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The presewpoznsasti on is concerned with nucl eosi de conmpounpdg/@oghesgst ai n
derivatives thereof, their synthesis, and their use as inhibitors of

RNAdependent RNA viral polyner aseRMImmmmmm ms of the present invention
are inhibitors of RNA-dependent w cation and are useful for
the treatnment of 10 RNA-dependent RNA wisgd« i nfection. They are
particularly useful as inhibitors of hepatitis C virus (HCV) NS5B

pol ymerase, as inhibitors of HCV replication, and for the treatnent of
hepatiti s CNUWCEEOSHPE DIEKINGEIVEDS A INHBITRRS\NDFGNADERBNDENTBREAVI r us

(HCV) inf eCtVIRM?OEYWLQASﬁeal th problemthat |eads to chronic liver
r

di sease, such as cirrhosi's and hepatocellular carcinoma, in a substantial
nunber of infected individuals, estimated to be 2-15% of the world's

«popul ati gn. gfRepORTHFEAN A TR ed 4.5 milion infected people in the
United States alone, according to the U S. Center for Disease Control.

According to the Wor | dhe@reseny inyentiogansonsemed withricleogide campeunds apd 200

m | 1ion infeekad defivhitivies thatdof WREit ShitietRis, ¥d thetusé @saﬁ)hib%to}sc?fmll i OtnhlonIOI e
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being infected eac ar.. ce infected, about % of .
vrue, but . dREerBSRNENiH Dt “ThEFomRouds of D egeht HUeTion Aoient y
percent of dihibitors af RNA-dépentian RN ivitetieplicatiov and usd hsgfud ésreh®@eatment of

l'iver-desgtr g I | [ er . viral dise is.transmtted
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mot hers to ttl‘f@fréah‘ﬁéﬁto‘-‘f@;@%at&ﬁis EnrEgRh,. treatments for HCV infection, which

are restricted to 1 rnnun erapy W th reconbinant interferon-a alone or in

conbi nation with the nucl eoside analog ribavirin, are of limted clinical
benefit. MmPBXOVEGROWMSDOF THRNBMERDIOghed vacci ne fox HCV. Consequently,

there ig.an urgent 30 _need.faqr.i d therapeuti.c agents that effectively
combat iﬁr oni ¢ HCV i nfl'ge&’f‘wé%a V*ergP'ré@X(S @‘fﬁ‘fuotnﬁgaé’wo’i h?%ﬂ@rqbieé%f%kﬁg%f HCV
i m;) facti on hascleeit livey disewd, sualnds ciﬁhesiiem&bhélﬁtdmﬂlﬂat car&ilgemﬁ,dh laowi ng f
publicationg; ] C . [o1s] e reat.nent o
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i nclude 10 the inhibition of viral serine protelnase (NS3 protease),

hel i case, alfeeihgR ¥ & Frstrisied tﬁd‘F‘?’r?E‘Pﬁ'@@Pé’NS%BF?OIQHH@WégEféKP@r‘bﬂﬁ%t of a
vacc: ne. | Ther _chxbb Tibihatioh \icviﬁh e Iﬂﬁkﬁbidéaﬁhl@g)ﬁbddiﬂﬁ%@é bﬁléhdggﬁ\%‘lim&dl lbar;]dﬂt{] h a
singl e oligQqribonucleot.i de 0 seqguen out ases iC
encades a pOTUEPICeR s S8 cHRIRGEE G SIMTROACY. Loy er s fr et s o

t he HCV3@enaeddbior omproyed tferapentic sgentstthataffepti vl y corabaE chfthjc HGY ikctiamd t he

non- Str uct Ul (s%ggsﬁwtan!}ﬁam Ratnent BEHCY iR B a8 BCERe BT dnfiSSB.  The

* nonstructura proteins are | eved to provide the Ce i ¢ machinery
for viral repfereaat isopadetpéheNgopingpablications:e Bs Pymuglsmt al ndNawelA- dependent
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20 a single-stranded viral RNA that serves as a tenplate in the replication
cycle of HCV. NSSB polynerise is therefore considered to be an essenti al
conponentwion2okesHCV replication conplex [see K |Ishi, et par/usel/b3086 essi on
of Hepatitis C Virus NSSB Protein: Characterization of Its RNA Pol ynerise
Activity and RNA Binding," Hepatol ogy, 29: 1227-1235 (1999) and V. Lohmann,
et al., "Biochem cal and Kinetic 25 Anal yses of NSSB RNA- Dependent RNA

Pol ynerise of the Hepatitis C Virus," VirologV, 249: 108 118 (1998)].
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of HCV- speciBuropeant]i. Gastadentenelr Hpmﬁel 11t 1h&8s1208/(1982) R Bartenschlagernucl eosi de

' d fee C, f
ot ot i bRl £ HOMER CARhE Al AT Thiaby SRMIBlES, BFC
HCV repl i cat4®A78-BR3 (13397ﬂfﬁ35ﬁd9%§‘h%1%@ B&Y. deélv epatitis ke ¥aunlnfeation” de
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provi de_nug |1é%%ntstofaﬁrﬁsﬁﬁnﬁggréﬁac%&&?ﬁsﬁﬁyaéﬁeog«z GRS BBl cn are
useful as inhibitors dDiffédappiodeirs td?PlSWthemlpymavanenaﬂenawﬂlchman@dd| cul ar

hi t . t
Moventi dg ¢ dhs Rt REVRIREHTRE R Ese ts) Brliebl FOiAR, 35) sXA-BAEREE oo
whi ch are us‘éNﬂlPCéﬁnﬂmfﬂ@T&ﬁ)sﬁr@fth@ﬂ@'eﬂ@mqnéafampcme an RNA- dependent RNA
virus and in particul arh@ﬁcvn\hhl% ﬁsoinsenQEloPglfR(Ss‘?b?\!'é LG RNRiIERAhlL | S C

virus. It is_ another _object of resen vention to provide nucle05|de
10 conpoundsingie oh&cmbginﬁc a@rq%?ppm&seﬂwe&f byt OR0Q pases which enpedes jje

treat ment of ﬂ%ﬂiﬂ)ﬁhtmw@bcldﬂf aak ﬁftelﬂfiﬁodd&tsﬂﬁrtlﬁé HoNagenkn t he

t t E@e t t b th { t

o pr ovile FREFRANE e LRI Ors b Rar 1 e PenerBrEaeiens Refpounds
of the presd‘ﬂ$3 INSXtndNSHB, asENES Atnd NSHBL The nohstrucane NS prdtyinaarept abl e
carrier. b delichds AILNAE 4R ERcHhack IR PES SR b RUERA. e NSO Le
derivatives mheﬁreé S58%, thendNpv-dependenit polymefase fllosethamlymmtmnt(:bma of

RNA- dependerlrxcwesys P@l’yﬂé?ist@fegéﬁemgtHe%P’ﬁﬁEélk 6E'h BbutfS-strafied RNA Fr HI HCV

NSSB pol yner ase. s “anot her resent 1 nvention to OVI de
phar macett | @aﬂmée's%‘hdﬁéé’lftai BNA @aeﬁrm@ﬁg t@fﬁ@lame thegsplication syle AHH
derivatives N&sB 9@ryn@iasta lethefese Bbnsiderédiol B}Ihnfdaéenﬁﬁﬁcoﬁﬁpdneﬁ\t' iR luieDH@vof

RNA- d dent t f HCV
PAEI s i Al abipd b s

armaceut i ero drizagorc eraptlAbEa ndidg,”an
gerivativesﬁ g;mlzz% r L pg nt of
RNA- depende m&%@% 2 I nfect SRW@Q’&hd'V”L‘BHHF?@SF glr ‘B?&ihﬁﬂm{a 9n<{f(&%§1ggf HCV
i nfecti @a. I&nqlﬁe&ﬁﬁNﬁéB Fow{rgpendent W@P@b’mﬁsﬁwmﬂmﬁtlécp\’w ‘de -

phar maceut i c4role 102058 CO0BY]I SiHMEItibA Bf AES) RBSBIRIYHRTRR nand

derivatives _Wg%?yga%lhh%{&r esenaa@z | on_in onbl nat i on fWI t h ot her

agents acti Qnﬁﬁtéﬁ’h%ftt A and there ore constitutes an attractive
approach to the development of HCV-specific antiviral therapies.

It has now been found that nucleoside compounds of the present
30 invention and certain derivatives thereof are potent inhibitors of RNA-dependent
RNA viral replication and in particular HCV replication. The 5’-triphosphate
derivatives of these nucleoside compounds are inhibitors of RNA-dependent RNA
viral polymerase and in particular HCV NS5B polymerase. The instant nucleoside
compounds and derivatives thereof are useful to treat RNA-dependent RNA viral
35 infection and in particular HCV infection.
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30 RNA virus and in particular against HCV. It is another object of the
present invention to provide nethods for the inhibition of RNA-dependent

RNA vi r alwpabygeease and in particular for the inhibition pefr/ide¥oNgSB
pol ynerase. -3 WO 02/ 0S7287 PCT/US02/ (13081 It is another object of the

present invention to provide nethods for the inhibition of RNA-dependent
RNA viral replication and in particular for the inhibition of HCV
replication. It is another object of the present invention to provi de

met hods for the 5 tre t of RNA-dependent RNA vira nfetlo n
particular for the trzlggﬁﬁ?ff’%&? a’?@}e?trﬂ?@&ﬁ%ﬁ’m PQVGPQO%WCHIHE“@G BB f the
present i nveotriponndsandroextaiielenestines shefrenf whieh amemﬁuiaaﬂmbi‘blta‘d/bfdmi)Andent RNA

wviral inf eCtd[ B%lé&ﬁ't ﬁﬁxovlpﬁésb%eﬂste An8 Elf]ga{m?\ﬂgxn%s%nﬁi% thkCor 1 @fStSﬁCV 10

RNA- dependen vViTus an partic he Treatnen
i nfection i pobawdsesgat i on with other agents active against HCV. It is

-anot her gbj ect of the Ipfsea%snkrbm&m E@nPi¥héh %&ﬁﬁéh@&e&wounds and

certain derivatives thereof hei r]%nlﬁar maceut | ca MpPosSI tions for use
as a nedi cafeHPoRRs @ﬁéeﬁwnlqﬁnwb%s &ermwu@b@rﬁ@éﬁvl mz\hxbiltp%ﬂofrﬂéqm i cati on

and/ or the ftg ﬂiaﬁ&ﬂbfﬁfRﬁNAd@b%ﬂ@élﬂWARNﬁs yhd 7l partidudsitas dkhiBifsts bpthar ticul ar
for the 15 inhibjti E(C}f replication and/or the treatnent of HCV

i nfecti on. II?P}°§I%8 eé’latl Y4i*Sof the present invention to provide for the
use of the nucl eoside Icmrqnoﬁmdebjaad)fmprasemt dwenwcatno\mswtlélﬂlucﬂafsmef t he

o a o ” ‘
b 5 redPC acohipBd PlcBfthin BHDLITRS Bidndtin PR Sl Be blmeRfal VLTS o' ©
and/ or the tdﬁeqtdnntrRNAfwmhmfgmm@énmemucuimmth¢ aleatrmmedHGN infedtiom
particular for the 'nmg'ahb@,er é#%YtH&%leéeﬁ@%iv@ﬁh&HW 6v1P PhdchaalRat of

HCV infection. These and ot her JECtS econe r ad| y appar ent from
t he detail e&oﬂ’@§@F‘P‘ﬂ)9(‘FQWPW§:‘ﬁe1“BP peside compoyngspfthe EresTMENYSRUPR™ ON The

present i nvesddciifion @Jlﬁi@ﬁhd{ﬂa&mmﬂw%‘éeﬁﬁblébwﬁf ural fornula I of the

| ndi cat Eig stereocherm CI? 1s an O&ler gtlﬁcre& of ?he present invention to provide pharmaceutical
compositions comprising the nucleoside compounds and derivatives thereof of the
present invention for use as inhibitors of RNA-dependent RNA viral polymerase and
in particular as inhibitors of HCV NS5B polymerase.

It is another object of the present invention to provide pharmaceutical

20  compositions comprising the nucleoside compounds and derivatives thereof of the
present invention for use as inhibitors of RNA-dependent RNA viral replication and
in particular as inhibitors of HCV replication.

It is another object of the present invention to provide pharmaceutical
compositions comprising the nucleoside compounds and derivatives thereof of the

25  present invention for use in the treatment of RNA-dependent RNA viral infection and
in particular in the treatment of HCV infection.

It is another object of the present invention to provide pharmaceutical
compositions comprising the nucleoside compounds and derivatives thereof of the
present invention in combination with other agents active against an RNA-dependent

30 RNA virus and in particular against HCV.,

It is another object of the present invention to provide methods for the
inhibition of RNA-dependent RNA viral polymerase and in particular for the
inhibition of HCV NS5B polymerase.




WO 02/0S7287 RO Rlo / ~* NRSp RR-p NRENR 1 R4 RlL R3B R2 (I)
PCT/ US112/ 031186 or a pharmaceutically acceptable salt thereof; wherein R 1

is C~_4 alwanwkmst2_4 al kynyl, or C1 _4 alkyl, wherein alpetiydo3/03086
unsubstituted or substituted with hydroxy, amno, C1 q. alkoxy, C1 4
al kylthio, or one 5 to three fluorine atons; R2 i s hydrogen, fluorine,
hydr oxy, nercapto, C1 4 alkoxy, or C1l 4 alkyl; or R1 and R2 together
with the carbon atomto which they are attached forma 3- to 6-nembered

saturated nonocyclic r S st e opt| onal contai nji ng a heteroato
selected fromO, S, arft'j {;nﬁ of thgp %f}/namepgo%poeﬁgggﬁn}eﬁmﬁ g‘bﬁt ly
sel ected f ronhlbh@ngxfmahpm(ﬁm REthrdily@‘lmgmn arzdiarparticaldr dex, thé éihitg gon

‘hydroxy, ner ﬁ{q C1l 4 alkoxy, C2 4 alkenyl, C2_4 alkynyl, and C
1 4 alkyl, O&h%fet?gfre E&f is unsubstituted or substituted with hydroxy,

amno, C1 _qg. alkoxy, It(sanothﬁr abjketl af heopregant orvention toprewide methdds dortheons; RS

13 hydrogeh yeafineiil oft RIVA- Hégéﬁggm'RNK%% zf‘fé?%ﬂgﬁﬁ gémt? 1%%8}0r featricht ™0 and

R~ are each 1n ependent rogen, uor omet hyl ;
R8 i s hydrogdHC Y:lff_eCtZPUal kyI C2_4 al kynyl haI ogen, cyano, carboxy, C 1

_q. al kyl oxycar bonyl, I@?s'é?n@the@BbJ@ét,of@ie rRkdey A@hiioh 1 réﬁaaﬂ]ea{daxlfaﬁﬁa no
hydroxy, C 1 6 al

k kyl.sul
al kyl ) 0_2 arfiobBRH ﬁ%&f’bﬁ%ﬂen@@@(ml %Hf%fé'PRWCOIBI%%Bé&J Witgloéﬁ’l asents
?‘ ugst i tuted amtmzéghifst RNAltJdepejlﬂenu@\I%T;jﬂuﬁdﬁﬁ)ﬁﬂpt&ﬁédlyr f@etlﬁag&dném efrHIC ogen,
ydr oxy,; yan al ky a ydr ogen, cyano,
tro ) 973 Mo gettngto RS en RS HGY "12) C(=NH) NF2,
Rlydigxy, C 1a 3 al koxﬁt 1sa3mpﬁm olgjedt ofdhcalbl‘ﬂwnamvnot,lordio(@omde gl(lded:%de) am no,
hal ogen, (1103 Sefd g?c)él‘t}tmucfg g’u%@'ﬂﬁ%@ﬂf’ aﬁdYﬂe)ir ?%n&ééﬂlgﬁ%gﬁggs1ﬁbﬂs fopherein

al kyl i's unsu or substitute

i ndependent [Ue 3bh Bredicgment for ghe inkibBipaPf RN\ rddependeat BRI VIE%FWQtIOIHnd ClL 3
al koxy; R10 aafr ﬁle]tﬂea&h&tﬁﬂWA% eﬁkemla\yvm fireaRm. and Y4 f)%yulamk%en Cc1

O el S S S AR AL, -
cycl oal kyl' ) ami no, or QéisGnotet objettestolad prgbent inventist fotproeide fur thetitdftthe ed
\glt 2 glnﬁy][ 0 n%@%o%&%g&ip&ﬁ%g %ed celJE'anln Xenvaltl%gst t (ejrefoié 3" hg%lreosgnt 1ir1veh 1grr1 @d> amno
their pharmaceutical composmons for the manufacture of a medicament for the
inhibition of RNA-dependent RNA viral replication and/or the treatment of RNA-
20  dependent RNA viral infection and in particular for the inhibition of HCV replication
and/or the treatment of HCV infection.
These and other objects will become readily apparent from the detailed

description which follows.

25 SUMMARY OF THE INVENTION
The present invention relates to compounds of structural formula I of

the indicated stereochemical configuration:




each R12 is independently hydrogen or Cl1_6 alkyl; and 5 R13 and R14 are
each independently hydroxy, OCH?CHZSC(=0)Cl_4 alkyl, OCH20 (COOC 1 4
al kyl , NHedve@®2ke, OCH(C 1 4 alkyl)OCOC 1 _4 alkyl, pe®s0sibidxdlCH3
~~~~S(CH2) 17CH3 O CH2) 9CH3 or OCO( CH2) 14CH3 with the proviso that when Rl
is (3-nmethyl and R4 is hydrogen or R4 is ~-nethyl and Rl is hydrogen, R2
and R3 are a-hydroxy, R~ is amno, and R5, R6, R~, Rg, and 10 Rl1l are
hydrogen, then RO is not cyano or CONH2. The conpounds of formula |I are
useful as inhibitors of RNA dependent RNA viral, polynerase and in
particul ar of HCV NSSB pol ynerase. Theyr%re so inhibitors of
RNA- dependent RNA viral replication and \n patticular of HCV replication
.and are useful for the treatnent ofRR /dependeNt RNA viral infection 15
and in particular for the treag¥gnt 'of NCV nf]g/%i on.. Al so enconpassed
w thin the present invention are phyrgmcguti Riposi tions containing the

R

Lul

.conpounds al one or in conbinati BP agents active agai nst

RNA- dependent RNA virus and in pzi agai nst HCV as well as nethods
for the inhibition of RNA-dependent virtal replication and for the 20
treat nent of RNA-dependent RNA viral RP#%cti on. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The present invention relates tQ conpounds of structural formula
| of the indicated stereochem cal confi gdBati on: -6 WO 02/ 0S7287 R9 Rlo
Ra/ wWN5RONI ~11 R~ ORS NRR4 R R3 R2 PCT/USU2/ 0308C or a

phar maceut i oablpjlamecepically acsptdbld fa@irtheatof, wherein R 1 is C2_q, al kenyl,

C2_4 al kynylyhefin §1% i L i
subst Lt ut o0 "o R s €3 Ayl CRGBRNE o) 4 PSSR AKIBE, O - e
to three fl aaﬁqhﬁetungbmmieé Vlhdryslsy, amings KG1realkenpd Caxq alkykthioagstape C1_4

al koxy, §r GJuffecMibddne #6m&L and R2 together with the carbon atomto which
m ]g t.o .6- menbered satu ng. system

they are at hed.for rat ed nocyclic rij
optionally E?rhsg?'qﬁo_ﬁ%“’ﬁ“r‘?gf]&rlﬁ'gf% %TcéBtPegzlf‘HJE?’@l’o , lah%kﬂt_ﬂ_ﬁi aidkyi: 10
RS and R4 RS woaafier widenpden aor & Glchindy APulRhed F8HPa SOBY.-ShiBered!
hydr ogen, c ano, daZ|do, al.ogen, hydroxy, nercapto, amno, Cl 4 al koxy,
C2_4 al kenyPAUERYMONQLYRYG TN Wt@ifﬂtl%aﬁylc?nwgﬁ hetgioptom selecladsfienQ.t ut ed
or substit uSeandWNCP-hglyloxy, amino, Cl1_4 al koxy, Cl_qg. alkylthio, or one to

three f llHor Wan%t% each independently selected from the group consisting of hydrogen,
cyano, azido, halogen, hydroxy, mercapto, amino, C1-4 alkoxy, C2-4 alkenyl, C2.4
alkynyl, and Cj-4 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy,
amino, C1-4 alkoxy, C]-4 alkylthio, or one to three fluorine atoms;
R5 is hydrogen, C1-10 alkylcarbonyl, P309HY, P2OgH3, or P(O)R13R14;

15 RO and R7 are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl;
R8 is hydrogen, C1.4 alkyl, C2-4 alkynyl, halogen, cyano, carboxy, C1-4
alkyloxycarbonyl, azido, amino, Cj-4 alkylamino, di(C].4 alkyl)amino, hydroxy,
C1-6 alkoxy, C1-6 alkylthio, C1-6 alkylsulfonyl, (C1-4 alkyl)o-2 aminomethyl, or
C4.-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups

20 independently selected from halogen, hydroxy, amino, C1-4 alkyl, and C1-4 alkoxy;
R9 is hydrogen, cyano, nitro, C1-3 alkyl, NHCONH7, CONRI2R12, CSNR12R12,
COOR12, C(=NH)NH2, hydroxy, C1-3 alkoxy, amino, C1-4 alkylamino, di(C]-4
alkylamino, halogen, (1,3-oxazol-2-yl), (1,3-thiazol-2-yl), or (imidazol-2-yl); wherein
alkyl is unsubstituted or substituted with one to three groups independently selected

25  from halogen, amino, hydroxy, carboxy, and C1-3 alkoxy;

R10 and R11 are each independently hydrogen, hydroxy, halogen, C1-4 alkoxy,
amino, C1-4 alkylamino, di(C1-4 alkyl)amino, C3-¢ cycloalkylamino, di(C3-g
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RS is hydrogen, Cl1_10 al kyl carbonyl, P309Hq., P2061i3, or P(O R13R14; 15 R6
and R~ are each independently hydrogen, nethyl, hydroxynethyl, or

fl uor onetwplo2/oRgs? s hydrogen, Cl1_4 al kyl, C2-4 al kynyl, halcag&nemgano,
carboxy, Cl_4 al kyl oxycarbonyl, azido, am no, Cl_4 al kylam no, di(Cl_4

al kyl')am no, hydroxy, C1 _6 alkoxy, C1 _6 alkylthio, C1 _6

al kyl sulfonyl, (C1 4 alkyl)0 2 aminomethyl, or C4_6 cycl oheteroal kyl,
unsubstituted or substituted with one to tvvo groups 20 i ndependent |y

selected fromh dr,ox al koxy; R9
i s hydr ogen Y@Q@kﬁgﬂa‘ﬂ"ﬁ ér é@y"’é’cgp To,a“WLI “é%\l?&sé‘g‘itﬁ éﬁ% )C/:OCR
12, C(=NI ~NitiRo M@ndﬁ,peﬁdehtlllielad:tk@ﬁpm lealogea, hydrdxy, 4middsWiapalivgl, asd (C 1 _4

.al kyl)am no,C ﬁ(\,ﬁg (1, 3-oxazol -2-yl), (1,3-thiazol-2-yl), or
(i mdazol - y]1‘§1 Tein al kyl is unsubstituted or substituted with one to

three gr oup§a¢mﬁb%mdé¢pewemb'lle'dtca&nbscﬂm)aikWahmyen ami no, hydroxy,

: ~b B e tl dr ogen,
oy oS aha R B ey h&xﬁé??egﬁ?}%’?”@"? Qﬁ?ﬁ HISRED § Aoty kwgl) A no.
e | oo AR CRDIOE e, NHEF e GaBYe 0 CHEE L sl ACIE .4 k!

cycl oal kyl ) am no, or C4_6 cycl ohet eroal kyl , unsubstituted or substituted
with one to two grQups 'nd endently sel ecf,e’g from phal ogen, hydroxy, anuno,
Cl_4 alkyl, and C$104 a VS(GERINORI2 | s”i M@ependentS(CHY glbten or C1L_6
alkyl; and 5 R 13 and R )e%q.@ch |nde9éndentlyd%&%z% ZCHZS c(=0) C
1 4 alkyl, OCH20(C=0 OC &9 ., NHCHMECO2ME, W ¥ kyl)yoc=0 C
1 4 alkyl, ~~O-S(CH2)11CH3 ~~O~S( CH2) 17CH3 Q[ CH2) 9CH3 or OCO(CH2) | 4CFi s s
wi th the pr ailsthe phaisothenwhtn RS i Boretiyhyhd RAds Mrbgenfutd{%:gﬁnnahyl%di S

3- net hyl 1 d d

ks, R, R- “% s Rytpen A GRERS i PRfofy KOG Tl GRS, 1SRRI " T

conpound® ofR %hy%rogeraﬂ@mlsifsmotaxanpmﬂﬂ Zs of RNA dependent RNA viral

pol ymerase. They are aflﬁ%ohﬁ;&hﬁdst(g{fﬁ%\&aﬁ lemi%wgl_ replication
Vi

and are useful for the treatnment infection. 15

I n one embodieRgdenigRNAneral paiysienass apd nspafu@ql@rrcsﬁ HEY MR iBpelymerse.hEhey
conpounds  OfaralEd fihibi®s SORNUL depehdenRRN AJirkiZeplidation@ndhadcularlof MdN/

replication and are useful for the treatment of RNA-dependent RNA viral infection

15  and in particular for the treatment of HCV infection.

Also encompassed within the present invention are pharmaceutical
compositions containing the compounds alone or in combination with other agents
active against RNA-dependent RNA virus and in particular against HCV as well as
methods for the inhibition of RNA-dependent RNA viral replication and for the

20  treatment of RNA-dependent RNA viral infection.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to compounds of structural formula I of
the indicated stereochemical configuration:




RsO O NN R~ or a pharnaceutically acceptable salt thereof; wherein 20 R1
is C1L 3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy,
anuno, Cwoo3&hkpxy, C1 3 alkylthio, or one to three flpg@risogonakeons; R2
is hydroxy, fluoro, or Cl_3 alkoxy; R3 is hydrogen, hal ogen, hydroxy,
amno, or Cl_3 alkoxy;, _g_ WO 02/(1la7287 PCT/ US02/0308G R5 is hydrogen,
P30gH4, P206H3, or PO3H2; Rs is hydrogen, amno, or Cl_q. alkylamno; R9 is
hydr ogen, cyano, nethyl, hal ogen, or CONH2; and R10 and Rl11 are each

i ndependent|y hydrogen, hal ogen, hydroxy, am n|g 5 C1-4 al kyl am no,

di (Cl_g. alkyl)am no, or C3_6 cycloal kyg®@mi nd} with the proviso that when
RlLis (3-nethyl, R2 and R3 are a- hydrox R1Q_is amno, and R5, R~, and Rl11
.are hydrogen, then RO is not cyano Qg ? a second enbodi ment of the
conpounds of structural formnul nds of structural formula
Il wherein: 10 R 1 is nethyl, fluor {met hyl , difl uoronethyl,
trifluoronethyl, or am norrethyl RR2\i , fluoro, or nmethoxy; R3 is
hydrogen, fluoro, hydroxy, am nogn4or\ nefhgxy; R5 is hydrogen or P30gHg.; 15
R8 is hydrogen or amino; R9 is hydroger, cyano, nethyl, hal ogen, or CONHZ;
and R10 and Rl11 are each mdependentﬂﬁl Fﬁydrogen fluoro, hydroxy, or am no;
with the proviso that when R is (3- methyl R2 and R3 are a-hydroxy, R10 is
am no, and R5, Rs, and Rl11l are hydrogen, )hen R9 is not cyano or CONH2. 20
[Ilustrative but nonlimting exanpl es of conpounds of the present invention
of struct ur @k afpfifttcauticalpiacdeptible safteheéteofas i nhi bitors of RNA-dependent RNA

I I
‘i aim no- 77 ( 3 e Al €35 RN atlomyl o (.4l whetei Bty oy v e
4- anuno- 7- (@nwhsﬁmgd or(sgbmtuﬁeéaﬂmlwdww yming, B r4 dkoxyz C3-4 tlkpliprdinge, 25
4- et hyl gm @Qﬂgree(ﬁu&r{geatt&%é,' ~i - D-ri bofuranosyl)-7H pyrrol o[ 2, 3-dJpyri m di ne

4- di met hyl af%is hydrogens flnoring. hydroxy. merapQr Shdsaikoxyy pr G-dralkd e BL andoyr i i di

ne, R2 together with the carbon atom to whlch they are attachcd form a 3 to 6-membered . .
4-cycl opropyl ant'no- 7- (2- C- et hyl - (3- D-r i bof'ur anosyl ) or[Tl 5 pyiim
di ne, 4- am nauralgbmeneqyslis ripg system gponatly seytaiing 4 W?IPB‘P&[ @1@1@1 udi ne,

4- am no- 7- ( & aad¥lpokglkgk hyl - (3- D-ri bof uranosyl ) - 7H

Y ronadG: U RALE A indSpendenily B AR P CEDSEBERy i i i ne

cyano, azido, halogen, hydroxy, mercapto, amino 4 alkoxy, C2-4 alkenyl,

4- ami no- 5- malityALT; nd @1 G ARJINWherer g1 hsbaNaBM ot sTHstiRNEd PliRbgdrdxg] pyrimd

i ne,
4- ani no- 7- ( 3Mi0%&ting PLkOBY.(C1-# BHpthign 85 91 tothyes flupdne,atoms: 41 pyri ni di ne- 5carb
oxyl i c aci dRS5 is hydrogen, C1-10 alkylcarbonyl, P309H4, P2OgH3, or P(O)R13R14;

15 RO and R7 are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl;
R8 is hydrogen, C1-4 alkyl, C2-4 alkynyl, halogen, cyano, carboxy, C1-4
alkyloxycarbonyl, azido, amino, C1-4 alkylamino, di(C1-4 alkyl)amino, hydroxy,
C1-6 alkoxy, C1-¢ alkylthio, C]-¢ alkylsulfonyl, (C1-4 alkyl)p-2 aminomethyl, or
C4-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups

20  independently selected from halogen, hydroxy, amino, C1-4 alkyl, and C1-4 alkoxy;
R9 is hydrogen, cyano, nitro, C1-3 alkyl, NHCONHp CONR12R12, CSNR12R12,
COOR12, C(=NH)NH32, hydroxy, C1-3 alkoxy, amino, C1-4 alkylamino, di(C1-4
alkyl)amino, halogen, (1,3-oxazol-2-y}), (1,3-thiazol-2-y}), or (imidazol-2-yl); wherein
alkyl is unsubstituted or substituted with one to three groups independently selected

25  from halogen, amino, hydroxy, carboxy, and Cj-3 alkoxy;

R10 and R11 are each independently hydrogen, hydroxy, halogen, C1-4 alkoxy,
amino, C1-4 alkylamino, di(C1-4 alkyl)amino, C3-¢ cycloalkylamino, di(C3.4

7.




4- anuno- 5- brono- 7- (2- C- et hyl - (3-D-ri bof uranosyl ) - 7H pyrrol o[ 2, 3-d] pyri m di
ne, -9 WD 02/057287 PCT/US112/11308C

4- am no- Swohhess7- (2- G- met hyl - ~i - D-ri bof ur anosyl ) - 7H pyr petrajsd2/@seds pyri m d
i ne,

4-am no- 5-fluoro-7-(2-C et hyl - (3-D-ribofuranosyl)-7H pyrrol of 2, 3-d] pyrimd
i ne,

2,4-diam no-7-(2-Cnethyl -(3-Dri bofuranosyl) 7H pyrrol o[ 2, 3-d] pyri m di ne
2amno7(2 3Dr|bof 1 2N00s rro 2,3-d rim di ne,

2- ani no- 4- cyi 3&8&%&@%‘% P46 (Cé' ‘ﬁ’i}/ﬂ)l F‘BEA&%%‘??B%‘V@ with ORE o 0[2 3
d] pyri m di neWO groups independently selected from halogen hydroxy, amino, Cj-4 alkyl, and

.2-am no- 7- ( gﬁ(@gél -~-D-ribofuranosyl)-7H pyrrol o[ 2, 3-d] pyri m din-4(3H) -0
ne, 4-am no- t hy I-§3 D-ri bof uranosy H-gyrrolo[2,3-d]pyrim'dine,

4- am no- 7- (',_ethE 1Hisdndenengentiyhydrogen of eraﬁldg'l;
-pyrrol o[ 2, 3- i =

DS R e ety oy QCPICHSCEOCIA A o1y one
2- ami no- 5- MAEFROKFRIK 1 -4 alkyl, NHCHMe 02Me CH(C1 4a1kyl)O(C—O)C1 -4a yl,

2- O di rrethyl-~|-Dr|bofuranosyl)-?l—l—pyrrol o[ 2, 3d]pyr|md|n 4( 3H) - one,

4- am no- 7- ( 3- deoxys2- t -(3-Dribofur§p@s yrrol o[ 2, 3-d]
pyri ni di ne, O S(CHp)11CH3 S(CH2)17CH3
4-am no- 7- ( 3- deoxy- 2- G- @HZ)QC?HSD ar abi Abf ur anos @O@'HBXQC‘EHL o[;2, 3-d] 15

ri nvdi ne,
E)1}/aln‘i xo[ 2-fluoro-7-(2-C nethyl -~3-D-ri bofuranosyl)-7H pyrrol o[ 2, 3-d] pyrimd
i ne, 4-am ?Gnﬂ‘rt(anfbvimﬂhyﬂ when R id pafetiydand RH)is Hﬂr?gfdnrdllkf{ ﬁ,ﬁgmdﬂhpyﬁdddﬁ di ne,
4- am no- 7- .rolo  BES i_m, di ne,
4- am no- 7-(?lqs %% Z%d? é%{ gg‘?rﬁ}\r(%tnolygfﬁ p%!i{ I%FQ&%%’SQ i mdi ne,

and 20 are hydrogen hen' R~ is not cyano or C

4- am no- 7- (3- deoxy- 3- fydQions ﬁu&m#%ulﬁ?za%geﬁﬁaymmw Ag} KRRy rol o[ 2, 3d]
{es ar

pyrimdine; and the corresp maceutical ly

accept abl e %PQ“@W«&R@&‘V“‘#HPWE'SP{ They ?f&talls@én@blt?lﬁé)f&l\%é‘ﬁpeﬂdﬂmentl on are
t he conpoungaNA&irariepHcafonianaitd hefdforie efment HMINALdependent RNA viral

4- am no- 7- (2 - et hyl - (3- D- ar abi nof uranosyl ) - 7H pyrr ol 0[p2 3-cl Jpyri nudi ne,
4- ani no- 7- (32 t1‘f?=,nthyl -(3-D-ribofuranosyl)-7H pyrrol o[ 2, 3-d] pyri m di ne,

4- ami nod3- ( 2- G f | uor oririohy mb3dibrent bbéhe campsynds-of ktructural formula I are the

pyirol o[ 2, 3-

4- am no- 5- mas{?@g Afﬂ]((g %ﬁctu r5n~u|12}Br| bof uranosyl)-7H pyrrol o[ 2, 3-d] pyrim d
i ne, 30

4- anmi no- 5- br onp- 7- (2- G- et hyl - (3-D-ri bg%r an
ne, 4-am no-5-chloro-7-(2-C nethyl-~3-D-VY.i bo
pyrrol o[ 2, 3-d] pyri m di ne,

4- am no- 5-fl uoro-7-(2-G net hyl -%3 [EI‘I b
ne, and 4-am no-7-(2-C, 2- O di nBt@ B Lri b(NurambsyI) 7H—pyrro| 0

[2,3-d] pyrimdine, 35 and the corregponui ng "-triphosphates; -10 WO

021 057287 PCT/ US02/ 03081 or a pharna iRal | y acceptabl e salt thereof. In
one enbodi nent of the present inventsond, the nucl eoside conpounds of the
present invention are useful as inhiRi Frs of posi tive-sense

si ngl e-stranded RNA-dependent RNA viral p@)ynerise, inhibitors of
positive-sense single-stranded

yI )-7Hpyrrol o[ 2, 3-d] pyri m di
ranosyl)-7H
~N

or a pharmaceutically acceptable salt thereof;
wherein
20 Rl is Cy-3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, amino,
C1-3 alkoxy, C1-3 alkylthio, or one to three fluorine atoms;
R2 is hydroxy, fluoro, or C1.3 alkoxy;
R3 is hydrogen, halogen, hydroxy, amino, or C].3 alkoxy;
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5 RNA-dependent RNA viral replication, and/or for the treatnent of
positive-sense single-stranded RNA-dependent RNA viral infection. In a

cl ass of whiwosemdndi ment, the positive-sense singl e-stranged/iRvosh8pendent
RNA virus is a Fla.viviridae virus or a Picornaviridae virus. In a subclass
of this class, the Piconaaviridae virus is a rhinovirus, a poliovirus, or a
hepatitis A virus. In a second subclass of this class, the 10 Fl aviviridae
virus is selected fromthe group consisting of hepatitis C virus, yellow
fever virus, é;engue viru Nile virus, Japanese encephalitis virus,

Banzi virusR @YQWPE%PKQS}I‘&% PdpéH(Bh@%tPQBHas {B VDV). In a subclass of this
subcl ass, ttRSﬁI uto\gbﬁldﬂl@ﬂovdrr@hs4hgy[h@Q%| tis Cvirus. Another aspect of

.the present ntion is concerned with a or 15 inhibiting

RNA- dependerﬂ&ﬁhdmgp%flcyﬁ'o? W@ﬁﬁ lo%ennﬁﬂgg&{o?nénhl bi ti ng RNAdependent
RNfA vntral r gpl0 SRR DiNare @A¢H iRleRen BBt dfen ! KabsHeh! d?&i&;aﬁmﬁdetnt tREA viral
‘infection i n r m.nistering to the
manmal agt h;%ﬁgﬁ&%f‘%’ dlgﬁlfg i‘%a’?‘g‘{n%(éﬁ@zﬁwcp%bkﬁp%ﬁa of structural
formula |. Iwith maepr@r‘rhoﬁlutml’ién Ri is finsetlad fRZ indR3 bheo-hydseptR i0ny apingn, t he
RNA 20 depe REA, j 1 B9 V, si ngl e-stranded
RNA- dependen%tqaﬁ\lA vi rﬁzﬂR Fﬁq @g#’%ﬁ%ﬁg 2?1]&235’%40 (tﬁhggﬂ%%bodl ment, the

posi tive-sense singl eslnraasncmd ﬂmdmwm&ﬁcmundseﬁstmtwaﬁomﬂalmea

Fl avi vi rzdae;;é‘ Iﬁﬂé?lglggxfr&# aﬁomﬁul@'lf@ﬂé ayj.ridae viral polynerise. In a

subcl ass of t I corraaviridae viral polynerise is rhinovirus
pol yner il8 sinasthyluBuorempHih. groxymefybkiflugrempthyl, mﬂuczgmpthwymn se. In a

second subclaasgoéihihi s class, the Flaviviridae viral polynerise is
selected fr r consi st of hepatitis Cvir us polynerise, yeI | ow
fever vi rusci{?o Sg‘ﬂé‘%"g u%@r@f&@e‘b?”%ﬁs pol yneri se, West Nile virus

pol yneri se, R%&yémgeﬁﬁhmdnaiydtdxy, athinesofpabtioRy;i se, Banzi virus pol yneri se,

and bovi ne ‘Rffi%'h h BERawhiys (BVDV) polynerise. In a subclass of this
subcl ass, the FI 0g'érl dg% %H# pol ynmerise 30 is hepatitis C virus

pol yrrerllée Rgmselnydmgomdranhmdl ment of this aspect of the present invention,

t he RNA- depgtigm dﬂ§én\6 o, nhctil] Kddgenot CONHY8Ad | Ve- sense singl e- st randed
RNAdependent NAtyv ryepl i ca]'}ti)>|L on. %n a class of this enbodi nent, the

posi t i ve- serst aiddy} leare eaciniadeperspntlydiyernesns fluexa hyidrany, pegningat i on i s
Fl avi vi ri dagyiwi thelpréasd thﬁﬁsvhaﬂRB% minelaaﬁmam RB 4Ry -Hidreky rl@@'lk GRidON. 1N a

subcl ass of _tAhi '8 QL a
PCT/ USU2/ USfngI.fsvﬁr repFl ca 0 it 3}{%,{“ noAt ortﬁganr ?\;r\QF ~0n poI i ovirus
repl i cagbon, or hepat |Illustraﬁvwbnummmﬁtmgaianﬁples dﬂ‘comlﬁ)aﬁdmﬁf tﬁél?félscaﬁs of this

| t he FEl | t d t
cons: sti ng oF Hugh Pt PRG el Rl iR s¥lstfin SanRENER Y Papttlnt P
replication RPdlArngabpoylm@w etslthe fotlownng:\West Nil e virus replication,
J 5 d
shences, S SPURALE £ Copl 18 L ERLARLLAR N RTEL b UE boge o, 20

bovi ne viral 'S subclass

i cati on
the Flavivi rA-da@ovi-(aC-methyl- é&?ﬂ@ﬂfuif@qﬁﬂ;ﬂﬁrﬂf@l‘& 23-dipyrirgding.cation. In a
third emyodismethyRimih&7s(2acpeghyl B Dtﬂﬂﬁ)fmraﬁ&@[)w y&ard[pa, R%bgmﬁh{% dependent

T o L LB RO g et 10
si ngl e- st r andeytldpépydapimoce®- CRh@thylr[B-eﬁ]—nbmﬁ:mnbsyb)ﬂquﬁlo&s{iZ\BLd]pyiamdma al
infection ory o)pg_@/br lgf‘ﬁ%ﬂ %‘%fu{a%gg)ﬁmﬁgb\ynjroumggé %Q@[‘l Bn of this class,

the Pi conzaV| ~Z ron 1s poI i ovirus

i nfection, dkamlélpa"rt (2 Cshyﬁlmﬁyméhylﬁﬁlédaniwan%yl)ﬁfé@mn@[%aﬁﬂpmmdmfe, this
cl ass, tsbe M- 2a4in6l7- (ﬂ@eﬂwrsﬁhm'ynﬁﬁmbefhrmsgseb?pévﬁfué p?ﬁn'ﬁﬂlﬁ p 15

consisting of hepatitis virus | nfection fever vifus in ectl on,

* dengue vi r ug-RMECY F@H’ylﬂégtcﬂ?qdé)’lxﬁ PaabatpeaesyDoHI-PYEpIOR S IR HRINS) i t i
virus inf ect4 mfnnoBaozC-meﬂhysBJmhestSymH Bels[e, vipatinidias-shea virus

i nfection. bcl.ass of this subclass, the Flaviviridae viral infection
~is hepatiti sca@O\W W& nf ect i on. Throughout the instant application, the
fol | owi ng t et-aminkesirbranire 7-20-G-metthya fed-rivefuramgsl)- 7THrpyadliod,3-gipydpsdispeci f i ed
above are intended to include those al kyl groups of the designated | ength
in either a straight or branched configugati on. Exenplary of such al kyl
groups are nethyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tertiary
butyl, pentyl, isopentyl, hexyl, isohexyl, and the |ike. 25 The term

"al kenyl " shall nean straight or branched chain al kenes of



two to six total carbon atons, or any nunber within this range (e.g.,

et henyl, propenyl, butenyl, pentenyl, etc.). The term "al kynyl" shall nean
strai ght woomanghed chain al kynes of two to six total camppensei/gige or any
nunber within this range (e.g., ethynyl, 30 propynyl, butynyl, pentynyl,
etc.). The term "cycloal kyl" shall nean cyclic rings of al kanes of three to
eight total carbon atons, or any nunber within this range (i.e.,

cycl opropyl, cycl obutyl, cyclopentyl cycl ohexyl, cycl oheptyl, or

eyel 000ty 1) . JR S AR B BRIt PS8 Lot o
f rom ni t r ogenamioxyBfnomAt(2-C2methWER OR40S12810s RET HUSARN G [2R-ARgrimsdihé,ur .
piperi di nyl ZHaRERIG g*“ﬁﬁﬁ{% ST B oR S bbby Ol Al YT

t et r ahydr of @rwpﬂ 2% ﬁwk%@rnhﬁwamﬂé) 7 HrgparcdelRidodiperiynidingi per azi nyl |
-and the ki ke, anifg. &@ydi@praf;ﬁ%mo T- ?j etethl-fD- ﬂb&ﬁﬁ?an%%ylpﬁﬂnﬁ?ﬁ?o[ﬁ hai n

al koxi des of _the 5 nunber ‘of carbon atons specified al koxy),
or any nurrbéﬂPW"{“ﬁ‘i“}‘F’thl s range [i.e., methoxy (Me0O-), ethoxy, isopropoxy,

elt E } ;I']tledtzezm‘ﬁfnofﬂ &@hﬁetﬁﬂ-ﬁ-ﬁ-ﬁb&fgf@o@?)’ quijhoitS[th@]pyﬁlm@Hlﬁthb -one,

a sul fides_ o r bon

al k§| thi o), “oF™Rgy ﬁij%ﬁ’gﬁﬁvﬂ ﬁﬁrr‘ BPTRResY, ﬁg‘iyrﬁﬁiig “ﬁ@f‘ﬁwd?'rﬁ 0 (lves-

et hyl t hi o, |4smpmop3f(2;-61290 ditmethlyl-B1D-ribofuramrspl)-7&-pyralof 203 d]pyeifredine t 0

strai ghggor ﬁ{?@‘iﬂ&ﬂﬁ#ﬂhﬁ‘éﬂx%éﬁ@ L7 ARSI g ,g)(mﬁ%';rpagsfp s specified

e.
Eret ﬁyl ani no, myfiameﬂwl 7r@@2@¢1m¢ﬂlﬂcﬁ Drnlmfuganamlhw-mlqm 3The term

"al kyl sul forg,q}[t,) mﬁﬁilﬁngg)gbngt rai ght or br anched chai n al kyl sul fones of the
nunber of c

number wit hi naIP’I‘?P &E&?ﬁ%‘g’aﬁ Clg e%ﬁ’e‘?‘l@?@ atS‘HW ?*ééé [E%é%wpggélﬂéﬁy?ny

i sopropyl sul4tamipb;7- eldedxy-ﬂﬁanéthy]nﬁl-’l)ahrhbh@ﬁlfﬂfwjd@ﬂﬂ-pymﬂ6m};d}o strai ght or
br ancherli Ch%yﬁﬁﬁéhgrs of a carboxylic acid derivative of the present
I nventi Oon o Unmber of carbon atons specified (e.g., Cl_q.

al kyl oxycar Heamyinp; Z-ﬂuomn'ly(mGﬂbahyw-ﬂ]mhoﬂamnssm)mﬁqamolcqz 3-@Pyrimidine,

1L SN M T
optional |y $udysmptiig- Wthﬁl XY @fllfmélél I Hopy 010 [3ehe muemlmcy sel ected from
C 1 _4 al Ky l4-atidbonerg- dpm@thrvﬂﬂj-ﬁboﬁlfdanﬁPVHzﬁ&m [2.3pyrithidhdsayy, and C
|2 ylt h!ggmo-’ﬁ% eeorxr}Tl]-3 Huor%%e??-metﬁyl-é]- -rlbofuratn(())sylll)n%llﬁlypy?'ro%orﬁg t] al ogen

at oms f Hor i*

d)pyrimidine;

and the corresponding 5’-triphosphates;

or a pharmaceutically acceptable salt thereof.

Further illustrative of the present invention are the compounds selected

25  from the group consisting of:
4-amino-7-(2-C-methyl-B-D-arabinofuranosyl)-7H-pyrrolo{2,3-d]pyrimidine,
4-amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-7-(2-C-fluoromethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosy!)-7H-pyrrolo[2,3-d]pyrimidine,

30  4-amino-5-bromo-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-5-chloro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-5-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
and
4-amino-7-(2-C,2-O-dimethyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,

35 and the corresponding 5’-triphosphates;

-10-



25 chlorine, brom ne and iodine. The term "substituted" shall be deened to
I nclude nmultiple degrees of substitution by a naned substituent. Were
mul tipl e wolemstoeent noieties are disclosed or clainmed, therasasbiokst ed
conmpound can be independently substituted by one or nore of the disclosed
or claimed substituent noieties, singly or plurally. 30 The term
"5'-triphosphate” refers to a triphosphoric acid ester derivative of the

- hydroxyl group of a nucl eosi de corrpound of the presgg; in\zlggt ioog gay! ng
the follown ner al st uct ur fo -13 WO Ua7 i
HO PLO PL agﬁﬁnaﬁﬁFtﬁﬁlbﬁFc‘r’P%lb}ﬁfakgH N ON R R R BB R (111)
PCT/ US02/ 03086 wher ei fn Rie @bbodimentsf e piesent imention, tlﬁhﬁudexmnumdq)ooﬁdﬂ he

) [ cept abl e
DLre et aney il oL ERALtubAg 4B RIACIRGE kb Unlact <oP:
salts of 5 Fhbwels ARV Aayieal Bolymepmslph@eterssaf@@s@wedmsc\saxglwmndéd t he

'Struct lérﬁl:% %@Shﬁ&nd@ﬁ I@Nﬂ Wral E&ﬁﬂa%ﬂ \éﬁ‘d/bﬁr fo?%aﬂrea‘ﬁnglt% p/gmkv é}kfy?lMa? 8 N
g:Ré Rs ~N RsmgleFﬂraRge A- ependent RNA v1ral mfectlon In a class of this embodiment,

the positive-sense single-stranded RNA-dependent RNA virus is a Flaviviridae virus
or a Picornaviridae virus. In a subclass of this class, the Picornaviridae virus is a
rhinovirus, a poliovirus, or a hepatitis A virus. In a second subclass of this class, the
10 Flaviviridae virus is selected from the group consisting of hepatitis C virus, yellow
fever virus, dengue virus, West Nile virus, Japanese encephalitis virus, Banzi virus,
and bovine viral diarthea virus (BVDYV). In a subclass of this subclass, the
Flaviviridae virus is hepatitis C virus.
Another aspect of the present invention is concerned with a method for
15  inhibiting RNA-dependent RNA viral polymerase, 2 method for inhibiting RNA-
dependent RNA viral replication, and/or 2 method for treating RNA-dependent RNA
viral infection in a mammal in need thereof comprising administering to the mammal
a therapeutically effective amount of a compound of structural formula L.
In.one embodiment of this aspect of the present invention, the RNA-
20  dependent RNA viral polymerase is a positive-sense single-stranded RNA-dependent
RNA viral polymerase. In a class of this embodiment, the positive-sense single-
stranded RNA-dependent RNA viral polymerase is a Flaviviridae viral polymerase or
a Picornaviridae viral polymerase. In a subclass of this class, the Picornaviridae viral
polymerase is rhinovirus polymerase, poliovirus polymerase, or hepafitis A virus
25  polymerase. In a second subclass of this class, the Flaviviridae viral polymerase is
selected from the group consisting of hepatitis C virus polymerase, yellow fever virus
polymerase, dengue virus polymerase, West Nile virus polymerase, Japanese
encephalitis virus polymerase, Banzi virus polymerase, and bovine viral diarrhea virus
(BVDV) polymerase. In a subclass of this subclass, the Flaviviridae viral polymerase
30  is hepatitis C virus polymerase.
In a second embodiment of this aspect of the present invention, the
RNA-dependent RNA viral replication is a positive-sense single-stranded RNA-
dependent RNA viral replication. In a class of this embodiment, the positive-sense
single-stranded RNA-dependent RNA viral replication is Flaviviridae viral replication
35  or Picornaviridae viral replication. In a subclass of this class, the Picornaviridae
-11 -



R3 R2 (U ' The term"5" -(S-acyl -2-thioethyl)phosphate” or "SATE" refers to
a 10 nono- or di-ester derivative of a 5 -nonophosphate nucl eosi de

deri vat i vwwoah/nk187 present invention of structural fornul agcYluseposons ! .
respectively, as well as pharnaceutically acceptable salts of the

nono-ester, 1~ WD 02/0a7287 PCT/US02/03118G RO Rlo Oi~ 8/ | ~-NC1

~SSOPOOMMH7ON6NRIIRRRIRLRBRRVI RORoO_ ~NCL a S~O- ~P~O
R8~pONN~R11 O~ R-Rs Ra Rl Rs R OGCG a VI Theterm"conposition",
as in "pharmac cal conposi.tion,” i.s intended tP enco r oduct

conpri sing t‘W@F’éF&’ll?q}@“ 1 lgﬂYIEﬁtrgﬁhcéﬂﬁn’tHﬁ’ OV IR XePHEAIOB P §t} ISt A¥ake up
the carrier ,relﬂﬁzaﬁﬁlh I InaaSseamyd pubothss bf nhhy cllissy e Wldnsviridune emllrypIMmBn is
dindirectly, t r aL.ion ny two or
more of t he B PLIRERPE TG GrbRTR: BERAaR: € BRYGRRAHR Teffe BVer i

i ngredi ents repircatlomrdeoglltﬁevlmsyfppls:aubn,r\éfasttNldmmntsrreplmaapadtapmse of one or

-more of the e!n haAiE B regﬁ&a%ﬂlﬁg{z\m&@ gﬁbﬁfdﬁﬂ&ﬁ&%\&ﬁé wg,ﬂﬁlmea LVaps of

t he present entlon enconpass any_ conpaosition m X1 ng a conpound
of the pres éﬁm lqaﬁ%nh »pbsliss of hisasuhelatsy theddpriyiridye yirekisphigation éslrapatitis The
ternms "adn1q1$ﬁﬁ@kbpau@ﬁf and "adn1n|ster|ng a" conpound shoul d be

under stood to nean pr vidin vention or a pro

of the I of a
conpound of the invent F‘é‘ﬁl“trge’tnh% i ﬁd@%sP?‘i’i oﬁ present invention, o YA

dependent RNA viral infection is a pos1t1ve sense single-stranded RNA-dependent

10  viral infection. In a class of this embodiment, the positive-sense single-stranded
RNA-dependent RNA viral infection is Flaviviridae viral infection or Picornaviridae
viral infection. In a subclass of this class, the Picornaviridae viral infection is
rhinovirus infection, poliovirus infection, or hepatitis A virus infection. In a second
subclass of this class, the Flaviviridae viral infection is selected from the group

15  consisting of hepatitis C virus infection, yellow fever virus infection, dengue virus
infection, West Nile virus infection, Japanese encephalitis virus infection, Banzi virus
infection, and bovine viral diarrhea virus infection. In a subclass of this subclass, the
Flaviviridae viral infection is hepatitis C virus infection.

Throughout the instant application, the following terms have the

20  indicated meanings:

The alkyl groups specified above are intended to include those alkyl
groups of the designated length in either a straight or branched configuration.
Exemplary of such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like.

25 The term “alkenyl” shall mean straight or branched chain alkenes of
two to six total carbon atoms, or any number within this range (e.g., ethenyl, propenyl,
butenyl, pentenyl, etc.).

The term “alkynyl” shall mean straight or branched chain alkynes of
two to six total carbon atoms, or any number within this range (e.g., ethynyl,

30  propynyl, butynyl, pentynyl, etc.).

The term “cycloalkyl” shall mean cyclic rings of alkanes of three to
eight total carbon atoms, or any number within this range (i.e., cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl).

The term “cycloheteroalkyl” is intended to include non-aromatic

35 heterocycles containing one or two heteroatoms selected from nitrogen, oxygen and

-12-




Anot her aspect of the present invention is concerned with a nmethod of 15

i nhi biting HCV NSSB pol ynerase, inhibiting HCV replication, or treating HCV
i nf ecti onwgigzlaseggonpound of the present invention in conpcAaide@asogst h one
or nore agents useful for treating HCV infection. Such agents active

agai nst HCV include, but are not limted to, ribavirin, levovirin,
viramdine, thynosili al pha-1, interferon-a, pegylated interferon-a
(peginterferon-a), a conbination of interferon-a and ribavirin, -15 WO

02/ 057287 PCT/[US112/03( 18 conbi nat i of i.nterfergn-a and ri.bavirin,
2 conbi nat i GHIBE. PREBRFS0IhO S PEwsuthereroR G dbeloe Az aas | BRTghGIm

pegi nt er Lgr mpermi@r]dm]?@holihyli tlnia:ﬂxcrrpbaslﬁfyll,dﬂ?i@azbndﬁhyld@r],cahjbdrbfdralym,f)t b: [ mf t ed
.to, reconbi i.nterfe - ) of eron interf.eron avail able from
Hof f mann- Laggtg%*uhé' d P%dfﬂ“é’{)?&@5&0&%@{%&?@Bﬁgleng}yﬁéquhbea%' (Pegasys~), 5
interferon-a2b (such abheltatm Salkaxy refers torstraight ai brabdhedfchaimaBohades ofj thEor p. ,
-Keni | wor §h, ddber BEEMDG REms Rp&ifi&d ?é['g.,@pdaﬁ&ﬁfmbf amy numberdvifBk HIPI nant
consensus interferon (such as interferon al phacon-1), and a purified

i nt er f er on- dapgeditae methorydMeO-), sthortsi iseprop@onsedsus i nterferon has the

brand nane Infergen. Lenouid FRkyBhibhRfrs ) aRdigRBR braithdd Saw dikPswhibaeh has
shown i mmnoorfqgeulll

tory.activi sim.kar 10 ri Ldn. Viramdine.
represents an ana"?rggér&f C%BB%\# r |SnSPg% lgce:é 8es%'d&'ﬁ)‘r4 i}%qé]i?)tiﬁw n(ugrkgs?f &'ﬁtglﬂl to I CN
Pﬂar _mag_eu_t ij(lhilsﬁ')ngel [me.ammyn?im(Meﬂ-),?g,’gyﬂthﬁ)_, mpﬂxpg!ltgib, étg.e}._ present di nventi onl,
t he indi,xi dual conponepts _of . combi nation,ca a i.stered separately
at di ffé ent tinmes dur eg[e%egl'gglﬁ%%o Rik efsrfé)rsgﬁ RBPE'%‘%%BPBW%W“?%&& vi ded
or single cdhenwabeinf cepopatomnwerifist 4,8 Cavesikylaming. ensay apmber wishise
under st ood gg; ag] . arﬁﬁ@li j: Ul t S 0 | t ernating
treat nent, g‘ﬁl jr?‘}ér@é? ?nieﬂgtlja?nﬂ‘] é?’:ét{gy:ll ng ’.fggﬁ??-("égﬁﬁt‘té’?g?%@ﬁ’ %%@'or dingly.
It will be understood Fhederm halkylselfenybi refessist Hiepighd o8 bgpchadehgionpounds of
t hi s i nvent iabkylsilfoneodivhe nagbat of cagmhukorhospetifiedi(e.gg O1C@/alknkei€éryDnor ncl udes

bt nd°hoyd RERF SRR el e B IGISRAM SR E BRI BRMION 20 or

phar maceut i dsdprypydsuifopyhbicd. sal t thereof is used in conmbination with a

second t herapeutic agept ti al.nst HCV. the. dos f eac anpound may
be either the sanme asej(}fet ﬁ?fﬁe/lgglﬁgyga?% Pﬁsfea%@es‘%i‘ﬁ°f‘?f8“@8ﬂﬁﬁﬁ‘ﬁ&Sﬁelss used
al one. For tdfie dartexyheadid dériviOVe iofi theqirésent invemgionofpploeimasbarfof tivbop aeaesnt
i nvention nmapedtisd (e, @fy dlkadsicathohi) cRahy RainbewithihRhid R 4., that is an
i nhi bitor 25¥ng HC,\(/ T\lssgsmedilllit}!;leﬂgr ot eg‘%e. CV NS3 seri nel p?r%tggase is an
essent i 30 vimethylexnysamonyhdMe(aSOpk ethylexyearbonst), arbubdoxyisabeadl.l ent target for

o 1o o 1OV { Bl bR, s AR, BOSHALTIORE ,
InNniEprtors o ot ease Innipbltors are al scl oseq | ,
98/ 46630, W5'9H 16%9?5{)@“5@;%*?%%%tg@*rré%gr@gps Wéewﬁs@tg&sw,e femea442,
WD 001 09543,Cvpatkyl . 3ebzen, cyano, GEra(riffogpmethyl. ldav4 riexpravddise aksltiaot ar get

for the devel opnent ofi.nhibi of_ . | .i gely) d f t t r eat ment
of HCV infection is digﬁeﬁg}é’gdﬁaﬁﬁeﬁ. W'H@}%%%E{lnﬁﬁ%ﬁﬁgihﬁgogm%{f)ggﬂﬁ%wsr

hepat i t 28 Cobhlarins, breming drghiodinEne~i , ' n, ~ Drugs, 6: 13-42 (2001). Ribavirin,
levovirin, and viranudiRaedRYsibs@iuted” REAI b&Mdmedsy _J&%ﬁmﬁét%mg!igw aLing

. i
intracel lul ar pool s of guanine nucl eqtides via iInhibition, o

021057287 PERPYEIOMHBOBRIMNeR FUPSEIUEH A hers FyHEDIE SBRStRENABIOHKIEH aFhat e

dehydr ogenasisdidde@id} clajrdady tHBdbitiuiedomdbend ¢ Hel inGepRAGSHIE sabstitiRed by
| eoti de biosynthesis.. Ribavirin

bi osynthetic route in.de n. ovo,quanine n

s radi Ly ESD AR PL g demspa B Rred bR pieetRs Rt SRR er  vat | ve
is an iR3Bibitor of )| VEieRBih “Thuiphosphhieb rdfexsrio aftripiogpiridid d&eid egperesent s
anot her usef yl. ' [ very L.nhi. bi f ' i on.
“ Therefore, t é%@ﬁ%‘%ﬁlﬁ%g %)%cﬂ@ﬁg gg@%gggp@%ggﬁ??%ﬁb%@ 0glﬂslo %Jngpr‘r)leﬁﬁésd ered
i n conbi nat ihgningithe fallowing gesierad stragtusal farmpla Msuch as VX-497, which is
disclosed in WO 97/41211 and WD 011 00622 (assigned to Vertex); another
“I'1'WIPDH inhibitor, such as that disclosed in WO 00l 25780 (assigned to

Bri stol - Myers Squi bb); or nycophenol ate 10 nofetil [see A C. Allison and
E.M Eugui, Agents Action, 44 (Suppl.): 165 (1993)]. For the treatnent of
HCV infection, the conpounds of the pre_sl%n}




invention may al so be adm nistered in conmbination wth the antiviral agent
amant adi ne (1-am noadanmant ane) [for a conprehensive description of this
agent, seWOI20K2BEchbaum Anal. Profiles Drug Subs. 12: 186/ st9&dk. 15 By
"pharnmaceutically acceptable” is nmeant that the carrier, diluent, or

exci pient nust be conpatible with the other ingredients of the fornulation
and not deleterious to the recipient thereof. Al so included wthin the
present invention are pharmaceutical conpositions conprising the nucl eoside
conpounds and derivatives thereof of the 20 present_jonvention in
association with a pharnmaceutically acceptabH@’carrRer. Anot her exanpl e of
the invention is a pharnmaceQti c@ capposition de conbi ni ng any of the
.conmpounds descri bed above aﬁd aEphar@nceuﬁBc A ccopt abl e carrier.

Anot her illustration of HO®€ TQveMAON~Hs_a pr for making a

phar maceuti cal conposition @bhpAHi IHconbi ® g aniNof “Rhe conpounds
-descri bed above and a pharnmaceutical | R bl e earner. Also included
wi thin the present invention are phar tonposi tions useful for

i nhi biting RNA-dependent RNA viral polyner ol n particular HCV NSSB

pol ynerase conprising an effective ampunt Bf A compound of the present

i nvention and a pharmaceutically acceptabkﬁ carrier. Pharnmaceutical 30
conpositions useful for treating RNA-depe Qnt RNA viral infection in
particular HCV infection are al so enconpassed by the present invention as
wel | as a nehewsih B1-RlAHirbag defineRuBovte fRirecenipoBs of thebrepst YiRAGS S aten

particul ar ihEhdte treatj,ng. - dependent viral
replicati onmgél/(lj in Sgﬁ‘?éﬁejﬁmﬂ%%@cp@tcag@&aﬂe %&t@t Pf t%ﬂﬂ%?gf{tgsﬂﬁrrﬁsent

i nvention i WeHias phargucewicallpacosptablesslisiof T ahomaphpsphiate amd 5 alighosphatg a

t her apelst i cedtdndesit/hewsiof treaimibittal hrniulaci/ and P 1%3%‘8&3&27 PCT/ USU2/ 11308(
conpound of the present invention in conbination th a therapeutically

ef fective anmount of anothe ageﬁpoactive agai nst RNA- dependent RNA virus
and in particul ar agai nst RHCV. MAgents active agai nst HCV include, but are
not limted to, Wi bavirin, {n, viramdine, thynosin al pha-1, an

i nhi bitor of HCVﬁNS3 =l plote e, Sinterferon-a, pegylated

i nt erferon-aH(b:eTg\ﬁI fero onbi nation of interferon-a and
ribavirin, a confhati\g egNnt ef'eron-a and ribavi rgen, a R8nbi nation of
interferon-a and |Bvov(ri Ehd a conbi na{§ on Of peginterfergn-a and

| evovirin. InterferR i-felgldes, but is mot Ifimted,to jnant
interferon-a2a (such aggs eron interggbg L abl B nn- LaRoche,
Nutl ey, NJ), interferontd2b 10 (such I (> ble from
Schering Corp., KenilmortthrU), a consensus i nigl a purified
interferon-a product. For di scussi on of ribaviH $ activity

agai nst HCV, see J.QO Saunders and S. A Raybuck, "™ I'npsSi Monophosphat e
Dehydr ogenase: Consideration of Structure, Kinetics,RAmd Therapeutic
Potential ,"” Ann. Rep. Med. Chem, 35: 201-210 (2000). Anot her  aspect of
the present invention provides for the use of the nucl edsi de conpounds and
derivatives thereof and their pharnmaceutical conpositions for the

manuf acture of a medi ERNERD “PorS-20yd-2rthieethiyDplespbite RMASHSPE habéars tRNA Vi r al

[ epli cat i omoka opal-bitederivalite o L6 AIphahaRl e RosP Reli ARk R, Of

- depende vi.ral 4 nfec n, in rticular HCV infection. Yet a
further as ég%%ellﬂ(;{ﬁv?ﬂ@nquégrgﬁf’ra% gomﬁa B4 Yﬁd@?ﬂ?@%"qlb s t¥ed asucl eosi de
conpoudds @hdrmiaeiticalliy\neseptdble st ofirted thives-estgaar maceut i cal conpositions for
use as a nedicanent for the inhibition of RNAdependent RNA viral
replication, in particular HCV replication, and/or for the treatnent of
RNA- dependent RNA viral infection, in particular HCV infection. The

" pharmaceuti cal conpositions of the present invention conprise a 25 conpound
of structural fornmula | as an active ingredient or a pharmaceutically
acceptable salt thereof, and may al so contain a pharnaceutically acceptable
“carrier and optionally other therapeutic ingredients. The conpositions

i ncl ude conpositions suitable for oral, rectal, topical, parenteral

(i ncludi ng subcut aneous, intranuscular, and intr avenous), ocular 30
(ophthal mc), pulnonary (nasal or buccaly _inhalation), or nasal

adm ni stration, although the nost suitable route in any given case w |
depend on the nature and severity of the conditions being treated and on
the nature of the active ingredient. They nmay be conveniently presented in
unit dosage form and prepared by any of the nethods well-known in the art
of pharnmacy. -18



WO 021 057287 PCT/ US02/0308G I n practical use, the conpounds of structural
formula | can be conbined as the active ingredient in intimte adm xture
wi th a phaiomaoss? cal earner according to conventional phachrasedbieeal
conmpoundi ng techni ques. The carrier nay take a wide variety of forns
depending on the formof preparation desired for 5 admnistration, e.g.,
oral or parenteral (including intravenous). In preparing the conpositions
for oral dosage form any of the usual pharnaceutical nedia may be

enpl oyed, such as, for exanple, water, glycols, oils, ,aleohols, flavoring
agents, preservatives, coloring agents and ther?i ke Rh the case of oral

| iquid preparations, such as, for exddple, suspegnsions, elixirs and

.solutions; or earners ch as starchegs, su m tNocrystal | ine

cel lul ose, diluents, gﬁén a Pngjé@/ﬁ%\so | Ubri 8, bilnders,

di sintegrating agents and Lhe |ike i fkhe age orWl” Sei''d preparations
.such as, for exanple, po rs, hard andR o RPes and tablets, with the
solid oral preparations being preferred R t 1i qui d preparations.

Because of their ease of administration, 'tabl nd capsul es represent 15
t he nost advant ageous oral dosage unit for nﬂ3rR€\/ni ch case solid
phar maceutical carriers are obviously enpVpbyed. If desired, tablets may be
coated by standard aqueous or nonaqueous technigues. g8@ch conpositions and
preparations should contain at |east 0.1 perce of gctive conpound. The
per cent age of active czhrrpound in thesejconpositi of course, be

t

varied and nay conveni S\bgtm%ﬁpPz t to about 60
percent of the weight of thg unit. e(')a é\’fg\ccﬂﬂpound in such
fective dosage wi ||
m'hi stered intranasal ly as,

t herapeutically useful conp@sitions S
be obtai ned. The active conpounds caf a

4 Hﬂl | s, capsul es, and the
pagacant h, acacia, corn

for exanple, liquid drops or sprayg The Bg
| i ke may al so contain a binder such\, 25 as ¢

starch or gelatin; excipients such/& di cal ci um phosphate; a disintegrating
agent such as corn starch, potat@.starch, [31| ginic acid; a lubricant such as
magnesi um st earate; and a sweet eni ng agelw such as sucrose, -l actose or
saccharin. Wien a dosage unit formis a capsule, it may contain, in
addition to naterial sTab wrie"cahpesitibi'Des it phbfticlut bbRpodtGi fs a fatty
oil. 30 Var llﬁ?s gﬁher mat eri al %Pma be, pregent, as coati ngg 8r to nodify the
physi cal f oS {hENceTPaSH? Brpdpct cegprisingthsactive ingredient(Hapd the ivefht ed wi t h
shel | ac, sugmredient(sptiat mhks yp tig @rrie| dowell apahypoodir W#iﬁh&eﬁgﬁi di't&ﬂ?'b@ tge
active ingredi - ni ng. .agent.. Ig an ro ar abens
as pres eirqva_ | vrggt?y : gl%ﬁié&ﬁﬁfaﬁ@mﬁcg@ﬁﬁ( %téonsﬁ'cqg%%egatz%ﬁ%ﬂr&wo&f Eﬁ’d‘ég%r’gvor .
-19 WO 02in@scriigtrs, peiopsdisyaciagion 8f oBveapmaredy tif ingtadisntyy oafromootheritypds may

al so be adnbpieatifn®r RREABEGHsVfote oSRbH dARS irBFeditiP SRS AAS 13? thphese active
conpounds ¢ beF(%)r,epared in, vvatFr suitably mxed wth a su% actant such as

hydr oxy- pr o YHCRLGOMRGSEINBS OF s PTESER IRVAVIOB ENEATAPASS @HY FOMPASIY ol |
l'iquid pol ysaialy bgaémidiye otompashdoitheipresent hifef@dn idd HplRirinscentioa®y or di nary
conditi ?(?s géc S{Rﬁﬁ’a e.eand use, these preparations contain a preservative to
prevent "t he gFB M croor gani sns. The pharmaceutical formnms suitable for
i nj ect abl e use i ncl ud@he teemis|“edmpistration 861 andi“‘admimsteding pecommuad shehldt eri | e
powders forpih 5’&7% . i il e injec | £ sol utions
or dispersi ons&deﬁgggal C}E:lgz{glg@?%dﬁ{ﬁ%&rn?édﬁﬁgtO?%ﬁﬁ‘ZJngltogro# ?ﬁ%ﬁ@é)ﬂﬁ%t be fluid
to the extef®mpoind cfskyinyontiondatshe inclividual inreed) t nust be stable under the
confll ti ons. of matn_uf aCIA%bﬁ;eﬁB@e@tt&rt_ﬁegﬁre%@iﬂr?éﬁttiorﬁi@ cBhESHY d/»‘%gh ?%tlﬁlﬁitoﬁ]he
cont am ing.acti croorgani sng .such _as bacteria and fungi . e
carrier Pfanl éblﬂn%mﬁts%rpogx@%%ﬁesl@m%*mﬁ{ 1EBHEakion; Prgreatipg Hé’-génpl e,
" wat er, et hamfectionaithod cérep@indgifYiesepresent piveonein @ogibyiéilon ath drie@#insbre
pol yet hyl enggegntsyvfsgh)l for%gahgg k—fb\mn)%clﬂro%.s S%igh gghe%{sea%{we ggaqns\{%%%llgde?l 's.
but are not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, interferon-a,
pegylated interferon-o. (peginterferon-o), a combination of interferon-o. and ribavirin,

-15-



Any suitable route of adm nistration nmay be enpl oyed for providing a
manmmal , especially a human with an effective dosage of a conpound of the
present iwoeansms7 For exanple, oral, rectal, topical, parpgraigabesecul ar,
pul nonary, nasal, and the |like nay be enpl oyed. Dosage forns include
tablets, troches, dispersions, 20 suspensions, solutions, capsules, creans,
ointnments, aerosols, and the |like. Preferably conpounds of structural
formula | are admi nistered orally. For oral adnunistration to hunans, t he
dosage range, i 1 t kg bedy weight in div d, doses. one
enbod ment _chorianatat & sk B oRE ot e o Bafion eI R geo
doses. | n arlovdvarin @nuﬂ@choﬂd]ﬁatioh@f@ogia@efercmﬁgmd kveGria. ntede@f-oniptdedyody
wei ght in di t rat t e
Bﬂt\?/ge!g) g\ﬁﬁ?e%l tﬂ ?%@%ﬁ%?ﬁﬂ{étq@f L4A (El?(ﬁ'l as en%ﬁ%ﬁ%ﬁoh%@ﬁla%ge to

preferably provi Int s or- capsul es contail

1000 mi | | i grisems Heffmana-baRaeohe, Nuidaye i b pegylpad intenfgranioga (Begasys 19, 15, 20,
25, 50, %5, 1ﬁﬁﬁerola5£bb @Q6h aszlﬁg'ong@glfcerf&& a\%)lgble% SéRfin 900, and 1000

mlligrans ve i majomat i ¢ ad) usfment of the
dosage to t e‘b]é(‘fqr@‘nﬂj? &° g“ﬁ?&%ﬁ"éd’zbfﬁ ‘Pléct)’l *\/T@C%E‘é'@%t CONSAERS ve
iEgredij entfamﬁemctsmaswafeyfe cﬁﬂ-lﬂmnghqbuﬁﬁéd meﬂfabn d enpl oyedf
t he node o nistra ondi t.i on, be treate severity o
the condi 1 ORI hirepPikBLcbERfS Heirsh pay e rard gﬁnﬁ%aer{@g oyt
per son ski | ligtheilnendntiomrer of ﬂiha\sndmdmgehasesgowmnnnmyorhedlﬂEtoayi;mthydlmdm

rovi de {hHhhe Lol & (&
BT Usod! UsdfFiokiFR. IEERREH el ERpRaRor i Sbanli dE1OBERF IO 060379
asymretric dessisned t@I@Nd’é}mmgthaés)uiln agsordapesrwith shis methasdewd thepresent ur es,

single enantlh%@ibﬁ thé h&ﬁ%@ﬁﬂ%ﬁ{ﬁoﬁeﬁfh st me«%ém%ﬂﬁubﬁ@aa/b@atﬁhmﬁk&é& er eoners.
The present inven S meant to, coaépre end, nucl eosi de conpaunds havi ng

the ~i-D st SPRYURK rﬁt ere@,trﬂrp uringdhe oyse ofdherapongomsurenilyrin divdedor  ng

as depi ct ed sirpld thﬂnlslhﬁmﬁﬂ forak. The Mstaat hekotivn ik Aidrefofe toéain@asioda ag onpounds
i n whi cgst he ubstl ranose ring

hvert nds, 5 eaititpdhe WS Bt siRdiaechs@r aliotane e deey MLt IEY od by o
bold line). 1R9mRns1e13n " 1560 Be Mterpreted deeOrdidgy. Ht will Be uhdedstboRitiat the3cofe (3-D

10 15 Sone ct,ﬁl.ﬁ ﬁﬂﬂé c%ﬁSﬁﬂd@%‘P uns n%%zﬁ'tl&o@ftﬁlae eghgf{%llt%\s(éfg?ébl e bonds,

and unl ess speci rw se, are geonetric
i soners. Sor?’é’abﬁgﬂ@/ mfmﬁmna@udwsn pnb@aler@wpmbmymemémanazspharamacom such

as ket 0- enolcohipakiaBR rf§r tre-le-llﬁﬁ 'H@V Yﬁf@é’cﬁJn WRHLP AR bfpS d‘?l} s@ﬁﬁﬁ%ﬁﬁn
t hereof are enc asse W\ﬁ &Houn s of structg ? An exanpl e
of ket 0-€nol°r tad]?}ggﬂ%cﬁgtl Y&QC%Prt ¢ srlbthereal s serbingomhiny éﬂthAﬁ @eﬁpﬁd t he
conpounds ofthédageupic agemtactiny Bginsd IG'S, thd dekstof @ﬁ(ﬂ*ﬁkdﬁﬁidﬁﬁﬁ may be either the

same as or different from the dose when the compound is used alone.

For the treatment of HCV infection, the compounds of the present
invention may also be administered in combination with an agent that is an inhibitor

25  of HCV NS3 serine protease. HCV NS3 serine protease is an essential viral enzyme
and has been described to be an excellent target for inhibition of HCV replication.
Both substrate and non-substrate based inhibitors of HCV NS3 protease inhibitors are
disclosed in WO 98/22496, WO 98/46630, WO 99/07733, WO 99/07734, WO
99/38888, WO 99/50230, WO 99/64442, WO 00/09543, WO 00/59929, and GB-

30 2337262. HCV NS3 protease as a target for the development of inhibitors of HCV
replication and for the treatment of HCV infection is discussed in B.W. Dymock,
“Emerging therapies for hepatitis C virus infection,” Emerging Drugs, 6: 13-42
(2001).

Ribavirin, levovirin, and viramidine may exert their anti-HCV effects

35 by modulating intracellular pools of guanine nucleotides via inhibition of the
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accept abl e ngf‘{ﬁi?@f‘@%&)to}i/@%? Sb‘ﬂ%%ﬁog%erqubrﬂnﬁh’ﬂ ﬁé@@ ﬁngﬁﬂlm suehhapt abl e
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bhar nadgut ISP IsEE e ST anf M SRUE A3 SRER PERIER Lk ()
conpounds of this i nveraritemtredtineit cfHCY enfeetidn, themoppmneds dfithe pmstritng t he
free base Wih{bnof %%yaﬁ’%]oeoé)e[(ﬂﬁﬂfsférﬂ in'cBfbARARbLEA v@ﬁigﬂe aﬁ?ﬂfa‘?ﬁ%éﬁ& ative salts

e e, but ar®e not

of basic conpounds of the present 1nvention inclu bu _ limted
to, the fol I38WNgine/damingadamantaap)ldon & eampprehensive desariptiop of thipegeat see
bi sul fate, J, Kirschbaum, Anal. Profiles Drug Subs. 12: 1-36 (1983)].

15 By “pharmaceutically acceptable” is meant that the carrier, diluent, or

excipient must be compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof.
Also included within the present invention are pharmaceutical
compositions comprising the nucleoside compounds and derivatives thereof of the
20  present invention in association with a pharmaceutically acceptable carrier. Another
example of the invention is a pharmaceutical composition made by combining any of
the compounds described above and a pharmaceutically acceptable carrier. Another
illustration of the invention is a process for making a pharmaceutical composition
comprising combining any of the compounds described above and a pharmaceutically
25  acceptable carrier. |
Also included within the present invention are pharmaceutical
compositions useful for inhibiting RNA-dependent RNA viral polymerase in
particular HCV NS5B polymerase comprising an effective amount of a compound of
the present invention and a pharmaceutically acceptable carrier. Pharmaceutical
30  compositions useful for treating RNA-dependent RNA viral infection in particular
HCV infection are also encompassed by the present invention as well as a method of
inhibiting RNA-dependent RNA viral polymerase in particular HCV NS5B
polymerase and a method of treating RNA-dependent viral replication and in
particular HCV replication. Additionally, the present invention is directed to a
35  pharmaceutical composition comprising a therapeutically effective amount of a
-17 -
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compound in such therapeutically useful compositions is such that an effective dosage

will be obtained. The active compounds can also be administered intranasally as, for
example, liquid drops or spray.
The tablets, pills, capsules, and the like may also contain a binder such

25  as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid; a
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose
or saccharin. When a dosage unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier such as a fatty oil.

30 | Various other materials may be present as coatings or to modify the
physical form of the dosage unit. For instance, tablets may be coated with shellac,
sugar or both. A syrup or elixir may contain, in addition to the active ingredient,
sucrose as a sweetening agent, methyl and propylparabens as preservatives, a dye and
a flavoring such as cherry or orange flavor.
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or 15 mn,

t hen a | ution of . .
7-13, 50 [ 1, 7o5C0s aftitans ot dsnguvings adhigarile Rowderp o s SHEMPSIRERUS. D i bof ur an
osyl] - 7H - 2@repara¥onQg s@EI2BjecROR ddbitidhs 08B Eersions. In all cases, the form must
Tos: aobd ¢ Vet MEplscbeTURE kool BRARY stheabiy sl >
resul ting sdétabla widents cgtqgiﬁip@ﬁoﬁmantﬁaﬁu@rmdtstmgqﬁmeth bepresenvey hgainstt at e (
10 m), and pabsiRaHRRlihY adtion o nfEroblPaRlsatt shbh hEBactRla Ad g ShY LadeFt at € as
the eluent. C-EII-II;] ge gggﬁleﬁlteo? dfislple}sgoarlltrggdi\lll\ﬁlrc%ntaining for example, water, ethanol, polyol

, , , , polyo
(e.g. glycerol, propylene glycol and liquid polyethylene glycol), suitable mixtures
15  thereof, and vegetable oils.

Any suitable route of administration may be employed for providing a
mammal, especially a human with an effective dosage of a compound of the present
invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and
the like may be employed. Dosage forms include tablets, troches, dispersions,

20  suspensions, solutions, capsules, creams, ointments, aerosols, and the like. Preferably
compounds of structural formula I are administered orally.

For oral administration to humans, the dosage range is 0.01 to 1000
mg/kg body weight in divided doses. In one embodiment the dosage range is 0.1 to
100 mg/kg body weight in divided doses. In another embodiment the dosage range is

25  0.51t0 20 mg/kg body weight in divided doses. For oral administration, the
compositions are preferably provided in the form of tablets or capsules containing 1.0
to 1000 milligrams of the active ingredient, particularly, 1, 5, 10, 15, 20, 25, 50, 75,
100, 150, 200, 250, 300, 400, 500, 600, 750, 800, 900, and 1000 milligrams of the
active ingredient for the symptomatic adjustment of the dosage to the patient to be

30 treated.

The effective dosage of active ingredient employed may vary
depending on the particular compound employed, the mode of administration, the
condition being treated and the severity of the condition being treated. Such dosage
may be ascertained readily by a person skilled in the art. This dosage regimen may be

35  adjusted to provide the optimal therapeutic response.
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product were pool ed ang evaporated. | ~z vacuo. The resulting oil was taken
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1H NVR (DVMBO-d6 ): S 3.28 (s, 3H, R%3.53 (d, 2H, J;,4 = 4.5 Hz, H5a,
H5b), 3.72 (dd, 1H, J3,~ = 3.6 Hz, J3,2 = 6.6 Hz, H3), 3.99 (ddd, 1H,
12,1 = 4.5 Hz, J2,0H2 = 9.6 Hz, H2)g-pt. 07 (m 1H, H4), 4.50 (s, ZH,
CH2Ph), 4.S2, 4.60 (2d, 2H, Jgem = 13.6 10 Hz, CH2Ph), 4.54 (d, 1H OH 2),
4.75 (d,, 1H, H1), 7.32-7.45 7.52-7.57 {2m ,10H, 2Ph). 13C ~ (PDVBO-d6): S
S5. 40, 88.0s, 69,74, 9%?%?9@??0‘%‘.5&‘2;“@2@ﬁSf,emlea)A'hf’llcﬁéfﬁd@g, €127. 95,

1 :2))9. 8; 129.bd8ds, had udléss spddifida othkdise Aare diddnt26 incldd: twbth Eladd ZOeeoniklic 45,

135. 92.

isomers.
Some of the compounds described herein may exist as tautomers such
as keto-enol tautomers. The individual tautomers as well as mixtures thereof are
15  encompassed with compounds of structural formulaI. An example of keto-enol
tautomers which are intended to be encompassed within the compounds of the present
invention is illustrated below:

N
N N 11 =
R* R’ R* R?
R® R? RS R
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15 St _ ep B:

3,5-Bi s-O (2, 4-di chl orophenyl i net hyl ) -1- G et hyl - a- D- eryt hr opent of ur anos- 2-
cl ose To wip d20€71289! d suspensi on of Dess-Martin periodi nanedrako®oshss 118
mol ) in anhydrous CH2C12 (350 ni) under argon (Ar) was added a sol ution of
the 20 conmpound from Step A (36.2 g, 75 mmol) in anhydrous CH2C12 (200 nl)
dropwi se over 0.5 h. The reaction mxture was stirred at 0OC for 0.5 h and
then at roomtenperature for 3 days. The nuxture was diluted wth anhydrous
Et 20 (600 nL) and pourgd In ap ice-cpld mxtu of Na2$203. 5H20 (180 @)
in saturated aqueous NaP®B¥ rﬁs?ﬂgglcﬁq_rf\f}ogﬁgiaﬁ eb CSeRRif §1ét8é€%l’f ed, and the
or gani ¢ | ayandiwaialdisstedoRbmedsttly, ﬁateuamp]edfraqimalmystlailﬂm&n(fﬁﬁﬁ armhl)tablwat er
(800 nL) an [g_%ﬂ : d to gi ve
the tit1 e cosbonhder S Mheididl e oledigathe of § ki LRALAGL SEORRET,

further puruth@mtpgmphsnu&smw thm@llwptlwtmm(ymb@sfa) b 3.50 (s, 3H OCHB)
3.79 (dds 1H JSa, s~ =klerfaliely, drsthreDisdnfer ba copiind of ikl ISh. 4 =
2.3 Hz, F-5b). 4.20 (dd H, Jyéﬁ?srl TSy 30 H3). 437
(ddd, 1H, n-feymulaIguy bg abtipestpy Smwsy@@fw samtmgsmualﬁg ombhpurezptmn& d, 1 H,
17 a2 Zf“at?“%%&‘éﬁgj;te"ﬁ%m“"“ﬁ%ﬁ“"ﬁ 55 7o b 41" b9 81 60 08,
.31-7. m

77.49, 78.00, 98.54, 1 R g@%‘%‘,““ﬁ%‘éfl‘é’é‘?ﬁ%f?‘%ﬁ%@“’7‘2’5Of
133. 61, 133.t8furdidi3e 8ing of &it. DMmpohds af2he Biesdd nv@ation GBstﬁﬂ:tural féfinula IWWO

gZ/SUgnelé Pg@ﬁ},{gﬁ %& gglgggl){ f’ %hﬁl]] Sf%n lfieséhat SuHStltﬁen(ti %XIRB aﬂﬁ{ b&%ur anose
To a sol uti dTﬁlVGﬁlﬂwélﬂyBu (Sulbsfatnmid‘ ﬂ@WB”)Etrﬂ)(S(letml&nM UIB()OOnﬂguraiton- 55 C was
added dr opw 1ﬁ§e|p@n§é?1'tl?tdf Bhe Qﬁotﬁé}e I\fd?ﬁ%mtefré&ﬁéxﬁi ﬁ? b? atold ﬂxQ at%ﬁl 2 5

mmol ) in anhydrous E{2 m.).. The reaction mXx e was owe to warm
to -30C and &diG-#ef W@‘)?F pg Siggjties that the substituant hasthe §- qonﬁgulp‘@@n col d

wat er (500 r‘(bﬂbsﬁmént I'up”)n xture vigorously stirred at roomtenperature for
0.5 h. The mxture was filtered through a Celite pad (10 x 5 cm) which was
t horoughly washed with Et20. The organi ¢y | aygstowas dried (MyS04), filtered
and concentrated. The residue was 10 di in hexanes (~30 nL), applied
onto a silica gel colum (10 x 7 cm pre " hexanes) and eluted with
hexanes and hexanes/Et OAc (911 5to gP |e corrpound (16 7 g) as a
colorless syrup. 1H NVR (CDC 9 Hz, 2C M),
3.33 (q, 1H, OH), 3.41 (d, 1H, J§,4- : I—g 336(3 3H OCH3), 3.66 (d,
2H, J5,4 = 3.7 Hz, H5a, H5b), 15 aBparent g, 1H, H4), 4.52 (s, 1H,
H 1), 4.60 (s, 2H, CHzPh), 4.63, A R'2H, Jg~m = 13.2 Hz, CH2Ph),
7.19-7.26, 7.34-7.43 (2m 10H, 2igy3 2(CDCIS) 8 24.88, 55.45, 69.95,
70. 24, 70.88, 77.06, 82.18, 83.01, 167 3 127.32, 129.36, |130.01, 130. 32,
133.68, ;133.78, 134.13, 134.18, 134.4S, IB4.58. 20 Ste~D

4- Chl oro0-"7-f 3, 5-bi s- O (2, 4-di chl orophenyl met hyl ) - 2- G- et hyl - ( 3- Dri bof ur anos
yl'1-7H pyrrol of 2, 3-dl pyri mdine To a solution of the conpound from Step C
(9.42 g, 19 mol) in ReUnds @Hﬁ%?%?ﬁ%l‘ﬁévﬁétl?%’@yﬁﬁfd nigfereddntegdod HBr
(5.7 Min adetm of aphatma2éutivhlly ddéprabielshltdThe wirse phamecerially hevgptableut i on

was stirred it IQ:%rg B8 satts Bre%%gedtf%ﬂ pharmaceutically acceptable non-toxic bases or

acids including inorganic or organic bases and inorganic or organic acids. Salts of

20  basic compounds encompassed within the term "pharmaceutically acceptable salt”
refer to non-toxic salts of the compounds of this invention which are generally
prepared by reacting the free base with a suitable organic or inorganic acid.
Representative salts of basic compounds of the present invention include, but are not
limited to, the following: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate,

25  bitartrate, borate, bromide, camsylate, carbonate, chloride, clavulanate, citrate,
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate,
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25 at rt for 3 h, evaporated iii. vacuo and co-evaporated w th anhydrous
toluene (3 x 40 nL). The oily residue was dissolved in anhydrous

acet oni t 'WP&2P¥2$H1) and added to a sol ution of the sodi urcsalsv/edss
4-chl oro-1Hpyrrol o[ 2,3-d] pyrimdine in acetonitrile [generated in situ
from4-chloro-1H pyrrol o[ 2,3-d] pyrimdine [for preparation, see: J. Chem
Soc.: 131 (1960)] (8.76 g, 57 mmol) in anhydrous acetonitrile (1000 ni),
and 30 NaH (60%in mneral oil, 2.28 g, S7 nmol), after 4 h of vigorous

stirring at ghitdmatd @ycIRbire@da rdxyl:Es t fqnﬂﬁ h r 24 h, and then
evapor at ed h? dr nfe’gﬂ)é. ?r?é re%:tho_luglyvf/asdfgag%’ewgg I'n %‘&3{0‘8{% e’m_) and
extracted wi ‘F{Oﬁﬁﬁﬁ ¢, bydpxgpgphtfiopte. ydide, dsofhinrate. daatatadeetobionateyiastated Wi t h
‘brine (300 miglatejmiaehteuminRblSdksylhie hRt r@ﬁﬁh@eﬁféﬂﬁﬂ - &
product was gét%f.a%g%lgt@ x?ir%Lel 'Pca ye@col% 10 cm @%ﬁgﬂﬁhﬂf@ﬁg% 0S7287
PCT/ US02/ 03 c’rrli Ay EERy '9;?8@9’ WS pium spllg olpate) oxplatehe el uent .
‘Fract i or’s cBHRedts (embanate) pabalitett, peatatherand) iphespharmlishapeaat ed in vacuo to
0.3 (o ar REONE: sioyiiy, Ao, 068 RigeP8iie SREinal ansate jograe,
JS~, = 2.5 igeclaig. ipsylategtrpthipdide andiyalgmies Eurthefmote, wheib'the conpodmds 3ftnem  2H,
H 3, H4')invéntfh cafry 40 4o = Ph).. 4. 71 4.80 (2d,
2H, Jge, n :f’“Ilz ) ﬁ% pPh) .. rél.%Sléztty’J‘;ggbﬁ?b%ﬁﬁa&@%gu%e%?lelﬁﬁgﬁ thezgobs_ 7 44
(m | OH 2PRfudsJut arenasdipited ig, splis derivegdTom inorgania baseineydingSal Gfinu@g). 41,
81.05, 1. 12ﬂmmdrﬁfmn5Ealcﬂuh&.cZi:perJ.féﬁ:i@,4erréL%,71iﬂ1§um,]1%§gn%ZiuniL%lianZ%g' 129. 77,
130.57, 13 %§ 0][ | 33. 98. 10. 134.(13%, .fi34 38, 134’74,° g’ 21, 151.07,
151. 15 15291281'_%3@?0 ’eF?p fssiui, ‘sodium, zinC, anid the like. Particularly preferred are the

4- Chl or o- 7-30EnORNikaY, kgleivag nagnidiomy patasssyth ) andHogii silef LaBeidiel Tigh ne To a

sol ution of L 42 8. l) in 15

di chl or onetpriigﬁga%%g’gg C%@%& é’%\%gs% 0&38@5 t%%ersdﬂgll%%(?f PHBAYIM i n

di chl or ometN&edans gneertigy amvings) cydlio pwiines, ankheasi iohexehange resins] dRH agt - 78C
for 2.85h, drfiatheabetaialCatfRime2Moline N Md; | £, was .guenched by

additi on of 'ﬁi t hgnol [ di CEI% gjﬁoa%th&g’nﬁiﬁlzb}ﬁﬂ(l %Eﬁ%{l_%d?%w\é%tﬂg&y@%‘i‘ﬁ ?hg

m xture st qu%YE%laglgnqeit@eo ar %ﬁﬁﬁWpoﬁthml,ﬁmmmnawtwlmmaqﬂmlN; ammoni a
at 0C and sthyimerphatine,N-ethylpiferinerighucarii®, glcbdhnitis nhilai! Frliligiashed
with CH2C Ziéd\ﬁ@_)tla{rh{n 2 g‘%g . the combined filtrate was évaporated, and
the residue ouriti€a py"f %W%Wf%ﬁt@%ﬁymwwn@mlpwlm usi ng
CH~C12 and POHRTITE 1¢siDeL §rogaing, pRAnds, tREbinsne tA6th} ikt %heﬂ&%]aﬁﬁng he el uent

to furnpsh (g% : Okl a colorless foam ich turned into
an anor pho&sﬁ's%gfdﬁgmgéf)?ﬁea%treaﬂ“aﬁéﬁgﬁvﬁlﬁi& MeCN. 25 1H NWR (DVBO-c~6): 8 0.64
(s, 3H CH3), 3.6l -3./As0,imtheigase pf HearboylicdicBl @BOOH) ct akbohbt @rodp béng 89- 4. 01
T b1 ) g fae domibuiss O BBl ineniion piftingchy i CHly ReniBibeysis g b5
(s. 1H HY ?‘“%%’@(hﬁ LR EgYes: wémsmthﬁgabﬂ; or7pivaloyloxgmethyl, 88acké, 91. 53,
}102. 17, %1ﬂcﬁ&tiv3§)oﬂﬂeolﬁﬂs, sﬂl_&ilas?a%etaﬂédr.lflﬁe%tﬁi;%néyée@@ggF%}gﬂudedm‘e e T
- A nesg 7- (12+.Co (3 of urangsyl ) : ~yrrol o 3dl pyrimdine To

t he co?r%ou&lﬁ)sgre%{s%%ﬁgggé g?i&ﬂﬁjmawnén %‘%ﬁ%fo} %@i{yw&%s@gblmmnm i ¢ anmoni a
(sat ur at edh¥drobisis chamcreripticstopuse astsustainedselbma o grodpugfor@Qlations.

Preparation of the Nucleoside Compounds and Derivatives of the Invention
The nucleoside compounds and derivatives thereof of the present
30  invention can be prepared following synthetic methodologies well-established in the
practice of nucleoside and nucleotide chemistry. Reference is made to the following
text for a description of synthetic methods used in the preparation of the compounds
of the present invention: “Chemistry of Nucleosides and N ucleotides,” L.B.

Townsend, ed., Vols. 1-3, Plenum Press, 1988, which is incorporated by reference
35  herein in its entirety.
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WO U2/ 1187287 PCTIUS(12/113081 stainless steel autoclave at 85C for 14 h,
then cool ed and evaporated in vacuo. The crude mxture was purified on a
silica gevVOdOTMB? wi t h CH2C12/ MeOH (911 ) as eluent to gi veTiusebiosd e _
conmpound as a colorless foam (0.8 g), which separated as an anorphous solid
after treatnent with MeCN. The anorphous solid was recrystallized 5 from
nmet hanol /acetonitrile; mp. 222C. I H NWR (DIVISOd6) 8 0.62 (s, 3H, CH3),
3.57-3.67 (m IH H5), 3.75-3.97 (m 3H, H5" H-4 H3), 500 (s, 1H,

i' -SOf) i—le g4 (d, ,lH %& %E%ﬂaf‘yf&%emgleg}f)d(qgl tl‘EE:I_?r fgtbdn_o]fHoglpﬁEn(%l_gf& o

6.97 (br s, tlm{)remgnvemIMS(oathn@mm Brleme Bbelpw( sThigddheirde ustrd@s HRC NVR

(DVBO- d6) 8 sftheis o nﬁ?ounaszoﬁtge Ege%crﬁgnve%amg Bf %@%;t%gl’ f k@ﬁhji% w}ngf%mo

1 M5 Foun
g%ﬁgmgigﬁﬂnngzqg s tl@&m o eonfiguration. The starting materlal 1s a 3,5-bis-O-

4- Ami no- 5 - ( ProtedtéyalkyiFulmokide; sueia o }ﬂlrgﬂﬂsﬂhg SO RERuwa tgﬁﬂ}iﬁ E_n diae NH2

~ ~ 2,.4-di chl orop
| Tyfﬁ 2Jc- %PY%JH%PWS then W&lﬁs‘f it ﬁo%l&a'zle O¥KliZing agapt. Séﬂ?}h@;sra (300 nL) at
-78C was s| ohvomiwmdsdxide wganro(rﬁtd}eagenﬂ,a)e@smartlo 1ﬁlp€nédlﬁ£hedbﬂ 6 Wwemt heEt -

a r.ous
L300 nty. | TRERGR o atbrdd ST Rore dr ysichofly rte FE Al rﬂqy i8R doned to
warm to - 15&agert. $ichras ed atkyl, atkeoyher alRyiy] nzagdeditvarhafidel(forleianipde,a St i r r ed

m Xt ur el@f WgB:é 5%)v1ﬁﬁﬂ1£[ Zﬁlgﬁlﬁgﬁr rgn)i eth&mgﬂ\?é%%k gn Bﬁgf ggﬁg\,\%@fj

B P oyl AGE) S0 Splekingeross e oo anblo pond of Lo aisuba

Fracti ons corgaficrsol@nt, b@clpdsQMydMﬁ@nmeﬂlWﬂetﬁ&da&l’t?\Q@i_'k@t &fbrils &18\29”‘%‘{27'[287
%IC\-ll-/e UtS?(iZgS I 59 a%pﬁdle(%i g&gtz’}?%ﬁ(ﬁ%}l@a éf C./’? g(% 1%331118 Igro'up (such as Cl, Br, and
.3,5-bis-O (D mnd(tamrmhmptﬂ]eﬂhaﬂ-hﬂn))nﬁnﬁ} pﬁsh*t}ﬁn—oﬁhe*ﬂrmbﬁé Bﬁgﬁ‘@énvatlve by

! ~pyr r 0153f ZFgatmeHy 5ft rgr?o -Ercﬁ dt fgr?%gg :Lg]w&é gﬁlggla) '}J eggfa;sgﬁﬁ %]f:l( é 02
ggi d) ( 1, 75sqitent,mlcb aﬁhﬁdrpgsl lm“pmm inacetic @, (Thffordethe ntermgediatd firimByMas
stirred at pAQM ltﬁme(ﬁ-qtéﬁ[f%nitﬁrsugh Pmt}ﬁ\{@sﬂx oﬁﬁt\%gMeg@)%égr el dj%?(%n?(;t@%evapor at ed

twice fromtqQluéne (10 resi onitrile
(10 L) and® %ﬂ? 309 oqrdhf@itgﬁngqullfpﬂ@te (k) umay also serve as a useful

4chl or o- 1H- Ieyivihg |gﬁ£l.i%>. iA-thY fibséqiical l@&cticAQd gBRbraté tib %’%Hs)dlc 138% hydr OXI de

En?rﬁr) ”?2no gop?;i]%agf o%”‘? rriulck’ofl Elem(!()%gg”nﬁ?ggéégﬂdt%y aﬁ‘fl?it ghqrflﬂg?n@?dlﬁﬁeéﬂ at r t
over ni ght, singturhlciormuolaried withtthe mesi salt @dcmymm ,@bdiaad, :é(f: Q?tgiég?ﬂ)mggl um
e IR A
evapor at ed RPIORIEARIY substituted; abrw@ynom3wpyﬁmmehmhl dan &e geteratsd ng
ethyl acet andih®yan@uhdi VA AkiFRYaride Qo s SofufidTLAES, B At (307 15
mg) as 785 COhy rox1§e (such as potassium hydroxide), an alkali carbonate (such as potassium
carbonate), or an alkali hexamethyldisilazide (such as NaHMDS) in a suitable
anhydrous organic solvent, such as acetonitrile, tetrahydrofuran, 1-methyl-2-
pyrrolidinone, or N,N-dimethylformamide (DMF). The displacement reaction can be
catalyzed by using a phase-transfer catalyst, such as TDA-1 or triethylbenzyl-
30  ammonium chloride, in a two-phase system (solid-liquid or liquid-liquid). The
optional protecting groups in the protected nucleoside of structural formula 1-6 are
then cleaved following established deprotection methodologies, such as those
described in T.W. Greene and P.G.M. Wuts, “Protective Groups in Organic
Synthesis,” 3" ed., John Wiley & Sons, 1999. Optional introduction of an amino
35  group at the 4-position of the pyrrolo[2,3-d]pyrimidine nucleus is effected by
-24 .-




Step C

4-Chl oro-7-(2-Cethyl -~i -D-ri bofuranosyl)-7H p~rrroiof 2, 3dl pynm di ne To a
sol uti on WD oekgr28onpound from Step B (307 ng, 0.45 mol) ipaTAS02/03086

di chl oronet hane {8 nL) was added boron trichloride (1Min dichloronethane)
(4.50 nL, 4.50 mmol ) at -78C. The m xture was stirred at -78C for | h, then
at -10C for 3h. The reaction was quenched by addition of

nmet hanol / di chl oronmet hane (1:1) (10 nL), stirred at -15C for 30 mn, and

neutralized By of aqueaqys.a nji,um hydr oxi de. .The m xture was
evapor at ed H%één%gg?éﬁhgiqélhaf(la%"%’r@?gmeeggmﬁ‘a{}itﬁ]ga ROBHIRLE AguBs, SB(frH as %Pll%d on
silica gel esimogimetlgundkhdiont, oy gametdiam prifiaryymias acthe€htt pofities (HINHY,

. _ e st now LI

g ggi ?Iegl g?Ofgﬂgltkg)f(aill%gé:%@tﬁ?%&:ﬁ@?ﬁgrgﬁyeg(m%g@lélkyﬁﬁﬁ'& foBediratea C

4- Ani no- 7- ( fEraarsapyre CBRB).i fothpandeld.3-dimripidine4BH)dnez0880und pypbei di ne

To the conpaunediyamdRiions 6t 160itiagilodbaiBalin §os BHRedaRh Hdbede amoni a
or |

i n nmet hanol ,(4 . The ' mxture was stirred at 7 ) a ¢l osed
cont ai ner, é@%ﬂhgb)sgﬁa"%m%n@WSiﬁgfm rdsihe-4allserdder QR )y whewsas puri fi ed
on silica getatnghngithiahhikydietiaplilosfeoras hane atkythid)(-Sr) Rkiveie, Fractions
cont ai ni ng gﬁﬁse'ﬁ)’ez hV\DCO‘ZI 01187218t7 PCT/] 02/ 1%186. rodyct were pool ed and
evapor at ed PRCVACAL§"¢E1E) DATPHAuGRSYelEnown, i practt e’f?d#"é‘%‘“%ryébﬁudfll ess
powder . 1HNNR afiRf®riasic/moMs@at CiegmisBy ha$ e (équirdtito atlaif the(desiradH) , 4. 01- 3. 24

(0 119'07 8anpinay biopvertlh > 2065 (M cal e for

Cl 3H 8NAO4+H+: 295. 14. EXAMPLE 4

2- Ami no-7-(2-Cnethyl - (3-D-ri bofuran%?%i—pyrrol of
2,3-dluyrimdin-4(3H-one OHO ONN NH2 Me .: 10 HO ~CH Step A
2- Am no-4-chl oro-7-f

3. 5-bi s- 0(2,%@W%| met h, ~1 ) - Z9et
rol of 2,3-dl pyrim a{ne iC ol d sol uti pr fromStep C
of Exanple 2 (1.27 ¢+—2.57 nnD-I—;Eﬁﬁ—DEJ-lZClZ(Q ) was aé‘dngléwgz(l-ﬁr (5.7 Min
acetic acid; 3 315 db?_pvm se. The react ipg@n‘ix re wa Xséidlrﬁrdo?tl) room
tenperature for (R concentrated under di mnished pressure and’
coevaporated with tofyene (2 x 15 nL). The resdBting oil was dissolved in
acetonitrile (MeCN) TI5 nmi)ppn gﬁ gpdmw seinto a wellstirred mxture
of 2-anuno- 4-chl oro-?l—l—pyn]-;ffrné - S/ yrimdine [for preparation, see

Het er ocycl es 35: 825 (1993) _? 3%@ 2.57 mol ), KOH (85% powdered) (0.51

-D-ri bofuranosyl)-7H p~rr
B

g,

R® X

/ N
PgO O |
Pg O

L =R M s
PgO ©OH X=Cl,BroriP90  OH ——
90 1 BOH o or i M = Li, Na, or K

X =Cl, Br, orl
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20 7.7 mmol ), tris-[2-(2-nethoxyethoxy)ethyl]amne (165 p.L,, 0.51 mmol) in
acetonitrile (30 nL). The resulting m xture was stirred at rt for |h,
filtered wodz2evapprated. The residue was purified on a silpicqasggbszog®! um
usi ng hexanes/Et OAc, 511, 3/1 and 2/1, as eluent to give the title conpound
as a colorless foam (0.65 g). 25 St_ ep B:
2- Am no- 4-chl oro-7-(2- C net hyl - ~3-D-ri bof uranos~I | - 7H pyrr ol of 2, 3dl pyri nudi
ne To a solution of the product fromStep A (630 ng, 1.0 nmol) in CH2Cl2
(20 nL) at -78C was added boron trichloride (1IMin CHCl2 ) (10,yi, 10 -33
WO U2/ US7287 PCT/ US02/ U§418& mmml ). The mi xture was sti rr&l atR-78C for 2
h, then at -20C for 2.5/ h. The reaction was quenched wth |CH2C 2/ MeOH (1:1)
(10 nmL), stirred at -2 r 5 h, and neutralized at 0g/with aNueous
anmoni a. The solid wa erﬂgf, washed with CH-Cl 2/ MeOH\(1:1) and the
conbi ned filg;gi evapoNat e ttpt>acuo. The regid purifi eg'on a
silica gel cOBIMm \ui CH2Q 2/ MeOH, rérfibde @gd 20/ 1, a nf to give the
title conpound as col A ess f oam{250—+g Step C R
2- Ami no- 7- (2- G- et yyT-=3- D-ri bof urangstinat 7H pyi TOd_;I)O\\f ;/Qﬂ
2, 3dl pyrim di n- AgEH) - or@H10 A mi xt yr f th oductVfro ep B {90 ny,
ApPREmRt PR ot

0.3 mmol ) in aqueous NaOH (2N, 9 reflux tenperature for 5
h, then neutralized a-60C with 2 NvdlgiRous HC and evapdrfated to dryness.
Purification on a silica gel colum w th CHzCl12/ MeOH, 5/1, as eiuent

fforded the titl whi te solid. (7 .15 1H NVR (200, MHz,
?20385)? 8 o.esaI (sfa gﬁoﬁ‘%%gg@s%ﬁm%ilﬁ}"!Prg‘."gg-cﬁg&g's??rﬁ%ﬁﬂe %‘.]"’g%a“("??’(‘ﬁ h"6. 42
(d, J = 3.7 ceutpinlddyailsTonthe prspatation 3f AinglconipdpndsocAmermedia®g employed in

2- Ami no- 4- 7] ~3- D r ] YRy | of 2
Sy S AR T o pBFEY)  rBe BOLHIA e kot P o

2- am no- 2- ckP@Peuds(of the praseny iInventiqy wets@repagaskrsgerdingo procedures detailed in
pyrrol of 2, 31 RYbivifigkxapidsx ameleRarfipleShi@hoBintéribd 18 be Hnfthti BN the Bc

cycl opropyl api,ne (0.5 nL). was heated at, 70C fqr two days, then evaporated
to an oily PEHEIOYRiARVERERD I &Y WaY-4n m%am&&no&m WMWW-@@@?Z/ e OH,

20/ 1, as el gkilled iothgiavieoftoinelebsitié andmurgsatidd sasthesismhill @adity apbrdclate g} . - 34
WD 02/ 0S728 L US 8G N .8 0.61 [ 2H), 0.81
(m 21 o, $aOyL vaigaiind 3t Sopflihd ol orghfilowiRy prepaaly® 0
2H), 4.1Q (grocgduregcan bizused toprepdredies¢ and dthiel corBpetmdg of the presdnf7 Hz, 1H),
7.00 (d, J fm%nﬁoﬁ'zAl]JtE%peratures are degrees Celsius unless otherwise noted.

EXAMPLE 1

15  4-Amino-7-(2-C-methyl-B-D-arabinofuranosy)-7H-pvrrolo{2.3-d]pyrimidine

To chromium trioxide (1.57 g, 1.57 mmol) in dichloromethane (DCM)
(10 mL) at 0°C was added acetic anhydride (145 mg, 1.41 mmol) and then pyridine
(245 mg, 3.10 mmol). The mixture was stirred for 15 min, then a solution of 7-[3,5-
20 O-[1,1,3,3-tetrakis(1-methylethyl)-1,3-disiloxanediyl]-B-D-ribofuranosyl]-7H-
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5 EXAMPLE 6 4- Amino-7-(2-C-neth

~Ll - ~-D-ri bofuranosyl ) -7H pyrrol of 2, 3-dl pyri m di ne-5carbonitrile NC NH2 ~N
N. -~ J N wen2/&r2s7' ~~OH 10 Thi s conpound was prepared fol lpewukg2/pi0¢edur es
described by Y. Miurai et al. in Heteroc,~ 33: 39Z-404 (1992). EXAWPLE 7 15
4- Am no-7- (2- G- net hyl - (3-D-ri bof uranosyl ) - 7Fl - pyrr ol of 2, 3-dl pyri m di ne- 5car

boxam de HZN NH2 ~N ~I, v n N \NJ ~Me HO-" ~~OH Thi s conpound was prepared
foll ow ng procedures described by Y. Mirai et al. in Het er ocycl es 33:
391-404 (1992) WD 02/ 0a7287 EXAMPLE 8 Cener [ ocess to SATE
prodrug i @Vob&i%tﬂ@ o8 12rnA HOr DEEPATAIGR.{SRS 465 tPdes are

di scussed i {19833y (SBS\MQFIGUQ m¥ol} inYENM (3&1‘11:!) \Eas]addb’& | Il‘heeesultiﬂ QOLiEbE Hlab des
Ros- Rev. - 38mA ISR mtB¥ ollreine £t nest S (ATl T B R TR o [
its entir et yhroBdTElide gelvaingetisyl atetate @b dwsiloas. The-eombined fliltsat¢sosae U. S.
L R
Bi s(S-acet ylaanﬁrﬁlil)d@@EI}qS)UINbNI@lde r apFrHRYS pPonknd Qimmeol) was added
dropwise. The mixture was stirred at —78°C for 10 min, then allowed to come to room
temperature (rt) and quenched by addition of saturated aqueous ammonium chloride
(10 mL) and extracted with DCM (20 mL). The organic phase was evaporated in
10 vacuo and the crude product purified on silica gel using 5% methanol in
dichloromethane as eluent. Fractions containing the product were pooled and
evaporated in vacuo. The resulting oil was taken up in THF (5 mL) and
tetrabutylammonium fluoride (TBAF) on silica (1.1 mmol/g on silica) (156 mg) was
added. The mixture was stirred at rt for 30 min, filtered, and evaporated in vacuo.
15  The crude product was purified on silica gel using 10% methanol in dichloromethane
as eluent. Fractions containing the product were pooled and evaporated in vacuo to
give the desired compound (49 mg) as a colorless solid.
1H NMR (DMSO-d,): 8 1.08 (s, 3H), 3.67 (m, 2H), 3.74 (m, 1H), 3.83 (m, 1H), 5.19
(m, 1H), 5.23 (m, 1H), 5.48 (m, 1H), 6.08 (1H, s), 6.50 (m, 1H), 6.93 (bs, 2H), 7.33
20  (m, 1H), 8.02 (s, 1H).

EXAMPLE 2

4-Amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine

NH,
74 | SN
N S
HO ) N
CHj
25 HO  ©OH
Step A: 3.5-Bis-0-(2.4-dichlorophenylmethyl)-1-O-methyl-o-D-ribofuranose

A mixture of 2-0-acetyl-3,5-bis-O-(2,4-dichlorophenylmethyl}-1-O-
methyl-a-D-ribofuranose [for preparation, see: Helv. Chim. Acta 78: 486 (1995)]
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2- Mer capt oet hanol (5 g, 64 mmol) was dissolved in CHzA 2 (50 nL). To this
solution was added triethylamne (7.67 niL, 57.6 mml), and the reaction
m xture wae oeooi2ed in an ice bath to 0 C. Acetic anhydri decusodosige 48
mml ) was 15 added dropwise in 10 min., and the reaction m xture was
stirred for 1 h at 0 C. The reaction m xture was then allowed to cone to
roomtenperature over a period of 2 h. The reaction m xture was dil uted
with CH2C12 (50 L), washed with water (75 nmL), 5% aqueous NaHC03 (75 ni)

d bri d d SO~ and
SRR N C T e L o
anhydr ous Tlﬂﬁnpet@tuma_foraﬁdnmnarﬁihem sonaenteathoj'hwdur mexducgd pessury. Wasoilydded. To

this mxtureg, ‘ggsdﬁﬂpa%a\rﬁ&gfgcrgk&mhﬁ wa?shgafsvﬁh%ﬁér G(%Bt‘??rﬁﬁs at room

ten’perature? ure was Ihn"an ice bath to

0C and diis wat;m@ig%m endsMNap TP ofiltered, (agd 4pnegntiazd 03 givanshe titlsas
‘added. The rc%ﬁff)bh qg::agwseco\r@&s%ﬂ Tgieh ¥as Hsed Widhout flkHeR YBAfiE @R Gin

at mosphere. was added to the reaction xture and the
pr eci pltateq“?ﬁ s filtered. The filtrate was concentrated to one

fourth of tHeI NMRBMIDL i &E329Ys, BRadeH 3, 3.53@, g8, Jeak ll”S"H;S?fH SAE-88Y, aphy

o ethyt et RGOS HOVE Bt W) PO L B S

1 H NWVR ( CDCIBHz, E—ZD 4.07 (=, 18H1;4),14.30 (8, 2H, 6H,PhR 432, 4 50 (ﬁdH)ZH Feeh®E (36 J =

1255 13 3 YD 5o 14cbiey R L o0 G £ oo

5'-Tri nhosp Derivatives -36 WO U2/ 057287 PCT/ USU2/ 03UB1 The
nucl eosi de asctwmms eéshbeﬁgoasﬁ%@% wwn;tz'@mwlespwnaﬁa?,zooo)

fol | owi ng general s de 2047

e e S0 5 8, L5 T 0s R RE s A0 5630 B d8Rsotia st ves
The triphosghaMs, tey.93ati ves were purified by ani on exchange (AX)

chr omat ggraphy using a 30 x Z00 mm Mono Q colum (Phannacia) with a buffer
system 50 MM Tris, pH 8. Elution gradients were typically from40 nmM
NaCl to 10 Gtép B NaCl 3,5-Bisn0-@al-dichloveghenymetity61-8)-methyl-o-DApphapr i at e

fractions from ani on ﬁ%ﬁ&?&qnos frup(ﬁgt ography were coll ected and desal ted by

rever se- phase (RP) ch ing a Luna C 18 250 x 21 nm col um
(Phenonenex) with a fllmanigesolsksusgensionof PeseMariin perdpdintiner(5¢0 get 8

generally fr, 9 I ation
of 5 m\/l ri en?%b I éﬁ%mdﬁsa(%m%@ %‘?33@ mLﬁuan@r E'Fgﬂn@&r %&%EE@Q%OI (gp%‘l}bléfl ed

ectra o
O DhosBint Gomanay HAFCHED Addodss 15 TP AP EtUs Ca I B00 MRS o
Hewl et t - PaCI()aréde(5H3a|'lme&b:ic@mn@ﬁ)(uﬁvﬁﬁ)a§.§tﬁfbd Aommn&ndwﬂm (eh8(2)), 150 x

2 I 3- |.e HPLC.
A 0t o 500 IPRESHRY A v B Wiy P BBt gn A R R B R  and
(triethyl ar ponediiotm adet- a@lé)rrupturaoﬁ\blaoSb@B SHeOEtB( g) iAGatment¢cbmjuadish NMaSS
spectral det c':@;1 'BOBIIS?) ﬁ%g%ﬁﬁ&%@k@&kﬁ% org%%ﬁ%%?%ﬂ%sﬁﬁd a

neurrat| ¢ nebu IZ€ enera € nmasSs range

of 150980 wa*élﬂsﬁlﬁwf@é aqm%é‘{iliﬂé}omﬁégg & )wpter (f@@enh) mlcbrm (6P mha, deed

Chenst at i on 043, i teRACATRIGS aporBRd Y bm@ﬁtlé&&lﬁmﬂwé b PEQSHGRL es was
determ ned é}/m 4fyt |ec F& A%iv ( g?at Phengﬂrr%ﬁex Luna
or Jupiter E8FY

Sﬁd &”%‘%‘r@“ﬂ? %‘%Cﬁté?”c‘i“(ﬁt équ‘\’fvas typically run
with a 2- 7O%HaNMR)(¢DCl3I)68 H5aE, BB, GTH:)5.79 (d, 0H]0 Vi TEAR, JQH—B 5 AX HPLC
oot od i t b e SR8, 98 (o LT ENSs MRS SBURL TRES )< ) THPOSERARE OF 26 ©
mv Tri s 30pH 1, HFBk 430r(ddg, 131, H-Hb 438, $1604RaAh J,:30= Wa8 Hye O&h:Eh), ¢.8380%
- EXAMVPLE 11 Sp ¥papaives Boat@d, 8 i Nall YES HZ3EH,Ph), 7.19-7.26, 7.31-7.42 (2m, 10H,

2Ph).

13C NMR (DMSO-dg): 8 55.72, 69.41, 69.81, 69.98, 77.49, 78.00, 98.54, 127.99,

128.06, 129.33, 129.38, 131.36, 131.72, 133.61, 133.63, 133.85, 133.97, 134.72,
35 135.32,208.21.
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WO U2/ US72A7 PCT/ USU2/ (131181 The nucl eosi de 5' - nbnophosphates of the
present invention were prepared follow ng the general procedures described
in Tetral wodnms7dsett. 50: 5065 (1967). 5 EXAVPLE 12 Mass Saaisodh3ose
Characterization of 5 -Triphosphate Derivatives Mass spectra of
5'-triphosphates of the conpounds of the present invention were determ ned
as described in Exanple 10. Listed in the followi ng table 10 are the

cal cul ated and experinental masses for represent at ive 5 -triphosphat es
prepared acgQrding to -_-, nunpers
correspond &—Q—@e par e¥ 1-0-D-

| eCal cul at edFound1520 rﬂﬁﬁ&a 20 052 03834 0534 04536 0536 0 15 EXAMPLE 13
f4- Am no- 7- (2- G net hyl.s

bo
pyrr ol of 2, 3-dT- pyrim Tol?g“ #%@%ﬁi‘f é“%ﬁ&’“sﬁ‘a%qﬂ%w Rfli) 3840 CHs HO
"ZOH 20 To tH6 °€o>vqsmdddl dnopwis8taspluFEionfof Excarrmioudd fibm Sigp BX(1030rgy86)2 (dt ~i ed
'b dded
i ﬁS?ﬁ?P‘”ﬁ%%gﬂat bt R HO BLZ3LE SHRY Bhetton Mot Wi BOWEIE N R 00 el
contai ner. 80 \Kb%nflﬁ’éfﬁdcf@ﬂ @t +30°6C0arld %H@W@b@tcbw?@hlddﬂt@re@()@nﬂdm mL,
0.075 -38 am%m%&?;o?&mm%dm@&ﬁ SHRlcdukeTer 08docH sk noe. The

m xture was Stirr (to}g é%é Ry&&i(@%&ggw%w%eﬁb I%gﬁ) . wat er

addition of f
(S nl). The Theaggdnnlaggowas dtiedaMgR0,),ffileeeddd conadnyard. aheessitivagvdso t he

D 0oE48, ISHERRE AL LA S B B oSG o (5

prepacked in hexanes) and eluted with hexanes and hexanes/EtOAc (9/1) to give the
title compound (16.7 g) as a colorless syrup.
1H NMR (CDCl3): 8 1.36 (d, 3H, Jue,0n = 0.9 Hz, 2C-Me), 3.33 (q, 1H, OH), 3.41 (d,
1H, J34 = 3.3 Hz), 3.46 (s, 3H, OCHj3), 3.66 (d, 2H, Js 4 = 3.7 Hz, H-5a, H-5b), 4.18

15  (apparent q, 1H, H-4), 4.52 (s, 1H, H-1), 4.60 (s, 2H, CH>Ph), 4.63, 4.81 (2d, 2H, Jgem
= 13.2 Hz, CH,Ph), 7.19-7.26, 7.34-7.43 (2m, 10H, 2Ph).
13C NMR (CDCls): & 24.88, 55.45, 69.95, 70.24, 70.88, 77.06, 82.18, 83.01, 107.63,
127.32, 129.36, 130.01, 130.32, 133.68, 133.78, 134.13, 134.18, 134.45, 134.58.

20 StepD: 4-Chloro-7-[3,5-bis-0-(2 4-dichlorophenylmethyl)-2-C-methyl-B-D-
ribofuranosyll-7H-pyrrolo[2.3-dlpyrimidine
To a solution of the compound from Step C (9.42 g, 19 mmol) in
anhydrous dichloromethane (285 mL) at 0°C was added HBr (5.7 M in acetic acid, 20
mL, 114 mmol) dropwise. The resulting solution was stirred at 0°C for 1 h and then
25  atrt for 3 h, evaporated in vacuo and co-evaporated with anhydrous toluene (3 x 40
mL). The oily residue was dissolved in anhydrous acetonitrile (50 mL) and added to a
solution of the sodium salt of 4-chloro-1H-pyrrolo[2,3-d)pyrimidine in acetonitrile

[generated in situ from 4-chloro-1H-pyrrolo[2,3-d]pyrimidine [for preparation, see: J.
Chem. Soc.: 131 (1960)] (8.76 g, 57 mmol) in anhydrous acetonitrile (1000 mL), and
30 NaH (60% in mineral oil, 2.28 g, 57 mmol), after 4 h of vigorous stirring at rt]. The
combined mixture was stirred at rt for 24 h, and then evaporated to dryness. The
residue was suspended in water (250 mL) and extracted with EtOAc (2 X 500 mL).
The combined extracts were washed with brine (300 mL, dried over Na,SOy, filtered
and evaporated. The crude product was purified on a silica gel column (10 cm x 10
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10 f 4- Am no-7-(2-C-net hyl -J3-D-ri bofuranosyl ) -7H pyrrol of

2,3-dl -pyrimdinel -S di phosphate NH2 O O HO-P-O-P i i HO HO 1~CH3 HO ~OH ~'
N J N To wioaeemeound from Step F of Exanple 2 (S6 ny, 0. 20T/Nebh3ogélri ed by
coevaporation with pyridine and several tinmes with toluene) was added 1S
trimethyl phosphate (stored over sieves) (1.0 rnL). The m xture was stirred
overnight in a sealed container. It was then cooled to 0OC and phosphorous
oxychloride (0.023 nm., 0.2S mml) was added via a syringe. The m xture was
stirred for 2.h at 0C. then trib | anmi n 0,238 ni,_ 1.00 mml,). an

tri butyl anmSAPHHISH ﬁ&%t@e/&aéﬂ@ﬁi%@ead@#@rﬁgah%éﬂﬁ% FeiciPpy Catgihing the

tri butyl am mpeoduat pyre aimbéned avdl evapalated in epentie divezhRotesired praticei@asog)at i on
W th pyridi %Ea%@ﬂ)r gseogﬂli[trile) (1.0 mmol in 3.30 nL acetonitrile) was
added. The mixture was stirred for an additional 30 mn at OC, the seal ed

vial was thel NN @DEh: & 0,83 (38t Ch).quhehtd, B4 (ddoaHofs FEAD.9 1M
(1.0 nL anqﬁlxﬁ,g L& C{70R,, ML %t &S i a nal yzed
<(accor di 318 to t gegpr%%le_]gﬁles ?i-tez?égr ﬁg’ey{i% ‘Egn}pﬁ% p{% )%USBE@%/%“ %’u%?:a’ 439.0
(M H+), cal d-4Det-6814-78 (34D dgem = 13+7 Ha3GHeRN), 4.3, 4.80¢3d92Ho%ar812.1

PCT/ US02/ 03 KB H, By 6/Bh id, 13, , J5 6 = 3.8 Hz, H-@, 7.23-7.44 (m, 10H, 2Ph).

S AT N0 T (8 e A DO OB s B S P 5.0, 8.5, GO0 1§

HO HO HO CHJ3 18.21p1270H 120.46 hE27csnnaasd, 12901, $8€.57 H 309901381 ,6133.9920 ny,
0. 07 ) (dyi.gd o] i inb Ny Byrd o and several tinmes with
t ol uenm;?bmslggggéﬁ?%{%f’#g%@gi Iﬁ%@gﬁmoz ](ilt’ggrg#)@\ler sieves) (0.4 nL). The
m xture was stirred overnight in a sealed container. It was then cooled to

0C and phos BUS OXyChhRkd-492( AEBLolps3.added via
syringe. Th Xture Wwas St T ine (0.083

m., 0.35 nmmol ), tri butgf,lll‘émgﬂlQJm pyr ophosphat e, (127 ng 0.35 mmol ) and
acetonitrile (stored oped slinteeshthé Cordpoutld frovB SeeAd8d2 5 TBS nithgh ik € was
oL eS0T ARl 0 sl 00 M el ch Wil g, (hen Gpened and
The 15 reactdichioroincthane, 88anl. 088 ininctyldrepwisan Thy negtudcwas stirf 4t 0789for
br ocedur e_doscy 1REdel BRI IR sFSTHB eab8UN His RlicRed B didlionor 2! o Tor

methanol/dichloromethane (1:1) (90 mL) and the resulting mixture stirred at —15°C

for 30 min., then neutralized with aqueous ammonia at 0°C and stirred at rt for 15

20  min. The solid was filtered and washed with CH,Clo/MeOH (1/1, 250 mL). The

combined filtrate was evaporated, and the residue was purified by flash

chromatography over silica gel using CH>Cl; and CH,Cl,:MeOH (99:1, 98:2, 95:5

and 90:10) gradient as the eluent to furnish desired compound (1.73 g) as a colorless

foam, which turned into an amorphous solid after treatment with MeCN,
25 IHNMR (DMSO-dg): 8 0.64 (s, 3H, CH3), 3.61-3.71 (m, 1H, H-5"), 3.79-3.88 (m,
1H, H-5"), 3.89-4.01 (m, 2H, H-3’, H-4"), 5.15-5.23 (m, 3H, 2’-OH, 3’-OH, 5’-OH),
6.24 (s, 1H, H-1"), 6.72 (d, 1H, J54 = 3.8 Hz, H-5), 8.13 (d, 1H, H-6), 8.65 (s, 1H, H-
2).
13C NMR (DMSO-ds): § 20.20, 59.95, 72.29, 79.37, 83.16, 91.53, 100.17, 117.63,
30 128.86, 151.13,151.19, 151 .45.

Step F: 4-Amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-
dlpyrimidine

To the compound from Step E (1.54 g, 5.1 mmol) was added
35 methanolic ammonia (saturated at 0°C; 150 mL). The mixture was heated in a
-30 -



EXAMPLE 16 20 7-(2-C-neth r~l-~3-D-ri bofuranosyl)-7H pynol o f
2,3-dlpyrimdin-4(3H-one OJHHO- .O : N ~CH3 HO ~OH -40 WO U2/ 057287

PCT/ USWU2/Wwd30R&3240 the conpound from Step E of Exanple 2 @o®/usg2039s8¢8 nmol)
was added aqueous sodi um hydroxide (1M . The m xture was heated to refl ux

for I hr, cooled, neutralized wth aqueous HC (2M and evaporated in vacuo.
The residue was purified on silica gel using dichloronethane/ nethanol (4:1)
as eluent. Fractions 5 containing the product were pool ed and evapor ated

(Cosny: 5 ehmspsieeLpiociates Y G dor WRdheRmala: sie pgorEa tevecsd. Ty, o, 57
S, dA 3.6 I5-|Z rc]:fhi'db ,miXtude wlasl puidfiéd biz a sﬂﬂd}t gelfcoliing Sl,lthﬂﬂszElMeaml(\ﬂ?]!.)gasgeTuent

. m no- 5-chl or g [ 0

anpyrim di nd Ve ﬂﬁé‘fe %W“%dfs% %’;ﬁ %ﬁ@}ﬁl-@koééﬁ‘?g sgﬁ%?tg &% ed sol ution
(0C) of t he acompousdolid aiterSegpmdnt efithMgeENarffleanrphiotd sokid was B0rystadlijedi n  DVF
(2.5 ”L)Sm?ro%gﬂﬁ%fi\a%l%le%ﬂﬁlécﬂgdﬁzd@ (0.075 g, 0.55 mol) in DVF (0.5 nl)

dr opwi se ution was stirr for | h and the reaction quenched

t

by additi on ‘& NMR HaMSO-¢a 5R.§2 éﬁnaHe@liébﬁaﬂe%ﬁ? (my HdJd-5" W Be/ Sc3-8démpldduct
was purifiegyen rgit i1g3 )99I00L4§I1I1{1 zrmmﬁtsqw(d ml loRget §31%;, @io@ﬁ) 896t uent .
Fractions cq i ning tg (% ﬁ] X r at e% acuo to
gi ve 20 thel gis?i@@wp'r 3&5% gﬁ'bnﬁ)“z% lg'i)c!‘g (9r@ %Z 3@%’66 Id 8
g gg (s, 33?97&13652411‘&&%97/&4@]&@ Ggg}ur-gd(?-%a}léﬁoﬂf%%ﬁ?r i;ﬂ)l—?f f%%17 (s 1H),
Giorn bR ot SCmi Pso e s hiep a9, 572, 9830082 9020, 56b.15, 5 08,

151.96, 150.37, 152.33, 158.15.

LC-MS: Found: 279.10 (M-H1); calc. for C12H16N404+H*: 279.11.

EXAMPLE 3
15
4-Amino-7-(2-C-ethyl-B-D-ribofuranosyl)-7H-
NH,
/ | N
L A
HO @) N
CH,CH3
HO OH
Step A: 3,5-Bis-0-(2.4-dichlorophenylmethyl)-2-C-ethyl-1-O-methyl-o-D-
ribofuranose
20 To diethyl ether (300 mL) at —78°C was slowly added EtMgBr (3.0 M,

16.6 mL) and then dropwise the compound from Step B of Example 2 (4.80 g, 10.0
mmol) in anhydrous Et,O (100 mL). The reaction mixture was stirred at —78 °C for
15 min, allowed to warm to ~15°C and stirred for another 2 h, and then poured into a
stirred mixture of water (300 mL) and Et;O (600 mL). The organic phase was

25  separated, dried (MgSOs), and evaporated in vacuo. The crude product was purified
on silica gel using ethyl acetate/hexane (1:2) as eluent. Fractions containing the
product were pooled and evaporated in vacuo to give the desired product (3.87 g) as a

colorless oil.
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4- Am no- 5- brono-7-(2-CG et hyl - (3-D-ri bofuranos~)-7H ~yrrolof2 3
~l pyrimdine -41 WD 02/ 057287 PCT/ US02/ 03081 Br NHz ~N HO O N NJ CH3 .:

HO ~OH Towe mereeol ed sol ution (0C) of the conpound frompStragsokosuke Exanpl e
2 (28 ng, 0.10 mol) in DVF (0.5 nL) was added N bronosuccinimde (0.018 g,
0.10 mmol ) in DWMF {0.5 nL) dropw se. The solution was stirred at 0OC for 5
20 mn, then at rt for 10 mn. The reaction was quenched by addition of

met hanol (4 nL) and evaporated in vacuo. The crude product was purified on
silica gel i ng meth di ] (1:9), | . ~F i.ons

cont ai ni ng t ¥ oductEixail IS e Er T , S t he
desired product (13.0 ritmfura o@l]c’m{{wvhem SQﬂlD\dlrmﬂﬁlelH NI\/R (CD3CN) 8 0.69

4 3 3. 46-4.00 7. 45
Eg 1@1), 8. 05 (s, 1&5)%%9@@‘8@%%8 C"%B%‘?‘Eﬁaﬁ{é Aéﬁﬁ%@%ﬁd"%ﬁ%&r NAOA+
H+: 359. 04. divhiwPhnEtheee (4) mlAmaaadded(PzBﬂﬂﬁeMwm acetlc acid) (1.75 mL, 10.0 mmol)
] -~ , . H2 IVE HO
ToH A o reRegsr0) T B, Bl “’%d?%%*eﬁ‘ﬁ“*&? bttt At by

pyrrol o[ 2, 3-cyppRFrtedinivarue @pd s aporatedstwise frp eng(lfbrr@ ey Teﬁl @

(1.0 nm), ZQNd%)Gidsﬂlv@& i chlorﬁir)le Wﬁnﬂ?%fﬁd@d(@a YIpbrdEAtired nlirdup®siher i ¢

pressure) stl r t. a rat tur
i tored t hebligtr -oaraee-bubiamcne Al Bhor SOGP REBa PR The
conbi ned fi Irhg, & ®mnmns) mtbtpl@[‘za@%ﬁheﬁmdy@hmdyl)et&ﬁ]mrﬁﬂe (130n Q2. D mAzs3Yin

10  acetonitrile (10 mL). The resulting mixture was stirred at rt overnight, and then

poured into a stirred mixture of saturated ammonium chloride (100 mL) and ethyl

acetate (100 mL). The organic layer was separated, washed with brine (100 mL),

dried over MgSO,, filtered and evaporated in vacuo. The crude product was purified

on silica gel using ethyl acetate/hexane (1:2) as eluent to give the desired product (307
15 mg) as a colorless foam.

4-Chloro-7-(2-
dlpyrimidine
To a solution of the compound from Step B (307 mg, 0.45 mmol) in
20  dichloromethane (8 mL) was added boron trichloride (1M in dichloromethane) (4.50
mL, 4.50 mmol) at -78°C. The mixture was stirred at -78°C for 1h, then at -10°C for
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) (10

1-B-D-ribofuranosyl)-7H-

Step C:

mL), stirred at -15°C for 30 min, and neutralized by addition of aqueous ammonium

hydroxide. The mixture was evaporated under diminished pressure and the resulting
25  oil purified on silica gel using methanol/dichloromethane (1:9) as eluent. Fractions

containing the product were pooled and evaporated in vacuo to give the desired

product (112 mg) as a colorless foam.

Step D: 4-Amino-7-(2-C-ethyl-B-D-ribofuranosyl)-7H-
30 dlpyrimidine

To the compound from Step C (50 mg, 0.16 mmol) was added
saturated ammonia in methanol (4 mL). The mixture was stirred at 75°C for 72 hin a

closed container, cooled and evaporated in vacuo. The crude mixture was purified on
silica gel using methanol/dichloromethane (1:9) as eluent. Fractions containing the
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PCT/ US(12/11308G on a silica gel colum with CH2C12/ MeCH, 20/1 and 10/1, as
eluent to give the title conmpound as a white solid (16 ng). 1H NWVR (200
MHz, CD30@Wp:o28sRsBb (s, 3H, 2 C M), 3.82 (dd, J5.4>= 3. epchiaisodBznsée~~ _
12.7 Hz, 1 H H5 ), 3.94-4.03 (m 2H H5 , H4 ), 4.10 (d, J3 ~ 4~ =
8. 8 Hz, 1 H H3 ), 56.02 (s, 1H, H1), 6.41 {d, JS,~ = 3.8 Hz, 1H,
H5), 7.39 (d, 1H, H6), 8.43 (s, 1H, H4). ES Ms: 281.4 (MH ~). EXAMPLE 20
10

2- Am no- 5- et O di net ~3-D-ri bof 0S roI ,3d| Y
e 5 SRR He0)ed v i icke - Bie Liegharned brodsi A i 38 & 54 P
2- Ami no- 4- Chblmlﬂess7pdwder

.3, 5-bi s- O(algngk' th ~;T€H)D4r 5-nmeth
yl - 7Hwr r ol of 2, -ng@l‘l m di ne h%béﬁﬁ (%Eclo?id(nio ut'i gr%b%? 1ﬂrl&f’ﬁp)ws?gct
from Step C(uf IHX&nQiI(e 2H1:6517(dngB 61% (s1bn) 2H), 6.7CHRACLD), 799 (slH)was added
HBr (5. 75M irig. W%ﬁn&@%zz% -ﬁ{ﬂ})cal@rbe‘@1§H13NQ©4f+H&C’°953P4m xture was
stirred at OC for 1 h and en at roomtenpéerature for 2 h, concentrated in
vacuo and co-evapor ated with toluene (2 x 20 nL). The resul t| ng oil was

di ssolved in MeCN (20 nl) and added gxamppiesto a 20 sol ution of the sodi um
salt of 2-am no-4-chloro-5-nethyl-1H pyrrolof2,3cl]pyrimdine in
acetonitrile [generated r: situ from

2- ani no- 4- ¢l mendS7 MBI HetHyHBYD A Moflr2ncdy 7Y il 28 d|fyeiini el 3HRbhON, See
Li ebi gs Ann. Chem 1984: 708-721] (1.13 g, 6.2 mmol) i n anhydrous
acetonitrile (150 nL), and NaH (60%in mner@l oil, 248 ny, 6.2 mol),
after 2 h of vigorous stirring at rt]. The c rrbi ned m xture was 25 stirred
at rt for 24 h and then evaporated to e residue was suspended in
water (100 nlL) and extracted with EtOA (3 0 %&50 m.). The conbi ned
extracts were washed with brir]_i8 r Na2S04, filtered and
evapor at ed. The crude product S ed on a SI % ca gel colum (5 x 7
cnm) using ethyl - 43 WO 02/ (1S7287 bUS02/ 03086 acet at e/ hexane (0 to
30% EtOAc in 5% step gradient) as the &l uent. Fractions containing the
product jpere conbi ned and evapor&tl@d i lO¥acuo to give the desired product
(0.96 g) as a colorless foam 5 Step B

2- Ami no-4-c 7-13, .S~ 4 - 2»Qdi met hyl - ~3
-Drlbofura@It R] 5-25 / el 2%1 ol d

Q]

m xture of the producm- ' idigE (7 nl) was

added NaH (60%in m nqroaAn lee kmd?s%hﬂa)l o@mé p%adcrt ﬁ@nastegcfoﬁﬂanﬁﬂézh 27hen
Mel (48 p.L) was added and %lltlon m xture stirred h. The

reaction wa$ 4uémined ‘?/\FH%CM( mingvaseded BBu k7 Miupesetis agdds M cr ude

product 1%vals dmp"wlﬁd e @¢nctiod nlikweée gad stﬁtﬂdmmdrﬁt@mp%raﬁu@rfbr V4| comchitaade/ et hyl
acetate {91

3/1) .as_el uent t|o t he roduct

here-combi ndhdddinin et et cha SR Bor bl REEn 75 I} S e
col orl ess f @drwasiissBlved @pad@tonitrile (MeCN) (15 mL) and added dropwise into a well-
Fanosy—- 5. Lé%lﬁe@‘?&t&f(ﬁ it E”@g@’"ﬁ‘?fy%h‘f%?%ﬂﬁyﬁaﬁ o2 bR, Bl P e
product f r oAlemregyckes (3o 51@199@)]34 H!I!nQi) drOQRLe%( powdrrsd)dAd1 @ueous
NaO{4 (2o 15 7Ti|n}ndl)n trds- 2 @@sﬂhexmﬁé)dty@ettfi\ﬁmhﬁ@tmé u;n/@r.ﬂl @fo)ah aééi%mﬁ:lle ghe
m xture was neutrall Ueous an
evapor at ed t(%(?ﬂﬁQn@B%res ’é‘gd’i’lﬂig’ée ﬁ’taﬁﬁt&?iff w§dgpéfﬁi%cga‘?‘ﬂe‘1@8@afe iheer ed,
and the sol irebidieovasyginified washdlitavget holbhmﬂsm‘g'hexmmsmmad, $i) 3/1 ahézma%
concentrate t. Sil el colum (5 x 5 cm
usi ng CH~C1 W@E@ g(‘{’]l% hf%‘?]g%ﬁ%pgﬁ%d%oq%lgpesggra&h(fé’%% give the desired
compound (150 ng) as a colorless foam 25 St- ep D
- 2- Ami no»5- ”'S%é}%? 7- ( 2-2C 1 L

7Hpyr r ol of 2 pyri mi p C
(64 ng, 0.1 mmol) in I%MSI—TI&) and Et3N (0.2 mL) and 10% Pd/ C (24 ng) was
" hydrogenat ed on a ParITo a solution of the product from Step A (630 mg, 1.0 mmol) in
CH,Cl; (20 mL) at -78°C was added boron trichloride (1M in CH,Cl; ) (10 mL, 10

10
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30 hydrogenator at 50 psi at r.t. for 1.5 days, then filtered through a
Celite pad which was thoroughly washed with MeOH The conbined filtrate was

evapor at eoan@siRe residue purified on a silica gel col umpcrdse2dzoge) Wi th
CHzCl z/ MeOH (3011, 20/1) as eluent to yield

2- am no- 5- et hyl - 7- (5- O benzyl -

-C, 2-D-di net hyl -[ 3- Dri bof uranosyl ) - 7H pyrrol o[ 2, 3-d] pyri m di n- 4(3H) - one.
The conpound (37 ng) was _4qg. _ WO 02/057287 PCT/US02/11308( further

v ogen.  ATPEPG P RHKLTS VaR et 14 (oF Bl e 14 CripS B WS 111t er ed
t hr ough Cel |rbmt1ohIveisfqubncr}ﬁdmmmmﬂlalﬂ\mﬂﬁmﬁly hl@mL);dﬁrrBd ad20tC 0.3 hed on a
.silica gel (3 1

el uent to yi g’fjgl%élilzteé a?Odig%lth% '%{%{ )q:‘éef lfljiﬁséﬁée edWF‘H%W }H NI\/R

(200 |v|-|z CI33 1/ Me QI 81: 1Y and @Hco@bxﬁed/ﬁjtrata evapofated JHvasy@S5Theresitng \Mﬂx 3 H,

g"—’_l Nﬁz 55 %Dug?;x_ed 3hta sfhca%lollgﬁﬂg%ﬂf_gggc}%mb? §061‘./l1 f‘f}@ ’70)‘]15 ﬁ_ﬁr'luﬂt IQ 6 6 5

(d, 1H, H—6)te m;np .23 a(qelgujess foam @SAMME 21
4- Am no- 5- net hyl - 7- (2- G- net hyl - ~i - D-ri bof uranosyl ) - 7H P~nr ol of 2

3-dl pyiimdi NH2 ~N | N ~OH. 15 Step. A _4-Chloro-7-f
3 5-E¥S-O(M % mmoJ7-2- 1- N-TH: p 5 32

- -rl;{%furanos - 1rolo
4-di chl or ophenyl met hyldlp@ifidieutdA)-ong- Dri bof ur anosyl | - 5- net hyI 7H pyr rol of 2

Earpl ¢ 18 (106 g, 2. 2 THEIFE P RepbadiS: m it BIG Wiy g daRap ot Bapol
acetic aci d;NaDE (2) 9 o9 pweis heated htereflen tampematniexfoud &, thas nsutralizediat:°C0 C for
Lo tnmor o 3 NG HR HETRS1 SRl ik, SIRRALGREH A U,
MeCN (10 ni)WikthgHadhe@He pili accipent gffardsd the ﬁlfdﬁmmpqwé a§@d¥h]i¢1$§hd {70t

4- chl or o- 5- rm iyl -1Hpyrrol o[ 2, 3-d] pyrim dine in acetonltrl |l e [generated in

SR Lt T e Ay

acetonltrl I e(s,(lTH),ﬁ.u)z,(d,a,rhd3Na]liEIz(IGD%Oﬂ(dnJmBalHQIIH) 148 my, 3.7 mml) after
2 h of vigorous stirring at rt]. The conbined m xture was stirred at rt for
24 h and then evaporated to dryness. The residue was suspended in water
(100 m.) and extracted with Et OAc (2BEAMRBRDBSn). The conbi ned extracts
were washed with brine (50 - 45 WO 02/ 0a7287 PCT/ US02/03(186 nlL), dried
over Na2S04, flltered and evaporat ed. The crude product vvas purified on a
silica &e| a .!!-u"u‘ ;..I.,Al 1 . 24( U;!u!.:/ S-Buiboferanesyh)- rrolgf2,3- 3/ ]_)
gradi ent as ﬂ@,ﬁlldg&nt Fractions cont ai ni ng the product were conbi ned and
evaporated in vacuo to give the desired product (0.87 g) as a colorless

f oam
HN/4

/I\N

A

HO\ 0. N~ N” TNH,
Me

LS
z.

HO  OH

A solution of 2-amino-4-chloro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-
pyrrolo[2,3-d]pyrimidine (Example 4, Step B) (21 mg, 0.07 mmol) in
25  cyclopropylamine (0.5 mL) was heated at 70°C for two days, then evaporated to an
oily residue and purified on a silica gel column with CH,Cl,/MeOH, 20/1, as eluent to
give the title compound as a white solid (17 mg).
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5 Step B: 4-Chloro-5-nethyl-7-(2-Cnethyl-~3-Dribofuranos~l-7H pyrrolof2 3
dl ~yrimdine To a solution of the conpound from Step A (0.87 g, 0.9 mmol)

i n di chl owomelobage (30 nmL) at -78C was added boron trichl epordsoet/dddgs n 10

di chl oronet hane, 9.0 niL, 9.0 mol ) dropw se. The m xture was stirred at
-78C for 2.5 h, then at -30Cto -20C for 3 h. The reaction was quenched by
addi tion of nethanol/dichloronethane (1:1) (9 nL) and the resulting m xture
stirred at-15C for 30 mn., then neutral i zed W th aqueous ammni a at 0C and
stirred at rt_for 15 nun, The son%d was |tered and wash

CHZCI 2/ MeOH YL NMR €200 Mtz, EhsCRo; Pﬁécﬁm%ﬂhq 8} emelihab- Sé&a&@a% §%I(mand t he

G2a 71 Vear W”“mﬁnm oo ?“m L e Tt uPey o ¢ e dea red

'corrpound (Oé‘é’péj&] ?3%@0% gf@(g Earﬁa,?gize > 4- Ami no-5-met hyl -7-(2-C-neth

~~1-~a-D-ri bof uranos~)-7H~yrrol oT2 3 20 cljpyrimdine To the conpound from

-Step B (Q.2 g, 0.64 nmmol) was added i.c anmmonia (saturated at 0C, 40
3 LReeEL e

m.). The m xture was heated in a st el autoclave at 100C for 14
h, then cool ed and evaporated i ~a vacuo. The crude m'xture was purified on

a silica gely ahNim (b5 oI DR GHEG) 2 HECHo(079b: els. 20/ 1)

gradi ent as "elfuen gl ve Itle conpou as a e (0.12 g). 1H
NVR ( DVMSO- degpebogitilesg (s, 3H, 2' C-Me), 2.26 (s, 3H, SC-IVE), 3.52-3.61 (m 1
H H5 ), 3.70-3.88 (m 3H H5", H4 , H3 ), 500 (s, 1 H 2 -0,
4.91-4.99 (m 3H, 2'-OH, 3'-OH, 5'- G—i) NCO04 ( IHo1 H, H1), 6.48 (br s, 2H,
NH2), 7.12 (s, 1H, H6), 7.94 (s, 1H, H 2). : 295.2 (MH). 30 EXAMPLE
22 4- Am no-7- (2- G- net hyl - (3-D-ri bof urano \~Wrol of ~

3-dl pyri i di ne-5carboxylic acid -46 WO l\g? OHOCNH / ~N1J HOO
N N CH3 HO ~~CH PCT/ US02/ 03086 THe anple 6 (0.035 g, 0.11
nmol } was dissolved in a mxture of ayueo ﬁ/g%mmnia (4 m,, 30w % and
saturated nethanolic amonia (2 nL), and/ lution of H202 in water (2 ni,
35w % was added. The reaction 5 mXtur: s stirred at roomtenperature
for 18 h. Solvent was renoved under''educ pressure, and the residue

obt ai ned was purified by HPLC on a reverse phase colum {Altech Atina

C 18, 100 299 nm A = Thds eompd@ird veasqirepardd follewiddprocedifesideReribed 59 Yri n, fl ow

2 mLlmn} t g, 41% asawhltesolld 10
1H NMR (CDBMgﬂa?étd% @%@éﬂi‘%@oﬁg?w‘g%%% 3.82 (m 1 H) 3.99-4.86
(m 2H), 6.26 (s, 1H), 8.10 (s, 2H 8.22(s, 1H) 13C NMR (CD30D) : 20. 13,
61.37, 73.79, 80.42, 84.01, 93.00, 1fzxAgprg%2.07, 130.07, 1 S 1.40,

152. 74, 159.12, 169.30. HRVMS (FAB) Calcd tor CL3HNV4AO6+ 325.1148, found
325.1143. 15 EXAMPLE 23 4- Amino-7-(2-Cvinyl-QDribofuranosyl)-7H pyrrolo
f 2 3-dlisyr igvaéiing 7NBC-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-d]pyrimidine-5-

carboxamide
O
H,N NH,
74 | SN
N A
HO 0) N
Me
HO  OH

This compound was prepared following procedures described by Y.
Murai et al. in Heterocycles 33: 391-404 (1992).
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NJ HO ~CH Step A

3,5-Bis-0 (2, 4-di chl orophenMet hyl ) - 2- C-vi nyl - 1- O net hyl - a- D20 ri bof uranose
- 47 Gy dALa5h887 PCT/ US112/ U3086 Ceri um chlori de hept alpdiaesosdd 9.
134.2 mol ) was finely crushed in a pre-heated nortar and transferred to a
round-bottom fl ask equi pped with a nmechanical stirrer. The flask was heated
under hi gh vacuum overnight at 160C. The vacuum was rel eased under argon
and the flask was cooled to roomtenperature. 5 Anhydrous THF (300 ni) was
cannul ated into the flask. The resull_m@ensi on was stirred at room
tenperature for 4 h and then cool ed Vi nyl magnesi um brom de (1M in
THF, 120 nmL, 120 nmol) was added and stirring continued at -78 C for 2 h.

.To thi f

305 b:: 3]? }a(? O%E?S%&QM (r)ret hyl - a- D- er yt hr o- pent of ur anose- 2-
ulose (14 g, 30 10 moi-pcyki-thiveERdSMEE) prauelsotiiiesi ane distyssecdinsC RHF (100
L) dr opW SRadfel v SR Mgd:2iHg 125 'M&fnﬁ&s“ﬂﬂﬁucfl&gﬁlrek%mtﬁt Vig8 DRliverS. © for

4 h. The reactlon was quench at ur at ed ammoni um chl ori de sol dti on

and al | owed of &ngiyiral %QS‘ "?*W%F?eé%@ie@@ld? %. MedeRes. Redr @035 (2000pvehich isr ough a
celite pad ansbrpdifict dYireetnd@hEeH lwlttsfénﬁfez SATR deffatiVes of MitfecRid@anleC | ayer

was separate d.th ay d (2 x 200 ).
The conbi ne(??SSch%?ﬁ?sEgllgsgﬁ m g??ég‘i\?#@a‘#@yﬁﬂégz&é&é@ CaRdents of -
concent r at eaa¢toofawhich ataincyrpblatd tyi teferebice heiein inaheipeitirtiyed by fl ash

chr omat qﬁraphy (SI02, 10% EtQOAc in hexanes). The title conpound (6.7 g,
13.2 mol’) was obtal ned as a pale yeIIow oil. 20 Step B:

4- Chl or o- 7- {Es(5-a0 pethybi tirsoptoppiphasithiogdmidite C- vi nyl - ~3- Dr i bof ur
anosyl | - 7H p~ rrrolof from
Step A (6. 4.9,12.6 rrr2r20 eﬁ%ah%et gl ?E ?‘%H@Z%%rgg %lgéed[%‘k@g@n{ )20 C
was added H %Q@%l&l@nu’ﬁwcﬁﬁdwﬂ,&édmze(m 7 mip 5@.6mmo)), %ﬂddbwesﬂétwﬁl'he

resul ting sohidtir®Wa¥esoled i &rfide B&hwenc&ceﬁ@&waﬁdw 5pmI448 m]_ﬁ}%ﬁmg flt ed
e olly

in vacuqg_and or at hydr gus t.ol uere
resi due das & 8&%‘%‘% DEHCH gﬁ?ﬂ}d? e ‘Eaé"PBHPPﬁ“F"eWE‘S.L%BTWI_f?r éﬂé Qddelht o a
sol uti on of r¢dedos adkure was ﬂlenhlldwedltwomeliﬂrmﬁﬁhpe{r&u&ﬂ\&ya giiod 6£2 h5. 8 Q)

37.8 | d d 2

2500 he e RREHAR i WP BRRECHAR R iy 40 SR> S ey egﬁféa@k’ﬁr ) and
stirred at Momueenpyaﬁﬁﬂaeﬂﬁ o) 2nd bring (2 mi_xt Theongasic phase vesalied averd t o
dryness. - algfydibud Na i), ehd ABfeRihAT] 9@%& BivElafon, (Che iR it - The

conbi ned extracts were drie eva or d. The

crude miQt urdéssokysd puantyydeqns gk q@ﬂbMV@QH%WYQ@H@Q (7. @%[EW@Q\C in

hexanes) anddihe Td iHiemSQBRMRAIEAd 4Rivaked SOt AGiASs @AWINH Sk RBpRat- 48
WO 02/ 1157287 PgT/ US02/ 113

4- Ani no- 7- f 3°YDFepcERuEe féf’éfm‘ o&ggﬁéﬁ?ﬁ’%ﬁﬂw‘)‘”% ceolpdin pp iceDaph tofbEur anosy
| |- 7H pyr r olaed 2jiSsmidpytphasphibraeidboe divhiopile(6.47 12082.68 epnd3) (80added) Thes

di ssol ved i gﬁwat fole 45 di d a stainl ess

st eel bonb. ’}#H%g{l rrg{ u\/\%gh%oo e 3 CEJSf of %géq‘é@‘gg?ﬁ?%’.‘%&’g%ﬁoﬁea 'Wa@b gg‘ged The

bomb wa@?dseatas@ddeditoribe reagtion mgmgefa@d the precipitate formed was filtered. The filtrate :
was concentrated to one fourth of the volume, purified by loaded silica gel column

chromatography and eluted with hexane containing 3 % triethylamine and incremental
amount of ethyl acetate (0 to 7 %) to give the title compound as an oil (2.36 g).
1H NMR (CDCls): 8 1.17 (s, 6H), 1.21 (s, 6H), 2.36 (s, 6H), 3.14 (t, J = 6.44 Hz),

30 3.51-3.84 (m, 6H); °C NMR (CDCly): § 24.47, 24.61, 30.48, 42.85, 43.1, 61.88,
62.23, 195.26; P NMR (CDCls): § 146.96.

EXAMPLE 9

35 5’-Triphosphate Derivatives
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24 h. The ammoni a was all owed to evaporate and the residue concentrated to
a white solid which was used in the next step without further purification.

Step D 4woizfeeragr (2- G vinyl - ~i -D-ribofurano ~1)-7H pyr r olpetiysd2/dts
dl pyrimdine To a solution of the conpound from Step C (60 ng) in

di chl oronet hane at -78 C was added boron trichloride (1Min

di chl or onet hane) dropwi se. The m xture was stirred at -78 C for 2.5 h, then
at -30 Cto -20 C for 3h. The reacti on was quenched by addition of

met hanol / di chl or onet h e%'lg. re t|n m xture stirred af -15
C for 0.5 h, then neutt® % . é@@%ﬁ {md@ltéquwgqelp,r«;;@ae t
room t enper dolloveing @endral prbceduirdseiescmued im8a%er Rével 0t 204 (2e0hed W t h

.met hanol / di chl oromet hane ( 1:1 ). The conbined filtrate was evaporated and
the residue purified by flash chromat ography (Si 02, 10% net hanol in Et OAc
containing 0.1 %triethylanmine). ThEXANBIFOHE containing the product were
-20 evapor};ated to give the title corrpound as a Wmte solid (10 ng). 1H NMR

(Dl\/BOd6:836(m1H H5") 8 (m. 1H H5"), 3.9 (md, 1-H H4),
4.3 {t, 1H, Durificationsand mv.ﬁnahnus of fi-griphosphateyertyativyy, 5 -OH) 6.12 (s, 1H,

T-Hl L_ 2§5 5%8( S/B 1E HEhe triphdsphiE dérlvzﬂtﬁe? NE@ urifiedd (aﬂmnjéi'chzlﬁ'cr@ A:)L(§2012(55
- ou al ¢
EXAVPLE 24 £h Nﬁ’aﬁ?ﬁr‘?lgmusé’%@ %%ﬁ%’%’ﬁﬁow %CPF“BBT é’?’éﬁ%ﬁ W“}H* B‘}t%?ral of ~
3- C'cli% [)J)élr i m/ (C)i ispsten4® 50 ™A TN, PH/R Slubibl? gralielts-weke Hi€alN from HOmMNBNACH to
P : . . .
ol or 807 05 ELRRCL B cglumn yolumes At s MR | HPBIoBSiale SSPCHoRs Y 2nions, | o
f uranosyl | - Exclapge ohmfnamsaphypyﬂrc nmlihctﬂd and GaSEétatlllwirmrstphah@(IbR))npound from

%?m: rer[)r2|13)hoﬁP ne- %ééggu%%ﬁu& ¢t ggwk)zlllﬂ%{'jmﬂlgmogjn{mucﬁnnt et M| W%&?ded §

sol ution i nT@aoEL lutipp éfﬁﬁ'W%Wére\%ge@HY froagl % o PH® methandl in 144 h.

The preci pi tihet WesndtateyesEnititidd 6ﬁ5 ﬁ‘lMﬁ‘fbtﬁ}hﬁlﬁHlﬁhllﬁl &%tdté (srmmg diluted
with vva;g (3 x), and xtracted Et OAc \ﬁﬁiﬁ dried over
d

Naz S04 concent r at aﬁsr?PeféaRi &ﬁ typb ?FG%WW& q g PN
di chl or onet hmaéﬂ{[@ majs spedirsihetty ela Metﬁ@hﬂcﬁrcb(ﬂ?aki Alt@acgpMS(lBImO. 1%

Nal 04) for T i I iltr Q and,t he residue
was ezlapor at ed %f{b?‘alidnﬁ(&?géﬁ %@%Pﬁgpé@% é‘li a%ra @Hgl s%] i on was
cooled in arpartw Hze waamdscodkﬂﬁﬂl@ ohyldoi5ie Kim,gr@enB(lrﬁrmin) ofias added in
smal | porti . ure for 4
- and {hen dTorEaE s £h MY QR At Raron Sl dep ) B T QATPLETRRIT ' et o
(2 x 202RL) semes Wigh mes sheptralslgteghorin wﬁgmzsmzatrpnén@tﬂ WEfPgwRgas and
evapor at ed @%eﬁﬂﬁ@hé REbUlier Witk ik Ed dRerhledhdlclebtrQFRlyO AThB Rhass tadigber 180-1

Pexanes! £ Ol i ! Bk SO P e Mg o TRt
hydr oxynet h)ahal@ﬁ)packtagé uranosyl | -7Hpyrrolo f 2 3-dl pyri nudi ne
The purity of the purified triphosphates was determined by analytical
25 RP and AX HPLC. RP HPLC with a Phenomonex Luna or Jupiter column (250 X
4.6 mm), 5-pm particle size was typically run with a 2-70% acetonitrile gradient in
15 min in 100 mM TEAA, pH7. AX HPLC was performed on a 1.6 X 5 mm Mono
Q column (Phammacia). Triphosphates were eluted with a gradient of 0 to 0.4 M

NaCl at constant concentration of 50 mM Tris, pH 8. The purity of the triphosphates
30 was generally >80%.

EXAMPLE 11

5’-Monophosphate Derivatives
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The conpound from Step A (150 ng, 0.23 nmmol} was dissolved in the m ni num
anount of 1,4-dioxane (10 nL) and placed in a stainless steel bonb. The
-bonmb was woahmshkp -78 C and |iquid amoni a was added. Thecdcyasmasgs seal ed
and heated at 90C for 24 h. The ammonia was all owed to evaporate and the
resi due 25 concentrated to a white solid which was used in the next step

w t hout further purification. -50 WO | 12/ 057287 PCT/ US02/(13118G Step C
4- Am no- 7- ( 2- G- hydrox mnet hyl - ~3-D-ri bofuranos | ~pyrrol of 2 3dl pyri m di ne The
conmpound from Step B (120 , .0.2,mmol ), was dissolved in |:1.

net hanol / di chl or onret h ,nugg%lga%cmﬁagf)%%aﬁﬁ?s gﬁge PPECL ARYFBHERN 88Tt i r r ed
under an 5 kirepateideibwing the gere2almrocEdeares dtsiripsd inBaraledmwrekerh §0f 3065r at | on
through a cﬂé pad and washed w th copi ous anounts of nethanol. The
conbined fil'trate was evaporated in vacuo and the residue was purified by
flash chromat ography (Si 02, 10% net hanol in Et QAc containing 0.1%
‘triethylamne) to give the title corE;ngﬂ) ng) as a white powder. 10 1H
NVR (CDs%D): 8 3.12 {d, 1H, CH2'), 333 (cll',@%—l, CH"), 3.82 (m 1H H5"),
3.99-4.1 (m 2H, H4', H5"), 4.3 (d, 1H H3 ), 6.2 (s, 1H H1 ), 6.58
(d, 1H, H 5Mas¢ SpBotfal ChhictertzBon 8 95T hosdidte DedVative- M5:  Found: 297 2
(MrH+); calc. for CIZHI~-NAGo + (gr 297.°3 5

4- Ani no- 7- ( 2- G- f | uor onBessyPeCts 5 % tHRhQsPaRiesSf the sempoynds of ths PEesERbLY r i ni di ne
12 N J St epiventlefChMess deteinfined as described in Example 10. Listed in the following table

3. 5- bi s+ = di chl h | -2-C-f1 20, ..
3200t B8 s e LRSI XA 5o for KRR e R -trinhatmgiesor ¢ ne
conpound f r prapEsedmeterding to theprogeduts ofixatple mbhe examplentmbersus

di chl or onet A i.met hyl am nopyri di ne
(DVAP) (2 nS,a“*%?P%?%*“’mﬁr’S%Maﬁﬁa t?@&%ﬁﬁﬁ@ﬁﬁgﬁgﬂ 0.45 mol). The
solution was cooled in an ice bath and p-toluenesulfonyl chloride (30 25
ng, 0.15 nmol) was added. Theat i tyr t {roomtenperature
overni ght, washed with NaH ‘?xfgﬁ’?_?ﬂi}é_?,ﬁmvam ﬁg'l‘% ), brine (10 ni),
dri ed over Na2S04 and concet:traied 0 3280k ‘olﬁlé-ﬂ n|vacuo. The solid Was
di ssol ved in anhydrous THF {5 mh) apd cpgled | n pp g c¢bat h.
Tet rabut yl amoni um f | uori deftivsotutTon T THF, = HO ~OH r

3 534.0 534.0

4 536.0 536.0

15 EXAMPLE 13

4-Amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-

monophosphate

NH2
4 =N
0 w

0 N 7

HO \_[aCH,
HG ©H
20 To the compound from Step F of Example 2 (14 mg, 0.05 mmol)

(dried by coevaporation with pyridine and several times with toluene) was added

trimethyl phosphate (0.5 mL). The mixture was stirred overnight in a sealed

container. It was then cooled to 0°C and phosphorous oxychloride (0.0070 mL, 0.075
-38 -




WO U2/ 1) 57287 PCT/US02/03U8G 1 nL, 1 mmol) was added and the m xture
stirred at roomtenperature for 4 h. The sol vent was renoved in vacuo, the
resi due twigan/sresy n di chl or onet hane, and washed wi t h NaHCQ@T{sos03dde ML) ,
water (10 nmL) and brine (10 nL). The dichl oronet hane | ayer was dried over
anhydr ous Na2S04, concentrated in vacuo, and purified by flash 5

chromat ography (Si 02, 2:1 hexanes/EtQAc) to afford the title conpound (20
ng) as a white solid. SteQ B:

4- Am no-7-f3,5-hi s- O (2. 4-di chl or aphenyl et hyl ).- 2- C-f | uor thyl (3-D-ri bofu
anosyl 1 - 7HIBRPDoTAS ek Y P E TR BT S kbt FoChy SRbS (16 .
0. 03 mmol ) wexctidh sssiquenthied bly hddition iofitetnaetiplantmafiuh bicath e @ENR) (bMpced i n
.a stainless Qﬁﬁp - 78 .G [.auid anmoni a was
added. The b(gtr?bqﬁi\“/\)as se%tfs;er{}elgkr)fgnﬁ%%@é%ﬁog't%%gu%%agngﬂge(ﬂg%ﬂé?y&ﬁl&mni a was

al l oned to egedingtte theproediure descbrsl indixemple Hl.ed to a white solid which
‘was usedsi N fIBRroR@pkayTheR spedtARYIES-MHNBOSuRLB5 b ¢RI HO cald Xopt €P C

4- Am no- 7- ( 2- %I;If hﬁérﬁ _hvs};%~3- D-ri bof'uranosyl)-7H pyrrol 012, 3dl pyri m di ne
The conpound-®BrgmeSE %:ﬁLB% 61-rrg) was dissolved in |:|

met hanol / di chl or omet hane, 10070 Pd-C was added, and the suspension stirred
under an 20 HZ at nosphere for 12 h.m%st was renoved by filtration
through a celite pad and washed wt nount s of methanol. The
conbined filtrate was evaporated in vacuo and the residue was purified by
flash choomahoghaBny.f et Aemy .15 PBb AR} HEL o3 AL MHididdy 10
triethylam ne (TTd € POV . 25 1H
NVR ( DVMSO- d-diphosphate- 3.7 (m 1H, H5'), 3.8 - 4.3 (m 5H, H5", H4', H3,
CHz) 5.12 (t, 1H, 5 -0OH), 5.35 (d, 1H 3 -0OH), 5.48 (s, 1H 2'-OH), 6.21
(s, 1H, H1'), 6.52 (d, 1H, H5), 6.98 (br s, 2H NHNH> 7.44 (d, 1 H, H6),
8.02 (s, 1H, H2). 19F ~ (DMBSO-d~): S -230.2 (t). E% Ms: Found: 299.1

(MrH-), calc.for C 2HISFNAO4+ H~: 299.27. 30 - N | 2/t1 S7287
PCT/ US02/ 0308G EXAMPLES 26 and Q7

4- Ami no- 7- ( 3- deoxy- 2- C- net h;[b-_(‘ézg_rﬁsbgf angs
nyri mdine and 4-am no-7-(3-degky 2-IC-net

| ~I - ~3- D ar abi nof uranosyl )-7 rr6lQf 2 3¢l @Hpayri mdine NH2 ~N IJ HO O
N NCH3 -~OH 10 15 20 = -

N-/)pyr rolof 2 3-di

To the compound from Step F of Example 2 (56 mg, 0.20 mmol)

(dried by coevaporation with pyridine and several times with toluene) was added

15  trimethyl phosphate (stored over sieves) (1.0 mL). The mixture was stirred overnight
in a sealed container. It was then cooled to 0°C and phosphorous oxychloride (0.023
mL, 0.25 mmol) was added via a syringe. The mixture was stirred for 2 h at 0°C, then
tributylamine (0.238 mL, 1.00 mmol) and tributylammonium phosphate (generated
from phosphoric acid and tributylamine in pyridine, followed by repeated azeotropic

20  evaporation with pyridine and acetonitrile) (1.0 mmol in 3.30 mL acetonitrile) was
added. The mixture was stirred for an additional 30 min at 0°C, the sealed vial was
then opened and the reaction quenched by addition of TEAB (1M) (1.0 mL) and water
(5 mL). The reaction mixture was purified and analyzed according to the procedure
described in Example 10.

25 ES-MS: Found: 439.0 (M-H"), calc. for C12H;sN4O10P2- H': 439.04.
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25 NH2 / ~N NHO ON OH ~~CH3 Step A 7-f

2,5-Bis-O (tent-butyldinmeth~yi)-Q Dribofuranosyll-7H pyrrolof 2

3-dl pyri niwodimesagd 7-f3 5-Bis-O (tent-butyl di net h~xl) - ( 3DpcTiagfoblos8€S

| ~pyrrol of 2,3-dl pyrimdine To a stirred solution of tubercidin (5.0 g,
18.7 mml) in a mxture of pyridine (7.5 nL) and DMF (18.5 nL) was added
silver nitrate (6.36 g, 38.8 mol ). This m xture was stirred at room
tenperature for 2 h. It was cooled in an ice bath and THF (37.4 nlL) and
tef-t-butyldinmethylsilyl chloride ( 7 | ) was added and the

m xture was stirred at roomtenperat h. The m xture was then
filtered through a pad of celite and washed with THF. The filtrate and

Wwashi ngs weri. il 26 WABHELASS ribOfaHol 19 I D S HmBlncf ) or of or m

The organi c Tayer was washed SuCcesSIvely W tn sodl um pic nate and wat er
(3 x 50 ni) lipRgsplateyver anhydrous sodium sul fate and concentrat ed. The

pyridine was renoved by coevaporation with toluene and the residue was
purified by flash chromatography on silica gel using 9NH% MeOH in CH2Cl~ as
the eluent; yield 3.0 g. Step B:
7-f2,5-Bis-O (tent-butyldi rrethyI5|IyI ~~3 D-ri bof jua 1 4-[ d~4nmet hoxyphe
nyl)phenylrreth ~rl 1 am no- 7H—p rol Ipyrlm ne nd
35b|s O (tert- butyldlr’rp@.y _y_@_ -Ich fuca sy, le

- (4nmet hoxyphenyl ) phen | ~yl bamdgﬁ &yl TA -dl pyrim dine To a
solutlon of mxture of theld ds f¥om st e GHY 9, 6.0 mml) in
anhydrous pyridine (30 nL) was added 4, 4'-di et hexytrityl chloride (2.8 g,
8.2 mml § and the reaction mxture was sti rided atOfF'oomtenperature
overnight. The -53 WD 021 057287 PCTI US02/ U3081 mi xture was then
triturated with aqueoug mrcbﬂjgaﬁl@ﬂ@m@téﬁﬁﬁfsﬂaﬁmm @b &S, 0.0MAmeNgani ¢

| ayer was W th water over -an r.oous sodi um suI fate "and
concentr at \é\gg?‘ifid%y %%’IVF‘W‘F%W\“E’ Qy’éd‘§7 aﬂdﬁ'f-‘éfe%ggmwmdg lugng)iwasadded, 1 ash
chr omat ogr apﬁmem\yhphcssphate Estoret over sigved 00259 Kt TR  mixtulecx@tifrea SvéhRshe! uent .

;’he 55 g:ogr g?rre Iflgéa?%ct %p ?h%ssﬁﬁ} f:?olecﬁ?ce][g’ca an% p(flosp %%ursaotx?/ ltorcidé &)r (%ﬁ)h

3',5' -bilg- OnQIt« &075buny>llhwaﬁeaddy¢i gial sytihgerChecnixdute mas Istared fles nat (C6] thehess

f 2.2
70? gs 5( Bi s- o gl ‘ge{@ mefﬁgss}‘ﬁ’l“m L‘éﬁlc@g ‘1“-“5%1’33{°Ph%%ﬁhatr"’érl%7s"‘|g)] 10 4-f
- (4- met hoSyPHERY, Wﬁéﬂwwm%wwe@d%i wl>wer astded nThe mexrurrc an

| Ce cool ed Sﬁsléilfr@cﬂ‘f&fan?addﬁmnbl 30 2l 41 9OE; dae kydicl ﬂ‘@ﬁb%@ t%lallx ekt ahe atced

nucl eoside from Ste yrjdine was added

pt ol uenesul AP R WEF@@YFQ‘%BO%OPB%MT I%Tﬂre) 4”9&‘&% Pro@ fﬂi)(tmee was
stirredlat remtiodmhikmepeaapuifed @d sholyrediaysrdig towmsplob&iuré déscHbat@d Wit h
agueous pyrI}ﬂ{I ng (ﬁp% 10 m.) and extracted with ether (3 x 50 ni)
containing a anount of CHzC12 (10 ni The organic | ayer was washed
wi th sodi umﬂﬁh’@rd‘?ﬂ\@ﬂeﬁﬂq@(l\ﬂe&rérwd@f&r@ﬁ O15PheHorygeMec | ayer was dried
over anhydrous Na2S04 and concentrated. Pyridine was renoved by
co-evaporation with toluene (3 x 25 . _The residual oil was filtered 20
through a pad of silica gel using hég&%@% acetate (70:30) as eluent;
yield 128 g. Step D 4-fdi-(4-net hoxyphenyl)phen
| ~met hyl | am-ne 05 3- Dr ibo | ) , -dlpyrlmdlneA
sol ution 01?17 ' AP OTrBe Lg S —22PfF 25 (10 nl)
Was stirred with tetrabutyl anmoni umfluorlde Msol utlon in THF, 2.5 )
for 0.5h. The mixture was cooled and diluted Wth ether (50 nL). The

sol ution was washed with water (3 x 50 ied over anhydrous Na2S04,
and concentrated to an oil. The residue |puriN|'||ed by passing through a
pad of silica gel using hexane: ethyl ac e Qi:l) as eluent; yield 780

my. 30 Step E: 4- Ami no- 7- ( 3- deok®dP2\C N
| ~I - ~3-D-ri bofuranosyl ) -7H pyrrol of 2X3dI yrimdi ne and
" 4-am no- 7- ( 3- deoxy- 2- C- net hyl - ~3- Dar abi anosyl )-7H ~yrrol o-f

2,3-dl pyrimidine A solution of CH3NgE (3{,M solution in ether, 3.0 nL) in
anhydrous 35 toluene (3.75 nL) was oled”in an ice bath. To this was added
a solution of the -54 =40 -




WO 112/ US7287 PCT/USU2/ U 3118G conpound from Step D (500 ng, 0.8 mmol) in
anhydrous toluene (3.7 nL). The resulting m xture was stirred at room

t enper at W@ R{@972875 h. |t was cool ed and treated with aquecTsiswbdioss
solution and extracted with ether (50 nL containing 10 nL of CHzZCh). The
organi c | ayer was separated and washed with brine (2 x 30 nL) and 5 water
(2 x 25 m.), dried over anhydrous NaZS04 and concentrated to an oil which
was purified by flash chronmat ography on silica gel using 4% MeOH in CHzZCl 2

to furnish the 2-C a- ) and the 2-C (3-nethyl
conpound (34 ng). The 8@%?‘?‘9&@\?‘3&‘&5@%9@@?@?9 (P &g, Oel Deoa aceti ¢
acid and t heddedagnears seilituhgirstite (). aThe BixTuteogadicatot k6 rdfRik f8r fh. The

.acetic acid r O- va orati,on with_ ethanol and
t ol uene. Thge{@gqsl %M%gq?o‘lg]rl%ute ] oﬁﬁgF M’? R‘?r(")‘?egf%?’?ﬁ"é’n ?Sé ue The

aqueous | ay@@s prrsfi %Ihé‘élcﬂr\g@]hlsmﬁldm}mromﬁlmndnmdnmehwh)tas@lueﬁheerMﬁﬁ@r at ed
resi due swsc@iininiate Bbdabd &8 paled Ud PehpdraOPENGEED 10 R kRssy e ©f uent

to furnish thg corrpoun s as
4- Ami no- 7- (B B‘H)@ MP a52CAlPrlessoib i bof ur anosyl | - 7H

pyrrol of 2, 3IHINMRI (GIHON: §8.709 BHIY ?534141'15\!‘&1(1 H6¥1 4
. 1.77 Qpﬁ I%%nl}ﬁ 238%%@)282’ % )%ﬁééﬁ%@?s (m
1H H-5) & 379, 3 533(s 1H, OH2'),
6.00 (s, 1H, H1'), 6.54 (d, 1H, H7), 6. 95 (br s, '2H, NH2), 7.47 (d, 1H,
H8), 80 (s, 1H H2); ES M 26%&%@1&20

4- Am no- 7- ( 3- deox~2- C-net hyl - (3- D nos~L7H

pyrrol of 2i 3-cl | pyrimdine (15 ng): 1H NWR (DI\/BOdG) 8 1.23 (s, 3H, CH3),
2.08 (ddd, 2Hmibo3-a8re312-3m : " Nlofd: 1 H H4),
5 .10 (s, I H ) , , , 6.49
(d, 1H, H7), 6. 89 (br s 2H, NH2), 7.35 (Id, 1|NHH'8)’ 8. 01 (s | H H2). 25
ES- MS: 265. 2( M+H] . EXAMPLE 28 C
4- Ami no-7- (2, 4- C-di met hyl - ~i - D-ri bof uran
-55 WD 02/ 057287 PCT/ USI 12/ 1 13( 18C NH
5-Deoxy 1, 2- O i so~ropylidene- Dx | of uran
1, 2- O 1 sopropyl i dene- D- xyl of ur al
di met hyl am nopyridine (5 g), triethyham he (55.7 nL, 0.4 nol) were

di ssolved in 5 dichl oronet hane (300 L ®l uenesul fonyl chloride (38.13
g, 0.2 nmol) was added and the reacti&n ngiure was stirred at room
tenperature for 2 h. The reactlon m ture was then poured into saturated

aqueous sodi um bi car hgnat e ?0 n) and the two |ayers were separated. The
organic layer was wastRfPHi¢ W‘?&’qﬁ?@lﬂ% (@G xoftheeerapaywd fraro Stepd0ef 200 nl),

dried (ISa23Ddmphnd (Bitamey ®5@ ehnicl) Gi VRIF2FPMLY wad RN -chibRSuccinimide
(0.075 g, 0.55 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at 1t for 1h
and the reaction quenched by addition of methanol (4 mL) and evaporated in vacuo.
The crude product was purified on silica gel using methanol/dichloromethane (1:9) as
eluent. Fractions containing the product were pooled and evaporated in vacuo to give

20  the desired product (55 mg) as a colorless solid.

IH NMR (CDsCN): 6 0.80 (s, 3H), 3.65-4.14 (overlapping m, 7H), 5.97 (s br, 2H),
6.17 (s, 1H), 7.51 (s, 1H), 8.16 (s, 1H).
ES-MS: Found: 315.0 (M+H"), calc.for C1,H;sCIN,O, + H*: 315.09.

N pyrrolof23d|pyr|md|ne
/'N/b‘ ~ Me HO ~~CH Step A

g, N2 nol), 4

25 EXAMPIE 18

4-Amino-5-bromo-7-( 2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[ 2.3-dlpyrimidine
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10 solid was dissolved in dry THF (300 nL) and LiAIH4 (16.0 g, 0.42 nol)
was added in portions over 30 min. The m xture was stirred at room

t enper at uwe h@s728p. Ethyl acetate (100 nmL) was added dr opWcsRu$Ye50880 M n
and the m xture was filtered through a silica gel bed. The filtrate was
concentrated and the resulting oil was chromatographed on silica gel

(Et CAc/ hexane 1/4) to afford the product as a solid 15 (32.5 g). Step B:
3,5-Bi s- O (2, 4-di chl orophenyl net hyl ) - 1- O net hyl - 4- et hyl - a- Dri bof ur anose
Chr om um oxide (50 g, 0.5 nol), acetic anhydri (50 m., 0.S3 nol) 20 and
pyridine (100 nL, 1.24 nol) were added t Brdi chf6tonet hane (1 L) inan
ice-water bath and the m xture was stirreg-for iln‘in.

+5- Deoxy-1, 2-0-i sopropyl i dene- Dxyl of ur ano & (32 g, 0.18 nol) in

di chl oronet hane (200 nlL) was added, and t re was stirred at the sane
tenperature for 30 nun. The readdDon\s Ion Nas diluted with ethyl
«acetate (1 L) and filtered through a ilita gel bed. The filtrate was 25
concentrated to give a yellow oil. GWHs dissolved in 1,4-di oxane (1
L} and formal dehyde (37% 200 niL). W}ES Odﬁj'il on was cooled to OC and solid
KOH (50 g} was added. The m xture sti d at room tenperature overnight

and was then extracted with ethyl acetate {6 x 200 nmL). After
concentration, the resTQjauprwmledwlutidm@wymﬁeﬁcﬁnmhﬂlﬂﬁﬁﬂﬁmp@o}

h t Il (1.5
ch omat o9 <Rty 2. %*T“%é?ﬁﬁ?vf% Shis fﬂﬁ%@%@%ﬁéﬁanﬁﬁld@ (
2, 4-di chl or é@ﬁé&gl %QmmolémBm@ qmvlge olutinn wesstiewdag 0% &org)
vere addsd. 20Nginlineh4t f THRF0 i, rTl%jreﬁc\!tﬁfnn\!v Hueadibadiy Mﬁﬁfbnvufhlibtﬁaloy@ﬁe (100
m.). The m xture wasa trhtee washedlqgg > urat ed gﬁgﬁglus sodi_um
bi car bonat e defyaprpt §6‘1f§ %WQBBP sifiea gl dstge was
The sol ut' L”“““"“i’f‘f"?ﬁfﬁﬁe‘“‘é?i?”? **“S‘““Ef“a"m‘m‘“"'%“"‘g 54 et
chr onat agr ag)ﬁg_%%c?ﬂd V?R"é%‘%& vee &?vﬁ&e ‘%eg‘rf: %P%t @?106? coﬁ%ﬁeﬁ ed
grgdtéct as(gnlldu (2.01 g) 10 tSt ep)C

is N%I@ r [ r
D-ri bof u%moge1 I&:B é@gs BHB %? 408 (?%ﬂg%%gt%p@%%k&%sz%rtl n
peri odi nane %36 @. bf}I’|7rf‘5cﬁSc §hleH=)e (30 nL) were stirred overnight at
room 15 t enEy M9 FuAd B D e(IMmf)can& fathghgnelﬁ Of-eptcsd gy, essure. The

residue was triturated with ether ether and filtered. The filtrate
was washed with a solution of Na2Sz03.5H~0 (2.5 g) in saturated agueous
sodi um bi car bonate sol ution (50 nl) EXIAMBUH MyS04), filtered and

evapor atlgd The resi due was di ssolved in anhydrous Et20 (20 nlL) and was
added dropwi se to a sol ution of I\/bl\/gBr |n Et20 (3 M 10 m) at 20 78 C.
The reacti o2-&in d 2vErancihyl-giulddibofuranesy AGJoH jrmidiheat - 30C to 15C
for 5 h, then poured into saturated aqueous am*rom um chI oride (50 nL). The
two | ayers were separated and the organ was dried (MyS04), filtered
and concentrated. The residue was chro@ﬁﬁ ed: on silica gel

(Et OAcl hexane: 1/9) to afford the gitle a syrup (1.40 g). 25
Step D HB 6 \ I\fﬁz

4-Chl oro-7-f3, 5-bi s-O (2, 4-di chl orophenypeet hyl ) - 2, 4-di - C- et hyl - (3D-ri bofu
ranosyl | - 7H- pyrrol 0~2, 3-dl pyri m di ng t he corrpound fromStep C (0.70 g,
1.3 mmol) was added HBr (5.7 erH@?cetlgHamd 2 mL). The resulting
solution was stirred at roomtenperature fox 1 30 h, evaporated in vacuo

d ted with
o Chlor o 1 Fpyr ol of 2. SRS 1P el Peficl? 4 i YT Hron
(85% 150 mpyrpla2 ﬁﬂﬁpyn re @xemplctiStepl B0y -(207py:mcd) md&t@éh@ Q&sLyL) for
* 30 min apd gyﬁdme@qrﬂm 0 PURPRY A F&d@rm@moea% :fj‘ stile) wa;F Bfire

resulting sofution was poured iInto th& above brono sug re5| due and the
m xture was QVEMig @thature5The mixture was filtered throughaCehte pad which

was thorougly washed with EtOH. The combined filtrate was evaporated and purified

-42




WO 02/ 11S7287 PCT/ US02/ 0308C The m xture was diluted with toluene (50 niL),
washed with water (3 x 50 nL) and concentrated under reduced pressure. The
resi due vwye @fossnat ographed on silica gel eluting wth Et@da/usdesage
(15/85) to afford a solid (270 ng). 5 Sten E:

4- Am no-7- (2, 4- C-di net hyl - ~3-D-ri bof urano~l)-7H~_yrrolo f 2 ~dl pyri m di ne
The conmpound from Step D (270 ng) was di ssolved in dioxane (2 nL) and
liquid ammonia (20 g) was added in a stainless steel autoclave. The m xture
was heated at 100C for 15, then cool ed and evaporated. The residue was 10
chr omat ogr apmedsibien gl ICObIamg\eith CEChdYleObl, 30fland 18/1s o4 tlaert2o@iveghe titihe sol i d
(150 ny) and,oﬁ.g/ &&;@{%ﬁgsm llﬁr}n thanol (20 rrL) wer e shaken under HzZ {30

psi ) for tered and evaﬁgr due was_ chromnat ographed on

Silica gel ( Shagis Ve Gy S e e EARY BEeG O
nmg). 1H NIVR 1(2@@911@ )H-58) @9&51 (%3 m32ﬂ,,1—1-’5 J8-465 4. 18H), 723 48.8(Fd, 1R E)-37)4. 06

(0,10 18003 Rl S T ) Jf%ﬁ%ﬂ%%%%éﬁ S, b

2H), 7.54 (dL) B MS: 3844 @viHH).8. 02 (s, 1H). 13C ~ (DVMsO-d6): S 18.19, 21. 32
65.38, 73.00, 79.33, 84.80, 90.66, 99.09, 102.41, 121.90, 149.58, 151.48,
157.38. LC-MS: Found: 295.1 (MtH-'); cal cul ated for C, 3HI gN, ~O4+H+: 295. 1.
20 EXAMPLE 29 EXAMPLE 20

4- Am no- 7- ( 3- deoxy- 3-f | uor o- 2- C- net hYl ~3- D-ri bof uranosyl ) - 7H ~yrr ol of 2

3dl pyrlmdl ne 25 NH2 ~N N~ J HO O.N Me ' ~OH_Step A.

3- Deoxyd18- f |2zAmine-Sanehyln(2-€.2=0cdimegipl-B-D ARQS :

(12/ (1S7287 ﬁgﬁﬂ@;ﬁ@,’}g&;ﬁel 2- Olsopropyl i dene nyl ofuranose (9.0 g, 50
mol ) andp-toluoyl chloride (7.0 nL, 50 nmol) in pyridine (50 nL) were
stirred for 30 mn. Water (10 nlL) was a d end the m xture was

concentrated under reduced pressure. res due was di ssol ved in toluene
(500 nL) and the solution was washed mn +p (200 nL) and saturated
aqueous sodi um bi carbonate (200 nL) T et ers wer e separated and the
organi c |ayer was evaporated. T @ | ved in methanol (100
m.) and HCl in dioxane (4 M T adde 4mi xture was stirred at

room t enperature overni ght and vva hery, geapor at ed under reduced pressure.
The resulting oil was chromat ographg n silica gel (EtOAclhexane: 1/1) to
10 afford an oil (10.1 g). The 0||J-|Q/vas @msol ved in dichl oronet hane (100
m.) and di et hyl am nosul fur trifluoride (DAST) (5.7 nL) was added. The

i xture was gt pred ovengift Ao 4R ROULEdbARert b 9dcadueous

methyl-B-D-ribofuranosyl}-5-methyl-7H-

sodi um bi ca

15 To an ice-cold solution of the product from Step C of Example 2 (1.57
g, 3.16 mmol) in CH,Cl, (50 mL) was added HBr (5.7 M in acetic acid; 3.3 mL)
dropwise. The reaction mixture was stirred at 0°C for 1 h and then at room
temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2 x 20
mL). The resulting oil was dissolved in MeCN (20 mL) and added dropwise to a

20  solution of the sodium salt of 2-amino-4-chloro-5-methyl-1H-pyrrolo[2,3-
dlpyrimidine in acetonitrile [generated in situ from 2-amino-4-chloro-5-methyl-1H-
pyrrolo{2,3-d]pyrimidine [for preparation, see Liebigs Ann. Chem. 1984: 708-721]
(1.13 g, 6.2 mmol) in anhydrous acetonitrile (150 mL), and NaH (60% in mineral oil,
248 mg, 6.2 mmol), after 2 h of vigorous stirring at rt]. The combined mixture was

25  stirred at rt for 24 h and then evaporated to dryness. The residue was suspended in
water (100 mL) and extracted with EtOAc (300 + 150 mL). The combined extracts
were washed with brine (100 mL), dried over Na,SO,, filtered and evaporated. The
crude product was purified on a silica gel column (5 X 7 cm) using ethyl
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( 100 nmL). The m xture was extracted with toluene (2 x 50 nL) and the

conbi ned organic | ayers were concentrated. The residue was chromat ographed
on silicawgahnihsf Et OAc/ hexane: 15185) to afford the titl eceaspnodagds as an
oil (1.50 g}. St_ ep B:

3- Deoxy- 3-fl uoro- 2- G- net hyl - 1- D- net hyl - 5- G-t ol uoyl - a- Dri bof ur anose The
product fromStep A (1.0 g, 3.5 mmol) and Dess-Martin 20 periodinane (2.5
g) in dichloronethane (20 nL) were stirred overnight at roomtenperature
and was then concentrated under reduced pressure. The residue was
triturated waedtitc/ieraney( te@BOBrEIO2Q inlSPo stepl gfadienbrasdhe athentf Fractionse was washed

with a solu 12 m
vbi car bonat e%@%ﬂ{ gﬂa&é eQO[)4 eﬁtﬁg?'?ere é&ﬂa\%gog@%isgg‘%(%g%ééjemdue
was di ssol veepduat @rﬁ@rﬁéwoweﬁ#awo n). Tid4 (3 n1_) and net hyl

magnesi um broni de in ethyl ether (3 M 10 nL) were added at -78C and the

-m xture s stirred at f .
saturate é&@eéats s od <A 3 H g et €48t hr ough
_IC_JﬁI ite. ghe filtr ﬁt e w&xﬁetﬁm[%]-@hbﬁﬁmllr:)kvl1-elmnﬂ 'KH.-@Orrﬁlo]Z ambsem)agmeat ed30

e residue was chro an, si a 0
afford the title co ng[tlﬁ’rf’g %@ﬁ‘%ﬁ“f‘(f’%@ rl?g Aucé&gr% gx(gl?gm é n'n)n
4- Am no- 7- (&WHE)(?{&XWamddeQN@HféOWhmﬁe@l oill |29 mg parnalssyirded AHD-YC ol ®F
2, 3-dl pyri mydi from Ste
B (I 50on Nﬂ')‘ g@' nl\%?( di ss%(?d\%aéﬁ a%éyé%%%%#%ace ?8%48?3?%92 m.) . P
Af t er oh@ haraction was qusncmcbwwthM@Hmd theanixitrd evaposdtede fho erade piodueind
co-ev apor at %s%ﬁhea 8h Hef}Ra géloco'm 0§45< ey &ﬁpnélfg- W@.ﬁakm&ﬁao%&}do@n wydi ne

0.5 g, wdefed . KOH 5 st d
A (5 el A0S e e A

faﬂﬁlﬁvﬁﬁsi’ré%cévﬁﬁoﬁ‘%ée “Eih tol uene (2

m.) . The resuigoratgd sogivé therdewiea] quanpondd (2000mp) e addudesdfeuim sugar and t he
m xture was stiiTed overnight. The m xture was diluted with toluene (50
n), washed with water (3 x 50 nm) and concentrat ed under reduced pressure.
The resilflue StepsC:chr onmgtApim j - 2 FhgH

afford an oil (60 ng). '}ﬁ)o : Vs e _?7_ '33(.1' ', 1&@4

| i quid amonia (20 g) mxture
was heated at 85C for Agixfureafdhe pr@du@drmate@\ﬂaf?&pangsdmwl}@sh Aue was

chromat ogr alakt%n@(nssmL Exﬁl Qg;leoﬁsnﬁﬁdjﬁﬁgﬂ{/ £ &b o QBﬁ%ﬂfi‘Bﬁottl@'“% hE&e@f ford the
title conpound a?] déé‘l 3 o% a?g}%l? 375
(m 2H), 4. PEerpfght m% e(laa g yas §hepcogted o 07 gnqgsahized wih i,
5 77 ( S20 ll('l)a u@uiﬁ(ﬂdmd trhpotated & dihess. 6T58m(ude pidductiwas ?s pended ih IOlZO(Hi br
.39 40, 59. 56,
o 24 79. 23“‘355 i%d tig fO‘g@h"@%}‘E’gg’ ‘(’i%‘ﬁ‘}%h %‘%{1?&% béit?)d figge E¥FS 157, 47.
19F NVR ( DVBratBirate8, andl. thbresidpe pRofigdovissilice geldoladB (X OMabhusingcal cul at ed
for C, ZH SF L
2 A - 7 ( Zﬁ%@”‘% ﬁé‘ﬂ&yl b7 M 90/ D3 cluent logive the desired qompound (150 me) 1 . o
NH2 ~N ~J Hes @cfloplesoams” HO' | ~OCH3
25
Step D: 2-Amino-5-methyl-7-(2-C,2-0O-dimethyl-B-D-ribofuranosyl)-7H-
pyrrolo[2.3-dpyrimidin-4(3H)-one
A mixture of the product from Step C (64 mg, 0.1 mmol) in MeOH (5
mL) and Et3N (0.2 mL) and 10% Pd/C (24 mg) was hydrogenated on a Parr
30 hydrogenator at 50 psi at r.t. for 1.5 days, then filtered through a Celite pad which was

thoroughly washed with MeOH. The combined filtrate was evaporated and the
residue purified on a silica gel column (3 X 4 cm) with CH;Cl,/MeOH (30/1, 20/1) as
eluent to yield 2-amino-5-methyl-7-(5-O-benzyl-2-C,2-O-dimethyl-3-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidin-4(3H)-one. The compound (37 mg) was
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Step A

4-chl oro-7-f3,5-bis-D (2, 4-di chl orophenyl net hyl )-2-C. 2-Odi neth~(3-D-ri bofu
ranosyl | -WB-0367287 of 2, 3-cl | pyri m di ne -60 WO 02/ 057287 BcT/idot/dans3081 To
a pre-cooled (0C) solution of the conpound from Exanple 2, Step D (618 ny,
1.0 mol) in THF (8 nL) was added nethyl iodide (709 rng, 5.0 nmol) and NaH
(60%in mneral oil) (44 ng, 1.1 mol). The resulting m xture was stirred
overnight at rt and then poured into a stirred m xture of saturated aqueous

anmoni um 5 &Pl oride (50 nlL) and_dichl oronethane (50 nL). The organic |ayer
was washed WHEBErRyewEepated wBIO(2 wl) with 904 Pd/kansunder atmedphenic\aessare The

resul ting crotﬂdgdrpg@du/&ftewmﬂﬂgmldﬁym r@nthilréac%n%kuﬂéwagﬁﬁé *&M'throu h

sacet at e/ hex%n ; ﬁw\ﬂ? eluent. Fr a&tl ons cont ai ni ng $ ool ed
and evapor at&d g A5 svaPQfricd ap thefruds rgdugt pypified 6’173511}?@)&]&@1‘&“&6 orl ess
foam 10 St &/ &n) with CH,Cl,/MeOH (30/1, 20/1 and 10/1) as eluent to yield the title

«4-am no-4-f rophenyl met hyl ) -2-C. 2- O di net hyl ~-D-ri bof ur
Cott Bl:ﬁd&zéﬁ%ﬁaé&?@é&_%?mé ¥o theycz)npound from St e% A (735 ng,

|
228 ol )%@ﬁaﬁw@@ NiHehGREDDY: S0rb 6, SH, 10 M) 206 8, HGh (28 11, The
i xture as sheatoke)n A A PIOMESS, o 8L A 98V, 1 196 BYSIPLOR) Lhen

cool ed and éfke cont ent evasé)l *The cru ified
on silica gét®ludPhimetyhl-cBr4s gf%b@a]ffé(sabﬁtﬂel blﬁuﬁﬁrﬁd 1Hy He))i ons

cont ai ni ng HEseMSr 3288 {MvE)y'e pool ed and evaporated in vacuo to give the
desired @roduct (504 ng) as colorless foam 20 Step C '

4-am no-7-(2-C. 2- O di net hyl - ~B- D-ri bof uranosyl ) - 7H pyrrol of 2, 3dl pyri m di ne
A m xture of the product from Step BXAMPNE.210.1 mmol), MeOH (5 nl), Et3N
(0.2 nL) and 10% PdI C (61 ng) was hydrogenated on a Parr hydrogenator at 50
psi at roomtenperature overni ght The mxture was filtered throught
celite, 25 Gvammoad-methyh7 e Dttty dipyeropdd,3aflpwirhida® gel

usi ng 2% net hanol in dichl oronet hane as eI uent The desired product was

col |l ected and evaporated in vacuo. The coggoundHyas redi ssol ved i n net hanol
(10 nmL) and 10% Pd/C (61 ng) was added. The m xture was hydrogenated on a

Parr hydrogenator at 55 psi at roomtenp resijor two weeks. The m xture
was filtered through celite, evaporated \n vg;uo and purified on silica
gel using 10% net hanol in dichl tthe dent. Fractions cont ai ni ng

t he product were pool ed and evapor at
(110 ng) as a colorless foam -61 02/Ma7287 PCT/ US02/ 03081 1H NMWR
(DVMSO-d6): 8 0.68 (s, 3H,), 3.40 (s, s 3.52-3.99 (overlapping m 4H),
4.92 (d, 1H), 5.07 (t, 1H), 6.26 (ﬂOlH) 0#H. 55 (d, 1H), 7.00s br, 2H), 7.46
(d, 1H), 8.05 (s, 1H). LCMs: Found: 293.1 (MH+); talc. for CL2HL6NAO4- H:
293.12.1% Step A: 4-Chloro-7-[3,5-bis-0-(2.4-dichlorophenylmethyl)-2-C-methyl-B-D-

ribofuranosyl]-5-methyl-7H-pyrrolo[2,3-d]pyrimidine
To an ice-cold solution of the product from Step C of Example 2 (1.06
g, 2.1 mmol) in CH,Cl; (30 mL) was added HBr (5.7 M in acetic acid; 2.2 mL)
dropwise. The reaction mixture was stirred at 0 °C for 1 h and then at room
20 temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2 x 15
mL). The resulting oil was dissolved in MeCN (10 mL) and added dropwise into a
solution of the sodium salt of 4-chloro-5-methyl- 1H-pyrrolo[2,3-d]pyrimidine in
acetonitrile [generated in situ from 4-chloro-5-methyl-1H-pyrrolo[2,3-d]pyrimidine
[for preparation, see J. Med. Chem. 33: 1984 (1990)] (0.62 g, 3.7 mmol) in anhydrous
25 acetonitrile (70 mL), and NaH (60% in mineral oil, 148 mg, 3.7 mmol), after 2 h of
vigorous stirring at rt]. The combined mixture was stirred at rt for 24 h and then
evaporated to dryness. The residue was suspended in water (100 mL) and extracted
with EtOAc (250 + 100 mL). The combined extracts were washed with brine (50
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EXAMPLE 31 4- Met hyl am no-7-(2- G net hyl - ~-D-ri bof ur anosyl

-7Hpyrrol of 2, 3-dlnyrimdine NHM ~N1J HO ON N CH3 HO ~~OH 10 The
conpound WOeRM0Si28p E of Exanple 2 (200 ng, 0.67 nmol) was pedasd2bise

met hyl am ne (5 nL condensed in a snmall stainless steel autoclave) and

war med at 85C for 48 h, then cool ed and evaporated in vacuo. The crude

m xture was purified on a silica gel with ethanol as the eluent to give the
title conpound which separated as an anor phous solid after treatnment with

MeCN. The a Qu soI ved in water and |yophilized to give
a col orl ess%@?g? ﬁfﬁs% f!LFfPr C’(W@é) Thg condgprednct vy p@ifdd orda 32
|(_l'_s3 ;;H SNOgldﬂ)ca g?l GBudBn§F x(Iemlikindhexane/8th Pac%ta'@:}d/mﬂf’@/l)g_%wnt%iﬁh

-‘H H 1 %n% 1%:}36&‘?8%%‘"% ﬂ‘efr%&"lﬁgwefgr@ﬂ)%_'“ e("aPorftemm P, t°7 70
(br s, 1H rgme th@ dasireprodudf (-B2¥) as2OcdldidyBfoanund: 295.1 (M H+); talc. for
.C 13H18N§04+H+ 294. 3. EXAMPLE 32

4- Di net hyl am no- 7- ( 2- C—mathyl-~a Drlbofuranosyl) 7H pyrrolo f
2, 3-di p~m did¥eeBs2 Cht : Sibl-A-T8 tib&furavubyl

The conpound from St ep_ﬂ%!rgﬁld@&arrpl e 2 (200ng 0. 67 rrrml) was added to
di met hyl am ne (5 nL C(ﬁ[n ensed in a small stainless steel autoclave) and

war med at 85C for 48 H.O & PR thecomprundmm StapdA (%87 8c8 mmol ircr ude
m xture 5 waichprointibage (B0 ALy hl 762C 9ok atdelbotdl@ealoras (iMgp el Uent to give

the tit o apated as an arm houys SO|Id after treatnent
wth el “HRBRRANES CBET BBl asir S aT e miatuervan g 6pHIE Cden o
gl \2/8 <(51 col?)a ﬂl%ss%%%m&déﬂ@ 1642076) for 3H1 I‘lMBrédBNB@\wl@ uer&h@d B¢ additiosst CH3) ,
S
3.77-3.97 ( f %icgl%r&ﬁftﬁ&"e (ﬁﬁﬁ (?‘”% %ﬂt ‘ﬂﬁ? ’gtEWil%SJﬁde a!s‘b% Cosy (1m,
3 - OH, 1H, n@m) theg nputralized rith aqueoys ananama(auo%l bhd thyed at ri¥oH15minH 5) ,
7.55 (d, 1HThélsélid wis fiflered and Whastiéddith CH,Cl/MeOH (1/1, 50 mL). The combined
15  filtrate was evaporated, and the residue was purified on a silica gel column (5 X 5 cm)
using CH,Cl; and CH,;Cl/MeOH (40/1 and 30/ 1) gradient as the eluent to furnish the
desired compound (0.22 g) as a colorless foam.

Step C: 4-Amino—5-methv]-7—(2—C-methvl-B-D-ribofuranosyl)—7H—pvrrolo[2,3-
20 dlpyrimidine

To the compound from Step B (0.2 g, 0.64 mmol) was added
methanolic ammonia (saturated at 0°C; 40 mL). The mixture was heated in a stainless
steel autoclave at 100°C for 14.h, then cooled and evaporated in vacuo. The crude
mixture was purified on a silica gel column (5 X 5 cm) with CH,Cl,/MeOH (50/1,

25 30/1, 20/1) gradient as eluent to give the title compound as a white solid 0.12 g).
IH NMR (DMSO-ds): 8 0.60 (s, 3H, 2’C-Me), 2.26 (s, 3H, 5C-Me), 3.52-3.61 (m,
1H, H-5"), 3.70-3.88 (m, 3H, H-5", H-4’, H-3"), 5.00 (s, 1H, 2’-OH), 4.91-4.99 (m,
3H, 2’-OH, 3°-OH, 5°-OH), 6.04 (s, 1H, H-1"), 6.48 (br s, 2H, NH,), 7.12 (s, 1H, H-
6), 7.94 (s, 1H, H-2). ES MS: 295.2 (MH™).
30
EXAMPLE 22

4-Amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine-5-
carboxylic acid
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LC-Ms: Found: 309.3 (MH+); calc. for Cl4H20N404+H+: 308.33. EXAMPLE 33 15
4- C~ | opropyl am no-7-(2-C net hyl -Ja-D-ri bof uranosyl )-7H pyrrolo f

2, 3-dl pyrWaiogis@8HN ~N 1J HO O N N M HO ~~OH The conpourdTtiusemieeep E of
Exanple 2 (200 ng, 0.67 nunol) was added to cycl opropyl amne (5 nL
condensed in a small stainless steel autoclave) and 20 warned at 85C for 48
h, then cool ed and evaporated in vacuo. The crude m xture was pui 7/fied on a
silica gel with ethanol as the eluent to give the title conpound -63 WO
(12/0S7287 PCT/ US11210308G whi ch separ at e@ as an anor phous solid after
treatment with MeCN. The anorphous solid mas dj I$_,sol ved in water and

| yophilized to give a colorless powdd©®t%48 ng): 21H NVR (DMBO-d6): 8 0. 51-
.0.S8 (m 2H), 0.64 (s, 3H, CH3), 0.74- O. 2H), 3.62-3.67 (m 1 H,
H5 ), 3.79-3. 82 (m 3H HS"), 3 .92- rr{\'H-4' , H3 ), 5.03 (s,
5 1H 2'-OH), 5.0S-5.10 (1H, 3'-OH, 1H, S 4& 15 (s, 1H, H1'), 7.48
(d, 1H, JS,~ 3.6 Hz, H5), 7.3807N\ O I\{Jra)N 8.13 (s, 1H, H2). LC Ms:
Found: 321.1 (MH+); calc. for ClSH20 ¢+ 320. 3. EXAMPLE 34 10

4- Am no- 7- ( 3- G net hyl - ~3- D- xyl of ur anosyH H3pyrrol of 2,3-dl Qrimdine
NH2 / ~N N~ J HO ON HO M ~~CH H

.96 {

1

.
%

/+
OH

OII

The compound of Example 6 (0.035 g, 0.11 mmol) was dissolved in a
mixture of aqueous ammonia (4 mL, 30 wt %) and saturated methanolic ammonia 2
mlL), and a solution of H>O; in water (2 mL, 35 wt %) was added. The reaction

5  mixture was stirred at room temperature for 18 h. Solvent was removed under

reduced pressure, and the residue obtained was purified by HPLC on a reverse phase
column (Altech Altima C-18, 10x 299 mm, A = water, B = acetonitrile, 10 to 60 % B
in 50 min, flow 2 mI/min) to yield the title compound (0.015 g, 41 %) as a white
solid.

10 1HNMR (CD;0OD): § 0.85 (s, 3H, Me), 3.61 (m, 1H), 3.82 (m, 1H) 3.99-4.86 (m,
2H), 6.26 (s, 1H), 8.10 (s, 2H) 8.22(s, 1H); °C NMR (CDs0OD): 20.13, 61.37, 73.79,
80.42, 84.01, 93.00, 102.66, 112.07, 130.07, 151.40, 152.74, 159.12, 169.30.

HRMS (FAB) Calcd for Cy3H;7N;04" 325.1148, found 325.1143.

15 EXAMPLE 23

4-Amino-7-(2-C-vinyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-dlpyrimidine

NHj

N
/I/J

AN

HO OH
Step A: 3.3-Bis-0-(2.4-dichlorophenylmethyl)-2-C-vinyl-1-O-methyl-g-D-

20 ribofuranose
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Step A 7-f
2,5-Bis-D-(tent-butyldinmethylsilyl)-(3-Dribofuranosyl)]-4-"'[(4met hoxypheny
| ) di phen o omsiagh | am no- 7H pyrrol 0~2, 3-dl pyri m di ne 15 armT/us02/03086
7-13,5-bis-O (test-butyldimeth~rlsilyl~_(3-Dribofuranosyll-4-f(4nmet hoxyphe
nyl ) di phenyl net hyl | am no-7H-pyrr ol of 2,3-d]pyrimdine To a solution of
nuxture of the conpounds from Step A of Exanples 26 and 27 (0.32 g, 0.65
mol ) in anhydrous pyridine (6 nL) was added nononet hoxytrityl chloride
(0.30 g, 0.98 nmol) and the reaction mxture was stirred 20 at room

t enper at ure over ni ght .Cerven phletide hepizhydrate (50cgy 134 Atmmpbavasifihetyharushedi due

was partiti QH%ﬁ)r@ﬁée&\@cﬁﬂlog‘E%ﬂd%ra(nZ%ﬂ%)co ?%52%?" | #8BabipptiGifioan ¢ | ayer

was washed wat er an rine ried trate The

resi due was PRENPRCAStEsT. sThe Qaskgeas f@aued#ﬁdwlgigvmm%@eﬁhtatﬁ%&am as
the el uent. vﬁb.mrﬁmeeaézxsaaanamegdnm tM@ﬂ@st@ds'd%@Ie@do%&n@é?ﬂﬁe@ﬂhfeat ed to

3 5 < bi 3. AR THT (ohesny v depyiaen it dhe tosk, APEering sepcssion | ess

foans (343 mpsaticred4t ropm ueﬁ@pemire‘f@wl) and thén codl€ 10278 AT.28hyRadgndsiaal 0308G
Step B: 7-f bro

2,5-Bis- O(tenl{nd&ftl% lcrillTr%It: hyzloﬁﬂl‘y 2,)O nqnoB q'sfflfl%&%}quéﬁ?% ﬁ?rgwggd gu'ﬂc?s;ﬂ | - 4-f
(4 met hoxy ptend h) diophiesuspessiby Was addade: sphutippraf 3| Hbis-Q-(3d-pyr i m dine To a

Il -st CHzC12
5 CAASORS A ORGSR D AT S,
anhydrl 48 (SWHBI)L[fmm(EWM%J Step Phan Wﬂ[ﬂl’é THRH( Qplrlﬁ@dd&lp“fl%?dmth enper at ur e
forI 0.5 3 }bﬁgtaﬁtman& %@%ﬁ&(ﬁ@%ﬁ@@hﬂlﬂ q@fo?:whsl“mé r)e?rdgoat\@a@,t egd 4 and
nucl eosi de froms was added an
the mixture qé‘?'i“fhicéd‘P ithy s aﬁ"gﬁtﬁﬁlg&‘m%'ﬁ{‘ﬁﬂé’ng"' ﬁ&umaﬁa&fqy@ RE8ME FRHPWdUr ed
i n]t 0 i ce- coltemper@bee. (e mbc)tuxarwla}[sfﬂtefed theyugh atcblieyat aad Mfldgd Wagﬁ?ﬁel

um u5| n( orated an e
colum vt L8 35 L VOB org L gat BUREAES 800 T,
(711) asl5t hextrhctedwithdEtgd (22X tZH@ ml)t [The combingd drgabB0layery west érped@)ver
7-f2,5-Bi
4- f(4 me!t ﬁogfl)%cgﬂgl %gspl(ﬂlea%tc%%e ir )ég)r(r? n(\)' g}ﬁﬁj@ﬂbw%?ﬂkgﬁiwé@ﬂ}gl ne and 7-f
2,5-Bis-O (f oMY ﬂ&%)Et@Ae lﬁé\phameS) Jiho-titlpl compoand /7 - 4- f

(4 met hoxy~ h@@ﬂrﬂxﬂﬂmﬁbﬂtﬁﬁécﬁﬁdﬁdﬂ%}t&}‘w”m of 2, 3-df pyrim dine To a
m xture of MeMgBr (3.0 Msolution in ether; 0.17 nm., 0.5 nmol) 20 in

anhydrous hexanes ( 1.5 ni) at roomtenperature was added dropw se a

sol ut i og0of StdyeBconpouia@hlore M| St5elis8)-(2(8-dithlorOphknpiimdtiyl}-D-@RiayHpdYs hexanes
(0.5 ). After 2 h stirang W Lss the reaction m xture was
poured into ice-cold vmm—@g%mm Et CAc (20 m.), then
filtered through Celi tko awalationgefshe pempeundrfounyBtep AviGH ed 16 tnmet) c. The

| ayers were aﬁﬁ%b@écﬁ@hl@ﬂﬂnétﬁﬁlec(ﬁﬂﬁﬂﬂﬁ al B{PIC %§?é’n@3wmﬂﬂ@@lqygoﬁmlomhne dri ed

(Na~S04) and concentrated residue_was puri on a silica gel colum

using 8 to Z5¥dhk/aml; A ﬁ@a(awéér%wseq L]'gﬁ’[re%ué“@ spdutignewas stired biYeeRy | o- (60
nmg) and2she -36% ad 03¢ fdri4ag evssvimed (P ¥hci® hnd &%%ﬁarated with anhydrous

4- Ami no- 7- D | of .| i di
To an i co- cOPHERERLY RSy The eR e NP LRt %yﬁmug@aﬁora%@%&" . 0. 0
mol ) in THM)mnma)idmhm asbdwetbnTdARe {atlivh isalt FHFchidr@2HAdyrralo[33- mol ) . The

t t luted with
[5G0 0N, M MR 40 BhobIRIRASRIERUERA iy gblBthsl ot ed,
resi due 35 VEEMPlesdtvad CnTam@aH@g(xmxglrms aﬂw@%@wﬁ)@ml d (3 n) was
added. 3pe +&aperatifd HilPivred @ ol (HPRANABPH24 h. The mixture was then

evaporated to dryness, taken up in water and extracted with EtOAc (2 X 300 mL).
The combined extracts were dried over Na,SOy, filtered and evaporated. The crude
mixture was purified by flash chromatography (SiO,, 10% EtOAc in hexanes) and the
title compound (1.75 g) isolated as a white foam.
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reaction mxture was stirred at roomtenperature for 1 d and then
evaporated. The residue was co-evaporated with di oxane, taken up in water
(50 m) awdoxwshed with CH-Ch (2 x 10 nL). The aqueous | ayefr/yds/03086
concentrated and then freeze-dried. The residue was purified on silica gel
colum with CHC 2/ MeOH (20/1 and 10/1) as the 5 eluent to give the title
conpound as a white fluffy conpound after freeze drying {10 ng). 1H NWR
(CD3CN): 8 1.28 {s, 3H, CH3), 3.56 (br s, 1H, C]—I) 3.7 (m 3H, H4, H',
H-5"), 4.10 (br s, 1H OH), 444(d 1H, (T2 ~. 39Hz H2"), 558 (d,
1H, H1'), S@EEC(br s,4-Am)in : heth@)-28C{(vihyl-BH-D- JS, ~ =
3.7 Hz, H5), 7.23 {dnﬁ&u&%%ﬁ@?%oﬁi’? g@?%&”ﬁ ES-MS: 281 [ VH] +.
.EXAMPLE 35 4- Am no-7- -~3-DTi " 7H ~~rrrol o f 2, 3-d1
pyrimdine 15 NH2 / ﬂhqcmnnqendafmlﬁepwms)ewwé@sqlmtwmmwnfrom

Step C of E@m&ht%oﬁ?4m@caﬂéﬁﬁ@bl%é&ﬁﬁ AktAiRBsd sl Bbﬁfbeclq{e%o%ﬂﬁﬁﬁé &%@ledl B St ep
-D of Exa g%m? |eIdthet|tIe

1.43 (s, d Yauig anyponda Wfﬁlad‘fﬁ% thg b@@("(‘fﬁs 32?435 PP% Eeatﬂi g 9)0°C3f0r 99 (
m 21 H, H- 4 24)h %e]a@m{abmas;vashllblwcﬂld) evapofate 4rdl thd rdsidud concehtrated t8a whitkiz,
H-

6. 51 {a 1H6585éq’h‘°}‘H‘§ A?ES%E}“ YH-%EP)%Q‘ %géﬁﬁ?%"wﬁ’ﬂ‘e’ﬁ“gﬁatg’ng24{5 s(brle Ty gﬁ o
ES-NB 281[NH]+ -25 EXAN!D—I:E Do i - -dl nyrim di ne
‘ 62 Di S\g ?2 Sted B: 57”5[41 &5%&’7‘3%&29#@&?' Qﬁ%k%a#gx@yféz-ﬁkg&ogg,i ~¥]—| A

mi xturelBf the pr oductZlpYiERidMep B of Exanple 4 (24 ng) in agueous ammoni a
{30% 10 nlL) was heateEbéEblﬁtl&i@ﬂtﬂé@&ﬁp&hﬂQ‘rorﬁlSEegﬁtgw m3h int00 C Overm ght,
Pgich

t hen cool ed ev rate ere € Was, pur.i silica 5
col um with Al /|é]%(ﬁ%|a‘§i€% oran tighlogide, fqrgmgth tltle

conpound ( Mo }e ’I]‘.Hrd: IR DMB GG at 878G for(2s5 h,3hkn §H3D, °C3t04803C5H8r ( m 1H
?‘ 5'), 3.68- 9’;§ ﬁségg(ztlg#évﬁﬁqgench@ﬁy g&dle%)\ 8¢, @g%n%%cpélgorogﬁtﬁ%ﬁg Zf%{gdéo ( s
1H, H- 1 1§ she®sylting mixtuge stirgxdzat HE) °Gifen)(). 58, than (butralized withHgueddg) 6. 92 ( d
IH J = 3.7 Hamd#i®it0°C and stirred at room temperature for 15 min. The solid was filtered

and washed with methanol/dichloromethane (1:1). The combined filtrate was

evaporated and the residue purified by flash chromatography (SiO2, 10% methanol in

EtOAc containing 0.1% triethylamine). The fractions containing the product were

20  evaporated to give the title compound as a white solid (10 mg).

1H NMR (DMSO-dg): § 3.6 (m, 1H, H-5"), 3.8 (m, 1H, H-5"), 3.9 (m d, 1-H, H-4"),

4.3 (t, 1H, H-3"), 4.8-5.3(m, 6H, CH=CH,, 2’-OH, 3’-OH, 5’-OH) 6.12 (s, 1H, H-1"),

6.59 (d, 1H, H-5), 7.1 (br s, 1H, NH2), 7.43 (d, 1H, H-6), 8.01 (s, 1H, H-2).

ES-MS: Found: 291.1 (M-H"); calc. for Ci3H;6N4O4 - H: 291.2.

25
EXAMPLE 24

4-Amino-7-(2-C-hydroxymethyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-dlpvrimidine
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ES Ms: 294.1 (M H+). EXAMPLE 37 15

4- Am no- 2-fl uoro-7-(2-C net hyl - (3-D-ri bofuranosyl)-7H-yrrol of 2
3-dlpyrinwdinesis2 HO'~ .O i NF Gw ~CH To a sol ution aictHi<oppsosgi ne
(70% 2 nL) diluted with pyridine (1 nL) at -30 Cis added the conpound of
Exanmple 36 (60 nmg, 0.2 mmol) in 0.5 nL pyridine followed by tent-butyl
nitrite (36 p.L, 0.3 nmml). Stirring is continued for 5 20 mn -25 C. Then
the solution is poured into ice-water (5 nL), neutralized with 2 N aqueous
NaOH, and evaporated to dryness. The residue iﬁlt[;urified on a silica gel
-67 WD 02/0S7287 PCT/US02/0308fi colum wth 2Cl z/ MeOH (2011 and 10/ 1
) as the eluent to afford the title conpo
4- Am no-5-fluoro-7-(2-C et hyl -~3-D-ri bof
2,3-dlpyrimdine FNHz J HOs ,O r M
4- Acetylam no-7-(2,3,5-tri-0O aceHD hyl N~~3- DHbofuranosyI)?l—i—pyrro
Laf 2,3-dlpyrimdine 10 To a solutionfof the conpound fromstep F of

Exanpl e 2 (280 ng, 1.00 mmol) in pyri rq?dded acetic anhydride (613
ng, 6.0 mol ). The resulting sol UtIOI’l\I S @tﬁ, d overnight at anbient
tenperature evaporated in vacuo and HGe r lting crude mxture is purified
on silica gel using ethyl acetate/hexane as the eluent. Fractions

cont ai ni ng tStep desi redl-ﬁhkmdmdtmér-l@_n@cﬂ édichivtopheaplah @i 2@ vacuo 15 to
give the desired prodygh. . NP

4- Acet yl am no- 5- br ono-7- I

ri bof uranosyl) - 7H pyr rksi Q)%CQU@DWfﬁW Fempouns fIQlﬂ@XmeleclﬁolSeﬁpEC@ngxl ution of

the conpgund 44 RMoB A ,Ad{ck8% (UnL) were added N-methylmorpholine-N-oxide (300 mg,
2.56 mmol) and osmium tetroxide (4% solution in water, 0.3 mL). The mixture was

r al osyN 7H pYrrolo f

stirred in the dark for 14 h. The precipitate was removed by filtration through a celite
plug, diluted with water (3 X), and extracted with EtOAc. The EtOAc layer was dried
over Na;SO4 and concentrated in vacuo. The oily residue was taken up in

10 dichloromethane (5 mL) and stirred over NalO, on silica gel (3 g, 10% NalOy) for 12
h. The silica gel was removed by filtration and the residue was evaporated and taken
up in absolute ethanol (5 mL). The solution was cooled in an ice bath and sodium
borohydride (300 mg, 8 mmol) was added in small portions. The resulting mixture
was stirred at room temperature for 4 h and then diluted with EtOAc. The organic

15  layer was washed with water (2 X 20 mL), brine (20 mL) and dried over Na;SO,. The
solvent was evaporated and the residue purified by flash chromatography (SiO,, 2:1
hexanes/EtOAc) to give the title compound (160 mg, 0.25 mmol) as white flakes.

Step B: 4-Amino-7-[3.5-bis-0-(2.4-dichlorophenylmethyl
20 hydroxymethyl-B-D-ribofuranosyl]-7H-pyrrolo[2,3-dlpyrimidine
The compound from Step A (150 mg, 0.23 mmol) was dissolved in the
minimum amount of 1,4-dioxane (10 mL) and placed in a stainless steel bomb. The

bomb was cooled to —78 °C and liquid ammonia was added. The bomb was sealed
and heated at 90°C for 24 h. The ammonia was allowed to evaporate and the residue

25  concentrated to a white solid which was used in the next step without further
purification.
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20 1.00 mmol ) in DVF is added N-bronosuccinimde {178 ng, 1.0 mmol) in DWVF.
The resulting solution is stiiTed at OC for 30 mn then at roomtenperature
for anot haio 3dsmign. The reaction is quenched by addition gicrgobanms and
evaporated in vacuo. The resulting crude mxture is purified on silica gel
usi ng et hyl acetate/hexane as the eluent. Fractions containing the desired
product are pool ed and evaporated in vacuo 25 to give the desired product.
St-~ C

4- Am no- 5-fl uoro-7-(2-C nethyl -~3-D-ri bofuranosyl)-7H pyrrol of 2. 3cZi pyri nud
ine - 68  SMpCil2/ 1lwmnmkﬁw&%@ﬁwmmwﬂaﬁﬁﬁmml ution
of the compound from %ﬁ?%‘ﬂg@?{g , 1.00 mml) in THF is added butyl
Jithium (2Min hexane 00 mml). The resulting solution is
stirred at -78C for 3 hﬂwmnﬂﬁ@mﬁfﬁﬁﬂﬁcﬂéa mg, OF molusasodisseedduLfloni i de
(315 ngy, 1. qaetm]/hldhmraﬂ%ma@qo@@pwdwgwacﬁiea UtildqRe hipdfioh g%h%%é% Al | owed

.to cone to %ent te er ture and poured into a stirred m xture of

sat ur at ed RosBheRHIAT hcrﬁf@rqa%fé-yswas gl by derionshrongh agelifamee phase
Iis evgpor at etﬂdIthHaEWQhaﬁpiohi ﬁﬁb@:ﬁs Wlmbthaﬁﬁmmhél@bﬁ%ﬂié@ﬁlﬁﬂe%s 55Cin a

cl osed cont ai ner oernl e resultin ure is n
silica gel U(SPRY atg &W‘n?’% fl;{léf?‘lrgﬁ ?WQ%B‘?“@%&J‘?WEI |Ch&9ﬁ?at°ﬁ?§b dsb(h To%

cont ai ni ng tmﬁhﬂmk (113 EtDM oahigihingr(el % Grigthyplhmihed nol giee dpotitht canpoond 0o to

gi ve the desjfed WI O_OGI CAL ASSAYS The assays enployed to neasure
t he inhi bi t| of ‘of merase and HCV repl ication are described

bel ow. THe it NMR (CReQD):d¥3. ﬂhéd Pd3.38(dt Hd G2 §eh182|(mvatH€ﬁ’1) as
i nhibitors czef%H&:vohlSﬁ@ BMA ﬁsp P* 1BNA- 99! &/ QﬁeH(f*gFaOés ured in
nhi bi'ti on o "HCV NSSB Po rreras 20

EI'Elesf g!s!sg\;/\n %‘g@s% Ho‘”n%&gggéﬂ k&2hbi | i ty of the nucl eosi de derivatives of

t he present L@¥SitHoanRd: 297 DNIBHY); thle. fency MmN Oaf Hv2dp3.0f t he RNAdependent
RNA pol ynmerase (NSSB) of the hepatitis Cvir~,is (HCV) on a heteroneric RNA

tenpl ate. 25 Procedure: Assay Buffer Conditions: (50 p.L -total/reaction)
20 mM Trli5s, pH 7.5 50 ~, M EDTA 5 nMHEXAMRLEZ25M MgCl z 80 mM KCl 0.4 U/ p.L
RNAsin {Pronega, stock is 40 ututs/wL) 0.75 ~.g t500 (a 500-nt RNA made

using T7 runoff transcription with a sequence fromthe NS2/3 region of the
hepatitis CigAntney-2eGfluoromethyl- B-D-ribofuranosyl)-7H-pyrrolo[2,3-dloyrimidine

NH,

Step A: 4-Chloro-7-[3,5-bis-0-(2.4-dichlorophenylmethyl)-2-C-fluoromethyl-
20 B-D-ribofuranosyl]-7H-pyrrolo[2,3-dpyrimidine
To a solution of the compound from Example 24, Step A (63 mg, 0.1
mmol) in anhydrous dichloromethane (5 mL) under argon, were added 4-
dimethylaminopyridine (DMAP) (2 mg, 0.015 mmol) and triethylamine (62 uL, 0.45
mmol). The solution was cooled in an ice bath and p-toluenesulfonyl chloride (30
25 mg, 0.15 mmol) was added. The reaction was stirred at room temperature overnight,
washed with NaHCOs3 (2 X 10 mL), water (10 mL), brine (10 mL), dried over Na,SO,
and concentrated to a pink solid in vacuo. The solid was dissolved in anhydrous THF
(5 mL) and cooled in an icebath. Tetrabutylammonium fluoride (1M solution in THE,
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WO 02/ US7287 PCT/ US02/03(18( 1.6 pg purified hepatitis CNSSB (formw th 21
amno acids Gtermnally truncated) 1 p,MA C U, GIP (Nucl eosi de

t ri phosphwom2mksxy7 [ al pha- 32P] - GTP or [al pha-33P] - GTP 5 Thecaaigeowids were
tested at various concentrations up to 100 p,Mfinal concentration. An
appropriate volune of reaction buffer was made including enzyne and

tenpl ate t500. Nucl eosi de derivatives of the present invention were

pi petted into the vvells of a 96-well plate. A m xture of nucl eoside

tri phosphat lomiNTP' , 10 including the radiol abel ed GIP, was nmade and

pi petted i ntlombhbmieel) wappddedged ks mmﬁu@tsarrectlaerqogatﬁmporatuwaion%tirm ed by

addi tion of sbh)%n@@&syﬁﬁxotv&ﬁrﬁl agcﬁo IReedsi R t3@h lﬂral&{g @thaﬁgg%@gﬁ@%%feed at

«room t enper at, for 1-2 Teactl on was quench 20 pL
SN

0.5M EDTA BLCH £ Wisml. e (O rieloBd bife (Lo Thefgblommelbancadden
to the NTPs lﬁ)y’eras dled beerhﬁhy&dum@gscnf céreentiReE %u@thfnﬁ%nﬂ&![ ﬂam uded.

(Wb ) aR i SORER (e | B aBe R 1h8r T e e fRmBolL iledien o o v

anmoni umfowviateesphdH 8 (150 nmLlwash until the cpmin 1 nL wash is |ess than
100, usually 6 washes). The filters were counted in 5-nL scintillation
fluid in a 20 scintillation counter. The percentage of i nhi bi t| on was

cal cul at ed atemBdi ng tdoAntinro{7dBi5dk hindighiasppheviyhinéthyl) ogm i n

test reaction - cpmirp. b'Mhrahoiﬁpﬁi'd?n%méﬁ%p{rﬁﬁr&h&” - cpm in bI ank)] x

100. Representative cQpounds tested in the HCV NSSB pol ynerase assay 25

exhi bité8 1CsO s | ess ksEampovnddremotiep Ar (18 mg, A3y wasdisselvedamthef Hov
RNA Repl i catrhigithunk Aehouai®oLdoxahe mlrua REREIA A stdi SN dte) BoMd! ThelbsRibayAl uat ed

Lor Lo o U ASE oSSRl S8 MRl LS SIS 0
detai |l s of tHE€CAos24 halhe dmm#pwds blbdvoad to Elvaporkeant e residsayoncentéated
g?: ];llncat | O[Il%gf“ihtrlrtggéliﬁj cf; h:%"péasgl 1enntshce: hfq'ager Lt&%ﬁﬁ%tﬁ{f pgniglgé-tlogKgﬁB ggnom c
Hepatiti8 C Virus RNAs in a Hepatoma Cel|l Line," Science 285:110 (1999). 35
-70 Step C: 4-Amino-7-(2-C-fluoromethyl-B-D-ribofuranosyl)-7 H-
dlpyrimidine
The compound from Step B (16 mg) was dissolved in I:1
methanol/dichloromethane, 10% Pd-C was added, and the suspension stirred under an
20  H; atmosphere for 12 h. The catalyst was removed by filtration through a celite pad
and washed with copious amounts of methanol. The combined filtrate was
evaporated in vacuo and the residue was purified by flash chromatography (SiO,, 10%
methanol in EtOAc containing 0.1% tricthylamine) to give the title compound (8 mg)
as a white powder.
25 1HNMR (DMSO-dg): §3.6-3.7 (m, 1H, H-5"), 3.8 — 4.3 (m, 5H, H-5"’, H-4’, H-3’,
CH) 5.12 (t, 1H, 5’-OH), 5.35 (d, 1H, 3’-OH), 5.48 (s, 1H, 2’-OH), 6.21 (s, 1H, B-
17),6.52 (d, 1H, H-5), 6.98 (br s, 2H, NH2), 7.44 (d, 1 H, H-6), 8.02 (s, 1H, H-2).
19F NMR (DMSO-dg): § -230.2 (t).
ES-MS: Found: 299.1 (M+H"), calc.for C|,H;sFN4O, + H': 299.27.
30

rrolo[2,3-
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WO 02/ 0s7287 PCT/ US02/ 03086 Protocol: The assay was an i~z situ

Ri bonucl ease protection, Scintillation Proximty based-plate assay (SPA).
10,000 - vwoR®e78el s were plated in 100-200 p,L of medi a peainisabisdge
0.8ng/m. 418 in 96-well cytostar plates (Anershan). 5 Conpounds were added
to cells at various concentrations up to 100 wWin 1% DVSO at tine O to 18
h and then cultured for 24-96 h. Cells were fixed (20 min, 10%formalin),
perneabilized (20 n~in, 0.25% Triton X-100/PBS) and hybridi zed (overni ght,
50C) with a single-stranded 33P RNA probe conplenentary to the (+) strand
NS 5B (or other genes) contained M&M@_ﬂiﬂ 6 genone. Cells were 10
washed, treated with RNAse, washed, heated to 65C and counted in a

.Top- Count .
m nut e ( cpm=LENRA (RS : 1D Qeyeimidingt ai n, a
subgenonmi ¢ ra _gl4l-a1ﬁim ﬁ@-ﬂ%x&-xmrﬁahalsm}_:aﬁbﬁoﬁﬁaﬁdsﬁg MQﬁo Q][’_z,%% S

-nont ransl at ed regl on (1VIR), a neonycin sel ectable marker, an | RES
(interna me entry site), and HCV non-structural proteins NS3

t hr ough NSSB, foll owed by the 3 R Representative conpounds tested in
the replication assay exhibited |"s I ess than 100 m cronplar. 20 ~ The
nucl eosi de derivatives of th ent invention were al \I uat ed for
cellular toxicity and anti - cificity in the co scridens

descri bed bel ow. C. COUNTER NS The ability of the eosl de
derivatives of theHD entNon to 25 i niH®TT
was neasured in the fol I'fow g assays. a. Inhibitio
Pol ynmer ases al oha and beta: Hgti on Conditions: 30

oOH eacti on vol unme

Reaction buffer corrponents mM Tris-HCl, pH 7.5 200% (BHg/ mL bovi ne serum
al bumin 35 100 M KA -71 021057287 PCT/ US02/ 0308l
~3- ner captoet hanol 10 MM WM z 1.6 ACM dA, dG dC, dTTP a- 33P-dATP
Step A: 7-[2,5-Bis-O- (tert-butvlduneﬂlvlsllvl) B-D-ribofuranosyl]-7H-
tert-butyldimethylsilyl)-B-
D-ribofuranosyl]-7H-pyrrolo{2,3- rimidine
10 To a stirred solution of tubercidin (5.0 g, 18.7 mmol) in a mixture of

pyridine (7.5 mL) and DMF (18.5 mL) was added silver nitrate (6.36 g, 38.8 mmol).
This mixture was stirred at room temperature for 2 h. It was cooled in an ice bath and
THF (37.4 mL) and tert-butyldimethylsilyl chloride (5.6 g, 37 mmol) was added and
the mixture was stirred at room temperature for 2 h. The mixture was then filtered
15 through a pad of celite and washed with THF. The filtrate and washings were diluted
with ether containing a small amount of chloroform. The organic layer was washed
successively with sodium bicarbonate and water (3 X 50 mL), dried over anhydrous
sodium sulfate and concentrated. The pyridine was removed by coevaporation with
~ toluene and the residue was purified by flash chromatography on silica gel using 5-7%
20  MeOH in CHxCl; as the eluent; yield 3.0 g.

Step B: 7-12,5-Bis-O-(tert-butyldimethylsilyl)-3-D-ribofuranosyl)]-4-[di-(4-
methoxyphenyl)phenylmethyllamino-7H-pyrrolof2,3-dlpyrimidine and
1-[3.5-bis-O-(tert-butyldimethylsilyl)-B-D-ribofuranosyl]-4-[di-(4-

25 methoxyphenyl)phenylmethyl]amino-7H-pyrrolo[2,3-d]pyrimidine
To a solution of mixture of the compounds from Step A (3.0 g, 6.0
mmol) in anhydrous pyridine (30 mL) was added 4,4’-dimethoxytrityl chloride (2.8 g,
8.2 mmol) and the reaction mixture was stirred at room temperature overnight. The
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5 Enzynme and tenplate: 0.05 nglnL gapped fish sperm DNA tenplate 0.01 U p,L
DNA pol ynerise a or ~i 10 Preparation of gapped fish sperm DNA tenpl ate:
Add 5 ~L wiop§i287t 0 500 p,L activated fish sperm DNA ( USBcTiakéomioss\ar m t o
37C and add 30 JCL of 65 U ~L of exonuclease Ill (G bcoBRL 18013-011);

| ncubate 5 mn at 37C, Term nate reaction by heating to 65 C for 10 mn; 15
Load 50-100 p.L aliquots onto Bio-spin 6 chronmatography colums (Bi o-Rad
7326002) equilibrated with 20 mM Tris-HClI, pH 7.5; Elute by centrifugation

at 1,000xg for.4 mn and nmeasyre absorb t ., 26 nmto

Get of i ne_coneBie Mat ish iogoh B Beflrun B9 aHn® A SR fRER e

appropri at e ovgdnimieyef wa0w ashed wiith-wi@tr, dp¢d Fves aa}nyﬂxbtksesodnmysuﬂfavmmddl | ut ed
int

(3 mer capt oSO ReoritalS s SHf togb Y el b Kblaue SARBBALISY B, o0 o i nto
M crocent ri fchrpanategreghyoeves silisa gell using 20-25% Bit@i in bexrnespsthe ehenidi Thy enzyrme
-and cont ol a?gl%f,gh@qﬁacﬁéﬁé welleRgné&sd ame&ﬁ&ta@muﬁahm [ o0 %aamﬂe;?S using

enzyne di | ut fer and test conpound saql vent, respec

reacti on wadubidimethdalyhl- apd 3 o3 cis (tﬁﬂfwldwthlw»daﬁ@ﬁﬁeé na%levsléfts(@a

above. The r@mkgmqua%qt@g& ectivdlour at 37C. The reaction was
quenched by the addition of 20 ~tL 0.5M EDTA. 50 p,L of the quenched

reaction was spotted onto Wit nman DES1 filter disks and air dried. The

filter diskstepe€e r ep@meﬂ_ﬁﬂmm ~O-tasyl-BaD athviuranmsyl)br mat e,

PH 8 unfpl 1 b of washdise 00 R nEhen i ehonuEne 1as0Rgoas.oc W (h 150
a

nL absol ute et hanol and count ed
in 5 nL scintillation dlpysimidine7 WO 02/ 057287 PCT/ US02/113118( The

percentage of inhi bi t"Rﬂaﬂ‘l@é—c@@ﬂe&%!J)lﬁh@ﬁjoﬁﬁ’cs)flﬁk—@(t&ﬁ vuliedifet Hy&

equat i on: %lnhlbltl éé fa reachlon- II?!HE WIZ cpmln
control read¥Pigsied ne% 5id¢ foe f%q {298 {1 By TS5k (5t iy aha

Pol yneri se galaamm}‘b@l Rhlogide (BH gt 9I8 nnmbl)brmemcﬁbn hﬂﬂ&ﬂ: \m@sumtlwﬂfonse
GATP, ddte, BRI fr R ey DR DemytBtlpd i smofite sSricng OO TomE
activat ed f iant esumtcd Meﬂpu (Xxab emL)fqontmnﬂﬁg Bismell emioonl of CHGl; QOfhE).

cont ai ni ng J : Iy, vl
Vo0l 2. and o6 Chgepsd BB il b BBl SRR ORLARNOLuerts 230 BiDD: THE 2V 50c
and were quemgmdlaw wehddriedmyepanhydsuyNagi @y md@nfcemwedcdfv@émem& on of 142
MM Product £a608d hyoeb- ﬁl‘ﬁ%ﬂ%fﬂ BfheRy (ﬁﬁag%ﬁxeﬂ‘]ﬁ'}&@dtfdl bfl ¥as FilReigng and
SC|nt|IIat|0£rcount|n nge?unswerethga at ug gh%lSTe

per cent 2 SRropgRp BRY PhiliGRse]l usng hexneest es?tafie@o O3 MES TG
equation: % i nhi bi t| on = [1-(cpmin test reaction - cpmin blank)/(cpmin

cont ol 1 easkhof, - CPLR AN pkeA e iSeAlkiint-RIs B EeOS! A

derivati ves

nbofuranosvl 7H-pvrrolo[2 3-dlpyrimidine

A solution of the compound from Step C (1.0 g, 1.1 mmol) and THF
25 (10 mL) was stirred with tetrabutylammonium fluoride (1M solution in THF, 2.5 mL)
for 0.5h. The mixture was cooled and diluted with ether (50 mL). The solution was
washed with water (3 X 50 mL), dried over anhydrous Na,SO4, and concentrated to an
oil. The residue was purified by passing through a pad of silica gel using hexane:
ethyl acetate (1:1) as eluent; yield 780 mg.
30
Step E: 4-Amino-7-(3-deoxy-2-C-methyl-B-D-ribofuranosyl

d]- pyrimidine and 4-amino-7-(3-deoxy-2-C-methyl-3-D-

arabinofuranosyl)-7H-pvirolo-[2,3-dlpyrimidine
A solution of CH3MgI (3.0 M solution in ether, 3.0 mL) in anhydrous
35  toluene (3.75 mL) was cooled in an ice bath. To this was added a solution of the
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20 inhibit HV infectivity and H 'V spread was neasured in the foll ow ng
assays. ¢c. HV Infectivity Assay Assays were performed with a variant of
HeLa Magiwoabhsrexpressi ng both CXCR4 and CCRS sel ect ed f etThwe/tmekgr ound
(3-gal actosi dase ([3-gal) 25 expression. Cells were infected for 48 h, and
(3-gal production fromthe integrated H V-1 LTR pronoter was quantified
with a chem | um nescent substrate (Gl actolight Plus, Tropix, Bedford, M.
I nhibitors were titrated (in duplicate) in twofold serial dilutions
starting at 100 ~,M percent inhibition at each concentration was

cal cul ated icampetnst from Step PHE0Q oig: P 8mmaPde enlysrowgolyena Gl miLd. She of HI Vv
Spread The ?&,‘uhlr{?ﬁ fturE%s%Hﬁ‘E’cPHﬂ‘éém% P&%tu?é £ nl nw»%aatcbel@dfaﬁd heﬂg@'t the

.spread of the n I_munedef| cl ency was_neasur ed met hod

descri bed i With @uemmcmlut@n@né e@@@ﬁ‘%%}l gther oML capiginingsl 0 %c‘bfa et
Zi)gé Zrlgc 0 9%2%17 TWQoQg%QﬂZ?&Kwd?@EMﬂ?@&AQ@%QBeW&h bxﬁﬁﬁ(d X $%inl) afid
. e .l ncor at e rer.erence rein |

entiret y T (& F‘%s‘?’ﬂéadrﬁlﬁflwghqngg Oy} ﬁ?g%)“pq"gscé’ﬂ‘fe“itrﬁ gﬁ? ia?)ﬂll\)@rlg" al so
screened 5 faais posified by flash shrepaiogsiphg oh Bﬂmecgelhmpg] r¢OHlh TH,CBltbs
contalnin n C

descr | bed i TuBYELET Sobbay 0GR (149 A8) At E £G4 MR SRBRE R
Nakabayashi mgt Thbse, de@amtms VRas s¢pardtely 38B®d Witha30% a@tic @gidondtheicagtic say :
10 Cell cul fblicie WETE R BTN drituRPRE O8'H, afife d¥edl feid o€ AAGIUTAL 1 0N of

apprOX| mately 1.5 x 105 ce or suspension cultures in

i ncubat 18ns r@mteé co- qvanmtl@bwnhpman@mndéawg% nthegigsidug was pﬁtlgomf//

i ncubat i ons pekeR chlopdfofifilahd Wl UTRe a?ﬁ-,ohg Bief Wiy Wakhb@ vml dhforéford 226- vel |

tissue culture treaﬁe%pgl ate %‘Sd l(Jﬂl O-tines final gow%(gﬁl on of

the test cofpeFAHaE 6"‘%9&’%“ TREIGUC i PBF fden flirpecl gising 37C

and 5% Q02 fiwCHaChpethd ¢leentpe firnish die desired caifip@mds bewhie sdlalsi on period, 20

p,L of CellTiter i Erﬁtlf §ltg| alﬁgﬁa r eagent

(MFS) (Pro -Izi \gsyl o182 £ dink €4 at 37C

and 5% 02 (9P mg): additional period of tine up to 3 h. The plates were

agi tated to 1 NviEIBMERSagsQragaser ¥ndrnmanas, fepdl 264 Qouf 1oy e
ard_curve ot

reader. A sta ﬁenm on cu aréd with

nown el | BRiandHHE T3 1 s D HeS ST (o oL 35 0 iyFl DIVEDABB | Co 1
Sbsor bance. S B e O B S e T Q‘EEW bance
incells w ﬁkbﬁghgg&&%ﬁﬂ@ g@ﬁg{gse ?%éflm Cory, ArrpH et aI "Use of
an aqueQOs oA i 7 {(Bideox A 1

cul ture, C?g Commun. 3: 207 (199I) The foI | owi ng assays were enpl oyed
to neasure e §?:t|V|t of the conpounds of the present invention agai nst

ot her RNA-d ibbNHEh(DMSN-ds)r@uééé (5,301, £:Hade2.0§ (ddda2Ho-204nd F)NA.5F tm/RHi vi r al
Activity of I-F@%Qéﬁl f%(f@(‘i’ﬁ N$i, }Bﬂj By (EUFH(@II’)@P%UA' 1 fcﬁ@tsd)m@'lllbtl' n

Assay): Assay con ions _are escrlb d the artlcle an
Huff?/r)an, I-il-l’),649 (d, 1H, H-7),6.89 (br s, H NH2) 735 (d, 1H, H-8), %{01 (s,1H,H-2).

25  ES-MS: 265.2[M+H].

EXAMPLE 28

4-Amino-7-(2.4-C-dimethyl-8-D-ribofuranosyl
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"Use of disposable mcrotissue culture plates for antiviral and interferon
i nduction studies,"” Appl. Mcrobiol. 22: 797-801 (1971). 35 -74 WO

02/ 05728 hwid@b/os)p812/ 03118C Viruses: Rhinovirus type 2 ( RV-pdryusbisigh HGP,
was used with KB cells and nedia (0.1 % NaHCO03, no antibiotics) as stated
in the Sidwell and Huf fman reference. The virus, obtained fromthe ATCC,
was froma throat swab of an adult male with a mld acute 5 febrile upper
respiratory illness. Rhinovirus type 9 (RV-9), strain 211, and rhinovirus
type 14 (RV-14), strain Tow, were al so obtaine romthe Anerican Type
Culture Collection (ATCC) in Rockville, IVm was from human t hroat
washi ngs and RV-14 was froma throat swab af oung adult wi th upper
.respiratory illness. Both of these virus re bed with HeLa 10 Ohio-1
cells (Dr. Fred Hayden, Univ. of VA) whic e Juman cervical epitheloid
carcinoma cells. MEM (Eagle's mH ti aNmediun) with 5% Fet al

.Bovi ne serum (FBS) and 0. 1% NaHC03 wag us d as the growth nmedium Antiviral
test medium for all three virus tWIes M with 5% FBS, 0.1% NaHC03, 50
p,g gentamicin/n, and 10 mM Mgd 2. 15 2090 p, g/ nL was the hi ghest
concentration used to assay the co nds @ t he present invention. Virus
was added to the assay plate approximately 5 min after the test conpound.
Proper cont gisAver e &3-Beoxy, Z-M@omﬁlﬂéﬁmﬁﬂ@fumﬁ@w)at ed WI th hum dified
air and 5% C02 at 37C. %ﬁ tOXI Ch‘i‘%‘ﬁ |tor§g h?{ roI cells

mi croscopi cal |y for morfhorggioRy ag'é‘y greedPdi of the virus
CPE data 20 chmdthy}aaunmpwxdmey(&g)rmmnb/ladana(@a]/mlz a4 Iﬁﬁ]&@/e(édl%owa‘dentl ve
dose) an dbx‘iﬁ C ) t & Wi n Sl)
was cal cgl at %lé)rgg}é(ﬁfa&? rmu a) @%ﬁﬂ@ﬁ#gﬁf&%{&é%h}e%@?%&ﬁ% %Vogga(;qeﬁ
Vitro Anti v.andrthmr@mtmntrylxmre@cﬂspbm@et oga tempemiameg for 2 IR STiRareadtionand Yel | ow
Fever (CPE IpRidé Wa@Eheﬁsp%ﬁi@d lﬁﬁﬁsamrﬂsa aqde%uég@dlm%aﬂfdaater(sb@ﬁﬁ'aﬂ&'ﬁ{e' and

Huf f man ref erence above. Viruses: ge Vi rus tﬁ' New QGul néa strain,
was obt ai nedVPlyers Were@eparaieds She ergg@a ByeryRe mash edmsh RAYsYS gifricnaid can

gre }an non ke)éol(ﬂtldﬂ €0% £2005mI, rdeleuﬁsdzsoa) gnd mFeratérdao%ﬁ)veva $okel ((70/@ [%9) TA®d to
perform.aantiy t.estin VEer ain,

pr epar ed% r 331 ﬁEWPéglséﬂvﬁ‘gH’s%et#—g e?ooéﬁiﬂ) fA‘?@fl {1 OQW&@H& Wol at ed
from t he semponias oxerf H¥bmin. eTheomixture Scaststirrdd nt wam mmperauhe domisd Hthylm ATCC.

w0 021 057287 B R s AR BppkRERSei s PR ARS s MR AN herdl | (her

Inc., Wl kertkrpngh a silivopelhed. \Fbedileat wps conueayraigd pad thegasultingveitivasn 199 wi t h
5% FBS and Qnighdediepidaiitkined Lo wEioryhddafd 1/25 to afford the product as a solid

15 (325¢9).

Step B: 3,5-Bis-0-(2.4-dichlorophenylmethyl)-1-O-methyl-4-methyl-a-D-
ribofuranose
Chromium oxide (50 g, 0.5 mol), acetic anhydride (50 mL, 0.53 mol)
20  and pyridine (100 mL, 1.24 mol) were added to dichloromethane (1 L) in an ice-water

bath and the mixture was stirred for 15 min. 5-Deoxy-1,2-O-isopropylidene-D-
xylofuranose (32 g, 0.18 mol) in dichloromethane (200 mL) was added, and the
mixture was stirred at the same temperature for 30 min. The reaction solution was
diluted with ethyl acetate (1 L) and filtered through a silica gel bed. The filtrate was
25  concentrated to give a yellow oil. The oil was dissolved in 1,4-dioxane (1 L) and
formaldehyde (37%, 200 mL). The solution was cooled to 0°C and solid KOH (50 g)
was added. The mixture was stirred at room temperature overnight and was then
extracted with ethyl acetate (6 x 200 mL). After concentration, the residue was
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Assay nedi um for dengue, yellow fever, and Banzi viivses was MEM 2% FBS, 5
0.18% NaHCO03 and 50 p,g gentamcin/nL. Antiviral testing of the conpounds
of the prweadbsizgventi on was performed accordi ng to the Sipdwalsh/aings Huf f man
reference and simlar to the above rhinovirus antiviral testing. Adequate
cytopathic effect (CPE) readings were achieved after 5-6 days for 10 each
of these viruses. c. Determnation of In Vitro Antiviral Activity of
Conmpounds Agai nst West Nile Virus (CPE Inhibition Assay) Assay details are
provided in the Sidwell and Huffman reference cited above. West 15 Nile
virus, New Vookaiagsipied ctesilioacgs! (Ftomce tfoatferd dhaprodigs agibn gili{éd £)r dhe olle

Center for B gg§@lvg@m | %ethwgr @rrﬁﬁidhﬁm\é@ﬁ@n%g‘aﬁ‘@ zqn&ichléﬁﬂ)h@z?ylﬁ'x%&‘&f | bed

.above. Test mnedi_um was gent am ci n/ L.

Antiviral teBlordegdbe %%%%Méfiéﬁﬂ‘%h%@ é‘é?é‘?ﬁddieﬁvgh? P%t“ﬁ?ag’aﬁﬁﬂeér med
fol | owi ng Zﬁvérh%hﬂ'@ﬁdld)ﬂi&e@fmtﬁltémeﬂlé (180 GhILju fTtEaRixMiE Glas Bicd wasHed @itht 0 t hose

.used to ssa r hi novi r,us Ctl Vi t hi ffect CPE)
readi ngs vveF u‘%i‘gq‘ill aél}‘s‘a“sasl‘ofl&m 1 b&ﬁ@% & %%ﬁ)sﬁﬁpﬁﬁgng 5)?“ T appratey-
Anti viral Ad‘he vésidueodas@isspbuedds mitianosG0milLand HEl inaiio2ne (€ ¥E 2 mipwasig

e Banzt, and et o WSS ULG Bl BRECUBbANS Aol paL PorTorm ng

t he CPE i nhi assa S a ove, an a hi'c i on met hod
was used vxhchn@masogimmomedlqargd Btororhiexene: N4} wyaffayd thmd@rrecbpmduct as an

M cr ospect rggt@g@régt ric Quantitation of Cytopathic Effect,” Apnl. Environ.
M cr obi ol . 8 {1976). A Mddel EL309 mcroplate reader (Bi o-Tek 30
Instrurré@lts Inc.) was used to read the assay plate. ED50's and CD50's were
cal cul ated ggpabove. BXABRLE. (OH-dicRBABNBFREINL FARWVnSHyON Asethyipeci fi c

enbodi nent of "an oral .conppsition of a conpound of the 35 present
i nvention, 50 ngy of tgﬂg' gﬁf»@ﬂ?ﬁ% of Exanple | or Exanple 2 is fornul ated

-76 WO U21057287 PClhePridud8 (1B g 4ADtn’nn<SIDIf1‘bh1:$tepB zfridﬂbdtsy-l‘dhrt/ihded | act ose

to provide gobollcRkiln AloriOnbRaROBOML | feldie oSl EaOuiags ool atin

capsul e. I Vet on een
ref erent® t tengpesgiurs fndghememgentestedsundee reduted pmwae sKie tesidué was trisurated wi | |

appr eci at e Wﬁ‘ﬁeﬂl’f‘&re'ttfég%(? pgﬁéflu@i@e' The Btk 80 Was a@&eﬁ%&{hgaﬁ%&ﬂ& can be

made therein wt epart romthe spirit and scope o e L nvention.

For exanpl e ae%%ciH’@e(?mQ)&)dQéét“&t%?qqeﬁwqu@ m@na@éomgeéﬂb@léet forth
heei nabove @BYd (¥gSOR), !fmafeuanasv@po@ae@ em@mrau@imayarsk@we@ﬁﬁanhpdlbheﬁtzo

CoOn! b sbd RSB l  She SaE0Ee bt el WD Ko o g

to and gependi’@g Thpaeactior npmute was dtomlttow&mctup@ﬁ‘i(damﬂdtﬂfeﬁad -80°Cnbet her
there are phegep) 522%%31% ted R @E{eh%ééeolué‘ﬁmg%murg%hfoﬁﬁ géldjr%l.?f The

formul ati on and Ion
vari ati ons &wo tHypfsevernseparited @mﬁbthp@sgm%lamrewtscﬂméﬁMé@h fﬂtﬁl‘e&l@@dr dance

with the objggdeairaid. %é?ésicﬁl%ﬁuééfchﬁih?at%rﬁﬁ%tod M@ Hel RO Ad/hexand: rlt/ms'ed 15

therefore that the Invention be Iimted qnly by the scope of the cl'ains
whi ch f ol | oRftarsthe fidle °§H’@Hu‘?,4%ﬁ%§’r‘ﬁé£1| %)rpret ed as broadly as is
reasonabfe. _ 77 _

Step D: 4-Chloro-7-[3,5-bis-O-(2.4-dichlorophenylmethyl)-2.4-di-C-methyl-B-
D-ribofuranosyl]-7H-pyrrolo[2,3-d]pyrimidine
To the compound from Step C (0.70 g, 1.3 mmol) was added HBr (5.7
M in acetic acid, 2 mL). The resulting solution was stirred at room temperature for 1

30  h, evaporated in vacuo and co-evaporated with anhydrous toluene (3 X 10 mL).
4-Chloro-1H-pyrrolo[2,3-d]pyrimidine (0.5 g, 3.3 mmol) and powdered KOH (85%,
150 mg, 2.3 mmol) were stirred in 1-methyl-2-pyrrolidinone (5 mL) for 30 min and

the mixture was co-evaporated with toluene (10 mL). The resulting solution was
poured into the above bromo sugar residue and the mixture was stirred overnight.
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WO 02/ 1157287 WHAT IS CLAIn~D IS: 1. A conpound of the structural formula
l: RAR RO RS/ ~N5RON ~11 R~ OR6 NR R4 RL R3 R2 PCT/US02/ 03081 5 or
a phar macwoteosi2By acceptable salt thereof; wherein Rl ispEankoshiosny! ,
C2_4 alkynyl, or C1 4 al? yl, wherein al kyI is unsubstituted or substituted
with hydroxy, amno, C1 _4 alkoxy, C1 _4 alkylthio, or one to three
fluorine atoms; R2 is hydrogen, fluorine, hydroxy, mercapto, C 1 _4 al koxy,
or C1l 4 al kyI or R1 and 10 R2 together with the carbon atomto which
they are at hed forma 3- to 6-nenbered saturated rmnocgcl iC ring system

optional Iy tWH%fﬁg"aadHBteéMHm}he%@bmbh washed with Sjatex (3 xNGgnl) aﬂ(kyl R3
and R4 are eaﬁ&bntrﬁtéﬂﬂﬁﬂéle:@&ildédiﬁés%ed“hﬁ Eé%mlfe%s%%ﬂategaﬁheﬁtdmh

S ey F 1@@%@%@%@;& RO A LB BB, ol iyl T By

unsubsti t ut ed or substituted with hydroxy, amno, Cl_4 alkoxy, Cl_4
; h

-al kyl thi g
al kyl car bon

i ndependent | y hydr oge hydr oxyrret hyI r fI ur orret hyI R8 is
hydrogen, CL q. alkyl ,T}fé?cc%poﬁh&(%Q%'StePﬂ (@90 e ¥ ¥isoR Rloaﬁxﬂ%ﬂ(; ono

al kyl oxycar bon azi do

hydr oxy, C fnd gq widiagnaonie (20 glsway WFqlm@)stamle:és steelzaukaplayel flbaylixiugOvas g

al ll;ylt)lto 2 gﬁbﬁ?ﬂ&ﬁ@? fOF 154hsh dbb@d%@%@ﬁ;ﬂ%&t@?lThé‘fﬁ%Mﬁ?%ﬂ%?t ed (r)]r|

subst i e one r in n sel ected from hal ogen,

hydroxylfb Chrgmagographe ﬁ“@“g‘ E@@Afgt(g fﬁ? ﬁ@q ghyHresgld (lﬁ)ygno

EI Ei ro, C1 :m@lahgl lPd/(N[-K(MEBGH@JNRnI éﬂh&n?lz@o vaGeZRit?akeﬁﬁ?mk l %30 p R%JHI) NH2,
r oxy, am n a a ogen,

()1/ 3- oiazol %‘ :l I%@(‘/apd%%é:o%étggl é e&'lasf é%?ghfdﬂ‘) }/l“%wgir ein ’

WO | 12/ 05728Me B0k @@O)S)C}lféordyhe deslrmpnwﬂsd:tla'smtselidoﬁ mgpst i t ut ed vm t h one

cor oy Sng RO S L O A e
hydr oxy 15 ha 025 20 (sUED. 396 46, G 63 Py ndh, Wi 40 EEL, G117 G
al kyl ) am noJH@C’Q@ cdgqrpalsks/m;mm (s, Br{£18),9.54 (d, 1H, J 3.4 Hz), 8.02 (s, 1H).

13C NMR (DMSO-dy): § 18.19, 21.32, 65.38, 73.00, 79.33, 84.80, 90.66, 99.09,

102.41, 121.90, 149.58, 151.48, 157.38.

LC-MS: Found: 295.1 (M+H"); calculated for C;3H;sN4O4+H": 295.1.

20
EXAMPLE 29
4-Amino-7-(3-deoxy-3-fluoro-2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-
dlpyrimidine
NH,
74 | N
NS
- - Me
25 F  OH
Step A: 3-Deoxy-3-fluoro-1-0O-methyl-5-O-toluoyl-a-D-ribofuranose
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5 cycl oal kyl )anuno, or C4_6 cycl oheteroal kyl, unsubstituted or substituted
with one to two groups independently sel ected from hal ogen, hydroxy, am no,

C1l q. awbybewsaed C 1 4 al koxy; each R12 is independent lperhcdsomen or
Cl_6 al kyl; and R13 and R14 are each independently hydroxy,

OCH2CH2SC(=0) C1_4 al kyl, 10 OCH20 (C=O OC 1 _4 al kyl, NHCHVeCO2Me, OCH(C 1
_q. alkyl)QcOC 1 4 alkyl, ~~O-S(CH2)11CH3 's~' ~~O~-S( CH2) ~~CH3

Q(CH2) 9CH3 or OCQ(CH2) 14~H3 with the proviso that when RL is -nethyl and R4
is hydrogen or R4 is -nethyl and Rl is hydrogen, R2 and R3 are a-hydroxy,
RO i s anino, and R5, 15&O-Repropglideand-rRuofusarosh (9P @gsh mmoldendae taleoyiot

cyano or Co(\,!ﬂ%ndé amLT h) Iﬁ%r)qa?glnm%géo%m Jvefe‘stir&a f§1t§0‘ﬁﬁrHrW|atefr?fdml a ll:

.R9 Rlo 5 R38~/ har maceuti cal |y acceptabl e

salt thereofil) 2’@%4@?% ?wd ihf mixtuzg was afmsymra%gmr ﬁedgr:%ypreﬁsyr% pthconal | y
substi t ut ed radidid Waédﬁ%l’vcdamdlﬁhne@twnmb Kﬂdime solutidn s WdshéDwitR vagpe t o

{hree €1 0L A 81 91 ol e @ Ok oy B (b C RS s
PCT/ US02/ 0368fardR& arsd fhrp@blrgwl,ay&&m}d&apd?ﬁlﬁﬁj-ﬂ‘ he oesidne 3442 ;did=8lved irhy dr ogen :
oz and BEAREB TP Bcl B HERERERL 1ML TR P BBIR Yl
anuno, 5 CI1 strred &yogms tnmpex@tt{rmvmmhka}nd)\m then evapoBdaunsige reda¢eldy| am no;

pressure. The resulting oil was chromatographed on silica gel (EtOAc/hexane: 1/1) to
10  afford an oil (10.1 g). The oil was dissolved in dichloromethane (100 mL) and
- diethylaminosulfur trifluoride (DAST) (5.7 mL) was added. The mixture was stirred
overnight and was then poured into saturated aqueous sodium bicarbonate solution
(100 mL). The mixture was extracted with toluene (2 x 50 mL) and the combined
organic layers were concentrated. The residue was chromatographed on silica gel
15 (EtOAc/hexane: 15/85) to afford the title compound as an oil (1.50 g).

Step B: 3-Deoxy-3-fluoro-2-C-methyl-1-0-methyl-5-O-toluovl-0-D-

ribofuranose
The product from Step A (1.0 g, 3.5 mmol) and Dess-Martin
20 periodinane (2.5 g) in dichloromethane (20 mL) were stirred overnight at room
temperature and was then concentrated under reduced pressure. The residue was
triturated with diethyl ether (50 mL) and filtered. The filtrate was washed with a
solution of Na»S;03.5H,0 (12.5 g) in saturated aqueous sodium bicarbonate (100
mL), dried (MgSO,), filtered and evaporated. The residue was dissolved in anhydrous
25 THF (50 mL). TiCls (3 mL) and methyl magnesium bromide in ethyl ether (3 M, 10
mL) were added at —78°C and the mixture was stirred at —50 to —30°C for 2 h. The
mixture was poured into saturated aqueous sodium bicarbonate solution (100 mL) and
filtered through Celite. The filtrate was extracted with toluene (100 mL) and
evaporated. The residue was chromatographed on silica gel (EtOAc/hexane: 15/85) to
30  afford the title compound as an oil (150 mg).

4-Amino-7-(3-deoxy-3-fluoro-2-C-methyl-B-D-ribofuranosyl
pvrrolo[2,3-dlpyrimidine

Step C:
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with the proviso that when RL is (3-nmethyl, R2 and R3 are a-hydroxy, R10 is
am no, and R5, R8, and Rl11l are hydrogen, then RO is not cyano or CONH2. 3.
The conpowod20%728% ai m 2 wherein 10 RL is nethyl, fl uoronmetplyluse2/03086

hydr oxynet hyl , di fluoronethyl, trifluoronethyl, or am nonethyl; R2 is

hydr oxy, fluoro, or nethoxy; R3 is hydrogen, fluoro, hydroxy, am no, or

nmet hoxy; RS is hydrogen or P309Hg.; 15 R8 is hydrogen or amno; RO is

hydr ogen, cyano, nethyl, hal ogen, or CONH2; and R10 and Rl11 are each

i ndependent |y hydrogen, fluoro, hydroxy, or amno; with the proviso that
when Rl is ~-methyl, FEhepredursirameStep Wdﬁ@n;g OFsIomiod) was dissolveddn EBr R8, and
R11 are hydig@syin afceﬁ‘@aé?@ (2 SL)ONFRY BRONAT, M%tur@@zaéevéﬂ%‘?at&ﬂm?ﬂmd of

.Caiml selectgedfromt e_group consi sting

4- ami no- 7- ( FeRCHEPISHIUIG snctﬁ%@v%r%# mthﬁ@gwe)(ﬂ?mlp}yﬂrehlgfezlﬁ RYFVHRAr di ne,
4- am no- 7- (a] ahml(e)su%]mmm Wde}edﬁtBH}’(lSB% 6@ mi; Q|3]1ﬂﬁﬁbl Wedene, 25

‘g et hyl § m o stlrred frlZDlgﬂ!T&t 5for 3 rrrulng(r)lfdlt'heaﬁ]l?xsté{re was co- é@laﬁ&Zt()e%i \ALJLZh tol uellg 6 hmdin

4- di met hy| amIro-The (@suBingedohytion/vBasPpaurdibifite the abyve) bréttopyparangfit @idigeyr i m di
ne, : . :

4-cycl opr opyiaéﬁ%“ﬁ%‘-‘ 9\_/e(r51_gg. n]étf%@f{tlfrg-vﬂs ]tl)%efdu“r’léng)é‘fﬁnf (th%ﬁhs? yltg d] pyrim
i di ne, 4- amwater(3 5000k mdcc(n:eernrawdomfdgr tadvesd prediure. The residue was

pyrrol of 2, 3xplohy }Q'drb?) lica gel (EtOAC/ 15/85
Y rinos 7. (5 o hyaéro s1 cagg, b AB: e&?%enosy ?toﬁ_f'fordan oil (60 mg). The

pyrrol OF@ 3 -OH]VW 56OH %ane 2 mL) and liquid ammonia (20 g) was added in a
4- am no- 7- (3taﬁrlésls@wépmbﬂwe (BreRnixinli® ek deMEY b 85°CH oY 18 A Bk ccbied sy | M di ne

4- ami no- 5- mEYRArated. Thesesidya,wps chromatographed am§ilics gel7H pyrr ol o( 2, 3-d] pyri ni d
i ne, 4-ani némeéthamol@ictiotopetiant: 1/Dpiof affcad deytite-Othpownd aé 6 s61& @9dhg).

P . i
B ot no- 5 b ELSMR YOMICRAOLS D.81,(5,3H), 3,35 (m, 2H. 416 G KD, 500 G 1L 41 i i
i ne, -805 \‘7@20?1865@2826?@'1'#1555@271)@08@,6 15 (d, lH J2.9 Hz), 6.59 (d, 1H, J 3.4
4- anuno- 5- clpt 9o 27(5(1% ﬁ:ﬁ@tj@y(id fﬁ Pﬂﬂ}z ?;.é:gééqﬁ)])-ﬂ_'- pyrrolo

7

[2,3-cl]pyriygdine. 4:am no- D-ri bofuranosyl)-7H

pyrrol o[ 2, 3- RMRO-dp): 11 Gﬁ)aﬁﬁﬁb 27%2%&&% BL@Z{QSP13ﬁbc3f)%|38nosyl) 7H
pyrrol o[ 2, 3109pyri49.85,181.77, 157.47.

2am'no7( rd oo nosyl)-7H pyrrol o[ 2, 3-d] pyri mdine, 5

2- am no- 4- cycﬁ)ﬁ%‘%@@r@ ? ](AZgéé{‘%et hyl - ~i - D-ri bof uranosyl ) - 7H pyrrol o[ 2, 3

d] pyri n2@i n&S-¥SaFowat: 288 2-(HED hgdleuldeDfariC) eF yuFNa@ oy R8T I pyi TA o

[2,3-dJpyri mdin-4(3H)-one, 4-am no-7-(2-Cethyl-~i-Dribofuranosyl)-7H

pyrrol o[ 2, 3-d] pyri m di ne,

4- ami no-7- (2-C, 2- O-di net hyl - ( 3- D-r i EXANMBPRESA } - 7H

pyrrol o[ 2, 3-d] pyri m di ne, 10

7-(2- C net hyl D-ri bof uranosyl)-7H pyrrol
(Crrety(37bouogos}¥) p;llcuoo

d]p ri mdin-4(3H)-one,
2- ani no- 5- 1%23-

rimidine

4 am no-7-( 3- deoxy 2- C- et hyl - (3 Drlbofuranos
pyri m di ne, 4-am no-7-(3-deoxy-2-C nethyl - (3-
pyrrol o[ 2,3-d] 15 pyri mdine, 74
4-am no-2-fluoro-7-(2-Cnmethyl-~i-D-ribo
i ne, 4-amno-7-(3-C nethyl-(i-DHD syllN=7H pyrrol o
[ 2, 3-d] pyri m dine,
4-am no- 7- ( 3- G- net hyl - (3- D- xyl of urano Qﬁapyrrol o[ 2, 3-d] pyrlmdl ne,
4-amno-7-{2,4-di -CGnethyl -~3-D-ri Jr a )-7H pyrrol o] 2, 3-d] pyri m di ne,
" and 25 tﬁé %8“

- 7H pyrrol 0[2 3- d]
T abi nof ur anosyl ) - 7H

4-chloro-7-[3,5-bis-0-(2.4-dichlorophenylmethyl

-D-ribofuranosyl]-7H-pyrrolo[2.3- imidine

-2-C,2-O-dimethyl-

Step A:
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20

4-am no- 7- ( 3-deoxy- 3-fl uoro-2-C nethyl - (3-D-ri bofuranosyl)-7H pyrrol o] 2, 3d]
pyri m di ngo oansnrehe corresponding 5 -tri phosphates; or a paajusesesks cal ly
acceptable salt thereof. 25 5. The conpound of Claim4 selected fromthe
group consisting of:

4-am no- 7- ( 2- G net hyl - ( 3- D- ar abi nof uranosyl ) - 7H pyrrol o[ 2, 3-d] pyri m di ne,
4-am no-7-(2-C nethyl -(3-D-ribofuranosyl)-7H pyrrol o] 2, 3-d] pyri m di ne,

4-am no-7-(2-C fluoronet hyl -~3-D-ri bofuranosyl)-7H pyrrol o[ 2, 3-d] pyri m di ne
, 30 To a pre-cooled (0°C) solution of the compound from Example 2, Step

ino Aam @E%S’%&@Wémﬂﬁﬁ 9%%"%*31# SRRSO dRIDS BlePs Py M ¢
[ 2, 3- cl Ipyr ianf dVakk(60% tnmingtad odh{4drmse.7L- zn@iét“ﬁbfr re(ﬂsln@gmb@rwawggﬁd) 7H

pyr rol of 2, 3- d%ﬁ)‘{g}i?t At Aiaf@ then poured into a stlrreicd m1xture of saturated aquecl)us ammonium
' [ 2ag1 ggp nr%@ (5%@%5‘3 dlc¥ orcgmetlﬁime PS?) nL'lJ]E)a r)gamé_lia r\Evgs \gashed with
4- am no- 7- ( 2v dlerA5Ondiyretidd/ (Mg SO D- anidevbparared siy é I-chy lrmltﬁ{g%rﬁdwﬂra&ﬁdt m di ne

. -81 WO Q2/ 057 /US 21 03 cor ond
tri phospidERuARE] of ShicaBepin i acEAd R GO SRR ofdions 6. The
corrpou nd of cmalmgSthMpr@duct wefg pooled and evaporated in vacuo to give the desired

acc e Ssa

4-am no- 7- ( 25 yjf%l %)pt ggﬁro?&le'g?fdﬁrﬁnosyl )-7H-pyrrol o[ 2, 3-d] pyrimdine; or

ereof. 7. The conpound of Claim5

a pharnaceu
Wmchl

or a pharmaceutically
which is 4-am no-7- (2G40 : A
pyrrolo[ 2, 3-cl]j pyrl m drmmcmnpaurmﬁonm&qum(ammg memhall)lwasaaddd t her eof .

LS oL T O Sl I SIS A 0 s e

phar nmac éﬁt i stdinlpssatack putatlhve atH0CCravemagltt, thedcdded ﬂitdethc omptentwdapﬂrateﬂdai m5

\rArhe![ (P:ISI ' ? 34[51@:;5% ; uregd;{gg%n; %v%s rpurllfmfl é)n gll%ﬁa el usm%ethxél acetate/hexane as the
phar maceut | €Aeny; Baetignsseniainieg themredushverepoo qd q@ﬁ&wm@ad mEC_UerQUS}l tion

conpri sing ah&adERedBrbdatt 3b4 Mg iaftdiofBst feamhar maceuti cal ly acceptable
carrier.

20 StepC: © 4-amino-7-(2-C,2-0O-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo]2,3-
d]pyrimidine

A mixture of the product from Step C (64 mg, 0.1 mmol), MeOH (5
mL), EtsN (0.2 mL) and 10% Pd/C (61 mg) was hydrogenated on a Parr hydrogenator
at 50 psi at room temperature overnight. The mixture was filtered throught celite,
25  evaporated in vacuo and filtered through a pad of silica gel using 2% methanol in

dichloromethane as eluent. The desired product was collected and evaporated in
vacuo. The compound was redissolved in methanol (10 mL) and 10% Pd/C (61 mg)
was added. The mixture was hydrogenated on a Parr hydrogenator at 55 psi at room
temperature for two weeks. The mixture was filtered through celite, evaporated in

30  vacuo and purified on silica gel using 10% methanol in dichloromethane as eluent.
Fractions containing the product were pooled and evaporated in vacuo to give the
desired product (110 mg) as a colorless foam.
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12. The pharmaceutical conposition of Caim 11 useful for inhibiting

RNA- dependent RNA viral polynerise, inhibiting RNA-dependent RNA
replicatiwg.02a82kpr treating RNA-dependent RNA viral infegidraike2dsdsd3. The
pharmaceutical conposition of Claim 12 wherein said RNA-dependent RNA viral
pol ynmerise is HCV NSSB pol yneri se, said RNAdependent RNA viral replication
is HCV replication, and said RNA-dependent RNA viral infection is HCV
infection. 35 -82 WO (12/(1S7287 PCT/ US02/0308C 14. A nethod of

i nhi bi ti ng RNA-dependent RNA viral polynerise and/or inhibiting

RNA- depender{] RNR (DMAO-depb 0t (s o03H 3.6h400 (ssBHY 32309 §overlapping o0, 4Fmmal i n

need of such dnfy biqti n f ol V- 1Ny o]
Oaima, 5 157 G e 4P BB T ERane, 0, TR AT BRIV
pol yneri se i(& IHV NSSB pol ymeri se and sai d RNA-dependent RNA viral
replication [icM$¥ouhd:ado3r @iy t418. fol €136 My ORIHIOG99f1 2t r eat i ng

-RNA- dependent RNA viral infection conprising admnistering to a manmal in
need of 8uch treatnent an effective anount of a conpound according to C aim
1. 17. The method of C aim 16 wher eip AMA FRNA- dependent RNA 15 viral
infection is HCV infection. 18. The nethod of Caim17 in conbination with
a therapeutically effective anobunt of another agent active against HCV. 20
19. The net koklediyldphiadM-R8CwhahvifrDedbsfumgesil)- Aktpywelolaid]pirinddine S
ribavirin; levovirin; thynosin al pha-1; an inhibitor of NS3 serine
protease; an inhibitor of inosine nonophosphatNHMehydr ogenase; interferon-a
or pegylated interferon-a, alone or in conbingtion with ribavirin or

| evovirin. 25 20. The nethod of C aim 19 eryy sai d agent active agai nst
HCV is interferon-a or pegylated interfé{on b, | one or in conbination with

ribavirin. 21. Use of acorrpounﬁ CI@'rN the inhibition of RNA
dependent RNA viral polynerise or” i MgrbNfi on of RNA-dependent RNA viral 30

replication in a manmmal . CHj
HO  OH
10 The compound from Step E of Example 2 (200 mg, 0.67 mmol) was

added to methylamine (5 mL condensed in a small stainless steel autoclave) and
warmed at 85°C for 48 h, then cooled and evaporated in vacuo. The crude mixture

was purified on a silica gel with ethanol as the eluent to give the title compound
which separated as an amorphous solid after treatment with MeCN. The amorphous
15  solid was dissolved in water and lyophilized to give a colorless powder (144 mg).
1 NMR (DMSO-ds): § 0.63 (s, 3H, CHs), 3.32 (s, 3H, N CHz), 3.58-3.67 (m, 1H, H-
5’), 3.79-3.39 (m, 3H, H-5”, H-4’, H-3"), 5.03 (s, 1H, 2’-OH), 5.04-5.11 (1H,3’-OH,
1H, 5°-OH), 6.14 (s, 1H, H-1"), 6.58 (d, 1H, Js6 = 3.6 Hz, H-5), 7.46 (d, 1H, H-6),
7.70 (br s, 1H, NH), 8.14 (s, 1H, H-2).
20 LC-MS: Found: 295.1 (M-H); calc. for C13H]18N4O4+HT: 294.3.

EXAMPLE 32

4-Dimethylamino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-d]pyrimidine
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22. Use of a conpound of Caim1l for treatnment of RNA dependent RNA viral
infection in a mamml . -83 WO 02/ 07287 PCT/ US(12/03f 18G 23. The use of
Cl ai m 22 whanesnssai d RNA-dependent RNA viral infection igchrapetiioge C
infection. 24. Use of a conmpound of Claiml in the nmanufacture of a 5
medi canment for the inhibition of RNA-dependent RNA viral polynerase or the
i nhi bition of RNA-dependent RNA viral replication in a mammal. 25. Use of a
conmpound of Claim1l in the manufacture of a nedi canent for treatnment of
RNA- dependent RNA viral infection in a mamal . @0 26. The use of Caim 25
wherein sai d RNA-dependent RNA viral infectionV'§hepatitis Cinfection. s
-84
LA%A A ALCALLA LA LA AL AL AL. A{ . .Kd\.‘A{‘.A{‘.AL.A‘.AL.A&s.As.A,
EA&A9AAAAAsAsA{LAAAFL A;JAAAfZAsAAAAh&A
;& AL.AL.A".A .A . A . AL. A . As. AH ‘DAA.MAAsAALAQAAA&LAs
-AAsALA{AALALAAAA92A :
xx(x# #. 9<<8x9x°°pppppppp>p<p8xxxxppp

797>||<<x0>>x0xx<<<><<<<<<9x<x<>|<|<<<<<<<|<9<9<7|<> <x<||<x><<<<<<9<<<|<><
<<LL<>X<>P???2~?px 2?8 Ahecompound from Step E of Example 2 (200 mg, 0.67 mmol) was

(#. #. 37PP~?2dqeti 18 FABRR ""ﬁ’e ("5"mi<c"~&ehs9&<?h°ﬁ<4 AP 8RB 281 Zt cha"é%%Rr"pK”p"

???????? ??79x?88<<<<<<% << X 2PXXSX<BKBXXXP?>?~~~~27~~2??2777~| 7X7?" L45
e warmed at 85°C for 48 , then cooled and evaporated jn vacuo. The crude mixture

LL(L#. #. §°°%§>pﬁﬁﬂ8d<mﬁsﬂm5g8hﬁftﬁlsihlahcbllasﬂfel eThent &) B iextxd o<cbingblond| X<| | ~| ~7?|

| | XXXXXXX| ppR8X<X<0<888~><?X?~~~? ~272>| 27 999>~~99£999>>>>>> >>| >~??7~<<~

22922222y 22 WL 9@@? 9aaax$m§w é?b$z@%é@@@2w&%®&;4i§§p S>> ppp

oo O ST R 5y BRI GFg) 701
2] X8~~~ 73&&6@@?LH7H~55)78~75/~$9 {m~9H~H’5~’~H-4~'>Hr35PI 4 6] IHLAtOH),~| 2~ ?2~~
? ? 2, By ? o3 227, ? V4 22328
il SRR G o elieh SHER R e
<=2 BB TH 56, 5.13 (o, 1H, H2),

| | (|# # 8~ <£’€3~Ms~~}?otﬁa’>??eg3$ﬂﬂ&l“’x»xﬁ’%?ﬂquldgcﬂs&exxxwpxo@%«| xxpppxx>| | <<?~

9 ||99||| ~~~~~ 99~~99~~? ~~~~~~~~~~ >|9p999>99|9999 <99><8<<<<<<8>8<8x8888<<<

<<><| <<<<<<<88<8| 88888800000x 0x <0<>FBRGVIPDEBA0| <00ppppxX| Xx8>8>8x<~>????| | ><
<?~ OOOX g?77777777777777777777777 ~Q=007?22??7?7?7?7?2?2?7?>D: : 7" M45 | C

MMV M. #.5° <| x2XppX?| P<<’ 222~2X| P?~X2X>8><><><><>8>8>X>X 2?7 ~X8<?<<><888XPPP<X?
——>aP~ ')')>')mmcmmmm?zﬁz-ﬁbmath%B—i)—nbofﬁmfésﬂ)—lMZ'B?@lﬁ%ﬂu@ﬁex >~x| ?

Ubfsk X

HN
NN
ae
HO—\ O N
Me
HO  OH

The compound from Step E of Example 2 (200 mg, 0.67 mmol) was
added to cyclopropylamine (5 mL condensed in a small stainless steel autoclave) and

20 warmed at 85°C for 48 h, then cooled and evaporated in vacuo. The crude mixture
was purified on a silica gel with ethanol as the eluent to give the title compound
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3AK~xsmhb] XS] ca] ca] ca] c*a] ca] c”a] ca] c”a] ca] c”a] ca] c*a] cal] cal] ca] cTa] ca] c”a
] ca] c”a] ca] ca] ca] ca] ca] ca] cal] caU] ca] caU calc\a 2: N, u #gX(Fd<' S W
zupkf " [ Volvpabkmatdsea)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calkgalsdahsigs cal cal c
a] cal] ca] ca] ca] ca] ca] c”a] ca] c™a] ca]calw

+H " HASSUCEN &z &&&&&' ' 5 F' (N)L**. .../ /000| vgl gb] W] U] ca] ca] ca] ca] ca] cal] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal 0113H3i 4445555 5K57516d;

S oo el o, )
PPSz SSSSSTUMUWU&VGMWIW\YN‘WSM@[] plliledd fbaind cedlondss pulvda] @a¥he) caV] cal c

Wiz, 2B T %""bi’é’ﬂoﬁlﬁ&@kﬁﬁyﬁf B AP ool o

caa ca] ca] c 3. &abipd dinc &M} Haf’0.23/72-31824x, H} Hai] 0ad. 8&\3}%@@@&1/]10&1] 3daV3.063)saV] ca]

.caV]ca]cg]c

aaaabbbbgcdaig-i:d'(}ﬂg?f’fS Ny ?1%%#&&}(;?&&(]5 6rrlh5 & bﬁl]lc%l]7c4a8](ga] ca ‘]t:a] cal ca
cHjld

] ca] ca] cal] 2éa] cal] caV] ca] caV] ca] caV] ca] caV]
cal caV] ca *rII(EﬁMBmF@ﬁﬂpBZl 1 M-H); calc. for C15H20N404+H*: 320.3.

gqqqqqrr Or ?rssssttltLtu' urubDuMut u| w ngb] X] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca
]calc

a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]EgAMHIF}4a] ca] ca] ca] ca] ca] ca! t uxuuuuuu
uuvj VUX).;i =yy) { 1{ 4{ >{ O YN"g- } xr ngb] Xngb] X] ca] ca] ca] cal] ca] ca] c”a] ca] ca] ca] c"a
] ca] ca] gU] caj caU] ca] caj ca] caj ca] ca] ca] ca] cal ca] ca] caj ca] ca] ca] cal ca

3@ Jdv: x} .\ YgAnd g LAz LY ¥z 100 Apwahakneca) ca) cal ca] c”
a] ca] ca] cal] ca] ca] ca] caj ca] cal ca] ca] c"a] ca] ca] ca] c"a] ca\/] ca

m s{ 9% T&my"{ upkf a\ W c] ca] ca] ca] ca] ca] cal] ca] caNth] ca] ca] cal] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ga! 8*(_: | wnga\ V{upkfa\W]c"a

] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c carepU ca] caD ] ca] cab;

] ca] ca] caD] ca] ca] ca] c”a] ca] ca] ca: 19<FU*7X Lfl} xsnijd_ZU] ] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] c” aj ga]N:a] RYl ca] caV] ca] ca] ca] ca] ca] cal
ca] ca] cal <?278<?1 Y5<T] "]} wr | gb] | ] c] ca] ca] ca] caV] ca] caV] ca] caV] ca]
caV] ca] caV] ca] ca] c”a] ca]ca] caUca] c ca] ca] ca] ca] ca] c2a] ca] c™a] ca] c”a]

g! hvy! ${vqgl ga\Wd_zU]]] ca] cal] ca] ca] ca ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca]ca] ca
U] ca] ca] ca] c*a] ca] c*a] ca] c”a] ca] ca] cMa] caPth] cra] cna

$xnnr KNNTV} ~yt ngb] Wga\Wd_zU] ] V] ca] ca] caV] ca

&chf]cgflcgflc A2Ul calLp, 9@L&b’ﬂdt&@%mdlﬁl@%ﬂyfsﬂbﬁﬂ%&ﬁkﬁ&]@?%ﬁ@l cal ca] ca
TApz} 6] vgkf " [\/d ZU]]] =% &) 3G eanipe/ EbpyEelbiahiparimidine a] caVv] ¢
a] ca] cajisal] ca] ca] ca] cdha]w@l&aisc@(f@a&&ﬁhaahaﬁﬂ 08)-82D 2Wofuranosyl]-4-[(4-

OH QzZ$_~xsni cMYTi d_Z] cal,cal mﬁﬂﬁ%ﬁh& ?Aeftﬁ‘y calg‘_L anvr' 7:{:\‘]1,]0]“/] ca[c"a] ca] c®

aj caVv] ca] ca] ca] c”a] caVEa R R RO AN AHINO Mas

0/? 7| ]yt ni ]j Z]UI d 7]] i:a] CEd a:a]lam]n:aﬂmmﬁxea»fa?a}m])@aﬂde’fmhcﬂwb@abﬁm@qﬂ@saw cajc
aJ cal c™a] ca (o3
{vpke_YTid fﬁcﬁa@]%/a(?%kzﬁabﬁg] ca ﬁﬁ%&g}d c?’yn?;@é] g&%}%ﬁs aé‘]if(':cl a] ca] c”a] ca] c™a

] ca] c"a] ca] ongreametialytalytetigida(0cy) & 4} U]and the reactlon rmxture was stirred

R =
L SR e e e
] ca] ca] ca] C/vg«]sd)&rtltloncd etween CH 12 ( ) and water (20 mL). The orgamc ayer was

FONDQDO00111 GlRaBaE I dSohe SHRANBANT ahe chieshadld cahe bt oa) ca) cal ot
!afJ]aL;] 21;:?] ?1%11?)?%1%%] ﬁlo(i x]nnu mg 3%) %t&l\g r]l?g a%g A C luL aIlhca] caVca] c
h;u; ~; ;) >)apprdpRiat TRRABRYRerR@blipdted ind chntranddta]fomtifhc2i] X djx@}@dHa] cal] ca] c

| a] c0a] cakc” q) elinedlytalypRhfidbc 3688 (3Lt il T AL EAkE aLoRbGaGR] cal cO
@A4N AAABPRoORIRsBRexSSBF A mRROE B rmEFepeftivel yYOHHHH{ vakf a[ Vi d_Z] ] ca] c”a] ca] ca

"] cna] ca] ca] ca] cOa] ca] ca] cal] ca] ca] c*a] cMa] ca] ca] ca] ca] c™a] ca] ca] cOa] ca] c"a]
cMa]lca]calcalctalca H 1 & =11JJJJJi KLLLLM

MVOOOPQRRRYRRRV SUU, V~yt o] d_ZTi d_Z] c”a] ca] ca] c™a] ca] ca] ca] caU] ca] ca] ca] c™a]c
aV] ca] ca] c*a] ca] ca] c™a] ca] c’\a] ca] cal] ca] LfaU] caj ca] ca] ca] ca] ca] c*a

, V_XbXXYZzZzZZ[ }\]11111]~""~ty” GbQoTb"bn'b@ccf ztoje ZU d_Z]]calc™a]calca]ca]c
aU] ca] ca] ca] c”a] caV] ca] ca] c*a] ca] ca] cOa] ca] c”a] c”a] ca] ca] cal] ca] cal] ca] ca] c
a]J ca] c™a] ca] ca

f CgFgTg#h*hhjjjfjnjqj{jjjjjj!nnn]nancnenl nnnnnzupje_Zje zZU d_Z]]ca]ca]c”a]c
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()- ' @O%H& ()- ! Ny#" ilmaprikgtiyrgd susgpmsigueof( ohromium trioxide (91 mg, 0.91 mmol)

5 in CH,Cl; (4 mL) at 0°C were added pyridine (147 pL, 1.82 mmol) and then acetic

anhydride (86 uL, 0.91 mmol). The mixture was stirred at room temperature for 0.5
h. Then the 2°,5’-bis-O-(tert-butyldimethylsilyl) protected nucleoside from step A
(343 mg 0.45 mmol) in CH,Cl; (2.5 mL) was added and the mixture stirred at room
temperature 2 h. The mixture was then poured into ice-cold EtOAc (10 mL) and

10  filtered through a short silica gel column using EtOAc as the eluent. The filtrate was
evaporated and the residue purified on a silica gel column with hexanes and
hexanes/EtOAc (7/1) as the eluent to give the title compound (180 mg).

Step C: 7-[2,5-Bis-Q-(tert-butyldimethylsilyl)-3-C-methyl-B-D-ribofuranosyl)-
15 4-[(4-methoxyphenyl)diphenylmethyllamino-7H-pyrrolo{2,3-
dlpyrimidine and 7-[2,5-Bis-O-(tert-butyldimethylsilyl)-3-C-methyl-B-
D-xylofuranosyl)-4-[(4-methox yphenyl)diphenylmethyl Jamino-7H-

pyrrolof2,3-dipyrimidine
To a mixture of MeMgBr (3.0 M solution in ether; 0.17 mL, 0.5 mmol)
20  in anhydrous hexanes (1.5 mL) at room temperature was added dropwise a solution of

the compound from Step B (78 mg, 0.1 mmol) in anhydrous hexanes (0.5 mL). After
2 h stirring at room temperature, the reaction mixture was poured into ice-cold water
(10 mL) and diluted with EtOAc (20 mL), then filtered through Celite which was then
thoroughly washed with EtOAc. The layers were separated and the organic layer was

25  washed with brine, dried (N2;SO,) and concentrated. The residue was purified on a
silica gel column using 8 to 25% EtOAc in hexanes as eluent to give the 3-C-methyl
xylo- (60 mg) and the 3-C-methyl ribo-isomer (20 mg).

Step D: 4-Amino-7-(3-C-methyl-B-D-xylofuranosyl)-7H-pyrrolo[2.3-
30 dlpyrimidine

To an ice-cold solution of 3-C-methyl-xylo isomer from Step C (60
mg, 0.08 mmol) in THF (2 mL) was added TBAF (1 M in THF; 0.32 mL, 0.32 mmol).
The reaction mixture was stirred at room temperature for 5 h, then diluted with
CH,Cl; (50 mL), washed with water (3 x 15 mL), dried,and evaporated. The residue
35 was dissolved in dioxane (0.3 mL) and 80% acetic acid (3 mL) was added. The
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10! NI 1H NMR (CDsCN): 6 1.28 (s, 3H, CHj), 3.56 (br s, 1H, OH), 3.78 (m, 3H, H-4’, H-

5’, H-57), 4.10 (br s, 1H, OH), 4.44 (d, 1H, J>;» = 3.9 Hz, H-2"), 5.58 (d, 1H, H-1"),
5.85 (brs, 2H, NHj), 6.15 (br s, 1H, OH), 6.48 (d, 1H, J56 = 3.7 Hz, H-5), 7.23 (d,
10 1H, H-6), 8.11 (s, 1H, H-2). ES-MS: 281 [MH]".

EXAMPLE 35

4-Amino-7-(3-C-methyl-B-D-ribofuranosyl)-7H-pvrrolof2.3-dlpyrimidine

15

NH,

(f )
N 2
HO 0] N
Me
HC:; H

The ribo-isomer (20 mg) from Step C of Example 32 was deprotected
using the procedure described in Step D of Example 32 to yield the title compound (4
mg).
20 1HNMR (CD;CN): 8 1.43 (s, 3H, CHs), 3.28 (br s, 1H, OH), 3.58 (m, 2H, H-5’, H-
57),3.99 (m, 1H, H-4"), 4.10 (br s, 1H, OH), 4.62 (d, 1H, J»;» = 8.1 Hz, H-2"), 5.69
(d, 1H, H-1’), 5.88 (br s, 3H, OH, NH>), 6.45 (br s, 1H, OH), 6.51 (d, 1H, Js5=3.7
Hz, H-5), 7.19 (d, 1H, H-6), 8.12 (s, 1H, H-2). ES-MS: 281 [MH]".

25 EXAMPLE 36

2,4-Diamino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-
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A mixture of the product from Step B of Example 4 (24 mg) in
aqueous ammonia {30%, 10 mL) was heated in a stainless steel autoclave at 100 °C
overnight, then cooled and evaporated. The residue was purified on a silica gel

5  column with CH,Cl,/MeOH (10/1 and 5/1) as the eluent to afford the title compound
(15 mg). '
IH NMR (DMSO-dy): 6 0.68 (s, 3H, CHs), 3.48-3.58 (m 1H, H-5%), 3.68-3.73 (m, 2H,
H-5", H-4’), 3.84 (m, 1H, H-3"),4.72 (s, 1H, 2’-OH), 4.97-5.03 (m, 2H, 3’-OH, 5’-
OH), 5.45 (br s, 2H, NHy), 6.00 (s, 1H, H-1"), 6.28 (d, 1H, J = 3.7 Hz, H-5), 6.44 (br
10 s,2H, NH;) 6.92 (d, 1H J = 3.7 Hz, H-6).
ES MS: 294.1 (M-H").

EXAMPLE 37

15

To a solution of HF/pyridine (70%, 2 mL) diluted with pyridine (1 mL)
at —30 °C is added the compound of Example 36 (60 mg, 0.2 mmol) in 0.5 mL
pyridine followed by tert-butyl nitrite (36 pL, 0.3 mmol). Stirring is continued for 5
20 min -25 °C. Then the solution is poured into ice-water (5 mL), neutralized with 2 N
aqueous NaOH, and evaporated to dryness. The residue is purified on a silica gel
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Step A: 4-Acetylamino-7-(2.3,5-tri-Q-acetyl-2-C-methvl-B-D-ribofuranosyl)-

7H-pyrrolo[2,3-d]pyrimidine
10 To a solution of the compound from step F of Example 2 (280 mg,

1.00 mmol) in pyridine is added acetic anhydride (613 mg, 6.0 mmol). The resulting

solution is stirred overnight at ambient temperature evaporated in vacuo and the

resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the

eluent. Fractions containing the desired product are pooled and evaporated in vacuo
15 to give the desired product.

Step B: 4-Acetylamino-5-bromo-7-(2,3,5-tri-O-acetyl-2-C-methyl-B-D-
ribofuranosvyl)-7H-pyrrolof[2.3-dlpyrimidine

To a pre-cooled (0°C) solution of the compound from Step A (460 mg,
20 1.00 mmol) in DMF is added N-bromosuccinimide (178 mg, 1.0 mmol) in DMF. The
resulting solution is stirred at 0°C for 30 min then at room temperature for another 30
min. The reaction is quenched by addition of methanol and evaporated in vacuo. The
resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the
eluent. Fractions containing the desired product are pooled and evaporated in vacuo

25  to give the desired product.

Step C: 4-Amino-5-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolof2,3-
dlpyrimidine
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slowl owed to come o amblent mperature and then poured into a stirred mixture

of saturated aqueous ammonium chloride and dichloromethane. The organic phase is

evaporated in vacuo and treated with ammonium hydroxide at 55°C in a closed

container overnight. The resulting crude mixture is purified on silica gel using

dichloromethane/methanol as the eluent. Fractions containing the desired product are
10 pooled and evaporated in vacuo to give the desired product.

BIOLOGICAL ASSAYS

The assays employed to measure the inhibition of HCV NS5B
15  polymerase and HCV replication are described below.

The effectiveness of the compounds of the present invention as
inhibitors of HCV NS5B RNA-dependent RNA polymerase (RdRp) was measured in
the following assay.

A. Assay for Inhibition of HCV NS5B Polymerase:
20 This assay was used to measure the ability of the nucleoside

derivatives of the present invention to inhibit the enzymatic activity of the RNA-
dependent RNA polymerase (NS5B) of the hepatitis C virus (HCV) on a heteromeric
RNA template.

25  Procedure:
Assay Buffer Conditions: (50 pL -total/reaction)
20 mM Tris, pH 7.5
50 uM EDTA
5SmM DTT
30 2 mM MgCl;
80 mM KCl
0.4 U/pL. RNAsin (Promega, stock is 40 units/pL)
0.75 pg t500 (a 500-nt RNA made using T7 runoff transcription with a sequence
from the NS2/3 region of the hepatitis C genome)
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final concentration.

An appropriate volume of reaction buffer was made including enzyme
and template t500. Nucleoside derivatives of the present invention were pipetted into
the wells of a 96-well plate. A mixture of nucleoside triphosphates (NTP’s),

10  including the radiolabeled GTP, was made and pipetted into the wells of a 96-well
plate. The reaction was initiated by addition of the enzyme-template reaction solution
and allowed to proceed at room temperature for 1-2 h.

The reaction was quenched by addition of 20 uL. 0.5M EDTA, pH 8.0.

Blank reactions in which the quench solution was added to the NTPs prior to the
15  addition of the reaction buffer were included.

50 pL of the quenched reaction were spotted onto DE81 filter disks
(Whatman) and allowed to dry for 30 min. The filters were washed with 0.3 M
ammonium formate, pH 8 (150 mL/wash until the cpm in 1 mL wash is less than 100,
usually 6 washes). The filters were counted in 5-mL scintillation fluid in a

20  scintillation counter.

The percentage of inhibition was calculated according to the following
equation: %Inhibition = [1-(cpm in test reaction - cpm in blank) / (cpm in control
reaction - cpm in blank)] x 100.

Representative compounds tested in the HCV NS5B polymerase assay

25  exhibited ICs¢’s less than 100 micromolar.

B. Assay for Inhibition of HCV RNA Replication:
The compounds of the present invention were also evaluated for their

ability to affect the replication of Hepatitis C Virus RNA in cultured hepatoma (HuH-
30  7)cells containing a subgenomic HCV Replicon. The details of the assay are
described below. This Replicon assay is a modification of that described in V.
Lohmann, F. Korner, J-O. Koch, U. Herian, L. Theilmann, and R. Bartenschlager,
“Replication of a Sub-genomic Hepatitis C Virus RNAs in a Hepatoma Cell Line,”
Science 285:110 (1999).
35
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formalin), permeabilized (20 min, 0.25% Triton X-100/PBS) and hybridized
(overnight, 50°C) with a single-stranded *>P RNA probe complementary to the (+)
strand NS5B (or other genes) contained in the RNA viral genome. Cells were
10 washed, treated with RNAse, washed, heated to 65°C and counted in a Top-Count.
Inhibition of replication was read as a decrease in counts per minute (cpm).

Human HuH-7 hepatoma cells, which were selected to contain a
subgenomic replicon, carry a cytoplasmic RNA consisting of an HCV 5’ non-
translated region (NTR), a neomycin selectable marker, an EMCV IRES (internal

15  ribosome entry site), and HCV non-structural proteins NS3 through NS5B, followed
by the 3° NTR.

Representative compounds tested in the replication assay exhibited
ECso’s less than 100 micromolar.

20 The nucleoside derivatives of the present invention were also evaluated

for cellular toxicity and anti-viral specificity in the counterscreens described below.

C. COUNTERSCREENS:
The ability of the nucleoside derivatives of the present invention to

25  inhibit human DNA polymerases was measured in the following assays.

a. Inhibition of Human DNA Polymerases alpha and beta:

Reaction Conditions:

30 50 pL reaction volume

Reaction buffer components:
20 mM Tris-HCI, pH 7.5

200 pg/mL bovine serum albumin
35 100 mM KC1
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f#10% ut ug& @M E-mgreapiogthanol ¢ 216789Fz1 AP10&10% & ()- 10tt 10tt
10tt!, 3. G 1(1%&11@11(/136»4 3.G' 109%& () M,3.G10% ()-Mt, 3. G 10%H& () - MFU+* zX
.6’\P10| |~ 1" 1QY&. -I N "1(%«1&&1% y" 10%& ()-l\/‘y"10%&' ()-'ky"10%& ()-

" 10% & () - & 9% #10%‘()--'\ y -#10%b& ()--1f'y
-#10%ad& () PP dATRI09& ()--!y
- #1098 (k- -uV710! FSF10% &' () LlO% & ()-9,510% & ()-g 10% & () -
"1 10% & (}’) 910% & ()- 10' 7J0zX6710! L} O0y109%& () -
@10% . & () Enzymeepdeniplatel y10%b=b& ()-' 'Jle%&' ()-'y10% & ()-'ou{\:0!'! 10%
& () - 10% &(05 mg/mL gapped fish sperm DNA template

0.01 U/uLL DNA polymerase o or

10  Preparation of gapped fish sperm DNA template:
Add 5 pLL 1M MgCl, to 500 pL activated fish sperm DNA (USB 70076),
Warm to 37°C and add 30 uL of 65 U/uL of exonuclease III (GibcoBRL 18013-011);
Incubate 5 min at 37°C;
Terminate reaction by heating to 65 °C for 10 min;

15 Load 50-100 pL aliquots onto Bio-spin 6 chromatography columns (Bio-Rad 732-
6002) equilibrated with 20 mM Tris-HCI, pH 7.5;
Elute by centrifugation at 1,000Xg for 4 min;

Pool eluate and measure absorbance at 260 nm to determine concentration.

20 The DNA template was diluted into an appropriate volume of 20 mM
Tris-HCI, pH 7.5 and the enzyme was diluted into an appropriate volume of 20 mM
Tris-HCI, containing 2 mM f-mercaptoethanol, and 100 mM KCl. Template and
enzyme were pipetted into microcentrifuge tubes or a 96 well plate. Blank reactions
excluding enzyme and control reactions excluding test compound were also prepared

25  using enzyme dilution buffer and test compound solvent, respectively. The reaction
was initiated with reaction buffer with components as listed above. The reaction was
incubated for 1 hour at 37°C. The reaction was quenched by the addition of 20 uL
0.5M EDTA. 50 puL of the quenched reaction was spotted onto Whatman DES1 filter
disks and air dried. The filter disks were repeatedly washed with 150 mL 0.3M

30 ammonium formate, pH 8 until 1 mL of wash is < 100 cpm. The disks were washed
twice with 150 mL absolute ethanol and once with 150 mL anhydrous ether, dried and
counted in 5 mL scintillation fluid.
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100& () - 10vabition o tuman £ 10%HaHg ()-f!y" S&" 10%<& ()

-f1f S8 10% Hf H&' () - flﬁls&omﬁ)@\f&rmmbltlan ofhmaEN@p@mm g@m&m@)- I W@L0%
W& () - F" " 108dadirkd in l8icks (hat 1Mmam9 nzgme 10 yM dATP, dGTP, dCTP

o S O B b bt %1

10\ 910% &' ( (purdhastd 6% @scaledmmléapl%a\wfﬁr @ntammgnmfpwpms pH8) 2 HMBYR () - ! #

1 10% \ &} ! eactions were
" 10%4H8! ?3 w&&ﬁ%?@onwﬁd’?m%@ M Fg;z[ <Hi JJ%LLBSA Reactions w

10948 () - y 1eiipised Yo pro@eidos e af ;37"0@30% gseriched byradditian 0§ 0.SMSEDTA to
10%4& () -~ ZXHhi concentration of 142 mM. Product formation was quantified by anion
exchange filter binding and scintillation counting. Compounds were tested at up to 50
uM.
15 The percentage of inhibition was calculated according to the following

equation: % inhibition = [1-(cpm in test reaction - cpm in blank)/(cpm in control
reaction - cpm in blank)] x 100.

The ability of the nucleoside derivatives of the present invention to
20  inhibit HIV infectivity and HIV spread was measured in the following assays.

c. HIV Infectivity Assay
Assays were performed with a variant of HelLa Magi cells expressing
both CXCR4 and CCRS selected for low background B-galactosidase (B-gal)
25-  expression. Cells were infected for 48 h, and B-gal production from the integrated

HIV-1 LTR promoter was quantified with a chemiluminescent substrate (Galactolight
Plus, Tropix, Bedford, MA). Inhibitors were titrated (in duplicate) in twofold serial
dilutions starting at 100 uM; percent inhibition at each concentration was calculated
in relation to the control infection.
30

d. Inhibition of HIV Spread

The ability of the compounds of the present invention to inhibit the
spread of the human immunedeficiency virus (HIV) was measured by the method
described in U.S. Patent No. 5,413,999 (May 9, 1995), and J.P.Vacca, et al., Proc.
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€. Cytotoxicity assay:

10 Cell cultures were prepared in appropriate media at concentrations of
approximately 1.5 x 10° cells/mL for suspension cultures in 3 day incubations and 5.0
x 10* cells/mL for adherent cultures in 3 day incubations. 99 pL of cell culture was
transferred to wells of a 96-well tissue culture treated plate, and 1 pL of 100-times
final concentration of the test compound in DMSO was added. The plates were

15  incubated at 37°C and 5% CO for a specified period of time. After the incubation
period, 20 pL of CellTiter 96 Aqueous One Solution Cell Proliferation Assay reagent
(MTS) (Promega) was added to each well and the plates were incubated at 37°C and
5% CO,, for an additional period of time up to 3 h. The plates were agitated to mix
well and absorbance at 490 nm was read using a plate reader. A standard curve of

20  suspension culture cells was prepared with known cell numbers just prior to the
addition of MTS reagent. Metabolically active cells reduce MTS to formazan.
Formazan absorbs at 490 nm. The absorbance at 490 nm in the presence of
compound was compared to absorbance in cells without any compound added.
Reference: Cory, A. H. et al., “Use of an aqueous soluble tetrazolium/formazan assay

25  for cell growth assays in culture,” Cancer Commun. 3: 207 (1991).

The following assays were employed to measure the activity of the
compounds of the present invention against other RNA-dependent RNA viruses:

30  a. Determination of In Vitro Antiviral Activity of Compounds Against Rhinovirus
(Cytopathic Effect Inhibition Assay):

Assay conditions are described in the article by Sidwell and Huffman,
“Use of disposable microtissue culture plates for antiviral and interferon induction
studies,” Appl. Microbiol. 22: 797-801 (1971).
35
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10ncnc carcinoma cells. MEM (Eagle’s rmmmum essential me 1um) with 5% Fetal Bovine

serum (FBS) and 0.1% NaHCO; was used as the growth medium.

Antiviral test medium for all three virus types was MEM with 5% FBS, 0.1%

NaHCO3, 50 pg gentamicin/mL, and 10 mM MgCl».

15 2000 pg/mL was the highest concentration used to assay the compounds of the present
invention. Virus was added to the assay plate approximately 5 min after the test
compound. Proper controls were also run. Assay plates were incubated with
humidified air and 5% CO, at 37°C. Cytotoxicity was monitored in the control cells
microscopically for morphologic changes. Regression analysis of the virus CPE data

20  and the toxicity control data gave the ED50 (50% effective dose) and CC50 (50%
cytotoxic concentration). The selectivity index (SI) was calculated by the formula: SI
= CC50 + ED50.

b. Determination of In Vitro Antiviral Activity of Compounds Against Dengue,

25 Banzi, and Yellow Fever (CPE Inhibition Assay)

Assay details are provided in the Sidwell and Huffman reference above.

Viruses:
Dengue virus type 2, New Guinea strain, was obtained from the Center for Disease
Control. Two lines of African green monkey kidney cells were used to culture the

30  virus (Vero) and to perform antiviral testing (MA-104). Both Yellow fever virus, 17D
strain, prepared from infected mouse brain, and Banzi virus, H 336 strain, isolated
from the serum of a febrile boy in South Africa, were obtained from ATCC. Vero
cells were used with both of these viruses and for assay.

35
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F"10% " & () -Ifesferon: Microspectrophotometric Quantitation of Cytopathic Effect,” Appl.
Environ. Microbiol. 31: 35-38 (1976). A Model EL309 microplate reader (Bio-Tek
30 Instruments Inc.) was used to read the assay plate. ED50’s and CD50’s were

A

calculated as above.

EXAMPLE OF A PHARMACEUTICAL FORMULATION
As a specific embodiment of an oral composition of a compound of the

35  present invention, 50 mg of the compound of Example 1 or Example 2 is formulated
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preferred doses as set forth heeinabove may be applicable as a consequence of
variations in the responsiveness of the human being treated for severity of the HCV
10  infection. Likewise, the pharmacologic response observed may vary according to and
depending upon the particular active compound selected or whether there are present
pharmaceutical carriers, as well as the type of formulation and mode of administration
employed, and such expected variations or differences in the results are contemplated
in accordance with the objects and practices of the present invention. It is intended
15  therefore that the invention be limited only by the scope of the claims which follow
and that such claims be interpreted as broadly as is reasonable.
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to three fluorine atoms;
R2 is hydrogen, fluorine, hydroxy, mercapto, C1-4 alkoxy, or C1-4 alkyl; or R1 and

g ()- Xs0Z"10% "' & () -
H‘tﬁNf"lO%&'() MNf"10% & ()-M
R810% " & ()- '10%": & ()-S

10  R2 together with the carbon atom to which they are attached form a 3- to 6-membered
saturated monocyclic ring system optionally containing a heteroatom selected from O,
S, and NCq-4 alkyl;
R3 and R4 are each independently selected from the group consisting of hydrogen,
cyano, azido, halogen, hydroxy, mercapto, amino, C1-4 alkoxy, C2-4 alkenyl, C2_4

15 alkynyl, and Cj-4 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy,
amino, C1-4 alkoxy, C1-4 alkylthio, or one to three fluorine atoms;
RS is hydrogen, C1-10 alkylcarbonyl, P309Hy4, P2O6H3, or P(O)R 13R14;
R6 and R7 are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl;
R8 is hydrogen, C1-4 alkyl, C24 alkynyl, halogen, cyano, carboxy, C]-4

20  alkyloxycarbonyl, azido, amino, C]-4 alkylamino, di(C1-4 alkyl)amino, hydroxy,
C1-6 alkoxy, C1-6 alkylthio, C1-6 alkylsulfonyl, (C1-4 alkyl)p-2 aminomethyl, or
C4.-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups
independently selected from halogen, hydroxy, amino, C1-4 alkyl, and C1-4 alkoxy;
R9 is hydrogen, cyano, nitro, C1-3 alkyl, NHCONH2, CONR12R12, CSNR12R12,

25 COORI2, C(=NH)NH2, hydroxy, C1.3 alkoxy, amino, C1-4 alkylamino, di(C1-4
alkyl)amino, halogen, (1,3-oxazol-2-yl), (1,3-thiazol-2-yl), or (imidazol-2-yl); wherein
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each R12 is independently hydrogen or C]_g alkyl; and

R13 and R14 are each independently hydroxy, OCH2CH2SC(=0)C1.4 alkyl,

10 OCH20(C=0)OC}.-4 alkyl, NHCHMeCO2Me, OCH(C]-4 alkyl)O(C=0)Cj.4 alkyl,

E2N #N
07 Y S(CH)11CH, . 07 Y S(CH,)7CH
O(CH,)CHs OCO(CHy);4CH3

with the proviso that when R1 is B-methyl and R4 is hydrogen or R4 is B-methyl and
R1 is hydrogen, R2 and R3 are o-hydroxy, R10 is amino, and RS, RS, R7, RS, and
R11 are hydrogen, then R9 is not cyano or CONH>.

15

2. The compound of Claim 1 of the structural formula II:

Rg R10

Re—¢ |\N
RSO\ o N N/)\R”
R1
R® R®

(1))

or a pharmaceutically acceptable salt thereof;
20  wherein
Rl is C1.3 alkyl, wherein alkyl is optionally substituted with hydroxy, amino, C1.3
alkoxy, C1-3 alkylthio, or one to three fluorine atoms;
R2 js hydroxy, fluoro, or C1.4 alkoxy;
R3 is hydrogen, halogen, hydroxy, amino, or C1-4 alkoxy;
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R3 is hydrogen, fluoro, hydroxy, amino, or methoxy;
RS is hydrogen or P309H4;
15 R8ishydrogen or amino;
R9 is hydrogen, cyano, methyl, halogen, or CONH?; and
R10 and R11 are each independently hydrogen, fluoro, hydroxy, or amino;
with the proviso that when R1 is B-methyl, R2 and R3 are a-hydroxy, R10 is amino,
and R5, R8, and R11 are hydrogen, then R? is not cyano or CONH?.
20
4. The compound of Claim 1 selected from the group consisting
of:
4-amino-7-(2-C-methyl-B-D-arabinofuranosyl)-7H-pyrrolo{2,3-d]pyrimidine,
4-amino-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,

25  4-methylamino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-dimethylamino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-cyclopropylamino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-7-(2-C-vinyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-7-(2-C-hydroxymethyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine,

30  4-amino-7-(2-C-fluoromethyl-pB-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine-5-
carboxylic acid,
4-amino-5-bromo-7-(2-C-methyl--D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
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2-amino-5- -methyl-7-(2-C,2-0-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-
d]pyrimidin-4(3H)-one,
4-amino-7-(3-deoxy-2-C-methyl-p-D-ribofuranosyl)-7 H-pyrrolo[2,3-d] pyrimidine,
4-amino-7-(3-deoxy-2-C-methyl-B-D-arabinofuranosyl)-7 H-pyrrolo[2,3-d]-

15  pyrimidine,
4-amino-2-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]lpyrimidine,
4-amino-7-(3-C-methyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-7-(3-C-methyl-B-D-xylofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine,
4-amino-7-(2,4-di-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine, and

20  4-amino-7-(3-deoxy-3-fluoro-2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-
d)pyrimidine;
and the corresponding 5’-triphosphates;
or a pharmaceutically acceptable salt thereof.

25 S. The compound of Claim 4 selected from the group consisting
of:
4-amino-7-(2-C-methyl-B-D-arabinofuranosy!l)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-7-(2-C-fluoromethyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,

30 4-amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-5-bromo-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-5-chloro-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolof2,3-d]pyrimidine,
4-amino-5-fluoro-7-(2-C-methyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-d)pyrimidine,
and

35  4-amino-7-(2-C,2-O-dimethyl--D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
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10 or a pharmaceutically acceptable salt thereof.

8. The compound of Claim 5 which is 4-amino-7-(2-C-
fluoromethyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
or a pharmaceutically acceptable salt thereof.

15
9. The compound of Claim 5 which is 4-amino-5-chloro-7-(2-C-
methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
or a pharmaceutically acceptable salt thereof.
20 10.  The compound of Claim 5 which is 4-amino-5-bromo-7-(2-C-

methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition comprising a compound of
25 Claim 1 and a pharmaceutically acceptable carrier.

12. The pharmaceutical composition of Claim 11 useful for
inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA
replication, and/or treating RNA-dependent RNA viral infection.

30
13.  The pharmaceutical composition of Claim 12 wherein said
RNA-dependent RNA viral polymerase is HCV NS5B polymerase, said RNA-
dependent RNA viral replication is HCV replication, and said RNA-dependent RNA
viral infection is HCV infection.
35
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comprising adrmmstennc to a mammal in need of such treatment an effective amount

of a compound according to Claim 1.

17.  The method of Claim 16 wherein said RNA-dependent RNA
15  viral infection is HCV infection.

18.  The method of Claim 17 in combination with a therapeutically
effective amount of another agent active against HCV.

20 19.  The method of Claim 18 wherein said agent active against
HCYV is ribavirin; levovirin; thymosin alpha-1; an inhibitor of NS3 serine protease; an
inhibitor of inosine monophosphate dehydrogenase; interferon-o or pegylated
interferon-o,, alone or in combination with ribavirin or levovirin.

25 20.  The method of Claim 19 wherein said agent active against
HCV is interferon-a or pegylated interferon-o, alone or in combination with ribavirin.

21.  Use of a compound of Claim 1 for the inhibition of RNA-
dependent RNA viral polymerase or inhibition of RNA-dependent RNA viral
30  replication in a mammal.
22.  Use of a compound of Claim 1 for treatment of RNA-

dependent RNA viral infection in a mammal.
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