) δ 1.29 (d, 3H, J ) 22.6 Hz), 3.65
(dd, 1H, J ) 2.3, 12.7 Hz), 3.76-3.90 (m, 3H), 5.96 (d, 1H, J
) 17.3 Hz), 6.15 (d, 1H, J ) 7.9 Hz), 8.33 (d, 1H, J ) 7.9 Hz),
8.69 (s, 1.5H), 9.78 (s, 1.5H); 13C NMR (DMSO-d6) δ 16.2 (d, J
) 24.4 Hz), 58.2, 69.9 (d, J ) 16.8 Hz), 82.1, 88.8 (d, J ) 32.0
Hz), 94.6, 101.1 (d, J ) 181.5 Hz), 143.2, 147.6, 159.6; 19F NMR
(DMSO-d6) δ 1.69 (m). Anal. Calcd (C10H15ClFN3O4): C, 40.62;
H, 5.11; N, 14.21. Found: C, 40.80; H, 5.09; N, 14.23.

2′-Deoxy-2′-fluoro-2′-C-methyluridine (9). Deprotection
of 8 (0.120 g, 0.209 mmol) followed by column chromatography
eluting with 5-10% acetone in diethyl ether provided 9 (0.054
g, 100%) as a white solid: mp 237.3-238.0 °C; [R]25

D +83.2°
(c 1, MeOH); 1H NMR (CD3OD) δ 1.35 (d, 3H, J ) 22.3 Hz),
3.79 (dd, 1H, J ) 2.1, 12.5 Hz), 3.94-4.02 (m, 3H, 5.70 (d, 1H,
J ) 8.1 Hz), 6.13 (d, 1H, J ) 18.9 Hz), 8.09 (d, 1H); 13C NMR
(CD3OD) δ 16.9 (d, J ) 25.2 Hz), 60.1, 72.5 (d, J ) 17.6 Hz),
83.5, 90.6 (d, J ) 44.0 Hz), 102.1 (d, J ) 180.1 Hz), 103.0,
142.0, 152.4, 166.0; 19F NMR (CD3OD) δ 4.07 (bs). Anal. Calcd
(C10H13FN2O5): C, 46.16; H, 5.04; N, 10.77. Found: C, 45.96;
H, 4.93; N, 10.49.

Isolation of 2′-C-methylcytidine. Compound 7c (0.1 g,
0.176 mmol) upon deprotection and crystallization from MeOH
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gave a white solid (0.032 g, 71%): mp 244.2-245.8 °C (lit.13

mp 239.5-242 °C, lit.18 mp 243-245 °C); [R]23
D +135.7° (c 1,

H2O) { lit.18 [R]D +132° (c 0.5, H2O), lit.19 [R]20
D +128° (c 1,

H2O)} ; 1H NMR (DMSO-d6) δ 0.92 (s, 1H), 3.58-3.62 (m, 2H),
3.70-3.77 (m, 2H), 4.98 (s, 1H), 5.06 (d, 1H, J ) 7.3 Hz), 5.11
(t, 1H, J ) 5.0 Hz), 5.67 (d, 1H, J ) 7.7 Hz), 5.87 (s, 1H), 7.11
(s, 1H), 7.17 (s, 1H), 7.94 (d, 1H, J ) 7.2 Hz); 13C NMR (DMSO-
d6) δ 20.0, 59.0, 71.8, 78.3, 81.8, 91.3, 93.6, 141.1, 155.5, 165.4.

Isolation of 2′-Deoxy-2′-methylidenecytidine (DMDC).
Compound 7b was deprotected and crystallized from H2O: mp
190-194 °C (dec) (transition at 90-92 °C) (lit.20 mp 89-90
°C); [R]22

D -39.8° (c 1, H2O); 1H NMR (DMSO-d6) δ 3.50-3.70
(m, 3H), 4.43 (broad t, 1H), 4.93 (t, 1H, J ) 5.2 Hz), 5.13 (s,
1H), 5.29 (s, 1H), 5.61 (d, 1H, J ) 6.4 Hz), 5.69 (d, 1H, J ) 7.6
Hz), 6.51 (s, 1H), 7.20 (s, 1H), 7.23 (s, 1H), 7.47 (d, 1H, J )

7.6 Hz); 13C NMR (DMSO-d6) δ 60.5, 69.8, 84.1, 84.2, 94.6,
110.8, 142.0, 151.1, 155.3, 165.5.

Biological Methods. Antiviral assays with bovine viral
diarrhea virus and the HCV replicon were performed as
described previously.17
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Characterization of the Metabolic Activation
of Hepatitis C Virus Nucleoside Inhibitor
�-D-2�-Deoxy-2�-fluoro-2�-C-methylcytidine
(PSI-6130) and Identification of a Novel Active
5�-Triphosphate Species*
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�-D-2�-Deoxy-2�-fluoro-2�-C-methylcytidine (PSI-6130) is a
potent inhibitor of hepatitis C virus (HCV) replication in the
subgenomic HCV replicon system, and its corresponding
5�-triphosphate is a potent inhibitor of the HCV RNA polymer-
ase in vitro. In this study the formation of PSI-6130-triphos-
phate was characterized in primary human hepatocytes. PSI-
6130 and its 5�-phosphorylated derivatives were identified, and
the intracellular concentrations were determined. In addition,
the deaminated derivative of PSI-6130,�-D-2�-deoxy-2�-fluoro-
2�-C-methyluridine (RO2433, PSI-6026) and its corresponding
phosphorylated metabolites were identified in human hepato-
cytes after incubation with PSI-6130. The formation of the
5�-triphosphate (TP) of PSI-6130 (PSI-6130-TP) and RO2433
(RO2433-TP) increased with time and reached steady state lev-
els at 48 h. The formation of both PSI-6130-TP and RO2433-TP
demonstrated a linear relationship with the extracellular con-
centrations of PSI-6130 up to 100�M, suggesting a high capacity
of human hepatocytes to generate the two triphosphates. The
mean half-lives of PSI-6130-TP and RO2433-TP were 4.7 and
38 h, respectively. RO2433-TP also inhibited RNA synthesis by
the native HCV replicase isolated from HCV replicon cells and
the recombinantHCVpolymeraseNS5Bwith potencies compa-
rable with those of PSI-6130-TP. Incorporation of RO2433-5�-
monophosphate (MP) into nascent RNA by NS5B led to chain
termination similar to that of PSI-6130-MP. These results dem-
onstrate that PSI-6130 is metabolized to two pharmacologically
active species in primary human hepatocytes.

Hepatitis C is a major health problem affecting�170million
people worldwide of which around 3 million chronically
infected patients reside within the United States (1). The cur-
rent standard treatment for hepatitis C consisting of pegylated
interferon-� and ribavirin only results in about a 50% sustained
virological response in patients infected with genotype 1 hepa-

titis C virus (HCV),2 the most predominant genotype in the
United States and Europe (2–4). New treatment options with
improved clinical efficacy and greater tolerability are urgently
needed. Novel antiviral agents targeting essential processes of
HCV replication as part of optimized combination regimens
could achieve increased clinical efficacy and potentially
improved adverse event profiles as well as shortened treatment
duration as compared with the current standard of care.
HCV RNA replication is mediated by a membrane-associ-

ated multiprotein replication complex (5, 6). The HCV NS5B
protein, the RNA-dependent RNA polymerase, is the catalytic
subunit of the HCV replication complex and is responsible for
the synthesis of the RNA progeny and, hence, is a prime target
of anti-viral inhibition. Nucleoside analogs have been estab-
lished as successful antiviral agents targeting the active site of
DNA polymerases for the treatment of other viral diseases,
including human immunodeficiency virus, hepatitis B virus,
and herpes simplex virus (7). Themajority ofmarketed antiviral
nucleoside analogs need to be converted to the active
5�-triphosphate forms in the target cells. These nucleotide
triphosphate analogs then serve as alternative substrates for the
viral DNA polymerases and compete with the incorporation of
the corresponding natural nucleotide triphosphates. Upon
incorporation by the viral DNA polymerases, the lack of the
3�-hydroxyl group in the deoxyribose moiety leads to the ter-
mination of the nascent viral DNA (chain termination).
In the past few years a number of ribonucleoside analogswith

2�-C-methyl, 2�-O-methyl, or 4�-azido substituents on the
ribose moiety have been reported to be inhibitors of HCV rep-
lication in the subgenomic replicon system (8–13). Prodrugs of
two nucleoside analogs, 2�-C-methylcytidine (NM107) and
4�-azidocytidine (R1479), have successfully progressed into
clinical development and shown efficacy in HCV-infected
patients (14, 15). The corresponding nucleotide triphosphate
analogs are substrates for HCV polymerase NS5B and inhibit
RNA synthesis activity of HCV NS5B in vitro. The incorpora-
tion of the nucleotide analogs into nascent HCV RNA strongly
reduces the efficiency of further RNA elongation by NS5B,* The costs of publication of this article were defrayed in part by the payment
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resulting in termination of the nascent RNA product. There-
fore, these nucleoside analogs are non-obligatory chain termi-
nators despite the presence of a 3�-hydroxyl group.
Recently, �-D-2�-deoxy-2�-fluoro-2�-C-methylcytidine (PSI-

6130) has been identified as a potent and selective inhibitor of
HCV replication in the subgenomic replicon system with little
or no cytotoxicity in various human cell lines or bone marrow
precursor cells (16). The corresponding triphosphate of PSI-
6130 is an inhibitor of HCV NS5B competitive with natural
CTP (17). Conversion to the active 5�-triphosphate form by
cellular kinases is an important part of themechanism of action
for nucleoside analogs. In this study we determined the metab-
olism of �-D-2�-deoxy-2�-fluoro-2�-C-methylcytidine in pri-
mary human hepatocytes isolated from several donors. We
show that �-D-2�-deoxy-2�-fluoro-2�-C-methylcytidine was
converted to �-D-2�-deoxy-2�-fluoro-2�-C-methylcytidine
5�-triphosphate and �-D-2�-deoxy-2�-fluoro-2�-C-methyluri-
dine 5�-triphosphate via deamination of the phosphorylated
cytidylates. Furthermore, we determined the kinetics of the for-
mation of the two active triphosphates and the potency of the
two triphosphates against the native HCV replicase and NS5B
as well as the molecular mechanism of action of the two
triphosphates.

EXPERIMENTAL PROCEDURES

Compounds—�-D-2�-Deoxy-2�-fluoro-2�-C-methylcytidine
(PSI-6130) was provided by Pharmasset, Inc. (18). A stock solu-
tion of 10mM PSI-6130 was prepared in Dulbecco’s phosphate-
buffered saline and stored at�20 °C. Tritium-labeled PSI-6130
was synthesized at Roche Palo Alto LLC. The tritiated com-
pound was dissolved in 50% (v/v) ethanol at the concentration
of 0.97 mCi/ml with a specific activity of 25.78 Ci/mmol. The
stock solutionwas stored at�20 °C. The phosphorylated deriv-
atives of PSI-6130, namely PSI-6130-MP, -DP, and -TP, were
provided by Pharmasset, Inc. �-D-2�-Deoxy-2�-fluoro-2�-C-
methyluridine (RO2433) was synthesized at Roche Palo Alto
LLC. RO2433-MP, -DP, and -TP were synthesized by TriLink
BioTechnologies (San Diego, CA). Compound stock solutions
were prepared in nuclease-free H2O and stored at �20 °C.
3�-dCTP was purchased from TriLink BioTechnologies.
Cell Culture of Primary Human Hepatocytes—Plated fresh

human hepatocytes or hepatocyte suspensions were obtained
either from CellzDirect, Inc. or from In Vitro Technologies,
Inc. Fresh human hepatocytes obtained from each company
were plated or cultured on 6-well collagen coated plates (BD
Biosciences #356400) at 1.5 million cells per well using com-
plete serum containing medium obtained from the respective
companies. Cells were allowed to recover for at least 18 h before
the addition of the compound. All incubations were carried out
at 37 °C in a humidified 5% CO2 atmosphere.

To determine the time course of uptake and phosphorylation
of PSI-6130, human primary hepatocytes were incubated with
3H-labeled PSI-6130 at a final concentration of 2 �M and 10
�Ci/ml. The compound was added 72, 48, 24, 16, 6 and 1 h
before cell harvesting. All time points and untreated cell con-
trols were set up in duplicates.
To determine the dose response of the phosphorylation of

PSI-6130, human primary hepatocytes were incubated with

3H-labeled PSI-6130 at 0, 2, 10, 25, 50, 100, and 250�M for 24 h.
Final concentrations of PSI-6130 were achieved by supple-
menting 3H-labeled PSI-6130 with non-radiolabeled PSI-6130.
Duplicate cell samples were harvested after 24 h of incubation.
To determine the half-life of the triphosphates of PSI-6130

and RO2433, human primary hepatocytes were incubated for
24 h with 3H-labeled PSI-6130 at 2 �M and 10 �Ci/ml. The cell
monolayerwaswashed oncewith the cell culturemediumwith-
out PSI-6130 and then incubated with fresh medium without
PSI-6130 at 0-, 0.5-, 1-, 2-, 4-, 6-, 8-, 24-, 48-, and 72-h time
points after the removal of PSI-6130. Duplicate cell samples
were set up for each time point. The viable cell numbers of the
untreated cell controls for each experiment were determined at
the end of the experiment using the trypan blue exclusion
method.
Preparation of Cell Extract for High Performance Liquid

Chromatography (HPLC) Analysis—At the time of cell harvest
the cell culture medium was aspirated, and the cells were
washed once with cold phosphate-buffered saline. The cells
were scraped into 1 ml of pre-chilled 60% (v/v) methanol and
extracted in methanol for 24 h at �20 °C. The extracted sam-
ples were then centrifuged at 10,000 � g for 15 min to remove
cell debris. The supernatant was transferred to new tubes and
evaporated in a speed vacuumat room temperature. The pellets
were stored at �80 °C until analysis.
The dried pellets of cell extracts were dissolved in H2O and

filtered though a nanosep MF centrifugal device (Pall Life Sci-
ences #ODM02C34). Before HPLC analysis, cell extract sam-
ples were spiked with unlabeled reference standards PSI-6130,
RO2433, and their phosphorylated derivatives.
HPLC—The phosphorylated derivatives of PSI-6130 were

separated by ion exchange HPLC with a Whatman Partisil 10
SAX (4.6� 250mm) column coupled to a radiometric detector
(�-RAM, IN/US Systems, Inc.). The mobile phase gradient
changed linearly from 0% buffer A (H2O) to 100% buffer B (0.5
MKH2PO4� 0.8MKCl) between 4 and 8min. 100%buffer B ran
from 8 to 18 min and changed back to 100% A in 1 min. Buffer
A ranuntil 25min. The flow ratewas 1ml/min.A ratio of 5:1 Flo
Scint IV or Ultima-FloTM AP (PerkinElmer Life Sciences) to
column eluent was used for the detection of radiolabeled spe-
cies in the �-RAM detector (IN/US Systems, Inc.).

The separation of PSI-6130 and RO2433 was performed by
reverse phase chromatography with a Zorbax SB-C8 column
(4.6 � 250 mm, 5 �m) coupled to a radiometric detector
(�-RAM). The gradient changed linearly from 100% buffer A
(0.01 M heptane sulfonic acid, sodium salt, 0.1% (v/v) acetic acid
in water) to 10% buffer B (0.01 M heptane sulfonic acid sodium
salt, 0.1% (v/v) acetic acid in 1:1methanol water) between 0 and
3 min and then changed linearly from 10% buffer B to 95%
buffer B between 3 and 18 min. 95% buffer B ran from 18 to 22
min and changed back to 100% A in 0.1 min. Buffer A ran until
25 min. The flow rate was 1 ml/min. PSI-6130 and its intercel-
lular metabolites were identified by comparison of the reten-
tion times of the intracellular species in the radiochromato-
gram with the retention times of nonradioactive reference
standards spiked in the cell extract samples and detected byUV
absorption at 270 nm.
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Acid Phosphatase Treatment of Cell Extracts—Hepatocyte
cell extracts were incubated with acid phosphatase (Sigma
#P-0157) at a final concentration of 0.05 mg/ml (23.9 units/ml)
at 37 °C for 2.5 h to dephosphorylate any phosphorylated
metabolites of PSI-6130. After digestion the samples were ana-
lyzed by reversed phase HPLC.
HCV Replicon Assay—The 2209-23 cell line containing a

bicistronic HCV subgenomic replicon (genotype 1b, Con1
strain), which expresses a Renilla luciferase reporter gene as an
index of HCV RNA replication, has been described before (9).
The analysis of inhibition of HCV replication by nucleoside
analogs and IC50 determinations were performed as described
(12).
HCV Replicase Assay—The membrane-associated native

HCV replication complexes were isolated from 2209-23 repli-
con cell lines as described (6). The inhibition of the RNA syn-
thesis activity of theHCV replicases by PSI-6130-TPwas deter-
mined as described (6) except that 5 �l of cytoplasmic replicase
complex (2.5 � 106 replicon cell equivalent) was added to a
20-�l reaction for 60 min. The inhibition of the RNA synthesis
activity of the HCV replicases by RO2433-TP was determined
in reactions containing 6.25 �l of cytoplasmic replicase com-
plex (3.1� 106 replicon cell equivalent), 50mMHEPES, pH 7.5,
10 mM KCl, 10 mM dithiothreitol, 5 mM MgCl2, 20 �g/ml acti-
nomycin D, 1 mM ATP, GTP, and CTP, 24 �Ci of (0.4 �M)
[�-33P]UTP (PerkinElmer #NEG607H), 1 units/�l SUPERase.
In (Ambion), 10 mM creatine phosphate, 200 �g/ml creatine
phosphokinase with or without the nucleotide triphosphate
inhibitor in a final volume of 20 �l for 90 min.
HCV Polymerase Assay—The inhibition potency of PSI-

6130-TP on the RNA-dependent RNA polymerase activity of
recombinant NS5B570-Con1 (genotype 1b, GenBankTM acces-
sion number AJ242654) was measured as the incorporation of
radiolabeled nucleotide monophosphate into acid-insoluble
RNA products as described (6) with the following modifica-
tions; IC50 determinations were carried out using 200 nM in
vitro transcribed complementary internal ribosome entry site
RNA template, 1 �Ci of tritiated UTP (42 Ci/mmol), 500 �M
ATP, 500 �M GTP, 1 �M CTP, 1� TMDN buffer (40 mM Tris-
HCl, pH 8.0, 4 mM MgCl2, 4 mM dithiothreitol, 40 mM NaCl)
and 200 nM NS5B570-Con1. The inhibition potency of
RO2433-TP was determined as described above with the fol-
lowing modification of NTP concentrations: 1 �Ci of tritiated
CTP (39 Ci/mmol), 500 �MATP, 500 �MGTP, 1 �MUTP. The
compound concentration atwhich the enzyme-catalyzed rate is
reduced by 50% (IC50) was calculated using equation,

Y � % Min �
�% Max � % Min�

�1 �
X

�IC50�
� (Eq. 1)

where Y corresponds to the relative enzyme activity, % Min is
the residual relative activity at saturating compound concentra-
tion, % Max is the relative maximum enzymatic activity, and X
corresponds to the compound concentration.
The apparent Michaelis constants (Km(app)) for UTP or CTP

weremeasured using assay conditions above with the following
modifications; Km(app) for CTP was measured using 2 �Ci of

tritiatedUTP (0.93�M), 4.07�MunlabeledUTP, 50�MATP, 50
�M GTP, and 5 nM to 50 �M CTP; Km(app) for UTP was meas-
ured using 2 �Ci of tritiated CTP (1.67 �M), 3.33 �M unlabeled
CTP, 50 �M ATP, 50 �MGTP, and 5 nM to 50 �M UTP. Appar-
ent Km(app) values were calculated by nonlinear fitting using
Equation 2,

Y �
�Vmax�app�� X

Km�app� � X
(Eq. 2)

where Y corresponds to the rate of RNA synthesis by NS5B,
Vmax(app) is the maximum rate or RNA synthesis at saturating
substrate concentration, and X corresponds to CTP or UTP
concentration.
Ki values were derived from the Cheng-Prusoff Equation

(Equation 3) for competitive inhibition,

Ki �
IC50

�1 �
�NTP	

Km�app�
� (Eq. 3)

where [NTP] is the concentration ofCTPorUTP, andKm(app) is
the apparent Michaelis constant for CTP or UTP. Mean Ki
values were averaged from independent measurements at
0.2, 1, 5, and 25 �M CTP or UTP concentrations in triplicate
experiments.
Gel-based Nucleotide Incorporation Assay—The RNA tem-

plate-directed nucleotide incorporation and extension of
nucleotide triphosphates and nucleotide triphosphate analogs
by HCV polymerase was performed with a 19-nucleotide RNA
oligo (5�-AUGUAUAAUUAUUGUAGCC-3�) under assay
conditions as described (9). The incorporation and extension of
CTP and CTP analogs were determined with 5�-end-radiola-
beled GG primer and nucleotide triphosphates at the indicated
concentrations. The incorporation and extension of UTP and
UTP analogs were performed similarly with the same RNA
oligo template, 5�-end-radiolabeled GGC primer and nucleo-
tide triphosphates at the indicated concentrations. The radio-
labeled RNA products were separated on a TBE-urea acrylam-
ide gel and analyzed using phosphorimaging (GE Healthcare).

RESULTS

Metabolic Profile of PSI-6130—Cellular extracts from
primary human hepatocytes incubated with tritium-labeled
�-D-2�-deoxy-2�-fluoro-2�-C-methylcytidine (PSI-6130) were
resolved by ion exchange HPLC. PSI-6130 and metabolites
derived from PSI-6130 were identified by comparing the reten-
tion times of radiolabeled species with the retention times of
unlabeled reference compounds (Fig. 1A). As shown in Fig. 1B,
PSI-6130 (3.0 min) and the 5�-phosphorylated derivatives PSI-
6130-DP (13.2 min) and PSI-6130-TP (16.8 min) were identi-
fied in human hepatocytes incubated with PSI-6130. In addi-
tion, metabolites with retention times corresponding to
those of the deaminated product of PSI-6130, �-D-2�-deoxy-
2�-fluoro-2�-C-methyluridine (RO2433, 3.8 min) and its cor-
responding 5�-phosphates RO2433-DP (12.5 min) and
RO2433-TP (14.8 min), were detected (Fig. 1B). The mono-
phosphates of the cytidine and uridine analogs PSI-6130-MP
and RO2433-MP were not separated sufficiently under the
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chromatography conditions and, therefore, co-eluted as a sin-
gle radioactive peak at 10.6min. It has been reported that 2�-O-
methylcytidine was extensively metabolized to CTP and UTP
due to deamination coupled with demethylation of the 2�-sub-
stituent or base swapping after glycosidic bond cleavage (19).
None of the intracellular metabolites of PSI-6130 was eluted
with retention time corresponding to those of 2�-C-methyl-
CTP, CTP, and UTP (data not shown). Therefore, there was no
evidence for metabolism of PSI-6130 at the 2�-position or evi-
dence for hydrolysis at the glycosidic bond. These data suggest
that the primary routes of PSI-6130 metabolism in human
hepatocytes were phosphorylation at the 5�-position and
deamination at the base.
The hepatocyte extracts were also analyzed by reversed

phase HPLC to identify unphosphorylated metabolites of PSI-
6130. Two unphosphorylated species with retention times cor-
responding to PSI-6130 (20.3 min) and its uridine metabolite
RO2433 (11.9 min) were observed, with PSI-6130 being the
predominant intracellular species (Fig. 2B). There was no evi-
dence of formation of uracil, uridine, cytosine, cytidine, or
2�-deoxycytidine (data not shown). These data agree well with
the ion exchange HPLC analysis result and suggest the absence
ofmetabolism at the 2� position and at the glycosidic bond. The
phosphorylated metabolites, with the exception of PSI-6130-
MP, were not resolved by reversed phase HPLC and co-eluted
early as a single broad peak (Fig. 2, A, and B). Acid phosphatase
treatment completely converted all the intracellular metabo-
lites to PSI-6130 and RO2433. Therefore, all detected intracel-
lular metabolites represent phosphorylated derivatives of PSI-
6130 and RO2433. These results established that PSI-6130
could be phosphorylated to its pharmacologically active
5�-triphosphate analog and that PSI-6130 and/or its phos-
phates could be deaminated to the corresponding uridine ana-
logs in primary human hepatocytes.

In Vitro Potency of RO2433 and RO2433-TP—As described
above, incubation of human hepatocytes with PSI-6130
resulted in the formation of substantial concentrations of the
triphosphate of its uridine analog, RO2433-TP. Next we deter-
mined whether the PSI-6130-derived uridine analog RO2433
could inhibit HCV replication targeting NS5B polymerase.
Huh7 cells containing a subgenomic genotype 1b Con1 strain
HCV replicon were incubated with RO2433 or PSI-6130 for
72 h, and dose-dependent inhibition of luciferase reporter
activity was determined. RO2433 did not inhibit the HCV rep-
lication in the HCV subgenomic replicon system at concentra-
tions up to 100 �M, whereas PSI-6130 inhibited HCV replica-
tion with a mean IC50 of 0.6 �M under the same assay
conditions (Table 1). The lack of potency in the replicon could
be related to inefficient compound phosphorylation. To
address whether the triphosphate of RO2433 directly inhibits
the HCV RNA polymerase, the RNA synthesis activity of the
native membrane-associated HCV replication complexes iso-
lated from the same replicon cells was tested in the presence of
RO2433-TP. RO2433-TP inhibited the RNA synthesis activity
of HCV replicase with a mean IC50 of 1.19 �M, whereas PSI-
6130-TP inhibited HCV replicase with a mean IC50 of 0.34 �M
(Table 1). RO2433-TP also inhibited the RNA synthesis activity
of the recombinant HCV Con1 NS5B on a heteropolymeric
RNA template derived from the 3�-end of the negative strand of
the HCV genomewith an IC50 of 0.52�M andKi of 0.141�M, as
compared with an IC50 of 0.13 �M and Ki of 0.023 �M for PSI-
6130-TP under the same assay conditions (Table 1). These
results established that both RO2433-TP and PSI-6130-TP
are intrinsically potent inhibitors of RNA synthesis by HCV
polymerase.

FIGURE 1. Ion exchange HPLC profile of an extract of primary human
hepatocytes incubated with PSI-6130. A, HPLC separation and retention
times of reference compounds PSI-6130 (a, 2.5 min), RO2433 (b, 3.4 min),
RO2433-MP (c, 10.2 min), PSI-6130-MP (d, 10.4 min), RO2433-DP (e, 12.2 min),
PSI-6130-DP (f, 12.8 min), RO2433-TP (g, 14.4 min), and PSI-6130-TP (h, 16.3
min). B, HPLC profile of an extract from hepatocytes incubated with 3H-la-
beled PSI-6130 at 2 �M for 24 h. The retention times in min of the intracellular
species are indicated above the radioactive peaks. Intracellular PSI-6130 and
its metabolites were identified by comparing the retention times of the radio-
active peaks with those of the UV absorption peaks of reference compounds.
There is a calibrated 0.3– 0.4-min delay in the retentions times of radioactive
trace compared with those of UV trace due to sample traveling from UV
detector to radiometric detector.

FIGURE 2. Identification of PSI-6130 and its metabolites by reversed
phase HPLC and acid phosphatase treatment. A, reversed phase HPLC sep-
aration of standard compounds: PSI-6130 (a, 20 min), RO2433 (b, 11.7 min),
PSI-6130-MP (c, 7.5 min), (d, PSI-6130-DP, PSI-6130-TP, RO2433-MP, RO2433-
DP, and RO2433-TP). B, reversed phase HPLC profile of an extract from hepa-
tocytes incubated with 25 �M extracellular PSI-6130 for 24 h. C, reversed
phase HPLC profile of the same extract after acid phosphatase treatment.
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To investigate themolecularmechanismofHCVpolymerase
inhibition by PSI-6130-TP and RO2433-TP, wemeasured their
incorporation and chain -termination properties. The incorpo-
ration of nucleotide and nucleotide analogs by HCV polymer-
ase NS5B was determined in a gel-based assay using a short
RNA template (Fig. 3A). Incorporation of CMP, PSI-6130-MP,
and 3�-dCMP was initiated from a 33P-labeled GG primer (Fig.
3A). Incorporated CMP (Fig. 3B, lane 6) could be further
extended in the presence of the next nucleotide UTP (Fig. 3B,
lanes 7–10). PSI-6130-TP and 3�-dCTP could also serve as sub-
strates for HCV NS5B and were incorporated into the nascent
RNA product (Fig. 3B, lane 11 and 16). After incorporation of
PSI-6130-MP or 3�-dCMP, further extension in the presence of
the next nucleotide UTP was completed blocked even when
UTP was present at concentrations up to 1 mM (Fig. 3B, lane
12–15 and lanes 16–20, respectively). Incorporation of UMP,
RO2433-MP, and 3�-dUMP was initiated from a 33P-labeled
GGC primer using the same RNA template (Fig. 3A). Incorpo-
rated UMP (Fig. 3C, lane 6) could be further extended in the
presence of the next nucleotide ATP (Fig. 3C, lanes 7–10). Full-
length RNA product was observed in the presence of UTP and
ATP but absence of CTP (Fig. 3C, lanes 7–10), possibly due to
misincorporation by NS5B through G-U wobble base-pairing.
HCV NS5B was also able to incorporate RO2433-MP (Fig. 3C,
lane 11) and 3�-dUMP (Fig. 3C, lane 16) but was unable to
further extend the incorporated RO2433-MP and 3�-dUMP in
the presence of the next nucleotide ATP (Fig. 3C, lanes 12–15
and lanes 17–20, respectively). The control samples with GG
primer andUTP-only as well as GGC primer and ATP-only did
not lead to further extension of the primers, suggesting the
incorporation of PSI-6130-MP and RO2433-MP was base-spe-
cific. Taken together, these results demonstrate that PSI-
6130-TP and RO2433-TP serve as alternative substrates for
HCVNS5B and act as functional chain terminators once incor-
porated into nascent RNA. While this manuscript was under
preparation it was reported that the incorporation of PSI-
6130-MP into the nascent RNA by HCV polymerase led to
chain termination, in agreement with our observations (17).
Kinetics of Phosphorylation of PSI-6130 in Primary Human

Hepatocytes—To determine the steady state level of the two
triphosphates in hepatocytes after exposure to PSI-6130, pri-
mary human hepatocytes from 4 different donors were incu-
batedwith 2�MPSI-6130 for up to 72h.Theuptake of PSI-6130
by human hepatocytes was fast, and total intracellular activity
reached steady state levels at 1 h of PSI-6130 incubation, the
earliest time point in this study (Table 2). PSI-6130-TP was
detectable in hepatocytes from all 4 donors at 6 h after PSI-6130
incubation and increased with time to reach steady state levels

FIGURE 3. PSI-6130-TP and RO2433-TP are substrates of HCV polymerase
and chain-terminators. A, sequence of the RNA template and primers. B, the
incorporation of CTP and CTP analogs was initiated with GG primer according
as described under “Experimental Procedures.” The nucleotide triphosphates
included in the reactions were as follows: 10 �M CTP, ATP, and UTP (lane 1); 2,
10, 100, and 1000 �M UTP (lanes 2–5); 10 �M CTP without UTP (lane 6) or with
2, 10, 100, and 1000 �M UTP (lanes 7–10); 10 �M PSI-6130-TP without UTP (lane
11) or with 2, 10, 100, and 1000 �M UTP (lanes 12–15); 10 �M 3�-dCTP without
UTP (lane 16) or with 2, 10, 100, and 1000 �M UTP (lane 17–20). FL, full-length.
C, incorporation of UTP and UTP analogs initiated with GGC primer. The
nucleotide triphosphates included in the reactions were as follows: 100
�M CTP, ATP, and UTP (lane 1); 20, 50, and 200 �M ATP (lanes 2–5); 100 �M

UTP without ATP (lane 6) or with 2, 20, 50, and 200 �M ATP (lanes 7–10); 100
�M RO2433-TP without ATP (lane 11) or with 20, 50, and 200 �M ATP (lanes
12–15); 100 �M 3�-dUTP without ATP (lane 16) or with 20, 50, and 200 �M

ATP (lanes 17–20).

TABLE 1
Potency of PSI-6130 and RO2433 and their 5�-triphosphates
Values presented are the mean 
 S.D. from greater than three independent experiments. ND, not determined.

Compound
IC50 Ki NS5B GT1b Km NS5B GT1b

Replicon GT1b NS5B GT1b Replicase GT1b
�M �M �M

PSI-6130 0.6 
 0.04 ND ND ND ND
RO2433 �100 ND ND ND ND
PSI-6130-TP ND 0.13 
 0.01 0.34 
 0.1 0.023 
 0.002 0.22 (CTP)
RO2433-TP ND 0.52 
 0.11 1.19 
 0.09 0.141 
 0.03 0.37 (UTP)
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at 24–48 h. The formation of the triphosphate of the uridine
metabolite, RO2433-TP, demonstrated a delayed time course
relative to that of PSI-6130-TP. RO2433-TP was detectable in
hepatocytes from only 2 of 4 donors at 6 h and in hepatocytes of
all 4 donors at 16 h. RO2433-TP formation reached steady
state levels at 48–72 h. RO2433-TP concentrations were
lower than those of PSI-6130-TP at time points earlier than
16 h but surpassed those of PSI-6130-TP at 24 h and beyond.
The mean steady state level concentrations of PSI-6130-TP
and RO2433-TP after incubation with 2 �M PSI-6130 were
1.3 
 0.6 and 2.0 
 1.1 pmol/106 cells at 48 h, respectively.
Unchanged PSI-6130 was the major intracellular species at
all time points tested after incubation of human hepatocytes
with radiolabeled PSI-6130 (Fig. 4).
To determine whether increasing the exposure of hepato-

cytes to PSI-6130 will lead to increased uptake of PSI-6130 and
formation of PSI-6130-TP and RO2433-TP, primary human
hepatocytes from 3 different donors were incubated with PSI-
6130 at different concentrations up to amaximal concentration
of 250 �M for 24 h. Total intracellular species, determined by
total intracellular radioactivity in the cell extracts, increased
linearly with the extracellular PSI-6130 up to 250 �M (Table 3).
The mean total intracellular species at 250 �M extracellular
PSI-6130 reached 3591 pmol/106 cells, with the unphosphoryl-
ated PSI-6130 being the predominant species (data not shown).
The formation of both PSI-6130-TP and RO2433-TP increased
linearly with the extracellular PSI-6130 concentrations up to
100 �M (Fig. 5). The concentrations of PSI-6130-TP and
RO2433-TP at 100 �M extracellular PSI-6130 were 34.3 and
71.2 pmol/106 cells, respectively. At 250 �M extracellular PSI-
6130, PSI-6130-TP and RO2433-TP levels were slightly
increased over the levels obtained at 100 �M extracellular PSI-
6130, but the relationship was no longer linear. PSI-6130-TP
and RO2433-TP were the major intracellular phosphorylated
species at all extracellular PSI-6130 concentrations (Table 3),
suggesting a high capacity of the hepatocytes to convert the
parent compound to the triphosphate forms and no accumula-
tion of either mono- or diphosphates. At all concentrations of
extracellular PSI-6130, RO2433-TP levels were higher than
those of PSI-6130-TP.
Intracellular Stability of PSI-6130-TP and RO2433-TP—Pri-

mary human hepatocytes from 4 different donors were incu-
bated for 24 h with 2 �M PSI-6130, at which point extracellular
PSI-6130 was removed, and the concentrations of intracellular

PSI-6130-TP and RO2433-TP were quantified at different time
points up to 72 h (see “Experimental Procedures”).
The PSI-6130-TP level remained constant up to 1 h after the

removal of extracellular PSI-6130. Thereafter, PSI-6130-TP
decreased after a single-phase exponential decay kinetics pat-
tern with a mean half-life of 4.7 
 0.6 h (Fig. 6, Table 4). The
PSI-6130-TP level was below quantification limit at 48 h after
the removal of extracellular PSI-6130. The RO2433-TP level
increased slightly to reach steady state level at 1–2 h after extra-
cellular PSI-6130 removal and remained at steady state level for
up to 6 h before decreasing toward base-line levels. RO2433-TP
decreasedwith amean half-life of 38.1
 16.1 h (Fig. 6, Table 4).
The levels of unphosphorylated species PSI-6130 and RO2433
decreased rapidly after removal of extracellular RO1656 (data

FIGURE 4. Time course of uptake and metabolism of PSI-6130. A, time
course of uptake of PSI-6130 and formation of PSI-6130-TP and RO2433-TP.
B, time course of formation of PSI-6130-MP � RO2433-TP, PSI-6130-DP, and
RO2433-TP. The data show mean values from four experiments performed
with primary hepatocytes from four donors.

TABLE 2
Time course of uptake and phosphorylation of PSI-6130
Levels of total intracellular species, PSI-6130-TP, and RO2433-TPwere determined
in hepatocytes incubated with 2�M PSI-6130 for the indicated lengths of time. Data
shown are mean 
 S.D. derived from four independent experiments using hepato-
cytes from four donors. BQL, below the quantification limit.

Time Total intracellular species PSI-6130-TP RO2433-TP
h pmol/million cells pmol/million cells pmol/million cells
1 30.4 
 18.8 BQL BQL
6 32.9 
 16.8 0.6 
 0.5 0.3 
 0.01a
16 34.4 
 20.8 0.7 
 0.6 0.6 
 0.3
24 36.4 
 21.3 1.1 
 0.7 1.3 
 1.1
48 31.9 
 17.1 1.3 
 0.6 2.0 
 1.1
72 34.6 
 15.4 1.0 
 0.4 2.0 
 1.3

a Mean 
 S.D. derived from 2 donors as RO2433-TP was only detectable in 2 out of
4 donors at the 6-h time point.
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not shown). Unphosphorylated PSI-6130 and RO2433 were
reduced by more than half within 0.5 h after extracellular PSI-
6130 removal, suggesting rapid equilibration of uncharged
nucleoside analogs across the hepatocyte cell membrane.

DISCUSSION

The antiviral activity of a nucleoside inhibitor is the com-
bined outcome of uptake of the nucleoside into the host cells,
conversion of the nucleoside to the active triphosphate, intra-
cellular stability of the triphosphate, and the ability of the
triphosphate form to interfere with the RNA synthesis activity
of the viral polymerase. In this studywe performed experiments
to address each of the steps involved in themechanismof action
of �-D-2�-deoxy-2�-fluoro-2�-C-methylcytidine.
The analysis of radiolabeled PSI-6130 incubated with pri-

mary human hepatocytes demonstrated the conversion of PSI-
6130 into its 5�-phosphorylated derivatives (mono-, di-, and
triphosphate) and to the uridine analog R2433 and its corre-
sponding 5�-phosphorylated derivatives. Unmodified PSI-6130
remained themajor intracellular species at all time points stud-
ied. These results suggest that PSI-6130 is only subjected to
intracellular 5�-phosphorylation andbase deamination,with no
evidence formetabolismat other positions. In contrast, another
cytidine analog, 2�-O-methylcytidine, demonstrated intracellu-
lar conversion with significant efficiency to CTP and UTP
instead of 2�-O-methyl-CTP due to deamination combined
with extensive demethylation at the 2� position or base swap-
ping after deglycosylation (8, 19). The intracellular instability of
2�-O-methylcytidine most likely accounts for the poor potency

of this cytidine analog in the HCV replicon system (8, 19).
Importantly, both triphosphates of PSI-6130 and RO2433 were
potent inhibitors of the RNA synthesis activity of the native
HCV replicase and recombinant NS5B (Table 1), suggesting

FIGURE 5. Dose response of the formation of PSI-6130-TP and RO2433-
TP. Primary human hepatocytes were incubated with PSI-6130 for 24 h at 2,
10, 25, 50, 100, 250 �M concentrations. The data plotted represent the mean
values and S.D. of experiments with hepatocytes from three donors.

FIGURE 6. Intracellular stability of PSI-6130-TP and RO2433-TP. Primary
human hepatocytes were incubated with PSI-6130 at 2 �M for 24 h, at which
point extracellular PSI-6130 was removed, and PSI-6130-TP and RO2433-TP
levels were determined at 1, 2, 4, 6, 8, 24, 48, and 72 h after extracellular
PSI-6130 removal. Representative kinetic profiles of PSI-6130-TP (A) and
RO2433-TP (B) elimination in hepatocytes from one donor are shown.

TABLE 3
Dose response of uptake and phosphorylation of PSI-6130
Levels of total intracellular species, PSI-6130-TP, andRO2433-TPwere determined in hepatocytes incubatedwith 2, 10, 25, 50, 100, or 250�MPSI-6130 for 24 h.Data shown
are the mean 
 S.D. of values of three experiments using hepatocytes from three donors. BQL, below the quantification limit.

Extracellular
PSI-6130

Total intracellular
species

PSI-6130-MP �
RO2433-MP PSI-6130-DP RO2433-DP PSI-6130-TP RO2433-TP

�M pmol/million cells pmol/million cells pmol/million cells pmol/million cells pmol/million cells pmol/million cells
2 34.5 
 9.8 0.3 � 0.3 0.3 � 0.4 0.9 
 0.7 1.4 
 1.3 2.4 
 1.5
10 165.5 
 38.2 1.1 � 1.0 2.4 � 2.7 4.8 
 2.7 5.6 
 5.8 9.6 
 6.4
25 439.1 
 150.4 5.0 � 5.9 3.4 � 4.3 9.5 
 4.9 11.3 
 13.0 21.7 
 13.4
50 847.9 
 327.7 8.2 � 8.2 8.2 � 7.3 20.3 
 12.2 18.7 
 17.7 34.9 
 17.2
100 1529.9 
 413.1 3.4 � 5.9 13.4 � 15.4 34.7 
 25.0 34.3 
 36.3 71.2 
 14.7
250 3591.3 
 1102.5 BQL 19.6 � 19.6 40.9 
 13.2 40.4 
 35.4 84.0 
 28.7

TABLE 4
Intracellular half-life of PSI-6130-TP and RO2433-TP
The half-life (t1⁄2) valueswere calculatedbynonlinear fitting of intracellular triphosphate
concentrations to a single phase exponential decay equation. t1⁄2 was defined as the time
needed for the triphosphates tobe reduced to50%thatof thehighest level of the triphos-
phatesafter extracellularparentcompoundremoval.Data shownare themean
S.D.of
values of four independent experiments using hepatocytes from four donors.

t1⁄2, h (mean � S.D. (n � 4))
PSI-6130-TP RO2433-TP
4.7 
 0.6 38 
 16
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that the antiviral potency of PSI-6130 is not compromised by
intracellular deamination.
The formation of the active triphosphates PSI-6130-TP and

RO2433-TP increased with time and reached steady levels at
48 h after exposure to parent PSI-6130. The mean steady state
intracellular concentrations of PSI-6130-TP andRO2433-TP at
2 �M extracellular PSI-6130 were 1.3 and 2.0 pmol/106 cells,
respectively (Table 2). These values are equivalent to about 0.43
�M for PSI-6130-TP and 0.67 �M for RO2433-TP, based on a
3-�l volume of normal human liver parenchymal cells as deter-
mined by the stereologicalmethod (20). These steady state con-
centrations are above the Ki values of PSI-6130-TP (0.023 �M)
and RO2433-TP (0.141 �M) determined for HCV NS5B poly-
merase and are in good agreementwith the observed submicro-
molar IC50 of PSI-6130 in the HCV replicon system (Table 1).

Among the phosphorylated species of PSI-6130 andRO2433,
the rank of the phosphate levels from highest to lowest intra-
cellular concentration was: triphosphates � diphosphates �
monophosphates at all time points of compound incubation
and all extracellular concentrations (Fig. 4, Table 3). This sug-
gests that the first cellular activation step to monophosphate is
the rate-limiting step among the three phosphorylation steps.
Recently, it has been reported that the human cellular kinases
responsible for the sequential three-step phosphorylation of
PSI-6130 to triphosphate are 2�-deoxycytidine kinase, uridine/
cytidine monophosphate kinase, and uridine/cytidine diphos-
phate kinase (17). In that study the efficiency of PSI-6130 as a
substrate for 2�-deoxycytidine kinase was reported to be almost
2 orders of magnitude lower than that of PSI-6130-MP and
PSI-6130-DP for their respective kinases. Therefore, the results
of the reported substrate efficiencies of the three kinases
involved in PSI-6130-TP formation agree well with relative for-
mation of PSI-6130 phosphates in human hepatocytes. Impor-
tantly, the intracellular concentrations of PSI-6130-TP and
RO2433-TP demonstrated an excellent linear relationship with
the extracellular concentration of PSI-6130 up to 100�M, dem-
onstrating a high capacity of human hepatocytes to form the
biologically active triphosphates from PSI-6130.
Despite the intrinsic potency of RO2433-TP against HCV

polymerase, RO2433was not active in theHCV replicon system
at concentrations up to 100 �M. RO2433 was either not phos-
phorylated in the replicon cells or could not penetrate the cell
membrane. However, RO2433, when formed intracellularly
from radiolabeled PSI-6130, dissociated rapidly across the cell
membrane with a half-life faster than 30 min. Therefore,
RO2433 is most likely not efficiently phosphorylated to form
RO2433-MP. Similarly, the uridine analog of the HCV replica-
tion inhibitor R1479 (4�-azidocytidine) was inactive in the rep-
licon system. However, when delivered as a monophosphate
prodrug, 4�-azidouridine could be converted into a potent
inhibitor of HCV replication, demonstrating that a block of
monophosphate formation resulted in lack of antiviral activity
of 4�-azidouridine (21). Assuming a likely block of RO2433
phosphorylation to its monophosphate, RO2433-MP in human
hepatocyteswasmost likely formed through the deamination of
PSI-6130-MP by the cellular dCMP deaminase and subse-
quently further phosphorylated to RO2433-DP and -TP by uri-
dine/cytidine monophosphate kinase and possibly nucleoside

diphosphate kinase (22–24). The proposed metabolic pathway
for PSI-6130 is illustrated in Fig. 7.
Using a primer-directed nucleotide incorporation assay

mediated by HCV NS5B, we demonstrated that the incorpora-
tion of both PSI-6130-MP and RO2433-MP resulted in the
complete blockage of the next nucleotide incorporation similar
to that of the obligatory chain terminator 3�-dCMP and
3�-dUMP (Fig. 3, B and C). Therefore, the 2�-C-methyl-2�-
Fluoro motif resulted in functional chain terminators on the
respective uridine and cytidine analogs. It has been proposed
that the chain termination activity of 2�-C-methyl nucleotide
analogs is related to a steric clash of the 2�-methyl group with
the ribose of the next incoming nucleotide substrate based on
modeling of the NS5B initiation complex from bacteriophage
�6 RNA-dependent RNA polymerase and NS5B crystal struc-
tures (10, 25). Similar steric hindrance could occur with PSI-
6130-TP and RO2433-TP after incorporation due to the pres-
ence of the 2�-C-methyl group.
PSI-6130 is a potent and highly selective nucleoside inhibitor

of HCV replication targeting NS5B polymerase in the HCV
replicon system.Herewe demonstrated that PSI-6130was con-
verted to two pharmacologically active triphosphate species,
PSI-6130-TP and its uridine analog RO2433-TP, in primary
human hepatocytes. It is worth noting that RO2433-TP dem-
onstrated greater intracellular stability (t1⁄2  38 h) as compared
with PSI-6130-TP (t1⁄2  4.7 h). PSI-6130 has recently entered
clinical development for the treatment of HCV infected
patients. The longer intracellular half-life of RO2433-TP may
have pharmacologic relevance for maintaining more constant
concentrations of the antiviral triphosphate over the dosing
period in clinical studies.
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Selective Intracellular Activation of a Novel Prodrug of the Human
Immunodeficiency Virus Reverse Transcriptase Inhibitor Tenofovir

Leads to Preferential Distribution and Accumulation in
Lymphatic Tissue
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An isopropylalaninyl monoamidate phenyl monoester prodrug of tenofovir (GS 7340) was prepared, and its
in vitro antiviral activity, metabolism, and pharmacokinetics in dogs were determined. The 50% effective
concentration (EC50) of GS 7340 against human immunodeficiency virus type 1 in MT-2 cells was 0.005 �M
compared to an EC50 of 5 �M for the parent drug, tenofovir. The (L)-alaninyl analog (GS 7340) was
>1,000-fold more active than the (D)-alaninyl analog. GS 7340 has a half-life of 90 min in human plasma at
37°C and a half-life of 28.3 min in an MT-2 cell extract at 37°C. The antiviral activity (>10� the EC50) and
the metabolic stability in MT-2 cell extracts (>35�) and plasma (>2.5�) were also sensitive to the stereo-
chemistry at the phosphorus. After a single oral dose of GS 7340 (10 mg-eq/kg tenofovir) to male beagle dogs,
the plasma bioavailability of tenofovir compared to an intravenous dose of tenofovir was 17%. The total
intracellular concentration of all tenofovir species in isolated peripheral blood mononuclear cells at 24 h was
63 �g-eq/ml compared to 0.2 �g-eq/ml in plasma. A radiolabeled distribution study with dogs resulted in an
increased distribution of tenofovir to tissues of lymphatic origin compared to the commercially available
prodrug tenofovir DF (Viread).

Highly active antiretroviral therapy (HAART) for the treat-
ment of human immunodeficiency virus is effective in reducing
plasma viral loads below current assay detection limits and is
responsible for significant reductions in AIDS-related mortal-
ity in the United States (13). Combinations of protease and
reverse transcriptase inhibitors are extremely potent at block-
ing de novo infection; however, they have no effect on latently
infected cells. The half-lives of these latent cellular reservoirs
were originally estimated to be �3 years, leading to the con-
clusion that it may not be possible to eradicate human immu-
nodeficiency virus (HIV) from an infected individual by using
current HAART (2). It has subsequently been shown that even
in patients who have undetectable plasma viremia (�50 copies/
ml), low-level replication is ongoing (11, 15, 36), resulting in
repopulation of latent reservoirs and thus accounting for the
long apparent half-lives observed (12, 22, 23, 35). The failure
of HAART to completely shut down virus replication in vivo is
a function of both the intrinsic potency of the drug regimen
and its distribution to the cellular sites of virus replication. The
lymphatic tissues and the peripheral blood mononuclear cells
(PBMCs) are the primary sites of virus replication and poten-
tial virus latency (9, 19). A drug targeting strategy that selec-
tively enhances active drug concentrations in these tissues
without excessive systemic exposure is conceptually attractive
and would potentially lead to a more effective HAART with
fewer potential side effects.

Tenofovir, {9-[(R)-2(phosphonomethoxy)propyl]adenine}
(PMPA) (Fig. 1) is a nucleotide analog that inhibits HIV re-
verse transcriptase and shows potent in vitro and in vivo activ-
ity against HIV (3, 7) but has low oral bioavailability in pre-
clinical models (6). An oral prodrug of tenofovir, tenofovir
disoproxil fumarate (tenofovir DF; Viread) (Fig. 1), is indi-
cated in combination with other antiretrovirals for the treat-
ment of HIV infection. The long intracellular half-life (�50 h)
of the active diphosphate metabolite of tenofovir in resting
PBMCs (26) allows this drug to be administered once daily.
The prodrug tenofovir DF was designed to undergo rapid
metabolism to the parent drug, tenofovir, in the systemic cir-
culation after oral administration. Interestingly, in preclinical
studies with dogs, the intracellular levels of tenofovir in
PBMCs were fivefold higher after oral administration of teno-
fovir DF than after an equivalent subcutaneous exposure of
tenofovir. Correspondingly, in human clinical trials, the change
in HIV virus load was threefold higher after oral administra-
tion of tenofovir DF than after an equivalent exposure of
intravenously (i.v.) administered tenofovir (5). The “en-
hanced” anti-HIV activity observed in patients with the oral
prodrug relative to the intravenously administered parent drug
may be attributable to an increase in the intracellular concen-
tration of tenofovir, which is likely the result of better intra-
cellular distribution of the oral prodrug.

These results led us to explore a new class of orally admin-
istered tenofovir prodrugs designed to circulate systemically as
the prodrug and to undergo selective conversion to tenofovir
inside cells. In this report, we describe the in vitro and in vivo
characterization of GS 7340, an isopropylalaninyl monoami-
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date phenyl monoester prodrug of tenofovir (Fig. 1). This
molecule demonstrates extremely potent in vitro activity and
selective targeting to lymphoreticular tissues and PBMCs in
vitro and in vivo.

MATERIALS AND METHODS

Chemicals. The synthesis of tenofovir and tenofovir DF was described previ-
ously (1, 31). The monoamidate prodrugs of tenofovir were prepared by using a
modified procedure from the literature (32). Detailed procedures and identifi-
cation will be published elsewhere. The radiolabeled analogs [14C]tenofovir DF
(specific activity, 42 mCi/mmol) and [14C]GS 7340 (specific activity, 53 mCi/
mmol) were obtained from Moravek Biochemicals (Brea, Calif.). The radio-
chemicals were verified by high-performance liquid chromatography (HPLC)
before use and were estimated to be �98% pure. All other chemicals and
solvents were obtained from commercial sources.

In vitro antiviral activity and cytotoxicity. Triplicate serial dilutions of the test
compounds were incubated in 96-well plates with MT-2 cells (20,000 cells/well)
infected with HIV-1 IIIb at a multiplicity of infection of 0.01. After 5 days at
37°C, the virus-induced cytopathic effect was determined by using a colorimetric
cell viability assay based on the metabolic conversion of 2,3,-bis(methoxy-4-nitro-
5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) as previously described in
the literature (34). The concentration of each compound that inhibited the
virus-induced cytopathic effect by 50% (EC50) was estimated from the inhibition
plots. To determine the compound cytotoxicity, uninfected MT-2 cells in 96-well
plates (20,000 cells/well) were incubated with appropriate serial dilutions of
tested compounds for 5 days, followed by the XTT-based cell viability assay. Cell
growth was expressed as a percentage of the signal relative to untreated control.
The concentration of each drug that reduced the cell growth by 50% was esti-
mated from the inhibition plots.

In vitro metabolism studies. MT-2 cell extract was prepared from MT-2 cells
according to a previously published procedure (21). Extract (80 �l) was trans-
ferred into a screw-cap centrifuge tube and incubated at 37°C for 5 min. Test
compounds were dissolved in HEPES buffer (0.2 mg/ml) containing 0.010 M
HEPES, 0.05 M potassium chloride, 0.005 M magnesium chloride, and 0.005 M
DL-dithiothreitol, and 20 �l was added to the MT-2 cell extract. Aliquots (each,
20 �l) were taken at specified times and mixed with 60 �l of methanol containing
0.015 mg/ml of 2-hydroxymethylnaphthalene (internal standard). The mixture
was centrifuged at 15,000 � g for 5 min, and the supernatant was analyzed by
HPLC. The same procedure was employed for the human plasma (pooled from
George King Biomedical Systems, Inc.), except that test compounds were dis-
solved in Tris-buffered saline containing 0.05 M Tris, 0.0027 M KCl, and 0.138 M
NaCl (pH 7.5).

The reverse-phase gradient HPLC method used to analyze samples from the
MT-2 cell extract and plasma metabolism studies employed a 4.6- by 250-mm,
5-�m particle size Zorbax Rx-C8 column (MAC-MOD Analytical, Inc.; Chadds
Ford, Pa.) with UV detection at 260 nM. The mobile phase was varied from 50
mM potassium phosphate (pH 6.0)/CH3CN (95:5) to 50 mM potassium phos-
phate (pH 6.0)/CH3CN (50:50) over 30 min at a flow rate of 1.0 ml/min.

Human whole blood was incubated for 1 h at 37°C separately with 14C-
radiolabeled GS 7340, tenofovir DF, and tenofovir at a concentration of 5 �g-eq
tenofovir per ml (17.4 �M). The blood was subjected to treatment with the
Ficoll-Paque sodium diatriozate solution (described below). The treatment re-
sulted in the formation of multiple layers containing different cell types. The
bottom layer contained mostly erythrocytes (RBCs) aggregated by Ficoll-Paque.
The PBMC layer was washed and extracted with 70% methanol. Aliquots of the
plasma and RBC layers (0.5 ml) were also extracted. Radioactivity in all layers
was measured by oxidation/scintillation counting and by a comparison with ra-
dioactivity from the standard solutions. All extracts were reconstituted in water

and analyzed by HPLC with radiometric flow detection (8). The experiment was
repeated, incubating with [14C]GS 7340 at 0.7, 2.3, 6.9, and 20.8 �M.

MT-2 cells (107) were incubated in a standard cell culture medium with 10 �M
of [14C]GS 7340 at 37°C for 24 h. At specified time points, an aliquot of the cell
suspension was taken, and cells were counted, washed three times with ice-cold
phosphate-buffered saline (PBS), and extracted with 70% methanol. The super-
natants were analyzed using HPLC with radiometric flow detection (8).

Isolation of CD4� T cells and monocytes from whole blood. Whole human
blood was incubated for 1 h at 37°C with 17.4 �M [14C]GS 7340. PBMCs were
obtained by density gradient centrifugation over Ficoll-Paque. CD4� T helper
(Th) cells or monocytes were isolated from PBMCs by depletion of non-Th cells
and nonmonocytes, respectively. The non-Th cells were indirectly magnetically
labeled using a cocktail of hapten-conjugated CD8, CD11B, CD16, CD19, CD36,
and CD56 antibodies and paramagnetic beads coupled to an anti-hapten mono-
clonal antibody (Miltenyi Biotec, Inc., Auburn, CA). For depletion of nonmono-
cytes, the T cells, NK cells, B cells, dendritic cells, and basophils from PBMCs
were indirectly magnetically labeled using a cocktail of hapten-conjugated CD3,
CD7, CD19, CD45RA, CD56 and anti-immunoglobulin antibodies and paramag-
netic beads coupled to an anti-hapten monoclonal antibody. The magnetically
labeled cells were depleted by retention on an extraction column in the magnetic
field. The eluted respective cell types (CD4 or monocytes) were lysed and
analyzed for tenofovir metabolites by radiochromatography (8).

In vivo administration and sample collection. The in-life phase was conducted
in accordance with the recommendations of the Guide for the Care and Use of
Laboratory Animals (National Institutes of Health publication 86-23) and was
approved by the Institutional Animal Care and Use Committee at Stanford
Research Institute (Menlo Park, CA). Male beagle dogs (four to six/group; body
weight, 10 � 2 kg) were used for the studies. Prodrugs were formulated as
solutions in 50 mM citric acid and administered as a single dose by oral gavage.
For PBMCs, blood samples were collected at 0 (predose), 2, 8, and 24 h postdose.
For plasma, blood samples were collected at 0 (predose), 5, 15, and 30 min and
1, 2, 3, 4, 6, 8, 12, and 24 h postdose. Blood (1.0 ml) was processed immediately
for plasma by centrifugation at 2,000 rpm for 10 min. Plasma samples were
frozen and maintained at �70°C until analyzed.

PBMC preparation. Whole blood (8 ml) drawn at specified time points was
mixed in equal proportion with PBS, layered onto 4 ml of Ficoll-Paque solution
(Pharmacia Biotech), and centrifuged at 400 � g for 40 min. The PBMC layer
was removed and washed once with PBS. The formed PMBC pellet was recon-
stituted in 0.5 ml of PBS, and cells were resuspended and counted with a
hemocytometer. The number of cells multiplied by the mean single-cell volume
was used to calculate intracellular concentrations. A reported value of 200
femtoliters was used as the resting PBMC volume (28).

Determination of tenofovir and GS 7340 and GS 7339 in plasma and PBMCs.
The concentration of tenofovir in dog plasma samples was determined by deriv-
atizing tenofovir with chloroacetaldehyde to yield a highly fluorescent N1,N6-
ethenoadenine derivative (18). Plasma (100 �l) was mixed with 200 �l of 0.1%
trifluoroacetic acid in acetonitrile to precipitate proteins. Samples were then
evaporated to dryness under reduced pressure at room temperature. Dried
samples were reconstituted in 200 �l of derivatization cocktail (0.34% chloro-
acetaldehyde in 100 mM sodium acetate, pH 4.5), vortexed, and centrifuged. The
supernatant was then transferred to a clean screw-cap tube and incubated at 95°C
for 40 min. Derivatized samples were then evaporated to dryness and reconsti-
tuted in 100 �l of water for HPLC analysis. Conversion of intact prodrug to
tenofovir during the analysis procedures was determined to be �10% with
prodrug standards.

Ribonucleotides present in the PBMC extracts were removed by selective
oxidation using a modified procedure of Tanaka et al. (33). PBMC extracts were
mixed 1:2 with methanol and evaporated to dryness under reduced pressure. The
dried samples were derivatized with chloroacetaldehyde as described above for
the plasma assay, mixed with 20 �l of 1 M rhamnose and 30 �l of 0.1 M sodium
periodate, and incubated at 37°C for 5 min. Following incubation, 40 �l of 4 M
methylamine and 20 �l of 0.5 M inosine were added, and samples were further
incubated at 37°C for 30 min. Samples were then evaporated to dryness under
reduced pressure and reconstituted in water for HPLC analysis. Independently,
it was demonstrated that the chloroacetaldehyde derivatization and periodate
oxidation resulted in �6% conversion of the mono- and diphosphate metabolites
of tenofovir to the N1,N6-ethenoadenine derivative of tenofovir.

The HPLC system comprised a P4000 solvent delivery system with AS3000
autoinjector and F2000 fluorescence detector (Thermo Separation, San Jose,
CA). The column was an Inertsil ODS-2 column (4.6 by 150 mm). The mobile
phases were as follows: A, 5% acetonitrile in 25 mM potassium phosphate buffer
with 5 mM tetrabutyl ammonium bromide, pH 6.0; B, 60% acetonitrile in 25 mM
potassium phosphate buffer with 5 mM tetrabutyl ammonium bromide, pH 6.0.

FIG. 1. Structure.
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The flow rate was 2 ml/min, and the column temperature was maintained at 35°C
by a column oven. The gradient profile was 90% A/10% B for 10 min for
tenofovir, followed by 65% A/35% B for 10 min for GS 7340. Detection was by
fluorescence with excitation at 236 nm and emission at 420 nm, and the injection
volume was 10 �l. Data was acquired and stored by an Artemis data acquisition
system (Beckman, Palo Alto, CA).

Pharmacokinetic calculations. Cmax and Tmax were observed values. Tenofovir
exposures were expressed as areas under tenofovir concentration curves from
zero to 24 h (AUC0-24). The AUC values were calculated using the trapezoidal
rule. All other pharmacokinetic parameters, including the elimination half-life,
were calculated by noncompartmental methods using WinNonlin (Pharsight
Corp., Mountain View, CA).

Tissue distribution study. Two male beagle dogs (each, 10 to 12 kg) were
dosed orally (10 mg-eq tenofovir/kg; 30 to 35 �Ci/kg) by gavage with [14C]GS
7340 or [14C]tenofovir DF. Dosing solutions of GS 7340 and tenofovir DF were
prepared 1 h prior to dosing by dissolving necessary quantities of GS 7340
(fumarate salt) or tenofovir DF and dried [14C]GS 7340 or [14C]tenofovir diso-
proxil (radiolabeled free base) in 50 mM citric acid (pH 2.2). Urine, as well as
cage rinse and feces, was collected at 24 h after administration. Plasma samples
were obtained at 0, 0.0833, 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, and 24 h postdose.
Additionally, blood samples were collected at 0, 2, 8, and 24 h postdose and
processed for PBMCs as described above. At 24 h after the dose, the animals
were sacrificed, and tissues were removed for further analysis. Plasma, peripheral
blood mononuclear cells, whole blood, bile, cerebrospinal fluid, and urine were
analyzed for total radioactivity by oxidation. Feces were homogenized in water
(10% [wt/wt]), and aliquots of homogenate were processed by oxidation for
counting. The brain, liver, spleen, heart, lungs, kidneys, uterus, stomach, small
intestines, stomach contents, small intestine contents, and large intestine con-
tents were homogenized separately in water (20% [wt/wt]), and aliquots of each
homogenate were oxidized and counted.

RESULTS

In vitro anti-HIV activity. GS 7340 was synthesized from
(R)-PMPA and (L)-isopropyl alanine ester in a nonstereospe-
cific synthesis, resulting in the formation of equal amounts of
two stereoisomers at phosphorus. These two diastereomers,
GS 7339 and GS 7340, were subsequently separated by chro-
matography. To assess the ability of these prodrugs to cross the
cellular membrane and undergo intracellular metabolism to
tenofovir, their in vitro activities were measured against HIV-1
in MT-2 cells. The antiviral activities for the diastereomeric
mixture (GS 7171), the individual diastereomers (GS 7339 and
GS 7340), the diastereomic mixture of D-alaninyl analog (GS
7485), and the alaninyl monoamidate metabolite (GS 7160) are
shown in Table 1. Compared to tenofovir, the individual iso-
mers, GS 7339 and GS 7340, were 83- and 1,000-fold more
active, respectively, whereas the D-isopropyl alaninyl analog
(GS 7485) and the metabolite (GS 7160) showed activity sim-
ilar to tenofovir. The enhanced activities of the L-alaninyl pro-
drugs compared to those of tenofovir are a result of greater

cellular permeability and rapid conversion to tenofovir inside
the MT-2 cells. The dramatically reduced activity (1,000 fold)
of the D-alaninyl analog (GS 7485), relative to the L-alaninyl
analog (GS 7171) demonstrates a strong metabolic preference
inside the MT-2 cells for the L-amino acid (see below). The
12-fold-greater activity of GS 7340 compared to that of GS
7339 further suggests that intracellular metabolism is also sen-
sitive to stereochemistry at the phosphorus. The greater selec-
tivity index (�10�) for GS 7340 than tenofovir DF may reflect
the kinetics of cell loading; GS 7340 results in a higher initial
intracellular concentration of tenofovir, which may differen-
tially affect antiviral potency and cytotoxicity.

In vitro metabolism and accumulation in PBMCs. The an-
tiviral activities in tissue culture were determined in buffer
containing 5% heat-inactivated fetal calf serum, a medium in
which the prodrugs in this study were stable. To enhance the in
vivo accumulation of tenofovir inside cells, a prodrug must
exhibit greater stability in plasma relative to the intracellular
environment. Table 1 lists the in vitro half-lives of the mono-
amidate prodrugs and tenofovir DF in MT-2 cell extract and
human plasma. GS 7340 was metabolized 3-fold faster in MT-2
cell extract than in plasma, whereas tenofovir DF, a prodrug
designed to release tenofovir into systemic circulation, was
metabolized 170-fold faster in plasma. As inferred from the
antiviral activity, GS 7339 and the D-amino acid analogs (GS
7485) are more stable in MT-2 cell extract than plasma.

The putative first step in the conversion of the GS 7340 to
tenofovir is the hydrolysis of the amino acid ester, which is
sensitive to stereochemistry at both the amino acid and phos-
phorus. The metabolites observed from the degradation of GS
7340 were identified as the alaninyl amidate (GS 7160) in
MT-2 cell extract and the isopropyl alaninyl amidate (GS 7161)
in plasma (Fig. 2) by coinjection of authentic samples prepared
independently. In the MT-2 cell extract, the alaninyl amidate
metabolite was slowly hydrolyzed to tenofovir. No evidence of
further conversion to the mono- or diphosphate metabolites
was observed in the MT-2 cell extracts.

The metabolism of GS 7340 was further explored by incu-
bating [14C]GS 7340 in fresh whole human blood. After a 1-h
incubation at 37°C, plasma, PBMCs, and RBCs were separated
and total radioactivity was analyzed by HPLC with radiometric
detection. The results are shown in Table 2, along with those of
tenofovir and tenofovir DF. The total recovered radioactivity
in PBMCs after a 1-h incubation with GS 7340 was 9.3-fold and
38-fold higher than with tenofovir DF or tenofovir, respec-

TABLE 1. In vitro anti-HIV-1 activity (EC50), cytotoxicity (CC50), and in vitro metabolic stabilities of tenofovir and tenofovir prodrugs

Prodrug EC50
a (�M) CC50

a (�M)b Selectivity indexb
t1/2 (min)b

MT-2 cell extract Human plasma

Tenofovir 5.0 � 2.6 6,000 � 2,700 1,250 NR NR
Tenofovir DF 0.05 � 0.03 50 � 28 1,000 70.7 � 10.1 0.41 � 0.20
GS 7171 0.01 � 0.005 95 � 37 9,500 ND ND
GS 7339 0.06 � 0.04 �100 �1,700 �1,000 231 � 72
GS 7340 0.005 � 0.002 40 � 29 8,000 28.3 � 7.4 90 � 12
GS 7485 (D-Ala) 10 � 4 ND ND �700 �200
GS 7160 10 � 2.5 ND ND ND ND

a The data represent means � SD from two to four independent determinations.
b NR, not reactive; ND, not determined.
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tively. The greater radioactivity in RBCs after incubation with
GS 7340 or tenofovir DF than with tenofovir can be accounted
for by the decreased permeability of the latter across RBC
membrane. The HPLC radiochromatograms depicting the
product distribution in PBMCs, plasma, and RBCs after incu-
bation of GS 7340 in whole blood are shown in Fig. 3. In
plasma, the major species present was intact GS 7340 (84%),
with minor amounts of GS 7161 (13%), GS 7160 (2%), and
tenofovir (1%). In RBCs, the major species observed was in-
tact GS 7340 (57%). In PBMCs, there was no intact GS 7340
detected, and the major species present were tenofovir (45%),
tenofovir monophosphate (16%), tenofovir diphosphate
(21%), and GS 7160 (18%). The phosphorylation of tenofovir
in PMBCs to the mono- and diphosphate species after 1-h
incubation in whole blood was not saturable over a 30-fold
concentration range (Fig. 4). Additionally, in MT-2 cells incu-
bated with 10 �M GS 7340, the formation of the diphosphate
metabolite was linear out to 24 h (Fig. 5.) The concentration of
the diphosphate species inside the MT-2 cells at 24 h exceeded
the initial extracellular concentration of GS 7340 by 250 fold.
These results are consistent with the data generated in MT-2
extract and isolated plasma; however, unlike the MT-2 extract,
conversion to the active diphosphate metabolite was readily
observed with intact MT-2 cells and PBMCs.

The whole-blood experiments were extended to determine
the distribution of tenofovir into CD4� T lymphocyte and
monocyte fractions isolated from the PBMCs, following incu-
bation with radiolabeled GS 7340. The results in Table 3 show

that the concentration of total GS 7340 metabolites in CD4�

cells was approximately 70% of that in the entire PBMC frac-
tion. The concentration of total GS 7340 metabolites in mono-
cytes was approximately half of that in CD4� cells. There are
no major differences in the relative concentration of phosphor-
ylated tenofovir species in CD4� cells or monocytes.

In vivo pharmacokinetics in samples from dogs. The diaste-
reomeric mixture, GS 7171, was administered as an oral solu-
tion in 50 mM citric acid (pH 2.3) at a dose of 10 mg-eq/kg (of
tenofovir) to five male beagle dogs. Figure 6 shows the result-
ing plasma levels of tenofovir and the individual diastereomers
(GS 7339 and GS 7340) from 0 to 24 h after administration.
Elimination of both diastereomers (GS 7340 and GS 7339) was
rapid relative to tenofovir in plasma. Consistent with the faster
metabolism observed in vitro (Table 1), GS 7340 was cleared
more quickly from plasma than GS 7339. To measure the
intracellular levels of tenofovir after oral administration of GS
7171, PBMCs were isolated from dog blood samples at 0, 2, 8,
and 24 h postadministration. After cells were counted, the
concentration of tenofovir in the PBMCs was analyzed by a

FIG. 2. Routes of metabolism.

FIG. 3. Radiochromatograms labeled with 14C from plasma (A),
aggregated red blood cells (B), and PBMCs (C), obtained after incu-
bation of 17.4 �M GS 7340 with whole human blood for 1 h at 37°C.

FIG. 4. Metabolism of [14C]GS 7340 in PMBCs after 1-h incuba-
tion in whole human blood at 37°C (mean � SD; n 	 3 samples of
whole blood).

TABLE 2. Distribution of all tenofovir-related species after
incubation of 14C-labeled drug in human whole blooda

Drug
Total amt recoveredb (�g-eq)

Plasma PBMC RBC

GS 7340 43.0 � 7.8 1.25 � 0.22 12.6 � 3.02
Tenofovir DF 48.10 � 8.7 0.133 � 0.029 10.5 � 5.17
Tenofovir 55.70 � 4.5 0.033 � 0.014 3.72 � 1.86

a A total of 10 �g-eq/ml of 14C-labeled compound was incubated for 1 h at
37°C in human blood, followed by Ficoll-Paque separation of the blood fractions.

b Mean � SD, n 	 3.
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precolumn fluorescent derivatization reverse-phase HPLC
method (18). Tenofovir concentration in PBMCs increased
rapidly within 2 h to levels that greatly exceeded plasma levels
(Fig. 6). The ratio of the total tenofovir AUC from 0 to 24 h in
PBMCs to that in plasma was �90 after a single dose of GS
7171. GS 7339 and GS 7340 were also administered separately
to two sets of five dogs (10 mg-eq/kg of tenofovir). A bar graph
comparing the plasma and PBMC AUC0-24 values for tenofo-
vir after administration of GS 7340, GS 7339, GS 7171, and
tenofovir DF is shown in Fig. 7. Oral administration of GS
7340, the more rapidly cleared isomer, resulted in a �34-fold
increase in the AUC0-24 in PBMCs relative to tenofovir DF
and a 6-fold increase relative to GS 7339. In the case of teno-
fovir DF, the AUC0-24 ratio of tenofovir in PBMCs to plasma
was 4.7. Based on these data and in vitro metabolism studies,
the more rapidly cleared isomer GS 7340 was chosen as a lead
prodrug for further preclinical development.

The concentration of tenofovir in PBMCs determined by the
fluorescent derivatization method does not include the teno-
fovir mono- or diphosphate species. As part of the radiolabeled
distribution study (see below), PBMCs were collected at 2, 8,
and 24 h, and total radioactivity was determined. The concen-
tration of total tenofovir metabolites at 24 h was 63 �g-eq/ml.
The calculated t1/2 value in PBMCs was �25 h, which is con-
sistent with the intracellular half-life observed in vitro with
resting lymphocytes (26).

The absolute bioavailabilities of tenofovir after oral admin-
istration of GS 7171, GS 7339, and GS 7340 were calculated by

comparing the resulting plasma tenofovir AUC0-24 to that ob-
served after the i.v. administration of tenofovir itself. Data are
shown in Table 4. The bioavailabilities were 20, 13, and 17%,
respectively. The oral bioavailability of the prodrug (as pro-
drug) was �70% at the 20-mg/kg dose and was calculated by
comparing the plasma levels of GS 7340 after oral administra-
tion to those after an i.v. bolus administration of GS 7340 (data
not shown).

Tissue distribution of GS 7340 after oral administration in
dogs. The results of a tissue distribution study in dogs following
oral administration of [14C]GS 7340 or [14C]tenofovir DF are
shown in Table 5. Two dogs per group received a single oral
dose (10 mg-eq/kg; 35 �Ci/kg), and tissues were harvested at
24 h postadministration. Except for the kidney and liver, ra-
dioactivity was generally higher in all tissues after administra-
tion of GS 7340 than with tenofovir DF. In the lymph nodes,
concentrations of radioactivity were 5- to 15-fold higher after
administration of GS 7340. In lung, ileum, spleen, bone mar-
row, and muscle, concentrations were consistently higher than
with tenofovir DF. The increased concentrations of radioactiv-
ity in the bile for GS 7340 suggest that there is a hepatic

FIG. 5. Formation of tenofovir and metabolites in MT-2 cells dur-
ing a 24-h incubation with 10 �M [14C]GS 7340 (mean � SD; n 	 3
samples of MT-2 cells).
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TABLE 3. Concentration of metabolites in CD4� lymphocytes and
monocytes isolated from whole human blood after incubation with

17 �M 14C-labeled GS 7340 for 1 h

Cell type
Intracellular concna (�M) Total concn

(�M)Tenofovir Tenofovir-P Tenofovir-PP GS 7340

CD4�b 218 � 31 122 � 8 157 � 15 0 703 � 36
Monocytesb 138 � 55 89 � 8 73 � 15 0 364 � 24
PBMCsc NDd ND ND ND 921 � 64

a Values are means � SD (n 	 2 samples of whole blood).
b Calculated based on cell volumes of 0.2 pl/cell for T lymphocytes and 0.4

pl/cell for monocytes (4).
c Based on average volume of 0.2 pl/cell.
d ND, not determined.
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clearance mechanism for either the intact prodrug or the me-
tabolites.

DISCUSSION

Although there is still much debate regarding the ultimate
reservoir for HIV, the evidence for ongoing HIV replication
during HAART in patients who have undetectable viremia is
compelling. Using an ultrasensitive viral RNA assay, Ramrat-
nam et al. have shown that low-level viral bursts can be de-
tected in samples from stable, long-term patients on HAART
(22). The number of bursts observed over a 6-month period
was directly correlated to the terminal viral elimination half-
life from plasma. These data suggest that the long apparent
half-lives (�44 mo) reported for “latent cells” (10) may be an
overestimation of the true latency half-life, since new latent
cells are being formed as a result of low-level virus replication.
More-potent HAART therapies or therapies that better target
the sites of ongoing HIV replication are required to completely
halt virus replication. Currently, the intrinsic potencies of po-
tential drugs are optimized against HIV in tissue culture sys-
tems with PBMCs or immortalized cell lines to replicate the
virus. These assays are very useful for optimizing chemical
structure during the initial phases of drug design; however,
they do not provide any guidance into the pharmacokinetics,
intracellular half-life, or distribution of a drug in vivo. Intra-
cellular half-life and distribution are particularly important
because a significant fraction of memory CD4� T cells exists
outside of lymphoid tissue (24). Additionally, suboptimal drug
concentrations in replication competent compartments will se-
lect and amplify resistant virus (14, 25).

Tenofovir belongs to a class of nucleotide analogs that have
prolonged intracellular half-lives (20). The long intracellular
half-life of tenofovir is a result of rapid metabolism within the
cell to the nucleotide diphosphate and its limited efflux from
cells. The phosphonate moiety of tenofovir is recognized by
cellular kinases as a monophosphate, thereby bypassing the
initial phosphorylation step, which can be rate limiting for
nucleoside analogs (25). Because tenofovir is a dianion at phys-
iological pH, it has low cellular permeability, which is reflected
in its in vitro HIV-activity (EC50 	 5 �M). However, in vivo,
the long intracellular half-life of tenofovir results in a potent
and durable anti-HIV effect in both preclinical models and
clinical studies (30). The amidate prodrug GS 7340 was de-
signed to overcome the permeability limitations of tenofovir by
masking the dianion with a neutral promoiety and increasing
the plasma stability of the prodrug relative to its intracellular
stability. The in vitro anti-HIV potency of GS 7340 (EC50 	
0.005 �M) is comparable to the most potent protease inhibi-

tors and reflects the greater cell permeation of GS 7340 com-
pared to tenofovir. In addition to favorable potency and a long
intracellular half-life, the in vivo administration of GS 7340
results in an enhanced distribution to lymphatic tissue com-
pared to tenofovir DF. The concentration of tenofovir inside
PBMCs at 24 h was �100 fold the concentration of tenofovir in
plasma at the same time point, and the ratio of AUC0-24 for
tenofovir in PBMCs versus plasma was �150 (Fig. 7). With
tenofovir DF, the PBMC/plasma ratio for AUC0-24 h was 5.
Since the HPLC assay only measured tenofovir inside PBMCs
and not the mono- or diphosphate species, these differences
should be considered the minimum ratios. Using total reactiv-
ity at 24 h to compare the PBMC-to-plasma concentration, the
ratio for GS 7340 was 316, suggesting that the majority of the
tenofovir species inside cells exists as mono- or diphosphate.

In our drug optimization studies, we used PBMCs as a sur-
rogate marker for distribution to lymphatic tissues, since the
exchange of lymphocytes between blood and lymph is rapid
and only a small percentage of the total lymphocytes reside in
the blood compartment. The increased concentration of radio-
activity in the lymph nodes, ileum, lung, bone marrow, and
thymus after administration of GS 7340 relative to tenofovir
DF suggests that the amidate is preferentially metabolized to
tenofovir and accumulates in tissues that contain high concen-
trations of lymphatic cells. Although we do not have detailed
cellular distribution data for these tissues, the fact that teno-
fovir is present in tissues that have all been implicated as
possible HIV reservoirs is encouraging. It must be noted, how-
ever, that the expanded distribution and the higher intracellu-
lar levels of tenofovir after administration of GS 7340 open the
possibility of safety issues not observed with tenofovir DF.

Other in vitro studies have been published using an amidate
prodrug approach to mask the monophosphates of zidovudine
(AZT) and stavudine (d4T). The monoamidate prodrugs of
the monophosphate of AZT exhibit minimal or no enhance-
ment in in vitro anti-HIV activity (16, 17). The modest in vitro
effects seen with these AZT prodrugs have been explained in
part by the lability of the AZT monophosphate bond, which
can readily hydrolyze back to AZT. Selected amidate prodrugs
of d4T monophosphate do show significant increases in in vitro
activity relative to that of d4T itself (up to 100 fold), suggesting
that the subsequent phosphorylation is rapid compared to the
hydrolysis of the nucleoside phosphate bond (29). The princi-
pal advantage of this approach with nucleosides is the ability to
deliver the nucleoside monophosphate into the cell, thereby
removing a potential rate-limiting step in the formation of the
nucleoside triphosphate. The half-life of the nucleoside in cells
is unchanged.

TABLE 4. Pharmacokinetics of tenofovir in plasma after oral administration of GS 7340, GS 7339, and GS 7171 in fasted dogsa

Drug (route) AUC0–24 (�g · h/ml) Cmax (�g/ml) Tmax (h) t1/2 (h) %Fd

GS 7340 (p.o.)b 7.88 (2.24) 0.82 (0.17) 1.0 (0.0) 23.2 (12.9) 16.9 (4.8)
GS 7339 (p.o.)b 6.14 (2.06) 0.94 (0.21) 1.25 (0.5) 10.4 (2.2) 13.1 (4.4)
GS 7171 (p.o.)c 8.17 (1.2) 0.91 (0.21) 0.94 (0.79) 20 (4) 19.7 (2.8)

a Data are means � SD for groups of five dogs. p.o., oral.
b Dose as tenofovir (mg-eq/kg) 	 10.85.
c Dose as tenofovir (mg-eq/kg) 	 9.64.
d %F calculated from AUC0–
 	 4.30 �g-h/ml for a 1-mg/kg dose of intravenous tenofovir.
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The detailed mechanism for the selective intracellular tar-
geting of the amidate prodrugs is not fully understood. How-
ever, we have shown that the monoamidate prodrugs of teno-
fovir are more rapidly cleaved in the intracellular environment
than in plasma and that the tenofovir formed within the cell is
rapidly phosphorylated to give a long-lived metabolite. The
selectivity exhibited between plasma and intracellular extracts
is the basis for the preferential cellular loading observed in

vivo. The limited structure activity relationship presented in
this study demonstrates that the intracellular degradation of
the amidate prodrugs is sensitive to the stereochemistry at both
the amino acid and the phosphorus, suggesting that the process
is enzyme mediated. It has yet not been possible under buffer
or enzymatic conditions to isolate the monophenyl monoami-
date species, leading to the conclusion that this reaction is
spontaneous. Work by other investigators with the monoami-

TABLE 5. Tissue distribution of 14C-labeled tenofovir DF and 14C-labeled GS 7340 in dogs following an oral
dose of tenofovir of 10 mg-eq/kga

Tissue or fluid
Tenofovir DF GS 7340 Tissue concn ratio of GS 7340

to tenofovir DF% Dose Concn (�g-eq/g)b % Dose Concn (�g-eq/g)b

Liver 12.40 38.3 � 14.3 16.45 52.9 � 4.7 1.4
Kidney 4.58 87.9 � 38.4 3.78 80.2 � 3.4 0.9
Lungs 0.03 0.53 � 0.06 0.34 4.34 � 0.15 8.2

Iliac lymph nodes �0.01 0.51 � 0.14 0.01 5.42 � 0.86 10.6
Axillary lymph nodes �0.01 0.37 � 0.25 0.01 5.54 � 0.42 14.8
Inguinal lymph nodes �0.01 0.28 � 0.28 �0.01 4.12 � 0.44 15.0
Mesenteric lymph nodes �0.01 1.20 � 0.64 0.04 6.88 � 0.78 5.7

Thyroid gland �0.01 0.30 � 0.20 �0.01 4.78 � 1.31 15.8
Pituitary gland �0.01 0.23 � 0.07 �0.01 1.80 � 0.13 7.8
Salivary gland (left � right) �0.01 0.45 � 0.1 0.03 5.54 � 0.10 12.3
Adrenal gland �0.01 1.9 � 0.79 �0.01 3.47 � 0.13 1.8

Spleen �0.01 0.63 � 0.11 0.17 8.13 � 0.19 12.8
Pancreas �0.01 0.57 � 0.62 0.01 3.51 � 0.57 6.2

Prostate �0.01 0.24 � 0.03 �0.01 2.14 � 0.38 9.1
Testes (left � right) 0.02 1.95 � 0.84 0.02 1.99 � 0.74 1.0
Skeletal muscle �0.01 0.11 � 0.00 0.01 1.12 � 0.17 10.1
Heart 0.03 0.46 � 0.17 0.15 1.97 � 0.03 4.3

Femoral bone �0.01 0.08 � 0.03 �0.01 0.28 � 0.05 3.5
Bone marrow �0.01 0.2 � 0.08 �0.01 2.05 � 0.92 10.2

Skin �0.01 0.13 � 0.06 �0.01 0.95 � 0.17 7.2
Abdominal fat �0.01 0.16 � 0.01 �0.01 0.90 � 0.07 5.8
Eye (left � right) �0.01 0.06 � 0.03 �0.01 0.24 � 0.00 3.7

Brain �0.01 �LOD �0.01 �LOD ND
Cerebrospinal fluid �0.01 �LOD �0.01 �LOD ND
Spinal cord �0.01 �LOD �0.01 0.04 � 0.00 ND

Stomach 0.11 1.93 � 1.03 0.26 2.68 � 0.27 1.4
Jejunum 1.34 3.01 � 1.37 0.79 4.16 � 0.73 1.4
Duodenum 0.49 4.96 � 0.54 0.44 8.77 � 1.13 1.8
Ileum 0.01 0.50 � 0.19 0.16 4.61 � 1.91 9.2
Large intestine 1.63 2.57 � 0.33 2.65 47.2 � 42.2 7.9
Gall bladder �0.01 3.58 � 1.99 0.04 25.0 � 4.7 7.0
Bile �0.01 9.63 � 9.42 0.22 40.5 � 4.9 4.2

Feces 40.96 ND 0.19 ND NA
Total GI tract contents 5.61 ND 21.64 ND NA
Urine 23.72 ND 14.73 91.9 � 34.0 NA

Plasma at 24 h �0.01 0.20 � 0.09 �0.01 0.20 � 0.02 1.0
PBMCs at 24 hc �0.01 ND �0.01 63.2 � 15.5 ND
Whole blood at 24 h �0.01 0.85 � 0.20 0.16 0.20 � 0.00 0.2

Total recovery 81.10 68.96

a NA, not applicable; ND, not determined; �LOD, below the limit of detection (0.02 �g-eq/g).
b Concentrations are means � SD for groups of two dogs.
c Calculated using typical recovery of 15 � 106 cells total and mean PBMC volume of 0.2 picoliters/cell.
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dates of nucleosides has identified a cytosolic fraction from
hepatocytes thought to be responsible for cleavage of the P-N
bond (27). However, in the case of GS 7160, degradation at low
pH is extremely fast (t1/2 � 1 min); therefore, the spontaneous
hydrolysis of the metabolite in a cellular compartment with a
low pH cannot be ruled out. Investigations to characterize the
specific enzymes and mechanism responsible for the conver-
sion of the prodrug to tenofovir are in progress. The prefer-
ential distribution into PBMCs and other lymphatic tissues is
likely due to the increased metabolic activity of these tissues
and the long intracellular half-lives of tenofovir and its mono-
and diphosphate metabolites.

In conclusion, the high concentrations of tenofovir observed
in lymphatic tissues after oral administration of GS 7340 are
expected to result in increased clinical potency relative to te-
nofovir DF and could have a profound effect on the low-level
virus replication that occurs in tissues with suboptimal drug
exposure during HAART. The parent drug, tenofovir, is
unique in this potential, due to its long half-life as the active
diphosphate in uninfected cells and the lack of significant in
vivo resistance development. With GS 7340, it should be pos-
sible to reduce the total dose of tenofovir, thereby minimizing
systemic exposure, while at the same time increasing antiviral
activity.
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Application of the Phosphoramidate ProTide Approach to 4′-Azidouridine Confers
Sub-micromolar Potency versus Hepatitis C Virus on an Inactive Nucleoside
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We report the application of our phosphoramidate ProTide technology to the ribonucleoside analogue 4′-
azidouridine to generate novel antiviral agents for the inhibition of hepatitis C virus (HCV). 4′-Azidouridine
did not inhibit HCV, although 4′-azidocytidine was a potent inhibitor of HCV replication under similar
assay conditions. However 4′-azidouridine triphosphate was a potent inhibitor of RNA synthesis by HCV
polymerase, raising the question as to whether our phosphoramidate ProTide approach could effectively
deliver 4′-azidouridine monophosphate to HCV replicon cells and unleash the antiviral potential of the
triphosphate. Twenty-two phosphoramidates were prepared, including variations in the aryl, ester, and amino
acid regions. A number of compounds showed sub-micromolar inhibition of HCV in cell culture without
detectable cytotoxicity. These results confirm that phosphoramidate ProTides can deliver monophosphates
of ribonucleoside analogues and suggest a potential path to the generation of novel antiviral agents against
HCV infection. The generic message is that ProTide synthesis from inactive parent nucleosides may be a
warranted drug discovery strategy.

Introduction
The hepatitis C virus (HCVa) was identified for the first time

in 1989 as a single-stranded positive sense RNA virus of the
Flaviviridae family.1 According to the World Health Organiza-
tion (WHO), more than 170 million people are estimated to be
chronically infected by this virus, which is a major cause of
severe liver disease.2

At present, treatment options comprise immunotherapy using
recombinant interferon (often pegylated) in combination with
ribavirin. The clinical benefit of this treatment is limited, and a
vaccine has not yet been developed. The development of
selective inhibitors of essential viral enzymes such as the serine
protease NS3 or the RNA-dependent RNA polymerase NS5b
are expected to improve the potency and tolerability of future
treatment options for HCV infected patients.3,4

Nucleoside analogues have already been validated as an
important class of polymerase inhibitors of other viral targets,
such as HCMV, HSV, HIV, and HBV.5 All antiviral agents
acting via a nucleoside analogue mode of action need to be
phosphorylated, most of them to their corresponding 5′-
triphosphates, by cellular and/or viral enzymes. The nucleotide
triphosphate analogues will then inhibit the requisite polymerase
and/or compete with natural nucleotide triphosphates as sub-
strates for incorporation into viral nucleic acid during viral
replication.5

Recently, 4′-azidocytidine was discovered as a potent inhibitor
of HCV replication in cell culture. The corresponding 5′-

triphosphate was described as a competitive inhibitor of
cytidylate incorporation by HCV polymerase and a potent
inhibitor of native, membrane-associated HCV replicase in
vitro.6

Interestingly, the corresponding uridine analogue, 4′-azido-
uridine (1), was inactive as an inhibitor of HCV replication in
the cell-based replicon system.7

It was hypothesized that (1) (1, Figure 1) may be a poor
substrate for phosphorylation by cellular enzymes. The first
phosphorylation step to produce the 5′-monophosphate has often
been found to be the rate-limiting step in the pathway to
intracellular nucleotide triphosphate formation, suggesting that
nucleoside monophosphate analogues could be useful antiviral
agents. However, as unmodified agents, nucleoside monophos-
phates are unstable in biological media and they also show poor
membrane permeation because of the associated negative
charges at physiological pH.8,9

Our aryloxy phosphoramidate ProTide approach allows
bypass of the initial kinase dependence by intracellular delivery
of the monophosphorylated nucleoside analogue as a membrane
permeable “ProTide” form.10,11This technology greatly increases
the lipophilicity of the nucleoside monophosphate analogue with
a consequent increase of membrane permeation and intracellular
availability. Previously we have demonstrated the success of
our approach with the aryloxy-phosphoramidate derivatives of
ddA,10 d4T,11,12 LCd4A,13 and d4A.10,14 These nucleotide
monophosphate analogues were shown to exhibit greatly
enhanced activity against HIV compared to the parent nucleoside
analogues in vitro. In contrast to the parent nucleosides, full
antiviral activity of the monophosphate analogues was retained
in kinase-deficient cell lines, which was consistent with an
efficient bypass of the first phosphorylation step in HIV infected
cells. Aryloxy-phosphoramidates are considered to be efficient
lipophilic prodrugs of the corresponding 5′-monophosphate
species in which the two masking groups are represented by an
amino acid ester and an aryl moiety. After passive diffusion

* Corresponding author: Tel.+44 29 20874537; fax:+44 29 20874537;
mcguigan@cardiff.ac.uk.

† Cardiff University.
‡ Roche Palo Alto.
a Abbreviations: NS3, nonstructural protein 3; NS5B, nonstructural
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immunodeficiency virus; HBV, hepatitis B virus; d4A/d4T, 2′,3′-dideoxy-
2′,3′-didehydroadenosine/thymidine; ddA, 2′,3′-dideoxyadenosine; LCd4A,
(1R,cis)-4-(6-Amino-9H-purin-9-yl)-2-cyclopentene-1-methanol; BVdU,E-5-
(2-bromovinyl)-2′-deoxyuridine; HCMV, human cytomegalovirus; AZU,
4′-azidouridine; NMI,N-methylimidazole.
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through cell membranes, the suggested activation pathway15

involves initial enzyme-catalyzed cleavage of the carboxylic
ester, followed by the internal nucleophilic attack of the acid
residue on the phosphorus center, displacing the aryloxy group.
The putative transient, cyclic mixed-anhydride is then rapidly
hydrolyzed to the corresponding amino acid phosphomonoester.
Last, a suggested phosphoramidase activity catalyzes the cleav-
age of the P-N bond to free the nucleoside monophosphate
intracellularly. In the current study we tested the possibility to
apply our ProTide approach to the inactive 4′-azidouridine (1)
in order to achieve bypass of the first phosphorylation step and
thereby generate novel antiviral agents (2) with potent activity
against HCV.

Results and Discussion

Chemistry. The synthesis of1 has been previously de-
scribed.16 To prepare monophosphate prodrugs (2) of 1 we
initially followed the previously described phosphorochloridate
chemistry for the synthesis of ProTides developed in our
laboratory, using 1-methylimidazole (NMI) as the coupling
agent.14,17,18 Several attempts were performed using different
conditions (different amino acid esters, different reaction
conditions) without successful isolation of the corresponding
aryloxy-phosphoramidate. These initial unsuccessful attempts
might be explained considering the presence of a bulky group
(azido) at the 4′-position adjacent to the coupling site at the
5′-position; in all previously published ProTide examples the
4′-position was unsubstituted.

The method of Uchiyama was investigated next.19 This
approach is based on the treatment of a nucleoside with 1 equiv
of a strong organometallic base, such as a solution oftert-
butylmagnesium chloride (tBuMgCl), to form the corresponding
metal alkoxide. In the case of (1), this reaction was observed
to be very rapid and gave yields between 3% and 20% of desired
products. In the first instance, we synthesized 4′-azidouridine
phosphoramidates starting from an unprotected nucleoside. The
apparent reactivity at the 2′- and 3′-positions was low, suggesting
high regioselectivity for the reaction at the 5′-position. In this
way it was also possible to synthesize compounds13, 21, and
26. In order to achieve higher solubility in the reaction solvent
(tetrahydrofuran) and increase reactivity at the 5′ position, the
2′- and 3′-positions of1 were protected with a cyclopentyl
group.20 The final synthetic pathway (Scheme 1) involves the
coupling of phenyl dichlorophosphate with different amino acid
ester salts (5) to give the corresponding phenyloxy-phospho-
rochloridates (6), which were purified by flash chromatography
and then coupled with the 2′,3′-O,O-cyclopentylidene derivative
7 of (1) in the presence of tBuMgCl (1 M solution in THF).

The deprotection step was performed with a solution of 80%
formic acid in water for 4 h atroom temperature (Scheme 2).
Due to the stereochemistry at the phosphorus center, the final

compounds were always isolated as mixtures of two diastereo-
isomers. The presence of these diastereoisomers in the final
preparations was confirmed by31P (two peaks),1H, and 13C
NMR. A total of 22 phenyl phosphoramidates were synthesized
as reported in Table 1.

We have previously reported extensive structure-activity
relationship (SAR) studies of anti-HIV phosphoramidates
exploring the amino acid region, including natural amino acid
variation,21 un-naturalR,R-dialkyls,22 stereochemical variation,23

and amino acid extensions24 and replacements.25 In general,
L-alanine and the unnatural amino acidR,R-dimethylglycine
showed the best activity for the d4T parent molecule versus
HIV.11,12

Using the previously described method (Scheme 1), we
synthesized theL-alanine (12), R,R-dimethylglycine (18),
cyclopentylglycine (20), L-phenylalanine (22), L-leucine (27),
L-methionine (29), ethyl L-glutamate (31), and L-proline (28)
phenylphosphoramidates of1, each bearing an ethyl ester.
Further investigations on the amino acid variation were con-
ducted on a series of benzyl esters:L-alanine (17), R,R-
dimethylglycine (19), cyclopentylglycine (21), L-phenylalanine
(23), L-valine (24), and glycine (25). We further compared the
importance of the stereochemistry at the amino acid position
by preparing aD-alanine benzyl ester phosphoramidate (26).
On the basis of theL-alanine phenyl phosphoramidate backbone,
we also explored the SAR of different esters including methyl
(11), ethyl (12), butyl (13), 2-butyl (14), isopropyl (15), tert-
butyl (16), and benzyl (17). In order to have an indirect proof
of phenyl phosphoramidate metabolism, we synthesized the
N-methylglycine (30) andâ-alanine (32) analogues, which were
considered unfavorable substrates according to the postulated
mechanism of activation.15

Recently we noted an increase ofin Vitro potency of a
1-naphthyl-phosphoramidate analogue compared to the corre-
sponding phenyl derivative while investigating the anticancer
activity of BVdU phosphoramidates.26 Therefore, similar phos-
phoramidate analogues were also generated for (1). The
synthesis of the 1-naphthyl phosphoramidate (33) was performed
by reacting 1-naphthol with phosphorus oxychloride in an almost
quantitative reaction to give the corresponding phosphoro-
dichloridate (Scheme 3), which was then coupled to an amino
acid ester and the nucleoside analogue according to our standard
procedures. In this case, the separation of the two phosphate
diastereoisomers (34 and 35) was achieved by using a semi-
preparative HPLC purification with elution conditions of 70%
water/30% acetonitrile. The31P NMR spectrum showed the
presence of only one peak for the first of the two fractions
separated, and the1H NMR spectrum supported the suggestion
of a single diastereoisomer in this case. The second fraction
contained an excess of the second diastereoisomer together with
a minor proportion (estimated at 7% by31P NMR integration)
of the first diastereoisomer (see Supporting Information for
data).

Antiviral Activity. The phenyl phosphoramidates described
above (11-32) were characterizedin Vitro as inhibitors of HCV
replication in a HCV replicon assay as previously reported.6,7

Data are presented in Table 1 as EC50 values (representing the
concentration of compounds reducing HCV replication by 50%)
and CC50 values (representing the concentration of compounds
reducing cell viability by 50%) as determined using the WST
assay. All compounds showed CC50 values greater than 100µM.
The parent compound1 did not inhibit HCV replication
significantly in the replicon system (EC50 > 100 µM). In
contrast, a number of phosphoramidate derivatives showed

Figure 1. Structure of AZU and its corresponding phenyl-phos-
phoramidate ProTide.
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potent inhibition of HCV replication. Assuming that 4′-
azidouridine-5′-triphosphate is the active HCV polymerase
inhibitor, these results support the notion that the active
phosphoramidates successfully delivered 4′-azidouridine mono-
phosphate intracellularly, that 4′-azidouridine (1) is inefficiently
phosphorylated to the monophosphate in replicon cells, and that
4′-azidouridine monophosphate can be phosphorylated to the
5′-triphosphate in replicon cells. As shown in Table 2, 4′-
azidouridine triphosphate notably inhibited recombinant HCV
polymerase NS5b in vitro, and did so with similar sub-
micromolar potency, like that of the previously described NS5b
inhibitor R1479-TP (4′-azidocytidine triphosphate).6 Therefore,
the application of our phosphoramidate approach shown to be
a successful tool in overcoming the phosphorylation block of1
and converting an inactive nucleoside analogue to a potent

inhibitor of HCV replication, thus accessing the full potential
of the 4′-azidouridine triphosphate.

As shown in Table 1,L-alanine derivatives represented a
series of active antiviral phosphoramidates (11-17). Low or
sub-micromolar activity was noted in marked contrast to the
inactiVenucleoside parent (1). Thetert-butyl ester (16) was the
least active of the series, which was in agreement with the SARs
previously obtained in the d4T series24 and may relate to the
relative stability of tertiary esters to enzyme-mediated hydrolysis.
The isopropyl ester (15) showed high potency and represented
one of the most active phosphoramidates prepared. Similarly,
the 2-butyl ester (14) was highly active in our assay in contrast
to previous observations with other nucleoside analogues.
Together with the benzyl analogue (17), these three esters
provided the most potent compounds of HCV replication

Scheme 1.General Synthetic Pathway for the Synthesis of AZU Aryloxy-phosphoramidates

Scheme 2.General Synthetic Pathway for the Deprotection of 2′-3′-cyclopentylidene AZU Phenyl-phosphoramidates
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inhibitors in theL-alanine series, all havingµM inhibition of
HCV. The antiviral activity of these three phosphoramidates
was exceptional if compared to the parent compound1 (EC50

> 100µM), providing strong support for the notion of ProTide-
mediated kinase bypass.

In the benzyl ester family,L-alanine (17) provided the most
active compound withD-alanine (26) and glycine (25) being
only slightly less potent. These results were striking when
compared to the 60-70 fold reduction in anti-HIV potency for
d4T ProTides with anL-alanine to glycine replacement and a
20-40 fold reduction for the corresponding abacavir Pro-
Tides.21,27This reinforces our earlier conclusion that a separate
ProTide motif optimization process is needed for each nucleo-
side analogue versus a given target. It may be that cell line
dependent enzyme expression may determine different phos-
phoramidate SARs.

The presence of a methyl (D- and L-alanine,26 and17) or
R,R-dimethyl (19) enhanced the activity if compared to larger
and hydrophobic amino acid side chain residues such asL-valine
(24), L-phenylalanine (23), and cyclopentylglycine (21), which
were weakly active in the replicon assay.

An unexpected correlation was found between amino acid
and ester function. While theL-phenylalanine derivative was
substantially inactive as a benzyl ester (23), the corresponding
ethyl ester (22) showed a significantly increased antiviral

activity, displaying an EC50 value of 3.4µM. Therefore, matrix-
based optimization of amino acid and ester functions may be
preferred over stepwise approaches.

The inactivity of theâ-alanine (32) and of theN-methyl
glycine (30) compounds might underline the presence of an
R-amino acid and a free NH as a minimum requirement in the
amino acid structure to enable the metabolic activation of
aryloxy-phosphoramidates. However, the proline compound
(with a blocked NH) did show modest (28) activity, pointing
to a complex amino acid SAR.

In conclusion, ester variation was widely tolerated except for
the tert-butyl which gave a slight reduction in potency in the
L-alanine series (16) and the benzyl in the case of the
L-phenylalanine derivative (23). L-Alanine remained the most
effective amino acid, with glycine andD-alanine showing only
slightly reduced potency. Dimethylglycine,L-leucine, andL-
proline also provided compounds with antiviral potencies in a
low micromolar range. It therefore appears that the amino acid
core could be considerably varied to give antiviral agents with
potencies within a 10-fold range in replicon cells. Importantly,
potency optimization requires consideration of both amino acid
and ester moieties as most clearly shown for the ethyl and benzyl
esters of theL-phenylalanine analogues. Moreover, quite distinct
SARs emerged from this family versus HCV as compared to
our prior studies in other families.

We also explored the possibility to replace the phenyl
substituent on the phosphate with a more hydrophobic moiety,
1-naphthyl. Previously, we noted an increase ofin Vitro potency
of 1-naphthyl-phosphoramidates compared to the corresponding
phenyl phosphoramidates when investigating BVdU phospho-
ramidates in an anticancer assay.26 We synthesized33, the
1-naphthyl analogue of17 (L-alanine benzyl ester). As shown
in Table 3, compound33 inhibited HCV replication with an
EC50 of 0.22 µM, leading to a further increase in antiviral
activity (>450-fold) in comparison to 4′-azidouridine (Table
3). One of the two phosphorus diastereoisomers could be
purified using a C-18 reverse phase semipreparative HPLC. One
of the two main fractions obtained showed only one31P NMR
peak. The second fraction was less pure, although the second
diastereoisomer appeared as the major component of the
mixture. We have previously reported a method for the
prediction of the phosphorus configuration of such diastereo-
isomers based on a different1H NMR profile of the methylene
protons of the benzyl ester.26 Applying this concept to com-
pounds34 and35, we noticed that in one case (more polar,35)
a clear AB-system was observed while, for the other diastereo-
isomer (less polar,34), the two protons displayed an apparent
doublet. Conformational studies were performed using the Sybyl
7.0 software package. The lowest energy conformation found
for each diastereoisomer is shown in Figure 2. These differences
in proton profiles can be explained by the ability of one, but
not the other, diastereoisomer to formπ-π interactions between
the naphthyl and the phenyl group of the benzyl ester resulting
in a constrained conformation. This interaction can only occur
with theSphosphorus configuration (35) with the two methylene

Table 1. Anti HCV Activity and Cytotoxicity Data for (1) and Phenyl
Phosphoramidate Nucleotide Analogues

compound amino acid ester EC50(µM) CC50(µM)

11 L-Ala Me 3.1 >100
12 L-Ala Et 1.3 >100
13 L-Ala Bu 1.2 >100
14 L-Ala 2-Bu 0.63 >100
15 L-Ala iPr 0.77 >100
16 L-Ala tBu 5.1 >100
17 L-Ala Bn 0.61 >100
18 Me2Gly Et 10.3 >100
19 Me2Gly Bn 3.4 >100
20 cPntGly Et >100 >100
21 cPntGly Bn <100 >100
22 Phe Et 1.37 >100
23 Phe Bn <100 >100
24 Val Bn <100 >100
25 Gly Bn 1.6 >100
26 D-Ala Bn 1.2 >100
27 Leu Et 2.3 >100
28 Pro Et 6.0 >100
29 Met Et 14 >100
30 N-MeGly Et >100 >100
31 EtGlu Et >100 >100
32 â-Ala Et >100 >100
4′-azidouridine (1) - - >100 >100

Scheme 3.Synthetic Pathway for the Synthesis of
1-naphthylphosphorodichloridate

Table 2. Inhibition of HCV Polymerase (NS5B) Activity in Vitro

IC50 [µM]

enzyme R1479-TP (4′-azido CTP) 4′-azido UTP

NS5B570n-BK 0.29( 0.13 0.23( 0.01
NS5B570-Con1 0.32( 0.11 0.22( 0.02

Table 3. Anti HCV Activity and Cytotoxicity Data for (1) and
1-Naphthyl Nucleotide Analogues

compound
phosphorus

configuration
amino
acid ester

EC50

(µM)
CC50

(µM)

33 S/R L-Ala Bn 0.22 >100
34 R L-Ala Bn 0.39 >100
35 S L-Ala Bn 0.43 >100
17 (Phenyl ProTide) S/R L-Ala Bn 0.61 >100
4′-azidouridine (1) >100 >100
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protons becoming nonmagnetically equivalent (AB system). For
the diastereoisomer withR phosphorus configuration (34), this
interaction does not occur and the higher degree of flexibility
around the methylene renders its protons more magnetically
similar (apparent doublet). The biological activities of the
separated diastereoisomers (34and35) were comparable to each
other and to the mixture (33) (Table 3).

Interestingly, application of similar ProTide methods to the
active 4′-azidocytidine gave little or no boost in anti-HCV
activity (data not shown), implying a rather efficient phospho-
rylation of this nucleoside analogue, with which ProTide
methods presumably cannot compete.

Conclusion

A series of phosphoramidate ProTides of 4′-azidouridine were
prepared and evaluated as inhibitors of HCV replicationin Vitro.
The phosphoramidate approach provided novel compounds with
highly increased potency in the replicon assay when compared
to the inactive parent compound, corresponding to boosts in
anti-HCV potency of>450-fold. All phosphoramidates tested
were nontoxic in the replicon assay (CC50 > 100µM). The most
active compound prepared in the series was the 1-naphthyl
L-alanine benzyl ester phosphoramidate with an EC50 of 0.22
µM in the replicon assay. The diastereoisomers of this com-
pound were separated by HPLC and their absolute phosphorus
configurations predicted by modeling and NMR. However, they
did not show any differences in biological activity. This report
demonstrates the ability of the ProTide approach to successfully
bypass the rate limiting initial phosphorylation of a ribonucleo-
side analogue and thus confer significant antiviral activity on
an inactive parent nucleoside.

Experimental Section

Biology. HCV replicon assay was performed in the stable
replicon cell line 2209-23 derived from Huh-7 cells stably trans-
fected with a bicistronic HCV replicon (genotype 1b) expressing
the renilla luciferase reporter gene, as described.7 The RNA
synthesis activity of recombinant HCV polymerase proteins was
measured as incorporation of radiolabeled UMP into acid-insoluble
RNA products using HCV genome derived cIRES RNA as a
template in a primer-independent RNA synthesis assay.7 Recom-
binant proteins used were truncated at amino acid position 570 and
derived from genotype 1b strain BK (NS5B570n-BK) or Con1
(NS5B570-Con1).

Chemistry. General Procedures.All experiments involving
water-sensitive compounds were conducted under scrupulously dry
conditions. Anhydrous tetrahydrofuran and dichloromethane were
purchased from Aldrich. Proton, carbon, and phosphorus Nuclear
Magnetic Resonance (1H, 13C, 31P NMR) spectra were recorded
on a Bruker Avance spectrometer operating at 500, 125, and 202
MHz, respectively. All13C and31P spectra were recorded proton-
decoupled. All NMR spectra were recorded in CD3OD at room
temperature (20°C ( 3 °C). Chemical shifts for1H and13C spectra
are quoted in parts per million downfield from tetramethylsilane.
Coupling constants are referred to asJ values. Signal splitting
patterns are described as singlet (s), doublet (d), triplet (t), quartet

(q), broad signal (br), doublet of doublet (dd), doublet of triplet
(dt), or multiplet (m). Chemical shifts for31P spectra are quoted in
parts per million relative to an external phosphoric acid standard.
Many proton and carbon NMR signals were split due to the presence
of (phosphate) diastereoisomers in the samples. The mode of
ionization for mass spectroscopy was fast atom bombardment (FAB)
using MNOBA as matrix. Column chromatography refers to flash
column chromatography carried out using Merck silica gel 60 (40-
60 µM) as stationary phase.

For convenience, standard procedures have been given, as similar
procedures were employed for reactions concerning the synthesis
of precursors and derivatives of ProTides. Variations from these
procedures and individual purification methods are given in the
main text. Preparative and spectroscopic data on individual precur-
sor, blocked nucleosides are given as Supporting Information only
(see below), excluding only the first example.

Standard Procedure 1: Preparation of 2′,3′-O,O-Cyclopen-
tylidene-4′-azidouridine Phosphoramidates.tBuMgCl (2.0 mol
equiv) and 2′,3′-O,O-cyclopentylidene-4′-azidouridine (1.0 mol
equiv) were dissolved in dry THF (31 mol equiv) and stirred for
15 min. Then a 1 Msolution of the appropriate phosphorochloridate
(2.0 mol equiv) in dry THF was added dropwise and then stirred
overnight. A saturated solution of NH4Cl was added, and the solvent
was removed under reduced pressure to give a yellow solid, which
was consequently purified by chromatography.

Standard Procedure 2: Deprotection of 2′,3′-Protected 4′-
Azidouridine Phosphoramidates. The appropriate 2′,3′-O,O-
cyclopentylidene-4′-azidouridine phosphoramidate was added to a
solution 80% of formic acid in water. The reaction was stirred at
room temperature for 4 h. The solvent was removed under reduced
pressure, and the obtained oil was purified by chromatography.

Standard Procedure 3: Preparation of 4′-Azidouridine Phos-
phoramidates via Free Nucleoside.tBuMgCl (2.0 mol equiv) and
4′-azidouridine (1.0 mol equiv) were dissolved in dry THF (31 mol
equiv) and stirred for 15 min. Then a 1 Msolution of the appropriate
phosphorochloridate (2.0 mol equiv) in dry THF was added
dropwise and then stirred overnight. A saturated solution of NH4-
Cl was added, and the solvent was removed under reduced pressure
to give a yellow solid, which was purified by chromatography.

HPLC Method Used for the Separation of Compound 34 and
35. Varian ProStar instrument using a Polaris C18-A 10u column;
elution was performed using a mobile phase consisting of water/
acetonitrile 70% H2O/30% CH3CN, 17 min elution time with a flow
of 20 mL/min. Optimal loading on column: 8 mg of phosphora-
midate per run.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(methyloxy-L-alaninyl)] Phosphate (Methyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-alaninate). Prepared according
to the standard procedure 1, from 2′,3′-O,O-cyclopentylidene-4′-
azidouridine (150 mg, 0.427 mmol),tBuMgCl (0.85 mL, 1 M
solution in THF, 0.854 mmol), and phenyl(methyloxy-L-alaninyl)
phosphorochloridate (0.85 mL of solution 1 M in THF, 0.854
mmol). The crude product was purified by column chromatography,
using as eluent CHCl3/MeOH (95/5). The pure product was a white
solid (156 mg, 0.263 mmol, 61%).δP (d4-CH3OH): 3.14, 3.04;δH

(d4-CH3OH): 7.66 (1H, t, H6-uridine), 7.35 (2H, t, 2 CH-phenyl),
7.28-7.19 (3H, m, 3 CH-phenyl), 5.97 (1H, dd, H1′-uridine), 5.70
(1H, dd, H5-uridine), 5.12-5.04 (2H, m, H2′-uridine, H3′-uridine),
4.31-4.27 (2H, m, H5′-uridine), 4.01 (1H, m, CHR), 3.70 (3H, d,
CH3-methyl), 2.21-2.11 (2H, m, CH2-cyclopentyl), 1.79-1.73 (6H,
m, 3 CH2-cyclopentyl), 1.37 (3H, t, CH3-alanine,J ) 9.5 Hz).

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(methyloxy-L-alani-
nyl)] Phosphate (Methyl N-[{1-(2R,3S,4R,5R)-5-Azido-tetrahy-
dro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-alaninate) (11).Prepared
according to the standard procedure 2, from 2′,3′-O,O-cyclopen-
tylidene-4′-azidouridine 5′-O-[phenyl(methyloxy-L-alaninyl)] phos-
phate (135 mg, 0.222 mmol), and a solution 80% of HCOOH in
water (10 mL). The crude was purified by column chromatography,

Figure 2. Lowest energy conformations of compounds34 and35.
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using as eluent CHCl3/MeOH (8/2). The obtained pure product was
a white solid (65 mg, 0.116 mmol, 54%).δP (d4-CH3OH): 3.50,
3.31;δH (d4-CH3OH): 7.65 (1H, dd, H6-uridine), 7.38 (2H, m, 2
CH-phenyl), 7.28-7.20 (3H, m, 3 CH-phenyl), 6.15 (1H, m, H1′-
uridine), 5.72 (1H, m, H5-uridine), 4.42-4.36 (2H, m, H2′-uridine,
H3′-uridine), 4.26-4.18 (2H, m, H5′-uridine), 4.00 (1H, q, CHR),
3.70 (3H, d, CH3-methyl), 1.35 (3H, dd, CH3-alanine). MS (E/I):
549.1124 (MNa+); C19H23N6O10NaP requires 549.1111. Anal.
(C19H23N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-alaninyl)] Phosphate (Ethyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-cy-
clopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-di-
one} (Phenoxy)-phosphoryl]-L-alaninate).See Supporting Infor-
mation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-alani-
nyl)]Phosphate (Ethyl N-[{1-(2R,3S,4R,5R)-5-Azido-tetrahydro-
3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-alaninate) (12). Pre-
pared according to the standard procedure 2, from 2′,3′-O,O-
cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyloxy-L-alaninyl)]-
phosphate (135 mg, 0.222 mmol), and a solution 80% of HCOOH
in water (10 mL). The crude product was purified by column
chromatography, using as eluent CHCl3/MeOH (8/2). The obtained
pure product was a white solid (65 mg, 0.116 mmol, 54%).δP (d4-
CH3OH): 3.56, 3.35;δH (d4-CH3OH): 7.65 (1H, m, H6-uridine),
7.37 (2H, m, 2 CH-phenyl), 7.29-7.21 (3H, m, 3 CH-phenyl), 6.17
(1H, m, H1′-uridine), 5.70 (1H, m, H5-uridine), 4.41-4.35 (2H,
m, H2′-uridine, H3′-uridine), 4.26-4.15 (4H, m, H5′-uridine, CH2-
ethyl), 3.97 (1H, m, CHR), 1.35 (3H, m, CH3-ethyl), 1.26 (3H, m,
CH3-alanine). MS (E/I): 563.1267 (MNa+), C20H25N6O10NaP
requires 563.1257. Anal. (C20H25N6O10P) C, H, N.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(butoxy-L-alaninyl)]
Phosphate (ButylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahydro-3,4-
dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4(1 H,3H)-
dione} (Phenoxy)-phosphoryl]-L-alaninate) (13). Prepared ac-
cording to the standard procedure 3, from 4′-azidouridine (300 mg,
0.986 mmol),tBuMgCl (2.46 mL 1 M solution of THF, 2.465
mmol) and phenyl(butoxy-L-alaninyl) phosphorochloridate (2.46 mL
of solution 1 M in THF, 2.465 mmol). The crude product was
purified by column chromatography, using as eluent CHCl3/MeOH
(95/5), a preparative TLC using as eluent CHCl3/MeOH (85/15).
The obtained pure product was a white solid (16.8 mg, 0.030 mmol,
3%). δP (d4-CH3OH): 4.91, 4.35;δH (d4-CH3OH): 7.65 (1H, m,
H6-uridine,J ) 8.1 Hz), 7.46-7.22 (5H, m, CH-phenyl), 6.16 (1H,
m, H1′-uridine, J ) 3.6 Hz), 5.72 (1H, m, H5-uridine,J ) 8.1
Hz), 4.39-4.27 (2H, m, H2′-uridine, H3′-uridine), 4.24-4.09 (5H,
m, CHR, H5′-uridine, CH2-butyl), 1.67-1.59 (3H, m, CH3-alanine),
1.48-1.30 (4H, m, 2 CH2-butyl), 0.95 (3H, m, CH3-butyl). δC dept
(d4-CH3OH): 143.60, 142.98 (1C, C6-uridine), 131.57, 131.32 (1C,
CH-phenyl), 121.72, 121.65 (2C, CH-phenyl), 104.04 (1C, C5-
uridine), 92.68-92.38 (1C, C1′-uridine), 74.25, 74.08 (1C, C3′-
uridine), 73.95, 73.78 (1C,C2′-uridine), 71.77 (1C, CH2-butyl),
69.30 (1C, C5′-uridine), 68.86 (1C, CH2-butyl), 52.12, 51.90 (1C,
CH-R), 32.15 (1C, CH2-butyl), 20.92, 20.83 (1C, CH3-lateral chain),
20.71 (1C, CH2-butyl), 14.41 (1C, CH3-butyl). Anal. (C22H29N6O10P)
C, H, N.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(2-butoxy-L-alani-
nyl)] Phosphate (2-ButylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahy-
dro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-alaninate) (14).Prepared
according to the standard procedure 2, from 2′,3′-O,O-cyclopen-
tylidene-4′-azidouridine 5′-O-[phenyl(2-butyloxy-L-alaninyl)] phos-
phate (135 mg, 0.208 mmol), and 10 mL of a solution 80% of
HCOOH in water. The crude product was purified by column
chromatography, using as eluent CHCl3/MeOH (8/2). The obtained
pure product was a white solid (110 mg, 0.189 mmol, 94%).δP

(d4-CH3OH): 3.59,δP (d4-CH3OH): 3.60, 3.40;δH (d4-CH3OH):
7.65 (1H, dd, H6-uridine), 7.38 (2H, br, 2 CH-phenyl), 7.28-7.22
(3H, m, 3 CH-phenyl), 6.15 (1H, dd, H1′-uridine), 5.70 (1H, m,
H5-uridine), 4.80 (1H, m, CH-2-butyl), 4.38-4.34 (2H, m, H2′-

uridine, H3′-uridine), 4.22-4.15 (2H, m, H5′-uridine), 3.97 (1H,
q, CHR), 1.61-1.56 (2H, m, CH2-2-butyl), 1.36 (3H, d, CH3-
alanine,J ) 5.4 Hz), 1.22 (3H, t, CH3-2-butyl, J ) 2.1 Hz), 0.92
(3H, CH3-2-butyl, J ) 7.3 Hz). MS (E/I) 591.1580 (MNa+),
C22H29N6O10NaP requires 591.1580. Anal. (C22H29N6O10P) C, H,
N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-Azidouridine 5′-
O-[Phenyl(isopropyloxy-L-alaninyl)] Phosphate (2-PropylN-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-alaninate). See Supporting In-
formation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(isopropyloxy-L-
alaninyl)] Phosphate (2-Propyl N-[{1-(2R,3S,4R,5R)-5-Azido-
tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrim-
idine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-alaninate) (15).
Prepared according to the standard procedure 2, from 2′,3′-O,O-
cyclopentylidene-4′-azidouridine 5′-O-[phenyl(isopropyloxy-L-alani-
nyl)] phosphate (171 mg, 0.275 mmol), and a solution 80% of
HCOOH in water (10 mL). The crude product was purified by
column chromatography, using as eluent CHCl3/MeOH (8/2). The
obtained pure product was a white solid (144 mg, 0.260 mmol,
94%).δP (d4-CH3OH): 3.59, 3.38;δH (d4-CH3OH): 7.64 (1H, dd,
H6-uridine), 7.37 (2H, d, 2 CH-phenyl), 7.28-7.22 (3H, m, 3 CH-
phenyl), 6.15 (1H, dd, H1′-uridine), 5.70 (1H, dd, H5-uridine), 5.00
(1H, q, CH-isopropyl), 4.40-4.35 (2H, m, H2′-uridine, H3′-uridine),
4.24-4.18 (2H, m, H5′-uridine), 3.94 (1H, q, CHR), 1.34 (3H, dd,
CH3-alanine), 1.24 (6H, m, 2 CH3-isopropyl). MS (E/I) 577.1427
(MNa+), C21H27N6O10NaP requires 577.1424. Anal. (C21H27N6O10P)
C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(tert-butyloxy-L-alaninyl)] Phosphate (tert-Butyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-alaninate). See Supporting In-
formation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(tert-butyloxy-L-
alaninyl)] Phosphate (tert-Butyl N-[{1-(2R,3S,4R,5R)-5-Azido-
tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrim-
idine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-alaninate) (16).
Prepared according to the standard procedure 2, from 2′,3′-O,O-
cyclopentylidene-4′-azidouridine 5′-O-[phenyl(tert-butyloxy-L-alani-
nyl)] phosphate (180 mg, 0.283 mmol), and a solution 80% of
HCOOH in water (10 mL). The crude product was purified by
column chromatography, using as eluent CHCl3//MeOH (8/2). The
obtained pure product was a white solid (90 mg, 0.158 mmol, 56%).
δP (d4-CH3OH): 3.63, 3.59;δH (d4-CH3OH): 7.65 (1H, m, H6-
uridine), 7.37 (2H, m, 2 CH-phenyl), 7.28-7.20 (3H, m, 3 CH-
phenyl), 6.14 (1H, m, H1′-uridine), 5.71 (1H, m, H5-uridine), 4.41-
4.34 (2H, m, H2′-uridine, H3′-uridine), 4.24-4.19 (2H, m, H5′-
uridine), 3.87-3.84(1H, m, CHR), 1.46 (9H, s, 3 CH3-tert-butyl),
1.32 (3H, d, CH3-alanine,J ) 7.4 Hz). MS (E/I) 591.1580 (MNa+),
C22H29N6O10NaP requires 591.1586. Anal. (C20H25N6O10P) C, H,
N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(benzyloxy-L-alaninyl)] Phosphate (Benzyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-alaninate). See Supporting In-
formation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(benzyloxy-L-alani-
nyl)] Phosphate (BenzylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahy-
dro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-alaninate) (17).Prepared
according to the standard procedure 2, from 2′,3′-O,O-cyclopen-
tylidene-4′-azidouridine 5′-O-[phenyl(benzyloxy-L-alaninyl)] phos-
phate (140 mg, 0.209 mmol), and a solution 80% of HCOOH in
water (10 mL). The crude was purified by column chromatography,
using as eluent CHCl3/MeOH (8/2). The obtained pure product was
a white solid (70 mg, 0.116 mmol, 55%).δP (d4-CH3OH): 3.53,
3.28; δH (d4-CH3OH): 7.61 (1H, m, H6-uridine), 7.36 (6H, m, 3
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CH-phenyl, 3 CH-benzyl), 7.31-7.19 (4H, m, 2 CH-phenyl, 2 CH-
benzyl), 6.13 (1H, m, H1′-uridine), 5.68 (1H, m, H5-uridine), 5.15
(2H, s, CH2-benzyl), 4.36 (2H, m, H2′-uridine, H3′-uridine), 4.21-
4.14 (2H, m, H5′-uridine), 4.05 (1H, m, CHR), 1.37 (3H, m, CH3-
alanine). MS (E/I) 625.1424 (MNa+), C25H27N6O10NaP requires
625.1426. Anal. (C25H27N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-Azidouridine 5′-
O-[Phenyl(ethyloxy-dimethylglycinyl)] Phosphate (EthylN-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-dimethylglycinate).See Support-
ing Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-dimeth-
ylglycinyl)] Phosphate (Ethyl N-[{1-(2R,3S,4R,5R)-5-Azido-
tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrim-
idine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-dimethylglycinate)
(18). Prepared according to the standard procedure 2, from 2′,3′-
O,O-cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyloxy-dim-
ethylglycinyl)] phosphate (179 mg, 0.288 mmol), and a solution
80% of HCOOH in water (10 mL). The crude product was purified
by column chromatography, using as eluent CHCl3/MeOH (8/2).
The obtained pure product was a white solid (144 mg, 0.260 mmol,
90%).δP (d4-CH3OH): 1.90, 1.87;δH (d4-CH3OH): 7.64 (1H, dd,
H6-uridine), 7.39-7.35 (2H, m, 2 CH-phenyl), 7.26 (2H, d, 2 CH-
phenyl), 7.20 (1H, d, CH-phenyl), 6.14 (1H, d, H1′-uridine, J )
2.6 Hz), 5.67 (1H, dd, H5-uridine), 4.40-4.37 (2H, m, H2′-uridine,
H3′-uridine), 4.33 (2H, br, H5′-uridine), 4.23-4.15 (1H, m, CH2-
ethyl), 1.49 (6H, d, 2 CH3-lateral chain), 1.27 (3H, t, CH3-ethyl).
MS (E/I) 577.1431 (MNa+), C21H27N6O10NaP requires 577.1424.
Anal. (C21H27N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(benzyloxy-dimethylglycinyl)] Phosphate (BenzylN-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-dimethyglycinate).See Supporting
Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(benzyloxy-dimeth-
ylglycinyl)] Phosphate (Benzyl N-[{1-(2R,3S,4R,5R)-5-Azido-
tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrim-
idine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-dimethylglycinate)
(19). Prepared according to the standard procedure 2, from 2′,3′-
O,O-cyclopentylidene-4′-azidouridine 5′-O-[phenyl(benzyloxy-di-
methylglycinyl)] phosphate (148 mg, 0.217 mmol) and a solution
80% of HCOOH in water (10 mL). The crude product was purified
by column chromatography, using as eluent CHCl3/MeOH (8/2).
The obtained pure product was a white solid (110 mg, 0.250 mmol,
82%).δP (d4-CH3OH): 1.86, 1.83;δH (d4-CH3OH): 7.60 (1H, dd,
H6-uridine), 7.36-7.32 (7H, m, 2 CH-phenyl, 5 CH-benzyl), 7.24-
7.17 (3H, m, 3 CH-phenyl), 6.12 (1H, dd, H1′-uridine), 5.65 (1H,
dd, H5-uridine), 5.15 (2H, dd, CH2-benzyl), 4.38-4.29 (2H, m,
H2′-uridine, H3′-uridine), 4.19-4.16 (2H, dd, H5′-uridine), 1.50
(6H, s, 2 CH3-lateral chain). MS (E/I) 639.1574 (MNa+),
C26H29N6O10NaP requires 639.1580. Anal. (C26H29N6O10P) C, H,
N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-cyclopentylglycinyl)] Phosphate (Ethyl
N-[{1-[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-
2,2-cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-cyclopentylglycinate).See Sup-
porting Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-cyclo-
pentylglycinyl)] Phosphate (EthylN-[{1-(2R,3S,4R,5R)-5-Azido-
tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrim-
idine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-cyclopentylgly-
cinate) (20).Prepared according to the standard procedure 2, from
2′,3′-O,O-cyclopentylidene-4′-azidouridine 5′-O-[phenyl(benzyloxy-
L-cyclopentylglycinyl)] phosphate (188 mg, 0.290 mmol), and a
solution 80% of HCOOH in water (10 mL). The crude product
was purified by column chromatography, using as eluent CHCl3/
MeOH (8:2). The obtained pure product was a white solid (100
mg, 0.172 mmol, 59%).δP (d4-CH3OH): 2.57, 2.55;δH (d4-CH3-

OH): 7.69 (1H, dd, H6-uridine), 7.40-7.36 (2H, m, 2 CH-phenyl),
7.27-7.20 (3H, m, 3 CH-phenyl), 6.16 (1H, d, H1′-uridine, J )
5.3 Hz), 5.67 (1H, m, H5-uridine), 4.40-433 (2H, m, H2′-uridine,
H3′-uridine), 4.26-4.16 (4H, m, 2 H5′-uridine, CH2-ethyl), 2.15-
1.96 (4H, m, 2 CH2-cyclopentyl), 1.75-1.62 (4H, m, 2 CH2-
cyclopentyl), 1.25 (3H, q, CH3-ethyl). MS (E/I) 603.1585 (MNa+),
C23H29N6O10NaP requires 603.1580. Anal. (C23H29N6O10P) C, H,
N.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(benzyloxy-L-cyclo-
pentylglycinyl)] Phosphate (BenzylN-[{1-(2R,3S,4R,5R)-5-Azido-
tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrim-
idine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-cyclopentylgly-
cinate) (21).Prepared according to the standard procedure 3, from
4′-azidouridine (300 mg, 1.052 mmol),tBuMgCl (2.10 mL of
solution 1 M in THF, 2.10 mmol), and phenyl(benzyloxy-L-
cyclopentylglycinyl) phosphorochloridate (6.7) (2.10 mL of solution
1 M in THF, 2.10 mmol). The crude was purified by column
chromatography, using as eluent CHCl3/MeOH (95/5) and then a
preparative TLC using as eluent CHCl3/MeOH (9/1). The obtained
pure product was a white solid (130 mg, 0.202 mmol, 20%).δP

(d4-CH3OH): 3.77, 3.74;δH (d4-CH3OH): 7.58 (1H, m, H6-uridine,
J ) 8.13 Hz), 7.28 (7H, m, 5 CH-phenyl, 2 CH-benzyl), 7.15 (3H,
m, CH-benzyl), 6.09 (1H, m, H1′-uridine), 5.55 (1H, m, H5-uridine,
J ) 8.13 Hz), 5.08 (2H, s, CH2-phenyl), 4.29 (1H, m, H2′-uridine),
4.24 (1H, m, H3′-uridine), 4.09 (2H, m, H5′-uridine), 2.04 (2H,
m, CH2-cyclopentyl), 1.98 (2H, m, CH2-cyclopentyl), 1.64 (2H,
m, CH2-cyclopentyl), 1.55 (2H, m, CH2-cyclopentyl);δC (d4-CH3-
OH): 176.83 (1C, CdO ester), 166.20 (1C, C4-uridine), 152.62,
152.48, 152.39 (1C,C2-uridine), 143.00, 142.88 (1C, C6-uridine),
137.75, 137.73 (1C, C-phenyl), 131.22 (2C, CH-phenyl), 129.98
(1C, C-benzyl), 129.73 (2C, CH-phenyl), 129.69 (1C, CH-phenyl),
126.74 (2C, CH-benzyl), 122.00 (1C, CH-benzyl), 121.98, 121.93
(2C, CH-benzyl), 103.99, 103.96 (1C, C5-uridine), 99.23, 99.20,
99.06 (1C, C4′-uridine), 92.32, 92.13 (1C, C1′-uridine), 74.86 (1C,
C3′-uridine), 69.32 (1C,C2′-uridine), 69.25, 68.79, (1C, C5′-
urdine), 68.75, 68.62 (2C, CH2-benzyl), 40.35, 40.24 (1C, CH2-
cyclopentyl), 40.07, 39.55 (1C, CH2-cyclopentyl), 25.10 (1C, CH2-
cyclopentyl), 24.99 (1C, CH2-cyclopentyl). Anal. (C28H31N6O10P)
C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-phenylalaninyl)] Phosphate (EthylN-[{1-
[(3aR,4R,6R,6aSS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-phenylalaninate).See Support-
ing Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-pheny-
lalaninyl)] Phosphate (Ethyl N-[{1-(2R,3S,4R,5R)-5-Azido-tet-
rahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-
2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-phenylalaninate)
(22). Prepared according to the standard procedure 2, from 2′,3′-
O,O-cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyloxy-L-
phenylalaninyl) phosphate (190 mg, 0.278 mmol) and a solution
80% of HCOOH in water (10 mL). The crude product was purified
by column chromatography, using as eluent CHCl3/MeOH (8/2).
The obtained pure product was a white solid (152 mg, 0.246 mmol,
88%).δP (d4-CH3OH): 3.28, 3.06;δH (d4-CH3OH): 7.55 (1H, dd,
H6-uridine), 7.34-7.07 (10H, m, 5 CH-phenyl, 5 CH-lateral chain),
6.14 (1H, dd, H1′-uridine), 5.70 (1H, dd, H5-uridine), 4.27-4.23
(2H, m, H2′-uridine, H3′-uridine), 4.15-4.00 (3H, m, H5′-uridine,
CHR), 3.81-3.78 (2H, CH2-ethyl), 3.10 (1H, q, CH2-lateral chain),
2.89 (1H, q, CH2-lateral chain), 1.20 (3H, m, CH3-ethyl). MS (E/I)
639.1594 (MNa+), C26H29N6O10NaP requires 639.1580. Anal.
(C26H29N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(benzyloxy-L-phenylalaninyl) Phosphate (BenzylN-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-phenylalaninate).See Support-
ing Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(benzyloxy-L-
phenylalaninyl)] Phosphate (Benzyl N-[{1-(2R,3S,4R,5R)-5-
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Azido-tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)-
pyrimidine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-phenyl-
alaninate) (23).Prepared according to the standard procedure 2,
from 2′,3′-O,O-cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ben-
zyloxy-L-phenylalaninyl) phosphate (163 mg, 0.219 mmol) and a
solution 80% of HCOOH in water (10 mL). The crude product
was purified by column chromatography, using as eluent CHCl3/
MeOH (8/2). The obtained pure product was a white solid (130
mg, 0.192 mmol, 87%).δP (d4-CH3OH): 3.21, 3.02;δH (d4-CH3-
OH): 7.51 (1H, dd, H6-uridine), 7.32-7.23 (6H, m, 2 CH-phenyl,
2 CH-lateral chain, 2 CH-benzyl), 7.18-7.03 (9H, m, 3 CH-phenyl,
3 CH-lateral chain, 3 CH-benzyl), 6.14 (1H, dd, H1′-uridine), 5.64
(1H, dd, H5-uridine), 5.16-5.09 (4H, m, H2′-uridine, H3′-uridine,
CH2benzyl), 4.24-4.12 (3H, m, H5′-uridine, CHR), 3.09 (1H, m,
CH2-lateral chain), 2.91-2.87 (2H, m, CH2-lateral chain). MS (E/
I) 701.1732 (MNa+), C31H31N6O10NaP requires 701.1737. Anal.
(C31H31N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(benzyloxy-L-valinyl)] Phosphate (Benzyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-valinate). See Supporting In-
formation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(benzyloxy-L-vali-
nyl)] Phosphate (BenzylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahy-
dro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-valinate) (24).Prepared
according to Standard Procedure 2, from 2′,3′-O,O-cyclopentyl-
idene-4′-azidouridine 5′-O-[phenyl(benzyloxy-L-valinyl)] phosphate
(173 mg, 0.248 mmol) and a solution 80% of HCOOH in water
(10 mL). The crude product was purified by column chromatog-
raphy, using as eluent CHCl3/MeOH (8/2). The obtained pure
product was a white solid (70 mg, 0.116 mmol, 55%).δP (d4-CH3-
OH): 4.45, 4.14;δH (d4-CH3OH): 7.62 (1H, m, H6-uridine,J )
6.8 Hz), 7.39-7.32 (7H, m, 4 CH-phenyl, 3 CH-benzyl), 7.24-
7.18 (3H, m, CH-phenyl, 2 CH-phenyl), 6.14 (1H, m, H1′-uridine),
5.68 (1H, m, H5-uridine,J ) 6.8 Hz), 5.19-5.10 (2H, m, CH2-
benzyl), 4.37-4.30 (2H, m, H2′-uridine, H3′-uridine), 4.22-4.14
(2H, m, H5′-uridine), 3.76 (2H, m, CHR), 2.07 (1H, m, CH-valine),
0.90 (3H, t, CH3-valine,J ) 8.6 Hz), 0.84 (3H, t, 3 CH3-valine,J
) 7.8 Hz). MS (E/I) 653.1737 (MNa+), C27H31N6O10NaP requires
653.1754. Anal. (C27H31N6O10NaP) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(benzyloxy-glycinyl)] Phosphate (Benzyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-glycinate).See Supporting Infor-
mation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(benzyloxy-glyci-
nyl)] Phosphate (BenzylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahy-
dro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-glycinate) (25).Prepared
according to the standard procedure 2, from 2′,3′-O,O-cyclopen-
tylidene-4′-azidouridine 5′-O-[phenyl(benzyloxy-glycinyl) phos-
phate (173 mg, 0.264 mmol) and a solution 80% of HCOOH in
water (10 mL). The crude product was purified by column
chromatography, using as eluent CHCl3/MeOH (8/2). The obtained
pure product was a white solid (70 mg, 0.116 mmol, 43%).δP (d4-
CH3OH): 3.53, 3.28;δH (d4-CH3OH): 7.63 (1H, m, H6-uridine),
7.36 (6H, m, 3 CH-phenyl, 3 CH-benzyl), 7.34-7.19 (4H, m, 2
CH-phenyl, 2 CH-benzyl), 6.15 (1H, m, H1′-uridine), 5.69 (1H,
m, H5-uridine), 5.18 (2H, s, CH2-benzyl), 4.39-418 (4H, m, H2′-
uridine, H3′-uridine, H5′-uridine), 3.83 (2H, d, CH2-glycine). MS
(E/I) 611.1267 (MNa+), C24H25N6O10NaP requires 611.1271. Anal.
(C24H25N6O10P) C, H, N.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(benzyloxy-D-alani-
nyl)] Phosphate (BenzylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahy-
dro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-D-alaninate) (26).Prepared
according to the standard procedure 3, from 4′-azidouridine (200
mg, 0.701 mmol),tBuMgCl (1.4 mL of solution 1 M in THF, 1.402

mmol), and phenyl(benzyloxy-D-alaninyl) phosphorochloridate (2.10
mL of solution 1 M in THF, 2.10 mmol). The crude product was
purified by column chromatography, using as eluent CHCl3/MeOH
(95/5) and then a preparative TLC using as eluent CHCl3/MeOH
(9/1). The obtained pure product was a white solid (100 mg, 0.1723
mmol, l6%). δP (d4-CH3OH): 4.89, 4.29;δH (d4-CH3OH): 7.61
(1H, m, H6-uridine), 7.36 (7H, m, 2 CH-phenyl, 5 CH-benzyl),
7.25 (3H, m, CH-phenyl), 6.15 (1H, m, H1′-uridine), 5.68 (1H, m,
H5-uridine), 5.17 (2H, s, CH2-benzyl), 4.38 (1H, m, H3′-uridine),
4.32 (1H, m, H2′-uridine), 4.23 (2H, m, H5′-uridine), 4.05 (1H,
m, CHR), 1.36 (3H, m, CH3-alanine);δC (d4-CH3OH): 175.34,
175.29, 175.07, 175.01 (1C, CdO ester), 166.22 (1C, C4-uridine),
152.65, 152.56, 152.40, 152.36, 152.31, 152.27 (1C, C2-uridine),
142.94, 142.86 (1C, C6-uridine), 137.60, 137.54 (1C, C-phenyl),
131.31 (2C, CH-phenyl), 130.00 (2C, CH-phenyl), 129.79, 129.76,
129.72 (2C, CH-phenyl), 126.79 (1C, CH- phenyl), 121.83, 121.77,
121.71, 121.64 (2C, CH-phenyl), 104.03,103.99 (1C, C5-uridine),
99.11, 98.98 (1C, C4′-uridine), 92.69, 92.43 (1C, C1′-uridine),
74.22, 74.16 (1C, C3′-uridine), 74.13, 73.93 (1C, C2′-uridine),
69.28, 69.21 (1C, CH2-benzyl), 68.71, 68.65, 68.54, 68.48 (1C, C5′-
uridine), 52.17, 51.92 (1C, CHR), 20.80, 20.70, 20.59 (1C, CH3-
lateral chain). MS (E/I) 625.1424 (MNa+), C25H27N6O10NaP
requires 625.1424. Anal. (C25H27N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-leucinyl)] Phosphate (Ethyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-leucinate). See Supporting In-
formation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-leuci-
nyl)] Phosphate (EthylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahydro-
3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-leucinate) (27). Pre-
pared according to the standard procedure 2, from 2′,3′-O,O-
cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyloxy-L-leucinyl)]
phosphate (135 mg, 0.208 mmol) and a solution 80% of HCOOH
in water (10 mL). The crude product was purified by column
chromatography, using as eluent CHCl3/MeOH (8/2). The obtained
pure product was a white solid (111 mg, 0.190 mmol, 91%).δP

(d4-CH3OH): 3.83, 3.47;δH (d4-CH3OH): 7.64 (1H, dd, H6-
uridine), 7.36 (2H, t, 2 CH-phenyl), 7.25-7.20 (3H, m, 3 CH-
phenyl), 6.16 (1H, d, H1′-uridine), 5.72 (1H, dd, H5-uridine), 4.40-
4.35 (2H, m, H2′-uridine, H3′-uridine), 4.22 (2H, br, H5′-uridine),
4.18-4.11 (1H, m, CH2-ethyl), 3.90 (1H, br, CHR), 1.54 (3H, m
CH-lateral chain, CH2-lateral chain), 1.27-1.19 (3H, m, CH3-ethyl),
0.86 (3H, t, CH3-lateral chain), 0.80 (3H, t, CH3-lateral chain). MS
(E/I) 605.1733 (MNa+), C23H31N6O10NaP requires 605.1737. Anal.
(C23H31N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-prolinyl)] Phosphate (Ethyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-prolinate). See Supporting In-
formation for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-prolinyl)
Phosphate (EthylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahydro-3,4-
dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4(1 H,3H)-
dione} (Phenoxy)-phosphoryl]-L-prolinate) (28). Prepared ac-
cording to the standard procedure 2, from 2′,3′-O,O-cyclopentylidene-
4′-azidouridine 5′-O-[phenyl(ethyloxy-L-prolinyl)] phosphate (121
mg, 0.190 mmol) and a solution 80% of HCOOH in water (10
mL). The crude product was purified by column chromatography,
using as eluent CHCl3/MeOH (8/2). The obtained pure product was
a white solid (101 mg, 0.178 mmol, 94%).δP (d4-CH3OH): 1.60,
1.25; δH (d4-CH3OH): 7.65 (1H, dd, H6-uridine), 7.39 (2H, t, 2
CH-phenyl), 7.30-7.23 (3H, m, 3 CH-phenyl), 6.12 (1H, dd, H1′-
uridine), 5.71 (1H, dd, H5-uridine), 4.39-4.29 (2H, m, H2′-uridine,
H3′-uridine), 4.25-4.13 (24H, m, H5′-uridine, CH2-ethyl), 3.42 (1H,
m, CHR), 2.23-2.17 (2H, m, CH2-proline), 2.02-1.84 (4H, m 2
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CH2-proline), 1.28 (3H, m, CH3-ethyl). MS (E/I) 589.1416 (MNa+),
C22H27N6O10NaP requires 589.1424. Anal. (C22H27N6O10P) C, H,
N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-methioninyl)] Phosphate (Ethyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-methioninate).See Supporting
Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-me-
thioninyl)] Phosphate (Ethyl N-[{1-(2R,3S,4R,5R)-5-Azido-tet-
rahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-
2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-methioninate) (29).
Prepared according to the standard procedure 2, from 2′,3′-O,O-
cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyloxy-L-methioni-
nyl) phosphate (187 mg, 0.280 mmol) and a solution 80% of
HCOOH in water (10 mL). The crude product was purified by
column chromatography, using as eluent CHCl3/MeOH (8/2). The
obtained pure product was a white solid (133 mg, 0.116 mmol,
79%). δP (d4-CH3OH): 3.81, 3.48;δH (d4-CH3OH): 7.65 (1H, t,
H6-uridine), 7.38 (2H, d, 2 CH-phenyl), 7.30-7.21 (3H, m, 3 CH-
phenyl), 6.15 (1H, dd, H1′-uridine), 5.72 (1H, dd, H5-uridine),
4.41-4.35 (2H, m, H2′-uridine, H3′-uridine), 4.27-4.16 (4H, m,
H5′-uridine, CH2-ethyl), 4.08 (1H, t, CHR), 2.53 (1H, m, CH2-
lateral chain), 2.42 (1H, CH2-lateral chain), 2.03 (3H, d, CH3-lateral
chain,J ) 15.3 Hz), 1.88-1.84 (2H, m, CH2-lateral chain), 1.31
(3H, m, CH3-ethyl). MS (E/I) 563.1267 (MNa+) C20H25N6O10NaP
requires 563.1257. Anal. (C20H25N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-N-methyl-glycinyl)] Phosphate (EthylN-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-N-methyl-glycinate).See Sup-
porting Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-N-meth-
yl-glycinyl)] Phosphate (Ethyl N-[{1-(2R,3S,4R,5R)-5-Azido-
tetrahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrim-
idine-2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-N-methyl-
glycinate) (30).Prepared according to the standard procedure 2,
from 2′,3′-O,O-cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyl-
oxy-L-N-methyl-glycinyl) phosphate (172 mg, 0.284 mmol) and a
solution 80% of HCOOH in water (10 mL). The crude was purified
by column chromatography, using as eluent CHCl3/MeOH (8/2).
The obtained pure product was a white solid (135 mg, 0.250 mmol,
88%).δP (d4-CH3OH): 5.12, 4.93;δH (d4-CH3OH): 7.66 (1H, dd,
H6-uridine), 7.42-7.38 (2H, m, 2 CH-phenyl), 7.27-7.22 (3H, m,
3 CH-phenyl), 6.15 (1H, d, H1′-uridine, J ) 2.1 Hz), 5.70 (1H,
dd, H5-uridine), 4.42-4.29 (3H, m, H2′-uridine, H3′-uridine, H5′-
uridine), 4.26-4.17 (3H, m, H5′-uridine, CH2-ethyl), 4.00 (1H, m,
CH2R), 3.80 (1H, m, CH2R), 2.83 (3H, d, CH3-N), 1.28 (3H, t,
CH3-ethyl, J ) 5.0 Hz). Anal. (C20H25N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-ethyl-glutamyl)] Phosphate (EthylN-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-ethylglutamate).See Supporting
Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-ethyl-
glutamyl)] Phosphate (Ethyl N-[{1-(2R,3S,4R,5R)-5-Azido-tet-
rahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-
2,4(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-ethylglutamate) (31).
Prepared according to the standard procedure 2, from 2′,3′-O,O-
cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyloxy-L-ethyl-
glutamyl)] phosphate (197 mg, 0.284 mmol) and a solution 80%
of HCOOH in water (10 mL). The crude product was purified by
column chromatography, using as eluent CHCl3/MeOH (8/2). The
obtained pure product was a white solid (168 mg, 0.268 mmol,
94%).δP (d4-CH3OH): 3.66, 3.39;δH (d4-CH3OH): 7.60 (1H, dd,
H6-uridine), 7.35 (2H, m, 2 CH-phenyl), 7.26-7.19 (3H, m, 3 CH-
phenyl), 6.12 (1H, d, H1′-uridine), 5.72 (1H, dd, H5-uridine), 4.40-
4.32 (2H, m, H2′-uridine, H3′-uridine), 4.29-4.08 (6H, m, H5′-

uridine, CH2-ethyl, CH2-ethyl lateral chain), 4.01-3.94 (1H, m,
CHR), 2.42-2.16 (2H, m, CH2-lateral chain), 2.10-1.82 (2H, m,
CH2-lateral chain), 1.28-1.22 (6H, m, CH3-ethyl lateral chain, CH3-
ethyl). Anal. (C24H31N6O10P) C, H, N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[Phenyl(ethyloxy-L-â-alaninyl)] Phosphate (Ethyl N-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl]-L-â-alaninate). See Supporting
Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[Phenyl(ethyloxy-L-â-alani-
nyl)] Phosphate (EthylN-[{1-(2R,3S,4R,5R)-5-Azido-tetrahydro-
3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H,3H)-dione} (Phenoxy)-phosphoryl]-L-â-alaninate) (32).Pre-
pared according to the standard procedure 2, from 2′,3′-O,O-
cyclopentylidene-4′-azidouridine 5′-O-[phenyl(ethyloxy-L-â-alan-
inyl)] phosphate (165 mg, 0.272 mmol) and a solution 80% of
HCOOH in water (10 mL). The crude product was purified by
column chromatography, using as eluent CHCl3/MeOH (8/2). The
obtained pure product was a white solid (127 mg, 0.235 mmol,
86%).δP (d4-CH3OH): 3.33, 3.27;δH (d4-CH3OH): 7.62 (1H, dd,
H6-uridine), 7.38 (2H, t, 2 CH-phenyl), 7.26-7.20 (3H, m, 3 CH-
phenyl), 6.12 (1H, d, H1′-uridine,J ) 3.2 Hz), 5.72 (1H, dd, H5-
uridine), 4.39-4.34 (2H, m, H2′-uridine, H3′-uridine), 4.23-4.11
(4H, m, H5′-uridine, CH2-ethyl), 3.27 (1H, m, CH2R), 2.54 (1H,
br, CH2â), 1.25 (3H, m, CH3-ethyl). MS (E/I) 563.1279 (MNa+),
C20H25N6O10NaP requires 563.1267. Anal. (C20H25N6O10P) C, H,
N.

Synthesis of 2′,3′-O,O-Cyclopentylidene-4′-azidouridine 5′-
O-[1-Naphthyl(benzyloxy-L-alaninyl)] Phosphate (BenzylN-[{1-
[(3aR,4R,6R,6aS)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
cyclopentylfuro[3,4-d]1,3dioxol-6-yl]pyrimidine-2,4(1H,3H)-
dione} (1-naphthoxy)-phosphoryl]-L-alaninate).See Supporting
Information for preparative and spectroscopic data.

Synthesis of 4′-Azidouridine 5′-O-[1-Naphthyl(benzyloxy-L-
alaninyl)] Phosphate (BenzylN-[{1-(2R,3S,4R,5R)-5-Azido-tet-
rahydro-3,4-dihydroxy-5-(hydroxymethyl)furan-2-yl)pyrimidine-
2,4(1H,3H)-dione} (1-Naphthoxy)-phosphoryl]-cyclopentylgly-
cinate) (33).Prepared according to the standard procedure 2, from
2′,3′-O,O-cyclopentylidene-4′-azidouridine 5′-O-[1-naphthyl(ben-
zyloxy-L-alaninyl)] phosphate (212 mg, 0.324 mmol) and a solution
80% of HCOOH in water (10 mL). The crude product was purified
by column chromatography, using as eluent CHCl3/MeOH (8/2).
The obtained pure product was a white solid (161 mg, 0.246 mmol,
76%).δP (d4-CH3OH): 3.94, 3.76;δH (d4-CH3OH): 8.18 (1H, m,
CH-naphthyl), 7.90 (1H, m, CH-naphthyl), 7.72 (1H, m, H6-
uridine), 7.57-7.30 (11H, m, 6 CH-naphthyl, 5 CH-phenyl), 6.11
(1H, m, H1′-uridine), 5.50 (1H, m, H5-uridine), 5.11 (2H, m, CH2-
benzyl), 4.37 (1H, m, H3′-uridine), 4.31-4.19 (3H, m, H2′-uridine,
H5′-uridine), 4.11 (1H, m, CHR), 1.35 (3H, d, CH3-alanine,J )
7.2 Hz). MS (E/I) 675.1571 (MNa+), C29H29N6O10P requires
675.1575.

The two diastereoisomers obtained were separated by using a
semipreparative HPLC with elution conditions of 70% H2O/30%
CH3CN, 17 min elution time. Optimal loading on column: 8 mg
of phosphoramidate per run.

Less polar diastereoisomer (34):δP (d4-CH3OH): 3.96;δH (d4-
CH3OH): 8.16 (1H, t, CH-naphthyl,J ) 4.2 Hz), 7.91 (1H, t, CH-
naphthyl,J ) 5.0 Hz), 7.73 (1H, d, H6-uridine,J ) 8.1 Hz), 7.58-
7.42 (6H, m, 3 CH-naphthyl, 3 CH-phenyl), 7.32-7.28 (5H, 2 CH-
naphthyl, 3 CH-phenyl), 6.12 (1H, d, H1′-uridine, J ) 5.6 Hz),
5.50 (1H, d, H5-uridine,J ) 8.0 Hz), 5.10 (2H, d, CH2-benzyl),
4.36 (1H, d, H3′-uridine, J ) 5.8 Hz), 4.27-4.21 (3H, m, H2′-
uridine, H5′-uridine), 4.11 (1H, m, CHR), 1.35 (3H, d, CH3-alanine,
J ) 7.1 Hz).

More polar diastereoisomer (35): δP (d4-CH3OH): 3.77
(major);δH (d4-CH3OH): 8.17-8.15 (1H, m, CH-naphthyl), 7.91-
7.89 (1H, m, CH-naphthyl), 7.72 (1H, t, H6-uridine), 7.57-7.41
(6H, m, 3 CH-naphthyl, 3 CH-phenyl), 7.33-7.29 (5H, 2 CH-
naphthyl, 3 CH-phenyl), 6.12 (1H, dd, H1′-uridine), 5.50 (1H, dd,
H5-uridine), 5.13-5.05 (2H, AB system, CH2-benzyl), 4.37 (1H,

1848 Journal of Medicinal Chemistry, 2007, Vol. 50, No. 8 Perrone et al.

440



dd, H3′-uridine), 4.29-4.21 (3H, m, H2′-uridine, H5′-uridine),
4.12-4.09 (1H, m, CHR), 1.35 (3H, m, CH3-alanine).

Acknowledgment. We thank Helen Murphy for secretarial
assistance.

Supporting Information Available: Analytical data on target
compounds, preparative and spectroscopic data on blocked nucleo-
side intermediates, and figures of HPLCs of separated diastereo-
isomers. This material is available free of charge via the Internet
at http://pubs.acs.org.

References
(1) Choo, Q. L.; Kuo, G.; Weiner, A. J.; Overby, L. R.; Bradley, D. W.;

Houghton, M. Isolation of a cDNA clone derived from a blood-borne
non-A, non-B viral hepatitis genome.Science1989, 244, 359-362.

(2) Boyer, N.; Marcellin, P. Pathogenesis, diagnosis and management
of hepatitis C.J. Hepatol.2000, 32 (1 Suppl), 98-112.

(3) De Francesco, R.; Migliaccio, G. Challenges and successes in
developing new therapies for hepatitis C.Nature2005, 436, 953-
960.

(4) Huang, Z.; Murray, M. G.; Secrist, J. A., III. Recent development of
therapeutics for chronic HCV infection.AntiViral Res.2006, 71, 351-
362.

(5) Ichikawa, E.; Kato, K. Sugar-modified nucleosides in past 10 years,
a review.Curr. Med. Chem.2001, 8, 385-423.

(6) Klumpp, K.; Leveque, V.; Le Pogam, S.; Ma, H.; Jiang, W. R.; Kang,
H.; Granycome, C.; Singer, M.; Laxton, C.; Hang, J. Q.; Sarma, K.;
Smith, D. B.; Heindl, D.; Hobbs, C. J.; Merrett, J. H.; Symons, J.;
Cammack, N.; Martin, J. A.; Devos, R.; Najera, I. The novel
nucleoside analog R1479 (4′-azidocytidine) is a potent inhibitor of
NS5B-dependent RNA synthesis and hepatitis C virus replication in
cell culture.J. Biol. Chem.2006, 281, 3793-3799.

(7) Smith, D. B.; Martin, J. A.; Smith, M.; Hobbs, C. J.; Merrett, J. H.;
Sarma, K.; Klumpp, K.; Leveˆque, V.; Najera, I.; Jiang, W.-R.; Devos,
R.; Cammack, N. Synthesis and anti-hepatitis C virus activity of 4′-
substituted ribonucleosides discovery of R1479. Presented at19th
International Conference on AntiViral Research(ICAR) 2006, San
Juan, Puerto Rico, May 7-11, 2006.

(8) Lichtenstein, J.; Barner, H. D.; Cohen, S. S. The Metabolism of
Exogenously Supplied Nucleotides by Escherichia coli.J. Biol. Chem.
1960, 235, 457-465.

(9) Hersh, M. R.; Kuhn, J. G.; Philips, J. L. Phamacokinetic study of
fludarabine phosphate (NSC 312887).Cancer Chemother. Pharma-
col. 1986, 17, 277-280.

(10) Balzarini, J.; Kruining, J.; Wedgwood, O.; Pannecouque, C.; Aquaro,
S.; Perno, C. F.; Naesens, L.; Witvrouw, M.; Heijtink, R.; De Clercq,
E.; McGuigan, C. Conversion of 2′,3′-dideoxyadenosine (ddA) and
2′,3′-didehydro-2′,3′-dideoxyadenosine (d4A) to their corresponding
aryloxyphosphoramidate derivatives markedly potentiates their activ-
ity against human immunodeficiency virus and hepatitis B virus.
FEBS Lett.1997, 410, 324-328.

(11) McGuigan, C.; Cahard, D.; Sheeka, H. M.; De Clercq, E.; Balzarini,
J. Aryl phosphoramidate derivatives of d4T have improved anti-HIV
efficacy in tissue culture and may act by the generation of a novel
intracellular metabolite.J. Med. Chem.1996, 39, 1748-1753.

(12) McGuigan, C.; Sheeka, H. M.; Mahmood, N.; Hay, A. Phosphate
derivatives of d4T as inhibitors of HIV.Bioorg. Med. Chem. Lett.
1993, 3, 1203-1206.

(13) McGuigan, C.; Hassan-Abdallah, A.; Srinivasan, S.; Wang, Y.;
Siddiqui, A.; Daluge, S. M.; Gudmundsson, K. S.; Zhou, H.; McLean,
Ed, W.; Peckham, J. P.; Burnette, T. C.; Marr, H.; Hazen, R.;
Condreay, L. D.; Johnson, L.; Balzarini, J. Application of phospho-
ramidate protide technology significantly improves antiviral potency
of carbocyclic adenosine derivatives.J. Med. Chem.2006, 49, 7215-
7226.

(14) McGuigan, C.; Wedgwood, O. M.; De Clercq, E.; Balzarini, J.
Phosphoramidate derivatives of 2′,3′-didehydro-2′,3′-dideoxyadeno-
sine (d4A) have markedly improved anti-HIV potency and selectivity.
Bioorg. Med. Chem. Lett.1996, 6, 2359-2362.

(15) Valette, G.; Pompon, A.; Girardet, J. L.; Cappellacci, L.; Franchetti,
P.; Grifantini, M.; LaColla, P.; Loi, A. G.; Perigaud, C.; Gosselin,
G.; Imbach, J. L. Decomposition pathways and in vitro HIV inhibitory
effects of isoddA pronucleotides-toward a rational approach for
intracellular delivery of nucleoside 5′-monophosphates.J. Med. Chem.
1996, 39, 1981-1990.

(16) Maag, H.; Rydzewski, R. M.; McRoberts, M. J.; Crawford-Ruth, D.;
Verheyden, J. P. H.; Prisbe, E. J. Synthesis and anti-HIV activity of
4′-azido- and 4′-methoxynucleosides.J. Med. Chem.1992, 35, 1440-
1451.

(17) Siddiqui, A. Q.; Ballatore, C.; McGuigan, C.; De Clercq, E.; Balzarini,
J. The presence of substituents on the aryl moiety of the aryl
phosphoramidate derivative of d4T enhances anti-HIV efficacy in
cell culture: a structure-activity relationship.J. Med. Chem.1999,
42, 393-399.

(18) Curley, D.; McGuigan, C.; Devine, K. G.; O’Connor, T. J.; Jeffries,
D. J.; Kinchington, D. Synthesis and anti-HIV evaluation of some
phosphoramidate derivatives of AZT: studies on the effect of the
chain elogation on biological activity.AntiViral Res.1990, 14, 345-
356.

(19) Uchiyama, M.; Aso, Y.; Noyori, R.; Hayakawa, Y.O-Selective
phosphorylation of nucleosides without N-protection.J. Org. Chem.
1993, 58, 373-379.

(20) Ditrich, K. Total synthesis of methynolide.Liebigs Ann. Chem.1990,
789-793.

(21) McGuigan, C.; Tsang, H. W.; Cahard, D.; Turner, K.; Velazquez,
S.; Salgado, A.; Bidois, L.; Naesens, L.; De Clercq, E.; Balzarini, J.
Phosphoramidate derivatives of d4T as inhibitors of HIV: The effect
of amino acid variation.AntiViral Res.1997, 35, 195-204.

(22) McGuigan, C.; Bidois, L.; Hiouni, A.; Ballatore, C.; De Clercq, E.;
Balzarini, J. Phosphoramidate derivatives of d4T as inhibitors of
HIV: Un-natural amino acids may substitute for alanine.AntiViral
Chem. Chemother.2000, 11, 111-6.

(23) McGuigan, C.; Salgado, A.; Yarnold, C.; Harries, T. Y.; De Clercq,
E.; Balzarini, J. Novel nucleoside phosphoramidates as inhibitors of
HIV: Studies on the stereochemical requirements of the phospho-
ramidate amino acid.AntiViral. Chem. Chemother.1996, 7, 184-8.

(24) McGuigan, C.; Tsang, H. W.; Sutton, P. W.; De Clercq, E.; Balzarini,
J. Synthesis and anti-HIV activity of some novel chain extended
phosphoramidate derivatives d4T (stavudine) esterase hydrolysis as
a rapid predictive test for antiviral potency.AntiViral Chem.
Chemother1998, 9, 109-15.

(25) McGuigan, C.; Cahard, D.; Salgado, A.; De Clercq, E.; Balzarini, J.
Phosphoramidates as potent pro-drugs of anti-HIV nucleotides:
Studies in the amino region.AntiViral Chem. Chemother.1996, 7,
31-6.

(26) Congiatu, C.; Brancale, A.; Mason, M. D.; Jiang, W. G.; McGuigan,
C. Novel potential anticancer naphthyl phosphoramidates of BVdU:
separation of diastereoisomers and assignment of the absolute
configuration of the phosphorus center.J. Med. Chem.2006, 49,
452-455.

(27) McGuigan, C.; Harris, S. A.; Daluge, S. M.; Gudmundsson, K. S.;
McLean, E. W.; Burnette, T. C.; Marr, H.; Hazen, R.; Condreay, L.
D.; Johnson, L.; De Clercq, E.; Balzarini, J. Application of Phos-
phoramidate Pronucleotide Technology to Abacavir Leads to a
Significant Enhancement of Antiviral Potency.J. Med. Chem.2005,
48, 3504-3515.

JM0613370

Phosphoramidate ProTide Approach to 4′-Azidouridine Journal of Medicinal Chemistry, 2007, Vol. 50, No. 81849

441



Exhibit-J

442



Before the Controller of Patents, New Delhi 

 

In the matter of pre-grant opposition under Section 25(1) of the Patents Act, 1970 and 

Patents Rules, 2003 

AND 

In the matter of Patent Application No. 3658/KOLNP/2009 (“Present Application”) 

filed on October 20, 2009 in the Gilead Pharmasset LLC,  

titled “Nucleoside Phosphoramidate Prodrugs” 

AND 

In the matter of representation  

Vector BioSciences Pvt. Ltd.       …Opponent 

Versus 

Gilead Pharmasset LLC       … Applicant 

  



AFFIDAVIT 

 

I, Sivakumar Sangarappan, aged about 42 years and residing at F-31, Brindavan Enclave, 

Risala Bazaar, Bolarum, Secunderabad, Telangana, India- 500 010, do hereby solemnly 

affirm and state as follows: 

 

1. That, I am the Director at Vector BioSciences Pvt. Ltd. located at Hyderabad. I hold a 

Masters Degree and a Ph.D in Chemistry from the University of Hyderabad. 

 

2. That, I have been working in the field of pharmaceuticals, drug discovery, particularly 

development of nucleoside and nucleotide analogues for the at least 10 years. 

 

3. My curriculum vitae is annexed hereto and marked as Annexure A. 

 

4. That, the Opponent is filing a pre-grant opposition against Indian Patent Application No. 

3658/KOLNP/2009 (“Present Application”). The relevant documents related to 

opposition to the Present Application and the prior art relied upon by the Opponent in its 

representation has been made available to me. 

 

5. That, I have been asked to review the complete specification of the Present Application, 

prior art documents on which the Opponent relies on in the opposition and the opposition 

made by the Opponent in the Present Application, and opine whether the claims of the 

Present Application are obvious to a person having ordinary skill in the art (PHOSITA) 

and based on the prior art documents relied upon by the Opponent whether the Present 

Application is liable to rejected a grant of patent. 

 

6. That, I have been advised that the earliest priority date of March 30, 2007 from US 

Provisional Application No. 60/909, 315 ( hereinafter referred to as “US ’315”) has been 

incorrectly claimed by the Applicant. Therefore, the Opponent has also relied on prior art 

documents dated after March 30, 2007. 

 

7. That, the invention, as alleged in the Present Application relates to a compound of the 

formula (S)-2-{[(2R, 3R, 4R, 5R)-5-(2, 4-Dioxo-3, 4-dihydro-2H-pyrimidin-1-yl)-4-



fluoro-3-hydroxy-4-methyl-tetrahydrofuran-2-ylmethoxy] phenoxy-phosphorylamino}-

propionic acid isopropyl ester having the following structure 
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8. That, the Present Application also claims two other compounds that are the stereoisomers 

of the above disclosed compound with the chiral atom being the Phosphorus atom. The 

structures of these two stereoisomers are disclosed below: 
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9. That the Present Application also claims a method for preparing the compounds of 

Formula I, Formula II and Formula III. 

 

Sufficiency of disclosure and activity of compounds  

 

10. That on review of the complete specification of the Present Application, I am of the 

opinion that even though there is a general method of preparation disclosed on page 675, 

it is not sufficient to obtain the compounds of Formula I, Formula II and Formula III. 

Therefore in my opinion the PHOSITA is not given sufficient description to work the 

alleged invention of the Present Application. 

Formula I 

Formula II 

Formula III 



 

11. That the compound of Formula I contains 6 steric centres giving the possibility of 

multiple stereoisomers (64 isomers) with a specific configuration. The complete 

specification has not given any particular process for the preparation of stereoisomers of 

Formula II or Formula III. Even if one is to refer to example 81 (see page 694 of the 

complete specification). It only identifies a slow moving isomer and a fast moving 

isomer and does not specify (R) and (S) nomenclature of these fast moving and slow 

moving isomer. 

 

12. That the complete specification does not indicate whether the compounds of Formula II 

and Formula III show any activity or whether there is any advantage in producing the 

compounds of Formula II and Formula III at an industrial level. The complete 

specification does not give any reason for preference of and claiming the compounds of 

Formula II and Formula III. Therefore it is my opinion the complete specification doesn’t 

make out a case for the industrial applicability of Formula II or Formula III for them to 

be granted a patent.  

 

Obviousness of the claims 

 

13. I am advised that the settled position in law that obviousness as to be determined based 

on the state of the art at the time of the alleged invention. The key question is whether at 

the time of the alleged invention, considering the state of the art and the inventive 

concept in the alleged invention, the PHOSITA would have considered the invention 

obvious.  

 

Clark et al 

 

14. That the Opponent has rightly relied on a publication by Clark et al titled “Design 

Synthesis, and Antiviral Activity of 2`-Deoxy-2`-fluoro-2`-C-methyleytidine, a Potent 

Inhibitor of Hepatitis C Virus Replication”, J. Med. Chem. 2005 48, pp. 5504-5508 

(hereinafter referred as “Clark et al”).  

 

15. That Clark et al points out that despite potent HCV inhibition shown by 2`-deoxy-2`-

fluorocytidine (2`-FdCyd), its therapeutic potential as an antiviral agent is diminished 



due to lack of selectivity between the cells and the target agents. The structure of 2`-

FdCyd nucleoside is reproduced below for easy reference : 

 

16. That given the lack of selectivity shown by 2`-FdCyd, Clark et al synthesised a novel 

nucleoside analogue - 2`-fluoro-2`-C-methylcytidine (compound 1) which demonstrated 

similar potency as 2`-FdCyd in the HCV replicon assay. Structure of compound is 

reproduced below for reference  

 

 

 

17. That Clark et al teaches that “the degradation of enzymes cytidine deaminase (CDA) and 

deoxycytidine monophosphate deaminase (dCMP-DA) are responsible for in vivo 

metabolic conversion of cytidine or cytidine monophosphate to uridine.” (see internal 

page 5506, LHS column, para 2, lines 4-11). Clark  et  al  tested the in vitro derivative of 

compound 1, viz. 2`-deoxy-2`-fluoro-2`-C-methyluridine (compound 9) (structure of 

which is reproduced below for reference)- 



 

 

 

 

18. That Clark et al indicated that compound 9 demonstrated no activity or cytoxicity in any 

assay, whereas its cytidine derivative (compound 1) showed considerable anti-HCV 

activity. Thereby Clark et al teaches that a PHOSITA considering an in vivo study on 

compound 1 would also consider its in vivo metabolite i.e. compound 9 for the 

development of an anti-HCV agent.  

 

WO 2005/003147 

 

19. That the Opponent has rightly relied on patent publication no. WO 2005/003147 

(hereinafter referred to as “WO ’147”), titled “Modified fluorinated nucleoside 

analogues” dated April 21, 2004 and bearing a priority date of May 30, 2003.  

 

20. That WO ’147 discloses in the twelfth embodiment a compound, including its 

pharmaceutically acceptable salt or its prodrug of the embodiment for treating 

Flaviviridiae virus, in particular for HCV. The twelfth embodiment is reproduced below:  

 

 

Wherein the base is a structure as reproduced below: 

Compound 9 



 

Where R
1
, R

3
 and R

7
 are H and R

4
 is NH2 or OH (see internal page 39 of WO ’147) 

  

21. That WO ’147 teaches a prodrug of a (2’R)-2’-deoxy-2’-fluoro-2’-C-methyl nucleoside 

(β-D or β-L). It also teaches that natural or synthetic D or L amino acid esters are 

preferred moieties at the 3’ and/or the 5’ positions. It particularly teaches that L-amino 

acid esters to be preferable at the 3’ and/or 5’ position.  

Ma et al  

22. That the Opponent further rightly relies on a publication by Ma et al, titled 

“Characterization of the Metabolic Activation of Hepatitis C Virus Nucleoside Inhibitor 

β-D-2′-Deoxy-2′-fluoro-2′-C-methylcytidine (PSI-6130) and Identification of a Novel 

Active 5′-Triphosphate Species”, The Journal of Biological Chemistry, Vol. 282, No. 41, 

pp. 29812–29820, (hereinafter referred as “Ma et al”) published on October 12, 2007.  

23. That Ma et al teaches the lack of potency of β-D-2`-deoxy-2`-fluoro-2`-C-methyluridine 

to be possibly related to inefficient compound phosphorylation. Ma et al  further teaches 

that both β-D-2`-deoxy-2`-fluoro-2`-C-methylcytidine-monophosphate and β-D-2`-

deoxy-2`-fluoro-2`-C-methyluridine-monophosphate resulted in the complete blockage 

of the next nucleotide incorporation. It attributes such chain termination activity of 2-C-

methyl nucleotide analogues to a steric clash of the 2-methyl group with the ribose of the 

next incoming nucleotide substrate.  

McGuigan et al 

24. That the Opponent also rightly relies on a document titled “Certain Phosphoramidate 

derivatives of dideoxy uridine (ddU) are active against HIV and successfully by-pass 

thymidine kinase” authored by McGuigan et al, FEBS Letters 351 (1994) 11-14 

(hereinafter referred t  m o as “McGuigan et al”).  

 

25. That McGuigan et al tested various masked phosphates of the following compound, 

whose structure has been reproduced below:  



 

 

26. That McGuigan et al teaches that of the three masked phosphates (3a, 3b and 3c 

reproduced below) tested for their ability to inhibit replication of HIV-1 in C8166 cells, 

and in the thymidine kinase deficient [JM] cells, the compound 3c showed the most 

activity over the parent nucleoside i.e. approximately 50-times more active than the 

parent nucleoside analogue.  

  

 

27. Therefore, McGuigan et al teaches that kinase by-pass by aryloxy phosphoramidates can 

make certain inactive nucleosides of ddU, active. 

Cahard et al 

28. That the Opponent rightly relies on a document titled “Aryloxy Phosphoramidate 

Triester as Pro-Tides” by Cahard et al, Mini-Reviews in Medicinal Chemistry, 2004, 4, 

pp. 371-381 (hereinafter referred as “Cahard et al”).  

 



29. That Cahard et al teaches aryloxy phosphoramidate approach to be highly effective when 

applied to dideoxydihydro purine d4A (compound 34) [reproduced below for reference]  

 

 

30. That Cahard et al also teaches that kinase bypass using aryloxy Phosphoramidate is a 

viable method for intracellular delivery of free monophosphates of a range of nucleoside 

wherein an inactive nucleoside is activated by phosphate pro-drug formation. Cahard et 

al further, teaches that this approach has worked particularly well for d4T(stavudine) and 

a range of dd and d4 nucleosides, D4A (2’-3’-didehydro-2’, 3’-dideoxyadenosine) with 

>1,000 fold boosts in potency on phosphoramidate formation, and carbocyclic L-d4A 

which showed enhanced potency of almost 10,000 on phosphoramidate formation.  

 

31. Cahard et al also teaches that : 

- the O Aryl substitution at the phosphorus atom is essential;  

- the α-amino acid is strongly preferred, particularly alanine; 

- the esterification of the amino acid moiety is “essential”. Primary alkyl, secondary alkyl 

or benzyl groups are preferred, and, 

- the presence of a chiral centre at the phosphate atom of the Phosphoramidate moiety.   

Lee et al  

32. That the Opponent also relies on Lee, W.A., et al., titled “Selective Intracellular 

Activation of a Novel Prodrug of the Human Immunodeficiency Virus Reverse 

Transcriptase Inhibitor Tenofovir Leads to Preferential Distribution and Accumulation 

in Lymphatic Tissue”, Antimicrobial Agents and Chemotherapy, 2005, 49, 1898 

(hereinafter “Lee et al”), which has also been referred to by the Applicant in the 

complete specification of the Present Application (see complete specification page 7, 

placitum 7-18). 

 

33. That Lee et al teaches that “GS 7340” - an isopropylanalinyl monoamidate phenyl 

monoester prodrug (structure reproduced below for reference) of an anti-HIV agent 

tenofovir overcame the permeability limitations of tenofovir by masking the dianion with 

a neutral promoiety and increasing the plasma stability of the prodrug relative to its 



intracellular stability, and also overcame the potential rate-limiting step in the formation 

of nucleoside triphosphate. 

 

 

34. That Lee et al also teaches that a non-stereospecific synthesis of GS 7340 from (R)-

PMPA and (L)-isopropyl alanine ester resulting in the formation of equal amounts of two 

stereoisomers at phosphorus (GS 7339 and GS 7340). It further teaches that GS 7340 

showed 12 fold greater activity than GS 7339 owing to the stereochemistry at 

phosphorus. 

 

35. That Lee et al also teaches that L-alaninyl prodrug stereosiomers shows better activity as 

a result of greater cellular permeability, and that at least 1000 fold reduction in activity of 

the D-alaninyl analog relative to the L-alaninyl analog demonstrates a strong metabolic 

preference inside the MT-2 cells for the L-amino acid.  

 

Perrone et al  

36. That the Opponent rightly relies on a paper titled “Application of the Phosphoramidate 

ProTide Approach to 4’-Azidouridine Confers Sub-micromolar Potency versus Hepatitis 

C Virus on an Inactive Nucleoside” by Perrone et al (J. Med. Chem. 2007, 50, 1840-

1849) (hereinafter referred as “Perrone et al “). 

  

37. That Perrone et al teaches that isopropyl ester in phosphoramidates showed high potency 

and represented one of the most active phosphoramidates prepared. Further, it teaches 

that the 2-butyl ester, benzyl analogue and isopropyl ester phosphoramidates provided 

the most potent compounds of the HCV replication inhibitors in the L-alanine series 

when compared to the parent compound- azidouridine. This can also be seen in the table 

reproduced below (see internal page 1843 LHS, table 1): 



 

 

38. That Perrone et al teaches that the active and non-toxic phosphoramidates indicated that 

ProTide approach is useful in conferring anti-viral activity on an inactive parent 

nucleoside.  

Sofia et al  

39. That the Opponent also relies on a poster (P-259) presented at 14th International 

symposium on Hepatitis C virus held in Glasgow, Scotland on September 9-13, 2007 by 

Michael J. Sofia et al titled “β-D-2'-deoxy-2'-fluoro-2'-C-methyluridine 

Phosphoramidates: potent and Selective inhibitors of HCV RNA” (hereinafter referred as 

“Sofia et al”).  

 

40. That Sofia et al discloses two compounds PSI-6206 (2` deoxy-2`-fluoro-2`-C-

methyluridine). PSI-6206 and PSI-6130 are reproduced below: 

 

 



41. That Sofia et al further teaches that PSI-6130 is inactive in vitro but its triphosphate 

counterpart is a potent inhibitor of the HCV NS5B polymerase. It further teaches that 

PSI-6130 is converted into PSI-6206 in vivo, and that the potential of PSI-6206 as an 

inhibitor of the HCV replication can be investigated only by the bypass of the first 

phosphorylation step, using Phosphoramidate prodrugs of PSI-6206 as depicted in a 

markush formula below (see last box, LHS of the poster): 

 

Where R
2
 includes a variable defining the amino acid residue, R

3
 includes amino acid ester 

radical and R
1
 is the phosphate ester. Even though no particular substitutions have been 

identified for R
1
, R

2
, R

3
 a PHOSITA could test and try rely on the prior art to find the 

potentially active substitutions. Sofia et al records EC90 values for the 5’-

phosphoramidate derivatives of PSI-6206, which indicate that selected phosphoramidates 

of PSI-6206 are as much as 100x more potent than PSI-6130 and hence the 

phosphoramidates with amino acid esters presented attractive profiles for further 

development. 

 

42. That I am advised that obviousness of an invention is determined by looking at available 

literature as a whole and not in isolation. Keeping the same in mind, in my opinion, a 

person working in the field of development of HCV medicines, i.e. a PHOSITA, would 

be taught by Clark et al and Ma et al that 2`-deoxy-2`-fluoro-2`-C-methyluridine has a 

potential in treatment of Hepatitis C Virus (HCV), and that work has to be done in the 

direction of overcoming the issue of lack of cell permeation of 2`-deoxy-2`-fluoro-2`-C-

methyluridine. A PHOSITA would be motivated to develop a prodrug of 2`-deoxy-2`-

fluoro-2`-C-methyluridine for treatment of HCV, as taught in WO ’147. Further, a 

reading of Cahard et al and McGuigan et al would teach a PHOSITA that ProTide 



strategy can be used to overcome the problem of cell permeability. Further reading of 

Cahard et al, Lee et al, Perrone et al and Sofia  et al, would teach that the 

monophosphate of the identified nucleoside does not show cell permeability and this 

problem may be overcome by using masked Phosphoramidate preferably containing L-

alaninyl isopropyl ester.  A reading of Cahard et al and Lee et al would also teach the 

presence of a steric centre at the phosphorus atom of the Phosphoramidate. Reading all 

these prior art documents together a PHOSITA would be able to arrive at a 2`-deoxy-2`-

fluoro-2`-C-methyluridine prodrug which contains amino acid ester, preferably an L-

alaninyl ester to overcome the issue of cell permeability of the monophosphate of the 

nucleoside. 

 

43. Therefore, the claims of the Present Application would have been obvious to a 

PHOSITA and do not possess an inventive step. 

 

Section 3(d) and enhancement of efficacy 

 

44. I have been advised that for the purposes of Section 3(d) of the Patents Act, salts, 

esters, ethers, polymorphs, metabolites, pure form, particle size, isomers, mixtures of 

isomers, complexes, combinations and other derivatives of an already known 

substance are considered as the same substance, unless these derivatives result in the 

enhancement of the known efficacy of that substance. I have also been advised that in 

case of pharmaceutical substances, the efficacy is to be read as therapeutic efficacy. 

 

45. Accordingly, in my opinion, if one compares the claimed compounds of the Present 

Application with the compound disclosed in WO ’147, it would be seen that the 

claimed compounds of the Present Application are merely an L-alanine ester 

derivative of the compound disclosed in the seventh embodiment of WO ’147 (see 

internal page 36 of WO ’147), reproduced below for reference: 

 



 

 

When one tries different substitutions mentioned at internal pages 31 and 34, one of the 

substitutions that may considered, includes R
1
 as a monophosphate, R

3
 and R

7
 as H and 

R
4
 as O. The substitution of the said elements to the general structure of the seventh 

embodiment results in the following compound- 

 

 

 

 

 

46. In my opinion, the compounds of Formula I, Formula II and Formula II are mere L-

alanine ester form of the seventh embodiment disclosed in the WO ’147. The 

complete specification of the Present Application does not indicate any enhanced 

therapeutic efficacy of compounds of Formula I, Formula II or Formula III over the 

compound of seventh embodiment, and therefore are to be considered as the same 

substance as disclosed in WO ’147. 



 

47. Further, in my opinion, Sofia et al also discloses compounds which would qualify as a 

known compound with respect to compounds of Formula I, Formula II and Formula III 

of the Present Application. Attention may be drawn to the phosphoramidate nucleoside-

PSI-6206 disclosed in the poster. The structure of PSI-6206 is reproduced below for easy 

reference- 

 

 
 

 

48. As Sofia et al clearly recorded the structure activity relationship of different amino acid 

ester substitutions at R
3 
(see Table 3 of the poster reproduced below), it is clear that 

efficacy of different amino acid esters of the PSI-6206 phosphoramidate was known.  

 

 

 

49. In my opinion, the compounds of Formula I, Formula II and Formula III are ester 

derivatives of PSI-6206 like those disclosed in  Sofia  et al, and the Applicant has not 

indicated anywhere how compounds of Formula I, Formula II or Formula III show an  

 



 



SIVAKUMAR SANGARAPPAN, Ph.D. 
 
 
 
 
 
F-31, Brindavan Enclave, 
Risala Bazaar, Bolarum 
Secunderabad, Telangana 
India- 500 010. 
Mobile: +91-8106421818 
e-mail: sangarappans@gmail.com 

 
 
 
 
 
 

•  Born, 22nd May 1975 
•  Married, 2 Children 

PERSONAL DETAILS

 
 
 
 
 
 

SUMMARY OF EXPERTISE 
15 years of Global Industrial, Executive, Marketing and Scientific experience in the 
Pharmaceutical Industry. Current interest lies in, leading a R&D team for the successful 
chemical development and commercialization of new and clinical API’s. 

 
 
 
 

Specialties: 
 
 

    Process R&D 
    Process optimisation 
    QBD and DOE 
    Technology transfer 
    Non infringing process 
    Polymorph 

    DMF filing 
    CRAMS 
    Business development 
    Analysis 
    Quality control 
    Cost control
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Profile & Strengths: 

 
 
•  Experience in medicinal chemistry involving design and synthesis of New Chemical 

 

Entities (NCE’s) 
 

•  Multi step Organic synthesis and problem solving in the area of synthesis and spectroscopy 
 

• Proficient in Process development of active pharmaceutical ingredients for 

commercialization with proven expertise in enhancing the existing technology platforms 

(QBD and DOE) and developing new technologies and opportunities in support of the 

Company's business direction. 

• Understanding of cGMP and ICH guideline in pharmaceutical development of 

manufacturing API with expertise in transfer of technology from R&D units to pilot scales 

and further developments to production scale. 

• Coordination with cross-functional team for implementation of developed processes in 

commercial scale and preparation of intermediate specifications, SOPs, working standards, 

impurity profiling for analytical requirements & synthetic developments. 

• Implementing effective cost controls on process development by fine-tuning the process 

and applying the recovery & reuse of solvents, capacity enhancements. 

• Ability to conceptualize the processing for the product development with careful & 

sophisticated quality control measures in compliance to the specified standards while 

performing root-cause analysis to prevent any reoccurrences & defective issues. 

• Excellent reporting skills, outstanding success in building and maintaining relationships 

with customers and colleagues. Ability to use sound decision-making skills and effectively 

perform in a self-directed work environment. 

• Structure elucidation of compounds using spectroscopic techniques such as NMR (DEPT, 

NOESY & COSY), LC-MS, HRMS, GC, IR & UV.
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PROFESSIONAL EXPERIENCE 
 

 
Vector BioSciences Pvt. Ltd. (2007-Present) 
Designation: Director 

•   Leading a team of scientists working on a new and clinical API development 
•   Coordinating with the production team for successful Tech transfer 
• Closely worked with QA team for the successful audit and approval by USFDA, KFDA, 

PMDA and COFEPRIS 
•   Managing all functional teams and analytical division. 
•   Responsible for Business Development and also for project execution. 
•   Motivating the scientists and training them to handle the projects effectively. 
•   Planning budgets, monitoring expenses and achieving profitability. 

 
 
GVK Biosciences Pvt. Ltd.                                                                     (2004-2007) 
Designation: Principal Scientist 

• Managed  a  group  of  50 chemists  in  executing  projects  in  lab  scale  synthesis  and  ensure 
accurate documentation of experiments and results. 

•   Worked for multinational clients for the support of their Drug Discovery Programs. 
• Actively  involved  in  successful  completion  of  a  number  of  medicinal  chemistry  related 

projects. 
• Independently designed and synthesize novel therapeutically relevant compounds using multi- 

step synthesis. 
•   Developed novel and efficient synthetic routes for scale-up and process development. 
•   Managed scientific and business issues for specific clients and client needs. 

 
Post Doctoral Experience: 
Post-Doctoral Associate, Department of Chemistry, University of Kansas (2003-2004) 

•  Synthesis of carbohydrates and azasugar mimetics. 
•  Total synthesis of Taxol and Epothilone 

Post-Doctoral Associate, Department of Chemistry, Penn state University (2002-2003) 
•   Devised an efficient solid phase synthesis of lipopeptides. 
•   Developed a highly fluorescence based assay for screening synthetic libraries. 
•   Supervised several undergraduates and graduates within the research group. 

 
 
Education: 

 
 
Ph. D., Chemistry, University of Hyderabad, Hyderabad, India, 2002. 
Mentor: Prof. M. Periasamy 
Thesis title: Synthesis, Resolution and applications of 1,2-Amino alcohols 

 
M. Sc., Chemistry, University of Hyderabad, Hyderabad, India, 1997. 
Mentor: Prof. M. Nagarajan 
Project title: Application of IBX as an oxidising agent in organic synthesis 

 
B. Sc., Gandhigram Rural University, Gandhigram, Tamilnadu, 1995.
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Awards: 

•   Council of Scientific and Industrial Research (CSIR), New Delhi, India, Senior Research Fellowship 
(1999 - 2001). 

•   Council of Scientific and Industrial Research (CSIR), New Delhi, India, Junior Research Fellowship 
(1997 -1999). 

•   Secured 20th rank in all India Gate Exam 
 
Selected Publications: 

•   A new convenient method of resolution of racemic 1,1’-bi-2-naphthol using boric acid and 
 

R- (+)-á-methylbenzylamine, M. Periasamy, L. Venkatraman, S. Sivakumar, N. S. Kumar and 
 

C. R. Ramanathan, J. Org. Chem; 1999, 64, 7643. 
 

• New methods of resolution and purification of racemic and diastereomeric amino alcohol 

derivatives Using Boric Acid and Chiral 1,1’-2-bi-naphthol; M. Periasamy, N.S. Kumar, S. 

Sivakumar, V.D.Rao, C.R.Ramanathan and L. Venkatraman; J. Org. Chem,2001,66, 3828. 

•   A   new  convenient   method   of   synthesis   and   resolution   of   1,2-amino   alcohols, M. 
 

Periasamy, S. Sivakumar and M. Narsireddy, Synthesis, 2003, 13, 1965. 
 

• Toward homogeneity of chirality via selective formation  of  homochiral  or  hetero  chiral 

aggregates, M. Periasamy, S.  Sivakumar, M. Narsireddy and M.  Padmaja, Org. Letters, 2004, 
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international symposium held at Taipei, Taiwan, 2001. 
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Work Shops and Training Programs Attended: 
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