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WO 2004/ 013300 PCT/ US2003/ 024324 COVPOUNDS W TH THE

Bl CYCLO 4. 2. 1] NONANE SYSTEM FOR THE TREATMENT OF
wWe-RoAWIYA3R) DAE | NFECTIONS 5 Field of the | nvenp¢DOSIa®024324

present invention is directed to conpounds and nethods

for the treatnent of Flaviviridae infections that

i nclude the adm nistration of an effective anount of a

COMPOUNDS WITH THE MGWCIE@PKE!I}NONA‘NE SYSTIEM¥OR AHE
10 Flaviviridae are a grou mﬂg&)snlve

si ngl e- s TIREATEMERRAOR F1L B IYEESHONS ze from 9
to 15 kb. They are envel oped viruses of approximately
40 to 50 nm An overview of the Flaviviridae taxonony
is available fromthe International Committee for
Taxonony of Viruses. The group Flaviviridae consists
of three genera. 1. Flaviviruses. This genus includes

the Dengue virus grgeR ({fl?ﬁgmn\aoﬁus 15 Dengue Vi rus
type 1, Dengue virus type Dengue virus type 3,

Del:}%r}mes/ep# Wg’,vt gs dlr%cgﬁ(%ﬂ) % p}leﬁxlog l{‘ﬂlrt hétrgalltrrn%gt of

Flavz@%@klﬁfdcﬁoﬂd £Ha8 indfQad @E&@dﬁ‘ﬁrﬁﬁ?&tm&%ﬂ b e¥febtive amount of a

Miurray Valley encephalitis virus, St. Louis

bicyclofé@didaonane.s” virus, Stratford virus, Usutu virus,

West Nile virus), the Modoc virus group, the Rio 20

Bravo virus grouBaél&nound iof tse InWestidii avo virus, Saboya
virus), the Ntaya virus group, the Tick-Borne

fhﬁﬁiﬁﬁ’z’&?ﬁ{dak o P58 goﬁpgﬁﬁv@%@@a FRBORRNA Dirudéh i)z genome

eniy v nda S virus group an
size fyvehl Sbw lfkberThay rusegrebuped viysest off approximetsly 4&ji@60 nm. An

roups, fhere sone .additional Fl V|V|ru t hat
overvig O s 48GH 1B T380TBy i< BiehIS i e MeoiteliogT Tpgmteee for
TaxoRGHY BF WeruSddl YThe BRoupITEiSPidak 'E!Snﬁi@?@fﬂhfée%eﬁérav' rus
( , Which is conposed of many cl ades, types and

subtypes. 1 WD 2004/013300 PCT/ US2003/ 024324 3.
Pestiviruses. This genus includes bovine viral
diarrhea virus -2 (BVDV 2), Pestivirus type 1

(i nchudiagviddey) Thisgshiis/intkided meen (¢ DEhdIgiong (Dekue virus,

chol era virus) and pestivirus t % (i ncl udi ng border

di seasd¥guggirus type 1, Dengue virus ype 2, Dengue virus type 3, Dengue
virus type 4), the Japanese encephalitis virus group (Alfuy Virus, Japanese
encephalitis virus, Kookaburra virus, Koutango virus, Kunjin virus,
Murray Valley encephalitis virus, St. Louis encephalitis virus, Stratford
virus, Usutu virus, West Nile virus), the Modoc virus group, the Rio
Bravo virus group (Apoi virus, Rio Bravo virus, Saboya virus), the Ntaya
virus group, the Tick-Borne encephalitis group (tick-born encephalitis
virus), the Tyuleniy virus group, Uganda S virus group and the Yellow
Fever virus group. Apart from these major groups, there are some

additional Flaviviruses that are unclassified.

2. Hepaciviruses. This genus contains only one species, the Hepatitis C

virus (HCV), which is composed of many clades, types and subtypes.
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One of the nost inportant Flavivir idae infections in

humans is caused by the 5 hepatitis C virus (HCV).
wahoog/0isoe he second maj or cause of viral hepatPCT/8552003/024324

with an estimated 170 mllion carriers world-w de

(World Health Organi zation; Hepatitis C. gl oba

pr eva| ergtvirdeek THisERhaefchldeg bedhe RREIigkrhehS8rs -Z4BVDV-

341), 3.9 m|llion of whomreside in the United States

(Cent erd, Pevivipsbped @arvdisg BNIA¥umcsHey tipg 3 (including hog

nepat | UL Sfoch 3 PRy Bop 388 dine bosder disess v

the Flaviviridae share many conmon features. The HCV
gebwaref ile mbbteimpostent Ekzva)lmainiaeinfedti@vs irs heamsnsais| gaused by the

hepaii gy 16V iy ehseehiel RubgreBRagst oA giaonein an

estlmﬁ%t 100 $niBion SRS WRROWIRAAKDEJ [ HSNR @@'a’ﬁ])zaﬁm omz itk C:
pol yprot ei n of JUSt over 3, 00 am no acids,

globdd| pravaddndep \Heskdy dipade ecatdy 1D T a.]? 3341](3 3 9 mllhon of

nonsdt,r uct r elns an
whor G 45" HEStofed, Maey &W%ra SR R RS oo, e Yata,
http:/MWRALRME. o mlcRIBE dgke Sses/ Heph@idiidptabBitugh are i nportant

for RNA transl ation and replication. The transl ated

poI yprotein contains the structural core (C) and
W gmenye greanigatiquept theFlayiviyidge share nyny ccepapaeatures. The

HCV{@&&&%@@% %\%g &QQ%E) H@}ﬁis 4 :&LH? gﬂi%lér%?t%’ﬁl}ugll%ﬁth a positive,

singlpsivareied RNA gelgnmfemﬁi{%@ kb wﬂun:ihe avelgecapyidt ke lgesdme contains a

singIf et madine 1re (U8 £nCabod = nlbraeinmor s ¥ 3 B0 Sipgno acids
wh1cﬁ1|1s cthx‘e‘H' t@%ner&t%gtﬁe e s%ﬁetui'a'l And gonﬁfucﬁﬁal v]ral i{hftélhs The

M zushima, H et al . Virol
ORF 68ﬂa12<k91by Mazdsh nmatramslated r@lonSJ(NT\RSB of afewt bgmdmlsaucleotldes
6215:; ,Sant ol i ni

’wh1 arp mé(fdrtgpt fQ}; ?%ﬁ% tW“'i‘B‘é‘h ané dﬁﬂthEan 68&1663 ?ranélated

polyﬁﬂ‘)t@ﬁﬂwntamﬁthe%tru&hral C6@0(C) Mal .enfelagt protdins (BUSA2, 3H%S the N-
90, 10538).. The junction between NS2 and 25 NS3 |s

tenmau%of%lpaaeghbsc fher portmaved Byt OES) NS3. DgeaiefsbSsA,
V] 6

NI B8 el ubudtt pptee b Yl Ve ey fay senal

peptiddeie| (eeet HigikatagNBienih PrbouNat] Anad.iSehsUSAe 199k #3654y Hussy, P.

et al b o6, £ 08 Pi £ et J00RpL. BoalfR, 3088 BsGiiitegs 1. or

al. 1.37i351;, 1094, 68C27ﬁt Mizushima, NI EQY. J. Vigsi4 19@6 688éél175 Santolini, E.
anji, Y. ef al. J. Viro 1995, 69, d Tai,

etal. irobt 1994, 68.. 3631), Salby M, J. fg%mm ZG'Ahlemw.d Grakoui,

A. ezpc{@gei Ml SQ. g a b 93” 1@??%) 'HR{] Wi&en NS2 and

NS3 dy plsatkVAcAlr clegveﬂew ltlﬁ‘eaNISQmS?aTlpﬁ)té‘éSé EéseepHgtkatan M. et al. J.
ossesses RNA- dependent RNA pol ymer ase (RDRP) activit

1ro!( SJO93 26hHA9RS anqi_:,BEI’tensghlager . et al. J. Virol., 1994, 68, 5045), Whll% the

remaining four junctions are cleaved by the N-terminal serine protease domain of NS3
complexed with NS4A. (see Failla, C. ef al. J. Virol., 1994, 68, 3753; Lin, C. et al. J.
Virol., 1994, 68, 8147; Tanji, Y. et al. J. Virol., 1995, 69, 1575 and Tai, C.L. ef al. J.
Virol., 1996, 70, 8477) The NS3 protein also contains the nucleoside triphosphate (NTP)-

in le

dependent helicase activity which unwinds duplex RNA during replication. The NS5B
protein possesses RNA-dependent RNA polymerase (RDRP) activity (see Behrens, S.E.
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WO 2004/ 013300 PCT/ US2003/ 024324 et al. EMBO J.,
1996, 15, 12; Lohmann, V. et al. J. Virol., 1997, 71,
w@2ma/08828 and Lohmann, V. et al. Virol ogy, 1POBUSD49024324
108), which is essential for viral replication.
(Ferrari, E. et al. J. Virol., 1999, 73, 1649) Unlike
et alHBYIBO JI—JI M960d5PNA LehmampM ed al.nJ. Vibe. ,ri997, £At8446-8428 and

hxﬁnéxa\}? rqt a{/%{lot 0199'5305 Bf f(? | gvrl]n %shessRlentt)lglv orr|v1ra1 replication.
(Ferthk; £3:/277 1. RAEIT 3098 Y5 - flgab) Authilte 11BTO04 B GRIAET id®lved in

s’ a synthetic, non-interfferon-inducing,

the r¢gplivatiorspdCVum ant i vi ral nucl eosi de anal og sol d under
the trade nane Virazole (Merck Index, 1lth edition,
Edi tor: Budavari, S., Merck & Co., Inc., Rahway, NJ,
pl304, 1989). United States Patent No. 3,798,209 and

?‘3‘150 aimR bavirin. Ribavirinis
TreaBFr uctura '?f’fc‘%’?@?’%&é'ﬁ%nos. ne, and has in vitro
activity agai nst several DNA and RNA viruses including
FI Ribiavirini {B8-I)-GbofurdnosidaiHl 2.4-trizasker bearbexantidg)y isl 28synthetic,

114, 200 R bavirin reduces seru
non- e UGB GRS, R TSS9 10F AB8S SHId ginderhg trade

namé tVn@Q@l@ é‘g%rcﬁ PR, SRLWAGRY HaoP! BidYvdAVS (R & Co., Inc.,
Davi s. troenterol ogy 15 118:S1i04- 5114 2000) .

Rahviyu NJ, Rl B i1PBY). dlwted States Batert Necd 79%:20NandeRE29,835 disclose
Addi ti onal virin has

and Yolgh i "y SRy SR miter B hithod®aand b in vito

actlvf@!y Q@ﬂn&ﬂ fevesil MNA &ﬁ@ TKN&dfnfu@és RRierRpiiratel (Gaty HCPavis.
been aﬁ roved conbination with interferon

GanéQ@ﬁfﬂéiOl?&)’éigs EPt b 89099)} pha-2b for the treatment of
HCV. Treatnent of HCVInfection with Interferon 20
| NRétab@inoredudes fsbiain hiaite tbasferasenioes]s t@hbynadnad0Bborepatients,

but fyclogsi 0t KNG SPBM G AT QLT TRV BT GERRE dl g rigigenierology

118:SEM4-§114) 2006)5 PPASE Hibaviif %lonkerig fot IeﬁectldthlSream biral RNA
repllcatlon a nurrber of V|ruses i ncl ud I Ng

levelanAdditionallys &dbwm has sigylifacant mm@mdﬁsakndvevaunducs aemia.
infection, IFN can in certain cases suppress serum

HORHRMWAint 10 nbngpi@et 36 iBoh NG hSy agdiidh HICWN aIt lh¥s bdeliMppied in
25 nornalize serum am no transferase | evel s.

combpipatinn; Wit inderferon plpha=2a apmntesferorpiphas2l Erple teaymentred HCV.

sust ai ned response occurs in only 8% 9% of patients

chronically infected with HCV (Gary L. Davis.

Gastroenterol ogy 118: S 104-S 114, 2000). Most
Treafynenteyf tHECV Mnfetiar with nieffed04/ 013300 PCT/ US2003/ 024324

Interferons (IFNs) have been commercially available for the treatment of chronic
hepatitis for nearly a decade. IFNs are glycoproteins produced by immune cells in
response to viral infection. IFNs inhibit replication of a number of viruses, including
HCV, and when used as the sole treatment for hepatitis C infection, IFN can in certain
cases suppress serum HCV-RNA to undetectable levels. Additionally, IFN can
normalize serum amino transferase levels. Unfortunately, the effect of IFN is temporary
and a sustained response occurs in only 8%-9% of patients chronically infected with

HCV (Gary L. Davis. Gastroenterology 118:5104-S114, 2000). Most patients, however,
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have difficulty tolerating interferon treatnent, which
causes severe flu-like synptons, weight |oss, and
wo aok/oof3oener gy and stam na. A nunber of pat enP&T/US2003/024324
di scl ose Flaviviridae, including HCV, treatnents,
using interferon-based therapies. For exanple, U S.
have Biffiewity dderatinOBerR8dn treatBleat, twleith ahuses Sevdires fhdikessymptoms,
. t hods, fqor retreatnent .of patients afflicted with HCV
Welgl{ﬁ?%%g“@dﬁ NS OO REEB U, S, Patent No. 5,942, 223
to Bazer et al. discloses an anti-HCV therapy using
oA mamber lofpateatsi diselosee Flavivirdae, incdudima iy, Meatments, using

) 928, 6 to.Al ber et al i scl.ose t i pat

inter RipR R chershife, FRn R alis: 38 PREES Not SRR Bl er ot

discldse£hdtRos R retrodteehi @@ SpalieHis agfifctdd Glithd BTV HisMg tbiiensus
Patent No. 5,849,696 to Chretien et al. 10 discl oses

interfeton. UYES. dtatanh N S1.312,228| onBazst ef ¢l cEslossarnomtiniEN therapy
. interfar . [ [ , t .
wing PSS DU EAL U 1NN SorEISER A g cpctoes
the cbia¥inatibe rtherspye @plioigilegkin1L esride inifeaord afphhr foe thadreamhent of
. scavenger. .U S, Patent No, 5, 738, 845 éo | ka()é% .
infecapuse A5eEs ARIIAIAE THEY hurd PAEEF Mo o490 Fo et g
: | I a10hBLET el Rk S ;
st {5643 18, Uy D8] P IARTER i S i
HCVTeil$ RiemtNal 5,8304%5 tPaVantenNer B, Gidp868 tcomBimtion {CV

al ., and U.S. . Patent . 5,849, 696. nynber. . of
therofgiapfPa g 10T E P S BB Al B a5t L RRRNF i DY 845 to
Imak8W& RiRRsedhhe: usPajf ainahOgiterfefon’ thi: (26Rins Yor HéatdAH@W  Other

5,834,594 to Hof f mann-La Roche Inc; PCT Publication

interfikpn-baggd Beptments dordad Viare dckrsadkin ¥.8. BaigwiiNo.\AH 19574230 d(psta
a Us_Pat ent ond il 4 a 1 &l 44,1 0
et al 3}, ?ﬁtﬁ‘?t gﬁd53.9;80%‘?@?&rﬁg.“l'esggﬁgf'ézfatg%t o, -34p-696- A

numbizk of p2entk Atserdiseiasa pagylirad Zananst intwtferohesueh as) UlsaPatent Nos.
are currently approved as _nonotherapy for

h
5=747t=§®at5F7§_9|;t836fan 34@4@&@(}#@1@;@{1—{_@ ¢ Ing l{(%]é%ublication No.
WO é(%g | BARVO JoPiu@to Eﬂi(f%z W@B/lé?%ﬁdﬁ@s Pﬁéﬁgﬁﬁgé(sﬁss,s%

che) 1s the pegylate .e. p ene cof
and SytldiF4ded Schayingy afd Ukt Eatestr o, 9948062118 &ilud MERON(r ) A
(Schering Corporation) is the reconbi nant form of

| N REfefIO NalphaNA- 218 ARGREG AIPHREIN f:  (cOEBRIY NSppréved  as
Corporation) is theﬁs&e(g | ated Tormof interferon

monathesapy: K. thextigatmeng o - | ROBEREONS-An(Rovke) ssthgeteporalinant

I nt.erf t .
form e iR R By SRR V8 PR BB el i Rty tone
glycclﬂXﬁtSt Eﬁfl\lﬁi) fowﬂaﬁlmFERth Eahﬁit’af-eﬁ.lo IINHtIRIQh@f Alr(Sil.])ebrbig (\3forporation) is
nt er Mune, natural interferon i ragen, .
the  PeRTIPERGN ByH i iIERRe sl cand FEEPANTRANES dPehering

ComB Rl e R i PR R a PRR2 ) “arr 11 0

Other forms of interferon alpha, as well as interferon beta, gamma, tau and

omega are currently in clinical development for the treatment of HCV. For example,
INFERGEN (interferon alphacon-1) by InterMune, OMNIFERON (natural interferon) by
Viragen, ALBUFERON by Human Genome Sciences, REBIF (interferon beta-1a) by
Ares-Serono, Omega Interferon by BioMedicine, Oral Interferon Alpha by Amarillo
Biosciences, and interferon gamma, interferon tau, and interferon gamma- 1b by

InterMune are in development.
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Bi osci ences, and interferon ganmm, interferon tau, and
interferon gamma- | b by InterMune are in devel opnent.
wa@ 20000233001/ 013300 PCT/ US2003/ 024324 Conbi nat i PCT/082003/024324

Interferon and Ri bavirin The current standard of care

for chronic hepatitis Cis conbination therapy with

an al pha interferon and ribavirin. The conbi nati on of

interferon and ribavirin for the 5 treatnment of HCV

i nfection has been reported to be effective in the

treatnment of interferon naive patients (Battagli a,
CombirldtioR of BlterferdRundWiphyiFiROt her . 34: 487- 494, 2000), as

well as for treatnent of pati ents V\,hen hi st ol ogi cal

di sease i s present (Beren uer, al. Antivir.

Thihe cugrestpigndardpf ¢ans. %ehromgdepatltst%ﬁ eembiagiéons hetgpy with

an alpB&h tE@érgn B.ﬁ&' {lﬁln\M TF ﬁ&? %1&{ of gﬁter?e? 19'39&1 trﬁ)avmn for the
egy ate |nte eron- al pha avirin CO I na

treatmbugtr e JIEWN anfectiord thas dmbn naportgd tdde agffeciive hin the treatment of

I R N T
as waPEPoPatAtRRnt Jﬁaﬁ%‘ts th@ﬁ hﬁ%l@@cﬁ%@%hé@ih f)reséﬂtL{BlefelﬁEuer M. et

synptons, anemia, and fatigu
al. A@agr. erzgm?)é‘qujpbg"y) 125486, Q9B014S’®dm:have Q@l@@ﬁlat more patients with

e A1 SR ERE b BES BB 55 s

combifiatRviahérapy) @ithuapReythed inkafsst Bphat HoWever REBR {onbtherapy,
Scher | n Cor poration) has al so” been appr oved in

signi eaﬁélswlate svlﬁellpp JuPREQEbinatop theranys Bcbiling hvaolyss, flu-like

srSESTHORN nPSULLIGGER, RETL B PRy 15510451,

200000PEGUS(r) (ri baV| rin) are also approved for the
treatnment of HCV. 20 PCT Publication Nos. WD 99/59621,
W Q86340 thXiQR 148th3 3G WOrRON @2 Ipha-
03/ 024461 by Sc gl‘l ng Cor por a%{l on dlﬁis% ose % agha 2b} and
REBE@Q&J@t(@dbaVImI, eS8) onamsjshaisa adallablea\ﬁrom rSaberibg n@bnporation.

RO subfink 16alrolBoat Meactss Shi Vo0t Hssenpipation with

INTRONBR RO idtérfer O CAIiphd-215; ?écﬁﬁhbfﬂaﬁ@' Seherih$ CCopSrafibn).  Roche’s
| ated interferon al pha and ribavirin conbination

PEG%%@ I(B?ﬁ)'lqt@r llﬂtﬁgelloﬂea]ﬂ?h%ﬂﬁ) @ﬂd I-QQPEQ&{E@ i (fhayirin) are also
apprcﬁ%ﬁgéﬁggﬁg?twf%t{}g Met hods to Treat HCV Infections

treatnents are reviewed by Bynock et

A petpiilkhien Nos. WO 99/59621, WO 00/37110, WO 01/81359, WO
02/32414 and WO 03/024461 by Schering Corporation disclose the use of pegylated
interferon alpha and ribavirin combination therapy for the treatment of HCV. PCT
Publication Nos. WO 99/15194, WO 99/64016, and WO 00/24355 by Hoffmann-La
Roche Inc also disclose the use of pegylated interferon alpha and ribavirin combination

therapy for the treatment of HCV.

Additional References Disclosing Methods to Treat HCV Infections

A number of HCV treatments are reviewed by Bymock et al. in Antiviral
Chemistry & Chemotherapy, 11:2; 79-95 (2000).
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Chem stry & Chenot herapy, 11:2; 79-95 (2000). 5 WO

2004/ 013300 PCT/ US2003/ 024324 Several substrate-based
wWOBR4p1BdEase i nhibitors have been identified PEOT/URE03/024324

literature, in which the scissile am de bond of a

cl eaved substrate is replaced by an electrophile,
whbaykrel rubsteate-basgilt NSB hiroteasea linttibitors drave eheent ndwd&:de in the

hteraﬁlri: &11\38%%1 tgntslc}(sli (PeAﬁ c€o§ gﬁgllﬁ\ﬁzgﬁil sgﬁff{;ttegﬁs{jrz aced by an
electfapan@tvblﬁaamerhetsm aYe’seatﬁsfﬁcy\@@dleetAﬂbvoo& P8R (1998) Antiviral

Preparation and use of am no acid derivatives as

Peptldﬁtd«yfVﬂaveSag%&@%496eeAﬁm0d>a€terw UMD c adrtiyirabeChemistry - and
Chen’]r%ﬁe"réé]f'@ 234! Qg%ie @Joofly ﬁ 9@?9é)”ﬁ)‘e@a{/cﬁ{oﬁsﬂ@%r$j‘n Sinino acid

ses,
derzvprmﬁsaasmtzv\i@l a@&étﬂ](ﬁé’ﬁhan%eﬂtemmﬂlbﬁﬂ)rﬂ DEi a1aq34; Tung et al.

g} nat e n an el ectrophi]e such as_a boronic acid
(199&1{? Qﬁewa? eSCTHIE I QE S UREYICWET Y | hep@itioQ) vinus Rt proieage, WO

98/1 767‘9' ik %]%o'i’%ﬁtlhﬁii&t@i@%lﬁﬂ HAS in Xipe%%&%lg %Zﬂﬁ asd E@ronlc acid or

cl asses of el ectrophil pased I n i'tors
phosplemgiei ddihas-Balipdtak ef. c(a\ﬁ?Qje@emntis 6y i edion @eptaézsana'wge{es WO

oo e S bR ARl ven descnied

alphaRéhiadies @Ad By draiBohrehd. bi tory ef fects of
2,4,6-trihydroxy-3-nitro-benzan de derivatives

h
pons trsbhe Y A6 B8 RAT, BUIRL, ol BR3Py For
exan@ll‘t{;i eﬁlamaﬁm i (ﬁfatheR&ﬂﬁlﬂtdm @ﬁiﬁ'ﬁuﬁf 62?4 6Qﬂ§ydr8>%835ﬂt3o BénZamide
(1998). Antiviral Chem stry and

al

deﬂvei%q%@gﬁeﬁéﬁ@\’gﬁrqteese and; otfegr sering mpisases é\ﬁ%b%enmm@teals Shlo, K.
t t

et aly VST PRy, G POMROUAY Recelieh CoEimtilfng 25 845647,

Sudowikt. faz al. Im%ammmzrahé'hemamﬂ anll Ehentotierapyp?:08@ s Bising a reverse-

henox ou hi.azolidi ne_derivatives
phes B LB P dRe P aogt rukandy raind wresie- il s
40781 QN TSR a8t CoR SthaYan¥idé Ny awaléﬁohuaaa%ﬂ a%%%' Rtter
and NS5A/ 5B substrate. Sudo, K. et al (1996)
Procesping ¢ pard-PiRmessPheRybzonp.18. Conpound RD- 1- 6250,
possessing a fused cinnanoyl noiety substituted with
a Tlﬂﬁ]zg)hdideyderﬁfb’&ifd% hawa et edentisied A ngibionadai ﬂﬂﬁibltoish @smg a
i SO ﬁ%})e Two ot her active exanpl es _wer
TeVergey lé%@sgq_}g yithoan A$HEA | fupigp Jrgiemn ,ag@) aY $5gA/5B substrate

SudoSK QF&)' Aﬁtm;edzqée JLy 35680 d% SR wllf@gan%ﬁbés%g a

assay t e i dentl i cation of ee conpoun
fusecbzimmntoyil ntmetiy tsobstituted Mhihaazkohg dllqybclmmni watsvﬁhe most potent against

the 15??;%2%{'1'?%8%@? Jg%g{llxlée % esazyere ﬁDﬁBGEO% 5%D4 6193.

Other literature reports screening of a relatively small library using an ELISA

assay and the identification of three compounds as potent inhibitors, a thiazolidine and
two benzanilides. Kakiuchi N. et al. J. EBS Letters 421:217-220; Takeshita N. ef al.,
Analytical Biochemistry 247:242-246, 1997. Several U.S. patents disclose protease
inhibitors for the treatment of HCV. For example, U.S. Patent No. 6,004,933 to Spruce
et al. discloses a class of cysteine protease inhibitors for inhibiting HCV endopeptidase
2. U.S. Patent No. 5,990,276 to Zhang et al. discloses synthetic inhibitors of hepatitis C

virus NS3 protease. The inhibitor is a subsequence of a substrate of the NS3 protease or

6
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Anal ytical Biochem stry 247:242-246, 1997. Sever al
U. S. patents disclose protease inhibitors for the
woe@abmsne of HCV. For exanple, U S. Patent NoPCT/US2003/024324
6, 004,933 to Spruce 30 et al. discloses a class of
cysteine protease inhibitors for inhibiting HCV
a sulsgispebihedNS4A cofacios, Thgt usat ofiwestristionenzyees to AeatngCV is
: [ S i« . Jpohibitors of hepatitis C
dlsc@feflglgUkﬂapsd Eér“gf‘@a%?@#ﬁg{". Iﬁ?}ieglg}t%r is a subsequence of

a bstrate of the NS3 protease_ or, 6 WO 2004/013300
pC#9\aes besm dbe fermeniption Sulihus  wotr of Heerices P a Scb 68631, a

phenfirRBuflont, GhiskesSed PR GRENFRRIE sl HEY phdicasg in g SDS-

PAGEsmldanorafliograpbiexsfagr n€mt M.i @l g Tletruhadrbn diehrest37:7229-7232,
St.rept ces sp.., Sch 68631, a nan- t.hr enequi ngne

1996 oot SRt F e 0P S TS ot Feg i e fmevs

Penidill iScoliaan a8Gn it Qe @ %i%ﬁﬁ)@ﬁyacﬁ§§ﬁ¥n a SHttilYhtidil proximity
al ., Tetrahedron Letters 37:7229-7232, 1996. In

assayandtive Mexambl Bibyrguhis gahdleatitiher €heBistry 3546:88,9:1949-1952.

[ a fromt f Penjcilliumgriscoful pum
Nandg bty L EEE Bu RS N2 mleRss e dhs e siPgRg by che
desigaropselattive inRibH3H. basétloMhe Q{acﬂimolecﬁl@@%lﬁﬂéll BglaDé isolated from
Medi cinal Chenmistry Letters 9:1949-1952. nonol ar

the lgggh.dig @ypose intabiterf seicyalNsEng protessesesush 2y e ghiseys [pedeases A

chj e ign_ef-.sel ective 4 nhi bi tor .
and %ég%aglyonmt ghpﬁa%h&%lr?g?%?gl Séﬁ’){eﬂgﬁilﬁn %gagi%gllwl&n 8? C}II'SO l‘éﬁhg@z istry
36:15%8em07; 7. eech, is a potent inhibitor of several.

serine proteases such as S. griseus proteases A and
B ye i i lvh &i ir
el yE s SRS 118, PRSP AS
Diang fhiPbéttady, $ HaReblizhiden NeeWQ 81365 Fdof Daga GAAt @ntl.. Nbhere are a
6 to, 15 Di PCT Publ i cat,i an

fow S 30y sbbanar BRI CooR milegias Seglgpere, gt paghe
naturbEpRate @hultiGd. PRérsRERASL N, NouPhd] Jf VirSIOBE 79464 R06540@ 999:
anal_ogues, iotoxin and the natural product

gl h
Lohmagn -4 ph, Virelpgnd49:108-418, 4998. Journal of Virol ogy
73:1649-1654, 1999; Lohmann V. et al., Virology
248ntiseBsel pitysph@athioad ligafeseymickepfitiey odthplemiestary to sequence

| i godegxynucl epoti des c I ntary to sequence . 20,
suciGies By e %-ma—wﬁglgseglﬂa _ﬁ? ﬁ‘z%dﬁ&;‘? - PRSeBPT LSt as 8 ciges Anhibiters of
HCV' 8RR' &:@fes8®neihf #CHig B! tridtibh bRI 162 g@‘]—g&%@rase cell culture

and Hep

expression inin vitro translatio
systepSV-Alt M. f &rads dlepaiology A2 1077175 199 B mRecahit twdvk has demonstrated

S Ve T T e————
locatéd irethe ke toEnNeEiGNdf tHETIEVIRINASard 6Hed®R targets for antisense-
mediated inhibition of viral translation. Alt M. et al., Archives of Virology 142:589-599,
1997. U.S. Patent No. 6,001,990 to Wands er al. discloses oligonucleotides for
inhibiting the replication of HCV. PCT Publication No. WO 99/29350 discloses
compositions and methods of treatment for hepatitis C infection comprising the
administration of antisense oligonucleotides that are complementary and hybridizable to
HCV RNA. U.S. Patent No. 5,922,857 to Han et al. disclose nucleic acids corresponding

to the sequence of the pestivirus homology box IV area for controlling the translation of
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| ocated in the core coding region of the HCV RNA are
effective targets for antisense 25 nediated inhibition
wo@booniorzbo t ransl ation. Alt M et al., Archi vespof/US2003/024324
Virol ogy 142:589-599, 1997. U. S. Patent No. 6,001, 990
to Wands et al. discloses oligonucleotides for
HCVj phtisensengliganacieatidas cit herapricHmentspEm e RS reentlyrenigwed

/ t d f
(Gl 3 2Pt "ze@?ﬁ?‘" PR ST T TR C° e
B B AR ey e
in HCRAL qgﬁan%& Pécel%zﬁukﬁéZtlJnoJP'ﬁ $6RBOG ot Iﬁéd%CI{I &N MrafidsE Patent

aci ds correspondin e sequence of e pestivirus
Publidation | g0 1100 %91 vf d{aaan @& ato nNndbdtserrgsmthmt tibeaysieatliaga been

0133 / US2003/.024324 . ANt
trgery pi i RSO T LEH R B PR R e Fokppfiairs Sifers
plaqué %@@b@t | X1dcepk emad et GEAKERIDRILY Y0 %st@l:t 995] owooal TR use of
| Ul ar Physi ol ogy 181:251- 257 99). Xher

rlbozmﬁri@dmg N és @i@t@dlSﬁlemdrmédSaEaﬁenﬂwNm 6,64%06f to Barber et al,

HCV. . J panese Pat ent
and UlI=§bl I'C ?ﬁ%(s) g@%%%@g%o%4 tig’a%l’eﬁe la .; Japanese
Patent 5 Publication JP-10101591 of Kajh Y. et al.
Nthe patentsedipdpsrbe prpfZrume rviemprdentiotng 0@powds fforethe

treatn%?% ﬁpq/ rlecﬁreegl le! W%@ﬁ t RS. 6 66‘1 %5 Q)I\ghlje{*elﬁé}gl Jdlscl(%ses a

iovirus chifrera ague’assay.
methal of, trd:&mgt]&d’)@ﬁgm rﬁﬁ raimhdae to @f&ferdd IR atnidne by&’drrmﬁlstermg an
ri boz mes g s also iscloedln H,jg
immup SgR eng ooy oF fryhigisia GyGr Heemegt. U 3: Patent Nos
5,972 3@7 %‘ Ed@p& al. 5an%16§)9@§5ﬁ)9q8 Bona®l Y AGak1dse a@iﬁﬁ@[ba‘é‘éd @datments

her patents disclose the use of |nmune system
forH@Utlefwtlmlng compounds for the treatnment of HCV. For
exanple, U S. Patent No. 6,001,799 to Chretien et al.

ditss| Parst No. 03MQB40f0 GokBlel Y HisMobdd Bt @MYIDAA @@ ptor
to interferon treatnment by admi nistering an inmune

agonigfy shasiwg Jreminomadylatarys anemalapoloditihBemag virey myd; anti-HCV
g t t I
il SOTHRC S0, SR oy, g p2de 8 EiLT o i
alkyldyckohexmmes.s U.35Pftent NC\6,031, 260 tcoMortik-NatsPlaltecert alNdlscloses the
034, 13 et di scl.oses certain
use: o gRaiies ATkob it e THBit €] RGO Doy nduced antigens,

includ@ifg itAdYeapiodheedaBy I HEQMR VS I PateANNoa ™ 9208 1o Chojkier e al.
activities. The di'sclosed NVDA receptor agonists

discldsed hagse of witdraimi If gndbothar mﬁ@anta |t¢< yb@tmgmdlawésrs inglgling
HOV G R el o, S3euR8 BPIRHELT RGPS, B ol op sawatene fo
treatind FIQW infedidnpr U@ PateaNef 5 ,839,80(0 td SriithditGe dliRkésOBP use of
amantadine for treatment of HCV infection. U.S. Patent No. 5,846,964 to Ozeki et al.
discloses the use of bile acids for treating HCV infection. U.S. Patent No. 5,491,135 to
Blough et al. discloses the use of N-(phosphonoacetyl)-L-aspartic acid to treat flavivirus
infections, such as HCV infection.

Other compounds proposed for treating HCV infection include plant extracts
(U.S. Patent No. 5,837,257 to Tsai et al., U.S. Patent No. 5,725,859 to Omer et al., and
U.S. Patent No. 6,056,961), piperidenes (U.S. Patent No. 5,830,905 to Diana et al.),
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i ncludi ng those produced by HCV. U.S. Patent No.
5,922,757 to Chojkier et al. discloses the use of

W@ 240a/01330E and ot her antioxi dants to treat hepP€T/TS2003/024324
di sorders including HCV. U S. Patent No. 5,858,389 to
El sherbi et al. discloses the use of squal ene for

benzenedigarbayarrides (e SatenhNoUS$33 888 doDinks. efsaldapolgatenybic acid

derivifflch s, Plent NRCS 006844 {OWHRE A1 122, 2T AhATa 85 § petent

No. $,02688Kito€eVahoan @i af), Os@sihidezdlese (0fS. bPdientabds,890/874 to

treating HCV infection. U S. Patent No. 5,491,135 to
Colagayefgth)et al . di scl oses the use of

N- (phosphonoacetyl )-L-aspartic acid to treat

f |Gtevagenss for nfietrtatmost, oSHCEV adedtoY incihée PEGASYR fegylated

interfggogn Al 1gse) By SRo%, (NFERGAVe hRtasrons wfEeom el ) isaptune,
OMI\ﬁFEﬁbN (hﬁt&al Pﬁfeﬁ@fong%g Sritegen, SQQEUEFEK@NUS% Bhman &home

tent No , piperidenes ( Pat ent
SmenNcs RM, o@setferomi évn‘a-]et) dly. ) Ares@eyo2 00egd 33@erferon by

o RSG5 SRR PRI SRATLES 0 8y SRS

InterMQﬁé VEidriRRin( 1) By Sabens-PNuchSIPL361 IA0 IdtemWios, ®erimebodib
-di deoxyi nosine (U.S. Patent No. 5, 026, 687

VX-4t98 b)VaV@:rltﬂXa AMAN Ed@ﬁmnmt@b)zbﬁ Badq Lats, Sabeaye HEPNAZYME

by KESERONEHL B b by o5 e B R 0RO ES] 9 Lo

CIVACIRertdye ermBIgl Llavmax)nl\z/uny Rpcl@Nl yéléié\lmémm I1iy|e ([ OIADAXIN
acaon N er ne at .

<thqustrb@1faeilb%3 S%yci}m &%?LEIAEOMSI@R@\F Bipy ridg)opdaxim, VX

950 /ief %3% bgﬂﬁ% S Lgﬁ@r S5 qgs@ﬁ,y&\xé@hama&mﬁéay‘ﬁa@ ON-6556

I nt BioMedicine, O'al Interferon
by Idéh ﬁhmrtapemiuatsi,, Idcoaridi JAXc0@Nlee A KROR Bhdreraon ganmma- | b by
10 InterMune, Interleukin-10 by Schering-Pl ough,

| B3ia@hemYPHafth#£ 1ite UisOBsedMBE uEEBPMrtbus )8-dB%olaNe Madlddides for
AVANTADI NE (Symmetrel) by Endo Labs Sol vay, HEPTAZYME

the trpgtmR ¢ of g Pyvizgukie b@fec;tmﬁn Pigingtional Rubligipn @,\{p W@ 01/32153.
HCV/ MF59 by Chiron, O VACIR by NABI, LEVOVIRIN by
I (B\ioCHbllRHkﬂthNEné))aldoGﬁlscl&s’éB’Abéhﬁus ()tH&y ab&ilo, a1-f1¢dr&u)y hyd 2°-
Sci G one, CEPLENE (histanm ne hydr ochl or | de)
alkowa%rlﬁlfoaﬁ@l@orgﬁaﬁ fregiest i1 8 E&W@ﬁ@@x/“ﬁ??u% fin ylntqr@ﬁsnal

Pubh%ﬁtﬁf?ﬁ\l@ywbsd)ﬁ grmaceutical /El an, I DN-6556 by Idun
armaceut | ca s, Inc. and JTK 003 by AKROS Phar na.

1,SCi OS€ e ,use, of. . .var

?I ]gglmc?}g}t}g%g&“ C&Hg dasg 5% ranc ed nucleosides, anc? Hir use in the

treatment of HCV and flaviviruses and pestiviruses in International Publication Nos. WO
01/90121 and WO 01/92282, respectively and U.S. Publications 2003/0050229 Al and
2003/0060400 Al. A method for the treatment of HCV and flavivirus and pestivirus
infections in humans and other host animals is disclosed that includes administering an
effective amount of a biologically active 1°, 2°, and 3’-branched B-D or B-L nucleosides
or a pharmaceutically acceptable salt or prodrug thereof, administered either alone or in

combination, optionally in a pharmaceutically acceptable carrier.
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the treatnent of a Flaviviridae infection in

I nternati onal Publication No. WO 01/ 32153. Bi oChem
w@haams3bnc. al so di scl osed vari ous ot her 2'-heCDUS2003/024324

2' -hydroxy and 2' 20 al koxy nucl eosides for the

treatment of a Flaviviridae infection in |nternationa

puBireationahPuicatia as: 9 05/15404 and VA MRALS 1o & aHeffmann-
Lo REff A% SEIAREC BEGRCARAE AN A% B0 SBR of S0 rna
repliqgaeshi vi ruses in International Publication Nos. WO

01/90121 and WD 01/92282, respectively and U. S.

Puiahgadsto m%%@@%%%%z@boaa&%@#@%&%&f&@m@é fof the

met hod for the treatment of HCV and flavivirus and
treatrpertof aivatisty of viresstsi inclading Haieiniclag ratdd ot pagticiasHCV.

animal s is disclosed that includes adm nistering an

effierki & €AMW NindokisPHatMARHEAS H¥cldsd invRicknatiodal PiMation
3' -branched R-D or éB-L nucl eosides or a

Nos. Hﬁ@r()ﬁrﬁl:b'éaiﬂ end W) 8o &p2atnd pyblished U. &wa&g ATHdr &bf
red e on, .

vart ERNRIEMIGE o Rl SRR S B Byr GRS Hleorids. fop the
treatﬂi\éht.? ep 4&/1ﬁik3§ Q%d's’é:T 1ep2Ri03/ (32 418géhdehin b aRNAR@pendent RNA

Publ i cati gn Nos, ‘WO 02/18404 and_W)02/ 100415 to F.
polymgrpseviieiuding Rsvivirides anddepagisplay BGV%us nucl eosi de

anal ogs for the treatnent of HCV RNA replication.

Phiarvies sdétthd sevietidof discadd® BR0GA02 mitmpesniflms amhﬂiauuﬁuses

ucl eosi des for the nt of a.vari
s NeRe i SRR Bamagi o i Spghidet Gt dhe present
1nveﬂﬂ@¢f to\B6 e & dothpoutd) GuetBH ahd LSmPERi SRR Yhd ﬁ*@e{tﬁlent of a host,
di sclose in Intérnational Publication Nos
includmp esiredy arhesprerlbhwsas2Bicoted wiith favivads . 18.st1v1rus
2002/ 0147160 Al various nucl eosides, and in particular
S I 0RY, [ f >
:ALSE BT SRRSO RS, e 8 i o
treatmpan oRNA- degte nidelntlinBNAninids pmi@l naspedaly | ehandj ngfected with
Fl aviviridae, and in particular HCV. In view of the
hepagi¥ifsest y of di seases associated with pestiviruses and
flaviviruses, and their pervasiveness in animals,
i ncl udi ng hunans, it 1s an object of the present
i nvention to provide a conpound, nethod and
conposition for the treatnent of a host, including
ani mal s and especi sgvyiARy R INVENDIOdCt ed Wit h
flavivirus or-pestivirus. 15 1t is a further object to
provi de a conpound, nethod and conposition for the

t Llﬁjﬁnebeeﬂf a%ggrg tt{]ﬁﬁl ge%!amd Imqgeos%engerlva 1r\]/gs ?rﬁ:gpacbl f ybeing
phosphorylated at the C-5’ position, due to the lack of a free hydroxyl group, are potent
inhibitors of HCV. Further, it was discovered that bicyclo[4.2.1]nonane rings, derived
from nucleosides, exhibit potent and selective activity against Flaviviridae infection, and

in particular against HCV.

10



hepaci vi ruses. SUMVARY OF I NVENTION It has been
di scovered that certain nucl eoside derivatives
w0 pwapaishe of being 20 phosphoryl ated at the E-BUS2003/024324

position, due to the lack of a free hydroxyl group,

are potent inhibitors of HCV. Further, it was

dulaocwe«frebbd;lmamt thec prebaft dngentionapravides pmgpounﬂlé raf\tbd general
form ﬁsn nucl eosi des, exhibit potent and sel ective

‘g vity against Flaviviridae infection, and in

particul ar against HCV. 10 WO 2004/013300
PCT/ US2003/ 024324 | ne enbodi,nent, the present
i nvention provides co unds c];g the general formula

(1): W0RL N R5 '86 4 N4 R (1) 5o0r a

phar maceuti cal | y accept alN_ or odrug t hereof,
endent |y
pseudohal ogen, -CN,

wherein: (a) eaclr
hydr ogen, hal ogens, (F

-NC2, | ower al ky}® of> 1RC6 or haNogenat ed | ower al kyl
hydroxyl, al koxy, , CH2OR6,\ - NH2, -NR6R7, or a
resi due of an am no ackd; wherei Rat Ieast one of R4
and R4'" is hydrogen; 10 (b) each R5 and R5' is

i ndependent |y hydrogen hal o gen (F, Br, A, 1),
pseudohal ogen, - mer al kyl of C1-C6 or

hal ogenat ed | ower aIkyI hydroxyl al koxy, CH2CH,

5 or a ARG uticANAccephdBE¥alt 21 r@drﬁgﬁie%dﬁ wileréi: am no aci d,
wherei n at Ieggt one F R5 and R5' is hydrogen (c)

© <fAFR. TR0 Tl GG, Y G950, CELhtgions.

-@Ny |-Nda eleved cificil eof Ok r@ah@/lbgenafedl loyer atkyﬂa,chjrdro;@d) alRbxy,
IS yl, al ne, al kenyl, ]
P&ﬁ&l@?ﬁ{* éﬁﬂ%weNﬁg%ﬁ b ey o netag%%wa whrginaj feast one
oA BRARKYL hy@(ggeﬂpar yl or am noacyl of Cl- Ce6;

w

10 (b) each R® and R is independently hydrogen, halogen (F, Br, Cl, I), pseudohalogen,
-CN, NO,, lower alkyl of C;-Cs or halogenated lower alkyl, hydroxyl, alkoxy,
CH,0H, CH,OR®, -NH,, -NRR’, or a residue of an amino acid; wherein at least one
of R® and R®' is hydrogen;

(c) each R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,
15 alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(@) R' is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-Cs;

(e) R? is oxygen, sulfur, -NR’ or -CR’,, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C;-Cs;

20 ® R? is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-Ce;

(g) alternatively if R* is -NR’, then R' or R® can come together with -NR’ to form a
substituted or unsubstituted 5 to 7 membered ring that can include one or more

heteroatoms; or

11



(e) R2 is oxygen, sulfur, -NR or -CR 2, wherein each

R is independently hydrogen, |ower alkyl, alkylene,
wa@bkdoasydszpo aryl , or aral kyl of Cl-C6; 20 (f) R3PCHUS2003/024324

hydr ogen, |ower al kyl, alkylene, al kenyl, carbocycl e,

.aryl, heterocycle, . heteroaryl, aralkyl, am noalkyl,
(h) ifaR iso&RY4, then BnpnBaesn cahe Gigether with)-CR 't & Foami & sgbptifuted or

R2.1S, - t hen or can. c t oget her. W - NR
o §oppiata t et Bhe B EARERT ol ahis b domlEs
mepbered ring that can include one or nore

(@) ihRf ér daltonB; 28¢ R 1capcromp iygsthescothpEit wde doun goabsiituted or
i. i Sqe= Gl th
ubUhstityef¥BidyBiic (B fhay bAPACAe She SFinbRMfAMRRODC 1T

to 7 mepbered. ring that_ecan_i.ncl ude one_q re . )
heler IEIeHRe ,emépdlerﬂe)nt»itﬁe R of B clthebicpeloldniy 1 IRenangs agridue
antRGR5 &R, W 47 pf§rde bPad Xk %'%@f&?.?.tlﬂﬁo%gn%herein R’ or R is
unsubstituted lg)l cycltic ring th t can include one or
OH. rforome embediowngtbe aBitonacid jsretiee.r bula patbiodiansutt-ecmbodimest, the
. or iﬁS' of ..the bicyclo[4.2.1]nonane is a residue of an
aming apidgs Lvafine.i” o "3 2 prodrug of an active
bi cycl o[ 4. 2. 1] nonane wherein R5 or R5" is OR In one
enbodi nent, the amno acid is valine. In a particular
sub-enbodi nent, the amno acid is L-valine. 12 WO
2004/ 013300 PCT/ US2003/ 024324 | n anot her enbodi nent,
the present invention provides conpounds of the
general formula 1(A-D), 2 (A-D, 3 (A-B), 4 (A-B), 5
(A-B), 6 (A-B), 7 (A-C) or 8 (A. YXX R Rs RS RS
/,Z Ras NRas v\~ RA's N R4 s hgq RARRA R4 R4 1 (A
I (B) I (O 1 (D T RBXR' XR5/ XR5 X

12



RORERE aRAiIA 2(A) 2 (B 2(0 2 (D R \ XX
RSRSRE RS RS RS 6 R 44 - MM R4 Ra RRa NR P14 NR
WERARIBo(A) 3 (B) 4 (A 4 (B) R X R X RS OPCT/BSH00R®4324
RS ~41 RA Ra R4 NR' RRA NR' R4 RE5 (A 5(B) 6 (A

6 (B XXXR z YRS RS RS RSRs NR' 1 11 R4 Ra
R &xbtiRa eRbofidnedt; tie pr¥pent it BNtign p@)wd}:s(cA;npogndsa)f the general

formne PLATB A gagcmarff’&?éﬁ%' SR 92@@%@23@“? i

or N
N
R,,'SR4 N N\N/
1(A) 1(B) 1(C) 1 (D)
/\
Re' AN X R N X X R N\
4'R4 4’R4 Ra
2 (A) 2 (B) 2 (D)
R R X X
Rg' Rs"
Rg Rg' Rs
E Re ~ R & e NR e L, NR
3 (A) 3 (B) 4 (A) 4 (B)
R X X
r&m Rs. 9 NR® *;i.
5 (A) 5 (B) 6 (A) 6 (B)
o
R
Rs , NR®
Rs
7 (A) 7(B) 7 (C) 8 (A)

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

each Z, Z’ and Z” is independently CH, CX or N;

13



13 WD 2004/ 013300 PCT/ US2003/024324 each X, X and X'

i s independently hydrogen, halogen (F, d, Br or 1|),
WORBDYONEGR) NRR , NHOR, NRGNRC R', OH OR, SH peT/BRoN3/024324

each Yand Y is 0, S, NHL NR, NONor Se; each Ra is

Ry X ana B L5 dndercasong oapi atageaitkyh B Aty NER'

aMNRORY WHOR ATRAPREN, Off, G %o@?g,each RC, R and R
i ndependent |y i s hydrogen, [dwer alkyl, |ower alkenyl,

Fitianf o RO RNE N RO Sy el oal Kyt

cycl opr Opérqgglo One Fartl cul ar exaggl e of a nucl eosi de

e@@r Ry ds ihy@drogsn.t leavet @ hyd)valhsg}enqmaaf,e@ [cartReydlaorrah ehetsrocycle,
f | | t di ment ,
S R T

gene R5, R RS NZ 15
IbR aRpﬁ%qi Hvac@eiﬁpeéléﬁmiy ladwémgam lewsapkyb rlowero@lkwl aryl, or

r a ar
B B Indffosfnucl oy Stositieg oy nfP o o8,
14c3?&b[0p26)§34/ 013300 PCT/ US2003/ 024324 |In a particul ar

enbodi nent, the bicyclo [4.2. 1 ]nonane is of the
for mul a:

10 One vparticular example of a nucleoside derivative is the following

bicyclo[4.2.1]nonane of the following formula.

X
HO > F
HO -

In another embodiment, the present invention provides compounds of the general

formula

Rb

15

or a pharmaceutically acceptable salt or prodrug thereof, wherein W, Z, Z’, R*, R*, R®

and R® are as defined above; and
R’ is R®, OR®, NH,, NHR® or NR°R’.

14
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H derived N from Ho- N~ HO OH HO CH

icyclo[4.2.1] nonane system the nucl eosi de precurso or
wa@2pharizaceuti cal ly acceptabl e salt or prodrugPthesmos/ 024324

Therefore, in one enbodi nent, the present invention

provides a 5 bicyclaq[4.2. 1] nonane ring of éhe formul a

( Ina pyyticeanemaberizent fhedigyglohd e dromne st the forapisy

prodrug for the treatnment and/or prophylaxis of a

host, such as a human, with a Flaviviridae infectijon,

and in part HCV infection. In

enbodi he i nyention, .a pharnmac

conposi t i n¢l udes 98M8%pound of N f offrul® (|1,
or @ pha Nacceptf@e sah rgdrug {10
t her eo i géa phar maceut i cal cept abl e
cary | LS /provided. In yet her

enb Iali nt of the .'\h

tion, a pharnac
conposi Qdn with a conpound of fornulﬁ (1P
phar maceutically acceptable salt or prodrug thereof,
opt i@?ab[zwz.wi]ﬁdhamemwmceuti cal Ithe aticlepbigie! frecasof er
or diluent, 1In conmbination with one or nore other
antiviral agents are provided. 15 The invention also

ora phf R ofly JFPEe Al L BRAERLEEE g 2 hev T S

i nfection, conprising the admnistration of .an .
arbPReEQres | ¥ ef g0t PWgOC;leﬁfm %? PTBRY ¢ |1BYSAtioN 1 BKLRE @

bicycfgLéFtQ.lgéonfaﬂé r%gf ﬁqe)fo la ﬁg’p(fgi » mgé&l!ti?a;]liyja%c@ﬁglﬁé’ﬁﬁphﬁi/or

pr o er eof , ally w

prodryd oo dtemadnit yandée cpoplapiods odr 2 ilest, ovuchli dsuentumap) with a

met hod for the

The | tion furt i .
Flaviyifidas fSeRoon, KGR B %&%?M‘e@?‘%&“ Fl avi vi ri dae

infection, including a HCV infection, conprjsing the
adii amother amhodimentapf theninvention |3, phamaceytical spwaemties that

) YRR 4 PASED B BhpL A G g o o

therecfplogethat With wiphhrngacpitivaiin acugbiabkel dayrier bo diN2n2 B0pkb Gid8B00

PCT/ US2003/ 024324
In yet another embodiment of the invention, a pharmaceutical composition with a

compound of formula (I), or a pharmaceutically acceptable salt or prodrug thereof,
optionally with a pharmaceutically acceptable carrier or diluent, in combination with one

or more other antiviral agents are provided.

The invention also includes a method for the treatment and/or prophylaxis of a
Flaviviridae infection, including a HCV infection, comprising the administration of an
antivirally effective amount of a bicyclo[4.2.1]nonane ring of formula (I), or a
pharmaceutically acceptable salt or prodrug thereof, optionally with a pharmaceutically

acceptable catrier or diluent.

The invention further includes a method for the treatment and/or prophylaxis of a
Flaviviridae infection, including a HCV infection, comprising the administration of an
antivirally effective amount of a bicyclo[4.2.1]nonane ring of formula (I), or a

pharmaceutically acceptable salt or prodrug thereof, optionally with a pharmaceutically

15
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acceptable carrier or diluent, in conbination and/or
alternation with one or nore other antivirally

we@bdoeoiizve agents. I n yet another enbodi nent, BCTES10081024324
of manufacture of a nmedicanent for treatnent of a

Fl aviviridae_ infection using a conpound of fornmula
accepiable, capierzor dlyshhingeabineten Pyd/at abgpaimewih e g more other

amwurgﬂgg &1\13?5%@&1]@] ; is provided, optionally with a

ceutrc accept abl e carrier or diluent. In an

addi tjona dr rrent of t eatin
SHy AROF G S5t o tudlhed 0, Banithgiin E&nﬁﬁ%@em for
treatnﬂgfncﬁ" St SiNGiride tﬁi?ecﬁ&'im@é n@ Pheniralt be arohﬁura M, or a
fective anmount of a conpound of forrmula (1),
phanqahartwalrhe Lcoepdtily sakt cmpp@ldm Huireotpris pl@néercbonptugnally with a
h [e fl g% %ﬁr nvention al so includes the
P am@geél %a%c(?ﬁ%‘ r?&n 0? WB a (1), as described
her ei n or a pharmaceutically acceptable salt or
pHoan dditieanle epbodipento ﬁamrat}w&r of Hregting [afaaeea) hayiag| 4, virus-
e r
assoc1%8.cﬁ%lo§8%1rn ] %;hr% prl%s Qchjplﬁgi]érlnlg'/ an?l Eﬁglgﬁelgl%i a gﬂhﬁﬁﬂﬁ%gtﬁcally
effectié amyuat bba cbiﬂ@orﬁr[de(ﬁ’[fﬁﬁﬂlhla @I), pr aphyinexesticafly acceptable salt or
Fl aviviridae, 15 infections, including HCV infection.
prodrug;heseql;dhPiogiled) so i ncl udes the use of a compound of
formula (1), as described herein, or a
phe imeatidn awol iyrcladasahe akd ef aa:lotnpouncb oD dhmgllat (& rasodescribed

optional | har cetrcall ac table carrie
hereirg oyt oyl Ca B afRREP Bl OF JHONTHE FERoh YoGRL ofith o
pharnﬁ@&ﬁlcgﬂﬁ QbcdpiPlapaHE! 6r &URME SniamBdidBIdiheAby ! 1€ a8 Rktiviral or
. as” antiviral or 20 antitunor/anticancer agent,

anutufmr/éetmnmr@gﬁm for leareple fenthe tregmept exmgphastinds offa Blaviviridae

ions, including HCV infection. The
mfecqorrrl\s/elﬁ‘fllu%lngfur rlrrgf{rece[li:otrlrlcl udes the use of a conpound of
formul a g as, described herein,

pH&F imtestion aktol cladesdhe ast ef §éromperm$ heb frogla Horasgfespriped
t t
herci [ Fo DA e o op Bl ST Er o8 HEREP PRI gt »
phamnpcagizslpg scéeptablhearperapalilatitpin gferugivpourdmbination rmthaone or
(1 as, descr.i bed herein, and,.t har maceutr ca
more @i‘*ee,st &Brrapeglg& el o odr DLiETlor BERDY Ty aivital or

Tk @&4&8& BRhES B bECNFibivirid

infectians ancluding Pb@Vrm@ctmﬂal treat nent of

The invention further includes the use of a compound of formula (I), as described
herein, or a pharmaceutically acceptable salt or prodrug thereof in the manufacture of a

medicament for treatment of a Flaviviridae infection.

The invention also includes processes for the preparation of compound of formula

(I), as described herein, and their pharmaceutically acceptable salts and prodrugs thereof.

16
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chronically HCV-infected chi npanzees with conpound 15
(Y=H Z=CH at 5 ng/kg/day once daily. 5 Detailed
w@e®a0iPpvo on of the Invention It was surprisi nECTUS2003/024324

di scovered that certain bi cycl o[ 4. 2. 1] nonane ri ngs
exhibit pote sel ective activity against
Fl avi vi ri dae i @E ESERIPTIN QR THE FIGYRES r agai nst
HCV. 10 The present invention also includes at |east
the follow ng features: (a) conpounds, and their
gmcp 4 b Qidk! otapRCedpildtiR! e FREV Svifd 1wdoaifrmgsorbheém%m of

use for the treatnment or prophyl axis of

chronggadlyi HCM- uﬁ@ww@mawesaﬁ@ icompaped dg 6¥ aH{?/ CH) at 5

(b) pharmaceuti cal conpositions that
1ngk?@£f8%% an ant|V|raIIy effective anount of a 15

conpound of formula (1) or any other conpound, as
descri bed herein, or a pharmaceutically acceptable
salt or prodrug thereof together with a

phar maceut i calDeyailedddsptiptibe of the Ingentdon di | uent ,
according to the present invention; (c) pharmceuti cal

CQPRASI §drﬁxﬁb$ng’l&td?sc@véi@8rﬁﬁé’tn9er%ﬁn in’é'yE}U[@ﬂll]ﬂon%e #hgs exhibit
ot her conpound, as described herein,

potenp ad rastestive ealivily agasestt Hovieirgddet m&ctlpn,odegl phiticelaf against

HCVi n 20 conbination with one or nore other antivirally
effective agents; (d) methods for the treatnent or
prophyl axis of ,a Flaviviridae infections, including

helpgtiresest ipventfoacisodncludes aglaasisthe Edippring fontres:
adm ni stering an effective anount of a conpound of
(@) ccﬁmpcmmlda, 4rid) their Iﬂﬂynmhmallg(ﬁtlpepmidc salés gféﬁﬂfdhlt@dhereof useful
eln, or a rnace a yacc ta e salt or
£ R PGEHE PEBIPPRHERS GhaIA Y HIRE SHER e GB PoBArigular s HCV
id&&eRt abl e carrier or diluent; (e) nmethods for the
treat nent or prophyl axis of a Flaviviridae infections,

tlsC|nf tion, conprisin
® phdifekAL PR, cREBaNT 1| et i enlifedy” Elhebnagin 3t 2
cdrBpdtda of |fbrrﬁﬁlaa(1y &t ey BdpeuMPowas £beg6dctiBed herein, or a
herein, or a 17 WD) 2004/013300 PCT/ U82003/ 024324

p Wﬁ%@@ﬂ)’( agpeptablg sals ot aEpdeug; thereod togsihsa ith 2 Ragraggeutically
Hggﬁéuen%/er opdﬁ‘ueﬁg%gﬂ?ﬁﬁﬁ% Gl dr ad ¥ senfa5ERiab!l e carrier

I'n congi nati o Srnatron with one or
re other . .
(c) pharmaceut1cal compositions with a compound of formula (I) or any other compound,
as described herein, or a pharmaceutically acceptable salt or prodrug thereof, in

combination with one or more other antivirally effective agents;

(d) methods for the treatment or prophylaxis of a Flaviviridae infections, including
hepatitis C infection, in a host comprising administering an effective amount of a
compound of formula (I) or any other compound, as described herein, or a
pharmaceutically acceptable salt or prodrug thereof, optionally in a pharmaceutically

acceptable carrier or diluent;

(e) methods for the treatment or prophylaxis of a Flaviviridae infections, including
hepatitis C infection, in a host comprising administering an effective amount of a

compound of formula (I) or any other compound, as described herein, or a

17
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20

antivirally effective agents; (f) use of a conpound of
formula (I) or any other conpound, as descri bed
wheoogion33oor a 5 pharmaceutically acceptabl e setT/US2003/024324
prodrug thereof, optionally in a pharmaceutically
acceptable carrier, for the treatnment or prophylaxis
phmfmeaelﬁi@lly iceeptidle sahf@cnr@dmg thaveof; pptignally i@ PARrmaceytigally

f
acc&p t I(Q,%nﬂ'sro uﬁ gﬂueéls i coglr ﬁ%ﬁgg N dalt%ﬁlaglgﬁ %J[haoxgel br Hor@Sher

anVisdI BRItV Cadeh); accept abl e salt or pr odr ug thereof,
optionally in a phar rraceutl cally 10 acceptable

63) us@ ar E‘IC%[’TPQPH% 3:{ Foinld t y GRRPLARbHER, E% g%bcgiﬁgd Bérein, or a

|V|ra ectlveaents
phhﬁ@éﬂﬂkﬁlly @bce@tabtmgalltaxl modnilg dhdrkaly bptioniatipén aphemdceuntically

and in particular a ti.on;
aceepiabbR pATIEs qr(}ﬁmpaém@% ord?roalil,paa)gf pEp %hg%)ﬁ%g%mfeézgon and in
paﬁf‘cﬁ?a‘i'ak}f@vh:?@dcﬁ or a pharmaceutically acceptable

salt or pro rug thereof in the manufacture of a 15
& of R AR FLAT LS g

phERRIRAHACk 1y 3R cHebld dﬂ'l@ﬂﬁllgﬁher%f aptighiy iR e ghhinakhically
accept abl e sal't or thereof, optionally in a

acpetmahim@mmr, dal alltyrnaa@m ep pamlb@atlan FYIEY ORSY OlHMOERe ﬁthex Antiyirally
efé«%E {iIY %)ey treétm%nt 8‘12 R}{%Bh#rl\ﬁhs ach aoF avzv]grzdae Lﬂfectlon, and in

tlcancer a or exanp

a}ﬁ@@drmqm@VQﬁfeaﬁ@phyl axis of a 20 FI avi viridae
i nf ectl ons, including HCV infection; and (j) processes

(h) usk ?)Ee (}Rﬁlg{lj %f' %ﬂrﬁlﬁ gz ?Hg%éﬁéﬁer epBﬁH an% ﬁ?s(cg})?@ herRHY or a
pmhﬁwmnaallyl caedepgabbc calpt ablpeoctrag ttherend) ipr ther mepgfacture of a

%Lger eof .. 18 WD O%/g& 330 S2003/ 024324 Acti ve

FRTBRIH doT) tFeaBmRe: VR aeo’Inet P invention, the
present invention provides a conmpound _of t he gener al

() ustmfrasangoupd ofifgnmia (1) op any othep composnds; ag descrikad hergmn, pr a

ph’glrmaceutlcally acceptable salt or prodrug thereof, optionally in a pharmaceutically
acceptable carrier or diluent in a medical therapy, i.. as antiviral or
antitumor/anticancer agent, for example for the treatment or prophylaxis of a

Flaviviridae infections, including HCV infection; and

(§) processes for the preparation of compound of formula (I) or any other compound, as

described herein, and their pharmaceutically acceptable salts and prodrugs thereof.

18



4 R3 5 (1) or a pharnmaceutically acceptable salt or
prodrug thereof, wherein: (a) each R4 and R4' is
wo paepessoent | y hydrogen, halogen (F, Br, O, [|PCT/US2003/024324

pseudohal ogen, -CN, -NO2, |ower alkyl of Cl1-C6 or

hal ogenated | ower al kyl, hydroxyl, al koxy, CH2CH,
Activ&Gtiiapuind NH2, - NR6R7, or a residue of an am no aci d,

wherein at |east one 10 of R4 and R4' is hydrogen;

(b) each R5 and R5' is independently hydrogen, hal ogen

( | or®r emiddimént, of ikis inhansibmghe preser@ihveN@an praidas aa¢daypound

of Cl-C6 qr hal ogenated | ower al kyl, hydroxyl, al koxy,
0fﬂw€$&€ﬂﬁb@¥§ , -NH2, NR6R7, or a residue of an amino

acid; wherein at least one of R5 and R5' is hydrogen;

15 (c) each R6 and R7 is indepgmndently hydrogen,

al kyl , hal ogenat ed al'ky!l, al kyf*ene, al kenyl,

carbocycle, aryl, hete het eroaryl, aral kyl or

acyl; (d) Rl is hydrogex,! | otex al ké&, al kyl ene,
- e le, heteroaryl,
1 noaryl\gr am noacyl; (e) R2 is

al kenyl, carbocygF
aral kyl', am noal kyl , f
oxygen, sul fur, R 7\0R3-CR 2, 4wherein each R is
i ndependent |y hydrogeh, 20 | owey al kyl, alkyl ene,
al kenyl , aryl, or araRﬁyI; (f) RR3i s hydr ogen, | ower
al kyl, al kyl ene, al kenyl, carbocycle, aryl,
het erocycl e, heteroaryl, aral kyl, am noal kyl,
5 anmi noaryl or anminoacyl; 18YW0 2004/ 013300
PCT/ US2003/ 024324 (g) alternatively if R2 is -NR,

LiRRCRYcAly R3esiable SAFBr HrodRiNBEre¥l (hereX to form a
Orapsubstcitll(jt eyd o?ﬁungubstri uted 5 to 7 nmenbered ring that

@ cSERA5 25 BB By REHEORETTE B, D, e B cn

0N IN@,, SoEt bkt 88 (YLCq or Bakgbsdted Wved &kl hydroaxyh edllesky,
ring that_can Inclyde one or nore heteroatons; or (i)

CHsOFpCHeORGRNBL, IR Bndorraregidne ebabampgecks vhgraim at legst one

10 Oﬁéiﬂaa@g1g_2%?g%%tuted or unsubstituted bicyclic ring

can i one or nore heteroatons. In a
(b) eagﬁrlisi.él%:c]g{ ﬁ§ Hgl_ggci: elgttl}’f h%}%ggrj, %ﬁ)lg(e)n hél, lgr', 81, b[] %le%%heillggen,
-CN, NO,, lower alkyl of C;-Cs or halogenated lower alkyl, hydroxyl, alkoxy,
CH,OH, CHZORG, -NH,, —NR6R7, or a residue of an amino acid; wherein at least one
of R’ and R¥ is hydrogen;

15 (c) each R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(d) R! is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl;

(e) R? is oxygen, sulfur, -NR’ or -CR’;, wherein each R’ is independently hydrogen,
20 lower alkyl, alkylene, alkenyl, aryl, or aralkyl;

(® R? is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl;

19



HOQ OH 10 or a pharmaceutically acceptable salt or
prodrug thereof. In a preferred enbodi nent, the R5 or
w®B0040133000e bicyclo [4.2. 1 ]nonane is a resi deer/usfooznoe4324
amno acid, i.e. a 2'-prodrug of an active bicyclo
[4.2. 1 ]nonane wherein R5 or R5' is 15 OR In one
(2) altembtiHlyrhR? ig AR 3 rthero RAer R’ eanvesimentogethar withaNR cigl form 2

sub- erbodi meng., t ino . acid.is |-vali n
supitraed B CSTRA S Bnb o RERES o2 BBk bR or more
heleRyB&hd: @p, a conpound of formula (1) is provided in

which R2 is -CR 2, Rl and R2 cone together to forma

o035 STERIRERL 50 R R BB DT e,

5 unBuEEMRkddSS 1ol NBle@YEied fing thal can fehd dnp b moteladteroatoms; or
sub- enbodi nent of the present invention, a conpound of

- o B0l s (ot ' [ I.CGh: R2 :
it IR L R B e BeahehuSEcky ok S o
unBEHstitiEI0R 3y dli2 412 4hateenireheld onk ogmanchdRSoalothsR2 cone
together to forma six-nenbered ring (to forma five-
six fused bicyclic ring system). In a third principal
sub- enbodi nent of the present invention, a conpound of

f or mul 1) i.s provided.in j R2 S d R3
ag‘bla ?@%‘&"g?fzeer’?@éigtpﬁlgr gzleglc}yg}o:ﬁ?%ﬁ?r}o\pgt} © % Orfre%goié% g'r i ng.
In one enbodi nent, Rl and R? do not come together to
forma ring. Inja fourtiypring sub- enbodi nent of
the present invention, a ToA of formula (I) is
provi ded i n whigh
together to forma si“;
enbodi nent, R3 and ogether to forma
ring. Inafifth pr ; i ment of the
present inventiargOa ) O formula (1) is
provided in whigh R4 s -CR 2, and R3 and R2 cone
together to forma sir’x- nenbered ring. In one

10 enbodi ment, Rl and R2 do not come together to forma
ring. In a sixth Principal su%-eqpodinent of the

or a phaEesiiticaly aseep@hle salt op BodtHetheeot-f ormul a (1) i's

provided in which R2 is -CR 2, and Rl and R2 cone
together to forma five- nmenbered ring. In one
enbodi nent, R3 and R2 do not cone together to forma

ing. In one

' IIIr1] %'preferred embodiment, the R’ or R> of the bicyclo[4.2.1]nonane is a residue
of an amino acid, i.e. a 2’-prodrug of an active bicyclo[4.2.1]nonane wherein R’orR% is
15 OH. In one embodiment, the amino acid is valine. In a particular sub-embodiment, the

amino acid is L-valine.

In a first principal sub-embodiment of the present invention, a compound of
formula (I) is provided in which R? is -CR’,, R! and R? come together to form a six-
membered ring and R and R? come together to form a five-membered ring (to form a

20 five-six fused bicyclic ring system).

In a second principal sub-embodiment of the present invention, a compound of

formula (1) is provided in which R? is -CR’,, R! and R? come together to form a five-

20
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15 In a seventh principal sub-enbodi rent of the

present invention, a conpound of fornula (I) is
w@e@niotgsd i n which R2 is -CR 2, RL and R2 coneP¢Dys1008024324

to forma six- nenbered ring and R3 and R2 cone

oget her tqform,a six-nmenbered ring (to forma six-
meﬂéhe;g@%frﬁlg@ad " IR’ comerigeeteie frm 3 six-merabeged FHng (to form a five-

i ddedveRE righ Bs di ment of the present invention, a
Sleg%np%gdggd 81‘ﬁg§§sgg$grnul a (1) is provided in which

neither R1 and R2 nor R3 and R2 cone together to form
a I pribird 2ringipab G0A-0badRENPOT /tSDEBRIORWERbN, lancompound of

AT .
mentBéred hgR4n Bde EdbodinienfR' anfR? G0 Rt dorkeMoghthéBb thrrb Q)rin%.

(D) Rs X R5 X Rs X R5" X RA 4 RA RA Ra~2 (A) 2 (B)
(C}Z(D) HHN XX REBRRRE RSRE RS R4 R4 Ra R4

Ro 1Ry feurthnpripgipal\syb-eabgeiment of) thg fregent inveptian, (aDpompouxd of
fomfdla&l% dm\)idé%isinF@hi%h R? is -CR’,, and R! and R? come together to form a six-

membered ring. In one embodiment, R* and R? do not come together to form a ring.

In a fifth principal sub-embodiment of the present invention, a compound of
formula (I) is provided in which R? is -CR’,, and R® and R? come together to form a six-

membered ring. In one embodiment, R' and R? do not come together to form a ring.

In a sixth principal sub-embodiment of the present invention, a compound of
formula (I) is provided in which R? is -CR’,, and R and R? come together to form a five-

membered ring. In one embodiment, R> and R? do not come together to form a ring.

In a seventh principal sub-embodiment of the present invention, a compound of
formula (I) is provided in which R? is -CR’,, R! and R? come together to form a six-
membered ring and R? and R? come together to form a six-membered ring (to form a six-

six fused bicyclic ring system).

In an eighth principal sub-embodiment of the present invention, a compound of
formula (I) is provided in which neither R! and R? nor R® and R? come together to form a

ring.
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RARANHRNH RARAES5 (A 5(B) 6 (A 6 (B x XXH

RS RSREYRBRENH RARARARAFARE X 7 (A 7

W@ B)4/1338) 8 (H) or a pharmaceutically accept abtBUSHDI/024324
or prodrug thereof, wherein W Z, Z°, R4, R4, R5 and

R5' are as defined above. 5 22 WO 2004/ 013300

Pdr AushoaBriedaembadimem.ohe bicyglaf4. 2.4 Inoaanesisiob thierfermyla:

t he bicycl 0[4 2. 1]nonane i s of the formula: Y XX Rs

78 7(B) 7€) 8(H)

or a pharmaceutically acceptable salt or prodrug thereof, wherein W, Z, Z’, R* R*, R’
and R’ are as defined above.
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RS SRS RA' RaeRa RaA RS NR RRYY NR RaRa3(C 3

(DD 4(C) 4(D R XR XRS' \ RSR RR' NNR R K4
wRdooRa1Ra 5 (C) 5 (D) 6 (C) 6 (D) X X X R 2 RKT/BS20R%024324

YR R5 CR4 RARS 5 RARA X' 7 (D) 7 (E) 7 (F) 8 (B)

23 WD 2004/ 013300 PCT/ US2003/024324 H X X RS RS R Rs

R%) anbgher B*tlaalar SabddmBE, ¥ bifyélo[ARL l]xRﬂaaMm&)f the) foBmIE)
4(E) 41F) HXHXRS\ RSO0/ RS R

Fo S T T

1(E) 1(F) 1(G) 1 (H)
/\
Rs' AN X R N X Re' AN X
& & Ry
2 (E) 2(F) 2(H)
3 (C) 3 (D) 4 (D)
" R ¢ \x " R ¢ ' Rs' Rs e
i Rl Rs. q NR Rs q NR
5 (C) 5 (D) 6 (C) 6 (D)
Rs xS NR®
7 (D) 7 (E) 7 (F) 8 (B)
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aNH5 NH RARARIRIS5 (E) 5(F) 6 (E) 6 (F) HHx
X RERRSRE R' RS RSRA R R NH' NH R4 R4 3 (0

WS 2qokp1350 G 4 (HH H X HX RS\ Rs RS Rs' RDPCT/UR®03/024324
R4 RARANHNHS (G 5(H 6 (G 6 (H H1H2 R5RS
NHR5 NHR4A R4 8 (C) 8 (D) 5 or a pharmaceutically

acgeptabl e salW _ory prpdrug thereofg mnherein W X
Rs' RS aw as defi Rd_¢ .24\
RMSOO MOMBMM L yet¥anot h
“ou| '

Ri%uparti ar enbédi menty the bi Ey.0F 0 22, 1] norfgne” i s
the formula: 2\ n/'= N Y HO NrRHO HO Re
3 (E) 3 (F) 4 (E) 4 (F)
Rs Rs e
Rs 1 NH F,;i. 9 NH
6 (E) 6 (F)

Re. C NH
6 (G)
H . H .
Rs' Rst
Rs + NH RSM
R4 R4
8 (C) 8 (D)

or a pharmaceutically acceptable salt or prodrug thereof, wherein W, Z, VAR R4, R4’, R’

and R* are as defined above.
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OH () 2(1) O ONHZ HM // NH OHOH 3(1) 4(1) HO
CN HO~NHHONHHOOH 05 (l) 6(1) HH HON HO NH
w@Rhod330 G 0 8 (E) or a pharmaceutical | y acce@r/abioes/024324

salt or prodrug thereof, wherein W Z, Z', R4, R4, R5
and R5' are as defined above. 25 WD 2004/ 013300
PETeUS26DS/ 0RiE3R4 embodipzant.itheibigyclefbd Hinananeds of thefermula:
present invention, the foll ow ng conpounds are

provided: O NN N NHW N C NNI / \NNjLo NO

N BQ NN O —
1 P
-

HO \N/ HO
() 2() o
o Y

% P
" OH N\/N " OH NH
3( 4 (1)

H 0 /_Q
N\(\{ / o
H NH HO

" ~ r "

5(1) 6(

ﬁ/ / n\(o
HO \ HO NH
OH OH

7(6) 8 (E)

or a pharmaceutically acceptable salt or prodrug thereof, wherein W, Z, 7, R, RY, R

and R’ are as defined above.
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or a pharmaceutically acceptable salt or prodrug thereof.
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St ereochem stry As shown bel ow, a conpound of

structure (1) can be viewed as a derivative of
Stereddhbmiisgryanose in which the Cl and C5 positions are

bridged by an NNC-N fragnent. The first conmpound we

obtai ned (Figure 1, vide supra) can be viewed as

9 A9 'shewe betodv, (af &nﬁi)dimd of structure (I) can be viewed as a derivative of

ot o L b D 2598 ML K . The
first c\%)\ﬂgoﬁﬁe\% gb@ﬁleggﬁgﬁ% §f 9zrd5 ?ﬂyrtcnz_g cArbd Oféwgé as g'i%;!c'ytzlﬁ@j{B-D-

ering

ribofutdn@byay- lQl@aiaOS-aﬁaﬁuhﬁe%r&Uhmdht U@muhs atheast Gwareitic ch1ra1
substituents are cis, the nuclegside is referred tﬁ
carboxq gtomén@levgpég 1§q1] bil,see(g@elg@cbwsasltpe Cd sybstitygn yhen usipg; t g sugar
L
substifii¢hstaré vgnthel IS.lCTdd)Blde Eim teforted foead Bf dndsivtlen t}telyeare trans it is o.

confirmation is D and its mrror inage is rL
Whengiepting therggaimeighsin 3 hejroatah plang suchythagthe - nglaiﬂ e Tifgels in

e bS5 LREBLUEA 1 el B0t i hd Lot
and itk mhew@atgb ds LS -Thousf when € iand C4QubstithihtOere dis 600 [Mshgar, the

I \\N 4
nucleoside is referred to as B-D and its mirror image is B-L. In this present invention, the

nucleoside has to have the B-configuration.

@)

=
A OH
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32HHHH RDRL 15 28 W 2004/ 013300

PCT/ US2003/ 024324 The nucl eosi des forned fromthese
W@ omploidzgo r eacti ons nmay have asymetri c cent er BCEOS2003/024324

occur as racemates, racem c m xtures, individual

di astereoners or enantioners, wth all isoneric forms

bEiengudlemsided efdrmed tffven plhiess exntpling evactions. mayiwive cﬁsymg@tric

having a chiral center t | at ed
centeryPRlo APy det FFETANG. SerRte R e BsStRS o
enantl é’rsexsﬁ'ﬂp 311 PROMBRE PRksE belkle MURIEPSindase fiesael intértioh.

e coup |ng reaction can enco asses racem C,
Nucle@spdels dmbing-achiral eentoo mpyexishin andbe isplated it gpfigaily @ctive and

m Xt h f h |
BT ROC R T .
from tﬁ@ %&@plﬁ@nre@&uﬁlr &%%rﬁ@mpa/ssesf ﬂf:elﬁi@@@?ﬁ@.llyﬁe&ﬁ% Yialyanorphic, or
racemc form recrystallization techniques, by
stereorsymmhreiqrm,fommxwes %13 Tepf; vihieh pessessahe useful propgities F‘%acglbed
herem Iﬁeh(l)lgcﬁ%}}sy nf ?&rﬁ'fsoc%g rbgypr%gdgﬁgf% ae&gfn 1eS ?&@fuﬁ%h O the

racemfceféﬁh Wyl 1ebrystallizatied teﬁhrﬁqﬁdsyby %mtl’re?smfromf@tma]ﬂlpmmd starting
can be prepared using any nmethod known in th T

materiplGc P g SHYNFES ST B9 COIPTENORTPRILS SRRSFANIONUSPh Apiral staionary
phase oxeﬁ&?%}@{alt' 7 @y t echniques, by synthesis from
y-ac

Ive starting materials, by chiral

t.h h - _
S VBlisa v osa o) R AoBPoEin SRbS R BHEE Al ' Réthod
knowx?l?ﬁ qho &Ptlhaﬁhin%yﬁftréébmtﬁﬁt@ﬁ iRl sackmed Welen aly fe@@@tallizlaﬁon

| owi ng sical separation of crystals -
technityeesh by q;uethwhe ﬁ@ny optingHpaetoys ﬁart@gygqtgqlzgs dv th@l synthesm or

ena t|o Iy eparated. 20
bychr?maéog[ragotf% Dy 183}115‘1%%’26@% [Eglgcrygﬁa%spof the separate
enanti oners exist, i he. material is
c Bngnples ofacthadytq biaisy %ttcallx ashe WAtEA inelyfesdt gast . the
ﬁﬂbvhﬁ% simul taneous crystallization - a technique whereby

> individual enantioners are separately

cr stalizedfro . .
y E) physica. sgpﬁgtio%tc;f %pvs?als ! Q?echmque whereby macroscopic

crystals of the individual enantiomers are manually separated.
This technique can be used if crystals of the separate enantiomers
exist, i.e., the material is a conglomerate, and the crystals are

visually distinct;

ii) simultaneous crystallization - a technique whereby the individual

enantiomers are separately crystallized from a solution of the
racemate, possible only if the latter is a conglomerate in the solid

state;

ii1) enzymatic resolutions - a technique whereby partial or complete

separation of a racemate by virtue of differing rates of reaction for

the enantiomers with an enzyme;

iv) enzymatic asymmetric synthesis - a synthetic technique whereby

at least one step of the synthesis uses an enzymatic reaction to
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25 racemate, possible only if the latter is a
conglonerate in the solid state; iii) enzymatic

WO e®aloutspons - a techni que whereby partial or POVPEBD®024324

separation of a racemate by virtue of differing rates

of reaction for the enantioners with an_enzyne; 30

i v) enzynat iobtais grraranfipmeralynase er enriched symbeticprecursor of
t echni que . . one step of the synthesis
uses an en%&?%e(}%ga@b?%%’to 29 WD 2004/ 013300

PCT/ US2003/ 024324 obtain an enantionerjcally pure or
enri ch&d syshemical agymERelre syniests - sPRaeticeigchnique whereby
enant i oner; ' : éfm%{j{ S eshS aehital

synt hetic téPé %?%%g] et}(ggy 1t ehg%lsi&?e enar?%klno rrecluésor
synt hesi zed vhdemcanlitamkithatl ppdecuasormetty (iredechirality) in the

conditions that produce as tr i.e.,. chi i i
t he product ,pr%h.]cg . may lg%gglgg%eéi( ing, ﬁhlgﬂ:c:a%l}lls;[sy 2)1* chiral

catal ysts orggffafigd: auxiliaries; vi) diastereoner
separations - a techni que whereby a racem c conpound

is reacted w.th an enantignericall ure re nt (the .
10 chi r'd) aﬁi@ﬁ%ﬁﬁgﬁggﬁvér?s%fﬁgq?%ﬁ@%%alé racemic
enant i oner s dompdind® isCreaeB® Miith A @niiowldricAily pure reagent (the
di astereoners_are then separated by chromat ography or
crystal | i zatdhisal syxilipny udabfcoprerts thovindiyidual gnagtiomars to
structural dj. S chi il

renoved to gdéésgel?%oqﬁﬁg ggg ?er:s]iél!}ﬁgn%l% t?fjg%@% a%[%ﬂ{?lxi%’%géd by
first- and stheandlegupler ongyysmtlizationtyanatuer ofatheonsow raore

e e St SIS, LA R TRy
the di ast er ofBled QB theWRSitdRGandad | Omer or where

preferential crystallization of the diastereomer from

t he desi.red enanti,oner ,perturbs the Uil i br.ium 2 .
Such 14D oG i geopg aEdsr dsy sy Bibl & lchpique
converted toykdiéby GlaMeledletsnofl BstaE@RATR eqhilibftd KE yield a

desired enantioner. The desired ) .
preponderance in solution of the diastereomer from the desired

enantiomer or Wwhere preferential crystallization of the
diastereomer from the desired enantiomer perturbs the equilibrium
such that eventually in principle all the material is converted to the
crystalline diastereomer from the desired enantiomer. The desired

enantiomer is then released from the diastereomer;

viii)  kinetic resolutions - this technique refers to the achievement of

partial or complete resolution of a racemate (or of a further
resolution of a partially resolved compound) by virtue of unequal
reaction rates of the enantiomers with a chiral, non-racemic

reagent or catalyst under kinetic conditions;

ix) enantiospecific synthesis from non-racemic precursors - a

synthetic technique whereby the desired enantiomer is obtained

from non-chiral starting materials and where the stereochemical
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viii) kinetic resolutions - this technique refers to
wo b@4acisnevenent of partial or conpl ete resol PAT/OR2008/024324
a racemate (or of a further 25 resolution of a
partially resol ved conmpound) by virtue of unequal
reacti on r aintegrivy istrioé oe iraortly omvinsallyi dcompsorised aver the course
non-racemc eagent . or catal yst under kinetic
condi ti ons; Oféi‘)es %% ospeci f ¢ synthesis from
non-racem c precursors - a synthetic techni que
wher eb¥) t heclizadi Higvide chromatagiaphy obe aiteebaiqugo wheeby the

non- chi r al A1n terjals . 1 . .

ot or cochon SibbES B BESyE SOSHRH CicibBayig sy phese
integrity iByRxtueosf tiRirodifferiip Nhtebdctivns QHthr ® Riasiefarg isHase
the course of the synthesis; ral liquid

X)_ chi
chr omat ogr afiasiuding viaghgral HEECHh %h% Bigtienasy Pleass san beriiade of
of a racema I i Qui i .
S by vi ¢ uocr PRTAPE! AR dace G el ARl ebiel
stationary piagsial toipnetokditiegdidfiesing hiteradtidd®l. C) . The
stationary phase can be made of chiral material or
the mopl e pRAY@as BftomoRighyah REMiGEONALeE) teMacemate is
material to provoke the différing interactions; Xi)
chiral gas uolethzetognd Emgntionsers earh nseparatadh by evirtuehef their
racemate is .fg}é% voltat itl.i zed tﬁlnd enant i rItsr?l ar e. !
separ at ed b{itlFTiPE Jucraptiqnsdn the gagepis ngfﬁ %F 04 8 folumn
in the gase@sgaifipialfiked MdfSadknti chir4 alisbibent pRA¥eI Ni Ng
a fixed non-racemc chiral adsorbent phase; xili

extractipn w.th.chi e -.a_techpj
Che “CHIET, SERSSL L SEACRSogs ;| FEISLHE OGRS o
pr ef er ent i abnaltismelsudre cepapdted by virnee efprfaraniat dissélation of

particular chiral ,solvent; xiii) tra s?ort. acr oss
chi r al nean‘é%"é@numﬁerﬂ%W%@ﬂWé‘Fé&P Wt acemate is

placed in contact with a thin nmenbrane barrier. The
bar ri exiif)y piraas 3 zal mmembminesi blae téchniqus, wbereby a

cont al i 9. LEaledS BIRLE 1o Biact il ¥ 8 oS QSSabERe o The

barrier typically separates two miscible fluids, one containing the

| ORI 8

racemate, and a driving force such as concentration or pressure
differential causes preferential transport across the membrane
barrier. Separation occurs as a result of the non-racemic chiral
nature of the membrane that allows only one enantiomer of the

racemate to pass through.

Chiral chromatography, including simulated moving bed chromatography, is used in one

embodiment. A wide variety of chiral stationary phases are commercially available.

Definitions

The term “alkyl,” as used herein, unless otherwise specified, refers to a saturated

straight, branched, or cyclic, primary, secondary, or tertiary hydrocarbon, including but
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20 differential causes preferential transport across
the nmenbrane barrier. Separation occurs as a result
woboothesspon-racem ¢ chiral nature of the nenbpemnesiohz024324
allows only one enantioner of the racemate to pass

through. Chiral chromatograph i ncl udi ng si nul at ed
not limited iy thesel oéﬂndﬁeﬁlagmlpmm ically dnsduden maikyl, 85, Ect, CFCL,

CrCI ST TR SFIFa pb b Oh e Ml e B L HohpR o6y

pentyl, éj/dicyﬂentyl AiSopessd ﬂé@p&ity\l,, héerll QS(SheQS/h eydllblieﬁys m@clbﬁd:)@dinethyl
refers to a saturated gh nched, or cy

3-methylperdyly 2, %@@@H&}//&W}/I épd t2e%~t1m§rtl§/y1hwlr Fasihs, teﬁmﬁc um@&yl
0
ket 40 LRSI AE ORGSR ORI ety

each ¢oefipyhnd thdtFallCGEABIn ﬁ%@k&renc@&&lﬁks At by lillusBldd GF-8xample, Ci.n
CF2CF3, pro , 1so cycl opro but yl . .
alkyl fneBpige Wcﬁwfigfzﬂ}t GYerY apih trwletyzw Spert iﬁ carbog slgfpsy including
j X
those @9{ cﬁﬁ% ¥hi dlaﬁﬁl‘ﬁlbn of %ﬂ%t %']I;hlepégm %?Gl?ﬁ(hﬁn be opt1onallg substltuted

ohexyl et , di net h
with cmeabr MBe diomatich yelemeq/fromvm gravipeonsisting c(fblk\yl,(lml« H, ,C15Br, D,

vtoa B ot SRt St o, el i 55t s
a1ky1aﬁﬁH@0d151ﬁ faliidto, fa@}lb:ﬁmeﬂ TaﬂdoﬁKlt a&ﬂo&?fﬁt@n@@@kochﬁ&@ thi®$, iafine,

ustra i ve exa i ncl udes

sulfomqn dicidi auléatr:,yzlé Wﬁ silfkyyl, rsulﬁewy wfmoaﬂe eplgr, NeaggyHa acid,
wiaSpRFnobchitR 0, bIRAROR e shibio? Bt Bggbce

anhydtideNoGiRR, BiydioRine, mibﬁﬁates lﬁﬁbﬁﬁ{l@dclﬂ[ phospheate gplousphonate, or
conS|st|ng of al kyl,

any ofher yiabis, fnchonsl GRIHP, thé*aﬁ?ﬁ?x%qt m%zbwhe aﬁ%wsz?floglgﬁll ‘1‘?6“’“?/ of
i o SRR, 2120 Pl ooy s e st
in the:yaancfor axample, ahitalght iind Geeene, se/ izlgn iv i Qrganic

_mg,stﬂi ];}8% kﬁ{l ;ée grrllgl Ssmrgleé(ilg%rb Slgﬁg b%cé)g}beSt grby reference.

phosphoryl, phosphine, thioester, thloether acid
hathe @m “l@ﬂ@b’eﬂ d}}'ld’ﬁas we¥d h&einh el ﬁﬂbd@%the@@fsb @ﬁﬁi@ed refersto a
phosphoni ¢ aci hosphat e, phosphonate, or 15 any
C1 tootGre satyraigs étfﬁlghfeth’féﬂ@le grul ePRIPPIRS®S an6Yclicn iopj gxample,
Uhdns, €1 t her
cyelopbfy SRR TRERD JHEme 6l kbt ank b CRIRA B <, |
those skilled i n the art, for exanple, as taught in
G'léerierm dlkygbne” d2r' aﬂﬁnylf’\refe@tmmsatlirnted)hgémicarbyldiyl radical of

. th d . Edi.t 9
strai gL g eGP - R RGP Uk EB oA T Eh bgye rom one
to terPédildn atoRS. qﬁ&@déaewﬁmﬁ th@BEbpeUfeEs @hhaeWh&RBylene, 1,2-ethane-
specified, refers to a

diyl, 1,1-ethane- d1y1 1,3-propane-diyl, 1,2-propane-diyl, 1,3-butane-diyl, 1,4-butane-diyl

and the like. The alkylene group or other divalent moiety disclosed herein can be
optionally substituted with one or more moieties selected from the group consisting of
alkyl, halo, haloalkyl, hydroxyl, carboxyl, acyl, acyloxy, amino, amido, carboxyl
derivatives, alkylamino, azido, dialkylamino, arylamino, alkoxy, aryloxy, nitro, cyano,
sulfonic acid, thiol, imine, sulfonyl, sulfanyl, sulfinyl, sulfamonyl, ester, carboxylic acid,
amide, phosphonyl, phosphinyl, phosphoryl, phosphine, thioester, thioether, acid halide,

anhydride, oxime, hydrozine, carbamate, phosphonic acid, phosphonate, or any other
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appropriate, a cyclic (for exanple, cyclopropyl)
wa@bkdoglo1ggooup, including both substituted and PCT/US2003/024324
unsubstituted fornms. The term "al kyl ene” or "al kenyl "
refers to a saturated hydrocarbyl diyl radical of
v1ablesftman@hﬂl grourb rthatc Hesh uomﬁnlgblt ghe mharmac@lqgmah cpobiyity et this
d to those that from one
compayp ey WO AR RO R 8 biegmuRnas ket FLER Hifled in the
art, foFFékQM bRNEs tal: Kt ﬁf G@é&e 28 G ,YProtebiive SkdiaRendDiplanic Synthesis,

pr opane- , S{)%oEane diyl, 1,3-butane-diyl,
John W}ldy &ﬂqmeswp Ed@l@a, GTRIY IWO@FWB@W@I’@%C@W or

other di val ent noi ety di sclosed herein can be

fl 4 ol ‘la¥¥l’¢’ ugl?é]é b L Mbih i Faelhs %?51%2 }l/ﬁ%tdrﬁrgfzt%c system

e group consi $ting
contalhﬂllgocﬁiekydvo ohyibreo xitlgs wherbiaxyich rangy Imayaby lataghedawpetber in a
am do, car boxyl geri vati ves, al kyl am no, azi do,
pendeqj AIRIEF GHNAY O° B§fhami no, al koxy, aryl oxy, nitro,
cyano, 30 sulfonic acid, thiol, imne, sulfonyl,
sThé dmyl”, greup f:ambd: ppmnaﬂarsnbgitute@svu@ronemrrmwfﬂbe moieties

SO K T T R —

bodelty A1k &%6. "ByloRY daBAAIRSky, CalcRANBAE tetiRR6! phﬁétbﬁ)ar loxy;
carbodyel® p%gysp Ry e 35 VD 2004?013300 4
heteroawralk@gomarmm@m appiap| @ld uBioORRA egm pammat aq exgnides,

i Sy AL BB DA s
amind) eﬁﬁﬁlﬁﬂk}’h aal@nkmﬂyn ain@dd, ha'lﬁyiaﬁlhiol Icﬁalkylranﬁﬂite algzldrmncﬁ Ohitro,

exanp as tau19 i n G eene,

cyanogy Ehmls ilfﬁld@r gatfoaios, #Rithe sulfate, J n%e} e E s'ﬂ“ﬁq’ls‘ﬂfony1
ammo &ﬂq %ﬁéyﬁég@ﬂyﬂn%% f@?e}ﬁ/?ﬂsﬁlﬂ{hﬁf PRIhsd BMfinyl, sulfamoyl,

erence e term Ae or I A conbl nati on,

carbomfia:nestea caabdxytiy abide am@nphm&phely)di ehospluont gh@ﬂphgryd;rtbloester

wo or. three rings in su r|n e
thioe o HBF> ﬁlﬁgrngnB,e ﬁa&h b&%ﬁ@éﬂ oespﬁonate
phosphffa¥d, suldbRMRd6,2hrbska8 R qué)aénﬁ@ &l wﬁﬁ@hma@ 0P Afy @ther
nore of the moieties selected fromthe grou

desiredofimictionah ggrgtﬁp gh&ydoesamp(cemblt meKyha}macw@gJ@a]o gqaty\pty of this

compi LSyt RPASYEL S P R B Bt i

art, fdi‘&ix@ih@ﬁaf yid shulhixiv, Geand vl SRretective Geoupsiin Organio (Syathlesis ”
esters, am no acid an des al dji t ol

b g ayaandy Yans Seq?&ﬂ&é\lmw%almoaé%ﬂn q%eﬁngﬁwps on an “aryl”
ring ﬁ%& b&?fﬁﬂl?e %yfo(rjma&yﬁ 0%y 7-mEbI] sRLRkAORE Kydhtially unsaturated

noac al kyl am no, di al kyl am no, aryl am no,
carbooydlico aryl Clyeroaryt ot hbt;erocmlnhenng,uwmohlm tami way del sfuhstguted as
sul fonate, sulfonyl, alkylsulfonyl, 15 am nosulfonyl,
abovey kyl sul f onyl am no, hal oal kyl sul fonyl , sul fanyl,
sul finyl, sulfanoyl,
The heteroaryl ring may optlonally be substituted by one or more substituent

listed as optional substituents for aryl. In addition, adjacent groups on the heteroaryl or
heterocyclic ring may combine to form a 5- to 7-membered carbocyclic, aryl, heteroaryl
or heterocyclic ring, which in turn may be substituted as above. Nonlimiting examples
of heterocylics and heteroaromatics are pyrrolidinyl, tetrahydrofuryl, tetrahydrofuranyl,
pyranyl, purinyl, tetrahydropyranyl, piperazinyl, piperidinyl, morpholino,
thiomorpholino, tetrahydropyranyl, imidazolyl, pyrolinyl, pyrazolinyl, indolinyl,

33



10

15

20

25

30

carboxylic ester, carboxylic acid, am de, phosphonyl,
phosphi nyl, phosphoryl, thioester, thioether, oxineg,
whyenarizne, carbamate, phosphonic acid, phosphetBUS2003/024324
phosphonate, phosphi nate, sulfonam do, carboxam do,
hydroxam c acid, sulfonylimde or any other _ desired

dioxofanyl or d;ﬂadlogamullp zivadinglo é@r)’h &manmhumrldyle tparidinyl, pyridazinyl,
coI o i C a V|t 0 nd, ,€
poeinf ST RREST. 2t S OO oot

1ndaz$l|j)p3 @aa?zhiabrl eq J3 &tﬁik@nylafﬂuenﬁfpr iganmld, Bsidhzight tetrazolyl,
G eene, et al. "Protective Goups.in O

pyrazgyhth@egquranyl Jonelyl fsoguinalyl.Seanzothisuyh g@&?@ﬁﬂ@ﬂ pyrazolyl,
a0 S Bl UBOMIAN Al il
benzoltlﬁﬁihdlﬁ |15)0ﬂﬁﬁ]f(ﬂjllu rig2,¢dhiadiazdigl; yisddxazolst, y1 2 4|:m¢adraaahyy| 1,3,4-
oxadingol3 s oL, | THENHBLE ioar HRNHEY oy OB BRI y BT
i S
o 6 B AL . 51
1,2 3-@112(201@5 1 2i-trizeoles 1 2rvaxadiazole, tlhaum, q@yyidhiie, rtringplopyyidinyl or
conbi ne .to car clic, aryl
pteridfigh avtisriy PaidopeTHrRRa Sk TS PG O o3 Ny FFued
with GHéR% bidré! bR tARnERRERd DR ke BaheRabaitadh &SseBOut@bove for aryl

het erocylics and heteroaromatics are pyrrolidinyl,
groups elf unstigeil okygepl andtretrqamwmsmnethy heterqapyl rgup cap el prgtected

t et r ahydr opy.r any era iR
as n%?%ﬁbl 1 gl it etoﬂ E%E?Dp?? oPro%ecPPf B{éﬁy C#ragpy%/céude] trimethylsilyl,
dimeth§iheadalyy) +bityldimbthylsilyl ymdzobityidiphehylsitylj oyl or 3abMButed

2004/°013300 PCT/ US2003/ 024324 di oxol anyl ,_ or
tntyl,lalkqsdcgr@ammy gaounsi e acqty 3nd, Propiomtly |met1w&e§1&§ﬂnyl and p-

pyridazinyl, pyrimdinyl, benzoxazolyl,
tolue gllﬁ%l oxadi azol yl, 1,3, 4-oxadi azol yl ,
1 3, 4-thi adi azol e, indazolyl, tr|a2|nayl

1. TheSBerin r‘mnqym’ as tulae:dehgt’em, a@cbumlﬁasz@hynmsq speéeﬁpdl yefers to an

aryl S Aohsyt, BRSBTS O 0 Ko g cetied

above. "HRY tétm “hikeiylrder VAlkylB§ITZis WisCtER Ei dJukﬂéS’s)dthermse specified,
car bazol yl, oxazolyl, thiazolyl, benzothiazoly

refers tggmisiia} érqsdp 25 defnof dhova dinkscbbyhe mpge@es@ghr@pgh o iyl group as
o s A, o U RSN i

describi:oabdwe Cdntint;hle arg?l teraipi Daﬂ be piptibadl bz suhstltutedamnm myd or more
poxant hi nyl razol e 0

mmetieszse]gctﬂil} y’;b@ grl)ré/upzc%sgﬁ%ggggﬁ Lzﬁf)hl?ai%ﬁ hy rox? carboxyl,

acyl, @épt ségzalﬂﬁm tnlidg Obﬁ@é/réa%d}%ﬂ dRfivatieB! slkyramﬂd JBRY B,
8 et eroaryl or hetero l'ic group can

arylamjrol, afkaky,yargionss nitnos eyianowsulfonmwslchrthm; mna@sb@ﬂﬁonﬂe salfanyl,

sulﬁnfygl &%@gn}flrgs%rt Qa%bg)%'% ac{%ibgltm(fe Slrl](;s?)hgnsyl Sﬂe}}osp u1nyl Bl?osphoryl

phosphine, thioester, thioether, acid halide, anhydride, oxime, hydrozine, carbamate,

phosphonic acid, phosphonate, or any other viable functional group that does not inhibit
the pharmacological activity of this compound, either unprotected, or protected as
necessary, as known to those skilled in the art, for example, as taught in Greene, et al.,

Protective Groups in Organic Synthesis, John Wiley & Sons, Second Edition, 1991,

hereby incorporated by reference. Specifically included within the scope of the term aryl
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groups. Functional oxygen and nitrogen groups on the
heteroaryl group can be protected as necessary or
wale®i0ex300 Sui t abl e protecting groups can i ncl UBET/US2003/024324
trinmethylsilyl, dinethylhexylsilyl,
t- butyldlnethyIS|IyI and t- butyldlphenyIS|IyI trityl
are plmenjdu bsaplnthm;edplibﬁyhnqthyslj plahklythygr &l‘hé-trlhwbxsgqhonms 3,4,5-

f
wime i paaRE T Rl DLRRLATY S RRARES LR aneddf Bis-ai
tertiargBlylunl £B5dr }Hﬁl@ﬂylse4sfﬁﬁﬁcbﬁhletgﬂt Uedhedrs- 1Lﬁapmy1ar meethyl 1-
(0]

group as defined bove |i nke t he nol ecul e through

naphtlylmathiyl;l Ymepiphdmetiofi néghloxdpbenylnipwlt efri-bulykheyyly 4-1-
L ar s used herein, and unl ess otherw se
buWh@ﬁ%ﬁFFﬁé@?négmH@?ers to an alkyl group as defi ned
above linked to the nol ecul e through an aryl group as

dehé fesh adIYeminon ¢ 2eFy1ahinb’hesfers 36 @H Rsnind Beoudl iyl has one or
can be optionally substituted as describe above

two a&mbortamél whstitugtsugspeetiveble optional Iy substituted with
one or nore npieties selected fromthe group
I k : :
car% tértn} n‘galgg rf’L ky usi:% %%{Emér%ﬁﬁﬁaés Hio uQ:y %ﬁfé%ﬂe, bromine and
iodine ar boxyl deri vat i ves, al kylam no, di aI kyI am no, 25
aryl am no, al koxy, aryloxy, nitro, cyano, sulfonic

2 T s preudohflafSin R edcin istuded Wi, cPAide Mo eyanates,

andlga{]@&ggﬁd}yg. phosphoryl, phosphi ne, thioester,
thioéther, acid halide, anhydride, oxime, hydrozine,

carbamate, phosphoni c acid, phosphonate, or any other
viTab fesnf mnmpuamdamclgdmmmléw ogtweingand synfhieit e, Bias 8 amino

ac1ds,p:ﬂ§r 16]{)@1?{5%%1119 n%cfél VI ci i doa%gkgé%hdéo{r@%& ‘pré?tel‘ﬁ WIX%HG

alanidel G@BngKidubid, iisdldueihearhethibfihe e@hé@lﬂamﬂé tr@pt@bhaﬂ MNproline,
G eene, et al . Protective Groups.in Organic

sering; [ueenine, FYMINGY 1YEYSInE, Senfsaging EHHeming; o5 ate,lgly!@mate lysine,
argmﬂgreﬁﬁyhgﬂﬁi(ﬁ(epoﬁﬁl:aﬁgréﬁ(rr&ﬁf %‘F’S?ﬁe“t £, SBRC hihlifos aé% W)m the L-

uded w thin scope ‘erm ary
confi@ @0 1 38 n ATl UTRO AR08 dcanabe apdeivptive & pady)| Valinyl

S TEMES L BRSYLBid Sakt SBREIN i
sermﬁ ﬁﬂé&ﬁﬁ’ﬂh%%fémyﬂ 't?i%%ﬁ)/’ p‘ﬁﬁﬁxgmyﬁ f’iutgimnﬂ eﬁ:ﬁiaﬁb%fllb lg'h}fﬁrbyl
hydr oxyphenyl ® "4Zfl udro | oro-I-na

lysm)ﬂ algltrmyo}'l h}stldjiap};tﬂwlhnﬂ; ﬁyvlahnya lﬁalptxmmlﬂl ﬁasddyluccmyl B—prolmyl
B-ph eﬁ@i@l}’ﬂ%’&in&‘%ﬁ"ﬁ O ricHiom o B ﬁcggxleprﬁengﬂkﬁrtgwwaﬂ B-
eystcffyl, BRsERY IPasehiilyE B QuhiRT, ARRYE oL lhedRD-BRE, -

argininyl or B-histidinyl.

The term host, as used herein, refers to a unicellular or multicellular organism in
which the virus can replicate, including cell lines and animals, and preferably a human.
Alternatively, the host can be carrying a part of the Flaviviridae viral genome, whose
replication or function can be altered by the compounds of the present invention. The
term host specifically refers to infected cells, cells transfected with all or part of the
Flaviviridae genome and animals, in particular, primates (including chimpanzees) and

humans. In most animal applications of the present invention, the host is a human
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The term "hal ogen, " as used herein, includes fluorine,
chlorine, bromne and iodine. 10 The term
wO pmedshal ogen” as used herein includes azi deBCT/US2003/024324
cyani des, isocyanates, and isothiocyanates. The term
am no acid includes naturally occurring and synthetic
patlena VRteyinary #péichtimns, Bciensin iaddaiions, hawsvdsuareickearlytanticipated

mted to, o acids foupd in proteins, i.e.
by thed}rfﬁ@}lh‘é“’emﬁﬁnﬁl‘ﬁ‘ea c\?/‘ﬁ?ﬁ’aﬂé esf euci ng i sol euci ne,
met hi oni ne, phenyl al ani ne, tryptophan, proline, 15
serine, threonine, cysteine, tyrosine, asparagine,
gl utam ne, aspartate, glutanmate, lysine, arginine and

Pharnﬁh&lu'tﬂhﬂﬁAcEJbtﬁbﬂrﬁiﬁrah&‘i’r@ iment, the amno acid
Isinth - configuration. Alternatively, the am no

acid can be a derivative of alanyl, valinyl,

| | [8 | | > h
t?ygtt% %Eﬁ}f‘ﬂa@é{ﬁ Iblo'l‘})’h Ila%c; ange {/&(}:‘tl %ryﬁﬁﬁﬂégefi!s ﬁl{/éé(?l’ﬁmug out the

specifidatien mongld:s,crlbqsétm’l pharmatsutiosllyydccepistpar aginn(duch as an ester,

phospglgtéitq%{gﬁyn%/ %rgtpﬁéﬁ h r%xgmglagriﬁ%)’ 012 0, gliseil)ﬁgelf tompound which,
upon Q&hirﬁﬁfa‘tlﬁww d ﬁatie%@'lﬁ‘ﬂﬁ@éﬁﬂe ndcfeo@fd@'domﬂound Pharmaceutically
3- phenyl al ani nyl, (3- trt)r/((t pt ophanyl, (3-nethioninyl,

accep(ableghafisi imglude (tsogedq:rmed nharle@ﬂﬂuﬁy‘ally accep@plgt i@prggapic or

organEosbag & osdt Q(X(]lls ééta%?@ %’it@%ﬁm{de tggg ycgérwe? rﬁc?% alkah metals s?ch as

potas@ﬁm(éitdh$cﬁlﬁurﬂJ flkhlineT @ tht méﬂilshslﬁjh asaealmamdaﬂlbﬁﬁgﬁesmm among
refers tg_a unicellular or mJItchIuI organlﬁmln

numetpys wHieE ACiH wellikngwn dn Hembarmacgpidcal arc P Siiefly prgrateble
prodr@%éqe%ggfggglﬁl gﬁlﬁl RAEE SABoUz, M"%Qmﬁlepﬁgd%l Padd ot @kMtized, in

carrying a part o viviridae
the hast ta@ lforge thenepmpuund ef theplesawmtinemntion. Typicdliecoampks of grodrugs

o L RO R P b B Sk o s
of thd b 8shsshnd PRodthds RicludddonfHouhdhe thaklca ibél 6:1idia€d, reduced,

genone and animals, in particular, primtes (incl udi n

g
aminaédl, nsleaminated, ahoideByletednndehydroxyisied, adiydeslyzed, dehydrolyzed,

o JERLHEALRGE S SH5ES ) BIBAPImA Sl

produ\z’e tiRrdctias Yorap@nde alie@dmpotmisae thia llI[Vel‘lﬁdﬂl padsessmgtiviral activity

however re clearly anticipated present
againgt AP bilag serce sDAfARAAR ﬁ@@gyowwﬁfi? sisugl peivity.
Acceptable Salts and Prodrugs The term
" (haases edatd cahpopndcare puifiivleatly dhsic or agidicde doytn stableisemtoxic

scid oA eR Butdre iR BEfe SBREOVST #1 { BUGT REs AT dgegpable selt
may be appropriate. Examples of pharmaceutically acceptable salts are organic acid
addition salts formed with acids, which form a physiological acceptable anion, for
example, tosylate, methanesulfonate, acetate, citrate, malonate, tartarate, succinate,
benzoate, ascorbate, a-ketoglutarate and a-glycerophosphate. Suitable inorganic salts

may also be formed, including, sulfate, nitrate, bicarbonate and carbonate salts.

Pharmaceutically acceptable salts may be obtained using standard procedures
well known in the art, for example by reacting a sufficiently basic compound such as an

amine with a suitable acid affording a physiologically acceptable anion. Alkali metal
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phosphate ester, salt of an ester or a related group)
of a nucl eosi de conpound whi ch, upon adm nistration
WO 000a/0p33b0 ent, provi des the nucl eosi de coOMpPOUNBICT/US2003/024324
Phar maceutically acceptable salts include those
derived from pharnmaceutically acceptabl e inorganic or
(for emagmm csodaas petaskivne | afslithBumt op| adkalimet earthn seta e(forh example

ed from Ikal t as 10 potassi um and
calc“%@ % airlﬁoziﬁ | ﬁéwl %Eal%eﬁarﬁg&é;uch as cal ci um and
magnesi um anong . nunerous other acids well known in

t pﬁélypﬁ%ﬁh%mquea$ dWIberhaﬁerme@mtbﬁ&&mplS%éeﬁ apredrug to
incre%%( gﬂé ! %r i avtaﬁa 11 OXI gﬁb@' ok r@fler{vf’serrﬁ{ hpd 'pt?cgg%'tlegocff the

I'zed, the ost
compbllil&l C@mipmbeﬂoﬁlfroﬁﬂug hgamls&mds kmcmne nIrl gemeral \afltydation, acylation or
es of. prodrugs i.nclu unds t have
other ﬁ}P@B@@& l;”%ﬁ%qﬂ P ﬂr:?r Gee dw 3 agmzﬁ% fgfa % EOEHRONES can

incred30 L dtatiRtyo (a f thE €opdinye E&%@é&"ﬁf sub&REH %?od%'é‘ hald @En replace

conmpounds "t hat can be oxi di zed, reduced, nat ed
one atepuoraditydgen yawir ﬁlcyhﬁhexb(l dtehynim&m}dlaye@tp allyyly @ryjl,z stiyoids,

dral yzed, | t

carbofy GG g mudish o S Ee wab el iR Eahg P SVaBb B desoribed in

R. Joi¥sQEHOE BibehoRschgot E4MATP RBEarcH) 27 ¢oIBoUNds Ay bfthése can be
i nventi on possess antiviral activi ty agal nst a

used ip| copibination aath the diselesaderommoundsie achicye & dapisdsticethat
exhi bits such activity. 20 In cases where conpounds

arihesidlive G(brﬁpﬁdnyls basdlso b¢ peldit astadC 7y bﬂC@)qihbq)hoether lipid
nontoxi ¢ _acli.d or _base salts, adm.nistration of

or a C{ghproue ethsr lipidh Nopkianting exannjesidlt parns dat @lsclﬁ%?ysuyéble
11popl§§?r ARGliRkRs RIeR) &R ggvag tyrglzc%s ac%rt SJil ﬁﬁt@‘%ﬁee Q:toﬁﬁbﬁnd or

ts are organic acid formed wt
lipoplaitic gssparstiiond) ifidnde & SpRatsntdNasg b d4P,794 (Bapt ABJ 199AnY atmin et al.);

51943, QTR Fopk BB T SIS 0 150 o

5,256343 Ot 26, wésewlﬁt@raat)es ang oa7 qhvisen, opms Htetler et al);

Suitable inorganic salts ‘al so bé forne
5463»Q9c2| @mtngl, W Hastetlen et alt)e > oMeE . a1r986cé(|a1€y@hst al.);
Ph :
5545350 g L0 DHLRCE 4% SSTERBROAGGS0) Tl o gl: nd

5 554a72!8 (Sept 10X a19Pb eBbsava eacdln gll aoiS whidhC beenincyrpbesed herein by
npound such as an , am suitable acid
referegpt.o or @rHg: RatSAY Sprbcyin néaﬂww ipaphiicaty %étﬁuew khat jcan be
tigl 0 4
attacHEﬁ t@ t}'le %ﬁc %lﬁ‘%}(&‘/tﬂégs gi&ll}m ve H]§E ﬁ@ﬂ%ﬂiﬁ% reée(r?ﬁons include
WO @é®27ﬁ3rrﬁi0a90/(q0566 WW@ZO,CWD&IWlé,aWO§36]O9b(arW©29426273,

wo el B0 o H R 2 E o7 08a dng WP SATRZLS The mBhiaf ban

also Hel'iﬁoﬁgéd ¥ IQA T @avadivedbi 1 i ty, stability or otherw se
ter the properties of the

Alternatively, the bicyclo[4.2.1]nonane can also be provided as a C(7) or C(8)-
alkyl esters or amino acid esters, including biologically cleavable moieties at C(7)
(otherwise referred to as the 3’ position) and/or at C(8) (otherwise referred to as the 2’
position). Preferred moieties are amino acid esters including valyl, and alkyl esters
including acetyl. Therefore, this invention specifically includes 2’-L-amino acid esters,
3’-L-amino acid esters and 2°,3’-L-diamino acid esters of the bicyclo[4.2.1]nonane,

wherein the parent drug has an ECs of less than 15 micromolar, and preferably less than
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5 conpound. A nunber of prodrug |igands are known. In
general, al kylation, acylation or other |ipophilic
woreekhizet i on of the free hydroxyls or am nes BET/URE03/024324
conmpound can increase the stability of the conmpound.
Exanpl es of substituent groups that can replace one

10 micronmodaren Byt Sogpdls; Br(alkiybotardl estar)-, ' (atlyil mearwbq':seem)- Q2é3’-L-

aiGalk ] gy SietbbigaSia pouncir AR B A AR AFRCo of ess
than 19ea5i ARForhHladi 0319 688S aﬁ’d"groﬂrug@o? eRotiops. E@Lnonanes wherein

Antiviral Research, 27 hg é of these can
(i) then?’ esterdd ah mminorgidh &tstpmndmhe taster df s Rlbgker aghpderndiy) both

esters;q?% %%%éoe%cﬁ%%ftgr i lgﬁg‘“ﬁ %& are 1§6§))eﬁ %Ylgpaﬁlgrgl%g g.r)qles{é?sn and

@iv) tHbVZ 3es@(r 19 indepdadéntlyedmalkyl d>Ipdr9|L esNaTdntl r’thé Bn@teﬁ‘)@ﬁﬁbﬁﬁn@ﬁmd
patents that disclose suitable gophl

ester, mfelntthfemrgn& frag haman BiCse 66 dgss thany 19 ﬁr: 5@@@%&% ift%p2-15
t he compound or 15 |i pophilic preparations, include
U. S. Patent Nos. 5,149,794 (Sep. 22, 1992, Yatvin et
al.); 5,194,654 (Mar. 16, 1993, Hostetler et al.,
5,223,263 (June 29, 1993, Hostetler et al.);
5,256,641 (Cct. 26, 1993, Yatvin et al.); 5,411,947
Comlfilvasio and Adéernitivgi Ehdrapies foiathe)Treatmedidf FADikifadie Iifdction
1995, Hostetler et al.); 5,543,389 (Aug. 6, 1996,
Yatvin et al.); 5,543,390 (Aug. 6, 1996, Yatvin et
allt has becmdidcSShlzedAhat dig-r¢fiSent YaiavisnoFlaiviridacatuh &ferge
5,554,728 (Se 10, 1996; Basava et al.), all of i ch
after prolongpd meﬁmea{) with ga @@ﬁlwraé yAeente fug sesistaneg masy ¥ pecurs
I [ e
by mRR G0 bl o 1 AR AL B TP R effcacy
of a dgmg seainsti nfemiviradne infectiop omhbé iprolprgegaaugnicntes, of mestared by
O 89/ 02733, WD. 90/ 00555,. WO 91/ 16920 91/1891
adm“égf %}y CQppp YA 3 598 0maip §F Allehation g ﬁg ¥5e" sa?ﬁ Rgpaps
third, %&J«Yrgﬁémﬁ aid WQ HBud&/2 biffdls: GRENUNES Gat caRedbyOthe
ovi ded as "SATE" derivatives. Alternatively, the
princpe ok o o s tar e s b e b of

the d%ﬂ%)cgrda%é; & Iltelee%it e% gl? &%‘tﬁﬁ tﬁ)glls glé i ?té%r??()n tﬂ%xjﬁgf fip egeneral

combirfieti tkeetapyo 1sa$1picbl$y @refm&l bvarﬁlte&mibﬁ rthahp}Cb&)ause it induces
(otherwi se referred to . as the 2' position). Preferred
mumﬂlﬁlsé’f“ﬂ@e‘é‘isemﬁ??%%ng’@l"éimést ers including valyl, and
al kyl esters 30 including acetyl. Therefore, th| S
i MNaavinmiting sxmaplés aefadntiyiralnagdentdgbat’an be axsechim @eilination and/or
esters 3 -L-amn cid.,esters. and 2',3" -L-di am no
altemﬁﬁ?l?jwétgtﬂéer %o%oufln%l?e‘ﬂﬁﬁq%ﬁ?glhﬁe&l yeldionane, wherein the
parent drug has an EC50 of |ess than 15 m cronol ar,
ad) pr direteagslighibigess t han 37 WD 2004/ 013300

P%—({nqsr%q %/ e(;(%g'l%l%s include substrate-based NS3 protease inhibitors (Attwood
et al., Antiviral peptide derivatives, PCT WO 98/22496, 1998; Attwood et al., Antiviral
Chemistry and Chemotherapy 1999, 10, 259-273; Attwood et al., Preparation and use of

cells.

amino acid derivatives as anti-viral agents, German Patent Pub, DE 19914474; Tung et
al. Inhibitors of serine proteases, particularly hepatitis C virus NS3 protease, PCT WO
98/17679), including alphaketoamides and hydrazinoureas, and inhibitors that terminate

in an electrophile such as a boronic acid or phosphonate (Llinas-Brunet et al, Hepatitis C
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10 micronmolar in 2.2.15 cells; 2'-(alkyl or aryl
ester)-, 3'-(alkyl or aryl ester)- or 2',3 -L-

walqoalok3gbo or aryl ester)-bicycl o[ 4. 2. 1] nonanesPCS2003/024324
the parent drug has an EC50 of less than 10 or 15

mcronolar in 2.2.15 cells; and prodrugs of
mhlbb‘owepta{mawlqgme NBEEsWkh S0MTA34) |I‘)'0rt-wé>st2ate-@9$€ér NS3 antease
1nh1bﬁ£2 nguc%c 'ag f%%ﬁﬁh%ﬂ' )% E-emt:%o-BeSt i dggv%?vle% { éSu%r + ?t

Bzocl’ﬂz@’tzlﬂql Q&idestpI@{sﬁ'al R@l@@ﬁﬂﬂeﬂﬁz}n)’mﬁbﬁws Q99RINI, 6453 64'B,,Sudo K.
' the 2' ester is inde endently an al k

and  (iv
et al. aﬂlgf‘rv"éét@e'm adeChen@berapyi 19980 9a i tlo ingdyding @3‘34082 and
f
03 7% e (o e 3 Q3300 R0 o o
proceAfmg ranpdiaepheidrepaeyd serbop; arfdeSEr{]h 68g3ﬂeni pbénanthrenequlnﬁne, an
Fl avi vi,ri dae | tio 10 It ee ecogni zed. t hat
HCVd%f%fﬁa%Eégl?lg{t%fr{Fﬂvi\ﬁ STFanerg L eTds 2n 2Rt )
after prolonged treatment with an antiviral agent.
DrSsh %éB%nm%ﬂed frosit the fimigua lPeyicdbiwm gsisedfylvamt whas tlentfied as

s ol MBS DEIOROFRIER, oSBT bt S ares 1505

1952¥7| B¥linv & rikslaed oheiebiiois £ poteREinRIALP BORVeraRMITHR 'Hr@t@ase@ Kuch
restored by adm ni steri ng the conpound in conbi nation

as S. griseistrsptagses rangdiB.ie-ehysraiBmpdin, elanase ehd pebtilising Klasign MLA. ef
al. B?g};the,y, kg@@gqusgg lez‘t |nd_uce_s a different mutation

cause principle drug.
ISg{ nat i vel y, the phar rrac%kl netics, biodistribution

RalFnts 4 isklosing,prijease ipgi Reibgeisfor the trratragnt o EIC Y yncludy, for
exam@fé”@ S‘alf’dtéiﬁ NU 6oaer3aabi Je'@ %R%hlc Blsgl%ggsr@!:lass of cysteine

mbi'nation thefapy is typically preferred ove
proteadet iphibétpisofor iriebitipg HIEE melepaptldasadl;c éIsS Patdrit |I‘ﬂib 5,990,276 to

nmu n sstressson he vi Nonl i m.tin
Zhan g il MRS R STRERICHBINE S SRR GG b otase; Uss.
Paten@ Nasbs 1338 865 toAREYe8 br aaWtﬁam@@mm t1¥Colak NReS@IBRRUINES, and WO
closed herein include: 1) Protease inhibitors

02/08N|§ﬁ qnidrNVQ Y0R8 exchering Goeposeiingt r HEY. nhdhitpr ndpeptides are
t |
sl S8 858 TALLINEL 56 SO 3857 o A0HOHEe s

Ingelhdzlm. antinWQ 02/8609285t0 BrdstolsMiyyrsaByghiieh emtﬁ@epﬁ&es]&%% serine
ration and us

protegh GIMr OB, S Gisclosdl ithiWOVE 48 R BB dierias, Gamoration.
Imid231i&RktioREP as %313&%4§f5tea&‘ '11%15 ors adf HERD %@Vhﬁﬁﬁsﬁslop WO

serine proteases, particular epatitis Irus
02/08308 tte ScberiRCTCoOratBs/ anﬂsm 02|/48dl5w do rHyistdl pYizkmst Squibtde VO

w178 P RSSO R S TR Sl s

discldselHIprdedd ahhitttoral . Hepatitis C 38

(2)  Thiazolidine derivatives (non-limiting examples include those which
show relevant inhibition in a reverse-phase HPLC assay with an NS3/4A fusion protein
and NS5A/5B substrate (Sudo K. et al., Antiviral Research, 1996, 32, 9-18), especially
compound RD-1-6250, possessing a fused cinnamoyl moiety substituted with a long
alkyl chain, RD4 6205 and RD4 6193);
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WD 2004/ 013300 PCT/ US2003/ 024324 i nhi bitor peptide
anal ogues, PCT WD 99/07734); Non-substrate-based NS3

w@e@iosse i nhibitors such as PCT/US2003/024324
2,4,6-tri hydroxy-3-nitro-benzam de derivatives (Sudo
K. et al., Biochem cal and Bi ophysi cal Research

CdBnuniThiazobdises pad7berzagilidey fn@ulimit@igd xamplegtinglude those

. tiviLal. e str t he , 8, ,
Rl kR e Sh T SRR AP AR o
AnabsieRBRiothdnastnnovNeant4e246)t h a 14 carbon chai n and

the latter processing a para-phenoxyphenyl group; and
Sch 68631, a phenant hrenequi none, an HCV protease

i nh{ bi tQr . I edron. L :
3120 Hnprsieplibnd pon LRI EREI Bchl Hhoss possessing
activity agrisst Pesteasee | ihi auSDGFH A@Bf and vantoradiagraplale agsay iisdatad from the
prot ease inhibit (Chu M et . i oQrgani ¢ an
fermqpiaioa; o & %epﬁfetwéf $ho5th é§6?1_183¥9§fz1)e? agg?‘ffff’héflron
Lettets3 3996 £57, f709017b 88C And Ith23 7188 £ Mol fRirh Qhe Hingd8 VI Rillium
serine proteases ‘'such as S. griseus proteases A and B,
griseafubmymowhigip dempnsttaasestvidy th & stiniillationproxustyrassdy(ChatM. ef
al ., Bioc .St r 6: 1598- 1607 . S. patents
oL, Bijes s i Y Gria B et s 2 A4 5Dk r eab ment . of
HCV include, for exanple, U S Patent No. 6,004, 933

to Spruce et al. which discloses a class of cysteine .
155pr otHilisasei Ailbitors (son-Gmitingh iesamplag inginde those identified in

. e [ ;U Paf.

Diand PEBGER, rotade PphhEn o nepdr ke SRR Bl
U.S. @at.i Nus 5%33,33%9%?%8&5_101, & al ,CP:oﬁmidz‘ﬁ‘dO derydi38s, 8ﬁ’|fztrﬁ10ceutical
Reyes et a; : 3251 to rvas Internation I nc

comparionetso] amia 48 AL §ER OGS0 PE P S §v 6'97136354);
Corporation. HCV inhibitor tripeptides are disclosed
in US Patent Nos. 6,534,523, 6,410,531, and 6, 420, 380
t a6Bo e ¥ualaptide 2®]ymerasch dhibitomsl awD ghidfodé0 GR6-tmitliy etapiples

et s R il . REPL U305 e 00 7751 QSRS ana
the nS6RE proddctCRANISHIAR (1L Sinann! Vi 4 3Z OVir6lopsl11998.5249510¢581 8));

serine protease inhibitors of HCV are disclosed in WO
02/ 08198 to Schering Corporation and WO 02/48157 to

Bri,st ol Squi 8/ L ex
Ph ?maceu Slg{l:%l s&g)ﬁgp %B%} 6288%%06%%9@?1?1\5? %{leesw%sf QDN)  (non-
limitﬁigu:khh}alalé Bolude thake swlicisare (Id@yipmlhcehemﬁﬁ) seqhéroie tstretehes(id khe 5°
Thi azol j di ne_derivatives (non-ljmting ex e
non-SagkAEABOE KD BBk B M) Ve Petarierriiem: 19h Spn7Qf-717), o
a I
nuclégﬁggé' @Nﬁgg‘%?ﬁgh% B8 SAY¥nPbf ﬁlqu(t?ﬁ%ﬁé ﬁﬁ\:AIEWGQ r37|ﬂ’ 388 8bdhted

trate (Sudo K tivira
in thResrearodimg r2€ios of 3z HGVIBINA €Aliedi el dly Arcloimgoefnidirology, 1997,

142, 3080500 ROSS 653! P%ﬂ%a; S E T BN o iy B8t ¥s1, 251-257);

(8)  Inhibitors of IRES-dependent translation (non-limiting examples include

those identified in Ikeda N et al., Agent for the prevention and treatment of hepatitis C,
Japanese Patent Pub. JP-08268890; Kai Y. et al. Prevention and treatment of viral
diseases, Japanese Patent Pub. JP-10101591);
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30 al kyl chain, RD4 6205 and RD4 6193); 39 WO
2004/ 013300 PCT/ US2003/ 024324 (3) Thiazolidines and
whewzani3bd des (non-1imting exanples include tPOBES2003/024324
identified in Kakiuchi N et al. J. EBS Letters 421,
217 220; Takeshita N. et al Anal yti cal Blochen1stry,
" Ribozymes. (el imiging £xappieh apelRdsr RILRSFesiant ribozymes
npl i n lHu [
<Ma°%@%1d. U LA HERIDE 508, 30, ea o) RS ARG diftlosed in UiS,
Patert @ rﬁalzilB;iﬁ’ﬂap tBarba%yzl.; sml Bt Pafendob.ne869,253amnt 61 @054 to
cuIt aroth of Streptonyces sp., Sch 68631 (Chu M
Drapglfe etrahedron Letters, 1996, 37, 7229-7232),
and Sch 351633, isolated fromthe fungus Penicillium
griseoful vum, which denonstrates activity in a
sc(l) i INedleasidemmnoloigi ty assay (Chu M et 10 al .,
Bi oorgani ¢ and Medicinal Chem stry Letters 9,
1949-1952)); (5) Helicase inhibitors (non-limting
ex@'lp' es Aok tteohiposfdd deaitdlibyddénix PRu@tRetidals ift

Conpounds, conpositions and net hods for treatnent
Intermtlom licattoncNos. WS, 01141121 med W) 85/92288; Di ana G, D.
et al., Piperidine derivatives, pharmaceutical 15
conposi tions thereof and their use in the treatnment of

he@ay I t@&e@at&%p}iﬁle@ﬁh@ﬁi@&éélng tl(eGJbe bificdreaid mdﬁaeomde analogs
ynerase. i nhibitors and

to By hora L0 vine st Rod ionodnl fHore b 8R4 e 15 Vhgpber 3,
200()2|and ﬂ@’r‘f 1/8619Y %@@mi@%ﬁ dﬁe%ma\}ﬁ‘} ﬂ(ﬁﬁf‘ﬁleﬂfﬁi/ BiblRem

atural product cerulenln nann
Phariiay Ink.dgyw Sh@e@Biodhet, IAOB PIHI%MﬁOZ/QleKW(A@QI(ﬁém filed

s SR S B RN R S PA  0 1

by MeSdRo& €RETha! FCT!EI&)EI W%BQ EWes 081 S‘Afﬂ)ﬂspthﬁhshétﬁAﬁgust 21, 2001)
non- codi ngPC ion of the virus (At al .

fleciha e, ong PCTOBication ow W /79846 (hed el 1 5A90D), WO
02/:«32:’952‘;6I (ﬁf‘e:% JAoR '}% %@é‘) d ?No g&% P45 E{ﬁha'}'ﬁ'?ss%{‘ 944

Ot i oca € core’codi ng
regi on of the HCV RNA (Alt M et al., Archives of
Virol ogy, 1997, 142, 589 599; Galderisi U et al.

Jg @?al P‘gi‘ piBlidad ﬁ'N(P Wé'@y@ ¥1 to13R0r Sﬁ%@rsﬁ? Jenaﬁga 5.

nhi bitors o IRES—depen ent tra
Fluofamaclebsidest disglosesahp hgssofi cethindé-flubhmswecledaddsi th itedt HEAV.
| keda N et al., Agent for the prevention and treatnent
of hepatitis C, 30 Japanese Patent Pub. JP-08268890;

) S PUELAL  , ABTE s Mot
(U.S. Patent No. 6,034, 134 to Gold et al), alkyl lipids (U.S. Pat. No 5,922,757 to
Chojkier et al.), vitamin E and other antioxidants (U.S. Pat. No. 5,922,757 to Chojkier et
al), squalene, amantadine, bile acids (U.S. Pat. No. 5,846,964 to Ozeki et al.), N-
(phosphonoacetyl)-L-aspartic acid, (U.S. Pat. No. 5,830,905 to Diana et al.)),
benzenedicarboxamides (U.S. Pat. No. 5,633,388 to Diana ef al.), polyadenylic acid
derivatives (U.S. Pat. No. 5,496,546 to Wang et al.), 2',3'-dideoxyinosine (U.S. Pat. No.
5,026,687 to Yarchoan et al.), benzimidazoles (U.S. Pat. No. 5,891,874 to Colacino et

al.), plant extracts (U.S. Patent No. 5,837,257 to Tsai et al., U.S. Patent No. 5,725,859 to

41



10

15

20

25

30

40 WD 2004/013300 PCT/US2003/024324 (9) Ribozynes
(non-limting exanples include nucl ease-resistant
wo 2iwapyizes (Maccjak, D. J. et al., Hepatol ogy ROPDS2080024324

abstract 995) and those disclosed in U S. Patent No.
6,043,077 to Barber et al., and U S. Patent Nos.

Omer &.0868h@53. RatdnbN616)0 5% 1) cand Pijzgastinest(Ua$. Hatena Ne- 5,330,895

0D Nucl eosi de anal ogs. (11) Any of the conmpounds

o Diagged ¢f-)-bed by Ideni x Pharmaceuticals in |International

&ﬁ?}e | GRdr QBmPBEnd %@ﬂt’iﬁQAzﬂreé‘lﬁkﬁca\l‘Dof)]dlﬁl?c%B%ev&Bpﬁﬁﬂt) for

r patent applications disclosing the use
treatmexﬁrd:fehepatnlm:Ceamsdecladlago rlepksing Fehy Sﬁb@ﬂt&'?lplig}l? 91304 by

ot SRS S R SEI S, gy o

Endo fﬁQrS&ﬁ{/a\’y %PMYME@ |bgCRIH yIIBNGE356 by IdoaPimsmd. NETL(08vby
hire Bi"ochem % CT/ US02/ 01531 (WO Q2/057425;
XTL. fHC&fd\/If59iamGarr9n,1§ VAGHR ) (Hepafitisce/ mﬁ%é Wéy NABL,

T e

(thym&éiﬁ! %2% bR 8R4 )Cloiid, | tRyindyin bchpegydated Mrfmbl by &ti Etone,

CEPLERFiR(hixtmptdintaschiassis) PED KX 07 asr So3 Dby Vet
Lilly, 5@? Zﬂsﬁggi %& Imt am%%e&ti'c% /Eﬁg’-ﬁmgb’@ Bﬂf lI&)Lﬂl PiarmW€uticals, Inc.,

ni ver si ty, entit
JTK B0310bp NAKIRESRS | Madl&ldﬂ\bé(h‘sl thye R@bnngerc émgeéhqhm CellCept

(mycqphé{pléz%cg ;qugué %ggé'ﬁfgﬁ’nt@ ﬁi@%ﬂlgﬁln/%ublg 4?)y ﬂﬂ( a therapeutic

vaceine” cﬁf@c’fb@ Bl HY b Xﬂo%@ﬁéﬁié@ qfi(’(SlQ 5 FijadatatHdMthcde 03¢, 183 1016
to & et al’), alkyl lipids (US, Pat. No. 5,922,757
(Siliphas, gﬁauwyk]mthogphaédylghollp¢ t phtepomedn N4 higplication  inhibitors
i
(VPS(%(B%,% \%{Pg;hgﬂ'éay@eﬂg?fé Mtlc ?cé?ealgj:r:‘ Tntk e@s‘tgbﬂég%nc%f:cme

by EppnSfiRe/B@dericor, cnmslmlﬁbn@i by)AndZslys ANA 245 and ANA 246 by Anadys,
(phosphonoacet yl partic

lmmusom@pm@hftrép@%?a& Aofing prosseve T fburiRn BRPR SR BRI beticase

8 t
1nh1b1gol1J §% Ny £X, 'gﬁlg%:o?i ' e?tlﬁvg Iol\“llgﬁ;@ﬂ% ”g cdl - therﬁl%y by CellExSys,

pdyn&,raﬂsﬁ&rﬂiﬁﬁtot‘ oby\aBigenyst, ahrgpted 2RNA J:hcmmybm oRT G eThappsutics,
30502667toY chqan et
chatk?é‘n ?ka fe5he dnf Up§ =Y mh%g g)y89¥oggﬁl {Rrotgate, dnhibiter, by
Chlro‘ﬁyMédlvifPl ﬁﬁfsel%’étth fef by lA‘ﬁ BR®hefha, Matisdns8 Beraly7by Hybridon,
Tsal et al at ent . 5, 725 859 to
hemopurifier by Aethlon Medlcal therapeutlc vaccine by Merix, protease inhibitor by
Bristol-Myers Squibb/Axys, Chron-VacC, a therapeutic vaccine, by Tripep, UT 231B by
United Therapeutics, protease, helicase and polymerase inhibitors by Genelabs
Technologies, IRES inhibitors by Immusol, R803 by Rigel Pharmaceuticals,
INFERGEN® (interferon alphacon-1) by InterMune, OMNIFERON® (natural
interferon) by Viragen, ALBUFERON® by Human Genome Sciences, REBIF
(interferon beta-1a) by Ares-Serono, Omega Interferon by BioMedicine, Oral Interferon

Alpha by Amarillo Biosciences, interferon gamma, interferon tau, and Interferon

gamma- 1b by InterMune.
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41 WO 2004/ 013300 PCT/ US2003/ 024324 Qmrer et al., and
U.S. Patent No. 6, 056,961), and pi peradi nes (U S.
w@adoe/0133bip. 5,830,905 to Diana et al.). Any ot PEF/US2003/024324

conmpound currently in preclinical or clinical

devel opnent..for, treatnment of hepatitis C . virus

" 12190, SO, he, ABrRO Sb‘iff the fRyenHgn Biay ghemplpyastogether
with BYleast dnBloBidduiifial d¥Bit NBRAN b (YeiedR AhhiBYoréefilsfN  inhibitors,

AVANTADI NE(r) (Symmetrel) by Endo Labs Sol vay,
polymrsearlyititors) andyhelpyse inhiiitod$56 by | dun Pharma., XTL-002

by XTL., HCV/ MF59 by Chiron, CIVACIR (Hepatitis C

| ﬂmaﬂ_ditﬁnpb(ﬁhpdiﬁldbﬁcdﬂﬁﬁhglzto thEYeAdem i éntiodYean be administered in

CN R bapharm VIRAM DI NE(r) by | CN Ri bapharm )
Combzmﬂxm(aﬁymakl@rhyﬁbsmﬁ opmMeKRAN)-TeipVEYs, agiidHRY, atiyHod) er anti-

yl.a L.pterfer Yy SGI .- . 10 PLENE( )
Hero PO S0 e LSy PR AN ot
compodfidsl 0f kijte \feedean fibeintion.i | Cattaih FompbhBAS abyordidg Sto the present
) Phar maceut i cal / El ?n, I DN-,655%ﬁb%/, | dun_ Phar naceuti cal s,
nventign may J8& eg%gtvﬁey K REENEIRG r , glq_gp@aécp@@vw of certain agents
a) | . 3 . . .

e D R Bl AR Ry (L Bl et HARALRARb ih of pacivation
of othiw lcampkynds antl @s sypdyisie co-adaauistareddor thit iattntied &fechy

I nnogenetics, FK788 by Fujisawa Heal thcare, Inc., 1dB

1016 15 (Siliphos, oral silybin-phosphatdyl choline

phyt osone), RNA replication inhibitors (VP50406) by

Vi r oPhar. t herapeutic vaccine by Intercell,

[ Wet h
Pharmaceu ‘é*t!{a’é“ #9%e by Epi mune/ Genencor, | RES
i nhi bitor by Anadys, ANA 245 and ANA 246 by Anadys,

[ not her.apy (Ther.apare). by Avant, protease inhihitor
b PR A ke PG RS0 & Al Mg pt GFBAD o the -
. A=t o Tei : i _
L ol SRy i Ml ATRE G T St ARl or s sl or
prodrugr ige b etheRNSutpdallyn effectivdyanfoliet The tmpeng iac #/avivbiidad iwfaction,
" bgllrmtec . Int., .prote seinhibi'ator bﬁ/ﬁ?ou‘%ﬁn, .
optiopgllyt dRsEOTHAMEIT oFhy PRHMAGHIIGEUY AGeePtaRl | addidte, carrier or
excipidh®l aRYhdy, M¥ludBigd PRaER infRBel SRS R FNBHARYadYirus, or a gene
Hybridon, henopurifier by Aethlon Medical,

fragmept thepralic Gag bedeeied dylsgministesing fortbe patéant am bffbdtive amoynt of the
. i - ' - C th ti
v LT PRS2 BV AR e

of a phiaahs@aticallyedccepsisle andepod JitehASEhd theipeitally R¥fective amount
Genel abs .Technol ogies, | RES inhihitors by Imusol, .
may Y 3"’1%&3’% 1@@9‘[1%% Gondibignte. ke g,eateql,NWf 1)he treatment regimen

o S BUEIAERREOHH) 5Py 1t g QB R

The aetivemat@siatsroan $eiadmirstcreRBBRRY appropriate route.

In general, it is preferable to administer the pharmaceutical composition in an
orally administrable form, but formulations may be administered via parenteral,
intravenous, intramuscular, transdermal, buccal, subcutaneous, suppository, or topical
administration, among other routes of administration. Enteric-coated oral tablets may
also be used to enhance bioavailability and stability of the compounds from an oral route
of administration.  Intravenous and intramuscular formulations are preferably

administered in sterile saline. One of ordinary skill in the art may modify the formulation
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(interferon beta-la) by Ares-Serono, Orega Interferon
by Bi oMedicine, Oral Interferon 30 Al pha by Amarillo
w@Br@soLBnces, interferon gamm, interferon tauPCEON2003/024324
Interferon gamma- |b by InterMne. 42 WO 2004/ 013300
PCT/ US2003/ 024324 I n one enbodi nent, the conpounds of
withip e ieoeingoRintly mecifipiosny & reyde Hapmeipys faamylations for a
e C
partlc%fbg %h{é bf 3] ﬂll)sfl:st'iﬁ onaﬂ'ﬁﬁéut @H&&fh&r H}%%@g (;s?t%gi %fl ‘%hoer%resent
invendiod uhetlableaﬁ' eomphorising its .thdrapemtidiatiivity. Imqrapidenidsa modification

ccording to, the present | nti on can he ad tered

of a degired; coRpwHkt TGyt @Pf%%%ﬁ? o RS 10T & rafFﬁnFH&r I example,

may %Qtéasﬂf Lk Othplidhed "‘Br%t foutiBY mAfhiaide s BRhdlatidde re@%hﬁ@atlon
gent or interfero anti-cancer or antibacterr al

etc.). a@@nﬁmtrafﬂnn |afdhe gciiptehemponndpoanimge franh eoptimmes intravenous

o VST B AR PG OB P

bi ol ogi cal activity of certain agents accordin
t hﬂlm@@@mation\ﬁefmcnm coppewnduii thy dreg compesienm v depend on
t
absorfAORIRAREOE ahPBEHIRLLE0 or 4 Bl B BEM o6 SRLHALS: B 10

are co-a ere

thosepdilfaﬁhm(iﬁ th¢ aal Ecimt@bb trio(HdlSthE’h dbsmgé ezqueﬁ atill also vary with the
nposi ti ons, based upon D cqonpound of fornu

Severew qfﬁée fegnditiop da rheed! awfedc an ip do heeiathery updesst 09%&%3@ any
partlétﬁ'ﬁ ﬁgﬁ\é Qcciﬁf: I e(‘rQ%T?@HQ dh@id bk Sid #etd Ser tikde QJCUﬂhng to

Papeutt ca ctive amount for treating
the 1Eﬂmdua1 mieekheanidnfhecprofessiod judginentalof ythe rpemorrbadmmstfmmg or

ar, rtaceu | 1'y accept abl tive, rrier
supergin e RREHRTAURT) ke CaER R mgeek Ak fbe CoRFPuEHtisg hryes set
forthfhef:él@é{ﬂevdx%h%%y VhyUad aRf nét if8Aded tt)r@ﬁmétscb&e@ﬁ%euc%m the
be treated adnministering to the patient an

clam@rif@mnoséloarml]hﬁ agifvetipgredignt inag nisterest atgonce, or may be
d1v1d§% %t%%%ﬁltblef g‘f’ al%? &hs@é %bbe a 18%{6?&1 Ay aé*’il gd]tl# Q%lg 8% tithl.

e presence arnmaceuti Ccally accC e carrler

or diluent. The therapeutl cally effective anpu
medy Rrsfeyfew doge 1o dhs rerapeundntios @ Flpydiinidem infestign Will be in the

t
rongd HERBut 1 536 YAl brordilg 1 b 20'oHDRE, JrBONTRRigh) ey, more
genenwaIO la® dbosat mﬁmg per kilogegne Hody Whightof the Becrmd:rfe peaday aramore,
adm ni st ered a tiate route. |In.general,
depeding P Ui ppouintySe i PartBfor, reinbietnsaliy B toute of
admifRTROS. t TROefELtRE do%é‘lréﬁgeaﬂ" Fhé pBdriabduBichIfy Mceptdble salts and
formul ati ons may be adm ni stered via parenteral, 25

prodiugs 2ty be Gﬂsulatedthamhb aveight 104 Hhecparendicompaenshio, be delivered.
If the é"akff: (%'r 5} thougpag v1{ 1ny1tseﬁ',r thteoe?fe%?ve dosage can be estimated as

above using the we1ght of the salt or prodrug, or by other means known to those skilled

in the art. For purposes of the present invention, a prophylactically or preventively
effective amount of the compositions, according to the present invention, falls within the
same concentration range as set forth above for therapeutically effective amount and is

usually the same as a therapeutically effective amount.

The compound is conveniently administered in unit any suitable dosage form,
including but not limited to one containing 7 to 3000 mg, preferably 70 to 1400 mg of

active ingredient per unit dosage form. An oral dosage of 50-1000 mg is usually
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adm ni stration, anong other routes of adm nistration.

Enteric-coated oral tablets may also be used to
wepivanesobhi oavai lability and stability of the POIps2003i624324

froman oral route of admnistration. Intravenous and

i ntramuscul ar formul ati ons are .preferabl
conegifin FEREIAA PretramritE I dpPRE S Lor: AP 70 250340, 400,
500, 600,109, 800, 90BYor RO fnyogét DewE0aE8es &aly R usfd MPexample from 10-

2004/ 013300 PCT/ US2003/ 024324 w thin the teachi'ngs of
100 mgedl-8Q e 18- L-40 ingn 04 2Qmeyordel -A0Pengus f or nul ations for

a particular route of adm nistration w thout

r eldegily g bétBecigRdiEnt isBogd Be bOQIMAESEND achidvePehleDlasma
unstable or conprom sing its therapeutic activity. I'n

concgsdratipaspithe agtiveowintrosad pbfrompgboxt 889 78 diM.crrpfetably elout 1.0
r gt re soluble in ter or .other vehjicl.e, for
to 10, A D it eheCach it o et el gonsoieetisn of 8 0.1 to
5% sBR@oh o€ Ad RAfivé BRRrddidR! SPHARIP T sBiRk &t ddkf@ikicAdn as a bolus of
etc.). Adm nistration of the active conpound may range
the agtivgringtedientauous (i ntravenous drip) to several oral
adm ni strations per day (for exanple, QI.D., B.I.D.,
etla. partidllerlf QRFeidd alnbodinRhtsagdcoMEnd eVRIRU Préséh nbéntion, the

dr ugq conposition will depend on absorption, N
compoyads aufgonEnosiings &g wsed fodreat. arewnber delay e ansed of Weiviviridae
: t t t .okidl gn the ..
nec i e A0 8, BRUID L 4 00058, 8 oy 0 oo
will besadyninisteiied ineral@loeagetfyrmin drheurtto fuipginigdiont abdig 250 micrograms

g:hl eviated. It is to be farther ugderstood that for
up o 2RUt Tn2haps LUPYF 5 1GRT QBEC 2 ek PF4IFRbIo SLgRtofRYy: tirapka day. The

presefil QdlthobfdL dird! ?r@fgra@)}@ﬁ fadiifiSte ARIC QF Ay N Gouk oma%(I ?ﬁeo fadtnﬁréistered

i ndi viidual need and t'he professional judgme
parenteraly fopidat yndrdn euripesitay fomuper vi si ng t he
adm ni stration of the conpositions, and that the

CoAcgBfer@tli MOds dfARIMifRtratidn LPMthd REVEIEMPOEEXEIRIAT Vral
only and_are not intended to limt the scope or

compositiens »all genqrplly inglude adners dgventtor ¢n. edithe caieier.v dhey may be
i.hgredi dm_ni ed, a e, nQr

enclof9 i€ ekt ERuNE BB bRRl B etBACS: £ P $ubSie of oral

therapeinicradstigiseationt the acyvergompduad \cah be (iﬁcot]idﬂaec} ﬁzithreﬁf:i@felhﬁjand
dose of th onpound for a Flavjviridae infection wll_.

used 3 e, ot {ableife tpphsm oRtsantules. 1 Bhastsaseptially spapaiblsn bipding

5, /A [ A KGN CAYbRE, artdEX itiod.
agengener ally 0.1 %t%iaal\%out e\i%lo E{:}d per Ki |%eg‘EH§ﬁrﬁ%B%‘§’§ wei ght

frmt i pient d d I. t .
c oMo bl HnBSL shaes o B fe PEESHRGrD arL Bl By afiepine
ingretlieBts] @it eorPpoundd BN Sirthaid @Rturct N 1hded Cduc ead ﬁﬁé‘&grystalline

range of the pharmaceutically acceptable salts an
cellulgpe, d ewigs regaraplh enl galatiax ean saxsipiendnsucheasvstagth af lactese, a

csiRFEEL SBAEURs 0 B AR o Bt B s st o
magnesisagsearan op Stegstes; rpgligldn®asich as colloidal silicon dioxide; a sweetening
agent such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl
salicylate, or orange flavoring. When the dosage unit form is a capsule, it can contain, in
addition to material of the above type, a liquid carrier such as a fatty oil. In addition,
dosage unit forms can contain various other materials which modify the physical form of

the dosage unit, for example, coatings of sugar, shellac, or other enteric agents.
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25 above using the weight of the salt or prodrug, or
by ot her neans known to those skilled in the art. For
wWEooposi380 of the present invention, a prophyl aeCT/T82003/024324
or preventively effective anmount of the conpositions,
accordlng to the present invention, falls mnthln t he
eQsPRRE reah i Rsnadmimisiersd as ¢t coapensnkph¢e LT, suspension,
p f v t
SYUpy E%Eeqas%a R B EIPERDY P SFPY BT im bl (e active
compoongx) suatosesas aorweeteningt dggniaaini certainepresbrvatives)idyesiand colorings
d ui tabl e dosage form including but not limted to
an ®Scontaining 7 to 3000 ng, preferably 70 to 1400 ny
of active ingredient per unit dosage form An ora
d&wg@nmousd)ml@pmarmcmmca&w adceptableprouiug 0054161830 can also
PCT/ US20 024324 nie ncl udi,n
be miEt IR SGaC (B ARAR DR P Moptih 1D dered BB ogr witn
mateB4l9, thgtogjppY&&bnt aQe, de919&1 Qttich) OfhcHas bm&dsmséoaﬁﬁ u!iigé'ls Penti-
used, for exanple from 10- 100 ng, 1-50 ,
inflargmgtopigs 9§ other amiviralsy inglyding pthennysleasids ca)@mou@ds Solutlons or
suspén?ﬁﬁ? %'s&%%orgﬁgen rlg?ﬁltg%é}rgéls% c% 8'%,52%(2 otg galpg)%hgatlon can
mcluiﬂdf e ﬁ»ﬁi@wing()ccﬂnﬁdneﬁ’t@ V" staﬁlefcﬁhlabtl suchbt@ Uatdr. £or ifijectidn, Miline

Chl eved exanpl e, i ntravenous. .
Solutwﬁ; 3&? Yﬁthéi epe tgbvcogo/egkvapmq, @ﬁopa eng re’iycgé ©r gher synthetic

I r 1
solvegfég (ﬁ%a%gé:nal Q e'tsggl%?::h\/éé l?é%lgz?la%l'cglﬁ)tl d?lnﬁ&gar?ér%{n@ Fﬁfbx?(ﬁmts
such prasf eascetbie rrtaonﬂi ment ssoduioor diiswfitep tchelafing s engents such as
i nvent.i gn ounds and osi tions
cthy R e A oo POEAg T8 BHULES G POt EPFES and
agents Theki A AfStmdnt ef ﬁﬁﬁ’&iy)’such Qs k@, chidrRiéeitdeRiroste! Bhe pdiéntal
onset of infection, the conpositions wll be
prepagefifionfat be @aclpwdomamnm)éasg regimsahlﬁ: rsyramgpa rarsmpliplg dgse vials

50 micrograns up to about 1 gram or nore
made({toqﬂeggggfgntgce a day, preferably, or up to four tinmes a

The, present conpounds are preferably
0‘%1 anainisteses LptEAveROUS utprﬁéyr B ocartisrs rret Bivsiplogienl saline or

phosl[gg,&eemfgerr@dgayl e(m)cal ly or in suppository form A

ferred node of “adnm ni stration of the active
conposi tions WI||

et Pt} b o B Srraies u® piappfeEries paiers tha

will lsfatecbﬁle c@ﬁ%b@&eggaﬁﬂm S AERRiRERS BoBSthe bod P e %S 8 Gontrolled
into table For the purpose of oral t her apeuti c

releaggyfprinwletion | weludinge imptante apdnpueraencepsulated delivery systems.

. ] ent.s S e
R e S L
polyabyiiddsp| @lyplyudliogacid, collagen, polyorthoesters and polylactic acid.
Methods for preparation of such formulations will be apparent to those skilled in the art.

The materials can also be obtained commercially from Alza Corporation.

In certain pharmaceutical dosage forms, the prodrug form of the compound,
especially including acylated (acetylated or other) and ether derivatives, phosphate esters
and various salt forms of the present compounds, is preferred. One of ordinary skill in
the art will recognize how to readily modify the present compound to a prodrug form to

facilitate delivery of active compound to a targeted site within the host organism or
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agents, and/or adjuvant materials can be included as
part of the conposition. The tablets, pills, capsules,
wo ec@gloesoand the |ike can contain any of the fpCT/U82008/024324
i ngredients, or conpounds of a simlar nature: a
bi nder such as mcrocrystalline cellulose, gum
patient.r A edisathalsy ik kkeiadvariageeofdayorable pharapacakinglie papmegters of

the prg@‘iug ’(f'csna}, ivﬁﬁges?p%g& @%?%rcﬁglgé}g]%atgg rd%:snger : cnﬁ)t 1 ugZLzrﬂ lta(fgated site

withid @ st d)&r@lnﬁirﬁaﬂqiaﬂexﬁrto ShadiviRshe tnt¢lded 2fifectseicthe a:smpound in
colloid silicon dioxide;, a smeetenlng agent such as
the tregtnaens 96 Fviviadasriafection Gaclyding ZoY iHECH®INt such as
pepperm nt, nethyl salicylate, or orange flavoring.
Wrerpréﬂmee the phaendenitical oompositianscapeding, toithe pmeent invention, a
ontain, in addition to mstterlajF of the a ve tIydgtg,t h
theranepa%ﬁlld elfgchve pmayeh ohong Tapefe Sf the CHMBERY o the

preseﬁjto mﬁtl&f” yﬁr@ﬁ: %1)&9”%” aV BhdrldSeiRichRy d&é}ﬁﬁblé" &arrier
nodi physical formof the dosage unit,
accortﬂmg t@ xmvphtmnab plarmagaitichl eupmundisg é¢chaisuenio momqe adose. A

. / /
MO LT N T T T

admuﬁ&tia?ﬁoh e.8.USRE B p&BateY. UPprep@i@f pheeiievduligalPompokitiohein oral
i ke. A 8yrup contain, 1n addition to the active

dosagccfnpb,mmdyf tl@mumi phaymageusigalmedinmpayabronsed aﬁ%h“éefotr Aiqpid oral
e BAREAHAY b g, S0 B, LRPES, o0 i

includig twatdrh glyeslk, 6idy) aklohols, Hlavdringeabemts) bresérlvmvea,cwlvnng agents
material s that do not i mpai r the de

Ct i 0
and the ke mawbepsesh S'arsalid ota) premetions ST, QOW S D} %-‘n capsules,
and fgfj&mdﬁﬁeﬁp&th@s Qﬁdhfés su?ﬁ&iﬂfoﬁ@@ %'uﬁabl@ Brkiers' 3! a@@ﬁﬁi‘é@ idcARling
er antivira udi ng ot her nucl eosi d
starcleonugancisrierSaluah iap dextorse, mawptmhslaanss anslelatesk carrlers diluents,

arenteral |nt er.m bcut aneous
gran“iaﬁmg. Heckts ghricintss BEARR gt i SEPIS G {}{?&ﬁ%&ﬂ%Pe used. If
desir&d, %l'ié {aBlet M@ysuléy slayase WRbRd-cdasd fonjsasthined ,reléz@delbjiestandard
solution, fixed oils, polyethylene %chols ycer.ine,

hnm‘lmpyTbm@SCg!f ylmc desage forars rg@bh%la@ﬁr:@ lygmp@%tﬁh% bloavaﬂablhty of
h cantlb cte lggents such as benzyl al cohol or nethyl
© (ng t1Ox%i dants such as ascor b| c acid or

sodi um b| suI fite; chel ating.age as . )
ethoy | RaseR Al fOTBuAtoRs . Be| @ITLR| wﬂf r%m%m@ﬁ stgrile water or

aque&iéego%ﬁlﬁﬁ’chfdrid(aago‘ﬁiloﬁr tﬂ&%ﬁpgﬁ&eﬁlg?&ﬁienjé 1%91%Hﬁ1§ tfh‘aﬁe HR€ aid

ustment of tonicity such as sodi um chlorid

dlspedv&mt rabsoemay he imdudedt aWheyer qile atateris darbe b@edamdl @y@ﬂalhﬁd as
oul es, dlspo able syrin

sterllﬁ,:{g% C%l’flp(&ll tions ‘ag cixﬁrlggst ust 1950 be sterﬂuzed Ii‘njec’tgbcie susvplensmns may

also be prepared, in which case appropriate liquid carriers, suspending agents and the like

may be employed.

Liposomal suspensions (including liposomes targeted to viral antigens or
liposomes targeted to infected cells with monoclonal antibodies to viral antigens) may
also be prepared by conventional methods to produce pharmaceutically acceptable
carriers. This may be appropriate for the delivery of free nucleosides, acyl nucleosides or
phosphate ester prodrug forms of the nucleoside compounds according to the present

invention. These may be prepared according to methods known to those skilled in the art,
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If adm nistered intravenously, preferred carriers are
physi ol ogi cal saline or phosphate buffered saline

W@ BBEN13320 I n a preferred enbodi ment, the actiRET/US2003/024324
conmpounds are prepared with carriers that wl]l
protect the conpound against rapid elimnation from

for examlemg}esogb@dqmag S Patsht Noi #-800.8 o (whigh 15 Beamprtsddirein by
refereh&ci udl r&tlgl@ Hegrh de@cg:%gm p%?cﬂﬁ@@ ﬁ&tﬁﬁlls diﬁ!aﬂJ BRI Yrepared by

broconpati bl e pol yners ‘can be
dlSSOlUﬁl@dappﬁ(htﬁfht@Shpﬁi(h)y stk asi stydroyc phaspbatidyp (jﬂtly@nlayrdm,dﬁsqroyl

SRR SE I AN R —

SOlVGIgtqué{lilé ﬁﬁh %2%6%&&1 1B&/iRPB& 11?([‘5 iR ATl lipi®sh tH sulfBee of

erials canh a be obt ai ned connerC|aIIy
the cémtaxm:rAl Za Ggueus solugion d>ﬁ1thceaqtla(ﬁ neopirund cwuits eegnophosphate,

age forms, r,odr of .the c
aionefGB05ad B P20 Red B D RE M pgpgr. The
contaﬁﬁ@fjm Qﬁéﬂﬁmﬁ@d b%/ ahhd/ ﬁﬁfreaqmi@ gkl 86ieths sidagef thacomtbider and
salt forns of present conpounds, is preferred. One
to dispérsolipli nagrpeeks, nlnereby foomingdheliposamal SUSBISHHE ze how to
readily nodify the present conpound to a prodrug form
t The feaipbiiddt R coi@lingvr e pfesatttinvention)ipaeis (tfcthelr low toxicity
targeted site wwthin the haost org aqlsm?
to hosiORH (1 SEGEN PEFAISSOBAY B 493 agsaNTIE FEIPIoHed “appipdaically t

preveﬁjc Sﬁa bividab "’ﬁ?ﬁec ﬁl\{ agit "[’(geperfeP{ atHQrcﬁ:Q{lﬁerR:I%aﬁﬁ%ﬁl@af‘ %Sdn?)toms

par arre ers rodrug form where applicable,
assoctwédl V\&ﬁhl tig vhal dﬁ”ectroad Clwp,o thed preserd inzenywnedlsei em@ompasses

e b R S e
infecfiofVinhis| agﬁ’éact 'a‘&E@IﬁIﬂgQB thd ﬁﬁ@ééﬁd {venti&aY the hresdnt @Gﬁlposﬁlo'ﬁ@ are

prepare t he p arnaceuti ca osi ti ons accordi n}lg
used tidy erewﬁms@ndelamlmoma@h of g Flawwaﬁge unfeetien {inelpdingt QX) This

ne _or of
T
who RhaFBRERhé deddlopnidit P HEDI diseRe S dreamowatt of hdtompotuad according

conventional pharmaceutjcal , conpoundi ng (% chnl ues to
to thqap@@nmé anvgnier gifegtive far plleyiatingy Preyeniing of; toysedfOf the

viral :Il-lgfr &g) deﬂmeﬁg:' }?E%gﬂﬂa&tﬁefréé%ﬁl@htogccgﬁﬁt@{@Eﬂeoﬁ‘re%'1ﬁ\§‘eﬁtlf)l‘9rlt is

m ni st oral or parenteral
prefepreé et ithgy amﬁnaraﬂmompbmuhhtﬂmdwhemlﬁl lenlow m toxidity zmdspxg@rably

f f L ph di
non-teg{ggg) ﬂqarﬁ%ggntft leS| I%J%{ilﬁqﬁar r&%{m IISE gﬁgﬁpgﬁ Of?h%ﬂlyeg%’l? invention

that tﬁé‘ é&ﬁﬁlﬁh@ ARat i€hdelishSuld Be nfeRirhidllyodFrectiSelhdaadyt eheGafus iafd Should
additives including water, glycols, oils,

excital mumntrsun of mxwtynfg thepnicst. pr tecresaet HEY indesitioni spmpounds
acco%ﬂgptgftg? ?)ge%%ﬁt SlﬁVfi,l]’ltlgg %’% agr Steﬁjsnfi t? Ere&tgtlg%% (ﬁgﬁge states, may

be administered within the same dosage range for therapeutic treatment (i.e., about 250

micrograms up to 1 gram or more from one to four times per day for an oral dosage form)
as a prophylactic agent to prevent the proliferation of a Flaviviridae infection, or
alternatively, to prolong the onset of a Flaviviridae infection, which manifests itself in

clinical symptoms.
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15 and for solid preparations such as suppositories,
suitable carriers and additives including starches,
waeo@aniserriers, such as dextrose, nmannitol, |BCT/OSE03/024324

and related carriers, diluents, granulating agents,

| ubricants, binders, disintegrating agents and the
SynthttikPRratesolbe used. If desired, the tablets or capsul es

may be enteric-coated for sustained rel ease by

standard techniques. The use of these dosage for

nBympowis faf fartilg (Dnipatbe presentbinyentieon eB; be ropglly dl@éed into

et 5o PP BBl SR Bl 550 B8 SILBEL g e 2

pos1t1(§nts Qd ht ¥4 BlcySlic rifl vRes asONF iy plrt of 6dﬂerslﬂ:|red nmg1 and N* a
though other ingredients, including those t

part ofif-speanbsireshting sieh aagomaoyndcl (Add), (HrreFAmRY "t dSite (0 in
to, be us i1 [

B

is a parPbEShrRbltRrdlusnens Wha pﬁfay)f ﬂ-&neahlmedoﬂn@rsapiaatechmpqmnd 2 (A-

WhICh case appropri.at id carri
D), (i pempany 9 paqquaéautﬁw g@g rn{g ﬁa ? AB), (iv) a
hlc@hpound of
oL St g s b
class (ﬁ)rbnc ﬂachalthaa@ﬁndndmr@hrmg; suchr ad SdAt-Bb €vig a gpmypound o clges (ii)

prepared b nventl al rodu nd
but B e P et e Aunebnana (DB P n pietypotn
and 43-‘%]&%%&1@&% pets 6ih§th€1e bicy&lid/ riff, EudheanAc(Ae0yi dmau;acwn) a
si des ‘or ogph hate ester prodrug forns of the

compourgl 1a<yﬁudebcubﬂ'pcmnddls nigegsnl Piggrot partsef 39ptseHng, such as 8 (H).
i nvention. These may be prepared according to nethods
known to those skilled in the art, 47 W 2004/013300
PCT/ US2003/ 024324 for exanple, as described in U S.
Patent No. 4,522,811 (which is incorporated herein by
reference inits entirety). For exanple, |iposone
formul ati ons may be prepared by dissolving
appropriate lipid(s) (such as stearoyl phosphati dyl
et hanol am ne, stearoyl phosphatidyl choline,
arachadoyl phosphatidyl choline, and cholesterol) in
an inorganic 5 solvent that is then evaporated,
| eaving behind a thin filmof dried lipid on the
surface of the container. An agqueous solution of the
active conmpound or its nonophosphate, diphosphate,
and/ or triphosphate derivatives is then introduced
into the container. The <container is then swirled by
hand to free lipid material fromthe sides of the
container and to disperse |ipid aggregates, thereby
form ng the |iposomal suspension. 10 The conpounds
according to the present invention, because of their
low toxicity
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to host cells in certain instances, may be

advant ageousl y enpl oyed prophylactically to prevent
WO-b@nviovidnd dae i nfection or to prevent the occuPCENSEO®024324
clinical synptons associated with the viral
i nfection. Thus, the present invention also
enconpasses neBigd[4.24]ndmanpisyyteml acti c treat ment of
viral infection, and in particular Flaviviridae 15
infectijon. In this aspect, according to the presggt X
N X D NSNS ‘ ﬁ

oA

: tmsn{",\/
r of HCV di sease,

,ﬁ(egrmunt of a ﬂgzound accor di nps%?o t he preseny r(D)

ntion effectl for alleviati preventing o
del ayi ng the onset of the 20 viral infection. In the

dexic tho the 4
! pef erreqd”i n thi s‘aspect pf the present
i nventi on that the cdnpound that is used shoul d_be
@mg&l Iy effect2y(B)agai nst the v2(G9 and shoul d2 (D)
exhibit a mninmumof toxicity to the patient. In the
case of HCV infection, conpounds 25 according to the

prese i nvent {yon, Hv\,hi ch may be used kreat th X
R sea st at g, adm ni stwer e hin the sa
g e Yange A utic tw i.e. R
R/%,250 Nvfcr ogr a gram OR” \[OM ONERst

times per day for an oral dosagésorn) as a - R "
pr yl acti c age prevent the i feration gf
ﬁz&gvi ri dae inf g"cfégn or altern [?iel y, to prgl(o[pg
the onset of a Flaviviridae infection, which manifests
itself in 30 clinical synptoms. 48 WD 2004/013300

t es: (i Qund ofg/
nitrodens at £f , 2nd and 4t Ry

posi.ti os are par a bicyclic ri ystem and A S
a5p(A)t of 6-msnbe£r5e&)i ng and N4 aé;?‘%irt of d\IEB)
5-menbered ring, such as conpound 1 (A-D), (ii) a

whi ch both nitrogens at
ong are partwQing bicycli [

5- i ng ang.
uch Re 2 (Agg
(i) 6- nme

a
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compound of class (i) but I|acks the 5-nenbered ring,
such as 4 (A-B), (v) a conmpound of 10 class (ii) but
wo aekm13be 6- menbered ring, such as 5 (A-B), (RCHUS2003/024324
conmpound of class (ii) but lacks the 5-nmenbered ring,
such as 6 (A-B), and (vii) a compound in which both
SyntheR{sd:fGlMIz(d'—BﬁCmmg@ﬂdsare parts of other bicyclic
rlng, such as 7 (A-C) Finally (viii) a conpound in

19?’%@?81541 ﬂéc a%saig fn %Jhl%l%&[%gﬁ% %%E%Q%/tg@gfcgcﬁg heteroring

links cﬁ’I@I B2 Q3 {Bdfi R furdd 61y fétt@hyldrath]x}phenabe cgolepantany dériXative,
RS R RRs R4 R45 a Ra a (

and e (Sepembeipyl KnscopiaiEs ¥ HHSOSENRS ORY e b WRd dbaliakeg Tgthe
tetrahyéﬁc(f@fng%r( t? a@&hﬁﬁ}l&@ 13:43) %e angﬁl( fg)?aﬂj%(tgr)ou E’ﬁiﬁﬁne
bridge {1(AX aR8 1(B)) cSLRSyRhesyal BthR HpwiRgawmRa (Scheme 1). For
example, 5-nitropyrimidin-2-one (9, Y =H, Z=N) or 5-nitropyridine (9, Y = H, Z = CH)
is condensed with 1-O-acetyl-2,3,5-tri-O-benzoyl-D-ribofuranose by Vorbruggen
procedure to give nucleoside 10 (R = Bz, Ac, substituted Bz, benzyl or the like)
Treatment of 10 with sodium or lithium azide in an inert solvent, such as alkanol,
acetonitrile, N,N-dimethylformamide (DMF), dimethylsulfoxide (DMSO) or hexamethyl
phosphoric triamide (HMPA), gives the corresponding v-triazolo[4,5-b]pyrimidine (11, Y
=H, Z=N) or v-triézolo[4,5-b]pyridine product (11, Y = H, Z = CH). After
deprotection, 11 is converted into the 2’,3’-O-isopropylidene derivative 12 by treatment
with acetone and mineral or Lewis acid (e.g., HSO4, CuSO4 or ZnCl, or the like) or with
2.2-dimethoxypropane in acetone in the presence of a catalytic amount of acid, such as
HCl, TsOH or MsOH). Tosylation or mesylation to 13 followed by heating afford the
cyclonucleoside 14. It has also been discovered that the benzoyloxy group itself in
compound 11 can act as a leaving group. Especially, an acyloxy group containing an
electron-withdrawing group, such as p-fluorobenzoyl, p-nitrobenzoyl, or the like, at the
C-5° position gives a good result. Deacetonation in dilute acetic acid, trifluoroacetic
acid, diluted mineral acid or an acidic resin gives the desired compound 15. Compound
14 and 15 can be reduced to the corresponding saturated product (X and Y can be
independently CH,, CH-halogen, CH-aklyl, NH, N-alkyl). Alternatively, application of
Mitsunobu reaction to 12 gives 14 directly. Also, a protected natural nucleoside, such as
cytidine or uridine (Z =N, Y = NH; or OH, R = Ac, Bz, substituted Bz, benzyl or the
like, or R’,R” = iso-propylidene) is nitrated to 10, and subsequent series of reactions yield
15. From a L-ribosyl derivative, the L-enantiomer of 15 can be synthesized by the same

chemistry.
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W@ @)048133b) 50 WO 2004/ 013300 PCT/ US2003/ 0243 2BCT/US2003/024324
Synt hesis of O ass 1(A -B) Conpounds A conpound of
class 1, in which the 6-nmenbered part of the bicyclic
heteroring |inks di rec$‘fh5¢"%e01the t et rahydr of uran or
t et rahydr ot hi ophene or cycl opentane derivative, and

the 5-nmenbered ri contains 3 nijrogens, one of i ch

is linked to the rahydr of ur gi_g AR

t ef r ahydr ot hi ophénej or cycl opentfang éerivativep%rlr %ﬂ
Wyl ene b [1(A) a B an be synt*he¥i zed
he To™ ow ene )¢ —exAmpl e,

5-hi tropyrim di -one (9, Z = N) or

5-pitropyridi i g =H Z R IS conden ith

( -
1-O acetyl -2,3,30tri - O benzoyl 4p-ri bof ur anose By
Vor bruggen prgcedw e to give nucl eoside 10/ R #2Bz,
Ac, substitu enzyl or the like) 107 Treatjment
of 10 with (thium azjde in ap/inert l
sol vent, guch as al kano acetpnitrilg,

N, N- di hyl f or manyde ( . diYret hyl sul f oxi de ( @)
X 9 phoric triam '

W®h acetoné and mneral &° Lefis acid (e.
H2SO4, CuSO4 or ZnCl2 or the like) or with
2, ¥6di net hoxypr og@ne in acetonelfn the presence 3f a
catal ytic amount of acid, such as HC, TsOH or MsOH).
Tosyl ation or nesylation to 13 foll owed by heating
afford the cyclonucleoside 14. It has al so been

di scovered that the benzoyl oxy group itself in .
An intermediate 11 can also be prepared by Vorbruggen’s condensation (

Rizkalla, B. H.; Broom, A. D. J. Org. Chem., 1972, 37, 3980.) of a purine containing 2-
oxo function, such as xanthine, or a strong electron-releasing group at C6, such as 6-
dimethylaminopurine, with a protected ribofuranose. The present invention also includes
our discovery that certain protected intermediate (10 and 11, R = Bz) can be directly
converted into the desired cyclonucleoside 15. This novel process has a great advantage
over the traditional synthesis as the targeted compound 15 can be obtained in only 3 steps

(see Example 7).

The compounds of Class 1(A) can also be synthesized from a pyrimidine
nucleoside bearing a good leaving group at the C-5 position (Scheme 2). 5-Bromo-2’,3’-
di-O-isopropylideneuridine (17) is sulfonylated with tosyl chloride, mesyl chloride,
triflyl chloride or triflic anhydride in the presence or the absence of base such as
pyridine, triethylamine, DBU, DBN, 4-dimethylaminopyridine or lutidine to give 18.
Treatment of 18 with NaNs,, LiN3 or KN3 in an inert solvent, such as DMF, DMSO,
HMPA or the like, gives the 5-azido derivative 19. Upon heating 19 in an inert solvent,
compound 14 is produced in high yield.
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conpound 11 can act as a | eaving group. Especially, an

acyl oxy group containing an 20 el ectron-w t hdraw ng
w@e@up133such as p-fluorobenzoyl, p-nitrobenzoyPCT/OR2005624324

like, at the GC5 position gives a good result.

Deacetonation in dilute_ acetic acid, trifluoroacetic

acid, diluted mineral aXb€M82 an acidic resin gi ves

the desired compound 15. Compound 14 and 15 can be

reduced to phe correspondi sat ur at ed prod t (X and
Y can bes_ihdependent| ys CH-hang&ﬁ-\B yl, NH,
N-al kyl ) . rnatively, pp I cati on'\of 25|M sunobu

ted
urldine (Z =

reaction t €Ctd y. Al 2o
nat ural nuc) eosi de, such asg cytldlne

N, Y or &> R subSti t ut , benzyl
or the or R, R so- propyl i den S nitrated
to 10, ubsequent pes of reactio peld 15.

From a L=<™N bosyl derivative, the L-enanttormer of 15
can be s¥nthe3|zed by the same chemi stryg 51 WO

2004/ 013800 PcCT/ US2003/ 84324 Scheme 1 NO H -~ H NO2
Il N> RRH HRORROR9 1011 12 H 0O|ORR E R
ORHOHR . 16 15 14 13 An internediate 11 can al so
be prepared by Vorbruggen's condensation Y5 Rizkall a,
B. H; Brogm A D J. Og Chem, 1972, P§3/¢ 3980.) of

a purin tHal ning 2 0 ction, sjuch ant i ne,
or a snﬁo g Bl ectron- gl ?iﬂﬁ? group fat . Sluch| as 6-
(o]

A plausible mechanism for the formation of 14 from 19 would be through a [2,3]-dipolar
addition of the 5’-azidomethyl moiety to the 5.6-double bond, concomitant with
elimination of HBr from the adduct. Deacetonation of 14 under acidic conditions affords

the corresponding free compound 15.

Synthesis of Class 1(C — D) Compounds

Condensation of 6-aminocytosine with tetra-O-protected ribofuranose, such as 20
(Scheme 3), under Vorbruggen’s conditions affords the protected nucleoside 21, which,
on nitrosation gives the 5-nitroso product 22. Reduction of the nitroso group gives the
triaminopyrimidine nucleoside 23. Conversion of 23 to purine 24 can be accomplished
by treatment with DMF with phosphoryl chloride. De-O-benzoylation in base, such as
alcoholic metal alkoxide or alcoholic ammonia, followed by isopropylidenation yields 25.
Intramolecular Mitsunobu reaction of 25 gives the cyclic product 26, which, upon acid

hydrolysis, affords the desired product 27.
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WO b@tt/0c3Bnd ai n protected internediate (10 and 1RCT/RS2003/024324
Bz) can be directly converted into the desired
cycl onucl eosi de 15. This novel process has a great
advant age 10 over the %¢h¢mMed onal synthesis as the
targeted conpound 15 can be obtained in only 3 steps
(see Exanple 7). Thg,conpounds of @h,ass 1(A) caniabso
be synthesized fropia pyrimding_AQycl eoside i '

B d ¢eavi ng grou the G5 t lon (Sche
5- -2 3 - @ritgo ro Iiggﬁe rPdine,(] ©
syl Fdnyl at ed ¥ syl chl offf syl chloribe; 15
tri Iﬁ chl ori de triflic anhyprfide in the priesence
Z

Bz

or the absence 8 B&se such as B2\ di ne,
trigthylamne, DBY DBN, 4-dinethylam nopyridi nesor
lutidine to give 18. Treatnent of 18 with NaN3,| Li N3
or KN3 in an inert solvent, such as DW, DMSO |HWPA
or the like, gives the 5-azido derivative 19. Udon

heat i n% 19 in an iggrt solvent, gqepound 14 is wH,

produf®d i n high yieid. 52 WO 2Q04/ 013300 ft

Egv 003/ 0243 |\%:qherre28 BBlH HHo oIl
#7018 19 g AN R H[H ORFIEH OH O\ y+ 15 14

19; pl ausi bl chani sm f 8 fornpti oR 0

fr 9 woul d be rougﬁ'a [2,3 -inolar

HO OH % & BzO OBz

27 2 25 24

Alternatively, uridine can be converted into 5-halo-5’-O-sulfonyl-uridine-2’,3’-
O-acetal or ketal, such as 5-bromo-2,3’-O-isopropylidene-5’-O-tosyl derivative (28, R =
Ts, Scheme 4). Base treatment of 28 affords the 6,5’-anhydro derivative 29, which,
upon ammonolysis, gives 6-amino-2’,3’-O-isopropylidne uridine 30. Nitrosation of 30
gives 31, and subsequent reduction to 32, followed by cyclization produces 33, which is

converted to 9,5’-anhydro derivative 35 by treatment under Mitsunobu conditions to 34,

followed by de-O-acetonation with acid.
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addition of the 5 -azidonmethyl noiety to the
5. 6-doubl e bond, concomtant with 5 elimnation of HBr
wo p@ai0133e0 adduct . Deacetonati on of 14 under acPdi/vS2003/024324
conditions affords the corresponding free conpound
15. Synthesis of d ass %Eﬁﬂﬁeﬁ» Compounds Condensat i on
of 6-am nocytosine with etrs- o pr ot ect ed
ri bofuranose, such as 20 (Schene 3), under

Vor brug@en's conditio affords the ot ect ed on I
nucl érsﬁﬁﬁa 21, which on nitros gi ves the NH
5-nitr spk roduct . iéucti on @f gi troso grqg@fi&o
gi the triam noQyrifm di i 0

of 2 purine 24\cain be acco
wi th wi t h phosp yl chl ori de.
in bagé, such as af
al coholic ammoni a, oIl owed by i sopropylidenation
yieldg_25. Intranolgcular M tsunob% reaction of 25 »
gi ves ¥ he cyclic product 26, which, upon acid 15

hydrol ysis, affords the desired product 27. 53 WO C+\l

- O benzoyl atio

2004/ 013300 PCT/ US2003/ 024324 Scheme 3 NH2 H2 H2

NZ N H2N Bz Ac H2N NO H2N ~p H2N O Bz Bz Bz Bzool\ﬁé
BzO O Bz BzOO Bz BzOO Bz 20 21 22 23 NH3Cl NH2

H2 Lxp NpNO HNO OHBz 0r)o

[0}
Ha
A8 Oy Y Cr
e I G e
0.
- -— -
35 34 33 32

Compound 34 can be prepared from 5’-azido-5’-deoxy-2’,3’-O-isopropylidene
uridine (36, Scheme 5). Bromination of 36 to 19 can be furnished by treatment with
LiBr and ammonium cerium nitrate in acetonitrile. Compound 19 can be directly
converted into the 6,5’-imino derivative 37 in high yield with triphenyl phosphine and
ammonium hydroxide in tetrahydrofuran. Nitrosation of 37, followed by reduction gives
38, which is readily converted into 34. Compound 34 can be thiated with phosphorus
pentasulfide in pyridine or with Lawesson’s reagent in an inert solvent such as toluene to
give 39. De-O-isopropylidenation of 39 with acid gives 40, which can be desulfated to
41 by treatment with Raney nickel. Alternatively, treatment of 39 with Raney nickel and
subsequent acid hydrolysis gives 41. Treatment of 37 with chloroacetaldehyde gives
pyrrolopyrimidine 42 (Scheme 6). Acidic de-O-isopropylidenation of 42 affords 43.
Also alkylation with various alkyl halides in the presence of base, such as sodium or
potassium carbonate or sodium or potassium hydroxide in an inert solvent, such as
dimethylformamide, acetonitrile, tetrahydrofuran or the like affords the corresponding

1-alkyl derivative 44, which, upon acid hydrolysis, gives 45.
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ketal , such as
5-brono-2", 3" - C>isopropgllden§ -O-tosyl derivative
(28, R= Ts, Schene 4)° l§ treatnent of 28 affords
the 6,5 -anhydro derivative 29 V\,hl ch, upon

anmonofysi s, gives 6{ami no-2', |sopropyI|dne
uri digten80. Nitr o of 30 g and " gm
subse Bt reductl O™y fold oby cyclin

o) s 33, | ' converte 9,5_-anhy
deriyative 35 by t Neht ment under t sunobu condliti ons
to 3X 10 foll owed de- OG- acetopQtion with aciq. 54
WO 2004/ 013300 PCT/ US2003/ 024324 Schene 4 p 0 0
Br~Nkk~ NH NHON/ 19~p O p HRHW OHHz O O pxp p
~C28293031 r 0OOONHNHH OONOH O HHH
O HOOH Op X Q, 35 34 33,32 Conpound 34 can |be
prepared from5'-azi do-5'-degoxy-2',3" -0 isopropyl i dene
uridine (36, Schenme 5). Byom nation of 36 to 19 can be

furnighed by trez}ggﬁt with 5 L%Eﬁ~gnd annon;#jgi
cefl hitrate i Bnitrile. / und 19 c

i ey Lo L -4

— T =

HO OH 3(0 3{3 3(0

43 42 39 34

e TR e BN o SR e ¢
] o &

HO OH HO OH HO OH O

M“ : 40 45 44

R = H, lower alkyl of C,, ®-hydroxy-, ®-sulfhydryl-, w-halo(F, Cl, Bz, I)-, ®-

5 azido-, ®-amino-, ®-cyano-lower alkyl of C,, or benzyl.

Treatment of 39 with ammonia gives 26, which, upon acid hydrolysis, affords the
adenine derivative 27. Treatment of 42 with Lowesson’s reagent affords the thio
derivative 46 (Scheme 6), which can be converted to the 6-amino derivative 47 by

10 treatment with ammonia. De-O-isopropylidenation gives 7-deazaadenine derivative 48.
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converted into the 6,5 -imno derivative 37 in high

yield with triphenyl phosphine and amoni um hydroxi de
wo poo@t33ahydr of uran. Nitrosation of 37, foll owedr/ing2003/024324

reduction gives 38, which is readily converted into

34. Conpound 34 can beﬁémﬁ ted with phosphorus

pentasul fide in pyridi Pel th Lawesson's reagent in

an inert solvent such as toluene to 10 give 39.

De- O i opropylldenatl n of 39 with aaid gives 40,

NH2
whi be desul yto 41 by ment with
ni Ckel )gﬂ ternatl treatnent f 139/wi th Rane
ni gkel arfi subsec d%ld hydrolysi® of ves 41.
Tr nt_of 37 w taI de4ﬂAu£;
pyr gobopyri m di ne (Schene 6) . HO OH

| sopropyl i denapq on of 42 affor s 43 Al so
alkylatlon with various alkyl halides in the presenge
of bése such as sodfumor 15 potasélun1carbonate or
sodi um or potassi um hydroxide in an inert solvent,
such as dinethyl fornmam de, acetonitrile,
tetrahydrofuran or the like affords the correspondi ng

L@l il AP 1 RELAVENAEAINS Sonditi
gu@é’s Hsaf6 oY St a6 A 8icino B ARG VEHARAIKY Sonditions
resu1t5 ilNtheBsxclishié fokmatio of 3-tikasyN6-bfnikiraeiHieriditipe (B, \Sehame 7).
19 37 38 <y | NH H K -
Nitrogio, of/ 4, SpBpweRk Dy regslign gveses. Rupiehy on syl zafieleyds 1.
whictf3s converted into the free nucleoside 52 by saponification. Isopropylidenation of
52 with 2,2-dimethoxypropane in acetone in the presence of a small amount of p-

toluenesulfonic acid gives 53, which, upon treatment under Mitsunobu conditions, is

converted into 54.
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HO OH HO OH HO OH 5<0O 41 40 45 44 R = H, |ower alkyl
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Zdadeni ne deri vat i€ 56 WD 2004/ 0133086N
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glvgg 50, which, on cyckjzation affords 51, whigh i
converted into the free nucl eoside 52 by
saponi fication. Isopropylidenation of 52 with
2, 2-di met hoxypropane in acetone in the presence df a
snall amount of p- toluenesul fonic acid gives 53,
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I
ted into 54. 57 WD|2084/ 013300 j\
PCT Us/ 024324 Schengy NH2 HN-1  HN HYy
NONO B Y
O=™N"o O7™N"0

HO <«—— HO

O

HO OH HO OH

54 53 52

From sugar modified nucleosides, modified furan ring containing compounds are
made. Sugar modified nucleosides can be prepared by (i) condensation of modified
sugar with a base or (ii) by conversion of the sugar moiety in preformed nucleosides.
For example, condensation of 1,2-O-acetyl-5-O-methoxycarbonyl-3-deoxy-D-
glyceropentofuranose (55, Scheme 8) with S-nitropyrimidine-2-one affords 56. The
methoxycarbonyloxy group at C-5’ is not a good enough leaving group, which just
undergoes saponification upon treatment with base to give the free nucleoside 57. The
free nucleoside 57 is benzoylated to 58, which, upon treatment with sodium azide in
DMF gives 59. Saponification of 59 affords 60. Using different sugars, such as 2-
deoxy-D-ribofuranose, 3-deoxy-3-fluoro-D-xylofuranose, 3-deoxy-3-fluoro-D-
ribofuranose, 2-deoxy-2-fluoro-D-ribose, 2-deoxy-2-fluoro-D-arabinofuranose and their

L-sugar counterparts give their corresponding sugar modified analogues of 60.
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nucl eosi des, nodified furan ring containing conpounds

are 5 made. Sugar nodifjed nugl eosi des can be prepared

by (i) condensation of sugar with a base or

(ii) by conversion of the sugar noiety in preforned

nucl eosi des. For exanple, coh ation of 02N
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gl ycer op anose (55, ene 8) vvlth
5-nitropyrim 0% _one at rd O—Sﬂ
nmet hoxycar bonylaay group at C |s not a goo nough

| eavi ng group, which just 10 und®goes saponi fi@ation
upon treatmerit with base to g"1ve the free nucl®®oside
57. The free nucleoside 57 is benzoylated to 5

whi ch, upon treatnent with sodi um azide in DI\/Fygi ves
59. Saponlfl cation of 59 affords 60. Usingqdjfferent
sugars, su SN 2- deoxy- D,ﬂ ofjur anose, [

3- deoxy- 3-f oD- xyl of ur a . 03- deoxy- 3-f | ufre®- D-
ri bof uranosg,  P-deoxy-2-fluQro{D-rilose

2- deoxy- 2-f | 0- D- ar abi nof u ose and their 5

L- sugar countegparts gi ve theigezcorrespondi ng cedgar
nodi fi ed anasogues of 60. 585A\D 2004/ 013300 s8

PCT/ US2003/ 024324 Schenme 8 11 O2N1 02N 1 1 H3000 1 O
NO O _OAc H3000 H QAc O T4

Another type of sugar-modified nucleoside that can be used in the present
invention are carbocyclic sugar nucleosides. A typical example is shown in Scheme 9.
Compound 61 is sulfonylated, typically mesylated, to 62, which, without isolation is
treated with alkali metal azide to give 63. Heating 63 affords the 8-azaxanthine
derivative 64. Acid hydrolysis of 64 gives 65. Thiation of 64 with Lowesson’s reagent
gives 66, which is converted into the 8-azaadenine derivative 67 by treatment with
ammonia. Acid hydrolysis to remove the isopropylidene protecting group from 67
affords 68.
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60 59 58 Anot her type of sugar-nodified nucl eoside

WO b@t/0cm be used in the present 5 invention BECEUS2003/024324
car bocyclic sugar nucleosides A typical exanple is
shown in Schene 9. %%qu£l i s sul fonyl at ed,
typically nesyl at ed, to ich, without isolation
is treated with alkali nmetal azide to give 63.

Heat i ng af fords the §-azaxanthi ne erivative 64
Aci d hygrofwysis of 6% es 65. Thi dtyonHof 64 0%
gi

Lowessorg+g eagent [ 066, whi ch [ verted
t heH deni ne ¥ ive 67 | b nent
ammoni g~ TAci d hyﬁr oly to rem reane t i sopr opyl [

pr ot ect g group fromyg7 affords 68.X59 WO
2004/ 013300 PCT/ US2003/ 024324 Schenme 9 Br Br | N~O Br
I NFNON&/, | t[H HO-e2_ 'MsO-,- O 661 62 63 64 HR

~HR FI ri NHN | NONONONO E HO OH OHd 6B 67
66 65 Post Synthetic Modifications. Varigds new
nmol ecul es can be nade fromclass 1 5 co unds.

Conpoun H;JQ4 (Y =H Zz RCH R =R = Bz) i's conver bed
into 7 H
/ j | N

N :; l O
HO OH HO OH

X

68 67 66 65

Post Synthetic Modifications. Various new molecules can be made from class 1
compounds. Compound 14 (Y = H, Z = CH, R’ = R” = Bz) is converted into the
corresponding thione (69, Scheme 10) by treatment with Lawesson’s reagent in an inert
solvent such as toluene, or phosphorus pentasulfide in pyridine or tetraline.
Saponification of the benzoyls groups affords the free compound 70. Bromination of 15
(Y = H, Z = CH) with bromine water or NBS in acetic acid gives 6-bromide 71 (X = Br)
while treatment with NCS in acetic acid converts 15 into the chloride 71 (X = Cl).
Treatment of 6-halide derivatives such as compound 71 with a nucleophilic agent such as
various amines, a Michael addition and elimination reactions proceeds and results in 7-

substituted products 72.
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There are several ways to convert 8-azaxanthine derivatives into the
corresponding 8-azaisoguanine derivatives. In Scheme 11 by treatment with phosphorus
pentasulfide in pyridine or with Lawesson’s reagent in an inert solvent, such as toluene
or methylene chloride or the like, or imidazolyl, triazolyl or tetrazolyl derivative (73, X =
imidazolyl, triazolyl tetrazolyl, or O-sulfonyl), followed by reactions with various
amines affords the corresponding amino derivatives 74, which, on removal of sugar
protecting groups, give the corresponding free cyclonucleosides 75. It should be noted
that 74 and 75 are in an equilibrium mixture of amino-imino tautomers. Also, alkylation
of 14 gives the N1-substituted nucleoside 76, which is converted into the free nucleoside

77 by de-O-isopropylidenation.
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of 14 gives the N1-substituted nucl eoside 76, which is
converted into the free nucl eoside 77 by

wa@lesodoLsopr opyl i denation. 61 WO 2004/ 013300  PCT/US2003/024324
PCT/ US2003/ 024324 Schene 11 NRR HR ,,NH OOO 14
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al kyl of Cl1_6, w hydroxy-, co-sulthydryl-, whalo(F,
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a pf CL_6, or nzyl . The portion of ,l.ga
nodi fi donyl atio to 78 (SCheNe,
foll t reagient /gi ves hewel ef | m
us base tr nt of 66 | o 10 the fo

e on
of oxi de 80, IS suscept| T
atPdack to produce substi tut ed
811_Cyclic t hi ocagponyl ation of 13 to 82 followed by
Bar}on reduction affords a separabl e m x}urewghR2H
andl 3' - deoxy products 83 and 84, respecgively. 62 WO

200¥/ 013300 PCT/ US2003/ 024324 Schere 12
e e
[o] o]
—
H )51 H
76 77

X=SH,/\ @ M or —
s o S

i

R = H, lower alkyl of C;, ®-hydroxy-, o-sulfthydryl-, o-halo(F,
Cl, Br, I)-, w-azido-, m-amino-, ®-cyano-lower alkyl of C;,, or

benzyl.

The sugar portion of 15 can also be modified. Sulfonylation of 15 to 78 (Scheme
12), followed by Nal treatment gives the olefin 79. Aqueous base treatment of 66 lead to
the formation of epoxide 80, which is susceptible to nucleophilic attack to produce 3-
substituted arabino derivatives 81. Cyclic thiocarbonylation of 15 to 82, followed by
Barton reduction affords a separable mixture of 2’- and 3’-deoxy products 83 and 84,

respectively.
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H
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Synthesis of Class 2 Compounds

This class of compounds can be prepared from natural 2-oxo or 4-oxo or 2,4-
dioxopurine nucleosides. For example, inosine (85, X = H, Scheme 13) or guanosine
(85, X = NHy) is iso-propylidenated to 86, which under Mitsunobu conditions gives the

3,5’-cyclo-derivative 87. After deacetonation of 87, the desired class 2, such as
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N.; Ralph, R K, J. Chem Soc., 1959, 164) or triethyl
64 WD 2004/ 013300 PCT/ US2003/ 024324 orthoformate
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P. W; Shaw, G, J. Chem Soc., Perkin Trans. 1,
1973, 1720). Alternatively, int er medl ate 95 is
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Synthesis of Class 3 Compounds

Treatment of methyl 5-amino-5-deoxy-riboside (93, Scheme 14) with ethyl N-
carbamoyl-cyanomethyl formimidate (94) affords the 1-methyl riboside-5-ylimidazole
(95) (Shaw, G.; Warrener, R. N.; Butler, D. N.; Ralph, R. K, J. Chem. Soc., 1959, 164).
Upon acetolysis, 95 is converted into the desired cyclic compound 96.  After
saponification, the targeted product 97 is obtained. The reagent 94 can be prepared by
treatment of aminocyanoacetamide with ethyl formimidate hydrochloride (Shaw, G.;
Warrener, R. N.; Butler, D. N.; Ralph, R. K, J. Chem. Soc., 1959, 164) or triethyl
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Synthesis of Class 4 Compounds

Class 4 compounds are synthesized by three different ways. The first process is to
start with a pyrimidine nucleoside bearing a non-leaving group at C-5, such as 2°,3’-O-
isopropylidene-5-methyluridine (102, Scheme 15). After sulfonylation of 102, the

15 product 103 is converted into the 5-azido-5-deoxy derivative 104, which, upon heating, in
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F6r y~HB HBH HH OO0OHO H- N2 o 104 105 106
Cyclic carbonate, cyclic orthoester, benzylidene or
WwW@RWen133y€l i ¢ groups can al so serve as 10 pr oPET/UBI003/024324
groups. Conmpound 19 (Schene 5) fromuridi ne can be
converted into 37, which, after de-
an in€dt ise;lw:rrtcspyh alBNER, igores gheveslit @rodusSt Mneia 1) intdrmediate 105 with

cone iyt SIS HE 0o RO LTI U2 TS0 BT a0 pglets o the
5,6- d@tl%cbdﬂdor%@ti\ﬁn Qhélsfogn)&tléfn \6f3 ﬁlel 9{12{%310 itdermddiatéia  08H which
|

undergoes elimination of the 6—proton and subsequent ehmlnatlon of N2 results in the

5 formation of 106.

Scheme 15

H
o o]
H >ROZS » N3
~ ~ ™~

Cyclic carbonate, cyclic orthoester, benzylidene or other cyclic groups can also serve as

10 protecting groups.

Compound 19 (Scheme 5) from uridine can be converted into 37, which, after de-
O-isopropylidenation gives 107 (Scheme 16). In a similar manner 108 can be obtained
from 38.
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108 38 107 Wen
5-brono-2',3" -0 isopropylidene-5 -0 sul fonyluridine(1l8

WO 2008/0133e@t ed with ammoni a or net hyl am ne, PCT/US2003/024324

6, 5" -cycl onucl eoside 111 (Schene 17) is obtained via
5 intermedi ates 109 and 110. Schenme 17 BBr HHHH
0 ~OR~p O ROXZS RH Qclénd®® 110 111 The third
route starts with al kylation of 6-am no-pyrin di none
(Z =N _or - 10 pyridone (Z = CH, wth

5- hal oggno- 5- deoxysZ, B- O-i sopropyl i lene-ri bosi de (112,
Sche 1I8) in base t m've 113. Ac tgil*ysis of 113

afoor 8"CYyclizatjon P oduct 114, Y i ¢h is converted

t 0° dyydr oxy—eonpo 115—by—sapoRd i cati on. 67 WO

2004/6043300 PCT/ US2Q(8/ 024324 Sc 18 HHO H CCH3
CH, PR\ OAc HO OH 112N\113 114 115 nthesis of Class 5
Conpoemnds 5 Treat merne of 37

3,5 -cyclo-2'",3 -0Oisopropyl i dene-duanosi ne (88, X =
NI -12) or -inosine (88, X = orgfanot her nucl eosi de
in which Xis halogen, smalt alkyly S-alkyl, N alkyl,

with methyl iodide gives the correspondi ng 7-net hyl

derivative 116 (Sche 19). MId base treatnent of
theazm‘tﬁwr nary sal pens the im dﬁ“ﬁ, giving the
desj rfedlproduct

2, 4¢di £hi°r opyri

trit ri bosytam

contverded in two

[ K10 Al ter natjy Ao reaction of
dipe with 2, 3- G%;jbpr opyl i dene-5- O
(118) give s which is

s (selecti veHodé)’jO

108 38 107

When 5-bromo-2’,3’-O-isopropylidene-5’-O-sulfonyluridine(18) is treated with

ammonia or methylamine, 6,5’-cyclonucleoside 111 (Scheme 17) is obtained via

intermediates 109 and 110.

Scheme 17
B\(( H B'\[t H H
0 /‘ 0 o}
RO:S . R
S<° <

The third route starts with alkylation of 6-amino-pyrimidinone (Z = N) or —

pyridone (Z = CH), with 5-halogeno-5-deoxy-2,3-O-isopropylidene-riboside (112,
Scheme 18) in base to give 113. Acetolysis of 113 affords cyclization product 114,

which is converted to dihydroxy compound 115 by saponification.
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tritylation and sulfonylation with tosyl chloride in

pyridine) into the quaternary salt 120. Treatnent of
wa22e4misho wat er, followed by neutralizati on afPCr/usS2008re24324

desired cyclic conpound 121. Instead of the

I sopropyl i dene protecting group, cyclic carbonate,

cyclic 15 orthoester, Behemdli8ene or other cyclic

groups can al so serve as protecting groups. 68 WO

2004/ 013300 PCT/ US2003/ Q24324 Scheme 19 0 'H3 ~H3_ NH

+~ 11 H X0O0 NB88 114 117 N H2 H Tr Tr fi)T H+
- LT 2) Ts CApyr 0 0/118 119 120 1 nt hesi 70

C ass 6 ounds 5 "ty pe—df ounds—ean

synt hesi fromreg purine g3 osi des. R o
exanple, °2 ,3 -0O1iso pyl i denea en03|ne (122, X =H

Schenme 2Q),is sul fonyhgted to 123, %hlch upon

heating, cyclizes to a quaternary salt 124. Base
treatment of 124 affords 125 which is then treated
with acid to give the desired product 126. This
sequence of reactions can be applicable to other
purine nucl eosi des and purine 10 nucl eosi de anal ogues,
such as guanosi ne, inosine, toyokanycin, tubercidin,

Synth & / ural |l y-occurring imdazol e
Vi srﬂj‘“d’&bs5@¢%ipé)&gwf

nucl eosi de 127) can be converted into

Treatment of 3,5’-cyclo-2’,3’-O-isopropylidene-guanosine (88, X = NH;) or
-inosine (88, X = H) or another nucleoside in which X is halogen, small alkyl, S-alkyl, N-
alkyl, with methyl iodide gives the corresponding 7-methyl derivative 116 (Scheme 19).

Mild base treatment of the quaternary salt opens the imidazole, giving the desired product
117.

Alternatively, reaction of 2,4-dichloropyrimidine with 2,3-0O-isopropylidene-5-O-
trityl-ribosylamine (118) give s 119, which is converted in two steps (selective de-O-
tritylation and sulfonylation with tosyl chloride in pyridine) into the quaternary salt 120.
Treatment of 120 with water, followed by neutralization affords the desired cyclic
compound 121. Instead of the isopropylidene protecting group, cyclic carbonate, cyclic

orthoester, benzylidene or other cyclic groups can also serve as protecting groups.
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the 2',3" -Oisopropylidene derivative 128, which,
after sulfonylation to 129, followed by heating in an
WO p@ri1300 vent in the presence of a strong baseCHUSIVOHB24324
DBU, cyclized to 15 yield the cyclic product 130.
Deacetonation of 130 in acid affords the desired
conpound 131. This sewq¢peme19f reactions can be
applicable to other 5-am no-im dazole, -triazole 69
WD 2004/ 013300 PCT/ US2003/ Q24324 or 2-am no-pyrrole
nucle03|drs I nstead of thd isepropylidene prnteQM|ng
car bonat e, t orthoester,
ups can al sg

127 128 €29 %30 131 Synt r}w of dass 7 1.., ads
of conpounds carf be synthesized fr

Thi s cl as#
1-ri bof uranosyl pyrido[ 2, 3- yrimdines (Ri zkg +a,
B.H.; Brod¥ A D J. Og. , 1972, 37, 398b!

Anderson, 10 G L.; Broom A D., J. Og. Chem,
1977, 42, 977) or 8-ribofuranosyl-pteridines

(Pfleiderer, W; Autenrieth, D.; Schranner,
Ber., 1973, 106, 317) [ Hbwever, @
is to start wsth 5-c ' AS

whi ch 68 pr epaf [ $tep
2',3-0i j opyiden O

(132) mee{ son, G L I QORBIpyA. B
1977, 4259 Tr eat of 132 W

Synthesis of Class 6 Compounds

This type of compounds can be synthesized from regular purine nucleosides. For
example, 2’°,3’-O-isopropylideneadenosine (122, X = H, Scheme 20) is sulfonylated to
123, which, upon heating, cyclizes to a quaternary salt 124. Base treatment of 124
affords 125 which is then treated with acid to give the desired product 126. This
sequence of reactions can be applicable to other purine nucleosides and purine
nucleoside analogues, such as guanosine, inosine, toyokamycin, tubercidin, formycin,

efc.

Naturally-occurring imidazole nucleoside, AICAR (127) can be converted into
the 2°,3’-O-isopropylidene derivative 128, which, after sulfonylation to 129, followed by
heating in an inert solvent in the presence of a strong base such as DBU, cyclized to
yield the cyclic product 130. Deacetonation of 130 in acid affords the desired compound

131. This sequence of reactions can be applicable to other 5-amino-imidazole, -triazole
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15 benzyl oxynet hyl chloride in DVMF in the presence of
DBU affords the protected nucleoside (133) in high
wQ 2@ka133@nver si on of 133 into 134 in high yi ePdI/US2003/024324
achieved by treatnent of 133 with sodium cyanide in
DMF according to I noue and Ueda (Inoue, H; 70 WO
or 2-aRiHodhR1c38 BUcIB6HdIS2RERAD 3 BR4isopdepidetie pradbating Ehvap, myclic
Bul I.°, 1978, 26, 2657). Wiwen 134 is treated vvitp et hyl
carbongigarryabie taatheester, desgridene aopfhginCHPORIARS Wi plsggserve as

protecfntlg? %%L,é_c sodi um et hoxi de, 7-ami no- 3-benzyl oxynet hyl -
-(2',3" -OCisopropylidene-5 -Otrityl-(3-D-ribofuranosy
| )pyrido [2, 3

d] pyrimdine-2,4(1H 3 lgflr ongs 6- et hyl car boxyl ate (135)
is obtained in good yi&F m qfeeducti on of 135 over

pal | adi um charcoal renoves the protecting groups at Ni
ang, 05'  si nul f)aneously givirag 136 in geod yiel d. [*The

7= 0 group, 36 is coO ed i nt.Q™ OXOH
egm nati o nitro bdto gily 7, whi
reat trip yl phas phi d di et Ayl
H ijcar b® fur ni_ she§Ssycl i zagi ga™.p on

ia or etBangtic amoniq 40 gi ves°{§]E,e'°

I\zespondi ng ﬁ;boxam de N whi ch i ifgurther 126
conVerted into ©-cyano derivative 141 by treatnent
with trifluoroacetic anhydride in a m xture of dioxane
and pyridine. Schene 21 H 6r PhCHzOCHz Br PhCH20CH2 N
C~HSHzCOH2C OzG2H5 Et 01 H H2 0 TrwlIr T (CeK¥3C H
O h 0,132 13§ 4,135 136 H H2NO H H Et %

o7 0 0" )W ite O "M H ¥4 No -0 HQPCH H o
H

O 141 140=M39 138 137 ™= ¥
H H RO,S
— _— —_— _
HO OH HO OH

o:><:o o:><:o Of><fo

127 128 129 130 131

Synthesis of Class 7 Compounds

This class of compounds can be synthesized from 1-ribofuranosylpyrido[2,3-
d]pyrimidines (Rizkalla, B.H.; Broom, A.D. J. Org. Chem., 1972, 37, 3980; Anderson,
G. L.; Broom, A. D., J. Org. Chem., 1977, 42, 977) or 8-ribofuranosyl-pteridines
(Pfleiderer, W.; Autenrieth, D.; Schranner, M., Chem. Ber., 1973, 106, 317). However,
the easiest approach is to start with 5-cyanouridine (134, Scheme 21), which can be
prepared in two-steps from 2’,3’-O-isopropylidene-5-O-trityl-5-bromouridine (132)
(Anderson, G. L.; Broom, A. D., J. Org. Chem., 1977, 42, 977). Treatment of 132 with
benzyloxymethyl chloride in DMF in the presence of DBU affords the protected
nucleoside (133) in high yield. Conversion of 133 into 134 in high yield is achieved by
treatment of 133 with sodium cyanide in DMF according to Inoue and Ueda (Inoue, H.;
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15 71 WD 2004/ 013300 PCT/ US2003/ 024324 Synt hesis of
Cl ass 8 Conpounds

wa2@hio03300 | - deoxy- 2, 3- O i sopropyl i dene-5- Ot ri PgT/UER0B/R4324
of uranose (142, Schenme 22) is treated with ethyl

carbamate gives (2,3-0Oisopropylidene-5-Otrityl-D

I bolcykmn Oh-mU BN aTYg8( 243D65Bel &Chdnve34 is treated with ethyl

de-O-tritylation of 143 in 80% aquequs acetic 5 acid,,

cyanofestatoied coljolisrmedivinn alkpxide.fuph anethanalic sodiwt eihgxideeamino-

s-benty ORIt R ShsnpBSiERis B o Ry SR Rehob B2
d]pyrigfﬁ@iﬁ%{ezpqml,m)ediGh&s%tHf%ngfiiat@qwsoc id obtiied 1t5pooX Feld.

acetonation of ords the target corrlgound ,
5 Reductiog of ABS @vampilladiym charcoal removes the protecting groups at 1 and O5

. 3-Q- i sopr l.id -1 ibhat ! . is .
B e —
0X0 gg&gﬁléy @earhBiatiah welttohitoas ecitl ao gdivee 137, which, upon treatment with

) i chloro-1,5-dideoxy derivative 148. Cyclizatio
triphegylphasphiger pnd, deshd razgdisprperyiatea firgisges P}ﬁ“élz%%l? i gne of the

i 1 = . el j. i- di , — .
e bAoA TN i
10 gives The HOEREbNIdindCEMNbRx drhidd r148HEvhic0 iOfurdRer 1ob@vdrtel MG 6Xcyano

. HOHC O H HOH 147148 146 15 Thi.s inventign.is
derivatiyEyHE DY PRSPl AR Ryt 21 B & tibne and
pyridﬁ@.‘:“ on which follows. The Experinental Details

section and Exanples contain therein are set forth to

aid in an understanding of the invention. This section
is not intended to, and shoul d not

Ueda,

Scheme 21
H BT BheHOCH, B PhCHOCH, N G HHACORLC 0:CHs ElOz:CIf\ H
NH, H, fo)
K i T Ce)C y
— —_— - -
(o} 0 o)
/< /<
132 133 134 135 136
Y
N | H H,NO H EtO, H EtO, H E!Q'II( "
0 o o \ o
< H
4—-'—' &-
HO OH H 'OH HO OH 0><0
141 140 139 138 3

15
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72 WD 2004/ 013300 PCT/ US2003/024324 be interpreted
to, limt in any way the invention set forth in the

w@b@is33ohi ch follow thereafter. EXAMPLES MeP€T/0§2003/024324
poi nts were determned in open capillary tubes on an
El ectrothermal 5 digit nelting point apparatus and

Synth@$i€ op O3S 8 dmigbundifie UV absorption spectra were

recorded on an Uvi kon 931 ( KONTRON) spectrophotorreter
in ethanol. 1H NVR, spectra were ryn_at

t drigddlpent Indeoxy-2.8- %lsqampahdmr%(}) -tpitylD A@Gﬁ%‘%_@é? r(b‘F?et%heme

ft
) A Al SRR AR o>
riboﬁﬁaﬂdﬁﬁlf)@ethaﬂecbm)] i Setpctivg deQvaitylation of [l)43:ﬁ]‘5¥0%eacpleous acetic

. rforoped in order to 10 confirm proton, assi nts.
acid, SRR Y « PBIOBIA 5l RaHE AP BTE  FEPWINE ) (149

Apph?atl(fnd ot %nob‘étd dauplogt 184 YAy bﬂrﬁh@ﬂyl f)hcfsgllilhé" &) dicthyl
uadrupl e broad), in (nu
azocaﬂboxalauteglvas thej desikl cylél&BurmééS;Q(ef Or)a Dﬂac%oma@on of ddS affords
? 05|t|dve- (FAB>0) or negative- (FAB<O) ion node
thetafﬁ’? eo3pyndd#6300 ass spectrometer The matrix was 3-
mtrobenzg}m al cohol (NBA) or a mxture §|50 50, v/v

glAlteanasivelin 2,3 10-gprppilidsne [ETipofurmosp (AR ds chioamp dowith
thion%’@cgj?%ﬂﬁzglﬁga{ﬁ}qdr%ﬂ% %@angé%a;hgd}gﬁ%@rgﬁé i!o El@% fiES; & g@%%'l ?E({a(%oxy

derlvzﬁff% 1981 .Cycligatimt 1148 ﬁalhyﬁesom@xamdiw zifﬁfrdeﬂleldysued cyclic urea
antic Mcrolab Inc. _(Norgraoss, A?@%'f?
145 (Xnd%at exelisygupniding (5 K= MD¢ PéaCf‘é?%@Hto 143 afforde 1#¢ns

were within 0.4% of theoretical values. Thin |ayer
chromat ogr aphy was perforned on Wat man PK5F silica
gel plates, visualization of 20 products being
acconpl i shed by UV absdichemey2f ol | oned by charring
with 10% ethanolic sulfuric acid and heating. Cblunn
chr omat ogr aphy was carried out on S|I|ca GEI Fi sher,
S733- 1} at atnospheric pressure

1- (2,3, -Openzoy > Y bo sf/)'i”j 5 ni
di ne- 2(1H) e (10, R Z, Y—sH,
5-Nitro- 2& done(5 040 nmol

hexanet hyl il azane ( is reHftxxed with a
catal yti c gpount of ammml um sul f atig4f o
argon at nosphere. Excess 73

H ¢ ""‘< y
OH cl
—_—
< < H oH
147 148

This invention is further illustrated in the Experimental Details section which

6 hour i48 an

follows. The Experimental Details section and Examples contain therein are set forth to

aid in an understanding of the invention. This section is not intended to, and should not
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WD 2004/ 013300 PCT/ US2003/ 024324 solvent is renoved
in vacuo and the residue dissolved in
wQa 2@4013300 or oet hane (100 nL). To this sol uti oPCHIS2003/024324
added 1-acetyl-2,3,5-tri-0O benzoyl - (3-D-ri bofuranose
(19 g, 37.6 mmol) in anhydrous 1, 2-dichl oroet hane
i t ahthercli@s ivhich follow
be mtéfé%%ﬁé&gﬁﬁ%% %gla th@nm%hl%ﬁ g%t( fo}'%le m xture heated
thereaftexder reflux for 8 hours. After 5 being kept at room
tenperature overnight, the reaction mxture is diluted
with nethylene chloride and washed with saturated
sodi um carbonate solution, and filtered through a
Celite pad. The organic |layer is separated, washed
with water, dried, filEgsas@LEsind concentrated to give
a residue, which is crystallized fromethanol. The
product 10 (15.53 g, 70% is obtai ned as a solid. The

1 VR 10
NS, BeR B dyeipdl g Pl fiiultEvsppos &' ERbdRermal
digit ﬂieﬁﬁqﬁ 1;3'11@ ﬁ’;ﬁfaiéﬂl_bt@q&ﬁy hie- @ndokretely r THeUR( Abforgiivdr §pdtra Rvere

A m xture of

recorcsd nért - Uv(kzns%a' (K@N@R@Wz élgﬁCﬁeBh@mFﬂ%fﬂﬂl restirel | ) FpNYIR

ne (10 Bz
spectrﬁﬁg?rf @ sjéﬁoﬁﬁ é?r atu{eh g\}r;%ll | (]:’\5 ran L (%89 46? spgct}(]meter
Chem$dal §Hift§la! giv&@0im pphredeedfeddi frend @rerdl td&traanﬁleylsﬂant: las mfemnce

concentrated to dryness and the re ue i s r gl
Deutepijphexchanyd, decoypling giresments1qr, 2k Wepp P% m ‘ofder to
confirfyf 'pﬁg?g SsGRhhefk COsiand FERIIRIRL a(aq%fegéafedw@g & (sna%zt) d

(doub(em) dilil-ﬂ)ioul:ﬂetgﬁ' c(dmbleﬂsbi)t, (tdplet), q (quadBisict), Ehrf{bm@é) nllét)‘lultlplet)

All J-lfp.bues éreﬁgl I(Ia lgéé Igasg spﬁgbrwerqrq%rd%mm %t Ve- (jfg\B>O) or

f Zhe 1 Jyas 3-
negatr%e-( éﬁ&]ﬁk(@ i8R M(%Ebﬁ%’ P%ﬂ%?g@ﬁsigﬁé&%hﬁh riﬁatfl as

mtrob@m;yl sicotrg] (N)BA) A Inyixtare (30620, i) e &lﬁce(@cﬁnﬁghloalmemt §GT).
spec B P AR P58 21 ADEIRAG L Gulng

1 cmY &8l eI 8ivies il uhits dfEld)” lfllengnhzl gf’a Elefneﬂtal aimabyses were performed by
%

Atlanglg 22812:?(}1]3 rz?lgh V}ACI{OQQ 18@/ %yl 4 CEI@%l dtt>}9 1]%? %gls 0@ the

elem%@vg)g glg'}cu?nsg \?% (gltgﬂmH)ﬂz (?’4‘%6 of mheéﬂéilcalsvglﬁlej){ m T:hh') layer

chronﬁaiogrdplw Biag ﬁdzfprniedl—b)n Whatﬁla(ld,’KSJF silga tge] plated) Vls&algza;glon of

prodtp@ﬂagggogpgpg@&é?g by 6%7 V@ozt?e%@ O&)ﬁg\gvgd by charring with 10%

ethanolic sulfuric acid and heating. Column chromatography was carried out on Silica

Gel (Fisher, S733-1) at atmospheric pressure.

EXAMPLE 1

1-(2,3,5-Tri-O-benzoyl-p-D-ribofuranesyl)-S-nitropyridine-2(1H)-one (10,R=Bz, Y
=H, Z = CH).

5-Nitro-2-pyridone (5.6 g, 40 mmol) in hexamethyldisilazane (80 mL) is refluxed with a

catalytic amount of ammonium sulfate for 6 hour in an argon atmosphere. Excess
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6.46 (d, J = 9.6 Hz, 1 H, 8.01 (d, J =9.6 Hz, 1 H).
Anal . Calc'd for CLOHL2N405: C, 44.78; H, 4.51; N,
wQ89133pound: C, 44.60; H, 4.53; N, 20.60. EXAVRPLR043/624324

3-(2,3-0O1sopropylidene-p-D-ribofuranosyl)-1-deaza- 8-a
zapurine-2-one (12, Y=H,  Z = CH). To a solution of
solvertlks Qé?noveﬁ it valeudZarm fﬁébresﬁ@u@dlgsol%% 89, aRhlorédthahe (100 mL).

m xture of acetone (25 nlL) and DI\/F( nm) at OCis
To thisd deldtipn FsOetldedls B-anefyl- ZB%tm@dte)lz%ch-D—liooﬁlranose (19 g, 37.6

e BB 80 e Ry R ) Y0

methﬁ?:ﬂ%t H16rideS (ML 3l drehe Whikburs Rdatubicrachen 8dreg hawnd. After
he precipitates” forned are renoved by filtration.

belng'khpt tirbomdenapérgturcoonsenighta thedeagtionaginire isrdilutadewitle giethydene

ctorlf SRR S B Py L e LB R MR e

Celit< pid e NT KA bRMnicAAgert Resepiitedl vdshed Withf veldr,byrisd, | ﬂlté@ed and
gel columm ~chromato raphy to |ve 4 0 75%1_
concefitratedHo give agrqpidug,swhighNigRery gy et%gnqls Qﬂ)product 10
1.57 (s, 3H), 3.80 (m 1H),; 3. 90 (m 1H), 4.34
(15. 53_|g) 70%5 i9ebtaimed agdp soBd. 24 h(amH NMR p)aran@t@s, ig PMI6x; 6Ja£e very
Hz), 6.64 (d,. 1H J= 9.6Hz), 7.78 (d, 1H, J=9. 6
mmﬂq.qzt? thass reported @rj]@ls structure.®
3-(2,3-O1sopropylidene-S-Otosyl-(3-Dribofuranosyl) -
1- deaza- 8- azapurine-2-one (13, R =p-MPhS02, Y =H Z
= CH). To a solution of 12 (Y =H Z =CH 5.0 g, 16.9
EXANMM™IP21n CH2C12 (50 nL) and pyridine(50 nL) is added
at O *C p- di met hyl am nopyri di ne (2 47 g, 20. 3 nmol)

1- (B'ﬁ?gbo earg )%'mgo ﬁ"beézr(g{{m @ver ni gh Th rSerr: it ure
d.th id | d
A miwre%?H%‘?@%L-@éa?gl-@%%f%ﬁ?@ BinfsrenEaowiione b &= B

Z =9 IUO)mg,Td"IH @mghning shtayed mﬁheﬁlblhcﬁdm(ld}ha?%m is stirred at room
conc ted, —and the re3|d silic

tempeGRISG (b L BRAT AP Tee 6 hinebng hEegie RisiubBa wit

EtOH Yo Preclipitdte T10CR)= ¥s= H, ¥ el dZId)g\/“&lﬁslhlldcc(IEct&i ghd 18@94kallizEd ifiom water
product is unstabhe. 75 WD 2004/013300

(37 mBCTI%ISRAORH R 2dIAR 4 H FXANPDESE- d+D ,0) 5 3.64 (m, 1H), 3.90 (m, 1H), 4.01

(m, 3&5%&;{95_,&3&@@32?8ﬁ‘%zb?rﬁz) &1 P L Lol HE AR @l 95

Hz, 1 H).

EXAMPLE 3
3-(B-D-Ribofuranosyl)-1-deaza-8-azapurine-2-one (11, R =Y = H, Z = CH).

A mixture of 10 (R =Y = H, Z = CH, 54 mg, 0.2 mmol) and sodium azide (20 mg, 0.3
mmol) in DMF (20 mL) is stirred at 110-120°C for 12 h. The mixture is concentrated to
dryness and the residue is purified by silica gel column chromatography with 15%

MeOH in CH,Cl, to give 11 (R = Y = H, Z = CH) (32 mg, 60%) as a solid. 'H NMR
(DMSO-d,) & 3.53 (m, 1H), 3.66 (m, 1H), 3.88 (m, 1H), 4.16 (dd, J=5.2, 9.2 Hz, 1 H),
4.79 (m, 1H), 5.04 (d, J= 5.2 Hz, 1H), 5.17 (d, J = 6 Hz, 1 H), 6.33 (d, J= 6 Hz, 1 H),
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directly from1l0 (R=Bz, Y=H Z=CH (14, R = R
=Bz, Y=H Z=CH. Amxture of 10 (Ig, 1.71lmmol),
waomionm3azi de (167 ng, 2.56 mmol) and N, N 5 PCT/US2003/024324
di methyl formam de (28 nL) is stirred and heated at
110-120C for 3 days. The solvent is renoved in vacuo,
6.46 (@nﬁ tgh@Hrze@Hbug(n di f7i=ed.60Mz,51 H)CcAnge Caktd €11C10H1N4Os: C,
chr ormat ogr aphy Wi t Et OAc in hexanes to g| ve 14 as a
44.78,3814.91; M%&WQ@@S@:%W@E@%N@@ 0J= 4.4 and 14 Hz,
1H, 5.33(m 2 H, 579 (t, J =48 H, 1 H), 5.88
(d, J =5.2 Hz, 1 H, 6.44 (d, J = 9.6 Hz ,1H), 6.75

(s, 1 H, 7.32-8.08 (m 10 H), 8.14 (d, 1H J= 9.6).
EXA MPLE 7

,57-Cyclo-1-((3-D-ribofuranosyl)-1-deaza- 8-azapuri ne-
2-one (15, . Y=H Z=CT nd 14, = H _

3-@3@daguongideye g himbatursnesh Dk SEFA HoAp B e v G Y o B

7Z.=C ﬁgdl um et hoxi de at roomtenperature for | hour. The
mxture is neutralized with acetic acid, 15

rou TSI PP SR TR

mL) NR? at Vgl Meacv&d(ﬁzrsw (ﬁz%ngasl 86 mnme and 2,2-
solld 1HN DI\/SOdGl) 98 (t, J= 4

d1metho>gy3r((pane 17 ]7-|)g, 7@ mupe)), gad Ahez m.l.&mrellskﬁtlrre@ gy)err(%at atyroom
tempe(q}ure ] tﬁ’ze i& feﬁgrahzgd %ﬂ% %Jdlt‘}m—bl%?b(ﬁla{éz and tl'f@ preélg?tZtes

formeﬁ%re ﬁbrﬂd)ved bP ﬁﬁﬁitlbd The flurde izcondenthatedSn @501(0d and]&w ge%due is

d1ssolggi m @IEECIN@ES lzvag]gea | q%ggﬁsf{é}% Xg&i%‘mr}q anﬁ Vt?gér ﬁ%e ﬁg% layer is
dried E@Vﬂggu o 8enrt1% edO dndl© E’ﬁeo H¥§1ME‘ "i? Rrie@ MBI il &e( loblumn

I ne 130 nol ) i s suspended in
chroneteiraptsy t6 Zive)d. (agm%mﬁmw&h ZI#CH5 HO in Et20 (25
m.) for 48 h at roomtenperature with stirring. The

'H NMRXKGD@@ § 1.20961 314, nzsects vyH)hs Bm(ﬂtm@mmﬂ (m 71Haml34 tre, 1H),

sol vent is evaporated in vac
5.05 @ryHDab| 24 ey 1 i ons SO 118, bw 56 I(Iz_l)s6 6@ (dgh% T BBz T8 (G,
111,13 1H-NI\/R(DI\/ISOd6) S 1.28 (3H s, CH3), 1.48
3BH2: o), 3.59 (2H, in, H5a and H5'b). 4 12
(1H, brq, Ve 4), 4.75 (1H dd, H3', J = 3.6, J = 6.4
M), 4.92 (1H, dd, H2', J = 2.4, J = 6.0 H), 76 WD
2004/ 013300 PCT/ US2003/ 024324 5.32 (1H, t, J= 5.2
EXAMPLES. 83 (1H, d, H1', J= 2.8 Hz), 8.38 (1H, s, H6),
11,92 (1H s, NH).

3-(2,3-O-Is0propylidene-5-0-t0syl-B-D-ribofuranosyl)-1-deaza-S-azapurine-Z-one
(13, R = p-MePhSO», Y = H, Z = CH).

To a solution of 12 (Y = H, Z = CH, 5.0 g, 16.9 mmol) in CHCL (50 mL) and
pyridine(50 mL) is added at 0'C p-dimethylaminopyridine (2.47 g, 20.3 mmol) and TsCl
(3.86 g, 20.3 mmol), and the mixture is stirred at room temperature overnight. The
mixture is concentrated in vacuo, and the residue is dissolved in ethyl acetate (100 mL)
and washed with water (2 x 50 mL). The organic layer is dried (Na;SO4), concentrated,
and the residue is purified by silica gel column chromatography to give 13 (R = p-
MePhSO,, Y = H, Z = CH) as a yellow solid (5.9 g, 80%). This product is unstable.
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EXAMPLE 9 5
5' -0 Benzoyl -2', 3 -0 i sopropylidine-5-bronouridine.
w®eeaoyizochl oride (7.7 nmL, 66.1 Mol ) is addedrpdr/Op03e24324
to a solution of 17 (12 g, 33.0 mml) in pyridine (50
. m) at OC. The mxture is stirred at roomtenperature
EXAMPLE® h then the reaction is quenched with ice-H20
and stirred for further 30 min. The solvent is

3 s’-%apgr(g 364i- @%n‘i@quyﬁmbaﬁﬁgan - a@Az%emsz _P-m'ﬁle[f@héjue

tioned between Et OAc he organic
dlrecﬂb{éfBHIl 8 (RasBadY wi HhZ soEH) (HBOS, Réir?dB%aIﬁoZ eFr(EHbI
over I\/gSO4 The solvent is evaporated to give a white

i t @bl -
A mii;&hrﬁl S/OFE( i®. céc%gl 734%ol 7)Nhsto‘%tg'nfq(vgf?mdsecmssz 1@@ lzz%d nﬁﬁ@m MB@HIN

dlme@y)formamlég (28 419;4)(13 |s¢1rrp cbbgated5 at7hl ]_Q.Q)°Ccfor &.dgyg mhq solgent
is rer{lé}éld 1&g§cu% 0d gﬁ-ﬁ ig%d&elﬁgtﬁ%?ﬂ sﬂ@a’ §’I%Lmi14c§18§1{1ét§£1‘agh§] with

EIOAF T Beyor [ T o a2 D37 2 H SR PV sy P 048 ol B 14

ripdi e | IC@ OJg.j'Té.H7i d. J=
He, L5 SO0 T aoaRene BUHE D ) 298 (g S s ol
9.6 Hmybl), 6175 (pylr Hyji782-8.28 (md_) 0 H), 012 (dThHE, &8 &jr e i s

stirred at roomtenperature for 20 1 h then the

reaction is quenched with ice-H20 and stirred for

further 30 mn. The solvent is evaporated and

porated with toluene. The residue is partitioned

EXA%@I%? Et OAc and H2O. The organi ¢ phase |s vvashed

with sat. NaHCO3, and H20O and dried over
3,5 %xylo\ﬂef&DT@Oévawatletﬂa@m&a%%rm@éwaae(1|55 }Sun ste@ by gH).

cOmJohéém & Ligay gectH 160D, 3§1§1|nb‘1§‘isetrea?egq@1@ 680 inRtRENRNSSium
give 5' -0 4-fluorobenzo

methcrwp r& FoPI dPRpE LIS, f@ﬁd@@wrd. Hee auixtare i negtradigpd avithpacgtic acid,

conc&trat&inr@fﬁc&h!b %s%%%@%lg% pulﬂie@%' Gilh&d gelP Eol@mn Mﬁ‘))matography

with §%ideQH mpcg@l; to giverts (e G2} yvhltesSOilé (Hﬂsmv&ngMSO dg) 3

3.98 g Jg—’ darh HE ﬁﬁx) ]]Ez‘)“bﬁ Iﬂﬂ%m"h %5,54 PA), &fﬁ;’ (d&' f“—E 413;6:'Hz, 1

H), 502 %0 JE38,6 Bz, ICEI-)SF) 37, 3% 7(23HI; 190), 5:1?131@ J%ﬂ&/m 1H) 621 (s, 1 H),

004/, 3 PCT: 0
o35 GO9I PERL 199 5352 IRl o
4.03; &N, 2.39). .Foupd: dSS@;Imt4LQ6nN0224§7 (3 g, 83 nmol) in dry
pyridine (20 nL) is added MsCl (0.7 nmiL, 9.1

EXAMPLE 8
2°,3’-0-Isopropylidine-5-bromouridine (17).

5-Bromouridine (130 g, 0.403 mol) is suspended in acetone (1 L) and treated with 1M
HCI in E,O (25 mL) for 48 h at room temperature with stirring. The mixture is
neutralized with 1N NH4OH pH = 7 and the solvent is evaporated in vacuo. The residue
is crystallized from EtOH to give (137 g, 94%) as a white solid. 'H-NMR (DMSO-d) 6
1.28 (3H, s, CHj), 1.48 (3H, s, CH3), 3.59 (2H, m, H-5a and H-5b), 4.12 (1H, brq, H-
4%, 4.75 (14, dd, H-3°, J= 3.6, J = 6.4 Hz), 492 (1H, dd, H-2’, J = 2.4, J = 6.0 Hz),

76



10

15

20

25

mol ) at OC. The mi xture is stirred for 1 h at 0C,
then another (0.12 m) MsCl is 5 added and the
w@ 2001013300 conti nued for 1 h. The solvent i s evPQDUS1063/024324
coevaporated with toluene 2 tines, and the residue is
partitioned between CH2C12 and H2O. The organic |ayer
5.32 (18, SFPa5.2184), 5183 ¢t od ai- INGSO2.8aHd), BI38 @b, veHt6)i §1.92 (1H, s,
renmoved in vacuo to give 18 as a pale yellow foam
NH). which is used in the next step without further
purification. NaN3 (2.15 g. 33.2 mmol) is added to a
solution of the foamin DM (20 nL) and the m xture is
10 heated for 2 h at 80C. After cooling to room

EXAMPIROrature, the mxture is concentrated in vacuo,
gpthe residue is purlfl ed by a flash silica gel

| (gl yate: 5% CHC(.il t 19 (2.78
S 0‘%%“7;’%%%’4%?"3’”3%@@8 'bJOW}uEh |gs c?yglt \alllel i zeél fromg
EtOH in hexanes. 1H NVMR (DVBO-d6) 11. 96 V\gl)
Benzay] phioridey7.8 ml66) 1 mmaghis (agyipd @ropwsg ty a solr 193 oé ﬁZ| (13g 33.0

o) o e sy i el o5
then tht Ralt)on i gdSnchddwith, ic€H3Y,and s@@ed Rirl fursher GA3Nin. HaNPLVENt is

evepapate! et evapoTaedavieh Falusgeo e FesioNS s itingee bESy EjOAC
and I—?Oaz ﬁ@r&%ifnﬂ:egﬁ%sé'ls %va‘sheq—'wlthzsat mHCU?t BﬁﬁH@O z&@ d¥ied over

I on ni)
MgS(DLeaﬂ‘hel sbbenB thx)raldd)tqgﬁc a Whete S@dildv@ﬁtO gs 84 é)amv,}g@h was

crysaffgt s MAREH. otk (£ B0d PE70 (g BEG R, it 752

7.65-84 8P aheBzj, @’)46@\}13 daHl{i’i)e4 99 ‘,(Hlladld i3%), aedi(@He dd, 5°b), 4.65-
Recrystal i zation from and Et OAc gives 14 (602

4.53 @3, m7 617, B3’ end br4 ésls6%@ﬁ & CHp 1 RRISHOMVEDt6) 8 11. 67
(1H, s, NH), 6.30 (1H, s, H1'), 521 (1H, d, H5"a),
4.95-4.89 25 (3H, in, H2', H3, and H4"), 4.61 (1H,
d, H5Db), 1.45 (3H, s, CH3), 1.24 (3H, s, CH3).

%@& D. A mxture of
EXA @ enzoyl -2',3" -Oisopropylidi ne-5-bronouridi ne

s-ofubosthesty 5 I isgbrap g3 BrpodBes o C T 7e

WO 2004/ 013300 PCT/ US2003/ 024324 m xture is cool rePg to
-Flupmbmnaoefhpi@pad@ (&9 afd 7hamallisladgebdiopraseita e SORTog phtd §2-3

o b b RIS ReROSSBRA S B o
1 h thén CheOreadt®f) isofuchéheddwithtiboH,C. and stirred for further 30 min. The
solvent is evaporated and co-evaporated with toluene. The residue is partitioned between
EtOAc and H,O. The organic phase is washed with sat. NaHCOs, and HO and dried
over MgSOy. The solvent is evaporated and the residue is purified by a flash silica gel
column (cluate; 20% EtOAc in hexanes to give 5°-O-4-fluorobenzoyl-2,3-O-
isopropylidine-5-bromouridine as a white solid (2.91 g, 87%) JH-NMR (DMSO-ds) &
11.93 (1H, br s, NH), 8.14 (1H, s, H-6), 8.03 (2H, dd, F-Bz), 7.35 (2H, dd like t, F-Bz),
5.79 (1H, d, H-1°), 5.14 (1H, d, H-2), 4.92 (1H, br dd, H-5’a), 4.52 (1H, dd, 5’b, J= 3.6,
J=11.6 Hz), 4.46-4.39 (2H, m, H-3’, and H-4"), 1.50 (3H, s, CH3), 1.31 (3H, s, CHs).
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A m xture of
5' -0 4-fluorobenzoyl -2',3" -0 isopropylidine-5-bronouri
wal2owe/0{B8 g, 47.4 mmol) and NaN3 (4.
DMF (500 nlL) is heated for 5 days at 110- 120C. The
m xture is cooled to roomtenperature and the
EXAMPIgOlubl e material is renoved by filtration. The
filtrate is concentrated to dryness and the residue is

-acifigseb§R xR At eRut SRR 00 21T Zed

RHEE S A
mmol) {%Sd ofueThS ﬁfﬁ%ﬁ’? nedirted foh 3ty @bbed N@en hnembeRID At M3al is

hée not I quor of the organlc | ayer and
added |an|<11 rtlia ad-nhg canfilugshfos il |h. cBheyedlvens s avaporassch peeyaperaisd with

RRSTECORT R RTENY NI I TR T e

layer 19 %Oﬂré%(& hﬂe@o&ér%gsm e e @aosml ﬁ r@n@zdianthioe gﬁ\ZH'S],S aa

sol ution of 14 , 13.35 .nmm]
pale yallldFy ﬂgunﬂ@zhlqusmsemm tht)lext@ené@ﬂwt &Fﬂ@o@m%@twa NaNs s (215

e 332 RpRo g S 4fiR b el Bk ok EPEORRE St MR hfre i
heatedéwgg h hge? lggcé@mfgefu Wdﬁif&s 'geﬁh tempe&amggme nyjiktnee (S&N“Dﬁcegtrated in
vacuo( grﬁ the repjdye )15 pyrifag @1@ flap §18c 1 gpllsjan éeluﬁf) '_Q/QSN%Q% in
CHClQ%U@h&A@Q ’/Q_% 8]61@ ds dazcdl'griess g(?l%wﬁﬂcﬁ is @rysﬂ?a‘ﬁlz@d frbm)-EtOH in
hexands. SE-INMR (DMS(])-Id@) 11,96-C18), s, MH),68.27 (g1, (sz H-6);nS 8|-1|.(3H sridl),

5.13 (éHAh#%Hg()’SX?IXEFilrE ?Id SBerrofrt: (58 Habot tn S5 £ cy’t%60
(2H,b?'d[1§)§%1a)1d}ﬁsm)><1tw@}pfs . GHM NOgyHOsiaM).(1. 00 g, 5.71
nmo is refluxed for 3 h and
concentrated to give a solid, which is dissolved in
anhydrous CH2C12 (15 mL). To the solution are added
1-O acetyl-2,3,5-tri-0O benzoyl-D-ribose (1.92 g, 3.81
EXAMBBE)12and 79 WO 2004/ 013300 PCT/ US2003/ 024324 TMSOTf
(1.66 nL, 8.59 mmol) at 0C, and the m xture is stirred

9,5’- @cld-sqmst-Qﬁ}‘npri)pyhdlﬂe-Iﬂ-D-rdwclumosyElM-Srmmlﬁhmﬁr dde = OH,
sodi um bi carbonate solution with vigorous stirring.

Z=NypethpdAsre i s extracted vvlth CHC13 (150 n. x 2), and
conbi ned extracts were dried , concentrate

A solution/efclfo(1gaRd 8 hrsol) @sDMFe(luosnbhrsmw@é f@ry30slil At Y- 19?&°C The
solve%tdﬁg%%v%dg_nr: rv%%? 9 aggl éﬁg ﬁ@gx C@%ﬂ%@ﬂeﬁ@é@n BOAQ 284 ¥50. The

organic layer is dried over MgSO, and evaporated to leave a pale crystalline residue.
Recrystallization from MeOH and EtOAc gives 14 (602 mg, 76%) as colorless solid. 'H-
NMR (DMSO-ds) § 11.67 (1H, s, NH), 6.30 (1H, s, H-1°), 5.21 (1H, 4, H-5’a), 4.95-4.89
(3H, m, H-2", H-3°, and H-4"), 4.61 (1H, d, H-5’b), 1.45 (3H, s, CHs), 1.24 (3H, s, CHa).

Method B.

A mixture of 5°-O-benzoyl-2’,3’-O-isopropylidine-5-bromouridine (3.82 g, 8.22 mmol)
and NaNj (3.2 g, 49.2 mmol) in DMF (30 mL) is heated for 3 days at 110-120°C. The
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foam 1H NMR (DVMSO-d6) S 7.97-7.40 (in, 15H), 6.18 (s,
1H), 6.18 (in, 3H), 5.10 (s, 1H), 4.65 (m 3H).
WEXMPLBAS 10 PCT/US2003/024324
1-(1,3,5-tri-0OBenzoyl - (3-D-ri bofuranosyl ) -5, 6-di am no
cytosine (23). To a m xture of conmpound 21 (4.00 g,

mlxtu?e @s]- cHBIéH)to' Bodiiz Geipéhtule?: an&Othﬁtl)nsdﬂﬁbladﬂlatérlall\lﬁ\l@néved by
7.99 nmmol) at <10C, and is stirred at -OC fo
ﬁltrat@n T)&ﬁtﬁéflfaté arecaserieaddn drigress 3l the sasidue iy worke) HB8s: above to
crude 22, is washed with water, and
gnm(5§§%5§%g§¥?4 DMVF- H20 (50:50 nli). Sodiun1hydrosu|fite
(4.88g, 28.03 mml) is added to the 15 suspension and
the m xture is refluxed at 150C for 2h during which
product is precipitated. The precipitates are
Methedld.ected by filtration and dried under high vacuumto
gi ve conpound 23 (3.10 g, 73% crude) as a green

A mlﬁﬁké dr sEﬂﬂh/th%ré&n;?& -27,3’-0-i 1sopro ylidine-5-bromouridine (23 % 47.4
Am no- 3- 3,5-tri- Obentzﬁy %3 D-ri bof ur anosyl ) -
mmol))@pd Nades (RaG ), 7Td amob) ot PYH 67002mLY) ds heated fay. B dayme )10-

o RS R PSSRy e Sy v

by filtRE6h.! eTRE ftrate €is fdhcend@ted 1, dBMdsst Ah tiRowskiie i it wartitioned
saturated sodi um bi carbonate solution wi.th vi gorous

betwqr;nuﬂt%ﬁgmﬂcﬁzol 0Tl grgand nyescs exerasefednd theppedue is ststallized
from Me@ﬁ r o e%g g@g 9%@2& 62 %5/36 *ltl‘{eaa‘ﬁhéo@rlgyeg fd @\%porated to

concent i ca gel “‘colum
dryneckd She Msidde 1s&ﬁmbirtd td Qhdt) oHtainefl ¥renc evaporatidn 24 the Abther

) 129 FAB HR ted 5 625, bseryed
liquorgh iEcots iy Y 19 TESTFBED SIElivhEE 935 (gmesEIOAC

Ll 5)2{3%1’{'1%3%094 ggréﬁ%%ﬁ%?ﬁ%&@ ylee;]deto(bs? 7[6}7r(y|0 bof ur anosyl )

-2-oxopurine (25). A mxture of conpound 24 (270 ny,
0.453 mmol) and n-butylamne (3 nL) in MeOH (20 ni)
was stirred at roomtenperature for 24 hr,
EXAVBHFeh rat ed, washed with Et OAc, and dried by high
vacuumto give a solid, which is treated with
9,5’-QyﬂosL(mDhﬁthramms&mndntﬁhﬁ-(l'SnY ac@Hy = NJ.he
mxture is stirred at roomtenperature for 24 hr,

A soldgHh pP'ﬂt &4 g \1\3 9'51 nIrﬁélﬂrh’YHF NIAEIC] gmcmh%giﬁféateaw 90°C for

purified on [ica gel colum
4 h. tiépogiopeling mtpommjul@ 5o (@8n mgnpqsgt%e xéhitg ceysitalg separate, whlch are

collected, washed with cold water, and dried in vacuo to give (3.5 g, 98%) of 15. 'H-
NMR (DMSO-ds) & 11.59 (1H, s, NH), 5.98 (1H, s, H-1°), 5.74 (1H, d, 2’-OH, J = 4.8
Hz), 5.39 (1H, d, 3’-OH, J = 7.2 Hz), 4.98 (1H, d, H5’a, J = 13.6 Hz), 4.80 (1H, dd,
H5’b, J=13.6, J= 4.0 Hz), 4.56 (1H, dd like t, H-2), 4.16-4.06 (2H, m, H-3’ and H-4’).

EXAMPLE 14
6-Amino-1-(2,3,5-tri-0-benzoyl-p-D-ribofuranosyl)cytosine (21).

A mixture of 6-aminocytosine (1.00 g, 5.71 mmol) and HMDS (10 mL) is refluxed for 3
h and concentrated to give a solid, which is dissolved in anhydrous CH,Cl, (15 mL). To
the solution are added 1-O-acetyl-2,3,5-tri-O-benzoyl-D-ribose (1.92 g, 3.81 mmol) and
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EXAMPLE 18 10

6- Am no-5', 9- O anhydro-3-(2, 3-di - O-i sopropyl i dene-(3-D
WO pioboiisp@nosyl ) - 2- oxo- purine (26). To a sol up¢DOSN3/024324

conpound 25 (50 ng, 0.16 nmol) and tri phenyl phosphi ne

(42 mg, 0.16 wmmol) in DMF is added slowy DEAD (25 L,

TMSOTAE .66ML) 8.30 nirfsliut Upendihegixtuld & stii@d ut foongtenipX fotr@ h,
is concentrated and the residue is purjfied by si|ica

and pguredciptq sratumaed: sodivgt bigrthpraie (selutien: with cyigarews stiprge.  The

mlxtuﬁi\/g f%?fé%&/ &1 @@%%91(5%6“%_8 @S@mﬁgﬁﬁexﬁ&%%@%eéé ldried

(NaZSI)‘D, donéelﬁraﬁed-lzﬁ ,vaéquﬁir(dd‘(;jhe fdsidud is }ﬁlrfﬁeldlzby silicﬁlge(lg((;jolumn
H, = 13.6 Hz 1H J = o 4. g

chronppperaphy §1Cls! Yp0EL F§§ 10 gye( goml%quld B y&, é‘z@@} as pfyite

foam'G- QM no-@&%qgﬁ%?/grf)g 734 6 3 E%I?’bé%g gsér%gg’l y%g mb)%Icr)I-)’pslj}(l) s,

1H), 0165 tie] 3pl t (27). Conpound 26 (20 ng, 0.065 mol) is
di ssolved in 5N HO (1 nL). After stirring at room
tenperature for 2 hr, the mxture is concentrated,
co-evaporated with MeOH (3 nL x 3), and triturated
EXA]%?&, OH to give crystalline 27, which is collected
ed under 25 high vacuum (10 ng, 51%. WV 2max
245, 287 nm (MeOH); 1H NWR (DVMBO-d6) 6 9.81 (bs, 1H),
1-(1,335-63-Q-Benzdyl-By D-réhofsramesyl)-516-diaginocytesing 23)., 5. 80 (s,

1H), 5.45 (s, 114), 4.73 (d, 11, J = 14 Hz), 4.55
To aﬁiﬁmﬂe"%f ccﬂnﬁnﬁ‘i‘i 4ho.g J. (ﬁ &nfbl ﬁ'ﬁH@JﬁZ&)H g2 138 {n'ﬁlU) is added
esti mat ed 0500 observed 300. 0497

NaNQM ﬁl-mg,o? STl N804, ané]@s vreron 4003 §3$b. After concentration
of thegr%é{tg%éo%s%%‘g‘é %f?‘ re Elxéggrl?%pﬁo is d\gﬁsehe gwtli wa r ucrl g% ﬁle)d in
DMFLBHG“(B@S()Z&L) R deﬁ'ﬁm hydr@sukte utissp, 98 08 rmﬂiol)els( 5dc[éﬁ ©, the

I.n wat er 30 nL d (1,3
suspezaoaemﬁ%ﬁhe) HHF%{?\MSS éeféhx 8 o%nhoeﬁ'pg?" Sla r‘g“ngh%(hlrcga@f)%ﬁ is
prem@%@d" M Bhd itﬁtE@Q‘e %llé&&f"by At RIBShA GRS uh®r Hieh Mouum to

nd conce tr ted at C, and the residue co-evaporated
give aavgall 28i(3d6 gyWith, @udensh graengolié a crystal line
solid, which is dissolved in acetone (50 ni)
cont ai ni ng 2, 2-di met hoxy- propane (30 nlL). The reaction
mxture is stirred at room tenperature for 2 hr and
rated to give a solid, which is washed with
EXA%/@&CEEEG hexane (1:3) to afford compound 28 (R = H) as
a gray solid (5.16 69%
6-Amino-3-(2,3,5-tri-O- enzoyl-B-D-rlbofuranosyl)-Z -oxopurine (24).

To a solution of 23 (2,23 g, 3.81 mmol) in anhydrous DMF is added POCl; (0.58 mL,
6.22 mmol) slowly at room temperature. The mixture is stirred at room temperature for
30 min, and then poured into saturated sodium bicarbonate solution with vigorous
stirring for 10 min, and extracted with CH,Cl, several times. The combined organic
extracts are dried, concentrated, and purified on a silica gel column (CHCl3: MeOH
=30:1 to 10:1) to give compound 24 (270 mg, 12%). FAB HRMS estimated 594.1625,
observed 594.1626 (M-H) for C3;H24N50s.

EXAMPLE 17
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10 EXAMPLE 21
5',6-0 Anhydro-1-(2,3-di-Oisopropylidene-(3-Dribofur
wa@p@splsbar bituric acid (29). To a sol uti on oPCT/US2003/024324
pot assi um tert-but oxi de i n anhydrous ethanol (100 nlL)
was added conpound 28 (R=Ts, 2.0 g, 5.51 mml) at
6- Amine-81(2 SAi-O-isvpespydidentBeDatib efurmsihb2eox opmriiied25).
resulting reaction mxture was refluxed for 2 hr,

A mi€Re Gﬂcorﬂ#déﬂﬁext & MR B3 k{3, aﬂ@-ﬁ-bu@%ﬁlﬁ@b ?rﬁg BWMeOH

acetic cted and puritied by 'l ca
(20 nd9)| wiamnstircddr atnad)mg}emphyu(rﬂfﬁlz}k hJNE:Ghbenﬁ@ted) Waxheglvweh EtOAc,

and d@ég%ﬁ#? dlwgefléll gb&@%fﬁéi ga%bi%h\,\{g Itrte(r:?ted Wlh‘l 92 c{ijlyne%flokypropane

and TROMMn Retne 3 The imitturs QPSRRI dt 4658 taﬁpe@mﬁ@ 163 9)1 ‘hr Aneutralized
m xture of conpound 29 (1.00 g, 3.54 mol

with NiHIGI¢B00, aefcentmated, qaalddplarﬁndn@raa silicasgal | (QHﬁlﬁé‘YEOH
nd th ted a6 15 hr. Th ti
~10:3 35 Bye BOfobI L G RO eS8, anc puriied by

silica gel colum chromatography (CHCL3: MeOH 25
=10:1) to give conmpound 30 (255 ng, 24% as a white
foam WV X 270 nm (MeOH); 1H NWR (DMSO-d6) 8 10. 60
EXAMPLELH , 685(3 2H), 6.15 (d, 1H, J=32Hz) 5.38
(t, 1H, 4.4 Hz), 5.07 (dd, 1H, J 3.2, 6.4 Hz),

6-Am?ng 2 %W-agﬁ%!iro‘]?’-a %Hﬁ O—ggﬂ(@'i%lgaﬁe-g% %%18fllram)syl) 4:038-

puritkk26)JS2003/ 024324 EXAMPLE 23
3-(2,3-di -0 Isopropylidene-(3-Dribofuranosyl ) xant hi ne

To a §Adtion JLconRRhd 25 950 ﬁfg @qmusg a8 thph3RylpHosphint (408, 0.16
and NaNQ2 (244 ng, 3. 'n 5 di oxane-water is
mmoBddddMEBNs Ialdziedsdl@w]nyEAD)(QSSMIa,t 0.06€mméig at mom tdnpgrature. The

mxture is stirred for neut r

rosul i stioe s SOPH L oo Al ELbe ol Doy Sica gel column

chrorﬁ&lﬂ@xﬁ?ﬁ}f atrdl;t MeOH “€0:2 184! P8 g%%l édtapoling ZSQQO ‘ilng $5%) as a
di ssol ved i n nmet hanol and insoluble material is

sohdr 'FNWVERI (DMBC-4) 17236 Gn2HX6ed X (s) tHate3i(d, BdntentorHred. 76 (d,

1, 20 ST, 52 SR o £ 0 USSR 8 -,

136H§)‘ I upsqd, j}grlaﬁ)(gmp{)(by this 10 tinme, the col or of
reaction sofuti on bécane green), concentrated, and

purified by silica gel columm chronat ography (CHCL3:
MeOH =5:1) to give conmpound 32 (830 ng,

EXAMPLE 19
6-Amino-5’,9-anhydro-3-(p-D-ribofuranosly)-2-oxo-purine HCI salt (27).

Compound 26 (20 mg, 0.065 mmol) is dissolved in SN HCl (1 mL). After stirring at
room temperature for 2 hr, the mixture is concentrated, co-evaporated with MeOH (3 mL
x 3), and triturated with MeOH to give crystalline 27, which is collected and dried under
high vacuum (10 mg, 51%). UV Amax 245, 287 nm (MeOH); "H NMR (DMSO-ds) & 9.81
(bs, 1H), 8.65 (bs, 1H), 8.15 (s, 1H), 6.12 (s, 1H), 5.80 (s, 1H), 5.45 (s, 1H), 4.73 (d, 1H,
J =14 Hz), 4.55 (m, 1H), 4.48 (dd, 1H, J = 3.6, 13.6 Hz), 4.12 (m, 2H); FAB HRMS
estimated 300.0500, observed 300.0497 (M-H)™ for C,oH;;CIN;O4.
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crude). Crude 32 is suspended in diethoxynethyl
acetate-DMF (10:10 nL), heated at 90C for 2 hr and
waze@@oispro 30 m n, and cool ed. After concentr at PONUS2003/024324
vacuo, the residue is dissolved in water, heated for
20 min, cooled, neutralized with saturated 15 sodi um
EXABIPEd 2Hbnat e sol uti on, concentrated, and the residue
purified by silica gel colum chronat ography (CHCL3:

5-Brdéﬁngwéz]Eﬁ%ii@-ii0%rgt‘)&’lﬁie‘ﬁ@rﬁlﬁuﬂgoﬁgaﬁ(?SQQuﬂﬂine?(Qﬁ@R = H).

o SR S PR I R 5
26. 460mﬂﬁblﬁﬁﬁn| iRt &bmpféﬁﬁ)\éfd@lﬁiﬁs pm&&aéti’olﬁnﬁﬂurellszshrfml)it)room

i n anhydrous di oxane (5 m_% i s added DEAD (0.19 ni,
temperatute faroll5) hrs amimgncantratgd)m 33 €npad dhqresidug gg-avaporated several

tlmescxgﬁ%urﬁlﬁafllg Zngv(r%LSgry all n%f’éé}l}l&ewcﬁﬂ% LHI?SO{V%H 1?1 Efoﬁ% (50 mL)

uri si I

conta(r@ﬁ@k& dehox F-"&oﬁa}net ©GO0ghLR ClOi&'p&amiim%m(t&& ﬂgstlrreﬁ%’t)room
a white solid. UV 2 max 236, 265 nm (Me

tempg@ygof@'@g hgand concepyatedgo giye a sohd, hich Icha];%edgglltkl qicetone-

hexmie_kt)f@)?d Hiford ol ha S8YR <74 {%"Y 1. 4%’?63%%325)?&)1. 24

(s, 3H); 13C NWR (DVSO-d6) 8 157, 149, 138, 118, 112,
90, 85, 83, 81, 52, 26, 24. EXAMPLE 25 83 WO
2004/ 013300 PCT/ US2003/ 024324

EXAMPIE 2} Cyclo- 3- ((3- D-ri bof uranosyl ) xant hi ne (35).
Conmpound 34 (50 ng, 0.16 nmmol) is dissolved in 5N HC

 6-01A Ry droSiLi2 3-8 08k o freBPLd SROME. Abbfu@ah 6y yBalBit id (29
> 6€)oni(i:%%trpat(ed co- e?/%pg?lét edq%/l\nth I\/le()a &g)%a “mc,am é .

t d .35
To et e bapu &7 el B B gRRs R A0 S Py acded
compdﬁlﬂ@ '28|'(R9=h Téag ouN S I¥nhiEbl) 9BEbm téiﬁ@(ﬁﬁder%ﬁl,tro@% atﬂﬂidsphere
(MeQH); "H NMR (DVBO-d6) S 11.26 (s, }-%1
The rgsp)lltmg reggtipp gnixpyy wag rgfluxed fog (3 hr, ,Qoglsd,( 1utg_ci_|W1tj1 water (100

o B, fy g e b ) 5o

chrothiatppraph (ERVE: 84¢0liet30dl )26 £ia57@npaibd A%vEd 2664%57sa white
. (I\/I-:gmfor C10HON4AOS5. 10 EXAMPLE 26
solidsUV dmiaggoOnm gMeBH)s opr opyl i dene uri di ne (36).

EXAMPLE 22
6-Amino-2’,3’-di-O-isopropylidene uridine (30).

A mixture of compound 29 (1.00 g, 3.54 mmol) and NH4Cl (500 mg) in liquid ammonia
is sealed in a steel bomb, and then heated at 60 °C for 15 hr. The reaction mixture is
cooled, concentrated, and purified by silica gel column chromatography (CHCl3: MeOH
=10:1) to give compound 30 (255 mg, 24%) as a white foam. UV Apa 270 nm (MeOH);
'H NMR (DMSO-dq) & 10.60 (s, 1H), 6.85 (s, 2H), 6.15 (d, 1H, J = 3.2 Hz), 5.38 (t, 1H,
J=4.4Hz), 507 (d4, 1H, J = 3.2, 6.4 Hz), 4.79 (dd, 1H, J = 4.4, 6.4 Hz), 4.63 (s, 1H),
4.00 (m, 1H), 3.61 (m, 2H).
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A mxture of uridine (10 g, 44.60 mmol),
2, 2-di met hoxypropane (6 nL), and TsOH (cat ant) in
waec@tonsoq 200 m) is refluxed for 1 hr, neutraPCrEs2008/024324

triethylamne, and 15 concentrated to dryness. The

residue is dissolved in anhydrous nethyl ene chloride

(130 L) contai ning anhydrous pyridine (50 nL) and

TsCl (13.0 g, 68.19 mol). The mxture is stirred at
EXAMRIE 22perature for 15 hr, diluted with methyl ene

chloride, washed wth cold water several tines, dried

3- - AlS. dried by high
2 gdg?:?uﬁngg#%yl?gg ulg r|ls g@gﬁg{ gﬁ?lﬁg ydr ous DWVF (100

d.t t 89. 22
To a ftbi G oo A0 e kT nipnols ARENRNCh df gf%lé@aamon in
dioxaRCydtlEis al@& S Q-I(Uﬁsl&k*f}) %ﬁﬂ 5 QLY 05(; | 1eg G&ht Me s stirred

chr omat ogr aphy ( to glve Tconpo
for lggn@?n@ltl@llzﬁ‘é%th&gtumt@bmddmn E)O&MnEteZsbhﬂE»n and concentrated to
ene yridi ne, f19

give ?Ipul;% %d A ef?ﬁ? ddgsoloygd (11§ Prgguggll a';ﬁ DS ¢ )nam is rc)amoved
by ﬁ&[ﬁﬁ@ﬁj UThe ﬁltraﬂénm bbﬁo’éhﬁaté@ and the rdsdd%is MPMnted %‘%ater and
68 mmol ) in anhydrous acetonitril

treate(dl‘ﬁéh &‘ansa% (r‘hé)agae%%mmwcm@ migouerisweflnsed fal H0resh fhy this
e 0440 L0 SRR LT, TR B
gel dob.ymr cheonestd gragitye (CHCLH M%HV‘Q 2P A4/ 3 308 rrJgound 32 (830 mg,
erudey (Giigs 32 3 gg%%ﬁ@@ﬁ%?%?%%ﬁ%hﬁ%gmpm(105193mm: hested at
O°C0R>r@ hiShild T?O"@ekorcﬁ Hffﬁ‘ gﬂf&ﬁ%ﬁ?@&gﬁcﬁq g'lo c?cgo the

onpound 19 (2.23 g,
remdqu)s digs@dved & watfr, hEat% f()ld 20 Ihin, tooled, ﬁetl‘ﬂ?all,zedl wvdth gaturated

sodlu%rﬂ)lcgéynzgi g(gl}z}tl?r}n@ogﬁntr édE%gl\éE Eesggle purl(ﬁrgd by silica gei5 column

hrorBat HOLNvROBY-E109t i di ne
’ 0(%%&&%’% xtare of 33 )%Ogg, g, X’éﬁﬂd@@){idoqﬁg%s%)

tri phenyl phosphi ne (1. 48 g, 5.64 mmol) in anhydrous
THE (50 nlL) is stirred at roomtenperature for 6 hr.

9% amoni um 10 hydroxide (20 nL) is added and
E&Qﬂggfturels stirred at roomtenperature for 15 hr,

concentrated, and co-evaporated with toluene. The
5,9- Ofﬁycﬁuéu(l,§-di+G—mbvq@liden&ﬁl@diﬂdiﬁramyylbﬁnmmnel( | uxed
for 1 hr, concentrated, and the residue is purified by

To a Mikth@df QS l(13PhgNm 40 mmol) and triphenylphosphine (316 mg, 1,21 mmol) in
anhydrous dioxane (5 mL) is added DEAD (0.19 mL, 1.21 mmol) slowly at room
temperature, and the mixture is stirred at room temperature for 30 min, concentrated, and
purified on a silica gel column (CHCl3:MeOH = 10:1) to give compound 34 (85 mg,
68%) as a white solid. UV Apa 236, 265 nm (MeOH); '"H NMR (DMSO-ds) 6 11.27 (s,
1H), 7.72 (s, 1H), 6.33 (s, 1H), 4.87-4.81 (m, 3H), 4.74 (4, 1H, J = 14.0 Hz), 4.19 (dd,
1H, J = 4.0, 14.4 Hz), 1.45 (s, 3H), 1.24 (s, 3H); °C NMR (DMSO-dp) & 157, 149, 138,
118, 112, 90, 85, 83, 81, 52, 26, 24.

EXAMPLE 25
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chr omat ogr aphy (CHC13: MeCH = 10:1) to give 37 (1.10 g,
82% . 1H NMR (DMSO-d6) 610.85 (s, 1H), 6.86 (d, 1H, J
wWe2@481338) , 6.37 (s, 1H), 4.91 (s, 1H), 4.73 (pdy/U1403/024324

= 5.6, 15 8.0 Hz), 4.45 (s, 1H), 3.34 (m 1H), 2.99

(d, 1H, J =13.2 Hz), 1.41 (s, 3H), 1.26 (s, 3H).
5°,9-@>@ANRi-B-(RD-wib ofurrdndsylyxchnthibe (35).

6-di anmi no-2',3" -0 isopropylidene uridine (38). To a

Comé@ggt%ﬁg.‘i@fngsb {63 dY s AisOetvdDin @WH@?%LY’ dﬁ% é‘f@ﬁ’a’c room

I'h di oxane-H20 20 (32:8 mL) is ad
tempei@iureafor @dtlrs t@wkytrated, o-eyaporhted m11>11 Mle@H & wii>t 3pdnd titurated

d with d sad
with S o e aee e SHMSaSy e Mk e boferRy and
dried LEhd\é@h%'h qu&umm%nw% )T efivuxed it 564\@1%%1@?%)9, g9 NMR

0 mn, concentrated
(DMS@%)JI&GIII% (putli{j,ﬂeim by 180)) 6.6% (g RED0b.0AGs, 1H), 4.65 (d, 1H, J =

12.8 §ghgtes L B A% AL = et A A B aEs % Heh 401 (&
hs 1L . (\Grh6
1H, 68, 4, 81@2)4@%85 (I{J;QMSlELl}l{rﬂaﬁced:@g%)%) ?ﬁzﬁgg(%ocﬁ.dd?hH,(ﬁj\%:for

CIOHE\Iﬁ)st) 4.44 (s, 1 H, 3.51 (m 1 H, 2.92 (m 1H).
EXAVMPLE 30 85 WD 2004/ 013300 PCT/ US2003/ 024324
5',9-Cyclo-3-(2,3-0C1isopropylidene-(3-Dribofuranosyl)
xanthine (34) from38. A solution of 38 (800 ng, 2.70

I n anhydrous m xture of DWMF and di et hoxy
Exmﬁ%ée (5:5 nL) is heated at 90C for 2 hr,

neutralized with saturated sodium bicar bonat e
5’-Azido-31,3 of-isenyiepxlidens wading 30)puri fi ed by silica gel
col um chromat ography 5 (CHC13: MeOH = 5:1) to give
A migtnpofiuyitite (1055 449, mGidY) 2 ZEDKIAMBIOEyI&ibpane (6 mL), and TsOH (cat

5 ,9-Cycl g-3- 3-0Oi.s0 i dene-
aunt) 1 F5e 1 A o 3 GeRR s S i e Revaplized By frialagiines emd
concémdtedUo dBynk3s. TR JesRINE id &YRSRENN %nﬁﬁﬁ%eﬁ?f&n@ghlogdé@l?,o
mrol ) in "1,2- 10 dichl oroet hane f is réefluxed for
mlL) rentaming: arsdmusapyilina k) e auski a@b( X0 Lg,|r68f19edmh131) The

m1xt1€re 1§ scf%reeg%l(t) rooo L %&%f n{;?hag%lg}fé % &ﬁﬁe i}gonde lvashed

with 501d %a?d’thyﬁﬂrﬁl t8nés3 dided Whﬁfsddlam%lyfaﬁe- CoricBhtpated)taid deied by high

)r A solution of 39 (34 ng 16 mmpl) in 5N HC1(1
vacuwg) ihe residyeris disgelved tHoBy Q@\/ﬂf €100gnL) and treated with sodium
azide (5.80 g, 89.22 mmol) at 80°C for 24 hr. The mixture is concentrated, and the
residue is purified by silica gel column chromatography (CHCl3:MeOH = 30:1) to give
compound 36 (7.6 g, 55%) as a solid.

EXAMPLE 27
5°-Azido-5-bromo-2’,3’-O-isopropylidene uridine (19) from 36.

A mixture of 36 (2.30 g, 7.44 mmol) and ammonium cerium nitrate (6.52 g, 11.89
mmol), and LiBr (768 mg, 8.84 mmol) in anhydrous acetonitrile (120 mL) is heated at
80°C for 30 min, neutralized by triethylamine, and concentrated. The residue is

partitioned between water and chloroform. The aqueous layer is extracted with
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2 hr, concentrated, co-evaporated with MeCH (3 nL x

3), and triturated with MeOH.  The precipitated
w@eoosad3go of 40 are collected and dried under PETNS2003/024324

vacuum (15 ng, 50% . WV Xmax 256, 341 nm (MeOH);'H

NVR (DMSO-d6) 6 12.37 (s, 1H), 7.84 (s, 1H), 6.03 20
chlorogo?ﬁlliﬁﬂ the‘k:o'iﬂmﬁéﬂ exdtrddts ale sodddntratkt and shedsidng 1sllbi)r1ﬁed on a

silica gel gohgl;jnd((zl}lgb Mg(;Hl gp liﬁag@%om?u&%@%% 1<38113‘_l7%)J H NMR

oo AT BBl T oA

1H), 4r2qa(ﬁﬁﬂH)(23@(1ﬁ92HQ 154 (878H)) 128 (m]3EH.di chl or oet hane (15
m.) is refluxed for 15 hr, concentrated, and the
residue is purified by silica gel col um
chr omat ogr aphy (CHC13: MeCH = 30:1) to give 39 (85 npg),
which is treated with Raney Ni (ca 200 ng) in water (5
EXAMYREZS reflux for 1.5 hr. The 86 WO 2004/ 013300
PCT/ US2003/ 024324 mi xture is cooled, filtered,
6-AminorE gV aitgdro-27,3°-fuisopropylidenesuttiding (3BF col umm
chr omat ogr aphy (CHC13: MeCH = 10:1 v/v) to give a
A mlﬁm@eﬁxﬂ’, (e reradiek@aol Mhd frighenylfhsspainead 48ng,55\|64‘|@lm«612 in
and stlrred at roomtenperature for 2

anhydccmsd&ﬂf (3 wd,) is stitred atpeemttemperiure fas Gy 3Thﬁe %?‘Vsjimlfm&nn

trituyrat.ed. w
hydrogi (49 FHGEl ke S et il it By Mool el o
conceﬂﬂrhtwl%rﬁ%@r@ﬁiat&l wha8luese. THE,reAdae iy di,ssolﬂeli) in hg6rous
(s 72 (d, 1H, J = Hz)., 4.47 (s, .| , 4.3(?
pyrldlpen reﬂtg.qfi fonf 1 1y, qu:ergﬂ:q)ted gncééegasﬂqg_*s pyrif e@ by S’I:&jl gel column
o/ 1
oIS ARy =101 155 T, 010 350, O 30,0
5 10. 858(@01337) pRantihi el %6$)Hz)Tﬁ3a(sn1H)u4 Bl ()sf 1317 41001t J = 5.6,

8.0 H?M Ga0s 1009 o gﬁ%&c"ét@rﬁéhgaéz% 5ohe ‘HL@ 13 P -

and NaQAc (75 ng) at 70C. The m xture is refluxed for
15 hrs, concentrated, and purified by silica gel
colum chromat ography (CHC13: MeOH = 10:1 v/v) to give

EXAMPLES® Ny, 32% . WV Xmax 254, 328 15 inn (MeOH); 1H
NVR (DVMSO-d6) 8 8.29 (s, 1H), 7.40 (d, 1H J = 2.8

.8 : , 4.69
56-{ pnyPef3, b Sinahlto-23 oS hidefs ﬁﬁdi‘&rﬁsﬁ) Dot 1
Toa slz)l)lﬁtio?r)f 0%437 (gB(l)'I L{g?% anmg Oeln\ci?\Faﬁ\J (9 e@»léfl rr}gIZI)S 68 mmo ) in d1%§§ane-H20
(32:8 mL) is added conc. HCl at 0°C slowly to pH 5. The mixture is stirred for 10 min,

neutralized with saturated sodium bicarbonate solution, and concentrated. The residue
is dissolved in water-DMF (10:10 mL), refluxed with Na;S,04 (1.60 g, 9.20 mmol) for
40 min, concentrated, and the residue is purified by silica gel column chromatography
(CHCl3: MeOH =5:1) to give 38 (800 mg, 88%). UV Amgx 288 nm (MeOH); 'H NMR
(DMSO-ds) 8 11.20 (bs, 1H), 6.75 (d, 1H, J = 6.8 Hz), 6.39 (s, 1H), 5.46 (s, 2H), 4.78 (4,
1H, J = 5.6 Hz), 4.68 (d, 1H, J = 5.6 Hz), 4.44 (s, 1H), 3.51 (m, 1H), 2.91 (m, 1H).

EXAMPLE 30
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20 5',9-Cycl 0-7-deaza- 3- ((3-D-ri bof uranosyl ) xant hi ne
(43). A solution of 42 (35 ng, 0.11 mmol) in 70%
w0 piotlousp@acetic acid (2 nmL) is stirred at roPOT/US2003/024324

tenperature for 24 hr, concentrated, and purified by
silica gel colum chromat ogr aphy (CHC13 MeOH =10:

5°,9-Cy elp-3-2,30risopromylid enk-B-D-¢ b2 furpnosi3anthiie (:Mbrﬁvonis&
328 urn (MeOH); 1H NWR (DVSO-d6) 8 8.30 (s, 1H), 7.39

A so(tﬂl,onlclk_fl) 334683(32 I?g,l'z ){(z) n%%oﬁ 1§9c1(n§19droﬁ§"mn2ture éf ‘ff)l\h? Jand Qiléﬁoxy

S,
aceta(eu (5:pHmL)Jis= heatad 14)9 0°§ $o Qdbr, neytralized Gyith S&erémed-lz))dlum

blcarg%r%i? 8@&% @%@%Oﬁlgpeagﬁd Jb silica~ge Nch)) uFan:;’ %hroma\{\ography

(CHOI; MG 5+ 5t 1) toQ@ivaesvamvlind 34 B34 Agf amanosyl ) - 6- oxocyt osi
ne (49). A m xture of 6-am nouracil (2.00 g, 15.74

nmol ) and HVDS (20 nmL) is refluxed for 3 h and
concentrated to give a solid, which is dissolved in

us CH2C12 (30 ni).
EXA%\(E%? - O Benzoyl - pentori bosyl acetate (5.30 g,
10.51 mml) and TVsSOTIf (4.56 nmL, 5 23.59 mmol) are

3’,9-6ydes-(23-Ohisopuipylid are-R-D-Pibo fintad osylp6-thivk anithineS(39).
stirred at room tenperature for 12 h. The m xture is

A mlﬁﬂl% 8fj34 F00ng & 1Y ARRY AL MRS Q%eg@&ﬁ %Q,gf&gﬂloéblél 1,2-

orous stirring, and extrac
dlChlth%han) ? thli) asirefiaadsos)1 5 anconcpuiratéd, add the skidie i Igﬂiﬁed by

sitea 3 S S a0 aBy (bp MEON TP 1L Y it orboath B me,
78%)hm (I\/EO—D 1H NV\R 10 (DVMSO-d6) S 10.75 (s, 1H),

8.00-7.31 (m 15H), 6.52 (bs, 2H), 6.06 (m 1H), 4.62

(m 2H), 4.64-4.46 (m 5H). EXAMPLE 37

5-Am no-1-(2, 3,5-Tri - O benzoyl - p- D-ri bof uranosyl ) - 6- ox

[ne (50). 15 To a solution of 49 (238 ny, 0.42

EXA%%O?% AcOH H20 (5: 0.5 nL) is added NaNO2 over 10

mn at -5C. The resulting m xture is stirred at -5C
5’,9-AohydroR3-(B-Deribefitrnnssyl)-6-thioxamthine\(d@or at ed with

toluene to give a purple solid, which is treated with

A solafié bf339€3’4%% 9.14%ano®Ne sKeyst mfﬁ @Ostﬁ%d at'roBth t?ﬁ@%l)ea’#ué% for

and heat ed 70C for 30 mn. The m xture iIs
2 hr, tchneswifhated, @elevap@rqmauwlthrMe@Hermh x &), caridstritwated ntittaVe®OH.

.a t h f

The sirfifiedd B8l R o ilekee 4P gt EldseTilhlaeit Uthg, 50%).
UV W4Y256, 941 ahnV@180MR SHNMROIMEO-49 & 1§§33%> (s, 1H), 7.84 (s, 1H), 6.03
(s, 1H), 4.59 (d, 1H, J = 13.6 Hz), 4.48 (m, 1H), 4.41 (dd, 1H, J = 3.6, 14.0 Hz), 4.15 (t,
1H, J = 4.8 Hz), 4.04 (d, 1H, J = 5.2 Hz).

EXAMPLE 33
5’,9-Anhydro-3-(B-D-ribofuranosyl)-8-azapurine (41).

A mixture of 34 (110 mg, 0.36 mmol) and Lawesson’s reagent (220 mg, 0.54 mmol) in
1,2-dichloroethane (15 mL) is refluxed for 15 hr, concentrated, and the residue is
purified by silica gel column chromatography (CHCl;:MeOH = 30:1) to give 39 (85 mg),
which is treated with Raney Ni (ca 200 mg) in water (5 mL) at reflux for 1.5 hr. The
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EXAVPLE 38
1-(2,3,5-Tri-0O benzoyl - (3-D-ri bof uranosyl ) xant hi ne
WO 203/018380 A m xture of 50 (4.30 g, 7.33 nmol), PAE02003/024324
(catalytic amount), and triethylorthoformate (90 nlL)
is stirred at roomtenperature for 24 hr,
mixtufeONig erbolet e diltered] thgcehtatedueanids ;mmﬁieﬂi gl sibica a gsli | dobémn

gel col urm CHC13: MeOH = 30:1 y/v) t ve conpound, 5
chromemesephy, (GohMef 1 vobdouo .30 2o SHFaRhEahieh s
fAr, -
oSSR A0 B RO ARHB103 (B

evaposaédealheMeﬁélt @amhl % 6) andﬂﬂtuaatéd@zithrM):OHstosqrj'stalEde dl. After

being ReHaeIah D VSRR 1ad o 41 It Badss B H Mﬁty@‘f\é?wo 5
2 0 L

8.59 (%’. %ﬁ%@o@i@?@%?% (goﬂg” bof ur n%g?;I ?1|3ge(m

1H), 4.53]m, A)yB398ydelif] 522FAH0 ng, 0.53 mmol)
2, 2-di net hoxypropane (2 nL), acetone (15 m_) 10 and
TsOH (catalytic anobunt) is refluxed for 2 hr, cool ed,
neutralized by triethylamne, concentrated, and
fliéled by silica gel colum chromat ography
MeOH =10:1 to 4:1 v/v) to give 53 (100 nmg,
58% . EXAWMPLE 41 15

5°,9-Cycle-7 dearirdel@ 3-0-ifapzopylideneftParibefprynassb ranthines43). To
a solution of 53 (150 ng, 0.46 nmol) and

To a hfiktARESY 3P DDRRE B34 ﬁﬁﬂolb’fﬁnd Na@’sxmml mg, 0.4 aﬁﬁw IirDEEOH @
Dl\/FéSm_ is added DEAD (0. 24 3
mL) e edgecd chlgroagetpldelsde £0.1pgBkn ¥érm@93t@fié‘1¢%c 175nmg) at Joc.

e PSR SDA FALYE CoRbR btk S840 o g

chronia&&gra@l}( @2%313 Me@ﬂm& :1 3/ dod g% 42(36 mzg) B2 &) e Vpk e D54,,328
which (0.42 nmmol) is dissolved in

m.),
nm (dePH)e il MMR ¢ ey 24 Gr B, 8r402(dher Jc*oéééﬁ)?@ﬁ%@: 1H,7J

T e e T e

(buriéi byesblvmdpeakhilgn  vacuum (34 ng, 31%. 25 EXAMPLE 42
1- (2-0- Acetyl - 3- deoxy- 5- O net hoxycar bonyl - p- D- eryt hrop
ent of uranosyl ) - 5-

EXAMPLE 35
5°,9-Cyclo-7-deaza-3-(3-D-ribofuranosyl)xanthine (43).

A solution of 42 (35 mg, 0.11 mmol) in 70% trifluoroacetic acid (2 mL) is stirred at
room temperature for 24 hr, concentrated, and purified by silica gel column
chromatography (CHCl;: MeOH =10:1 v/v) to give compound 43 (22 mg, 73%). UV
Amax 254, 328 nm (MeOH); '"H NMR (DMSO-ds) & 8.30 (s, 1H), 7.39 (d, 1H, J = 2.4 Hz),
6.89 (d, 1H, J = 2.4 Hz), 6.68 (s, 1H), 4.38 (s, 1H), 4.08 (d, 1H, J = 6.0 Hz), 4.02 (d, 1H,
J=6.4Hz),3.59 (dd, 1H, ] = 6.0, 14.0 Hz), 3.31 (buried by solvent peak, 1H).

EXAMPLE 36
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ni tropyridi ne-2-one (56). 89 WD 2004/013300
PCT/ US2003/ 024324 TMs-triflate (1.486 m, 8.2 mol,
wa2@403390 i s added to the sylilated 2-hydroxy-BET/US2003/024324
nitropyridine (997 ng, 7.1 mol, 1.3 eq.) and
1, 2-di - O acetyl - 5- O car bonet hoxy- 3- deoxy- xyl of ur anose
1-(2,3,58 ri-D-béizogl-f-D-dibofmmahosyl)-egxdcyitosime@Pr ous
1, 2-di chl oroethane (55 ml) at OC. The solution is
A miftubd 61961aﬁ§no‘h%ﬂ‘(§ B0RSI ALY hﬁn$1§’ ﬁncﬁHMDﬁ\Wz A3 h

are added and the resulted m xture is partitioned.
and Cmgerarmtcn givayeesolids wikishasl disisolvedvan enhydraus €d1>Cl, (30 mL).

23,5l s BB  GreiR G 20 1BSToRGN e BsPm (36 mL.
23.5Mdrhol a8é Q@M‘édsfb e dblafibn ot dVEOIdn& Qhé Gnikblre ii8 sﬁﬁa@la% room

to give ound 56 as a pale yellow solid (1.550 g,
tempergtusefor lﬂo'h puresis poured into saturated sodium bicarbonate solu’uon

t.of
wit o B g AL D (S80 ly SPBTLRLY R and
purified, byl. sﬁ&aﬁgﬁﬂ colﬂmﬂ Ck:h)roﬂnﬂtobb@r& (@CHA;:MeOH s= &’QHE dr/e Q\l@ve
(157 ny g.). The _solution was stlrrepl

comnoa@%"?e@p%r &t %9%) ﬁ%ﬁ white, fosl AR rAmed 87ha0r AEOH I@;NMR

OV RIS BT b AT ke 48 Y R B0 e D 2 (o

2H), Bl6alessingesth/ thus obtained is coevaporated several
tinmes With anhydrous toluene. Pyridine is added and
the m xture is cooled to OC. Benzoyl chloride (0.503
m, 4.36 mol, 3 eq.) is added dropw se and the
solution is stirred at roomtenperature for 2 h.
ttki3he is removed in vacuo and the residue,

di ssolved in 20 CH2C12, is successively washed with a
5-Antiab+1F@t B8 7Tk Ocen zeydH3+Di-cib o furanosyl)es-oxody eosin® (§Ayi C

llayer is dried (Na2SO4), filtered and the filtrate is

t I

To 2 SAERH ratords) ey R4 meklFin PESLEUR) (3; 02 PE s dlepR 10,
over 18 @Hin af 5°Co ”ﬂl%resuhtn@—ﬁﬁ)ﬂtﬁret ie s‘eixfréCbaTd-SSB f<a:s1 hr pah@enb‘amlnand

co-evséﬁél%agedg%}(tg It u%lsthorgVe 2 o ble sothAMZ is treated W1th acetic acid (5
mL) endPH didt @m&ﬁg,(ﬁeﬁxﬁmﬂ hh@ pest®hT0oBY B) ndind qihéQm&ture is

E

azapurine-2-one (59). A solution of 58 (650
ﬁlter@ﬁrﬂvouél 2oty nadawd(tlzqﬁhtrw ys P@cgnﬁrat%a) atSh;R@ngf@fl sqlid,
whlcq %%%uhﬁ?cp Bg_séﬁﬂz‘e‘i ven S%ﬁ@/ g'gapil% %&H@j I\/%O]H mTP(I) 1 viv) to

give compound 50 (217 mg, 88%).

EXAMPLE 38
1-(2,3,5-Tri-O-benzoyl-p-D-ribofuranosyl)xanthine (51).

A mixture of 50 (4.30 g, 7.33 mmol), TsOH (catalytic amount), and triethylorthoformate
(90 mL) is stirred at room temperature for 24 hr, concentrated, and the residue is purified

on a silica gel column (CHCl3:MeOH = 30:1 v/v) to give compound 51 (2.20 g, 50%).
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30 vacuo, and a 2N HO and CH2Cl12 are added. The two
| ayers are separated and the 90 WO 2004/013300
WEIMOEBM03/ 024324 aqueous phase i s extract edP@i/UB2003/024324
CH2C12. The conbined organic layers are dried
(Na2S04), and concentrated in vacuo. The residue is
ExaMibronat ographed on a colum of silica gel with an
isocratic of 50% AcOEt in hexane to afford 59 as a

i.te soli i.el 52 nmg, 53.5%. 5 EXAMPLE 45

1'(3']%%@&%08%%{%5@%&231 (3-D-eryt hropent of uranosyl ) - 1- de

aza- 8- azapuri ne-2-one 5360). TQ a solution of.59 (252
A solign of cpmpapnd 51 (309, 1gi O Sfmepel) 0 satyrap meie! onia (10

.(80. . ) i1t kS 3
) ig Aepd ¥ dport Grabure Hof B r, Bfhiiteld ifesSygshed with
EtOA& ssteralkinegdntyiriad do give 52 ¢20mEN849e) astaowhité SolidSi | i ca i s

added and the solvent is renoved under reduced

pressure. The residue is chromatographed on a col um

of silica gel with a stepw se gradient of MeOH (0 to

9% ._in CHCl2 to afford 60 as a white solid (yield 108
EXA ,Eé‘g%. 15 EXAMPLE 46

9, 5' - Cycl o-car ba- 8- azaxant hosi ne (65). To a sol ution
1-(2,3eli-Ocispropylid Gik-B-PoribgfurangsyDxanthing (33EH2C12 (10 nL)

are added Et3N (InL), DMAP (224 ng, 2 mmol) and
A miABhFRR b6 Righw!536hneD)] 92-difefhoRiprofhnd 2 MID), hcetomd(15hrL),

resulting solution is stirred at RT for 5 h, EtQAtg‘ (40
and TeOH (cetabid eenamd is weflpeddor ditsdcepisd, npwralized Ry dHelylamine,

oy B by s o PSRy PO 101

4:1 v il 83 @0d g 58%9d directly in the next step by
di ssolving in DVMF (10 nL). To the solution is added
NaN3 (130 ng, 2 mml) and the mxture stirred at 80C
for 4 h. Solid is renoved by filtration. The filtrate
i concentrated to dryness and the residue is
EXAME’W‘Hed by silica gel colum chromatography 25 (3%
MeOH in CH2Cl1l2) to give azide (63) as syrup which is
5, 2-@Hreshydved-(BrD-DilfofumnesyDxanthime (BPul t i ng sol ution is
heated at 1200C for 3 days. Solvent is renoved and the
To a 5§ akislH6E 53 cr5adag at46 hﬁnH@é? 86@ trifteny1phdveRire (B007h)g, 156 mmol)
the solution is added (L m, 2Nin Et20 .and the .
in ankysirous BME € il ris eddest DESGH Q- 2hpn dt 3 @}, andyhe mixture is

stirreé %lt Y&k tier%pérg&?é/ o8 f“?ﬁt Lé}ﬁ:entrated, and purified by silica gel column

chromatography (CHCl3:MeOH = 30:1 to 10:1 v/v) to give 129 mg (92%) of the 2°,3’-di-
O-benzoylated product, which (0.42 mmol) is dissolved in 5N HCl (2 mL), stirred at

room temperature for 2 hr, concentrated, co-evaporated with MeOH (4 mL x 3), and
triturated with MeOH. Compound 54 crystallized is collected and dried under high
vacuum (34 mg, 31%).

EXAMPLE 42

1-(2-0-Acetyl-3-deoxy-5-O-methoxycarbonyl-§-D-erythropentofuranosyl)-5-
nitropyridine-2-one (56).
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residue is purified on a silica gel colum (10% MeCH
in CH2C12) to give 95 as solid (15 30 ng, 40.4% from

W® 1004/01330NVR (CDC13) 8 11.53 (br. 1H, NH, D20 PCT/US2003/024324
exchangeable), 5.21 091 V\D 2004/ 013300

PCT/ US2003/ 024324 (d, J = 3.6 Hz 1H D20
TMSgigitiaengedi &), 85 ounpl 1.3 eﬂ)5186a442d t@l—them@llated 2-hydroxy-5-

nltrofgﬁi-ﬁf‘x% @?ﬁ&zx&) '7}_}4 nﬁﬁ lH)dl 3 jaqg 4a.5rj(dg dj-&lacemzﬁb %Q%ngetfmyﬁ-

deoxﬁ-xy}dﬁnaﬁoss %55, n‘h 5121~g A7 timol 2L &F) {nrarﬂlizdﬂrouéjr'l 2Fichldrobthane (55
%8 '%F g-l 5 EXAMPLE
ml) a0 cjogtipnig sum @tﬂepmrtam@wuye for &b N a&mnm @Hu;tlp are

added %h}_iﬁi 'tl% és%ﬁdorg%&gqg E’%@?oﬁé&' r’ﬁm oc{_rg%\rg% ga%:r Is ng&gn\p‘th Water

drled((NaQS@Q) and the Iscyldéms: Sredieﬁbivﬁi peldoad eTHeBRsithg isl chrdif@bSephed
reflux for. 16 m xture i s concentrated to

ona &?q%léé% siligp gel yigh @égﬁpamss grgdl@mtéitl\é@o% (Prio 4% in SEBEL, to give
comﬂ%gh%g@%e??alggem&ll@ bs"}’t room tenperature for

ow sh preC| i tat®@s ar coll ected by suction
and washed with MeOH and crystallized from hot water
to gi ve 70 (910 ng, 78% as a yellow sh solid. 1H NWR
ﬂ/l d6)8413(t J= 4.4 Hz, 1 H, 423 (m 1 H),
EXA 4.8 Hz, 1 H), 497(dd J = 4.4 and 13.6
H), 511(d J = 14 Hz, 5.43 (d, J=17.2
1- (Z,ﬁnl-&béﬁzo B34&lok @l B-B-erptho toﬂlrkﬁos -BRitkpyridihd-2-
7.31 (d. 3= 8.8 ﬁf T JS% y? 3= 9&?@@%"?—‘6’.
(58)-Anal . Calc'd for ClOH, ON403SO. 2H20 C, 44.50; H, 3.88;
N, 20.76; Found: C, 44.25; H, 3.94; N, 20.58. EXAWVPLE
To a481ution of 56 (512 mg, 1.45 mmol, 1 eq.) i m MeOH (14.5 ml) is added MeONa
P-D-r.i b uranosyl )-vic-triazolo

3, 4-
(157 g, % 9 %\'BQ/)]F 2 (ﬂlﬁ ht Oe:ﬁ%éut as>§t1rre siroem) teinperature fard lpnd then
neutréliZed By Rddifiohtof ¥ 6N HCI ZOIHU&HID \%tem pI—@Z?’islil Al aé%nt 3 ré}lﬁoved

chl orosuccinimde (69 ng) in 3. acet |
in vagyq and thercspdeyfteql nigleosdie ﬂlusmlnemh nstqweeapomted several tlmes

o GBI R G e S s
chlorﬁbR@]j% tn‘il gi36anmbl, (e g Q%)adﬂ&i?’dr@?wm@oana fhe §§luﬁo % stlraeéi at

solid. 1H NMR (DMVBO d
roomtgmperafyye for, %Q Prridige is) rgmayed in yaH)o and 8& l(edniue,Jdlssollved in

OB Ts SlpchefFely i it RN Ty spallap d Sl e

organkt Jaydr id, dridd0(NexSOYn didiekliegnd the Zdrdts is otdentr&e®4n vhSio. The

residu€’is chromatographed on a column of silica gel with a stepwise gradient of MeOH
(0 to 1%) in CH>Cl, to afford 58 as a pale brown solid (yield 656 mg, 97%).

EXAMPLE 44

9,5’Cycle-3-(2-O-benzoyl-3-deoxy-B-D-erythropentofuranosyl)-1-deaza-8-

azapurine-2-one (59).

A solution of 58 (650 mg, 1.4 mmol, 1 eq.) in DMF (22.4 ml) is stirred at 115°C for 4
days in presence of sodium azide (137 mg, 2.1 mmol, 1.5 eq.). The solvent is removed in

vacuo, and a 2N HCl and CH,Cl, are added. The two layers are separated and the
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92 WD 2004/ 013300 PCT/ US2003/ 024324 EXAMPLE 49
3,5 -Cycl 0-6-brono-4-((3-Dribofuranosyl)-vic-triazolo
WO 2008/0k33py/ri di n-5-one (71, X = Br). To a stirPerius2003/024324
squtionoflS(R‘=R"—H Y=H Z=CH 3 g, 11.99
mmol) in H2O (60 5 nL) is added Br2 (0.9 nlL) dropw se
aqueo@s phesEMis eermactad uwish THeClpr dtie cqonmnqﬁ oegapia daysss are dried

le,stirrin room er.at ur i tat

veaSEf, B bt olaRe PR i oo B o o of
silica &8l With an BocraticdT W% B20EWn Aékade &Ohiféld SBPasl\a\/Rhne solid (yield

DVBO-d6+D20) S 4.04 (d, J =5.2 Hz, 1 H), 4.15 (t, J
252mg,&3é%|)lz 1 H, 462 (t, J=4.4H, 1H, 4.87 (dd, J

= 4 and 14 Hz, 1 H, 5.04 (d, J= 14 Hz, 1 H), 6.22

(s 1H) 8.69 (s, 1 H). 10 EXAMPLE 50

3,5" - Cycl o-7-propyl am no- 4- ([ 3-D-ri bof uranosyl)-vic-tr
EXA ? & [4 5-b]pyridin-5-one (72, R=H R =n-Pr). A

m Xture of 71 (X = Br, 150 ngy, 0.456 mmol) and

, p mne I S heated 510Cinasale

5 S S Sb ihebmrte it s ihasteh e oA o)
propylam ne is renoved in vacuo. The residue is

To a solitiar off 3 (342t hg . Dnmbled 1) ipAMeOH-(Z3rh)is added MeONa (80.5

mg, lp{j%%%ﬁ) at eS &g@ n(q?()rurﬁ 1s s%?r\l\g f_rzooné %peralﬁf E‘&,ﬁ( lac}\/[e(RNa gras

neutré'lﬁz@d b4 a&dﬂt‘ién o aldN HE 12plm. Hlitd is addéladd the \!;elvéntllis kﬁnoved
1H), 408 (dd, J= 5.2 12 Hz, 1H), 4. 53

(t,
undeqred-];ced @re;ss,ur@d"ahe rpsidye asrfa]rqz;atpgraplle na gplggm(qf s1lg:a gglgwgh a

sk e B30 gy g i

mg, @¥hangeabl e), 6.17 (s, 1 H), 7.56 (s, 1 H D20
exchangeabl e). EXAMPLE 51.
3,5 -Cycl o-7-nethyl am no-4- ([ 3-D-ri bof uranosyl )-vic-tr
i azol o[ 4,5-b] pyridin-5-one (72, R= 25 H R = M). A
] of 71 (X = Br, 150 ng, 0.456 mmol) and 33%
EXAW:EE‘{qen EtOH (15 nL) is heated at 110C in a seal ed
bottle for 16 h. The m. xture is concentrated in vacuo,
9,5’-@yelocpba-§-azaxanehosing 5} ur ated with EtOH The
preci pitated product is collected by suction (35 ng).
To a SblutiddVer ¢avsndqP1,.SPmg/0.0d mniel) 4n CHADL Q0L &e 8ddddtEtsN

J=4 8 Hz, 1 H, 407 (dd, J= 5.2, 12 Hz, , 454
(1mIy DR (1 mg; 2 r&mp§an§ .nv%haee%l?fom cBlogidl iy Bl 0,43 o)
and tH refiit®B dfutioh &5 siiPrefl FHRT Fortd h. BtOAc (40 mL) is added and the

diluted solution is washed with H>O (5 mL) and dried (Na;SO4). The solvent is removed

to dryness. The residue, crude 62, is unstable and is used directly in the next step by
dissolving in DMF (10 mL). To the solution is added NaN3 (130 mg, 2 mmol) and the
mixture stirred at 80°C for 4 h. Solid is removed by filtration. The filtrate is
concentrated to dryness and the residue is purified by silica gel column chromatography
(3% MeOH in CH,Cl) to give azide (63) as syrup which is dissolved in DMF (5 mL).
The resulting solution is heated at 120°C for 3 days. Solvent is removed and the residue,
crude 64, is dissolved in MeOH (5 mL). To the solution is added HCI (1 mL, 2N in
Et,0) and the solution is stirred at room temperature for 5 h. Solvent is removed and the
residue is purified on a silica gel column (10% MeOH in CH,Cl,) to give 95 as solid (15
mg, 40.4% from 61). 'H NMR (CDCl3) & 11.53 (br. 1H, NH, D,0 exchangeable), 5.21
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93 WD 2004/ 013300 PCT/ US2003/024324 5.05 (s, 1H),
5.34 (d, J = 7.6 Hz, 1 H D20 exchangeable), 5.68 (d,
wa20044180Hz, 1H, D20 exchangeable), 6.18 (s, BRCHS2003/024324
7.56 (s, 1 H D20 exchangeabl e). EXAMPLE 52 5
D-ri bof uranosyl )-vic-tri

azolg’(é[‘;\}f b%p;éﬁé:q?? egﬂ@ng gle) R =gt 7. S8 FzxtQfe D20

Bf = 5
L e i

= 4HZ,01r3HI.Z63hH) 'I‘ih&S yAHr8-H)s2.60 me bty 4HY 1.78, 1 &9, 2Hany-H )
the residue is triturated with EtOH The white
preci pitates are collected by suction 10 to give 72 (R
= Et 38 ng). 1H NWVR (DMSO-d6) 6 1.16 (t, J =

3.20 (br s, 2 H, 3.87 (t, J = 4.4 Hz,
EXA%HTEI)Q_Z4 08(dd J =5.2, 12.8 Hz, 1 H, 4.54 (t, J =4

%474 (dd, J = 4 and 13.6 Hz, 1H),496(d
3,5 @ye!o-ﬂs( pribofuranosyB-victriazolol4,5p5]ppridm-5-thiongd (20) 7. 2
Hz, 1 H D20 exchangeable), 5.66 (d, J = 4.8 Hz, 1 H,

A mikRee ektherige RYI=eBz, Y6= H87 EsCH12 bg, 473653.11{01)5 dees'f_so@ s fagent
é) H D20 exchan eab| e). 15 EXAMPLE 5

(2.0 g i apgydrepsydichlorgrihase (8P Hylhis h@a)tedwpég-mﬂmxbm dlﬁallnosThe

mlxt&f&: Xg c\!drfée%t@&gl ?nrygztéshs? aeﬁtio e %srﬂzv% ft t%a?e%e\gﬁlz %atuﬁaée %%thanohc

ammom® (§0 zhl a’etdmantn:lnmeramﬂre tor lﬁ_l) N@llhmhqdecﬂpltat&%re collected by

ttl . Th t
suctictp ek Heshseawith e heiiingl froms hot Aes @ EIveTIa( me;
78%)vustahyeﬁb%hts%her s Nk Bmdl pBOﬂW@ fj‘mll Q;}E g 10433 (m, 1

col l'ected by suction to gi v&

H), 4(Z|GZCI:Q=€)4I)86HZJ—II HYR! .0 DREDJA6). 46m3 13% Hbrl${) QlH)(d J=3156HZ 1
0, 54348 Tad 2520 5.5 Bnelvle sTHe 1 W 68 (o 119, 23 Gl - B8

1 H), H)96 (ﬁ 5’5 9(D<ggfz PHy &%a%é%é fgl)z(’jmg-il. @Qfo %072%12(:)( 5:421@9,611, 3.88;

N, 201—1)6,F5uﬂd7((,z44215;—ﬁ 39434, 7058.) = 7.6 Hz, 1 H D20
exchangeable), 5.68 (d, J = 4.4 Hz, 1 H, D20
exchangeable), 6.18 (s, 1 H, 7.32 (t, J =6 Hz, 1 H,
D20 exchangeabl e). EXAMPLE 54 94

EXAMPLE 48

3,5’-Cyclo-6-chloro-4-(B-D-ribofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one (71, X =
Cl.

A mixture of 15 (R* = R” = H, Y = H, Z = CH; 94 mg, 0.38 mmol) and N-
chlorosuccinimide (69 mg) in 3.5 mL of glacial acetic acid is refluxed for 30 min. The
mixture is concentrated to dryness, and the residue is purified by silica gel column
chromatography with 1-2% MeOH in CH,Cl, to give 71 (X = Cl) (43 mg, 40 2%) as a
solid. "H NMR (DMSO-dg) 6 4.06 (t,J=5 Hz, 1 H), 4.15 (m, 1 H), 4.62 (t,J=4.2 Hz,
1 H), 4.89 (dd, /=4 and 13.6 Hz, 1 H), 5.05 (d, J=14 Hz, 1 H), 542 (d, J=7.6 Hz, 1
H, D,0 exchangeable), 5.84 (d, /= 4.8 Hz, 1 H, D,0 exchangeable), 6.23 (s, 1 H), 8.54
(s, 1 H).
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7-Butyl am no-3,5" -cycl 0-4-((3-D-ri bofuranosyl)-vic-tri
W@2@40[3806- b] pyridin-5-one (72, R = H R = npClHS003/#24324

m xture of 71 (X = Br, 150 ng, 0.456 nmol) and
butylamne (8 nL) is heated at 100- 110C in a seal ed

EXA 1%/ €for 16 h. The mixture is concentrated in vacuo,
and the residue is 5 triturated with MeOH to

3,5’ -0y 6l6i@bich6-44B DRlFofhkan‘B'syl)lviEE&ﬁ’h))lo[%lb(}bym&m@bh@Q’IIF,‘(X =
by suction (42 ng). 1H NVR (DVBO-d6) 8 0.89 (t,

Br).7.2 Hz, 3 H), 1.33 (m 2H), 1.53 (m 2H), 3.15 (br S,
2H), 3.87 (t, J=4 Hz, 1 H), 4.08 (dd, J= 5.2, 11.6

To alstired idl)ltlorﬂoﬁBS (R’ R” -"HZ,%Y6= IHZ Z =3 (}]H,, 3 g, ]71499( dﬂhol)]1n=HfD (60

nd, 1 =
mL) its q.cbdeczl1 By, th%(ngR) grogw;se Ztt r_&om 1emper@j2(p e";]&q]BWSng?[legrempltates

Wthe'Sstﬁ?mé %S rodot teﬁlp?{)alﬁﬁe. %hf?lgl e@%gtgteé )%léeﬁeggfg%gtgg %2 Q{I&?(m a@id Jvyashed
i S50 21 G522 B 8 B QSO
4.04 E/d4J5: b]eri I1thﬁ4515q9@'=(12,Hle 'H) R623‘t M= 45 H% I1nH9t me%&ﬁ J=

150 ny, qui d anmoni a
4 andhl4 Iz,slHé,ai%(Chtf lﬂddzdrﬂ)a6 eble,c&@Q@ i&). 15 h. The
seal ed bottle is cool ed and opened at -78C and 5 niL
of MeOH is added. The mixture is warnmed to room
tenperature, and the product precipitated is

ed (135 rTg) 1H NMR (DMBO-d6) S 3.86 (t, J =
EXA}@emﬁéb 4.07 (dd, J = 5.2, 116Hz 1H) 4.53

L1 4.74 (dd, J and
3,5 -&@clg_—‘bgr((mf’lalym_o-i-gﬂ-@ Hbofufapgsyl)qu-Grlegolo[f}%b]pgr@gp -d)ne

= 8_Hz H, D20 exchangeable), 5.66 (d, J = 4.8
(72’%2, lRH}_"éB “exchangeable), 6.16 (s, 1 H), 6.98 (s, 2

H D2 h I MPLE 5 25 ) .
A mighye oR TS HIS TR ) 04SP ANOD AP aF cryemine 17 L o bpisd at
110°g6%| g‘tsg?g@gt?&tiﬁf(?’z?@%“ e meeﬁs 1§ 7(:301er and hedBERYMinine is

removedpropacupderdde BeBueds tmtlsamednmﬂ) Et@ﬂah 3vhep17le.f{Rg— n-C3Hy)

preaéitétgs % e‘J( W?t%n%%h IiIAIé]\/% (ﬁ@%@ 9%51?[30 (589 (a,n I= 7 2 dHﬁég’ H),

1.57 (cid 97 § aﬁé 1mmiﬁ 1), t301|2U(I%1Q W3 gy, v s MﬂtzeﬂHf)Ozf OQEJH J=
- 100C. After co 0 room t enper at ufe,

5.2, ha Htl,u]r}é) A§3dbdcfeﬁ1}hat &, 4.7 &wﬁ 4 a4 He, ¥ B3iddioe(d, 85 13.2

Hz, 1 H), 5.11 (s, 1H), 5.33 (d, /= 7.2 Hz, 1 H, D,0 exchangeable), 5.67 (d, J= 4.8 Hz,

1 H, D,0O exchangeable), 6.17 (s, 1 H), 7.56 (s, 1 H, DO exchangeable).

EXAMPLE 51.

3,5°-Cyclo-7-methylamino-4-(3-D-ribofuranosyl)-vic-triazolo[4,5-b]pyridin-5-one (72, R =
H, R’ = Me). A mixture of 71 (X = Br, 150 mg, 0.456 mmol) and 33% MeNH, in EtOH (15
mL) is heated at 110°C in a sealed bottle for 16 h. The mixture is concentrated in vacuo, and the
residue is triturated with EtOH. The precipitated product is collected by suction (35 mg). 'H
NMR (DMSO-dg) 6 2.77 (d,J=4.4Hz, 3 H), 3.87 (t, J= 4.8 Hz, 1 H), 4.07 (dd, J=5.2, 12 Hz,
1H), 4.54 (t, J=4.4 Hz, 1 H), 4.75 (dd, J= 3.6 and 13.6 Hz, 1 H), 4.96 (d, /= 13.6 Hz, 1 H),
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WD 2004/ 013300 PCT/ US2003/ 024324 is mxed with EtOAc.
I nsoluble materials are filtered through a Celite pad,
WO h@4pidzprate is washed with water, brine, drP@rus2003/024324
(MgS™), and concentrated i n vacuo. The resi due is
urified on a flash silica gel col el uat e;
>:05 @t EAe:>-Heldarles)y b H2gh Yo D2 Pghanzeadly. &bﬁdﬂf) é§ Hzﬁpéi 20
excha)i@able)V6381(d, d H)07.5636, 104, IB0%kchanbda6R). Was crystal |i zed
fromEtOH in 5 hexanes. 1H NVR DMSO-d6) S 7 64 (1H, s,
6-1m, 7.11 (1H, br s, 6-Im), 6.92 (1H, br s,
6-Im), 6.37 (1H, s, H-1'), 5.23 (1H, d, H5'a, J= 14
EXA.p@Ir’EA' 92-4.81 (3H, in, H2', H3, and H'), 4.66
; %?d H5 b, J= 4.4, J= 14 Hz), 1.47 (3H, s, CH3),
1.26 (3H, s, CH3). EXAMPLE 57 10
3 5’-9yﬂb—7€i;thylmﬁin()-z (B-Drildprapyy)-oicrtriazatopt,fibharidiareyd )(72,
(G)R o8azapur|ne20ne (74, R=H). Triethylam ne
R= Iﬂ 3 2.48 mmol) is added to a m xture of 73 (152
ng, 0.5 mml), DVAP (150 ng, 1.23 nmmol), and
A mighirg 96 Fil o FoBn 280 asgl 9.65y mmadl) end J&% BRSHnip HIOA35 mL) is

LKAl CN 0 . i xt [ ti d
heatcf (R DTS R et Btie B, . TS i iodeBesBbdl e
and tB® fbsMrié @tritdfhtdtlwvith FRGHM RieUkBitd freSipithtes dref @lleétbd bia 8fiction

12 and the sol vent f S concentrated in vacuo

to gl‘fee@ tRie HsRparkt p&endy %WE&(PM$@T%&5 L4116 EoHumd- 4 HZ 3 H),

20 1B O RINED el A SR T 4

Hz, m)(m 7541@9 Je=U4hedts 3 feus, hem), awe (dl ¢ at1i3Hz, 2005 B 198 5.33

5 i bof uranosy( ) - 6-am no- 8-azapur i ne-

d,J E-Baé{m;ldHoquS@deegqabﬂae) Roe (dR] =4.8/HzA 1481140 exchengephle),
1 9 E. 1, 10 nL s heated
618§3t ?8{32{??2?’{ § %:yﬁlzgjl %:Igo H Xfﬁj%%%}me)tenper atZJrle. The

solvent is evaporate and coevaporated with 25 EtCH

several tinmes. The solid residue is crystallized from

Et OH and H20 to give (92 ng, 89% of 75. 1H NVWR of the
EXAMEIBA3i somer (DMSO-d6 + D20) 6 5.99 (1H, s, H1'),

5.09 (1H, d, H5'a, J= 13.6 Hz), 4.90 (1H, dd, H5' b, J=
3,5°-Cgcl6-7- @hﬁmxy&hylamlﬁi) 4- Q.IHD -tibofuradosyl)dvie-triazbldd)5-b]-

4.14-4. 2H H3"); 1H NWR of the m nor
Pyrl‘ilgtﬁn%‘?e(gb%sd*dg’:@i H0H).o7 (1H, s, H1'), 4.98

(1H, d, H5'a, J= 14.0 Hz), 4.87 (1H, dd, 96 WD
A mix004 b6 783B0- BET1 1052808466 4804l) and ethanolamine (7 mL) is heated at

100-110°C in a sealed bottle for 16 h. The mixture is concentrated in vacuo, and the
residue is triturated with EtOH to crystallize the product, which is collected by suction to
give 58 mg of 72 (R = H, R’ = CH,CH,0H). '"H NMR (DMSO-dg) § 3.23 (brs, 2 H),
3.56 (dd, J = 6.4, 12 Hz, 2H), 3.87 (t, /= 4.8 Hz, 1 H), 4.07 (dd, J = 5.2, 12 Hz, 1H),
454 (t, J=4 Hz, 1 H), 475 (d, J=4 and 14 Hz, 1 H), 4.79 (t, J= 6 Hz, 1 H, D,0
exchangeable), 4.97 (d, J = 14 Hz, 1 H), 5.17 (s, 1H), 5.34 (d, J = 7.6 Hz, 1 H, D,0
exchangeable), 5.68 (d, /= 4.4 Hz, 1 H, D,0 exchangeable), 6.18 (s, 1 H), 7.32 (t, J=6
Hz, 1 H, D,0 exchangeable).

EXAMPLE 54
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H5'b, J = 14.0, J = 3.6 Hz), 4.56 (1H, t, H4', J =
4.4 Hz), 4.14-4.06 (2H, in, H2'" and H3'). EXAWLE
WG 2008/013300 PCT/US2003/024324
9,5 -Cycl 0- 3- (2 3- Ot hi ocarbonyl - p- D-ri bof ur anosyl ) - 8-
azaxant hin SB‘S A m xture of
7-Butylgmino,3,55¢ Qei(BEDmltsxfﬂmmnmin)trBtzalp&k&Mwrlrhn(&@le (72,

R = ﬁ’gﬁ nglo mml) and NN-t hi ocar bonyl di i m dazol e (800
Ga in DVF (10 i) is heated for 2 h at

80C. The mxture Is cooled to roomtenperature, the

A miggre ehfl (6 =Rmbyme 4496 aunol) anhbutylineE mlp1s heated at 100-

110°@ 3 b S B @rek | BBITEL i G Lok RiIRa SR AR SR g is

trltur&ﬁd asitta MO H OWpﬁé'd:lpmﬂtd g2 S(Rl 1=CH RFH\NﬁzPK)DWQIﬂﬁ+MEMeﬁ by
80(3} ( 1H,,. s, 1241 %% ))

suctiep g3 gh HIIHMR (PYSO-dgyp €l|f§8 (5 J ﬂ7721H%’1?HH)4 i 33%@5 3y, 1.53

(m. 2B T 2%?é§74gofxy4 Fz. bHD, 408 Sh i B By 150 4536 7

= 3.6Mg Nt H), 474 @3)J adthng, 19' Hz, 1 H), 4.96 (d, J=13.6 Hz, 1 H), 5.10 (s, 1H),
Derythr ent of ur anosyl ) - 8- azaxant

cycl o- 3-( 3- deoxi/I l(H:%
5.34 {dnd (“‘821)(3 Heeldt HR) eps'éha@g@@ze)( 397 {d,i £ adeediz.ol 41, D20
f 7
exchy eéﬁ(ute)?lgr%gt(ﬁélzlg)l( ?ysﬁ)(g??’alnjﬂeﬁ%ﬁc?gy%%?ge%%é mol ) i n

di oxane (15 nL) slowy at 80C and the mxture is

refluxed for 2 h. The m xture is concentrated in

vacuo, and the residue is 20 purified on a silica gel
EXAYRLESS (el uate: 10 % MeOH in CH2C12) to give a 1:1

m xture (293 ng, 77% of 83 and 84, which are

7-AnBfb13, AL dy¥1eSLPRDSBFruin 8§ PERL-8 a1 [U SR gGtidin-5-one (72, R =
chr onat ograp% 1lH- Nl\/Rn %Bt he If':ltte[lF1 co]%'golulnnd (Ogﬁ/éo dg

=H)D20) S 5.99 (1H, s, 1'), 5.15 (1H, in, H4'),
4.84 (1H, d, H5'a, J—14Hz) 4.74 (1H, dd, H5'b, J=

A mlﬁuﬁe 61271 (JX :Brlf'rS(HZlg,, 0. 45(33n1(01)‘hndj11 il Emmoﬂla 15 |%)(Aheated at
In, MPLE

0°Cezn a %aleé bAll?ﬂ%felf b b Téleseﬁlpé g%l@py pM%@tl@(@mﬁ@gt n8°C and 5
mL (‘f%e M5 gﬂ%cb T@e ﬁn@gﬁg % 3 arﬁfed2t8 'ré%mQéﬁl %B{u?ep )élklh qﬁ@ﬁroduct

xant 0OSI ne
prempltatpxh angdlkehted; Gt nme). 348 MR qomsomgl § 3.86 anbiydsSusz, 1 H),
i s added DEAD 97 WO 2004/ 013300
4.07 RS/ ERB0H-6 Bwaid 4D 0 e H 130, (el o 31k ok,
4.96 {E"PENZIIE; 1 895 18%, T ¥738 1Sy 244 8 TED 13Y, HIS Pxchangeayle),
566 (d, J = 4.8 Hz, 1 H, D;0 exchangeable), 6.16 (s, 1 H), 6.98 (s, 2 H, DO

exchangeable).

EXAMPLE 56
9,5’-Cyclo-3-(2,3-O-isopropylidine-B-D-ribofuranosyl)-6-imidazolyl-8-azapurine-2-
one (73, X = imidazolyl).

A mixture of 14 (Y = OH, Z =N, R’, R” = isopropylidene, 565 mg, 1.84 mmol), PPh;
(1.16 g, 4.42 mmol), imidazol (0.44 g, 6.51 mmol), diisopropylethylamine (1.6 ml, 9.2
mmol), and iodine (1 g, 3.81 mmol) in toluene (15 mL) is heated for 2 h at 95-100°C.

After cooling to room temperature, the mixture is concentrated in vacuo, and the residue
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tenperature for 30 mn, concentrated, and purified by
silica gel colum chromatography (CHC13: MeOH = 10:1

W@ 2004/01330@i ve conpound 91 (200 ngy, 76% as s WACT/8S2003/024324
solid. 1H NWR (DMSO d6) S 11.23 (s 1H) 7 86 (s

is mi%g%wﬁ%ﬁ%ggé%s ins%)m})’le %a"?e%jl s_anga g)erei ghrgug]& Ce]4te451d ‘gle ﬁltrate is
washbdl vs’iﬂll:')w@teg B‘I‘?r)ez dded Ql\/ﬁg@@) ) ]a{ﬂd cl)n%en%raged zn]v%cgo Hz"fhe rhsidde is

punfgyd ;! Anﬂgsljﬁ@hmg@lh@lume (é@lﬁte Y: 3:EﬂBl)\c hékaﬁes)‘pt@ugﬂde% X =

lmld?(rﬁgyl) Cgt_la Piﬁg Helg%v Sglbcga] %eﬁ,la/s)u%viue szci:rir;]ﬁ‘tellll\|z<|e_c|f:I from EtOH in

h aﬁ@n](IrP—NMH muso:a A
e Meo@ngsmfv%@%ﬁfww

6-ImaeG 861 ey ébl én%ﬂ%h(lfédd arJ =Hidgiz)y 4008 | G mgt-2°, H-3,

| |
ond I X 40 U . YE SR 0y T8 1 1Y (AT R g A0S e
1H), 6.20 (s, 1H), 4.59- 4 56 (m 4H), 4.22 15 (dd, 1
H J =40, 5.6 H), 3.912 (d, 1 H J =6.0 H), 3.73
(dd, 1 H J =3.2, 14.8 Hz); FAB HRMS esti mated
EXAMIY.ID5773, observed 265.0580 (MH) for CLOHIN4OS5.
EXAMPLE 63

Py L di ne- b D1l bof
058,05 ke AT DRSO fh Tl
(74, Rivol). i s added to a mixture of

9,5 -cyclo-3-(2,3-0Cisopropylidine-R D

Trlet]ﬁylhlﬁfn&r(aBGSML,)E 38 azm¥Bnt hida t61a4m1qure c@*ks 652 s, (i§¥mnol)
% nmol ) and K2C03 (172 ng,

DMA:E 1501me hekmypeD; @dstrumpé@%benzwmlf@ybehlandc é3'f3omg20 23

mmof)qn dien EltOemgP%V@’@ Tfe | ﬁﬁ}é 8{113%3/ Eb% ggﬁﬁ% IS h,

partltlone et wee

and tbfﬂg‘awtcﬂ wﬂhsen NFLDH fezO mlf)r ’I&N@ﬁlﬁ()m)re er&\daflbﬂ fatiee 12 h and
| S uriti 111C col umm

the sl i Al Bkt The Spiche Mypuriicd T5en fighh Biamechgolumn

(eluatehBtOA:h&>@nELTRPUN %@3743(13\@ 2 gﬁgﬂg ad a ﬁﬂ '\sﬁgelwc&ﬁdg ich is

crystal lized fromEt OAc in heX
used dirgdly in fhe next stppwithow fasher purifidgtions’ a, J= 14 Hz), 4 92
(2H, m H2', and H 3'), 4.74 (1H, d, H4, J=5.6
Hz), 4.67 (1H, dd, H5b, J= 14, J= 4 Hz), 3. 41 (3H,
s, 30 NCH3), 1.58 (3H, s, CH3), 1.34 (3H, s, CH3).
EXARPIWRg2004/ 013300 PCT/ US2003/ 024324 EXAMPLE 64

9,5’-Cyclo-3-(B-D-ribofuranosyl)-6-amino-8-azapurine-2-one hydrochloride (75,R=
R’ =H).

A solution of 74 (120 mg, 0.39 mmol) in THF:1N HCI (1:1, 10 mL) is heated at 90°C for
1 h and cooled to room temperature. The solvent is evaporate and coevaporated with
EtOH several times. The solid residue is crystallized from EtOH and H,O to give (92
mg, 89%) of 75. 'H-NMR of the major isomer (DMSO-ds + D,0) 8 5.99 (1H, s, H-1"),
5.09 (1H, d, H5’a, J = 13.6 Hz), 4.90 (1H, dd, H5’b, J = 13.6, J = 4.4 Hz), 4.61 (1H, t,
H-4’, J = 4.4 Hz), 4.14-4.06 (2H, m, H-2’ and H-3’); 'H-NMR of the minor isomer
(DMSO-ds + D;0) 8 5.97 (1H, s, H-1°), 4.98 (1H, d, H5’a, J = 14.0 Hz), 4.87 (1H, dd,
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9,5 -Cyclo-I-nmethyl-3-(P-Dribofuranosyl)-8-azaxanthin
e (77, R=CH3). A solution of
W@ 2®4/0¢3800 0- | - et hyl - 3- (2, 3- O-i sopr opyl i di ne- ppCFUB0$/R4324
ranosyl) 8- 5 azaxanthine (76, 99 ny, 0.31 nmol) in
F: INHC1(1:1, 10 nL) is heated at 90C for 3 h. The
H5’ bsdl‘vb‘h@ 4 S 3¢ Hpb et HartdH Ao Feb 3lm, 4.54-496i @Ee th, B¥-22and
H3i/éash silica gel colum chronatography (eluate 12%
VEOH in CHC13) to give 9,5 -cyclo-I|-nethyl-3-((3-D
ri bofuranosyl)-8-azaxanthine (78 ng, 89% as a white
solid: 1HNWR (DMSO-d6) 6 6.03 (1H s, H1'), 5 77
(1H, d, 2'-OH, J= 4.8 Hz), 5.42 (1H, d, 3'-OH, J= 6.8
EXAMBIES5903 (1H, 10 br d, H5'a, J= 15.2 Hz), 4.81 (1H,
dd, H5b, J= 14, J= 4 Hz), 4.58 (1H, br dd, H4"),

9,5’-g@l@-ﬁ-%ﬂ-d—!ﬁiodﬂ'rgbnyﬁﬂﬂ-ﬁb&:u}an(%yﬁ-%-‘fizali'anﬁxiné\ks%_s) '

A misd SR oS BT Skl s pratinge L3 isoupe, Relromol

and ??ﬁﬁ?gﬂbgﬁlgﬂmcﬁgaﬁgregko@ kﬂ%, 498 riol) Lnﬁimb)lnms RHES for 2
h at §05C3 Theimighire p‘wqoélédwf@ r@@nwemptrefum almsyve)nt & mrawad irhvazuo,

end ol ey i, ¥ B0 088 Wi bt SOV B A Bt

EtOAd:GH,CI(,283) toygiva (240 It@ig) 76%) ?ﬂ 82 Qh? a%ygﬁggmé%id%&m
roomtitenperature 10r mn

OMYGED:0) 59 631 Hei SR Se a1 A P B2 M), 36 (I, m,

H-4° %@t}m f@m O At g-$Bf The solvent is evaporated and
the res)l due%lls partélst ‘oned between Et OAc and H2O. The

organi ¢ phase is dried (MgSO) and evaporated. The
residue is purified by a flash silica gel colum
chromat ography (eluate; 2% MeOH in CHC13) to give (560

EXAMPId0 as a white solid. 'H NVR (DVBO d6) 8 6. 47
(1H, s, H1'), 5.27 (1H, d, H5'a, J= 14 4 25 Hz),

9, 5’-Gyﬂd—34(2&%oﬁﬁlﬂrDldﬁytHﬂoﬁentofﬂranosygma 3@3)6 Tarldl 9,5-
g H5 b, J=14.4 , 1.47 ( H° s,
cyclogq@ e%Yj%chmth@PewyranEW@Eamthme (84).

1- Cyanonet hyl -9, 5" -cycl 0- 3- ((3-D-ri bof uranosyl ) - 8- azax
tert-Bavtylhpemexidey 30 IRL# ICHA@ to aXDINON 261087 Q4BBHLY, 1.52 mmol), and

T SN T

wefi
mixt T?-I Fyieﬁmgl%y For- B4. a?l?é(%th{egﬁ h‘{é’ggéélgg%gr‘g &Zu&”%%l éthle '?cisﬁdue is

purifigd, |opéhq1h¢asgé\p@bm(@uatpol(g[Vq/MeOH in CHxCly) to give a 1:1 mixture
(293 TagYPRRBE 38! ah 84, e phrialy SRS FIO5Yedied sitica gel
chromatography. 'H-NMR of the latter compound (DMSO-ds + D,0) § 5.99 (1H, s, H-
1°), 5.15 (1H, m, H-4), 4.84 (1H, d, H5’a, J = 14 Hz), 4.74 (1H, dd, H-5’b, J= 3.6 Hz, J
=14 Hz), 432 (1H, d, H-2’, J = 5.2 Hz), 2.18 (1H, m, H-3’a), 1.96 (1H, m, H-3’b).

EXAMPLE 61
§5’,3-Anhydro-2’,3’-0-isopropylidene-xanthosine (91, Y = OH).

To a mixture of 2°,3’-O-isopropylidene xanthosine 90 (Y = OH, 280 mg, 0.86 mmol) and
triphenylphosphine (340 mg, 1,29 mmol) in anhydrous DMF (5 mL) is added DEAD
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azaxanthine (260 ng, 98% as a white solid which is
crystallized fromMOH 'H NVR 5 (DVSO d6+D20) S 6. 04
W@ 2d4/08330+ 1' ), 5.04 (1H, d, H5 a, J= 13.6 HzPCT/US2003/024324
4.91481(2H m H5b, and H4'), 4.62 (1H m H3
or H2), (IH m H3 or H2'), 4.20-4.06 (2H
(0. 21anN_1 éﬂz@p@ol) mm:gtgogm tegiperature, and the mixture is stirred at room

temp%ra&éa‘%?t:’»\dlmﬁl % eﬁlgrlbtgﬁ} %ﬁ’}ﬁﬁ?ﬁ‘ le%fbgr sh g%?[:éi[%%néﬁmaﬁ?graphy

(CHCh: M@IHH% 200 vm) td g1v3|db¥ﬂp)bu@cﬁ9!3q2©ﬂ)ﬁig, 76MRSB4s whitd sblid. 'H
and the mxture is st at

NI BRSPS Sel 15 5 B0 6. TR, 10, Addls HR A, 1H, I
= 6.qTpo BTE (46 1EPICERK] B 51 D G TL S PHOESRR Ul 111, 7=28

14.8 Wy, U (3 1), 1e23a9) 3H). ess foam which is dissolved in
15 dry pyridine (100 nL) and cooled to OC. Benzoyl
chloride (50 nmL, 399.6 mmol) is added drop-w se and
the mxture is stirred at roomtenperature for 12 h.

added and the m xture was stirred for |h.
Emm%%fvent is evaporated and co-evaporated wth

toluene (200 m., 2 tinmes) and the residue is
5’3éahfdﬂ0rml!0&3@!(ﬂé’eﬂff0¢ﬁc and H2O. The organi ¢ phase
is washed with saturated NaHCO3, H2O, brine, and dried

Compoigid RO(WESOH, 200emg 0d 88 iimbl§ i€ vemed 3 s HOY (8 M) stirred at
residue is dried under vacuum overnight. The oi

roon ESIPAETE OTIP S0 GREIT AR P rare) with MefoH (SomL x 3), and

triturﬁ‘ﬂgax‘g{h;_*g%g%ﬁ' ?OWQZ EH@ J@ag(g#cggaﬂwﬁ% ggﬁ) ﬁe(a and ({r)wfl élnder
hlgh ivacuust {142 enig,a&z%)aorgwempemmw solfdoruea. ), 2381268y VIEGH);
are evapor ated in vacuo and then co- evapor ated with

H NMR (IRMeO-90é 1ed§ thadH). KU, iH) t6r20t(1§r Htl)ed 4.6 EnCH), 4.22

e 199 519, 53,49, 59070, 1T Bl 398 OIS 8405, an

HRMS-NM’&a(e@%SE))W& hsORed 235':05805(M foﬁZkﬂ{ngO536 (1H S,
1), 584 (1H dd, H2), 572 (1H d.
4.73.4.68 (2H m H4 and H-5a), 4.44 (1H m H- 5b) |
1.92 (3H s, Ac). EXXAVPLE 68 30

5-Tri - O benzoyl - p- L-ri bof uranosyl ) - 5- br onour aci
EXA?“ﬁL?El%% WD 2004/ 013300 PCT/ US2003/ 024324 A sol uti on

of 1-O acetyl-2,3,5-tri-0O benzoyl -(3-L-ribofuranose
9,5’-Cyclg-1ginethyk§- (ﬁﬁoO)lsqpropﬂldmmﬁ(Mlbﬂ_fyralmsﬂm-@euakmthme (76,
- gl)yl ated 5-bronouracil [generated from 5-bronouracil
(’; g, 14.3 mol) and HVDS (10 nL) and TMSCI (0.2

Mel Cr??) uI?yl 21%%15 Psgadfdggl tc% 2 n%txtlﬁg (o:f 9,5’-cyclo-3-(2,3-O-isopropylidine--D-
ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 152 mg, 0.5 mmol) and K,CO; (172
mg, 1.25 mmol) in DMF (5 mL). The mixture is stirred at room temperature for 20 h,
then the solvent is removed in vacuo. The residue is partitioned between EtOAc and
H,O and the organic phase is dried over (MgSO4) and evaporated. The residue is
purified on a silica gel column (eluate; EtOAc:hexanes 2:1) to give (150 mg, 93%) of the
title compound as a white solid which was crystallized from EtOAc in hexanes: 'H-NMR
(CDCls) 6 6.68 (1H, s, H-17), 5.05 (1H, d, H5’a, J = 14 Hz), 4.92 (2H, m, H-2’, and H-
3°), 4.74 (14, d, H-4’, J = 5.6 Hz), 4.67 (1H, dd, H-5’b, J = 14, J= 4 Hz), 3.41 (3H, s,
N-CHs), 1.58 (3H, s, CHz3), 1.34 (3H, s, CHy).
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foll owed by evaporation of the solvents] and the
m xture is cooled to 0OC. 1 MSnC4 5 (13.6 nL) is
W@odwed13r®p- Wi se and the m xture is stirred foPCRUR2083/024324

roomtenperature. The mxture is diluted with CHC13

(100 mL) and quenched with cold saturated NaHCO3. The

mxture is filtered over a Celite pad and the organic

hase separated, dried (MySO4) and evaporated to give
EXAMRUF 64 solid. The solid is washed with cold Et OAc and

crystallized fromEtOAc in hexanes to give (2.85 g,

9,5-C 9 - 1 06
Rt I i N

A &l@ﬁ(}n 6. o5 gslfl_c'ygl[o 1 ﬁ_eé-xyl 3%2' 320{@%0@111 17nezﬁl gzr Q]@qangﬁyl) 8-

azaxdrithihe (76|,-|9§ n@a OB1dnmol) )in THXAMWPHIE] 62110 mL) is heated at 90°C for 3
npur i di

h. Th QFSH‘*SLST‘?W‘P@?‘E?&n%_‘@y‘Ihﬁ (rexiquer xsunmﬁedrh:smaslssﬂrca@u caelumn

Chmﬂlétoé]églg}a (élr%&r%}et OXI de 4 4%%?& u |g(13‘ﬁ3 %%QF ( Te § ? gl}'D'
rlboﬁﬁ@osybrﬁiazdxenﬂnmt(ms g, 89%) ay 4 wilité solid 'H-NWR @MBO- d(,) 8 6.03

o BT Sdkf & o2 i STl d Sront ekt 6880 03 (1n

br d, p&rd, i ds o I al £iat
Et OAc: acet onzz %thgpﬁ &PlH :g% 2 HQ? Hﬁ?’v‘gss (levl{'f l%r dd, H-4%),
4.10 @b, imy H-2’ zn@H7’9%20(3bhlscN®ﬁs) cryst al I i zed from Et OH,
1H NVR (DVSO-d6) 11.82 (1H, s, NH), 8.48 (1H, s,
H6), 5.72 (1H, d, H1', J= 4.4 Hz), 5.44 (1H d,
2'-0H, J=5.2 Hz), 5.29 (1H, t, J= 4.8 Hz), 5.10 (1
3'-OH, J =5.2 H), 4.04 (1 H g, H2, J=4.0,
EXMIAP:L%SS Hz), 4.02 (1H q, H3', J= 4.0, J= 4.8 Hz),
1-Cysn@Bethg,5hcy to-3- ()z 3-6—1§®r6ﬂﬁldlﬁé pED Fikofurahoesyl)81H, m

azaxaf%("é'e%gl? ggﬁ |d| ne- (3-L-ri bof uranosyl ) - 5- br onour i
dine (17, L-form. A 2 Msolution of HO in Et20 (2
NaH gispersign gt deitieraboik (s pelndi mmod is ddsdunarsolitiogiof®, 5 tyclo-3-

i s S A AL SEE
1.63 DYy ﬁlEMEDMTWSZum%ﬁﬂaQ@ Afbesting lf&el(b $nin at 0°C, LiBr

neutralized wwth 1M NH4 and t he sol vent
(283 BEapaPRlbd added aaddhe Terpensions s etitred pfurqom @mpemture for 15

i SRS 25 AT R3S & (ARG 0 o EREIRALE IS
65°C." Hh&MRv¢IDIUSEFapp6)ated] dhll. tHBrefiliok iSpartitioned between EtOAc and H,0.
The organic phase is dried (MgSOy) and evaporated. The residue is purified by a flash
silica gel column chromatography (eluate; 2% MeOH in CHCL) to give (560 mg 99%)
as a white solid. "H-NMR (DMSO-dg) 8 6.47 (1H, s, H-17), 5.27 (1H, d, H5’a, J = 14 4
Hz), 5.01-4.87 (5H, m, H-2’, H-3’, and N-CH,CN), 4.67 (1H, dd, H-5’b, J = 14.4, J =
4.0 Hz), 1.47 (3H, s, CH3), 1.25 (3H, s, CH3).

EXAMPLE 66
1-Cyanomethyl-9,5’-cyclo-3-(B-D-ribofuranosyl)-8-azaxanthine (77, R = CH,CN).
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NH), 6.34 (1H, s, H1'), 5.14 (1H, d, H5'a, J= 14 Hz),

4.87-4.84 (2H, in, H2', and H5 4"), 4.70 (1H, d,
wWoR®4/0133060 6. 0 Hz), 4 59 (1H, dd, H5' b, J= 4.BCT/US2003/024324

Hz), 1.46 (3H, s, 1.34 (3H, s, CH3). EXAMPLE 71

1-(5' - Azi do-5' deoxg 2 3- Olso(gropylldl ne- (3-L-ribofur
S%lh@%l}/l 9f SyBReREHYI-AD heydlar8:(2,310-iseprenydine-B-D-ribofuranosyl)-8-

BHEBRL I R BAOSe 57Tt 050 Bbed fr

The éo’dv&rt@sl a?pbﬂmﬂlgtfg gwe peyaﬂoniwf}umaﬁl : _a:wlon-_@% b}ﬁml Snﬂiyil) -8-
or 1 i n.pyridine
azaxwmed%ﬂf%r%s@ 2514 ‘ngj’fer%?ﬂldﬂh%‘r’g’g %@tﬂ%\%‘%@v MﬁéléL BANMR
t 2 faUg it
(DM%%gerDzé)rﬁe rg(act ?oﬁh?)s@qoﬁegi_ﬁ P1b§ L di P&%ﬁ 491081 (H,

15 a n of
m, HMéE}hr(dZ[—I-mL), 4.6Ph@ Hyinx tH+B & or H- Z:’D;nﬁbb&(ﬂﬁtm;ﬂ-li-aﬁ ov &R0, 4.26d.06

t sol vents are co-evaporated with tol uene
(2H’{113§{{:ﬁ3§%5} The residue is partitioned between EtOAc
and H2O. The organic phase is dried over (MgSO4) and
the solvent is evaporated. The residue is dried over

' nder reduced pressure to give a colorless
EXA%6#O a solution of the foany residue in DVF (10
m.) is added NaN3 (600 9.24 20 mmol ) and the

1-0-Apstyht-8,5- gi-Rhensoy-Bil- mbnf now20;thrdormy ol ubl e

material is filtered off and the filtrate is
To aavlafion af &dribexedl § R 666 niinel) rlﬁMcf.mH (280 pdrn)tis sloaheddded conc.

S Son).) 2B TGP ARda STTied A8UE) N AhErh & RS tige 1Y pyridine
(20 ri%]‘_'*_'?yzisfdd@gd QR4 IeShlikiGR i9 %bn&ﬁ{r%@ ih ShHR) ShidPhoMREH | 'r&fqbeated 2

to give (774 ng, 89% of the title conpou
timeseandghe msmhlle esdriddoender dduhinro EDVMBOl@®ss fobng hidHs dissolved in

o W8 50, o EEBl St S0k 9 i

addedHZl}o ~isk3andlftle rhlixtirt 4 stirred ﬁ]robﬁlﬂen@’erﬂure Hob'12 FaNTbe- H,O is
H 5 1.48 (3H, s, CH3), 1.27 (3H s, OH3). EXANPLE

added znqg)zz mpstg ouaseRtined GorpLty/ Tk swlsems A8 gpeporated and co-evaporated
with qlgezng)c((%g{) %In rfez( %T%?)%HEH%??RME 1§ibﬁﬁtl§t_1%% fééﬁg&&ﬁ@@é ¥id H,O0.
The brdahic- plaasdoisSwashed xyitl? satutxted NaHQO], | HiDebfite, Landi iédiover
Mg (i ot vt ?%'f?)uﬂfpbd' r}in?_l)dS st i Onef Updekagyum overnight.
The éii}ofe]s%ﬁg is 8R8olved in AcOH (80 mL) and acetic anhydride (6.6 mL) and the
mixture is cooled to 0°C. Conc. H,SO4 (1.8 mL) was added drop-wise. The mixture is
stirred at room temperature for 24 h. The solvents are evaporated in vacuo and then co-
evaporated with toluene. The residual syrup is triturated with EtOH and the solid is
recrystallized from MeOH to give (19.2 g, 57%) of the title compound as white crystals:
'HNMR (CDCls) § 8.02-7.24 (15H, m, BzH), 6.36 (1H, s, H-1), 5.84 (1H, dd, H-2), 5.72
(1H, d, H-3), 4.73-4.68 (2H, m, H-4 and H-5a), 4.44 (1H, m, H-5b), 1.92 (3H, s, Ac).

EXXAMPLE 68

1-(2,3,5-Tri-O-benzoyl-p-L-ribofuranosyl)-5-bromouracil.
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5 mxture is concentrated in vacuo, and the residue is
purified by a flash silica gel colum chronmatography
WO edowar 300 4% MeOH in CHCL3) to give (310 ng, 7BOF/USH03024324
white solid of the title conpound: 1H NVR (DVSO d6) 8
11.67 (1H, s, NH), 6.31 (1H s, H1"), 517 (1H d,
A solidBoma of J=Olakett-2,3,%trBB-bend8yl(BH; ritmfutdndse, (23 g, 4.¥nthmol) in

crschad ral) Siaghed to Stepadh S b@mauadl fepReratid g pabthourdeif £2.2
g 149 émo@’eﬁ!doHﬁff[ﬁ? 1b- rﬁLPQxfldJ fr@vmywz %ﬂgzwaéatuhg fer 0A %t 8Y¥°C

sol ution

follov@d By- ewapbwtian (OF 18> @1\}@@& raog yhe mlxtére(lsnpolerl 5@ 00 arfoly PyCls
0. 39
(5.6 5 B GBS P B R b Aot o, T

mixtufedisCHNAED Wit €HIN(108GHD) add) Quessied usith S61dwanirstle@NaHCOs.
co-evaporated with EtOH to | eave a white solid, which
The niixtues igdiltared ovey afqebliﬁ madamndithe gispaicphgsesparatedy drigd (MaSO4)

and etYlﬂftgl & QLB'\%%Q Sae)vﬁxg anYi’g ?gﬁ%ﬂ& rlﬁﬁygh%%[)% f#f0Ac and

crystaﬂxzkd)frorﬁ E_I'GA(: GiffhethneRto Sk (.85 4, 88943 hs a5l ((rjtslflalsdl -NMR

(©DCh) 3G L b5, N 5.067229 61 b Tyt s Ay & S g g,
1’ Jtﬁﬁﬁ/@t Esﬁ@g“g%%’é 5135% }Q7t (R, jm 6|ﬁz§ 4.9nd. sz(éHl m, H-4",

-O-'i'sopropyl i di ne-f
H-5"a; &hd 5°b@f ur anosyl ) - 6- mst hyI am no- 8- azaxanthine (74, R
= CH3). 25 Triethylamne (0.4 nL, 2.83 mml) is added
to a mxture of 9,5 -cycl o-3-(2, 3-0-
i sopropylidine-(3-Dribofuranosyl)-8-azaxant hi ne (14,
EXAY_ (%—9l Z =N 200 ng, 0.65 nmol), DVAP (200 ng, 1.64
and triisopropyl benzenesul fonyl chloride (400
1 32 mmol) in CH3CN (10 nL) at 0C, and the
5-Bﬁ0%t‘l!'rréil¥1§- stirred at roomtenperature for 12 h.
CH3NH2 (2 nL) is added and the m xture is stirred for
1-2,% mmrbeazdnyl Bphmb@ﬁirmmsyl)ﬁsbx@morumd\(é &, i472/mmed) isadispolved

o A T2, P a8 AL w0

d tHdhdi s's@}re@ffmt i"ﬁ at kddn@ téh‘%i@&tuféd B Rixtd@3s Wiitralized with
2004/ 013300 PCT/ US2003/ 024324 mi xture of

AcOIa andeh ypolymitris eveponatediy# vacuso; Trores)duetip @urified gnjassilica gel

B R e

which was crystallized from EtOH. 'H-NMR (DMSO-ds) 11 82 (1H, s, NH), 8.48 (1H,
s, H-6), 5.72 (1H, d, H-1’, J= 4.4 Hz), 5.44 (1H, 4, 2°-OH, J = 5.2 Hz), 5.29 (1H, t, J=
4.8 Hz), 5.10 (1H, d, 3°-OH, J = 5.2 Hz), 4.04 (1H, g, H-2’, J= 4.0, J = 4.8 Hz), 4.02
(1H, g, H-3’, J= 4.0, J= 4.8 Hz), 3.98 (1H, m, H-4"), 3.70 (1H, m, H-5’a), 3.57 (1H, m,
H-5b).

EXAMPLE 70
1-(2,3-0O-isopropylidine-p-L-ribofuranosyl)-5-bromouridine (17, L-form).

A 2 M solution of HCI in Et,0 (2 mL) is added to a suspension of L-5-bromouridine (1

g, 3.1 mmol) in acetone (20 mL) and the mixture is stirred at room temperature for 20 h.
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4.8 Hz), 6.34 (1H, s, H1'), 5.15 (1H d, H5'a, J=
14.0 Hz), 4.87-4.84 (2H, dd, H4', and H3', J = 4.4,
wQJd2604818B0Hz), 4.70 (1 H d, H2', J = 6.0 Hz), Par/5S2003024324
H, dd, H5'D, J:54.4, J=14.0 Hz), 2.90 (3H, d,
N-CH3, J= 4.8 Hz), 1.46 (3H, s, CH3), 1.24 (311, s,
The gxgyre is motebe wih ngN tl @dghe golvent is evaporated in vacuo The

residy rﬂ\%&{eﬁr %Eﬁosciﬁg%gei M*i ate ‘Vsl\/felé%f( né (Elle) glVe %e title
compduhd -aQaCdcﬂerliesé Zodin GOGHR] @pw dHIEMIB (mvrscbag)ua angsyiy, s,

t hyl am no- 8- azaxant hin nmol
NED, 3 (Wi B D, 5.5 6 O STl od TAT) 068 Heid GHhm, Bl and H-
Npy0h X § Ur rat Ny ¥aGug,_
) LRIV D [ 00T BB A I P g o
CHawi 884 (BHGHCHEhe solid residue is recrystallized from
EtOH and H2O to give (97 ng, 82% of the title
conmpound as a mi xture of (6-nethylamno:6 15
methylimno; 5 : 1), the ratio is determned fromthe

' tion ratio of the anoneric proton: 1H NWVR of
EXAWeLe%Z?or i somer (DVO-d6 + [20) 8 6.03 (1M s, H1'),
1H, d, H5'a, J=13. Hzﬁ-lr 86 (1H, dd, H-5b
1-(5° JA;zlgo ’ﬂgoxw},&ﬂ-qup)’opyzhme- 1bgﬂn1anksyll—5 bH-)lelrldme: (19,
Lfmg& 4Hz)415(1Ht, J = 4.8 Hz), 4.06
HdH—2 J =052 Hz)374 (31-1, s, N-CH3). 20

Methén@u f@w}l cgﬂ%ld(: 403 1ol 3S5ABweDiig iaﬁ@edztdremwiwqm aplytign pf (1-
2,3-8- &5?8@;{1?%%%&&@5@@”5 gfd’ﬁ?o%ﬁ a7é dig%ﬁ'tﬁ'g) §A0 mg, 2.31
mmoﬂn mmnémgf(l@n&) at QUT.oABe( ﬂ;rﬁn@-forZBh at 0°C, another 40 pL of MsCl
is ad@ecgg%j?'wl L 1%3 i r| 8]}%%}1%? g 8@%&% A hll?rglugric%éq by

additloH0b) McOH (lz rmL)somh@ mﬁﬂa&e ae RBasnkaRY! znodyc% I 9&1 {120Rsidual
1.32 mmol ) in CH3CN (10 nL) at OC, and

solvemfsyarg ce-avapasated math tpluang | ttr@fwh;e e uesidyeois pamthned between
mL ne. t stirred for
Ero A o 3P G, BT A0S Uy i
evaporateidd (Bhei wsifuy isfdried ®mr m@lt uhde rgéhiced Phdssie (t6givat @colBPffess
30 in 1)tog| 84% of the tit

foarmg i Ao A e Tevain DMFMRR IRy 0bme, 9.24
mmof ldﬂd tﬁ nl"xt%ra heate8 féeldth A, 1 s

) e ps il- fortha 5804 > 015 étés(g)hﬂ:ﬁ’e thatdzihl i¥iBGed off
and thmma@ﬁcesamataﬁw dryness. The residue is partitioned between CH,CL, and
HyO. The organic phase is dried (MgSOQ,), concentrated in vacuo, and the residue is
purified on a silica gel column (eluate: 4% MeOH in CH,Cl) to give (774 mg, 89%) of
the title compound as a colorless foam: '"H-NMR (DMSO-ds) 11.87 (1H, s, NH), 8.27
(1H, s, H-6), 5.82 (1H, s, H-1%), 5.11 (1H, br dd, H-2"), 4.75 (1H, dd, H-3", J=44, J=
6.0 Hz), 4.13 (1H, q, H-4"), 3.61 (2H, br d, H-5’a and H-5’b), 1.48 (3H, s, CHy), 1.27
(3H, s, CHs).

EXAMPLE 72
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4', and H3', J=5.2 Hz), 4.68 (1H, d, H2', J=5.6

Hz), 4.58 (1H dd, H5 b, J=4.0, J = 14.4 Hz), 3.71

W@ 3044/083300N- CH3) , 3.20 (3H, s, N-CH3), 1.46 (3HPCHUS2003/024324
CH3), 1.24 (3H s, CH3). 5 EXAMPLE 77

9, 51- Cycl 0-3- (P-D-ri bofuranosyl ) - 6-di met hyl am no- 8- aza

9, s’-ogerbtﬁ(m-d -%bprdpylidie-p-L-fbdjurakosyhl8+hzzomndiine (14, Y = OH,

cl0-3-(2,3-0isopropylidine-p-Dribofuranosyl) -
Z= NBLJPh@¥hyI anmi no- 8-azaxanthine (140 ng, 0.42 mol) in

THF: 1IN HO (1:1, 5 nL) is heated for 4 h at 10 90C
1-(5° -ZKlafeloni édewr}eZ,BsOﬂmpumyﬂldmedﬂLfanfaawyl)éﬁurmmldm (@0@mg,

129 sggefigiraisotiod neOMIL LAt ek D RFEDh 4TI o The
mlxtuf@ls cofiratel zﬁ Reeubl iﬂcf-‘thé Qé’gi’&iérlg pﬁﬁﬁ@d }UT hifRsP @N&ﬁ@ gel column
NVR ( DMSO- d6+D20 8

.05 (1 .96 (1
chronratogfarﬂaya(¢luate~4%4\deﬁﬂzp CHCI?HO(gm (3d|a mgﬂ@z/ca as 3 whitg ssphd of

the tifle Gopaoya Hﬁ-Nng (5@69)29 6'7“(§H %I\Tf}ﬁlﬁ%ﬂﬂ}f;ﬂ }ﬁgb 5.17

(1H,dl${csi%57=21k% 43952589%31{ 3, Hl-\2=Q=l33 ardl H4)(86R (8], dd, H-5"b, J

‘409’=514rQgH’,ZI)d-%(@iI Sr@ﬂs)sbﬁ%ﬁli $>§ithe- Q D-ri bof ur anosyl ) -

6-i sopropyl am no-8- azaxanthine (74, R = CH(CH3)2) 20
Triethylamne (0.4 nL, 2.83 mmpl) was added to a
m xture of 9,5 -cyclo-3-(2, 3-0-

EXAMEEEBpy! i di ne- (3-D-ri bof ur anosyl ) - 8- azaxant hi ne (200
’ 2o |
o2 e D P A e X O
at,. 0C. Xt ur
A solfion o -er deor @ aroRidire Lol Yfnablid 20
mg, 0.33PmB{oPPNI 3 0F HE (T4, 18181} Reehicd bt9ECVRS 251.1 The thiktafe is
further 3 h at roomtenperature. 25 The so] vent

was
concentraisd riatveduaarkhet iesidralsioleatsners qoopveperakpdpyity BPEkp leave 2

white Sfi{}ﬁ 398t f&/ggtéggpeéi ﬂcgr#lﬂbﬁ ﬁo%é@?ﬂ&% @ZW?% i e & SnfSound

as a Wﬁﬁ@@dﬂderas I—BNIMRt(HIMS(OfdsI -II‘MRpmmgOaiEl) Bo11.58 (1H, s, NH),

501 G DT Fiat 05l SO SuEE A, 4.0

6 Q’ A 3 Z
(1H, é"@fk‘%ﬁf&%@{g AJ?}@_%%HJ d }3.@ JNH,0 & )r485f7Q1H221§1 like t,

3 11H, H5' a =

H-2),301 44 87 (21,84, M2HandiH-4)- 4' , and H3', J =

Hz), 4.71 (1H d, H2', J = 6.0 Hz), 105
2004/ 013300 PCT/ US2003/ 024324

EXAMPLE 74

4.0, J =6.0

3

9,5’-Cyclo-3-(2,3-O-isopropylidine-p-D-ribofuranesyl)-6-methylamino-8-
azaxanthine (74, R = CH3).

Triethylamine (0.4 mL, 2.83 mmol) is added to a mixture of 9,5’-cyclo-3-(2,3-O-
isopropylidine-B-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmol), DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg,
1.32 mmol) in CH3CN (10 mL) at 0°C, and the mixture is stirred at room temperature for
12 h. CH3NH, (2 mL) is added and the mixture is stirred for further 2 h. The solvent is
removed in vacuo, and the residue is purified on a silica gel column (eluate;

EtOAc:hexanes 3:1) to give (181 mg, 91%, white solid) of the title compound as a

103



10

15

20

25

30

4.58 (1H, dd, H5'b, J= 4.0, J= 14.0 Hz), 3.38 (1H,
in, NNCHw2), 1.46 (3H, s, CH3), 1.24 (3H, s, CH3),
wa2e1/0(8b) s, N CHwe2), 1.19 (3H, s, N CHW?2).rEXOMINE024324
79 5 9,5 -Cycl o- 3- (2 3-O-i sopropylidine-f
-D-ribofuranosyl ) - 6-butyl am no-8-azaxanthine (74, R =
mixture Mk@)methylagnwl &ﬂmﬂe‘/l(rmnd, 20:1),2thg 3ratinois) determaniedie frotmo the

intefbfh Mkl 5% BF aBoed ety P HIENER Bys0-dp .83 e G /=

4.8 Hﬁ)—6 SH(1H, s; HN1)280Q5nWH, @, B5%°aorel (4.0 HM\H g’ﬂ@@éﬂ(ﬂH &dGI‘I 4,
}1 and trii sopr?)yl benzenesul f 0 ¥{ chl ori de
and Krg’, S 44, = phdil), 70CHECN 4, ~frE)6%1 Dd- S%Eﬂd{,tddeH 5 b, J=

R N L

for further 2 at room tenperature. The solvent is

evapor at ed and the residue is purified by a flash

silica gel colum (eluate; 2% MeCH in CHC13) to give
EXAMIAZ g, 95% white solid) of the title conpound as a

9.5Lxfel BB yitedimnel Bsmettamine S egRiine 75 ki LB R -

H). the anoneric proton: "H NVR (DVMSO- d6) 8 9.00 (1H, t,
6- NH J= 5.6 Hz), 633(1H s, H1'), 5.16 (1H, d,

A so,:{t adf 39] 5 ébclo J?’F@G? Q Wgropﬂl e(-é-?l-{‘[lgoialranﬂ_sé)-tﬁ r&er:]tg%lalauno 8-
azaxetﬂzhme ¢1.36Gng,10.41 nekebl) - BHB; 1V HEL @.:0,5 i) Ithdhtddzat, 908 4dr 4 h.

(2H, in, NBu), 1.59-1.52 (2H, in, NBU), 1.46 (3H s,
The rgagtion mjxtyre 1$ ggnqemqatefl il e andl ttg:urqsgjqe s dr@d,gyy several

o s A Hort e A AN i o
H,O ttdnlgne (@75ng,R82%m 0€4RO 1itIR compotfld af asmixtdire cof (6ﬁmethylam1no 6-
methy]'émm(j)t 5 ﬁ'g( réhg 21%0 dlg‘r;o Lot (iﬁlgl‘d?ei ges [’?-mrnlnrgggfllig g%)n)lerlc
proto!ﬁg H@Mﬁ dmié thajoR isbigter IMED-4 1 1320)1536 U@Xulliss st-inreds (11,

for 24 h at roomtenperature. The sol vent
d, Hee.afrot 06 &tr).oh8b (136 ddebl-Hbe/ +$. et 16 e 4.@leflib dd like t, H-

» +C a agugoys [ ed i

4. b T (38 LRV IR 4 GO e ena

(BH, sjNl@Hgonpound as a m xture of (6-butylam no: 6-
butylimno; 13.6:1), the ratio is determned fromthe
integration ratio of the anomeric 30 proton: 1H NWR
(DMSO- d6+D20) 6 6.00 (1H, s, H1'), 4.94 (1H, d,

EXAMBE®76J = 13.6 106

9,5’-Cyclo-3-(2,3-O-isopropylidine-p-D-ribofuranosyl)-6-dimethylamino-8-
azaxanthine (73, X = N(CHjs)y).

Triethylamine (0.4 mL, 2.83 mmol) is added to a mixture of 9,5’-cyclo-3-(2,3-O-
isopropylidine-p-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmol), DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg,
1.32 mmol) in CH3CN (10 mL) at 0°C, and the mixture is stirred at room temperature for
12 h. Me,NH (2 mL) is added, and the mixture is stirred for further 3 h. The solvent is
removed in vacuo, and the residue is purified on a silica gel column (eluate; 3% MeOH
in CHCL) to give (183 mg, 84%) of the title compound as a white solid. "H-NMR
(DMSO-dg) 8 6.37 (1H, s, H-1"), 5.18 (1H, d, H-5’a, J= 14.4 Hz), 4.86 (2H, dd like t, H-
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WD 2004/ 013300 PCT/ US2003/ 024324 Hz), 4.76 (1H, dd,
H5 b, J= 4.0, J=13.6 Hz), 4.54 (111, dd like t,
wWoRe04/013860 3. 6), 4.12 (1H, dd like t, H 3, J BCBUR2003/024324
Hz), 3.96 (1H, d, H2', J = 5.2 Hz), 3.40 (2H, in,
N-Bu), 1.59-1.52 (2H, in, NBu), 1.37-1.28 (211, in,
and\H&J)J Qilﬁﬁlzl& 368 (I,HMHJZ J= 5762125121}58 SLHEXGa/EI-Ebg g = 40,J
0-3 O.i py.
- 1053, 30400 3y s AR . 5. G 124 Gtk
). hydr oxyl am no- 8- azaxant hine (74, R = OTHP).
Triethylamne (0.4 nL, 2.83 mmol) is added to a
m xture of 9,5 -cyclo-3-(2, 3-0-
i sopropylidine-J3-D-ribofuranosyl)-8-azaxant hi ne (200
ng, 0.65 nmol), DVAP (200 ng, 10 1.64 mmol), and
EXAMPLE §dpr opyl benzenesul fonyl chloride (400 ng, 1.32
nmmol) in CH3CN (10 nmL) at OC, and the m xture is

9,5- lot3“-q;iDahb6ﬂﬁﬁh&@mﬂahwhgzlahﬁno-36aﬂaxaﬂhrm r(@sy®R o= R =
H pyran-2-yl -hydroxylam ne (1 g) is added, and the
CHs).mi xture is stirred for further 12 h. The soI vent is
renmoved in vacua, and the residue is purified by a

A solfdi@s bf 9,3’ Fg@lg®i(2,8 ab-isvpropybdinetPel-ritafivearsyl)rbH- d]lmlxs)lamm-

s araStien CRr0 Soreioh Erh ML STRO8 R RgtbLkF olf o
90°C. STB‘HT%(‘%VE % gandteﬁgﬁed hr{‘vacld@ aﬁ»d théReide 1s az-EHﬁ’))plcally dried with

, and H5' 62 (1H
EtOHi sreyer&l— dinps. fIhBOS(Qlld—Iremdun is ‘qupg)staltgze,qlgfr ry_EtQHq to gwp)(iol mg,

83%) @ﬁlg)e tgt?e,_l_coglgg]% a5 g wléﬁ%g wE" AR Dy sd- 48048} 65 (11,
s, H-19) . 9téhDym th 3 6?a gﬁiwqm?ﬁybl(mnadmwb j pefaut,afred¢l0) Hz)
6- nmet hoxyl am no- 8- azaxant hin ,
457 (1 G4 it Mabirid (000 110, 32 16Hnirb5 Vs 3adERh £.86 41HL & -2,
2
=5 2?@;%%9% 81%n%H3SD?Ir7?Eﬁ? &fgﬁ%lgyl ) - 8-azaxant hine (177

ng, 0.58 nmmol), DMVAP (200 ng, 25 1.64 mmol), and

triisopropyl benzenesul fonyl chloride (400 ngy, 1.32
nmmol) in CH3CN (10 nL) at OC. The mixture is stirred

EXABMIPLEGEm t enperature for 16 h, then treated with a
solution of mnethoxylam ne hydrochloride (I g) in dry

9,5 @Wlé QL(Q% Ojlg)ﬂijehyﬁ(ﬁﬂelﬂﬂb -1 ofli iR sy -6-isépropelinfing-8-
e solvent is evaporated and the
azaxammn@lﬁ@,l%—pﬁﬁl(@ﬂ@d) by a flash silica gel colum
(eluate; 2% MeOH in CHC13) to give (168 ng, 869 of
Triethgmine t(0et 3L, 8P aundl) agasaadded tte $o’nxtdlre 'ofONVRyclo-3-(2,3-0-

1sopr<()p[;|}/1%1%eEj (i -r1bo]f8ranosy(1) l8_|azaxanthll_Re (280 mg, E)JG%I mmbl) HI-)I\/EQIJQOO mg,
1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg, 1.32 mmol) in CH;CN
(10 mL) at 0°C. The mixture was stirred at room temperature for 12 h, then treated with
iso-propylamine (2 mL) and the mixture was stirred for further 3 h at room temperature.
The solvent was evaporated and the residue was purified by a flash silica gel column
(eluate; 2% MeOH in CHC) to give (162 mg, 72%, as a pale yellow solid) of the title
compound as a mixture of (6-iso-propylamino: 6-iso-propyimino; 9.1:1), the ratio was
determined from the integration ratio of the anomeric proton: 'H-.NMR (DMSO-ds) &
8.86 (1H, d, 6-NH, J = 8.0 Hz), 6.33 (1H, s, H-1°), 5.14 (1H, d, H-5’a, J = 14.0 Hz),
4.87-4.8q4 (2H, dd, H-4’, and H-3*, J= 4.0, J = 6.0 Hz), 4.71 (1H, d, H-2’, J= 6.0 Hz),
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WD 2004/ 013300 PCT/ US2003/ 024324 1'), 5.14 (1H, d,
H5'a, J = 14.4 Hz), 4.92-4.83 (3H, in, H2', H3', and
woidoon/ 0138065 (1H, dd, H5 b, J = 4.0, J = 14. 4p¢®)S2003/024324
3.78 (3H, s, NOCH3), 1.45 (3H, s, CH3), 1.24 (3H, s,
CH3). 5 EXAMPLE 83
4.58 @F5'ddCe¥ b, 3=(4.6--D=rltoilz)s 338y H) m6 Nrbitidsey) bt (1.8, &1s),

124 GBI AT L0 NERe. o fo R R Be Lor ur anosyl )

- 6- net hoxyl am no- 8-azaxanthine (74, R = OCH3, 80 nmg,
0.23 mol) in TFA H20 (2:1, 6 nmL) is stirred for 10
24 h at roomtenperature. The solvents are evaporated

EXAPI&V/HEporated with Et OH several tines and the residue
is partitioned between CHC13 and H2O. The aqueous

9,5 @Jr@é@ dzds% gﬁXMP?Bmel Wfﬁraﬁ{b? lf)k%ﬁt?ﬁinﬁﬂﬁ-ﬂ-&zaxanthme

puri f I ca col um uate’ 12%
(74, KH@:€)H)o gi ve (44 ng, 60% of the title conpound as a
white solid: 1HNVR (DMSO d6 + D20) 8 5.95 (1H, s,

Trlet}?’lémﬂne (4)49%1 1?‘;83dmn{?5) & addéd&éo @ iTH})tureAfoF ‘9 g JdS‘clodﬂ(Z 3-0-
1sopr@pylmws-narlhomramom) Saagtite (4 T8, Z 7 ) 20gme, 0.65

mmoﬁfw %L@%ﬁﬁ)’ and t'rug’dp%oﬂge‘nzghegﬁfcgn?ﬂbhl%ﬁde (400 mg,

1.32 Sinbl) iQ)CHENS (K()ZmE) & 0°50 pidDhy idtunes(stirded bt Mﬁm‘eﬁlmawré for
- 6- benzyl am no- 8- 20 az(gxanthl ne (74, R =
12 horpr-BuNfle ddi ) (9 addedy and tipsnyeriare 1s; gireed foy f%hea 2 h at room

tempéFathld!’ ?h?g(()jll%ne-lf %ﬁ_&@o‘?atgd ?r?dr ﬁleores1fh§1e is purified byha ﬂash( s]} Ztca gel

I sopr opy anosy azaxant’hi ne

columt {eli@ite; Z/6=-MNDERBOCHs) 0o Gve (awmg, mpwbﬁ@@olm@ of1th6 4itle
com mmé ?1é_|_a %ggpﬂ%% Ip# (c'qo ﬁ Q%wlé%e %r%ﬁ@ul rl%é ﬁh grr%t?fgls(de%gmined

from rﬂwhwgﬁaﬂoﬁ réfié bf 8@ aabmw@mot&frrbﬁmmw ONS0-43 550 lH t, 6-
BnNH2 (2 nL) is added, the m xture is stirred

NH, 4 gdtthBe), 831 Hrsat <o), ééﬁt(lﬁsd Heénpved 144 Heacthi88- 4a$|4d2H dd,

e BRSSO T oty ey S 69, 85 B M

J= 4\01 Ut-e14.01Hz)) 3.01 (2Bemt NtBLQ ceanos:m@}am 6N-Bti),><]; 46 @I0fs, CHs),

I , t t
L7 L 0 TR 6B SRl & S b
proton: (DMSO d6+D20) 8 7.366-7.26 (5H, in, Bn), 30
6.33 (1H, s, H1'), 5.13 (1H, d, H5a, J= 14.4 Hz),
4.87 (2H, in, H3, and H4'), 4.71 108
EXAMPLE 80

9,5’-Cyclo-3-(B-D-ribofuranosyl)-6-butylamino-8-azaxanthine (75, R = n-C4Hy, R’ =
H).

A solution of 9,5’-cyclo-3-(2,3-O-isopropylidine-p-D-ribofuranosyl)-6-butylamino-8-
azaxanthine (74, R = n-C4Hy. 150 mg, 0.41 mmol) in THF:1N HCI (1:1, 10 mL) is stirred
for 24 h at room temperature. The solvent is evaporated and the residue is partitioned
between CHClz and H,O. The aqueous phase is evaporated in vacuo to leave (96 mg,
85%, as a white powder) of the title compound as a mixture of (6-butylamino: 6-
butylimino; 13.6:1), the ratio is determined from the integration ratio of the anomeric
proton: "H-NMR (DMSO-ds+D,0) § 6.00 (1H, s, H-1"), 4.94 (1H, d, H-5’a, J = 13.6
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WD 2004/ 013300 PCT/ US2003/ 024324 (1H, d, H2', J=5.6
Hz), 4.65-4.59 (4H, in, H5 b, and CH2Ph), 1.47 (3H,
W@ 200@0i83300 1. 25 (3H, s, CH3). EXAMPLE 85 5 PCT/US2003/024324
9,5 -Cycl0-3-((3-D-ribofuranosyl ) - 6- benzyl am no- 8- azax
anthine (75, R= CH2Ph, R =H). A solution of
Hz), 49765135 Yid] H-3b( .25 %@szﬁdﬂ)@l #4848 eH( 3d Dke t,ddHUrBRBHY] §.12

(16, G RTRHEL 1L T 556354 QHhehTed 7 S Fh %@@?ﬁimeﬁ Bu),

1.59- 1@} O] 6 N B%Z,OL £l1b9 Sm’ The:qgltageo 9bh 18, @RABL e 59!y8n

vapodrated in vacuo residue’ls partitio ed
betvveen CHC13 and H2O. The aqueous phase i s evaporated
in vacuo and the residue is purified by a flash
silica gel colum (eluate: 10 % MeOH in CHC13) to
EXAMPLE 81746 ny, 85% of the title conpound as a white
solid. EXAMPLE 86 15

9,5'-C3cReB(2, Bm-ymtr lidind - D®ibofirangsyD-6-3eRaREI oL HEPS Tim-2 91
-trity -R-D ri ofuranos&ll)uraml (133).

hydrwhwne@mxnythlnhﬂdvlld@ P).g, 60 mol) is added
dropwi se to a nechani cal | y stirred solution of 132
TriethiyBihige (64 mmlz.83mﬂmEBUS(ddaleg t068 Immhr)e d>ﬁ19;$f-ycy¢]>h43 -(2,3-0-

isopraiing GrReBueossD Camsantiing @Thume: 65 Geah AR 200 me.
1.64 rxﬁ%go and B 1;&55; %tﬁé&&fesﬁﬁorg%mome r@@b H@r\r@@r}nﬁﬂml EION

and wat he organic
(10 mllay\teﬁ°€ mebamxmm isvetighe dt momhtmmemtul(ezfox 16 ®0 OpT4trahydro-

dri d|u ul f con entr
28yt Y Bty U | e bl e SOREERY ShEdF Gptgs 12
The s@m@lnt i§ FerReWRIdaE hadhs dndiRIreddd Isipusifige by @qiasmmg lgelgcolunm
yl ene chloride as the eluent, to give

(eluat@ 9¥%M9®H1@3€H§lséw apye (343 mes O (of ﬂm fide pema@unsﬁs@da wlinte

s SR (51800 O My FS S CRIETS Ty

and TH| ”-5HBR; 4. %-4 84 1BHSH;, HR’, H; B3and HSNYRE6MTEndH)4’ B 378(B(6H

m, TH), 33887 3 TH%Q,BIZH,(_&}H &@’Q)( Aggrl%gﬂ%; %Léﬁi,,(lq%é%,g, CH),

1.23(3 Qd@) 4.81 (m 2H H 2',3), 4.70 (s, 2H PhCH2),
1H, H4'), 3.39 (d, 2H H5,5"), 1.58, 1.35
(2s 3H each, iPr). 109 WO 2004/ 013300
PCT/ US2003/ 024324

EXAMPLE 82

9,5°-Cyclo-3-(2,3-O-isopropylidine-p-D-ribofuranosyl)-6-methoxylamino-8-
azaxanthine (74, R = OCHj).

Triethylamine (0.4 mL, 2.83 mmol) is added to a mixture of 9,5’-cyclo-3-(2,3-O-
isopropylidine-B-D-ribofuranosyl)-8-azaxanthine (177 mg, 0.58 mmol), DMAP (200 mg,
1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg, 1.32 mmol) in CH3CN
(10 mL) at 0°C. The mixture is stirred at room temperature for 16 h, then treated with a
solution of methoxylamine hydrochloride (1g) in dry pyridine (10 mL) and the mixture is
stirred for further 12 h. The solvent is evaporated and the residue is purified by a flash
silica gel column (eluate; 2% MeOH in CHCL) to give (168 mg, 86%) of the title
compound as a white solid: 'H-NMR (DMSO-dg) & 10.53 (1H, s, NH), 6.24 (1H, s, H-

107



10

15

20

25

30

EXAVPLE 87
3- Benzyl oxynet hyl - 5-cyano-1-(2, 3-Oisopropylidene-5"-0

WO 2oodyd3ep- D- ri bof uranosyl)uracil (134). 5 A PORUSI003/024324
of 132 (36.0 g, 50 mml) and sodi um cyani de (6 g, 75

, mml?_lﬁin ) i s heated at 80C for
1), SdAdhHe dnHam Jat b‘bl4 Hv’r:) v‘h%é} 831REL medi-dudlPs apaérH4 iau‘bﬁfeﬂH
el eri4 NI@@ (4
ad, H%eté\;\% 24 a'{/ermlﬁﬁ\%ésh%;dé@ﬁth wat F%%@H %g&}{nﬁ_ﬁ;—,'%@ﬁ’ S
CHs).dri ed over sodium sul fate, concentrated in vacuo, and
the residue is chronmatographed usi ng n-hexane-et hyl
acetate (17:3 v/v) as the eluent to give 134 (26.5 10
g, 80% as a syrup, sufficiently pure to be used in
t t step. Anal. Calc'd. for C40H37N307: C, 71.52;
EXAMBE§ 5. N, 6.24. Found: C, 71.31; H 5.67; N, 6.24.
"H NVR (Me2SO-d6) 6 8.05 (s, 1H, H6), 7.31 (m 2H,
9,5’- (23&11)-3-F(ﬁ)D-rﬁm‘furz(n@syl}ﬂ-mﬂhgxylammo Q-azaxzmthmel—(ﬂ)s, 23 —4()CH3,
R’ = Bg, 2H, NCH2, Jgem = 10.0 Hz), 4.82 (m 2H,
2',3), 4.71 (s, 2H PhCH2), 4.34 (m 1H H4'),

d, 2H H5 5"), 1.60, 1.39 (2s, 3H each, .iPr
A soly‘gmgq%ﬁg:yg@) 3-(2,3-0O-1sopropylidine-B-D-ribofuranosyl)- 6-methoxy amino-

8-azadarfiiihl P74 ROE 'Q%Q’Ili )8? ﬁ%‘, @Iyi? SRRy 1; bl 3 skbd for

opropyl'i déne
24 h gtiredmn térbpdratueen GBhel sphagnischog &vapeorhkqalyaa-enagoraeedAyid{ EKDI%B Isbveral

ﬁmesgnﬂﬂﬁﬁ glsaﬁ%@évaigﬁg%'éa@t%mlﬁ}@é Ao Bdvestys Phase i

evapo?htB@RR lvakiy %H@ﬁ;ﬁéjré?,iﬁu@'ﬁ %)Qllrl‘f'eﬂ Qoy79Q>11{w. Hﬁfnﬁ{ |(élﬁate 12%
sodiumin 200 nL of ethanol) heat ed at refl ux

MeORBdn GH{IE ). glvm@r4rma<ﬁ0f’/dmfrthe<tlﬂ¢ eothpoutid| agtacuhite sdhdmd{-NMR

MBI ST GHEs B0l RP IS oThE £ s BERSF ¥e s

H-5° ujuss&bwel 1410 BH), omf(pﬂmld fiket, sphyti-on4 HA) ef1 pyEd, t, H-3°, J =
ium sul fate rified by _chromat ography on a

48 1) (OB Jerb 106k ifm S dIMAIG R (s SRS acet ot o (7: 3 viv)
as the eluent. 25 Conpound 135 (8.5 g, 75% is
obt ai ned as an anor phous powder. Anal. Calc'd. for
4NA09' H20: C, 67.33; H, 5.74; N, 6.98. Found: C,
EXA@?’%“ . 5.63; N, 6.74. 1H NMR (Me2SO-d6) 8 8.91 (s,
1H H5), 7.30 (m 20H, Ph), 5.77 (bs, 2H, NH2), 5.28
9,5’-Cyxier3-(213-Orighropyligine-$-D il fapanosy@)-6bepaylantino8- 1' |

4.90 (m 1H H2'), 4.60 (s, 2H
azax"ﬁ#’&iﬂf)(ﬂﬁséﬂ(ilé‘)“)zH CH2I(\/E) 4. 30- 4. 215 (m 2I(-IS

e 2H, H5,5"), & ,
Trlethy;h}n)lmel Oy n@It, 2§$.| mggbwts) adqedgz) @Smug\.qe pﬁ: )5 —clfg]@ -3-(2,3-0-

isopropylidine-B-D-ribofuranosyl)-8-azaxanthine (14, Y = OH, Z = N, 200 mg, 0.65
mmol), DMAP (200 mg, 1.64 mmol), and triisopropylbenzenesulfonyl chloride (400 mg,
1.32 mmol) in CH3CN (10 mL) at 0°C, and the mixture is stirred at room temperature for
16 h. BnNH; (2 mL) is added, and the mixture is stirred for further 12 h. The solvent is
removed in vacuo, and the residue is purified by a flash silica gel column (eluate;
EtOAc:hexanes 3:1) to give (218 mg, 85%, white solid) of the title compound as a
mixture of (6-benzylamino: 6-benzylimino; 13.3:1), the ratio was determined from the
integration ratio of the anomeric proton: (DMSO-d¢+D,0) & 7.366-7.26 (5H, m, Bn),
6.33 (1H, s, H-1°), 5.13 (1H, d, H-5’a, J = 14.4 Hz), 4.87 (2H, m, H-3’, and H-4"), 4.71
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WD 2004/ 013300 PCT/ US2003/ 024324 EXAMPLE 89
7- Am no- 6- et hoxycar bonyl -1-(2, 3-Oi sopropyl i dene-(3-D
w0 2iwafouzzanosyl ) pyrido [ 2, 3- PCT/US2003/024324

d] pyri m di ne-2, 4(1H, 3H) -di one (136). 5 Conpound 135

(7.7 g, 10 nmmol), 10% Pd/C (3.6 g), ethanol (200 ni)
(1H, 28 t/hy 5.6dd8t 466-4.592@8, m, H-5%, ahd kKEhPhY, 14dd@H, s, CHs), 1.25

t erature for 40 hours in a Parr hydrogenator in a
(3H’Sn§:gﬁbgen atnosphere with an initial pressure of 40

p.s.i. The catalyst is renoved by filtration, and

washed with ethanol (3 x 150 nL). The conbi ned

filtrate and washings are concentrated to dryness in

EXAMELE®5t 0 give 136 (4.0 g, 75% a col orless powder, np
10 >300' C. 1H NWR spectrum of the product is

, . o h . s :

0.5 GRIESTPIPHH IR Sl ARG, k- enih, -

=H).6- Et hoxycar bonyl -1 -(2, 3-Oi sopropylidene-(l-Dribofura
nosyl)pyrido [2,3- 15 _ _

A sofl B3, ag g N Biadih e 208, AR g hamtaoh s

azaxaathéd @ 08mig) 0i25 mmpBan dEHEM & B @bl utd mls is heatediforyd hat 96°C.

nmol ) . w t tirring. The mxture js gradual |y, .warmed
The gtk iniaclstprarargnrerarars fegobsn et FRsu il Bt e
residubNR SRANGRE DetwhAOPICH 85 H,0. VTR Qquedsl phikCRSevaporated in

acetic acid are azeotropically renoved wth toluene

vacuoTanel thestesidue Fopurifiedrbyt aflastkesilign el oplvmp, (cluag: ¢81%YIeQH in
i. i | i i on: washed wi t h
cHCB] 40 (Al Re, 357 B [HetfleWniboynd i PR R T30 Vot h

90 %9 as an anor phous powder. 1H NWVR spectrum of the
product is consistent wth the structure. This product
is used directly in the next step. 25 EXAMPLE 91

EXABIPAE &y cl o- 6- et hoxycar bonyl -1-(2, 3-O i sopropyl i dene-[ |
-D-ri bofuranosyl ) pyrido [2, 3-

3-Beﬁz]y@a&yn!i@tﬂylos;b?orﬂo-i((fits-éﬂs&h%;;yﬁa&ﬁes’((:L%ﬁiyl-ﬁTD- a
refluxing mxture of 137 (1.7 g, 4 mmol) and
ribofuramgisghyracg{&3phi ne (1.4 g, 5 mol) in

tetrahydrofuran and water (19:1 v/v, 75 nL) is added
Benz§loapinet§l chlefidy(9.4 160 MR oDORAIABROPWRETS BB2aN3hi0aAHBRHred

solutpre! 18610 Brsorpet et S s paaongh gy BMifdh ot as o'c.
The mixture is stirred for 5 additional hours at 0°C, and then is concentrated in vacuo.
The residue is partitioned between methylene chloride (400 mL) and water (200 mL).
The organic layer is separated, washed with water (2 x 200 mL), dried over sodium
sulfate, and concentrated to dryness. The residue is dissolved methylene chloride and
chromatographed over a silica gel column using methylene chloride as the eluent, to give
35.5 g (92%) of 133 as syrup, sufficiently pure to be used in the net step. Anal. Calc’d.
for C3oH37BrN,O7: C, 64.55; H, 5.14; Br, 11.01; N, 3.86. Found: C, 64.73; H, 5.33; Br,
10.89; N, 3.83. 'H NMR (Me,SO-dg) & 7.86 (s, 1H, H-6), 7.35 (m, 2H, 20H, Ph), 5.84
(d, 1H, H-1°, Jy»» = 2.4 Hz), 5.48 (ABq, 2H, NCHy, Jgem = 10.0 Hz), 4.81 (m, 2H, H-
2,3%), 4.70 (s, 2H, PhCHy,), 4.38 (m, 1H, H-4"), 3.39 (d, 2H, H-5’,5”), 1.58, 1.35 (2s, 3H
each, iPr).
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1 nL). The solvent is renoved in vacuo, and the
residue is purified on a silica gel colum eluting
wo 2003013804 h t ol uene, followed by nethyl ene PCT/US2003/024324
chl oride-ethyl acetate (7:3 v/v). Conpound 138 (1.2
0,74 % is obtained as a colorless powder, np >300'C.
IH NVMRis 5 consistent wwth the structure. EXAMPLE 92
8, 5" - Cyclo- 6- et hoxycarbonyl -1-((3-Dribofuranosyl) pyri
EXAMPTE8B-d] pyrinmidine- 2,4,7(1H 3H, 8H)-trione (139).
10 Conpound 138 (200 ng, 0.5 mmol) is dissolved in 90%
3-Behiylf)iyiﬂétﬁzpﬁkyzﬁl@ﬂ(_ﬂ,?;ﬂ@-ﬁoﬂ%ﬂylfd%HP—g'—W-Hﬁt?l—g%‘-d the
., solution kept overnight and t'hen evaporated in vacuo.
ribofpganasgDnepcil(@3)due is triturated several tines with
et hanol, and air dried to give 139 (181 ng, 99 %,
A mistupe 28083610-5,NFR ninfioly @AG is6diBMt cywhidB (& 13875 k6T i BME 200
EXAVMPLE 93 8 5'-Cyclo-l-((3-D-ribofuranosyl)eYrLdo
mL) {sj}egteg]at §9/ Cifay & ihperspthen genicepirapy gHjacue. dherdidue is partitioned

r ' Q 0,27 mmol ) LS.
betv AP PR ke ARG o ! St e 8y i Peshed i
water Gon0@ migy driedrever sodiurarsaifae pcopvapakal wdacild)end dhd @sidue is

residue js. 20 recrystallized fromethanol to give 140
chromaioeaghediipg n-hapns syl ecetatr (i 9 2sdonshentdniiva 1 (26.5
, 809PLas bl $yBipi Bt i >
£ 8@2?- Cyégg%ﬁ-](is- ci/ano[ylp- ?Eé-ér?ebg?egrlgntgquef |oS;[/e fdcl)%[nﬁl,'s(-:a(ﬁ Syf"r
CaoHpmMNaDdli R 72.52; H{ 1653, 8B4~ Fasnd:r Conke3{;14,15.67;16, 6p4. 'H NMR

LEE I ol yt .0 40 0. ). in_di oxan
OresSEPIES BOHS, 751330 A0P pef AT, W25
Hz), 5 A7 {(ABqr ZACRCHS, RRhy 40.09%,) (L85 (HLIHWIIN 35f i (0D BieH,),

mxture is stirred ap’gddltlonai 3 hours at room
4.34 endbriitOr 238 thath #5815 °0nl -6Q 13@erB canh, BAMi ti on of

112 WO 2004/ 013300 PCT/ US2003/ 024324 water (2 niL),

and the m xture is concentrated to dryness in vacuo.

The residue is azeotropically dried with toluene, and
EXAMMIE gecrystal lized from ethanol -water to give 141

(24 mg, 78 %, np >300'C. IR (KBr) u 2220 cm1l (CN). 5
7-AmBﬂ18—'3%n%ox%g&gfﬂ%-ethoxycarbonyl-l-(2,3-0-isopropylidene-5’-O-trityl-
p-D-ribofuranesyl)pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (135).

A solution of 134 (10 g, 14. 8 mmol) and ethyl cyanoacetate (2.5 g) in sodium ethoxide
in ethanol (prepared by dissolving 700 mg of metallic sodium in 200 mL of ethanol) is
heated at reflux for 30 minutes. The reaction mixture is diluted with water (200 mL),
and the precipitates are collected by decantation of the supernatant. The residue is
dissolved in chloroform, the solution dried over sodium sulfate, and purified by
chromatography on a silica gel column using hexane-ethyl acetate (7:3 v/v) as the eluent.

Compound 135 (8.5 g, 75%) is obtained as an amorphous powder.

Anal. Cale’d. for CysHuN,OgH,O: C, 67.33; H, 5.74; N, 6.98. Found: C, 67.38; L,
5.63; N, 6.74. 'HNMR (MexSO-ds) & 8.91 (s, 1H, H-5), 7.30 (m, 20H, Ph), 5.77 (bs,
2H, NH;), 5.28 (ABq, 2H, NCH,, Jgem = 10.0 Hz), 5.19 (d, 1H, H-1", J1- = 0.2 Hz), 4.90
(m, 1H, H-2"), 4.60 (s, 2H, PhCHy), 4.39 (q, 2H, CH,Me), 4.30-4.45 (m, 2H, H-3’ 4°),
3.35 (m, 2H, H-5,5”), 1.59 (s, 3H, iPr), 1.41 (¢, 3H, CH,;Me), 1.34 (s, 3H, iPp).
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EXAMPLE 95 Antiviral testing of candi date conpounds
for Flaviviridae The HCV replicon systemin Huh7
w@edoum133piuh7 cell s harboring the HCV repli con PERUBm®03/024324
cultivated in DVEM nedi um (high 10 gl ucose, no
pyruvate), supplemented with 10% fetal bovine serum 1
X non-essential amno acids, Pen-Strep-d@u (100
units/liter, 100 mcrogramliter, and 2.92 ng/liter,
EXANPSBegot i vel y) and 418 (500 to 1000
m crograrﬂm [liliter). Antiviral screening assays can

R e
d]pylﬁmﬁhﬁe-epleﬂ{,gﬂ)wﬁbhe (IBay.es at | ow density (for exanpl e,
15 1000 cells per well). The test conpound is then

Comptifl@435 E‘E‘g% @:Holgflt()% P é&' 6'8), enolcebd ?n]@neﬁlldtéﬂ%){ acetate

are inc ys at 37C in an incubator.
(200 Tiie) izeshaken it redmertempembyedor 4 choufreic el Par dyydrogenator in a
epared, for total. extrac

hydroBRAFEDREBFE U BRIOANPERRE 56 0 1 KBt SRADZL o Femeved by
ﬁltraﬁ(ﬁla land WaBh e WHICRHaASIRB-PER) mIp! Olflfécd&nbﬁéﬂjﬁma@dléﬂcf washings

he observed differences in quantification of
are cwr@pnnrmhtmmassemmum give 130ptdse 1i%) a galorlgpy pewder, mp

t er
>30088" SR R Bl PR o AP By SHRE A Bt
is used duRbPRIAhE BexarRpnt of repllcon i s produced. ThIS can
be concl uded because the neasured threshol d-cycle for
HCV RT-PCR in both setting is 25 approxi mately the
sare. In such experinments, a way to express the

EXA@}?; ef fectiveness of a conpound is to subtract
rage threshol d RT-PCR cycle of the negative
control (Ctnegative) fromthe threshold RT-PCR cycle

6-Etlofxytirbongst-(231(pinepropyliene-D o thnfenaeeyl)pyride[2,3-

PCT/ . US nmpound). This value is
d]py?’olﬂ'ﬁhéla%@(lw%ﬁ)&{ogggl?ﬁpound - Qinegative). A AQ
val ue of .3 represents a_1-1og redyction in re

]
An igerendd @%1?(‘@?? Ofﬁé-”% Db i V‘@lo&)m POmL pEeBKbHAGHEAES agetlc acid is
treatéﬂn&ﬁfn 58519 ﬁi’ﬂfﬂ%l (éa%j( 20§ Fﬁrnﬁ %wtﬂ"@tfnfrﬁH‘i%VnT@ﬁhﬁ‘vuré\Il]s gradually

en a si de, vv| ng a

warntedtd hﬁnmmnq:era&atehamf altdvmdeto standpvemnight.cihe badvend 3¢ excporated
di | ut series. (typicall

. 00, 33,, .
in v h RS BF BT ke SsRisay PaeT i i e The Hidue
is trite A& AR Wakkr OndlddrREVpREDRSES ¥ collected by filtration, washed with

small amounts of ethanol and dried to give 137 (1.9 g, 90 %) as an amorphous powder.
"H NMR spectrum of the product is consistent with the structure. ~ This product is used
directly in the next step.

EXAMPLE 91

8,5’-Cyclo-6-ethoxycarbonyl-1-(2,3-0-isopropylidene-p-D-ribofuranosyl)pyrido[2,3-
d]pyrimidine-2,4,7(1H,3H,8H)-trione (138).

To a refluxing mixture of 137 (1.7 g, 4 mmol) and triphenyl-phosphine (1.4 g, 5 mmol)
in tetrahydrofuran and water (19:1 v/v, 75 mL) is added dropwise diethyl
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concentration (EC50) 10 Cell culture systens for
determning antiviral activities The assay descri bed

w@bovm1san be adapted to the other nenbers of PEEUS2003/024324
Fl aviviridae by changing the cell systemand the

vi ral at ho Met hodol ogi.es to determ ne the
azodigpaborels W HirUBDNPEUAY Sl lor@frip® tRIEON Mifturgeersisted (ca. 0.8-

SR PP R s

coluﬂm ﬁlcltlag firsfveth luend,Solowedby methylehgehloside-Etedatdige (7:3 v/v).

2000, ..44, .859;  Di.anpnd et al_, J. Virol. 00, .74 X
Compep 13531 274 /8, Aptaingl ap fregltytespirdosom >3083 HAMR is
consiclcBEWItY aaruvted, al . J. Virol. Methods 1993, 45 (1),

1; or Baginski SGet al. Proc. Natl. Acad. Sci. U S A

2000, 97 (14), 7981 or the real-tinme RT-PCR

technol ogy. As an exanple, an HCV replicon systemin

HuH7 cells (Lohmann V et al. Science, 1999, 285
EXAMPIFAY2 110) or 20 nodifications thereof (Blight et

al . 2000) can be used. Cell culture systens for
8,5’-dfytlelfﬂfréthbm%aabbiyli-]r-gi-Dadb?]mkiﬂ(ﬁyl)ﬁﬁﬁcrigaﬁla&] eﬁlﬁﬂilbed

n be ed to the other nenbers of the
2’4’72’q§’§ﬁvﬁ e‘c@glg)changl ng the cell system and the

viral pat hogen Met hodol ogies to determ ne the 25
Compéuridctasy (200 mpe6s Iamd)\/isrdibsob@d'pimﬂﬂﬂﬁ tﬁiﬂudruak&tlc acid at room
tem glfl t ons f he, st and d chni s descrle

psv 361? t % 50 1 KeR§ oveanlg en £ rats i ygcuogq ] he solid
residi@Isktititdled WV@I‘&I @ﬁnes viH dtharel, @Rd aﬁgﬁﬁﬂ% Qéql?@t(hﬂ mg, 99 %),

2000 44 (4), 859; Dianond, MS et al % Vi r ol 800,
mp >3209G I)lNMglmcom@ﬁt@mwmhtheemémre J. Infect. Dis. 2000,

182, 1214; Sreenivasan, V. et al. J. 114 WO

2004/ 013300 PCT/ US2003/ 024324 Virol . Met hods 1993, 45

(1), 1; or Baginski, SGet al. Proc. Natl. Acad. Sci.
EXAMIE.Fo3 2000, 97 (14), 7981 or the real-time RT-PCR

technol ogy. Specifically, an HCV replicon systemin

Y AN TR RTINS L

carbéffiile (cR4D)be used. 5 Biol ogical test results.
Con'pounds were tested for inhibition of HCV RNA

[ n ove Ies o he
Comp 8 P (R S 07 RS HPREF gen TR ESHD
overripfit at room temperature, and ammonia evaporated. The solid residue is

recrystallized from ethanol to give 140 (87 mg, 95%), mp >300C. 'H NMR is

consistent with the structure.

EXAMPLE 94

8,5°-Cyclo-6-cyano-1-(B-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-2,4,7(1H,3H,8H)-
trione (141).

To an ice-cooled solution of 140 (34 mg, 0.1 mmol) in dioxan (5 mL) and pyridine (0.5
mmol) is added trifluoroacetic anhydride (0.5 mL) with stirring. The mixture is stirred

an additional 3 hours at room temperature. The reaction is quenched by addition of
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ID Structure at 100 MACC HCV N~ NN O O 15 (Y = H,
=CH OHOH4.48 20 0 N/ I NHNNO O15 (Y =
WOR)04/41330N) OH OH 6.3 <10 115 WD 2004/ 013300 PCT/US2003/024324
PCT/ US2003/024324 N N~Br I N:a O O71 (X = Br)
59<1/N\CI N NDNO O71 (X=d) HX
wateig (2) mdg), and Nhey n@x}urep igNcancemrated ¢y doypeps @ yvacuo. The residue is

azeotropically dried with toluene, and then recrystallized from ethanol-water to give 141

(24 mg, 78 %), mp >300°C. IR (KBr) v 2220 cm™ (CN).

Biological Methods

EXAMPLE 95
Antiviral testing of candidate compounds for Flaviviridae

The HCV replicon system in Huh?7 cells.

Huh7 cells harboring the HCV replicon can be cultivated in DMEM medium (high
glucose, no pyruvate), supplemented with 10% fetal bovine serum, 1x non-essential
amino acids, Pen-Strep-Glu (100 units/liter, 100 microgram/liter, and 2.92 mg/liter,
respectively), and G418 (500 to 1000 microgram/milliliter). Antiviral screening assays
can be done in the same medium without G418 as follows. To keep the cells in the
logarithmic growth phase, cells are seeded 96-well plates at low density (for example,
1000 cells per well). The test compound is then added immediately after seeding the
cells and they are incubated for 3 to 7 days at 37°C in an incubator. The medium is then
removed, and the cells are prepared for total RNA extraction (replicon RNA + host
RNA). Replicon RNA can then be amplified in a real-time RT-PCR (Q-RT-PCR)

protocol, and quantified.

The observed differences in quantification of replicon RNA are one way to express the
antiviral potency of the test compound. In a typical experiment, in the negative control
and with non-active compounds a comparable amount of replicon is produced. This can
be concluded because the measured threshold-cycle for HCV RT-PCR in both setting is
approximately the same. In such experiments, a way to express the antiviral
effectiveness of a compound is to subtract the average threshold RT-PCR cycle of the
negative control (Ctyegative) from the threshold RT-PCR cycle of the test compound
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NHZ NNNO O75 (R = =H OHOH5.30.7 NN:C
N N O 15(Y=H, Z=N) OH OH 3.6 <10 116 WD 2004/ 013300
WOEDAOEB003/ 024324 O N // I NH N N O O 83 POT/ESIOBS/024324

Z=N OH2.160 ONNj I NH NO OHH HH OO

2 (Y= , Z = s 4.7 12 s NI NH NN
(Cttesgompo(und). %;Ils valuel\{)s called ACt (ACt = Ctiestcompound = Ctnegative). A ACt value of

3.3 represents a 1-log reduction in replicon production.

As a positive control, recombinant interferon alfa-2a (Roferon-A, Hoffmann-Roche, NJ,
USA) is taken alongside, showing a HCV ACt of 7. Furthermore, each of these
compounds can be tested in dilution series (typically at 100, 33, 10, 3 and 1 uM). The
ACt values for each concentration allow the calculation of the 50% effective

concentration (ECso).

Cell culture systems for determining antiviral activities

The assay described above can be adapted to the other members of the Flaviviridae by
changing the cell system and the viral pathogen. Methodologies to determine the
efficacy of these antiviral compounds include modifications of the standard techniques as
described by Holbrook MR et al. Virus Res. 2000, 69, 31 ; Markland W et al.
Antimicrob. Agents. Chemother. 2000, 44, 859; Diamond MS et al., J. Virol. 2000, 74,
7814; Jordan I et al. J. Infect. Dis. 2000, 182, 1214; Sreenivasan V et al. J. Virol.
Methods 1993, 45 (1), 1; or Baginski SG et al. Proc. Natl. Acad. Sci. U.S.A. 2000, 97
(14), 7981 or the real-time RT-PCR technology. As an example, an HCV replicon
system in HuH7 cells (Lohmann V et al Science, 1999, 285 (5424), 110) or
modifications thereof (Blight et al. 2000) can be used.

Cell culture systems for determining antiviral activities

The assay described above can be adapted to the other members of the Flaviviridae by
changing the cell system and the viral pathogen. Methodologies to determine the
efficacy of these antiviral compounds include modifications of the standard techniques as
described by Holbrook, MR er al. Virus Res. 2000, 69 (1), 31; Markland, W et ol
Antimicrob. Agents. Chemother. 2000, 44 (4), 859; Diamond, MS et al.. J. Virol. 2000,
74 (17), 7814; Jordan, 1. ef al. J. Infect. Dis. 2000, /82, 1214; Sreenivasan, V. et al. J.
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015 (Y=SH, Z=N) OHOH3.61 <6 s NN/ | NH NNO
00073 (( =SH x 4.1 25 117 WO 2004/ 013300
WESDLOEB003/ 024324 N// N N\ N O O O yo 82CT/WS2008424324

Z=CH s26 0 NI \NNO O77 (R= CH3) OH OH
5.90.4 0/NN, ~/N M NNO O

Virol. Methods 1993, 45 (1), 1; or Baginski, SG et al. Proc. Natl. Acad. Sci. U.S.A.
2000, 97 (14), 7981 or the real-time RT-PCR technology. Specifically, an HCV replicon
system in HuH7 cells (Lohmann, V ef al. Science, 1999, 285 (5424), 110) or
modifications thereof (Blight et al. 2000) can be used.

Biological test results.

Compounds were tested for inhibition of HCV RNA replication using the above assay.

Examples of the results are shown in the following table.

ACtHCV | EC50 (uM)

ID Structure at 100 pM ACt HCV
N
‘at
N\
N N o
o
15(Y=H,Z=CH) OH OH 448 20

15(Y=0H, Z=N) OH OH 6.3 <10
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OH2.4 NMNL1I N NNO 075 (R=M, R=H OHoff

6.4 <6 1 0l=IN_1 NI NH N Q 07'149_(1\/E,R3
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; N (@)
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71 (X =Br) OH OH 59 <1

71 (X =Cl) OH OH 6.0 <0.7
N
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\N
N S
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70 OH OH 7.0 1
N2
XN

75 (R=R’=H) OH OH 53 0.7

15(Y=H,Z=N) OH OH 3.6 <10
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activity
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aci d; wherein at

| east one of R5 and R5'

i s hydrogen;

15 (1) each R6 and R7 is independently hydrogen,

wa@bkdoglor3sb@al ogenat ed al kyl, al kyl ene, al kenyl , PCT/US2003/024324
carbocycle, aryl, heterocycle, heteroaryl, aral kyl or
acyl; (MRI is hydrogen, |lower alkyl alkylene,
al kenyl , carbocycle,f aryl, hetérocycle, het er oaryl,
aral kyl, am nog|_kyl Lam noaryl |or am noacyl of Cl1-Cg;
(n) R2 is oxyggn, Jsul fiir, -NR |or -CR 2, wherein each
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C3, &4, G5 3 WD 2004/ (313300 PCT/ US2003/ 024324
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i ncl ude one eteroatong; optionallly with a
phar maceuti ¢ ptabl e caririer. 10 2} The net hod
of claiml1, R5 and/or R5' is OR 3]/ The nethod

ly iof R is -NR

conme togethér with -NR to forn

,6.0hen R od R3 can
na substityted or

=

of claim1l,
acid. 4. T

whar ei mHR5 or R5' i

$.@ resi du¢<8f an ami no
e met hod of claim3,

wherein the am no

acid is vali
am no acid i

ne. 5. ThevHaet hod d
s L-valine, 6. A ne

f claim 3,

wherein the
thod for the treatnent

of an HCV i nf ecion |

host ¢

onprising |15

, 15

adm ni stering e e anmouynt of a compound of the
gener al forrml“g 1 2 (AD), 3 (A-BY, 4 (A-B)
(A-B), 6 (A{B).,% Ca (A): 124 WD 2004/ 013300
PCT/ US2003/ 024324 ©
o}
72(R=R’=H) OH OH 5.7 4.5
o]
/N NH
‘| /J\
\
N N o
65 OH OH 2.4
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YXXR, ORSR' RS Zs RA\'5NREs NNR4's R R4
RARAREL(A 1(B | (O 1 (D R XR5 XRs / XRs X
WOA0RAIRI RA 2 (A) 2 (B) 2 (C) 2 (D) X X R R MI/URSIRER4324
RS R5 Rs Rs R&' Ra Ra Ra RR&' NR RRA' NR R4 R4 3 (A

3(B) 4(A 4(Bf RXRXR \ R5R5 R5 Ra' R4 ' R4
EXAMSLI%\% R4 NWFZ4 5 (A 5 (B) 6 (A) 6 (B XX XR RS
R5 R5 YRS NR RS s R4 RA R4 Ra R4 Ra R4 X
Compound 15 (Y = H, Z = CH) has demonstrated in vitro antiviral activity against HCV.

The compound showed practically no toxicity in several human cell lines. In Swiss
outbred mice, no toxicity was apparent when it was given IP for 6 consecutive days at up
to 100 mg/kg. None of the mice died or lost significant weight (28 day monitoring).
Neither oral administration nor IV administration to rhesus monkeys at 20 mg/kg caused

any untoward effects.

Based on those toxicity data, a 14-day treatment (oral, QD at 5 mg/kg/day) of chronically
HCV-infected chimpanzees was conducted. Viral RNA was extracted from the
chronically infected chimpanzees serum samples in quadruplicate and the viral RNA
pellets were dissolved in RNAse-free water. Subsequently, these RNA samples were
amplified by real-time RT-PCR (Applied Biosystems, Foster City, CA) for the presence
and quantity of the HCV nucleic acids. Primers and probes for HCV were designed
using Primer Express (Applied Biosystems). Further details on the methodology will be
published (Stuyver et al., 2002; manuscript submitted to Amntimicrob. Agents
Chemother.).

The results are expressed relative to the viral load in the pretreatment sample.
Calculation of the viral load for each sample was based on 4 independent measurements
of threshold RT-PCR cycles (Ct values). Mean & SD were calculated for each day’s

sample. The latter were used to express the observed viral load changes.

Two chimpanzees [Joseph (5.14 log;o IU/ml HCV) and Heppie (5.69 logio IU/ml HCV))]
were treated orally for 14 days with 5 mg/kg/day. The viral load changes that were

observed are summarized below (Fig. 1):
1. Similar reductions in HCV viral load were observed in both chimpanzees;

2. No viral load changes were observed up to 24 hr after administration of the

first dose;
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7 (A 7 (B) 7 (C 8 (A or a pharmaceutically
acceptable salt thereof, wherein: (a) each R4 and R4’

wo gooddBpendent | y hydrogen, hal ogen (F, Br, C PCT/JS2003/024324
psuedohal ogen, -CN, -NO2, |ower al kyl of Cl-Cs,
hal ogenated | ower al kyl, 5 hydroxyl, alkoxy, CH2CH
@ﬂmﬁiay-él\"aﬁnamm%ﬁﬁp 06 0. 8alog eIl b iroHCM visatilpasi Wa&:i)@ﬁwed

T EINE TR AR N e

i ndepeansiapklsy hydrogen, halogen (F, Br, d, 1),
psuedohalogen -CN N2, |ower alkyl of Cl- Csb,

o e oot Bl bppessf R g PR om FTERbL 0 day
whergin at | east one of R5 and RS is hydrogen 5 (c)
each R6 and R7 is independently hydrogen, alkyl,
hal ogenat ed al kyl, al kyl ene, al kenyl, carbocycl e,
aryl , heterocycle heteroaryl aral kyl or acyl; (d) R2

! ; g{;éﬁe cijk) 099 dtth‘ﬁégﬁfY I]CB%& ’ek%e ?pa)ﬂl?igﬁg Slgmpiless were
analy%ldkf%f‘ Kém dal Qﬁd Bloddl I&K&mﬁ&y%ﬁ@e‘cel@ e)Es@é%ﬁlBll nozchaﬂgéls in

'S |n ently CH CX of N f) each X, X and
the bagelihs anddelibﬁrntteatmleyt hqnjplcg evRre h@hsggfe ( All ppranfergrassessed

"NRR', OH OR SH SR,
remal{l%ﬁ 1nBE|2 ﬂomlai'ﬁ%lg?%r%gh@ﬁe N9 NR NOR or  Se: (h;)Ir each

i s hydrogen, |ower_ alkyl, aIk | ene, al ken

caiooyad 43 Gy, 2 1o @Séere & Saiadigiay APsjogonically

1nfectf(?n 5: noalgﬁ%/eﬁs e%mtéa}fg g aglgn(fﬁ %/4 glo\{lrsaﬁ:?ioag?ag 8&4 ﬁﬁ%hange

in herfdt)olgical ovisioodHeatistty, parahylbrs WH'S absgtived. Kyl such as
unsubstituted or substituted phenyl or benzyl,
cycl oal kyl, cylcopropyl; optionally with a
pharmaceutically acceptable carrier. 20 126 WO
2004/ 013300 PCT/ US2003/ 024324
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7. A nethod for the treatnent of an HCV infection in a
host conprising admnistering an effective anount of

wa@2@ampsend of the general forrmula: O N Iyl VWWd/NS2088024324

R R4 N-4 Z or a pharnaceutically acceptable salt
t hereof, wherein: 5 (a) each R4 and R4' is

We Glabependent | y hydrogen, halogen (F, Br, d, 1),

1.

psuedohal ogen, -CN, -NO2, |ower alkyl of Cl-C6 ,

had ogRihatietorl eHeekredinteant , of RYAHTRY | infedlidD X}, a A& OHomprising
CH2OR6, -NH2, -NR6R7, or a_ residue of an am_ no_ aci
whsidnigtezing pe gectiygamenniof sepmpaamd jof theyermagath): (b)

each R5 and R5' is independently hydrogen, hal ogen (F,
Br, d, 1), 10 psued alogen,:RCN, NC2, | ower alkyl

of Cl1-C6, hal ogenated wer al kyl, hydroxyl, alkoxy,
CH20H, CH20R6, - NH2, - a residue of an am no

acid; wherein at Ieasg e of’ and_R5' is hydrogen
5 n ydr ogen, al kyl,
ene, a\Wenyl, carbocycle,

(c) each R6 and R¥

hal ogenat ed al ky] 4 4

aryl, heterocycl®, Thelegdaryl, &Nal kyl or acyl; 15 (d)
R2 is oxygen, sulfur, R or -CR 2, wherein each R

i s independently hydrBgen, |owerRalkyl, alkylene,

al kenyl, aryl, or aralkyl of C1-C6 ; (e) each zZ, Z
and Z" is independently CHHCX or N; (f) each X, X
and X' is independently hydrogen, halogen (F, d, Br

or_ | N . R', OH OR SH
or°" %Fg?e&ﬁl&gigc%ﬁc%@%r%gsw MF}@‘?& “m§ H, NR NOW or

Se; (h) each Ra_j.s. hydrogen, |ower alkyl, alkylene,

21 Qe fgih, ToarBOche ! b, TmdepEndengls; EYdegeh chalpgenBary Cl D,

gg?' %é?udoﬁélﬂgéﬁ(? atky LNog! MR 3 #'C20] MaRe¥hatdf 1dwer alkyl,
’ hydroxyl, alkoxy, CH,OH, CH,OR®, -NH,, -NR°R’, or a residue of an amino

acid; wherein at least one of R* and R* is hydrogen;

a

(k) each R’ and R* is independently hydrogen, halogen (F, Br, Cl, I),
pseudohalogen, -CN, NO,, lower alkyl of C;-Cg, or halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, -NH,, -NR°R’, or a residue of an amino

acid; wherein at least one of R® and R”' is hydrogen;

(1) each Réand R is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(m)R' is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-Cs;

(n) R? is oxygen, sulfur, -NR’ or -CR’;, wherein each R’ is independently
hydrogen, lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C;-Cs;

(0) R? is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,
heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-Cs (C1, C, Cs,

C49 C5> C6)5
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WD 2004/ 013300 PCT/ US2003/024324 (i) Rois R OR,
NH2, NHRC or NRcRc'; and (j) each RR R and R’

WO paepessoent |y i s hydrogen, |ower al kyl, | owerPel/ksrwgs/924324

aryl, or arylal kyl such as unsubstituted or

substituted phenyl or benzyl, .cycloal kyl . ,
c¥P)ctsErspyely LER olst-NRR by Rupt R sanespeiggether wigh rR’ to form

acc ﬁ%}@)l it?teﬁ%& %ﬁfbstiﬁt%d%-méﬁ%réﬂn% tlﬂgta%ﬁgﬁélﬁ@é‘énqu more

an nrection 1 n a host conpri sSi mnisterin
an didteostome; @nount of a conpound of the general
formula: N HO OH or a pharmaceutically acceptable

S%)t ittt Laf R, OPnORAl JrYRWICHR RAnRh@BMEL WillCatRY, tolfrm a
acCeptable carrier. 9. A nethod for "the treatnent of

an Huobstitnfed of iunsubistitigedhdStmernbgred sing ghat gaminelwleamierog more
an f}{}ﬁftemti ve anount of a conpound of the general
formfig?28™ B N NaNo/ NHNNI MNNONON
NONQOODO OHOHOHOHOHOHOH1 (J) 1 (K 1
(1y) K RY)is -G, B ca e300 taeetheUsith 68ROz nn agubsiipted

N~} $r ths%shléu'fed bi\:yéﬂc'}limhy c’a\tln 'chlﬂldg o%e 'gr 910'1\4: Qet'e\l‘o'a\lltogls;

optionally with a pharmaceutically acceptable carrier.

The method of claim 1, wherein R> and/or R* is OH.

The method of claim 1, wherein R’ or R® is a residue of an amino acid.
The method of claim 3, wherein the amino acid is valine.

The method of claim 3, wherein the amino acid is L-valine.

A method for the treatment of an HCV infection in a host comprising
administering an effective amount of a compound of the general formula 1 (A-D),
2 (A-D), 3 (A-B), 4 (A-B), 5 (A-B), 6 (A-B), 7 (A-C) or 8 (A):
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N N\ /-~ NO

7 (A) 7 (B) 7 (C) 8 (A)
or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and RY is independently hydrogen, halogen (F, Br, Cl, D),
psuedohalogen, -CN, -NO,, lower alkyl of C;-Cs, halogenated lower alkyl,
hydroxyl, alkoxy, CH;OH, CH,OR’, -NH,, -NR°R’, or a residue of an amino

acid; wherein at least one of R* and R* is hydrogen;
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WD 2004/ 013300 PCT/ US2003/ 024324 HNC, INO O \IN
NI NHN~NH I N NHNI I \ NNONNO N \

wWO@4IBOH OH OH OHHO OHOH OH 1 (2) 1 (AA RCT/AB)003/024324

(A NH2 HCI NH2 O NNN~\ / ANH\N I N~ NNONN
ON N ko, OCHOH GHOH OH CH 1 (AD) 1 (AE) 1 (AF) or
a(preachraR2umidc R yis aindegsndontly diogeme batogen o@tal BnalCly D,

R BHIBE S SR RSO T € £k gt o TR

CONMHyidEdxyY anaﬁlm QB O%, mgonzé IN‘Hez RNRFR], ror @ aedidiueadt amramino
and/ or alternation one of effective 5 anti-viral

agerfcis; Whstain Allleasy oup Pf}R af&\%\r HeEEASe8al |y accept abl e

carrier.
(c) each R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(d) R* is oxygen, sulfur, -NR’ or -CR’;, wherein each R’ is independently
hydrogen, lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C;-Cg;

(e) each Z, Z’ and Z” is independently CH, CX or N;

() each X, X’ and X” is independently hydrogen, halogen (F, Cl, Br or I), NH,
NHR®, NR°R®, NHOR®, NR°NRR®, OH, OR®, SH or SR";

(g) each Y and Y’ is O, S, NH, NR’, NOR® or Se;

(h) each R® is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl,
heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-
Ce; and

(i) each RS, R® and R independently is hydrogen, lower alkyl, lower alkenyl,
aryl, or arylalkyl such as unsubstituted or substituted phenyl or benzyl,
cycloalkyl, cylcopropyl;

optionally with a pharmaceutically acceptable carrier.
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11. The nmethod of claim 10, wherein the anti-viral
agent is selected fromthe group consisting of

WO 2waw133dmn, interferon, PEGASYS (pegyl ated i ntrCT/@82903/024324

alfa -2a), |NFERCEN (interferon alfacon-1), OVN FERON
(natural interferon ALBUFER(]\I REBIF (interferon
beh amethod doredhe |treabnenér ofn anOHAIV |infastiprrion a1 bosk gsaprising

LTl A STl

HEPTAZYME, | DN-6556., XTL-002, HCV/ MF59, Cl VACI R,
LEVOVI RI N, VI RAM D NE, ZADAXI N (RAynosin al fa-1),
CEPLENE ( hi stami ne di hydro i &), VX 950 / LY
570310, ISIS 14803 and \JTK 003. 130 WO
2004/ 013300 PCT/ US2 :
one of clains 1, 6, N 9, whefein the host is a
human. 13. A co ogm a(l): wa RL , 2N
aR R5653
phar maceut i cal ky ac tabl e swlit thezeof wherein: (a)
each R4 and R4™ i s |nm%pendentNy\h4{|ozogen hal ogen (F,
Br, d, I), pseudohg}ogen, - | ower al kyl of
Cl-C6, hal ogenated |®wer alkyl, hydroxyl, alkoxy,

CH20H, CH2OR6, -NH2, -NR6R7, or a residue of an am no
acorch phafeaeutically doeqﬁﬁbl@mit théreRf vdreeil4' i s hydrogen;

10 (b) each R5 and R5' is independently hydrogen,

h ( @ ol 0

LR I G R B Mene R I PRRE, by W B €L D,
hydr @xu}ddohale@XyCWin logep ake] of Nhﬂ}s ] hdkiyéﬁated) ﬂovaer alkyl,

;ﬁzi ,Xgl ﬁyﬁ? gﬂzoﬁcﬁlﬂéggﬂe 2ar]\gl£ %7 eséé 1 2Wee % 2 Bmino

l Pge}aeﬂad%&ieyn RyesoaRsof Rt MIRY Ralyawgeat ed al kyl ,
al kyl ene

(b) each R’ and R is independently hydrogen, halogen (F, Br, Cl, I),

psuedohalogen, -CN, NO,, lower alkyl of C;-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, -NH,, -NR®R’, or a residue of an amino

acid; wherein at least one of R® and R” is hydrogen,;

| (c) each R® and R is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(d) R? is oxygen, sulfur, -NR’ or -CR’;, wherein each R’ is independently
hydrogen, lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C;-Cs;

(e) each Z, Z’ and Z” is independently CH, CX or N;

() each X, X* and X” is independently hydrogen, halogen (F, Cl, Br or I), NH;,
NHR®, NR°R®, NHOR®, NR°NR°R®’, OH, OR®, SH or SR;

(2) each Y and Y’ is O, S, NH, NR®, NOR° or Se;

(h) each R is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl,
heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-
Cs;
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15 al kenyl, carbocycle, aryl, heterocycle, heteroaryl,
aral kyl or acyl; (d) Rl is hydrogen, |ower alkyl,
wa@bdogloezse) al kenyl, carbocycle, aryl, heterocyRCEUS2003/024324
het eroaryl, aral kyl, aninoalkyl am noaryl or
an1nogcyl of Cl-Cb 4 S oxygen, sul fur, -NR or
IN&GEHVhNEbdﬁH OHNRJ dem@hdently hydr ogen
Iomer al kyl , aIkerne al kenyl, aryl, or aral kyl of

Cll(L)C@achZI@“ (%) alRBRY SlnH%fféﬁ&glﬁgals Ihwﬁfgeﬂl lwer afdyk )Id)\%lealkenyl

al kenyl carbocycle ar eterocycle, heteroary
ar al &yl oramsﬂ@lkylkwch &ﬁnuﬁamswt%ir Ohrﬁﬂh%’é'ét?d Rbpnxklorcbenzyl
(g) R2 is -NR, then RL or R3 can
%‘%{é{gﬂ M&l}%‘%ﬁ}ﬁ to form a substituted or
unsubstltuted -7 nenbe ed ring that can include one
5 oromisRally Wik @ pbamesseutically aepepigble BT 013300

PCT/ US2003/ 024324 (h) if RR is -CR 2, then RL or R3

8. cakh methedt ﬁgetﬁeertreaimdlt -dfRa2 HGVF dnfm‘a’xorsdhsaihost embngrising

ubstj t.ut ed nber e t .can |nc de one
Siletifte 88 e adibRamognt o a cotbagad pg et REmuan ° s
can come together _wth CR 2 to fo ubstituted 5

or unsubstituted|bicycli t hat can include one or
nore heteroatons]| 14. The of claim 13,

wherein R5 and/of R5QUs OH] 15. The conpound of claim
13, wherein R5 or R5'\§> ) [ of an amino acid.

16. The conmpound| of érd n the am no acid

is valine. 17. The ¢onmpg | ai N 15, wherein the
amno acid is L-VY§o . ound of the
general formula 1 (A , 2 (A-D), (A-B), 4 (A-B), 5
(A-B), 6 (A-B), ) or 8 (A): 132 WD 2004/013300

PCT/U82003/024324 Y X XRRRERBRRS Z RA'sRAN R4
s ﬁha?ﬁ’laéedﬁéalg/ Qcc@étable salt thereof, optionally with a pharmaceutically

10 acceptable carrier.

9. A method for the treatment of an HCV infection in a host comprising

administering an effective amount of a compound of the general formula:
o}
N Br

N A NH V4 oS //N N

7 ‘S | |
‘S \ y \,
\ N N 0 o N o]
N o)

OH OH OH OH OH OH OH OH

Z

1) 1 (K) 1) 1M)
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1 (A 1(B 1(CQ I (D FRs XRs XR5 XR5 x R4 R4
RARE2(A) 2 (B 2(C 2(D) .WRRxX XRSRSRs Rs
WRN4BB3IRb R4 R4 R4 RS 5 NR' RR4 NR R4 R4 BCT/B¥2083/024324

(B) 4 (A) 4 (B) RXRXRs Rs RSR5 R4 R4 R4 NR Rs'
NR R4 RES5 (A 5(B) 6 (A 6 (B) XXXR RS5 Y Rs
RR RENR" 55 R4 ' MRRRMRMRMMPRM' X' 7((A 7%
(O 8 (A) or Y& pharmaceytica acceptabl e sg|t

//N wher eiNn: a ,\NS i nde NH
N hyldroggn geny (FS psuedohal ogén,
N , at over \

UNH2,° - NRBR7, o a ©
| east f(one 0of 4
300

OH OH OH

1 (N) 1(0) 1(P) 1(Q

o]

S i N S
[T s T
/‘\ A NH N ‘ /j\ N N 0
N [o]
N [8] o

e e
OH OH >< S
1 (R) 1(S) 1(T) 1(U)
; ~

N ‘ N
\N ) /‘\o E . N o) ' X
0 oH oH © l :O: \
1(W)

OH OH

1 (V) 1(X) 1(Y)
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(b) each R5 and R5' is independently hydrogen, hal ogen
(F, Br, d, 1), psuedohal ogen, -CN, N2, |ower alKkyl
woRo0@01336) hal ogenat ed | ower al kyl, hydroxyl, BECRUK3003/024324
CH20H, CH20R6, -NH2, -NR6R7, or a residue of an am no
acid; wherein at |least one of RS and R5' is hydrogen;
5 (c) each R6 and R7 is independent Isn-fiydr ogen, al kyl ,
hal ogenat ed al kyl ,oal kyl ene, al kenylj, carbocycle, ¢
aryt, heterocycle, hfteroaryl,
sul fH
ent | y

Ra is hygdfogeny |ower aI@VI deerne "
carBocycIe aryl heterocycle heteroaryl aralkyl,
al kyl , anlno or anlnoacyﬂC@B)Cl C6; and
(U;Q ch Rc gH%A‘ i ndependently is hydrogen}zAC)
Iomer aIkyI Iomer alkenyl aryl, or arylal kyl such

as untuBStituted or Ybstituted phengl or benzyl,

, cy]coprapyl. 19. A conp und of the
Nf or nul g WO R4, RS N\ //r
20[R or %\ph rnace tlcaII le salt
; , er erNy: 5

1 (AE)

1 (AD) 1 (AF)

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically

acceptable carrier.

10.  The method of any one of claims 1, 6, 7, 8, or 9, further comprising
administering to the host in combination and/or alternation one or more effective

5 anti-viral agents, optionally with a pharmaceutically acceptable carrier.

11.  The method of claim 10, wherein the anti-viral agent is selected from the group
consisting of ribavirin, interferon, PEGASYS (pegylated interferon alfa —2a),
INFERGEN (interferon alfacon-1), OMNIFERON (natural interferon),
ALBUFERON, REBIF (interferon beta-la), Omega Interferon, Oral Interferon
10 Alpha, Interferon gamma- 1b, Interleukin-10, IP-501, Merimebodib VX-497,
AMANTADINE (Symmetrel), HEPTAZYME, IDN-6556., XTL-002,
HCV/MF59, CIVACIR, LEVOVIRIN, VIRAMIDINE, ZADAXIN (thymosin
alfa-1), CEPLENE (histamine dihydrochloride), VX 950 / LY 570310, ISIS
14803, IDN-6556 and JTK 003.
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12.

13.

WD 2004/ 013300 PCT/ US2003/ 024324 (a) each R4 and R4’
i s independently hydrogen, hal ogen (F, Br, d, 1),

w@swadadzad ogen, -CN, -NO2, |ower alkyl of Cl-QCT/US2003/024324

hal ogenat ed | ower al kyl, hydroxyl, al koxy, CH2CH,
CH20R6, -NH2, -NR6R7, or a residue of an am no acid;
WiThe eiethodtof hepsie ofdainsf1, B4A7,8) dr R4 wheiththd hosjds a hgma)
each R5 and R5' is independently hydrogen, hal ogen (F,
Bf&co%pouh&of@é‘f&%h@h‘?gena -CN, N2, lower alkyl of
Cl1- Cb,” hal ogenated | ower al kyl, hydroxyl, al koxy,
CH20H, CH20R6, -NH2, -NR6R7, or, a residue of an am no
acid; wherein at |easW,one of Fﬁal and R5' is hydrogen;
(c) each R6 and R7 is Y dependéntly hydr ogen, al kyl,
hal ogenat ed al kyl , Nyo al kenyl , carbocycl e
aryl, heterocycl ?{5' | or acyl; (d) R2
i

i s oxygen, sulfu 2[  wherein each R is

i ndependent |y hyrdr-egs kyl , al kyl ene,

al kenyl , aryl, or aralKyl ; (e) each Z, Z' and
Z" is independently Ch* CX or N, géf) each X, X and X"
i s independently hydrogen, halogen (F, d, Br or I|),
NH2, NHR, 15 NRR, NHOR, NRNR R', OH, OR, SH or SR
(g) each Y and Y is O, Sﬂ H, NR, NOWor Se; (h) each
Ra is hydrogen, |ower alkyl, alkylene, alkenyl,

c ar b phyolaecutwally acdeptablecaitdhescof, wheteinvar yl , ar al kyl ,
am noal kyl , am noaryl or am noacyl of C1-C6 ; (i) Rb

' %%?R%aCQRR“ Niggi R¥HRsoindbfedently aiydrogn( jhalgesh(lR, BR Cl, D),
an " independently is hydrogen, |ower_alkyl, |ower

al kepsendohatqgen, &N, Q1. Pk alg% At Ss-Genbelpgsnatad; lowep alkyl,
subst | d 6, Guc! Qalsky! i i
cylc%%%rgPE 1@E%§8X%§g%%3§%h bﬁﬁ¥ﬁegg%ﬁéfgﬁj?%?ﬁ%?g?l?Fum
HO QOltid;36hérén 20R44t013 308 RETRUSRRGBOGD4324 or a
pharmaceutically acceptable salt thereof.

(b) each R’ and R® is independently hydrogen, halogen (F, Br, Cl, D),
pseudohalogen, -CN, NO,, lower alkyl of C;-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, -NH,, NR®R’, or a residue of an amino

acid; wherein at least one of R> and R’ is hydrogen;

(c) each R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(d) R! is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-Cs ;

(e) R? is oxygen, sulfur, -NR’ or -CR’;, wherein each R’ is independently
hydrogen, lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C;-Ce;

(® R is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-Cs;

(g) alternatively if R?is -NR’, then R! or R? can come together with -NR’ to form
a substituted or unsubstituted 5-7 membered ring that can include one or more

heteroatoms; or
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21. A conpound of the general formula: O NB~ NCl N
/I NHNN\V VAN N:r", \NNNNONNO NOOOO H

W@RODOIBH OH OH OH OH 1 (J) 1 (K) 1 (L) 1(M BCT/NB®03/024324

14.

15.

16.

17.

18.

~N N N/ \ NNH N N NS\ I \NN /~NONW ~ON O
0000 OH O OH (N 1(Q 1(P) 1(Q 0 S
N @) K Rﬁle NOIR N thel(l INHONFN @nnNggme [toggthex) Wit D fom a

O N Quiidiithedd & unsubstituted 5-7 membered ring that can include one or more

heteroatoms; or

(i) if R?is -CR’, R! and R? can come together with -CR’, to form a substituted

or unsubstituted bicyclic ring that can include one or more heteroatoms.
The compound of claim 13, wherein R® and/or R”" is OH.
The compound of claim 13, wherein R’ or R® is a residue of an amino acid.
The compound of claim 15, wherein the amino acid is valine.
The compound of claim 15, wherein the amino acid is L-valine.

A compound of the general formula 1 (A-D), 2 (A-D), 3 (A-B), 4 (A-B), 5 (A-B),
6 (A-B), 7 (A-C) or 8 (A):
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2 (A) 2 (B)
3 (A) 3 (B)

OH xO S 1(R)
2003/ 024324

7 (A)

7(B)

0
N
OH OH OH 1(V)
\ NNH NH N

~~N
N NI o

\N I |

NR®

7(C)

8 (A)

or a pharmaceutically acceptable salt thereof, wherein:

(a) each R* and R* is independently hydrogen, halogen (F, Br, CL, I), psuedohalogen,

-CN, -NO,, lower alkyl of C;-C¢, halogenated lower alkyl, hydroxyl, alkoxy,
CH,OH, CHzORG, -NHa,, -NR6R7, or a residue of an amino acid; wherein at least

one of R* and R* is hydrogen;
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15

20

NH2 HCI NH2 0 M N NH NNONNONNO OOOH ™
OHOHOHOH1 (AD) 1 (AE) 1 (AF) or a

w@baameiseut i cal |y acceptable salt thereof. 22.PE&I/US2003/024324
pharmaceuti cal conposition conprising an effective
amount of .any one of the conpounds of clains 13, 18

®) eaP@ RS @nd B pindensgdeansrhydragenahalneanntts & Cdal) psuedohalogen,
BT Be3B0s BBYLYC: 05 MM AT AR bvdrone, aliory, CHRORL

OB’ -NHyy -MR°RY bes tdsidae afrmu aminof acid) whersn af leddtene of R® and
¢Q nds of clains 13, 18, 19, 20, or 21, together
-1?Hy%ng15r more effective anti-viral agents,
optignally with a pharmaceutically acceptable carrier.

(c) exh. R Imldpﬂérmmégpendatﬂyc brroget, i aihylofhabd@nm&alkyl alkylene,

th t I ect d fromthe
%@BS'%‘WF & ?IHL hS#ef?‘%YB@%‘???rﬂarY r?faégﬁé’rr 8% PEGASYS
(pegylated interferon alfa -2a), INFERGEN(lnterferon
(d) Ralis gxpeeng pu f@VI\NRI’:'FQ@dCBmatWhea@n dagh & fierioggpendently hydrogen,

Wer@?y{rylgg%ﬁe *12% g‘lrru%g(ygf)%p hb6i nt gnfsg?on gamma-

Interl eukin-10, |1P-501, Merinmebodib VX-497,
@) em@m " (sindrpenderty CHEPTX/#WE | | DN- 6556.
XTL-002, 10 HCV/ MF59, CIVACIR, LEVOVIRIN, VI RAM DI NE,
(D) eADAXK Narfd K)/rimiiidepemlleﬁtiiy AydrogPhENEer (i, <11aBt nel), NH,, NHRS,

N BB RSTR BosoHsoR" AHeeSBE . compound of o

the formula (1): W9 Ri
(g) each Y and Y’ is O, S, NH, NR®, NOR° or Se;

(h) each R® is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-C¢; and

(i) each R°, R® and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl, or
arylalkyl such as unsubstituted or substituted phenyl or benzyl, cycloalkyl,
cylcopropyl.

19. A compound of the general formula:

or a pharmaceutically acceptable salt thereof, wherein:
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2N R5. 8 RR 6 53 R7R5aN 4 R3 15 (1) or a
phar maceutically acceptable salt thereof, for the
worewPssour e of a nedi cament in nethod for theCT/US2003/024324
treatment of an HCV infection in a host, wherein (a)
each R4 and R4' is independently hydrogen hal ogen (F,
(2) eaBh R*Gind RY is psiepetoleaiphpdrogerCialoghEF, Bovisls Dalpsyddobalogen,

<Slofo-thoelR g Rl AR

ﬁ C Ré'-N N}@fqét ol Rslhe Bf ak BshiddAacid; SvHeyslh @gRBst one
eac RS a IS | ndependent |y hydrogen, hal ogen

of( anBrR ®hydrogen; pseudohal ogen, -CN, N2, |ower alkyl
of Cl-C6, hal ogenated | ower al kyl, hydroxyl, alkoxy,

5 (b) ea@h@@'bndq{@ QRGndepbitd@ntly NR&Sgen, Haldpeh &B] BU,GCIQfI) 3uaivhalogen,
25 acid; wherein at | east one of R5 an

G%(N@géqmwellaé,hyl\@Cth@Q%@@M#@VPlLSE%obY@Q@?2aik0>(y@)CHzOH
ﬁ6 Rﬁllﬁégkl Zﬁz (ir:t 'r@ﬁﬁ@f@i‘jﬁ%ﬁﬁ hyi ;ﬁﬂ@%m & ?ne’ of R® and

ogena ene Pken car bocycl e
R%ﬁthhagm@rocycle heteroaryl, aral kyl or acyl; (d) Rl
i s hydrogen, |ower alkyl, alkylene, alkenyl,

() ea%ﬁrﬁgca%ﬁgyg7 i87ikke eﬂ&tllﬁ&()ﬁycﬁbgen le‘hﬁ%gé’ﬂatedaﬁﬁdgkyéﬂ%lene

am noa am noaryl ©Or "am hoacyl

10 alkenydyoagmeyclsydrily hetemmle,dtete-r@ylz arafipdoedeyleach R is
i ndependent|y hydrogen, |ower alkyl, alKkylene,

(@) Ra|1§< ﬁﬁyéen B l¥ikr, -NR’ af atRy vierdid e6éh Rf fid ifBpérilently hFldrogen,
hydrogen, |ower al kyl, aflkylene, alkenyl, carbocycle
loa\reyalkyh@ﬂ@ﬂmy@lk@lyl amét@rr%ﬁalkylo Gratkyl, am noal kyl ,
am noaryl or am noacyl of Cl-C6; (g) alternatively i f
() edsB 7,9’ alMRZ.” i$ fhdepeRdermnly (3, CHrordme t oget her with -NR
to form 10 a substituted or unsubstituted 5-7

® e %ﬁff@eke%d KAGs frﬂ?é] oy ngys‘drb'&% Hﬂsg&f { (HT1.Br or T), NHy, NHR',

t' eroat ons,
15 NESRE, NHORHSRNRTRY QIR ORf,SH olr$R°

(g) each Y and Y’ is O, S, NH, NR®, NOR® or Se;

(h) each R? is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-Cs ;
() R®is R, OR®, NH,, NHR® or NR°R®’; and

20 () each R, R® and R® independently is hydrogen, lower alkyl, lower alkenyl, aryl, or
arylalkyl such as unsubstituted or substituted phenyl or benzyl, cycloalkyl,
cylcopropyl.

20. A compound of the general formula:

JOo—3

OH
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substituted or unsubstituted 5-7 nmenbered ring that
can include one or nore heteroatons; or 15 (i) if R2
WO 20040R32) R1 and R3 can cone together wth - QRRUSH03/024324
forma substituted or unsubstituted bicyclic ring
t hat an i ncl.u one re heteroatons; optionally
wi TR aBHaactthé MWW%&%‘G@?@%@W carrier. 26. The
use of claim 25, wherein R5 and/or R5' is OR 27. The
use of claim?25, wherein R5 or R5' is a residue of an
amno acid. 20 28. The use of claim 27, wherein the
21. anmhRempeind dfshy/@drn® fordla; The use of claim 27, wherein
the amno acid s L-valine. 30. A use of a compound of
t he general formula d (A-D), 2 (A-D), 3 (A-B), 4
(A-B), 5 (A-B), 6 (p-B), 7 (A0 or 8 (A 139 WO

42004/ 13300 PCT, 024324 4 P RS//')'
VAN Z/Ras|r R4 R4“ R4 (A) (B) (c 1
\ (p] Rs' x R5 BA\X RN

X SRS R5
RRA NR RRA R'5P R43()3(B)4(A)4 B)R
5 0\ RY R50_R5

OH OH OH OH OH OH OH OH
1() 1(K) 1(L) 1(M)
o]
NH,
N
‘& o M N // \“ 7 e
\, ‘S \ /K
N s \N N /KO N N o
o] o | :: ‘ | :O: ‘
OH OH OH OH OH
1 (N) 1 (0) 1(P) 1(Q

T, S
V4 | " N\
CT T DS o
N o}
N e} o
X T

OH OH

OYO
S

1 (R) 1(S) 1(T) 1(U)
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RARARANR NR RIRES5 (A 5(B) 6 (A 6 (B XX
~Fr RE RS YRS RB55~ 55 R NR R4 R4 R4 R4 Ra
w@RZAooRa13go0 (A) 7 (B) 7 (C) 8 (A or a pharmacepCT/U81003/024324
acceptable salt thereof, for the manufacture of a
medi canent for the,treatment of an HCV infection in a
host ,o wherei n (Na) ach R4Nand R4' is independently N
hydr halgge|(N/Br,//C], ),
I of C1-N6,
, alkoxy, CH2

pendent |y hydrogen, hal odgn (F, g8r, O, |
psu¢dohal ogen, - ’V‘NOZ’ | ower] al kyl of C1-GCs,

%“hal 8§enat ed | O\A/e?ma(l Kyl, hydr&%yl, al koxy, CH2@H, OH
CH20R6, -NH2, -NR6R7, or a residue of an am no acid;
whéf¥)n at | east one of R5 and RI' (X)s hydrogen; 5 (¥)
each R6 and R7 is independently hydrogen, alkyl,
hal ogenat ed alkyl,lalkylene, al keny) . —ear bocycl e,
aryl, heterocycle,jheteroaryl, aralkyl or acyl; (d) R
I s ~axygen, sulfur, \R or - in each R is

al kenyl , aryl, | of
JZ's i'dependént | CX or
\ i sé@ependég gen
, SNHR, ~'NRR , N ,
O (o}
OH OH HO OH OH OH
1 (AB
1(2) 1 (AA) (AB) 1 (AC)
NH, HCl NH,
o
N AN N
(LI LT L 41
N N/}\ \N N\ I /j\
0 N 0 N N 5
(o}
(o}
OH OH
OH OH OH OH
1 (AD) 1(AE) 1 (AF)

or a pharmaceutically acceptable salt thereof.

22. A pharmaceutical composition comprising an effective amount of any one of the

compounds of claims 13, 18, 19, 20, or 21, together with a pharmaceutically

acceptable carrier.

137



10

15

20

25

(g) each Yand Y is 0, S, NH NR, NOR or Se; (h) each
Ra i s hydrogen, |ower alkyl, alkylene, alkenyl,

w@arboc3ped e, aryl, heterocycle, heteroaryl, aprei/kg1003/024324

23.

24.

25.

am noal kyl , am noaryl or am noacyl of Cl-C6; and 15
( each R, R and R.'' independently is hydrogen,
o&@haréma,@y}ltlcaﬂ gmpo%qlckrépgmpnsm%,qm effpctivg ppronnke any| g of the

t
2)5/%0“18 ;lu(y% g bf Hﬁﬁnﬁscg%rlgsggﬁ 44 % ohgfél%mé “}tﬁ%} (gl%ngryAmre effective

p heantirdE e e gént s lopi oedkyepitlad bhamﬁcesuteally actBptable chrriese of
a corrpound of the general formula: Rob ONI~Ir WON

Dbl iflorl- 8¢ WR2994484:3800he ani-
PCT/ U§2003/ 024322Om ra ph har maceut ca?rgy glgc%%“ ‘élb?l agent Is

s alelecteddramfthe gronp chasistingof aﬂ:)’awrm, ofterferomeRE GANER (pdaytated

et ra- PEPERGEN it npe S48 R BREN (el

Brmteﬁferonb) ALBRFERON aRpBEN (1nte9élron 1N@—»la ), O¥RE aainlféffer&f Oral
hal ogenat ed | ower alkyl, 5 droxyl , oXYy,
diz@fer@@@%w InRgpron. SR llmrlnéprleg indls IBFS(Hn Memmebodlb

(o s AAR T R L B ROV, BRI R g2
FI;ICBVMFSE),, CIY ACIRS USVOWIRINE VIR ANIDINE, zmm'(l%nosm
hal ogenat ed | ower_ al kyl droxyl al

], QR iR oQH Tl 5380 ot LXn S0 o ISTS
1014@93%) §§@érﬂi gast one of RS and RS is

hydrogen; eac and R7 is independently

QO

-
5=

I

h al kyl , | kyl | kyl
y ré‘% &na Q%Wé’trtl%ﬁ’g??‘imﬁﬁggergcyc?e yh:?groaryl ,

aral kyl or acyl; (d) R2 is oxygen, sulfur, -NR or
-CR 2, wherein each Ry is indepghdently

\ﬁN/

@

or a pharmaceutically acceptable salt thereof, for the manufacture of a

medicament in method for the treatment of an HCV infection in a host, wherein

(a) each R* and RY is independently hydrogen, halogen (F, Br, Cl, I),
pseudohalogen, -CN, -NO,, lower alkyl of C;-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH20R6, -NH,, -NR6R7, or a residue of an amino

acid; wherein at least one of R* and RY is hydrogen;

(b) each R® and R” is independently hydrogen, halogen (F, Br, Cl, I),
pseudohalogen, -CN, NO,, lower alkyl of C;-Cg, halogenated lower alkyl,
hydroxyl, alkoxy, CH,OH, CH,OR®, -NHa, -NR6R7, or a residue of an amino

acid; wherein at least one of R®> and R is hydrogen;
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hydr ogen, |ower al kyl, alkylene, alkenyl, aryl, or
aral kyl O C-C6; 15 (e) each Z, Z° and Z" is

wo pabepessaent |y CH, CX or N, (f) each X, X andpOI/UBH03/024324

26.

27.

28.

29.

30.

i ndependent | y hydrogen hal ogen (F a, Br oor 1), NH2
NHRC, NRCRC (PC SH or
(o) @a@hRYa%E ¥ mqi@e@dengy hmogmlkmgwats@ alkc/h )alkylene

each ,fRaniss cé}iﬂg& ge o 1ekM tero VA 00 or% kenyl,
% y‘% g% TS &9

car bocyci'é ocilc etero

@@é'lﬁ SRR B AR, Mg RS B,
szlcky:ﬁg;C | ower aI kenyl W%MO yr;}zﬂﬁlﬁg%@l gtgwé?as

tituted t en
g;@bj |i§y1l)J eg8910 ré‘blg'f" u(HFe)f ,E’al rq}\ﬁl teﬁgl'éﬁ/ is 1n%ependently

phar megRuth, A8lvtyalRACARYIBR, QIKCATIT hiSA, -or afid1 VEC,-Cy;
2004/ goo PCT/ U 2003/ 024324 y Z@IA use ‘of a conpound

f
o i 450 B S5 Byt et Fhonil Boeselpn e piepevele,
W| th hatemaaymaa&yl ia@rAhdalkyl a@giapirabdremeiacddytof Cf-0f ; t he
manuf acture of a nedi canent for the treatnent of an

s ,
) SaRBEA AP 1T i VRS heni¥ o B oo ARG t%rform
DI NalNubstitide®or dhb@it@ed5T membered ring that can include one or more

heteroatoms; or

(h) if R? is -CR’,, then R! or R® can come together with -CR’; to form a
substituted or unsubstituted 5-7 membered ring that can include one or more

heteroatoms; or

(i) if R*is -CR’,, R! and R® can come together with -CR’; to form a substituted

or unsubstituted bicyclic ring that can include one or more heteroatoms;
optionally with a pharmaceutically acceptable carrier.
The use of claim 25, wherein R> and/or R is OH.
The use of claim 25, wherein R® or R® is a residue of an amino acid.
The use of claim 27, wherein the amino acid is valine.
The use of claim 27, wherein the amino acid is L-valine.

A use of a compound of the general formula 1 (A-D), 2 (A-D), 3 (A-B), 4 (A-B),
5 (A-B), 6 (A-B), 7 (A-C) or 8 (A):
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or a pharmaceutically acceptable salt thereof, for the manufacture of a

medicament for the treatment of an HCV infection in a host, wherein

(a) each R* and RY is independently hydrogen, halogen (F, Br, Cl, I), psuedohalogen,
-CN, -NOy, lower alkyl of C;-Cs, or halogenated lower alkyl, hydroxyl, alkoxy,
CH,OH, CH,OR®, -NH,, -NR®R’, or a residue of an amino acid; wherein at least
one of R* and R* is hydrogen;
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1 (R i(s) 1 (T) 1 (U ON NNN"\NI N-O<JL ,NN
\NT /~ NNONNNONO O O OHOHOOHOH1 (W OH
W@RDBIBOEY) 1 (X) 1 (Y) HNC 0 0 NN N NI NeCT/NSi00d024324
NH~NHNINNOCN NNN N "ONOOOOO OHOH

OH OHOH1 (2 1 (AA) 1 (AB) 1 (AC 144 \WO
(b) c3R90R) 6n Bpisp S hysiaden, halpgen 45 Be £10), Brusiphatogen,

-EN !\N@z,’\iourepallklyl of C;-Cs, halogenated lower alkyl, hydroxyl, alkoxy, CH,OH,
CH,ORS, -NH,, -NR®R’, or a residue of an amino acid; wherein at least one of R® and

R is hydrogen;

5 (c) each R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(d) R? is oxygen, sulfur, -NR’ or -CR’;, wherein each R’ is independently hydrogen,
lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C;-Cg;

(e) each Z, Z’ and Z” is independently CH, CX or N;

10 () each X, X’ and X” is independently hydrogen, halogen (F, Cl, Br or I), NH,, NHR®,
NR°R®, NHOR®, NR°NR°R®, OH, OR®, SH or SR";

(g) each Y and Y’ is O, S, NH, NR®, NOR® or Se;

(h) each R* is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl, heterocycle,

heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;1-Cg; and

15 (i) each R, R* and R independently is hydrogen, lower alkyl, lower alkenyl, aryl, or
arylalkyl such as unsubstituted or substituted phenyl or benzyl, cycloalkyl,
cylcopropyl;

optionally with a pharmaceutically acceptable carrier.

20 31. A use of a compound of the general formula:

Rb
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NO OOHOHOHOHOHOH1 (AD 1 (AE) 1 (AF) or a
phar maceutically acceptable salt thereof, optionally

wowaok/om3phar maceutically acceptable carrier, POF/US1063/024324

manuf acture of a madi camant for the treatnent of an

HCV infection in_a h 34. The use of any one of
cl04i AsPhasmaggytically @zepteblessalt ftlaffrﬁ?ferf%é offisr fmanpfpctge of a

AGPL LAt FRIhd ReduiEniiASh fq@v ¢RI AR 2 QR OF

alternation one or nDre effective anti-viral agents,

355 B Rt BT Prisrenat ey da@taomsn, & Hord: D
is sg %&e&&%gshommhmgg Olfer G5 b8 0, 1Y, Ahlopem@d [dwhr alkyl,
interferon pegyl atéedlnterfe on alfa -2a),

| NFEmENxxh alkexy, é}f@u@}w CHOR 1I)IH2,GNR RON 1eigte pRAN amino

t f BUFE Bl.F terf bet a- |
A e L L A )
ganma- |b, Interleukin-10, |P-501, Merimebodibh VX-497,

I\m)\wwbl RE Ay et iseindepeoniiy vivedrogenn Igdesn, (B iBrodd, D,

(t hy ls%%ﬂha%a%\éﬁa %{ 5@%&%&%‘ S0 B Nralogéiitl! [dwer aliyl

di hy dydrokylpalketey), CHAOID, aomom% -HHQ 3NRRI SIS redidud 4868 amino

IDN-6556 nd, JTK 003. %%h f any one of clains
25, 8¢jd; whereigat legst opg o H%%r’c» is a human.
145

(c) each R® and R’ is independently hydrogen, alkyl, halogenated alkyl, alkylene,

alkenyl, carbocycle, aryl, heterocycle, heteroaryl, aralkyl or acyl;

(d) R? is oxygen, sulfur, -NR’ or -CR’;, wherein each R’ is independently
hydrogen, lower alkyl, alkylene, alkenyl, aryl, or aralkyl of C;-Ce;

(e) each Z, Z’ and Z” is independently CH, CX or N;

() each X, X’ and X” is independently hydrogen, halogen (F, Cl, Br or I), NH,,
NHR®, NR°R®, NHOR®, NRNR°R®’, OH, OR’, SH or SR";

(g) each Y and Y’ is O, S, NH, NR’, NOR° or Se;

(h) each R® is hydrogen, lower alkyl, alkylene, alkenyl, carbocycle, aryl,
heterocycle, heteroaryl, aralkyl, aminoalkyl, aminoaryl or aminoacyl of C;-
Ce;

@ R®isR", OR®, NH,, NHR® or NR°R®’; and

() each R%, R® and R® independently is hydrogen, lower alkyl, lower alkenyl,
aryl, or arylalkyl such as unsubstituted or substituted phenyl or benzyl,
cycloalkyl, cylcopropyl;

optionally with a pharmaceutically acceptable carrier.
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32. A use of a compound of the general formula:

HO N\f

OH

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically
acceptable carrier, for the manufacture of a medicament for the treatment of an

HCYV infection in a host.

33. A use of a compound of the general formula:
(o]
N \ //N NH N | N// I N

/ ‘|
N | \ y N\

\ N N o) o N N o

N o)
o]
OH OH

; N
O
OH

OH

X

O

OH OH

1) 1(K) 1 (@) 1(M)

NH,
N AN N A N
N//Ij\ PN r Y fk
\N N s N\ | /K \N /K \N /K
N . S N 0 N o
I :o: | o 0 | :o: I
OH

OH OH OH OH OH OH

1 (N) 1(0) 1(P) 1(Q)
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‘e /K

\

;N N o
O

OH OH
1(2)

PCT/US2003/024324
N
S N N// | S
N 4 W \
Vi NH N\ | /K N N o
PN :

0 \ﬂ/
OH OH >< S

OH OH OH
1(X) 1(Y)
| HN—
o\N N \ i
T ; LA L
N // l NH N
N\ N © N N 0
AN 7
@ —
HO OH OH OH
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NH, HCl NH> o
N
/7 o 7an i y. "
N | Ny 74 l
N \ AN
N (o] N N o) N N o
O
0]
OH OH
OH OH OH OH
1 (AD) 1 (AE) 1 (AF)

or a pharmaceutically acceptable salt thereof, optionally with a pharmaceutically
acceptable carrier, for the manufacture of a medicament for the treatment of an

HCYV infection in a host.

34, The use of any one of claims 25, 30, 31, 32, or 33, further comprising
5 administering to the host in combination and/or alternation one or more effective

anti-viral agents, optionally with a pharmaceutically acceptable carrier.

35.  The use of claim 34, wherein the anti-viral agent is selected from the group
consisting of ribavirin, interferon, PEGASYS (pegylated interferon alfa —2a),
INFERGEN (interferon alfacon-1), OMNIFERON (natural interferon),
10 ALBUFERON, REBIF (interferon beta-1a), Omega Interferon, Oral Interferon
Alpha, Interferon gamma- 1b, Interleukin-10, IP-501, Merimebodib VX-497,
AMANTADINE  (Symmetrel), HEPTAZYME, IDN-6556., XTL-002,
HCV/MF59, CIVACIR, LEVOVIRIN, VIRAMIDINE, ZADAXIN (thymosin
alfa-1), CEPLENE (histamine dihydrochloride), VX 950 / LY 570310, ISIS

15 14803, IDN-6556 and JTK 003.

36.  The use of any one of claims 25, 30, 31, 32, or 33, wherein the host is a human.
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