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

chronic liver disease, such as cirrhosis and hepatocellular carcinoma, in a substantial
20  number of infected individuals, estimated to be 2-15% of the world's population.

There are an estimated 4.5 million infected people in the United States alone,

according to the U.S. Center for Disease Control. According to the World Health

Organization, there are more than 200 million infected individuals worldwide, with

at least 3 to 4 millién people being infected each year. Once infected, about 20% of
25  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 cirthosis or cancer. The viral disease is transmitted parenterally by

contaminated blood and blood products, contaminated needles, or sexually and

vertically from infected mothers or carrier mothers to their offspring. Current
30 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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cirrhosis or cancer. The viral disease is transmtted parenterally by
contam nated bl ood and bl ood products, contam nated needl es, or sexually
and vertiwal2by/d7ssam i nf ect ed not hers or carrier not her sPCo/ush@on6wld spri ng.
Current treatnments for HCV infection, which are restricted to i munotherapy
w th reconbinant interferon- alone or _in conbination with the nuc| eoside
anal ogri bavi mibayiriay areef limiter chinical henpfia Mereawsr; thereyp pe getablishedigsceines ng

est abl i shed v, | r wpg% : : for

i nproved _th_erfglglggsl? céoglﬁee%%}s{ﬂ}"ﬁg{}ézg ec %%@eéyg%ﬁ%gﬁvgﬁ%%%g%ﬁﬁﬁf ection.
The HCV Vi ri qRatieSfectiveBnochisy ebropizsliCViafestiorand RNA virus with a single

ol i gori bonucl eoti de genom ¢ sequence of about 9600 bases whi ch encodes a

pol yprotein of about 3,010 anm no aci.ds., The. t ej duct.s of. the H
gene consist of tHEeHEYFHRLE 2peBYPpRd I@,SS‘EE{S&M ‘%gﬁg}vﬁhgsmglee Y

non- struckur gy fi%rﬁfcf&%ti&@%eno%@ seqiefiéd GF8oliS%B0 bagd WEGferababsNS5B.  The

nonstructural (NS) proteins are believed to provide the catal ytic machinery
for viral remoalysotemnt abbe D pniopecide The pratis predses of e -28ependent

RNA pol ynmerase fro h | ypr ot ei ain ) ' ui red

for the synt fOEPE! @‘tﬁ%ﬁﬂgﬁﬂ%ﬁé’fﬁepﬁ&dg} %E#_’f%{r%wga Is%lngg e@%@gﬁafé% I\j\rls??al RNA
that serves agss NENDhARIKSLB, MdNSEPkhCHEFBN ThY absstettuVNSY pettehoare, NS5B

pol ynmerase is considered to be an essential conponent, in_the HCV

replication cwhigyvashtoprovidethe caalytigmachistioiosyiral replpgtion.gThe DiS3 pojease /.

Lohmann, .et al Vi 9 ; 8- Mol R g : :NS5B

pol ymer as1 prrglfésnetssll\f %%%%%'g?e%ﬁ%t %P%l@%rra%%g@qh&cb& &ft%ﬁt%lﬁfr ef ore
co {1_st it u]t efhaHCEZ'_tNS%pHd'évyﬁxg&faé isn@qiirddofot the sgiethediopfeddubdd-stridded BAA from
antivira er api es. el ongs._to a nuch | arger. faml f vi t hat
share nmany cohsidglestardsdagral that sereeses ?ﬂter"’ﬂi%lg@ 1%ﬂ%rpﬁﬁ’1§‘\?ﬁ9’? \F%%éffs ani ?y of

viruses conpriggs flerdtGRSNSSBNSHmilralelif EdnsHRARIS be an essential component in
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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pestiviruses, which cause disease in cattle and pigs; flavivruses, which

are the primary cause of di seases such as dengue fever and yell ow fever;

and hepacwoizougasji7whose sol e menber is HCV. The fl avi viPcwgisgemawsd4encl udes
more than 68 nenbers separated into groups on the basis of serol ogical

rel at edness (Calisher et al., J. Gen. Virol, 1993,70,37-43). Cini %
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I ncl ude the Dengue Henorrhagi c Fever viruses (DHF), yellow fever virus,
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1988; Monat hgywlne Rver NRW(ESBY, dlso MR hd 8 Roled hIrusPihdlbode?)disedseaiest i vi rus

genus i ncludes bovine viral diarrhea virus ;{BVDV%% cl assical sw ne fever
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of sheep (Moenpi V...et al. v, Vir S, , -98) stivirus

i nfections Oﬂnr%Btﬁ@thfélg{nggnc]a}eéggf{egg?(k icggﬁt Plg,%%g(lgsghs? ééncéﬁészg%sica{?guse

signi ficant egendficdodseswagdwide] BWDIEcauBddMucuaalstiscasaiaeatle add seafSe in

cattle and is_of significant econonm c inportance to the | isﬁ»(ges'g1 %h,(li ndustry
e

(Meyers, G ahgniffeans peonponic impertanesds thalivestagk sy (MRyeradognddpclss. 118;
enni g , aly, . 9%796 5201329 n sfdwRfiuses have

not beengs gEI(tT 'é‘r?‘éllvvg\%/mc gtrlsac %?Il(:izll’e aé%ﬁgsgl-r?f %e“fggg i ?P‘?lé%\)s{!\flﬁbwever,

serol ogi cal sy YR, hhdi3ce8)cHamas pektivirhbes hpeshottieenigs extgosehe i n humans.

Pestiviruses and hepaciviruses_are cl ose relatedq virus gro ithin th
Fl avi vi ri dae Sharacteyizedpsfbe apimsd Besjivipsest }ééwe‘fqrtﬁf Oglﬁalts}’ﬁvgy? ll;i‘%scﬁl\&g i nl:lnudee-

the GB vi rus.&nsi%aﬁie&%&img%ﬁosﬂﬁ@iﬂt}ﬁmﬁ virus-B and GB virus-C (also
called hepatitis virus, HGV). The hepacivirus group (hepatitis C virus;
HCV) consists of a nunber of closely related but genotypicall

di sti ngui shabl e viPestieisusehand hapheivirusas remelosehyelated 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 at least 6 HCV genotypes and nore than 50 subtypes. Due to the
simlarities between pestiviruses and hepaciviruses, conbined with the poor
ability oWohepaosiirruses to grow efficiently in cell culPCums200d004ne viral
diarrhea virus (BVDV) is often used as a surrogate to study the HCV virus.
The genetic or%ani zation of pestiviruses and hepaciviruses is very simlar.
These positi (&S prodgiosdn seqnential alss fipaxthe gwmine-tormiue of he gensehrzleadi ng
frame (ORF) ing.all . ir ot e e r '

repl ot on. PrigLeRidrepb e okl MR HTREORE oMl ofENE2 N3 g

post -t r ans| atNS#gINSURINBIs 368d NpBbot h cel I ul ar and vi rus-encoded
proteinases to yield the mature viral proteins. The viral proteins

responsible for the replication of .the viral genonme RNA are | ocated w thin
approxi mat ol y ¢ he EMESRIPIIET 0 Restvirepse anciepadvERScs iAtegdugRes qoRIaSy

nonstruct yral, M) ciRE%&IsAS of %ﬁé@ifﬁgﬂ%ﬁ%ﬁ&ﬁﬁ‘@j Filek @pRNHe RE3R6RIMR IR
processi ng of the nonstructural protein portion of the ORF for pestiviruses

and hepaci vi rviisiess indothegroups prisbess amizwracisbtequerive npaifs charaaieristic afiserine

from the. am HEEBEID oG paREs (GRUAGE Bt dh NoPsPelFoebth 26 TE8P 8N o the
car boxy-t er mmgtgerRk HiRRoSHRA989.INE6351-699; GorbalbiSd et ME3NVuIXEE AcidNRABI 98955A, and

NS5B. The NS proteins of pestiviruses and hepaciviruses share sequence
donai ns t hat 1& 88&h3¥%0+ Sinikarly cthe NSSBaupieins of pettivitysesang bppaes/irusgiyhayg anpl e,

omi ns ¢ hat & Fo: YribtlycitoNSs andEeey
ot 15 char abepeRR bR AR R L BB B B ey et

al ., Nature, DORSV.B3&rir2Rev. BaddkemaMdlde) Biol. 1908 )28yBTHUBQ)Y |
1989, 171, 637-639; Corbalenya et al., Nucleic Acid Res., 1989, 17,

3889-3897). Simlarly, the NS5 rofeins. o esti.viruses .and hepaci vi ruses
have the motifs cﬁgﬁéﬁl@r{%‘fﬁ @%ﬁﬂws SF%&Y om#je%‘?@?’ﬁiseaéﬁ( Kooni n,
E. V. and Dol Jlfégaéfvi\/use {f the -lifé%?kﬂefo@'t}%g\hﬁﬁsks elisetyBifalogodd %bot%%ase%]tﬁg 430) .

S :
The actual roles and function$ of t proteins of pestiviruses an

hepaci vi r usesNShsdrine proteinesecs eespbnsittle foriallpgetsolytie pricessing of pohigireigisus. | n
both cas 93 tpr}gcursors 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 et 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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NS3 serine proteinase is responsible for all proteolytic processing of

pol yprotein precursors downstreamof its position in the ORF (W skerchen
and Col | evD,20MVa76810gy, 1991, 184, 341-350; Bartenschl agecTats2@/069430 Virol .
1993, 67, 3835-3844; Eckart et al. Biochem Biophys. Res. Comm 1993,192,
399-406; G akoui et al., J. Virol. 1993, 67, 2832-2843; Grakoul et al.

Proc. Natl. Avauinshcrapgavithoggombipant igegerongsagne ¢finicrabination with they vj r o] |

1993, 67, i ﬁG%gfl%g%géS%ga?oga%lgawr% Thlg t}%e}a % hnut:c]r% ?r?ﬁs QK%%aﬁlgﬂfgcti%Q@ and he NS4A

protein, s as or Wt serine protease
(Bartenschl aggr g 9% af treatdd pMiche respbﬂﬂ‘ﬂo th@ﬁtpyS Thbrebdiib3herEas digniﬁeant aked J.
Virol. 1994, 6 3753-3760; Xu et al Vi r ol 1997,..7 322). The
NS3 prot ei n dor mereretiprtiveans navebtheianics F‘b?‘fiélr%% the ymst agdica i cgtf

Bi ochem R_FP’, 1%{%0 Conm, 1995, 215, 160-166; Jin and Pet erson, Arch.

Bi ochem |op yS. 55]5 323, 47-53; Warrener and Collett, J. Virol . 1995,
69, 1720-1726). Fi naI |y, the NS5B proteins of pestiviruses and hepaciviruses
have the predict edAHNAbdiqf@oteadalRMedemeﬁép sdmetdevelopmemeh dsed et al .

EMBO, 1996, 15, 12-22:. Lec Vi roI 19 8; Y an
et al., BioctsHie# B’Wsas aﬁgeﬁ%(\gt&?ﬁﬁapi‘g’é’?h %‘glﬁ é‘én %%n?%%ﬁ u
97/12033; ZhqpgiiRfitedko, tle NYDNE3, alllcq%teas%%hemn&aﬁéa)he Nl&lhelmat;d and thélere are
limted treatnment optlons for individuals infected with hwgqatltls Vi rus.

The current apprBpesmetrase.apbeRNA- dmenéwt iRNA pelyipssasg s shen 1t h
o LT3 e oA L Al AR o

ribaviri |ts clr’nical ectivenes and only

50% of treat egicRad sigRifisantespRetarhénghedicipyl chéméstef ore, there is significant
need for nore effective and novel ther ap| es to address the unmet nedi cal

need posed by HCV infecti on nber ent | al ar t LS, for
drug devel opment drhipitpesaf HY N%Bd?ﬂﬂ‘\t/‘?@éf eﬁleéﬁ?r@be(%} @aﬂgﬁf t'ts have
now been i derge{/ﬁ{:v‘éﬁléfa{hc ugli anl ur@%evl Dﬂ)gtﬁﬂcé\p ZOUBel 1967- '8'8'353W alker,
aut opr ot ease, pf ot edse, hel i Case and t
M.P. et al., Exp. Opin. Investzgatzonal Drugs, 2003, 12, 1269 1280; Ni, Z-J., et al.,
15  Current Opinion in Drug Discovery and Development, 2004, 7, 446-459; Beaulieu,
P. L., et al., Current Opinion in Investigational Drugs, 2004, 5, 838-850; Wu, J., et
al., Current Drug Targets-Infectious Disorders, 2003, 3, 207-219; Griffith, R.C., et
al, Annual Reports in Medicinal Chemistry, 2004, 39, 223-237; Carrol, S., et al.,
Infectious Disorders-Drug Targets, 2006, 6, 17-29. The potential for the emergence
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.



NS5B pol ynerase. The RNA-dependent RNA pol ynerase is absolutely essenti al
for replication of the single-stranded, positive sense, RNA genone and this
enzyme hawoebiw7ssd significant interest anong nedi Ci nalPCEHiSR0091069420

I nhi bitors of HCV NS5B as potential therapies for HCV infection have been
reviewed: Tan, S.-L., et al., Nature Rev. DrugD scov., 2002, 1, 867-881,;

val ker MP. et aln sonw@semerbwnogmelsaqtlgéy pHmanclexsidess hampaed by its poR9- 1280

Ni , et on in Dru JA=Tpls 2004,
e asor . eibsibteaatagienipti it Stk orincll PP R BERKE BTt (VL RRIRRE . 2

Dr ugs, 2004, a@ﬂve&ﬁﬁh&gﬁate Y¥km. JFornRtioR bf the @bnophdsphite &y E&mg&bﬁdd: kihestis ous
Di sorders, 2003 7-219; Giffith, RC., et al, Annual ‘%ort in

gem c |d nal Chgnmsralbywewe@as thggate Jipmtingstep ehthe drree phospherylgtion eyefis T9 ous
sor der s Tar
Cesi stant H gtlu];né gh nr?gg?ch ' th$ 1n1%a%lp§83|pggﬁ§atf631t géé‘; ihdhe ﬁl@fab&lﬁﬂl gfer gence of

e nee ents wth broad genotype
coverage SUpPRQEkssidd® theadiveariplimphite anaiop, eid prepaation ofcktabid IM}DSDWQI and
nore effective nucl eosi des as HCV NS5B. i nhllﬂ}f’tor i de,i nhi bitors of

Snsavedies

NS5B pol ymer @5edregihag beetsieppied. aucieqsyle.Rhgp WECHLsul ts in
chain term napbofiPhe O]?l%ﬂﬁ's&rg BPee aEhVéenﬁdT'JUsf?l'ettﬁﬁhdéﬁhé%@aMﬁlﬁlﬁﬁ vitht h

nucl eoti de binding t yner ase. function as chain term nator the
nucl eosi de anqblmgtmsmwherbmdmmksamedlm yal mfect@iaWhO]&Néll%(MQ@Wg@ﬁ G. :net\?l vb to a

convor s Rt 16k e R8bpital 2007230 VAR Ol e bR, Il TR acos

whi ch | ”pa”slh%g%% OfA) arith, rw%ur@roemidnamwassc@m DO6e 0B, 729512890 de
pol ymer ase in i tor Unfortunatelg)é this limts the direct eval uation of

B?C: ﬁog: ?ﬁspeﬂaddlqim, Bi Qores ﬁb]I‘JnﬂgEd i, 4999, 43> 4132cH12P; Bagderads dy st dapabl e
nucl eosi de i 29%2 ié’?é%g\&‘ﬁ%oflflgs 4yt Bsfirda’tigﬁégia(?g??}a??%% ?%éé y%%yoeﬁ]; or
more of the kjiNasRmminesmedotmrs Al CREmoihtrdpp, 2006, 49;t1898); TS 206LHBREAG; f or m
ggr tmra]ltel ?thgf I ;ngle\y%%g?(gg @ﬁat tehby a nucl eosi de ki nase is general ly vi ewed
et hr ee phosphoryl ation events. To
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

unnecessary.
SUMMARY OF THE INVENTION

30 The present invention is directed to a purified compound represented by

formula I or a purified compound represented by formula II:



circunvent the need for the initial phosphorylation step in the nmetabolism
of a nucleoside to the active triphosphate anal og, the preparation of

st abl e phwephawesjarodrugs has been reported. Nucl eosi depPphaspivonesdat e
prodrugs have been shown to be precursors of the active nucl eoside

triphosphate and to inhibit viral replication when adm nistered tq viral

infected whole cells (McQuigan, C ,Ret al. . Med Chem 1996,

1748-1753; Valette, G, et al., NJ d. Chem 1981-

Bal zarini, J., get al., Proc. nalN Acad Sci §§§i 299;

Si ddi qui, A. Q 5,1999 5, . erg, E
o i des and?Nucl ei ¢ Aci d§) 200

J., et al. eogi'dlp’so
1091-1098; Lee WHA, Ot al-=Anti ni crobi al Agents and Ch therapy, 2005,
49, 1898); US 2006/ 024106‘21D anl WO 2007/ 095269. Also |im ﬁf%qr)lg Rhe utility
of nucl eosi des as viabl e therapeutic agents is their sonmetines poor

physi cochem cal and pharmacpkinetic properties. These pogr properties can
limt the intestinal absorption of an agent and linit uptake into the
target tissue or cell. To inprove on their properties, prodrugs of

nucl eosi des have Qﬁﬁ?ﬂﬁ@%@f\ﬁg .oft K @}Bteﬁg -2"2&%%1&1%113-91 Y Qabppr epar ati on

of nucl eosi de phosphoram dates |rrf)ro tem c absorption of a
nucI eosi de and fur&faeaﬁtgm@arrhh&upbuimmoemahldaale ammyieatey agblvateestn
"pronucl eotides” is masked th neutral lipophilic groups to obtain a
sui tabl e partqri’ﬁti‘ihn%@émfth‘?f? t to optimze uptake and transport into the
cell dramgtically enhancing the intracellular concentration of the
nucl eosi de nonophosphate anal og relative to adm nistering the parent
nucl eosi de al one. Enzyne- nedi at ed hyREBINIJIONS the phosphate ester noiety
produces a nucl eosi de nonophosphate wherein the rate limting initial

phosphorylat i on | spngecesgaty,, SINMRY s sELEE, |OMENTL QN ThsroRi et
invention is di rec PY¥BCa p%rl i e onpound T epresented by
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

10  be used interchangeably herein.

The phrase "as defined herein above" refers to the first definition provided in

the Summary of the Invention.

The term "purified," as described herein, refers to the purity ofa given

compound. For example, a compound is "purified" when the given compound is a

15  major component of the composition, i.e., 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
99% purity.

20 The term "metabolite," as described herein, refers to a compound produced
in vivo after administration to a subject in need thereof.

The term "salt," 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

25  the formation of a cationic species in which the charge is balanced by the presence
of a physiological anion, whereas deprotonation of the proton-donating moiety
7



formula | or a purified conpound represented by fornmula Il1:1 Il wherein R
is Owe, CEt, -N(-CH 2CH2CH2-) (azetidin-1-yl), or OH or a salt, a

phar mmcewopcaldorsaccept abl e salt, a hydrate, a sol vat e, Por/ts2@mwpeddad | | ne
formthereof. DEFIN TIONS The phrase "a" or "an" entity as used herein
refers to one or nore of that entity, for exanple, a conpqund refers to one
or nore conpdesuls inihe fermagian of g aniopifsBeries. in Adich s chargeisihaianged by the o

"an"), "one e'e, ) ﬁﬁﬁ one" can be used interchangeably
herein. The g)ersgggeeq'fg ggf’}o%{ecéi erEeli n above" refers to the first definition

provi ded in the Sumeasyn tH*"toeans thaethiciphosphbhms taemmis'ghinal dridgtiat'it les adescr i bed
herein, refers to the purity qf _a given canpound, Faqr ex | e,. a conpound
is "purifi ed'c_oﬂ'/ﬁ%’t‘?nglﬁé %ﬁgéﬂg@g-%ﬂgﬁéeqlgag%rgg %ﬁpa_ﬁgﬁm’% theie

conmposi tign, a'ccéé)ted @Enérﬁéﬁng@.of@i%&ﬁt&ﬂﬁﬁtedfﬁﬁ!%e ﬁl‘RJId}'SHcfrhrﬁ{dfét&ﬁiQIe@@iﬁé at

| east 50% w/ w puarit t Teast 60% ww purity, at least 70%purity, at
| east 80% pureprygsented Hyefastulg 3 wng thei ayglic phospbats nudoosiganepregented by east 92%

P enst”baoh purpiyuls ThirPeis e PGt e e BRI R L0 o

descri bed heriofphotéifse Applibards B@ udé oflithe eixiufe ¥f disustekdortiers and/or
admnistration to a subject in need thereof. The term"salt," as described

herein, ref erthe ragolyed diaspiorenthep dugemd inpjancee 2p pYEBHAIS ROIGAPPgAr next to
PO o 2B E b SudTBh AR & ey REERERARAL hOpRlrots BEAL AR AR0AI ARl oLy

It shoul e note proton 0 on-accepting noirety results
in the formati adeétosd that the phesphpes atoni 13 chiralcdndtthe onbaf gelinasy Bdllanced by
t he presence of a physi ol ogi cal , ani.on, whereas deprotonation of th

f Lo fpegh & in

pr ot on- donat i Wgerrtgs (risiobierse unlest the sHBIIRAT DI _ PW@@&%‘P :
whi ch the Chacﬁ@ﬁoés?oil?@'oﬁ*@ﬁf?ﬁitpﬁt ﬁﬂb@pl%r@&s‘?m &Afin d(@Joigi ol ogi cal cation.

15 DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a purified compound represented by

formulaIora puriﬁed compound represented by formula II:

R 0
O >
N B > S OH /
o & < )N\ 50 HN-P-O N—QNH
O o_ N = I 0o
i N” O NH,
o N—p-O
H  on = CHs ST
HO F HO F
I I

wherein R is OMe, OEt, —-N(-CH,CH,CH,-) (azetidin-1-yl), or OH;
20 or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

crystalline form thereof.

A first embodiment of the present invention is directed to a purified

compound represented by formula I



The term "P*" means that the phosphorous atomis chiral and that it has a
correspondi ng Cahn-1ngol d-Prel og designation of "R' or "S" which have their
accept ed wbhaor/areani ngs. It is contenpl ated that the ph@sphiseawviocdsre

nucl eosi de represented by formula | and the cyclic phosphate nucl eosi de
represented by fornula Il can exist as a m xture_of diastereoners due to
the chirality at phosphorous. Applicants conterrpFate use of the m xture of
di sast ereoners and/or the resol ved di astereo ‘XK sone instances, an
asteri sk does not appear next te the phosphoXo i date or cyclic phosphate
phosphorous atom In these ijstagcdso | deNst 09 t hat t he phosphorous
atomis chiral and that oneOHf (pr dﬁ)g[ary ykidslCHynder stands this to be so

unl ess the substituents bound to t p ph@rous exclude the possibility of
chirality at phosphorous, such as in P(Od . DETAILED DESCRI PTI ON OF THE

| NVENTI ON The present invention is directed to a purified conpound
represented by fornmula | or a purified cdnpound represented by fornula I1:
Il wherein Ris Owe, OEt, -N(-CH 2CH2CH2-) (azetidin-1-yl), or OH, or a
salt, a pharnaceutically acceptable salt, a hydrate, a solvate, or a
crystal line form tWiereioR is®ONley st enbodi nent of the present invention is
directed to a purified conpound r.epresent by. for a_l ein Ris Ow,
or a salt, a phar el aclgfawac(fgég%{yeﬁﬁpgﬁgbj? f%it’ &M@é‘&%@ eswg{eség{kvat e, or a
crystalline formififiefR@itherbof i rst enbodi ment of the present invention is
directed to a purified conpound represented by formula I wherein Ris Oet;
or a salt5 a phar wafetembainensofbppeisert igeantion is digegiedite 2 Pyried vat e, or a

compound represented by formula I

R
N O
N
(@) > y f '
S0 o <N l /)\
1 N NH,
ot ,N—P’o

W by oo

HO F

wherein R is OEt;

or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

10  crystalline form thereof.

A third embodiment of the present invention is directed to a purified

compound represented by formula I

R

S

N
<o AL
>"’\ il O NN Ny,
oH N—pP-O

H (,)H Ry CH;
HO F
I
wherein R is OH;



crystalline formthereof. A third enbodi nent of the present invention is
directed to a purified conpound represented by fornula I wherein Ris OH or
a salt, awpharomgssaatically acceptable salt, a hydrate, &CIalSe@vmocsor a
crystalline formthereof. A fourth enbodi nent of the present invention is
directed to a purified conpound represented by fornmula I wherein Ris

-N(- CH 2CH2CH2-) (una eali, dipharmageytically ageeptable salf, pR¥dAGceiRIYERINY accept abl e

salt, a hydrate, @ | r a crystalline formthereof. Afifth
enbodi nent of’rytswgmﬁfiggxﬂie??orﬁ?enti on is directed to a purified conpound

represented by fomnfsusthlembodi@iendofthk presantieontion éudirecteddty apoopd abl e sal t,
a hydrate, a solvate, or a crystal]ine formthereof. DOSAGE,

ADM NI STRATI enmpewgd neiesonted % 9r@H3ddi nent of the present invention is
directed to a conposition for the treatnent of any of the viral agents

di scl osed herein said conposition conprising a pRarnmaceutically acceptable
medi um sel ected from anong an excipient, carrger A diluent, or equival ent

medi um and a purified conpound rgepresented bgg rmila | ora purified

conmpound represented by for o 8 or.@ | IN ceutically

acceptable salt, a hydrate, s squ#r@,/\oij%ghyst allime formthereof. It is
" 3

contenpl ated that the formulati®n oH t he: enbodi nent can contai n any
of the purified conpounds contenpl atedHOn t e present invention either

al one or in conbination with another purified conpound of the present

i nvention,_ The purified conmpounds of thepresent invention may be
formulated in a w de variety of oral admnistration dosage forns and
carriers. Oral admnistration

wherein R is -N(-CH,CH,CH,-) (azetidin-1-yl);
or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

crystalline form thereof.

A fifth embodiment of the present invention is directed to a purified

10  compound represented by formula IT

O

O S / :
> o N
HO HN—})‘—O—\O@N—Q
o) O
HO F

I

or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

crystalline form thereof.
15 DOSAGE, ADMINISTRATION, AND USE

A sixth 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 purified compound represented by formula I or

10



can be in the formof tablets, coated tablets, hard and soft gelatin

capsul es, solutions, emulsions, syrups, or suspensions. Conpounds of the

present iwoentwwssiare ef ficaci ous when admi ni stered by SOPASSI00069420

adm ni stration, anong ot her routes of admnistration. The nbst conveni ent

manner of adm nistration is generally oral using a convenient daily dosing

[ﬁgl me?. V\:h![ clapudﬁed)eomp@umsltrﬁptemtﬂdrhyi foymule IL, loe asel,arphaymegeutierdlydi sease and
e patient's re nse t e antiviral nedication. rified conpound or

purified conﬁB‘ifmsj’E%osﬁﬁt %ﬁb’%?t&s*’eﬁ% VatEn ﬁtcfﬁgﬁlﬁ%esf"\%eﬁlt?ég‘%yt hei r w

pharmaceutical ly acceptable salts, together with one or nore conventional

exci pients, carri efi§comémgiatddanitzhe formubeiopbatediithtmbbdienchocam cohtain

phar maceuti cal conpositions and unit dosages. The pharnaceutj cal

g:orrpozi t i ons aanef Beipurified serapeundssonamplateddp thernressat B eRtinh ALher Aiong or

I ngredi ents i 1 e ' . jtional active

corrpoundsganégf‘ﬁrgﬁéﬁtﬁd‘gg@%@ﬁwe%§m8%d$f2ﬁ% fgéglgﬁvgﬁt?(gt effective

anount of the active ingredient conmensurate with the intended daily dosage

range to be enpl oyl puiified piraporade of the prresentripogition oray bedprmydatedpl dyed as

solids, such as tablets or filled.capsules, sem sol.ids, .
rel ease for miVde VEHEy Og?ra{ﬁ.l nisEration 0saEe méﬁéﬁ%ﬂérss Oa\g'lliﬁ rx%trat%lﬁSt ai ned
capsul es for g gL %6 fortd of EbleRSclMALBIbtsShRRasd soXt pelstid apsiles salutions,

, or filled
vagi nal admi nistration. A typical preparation will contain fromabout 5%to
al(:j)out 95% ac teiwdsicpoupsd opsuspensiangn §ompanngs of thepreeaniinvsR@b# &t i on" or
"dosage farni Ls intended.to.i.nclude bot l4.d . - L1 gui t j,pns of
S el S Sl ol S Sl Tk, Bod St
active ingrediigfhis@Adneheimdsh cotiviehRhEmintee 6 padminisoationlBenetaligonh t he
desired dose and pharmacokinetic parameters., The term "excipient’ as used
herei n ref er 9ising aconsepeisaily dasing Eegipeywhishsan Ba Adjusted ACGORHRB R the o
conposition, apd..i . - IS 1R 26V takggi cal ly nor
ot herw se undsgg?r%tgéifg’,%qg%géé %&%ﬁ%égﬁe@ﬁé&eﬁpﬁ erﬁfgg tgat al%{ei?lge?(i:dea{ﬁf&gbl e fgr
veterinary use as well as human pharmaceutical use. The purified conpounds
01(‘j this invention Aporified extnpaingtoe pedfied cmepdvnds of the prrseiayeanjionas well
adm ni stered i

15e a{sr]cheir pharmaceutically acceptable salts, together with one or more conventional

O=CD

excipients, carriers, or diluents, may be placed into the form of pharmaceutical
compositions and unit dosages. The pharmaceutical compositions and unit dosage
forms may'be comprised of conventional ingredients in conventional proportions,
| with or without additional active compounds and the unit dosage forms may contain
20  any suitable effective amount of the active ingredient commensurate with the
intended daily dosage range to be employed. The pharmaceutical compositions may
be employed as solids, such as tablets or filled capsules, semisolids, powders,
sustained release formulations, or liquids such as suspensions, emulsions, or filled
capsules for oral use; or in the form of suppositories for rectal or vaginal
25  administration. A typical preparation will contain from about 5% to about 95%
active compound or compounds (w/w). The term "preparation” or "dosage form" is
intended to include both solid and liquid formulations of the active compound and
one skilled in the art will appreciate that an active ingredient can exist in different

preparations depending on the desired dose and pharmacokinetic parameters.

30 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

11




adm xture with one or nore suitable pharnaceutical excipients, diluents or
carriers selected with regard to the intended route of adm nistration and
st andar d whanmeoeuvi cal practice. A "pharmaceutical |y aecefsaimbpemadt” form
of purified compound may also initially confer a desirabl e pharmacokinetic
property on the active ingredient which were absent in the non-sail)lt form

é c

and m;y even bjdegieallygioy offierwise undrsitpblas anddRalydra feipicnts hHEraRIceR:
i ngredient wi tQ.l ' C1i Vdat Y d h
- phar maceut | €21 YejFRRE e o8 pit G i ABEM AL el Y Pl oo P 25

geans 3 Sﬁl t tﬁibﬁ%veh&orpdflﬁl roeadetihisiesdd glormectue ptilh ptreratytbe diatinisssldases t he
desired pharmacol ogi cal activity of the parent compound.. Such salts

i ncl ude: (1) 2deiguieagih ‘P‘%?rf’rs}*_é‘l’r?@;“_t‘fbé‘? Mﬂﬁ“ﬂ%@é&g% S AUaNIROT CATTIFTS

hydr ochl ogi ¢ s@]]%&tgd winge § e i&@%&d rSitk ¥ hirfiniGiaton Bhd &thitdad®i d, phosphoric
acid, and the Irke; or Tormed wth organic acids such as glycolic acid,
pyruvi ¢ aci dphhmedceaticat pricticeal oni ¢ acid, nalic acid, maleic acid, fumaric

acid, tartaric acid, citric acid, 3-(4- hydroxybenzoyl)benzoic acid,

ci nnam ¢ acid, mandgl.ic aci t hanesul fQmi c L d. et LG.acid,

1, 2- et hane- di sul fd%ifg‘age?‘i’f}lg%lﬁef&?wépi? ﬁa&%re}éﬁ ?P ﬁﬁeﬁgﬁ%{ﬂ%ﬁ%&é@ﬂ'&%al f oni c

acid, 4-chl ongiaany esgend deibsle @ﬁﬁﬂacakiﬁaﬂgxirbférwmﬁmbfaoman@eﬂiém which

t ol uenesul foni ¢ acid, canphorsulfonic acid, lauryl sulfuric acid, gluconic

gm d, g 11 ut amiveeraebsgnt iaghe rgn-salt feemdandmeneiea Pasitidely aHgctithe 1 ke or (2)
asi c additiop | £ . .1 - | . f ook ;

i nor gani gbacip&g 19 ? %ch%ggg@fet% \E}\ﬂle‘;regﬁ%r%@ll%ﬂg@ﬁ%&g%t% gé%g%g%ﬂ%%%parcihggygl

cationi ¢ conppeBedy. SEeqhiad "pliamaesuioglNaceeptibie shlf2of,a [Daified pigPouhdgps+, i n

which Ris a Cl-3 al kyl and IS, a nunber .sel ected grom nong 0 2, 3,

or 4. It shouwsed BereiBeansfs tltaﬁgtphé}'rpaqeg@@ﬁlgﬁg%@tqb X ﬁﬁé@giﬁsf’eéili‘el y

accept abl e sadegﬁﬁimg&g@éﬂggﬁviﬁﬁ%ﬁgé gﬁeﬁ%ﬂﬁ)oﬁﬁ@ athQgks qutlﬁey(q; al forns

(pol ynor phs) as eln, o ane acid addition salt.
acid addition salts, formed with inorganic acids such as hydrochloric acid,

15  hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed
with organic acids such as glycolic acid, pyruvic acid, lactic acid, malonic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,

20 benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-
toluenesulfonic acid, camphorsulfonic acid, lauryl sulﬁJric’acid, gluconic acid,
glutamic acid, salicylic acid, muconic acid, and the like or (2) basic addition salts
formed with the cbnjugate bases of any of the inorganic acids listed above, wherein
the conjugate bases comprise a cationic component selected from among Na', K,

25  Mg¥, Ca?", NHR"s,", in which R" 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

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

It is also contemplated that the compound represented by formula I or the
30 compound represented by formula IT embraces deuterated analogs. The term
"deuterated analogs" means a compound described herein or its salts thereof,

whereby a 'H-isotope, i.e., hydrogen (H), is substituted by a ?H-isotope, i.e.,

12




It is also contenplated that the conpound represented by fornmula I or the
conpound represented by fornmula Il enbraces deuterated anal ogs. The term
"deut er atwo 2ar0a768)3" neans a conpound descri bed herei n ®CTIUS2009ab4420

t hereof, whereby a 1Hisotope, i.e., hydrogen (H), is substituted by a
2H—|sotope i.e.,deuterium (D). EEuterlun1subst|tut|on can be artlal or
conpl ete. Pa Klwanumémeﬂeuwngmwbmtmqw&@mwﬂ Angompletee RagtiabdUeR ogen
is substitut alnGye conpound

repr esent ed %db£%%ﬁhfhg%§hugﬁﬁe%§ghg H%?I§E9%pa%an c%&%gﬁp ate at | east
the fol |l ow ngle@taﬁhmalFodﬁistaﬁb@tfeioh compongd répsbsented byrfdrmndpl ¢smetos ordimaxyber  of

deut t f | = 1. | ,

pheny! | or oup S can Sontemplate Hdeh TerioTERPRTG SSea b et BEToMrar o shown
as being §0”9%&Efeln¥§ ARUhEL: %tf‘aguteﬂﬂﬁ a¥frhd, sﬁﬁpéggfyr%ﬁigggaﬁ%pgrohpah deut er at ed
vari ati onsS ar OSSI , SucC These are but a

f ew deut er at achiknfat mghertyhgmtoup;m dyt ththouglh the m@bﬁgomseiewteérb@kﬁéﬁ%rﬁes and
reagents that are kgomm to ratlons

i nclude, for SBRWAR ﬂnéswaeﬁgfy3%6@%?@n%ﬁ%Wﬁééa%%B§3W§§a&§%g%@ ries, and

di spersi bl e graRtbR%re AsSPbdsthl& ANEH & —OPY,RRI 00B,HI nore substances whi ch
may al so act as diluents, flavoring agents, solubilizers, |ubricants,

suspendi ng agents, bi nders preservatl es, tablet disintegrating agents, &f
an encapsul ating material. Li pomdebs, %he carrier generally is a finel
divided solid which is a nlxtur witlh the finely d|V|ded active conpp ne t
In tablets, theactfPe corrponen nbNaI ly is mxegd B L\ 3t he carrl

the necessary b?ldkngocap Ci b e proport| te %H
shape and siz esi ned-0SUN abre ca ? i ncl ude pit a%ePﬂ% to 2
magnesi um car fhaté, 6ﬁgnesl Hearate tal c, sugar, Piacéﬂse

dextrin, starch, gelatin, HOr agﬁcant h, methyl cel | ul ose, sodi unHO F

car boxynet hyl cel I ul ose, a low nelting wax, cocoa butter, and the like.
Sol i df orm preparati ons may contain, in addition to the active conponent,
colorants, flavors, stabilizers, buffers, artificial and natural

sweet eners, dispersants, thickeners, Iub|I|2|ng agents, and the I|ike. CH3
Exanpl es of solid formnulations are xenpllfled in
N N B
¢ A <X
}*’\ O N )\ }”’i 9 0N }fJ\NH
HO Hl A - CH3 H CI)H ¢ o CD3
HO F HO F

10
These are but a few deuterated analogs that are synthetically accessible by

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

Solid form preparations include, for example, powders, tablets, pills,
capsules, suppositories, and dispersible granules. A solid carrier may be one or
15  more substances which may also act as diluents, flavoring agents, solubilizers,
lubricants, suspending agents, binders, preservatives, tablet disintegrating agents, or
an encapsulating material. In powders, the carrier generally is a finely divided solid
which is a mixture with the finely divided active component. In tablets, the active
component generally is mixed with the carrier having the necessary binding capacity
20  insuitable proporﬁons and compacted in the shape and size desired. Suitable
carriers include but are not limited to magnesium carbonate, magnesium stearate,
talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose,
~ sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the like. Solid

13



EP 0524579; US 6, 635, 278; US 2007/0099902; US 7, 060, 294; US 2006/ 0188570;
US 2007/ 0077295; US 2004/ 0224917; US 7,462, 608; US 2006/ 0057196; US ’
6, 267, 985y0UBI0A72A4, 192; US 6, 569, 463; US 6, 923, 988; USPRINGLO084R3Y; US
6,383, 471; US 6, 395, 300; US 6, 645, 528; US 6, 932, 983; US 2002/ 0142050; US
2005/ 0048116; US 2005/ 0058710; US 2007/0026073; US 2007/ 0059360 and US
2008/ 0014228 forgnpieparhtionsimay contdinds afdifign yths potiverommeaent, (qlorants.

formul ations gl .S Ui L Ok s ikl d
For ml at 1 on e S B e ons.
These i ncl udgomdilizthgfagents pmdphe Hkd. dbwanyiiésodf salié forntudativesiatesxbropltioediar t ed to

rhes: . ! .
ol tt i one, 1 6P GRARELAS pR0SatmoIR ST U Yo A I R BSRE, -
contain egul §id YoPthResas. S Y60l ERALPEINNT 62 B0LLUS Bo0amUmIRbE AT, Of

acaci a. Agueous suspensi gns” can pr épar ed by di spersi n? the finely -
di vi ded acti \@@WQUS@ZQMI%USrG,W%%%Mﬁé,m E}S 2006/0934937a¥Snat ural  or

synt hetic gu resins, | cal . ' : | ose, and
ot her wel | km’@as%rﬁ%ﬁg@%é&&ﬁ%’ﬁ??@ﬁo oun slm%(#ﬁ)t?yesupr esent

i nventi on mayobs/0bes il esedobm0s s TSSI00a100260735 USW000£059860gand BS| ow
melting wax, such as a mxture of fatty acid glfycerides or cocoa butter is

first melted 2408/00m228c edchof sdighon drromosated By 838ACHhonngeneousl y, for
exanple, by stirring. The nolten honogeneous m xture is then poured into

conveni enp, sized oL d5 £ ALIMGE 218 afOOhimbRIG: 43 ARhinirkifon BRADHGUEI ed

conpounds “of the preésen nventi on nmay formul ated for vaginal
adm ni st r at i grmidesGaicRging anpsiass, spups rlixirgaidaqupasstsespensioanslmse spr ay's

containing in addition to the active. | ngredi % ko
't he art t OnGRAGAHAIBIT REBATABGTY HBich CRABREL IONCR GG B Tofh ® "%

phar maceut | Cﬁ!re@?ﬁtmrﬁ BortlY b EOhs. 3AuISKAS Ria§BE %reg'én%d(ﬁ@ seltiidRgfor N
Rem ngton: The "Science an racti ce of Pharnacy 1995,
example, in aqueous propylene glycol solutions or may contain emulsifying agents
15  such as lecithin, sotbitan monooleate, or acacia. Aqueous suspensions can be
prepared by dispersing the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methylcellulose, sodium

carboxymethylcellulose, and other well known suspending agents.

The purified compounds of the present invention may be formulated for
20  administration as suppositories. A low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter is first melted and the active component is dispersed
homogeneously, for example, by stirring. The molten homogeneous mixture is then

poured into convenient sized molds, allowed to cool, and to solidify.

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

be appropriate.

Suitable formulations along with pharmaceutical carriers, diluents and
excipients are described in Remington: The Science and Practice of Pharmacy 1995,
30 edited by E. W. Martin, Mack Publishing Company, 19th edition, Easton,

Pennsylvania, which is hereby incorporated by reference. A skilled formulation
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edited by EEW Martin, Mack Publishing Conpany, 19th edition, Easton,
Pennsyl vani a, which is hereby incorporated by reference. A skilled

f or mul at iwoseionTsiigst nay nodify the fornulations withi nPChasc@aobiegs of
the specification to provide numerous fornulations for a particular route
of administration w thout rendering the conpositions of the present

i nventi on unstiettisemay noasthfyrtberfarinuiptiohewithintbe tgeelingcoiibe FRPPif{)??ﬁqih@

nodi fication of .the present c ounds to r . : : > t

or ot her yehPEqVé‘,Ee ergl EQWB%P% lg'iﬂ?g%gl?:ec%f‘r}p%ﬁléﬁ%%uﬁﬁb lltnhmr‘fgrl e
modi fi cat i OngerdRriflg the%BhdpokiBibAbAhe Prebent Whieatiomustald br sinipromisirgetheir di nary
skill inthe art. Tt is also well wthin the ordinary skill of the art to

modi fy the r éharepeytic aefivifyi strati on and dosage regimen of a particular
conpound in order to manage the pharnacokinetics of the present purified

conpounds 5 for max i'['ﬂ'é?ﬁ%%ﬁf‘é&:t)iiroﬁ o theHrERhf confbdiRls fbRder AR HofNlbe int he

purified Tonpounds 0 esent ‘Tnvention nay be fornulated in
conj uncti on widtdt drioftzs eelslepfor pkampleanay Besedsdy htqoydisked by mios cont enpl at ed

that the purified conpounds_can he.fqornul ated i ' . i. '
U'S. Paten meRtieionsasalgoamisionavhsh oo gudly BB 855, o0,

6, 180, 134; 5, : Lo ofli f the, a3t/ 0;
o 192 763 654 Dabo IRRRl b yEST 1B 6 R01. 5. 077 057

g, g;; g %g; g,aﬁggmgt?;ﬂiongmﬂ@%sagmgimeo P72 pBBicur eempomd;in grdegtp mamage the
) , ; , , ; 1 321; 20 08: . .
2 5aa 3990 opbarEeoRineRss Sng Rese bFR s iopdlofie fo bfim{in tefleftia oRE

is contenpl atigdafiligd. the purified conpounds can be formulated in a manner

as disclosed in US. Patent Nos. 5,145,684 and 5,091,188, both of which are

I ncorporated by reference. A seventh enbodi rTEnt of the present .invention is
p

directed to a use Addifonpally; the pyrifiedpupRrnds o We oreserf BYFHSRMAYPEl or a
DL e i AR SR, b e SRt cal
contemplated that the purified compounds can be formulated in a manner as
15  disclosed in U.S. Patent Nos. 5,013,556; U.S. 5,213,804; 5,225,212,
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, each of

20  which is incorporated by reference. As to micelles, it is contemplated that the

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 seventh embodiment of the present invention is directed to a use of a
purified compound represented by formula I or a purified compound represented by
25  formula IL, or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a
crystalline form thereof, in the manufacture of a medicament for the treatment of
any condition the result of an infection by any one of the following viral agents:
hepatitis C virus, West Nile virus, yellow fever virus, degué virus, rhinovirus, polio

virus, hepatitis A virus, bovine viral diarthea virus and Japanese encephalitis virus.

30 The term "medicament" means a substance used in a method of treatment

and/or prophylaxis of a subject in need thereof, wherein the substance includes, but
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crystalline formthereof, in the manufacture of a nedi canent for the
treatnent of any condition the result of an infection by any one of the

f ol | owi ngwoi2oal078y1ent s: hepatitis C virus, West Nile vi Pa3/usy@bdlogw2d ever
virus, degue virus, rhinovirus, polio virus, hepatitis A virus, bovine
viral diarrhea virus and Japanese encephalitis virus. The term "nedi canent”
nmeans a subsismtdimitddo,iacompositicoda fkmblagen.rredasagmigrsr angrtBphie-axi s of a

subj ect in need thereof, whereip.the subsi ' ' ot limted
to, a conpos F??“B’Hs,m%ﬁfocromﬂo&?‘%ﬂfmgm ?‘s gglté%g Igtrgrrl#ﬁgérﬁq ?ﬁ}ele Pﬁ%ﬁh‘gorrpri si ng
the compoundg F&ﬁfd%bl%sén_ted by forBuldrih efphaheactidealf atielicssengffotthe conpound

represented by formula | in the manufacture of a nedi Q%ﬁrrerit, faor the
treatment of tigatnest of any of the antivinel eqpdifions disslogrdhareiecdthe?aNGOT Bi t her al one

or in conbination Wth. qﬁggm f : t A Lag. A

medi canment i ﬁé?lﬁglgéﬁﬁ g’}}?‘ Qlﬁéﬂi&%{) T Fggt@&ré%ﬁtyﬁgﬁgﬁgf A%ﬁl\é&g%hrr%gsi tions
cont enpl at ed ihsludeleois eventimiesdodinywnt obthetcomppsiderncontamybated by theAn ei ght h
enbodi ment of the present invention (s directed to a nmethod of treatnent
and/ or pr ophyfeseihsepbodimentintdhe presenh BWEHMer eof sai d met hod conpri ses

adm nistering a therapeutically effective anount of a purified conpound

represented by forﬁ[ﬂ‘éighth cRibodinReHt bf R Greenmiavifion epdiesem 8d tithédsfmul a |1,
or a salt, a pharmacelitically acceptable salt, a hydrate, a solvate, or a

crystal line fueatmenhend/ofprophyliegs subswyect inmder thareafspidanethed eqrapraseg ht h

enbodi ne Is di.rected to a nethod of .tre n L Sqd.j &
subj ect Hh néagampﬁtgp%?E@éﬁp&qﬁ%{fﬁoegﬁg%%agﬁég}g og%%és)dt’ %ﬁ%&ggk%éénﬂea

t her apeut i caldyrofhifie bt ¥ puANBUBsmAdundirepregatedtbyfornutpdlinda shiald i ng wi t hin
the scope of a purified conmpound represented by fornula L] or. a Buriffied
conpound r eprbsenaceutieplyfageaptable salt, a fydratesa selvatg, QFrysielling formy threot to
accept abl e sadgt a. ydrate, a solvate, or a crystalline formthereof to the
subj ect. A se %FILH)Ja ‘pect of the eighth enbodinent is directed to a nethod
of treatnent and/or prophylaxis in a subject in need thereof said method
conpri ses A first aspect of the eighth 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 amount of at least two compounds falling within the
scope of a purified compound represented by formula I or a purified compound
represented by formula I1, or a salt, a pharmaceutically acceptable salt, a hydrate, a

solvate, or a crystalline form thereof to the subject.

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

25  pharmaceutically aéceptable salt, a hydrate, a solvate, or a crystalline form thereof to

the subject.

Tt 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
is not limited to, hepatitis C virus, West Nile virus, yellow fever virus, degue virus,

30 rhinovirus,'polio virus, hepatitis A virus, bovine viral diarrhea virus or Japanese
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alternatively or concurrently adm nistering a therapeutically effective
anmount of at |east two conpounds falling within the scope of a purified
conmpound weppmseasiied by fornmula | or a purified conpouna#Crase@sanided by
formula I'l, or a salt, a pharmaceutically acceptable salt, a hydrate, a
solvate, or a créstal | | ne formthereof to the subject. |t is intended that
a subj ect i nencapbialitisarines fladvigidee vinses WSQW$6HWQW%IW% ofayiirk of an

a_sub
o not 11 mit 800 s s eRERRLE o EPARER ST lne SEMPEIHESS, 1o

degue virus, rhinovirus, polio virus, hepatitis A virus, bovine viral
di arrhea virus or Thapanesegjectpieahs 8 inmmrhalywhich firebides rbiuti ssenog flimitsd $0,0r
pestiviruses or. hepacjvir ses 0 viral ent cau ynpt o e UI val ent
or corrp?r abl &34ls: Rig3, S g?ept %ﬁf}’l’ é‘t‘@ﬂo'\a/]?%% I?’h‘g)%f’er ({% > means
a manmal , s whi

» s Whinedred B tHE Sifbie P i 0 hsin&P It is dBnteRtpldted thatintthemefiodof t@ﬁtﬂ@h
chi cken, turi? ey, bfl':j):‘faglg)J | ama, ostrich, egg)gs cats, aang humans,
pref erabl y trsebjsetbh@cdzfqfsheamhﬂnmbmilmelil@anbﬁ@@mf the sompewndsicantemglatd hod of
treating a s ect .t hereof of th nth n f the
conpounds COE‘F%F %rc?l?ﬂfroéll?lcorgﬁ ftg tg?r n}po g’tl%g%lse%th anot her
compound of tifigngbgsent invention. The term’ therapeutlcal ly effective
anobunt” as used herein neans an anount required to reduce synptons of the
di sease in an individual. The dose will be adjusted to the individual

Irequi re(rjrents in eald’s oAt th@ﬂp@zﬁwél&é%ffecflh’ﬁtam%%taﬁﬁuiegﬁ‘%’i‘?‘eﬁi‘sﬂﬂ e
imts en i e di sease
to be trggt egéag eggé)l?eﬁyg%fgnrenrs a?hﬁ: 1@0%3?%1P§l#§1gvﬁ{e &gg%glgl} gﬂt ot her
medi canent s widjustadho eie inbieidvat requﬂremmtbm qagh pamauladcase h®hatalosagezoad f or m of
adm ni stration and_t he preferences and e

practiti oner Yarywhthwgvidelimits,dgpe W?Qéltrf‘grfqr%‘f?r}c%foﬁaf Fl§/asdtgie 5%‘%%'& o4f8% ween

about 0.001 afL el thEk 4sH Behepll heati d6Agition JFeie\REEnt, Stheh as 0. 001,
0.0025, 0. 008" RIS t‘j‘% S g B b R B LG 125, 0. 150, 0. 175,

0.2, 0.25, 0. Iﬁcdlﬁarﬂéia,ts wijth &vh&;h the pzt;leslt 1g)emg treated, the route and form o

15  administration and the preferences and experience of the medical practitioner

involved. For oral administration, a daily dosage of between about 0.001 and about
10 g, including all values in between, such as 0.001, 0.0025, 0.005, 0.0075, 0.01,
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,
3.5,4,4.5,5,5.5,6,65,7,7.5,8,8.5,9, and 9.5, per day should be appropriate in
20 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 ﬁreferred 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
25  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,
30 to ascertain a therapeutically effective amount of the compounds of the present

invention for a given disease and patient.
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3.5, 4, 4.5 5, 5.5 6, 6.5 7, 7.5 8, 85, 9, and 9.5, per day should be
appropriate in nonotherapy and/or in combination therapy. A particular

dai |y doswigeoim7sayween about 0.01 and about 1 g per dapCTiusedoadsaago al |
hncrenen;al vglges OL 0.01 g (i.e., 10 ng) in between, a preferred daily
osage about 1 and about 0.8 g day, nore preferably about 0.01 and.
Sbout 0. ﬁ g per ddperapemicrasBeacycan g? agseyfaingd fremgeys 0 YFTQH%?E}PHO 25 g per
ay, each of Whl [ I et ween.
Ceneral ly, t%récé‘frlrg%bﬂ?é&ﬁm ?edqbéddt%l airlagéalir%? &Emg(%%diglﬁ{glﬁggse to
ralOI dl Iy re??@fbt@ig fakiors, akbEnd piesphatass, eiminbﬂmslﬁgashy (agdelenipa sangntihasedose t o
a level sufficient to prevent resurg nce of the | of . or.di nar
skill in tre&ﬁl?%ﬁ@tedraé’é%’é‘éseae%élﬂlfﬂﬁ@% %8*%gﬂ1twnpyltrﬁgsp§8€ &seﬁ@%g thefitiue Y

experi mengat iy ?Bﬂﬁ—ﬁ'&l h%le AP L1 rBE LRP BRIt SRVMLAE A6 ds; @XPRE hRB®eliend t he

di scl osures o IS application, to ascertain a therapeut ically effective

arr:)unt ofl_ ht hefx]mapgmkfddmgf buthet hmdsém canbokyrdrato metaholismgiming agidswdse and

pati ent erapeuti.c e acy ascertai ned f.romt

function inclam%an’&?&’ ﬁ E lY?“ tFISrtaB? Y sngusc a}ggsel]élg%rﬁﬁ%ed

proteins (e. Gy malshiig HCVCRNEAI I Tk xfeé\ﬂisQif%esatelsﬁlwluQIIEMB@h@eaG Be

am not r ansf erases (e g., alanine transam nase, aspartate transam nase),

5' -nucl eosi dapémizedgl ut am nyl transpepti dase, etc.), synthesis of bilirubin,

?ynthe3|s of fhglesterol and synthesis of bile acids; a liver netabolic
unction, i ncludin no

acid and gmmnl a ?SPQCQ%fme@leéh F#\f}gﬁhﬁféﬁﬁ%’&‘lﬁ%?egggﬁ %Pﬁ?%fzetalt@%ﬁrﬁess

may be noni t Gidr bybﬁn@&swm agubjedt-iRNéed fRlareof esdiethod cotripeises adesnistering |

all ow the dose to be optimzed. A third asoect of t ht h, enbodi ,
dlh rect ?d todatorfrlﬁw@ﬁcbﬁ‘ ﬂFF*’@SWHi?Hb’ gt%ﬁf}‘@r H§/‘1‘B‘§<‘?£%ﬁ‘i’n§’°§‘ﬁ%fe@5et%e? needI >
t her eof sai

therapeutlcall{%p!ﬁglagtfb?@ gglté)(llm ﬂflg%tégb}é%%tﬁ)lﬁ%qﬁtgg?%saent ed by

formula | or Iﬂlapnaoehtleallycaonmhidsal‘ephgémﬁt, edolb@tef oraapsalline foym thegaf t | a

har maceut i call cc
]E) orm t herl@of andya t%erag &ti%gllly e& acltltve amo tdorfa anofher an%Rflr\a/lﬁattg%ht Whefbif {}%St alline

administration is concurrent or alternative. It is understood that the time between
alternative administration can range between 1-24 hours, which includes any sub-
range in between including, 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, and 23 hours. Examples of "another antiviral agent" include, but are

20  not limited to: HCV NS3 protease inhibitors (see WO 2008010921, WO

| 2008010921, EP 1881001, WO 2007015824, WO 2007014925, WO 2007014926,
WO 2007014921, WO 2007014920, WO 2007014922, US 2005267018, WO
2005095403, WO 2005037214, WO 2004094452, US 2003187018, WO
200364456, WO 2005028502, and WO 2003006490); HCV NS5B Inhibitors (see

25 US 2007275947, US20072759300, W02007095269, WO 2007092000, WO
2007076034, WO 200702602, US 2005-98125, WO 2006093801, US 2006166964,
WO 2006065590, WO 2006065335, US 2006040927, US 2006040890, WO
2006020082, WO 2006012078, WO 2005123087, US 2005154056, US
2004229840, WO 2004065367, WO 2004003138, WO 2004002977, WO

30 2004002944, WO 2004002940, WO 2004000858, WO 2003105770, WO
2003010141, WO 2002057425, WO 2002057287, WO 2005021568, WO
2004041201, US 20060293306, US 20060194749, US 20060241064, US 6784166,
WO 2007088148, WO 2007039142, WO 2005103045, WO 2007039145, WO
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and a therapeutically effective amount of another antiviral agent; wherein
the admnistration is concurrent or alternative. It is understood that the
time betwsenowdresinati ve admini stration can range betwe®nTArs2eholeues, which
i ncl udes any sub range i n between including, 2, 3, 4, 5, 6, 7, 8, 9, 10,

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, and 23 hours | es of
"anot her ant 20040962 Hyend WO 280303 80 Dy HGH @Jsﬂéllhlmt?ﬂsl(%?@ We: 209@7%%13 ot ease

Wb 200701 4003 ORATS T HA B e YitiohnS 5T YR peBgrdii T, sk 209801 01 2020

S St s o s et 1

\L/J\lS) 388;(2);59418660%@&W29%3‘§%b ang\pfhgp 0@699(6 W&Qég%éggg‘g I@ol gb%%?et()gie
gob’%g%gggwg%@ﬂ@gogﬁg%&% 9026520098 5£1693, WO 2006065590,

WO 200606533 040890, WO 2006020082, WO 2006012078,
VO 200512308 20004563095 A &ifipoutnSs BEL0S2084DS. Rz dppbics®eNo. W/ 138814603138,

WO 2004002977, WO 200400294 02940 O 2004000858 2003105770
WO 2003010141l ewa%g'()’é@g&%z@h %t"ng 9&9@?)‘6‘5’83’ ' 2004041201,
US 20060293306, US 20060194749, US 20060241064 US 6784166, WD 2007088148

WO 2007039142, WO £ @rpth(h3fk ofbﬁ@e@ﬁ?&ﬁs&ﬂﬁwnﬁ/mﬁ&é&a@aametmﬁo
2003037895); HCV NS4 Inhibitors (see WD 2007070556 and 005067900) ; HCV
NS5a | nhi bi t drestniens enddsy mghsﬂmsma suhiycp Goeeed dheseof %@%\g%im@lsesv\o

20061003 35061
200709393% AL sts PEI’?‘J%?% sd"i‘lggséer %HB%B%%@%%%(%%R%\%SQ VO
2004014313, WariZeQ46086ad reyi@saﬁ&m;o&»&ama 140 306060 65@PYyndanpresagsidnds
disclosed in U S. Patent Application 12/%?3,3215 &I ked rch 21, 2008
(t he cont ent sfornulgfl,or agale %H*@HP%R?PB‘E% aggentahlesalt a bydra ’?Sga?tﬁ Ydhect of
the eighth enbodiiiEDkm fedbf BGhedinh &t 21 BARRASRIA that the time between

alternative administration can range between 1-24 hours, which includes any sub-

15 range in between including, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, and 23 hours.

It is contemplated that the another antiviral agent such as interferon-c,
interferon-B, pegylated interferon-o, ribavirin, levovirin, viramidine, another
nucleoside HCV polymerase inhibitor, a HCV non-nucleoside polymerase inhibitor,

20 aHCV protease inhibitor, a HCV helicase inhibitor or a HCV fusion inhibitor.
When the active compound or its derivative or salt are administered in combination
with another antiviral agent the activity may be increased over the parent compound.
When the treatment is combination therapy, such administration may be concurrent
or sequential with respect to that of the nucleoside derivatives. "Concurrent

75  administration” as used herein thus includes administration of the agents at the same
time or at different times. Administration of two or more agents at the same time
can be achieved by a single formulation containing two or more active ingredients or
by substantially simultaneous administration of two or more dosage forms with a

single active agent.

30 Tt should be noted that for the purified compounds disclosed herein may form
metabolites upon administration to a subject in need thereof. For instance, the
phosphoramidate moiety may undergo hydrolysis to form a monophosphate
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treatment and/or prophylaxis in a subject in need thereof said nethod
conprises alternatively or concurrently adm nistering a therapeutically

ef fecti vewarrowwn7saa7 a purified conpound represented by Pormsk@iocwro a
purified conpound represented by fornmula Il, or a salt, a pharnaceutically
acceptable salt, a hydrate, a solvate, or a crystalline formthereof to the

subj ect. It derivativesrghichthayrhen undersoiphespherviaion tginrevideathediphoarhats @ at i on
b ' il .
Chel udi g, o HEERpcspRste ML M ER 6 pHOSIBI SSRIARD RO iRl

20, 21, 22, @gheZSrmhofbiBysidlégiést salantAymetabalited srahetbbitasdtsher anti viral
agent such as interferon- , Interferon-/?, pegyl ated ini e%iferon-

ribavirin, | eowemplated hareindf iialse, confeamkated aRn disrabiye Brephapgthed
inhibitor, a pan- i ItAB1 0 &one MdiibYLiR Yt BASE

i b torS o oTERRr GlA0R iacROMUETRE Esifpc i aPlcafilone factbedliR When t he
active conpodfuth the putified esipatridweprosensail iy fareuladrarat ksasioad mietabebiebi nat i on

wi th another antiviral agent. the activity may. be.inc se er. t he parent
conpound. \WhéERtaned ffqr’éélleri%ﬁ‘i{ﬁep@%ﬂ‘mdrfgﬁéé??t%%@g’ P{azlggﬂe‘aag#fa t|°I{ér ation

S
may be concunfsiliicQ viedieRidd@len th respect to that of the nucl eoside
derivatives. "Concurrent adm nistration" as used herein thus includes

adm nistration of the agents at the sane tine or at different tines.

Admi ni stration of It wél oy undsrsioasbatirsfesancesierein e regtmentetenddoachi eved by a
single fqrnul ati.on cont ai.ni I | i egh

subst ant ﬂél I )Prgr?%’qsaﬁe%ﬂgasgg@ e\r,:&es%ea i gﬁx%lﬁﬁ% é@%@ﬁo?gﬁ osé)g% t}%tre M5 with
a singl e acti'weam@antof alHHICVhafetiiol as tedddrdimalsofincludésdreatmént oed conpounds

di scl osed herein may form metabolites upon. adm njstrati t ubject in
need t her eof .prephylaxseizndiscase Aea fﬂi@éttﬂ?cﬁséqﬁ‘ﬁ%‘{n‘ém?ﬁf E’te;‘:h%yﬁ%ggfgo

hydrol ysis ta . ] gq]@;t i ive, which may then undergo
phosphoryl at ilgﬁg{l@’%rrg\%%g@ﬁt%ﬁ I gﬁggﬂﬁﬁat e and the triphosphate derivative,

whi ch under physiol ogi cal conditions would be present in the form of
physi ol ogical salts. As netabolites #XAMMISite salts are

15 A further understanding of the disclosed embodiments will be appreciated by

consideration of the following examples, which are only meant to be illustrative, and

not limit the disclosed invention.

Disclosed "H-NMR values were recorded on a Varian AS-400 instrument.
Mass spectral data were obtained using either a Micromass-Quattromicro API or a

20  Waters Acquity.

UPLC analysis: Acquity UPLC BEH C18 1.7 pm 2.1x50 mm column; 0 to 2
min, 5 to 95% (0.1% formic acid in acetonitrile) in 0.1% formic acid in water; 2 to
2.4 min, 95 to 5% (0.1% formic acid in acetonitrile) in 0.1% formic acid in water;

" 2.4to 3 min, 5% (0.1% formic acid in acetonitrile) in 0.1% formic acid in water.

25 The following scheme is intended to serve as a visual aid for the following
discussion and is not intended to limit the scope of the appended claims. A general
procedure for preparing phosphoramidate nucleosides is disclosed in U.S. Patent
Application No. 12/053,015, filed March 21, 2008, at pages 651-655, the contents of

which are incorporated by reference.
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contenplated herein, it is also contenplated as an alternative enbodi nent a
nmet hod of treatnent in a patient in need thereof contacting at |east one
met abol i twoabtoai7ssad from the purified conmpound representet/usgoobosqme a | or
at | east one netabolite obtained fromthe purified conmpound represented by

formula Il with at |least one hepatitis Cvirus infected cell. |t wll be
under stood that refey ein to &g OBxtend to Hi's_as,
well as to the treatnent \of stl ng condi 3 Furtherm)re \t WeCHer m

"treatment” of a HCV infecti PFOI’I as used hgreisn, al so incl udqﬁgztr’q:at ment or
prophyl axis of a disease or a condi tion associ ated wth or nediated by HCV
infection, or the clinical synpt ons t her eof?. EXAMPLES A furt her

under st andi ng of the disclosed egbodiments will be apprecigfed by

consi deration of the follow ng anpl es, which are onIy mea t to be
illustrative, and not limt N |Nsclosed invention. D 1H NWVR

val ues were recorded on a Vgrl n AS-400_i nstrunent. (l)\/aéﬁ raI data were
obt ai ned using eit Q%;*s\&ﬁ\gﬁna -Qymj t rom crqi%matlérs%qw ty.

UPLC anal ysis: Acquity WPLCdEH G 8 1.7 nm 2. 1x50 sum; 0 to 2 mn, 5
to 95% (0.1% formc acid iR acetonitrile) in 0. l%qdjorrﬁtc aéaRﬁNWf‘eﬁk%‘) 2
to 2.4 mn, 95 to 5% ( ZJ4%formc acid in acetonitrile) g nformc acid

in water; 24t03m'n 5% (0. 1% f prxice,codrd) + A-RCet oni r|Ie Tn 0.1%
formc aC|d|n wat er . Thefollovmn schene is intended t\o serve as aRvisuaI

aid for the followi ng discussion a d is not intended to XNimt then
the appended c| al A general “bj@&dure for preRaring Oohosphora{h t
ap,

e
nucl eosi des i \d 3@sed i n U nt Appli catl M ’fLQM{
March 21, 2008 e Nehnfen 'ﬂ’ are |nc cﬂgrat ed by
O ' \‘ v
reference.1 2 13 H du ! ; o F
HO F

12, R = -N(-CH,CH,CH,-) 8, R = N(-CH,CH,CH,), R' =Me

13,R=-0OH 9,R =-OBn, R'=Me

14,R =-OMe 10,R =-OH, R'=Me

11, R =-OMe,R' = ‘Pr

Compound (1) can be obtained by a process disclosed at page 5 in U.S.
5  Published Application No. 2008/0139802 (which corresponds to WO 2008/045419),
at pages 11-13 in WO 2006/012440, and at pages 20-22 and 30-31 in WO
2006/031725, each of which is hereby incorporated by reference.

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

ToaSL obf dry thrée-neck round-bottomed flask fit with a mechanical stirrer,
addition funnel and thermometer was charged the lactone ((2R,3R,4R)-3-
(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
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12, R = -N(-CH2CH2CH2-) 8, R = -N(-CH2CH2CH2-), R = Me 13, R=-0H 9, R =
-OBn, Rl=¢ 14, R=-OWw 10, R= -OH R = Me 11, R = -Ow Rl='Pr Conpound
(1) can b®oabteu7ssad by a process disclosed at page 5 i nPOT@S200al0b943hed
Application No. 2008/ 0139802 (which corresponds to WO 2008/ 045419), at
pages 11-13 in WD 2006/012440, and at pages 20-22 and 30-31 in, WO

2006/ 031725, “élale ﬁn@mgmmchhlagd FeiEping{bor390¢ é%rewrwrer A dingsingdpat hesi s

of ((2R 3R 4 %6! %f%

met hyl tetrahy Ur aént%%% 8%&’% ﬁwfli%h%%f%%% waso 0118¥V§dt%r ee- neck
round- bottonﬂm;o‘dlmdmfom BOYI ELD Areia harares). ']ﬂtelreeroabnmddompbta dftendkIlSand

t hernonet er was charged the Iacto

2R 3 |
(benzoyl oxy) Mo (tepppiglue machsd ~18° edﬁ‘%ﬂ?%ﬂ‘?% PGP ﬂP%thd by pddition of BYL 0at e)
(1. 379 95 1a0dflc 8om1 JUS ad@iol AR 0SS SRRYEH 4D MORIRMUIAUEatTE, (The?S L)

and cooled to a nitrogen atnosphere. A solution of lithium
tri-tertbut oxjeadymixoteead deeagted trtd/mila LTlldEnd -botianed flaska SThggdkdiresisiue he

torper at ar e, 194 PRV BRSSP e CroaRh o B,
i ncreased an@oﬁlbaﬁleﬂ%ﬁltthé’ﬂeé’éﬁﬁadfs@idtl@ﬂ@ﬂdﬂﬁé cokfBidddastution Rlas QortenBR8d Et QAc in
hexanes). The reaction was conplete after Ih 15 min (tenperature reached

-10C). The r ead¢rireduopdpragsusac hbel oty resife was disselved myathy @eetated2 (ool nL) via

addi ti on unnel T
decan_t ed nt yaSth Eh?%ﬁglgéq%%ﬂt)ﬂﬁ é’é‘ggg?%}ée??oaggéckr%gfa e‘&%ﬂﬁ}éﬂl teﬁirﬁdms
was filtered ;aagie@adtodnyy. t Thedombindic atie ldyex@0wadhed withevdted Bx8te was
conbined with the decanted solution and the co i ned sol ﬁl’[l on W%\l}'ﬁ@]

JRIEs in

concent r at ed nuhk83t. NaldtOe (490 mE} andbrine{A0¢mLy). Lhe prgsaiasq
ethyl acetate (ygrzl\dllg)ﬁog,{}ﬂte}‘@isﬁﬁdc %%&%&3@“ l(r)@g)&e ess‘}ggo 2GLEQURNt ayer was

back- ext r act et acet conbi ned organi c | ayer
was washed V\IIHrJSIwmIaﬂjffes(dﬁ)éSmhe residue was purified by plug column (2.2 kg of 40-63

15  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% ethyl
acetate in hexanes —ca 5 L of each). The product containing fractions were
combined and concentrated under reduced pressure to a colorless, very thick liquid
(3104 g).

20 The liquid slowly solidified after adding crystalline beta product as seeds (ca
100 mg spread out) under vacuum (0.2 mmHg) at 50°C. The process of
solidification was complete in 20 hours at 50°C with or without vacuum. The white
solid thus collected (293.8 g, 77%) has a mp of 79-80°C and ratio of B/ais 20:1
based on NMR. v

25 '"H-NMR (DMSO-ds) -isomer, § = 5.20 (dd, 1 H, OH); o~isomer, 6=5.40
(dd, 1 H, OH). (8-lactol) .(DMSO-dg): & 7.99 (m, 2 H, arom.), 7.93 (m, 2 H, arom.),
7.70 (m, 1 H, arom.), 7.61 (m, 1 H, arom.), 7.55 (m, 2 H, arom.), 7.42 (m, 2 H,
arom.), 7.32 (dd, 1 H, C1-H), 5.54 (dd, 1 H, C3-H), 5.20 (dd, 1 H, OH), 4.55-4.50
(m, 1 H, C5-Ha), 4.46-4.40 (m, 2 H, C5-Hb and C4-H), 1.42 (d, 3 H, CHs).
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m), sat. NaHCG3 (400 nL) and brine (400 nli). The organic solution was
dried over SO, filtered and concentrated under reduced pressure to
af ford a woghto/ddsan oi |l y resi due. The resi due was puri PCeaskgoopbasgo col um
(2.2 kg of 40-63 micron silica gel, packed in a 6 L sintered glass funnel,

22 cmlength of silica gel, diameter 15 cm using suction and a
st ep- gr adi entSyofhesigof ﬂ(@%3&6%51¥3)n3}m§9ﬁ§3I'S'B&P%Eﬂ‘i‘ﬁ"ﬁ%xanes -ca 5 L of

each). The proeg | nmbi ned and concentrat ed

under reduced” F@igmqu? &é'glg'ol);lﬁﬁ g?ﬁ%ﬁé@é&t(ﬁfck liquid (310.4 g). The

lleUI d sl ow é sol |)d| f:jed after adding crystalline beta product as seeds (ca
my spread out) under vacuum (0.2 at .50C...The

sol i difi cat i on wad\nbgions dich ]rqli"@?fgﬁ%ﬁj&g_giw%@%eflﬁm&a gﬁ‘{% cf’&ﬁ%%gﬁ th The

white soI Sdvild
b/ais 20 1 ase %@gk&ﬁ@fﬁhﬁﬁﬁ}ﬁ/ﬁﬁlﬂe 2094 Q??;?slggrr%?fasg@demg% ddraa:-lo °

oH); a- |sorTersolvdnt:anﬂ tkﬂd)sdsﬂehswbHyas@Fi}rred @rsfdrma solytion( Bvslae®) 2, 2894299 (m 2

H, 7.93

]7- HSg:(;m ). 2 H 0. 5a5r9dp@19 m sp’hg%&(tpnv)aﬁ a&ied&p gl?ﬁ 5&&* gahgtéon(a&é stujx_ﬁf? %bal'ﬂzﬁn}lyS gzozn dé
5.

5 Hh anH)d m_%?b&rﬂt@traﬁ'rﬁm@'@l% 3. éag%‘f@ ﬁg)tlx Vglésl éskidg? portiva)wisdwhile thattaifing 2

((2R 3R 4R, 5Rhe cerr(pbmoyf Mplmb Rogmﬁen -22°Gdp 02Q2C under a flow of nitrogen gas

(5. 6" L) WS gt otmey SOPER R A pl P el WO AlsBelp 3R Ry hane

Tri phenyl phospRid® 1285 e¥er@0 rﬂmZS@hmﬂa&thﬁ\Sa@dd@dl tb betl96%caimpletobyent and
t he suspension was stirred to forma sol ution. eim(actol 2 09 4 g
S

0.559 nol) |riFIs<a(Rfa0f6dr(ﬁ!) R @xdi3p leegtof RE%BIQA ‘rOPed for 15
m ns. Carbon O%Qva%q%gréd{agf t ﬁerr%‘ 1%349‘/«2@&%%01’&@511%%@ CHQTa%l'l on-wi se while

mai nt ai ni ng tsﬁ’ errper ure o uti etween -220C to -20 C under a
flow of nit rag@@ngagrapmpgma sili8 geti(4)-63 Miviens) i Tiestiireg mixfereawiasi ti on Of CBr 4,

t he terrperature was sl owl X
15 immediately passed through a pad of silica gel (680 g) in a 2.5 L sintered glass

Buchner funnel. The filtrate was concentrated under reduced pressure to about 800

mL and the ratio of /8 isomers of the crude product was 10:1 as determined by 'H-
NMR. (CDCls) 8 = 6.35, (s, @ C1-H), 6.43, (d, 8 C1-H). The residue was purified
by plug column chromatography using 2.1 kg of silica gel in a 6 L sintered glass

20  Buchner funnel and eluted (via suction) with a stepwise gradient elution of 1%, 5%,
8% 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
fractions were combined into two fractions, concentrated under reduced pressure,
dried under vacuum (0.1 mmHg, ambient temp., 20 h) to colorless oils. Main

25  fraction (197 g, 89% o/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
product oil from an earlier less selective run to give needles, mp 77-7 9°C.

'H-NMR (B-bromide) (CDCls): 6 = 8.08 (m, 2 H, arom.), 8.04 (m, 2 H,

30 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, CHs). a-bromide, o/ = 20:1) (CDCl): 68.13
(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,
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raised to -17C over 20 mns. The reaction was judged to be >95% conplete b
TLC (RfFSO.61 (a), 0.72 (b), 0.36 lactol; 20% Et OAc in hexanes). The Y
reacti on wol2otoviossiwas i rmedi ately transferred to a vesseCTasniosd4ag 230 g
of flash chromatography grade silica gel (40-63 microns). The stirred

m xture was i nmedi ately passed thro d of sili I 80
L sintered ghess),Bihel H G, 5-2?Kgg,fhﬂt8§‘?9?ﬂv§§|(@l)ﬁ%e erIﬁ)E é&&iﬁ%} e s

d \ :
(educed pr oSt 9, 3094 00, LMY L 53S0 sorers of Lhe crude
6.43, (d, b A-H). The residue was purified by plug colum chronat ograiohy

using 2.1 kg of silica I n L sintered dl B f I d
eluted (Vi a ﬁéth%ﬁpfﬂlg’ﬁ%%ﬁgb\ﬁﬁ@é‘watﬁ %I?*P‘g‘bgﬁ?l?‘ff#: Ty(i)rlz/'b ug(r%e 8°aA)n 12%

Bt QA i n gnz(ﬁ%xﬁm%th%@ {lubpo-ﬁﬁ?aﬁglt@ﬁ?ﬂﬁmoﬁ{rahmw benz6ste (@ | owed by

12% 25% EtOACTI'N ane tota ut'e the product. The 'product
containing fractions were conbined into two fractions, concentrated under

reduced pressure, dried under va arrbl 0 h) t
colorless oils. MoR¥EE ﬂBﬁe ’(‘e"%g‘?mb‘{g@%??‘ %dsk ?)ge %‘ K- gha |)so(r)rer
crystal l'i zed Jffi0spfing @isl 4 RO, 329%09f AR dSids t4PBACSE @@Lmamdd@a@m or
several weeks to'give large, thin plates, np 59-61 0C. The pure beta isoner

crystal | i zed the siiutionmivast ammdwlﬂeﬂ mh@haarc@l gires aprobigeitemperafirg nk ARSSBIR | | er

| |
%3 =5, 48 ( U G 19588, F3n i ibs Lt pprtids NI Bt pABe (49
(7d34 IH45 cg [nmt%oéén 7%5 QURILE stlﬂ'} ST(hmrmZtu!rb was SiFred at RT4Br fieladdifibnalBe bin. 6. 04

4. 73 (m 2 C4-H and C5- Ha),
C5-Ho), 1.76 Iqjaszvmunctsbst)omed ﬁrrsgnwéoadéﬁtshwémr@)ie (3@5%% 8 0. 4?13“&591@%( m 2
E a?(r)%rr;) 8. 3306 ggﬁ}?ﬁm%a@ﬁ?&.‘t@e fgaxﬁglg%c pg@m‘%} 'hae %ﬁﬁ@lé soh?uoiq’v% ﬁ|)2 (Eln 7‘81

(dd, 1 H, C5 -ddad todth6 BufisEbasd sibpefhorbyer 1imin2at énhbleﬁt tdmp@l‘-d:&)re Ewﬁlhﬂsﬂks of
(2R 3R, 4R, 5R) - 5- (2- am_no- 6- chl or
(benzoy! d¥y nevasnsed M@@G?@nﬁﬂﬁégﬁ)t gfrﬁ‘%%ﬁﬁ?%?%ﬂea‘i’?@-l?ﬂyﬁ% fggicdiops)

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. NH4Cl1 (200 mL) to form a suspension. The suspended solid' was

20 removed by filtration through a 3 cm pad of Celite in a 2.5 L porcelain Buchner
funnel. The solid was washed with toluene (3x100 mL). The combined filtrate was
neutralized by adding 6 N HCl 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

25  asimilar manner. The filtrate was further concentrated to a volume of about 800
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% ethyl acetate in

30  hexanes (4 L) to elute the main amount of product. The product containing fractions
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/ar=14:1 by NMR.

'H-NMR. (CDCls) beta: 6 = 1.33 (d, 22.4 Hz, 2’-C-CHs), alpha: 1.55 (d, 22

Hz, 2’-C-CHa).
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To a 12 L of three-neck round-bottoned flask was charged 6-chl oro- 2-

am nopurine (225.4 g, 1.329 nol). Anhydrous tert-BuCOH (4.5 L) was added and
t he sol utworrowassavi rred with a nechanical stirrer at ambiramstoovenges at ure. .
Pot assiumtert-butoxide (solid, 151.6 g, 1.35 m)l) was added portion-w se

under a flow of nitrogen gas whlle stirring. mxture was stirred at RT
for an additi onal TBepraduct mixtaregoam wag disselyed mﬁhm%émm%) pteabientt he

-brom de (3, 197 2 sgzront%ngoggoﬁ;d é‘lox&are%%é{(g?ﬁe§p}ﬁoﬂ{e% dnbioft vals anbi ent

terrper ature. %P{) n was rrne pase suspenS| on
over 1 min afco@l@@hﬁ@ﬁeé&ﬁﬂﬁfsaclfmeﬂ Hfh’EhéStesfﬁlhag kwhiva solid wsecbllectetl by

The i xtur e s iraARdaShaTN P B0E Bres o) R ph ey Crd BanE) ¢ and
contvol | e ?@% gﬁgg&?%@@%& &{:@mﬁﬁig QQh"‘%ﬁbﬁhﬂ@éﬁfp)Q@aﬁbﬂtﬂm& shown

by TLC be a xanes Thé reaction was quenched by
t he additi on gaf Gpodudtwiti e)(calbﬁltdtlﬁ/u69f8o}hybIP§@ép§h€ fisrate Whepastislhended

solidl was renoved b f|| i I|t az2.5L
porcel ai n Bu&ﬁﬂ“eﬁmrﬁ? 4549@) %‘gﬁb WDI?I%O?II)@&Q )("51&]%00 nL). The
combi ned filty ?ﬁl&rh °@euf‘l{63§ohﬁr°oﬁv¢%é c861H A8wh tdafblenSeinptiaiie,atddd aptil 7

e

(approx 220 nL m xture was concentrated under reduced, pressure. \Wen
t he vol une ofthertodled to -H&S Thelsrcend @ropa@@&pll@ﬂﬁ@,w&ﬁh@ apg|dgied in 3 ganiler onal

recipitated solid was renove r e
1? iltr gt ea}@/as TR SEHHOEHR™P ‘fcgé ¢ 3V te%gl&)rrlezl%féa MT% k@%&%}%%e;{?em due
was | caded onRfyg; gﬁ PheiGiofiel HEbr (wak cOndedtrbled b dgmestemden redaced pressure e L
sintered gl ass Buchner funnel) and eIuted (via sucti

0] a nt of
10% et hyl ac e?:Sag)eThmreﬁléxan@g apgxiuye off AndhsOMEEh 81&%?3@?%?&{]‘10@?13’9? ‘%%(g%

ethyl acetate.in hex iaﬁa@gﬁj ryaﬁﬂa a649b 509 &thyl and then
40%-45% et hyISﬂélcae‘%e e | n exan};’a%ﬁ‘?i-| (%Il%%ftgg %rm n amount o pr oduct .
The product dcagetaeddmlhlagaﬁes)amtafmns 1452 g of prduiuniefdamodriclewas mpacstad,imé froned \l;lw(;ed

ressure an ried under vacuum (0.2 r toa ite
]E) oam sol il& ( 1MgOH, Q/as]ggdapnd@e “b?/ SINNA:QI’ mryx_igert ftgrd an a c{dmonaf §"%’ g’o

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 4, (55% from bromosugar, 49% from
lactol). Mp 160.5-162.0°C. HPLC purity 99.5% including 0.20 % alpha.

20 "H.NMR (pure -anomer, CDClz): 6 = 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, CHas).

25 'H-NMR (c-isomer, CDCls): 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).
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1HNWVR (CDCl 3) beta: d = 1.33 (d, 22.4 Hz, 2'-C-CH 3), alpha: 1.55 (d, 22
Hz, 2'-C CH 3) .The product mxture foamwas dissolved in methanol (700 ni)
at anbi erwwoterpsavur e. Upon standing, a solid slowy fecwasewes20h. The
suspension was cooled in a freezer to -5C for 17 h. The resulting white
solid was collected by filtration and washed with cold MOH (-5C 3x60 niL)
and et hyl et Spnthesix 00 (2RsBR,4R;HR)-5 (P aming$-@eetadind -9 Hyauin- Y042 1 nntg, 24

h, anbient t )t ffor - i.th excellent de (b/a
99.8:1 by HPE%B‘.“} ?rﬂgy‘?wx?"m%f@ﬁ%‘?“%%%?%%ﬁrggﬁ%ﬁ%lag)ed (ca. 400 n1_§ and
then diluted with nore MeOH (400 nL) while heating to 60C. The sol ution was

cool ed down to anmbi ent_ tenperature, seeded the cooled to -5C. The
second crop was cglolaeetﬁoéﬁPO\X/ngféalEﬁﬁ“@rﬁ%ﬁ?{}ﬂeﬁ&?%weﬁa% ner to give

more prodyct %R MOsk{ZsI0khfind82nREo G-l S hzGY@RkRUBANEL | C purity.

The not her | i"quor Wds Co trate o dryness under reduced pressure (ca.
25 g). The r ésorhuénvatlsyleetmahyirofueans3-ybbenadate i(4,Gh@ gs0.83 mmypdksang iH0esek €f t o

automated siljca gel. col um chr t ogr aph ' 4 '
o 50% ot hyl “EBMAEANA HAFIHBERYRBoaPTEY (2-10Ees smbtolb il phd bR, 1"
was recrystaldiaegd by @it he VRS M 1aNEhnthl). €Thd susgensiofiwaaistirediaet t 0

% e
afford an additional” 8.46 g of product in high purity. The three solids
wer e judged theatbéta70°€) whilasealpdifor §hewret AHdhe W@gé@%ﬁ?%%sfﬁnwg%ﬁl. 2 g

of white crystallin roduct 4 % d 0 I
160. 5- 1621600.%11‘?3-1?&“60%?‘1‘%? Tggaghd %%%1%%%’5“8&%8&%%%& %ﬁ’@%%ﬁ?ﬁ' ) W
/ 3-anoner, ClRghg) 25%%kofutfnQs nfehandl) Was added tb,the/m@ulerand hedted ar WC) The. 88

(s, 1H, C8-H), 7.60 1H, , L.
arom), 7. 3?) regetion “H(S Tam@}ﬂtf) ?fieg ?Aﬁ)@-(%?%iéﬁ?gn@%&uﬂ%“%?@%z‘t f&l’,40°§ﬂ° ré%‘gl H) ,

5.35 (s, 2 H, NH2 5.0 . > ol b - ; 9 (dd

1H, G5 - Hb), tim?,%‘l“%‘&‘? an ‘1‘—?“%‘4@%‘1@3’ aﬁﬁtﬁ:@@@?ﬁ% g?réé?ac%g%‘%g:’ sRbmfodd (8%

(m 3 H ar onfheanitt8wh} cofcefitated under reduced pressure and then the residue was .
15 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

reduced pressure and the residue was purified via column chromatography

(Analogix, 120 g cartridge, gradient of 0 to15% MeOH in DCM). The pure product

containing fractions were combined, concentrated under reduced pressure and dried
20  (50°C, 0.2 mmHg, 17 h) to a light pink colored foam solid (2.15 g, 6.35 mmol,

93%).

'"H-NMR (DMSO-ds) = 8.00 (s, 1 H, C8-H), 6.03 (s, 2 H, NH), 6.00 (d, 1
H, C1’-H), 5.64 (d,‘ 1 H, 3’-0H), 5.24 (t, 1 H, 5°-OH), 4.24-4.10 (m, 5 H, N-CH; of
| azetidine, C3’-H), 3.90-3.81 (m, 2 H, C4>-H and C5°-H,), 3.69-3.64 (m, 1 H, C5’-

25  Hp), 2.37 (penta, 2 H, center CH; of azetidine), 1.05 (d, 3 H, C2’-CHs),

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

30 To a 500 mL of dry round-bottomed flask were added (2R,3R,4R,5R)-5-(2-
amino-6-chloro-9H-purin-9-yl)-2-(benzoyloxymethyl)-4-fluoro-4-
methyltetrahydrofuran-3-yl benzoate (4, 8.0 g, 15.2 mmol) and anhydrous benzyl
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
_ , ‘ 26 _v _




(m 2 H arom), 7.63 (m 1H, arom), 7.55 (m 1H, arom), 7.48 (m 2 H,
arom), 7.39 (m 2 H arom), 6.35 (d, 1H d'-H), 5.76 (dd, 1H C3'-H),
5.18 (s, WOHp10M2Y17 4.93-4.89 (m 1H C4'-H), 4.75-4.71PCmUS2049/06820 Ha) ,
4.58-4.54 (m 1H, C5'-Hb), 1.55 (d, 3 H CH3) .Synthesis of
(2R, 3R, 4R 5R)-5-(2-am no-6-(azetidin-1-yl)-94 purin-9-yl)-4-
f 1 uor o- 2- ( hy Sesprysien Wes Stirredras ORy in &t ica Al SRt n@llélcogl QT®la v50 i of

dry seal pressure . d .

(2R 3R 4R 5Rf§‘§9d(d£{’%§%§%o‘g‘%§2’?‘l‘ g%f—éﬁ%ﬁ ‘ggsggg‘f'ﬁy-fﬁf[?%%%r‘zdolwgitfan%stf e . 4

1;“I_ ug][ o;igl- rrFt 'I[fw{h%:iaﬁélab?idlé ?Afzspér_&gprﬁqtﬁc’;]kljgemhm)atrﬁrdg@n aBnéspheretit B®mmol ) and 150
sol ut e et hanol . et I [

Rded and.t hmEGEH OISyl BERDFAGH Bo0rd 238 S 1T e Headdiop watne |

Suspensi og W%gmg{e'ter iy 3%&5%916‘3% Bﬂﬁ%ﬂﬁgﬁ@&a@uﬁﬁﬂlﬁﬂ eBfral®zelByiige Al the

starting materi was consumed but 't oyl groups renai ned”as shown by
TLC. Sodi um medition bfi¢ M\ HCBtoda, pH47 §12mmb))., ThESelumdniwaseencentratedizndst ) was

added to the m xt d t C...Th N
. The' r eact Foer RicsEs (ba puebl ThGets i vERRLEERE' oa o >0
neutral i zed Rynadtdinkinahe Plo0FhBFimdl wRAGEd Withafidt (6236 :IQ, bfaedB0 MM ghd The

m xture was concentrated under reduced pressure and then the residue was
triturated widridevéniNa,56et The susphrsionewas filteved arsl the filisaie wapsoncgnipated

filtrati ‘and .t he sol.id was washed with - he filtrate wa
concent rgped “E}ﬂifeer‘}"éﬂQE%&WS}%%Bﬁ%reS}?&et E@%agfpéﬁg%%g%%lu“ ied via col umi
chromat ogr ap M&MW%@A&&%@ (Cta189% pgRnt GFMEOENn MEMY). Thé HAdMECH i n
DCM . The pure product contai ning fractions were conbi ned, concenirated

g gldg; e(r]I e]g gg renctélgr(ibsts‘\% MO iy PICAG. @B@EX,OdG??OH%WE{Ig FCUPPS ETHCIRRYAE :pi nk
1H, C8-H), 6.°8§°e(“gr?€e§'“#,§ﬂ%§9f§°e§?’6% :anﬁaﬁ?d g’ﬂbbﬁ?@ ﬂé—;ﬂg@%ﬂhﬁ% ﬁf{’“}%?e?d%) s
g. Sg_ gt ,811H, ﬂsgm&wd (454 A A0nfoh TEH). N-CH2 of azetidine, C3'-H), ’
+90-3.81 (m 2 H R BV, oL 8hs G183 5% 54151, 531, arom-m),
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°-0H), 5.48 (dd, 2 H, CH; of Benzyl), 5.25 (t, 1 H, 5’-OH), 4.18 (dt, 1 H, C3’-H),
3.92-3.82 (m, 2 H, C4’-H and C5’-H,), 3.71-3.66 (m, 1 H, C5’- Hp), 1.07(d, 3 H,
C2’-CHa). |
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 suspension of 4 (500 mg, 0.951 mmol) in MeOH (10 ml) was added

25  NaOMe in MeOH (25%, 0.90 ml). The mixture was heated to 50°C for 3 h. Then, it
was neutralized with AcOH. It was concentrated and EtOAC (30 ml) was added.
The insoluble solid was filtered off. The filtrate was concentrated and purified by
flash column chromatography on silica gel using 0 to 15% MeOH in CH,Cl; as
eluents. Compound 7 (203 mg, 68.3%) was obtained as a white solid: "H NMR (400

30 MHz, DMSO-d6) & 8.17 (s, 1H), 6.61 (s, 2H), 6.05 (d, J = 17.6 Hz, 1H), 5.67 (d, ] =
7.2 Hz, 1H), 5.25 (f, J=4.8 Hz, 1H), 4.18 (dt, J = 25.6, 8.0 Hz, 1H), 3.96 (s, 3H),
3.91 (dm, J=9.2 Hz, 1H), 3.85 (ddd, J=2.0,5.2, 12.8 Hz, 1H), 3.69 (ddd, ] = 2.8,
3.2, 12.0 Hz, 1H), 1.06 (d, J = 22.8 Hz, 3H); tR = 0.52 (99.1%); LRMS (ESD)

[M+H]" calculated for C1,H;7FN5O4 314.3, found 314.2.
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Ho), 2.37 (penta, 2 H center CH2 of azetidine), 1.05 (d, 3 H C2'-CH 3)
Synt hesi s of 1
(2R, 3R, 4RyBRY1B768A7am no- 6- (benzyl oxy) - 9H puri n- 9-yl ) - 4PCIrOIS2@9/069420

2- (hydr oxynet hyl ) - 4- net hyl t et rahydrof uran-3-ol (6) To a 500 niL of dry
round-bottoned flask were added (2R 3R 4R, 5R)-5-(2- '

am no- 6-chl oro- 9H puri n-9-yl)-2-(benzoyl oxynet hyl ) - 4-fl uor o- 4-

met hyl t et rahydr of ur ap-3=yl be , ‘ . ro
benzyl al coh)éiy“ %oﬂg?s)xﬁt%ﬂ%?@gi’%ﬁlﬁiﬂég(ﬁ% 3{;1 1&%&%@%‘%})‘?@%F@Ebﬁdasﬂsv\er e
charged NaH p@PH19-91)F-NE6R)-3-Byliroxd-4hethyltebrahydrauyaedd anhydrous DVF (40
m). Thesuspension was stirred at 0Cin an ice-water bath. Benzyl alcohol
(27 nil) was vyt x) @pengxyaphesphardgmingpropangate, {(Bhn was sl ow y for med
and it wag transferred to the nucl eoside suspension quickly under a

ni trogen atnosphere at roomtenperature. The mxture was heated to 500C and
stirred. The reactloan 0fasL doypduatdottbmed fl3skwemaddabphedyt o anbi ent

tenperature. |t tralj h diti .
) The. Soi daPUTOBREPE Qe A Bk Eemipaein et R e Bkt ol go0c
bath). The Clﬂg%h@;e‘(gt%}g@#%@ 1%&!&&16}? Wik bidedl 5131t8¢ QuEpéditmen{sldledity - and

washed with water m),, brine (30 mL) and dried over Na2SO4. The
suspensi on wa&SCf IN-Mettadimadarolen@.34i g, BP At vasgdechyip As¥angmadner educed

pressure to an oily . residue. This. i £ .
SR L IR N R R R
in DCM  The piiRGelosi88t5211 38Ny 4f07asinbh Tfoanedotidy wabilradddaiinoaapodioad under

reduced pressure and dried Q0C, 0.2 rnrnHg, 17 h), to a whit [
(4.57 g, 11. it solwtionwgs. allpped(RVeVBDAREST Idh to gn isnktglppqraﬁgggz\ﬁ%q gO' 1

7.53-7.5 1 (m 2, H. arom A3z , in&orf
ND) 605 (P ATbigt %mpetﬁ'i\?f?’ iy %"cﬁé?ﬁw‘ %Mﬂf{&@% aa E&ﬁaccﬂg’ of
gilnz¥ 1), d5 .(:gE(a&l_ﬁIut 3@"/Jé$1\$[?'e%161é1)3d) But 4Bo adirowihghess @8lar kippurBy 9 Thg r@etigmyap H,
-H an ‘- .71- 3, ' - ' -
15 quen?lze’d by the additic?n cgfrrs]at I%IHTCI 8% mL)Halg)d’ diﬁlte%7w{t}9 liiclailorl_lt.‘imé%l%zmecH 3)

(20 mL). The organic layer was separated and washed with water (5x 30 mL), brine

(20 mL) and dried over Na,SOs4. 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

20 DCM from 0% to 10%). The product eluted at 4% MeOH in DCM. The pure
product containing fractions were combined, concentrated ﬁnder reduced pressure
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
diastereoisomers with a ratio of 55:45.

25 'H-NMR (DMSO-dg) & = 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
(s, 2 H, NH,), 6.12-6.02 (m, 2 H, C1’-H and NH), 5.83 (d, 1 H, 3’-OH of one
isomer), 5.77 (d, 1 H, 3’-OH of another isomer), 4.46-4.05 (m, 8 H, NCH; of
azetidine, o-H of aminoester, C3’-H, C4’-H, C5’-H,), 3.89-3.79 (m, 1 H, C5’-Hy),

30  3.56 (s, 3 H, OCH; of aminoester in one isomer), 3.54 (s, 3 H, OCH; of aminoester
in another isomer), 2.37 (penta, 2 H, center CH, of azetidine), 1.21 (d, 3 H, o-CH3 of
aminoester in one isomer), 1.19 (d, 3 H, o-CH3 of aminoester in another isomer),
1.08 (d, 3 H, C2’-CHa).

3'p NMR (DMSO-ds): & 4.85 (one isomer), 4.77 (other isomer).
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Synthesis of (2R, 3R 4R, 5R)-5-(2-am no- 6- net hoxy-9H purin-9-yl)-4-fl uoro- 2-
(hydroxymet hyl ) - 4-net hyl t et rahydrof uran-3-ol (7) To a suspension of 4 (500
ng, 0.95Iworl0)o76517MeOH (10 m) was added NaOVe in MeOHPCZAZR000/08420M ) . The
m xture was heated to 500C for 3 h. Then, it was neutralized with AcOH It
was concentrated and Et OAC (30 m) was added. The insoluble solid was
filtered off. The filtrate was concentrated and purified by flash col um

chr omat ogr ap n Sil.i e i Oyl 59 [« ents.
Comound 7 { S5uiigs of ESlomtedut 2Bl RAR S ST Rl B AN 1y
DVBO- d6) d 8-p11?in(—§-1y12)|-4'-|hu0ﬁ)-§-'hyﬁﬁoxy24ﬂnet 10 {iddrdfurad-2-6 Hz, |H), 5.67 (d,
J=7.2H, I'H), 5:25 (t, J = 4.8 Hz, |H, 4.18 (dt. J = 25.6, 8.0 Hz, | H),
3.96 (s, 3H) yDmeshoxyiahepoxy)phospherylpmino)propanepte(9)y = 2.0, 5.2, 12.8 Hz,
IH), 3.69.(ddd, J = 2.8, 3.2, 12.0 Hz, IH), 1.06 (d, J = 22.8 Hz, 3H); tR =
0.52 (99.1%; LRMB (ESI) [MrH + calculated for CL2HI7FN5O4 314.3, found
314. 2. Synt hesi s ofTo(28)0- mBtofiylly round-bottomed flask are charged phenyl

2- 2R, 3R, 4R 5R) - 5- (2- ami no- 6- i di n-l - - in-

oyl ) a1 | pordadomphnebie & AL ey femmal APl dits Athiofbmethane (24 mL)

yl ) met hoxy) ( %}fbﬁﬁiﬂ &&?%&pﬁgy@meﬁﬁ%&fd@ﬂ(w&dde@%&tﬂe&blu-fi@nava%@@ol@ﬂ talry
a ded phenyl

round- bot t one sk werea he di chl orophosphate (1.72 g, 8.15
mmol ) and ansyGrumder wirogdno réMxthdineidazote (A.92 2, TR 4amined isadded vimadyy g, 10. 2

mmol ) was added and the suspensjon cooled  to - .- iﬁpshdﬁ' ol e
(3.34 g, 0. 'Fyﬂﬂ%ff‘)n%&’OQEP&‘@&‘B%%re&‘\{Yg%ﬁoﬁodgsﬁ ﬂe%ﬁglugc%?tlsi %/ﬁ;eg)r%'t he éol ution
was stirred ahetdfr. [ Henkhntleiided6)idlidas eaded (P 0sPEES. 89 nifiiel) withe eosi de (5,
1.38 g, 4.07 nmmol) (foam solid) was then added in_one pqortion and the

s;)l U';ﬂi) on was selitonedderoitegaminpnepeition apd the rairbire i 2llogtedde ¥RURL After 4 h
at anbient tenperature, TL % i i L€ i g
1@%%%@%@%\6% &/go%l%sp s%ﬂm.'l&q{:&(ﬁf;ﬁg B 1s BRI,

reaction (ab SO a grow ng s polar 1 npurity.
The reacti on Tes (spenehas] byditieroatkhdneh NTiod resctionliHetill q¢e0hed Yy thad di | ut ed

wi th dichloronethane (20 nlL). The organic, |
With watds (@dd@@nmf)d,(lc}mrpw‘)gthane BomEfmdt NHE! 0%5L)> HA' AL S5 AP iwashed

separated and the aqueous layer is extracted with dichloromethane (2x20 mL). The
combined organic layer is washed with water (2x40 mL), sat NaHCO; (30 mL),
water, and brine. The organic layer is dried over Na;SO4. After removal of solid by
filtration, the filtrate is concentrated under reduced pressure to a gummy residue

20 (728 g). The residue is purified via column chromatography (Analogix, 80 g
cartridge, gradient of 0 to 10% MeOH in DCM). The product is eluted at 2% MeOH
in DCM. The product containing fractions are combined and are concentrated under
reduced pressure and are dried (50°C, 0.2 mmHg, 17 h) to a white foam solid. A
portion of the starting nucleoside (0.257 g) is also recovered. Yield is based on

25  consumed starting material.

Synthesis of (2S)-methyl 2-((((CR,3R 4R ,5R)-5-(2-amino-6-hydroxy-9H-purin-9-
yl)-4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
yl)methoxy)(phenoxy)phosphorylamino)-propanoate (10)

30 To a 250 mL of dry round-bottomed flask with starting material (9, 1.92 g,
2.8 mmol) is added anhydrous absolute ethanol (50 mL). Palladium on charcoal
(10%, 120 mg) is .added. The atmosphere in the flask is exchanged with hydrogen
and the mixture is stirred under 1 atm of hydrogen gas for 3.5 h at room temperature.

The reaction is judged complete by TLC and the Pd on charcoal is removed by
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(20 nL) and dried over Na2SO4. The product containing solution was filtered
and concentrated under reduced pressure to a crude oily residue, 3.26 g.

Thi s was worofoeasiby col umm chr omat ography (Anal ogi X, 4@CH/USa00006TQ€,
gradient of MeOH in DCMfrom 0% to 10% . The product eluted at 4% MeCH in
DCM The pure product contai ning fractions were conbi ned, concentrated

under r educedilipationsndds washed withiethaob(2xol OomEh nfee filirateds conpentryfpd pader 5am
solid (1.322 2,28 nmp 9 ... HPL ri: Oy E. product
Shoved 11t a e FEsEBlo 4 7 tres e, TRl ket itn MR PO ot

1H NMR ( DVBOpirifipd By eoltm®Qhf@matdgraphyBcAhabdginmi® g conmidey,, gradi@d of % toH, 8- H of
anot her isoner 7.38-7.33 ( 2 H aromH), 7.22-7.14o§gm H, ﬁ{on}il—b,
6.09 (s, 2 H16 QHal.nlI?CM)o%]he pyodici gonggining;fractipngage .‘%%%edf? goncppiratgd | oy of
one isonek), .b.l7 - f ISARBT, ; i Whit®néwler8 H  NCH2
of azeti dlgne,lé@é'rgé&g%}an%gg%tegﬁia&ﬁg?wg’pH, CSg’IllF]gl}a)G% 89-%. 796r(m 1H5
C5' -H b), 3. 56.46%, 86M HREBunty ¥hiStaest er in one isoner), 3.54 (s, 3 H,
OCH3 of am noester in another isoner), 2.37 (penta, 2 H, center CH2 of
azetidine), 1.21 (d, 3 H -CH3 of am noester in one isoner), 1.19 (d, 3 H,

-CH3 of amn i j R, 4385RA5-(B-ahin64-méitlogy-9H-3 1P NVR
(DVBO-J 6) C%%tétlﬁ%sgl (%Té%%gg{r?eﬂy)ﬁmg(%s ot herﬁi s(orirlerl;l. Syl::t hgs?’s of

(2S) - met hyl  purin-03M-2AuoRy-3rhydsoxypd-anethylteraedrofurany-yigmgthoxy)
9-yl)-4-fl uoro- 3- hydr -4- net hylit et rahvdr ran- 2-

yl glrrzet ho>&‘>9;J (&RBﬁ‘b‘&Zég Bﬁﬁé&wﬁ@r‘ﬁ@%@ P%%Sx@te (9) To a 100 nL of dry
round- bottonmed flask are charged phenyl dichl orophosphate (3.29 g, 15.58

mmol ) and anhydrous di chl oronethane (24 nL). The am noester to te (white
powder) is added aFaie selstieoeithe dhoWae Qdéﬂ@aolﬁénsttée‘gﬂH@ aﬁ?lﬁi‘%g@lﬂﬁ’

R L AT LR
hour. Then t hel)nwot@ dsdpshése| B)hesedcitidn iwas albedyl waBn&Bib rgom3erpperatuns gndt o t he
15  stirred for 1 h. Then water (0.1 ml) and EtOAc (5 ml) was added. The organic
solution was washed with sat. aq. sodium citrate mono basic (2 ml x 2), sat. aq.
NaHCO; (2 mL x 1), dried (MgSO4) and concentrated. The crude oil was purified
by flash column chromatography on silica gel using 0 to 8% iPrOH in CH,Cl; as
eluents to give the phosphoramidate (36 mg, 39%, 2:1 mixture of diastereomers) as a
20  white solid: 'H NMR (400 MHz, DMSO-ds) & 7.97 (s, 0.66H), 7.95 (s, 0.34H), 7.39-
7.30 (m, 2H), 7.25-7.13 (m, 3H), 6.63 (bs, 2H), 6.11 (d, J = 18.8 Hz, 0.34H), 6.09
(d, J=19.2 Hz, 0.66H), 6.06-5.88 (m, 1H), 5.90-5.78 (m, 1H), 4.80 (septet, J=6.3
Hz, 1H), 4.45-4.24 (m, 3H), 4.16-4.05 (m, 1H), 3.96 (s, 3H), 3.84-3.70 (m, 1H),
1.28-1.03 (m including d at 1.20 with J = 7.2 Hz, 12H); *'P NMR (162 MHz,
25 DMSO-ds) 6 4.91,4.72; tr = 1.16 (33.1%) , 1.18 (63.9%); LRMS (ESI) [M + H]"
calculated for C»4H33FNgOgP 583.5, found 583.4.
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solution under nitrogen in one portion and the mxture is allowed to warm
to anbient tenperature to give a colorless solution. Reaction progress is
noni t or edwbyoiZsz13% met hanol i n di chl or omet hane). The PeaaAS2@/06%26t 1 | |
quenched by the addition of dichloronethane (30 nL) and 1 HO (60 ni). The
organic layer is separated and the aqueous layer is extracted with
di chl or onet h&yathegis o6 (28))2- ((ﬂ(ﬁ&i’dbﬂ&ﬁlb amin o-6(agesidin-4- ¥R 2Harin-P4h wat er
(2x40 nl), sal)-INAHERE3hydrony)4- me&hﬂtqtradrydrbfurmZ-The organic layer is dried
over Na2SO4. yBhiethoxyyihydeoxyyphasphorylamird)propanpieracid @) filtrate is
concentrated under reduced pressure to a gummy residue (7.28 g). The
residue is purified via colum chr t ography (Anal ogi x, 80 g cartridge
gradient of 0 to 10% MeOH in DCM NThe product is eluted at 2% MeOH in
The product containing fracti ons aife conbi ned and are concentrated unde}\I
reduced pressur arrbl drled *NO. 2 mmHg, 17 h)Oto a whjte foi{ﬂ

elld /E

A portion of nucl gL(O 257 g) is aI red

based on cons d S amtl n ri aN. &ht hesis of (H%)- r%‘{'ﬁ’_lo NH,
2-((((2R 3R 4R 5R) - 5- -am o hydroxy OH-—pur+r9-
yl)-4-fl uoro-3-hydroxy- 4 Itetrahydrofuran 2-

yl ) met hoxy)(phenoxy)phosp ryI am no) - propanoate (10) To a 250 ﬁ@ ofF dry
round-bottoned flask with gtarting material (9, 1.92 g, 2.8 nmly is added
anhydr ous?absol ute ethanol ~ (50 nmi). Palladi umon charcoal (10% 120 ng) is
added. The atnosphere in the flask is exchanged with hydr ogen and the

m xture is stirred under 1 atm of drogen gas for

)é % h li?pé roog%
tenperature. The rieaierqusd 8459 mieg@d02 gHpPldTEs BRspeidedp frigtindamtie s ®WMHar coal
i's removed by lv&ar % (b%r}ngﬁ %ﬁeé@@cﬁﬁ%@@‘f&ﬁ(ﬂ{ h@Bﬁhle(c%ﬁl QedtdwerchiRgn fil trate

is concentrate ressure to a solid residue. The solid is
m xed wi t1lo Sldvlap(&a‘@é Iun(iér&e@)cedmbssme pTh¢ Erude ptoductorasmurified byrdlasly el prp

(Al o0l 10, CaULLLA05 Lt e VoA lGHAREIDY BBt 00 P ot
are dried (5QRGiud)was BBtathed he aWhifeQoRd U1 tritg,BOYIETH NMR (400 MHz DMSO-
de) 67.93 (s, 1H), 6.10 (bs, 2H), 5.97 (d, J = 17.2 Hz, 1H), 4.44-3.86 (m, 10H), 2.37
(quintet, J= 7.6 Hz, 2H), 1.10 (d, J= 6.8 Hz, 3H), 1.05 (d, J = 22.4 Hz, 3H); *'P
15 NMR (162 MHz, DMSO-ds) 6 8.72; tg = 0.55 (97.4%); LRMS (EST) [M + HI'
calculated for C17H,6FN-,O7P 490.4, found 490.4.

Synthesis of (25)-2-((((2R,3R,4R,5R)-5-(2-amino-6-hydroxy-9H-purin-9-yl)-4-
fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
20  yDmethoxy)(hydroxy)phosphorylamino)propanoic acid (13)

OH OH

S m T > . g
S ?Ph 7 ' S OH 72 N
¢ A HO>—;IN—}IT—O A A

HO ¥ HO ¥
10 13
25 Compound 10 (110 mg, 0.204 mmol) was suspended in triethylamine (2 mL)

and water (0.5 mL), and heated at 60°C for 20 h. The volatile components were
then evaporated under reduced pressure. The crude product was purified by flash

column chromatography on silica gel using 0 to 20% NH;OH in iPrOH as eluents.
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(1.43 g, 86% . HPLC purity 99.55% Synthesis of (2S)-isopropyl

2- ((((2R, 3R 4R, 5R) - 5- (2- am no- 6- et hoxy- 9Hpuri n-

9-yl) - 4- fWoanw/@Bsdtydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) meCimasg)oo0phenoxy)
phosphoryl am no) - propanoate (11) To a sol ution of the 7 (50 ng, 0.16 nmol)
and i V-net hylimdazole (0.10 m, 1. in THFE ( added t he
phosphor ochl a“hﬁdmdécti\ﬁas'lqtlml{lqd@Wblt%%)hﬁi(% e @b@ QO%E% Zr eact i on

was sl ow y 1\?%8[#?6 5%%%d13_§p8%$&e or§%3s |qu@63£ fmha, 4}13«3@ ¢ater (0.1

m ) and Et QA ani'c sol utlon Wwas washed Wi'th sat.
ag. sodi um cicHyat. el @ue- hadzc3KE 107 (, 2¥ 22ddHz, 350); > RAAGRA 162MHz,x 1), dri ed

(MgSH) and concentrated. Th il

chron?':]ogrﬁpRMSQ ds) 33?%? Séélr(%?é’ I&‘%@%&i{ﬂ'ﬁﬂcﬁé@}hlﬁ%gg gf)lugmws to
gi ve e 0] t Y

whi te sol Td: Wa@%‘?’%‘%ﬁ%@m‘%@?{" 6 a 797 (s, 0.660, 7.65 (s, 0.34H).

7.39- 7.30 (m 2H), 7.25-7.13 (m 3H), 6.63 (bs, 2H), 6.11 (d, J = 18.8 Hz,
0.34H), 6. 09 Sydthedisof {25)2-tty2 RBIEARSR)ES-BamiBB6methox)-OHpWIa-9-yIBH m | H),
4.80 (sept et flubro-36hydirbiy-4li thyltetibhydrdfuram2-3H) , 4.16-4.05 (m |H), 3.96
(s, 3H), §1ﬁn&ﬂo£fgglyhkaxy)%w5 h%rﬁ@nﬁﬂﬂ)pﬂ?aﬁdicﬂﬂi(ﬂ(lﬂb 1.20 with J = 7.2
Tzisl(zgg’l 3 LRVS (ESI) [M | | o o atBIENGED 85,5, 1

+ + cal.cu ated for C2 :
583, 4. Synt heS| RV H g 4H33FN6CBP 583. 5, found

(235)-2-((((2R 3R,4R, 9R) - 5- (2- amiyno- :-giiazetldln I-yl)igﬁpurély 9- </N

yl)-4-fluoro-3-h Xy -Ofh met hyI((et ahydr of ur an- 2-

yl ) met hoxy)(g%dl YW ry Lam &g@nm c acid [92) BN Q5 8NANH2
(150 nmg, 0.269 nmol) wgs su ed in trrefhylam ne (2 niL)%and (0.5
m.), and heated at 60C for 2} Vol ati |l e conponents were then % apor at ed

under reduced pressure. Thgocrqde product was purified by f1 ash%ol i
chromat ography on silica g¢f using 0 to 15% NHAOH in i PrOH as ellaents The

Compound 11 (110 mg, 0.189 mmol) was suspended in triethylamine (2 mL)

15  and water (0.5 mL), and heated at 60°C for 48 h. The volatile components were
then evaporated under reduced pressure. The crude product was purified by flash
column chromatography on silica gel using 0 to 20% NH4OH in iPrOH as eluents.
The product was obtained as a white solid (88 mg, 97%): 'H NMR (400 MHz,
DMSO-ds) & 8.08 (s, 1H), 6.67 (bs, 2H), 6.03 (d, J = 18.0 Hz, 1H), 4.44-3.70 (m

20  including s at 3.96, 8H), 3.39 (m, 1H), 1.10 (d, /= 7.2 Hz, 3H), 1.05 (d, /= 22.8 Hz,
3H); *'P NMR (162 MHz, DMSO-dg) § 8.52; tr = 0.61 (96.3%); LRMS (ESI) [M +
H]Jr calculated for C;sH3FNgOgP 465.3, found 465.3.

Synthesis of (28)-2-((((2R,3R,4R,5R)-5-(2—amino—6-ethoxy—9H—purin-9—yl)—4-
fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
25 yl)methoxy)(hydroxy)phosphorylamino)propanoic acid (15)

It is contemplated that compound 15 is prepared in a manner analogous to

compound 14.

30  Synthesis of (25)-2-((((2R,3R4R,5R)-5-(2,4-diox0-3 ,4-dihydropyrimidin-1(2H)-
yl)-4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
yl)methoxy)(hydroxy)phosphorylamino)propanoic acid (17)
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product was obtained as a white solid (101 ng, 80%: 1H NWR (400 MHz, DvsQd
6) d 7.93 (s, IH), 6.10 (bs, 2H), 5.97 (d, J = 17.2 Hz, IH), 4.44-3.86 (m
10H), 2.3wvo(qutsay, J =7.6 Hz, 2H), 1.10 (d, J =6.8 HzpPCIHS2002068E2¢d, J =
22.4 Hz, 3H); 3 1P NWR (162 MHz, DVMBO-J 6) d 8.72; tR = 0.55 (97.4%; LRMS
(ESI') [M+ H + calculated for CL7H26FN7O7P 490. 4, found 490.4. Synthesis of
(29)-2-((((2R, 3R, 4R, 5R) - 5- ( 2- am no-6- hydr oxy- 9H puri n-9-yl ) - 4-

fl uoro- 3- hydroxy mstrkngtetrahy rof yran- 2- o s

yl) met hoxy)(h o ho |5‘horyl a Ndr opanoi ¢ achB?HHZ 10 15 ChHpound
10 ( 110 ny, ‘gﬁe in trietdyl aHNAR-Q2ynlg A ms(\water
(0.5 nm), and heat ed at 60C 0 h. The volatile conponents r eOt hen
evapor at ed under reduced pressu;re The crude product was pur d by flash
col utm chr omat ogr aphy on sHQ caFf gel using 0 to 20% NH4OH iHO | PFOH as

el uents. The product was obtained as a V\/mte solid (74 ny,,81%: 1H NWR (400
MHz, DVMBO-J 6) d 7.88 (s16IH), 6.68 (bs, 5.93 (d, JZ 18 0 Hz, IH)(

4.42-3.83 (m 6H), 75K E

1P NMR (162 M, 5@@3}1%?@3(2&) Foperre (@@R 31%3’8 &) B @ﬂ’*Rﬁ,}g""(gE%} ?Z[ Ms_tl) H 3
c glsc u I2 ated f Qllih;@idﬁjﬁhﬁ&ﬁGHE’H}&]D 43ﬂutfmouﬁwhychéﬂy-a-mﬁbﬁtmb}'@oman%

1S | uzjr o- g( Eé/(zer S lélpm?}oggfghg%&%gget nox _p%noate)RNas preparé/ci Qccordmg to the

yl') met hoxy) ( Ryglaue Bﬁ%@é}pﬁ 650)-B6PHR0S! Patasi ApdlikdtiorHRo 112/058,@snpound
11 (110 nmg, g% 1 mol ) was ?&gf)gended in trleztlh IAa?tprﬁlﬂneﬁ0 (r)n_ and warTer

(0.5 m), anc{AﬂteaIegd)m;ketﬁﬁtﬁ: 60037 Q%Wsﬁﬂéilﬂh@tﬁ%l 2eo% é@%lf%ﬁ‘ébﬁ%en
evaporat ed undef. (PANERYs BloSRtii by PSR i@ ERNK) ¢BoBAd 168 PY flash

identified as compound 25 at page 674 of 12/053,015.)
Compound 17 was synthesis from compound 15 by the following procedure.
10  Compound 16 (300 mg, 0.57 mmol) was suspended in triethylamine (6 mL) and
water (1.5 mL), and heated at 60°C for 30 h. The volatile components were then
evaporated under reduced pressure. The crude product was purified by flash column
chromatography oh silica gel using 50-70% isopropyl alcohoi in dichloromethane
followed by 0-20% ammonium hydroxide in isopropyl alcohol as eluents. The
15  product (2) was obtained as a white solid (210 mg, 92% yield): '"H NMR (400 MHz,
DMSO-dg) 6 8.01 (d, J = 8.0 Hz, 1H), 5.97 (d, J = 18.8 Hz, 1H), 5.55 (d, J= 8.0 Hz,
1H), 4.02-3.80 (m, 4H), 3.34 (dq, J =7.2,10.4 Hz, 1H), 1.25(d, ] = 22.4 Hz, 3H),
1.10 (d, J = 6.8 Hz, 3H); 31P NMR (162 MHz, DMSO-d6) 6 7.91; MS (ESI) (M +
H)" 412.3.

20
It is contemplated that the purified compounds disclosed herein are active

against hepatitis C virus.
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
25  June 5, 2009, and U.S. Provisional Patent Application Nos. 61/060,683, filed June
11, 2008, 61/140,423 and 61/140,317, each of which being filed December 23, 2008
are hereby incorporated by reference in their entirety. Moreover, the patent and non-
patent references disclosed herein are incorporated by reference. In the event that

the incorporated subject matter contains a term that conflicts with a term disclosed in
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col um chromat ography on silica gel using O to 20% NHACH in i PrOH as

el uents. The product was obtained as a white solid (88 ng, 97%: 1H NWR
(400 MHz,wONBO/754y d 8.08 (s, IH), 6.67 (bs, 2H), 6.03PCu/USI002B6B2Hz, | H),
4.44-3.70 (mincluding s at 3. 96 8H), 3.39 (m IH, 1.10 (d, J = 7.2 Hz,
3H), 1.05 (d, J = 22.8 Hz, 3H); 1P NWR 162 MHz, g@ggﬁ%s d 8.52; tR =
0.61 (96. 3% themnmn{ @iivation t¢xt|,4]h¢ r@%@mm%f hfterm coxty %65, 3. found

465. 3. Synt hes

(29) - 2- (((( zﬂp@%aﬁ{y{. g%tr_oés_ }ngylgr%d ;%at gleeq[Vﬁ%at)l(lym%aﬁmé c;f rtrlrle m;osporated subject

f 1 uor o- 3- hy digxtgr -noeldsy | t et r ahydr of ur an- 2-

yl ) met hoxy) (hydr oxy) phosphoryl am no) propanoi ¢ acid (15) It is contenplated
that conmpound 15 is prepared in a nanner anal ogous to conpound 14.

Synt hesi s of

(2S)-2-((8(2R 3R, 4R, 5R) - 5-( 2, 4- di oxo- 3, 4-di hydropyri mi di n-1 (2H) -

yl)-4-fl uoro-3-hydroxy-4-net hyl t et rahydrof uran- 2-

yl ) met hoxy) (hydr oxy) phosphor yl am no) propanoi ¢ acid (17)16 17 Conpound 16
((2S)-isopropyl 2-((((2R 3R, 4R 5R)-5-(2, 4-di oxo- 3, 4- di hydropyri m di n-
1(2H) -yl )-4-fluoro-3 -hydroxy-4-nmnethyltefrahydrofuran-2-

yl ) met hoxy) ( phenoxy) phosphoryl - am no) pr opanoat e) was prepared according to
t he procedures disclosed at pages 652-669 of U S. Patent Application No.
12/ 053,015 (Attorney Docket No. 60137.0034USUl) filed March 21, 2008 the
identified subject matter of which is incorporated by reference in its
entirety. (Conpound 16 is identified as conmpound 25 at page 674 of

12/ 053, 015.) Conpound 17 was synthesis from conpound 15 by the follow ng
procedure. Conmpound 16 (300 ng, 0.57 mmol) was suspended in trlethylanlne
(6 nmL) and water (1.5 nL), and heated at 60C for 30 h. The volatile
conponents were then evaporated under reduced pressure. The crude product
was purified by flash col unm chromatography on silica gel using 50-70%

i sopropyl al cohol in dichloronethane
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foll onwed by 0-20% anmoni um hydroxi de in isopropyl alcohol as eluents. The
product (2) was obtained as a white solid (210 ng, 92%yield): 1H NVR (400
MHz, DVSWOE&p10h785101 (d J =8.0 Hz, IH, 5.97 (d, J = P8TARISRIY/Ob4P) 5. 55
(d, J =8.0 Hz, IH, 4.02-3. 80 (m 4H) 3.34 (dg, J = 7.2, 10.4 Hz, IH),
1.25 (d, J = 22.4 Hz, 3H), 1.10 (d, J = 6.8 Hz, 3H): 31P NMVR (162 Mz,
DVBO- d6) d 7.91; MB (ESI) (M + H)+ 41213&&@& is contenplated that the
purified conpounds disclosed herein are active against hepatitis C virus.
The contents of U S. Patent Application No. 12/053,015, filed March 21,
2008 (see al so m12008m1aﬂrﬁ&@)c,oniﬁo&1dR@t@amed\bplfdmmama\mriﬂlez/ 479, 075,

filed June 5, 2009, and U. S, Provisional  Pat A%)Ji atlont S'lt
61/ 060, 683, FPMpguml fearesentedpyfprmyle/ . gpsalizap ﬂ‘&laé Y LLFPRREGSAEG  whi ch

being filed I b or por at ed by reference in their
entirety. gwb%ggl\%e@gs?%%ebate antgllggcfz)npatefeagtis references di scl osed herein
are incorporated by reference. In the event that the incorporated subject
matter contains a termthat confl i cks with a termdiscl osed inthe cEs)resent
application text, the nmeaning ofy t erm cont aPpedsi N he pr ef{
application comjrols prow ded t a [ t overal | I Of the I _g?}borat ed
subj ect matter CbAI r| fi e%ocor@g%né) r 6;d by
formula | or urleEdO%_éDTﬁ&{represeﬁt ed by formul% I1, It a

phar maceut i ca élccecpnabl e 3 a hydrate, a solvate, or & c’zrystal l'ine
formthereof: II wherein BOis B\ve, OEt, -N(-CH 2CH2CH2-) E*Qzetlfdl n-1-yl),

or OH or a salt, a pharmaceutically accept able salt, ahydrate, a solvate,
or a crystalline formtherle 2. A purified conpound repyesented by
formula I |

wherein R is OMe, OEt, -N(-CH,CH,CH,-) (azetidin-1-yl), or OH;
or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

crystalline form thereof.

10 _
2. A purified compound represented by formula I
R
N S
N
o ¢ <7
S O
0 H 6H = CHj
HO F
1

wherein R is OMe;

or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

15  crystalline form thereof.

3. A purified compound represented by formula I

35



wherein Ris Ow; or a salt, a pharnmaceutically acceptable salt, a hydrate,
a solvate, or a crystalline formthereof. 3. A purified conpound

repr esentwo 2by/7651mul a 1 wherein Ris OEt; or a salt, a pharusa@etiseal |y
acceptable salt, a hydrate, a solvate, or a crystalline formthereof. 4. A
purified conpound represented by fornula | wherein Ris OH or a salt, a
phar maceutically acceptable salt, a hydrate, a s@lvate, or a crystalline

formthereof. 5. A purified corrpound repres formula | wherein Ris
-N(- CH 2CH2CH2-) (azeti din- 1R ob a sal ar, eutlcally accept abl e
salt, a hydrate, a solvate, gr orm ﬁOf 6. Apurified
corrpound represented by for@Hl gyl I IFI or bH3 a pharmaceutically
acceptable salt, a hydrate, a sol ve e, crystal line formthereof. 7. A

conposition for the treatnent and/or prophyIaX|s of any of the viral agents
di scl osed herein said conposition conprising a pharnmaceutically acceptable
medi um sel ected from anong an exci pient, Icarrier, diluent, and equival ent
medi um and t he conmpound as clained in any one of clains 1-6. 8. A use of

t he conpound as clainmed in any one of clainms 1-6 in the manufacture of a
medi canent for theviarga®Re@Eipf any condition the result of an infection by

hepatitis Cvirus, West N.le vir el | I ue Virus,
rhi novirus, polio %itsg, 2 H’*E’H&?‘fef‘ﬁ%dlb(ya\‘ff?rﬁé& %ga d{/ailgefglsg@?%f(r?rhea virus or
Japanese encepliiihd fri httSof.

5
4. A purified compound represented by formula I
R
N S5
0) S o 4 | i
o N Z
> \N—b-0 N~ NH,
O H 6H = CH;
HO F
I
wherein R is OH;

or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

10  crystalline form thereof.

- 5. A purified compound represented by formula I

wherein R is -N(-CH,CH,CH,-) (azetidin-1-yl);
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9. A nethod of treatnent in a subject in need thereof, which conprises

adm nistering a therapeutically effective amount of the conpound as clai med
in any orwoabiol7aiins 1-6. 10. A nethod of treatnent in RCIASPOWO942M need

t hereof, which conprises contacting at | east one conpound as clained in any

one of clainms 1-6 with at | east one hepatitis C virus infected cell.
or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

crystalline form thereof.

6. A purified compound represented by formula II
0
O S
s (I)H 4 NH
Ho"  HN-P-0—\ o N—
0] O
HO F
5 I

or a salt, a pharmaceutically acceptable salt, a hydrate, a solvate, or a

crystalline form thereof.

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

and the compound as claimed in any one of claims 1-6.

8. A use of the compound as claimed in any one of claims 1-6 in the
manufacture of a medicament for the treatment of any condition the result of an
15  infection by hepatitis C virus, West Nile virus, yellow fever virus, dengue virus,

rhinovirus, polio virus, hepatitis A virus, bovine viral diarrhea virus or Japanese

encephalitis virus.

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

20  one of claims 1-6.

10. A method of treatment in a subject in need thereof, which comprises
contacting at least one compound as claimed in any one of claims 1-6 with at least

one hepatitis C virus infected cell.
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