WO 2008/ 043704PCT/ EP2007/ 060557 HCV NUCLEGSI DE | NHI BI TOR The present

i nvention provides nucl eosi de conpounds and certain derivatives thereof
whi ch ar ewdnhesnissmas of RNA- dependent RNA viral pol yner aseEPlieseosspnpounds
are inhibitors of RNA-dependent RNA vira{ replication and are useful for
the treatment of RNA-dependent RNA viral "infection. They are particularly
useful as inhibitors of 5 hepatitis C virus (HCV) NS5B pol ynerase, as

i nhibitors of HCV replication, and for the treatnent of hepatitis C
infection. The invention relates to nucleoside inhibitors of HCV replicon
RNA replication. In particular, the invention is concerned with the use of
pyri m di ne nucl eosi de conpounds as inhibitors of subgenom c HCV RNA
replication and pharmaceuti cajcgoQuesebsans tPirgprdRl ni ng such conpounds.
Hepatitis Cvirus is the | eading cause of chronic Tiver disease throughout
the world. (Boyer, N et al. J. Ilepatol. 2000 32:98-112). Patients
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initiation and control of polyprotein translation.

25  Genetic analysis of HCV has identified six main genotypes which diverge by over 30% of
the DNA sequence. More than 30 subtypes have been distinguished. In the US
approximately 70% of infected individuals have Type 1a and 1b infection. Type 1b is the
most prevalent subtype in Asia. (X. Forns and J. Bukh, Clinics in Liver Disease 1999
3:693-716; J. Bukh et al., Semin. Liv. Dis. 1995 15:41-63). Unfortunately Type 1 infections



15 Besceglie, A M and Bacon, B. R, Scientific American, October: 1999
80-85; G LakeBakaar, Current and Future Therapy for Chronic Hepatitis C
Virus Li weo 2Disa@a®e, Curr. Drug Targ. Infect Dis. 2003 BCI)EP26b74025B37 P.
Hof f mann et al., Recent patents on experjnmental therapy for hepatitis C
virus infection (1999-2002), Exp. Opin. “Then Patents 2003 13(11):1707-1723;
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t herapy result

70% 1 el e ra nly 10-150k exhi bit a sustai ned
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Hepatitis C Therapeutics: Current Status and Emerging Strategies, Nature Rev. Drug
Discov. 2002 1:867-881.

1a: R = C(=O)NH,
1b: R = C(=NH")NH,

Ribavirin (1a; 1-((2R,3R,4S,5R)-3,4-Dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-

25 yl)-1H-[1,2,4]triazole-3-carboxylic acid amide; Virazole) is a synthetic, non-interferon-
inducing, broad spectrum antiviral nucleoside analog. Ribavirin has in vitro activity
against several DNA and RNA viruses including Flaviviridae (Gary L. Davis,

Gastroenterology 2000 118:5104-S114). In monotherapy ribavirin reduces serum amino



interferon a-2a and a 40 RD branched nono- net hoxy PEG and PEG I NTRON(r) is
a conjugate of interferon a-2b and a 12 kD nono-net hoxy PEG (B. A Luxon
et al., GvOroosa@3mherap. 2002 24(9):13631383; A Kozl owekir/Eeoa)7d6055F .
Harris, |. Control. Release, 2001 72:217:224). Conbination therapy of HCV
with ribavirin and interferon-a currently represent t he optinal therapy.
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W03/ 026589nteHeroR orda pibi e h@dmfrlrri H@nozme@loxx;PE@@eééﬂEﬁqﬂ‘éTR@N® gt scl oses

{roat i ng FIAUCGTFGLBNTER0 BEbt 111 LK S pd601 b 5000 hrid0bsobaousoss,

both pubd i smz@rdsza)mamw)a%?mé AXKoZdwsRPIITRIDIErri§Y. @bntrolli efeh 252001
prodrugs o ' - and 4' -substituted f3-D and p-L nucl eosides. In

W04/ 002425266512?§%ed January 8, 2004 J.-P. Somradossi et al. disclose the
3'-0-L-valine ester of 2'-C20 nethyl-ribofuranosyl cytidine and its use in
t he treat mémmbnatiqyy thetage af KYawith sibayiria@nd intaiferan-q eura¢rglyfropresent dieat ed

conpound le%ﬁﬁlame%fay! %o%‘?nﬁé@'rfb”%n%sahﬁ 'PEG-IEN (infra) results in a sustained viral
response in 54-56% of patients. The SVR approaches 80% for type 2 and 3 HCV.

25 (Walker, supra) Unfortunately, the combination also produces side effects which pose
clinical challenges. Depression, flu-like symptoms and skin reactions are associated with
subcutaneous IFN-a and hemolytic anemia is associated with sustained treatment with
ribavirin.

A number of potential molecular targets for drug development as anti-HCV therapeutics

30 have now been identified including, but not limited to, the NS2-NS3 autoprotease, the
N3 protease, the N3 helicase and the NS5B polymerase. The RNA-dependent RNA
polymerase is absolutely essential for replication of the single-stranded, positive sense,

RNA genome. This enzyme has elicited significant interest among medicinal chemists.



5 of the cytidine analog 2 (B = cytosine). Further, |denix Pharnmaceuticals,
Ltd. al so discloses in WO 04/046331 Fl aviviridae nutations caused by

bi ol ogi cavbyoesousxe 2' - branched f3-D or p-L nucl eosiPGEEPOI07A60557
pharmaceutically acceptable salt or pr Ogéf ug 25 thereof. B= adeni ne,
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HCVponme S Ometh n US. bllc
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activity. Four conpounds explicitly identified include the 4'-azido
conpoundy 7aWOHe %012 lepublinly¢d Nbvandmp 30DOTH,-Pt $t&nﬁ1aeleﬂsfm1dyP dacqilatdimtloZe and

the 4'-acetyl, co d |f|cat|on 0 e exe fied

i ncl ude t hé‘xg'e)-(e @%%aa g‘erl vaItOII\//meraﬁﬁ ac Wleo?(ti/II ekryIva 2 vrem%' lI/CtIGII)SId‘g Oflrret hoxy
derivative f&emmﬁé’maﬁd 3fImW(b0H9228\2apmbleh8;bDea‘edﬂiehe 2001 ,7.-P. ﬁbrﬁtmdosm and
derivative 8

A vt dr Ll grERRG e PR gER YR RS g b PO ea
di seases. Boulityl nucleosides of formulae 2 and 3. ITn WO 03/026675 and W0O03/026589, both
15 published April 3, 2003, G. Gosselin et al. discloses 4'-alkyl nucleosides 4 and methods of
using 4'-alkyl nucleosides for treating Flaviviruses and Pestiviruses. In W02004003000
and W02004002999, both published January 8, 2004, J.-P. Sommadossi et al. disclose
prodrugs of 1'-, 2'-, 3'- and 4'-substituted B-D and B-L nucleosides. In W004/002422
published January 8, 2004 J.-P. Sommadossi et al. disclose the 3'-O-L-valine ester of 2'-C-
20 methyl-ribofuranosyl cytidine and its use in the treatment of HCV.

Idenix has reported clinical trials for a related compound NM283 which is the valine ester
5 of the cytidine analog 2 (B = cytosine). Further, Idenix Pharmaceuticals, Ltd. also
discloses in WO 04/046331 Flaviviridae mutations caused by biologically active 2'-

branched B-D or B-L nucleosides or a pharmaceutically acceptable salt or prodrug
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B= adenine, thymidine, uracil, cytidine, guanine and hypoxanthine



20 US applications are hereby incorporated by reference in their WO

2008/ 043704PCT/ EP2007/ 060557 6 - 7a: R=N, 7b: R = efilynyl 7c: R = CEL 74:
R = C()) W0 28a8/04RI04= CH, |F = R3 = R4 = H 8b: R3 = OH, PRIAEPRRI¥0RESE H Sc:

RB=COH R =F R =R4 =H8d: R = =H RB=R4 =F8: R =0w, R3 =
OH, R2:R4:H entirety. U 'S. Application Ser. No. 10/167,106 filed June

11, 2002 eq 9/0%%425%&%@5&@15 5%5%0% 8?\50(9? a;f{}s }é)(éafs)nﬁc TBOSIC%OII’tl)hIE)qg)I'SS of

HCV RNA RepPl ca I'oh p1 i'cati1 on
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nucle03|des
5 pyrrolo[2,3-d] pyr1m1d1ne radical 6. The same application discloses one example of a 3[3-

methyl nucleoside. S.S. Carroll et al. (J. Biol. Chem. 2003 278(14):11979-11984) disclose
inhibition of HCV polymerase by 2'-O-methylcytidine (6a). In U.S. Publication No.
2004/0259934 published December 23, 2004, D. B. Olsen et al. disclose methods of
inhibiting Coronaviridae viral replication and treating Coronaviridae viral infection with

10 nucleoside compounds.
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In WO02/100415 published December 19, 2002 (US 2003/0236216 Al), R. R. Devos et al.
disclose 4'-substituted nucleoside compounds that exhibit HCV activity. Four
compounds explicitly identified include the 4'-azido compound, 7a, the 4'-ethynyl

15 compound 7b, the 4’-ethoxy compound 7c and the 4'-acetyl compound 7d.
Modifications to the ribose moiety exemplified include the 2'-deoxy 8a derivative, 3'-
deoxy derivative 8b, the 3'-methoxy derivative 8e, the 3'-fluoro derivative 8c and the 2',2'-
difluoro derivative 8d. In W02004/046159 published June 3, 2004 (US 2004121980), J.
A. Martin et al. disclose prodrugs of 7a useful for treating HCV-mediated diseases. Both

20 US applications are hereby incorporated by reference in their



G S. Jeon and V. Nair (Tetrahedron 1996 52(39):12643-50) disclose the
synthesis 4'- azidonethyl-2', 3" -deoxyri bonucl eosi des 10 (B = adeni ne,
t hym ne awo 2008aa310% as Hl V reverse transcri ptase i nhibi Porgr2&ewersal

conput ati onal studies of 4'-azidonuc|eo§%des have been reported: D,

Calisteo et al., J. Alol. Struct. 1996 384(1):25-33; J. Pepe et al., Fur.

. Med. Chem 1996 32(10):775- g5 786; E. Estrada et ., In silk studies
toward the discovery of New I'2H V Nucl eosi de, J, em |Info. Conp. Sci.
2002 42(5):1194-1203. 1. iNQto et al. disclosedt synt hesi s and the

S
H V and H sinplex bHQ §?yNaK 4' - et hynylHO<deo Lﬁéidine (11) and other
t wo- car bon substituené§§gzz¢heo4'-position &#@gfsé?i s and Nucl eoti des.

183. Synthesis of 4 ched Thym di nes a$ w, WO

4

2008/ 043704PCT/ EP2007/H0®05%H 7 - Type of Anﬂfvrléilwgent, Bi oorg. Med.

Chem Lett. 1999 9:385-88). T. Wada et al. (Nucl eosides & Nucl eotides 1996
13(1-3):287-304) disclose the synthesis and anti-H'V activity of

4' - C-nmet hyl nucl eosi desk=Np WO 01/ 32153 $auBl+6Had =My RI6H 2001, R Storer

di scl oses net hods of mrratipgl or 5 prevedt RigOBI RviR/iFR' elHae viral infection
by adni ni stering di oXelRneEanal ogs of nudt BGsPEdS ~FrR\RIZ/H 8404 publ i shed

March 7, 2002, R DeVvidsReC(#DMedi scl ose %bgéIRLﬁggﬁzgﬁﬁfp rine and
i 1D%@Q 3_?) 1ﬁ$ﬁﬂ

pyri m di ne nucl eosi de derivatives and th of subgenom c
HO replicati.on hat maceyti cal . ¢ sitions nt ai.ni ng salid nucl epsi de
Hor i vari ve et A0S RadiaEc e R LD AR e B St Do el SyPiRuEd
Zu bslt i tut edhypboside lﬁﬁdati@? RY/InhiBitir 6f fbas’ells\IA REAiUbh', l@ﬂd Uo g. A@lic@ti(ﬁﬁlﬁo 248

i scl oses s of L-ri r anos uri,ne. nugl epsi des for t.he
Croctmort dpPhP3% BB G eRiner 15, 20BL H P Bl Sl GRE P S e SR entibF o und
in WO 88/ 0t applich@shshiye MkbippbatdBatinAatiidr edfiretiibyasferedt@l . (Tetrahedr on
1997 53(39):13315-13322) disclose the synthesis 4'- is fluoronethyl

2- deoxy- ID ar H.Wret al. (Reh. BigmaR&D1938-1863)1361 136 aREs the yindisdsRasdandviral
antineop aSaE:tliVCityaontéll'—\e{éiglg—'Z'—deoxy—Z'—ﬂuoro—arabinofuranosyl nucleosides (9: R = H, Me and

Cl).
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B = adenine, uracil, thymine

10 G.S.Jeon and V. Nair (Tetrahedron 1996 52(39):12643-50) disclose the synthesis 4'-
azidomethyl-2',3'-deoxyribonucleosides 10 (B = adenine, thymine and uracil) as HIV

reverse transcriptase inhibitors.

Several computational studies of 4'-azidonucleosides have been reported: D, Galisteo et
al., J. Mol. Struct. 1996 384(1):25-33; ]. Pepe et al., Eur. J. Med. Chem. 1996 32(10):775-

15 786; E. Estrada et al., In silico studies toward the discovery of New Anti HIV Nucleoside, J.
Chem. Info. Comp. Sci. 2002 42(5):1194-1203.

I. Sugimoto et al. disclosed the synthesis and the HIV and H. simplex bioassay of 4'-
ethynyl-2'-deoxycytidine (11) and other two-carbon substituents at the 4'-position

(Nucleosides and Nucleotides. 183. Synthesis of 4' B-Branched Thymidines as a New



Non- nucl eosi de allosteric inhibitors of T-11V reverse transcriptase have
proven effective therapeutics alone and in conbination wth nucl eosi de

i nhi bi t orwoanas/oastoh prot ease i nhibitors. Several classegCofEPe@/omsst eosi de
HCV NS5B i nhi bitors have been described 20 and are currently at various

st ages of devel oprment including: benzi m‘dazol es, (H Hashinpbto etal. WO

01/ 47833, Hashi not et .al,. /1 000234 . |4 t .al. WO
031 0voagn Ayt RP RN AGtn g MR QG 2o 4592 3588 T Walert: (1O, o1
WO 03/ 00794 8uBlbosides dialeesdes (1996 L5(1BgaaVi3ed) dtddse tMOyDB1e00 204 4dti ALY,

benzot hi adi azi.nes,,, e. g. D.. Dhanak et al. WO 01/85172 A, filed
5/10/ 2001: Vil 4 ‘gflgsih.‘/fﬁ‘v@%@fbgs4z4, 25 filed 6/7/2002, D. Dhanak et

al. WO 03/03 iled, 1 8/ : e J. f.f et .al, 03/ 099801 Al
Tl ed s asi306a 0151 bl PndPheE 6. 0L 00 sien eI Fleaorts PEBFIAT B cha
et al. VWO 20040623F2yiviridae dir@/i2@HRO0Y, admi@hairingtdi@lolandBANO4OHAR LR psitled ed
12/13/2003; D. M Fitch et al., W?2004058150, filed 12/11/2003; D. K

T- | ut chi nsdn VéDa2/13AB2005EHA N Arch 7] 262, R/ 28/02004; disclosKnoRelahd kedbwal . WO
2004/ 041818 Al

filed . 2008/ 043704PCT/ EP2007/ 060557.,8 - 2 .
101 31/ 2003} ph bR Eimidie TRl ARV TR RO fiateis of seSisomss
benzot hi oplhtDeésepatidn andoplagmadceaitital cBmpBaitibaycoiifdk 388 liyteoside
13- ket opyruvat es At t amur t al., VS.6,492,423. Bl .. A L Att ra et al. WO
007 06595} - DRty PddopRoals s Pred spmsif ol R 5547 bt puo S BT P € an
pyri m dinegiyadnading baseR. Bail ey and D. C. Young WO 00/ 13708); triazines
(K.-H Chung et al. WD 02/079187 Al ); rhodanine derivatives (T. R Bailey

and D. C 00/ 10 .. Jean et,al. 01/ 727091 2
5 ai oxopy iz e R 52 218 discios WrBhd B L 3hehARI ne . 1 vt i ves
(M Viang etnualkeodidesBboihe tGhement BOBBY 2VBpR48at R4ablis. Abindlar nesifichiddn isnhi bi t

T-1 CV NS5B have. i . b . F. ke et 10 oL in U S. Pub. No.
2006004092fm?r:llcﬁé@%gﬁﬁgﬁ%i%ﬁg(ghﬁékgﬁbﬁ)fﬁ‘}gﬁﬁks rrag gf HC,\/Opri)'?ease reqﬂi red for
iral licati I b [ P t f th
Fut ar e 2003 34c85 cGtasuar ot &7 pa 17 She a2 MR enPtngiod Toe e,
Eng. 2003 4Rpidneth@S6ddc3§a)-eryphnayclibeosideabampentoduahodyheytpdinsant! antivent i on

may be used i (;[orrbj[.n%;ti on with these and ot her pol ynerase and preotease 15
i nhi bit or s Neoplasticactivity.

Non-nucleoside allosteric inhibitors of HIV reverse transcriptase have proven effective
therapeutics alone and in combination with nucleoside inhibitors and with protease
inhibitors. Several classes of non-nucleoside HCV NS5B inhibitors have been described
20  and are currently at various stages of development including: benzimidazoles, (H.
Hashimoto et al. WO 01/47833, H. Hashimoto et al. WO 03/000254, P. L. Beaulieu et al.
WO 03/020240 A2; P. L. Beaulieu et al. US 6,448,281 B1; P. L. Beaulieu et al. WO
03/007945 A1l); indoles, (P. L. Beaulieu et al. WO 03/0010141 A2); benzothiadiazines, e.g.,
1, (D. Dhanak et al. WO 01/85172 Al, filed 5/10/2001; D. Chai et al., W0O2002098424,
25 filed 6/7/2002, D. Dhanak et al. WO 03/037262 A2, filed 10/28/2002; K. J. Dufty et al.
WO003/099801 Al, filed 5/23/2003, M. G. Darcy et al. W0O2003059356, filed 10/28/2002;
D.Chai et al. WO 2004052312, filed 6/24/2004, D.Chai et al. W02004052313, filed
12/13/2003; D. M. Fitch et al., W02004058150, filed 12/11/2003; D. K. Hutchinson et al.
W02005019191, filed 8/19/2004; J. K. Pratt et al. WO 2004/041818 A1, filed



The results of these efforts have been reviewed (J. Z. Chen and Z. Hong,
Targeti ng NS5B RNA- Dependent RNA Pol ynerase for Anti-HCV Chenot her apy,

Curr. Druyotassgp43ionf Dis. 2003 3(3):207-219). The non- neclrapsecd@eisshi bitors
are not related to the present inventio 20 The object of the present
invention is to provide new nucl eosi de conpounds, nethods and conpositions
for the treatnent of a host |rge%ted with hepatitis Cvirus. There is

currently no preventive treatmem of Hepatitis rusO(HCV) and currently
BNl imted. Design and

approved therapies, which (ﬁ{(Hﬁt' 5 agai nstM
devel opment of new phar mageut ilgal gpounds is € nt i il—.CH%e2 Sur pri singly,

-deoxy-2' -1 3- et hyg Nyt ™I ne or esters t eof are useful
treati ng HCV and exh gr toxicity follow p ation to a host.
The present invention™al s& provi des for pharmaceuti chl coﬁ%ositions of the
conpound and at | east one}bharnaceutlcally acceptabl e carrier, excipient or
diluent. WO 2008/043704PCT/EP2007/060557 9 - Cbnbigation t herapy has
proven useful for the treatnent of viral disease and new conpounds

syner gi st [ove [ s} a and
t he pr esentclorgr%gl%)rqgf r cI)I\%}l (fegﬁqf ?q% rdglét1 rre%ltg% 8&@}) ?\‘%%Snuc (gtgm hgliesof t he
gener al fOF(mJCaYerﬁgcirﬁlSEdl @HW@@O/%&W?WW&%MB AReaaRtapheusal t, in

conbi nati on or alternation with one or t her effective antl Vi raI
agent (s) o 49M%§Mu$ta%rwr§ et @lpW%ﬁ%AOﬁ%/Z%)ﬁmrwﬁH@sa@ Gaddl eppleW

phar maceyt igaAlshys AEL ﬁpﬁlﬁmlﬁecﬁ@ﬁersl(?m 1%1@ RAEDL COYo ! m0/13708)T fﬂﬁaﬂ%&sent
i nvention pI’OVI des a nhucl de according to fornmula 1,

phar maceut i(KaH: Qh&BééﬁﬂlaWQaO?é@ﬁlS? heé raBedanipridaryatives 6T of- Eéidé)har@olﬁp@unds f or
the treat ”Bf%tungf\/\l@ 069%573 'Tf@qEﬁfiet‘M WOW%@?F&Q D:4- aoxcﬁalﬁr(@ @L@v"e%t

mdependently el ected fromthe group consisting

C(=0) OR4 arfé @MWYIMH@W@@W@&%WW eéél éd%/fddC’? ﬂp%e gr oup
consi sti ng 59 § () %1@%95@%&%&%@@@@%@@ Gisdka €11 A8 phaboal kyl

(C C3-8 cyclo @i&) het er oal kyl and 15p phenyl
opt i onald y aé &k Stlﬂlhe onp @00 27@@%%8@20&(&5 i ndependent ly selected from

Cl1-3 al kyl, C1_3 al kox hal ogen, an or nitro; '
Inhibifors of HCV protease requ1red or viral replication also have been disclosed (F.

McPhee et al., Drugs of the Future 2003 28(5):465-488; Y. S. Tsantrizos et al., Angew.
Chem. Int. Ed. Eng. 2003 42(12):1356-1360). A nucleoside compound of the present
invention may be used in combination with these and other polymerase and preotease

15 inhibitors.

The results of these efforts have been reviewed (J. Z. Chen and Z. Hong, Targeting NS5B
RNA-Dependent RNA Polymerase for Anti-HCV Chemotherapy, Curr. Drug Targ. Inf.
Dis. 2003 3(3):207-219). The non-nucleoside inhibitors are not related to the present

invention.

20  The object of the present invention is to provide new nucleoside compounds, methods

and compositions for the treatment of a host infected with hepatitis C virus.

There is currently no preventive treatment of Hepatitis C virus (HCV) and currently
approved therapies, which exist only against HCV, are limited. Design and development

of new pharmaceutical compounds is essential.

25  Surprisingly, 2'-deoxy-2'-B-methyl-4'-azido-cytidine or esters thereof are useful treating
HCYV and exhibit lower toxicity following administration to a host. The present
invention also provides for pharmaceutical compositions of the compound and at least

one pharmaceutically acceptable carrier, excipient or diluent.



R5 is hydrogen, Cl1_10 al kyl, phenyl or Cl13 phenyl al kyl said phenyl
optionally substituted with one to three groups independently selected from
t he groupwoanesymsiong of hal ogen, hydroxy, Cl_3 al koxy, ECT&PadKRP6(SSTYano
and nitro; 20R6 is hydrogen or Cl1_6 al kqxy; or, acid addition salts

t hereof. The present invention also provides for the use according to

formula 1. <@nlY (RASHHACkbn ASEARSARL 88l oPAL AR Ao RGO nat i on

ot her effec Ve ant |V|r iona I nc g a Bast one
phar maceut |coaipbyndmyep1gabt mthaartlnarappro%d exd 1rwemg'atmmal ﬁEG\Uémtapkoncstalnd

treat ment ct)he rese L of eﬁttlcl)rg) 04 {]dets ?oer t%:%ﬂ'ﬁ na%\ﬁ H]Ce\f th nugﬁzomgﬁisn?rﬁe e%eraI

treatnent or roﬁ%urm $ouid by
t heory, |tfbmnweﬂwdmaﬂhﬁhaﬁcwb@hmmmﬂbwmdﬂya&xphhbmﬁvemtmmbuanenser|aIIy

phospho n _ce

D008, 0azyoaner i bl ARe Ess gthe! HARTET il Ehis Loy i esupstdaterang
uItinatelyophenﬁbwﬁdummghobmh@hephhmnhmmanﬂﬁmxamhbwmamktwxapknvmnhhwnt
netabolite. A further aspect of the invention thus provides these 5,-0
phosphoryl at ed species, ie conmpounds of thggkbrmula | wherein 12.1 and R3
are H and R2 is a nonophosphate, diphos e or triphosphate ester. 5 The
antiviral activity of a nucleoside inditpr is typically the conbi ned

out cone of uptake of the nucl eo¥i I ot ost capl s, conversion of the

nucl eoside to the active triphosppa#€, fntracellular stability of the
triphosphate, and the ability of he~ \ phosphate to interfere with the RNA
synthesis activity of the viral poRyhera@e As presented in the biol ogical

exanpl es bel ow, the conmpounds of the invention are readily phosphoryl ated
in vivo to Theeraehd iveertionphodtatenaitbsidawecoadihg ngformiutaalc et :11 ul ar

tri phosphate hal f I ust a and hi centrations
of T ant ipniareytislfnoiPEhEat el SRR e RN Ioro T [FrBE ent

i nventi an tieeteerit®f phostiigfecked withripOundheads:or ding to fornula | wherein Rl
122, R3, R4, R5 and R6 are as defined herein above; or a pharmaceutically

accept abl e saRt, R had ®dfre ittiepliFrabaeleasd Gehi edrdgr @nsisampvdiydr@fear s to 15
t he broadest isN or provided in the in the definition
of formula T gﬁ@e(&aﬂgggy ﬂ%gfﬁggighﬁﬁﬁﬁnents provi ded bel ow, substituents
present in e h ar e, not exp li.citl ned retain the

Dt oadest def | s TOFPHBURHSICR i T ey OBt (et FOR-RH ot her
enbodi ment ofbﬂahalqaraels;ﬂ:mb) Chyenaldatkyl, (HeT-8 dyslomkyavddj@i 1 #h@eapliuingd26)
according to forng rein

phar mac&ut i calt tgﬁ?ﬁ§?ﬂﬁ?gﬁgﬁwﬁlSﬂ%%ﬂéﬁgéﬁﬁﬂg5W§ﬁ??d?ﬁ@Te is

provi ded a comteadrcaﬁc:qgalkﬁgc;.palk@;rynhélagdn,wﬁa@b@rﬁmde and R3 are H and R2
i s a nonophosphate, diphosphate or triphosphate ester. In yet another

enbodi ment of Rt R&y@roges I, i AkENph@Rl $er S hesylplkoMaidigsheaylasprpaslnd
substituted with one to three groups independently selected from the group

consisting of halogen, hydroxy, C,.5 alkoxy, C,.5 alkyl, cyano and nitro;

20 R’ is hydrogen or C,.¢ alkoxy; or,

acid addition salts thereof.

The present invention also provides for the use according to formula I, or a

pharmaceutically acceptable salt, optionally in combination other effective antiviral

agent(s) and optionally including at least one pharmaceutically acceptable carrier,
25  excipient or diluent for the treatment of HCV infection in the manufacture of a

medicament for the treatment or prophylaxis HCV in a host.

Without wishing to be bound by theory, it is believed that the compounds of the

invention are serially phosphorylated in human cells by kinases to the 5’-O-



25 according to formula I wherein Rl, R2, R3 each are independently

hydr ogen, COR4 or C(-0)OR4 and R4 is as described herei nabove; or a

phar macewocaddos3macept abl e salt thereof In still anot hecTtarb@dionssst of the
present invention there is provided a ¢ ound according to formula I
wherein R, R2, R3 each are independently hydrogen, COR4 or 30 Q=0) OR4 and

R4 s unbr %g(l)lpo%%o%{ha%, ?néh(? %hgﬂ'ﬁha?e ﬁldklyl 11’naﬁlflctrﬂle%sd F@‘La}%él Wth S CI al l'y

nmet hyl , et rmaceut I ¢ accep e salt
t her eof V\@nﬂﬁ@ﬂb&dﬁ%ﬂﬁﬁi@%lﬁ@%ﬁﬂﬂ&ﬁ@ﬁ&@t dlflhe inventstni thhs mwtd@etheemﬁddl ment

of the pres nt i nvention.there | i.de npound Lacce gdi ng,to rrrula
" whoref n REOTRY GRS seRicbAE bSOl LBy R IR RE FEERC R LA b
accept abl easabmolihloep}emef diphosphatd oratmimhbq:tha&rﬂmdl ment of the present

invention there is provided a conpound 5 according to formula | wherein Rl

i s hydr cgerMheRAtiaind aR3vigrod a @O psidnthhR4toir $ ttmibatl}g/rthh eadmbimetd vatrwohedfCi si m

| kyl h t-butyl;
oL eyl ARy Rl RO Yo TR or R PR B o
two R4 noi etlplﬁﬁphhtemnaa&llhwBt@bilﬂt}yoftthetrqﬁimphaft@mndykdédlﬂitlyof dmnmpms@hﬁ:te Tn

till th d t t th de
compound adBHETTE B PO R yhheRR EREMK of BBl P AaRES s drSeaka thhe
COR4, =0 iodl e 4 2BYWNHRE rorapoluil  of B iandhtica ad S lakeelri
above; < )gk‘gd%?drragmﬁé gj&l) accC: la?abl e sa tmt(}trqgfﬁlenh?tlﬂﬁp@ﬁgth rﬁl "
enbod niht V5B P RATEELE biosty g Roe B S & Re il Fabhe B b hals iREREESH: di ng
t o fornmul aallowhgrsestainRl aahlighZoadeatrticiisagfee ark3inaly 8604 spdCles0) OR4 or 15

COCH(R3) NHR6; and R4, R5 and R6 are as defined herein above; or a
phar maceut ilgaht ymaodiepnabf te zpadrsbnthheammh thédra isgprotided a esmpdimeadcoafing toe

£ ] t h ding to formula |
Pherern 1asSmuiRRndais Ry Re RO ReAC QTR SFESERR0E 8l Ol Te 2 L)
and R6 |28 rpyldiffrmgemlca!lm a@cefpt’ab%e&;ﬁ]llgsﬂfkrétfff ahgphesd "a@ﬂﬁﬁﬂﬁd_ﬂle@d‘Rﬂg@ﬂ(bv’féfﬁfers tde

teric C | ration.o t he r | S t. t . | an

Do ok SRSl o B R % A Bich el B it e dePio it Biteya £y
V\,hgr eRg.S. R3 ﬁ;i\&zn Hbove. @%ﬂfd@éﬁrbbﬂ@neﬂ@pﬂosldle& Oelptvostitueh S Pestiyd in@acks eCt but yl
an | S r en. r u i es
Py o & ooy So LT e e e e Lo maeg fr

anot her enblﬁ)@IiBmﬁﬂiar)Oéfthhﬁwpﬁﬁ@ent invention there is provided a conpound 25
according to formula | wherein R3 is COCH(R5)NHRG6, R5 is iso-propyl,
i so-butyl on aseder atibydimentofRbe preséntdiiegaon tHdﬂeBp}%‘ﬁﬂ@i’z{ &hpsuaingenent of

t his enbodi nent,, st c, conf.i,gus atsi o the R5 group is (S), that is
R Ts ar L asatinars P ien Aokt 3 e hShogd ory e B ekt e ittt
typical |y Halt thereof.

In another embodiment, there is provided a compound according to formula I wherein

R' and R® are H and R* is a monophosphate, diphosphate or triphosphate ester.

In yet another embodiment of the present invention there is provided a compound

25 according to formula I wherein R', R?, R? each are independently hydrogen, COR* or
C(=0)OR" and R* is as described hereinabove; or a pharmaceutically acceptable salt
thereof.

In still another embodiment of the present invention there is provided a compound

according to formula I wherein R', R?, R® each are independently hydrogen, COR* or
30 C(=0)OR*and R*is unbranched or branched C, o alkyl, such as lower alkyl, especially

methyl, ethyl, i-propyl or t-butyl; or a pharmaceutically acceptable salt thereof.



Tn yet anot her enbodi nent of the present invention there is provided a
conpound 30 according to fornmula | wherein 124 and R3 are hydrogen; R2 is
COR4; andwB4oesm4am4adef i ned herein above; or a phar maceutrcaairkgo7acusept abl e
salt thereof In another enbodi ment of the present invention there is
provi ded a conmpound WO 2008/ 043704PCT/I1:’ 2007/ 060557 12 - according to

formul a | erein Rl d F re hydrogen: is COR4: a R4 s CL 10
unbr anched P IR S R Tnsion Rre BB Se il
et hyl, i - progytingro forbuyl wheeinaR fhhydrageu R ead Ry a@ct@Rt abhe salt t her eof

I n anot her enbodi nent, of t present A nvention there is provided a nethod
of treati né)%ﬁr%acg}qgceailgéc g*:gleftsgﬁﬁbre(ffhe Hepatitis C Virus (HCV) virus

conprising adm nistering to a manmal in need thereof, a therapeutically

ef fective doatll anothefenasbaimpourfdhagesmdimgntion theramspeovidedheromipouRld, R2, R3,
R4, RS d R6 _are as defiped herei.n, abave; ,0r phar eutically acceptable
sai t chet edt o BT REM LRBGHRIEHT nERoKE Ko pad BRI IR RN R e o 1 <

provi ded a umbtdnobeddr brapdted ). galldyd, sdils ecloeermaklylagspekidily héteylHetpal i-propylC
Virus (HCV) virus conprising.admnis ing.to mral in need thereof, a
Uher apeut SR ST dap B GRARTT Bl B8 et WHESH el P bR,
wher ei n RLtL2R* andetle2 3harage typitalbgeie;saae, far pharaiacentdntakd.y acceptabl e salt
t hereof. I n another enbodi nent of the present invention there is provided a
met hod of tinedll amgher ehdbadiimedse theptiesdne thvieytidiehekep ptovidesl a&oviirousid ( HCV)

Uher apedt | asiirgmags Bt Fal e Py R TSt as cott g O R i a 1
wher ei n Rl AGCHYRMBERT; arfPRaRA aMBRANR 2 defincABR&In Rdoviesorsepreeinackdticgin t he

group consistin 1of C% 10. unbranched or branched | ower al kyl; or a
phar maceut iaﬁcrflpﬁ% CUEDTEH e salt thereof 20 In another embodiment of the

present inientlilon%[ﬂheerrn% rovfi ded a nmethod of treati n(? a di sease nedi at ed
by the HepdP il anQsngy d?lﬁ of (g RIS HYFP L iR eEdRP VA4S PR rammal
in negpl th%&@ﬁﬁi,nga(l) fd}?ﬁﬂvﬁEWh@zr@ﬁﬂ Rlyanagﬁz?e%my&ogﬁaldﬁikbﬂ)lﬁf C@c(_oy(mg&tzd
according to [ p ergein an .ar rogen; i's r

COCH( R5) Hﬁ@éﬁ@%ﬁ%lw%dl‘f ARy tﬁréaaéefe}&dﬁwéﬁl %lP(?VﬁgorcﬁRI%“éIr_ni‘Be‘WﬁﬂB’anched
or branchedc¢pwdic ltklydreofRs and R6 are as 25 defined herein above; or a
pharmaceutically acceptable salt thereof. In another enbodi ment of the

present i nugRhbBEr ¢HBSEMeEt G AY bESchtanEREIBR theaé istprealiddcampbiaRiase nmedi at ed
"% nocd ¢ haFEBfinedo BREBb v BEECET AL 0N R Hegs bi-PERST AROPGRIOTGRC { he
patient pemudayn®R® & H5ArReHNE A5eRHAH AftahQni@k BEhE dmdEmeh tHRlsterl2, R3,
4K R?O ar(]:gnfli?guration of the R’ group is (S), that is R” is an L-aliphatic amino acid residue. R' in

this embodiment is typically H, whereas R” is H or COCH(R’)NHR®, R’ is iso-propyl, iso-

butyl or sec-butyl and R® is hydrogen. Where a compound has two such COCH(R’)NHR®

moieties they are typically the same amino acid for synthetic convenience.

In another embodiment of the present invention there is provided a compound

25 according to formula I wherein R is COCH(R*)NHR®, R is iso-propyl, iso-butyl or sec-
butyl and R® is hydrogen. In a preferred arrangement of this embodiment, the steric
configuration of the R® group is (S), that is R is an L-aliphatic amino acid residue. R' in

this embodiment is typically H.

In yet another embodiment of the present invention there is provided a compound
30 according to formula I wherein R' and R’ are hydrogen; R* is COR*; and R* is as defined

herein above; or a pharmaceutically acceptable salt thereof.

In another embodiment of the present invention there is provided a compound



30 are as defined herein above, or a pharmaceutically acceptable salt
thereof. Tn another enbodi nent of the present invention there is provided a
nmet hod ofwonreesii4sam4a di sease nedi ated by the Hepatitis ECVIRPa®7(0663%) Vi rus
conprising co-admnistering to a mamual .in need thereof, a therapeutically
effective quantity of a conpound accordifig to WO

2008/ 043704PCT/,EP2007/ 060557 13 <1 far | . whergtn 4, 4 R4, R5 and
20 ot o ae_ dGardins BB DRy EM B g Anar B! R R R AR S0, 0 ¢
t her eof ; anhpraichédkastrandediathyl)nechsasddem atiod] uhbaicaily aredd ydretlatl, iHeapyl ane

i viral hat i nhi bi t L cati fo HOV. | ther enbodi ment of
the pr caent PINIAT B ERSRED PTGl il nod of treating & 5 di sease

medi ated by the,Hepatit.is CMrus (H . rUuS _conpri.si cQ-adm ni stering
P R R e e N R R
conpound aclkiseasdimglidted bptheH eatitinéfiaisr{ HT2D), vifdR coPrisikg adiRmistadn o ar e as
defined herein ap.ove g}r afphtgr macettljt hcaijfl %/ivacc%gih{abtl e salt A g%roer fn; tand,
at | east oﬁréarflrr[rlﬁulrrllenegél M rodai Bt o1 e et Ea 1Yy Pt STREOR YRR R uki n,
t umour necrfeshda i abeein Rl RRORORY, RtantR® atd asglefiaal lodrein@beveslsi hl ed in the

medi cal art will be aﬁware fatgfzse irmur}e system nol ecul es may be in their
natural |y GREUPIFHECHRAHeBIROIEY hessPihe chemical Iy derivatized to inpart
benefi ci al .pharmacoki netic erties. In another enbodi nent ,of.. the present
Cevent fon {RaPAIRCab AT R ARR Bl taven R ARG paS TR B Mg Glr e °F ho
Hepati tic Qis¢hdeusedidted/hy sherHikpadosrprviaisi§ @O adgicomptising agmirdstariddtomnmal i n
need thereofgi a t.hera(fg%uti alt% ef ftecg‘isvfg uant i %%,o a corrpgund gcc r di ng
to fornul a TR EICRITRY, 2 REPRAIRECINTH RS ¥ PpIvAthECedt f¥¢aey°
accept abl e femhiila T héeedf R', & andR’ defiydrgenairai phaahacaticAlydcaptabidt attf er on or

chem cal ly ﬁeri vatized interferon. In another enbodi mrent of the present
i nvention t eéF%f' is provided a nethod of treating a di sease nedi ated by the

Hepatitis Vir S%PO% Vi conpri si ng..co-adn ni st.erjn 0.2 .20 mammal in
need t her edp haliErerbinP LG PERm g ROUSTIER ey  bet BeliethiaralBer ai ng
to formd a disexdeen&iidtedRby thRH epRBtis B4 ir BRHAIE) vausis deiniprisielg heémeiistedotoes or a
phar maceuti cal | y, acce t.abl e s%l t ther ﬁof and, at. |east one at her .anti viral
agent mammal in need thereof, a therapeutically effective quantity of @ compound according to
formula I wherein R is hydrogen; R* and R” are each CORY R* is selected from the group
consisting of C;_19p unbranched or branched lower alkyl; or a pharmaceutically acceptable

salt thereof.

20 In another embodiment of the present invention there is provided a method of treating a
disease mediated by the Hepatitis C Virus (HCV) virus comprising administering to a
mammal in need thereof, a therapeutically effective quantity of a compound according to
formula I wherein R' and R? are hydrogen; R* is COR* or COCH(R’)NHR® R* is selected
from the group consisting of C, 1o unbranched or branched lower alkyl; R> and R® are as

25  defined herein above; or a pharmaceutically acceptable salt thereof.

In another embodiment of the present invention there is provided a method of treating a
disease mediated by the Hepatitis C Virus (HCV) virus comprising administering to a
mammal in need thereof, a dose of between 1 and 100 mg/kg of body weight of the
patient per day of a compound according to formula I wherein R', R%, R>, R%, R’ and R°

30 are as defined herein above, or a pharmaceutically acceptable salt thereof.

In another embodiment of the present invention there is provided a method of treating a
disease mediated by the Hepatitis C Virus (HCV) virus comprising co-administering to a

mammal in need thereof, a therapeutically effective quantity of a compound according to



I n anot her enbodi nent of the present invention there is provided a method
of treating a disease nediated by the Hepatitis C Virus (HCV) virus
conpri si Nyocoesadaioni stering to a 25 manmal in need ther @0T/EPA007/060557
therapeutically effective quantity of a gonpound according to fornula I
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primase inhibjtar, or an HCV fusi i nhi.bi tor,. 30 | enbodi nent of the
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accept abl e sslatted frberiacdhferan thttaikie manodeneccosipfctdtr Bgcadnyl gmsdlatdipefactor.

phar maceut icg_falsllkﬁ ccggt abl.e.car r.ilgr, di luent or exciéoi ent . ln anot her
enbodi mht Gt KA pY BEdRedicah de i BR 2y ars RS LB PR DPHAITHRE bFi L al
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% of a - 10 con%oiénd .according to fornula | wherein Rl, R2, R3, K4, R5 and
R6 are as AOPTHAUENNSHEPIPPSHEYe: or a pharnmaceutical |y acceptabl e salt

t hereof, and the renni nder. c risi at .| east one phaynmaceut, cal |

accept abl o RAPPr SMpedinent SIGRE Bieas i mitioR firs fpseadedd Mefhod.ghfreatha 4y ag
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terms "4 (GHnmghinaed e g SRS T e g e Eading o
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eI O ST XE RN
descri bed ™ (;"erllct)th(e::)Ir embodiment of the present invention there is provided a method of treating a
disease mediated by the Hepatitis C Virus (HCV) virus comprising co-administering to a
20  mammal in need thereof, a therapeutically effective quantity of a compound according to
formula I wherein R', R?, R>, R%, R’ are as defined herein above, or a pharmaceutically

acceptable salt thereof; and, at least one other antiviral agent.

In another embodiment of the present invention there is provided a method of treating a
disease mediated by the Hepatitis C Virus (HCV) virus comprising co-administering to a
25  mammal in need thereof, a therapeutically effective quantity of a compound according to
formula I wherein R', R%, R>, R*, R are as defined herein above, or a pharmaceutically
acceptable salt thereof; and, at least one other HCV protease inhibitor, another
nucleoside HCV polymerase inhibitor, a non-nucleoside HCV polymerase inhibitor, an

HCYV helicase inhibitor, an HCV primase inhibitor or an HCV fusion inhibitor.

30 In one embodiment of the present invention there is provided a pharmaceutical
composition comprising a therapeutically effective quantity of a compound according to

formula I wherein R', R%, R?, R%, R and R® are as defined herein above; or a
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subst i t uentte phbasd ' defined hdrainabbky Iréfed30 et sthifigitiondenedcdsraup asnbr anched
defined above wherein 1, 2, 3 or nore

b hed ch
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25 Compounds of the present invention may have asymmetric centers located on the side
chain of a carboxylic ester, amide or carbonate moiety that produce diastereomers when
linked to the nucleoside. All stereoisomers of a side chain of compounds of the instant
invention are contemplated, either in admixture or in pure or substantially pure form.

The definition of the compounds according to the invention embraces all both isolated

30 optical isomers enantiomers and their mixtures including the racemic form. The pure
optical isomer can be prepared by stereospecific synthesis from a-D-ribose or the racemic

form can be resolved by physical methods, such as, for example, fractional crystallization,

separation or crystallization of diastereomeric derivatives or separation by chiral column



The term "cycl oal kyl al kyr as used herein refers to the radical R R'-,
wherein R is a 25 cycloal kyl radical as defined herein, and R' is an
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The term “cycloalkyl” as used herein denotes a saturated carbocyclic ring containing 3 to
8 carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl.

The term “cycloalkylalkyl” as used herein refers to the radical R'R"-, wherein R is a

25 cycloalkyl radical as defined herein, and R" is an alkylene radical as defined herein with
the understanding that the attachment point of the cycloalkylalkyl moiety will be on the
alkylene radical. Examples of cycloalkylalkyl radicals include, but are not limited to,
cyclopropylmethyl, cyclohexylmethyl, cyclopentylethyl. Cs.; cycloalkyl-C,.5 alkyl refers to
the radical R'R" where R' is Cs.7 cycloalkyl and R" is C, .5 alkylene as defined herein.

30 The term "alkylene" as used herein denotes a divalent saturated linear hydrocarbon
radical of 1 to 8 carbon atoms or a branched saturated divalent hydrocarbon radical of 3
to 8 carbon atoms, unless otherwise indicated. Examples of alkylene radicals include, but

are not limited to, methylene, ethylene, propylene, 2-methyl-propylene, butylene, 2-
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The term “aryl” as used herein denotes an optionally substituted monocyclic or
polycyclic-aromatic group comprising carbon and hydrogen atoms. Examples of suitable
aryl groups include, but are not limited to, phenyl and naphthyl (e. g. 1-naphthyl or 2-
25 naphthyl). Suitable substituents for aryl are selected from the group consisting of alkyl,
alkenyl, alkynyl, aryloxy, cycloalkyl, acyl, acylamino, alkoxy, amino, alkylamino,
dialkylamino, halogen, haloalkyl, hydroxy, nitro and cyano.

The term “acyl” ("alkylcarbonyl") as used herein denotes a group of formula C(=O)R
wherein R is hydrogen, unbranched or branched alkyl containing 1 to 7 carbon atoms or

30 aphenyl group.



30 The term "conbi nati on” or "conbination therapy" as used herein in
reference in admnistering a plurality of drugs in a therapeutic reginen by
concur r erwoanosgagmeent i al admi ni stration of the drugs at pCmEPI@TRcESSTE Or at
different tinmes. WD 2008/ 043704PCT/ EP282?/ 060557 18 - The term
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25  In the pictorial representation of the compounds given throughout this application, a
thickened tapered wedge bond indicates a substituent which is above the plane of the ring
to which the asymmetric carbon belongs (also designated ) and a dotted wedge bond

indicates a substituent which is below the plane of the ring to which the asymmetric
carbon belongs (also designated a.).
30 The term "combination” or "combination therapy" as used herein in reference in

administering a plurality of drugs in a therapeutic regimen by concurrent or sequential

administration of the drugs at the same time or at different times.
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diimidazole (CDI), 1,4-diazabicyclo[2.2.2 octane (DABCO), 1,5-diazabicyclo[4.3.0]non-
5-ene (DBN), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), N,N'-
dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE), dichloromethane (DCM),
diethyl azodicarboxylate (DEAD), di-iso-propylazodicarboxylate (DIAD), di-iso-
30 butylaluminumhydride (DIBAL or DIBAL-H), di-iso-propylethylamine (DIPEA), N,N-
dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP), N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol

(EtOH), 2-ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl ether
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or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature

15 including the prefixes normal (n), iso (i-), secondary (sec-), tertiary (tert-) and neo have

their customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Klesney,
Nomenclature in Organic Chemistry, IUPAC 1979 Pergamon Press, Oxford.).

Compounds of the present invention can be made by a variety of methods depicted in the
illustrative synthetic reaction schemes shown and described below. The starting materials

20 and reagents used in preparing these compounds generally are either available from
commercial suppliers, such as Aldrich Chemical Co., or are prepared by methods known
to those skilled in the art following procedures set forth in references such as Fieser and
Fieser’s Reagents for Organic Synthesis; Wiley & Sons: New York, Volumes 1-21; R. C.
LaRock, Comprehensive Organic Transformations, 2™ edition Wiley-VCH, New York

25 1999; Comprehensive Organic Synthesis, B. Trost and 1. Fleming (Eds.) vol. 1-9 Pergamon,
Oxford, 1991; Comprehensive Heterocyclic Chemistry, A. R. Katritzky and C. W. Rees (Eds)
Pergamon, Oxford 1984, vol. 1-9; Comprehensive Heterocyclic Chemistry 11, A. R. Katritzky
and C. W. Rees (Eds) Pergamon, Oxford 1996, vol. 1-11; and Organic Reactions, Wiley &
Sons: New York, 1991, Volumes 1-40. The following synthetic reaction schemes are

30 merely illustrative of some methods by which the compounds of the present invention
can be synthesized, and various modifications to these synthetic reaction schemes can be
made and will be suggested to one skilled in the art having referred to the disclosure

contained in this Application.

The starting materials and the intermediates of the synthetic reaction schemes can be

35 isolated and purified if desired using conventional techniques, including but not limited



step 1 eN) NNO=( mCl-C H4CO2 O N INstep 6 Tha 3 OMe PhCO, 21
4- Am no- 1- (5-azi do- 4- hydr oxy- 5- hydr oxynet hy1l- 3- net hyl -t et rahydr o-furan-2-yl

) - 1Hpyr i mvoi2nesAdamee (22) is prepared from PCT/EP2007/060557
1- (4- hydr oxy-5- hydroxynet hyl- 3-net hyl te é@hydr o-furan-2-yl)-1H pyri m di ne-2
,4-dione (18a) (D. 0. G cero et al., "Stereosel ective synthesis of novel

anal ogs of .2'~deoxy-,. 20, 3 - di deoxynpucl eosi des wit.h \pat entyd al . antiviral
sttty GOBTEY pisln i el Ao ST B8 a8l Wk 0% S0 ™ epe a7008
Al entitl edati Pe dpanatiized usihgremvepBom)-mamns iGQuENg phydabrynstnG dnyldpeaeal by |
anti sense %Jaj'[agonucl eotides useful in scientific research, therapeutics and
di agnostics™, 10 published Tune 16, 1993) using the procedure of Miag et

al. (vide ra A . . 4- Ami no- 1. - 5-.azido-.4- hydr oxy-5

2y or oxymet s REEAT ARy Pirdiens s SRR RS onduts
exhi bi t s5 gondemot ingittaiymospharece himdxpb ek preplurcan rassian téroperbkive polgy oEr ase
activity (TABLE T)._Furt h%rprmre Jhe corrpoung exhi bf')t ed | ow | evel s of
cytoxicity from g ta—_g%agjto abpag|l Y 1C,@?]rﬁ@)a?fara ly from about 0° C to about 125° C,

and most preferably and conveniently at about room (or ambient) temperature, e.g.,

about 20° C.

While chemical modification of the 2" and 3'-positions of nucleosides has been explored,

10 modification of the 4'-position has been less prevalent, most like due to the added
synthetic challenges associated with their synthesis. Maag et al. (Anti-HIV Activity of 4'-
Azido and 4'-Methoxynucleosides, J. Med Chem. 1992 35:1440-1451) disclose the
synthesis of 4'-azido-2-deoxyribonucleosides and 4-azido nucleosides. C. O'Yang, et al.
(Tetrahedron Lett. 1992 33(1):37-40 and 33(1):41-44) disclose the synthesis 4'-cyano, 4'-

15  hydroxymethyl- and 4'-formyl nucleoside compounds substituted nucleosides. These
compounds were evaluated as anti-HIV compounds. Maag et al. (supra) taught 4'-azido
nucleosides 16¢ can be prepared by addition of iodine azide to 5-methylene-tetrahydro-
furan-2-yl nucleosides 15 wherein B is thymine, uracil, adenine or guanosine. In U.S.
Patent Pub. No.

B B
HZC{Y _— X_W
A
H(; RO\
(15) 16a: X=1;R=H
16b: X = OC(0)-m-CI-C,H,CI; R = COPh
20 16c: X=0H:R=H

20050038240, published February 17, 2005, T. J. Connolly et al., disclose an improved
process for preparing 4'-azido nucleosides. In WO 02/100415, R. Devos et al. disclose the
new 4'-substituted nucleoside derivatives which inhibit HCV NS5B viral DNA

25 polymerase. The addition of iodine azide is most efficiently carried out on the uridines
15 (B = uracil) which can be converted to corresponding cytidine utilizing the method
described by A. D. Borthwick et al., (J. Med. Chem. 1990 33(1):179; see also K. J. Divakar
and C. B. Reese J. Chem Soc., Perkin Trans. 1 1982 1171-1176).



Maxi mum 910 Tnhi biti on HCV Pol (100 uM WMaxi nrum 910 Cytotoxicity (100 uM
22 98.58 9.48 15 WD 2008/ 043704PCT/ EP2007/ 060557 22 - often limted by
two fact owe.2od8/mustohy, poor pharmacoki netic properties fPeqEPtd7pedssT t t he
absorption of the nucl eoside fromthe g%_and the intracellular
concentration of the nucleoside derivatives and, secondly, subopti nal
physical properties restrict formulaian options which could be enployed to
enhance delivery of the active ingredient. 5 Albert introduced the term

prodrug to describe a conmpognd which | acksgintrinsic biolggical activity
but which is capableo abolic transfe€mation to th tlve drug

subst ance (A. Al bert w?tl ve Toxi (9=1(Ny Chapnman an London, 1951).
Produgs have beeHO revi evve tt myerx . Med Chem 2004
47(10):2393-2404; K B auer'rrt—'Et rr —Dr'U'g I\/Q&‘éb! 2003 #4-™61- 483; H.
Bundgaar d, Design of rigs: 10 mer? bl e derT Vati V&L Yor vari ous

functi onal groups aR@ chem cal ent ™% es in Desigfhe?: Prodrugs, H. Bundgaard
(ed) Elsevier Sci e BulXiGhers, Amgpsterdatnl985— @a:Ke1Paul etti et at
Adv. Drug Deliv. 1f99‘7=127 235-256: R J. Jones 200: XBms@RGEYer ger
Antiviral Res. 1995t61217 t1('51\: and C. R Wagner et at, Med. Res. Rev. 2000
20:417-45). Wiile the neta c transfornmati 0y can cat al yzed by sfpem fic

enzynes, often hydrol ases; j j
m-CI-C,H,CO; RCO;
N step 6 N“\ step 7 N3\\\

PhCO RCO,
21 2 23

4-Amino-1-(5-azido-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1H-
pyrimidin-2-one (22) is prepared from 1-(4-hydroxy-5-hydroxymethyl-3-methyl-

5 tetrahydro-furan-2-yl)-1H-pyrimidine-2,4-dione (18a) (D. O. Cicero et al.,
"Stereoselective synthesis of novel analogs of 2'-deoxy- and 2',3'-dideoxynucleosides with
potential antiviral activity”, Bioorg. Med. Chem. Lett. 1994 4(7):861-6; A. Iribarren,
EP547008 Al entitled "Preparation of new (2'R)- and (2'S)-2'-deoxy-2'-C-hydrocarbyl
antisense oligonucleotides useful in scientific research, therapeutics and diagnostics",

10 published June 16, 1993) using the procedure of Maag et al. (vide supra) (SCHEME A).
4-Amino-1-(5-azido-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1H-
pyrimidin-2-one (22) exhibits good activity in a cell based replicon assay for HCV
polymerase activity (TABLE I). Furthermore the compound exhibited low levels of

cytoxicity in the assay.

TABLE I
Compound Maximum % Maximum %
Inhibition HCV Pol Cytotoxicity
(100 uM) (100 uM)
22 98.58 9.48

15
Nucleoside derivatives often are potent anti-viral (e.g., HIV, HCV, Herpes simplex,

CMV) and anti-cancer chemotherapeutic agents. Unfortunately their practical utility is
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hydrolyzed or dealkylated in vivo to generate the active compound.

Factors limiting oral bioavailability frequently are absorption from the gastrointestinal
25  tract and first-pass excretion by the gut wall and the liver. Optimization of transcellular

absorption through the GI tract requires a D(; 4) greater than zero. Optimization of the

distribution coefficient does not, however, insure success. The prodrug may have to

avoid active efflux transporters in the enterocyte. Intracellular metabolism in the

enterocyte can result in passive transport or active transport of the metabolite by efflux
30 pumps back into the gut lumen. The prodrug must also resist undesired

biotransformations in the blood before reaching the target cells or receptors.

While putative prodrugs can sometimes be rationally designed based on the chemical
functionality present in the molecule, chemical modification of an active compound

produces an entirely new molecular entity which can exhibit undesirable physical,
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Selective acylation of the specific hydroxyl groups on the carbohydrate radical can be
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30 One skilled in the art will recognize that the selective esterifications can also be

accomplished by standard chemical methodology. Selective protection of the 5'-hydroxyl
group has been described which will allow direct esterification of the 2'-hydroxyl or
alternatively incorporation of a second protecting group which will allow deprotection

and selective acylation of the primary alcohol.
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pharmaceutical excipients, diluents or carriers selected with regard to the intended route

30 of administration and standard pharmaceutical practice.

A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer
a desirable pharmacokinetic property on the active ingredient which were absent in the
non-salt form, and may even positively affect the pharmacodynamics of the active

ingredient with respect to its therapeutic activity in the body. The phrase
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infection. One of ordi nary skill in treati ngdi seases fescribed herein wll
be abl e m@%ﬁﬁlu@ﬁéﬁ?@te’ talc, sugar, lactose, pectin, trin, starch, gelafin, tragacanth,

methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and
the like. Solid form preparations may contain, in addition to the active component,
25  colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation
including emulsions, syrups, elixirs and aqueous suspensions. These include solid form
preparations which are intended to be converted to liquid form preparations shortly

30 before use. Emulsions may be prepared in solutions, for example, in aqueous propylene
glycol solutions or may contain emulsifying agents such as lecithin, sorbitan monooleate,
or acacia. Aqueous suspensions can be prepared by dispersing the finely divided active
component in water with viscous material, such as natural or synthetic gums, resins,
methylcellulose, sodium carboxymethylcellulose, and other well known suspending

35 agents.
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reduce symptoms of the disease in an individual. The dose will be adjusted to the
individual requirements in each particular case. That dosage can vary within wide limits
25 depending upon numerous factors such as the severity of the disease to be treated, the age
and general health condition of the patient, other medicaments with which the patient is
being treated, the route and form of administration and the preferences and experience of
the medical practitioner involved. For oral administration, a daily dosage of between
about 0.1 and about 10 g per day should be appropriate in monotherapy and/or in
30 combination therapy. A preferred daily dosage is between about 0.5 and about 7.5 g per
day, more preferred 1.5 and about 6.0 g per day. Generally, treatment is initiated with a
large initial "loading dose” to rapidly reduce or eliminate the virus following by a
decreasing the dose to a level sufficient to prevent resurgence of the infection. One of

ordinary skill in treating diseases described herein will be able, without undue
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administration of two or more dosage forms with a single active agent.

It will be understood that references herein to treatment extend to prophylaxis as well as
25  to the treatment of existing conditions. Furthermore, the term "treatment” of a HCV

infection, as used herein, also includes treatment or prophylaxis of a disease or a

condition associated with or mediated by HCV infection, or the clinical symptoms

thereof.

Example 1
30 step 1 - A solution of 18a (2.17 g, 8.96 mmol, 1 equiv.), imidazole (732 mg, 10.7 mmol,
1.2 equiv.) and PhsP (2.82 g, 10.7 mmol, 1.2 equiv.) in dry THF (30 mL) was cooled on
an ice-water bath, and a solution of iodine (2.50 g, 9.85 mmol, 1.1 equiv.) in dry THF (10
mL) was added dropwise over 10 min. The reaction mixture was stirred at 0-5° C for

another 10 min. The ice-water bath was removed and the reaction mixture was stirred at
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(66% of 22 which was 98% pure on LCN1S (-2.0% of contam nant 2'- |sorrer)
mmol, 1 equiv.). NMM (140 ul, 0.106 mmol, 0.3 equiv.) was added and the resulting

solution was cooled on an ice-water bath, and a solution of iodine (1.81 g, 7.14 mmol, 1.7
equiv.) in dry THF (39 mL) was added dropwise over 1 h. The resulting reaction mixture
25 was stirred at 0-5° C for another 2 h. N-Acetyl-L-cysteine (69 mg, 0.035 mmol, 0.1
equiv.) was added and the solution was stirred until the bubbling subsided. NMM (2.31
ml, 21.0 mmol, 5 equiv.) and DMAP (513 mg, 4.2 mmol, 1 equiv.) were added followed
by a dropwise addition of benzoyl chloride (1.1 mL, 9.24 mmol, 2.2 equiv.). The reaction
mixture was stirred at 0-5° C for 30 min then stored in refrigerator overnight. Both TLC
30 and LC-MS analysis showed a complete reaction. MeOH (5 mL) was added and after a
few minutes the solvent was concentrated to half volume on rotavapor and then a
solution of 0.1 M Na,S,0s in saturated aqueous NaHCO3 (300 mL) was added under
stirring, and the mixture was warmed to RT. The mixture was extracted with DCM (150

mL) and the aqueous layer was twice extracted with DCM (50 mL). The combined
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10  chlorobenzoic acid (359 mg, 2.29 mmol, 0.66 equiv.) in 1.75 M aqueous K;HPO, (55

mL). The two-phase system was stirred vigorously at RT and two portions of a
commercially available reagent mixture containing 55% MCPBA, 10% m-chlorobenzoic
acid and 35% H,O (2 x 3.57 g, corresponding to 2 x 16.5 mmol or 2 x 3.28 equiv. MCPBA
and 2 x 3.3 mmol or 2 x 0.66 equiv. m-chlorobenzoic acid) was added over a 1.5 h

15 interval. The mixture was stirred vigorously at RT for another 18 h. LC-MS analysis
showed >96% reaction. A solution of Na,S,03-5H,0 (35 g) in saturated aqueous
NaHCOs3 (500 mL) was added and the mixture was stirred vigorously at RT for 30 min.
The organic layer was separated and the water layer was washed with DCM (2 x 10 mL).
The combined organic layers were washed with saturated aqueous NaHCOs (40 mL). The

20 aqueous NaHCOs; layer was washed with DCM (2 x 10 mL). The combined organic layers
were dried (Na,SOy), filtered and concentrated. The residue was purified by SiO,
chromatography eluting with a EtOH/DCM gradient (1-2% v/v EtOH) to afford 1 g
(56%) of 20b: "H-NMR (CDCls, 25 °C): 8 8.19 (br s, 1H), 8.07-7.88 (4H), 7.65-7.36 (6H),
6.57-6.45 (1H), 5.64 (dd, 1H), 5.51-5.42 (1H), 4.80 (m, 2H), 3.24 (m, 1H), 1.09 (d, 3H).

25  step 5 - The diester 20b (100 mg, 0.19 mmol, 1 equiv.) and 1,2,4-triazole (131 mg, 1.9
mmol, 10 equiv.) were co-evaporated from dry pyridine and redissolved in dry pyridine
(1 mL). The solution was cooled in an ice-water bath, and a solution of POCI; (44 ul,
0.475 mmol, 2.5 equiv.) in MeCN (0.5 mL) was added dropwise over a few min. The
reaction mixture was stirred at 0-5° C for another 5 min, and then stirred at RT for 3 h.

30 The reaction mixture was concentrated to half volume on rotary evaporator and then
treated with saturated NH3; in ethanol (20 mL) and the resulting solution was stirred at
RT overnight. The residue after evaporation was purified by SiO, chromatography
eluting with a stepwise EtOH/DCM gradient (6, 10, 15 and 20% v/v EtOH) to afford
0.036 g (66%) of 22 which was 98% pure on LCMS (~2.0% of contaminant 2’- isomer).
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The pH of a solution of 22 (0.700 g, 2.48 mmol) in THF (7 mL) and diluted brine (7 mL)
10 is adjusted with dilute aqueous KOH to ca. 11. Isobutyryl chloride (1.0 g) is added slowly
(dropwise) to the ice-cold stirred biphasic reaction mixture while the pH is maintained
pH at about 11 by adding dilute aqueous KOH as required. The extent of the reaction is
monitored by HPLC. Added additional 1 eq. of isobutyryl chloride under the HPLC
indicates near complete conversion. The reaction mixture is allowed to stand overnight
15 at RT. The solution is diluted with EtOAc (50 mL) and the pH of the aqueous phase is
adjusted to ca. 7.5 with conc. HCI. The phases are separated and the organic phase is

washed three times with water and is evaporated to dryness to obtain 25.

Example 3
Pentanoic acid (2R,3S,4S,5R)-5-(4-amino-2-ox0-2H-pyrimidin-1-yl)-2-azido-4-
20 hydroxy-2-hydroxymethyl-tetrahydro-furan-3-yl ester (27)
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10 to 50° C. The phases are separated and the organic phase is twice extracted with warm

MTBE. The combined organic phases are twice washed with hot brine, are dried

(Na,SOy), filtered and are concentrated in vacuo.

Example 4
Tetradecanoic acid (2R,35,4S,5R)-5- (4-amino-2-oxo-2H-pyrimidin-1-yl)-2-azido-3-
15  butyryloxy-4-methyl- tetrahydro-furan-2-ylmethyl ester (28)
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29 28: R"=C;H,,

A suspension of 29 (1.0 g, 3.52 mmol), vinyl myristate (1.2 g, 4.57 mmol), Candida
antartica lipase immobilized on polyacrylate resin (0.30 g; Sigma catalog no. L4777 from
Novosome) and THF (20 mL) is warmed to 60° C overnight. HPLC analysis indicates
20  that the reaction is about 33% complete and an additional 2.4 mL of vinyl myristate and
0.3 g of lipase is added. After an additional 48 h the reaction is 50% complete and an
additional 0.3 g of the enzyme and 3 mL of vinyl myristate were added. After
approximately 80 h (total reaction time) conversion to the monoester is complete. The
crude reaction mixture is filtered through CELITE® and the filter pad washed with THEF.
25  The combined organic phase is evaporated. The residue is dissolved in MeOH (50 mL)
and is extracted with hexane (2 x 20 mL). The methanolic solution is evaporated and the
residue is dissolved in EtOAc and is washed with NaHCO; and the EtOAc phase is dried
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N*- [(Dimethylamino)methylene]-4’-azido-2’- B-C-methyl-2’-deoxycytidine (32).

A solution of 22 (1.81 g, 6.42 mmol) in DMF (30 ml) is treated with dimethylformamide
dimethylacetal (8.2 ml, 61.73 mmol) and stirred for 1.5 h at room temperature. The
10  solution is evaporated under reduced pressure and coevaporated with ethanol.

Crystallization from ethanol/ether yields title compound 32.

3’,5’-O-bis[ N-(tert-Butoxycarbonyl)-L-valinyl]- N*- [(dimethylamino)methylene]-4’-
azido-2’- B-C-methyl-2’-deoxycytidine (33).

15 To asolution of 32 (1.26 g, 3.74 mmol) in a mixture of dry acetonitrile (30 ml) and DMF
(15 ml) is successively added Boc-Val-OH (1.62 g, 7.48 mmol), EDC (1.43 g, 7.48 mmol),
TEA (1.04 ml, 7.48mmol) and DMAP (0.1 g). The resulting mixture is stirred at room
temperature. The progress of the reaction is followed by HPLC and the reaction mixture
recharged with Boc-Val-OH (0.63 g), EDC (0.72 g), TEA (0.52 ml) and DMAP (0.05 g).

20  After the starting material is totally consumed, the solvent is removed under reduced
pressure. The residue is taken up in ethyl acetate and washed with water and brine.
Purification by silica gel column chromatography (gradient 5-40% EtOAc in Hexane)

gives title compound 33.
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i sobutyryl afoy&fnydirded SehidvdH oftﬁt('i% oln 9iithal HSEth%ssqm)/ alldR) 13 ml of 1M
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HPLC and when conpl e uenched wth water to destroy the excess of
|sobutyrlcaaﬁﬁyﬂhvﬁ@d@ﬁdr¢éﬁbve N4-protection. The solvents are evaporat ed
at reduced pressure and coevaporated with ethanol. The residue is dissolved
in ethyl acetate and washed with NaHGD@Huﬂﬁﬁne 20 Purification by silica

gel colum r onat ogr a nt 1 xa ives title
conpound Zgﬁgf‘/@t]%ﬁ%ﬁ’ﬁ%él};ﬁg?g?#' '?6%)‘?? ; azido’? ﬁh E'mé}ﬁ%'? )
10 deoxycytidine. (Isobutyric acid (2R,3S,4S,5R) 2-(4-amino-2-oxo-2H-pyrimidine-1-yl)-2-
isobutyryloxymethyl-4-methyl-tetrahydrofuran-3-yl ester) (25).

, e
= N\N \i | 0 = NH
I\/ o) = NQ/N 0o ) 2
(0]

N o
N
\\(_Z/ g (-PrC0),0/Py
Ny o

HO Me

N3 )
(0] Me
22 0 o}
25

3’,5’-O-bis(isobutiryl)-4’-azido-2’- B-C-methyl-2’-deoxycytidine (25).

15 To asolution of 22 (1.26 g, 3.74 mmol) in dry pyridine (25 ml) is added isobutyric
anhydride (1.77 g, 11.2 mmol) at 0°C. The reaction is followed by HPLC and when
completed quenched with water to destroy the excess of isobutyric anhydride and remove
N*-protection. The solvents are evaporated at reduced pressure and coevaporated with
ethanol. The residue is dissolved in ethyl acetate and washed with NaHCOs, brine.

20  Purification by silica gel column chromatography (gradient 10-40% EtOAc in hexane)

gives title compound 25



35 - Exanple 7 4'-Azido-3"-0-(L-valinyl)-2'-)3-C nethyl-2'-deoxycytidine
(37)
Nt 5' - O- biwOrrossaagtonoxyt ri tyl) - 4' - azi do- 2' - P- G- net hyl - 2' pdempPgayiscassne ( 35) .
5 A mxture of 22 (2.82 g, 10 mmol) and gllNlTrCl (9.13 g, 30 mmol) in
pyridine (30 m) is stirred overnight at>800C. After addition of MeOH (3
m) and stirring for another 211, the,solvent is evaporated and the residue
di vi ded between ethyl acetate and waté&l. pllﬁg organi ¢ phase is washed with
wat er, brineaand-evaponatid)-2LPprd-hieaal oty cpidihee7gel col um
chr omat ogr aphy (O-XSI%gI\/EOHﬁ?)n I:%\/) ge?l\%s ti(??yeﬁcorrp%ugd 35. 10
N4, 5' - 0- bi s(nononet hoxytrityl)-4'-azidq-3'
[ N-(tert-Butoxycarbonyl)-L-valinyl]-2 - C-nethyl -2' -deoxycytidine (36).
To a solution of 353,09 Quirape(4 AR in a mxture @ drgr-B@aemmmoci l e
(30 n) and DNz (A5Mmil9) are succ - O/ B8 Mg NVPNF 74
mmol ), EDC (&\V2/9.7y3. 74 15 mol ), ‘
g). The resuligi ny, /8 xture is stirred at woomt efipg :
the reaction is followed by HPLC and theHpeaots onyxture recharged with
Boc- Val - OH (0.4 .9), EDC (0.36 g), TEA (0.26,m) and DVAP (0.04 g). \Wen the
starting material is totally consuned, the solvent is renoved under reduced
pressure. The residue is taken up in ethyl acetate and washed with water
and WD 2008/ 043704 / EP2007/ 060557 36 - brine. Purification by silica gel
col utm chr omat ogsap (gradient 5-40% EtO0Ac in Hexang) gi ves tiNhl*&lcorrpound
O

36. O HCI/EtOH

N

H I
= N N
— o) Nl/w/ R N 7]/
~ N 3 o
N g]/ O QO Me
0 O Me >\2=o
\
>\8:OO N NH,*HCI
N
36 o 37

N*,5°-0-bis(monomethoxytrityl)-4’-azido-2’- f-C-methyl-2’-deoxycytidine (35).

5 A mixture of 22 (2.82 g, 10 mmol) and MMTrCl (9.15 g, 30 mmol) in pyridine (50 ml) is
stirred overnight at 80°C. After addition of MeOH (5 ml) and stirring for another 2 h, the
solvent is evaporated and the residue divided between ethyl acetate and water. The
organic phase is washed with water, brine and evaporated. Purification by silica gel

column chromatography (0-5% MeOH in DCM) gives title compound 35.

10

N*',5°-0-bis(monomethoxytrityl)-4’-azido-3-[ N-(tert-Butoxycarbonyl)-L-valinyl ] -2- 8-
C-methyl-2’-deoxycytidine (36).

To a solution of 35 (3.09 g, 3.74 mmol) in a mixture of dry acetonitrile (30 ml) and DMF
(15 ml) are successively added Boc-Val-OH (0.81 g, 3.74 mmol), EDC (0.72 g, 3.74

15 mmol), TEA (0.52 ml, 3.74 mmol) and DMAP (0.07 g). The resulting mixture is stirred at
room temperature. The progress of the reaction is followed by HPLC and the reaction
mixture recharged with Boc-Val-OH (0.4 g), EDC (0.36 g), TEA (0.26 ml) and DMAP
(0.04 g). When the starting material is totally consumed, the solvent is removed under

reduced pressure. The residue is taken up in ethyl acetate and washed with water and



4' - Azi do-3'-0-(L-valinyl)-2'-)3-C nethyl-2'"-deoxycytidi ne (di hydrochl ori de
salt, 37). To 5 a concentrated solution of 36 (2.4 g, 2.34 mol) in EtOH is
sl owl y adaecodsd4aiosof 1M 1-1CL in EtOH The reaction m PCumP2008/064557 r ed f or
4 h at roomtenperature and dil uted mﬁtg ether. The precipitate is filtered
and washed with ether to give the title génpound (37) as the

di hydrochl gride,salt . aml e ‘- Az do-3' - 0-1sobutiryld o .

T B & etk s RO s e Pua S o Rph S BRANLARS dp feppy in

- 243- C- et Mdxae)-gileoxiyle yompowmel 3638) . 15 To a solution of 35 (3.09 g, 3.74
mml) in dry pyridine (25 nml) is added isobutyric anhydride (0.89 g, 5.61
nmmol ) at 0C. The reaction is followed by HPLC and when conpl ete quenched
with water to destroy the excess of isobutyric anhydride. The solvents are
evapor at ed 4atAzrd@d31C@1dL%Bﬁ;ﬂpmﬁaﬁdle@gwaa%;@&ﬁiﬂim tdihri-ba@netide shives 7 esé due
is dissolved in ethyl acetate, washed wi th NaHCO3, brine and evapor at ed.
The crude MPRcotrafidspbidioadf 36 (2.4 aplid4mimolyay Bt isslowlg addedddimledf 1vh 80%
AcOH and stiErgE@H. PACUBES midliYs d8ROLREhed rafm NANIHh et AHPSIude

solvent is evaporated and the residue was putlfleénby,5|llca gel colum
chr omat ogr aptyetha. Phopivspiatens Hawd usd washed pid otharte gie Msoifked-oggoungp

2008/ 04370 - Exanmple 9
5'-0-(L-vaﬁ?ﬁ}%@gﬁg-é%?gg?gaﬁgg%}nethyI-2'-deoxycytidine (43)

5'-0-t-Butyl dinethylsilyl-4'-azido-2'-ja-C nethyl-2'-deoxycytidine (39). 5
To a solution of 22 (2.82 g, 10 mol) in DW (5 m) is added i m dazol e
(1.02 gy, 15 nmol ) and TBSCL (1.95 g,E%§ngﬂp ). When the starting materi al
is consunmed the reaction mxture is quenched with MeOH (1 m ) and divided
bet ween et AyAzRioed’ a®-@sobndryl -2°- B-C-methyl-2’-deoxycytidine (38).

1) (i-PrCO),O/P = NH
Q H ) (| or )2 y HO o //w/ 2

o @N 2) 80% AcOH ‘ N_ N

(o) l _ N\o‘ 7]/
O : N N 3 2 o)
Ng\e \ g]/ O O 0 Me
o HO  Me _ﬂ€=o
\ (e

35 \

38

4’-Azido-3’-O-isobutiryl -2’--C-methyl-2’-deoxycytidine (38).

15 To a solution of 35 (3.09 g, 3.74 mmol) in dry pyridine (25 ml) is added isobutyric
anhydride (0.89 g, 5.61 mmol) at 0°C. The reaction is followed by HPLC and when
complete quenched with water to destroy the excess of isobutyric anhydride. The solvents
are evaporated at reduced pressure and coevaporated with ethanol. The residue is
dissolved in ethyl acetate, washed with NaHCOj3, brine and evaporated. The crude MMTr

20  protected 3’-isobutyril derivative is dissolved in 80% AcOH and stirred at 50°C until fully
deprotected of MMTr groups. The solvent is evaporated and the residue was purified by
silica gel column chromatography (0-20% MeOH in DCM) to give the title compound
38.



wat er. The organic phase is washed with water, brine and evaporated. The
residue is purified by silica gel colum chronmatography (0-20% MeOH i n DCM
to gi ve twe 2008td487020 conpound 39. PCT/EP2007/060557

5 -0Ot-Butyldinmethylsilyl-4'-azido-N4, 3',-0-bi s(nmonomet hoxytrityl)-2'-p-C ne
thyl -2' - deoxycytidine (40). WO 2008/ 03§704PCT/ EP2007/ 060557 38 - h, the
sol vent is evaporated and the resi dueE( di vi dgd bet ween et hyl acetate and
wat er. The organi ¢ phase is washed brine and evapor at ed.
Purificati @ndoyL %l rig‘?)a4Qﬁdonlﬂl@mGihﬁfPE’ﬁ&&&&@y@ﬁqu((%ﬁ% MeOH in DCM gives
title conpound 4

4' - Azido-N1, 3" - O-bl s(nmononet hoxytrityl)-2'-p-C nethyl - deoxyc t bdi ne
(41). A solution of 40 (5.3 g, 5.64 mmol) in THE (20 rﬂ) |s 8

TBAF in THF (5.7 nil, 57 mmol ) and stlrredfor h at roo » ature
The reaction mxture d|| ldvmthe hy RREra s.owash ter,
brine and gﬁiﬂ%ﬁ%’ gR aphy on:s'T F_l_ca.ge WI tate in
CHC13) gl Ve h Und - pyridine

[N-(tert-But@xy @J%onyﬂdazﬂe’%l i my)T] ,\MP 3 - 0- bixs( A ytr| tyl)-4'-azido

-243- C-nmethyl -2' -deoxycytidine (42). To a solf
nmmol) in a mxture of dry acetonitrile (30 nil) and
successi vel y added Boc-Val-OH (0.81 g, 3.74 mol),

mmol ), TEA (0.52 m, 3.74 nmol
stirred at rogmtenperat
HPLC and the reaction m xtu

2 (3409 g, 3.74
(15 M) are

DC (0.72 g, 3.74 15
@hd DVAP (0.07 g). The resultingduixture is
P progress of the reactlon fA{ owed by

; h s EDC (0. 36
§), TEA (0.26 nf hoand DHDARHPRO4 BRfED Barval - OH ( (

entheN antlng Rt epNak i s totally

consuned, the solx}gg‘iz»i Kenovwed under redhg N _The due IS

taken up in ethyl Naeet atee and washed with er and; b@fne Purification

by silica g@l @ Pry=afir omat ogr aphy ( gr adi en( 409 | Ac i n Hexane) gives
O\

the title cor O

a1

HCI/EtOH HCI*NH% o AN,NH,HC
- o) I

0 . N _N

42

43
5’-O-t-Butyldimethylsilyl-4’-azido-2’- B-C-methyl-2’-deoxycytidine (39).

5 To asolution of 22 (2.82 g, 10 mmol) in DMF (5 ml) is added imidazole (1.02 g, 15
mmol) and TBSCI (1.95 g, 13 mmol). When the starting material is consumed the
reaction mixture is quenched with MeOH (1 ml) and divided between ethyl acetate and
water. The organic phase is washed with water, brine and evaporated. The residue is
purified by silica gel column chromatography (0-20% MeOH in DCM) to give the title

10 compound 39.

5-O-t-Butyldimethylsilyl-4’-azido-N*,3’-O-bis(monomethoxytrityl)-2’- f-C-methyl-2 -
deoxycytidine (40).

A mixture of 39 (3.7 g, 9.34 mmol) and MMTtCl (8.63 g, 28 mmol) in dry pyridine (50
15 ml) is stirred overnight at 80°C. After addition of MeOH (5 ml) and stirring for another 2



-0-(L-valinyl)-4'-azido-2'-P-C nmethyl-2' -deoxycytidi ne (di hydrochloride
salt, 43). To a concentrated solution of 42 (2.4 g, 2.34 mmol) in EtOH is
sl owl y adatecodsd4sioh of 1M 25 HCL in EtOH. The reacti on ®RCItEPR@7i06058Tirred
for 4 h at roomtenperature and diluted,with ether. The precipitate is
filtered and mashed with ether to give é%% title conpound 43 as the

gl h)éd:’ SSBL?{ #hslso Vﬁnt is evet?D %OCP %{a%ﬂi?’? (f) C-% EP 86)%%&6/ Oe lg)(l ace%?tﬁ &5% wrrpegel"he
5' - 0- i sobutorgaplic phﬁhse amadh;edZWHthaergdirhrfhna evajmo&yd:mxﬂmtmr(ms)thca'gel a

| f d 25 ) is added
;sgoghtgplg 8%‘%%’ ?‘tﬁ"rﬁ@‘/ 0- ézldl‘?“t ?b{[’?’” It%ég’mg’%?%% is fol | owed by

HPLC and when conpl et ed quenched with water to destroy the excess of
i sobutyric anhydride. The solvents are evapor at ed at reduced pr essure and

coevapor at ed vvl th eth The residue i ol, ved in acet at e,
washed wi t # R& b&fﬁ&%ﬂ@ﬁar@wgﬁé& tsn?} ﬁ? é&)

3' -isobutyril deri vatl ve is dissolved in 80% Ac CH and stl rred at SOC unti |
fully depr ot @itan fr4ONpRigTP-64myupls In THE (28 mjkbistrepted axjpldv dibad’ inridik e

resi due purgf B?Qnﬂ)él)sahh'sﬁﬁ‘e&ﬁ)'r 2%&&83%%%9%&99rmf}tla&gn%ﬁt{ﬁﬁ@%ﬂh&dmw to
give the title conpound . anple 11 Benj & luciferase assay This assay

neasur es t hethaghyliaggtatss Wtqhéd w&hﬁtﬁaﬁdérnaﬁ andgviaeratert Ghioapitegraphcyn shgn

repllcatlorgeHg A0, e [&‘Je&"t@mtd?ﬁt:[s)guE@t’ﬂ%'uﬁtec&t’hb&hﬁcm or the treatnment of HCV
i nfections he assay utilizes a reporter as a sinple readout for

intracelJ ular HCV replicon RNA | evel. The 20 Beni & | uciferase gene was
introduced into the first open reading frane of a replicon construct NK5. 1

(Krieger et ?N (’terf] Butox%arbon%d)d'ﬁ 4a'l)iﬁyl mdbalgg(ln)fon%ftﬁ&ﬂo}yt ?tyl)néf ’r[} bosome
C-methyl-2’-deoxycytidine (42).

To a solution of 41 (3.09 g, 3.74 mmol) in a mixture of dry acetonitrile (30 ml) and DMF
(15 ml) are successively added Boc-Val-OH (0.81 g, 3.74 mmol), EDC (0.72 g, 3.74

15 mmol), TEA (0.52 ml, 3.74 mmol) and DMAP (0.07 g). The resulting mixture is stirred at
room temperature. The progress of the reaction is followed by HPLC and the reaction
mixture recharged with Boc-Val-OH (0.4 g), EDC (0.36 g), TEA (0.26 ml) and DMAP
(0.04 g). When the starting material is totally consumed, the solvent is removed under
reduced pressure. The residue is taken up in ethyl acetate and washed with water and

20  brine. Purification by silica gel column chromatography (gradient 5-40% EtOAc in

Hexane) gives the title compound 42.

5’-O-(L-valinyl)-4’-azido-2’- f-C-methyl-2’-deoxycytidine (dihydrochloride salt, 43). To
a concentrated solution of 42 (2.4 g, 2.34 mmol) in EtOH is slowly added 13 ml of IM

25  HCI in EtOH. The reaction mixture is stirred for 4 h at room temperature and diluted
with ether. The precipitate is filtered and washed with ether to give the title compound 43
as the dihydrochloride salt.



entry site (I RES) sequence, and fused wth the neonycin phosphotransferase
(NPTI'l1) gene via a self-cleavage peptide 2A fromfoot and nouth di sease

vi rus ( Rywo 2808Pugted EVMBO Vol 13:928-933). After in vitreCrmeaacnsgssi on t he
RNA was el ectroporated into 25 human hepatoma Huh 7 cells, and

(418-resi stant col onies were isol ated and expanded. WO

2008/ 043704PCT/ EP2007/ 060557 40 - St ﬁbll\fl iejr cted cell line 2209-23 contain
replicative HCV subgenom ¢ RNA, and AR ity of Renilla luciferase
expressed By Rebh@pl 4candsof Ipecisethils) bk oN&he (4y)t he cel | s. The assay
was carried out in duplicate plates, one in oOpaque white and one in
transparent, in order to nmeasure tde anti-viral activity and cytotoxicity
of a chem cal conpound in f { el ensuring the observed activity is not
due to decreased cell prolZf&ration. Retsina |luciferase HCV replicon cells
(2209-23) cultured in Dulhec VEN1 (q(p@@ﬁ%kp cat no. 31966-021) with 5%
fetal calf serumHPFCS) i b@o At . NO0.) gh A 169) wele plated onto a
96-wel | plate at Melﬁ’é‘ per ||, and—neubat ed eu\é“r\ 1 ght . Fwpntie- f our
hours later, differgnthdid utions of chemi cal compounds!in~ P h medi um
were 10 added |'s, which were then further incubat atp 37C for
three days. At\-the|eRdZof the incubation time, the cells A whfte plates
wer e harvest ed anuciferase activity was nmeasured by usi n%

Dual - Luci ferase re&porter assay system (Pronega cat no. E1960) Al the
reagents described in the follow ng paragraph were included in the

manuf acturer's kit, and the manufacturer's instructions were followed for
preparations of the reagents. The 15 cells were washed twice with 200 kit
of phosphatse b @iS-458i15 B nfet)1- L RSy hEdinded4), and lysed with 25 pl
of | x passive lysis'buffer prior to 1ncubation at roomtenperature for 20
mn. One h - CleQyh NP . . 1. The
pl ate was ?&g{l&?ﬁ?g r({f(eg% (Fgggﬁﬂtéﬁghbg\;ﬂﬁgggaog a%e&ﬁﬁﬁlg%%e%@?&r%

(M cr oLunatPhydrideB880god-4) magld atl@C. Th reagfiorsts dgllagrediby(HHLG eadyerhen was

injected | Q[)Rlp?e"[lé:chqugﬁlcllledavoﬁh takr & @c%ﬁjoy HRASULS df Héﬁ&gric anhydride. The

solvents are evaporated at reduced pressure and coevaporated with ethanol. The residue is

10  dissolved in ethyl acetate, washed with NaHCOj3, brine and evaporated. The crude MMTr
protected 3’-isobutyril derivative is dissolved in 80% AcOH and stirred at 50°C until fully
deprotected of MMTr groups. The solvent is evaporated and the residue purified by silica
gel column chromatography (0-20% MeOH in DCM) to give the title compound 44.

15 Example 11

Renilla luciferase assay

This assay measures the ability of the compounds of formula I to inhibit HCV RNA
replication, and therefore their potential utility for the treatment of HCV infections. The
assay utilizes a reporter as a simple readout for intracellular HCV replicon RNA level. The
20  Renilla luciferase gene was introduced into the first open reading frame of a replicon

construct NK5.1 (Krieger et al., J. Virol. 75:4614), immediately after the internal ribosome
entry site (IRES) sequence, and fused with the neomycin phosphotransferase (NPTII)
gene via a self-cleavage peptide 2A from foot and mouth disease virus (Ryan & Drew,
EMBO Vol 13:928-933). After in vitro transcription the RNA was electroporated into

25 human hepatoma Huh?7 cells, and G418-resistant colonies were isolated and expanded.



20 a 2-second del ay, 10-second neasurenent program 1050, the concentration
of the drug required for reducing replicon |evel by 50%in relation to the

unt r eat edwoebdés/masmtr ol val ue, can be cal cuI at ed from t hecpEproogieqser cent age
reduction of the luciferase activity VS, drug concentration. WST-1 reagent

from Roche Di agnostl C (cat no. 1644807) g\/as used for the cyt ot oxi city 25

assay. Ten r eagent t.0 each Iud| ng
wel [ s that S(t:ab(f ec%ed 1ne\:/\z1§|(_)9123 ONEI I \f\l%%gg subgé:n?lﬁlen |nt:uIba &4 for 1

to 1.5 hourastnaty Q’:‘Reﬁilla dnnmlfetdsee)(ﬂi)esaed lngethmwlra:easaﬂeeﬂ nb)RNaﬁ\ Eﬁel\mﬂie pllat e

reader at on referen ef| . Aga ntration
of the dr ug[%r élssﬁl red“§o me P BC| ﬁgcagei)]laéf)’roo? |H;r18 aC{llle% eahg(ﬁ)%el n re% At gn to
t he unt reamedrcteetd meam[trcf thle amalvunel aa®ity bed c;abmxicay@ﬂaslﬁ)erﬁltdrmhhmupﬂm of

|

e s r saREge %@%@F@E@%@f&f%ﬁ #6%{95455%&%% KR8 P! © 12

I nvention % 1lla c1fe ep 1O O(':’elsff 09- cq St C ncom )S/f élB Ions
flearpleEfg aat AR (

For exanpl e, | vicdt s ransm “Prfec AS“SUc
HCV are somttmqréﬂ;%ﬁe@ﬂr)hethtf@d fashltchlf b#iriim ((B@Sp@lhadBRbaa{t be 1836ayEd Wane HI V

ol 15 (Wi dFff BTOR B-yaNM AR o 8 F R o T sy
pr ef er abl y hioned late, ralgffaierttehhurtmas ofothsmiiqal tdmpanreis énthe gmtbwﬂaOmEdi%nhwran scrum
L0 L LS ST PR O Bl AR S SRS B B end ™
suppl ement ed thd ihbuthdién fieteatheaallf inseriterpl{tes wéi®-hab@Sted amrhhlcffeﬁwncaisity was
i at pcilli t ded int 96

D oD oL ke PERhS L DL ALY eSS TaA BB BB b v 1
fiB (wld tryqentsdescribedii the ifellesying paahgraph weasieclnéat inntbe REnhifaetut@G kiCys 181

Asn 103 t S I | ut ed .t d dd
espect i vo MEITSMARGrEHE ¢ e lor o S BR i he T o s i piahadne

at nosphey e c@lmNér@%aMiea%ideWthojOOCiﬁ ok ?hds%h&i‘é“bﬁffé‘ﬂe&§£11n%t(pﬁa7)/0)f(_'lFBS) Pér WX Wt h
XTT vital dye. Results are typically presented as E he conpound of

15 Exanpl e ahddiysspivith 25 ah oELSPassife lysio infferGhrir po Mcubatam aXTG‘oraS&ayeraExafml e 13
e b OSSR SN e WP B PR
then inserted into the LB 96V microplate luminometer (MicroLumatPlus, Berthold) and
100 ul of Stop & Glo® reagent was injected into each well and the signal measured using
20 a 2-second delay, 10-second measurement program. 1Cs, the concentration of the drug
required for reducing replicon level by 50% in relation to the untreated cell control value,
can be calculated from the plot of percentage reduction of the luciferase activity vs. drug

concentration.

WST-1 reagent from Roche Diagnostic (cat no. 1644807) was used for the cytotoxicity

25  assay. Ten microlitre of WST-1 reagent was added to each well including wells that
contain media alone as blanks. Cells were then incubated for 1 to 1.5 hours at 37 °C, and
the OD value was measured by a 96-well plate reader at 450nm (reference filter at
650nm). Again CCs, the concentration of the drug required for reducing cell
proliferation by 50% in relation to the untreated cell control value, can be calculated

30 from the plot of percentage reduction of the WST-1 value vs. drug concentration.

Example 12
MT4/XTT assay




20 net hyl -4' -azi docytidine triphosphate. The stability of the triphosphate
is determned in fresh human primary hepatocytes (CellzD rect or In Vitro
Technol ogvexpogpugrincubated with tritiated parent conpoeod/EPIfE/0bEssat ocyt es
are cultured on 6 well collagen coated g @t es (BD Biosciences), typically
at 1.5 mllion cells/well using conplete serum containing nmedium

(CellzDire Vitro Technol o [ 37C/ 3% Var i.ous epatocyte
Strains or Sompaundush BRI e T S Sh s AR BRI 1<

t herefore ulsfeémdnstﬁorteasmpleumldnsdiuadﬂ aigisk dopldoad tradsmattell mé&dcaohatveh redICWal ues
froma ran cubation is typically for 24 hours with
211M of thg?etéralfn%eﬁ%geg E%fregr%g eqjc}ﬂnCi /m. At to the cell nonol ayer is
washed with cell culture nmediumto renpve 30 extracellul ar parent conpound
and the celfonxnoupdy e heassayed ButfelY ativiy+ foe srrnerle psipg mulfinde Aplgrminationse

concent rat ivah RTTinMRAkIU WEisli RRQINAI@InES Iﬁyqew fxlo‘Fgl a& gdsﬁ &rs@@t time
points up to 72 g,ours Conveni ent tine poin

24, 48 & 7PTHEEPY Welpding dpicrpmeHonsdp the F%W%g? ?@P "é?a{Elﬂlaﬁsﬁ@nbiﬂ lﬁfhcatevxo
2008/ 0437 04RCIERABIDT /0B GABER biRling. A sltdﬁEa apnbEiTaiseaytisaemohat T celélihs ar e

harvest ed Ryraspif atLR% RBENGEh) UL ARALLD A0 ARSH00, A8, GoL fo.w Lh

col d PBS. | s7are scraped into an ex I on rm|umsu
pr e- chi | | ed0BOBwary myum@s hmopriatel pereitlavhndstispiestykarsskdddontop welht - 20C.

Extract gd %ﬁ%ﬁa%esa(ﬁ%eeélfsmélljgﬁgct%@vﬁt‘ﬁrﬁ@vﬁ) T’@hbio%&b&zbl%ofﬁh@ lﬁhilf(%l'aat ant is
renoved to 5 f I d

t ubes, evaporated and_st ored trogen for

anal ysi s. BYReQr %rqnévgu&»ﬁu@eqwh%%tbﬁ%ﬁg %Téledhogsemb%l At Brmifatons.

agﬂgfl I tler @@néle}gdlmﬁe@ﬁe@ﬂoc&mhdg‘wahdaﬁw@@ect%lwellslafxﬁ tl&:mﬂﬁe@ﬁl}cubawd ar to
anal ys,
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The pre-incubation is typically for 24 hours with 2uM of the tritiated parent at 10

uCi/ml. At ty the cell monolayer is washed with cell culture medium to remove

30  extracellular parent compound and the cell cultures re-incubated with fresh cell culture
medium. The concentration of intracellular triphosphate is quantified at different time
points up to 72 hours. Convenient time points are 0, 0.5, 1, 2, 4, 6, 8, 24, 48 & 72 hours

with duplicate cell cultures for each time point.



In such assays the nean triphosphate half-life of the conmpounds of the
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I ngredi gnt FmWMeoliMn coupled to a radiometric detector (such as B-RAM, IN/US Systems Inc). A
conventional mobile phase linear gradient 0% aqueous buffer to 100% phosphate buffer

(eg 0.5M KH,PO4/0.8M KCl) at flow rates such as I ml/min. For detection of

half |ife and

radiolabelled species in the B-RAM, a 5:1 ratio of FloScint IV or UltimaFloAP (Perkin
Elmer) to column eluent can be used. The parent and intracellular metabolites are

15 identified by comparison of the retention times of the intracellular species in the
radiochromatogram with the retention of non-radioactive reference standards spiked in

the cell extract samples and detected by UV absorption, typically at 270 nm.

The time course of uptake and phosphorylation is measured in an analogous fashion
whereby human primary hepatocytes are incubated with tritiated compound of the

20  invention, for example 2uM and 10 pCi/ml. A suitable timecourse is addition to duplicate
cultures of compound at 72, 48, 24, 16, 6 and 1 hour before cell harvesting. To determine
the dose response of phosphorylation of the compounds of the invention, human
primary hepatocytes are incubated with tritiated test compound, for example at
0,2,10,25,50,100 and 250 uM for 24 hours. Final concentrations are achieved by

25  supplementing with non-radiolabelled test compound. Duplicate cell cultures are

harvested, generally after 24 hours incubation.

In such assays the mean triphosphate half-life of the compounds of the invention was

21.4 hours (standard deviation 4.22 hours). The steady state triphosphate level at 24

hours at 2 uM is around 15 pM/million cells. Using 3ul as the average volume of human
30 liver parenchymal cells, this concentration of triphosphate corresponds to a value

substantially in excess of the Ki of the parent compound.

A long triphosphate half life and high concentration implies that antivirally active

concentrations of the active species will be present in HCV infective cells for protracted



Active ingredient 20.0% Lactose 79.5% Magnesi unstearate 0.5% 15 The

I ngredients are m xed and di spensed i nto capsul es containing about 500 to
1000 ng ewohwos@asmasi tion for Oral Administration (B) POgEPAISOEEEST . / Wt .
Active ingredient20.0% 44 - Magnesium %gar at e0. 5% Crosscarnel | ose

sodi un®. 0% Lact ose76. 3% PVP (pol yvi nyl pyrrolidine)l. 0%

time periods after dosing. This in turn means that minimum diurnal trough levels will
remain high even with QD dosing, thereby minimizing opportunities for sub-optimal

exposure to drug resulting in the development of drug escape mutants.

In contrast to the long triphosphate half life of the invention, the triphosphate half life of
5 the analogous 2’-fB-C methyl compound PSI-6130 (3-D-2’-deoxy-2’-fluoro-2’-f-C-
methylcytidine (depicted below) was only 4.7 hours, with a 24 hour steady state

triphosphate concentration of only 1.3 pM/million cells.

HO— Or 0
=Me

HO F PSI-6130

10 Example 14
Pharmaceutical compositions of the subject Compounds for administration via several

routes were prepared as described in this Example.

Composition for Oral Administration (A)

Ingredient % wt./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

15
The ingredients are mixed and dispensed into capsules containing about 500 to 1000 mg
each.

Composition for Oral Administration (B)

Ingredient % wt./wt.

Active ingredient 20.0%



The ingredients are conbi ned and granul ated using a solvent such as

nmet hanol . The fornmulation is then dried and fornmed into tablets (containing
about 20 wp 2068/&8104ve conmpound) with an appropri ate tablpet/mra@bioness?
Conposition for Oal Administration (C) ,lngredient% w./w. Active
conmpoundl.0 g Fumaric aci dO0.3 g Sodi um ¢hrori de2. o g Met hyl paraben0O. 13 g
Propyl paraben0. 05 I\?aeezsi-rl}ul ga(%gtﬁsugar 25. 5030 Sorbitol (70% sol ution)12.83 g
Veegum K (Vander bi | Zq('flo.])?. g Flavoring0.1 é‘é m Colorings0.3 ng Distilled
waterqg.s. to 100 m The ingredients are m xed to forma suspension for oral
adm ni stration. Par@ossnahellber snditani on ( DR.0¥ngr edi ent % wt . / wt .

Lactose 76.5%

PVP (polyvinylpyrrolidine) 1.0%

The ingredients are combined and granulated using a solvent such as methanol. The
formulation is then dried and formed into tablets (containing about 20 mg of active

compound) with an appropriate tablet machine.

Composition for Oral Administration (C)

Ingredient % wt./wt.
Active compound 1.0g
Fumaric acid 05¢g
Sodium chloride 20g
Methyl paraben 0.15¢g
Propyl paraben 0.05¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 12.85 ¢

Veegum K (Vanderbilt Co.) 1.0g

Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 ml

The ingredients are mixed to form a suspension for oral administration.

Parenteral Formulation (D)

Ingredient % wt./wt.




WO 2008/ 043704PCT/ EP2007/ 060557 45 - Active ingredient0.25 g Sodi um
Chlorideqs to make isotonic Water for injection tol00 m The active

i ngr edi erwoi2e0sdi4s3®al ved in a portion of the water for | RCEMEPR@N060557
sufficient quantity of sodium chloride h% then added with stirring to nake
the solution isotonic. The solution is de up to wei ght with the remainder
of the water for i oR——H rane filter
and packaged under ¢®F 1&g di ti ons. itory Formulation (E)

| ngredi ent % wt . /wt Act i gredient 1.0% Pol yet hyl ene gl ycol 1000 74.5%
Pol yet hyl ene gl ycol® C%i’ Ef% s to makeisotbnie

Water for injection to 100 ml

The active ingredient is dissolved in a portion of the water for injection. A sufficient
quantity of sodium chloride is then added with stirring to make the solution isotonic.
The solution is made up to weight with the remainder of the water for injection, filtered

5 through a 0.2 micron membrane filter and packaged under sterile conditions.

Suppository Formulation (E)

Ingredient % wt./wt.
Active ingredient 1.0%
Polyethylene glycol 1000 74.5%
Polyethylene glycol 4000 24.5%

The ingredients are melted together and mixed on a steam bath, and poured into molds

containing 2.5 g total weight.

10  The foregoing invention has been described in some detail by way of illustration and
example, for purposes of clarity and understanding. It will be obvious to one of skill in
the art that changes and modifications may be practiced within the scope of the appended
claims. Therefore, it is to be understood that the above description is intended to be
illustrative and not restrictive. The scope of the invention should, therefore, be

15  determined not with reference to the above description, but should instead be
determined with reference to the following appended claims, along with the full scope of

equivalents to which such claims are entitled.

All patents, patent applications and publications cited in this application are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each

20  individual patent, patent application or publication were so individually denoted.



The ingredients are nelted together and m xed on a steam bath, and
poured into nmolds containing 2.5 g total weight. 10 The foregoi ng

i nvention has been described in sone detail by way of illustration
and exanpl e, for purposes of clarity and understanding. It will be
obvious to one of skill in the art that changes and nodificati ons may
be practiced within the scope of the a%%ended clainms. Therefore, it
is to be understood that the above description is intended to be
illustrative and not restrictive. The scope of the invention should,
therefore, be 15 deternined not with EBBtence to the above
description, but should instead be determned with reference to the
fol | owi ng mppengaspotiddfm@mualiong with the full scope of equival ents
to which such clains are entitl ed. Al'l patents, patent applications

and publications cited in this applicatjgifre hereby incorporated by
|§

reference in their entirety for all es to the sane extent as if
each 20 individual patent, patexD—-app i on publication were so
individually denoted. 46 dains 1w onpound of formula I

wherein: R, R2 and R3 are indepéﬁd\ y selected fromthe group
consi sting of hydrogen, COR4, C(=08012Meand C(=0) CHR5NHR6; or Rl and
R3 are H and i s _the nonophosphate, diphosphate or triphosphate
ester; 124 is ¥ 1E?gbendently sel ected fromthe group consisting of (a)
C1_18 unbr ancRgRbmdIR arecihigemleny seletloll i@ theGrigl wasisting of kyslyogeR GOR’,

cycloal kyl, (d) Cl.i0,heterc _ ' '
o%ti onal I>/y Sl(Jb)stc‘lqt_gg(g% %ﬁﬁﬁdﬁﬁfl&?‘aﬁ;ﬁ%é P?\%g%é% ggn%q{)vph%p hate, .
sel ect ed from CXihosihksglor trighosphaté katecy, hal ogen, cyano or nitro; 126
i s hydrogen, K 3 I i yl
optionally sub%;‘tmljj%l %e?é@%b&i%%ﬂgﬁéh?gqg%&é? °§?§§§%‘§ °?k“r’§§*"* ggr%ltldlgw&

en y
sel ected from t Heanghedinlicyb §bisFiat hatepllot, (ﬁ&s@@ﬁ*ﬂaﬂﬁydﬁb&w heggroaikyh paddR)y
Cl.3 alkyl, Cyar}fﬂe@i‘&i@bﬁeﬁﬂ;optionally substituted with one to three groups independently

selected from Cy; alkyl, C,_; alkoxy, halogen, cyano or nitro;

R® is hydrogen, Cy.i¢ alkyl, pheny! or C).; phenylalkyl said phenyl optionally substituted
with one to three groups independently selected from the group consisting of halogen,
hydroxy, Ci.3 alkoxy,

C,.; alky], cyano and nitro;

R® is hydrogen or Cy.s alkoxy; or,

acid addition salts thereof.
2. A compound according to claim 1 wherein R?, R? and R? each hydrogen.

3. A compound according fo claim 1 wherein R?, R* and R? each are independently
hydrogen, COR® or C(=0)OR! whercin R* is unbranched or branched Cj.yo alkyl.

4. A compound according to claim 1 wherein R? is hydrogen, R? and R’ are COR" and R is

unbranched or branched Cy.io atkyl; ot a pharmaceutically acceptable salt thereof.

5. A compound accrording to claim 4, wherein each R* moiety is the same and selected from

methyl, ethyl, i-propyl or t-butyl.

6. A compound according to claim 1, denoted 3°,5°-0-bis(isobutyryl)-4’-azido-2*-5-C-
methyl-2’-deoxycytidine: '



R6 is hydrogen or G 4 al koxy; or, acid addition salts thereof. 2. A
conmpound according to claim1l wherein R, |e and R3 each hydrogen. 3.
A conmpound according to claim1 wherein RI, R 2 and R3 each are

i ndependently hydrogen, CORI or C(0)OR4 wherein R4 is unbranched or
branched C110 allcyl. 4. A conpound according to claim1l wherein 11.2
is hydrogen, R2 and R3 are COR and 124% is unbranched or branched
Cl. 10 al kyl; or a pharnmaceutically acceptable salt thereof. 5. A
conmpound accrording to claim4, wherein each R 4 noiety is the sane
and selected frommethyl, ethy -propyl or t-butyl. 6. A conpound

according to claim1, denoted

3',5 -0-bis(isobutyryl)-4'-azidg Crraﬁ?ﬁlf?"v-deoxycyti di ne: 47
7. A conpound according to claim 1l wh P 'Cﬁ}\.and R 3 are hydrogen R2
is selected fromthe group consi stimg C(=0)012.4 and

COCH( R5) N11126. 8. A conpound accordpng ®laim7 wherein R2 is
COCH( R5) NHR6, Rs is iso-propyl, iso- yl or sec-butyl and R6 is
hydr ogen, preferably wherein Rs ha he stereochem stry of an L-am no
acid. 9. A conpound according to clarm 7, wherein le is CON wherein
R 4 is Cl.10 unbranched or branched al kyl. 10. A conpound accordi ng
to claim1l, selected fromthe group consisting of .

3', 5' - 0- bi (i 4sBmpyylpycoading iy dppm A whrein Breeqdﬁlﬂge hydeasssy Ry isiselpatas from the
3',5'-0-bi s(Lyyah bd?:!i},t)n%ddf'(ﬁ?[t‘d@ =HyoR3 afe CBEAMEMEIRYUEOXY CYT i di ne,

4' - Azi do-3'-0-(L-valinyl)-2 -P-C et hyl- 2" - deoxycyti di ne,

4' - Azi do- 3, - 0-isobutyryl -2'-/3-C nmethyl-2' -de L dinge, | .

5 -0 (Lovali nptporpbsiise w et B5is CHERPONHI RE: o-propyt i
5' - O-i sobut yr wityl-of secanitd an@R¢ 3-hgduopsrhyrtfeRibydeiaxsnc R haditivester@fch@nistry of an
phar maceut i caL_IaXﬂnacce table salt thereof. 11. Use of conpound

according to any 0f*®ains 1 to 10 in the manufacture of a medi canent
for the treatnent of a disease nediated by the Hepatitis C Virus

(HCOV) . 12.9-Us@ camperndiameprdiog tolclaion71 whertia Rois CORG wheeeit RbinCirogbmreched
medi cament f ugtdgich il ses at | east one inmune system nodul at or
and/or at |east one antiviral agent that inhibits replication of HCV.

13. Use according to ¢laim12 wherein the i ne system nodul ator is
an int erfefoon,A‘f“ ROFTEARE HnE L DM haRrded %mfng‘gﬂ?ﬁlp SensisErly

stiml ating faes0p,bis(isobutyryl)-4’-azido-2’-B-C-methyl-2*-deoxycytidine,
3’,5°-0-bis(L-valinyl)-4*-azido-2’-p-C-methyl-2’-deoxycytidine,
4’-Azido-3’-0-(L-valinyl)-2’-3-C-methyl-2°-deoxycytidine,
4°-Azido-3°-O-isobutyryl 2°-f-C-methyl-2’-deoxycytidine,
5’-0-~(L-valinyl)-4’-azido-2’- §-C-methyl-2’-deoxycytidine,

5°-O-isobutyryl -4’-azido-2’--C-methyl-2’-deoxycytidine;

or a pharmaceutically acceptable salt thereof.

11. Use of compound according to any of claims | to 10 in the manufacture of 2 medicament
for the treatment of a disease mediated by the Hepatitis C Virus (HCV),.

12, Use according to claim 11 wherein the treatment regime or medicament further comprises
at least one immune system modulator and/or at least one antiviral agent that inhibits
replication of HCV.

13.  Use according to claim 12 wherein the immune system modulator is an interferon,
interleukin, tumor necrosis factor or colony stimulating factor,



48 14. Use according to claim 13 wherein the i mune system nodul at or
is an interferon or chemcally derivatized interferon. 15. Use
according to claim 12, wherein the treatnent regi ne or nedi canent
further conprises at |east one other antiviral agent. 16. Use
according to claim15 where the antiviral conmpound is selected from
the group consisting of an HCV proteas®8inhibitor, another nucl eoside
HCV pol ynerase i nhi bitor, a non-nucl eosi de HCV pol ynerase inhibitor,
an HCV helicase inhibitor, an HCV primase inhibitor and an HCV
fiision inhibitor. 17. A pharpaceutical conpositiaon conpri.si a
ther apeut | Hal 105e #iopiiia ' setia i herg S SPmign BOGREAEREF & TG ER ey of
clainms 1 to 1Ghadmillyeldrivatizéd interfbroast one pharnmaceutically acceptabl e
carrier, diluent or excipient. 18. A conpound according to any one of
claims 1 to 1Q for use as ica A conpo

a nmedi cament 9, y rding to
any one of 1| aisfeccr ti@“‘f‘%i@’d@éﬁ. ihs H%a%‘fl?ﬂéé wen néeg%?%glgggﬂﬁedi at ed
by the Hepati tcowpriSeN/atrieast gue@ther antiviral agent.

16. Use according to claim 15 where the antiviral compound is selected from the group
consisting of an HCV protease inhibitor, another nucleoside HCV polymerase inhibitor, a
non-nucleoside HCV polymerase inhibitor, an HCV helicase inhibitor, an HCV primase
inhibitor and an HCV fusion inhibitor.

17. A pharmaceutical composition comprising a therapeutically effective quantity ofa
compound according to any of claims 1 to 10 admixed with at least one pharmaceuticaily
acceptable carrier, diluent or excipient.

18. A compound according to any one of claims 1 to 10 for use as a medicament.

19. A compound according to any one of claims 1 to 10 for use in the treatment a disease
mediated by the Hepatitis C Virus (HCV).





