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FIELD OF THE INVENTION
The present invention pertains to nucleoside phosphoramidates and their use
as agents for treating viral diseases. These compounds are inhibitors of RNA-
15  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.

BACKGROUND
Hepatitis C virus (HCV) infection is a major health problem that leads to

20  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

25  atleast 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

30  wvertically from infected mothers or carrier mothers to their offspring. Current
treatments for HCV infection, which are restricted to immunotherapy with
recombinant interferon-o alone or in combination with the nucleoside analog
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the HCV replication complex (K. Ishi, et al, Heptology, 1999, 29: 1227-1235; V.

15 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.

HCYV belongs to a much larger family of viruses that share many common

20  features.
Flaviviridae Viruses

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,

25  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,
30  931-959). Flaviviruses of global concern that are associated with human disease

include the Dengue Hemorrhagic Fever viruses (DHF), yellow fever virus, shock
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considerable pestivirus exposure in humans.

Pestiviruses and hepaciviruses are closely related virus groups within the

15  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. Due to the similarities

20 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.

The genetic organization of pestiviruses and hepaciviruses is very similar.

These positive stranded RNA viruses possess a single large open reading frame

25  (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

30  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
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are terned n 56 %"c? ¥kt SIgyTy e RO o BRITUSSrAgE R VBt uby©
pol ypr ot giph RhORRER (rdferishiCoMRRALIMCLH RNARH REARIKDOAR, B bh¢ ORF for
pestiviruses and hepaciviruses is very simlar.” For both the pestiviruses
and hepaci vi rgdgs V.Y h€riraRen Eiavdawt Mattcubal. (1933, 3%, 372#B6). i n sequenti al
order fromthe am no-term nus of the nonstructural protein coding region to
t he carboxy-term nys. o he ORE,. consi st..Q 7, . NS2 3.. NSAA, ;, NSAB, NSHA,
and NS5B. The NS Bll;h oetagiz a&smoflzS aﬁlgsﬁtni“gllOP g%%leg\lnéép fﬁteeﬂ)%sc?f %lgf (B ess%ﬂéir e sequence
donai ns 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
15  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.,
20 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.
25  Biophys., 1995, 323, 47-53; Warrener and Collett, J. Virol. 1995, 69,1720-1726).
Finally, the NS5B proteins of pestiviruses 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 ¢t al., Biochem. Biophys. Res.
Comm. 1997, 232, 231-235; Hagedorn, PCT WO 97/12033; Zhong et al, J. Virol.,

30 1998, 72, 9365-9369).

Currently, there are limited treatment options for individuals infected with
hepatitis C virus. The current approved therapeutic option is the use of
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Bi ochem Bi ophys. Res. 215, 16 Jin and Peterson, Arch.

Bi ochem Bi opiigged mgmﬁsgmtmeswa?mﬁ@ m&ﬁ’hcln@lrtéllemaﬂm Collett, J. Vi rol . 1995,
69, 1720-1726). Finally, the NS5B proteins of pesti vi ruses and hepaci vi ruses

rawe (e o oot o0 Bl AR AR R ST SRR
Yuan et al., Biie&B&ranBsoph¥sal., Resure 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.,
15 Current Opinion in Drug Discovery and Development, 2004, 7, 446-459; Beaulicu,
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
20  ofresistant 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.

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

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

25  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

30  inhibitor. Unfortunately, this limits the direct evaluation of nucleosides as inhibitors

of HCV replication to cell-based assays capable of in situ phosphorylation.
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Also limiting the utility of nucleosides 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

20  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 concentration of

25  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

unnccessary.

SUMMARY OF THE INVENTION
30 The present invention is directed to a phosphoramidate nucleoside
represented by formula I, or its stereoisomers, salts, pharmaceutically acceptable

salts, hydrates, solvates, crystalline, or metabolite forms thereof:
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and WO 2007/ 095269 is N—PZ-
OR* / 6R1
5 R?

R! is hydrogen or phenyl; R? is hydrogen; R* is hydrogen; R*" is
CH;; R* is hydrogen, methyl, ‘Pr, or cyclopentyl; R’ is hydrogen; R® is CH3;
X is F; and R® is OMe, -~N(-CH,CH,CH,-) (azetidin-1-yl), OBn, or OH; and

R’ is NH;;
10 and wherein when
i R R R
Zis HO—II)— > HO—II)—O—II)— , Or HO—II)—O—II)—O—II)—
OH HO OH HO OH OH

R’ is hydrogen; R is CH;; X is F; and R®is OMe, -N(-CH,CH,CH;-)
(azetidin-1-yl), OBn, or OH; and R’ is NH,.

DEFINITIONS

15 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.
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prodrugs of nucl eggi des have heen. enployed, |4 has been demonstrated that
broparation of nuclEdurHe Méﬁbﬁaﬂﬁm%@ Pw%ﬁgef%e@yg%@m%&g& ption
of a nucl eosidenaRd FfrovilllEmRE Sumbie, HNAS BRRLAG date moiety of these
"pronucl eotides” is masked with neutral |ipophilic groups to obtain a

suitable partition coefficient to optimze uptake and transport into the
cel | dramatical | y Ewtemes ogtioned" pmntoptierdllylilaapseddiseasnmeans bat f t he

| dran o’ prfopti dreenie
el cosi de. 2l BRBACEROee BB S Pute Fh AR PP A B SRR 1 o1

produces 3 nukb&qsiodeéndind pikeapbalvEeroliey @icht dihd@rcuAkntd ddcutsgdiindtincas
phosphoryl ation i.s unnecessary. SUMMARY OF THE | NVENTI ON The present

i nvention is @ivEdiédossdich BerosRbianerinal bradl eanyidatigpbereherar By
formula 1, qfy bl 5reSbfRr &R tF%}qﬁé &escﬁsﬁééinglgpgs{ g#%ﬁ&%hﬁl%' &Mﬁ@&?@ﬁkhﬁb' e salts,

i
hydrates, solvates, criystalline, or neta orns there I'S ‘wherein
when Rl is hydrogen or phenyl; R2 is hydrogen; R3a is hydrogen; R3b is CHS3;
R4 is hydrogen, nekietbrm "iRd¢pendentlyt ioysedhytein R5ndisathyitht egenablR6 dppli@H3; X

: : Ei—lZ?ng.n?vbhéngyﬁé Wﬁgﬁéegv_ltgg(gl? %e%}%%?o tilg 1zoreetsiergcie %_r %Bglelngé 0an3 \Ddria%[e hg\:lingand R9
10  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.

The term "purified," as described herein, refers to the purity of a given
15  compound. For example, a compound is "purified” when the given compound is a
major component of the composition, i.c., at least 50% w/w pure. Thus, "purified”
embraces at least 50% w/w purity, at least 60% w/w purity, at least 70% purity, at
least 80% purity, at least 85% purity, at least 90% purity, at least 92% purity, at least
94% purity, at least 96% purity, at least 97% purity, at least 98% purity, and at least
20 99% purity.

It is also contemplated that the compound represented by formula I embraces
deuterated analogs. The term "deuterated analogs" means a compound described
herein or its salts thereof, whereby a 'H-isotope, i.c., hydrogen (H), is substituted by
a “H-isotope, i.¢., deuterium (D). Deuterium substitution can be partial or complete.

25  Partial deuterium substitution means that at least one hydrogen is substituted by at
least one deuterium. For instance, for a compound represented by formula 11, one
of ordinary skill can contemplate at least the following partial deuterated analogs
(where "d,," represents n-number of deuterium atoms, such as, for an isopropyl
group n = 1-7, while for a phenyl group, n = 1-5). Although the methyl groups

30  depicted below are shown as being completely deuterated, one will recognize that

partial-deuterated variations are also possible, such as, -CDH, and -CD;H.



(rrr 111 1zis HOP- , HOP-OP- , or HOOP-0-P-OP- I I | I I I OH
HO OH HO OH OH R5 is hydrogen; R6 is CH3; Xis F;, and R8 is Owe, -N-CH
2CH2CH2- )Woaamra76d4n- 1-yl ), OBn, or OH;, and R9 is NH2. DEETNISTIQND4Ghe
phrase "a" or "an" entity as used herein refers to one or nore of that
entity; for exanple, a conpound refers to one or nore conpounds or atHleast
one conpound As such, the terns Qr %br an"), "one or nDre and Oat

| east one” can be used intercha Iy herei n. The phrase "as dehr erein
above" or "as de@rneﬁhherern" me rs Nto the firsfdefilgition 6vrbe§f

the Summary of t nvie Nﬂkn@ﬁ'optronal L—ho, N ~ms NHﬁd
her ei n neans dhab u%sequ n M{descrrbed evenﬁoorHcrgcunst eHyray but

need not occur, g %@ﬁ dgscrrptron i ncl udes i anceso where the event
or circumstance oc an nstances in which it do%ii&ot For exanpl e,
"optional bond" neals/that the bond nmay or may not S\’brnesent, and that the
description i ncl udes single, double, or triple bonds. The term
"independently" is used herein to jfidicate that a variable is appligdHin

any one instance w thout regard the presence or absence of a varjable
having that sape ogpa differe ;ﬂ%?Nnrtron Wi thig f he same conp \NThus

in a conpound i I oh R appeay wilce and is de ed(?s J ndep
carbon or nitgogen, —fb@ h can e Mhrbon, b ot tro
one R can be carbdn and t he—gtHer nitrogen. The (purrf; “Higs
descri bed herein, seferstHPo the purity of a given c oundl© Fof exanple, a
conpound is "puri~ d" when the given conpound is
oCPs o CHs
N Ny
o, CH 4 O, CH %
? < /L N ? 0 <N |N4kNH
PO (l) CH, PrO (I) L CD,

These are but a few deuterated analogs that are synthetically accessible by

procedures and reagents that are known to one of ordinary skill.

The term "metabolite," as described herein, refers to a compound produced

10 in vivo after administration to a subject in need thereof.

The term "salts," as described herein, refers to a compound produced by the
protonation of a proton-accepting moiety and/or deprotonation of a proton-donating
moiety. It should be noted that protonation of the proton-accepting moiety results in
the formation of a cationic species in which the charge is balanced by the presence

15  of a physiological anion, whereas deprotonation of the proton-donating moiety
results in the formation of an anionic species in which the charge is balanced by the

presence of a physiological cation.



maj or conponent of the conposition, i.e., at |east 50% w w pure. Thus,

"purified' enbraces at |east 50% wWw purity, at |least 60%ww purity, at
| east 709wpupioorss4at | east 80% purity, at | east 85% puriPCE/US209/068s2 90%
purity, at least 92% purity, at least 94%purity, at |east 96@6purity, at

| east 97%purity, at | 9 It is also
contenpl ated that the ?W%@%%@F%m%%ﬁﬁ aces deut er at ed
anal ogs. The ter”‘IQ%H&%hﬁ&ﬁguﬁﬂﬁéQﬁ&naﬁ%ﬁﬂﬁm@%ﬁﬁﬂﬁﬁwﬂﬂuﬁEﬁ&ﬁbbed herein or
its salts thereof, whereby a "-isotope, i.e ydrogen (H), is substituted
by a 2H i sot dpygesq'nt@i by fvenulerd; omntS(smremsmfn@r@rsahthmatqetlmadlmcmmblbﬁe parti al
or conplete. Parti al eriumsuhstituti ns that at |east one

v ogen | o SUBLEY RSy PRl OF R B8 T st ance, Tor a
conmpound represented by fornmula 11, one of orginary skill can contenplate
at least the follow ng parti al deuterated :ﬁilggs (where "dn" represents

n- nunber of deuterium atons, such as, forg propyl group n = 1-7, while
for a phenyl group, n = 1-5). Alth ghoth 9groups depi ct ed bel ow ar e

shown as being conpletely deuteré&ed one Mnl ognlze t hat

partial -deuterated variations are 31& S|ble such as, -CDH and -CD

H These are but a few deuterated anﬁ@ongthat are synthetlcally accessi bl e
by procedures and reagents that are known to one of ordinary skill. The

term"netabolite, " as described herein, reefers to a conpound produced in
vivo after admnistration to a subject in need thereof. The term"salts,

as descri bed herein, g r&’to a conpound produced by the protonation of a
pr ot on- accepting moP ‘d/om)deprotoﬁhtlon of Qa pfot on- dondf i nd) noiety.
It shoul d be fbted that prateddati on Hi-lihe. gl¥TENOakTepti HE M@l Gdsui t s
in the formation of a0§at|dn|@mspe0|es(nh whi cHOt heObhar ge iHO balQhcet by
the presence of a physiol &ji cal ani on, whereas deprotonation of the

pr ot on-donati ng noiety

wherein when

10 R! is hydrogen or phenyl; R? is hydrogen; R* is hydrogen; R*" is CHs; R* is
hydrogen, methyl, Pr, or cyclopentyl; R’ is hydrogen; R® is CHs; X is F; and R® is
OMe, -N(-CH,CH,CH>-) (azetidin-1-yl), OBn, or OH; and R’ is NH;;

and wherein when

(R O O O (R (‘?
Zis HO—II)— , HO—P-0— P— or HO—I')—O—P—O—P—
OH HO OH HO OH OH
15 R’ is hydrogen; R%is CH;; X is F; and R®is OMe, -N(-CH,CH,CH;-)

(azetidin-1-yl), OBn, or OH; and R’ is NH,.

A first embodiment of the present invention is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

10



results in the formation of an anionic species in which the charge is
bal anced by the presence of a physiol ogical cation. DETAI LED DESCRI PTI ON OF
THE | NVENVOOMLOTITES4pr esent i nvention is directed to a ph@sphseeiocsse

nucl eosi de represented by fornmula |, or its stereoisoners, salts,
pharmaceutical |y acceptable salts, hydrates, splvates, crystalline, or
nmetabolite forns thereof: Z is wherein when i s hydrogen or phenyl; R2 is
hydrogen; R3a is hydrogen; R3b is CH; R4N rogen, nethyl, 'Pr, or

cyclopentyl; R5 is hydrogen; R6 is CH ; )(’i |F,')\and R8 is Owve, -N(-CH
2CH2CH2-) (azetidin-1-yl), OBn, g4 ‘;O F RONTSRUH2; and wherein when Z is
R5 is hydrogen; R6 is CH3; X is F; ,and B8Ris Owve, -N(-CH 2CH2CH2-)
(azetidin-1-yl), OBn, or OH and R@H\‘s dH2. A first enbodi ment of the
present invention is directed to a phosphoranm date nucl eosi de represented
by formula I, or its stereoisoners, salts, pharmaceutically acceptable
salts, hydrates, solvates, crystalline, dr netabolite fornms thereof:Z is
wherei n when Rl is hydeqgensor phenyl; R2 is hydrogen; R3a is hydrogen; R3b
is CH3; R4 is hydrogen, ‘thylo "Pr, orpcyclopeotylp R5 is hydrogen; dR6 i s
CH3; Xis F, apd R8I , and RO i NH2,  gpdl whgrPin shap-2 iRyl
hydr ogen; R6 is CHS; OR‘*IS I’7N %?{(IZI R8 is Pve; andlRO g NH2. H(') ou  ou

RZ

wherein when

R! is hydrogen or phenyl; R? is hydrogen; R* is hydrogen; R*" is CHs; R* is
hydrogen, methyl, Pr, or cyclopentyl; R’ is hydrogen; R® is CHs; X is F; and R® is
OMe; and R’ is NH;;

and wherein when

i W TR
Zis HO—II)— ) HO—II)—O—II)— , OF HO—I')—O—II)—O—II)—
10 oH HO OH HO OH OH

R’ is hydrogen; R®is CHs; X is F; and R® is OMe¢; and R’ is NH,.

A first aspect of the first embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

11



A first aspect of the first enbodinent is directed to a phosphoram date
nucl eosi de represented by formula |, or its stereoisoners, salts,

phar mmcewpecalooyss@cept abl e salts, hydrates, solvates, @®CYAISa000i069869 Or
metabolite fornms thereof: Rl is hydrogen or phenyl; R2 is hydrogen; R3a is
hydrogen; R3b is CH3; R4 is hydrogen, nmethyl, 'Pr, or cyclopentyl; RS is
hydrogen; R6 is CH3; X is F; and R8N's OMe: and RO is NH2. A second aspect

of the first enbodinent is dire Q a phosphor am dat e nucl eosi de
represented by fornmula I, or itSs sftergoisoners, salts, pharnmaceutically
acceptabl e salts, hydrgb N 9 t ey dﬁystallinedp r pgetabolite forns
thereof: Rl is phenyl; R%s' df ogen; R3a is hydrogdex; bis CH3; R4 is
; . Xnks F;, and R8 is

met hyl, '"Pr, or cyclopen ﬁg R§ i's hydrogen, R6
Ove; and RO is NH2. A thir aspect of the first epbodi PNt Ts directed to a
phosphor ami dat e nucl eosi de represented by fornul &R, O?blpg st er eoi soners,
salts, pharmaceutically acceptable salts, hydrates, S(]Jaivate%;§ crystalline,
or metabolite formg it Rgdegén ofPheh$l; RAMldrodda; RY ibietrogen R 'R3TH. s Riy(dr ogen;
R3b is CH3;, R4 |s nethi QRSI?§1h§droﬂg%} Eﬁa CHIg?'ZtI 9?2 F, and R8 is Owe,;
and RO is NHAW, rCf&%meF Xls pacar Cdﬁbpﬁgylf Br g&h i ReitClils XisfeendB i a
phosphor am dadgr.niied ﬁm iNgg¢ represented by formula I, or its stereoisoners,
salts, pharnaceutlca y acteptabl e salts, hydrates, solvates, crystalline,
or netabollte forms thereof: Rl is phenyl; R2 is hydrogen; R3a is hydrogen;
R3b is CH3;, R4 is ARrcondRaspest dfithle Orpe amb&finicst Elddectd ksa phosaharaRidats OVE

and RO is NH2. fifth aspe f the first enbodinent is directed to
phosphor ani aielonies é@gffsaﬁte%gs?@?@ﬂ% LTy Sterromomers: saly PTG Somer s,
sal ts, phar mageidisiabdiy, l?ﬁfie?c9§ 3B 8te$ %lqtfs%alhﬁ%y dr ﬁfeﬁﬁ)oh@%ﬁﬁs; @srcofr ystal line,
or netabollte fornms thereof: RL is p enyl; R2is hydrogen; R3a is hydrogen;
R3b is CH3; R4 is cyclopentyl, R5 i 8 hydrogen; R6 is CH3; Xis F; and R8 is
Ove; and R9 is NH2.

R! is phenyl; R? is hydrogen; R** is hydrogen; R* is CH; R” is methyl, ‘Pr,
10 or cyclopentyl; R is hydrogen; R® is CHs; X is F; and R® is OMe; and R’ is NH,.

A third aspect of the first embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

O Nf\)\ 3a
70O R \R3b
N 'a . O N (|)|
HO X Z1s /N— l,) *

15 R! is phenyl; R? is hydrogen; R** is hydrogen; R* is CHs; R is methyl; R® is
hydrogen; R®is CHs; X is F; and R® is OMe; and R’ is NH,.

12



A sixth aspect of the first enbodinent is directed to a phosphoram date
nucl eosi de represented by formula |, or its stereoisoners, salts,

phar mmcewpecalooyss@cept abl e salts, hydrates, solvates, @®CYAISa000i069869 Or
nmetabolite fornms thereof: RL is phenyl; R2 is hydrogen; R3a is hydrogen;

R3b is CH3; R4 is drogen; R5.is. hydrogen; R6..is ;. Xig F, agnd R8 is
Ove: and RO is NHz%%@\féﬂ?%Og@ﬁZf%ﬁt cgrboglRent iy digec B&mbemﬁwraén@ﬂtﬁect ed to

a phosphor am faf8siad &dpBQehide by SRNRTE DR ths R rdoNoME @ shits, Pharhdadeutically
stereoi somers, salts, pharmaceutically acceptable salts, hydrates,

sol vat es, cr steltdilpealtsohydigtalbolvates drptating, lee mstiboliRifoirss thygotigen; R2 is

hydr ogen; R3a is hydrogen; R3b is ; R4 is hydrogen; R5 is hydrogen; R6
is CH3; Xis F;, and R8 is Ow; and is NH2. An eighth aspect of the first
enbodi ment is directed to a phog Ji dat e nucl eosi de represented by
formula I, or its stereoisongrs, | L4, pharmaceutically acceptable salts,
hydr at es, sol vates, crygtaii NorNretkibolite fo thereof: | wherein Z

is and wherein R5 is hyd&@b. aR6 is CH; Xis fi_ and~R8 Ls Ove; and RO is
NH2. A second enbodi ment afy thg present inventi onN ireated to a
phosphoram date nucl eosi de represented by fornula/l, oP“Tﬁslstereoisoners,
salts, pharnmaceutically acceptaple salts, hydratd®R s évapgs, crystalline,
or metabolite forms thereof:Z is wherein when Rl is hydrogen or Phenyl; R2
i s hydrogén; R3a iR ikpbemdeRt;is B3drogsn; B3is hpdrdgen B diogHR, R efiryR: is' Pr, or

cyclopentyl; R5 is hydrogen; R6 is 3; Xis Fioand R8 is -
y penty hydrogen; ﬂ(gls 3; X is F; and 1% OMe; and R’ is NH.,.

A fifth aspect of the first embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:
R8
Nf
N
< ]
N N/)\Rg
R6

O
RS —= 0 N O
S E i 1
HO X Zis N—PZ—

10 I R?
R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is cyclopentyl;
R’ is hydrogen; R® is CHz; X is F; and R® is OMe; and R’ is NH,.

A sixth aspect of the first embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

15  acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is hydrogen; R’
is hydrogen; R is CH;; X is F; and R®is OMe; and R’ is NH,.
13



N(- CH2CH2CH2-) (azetidin-1-yl); and RO is NH2; and wherein when Zis R5 is
hydrogen; R6 is CH3; X is F;, and R8 is -N(-CH 2CH2CH2-) (azetidin-1- yl);
and RO i swiiR10/0x5%4pr st aspect of the second enbodi nent iPSTAISe@OeR62 0 a
phosphor am dat e nucl eosi de represented by fornula [, or its stereoisoners

salts, pharmaceutically acce sal ts, ra.es sol vat es, ystallrne
or metabolite For ris SpdoPecRe! e Ti cﬁ@@éﬁn rrwd-to RBTPSgyF gfen: R3a
i's hydrogen; f@Rotide Qg%eseﬁ{@d'@ fMIQE%@&tS%Yé&Yﬂomerf @altsof)héi‘ﬁﬁk&f?i%ﬁ'ﬂy , RS is

hydrogen; R6 is CH3; is F; i's - N(-CH -) (azetidin-1-yl);
and RO is NHzccoptadde s, laghates, solfvatteh@rﬁeadbm oemtﬁdbph'e Drmssthdreroéct ed to a
phosphor am dat e nucl eosi de represen%ed by formula |, or its stereoisoners,

salts, pharmaceutically acceptable galts, hydrates, solvates, crystalline,
or metabolite forns thereof: RlTF ﬁnyl R2 is hydrogen; R3a is hydrogen;
R3b is CH3; R4 is nethyl, '"Pr, Qr eyg opentyl R5 |s hydrogen R6 is CH3; X

is F;, and R8 is -N(-CHzg (athr yI) d Ris NH2. Athird
aspect of the second enb@dl Rf s drrected to g ph ﬁhor m dat e nucl eosi de
represented by formula I, ggt |ks st er eoi sogers, harnaceutrcally
acceptabl e salts, hydrates, sol vates, crystalline or t 56I|te forns
thereof: Rl is phenyl; R2 is hydrogen; R3a is hydﬂbge RIB is CH3: R4 is
nethyl; R5 is hydrogen R6 is ; Xis F, and R8 is - 2CH2CH2-)

(azetidin51-yl); atids Rodioger\iie . ifhdrogdny RS @gdrogén; tRiBissedomd iehprdiament i s

directed to a ph hor anmsdat e nucl eosi de represented by formula I, or its
stereorsoneréi1§§V$§g@bh%ﬂhgg%d¥ﬂ%gﬁmﬁl%dégﬁﬁ%ﬁmaRsé§N> hydrates,

solvates, crystalline, or netabolite forns thereof:
An eighth aspect of the first embodiment is directed to a phosphoramidate

nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R8
NfN
v
A
6

Z0

o L
HO X
10 |
wherein
X T 9 e 9 %
Zis HO—II)— s HO—l') O— P— or HO—P—O—}?—O—P—
OH HO OH HO OH OH

and wherein R’ is hydrogen; R® is CH3; X is F; and R® is OMe; and R is
NH,.

15 A second embodiment of the present invention is directed to a
phosphoramidate nucleoside represented by formula I, or its stercoisomers, salts,
pharmaceutically acceptable salts, hydrates, solvates, crystalline, or metabolite

forms thereof:

14



Rl is phenyl; R2 is hydrogen; R3a is hydrogen; R3b is CH3; R4 is "Pr; RS is
hydrogen; R6 is CH3; X is F;, and R8 is -N(-CH 2CH2CH2-) (azetidin-1-yl);
and RO i swiiaR10/0x5%4pft h aspect of the second enbodi nent iPSTAiSe@OeR62 0 a
phosphor am dat e nucl eosi de represented by formula I, or its stereoisoners,
salts, pharmaceutically acceptable salts, hydrates, solvates, crystalline,

or netabolite forns thereof: Rl is phenyl; RRI s hydr ogen; R3a i s hydrogen;
ﬁg_iNH

R3b is CH3; R4 is cyclopentyl; R5 is hydr 6 is CH3;, Xis F, and R8 is
-N(-CH 2CH2CH2-) (azetidin-1-yl); and RO <s |NH2| A sixth aspect of the
second enbodi nent is directed toZ@/pﬂgEE?§kanN a nucl eosi de represented
by formula I, or its stereoi soners,ssal SRS phar maceutically acceptabl e
salts, hydrates, solvates, crystaIthe,=Qr netabolite forms thereof: Rl is
phenyl; R2 is hydrogen; R3a is hydrogen; R3b is CH3; R4 is hydrogen; R5 is
hydrogen; R6 is CH3; X is F;, and R8 is -N(-CH 2CH2CH2-) (azetidin-1-yl); and
RO is NH2. A seventh aspect of the second enbodinent is directed to a
phosphor ani dat e nucl easide psepresented by formula |, or its stereoisoners,
salts, pharmaceuticglly Yeteptabl e sal tes, hydrabes, osol vat es,o crystald i ne,
or netabolitezforns edf: is hylrjogen;pdRpis-Bydreogn—R3a 55— —
hydrogen; R3b is CH ; /R4 iéwﬁﬂﬁfogen; i's hydgogefy;; R6 iS}EH3;6%hi§if;
and R8 is -N(-CH 2CH2@ﬁ?-h@(a£¥&idin-l-y ); and RO I's NH, An eighth aspect
of the second enbodinment i's directed to a phosphoram date nucl eosi de
represented by fornula |, or its stereoisoners, salts, pharmaceutically
accept abl e salts, Jiydsatvgen sol vates, crystalline, or netabolite forns

t hereof: wherein

R' is hydrogen or phenyl; R is hydrogen; R* is hydrogen; R*®is CHx; R is
hydrogen, methyl, Pr, or cyclopentyl; R’ is hydrogen; R® is CHs; X is F; and R® is —
N(-CH,CH,CHj-) (azetidin-1-yl); and R’ is NH,;

and wherein when

i W TR
Zis HO—II)— ) HO—II)—O—II)— , OF HO—I')—O—II)—O—II)—
10 oH HO OH HO OH OH

R’ is hydrogen; R is CH;; X is F; and R®is —N(-CH,CH,CH,-) (azetidin-1-
yl); and R® is NH,.

A first aspect of the second embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

15  acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

15



O0OO0O000Zis HOP- , HOP-OP- , or HOOP-0-P-OP- 1 I I I I I OHHO M
HO OH OH and wherein R5 is hydrogen; R6 is CH3; Xis F;, and R8 is -N(-CH
2CH2CH2- )WOaamra7684n- 1-yl ); and RO is NH2. A third enbodiPGEAIS2090/069369 pr esent
invention is directed to a phosphoram date nucl eosi de represented by
formula I, or its stereoisoners, salts, pharmaceutically acceptable salts,
hydr at es, solvates, crystalline, or netabolite forns thereof: Z is wherein
when R1 is hydrogen or phenyl; PRP~i<SSfjydrogen; R3a is hydrogen; R3b is CHS,;
R4 is hydrogen, nethyl, 'Pr, or{cyklopentyl; RS is hydrogen; R6 is CH: X
is F; and R8 is OBn; apg-mQ A D NAntRWher ei n whe

0@ 0000 Il I | Il

11l zZis HOP-,HORE*’J_ aR$ Or HOP-O-P—CbP—I,.L“I Il I I OH HO CH HO
OH OH RS is hydrogen; R6 & , Xis F, apd R81 X aﬁgRQis NH2. A
first aspect of the third enmbodinent is directed fo a plio§phorani date

nucl eosi de represented by formuja I, or its steré@ﬂ“sor@?s?%alts,

phar maceutical | y acceptabl e sal ts, hydr at es, sol vat esR crystalline, or

met abol ite forns tiieg @pdroRdn biSpHangl ®GehydiogdheRris hjRBoidh; RYUTgenR*R3a i s
hydrogen; R3b is CH3; R4 Is 5. ‘. ) Q.
hydrogen, methyl, ‘Pr, or cyclopentyl; R’ is hydrogen; R” is CHs; X is F; and R® is —

N(-CH,CH,CH,-) (azetidin-1-yl); and R’ is NH,.

5 A second aspect of the second embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically
acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R8

R! is phenyl; R? is hydrogen; R** is hydrogen; R* is CH; R” is methyl, ‘Pr,
10 or cyclopentyl; R’ is hydrogen; R is CHs; X is F; and R® is
~N(-CH,CH,CH,-) (azetidin-1-yl); and R’ is NH,.

A third aspect of the second embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:
R8
N B
{1
ZO/\OgN N/)\R9 R Rib
RS\\ R R wa O
HO X Zis Nl
/o

15 I R?
R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is methyl; R is
hydrogen; R is CHs; X is F; and R® is -N(-CH,CH,CH),-) (azetidin-1-yl); and R’ is
NH,.
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hydrogen, nmethyl, 'Pr, or cyclopentyl; R5 is hydrogen; R6 is CH3; X is F
and R8 is OBn; and RO is NH2. A second aspect of the third enbodi nent is
di rect ed WO 2a10p0118phor am dat e nucl eosi de represent ed by PCOUSR008/06946Dr it S
stereoi sonmers, salts, pharnaceutically acceptabl e salts, hydrates

sol vates, crystall or olite for t here R2 is
v ogon: Ko i o HyBRBYGHPRSb U Scesd:HRRirtcti fyicted tpr PERHEUEGENt y1
RS is hydrog&fc|cB8idt fop g’s‘%ntea(b%@ ormul @0Gr 8 slefeotPMicr@ Ia tsRBhdrfhabliicady t hi rd
aspect of the third enbodinent is directed to a phosphor am dat e nucl eosi de
represent ed bpgcéptabieibadts) hydpates, selvatcs reapital bme 0s megdblits, fophathawobut i cal |y
accept abl e salts, hydrates, solvatei8 crystalline, or netabolite forms
thereof: Rl is phenyl; R2is hydrog n, R3a is hydrogen; R3b is CH3; R4 is
methyl; R5 is hydrogen; R6 is Ns F; and R8 is OBn; and R9 is NH2. A
fourth aspect of the third e nt, |s dlrected to a phosphoranldate

nucl eosi de representedzb I'N"orR’i t s st er eagongms, salts,
pharmaceutical ly acceptagke R% hydrates, sofvategs” cgéstalline, or
metabolite forns thereof: yBl i% phenyl R2isi s hy a is hydrogen;

R3b is CH3; R4 is '"Pr; R5 is hydrogen; R6 is CH3; X ishk,.apd R8 is OBn;
and RO is NH2. Afifth aspect of the third embodi Mfent és BRrected to a
phosphor anm dat e nucl eosi de represented by formul a I or its stereoisoners,
sal ts, pharmaceut iR'ak bierad,Rps bliegsalR’s|s Hydebpah ek’ 1§6Hxaies]%pR§stalllne
or metabolite forns t hereof . Rl is .S hyd [ ydrogen;
R3b is CH3; RWd F%geEy%l’65&#@%151:@4@?%%?(0%@?}1@4 )s{ @%BP 1:‘5 Bhsd R8 is
OGBn; and R9 ilggNH2. A sixth aspect of the third embodi ment |s dlrected to a
phosphor am dat e nucl eosi de represented by formula I, or its stereoisoners,

salts, pharmaceutically acceptable salts, hydrates, solvates, crystalline,
or mnet abolite for nsfifthesgast of the second embodiment is directed to a phosphoramidate

nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

10 acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R8
N N
y
<N IN/)\

R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is cyclopentyl;
R’ is hydrogen; R’ is CHz; X is F; and R® is -N(-CH,CH,CH),-) (azetidin-1-yl); and
R’ is NH,.

15 A sixth aspect of the second embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

ONf)\



Rl is phenyl; R2 is hydrogen; R3a is hydrogen; R3b is CH3; R4 is hydrogen;
R5 is hydrogen; R6 is CH3; Xis F;, and R8 is OBn; and RO is NH2. A seventh

aspect ofwoheiwdiss4d enbodi ment is directed to a phosphoramiu$ane/om46d eosi de
represented by fornula I, or its stereoisoners, salts, pharmaceutically

acceptabl e salts, drates, solvates, grystalline,;or metapolite formns
thereof: Rl is hy&g§§8 ?WEQ{P§ ﬁ@ﬁgﬁbé%g%iﬁ’“¥§Hﬁ§ﬁF%Sggﬁgggky&?g@$ﬂﬁ R4 is
hydrogen; R5ii§ d%gé@gmsi CHE, X $ 63 d R i§ SNECHB0HLE8, J) 3a88in-RP0; /A rS NH2.
An eighth aspec¥ of the third enbodinent is directed to a phosphorani date

nucl eosi de repNekented by fornula I, or its stereoisoners, salts,
phar maceutical ly acceptable salts, hydrates, solvates, crystalline, o

;
nmetabolite forns t fi: in [ 21 | i,S.hydr N R6 is
G X s Cand oo ERtpbed 4B R Fu BB &l Riie hna o s
present i BveniuckRosids raprésestce Oy forntulPNas R Sfcasvidaicts, Raled, pRahaecutiepllesent ed
by formula |, or its stereoisoners, salts, pharmaceutically acceptable
salts, hydratasseptade yiselydratey selxptep.aystalingrer astbeliis foppnicteREr eof 1 Z i s
wherei n when Rl is hydrogen or phenygk; R2 is hydrogen; R3a is hydrogen; R3b

is CH3; R4 is hydrogen, nmethyl, 'Pr,| or cyclopentyl; R5 is hydrogen; R6 is
CH3: Xis F: and R8 is OH and E&:[é§NH2; and wherein when Z is

O ~
R® O, R . O (I)I
HO X Zis N_P*__

R' is hydrogen; R? is hydrogen; R* is hydrogen; R*" is CHs; R’ is hydrogen;
R’ is hydrogen; R’ is CHz; X is F; and R® is -N(-CH,CH,CH),-) (azetidin-1-yl); and
10 R’ isNH,.

An eighth aspect of the second embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R8
N B
N
¢ ]
O. N /)\ 9
RS\ \ L R6
HO X
|
15 wherein
(l? I (I? 9 (I? il
Z1s HO—II)— > HO—I,)—O—P—,OT HO—I"—O—II)—O—P—
OH HO OH HO OH OH

and wherein R is hydrogen; R® is CH3; X is F; and R® is
~N(-CH,CH,CH,-) (azetidin-1-yl); and R’ is NH,.

A third embodiment of the present invention is directed to a

20  phosphoramidate nucleoside represented by formula I, or its stercoisomers, salts,
18



R5 is hydrogen; R6 is CH3; Xis F;, and RB is OH, and RO is NH2. A first
aspect of the fourth enbodinent is directed to a phosphoram date nucl eosi de
representwo 2b10/676540ul a |, or its stereoisoners, salts, pharusa@eO646al |y
acceptabl e salts, hydrates, solvates, crystalline, or netabolite forns

t hereof : Rl i s _hydrogen or phenyl; i S hydrogen; R3a.is hydr n, R3b is
B Ra 1s hyrEERob rgRepabls S SUREG T orl i agiEbRERE re 1 s
CH3; X is F, Bpafs8dbe OH, and RO is NH2. A second aspect of the fourth
enbodi ment is directed to a phosphoram date nucl eosi de represented by
formula |, or its stereoisonmers, salts, pharnmBteutically acceptable salts,
hydr at es, sol vates, crystalline, or netabold forms thereof: Rl is phenyl;
R2 is hydrogen; R3a is hydrogen; R3b is G}B;|Riqis met hyl, 'Pr, or
cyclopentyl; R5 is hydrogen; R6 %g OSNTSK? d RBis OH and RO is
NH2. A third aspect of the fourth epbodi/ment is directed to a
phosphor ani dat e nucl eosi de represeR % formula I, or its stereoisoners,
salts, pharmaceutically acceptable 9t s hydr at es, solvates, crystalline,
or netabolite fornms thereof: RL is phenyl; R2 is hydrogen; R3a is hydrogen;
R3b is CH3; R4 is nmethyl; R5 is hydrogen;I R6 is CH3; Xis F, and R8 is OH
and RO is NH2. A fourthysaspegt of the fourth enbodinent is directed to a
phosphor an dat e nucl eosi eJ?epresented(py formufa |, or its syergoi

’ S\

[ b sQyrers,
salts, phar euticd cepthabl e tis, hydrates, lisol va §g[p_y§;_§fine,
or netaboli?ngorns t ereofN—ﬁﬁ—is gﬁ%ﬁ)l;’ﬁggik ﬁyﬁroﬁ%nhSRié | ﬁgéifgen;

R3b is CH3; R4 is 'ProrR5 %s lordr ogen: is B, XOHs F;, ad®® R8 95" &Y "and
RO is NH2. Afifth aspect Bof the fourth enbodinment is directed to a
phosphor aii dat e nucl eosi de represented by formula |, or its stereoisomers,

salts, pharnaceutk@ﬂgﬁxvﬂgﬁeptable salts, hydrates, solvates, crystalline,
or netabolite forns thereot: Rl is phenyl; R2 is hydrogen; R3a is hydrogen;
R3b is CH3; R4 is cyclopentyl;

R3a R3b
NG
Zis N— l')*__
OR* [ Or!
RZ

R' is hydrogen or phenyl; R is hydrogen; R* is hydrogen; R*®is CHy; R is
hydrogen, methyl, Pr, or cyclopentyl; R’ is hydrogen; R® is CHs; X is F; and R® is
10 OBn; and R’ is NHy;

and wherein when

i W Woow o
Zis HO—II)— ) HO—II)—O—II)— , or HO—II)—O—II)—O—II)—
OH HO OH HO OH OH

R’ is hydrogen; R®is CHs; X is F; and R® is OBn; and R’ is NH,.

A first aspect of the third embodiment is directed to a phosphoramidate
15  nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:
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R5 is hydrogen; R6 is CH3; Xis F; and RB is OH and RO is NH2. A sixth
aspect of the fourth enbodinent is directed to a phosphoram date nucl eosi de
representwo 2b10/676540ul a |, or its stereoisoners, salts, pharusa@eO646al |y
acceptabl e salts, hydrates, solvates, crystalline, or netabolite forns
thereof: Rl is phenyl; R2 is hydrogep; R3a is hydrogen; R3b is CH3; R4 is
hydrogen; R5 is hydrogen; R6 is CH3R X is F; and R8 is OH and R9 is NH2. A

sevent h aspect of the fourth e imrent is directed to a phosphoram date
nucl eosi de represented by for | Ar its stereoi somers, salts,

phar maceutical |y acceptyg 9 hydnétes sol vap s,R@rystalllne or
netabolite forns thereof Rﬁydrogen R2 i syhydrogen; R3a is hydrogen;

R3b is CH3; R4 is hydrogeﬁ R5’|s hydrogen, R6 I X ﬁ§ F;, and R8 is
OH, and RO is NH2. An eighth aspect of the fourth enbo?in@'f is directed to
a phosphor am dat e nucl eosi de refresented by for mrd or ORt s

stereoi soners, salts, pharnaceu |caIIy accept abl e sal$s hydr at es,

sol vates, crystal IRMghydo aebiegehilt R iiyiBoddReR €aE hydropdie RET 8 GH4; R and
wherelnR5|shdroenyR% %,Xlsylgﬁgd% %Og;lé;iﬁandRQSQ NH2.
DOSAGE, ADM I\llIYShFFWH rmhylmlﬂa Qymcmpemylt R’ éﬁwlwﬂ@g?@nl?\ sfCHRE bregpdR invent i on
is directed Q?Bﬁzﬁﬁﬁ9Q§bﬁion for the treatnent of any of the viral agents
di scl osed herel i ‘sai d conposition conprising a pharmaceutically acceptabl e
medi um sel ected from anong an exci pient, carrier, diluent, or equival ent
medi um and a conpodatond hgtect of thﬂﬂmrdcbad)oﬂbné:mdﬁ dicm:tddtte aqmbuﬂlo(eaniiddteor basi c
addition salts hydr at es | va and crystalline for can be obt ai ned,
represent ed W)C%eeﬁ H priveeg By SETanilt Lisprs sl Rmery nuts BRHIRARIGATD! ¢ ho
fifth enmbodi nRpdpAO AR RIrAes, solvates, crystalline, or metabolite forms thereof:

R8
N S
N
¢ 1
O /)\
RS\ L R O .“\
5 E I
HO X Zis N—lr*—-
OR* [ Or!
I R?

R! is phenyl; R? is hydrogen; R** is hydrogen; R* is CH; R” is methyl, ‘Pr,
10 or cyclopentyl; R’ is hydrogen; R is CHs; X is F; and R® is OBn; and R’ is NH,.

A third aspect of the third embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

O Nf\)\ 3a
70O R \R3b
N 'a . O N (|)|
HO X Z1s /N— l,) *

I R?
15 R! is phenyl; R? is hydrogen; R** is hydrogen; R* is CHs; R is methyl; R® is
hydrogen; R®is CHs; X is F; and R® is OBn; and R’ is NH.
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any of the conpounds contenplated in the present invention either alone or
in conbination with another conpound of the present invention. The

conpoundswof2otogsapesent i nvention may be fornul at ed | nPaATRISA@IWe4pet y Of
oral adm nistration dosage forns and carriers. Oral adm nistration can be

in the formof tablets, coated tapl ets ard and soft gel atjn capsul es,
sol utions, emul si oh ,u@m%9%@6@5@@%&?6@5%&%%@%@ e ent

I nvention ar %u%fe%biﬁé‘?ép%&%m‘é’_ﬂ!%? FOHIDT, T 65 8 rNsop PRSIl PRMASKIRLIS r at i on,
anong ot her routes of adm nistration.” The nost conveni ent manner of

admi ni st r at i cwcépsatde srdtsahydyatos, aplvetss.regystalbom ve nictabolitgdoinys hosofig r egi men
whi ch can be adjusted according to rRQe severity of the disease and the
patient's response to the antiviral jnedi cation. A conpound or conpounds of

the present invention, as well Nr pharmaceutically acceptable salts,
together with one or nore conventilong) excipients, carriers, or diluents,
may be placed into thezhors arMaceriti cal conpogit gens and unit
dosages. The pharmaceuti gal \cdapdsitions and unyt dosdge Borms may be

conpri sed of conventional gghgrgdi ents in genvent al \propertions, with or
W thout additional active conpounds and the unit gosag T rms nmay contain
any suitable effective anount of the active ingré%ﬁen#zcoﬁﬁensurate wth
the intended daily dosage range to be enpl oyed. The pharnmaceuti cal
conpositi éns may R iephtoyRf indydokedR* sughrasnt R lieCH;;®* if iir] RUiscapsul es,
sem sol i ds, plg,\agﬂer S, _sust ai ned rel(gage f ormul ati.ons, or |iquids such as

suspensi ons, gndhsis (G 5 5 FeancBps PBS angR d?%IHZuse; or in the form of
suppositories for rectal or vaginal adm nistration. A typical preparation

wi Il contain fromARhaHhsR bOhd Rk crdodi Rkt i¥ Bir&IEPRUShoSphdARINAS (W W) .
The term "preparation" or "dosage fornt is intended to include both solid
and |iquid fonwigosite oapsesofited b family b or abyptstavdsoareds, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:
R8
N B
{1
ZO/\OgN N/)\Rg R R3b
RS\\ R R wa O
HO X Zis Nl
/o

10 I R?
R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is cyclopentyl;
R’ is hydrogen; R®is CHs; X is F; and R® is OBn; and R’ is NH,.

A sixth aspect of the third embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

15  acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R8
N BN
N
¢
O /)\

RS M—* R o) 0
N 5 T
HO X Zis N_}')i“_

ord [ Or!
| R2

R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is hydrogen; R’
is hydrogen; R® is CHs; X is F; and R® is OBn; and R’ is NH,.
21



one skilled in the art will appreciate that an active ingredient can exi st
in different preparations depending on the desired dose and pharnacoki netic
par amet erwO 20100768Pm " exci pi ent” as used herein refers POTAUSC@IPoUnY t hat
is used to prepare a pharmaceutical conposition, and is generally safe,
non-toxi ¢ and neither biologic erw se.undesirabl e, and includes
excipients that  are aEBpRR! 8?’fh8rthkr/§?1@l??<ﬂa}e9“a§ige%%§3 Tt Prosghoamie

phar maceut i cayclkaside Iéf)%es@%@@y et 1,LoR 1S sicRa6RIdni) saa pRenaeit A er ed

al one but will generally be adm nistered in ad nlxturemnF one or nore

sui t abl e pharaseeéall¢ sats, leycratpd, solvates.dirydhngs oometdolitedpamsbkwofed with
regard to the intended route of ad @lstration and standard pharnmaceuti cal
practice. A "pharmaceutically acceptjable salt” formof an active ingredient
may also initially confer a des"fzf#éNpharnacokinetic property on the
active ingredient which were _ab the non-salt form and may even
positively affect the pb 0 anihcs BIf the actirig ipgredient with
respect to its therapeutkg 2Pty in the bodyy Th ﬁhra%

"pharmaceutical l'y acceptahbe salt" of a cogpoun u grein neans a
salt that is pharmaceutically acceptable and that ossi%sgslthe desired
phar macol ogi cal activity of the parent conpound. al P8 include: (1)
acid addition salts, forned wi th i norgani ¢ acids such as hydrochlorlc aci d,
hydr obr onisc aci d, ]SubhymbgmadldshymbgmgR&hsﬁympgasﬂﬁbnutﬁgéldsmahdeMe

i ke; or for h or n| aC|ds such .as colig.acid, pyruvic acid,

| actic acid, qﬁﬁ?ﬁ%@Pgﬁb i 3*%1 Eﬂﬂmjﬁﬁﬁgﬁﬁl Bgmfdﬂhrlc aci d, tartaric
acid, citric acid, 3-(4- hydroxybenzoyl)ben20|c acid, cinnamc aC|d

mendel i ¢ aci d, mtm&%ﬁﬂﬁl dsP&t 6f BfeitRird BhPSNARH § AbGe @B Hphosphoramidate

1, 2- et hane- dISU|f0nIC aci d, 2-hydroxyethanesul fonic aC|d benzenesul foni c
aci d, 4-chl orolsknside expudstomi by dotinthila B-onats ehealisenesy silon pharmeratically

At ol uenesul ol ¢ gl dy CATRIGL SHLLRT & 5lifh, o A AbiR UL MY b BFT 0. o uconi c

acid,
R8
Nf
¢ T ]
AT
6

Z07
5L
HO X
10 I
wherein
X ‘f.’ Q@ e 9 %
Zis HO—II)— , HO—P-0- P— or HO—P—O—}?—O—P—
OH HO OH HO OH OH

and wherein R is hydrogen; R® is CH3; X is F; and R® is OBn; and R’ is
NH,.

15 A fourth embodiment of the present invention is directed to a
phosphoramidate nucleoside represented by formula I, or its stercoisomers, salts,
pharmaceutically acceptable salts, hydrates, solvates, crystalline, or metabolite

forms thereof:
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glutamc acid, salicylic acid, nmuconic acid, and the like or (2) basic
addition salts forned wwth the conjugate bases of any of the inorganic

aci ds |isweaoahosa9 wherein the conjugate bases conpri s@Ca/US2009069469
conponent sel ected from anong Na+, K+, M2+, Ca2+,NHgR 4_g +, in which Ris
a G_3 alkyl and g is a nunber selected fromagpong O, 1, 2, 3, or 4. It
shoul d be understood that all references to pﬁarnaceutically accept abl e
salts include solvent addition forns (sol yor crystal forns

(pol ynor phs) as defined herein, of the s ¢ bcL addition salt. Solid form
preparations include, for exanpl gy”Ps &7 tubl®s, pills, capsules,
supposi tories, and dispersible grapsles/a® solid carrier may be one or nore
substances which may al so act as dijents, flavoring agents, solubilizers,

| ubri cants, suspendi ng agents, binders, preservatives, tablet

di sintegrating agents, or an encapsulating material. In powders, the
carrier generally is a finely divided solid which is a mixture with the
finely divided active ©Qmpgaent. In tablets, the active conponent generally
is mixed with the cgrrieXshaving the necessary bi ndbng capacidyi o suid abl e

proportions apd conp n tihe shapefand, sigepdgsbred, Soitphldl carfiiers
i ncl ude but are not qujte 'Fﬁ_ﬁagnesiQH{carbOQéte,éﬁagnesi st gar atlg,
tal c, sugar, |actose,%pectj,n, @extrin, starch, gelatin, tragacanth,

met hyl cel | ul ose, sodi um car boxynet hyl cel lul ose, a | ow nelting wax, cocoa
butter, and the like. Solid formpreparations may contain, in addition to
the active conponegiercia@Rphants, flavors, stabilizers, buffers, artificial
and natural sweeteners, dispersants, thickeners, solubilizing agents, and
the Iike. Exanples of solid fornulations are exenplified in EP 0524579; US
6, 635, 278; US 2007/ 009Y 02;R*US 7, 060, 294; US 2006/ 0188570; US 2007/ 0077295;
US 2004/ 0224917; USOZ, 46X.608,0 US 2006/ 0057196; US 6, 267, 985; US 6, 294, 192;
US 6, 569, 463;Z1¥S 6, 923,988y LU$*2006/ 0034937; US

orRt [ OR

5 R?

R' is hydrogen or phenyl; R is hydrogen; R* is hydrogen; R*®is CHx; R is
hydrogen, methyl, Pr, or cyclopentyl; R’ is hydrogen; R® is CHs; X is F; and R® is
OH; and R’ is NH;;

and wherein when

i W TR
Zis HO—II)— ) HO—II)—O—II’— , or HO—I,)—O—II)—O—II)—
10 oH HO OH HO OH OH

R’ is hydrogen; R®is CHs; X is F; and R® is OH; and R’ is NH,.

A first aspect of the fourth embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:
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6, 383, 471; US 6, 395,300; US 6, 645,528; US 6,932,983; US 2002/0142050; US
2005/ 00481 16; US 2005/0058710; US 2007/0026073; US 2007/0059360; and US
2008/ 00142020108E63390f whi ch is incorporated by referenc®CTHSQW9M69469

formul ations also are suitable for oral adm nistration include |iquid
formul ation including enul sions, syrups, elixirs and agueous suspensi ons.
These include solid form preparatio which are intended to be converted to
liquid form preparations shortl e use. Enul sions may be prepared in
solutions, for exanple, in a&ue us|ngperne gl ycol solutions or may
contain emul sifying aggg?&gigj?hhs INeCTR’hi n, sor bigan ganool eate, or

acaci a. Agueous suspensiﬁps_ arbe prepared by gispexsing the finely
divided active conponent g wager with viggous el , Sluch as natural or
synthetic gums, resins, nethylcellul ose, sodi um car boxy¥et Ayl cel | ul ose, and
ot her wel | known suspending agents. The conpoundsORsf thEQRgsent i nvention

may be formul ated for adni ni strhtion as suppositoriesB’A | ow nel ti ng wax,

such as a nixture [fis hadroyerd6i gtheglly Réid IeBo@h; RUGORyREEde R 8 iy R igrel t ed
and the active conponent s dispersed honogeneously, for exanple, by
stirring. ThydeeeamebisfanasuslonentyliRe iy bydrogen; Bot(dds idhtsd's eahBe i ent

si zed nol ds, | ] ool, and to solidify. The conpounds of the present
i nvention may be fornul ated for vagi nal administration. Pessaries, tanmpons,
creans, gels, pastes, foans or sprays containing in addition to the active
i ngredi entt such caksécend agectasfehd foowth cmbotimeerais ditastddao aphoghoramidatSui t abl e

formul ati ons al%n% W th phar$a eutiCﬂI carriers, dilwent and excigients
are descri bedCIORERTRGEGHC PHAOEIRhOE 118 NFrIsi Qe 62167 PIHERfEL 21095,
edited by E. %c%&%l}é Salts MRFdfatBY _@1)1'V§t}éh,rwys%l(’jﬁ9@}@/mega%5ﬂteefghﬁé ﬁh@veofE:laSt on,

Pennsyl vani a, which i s hereby |ncorpgrate by reference. A skilled

formul ati on R
¢
N N/)\R9
R6

O
RS\ s % O N 0]
S B ; Il
HO X Zis /N_lu)*_

1 R?

R! is phenyl; R? is hydrogen; R** is hydrogen; R* is CH; R” is methyl, ‘Pr,
10 or cyclopentyl; R’ is hydrogen; R is CHs; X is F; and R® is OH; and R® is NH,.

A third aspect of the fourth embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:
R8
Nf
N
]
PN
ZO/\~OgN N” R R Rob
\\‘ 6 o
RS MR 0 I o
T 5 - I
HO X Zis /N_ll).*__

I R?
15 R! is phenyl; R? is hydrogen; R** is hydrogen; R* is CHs; R is methyl; R® is
hydrogen; R®is CHs; X is F; and R® is OH; and R’ is NH,.
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scientist may nodify the formul ations within the teachings of the
specification to provide nunerous fornulations for a particular route of
admi ni st reOi20rv/0m634hout renderi ng the conpositions of the@CprsSs@aed4nyenti on
unstabl e or conpromising their therapeutic activity. The nodification of

the present conmpoupds to render, them noye . .soluble in water or other

vehicle, for exanp‘?ggu%p%é9§@§if5wr%@eﬁ?$mtﬁé&1r §ohObRN BRI ons

(e.g., salt fpemdliat kéf)@senﬂéﬂlbgffoﬁhﬁa 1R lits Wekdbidnidhe sptdpRambcaltichlly i n the

art. It is also well within the ordinary skill of the art to nodify the

rout e of admiastentatde badts, laythatds selyetes.enysrdhng or mepdptiicdaimy thewsafound i n

order to manage the pharnacokineticgﬁof the present conpounds for nmaxi num
[

beneficial effect in patients. Addifjionally, the purified conpounds of the

present invention nmay be fornmul R conjunction with |iposones or
mcelles. As to |iposones, ib i ntgnpl ated that the purified conpounds
can be formul ated in azgems di 8Cl o®¥ed in U. SrRatgmt Nos. 5,013, 556;
U S. 5,213,804; 5,225,212 5 89R%468; 6, 224, 903; 16, 18Qy"134; 5, 192, 549;
5,316, 771; 4,797, 285; 5,%%@;38&; 6, 060, 080 6, 13X3763; 6,853,455;

6, 680, 068; 7, 060, 689; 7,070,801; 5,077,057; 5,277/914; 15, %49, 910;

5,567, 434; 5,077,056; 5, 154, 9301' 5, 736, 155; 5, 827(?%133' 45: Qgé, 679;
6, 143, 321; 6, 200, 598; 6, 296, 870; 6, 726, 925; and 6, 214:[{375, each of which is
i ncor por ated by r dt'ss phasl; Bisis hodwiee R es, hyidtoges; REnt €Hpl Ritiedrt Rats t he

purified conpounds cap. be formulated,in a manner as disclosed in U S
Pat ent Nos. 59%&5?88& %ﬁH{%Xﬁéf;T%gggﬁd?ﬂo%F”&Hﬁeﬁ{@re i ncor porated by

reference. A sixth enbodi ment of the present invention is directed to a use

of the compound r eRrAReY@eoPe FAlHrRbddi b EirfERHEAH R i cament
or e
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:
R8
Nf
N
< ]
N N/)\Rg
R6

O
RS —= 0 N O
S E i 1
HO X Zis N—PZ—

10 I R?
R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is cyclopentyl;
R’ is hydrogen; R® is CHs; X is F; and R® is OH; and R’ is NH,.

A sixth aspect of the fourth embodiment is directed to a phosphoramidate
nucleoside represented by formula I, or its stereoisomers, salts, pharmaceutically

15  acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R' is phenyl; R? is hydrogen; R* is hydrogen; R is CHs; R’ is hydrogen; R’
is hydrogen; R® is CHs; X is F; and R® is OH; and R’ is NH,.
25



treatnment of any condition the result of an infection by any one of the
followng viral agents: hepatitis Cvirus, West N le virus, yellow fever
virus, deyoeowarsst9 rhinovirus, polio virus, hepatitis RCTIUS@I/ 06 ne
viral diarrhea virus and Japanese encephalitis virus. The term "nedi canent”

means a substance used in a nethod. of treaf.nent. and/ or prophy] axi s, of a
Subj ect i meed ¢ HESGORIN Rt B Horna s BERURER: i AR Il BT REAHBE i i t e

to, a Conposiﬁuﬂ%@sid@rép%s@h'ﬂe@%%@&m@a 1Q3 29 8tct @i BmAN dalt N fhdrids€out NPT i Si ng
t he conpound of fornula I . | h

is contenplated that the use of the conpound
represent ed gcénsabiebalts] hydnateh olvatesfcarsttallies, of mgtabeticdarrentherebtr t he
treatnent of any of the antiviral c%@di tions disclosed herein, either alone
or in conbination with another conpqund of the present invention. A

medi canment i ncludes, but is not }ﬂ' gd to, any one of the conpositions
contenpl ated by the seventh nb%di nJ_of the present invention. A seventh
enbodi ment of the presg@(ﬁs@r}f onN's Rfirected ta’g npthod of treatment
and/ or prophylaxis in a gubjec Rf n need t hereof ysai d\set h8d conpri ses

adm ni stering a therapeutggal | ¥ ef fective gnount carpound
represented by fornula | to the subject. A first aspec of the seventh
enbodi nent is directed to a met{md of treatnent a‘?ﬁf/orzprQB ylaxis in a
subj ect in need thereof said nmethod conprises adm ni steri ng a

t her apeut i5cal | y eff'dg hiydregaf; Ratis hydisgent RO" is dghogad R P &l CHn R \is hydrogdnhe
scope of the conmpound represented by forqtula | to,the subject. A second
aspect of thékcsglgsé‘%?ﬁelér’?gdﬂ FanX 13 K and Rodb QiLpad R deNHad of treat nent

and/ or prophylaxis in a subject in need thereof said nmethod conprises

alternatively or C&ﬁ‘@ﬂghﬁﬁd@?éd oI Hish ShboImRnt D arBREY I SRldsYh&hihfRRtd ve of
at | east two conpounds falling within the scope of the conpound represented

by fornul a | nuglepside represented by formula I, or its stereoisomers, salts, pharmaceutically

acceptable salts, hydrates, solvates, crystalline, or metabolite forms thereof:

R8
Nf
¢ 1 1
RS\‘ R6

V4
HO X
10 I
wherein
O (@] O
il 1 il 1 i il
Zis HO—II)— > HO—II)—O—II)—,OT HO—II)—O—ll)—O—II)—
OH HO OH HO OH OH

and wherein R’ is hydrogen; R® is CH3; X is F; and R® is OH; and R’ is NH,.

DOSAGE, ADMINISTRATION, AND USE
15 A fifth embodiment of the present invention 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, or equivalent medium and a compound, that is intended to include its salts
(acid or basic addition salts), hydrates, solvates, and crystalline forms can be

20  obtained, represented by formula I.
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subject. It is intended that a subject in need thereof is one that has any
condition the result of an infection by any of the viral agents discl osed
her ei n, wWhNOchio/aT6349des, but is not limted to, hepatiti $CTUSR0H6940ESt Ni | e
virus, yellow fever virus, degue virus, rhinovirus, polio virus, hepatitis

A virus, bovine viral dlarrhe us or Japanese.gnce litis virus,
flaviviridae virudb¥ CBPteH@%%t?‘sﬁ {1 oIt s ﬁﬁ%segaﬁ%n&nmnaﬂon%b

causi ng synpteg%retUioklotnls Qnt&pRad abine p&&eﬁnﬁv&ﬁloﬁ Ren@he-driist ed
viruses. The térm "subject” neans a mamal, whi i ncl udes, but is not

limted to, cantbimtiopivgt angteepompdrindiadithe pmssdneyl,vebtmrf alo, Ilama, ostrich,
dogs, cats, and humans, preferably the subject is a human. It is

contempl at ed that 1 1 TEANA0 Ok L INERRL ARHDL T ISEER flacaRggI

enbodi ment can be any un erein, er afone or

| n conbi nat i T ovdltadmadigttdidh d@@argecmmls afd daheerpr o5 @&mimstfanbh @ﬁh bdhethter m
"therapeutically effective anmpunt” as used herein neans_ an anDunt required
to reduce syrfpEBREtablety, Reated ?élfése hprd and spfi gelpfip gapsulerhwluinss appylsions

adj usted to tJ Pﬁlpl\ls\j i %ﬁ—;ﬂg’%ﬁ a4 Qto§t grbrgs%ﬁﬂngé}{tltohcd% &icEAS S wHdat

dosage can va epen i'ng upon nunerous factors such as
the severity adhumbieredh bgmppomtor}bairnmmem atrivag ager andesgeadmatistnamint h

condi tion of atient, other di canents with ich the patient is being
treated, the ltiﬁlg“ SRR RISTRIMERNCE @R AAMEYTIREOR 15 SEAra I o) Heing ReorERNIS

experiengg Ofqqfih&oHRE &R hAfh! dah BB GHjukRY Q&éb?ﬁng 't:cPfhe%@é dﬁgmh@ Iflch@t 1 on, a

dai |l y dosage of “between about 0.001 and about inclu ng all values in
bet ween, suchndsh@pheht's ©sPOST0 t@eem':wrad)n@dl%@tloro 01 0. 025, 0.050, 0.075,
0.1, 0.125, 0.150, 0.175, 0.2, 0.25, 0.5, 0751152253354
4.5, 5, 5.5, 6, 6

appr opt i ai o i n' moroEREPARuhmBPuR LSRRt BBl S5 A e o
dai |y dosage pharh@dew&illy acceptable salts, together with one or more conventional
excipients, carriers, or diluents, may be placed into the form of pharmaceutical
15  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
20  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
25  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.

The term "excipient” as used herein refers to a compound that is used to
prepare a pharmaceutical composition, and is generally safe, non-toxic and neither
30  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
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about 0.01 and about 1 g per day, including all incremental values of 0.01
g (i.e., 10 ng) in between, a preferred daily dosage about 0.01 and about
0.8 g perwoayioarside preferably about 0.01 and about 0. 6PgTASeOMdAyI46aNnd nDSt
preferably about 0.01 and about 0.25 g per day, each of which including al

i ncrenental values of 0.01. i bet ween. Gener al | ﬁ, tr eat nent itiated
with a |arge Vi PR moI5Hit acquicplexeiisnts 44k S g calsyoeisted 1 he
virus foll owipgh Rya t@%ﬁ@eiuswmtu&eom%ﬁni%@a@mﬂ a@lu%tanaa&fdfﬁhﬁhﬁmeuﬁ&l prevent
resurgence of the infection. One of ordinary skill in treating diseases

descri bed hergidtiopi | | be able, without undue experlnentatlon and in
reliance on personal know edge, experience and the disclosures of this

appl [ cation, to aseagl AieAutRr ARSHLEI R LES] LNE ATRURL, Ol G,

conpounds of the pr FAVEnt iven di's8a

Ther apeut isc Gifnftﬂaﬂﬁl@&niﬁlaild&&aﬁl&@ﬁéﬁrﬁdcﬂﬁﬁleﬁd‘ PivptRpbs tt@fachve/ﬁlrgre‘dwm faih@dh
including, but not limted to groteln | evel s such as serum proteins (e.g.
al buni n, cl ot¥§Agbyeatinghe nonslbiormeashinay ENIVsitivaly st BRst er ases (e. g.,

al ani ne tr anﬁﬂlﬁhﬂ&%ﬂ n 9@5#‘[‘% %ct§Je%H§f% eﬁ@@ﬁﬂr B%ct%’ﬁé ﬁl%?ipgﬁt?ceactlwt

g- gl ut am nyl t'ranspepti esl s I'1ru , synthesYs of
chol esterol, thaitlodyy rifﬁmqﬂir&edf)hetmiaeemmaldbsaccapﬂabhmalt heft adwon potind umatadon,

i ncl udi ng, byt not limt d to, ﬁarboh dr te netapolism amno acid
andammoni & nEEBMCER @ KTt Bt s %}ag;ﬂtt}?é Y Aesenpkiand that pasessseHiéss may be

moni t or eqoby JBASHSH R add s ENACtiViREof RS Park St c%hlpbﬂﬁ‘é eSﬁc%ssraﬁs Wclddeadihow the

dose to be optimzed. Athird aspéct of the seventh enbodi nent, 15 directed
to a method ofcid addatiamesatts,doohasiwibin Uptgamwaosdﬂ smclaashob]redﬂomcnaqméed thereof

sai d nmethod ¢o ﬁ}%ﬁsa ﬁysterl %m ge subj ect a %h ﬁigt
o f ect v ardURTOLTT: s i AebE At B ByPhERasits 4P Uik
t herapeuti Ca'v{lﬂlh Sifchgietab e s@ddslly @fic apiat ﬁ'ﬁ‘ﬁv@%&idﬂa’éﬁ& a@g%ﬁlomw%@fde' n the
administration is concurrent or alternative. It is understood t
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, 3-(4-
15  hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic 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
20  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+, Ca’, NHng4_g+, in whichR"is a Cy3 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

25  forms (polymorphs) as defined herein, of the same acid addition salt.

Solid form preparations include, for example, 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

30  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
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the tine between alternative adm nistration can range between 1-24 hours,
whi ch includes any sub-range in between including, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, Mop=208/073z9 15, 16, 17, 18, 19, 20, 21, 22, andPR3/Useumwssc4Exanpl es
of "another antiviral agent" include, but are not limted to: HCV NS3

pr ot ease i nhi.bitor see WO 2008010921, WO 2008010921, EP, 1881001, WO
2007015824, MSMTEQ%IPHW‘QW@%}M@ Wﬁ{re%\o‘aﬁﬂggﬁmgzo, WO
2007014922, U5 2905R670 b1 arWRo2ANRAPRA RN MOHPIBIRL2 hhen WRR0R4AR4452, US
2003187018, WD 200364456, WD 2005028502, and WD 2003006490); HCV NS5B
Inhibitors (dele WRaRGBRBTSSATN, dISTO0FRRBOSO AN, WEROBTYFREY|cali@lo3607092000,
WD 2007076034, .\MD 200702602 2005- 98125 WD 2006093801 06166964
W0 20060655900 SEBERERY eSS oD B0 he Yo Fuse Bt ot ol Boaetaoos?,
WD 200601307 &om%r%@ﬁﬁéﬁs’i&g coMBn2R0RIHRHAIE thldotiR®Bd3 0 coEAngd)04065367,

WD 2004003138 004002977, WO 2004002944, WO 2004002940, WD 2004000858,
WO 200310577 lavep. stebifigars inftersnatined oad aatsral wrgtenrn s Rpepantythishgso2 1568,

W0 2007088148 S A00 030145 6lR50bST0AbaS b BB 08T 25 Sierisdibeao.
and WO 200303T8OSY5791QVS KB4 5 127Rj b L06T0(39962 05 20EDRPASES 2806/0VERS570;

2005067900) ; HCV NS5a | nhi bj tors@%%ge US_ 200627651 1 WD 2006120252, WO
2006120251, WS 2008905390, UhSHb0E535664S 7.4041608) VR 00081418p: HSoni st s

(seeVD 2Q@709390194s. iRtk S8.NEYy. i Bid 865 ($662 Y6k 2 QP40GRANB49 YL 12904014852,
WO 2004014313 WS 250853009020, ’%80310195’ o) 2000006529%]3; arid conpounds
di sclosed i n 6.58,4Palis,3%pi0; 5 6,645,588; UD6,05398RL3]S 200240 AMBSEURL, 2008
(the contents, af (Wi CH. 4 005/0058710; US 2007/0026073: US 2007/0059360; and US

2008/0014228, cach of which is incorporated by reference.

Liquid formulations also are suitable for oral administration include liquid
15  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
20  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.

The compounds of the present invention may be formulated for
administration as suppositories. A low melting wax, such as a mixture of fatty acid
25  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.

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

appropriate.
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i ncorporated by reference).A fourth aspect of the seventh enbodinent, is
directed to a nethod of treatnent and/or prophylaxis in a subject in need
t her eof swDQorAt7RTId conpri ses alternatively or concurremRCITyUSa@iosd4s2 eri ng a
therapeutically effective anmount of a conpound repr esented by fornmula I and

anot her anti viral t to the subject.. is rsto that the tine
bet ween al t er nat i V‘S‘%aﬁlmfﬂlir@tl?%ﬁqsce g3k hma%ﬁé%'ﬁ@éﬁﬂfr%&illﬁﬁﬁ%n whi ch

i ncl udes any suBidnd g€ dbdriBed i’i@l@@nz‘nﬁ%huﬁh@ﬂ)zelgje and PhactRe O?Phgnm&y 1995 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, and 23 hours. It

cont errpl at ed cdied by HeV\érM;@rher Maclt valrShlnga@meansub%h aditiont easfar, on- a

anot her  nucl dsaRaav iy it gk ot 0Py itbless TR KNGA Rupthgl © "

pol ymer asg i npiehtiftehay ﬁo&i@/thléff@ﬁﬁﬁ%ﬂs%ﬂm ttRteacRindCWr hRlsheascationhd bi t or or
a HCV fusion inhibitor. Wien the active conmpound or its derivative or salt
are adni ni st dredds AuBeiPEs FEmubKons fos adestayly reie Pl adrainisigben Witheutact i vity

nmay b e i ner etarég%éﬁé%ﬁ édﬁpo@ﬁfoﬁggf %%g%gﬁtq%éﬁQ%H uhngbIE ?@(t)@ﬁtmlklﬁ their, .

combi nati on mnrstr current  or sequenti al
W th respect theapduaic aofivitsthe nucl eosi de deri vati ves. " Concurrent
adm ni stration" as used herein thus includes admnistration of the agents

at the sane tine fferet times. Administration of two or. nore
agents at the sangltl}q%f SHIoB® Mrev@acwp%né?%ﬁeed?rdhqmﬁe&r?éﬁu@ama. ni ng

two or mpe agibNs JiRGLERICRN Gt REmpIX, 1%%95& @z![!;ﬁl{y%édfn;ﬁisﬁb’d bRARGRES

adm nistration of two or nofe dosage forns w a single active agent. It
shoul d be notreedifibationf ¢a.g.t $edt foomplotos whichckoweld Wh@netlhn ondinapokiltiesharay be

produced upon str 0 sub' Lhn of . orc i nstance for
a conpound re%fgts%ﬁ @W@B’?&Rﬁ ]Inmj i%ﬁ ét?l&%ﬁ% gtg'gl?f i Othydr ol ysi s of
pﬂos phat f esta@mﬁlst@&lol])anqrdogig% r6@hRARY h paicalar 60@561{11)(1 iTRYd@ S tianagante t hat
the resul tant

pharmacokinetics of the present compounds for maximum beneficial effect in

15  patients.

Additionally, the purified compounds of the present invention may be
formulated in conjunction with liposomes or micelles. As to liposomes, it is
contemplated that the purified compounds can be formulated in a manner as
disclosed in U.S. Patent Nos. 5,013,556; U.S. 5,213,804, 5,225,212;

20 5,891,468;6,224,903; 6,180,134; 5,192,549, 5,316,771, 4,797,285, 5,376,380;
6,060,080, 6,132,763; 6,653,455; 6,680,068; 7,060,689; 7,070,801; 5,077,057,
5,277,914, 5,549,910; 5,567,434; 5,077,056; 5,154,930; 5,736,155, 5,827,533;
5,882,679, 6,143,321; 6,200,598; 6,296,870; 6,726,925; and 6,214,375, cach of
which is incorporated by reference. As to micelles, it is contemplated that the

25  purified compounds can be formulated in a manner as disclosed in U.S. Patent Nos.

5,145,684 and 5,091,188, both of which are incorporated by reference.

A sixth embodiment of the present invention is directed to a use of the
compound represented by formula I in the manufacture of a medicament for the
treatment of any condition the result of an infection by any one of the following

30  wviral agents: hepatitis C virus, West Nile virus, yellow fever virus, degue virus,
rhinovirus, polio virus, hepatitis A virus, bovine viral diarrhea virus and Japanese
encephalitis virus.

30



hydrol yzed product can itself undergo in vivo hydrolysis to forma
nonophosphat e, which can be converted to a di phosphate and/or triphosphate.
It is corwenrploAt7exot hat the clains provided bel ow enbr aB€TRSRIVIOYRIbNEt | C
conpounds and conpounds produced in vivo. The netabolite conpounds of the

conmpounds represented by,structures 11-14 (see bel ow) cgn be obtai ned by
adm ni stering sai o EGRFOUR C%%elﬁe@ﬁﬁﬁs&ﬁubgtﬁn‘ﬁe@adflh%’fl‘gg’lﬂ.d ORPRHAL | vel y,

the ”Etab0|ihﬁdﬁﬁggﬁm,Q&mQﬁ@sQ%e&Hﬁ%@&f@mR%ﬂ%ﬂkﬁ&ﬁM%ﬁmbMﬂ&%HM&hém@Buﬂhe
carbonyl ester (- 4) or the phosphate ester (-OR 1) for conpounds

represent ed bynetlimide¢does campdsitiqns e dotreilgion, a Agsage ferboland g lke, et abol i te
salts are contenpl at herein, i is,al so.contempl.ated,as an ternative
rbodi ment a EERo@Egre trasi e ot For PR i@ 8% AR BSpPlsnt et ng a
| east one scorgeaipadnd RPr&s@BE 8¢ fdynul LI tha manWatfirddf 4 @agitarae, hepatitis C
virus infected cell. It will be understood that references herein to

treat ment exttEagtmens op pspelthe piteviesd copdifionsgliscdpsed bereine githas gtongfor 8k st i ng
conditions. E 1er "tre " - A i as used
her ei n, aIso(ﬁhgﬁﬁgggQﬁ?ﬁ%@ﬁgﬁ?6%%m%¥6gﬁgféégg9%?%%&%?;%gggﬁ%?ggtcondition
associ at ed wihéludss, beds asdtdihityd tbiGhy sifeaxdt thaodompmsitione cadtemplarld bsythpt ons

t hereof . EXAMPLES A further understandi ng of the disclosed enbodinents will
be appreci at e8VHYh eBARYIBKAERT tBR PIEeRtHEVenEPRowi ng exanpl es, which are only
meant to be illustrative, and not limt the disclosed invention. R4 = Me

The use qfy the conygLQRR crboHASH! RO ciAH IS chtRdnPE GREHE] to a method of _
2' -deoxy-2'-fluoro- 2'-C nethyl purine nucl eosides and their correspondi ng

nucl eot i dephdsphuedridiat popbdaes abo sibjedt irn¢ddehetevicdashmethod odmphgessynt hesi s

g, P | e adnisicrife 8 FRApCal B R v amSint o i RO Pod RpFesbitdBy
formula I to the subject.

A first aspect of the seventh embodiment is directed to a method of treatment
15  and/or prophylaxis in a subject in need thereof said method comprises administering
a therapeutically effective of at least two compounds falling within the scope of the

compound represented by formula I to the subject.

A second aspect of the seventh embodiment is directed to a method of
treatment and/or prophylaxis in a subject in need thereof said method comprises
20  alternatively or concurrently administering a therapeutically effective of at least two
compounds falling within the scope of the compound represented by formula I to the

subject.

It is intended that a subject in need thereof is one that has any condition the
result of an infection by any of the viral agents disclosed herein, which includes, but
25  isnot limited to, hepatitis C virus, West Nile virus, yellow fever virus, degue virus,
rhinovirus, polio virus, hepatitis A virus, bovine viral diarrhea virus or Japanese
encephalitis virus, flaviviridae viruses or pestiviruses or hepaciviruses or a viral

agent causing symptoms equivalent or comparable to any of the above-listed viruses.

The term "subject" means a mammal, which includes, but is not limited to,
30 cattle, pigs, sheep, chicken, turkey, buffalo, llama, ostrich, dogs, cats, and humans,

preferably the subject is a human. It is contemplated that in the method of treating a
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Appl . WD 2006/ 031725). After several attenpts using Vorbrueggen-type Lew s
acid nedi ated coupling and the ribonol actol 1-0O acetate of

3, 5-di - OWwenawwi7s29deoxy- 2- f | uor o- 2- C-net hyl ri bonol act eeg/Usaohsey ved
very |low coupling yields and the undesired a- anoner was the major product.

M t sunobu coup|ing, wit e ribonpl act ol did.qgive the desired. product
but with no s%eefg@%ﬁeeﬂ?ﬁ tg? Pwt%ﬁagﬁmnma@e@wf (GHRCY Safﬁmeelpé%f) ration
resul ting in HesGh atife: Mb&! §1Sin @bmBinhAd Hath ahbinsr &&@;ﬁ%@@ﬁlm&&he met hod

was not scal eable. The preferred approach becane t 2 type reaction
usi ng a hal o-1Bvdpéonand a salt of the purine base. Again, the challenge of
this approach was how to obtain a ahal o-sugar stereospecifically in high

yield to take advaiage, Lie. LONELR! 0ROl SRNLLOYL AL QHREGhEt, WS 2

type reactions. A typrcal S ‘an anoneric m¥X

1- O acet atse atqércdigagduist bympions @f tHdBlisdake mcatihdivakiald. THIW8Y @41l bé hi s et hod
resulted in production of unfavorable anonmeric m xtures. Reducing the

| act one (e. g.adjuptadro theandividuglxoppirgpetetLsach parsicklahrasy. dbfedostascagt 2: 1
ratio of b/a af. Lt F%Eﬂ i j il gel
filtration co\%&prrﬁ?[ B?]h\gl{dtre gg{tﬁsﬁeﬁ%ﬂ&éﬁ eésqno yefrglgsgftarr&et?ﬁzstggﬁ ? %&P cs)gvr%%{t ulr)gﬁ}le
crystal line hlisasnerbeafcatedethkagt ahd géheral Tbalth waditiva o deglaticatt ethef r om

several days at .anmbient. tenperature to 5-17 h at 500C w seedi ng
b-crystals. VAR ot th RACTOAE Bl BERreR S (R r%tﬁ&flitigqﬁl? sl owl y

anoneri zqy bagkikioadhSanlinge &e?er&%& hﬁopéxipEHbﬂc% ot %e%ﬁ@diéali)%;‘ﬁti@ﬁer
di chl oronet hane or chl orof orm at anbi ent ‘tenperature. Thi's process can be

sl owed consi devalbte Ky ocdlialdmimigiratios, &ddilt doagq & lytwe@@DA)! 0.¢hl ord abatit on
(rrough an © RESTANERL U8 LPult RIS SEh P APV RGP
0.025, 0.050, 0.075, 0.1, 0.125, 0.150, 0.175, 0.2, 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3,
3.5,4,45,5,55,6,65,7,7.5,8,8.5,9, and 9.5, per day should be appropriate in
15  monotherapy and/or in combination therapy. A particular daily dosage is between
about 0.01 and about 1 g per day, including all incremental values of 0.01 g (i.e., 10
mg) in between, a preferred daily dosage about 0.01 and about 0.8 g per day, more
preferably about 0.01 and about 0.6 g per day, and most preferably about 0.01 and
about 0.25 g per day, each of which including all incremental values of 0.01 g in
20  between. 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,
25  to ascertain a therapeutically effective amount of the compounds of the present

invention for a given disease and patient.

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 transaminase,

30  aspartate transaminase), S'-nucleosidase, y-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
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yield. To obtain an a-bronosugar (4), many brom nation conditions were
tried including N bronmosuccinimde (NBS) and HBr in acetic acid. Anong
t hem we Wol2bovisss4a general brom nation reaction using &CTasbéoaasidon of
tri phenyl phosphi ne (PPh3) and carbon tetrabrom de (CBr4) (e.g. Hooz et al,

Can. J . Chem, 1968, 46, 86- 87).. Under the conditi.ons of using methylene
chloride as tHE"YYf et OHﬁBrréflﬁFgfitlﬁi%{%dﬁf‘athF@WW nPECHY diees 1@9&5@ FYniSEd0) e
obt ai ned the ngerﬁéasﬁﬁlzglht\wﬁﬁﬁﬁ Therdas! grarksd/iddd Workfow @b id8sd@Dcar eat er
than 10:1, in"a yield of greater than 80% Applicants believe that there

are no |iterapmazqsk ecedents describing this |level of stereoselectivity for
this reaction type. Another practical observation was that by conducting

the, br o nat ! on UG8l eHR:ATRYE L STBERNHIG. SORMIALART R AHED RS, oS!

pr ef erabl y about exposi hg e C reaction so ion to silica

gel as soon asapfasiabl/er plopRylatibén & ouiit@in asedahertbfsatde@ecthb®Bomphisedi zes
anonerization of the bronosugar. The bronpsugar. can be purified through a
silica gel fiadpraisicHRg Epthganbicehicberapauically giteghive pmorst Qe comprndr onosugar
it is practi : ' Ngar (5)
wes. propar ed Th el e Al oS R R P HRRES MhBe ST bRERENERE (0)
produce the keynti nherciretlic atimir(i€yatiokdd tamaiimentton eltgantdvreal It pumdastoodtipdti ng

met hod of Bauta .et al (Intl. Pat. | . .\\D 2003/01 1877 coupl ed the
b omosugar ey Eha i BT gs oat eenal AP ReS pibehe | n
£ but anol i 1 {AQENAY b SancTHELEGRES R hAD. SUEs. A MRSK 1l | RN o4

tenperatures. The reaction was optim zed go to conpletion’in 24 h”at
500C. After pld6.al7, p&ri% 2@atli, 8% andr2dughrsa Fsiamipbes of éenofthdrantavirad agend! um,

(ne anomer o LSS AR GLRY Ay LG bR Redin e
sol ution to giee2008e1021eERa88 16, B0 2007015824, WO 2007014925, WO

2007014926, WO 2007014921, WO 2007014920, WO 2007014922, US

15 2005267018, WO 2005095403, WO 2005037214, WO 2004094452, US
2003187018, WO 200364456, WO 2005028502, and WO 2003006490); HCV
NS5B Inhibitors (see US 2007275947, US20072759300, W02007095269, WO
2007092000, WO 2007076034, WO 200702602, US 2005-98125, WO 2006093801,
US 2006166964, WO 2006065590, WO 2006065335, US 2006040927, US

20 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

25 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

30  (see WO 2004035571, WO 2004014852, WO 2004014313, WO 2004009020, WO
2003101993, WO 2000006529); and compounds disclosed in U.S. Patent
Application No. 12/053,015, filed March 21, 2008 (the contents of which are

incorporated by reference).
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anoner (6) in 55%yield fromthe bronosugar (4). Wth the key internedi ate
6 in hand, conversion to unprotected 2-am no-6- substituted purines (e.g.,
7-10) waswacoewmibi4dshed. Further conversion to the phospROTASRAN069469
derivatives (e.g., 11-14) proceeded by an adaptation of the nethod of

Pr oc or as | osed in

Lehsten et al ., 6, 81
U S. Patent Apphc’gtf?%%ectfgﬂ@éﬁ%% g?‘ilg’&nﬁvhsr‘gl ?%Oéélé%hOJp 651- 675.

As the phosph%aaﬁalﬂ%@ogg PRYISRR iRh $&b; é&%@ﬁeemh@femga&rm@%s@eémﬁﬁséshe
secondary 3' hydroxyl e potenti al eX|sts for 3" nonophosphoram date and

3', 5 bi sphcaétph@tlam@awlqunputﬂy adremlstérh@ a@fhenapmally\@mcmb@n@mfmﬁaed to

h iml h d d.5" i
o Tent on BOShiE e aREThY Fimhds LR HoR % Gt T WEREES Uit ner
reacting the gidegoptedyed tirik Kétwieen Mérhatﬁdébﬁhﬁm@ﬂﬂatﬁiﬁ&hﬁlr&lg@méﬂﬁﬁeﬁ 1014

protecting groups which are selective for primry hydroxyls over secondary
hydr oxyl s sudwu%mqbupgzlu@@swmbﬂugwn bemsER u@ludartm@y:b, . phenky Bs?. A

chloride or 4¥412qbn@3 xgérffyé ﬁﬁb@ dgzﬁggbg%ogg esence of pyridine or

simlar base t0 genérate’ fed TP orani date. The resul ting
product and the bis substltuted phosphoranldate are less polar than the
desired 5 phosphdt amodetelaatthasthe beothepartiatrelchgenadich ys byerbhowmat og raphy.

Conpound (1) .can. be obtai ne [0Cess di scl osed .at e 5in US
Publ i shed ApphicEEm: pﬁﬁvlatfge#réﬁfsg %YAHPc‘ﬁV%% Vé%HH@%‘gftaé‘OM

2008/ 0454%9) .niRlcoRiad ?l@\iﬂolgf&elrdge Wﬁl‘@gﬁ’ﬁa{ AERAAD-n @D shfe pRRYRTa2AnidBité)d
30-31 in WO 2006/ 031725, each of which is hereby incorporated by reférence.

Synt hesi s of20@@N18ﬂ£¢ﬁlﬁﬁbuea@5ﬁﬁibyh@wyymdnﬂﬁooabKﬁlﬁwdmunbwuor
Found- bot t ot HeRChs g SR RAARAF of P i Py She AU and
t her nonet er Wgish éiﬁlﬁlﬁeg%ﬁtiﬁﬂﬁ abagtienetiv(td Ma3RedMireded over the parent compound.
When the treatment is combination therapy, such administration may be concurrent
15  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

20  single active agent.

It should be noted that for the compounds disclosed herein metabolites may

be produced upon administration to a subject in need thereof. For instance for a
compound represented by formula I, it is contemplated that hydrolysis of phosphate
ester (~OR") or the carbonyl ester ((OR”") may occur; and that the resultant

25  hydrolyzed product can itself undergo in vivo hydrolysis to form a monophosphate,
which can be converted to a diphosphate and/or triphosphate. It is contemplated that
the claims provided below embrace both synthetic compounds and compounds
produced in vivo. The metabolite compounds of the compounds represented by
structures 11-14 (see below) can be obtained by administering said compounds to a

30  patient in need thereof. Alternatively, the metabolite compounds can be prepared by
selective hydrolysis of the carbonyl ester

(—OR") or the phosphate ester (OR"') for compounds represented by structures 11-

34



(benzoyl oxy) - 4-f | uor o- 4- net hyl - 5- oxot et r ahydr of ur an- 2-yl ) net hyl
The solid was dissolved in anhydrous THF (1.75 L)
A sol uPCeUSed09iope4h® um

(1, 379 g, 1.018 no

and cool edo0t2010/B8AC under a nitrogen atnosphere.

1),

benzoat e)

tri-tertbutoxyal um nohydride (1.0 Min THF, 1.527 L) was added to the

| act one sol utj o
tammaUue:%@

hexanes) .

irrij over

il .
B At RtPRSY St
i ncr eased andohluAaEH SN IWARKOLhBUBhAY s Felfddl ATk0m A

The reaction was conplete after

1

Ih 15 mn (

t enper a

1527 1) o d to
oo S h b e Wil sy

atn@Et OAC i n
ure reached

-100C). The msad thcorel vartaciingrat headt dne caduiotndrepefsciErh by farowiat witheoBastl) vi a

addi ti on funnel S

) . NHAC. (40 nL
was decanted(¥ﬁg%p%hfd%%n?%ﬂ‘ﬁgﬁéFﬁ

behind was filtered and washed with ethyl

was added at 00C. The cloudy m xture
oned flask. The solid residue |left
acetate (2x200 niL).

The filtrate

was conbi sed wi t h It hell degadtrecb sbhitefden canbertingo eRriMsneekts@l ot i on was

concentrated under

reduced pressure.

The oily

resi due was di ssolved in

et hyl acet at @rephylaxigggvelhahedhairesimgntdicxsgpg conditionsh Fugheramis thalpep was

e H0B AR oo ).

The organi ¢ gobpityiladis sfasdiskase dr ovarditdnSOsddidttd et oanedannidgniCat ed under

back- extract eqewegtve&f?ﬁgggg%@&,

was washed wi th water

reduced pressuge.to
purified by ﬁP%

sintered glass funn
suction gpd a step-

hexanes -ca 5 L of

=

sat

afford.a |light br

Gt 1Of Hif (inics] RgiRipmy Hicge

el,
gradi ent of 5%
each). The

22 cmlength o

pr oduct

ownfoily resi due.

f silica gel,

cont ai ni ng

mcron silica gel
di amret er

1% ARPREQNd 30% et hyl acetate in
fractions were conbi ned

The resi due was
packed in a 6 L
15 cm) wusing

and concentrat ed uhdether sadastandgingekilie disclosed eubeshiments will be pppitietedbyqui d

(310.4 g). The .

d,qui.d s).ow solidifi
et e < a8nuadilish BERSHIRARE Shdrb A

ol i

The process afot limit the disclosed invention.
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v,

11, R¥=-OMe, R*=Pr

12, R® = -N(-CH,CH,CH,-), R* = Me
13, R® = -OBn, R* = cyclopentyl
14, R® = -OH, R* = cyclopentyl

The use of the convergent glycosylation route to prepare 2'-deoxy-2'-fluoro-

2'-C-methyl purine nucleosides and their corresponding nucleotide

35



solidification was conplete in 20 hours at 500C with or w thout vacuum The
white solid thus collected (293.8 g, 77% has a np of 79-800C and rati o of
b/ ai s ZO:WObaHmIssm NVR. 1H NWVR (DVMSO-J 6) b-isoner, d 2CHUB00@AM46IH, OCH);
a-isoner, d =5.40 (dd, 1H, OH. (b-lactol) .(DVSO-J 6) : d 7.99 (m 2 H,
arom), 7. 93

7.55 (m 2 HP Fmﬁmld%tegéna%wb%t Wltqﬁnb%ﬁ?‘seiopﬁwsﬂé%@a Syqtﬁ?fﬁs <a§31 5}51—65054 (dd,

1H G3-H), 5. ‘t%ﬁz&ﬂ-%—dée'i‘y ﬁﬂom %éﬁn&hﬁﬁbéﬁma&oﬂé (dﬁﬁn HR), WihgAB-tht14Pat(m 2 H,
C5-Hb and C4-H), CH3) Synt hesi s of

((2R 3R 4R 5R)pE- (\Y@ﬂ,@@@/p&k@ﬁ% chl or o- 4 fl uor o- 4-
nmet hyl t et r ahydr of ur an- 2-yl ) net hyl benzoate (3) To a solution of m xture of

conmpound 2 (1.0 g,Aﬁer&é’vemhﬁtt)en@mhsﬁ%‘eox(bmeggm-t@serilmdic) miedia@d2Cl 2 (15 nl)
e _resulting

dded NCS
o e na conplingerdtng Homgnrel LR s AL D-Sgpy ey S ABp o A
el uted with %Qﬁ@hﬁﬁ%{&%t&nelwébbéb%éagve?y Fo%@éﬁ@hng 08160l IR RHalY:

fracti ons were corbi ned, concentrat ed, co- evaporated w

several ti nesmamgr wgethemaﬂor odyrt( Nmtsancdou @BPhing WHhrtll\Rﬂzéc@D@cB))l (bl) d:td
8.13-8.02 (m .4 7.78-7.50 53-7.43 (m 4H,
ot omat i 0y, 6. (g BT et b S peigelPle BRI hE vord Gergln P 55 %%, (T
IH, HH4), th?&me(tg lths%phra:flo'ﬁ résultls th i§RatedityR)ds oF-6610% 86t thils kephiloned- O,
12.4 Hz, H5'), H J =21.6 Hz, CH3) . Synthesis of

((2R 3R 4R, 5Rﬁd3hilméﬁh@éwaéﬁyyscaleablénn 4-f 1 uor o- 4-
met hyl t et rahydr of uran-2-yl ) net hyl benzoate (4) Anhydrous dichl oronet hane
(5.6 L) was char gekhcipreforrad peracaarbeaae dwdi@dyporca@ @ wmgrehabovsugar and

Tri phenyl phosap smtno? tﬁeZpOu?in% bdse. OAg7a§1§ tgglcﬂall\ggge gfqgls%pi[npoaélpgvasc Bolvg to obtain a
o halo-sugar stercospecifically in high yield to take advantage the inversion of
configuration expected with Sy2 type reactions. A typical method treats an anomeric

15  mixture of the 1-O-acetate of a sugar with HCI or HBr in acetic acid. However, this
method resulted in production of unfavorable anomeric mixtures. Reducing the
lactone (e.g., with LiAIH(t-BuO)s or Red-Al) initially generates at 2:1 ratio of B/
anomers but after initial purification through a silica gel filtration column, the
resulting oil slowly anomerizes to form pure crystalline f-anomer of the lactol (2).

20  This can be accelerated from several days at ambient temperature to 5-17 h at 50°C
with seeding B-crystals. We observed that once the lactol is in solution, it slowly
anomerizes back towards the 2:1 equilibrium in solvents such as dichloromethane or
chloroform at ambient temperature. This process can be slowed considerable by

chilling the solution (e.g. -20°C).

25 Chlorination through an S;2 mechanism with N-chlorosuccinimide (NCS)
produced an a-chlorosugar (3) in a stereospecific manner in almost quantitative

yield.

To obtain an a-bromosugar (4), many bromination conditions were tried
including N-bromosuccinimide (NBS) and HBr in acetic acid. Among them, we
30 followed a general bromination reaction using a combination of triphenylphosphine
(PPh3) and carbon tetrabromide (CBry) (e.g. Hooz et al, Can. J. Chem., 1968, 46, 86-

87). Under the conditions of using methylene chloride as the solvent and

36



sol vent and the suspension was stirred to forma solution. The lactol (2,
209.4 g, 0.559 nol) in solid formwas added to the cold solution and
stirred fwo20B/07559. Carbon tetrabrom de (278.2 g, 0.3839CrEalSpoosassdsatided
portion-wi se while maintaini ngthe tenperature of the solution between -22C

to -20 OC under. a.flow of nitro as r ox in). Aft finishin
the addition r@l&%}mng%mvteewﬁw%e@ -@Eﬁ&m}*t%d@bﬁ%w@w &hsirthe oo J
mns. The re%gﬁmmm&quw BRerRaY0 69R £1i81d0F eflefer Rk, 61 (a),

0.72 (b), 0.36 lactol; 20% Et OAC in hexanes). e reaction solution was
i mredi atel y tApmishes beliviedhat thaze gwsinodgermatira pregeR80 dgsaidifig thishlevel of

o o ol P MR Rl B Ragolr 85, MogheRheussbou el RaTlit L 12

gl ass Buchnercohghiviiak thelbh@nfindtioh din8cMas- MG R A sdradrdbdderiong duaesk, pressur e
to about 800 nmL and the ratio of a/b isonmers of the crude product was 10:1

as det er mi nedn®y PIAHEIY abomcR8IC)dng cgpamng the coldaragpn sgluagn tq gilicaygatias H) .
The residue vgs, gyﬁéssfb? LY élpégcfbgnspgé)[t? tﬁ@f Oﬁ{n%%% 411@%12%&311 §0n2f

silica gel ina Sintere ner unne VI a suctlon)
W th a stepwitsemgsgdi.eiic Wbioswiar ofin B0purkd tBszgR%(osﬁtcﬁ)gel filratiexesiemoca 4
each) to renove non-pol ar |rrpur|t| es followed by 12% 25% Et OAc_ in hexane
(6 L total) t@nssitipetedivith pligagrdsthe praggspgatitis p&?ﬁ@%liymt%e eyacticlsnateder e
conbi ned jiynt q ﬁliﬁ&a{u'f@scu ons, concentrated under reduced pressure, dri ed
under vacuum 1mmtg, anbl ent tenp., 20 h) to colorless oils. Miin

fraction (197 g’ Oéolgli(fsugau’?(g) \é\/%ga Plrgg%gdg{ p E%H:l f%ﬁercgv}{?c%%laﬁ loég&fpfl&f) m a

smal | portion of the oi pon severa
| arge, thin pliai &8, pufipe BOpr6dace thhReyplntiembeiage (oromer crystallized from a
m xture of al pha and beta product oil froman earlier |ess selective run to

gi ve needles, np 7F70116% h %al(}ﬁrril%‘éﬂh thé&th8d 80 Bautsl efal FmP8PAIMApgL. H,
arom), 8.04 rgotm@-g 1151ﬁ)g arom), BautSSft_a?%IAIflS Prrtl gg

arom), 7.35 \%Vﬁ% 202)3#91 1§7BWF co@lq@the (x-brornosugar 4) with the potassium salt of 6-

15  chloro-2-amino-purine in t-butanol in acetonitrile. The reaction took over a week at
ambient temperatures. The reaction was optimized to go to completion in 24 h at
50°C. After partial purification through a silica gel filtration column, the anomeric
mixture was isolated in 63% yield in a ratio of 14:1 B/a. The B-anomer (6) could be
selectively crystallized out from a methanolic solution to give the pure desired -

20 anomer (6) in 55% yield from the bromosugar (4).

With the key intermediate 6 in hand, conversion to unprotected 2-amino-6-
substituted purines (e.g., 7-10) was accomplished. Further conversion to the
phosphoramidate derivatives (e.g., 11-14) proceeded by an adaptation of the method
of Lehsten et al., Org. Proc. Res. Dev., 2002, 6, 819-822 or as disclosed in U.S.

25  Patent Application No. 12/053,015, filed March 21, 2008, pp. 651-675. As the
phosphoramidate group can also react to a minor extent on the secondary 3'
hydroxyl, the potential exists for 3' monophosphoramidate and 3', 5' bis-
phosphoramidate impurities. The 3' isomer would be expected to have similar
physical properties to the desired 5' isomer making purification by chromatography

30  difficult. This is ameliorated by further reacting the crude product mixture with sub-
stoichiometric amounts of protecting groups which are selective for primary
hydroxyls over secondary hydroxyls such as t-butyldimethylsilyl chloride, t-

butyldiphenylsilyl chloride or 4,4'-dimethoxytrityl chloride in the presence of
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(d, 1H, d-H, 6.04 (dd, 1H, C3-H), 4.78-4.73 (m 2 H C4-H and C5-Ha),
4.63- 4.58 (m 1 H C5-Hb), 1.76 (d, 3 H CH3) . a-bronmide, a/b = 20:1)
(CDA 3) :wo2810185¢4m 2 H, arom), 8.02 (m 2 H arom), PCTABM0986946Mm 2 H,
arom), 7.50-7.42 (m 4 H, arom), 6 34 (s 1H, d-H), 5.29 (dd, 1H, C3-H),
4.88 (m 1H, C4 1 H G5 63, (dd, 1H, C5-Hb .72 (d, 3
H CH3) . Sy rﬁywé?f?r&ml?a(r%ﬁﬁ%t@ g&@@f@ﬁf Br %é%%yh&e@yramlﬁatwg ésv 1588 - 4-

met hyl t et r ahygdp @fcuhanme vyd JubBiicl ph@%@%ﬁd&t@hre'ﬁ@ss ob il @B defirc@smpound 2
(1g, 2.67 mol), triphenyl phosphine (700 ng, mmol ), and i m dazol e

(180 ny, 2. 6hesplioyamidatgraing ¢eawbe saPrragid I(Ga_@lmlts) Chrommera(pbﬁo my, 2.68 nmol)
was added. The resulting m xture was stirred for 30 mn and poured into a
silica gel coI um (émdpc&indt(la):lcmuembtiﬁ@@dammanﬂs d(sclbsd] attpage 9én &.Syr upy

product (st s RS 5. AL 1358 (S orkSRSKA 206 LBt} e

char act er lszat

(2R 3R 4R 5R)3 Ba ée% @mniﬁ \{7001@0@!0@2@1(& RHA wpa%eé/to—z@ and 30-31 in WO
(benzoyl oxynet hy 4-f1 uoro- 4- met hyl t et r ahydr of uran- 3-yi" benzoat e (6) To a

12 L of three0fedR]72Bunethodtwlooked Heteéwknmpor@ﬂﬁélbge@feﬁmcw or o- 2- am nopuri ne
(225.4 g, 1.329 nol). Anhydrous tert-BuOH (4.5 L) was added and the
solution was stirred with a nmechanical stirrer at anbient tenperature.

Pot assium tert-butoxide (solid, 151.6 g, 1.35 nol) was added portion- w se

under a flow sgfnﬂiusisrﬁqm,gastmsk) 8-(Bendoliorg)-4 heroishydrexywas stirred at RT
for an additional 30 mn. To a 5 L round-bottoned flask was | oaded the
a- br oni dd0( 4, methyltgtrahydngfurag:3-yhmgthyl bepzoate:(Q)dr ous acetonitrile at

anbi ent tenperature. The brom de sol ution was added to the purine base

Suspenston £V, 1 D5y PR amEs bt TR kLot o
The m xt ure waditivadtued] gméﬂhﬂammetbnwwﬁﬁrgﬁzghe RlCh}IllW(@lR R ARRBE ng mant |l e .

(benzoyloxy)-4-fluoro-4-methyl-5-oxotetrahydrofuran-2-yl)methyl benzoate) (1,
379 g, 1.018 mol). The solid was dissolved in anhydrous THF (1.75 L) and cooled

15  to -30°C under a nitrogen atmosphere. A solution of lithium tri-tert-
butoxyaluminohydride (1.0 M in THF, 1.527 L) was added to the lactone solution
while stirring over 1 h and maintaining the -30°C temperature. After finishing the
addition, the temperature was slowly increased and the reaction was followed by
TLC (lactol R£0.4, 30% EtOAc in hexanes). The reaction was complete after 1h 15

20  min (temperature reached -10°C). The reaction was quenched by addition of Ethyl
acetate (900 mL) via addition funnel. Sat. NH4Cl (40 mL) was added at 0°C. The
cloudy mixture was decanted into a 10 L round-bottomed flask. The solid residue
left behind was filtered and washed with ethyl acetate (2x200 mL). The filtrate was
combined with the decanted solution and the combined solution was concentrated

25  under reduced pressure. The oily residue was dissolved in ethyl acetate (2 L) and
washed with 3 N HC1 (600 mL). The aqueous layer was back-extracted with ethyl
acetate (3x400 mL). The combined organic layer was washed with water (3x800
mL), sat. NaHCO3 (400 mL) and brine (400 mL). The organic solution was dried
over MgSQ, filtered and concentrated under reduced pressure to afford a light

30  brown oily residue. The residue was purified by plug column (2.2 kg of 40-63
micron silica gel, packed in a 6 L sintered glass funnel, 22 cm length of silica gel,

diameter 15 cm) using suction and a step-gradient of 5%, 10%, 20%, and 30% cthyl
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and controller, and stirred for 20 h. The reaction was al nost conplete as
shown by TLC beta (R 0.28, 30% Et OAc i n hexanes). The reaction was
guenched W9 20tv7&ddi ti on of sat. NH O (200 nL) to formPaTASIEe0sI40Nn. The
suspended solid 1 was renoved by filtration through a 3 cmpad of Celite in

a 2.5 L porcel ai n .Buchner f olid was washed wi.th tol uene (3x100
m.). The contiCh@ i ’felngﬁe 5@1‘;{} e 8y tc&&?ﬁlﬁﬁggaﬁlqlfélwe%l ution until

pH 7 (approx c%%@nﬂgd)and'EBﬁce'ﬁtr%{tfeHhﬁdéﬁ@éd&@ﬁ!%ﬁ‘é@&&@%@@cé&ﬂﬂ@s@ 6&9%&911@[1&55Uf €.
When the volunme of m xture was reduced to about one-third vol une,

addi tional pr@td.pigd.ated solid was renoved by filtration in a similar
manner. The filtr furthe ntr ed to .vlune f abau 00 mL.
The resi dus was | oaGhtevR BYidERRar o acstafiny Bediofeud 8 61 el
in a6 L sinteoesy qir@@so@y@mﬁacmmlz)maﬂdg)@k soed Thd frosatsbron) with a
gradi ent of 10% et hyI acetate in hexanes é L) to renove non-pol ar

inpurities, idichon waseeommete in R@Rawrs 8t 3 CGavitly pyywitheraiaruwapolihetwiste | act ol
(6 L), andt eXAE e main
amount of pro Hgtﬁ% éﬁe/&&{ @b tga% ?’ﬁ‘?ﬁ %n%f racl?glso ogén\%)é?teo Ofgingﬁsezdp
concentrat ed handBamNMRlced pressure and dr| ed under vacuum (0.2 mHg, 24 h,
anbient tenp.) to,a white foam solid 507@db/a— -1 by NVMR 1H NWR

(CDCl 3) beta: d = H-NYRDMRH- d6)+ﬁz150r26f e @ydd éﬁaﬁ?ﬁ) ﬂlaan?r& My
2'-C-CH ogluGt I m.) at
2t ent trmer gy LHOM (b O SB35 ?%&21"%%‘&?9“’ el L
suspensi on was7C¢owl led, amma), Froddmed H carerﬁ()ﬁfn‘r(rﬂYZH arBhr—:) Feduht, 2ag whi te

) i e PR G T T UG 5 2 e
24 h, anbi enty{ emp.Q5-Ha _I_?]alféfGM do {402 Pr, @590 anpcmmcq 49§ s gxcply, ent de
(b/a998 1 by HPLC). efiltrate was partiall concentrated (ca. 400 n)

and t hen dlluted vvlth nore MeOH (400 nlL) while
15  Synthesis of ((2R,3R,4R,5R)-3-(benzoyloxy)-5-chloro-4-fluoro-4-

methyltetrahydrofuran-2-yl)methyl benzoate (3)
To a solution of mixture of compound 2 (1.0 g, 2.67 mmol) and PPhs (1.4 g,
5.34 mmol) in CH,CI, (15 mL) was added NCS (1.07 g, 8.01 mmol) portionwise at
0°C. Then the resulting mixture was stirred at rt for 1h and poured into a silica gel
20  column and eluted with EtOAc-hexanes (1:4) using pressure. The collected right
fractions were combined, concentrated, and co-evaporated with CH,Cl, several
times and used next step (1.0 g, 95%).
'H-NMR (CDCl:) & = 8.13-8.02 (m, 4H, aromatic), 7.78-7.50 (m, aromatic,
2H), 7.53-7.43 (m, 4H, aromatic), 6.01 (s, 1H, H-1), 5.28 (dd, 1H, J=3.2, 5.6 Hz,
25  H-3),4.88 (m, 1H, H-H-4), 4.77 (dd, 1H, J=3.2, 12.4 Hz, H-5), 4.61 (dd, 1H, J =
4.0, 12.4 Hz, H-5"), 1.73 (d, 3H, J=21.6 Hz, CH3).

Synthesis of ((2R,3R,4R,5R)-3-(benzoyloxy)-5-bromo-4-fluoro-4-
methyltetrahydrofuran-2-yl)methyl benzoate (4)

30 Anhydrous dichloromethane (5.6 L) was charged into a reactor and cooled to
-22°C or below. Triphenylphosphine (205.4 g, 0.783 mol) was added to the cold
solvent and the suspension was stirred to form a solution. The lactol (2, 209.4 g,
0.559 mol) in solid form was added to the cold solution and stirred for 15 mins.

Carbon tetrabromide (278.2 g, 0.839 mol) was added portion-wise while maintaining
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heating to 600C. The solution was cool ed down to anbi ent tenperature,
seeded and the cooled to -5C. The second crop was col |l ected, washed and
dried i n wWo20mvd7a49manner to gi ve nore product as a whi PETASRIG/069BI 26 Q)
with simlar diastereoneric purity. The nother |iquor was concentrated to

and o T somer ¢t RGELUE g BoODH o Jen bt Soc?) P ngens oy Arproce g
chromat ogr aphy ;(rﬁ\ﬁ'aj()qﬁing A?t‘épﬁﬂlsﬁﬁgttﬁé QQ@HOHA(QO@EIQ tEQ%n?ﬁewhremts%ﬂ in

hexanes) to af ord 14 of product foam wh was recrystallized from
MeOH, washed raied tr-1@%C pmraZOSfmmtsl &he mntrmmwmuagffdomdma??%(d@hmpl@ﬁ@édy 8.46 g

of product t S 8] ed.to be of simlar

purity and tﬁrely%%?glgéo(ﬁ%lonéhﬁg d'%qe@gog /sEt\é&%? %ﬁ‘%@ E @lé ERARS product
6, (55% f 50M BIEIFRSHGHMARIL HRRRGE ©la) vesddp cdififinfrp1B88 o fUlash HPLC purity
99. 5% i ncluding 0.20 % al pha. 1H-NNR_% ure b-anoner, cd 8.03 (m

2 H arom), chrgmatpgraphy gfadepibies gel (40-88 nrigrongn Thegtippd THFXTG%P G 1H, arom ),

iy by o ooty iyt Lha@iMepe (i Mo 35t iRt G
4.76 (m 1 H BL%neﬂ-l)mneﬁl 5“ Qe (ﬁdicb,te {k/ahcorﬁﬁntfa‘ﬂbd under Béiiu(:eﬂ prBsédreCkﬁi)oout 81]6— NVR
(a-isomner, é arom (m 2 H

arom), 7.63 r{%anqthq ratig ew/ﬁ 180711@50 e CTldF’I pr%f%‘ms 19/14‘8 d%tﬁsmlﬁe%by dlom ),
7.39 (m 3 1NI@1'RO c1§5 835684 (SF§‘C1GI)7'§)43 gdi 6c1(ﬂ1§ Tﬂté"resf&%ev@sguﬁﬁé@ (s, 2

H NH2), 4.93-4 54 (m

1H, C5'-Hb), . 155g Q(oiurnﬁ chlron@-tﬁgraplﬁymﬂmkil kg@[f sﬂlca gel ma6L smtered glass
(2R, 3R, 4R 5R)

oo s e G R UG, A bisa aradicyr <lytion 8Bl 1% from

conpound 3 g9, 12% EtOAc in hexane (ca 4 L each) to remove non-polar impurities followed by

12%, 25% EtOAc in hexane (6 L total) to elute the product. The product containing

15  fractions were combined into two fractions, concentrated under reduced pressure,
dried under vacuum (0.1 mmHg, ambient temp., 20 h) to colorless oils. Main
fraction (197 g, 89% /B =20:1). The alpha isomer crystallized from a small
portion of the oil upon standing at 0°C for several weeks to give large, thin plates,
mp 59-61°C. The pure beta isomer crystallized from a mixture of alpha and beta

20  product oil from an earlier less selective run to give needles, mp 77-79°C.

'H-NMR (B-bromide) (CDCls): & = 8.08 (m, 2 H, arom.), 8.04 (m, 2 H,

arom.), 7.62 (m, 1 H, arom.), 7.54-7.45 (m, 3 H, arom.), 7.35 (m, 2 H, arom.), 6.43
(d, 1 H, C1-H), 6.04 (dd, 1 H, C3-H), 4.78-4.73 (m, 2 H, C4-H and C5-Ha), 4.63-
4.58 (m, 1 H, C5-Hb), 1.76 (d, 3 H, CH3). a-bromide, o/f =20:1) (CDCls): 6 8.13

25  (m, 2 H, arom.), 8.02 (m, 2 H, arom.), 7.63-7.56 (m, 2 H, arom.), 7.50-7.42 (m, 4 H,
arom.), 6.34 (s, 1 H, C1-H), 5.29 (dd, 1 H, C3-H), 4.88 (m, 1 H, C4-H), 4.78 (dd, 1
H, C5-Ha), 4.63 (dd, 1 H, C5-Hb), 1.72 (d, 3 H, CH3).

Synthesis of ((2R,3R,4R,5R)-3-(benzoyloxy)-4-fluoro-5-iodo -4-
30  methyltetrahydrofuran-2-yl)methyl benzoate (5)
To a solution of compound 2 (1 g, 2.67 mmol), triphenylphosphine (700 mg,
2.67 mmol), and imidazole (180 mg, 2.67 mmol) in anhydrous CH,Cl; (10 mL)
iodine (680 mg, 2.68 mmol) was added. The resulting mixture was stirred for 30

min and poured into a silica gel column and eluted with EtOAc-hexanes (1:4) to
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To a solution of conmpound 3 (450 ng, 2.68 mmol) in chlorobenzene (1.5 nil)
wer e added potassiumsalt of the base ( 1.37 g, 8.05 mol) in t-butanol (5
nm.) and swibewussidPy anhydrous acetonitrile (5 nmL) at rPCTIR0M0O6ULL I Ng

m xture was stirred at 80-1400C in a seal ed tube for 7 days and
concentrated i.n vacuo after n%utral i zation 'tH.HCI. The reséhdue was
purified by SHYSEEHRY PRSI ch ABHHEGHCABMYCHEX A scactieeithout Tysthery i ve
conmpound 6 ( WafEscritaddn as a white foam Synthesis of

(2R 3R 4R, 5R) - 5- ( 2- am no- 6- chl or o- 9H puri n-9-yl ) - 2-

(benzoyl oxynet hyl ) - 4-f | uor o- 4- net hyl t et r ahydr of ur an- 3-yl benzoate (6) from

conmpound 5 Tq.a, sol utd d5.(1 3 8 I i,nh t-butanol (10
m) was addeg"y%@‘?stﬁﬂljs(gﬁtﬁ{ﬁﬁm% 5%“‘{'%’.'@“?“%?0'@.}’28“ 3‘1‘3[‘)125 DVE (10 ni) at
anbi ent  t gnpgbahzdyRoxyhieehy1Raiiioroa-Meitiylet ahpdroThi-4n-841 berizod & (6pnd
concentrated in vacuo. The residue was purified by silica gel colum

chr omat ogr aphy ( hebaihé3 Lif thxgc-neck rppng-poigomed Bepbsrrhamed 2ahlorg2-16% as a

white foam i

(5R 53R 4 SR BPOBTIR TS 48,320, m0 o ARusgEBUO 4.3 o added and
(hydr oxymet hyth¢ selutiat Wyd stetadahiyids ofculizicaBst@ier(@? ymbi@natc@pOratdre d Pytassium
round- bottonmed fl ask was. charged éZR, 3R 4R 5R) -5-(2- .

am no- 6- chl ortetorEgyide (pelel. yp1.02. § e My Ve s4rse mprtionawise ypde aflow of

met hyl t etjpah r 20 ¥l z : : : o QuUS
met hanol I?SO)&%{{ é%%@&éé“an% g%\%/ﬁ? 1% %Tzﬁgggh%do%ﬁmﬁgrw %%180&2\? Mg%lg'c, a
sol ution of shda o noetdbaitalecd flasketrdsdoaled (RS54 rak®idT (411197 @40.431 mubdl dndwas

added via a ringe under. a nitrogen atnosphere.. A white cloud
react i on m xtub &' Pl ASHOn AR & rbE T tedpaBle, ThHBoPidE P conpl et e
Wi th no startijagd fRhehludhe bRE Suspension over 1 min at ambient temperature. The 5L flask

was rinsed with acetonitrile (2x1L) to transfer bromide completely to the reaction

15  mixture. The mixture was heated gradually to 50°C over 2 h with a heating mantle
and controller, and stirred for 20 h. The reaction was almost complete as shown by
TLC beta (R;0.28, 30% EtOAc in hexanes). The reaction was quenched by the
addition of sat. NH4Cl (200 mL) to form a suspension. The suspended solid' was
removed by filtration through a 3 cm pad of Celite in a 2.5 L porcelain Buchner

20  funnel. The solid was washed with toluene (3x100 mL). The combined filtrate was
neutralized by adding 6 N HCI solution until pH 7 (approx 220 mL). The mixture
was concentrated under reduced pressure. When the volume of mixture was reduced
to about one-third volume, additional precipitated solid was removed by filtration in
a similar manner. The filtrate was further concentrated to a volume of about 800

25 mL. The residue was loaded onto a plug column (1.6 kg flash grade silica gel ina 6
L sintered glass Buchner funnel) and eluted (via suction) with a gradient of 10%
ethyl acetate in hexanes (6 L) to remove non-polar impurities, 30% ethyl acetate in
hexanes to afford a small amount of lactol (6 L), and then 40%~45% cthyl acetate in
hexanes (4 L) to clute the main amount of product. The product containing fractions

30  were combined, concentrated under reduced pressure and dried under vacuum (0.2
mmHg, 24 h, ambient temp.) to a white foam solid (150.7 g, B/a.= 14:1 by NMR.

'H-NMR. (CDCls) beta: § = 1.33 (d, 22.4 Hz, 2'-C-CHa), alpha: 1.55 (d, 22

Hz, 2'-C-CHs).

41



shown by TLC test. The m xture was cool ed dowmn to roomtenperature and
neutralized by addition of glacial acetic acid (3 nL). A white solid was
filteredwotosmdss#ashed with met hanol (3x5 nlL). The fil PCatisS20a969¥6%xed Wit h
20 g of silica gel and concentrated to dryness. The m xture was | oaded in

line with a silic rtridge. and se d via col hr raphy
using a gradi ent ?fhge ‘g}&ﬁa}lxm‘rg?dﬁoﬁlﬁl%a}séﬁ%?ﬁ'ﬁﬁénﬁlef I 15(%%31 {Tfﬁélegtr oduct
el uted out atter%geﬁfﬁ% h@ﬁ&d sthiti %%Hﬂ QIFRA ﬁﬁﬁlﬁd-gb@r Ph O@H&ﬁusﬁ&micﬁi Whdg
fracti ons were conbi ned, concentrated under reduced Eressure and dri ed

under vacuumO(OOleﬂ llrmﬁ@eZ@@@é"szr hY ht dhareshiting vJoledehd seb collqcteddy g, 98%

% heoy, gt o e Ryl 5ot Jabappth sl S0 g 0

S'-0OH), 4523-Fhel3lib v&ihs 'd'rled'hn(gf Vaé‘ﬂ)um @) DniBg, 144 18 anﬂgﬂgiem@) t%%ff%r@ﬂ({ 2 H m
C4'-H and C5' - £ (I Cs' - ]) 1.06 ﬂ3H d, C2'-CH3) .
Synt hesi s of gqf pqoglggrvblﬁyqzxcel ent de (B/(x 99.8:1 by HPLC). The filtrate was partially

2- 2R, 3R, 4
9- 3(/I( § ( 4-f1 uoré(?ngé?%%ra%d((ga %gb %%) Fﬁﬁ{h dﬁﬁ‘y%fw#%b{a&ﬁe ]51 ng f“ré)to r%& théephenoxy)
phosphor yl amheafims '@Fﬂﬁdat'ﬂle(sbh)tloﬁﬁ’vﬁ cBB&dmbwdrty ambitnd tchgict e dsek dabkdndwer e

| oaded phenyl dichl orophosphate (2.66 12.61 nmol ). and anhydrous
di chl or onet hdhecqaded for-p Crhbe %ﬁ?P%C@@tV@S cglpgted, ?ae@dgandﬁle a0 AREarng s

added to bhe rﬁalnl&{ ggvémffg dies %ﬁmﬁ%ﬁg&g@l Ck%)t»@lth éﬁﬂaé drabetdBMleric

|mdazole was then a y via a dry syringe at -5C
and t he soI utpumlmyv@]a;embihler h@mtwas@ﬁhcfemtratj:dho difinessnudtreeduad pfdsu8. (04 g, 9 7

mol ) was added f maV|aI|none n.at -5 andtheslldvva | o
T osni vad tn ST RSt T mugiies B indiidinety ot AL si iy Biiied o

ambi ent t e”pes'il?ctalgeﬁc&i{ﬁh Bromatd¥rh Sy (%Zlaﬂ)glﬁ IQ&O rg%ﬁftﬁhg@ 4085101500, &aYP! et e-
Mre reagents were made (as described above from phosphate (2.66q),
ani noest er acetate in hexanes) to afford 14.52 g of product foam which was recrystallized from
15  MeOH, washed and dried in a similar manner to afford an additional 8.46 g of
product in high purity.

The three solids were judged to be of similar purity and they were combined
to give 131.2 g of white crystalline product 6, (55% from bromosugar, 49% from
lactol). Mp 160.5-162.0°C. HPLC purity 99.5% including 0.20 % alpha.

20 'H-NMR (pure B-anomer, CDCLs): & = 8.03 (m, 2 H, arom.), 7.93 (m, 2 H,
arom.), 7.88 (s, 1 H, C8-H), 7.60 (m, 1 H, arom.), 7.50 (m, 1 H, arom.), 7.44 (m, 2
H, arom.), 7.33 (m, 2 H, arom.), 6.44 (dd, 1 H, C1'-H), 6.12 (d, 1 H, C3'-H), 5.35 (s,
2 H, NH,), 5.00 (dd, 1 H, C5'-Ha), 4.76 (m, 1 H, C4'-H), 4.59 (dd, 1 H, C5'-Hb),
1.33 (d, 3 H, CHa3).

25 'H-NMR (a-isomer, CDCl3): 8 = 8.11-8.09 (m, 3 H, arom. and C8-H), 8.01
(m, 2 H, arom.), 7.63 (m, 1 H, arom.), 7.55 (m, 1 H, arom.), 7.48 (m, 2 H, arom.),
7.39 (m, 2 H, arom.), 6.35 (d, 1 H, C1'-H), 5.76 (dd, 1 H, C3'-H), 5.18 (s, 2 H, NH,),
4.93-4.89 (m, 1 H, C4'-H), 4.75-4.71 (m, 1 H, C5'-Ha), 4.58-4.54 (m, 1 H, C5'-Hb),
1.55 (d, 3 H, CHa;).

30
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(2.6Qg), and NM (3.8 nL, 48 nmmol)) and added to the reaction m xture at
-5C. The reaction was stirred at roomtenperature for 2 nore hours. The
reacti on waoalores® conpl ete as shown by TLC result andPdirfuse@d/oogssh 70 i
of dichloromethane. HO solution ( 1 N, 70 nL) was added. The aqueous | ayer
was separ at ed, and ext ted with dichloro an The o ic |layer was
washed with gkoﬁngli’ e#(%éﬁ&dgs At ey am '&ZLQ? HPEH“&%‘?‘QNQSO Af ter
renoval of thgesRlyrRYneddfrn- ﬁlﬁﬁyqe&eﬂfy%ﬁ%wr&fhﬁaﬁsmisynzroﬁﬁé @Y frof@s
purified through automated col unm chromat ography using a 240 g cartridge
and a gradi ermomgfouddd 2- Pr OH i n di chl or onet hane to afford product as a
foamsolid (4.16 7. 73% u pectra
of “product showed ¢4 ISR comPRihy 5 P4 et bERBBTLmpoio YR a ot o o
1.2 1 1. 3H MR EBIVRIHdd fotassivin salt’ofS8e bask (H875558%5|fh1ﬁ61)ﬂ{1ﬁb1!1t§m5 37 95

H s, 8-H of another isoner), 7.37-7.32 (2 m aromH), 7.22-7.15 (3 H,
arom H), 6nd spbyaquentlyngapydrogs acetongtrite (5 my) ata:tr Trheé%u«liﬁ@ nggHemps 6. 09 (1
H, d, CT-H of H, 8 ( 1 H,
d. 3G 0 t onOTLDRE 36 eR yseg B ey P ghyyrico el Ml Pl £7 g
(1 H, pt a,neuetliianen H’lt(th@l' ﬁﬂﬁp’yil&lue vﬂzasfliﬁtrlfféd%zr s@li’cal'gel omluid' -H, a-H of
am no
H m

1
m

m ster), 4154076 na) I—g_t ) é 3.82-3.72 (2

cs ~ Ha SAFRmatserapy ( heia@@Fi 06 (23 ngwe %111616 Goee [e%08%3, 1.03 (3
H d, C2'19CHR)hite BahP-NVR (DMBG-J 6) @ d = 4.91 (one isoner), 4.72 (another
|sorrer) An alternate purification rrethod is to chemcally alter the m nor
3' phosphoram date by-product in order to sinplify the chronmatographic

oyt raine (5 mongpestatBROTEIRT O fmbr b Rlora drbniioaa ik "o 0

t - but yl di met hykgidy¥dxyGiteRy)- dm@tmambﬂmteimp&mﬁw@slypb&%ﬁie @Fhemi i vely

with the free 5 prifmary ‘hydroxyl of the i sone
compound 5
15 To a solution of compound 5 (1.3 g, 2.68 mmol) in t-butanol (10 mL) was

added sodium salt of the base (1.37 g, 8.05 mmol) in DMF (10 mL) at ambient
temperature. The resulting mixture was stirred for 15h and concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexanes:EtOAc =
2:1) to give compound 6 (220 mg, 16%) as a white foam.

20
Synthesis of 2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-fluoro-2-
(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (7)

To a 250 mL dry round-bottomed flask was charged (2R,3R,4R,5R)-5-(2-
amino-6-chloro-9H-purin-9-yl)-2-(benzoyloxymethyl)-4-fluoro-4-

25  methyltetrahydrofuran-3-yl benzoate (6, 7.50 g, 14.26 mmol). Anhydrous methanol
(30 mL) was added and a white suspension was formed. At 50°C, a solution of
sodium methoxide in methanol (25%, 19.7 mL, 64.17 mmol) was added via a dry
syringe under a nitrogen atmosphere. A white cloudy reaction mixture was formed.
After 3.5 h at 50°C, the reaction was complete with no starting material left as

30  shown by TLC test. The mixture was cooled down to room temperature and
neutralized by addition of glacial acetic acid (3 mL). A white solid was filtered out
and washed with methanol (3x5 mL). The filtrate was mixed with 20 g of silica gel
and concentrated to dryness. The mixture was loaded in line with a silica gel

cartridge and separated via column chromatography using a gradient of methanol in
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inmpurity. Reaction progress can be nonitored by LG M5. Once the 3' isoner
is converted to a 5' -t BDMS-3' - phosphoram date derivative, the reaction is
guenched wotbhiogsizanol (3 eq), concentrated under reduc@dTASRESO5%69

partitioned between ethyl acetate and 5%citric acid and then the organic

| ayer is conc rated. The resi t hen subj ected tg chranat ography
wh! oh can’ now EoREREAE Or° & ?%lﬁﬁéﬁ s%@d%‘b}wé teg qubat Be6 et and
achi eve a hi Qﬁﬁﬂoﬂ%ﬁfe‘tﬁaﬁe @M@H@ﬁﬁ&t%oﬁ{amm fractlons were combined, concentrated
(2R 3R, 4R, 5R) - 5- (2- am no- 6- (azeti di n- | % H-purin-9-yl)-4-

fl uoro- 2- (hydmdﬁlywétlmlp)feﬁum@nﬂylh@évn@nwd‘rmmf(h:hn@n}ég, 08¢, ZFbh)eto35¢hite. of

((erBF/{ geRalﬂprgeR)SSOng(%ﬁsoa{%s(ﬁ ggg?oyﬁsﬁgﬁ}%ij@ ggg yl)-2-(benzoyl oxynet hyl) - 4-

f1 uor o- 4- get hyl tetlmmﬁxggwsaﬁd 3- ¥- soEn@aaatse CREH), 366(9H@ ﬁﬁzmm)ls)(mpd 150
mL. of absol ute et hanol . etidi ne hydrochl oride (2. % .4 mmol ) was
added and t heh GloH).oneti(Ibl, d.r3-Othy ﬁén(hél oy 5'- (i)él)g4 2&411 11an§111)€3 “Fhe
suspensi on e € Qr Al the
starting rm}"’zgrs?i&ﬁ Se(é)ﬁﬁlg’unedgggtéq;hm(btgn%ér}ae%r o&é’?zaeggggegp%%sshom by
TLC. Sodi um rigf)hngé (eH(d,. @ '4dH;)34. 3 mmmol, 25% sol ution in methanol) was
added to the m xture and heated at 500C. The reaction was conplete after
3.5 h. The reaction mxture was allowed to cool to roomtenperature and

neutral i zgd by gpldid 41qBs i‘sogxloiﬁrl A é((@ﬁﬁ?;l;?lgsu}isf@ é%t 46-1§heﬁ12)x W) . The

m xture was c ncentrate re an en t esi due was
triturated wpdriredhw)- 4-ei1nomc13d1ydfhx{y d-asethylteigalyalnoturnaas2-ybmotedypy

filtration and the i hld was, ed Wi t h E(t1 c (2x 15 nmL). The filtrate was
concent r at ed BRERGPYER 8%15“’ g’s‘ﬁ? Br%i?ﬂi“’PFFe sidue was purified via colum

chromat ography (Ang] 995KmI & PréufddtiohfaFlaseHa BBdedfhelylt 015% MeCH in
DCM . The pure product containing fractions were conbi ned, concentrated

under r educedilﬁdﬂ@@sh@&@h@tn d2.a6 geHZ ¢ 500@)!) Srcantyigus dizhleyomethand (gmL)pi nk
col ored flgam Oel alngln(g ester sagt 2 %0 1§T‘§§’ Irﬂrnol) was added to the solution and the mixture
was cooled to -5°C. N-Methyl imidazole (7.7 mL, 97 mmol) was then added
quickly via a dry syringe at -5°C and the solution was stirred at -5°C for 1 h. The
nucleoside (7, 3.04 g, 9.7 mmol) was added from a vial in one portion at -5°C and
the solid was slowly dissolved in 20 minutes. The reaction temperature was allowed
20  to rise to ambient temperature over 2 h. After 17 h, the reaction was not complete.
More reagents were made (as described above from phosphate (2.66g), aminoester
(2.60g), and NMI (3.8 mL, 48 mmol)) and added to the reaction mixture at -5°C.
The reaction was stirred at room temperature for 2 more hours. The reaction was
almost complete as shown by TLC result and diluted with 70 mL of
25  dichloromethane. HCI solution (1 &, 70 mL) was added. The aqueous layer was
separated and extracted with dichloromethane. The organic layer was washed with
saturated NaHCOs, water, brine and dried over MgSQO.. After removal of the
solvent under reduced pressure, the sticky residue was purified through automated
column chromatography using a 240 g cartridge and a gradient of 0-8% 2-PrOH in
30  dichloromethane to afford product as a foam solid (4.16 g, 7.14 mmol, 73% yield).
HPLC purity 97.4%. NMR spectra of product showed it is a mixture of two
diastercoisomers with a ratio of 1.2 : 1.
"H-NMR (DMSO-ds): 6=17.98 (1 H, s, 8-H of one isomer), 7.95 (1 H, s, 8-H

of another isomer), 7.37-7.32 (2 H, m, arom-H), 7.22-7.15 (3 H, m, arom-H), 6.6 (2
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93% . 1H-NVR (DMSO-J 6) d = 8.00 (s, 1 H C8-H, 6.03 (s, 2 H NH), 6.00

(d, 1 H C-H, 564 (d, 1 H 3-0H), 524 (t, 1 H 5-0H), 4.24-4.10 (m 5

H N CH2 wb 2awent76done, C3'-H), 3.90-3.81 (m 2 H, C4'-HramaISABb6&p9
69-3.64 (m 1H, C5' -Hb), 2.37 (penta, 2 H, center CH2 of azetidine), 1.05

3.
2-(( (12, 3% 4R s RO U -l Bind 0 @iy 41 oot
y

(
yl') - 4- 1 uorigseri WiRx 98 fl FFW!M&%NHB‘Y?%S)(ILFIW'BZOH of one 1somer%r{ 5.81 (1
| ) et hoxy) ( phenoxy) phosphor yl am no) pr opanoate (12) To a

r ound- bot t orrdd d, I3aHI@fweoféelald@ledr)p4n&MI75c(ﬂ dhiheptephotbptedd ef (s2- pT@xlj) 484615

nmol ) and anh di ane in e g, 10.2
mol ) was add%%’%’ linh gﬁ% 9\/% o % équlﬁn%%fa)l\é?é@ ﬁﬁf’dazol e
(3.34 g, 40.0 I)s.sm@s.7 ohlvca 13, &r CH9R,,)i N29NEAOHLiMNCBNgof &igingol uti on
was stirred at Cfor 1 under a ni trogen atnosphere. The nucl eoside (8,

1.38 g, 4.07 W)loéf(ééhldsﬁﬂr@ﬁs)was then added in one portion and the

sol uti on was aIIo er After 4 h
at anbi ent tenper at ur e, l@@y@(@%wé g él %ﬁoﬁgﬁdﬁgg%ﬁ&gﬁrl?&nﬁg% pl ete
reacti on (about 3% shséma&erpuﬂﬁch)nobmmabd@@ t@clghovalngaltee sis: rpi@bAB’ | Npurity.

The reaction was quenched by the addition of sat NH O (20.nL) and diluted
wi th di chl or ghesHwEENidsls hm)rodwqﬁél Sidgiaie; semplafydhe %eméwéﬁpat%ﬁp%{ﬁaoms hed

W th watqp ( hosPdriifidate t AssdlcB % Rdine [RgupLpduct
cont ai ni ng SSﬂXhUt I Od’g-l%l\laospr{ riﬂﬁler egﬂanof con%:senter ate A(}Ef?p§ t S-CEegn é};SSUI’ eto
a crude oil y andss tiergcd ®itRO.5gmolkhequiwdsntpaf i-lblitgkdlirbgthylssilylmhlaridlecatmmb@naphy
(Anal ogi x, tr radi ent . fﬁd%in fromO0%.to0,10% . The
broduct. of ut dEB b, KR SHeROD B P 5PBatot BTG FPHEL | ons
were combi nedmpaARC aldatAS L oBRAGEar RAUEEHRI B BEIES. Once the 3' isomer is

converted to a 5'-tBDMS-3'-phosphoramidate derivative, the reaction is quenched

15  with methanol (3 eq), concentrated under reduced pressure, partitioned between
ethyl acetate and 5% citric acid and then the organic layer is concentrated. The
residue is then subjected to chromatography which can now be done with a higher

loading and a faster gradient and achieve a higher purity.

20  Synthesis of 2R,3R,4R,5R)-5-(2-amino-6-(azetidin-1-yl)-9H-purin-9-yl)-4-
fluoro-2-(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (8)
To a 350 mL of dry seal pressure flask (Chemglass) were added
(2R,3R 4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-(benzoyloxymethyl)-4-
fluoro-4-methyltetrahydrofuran-3-yl benzoate (6, 3.6 g, 6.85 mmol) and 150 mL of
25  absolute ethanol. Azetidine hydrochloride (2.56 g, 27.4 mmol) was added and then
followed by triethylamine (4.16 g, 41.1 mmol). The suspension was stirred and
heated to 70°C while sealed for 5 hours. All the starting material was consumed but
the benzoyl groups remained as shown by TLC. Sodium methoxide (7.8 mL, 34.3
mmol, 25% solution in methanol) was added to the mixture and heated at 50°C. The
30  reaction was complete after 3.5 h. The reaction mixture was allowed to cool to room
temperature and neutralized by addition of glacial acetic acid (0.41 g, 6.85 mmol).
The mixture was concentrated under reduced pressure and then the residue was
triturated with ethyl acetate. The resulting solid was removed by filtration and the

solid was washed with EtOAc (2x 15 mL). The filtrate was concentrated under
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and dried (500C, 0.2 nmHg, 17 h) to a white foamsolid ( 1.322 g, 2.28
mml, 56% . HPLC purity 99.25% NWR spectra of product showed it is a

m Xt ure oVORWY/IFASt er eoi somers with a ratio of 55:45. PETNSRWODMB® J 6) d
= 7.80 (s, 1 H 8-H of one isoner), 7 80 (s, 1H, 8-H of another isoner),

7.38-7.33 H, 7.22- H, 09 2 H NH2),
6. 12-6. 02 Enmqfeé’cﬁd P?;@rﬁglﬁy%%ﬂﬁrﬁﬂd%e A E%g}ﬁeﬁw C‘gr‘%g@%%‘}%aé@oner) 5. 7)7
d 1 H 3 -

g TETRL. nOqutngl;ogﬁin@Q@%Qaﬂtﬁ@é@?_‘gl}adleﬂt616(;fbl@% M[é%)@éﬂ?CWﬂh@&ﬁ%ﬁ%d)l&kQGSG

(s, 3 H OCHZoofairang freeiwme warhcameinéd omegonirai@d Badgrgedi@edpredaig and dried

121°ca, s HUBG SR e e il péﬁi”tl'é‘fgﬂéf?%*ﬂl T S G of

ani noest ers_i m3apot her |sorrer) 1.08 (d, 3 H, -CH 3) . 3 1P NMR ( DVSO-J
6) : d 4.85 (one isoner), 4.77 éot her |sorrelé Synt hesi s
(2R 3R, 4R 5R) - 5- (2Ha (IBMS6EAR W 0XPP (O H- 8&)9693 §s. 3 H, |N1@0600 (d, 1

2 T TR LN Ay D6 i el 6

am no- 6- chl oraze&hh@tﬂa'-m})% 90-3-%- ((xberHc(S/4 Hyﬁtﬁ@ﬁfyﬁla)) - 169-Budr(ar, 4-H, C5'-Hy,),
nmet hyl t et rahydr of uran- 3-yl benzoate and anhydrous

benzyl al cohd-3 (P?Btan%fl CCFBeraWét ﬂ%%ze?@@e)ﬁt Oéfg(dd}bI p@uﬁﬁ%ottom&d flask were
charged NgH (60%in mineral oil, 2.44 g, 60.8 mol) and anhydrous DMF (40
mL). The suspension was stirred at 00C in an ice-water bath. Benzyl al cohol

(27 nL) was asjoehiesidr aff(29)-methyil 2-(Q(ZRBRHMRR,SRHSs@Harhinors-(estidinelvyl)-F1br med and
A AT A L K O R MO S
\I,gg :1 gﬁﬂ :a;)InZyggﬁetﬁefs})hﬂ{e@.oﬁ;)&)ﬁbs;ﬁmbyﬁﬁﬂnm%ﬁﬁlda@e i ent tenperature. It
To a 100 mL dry round-bottomed flask were added phenyl
15  dichlorophosphate (1.72 g, 8.15 mmol) and anhydrous dichloromethane (17 mL).
The amino ester (1.42 g, 10.2 mmol) was added and the suspension was cooled to -
5°C. N-Methylimidazole (3.34 g, 40.7 mmol) was added via a syringe in one
portion and the solution was stirred at -5°C for 1 h under a nitrogen atmosphere.
The nucleoside (8, 1.38 g, 4.07 mmol) (foam solid) was then added in one portion
20 and the solution was allowed to warm up over 1 h to ambient temperature. After 4 h
at ambient temperature, TLC (5% MeOH in DCM) indicated an incomplete reaction
(about 30% SM remained) but also a growing less polar impurity. The reaction was
quenched by the addition of sat NH4Cl (20 mL) and diluted with dichloromethane
(20 mL). The organic layer was separated and washed with water (5x 30 mL), brine
25 (20 mL) and dried over Na,SO4. The product containing solution was filtered and
concentrated under reduced pressure to a crude oily residue, 3.26 g. This was
purified by column chromatography (Analogix, 40 g cartridge, gradient of MeOH in
DCM from 0% to 10%). The product eluted at 4% MeOH in DCM. The pure
product containing fractions were combined, concentrated under reduced pressure
30  and dried (50°C, 0.2 mmHg, 17 h) to a white foam solid (1.322 g, 2.28 mmol, 56%).
HPLC purity 99.25%. NMR spectra of product showed it is a mixture of two
diastercoisomers with a ratio of 55:45.
'H-NMR (DMSO-ds) 3 =7.80 (s, 1 H, 8-H of one isomer), 7.80 (s, 1 H, 8-H

of another isomer), 7.38-7.33 (m, 2 H, arom-H), 7.22-7.14 (m, 3 H, arom-H), 6.09
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addition of 4 HO to ca. pH=7 (12 nlL). The solution was concentrated under
reduced pressure (4 nbar, 900C bath). The cloudy residue was diluted with
di chl or o0l 76490 nl) and washed with water (3x 30 neLT/USR09®6Y48D ni)
and dried over Na2SO . The suspension was filtered and the filtrate was

concentrated under dyced ssure to a i, du S S purified
by col um chr(é’;}aﬁo]&hgbﬁyl‘i(%ﬁ%f gﬂ?‘ Cé) é&t@é&? “gf I\@I@ﬂfioﬂ . The
product el ut gghrRdr) 49 MIOHH, B! mfa{%ﬁlep{sgﬁiéﬁ)u%mt@é@hrEQHfN@FIE'oPnS wer e
conbi ned, concentrat ed under reduced pressure and dried (500C, 0.2 mmHg, 17

h) to a whit eztdingseHiof amingFtey CH-H, C4ivboC5-H7), 299-3. THMNRI(ERNE®)J 6) d =

018 (3 1t sl gy i oS3 o Tl gt o
H CH2 of 5Ber1whathe1515c2r5engtz 37lgie¢nta52 'IﬂCQnteﬂCFI?of&Hetldthfb 103’ (dl'ﬁ H3a 2430182 (M

2 H CG'-Hand C5-Ha gm C5' - Hb), 107(,3HC2'-CHS)
Synt hesi s @ﬁnl(lqeg)er@y@l]lq)lrg@mp@;l 19 (d, 3 H, 0-CH; of aminoester in another isomer),

2- ((((2R, 3R, 0- 6- (benzyl oxy) - QHpuri n-

9-yl)-4-fl uoflo%ga‘u E{roxy{z\%i Eet hyl t et r ahydr of ur an- 2-

yl ) met hoxy) ( phenoxgill) DM PhMSO-aiit Bd)8sr(opanomts, 4.13)otle isord@9 ni L of dry
round- bottonmed flask were charged phenyl dichl orophosphate (3.29 g, 15.58

nmmol ) and anhydrous di chl oromethane (24 nl). The am noester tosylate (white
R T B e A N T
portion and t2hehydeexymettiyt)dl—mnethd&tuahydrofmﬁms-iod)(9)was stirred at -5C for
ope hour, Then Lheyruckeast e, o) 3oLt doves, added (2,050 & I TRL) 10
ﬁg m mtD gl ?g?ggmmé %rml%ram{-guﬁmguy@ (Fer2BY 18k { ARy 5L fHidr81- Reaction progress
methyltetrahydrofuran-3-yl benzoate (6, 8.0 g, 15.2 mmol) and anhydrous benzyl
15  alcohol (128 mL). To another 250 mL of dry round-bottomed flask were charged
NaH (60% in mineral oil, 2.44 g, 60.8 mmol) and anhydrous DMF (40 mL). The
suspension was stirred at 0°C in an ice-water bath. Benzyl alcohol (27 mL) was
added drop-wise via a syringe. A solution was slowly formed and it was transferred
to the nucleoside suspension quickly under a nitrogen atmosphere at room
20  temperature. The mixture was heated to 50°C and stirred. The reaction was
complete after 3 h and cooled to ambient temperature. It was neutralized by the
addition of 4 N HCI to ca. pH=7 (12 mL). The solution was concentrated under
reduced pressure (4 mbar, 90°C bath). The cloudy residue was diluted with
dichloromethane (100 mL) and washed with water (3x 30 mL), brine (30 mL) and
25  dried over Na,SO4. The suspension was filtered and the filtrate was concentrated
under reduced pressure to an oily residue. This was purified by column
chromatography (Analogix, 0 to 8% gradient of MeOH in DCM). The product
cluted at 4% MeOH in DCM. The product containing fractions were combined,
concentrated under reduced pressure and dried (50°C, 0.2 mmHg, 17 h) to a white
30  foam solid (4.57 g, 11.7 mmol, 77.2%).
'H-NMR (DMSO-d¢) 3 = 8.18 (s, 1 H, 8-H), 7.53-7.51 (m, 2 H, arom-H),
7.43-7.34 (m, 3 H, arom-H), 6.66 (s, 2 H, NH;), 6.05 (d, 1 H, C1'-H), 5.67 (d, 1 H,
3'-OH), 5.48 (dd, 2 H, CH, of Benzyl), 5.25 (t, 1 H, 5'-OH), 4.18 (dt, 1 H, C3'-H),
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by TLC (5% met hanol in dichloronethane). TLC indicated an inconplete

reaction after 20 h (about 30% starting material left). The reaction was
still quewmohlew/dbiys4bhe additi on of di chl oronmet hane (30 meLTASA002/064869 ( 60
m.). The organic | ayer was separated and the aqueous | ayer was extracted

vt or (2140 eI SRS LGS oot S aagma ThE e WY B at G er was

dried over N . After renoval of solid by filtration, the filtrate was
concentrated under reduced pressure to a gunmy residue (7 28 g). The
resi due was pur| fied via colum chromatography (Anal ogi x, 80 g cartridge,

gradi ent of 10% ted. at 2% | h,DCM

The product ‘?sf'ic’ WW?&??Pw l\%ﬁ&@%@%&%@h) eg ei:hiag %\f%edlzﬁﬁ_{g'gﬂéd uced
pressure gnd ;ﬁfrmad }ﬂﬁ@-@ﬁor&3alym 4-11?eth)7]tét@al@yd/i/0flhﬁnfpam solid (2.249 g, a
m xture of two isoners, 60:40 A portion of the starting nucleoside (0.257

g) was al so rdueethped(phenexy)phesigmuylomine)psppawatedd starting material .
1H-NVR (DVMSO-J 6 9 6 1H, 8- H
of anot §1er i sorrez )TO 1%02@ Ogéj‘{?ml&@ qﬂ?[ogregffrr]}a%]&eifszlg%a%g? m (SSH aromH),

7.21-7.12 ( mdlaﬂdﬂ,ophcb@hhtblﬁ 29 0685, ﬁ&mnﬂol)—hnd\diﬂlh)ldroﬁs ﬂlﬂh(odomélhkhe (GH mll,-) of one
i sonmer), 6.10 (d, Cr-H of another_isoner) (m , 5.87
(d, 1H, 3 -oF l@far@ﬁ%e#eém aje (vehitgpopygler)vas adged @4%\? S%JHB%WS P%?Peﬁo) 5. 48

(dd, 2 H, &q*%g@fuélgg?ﬁﬁb%ﬁ\é—?ﬁgﬁlﬁﬁldﬁﬂle gil b g, Gty \Q%ea%ltd@& llra, aﬁl}g? 4.27

(m 3 H, noest er 47°15-4. 06 ,
3.81-3. 71 (msytihe B%ne pelg)an dhd e fcsuﬂlﬁed(amﬂor&:s&blemmohyioawms@tﬂﬂed)ﬁt45°©é01t yl),

1.18 (d, 3 H, t 3 f ,
T 08 (d, 3 ROttt iRt Quby g (e e o T S o)
(one isomer),sofhtiba uﬁ@érriﬁtrroge%q{?%ﬁé porebRahe flcSmRturk %}%laﬁé(\%@ﬂ%e\%rﬁ to

2- ((((2R 3R 4R, 5R) - 5- (2- anmi no- 6- hydr oxy- 9Hpuri n-

9-yl)-4-fl uorm@emyﬁnpﬁrwmmm cadoresh pelutiém Repaction progress was monitored
15 by TLC (5% methanol in dichloromethane). TLC indicated an incomplete reaction

after 20 h (about 30% starting material left). The reaction was still quenched by the
addition of dichloromethane (30 mL) and 1 N HCI (60 mL). The organic layer was
separated and the aqueous layer was extracted with dichloromethane (2x20 mL).
The combined organic layer was washed with water (2x40 mL), sat NaHCO; (30

20  mL), water, and brine. The organic layer was dried over Na,SO4. After removal of
solid by filtration, the filtrate was concentrated under reduced pressure to a gummy
residue (7.28 g). The residue was purified via column chromatography (Analogix,
80 g cartridge, gradient of 0 to 10% MeOH in DCM). The product eluted at 2%
MeOH in DCM. The product containing fractions were combined, concentrated

25  under reduced pressure and dried (50°C, 0.2 mmHg, 17 h) to a white foam solid
(2.249 g, a mixture of two isomers, 60:40). A portion of the starting nucleoside
(0.257 g) was also recovered. Yield is 62% based on consumed starting material.

'H-NMR (DMSO-ds): &=7.98 (s, 1 H, 8-H of one isomer), 7.96 (s, 1 H, 8-
H of another isomer), 7.52-7.50 (m, 2 H, arom-H), 7.42-7.31 (m, 5 H, arom-H),

30 7.21-7.12 (m, 3 H, arom-H), 6.68 (s, 2 H, NH;), 6.12 (d, 1 H, C1'-H of one isomer),
6.10 (d, 1 H, C1'-H of another isomer), 6.04-5.96 (m, 1 H, NH), 5.87 (d, 1 H, 3'-OH
of one isomer), 5.81 (d, 1 H, 3'-OH of another isomer), 5.48 (dd, 2 H, CH, of
Benzyl), 4.99-4.93 (m, 1 H, a-H of aminoester), 4.46-4.27 (m, 3 H, C3'-H, C4'-H

OCH of aminoester), 4.15-4.06 (m, 1 H, C5'-H,), 3.81-3.71 (m, 1 H, C5'- Hy), 1.74-
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yl ) met hoxy) ( phenoxy) phosphor yl am no) propanoate (14) To a 250 niL of dry
round-bottonmed flask with starting material (13, 1.92 g, 2.8 mmol) was
added anhworouws7aiagol ute et hanol (50 nmi). Pall adi um on @bamSE@9/06969 120
ng) was added. The at rmsphere in the flask was exchanged wi th hydrogen and

th 1 xt t f .5 h at
e U R B LTS o ST 2 SRR B T R D LT
wasremoved by, {4 theciioranciuasedowid b IRlEARGY, (ZXoll: BbhenThe filtrate

was concentr at ed under reduced pressure to a solid residue. The solid was
m xed with silica G&NMRODYISQ: pur #Pil éehciyoroe).hTd etirasnwnmyr aphy

(Anal ogi x, 40 g cartridge, gradient of 1%to 16% MeOH in DCM . The product
containing fractions were conbined, concentrated under reduced pressure and

dried (508C, $nthdsis#, (2S)Zc}*t)o;ieat>a Z\Mfogtk SRR BR){5L(248mho- @@%roﬂym purity
99.55% NMR spectra of product s is a mxture of
di ast er eoi sormrrylﬂmlw-&‘pupawdly@lirosomwhmetxa@mmanm NVR (DMBO-J 6) : d

= 10.70 , 7.79 , 1
i 8 of - anol oSt SomydsdibelBmitolprofinldal (8 500P0 ) 2 0 (5
aromH), 6.62 ( S "120 zHZS(er?L)Qf doy E8mB-tttofel fldskvitklstartihganatenibd (@8, 1.92 g,

am noester), -OH of one isoner 5.82 - OH of

anot her i soma?r§ mng)lb&’aﬂa@&d@ﬁ]ilydiow abgolpfesth %‘1‘# ﬁ@é@%kréaﬂa@luﬂdeﬁc% 3 H,
CG3'-H 4o H (IQZHI% m%%ﬁ%’%&&egr )l_l"iheﬁtengrispﬁetg‘%n (CIJ@Zﬂ%%S Ras Soctiai®dad with 82- 3. 72 (m

1H, C5' - Hb), 1.77- yl ene c-pentyf), 1.21-1.19 (m
3 H a-CH3 ofhy&imgenesd &re)mixﬂur@gvas dtirr&l MdeCZ'atrﬁ:blBhyrITogmegaisfmﬁeﬁ}lat food8 (d, 3

E 7 522( a?;? h g]; eri%rg]% S oree Ggl \gaséﬁagl\é'g%ogl%&ﬂlj TE% e{ndqhe_ PcAf 01? %ha coa vx}a% omer),
(2R, 3R, 4R 5R)rzRo (<t Wﬁﬁﬁn@n A RAMed Kbt thAiod K 10 ALh.| ¥RE Attdte was

concentrated under reduced pressure to a solid residue. The solid was mixed with
15  silica gel (10 g) and purified by column chromatography (Analogix, 40 g cartridge,
gradient of 1% to 16% MeOH in DCM). The product containing fractions were
combined, concentrated under reduced pressure and dried (50°C, 0.2 mmHg, 17 h)
to a white powder (1.43 g, 86%). HPLC purity 99.55%. NMR spectra of product
showed it is a mixture of two diastercoisomers with a ratio of 60:40.
20  Mp=133~150°C.
"H-NMR (DMSO-ds): 6=10.70 (s, 1 H, NH of imide), 7.81 (s, 1 H, 8-H of
one isomer), 7.79 (s, 1 H, 8-H of another isomer), 7.38-7.33 (m, 2 H, arom-H), 7.22-
7.14 (m, 3 H, arom-H), 6.62 (s, 2 H, NH;), 6.08-5.97 (m, 2 H, C1'-H and NH of
aminoester), 5.88 (b, 1 H, 3'-OH of one isomer), 5.82 (b, 1 H, 3'-OH of another
25  isomer), 5.01-4.94 (m, 1 H, a-H of aminoester), 4.44-4.25 (m, 3 H, C3'-H, C4'-H
OCH of aminoester), 4.12-4.04 (m, 1 H, C5'-H,), 3.82-3.72 (m, 1 H, C5'- Hy), 1.77-
1.46 (m, 8 H, methylene CH; of c-pentyl), 1.21-1.19 (m, 3 H, a~-CH3 of aminoester),
1.09 (d, 3 H, C2'-CH3 of one isomer), 1.08 (d, 3 H, C2'-CHj3 of another isomer).
*'P-NMR (DMSO-ds): & =4.95 (one isomer), 4.72 (another isomer).
30
Synthesis of 2R,3R,4R,5SR)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-4-fluoro-2-
(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (10)
To a 500 mL of dry round-bottomed flask was loaded (6, 11 g, 20.92 mmol).

Anhydrous absolute ethanol (210 mL) was added and followed by anhydrous K,COs3
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(hydroxynet hyl )-4-nethyltetr ahydrofuran-3-ol (10) To a 500 nL of dry
round-bottonmed flask was | oaded (6, H g, 20.92 mmol). Anhydrous absol ute
et hanol (M0Qom7sas added and fol | owed by anhydrous K2E@CE(UB200906%69 209. 2
mrol ). The suspensi on was stirred and heated at 75C under nitrogen for 5.5

h. Al the st er| s consuned at. t i me, by est. The
m Xt ure was c(ggb %@éﬁ i FUSPSIONAAE Stigie Gn@\égat?dt Eftt7ér¢dlm dt . The
filtrate was Iﬁ@&ge&@}tw@% b ﬁfé@'taﬁﬁ?m@ferlgi @64 &ns@e&d hihaaink §2TPE 8. to

pH~7 and concentrated under reduced pressure. The resi due was dissolved in
met hanol and Hexadtwi was sdéled to gen t(emselg)ure Ficbsadidi vead frifexecdows. dhe ditteede

product and silica ) transfe d and s rat ed
Phrough col untiaitefGed s aghiRPRREGET o' Ss 30 0o b fERb b PG B OREL O
DCM to akf orghdpr Reueld pr &Yl Pe irdbiddcMasaissalveldit ﬁieﬂﬁﬁdim a@lnhidled ¥ith3 g,
54.5%9 . A second white solid was isolated fromcolum (10% MeOH i n DCM

1. 44 g) and isiliqaggeh(1%i Rt dhe deipd pgues ofesrededirodiiss prebsilierese] Avagdiaasipaedio,

third white sql and

it is a mxt u?leéngjfty\?%%e dh gISrjfltlf{ct %@gﬁc%l%%aéﬁ%%m@? y% ug]txélzé8g%4%

1H ||§I|)NR (DI\/BO(gjacﬁ&nt '0of0 t8.13% MSOH:I.IH D@vihilg affordprodict S%HMIGHR Jn DEMYas(ad, 1;—|

Cr- 5. 66 524 (m 1 H_5'- 2 H  6-0CH2

4.23-4.08 (mwliltﬂoamollﬁf%%gg% %°.0§2A(Sﬁ?0n§\14ﬂt€géqldwaéwlaéﬁi frpgpcolumy - 3. 66
m 1H, , 3 . - ,

I(3| ol ogi cg;é D:atlIg%l-ll\/IC\a./O ?Igg(ﬁlccl\c/)lnlggg%gd Rchl:S\/ﬁrng% Hecoof%WQR%Kﬁ%grol? Sﬁ&r%?"%d%% ceI S

(clone A cel IrsorcAybir thirtl @ijte Solid wesicaljectdd. @omemlemdmﬁ%dﬂe@ﬂpnw; @Kk7grow h

i n Dul becco's i.fied | el s. medium ose, % f et al
bovi ne ser umg)&‘nﬁi\}llﬁa&m%l“ fﬁé‘“’&ﬁﬁo%‘r‘ﬁfe 8? U%H;& 8‘écr%ﬁ§%é$}%)enti al
am no acids, and Gﬂ#ﬁMﬂ(ﬁp@orgg)ms)g 164RL 1 Wi, Rak), 833D Memﬁzp@rohqanm in the
sane nedi um wi t hout (418
C1'-H), 5.66 (d, 1 H, 3'-OH), 5.24 (m, 1 H, 5'-OH), 4.44 (q, 2 H, 6-OCH,), 4.23-4.08
15 (m, 1H, C3-H), 3.91-3.82 (m, 2 H, C4"-H and C5'-H,), 3.71-3.66 (m, 1 H, C5'- Hy),

1.36 (t, 3 H, CH; of ethyl), 1.06 (d, 3 H, C2'-CHs).
Biological Data

20 HCY 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, 1% nonessential amino acids, and G418
(1,000 pg/ml). Antiviral assays were performed in the same medium without G418.

25  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 (TagMan rRNA control reagents; Applied Biosystems)
were amplified in a single-step multiplex RT-PCR protocol as recommended by the

30  manufacturer. The HCV primers and probe were designed with Primer Express
software (Applied Biosystems) and covered highly conserved 5'-untranslated region

(UTR) sequences (sense, 5S'-AGCCATGGCGTTAGTA(T)GAGTGT-3', and
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Cells were seeded in a 96-wel| plate at 1,500 cells per well, and test
conpounds were added i mmedi ately after seeding. Incubation tine 4 days. At
the end ovothw/i7sabati on step, total cellular RNA was PSOIUst@d/o¢Rbeasy 96
kit; Qagen). Replicon RNA and an internal control (TagMan rRNA contr ol
reagents; Appli.ed Bi i fi in a_si e-step mul tipl ex
RT- PCR pr ot o@Gfls%e’rsg'mégwft\ﬁmgg@f‘ﬁ’tﬁe? S}wﬁe HCV prinmers and
probe were des¢goed gdAOcBOC®I TEROIESRIRSQE Y War e (Applied Biosystems) and
covered highly conserved 5 -untranslated regi on (UTR) sequences (sense,

5' - AGCCATGGCGTTAGTA(T) GAGIGT-3', andantisense, 5'-TTCCGCAGACCACTATGG S';
probe, 5'- FAMCCTCORGaRGsetaeotiornd.- cffeanmmess 9f a coonnoxpd.dbe thresbo R T-RGRal

ef fecti veness f C h r I - P | e f t est
conmpound was e glgtorfgl(lz tggfpcg ﬁl%%u?%évg%%u@rtrg‘gtggP%Pﬁsﬁﬁgl\g%a%ﬁﬁ%&&gy%f%%g f the
no-drug cant r@kle(dPic moLdrugAobded] (@ Cin3).3A aqyal $.3aqlalk @g-16Q 10echietiben (equal

to the 90% effective concent ration [ECQO]E in replicon RNA | evels. The
cyt ot oxi ci ty (8942l fhde PRy clicstip conscribiion [ECsd) 1 rerlisepR¥a devely Thal cul ati ng

the D Q GRNA - P AN r

nt rodused (ST PR Sor AR ch LR APRA S KA A RE DA e 1 zea
for the rRNA vates| BheatiCcletibicay paraagtir nstldttin brantgodiged (Ctol — Conpounds
11, 12, and 14, are.represented b ol l owi ng structure(s), 11, 8 =
“OMVe, R 4 = Mrtwyp), iggich the fwlé-o- H@&P\%f@fﬁm fgzedyor the aﬁﬁwgejfwﬁ RS =
-OH R 419 cy&[ig@%t@g%_inmhgng_«%@ﬁga&nft@[ their biological properties based on
the preceding assay. The results o f these tests are disclosed in the Table

1.
Compounds 11, 12, and 14, are represented by the following structure(s),
R8
N S8
N
0O .\CH3(I) </ |

o)
___/< HO F R = N(-CH,CH,CH,-) = —Ni>

11, R®=-OMe, R* ='Pr
12, R® = N(-CH,CH,CH,-), R* = Me
14, R® = -OH, R* = cyclopentyl

were tested for their biological properties based on the preceding assay. The results

15  of these tests are disclosed in the Table 1.

Table 1. Activity of Selected Compounds

CloneA EC90
Compd. No.
(nM)
11 0.02
12 0.07
14 0.13
20 The contents of U.S. Patent Application No. 12/053,015, filed March 21,

2008 (see also WO 2008/121634), U.S. Patent Application No. 12/479,075, filed
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Table 1. Activity o f Sel ected Conpounds C oneA ECO Conpd. No. (mV) p 0TO2
12 0.07 14 0.13 The contents o f U S. Patent Application No. 12/053, 015,

filed Marwh 2010/0729398 (see al so WO 2008/ 121634), U. S. Paremtusapplosxtat i on No.
12/ 479, 075, fi | edJune 5, 2009, and U.S. Provisional Patent Application Nos.

61/ 060, 683, 08, .61/ 140,441, .61/140, 3 /140, 369,
each of whic uﬁ%gn@%? %fbéfjéegmwaéﬁa e%fofé@%ﬁ%%ﬁ%@%ﬁ?@? Srddie by
reference in fhepds entiupay; 61W0€9Weﬁnd617134(13?699@%113&%1{1&%&6@ &Ny references
di scl osed herein are incorporated by reference. In the event that the

i ncor por at ed lééui@p@elt 23R00@ aredenabaiineprporaied iy tréfatenconf theic estingit h a t erm

di scl osed in the ent a catl text, th aning.of the ter

Contai ned | n YRGB eEERAPRId fet G ciiopeisdTBaT b i PRt TPy
nmeani ng of5 t hefekdieor RPhakesht ShidiRChcdPblatid subjeBGhatt® TbntednlaMemlthah conmpound
represented by fornula |, or its stereoisoners, salts, pharnmaceutically
accept abl e saondicthyth atess disdosedtinic nEpsat apliceon te¥t, therrdssingtas thor ms

t her eof : Z| r R3a is
e oow: o LERRHReA R Rl FNABE oAl BSOS oo g 720 |
R6 is CH X ofshdincaipdraRel dubjcCMBatterN§ néEHo®CH2CH2-) (azetidin-1-yl), OBn, or
OH and R9 is NH2;: and wherei n when
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Zis RO is hydrogen; R6 is CH3; Xis F, and R8 is OV, -N(-CH 2CH2CH2-)
(azetidin-1-yl), OBn, or OH, and RO is NH2. 2. A conposition for the

t r eat mentweandlioan7sapophyl axi s of any of the viral agentsPdiraskagssdber ei n
sai d conposition conprising a pharnaceutically acceptabl emedi um sel ect ed
from anong an excipient, carrier, dilugg}xJ gnd equi val ent nedi um and t he
conpound as clainmed in claiml. 3. A t he conpound as clained in
claim1l in the manuf act Atempurd rRElGAMI fol@hlalInG: ity KaLEBEheRf saftBY _
condition the result of an Infection by hepatitis C virus, Wst Nle virus,
yel | ow f ever phiarmaceutenlywecaptablssaltshiydoates, selyatosicrystalinaior metabatifet i s A

Vi rus, boving?virﬁ% dharrhea virus or Japanese encephalitis virus. 4. A

met hod of tredtRERE™Ph a subj ect in need thereof, which conprises

adm nistering a therapeutically effective anoght of the conpound as cl ai ned
inclaiml. 5 A nmethod of treatnent in a,subject in need thereof, which
conpri ses contacting at |east one conpou F~Eigined inclaiml with at

| east one hepatitis C virus infect cel | N6 gnpound represented by
formula I, or a netabolite or safF® qf qpolwte alt thereof: Z is wherein
whenR1 is hydrogen or phenyl; R2 iR’ h 3,%en; R3a is hydrogen; R3b is CHS;
R4 is hydrogen, 'Pr, or cycl opentylHOR5 Xs hydrogen; R6 is CH3; Xis F, and
R8 is Owve, - N(-CH2CH2CH2-) (azetidin-1-yl), OBn, or OH and RO is NH2; and

wherein wgen O OO0 0O I
R32 \R3b
SR A L O S N N
OR? Ré OR! OH HO  OH HO OH OH

wherein when

10 R! is hydrogen or phenyl; R? is hydrogen; R* is hydrogen; R*" is CHs; R* is
hydrogen, ‘Pr, or cyclopentyl; R’ is hydrogen; R® is CHs; X is F; and R® is OMe,
—N(-CH,CH,CH,-) (azetidin-1-yl), OBn, or OH; and R’ is NH,;

and wherein when

T R % %
Z1s HO—II)— s HO—I')—O—II)— , or HO—I')—O—II)—O—II)—
OH HO OH HO OH OH
15 R’ is hydrogen; R%is CH;; X is F; and R®is OMe, -N(-CH,CH,CH;-)

(azetidin-1-yl), OBn, or OH; and R’ is NH,.

2. A composition for the treatment and/or prophylaxis of any of the viral

agents disclosed herein said composition comprising a pharmaceutically acceptable
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Zis HO-P- , HOP-OP- , or HOOP-0-P-OP- I I | I I I OHHO OH HO CH OH R5
is hydrogen; R6 is CH3; Xis F, and R8 is Owe, -N(-CH 2CH2CH2-)
(azeti di w@-291000758Bn, or OH, and RO is NH2. 7. A conposiPCIrars2609/0644he
treatment and/ or prophylaxis of any of the viral agents disclosed herein

sai d conpositiop conprisi.ng a pharnmaceutical l. cept abl e .medi um sel ect ed
from anmong aﬁn%‘ﬂﬁli“ﬁ?]éﬁ’ﬁa FrOH 3TPQAE Ay CLRiTRt; Cash ’%tﬁ“gém ﬁﬂulgéal?ttﬂ‘ﬁ‘ﬁ% t he

conpound as clhgitheghmhpbunl @t BlafneBin ofhittsSe of the conpound as clained in
claim6 in the manufacture of a nedicanent for the treatnent of any

condition the result of an infection by hepatitis C virus, Wst N le virus,
yel | ow fever virus). denyuse efithaeompaiind@yictaimed wodlaio Vi the mapefagture pla A
virus, bovine_yij. i-ar iru r e Lid].$ W TUS, .. A

et hod of ¢ r Qi ieRert KRRt TR AARARERE SRR R R LGt

adm ni st esi ngC airlid)VAPRUE viras, lyglled ffeat virgs, depgrtvink, thiwvaaspouodiras cl ai med
inclaim6. 10. A nethod of treatnent in a subject in need thereof, which
conpri ses contCagitislyviges, bayige vEplelipwiggaiimg ondenspescreecnhality Wik 6 with at

| east one hepatitis Cvirus infected cell.

4. A method of treatment in a subject in need thereof, which comprises
administering a therapeutically effective amount of the compound as claimed in

claim 1.

10 5. A method of treatment in a subject in need thereof, which comprises
contacting at least one compound as claimed in claim 1 with at least one hepatitis C

virus infected cell.

6. A compound represented by formula I, or a metabolite or salt or

metabolite salt thereof:

R8
Nf
<1 1
RS\\ R6

P
rd

HO X
15 |
R3a \\R3b
. 0 L0 Q @ 9 @ 9 9
Lis N—pi- - HO-P— , HO—P-O-P—,or HO—P-O-P-O-P—
or: | Or! OH HO OH HO OH OH

wherein when
R R3b
O & 0]
: T
Z 1S /I\I S ll) ik_.
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R' is hydrogen or phenyl; R is hydrogen; R* is hydrogen; R*®is CHx; R is
hydrogen, ‘Pr, or cyclopentyl; R’ is hydrogen; R® is CHs; X is F; and R® is OMe, —
N(-CH,CH,CHj;-) (azetidin-1-yl), OBn, or OH; and R’ is NHy;

and wherein when

i TR Wof
Zis HO—II)— ) HO—II)—O—II)— , Or HO—P—O—II)—O—P—
5 OH HO oH HO OH OH

R’ is hydrogen; R is CH;; X is F; and R®is OMe, -N(-CH,CH,CH;-)
(azetidin-1-yl), OBn, or OH; and R’ is NH,.

7. A composition for the treatment and/or prophylaxis of any of the viral
agents disclosed herein said composition comprising a pharmaceutically acceptable
10 medium selected from among an excipient, carrier, diluent, and equivalent medium

and the compound as claimed in claim 6.

8. A use of the compound as claimed in claim 6 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,

15  hepatitis A virus, bovine viral diarrhea virus or Japanese encephalitis virus.

9. A method of treatment in a subject in need thereof, which comprises
administering a therapeutically effective amount of the compound as claimed in

claim 6.

10. A method of treatment in a subject in need thereof, which comprises
20  contacting at least one compound as claimed in claim 6 with at least one hepatitis C

virus infected cell.
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