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{54) Title: NUCLEOSIDE DERIVATIVES AS INHIRITORS OF RNA-DEPENDENT RNA VIRAL POLYMERASE
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I~ (57) Abstract: The present invention provides nucleoside compounds and certain derivatives thereof which are inhibitors of RNA-de-

) pendent RNA viral polymerase. These compounds are inhibitors of RNA-dependent RNA viral replication and are useful for the

= treaiment of RNA-dependent RNA viral infection. They are particularly useful as inhibitors ol hepatitis C virus (HCV) NSSB poly-
merase, as inhibitors of HCV replication, and/or for the treatment of hepatitis C infection. The invention also describes pharmaceu-
tical compositions containing such nucleoside compounds alone or in combination with other agenls active against RNA-dependent
RNA viral infection, in particular HCV infection. Also disclosed are methods of inhibiting RNA-dependent RNA polymerase, in-
hibiting RNA-dependent RNA viral replication, and/or treating RNA -dependent RNA viral infection with the nucleoside compounds
of the present invention,
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infected mothers or carrier mothers to their off- spring. Current treatnents
for HCV .infection, which are restricted to i munot herapy ﬁbtplﬁﬁﬁ nblnant
interferon-a alone or in conbination with the nucl eosi de ana gg ribavirin,
are of |iMWa&ds5¢isiini cal benefit. Mreover, there is no e$tﬁhﬁm§M§ﬁ6vac0|ne
for HCV. Consequently, there is an urgent 30 need for inproved therapeutic
agents that effectively conbat chronic HCV infection. The state of the art
in the treatment of HCV infection has been reviewed, and reference is nade
to the follow ng publications: B. Dynock, et al., "Novel approaches to the
treatnment of hepatitis Cvirus infection,” Antiviral Chemstry &

Chenot herapy, 11: 79 96 2000); H Rosen, et al., "Hepatitis C virus:
current 35 UNAEHE %Hﬁ*ﬁﬁ@gbéﬁﬂ§EﬁBfﬂﬁﬁsﬁHﬁRNhEDEBEEﬁE%ﬂWBN@CUIar
"Medi ci ne TOdﬂPgﬂ§Po@ﬁ§ﬂERAS%2 July 2005 WD 021057287 PCT/ US02/ 03086 399
(1999); D. Moradpour, et al., "Current and evolving therapies for hepatitis
C," European J. Gastroenterol. Hepatol., 11: 1189-1202 (1999); R

- Bar t enschl-ag@E] D OKamf davENTAmget s for Hepatitis C Viruas-Specific
Antiviral Therapy," Infervirol og%/
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(2001) ; B. Weelginwlekvatl Enehegeaightineymdsess afid thehapati tnhhiters SRS~ i nfection, "
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i nhi bi tion %1% v :seri%zg(Ij Erot ei nase 3 case,
_RNA- depende ‘ﬁﬁ%ﬁ YslS %Ssmner%da&lﬁblbér@weq &!ﬁ?émph@ﬁmm, ﬁlad:fﬂrne The
HCV virion |t1§£1aﬂsatmﬁmaifdﬁpﬁltﬁ®hf¢dﬁ©n5trand RNA virus with a single
ol i gori bonucl eoti de genomi c sequence of about 9600 bases which encodes a

pol yprotei n of about 3,010 am no acids. The protein products of the HCV
gene 15 conﬁ&@KG’RQTWﬁDs@FLIHEJE\HJEMENél ns C, El, and E2, and the
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cycle of HCWloneNS6&dpn] wrtks B Gesitet hamikare Goansi. dec@eit iR MyRssent i al
conponegy | @IBWO'E@QIZ&UOD there are more than 200 rmlhon mfected individuals worldwide,
with at least 3 to 4. million people being infected each year. Once infected, about 20%
- of people clear the virus, but the rest harbor HCV the rest of their lives. Ten to twenty
percent of chronicaily infected individuals eventually develop IiVér—destroying
cirrhosis or cancer. The viral disease is transmitted parenterally by contaminated
25 blood and blood products, contaminated needles, or sexually and vertically from
- infected mothers or carrier mothers to their off-spring. Current treatments for HCV
infection, which are restricted to immunotherapy with recombinant interferon-o. alone
or in combination with the nucleoside analog ribavirin, are of limited clinical benefit.
Moreover, there is no established vaccine for HCV. Consequently, there is an urgent
30 - need for improved therapeutic agents that effectively combat chronic HCV- infection.
The state of the art in the treatment of HCV infection has been reviewed, and
reference is made to the following publications: B. Dymock, et al., “Novel
approaches to the treatment of hepatitis C virus infectioﬁ,” Antiviral Chemistry &
Chemotherapy, 11: 79-96 (2000); H. Rosen; et al., “Hepatitis C virus: current
35 understanding and prospects for future therapies,” Molecular Medicine ‘Today, 5: 393-
: 1

40: 378-393 (1997)~ G M Lauer and B. D.



replication conplex [see K Ishi, et al., "Expression of Hepatitis C \/ rus
NSSB Protein: Characterization of Its RNA Pol ymer ase Acti v ;yﬁb%s

Bi ndi ng," Hepatol ogy, 29: 1227-1235 (1999) and V. Lohrrann et

" Bi ochem wal o2athsiKi neti ¢ 25 Anal yses of NS5B RNA- Dependentpcﬁwfgog@i@ggrer ase
of the Hepatitis C Virus," Virology, 249: 108-118 (1998)]. Inhibition of
HCV 'NSSB pol ynerase prevents fornmation of the doubl e-stranded HCV RNA and
therefore constitutes an attractive approach to the devel opnent of
HCV-specific antiviral therapies. It has now been found that nucleoside -
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polynerase and
releases NS5B, the RNA-dependent RNA polymerase from the polyprotein chain.

HCYV NS5B polymerase is required for the synthesis of a double-stranded RNA from
20 - a single-stranded viral RNA that serves as a template in the replication cycle of HCV.
NS35B polymerase is therefdre consideréd to be an essential component in the HCV
replication complex [see K. Ishi, et al., “Expression of Hepatitis C Virus NS5B
Protein: Characterization of Its RNA Polymerase Activity and RNA Binding,” _
Hepatology, 29: 1227-1235 (1999) and V. Lohmann, ¢t al., “Biochemical and Kinetic
25  Analyses of NS5B RNA-Dependent RNA Polymerase of the Hepatitis C Virus,”
Virology, 249: 108-118 (1998)]. Inhibition of HCV NS5B polymerase pl"eVenfs
formation of the double-stranded HCV RNA and therefore 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 compéunds 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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in particular as inhibitors of HCV NSSB pol ynerase. It is another object of
the present invention to provide pharmaceutical 20 conposb&h%pﬁxﬁgnprising
t he nucl eosi de conpounds and derivatives thereof of the presth I"Mvent i on
for use .asoimbihstors of RNA-dependent RNA viral replicatp8pyaighsedsh
particular as inhibitors of HCV replication. It is another object of the
present invention to provide pharmaceutical conpositions conprising the
nucl eosi de conpounds and derivatives thereof of the 25 present invention
for use in the treatnent of RNA-dependent RNA viral infection and in

particular in the tregt.ment of HCV.infection. It is another object of the
present invention to 3;@@,3 Oﬁf’é’%&e&é81{65%8ﬂeseﬁﬁﬁﬁ%ﬁoﬂit%ﬁ?VWI@ﬁlﬁ@ t he
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RNA viral infection conbr naton . . _
" RNA- dependeAePepignt WY &y yirahiafaciopard inquirtiquidron thehisatmenitof $1EV offedton. 10
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of HCV i nf ee®ihpesitions comprising the nucleoside compounds and derivatives thereof of the
present invention for use as inhibitors of RNA-dependent RNA viral polymerase and
in particufar 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 pharmacentical

gs,n-, v g

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. '



It is another object of the present invention to provide for the use of the
nucl eosi de conpounds and certain derivatives thereof of thespleSeak
invention and their pharmaceutical conpositions for the manufacture of a
medi cy®pof; the inhibition of RNA-dependent RNA viral re Ilcatlon
and/ or the treatment of RNA 20 dependent RNA viral infectiBel203%% in
particular for the inhibition of HCV replication and/or the treatnent of
HCV. infection. These and other objects will becone readily apparent from
the detailed description which follows. 25 SUVWARY OF THE I NVENTION . In an
aspect of the present invention there is provided a conpound of the .
structural fornul altlis ancthgobjest pf Q@Qﬁesénﬂro@h@ﬁ?tz&?mm&h&ﬁﬁsﬁaﬂﬁé 9 Ro

R3 N  RsinRiti MNRONRN t abl e
salt t he;elg 1 e e;Eﬁ\nd ]t_:m:iigsnt @\Lﬁ%u‘(al )6 119£t1 ﬁgﬁ%{@&%ﬂfl& héiﬁj‘uglggﬁyl
wher ei n éVfFE“*ﬁﬁgubstltuted or substltuted mnth hydroxy, amino, Cl-4

]9: koxy, O - 4dal Kyl 1thi Snotidr bt oétﬁeqaréﬁhsﬁwteh&cklg{ éofﬁf)%fdlg%mﬁ% fblsthgydr ogen,
- uord ro ca X - v [
t ogeﬁhe?ﬁ%?%ﬁnaqﬁéﬂ%%e%aﬁ*’%psﬁﬂ% WAL U4 P At CHER B oD ¢ 0

6- mrenberddiC¥anfgcaced nonocyclic rlng systen1opt|onally containing a
‘het er oat om sel ecte , an 4 are each
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i ndependent|y sel ecte onsi sti &no,
azi do, HERGEEH of iinpsndent Bhig: wralaﬁfmbon (Dlefbrailnh@lx(yq wﬁﬁomealagcﬂmyl C2-4

al kynyl ,ac&ﬂéia@nﬁ E@U@def)edﬂ%ﬁf RNA @inlfsyz&nd i Mﬁlﬂo} {'hte%%a erﬁ%??ltd\} uted with

hydr xy am no, kox Cl4 al kylthio, one to t uori ne

ato Rafecton g Ha“%‘i Wit otfjeg ppnss %ﬁg‘?lagamabﬁ@éﬁ P206H3, or P(O) R13Rl4
15 R6 and R7 are ela&hurioticte pbjedest thy phydnageshJFRbIRYSvidbYaN YAt hyl . or

fl uor On%pr)f)lounds and certam derivatives thercof and their pharmaceutical compositions for
use as a medicament for the inhibition of RINA-dependent RNA viral replication
7 and/or the treatment of 'RNA—dependent RNA viral infection and in particular for the
15  inhibition of HCV replication and/or the treatment of HCV infection.

It is another object of the present invention to provide for the use of the
nucleoside compounds and certain derivatives thereof of the present invention and’
their pharmaceutical compositions 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 i in particular for the inhibition of HCV rephcation
and/or the treatment of HCV. infection.

These and othcr ObjBCtS will become readily apparent fromithe detailed
description which follows. '

25 SUMMARY OF THE INVENTION

In an aspect of the present invention there is provided a compound of the structural formula I



R8 is hydrogen, Cl-4 alkyl, C2.4 al kynyl, hal ogen, cyano, carboxy, Cl-4
al kyl oxycar bonyl , azido, amno, C-4 al kylam no, di(-1-4 alz?ylukaigogo,
hydroxy, Cl-6 al koxy, Cl-6 al kylthio, Cl1-6 al kyl sul fonyl é al kyl)0-2
am nonet hwlo, 02@67284- 6 cycl ohet er oal kyl , unsubstituted or %E?@Bbi/&%%j W th
one to two groups 20 independently selected from hal ogen, roxy, am no,
Cl-4 alkyl, and O -4 al koxy; RO is hydrogen, cyano, nitro, Cl-3 alkyl,
NHCONH2, CC]\IR12R12, CSNR12R12, COOR12, C(=NH) NH2, hydroxy, Cl -3 al koxy,
amno, Cl-4 alkylamno, di(G-4. alkyl)anm no, halogen, (1,3-oxazol-2-yl)-
(1, 3-thiazol -2-yl), or (imdazol-2-yl); whereln al kyl is unsubstituted or
substituted with one to three groups |rpﬁepend%r9tly sel ected 25 from
hal ogen, am no, hydroxy, carboxy, and Ch- 3 alkoxy; R10 and R11l are each
i ndependent|y hydrogen, hydroxy, h [l koxy, amno, Cl-4
al kyl am no, di (Cl-4 al kyl)am B S3- <y| anuno, di (C3-6 5 WO
02/ 057287 PCT/ US02/ 0308 05 cycloahkyp) org®4-6 cycl ohet eroal kyl
-unsubsti-tuted or substituted w q:ﬁ t
- from hal ogen, hydroxy, am no, - and Cl-4 al koxy; each R12 is
i ndependently hydrogen or Cl-6 aﬁ<y —4nd'5 R13 and Rl4 are each
i ndependent | y hydroxy, OCH2CH2SC(=O)RAFZ al kyl, OCH2Q( C=0) 0C1-4 al kyl ,
NHCHI\/ECOZI\/E OCH(C1L 4 al le)O(C—O) Cl-4 alkyl, . -O'-~S(CH2)11CH3,

O ~~§(CH2) 17CH3 Q( CH2) 9CH3 or OCO(CHZ)i CHB with the proviso that when
R is n-nmethyl and R4 is hydrogen or R4 is (3-nethyl and R is hydrogen,
R2 and R3 amea@hhyxgﬁmmcallfﬁ&ep@b@manmer@ﬁd R5, R6, R7, R8, and 10 RI | are
hydr ogen, t it t 5@%—% T, ounds. of, formula | are
useful as i Wﬁﬁgr zs g? %&@ge%réﬂ RREA@& Fﬁp‘(u)vﬁfﬁélraéléé Yand in
parti cul ar 8PSURCNIUQISR spbitipied i@ hydeay, amine, @[lsloalkm Bi1 toalkyltfio, or one
RNA- depegde%th%lydr{]ngl adgP! i cation and in particular of HCV replication
and are use &o&r redt ?&%of RNA- dependent RNA viral inf ectl on 15
and in part i cdf dYUPeT™ tHETRe. SXEIpE K meF2 1Yot Cle bt Hid! anshect of

the present R!Zrtugdi!ﬁér%th ihé%&moh Stk VW RiSH tl?e %@5&%@& bdoipd 3. F]'Eplﬂér'nbérgﬁ'

conpri si ng a co%nd as.defined above and a pharmaceut 1 cal acceptabl e
carrier. PReYClE RS $YStRm PRpfon %g%‘ﬁﬁlnﬂ%%mtﬁféﬁoﬂ%m@d fQOI%Qase of

a corrpound §safujelﬂi3ﬂetia1&d0ve in

10 R3 and R4 are each independently selected from the group consisting of hydrogen,
cyano, azido, halogen, hydroxy, mercapto, amino, C 1-4 alkoxy, C2_4 alkenyl, C2.4
alkynyl, and C1_4 alkyl, wherein alkyl is unsubstituted or s'ubstituted with hydroxy,
amino, C1.4 alkoxy, C1.4 alkylthio, or one to three fluorine atonis
R is hydrogen, C]-10 alkylcarbonyl, P309H4, PoOgH3, or P(O)R13R 14,

15 RO andR7 are each independently hydrogen methyl, hydroxymethyl or fluoromethyl;

"~ R8is hydrogen, C14 alkyl, C2_4 alkynyl, halogen, Cyano, carboxy, Ci-4
- alkyloxycarbonyl, azido, aming, C 1-4 alkylamino; d1((11_4 alkyl)amino, hydroxy,

C1-6 alkoxy, C1-6 alkylthio, C1-6 alkylsulfohyl, (C1-4 alkyl)g-2 aminomethyl, or
C4-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups .'

e

20  independently selected from halogen, hydroxy, amino, Ci-4 alkyl, and C1-4 aikoxy;

' R?is hydrogen, cyano, nitro, C1-3 allkyl, NHCONE CONRI2R1Z, CSNRI2R12,
.COOR12, C(=NH)NH2, hydroxy, C]-3 alkoxy, amino, Cj.4 alkylamino, di(C] -4
alkyDamino, halogen, (1,3-oxazol-2-yl), (1,3-thiazol-2-yl), or (irnidazol-2-yl); wherein
alkyl is unsubstituted or substituted with one to three groups iﬁdependently selected

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

R10 and R11 are each independently hydrogen, hydroxy, halogen, C1-4 atkoxy,
amipo, C1-4 alkylamino, di(C1-4 alkyl)amino, C3_6 Cycldalkylanﬁno, di{C3-6

-5-
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t he manufacture of a nedi canent for the inhibition of RNA- dependent RNA
viral pol merase or the inhibition of RNA-dependent RNA vis gl bggsication
in a ¥37247 still anot her aspect of the present inve@t éﬁU&m&Ere is
provi ded a pharmaceutical conposition conprising (a) a conpound as defined
above (b) an agent active against HCV selected fromthe group consisting of
ribavirin; levovirin; thynosin al pha-1; and inhibitor of NS3 serine

prot ease;. an inhibitor of inosine nonophosphate dehydrogenase;

B e I AR 1 e T L T
|nvent|o% Y et B%HF%H?&EP%&aﬁe%dﬁngtt@a gB%PéYnVW@OﬂEb4@HﬁﬁdHﬁHS al one or
i n conbi Gauiakoxy;t h ot her agents active agai nst RNA-dependent RNA virus
and in p iqul as ods for the inhibition of
RNA- depe‘%Hle ﬁ%A ?% ‘ﬁgéﬁgﬁétﬂ tgdga%gpgpﬁe 20 treatnent of -
RNA- depehdepd Berlﬂ\aw eagh inddpenddncly. hydBEFACHD CESTR=-PHCON, OFyTHE | N\/EI\FI'I ON
~TFh veps d ~t-h
i cat o e P N O Y YRR ok 726 7

i ndi cat ed stereochemcal configurati of: 7
PCT/ US02/ 03086 , Rs R10 R$ \ N 5RRO 5NRI1 RA Rl RZR(lI) or a

pharnaceutlcatﬁ}(ﬁébeft”b@g ht ereo gpetﬁrnh£%(gg C%) al kenyl, C2-4
al kenyl , or al ky , refr f nsubstit t 2ot Bbstituted with
hydroxy, ami no, Cl-4 @&dxeCHz1-4 al ky thi o, 0 QGRECHS) GHEhree fluorine
atons; R2 is hydrogen fluorine, hydroxy, nercapto Cl-4 al kokxy, or Cl-4

al kyl; %ﬁlﬂhe prowso that when R1 is B-methyt and R4 is hydrogen or R4 is f-methyl and
R1is hydrogen, R2 and R3 are a-hydroxy, R10 is amino, and RS, R6, R7, RS, and

10 R1lare hydrogen, then RY is not cyano or CONIHj.

‘ The compounds of formula I are useful as inhibitors of RNA-
dependent RINA viral polymerase and in particular of HCV NS5B pollymerase They
are'also inhibitors of RNA-dependent RNA viral rephcatton and in particular of HCV
repltcatton and-are useful for the treatment of RNA dependent RINA vxrai mfectton

15 and in particular for the treatment of HCV 1nfect10n

In another aspect of the present invention, there is provided a pharmaceutical composition

comprising a compound as defined above and a pharmaceutically acceptable carrier.

In yet another aspect of the present invention, there is a use of a compound as defined above in
the manufacture of a medicament for the inhibition of RNA-dependent RNA viral polymerase or the

inhibition of RNA-dependent RNA viral replication in 2 mammal.

In still another aspect of the present invention, there is provided a pharmaceutical composition

comprising
(a) a compound as defined above
(b) an agent active against HCV selected from the group consisting of ribavirin;
levovirin; thymosin alpha-1; and inhibitor of NS3 serine protease; an inhibitor of inosine
monophosphate dehydrogenase; interferon-a; and pegylated interferon-o; and
(c) a pharmaceutically acceptable carrier.



R2 together with the carbon atomto which they are attached forma 3- to

6- menbered saturated nonocyclic ring systemoptionally COQ%QLIQ'Z%S

het er oat om sel ected fromO0O, S, and NCO-4 al kyl; 10 R3 and re each

i ndependently selected fromthe group consisting of hydrogen, cyano,

azi do, hal ogen, hydroxy, nercapto, am no, Cl-4 al koxy, C2-4 al kenyl, C2-4
al kynyl, and Cl1-4 al kyl, wherein alkyl is unsubstituted or substituted with
hydroxy, amno, Cl-4 al kox Cl-4 Ik Ithlo or. one to three fluorine
atoms; R5 is hydr QY¥henceiipagied g it IBEHYRR ACRIBEIEC Tl P O) RL3R14
15 R6 acanpéitase oaatamlhgd@pr@mtmﬁxﬂyallmyidmgemmmmma withydicoxyaned hyl , or

1 uor Mg e, IR0 R0 1, LN L 20t kvl il agep, cyano

car box X car on I, azi di (C1-4
al kyl )ameﬁ@ds f@/ldh@@lbltl@n O'GR&M(dﬁyeﬂd@mL BN klyaltrmiwatlojlaﬁi fdrithyd sul f onyl

(G % al kydnBn 2o ARNAOABIRN Lt RITA v Rif&ohet eroal kyl, unsubstituted or
substituted with one to two groups 20 |ndependently seI ected from hal ogen,

~hydroxy, - am no, -Cl--4-al kyl , and-Q -4 al koxy; ~R9-is hydrogen, -cyano, nitro, - - -

81 g a: E@TA%@EZCRWWYWKDN COOR12, C(-NH) NH2, hydroxy,
, mn am n n,
(1, 3- oxazol - 2-y| e Sresdp kg eBios o sobpt i S e ol PECT” o ey

i s unsuthstindigated sereosbirsicht atndiguwitionh: one to three groups i ndependent |y

sel ect éd 25 from hal ogen, ami no, hydroxy, carboxy, and Cl1-3 al koxy; RI O and
R11 are each independently. hydrogen, hydroxy, hal ogen, C -4 al koxy, am no,
Cl-4 al kyl am no, di (Cl-4 al kyl)arino, C3-6-cycloal kylam no, di (C3-6 -7 22
July 2005 WD 02/057287 PCT/ US02/ 03086 cycl oal kyl )am no, or C4_6

cycl ohet eroal kyl , unsubstituted or substituted with one to two groups

i ndependently sel ected from hal ogen, hydroxy, amno, Cl-4 alkyl, and -4
al koxy; each R12 is independently hydrogen or Cl-6 alkyl; and 5 R43 and Rl14
are each i ndependently hydroxy, OCH2CH2SC(=QJCI-4 al kyl, OCH2QC=O0 CC _4
al kyl , NHCHVeCO2Me, OCH(Cl-4 alkyl)Q(C=Od _4 al kyl, -0O-S(CH2)71CH3

"0~\ S(CH2) 17CH3 Q(CH2) 9CH3 or OCQO(CH2) 14CH3 w th the proviso that when Rl
is 3-methyl and R4 is hydrogen or R4 is Rnethyl and Rl is hydrogen, R2
and R3 are a-hydroxy, R10 is amno, and R5, R6, R7, R8, and

6a



10 R11 are hydrogen, then RO is not cyano or CONH2. The conpounds of
formula | are useful as inhibitors of RNA- dependent RNA vibhal, BRlymerise.
They are al so i nhi bitors of - RNA- dependent RNA viral repllcat|gn and are
useful fowadastaseat nent of RNA-)dependent . RNA viral i paaigeozosdd I n
one enbodi nent of the conpounds of structural fornula | are the conpounds
of structural formula Il: 9 RO RR8 RSO ONNR t R RZIR2 (I I) or a
pharmaceutically acceptable salt thereof; wherein 20 R is Cl_3 alkyl,
wherein al kyl isunsubstituted or substituted with hydroxy, amno, Cl_3
al koxy, Cl-3 alkylthio, or one to three fluoripe atons; R2 is hydroxy,
fluoro, or Cl1-3 al koxy; R3 is hydrogen,Rhal oggen, hydroxy, am no;, or Cl1_3

al koxy; -8 22 July 2005 WD 02/057287 / USD2/ 03086 R5 is hydrogen
'P309H4, P206H3, or PO3H2; R8 is hydBQ e inoN or O -4 alkylanmino; RO is
hydrogen, cyano, nethyl, hal oggfp_0 MandiRIO and RI1 are each

i ndependently hydrogen, hal ogen, hy¥r@xy)N aniNo, “RY' C1- 4 al kyl ani no,

-~ di (Cl-4 al-lcyl)am no, or C3-6 cyrf - RAo; with the—proviso-that when -
Rl is (3-nethyl, R2 and R3 are a- 10 is am no;” and R5, R8, and R
| are hydrogen, then RO is not cyano 9 H2. In a second enbodi nent of

t he conpounds of structural fornmula R fie the conpounds of structural
formula Il wherein: 10 R1 is nethyl, fluqbonethyl hydr oxymet hyl ,

di fluoronethyl, trifluoronethyl, or amn nethyl

or a pharmaceutically acceptable salt thereof;
wherein R1 is Co_4 alkenyl, C2-4 alkynyl, or Cj-4 alkyl, wherein alkyl is
- unsubstituted or substituted with hydroxy, amino, C1_4 alkoxy, C1.4 alkylthio, or one
5  to three fluorine atoms;
R2is hyd:ogen, fluorine, hydroxy, mercapto, C1.4 alkoxy, or C1-4 alkyl; or R1 and -
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; |

10 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
alkynyl, and Cj_4 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy,
amino, C1_4 alkoxy, C1_4 allxylthlo or one to three fluorine atoms;

RS is hydrogen, C1-10 alkylcarbonyl, P30O9Hy, P206H3, or P(O)RI3R14;

15 RS and R7 are each independently hydrogen, methyl, hydroxymethyl, or ﬂuommethyl

R8 is hydrogen, €1.4 alkyl, C2.4 alkynyl, halogen, cyano, carboxy, C1-4

- alkyloxycarbonyl, azido, amino, Cj-4 alkylamino, di(Ct_4 alkyl)amino, hydroxy,
C1-6 alkoxy, C1-¢ alkylthio, C]-6 aﬁ(ylsulfonyl, (C1-4 alkyDp-2 aminomethyl, or
C4-6 cycloheteroalkyl, unsubstituted or su_i:;stitutéd with one to two groups'

20 independently selected from halogen, hydroxy, amino, Ci.4 alkyl, and C1-4 alkoxy;
RY is hydrogen, cyano, nitro, C1-3 alkyl, NHCONH CONR12R12, CSNRIZR12,
COOR12, C(=NH)NHp, hydroxy, C1-3 alkoxy, amino, C]-4 alkylamino, di(C1-4
alkyl)ar_nino,rhalogen, (1,3-oxazol-2-yl), (1,3-thiazol-2-y1), or (imidazol-2-yl}; wherein

. aIkyI 1s unsubstituted or substituted with one to three groups independently selected

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

R10 and R1! are each independently hydrogen, hydroxy, halogen, C1.4 alkoxy,
amino, C]-4 alkylamino, di(Cj_4 alkyl)amino, C3-¢ cycloalkylarnino, di(C3.6

-7



R2 is hydroxy, fluoro, or nethoxy; R3 is hydrogen, fluoro, hydroxy, am no,
or nmethoxy; R5 is hydrogen or P309H4; 15 R8 is hydrogen o %%05R9 i's
hydr ogen, cyano, nethyl, hal ogen, or CONH2; and RI O and Rl each

i ndependewdlog/ofrggir ogen, fluoro, hydroxy, or amino; wth therasevisng t hat
when Rl is (3-nethyl, R2 and R3 are a-hydroxy, RIOis amno, and R5, RS,
and RI'1 are hydrogen, then RO is not cyano or CONH2. 20 Illustrative but
nonlimting exanpl es of conpounds of the present invention of structural
“formula | which are useful as inhibitors of RNA-dependent RNA-viral

pol ymer ase ] | ow

4- ani no- 7- (%j&%oérgﬁhmﬁm @‘?Qﬁyﬁ%‘?}?’gﬁ%‘%wsuﬂ—ﬁlweﬁ%SBth§Ut§dd‘fB’y‘?qeﬁPdl ne,
4- ani no- 7- ( 2¥Cgraephyidepadontly boéaiedfrospialogtht lpyirerol ez (dlpyikiiykad ne, 25
- 4- et hyl am Zal((gxg met hyl - (3- D-ri bof uranosyl ) - 7H pyrrol o[ 2, 3-d] pyri m di ne-

, 4-dimethyl’am 2- C-net hyl - G3- D-ri bof ur anosyl ) - 7H—pyrro| 0
[2,3-d] pyri el ngl 1s 1ndependently hydrocen or C1-6 alkyl; and

-~ 4-cycl Opﬁopﬂlﬁfﬁhﬂk-m‘z{rgee@hqﬁ&éﬁ!hd&@ yRyBeROIGCRpeS s taey ksl 2. 3 dlpvitm

1 e Bl Sl

QR&L Me.42 (Fbéfalehémfé?;ﬂ )Cmﬁwr ol 0
[2, 3- d]pyrlmdl ne,

4-amrio-7-(2- C—fI | - f 3- Drlbofur -7 rroIo[23d]pyr|md|
ne, 4-anino-5-ne 7 02- Cﬁf@fh%hcﬁa D-ri b@fr\}ﬁ\f:?%/ pittol o )

[ 2, 3-d] pyrim di ne, E} O(CH,)

4-am no-7-(2-Cnmethyl - (3-D-ri bofuranosyl) 7H pyrr ol o[(2
carboxylic acid,

4-am no- 5- pmﬁi‘mhe?pl(ozqﬁ thastwhyon-R Bis[B-miethyt andalRrb ssyhyeaiidn py Riak GfRetByiAndyr i mi di
ne, -9 22 3uliyp2008e, YO fad? 3086, 5 &
4- ami noj 5- cﬁlé %%d‘i%rlgqad éotcyanoor H)E\%l%él&l gnﬂ-E")/rrc%ﬁ‘ciE{Z %nd]pynmd

i ne, are hydrogen, t en

4-am no- 5-f | uor o- 7- (ZTGBGE&BMMC(S%T%M@Q%%@&%}’Qmﬁfﬂiﬂéﬁéﬁl‘?kz 3-dlpyrinid
i ne,

2, 4- di ani nod9Rpden RRLA il pelyerasg of o alyp jubipiiesy of BRNSy-demendemyr i i di ne,

2- am no- 7- ( BNG: miedlhyplidaBeand befusefah asyhe treHtnpyt sfGI0A ZicBeilapy RNA Girdle, 5

2- am no- 4- C}%Jicql%opyl am no-7-(2-Cnethyl -(3-Dribofuranosyl)--7H pyrrol of 2,
3- d] pynm dine, ™ )
2- am nol¥- (2- C net hy| IPol erinbefimeandshd éolﬂwtmyls Dﬁd;tu{cmral-ﬁm}”qny}aﬂm@tha 4(3H -0

ne, 4-am nQGerc(L%dS:o?Ethturﬁfg‘foRhﬁlaﬁﬂf uranosyl)-7H pyrrol o[ 2, 3-d] pyri m di ne,

31‘] :?lmdlne 5-

ora pharrriaéeutically acceptablé salt thereof;
wherein |
20 Rlis C1-3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, amino,
' Cy-3 alkoxy, C1 -3 alkylthio, or one to three fluorine atoms; |
RZ is hydroxy, fluoro, or C1-3 alkoxy;
‘R3is hydrogen, halogen, hydroxy, amino, or C1-3 alkoxy;
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4-ainino-7-(2-C 2-Odinmethyl -(3-D-ri bofuranoéyl ) - 7H-pyrrol o[ 2, 3-d] pyri nudi n

e, 10 _

7-(2-C-nethyl -[i-D-ribofuranosyl)-7H pyrrol o 2, 3-d] pyrim dizr%-JX{ys%%D-Sone,
‘2-am no- SyeiMighzs?- (2-C, 2- O-dinethyl -[3- D-ri bof uranosyl) -;tEpyrpolo [ 2, 3-
d] pyri m di n-4(3H) - one,

4-am no- 7- ( 3- deoxy- 2- C-net hyl - (3-D-ri bof uranosyl ) - 7H pyrrol o[ 2, 3-d]

pyri m di ne,

4- am no- 7- ( 3- deoxy- 2- G- et hyl - ( 3- D- ar abi nof uranosyl ) - 7H-pyrrol o[ 2, 3-d] - 15
pyrim.di ne, 4-am no-2-fluoro-7-(2-C nethyl-(3-D-ribofuranosyl)-7H pyrroio
[2,3-d] pyri®? tihydrogen, P3O9HY, P2OGH3, or PO3H);

4-am no- 7-( i = Ps i Hﬁﬁ%h = 7H pyrrol o[ 2, 3-d] pyri m di ne,

4-am no- 7- ( %?;S%%CF%B&[@&%#&U% OSy?) - 7H pyn ol o[ 2, 3-r>] pyri m di ne,

4- ami no- 7- ( Raisdiydeessas gypno.caethyly bilegenr an6SYHZ 2p pyr r ol of 2, 3-d] pyri ni di ne,

and 20 R10 and R11 are each independently hydrogen, halogen, hydrox i

- 4-am-no- - (-3zdeoxy- 3-f uarg- ? tr t] d;{gﬁrl uranosy = pyrrol o[ 2,3-
d] pyri mi di nes &ﬁﬁwﬂ%@neo&ﬁ@kﬂ& ﬁ’ﬁsﬁﬁ“%’@ Brtosididaming: 3 phar maceut i cal | y
accept abl e s@gith tHeltRb @A thabWhbDRE id phabsityl a2 ¥ RB bR HPERIS L 10 BYRALd an are,

t he conpoun t 2p.fromthe or .consi stin bﬁz

4-am no- 7-( %&%ﬁyggc{ 5 Dﬁgrhgg%oﬁg?’utﬁ%nﬁ%gﬁ l}qqfﬂfrb%/?l%)@ "3-d] pyri m di ne,

4-am no-7- 2-C-neth 1-InBsecdl anitainaent of td-confpugdPeSstructdtli ftnida 1 are

4-am no- I ( ZhEodPQIARE Wicilrdr BrhlRY #Haesy! ) - 7Hpyrrolo [2,3-d]

pyiiniidine, o

. 4-ami no-18- né%%&slmahflzﬂ@wmeﬁw,-m@ym&wtLcﬂlifkrmelylbbhﬂItﬁﬁymnoniethbdz 08-d] pyiinii

91| ani 305 bamjmn%et(h 1.’C t hyl - (3- D-ri bof uranosyl ) - 7H pyrrol o[ 2, 3-d] pyri ni di*
- am no- 5- br. -7-(2-C net - (3- [ u - , 3- i ik

ne, K2R hydroxy, ﬂuoro,grmethoxy; o ) by _ Py o

4- am no- 5- Cbei’sQ?ardgEn,cﬂlim@, Hrc(}@,hﬁlajﬁl%b%frﬁétﬁbi@?yﬁw )- 7% ;)yr7 L’fl o[ zi.s- d] pyrimd

ine, 4-am L0~ -~ met hyl - ri bofuranosyl) - pynol o

[2,3-d] pyri mrtgjdué?\lé,hwé%ﬁéfz PS5

4- am no-13- ( RGOshy@agemet lyinof 3- D-ri bof ur anosyl ) - 7H pyrrol o[ 2, 3-d] pyri ni di ne

, 35 _and t D BARARIPRNGLAE nthill hORAPOAEEREy: 4q 22 July 2005 WO

02/ 057287 PCT/.US02) 5303'?%% a %har maceut i cgﬁzf/ acceptabl e salt thereof. In

one enbodi 0 257 R Hearp cedeindenendenity ydrogehdlunte] lsdsirde ocampounds  of t he

pr es;ant | NVetH M8 pRéRsd Al WherPR ! i WL Al ROSH d-¥§ard&PSEI0 is amino,
single-str arﬁqsq{i R8, and R11 are hydrogen, then R? is not cyano or CONHy.

20 - Tustrative but nonlimiting examples of compounds of the present
invention of structural formula I which are useful as inhibitors of RNA-dependent
RNA viral polymerase are the following: E
4—amin0—7—(2—€-methy1-B—D-arabinofuranosyl)—?ﬂ -pyrrolof2,3-djpyrimidine,
4—amino47-(2—-C—methyI—B—D—Iibofuranbsyl)-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--D-ribofuranosyl)-7H-pyirolo[2,3-d]pyrimidine,
4-cyclopropylamino-7-(2-C-methyl-B-D-ribofuranosy!)-7H-pyrrolo[2,3-d]pyrimidine,
4—amin0—7'—(2-C—Vinyl—B-D—ribofuranosyl)—?ff—pyzrolo{2,3—d]pyﬂmidine; |
4—a1‘nino-7-(2—C-hydroxymethy]—B«D—'I:ibofuranosyl)-7H —pyrrolo{2,3-djpyrimidine,

- 30 4-amino-7-(2-C-fluoromethyl-f-D-ribofuranosyl)-7 H-pyrrolo[2,3-dlpyrimidine, )
4-amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4—amino—7—(2—C—methyl-ﬁ-D-ribofuranosyl)-?H—pyrrolo[2,3—d]pjfn'midine—5—
carboxylic acid, ' :
4-amino-5-bromo-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pymrolo{2,3-dlpyrimidine,

5.



RNA- dependent RNA vi r al pol ynerase, inhibitors of positive-sense
si ngl e-stranded 5 RNA-dependent RNA viral replication, and/erJufﬁoo%he
treatnent of positive-sense single-stranded RNA-dependent RNAviral

i nfecti onwglgagargkass of this enbodi nent, the positi Ve- SeSCuse2/0308
si ngl e-stranded RNA-dependent RNA virus is a Flaviviridae virus orta

Pi conzaviridae virus. In a subclass of this class, the Piconzaviridae virus

is a rhinovirus, a poliovirus, or a hepatitis Avirus. In a second
subclass of this class, the 10 Flaviviridae virus is selected fromthe
group consisting of hepatitis C virus, yellow fever virus, dengue virus,
West Nile vi‘#ﬂeﬁmﬁﬁﬁﬁ& 3 %@ﬁﬁa’ﬂﬁ@§1‘J\9§Lfra%953f§a7rﬁ1pywlpl%$~d}£a/ﬁlé¥né@94 ne
viral diarr Heanitior S-$lu6BVDY)-C-inegyb B ridsfuriost i s ybeIb BS Sy Renidine,

vent 1 on 1 & EOREIP T bt e oSS e P R Gndent A

viral pol yn@-im@o-a2retiethyl-piD-rbbiubatdsply- 7TRNSyrra o [RehdytindRiiAe vi 1 al

B s T N

mammal  a t K@PupeidnGal |y effective amount of a conpound of structural
formula I. Izﬂﬁiﬂ@ﬁ@@%@ﬁpﬁﬁ-@-ﬁbgﬁfmﬁéﬁ?ﬁh-@n&lQ@,ﬁﬁ@gﬁﬁﬁdih&%@%{)&n1 t he

RNA- 20 dependent Vi ol.ynerase 15 _a positive-sense si stranded
RNA- dependerﬁ'%&A&Nﬁﬁaﬁﬁﬁoﬂ-ﬁn%b%fg@mwﬂa)-@mm@%o[%ﬁ-cﬂawsm@mdi ment, the
Elc’Si tive- Zemsmbf‘ﬂ@ﬁﬁmﬁﬂﬁﬂﬂdwm _1)-’3%%5/%10@4,':49%%&@%@6 i S| a
avi vi ag Mira rise or .a_Picon iri.dae vi.r ol ynerase. In a
subcl asgb of %t_ W'Q'I%?tﬁglég' Bgﬂiéo%@Bﬁgkﬁﬁy@iﬁéﬁf‘gwnﬁbcwg‘é}@é@}% s rhinovirus

" pol ymer ase, Zpohinovi-methybGHnE R a3-dimethyleihtibofusanasyl)-7Hspy2olgloj3ymer ase. I n a

second subcl Q=1 hisgncl ass, the Flaviviridae viral polynerase is
selected fro t_ﬁ%dﬂ{r %{J%I)gdggﬁl sti n? of hepatitis C virus polynerase, yellow
fever virus T PePnEladexydehguehvi-g-istip s pldd H-pwetloRi3-€l ppirimidine, -

pol yrner aseA-alaimanﬁ_(sydecﬁ@cr;gha_éﬁlyi-sumhfayﬁmﬁﬁbﬂ&%aﬁ@py@%Fz',3-wj-r us .
pol yrrerg§e, and.bhovine viral diarrhea virus (BVDV) polynerase. In a
subcl ass’ of PP ™88l ass, the Flaviviridae viral polynerase 30 is

hepatitis C4vdn_1ius~29ﬂhmmaaxermbﬂiyﬁﬁ@ﬁbﬁﬂlrﬁmbﬂ?ﬂﬁeﬁr;&&[2§$H}§)yﬁﬁlﬁlﬁﬁé, of the
o i ve. senemngBst L A e e Al B R PeT cati on. 1n e
class of thisaminbob{Irernsthyhe Dhogb{uiramsgpisepysolnfll, 2ityriaridiad, RNA- dependent
Pi conzay 11 e v Al ontr Rar kD RRSLHeR ) TER LD girline ana
Pi conza$¥ r i dzaenino{7r(3deoxytdyiipgres2-C-methyl-p-D-ribofuranosyl)-7H-pyrrolof2,3-
~ ' dlpydmidine; '
and the corresponding 5°-triphosphates;
or a pharmaceutically acceptable salt thereof. ,
_ ~ Further illustrative of the present inyention are.the compounds selected
25  from the group consisting of: | o
4-amino-7-(2-C-methyl-p-D-arabinofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine,
4-:‘:111];1110—7—(2—C—methyl~ﬁ~D-ribofura’nosyl)-7H—py1rolo[2,3~d]pyrimidine,
4—amino—7—(2—C—ﬂuoromethyl-B—D-ribofurariosyI)-7H—pyn:olo[2,3-d}pyn'midine,
.. 4-amino-5-methyl-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
30 4—axr_1ino-5-bromo~7—(2—C—methyl-B—D—ribofurahoéyl)—'iH—pyrrolo{2,3—d]pyrimidine, '
’ 4—amino~5~ch10r0—7—(2—C—methyl-S-D-ﬁbofuranosyl)-7H—pyrr010[2,3-d]pyriﬁ1idine, _
4-amino-5-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidine, |
and -
4-amino-7-(2-C,2-0-dimethyl--D-ribofuranosyl)-7E-pyrrolo[2,3-dlpyrimidine,
35  and the corresponding 5’-triphosphates; - |
‘ -10 -



WO 02/ 057287 PCT/US02/ 03086 viral replication is rhinovirus replication,
poliovirus replication, or hepatitis A virus replication. gbnyg ffgond
subclass of this class, the Flaviviridae viral replication is “selected
fromthe goaepseensi sting of hepatitis C virus replicatioperyehbewsd ever
virus replication, dengue virus replication, West Nile virus replication,
Japanese 5 encephalitis virus replication, Banzi virus replication, and
bovine-viral diarrhea virus replication. In a subclass of this subclass,
the Flaviviridae viral replication is hepatitis Cvirus replication. In-a

third enbodi nent of this.as f resent invention, the RNA-
dependent RYA? ﬁjlfﬂé’fl CC%?C&EF ??pia??easaﬁ)tgs?ig?ﬁe- sense singl e-stranded
RNA- dependent 10 vi r allnioné embbdiment of the praasst inﬁerﬁibh,sthenbdddasﬁ@rﬂompoh&ds
positive-se - S| %ﬁﬁ RYA, nfa |s
Flaviviri dagi@}esér? [ ﬁ%“é%‘ﬁ'.%c})ﬁﬁg}m [ cggﬁg\gﬁgﬁ%&gé’ Vi %Ig%ﬂ% %né S(Ertahg

subcl ass of hilfhtglependsst RNkeviri! pehimsrisei m&é)lwsr%flP%W@@@n&@mﬂg@-ﬁr&mﬂﬁbw rus

~infectiop, FRNAQiébéﬂ&ni RN%C{[I&EQ @eplﬁrau&? RANIE kS the ﬁf&d’tﬁh%nﬂ &F r??ﬁittl've Repskn A
second subc|ass of this_class, IaV|V|r|dae viral fection is

sel ect ed fr SHehErgdsd fiYsd ERFNQF%‘tR% Vol Hdgraiont s elagy ‘Pﬁf@lslembé’é{m%

ye :c | o¥v feveIthe/pdsusvel—S@h%ﬁiﬁglﬂwstrﬁﬁmlm\lﬁldepfnddnﬂm Views is Weghvidikiige }/1'11[3}[13

i nfection ese en al | VI LUs | eC anzi virus. infec 1 on,
ind bovi ne Ve RAeaTarrAgE o o b e RS e REP Al i it Mol aes,
the Flavi vmhmdmeuwmpahovmfseombﬂ:panss IAE\UH.ISL ﬂlxssébomdrsubclasafcxﬁdtii; cass, the
Througheyt th&, | Peka sai%@ fe bl e 01&) dn91 1H%o1‘1$épﬁﬁn£‘é‘ﬁ%ug g%goﬁo

i ndi cat ed Meani Ngs: roups ove “are | nten
i ncl ude tho§%vea|v1€y$, degglwp@% e@h@llﬁéml%gﬁém@esq enegphielitip vishs Benziavis®y ai ght

or branched ag@Bbiigyahi- d&ﬁhrheaE)iﬁigHBaJ'D’VPfIn%%Bclﬁés"cbf'thlg"s@é!:l?é"ssQB@ net hyl,
ethyl, prop | SO sec-butyl, tertiary butyl, pentyl

u L

i sopentyl, i ke. 25 The term "al kenyl ". sha mean
| ﬁ’lé&‘w‘” Pfééﬁ%&gﬂhﬂp%fﬁﬁ?ﬁw k h | kenyl . shal |

strai ght or branched Qhﬁjttﬁbralsﬂr@neﬁthefpresémm@tﬁ:ms ticained avianmehod i of

' t t |,
ary TRt Mg IR LB R v P e PL PRGN ror Bt Y
two to six ﬂ@pmdenfaRHérmml oepdicatorn, anglony rmaﬁrodvﬁpt teatingRINSArdeperele(eRY A,
et hynyl, 30 VWaPBY&Ylbn npggﬁﬁ%al 1H%Qéc}’ﬂﬁ¥}eof §$Iﬁ§ sm tn‘f§téﬁ oY hah k.l shall

nmean CyC|IC rrngs anes of hree- carpon atons, or any
nunber " wi t hlaﬁh‘%rﬁi’%itlrcﬁ%%ff@(c?”@ amoggﬁ;qf@ﬁ.}ogmﬂun OE W‘%‘H@l fprmulgc| opent yl
cycl ohexyl, cycl ohept il on®EmbY¥EkRPELYh)s 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 positiveasensé single-
stranded RN A-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 cdnsisting of hépatitis 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 RINA-
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 -



The term "cycl oheteroal kyl" is intended to include non-aromatic 35
het er ocycl es contai ning one or two heteroatons sel ected from, Plytzfoﬁ en,
oxygen and -12 22 July 2005 WO 02/057287 PCT/ US02/ 03086 sul anpl es
of 4-6- mewloanedrsycl ohet er oal kyl include azetidinyl, pyrradiaykizoss

pi peridinyl, norpholinyl, thianorpholinyl, imdazolidinyl,
tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothi ophenyl, piperazi nyI
and the like. The term "al koxy" refers to strai ght or branched chai n

al koxi des of the 5 number of carbon atons specified (e.g., Cl-4-allcoxy),

nb t hi h ,
et 1) The caeheblidin s fund PERgehiodfon oYY weirich. nekebent 4 R8P
al kyl sul fi degplicafion.htn ;msatbed sdiclasaohis disntedieaifided virel Igphcaﬁﬂm ih

| kyl t hi o),
al hxyfl thi g> Isgrggtgg%ry Lﬁegr g&&?ﬂug%ﬁgﬁ JaAR9e \L;l'qs?s?hcgﬁ&lﬂ}&e hBk Jedels
strai ght or I8P %@%dieaglkﬁﬂlmﬁ pgcagpn, Wiret Midgrbews wplieatobohipancses speC| fi ed

(9o Ch- 4 eabdpibRiR Rds rePlicAAToH, Ekﬁg@%fmé"fe?hbﬁlont M Eb&ARGGligiRriiea viras
rrethylamno | am no, ~etc. ] e term

t hyl anj no, am no
"al kyl sul foﬁﬁﬂﬁm 184-efrsa %@CE@? aﬁo 'glrﬁsub?laﬁﬁs M@H“Hﬁﬁﬁeﬁ’lmhﬁi@FW%h%ﬂbﬁ t he
nunber of cal biows @phemiospecified (e.g., C 1-6 al kyI sul fonyl), or 15 any
nunber within this ra th |l fon eth | f
i sopropyl sul fonyl, gﬂ] tkﬁ&@@&%&%?i@f %%rog msﬁ%g’fr’é’?’% li?rlﬁggght or
branched c ha:iepem?smeRNA oifal anfeetidnox ytlposmamsehtﬂesmc%aktratﬁe@RNmaclpzmder&nt :

'_' nventi gy of, %Heﬁn chlag Ibcﬂﬁ fgl%tﬁl%ﬂ?lﬁpﬁgl fokl%ge—isgnsg sing%—strzlanded

al kyl oxycar ban er W
met hyl oxycarﬁ%‘x GP% Vléftlhryﬂemtraﬁﬁ@whdaemrbhnidcuwy@al’mﬂw jrida¥he

term"aryl " vifaringdasn bt HSMX bf ﬂﬂ@&ﬁéshﬂe,}’z@&%aﬂy{dagﬂral ilRRud %l group is
optionally Sﬁgstltut d with one to_three g}eou ps 1 ndepen entlﬁ%sel ected from

Cl 4 al kyl , TREPEHGET f‘&?&ﬁopolwvt%mf%% Bﬁ%@%@ﬂ"lm&ﬂfaﬂm 2yccogfd Cl- 4
~al kyl thi o. Thieclissofitibalaeg e’ Fiasivirdendadinfectiongs sdecttdBohahog@apat ons
quorin e roml ne and.i odj t.erm . substituted"” shall be
deemed 1 i nc?ﬁgln%ré}q}e%tl' (g]é’bfP% D, ] SE]%&{VEEYIBW 1B{FCUoTh frRSHCS TSt i t uent .
VWher e nul t i phfectinrh Y ¢st Déletvimeiintetem, Japenestiepctmslits virucindictiool, Banhevirus

bstituted I t f
fﬁesd: sgll gs é}%@%@ﬁuﬁgﬁl %@@n@%ghl{lﬁ%%ﬁﬁ%ﬂ%fte?%@? I!gl o ﬁgla&yof tﬁﬂ@ul?({lasgncﬁg 0

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—bufyl,
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. '
25 The term “alkenyl” shall mean straight or branched chain alkenes of
two 1o siX total carbon atoms, or any number within this range (e.g., ethenyl, propenyl,
~ butenyl, pentenyl, etc.). .
The term “alkyny]” 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 cychc rings of alkanes of three to
ei ght total carbon atoms, or any number within this range (i.c. , cyclopropyi,
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, 0xXygen and
-12-



30" The term"5' -triphosphate” refers to a triphosphoric acid ester
derivative of the 5 -hydroxyl group of a nucl eoside corrpoquJgfyztoﬁg pr esent
invention having the follow ng general structural formula TIT: -13 22 July
2005 WO @@ 0z4&sf267 PCT/US02/ 03086 RO Ro 0 0 O .u if n 8pdpihsslogsHO P~
P11 P~ R11 NOHOHOHONR R 14 R1 RB R2 (111) wherein RI-Rl are as
defi ned above. The conpounds of the present invention are also intended to
i ncl ude pharmaceutically acceptable salts of the triphosphate ester as

wel | as pharmaceutically acceptable salts of 5 -nobnophosphate and

5' - di phosphat ural formulae IV and_ V,

respecti vel y?‘ﬁflg@ ; e%}ﬁg%{‘bh]\@%t 5 %ﬁg]::bctlgﬁ%’%tor&ﬁ{% Repdpezegdmyl.pymlidoyb 6 N
R3 R2 HO 1 Qpipkri@nR, @dﬁ)lml'(nlymhiaﬁ?@ﬁol@lﬂmgﬁﬁﬂi&&yﬂ,\&na@hﬂ;fﬁﬁﬁ@ di - ester
derivat tve of 3 TuRSRRRESRIR Fop Rl afimalh S BSr The present
i nvention of structurallht tvmilablexyl refard tosttaichtes peothaddthain dkonigéd ofake
~o o5 number of carbon atoms specified (e.g., C1-4 alkoxy), or any number within this
range [i.e., methoxy (MeO-), ethoxy, isopropoxy, etc.]. _

. The term *“alkylthio” refers to straight or branched chain alkylsulfides
of the number of carbon atoms specified (e.g., Ci.4 alkylthio), or any number within
this range [i.e., metﬁylthio (MeS-), ethylthio, isopropyithio, etc.].

10 - A A The term “alkylamino” refers to straight or branched alkylamines of
' the number of carbon atoms specified (e.g., C1-4 alkylamino), or any number within
- this range [i.e., methylamino, ethylamino, isopropylamino, t-butylamino, ete.].

The term “alkylsulfonyl” refers to straight or branched chain

alkylsulfones of the number of carbon atoms specified (e.g., C1.¢ alkylsulfonyl), or
15  amy number within this range [i.e., methylsulfonyl (MeSO2-), ethylsulfonyl,’
isopropylsulfonyl, etc.]. -

‘ - The term “alkyloxycarbonyl” refers to straight or branched chain esters
of a carboxylic acid derivative of the present invention of the number of carbon atoms
specified (e.g., C1-4 alkyloxycarbonyl), or any number within this range [i.e.,

- 20 methyloxycarbonyl (MeOCO-), ethyloxycarbonyl, or butyloxycarbonyl].

The term “ary}” includes both phenyl, naphthyl, and pyridyl. The aryl
group is optionally substituted with one to three groups independently selected from
C1-4 alkyl, halogen, cyano, nitro, triflucromethyl, Cj-4 alkoxy, and C1_4 alkylthio.

' The term "halogen" is intended to include the halogen atoms fluorine,
- 25 chlorine, bromine and iodine.

The term “substituted” shall be deemed to include multiple degrees of
substitution by a named substituent. ' Where multiple substituent moieties are
disclosed or claimed, the substituted compound can be independently substituted by

- One or more of the disclosed or claimed substituent moieties, singly or plu_rally.
30 The term "‘5’-triphosphate” refers to a triphosphoric acid ester
derivative of the 5°-hydroxyl group of a nucleoside compound of the present invention

having the following general structural formula TI:

-13-



10 pharmaceutically acceptable salts of the nono-ester, -14 22 July 2005
WO 02/ 057287 PCT/US02/03086 RO R1I0 O C1 S~~ ,. RS/ | \ Ny 1} 2@05 O CH N
~11 0z 0O6NR RR RARL RBRRZ M 9 RI0O O Cl-45—~ P="Rd N PpPp
ONs N Woiezefd7 S RA RL RER2 Cl4 OVII The term "corﬁ@q@gﬂh%% as in
"pharmaceutical conmposition,” is intended to enconpass a.product
conprising the active ingredient(s) and the inert ingredient(s) that nake
up the carrier, as well as any product which results, directly or 5.
indirectly, from conbination, conplexation or aggregation of any two or
nore of the ingredients, or fromdissociation of ong or nore of the
ingredients, or fromother types of reactiong®or ilRteractions of - one or
nmore of the ingredients. Acgordinglyy the phaxnaceutical conpositions of
t he present invention enconpass jfany gonposgt i .be adm xi ng a
conmpound of the presentra n% (ﬁgg\é phar maceu |cg y 10 acceptabl e
carrier. The terns "adm ni s@y-g/mm _ [ ripd?a" conpound
shoul-d-~be understood ‘t-0 mean provi-di rpgy'-
prodrug of a R

(1)

wherein R1-R11 are as defined above. The compounds of the present invention are
also intended to include pharmaceutically acceptable salts of the triphosphate ester as
well as pharmaceutically acceptable salts of 5’-monophosphate and 5°-diphosphate

5  ester derivatives of the structural formulae IV and V, respectively,

The term ‘r"5’—(S—acyl—2—thioethyl)phosp'haté” or “SATE” refers to a

mono- or di-ester dertvative of a 5’-monophosphate nucleoside derivative of the

present invention of structural formulse VI and VII, respectively, as well as

10 pharmaceutically acceptable salts of the mono-ester,

_14 -
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conmpound of the invention to the individual in need. Another aspect of the
present invention is concerned with a nethod of 15 inhibi&?gg HgHsNSSB

pol ynmerase, inhibiting HCV replication, or treating HCV in ecpion with a
conpound wb obker2pr esent invention in conbination wth one pekh, 1 ®4E0sQ9EN S
useful for treating HCV infection. Such agents active agai nst HCV I ncl ude,
but are not limted to, ribavirin, levovirin, viramdine, thynosin al pha-1,
interferon-a, pegylated interferon-a (peginterferon-a), a conbination of
interferon-a and ribavirin, -15 22 July 2005 WD 02/057287 PCT/ US02/ 03086 a
conbi nati on of peginterferon-a and ribavirin, a conbinpation of interferon-a
and levovirin, and a conbination of peginterfg?on-aﬁé d levovirin.
I'nterferon-a includes, but is not li@ited to, xeconbi nant interferon-a2a
(such as Roferon integferon avail abl : froE%be pRoche, Nutley, NJ),
pegyl at ed i nterferon-a2: éSHSV§TwyTV&3in r b|(such as Intron-A
interferon avail able from!Schering Cdod., ; 11 pegyl at ed
~i-nt-erferon-a2b-(Peglntron ,-a-reconbim péus - interferon (such-as-
i nterferon al phacon-1), and a purified i Eﬂg product. Anmgen's

reconbi nant consensus interferon has the'‘brand:n I nfergen(r). Levovirin
- is the L-enantiomer of ribavirin which ha&3sown i mmunonodul at ory
activity simlar 10 to ribavirin. Viram diyne represents an anal og of
ribavirin disclosed in W 01/60379 (assigned tg ICNFﬁharnaceuticals). In
accordance with this nethod of the present invention, the individual
conponents of the conbination can be agim ni ster rately at different
ti mes during the cour se1ef_t Spgpyxgr,Eanu%% I'vided or single
conbi nation fornms. The instlant inveﬁ?“?ncﬁ 8 §+ bg understood as ..
15 enbracing all such regi m®s of si algd nating treatment, and
the term "admnistering" is to be iEIe?g é%rdingly. It wll be
understood that the scope of conbpg at i oR¢ tonpounds of this
invention with other agents useful for tre HCV infection.includes in
princi pl e any conbi nation wth any rmaceuti cal conposition for -treating
HCV i nfection. Wien a conpound d¥4.4 he prQi nt invention 20 or a
pharmaceutically acceptable salt thereof I§ used in cenbination with a
second therapeutic agent active against HCV, the dose of each conmpound

maybe either the sanBhén@rcempbstiem, af HOPhkALacERESI WhRPodifiéh eqpound is
used al one.. ort@g)treatnent of CX i nfect e Q%EE ﬁnds of. the present

H jon,. th .
i nvention nlélyengF FEOWRRTSH e § Wnéj&gﬁbgg&qvﬁh“% g EitingThat i s an

i nhi bit or ingredient(s) that make up the carrier, as well as any product which results, directly or

5 indirectly, from combination, complexation or aggregation of any two or more of the
ingredients, or from dissociation of one or more of the ingredients, or from other types
of reactions or interactions of one or more of the ingredients. Accordingly, the

- pharmaceutical compositions of the present invention encompass any composition

Fg”

made by admixing a compound of the present invention and a pharmaceutically _
10 acceptable carrier. :
~ The terms “administration of” and “administering a” compound should
be understood to mean providing a compound of the invention or a prodrug of a
compound of the invention to the individual in need. |
‘ Another aspcdt of the present invention is concemed with a ﬂlethod of
15 inhibiting HCV NS5B polymerase, inhibiting HCV replication, or treating HCV
infection with a compound of the present invention in combination with one or more
agents useful for treating HCV infection. Such agents active against HCV include,
but are not limited to, ribavirin, levovirin, v_irarnidine, thymosiﬁ alpha-1, interferon-a,

pegylated interferon-o. (peginterferon-c), a combination of interferon-a and ribavirin,

-15-



25 of HCV NS3 serine protease. HCV NS3 serine protease is an essenti al

viral enzyme and has been described to be an excellent tar Iyoi
inhibition of HCV replication. Both substrate and non-subst 0based

i nhi bi t'ongo®b/0$468% NS3 protease inhibitors are disclosed @@T)@gg&(og@w& WO
98/ 46630, WD 99/07733, WD 99/07734, WO 99/38888, WO 99/50230, WO 99/ 64442,
WO 00/ 09543, WD 00/59929, and GB 30 2337262. HCV NS3 protease as a target
for the devel opnent of inhibitors of HCV replication and for the treatnent
of HCV infection is discussed in B.W Dynock, "Energing therapies for '

levoui 11 n, _ataitfelith 8 hbBerre et B TahE S comaoag it Gl a i 1
modul at i ng |1¢1‘l0mmehmi|haomﬂ)mhgn of pegiiniferennuaiddotdvdes. h1terf¢rnﬂmabndiludm of the

16 22 July Z00% MOLBRH0 2T RETALEAZA 0309,k gl gatggf?rsgambtenos' ne

nDnophosphate deh genase enzyme on
t he bi osynt afkogle, MBYd&anpmiaﬁ%m@'fqr@ea%(Rﬁgym é5| s.
“Ribaviris-i snté@@fdhiamb M%%Néramﬁtekﬂaﬁdn%ﬁhélﬂé fohy s@Rdnb g, Monophosphat e
derlvatlve |tor of . 1MPDH. h i nhi Bj,t i on of II\/%—!S represents
anot her use Brevtited B eEsowry® feaHIDbi 1 riscEbiFRY cPREhFEat i on.

Ther ef ;)Ttr) e, mfﬂ&fﬁcmrpmthds uﬁfra]rfirhﬁ a@h@?@ﬂwpmm/@meiﬁéﬂ ﬁ%@dﬁﬁg p‘@@du%ﬂrr? _nl st ered
I N Cco I natyl Lnhibltor o u S - 1.C 1 .S.
i'sclosed | oo ot B G e Bhestbhhs Be PihndSars W eal] einiiner

| MPDH i nhi bigtbe L-angphomsr oitrhta-'tvnm whichdedshaw/¥Onion @bIBRatbasstiging sintilar

Bri st ol EkS AP0 I and
E.M Eulg%l E(iae nt spAygﬁa%dlwz&?%%EﬁIaﬁtaﬁal%ggﬁﬁgfg‘gé#]d S%ﬁﬁg‘?lr{cw&b nt of
HCV i nf ect i &3 2pgttodshhBhgraacetion b{aég@ﬁﬁncwmﬂm mnth@d;pf@hesmes@et |

. admi ni st.er ecimeﬂu&p@ﬁa mafi @ik WbinPokdpes @hd YohBina@Gedn beadlﬁﬁlhﬁf&éaﬁ _
(1-am noadamant é‘lf%F a_conpr ehe S|ve de cr|¥t| on of this ent, see J.

Ki r schbaum %ﬁ’éﬁ L ey ugﬂ% e cpyrse Pl ggyp]wuqq;ltlwn ivided or
" phar maceut singlelepnbiiphdbiad. Tie 1|i’[ﬂaﬁltmt/diﬁlbnt1émleﬁai®ﬂel tebe udﬂérkt@&ﬂ as Ofr

d f | at i
and ot gep2pubfefREh ufelbl dmdEn S gl MR SR Erdald e (0 he
present i nveinipisteging” m@rmmmtadlaccwdmgb’s ilt wihbe ondepstbed thgt thhecope
nucl eosi de Bpéﬂ?ﬂﬂﬂ&tfolﬁrlﬁi HeEdnY \fl?ﬁf $QQE€QIuoﬂmlﬁh&hegQgéeB{sE€.§gﬁg Edrnvent hon

in association with a lparmacetl acceptabl e carri
treating HCV infection includes in pnn01ple any Combmatlon with any pharmaceutical

composition for treating HCV infection. When "a compound of the present invention
20" or a pharmaceutically acceptable salt thereof is used in combination with a second
- therapeutic agent active against HCV, the dose of each cdmpound 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 seiine protease is an essential viral enzyme
and has been described to be an excelient 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 Dymdck
“Emerging therapies for hepatitis C virus 1nfect1on ” Emergmcr Drucs 6: 13-42
(2001).

Ribavirin, levovirin, and viramidine may exert thelr anti-HCV effects o
35 by modulating mtracellular pools of guanine nucleotides via inhibition of the
' -16 -



exanple of the invention is a pharnmaceutical conposition made by conbi ning
any of the conpounds described above and a pharnmaceutical by @ abl e
carrier. Another illustration of the inventionis a process for making a
phar maceugj osition conprising conbining any of t S
descr.be3b2§%@35§ﬂ3 a pharmaceutically 25 acceptable carrler Hﬁﬁ%&g
included within the present invention are pharnaceutical conpositions
useful for inhibiting RNA-dependent RNA viral polynerase in particular HCV
NS5B pol ynerase conprising an effective anount of a conpound of the present
invention and a ?harnaceutlcally acceptabl e carrier. Pharmaceutical 30 -

conposi t i ondMRSERYAT prgyme BRSHETHOTRRA oRRhg ik eromspasy (APDH BAPDBHs e
particul ar rdde¥inkitth eﬁzﬂﬂe @Hﬁae @io% tﬁét&qrdsﬁﬁﬁﬁ%d ,wo foh@m@é fReMtigbknvention as

wel | as a net hod, of. |b|t| merase in
particul ar YRESHS- ay/’r?é‘rlég d’:ﬂﬁ H‘%’iy?f’d?fi Byrapy ﬁ’éﬂ‘rﬁ’nﬂ’ - dependent
viral repli umopho@hdteldenvm&retm azuinarbltldﬂdf IMPDH: alinaninhAddot sfan@dy, t he

8 Chor aptut Fabpesabplict PSRk Br g S8R SYGRs OB Gt ronr

PCT/ US02 103@3&6@@@@9 @dnlpbunda@f fregeenent inmemvin way also be atiiatidrediod t h a
therapeuti c @bxhﬁm%%ﬁ %{hva% xgﬁﬁﬁbirdf IBfPIﬁJ[? QhRg I:‘-.’LS ‘%9@&97 a@/bﬁ’ % cﬂs%?ds@& lhwo

RNA- dependent articu ai ns ts active

agai nst HCV?Y fr’r‘é%b éﬂd B\[@ 0&4086%0 asalgrrﬁdtteaf etrf@x rapafém MNRDH m@bﬁ% UG, as
vi rami di ne, tﬁahﬂfﬁﬁﬁjsétl 2 Wirrod/25780 (h@iyneu&@Bn@{olJN@élé\ﬁs}"u@@)r bPRyRIBLEAER, S

|t or £t B orERYe b S EERE Babt aseie Askn P frgpfy 67 LR "
ribavirin, a conbinat Il"@mtmftreatnﬁmbfﬁmhﬂﬁecam thevouipbiungs afmigk ;&emnbl nation.
of peginterf{grans ITI@ gql so% Ih&eredlngl’:&ixg% ﬁgn %n!h&ﬁ# HOESea Dt 1S not =

limted to, reco er on- eron 1merferon
avail abl e f ﬁ@ﬁﬂﬁéﬂlﬁr@f@ﬁ%@ﬁd@@h@taﬂﬂlﬁfweworrm@henﬁln'@ desosiptinn abhislageisach as

Intron-A i n!I%fr?dh@ﬁuﬁVﬁhélaP}oﬁlésrlﬁﬁh§EB@VI'2“9 Fqfpgzy eni Iworth, NJ), a
consensg\% interferon, and a purifl 8d [ nter feron-a product For a di scussion
[

of ribavirin and its ]%thﬂhm%?‘e‘é%u}ﬁéﬁceﬂ@ble de egnihatde AyEsts dHRNLIA
Raybuck, "I Bﬂﬁpﬂ&ﬁt mivbredagatislk @wiaechy diheg elpacdentSentic demailatn M ndt r uct ur e,

Kinetics, a 9% Ther gcg yutic Pﬁ)ttﬁ ," Ann. Rep. Med. Chem, 35: 201-210
(2000). 15 ARG & eI (ifaesent i nvention provides for the use of
t he nucl eosi de corrpouﬁdsksnahniedmmmma:he yesetthsvaofonandplidmmaceuplbadr maceut i cal
CONMpPOSi ti ONgompositions 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 t:ompositidn 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 pharmaceuﬁcal composition
comprising combining any of the compounds described above and a pharmaceuucaliy
25  acceptable carrier. ’
Also included within the present invention are pharmaceutical
compositions useful for inhibiting RNA-déependent RNA viral polymerase in
particular HCV- NS5B polymerase comprising an effective amount of a compound of
the present invention and a pharmaceutically acceptable carrier. Pharmaceuitical
30  compositions useful for treating RNA-dependent RNA viral infection in particular
HCYV infection are also encompassed by the present invention as well as a method of
inhibiting RNA-dependent RNA viral polymerase in particular HCV NS5B
polymerese 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 -



for the manufacture of a medi canent for the inhibition of RNA-dependent RNA

viral replication, in particular HCV replication, and/or tzﬁ%uh/rﬁ)%%m?m of
RNA- dependent RNA viral infection, in particular HCV infection. Yet. a
further agpegbsed; the present 20 invention provides for therhughgnst de
conpounds and derivatives thereof and their pharmaceutical conpositions
for use as a nedicanent for the inhibition of RNA- dependent RNA viral
replication; in particular HCV replication, and/or for the treatnment of
RNA- dependent RNA viral infection, in particular HCV infection. The
pharmaceutical co itions of the present inventian conprise .25
conmpound of C%‘??%’&m e?@?%f‘ﬁeﬁm%fgéﬁ RN Vit Eifrany lﬁﬁﬂyéaf%cme

phar maceut i gmbint of aaothpi adeheacsiat hgdiha TOOA -depaadomaRNA SigusCaidtiaipartular

phar maceut i ¢gl eptabl e carrier Qpti onal | her therapeutic

i ngr edi ent sfg‘: %}@%&n‘pgﬁe{‘ﬁs g%[é‘%iaﬁgjlnﬁtd[_elé(@gi%&é%e??ugﬁ%yréogiﬁﬂiﬁdéo’f%kr’fR'bqrél ,
rectal, - tolsivedrin, pareities, dynsinc!piti- hegnsinbibitoanbd (Y, NEd seraraysotehs;, and

“iAtTavenpus e AC A ; eg}%:téd)ﬂ%ﬁ%ﬂlh ﬁ@egi Fﬁg}l}%ﬁ{)yﬁ tORERbaH o'it}g%?f%l on-o

i nhal ation), or. nasa m.nistration, a the nost sulta & foute in
any given cHEIRMIN.GeqeEminasivnon eegiategicromp@nd sbperiy yowhbinpéorehdi ti ons
bei ng _tretalt ﬁﬁer?e%h-@{hnﬁh@vd%&lﬂgtéﬁ% QEoﬁaﬁﬁ#aﬁ_@ﬁbYﬁc i ff@ﬁ'netgﬁ%d le%‘ﬁ}ﬁn.][m%’_hbe
conveni en esent.eda 1L.n nil. sage, 1orm a prepar.e ny. o e

et hods vl TGRS lﬁg{‘ﬂ%% s ‘Pt()‘ﬂﬁg‘?%?eﬁcoﬂﬂ%ﬂ@ mjfaff‘ym%é%%u?babz/ 057287
PCT/ US02/ O03R8ferdminperfedn awdilabis dront Hefhonpoluitis:hof Nelays ) iatbrféonmzba | can
be conpy ne t cli in diente i ndntinate adm xt ur i.th a

phar macdut - gunr st el it Pah bR o oG Pt Kek A

conpoundi ngeauseiisni eutederoRradegnified imteyferomak progluvi. der aaliscessjorodf f or ms

‘dependi ng ofL4Jaen ERY 1 Al \RIySRAR ALY, Q&S;i.e)j.eé?lin%rs%na%@.@a{]brg@ﬁ,i GfhsiR: 9:

oral or pargnteral (I ncludi ng I ntravénous). In preparing t conposi tions
for oral do¥eyeriesphite Ainpyérseniee: fsmaidepionricdciveaingifisaanday be _
enpl oyed, SUkdiamiticiFoter@MEMBLE, RMA M. CBbMe 035 200006 (200ogohol s, flavoring

~agents,,. preservatives, colori ents and the like,in the case, of oral
| i quid lp?r epar at i ons, 35‘8 er Q%’?&%égg%&rgﬁeﬁﬂté?v%%B%?@ﬁg?r ng 155 Pisthe g

sol uti ons; wrclamidel @npoanddunasiesilvati ¢l elcresigal their pRarmiacsniaysinapdsitivas
i si nt ogr at e ey s SRR bR AN RS e WA EADE o PR RS W o
such as, f otepliestigmpinparpoiitdiCV replicatiamansldinthe apatmeatof At deperdent Wit h
the solid orRia RFARAEEESD NS parkElIROHEN e, ek fldifer hiftul oF ME GRALAL I ons.
20 . invention provides for the nucleoside compounds and derivatives thereof and their
pharmaceutical compositions for use as a medicament for the inhibition of RNA-
- dependent RN A-virallreplication,' in particular HCV replication, and/or for the
treatment of RNA-dependent RNA viral infection, in particular HCV infection.
. _ The pharmaceutical compositions of the present invention comprise 2
25  compound of structural formula I as an active ingredient or a pharmaceutically -
acceptable salt thereof, and may also contain a pharmaceutically acceptable carrier
- and optionally other therapeutic ingredients.
The compdsitions include compositions suitable for oral, rectal,
- topical, parentéral (including subcutaneous, iﬁtramuscular, and intravenous), ocular-
30 = (ophthalmic), pulmonéry (nasal or buccal inhalation), or nasal administration,
-although the most suitable route in any given case will depend on the nature and
se\}erity of the conditions being treated and on the nature of the active ingredient.
They may be conveniently presented in unit dosage form and prepared by any of the
methods well-known in the art of pharmacy. |
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the nost advantageous oral dosage unit formin which case thgzoos
pharmaceutical carriers are obviously enployed. If desire

Because of their ease of admnistration, tablets and capsul es represent 15

bl ets may be

coat ed bywss@ndaged aqueous or nonaqueous techni ques. SuchyEopReskdk ons and

preparations should contain at |least 0.1 percent of active conpound. The
percentage of active conpound in these conpositions may, of course, be
vari ed and may conveniently be between 20 about 2 percent to about 60
percent -of the weight of the unit. The anpunt of active conpound'in such
t her apeutical |y useful i s such that an osage w |

it | s ffe d
be obtai ned. The acti \}Bpﬁnﬁﬁ %8‘?{“8?%’6136’ sy g’tr@r"‘gadf?aﬂtbf:anasal ly as,
for exanpl epmbimgdiad tidr apise nrcrshar&yn inFheatt athnidttsie vt 4 pharﬁﬁapaﬂic@&;an@drd t he

L ke Yl S0 6T, 08 RLAHE o SHLout SpRRALARRGRNIE, SRR a5

di si nt egr at itk fa‘qm\’aga@wfé@mlsoiﬁpe@% oh thepflotmtad ps&tpamtllcm @Bl@drﬁoc aC| d a

~Lubri cant syahgsdRANEs] UMl 8t PAEALEI (ABRARSHREISR) nxggf‘é@m&ﬁl

sucrose, lactose  or sa€charin. When a dosage unit capsul e it
may cont ai n,COMROsHARNS 0 ATl dosagaferr. an DBFhet%Balé@@véaqe%@l medig T@@Y Becarrier

such as a f akiployet! sucB@s Nof &:Qu$1O twér, Q‘gﬁ:@l@lcﬂlss alFBNoID F1ROERE Bfends Coafl ?93
ance, et s

or to nodify the . si.cal formo h e uni For .ins

Ty Do cont SEVERPen et ahe A5t A e T BE B Rt bt Tideid PRpREs BT o1
i n addi ti on asdot treangde, |suspe|nslgnedhﬁm and splcti@seoBsarders \weei mmgh@gﬁlghzs,
Theryy 309, ReRKhRAARCNRBS: DRSS WALk H e Bk A0 TAdHOT 18 SUEN o
Conpounds- ofdl%mtﬁgrétlm agenfsoanghihelike mtile arssoflgzal salidl piepeestiods syshreerfoer al | y.
Sol uti ons Orex&ﬁﬁﬁeﬁ&h&é}§ h@fd m%ﬁ cﬁﬁédlysearmﬁ'@i@ﬂ”%&h‘iﬁ&sd?ﬁ REGRH g;ﬁﬂldne

wat er suita I%lam xed Bé{\n a surfactant. such hydr oxy- propyl'cel I ul ose.

Di sper si ons SPSHFY B‘éerﬁli‘eelb‘&F%BﬁiPﬁr"&W%erol | i qui d pol yet hyl ene gl ycol s
and m xtures thereof |Btc5useloh°ﬂlemémdebfamﬁinmramoﬁqambﬁslaaas;apﬁuls‘str@gra@ﬁt and
use, these pre aratlvo S cont%lw Ueg &ﬁgrvatlve to er\fi t the gr. wth of
M cr oor gani sme. ?ﬂ«,%‘}?ﬁ%g LR Y i Yaish &350t Rﬂ@ﬁ%ﬁ‘l‘

i ncl ude st echdriers zaqubvmsslsompiqyodslfoiesmdap@ﬂ@sma@l:&mda@tlémstaadmﬂvxde_rs for

i3

t he ext eﬁpoaaﬂ&%y.%rn a?ﬂ@&ﬁtt%&ﬂ cglr s S5 é%&c{%ﬁtﬁﬁ{se” ?Ieei’g%gﬁ)hggﬁ’ ge fluid to

di spersions m nmust
the extent CRBEineHdgAsq.d ipArgani ofiactjvesqmpaund) (Thepsrceptage of active compound

in these compositions may, of course, be varied and may conveniently be between
20 about 2 percent to about 60 percent of the weight of the unit. The amount of active
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 2 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 magnesiom 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 lliquid. 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, methy! and propylparabens as preservatives, a dye and

a flavoring such as cherry or crange flavor.
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stabl e under the conditions of manufacture and storage and nmust be
preserved agai nst the contami nating action of m croorgani SHE, ﬁ%a
bacteria and fungi. The carrier can be a solvent or dispersio %I um
cont ai ni wgQ of/ar72gsxanpl e, water, ethanol, polyol (e.g. gl yeer@bioesopyl ene
gl ycol and liquid polyethylene glycol), suitable m xt ures 15 thereof, and
vegetable oils. Any suitable route of adm nistration nay be enpl oyed for
providing a mamual, especially a human with an effective dosage of a
conpound of the present invention. For exarrple oral, rectal, topical,
parenteral, ocular e | i be e oyed. Dosage
forms incl ude tabl etswof:(}p&‘fﬂé(s Dpsgﬁugt)ué?l PBRY: b f%f‘ysausé’pbéjrféf%ﬂ’éfe | uti ons,
capsul es, cpaantsiallyi POHENNS Or SIBPASVHTS, of almezte abiéve adnqaouﬁ'd:ecﬁzezrmt;lryparabﬁmounds

f struct dr t t
P, he st 2GR USR U & B BB MU
doses. In ofi@ @%medﬂmélycﬁébé@@@mi%h gnmglycqloandlmtwﬁ Rr@r@é@y vvel ght

~inediovieded- Q%%nde!r%@ﬁ%%ﬁd@i@ﬁ@gf §BAbe aﬁ@uétoafog@ f?ﬁaﬁoﬁsscom?a'énQ to 20
ng/ kg body wei ght divid cLSdose For oral .adm nistration

~conposi ti onEreé I«‘-l\atb‘ifetf’é’lr%\‘ﬁ’l“&t SOV B TISTRORENIRI of tabl ets or capsul es
iong ai % ngll 0 to 10Q@e @hhﬁn@e‘mm ks Reitang f&&nje%bl@@isﬁgigludgggehﬁééggar l%o
800, 900, aRPRRS R LRSI R SRS PO B BEmPRAASES Sy pt omat | ¢
adj ust nent prfepalhbomo‘éagnletlmetﬂablepsaiutmns ot dispesidis.t nedit wdes, Tedoad frast | ve

dosage 18)’ %ét&"ﬂg aﬂﬂrn%’ét%@hu 'g&@ﬁeﬁﬁ}{ eacloj?:squ'l%%ﬂg’ &gst%)l é#ﬂ.@t particul ar

compoun node 0 m ni strat erng treated
and the sev@fﬂﬂi’lﬁyn@ﬁff tb%@mafhWnStqu@q‘igEtan@aMe asd@msab@a@eervqxhgpamt '
ascertai nedthe%aﬂdaiﬂnﬁmgaacﬁslﬁ éPﬂuc%leﬂg'aﬁi@m's Rudth& Bicleria R %ur@‘?s'@ﬁ@cirﬁgﬂ men may
be 35 adjuste rovi de, t he opti t herapeutic response. 20 22 July
2005 WO 028" VEREPT gﬁ@%ﬁ%d@%ﬁﬁ@é%@%&%ﬁ%@@fnﬂ%&%@e%?ﬁo Linplxit i on
contai n one(egt. ghgamﬂ ;&syﬁaﬁ gliycolendliguil pulgeitylend dlysolpcaitblamilaesmt es and

racem 31 X%x%fe%f o é %tgble ant| oners, diastereoneric mxtures and .
i ndi vi dual di astéreol ‘ﬂlué present invention is neant to conprehend .

conpounds nucl eosi de Kayisngablheoure ofndnigistrator heyibeampbaetifgupratidong 4 or t he
fi ve- menber gy fui FRP3Gal} Dfufitn g\l&w acflte?ﬁi:cL% §88ee 5t 4 U&Il%ﬁxﬁ'd i Bie@abe! oW

that is, nucleosi oun whi ch the subStituen
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, doéage.xange is 0.1 fo
_ 100 mg/kg body weight in divided doses. In another embodiment the dosage range is
25 0.5 1020 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 ingfediont for the symptomatic adjustment of the dosage to the péticnt to be
30 treated.

- The effective dosage of active ingredient employed may vary
depending on the partioular 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 optunal therapeutic response
-20-



C-1 and G4 of the five-nmenbered furanose ring have the (3-stereochem cal
configuration ("up" orientation as denoted by a bold Iine)., ﬁ@%@ N R O
O NNARLIL1 4 Gt G4 R4 RL R3 R2 10 Sonme of the conpounds ges ribed herein
contai n ofygfjisEgdoubl e  bonds, and unl ess specified ot hepwifRgade8; Meant
to include both E and Z geonetric isonmers. Sone of the corrpouncfs descri bed
herein may exi st as tautoners such as keto-enol tautoners. The individual
tautomers as well as mixtures thereof are 15 enconpassed with conpounds of
structural fornmula I. An exanple of keto-enol tautoners which are intended
to be enconpassed wthin the conpounds of the present invention is '
il lustrated bel ow R9 014 RIDOUNKHOTARNPRECH IYCNRGOCENNNNERITOR 5 O O N NR11
RR R4 R ReyRfeBk Riters 2kt can (s obehyas3@85maMRrR26 0512 87 Rt/ 445912/ 03086
Conpounds of structurcfl formula | ma 'bcf_ Se‘Pg‘%’jt ed into their individual

i abt er eoi s GATEOES. GETerEsamm X FRAaRd BIARt (RS FTaRa i DIF Pt a

suitabl e sdhvamion if oearetaophprefi@id@nddosalke ceirpylndadelalgghof-Ia m xture

“onase. 55 Rl cof AR RE R L L RRAE Bhicks BRTIRE o
formula | meyruberafomuietelby, Satiscnsiesideicomppmdsasivehicsihnguisgiticomlaty pur e
starting arj.al € fi td_ :Shereochem stry

of "t he Substi funar I dieaRagRbAL Gt KN SRR b I8 8. Ao M Bl oL oo o o

t he conpound&nfguipHan Fir‘&Sé}WniaHVEﬁ@ fenoteskbise bolddimedl fornula | is

R0\ O R
c4~"4 ~ &
R R
R® R?
B-D-
10 Some of the compounds described herein contain olefinic double

bonds, and unless specified otthise, are meant to include both E and Z geometric
isomers. _ -
_ Some of the compounds described herein may exist as tautomers such
as keto-enol tantomers. The individual tautomers as well as mixtures thereof are
15 et;compasse_d with_compo_unds of structural formulal: An example of keto-enol
tautomers which are intended to be encompassed within the compounds of the present
mvention is 1lustrated below: ‘

R'l‘l V

———
———

| = " OH
Ny
RSO\ O N
. : - R

R® R?
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10 denoted by squiggly lines which signifies that substituents R, R2, R3
and R4 can have either the a (substituent "down") or G3 (s%sﬁ]y%ﬁgt “up")
configuration independently of one another. Notation of stereochem stry by
a bold liwevssats C1 and G4 of the furanose ring signi fecasydoRaiost he
substituent has the P-configuration (substituent "up"). 9 10 ORI R5RR
ONNRat G3~-R3 R2 C.2 15 The conpounds of the present invention may be
adnministered in the formof a pharmaceutically acceptable salt. The term
"phamaccutically acceptable salt” refers to salts prepared from o

phar maceutical |y acceptabl e non:toxic ses, ar cids incl.udi i norgani c
or _organi c bases and i nory: ng%;tngpgglﬁﬁ%gng@i d%?ya@aﬁei’%fa 1Bi9 tgg‘éi c
conpounds entdrpagistdstercoivmersiby, foe exathpleairaataul drgahlliyatendephakhfasal t "
refer 1o Noloh@l forsBhhicGherhfifol SPEROHAIROb: § HifdeHERLE P My ar e
general ly prepafe& y eac%lng.t e free base Wth a surrapl’e gani c or
i nor gani ¢ achepmatygspplesesigan epicely edivsfsiaiimsaty Mespounds of the present
Cinventios include, butamifufply, ahj StiBRolr of REHAMLRWCME sARflAl e

" benzenesul fonat e, _benzoate, bi'carbonate,_ bisulfate, 25 bitartrate, borate,

brom de, cark€yiut bmaybewbiuned bysirerspasiic synthesinpsinsoptically ape starting

gl UCept at o, 01 nconat &S5 98 Juty SGE N 0/ 07587 pCT) IS0 a0

gl uceptate, gluconate, u . , . _

gl utamate, glycollyl ar@&ﬁ?ﬁ“&‘{"g?“‘}%‘}}’ﬂ g‘g%%i\ﬁgl?ﬂ&wé,a?ﬁ%gﬁﬁﬂ% positions o
hydr obr om dehe fumpds®chg of ihdepmippdndnofnaphtehantieentiodoflgruchaal foranlatl és

| act at egpnl a i . . te, ‘
ot hyl b G20 Re P el S8 Enich T @ Bl Een RIAC M T RIEHE P e,
N-met hy| gl uda sidhea iroh (substitaent “doveats B Exbitiate! B papnfmgueatianbonat e) ,
pal m tate, paRpeidRaNgbe ondRMRE AN R IRAS BemisRY LY I ACTHE QA1
salicylate, s (ﬁg{g}&{e sul fate, suhacetate, succinafe, tannate, tartrate,
t eocl at e, té‘gé 5t & thedpppsegtefientes that Be sphstitesyt hardhafreontighaient he
conpounds of(subegtuenttio@ht.i on carry an acidic noiety, suitable

pharmaceutically acceptable salts thereof include, but are not limted to,
salts derived frominorgani c bases I nclégii ng gloum num

“

15 0N
The compounds of the present invention 'rr_lay _rbe- administered in the
form of a pharmaceutically acceptable salt. The term f'phannaéeutically acceptable
salt" refers to salts prepared from 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, ciavﬂlanate; citrate,

dihydrochloride, edetate, edisylate, estolate, esylate, ‘fumarate‘, gluéeptate', gluconate,
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10 ammoni um cal cium copper, ferric, ferrous, lithium magnesi um

mangani ¢, nanganous, potassium sodium zinc, and the like, ? O§U| arly
preferred are the ammonium cal cium nagnesium potassi um an ium

sal ts. Sawoesiaerisved from pharmaceutically acceptabl e or gaphion®idsd OXi C
bases include salts of primary, secondary, and tertiary am nes, cyclic

am nes, and basic ion-exchange resins, such as 15 argini ne, betaine,

caf fei ne, choline, N, Ndibenzyl ethyl enedi am ne, diethylam ne, 2-

di et hyl am noet hanol , 2-di net hyl am noet hanol, et hanol am ne, ethyl enedi am ne,

N et hyl norp I|n o | pi. dine, gluc 0 ne,. hi stidi ne,

hydr abam ne, gIT]S)I rsn(z)l& 8 &i’ﬁ%ﬁ%lﬁfeybf’wges a@%&fﬁg %ya{?gﬁ dlene

'Pi pe{ r5;12: ne, nghl@%%ﬁ@%yﬁﬂh%e ne@dﬂs:sotlmpmra,llmc&ateplactlobﬁmatet et om ne,
riethylam r a

i ke. Al so, q??\lat h}éﬂ%tgsé égﬁealﬁggﬁ Ert% %m@@%:&ﬁ%ﬁ g%ﬁylsuﬂgup bei ng

present in tfﬁﬁc%@ﬁwﬁﬁ!@ ngfate, H‘én}ﬂt@églﬁt?aﬁnmémm@mm MQMMQWI%ELI y

-accept-ablse- gshffag (eﬁfboﬁaé}ngmﬂage %ﬁﬂt@th@ﬁﬁb"ﬂﬁakﬁf@%@g G gtﬁcgﬁ'; ngcete; pg' -

or pival oyl o% aﬁq\;{ derivatiyves of ‘al cohols,

nal eate, carf L?%F%%%I saljGylate) fegrais. 6 aie: WHAE s susanaipdarnag, taiaiaps
EES?QC |t gr It gfemmfe Ereﬁylﬁedgf;midl}gcgddiﬁl x&qﬂmlbl glsutth'er@lbrﬁf (\)mh)éﬁérmb)égmom%ds of the
Prepar ati on lh‘?%tt @?@8@%@%% Wég 12 li“g‘g'?' %"g’t%?e ‘E%qtéa]i‘ nt i on
The nucl eosildduds rhﬂpbamdls»t bmdted e, saltstdeviesd frhmrlecrfgamf: btutes inelediap alBfinum,
WS 8 opifn” "ﬂéﬁg} Egé,ﬂ Likig &%hmﬁhlﬁglgﬁ} ékﬁtggnuc%lél%t%‘?a&e “chemi stry.

well -established In't I’ce of nucl’eosi
Ref er ence i SN4pEdBI08H ROF?éSIfl@Ia pasiimgzing.and theolikea Passnatarin profenstl asythehet i ¢

et hods usedizorifie, PIGRAL alabAkith, b GATRAYSun Qhird NeyRIERGAL GbAven! | on:
"Chem stry o Nucl eos des and, Nucl eoti des,” L.B, Townsend , Vols. 1-3,

Pl enum Presd %‘1 15t @Regpl ﬂ%?f@??}ﬁpa? Afiphasesmgiudssalts %%Pfl‘fé?féﬁ ninits
entirety. - 28cci@adybyd 2A0Ey aMB0 2 YOT2 B%ineE EHUBAAL Q08 hAn EEREAS ARERA] Ve

| h :
gener o 182 M08l L ERAE A e SNSRI O e B, ESR GRS on  on
conpounds  ofdiethdapinsstinol, Aviemethylhmitosthanol ethaadlaiorenathalebedamirer, &i-n t he
furanose ri Rényh@srghBBnd, ‘?N E}h'& P%gn f bﬁeirﬁfrﬂeoﬂuco-ggl?nrﬁt fﬁ' ﬁlhﬂlg a'r[ﬂ{l is a

3,5-bis-O 5 protected al osl de, such™as net ar ahosi de,
structural fi Yéarﬁmiallifsm@rﬁﬁethﬁg Cwmeo%pmh@h%mmeﬁmwe@lmﬂmez ed V\A th a
sui t abl e oxXipdiyaiiige AYRS! prosdied) pafinés, theobromine, triethylamine, trimethylamine,

20  tripropylamine, tromethamine, and the like.

Also, in the case of a carboxylic acid (-COOH) or alcohol group being
present in the compounds of the present invention, pharmaceutically acceptable esters
of carboxylic acid derivatives, such as methyl, ethyl, or pivaloyloﬁcymethyl, or acyl
derivatives of alcohols, such as acetate or maleate, can be emploved. Included are

25 those esters and acyl groups known in the art for modifying the solubility or |

bydrolysis characteristics for use as sustained-release or prodmg formulations.

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 Nucleotides,” L.B.
Townsend, ed., Vols. 1-3, Plenum Press, 1988, which.-is incorporated by reference
35  herein in its entirety.
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chromumtrioxide or chromate reagent, Dess-Martin periodi nane, or by Swern
oxidation, to afford a C2 ketone of structural fornula 1- 32.]@@%55“ of a
magn

Gignard reagent, such as an al kyl, al kenyl, or al kynyl esi um hal i de
(for examgbeznodQs™McMBr, EtMyBr, vinyl MgBr, allyl MyBr, ang@atieapidypBr) or
an al kyl, alkenyl, or alkynyl lithium such as MeLi, across the carbonyl

doubl e bond of 1-2 in a suitable organic solvent, such as tetrahydrofuran,
diethyl ether, and the |like, affords the G2 tertiary al cohol of
structural fornula 1-3. A good | eaving group (such as d, Br, and 1) s
next introduced at the C-1 (anoneric 0 it' n_of the fura ose su '
derivative by 15 treat tERESS g?‘taFﬁeeg‘?rﬁ%aé%&@i‘Qﬁe th‘HF’Pr‘HP%On_Lof%ﬁ‘R%“g s ¥ydrogen -

hal i de i n a tisaprtsnt mventga’ms@utlﬁxatl\neﬂthemb bekasy. MHids Qgemehﬂﬁmaﬂﬂs th@ acetl c
d, t ff
Sﬁlch rre? hgne uﬁ?sg]n‘gﬁdé) %‘%&gﬁgﬁgp e% 8‘2%%1839%3{5%&“%%?%5&—( ) or

p- t ol uenesulffrgnesceing-laTEHe ﬁ-ﬂﬁiybrabmﬁmtw akhesstarting ulaterlabipd h ngs'@up in the

“'subsequegt- r%%@étéc?ﬁkg CruBiidsia8 @ch Q@nﬁ%ﬁﬁbﬁé&dé BP&!ngc?ﬁﬁﬂfo%uﬁpl ki page.

The nucl eosi di ¢ e |Is constructe t reat nent nt ermedi at e of
structural fof ﬂ%vﬂiraxxlaow %Sﬁh@fh@ﬂﬁ’éﬁ‘él‘*"l@a”l fuifeblgcrridigingiagentusichas @i um or

pot assi um @flmnﬁ&n&ﬁ@ii@@b’r@h@hiéte%é@féﬂt s dviddeneHbaInahE 03 b ISeh m di ne

1-5, h b t

o S B ot SR e VeSSt bl darmile 1 it of p fiignerd by
treat rrent mnr&dger&nsﬁhl@alan aliydraliday], sualyad madicsimhlydidedéy exampiz! kal i

hyd b

ot acsi (o | Ml rROLRT NG, By, B SRR ey 4K n&aﬁm in
a suitable aliﬁivhyldrtbmm shgfaat ek hotont the@@ﬂdmnahdmtb@t leomidtafilE2 in a suitable

t et r ahydr of uraRic sbivagt, Ribn & teﬂmgfd%m%n&%&yl Bfheh) ahla%m&Mffoers dze (DMF).

The di spl acerrent reaction can é:;g usi ng a phase-trans

catal yst, siaHaysicpbpl of sucturaldomouip yzfxgoo aampwds&ﬁh 8t Ch B, Wii a

t wo- phase s%ﬁits@ext(lﬁ@bmealaqgiect addnwcwpbsxguh oF the%ﬁu?mlu nvﬁﬁﬁglsaﬁtl ng
gr oups t he nuc a re then
Ol oapedtf ol MEuient SEhE PG Bibiaiadss ST b Thoesamied in sl e
descri bed i moNeﬂN su@heaerhgdmgdn Bromitit indeesc adily of #ftird viee iGrepmpdiaterfufangsyhi ¢

Synthesi s, h§l§cﬂ: aﬁ"t Ilﬂé‘e ?[[hst.hHWn?%ysu%hﬁ?%ﬁaneﬁ?&lﬁteﬁé@% B'tﬂhﬁ ettllna?xn of an

am no 35 grou bn o I'ne nucl eus i s
effected by sulfcmtez@lﬁa QO%P-tQI@I@WIﬁSTAESG‘OIT@MmMWSW@&f%nt of the

4-hal o int euémﬂfcaatr@upimﬁmwsmeg&%t RGP «aén%ra@énh@?%c%ﬁ% @ﬁd@bﬁ&bp' I C
ammoni a_ or I1 id_anmoni a, .1.0.generate a primar ne at the G4 p05|t|on
(- NH2) 2 i aoe The nucleosidic linkage is Constructed by treatment of the intermediate of

structural formula 1-4 with the metal salt (such as lithium, sodium, or potassium) of
an appropriately substituted 1H-pyrrolo[2,3-d]pyrimidine 1-5, such as an
appropriately substituted 4-halo-1H-pyrrolo[2,3-d]pyrimidine, which can be generated
i situ by treatment with an alkali hydride (such as sodium hydride), an alkali

25  hydroxide (such as potassium hydroxide), an alkali carbonate (such as potassium
carbonate), or an alkali hexamethyldisilazide ‘(éuch as NaHMDS) in a suitable
‘anhydrous organic solvent, such as acetonitrile, tetrahydrofuran, I-methyl-2-
pyrrolidinone, or N,N-dimethylformamide (DMF). The displacement reaction can be
cafalyzed '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 struétural 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'pyﬁolo[2,3-d]pydnﬁdine nucleus is effected by |
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an-al kyl amine to generate a secondary amne (-NHR), or a dial kyl anine to
tertiary amne (-NRR ). A 7H pyrrol o[ 2, 3-d] pyrbgiJg['g@D%m—D one
ase,

generate a

conmpound 'maybe 5 derived by hydrolysis of 1-6 w th aqueous

aqueous- sQgj simp-hydr oxi de. Al cohol ysis (such as net hanol ysj 1-
N e e - oy HyHhdisd

affords a

or gani ¢/ medi ci nal
conpounds of the

wher eas

present invention.

treatment with an al
affords a G4 alkylthio (-SR) derivative.
mani pul ati ons wel | -known to practitioners of ordinary skill
chem stry may be required to attain the desired 10 -
Schenme 1 Pg0 Pgo O ~/ OR [0] OR Rt MgX

Subsequent chem cal

in

such as
ner capti de

the art of

PgdbH P90 0 t{ertreentiof tigr4-halp infprmetliate 196 witPgheapprariatt domge giudups aldhelic ower
al kyl RO X Nmifh&h

or |

WO 02/ 05728 72nplams, o 3ousatRg sscandapirming ((NHR)

remove Pg 1 tertiary amine (-NRR’). A 7H-pyrrolo[2,3-d]pyrimidin-4(3H)one compound may be

5

10

derived by hydrolysis of 1-6 with aqueous base, such

i, e, RO ok e e COE 9,

, RF a fjafkydarnige jo gRRFarg

as aqueous-sodium hydroxide.

Alcoholysis (such as methanolysis) of 1-6 affords a C-4 alkoxide (-OR), whereas

treatment with an alkyl mercaptide affords a C-4 alkylthio (-SR) derivative.

Subsequent chemical manipulations well-known to practitioners of ordinary skill in

the art of organic/medicinal chemistry may be required to attain the desired

compounds of the present invention.

Scheme 1

R'MgX
—_———
(X=Cl, Br,orl)
Pg = protecting group
R = lower alkyl
r? X
‘ . N
Pg O o PO © { : &J\
0 OR  HX | A NTSNTR!
R~ R s
sz _ Pg0  ©OH = ol
PgO OH X=ClBr, O.H 1 M = Li, Na, orK
1-3 —

X=Cl, Br, or]

Br,
2005
1.



RL P O'pH 2. optional HOB SOH 9 displacenent of X 1-6 with Rio 11=7 The
exanpl es bel ow provide citations to literature publication WSQ%B contain
details for the preparation of final conpounds or |nterned|ate enpl oyed in
the prepagatd@82¢f final conpounds of the present inventi@pq,Ki8efiys! eosi de
5 conpounds of the present invention were prepared according to procedures
detailed in the follow ng exanples. The exanples are not intended to be
limtations on the scope of the instant invention in any way, and they
shoul d not be so construed. Those skilled in the art of nucleoside and --
nucl eoti de synthesis will readily appreciate that known variatjons of the
condi tions and proceSseﬁeof)¢he follow ng preparative 10 pﬁoceﬁu%es can be
used to prepare these and otjher conpounds of the present Jinveption. All
tenperatures are degre ings unl ess ot herw se not ed. H 115

4- Ami no-7-(2-Cneth 1K 34D arjabi nof uranosyl )-7H Ryrrol of2 3 }%%\xrl m di ne

NH2 N HO O I N %ﬁ/)‘ﬁchﬂhron‘iumtrioxi . 1) i'n
di'C'h|'O'F'0'ﬁEt'hEIgQ'(' (10-m)- -at 10famese ed gﬁti aaa ydri-de (12% 115 FHESEREREREEE
1.41 nmmol ) and then pyfigline (2 ‘ mol ) . Th —njxRlre was stlrred

- for 15 mn, then a_ sotuti 6bf al IyD 335_
0[1133tetrallg(}s(1 rtquhylethyl) 1, 3-di si | oxanediH®] - ( rlbofuranosyl]
7H 26 22 July 2005 WD 02/ 057287d'?ﬂ@?73%!§@21 68686

pyrrol o[ 2, 3-d] pyri m di-p- 4- am ne [ﬁmnhprgparatlon see Jlj%nl Chem Soc.
105: 4059 (1983)] (508 ny, 1.00 nnDI) in DCM (3 nlL) was added. The
resul ting solution Waﬁ:th stirred for h .and t hen poured mho ethyl acetate
(10 nL), and subsequentf§X3PPELPLRW HrﬁYIG%&ﬁa@“lslt?: tegrayTe PEPHeptORRyYhigk et at e
as the el uentntaifiltetaile i the grebhdatiombefinatebepousdaddnataetihts M@pl:bﬁ]ed traken up

| Ib::log; gte hgghﬁ}erﬁéﬁlaﬁon(% f%‘%l %&p%ds? gP %e%gcstgr?t 1;r];§§n ion® %C nucf%mga gnesi um

compounds of the present invention were prepared according to procedures detailed in-

the following examples. The examples are not intended to be limitations on the scope
of the instant invention in any way, and they should not be so construed. Those
skilled in the art of nucleoside and nucleotide synthesis will readily appréciate that
known variations of the conditions and processes of the following preparative |

10 procedures can be used to prepare these and other compounds of the present

mvention. All temperatures are degrees Celsius unless otherwise noted.
EXAMPLE 1

15 4-Amino-7-(2-C-methyl-B-D-arabinofuranosyl)-7H-pyrrolo[2.3-dlpyrimidine

To chromium trioxide (1.57 g, 1.57 mmol)} in dichloromethane (DCM)}
(10 mL) at 0°C was added acetic anhydiide (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-[ll,1,3,3—tetrakis(l—methylethyl)—l,3—disiloxanediyl]—B—D-ribofﬁranosyl}—’]H— '
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to room tenperature (rt) and quenched by addition of satukatgd ggHeous
anmoni um chloride (10 m-) and extracted with DCM (20 nL). Thé organic
phase waswgv@gpeigted in 10 vacuo and the crude product pupihhRe.Mssi!ica
gel using 5% nethanol in dichloronethane as eluent. Fractions containing
t he product were pooled and evaporated .in vacuo. The resulting oil was
taken up in THE (5 nL) and tetrabutyl anmoni um fluoride (TBAF) on silica
(1.1 mmol /g on silica) (156 ng) was added. The mi xture was stirred at it

for 30 mn, filier'ed and_evaporated in vacuo. 15 The crude product was °
purified on BFOidaSyEpyrimidiyrrovmedionarpriahon. spehlAtnoGhemades. 105 485 %ent .

Fractions cqnogg)n{s08 e 0v @ehedlin WRTS BA PlasHide 8 VaROfahBfle kHiuMcHas t 0
sol id.. 1THNIR DVB

ive the desi.red.c 0 49 as a.col orl de): S
1 08 (s, 31-SS'E5T?9 @f?ei;ﬁ)eflrﬂ] %ﬁng-qf?ufg.g%?mﬂ f¢fate & o laﬁPdi‘ibeﬂ?enﬁY%ét regm )1H),
5.23 (m 1HthroBgld8li¢apelising efh@8cdidiblas e, elfenbOThd combitd fifir83 wds, 21-1),

o o o3 (e Bl o rdSyat g MBS e 1 OOl Booplig 0 T e w2

~N  f11 HO Nodmer)yim@gssiugs bia@li dSOM SpefHIA: (3.30 mL, 10 mmol) was added
3, 5- Bi 5- O (Zadpise M Qpheawl Rk he Frset i iR d e | xture
of 2-O acetyl 6% 5- Bflrs- O (2, 4-%?0%%0r QPhenrf?[[netlhmf’i)ﬂ{%f-%le‘EH ?@&ﬁ@to 1’8\01‘3‘
net hyl - a- D- FPBBT#UENGS eng fABenched by addifien of sipatefiagyeoushmmonsys shipgde 486
(1995)] - 2(1@mL)uhy eROed Weh DANIQ20 fR2Y. ThPeHaSGRAR3R8 e apdratbdGn 0. 10
nmol) in t@anolé{%tﬁ?zd% &?50@ &ﬂi'%aturalﬁedc' Et rt)Y _was stirred at room
t enper atttir e *FE° froag RrpdugERpntisd ooy s fusingia P PElaRAd® pressure.  The
oi ly resi dulichiasmstimpe adddeitn FEMAGALcifdfingihe prodasherspbdicdmicer (300 nl .+
5 x 200 m), ine (20 ri B [ nd concentr ated
to give the t ?é}iq%t%b@oaﬁ%'u%g%%f&t%g ﬂ%ﬂg%%?ﬁ %gfsﬁ%hel}ﬁa’ﬁ}xgh was used '
wi t hout f ur tefEbuplgmmpeiam Beeride (T8 oB sHwladivl 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 pprified on silica gel using 10% methano! 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.
THNMR (DMSO-d,): § 1.08 (s, 3H), 3.67 (m, 2H), 3.74 (m, 1H), 3.83 (m, 1H), 5.19
(m, TH), 5.23 (m, 1H), 5.48 (m, 11, 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-8-D-ribofuranosyh)-7H-pyrrolof2.3-dipyrimidine
NH,
74 | =N
A
HO O - N
CHy

25 HO.  OH

Step_ A 3.5-Bis-0-( 2.4—diéhloroph_envlmethvl)—1 -O-methvl-o-D-ribofuranose
A mixture of 2-O-acetyl-3,5-bis-0-(2,4-dichlorophenylmethyl)-1-O-
methyl-o-D-ribofuranose [for preparation, see: Helv, Chim. Acta 78: 486 (1995)}
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1H NMR (DMBO-d6 ): S 3.28 (s, 3H, OCH3), 3.53 (d, 2H, J5,4 = 4.5 Hz, H5a,

H5b), 3.72 (dd, 1H J3,4 = 3.6 Hz, J3,2 = 6.6 Hz, H3), 32_%},(2%6@, 1H,
J2,1= 4.5 Hz, J2,0H2 9.6 Hz, H2),4.07 (m 1H HA), 4.50 fs, . CH2Ph) ,
4.52, 4.6@0@@s728H, Jgem = 13.6 10 Hz, CH2Ph), 4.54 (d, lhcr@o2dzeséd. 75 (d,
1H, H1), 7.32-7.45,7.52-7.57 (2m 1011, 2Ph). 13C NWR (DMSO d6): S 55. 40,
69.05, 69.74, 71.29,72.02,78.41, 81.45, 103.44, 127.83, 127.95, 129. 05,
129. 28, 131.27, 131.30, 133.22, 133 26, 133.55, 133.67, 135.45, 135.92. 15
Step B: 3,5-Bis-0 (2, 4-dichl orophenyl net hyl)-1- O net hyl -a-D erythro-
pent of ur anos~.2-.ul g Tq.an ice-col S si.on of ss-Marti.n periodi nane
00,0 0. 1185 Aty O GRS S5 e A O oM A PR added
a sol uti on dempdreturfhredmuiaund theooorSeartdl (B 2ednced pregame.) Theoidnhydr ous
CH2C12 (200 ni. j er ~Oc The. reaction. m xt S i{ed at DC
e 2s! 200 TR BB R gglﬁékg?%or%f?’ﬁasge L33 Wil Bt 3% Pt o
Wi t h anhydr cus) Ed2@ined@00 mb), durd (NooiPediltared aad conesntioted torigive threeti thef

“Na2S2CB. 5H2 Qo 34 01 PRI GH RGO RUMEDY s G0 hndhignbayers o

wer e separated, _an e-organi c [ ayer was washe
NaHCO3 (600 $#R B belgst-er (800 mL) and brine (600 ni); dried (MySO4),

f!:te\rAﬁq ﬁnoﬂ}mm@ lngtijrlidg):qiy@%s)gmbt ),@0{33(&;&91,(1;314:2.5%&,@5@,;9%% :\/eRSS
oll, I C e (0] ur er r C on, .1.n OW. .
(1) °8 PR HRC g Dbl vy 6 i 4R Sen)i 0 20 s B Hegbiag 2 5 s

Hz, H5a), 3.OHz(HA), 4.01(m)5E, B-4, £58(H, 8r5B)), 446220.60d0d, ZH/d 3 B.6 1.3

5o 407 SpaiEt s Gy . h1S% itk i e s g gy 100

CHzPh); 7.1$Ph).26, 7.31-7.42 (2m 1011, 2Ph). 13C NMR (DMBO-d6): 6 55.72,

69. 41, 69..813c6N RS 495 6 S 74121758 % 128.436 129. 38,
©131.36, 131.72; '133(%}%;0113@' %gﬁ'gg’s??%s',éé'f%?,?lg%g%fs%‘.’?g"ﬁ’ %154%3‘(53?"3 ’ 208. 21.

28 22 July 26083 W3- 92/188P2e29¢8/18563) HdcHh 138 88, £93.26, 133.55,133.67,
3, 5-Bi s- O ( 2344d| t4d.0r.ophenyl net hyl ) - 2- C- et hyl - 1- 0- net hyl - (X- D
ri bofur grose '

turated aqueous

-~ Step B: 3,S_-Bis-Q—(Z,4—dichlorophcnvlmethvl)—l—O-meﬂwl—OL—D-eWthro-
pentofuranos-2-ulose

To an ice-cold suspension of Dess-Martin periodinane (50.0 g, 118
mniol) in anhydrous CH;Cl; (350 mL) under argon (Ar) was added a solution of the
20 compound from Stép A (36.2 g, 75 mmol) 1n anhydrous CHzCl, (200 mL) dropwise -
over 0.5 h. The reaction mixture was stirred at 0°C for 0.5 h and then at room
temperature for 3 days. The mixture was diluted with anhydrous E0O (600 mL) and |
poured into an ice-cold mixture of NapS;0;.5H-0 (180 g) in saturated aqueous
NalHCOs; (1400 mL). The layers were separated, and the organic layer was washed
25  with saturated aqueous NaHCO; (600 mL), water (800 mL.) and brine (600 mL), dried-
(MgS0y), filtered and evaporated to give the title compound (34.2 g) as a colorless
oil, which was used without further purification in Step C below. :
1H NMR (CDCl3): §3.50 (s, 3H, OCHs), 3.79 (dd, 1H, Js,5p =113 Hz, J554=3.5 '
‘Hz, H-5a), 3.94 (dd, 1H, Jsua =23 Hz, H-5b), 4.20 (dd, 1H, J5; = 1.3 Hz, .‘f3,4 =84
. 30 Hgz, H-3),4.37(ddd, 1H, H-4), 4.58, 4.69 (2d, 2H, Jeem = 13.0 Hz, CH,Ph), 4.87 (d,
1H, H-1), 4.78, 5.03 (2d, 2H, Jeep, = 12.5 Hz, CH,Ph), 7.19-7.26, 7.31—7.42'(2111, 10H,
2Ph). _ , o
13C NMR (DMSO-de): 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. 3 ' o |
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To a solution of MeMgBr in anhydrous Et20 (0.48 M 300 nmL) at -55 C was
added dropwi se a solution of the conmpound from Step B (17. 49 g 52 O
‘mmol ) i n anhydrous Et20 (125 nli). The reaction m xture was allgwe to warm
to -30C awod oglosrsed for 7 h at -30C to -15C, then poured ppiRIShESHEL! d
water (500 nL) and the m xture vigorously stirred at roomtenperature for
0.5 h. The m xture was filtered through a Celite pad (10 x 5 cm which was
t horoughly washed with Et20. The organic |ayer was dried (MyS04), filtered
and concentrated. The residue was 10 dissolved in hexanes (-30 ni), applied
ontoa5|llg col y and eluted with
hexanes and—%’&génes/E ' BghYolredmetigl-a-ly as a
col orl ess syrup. | H NMBofuciXct 8) 8136(d 3H, JIVE ox 09Hz 2C- Me) ,
3.33 (q, 1H O—I) 3.4

(d, 2H J5,4 = 3.7 Hzlr %““Oﬁ‘%éﬁéﬁﬁlﬁ@ a%Hﬁ‘%OEBgE e@t 35‘3?9 1%‘3% 43526(5

1H H1), 4-89°C syas 28edchRPhise aaolﬁﬁpnéfﬁibc(oﬁQ)ouﬁd-tfroﬂxﬁﬂp B113802, B&2 CH2Ph),
60, 05, 70, 240 Ry EROLl 29 pi hgeeliin ity SRl 3, oy
130. 32, 133-8%C amiztiygd fargih 23-301C 3a-1FC, fime ppsredig, isgcoldovagire HODML)
4- Chl or o- 7- bﬁd ﬁretihﬁnﬁe @?goflmﬁ hh@aqpﬂﬂw{éﬁ?ﬁe%r)ef@r@sﬁetmeﬁ%xw as
ri bof-uranos k I—h yr rolq#ﬁ? (&ﬁ)érl md ﬁ‘§ To a solution q Pr1e compound
from Step cg3 '}é gh 8 Gafifsipad; Hye Blish v el nwashed 24t Be. at ocC
was Fldded HBhe ()fgaﬂlcl\llhyem vac diied (MeS0.,), ﬁﬁerelﬁlial ndl;&\ﬁbeﬁii‘@tleal ThORMIBE v\%aI he3 h
resul ti s sti.r t or 3. an it for
evapora%]gd ?r?yé\;/lg%pu%lv%%an e4- §(€1§%§ agpgﬁé T Sglrlu 8@3@5?@5?0%’3 x 40 ).
The oily r eBicgtedkeddn heliages) and dlutad withrcxags amtbttmnesﬂ]ﬁuﬂﬁe: @Bntug)vea}m added,
to a sol ut g8 .8hpdhs @9@} %%%ﬁ)ﬂgés 83, 1l or o- 1H-pyrr ol o[ 2,3-d] pyrinmidine -

in aceton|ti|le &Fnerat In sit

4-chl oro- | H AP Hi -ﬁ@G[Hf-OQ 9% BhrMel. ¢33 (ﬂelaH @H), ket Soc.
131 (1960)] 1¥8/:7,6- 813 ¥orf, mtsi 3H ocEnhyHeeus zapggpnst?rpﬁ ¢1-64.308b)14)18 and 30

NaH 60 m ner e f_vi rou stirrin

at rt]. he i gem
R o YRR LR A S e S R

evapor at ed £d3&Mand3&:PHJHE19-726) Ta¢-Aws(2suPEndRe). i n water (250 nL) and

extracted wig I‘M X i tya ed with

brine (300 m_dil rie ﬂc@?raéagé%s)ﬁ 6I-gt ef%g'ﬁﬁaﬂg%&% Ogrgﬁt i%r%@e\f@fﬁ

product waslHlidZf128¢60h300Li1A0.33, H5.6%dBAMS, (l@liﬁmék 1801349152 234.68.y 2005 WO

02/ 057287 'PCT/ US02/ 03086

- 20 StepD: 4-Chioro-7-[3.5-bis-0-(2 4-dichlorophenylmethyl)-2-C-methyl-3-D-
ribofuranosyli- TH- pyrrolo[2.3-d]pyrimidine

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  atrtfor 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 BtOAc (2 x 500 mL).
The combined extracts were washed with brine (300 mL, dried over NaySQ,, filtered |

and evaporated. The crude product was purified on a silica gel columnn (10 cm X 10
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cnm) using ethyl acetate/hexane (1:3 and 1:2) as the eluent. Fractions
contai ning the product were conbi ned and evaporated in va?ggu&gogsve t he
desired product (5.05 g) as a colorless foam |IH NVR (CDC 93 (s
3H, CH3) w@ob&7ts, |H OH), 3.78 (dd, 1H, J5' ,5-= 10.9 SP@Ug@hﬁ);,ébﬁ— 2.5
Hz, H5), 3.99 (dd, 1H, J5 .,4 = 2.2 Hz, H5"), 4.23-4.34 (m 2H, H 3",
H4 ), 4.63, 4.70 (2d, 2H, Jgem = 12.7 Hz, CH2Ph), 4.71, 4.80 (2d, 2H, Jgem
= 12.1 Hz, CHPh), 6.54 (d, IH, , J5,6 = 3.8 Hz, H5), 7.23-7.44 (m 10H,
2Ph). 13C NMR (CDC13): S 21.31, 69.10, 70.41, 70.77, 79.56, 80. 41 81. 05,
91.11, 100. 118 7. 04 .4 27,57 973, 129.77 0. 57,
130. 99, 133331“31&%%“@%“8%’ 11":%‘&‘?1%23'1,23 491 as i‘?ﬁ%’% Hrggliogis Coﬂ@iﬂ%‘%rt Y181 15
152.47. St eprOEuctM@blcombmﬁé a2d &/ apetdigd i-l'(‘BlCDB to peé thealeasyd proddt [§§.08 @b o( 2, 3-
dl pyrimdin 81{ on of the conpound from Step D (5.42 g, 8.8 mmul)
in 15 dichlo rorre ane 175 nlL) at -78C was added boron trichloride (IMin
di chl or onet HEABYIRGE L) 88. 938! SHACHpB 0. (s, THE Qi) B 78 ddvald . skisr 8.9t - 78C
for-—2.5n, HE:hEm @951%)@159 339%d o, f4_@e ﬁze@ps’f)omo%%mmm{i by -

addi tion of noI / dj chI or oret hane i he resul ting

m xture sti Hr‘é 3, M B2 5 . e 1111%7H% I‘Rﬂ? ﬁz(t)ljlt?]al“lgf’éad\/%}i Neadubblis anmoni a
at 0C and sH:z,rcrfwhy,tﬁ 34 (df oH, 15 203 81Hy, HIhg 7901744 pasiOH, I2pay.ed and washed

L S 2 b g Rl T8 AT AR ) S B AP gpasec ane
CH2C12 and CHRZL22NMESHIZDM, 127958, 229.95:189.7antB0H7, 180.99r B3.6ni 3289t he el uent

to fur h crrgﬁ;?{i 3 I ess foam which turned
into a?o;m%ﬁ%%ggggﬁ a elggt”rzé%?ﬂn%’ﬁs'lﬁl?qs?/é . 25 1H NWVR (DVMBO-d6): S

0.64 (s, 3H.O®), 3.61-3.71 (m IH H5), 379-3.88 (m 1H HS5"),

3.89-4.01 H 3 .
25 (s ( E%ﬁ 4-(:14@67 2-O-rheth ,1H .

. 8.65 (s, 1H H 2) 1§bﬂﬂ&mi(1®|v50d6) 'S 20.20. 5995, 72.29, 79.37, 83 16,
~ 91. 53, 100 17, 117.637o a%@lui:BBoBﬁwdcﬁﬂpothfﬁb&iSﬂ:@D(15541241‘_88&1@)5

ot BB Y e drdd kg Mhssd R T O e To the
(saturated émhIOtDmﬁE&lerr&?» mLTI88 b urepwias Feameduierwa stiBed at —78°C for _

2.5 h, then at —30°C to —20°C for 3h. The reaction was quenched by addition of

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

for 30 min., then neutralized with agueous ammonia at 0°C and stirred at 1t 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 CHzCl, and CH,Cl:MeOH (99:1, 98:2, 95:5

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

foam, which turned into an amorphous solid after treatment with MeCN.
25  1HNMR (DMSO-ds): § 0.64 (s, 3H, CHz), 3.61-3.71 (m, 1H, H-5"), 3.79-3.88 (mm.
1H, H-57), 3.89-4.01 (m, 2H, H-3’, H4"), 5.15-5.23 (m, 3H, 2°-OH, 3°-OH, 5’-OH),
6.24 (s, 1H, H-1"), 6.72 (d, 1H, Js¢ = 3.8 Hz, H-5), 8.13 (d, 1H, H-6), 8.65 (s, 1H, H-
2. -
13C NMR (DMSO-dg):  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—A1m11o-7;(2-C~methvl-B-D~ribofLLranosvl)JH—pvrrolo[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- '



22 July 2005 WD 02/057287 PCT/ US02/ 03086 stainl ess steel autoclave at 85C

for 14 h, then cool ed and evaporated in vacuo. The crude 5%5&2?80%/\@5
purified on a silica gel colum with CH2C12/ MeOH (9/1) as € “1o give
the titl eypqapeourd as a colorless foam (0.8 g), which separffiReh/@isdn

anor phous solid after treatnent with MeCN. The anorphous so?{dé was
recrystallized 5 from nethanol/acetonitrile; mp. 222C. 1H NVR (DVSO d6) S
0.62 (s, 3H, CH3), 3.57-3.67 (m 1H, H5), 3. 75-3. 97 (m 3H, H5", H4,

'H3'), 5.00 (s, 1H, 2'0H),504(d 1HJ3OH3 6.8 Hz, 3'-OH), 5.06

(t, 1H, JS oHS, 5" =5 - 1 (s, 1H, H-l) 6.54 (d, 1H J5, 6
= 3.6 Hz, Hs@;nlessgtegl;m(tgqalage at28|51 CI‘fIP{ }4 h -,thqmcqo&pd ap|d| evppcgyted @1 pups Th
TE)(Z)) 13101 égegtgdg&ug(%géaﬁl @11%%3%9“ 2§b11c§ggl4%iu51ﬁlgw?t3 CHA1IMe 32 (935) aZS%iguegp
; n
(M HH) : cal &0 BFEMCId FERppmdas 2 cg%feﬁfom@&n\émk@hfspmteg as an
4- Am no- 7- ( 2nGridne lsélicDaﬂt&rbﬂ:ﬁmne&m odth MeCN: [Bhenalepibud salidywas ractistdizeliH2 N

ety 20 S BT A B 2 s 20 0 et hyl et her (300 )

at -78C was ﬁ%(ﬁw&dﬁtﬁl\@@ (8¢ 3HOCH3), 3156 -56 Mz, HAdH{NR 3. FroPMsSH.he
conpound fr esSten: By af %@'ﬁiﬁdﬁ) 804da, ﬂi@ﬁgﬂémbhﬂwg @ﬁ?dS@F f, o 20

(100 nL). The react’ion ture was stirre wed to

warmto -15¢Haduosty r'r@d %5 SHO ﬁérl (3 14, Hyho: ¢-AéAd, ﬁéﬁrfed—ﬁrﬁfézaﬁ 55tirred
m xture of \6@76(&&33);91\11194}) aaq (&U}DH 69@0@) )11, e)or gani ¢ phase was 25

erTr el ol SRS 0B bR B v o s 1o ST "

‘Fractions cdﬁlﬁﬁrﬂi@g??t,héZ%rlﬁﬁM were pool ed and evaporated in vacuo to .

give the desid gk RRHCH7d Fo B-19)); BSic Aor EQbAY §18564-9iTH: 279311

EXAMPIE 3
15 _ _
4- Amino-7-(2-C-ethyl-B-D-ribofuranosyl}-7H-pyrrolo[ 2 3-dpyrimidine
NH,
4 | SN
N A
HO @) N
CH,CHj
he oH
Step A; 3,S-Bis—O-(2,4—dich1oro_Dhenﬂllmethvl)—’l—C—etthluO—methyl—Ot—D— L ,
ribofuranose ' '
20 To diethyl ether (300 mL) at =78°C was s_lowly 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 poﬁred into a
stirred mixture of water (300 mL) and Et;O (600 mL): The organic phase was

25  separated, dried (MchO4) and evaporated in vacuo. The crude product was purified
on silica gel using ethyl acetate/hexane (1:2) as eluent. Fractlons contammcr the
product were pooled and evaporated in vacuo to give the desired product (3.87g)asa
colorless oil. '

-31 -



containing the dlpyrimidine

22 July 2005 WD 02/ 057287 PCT/ US02/ 03086 St ep B:

4-Chloro-7-[3,5-bis-0O (2, 4-dichl orophen | yl)-2-C-ethyl p?2 [Jj %@Eranos |y
| - 7H pyrrol o[ 2, 3-dl pyri m dine To a solution of the conpoun fjrgm ep A
(1.02 ng,w@ofosm@l ) in dichloronmethane (40 nL) was addedp8B{sdm3dseM | N
acetic acid) (1.75 nmL, 10.0 nmol) 5 dropwi se at OC. The resulting solution
was stirred at roomtenperature for 2 h, evaporated in vacuo and
co-evaporated twice fromtoluene (10 nL). The oily residue was dissolved
in acetonitrile (10 rnL) and added to a vigorously stirred m xture of 4-
chl oro-1 H-pgrr o[2,3-dl.pyrimdine (307 ng, 2.0 mol pot assi um hydr oxi de
(337 ny, 6% 1) af iy kdxdichigmphenylmethyll-2iCreihylfsh-1y 0.4
mol ) in 10 acetoni tr gbefugdids il H-ghels]e SuflpvAthidingt ure was stirred at rt
overni ght, and then ured intg_a stirred.m xture of. saturated anmoni um
chloride (100 ni) andl%gtatfffmoﬁcogtt%cém'tpfﬁﬁgﬁ‘i_ojn. g‘?ﬁ@ @r%%ﬁ’igcﬁ‘?%?ﬁ%s

separ at ed, dWaslvernethtde @ik} a0@ldad HBr (87 iMdn ecctic aviSQU75 fill, tl810edmatid

evaporat$ Hfb/p%?s%%‘?o (-("rlﬁ‘lél§ Eééﬁﬁmgrs%%{; g}ﬂgiﬁt\}%&g htfe foggxstleﬁlggégirr% rg?? 249¢! _using

et hyl acet at e/fhexane as efFuent ) uct °(307 15
my) as a cobwrpeid fagruo Bicegp-evaporated twice from toluene (10 mL). The oily residue

Sot on of " Gneilill nladeBniciAf0 b any %%GJ‘”"Q%‘“%E*O%%% et ¥ raLne 1o &
di chl or onet ﬁlgﬂ’@“](f% W&E?O?%é“s‘ﬁaﬂﬁéﬁ 1%@%“’(& ?g)n" gl polesyAm hydrogkiedf Shet hane)
(4. 520 m., ﬂ1g5ﬂ.0 m?b}) adll mg[g@-ﬂdnﬁ)wambx?etaumm%d QlB_Bdng’glU;L-Lﬁﬁl@l)fiﬁr | h, then
at - or r on _was guenched b i tion.

ot hanold i iR ERRER ChbRsRRe RS W el R o R sl 6P i 1. ang
neut r al i zedphyediohdh & isomednisguedsstueaerbariononivny drloxdel .00 Thi) anibethyie was
evapor at ed inmiyN sked. nre r i > Ol ni fied on
s;ll Pca gel E%?dﬁ%ﬂ?gt ari(s)i[qflrc di ch l;é)?ag'%e'}tv %&%B&?%dgﬁ%ﬂs&;%ﬁ%?@qlpg%%n;

cont ai ni ng A pres MaIOmbittered sof eveperdckiraissrat She prde peadyct wasgiuwdiedhe

desired progtiGta ééll%iﬂ@l‘g%}%p@ca@%%ﬂefﬁﬁg h9aenSbePveIhe desired product (307
-D-ribofuranosyl)-7H pyrrol o[ 2,3- 30 dl gyri mdine

4- Ar ni np=- 7-%"2&- C et(g%l_l- fj

To the thnpBEh 3 FYRIIESP2® (50 my, 0.16 mmol) was added saturated anmonia
in methanol (4 m.). The m xture was stirred at 75C for- 72 h in a closed
cont ai ner, l-ed and ,e : . The crude m x e was purified
on silica é%‘?—dgsi ng et Tt

Fracti ons

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
.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/dithlcirométhéhe (1:9) as eluent. Fractions
containing the product were pooled and evaporated in vaciw to give the desired

product {112 mg) as a colorless foam.

Step D: | 4-Amino~7~(2~C—ethvl—B—D-ribofuranosvl)-7H—pvrrolgL2,3~ :

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
c_loséd container, cooled and evapotated in vacuo. The crude mixture was punfied on

silica gel using methanol/dichloromethane (1:9) as eluent; Fractions containing the
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-32- i 22 July 2005 WO 02/057287 PCT/ US02/ 03086 product were pool ed and
evaporated in vacuo to give the desired product (29 ny) aszg R’Oj ggl ess
powder. 1HNMR (200 MHZ, DMSO-d6): S 0.52 (t, 3H), 1.02 (m I‘—JI)u A? 1-3.24
(m 6H), 3 1H), 6.01 (s, 1H), 6.51 (d, 1H), 6.95 6.70
(d, 1H). v?og)glo éztﬁ’r 1H. 5 LC-MS: Found: 295.2 (MH+): cal o berflsr ik -
-C13H 8NAO4+H+: 295:14 EXAMPLE 4

2- Am no- 7- ( 2- C- et hyl - ( 3- Drlbofuranosyl) 7H pynol of 2, 3-d] pyrlmdln 4(3H) o]
ne 0O NH HOO N NH2 M 10 HOB 'OH Step A

2- Am no-4-chl oro-7-[3, 5-bi s- O (2, 4-di chl orophenyl net hyi ) - 2- G

net hyl - ( 3- DPFRsE W?@rﬂ?@%d)amﬁ eV #RARted ingvqepo 80 BVEVRG ‘i‘ﬁSHPfhémﬂéCta(ﬁf; mEaesl d

sol ution of chixglely itbtik. from Step C of Exanple 2 (1.27 g, 2. 57 rrm)l) in

622 5 TR (e S LGRBaof By s Bl B feradg,

under di m ni(sheH), pir@ls&u[m,@rﬁi (deHﬁlﬁCﬁSa{tSﬂ‘ﬂ, ALY, 5. 70qH uEDe 702 (X 115 rrL) The

~resul-ti ng- (i'd M@%ﬁhﬁ%?gf@{gﬁ),gﬁgtﬁ?@ﬁﬁﬁlﬂﬁﬁﬁ% &91_551‘{“_) and added - - -

dropwi se into a Wel

2-am no-4-chloro-7Hpyrrol o[ 2, 3-d] pyrim dine [for preparation, see stirred
Het erocycl es 35: 825 (1993)] (433 nmugxAaprrfuol ), KOH (85% powdered) (0.51
g, 20 7.7 mol ), tris-[2-(2- nethoxye%gécxy%‘e‘rhyl]am ne (165 L, 0.51 nmol)
in acetonitrile (30 nL). The resulting mxture was stirred at it for |h,
filtered and gyaRoYahedme ; iSii hngol um
usi ng hexanes/ Et OAc, an , as 0 grve

conmpound as a col orl ess f oam (0.65 g). 25 Step B:

2- Ani no- 4- chl or 0- 7- ( 2- C- met hyl - p- D-ri bof ur anpsyl ) - 7H pyrrol of 2, 3-.

dl pyrimdine To a solution of the prod 0 ep A (630 nyg, 10rrrm|)
CHzCI 2 (20 nmL) at -78C was added boron<trighl ﬂl\de (IMin CH2C12) (10 mi,

o
10 HO o N7 N7 ONH,
L Me

A
oA

10 HO OH -

Step A: 2-Amino-4-chloro-7-[3,5-bis-0O-(2.4-dichlorophenylmethyl)-2-C-
- methyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-d]pyrimidine

To an ice-cold solution of the product from Step C of Example 2 (1.27
g, 2.57 mmol) in CH,Cl; (30 mL) was added HBr (5.7 M in acetic acid; 3 mL)
15 dIOlese. The reaction mixture was stirred at room temperature for 2 h, concentrated
under diminished pressure and coevaporated with toluene (2 X 15 mL). The resulting
oil was dissolved in acetonitrile (MeCN) (15'mL) and added dropwise into a well-

":;a-.,‘,‘"‘

stirred mixture of 2-amino-4-chloro-7H-pyrrolo[2,3-d]pyrimidine [for preparation, see
Heterocycles 35: 825 (1993)] (433 nig, 2.57 mmol), KOH (85%, powdered) (0.51 g,

20 7.7 mmol), tris—[2—(2—methoxyeth0xy)ethy_l]amine (165 piL, 0.51 mmol) in acetonitrile
(30 mL). The resulting mixture was stirred at 1t for 1h, filtered and evaporated. The
residue was purified on a silica gel column using hexanes/EtQAc, 5/1, 3/1 and 2/1, as
eluent to give the title compound as a colorless foam (0.65 g). '

25 StepB:  2-Amino-4-chloro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-
' dlpyrimidine

To 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 (IM in CH,Clz ) (10 mL, 10

-33-



33 22 July 2005 WD 02/0-57287 PCT/ US02/ 03086 nmol ). The m xture was
stirred at -78C for 2 h, then at -20C for 2.5 h. The reactzbgi IV@ quenched
with CH2Cl 2/ MeOH (1:1) (10 ni), stirred at -20C for 0.5 h nd svedtral i zed
at 0C wi t\yoafienys amonia. The solid was filtered, washedWdddaozoss

CH2Cl 2/ MeCH (1:1) and the conbined filtrate evaporated in vacuo. The
residue was 5 purified on a silica gel colum with CH2C12/ MeOH, 50/1 and
20Tl ,as eluent to give the title conpound as a col orl ess foam (250 rrg)
Step C. 2-Am no-7-(2-C nethyl-(3-Dribofuranosyl)-7H pyrrol of 2, 3-

dl pyrimdin 10 A mixture of the product from Step B (90' ng, 0.3
nmol) in aqd’é‘%ﬁg) Ngﬁniu(‘t?lﬁ? wes #ired atwhs’ (i@ then af &34 dor dnderBitture for 5

E , t]tlen neutreskivd &chs qtlerﬂﬁecl\ﬂﬂlﬂlI"Cﬂz(NgleS 17dlo Iansd sevapar aved f&® sihyness.
urificati on

5/1 | uent
af for ded t hé" ?%Fﬁﬁéai]&S g%(ﬁ:ewﬁé aﬂ”‘?ﬂlf? F@I%O@F%Gﬁ?h%ﬁﬁﬁs fﬁ@i%“%%k?%("fg’g MHz,
CD8aD) ¢ s 0 fEG»CUﬁMeB]H(I B) @l thercdhbined itGetd cfpofamed BHacub, Ube rebfiuc bkl , 6. 42

( d;--J- B gﬁéfle&&asﬁicg%efg UI?]B deh (EF;& II\JI‘!:_&H E@%’Xﬁhg{)ﬁ 49eluent to give

Arn|n04 opropylam™
-Drl bof ur art t}ﬂlf)compwﬂrﬂélam[omrt;ss ﬂ:lapy@sﬂﬂm)ne HN-4 N HONNLNH Me HO
SOH A solution of 2-am no-4-cliloro-7-(2-C nethyl-p-Dribofuranosyl)-7H
pyrrol o[ 2, 3-d] pyri m di Je (Exanpl e 4, B) (21 rng 0.07_ nmmol) in 25
cycl opropyl = (0.5 2 ynine:d-(elging C AN X))~ UATES C"evapor ated
to an oily residue amﬂp\&%jdﬁﬂ.&@fgtb@ Si I i ca gel coI um w th CH C12/ MeCH,

O S0 0, TSI L SRRt s 6 Akt f ol o4
NaOH (2N, 9 mL) was heated at reflux temperature for 5 h, then neutralized at 0°C
with2 N aQueous HCI and evaporated to dryness. Purification on a silica gel column
with CH,Cl,/MeOH, 5/1, as eluent afforded the title compound as a white solid (70
_ mg). | '
15 1HNMR (200 MHz, CDs0D): 8 0.86 (s, 3H), 3.79 (m 1H), 3.90-4.05 (m, 3H), 6.06
(s, 1H), 642 (d, J=3.7 Hz, 1H), 7.05(d, J=3.7Hz, 1H). -

EXAMPLE 5

20 2—Amjn0—4—cvc:lopropvlarrﬁno-7-(2—C—methﬂ—B—D—ri'bofuranosvl)—’iH—pvrrol0[2,3— .

dipynimidine

HO  DH

A solution of 2-amino-4-chloro-7-(2-C-methyl~B-D-ribofuranosyl)-7H-
pyrrolo{2,3-d]pyrimidine (Example 4, Stép 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’?C]g/MBOH, 20/1, as eluent to.
give the title compound as a white solid (17 mg). '
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1H NWR (200 MHz, CD3CN): 8 0.61 (m 2H), 0.81 (m 2M 0.85 (s, 3H), 2 83
(m 1H), 3.74-3.86 (m 1H), 3.93-4.03 (m 2H), 4.11 (d, J228J @&ﬁ

6.02 (s, 1H, 6.49 (d, J = 3.7 Hz, 1H),7.00(d, J=3. 7Hz, 5 E/PLEG
4- Am no- mwiplnfest®y hyl - R-D-ri bof ri ranosyl ) -7H-pyrrol ol 2 3- qJ(ﬁyﬁgogbﬁg@e 5
carbonitrile NCNH2 N | N Me HO 'COH 10 This conpound was prepared

foll ow ng procedures described by Y. Mirai et al. in Heterocycles 33:
391-404 (1992). EXAMPLE 7 15

4- Ami-no- 7- ( 2- G- net hyl - p- Drlbofuranosyl) 7H—pyrro| of2 3 dl pyrim di ne-5- -

car boxam de Q__ H2N NH2 - "OH Thi s conpound was
prepared f ol {FHMMRy (%Q%Wﬁu%caﬁsépiﬁﬂé@, ?I)\@ 81 ﬁmff%ﬁ[) 81854B. 3H)n2-Be{mr ocycl es

33: 391- 404 1@)992% 3 863 ﬁ{)ng% 2698n, MO, 621/1%7?8& eI/ 1@%08/00 fi , EXAMPLE
8 General e 07d u |e1] S- cy - 2-t hi oet hyl ATE
pr onucl eot| ‘ggéfé ? %gér (ﬁp% ED H %@g V.V. lyer, and E.J. Ml ntee,

"Pronucl eot i des: Tovvard the In Vivo Delivery of Antiviral and Anticancer

referencé herein inits entirety. SA i ves of nucl eosides are also
di sclosed U. S. Patent Nos. 5,770, 725; 5,849,905; and 6,020, 482, the

contents of 4 Aming-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolof2.3-dlpyrmidine-5-

carbonitrile
NC NH,
4 | N |
R P | _ .
HO O N
Me
HO  OH
10 This compound was prepared foliowing procedures described by Y.

Murai et al. in Heterocycles 33: 391-404 (1992).

EXAMPLE7

15

carboxamide

This compound was prepared following procedures described by Y.
Murai et al. in Heterocycles 33:391-404 (1992).
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each of which are incorporated by reference herein in their entirety. 10
Bi s(S-acetyl -2-thioethyl)-N N-diisoprropyl phosphoratniditess yuw o005
2- Mer capt oet hanol (5 ¢, 64 mml ) was dissolved in CH2C12 (50 m‘_’) To this
sol ution wasy:adaed trlethyl amne (7.67 nL, 57.6 mmol), anq,ct ReEET on

m xture was cooled in an ice bath to 0 C. Acetic anhydride (4.54 nL, 48
nmmol ) was 15 added dropwise in 10 mn., and the reaction mxture was
stirred for 1 h at 0 C. The reaction mxture was then al | owed to cone to
roomtenperature over a period of 2 h. The reaction m xture was diluted -
with CH2A 2 (50 nL), washed with watgr :75 ni), 5% aqueous NaHCO3 (75 ni)
and brine (75 tL). The organi c phas over anhydrous Na2S04 and
concentrated in vacuo to give an oil. The oil was then 20 dissolved in
anhydr ous T'@n@ra@ ', _ drous tr ethylanmine (7.76 nL) was added. To
this m xture Fuded 8 e el eEt] ar si eves (4A) and was | cept at
room terrperature for ]S}Anym tii[bmhylé&ﬁﬂi&)@rasnuxleunées\/ﬁsdsmbﬁﬁml(D];'an ice bath

~to 0C agd dj . L
agded. '?’ r e%lct rgﬁ)}/nfé}?ur fg@&g@&@%ﬁ? r%hﬁ&ltl&g dg?frﬁoqw déVOi) gm?) ) vas

at nospher e. ofiépdivialast Mtjcapgr Nasleatidesd” M@acﬂﬂoh%(&%@bmmnm it he

precipitate lrflc%'i]ﬁﬁﬂtem rEfeldnBE Bein WG f‘:hﬂlfe'f t§ATE‘@§ Q%@Bf ﬁ@ctl(ﬁtgﬁeg afyne

fourth of the v col um omat ogr aphy
~and el uted \ﬂfsf’ﬁﬁ??z%&ﬂép goﬂr’ﬂt%ﬂtg\{oﬁgsﬁ Q’/g%f 5&4%90&@%63%%%6%%?1&15 Otgam)unt
of ethyl acehdi& WRich@arefind ba@teglb\yﬁeﬁefkﬁlcélhtaﬂeﬁl Bangesntdeds an oil (2.36 g).
1HNI\/Ré) §OC13): S 1.17 (s, 6H), 1.21 (s, 6H), 2.36 (s, 6H), 3.14 (t, J 6.44
Hz) 3. 51 3 84 (m 6H); 13C NMR (CDC13): 5 24.47, 24.61, 30.48, 42.85,
43.1, 61.88B eBl)- -NLBRIiNMrop DB Ghoramidid€. 96. EXAMPLE 9. 35

5 - T+ phosphat e Der'vglospcﬁagtog@agfl(#w ¥4 5o WA ABEOIRT R it (1.0 3°°

The nucl eoside 5" -tri I AVeNt 1 on wef
fol  owi ng gérdpigisobiiorapsraddedfasdylaune (kﬁmnﬁmenmomowd th@zmc(lgmom

EXAMPLE 10 nfxfles iwhs 6a81b@h ANt Byh kd ¥ *AN A %8E SniRfaride (54 RIIOSRNALS! was

Deri vatiyves 0 te derjyatives re rified by ani on _exchange
( AXI) v B’ agged c&rop Pse?r[? 18 Hgn and the réa\étlonvnﬁxturep\%aé stlu:red fory 1 halt 0Q ')1(‘ J

reaction mixture was then allowed to come to room temperature over a period of 2 h.
The reaction mixture was diluted with CH,Cl, (50 mL), washed with water (75 mL),
5% aqueous NaHCO; (75 ml) and brine (75 mL). The organic phase was dried over

_ anhydrous Na,SO, and concentrated in vacuo to give an oil. The oil was then |

20 dissolved in anhydrous THF (40 mL) and anhydrous triethylamine (7.76 mL) was
added. To this mixture was added activated molecular sicves (4A) and was kept at
room temperature for 10 min. The reaction mixture was cooled in an ice bath to 0°C
and diisopropylphosphoramidous dichloride (6.47 g, 32.03 mmol) was added. The
reaction mixturé was stirred at 0 °C for 2 h under inert atmosphere. Hexane (40 mL)} .

25 was added to the reaction mixture and 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 (O to 7 %) to give the title compound as an oil (2.36 g). |
1HNI\/£R(CDCI3) 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); P°C NMR (CDCls): 8 24.47, 24.61, 30.48, 42.85, 43.1, 61.88,
62.23, 195.26; 1P NMR (CDCly): § 146.96. |

EXAMPLE 9

35  5’-Triphosphate Derivatives
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chr omat ogr aphy using a 30 x 100 nm Mono Q columm (Pharnmacia) wth a buffer
systemof 50 mM Tris, pH 8. Elution gradients were typical bg siiy@msd0 niv
NaCl to 10 0.8 MNaCl in two colum volunes at 6.5 nL/nin. Appropriate
fracti onswoomamion exchange chromatography were col | ectggrasgdesal t ed
by reverse-phase (RP) - chromatography using a Luna C18 250 x 21 min colum
(Phenonenex) with a flow rate of 10 nL/mn. Elution gradients were
generally from1%to 95% nethanol in 14 mn at a constant concentration of
5 mMtriethyl anmoni um acet at e (TEAA) 15 Mass spectra of the purified

tri phosphates were det S| i.ne LC ma ctrorretr a
Hewl et t - Packard (Pal o g’lrlefnur}? Iég%iﬁrmghat% Otgﬁ ’66 é@(ve ﬂ%w(gffl]%t(eé"i 150
X 2 mm plus ﬁowm%wmagp@mﬂmaﬁldmmbe@hmc@m Reel W0s2046 (@A@0)used for RP
HPLC. A O to 50%Ilinear gradient (15 mn) of acetonitrile in 20 mM TEAA

(triethylammoni um acetate) pH 7 was gerforrred in 20 series with nass
spectral detection in the negative i@/ i12d0npde. Nitrogen gas and a

~pneurmati-¢g nebul i zer were used to generate the el ectrospray. The -mass range - -

of 150- 900 wehre det erm ned using the HP
Chenst ati on ; : Firinpogghaigldenivatives e trj phosphat es was
det er ni ned by anal yti C’HiheH@ﬁodﬁﬂa&ﬂﬁn&fﬁ@hﬁreﬁhﬂrﬂi@ﬂﬁ@%ﬁhmex Luna

J t | t ith
0 2B o COkHRLARRy Hind S0 Moo BT RaBRS H Gubnf (FaiBS YR SR T
was per f or meysigm of 50 18MKTHEs, pid W@UOQMIWWQHWMQ! fa)m 4OrmpphNs@hat es
vere el uiped mewmcﬂ{mo%ﬁureﬁ VQlu sQt és%ﬂ}lﬁgﬁg@ @%@% Lo ORGH %ﬁcﬂ%' on

of 50 MM Tris, The purity the i phos ner
>80% EXAVPLECK ngegm%%mmﬁﬁ sotbratedan Grelicdiy rzzerm:plyasz |
02/ 057287 PCEFJ:&:‘&&BQ@@W@&E@QLBMC@@QBGQ A mﬁmm&h@m{%ﬁéﬁén&i) v&lkhea ﬂaﬁsent -
vent | on VeL o SAh g BRSBTS et e L PO R S
Char act er i zaninon a@bnﬁant'bbnq:rlnnaqndnabias Baiivethyasndvhas asfige {TBAG.
5'-triphgsphates of t rﬁa&%&ﬁn&sthg {Juﬁﬁgd Mp?lg?ﬂﬁtates were determined using on-

line HPLC mass spectrometry on a Hewlett—Packard.(Palo Alto, CA)Y MSD 1100. A

Phenomenex Luna (C18(2)}), 150 x 2 mm, plus 30 x 2 mm guard column, 3-um

particle size was used for RP HPLC. A 0 to 50% linear gradient (15 min) of

acetonitrile in 20 mM TEAA (triethylammonium acetate) pH 7 was performed in

20  series with mass specitral detection in the negative ionization mode. Nitrdgen gas and

a pneumnatic nebulizer were used to generate the electrospray.' The mass range of 150-
900 was sampled. Molecular masses were determined using the HP Chemstation |
analysis package. |
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, pH 7. AX HPLC was performed on a 1.6 X 5 mm Mono
Q column (Pharmacia). 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%.

EXAMPIE 11

5’-Monophosphate Derivatives
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invention were determ ned as described in Exanple 10. Listed in the
followng table 10 are the cal cul ated and experinental nmaggemyf2o05
representative 5 -triphosphates prepared according to the procedures of
Exanpl e wOPheszsanpl e nunbers correspond to the parent corpmendsgé the
5'-triphosphate. Exanple Cal cul ated. Found 1 520.0 519.9 2 520.0 520.0 3
534.0 534.0 4 536.0 536.0 15 EXAMPLE 13 :

14- Am no-7-(2-C et hyl - (3-D-ri bofuranosyl)-7H pyrrol o 2

3-dl -pyrimdinel -5 - nmonophosphate NH2 O N HO P O O N NJ HO LCH3 HO SOH
20 To the conmpound erLKH %ngl@ofggfj B&%%@P%atggéftggpfeg?rglﬂvsn\R}é dr' ed by

coevaporation with yr| i ne an $'%dded
trinmethyl phemgrestfellpeing the yencr rodedungs desabed in Ferethedwer hitgho: 5065 seal ed
cont ai ner. 9 Gr;?_s then cooled to OC and phosphorous oxychloride (0.0070 ni,
0.075 -38 22 July 2005 WD 02/05 7 28 7 PCT/US02/03086 nmol ) was added vi a
a syringe. The m xture was stirred for 3 h at 0C, then the reaction was

~quenchedsby -addition of tetraethyl am@n@war bonat e: (TEAB) - (1M -~ (0.5

m.) and water (5 nL). The reaction m xture was purified and anal yzed
according to the procedure described in Exanple 10. 5 El ectron spray nass
spect r um ( EMa¢ESpedtoil Mharad3e8z &ido\VbiH4) Triptaapleite DerivatGd@HL7NAO7P 359. 1.

S o7 A Rl B OHRAM i oL >

1nvent1on were deterrmned as described in Example 10. Listed in the following table

10 are the calculated and experimental masses for representative 5°-triphosphates
prepared according to the procedures of Example 9. The example numbers
- correspond to the parent compound of the 5’-triphosphate.

Example | Calculated | - Found
1 5200 519.9
2 5200 | 5200
3 534.0 534.0
4 536.0 536.0
15 o EXAMPIE 13

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

monophosvhate
L NH,
N /SN
0 - L
i N <=
HO V \ / CHS
HO  OH -
20 To the compound from Step F of Example 2 (14 mg, 0.05 mmol)

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

tnmethyl 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
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N OOl I HOP-OP-OONN HOHOV~-CH3 HOHSO To the corrpound from
Step F of Exanple 2 (56 ng, 0.20 mmol) (dried by coevapor§? Bfé“f?

pyridi ne and several tinmes with toluene) was added 15 tri hy osphat e
(stored owaroxsiseses) (1.0 nmL). The m xture was stirred ovqr(mr@@t/osasm a
seal ed container. It was then cooled to OC and phosphorous oxychl ori de
(0.023 nm, 0..25 mol) was added via a syringe. The m xture was stirred
for 2 h at 0OC, then tributylamne (0.238 nL, 1.00 mmol) and

tri butyl ammoni um phosphate (generated from phosphoric acid and

tributyl f ol b t t t

w th oyt a nEe P e o R s i s SRt R LER it theri B Vs "
added. The nfesdtign evasgscwthied bg ddditon ahtefrdeth yliaomadniB3o Umambcatatd)((tEAB‘)e{leal ed
vial vas e apeaedy A6 stlﬁ%rﬁ?ecseba{bn%ﬂ%%%xnﬁgaiaﬁa fuplg TEAB (1M

(1.0 m) and water g reaction mxtu nd anal yzed
accor di ng t FEPEINgre P@adua@@etﬁﬁmlkﬁ@dnﬁﬁamw e 10. 25 ES- MB: Found 439 o

(MH); Gal cE}eétwn e e ES*‘M Slo: 359@%1\42?1*}1%12 #p05 WO
02/ 057287 P(ﬁg >i§I\/PLE 15 4 Am no- 7- (2- -met hyl - -
3-D-ri bof ur andsy [2 3-dl-pyrimdinel-5- triphosphate NH2 N %
J 011 11 11 00 HOP-OP—OP—OON HOHOHOCH3 5 HO OH
EXAMPLE 14

10 [4-Amino-7-(2-C-methyl-B-D-ribofuranosyl}-7H-pyrrolof2.3-d]-pyrimidine]-5’ -
diphosphate

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

. mlL, 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 tributylalrﬁne 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 ClaH13N4010P2— H+ 439.04.
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To the conpound from Step F of Exanple 2 (20 ng, 0.07 mmol) (dried by
coevaporation with pyridine and several times with tol uene) was "@ ed
trimethyl phosphate (stored over sieves) (0.4 nmiL). The m'xtzgré'yvé stirred
over ni ghtwobnes2&eal ed container. It was then cool ed to O€candopssosphor ous
oxychloride (0.0070 10 nL, 0.075 mmol) was added via syringe. The m xture
was stirred for 3 h at 0OC, then tributylamne (0.083 nL, 0.35 nmol),
tri butyl ani moni um pyrophosphate (127 ng, 0.35 mmol) and acetonitrile
(stored over sieves) (0.25 nL) were added. The mixture was stirred for “an
additional 30 mn-at 0C, the seal edpyial 14 hen opened and the reaction
quenched by addition of TEAB (1M (O water (5 nL). The 15
reaction m xture was purified and anal yzed according to the procedure
descri bed i p-ABRSAINL@.-EOnethd-MB ribdRdos IS enidiel.57.
CloHLONA01 3P T e et A0 G0 B IR bk M i by dils
7- (2- G- et hiHRbesphate i ot | yanosyl ) - 7H pyrrol o[ 2 3-dl pyri mi di n-4(3H) -one O
INH--HON-N-CH3 - -HO-*-0H--40- 22 July-2005 WD 02/ 057287 PET{ US02/ 03086 -To-t-he-
conpound from Step E of Exanple 2 (59 ng, 0.18 mmol) 2 added aqueous
sodi um hydroxide (1M. The m xture was heated to refl for lhr, cooled,
neutralized with aqueous HCl _(2M_and evaporat ed/ n acU¥. The residue was
purified on silica gel usi ng(l?di ckﬁ?oror@t hane/ met (AJ: 1) as eluent.
Fractions 5 contai ni ng tHE-pPeducP—erR— edCa evdporated in vacuo to
give the desired product q_g? %as l.col orkéssyoil. 1H NVR (CD3CN): 6
0.70 (s, 3H), 3.34-4.15 (overl apping 713),\.6.48Kg, 1H, 6.57 (d, 3.6
Hz, 113), 7.37 (d, 3.6 Hz, 1H), 8.83 (s, 1H) .= 10=EXAMPLE 17 _
4- Ami no-%- chl or o- 7- (2- G net hyl - p- D-ri bof ur éﬁ@syl )><'7TH pyrrol o[ 2
3-dlpyrimdine C NH2 ' _
, To the compound from Step F of Example 2 (20 mg, 0.07 mmol)

(dried by coevaporation with pyridine and several times with toluene) was added
trimethyl phdsphate (stored over sieves) (0.4 mL). The mixture was stirred oVernight
in a sealed container. It was then cooled to 0°C and phosphorous oxychloride (0.0070
10 ml, 0.075 mmol) was added via syringe. The mixture was stizred for 3 h at 0°C, then -
~ tributylamine (0.083 mL, 0.35 mmol), tributylammonium pyrophosphate (127 mg,
0.35 mmol) and acetonitrile (storéd over sieves) (0.25 ml.) were added. The mixture
was stirred for an additional 30 min at 0°C, the sealed vial was then oliened and the
reaction quenched by addition of TEAB (1M) (0.5 mL) and water (5mL). The
15  reaction mixture was purified and analyzed according to the procedure described in :
. Example 10. _ o _
- BS-MS: Found: 519.0 (M-H"), calc. for C1HyoNOy5Ps- H': 519.01.

EXAMPLE 16

20

7—(2—C-n1ethyl—B-D—ribofuranosvl)-’?H—pvri‘oIo[Zﬁ-d]pvrinﬁdin-éi@ﬂ)-one ,




N Ho -\C7 NJ N CH3 HO SOH To a pre-cool ed solution (0C) of the conpound
fromStep F of 15 Exanple 2 (140 ng, 0.50 mmol) in DW (2.% 5) added
N-chl orosuccinimde (0.075 g, 0.55 mml) in DMF (0.5 nL) d@fo Wise> The

sol uti on wes2stizgred at rt for Ih and the reacti on quenchegubs@gdi tion of
met hanol (4 nL) and evaporated in vacuo. The crude product was purified on
silica gel using nethanol/dichloronethane (1:9) as eluent. Fractions

cont ai ning the product were pool ed and evaporated .in vacuo to give 20 the
desired product (55 ng) as a colorless soI i d. 1H NWVR (CD3CN): S 0.80 (s;,
311), 3.65-4.14 (overlapping rri, 7H), S br, 21-1), 6.17 (s, 1H),
7.51 (s, 1H), 8.16 (stox comfropmamE caplove K69 mgc@ll 8 nfrgol) was

ClZH_l5C]- NAO4deikd' o gueo'i!]siogi%m hy%?omjfﬁ P mixture was heated tore u>]; for 1hr,
- C-net hyl -J3-D-r1bhofuranosyl)-7H pyrrolo

4- Am no-5-bro
3-dl pyri ni dF?‘ng d. zil?.utz%hzm|“9th29®650%\ﬂ§U@i@@réwamqtﬁ@sowceeo%e feBidURIHZ IN N
N HO V~CH|3 w2 ﬁﬂiﬁérdaolasmmue;@ghfdlcﬁlmrumemané/%)h)aﬁ& (uhe 26 eRBAU wad‘tlbﬁgn St ep. F

e o
N- br om)rsgtjc cFtt grm% quﬂ%t e B (ilﬁgl Fﬁ%’ﬁja P‘ri‘telgl\éﬁ—é%torﬂﬂﬁ:"e& gfﬁﬂege The
sol utl on waproslnq:tr(ﬁédngtasﬁeo]fodess&ﬂzo mn; then at rt for 10 mn. The

A2 i . i P A RS

vacuo. The cru x
nethanol/d|@hﬁéﬂ@ﬁéﬂﬁhﬁé76¢ Hés”@]@éﬁdS?ﬁﬁhctlons cont ai ni ng the product
were pool ed and evaporated in vacuo to give the desired product (13.0 np)

as a coioorl ess solid. EXAMPLE 17

S

4-Amino-5-chloro-7-(2-C-

Cl NH,
74 I\N
S
| L LaCH,
HG. ©OH

To a pre-cooled solution (0°C) of the compound from Step F of |
15 Example 2 (140 mg, 0.50 mmol) in DMF (2.5 mL) was added N-chlorosuccinimide
' (0.075 g, 0.55 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at rt for 1h
and the reaction quenched by addition of methanol (4 ml.) and evaporated in vacuo.

St

‘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.
I'H NMR (CDsCN): §0.80 (s, 3H), 3.65-4.14 (overlapping m, 7H), 5.97 (s br, 2H),
617 (s, 1H), 7.51 (s, 1H), 8.16 (s, 1H). .
ES-MS: Found: 315.0 (M+H"), calc.for C12H;sCIN,Oq + H': 315.09.

25 ' EXAMPIE 18

4-Amino-5-bromo-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-dlpyrimidine

_4] -



10 1H NWR (CD3CN): S 0.69 (s, 3H), 3.46-4.00 (overlapping m 7H), 5.83 (s

br, 2H), 6.06 (s, 1H, 7.45 (s, 1H), 8.05 (s, 1H. ES M= 25%@%00%59'1
(MrH ), calc.for C12H15Br NAO4+1-1+: 359.04. EXAMPLE 19 15 ' '

. 2- Am no- W022/@&met hyl - -D-ri bof uranosyl ) -7H pyrrol of 2, 3- depyrusoreioge O tr
NNH2 HOs N Me HOB 'OH A mixture of

2-anl i no-4-chloro-7-(2-C nethyl-(3-Dribofuranosyl)-7H

pyrrol o[ 2, 3-d] pyri m di ne (Exanple 4, Step B) (20 ng, 0.07 nmmol) in EtCH
(1.0 nmL.), 20 pyridine (0.1 n.) and 10% Pd/C (6 ng) under H2 (atnospheric
pressure) was stirred overnight at roomtenpergture. The mxture was
filtered through a Celite pad which wa HgPy washed with Et OH. The
42 22 July 2005 WO

m W th CH2Cl 21 MeOH, 20/ 1 and

02/ 057287 PCT/ US02/ 03086 on a silica gel
10/ 1, as eluent to give the title X white solid (16 ng). 1H =
NMR (200 MHz, CD30D): S 0.86 (sHGH Me), M. 82 Idd, J543.6 Hz, J \
5..,. 5. e 12 7"'HZ', - H,' H 5 ) . 3.94-4. 03 (m 2‘H; H-'5"; - H 4" )ﬁ, 4.10- ('d',"' J3" 4" =
8.8 Hz, 1H, H3'), 5 6.02 (s, 1H H Y} =6MH (d, J5,6 = 3.8 Hz, 1H, HD5),
7.39 (d, 8.43 (s, 1H, H it 4). ES M= 283 4 (lvilt). EXAVPLE 20 10 .
2- Am no-5-net hyl -7-(2-C 2- O di met hyl’={(3-D-r1 bof ur anosvf-7H pyrrol o[ 2 3-
dlQrimdin-4(3H-one M ONH Hpl O N NH2 Hd 'Owe ,

To a pre-cooled solution (0°C) of the compound from Step F of

Example 2 (28 mg, 0.10 mmol) in DMF (0.5 mL) was added N-bromosuccinimide
(0.018 g, 0.10 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at 0°C for
- 5. 20.min; then at rt for 10 min. The reaction was quenched by addition of methanol 4
ml) and evaporated in vacug. The crude product was purified on silica gel using
methanol/dichloromethane (1:9) as eluent. Fractions coﬁtaining the product were
pooled and evaporated in vacuo to give the desired product (13.0 mg) as a colorless
solid. ' ’
10 1HNMR (CDsCN): 8 0.69 (s, 3H), 3.46-4.00 (overlapping m, YH), 5.83 (s br, 2H),
6.06 (s, 1H), 7.45 (s, 1H), 8.05 (s, 1H).
ES-MS: Found: 359.1 (M+H"), cale.for Ci2H;sBrN4O,+ H': 359.04.

EXAMPLE19
15 '

2—Amino—7—(2—C—metth—B-D-riboﬁ1ranosvl)—7H—pv‘rrolof2,3~d]DV1imjdine
| . (/TN
HO\ O N7 TNH,

Me _

e
-

HO  OH
A mixture of 2~amino—4—chlor0~7-(2—C~methyI—B-D-riboﬁnaﬁosyl)—’fﬂ-l
pyrrolo[2,3-d]pyrimidine (Example 4, Step B) (20 mg, 0.07 mmol) in EtOH (1.0 mL),
20  pyndine (0.1 mL) and 10% Pd/C (6 mg) under H, (atmospheric pressure) was stirred

overnight at room temperature. The mixture was filtered through a Celite pad which
was thorougly washed with EtOH. The _combined filtrate was evaporated and purified
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Step A: 2- Am no-4-chloro-7-[3,5-bis-0O (2, 4-dichl orophenyl net hyl)-2-C

met hyl - (3-D-ri bof uranosyl | -5-nmet hyl - 7H pyirol o[ 2, 3-¢c | pyri m d]i [}ezo%g To an
ice-cold solution of the product from Step C of Exanple 2 ?‘? g, 3.16
mol ) in @Gea7650 nl) was added HBr (5.7 Min acetic acedra3odoike
dropwi se. The reaction m xture was stirred at OC for 1 h and then at room
tenperature for 2 h, concentrated in vacuo and co-evaporated with tol uene
(2 x 20 m). The resulting oil was dissolved in MeCN (20 ni) and added
dropwi se to a 20 solution of the sodi um salt of

2-am no-4-chl oro-5-nethyl -1 Hpyrrolo[2,3- dlpyrimdine in acetonltrlle

[ gener at ed 92 sifi¢agd r:@}#m -veithi G524k fF(BHoZ@l et AQL, aseluent to give the title

pyrrol o[ 2, 3-& [lﬁdrhpdﬁ}gm{g(g{d(@g ration, see Liebigs Ann. Chem 1984:
708-721] rous acetonitrile (150 ni), and NaH
(60%in m n(]g‘}; (20021‘2’1%‘)9@30@ (3 3%a?t%M62 %%ﬁdf{ﬂgﬁrétﬁs%étfﬁ’ﬁ'r? ng at
rt]. The coridinHe, IH HEMNe3 vas Bns O, ted’, #-4Nt4.100(d, 2% . & sa@fﬂzt hEnHeY Rpor at ed

P TSSS SR B e b penete B L TR RS o

m.), dried cheBSNA3SIM, 4 (NMHier ed and evaporated. The crude product was
purified on a silica gel colum (5 x-7 cm using ethyl -43 22 July 2005 WO
02/ 07287 PCT/ US02/ 03086 acet ate/ hexane (0 to 30% Et OAc in 5% step gradient)
as the eluent. Fractions containi nEXRMPhEGCt were conbined and
evaporated in vacuo to give the desired product (0.96 g) as a colorless

f oam {1 Ste-B:

2- Ami no-"4- cHFefd 3 =k ot-5gt A

di net hyl - R- @mvrhmﬂur@(ﬁ@gohb 5- et hyI 7H— pyr r ol 0[2 3- dI pyr| md| ne To an .,
ice-cold mxture of the product fromStep A (475 ng, 0.7 mmol) in THE (7 -
niL) was added NaH (60%in mneral oil,\g9 ry) and stirred at 0 Cfor 0.5
h. Then Mel (48 L) was added and reacti on mijkture stirred at rt for 24 h.
The 10 reaction was quenched with MeCH henp xture evaporated. The
crude product was purified on a silic cg\tsjrm (5 x 3.5 cm using
hexane/ et hyl acetate (9/1, 7/ ' 1 .antl “a uent. Fractions

cont ai ni ng the product were c in evaporat &d to give the desired -
conmpound (200 ng) as a col orl ess foam eStep C

2- Ami no-7-[3, 5-bis-O (2, 4-di chl oroghenyl met hyl ) - 2- C, 2- O-di net hyl -

R-Dri bofuranosyll -5-met hyl - 7H p®r ol OMB, 3-dl yyri mi di ne- 4(3H) - one

'Step A 2-Amino-4-chloro-7-{3.5-bis-O-( 2,4—dichIoroph_enyimethvl)—Z—C—
methvl—B—D-rib.oﬁlranosvl]-5—methﬂ-?H—nvrroIo[ES—d]pvrimidine
15. ~ To an ice-cold solution of the product from Step C of Ekample 2(1.57

g, 3.16 mmol) in CILCl, (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 % 20
mlL). The resuiting oil was dissolved in MeCN (20 mL) and added dropwise to a |
20  solution of the sodium salt of 2-amino-4-chloro-5- methy] 1H- pyrrolo[Z 3-
d]pynrmdmc in acetonitrile [generated in sifu from 2-amino-4-chloro-5-methyl-1H-
pyrrolo[2,3-dlpyrimidine [for preparation, see Liebigs Ann. Chem. 1984: 708-721]
(113 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 1t for 24 h and then evaporated to dryness. The residue was suspended in
water (100 mlL.) and extracted with EtOAc (300 + 150 mlL.). The combined extracts
were washed with brine (100 mL), dred over Na,SOy, filtered and evaporated. The -

crude product was purified on a silica gel column (5 % 7 cm) using ethyl
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A m xture of the product fromStep B (200 ng, 0.3 mml) in 1,4 dioxane (15
m.) and aqueous NaOH (2N, 15 nL) in a pressure bottle was ‘}Hg%{?ogverm ght
at 135 C. The mixture was then cooled to 0 C, neutralized Wt

aqueous HEO @MAd728Vaporated to dryness. The crude product wag/suspesded in
MOH, filtered, and the solid thoroughly washed with MeCH The conbi ned
filtrate was concentrated, and the residue purified on a silica gel colum
(5 x 5cm using CH2d 2/ MeCH (40/1, 30/1 and 20/1) as eluent to give the
desired conpound (150 ng) as a colorless foam 25 Step D:

2- Am no- 5- net hyl 3- D-rlbofuranosyl

pyrrol of 2, 338‘1”%@/ W(rt? (ﬁt%@gﬁ% né%ﬁétﬁ? §radicof) %Sﬁéefﬁlé‘&fué:tfaqurolﬁn Step C (64
ing, 0.1 mmbx)tainmgl\ﬂhélgirdcﬁcménea:bdlblﬁieahin(i@Vi’pdi‘ia):d antacko% Po/ethd &4irs®) wWas
hydrogenate% (ﬂlﬁQP 5 30 hg kﬁgfnater at 50 psi at r.t. for 1.5 days, then"
filtered througf P& FHE R @ was  t horoughl y washed with McOH. The
conbi ned f||trate was evaporated and the reS|due purlfled on a S|I|ca geI

—col um- (§ ...... X GforC Wt@é

2-am no- 5-ne 7(5

ri bof uranosyl ) - 7H pyr dithe
was -44 22 July 2005 t din
£ (2 1) i 40 A §$ﬁ§§?ﬂ*§%§?ﬁ%¥‘%§%&§§% #E@WSW%DW RRRNF
After stirr |1’\F,1\E s E}d (Q07ean upgRal filxd mstqutaépe@ f?’h@ éugh
Oe: i teI t he hf iThen M (¥ appivas @dﬂe&@ﬁd&é&tl?xg nﬁenml @rzsgijhlaatatwbrmiﬁdma ? silica
- gel co a as eluent to
yi el d t &%ﬁcgo%wg%ﬁ%ﬁhﬁ]vqg%%(?ﬁgpgg} PPLES &V F‘tﬁg T% ﬂ@ﬁ PIOSEt Mz,
CD30D) : S 0“@&p@sﬁec3m a 2ilica Mél)qohﬁmiei :@Gsclhhﬁs;@thefemyBaddmte (9!31—,17/1;5 Me)
3.41 (5 3Hs/2ard eha Zfﬂg ofitaini od? werk cdintifie H H5)
3.81-3.01 (m J9THE fiprrgontamite, Vi P9 (d, 1H, H-6)
ES MS: 323. ngqlgdl.to g1g@tkE>@qmq§(ggpound (200 mg) as 4 colorless foam.
4- Am no- 5-net hyl - 7- (2- G- et hyl - (3-D-ri bof uranosyl ) - 7H Ryrrol o 2

3-dl pyrim d'_”_%_'ve NH%—Amino—?—B,5—bis-0*(2,4—dichlorophcnvlmethvi)—ﬁz—C,Z—O-dimethvl—
B-D-ribofuranosyl]-5-methyi-7H-pyrrolo[2,3-dlpvrimidine-4(3H)-one
A mixture of the product from Step B (200 mg, 0.3 mmol) in 1,4~
dioxane (15 mL) and aqueous NaOH (2N, 15 mL)} in a pressure bottle was heated
overnight at 135 °C. The mixture was then cooled to 0 °C, neutralized with 2N
20  aqueous HCI and evaporated to dryness. The crude product was suspended in MeOH,
Hltered, and the solid thoroilghly washed with MeOH. The combined filtrate was
concentrated, and the residue purified on a silica gel column (5 % 5 cm) usina |
CH,Cly/McOH (40/1, 30/1 and 20/1) as eluent to give the desired compound (150 mg)
as a coIorIess foam.

Step D:  2-Amino-5-methyl-7-(2-C.2-O-dimethyl-B-D-ribofuranosyl)-7H-
pyrrolo[2,3-dlpyrimidin-4(3H)-one
A mixture of the product from Step C (64 mg, 0.1 1ﬁmol) in MeOH &)
mL) and Et3N (0.2 mL) and 10% Pd/C (24 mg) was hydrocenated 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 évaporated and the
residue punfled on a silica gel column (3 X 4 cm) with CH2C121’M30H 30/ 1 20/1) as
eluent to yield 2- -amino-5-methyl-7-(5-O-benzyl-2-C,2-O- -dimethyl-B-D-
'nbofuranosyl)~7H—pyrrolo[..,3-d]pynm1d1n—4(3H)—01}e. The compound (37 mg) was .

_44 -



SIN HONN M HO'OH 15 Step A: 4-Chloro-7-[3 5-bis-O (2 4-dichl orophen

| ~hyl) - 2- G- net hyl - [3-D: ribofuranosyll-5-nethyl - 7H pyrrol o4, 4, 2005
[2.3-dlpyrinmidine To an ice-cold solution of the product from ‘gtep C of
Exanpl e 2wolo2@B7289, 21 mmol ) in CH2C12 (30 nL) was added HR¥r(B2/d30bd 1 N
acetic acid; 2.2 nm) _ dropwi se. The reaction m xture was stirred at 0 C
for 1 h and then at room 20 tenperature for 2 h, concentrated in vacuo and
co-evaporated with toluene (2 x 15 nlL). The resulting oil was dissolved in
MeCN (10 nlL) and added dropwi se into a solution of the sodiumsalt of
4-chloro-5-met hyl -1 H pysol o[ 2, 3-d] pyrim dine in acetonitrile [generated in
situ from 4- f@ﬁh@rrfwﬂsagm@m jin EHOTIY2 nd ofith H% PG amd uhndweatn[lcfSplnermr;emumt i on,

see J. Med. c@fﬂ?ﬂ} 9 6 Jfﬁﬁ%
acetonitril Og%f Ajf@:?émﬁ%g Q)alyo ?%tm%}h%;egﬁoé ﬁé“ g f%gﬁgmm@ after
2 h of i go@%ﬁ% thg lltht?\@V@Prﬁt%d] and thecrigaproiat pindedroa a/valgcasael WI@mn | t
for 24 h anokVhenwmeﬂgmgﬂ\e@bﬂqwuym&ndmﬂ) E@ah&ueoy»eﬁnﬁuﬁﬁ@nded in
~-wat-er (1%0 é‘)f%&’ g%ﬁ tgd Wltg Et OAc -(250 100 nt). - Fhe conbined - -
ext r act s “wer @ WRSRL {285 22 July 2005 WO 02/ 057287
PCT/ US02/ 030136 NIy (201F MEL, mmomaaem (sfjmtmcedenaqaqum@ugd 1.3THe, crude
product was ( i /et hyl
acetate (9/ 133%'5('7‘§M‘e§/€ i t&ﬁ/‘[%e{ ﬁ$?édjpnént§' 4?(Ilgzai}: ﬂﬁ &gﬁqﬁﬁlga t he
product wer é- %bﬁﬁllr(eu3 3 r,éi 80, 6.40¥adib H-0), @Wéd,tllﬁbﬁalé)& red product
(0.87 g) as ms &.ab% gmﬁ_gam Step B:
4- Chl orci 5-met hyl =7- (2- C- et hyl - O D-ri bof uranosyl ) - 7H pyrrol ol 2 3-
dl pyrim fine To a solution of the compound from Step A (0.87 g, 0.9 nmol )
in dichloromethane (30.m) at -78C mmangddedjboron trichloride (1IMin 10
di chl oronethane, 9.0 nL, 9.0 mmol) dropw se. The m xture was stirred at
-78C for 2.5 h, then at -30Cto -20Cfor 3 h. The reactlon vas quenched by
addi ti on of 4-Amtiha ¢ ’ : 2

g : _A’ .| ) -d S
m xture stirred at -1SCfor 30 m n. then neutrallzed with aqueous anmoni a
at 0C and stirred at it for 15 mn. Me NH-

/ I\N ~

HO  ©H

15 Step A: 4-Chloro-7-[3,5-bis-0-(2,4-dichlorophenylmethy!)-2-C-methyl-3-D-
ribofuranosyl]-5-methyl-7H-pyrrolo[ 2 .3-dlpvrimidine

To an ice-cold solution:of the product from Step C of Example 2 (1.06 _
g, 2.1 mmol) in CH2Cl; (30 mL) was added HBr (5.7 M in acetic acid; 2.2 mL} . s
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-pyrmrolo{2,3-d]pyrimidine in
acetonitrile [generated i situ from 4-chloro-5-methyl-1H-pyrrolo[2,3-dlpyrimidine
[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
_ W1th EtOAc (’750 + 100 mL). The combmed extracts were washed with brine (50
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The solid was filtered and washed with CH2A 2/ MeOH (1/1, 50 mL). The

conbined 15 filtrate was evaporated, and the residue was pybigfehogn a

silica gel colum (5 x 5 cm using CHCl12 and CH2C12/ MeCH (40/1 and 30/1)

gr adi ent w® édms78ruent to furnish the desired compound (@EABrEBsA

colorless foam Step C : '

4- Am no- 5-net hyl - 7- (2- G net hyl - (3- D-ri bof uranosyl )-7H pyrrol 012. 3 20

dl pyrim dine To the conmpound from Step B (0.2 g, 0.64 mol) was added

met hanol i ¢ amoni a (saturated at 0C, 40 rrL) The m xture was heated in a
aut ocl ave at 100C for 14 h, then cool ed and evaporated in

st ai nl ess

vacuo. The c‘i“ﬁa}éi“eﬁflo%?w&s\%sﬂ%?‘? Pﬁ‘%ﬁva@ﬁmép%lﬁeﬁu‘&eﬂ’m@éﬂtmp(lgpﬁdSﬂérr)

with C"%Clzl‘ﬁlﬁﬁ be 26futan @5« §@ﬁ1§-u3139hé})angfe Q&Htat@@l@' e n.’a/l} %cagieﬂteasg:ﬁg title

conpound as e

2' G- Me), 2% V}/g %fﬁgl xogschgéz)mmg tlggzgrgdﬁweﬁ?cg%s @7"'@3”%“9 8@10(9?1 3H,

H 5", H-4' gﬂveth)e deSir@Dproguct 16187 2) aﬁkcoloﬂes‘ajfea&ngg (m 3H, 2'-OH, 3 -OH,

S 5-OH), G 04 (s, 1H, H--1) 6.48 (br s; 2H NH2), 7.12 ¢s, 1H H 6), 7.94
(s, 1H FF2). ES M5 295.2 (NHO. 30 EXAVPLE 22

_4Amno7(m&thyl t-(Ihlorptemeih ; ) ' )
carboxylic acid 46 22 Hg(gge"_) V\D 02/ 057287 PCT/ USOZ/ 03086 0 HO-C NH2 N

J HOON C H3 HO bH The corrpound of ExlgPIe 6 (0.035 g, 0.11 mmmol ) was
di ssolved in a nixtur&°arolaforelidesampared framngiep A00W7 8P Samobdnur at ed

et hanol i ¢ adiBRIBicdndRane(B mIgAE- RS Gl ditddest Brohid@hibideaten (2 nL, 35 Wt O/()
i N R A A e
was purifi ed.bh, HEL @ 630°4 to eﬁé?&ﬁ)rahas’éhe nea&tmwislkjdeecﬁed/ﬁytadﬂmoﬁdB | Ox
299 mm A = ﬁ’i@th%al/d%h‘lox%ﬁl%{hgﬂé Ef U @ mﬂpar{cﬂhg Qesé?tmg mixture stirred at —15°C for '

30 min., then neutralized with aqueous ammonia at 0°C and stirred at 1t for 15 min.

The solid was filtered and washed with 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 ¢m)
using CH,Cl; and CH;ClL/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-methyl-7-(2-C-methvl-B-D-ribofuranosyl)- 7H—pvrrolo[’) 3-
20 dlpyrmidine

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
mlxture was punfled on a silica gel column (5 x 5 cim) thh 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).
TH NMR (DMSO-dy): § 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-57, 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-17 ), 6.48 (br s, 2H NH3), 7.12 (s 1H, H-
- 0),7.94 (s, 1H, H-2). ES MS: 295.2 (MH*)
30
EXAMPLE 22

4—Ammo 7-(2-C-methvl-B-D-ribofurancsyl}-7H- pvrrolo{ 3-dipyrimidine-5-
carboxyvlic amd C
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in 50 mn, flow 2 nL/mn) to yield the title conpound (0.015 g, 41 %9 as a
white solid. 10 1H NWMR (CD3CD): 8 0.85 (s, 3H, M), 3.61 (B WOOSP’ 82 (m
1H) 3.99-4.86 (m 2H), 6.26 (s, 111), 8.10 (s, 2H) 8.22(s, IEb 13C NMVR
(CD3OD) : R dAs78%. 37, 73.79, 80.42, 84.01, 93.00, 102. 66crhisd2@ss 130. 07,
151. 40, 152.74, 159.12, 169.30. R HRMS (FAB) Cal cd for C13H1L7N406+ 325. 1148,
found 325.1143. 15 EXAVPLE 23

4- Am no-7-(2-C-vinyl-(3-Dribofuranosyl) - 7H-pyrro| 012 3-dl pyri mdl ne NH2 /
\IN HOONI NJ HO SOH Step A 3 )
5-Bi s- O (2, 4-di chl orophenyl net hyl ) -2-C-vipyl -1-O net hyl -a-D- 20

ri bof uranose -47 22 July 2005 WO 02/0572 S02/ 03086 Cerium chl ori de-
hept ahydrate (50 g, 134.2 mmol) was HOwely cru in a pre-heated nortar
and transferred to a round-bottom fl ask eqgui ith a nmechani cal
stirrer. The flask was heated under high&ac urwn@fyer ni ght at 160C. The
vacuum was rel eased under argon and the f cooled to room

. tenper atur e 5 Anhydr ous: THE ( Sm ..... Cannm at edlnt_o t he fl ask- .. The [
resulting suspension was stirred at Koo nperature for 4 h and then
cooled to -78 C. Vinyl magnesi um bromldes 9n THF, 120 m, 120 mmol) was

added and stirring continued at -78|_% fo’T— 2 h. To this suspension was
added a solution of 3,5-bis-0(2,4 OH

di chl orophenyl rnet hyl ) - 1- O net hyl - a- D- er yt hr o- pent of ur anose- 2- ul ose (14 g,
30 10 mmol) [from Exédhip @noufsd epEBimpla 601036004 1 Thdkol) 368 diskdlvedlinapwi se

with const arﬁfxtlﬁ[a F[J_i%l%g) %} 51?3 é(r;ﬁ()v@ts%igﬁc{ ga%%af%& mcFe@asn 1E gﬁlm%m The

reacti on was quenc Ium C ori ol'utton an
allowed to cra%av@aus@mﬁpn P%Hﬁéﬁat\’mt@ (27nle. 33 wt % evapiadded; | Eherresttiohr ough a

celite pad anBnibeyake6iVs WeRhaHp erﬁ\ﬂu}@fogtlg@l (SR1venPRes fgniove-cll-lﬁﬁdé}r gani c

Iayer was S%E‘i?ra ed and-t he aqg ueous 15 extract ed wmth Et20 (2 x 200
The co PB‘-‘:S@%&&I I%@F@“%P@“HFHV@% PR by AR Gr U8 TN SPA2SENd
concent r at eGbolelia(MlteﬁihQM&nMEEI—ll@W(lil 499 nline Act ivateB B putétbhigblie}0 tofdoas B

chromat ogr aRH%O(mSJinpﬁci)w ]200/ %o yleﬂd r‘ﬁaext‘?tﬁ]eegc}mpoun(gl ({) '05% g KEIO% %7 (\jzvhgte [t
solid.
10 1HNMR (CD;0D): 6085(3 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 (CDs0D): 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 CysH;7N;Og" 325.1148, found 325.1143.

5 EXAMPLE 23

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

NH,

N

4
XL °
SN
| H

HO ©

O/fr

Step_ A 3.5-Bis-0-(2.4- d1chlor0phenunethvi2—C-vmvl 1-O-methyl-g-D-
20 : ribofuranose
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13.2 mml) was obtained as a pale yellowoil. 20 Step B: 4-Chloro-7-f3
5-bis-O (2 4-dichloro henylmethyl)-2-Cvinyl-R- D ribofura %M -O?E‘-p :
rrolo[2,3-d] pyrimdine To a solution of the conpound from & .4 g,
12. 6 mmolwoim/esashydr ous di chl oronet hane (150 nli) at -20 @cwassoaoaesd HBr
(30% solution in AcOH 20 nL, 75.6 mmol) dropw se. The resulting solution
was stirred between 25 -10C and OC for 4 h, evaporated in vacuo and
co-evaporated with anhydrous - toluene (3 x 40 nlL). The oily residue was

di ssol ved in anhydrous acetonitrile (100 nlL) and added to a sol ution of’
the sodium salt of 4-chloro-|I lgcFyrrol oé@, 3- d] pgri m dine (5.8 g, 37.8 mmol)
in acetonitrile (generlgtigm shorsdetheptablydutec(o0ieed 343 nuBEs s dingly caushe@0 C.

The resul ti iga meXl’ﬁééE&l MBfardnll QWBEefOd fP M RubA- Ho@aemééékfegﬁlgﬁé@wﬁ% and
stirred at roo eratgﬁheﬁﬁfc 24 h." The m_xture was eva(forated to

dryness, talk¥H ?Pbc AU 436 hggipd Bndgr tweteyagpemoyesnigiet #00°C. Hhse
conmbi ned extveauhswaereteaded ettledw@bn Nad B4laskiv dseioedanehoy apgealied. The

~-crude XEUr e Was Pk d flash,chro h Si92, 10% Et.OAc in- PR
hexanes;g anc%‘ n?lﬁae\%u? ?F]Ee Q@Hﬂ%ﬁa Ii“”}%te qaglﬁlgfgatsgd%gé EEUSHBSIAD - 48 22
July 2005 V\@SG@ﬂl@i 871281 tﬁﬁﬂ'ﬁhﬁﬁ@ﬁ@&(}ﬂﬁldﬁhe@c@led to —78 °C. Vinylmagnesium

4- Am no- 7-f % 05111@ Iﬁéﬁﬂ’ gbg%o rl@@?lﬁﬂ b %E Qéﬂ%@d .%d%tuﬁr%&%n&mue t—-gS

ri bof uranos I-7H-pyrr rlm B~( 80,
ng) was di s&¥13kdle Hhis ﬁ@pﬁﬂwwm %dé@dmsobmom off 3efi- @ﬁ‘ﬁt&‘éﬂd placed in a

stai nl ess stralorbMERyITAS O 1%99L&ﬁh%%p§ntoﬁl%o§é‘§ i é&tth nﬁbaéﬂm”' a was

added. [Jhe bo al e nia was
al | owedl(? r%))ﬁ?ﬁné ,,agit ”tk,‘éﬂ oBht Fhi @80 ng)adﬁ%ﬁmsé Wnf«x‘fbl i d which
\Qlas used i ?cdn’m&manhngt E]he magh?ukfai Bﬂiﬂrdflﬂt —FYBF"U ﬂoﬁa}hl. Omhe r&lcglﬁn Blias 4

- Am no- 7- ( 2:.G- Vi 0 rano - rrimdine To
a sol uti-on é‘r‘&i{ ﬁ%dq‘ggfﬁﬁgt&na&e% % % ag%%&#ig? 8%‘8%/%?8%t -78 C
was added btsmpsrateiec Alhemigturg wivg flhemdctlhtbogloaeellrtaped andithepedidie. washed mi xt ur e

was stirredygh Etﬁﬁ f5@b n& o T*ﬁe oﬂgﬂﬁb Bler v@e% g})%tgteﬁ%gd ﬁ‘le ueou?éhza}ic-g

reactio was guenc ditro than |'or onet hane and 15
‘the res E}ﬁeﬂt‘ﬂﬂéﬂszb @r@%p(h@la 18hergppingd Sragnictlpess wemcmmozren With

agueous aWﬂiﬂ@ﬂfbu@NQ@O@ﬂﬁ &dcéﬁt%ﬂecﬁfo d ﬂ@éﬂu%?@ﬂ@& UM oﬂrwﬁs%u??ﬁ@d b?he
red an chl or onet hane he

ig%?n\ggsf Thflﬁttg(‘théo%tggrap%%} 2, 1"8‘% %t c in exanes) The title compouncg 6.7

13.2 mmol) was obtained as a pale yellow oil.

20 Step B: 4—Chlor0—7—[3,5-bis~0—(2,4—dichIorophenvlmethvl)-Z—C—vinvl—|3—D—
ribofuranosyl]-7H—pvn'010[2,3—d10vﬂnﬁdine

~ To a solution of the compound from Step A (6.4 g, 12.6 mmol) in
anhydrous dichloromethane (150 mL) at ~20 °C was added HBr (30% solution in
AcOH, 20 mL, 75.6 mmol) dropwise. The resulting solution was stirred between
25 —10°C and 0°C for 4 h, evaporated in vacuo and co-evaporated with anhydrous -
toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (100
mi) and added to a solution of the sodium salt of 4-chloro-1 H-pyrrolo[2,3-
d]pyrimidi_ne (5.8 g, 37.8 mmbol) in acetonitrile (generated in situ as described in
Example 2) at 20 °C. The resu]tingl mixture was allowed to come to room’
30 temperature and stirred at room temperature for 24 h. The mixture was then
eVaporated to dryness, taken up in water and extracted with EtOAc (2 x 300 inL).
The corbined extracts were dried over NasSOy, filtered and evaporated. Thé crude
mixture was purified by flash chromatography (Si04, 10% EtOAc in hexanes) and the
o title compound (1 75 g) isolated as a white foam.
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evapor ated ‘and the residue purified by flash chromatography (S @2, 10%

nmet hanol in EtOAc containing 0.1%triethylamne). The fra%ldg@\e,a?@gnt ai ni ng
t he product were 20 evaporated to give the title conpound as a Ite solid
(10 ng). %o NdBRLEOVMSO-d6): S 3.6 (m 1H H5), 3.8 (m 1%%352/),30863 9 (m
d 1-H H4), 4.3 (t, 111, H3"), 4.8-5.3(m 6H CH=CH2, 2'- - OH,
'-OH) 6.12 (s, 1H, H1'), 6.59, (d, 1H HD5), 7.1 (br s, 1H, NH2), 7.43
(d, 1H H#6), 8.01 (s, 1H H?2). ESMS Found: 291.1 (M11-); cal,c. for '
Cl13H16N404 - H': 291.2. 25 EXAMPLE 24 )
4- Am no-7-( 2- C—hydroxyrreth(S Drlbofuranosyl) 7H-pyrrolo(? 3-dl pyrimdin
-49 22 July- 3 35 ihd@EopHY Imeth W) 2-ClinyHBAN OH  HO
SOH Step A 4- Chl or 0- fodufinttd RrlRrbioth Shigiaaheny! et hyl ) - 2- C

hydr oxynet hyl - R- D-ri bgf ur anosvIT - e/ ,3-dl pyrimdine To a

sol ution of the corrpo&Fm’fWUE%WH!gezia,(Sgt@ﬁ)ﬁaféﬁwiwimah@ﬁmnm|) in
1, 4I ;:Ii oxane asount df M@—rd@oxghﬂé a%/bhaiai nyd S’tﬁ_ﬁ]&@@iﬂt:é] %Hﬂﬁ@lﬁ%oﬁlﬁp@asf%oletdae 56
ol -ang -0s ide (4% sol ytion.i er ur e-was-
stirred Sn tﬁé@ﬁ?‘g d Ha P agﬁtieélgi%&e?’zg V&%ﬁe@@aﬁg@i‘ ﬁ?‘??ﬁ%‘tééﬁ on

t hrough a céMil eThqﬂmxgpmdMastaﬁdwﬂ tdhewsabere 4113 the reséid cextdnaateddo winthixe Et OAC.
The Et OAc I%ﬁ Whd & % PMENe %&tﬁ&ﬂ neent @1% d in vacuo. The oily

ST PG ST SRR et

resi due was en up In drc ane sntl rred over NalO4 on
silica gel (3 g, 10% NabO4) for 12 h. The, si I|ca gel was renoved by

filtration ghbhe rest AugndBsoay ARAIALOGARMahaKOM Bkt 2ol ute et hanol
(5 mb). . The solution \ﬁs cooled in an i ce ba an um bor ohydri de (300
ny, 8 ) was added € portions. The resulting mixture was stirred
at room tenperaturé f@Toﬂsdlu@dﬁdoﬁﬂhéﬁoﬁ%%beId&ﬂorWS& El6Mgg) The Organlc 15

nggg&mﬁ_hv%aﬁ%om&hang\% ©ls °((,zw)e(13 azgde oton tncﬁ'l%n& (811\%1' 21 d1ch?oromet ver
dropwise. The mixture was stirred at —78 °C for 2.5 h, then at —30 °C to —20 °C for
. 3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) and

15  the resulting mixture stirred at —15 °C for 0.5 h, then neutralized with aqueous
ammonia at 0°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 chromatdgraphy (5102, 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-de): § 3.6 (m, 1H, H-5"), 3.8 (m, 1H, H-57), 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, 111, H-17),
6.59.(d, 1H, H-5), 7.1 (br s, 1H, NH2), 7.43 (d, 1H, H-6), 8.01 (s, 1H, H-2). 3
ES-MS: Found: 291.1 (M-H); calc. fbr C13Hi6N4O4 -H":291.2. , ' /

et

25
EXAMPLE 24

4-Amino-7-(2-C-hydroxymethyl-B-D-ribofuranosyl)-7H-pyrrolo[ 2. 3-dlpyrimidine
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~-1+1-- pet-hanol-/-di-chl oromet hane; - 10% P

sol vent was evaporated and the residue purified by flash chromat ography
(Si02, 2:1 hexanes/EtOAc) to give the title conmpound (160 oLy CEO%E nmol )
as white flakes. Step B: Y '

4- Am no- AvbHI2bsbss- O (2, 4-di chl orophenyl net hyl ) -2-C 20 h dgrusoz/ososs
roxynet hl - R-D-ri bof uranosvl | - 7H pyrrol of 2. 3-dl pyri m di ne The conpound from
Step A (150 ng, 0.23 mmol) was dissolved in the mnimm anount of

1, 4-di oxane (10 nmL.) and placed in a stainless steel bonb. The " bonb was
cooled to -78 C and |iquid ammoni a was added. The bonmb was sealed and
heated at 90C for 24 h. The ammonia was al |l owed, to evaporate and the

resi due 25 concentrated to a white solid whic Was used in the next step
wi t hout further purification. -50 22 Jul WO 02/ 057287

PCT/ US02/ 03086 Step C: : . N '

4- Am no- 7- (2- G- hydr oxynmmet hyl - Q- D-ri bofu
di pyri m di ne The conpound from $®

IH?H—pyrroI of 2. 3-
nmg,NO. 2 nmol ) was di ssol ved in

C
stirred under an 5 H2 atnosphere for\ . Tr}_ﬁ catal yst was renoved by
filtration through a celite pad and :wasﬁqji Wi n copi ous amounts of

nmet hanol The conbined filtrate was E\deor ed in vacuo and the residue was
purified by flash chromatography (Si02, 10% methanol in Et OAc contai ni ng
0. 1% tri et hpkepm:ne) t@hlxnm ﬁ#féﬁtbls;-De(ZGbMt(eﬁﬁmaM)Ma whi t e powder .

10 1H NVR (CD30D): 8 §.d2.( 2 (m 1H,
H5), 3.99-4.1(m 2H 4 ' iH H1'),
6.58 (d, 1H H5), 7szachunomfth¢®)mpcgm5rc(n$Exam{ple+232¥tepL WBmgound:

297. 2 ('\é‘H+))z48<‘r§111161) ih @74-GbIHOMARD) Werkthdde2ON - r§eth 1iln% MBI A8e (300 me,
4Amno I'%d% Brorreth I- 3-D-r gfuranos %yrroIoIZSdeyrlmdlne
NH2 SI (20 mypp @pmoplfq}q;@ giygxisled i % solution in water 0.3 ml). The mixture was

4- Chl or o 7- bBoét 1ln| tEc @ukdodi4hcithe p@l@ﬁbﬁﬁwmtr’ﬁmb)zccﬂbﬁﬁftfdﬂ@ﬁ adurehdhyd celidd
(3-D-ribofur ? 031){ ed W'ERX rtéroe?gi) an% exu%é/tgcll wlﬁill ElDAc. The EtOAc layer was dried
over NazSOy4 and concentrated in vacuo. The oily residue was taken up in
10 dichloromethane (5 mL} and stirred over NalOy on silica gel (3'g, 10% NalO,) 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 (5iO,, 2:1
“hexanes/FtOAC) to give the title compound (160 mg, 0.25 mmol) as white flakes.

Step B: 4-Amino-7-[3 ,5—bis—0—(2,4—dichlorophenvlmethyl)-2— C-
20 hydroxyvmethyl-B-D-ribofuranosvll-7 H-pyrrolo[2.3-d]pyrimidine

‘The compound from Step A (150 mg, 0.23 mmol) was dissolved in the
nﬁnimtim amount of 1,4-dioxane (10 mlL) 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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To a solution of the conmpound from Exanple 24, Step A (63 ng,‘ 0.1 nmmol) in

anhydrous dichl oromethane (5 nL) under argon, were added 4- July 200 _

di met hyl am nopyridine (DVAP) (2 ng, 0.015 mmol) and triethylam’ne (62 L,
0.45 molp.o2bkessol ution was cooled in an ice bath and ppltehkensnsd fonyl
chloride (30 25 ng, 0.15 nmol) was added. The reaction was stirred at room
t enperature overnight, washed with NaHCO3 (2 x 101nL), water (10 ni),
brine (10 mL), dried over Na2SO4 and concentrated to a pink solid in
vacuo. The solid was dissolved in anhydrous TIE, (5 nL) and cooled in an

i cebat h. Tetrabutyl anmoni um f | uor| de (1M sol ut| on in THE, -51 22 July 2005
WD 02/ 0- 572&2ePCT/ USO 2-0308¢€ froxyro¢thywgd -addie e
stirred at room tenper r 4 h. The sol vent was rem)ved in vacuo, the
resi due taken up in dl@#ﬁ%ﬁ%ﬁ% hane, and washed w th NaHCO3 (2 x 10 ni),
water (10 mL) and bri r{@le(cpmnwl)dfmwéta@Bﬁﬂ%mﬂﬁmol)lw@ssmedm1éd over

anhydr ous N&ﬁ@@holﬁ%@&%&ﬁh@éj 10% PVdi(Zbl@as AL, REA &ﬁé s%gpéﬁxmfnlsaaed ander an
--chronatogra 3@(09(%] 12 ]I eé%nes/E’is toag t1e conpound (20
mg) as a gphege 1ogd ey gbe gata HB%?IG(I@VS v&ltaﬁez ‘ElfodglbﬁF‘%}i‘tBBﬁ%n
I2rr§t hé: ) - 2- @Gufl |mhﬂhwithybploﬁ?dﬁiduéﬂﬁ?$ﬂm@thmﬁx [The ébmpiied alteaté was
pyri i ne un om
i ssol ved | R aafenmn e RRRR IR e 9 Uty Do ool QY 207 ess
st eel bonb. mkardedirbEadc candotiog Ot 1% ti@hylamngt) id giue theditemonpowad (Mdded. The

bonb was sealg am%&:e%;,,eg at 90 C for 24 h. The ammonia was allowed to
evaporate a dahe re15| ue concentrated to a white solid which was used in

t he nextOst m&@pa@m toek2 (s F CEabi $A3 (451%@&”0;382 (m, 1H, H-57%),

4- Ami no- 7- (%@ih(&ﬁfm@lﬂWI{@’Pﬂﬂ (aoiMr By 6 A)s; TH: Ay, @lsd @, Be, HS)

dl pyrim di n? ?@Omnﬁg@ngog 3153 B (16 ng) was dissolved in L: ‘
nmet hanoi | di hﬁ e S added and t he suspensi on stl rred
under an 20.CHXMSitHooada7e oI D2cdic. ffﬂ‘l@uémms{PMWErmved by filtration
through a celite pad and washed with copi ous anmounts of nethanol. The
combined filtrate was evaporated in vacuo and the residue was purified by

fl.ash cAPomat ography (5i 02, 10% meEBeAMIPLERFt OAc containing 0. 1%
triethylamne) to give the title conpound (8 ng) as a white powder.

4-Amino-7-( 2—C—ﬂuor0’methv1—'B—D—ribofuranosvl)—’]HﬁvrroloT2,3~d]Dvrimidine

NH,

/T TN
)

. ;:.- ".’/ F ' 7 Cy
HO OH ' _ Lol
Step A: 4-Ch10m~7-[3.5~bié~O—(2,4-dichlorophenvlmethvl)-2—C—ﬂuoromethzl—
20 : B-D-ribofuranosyl]-7H-pyrrolo[2.3-dlpyrimidine
To a solution of the compound from Example 24, Step A (63 mg, 0.1

mmol) 1 in anhydrous dichloromethane (5 mL) under argon, were added 4-
dlmethylaimnopyndme (DMAP) (’) mg, 0.015 mmol) and tnethylarmne (62 u,L 045
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 ovenght,
washed with NaHCO; (2 % 10 mL), water (10 mL), brine (10 mL), dried over NapSO,
and concentrated to a pink solid in vacuo. The solid was dissolved in anhydrous THE
(5 mL) and cooled in an icebath. Tetrabutylammonium fluoride (1M solution in THF,
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25 111 NWR (DVMSO-d6): S 3.6-3.7 (m 1H, H5'), 3.8 - 4.3 (m 5H, H5",

H4, #3, CH) 512 (t, 1H 5 -O4), 5.35 (d, 1H 3'-OH) 229ufBdos, 1H

2'-0H), 6.21 (s, 1H H 1'), 6.52 (d, 1H, H5), 6.98 (br s, 2H NH2), 7.44

(d,1 H H¥e)YzAz282 (s, 1H, H2). 19F NVR (DVMSO-d6): S - 23@12:0th3esES- M5

-Found: 299.1 (MtH ), calc.for CL2HI5FN404+ W 299.27. 30 -52 22 July 2005

WO 02/ 057287 PCT/ US02/ 03086 EXAMPLES 26 and 27

4- Am no- 7- ( 3- deoxy- 2- C- net hyl - D- D-ri bof uranosyl ) - 7H pyrrol of 2 3-dlI

pyri m di ne and 4 ‘am no- 7- ( 3- deoxy- 2- C- net hyl - ( 3- D- azabi nof ur anos yI

pyrrolo[2 |md|ndeNH2 NH2 SINl / SIN HO ONN HO ON N 72CH3
CHé mIS’t % l) was added and the mixfure stirred at room temperature for 4 h. The

- 7- [2 5 Bi s- Golverntashutighet imetabyd, shd s&sﬂdué%@nrupbﬂhwhaﬁ@mdﬂana k@ YakiRldof 2

D 1 bof ur ancag IR0 7 3P aio: el OBl pti ReRSbOmE Yed dibarcwrtieon of

t ubercidin-. é%fenwgs drigl! GVeurm:ill))drcvus I‘éagﬁ‘mlmemfatecpmmadumandi)uﬁﬁad.h:y fndh DVF .
~(18. 5 5) wagnaededd 1 IHRAi ture-was- -
stirred at roomt aturé Pﬁ&gﬁﬁ/ﬁ&&ﬁa@a@g&lﬁe A anPD%@ @gtnﬁééiﬁ& THE
(37.4 L) antiieeplid butyI di methylsilyl chloride (5.6 g, 37 mmol) was added
and the mixture was stirred at roomtenperature for 2 h. The mxture was
then filter g throg ap , te and vvashed vvlth THE Theflltrate
and washi ng di | GEeH 3 et phenylnagtayl , thyl- _
chl orof orm- The or ganBd)lrﬁmﬁrraﬁml]mlﬂeﬁomygwﬁﬁim% Wi t h SOdI um '
bi car bopat e and wat er x_50 ydr ous m, sul.fate and
concent ?%t ed. The pyrl’[é %mﬁﬁ?m%%% &ﬁg Iﬁﬂo W P‘Fﬂllﬁgﬁe and
t he resi due%@@mmﬁu@@fﬂyﬁtnﬁﬂm&‘m mplmtwdagraammyleﬂmtaﬂ bomh gab bumbrgs5- 7%
20 MeCH i n @612 3% dched

qL \g% gb F‘ﬁ&%gmﬁ E}Sfeﬁle? 8nd le%ted at

2,5-Bis-0O( Sft bu Ideret ur anosy
met hoxyphen@ )Eﬁ %maawww p@mosat@pyd ihvirdsidee eondentrated

to a white solid WhICh was used in the next step withouit further purification.

i5

Step C: 4-Amino-7-(2-C-fluoromethyl-B-D-ribofuranosyl)-7H-pvrrolo[2,3-
dlpyrmidine '
The compound from Step B (16 mg) was dissolved in 1:1
mét_hano]/dichlo_romethane, 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% triethylamine) to give the title compound (8 mg)
as a white powder. ' : :
25 lHNM:R(DMSO dg): 6 3.6- -3.7 (m, 14, H-5"), 3.8 — 4.3 (m, 5H, H-5", H-4’, H.3",
CHp) 5.12 (1, 1H, 5°-OH), 5.35 (d, 1H, 3°-OH), 5.48 (s, 1H, 2°-0ID), 6.21 (s, 1H, H-
1), 6.52 (4, 1H, H-5), 6.98 (br s, 2H, NH2), 744 (d,'1 H, H-6), 8.02 (s, 1H, H-2).
19F NMR (DMSO-dg): 5 -230.2 (5). |
| ES MS Found 299.1 (M+H+) calc.for C12H15FN4O4+ H" 299 27
30



7-f 3,5-bis-O (tent-butyldinethylsilyl)-(3-Dribofuranosyl1-4-fdi-(4 25
net hoxy henyl ) phenyl nmet hyl i am no- 7H pyrrol of 2, 3-dl pyri m di diuy?h sol ution
of m xture of the conmpounds from Step A (3.0 g, 6.0 mmol) ydrous -
pyridi ne wd@203psmas added 4, 4' -di met hoxytrityl chloride e2y8shozos 2 mol)
and the reaction mxture was stirred at roomtenperature overnight. The -53
22 July 2005 WO 02/057287 PCT/US02/ 03086 m xture was then triturated with
aqueous pyridine and extracted with ether. The organic |ayer was washed
with water, dried over anhydrous sodium sulfate and concentrated to a
yel low foam (5.6 g). The residue was ourlfled by flash chromatography ~
over silica gel using 20-25% Et OBXAMPhERAemddy t he el uent. The 5
approprl ate fractions were collected and concentrated to furnish 2

tbis-O (test ,butyldirrethylsilyl - a_nd o
3 ,5' - bi 5- OB F2h e € E B8 glp glcor | ess
f oans (2.2 andi4&ﬁﬂnd-7q3meokﬁsﬂglﬁ{dtmlB)‘l))~a.r§§1ﬁ<§’fu§énosvl)-7H pv:rrolo[’) 3-d}

1§22, 5= Bgs O{tey butyl-di met hyl I si'tyl)-3-0Otosyl-(3- D—Hbofuranosyl)l 10 R
4- fd| (4-me nyDphenyi nmet hyl | am no- 7H-pyrrol o(2 3- dl pyrimdine To an

i ce-cool ed solution of 2',5' -bis 0 (ten- butyl di nethyl silyl)- protected
nucl eoside from Step B (2.0 g, 2!8%3mvol) in pyridine (22 nL )N%s added p-
- tol uenesul fonyl chloride (1. 8 Mol ). The reaction mxure was
stirred at room 15 tenperatgre Ifor Nour days. It was then fri Nirated with
aqueous pyridine (50% 10 nd-Jextracted with ethe 0 L)

X
containing a snal IH nt Oofy CH2BI2 (10 ml). H or@ang*c | &er was washed
wi t h sodi um bi car bonat eYandywater (3 x 30 nL). TheY organic |ayer was dried
over anhydrous Na2S04 a ) trated. Pyridine wa ved by \

co-evaporation wth toluenez X 25 nmL). The residual was filtered 20 -
t hrough a pad of silica gel i ng hexane: et hyl acetat e%'?'@ 30) as el uent;
yield 1.4 g. Stgp D 4-fdi-(4-methoxyphenyl)phen ' '
|| met-hyl | anbtep-A2- f 3- 07’[—[@S’NBtséG-(Bii-butbldﬁuﬁhﬂﬂﬂvlbﬂﬁmrﬁjblﬁhﬁﬂlﬁvﬂ-7H—

f23d|pyr|md|neAs 11 @ | Q. G-

et her ( 29 nL). The SOII‘étd Ritre¥@8lution 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 coevaporatioﬁ with
~ toluene and the residue was purified by flash chromatography on silica gel using 5-7%
20 MeOH in CH,Cl, as the eluent; yield 3.0 g. |

Step B: 1-[2.5-Bis-O-(tert-butyldimethylsilyl}-B-D-ribofuranosyl)]-4-[di-(4-
methoxyphenyDphenvlmethyllamino-7H-pyrrolof2 3-dlpyrimidine and
7-[3.5-bis-0-( rert~butvldimethvlsilvl)—8—D—riboﬁu‘anosﬂ]'—ﬁl—[di—(4—

25 7 methoxyphenyl)phenylmethvl]amino-7H-pyrrolo[2.3-dlpyrmidine

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 chlonde (2. 8g,.
8.2 mmol) and the reaction mixture was stirred at room temperature overnight. The
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washed with water (3 x 50 nlL), dried over anhydrous Na2SO»4, and
concentrated to an oil. The residue was purified by paSS|Qg ngg%gh a pad
of silica gel using hexane: ethyl acetate (1:1) as eluent; 80 ny.

30 St ep  .Bvo4d2ésregyo- 7- ( 3- deoxy- 2- G- me( hyl - 0- D-r|bofuranosythﬁkhQ&mgplof2 3-
dl - pyrinmdine and 4-ani no- 7- ( 3- deoxy- 2- C- et hyl - O D-

ar abi nof uranosyl )-7H pyrrolo-f2 3-dl pyriraidine A solution of CH3Myl (3.0 M
solution in ether, 3.0 nL) in anhydrous 35 toluene (3.75 nL) was cooled in
an ice bath. To this was added a solution of the 54 22 July 2005 WO ;

02/ 057287 PCT/ USOZ/ 0308 und from Ste 0.8 [) in
anhydrous t B thRie” %?n g{t)lrat ‘@“’h PEEOPE P}%‘Q‘H'Fﬁg“g?’é“ with ?tggg ﬂ\e room
"t enper at ur eoxfgen1c3a3&r twas vtashwabwitibelaed, drivd d»reeaﬁle;tﬂmwsbbmﬁqsiﬂ?ﬂateﬁnNMCl

sol ution an t he ont ai ni CH2d 2) .
The organi cg? gé{é@%g" %gé%)&' a SndgE)\Na‘ﬂ}‘l 1851%“? W%P?‘ﬂg dg‘? S&O m) and 5
water (2 x omyogr@hywewbm ged inyigg GOS2570E2QB¢ imhekapenasahe c]aemd']ﬂxe an oil

whi ch - v@s agrbﬁﬁﬁyfaauéﬂsme EQIOIEAAAIBRIN Rk 'fﬁﬁgsh%ﬁ Hﬁ'?greﬁt Yy ba%

MeOH in furnish

2- G ( 3- net h Dityidimnpbylsdyisand 31’@5)’—blsrﬂe@@fvaéwﬁ@laﬁthzféelwmw@te@awzl@@u@estars eat ed
wi th 80% aceflbfes8¢oamarxl: bhgd 1 @aE PBerivdiygt ure stirred at roomtenperature
for 2.5 h. The acetic acid was renoved by 10 repeated co-evaporation with
et hanol and tol uene. The residue was partitioned between chloroform and
wat er. The 3ignébus | aydR. wBis- M&We&oﬁtVﬁdtmethh]sﬂmc)ﬁe@nmﬂm@-D@mnﬁﬁmidsal)Bd The
evapor ajed residue wag g e OheSUh Ay BRLm SRS OB B TN CH2C12
as the eluent to furni '
4- Ani no- 7- ( 3- deoxy- 2- dlysiigine J3- D-ri bof ur anosy1) - 7H pyrrol ol 2

3-dlpyrimdine 15 (978 aﬂ‘i&eo&dﬁ%ﬂ%@’%@ms— (%r?ﬁut(yﬁ:hmgtﬁyls 177
(dd 1H, H3 H 3" 1 1H H5"),

H, )
.15 (m 1w9°ifpcﬁﬁd)nu0%°él§e fom _SLEQP)E’d%%g )25 @1991) in pyriqing (”m)zwys adsle@@- (s,
:3H00H£ 1), ﬁltﬁaﬁeilﬂfonbd-bhlbhcg% (?} S?_g,%B ﬁiihliol; TBdc‘ireaN!rl%) mixfurd &vds@tirred bt robd3) |
Sy
2. A noty- (el ISR ARGT 10w ThED i, vith auveers PHIGigR 919 mD)
3-d] pyr i m dﬁnqkextr(ag@dwg)h ether (3 % 50 mL) containing a small amount of CH;Cl, (10 mL).
The organic layer was washed with sodium bicarbonate and water (3 x 30 mL). The

organic layer was dried over anhydrous Na;SOy, and concentrated. Pyridine was
removed by co-evaporation with toluene (3 x 25 mlL). . The residual oil was filtered |
20 through_a pad of silica gel using hexane:ethyl acetate (70:30) as eluent; yield 1.4 g.

Step D: 4-[di-(4-methoxyphenyl)phenyimethyllamino-7-[3-0-tosyl-f-D-
ribofuranosyl-7H-pyrrolof2,3~-d]pyrimidine
- 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 THE, 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 pa:ssmCr through a pad of silica gel using hexane:
ethyl acetate (1:1) as eluent; yield 780 mg.
30

StepE: - . 4-Amino-7-(3-deoxy-2-C-methyl-B-D-ribofuranosvl)-7H-pyrrolo[2.3-
- dl- pyrimidine and 4-amino-7-(3-deoxy-2-C-methvl-3-D-

 arabinofuranosyl)- 7H—D\)rrolo—[Z,B-dlpvrimidine
, A solution of CHsMgl (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
-54 - ‘




1H NVR(DMSO-d6): 8 1.23 (s, 3H, CH3), 2.08 (ddd, 2H, H 3 and 3"), 3.57 (m
2H, H5and 5"), 4.06 (m 1H H4),.5.10 (s, 1H OH2'), 52%6[%200%"'
OH5"), 6.01 (s, IH Hi'), 6.49 (d, 1H, H7),6.89 (br s, 2H, 7.35
(d, 1H Hw8)o2&78% (s, 1H H2). 25 ES-MsS: 265. 2[ M+H] . EXAI\/Pja(Enagozmgggg

4- Am no-7- (2, 4-C-di net hyl - (3-D-ri bof uranosyl ) - 7H pynol o[ 2 3-di pyri m di ne
-55 22 July 2005 WD 02/057287 PCT/US02/03086 NH2 N HON N M Me HO bH
Step A: 5-Deoxy-1, 2-O i sopropylidene-D xyl of uranose

1, 2- O I sopropylidene- D xyl of uranose (38.4 g, 0.2 mol), 4-

d| met hyl am nopyridine (5 g), trletg%ll amne (55.7 nm., 0.4 nol) were
di ssol ved i nEBIRMVEA sy HispHAMI0(BY: %ﬂ)molblrn@hyémsmhﬂ@wﬁ Tehloriige (38.13

g, 0.2 nol) I\H@lﬂnﬁgﬁﬁﬂuré"ﬂgs R "8 8drh %ﬁ@rﬁ(tﬁfg 1%r %5}1 St b &hi ad Qi Rted

tenperature m; E}ﬁg@ieactl on . mxture was then poured I nto saturated
aqueous sodi ¥ B‘H‘EQP% sqlgten ard exdrgtedyuith ?t\IREF Paydr confpipimedfpak-8f ed. The
gr gagl ? | zziye(EHV@B) Vs @gami ldjreﬁﬂb@wpﬁra%ddddwmbdiwﬁﬁfbhﬂb (oR 3(1)(&;1@%2@30 rrL)
drie S was -
di ssol ve %‘%@i %/EH% %‘bedg(i Q%de?'ﬁlﬁﬁ?gbié‘%‘@m%}%g% ol ¥Rl qded in
portions ovewaﬂmlrﬁ‘reldrby kb chioxtatrgapigsorstilica gd ualmUﬂ@oMeDéﬁnﬁtﬁi(ﬂﬁe) for 15.

Ethyl = acet a1 {0 ”(E)a W3t P?&@;Sejodﬂ]dfltﬁ% e did e?zocfsB-l%eﬁn t%rﬁﬁ(%uwg)fgyr € was

filtered throu a silica con and t he
resul ting oiP&ha 68%ﬁ%\‘ﬁétt\f@%gwa@@ﬁaréwlysﬁrq:ﬁt%wgb|80?'oacmamém¢nélermﬁono

afford t he Q’ﬁﬂ@&t@tsuﬁfﬁd & P8 tgm%aéra(é%@ f6t 293 h. FheReddic acid was removed b
3,5-Bi s- 4- di chl or opheny I @}qlenfg nmet hy(l_;é4 net hyl - a- D- )[,)Of ur anose

~ Chromi uh OXI 886 %ogeva@o@tx% e (@;@Uﬁtwasyaggio%ql) 20 and
pyri di ne (10Rtwisn chlddéforml a)ndww’t& aridedutausd bt vas eneliddaneh CHlotofornna@n
5 Beosy- 1, 2-veriitbe e thHBa YR A e \icigBy wing 51 07 Mo
di chl or onet Hak& (206 thi plusaistoduohsh, tha desiteldeompounds as white solids.
4-Amino-7-(3-deoxy-2-C-methyl-B-D-ribofiranosyl)-7H-pyrrolo]2,3-dlpyrimidine
15 (9.0 mg): - |
| TH NMR (DMSO-dg): 8 0.74 (s, 3H, CHs), 1.77 (dd, 1, H-3"), 2.08 (1, 1H, H-3"),
3.59 (m, 131, H-5"), 3.73 (m, 1H, H-5"), 4.15 (m, 1H, H-4"), 5.02 (t, 1H, OH-5"), 5.33 |
(s, 1H, OH-2"), 6.00 (s, 1H, H—II’), 6.54 (d,- 1H, H-7), 6.95 (br s, 2H, NHy), 7.47 (d,
1H, H-8), 8.00 (s, 1H, H-2); ES-MS: 263.1 [M-H].
20 4—.A_rnino-7-(3~dcoxv—2—C—metth~{3—D-arabinoﬁnanosvl)—']ff—pvﬁolof2,3—d1m@'midine
(15 mg): |
g NMR (DMSO-dg): § 1.23 (s, 3H, CHs), 2.08 (ddd, 2H, H-37and 37), 3.57 (m, 2H,
H-5'and 57), 4.06 (m, 15, H-4), 5.10 (s, 1H, OH-2"), 5.24 {1, 1H, OH-5"), 6.01 (s, 1H,
H-17), 6.49 (d, 1H, H-7),6.89 (br s, 2H, NHZ) 735 (d, 14, H-8), 8.01 (s, IHH—’))
25  ES-MS: 265.2[M+H]. -

EXAMPLE 28

4-Amino-7-(2 4-C-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo{2.3-dlpyrimidine
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m xture was stirred at the sane tenperature for 30 nun. The reaction
solution was diluted with ethyl acetate (1 L) and flltereqthli}[mg a
silica gel bed. The filtrate was 25 concentrated to give a yellow oil. The
oi |l was -N&ewisvmsd in 1, 4-di oxane (1 L) and fornmal dehyde $87¥%s022068snL). The
solution was cooled to OC and solid KOH (50. g) was added. The m xture was
stirred at roomtenperature overnight and was then extracted with ethyl
acetate (6 x 200 nL). After concentration, the residue was 56 22 July 2005
WO 0 2/0 5 728 7 PCT/ US02/ 03086 chromat ographed on silica gel (EtOAc) to
afford the product as an oil (1.5 g). The oil s dissolved in
1-net hyl - 2-pyrrolidinone (20 nL) and 2, 4-di chl'or'éphenyl methyl chloride (4
g, 20.5 mml) and NaH (60% 0.8 g) were agded-~Jhe m xture was stirred

i i i 1) .i The'm xture was then washed
with 5 saturated aqueous sodi um bi car bonage43 gj 50 nL), dried (Na2S-04)
and evaporated. The residue. wablQ@ii dsofluegd in Met hanol (50 nmL) and HC in
~di-oxane (4 -M~-2 nt) was - added. The ion was stirred overni-ght and -
evaporated. The residue was chrols ¢@ on silicagel (EtQAc/ hexane

1/4)y to afford the desired product zo0il (2.01 g). 10 St C
3,5-Bis-0 (2, 4-dichl orophenyllnethyﬁéz -G et hyl -1 -0 nethyl -
D-ribofuranose The product (2. 0 =,4.0 rrm)l) from Step B and Dess- l\/artln
peri odi naneSERAQ g) i HldtiosiHidl-Onie 1ded6-Divk Ylotweeeosst i rred overni ght at

resi due was triturated fed. The filtrate

was washed dieyiamiappiridine 6F 2), Nepsiaping 1D 7 ool D). 4 mobveratdissalived irqueous
sodi um I Cadl&ﬁﬂ@&&t%}lel(gﬂ@ﬁ]ﬂ)Sg mﬁenesﬂfdr@@cl{}%@@& 13‘;%@”351%?3 WiGhdded

evapor at ed. ﬁ“ resi.due was dissol ved in anhydrous, Et (20 'nmL) and was
added dr opv&“é‘é %ﬁaauwtﬁ?nwefstw@@gm%te@%fw iRy 2 ho Theyeaghohog 78 ¢
The ][ eact i ammnﬁxtwuseh&m%omd Btk chrlmatedaknedd sodile Biogkbshdté (ﬁm rﬁL)dati’@I(lﬁet 0 )
15C for 5 ured. i nt aturate ueous |umc oride. (50 nmL
The o | AyeS e RER ER el 1R IR A T WP e e CRigson)
filtered arﬂﬁﬂut@@r{é@%‘c 209 ud.), diftvsl (ﬁ‘@sﬂauemvl@sa}mmmdm gige aphid {0 g). ITt[m gel
( Et OAc/jlpex aR§id whis WissbRed 3 Bﬂrﬁﬁmﬁ)dﬂb & IR Q% 83, 64§%&ng;a‘ﬂgd%

portions over 30 min. The mixture was stirred at room temperature for 15. Ethy!

room 15 tenperature apg (E'Ii&ﬁ) %ﬁgﬁg Mﬁé‘?@‘%ﬁ{ ggetp%q)eg#ﬁ egsure. The

acetate (100 mL} was added dropwise over 30 min and the mixture was filtered

through a silica gel bed. The filtrate was concentrated and the resulting oil was

‘chromatographed on silica gel (EtOAc/hexane 1/4) to afford the product as a solid
15 (3259). ‘

| Step B: -3.5-Bis-0-(2, 4—dichl‘orophenvlmethvl)~1—O-me’thvl-4—methv1~a-D-
ribofuranose - '
: Chromium oxide (50 g 0.5 mol) acetic anhydride (50 mL, 0.53 mol)
20 and pyﬁdine (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 concéntj:ation, the restdue was
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Stens 4-Chloro-7-[3,5-bis-0 (2, 4-dichlorophen | methyl)-2 4-di- C—rrethyl 0-
D-ri bof uranosyl | - 7Hpyrrolo [ 2, 3-dl pyrim dine To the corrpodeUWﬁ@SSt ep C
(0.70 g, 1.3 mmol) was added HBr (5.7 Min acetic aC|d 2 m)
resul ti ng wolwbizeey was stirred at roomtenperature for %ﬁsoz%g%gor at ed
in vacuo and co-evaporated with anhydrous toluene (3 X 10
4-Chloro-1Hpyrrolo[2,3-d]pyrimdine (0.5 g, 3.3 mmpl) and powdered KOH
(85% 150 ng, 2.3 nmrnol) were stirred in 1-nethyl-2-pyrrolidinone (5 n)
for 30 mn and the m xture was co-evaporated with toluene (10 nt). The -
resulting solution was poured into the above brono sugar residue and the
m xture was srpmpedraphed ni gifita gel-BO2XQ) tdlaffysr(ﬂme@rodﬁ& 240&T 28 g). The oil
PCT/ US02/ 030 r d with

&/@S di 9&1@3 UL ﬁeﬁﬁgf% gpﬁgﬁtﬁgg‘é@réh na]E %‘l‘f—‘ d c%?orgbﬁepﬁﬂﬁe%h

water (3 x 50 conc pr essure i due was

chr omat ogr apﬁéaﬂ 438 0angel) and NaH Wﬁq%ﬁt%ﬂt’@f\@ﬁdﬁéexﬂmn(ﬂ@bg&)s stizedf f or d

a solid (2700Wﬂ10ht5ar§tcﬁﬁxtaﬁ with ﬁiﬂéﬁ@ ?OdI%L The Imxt e was then washed with
4--C-di-met} yI D-ri bofur%swsy «7H—

Y.

from Ste 63%1?1“%%@3 1%@&1%9093% |>b§5éﬁ’él)(@et¢l_($¥2%ﬁ%d anp gvaRPraedoni a
(20 g]Z was a’ﬂhteﬂ:sndne afasti&lscslgﬁ‘ﬁﬁq athalol 30 BL) aﬂ&Hcghedmxxﬁle(m\@h sal)heat edhag
100C for 00 and_evap rate e residue S romat ogr aphe
on silica ge?&dggt& )SOIP do%wl%?tgr SW"%‘ gﬁ“ﬂ’é’)mte# Eﬁ\/a {ﬂsfdg‘ ng) and
PCUC (10% 15®fﬂg)iwgmphed basibba geZQEtﬁaAc/hmaae dha ke afforiche dbﬁre(di@ﬁocmst gsdmor 3
~h, filtered & vg)oorat ed. The resi due was chromat ographed on silica gel
(MeOH CH CI2 /9) to afford the desired product as a solid (35 ng). 1H NMWR
.(DI\/EOdGI). 6 0.65 (s, 3H), 1.18 (s, 3H), 343(m 2H), 4.06 (d, IN, J 6.3
15 Hz), 4.87stgC:1H), §53§34@b 2.4-8dhlorSpR8yintbih 4Jd1€C$héfg 1*1 O-ganiile. 1H, .J

3.0 Hz), 6.17 (s, 11- 54
13C NVR ( DVBO- d6) :

(d, 1H J 3.4732), 8. - 6 18 19 21 32, 65. 38,
73.00, 79.33, 84.380, glﬂhfﬁﬁrpd&ﬂ (09,2, 40028l frolﬂ.‘kte@(B aﬂ&Be@&ﬁMaﬂtﬁﬂ- 48, 157.38.

IE)CEA%L EF(Z)Sndpﬁrl%%ﬁmjie ﬁ% g) Qn dl&ﬂogolijm?ﬁaﬂg (:I’d) mLS:%N?érHJS overm Ugt a? room 20

4- Ami no-1P- ( eapeninrg and ten sorce@itated hyder @ddced prebsiranbbhy Hosidiichwag afuctal 3-
dl pyri m di newith ether ether (50 mL) and filtered. The filtrate was washed with a solution of
Na,5,03.5H0 (2.5 g) in saturated aqueous sodium bicarbonate solution (50 mL),
dried (MgSOy), filtered and evaporated. The residue was dissolved in anhydrous Et,0
(20 mL) and was added dropwise to a solution of MeMgBr in Et,O (3 M, 10 mL) at —
20 - 78 °C. The reaction mixture was allowed to warm to —30°C and stirred at -30°C to —
15°C for 5 h, then poured into saturated aqueous ammonium chloride (50 mL). The
two layers were separated and the organic layer was dried (MgSOy), filtered and
concentrated. The residue was chromatooraphed on silica gel (EtOAcfhexanc 1/9) to
afford the title compound as a syrup (1 40 g).

Step D: 4-Chloro-7-[3,5-bis-0-(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 résulting solution was stirred at room temperature for 1

30 h, evaporated in vacuo and co-evaporated with anhydrous toluene (3 X 10 mlL).
4~Chloro—]H—pyrr010[2,3—§i]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 resuiting solution was

poured into the above bromo sugar residue and the mixture was stirred overnight. = -
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NH2 ~N ONNN--\CM 25 F H Stens
3- Deoxy-3-fluoro-1-0O nethyl -5-Otol uoyl -a-D-ri bofuranose -58 L@Z%}gy_ZOOS
WO 02/ 057287 PCT/ US02/ 03086 1, 2-0-1sopropylidene- D xyl of uranos % 0 g, 50 -
mol ) andwo-d2ekuweyl chloride (7.0 nl, 50 nmmol) in pyridi ng£phisser e
stirred for 30 mn. Water (10 nlL) was added and the m xture was
concentrated under reduced pressure. The residue was dissolved in toluene
(500 nL) and the solution was washed with water 5 (200 nL) and saturated
aqueous sodi um bi carbonate (200 nL). -The two |ayers were separated and

the organic | ayer was evaporated. The residue was dissolved in methanol
(100 ni) and'heopixtyregyasydanted(wittMoheoe (80 midswashed ovithiThateni3t 60 exlyasd

stirred at rc@ﬁ@&ﬂﬁ%%ﬁrﬂ%k‘f&u@éﬁeﬂréﬁs&@ mctaq@ e %Q@M}f@t%@t@t@? ol Bfigh gfieduced

hr grmat o on si

pressure. r?i resultlﬁsg
( Et OAc/ hexarfélting with M%‘F"FQ@P@%W)GPIE‘ tfbaiolg:} (279megloi | was dissolved in
d| chI or onet hane (100 rrL) and d| et hyl am nosul fur trifluoride (DAST) (5.7

saturate ?tj}%%ﬁ*s SOdI PREOIR %fur e was

extracted with tol uened!@@mlcﬁﬁb m.) and the conbl ned or ganl C Iayers wer e

concentrated. The resi Si

( Et OAc/ hexane: 15/ 85) a orglﬁlﬁﬂﬁ%%& e co ¥ clhgs Z%e%dpldlctxfn%ézﬂ}‘)
Step B: 3- Dépsjiqgid mn@ﬁomzt”@:gwtlmddeotmammiyss-ssseoamtoblaw| Thee Bixture was

ri bof ur anos el aPoueclor 15 A Bk f il nbraich SR N Dess- Martin 20

peri odi in dlchloronethan (2 were stirred overni ght at

room Eﬁge (ck fctfPaéO%ﬁHh‘?ﬂa%n filesneed @F@e“rﬁ) r‘t‘atﬂ@cﬁf%ﬁétd A mBd The saliditi80 - The

r esi due vas mg)rant PGAC € 0B 150 nek) ed fethabh@ robPwete) shakish diidet B €30 psThe
filtrate Wa§h CB5H20 Zln saturated

aqueous sodi Ut 565g]rwalﬁgor@%go%hﬁ{e)m%&r”?’%%(%@%ﬂph ql‘P‘t%‘ gnd o
evapor at ed. (We@H/€31:0le ¥ 30 difsdahedabited pasduedaousolRB3FHEg)( 50 nl). Ti Cl4 (3

) and met hyt NWREISRISENDS 88 3%, A0St N8l (s SRes 3nlhrd % 06 (4, 18, 6.3
15  Hz), 4.87 (s, 1H), 5.26 (br, 1H), 5.08 (d, 1H, 7 6.3 Hz), 5.25 (t, 15, 7 3.0 Hz), 6.17 (s,

1H), 6.54 (d, 1H, J 3.5 Hz), 6.97 (s, br, 2H), 7.54 (d, 1H, J 3.4'Hz), 8.02 (s, 1H).

13C NMR (DMSO-d,): § 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-HT"); calculated for CisHsN,O4+H": 295.1.

/eX

20
EXAMPLE 29
4-Amino-7-(3-deoxv-3-fluoro-2-C-methvl- —D-—ribdfuranos 1 -7H—
dlpyrimidine '
NH,
_ 74 ] SN -
A
\__LaMe
25 F OH
Step A: 3—Deokv—3—fluoro—1-O—methyI—S—O-toluovl—d-D—ribofuranose

-58 -

St hen poured into-



m.) were added at -78C and the m xture was stirred at -50 to -30C for 2 h.
The m xture was poured into saturated agueous sodi um bi carzg%p}l og0l ution
(100 nL) and filtered through Celite. The filtrate was extract Wi th

t ol uene (®@Poamsy2sand evaporated. The resi due was chronat Wﬁ@@g@m@g] silica
gel (Et OAc/ hexane: 15/85) to 30 afford the title conpound as an oil (150
ng). Step C. 4- Am no-7-(3-deoxy-3-fluoro-2-Cnethyl-(3-Dribofuranosyl)-7H
pyrrolol2, 3-di pvrinridine -59 22 July 2005 WO 02/ 057287 PCT/ US02/ 03086 The
product from Step B (150 ng, 0.5 mmol) was dissolved in HBr (30% in
acetic acid (2 nL). After one hour, the m xture was evaporated under
reduced pressure and cb%&rbpmoavle@nwﬁﬁymram (2.0@, i )nmol) and p-toluoyl

4- Chl or o- II—I—c@yc;r{d@I@bgnﬁ oL Rwn PRUEe

(85% 150 : ( vaere Qlﬂ‘p?ﬁggﬁglgj We% gﬁﬁ% %?%%@glgnm n arggjjt

m xture was @W#Q@%WAWJF&W&%WG%H@’CGQtfatﬁﬁl_)mdeT ueedspresswigy B ut i on was

pour ed i nt o rediGucabOVE s3I @A §GRHE (00 nil hendtheldanBion WS vdshéd ®h Q4es NI ght .

--The m-xt-yre th-tol uen Wi ter (3 x-50-
T Som Ty gl S 6@88?9&1830‘&1&%5@&%2’“%“@%5&&% bt e

chr onat ogr aphpdated asd thec:mcagped laydrtvahcivaporared: Theid8ijuetvrsafifsovddan oi | (60

ng). The 10 i nd anponia (20 9)

was added |r€9 ééhan%gl nl'es’s “‘é‘tag%{ lﬂadlj_{”g%?g%lev.i’%{)@ x %C{rdggwgﬂ “HEATEd 4 85C

for 18 h, tRKERcEdgoeE: emierapyaporaicbtiandiies thes b hperaiebursier ciatslyr aphed on

silica gel péégﬁﬁxeaqqak&@uﬁﬁl %l%tmato&{a?me&&qéhéﬁéi (‘%{@%&/h&aﬁe Cﬁg&?“”d as

asolldé29 }_ 1 1%5 O-.d6 6 (in,
&g‘%dﬂ otj (k1 g3 Lhe ot ‘gaa%lysol*sedza d(%tﬂorowangcl m@anm, 6. 15
(d 1H, J 2 BethidmirdsBuridfludide BB SHZAL) ¥ad2dde8. The ndkbure &aﬁ&ded H

3.4 H),

90. 15, 91, 92’6’““&;% §Hg 1“6%5155 Pom'fé ey "?am’i%i‘?ﬁ %e"'i%%%lf‘?n glr%PPC’&?te Si]é‘&ONNR
(DVBO. d6) :  $l0MmBE Thy miaoreESsMBirafiodimdth taBEnd (A NEWIL) cati thd atetsnddor

C12H15FN403 F%%P{E
4- Am no- 7 (;(-)E%M?ﬁg %S e ‘ﬁﬁﬁ ribo CJ?SG{%%E:S‘;/FS) c}%o_gxatogragPe 8“ %‘1‘8? %e;}rl m di ne.

NH2 N L (EtOAc/hexane 15/85) to afford the title compound as an 011 (1.50 g).
Step B: 3—Deoxv—3-ﬂuor0—2—C~m¢thyl-1~O—methv1—5—O—toiuovl—cc—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
tritvrated with diethyl ether (50 mL) and filtered. The filtrate was washed with a
~ solution of NayS;03.5H20 (12.5 g) in saturated aqueous sodium bicarbonate (100
mlL), dried (MgS80,), filtered and evaporated. The residue was dissolved in anhydrous
25  THF (50 mL). TiCl, (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 (FtOAc/hexane: 15/85) to
- 30 afford the title compound as an oil (150 mg). '

Step C: 4-Amino-7-(3-deoxy-3-fluoro-2-C-methyi- B-D-nboﬁ;ranosyl)-’/‘H—
pyrrolo[2.3-dlpyrimidine

-39 -



A 3=D-rib furanls1| pyr

HO-AV \yIN N O CH3 25 HO bCH3 Step A

4-chloro-7-[3,5-bis-0O (2, 4-di chl orophenyl net hyl )-2-C, 2- O di et hébés_
(3-D-ribofuranosyl | -7H pyrrol o[ 2, 3-dl pyrinidine -60 22 Jufy

02/ 03728 % Be1H34992/ 03086 To a pre-cooled (0C) solution of pthaisegomesnd from
Example 2, Step D (618 ng, 1.0 nmmol) in THE (8 nL) was added nethyl i odide
(709 ng, 5.0 nol) and NaH (60%in mneral oil) (44 ng, 1.1 nmmol). The
resulting mxture was stirred overnight at rt and then poured into a
stirred mxture of saturated aqueous ammonium5 chloride (50-ni)- and

di chl oronet hane (50 nmL). The organic |ayer was washed with water (50 ni),
dried (MyS04) and evafbr aretict fromstepB (THe mm § i mined) wasutissopieddu&Br was

pur 1 ed_onich] 5388l adid (21 51 Afler BGERAHCHBEAART: B3 ERoBltERler i act | ons

contalnlngt epro uct vve eva orate In vacuo to glvethe
desired pr &dtieed wwrw)d %e‘e@p@tﬁt@w% @lﬂ@mﬁw 1gl)stdephigro-/ H-pyrrolo[2,3-

4- ani no- 7- f 3y fni lﬂ{ﬁm 3&3@'%@?@%@3@%&%@@@@@3%@3@ QIng@&hﬁbbwere

ri-mdine-To Step-A+
(735 ng,” 1. i ﬁ%lpﬁaﬁ% @%Pﬁ?d’ﬁfisa?o(%’&?%a?gg’&ﬂbw r&
mL). The mi xIur a“hw@ésuhﬁ@ts@ﬂltidﬁ veasiousddant) B8 abstebmauigal Adehaini 306

ht; th | ed h t ent h d
ot o 2w RSP FPE S REBF B SE BRRUFE Bl o R PR R
el uent. Fr asatepd <GSOk} midgprctmraediduict redeced posiusel Hiredeadapwerat ed in
t 0 C
i noe 7 S bR oy I%%QB@@%\%%S??W ?%Eff$ﬁ??offlo Q‘Tﬁpﬁ%ﬁ%. " A
i xt ur el&f pﬂéwq@rdwgbf@dm @ws’e gling ) Et 3N
(0.2 nm) angakios Eéé@&&%@)m&mﬂ%&g%a&adt S’S"CafoPQB hhﬁféﬁ@g@lﬂ@bﬁ& at 50

D O o el madiee b o g | Lored, throvalt
usi ng 2% ne(manhmholldﬂchldloQMlﬁfneﬂB’PhMoad ted titkndompdad de sisoledl (QPrmaguct  was
ot hanot  (10PISYRPARRSEEG 0 ¥ Ty, 295 RRTBREIE YRR, 0 s 0T L
hydr ogebat ed38n7.8 Hear 5.2hylk, dHafal (s, &H). 36106, 15 J28oke), 6.59 (d, 1H, J 3.4

Hz), 7.02 (s br, 2H), 7.39 (4, 1H, J 3.4 Hz), 8.06 (s, 1H). - *

13C NMR (DMSO-dy): 19.40, 59.56, 77.24, 79.29, 90.15, 91.92, 99.88, 102.39,

121.17, 149.80, 151.77, 157.47. |

19F NMR (DMSO-d,): § 14.66 (m). _

20  ES-MS: Found: 283.1 (M+H"); calculated for C12H15FN403+IT 283.1.

EXAMPLE 30

: 4—Amin0-7—(2-C,.?—O-dimethvl-B-D—riboﬁJranova)-’?H—pyrroIo[2,3—@vﬂnﬁdine
. N, ,

Step A: | 4-ch_10r0—7~{3,S~bis—O—(2,4-dichloroohenvlnlethvl)-z—C,E-O-dimeth&
' B-D-ribofuranosyl]-7H-pyrrolo[2.3-dlpyrimidine -
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tenperature for two weeks. The m xture was filtered through celite
evaporated in 30 vacuo and purified on silica gel using 105? gl I n

di chl oronet hane as eluent. Fractions containing the produc Vere pool ed
and evapo J-f-vacuo to give the desired product (110

col or| ess%gﬂq %59 3ul y 2005 WD 02/017287 PCT/ US02/ oﬁé‘@?—i‘)m
(DMSO-d6): S 0.68 (s, 3H,), 3.40 (s, 31-1), 3.52-3.99 (overlapping m 4H),
4.92 (d, 1H), 5.07 (t, 11-1), '6.26 (s, 1H), 6.55 (d, 1H), 7.00s br, 21-1),
7.46 (d, 11-1), 8.05 (s, 1H). LG Ms: Found: 293.1 (MH+); calc. -for -
Cl2H16NAO4- H+: 293.12. 5 EXAMPLE 31

4- Met hyl am no- 7- ( 2- C-n%g%e (:(301&}(0"@ §810.@61088the cdipOURIGr@th FadpRl Didnudi ne

(200 g, 0. 67 RIS denalaRd HEg U eﬁs%%%ﬁtiﬁ%éyﬁrﬁ'&%nﬁﬁaﬁgﬁ& PRB |

st ai nl ess st zel Naﬁit(m%aﬂﬁ)mamlcbﬂ)w nmedl.atnB86Ig. The reb8liing nhikemne waoktaeednd

etnanor s t e REHCn et R BLUAS LY R B BlE e SRR ol et T

anor phous® sotfilends 8mb) st dieheromctand/EONDLY hEhaaongrpih dayst ¥8s wadtied wwas
di ssol ved i nywat t efo Iansi draéegxbf k%%é &Jagbﬁé%d% GohRY '%@%@eﬁg&#ﬁgg - 1H

VR (DVBO-d6) : 'S
H- 5 ), 3.79%8 Byl (eﬁ% OWIC%%“Sanhyl aqaﬁaﬁﬁﬂ)exase agtheslueniy Fractiogsy) | 5, 04-5. 11

I(—l-lg) 37 ?g (d ddrltaibing Q) proaucﬂt4vf(r§%oolé'di ad&ehakﬁ)a@d?%g téléivl?l]tﬁ?—k @ezs)rreézg EZC VE:
Found: 295. 1P Eﬁl}r“iﬁﬁg%’aﬁsa?‘gﬁ?ﬁiéﬁ’ﬂ{’émo4+m’ 294.3. EXAMPLE 32

4- Di met i\ ami no- 7- (2- C- et hyl - (3-D-ri bof uranosyl ) - 7H pyrrol o(2
3-di pyrimidi §ep 2 22 JMH(?—Q—Q?,S-MS—O—(2,4—dichlorophenylmethvl)—Z—C,Z—O-dimethyl—
‘ -D-ribofuranosyl]-7H-pyrolof2.3- imidine
To the compound from Step A (735 mg, 1.16 mmol) was added
methanolic ammonia (saturated at 0°C) (20 mL). The mixture was heated in a
15  stainless steel autoclave at 80°C overnight, then cooled and the content evaporated in

vacuo. The crude mixture was purified on silica gel using ethyl acetate/hexane as the
eluent. Fractions containing the product were pooled and evaporated in vacuo to give
‘the desired product (504 mg) as colorless foam.

20  Step C: © 4-amino-7-(2-C,2-O-dimethyl-B-D-ribofuranosyl)-7H-pyirolof2.3-
dlpyrimidine

A mixture of the product from Step C (64 mg, 0.1 mmol), MeOH (5
~mL), BN (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, - ) .“' o
25 evaporated in vacuo and filtered throngh 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, evapor'ated.j_r_x
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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WO 02/.057287 PCT/ US02/ 03086 Nwve2 N HO O N N CH3 HO ~OH The conpound from
Step E of Exanple 2 (200 ng, 0.67 nmol) was added to di rregayllu % (5 nmL
condensed in a snall stainless steel autoclave) and warne r 48
h, then cqel gedsaeed evaporated in vacuo. The crude mxturep%j\mzmgﬁglﬁfl ed on
a silica gel wth ethanol as the eluent to give the title conpound which
separated as an anorphous solid after treatment with McCN. The anor phous
solid was dissolved in water and |yophilized to give a col orl ess powder
(164 mg). 1H NWR (DVBSO-d6): -S 0.64 (s, 3H, CH3), 3.29 (s, 3H, N CH3), 3.32
(s, 3H NCH3), 3.60-3.66 (m 1H H5"), 3.77-3.97 (m 3H, H5", H4,
H3'), 5.04 I&ENMHLDMSC&-JQ) 5018 (5, 316),3.40L(s( 3}1), B52-889 (d\H,rlaﬁpm@Ih,Afb) 21 (s,

I 2) LETR Bt douds oot ab @yl s o pRch 4R s 3
EXAVPLE 33 15 4)Cycl opr opyl am no- 7- (2- G- et hyl - (3- D-ri bof ur anosy

) - 7H pyrr ol i i HO SOH The
~-conmpound- frglngzg?%giow& ﬁ3qa% HeHNC%{C fomlﬂ{gﬁﬁ'%bm nolz)gl}/liz -added t-o-

cycl opropyl amine (5 nL condensed in a small stai nl ess steel autocl ave) and -

20 warnmed at 85C for 48 h, then COO'E%@AII@_@ %gporat ed in vacuo. The crude
m xture was purified on a silica gel W e nol as the eluent to give the

title compound -63 22 July 2005 WD 02/057287 PCT/US02/ 03086 whi ch..
separ at ed as{-BRIVEPHBHIIUS-SShdikl1ai-DefibdfiRabsany Bwihibidye ENfp T aadr phous

NHMe

/l//l

qo-\ o NN
"\ /sCHg

HO  OH

x~

10 The compound from Step E of Example 2 (200 mg, 0.67 mmol) was
added to methylamine (5 mi 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).
IH NMR (DMSO-dg): 6 0.63 (s, 3H, CH3), 3.32 (s, 3H, N CHa), 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"-O1,
IHSCOH)614@1HI¥F)658@j&Lk5:36H@H§L746&LHLH6L
7.70 (br s, 1H, NH), 8.14 (s, 1H, H-2). '

20 LC-MS: Found: 205.1 (M-FI+); calc. for C13H] §NAO4+H*: 294.3.

EXAMPLE 32

~-62 -



~monomet-hoxytri-tyl -chl-ori-de-(0.-30-g,

solid was dissolved in water and | yophilized to give a colorl ess powder

(148 ng). 1H NMR (DMSO-d6): 8 0.51- 0.58 (m 2H), O.64 (szlf_gh 53@ 0. 74-
0.076 (m 2H), 3.62-3.67 (m 1H, H5'), 3.79-3.82 (m 3H 4 92- 3.96

(m H4", vt &gs728%- 03 (s, 5 1H, 2'-0H), 5.05-5.10 (114, 3'y:Phsodblose - :
6.15 (s, 1H, Hf'), 7.48 (d, 1H, Js, G 3.6 Hz, H5), 7.59 (f 1H, H-6),
8.13 (s, 1H, H2). LC M. Found: 321 1 (M HH); calc for CL5H20N404+H+:
320.3. EXAMPLE 34 10 4- Amino-7-(3-C nethyl -p- D-xylofuranosyl) 7FprrroIor2
3-dlpyrimdine NH2 7N, HONNO HC7 M bH Step A
7-12.5-Bis-C)(tent-butyIdinethylsiIyI)-R—D—rlqg&uranosyl)l-4-((4-

met hoxyphenyl) di phenyl net hyl | am no- 7H Qyrrol ol 82dl pyrimdine 15 and
7-13,5-bis-O (ter2-butyldimethvlsilyl)-(3-DrJi ofnranosyll-4 ((4

met hoxyphenyl ) di phenyl net hyl | ani no- 7H pyg#f [2 $-dl pyrinmidine To a
solution of mxture of the conpounds from Stlep A of Exanples 26 and 27
(0.32 g, 0.65 rnnol) in anhydr o@D ng (6-Nl) was added

stirred 20 at room tenperature overnl @ m xture was then concentrated
and the residue was partitioned befweenzCH2C12 (70 nL) and water (20 mi).
The organic |ayer was washed with ter d brine, dried (Na2SO4) and
concentrated. The residue was purified on silica gel columm using 5-13%
Et OAc i n hexanes as t Héle@bwnnnd Trom Stap prd Ixempke 3 fmﬂtlhgr(bﬂ/\mr@i)cmsl ect ed

and concent raag&ﬂtotcﬁmfgﬁ& %ﬂniciolﬂii%]s% I‘I??ﬁﬁ&l?é&l?lgfltsygtgé ttct?:gzlsv%j i\r}q - and

3,5 -bis-O(tert- buty pr ot ect ed nucl eosi s orl ess

foans (343 MpTHRd 845 forr4§ é*m qp@ﬂ 8 and egapopaied il yacpooFhe pyode p1igwRE287
PCT/ US025 03686 pBlific@ Bn Bmhoa gel with ethanol as the eluent to give the title compound

7-12,5-Bis- Oh(lct:hesretpartgl ed yals %{’1 rg%}oh fliosulsls { 21 atR ter treatment thF}\/[n(thf ufhaena%'lsorgﬁous
solid was dissolved in water and lyophilized to give a colorless powder (164 mg).
1H NMR (DMSO-ds): 8 0.64 (s, 3H, CHz), 3.29 (s, 3H, N CHs), 3.32 (s, 3H, N CH3),
: 3.60-3.66 (m, 1H, H-5"), 3.77-3.97 (m, 3H, H-5”, H-4’, H-3"), 5.04 (s, 1H, 2’-OH), |
10 5.06-5.11 (1H, 3’-0OH, 1H, 5°-0OH), 6.21 (s, 1H, H-1°), 6.69 (d,"1H, Js 5= 3.6 Hz, H-
5), 7.55 (d, 1H, H-6), 8.13 (s, 1H, H-2).
LC-MS: Found: 309.3 (M-H™); calc. for C14H29N4O4+H+: 308.33.

EXAMPLE 33
15
' 4—Cvc10propviamino—7—(2—C-methvl—B—D—riboﬁlranosvl)-7H—DvrrolorZ,S—dTDVIimidine

The compound from Step E of Example 2 (200 mg, 0.67 mmol) was
added to cyclopropylamine (5 mL condensed in a small stainless stee] autoclave) and
20 warmed at §5°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 givé the title compound -
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ul osyl ] - 4-[ (4- met hoxyphenyl ) di phenyl net hyl | am no- 7H- pyrrol o[ 2 3-
dipyrimdine To a well-stirred suspension of chromumtri o&?qlg (2%65rrg 0.91
mol) 5 in CH2C12 (4 nL) at OC were added pyridine (147L, 5’ rrmal) and
t hen acetwe ¢zeshydride (86 1J-, 0.91 mmol ). The m xture V\%@ ﬁgl(] room
tenperature for 0.5 h. Then the 2',5 -bis-O (te7-t-butyl rrethy yl)
protected nucleoside fromstep A (343 ng 0.45 mmol) in CH2CI 2 (2.5 nlL) was
added and the mixture stirred at room tenperature 2 h. The m xture was
then poured into ice- cold Et OAc (10 nL) and 10 filtered through a short -
silica gel ot l. yrm " usi Et QAc as the_gl ent. The filtrate was evaporated

and the resi% SﬁBFliatel g mpreRqus sglid atterdmatment i i hMeeRh nble %{MP ous
hexanes/ Et Oalid Whd lisssl vedia whteedtd 1yop rghzeet thhevel d 161160 &).my). Step

¢ 5 B s foet e Y S TR e e

and 7-12, 5- ereetﬁt(mBHwarda'r@esrsgrrmtﬁtgtrﬁmemwa(m,ﬂ-ar H3) 503 s,

~D-xyl-of ugan 31,1 h | i | t 7 DL D0 v
2 3 di pys ek ety & on e %%‘éi@ﬁ‘%ﬁtﬁ% VU P B et v

0.5 mol ) Q(ﬁ%%ﬁhﬁd?%ﬁb 1Fe Xk §- 131 51Hil-24t r oom t enper at ure was added
dropwi se a $0-MS: Gouati: 321e (WOAPRWAR. foi U5 BbAN 4184418 91p.30. 1 mmol ) in
anhydrous hexanes (0.5 nmL). After 2 h stirring at roomtenperature, the
reaction mxture was poured into ice-cold water (10 nL) and diluted with
Et OAc (20 rnL), then filtered throu@xAQeiplip3ahi ch was then thoroughly
washed ywth Et OAc. The | ayers were separated and the organic |ayer was 25
washed with brine, dried (Na, SO4) and concentrated. The resi due was
purified ondaAmgiot7-(h GelethybBubaxvisfimgo BNt TH-D58m B DA pyriheisnes as el uent
to give the 3-C-nethyl xylo- (60 ng) and the 3-C-nethyl ribo-isoner (20
ng). Step D 4- Ami no-7-(3-C nethyl - O D-xyl of urbihigsyl ) - 7Hpyrrolol 2 3= 30
dl pyrimdine To an ice-cold solution of 3-C nmefhyl-xylo isomer fromStep C
(60 ng, 0.08 mmol) in THE (2 nL) was ad N1 Min THF; 0.32 nm, 0.32
mmol ). The reaction m xture was stirred at gterr_perature for 5 h, then
diluted with CH2C12 (50 nL), V\?@ (3 x 15 nm.), dried, and

i's

|OO
t

‘evapor ated. The residue 35 was g; n di oxane (6.3 nL) and 80% acetic
acid (3 nm.) was added. The -65 2 y 2005
MS  OH
Step A 7-2.5-Bis-0-( tert—butvldimethv 1silyh)-B-D-ribofuranosyli]-4-1(4-
methoxvphenvl}diphenylmethyl]aﬁﬁno—?H—pmolﬂZ,S—d}vvﬂnﬁdine
15 “and 7—{3,5-bis—_0—(rert~butv1dimethvlsilvl)—B-D-ribofuranosyl]-4-{(4—

methoxyphenylidiphenylmethvllamino-7H «1)'\,511‘0U?L,3-dh)vrimidine

To a solution of mixture of the cormnpounds from Step A of Examples
26 and 27 (O 32 g,0.65 mmol) in anhydrous pyndme (6.ml) was added
monomethoxytrityl chloride (0.30 g, 0.98 mmol) and the reaction mixture was stlrred
20 atroom temperature overnight. The mixture was then concentrated and the residue
was partitioned between CHyCl, (70 mL) and water (20 mL). The organic layer was
~ washed with water and brine, dried (Na;SO,) and concentrated. The residue was
purified on silica gel column using 5-13% EtOAc in hexanes as the eluent. The
_ appropriate fractions were collected and concentrated to furnish 27,5 -bis-O-(ters-
25  butyldimethylsilyl)- and 3°,5’-bis-O-(ter-butyldimethylsilyl) protected nucleosides as
' colorless foams (343 mg and 84 mg, respectively). |
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WO 02/ 057287 PCT/ US02/ 03086 reaction m xture was stirred at room
tenperature for | d and then evaporated. The residue was 99(:18‘% gL at ed

wi th di oxane, taken up in water (50 nL) and washed with CH2 @?

m.). The ayer was concentrated and then freeze-d reS| due
was puri f‘?ggﬁgﬁﬁgfl ica gel colum wth CH2C12/ MeCH (20/1 glr:]?%%z}(gi)ﬁs as the 5
eluent to give the title conpound as a white fluffy conpound after freeze
drying (10 ng). 1H NWR (CD3CN): 5 1.28 (s, 3H, CH3), 3.56 (br s, 1H OH),
3.78 (m 3H, H4, H 5, H5"), 4.10 (br s, IN, OH), 4.44 (d, 1H, J2'1' =
3.9 Hz, H 2 558(d |H H 2H NH2) 615(br s, 1H,
oH), 6. 48 ( Js, Biz-(y B peng)furagosti- (s, | H,
H 2). ES-ME: 281 [ ML] hilo
4- Ami no-7-(3-Cnethyl - (3-D-r,l ur anosy - pvrrolo -dlpyrimdine 1%
NH2 N ~II HO ON NJ AL eSC]—l The ribo-isomer (20 ng) from Step C of
Exanpl e 32 was depr ot é‘cieﬂell-aﬂnrcr@sdsbmsmnﬁeﬂlm@e&mmdaéﬁlm &Pe pruhblpf

BRI G i e AW A Y
H4'), 4.10 a(llﬁfdrlsiE( FULCP1 mmad Tl miire Jyasitized atroem temp@fai)ure Brée (d,
IH H1), % BBed ﬂ’l"e 9315 giELO Qs &m&hﬂélﬁpﬁm&cteﬁ'ﬂucfgﬁgme ﬁ'oﬁ]stéﬂA 1H, J5, 6

= 3.7 Hz, 55433) d %@@ m@ . ES-\B +. 25
EXAMPLE 36 IBpé’ )(19 WS ﬁ@%&fa@ﬂélﬂf‘owtym?mﬁ%/?tﬂép@[ 2
3- dl pyri nudiemeperathfe QR THE 301:2005w sV 0RAGEd 28d icRChldISAZAD086 ) Nd2 N

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 cluent to give the title compound (180 mg).
Step C: 7-[2,5-Bis-O-(tert-butyldimethylsiiyl)-3-C-methyl-B-D-ribofuranosyl)-
15 _ 4-{(4-methoxyphenyldiphenvimethyllamino-7H-pyrrolo[2.3-
dlpydmidine and 7-[2.5-Bis-O-(tert-butyldimethylsily])-3-C-methyl-B-
D-xvlofuranosyl)-4-{(4-methoxyphenyl)diphenylmethyllamino-7H-

- pyrrolof2.3-dlpyrimidine
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 roomn 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 (Na,SOy) 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-methvyl- 4D—_x tofuranosyl}-7H-
30 dlpyrimidine

- To an ice-cold solution of 3-C-methyl-xylo isomer from Step C (60
mg, 0.08 mmol) in THF (2 inL) 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 dloxane (0 3 mL) and 80% acetic acid (3 mL) was added. The
- 65 -



Exanpl e 4 (
stainless s
The resi dye
and 5/1) as
( DMSO- d6) :

H5", H4),
OH), 5.45 (br s, 2H, NH2), 600(s 1H, H-l)'628(d 1H, J-
o 8i 44 (br 10 s, 2H NH2) 2 (d, 1HJ = 3.7 Hz, H6). ES M

13

3'-CH, 5 -

3.7 Hz, H-5
2941(MW
4- Am no- 2-f
3d|py||md
HF/ pyri di ne
conpound of

tert-buty ]
C. Then the so

Nl N~ HOONHZIVE H6 "OH g A mixture of the product fromStep B of -

7-4 nmg) in aqueous amonia (30% 10 m) was hegﬁgg] I>Rod
teel autoclave at 100 C overnight, then cool ed an

the eluent to afford the title conpound (15 ng). 1H NWR

S 0.68 (s, 3H CH3), 3.48-3.58 (in 1H H5'), 3.68-3.73 (m 2H,

3.84 (m 1H, H3'), 4.72 (s, 1H 2'-0OH), 4.97-5.03 (m 2H,

u@ﬂaﬁ;tmed at room temperature d and then evaporated. The
tesiatue Wwhs (cB~cRaporhid leﬂl%(ﬁ):a!hb,tlﬁﬁéif Bsyhipr (BoHAYY 4@l wisBed with

CREGES 1wl Tt St Bosyionesetinnd tugh 2568608 Thaed ¢ ne

fﬂd&ﬁwae pB61iedon mifjca GelZotmmmi ith €1,/ MOp U/ il 0/0) dstved by
Iflﬂt&%l\(estﬁe bitle Qoﬁ%mla)s Wﬁh{erﬂl%f@? d(rgpcrf%?,? AFARE, eze g mon-25-

on I's poure I'nto ice-wa

aqueous NaOPg)-and evaporated to dryness. The residue is pur| f| ed on a

silica gel

SQ,ZA%E/ENE? ’(5%951) 2 Rt e S TR AR ??BfHozr gI-Z) &Lt e

10

15

20

1HGMRZ CIWON28 828 M@}P@}%@&? f@dﬁsgﬁ)ﬁ%ﬁn f}g'ﬂfﬁ“ Mth

[o]e) ound

5.85 (br s, 2H, NHg), 6.15 (brs, 1H, OH), 6.48 (d, 1H, Jss = 3.7 Hz, H-5), 7.23 (d,
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-pyrrolo]2.3-d] pvrimidine'

NH,
'/l\N-_
NP
HO O N
. Med :
HO ©H

The ribo-isomer (20 mg) from Step C of Example 32 was deprotécfed
using the procedure described in Step D of Example 32 to yield the title compound (4
mg). ,
1H NMR (CDsCN): § 1.43 (s, 3H, CHy), 3.28 (brs, 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, Jorp = 8.1 Hz, H-2"), 5.69
(d, 1H, H-1"), 5.88 (br 5, 3H, OH, NH>), 6.45 (br s, 1H, OH), 6.51 (d, 1H, Js6=3.7
Hz, H-5), 7.19 (4, 1H, H-6), 8.12 (s, 1H, H-2). ES-MS: 281 [MH]".

EXAMPLE 36

2.4-Diamino-7-(2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo2.3-dlpyrimidine

-66 -
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~-8ti-rred-at-0C-for 30 mn then at-

4- Am no-5-fluoro-7-(2-Cneth),|-G3-D-ri bofuranosyl)-7H pyrrol of 2
3-dlpyrimdine FNHR2N HO--\CZ NN M HO CH Step A 2 July 2005

4- Acetylam no-7-(2,3,5-tri-0O acetyl-2-Cnethyl -(3-Dri bof uranogy%

7H- pygol ofyd 3rdt-Ryri mdine 10 To a solution of the corrpoq,lgqﬁsrgm@g ep F of
Example 2 (280 ng, 1.00 mml) in pyridine is added acetic an(1 3r|de

ng, 6.0 mmol ). The resulting solution is stirred overnight at anbi ent
tenperature evaporated in vacuo and the resulting crude m xture is
purified on silica gel using ethyl acetate/hexane as the eluent. Fractions
containing the desired product are pool ed anﬂ evaporated in vacuo 15 to
give the desired product. Step B: H; '

4- Acet yl am no-5-brono-7-(2,3,5-tri-0Oac t
ri bof uranosyl)-7H pyrrol ol 2, 3-dl pyri m
the conpound from Step A (460 ng, 20 1. 0
N- br onosucci nim de (178 ng, 1.HD -

- G- net hyl -

ToNa . pre-cool ed (0C) sol ution of
J;j\l n DMF i s added

ThélHx esul ting solution is

reaction is quenched by addition of ol and evaporated in vacuo. The
resulting crude m xture is purlflr]_z(g |ca gel using ethyl

acet at e/ hexane as the el uent ti on ont aining the desired product are
pool ed and evaporated in vacuo 25 to give the desired product. Step C

4- Ami no- 5- f | uor o- 7- ( 2-20mmetiteydf-ti§SpDdndt fuofu Stpds pf Exathblpyir @6 ngf) 21 3-

dOyhr ai di ne e~Ccool ed
(780 sol ui o st G oM Pk Rty Ry ARRe &, 0PC Te
added butyl owem}ghgﬁhmoﬂeﬁ) %émm;ﬂe@ome rﬁéldurmnm@leyl on a‘FHecar%hul ting

sol utionsis cgmkﬂnrﬁﬂl at,chLaG08r (180 dﬁﬁrﬁ/@ma thd SR HUS aﬁhﬁﬂm\éﬂt&lé cBnpound
fl uorobenze on| m de (315 ng, 1.00 mmol ) in THF. The resulting solution -
is very 5 sI aI | owed to cone to anbient tenperature and then poured
into a stirABINNMR(DIVISO-g): $a681(aBE CAGILE04s 3 Sarmni M), srdsdr7and, 2H,

di chl oromet hage.;; 18€; QL 93N § RS E 45, 1H, 2°-OH), 4.97-5.03 (m, 2H, 3’-OH, 5°-
OFD, 5.45 (br s, 2H, NHL), 6.00 (5, IE, FE-1"), 6.28 (4, 1H, J =37 Hz, ), 644 (ox
10 s, 28, NH,) 6.92 (4, 151 /= 3.7 Hz, H-6).
ES MS: 204.1 (M-HY).

EXAMPLE 37

15 4-Amino-2-flucro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolol2.3-dlpyiimidine

To a solution of HF/pyridine (70%, 2 mL) diluted with pyridine (1 mL)
at ~30 °C is added the compotnd of Example 36 (60 mg, 0.2 mmol) in 0.5 mL
pyridine followed by zers-butyl nitrite (36 uL, 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 puﬁﬁed on a silica gel
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evaporated in vacuo and treated w th anmoni um hydroxide at 55C in a cl osed
contai ner overnight. The resulting crude mxture is purified R okl ca gel
usi ng dichl or onet hane/ net hanol as the eluent. Fractions contalining the
desired preeustsare 10 pool ed and evaporated in vacuo to givgsdhRSisdesi red
product. BIOLOG CAL ASSAYS The assays enployed to nmeasure the inhibition
of HCV NS5B 15 pol ynerase and HCV replication are described bel ow. The
effectiveness of the conpounds of the present invention as inhibitors of
HCV NS5B RNA- dependent RNA polynerase (RdRp) was neasured in the follow ng
assay. A dgﬁay for ILnhibition o B Pol ymerase: 20 This assay was
used to medivEn Pk %HIZQZ{M"J%H(?W(% aﬁéép@dﬁﬁ@ﬂ‘é‘éﬁm@cﬁf@é}é@féﬁfe t he present
invention temhpgthinBi t the enzymati.c activity of the RNA- dependent RNA

pol ynerase (NS5B) of the hepatitis C vines (HCV) on a heteroneric RNA
tenpl ate. 25 Procedure: Assay Buffer Conditions: (50 L -total/reaction) 20
mM Tris, pH 7.5 50 gM EDTA 5 nM DTEXAMPRE®® MyCl Z 80 nM KCl 0.4 UL

~RNAsi-n-(sPronega, -stock is 40-uni-ts/L)- 0.75 g t500 -(a 500-nt -RNA nmade-using - -

T7 runoff transcription with a sequence fromthe N82/3*re|on of the
hepat|t|s f_n-.."ing‘ 5 -0 Cnetl f))‘in.,‘--‘ [2( OIF IR{
purified hepatltls C NS5B (formw th 21 am no aci ds C-term naIIy

100 M f| naI concentration.

HO OH
Step A: 4-Acetyl anﬂno-’Z- ( 2,3,5_-tri—O—aeetvl-2—C—metth—B—D-ribofuranosvl)—
, 7H-pyrrolo[2.3-dlpyrimidine .
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 yacuo 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. | a

Stepr: 4 Acetvlamino 5-bromo-7-(2.3,5-tri-O- acetyl-2-C-methyl-B-D-
ribofuranosyl)- 7H—pvrr010f2 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
fesulting crude mixture is purified on silica gel using ethyl acetate/hexane as the _
eluent. Frzicti,ons containing the desired product are pooled and evaporated in vacuo

. 25 to give the desired product.

Step C: 4 Awmino- ‘i-ﬂuoro 7-(2-C-methyl- B~D~nbofuranosvl) 7H-Dvrrolo[’) 3-

dlpyrimidine
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An appropriate volune of reaction buffer was nmade including enzyne and
tenpl ate t500. Nucl eoside derivatives of the present invenkhopy

pipetted into the wells of a 96-well plate. A m xture of nucleoside
triphosp s), 10 including the radi ol abel ed GTP, nd
plpettedh?ﬁﬁgmfﬁgyeells of a 96-well plate. The reactionp§g§I|n€§?gted by
addition of the enzyne-tenplate reaction solution and allowed to proceed
at roomtenperature for 1-2 h. The reacti on was quenched by addition of 20
L 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 ItL of the openobed (rmacy s@mmeﬁh&@@@paﬁmxﬁﬁ@%(ﬁd ter

R A e S T

is | ess t harThm@sulunmwaoy 1§sMass%ﬂs78°Cl’fm 3f)ll:lil1hand thearguenched twath /-n 5- nl

Toibi 1 on e iyl e, 10 EReh R T L T e E A, v cron -

= [1- (cpt i ﬁq‘fégtalle‘e%tquﬁmm@pmarﬁtq;nemkt}lre/an(depm pwr@cbmt@ bticrgdembiizen -
Cpm I n bl anlefbatiraldiqubBSR B A &l hforkRHRAWdSobaRlRde | Thd &%aﬁ'i'@ﬁh%%@@
pol yner ase assa% i@%bﬁied IC50 s less than 100 m cronolar.
for I nhi bi t CSHPHIe Brated il pronrp R R s P @ﬁ%aalpé%dent
i Pventl on \/\l@bﬁta@leﬁ@v@mghuaﬂ&desf@ﬂind délﬁtlé miRdatd is tpyirified ah titich Gélh}l@lln“?em ication
o] Hepatltls Ly it na ( HuH: S, cont ai ni ng
a subgenomi ¢ ﬁ %Ia]% haﬁ“ﬁlgasaiéﬁ g'l”?% &ﬁ 54 er’a’rg @ésérg& PERSYCHAS ow,
Thi s RepPi c@no]agga@ev@oaawmwta@meﬁfedebnaedm@dmtl bed in V. Lehmann, F.
Korner, J-O Koch, U Herian, L. Theilmnn, and R Bartenschl ager, :

"Replicatlon of a Sub-genom'c Hepatitis C Virus RNAS in a Hepat oma Cel |
Line," Science 285:110 (1999). M@EQL&MG% WD- 02/ 057287 _
PCT/ US02/ 03086 Protocol: The assay was an in situ Ri bonucl ease protection,

Scintillation Proxim based- p] ate assay (SPA).. 10,000 - 40,000 cells
were plated in 100-20 h)é@ssays empployec(le to meas)lllre( the H%hlbltl()n 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 RINA polymerase (NSSB) of the hepatitis C virus (HCV) ot a hetelomeno
RNA template.

25  Procedure: :
Assay Buffer Conditions: (50 pL -total/reaction)
20 mM Tris, pH 7.5
50 uM EDTA
5mM DTT
30 - 2 mM MgCl,
80 mM KCl
0.4 U/uL RNAsin (Promega, stock is 40 units/uL)
0.75 pg t500 (a 500-nt RNA made usmg T7 runoff tlanscnptmn with a sequence

from the NSE/:) region of the hepatltls C 0enome)
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of media containing 0.8ng/nL G418 in 96-well cytostar plates (Arersham. 5
Conmpounds were added to cells at various concentrations upztijv\éf%drgl in 1%
DMSO at tine O to 18 h and then cultured for 24-96 h. Cells re fixed (20

mn, 10%yheshBhin) . perneabilized (20 nun, 0.25% Triton and
hybr| di zed (overnight, 50C) with a single-stranded 33P Rﬁf&%pr 0{@%s

conplenentary to the (+)' strand NSSB (or other genes) contained in the
RNA viral genome. Cells were 10 washed, treated with RNAse, washed, heated
to 65C and counted in a Top-Count. Inhibition of replication was read as a
decrease in counts pe uman HuH- 7 hepat ona- cel I s, which

were sel ected +®HEE FéF%h@aélﬂﬁgeﬁg%’Béfqr@dﬁﬂé%3m§&’r%°yjsé3 trdAliis i ¢ RNA

consi sting of tamchied) 5’ non- transl at ed regl on (NTR);, a neonycin sel ectable

mar ker, an E ne entry site), and HCV

non- st r uct ur al %ﬁiﬁs@f\géﬂ %%i‘u Sé’ 2eJi¥dwed by the 3' NTR

Represent at i ve{alpth FﬂEPbeMpﬁh PR]GT® replication assay exhibited EC50'

“l-ess-thap 100 m crom) )t%g %é}gg kggmg] ri Ve tives of th sent
aun cgn n rgiﬁ%n lmto Drj.L

i nvention were al so eva or ce uI ar toxi
speci fi ci tyfliﬂfﬂqoheeﬂémunner screens described bel ow. C COUNTERSCREENS: The

ability of the nucl eoglldggﬁg{s A A o?f*eatsﬂ@n Qﬁfﬁeg 44@\4?&&1&&90% gn?é

i nhi bit hurran DNA poI was neasured oW ng asSay
| nhi bi tion &k Wfam?éﬂ% Aspstds SleEvatish of w@d)r%ﬂtdnve@@amr@m@amm ons:

30 50 L reage mmx@latgmmlﬁpmx | Qnikitird 6f neMTRAB @b osphatél (N PT% S- HCI pH
L 0 T R SR L 500, MU TR I h0s v ™
dC dTTP aplaﬁ‘BFPhdﬁéEE‘tmn was initiated by addition of the enzyme-template reaction solution
and allowed to proceed at room temperature for 1-2h.
~ 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 We_re. included. :
50 pL of the quenched reaction were spbtted onto DE81 filter disks
(Whatman) and alldwed_ 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 mlL wash is less than 100,
usually 6 washes). The filters were counted in 5-mL scintillation fluid in a
20  scintillation counter. o : _
The percentage of inhibition was calculated according to the following
equation: %Inhibition = [1-(cpm in test reaction - cpm in blank) / (cpm in contro}
reaction - cpm in blank)] x 100,
Representative compounds tested in the HCV NSSB polymelase assay
25  exhibited ICsp’s less than 100 micromolar. '

B Assay for Inhibition of HCV RNA Rephcatmn

The compounds of the present invention were also evaluated for their

ability to affect the replication of Hepatltls 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 Hcpatoma Cell Llne
Science 285: 110 (1999).
35
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Enzyme and tenplate: 0.05 ng/nL gapped fish sperm DNA tenplate 0.01 UL
DNA pol ynerase a or 10 Preparation of gapped fish sperm Dl\le%gﬁlya e: Add 5
L 1M MCl2 to 500 L activated fish sperm DNA (USB 70076) to 37C and
add 30 L \pf o8@s7%1 of exonuclease IL( (G bcoBRL 18013-011perkpgpshate 5 mn
at 37C, Termnate reaction by heating to 65 C for 10 mn; ES Load 50-100 L
aliquots onto Bio-spin 6 chromatography colums (Bio-Rad 732- 6002)
equilibrated with 20 nM Tris-HCL, pH 7.5; Elute by centrifugation at
1,000Xg for 4 mn; Pool eluate and neasure absorbance at 260 run-to

determ ne concentration. 20 The DNA tenplate was diluted into an

appropri at e FiIPeHe of 20 mM Tris-110, pH 7.5 and the enzyne was dil uted

into an appropriate vofhenRsHfwRQnMsinl RitsmbibleaseGRokaidl, 8gingi1Hidn

3- mer capt oet hanaol 100 a enz tted into
ﬁn’cr ocenltorl?’tﬁ({‘j‘iﬁmjtuﬁfll}’é‘§e splatg @%ayvégﬁa‘) g@ﬁ@ %ﬁgﬁ@f‘lfﬂ@é’& B gﬁ@i@ﬁ&@ﬁ enzyne
and control olfﬁ&dtammmmmgloﬁngimn@sm ioGpecihdytestaeplaies (Apespaned 25 usi ng

~enzyme dilutdgn Qﬁ%‘% 8§%?%?S£ellg%{%%5ﬂg ?r?ééﬁ&gtﬁ%nsrug’stg Gi% F/ghlyl%m

reaction” was in S E€agtl on as I|s
above. The nthreildn Mdsand thewbatieet fO@ﬁ“ﬁﬁﬁoLEelbtW@i?@md' E%) mizad®fon was

quenched by g Addckhomigle R0 bin d 2 BT X5Rpeb) hasyAigaebed react on

was spotted onto s_and air drie he filter disks

wer e repeat éifSigRis RBA-Mivith 2 snglenitrand ‘T’}i SREIHA RreRsHOmRAITBERY & S unt i1 1
m. of wash isgarsd NQQBQ%thE{‘Qn@Q)%bﬁtaﬁ@ﬂﬁl m@smeﬁ vitale&RnY. t¢e11:b5£éréﬂ_ absol ute

et hanol ,and once with C@g% nh and 5 niL
scintil ﬂgt i OYf* Efdufrﬁatemf‘?t ﬁaéﬁ%iﬁ%e%? g:rﬁ‘g"/: OppeFAl { EFS@) nghe
per cent age dihibition loif tra:;dmam:swaaieadl ha detrense ar coungs pay rmhetef(qjm)ovm ng
equation: % inhibitigg, ﬁcﬁ r )/(cpmln
control reaction - cpm T3 %]1- an gi@]ﬂafbuiao%tlls Q@%Bl“%rﬁll %el%cl?é(?nﬂoo uman DNA
Pol ymer ase gapgeaomfheeppotn erirs ik ciioplapmis BN eonsisingoinatnHONR” peny er ase
gi‘lrpl;m \évas P MRASWEE dediBn I9ERS, AR mybRseleBabARAKE:, 2n BMCRIREN ZERA2110 RM
o ’ g n%osome entry site), and HCV non-structural proteins NS3 through NS5B, foliowed
by the 3 NTR. _ ~

Representative compounds tested in the replication assay exhibited

ECsq’s less than 100 micromolar.

200 - 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. Inhibitioﬁ of Human DNA Polvmerases alpha and beta:

- Reaction Conditions:

- 30 50 pL reaction volume

Reaction buffer components:
20 mM Tris-HCl, pH 7.5
200 pg/mlL bovine serum albumin
35 100 mM KCI ’
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and TTP; 2 RC/reaction [a 33P]-dATP, and 0.4 Rg/RL activated fish sperm
DNA (purchased from US Bi ochem cal) in a buffer containi n%zéo g&%rl S pHs,
2 MM f3 10 nercaptoethanol, 50 M KCl, 10 nmM MgCl2, and O

React i onswwan®s728y | owed to proceed for 1 h at 37C and werg %Jaﬂgﬁby
addition of 0.5 MEDTA to a final concentration of 142 n1\/l roduct -
formation was quantified by anion exchange filter binding and
scintillation counting. Conpounds were tested at up to 50 M 15 The
percentage of inhibition was cal cul ated according to the follow ng
equation: %.inhibition = l-écpm in test reaction - cpmin blank)/(cpmin
control reddsMoprmeresniogthansf ank)] x 100. The ability of the nucl eosi de
derivatives 1gmef1q g![esent invention to 20 inhibit EIV infectivity and HV
spread was e foll owing assays. c. 111V Infectivi ty Assay

- Assays were Hng variant of HeLa Magi cells expressing both
CXCR4 and C@R@P&’e&"ﬁ]@t ed for | ow background (3-gal actosi dase (0-gal) 25

---expresmg)n Cel'l s-were infected for 48-h, and-J3-galpreduction from-the -

integrated H V-1 LTR pronoter was quantified with a chem | um nescent
~substrate ( lai®} us, Tropi x, Bedford, MA). Inhibitors were
titrated (imp I dllutions starting at 100 RM
percent i nhi bl t|%n At e Bgﬁlsg\gﬁ%gln]?Ngt bﬁ’ha\l/tvas calculated in relation to the
control i nf &L Wl B Adpolympsaps &iooh of H V Spread The ability of the
conpounds of the present invention to inhibit the spread of the human

i nmuned |cency Vi I’I%S (HI ured by the method described in US
Pat ent . SEDRRUOHOT ERPREC emplaicy/acca, et al., Proc. -73 22

\(]lilgygl4)2005 \Pﬂd(ﬁZﬂDﬂMMgCﬂ%md A Qﬁﬂ@dﬁ&@s ﬁﬁﬁ@NA&JSB[?OETlé) 4096- 4100 -
r e herein e

nucl eosi de ?Zrl v%téld\? ?h@ “&r%égﬂﬁﬁ‘h‘%}g&ﬂ)}%ﬂe%;@?g}bggﬁgé‘r@@ﬁéﬁﬁg fo

cyt ot oxi Ci tﬂincal@alﬁrﬁsmrcml&'hﬁ,ed hepat oma (HuH- 7) cells containing a

subgenom ¢ THQV, %&jﬁiﬁwcﬁﬁ 21?11%:4];%5@ dﬂor g assay as described in the

assay bel ow The escri ed in H Nakabayashi, et al.
Cancer Bes Loads0-488 @L(aligwots onto Bio-spin 6 chromatography columns (Blo Rad 732-

600 ) 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-HCl, containing 2 mM f-mercaptoettianol, and 100 mM KCI. 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 cofnponents as listed above. The reaction was
incubated for 1 hour at 37°C. The reaction was queﬁched by the addition of 20 pl
0.5M EDTA. 50 uL 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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e. Cytotoxicity assay: 10 Cell cultures were prepared in appropri ate medi a
at concentrations of approximately 1.5 x 105 cells/nL for g B’
cultures in 3 day incubations and 5.0 x 104 cells/nL for adherent cultures
in 3 day Wwecphatigeons. 99 L of cell culture was transferr of a
96-wel | tissue culture treated plate, and 1 ItL of 1 00- tﬁ%e@ﬁgo?ﬁ%dgﬁ
concentration of the test conpound in DMSO was added. The plates were 15
i ncubated at 37C and 5% CO2 for a specified period of tine. After the
i ncubation period, 20 gL of Oel | Titer 96 Aqueous One Sol ution Cell

Proliferation Assay r ent %gé)ﬂProrre%% was added to each well and the
. plates were incubated ‘dt® P§FEYEREGO brgpn Pt calrvigddiesqostias ihBeifoldPvenst i me
up to 3 h. EqeajpnatBsnhibitien adili(ep@dn teat Maxtiomedm ansladDResRaneental 490 nm
was read USIIQZ‘%H%SIC%TEH%E‘H%&A ]é@rstandard curve of 20 suspension culture

t

cells was preéepa nunbers just prior to the addition of
MIS reagent. Metabolically active cells reduce MIS to formazan. Formazan

absorbs gt 499 ki:m. TheADS PRBER ALad

was conpare , W y _conpourd added. Reference:
Cory, A H et al., "G"éﬂ@R@ienaﬁlfaqu@duﬁogéfhmn@nwf%aqlmmtg@nmm assay

25 for cell pg50ukh I@feaecyoilsiﬁﬁhtmadeﬂ@ éAF?OJGfIi% The

foll owi ng ass sur ctl Vi t corrpounds of
the present aﬂﬁﬁﬁwﬁéﬁflg‘@aﬁlwﬁ “o%ﬁé‘ e%d&‘l@c*m@d\ﬁﬁh@%@ DNgp 3
Det er m nat i @purohaskd fidint U Bivdhewni¢ad) 1n&0ﬁuﬁ6rhynt@ﬁ1u@1mw¢ﬁs U3 Eﬁ:iMB

Rhi novi rgs P@M ngﬁgg i n
descri bég i rl]l(ﬁ] ar tdlyg 56 Cv\gplrﬁbﬁg@@ﬁﬁ&% IAEg?@B“\SQT d%%ag’gg%a
m croti ssue aHGW@@tceprpb@tdésr bt 3G andr\ad:re@;lumqhnd by ddidon ohA.ONIEDTA to

st udi es, mral Mk Of 445 nzbﬁ?Pgﬁ%iuc{ fotihdion Ss ng}n%d%? aMio 005 VO

02/ 057287 PCT/ USOZ/ 0 Vi ruses novirus type rain HGP,
was used wi eKchkBgeEl tPrsblaﬂao ﬁ@fbﬁcanteléﬁtlp%commomowﬁ W@testeé L wstosiOat ed
in the SidwelM. and Huffman reference. The virus, obtained fromthe ATCC,

was from.a throat svva of. an adu e ile upper
respiratdry ill ness. erPB{ﬁe?tﬂ @‘Bgﬁ@t“{wﬂ@?ﬁc‘g}?ﬁegﬁﬁc B3 t‘hﬁ*fﬁ?bliﬁ"}‘?%i rus
type 14 ( RVedddtionst% ahibifiom= [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 Hela Magi cells expressing
_~ both CXCR4 and CCR5 selected for low background B-galactosidase (B- gal) .
25-  expression. Cells were infected for 48 h, and B-gal production from the mtegrated
HIV-1 LTR promoter was quantified with a chemiluminescent substrate (Galactolight
Plus, Tropix, Bedford, MA). Inhibitors were titrated (in duplicate) in twofold serjal

dilutions starting at 100 uM; percent tnhibition at each concentration was calculated

in relation to the control mfection.

30 | o '
d. Inhibition of HIV Spread

: The ability of the compounds of the present invention to inhibit the

spread of the human immunedeficiency virus (H[V ) was measured by the method

described in U.S. Patent No. 5,413,999 (May 9, 1995); and J.P.Vacca, et al., Proc.

-73 -
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were al so obtained fromthe American Type Cul ture Collection (ATCC) in
Rockville, MD. RV-9 was from human throat washings and RV»34,, Q%ﬁgrom a
throat swab of a young adult with upper respiratory illness. Both of these
viruses vwosizuse37wW th HeLa 10 Chio-i cells (Dr. Fred Haydefgudddle¥oss of VA)
whi ch were human cervical epitheloid carcinoma cells. MEM (Eagle's m nimum
essential nmedium with 5% Fetal Bovine serum (FBS) and 0. 1% NaHCO3 was
used as the gromh nmedium Antiviral test nmediumfor all three virus types
was MEMwith 5% FBS, 0.1% NaHCO3, 50 g gentam cin/ni, and 10 mMM-Mgd . 215

present i masiroA Shtr O GEEARNEY S WHER at e HHhHed Wi B S - m
after the tdbtiremoround. Proper controls were al so run. Assay pl ates were

incubated with hunidified air and 5% CO2 at 37C. Cytotoxicity was
monitored in the control cells mcroscopically for norphol ogi c changes.

" Regression anal ysi s ofThejaicigopigs depratiyas af@@ pagsant ineertioni vedre wisosocerwd dat a
~gave thesED5Ry 5Q¥6:8sit; in\éf?‘cnﬁf&%@h@@a 525@1 s%ﬁfﬁpﬁﬁg%s&@éﬁ%a&' on)-

The sel ecti ﬁ‘&%lﬁ@?ex was cal te or mu
ED50. b. De 100 1§ Mﬂ?s\ﬁellrtlﬁlsﬁ%%s% # esqu\}mﬂsﬁ wPaAipYuide Agai nst
Dengue 25 Biulti7,cellnihe Yeldsombdiemean. Nj4Rbay ki, Bi Ali; CanAs Tax) 4As3exg (degmi | s are
provided in the Sidwell and Huffrman reference above. Viruses: Dengue virus
type 2, New Guinea strain, was obtained fromthe Center for Disease :
Cont roI . Twe. | i ndsytobxiaftviasan: gr een nonkey ki dney cells were used to -
culturejghe 30 virus ( estin 104). Both
Yel | ow E’ever Vi rus, %ﬁfa%lm%gvél‘gp%%akadmﬁ %ﬁlﬁt ecetd%%%r%ﬂgeéﬁ%{agwé and
Banzi . vi r us APPo3BBAtgk 1 & 101 eisanle dor fuppsmstanecudferes i 3fdap irfcabatidne abd§.0in -

South Afri cmoﬁl@ms/e@,tﬁk mrérﬁemrﬁmm &'@}rﬁcuwoh§ w%%og%aggméma@ h of

t hese viruses qtl aﬁﬂjo
PCT/ US02/ 03088 Cref faswg fK?e%ﬁ -yell M&S qf%él%@%%ﬁﬂ@t bkl 19QrEimes
VGl ker svi | | ginaMncameat@ared m@de&,ts:o(mesmﬁa iMBMSO usedddda. I\Iaﬁlplﬂbsm@rew th 5%

FBS a“d 9 10{?1&!% % %ﬁwii‘%g}s@ tl i Otfnch/gqg@éso%at%lenac}ltelfwﬂe 1ncubat1n19ue

yel | ow ever
pen_od 20 uL of CeliTiter 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 solublé fetr&oliu1ﬂfom&an 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 présent 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 o
- 74 -



5 0.18% NaHCO3 and 50 g gentam cin/mnmL: Antiviral testing of the conpounds
of the present invention was perforned according to the Sizg%r odBd
Huf f man reference and simlar to the above rhinovirus antiviral® testing.
Adequat e ey epabizc ef fect (CPE) readings were achi eved aflgcelcmgq Qsskays for
10 each of these viruses. c. Determnation of In Vitro Antivira ctrvrty
of Conpounds Against West Nile Virus (CPE Inhibition Assam Assay details
are provided in the Sidwell and Huf fman reference cited above. Wst 15
Nile virus, New York isolate derived fromcrow brain, was obtai ned fromthe
Center for Disease Control. Vero cells were grown and used as descri bed
above. Test H¥um was MEM 1% FBS, 0.1% NaHCO8 and 50 gg gentami cin/mi.

fAnlt : viral t gxmmmftypdae (mepumﬂls P, t\m u@é@ﬁrﬁﬁm EBII%rthliQﬁb l]l@}@r f or mﬁd

ol | owi ng re sr ar._to those
used to assalsa“%l&gg% ‘%%?rﬁgj%ﬁf asa??%%e‘i&/ﬂ@ L%t%rrehl\é}g? Eceef ctHUE-CPE)
readi ngs wer@taiosd ’évrafrILhafAtTéIC vasdraiapghrodt S\mmframaﬂaltmhe withlammild 4duee

~Antiviorals -Acit, 1t - ~§Q NOL gai-nst rhino, yellow 25 fever, dengue;-
Banzi, and Wssl;{e ﬂ?&gr} étral Red Upt ake Assay)” After perform ng

the CPE i nhrlfsﬁllﬂp‘dﬁlsa?§3%9§R¥tﬂ3v@1m%ﬁlh@@dﬁhmﬂ‘&lﬂs type bpdt Yild).deemctivan met hod
was used mlw&elaﬁsodﬁﬁﬁﬁém&nltﬂe AMegicat c&ﬁé@toﬁleénon'e(%ﬁéﬁﬁ%ck\@ne on

M t { tita f t ff ,

M or ooy o - S0 eV Thv oS by et VB8 4R Qs FrosmadkonEbTER 50
I ant r :JrnanéI s yowag hdulas/ithapfei @spieactyiiligesaSBath cfﬂtﬁése ,vnﬁE&Gw&e Al P BeBa W?r e
cal cul at specific
enbodi rrelﬁt g?hlgﬁl é(;e’(rlalgiliE céﬁ%&ga%&p\up V- m%ﬁ W8fe e Cf??u“ﬁfflé@éﬁﬁlmﬁ

i nvention, 3Eruagowd cellve MBNpGaght’ omiExempésertiab meBvanplith 2% EetdlGraviteat ed
-76 22 JuI y Sggg@ yg%/@%%@%%@g@g§g%d%q%6%&§ﬁg@%{ ci ent fr nely

di vi ded Iactoseto rovide a anount to fill asizes
0 hard gel at lrfwdra@b?ér wediag; fos all flezee izan bpehwasERd avithat%s diB$ €d %nd

iI'lustrated Nﬂi@@geﬁ{épggeﬁtmdﬁﬂﬁmeamﬁ i16 mevitMgCipent s t hereof , those skilled
NE T A
- invention. Virus was added to the assay plate approximately 5-min after the test
compound. Proper controls were also run. Assay plates were inéubated with
humidified air and 5% COQ, 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 seléctivity index (SI) was calculated by the formula: ST
= CC50 + EDS50. |

- b. Determination of In Vitro Ant1v1ra1 Actwrt‘ lof Com_ounds Against Dengue
.25 Banzi, and Y ellow Féver (CPE Inhibition Assay)

- Assay details are provided in the Srdwell 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 vrrus 17D
strain, prepared from infected mouse brain, and Banzi virus, H 336 strain, isolated
from the serum of a febrile boy in South Afnca, were obtained from ATCC. Vero
cells were used with both of these viruses and for assay.

35
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the spirit and scope of the invention. For exanple, effective dosages ot her
than the preferred doses as set forth heei nabove nay be aQEI @ as a
consequence of variations in the responsiveness of the hunan elng treated
for severwiomakrkhe HCV 10 infection. Likew se, the pharnqﬁ§w§$hﬁmkgsponse
observed may vary according to and depending upon the particu active
conpound sel ected or whether there are present pharnaceutical carriers, as
well as. the type of fornulation and node of adm nistration enployed, and
such expected variations or differences in the results are contenplated -in
accordance %ijp tEgtoﬁ{ects and practices of the present invention. It is

I nt ended 15 hat the invention be |limted only by the scope of
the clai ms WMbeH4f @il @ioVéidaktdsgine s WEdikak alloEVDY ah@VREPEALqATET)bReRdl y as

i s reasonabl@ed inMedigny i@d‘ngﬂg% Fﬂ@aﬁgbq’???\l%.?[ %&@9@61&3}9%@1&1 T IS

CLAIMED |'S: 1, A conpoun he structura NRs O
O N s N R11 Aspay nﬂdmm‘efm [engee, yéljow fever, and Bhsui mrmetst wasaMIEM 3% EPSabl e sal t

-t her-eof-; Swhey E% NIHA®S3 ﬁ?déoa%ﬁ@;ﬂmhmu%:m -al kynyl; -or Cl-4 al kyl wherein-
al kyl is unsubstituted or substituted with hydroxy, am no, C -4 al koxy,

Cl-4 alkylthio, or one to three fluorine atons; - R2 is hydrogen
fluorine, hy@ftﬁ%ﬁl tePBELHAhE co uﬁc@lok% reé%!bt Shedi W3 pe a@%&;&idmélo R2
toget her wit tﬁ a]ébpg o, whi ch P‘é are_at ached orm

6- menber ed gf drglya %@r«'ﬂn Ieferqnsg a%‘i‘/%‘ ke bpthe ghaye Shiraymma AR HE a

het er oat om seitiagt edefuaec@opatite effect (NPB) 4eadlidey werkacranddRdiens RS Tor

| ndepenggnt omthe group consisting of hydrogen, - cyan, azido,
hal og en% §¥%§?tﬁ%§@§6§ am no, Cl-4 al koxy, C2-4 al kenyl, C2-4 15

al k‘ynyl and Cl_4 al kyl, wherein al kyl is unsubstituted or subst i t ut ed W|th
hydr QXy, ¢. Determination of I Viitro Antiviral Actwﬂ:v of Compounds Agamst West Nile

Virus (CPE Inhibition Assay)

Assay details are provided in the Sidwell and Huffman reference cited above. West

15  Nile virus, New York isolate derived from crow brain, was obtained from the Center

for Disease Control. Vero cells were grown and used as described above. Test
medium was MEM, 1% FBS, 0.1% NaHCO3 and 50 pg gentamicin/mL.

Antivira] testing of the compounds of the present invention was performed foiloufing :
20 - the methods of Sidwell and Huffman which are similar to those used to.assay for
rhinovirus activity. Adequate cytopathic effect (CPE) 1eadm<rs were achieved after -

5-6 days

7 d. Determination of In Vitro Antiviral Activity of Compounds Against rhino, yellow
25 fever. dengue, Banzi. and West Nile Viruses (Neutral Red Uptale Assay) '

After performing the CPE inhibition assays above, an additional
cytopathic detection method was used which is described in “Microtiter Assay for
Interferon: Microspectrophotometric Quantitation of Cytopathic Bffect,” Ap_pi
Environ, Microbiol. 31: 35-38 (1976). A Model BL309 microplate reader (Bio-Tek

30  Inmstruments Inc.) was used toTead the assay plate. ED50’s and CD350’s were
~calculated as above. |

EXAMPLE OF A PHARMACEUTICAL FORM"ULATION
_ As a specific embodiment of an oral composition of a compound of the
35  presentinvention, 50 mg of the compound of Example 1 or Example 2 is formulated
- -T76- '




am no, Cl-4 al koxy, Cl-4 alkylthio, or one to three fluorine atons; R5 is
hydrogen, d -10 al kyl carbonyl, P309114, P2061-13, or p(C»R5?§LﬂQOBQ and R7
are each independently hydrogen, methyl, hydroxynethyl, or ugronethyl;

R8 is hydiReehs -4 al kyl, C2-4 al kynyl, hal ogen, cyano, | -4 20
aIkonxycarboﬂ?Té;azido, amno, C -4 alkylam no, di(Cl_4 éﬁﬁg gﬁ?ﬁg,

hydr oxy, Cl-6 al koxy, Cl-6 alkylthio, C -6 al kyl sul fonyl, (Cl-4 al kyl)0-2
am nonmet hyl, or C4-6 cycloheteroal kyl, unsubstituted or substituted with
one to two groups independently selected from hal ogen, hydroxy, -am no,
Cl-4 alkyl, and Ci-4 al koxy;. R9 is hydrogen, cyano, nitro, Cl-3 alkyl,
NHOON2, © COVRYDRTBCieraR oY iled 35 otRpV & - IRRBmhg iy S8 mamiogil coxy
am no, CI-4zaﬁﬁy®a@hpgﬂmgi&@%mg; al kyl )am no, hal ogen, (1, 3-oxazol -2-yl),
(1,3-thiazol-2-yl), or (imdazol-2-yl); wherein -78 22 July 2005 WD
02/ 0- 57287 PCT/ US02/ 03086 al kyl is unsubstituted or substituted with one to
t hree groups independeWtily imahesitied had beasmn deatdgdnnddnustatediy defoseyice war boxy,

B e N TR,

cycl oal kyl arsharges dinpdiSicai@scancl substitytigresraan tre magte (GAeB wijteiuo Hepeetingpireyl | - :
unsubsti t ut ” i i : i el ected
From nal ogen” FaE AReicbhebafe MRy ARt ralbl. SEURS doRiRpBREE Moo, o° ©

i ndependent IBfefkired defen apset Eartisheginappyve By bReprligrlloRea wnasqgrgs of

i ndependent | wriBy6HsQX Yhe {5adtcivemist 5OHeIutanl Beitlg trdded eI rQreRd HaAY Kyl ,
NHCHWe Nh"‘éﬁgﬁg 4 aJkyh COCl 4 agﬁ%l, /'O ~~S(CH2%11%F3 AO
S(CH2) 1 m ) 156yt %&i‘@%‘? PREIBS AR EHORFE A G5 RO’ i s
p- met hyl . an@pédingupynche gamicolar ftive sofnponmd fyldctaher wikthdrshdry dreqgesent R2 and
R3 are a-hy i.S._a _ 7 -.?QE i -ggen,
then RO is ggé%§§ﬁ%9%Fgfgﬁiégwfgggﬁé$ﬁ§qg§§%%ﬁn 0% 3?%&5 ogngﬁél89'
structural feormeded. and such eRpasteRyaripipnsREalifemngRsiin the results dre 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.~

N



Ri- RBR2 (Il) or a pharmaceutically acceptable salt thereof 20 wherein
Rl is C1-3 alkyl, wherein alkyl is optionally substituted %ﬂéoxy :
am no, Cl1-3 al koxy, Cl1-3 alkylthio, or one to three fluori '5 R2 is
hydr oxy, $cuRkhe89r Cl-4 al koxy; R3 is hydrogen, hal ogen, gygeesiisosgam no,
or Cl-4 al koxy; -79 22 July 2005 WO 02/057287 PCT/US02/03086 RS5 is

hydr ogen, P309114, P206H3, or P03112; R8 is hydrogen, amno, or C-4

al kyl am no; RO is hydrogen, cyano, methyl, halogen, or CONH2; and R10 and
RI | are each independently hydrogen, hal ogen, hydroxy, amno, 5 Cl-4

al kyl am no, di(Cl-4 alkyl)anino, or C3-6 cycloal kylamino". with the proviso
that when RW X {"ﬁfé—lE)D and R3 are a-hydroxy, Riois amno, and R5,
R8, and Rl1 are hydrogen then R9 is not cyano or CONH2. 3. The conpound of

Claim 2 wherein 10 RI or.onet hyl dr met hyl , .
di fl uoronethyl, tri fI ro ﬁé‘iﬂp O{fﬁ? ﬁ%ﬁ‘é?%?%lﬂlﬁ%xgs hydroxy, fluoro, or

met hoxy; R3 is hydrogen, fluoro, hydroxy, amino’ or nethoxy; R5 is-
met hyl , hal ogen, or CONH2; and RI O and 1 ar
fluoro, hydroxy, or amno; with the pro/s fhalN when R is f3-nethyl, R2

and R3 are a-hydroxy, R10 is ?qﬁd?_ R8 and R1l are hydrogen, then
R9 is not cyano or CONH2. 20 he cwp n

N imi1 selectedfromthe
group consisting of: Re
4- am no- 7- ( 2- G- net hyl - ( 3- D- ar abi riy?tfu an H1)-7H—pyrro| o[ 2, 3-d] pyri m di ne,
| R® R |
0

5  or a pharmaceutically acceptable salt thereof;
wherein R1 is Co_gq alkenyl, C72.4 alkynyl, or Cj-4 alkyl, wherein alkyl is
unsubstituted or substituted with hydroxy, amino, C1-4 alkoxy, Cj-4 alkylthio, or one
to three fluorine atoms; ‘ -
R2 is hydrogen, fluorine, hydroxy, mercapto, C1-4 alkoxy, or C1-4 alkyl or R}L and ‘
10  RZ 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; B
R3 and R#4 are each independently selected from the group consisting of hydrogen,
cyano, azido, halogen, hydroxy, mercapto, amino, C1-4 alkoxy, C2-4 atkenyl, 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, P309H4, P206H3, or P(O)R13R14;
RO and R7 are each independently hydrocren methyl, hydroxymethyl, or ﬂuoromethyl
| R38 js hydrogen, C1-4 alkyl, C2-4 alkynyl; halogen, cyano, carboxy, C1-4 '
20  alkyloxycarbonyl, azido, amino, C1-4 alkylamino, di(C1_4 alkyl)amino, hydroxy, ‘
Ci-6 alkoxy, C1.¢ 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 Cj.4 alkoxy; |
R9 is hydrogen, cyano, nitro, C1-3 alkyl, NHCONHp CONR12R12, CSNR12R12,
25  COORI2 C(=NH)NH32, hydroxy, C1-3 alkoxy, amino, C1.4 alkylamino, di(C14
alkyl)arnino, halogen, (1,3-oxazol-2-yl}, (1,3-thiazol-2-y1), or (imidazol-2-yl); wherein
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each i ndependent!|y hydrogen,



4-am no-7-(2-C nethyl-(3-D-ribofuranosyl)-7H pyrrol o] 2, 3-d] pyri m di ne, 25

4- met hyl am no- 7- (2- G net hyl - (3- D-ri bof uranosyl ) - 7H pyt Tol O[ﬁ’ﬁrydio%ri m di ne

4- di met hwenenorgr (2- C- et hyl - f 3- D-ri bof uranosyl ) - 7H pyrr koo Dadipyri m di
e, 4-cycl opropyl am no-7-(2-C nethyl-(3-Dribofuranosyl)-7H pyrrol o

2,3-d] pyrimdine, 4-amno-7-(2-Cvinyl-(3-D-ribofuranosyl)-7H pyrrolo

2, 3-d] pyri m di ne, : .

m no-7-(2-C hydr oxynet hyl - (3-D-ri bof uranosyl )-7H pyrrol o[ 2, 3-d] pyri m-din
m

30
no- 7- (34 *SI%B?I%?H\EU&?\‘%/?I FuBstutedHh, Pee ey 25qups sPERISTY §RleRR mi di ne,
m no- 5- nétoRyhalggqrRaginge hygioxy, Zarboxy ki aheByiy: 7H pyrrol o

[2,3-d] pyri 'I@ldlaﬂé,Rll are each de endently hydrogen, hydr C 11
4-am no-7-(2- C rret X T bot uerna%o%yrl oy Oxly o]il fcen &E)a F
car boxyl i c amp, C1 alkylammo d1(C1_4 alkyl)amino, C3 5cycloalkyleumno {Cg

n
[
[
4-a
e!

- 4-a
4-a

di ne-5-

d-ami-no- 5= bcwmamylgﬁm@om{dwgc@lamemm@r anamylitutotrbrRvbErheld %id- dﬁlalﬂyrf mdi-n-oo

, -80 22 |y 2005 . VWO 05 Uso2/
& a no- 5 o BHEP: [AeCTHRENY P AP G ar by gy i i s
[ 2, 3-d] pyri [idi dkoxy;
2 10~ LUt R GellRh Y SR b EOIIRAERN ) T Py Ol ©
2, 4-di am no '} Ed @lﬁl@m’l%f:h(@ie@emde@dﬂ@W@H@ésﬂ§fﬂzﬁ}h§€(€©ﬁ[ﬁ243ﬂ@i pyrim di ne,
2- 0 @c@ﬁ@(@:}d AfprARRSYd
2- Zm 2814 E:ycl opropyl)g)(n@r%a%(Z C-neth Iﬁl\?ghb[g%{[lt%%fﬂ%[rl%%%js(%) ﬂg'y%,gﬁom 3-
d] pyri m di ne, 2- a no-7-(2-C-nmethyl -(3-D-ri ofuranosyl) 7H pylTol o [ 2, 3-d]

pyri m di n-4(3H) - e~

7-(2-Cethyl - ( 3- D-I’I MS§?&)7FEH§r rey 0(93 dlp “Sr%C(lﬂg?]gCHg
4- am no- 7- (2 C 2- O di met® ri bof uranosyl) - ]'dﬂ)mql‘ﬁa, 3=d]
pyri m di ne,

7-(2-Cneth D-rib rano 2,.3-

- 2- ani no- 5- rréjtl‘ikul(tﬁ Bmzlﬁ"oq@{ “g’e@%l%e[}t &Ml%n%llﬁi }St}g'fiff%%ﬁ BTIE%%FII"’B'\%)O [2, 3-
d] pyrl m di nRA(I&Bhydrogml, R2 and R3 are a-hydroxy R10 is amino, andR5 R R7 RS, and

4- am ng 7- (Rma@qa@zﬁog%nmtem&:éao&yrah@@mmpfyl) H pyrrol o[ 2, 3-d]

pyri m di ne,

4- ani nolr- (3-deoxy- 2- G net hyl - (3- D- ar abi nof uranosyl )-7Hpyrrol o[ 2, 3-d] - 15
pyri m di ne, 2. The compound of Claim 1 of the structural formula IT

4- am no-2-fluoro-7-(2-Cnethyl-(3-Dribofuranosyl)-7H pyrrol o 2, 3- d]pyrlmd
i ne,

4-am ho-7-(3-C net hyl -[ 3- Drlbofuranosyl) 7H- rrol o[ 2, 3-d] pyrim dine,

4- am no- 7- ( 3- C- met hyl - ( 3- D- xyl of ur anosy®) - 7HRpyrr ol o[ 2, 3-d] pyrl m di ne,

4-am no-7-(2, 4-di - G net hyl - (3- Drlbofur -7H-py|ToIo[2 -d] pyri m di ne,
and 20

4-am no- 7- ( 3- deoxy- 3-f l.uor o- 2- C-meﬁnyl

F{SO ')

r| furanosyl) 7H—pyrro|o[2 3-
R _

(1

or a pharmaceutically acceptable salt thereof;
20 wherein , |
- RlisCyz alkyl wherein alkyl is optlonally substxtuted w1th hydroxy, amino, C1-3
alkoxy, C1-3 alkylthio or one to three fluorine atoms
R2 is hydroxy, fluore, or C1-4 alkoxy;
R3 is hydrogen, halogen, hydroxy, amino, or C14 alkoxy,
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d] pyi mdine;, and the corresponding 5 -triphosphates; or a pharnaceutically
acceptable salt thereof. 25 5. The conpound of Caim4 sel %tﬁg Jdo8M t he
group consisting of.

4- am no- Ry 4265798t hyl - [ 3- D- arabi nof uranosyl ) - 7H pyrrol o [ 2-3n#hP¥{okén di ne,
4-am no-7-(2-C nethyl - (3-D-ri bofuranosyl)-7H pyrrol o[ 2, 3- %] pylﬁbnz%()dél’mne,
4-aniino-7-(2-Cfluoronethyl-(3-Dribofuranosyl)-7H pyrrolo[2,3-d] pyrimdin
e, 30 '

4-am no- 5- net hyl - 7- (2- G- et hyl - f 3- D-ri bof ur anosyl ) - 7H pyri ol o[ 2, 3-d] pyri-m d
I ne, ' : ,

4- ami no- 5- bRAr®hydrpgerCPstlyl P1BeBh rirtRs¥aHznosy| ) - 7H pyrrol o 2, 3-d] pyri mi di
ne, R8 is hyd ] ino;

4- am no- 5- chl 01§ oY 7rf)%62IE ’é%l?hvlqﬁagyﬁ ofur anosyl& -7Hpyrrolo[ 2, 3-d] pyrimd-
ine, 4- ani RAds Bydmoger 6yano, methyhdialpgen, or CONHp; an -

3-D-ri bof urﬁne%}{&gfr@é{{]cwfgéﬁnﬂkm Gio 'S“h%%e 3{%@@ - o
am 102 (8 Aoty L DO anoy L Dl o 812 5- ) pyr i ani i n

e,
5" -triphosphatheRs pRivikd tRRBFHERGEUL LAkIh], X ARIROLR SR drolNH 1€ ambho, The

22 no- 7+ ( 3 ReR Py DS Pt (Rt R SPSER: 3- di - pyr i di e
or a pharmaceutically acceptable salt thereof. 7. The conpound of Caim5
f;%hnlo-s_?- (2-C net hyl -30- D'FPBS?WP%%CIS%Sjlf'jﬂll-zﬁvﬂetr%if]o[ 2,3-d] pyrimdine; 10
or a phHt maBdus meghyilyfleremphgbhedrosnymethile dfbforoBethh &ifbhompaethsl, of C ai m 5
which is 4- aminosfrdl- G :
f1 uor omet hy| - (3- D-r1 bof uranosyl ) - 7H pyrrol o[ 2, 3-d] pyrimidine; or a
phar maceut | R&l$ Jydessplues. or sgihioxyher eof . 15'9: The conpound of O aim5
o ﬁhl i-SB?- Rﬁ?gﬂy&ﬁgwéﬂﬁl@m-z b cgdé';ry’ra(l)Tlﬂ gcf’zor?}%?ox\}’r;i midine, or a |
gﬁ;r )r/racc(aut ngli$§§%8g£np§rg%ﬁ)oeg S F%/ t her ec’n". 20p10.' The cbrrpound of Cdaimb5
whi ch i 8 4- Rfiinbydreperoomentiné2- C | '
met hyl - f 3- DRODR{HEEAL Yinb; AHRY HaRlzeh or b ONRYT bl di ne;

R10 and R11 are each independently hydrogen, ﬂuo'r.b, 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 ¢yano or CONHo.

20

4. The compound of Claim 1 selected from the group consisting
of: ‘ |
4-amino-7-(2-C-methyl-p-D-arabinofuranosyl)-7H-pyrrolo{2,3-d]pyrimidine,
4—amino—7-(2—C—methyi—B-D-ribofuranosyl)—’]H—pyi-rolo[2,3-d]pyrimidine,

25  4-methylamino-7-(2:C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine,
4-dimethylamino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-djpyrimidine,
4-cyclopropylamino-7~(2-C-methyl-p-D-ribofuranosyl)-7H. -pymrolo[2,3-dlpyrimidine,
4—'amjno—?—(2~C.—vinyl—BHD—n'bofuranosyl)-7H-pyrroio[2,3—d]pyrimidine, '

: 4-amino—7—(2~C—hydroxymethyl—B—D—ribofuranosyl)—?H—pyIrolb[2,3—d]pyr:i1i1idine,

30 4—ainin0~7~(Z-C-ﬂuoromethyl-ﬁ-D—ribt)fﬂrari03y‘1)—7H—py11‘010'[2,3—d]pyrimidine,
4—amino-5~mcthyl-7—(2—C—m_ethyI-[3—D—n'bofuranosyl)—7H—pyrr010{2,3—cﬂpyrimidine,
4-amjno-7-(2—C—methyl~B-D—ribofuranosyl)—7H¥pyrrdlo[2,3~d]pyrimidine~5—
carboxylic acid, | - -
4-amino-5-bromo-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine, -
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or a pharmaceutically acceptable salt thereof. A A pharnaceuti cal

conposi tion conprising a conpound of 25 Claim 1l and a phary d.'P%aI'I y
acceptabl e carrier. 12. The pharnaceutical conposition of 552‘@&51 usef ul

for inhiidgdngRNA-dependent RNA viral polynerase, inhi bg. 103086
RNA- dependent RNA replication, and/or treating RNA-dependent ﬁh% viral

I nfection. 30 13. The pharmaceutical conposition of Caim12 wherein said
RNA- dependent RNA viral polynmerase is HCV NS5B pol ynerase, said RNA-
dependent RNA viral replication is HCV replication, and said RNA-dependent
RNA viral infection is HCV infection. 35 82 22 July 2005 WD 0 210 5 7 28
7 PCTI US02/ d388i80Pachlge-bf2-6- e yloirRuribrfuanasyh-7 Hipyoohel 2 fedlpyamidine of a 5

medi cament anuhb% ﬂﬁtﬁbbﬂ ol ORn@hy! RNA= ﬁ#ﬁﬂﬁﬁﬂ@m Rl dh 3%@'&%&%&@ Ugr t][‘e
e 0o a

i nhi bition de iral repljc on’in
conmpound of %é;f ﬁﬂamﬂr 939%@@%%1’%@@8'&5 ¥ 7%8&?@8%%@3@“%& nment of
RNA- dependerﬁalﬂNA-’Ner«éimdﬂﬂjlﬁi:DH@l:ﬁbfﬂﬂn@syﬂT)aquiynoloI@ 31éﬁpyfﬁh§imbse of daim1l5

~wherei-n-gai- O@%ﬁ &ﬁ%%?%%?wo (rz_ —methylﬁﬁf) ﬂ.lranos Eplys J)Igf ection:

17. The conp
4- am no- 5- flﬁﬂééﬁr@mﬁm@ C et hyl - (3 Drlbofuranosyl) 7H-pyrrolo [2, 3-d]

rimdine rfﬁ&ﬁ:ﬂ t S ound of
E]yal m1l;, (b )Z%wllgen?@act 1V qut?o%@?]? '}é}g{ﬁgﬁ?feygﬁ?, %ﬁ?‘pﬁﬁ%r@@ consi sting
of ribaviri f7amg vﬁ rérsthy- ﬁy@rég’if’ﬁlf%ﬂ%w& ol Pﬁﬁéiﬂ%ﬂhlmd@ﬁa NS3 serine

prot ease; an- anﬁihbm(tzoc EQD—dErﬂ&ﬁqu?-DHBmﬁH?x%ﬁFﬂFﬁ%ﬂﬁﬁé/? gpYARRdine,

e P ARSI S iPhySorof S BRI e | o 1Y
2-amino-3-methyl-7-(2-C,2-0-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-
d]pyximidin—4(3H)—oné, ‘ |
4—amin'o—7_-(3-deoxy—2—C—methyl_—[3-D-ribofuranosyl)-?’H—pynolo[2,3-d] pyrimidine,
4-amino-7—(3-deoxy—2—C-methyl—B-D-érabinoﬁlranosyl)JH-pyHoIo[2,3-d]—

15 pyrimidine, _ : _
4-amino-2-fluoro-7-(2- C—methyI—B -D-ribofuranosyl)- 7H-pyrr010[2 d]pyrimidiné,
4-amino-7-(3~-C-methyl-B-D-ribofuranosyl)-7H-pyrrolof2,3-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—nboﬁnanosyl)—?H—pynolo[2 3-
d]pyrinudine;
and the corresponding 5°-triphosphates;
ora pharméceutically acceptable salt thereof.

25 5. | The compound of Claim 4 selected from the group consisting
of: ‘
4—amino—7—(2—C—methyl—B-DQal-abinoﬁn'anosyl)—?H—pyrroIo[2,3—d}pyﬂmidine,
4-amino-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d] pyrimidine, -
4~amino—7—(2—Cmﬂuoromethyl—ﬁ-D-ribofuranosyl)-7H—pyfrolo[2,3—d]py1:imjdine,

30 4-amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine,
4—amino—5—brqmo-7—(2~C—methyl—B—D—ribofuranosyl)—7H—pyrrolo{2,3-:I]pyrinjjdine,
4—anﬁno—5-chloro—7—(2—C—methyI-B—D-ribofura_nosyl)-7H—pyrr_olo[2,3'—d]pyrimidine,
4—an1ino-5—ﬂuoro-7—(2—C—methyl—[3—D~n’bofuranosyl)—TH—pyrrolo[2,3—d]pyrimjdine,
and - o

35 4-amino-7-(2-C,2-O- d1methy1 B-1>- nbofuranosy1)~7H pynolo[ d]pyrimjdine,
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20

and the corresponding 5’ -triphosphates;
or a pharmaceutically acceptable salt thereof.

6. The compound of Claim 5 which is

' "4—ar'n'j'no—7—'(2#C—m'é‘:thyl'-B—D’—a’rﬁbin’oftirano's'yl)é7H-'py'rr'OI0[2,3;@Yﬁ'm'jdine';" oo

or a pharmaceutically acceptable salt thereof.

7. The compound of Claim 5 which is
4-amino-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[ 2,3-d]pyrimidine;
or a pharmaceutically acceptable salt thereof.

- 8 The compound of Claim 5 which is 4-amiino-7-(2-C-
fluoromethyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
or a pharmaceutically acceptable salt thereof.

9. The compound of Claim 5 which is 4-amino-5-chloro-7-(2-C-
methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;

or a pharmaceutically acceptable salt thereof.

10.  The compound of Claim 5 which is 4-amino-5-bromo-7-(2-C-

methyl B-D-ribofuranosyl)-7H-pyrrolo]2,3-dipyrimidine;

or a pharmaceutically acceptable salt thereof.

11 A pharmaceutmal composition compnsmg a compound of

25 Claim 1anda pharmaceutlcally acceptable carrier.

30

35

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. -

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 HCYV infection.
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4. Use of a compound of Claim 1 in the manufacture of a
5  medicament for the inhibition of RINA-dependent RNA viral polymerase or the

inhibition of RNA-dependent RNA viral rephication in a marunal.

5. Use of a compound of Claim 1 ia the manufacture of a

medicament for treatment of RINA-depeadent RNA viral infection in a mamimal.

10
16. The usé of Claim 15 wherein said RNA-dependent RNA viral

infection is hepatuis C infection.

17.  The compound of Claim 5 which is 4-amino-5-fluoro-7-(2-C-methyl-$-D-ribofuranosyl}-
TH-pyrrolo [2,3-d] pyrimidine.

8. A pharmaceutical composition comprising

(@)  acompound of Claim 1;

b an agent active against HCV selected from the group consisting of ribavirin;
levovirin; thymosin alpha-1; and inhibitor of NS3 serine protease; an inhibitor of inosine
monophosphate dehydrogenase; interferon-o; and pegylated interferon-; and

() a phamabeutically accepiable carrier,

- 83_.



