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Titl e: NUCLEOSI DE DERI VATI VES AS | NH Bl TORS OF RNA- DEPENDENT RNA VI RAL
POLYMERASE Abstract: The present invention provides nuclhgé éaggpounds
and certain derivatives thereof which are inhibitors of R 3 pendent RNA
viral pol WMER4S@287These conpounds are inhibitors of RNA-depang@nbzdgNA vira
replication and are useful for the treatnent of RNA-dependent RNA viral
infection. They are particularly useful as inhibitors of hepatitis C virus
(HCV) NS5B poly- nerase, as inhibitors of HCV replication, and/or for the
treatment of hepatitis Cinfection. The invention also describes pharnaceu-
tical conpositions containing such nucl eoside compounds alone or in

conbi nation with other ]gents active agai nst RNA-dependent RNA viral
i nfection, iMUBREQSEREIPERIKATIVIESCAS ANHIBIROR 8GR RN2eDERENDEN RN Of

‘i nhibiting RPMP@QG}Q\@ERR% pol ynerase, in- hihiting RNA-dependent RNA
viral replication, and/or treating RNA-dependent RNA viral infection with
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 BACKGROUND ?Wﬁf‘d@ NS Fgphierss, © mh#be@lsmﬁ@:lﬁ\’ rﬁrpﬂlé@tmnoﬁnd fora maj or
heal t h pr obltenrédnabnd ea@patitisC pliéc@iBhc | i ver disease, such as cirrhosis and
hepat ocel | ul ar carcinoma, in a substantial nunber of infected individuals,
estimated to be 2-15% of the world's population. There are an esti mated
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HCV the rest of thel,i, lives. Ten t percent -0 ronically infected
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viral di seasknesactomngniotthetd akant ﬁfraj)llss!asb!(?oﬁﬁﬂl ami Ratiedo R5Wikepd and

bl ood pﬁ@dugeﬁl’th @)?Qatn%u%%t t%gre Ql?eel%loreesthan 06 exhl 10n 11¥fegtn9 m\{/ile\yléuafsa\lwl) \L{dgm
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-
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Corrponeab I % sin gﬁe—stranded viral RNA that serves as a template in the replication cycle of HCV
NS35B polymerase is therefcre 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 particalar 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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1n particular as inhibitors of HCV NS5B polymerase.
It is another object of the present invention to provide pharmaceutical
20 compositions comprising the nucleoside compounds and derivatives thereof of the-
present invention for use as inhibitors of RNA-dependent RNA viral replication and
in particular as inhibitors of HCV replication.
It is another object of the present invention to provide pharmaceutical
compositions comprising the nucleoside compounds and derivatives thereof of the
25  present invention for use in the treatment of RNA-dependent RNA viral infection and
in particular in the treatment of HCV infection.

It is another object of the present invention to provide 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 parncular for the
inhibition of HCV NS5B polymerase.
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of HCV infection. Itis another objectof 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



It is another object of the present invention to provide for the use of the
nucl eosi de conpounds and certain derivatives thereof of th@zgpg%@g
invention and their pharmaceutical conpositions for the manutfacture of a
medi camentdf @rsiee i nhibition of RNA-dependent RNA viral ppgRlshERpEON
and/or the treatnment of RNA 20 dependent RNA viral infection: and 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 | NVENTION In-an
aspect of the present invention there is provided a conpound of the )
structural formula I -4 22 July 2005 gAD 02/R%7287 PCT/ US02/ 03086 9 Ri 0
RN RS RO NRBNRt R RL RZR2(I) a pharmaceutically acceptable
salt thereof; wherein RL is C2-4 al kg )l kynyl, or Cl1-4 al kyl,
wherein al kyl is unsubstitut qgh@r ed W th hydroxy, amno, C-4
al koxy, Cl-4 al kylthio, or one rpé atons; R2 is hydrogen,
~fluorine, -hydroxy, -mercapt o, CI"F’.‘T -
~ together with the carbon atomto_whilch hﬁy are attached forma 3- to

6- menbered saturated nonocyclic’ting gystemoptionally containing a
het eroat om sel ected from0, S, and RB%4 alkyl; 10 R3 and R4 are each
i ndependently selected fromthe group corﬁi sting of hydrogen, cyano,
azi do, hal ogen, hydroxy, nercapto, am notci4 al koxy, C2-4 al kenyl, C2-4
al kynyl, and Cl1-4 al kyl, wherein alkyl is unsubstituted or substituted with
hydroxy, amrahaGlcdutilalpXsoepebit saltkidrédti o, or one to three fluorine
atons; RS i q | kyl n P3 3 P20 .. or P(O) RL3R14
15 R6 and R?Hg)flégﬁ gagﬁc?’%d%%eﬁged%ﬂ%ﬁ{ﬁ{%i o{:]gh'ft %@%h‘éfl?mwg]%gf@net hyl, or

f | uor onet hy|u,nsubstituted or substituted with hydroxy, amino, C1-4 alkoxy, C1-4 alkylthio, or one

5  to three fluorine atoms;
R2is hydrogen, fluorine, hydroxy, mercapto, Cj-4 alkoxy, or C1_4 alkyl; or R1 and
RZ together with the carbon atom to which they are attached form a 3- to 6-membered
- saturated monocyclic ring system optionally containing a hetereatom selected from 0,
S, and NCp.4 alkyl; | '

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 substituted 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;
"~ RSis hydrogen, C1-4 alkyl, C2-4 alkynyl, halogen, cyano, carboxy, C1-4

e

- alkyloxycarbonyl, azido, aming, C 1-4 alkylamino; di(C1_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 .'
20  independently selected from halogen, hydroxy, amino, C1_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 frpm halogen, amino, hydroxy, carboxy, and C1_3 alkoxy;
R10 and R11 are each independently hydrogen, hydroxy, halogen, C1.4 alkoxy,
amipo, C1-4 alkylamino, di{(C]-4 alkyl)amino, C3.6 Cycld.alkylam'ino, di(C3-6
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R8 is hydrogen, C1-4 al kyl, C2.4 al kynyl, hal ogen, cyano, car boxy, Cl-4
al kyl oxgcar bonyl, azido, amno, O-4 alkylamno, di(-1-4 a} % & gi
hydro>}"y aI koxy, Cl-6 al kylthio, Cl-6 al kyl sul fony€T/U @‘/ 0 yl)0-2
am nonet hyI , or C4-6 cycloheteroal kyl, unsubstituted or substituted with
one to two groups 20 independently sel ected from hal ogen, hydroxy, am no,
Cl-4 al kyl, and O -4 al koxy; R9 is hydrogen, cyano, nitro, Cl-3 alkyl,
NHCONH2, CONR12R12, CSNR12R12, COOR12, C(=NH)NH2, hydroxy, Cl-3 al koxy,

am no, G km@bk)éﬂnﬁﬂbﬂﬁ Cﬂ%(c@clnﬂete@ah&ﬂl)&%BQ:tut@éb?&?d’éuuﬁéd RiR% E}E% 2-yl),
(1,3-thiazol I'S unsubstituted or

substitu edgr\%l?% r%)iﬁgerfd(?g‘flﬁ ngﬁa gﬁﬂgh%ﬂd%rbgﬁ%@hfI%?“@%I%bﬂé‘&(ﬁ@rﬂr om

hal ogen, Cammquyhydroxy, carboxy, and Cl-3 al koxy; R10 and Rl11 are each
i ndependgpt, Iy 2! rﬁ? I.QX g al koxy, amno, Cl-4

al kyl ani no R g gﬁ“ﬁenl %%8 en B bg ‘§aléﬁygéquyl anuno, di (C3-6 5 WO
02/ 057 281? Z’IEOQ@B laﬁepecwﬂadimwlﬁjamMHﬁC@@)e 1cyalkphet er oal kyl ,

rom hal ‘23‘3?@(%5&‘53’33?&%%%“%%@?% R e D R i

|ndependently drogen or Cl-6 al kyI and 5 R13 and R14 are each

i ndependent | y ) Cl- 4 9@\(% Cl- 4 al kyl
NHCI—II\/ECOZI\/E OCH?)'Cl 4| al k%%é 105_( al k 5_ ) 11CH3

O ~~S(CH2) 17CH3 O( CPEY 2) 14CH3 QEO(CHRR,PHvi so that when
R is n-nethyl and R4 is hydrogen or R4 is (3-nethyl and R is hydrogen,

R2 and hydr.0 R8, and 10 Rl | are
hydr ogeﬁ%ﬂﬁrheﬂ) rﬁ?ﬁ% §h%ﬁhegg§ n@o’iﬂwﬁ%g%ﬁ%ﬁw&“ prb-pstipad | are
usef ul &l isiydbigenr B2ahd eddpﬂn@anIRNAamﬂ@Ian@aﬁyHérm%qq&n@[dr n :
par tiiocul il gf hZﬁég@ﬁSﬁeﬁR%Hﬁé@c%@no bheyowane al so inhibitors of

RNA- dependent viral replication and in“particular of HCV replication
and are useful forThheomperndyehforsrulRNarcdspbn demhitiie of RNA-i nfection 15

and in pRpéddeut RNA Ofcal PyhEad SR REGHEY: IHETINSH érgfrepa%h%efspect of
t he present nvention, re i S R%lgl\éj ded a phar. rraceutP conposition

i
conpri sifig algo R ET . élFPfr'ﬂSIﬁ @e"’éﬂd"’%hcﬂﬁaﬁl AR BLRaAdcHanofdde¥pt abl e
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ac quo lﬁ'ﬁﬂ n?ﬁax%%[ﬂa? B8k &P ?r\égtrﬁent of HCV infection.

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.



t he manufacture of a nedicanment for the inhibition of RNA-dependent RNA
viral polynerase or the inhibition of RNA-dependent RNA Vbﬁﬁhl %Bglcatlon
ina mmml. In still another aspect of the present invention, 2h

provi ded a pharmaceutical conposition conprising (a) a conpound as deflned
above (b) an agent active against HCV selected fromthe group consisting of
ribavirin; levovirin; thynnsin alpha 1; and inhibitor of NS3 serine

pr ot ease; an i nhi bj tor of ino nophosphat e dehydr ogenase;
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RNA- dependent RNA viral infection. DETAILED DESCRI-PTI ON OF THE | NVENTI ON

- The- present  i-nvention-relates to conpounds-of--structural- fornul-a t-of--the----

i ndi cat BETHEEEODRSTRIBTIRONTH PHEANWBNTEIN22 July 2005 WD 02/0 5 728 7
PCT/ US02/ 03086 or a

pharnaceuticalIyRiéegﬁﬁﬁﬂVBV?grw[Fﬁgﬁgéfoﬁﬁﬂgwg%ﬁSﬁycwgﬁé%“&ﬂg?ﬂ nyl, C2-4
al keny| thegndiGited sieFdoghemishercifiguadtiont i s unsubstituted or substltuted with
hydr oxy, amino, Cl-4 al koxy, Cl1-4 alkylthio, or one ‘5 to three fluorine
atons; R2 is hydrogen, fluorine, hydroxy, mercapto, Cl-4 al koxy, or Cl-4

al kyl; or RI and

6a



R2 together with the carbon atomto which they are attached forma 3- to
6- menbered saturated nonocyclic ring systemoptionally coa%ghglﬁgsa

het eroat om sel ected fromO0, S,. and NCO- 4 al kyl; 10 R3 and re each

i ndependewtd dz/0sedsect ed from the group consisting of hydr ogefyuseeHaRe,

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, am no, Cl-4 al koxy, Cl-4 alkylthio, or one to three fluorine
atons; R5 is hydrogen, Cl-10 al kyl carbonyl, P309H4, P206H3, or P(O) R13R1%4
15 R6 and R7 are each independently hydrogen, pgethyl, hydroxynethyl, or
fluoronmethyl; R8 is hydrogen, Cl 4 al kg?, C234 al kynyl , hal ogen, cyano,
car boxy, Cl1- 4 al kyl oxycar bonyl , -azi do, Cl-4 al kyI am no, di(Cl-4

‘al kyl ) am no, hydroxy, Cl-6 al koxy, Ni o, Cl1-6 al kyl sul fonyl,

(G A al kyl)0-2 am nonet hyl, orr5&4 E t eroal k1y unsubstituted or
substituted with ' one to two groups ent F{y sel ected from hal ogen,

~hydroxy, amino,~ Cl -4 al kyl , and &} >+ R9-i s hydrogen, cyano, nitro;
Cl-3 al kyl, NHCONH2, CONR12R12, 1 COOR12, C(=NH)NH2, hydroxy,

d -3 al koxy, am no, Cl-4 al kyl am no, gi 2CF‘ 4 al kyI ) am no, hal ogen,

(1, 3-oxazol -2-yl), (1,3-thiazol-2-yI'R Rt (imdazol-2-yl); wherein alkyl

is unsubstituted or substituted with one )o t hree groups independently

sel ected 25 from hal ogen, . am no, hydroxy,‘’carboxy, and Cl-3 al koxy; RI O and

R11 are each independently hydrogen, hydroxy, halogen, C -4 al koxy, am no,

Cl- 4 al kyl arfir agphath{o®itichllylaksdp)dils sult, th&BeB- cycl oal kylam no, di (C3-6 -7 22

July 2005 \¥BeRah @5713 &Efﬁéﬂﬁ@ﬁ Q%@%ﬁly%i; tqaz{ hl@l) %Hkﬂaﬁl alffi &4_

cycl ohet er oal k‘g i tutg su bstit ut one to groups .
i ndependent [* I??‘B’é? QF SHERE M rWdraE&%P Celn4 ﬂBOXSCEMA alll\VWIO fme O -4
al koxy; gacho Bkee fleodndgpandent |y hydrogen or Cl1-6 alkyl; and 5 R43 and R14

o oL R BRIy s uE B
) ~}%S§m Cﬁﬁ) ﬂmﬁUﬂlMﬁB%aﬁon@@lw&hmey ardiatthcHeh €ort @Isls ﬁ)ﬁs g{agp)emegz RI
:af]d R3 arZ\ ?ﬁ%ﬁ%ﬁf"%gé 1g sysler OPg%r&ilﬁé:o %ﬁngﬁﬂ&g@%o&hyleded’ f26m O,

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, NHCONH7 CONRIZR12 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



10 R11 are hydrogen, then RO is not cyano or CONH2. The conpounds of
formula | are useful as inhibitors of RNA- dependent RNA vihal, BRpymerise.
They are also inhibitors of RNA-dependent RNA viral replicatl i and are
useful fowotohestgeat ment of RNA-)dependent . RNA viral i pbeaisiOmsessdd | n
one enbodi nent of the conpounds of structural fornula | are the conpounds
of structural fornmula Il: 9 RIOO RR8 RSO0 ONNR t R RZIR2 (I I) or a
pharmaceutically acceptable salt thereof; wherein 20 R is Cl_3 alkyl,
“wherein aI kyI i sunsubstituted or substituted with hydroxy, amno, Cl_3°°

al koxy, hI-O or thre uor.i dr oxy,

f1 uor o, é@lgﬁ%}(l Ry %‘Fg Cﬁf}aPet%ﬁﬁy{lé%P%&éﬁm ?erB%Ptu%(’HWH 01j(?rt‘:’ ClL 3

al koxy; - 8 w0 gowpy IRBOSndeNly 62¢A&V R8T HRTECLUSOEO308MindRE 114 a]litylj aeden,

- P309H4,  P206HB, al%x)POBHZ R8 is hydrogen, amino, or d-4 alkylamno;, RO is -
hydr ogen, cya hal o or CONH2; and RIO and RI1 are each '
i ndependent |39c ](#T’g %?PGH g”tﬂdf%%ﬂb‘zyﬁaémln@ld 5 Cl-4 al kyl ani no,

| -dl (Cl-4 ®l WB)aaaRri@,ar@éacﬁsn&p@ﬁ@én@l@lhwﬂo%m@eﬂzmjsd(hej@ga cﬁ“é% that when

" are byar ogbieRE S Rl ORI nere Bl 4 b shbact ne: o |

t he conpounds of structural formula | are the corrpounds of structural

formula Il vvherelg" s et h I, f 1 uor gitet dr oxynet hyl ,
di f 1 uor omet hyl f@uor met B(CH20r CHani nomet@yi ; S(CHy){7CHs
O(CHo)CHs > OCO(CHy)14CH;

with the proviso that when R1 is B-methyl and R4 is hydrogen or R4 is f-methyl and
R1 is hydrogen, R and R3 are a-hydroxy, R10 is amino, and R5, RO, R7,R8, and
10 R11 are hydrogen, then R9 is not cyano or CONH3.
The compounds of formula I are useful as inhibitors of RNA-
dependent RNA viral polymerase. They are also inhibitors of RNA-dependent
RNA viral replication and are useful for the treatment of RNA-dependent RNA viral
infection.
15 In one embodiment of the compounds of Structural formulaI are the

compounds of structural formula IF:

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;

-8



R2 is hydroxy, fluoro, or methoxy; R3 i's hydtogen, fl uoro, hydroxy, am no,
or nmethoxy; R5 is hydrogen or P309H4; 15 R8 is.hydrogen or 2am osR9 i's
hydr ogen, cyano, nethyl, hal ogen, or CONH2; and RI O and R1 ach

‘i ndependegfd yrd3ysrogen, fluoro, hydroxy, or amino; wth the. nr ,183%% that
when Rl is (3-nethyl, R2 and R3 are a-hydroxy, RIOis am no, %

and RI'1 are hydrogen, then RO is not cyano or CONH2. 20 IIIustratlve 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 ar%t he foll ow ng:

4- am no- 7- ( RCisrerdragen pR I o4 FArkiz and@9H): 7H- py1Tol o [ 2, 3-d] pyri ni di ne,

4-am no- 7- (@@Sﬁgm@n(gﬁ%rw hg 7TH pyrrol o[ 2, 3-d] pyri m di ne, 25

4rrethy|amno7 ranos ) 7H-pyrro|o[23d]pyr|md|ne
. 4-di met hyRakHi GIWP:ZQY@HWWY @Oﬁnriﬂb‘a 188¢1 ) - 7H- pyrrol o

[2,3-d] pyringx ﬁﬁiRll eeach md haloven dr
- 4-cycl PYAIOR SEY) of 2, 3- d -
Cdine, 4 ariit ﬂzmg%t?ﬁ G4 zFﬁ“lPoP{t Ao ”rai'bafﬂ m’g%r[zo[s- q e

pyri m di ne, wftham pevido (Har Ghéydl %Wﬁﬁt}t}yltﬂ %&RB'&P@& LA YR 0 i€ Hedyg, r ol o

[2, 3-d] pyr|
4-amrio- z[}'dgi%?fﬁuo%gd . ﬁIe hyfhop‘f)r-lr ?‘tgtrlsa ;}/’?r)‘O ‘%Wﬁ-m o[ 2, 3-d] pyri m di
[ng . g] am no- 5- met hyl| Hxa(s%e@drmﬁlmdﬁmérﬁ-obthd dwipﬂu@ﬂs)&ﬁ/dtr)uc?dﬂalrﬁﬁﬂilﬂh Dare

pyr|

4- am no- gll%h&%{)%uquggst&cmrg frogpglr%&wxite% pyrrol o[ 2, 3-d] pyr| m di ne- 5-

~car boxyl iOC Jl @, methyl, ﬂuoromcthyl hydroxymethyl, difluoromethyl, trifluoromethyl, or

4- am no- 5- preiRsrhether; C met hyl - (3- D-ri bof uranosyl ) - 7H-pyrrol o[ 2, 3-d] pyri ni d|
ne, -9 22 trJﬁ y .200 WO 0°2/05 728 7 PCT/ US02/ 03086 %
4- ani no- 5- c A oRdWEQRy. Buere: piypetoD- 1 i bof ur anosyl ) 7H pyrr ol o[ 2,3-d] pyrimi d
i ne, R3 is hydrogen, fluoro, hydroxy, amino, or methoxy;

|4n2m no- 5- flkfpfsquar &??&)5%{( “D-ribof ur anosyl )-7H pyrrol of 2, 3 d] pyrimd

2, 4- di atPno-R& sdy@agen by bm{id: D- ri bof ur anosyl ) - 7H pyrrol of 2, 3-d] pyri mi di ne,

2amno7(a{SCE H ( K 1 U ) Y Io[23d]pyr|md|ne 5
2-am no-4-c opr ylgrﬁﬁ% ]ﬁé?f%f Mﬁ%rc(%ﬁaﬁr Fl%gfuranosyl)--ﬂ—l- pyrrol of 2,

3- d] pynni di and are each mdependently hydrogen fluoro, hydroxy, or amino;
2-am no- 7- (zﬂlgtﬂﬁétp%/\hsdaﬂt@c%hgpﬁﬂﬁs%l%ﬂil Igz—l&mi”g{e‘)& Ry ﬁ?_f% m&?%ﬂﬁ gy, 4(3H) -0
pyr

ne, 4-am n%ng R(52R§ %ﬁh gre h[}?-d{dggr?ftﬁ'enalggssyn(?t cygrtdpty %8 i di ne,
20 - Tlustrative 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—C—methyI-B—D-arabinoﬁ:tanosyl)—’]H—pyrroloE2,3_—d]pyrimidine,
4—amino47-(2—-C—methyI—B—D—tibofuranbsyl)-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-ribofuranosyl)-7H-pyrrolo[2, 3-d]pyr1rmdme
4-amino-7-(2-C-vinyl-p-D-ribofuranosyl)- ~1H-pyrrolo]2,3-d]pyrimidine,
4-amino-7-(2- C-hydroxymethy]—B«D—nbofuranosyl)-7H—py11‘010[2,3-d]pyri1i]jdine,

- 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.



4- ai ni no-?-(2-C, 2-O-di met hyl - (3-D-ri bofuranosyl)-7H pyrrol o[ 2, 3-d] pyri nudi n

e, 10 22 Jyly 2
7-(2-Cnmethyl -[i-D-ribofuranosyl)-7H pyrrol o] 2, 3-d] pyri m di n- E(y I%OS

2- am no- Swerizhyirs7- (2-C, 2- O-di net hyl -[ 3-D-ri bof ur anosyl ) gd%/tﬁ’%%ﬁ!s? [2 3-
d] pyri m di n- 4(3H) - one,

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

pyri m di ne, .

4-am no- 7- ( 3- deoxy- 2- C- et hyI (3- D arabi nof uranosyl )-7H pyrrol of 2, 3-d] -
rimdine, 4-amn (3-D-ribofuranosyl)-7H rr0|o

Fg 3-d] pyr I%ﬁnmnﬁ —cgloro 9 (2—C meghyl— ~D- r1bo¥uranosyl) 7H-pyrrolo[2,3- py)nrmdmgy

4- ani no- 7- ( 3~@nimet Hyluofr- @(z@@fetmaﬁqsxibbf&ﬁmynrm Gﬁ&@gi% jﬂ/ﬁgy?mﬂih@e
B

- am no-7- ( 2 Ak reroretn ) KRRt d Uy igle pyrim

1 pyri mi di ne
and 20 2-amino-7-(2-C-methyl- B~D—nbofuranosy1)-7H—py1:rolo[2 3-d]pynrmdme

o e St S o T PR MO0 2

accept abl e ﬁpxﬂmmeeof Further i I | ustrative of the pr esent i nyent| an are,
Lhe  COMOUNGSyfBloer A £¢: 1L f 9 bIRKGHIMY:

4-am no- 7- ( -C_Mtﬂ¥4 C(@?R[g@rbl nofuranos7wﬁ5gp§rlg@§flgn%m pyrl ne, i ne.

4- ami no- 7- %‘P@H@‘Dﬁ;}’l)ﬁ PYP‘PB?[ Sodlgyrimiding, di ne,
4- am no- 7- ( 2-&ainbuB (D IE-ydimkiryPHrbRHofiran@sy)L 1H-pire 2,91 9p frinidind)

ny:';llmmnloggnnetﬁy? I%ettl}z'l %Dnﬂlf’mmlf’?lwﬁlW&H@ﬁo@?ﬁ%ﬁ%@& 2,3-d] pyiinii

“dine, 30 2-amino-5-methyl-7-(2-C, 2-0-dimethyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-

4-am no- 5- br, yl - (3-D-ri bof uranosyl) - 7H—pyrro| o[ 2, 3-d] pyri mdi
. P Rindidi2a SR

4- ani no: 5- cArBRgo7-{Zdexyet-fynethgl-Bl-ribefuanesdsyHrpyrrelofl3-dl mirmiging] pyri ni d

ine, 4-am acabnblug- @eoay(fzcﬁnafﬁymin-gaaﬂom&ﬁ&@gmwﬁo%ti pyfol o
[2 3- d]E)%I’I m di n%

- am no- E’f’dl rret hyl - (3-D-ri bof uranosyl )-7H pyrrol o[ 2, 3-d] pyri mi d| ne
. 35 and t Heamiooreapemdi- @C&mﬂlﬂumﬁb@ﬁh&ﬁ)sﬂ) Y@ Brolol2)3-2R9Rmidke,

LT P ARG
present i nvérﬂm@ﬂ-hf?eCus@h}aIFB &xylnﬂu@dsplbgfbpylmis{2,3—\@}3&&!18&3
si ngl e- st r andggline-7-(2 4-di- C-methyl-p-D-ribofuranosyl)-7H-pyrrolo{2,3-d]pyrimidine, and
20 4—3.1111110 -7-(3-deoxy-3-fluoro-2-C-methyl-p- D—nbofuranosyl) 7H-pyrrolof2,3-
B d]pymmdme
and the corresponding 5°-triphosphates;
or a pharmaceutically acceptable salt thereof. ,
_ ~ Further 1llust1at1ve of the present inyention are. the compounds selected
25 . from the oroup consisting of: :
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-f D—ribofurariosyl) -TH-pyrrolo[2,3-d]pyrimidine,
.. 4-amino- 5—methyl-7 (2-C-methyl-B- D-nbofuranosy])-TH -pyrrolo[2,3-d]pyrimidine,
- 30 4-amino-5-bromo-7-(2-C-methyl-B- D—nbofulanosyl) -7H-pyrrolof2,3-d]pyrimidine,

" 4-amino-5-chloro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine,
4-amino-5-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidine,
and
4-amino-7- (2-C.2-0-dimethyl-f-D- nbofuranosyl)ﬂH-pyrroio[?. B-d]pynrmdme _

35  and the cc:-rrespondmcr 5’-triphosphates;
‘ -10 -



RNA- dependent RNA viral polynerase, inhibitors of positive-sense

si ngl e-stranded 5 RNA-dependent -RNA viral replication, and@gmu@qmgghe
treatment of positive-sense single-stranded RNA-dependent RNA‘viral

i nfecti onwolmargtass of this enbodi nent, the positive-seg§aso2/03086

si ngl e-stranded RNA-dependent RNA virus is aFlaviviridae virus or a

Pi conzaviridae virus. In a subclass of this class, the Piconzaviridae virus
is a rhinovirus, a poliovirus, or a hepatitis Avirus. In a second

subcl ass of this class, the 10 Flaviviridae virus is selected fromthe
group consi st

sting of hqg hltis S | ow fever virus, dengue virus,

West Nile vi fﬁ? a%%g'ﬁ & y@‘ﬁceé’%l?gel fraﬁ Ee[é? -Banzi virus, and bovine

viral diarrhea virus (IBVMmbbdlmestubi:ﬂha@sesemt mmrsios,uﬂnehaslsosiddt@mpounds

Fl avivirida V. t sent

i nvention |§J \é%cr esréﬁlgdngﬁ?# Jréﬁs lécf F%Plt&%gjtf flgiég%%g M%ﬁgg%dgent RNA
viral pol ynﬁNéeiGP%Dd@ét Rbidh Wm& ppm:ﬁxqmes i bR ofd@pléwqemseramlarstre@ﬂed

--replicat son,Rmdiegén&nMOQrﬁl %p 1&5&@5 Iaﬁg/oﬁ%\ HERERABR o PV sERE

infection in, a mamual _in_ need ereo npri si ng admnlsterln%otothe
manmal  a t KEEHEATdEG RNA- QFReé'é?lif\Pé\Téﬁ%@h%ﬂf‘Eﬁwa Eonplasmef B catodergit-al
formula |. life gt erdencd E—sﬁﬁndéﬂlISNAScﬁ@éﬁdeﬂf RNDEvipEsES ermaw;ﬂvzaa& ieus the

RNA- 20 depend t RNA vira 0Si e-sense, Si e- stranded
RN dopendont ® Tagegriries Sy derauhdti orind B8 e PERPEPRBRI S ¢ ho
positive- semhwommwgh@ollehnandleaihmudépendedn alabb@ndlsnbdlaqs@ifymeclasetﬁes a

Fl avi vi fih da@rg%amdﬁpgirw{% k28R ronuf £ANFANLLLAPGHIE L: BUNIIEARE. 1 2

subcl ass of this class .conzavl Mer ase Vi rus
pol yner ase, Toe6riviays, rcingtpfo\nweWﬁbNﬂerﬂr!areﬂémaw\i'sememahug vass, pgngingrEse. | n a

second SUbC|aﬁ§%oﬁﬁeWH!aﬁdﬁﬂrl@e’“‘a&urds"{BV’ﬂ\ﬁ)V'Iﬂ'a@ugﬁﬁss\ﬂfﬁ:lﬁk sPRlsERRESE S
sel ected fr rou consi Stl@% of -hepatitis C virus pol ynerase, yell ow

fever vi rus%[p?}’dY S 18 B YI'PBS pol ynerase, West Nile virus
pol yr ner ase, JapaneseAu&dﬁﬁp@ﬁktbfﬁwYMﬁemnpmhMMﬁﬁﬁaﬁma@aﬂ&anUhuﬁodﬁn

pol yrner ase, r he s (BVD: 0l £ as n a
subcl as 2§of 1{{}@&3%9 cI ag ena&[eﬁtdkl'ﬂffa‘aVF aéras\‘/3 g’leé%g%y‘?%'gg’ E%HAI :
hepatitis Cdepm@sntdeeraémphcmpra as@’commedm@ddr trm’amﬂ(ﬂNAFdeserabpeRNAof t he
present inveqki a@ecnbmn a%ﬂﬁﬁﬁﬂgﬁ@eﬁ%aﬂl@ Rhé\%hin?ﬁ?éﬂm&t& BAammal

rande ependen vira

positive- sense si ngl e- st d RNA @ﬁllcatlon In a
class of thiadh@ ﬁ@h?ffecfll"i@ 315‘8§Fftqf\ﬁé3°§fﬁ?%‘§d of pigherakioriddd RNA- dependent
RNA vi r al r eplication Ih%ngbﬁﬁb&itddnd@ﬁthw dspéct o Blel ;ﬁ@etehpmveﬁﬁmome RNA-
Pi Conza aeen\“ r I1 a]éfl R se 1sna aossltlljvec‘lse%ges 31?1fle:[srt1randecf I@l&ﬁ de endent '
Pi conz a gend; J‘{ﬁ e p g P
: RNA Vlral polymerase In a class of this embodiment, the p051t1ve-sense 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 censisting 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 -



WO 02/ 057287 PCT/ US02/ 03086 viral replication is rhinovirus replication,
poliovirus replication, or hepatitis A virus replication. 2&@ ?gond
subclass of this class, the Flaviviridae viral replication-Ts ect ed
from t he wooumswensi sting of hepatitis C virus repllcatlomcn@&m@mmgever
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,

t he Flaviviridae viral replication is hepatitis C virus replication lm-a

third enbodi t hi.s ect of sent |n /ent i on
Hependont U fepfbadtdhis AR BRR s ChicsBEn DGR T s et Eftiny Bt beSivinus
RNA- dependemBPhI_C(atlvm r &l a savbed sitshess biithis dhsastedilatiniiioe Wh@ldlepmmon ishe

posi tive-sengp gjR lét ?%gtglrsisgh@‘&iﬁ %ﬂggg}w%e ﬁaal n,fye 1?\9 cl-z\%rr]vl 3

Flaviviridae vira . ) orn VI
subcl ass of I@H’ﬁC@U@mé@@ ug Weuspeplyrtian Wiesldeils vired rephdasioni ipanese  hi nOVI rus

~infectiop;- eﬂbé;ﬁtﬁllﬁy&rbsrhfeﬁﬁ&dtﬁﬁ Bz hﬁﬁ@k@hbﬁw% hd H&wh@wﬁ eﬂt&tai}ﬂxea V@

second subclass _.of this ass, the Flaviviridaé viral infection is
sel ected fr RRTREYr %S‘{h@laé%ﬂgﬁhﬁﬁuﬁﬁlaﬁf Ureparviridae wisgl mbcthpé%h@ggﬁns
yel | ow feverC V]lrtlig.t&phdﬂgft@@tl on, dengue virus infection, West Nile virus

infection, Japanese e alitis,vir nf ecti.o Banzi virus inf i on,
and bovine viral. di ar E\f Odtine g?f o aSpﬁctg?gmp%?gglngpnq% E“eéﬁﬁér ass,
the Fl avi videpehaientvR Nl v1raiﬁm°e¢umns iapokigipatetdesinglassiramled Rﬁ\éfc-tiemdent

‘Thr oughggt LAS) fnﬁ%n%f}h TR ija!sicgll ﬂqﬁrhngo}aﬁnérﬁl I!hgg"ogigvé SR sﬁ!}% e-s gﬁ%d

indi cat ed rream d% specl fied above are nten
i ncl ude t hodd¥ WndegtBNﬁsWéﬁl lmﬂﬁeﬂﬁe@fémtzefdae ertgltquchorept Hepnawstdaau ght

or branched ve@nirauoal | 108 subc,@sg BRI Maff th%lmbm%l%dag VRHIARRESn B hyl

et hyl, prop@lso pr l.f c- but tertiary_ butyl, pentyl,

i sopent yl % Jriros @%%991 po ’é’gfﬁ”ft Wgeq“ioﬂeg l’?ﬁaq{h"e‘b‘t"éfr“ﬁf“féfftl@n%ﬂ S%‘}‘Paﬁl nean

~strai ght or shidmsloédic bhiks) g Kewops-idde v;ﬁ%ﬁxf&ditoﬁh%sdl&%t@d frﬁﬁhﬁb@@ro@ﬁaorfﬁ or .

any nu t n et he ropeny. ut.en ent eny

etc.). n?ﬁe tglgltr’%tﬂlgl (Blt}ﬁy?t%lsgﬁ f('ffls %Cﬁ1°§t¥ 2?6%@9 W B dRteRien- éiﬁ‘ég‘ﬁ é‘faﬁynes of

two to six - tefeetion &Y ¢s0 Nikgtvans infoctican Japauedeenceptiahiiin virbs mfactingeBdnei yrys

ethynyl, 30 u%&mﬁnﬁ#wl bOVAhY Dtk 19:‘3%&3/%3 'mf‘étt:tfori‘| In-gk(ﬁb%]%sref tﬁ1¥gt.tl?c%s§%h shal |
a t onE’, or any

mean cycllc rin nes o ree arbo
nunber Wi t hi r%mt‘ﬁf?élﬂ‘? é{ﬁ@]em(qff‘fl@ﬂ is hepatiépr ypys in e@y@t obutyl, cycl opentyl,

cycl ohexyl, cycl ohept yj‘hro@ghoﬁi/ﬁtle@@ﬁﬂ lapplication, the following terms have the
20 mdtcated meanngs:
~'The alkyl groups specified above are intended to include those alkyl
groups of the designated length in either a straight or branched configuration.
‘Exemplary of such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, sec—butyl,
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. '
25 The term “alkenyl” shall mean straight or branched chain alkenes of
two 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-



The term "cycl oheteroal kyl" is intended to include non-aromatic 35
het erocycl es contai ning one or two heteroatons sel ected fr@ﬂ“JPfytio‘égen
oxygen and -12 22 July 2005 WD 02/057287 PCT/ US02/ 03086 sul Exanpl es
of 4-6- nevbgosekreycl ohet eroal kyl i nclude azetidinyl, pyrropdi:8h03086

pi peridinyl, norpholinyl, thianorpholinyl, imdazol i di nyl,
tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothi ophenyl, piperazinyl,
and the like. The term "al koxy" refers to straight or branched chain

al koxi des of the 5 nunber of carbon atons specified (e.g., Cl-4 allcoxy),
or any nunber r nmet ho MeQ- ), ethoxy, iSopropoxy,
etc.]. The t%‘Pﬁqf" gx P 6*@%‘%@?&‘3?SY‘éIP‘PeéFfé’ﬁﬁ%'big’%’rdﬁﬁ%ﬂr?@&Wéﬂa’ﬁ? idinyl,

al kyl sul fi dep1penﬂ1n§(hmmp|hid)mlyl cnl’hamafpbonnjat emEas el | ieghHy@rcGuranid] - 4

Gty thi o)1 SEpPRAoPHERT o lnipgeiy B Bt uiTheY et ors to

straight or br anched aﬂhytm“ra&@xmf refa;rhep m:m@ﬁmrdrfamhwcb@mmalhmmd&pﬁahél ed '

(€. g, C54 adikpdaificafon a@imPdpecifiddRes. oh tMHox;})m)rsanﬁz%ﬂﬂl%ef WitRimy this
rrethyl am no, ethyl am no i sopropylam no, t-butylam nd, "etc.]. The term

"al kyl sul f onjAnee Het apet %Y@*ﬂ@%ﬂgﬁbomlsﬁpmeﬁwtfehau n al kyl sul fones of the
nuger of car bog at omsTﬁ@%mf‘iaﬁ@uﬁi%”gefers%%tr@wﬁ{ Mrﬁﬁﬂhfa@@ﬂ%l% alk%ulfﬂd@s any

nu er w | e

i sopropyl sul onyllnﬁmrb?]n&ecamﬁ at?m El)q E;L; %a‘} %@%@’w) B RRY ers lgﬁf{ght or
branched chaihis esgefis., méthﬁﬁﬁ@(Ma‘X-ylthylﬂﬁd) ds@@@py&lﬁﬂid e Jof the present

LT M oh b MUl RSB ShATR o SRR bihea imines o

met hy| oxycar%ﬁ pd ﬁ@-@é&)ﬂ ateip spesifirdd B Bo tyll-4 abyiasgng), QRWdTWIlefhlﬂ'he

term"aryl” hEECLIaHQ@E b%&h}ﬁﬁ&%ﬂ%‘ ethﬂ%?ﬁﬁdwé )ﬁ&'zda/dt%la&ﬂﬁ) et ﬁ group is’
ed Ol'Po ntly selec

optionally subst itu W t I ndepende ted from
Cl 4 alkyl, halogen, cyBntIm, a¥1ﬁY5UIf9’i‘Ylf F“tf@)ﬁsé%ﬁfﬁﬁht orbranched ¢tedrxy,  and Cl-4
al kyl t hi 0. THkylsefones lvéllegamiber sf mnlbcemjenis spedifisd (ede, (rjlg aliglsafenylatoans

fluorines 2 Ltuted" shall be
deenmed to i n%ﬁgjn%réﬁlre‘tﬂ}m?{h?%} e?ﬁij}lﬂﬁ "t“ﬁ@‘(‘ e?lgﬁfi}lf 2d” subst i t uent .
Where nul ti pisepl@gﬂsuﬁfmn.yérettc ]TDI et| es are discl osed or “cl ai ned, the
substituted conpound cg s mor e of
t he di scl osed or clainme ﬂ Jaﬂ(? R?B?Q&wt?eg‘%%ttés%tyhé%ﬂog%ranf?ﬁed% estels

of a carboxylic acid denvatlve of the present invention o 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 plurally.
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-



30 The term"5'-triphosphate” refers to a triphosphoric acid ester
derivative of the 5'-hydroxyl group of a nucleoside conmpousd Jg]‘ 4dag present
invention having the follow ng general structural forrmula Il -13 22 July
2005 WO W®d/0s@287 PCT/US02/03086 R Rio 0 0 0 .uif n &cdraseShNgs HO P~
P11 P~ R11 NOHOHOHONR R 14 R1 R3 R2 (111) wherein R -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

-di phosphate 5 ester derivatives of the structural fornulae IV and V,
respectively, RO RI0O RB PNHOiO p O NR6 N RIIRRO Rlo R4 RL.OO 6 N
RRRR HO1 O HORONN(HVY) ¥y Rg RR R7Z\R2 The term
"5'-(S-acyl - 2- thloethyl)phosphame" om " SALE" StN a nono- or di-ester.

derivative of a 5 -nono €Qasi rivt|¥ of the present
i nvention of structural @p?a@ye@ﬂ A vey! as well as

R® R?
(1t1)

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 -



10 pharmaceutically acceptable salts of the nono- ester -14 22 July 2005
WO 02/ 057287 PCT/ US02/ 03086 R9 R1I0 O C1 S~~ ,. I 22 Jkgzﬁok O OHN
~11 0zO6NR RR RMARL RBR2 VI 9 RI10 OCl4S~~ Oppp
O N s N WRoiozoR287S R4 RL R3 R2 Cl4 OVII The term "conppsjshh@fdss as in
"pharmaceuti cal conmposition,” is intended to enconpass a proéhct
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 conbi nation, conplexation or aggregation of any two or -
nore of the ingredients, or fromdissociation of one,or nore of the
ingredients, or fromother types of reactionsgér. i nB&t acti ons of one or
nore of the ingredients. Accordi negOthe pharyaceuii cal conpositions of

the present inventiong enconpﬁss any rrpos fgi ony de~By admi xing a
conmpound of the presen “\E o

I/I(]}y} 10 acceptabl e
carrier. The terms "adm ni!stration ofOHan ®R'a&" conpound

prodrug of ‘a R

Ko

Cia

Vil .

The term “composition”, as in “pharmaceutical composition,” is
intended to encompass 2 product compnsmg the active ingredient(s) and the inert
| ingredient(s) that make up the carrier, as well as any product which results, directly or
5 1nd1rect1y, from combination, complexation or ag Ureoanon 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
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 aspect of the present invention is concemed with a method of
15 1nh1b1t1n0 HCV NS5B polymerase, inhibiting HICV 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-e), a combination of interferon-a and ribavirin,

-15-
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compound of the invention to the individual in need. Another aspect of the
present invention is concerned with a nethod of 15 inhi bitj,n 5NSSB

pol ymerase, inhibiting HCV replication, or treating HCV in ec{lon with a
conpound b obhg2er esent i nvention in conbi nati on W th onepgh/ el eos@gent s
useful for treating HCV infection. Such agents active agai nst HCV incl 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 WO 02/057287 PCT/U802/03086 a

and. Tevovi rarRRlBh STREERT BN otd B oo iR P Rle G A O
| nt erferon- ée\iomlmdméﬁ comlbtnahgn nbpedintrif¢rod-o ad leenorihi haatferbnodnéladan- a2a
(such as Rof.gf @'ﬂoi Pﬁl‘?t%& & ?ch’i%ﬁhérﬁ tgrf%rgﬁ (&% cﬂ@ﬁ%ﬁ% %ﬁgﬁero NH#’ %?6153

pegyl ated interferon- eron-a

interferon &PH Hammﬂ@ﬁosb%éﬁtﬁ@ spegyiatﬂ?(meE!Wn-n?a asypegyl at ed

i n: er ]1: eron- aabrféBRabBY §1wh%tr@h-ﬁei]§&ﬂdafdﬁadt%ﬂ?&@%ﬁ?g&erﬁgt(%% er on (such as:
i nterferon aco urified intecfer prodiic ngen' s

r econbi nant ?gégﬁ‘éfaﬁgxﬁ}} H?%&%ﬁl Brerteaen-ghle Ceselpipn e TEGATRDIGEH CRRSCORUSy ovi 1 N

- is the L- antedfidrbmsichaf 11’gcbﬁfa‘¢h mpmam C)ballitaﬁ pﬁlﬁﬂ&@nﬁéﬁ’ﬂﬂ(ﬁl@ﬂ%ﬂlﬂ{ or yf

activity si ribavirin. ne. I epresent al.og of.

ribavirin d?g‘lsfIll osegC(Sl%b %T}P%%%mte(rg&q% E’% ‘fi ?Pé% g{)u 818}’19}1

accor dance W tbhLtﬂmlastimtlrmf_d‘ﬂmfvmm*@hmhénseshown nventdroodulstbey dcnielity sichikak

componed s of b Ol H’Et%lih@ Eeg?@s@ntg%n%gﬂb h%\ﬁﬁ d?s%ﬂ)gégine‘{’%) 3*!6613’;9]: erent

ti mes durln? t he course concdurrent si'ngl e
s

combi nat i on{@sgigpgd tofdN Ph%rtraaﬁ%uqcﬁf;énh Béﬁordgnqehwleﬂm methodind thﬁmesegt ood as

- 15 enbraci ngnvahtions WeinGRGIEE SoRborni bLBOEQHBInR ot dnBi RinhiAB ke at ment, and
S to he interpreted accordingly. It wll be'

the term "adm nisteri i

under st ood TR QJ@%E%“ tigges dYHBE HS9oBTE o ther sy Q?&?B‘E)‘HFFH%IY(S‘P diviffed or

i nventi on wsinpleabhmbinaigafosnu Shicunshorinvdntieatis ﬂ@rdﬂ@é tb bE @@lidreBod AS! udes in
pri nci a Wi t har 05| ti or treating
o np s BoAGRR MRttt of M RARIRGE M e FRTRES g o

phar maceut i cainupistesingpiatel ke intipreted ecenfingly. dbwil bmundemstlombthnabﬂhemctpl& a
second _ tNebARaMihai ARG 08! BlintENion i J88C, Ak GRCAY fgPOUN

maybe either th sanme as ofr ferent fromt e conmpound is
used al one. F%F{gﬁécyrlé%cﬁﬁﬁf“%deﬂwﬁlﬁi?ﬁ@@laﬂbﬁom?ﬁétl@@mwﬁ&lﬁhma@ﬁélcp} esent

i nvention meympdsitorfor adatin; HURT @ecion CWHRRNAELAPo L &F tﬁ@pﬁgﬁmn\khﬁén I's an

i nhi bi
' bi tﬁ 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 7 Emergmcr Drugs, 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 -



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

viral enzyme and has been described to be an excellent targetfdoos

i nhibition of HCV replication. Both substrate and non-substrate based

i nhi bi tor NS3 protease inhibitors are disclosed 496, WO
98/46630,‘§9\%E/8‘9 077733, WD 99/ 07734, WO 99/ 38888, \/\099/53‘21@9%%@/ 64442,
WO 00/ 09543, WD 00/59929, and B 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 Dyrmck "Enmerging therapies for
hepatitis C_virus |nfect|on " Emerging 6: 13-42 2001). Ribavirin,
evovi 11 n, ARG aRFRS TNncoReRDhoTRRRe ShRyrscNise (REEDED. BPBY is the

nodul ati ng irakliacghl ehaimd&oihs bfsyghan 1@@1:61%8@3%!) d@&uﬂé ﬁ‘udlébﬁkl@' tion of the
-16 22 July, 2005 0, 57287 PCT/ USp2/ 6 |nt r enzynme inosine
mnophosphapéoséirétﬁ?ﬂ?og?ﬁgwlf FHoSBphosp t‘F infiggel ‘Eac{f ting enzyne on
t he bi osynt hetrniophogphtie derivateveiomoinditamor neIMBTIE OT Iiadi;?mhbh@@Mﬁﬂ]h&ﬂDH

derivati ve Tt ahoftp BRAG IR e TB5 Gyl b B sl 28?222%? :

anot her useflhiereferegibe chmpotrils o itequesenyingéntiathinby tise be aﬁnﬁmmépi i cation.
Th f t d
oo, \DBLEATIIMEL b GUROEN ASKSENS B Tl S e
sl osed Rkl bana i o1 DReA s saredon Soricab sraeniBD Ui bieitys, S@ﬁhﬁsher

| MPDH i nhi bltﬁ@ﬂlSCﬁid@dhrﬁWO biras7di (aklwseto Bﬁsﬁé@h@ﬂ1§§&1ﬁ@b){ @ﬁﬁl&&fﬁ]@ﬂ@l@te

£ M Bl RGBS O e FO. BetR sStiom, 44 el el (19k3 et o

HCV i nfection, the corfoodrdseatfient beHINeRdadtion] ﬂme:btnpﬁﬂndm)f tlad sresdne

adni ni stere@huenu&?gazg%'b%%mﬁlae{ﬁ?n BRIt al vARSHL ansTRAAAL e

(1- am noadamant nsirve descri agent, see J.
Ki r schbaum amgafadined dfamieeadpmaniasihéor ammplef&@sm@s@)dpnonsf Bis agent, see

" phar maceut i cRirbhbagGERhAPPR 14 DAYE 80bs. tﬂzan FeNgogpyrier, diluent, or
ex0|p|e must be conpatible W th fhe other ing relents of theforrrulatlon

and not 12 del et eri ous Hﬁ‘é@%&‘l‘%ﬁg}ﬁﬁc‘%‘eﬁ@b@oﬂs W@'bthi‘trfb‘l’ cRIEer: @ilventPrt he

present i nvextipient anst ljb:h@mﬁslldtwmﬁhe ofhRRQS¢dit 6f Ge TomhBatiteh dnA&ot

nucl eosi de ﬁglrr%o%nd§ nd derlt tives thereof of the 20 present invention

in associ at I OR W th OE‘SH%CF%% tFCal |y acceptable carrier. Another '
Also included within the present invention are pharmaceutical

compositions comprising the nucleoside compounds and derivatives thereof of the
20  present invention in association with a pharmaceutically acceptable carrier. Another
example of the invention is a pharmaceutical composition made by combining any of
the compounds described above and a pharmaceutically acceptable carrier. Another
illustration of the invention is a process for making a 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
polymerése 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 -



exanpl e of the invention is a.pharnmaceutical conposition made by conbini ng

any of the conpounds described above and a pharnaceutical by '%g,%gabl e
carrier. Another illustration of the invention is a process maki ng a
phar maceuvoegbhs7eonmposi tion  conprising conbining any of tRerRAFPAIHAES

descri bed above and a pharmaceutically 25 acceptable carrier. Al so
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 amount of a conpound of the pr esent
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avai | abl e fMonPrRasphaiaMehtisasnese: ersislpration) of Stvcers. ddpeficspandio (such as

I ntron-A i nTidrhgiie mv@ainlaa’bhﬂnfRW@hbﬂg @Dplﬂzmmdoy\ort h, NJ), a

: consenE]? interferon,
Vi

q} urtl fied I nterferan- ac%lcp g For di scussi on
rin and i tsA£‘8f ey PRGOS HRESIHELN veaaan Frasidegtonife rse aiflie s A
Raybuck, "|meddosile dﬂmpmphds@daieavﬁh&e;dhmgﬁm&ﬁhaﬁpﬂmﬂeémicammosﬁidhmt ur e,
Ki neti cs, 1 531%2 T]ﬂ%'i@fQ&H%é &t aﬁ)'ﬁ%cﬁggrﬁe%lt for Qﬂihlﬁ?gn o%ﬁx gh ?t‘?I:?N{Xh érahse of

(2000). her aspect of esent i nventron rOVI
the nucl eO@Ph@ﬂt@@npmﬁﬁﬂ@l@ﬁﬁﬂéﬁwlmﬂw&ldfméh@b‘eatmndt QﬂiﬁﬂA -(sipendrateut i cal

CONMpPosi ti ONBNA viral infection, in particular HCV infection. Yet.a further aspect of the present
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 a
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 composmons include compositions suitable for oral, rectal, _
- topical, parenteral (including subcutaneous, intramuscular, and intravenous), ocular
30 = (ophthalmic), pulmonary (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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for the manufacture of a medi canent for the inhibition of RNA:-dependent RNA
viral replication, in particular HCV replication, and/or the,lnggsnment of
RNA- dependent  RNA viral infection, in particular HCV infection. Yet. a
further agpentsolksthe present 20 invention provides for the;—;m%gh%gde
conmpounds and derivatives thereof and their pharnaceutical 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

phar maceuti cal conpositions gf t resent vention,.co a

conpound of structuralhﬁ)l:)arcﬁﬁﬁéls?’qﬁ% %’iﬁdrs\? S‘i”ﬁﬁ‘r”@ﬁfoéﬁ’fwaofrcaa be

phar maceut i cathitynedas clepicaloe engsali¢nt i arcaodte adinik tomywid s phaﬁm:altmabcamcr
phar maceut i r eutic
nar odi ont s anEaCoR e BrireRhanPAEeaRod AR Ll aRFRRRE L
rectal, t oﬁﬂe‘-‘aﬂ Wld}@&’tﬂeﬁfb@ﬁ A0S dwmﬁhnglgnéhﬂf@unafmatuontde&mﬂisfoul ar, and

cint ravengus)adnf?x%'clraﬁfon 89 berbt P@rbﬂﬂa&l (1n91‘dl'clﬂ%rlﬁfr¥ve(nﬂ a o
i nhal ation), or nasal adm nisttation t he nost UI ta ’Te route in

any given c&SEPRHHPNLESS S dasRee ﬁ@ThéPMPEﬂ@rPé“a SaEpRaeytiG nadder @BYBEt i ons
bei ng treat ethpany@ddoduch g, Bad IO fwdde @@@wﬁlsl Bﬁbﬁﬂk qmvonnafagammy be
conveni ent | resent ed l| n unit _ dos and "‘?8 a

et hods. wel IPERRBAR V55 CRIRED AP EonsT AniHs S te asen ¢ besb o 57287
PCT/ US02/ 03@86ct exqmude tsusmhsiose ehmeamcbsqmmmdsondﬁamm chctkuaﬁtarf:loafsmﬂgarsl can
be CO”‘? nein%céﬂf\aﬂ?r%tdeﬁﬁlolsggﬁlﬁgﬁt?mraﬁtﬂat'lrm é%msr lu%ﬁ%rﬁ l’brn? ﬂ th a

phar macéut i cal ar msice ical
conmpoundi ng disrthgratueazentraddhe hkcem thepasetedjosal golij @EPMIDQ& sucbfasfior ms

dependi ng oRxhRfl ef m&i thc?:Hﬂrs%E‘t' &Bsxﬁ@s’sérfdecgblﬁzﬁr wﬁh%ﬂé’@dﬂd%rﬁlaﬁrbﬁ’aﬁ‘atm%sg ro
oral or par nIera éﬁanc ud |n |ntravenous) In preparing the ™ conpositions

for oral doP5tPFUF BYRFﬂEﬁ e PIRPAEAUOBhar raceut i cal media may be
enpl oyed, such as, forBeemma)Eﬂlexmtsebf acghmwaﬁon(lhﬂ)ﬁts adl capales refrkMor i ng

agents, ;cpreserv tiv col orh gent n he case of oral
i quid 5?ep§$a ] g dea PeRus Sléa Sﬁﬁﬁ%ﬁ%m Q@Bgﬁ%ﬁ%’h@ PE‘@W%?F?%% nd

sol uti ons; GpITEHEaTE ebwioBily hnmbaysdaﬁches@d $aigets mayle coreddyrsyestialdd i ne

cel I ul ose, kL e

di sintegrati H éb%@%?]?g g%QwS%d@%egl %Eéi}] #@Shﬁl{gta%?ggp%?ﬁo SShoul par at i ons
such as, foﬁomé%ﬂ"ré?aém pofEFeRiso! agHyeicepprwdf (Theassignige aﬁacttvawpéwgun% th
the solid oh@theRs ERAFAILREMayD6f Aird BE Qafi@TarMaky bhi chieal| Ue BEGREL at i ons.

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

:\*',S-‘D/

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 orange flavor.
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Because of their ease of adm nistration, tablets and capsul es represent 15
t he nost advant ageous oral dosage unit form in which case g 0
pharmaceutical <carriers are obviously enployed. If desired, t t)2I ?s may be
coat ed bywataedasd aqueous or nonaqueous techni ques. Suchctm;gpgmgd 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 amount of active conpound in such

t herapeutically usefu i hat an ef fecti ve dosage w |
be obtai ned. The acU& nﬁﬂ glﬁazﬁ) Bi Sr?]%ﬁtaélfrﬁal Y anasal |y as,
for exanpl parehtexliiyd Sohopss or S@pﬂleonﬂd’fehetsalabtetesqonppduhés cadpgue@sed mnd t he
i ke may al A= }g;a%t a orn
starch or ggﬁgt? ?ﬁrya%lle& %e%ég%%&%%%gl?%l |umfﬁ% ﬁ@%hﬂ‘?se %gﬂe%wg

di si nt egr at f3p %fg‘éﬁhPfeB%F@ﬁ imglyeerph liguid piyethidena giy@,qlamﬁmﬁu@s thecedddii d; a

~lubri carg- SHE BSdTROMARNWALEHBAL 8f Rora8P h@usaRLEpl g&aﬁ&@s‘”ﬁonﬁl‘rﬁg as -
sucrose, ‘|l actose _or sacéharin. Wen a dosage unit rmis capsul e, it

may cont ai nPESHYAHE PiPERYeRbhe IR %fl%lcfﬁorg%’és%ove type, a liquid carrier
such as a fatty oil. meyﬁﬁmmwwahﬁfmﬁ&ﬁﬁﬁblaf@mﬁmab@u@éﬁﬁ:ﬁmte sRgilcoat i ngs
or to nodi fX tehg Wq %Slscoaéhsp%rm of ntgh%g savg%I f}?’ o £ar i nstance, tablets
o becont i I Rt By ot By comearn
nmet hyl d I such as
Chery oo SBRal 3R Be i U8 PR KB o B B RARI o REREL RS 05
Conpounds o$ta1s1@ ﬂu@@rdh%lporf%wm|cefmaw§@cuap@@d pleraggmndingisebeprespurdagagstl | y.

Sol uti ons OfheTHBRRAFIBSICAIN bIBSG0BGkhi¥Rs SEFPAUREEHaaAA B dR! ?H@Eﬁﬁeﬂ n
wat er swtably mx?d vmt .a surfac ant such as hydr oxy- pr opyl cel | ul ose.

Di sper si ons canche 59 tBE ISPERRPSREH WD SODEEHBS. 1of PR poisretthdolgtiy col s
and m xt ur e@.g. igeendl, propAews glcolldnd diguint hilyanylewoglgddlj, emgatd meirefeage and
use, e {%Fe%?ra ions ont al n a .preservative to prevent the growth of

m croorganl SIE. 8 Sﬁ a‘tl cal forns suitable for injectable use :

i nclude sterile aqueduns( sgnab,lc rans obadmiinsyretion ory berdipdtyedifbeprpavigs f or

the exte ”pofh%_%?&ﬂ' %sppcﬁ gaﬁ ﬁﬁ]ﬁgﬁ'%&g@ a?lte?febﬁ@e & ag"@ B@Q&cﬁgﬁcgl gtdf ﬂ&sprggen

di spersi ons. cas m must “steri nd nust I uid to
t he extent mﬂa@tl%§wr§wmﬁl§amaﬂ iTe6iale iapagad; parqnt%bpcuﬁén 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
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stabl e under the conditions of manufacture and storage and nust be
preserved against the contam nating action of m croorgani sis) glfhsas -
bacteria and fungi. The carrier can be a solvent or dlsper5|o medi um

cont ai ni ng, f57R%anpl e, water, ethanol, polyol (e.g. ¥§§h&bymﬁgppylene
gl ycol and liquid polyethylene glycol), suitable nlxtures t hereo d
vegetable oils. Any suitable route of adm nistration nmay be enpl oyed for
providing a mamual, especially a human with an effective dosage of a
conpound of the present invention. For exanple, oral, rectal, topical,
parenteral, ocul ar, puInDnary, nasal, and the |like may be enployed Dosage
forms include tabl ets, IRe@ERLENdPiShR PESEH SNVERtOR GRPAINSING #E MOED| Ut | ons,

capsul'es, CreuEetsd é&li@@&rﬁi caACh@SRUcEr asdBeerh 418 Aﬂd&ﬁceﬁe%ﬁf@é@l Mngleonpounds
of structural fornul a are adm ni stere ora;ﬂ\b% For oral adm ni stratl on to

humans, the. &8&%%6!%41@%&?@@“0%%6& indpystudl disiegeaRRaTy hi e MG ded
doses. | n onevanibads nemit td b@mpﬂ:hsl&g@cn@l@gie cbﬁlpeuﬂdsthavmkﬁﬂe pas kg body wei ght

(i divi ded- dgsess ko Anotict. CANRdkIBNL e d0PR0E Lane L 5200 0RO 20

ng/ kg body weight I'n &
conp05|t|on§U@ﬁ@Hﬂﬁ@m@ﬂabﬂywpﬁGVEdmdﬂmmehenﬁnummxﬁrwkmﬂﬂmsummnmapgmles

cont ai ni ng t articularly,
1, 5, 10, 15]3C q2‘?1(1513(@2‘%QJ@E'i}ic“rﬁ‘}765‘1“% %%d%a%&;gig% Hagggier@%g‘%%gm 00, 600, 750,
800, 900, arf@niEgwation (4 ﬂﬁﬁﬁ“@@“ﬁﬁéﬂuﬁ%iVW%b¢ﬁ@Wéhlent for the synptomatic
adj ust nrent of the dosage to the patient to be 30 treated. The effective
dosage of active ingredi ent enpl oyed nahgvarwq dependlng on the particul ar
conmpound enpl oyed, the node of administration}, the condition being treated
and the severity of the condition being N Such dosage may be ,
ascertained readily by a person skiﬂ I herfst Thi s dosage regi nmen nay
be 35 adjusted to provide the o Rpiesponse. 20 22 July
2005 WD 02/ 0, 57287 PCT/ US02/0 é% nds of the present invention
contain one or nore asymetric- “can thus occur as racemates and
racem c mxtures, single enantio tereonmeric mxtures and .

i ndi vi dual di astereoners. The presenmﬁ igfvention is neant to conprehend
conmpounds nucl eosi de having the P -D 5 stereochem cal configuration for the
five-menbered furanose ring as depicteglp-n the structural formula bel ow,
that is, nucl eoside conpounds in which the substituents at

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'H

=5 R2
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C1 and G4 of the five-nenbered furanose ring have the (3-stereochenical
configuration ("up" orientation as denoted by a bold Iine)., ﬁ@%@ NRO
0 NNARLI1 4 Gt G4 RARL R3 R 10 Sone of the conpounds 3es ribed herein
cont ai n olefiznsesdoubl e bonds, and unl ess specified ot herpuasoai@s meant
to include both E and Z geonetric isonmers. Sone of the conmpounds descri bed
herein may exist as tautoners such as keto-enol tautoners. The individual
tautoners as well as mxtures thereof are 15 enconpassed w th conpounds of
structural fornmula I. An exanple of keto-enol tautoners whic¢h are intended
to be enconpassed w thin the .coppounds. of t resent inventjan is
illustrated bel ow m%ﬂ“&é&“&”@“&iﬂﬁa‘éﬁ@%ﬁ’%@%@cﬁeww P 5 0 O N NRL1
R R R 4 R RediRRuM3liRRereoi@dmers b 2fod ekampe0Facti@a DRy QaR28bnaTh WS02408086
Conmpounds of, I I ) . i LI tndividual
diastereoisgﬁé%@y§§¥m?%?&§§§ﬁ% é?f5?&%?%8%??9%?§§&§ﬁ5%§3 ?gkmleﬁfa

suitabl e s&hierrtogrhply esiegsl eptivellnagivie statiospinihascet ate or a mixture

e ther eof- ;- or- V| a Chlr a| ; r . ! . . 1 -0 S -st--at i--o-na-r VA
5 Al RRRL Qﬂme%lseﬁiegaf 2R dﬁ?ﬁgl?e &ﬁic'tafsl 'y

" phase. 5 Alternatively, any stereoi soner, of a conpound: the structural
formul a | ma9™HE2 bBRYbEblaEEIdysiaepaeis synthont wurg eptiralll gusattBE | y pure
starting mahesdad 6r RhgdntPGFadoS/ nonkiB@atogonf i guration. The stereochem stry

oL Lo subet LNt 2oL G fe 8RS ERBEbBRE Phe LIS A MRt 8 ©
the furanose ring of the compounds of the present invention of structural formula I is
10 denoted by squiggly lines which signifies that substituents R1, R2, R3 and R4 can
have either the o (substituent “down’) or (substituent"‘ﬁp”) configuration
.. independently of one another. Notation of stereochemistry by a bold line as at C-1
and C-4 of the furanose ring signifies that the substituent has the B-configuration
(substituent “up”). '

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,

22 .



10 denoted by squiggly lines which signifies that substituents RI, R2, R3
and R4 can have either the a (substituent "down") or G3 (s%sﬁly%@@t "up")
configuration independently of one another. Notation of stereochem stry by
a bold i we®ansads7C-1 and C4 of the furanose ring signipiesshhadosd he
substituent has the P-configuration (substituent "up"). 910 ORI R5RR
ONNRat G3~-R3 R2 C.2 15 The conpounds of the present invention may be
adm nistered in the formof a pharmaceutically acceptable salt. The term
"phamaccutically acceptable salt” refers to salts prepared from o

b or gani ¢ DauabRe ERNE SRR, b Gair R tE P RS Shlforsmbllst ¢ O
conpounds erydmabsiel. hydriymapiiibodterodidphsithieneethaak) Mcebiaptabbersal t "
Genoral |y Rk BaRdle s e e MRy Gor l BRS¢ o
i nor g?pi c aéﬂ‘fﬁlgs Réﬁ}}b’%%ﬁﬁtaﬁtzﬁ Zﬁhﬁlfugﬁ’zﬁbagtmmggfedh@ée@, Otchit@te?r esent

benzenesul forpr? te eenz%atﬁ? [ élar Eonat eI,1 bipsulgt%gt e,li)ZSEE?tFart rate, borate,
br omi de, caﬁ??ygé%aé,urﬁ%aﬁ%éﬁlé&y ite, SHRES- JBLalE) shinctaia succingte.tanate, tartrate,
di hydr ochl oriestéste adetiatb arichibdedd aidevalee st OFatiRrnme sy ks thb GBRHBERIs of the

WD 02/ 0, 57287 PCT/ U t(g 03086

Ol utamare.” SRSy an AfaEnaY S FRPR BB el S thercor

hydr obr oni dencludg; dnbastnot linged by deloxdenaph fromahecganio thske indladih piabmaten,

| act at e,1g| acl,@RLARAL Ealci I eat ndel syl ate,
met hyl brom de, net y?anfl'ltu?g%gﬁp%ﬁgteﬁgf %u %’?gﬂflﬁﬁlﬁﬁiggﬁ%?‘gﬁa%é%agﬁ, nitrate,
N- net hyl gl udBREABIOBmASHISHRS sodiumetipataad thaieaRertiomlphrmefesred erbibaat e) |

pal m tate, pasheiibenadicuniRspbais/ fHirbeshhad SodivAhYI X AGIRENREEm
salicylate, stearate, .sulfatée, subacetate _%Succl nate, tanpate, tartrate,

teocl ate, t SATMEUIGALY ACRPERI LY SANA NYRTRHG Pases mePuds seibPlePimdir e t he
conpounds ofse¢dnelaryi, andteiti o andfes yeyalic aninds cantdbadt Yon-Sithtadd @sins, such as

o e S AR 0 el e Bl 5100 o
diethylaminoethanol, 2-dimethylaminoethancl, ethanolamine, ethylenediamine, N-
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,
1sopropylamine, lysine, methylglucamine, morpholine, piperaziné, piperidine,
polyamine resins, procaine, purines, 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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10 ammoni um cal cium copper, ferric, ferrous, lithium magnesi um
mangani ¢, nmanganous, potassium sodium zinc, and the Iike, @rzbbgul arly
preferred are the ammonium cal cium nagnesium potassi um an sodi um

salts. Sakb:densved from pharmaceutically acceptabl e or gaAingsep@ygs OXi C
bases i'nclude 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 N-dibenzylethylenedianine, diethylamne, 2-

di et hyl am noet hanol , 2 di met hyl am noet hanol , et hanol am ne, et hyI enedi am ne,

N- et hyl nor phol i ne, et eridine, | ucosa I ne,
hydr abg.m' nel,o i sopr opyt éer#?‘?gmpwfsv%r lﬁ%tﬂ?ﬁff%; ElEeangP@atl?ﬁ)? Wﬁ%@ Sof!

pi per azi ne, thpE pesentinventiorpilopdinied én Belsinms] bploec dltie scheutei illasratdéshtaobr om ne,
R e L I T T
present in tfur@nqs@rrplgdwdéhaﬁ -D-tibo p@l’é’@lmthnnv'ﬁmstamna pragoriah seud,b dad-Oy
~acceptabke- gy?&é‘crtéd alP{d ﬁ?zfn%%)fléue Q&in@ttﬂ/?fdr!ﬁr%ﬁd’ee tﬁ#&tﬁ R gﬁﬁfahﬁk Tﬁé hyl,

or pival oyl i or ac erivatrves as acetate or
nal eate, caft- éy‘éfﬁb}’]c&é@[’ is|t %Il %é@e‘éWéthﬁql%B%%?@€§g%dS%W agr oups

known in theh@&mmfn%omelowhﬁgmtéﬁ&ag@k Lméslslmnﬁrpenomm@Io)f%lyswem
characterlstlgdsfor gﬁézﬁtalne-rele se Orlaaf égfor tions.

Pr epar at i on °8192HfE RAEPELE e i igst ool itigp of gSERFEht i on
The nucl eos relgemonphun da atlyd, adeniyl at hikgsyltihegmeshnohialidegfpieg seple, 30

i nventi het

wel | - es abI ?E\;ﬁ@g}a 1|p WI%%?%ILQM%%&&%W#U 4 (‘)is‘:T %ﬁ%ﬁlﬁl‘éﬂﬂu%rﬁa&@fy&éalgwg }hogt ry.
Ref er ence i ¢lkynddithiynt, hechf o Mo, agrosg félmcalft@myhdcu@éa:borp&ofcba_m asyitwbleet i ¢

met hods use@r&aalc slaf‘veﬂf gBar Qstﬂeﬁélam'oﬁlﬁ% &1%&13%@1@% aﬂﬂfthé Re, aﬁeﬁﬁ@ﬁ%@vent on:

"Chem stry of° Nucl| eosi’des and cl eot i des, ownsend
Pl enum Pr es&rtiayairohghefsimctrgl fpignipa do3. e@g@y #@f"é]fgeﬁ@@ (sysh n%%.l?ﬁ mlits

entir elt y. t %ﬁs %thiﬂﬂrb!dliﬁﬂ at th\é\Qt @ZérQ)Zr]?e&?;) B@hb&?@?ﬂ%@ﬁ&ﬁo& SUBRF @SRALAS by ' e
genera 9 ar a C S, 0 esent . i nvention
is outl }T{E %%é}%ﬁfg f %99 Otj‘lfﬁf[g&@c—lﬁi%& Xﬂ?we&r@gg‘? Eﬂea S@%E%(ES?IEC of
conpounds ofsoltvtm prechse rhydnogvmbtomde of acstic acidyutoadffdrd timineerthediahfaraabgyl t he

furanose 1 a@fianat el SoRdhi o RN AHCAbAke Bl [oRaral 1o 2

3, 5-bi s-O 5 'protect ed furanosi furanosi
structural ﬁ@f@ﬁ?t@a(cﬁ&@10-)]'%?{@1@165@1&)%1@5/6 Ois o i %SQWQW & l@:heﬁJéd vm th a

sui tabl e oxigivEisGo@dfthe s réction to generate the glycosidic (nucleosidic)
20  linkage. 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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chromumtrioxide or chromate reagent, Dess-Martin periodinane, or by Swern
oxidation, to afford a C2 ketone of structural formula 1- §2J3\g%bbon of a
Gignard - reagent, such as an alkyl, alkenyl, or alkynyl nagnesium halide
(for exa MyBr, EtMBr, vi nyI MyBr, aIIyI MyBr, an Br) or
an al kyl ”W(ﬁ( Qﬁstybor al kynyl lithium such as MelLi, acrg)s,cglnf%e %:angbon I
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 formula 1-3. A good |leaving group (such as O, Br,, and 1) is--
next introduced at the CG-1 (anoneric) position of the furanose sugar -
derivative Byeawmpéﬂt%hﬂomtemwlﬁt@d_éqwgh@l@ apprdpoiaimdreing - Bcas dcahokiydr ogen
halldelna Ve r cetic
acid. 10 af 1or e he |t o e are. Foane Mff@ Rl 9 C MRS (IR
such net hanédfeains tp mea)secqnﬁﬁfﬁﬂ%%&é‘&ﬂéhera§@ll<fyéﬁﬁap@tqg9n9@@2©) or

p-t ol uenesmtm@@tme@mm )Ww7ﬂlp§rﬁoﬁ:@2831]ﬁ§mﬂldﬂr$ﬂt3ﬂ)oné&§ﬁ dﬂ@d%z@lﬂ@ inthe

--subsequent-r act t ener ¢ ( nucl eosi-d 11 pkage:-

The nucl €osi Q&%@g‘slss Oéié‘f”r‘ﬂ@ﬂ‘get?%ﬁgaﬁer é‘éﬁhr?éﬁﬂuwstg?é ﬁ‘tyg tate of
structural ffblmhdlysli(s&chm methhsolpst)adf 1s@hifofds udhd aokide(-OR), whethasm or
pot assi um t t 3- yrimdine
s e uch a@ieggﬂéhégﬂﬁqg&%kﬁ rﬁérXasp%*ﬂQ i*t&cté giﬂfizﬁ%ﬁ 3 &R} A0
4-hal o- | H- pﬁﬂbmqvpgt @leét]l@ﬁ)mammiaﬂ@ns mildwomowcgénmrabéordmaw i in by
treat ment wta@m@ef Q}Jﬁﬁiclfmé'&{élﬁél%e&?éﬁﬁ*}nﬁsbeg ghﬂﬂéa N, Ohaé dedggal kal i
hydrOX| ﬂﬁ] (such as pot assi um hydr gxi , I'kal 1 car onate ?such as
pot assi CRPpeRRdest the pregent i vention. hexanet hyl di si | azi de(such as NaHVDS) in
a suitable anhydrous organic solvent, such as acetonitrile,
t et rahydrofuran, 1-nmethyl-2- pyrroli dPeheme br N, N di et hyl f or mani de (DIVF)
The di spl acenent reaction can.be catal yzed by using a phase-transfer
catal yst, such as TDA-1 or triethyl benzyl- .30 anmoniumchloride, in a
t wo- phase syspg ol Oj liquid or |iquidgOgy The optional protecting:

groups in the prote Reosi ge, of structufal FoQTI a&i@g are then
cl eaved follow ng es a i shed tion net ol ogi es as those
described in T.W Gl?eene and P.GM Wits ve -G oyps ni c

Synt hesi s, ™ 3rd 80 Jorrbw I ey & Sons, 1985 Optronal i QL%{% of an

am no 35 group at theI 4-posi tion of the pyrrol q[2, 3-d] pyrlmdl ne nucleus is
effected by -24 22 J-tH—y 20 5 V\D /057287 PCT/US02/ 03086 treatnent of the

4-halo intermediate 1-6 wit F’@p‘i’ﬁ e anine, such as al coholic
ammonia or liquid ammni a, B raé a primary amne at the G4 p05|t|on
(- NH2),

0 OR  HX ‘ 1
\ /apt —_— —L—-p

—=R S 1-5
< 2 _ Pgo OH
PgO OH  X=ClBr, O.H M = Li, Na, orK
1-3 14

X=Cl, Br, or]



an al kyl ami ne to generate a secondary amine (-NHR), or a dialkylamne to
generate a tertiary amne (-NRR ). A 7H pyrrol o[ 2, 3-d] pyrbging'g@-oﬁg)SI—Done ,
conpound maybe 5 derived by hydrolysis of 1-6 wi th aqueous base,” such as -
aqueous- sgeiggfisRydr oxi de. Al cohol ysis (such as nethanol y$i-§)ysabeshzd _
affords a C-4 al koxide (-OR), whereas treatnment with an al kyq mer capti de
affords a G4 alkylthio (-SR) derivative. Subsequent chem cal :
mani pul ati ons wel |l -known to practitioners of ordinary skill in the art of
organi c/ medi ci nal chem stry may be required to attain the desired 10 -
conmpounds of the present invention. Scheme 1 Pg0 Pgo O ~/ OR [O] OR Rt MgX
PgdbH P9O 0 (X = d, Brpotorxl) 1 1 11 2 Pg = protecting gqgoupﬂq? = | owner
alkyl R9 X N O OOR X MIN~Rii PgOi P1-5 R R Pgd bHX =d, Br,
or I Pg0 OH -= - 4 M-Li ; 1-3 1-4 X =4, Br, or | 7= NJul'y 2005
WO 02/ 057287 PCT/ US02/Q3086 XRIH NN 11 N NPON-VINRNRIL 1.

Cremve Pel po o NTONRT Mo\ oyl N CRT
v 1. remove Pg = 3

Z 2. optioha!
displacement of X
with R' 17

The examples below provide citations to literature publications, which
contain details for the preparation of final compounds or intermediates employed in
the preparation of final compounds of the present invention. The nucleoside

5 compounds of the present invention were prepared according to piocedures 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.

EXAMPIE 1

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

NH,

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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exanpl es bel ow provide citations to literature publicationgy M@iz‘éﬁs contain
details for the preparation of final conpounds or intermnedi ates enployed in
the prepanaiaRs8% final conpounds of the present inventi@pqyihgoasic! eosi de
5 conmpounds of the present invention were prepared according to procedures
detailed in the follow ng exanples. The exanples are not intended to be
llimtations on the scope of the instant invention in any way, and they

shoul d not be so construed. Those skilled in the art of nucl eoside and --
nucl eoti de synthesis wll readily appreciate that known variations of the

condi ti ons ol dSelRwampshin-fianipe Lop pieRarahpe se¢ htAmeChempbose 01089 can be
used to pregasss)} FEsenantHohAR) iﬁmdﬂmastéa@e&r?ﬁ@fﬁsultﬂn%ﬁ}gﬁ%@ﬁai /5%| |

tenperatures, .are_.degrees_ Cel sius.unl ess otherw se noted. E

4 A o 7- ( SUBRTETER TR HERp R B e RAGET R ke MRy BT i di ne
[(;IHZhl N HO OthtohgiNdilicpt! usingMehyT acarine asithersltiant. ORheleoniBinSd Egratek.\ﬂénm| ) in
for 161 %mg?;%%@ﬁﬁ%ﬁ%%% (330 m?fﬁ‘ ogcéfﬁd% _géicm red
or m n, / . , 10 mm s adde
T 26 22 ST S008Iy BrP U afaE et drobiah EéelatoaRosy!
pyrrol of 2, 3TePRSFRuFR @1 nd ausRched by afdipee phyaiisn aqusass gupgpinerbieridsoc

105: 4059 ((1® 218a {th OC VTR InTi)N TREM i he

resul ti ng sgl utﬁnil)(%]an&l ) dg?il"?/ ed for Zh]r]f.)and hggnm%ﬁ?ééﬁﬁsi ﬁ%g&g%eﬁ}? acetate
(10 nL), an&“g‘ffb@’@&ﬁgﬁ% Pch{uf'él?‘gﬁledt%sblbﬁlge Fﬁl?%g oguPthgRelAY et hyl acetate
as- t he el uenlichldthmetandandderdfti [Fracavescowsining tevapauatvede poolwdend, taken up,
in diethyl : 1)/ . - 7. hyl magnesi um = #
brom de. {3 TR {5y ThEFesinE & ok yplfl g BT bhy | TRanest s

tetrabutylammonium fluoride (TBAF) on silica (1.1 mmol/g on silica) (156 mg) was

added. The mixture was stirred at rt for 30 min, filtered, and evaporated in vacuo.
15 The crude product was purified on silica gel using 10% methano! in dichloromethane
“as eluent. Fractions contﬁining the product were pooled and evaporated in vacuo to
give the desired compbund (49 mg) as a colorless solid.
17 NMR (OMSO-d,): 6 1.08 (s, 3H), 3.67 (m, 2H), 3.74 (m, 1H), 3.83 (m, 1H), 5.19
(m, 1H), 5.23 (m, 1H), 5.48 (m, 1H), 6.08 (1H, s), 6.50 (m, 1H), 6.93 (bs, 2H), 7.33
20 (m, 1H), 8.02 (s, 1H). ' | |

EXAMPLE 2

4-Amino-7-(2-C-methyl-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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dropwi se. The mi xture was stirred at -78C for 10 min, then allowed to cone
to room tenperature (rt) and quenched by addition of saturza_rﬁg% geous
anmoni um chloride (10 nl-) and extracted with DCM (20 ni) organlc
phase waswemaperaied in 10 vacuo and the crude product purichi®dehssilica
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 tetrabutylanmonium fluoride (TBAF) on silica
(1.1 mmol /g on silica) (156 ng) was added. The mi xture was Stirred at it

for 30 mn, Ite dev ora cyo. 15 The crude product was
purified on @ fllgcéﬁgé’llglzﬁ Iﬁ‘fjt Crg&%ijgpﬁ“ FPURAET B bk W RaTe gét’é’loﬂbnt
Fracti ons cantnpemiungfdridé muinoshicthemesrecientddnden dedvcap preagigel The stacuo to

g ve e Seo L B AP oyt LR N el S0 0017 S

5 23 (m 1H)mL)5amis:r(n¢n(2(1€PflmL)5drM (Malzﬁozé)f;ltﬁe@canchcnncd_nn)a;ed@o QGIE(thst;tleZl 1)

4 Am no- 7 (2C-O£{fﬁ)umﬁ(@2(f é)saﬁcr%lk_%lefs ur a%éf fras er()iy\?/lrﬂ(l) m[ﬁi@rg “Bf}?a}tlr%né? ne- NH2

~N fll HO NNeMBNploveHs 25 HO SOHStepA
3,5-Bis- O(ﬂmmmmsmlag g 31es (W B @C@gmm}‘d‘ . arD71 | bafsumannsg HApy xture

of 2-0O acet di_chl

et byl - e D 11 Fid Bioke (%éﬁ‘izp/%-agg"%ﬁf%‘iéﬁé Ul 1024 4 A w2 a8

(1|995)] - 2'D.@RAz,JH12), 47_005111 VEHJQZ 450 2 8H7 CPGTPh)J8(52), . 3088d,(2L Jin e 1306 10

no in 0] t Vias i a oom

ten%eratureq?i]d;a%ghﬁ%(g(gﬁ 9 C%ﬁg Jrifflrhg'ﬁggsupfn%% ré&'ﬁ%—efdgﬁ(?}éustslg e. The

oily residi®hhas suspended in CH2C12 (500 ni), washed with water (300 niL +

5 x -200  nl)i3 4 2 fdd tagd centrated
@N’l\/ﬁ{' Sb2969 8§53 0%’9 @ﬂ@"ﬂ@ ﬁoﬁ 72103 78143 a1, @5‘%@%

" to give the title 5 was used

whi
Wi t hout fur t%,SBpm'? ?§ é&@pénlé%% 5},@2&7,@3@@%\},33 22, 133 ’76 133. 55 133.67,
13545, 135.92. :

15

-~ 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—7.427(2111, 10H,
2Ph).
13C NMR (DMSO-ds): & 55 72, 69 41, 69.81, 69.98, 77.49, 78 00 98.54, 127.99,
128.06, 129.33, 129.38, 131.36, 131.72, 133.61, 133. 63, 133.85, 133. 97 134. 72
35 135.32,208.21.
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1H NVR (DMBO-d6 ): S 3.28 (s, 3H, OCH3), 3.53 (d, 2H, J5,4 = 4.5 Hz, H-5a,
H5b), 3.72 (dd, 1H J3,4 = 3.6 Hz, J3,2 = 6.6 Hz, H3), 3 %lyﬁé’g

J2,1= 4.5 Hz, J2,0H2 9.6 Hz, H2),4.07 (m 1H, HA), 4.50(2 CHZPh)
4.52, 4.6@00205728H, Jgem = 13.6 10 Hz, CH2Ph), 4.54 (d, 1Bcr@doRdsesd. 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 met hyl ) - 1- Orrethyl a- D-eryt hro-

pent of ur anos; 2- yl ose I si on of Dess- Ivartl n perl odi nane
(50.0 g, 11§—Pn¢1> i P 1

A H & 5 msthyDy2-(iae oRetxF9-ldns added

a solution of the 20ride m d from Step A (36.2 g, 75 rrm)l) i n anhydrous
CH2C12 (200 mL) dro he r atlo r |rred at DC
for 0. 5(h and %hen g\ths Y“%‘["E%gﬂg\dﬁgé“’f O&a&ﬁ@h@ﬁr%@ #las di | ut ed
wi t h anhydr 098 (Et\@@a(lﬁﬂ[mnp_\)usandolupombémaqmmpoamd fromr Step B (17 %0 wp 26.0f
Na25208.-5H2 q yers- -
were s epgr a%&g glngphly HR)UE: B @tﬁ?ﬂ'@e ﬁ%@%’gg %@&%9@@&%% };%sr@c} 81aq ueous
NaHOO3 ( 600—PH ) and gigree f@%%bahtw Gl —b? 1Gh hqpaBoradiipto ide-teld wagdvy STMinL)
filtered andn@th@ﬁﬁl&air@«hgbﬁnﬁl \éﬁn’ob%t tdohd %nﬁ%mfe%@&d% ?fhg)ngﬂﬁuéwﬁé)' orl ess
oil, Whlchgﬁ HS &-@ H%{? pr{l ation in el ow.
(CDC13) : B %&?ﬁ ( C(r@dw if W%E%Of%%héwa@lewl‘fﬁa 4
Hz H- 5a) B"hQérgadd laﬂel:lagas%lﬁﬁd MGS@g)gﬁtﬂé?ef?nﬁlﬁfnceﬂtr&@d(ﬁﬂﬁé 161",111118%3 ]1-1 \Z;. 3

: gem
5% ﬁ% %—Sé‘ﬂh?&“?&%?“#é 3%1]3 P&f & gniogt silidigs] f‘é&m ngfo ?’ TR e,
CHzPh) ; 7. 1prepaci@d iy h@dangs)4ad €Rwgd WOl hexar@Phird h@@@e@ﬂwﬁ(d:qvm{d@m the 55. 72,

69. 41, 69. 8e 6OMIBund 164%) 7S 127.99, 128.06, 129.33, 129.38,
3 % k5 53% 243 9@513&8?51 (33-97, 134,72, - 35 135,32, 208, 21

oL 30 3 B A S S B g S @ 18 B SR
3, 5- Bi s- O ( 2H47di-eBBHAHPh2eW, BEL OViH:),2.66 (ERby s L= 97781 hika (XsD), 4.18
M1 bOfUrRNOSE,  srent q, TH, H-4), 4.52 (s, 1, H-1), 4.60 (s, 2H, CELPh), 4.63, 4.81 (2d, 2EL Jgem
= 13.2 Hz, CH,Ph), 7.19-7.26, 7.34-7.43 (2m, 10H, 2Ph). -
13C NMR (CDCl): 6 24.88, 55.45, 69.95, 70.24, 70.88, 77.06, 82.18, 83.01, 107.63,

127.32, 129.36, 130.01, 130.32, 133.68, 133.78, 134.13, 134.18, 134.45, 134.58.

- 20 StepD: 4~Ch10r0-’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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To a solution of MeMgBr in anhydrous Et20 (0.48 M 300 nmL) at -55 C was
added dropwi se a solution of the conpound from Step B (17.59\@ 2%§52 5
mol ) in anhydrous Et20 (125 nl). The reaction m xture was al Igwe to warm
to -30C anolosbiegred for 7 h at -30C to -15C, then poured pat/gse@seszol d
~water (500 nL) and the mxture vigorously stirred at roomtenperature for
0.5 h. The mxture was filtered through a Celite pad (10 x 5 cm which was
t hor oughly washed with Et20. The organic |ayer was dried (MyS04), filtered
and concentrated. The residue was 10 dissolved in hexanes (-30 nt), appfied

t il | col 0 x 7 ked i d ted with
hexanes and RSt &P Retdiddod (£ Tano R BRENHuarl BEREEGHNERRSMY) 25 "s
col orl ess sprodpet Wide MvRbinED@IB vapBraieBth adno &iivd Me, dexired @ro8udtf5.02€ Me) ,

3.33 (q, 1H, d, 1H, J3,4 = 3.3 Hz), 3.46 (s, 3H, OCH3), 3.66
(d, 2H, J5,4sa9_9314.)r}gﬁ§§?mﬁ_5a, H5b). 4.18 15 a(gﬁ:parent q, 1H, H4),4.52 (s,

1H, H1), 4 BONR CRCLCHORR) (s, #6GH:4 399 (¢.2 3J8dad, BLU3 s2=119.9 CH2Ph)
719-7.26, ﬁz?fil.—?-_—-é% 1(12@1-5’33914199%5’@,)11{1%9%ﬁ%ﬁé@zﬁa@%@&2}135!1-%5; T
69. 95, 70.24, . o.ggg, 77.06,° 8218, 83. 01, 107.0 7.32. 129.36, 130.01,

130. 32, 133568): 4165 478 24341 13em 1 137 Hp CHPR).4571. 438 @6 2Bd st p-b

4- gh:corO- 7-Ha,cflfz®ih$,ﬁ4|@1,4ﬁgjglglﬁ.@pb;§my5mtj1§w.a4@n,ml t_,t’zm’hj[l- . D- .
Il PDOT Ur anos = (0] - | | oun
oo & ano el NBRRET o 21 31 Y0 I D8 a7 i B Sath 4R Bs g fogS TR0
was added H&8.15.127M4{ H7atetlDe.5aciZ2B. 7202901, 13015, 18009, dBdpwil3&99,The
resul tifg splidd QR @S, .H,ﬁ%%‘.ﬁt%‘fle‘}()j,@v{ﬁt1315r15%ﬁ‘?.the” 25 at it for 3 h,

evaporated in vdcuo ahd co-évapor h~anhydrous toluene (3 x 40 nl).
The oily residue was dissol ved in anhydrous acetonitrile (50 nlL) and added

to a solutgepref thess9@bHm saimehyAs I8 REMdsRYY HAo33d] pyri m di ne
in acetonitrile [generated in Situ from
~4-chl oro-1 Hpyrrol of 2?@8}!}5‘5}&1% dine [for preparation, see: 7. Chem Soc.:
- 131 (1960)] (8.76 g, 93 anvhkipn of heduhyibuad Sroac8lep M {741 € §ILBbI) , and 30
NaH (60% i n,m-neral,oil. -2 , nnol fter .4 h.of .vigorous stirring
at rt] %rhed?g}é@‘ﬁ%?ﬁ%%“erﬁlﬁﬁﬁ a\%gsgiét‘f/?srae&ge%soﬁpp UF%IJO%G% (f]ii(}[ g‘nd t hen
evapor at ed dishldrymeibane, Fhel, 88 mwiod drepviseis Penciettuicrwasastioed (RSB °CIfpr and
extracted wkh F0¢ $8 %2080 1k) The. corined S fo washed with
brine (300 ni, dr ?g_ad over DNa%S%Z g Ef‘lll| tere and e a%plrégibgtf%g crude
product wasTstheneldehlgiometiung (Ed) (¥} médpadihecenlams mixuge somepadifyC 2005 WO
02/ 057287 PI30/803/, @&98Rutralized with aqueous 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 furnish desired compound (1.73 g) as a colorless
foam, which turned into an amorphous solid after treatment with MeCN.
25  1HNMR (DMSO-ds): 6 0.64 (s, 3H,.CHs), 3.61-3.71 (m, 1H, H-5"), 3.79-3.88 (m,
1H, H-57), 3.89-4.01 (m, 2H, H-3’, H4"), 5.15-5.23 (m, 3H, 2’-0H, 3’-0H, 5’-CH),
6.24 (s, 1H, H-1"), 6.72 (d, 1H, J55 = 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- '



| ch) using ethyl acetate/hexane (1:3 and 1:2) as the eluent. Fractions

contai ning the product were conbi ned and evaporated in vagyq .t ive the
desired product (5.05 g) as a colorless foam |IH NWR (CD?%?‘:’WEO% 93 (s,
3H, CH3) ,we.@Rsfg7 'H O, 3.78 (dd, 1H, J5 ,5-=10.9 5 = 2.5
Hz, H5), 399 (dd, 1H J5..4 = 2.2 Hz, H5"), 4.23-4.34 ﬁsgzgﬁﬂsﬂs',
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, 100.57, = 118.21, 127.04, 127.46, 127.57, 129.73, 129.77, 130.57,
130. 99, 133 Stunlesgstpebyitoglave g A53g for Kih.3hen qopledand eyapprated imwacug7 The 51, 15
152.47. St epnfde riixElik Qa8 périfigd 6n FeiliaY leelBhlhs WRAICH ANIREOH gdﬂ)pa\ére!l&hf)( 2, 3-
dl pyrim di ne To alﬁsol ution of. the i:ol;g%.md frﬁ Sheg D (1_5? g 8.8 nmol )

in 15 di chi'QEDHhETCaRBn2S agelorza RO Sde W8S oRAT LR éhiThr i de (1M i n
di chl or onet lhawephods soiid afd treanhont eitddvie€Bl. THe@muirpticik Golids/astecrysatlizat- 78C

for 2.5:h; n-at  -30C. ta.:20C f.pr.3h. The reaction was quenched by -
5 f}on%é{}ﬁgl%g?lf%g‘&%ﬁglez%. £h é

addi tion of ronet Haie (1:1) (90 nmL) and the resulting
m xture sti FEEMR (DMSO-df)er0.6D(sxBH. CH:héb 76 (ral 1 d-5, Bl Seq¥ie bus3moni a

at 0C and sty k¢ %@'—4‘%‘1{-@5)2?@6 rg%)ﬁ}f-%_he@ﬂ)c g%ﬁ%i@h if.%',.o‘f"{’?»s—u bRIHE @Q@)}g”ﬂog"g@ hed

with CH2Cl 2/ MeCQH (1/1, TiltTate was evaporated, and

the resi due Madr@urifi ed By SN0 1 Ks. Ikt bgrap Ay (GVéh Jsi FBGHdISusi ng
CH2C12 and 6HZGh2s MBONTHIO97 44 (8812 H-9%:8002 @ndy1 99-230) gradient as the el uent

| nt o antGmor noUaGTECH artkoal kant> o TRtk 23 MG (06D o) - s

'0.64 (s, 3HI2CHB)15087615333119805.1 H, H5'), 3.79-3.88 (m 1H, H5"),

3.89-4.01 (MRl N Y I ~1D. ' 70317 OH, 5'-0OH),

6.24 (s, 1H,j|1']cl—l-gd1§'" )lf*“%.d?%’%‘? @'i[ﬁ? ) g?hg' %39311@495§%79§%r.( d. 1H H6),

8.65 (s, 1H, H 2). 13C NWMR (DVMSO-d6): S 20.20, 59.95, 72.29, 79.37, 83.16,

91.53, 100.17, 117.63, 30 128.86, 1%, 1A581.19, 151.45. Step F

4- Am no; 7- (2- G- net hyl - 6- D-ri bof ur ano‘f%tsy \,i JTFI-_pynoI 0(2,3- d]pyrimdine To the

conmpound” from Step E ( | added 35 net hanolic ammmoni a
HE) i 4 3 3 [b}ib X 4 s )

(saturated &4tAmmo-

/ij'

HO—\ O N N
CH,CH

HO  OH
Step A; 3.5-Bis-0-( 2,4—dichlOro_Dhen"yllmethyl)—’Z—C-etth1~O—methy1—a-])- L /
ribofuranose ' ' '
20 To diethyl ether (300 mL) at =78°C was slowly added EtMgBr (3.0 M,

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

25  separated, dried (MgSO4), and e\}aporated in vacuo. The crude product was purified
on silica gel using ethylracefate/hexané (1:2) as eluent. Fracﬁons contaihing the
product were pooled and evaporated in vacuo to give the desired product (3.87 g) as a
colorless oil. | P ' '
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22 JuI y 2005 WO 02/ 057287 PCT/ US02/ 03086 st ai nI ess steel aut ocl ave at 85C

for 14 h, then cool ed and evaporated in vacuo. The crude QF)&LM

purified on a silica gel colum with CH2C12/ MeCH (9/1) as €l uent o gi ve

the titl avgoppouyd as a colorless foam (0.8 g), which seppepigsh@sean

anor phous solid after treatnent with MeCN. The anorphous solid 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), 500 (s, 1H, 2'-0H), 5. 04 (d 1H, J3'0OH, 3 =6.8 Hz, 3 -0OH), 5.06

(t 1H, JS.o ] . 1H, J5,6
3 6 |_|Z S . $ y ] » » .

H-2) 10 13C NMR (DNB@bd@arﬁsﬂﬂ}7%pvrﬁ@0{42rd1@nﬁﬂdln€9 30 82 75 91. 20,

100. 13, 103.08, 121. 152.'33 Fo 9.10
(M H+H); calc. for ClZHPé‘]\FIR %f&ﬁé’“{? bn &%?HN%EI% 12@ e £B%imd] 5
4- Ami no- 7- (Qkﬁiommahénwmmb)fwamdds@}}ﬁﬂw ¥rin etaticacBh dl. @§nill:rilﬂjOnmnoNH2 N

gto hylo)/Nz C %@Fﬁ ggtrrglfﬁ%&m 63@?%‘ h’rﬁg%ééd %torgl?ﬁ‘mﬁ&@?’%hﬁgg{r 2% (300 n My

at -78C was eéapewts,d e Etdvgtseva@era@dwwmelf@ora todupnead mh)eriﬂumwg ug he
compound fr g &’rsmv&l AfacEeampleq 10 911.()4111@9dc%d tla% »ngﬁm&)suﬁéu ﬁnnwérows Et 20

varm (o - 15608 R RISl PRBRHS: O3] e, Antmrbipigshiwa 9eeick St 17 ed

m xture of wat €0 k360 aﬁ&)msqn@&ﬁamx(y&aaxmth)yl]aﬁm QBQaRy, 0.40H@eH imas 25
our 11 e oSty TGS ARE Mt ara B R ey e Rdlhgh T
Fracti ons cpred mitmg stifved mixtodudtsatveate! apomoethnacidodda pld0atie)hnidrethydcuo to
give the deglkfd oS I THe0rB4niflayBSw sehHaf¥d Gashed with Brire (100 mL),
dnied over MgSQy, filtered and evaporated in vacuo. The crude product was purified
onsilica gel using ethyl acetate/hexane (1:2) as eluent to give the desired product (307
15  mg) as a colorless foam. ' | |

Step C: 4-Chloro-7-(2-C-ethyl-B-D-ribofuranosyl-7H -pymrolo[2.3-

dlpyrimidine

To a solution of the compound from Step B (307 mg, 0.45 mmol) in
20  dichloromethane (8 ml.) was added boron trichloride (1M in dichloromethane) (4.50
ml, 4.50 mmol) at ~78°C. The mixture was stirred at -78°C for 1h, then at -10°C for
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) (10
.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- (’? C—ethvl—B—D-nbofuranosvl) 7H-pyrrolo[2,3- -

.30 dlpyrimidine

‘ - To the compound frorn Step C (50 mg, 0.16 mmol) was added
‘saturated ammonia in methanol “ mL) The mixture was stirred at 75°C for 72 hina
c_losed container, cooled and evaporated in vacuo. The crude mixture was punfied on

silica gel using methanol/dichloromethane (1:9) as eluent; Fractions containing the
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22 July 2005 WO 02/057287 PCT/ US02/ 03086 Step B:

4-Chl oro-7-[3,5-bis-0O (2, 4-di chl orophen | yl)-2-Cethyl- g L égranos Iy
| - 7H pyrrol o 2, 3-dl pyrim dine To a solution of the conpoun fJ g ep A
(1.02 ng, ) in dichloronmethane (40 nL) was added in
acetic acwg)ogl(oi%glé m., 10.0 mmol) 5 dropwi se at 0C. The rpgg{ﬁsg)??\jéséﬂol ution
‘was stirred at roomterrperature for 2 h, evaporated in vacuo and
co-evaporated twice fromtoluene (10 m_). The oily residue was dissolved
in acetonitrile (10 rnL) and added to a vigorously stirred mxture of 4---
chl oro-1 H pyrrol o[2, 3- d yrim di neﬁ%SO? , 2.0 nmmol ), potassium hydroxide
(337 ny, 6 P@Ddﬂ%wyrem qdrﬁnépzaf(ozat frhessey e thsivg et wlrffépmdﬁ@t R4z E2 0.4
nmol ) in 10 cargleyp idwdere (10 mL). The resulting mxture was stirred at rt

over ni ght, { L ] r f t e ium
chlori de (108%*6@ GRBHE IR R R E5p 1M & herdh e RS TaDe
separ at edd \iens WETY, 600 1 €3, DH), 1665 1((BOOH)YI6)95 (s il 238, 6Ver(d MISOH, 99}‘(&I1&Br efl and
~-evaporat i’ o + 98s-p4 |1 ca gel using

et hyl acgt ate/ gﬁgni%ﬁgﬁﬁ%ﬂjgﬁg owgﬁHggFﬁbh%eswed%roduct (307 15
ng) as a col orless foam Step
4-Chloro-7-(2-Cethyl-(3-D-ribofura i pyrrol o[ 2,3- diQyrimdine To a
solution of the conmpound from Step ﬁé@@‘n’g— 0.45 mml) in 20
di chl oronet hane (8 ralL) was added boron trichloride (1Min dichlor onet hane)
(4.50 nm, 4.5l ] ] idi hnd N, then
at -10C for e reaction was quenche
met hanol / di chl or onet hane (1:1) (10 rnE), st@rred at -15C for 30 mn, and
neutralized by addition of aqueous ammoni um ||hydroxi de. The m xture was
evapor ated under diminished pressure a It| ng 25 oil purified on ;
silica gel using nethanol/dichl oronet h&§ne s el uent. Fractions
contai ning the product were pg_?(ée n vacuo to give the
desired product (112 ng) as ol f oam S
4- Arni no-7-(2-Cethyl -13-D-ri bof ur anosylie7H pyrr ol 0[2 3- 30 dlgyrimdine
To the conmpound from Step C (50 ng, s 0. [6 mmol ) was added saturated ammoni a
in methggol (4 m). The m xture vw@ Stl(Dl—Ed at 75C for 72 hin a closed
cont ai ner, cool ed and evaporated in vacuo. The crude m xture was purified

o S o 8 510 EARMIO G} 5B 90 4kl o7

cont ai ni ng

methyl-B-D-ribofuranosyD-7H-pvrrolo[2.3-dlpvyrimidine

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-
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

":;a-.,‘,‘"‘

(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-



-32- i 22 July 2005 WD 02/057287 PCT/ US02/ 03086 product were pool ed and

evaporated in vacuo to give the desired product (29 ny) aszg f:cg %él ess
powder. 1HNMR (200 MHz, DMBO-d6): S 0.52 (t, 3H), 1.02 (m 228" #%61-3 24
(m 6H), woQBwste 1H, 6.01 (s, 1H), 6.51 (d, 1H), 6.95 (ﬁcﬁﬁs;oz@i‘&é 6.70
(d, 1H), 7.99 (s, 1H). 5 LC-MS: Found: 295.2 (M+H+); calc. for

C13H 8NAO4+H+: 295: 14 EXAMPLE 4

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

2- Am no- 4-chl or bi s- O ( di chl or ophenyl '
met hyl - ( 3- DWBﬁf [EF‘%HBWFE)W?wtﬁﬁdr%r'?%qf@féfita}fﬁyﬁtn@%ﬁ%r%é larnhece- col d

sol ution of redeeiopieddaéndhedmidt €E, M0 AP e102mlY sBked 8 -28°G forUPh) i N

CH2C12 (30 ni M i Th

react i o§1 mi Xt P%?egﬁ QJIEBHHQFQ‘F@HWE’&%’%S% Ia’flEF? %"h% ‘?aszf[ﬁhgre%&?ﬁr opvu%lis gd ©
“under di ni m@ﬂtﬂiz/hieé&ﬂﬂr &) amithe oembimed &ftede evdpordiad bienend.2 The fsidok vas The
~resulting uhfﬂé\@ﬁ?g sﬁﬁ:glv\éﬁgolullfnﬂ v%ﬁle&ﬁ%ltszéﬁH( g‘@%d(’ﬁ)ﬁ %‘)Llugrﬂ% qued

dr opwi se i nt
2- am no- 4- cAkdide mpypndals ¢cpl@led] fopm (@#dinked. [ f or preparation, see stirred
Het erocycl es 35: 825 (1993)] (433 ng, 2.57 mmol), KOH (85% povvdered) (0.51

g, 20 7.7 , tris-[2-(2- rrethoxyet oxy)ethyl]am ne (165 0.51 mmol)
in acetonltgl%ei( A AMIned-(2{mathylp-Biibaluianos Hinyrglplas-it for | h,

filtered and evapor at eﬂpm'lihﬁim.m,essmm was pur| f| ed on a silica gel colum
usi ng hexanes/ Et OAc, to give the title
conpounzéas a col orl eé‘én%”é%llfﬁ ?%B%gr Ct]%%mé ﬁggo mg, b.3 mxool) In aqueous
2- A no- 4- c iagid (2N, (2ml) wets hydtteqbaﬁeﬂuiom;rmutwﬂo) 5 Btiehey meotrdfz2d 3¢ 0°C
~dlpyrimdin i ol f
CHzZCI 27 (20 W%ﬂﬁ%@ SRl %gdé\gﬁ oﬁ‘%ﬁgt et %?%%&ﬁgé %’3 @3%0
10 with CHZC]Q/MEOH 5/1, as eluent afforded the t1tle compound as a white solid
_ mg).
15 1HNMR (200 MHz, CD;0D): 8 0.86 (s, 3HD), 3.79 (m IH), 3.90-4.05 (m, 3H), 6.06

(s, 1H), 6.42 (d, J = 3.7 Hz, 1H), 7.05 (d, J =3.7 Hz, 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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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 reactzlijﬁl WRpsquenched
with CH2Cl 2/ MeCH (1:1) (10 nmL), stirred at -20C for 0.5 h, neutralized
at 0C W twoarwenys ammonia. The solid was filtered, vvasheq;d@i,ﬁ@mmsﬁ

CH2Cl 2/ MeOH (1:1) and the conbined filtrate evaporated in vacuo. The
residue was 5 purified on a silica gel colum with CHC12/ MeOH, 50/1 and
20Tl ,as eluent to give the title conpound as a col orl ess foam (250 rrg)

Step -C. 2- Ami no-7-(2-C nethyl-(3-Dribofuranosyl)-7H pyrrol o[ 2, 3-

dl pyri m di n- -one 10 A m xture of the product from Ste 90 , 0.3
mrg?/) in aqdé‘gﬁgg]f\lé &9 MR, CsRN): §0\ﬁésfﬁh8§t)§1:{8hﬁmfm Q)@St(érﬁggr%(g@ﬁé??or -
h, then neutitpl 3 zed 24 (RO BB-L20NmEaeOUS 1HEl 7 ard ﬁxm aheds, tm)dryness
Purificatio Si C12/ MeCH, as el uent
afforded thd4] Ehd %%ﬁ%jﬁa&lﬂnﬂﬁr (70 ) 15 1H NVR (200 Mz,
CDBOD): S 0.86 (s, 3H), 379(m1H) 3.90-4.05 (m 3H, 6.06 (s, 1H), 6.42

2- Ar ni no-4- cycl opr opyl ani no- 7- (2 C—
-D-ri bofuranosyl) - 7H-pyrro|o[23 deyrlmdlne HN-4 N HO N N LNH M2 HO
SOH A sol utiQRBfc#: r@% 1 14 : Qfdranosyl) - 7H
pyrrol o[ 2, 3-d] pyr rm di pi e 4 ep g, 0. 07 nm in 25
cycl opropyl éﬁhﬂéﬂgﬁ 5 ) was heat ed at 7OC for t wo days t hen evapor at ed
to an oily residue and purified on a silica gel colum wth CH Cl2/ MeCH,
20/ 1, as eluent to give the title conpdiid as Miahite solid (17 mg). -34
22 July 2005 WD 02/057287 PCT/ US02/ 03086 -

A 3

1o\ 0. NN
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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1H NMR (200 MHz, CD3CN): 8 0.61 (m 2H), 0.81 (m 2M 085(5 3H), 2.83
(m 1H), 3.74-3.86 (m 1H), 3.93-4.03 (m 2H), 4.11 (d, J5,8,9 Jdgs 1H),
6.02 (s, 1H), 6.49 (d, J = 3.7 Hz, 1H),7.00(d,J=3. 7Hz, Hf 5 EXAMVPLE 6.

4- Ami no- "wo2nfestmt hyl - R-D-ri bofri ranosyl) 7H-pyrrolol 2 3- gpydiAiosispe- S
carbonitrile NC NH2 N | N Me HO'OH 10 This conpound was preparec?

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

4- Ami no-7-(2-C nethyl -p-D-ri bofuranosyl) 7H—pyrro| of 2, 3-dl pyri mi di ne-5- -
carboxamide 0 H2N NH2 IN ~Il HO-_.** NN M HOB 'OH This conpound was
prepared foll ow ng procedures-descri 8 Mirai et al. in Het erocycl es
33: 391-404 (1992). -35 22 July 2005 WD 02/057287 PCT/ US02/ 03086 EXAMPLE

8 General prge%g%sr 9.9 Té ;g];ﬁdrgg rmi.'ew S- Acyl - 2-t hi oet hyl ( SATE)
pronucl eot i gner, V.V. lyer, and E.J. Ml ntee,
"Pronucl eoti des: Towar$Arhke2-tmodthyldS BaTH) pesnyncleofidénire dxlsm&becaimdflﬂnt i cancer

""" Nucl-eoti-gesyi,dVed: Vlgesl erR‘ﬁ}“ﬂEJ %ﬁclnég\% é@&’e‘%@&t ex\/r"]!“o(i)!;I ﬁa &g?gf)ll%é&g by -

reference herefn in it erlva I'Ves o al so

di scl osed USEAnfyirehandMsrticageer Nuclpgdess) Ried, Bek Reand06]-82 (20087, whibk is
contents of incorporated by reference herein in its entirety. SATE derivatives of nucleosides are
also disclosed U.S. Patent Nos. 5,770,725; 5,849,905; and 6,020,482, the contents of
each of which are incorporated by reference herein in their entirety.
10
Bis(S-acetyl-2-thioethyl)-N,N-diisopropylphosphoramidite :
2-Merdaptoethanoi (5 g, 64 mmol) was dissolved in CH,Cl, (50 mL).
To this solution was added triethylamine (7.67 mL, 57.6 mmol), énd the reaction
mixture was cooled in an ice bath to 0 °C. Acetic anhydride (4.54 ml., 48 mmol) was
15  added dropwise in 10 min., and the reaction mixture was stirred for 1 h at 0 °C. The

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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each of which are incorporated by reference herein in their entirety. 10
Bi s(S-acetyl -2-thioethyl)-N N-diisoprropyl phosphorat ni di t e22 July 2005

2- Mer capt oet hanol (5 g, 64 nmol) was dissolved in CH2C12 (50 nL). To this
sol ution wasozedest triethylamne (7.67 nm, 57.6 mmol), andpdhessadeds on

m xture was cooled in an ice bath to 0 C. Acetic anhydride (4.54 nL, 48
nmol ) was 15 added dropwise in 10 mn., and the reaction m xture was
stirred for 1 h at 0 C. The reaction mxture was then allowed to cone to
roomtenperature gver a period of 2 h. The reaction m xture was diluted-

with CcH2d 2 (50 nl), hed. with wat n). 5% aqueous NaHOOB (75 ni)
and brine (75 tL). Th\é@%‘?ﬁ%}ﬁoélde epef\llvaéhg?ﬁ %tth%\[?’éergen grh ﬁ?%&fgrq\%rﬁ 4%and
concent r at edfqﬂﬁwvmeltabp@mfblr@rde@cmbed'ﬁheCth Rﬂ@.leDhﬁ}WZQO@E)ssol ved in

anhydrous THE (40 L) and anhydrous triethylamne (7.76 nL) was added. To

this mxture was added activated nol ecul ar sieves (4A) and was |cept at
room tenperature for 10 nin. The reaBXpdPlkEi8ure was cooled in an ice bath

~t0 0C--arsd -di i sopropyl phosphoram dous dICh| oride (647 g;- 32.03 -mmol ) -was-

for 2h under inert

added. The ]Eeggt .

at mosphere. 3 E ‘ 2 N m xture and the
precipitate forned vvasTiﬁa mphﬁﬁﬂate'ﬂ&ﬁvﬁm\}etsl\wr@puﬁ\ﬂéi @m@cﬁﬂéy{cﬁbﬁﬁm ne
fourth of th co u t ogr aphy
and el uted wiEPEHSEERL Ui &30 o sR B n S o A PRt B REER ~armount
of ethyl acetvatem fO0M/TH, pfbf%gElwomgeadwrttst Bfemctmmoalt}cfnasci@nnbi NaCPRto36 Q).

1H NVR 7 J 6. 44
oy a0 s o Blalt fticuon Gl ol ot 88 tmin sSnd ey dilsions S8iduiop 5
43.1, 61.88, exch%?@ 01%0569113?1‘3@3 Rvkteqt Gsa@dﬂme%se-mm 9 35

5' -Tri phos pft&:&@n@egﬂafgﬁﬁjr 13052 136 @28 350 % A0RE coMnd PIREIRSTHGRIIUSAS(03086 -
The nucle03|d hos tes of the present inventio par.ed
fol | owi ng gerﬁgr gll QE@"B@E t?rg%aref freey ! "1‘38@5}47\%a t}‘afl‘;'(}@dfl
EXAMPLE 10 1BirPy Ialcbnmanttloonceatrducﬁuof B mMrma&tygllamnm‘nuﬁn adgtatp (OB ARYL e
Ciag 2t rges. The £ 1 Phaglalbeafifs e bl h8s Rl Wedudttn AL LNifY N 0®
line HPL.C mass spectrometry on a Hewlett-Packard (Palo Alts, CA) 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 %
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. AXHPLC 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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chromat 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 I2p Jutyaroo40 nM
NaCl to 10 0.8 M NaCl in two columm volunes at 6.5 nL/mn. Appropriate
fracti onswProasaesi on exchange chromat ography were col | ectred/sadosissal 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 mMtriethylammoni um acetate (TEAA). 15 Mass spectra of the purified

tri phosphates were detr crrometry on a
Hew ett - Packard (Pal o %Qﬁg‘x?ék/s%’ %R%ASpﬁ&eﬁﬁeﬁgn&ﬁé% \(Jeﬁﬁlot (‘ffé? 2)), 150
x 2 mm pl uPrdered follpyvingiihe gensodl ppoecedBremndepraibed o BersiledromabettiSOUSHEGr RP
HPLC. A O teQigfdyelinear gradient (15 mn) of acetonitrile in 20 mM TEAA

(triethylammoni Um acetate) pH 7 was perforrred in 20 series with nass
spectral detection in the negative ionization node. Nitrogen gas and a

~pneumat i §-nebul i zer were -used to gemEAV@IIEE el ectrospray.- The nass range -

of 150- 900 was sanpl ed. Ml ecul ar nmasses were determ ned using the HP
Chenstation analysis package. The purity of the purified triphosphates was
det ermi ned BiasaSataottal ChbracbzRR o’ A)ﬁﬂtﬂalsﬁlnatRBetﬂthEeWth a Phenom)nex Luna

S 2 000 acetoni trit o ool s MsRRIk! G SnfitelllE LRSS, VBl "
was per f or mivephomweresdeterBimg dytsisecrib@ddn ExamplePh rinsicd &) theTollphingpitde es

were el yhed [ E%% 8 entration
of 50 MM Tri s thgﬁﬁc;ﬁﬁéq aﬁﬁ!kx@nfq %ﬁtél IﬁaeSZ&%ér\%loé peg'{agggg?)%?d&gsﬁﬁ gér%er ally

280%  ExAVPREPHEd aeoniesh Msparb Bt anRes. Thyoponenymbess o

02/ 057287 P@'ﬁé@@ﬁd%ﬁ%%aﬁhew)ﬂp&mw@@e §-oippogmharsphat es of the present
invention were prepared follow ng the general procedures described in
Tetrahedron Lett. 50: 5065 (19674 -—5-EXAMRLE 12 Mass Spectr al

Characterization of 5 -Tri ph@iaﬁ@tee [eslcwiatedv ¢s Fvass gpectra of
5'-triphosphates of the corrpounijs 0 ‘tryao%r €s 3nt519.9_ '
2 5200 | 5200
3 534.0 534.0
4 - 536.0 536.0

15 . EXAMPLE 13

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

monophosvhate
. ' NHo
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
-38-



invention were determ ned as described in Exanple 10. Listed in the
following table 10 are the calcul ated and experinental mas

representative 5 -triphosphates prepared according to the procgdébbes of
Exanpl e 9wdOlkasesanpl e nunbers correspond to the parent q@p@endseE 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 of 2

3-dl -pyrimdinel-5"- rmnophosphate NH2 O N HOP OONN HO LCH3 HO SOH

20 To the co ten k.o ample 2 (14 .05 I dried by
coevapor at i olﬁﬂl\%ﬂt o dﬁ%ﬁd\%a Sgﬂ?f’ "5@ RIE ﬁ‘ﬁé SWT?%&F% lﬁ@n@ﬁ@!ﬁgt ded
trinmet hyl pki’@gfrﬁﬁt?at\}else@e@hnﬂ))y addrg omiok tetragth wasngdriinmn ddcaoheratd (FRAB)(1BN)seal ed

t ai | t : 0. 0070 nL,
6078 38 2305 SRR A Eriendltl BARRBARL RTINS Sded via
a syringe. ﬁ?@OTﬁilbgttalﬂ@mgadglﬁqlqsgaqudnEsaﬁlp&tl(Dc then the reaction was
quenched sby Rideidni myqﬁaas@pémhhm@mnﬁmbswtbppﬁﬁ)ecsﬂEfaB) (1M~ (0.5~

m.) and wat 5 action mxture was purified and anal yzed
accordi ng tgéltzﬁg b%e%ﬂ érggescrl bed in Exanple 10. 5 El ectron spray nass

spectrum (ES-M5): Found: 359.2 (MH+), caalc: for CLl2HL7NAQO7P 359. 1.
EXAMPLE 14 10 f4- Am no-7-(2- C—mthymg;ﬁ@l furanosyl) - 7H-pyrro| o[ 2
3-dl -pyrimdinel-5 - di phosphate NHZ % PCP

10 [4-Amino-7-( 2—C—metth-B-D-ribofuranosvl)-’?H—pvrroloF2,3-d] -pvrimidine]-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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N“OOIl I HOP-OP-OONN HOHOV-CH3 HOH SO To the conpound from
Step F of Exanple 2 (56 ng, 0.20 mmol) (dried by coevapoagé P %)3
pyridine and several times with toluene) was added 15 tri h@' %19 sphat e
(stored ovenzei7eares) (1.0 nmL). The mixture was stirred ovecmighinsosn 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 mml) and

tributyl ammoni um phosphate (generated from phosphoric acid and
tributylamne in pyridine, foll owedg F# 5ed azeotropi c 20 evaporation
with pyridine and acetonitrile) (1 3.30 nmL acetonitrile) was
added. The m xture was stirred for an additional 30 min at OC, the sealed

vial was tpeAeReNed.ahgkth AEAB (1M

(1.0 nL) and. yat er : SP anal yzed
accordi ng tl%lﬁ\p'—gg}iﬁﬁ‘?ocedure descri bed i-n Exanple 10. 25 ES-MsS: Found: 439 0

(MeH-)ycal-efor-CL2HLSNAOL10P2- H+: - 439.-04. -~ -39 22 July- 2005 WO

02/ 057287 PCT/ US02/ 03086 EXAMPLE 15 (4- Anmino-7-(2-C r{’#ﬂi}yl --

3-D-ri bofuranosyl)-7H pyrrol o[ 2 3-d1-pyri m dinel - i phosphate NH2 N %
J O11 11 11 OO0 HOP-OP—%P—O(S) N cI)—|O HO HO

1 11 1l
Ho—lf—oml;—’—o--lf—()’wN N
HO HO HO Lok,

To the compound from Step F of Exafnple 2 (20 mg, 0.07 mmo})

(dried by coevaporation with pyridine and several times with toluene) was added
trimethyl phdsphate (stored over sieves) (0.4 mL). The mixture was stirred oVernicht
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 stirred 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.
- ES-MS: Found: 519.0 M H+), calc. for C12H19N4013P3 H': 519.01.

EXAMPLE 16

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




To the conmpound from Step F of Exanple 2 (20 ng, 0.07 mml) (dried by
coevaporation with pyridine and several tinmes with tol uene)2 \(\fa %ged '
trimethyl phosphate (stored over sieves) (0.4 nmiL). The mxtur wWas “stirred
over ni ghtwoiswosr2seal ed container. It was then cool ed to OgpishRIGEPHOr 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 m xture was stirred for "an
additional 30 mn at 0OC, the sealed vial was then opened and the reaction
quenched by addition di trEamngorryl f{om Stepih) ofdhmpde 2159 Signl.) 8 nhel) %8s
reacti on m xdds ure
reaction mx e%qﬁ@&ls%amm@r@g@%gmm&19&&99%4 ﬂ)ga}t&gta ﬂaﬂugﬁs}%@
C12H19N40 13%015[( petgalyed pith qauegus HEChE@M)snd evaporated m vacuo. The residue

7- (2- C et hyks p&ifed mbghbmaagtzas%ﬂgl)hcmr@m&mh@h%ﬂfan@l @y gkl #Adbnone O
u

JNH
comoﬂfr%@?% tEBde%faWﬂ?BO X‘E% PGEPORt aqueous
sodi um hydr proddet (63131) ) aThechilktsie was heat ed to refl ux for | hr, cool ed,

Bﬁf”?'ehzgﬁ”g IRERYERYS, SeiroleMpaad avapRtah sl vAGHR, cThengppicue  ves
Fractions 5(CedmHEeni 7t3ﬁédp?r@H@clH)Aér3é (podied and evaporated in vacuo to

gi ve the de5|red product (53 ng) as a colorless oil. 1H NVR (CD3CN): 6
0 70 (s 3.34-4.15 (overl appi ng_m 713),7 6.16 (s, 1H), 6.57 (d, 3.6

Hz, 350 7 37 (d, 3.6 Hz, 1H), 8. , 10 EXANPLE 17
4Amn05chloro 7-(2- C—rrethyl p- Drlbofuranosyl) 7H-pyrro|o[2
3-dlpyrim dJl r}Snm(oj 5-CN]|_1|OIO—7 2-C-methyl-B-D-ribofuranosyl)-7H-py - Afpvrmidi R

.’/

OH

HO -

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.

‘The crude product was purified on silica gel using methanol/dichloromethane (1:9) as .

St

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 C1oH;sCINGO4+ H': 315.09.

25 ' EXAMPIE 18

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

_4] -

WD 02/ 057287° PCT/ ugozl Q3086 To the - -
0 th



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 mmmol) in DVF (2. % added
N-chl orosuccinimde (0.075 g, 0.55 mmol) in DVF (0.5 nL) rop The

. solutionwas2zsiesred at rt for |h and the reaction quencbeq}/{tsm;adddti on of
met hanol (4 nL) and evaporated in vacuo. The crude product was purified on
silica gel using nmethanol/dichloronethane (1:9) as eluent. Fractions
contai ning the product were pool ed and evaporated-in vacuo to give 20 the
desired product (55 ng) as a colorless solid. 1H NVR (CD3CN): S 0.80 (s,
311), 3.65-4.14 (overlapping rri, 7H), 5 97 (sypyf, 21-1), 6.17 (s, 1H),
7.51 (s, 1H), 8.16 (s, 1H). ES-Ms: Found®, 315.9 éMrH ), calc.for
C12H15C1N404+13' -: 315.09. 25 EXAMPLE 18 s

4- Ani no- 5- br omo- 7- ( 2- G- net hyl - J3- D-ri bof ¢f an syg‘-m pyrrol of 2

3-dl pyrimdine -41 22 July 2005 WD 02/0 / US02/ 03086 Br NHZ IN N

N HO V-CH3 HO OH To a pre-cool &3 { o (OC')\l of the corrpoundfromStep F
~of - Example-2 (28 nmg, 0.10 nmol) in- .5 nL) was added- - -
N- br onpsucci ni mide (0.018 g, 0.10 ﬁ;"bl\/F (0.5 nt) dropwise. The

solution was stirred at 0OC for 5 20 are p1en at rt for 10 mn. The

reacti on was quenched by addition OH thanol (4 nl) and evaporated in
vacuo. The crude product was purified on silica gel using

met hanol / di chl or omet hdige: Jra-cogled solatione 1°C) pf thetqoampound from Hiepd ofhe pr oduct

wer e p|00| FExéfﬁﬁle%lf@l@% e ihoY)as ¥MEQ0 G HE) WAL HRAIN-8 RS Imild 3. O ng)
as a coror ?OS (?18 gs,% i(gj 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 co'ntainimy the product were
pooled and evaporated in vacuo to give the desired product (13.0 mg) as a colorless
solid. ’
10 1HNMR (CDsCN): §0.69 (s, 3H), 3.46-4.00 (overlapping m, TH), 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 _

B
=

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 eombined filtrate was evaporated and purified

42



10 1H NW\R (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-ME: Zg%pdz'oogw.l
(MtH ), calc.for Cl2H15Br NAO4+1-1+: 359.04. EXAMPLE 19 15 y '

2- Ami no- 7wg2n@stmet hyl - - D-ri bof uranosyl ) - 7H pyrrol of 2, 3- dbpymispi/éhoste O tr
NNHR2 HOs N Me HOB 'OH A m xture of

2-anl i no-4-chl oro-7-(2-C nethyl - (3-D-ri bofuranosyl)-7H

pyrrol o[ 2,3-d] pyrim dine (Exanple 4, Step B) (20 ng, 0.07 nmol) in EtCOH
(1.0 nL.), 20 pyridine (0.1 nL) and 10% Pd/ C (6 ng) under H2 (atnospheric
pressure) was stirred overni ght at roomtenperature. The m xture was

filtered t hridughlice ssdrelumnysith GHeCh/MeRE. 20 brad §DAL, eeelberd toivh tiE s, The

conbi ned fildy @nd\@ésa@ﬂﬁ@gmﬂt@g d purlfled -42 22 July 2005 WO
colum with CH2Cl 21 MeOH, 20/1 and

02/ 057287 P /
i et iR R L) o -
NI\/R (200 VHZL2. Imom H-57)03 86-4((3, (n3HH, 2{-6, e X), zBlSZdUnglhslém @HFHJ’

Fhie b o AN R0 ST 1

7.39 (d 8. 48. QE§M$H;81HL ES MS: 281.4 (lvilt). EXAMPLE 20 10
2- Am no-5-net hyl -7-(2-C 2- O—dl rrethyl (3- Dnbofuranosvf-?l—l—pyrrol o[2 3-

dIQ/rlmdln 4(3H)-one M ONH Hpl O N NH2 Hd ' QOwe
EXAMPLE 20

10 2—Ai1ﬁ11_0—5-methvl-7-(2-C,2—0-dimethvl—B-D-riboﬁlranosvDJH-pvrrolo[2,3—
dlpyrimidin-4(3H)-one

Me O
aks

- A
HO o7 NTTUNH,
y Me
HO  OMe

Step A: 2-Amino-4-chlore-7-[3.5-bis-0O-(2 4-dichlorophenylmethyl)-2-C-
methyl-B-D-ribofuranosvl]-5-methyl- 7H—nvrrold[2 3-d)pyrimidine
15 To an ice-cold solution of the product from Step C of Example 2(1.57
| g, 3.16 mmol) in CH,ClI, (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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Step A: 2-Ami no-4-chloro-7-[3,5-bis-0 (2, 4-dichl orophenyl nethyl)-2-C

met hyl - (3- D-ri bof uranosyl | - 5-met hyl - 7H-pyirol o[ 2, 3-¢ | pyri n,dj P}&O%g To an
ice-cold solution of the product from Step C of Exanple 2 5 3.16
mol ) in ¥WRE0F72650 nl) was added HBr (5.7 Min acetic aciRi:T/l:Eozrosﬂsb
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 wth tol uene
(2 x 20 nL). The resulting oil was dissolved in MeCN (20 nL) and added
dropwi se to a 20 sol utlon of the sodi um salt of

2- am no- 4- chl or o 5- - dlpyrimdine in _acetonitrile

rrolo
[ gener at ed 2R hf'i&aqer(gﬁ? é‘g%ﬁtﬁoﬁ*%né%? §Fp e5digptiap the pluent. Fractions

pyrrol o] 2, 3cdhipiirgthdipReinLf @éw[@bﬁﬂ)@{eatalnﬂ Ryarsefed i PAc@s té\%fgig t%_'k;ﬁl@lredg8ﬁla y
an

708-721] . 2 o) drous acetonitrile (

(60%in m néf' ‘ﬁmgqorg,%gjﬁgcﬁif eésgmf#m after 2 h of vigorous stirring at
rt]. The conbined m xture was 25 stlrred at rt for 24 h and t hen evaporated
~to dryne resi due %ﬁ: g d & nd.extrgcted with- -
Et QAc (3%0 F—er% ] §%ﬁﬁ?8q X e é CB 100 -
m.), dried over NaZS AIMETY e z : I

purified on a silica gg nqeé GF&]ﬁﬁtﬁier&@pré’(ﬁkFﬁoﬁfﬂﬁ%A@QS% élﬁlﬁin’%%OS VO

02/ 07287 PCT/ 086 t ot % Et OA 5% di ent
s e o T e e NG S rbinprbaictd ey Bl et b3 o)
]ccavapor ?t edSlhn Thes BeIt(08 gLy wat hdtiedesil redtiophRgued stirfed ridbr 85haTEE| or I ess
- foam

27 A no 9 o ARG 2 gusehed i MO and fhedPBSHA SRRl Fhe smade progact
di met hyl - R- Bras phfied amesifich g8k anbithy (5 ¥ B-pym) ading Rex3nellefiyt aceitaié (961, 7Th _an
ice-cold m )Sﬁfjérﬁab‘l’i‘i)% At OfNEliod ré?)m Ecpgér%?&itg&s% Qoxdbi %1 g in THE (7

n|L) was added |n m nera rrre 0 Cfor 0.5
h. Then Mel €yagratgd wa@v%@é@smﬂdcqarwv%%porm wrecapilessddarat rt for 24 h.
The 10 reaction was quenched with MeOH and the mixture evaporated. The

Pexane! b1 hy PSRt at o foMEInS
cont ai ni ng t he product- m&@ﬁﬂmmvﬂe‘ﬂnﬁﬂﬁﬂ 7@@&@@&2@1@1%@_@@)@@ red
A no- 7. (3.5 b1 5.0 (oGl BORMTTR g 200, 03 mmeh iy 14
"R-D-ri bof ur ginoeyd (115-1‘5Lhmd'@,qu€mh§WHdBN 132ml3 imlk pyesture dotike-wWisJiericdne
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 .
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A m xture of the product fromStep B (200 ng, 0.3 mmol) in 1, 4 di oxane (15
m.) and aqueous NaCH (2N, 15 nL) in a pressure bottle was ' vern| ght
at 135 C. The mi xture was then cooled to 0 C, neutralized vvlth '
aqueous HGlo @ndrmvaporated to dryness. The crude product \ﬁqﬂ%@@@ﬁgged 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 g| ve the
desired corrpound (150 ng) as a colorless foam 25 Step D

2- Am no- 5-net h 2-C,2-0-dinmeth)rl-(3-D-ribofuranosyl)-7H

pyrrol o[ 2, 3- f@ﬁé@rh%@ﬁ@nam@mﬁt%é’) mA) ist Lt PfC adupieo dundsphigrom:Ster C (64
ing, 0.1 mTQif)h %%ffe?stmﬂ}l @%KEB% Ql@e%a&@mﬁiﬂur&%? ex%d%l%ré %9) Wat hen

hydrogenate%ﬁ Parr W?ﬂ at er ’at psi

filtered throtgh ﬂa @éﬁt% %Vaﬁaﬁit rgl{héyeiid ePﬁ@P@t@mfsﬁd\mma\/ﬁd wiwméll The
conbi ned fi |>tTiatrt}m:ﬂ§CHy@QM@®H 3@!|1!d”0/llﬁnd 169) M@uifis LieRnodra silica gel
~col-urmm (- 30/ 1, 20/1) as —-eluent to yield - SRR

2- ani no- QOI‘EH ‘72,1\”(&5&1’@36‘@%? eeﬁeér 1% di et hyl - (3-D- —
ri bof ur anosy]IH NMR (900 bk, ZIBOT)p§i 0181 (6 3HAL GHfepnel6 (Iha Lonpeursiieg37 ng)

was -44 22 0 5 2/ 0 0 furth dr. ed in
EOH (2 nb) o, b £ 2ba2 OB SRR ki 8 2 hy P EGan:
After stirrihgl-3.9dys 38 B-51, H-44, %%)e@dt)l(&)dﬂqﬁd’ur@tiﬁvas 1§, Ft@x ed t hrough
Celite, theEgMgg@ggqm_@gfated and the crude product purified on a silica
gel col H@n X 7 cm wth CH2C1l2/ MeOH (30/1, 20/1 and 10/1) as eluent to
yieldt t|tIe 5 conmpound (12 ng) after freeze- dryl ng. 1H NMR (200 MHz,
CD30D): S 0.81 (s, 3H, 2'C M),.--2. 16EXdMIIEE 61 C5-Me = 1.3 Hz, 3H, C5I\/b)
3.41 (s, 3H, 2'-0w), 3.67'(dd,'J5.4.: 3.4 Hz, J5.,S. = 12.6 Hz, 1H H5");
3.81-3.92 (m 3H, H5", H4, H3), 6.10 (s, 1H H1), 6.66 (d 1H, H-6).
ES MS: 323. 3-AMigd-S-methPl-FXNPEhRT-D-ribofuranosyl)-7H-pyrrolo[2.3-d]pyrimidine

4- Am no- 5-net hyl - 7- (2- G- net hyl - (3-D-ri bof uranosyl ) - 7H Ryrrol o[ 2

3-dl pyrimdine M NH2 Me NH-

/ I 3 N ~
NP
HO O N
Me _

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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SIN HONN M HO'OH 15 Step A: 4-Chloro-7-[3 5-bis-O (2 4-dichl orophen
| ~hyl)-2-C et hyl -[3-D- ribofuranosyl|-5-nethyl-7H pyrrol 052 juiv 2005
[2.-3-d1lpyrimdine To an ice-cold solution of the product from gt C of
Exanpl e 2wole208728g, 21 mmol ) in CH2C12 (30 nL) was added I-ﬂlarrnﬁgigg,rﬁz.dyhi n
acetic acid; 2.2 nL) _ dropwise. 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 nL). The resulting oil was dissolved in
MeCN (10 nlL) and added dropvvi se into a solution of the sodiumsalt of
4-chl oro-5-ne Fyl -1 H pysol c(); yrimdine in acetonitrile [generated in
“situ from 4-BhsEDVERNAY ﬂifﬁ P@fi BRRovie} phheiommdn preduqtves pprEpheaci on,
see J. Med. ghemel 331urrﬂn‘3@4< ] &&%édw (8x Hid/ethyl ac&atmh 5/11 m/an élreﬁtbb% tBe

acetonitrile m neral oil .7 mol ), after
SRR T R AR MR s W A

for 24 h andeivhthe deevappodt@d0.80 siinynedsilesEieammesi due was suspended |n
—water-(1@0 -nL) and extracted - with EtOAc (250 100 nL). Fhe conbi ned
extracts were washed with brine (50 -45 22 July 2005 WO 02/057287

PCT/ US02/ 030%ep Bi-) , dr f#-&ihlorg r-mikhy5OA2-G-idethoil- $eb afbdfiavapeh éfedyrdbE 3+ ude

- product was purified O?M il ca gel colum (5 x 5 cn) using hexane/ et hyl

acetate (9/1, 5/1, 3/1) gradient _as the eluent. Fractions containing the
product were conbi ned &P sSelitipophtegompoyntiiemyer i P&7tm8 demobdd product

210 Cﬁr 9) as cﬁclﬁ@f@ﬁdtﬁzﬁfe (hoam) a5 7%?@1%@ Sld]ged boron tnchlonde (1M i ml -

orq vl i, bof ur a rrol o
dl pyrim | ne ':Ilgglé’n%%'i(‘ %ﬂenbﬂr? 9t91 SHe(e i E[glﬁ]’@%‘ )5!0%/ Irﬁefl‘ﬁ"]g 9ol )
in dichl or chehhthee af 30°QLp -20°C KBG MaiEheaﬂdﬁdmbmisGIUehéhedMymddﬂﬁn(oiM in 10
e ot e B TRL) o PIAGe L0 e i S0
addi tion of 30wthdhen helitekivest witk aauases amnoniy & RC)andrsdred et 1 &slStriing

m xture stirriRtoRl wakTHet and3Pasibdwith SRR /208 W § MTRAUSRSRMTONI a

at 0C ar‘ig sttlrred at it for 15 mn.
iltrate was evaporated, and the residue was purified on a silica gel column (5 X 5 cm)

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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The solid was filtered and washed with CH2A 2/ MeOH (1/1, 50 ni). The
conbined 15 filtrate was evaporated, and the residue was pu¥ ujyefb @n a
silica gel colum (5 x 5 cm using CH2Cl2 and CH2C12/ MeCH 840 1 and 30/1)
gradi ent w® édne7shuent to furnish the desired conpound (GQcAZu@)oass a
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 pyri m dine To the conpound from-Step B (0.2 g, 0.64 nmmol) was added

met hanol i ¢ ammoni a (saturated at 0C, 40 nlL). The m xture was heated in &
stainless steel autoclave at 100C for 14 A, then cooled and evaporated in
vacuo. The crude mxture was purified onsa SiN"&? gel colum (5 x 5 cn
with CH2C121MeOH (50/1, 25 30/1, 20/ #HO-gkadi en eluent to give the title
conpound as a white solid (0.12 g). 1H N dé): S 0.60 (s, 3H,

2'C M), 2.26 (s, 3H 5C M), 3.52- 3 61 5'), 3.70-3.88 (m 3H,
H5", H4, H3), 500 (s, 1H 2'- Q (m 3H, 2'-OH, 3'-0H,

BN OH) ;6. 04-(s, - 1H H17) ;- 6. 48HO r S o NHQJ) 12 s, 1H, H-B), 794

(s, 1H, H2). ES M5: 295.2 (MHO. 30

4- Am no- 7- (2- G et hyl - 5- D-ri bof ur anos l%’*yrrol or2 3-dl pyrim di ne-5-
carboxylic acid 46 22 July 2005 WO /052287 PCT/ US02/ 03086 0 HO C NH2 N
J HOON C H3 HO bH The conpound Exa e6(00359,011mm|)vvas
dissolved in a mxture of aqueous ammonia (4 nL, 30 wt % and saturated
met hanol i ¢ anmoni a (2 Theldompanad af Exdruple @(06BS5 14202 1 intnula iwess d{sBolntd in3b vvt 0/()

Mo ot vent whRSEP by QRuCalIlahi(® ES0M 4§ G b RE TS EREE IS, QOF 28

h. Sol vent was sure e resi ai ned

was purifi ediby appeclyfonof Hsz@zzgewqma@enLcﬂ wh) (ab addsid. Albeireasticn 18, | Ox
299 mMm A = = MBHBE waB sme&ﬁt@&httémi)&atu;@f&f@B@p ShrRnt-was removed under

reduced pressure, and the residue obtained was purified by HPLC on a reverse phase
columm {Altech Altima C-18, 10x 299 mm, A = water, B = acetonitrile, 10t0o 60 % B
in 50 min, flow 2 ml/min) to yield the title compound (0.015 g, 41 %) as a white
solid. . ~

10 1HNMR (CD3OD) 8 0.85 (s, 3H, Me), 3.61 (m, 1H), 3.82 (m 1H) 3.99-4.86 (m,
2Hj), 6.26 (s, 1H), 8.10 (s, 2H) 8.22(s, 1H); >C NMR (CD;0D): 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 C3H;7N4O6" 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 : ribofiranose
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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 NVR (CD3CD): 8 0.85 (s, 3H, M), 3.61 Q@E&Ij)o 3.82 (m
1H) 3.99-4.86 (m 2H), 6.26 (s, 111), 8.10 (s. 2H 8.22(s 21} “"3c R
(CD30D) : wO0.028572861. 37, 73.79, 80.42, 84.01, 93.00, 102. 6@cThkd03686 130. 07,
151. 40, 152.74, 159.12, 169.30. HRVMS (FAB) Calcd for C13H17N406+ 325. 1148,
found 325.1143. 15 EXAMPLE 23

4- Am no-7-(2-C-vinyl-(3-Dribofuranosyl)-7H pyrrol 012 3-dl pyrim d| ne NH2 /
\IN HOONI NJ HO SCH Step A 3 i
5-Bi s- O (2, 4-di chl'or ophenyl net hyl ) -2-C-vi nyl -1-O-net hyl -a-D- 20

ri bof uranose -47 22 J§sjiuppgsoridgdepptiodrzs@Opctr 4202103 066 figelyicmmshedl or i de
hept ahydr at en § pR-lhatciBdorar BN |tr)an§f@ﬁe(i td‘@fo\ﬁnﬁfﬂé&hﬁlﬁask'% %pﬁe@“ﬂﬁﬁt ed mortar

and transferred to.a.rou t | ask equi pped w t ani cal
stirrer. Th&¥{gueal mgreqqgﬂﬁgﬁa 516?4? Hn%é’éﬁh’r‘(f’&}‘éﬁnrﬂ‘fﬁﬂ% ghitat 1GHE. Thse

vacuum was Nexttmmswds teleteed @idgo grggﬁ @nd e fﬂds&&ﬂ&as%ﬁle@@@f&ﬁn te@n;fef)%@llﬁﬂe < T

-tenperatyrey C he flas e
resul ti ng susp sl Oﬁﬁ%\?@ga_gﬁ) ("faé&a%?')l?% t? @T?‘pti?sgt ﬁ%@ rqsfting SHSRERSOR hen

cool ed to - P&s@&idd atybomgempératme furdihi dsl thddtosledtd~ 73120 ‘ﬁinylrﬂzﬁﬁeﬂﬁml ) was

added and stjqifiig glfmgﬂg'}gﬂq% ?%1%@ nftnolh Vas ddlfed 1@ HfhSe SHTREAPL 2G5 WRS

added a sol ution
di chl or ophefﬂfl-rfhe'f‘hﬁﬁ suspensian Yigd addedasplption of BenbisfQif2frose- 2- ul ose (14 g,

30 10 ol kichforeyn eﬁyﬁmﬂh};?) &a%k%@lﬂﬂéﬂﬂf%%@ﬁ%@k@zﬁ&% ('ﬂltrk 3 rOpW' se

ith t ant re I on rred
\rMeact i g S it cdﬁtf Eﬁﬂgw §é‘§ﬁ§fa QP Hﬁf)d‘ém%’!sﬁt"i’lﬁh and
al : owed tg carsent mmagmrhemamagm @urri&lﬁ —fZVBfUJfbeél\haSI‘hfelrl)aécﬁ_l‘i)_ﬁ%aE hrough a
celite pa Wi t t e organic
| ayer vvgs sggéahr %]:F‘a”tg%t%ﬁ §8’|}]1§1 RIS ﬁutig& Wo@lgﬁ’%@t‘? FOTEE BUOPB x 200
m.). The cotfsipsedumsr @anmrmxtuagwmfﬂﬁareé thhoiglla ovlgte padwmmeoessdtmaﬂﬁ@éd and
concentr at eq,lth@t%) §%H§nL eITI %nk aT%g‘s,% ée? 'tllié %%pgys la{,é(rash

chr omat o5gr aphy 21 oun
, extrac ed with Et20 (2 >< 200 mL) The combined orgamc Iayers were dried over
anhydrous NapSO4 and concentrated to a viscous yellow oil. The oil was punfmd by
flash chromatography (Si02, 10% EtOAc in hexanes). The title compound (6.7 g,

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-1H-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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13.2 mmol ) ‘was obtained as a pale yellow oil. 20 Step B: 4-Chloro-7-f3
5-bis-O (2 4-dichloro henyl net hyl)-2-C-vinyl - rlbofuraagij ?Ekp
rrolo[2,3-d] pyrimdine To a solution of the conpound fron1Step &p g,
12. 6 nmol Wa rvesashydr ous di chl oronet hane (150 L) at -20 Govasoadshes 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 nL). The oily residue was
di ssol ved in anhydrous acetonitrile (100 nlL) and added to a sol ution of"

t he sodlun1salt of 4- chloro | Hp rroIo 2 3- d]pyrlnldlne (5 8 g, 37.8 mmol)
in acetonitrt . leghildye EhAlin BtD- :
The resulting nlxtureImﬁﬁu@$$£mgggﬁﬁmﬁgggqQ£m$ R0 tenperature and
stirred at roon1tenpe ure tor was then evaporated to
dryness, taken up in éwn&wan%ﬁwwa§WBéiGpt%@tﬁ@méwvévaigobeﬁanNHWhe
conbi ned extangaintoMgs @lickane dn@yREedNaSidnlchd dit bOehbANTheDEARPK A &Qledﬂ? e

Texanes) Jand BRe a5 PUPY “Eigs B R N B T SRS

July 2005 &8 fOZﬂﬁ?—éﬁIﬁﬂBﬁaR@E/aﬂS@@ﬂ 63e8HoBtemdGhe residue concentrated to a white

4. no- -1 31 Ui Q2 g gl REPRLEDML AR 2t - (3D,

ri bof uranosyl pyrr pyrim | ne BURA from St ep B (80,
ng) was di ssolved in the m ni-mum anmount of 1, 4- dloxane and placed in a
st ai nl ess st pbonb. 4‘[.]51@[]1{9 G @andbispis d anmoni a was

added. ‘[p was seﬁ C an € ammoni a was
al I owed “to evaporate si due concentrated to a whi te solid whi ch
was used in the next sIepsolifidioofthé doh @Enmmet ALCI(OMme $hep D: =Y

4- Am no- 7- ( fura rr| 1 di ne To
a sol ution (%lii%} 8‘“85‘%%%%(1 gf ro%a§?£%%é % ﬁ@%ﬂﬁﬁﬁﬁﬁﬁﬁg} hard at -78 C
was added bekenwise.i Tid miitde wasMtirredai €M 82 om@t handgn ad30RG ®e20Tadoni xt ur e

was stirredsgt Thzgca df)ﬁ(v ggern:hea Bg?dtﬁ{lo% m]%h%ﬂc «ﬁghlgr thangre Pr

reaction_was quenche tion or omet hane and 15
the resdPti Al wrwding guétflrtr stisepdt —13 SCEor P hothsn peutraiigad maty aqamv@ed with

agueous ~ a ][rmlaﬂnauaat PC @acktivietifat ﬁﬂ)n@i&n{ﬁéﬁiﬂﬁf}e ey lﬁ«ﬁﬁl r'Phe}: éﬁfhd]@as?lflémd-r;‘_ﬁ
igmlai n\ggsf I:a{lé gh%»gi?h mve\zktahanoﬂdlvmltoromet anen(? ]Ffie cgr%ggx?ed f1 t?aete as ). ©
evaporated and the residue purified by flash chromatography (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. for C13Hi6N4O4 -H": 2912, , : /

et

25
EXAMPLE 24

4-Amino-7-(2-C-hydroxymethyl-B-D-ribofuranosyl)-7H-pyrrolo[ 2. 3-dlpyrimidine
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evaporated and the residue purified by flash chromatography (S @2, 10%

nmet hanol in EtOAc containing 0.1%triethylamne). The fra(étzlJopjv,noﬁsnt ai ni ng
t he product were 20 evaporated to give the title conpound &5 "d e solid
(10 ng). vibloMR4DOVEO-d6): S 3.6 (m 1H H5"), 3.8 (m lpcrhishridsess3- 9 (m
d 1-H H4), 4.3 (t, 111, H3"), 4.8-5.3(m 6H CH=CH2, 2'-OH 3 -0OH,
'-OH) 6.12 (s, 1H, H 1), 6.59, (d, 1H H5), 7.1 (br s, 1H NH2), 7.43
(d, 1H H6), 8.01 (s, 1H H2). ES-M5: Found: 291.1 (M11-); calc. for
CLl3H16N404 - H': 291.2. 25 EXAMPLE 24 : )
4- Am no- 7- (2- G- hydroxynmet h(3-D-ri bofuranosyl) pyrrol o(? 3-dl pyrimdin
-49 22 July 2005 WD 02/057287 PCT/ US02/ 03086 E2 N ~I J HONOH HO
SOH Step A: 4-Chloro-7-f3,5-bis-0O(2,4-dighlo henyl nmet hyl ) - 2- C-

hydr oxynet hyl - R-D-ri bof uranosvl | - 7H pyrr 2,3-dlpyrimdine To a
solution of the conpound from Exanple 23, B)(300 mg, 5 0.48 nmmol) in
1, 4-di oxane (5 nt) were added NH® ol iNe- N-oxi de (300 ng, 2.56

~-mol-) -and-osmi um t et roxi de (4% sol ution in water; 0.3 nk).  The m xture was- -

stirred in the dark for 14 h. The pret
through a celite plug, diluted with saté , and extracted wth EtOAc.
The Et OAc | ayer was dried over Na2B8&1 an concentrat ed in vacuo. The oily
resi due was taken up in 10 dichl oronethane (5 nL) and stirred over NalO4 on
silica gel £8pgd: 10% Mabiiddyo- TMB,SJI:ﬁs-Oh(z,éeriehloscbﬂﬁenalnwﬂhvl)AM renoved by

filtration and the re t e et hanol
(5 nL). The solution B EEEPORBhEMAN R it éSldrl de (300
my, 8 mml) was added Tiorn sohgtian gidhe ¢mppunt i E%ﬂlpler?@ ﬁiGEtBJ@@O ME@s stirred
at roomj e”BQiTS%IHBB 1f1 Ql4- éloﬂajﬁar@ gt ent. n‘%tﬁ rrf%@ﬁﬁ :Nﬂgmgé i 15
| ayer was w%sg% vvi wat er nl), brin dr.i ed over
Na2So4. The ) and osmium etromde (4% solutlon m wa er, 0.3 mL) The mixture was

stirred in the dark for 14 h. The precipitate was removed by filtration through a celite

plug, diluted with water (3 X), and extracted with EtOAc. The EtOAc layer was dried

over NazSO4 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

was renmoved by filtration

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

4- Am no- 7\3\/'&)3),255%$- O ( 2, 4-di chl or Ophenyl et hy| )- 2-C 20 h g&T/USOZ/ﬂ:‘OS()
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 nm.) and placed in a stainless steel bonb. The bonb was
cooled to -78 C and liquid amoni a was added. The bonb was sealed and
heated at 90C for 24 h. The ammonia was allowed to evaporate and the

resi due 25 ddercent r at edAmung 7wRiG-bydrok yroethli- B -vibsfurrmesyl)-iHt gyerohe213- st ep
wi t hout further purif -50 22 July 2005 WD 02/057287

PCT/ US02/ 03086 St ep C@M

4- Ani no- 7- ( 2- C hydr oxyhiferomponl fyor Bep BrdAd s §-2armphrras|digsolved in 1:1

?

. d' pyrl m d' n%&ﬁﬁl&@fﬂﬁ%@ﬁeﬂlﬁﬁgm@%% B k2088 anf e éﬁ@iﬂénho%ﬁrrgﬁ ﬁﬁ@ér\éﬁd in R

: /-dichl: oro th ~10% Pd- C was a e suspensi on-
st | rr ed %WOS@"‘EFT? Féta Yétrwifzreﬁlo"?‘ggy ggf%‘lof}élﬁmﬁé%af;@%%@ by

filtrati on tahdwghemﬁabbpleumﬁbuwlmﬁm Wht BobPEOHRrATRANt S Of

t hanol Th mbiped filt d th

pur 1 116 by FTBLRERR st abf MBS Rut B Sl P AR R s i 0 g
0.1% tri et hyhadhinodjn Et@@ mtmmegﬂﬂt% tiatioyipoined to S0¢ thegitleamnmmpownd {3 powder .
&851;4 NNR( qg)awlﬁt d, lH CHZ) 3.33 (d, 1H, CHZ"), 3. SEH(mH-iH)
6.58 (d; 01H W&R(Cl?s(@) (5ti3 1244, IHZ 6¥ )83é§(‘ésu‘1m1”915-‘2§2 (red 1-bund:
297. 2 (MrH+B9c4l1an, mrHﬁlalrisGM%(dﬂﬂm-ﬁ%zﬁ (s, TASHEXAYR 2D H H-5),

ﬁ"_é\m no- 7- (2N7r4(§ Mﬁ%r %}Sh@( @D&@pof uranosyl)-7H pyrrol oI 3-dl pyrim di ne

4- Chl or o 7- fLZ-MDiFoutd (D74 @i-chiDocanfeng| BiNys)+ BF-Qd7lasor onet hyl - 20
(3-D-ribofuranosyl | -7H pyrrol o[ 2, 3-dl pyri m di ne

15 EXAMPLE 25

~

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

NH,
74 | N

- F
HO OH g
Step A: 4-Ch10m~7-[3.5~bié~O—(2,4-dichlorophenvlmethvl)-2—C—ﬂuoromethzl—
20 ' B-D-ribofuranosyl]-7H-pyrrolo[2,3-d1pyrimidine

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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To a solution of the conmpound from Exanple 24, Step A (63 ng, 0.1 mmol) in
anhydrous di chl oronmethane (5 ni) under argon, were added 4-22 July 2005

di met hyl am nopyri dine (DVAP) (2 ng, 0.015 mmol) and triethylamne (62 L,
0.45 mMmoVP.02AF@8%ol uti on was cooled in an ice bath and p¥icaluseneswt f onyl
.chloride (30 25 ng, 0.15 mmol) was added. The reaction was stirred at room
t enperature overnight, washed with NaHCO3 (2 x 101nL), water (10 ni),
brine (10 m.), 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 cebath. Tetr | a niu qu ride Msolutlonln THE, -51 22 July 2005

WO 02/ 0- 572&W hefﬂl [SYITTGeh & TRQBG ORAR TR E0rrfh ket Thee

- st r& ed at krsohﬂmtt\msp"ematfeﬂm vfaollio 4hdresitie ta&ﬁh‘pgﬂmdﬂﬁﬁoﬁl@ﬂﬁi«!@@nﬂ R a¥REUO, )the

residue ta e W x. 10 nmL

water (10 mi ‘?{!th‘i@adf':lgo K’PQ(@&?@E %‘1"&0 Hﬁgﬁm@?) ﬁ%{]f?arﬂﬁ] Jﬁ%&ﬁ%&%’“"&??ﬂ@d over

anhydr ous N&DySO# aaHL)eidoueraasmmonamtrqnm infviaedo ta)adfphﬁﬁbd by flash

--chromat- ogragmén(a he ;@6(%}‘ und- (20
ng) as a white gﬂoglq ig%lﬂgb g%%ﬁ,ié@ m no- )?g @B:Ldﬂégél gggpéu%% @mﬁi@ﬁ

I met hyl ) - 2- ®hite §olibmet hyl - 6 D-ribofuranosyll -7H pyrrol o f

2,3-.dl pyrlmdl ne 10 The conmpound from Step A (18 ng, 0.03 mml) was

di ssol ved | g m ni, ) 4- di oxane and pI aced in a stainless

st eel bonb. ‘bonb e w125 d. The
bonb was seal ed and héaneﬁboﬁiranc&ﬁ)l]@}#@ﬁmal%m3_ﬂbﬁ1@aﬁmnl a was allowed to

evapor a and the res conc rat e so S used in
t he nexgt?st ep Wit hout L[ﬂ ?Iﬁg?unﬁﬁ?%sggf fxo@8 nlg%éb )Was Bt o
4- Armi no- 7- ( m@mmm&mowﬁtdﬁ)llﬁi-»@oﬁ)anﬂ Hofplacedas v’ sﬂa)mlé’éﬂ-sm@eﬂ boitnb[ Th8bomb was

dl pyrim di ngooifierocogpeuns l&%@;ﬁﬁh‘%ﬂla&vgéﬁjﬂﬁg) 'I‘Hgg %sﬁfgls}égﬁd dﬁea% dat

nethan0|ld| Ioronethane was a Sus enS|on St ed
under an PE foi Aol phles emmepiapyasallowsd te gvapoyae am&erreﬂdw@myntfawd rat i on

through a _ced mﬁlt@aﬁlmﬂlcme«agedmnttﬁe RORI sBpSwARRN Rthe? hufBERRRO! - The
conbineg-filtrate was evaporated in vacuo and the residue was purified by

fl ash chronat ography (5i02, 10% net-hanol in EtOQAc containing 0.1%
triet hyI am fS&p G:o gi vé- Arhmd’l-(i—élﬂmjrﬁﬂﬂﬂﬁldﬁgDHﬂiofuraﬁosﬁil)ﬂﬂiiperrﬁﬁwgf

dlpyomidine
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 1HNWR(DMEO¢963637ﬁn1HIIS)38 43ﬁnSHIL?’H4’H3’
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 ClelsFN4O4+ H" 299 27

V‘V‘

30



25 111 NWR (DVMSO-d6): S 3.6-3.7 (m 1H, H5'), 3.8 - 4.3 (m 5H, H 5",
H4, H3, CH) 512 (t, 1H 5 -0H), 5.35 (d, 1H 3'-OH) 5 5Juﬂ(820()§ 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 Hv8l208282 (s, 1H, H2). 19F NWR (DVSO-d6): S - 23@T/%562t/0303653'
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
pyrimdine and 4-am no-7-(3-deoxy-2-C net hyl - (3- D- azabi nof ur anos vyl

pyrrol o[2 3-dIl 5 pyrimdine NH2 NH2 SINI / SIN HO ON NJ HO ON N 72CH3
OH :OH'CH3 Step A EXAMPLES 26 and 27

2.5-Bis-O (tent-butyldinmethylsilyl)-(3-Dribofuranosyl I -7H pyrrol of 2

I

i

pyri m di ne and7f358|s O(tent butyldlmsthIsHyI o
bof ur an&sno7 f4(3ndeeXy- dBddnribafianas v Hrpysols d pyrgpidine on of
tubercidin ghd 8-ahind8-(A-deeR) )z-cheahvp%Dtarﬁalﬁcﬁmmwmmepﬂol& mly and DVF

(185 mhz ) was added - siTver nitrate (6.36 g, 38.8 mol)~  This mxture Was -
stirred erature for 2 h. It was cool ed in an ice bath and THE

(37.4 m_) and tert-butyldinmethylsjlyl chloride (5.6 g, 37 mpl) was added
and the mxture was stirred at tenperature for 2 h. ThE!an xture was
~then filtered 15 through a pad ofscelite and washed wi t The filtrate
and washi ngs were diluted et r containing a s u of
chl oroform The organic |aygy, shed successively I\\IVI sadi um

bi car bonat e and wald rrL)\l dried overH dr Qu sodN'um sul fate and
s renoved by coevaporgtion with toluene and
the residue was-purifie TEgh chromat ogr aphy onisi '@lel gel using 5-7% ™

concentrated. The pyridiKne
20 MeCH in CH2C12 as the el@gnpt: yield 3.0 g. Step B:

7-
3-d
D-ri
b

2,5-Bis-O (teft-butyldimethyldilyl)-[3- Drlbofuranosynoi"'m fdi - (4-
met hoxyphenyl ) phenyl met hyl | am no- 7H py1Tol of 2, 3- opyri m di ne and
Step A: 7-[2.5-Bis-O-(tert-butyldimethylsilyl)-B-D-ribofuranosyl]-7H-

0lo{2.3- imidine and 7-[3,5-Bis-O-(terr-butyldimethvIsilv])-§-
D-ribofuranosyl]-7H-pyvrrolol2.2-d1 pyuimidine -

10 To a stirred solution of tubercidin (5.0 g, 18.7 muiol) 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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7-f 3,5-bis-O (tent-butyldinmethylsilyl)-(3-Dribofuranosyl1-4-fdi-(4 25

nmet hoxy henyl ) phenyl nmet hyl i am no- 7H pyrrol of 2, 3-dl pyri m di Qg JUQ%hO% sol ution
of mxture of the conpounds fromStep A (3.0 g, 6.0 nmol) grous
pyri di ne w802mdzrsmas added 4, 4' -di nethoxytrityl chloride @@T&S@z/oso@a 2 mol )
and the reaction mxture was stirred at roomtenperature overnight. The -53
22 July 2005 WD 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 sodi um sul fate and concent'rat ed to a

yel l ow foa re urlfled by fl as chr graphy~
over sili cam&gtF u‘gi)i%t&e’ég‘—‘tﬁ?%%‘%f’%ﬁéq‘feﬁ hByatios and extract erT
“appropri at eofgagictliymn svasevashadivitie staed, c&mdl mmaeﬁﬁd&@h&ddhﬁl sftﬂlfram i 2

5 -bis-O dj o

3 5! Sb| s(tOO?lltC t?zﬂ é{ %g& ﬁ;éf“sﬁ y$ pr orF%IgPe g% B%Iilfé s'?ya%%ghas col orl ess
foams (2.2 dlran?aﬁmapm qyer $1bsqagaimsmgl”9)’)5‘?sﬁe@A©m hexanes as the eluent. The

7122, 5-Bjs- %pﬁ'(%}\f/ﬂatte ?L'd& (%]IQIV&@E E'é’l?]éc gl e fa%yth f&@bsg%“iib?fs > ﬁf}%syl )1- 10

4-f di - (4-metho enyl nmet amno? m di ne To an

i ce- cool ed EIBV@W%W flylé arsi?z By @@(@@ﬁbsmvmth | pEptRgiEy nucﬂem@@taéd

nucl eosi de ¢dlomsotemB(A2¢0ng1.0% {velyyn pyridine (22 nl) was added p-
t ol uenesul fonyl -chl ori de fl 9 g, % The reaction m xture was

stirred at room 15 tenperature for four days. It was then triturated with

aqueous pyrSepkk (500@—12@-&5)0 (mmeblﬂ}gltinaﬁhghllﬂ) hOabdybB-T0-3ibwfifrhoxid) |-
cont ai n%jd]g a smal | angl ~ was washed
wi t h sodi um bi car bonate and wa yver was dried

over anhydrous Na280441m’@ﬁéméentrat ed Pyrl dine was renoved by

co-evaporation Wi th 1 Pbugie {tio RulBnlof aTTze. lﬁ@@‘-@&@hu@l&m&‘ﬁgkﬁ&l‘)tered 20
hexane.et hy] ~acetate as el uent;

through a pad of si usin
yerdn 4 hrotegiegioplconial Gont Siend (ko APy HoRTdie (22 ) whs added p-
:c I2rr§t g?/ | a_mohmﬂawfl&ng)} ¢rasiyde (13 £-9.8 Hbad)ir an@safabn&fhsnwwegba@ ftlrred at r]c-mm

, 3- ri I ut L,on t c oun om St e . I
oty b oD Bl b8, Hhs et CUREHAS with BRtacys Bt 0Fi i e (am
sol ution i narfﬂHEtraQtea with ethéIdB >03(binL) Tohvgaiming usmathamouwalf €H,aho(16inhik ed wi t h
ether (50 Mye orfBific I8l a8 Wa%8R 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 - ‘




washed with water (3 x 50 nlL), dried over anhydrous Na2SO»4, and
concentrated to an oil. The residue was purified by passi Qgﬁ,@rzgggh a pad
of silica gel using hexane: ethyl acetate (1:1) as eluent; yiéld 780 ng.
30 Step Ewdlerrreo- 7- ( 3- deoxy- 2- C-ne( hyl - 0- D-ri bof ur anosyl petitkpwsssal of 2 3-
dl - pyrimdine and 4-am no-7-( 3-deoxy-2-C net hyl - O D

ar abi nof uranosyl’)- 7H pyrrol o-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 WD ’
02/ 057287 PCT/ US02/ 03086 conmpound from Step D (500 , 0.8 nmmol) in

anhydr ous t ofaFerfang grom fep D (399 me.&s8 mmeld imanbydroas heenst(3 /meld). afher oom

tenperature f8itide Rikturd {ad\@SreQQ0 L& Gn AMhdAARL B3 5W, iy adMEAUSa I Ged
solution and extracte th ether (50 nil, contalini ng lcgt%L of CH2Q 2).
% 1

The organi ¢ VAYAAUSRES soltdep WEESIrE il ethepD ng Iml.ghd 5
mte[] (2 x ZGH%J_);). The @fgla;ﬁu%ryeﬁwﬂs/&{pm&&mh e@?fﬁh%ﬁﬂ@@k"j_@tﬁg}l dr@d anboi41y
~whi ch - was puri f i-ed.by -fl-ash. chromat ography.-on si | i ca gel- usi ng: " . 4%

vea i ncre B S 2 i SR R SRR PR e et e T PR e
2- C- ( 3- net hywvacpnpedriy {34 chmgpatosTheseordelica/adl vviag 4%eMeOsepariEi@Eh yo t reat ed
w th 80% aceg,i.¢ .&d_and i ] td I rature
For 2.5 - PransPEka EatnbhoL ERRTRLAT A ThE) S F 0k 2. LRI EIRMARTRET O 1)
et hanol and ®8) ukisee damivatives venssenristehaireated with §0%msetieatid end beatastion and

vater. The aguyeadsiitad 8l rovRSedBeRate Wids AhhaEQEQIM-ANYas £ORGENLY at ed. The
evapor at %d resi due was purifi e&gﬁog slll i ca, gel Lfgl ng.5-10% MeOH 1n CH2C12
as the ePuerlfPiAFkErayaeRTIRR Whythangl & Wigs 148 refueevasgrytiioned

4- Ami no- 7- ( DedeesnychlorGroret dndl wale [Fhiel dyoéausadngs why whkhdayk it biglbrform and

Cad, i, " 3 Rt heTilogrtla SO U ik et S Stupfg Mbnt L)
4.15 (m 1H,nFEC, ashe 2luent to FimnisdHhs dysires. @Bpo(isds dsihite@elids.), 6. 00 (s,
:3H60H£ ; ) I H@%—iﬁﬁﬁtﬁiﬂn B!ile 15-8) C-nfetiN (L BLriofudidos M7 (3 bdidd 8) -
4; Ami noilf- ( 1’4-9(9@8&)1]- 2-C rrét hyl i (3-Dar ébi nof uranosvl) - 7H pyrrol of 2
3-d] pyri m di e NMI 3DMRO-dg): § 0.74 (s, 3H, CHa), 1.77 (dd, 1H, H-3"), 2.08 (t, 1H, H-37), _
3.59 (m, 1€, H-5"), 3.73 (m, 1H, H-5), 4.15 (m, 1H, H-4"), 5.02 (t, 18, 0H-5"), 5.33
(s, 1H, OH-2"), 6.00 (s, 1H, H—I"), 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): -
17 NMR (DMSO-dg): § 1.23 (s, 3H, CHs), 2.08 (ddd, 2H, H-37and 37), 3.57 (m, 2H,
H-5and 57), 4.06 (m, 1H, H-4), 5.10 (s, 1H, OH-2"), 5.24 (-'t-,A 1H, OH-57), 6.01 (s, 1H,
H-17), 6.49 (d, 14, H-7),6.89 (br s, 2H, NH,), 7.35 (4, 1H, H-8), 8.01 (5,1H,H-2).
25  ES-MS: 265.2[M+H]. o aE

EXAMPLE 28

4-Amino-7-(2 4-C-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo{2.3-dlpyrimidine
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1H NVR(DMSO-d6): 8 1.23 (s, 3H, CHS) 2.08 (ddd 2H H 3 and 3"), 3.57 (m
2H, H5and 5"), 4.06 (m 1H H4),.5.10 (s, 1H OH2'), éz%ﬂly(ztoo?s"'
OH5"), 6.01 (s, IH Hi'), 6.49 (d_ 1H H7),6.89 (br s, 2H, 'NH2), 7.35
(d, 1H, -W@)20582801 (s, 1H H2). 25 ES-MS: 265. 2[ M+H] . EXANRI;'EUQ(&/(BOS&

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 WO 02/057287 PCT/US02/03086 NH2 N HON N M Me HO bH
Step A: 5-Deoxy-1,2-0isopropylidene-D xyl of uranose

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

di met hyl am nopyridine (5 g), triethylam ne (55N7 m., 0.4 nol) were

di ssol ved in 5 dichloronethane (300.nL). p- ToI eﬁesul fonyl chloride (38.13
g, 0.2 nol) was added and the reaction s stirred at room
tenperature for 2 h. The reaction m xt S\Ajﬁn poured into saturated
aqueous sodi um bi carbonate (500 nt) and t t | ayers were separated. The
organi c | ayer was washed with atii&o tyic d8id solution (20% 200 nl),
~dri-ed(-Na2SO4) and evaporated to g{iég -a golid (70.0 g).—The 10 solid was -
dissolved in dry TI-fF (300 nL) a ) €16.0 g, 0.42 nol) was added in
portions over 30 prin. The m xture stirred at room tenperature for 15.
Ethyl acetate (100 nlL) was added W s€bver 30 nin and the nixture was
filtered through a silica gel bed. The filtrate was concentrated and the
resul ting obepwas chi-Greakedi2phisdpropylilene daxgefurbiis©Ac/ hexane 1/4) to

gf fSOrB:jst ?}e( grzdgfghﬁzr%p %Pﬁﬁg%D%@mﬁtﬁg%)G% 4n%tq12 fnoa) 6 ri bof uranose
Chr omi um oxiiEsthykanigoppidineds 8), féﬂ@l’@m&r{ﬁ@aﬁldé)‘&Bmi)rwﬁrt?@il%@\’ﬂ@m 20 and

pyriding ( @&lﬁﬂamejeha@é (390 1Ye beroagaﬁ@mmy@bmbh@é gﬂa@@@ frbi)lo) as FAdED
i ce-wat er %F%%%gthe m xture was stirréd

5- Deoxy- 1, 2 R BTy #5. SUELPAGF {H%Ef‘snépe(@zfegfm dha dhgapactipp
di chl or onetmamee (vs%@h&ﬂ@oﬂt%nﬁﬂﬁ&ﬁhateﬁﬁﬂuém sodium bicarbonate (500 mL) and the

two layers were sepérated. The-organic layer was washed with aqueous citric acid
solution (20%, 200 mL), dried (Na,SO,) and evaporated to give a solid (70.0 g). The
10 solid was dissolved in dry THF (300 mL) and LiAJH, (16.0 g, (.42 mol) was added in
portions over 30 min. The mixture was stirred at room temperature for 15. Ethy!
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 (325g). ‘

| 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, O..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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m xture was stirred at the sane tenperature for 30 nun. The reaction
solution was diluted with ethyl acetate (1 L) and filteredstjomugs a
silica gel bed. The filtrate was 25 concentrated to give a yellow oil. The

oi | was diweebwads7 n 1, 4-dioxane (1 L) and fornal dehyde ( ). The
solution was cooled to OC and solid KOH (50. g) was added?g@%&%%étgtre was
stirred at roomtenperature overnight and was then extracted with ethyl
acetate (6 x 200 nmL). After concentration, the residue was 56 22 July 2005
W 0 2/0 5 728 7 PCT/ US02/ 03086 chr orrat ographed on silica gel (EtQAc) to-
afford the product as an oil (1.5 . The oil was dissolved in

1- met hyl - 2- psirpohiogiapbnae of 2ilicargsl (EtQIA@) t4-affoohihe pogpivensd amesibyl.5 g Mterditde (4

, 20.5 | d
overni gh{”*‘zn%"aﬁﬁﬂ oo A ) %%ﬂ%@mﬁ@i i 0 S SRS e
with 5 sat urgtledd ea(éh%@@ss mEal ) BYatho0dn &t )(‘BCIR a%echﬂhe wiited WasladSed4)

and evapor at @@mw}'ﬁr@.drcﬁmtéau@umuéimm Med The Hi’f’)&ﬁﬁr\%g& wilpeadflth HG in

dloxane( l\/éIaftl né ‘gmg%Teso ution was:stirre overnlgt -and-
evapor at et e §ﬂl’!ﬁf§ls\ﬁ% \&e) E%IFB“Q& Hlorflrigd (NaaSGe) an Et’@ﬁ?é?t%xane
é/ z51) Bt o ?)f_ f g’lfhh tebueluldm ﬁﬁdolpédaﬁhuﬁéthaml &0 m0)) L‘mCd Hc@in ﬂl)oxarlé)(tlSM @lmL) was

is or.ophenyl i .net - et t -a-
D-ri bof uraEloséeh-e&h BSOI u%lf W%is‘cgre‘ﬂy %‘léﬁﬁpg GY?P(S’ﬁ?tg?yjﬁheBreﬁﬁgleﬁ@és Martin
peri odi nane f(fzomatg}graphe@mhﬂm gt Elvdeh{0c1114) toeffardsthe desickdgveduni ghdn at
room 15 tenpgigigy g and then concentrated under reduced pressure. The

residue s triturdted wth ether ether (50 rrL) and filtered. The filtrate
was was with a solution of NaZSZCB 5H20 (2 g) in saturated aqueous

sodi um bi car$epat e sol sbimed- B4 di-Fhdignedoaiyl-g- - -
evaporated. The resid s _dissolved 1 n anhydrous and was
added dropwi se to a sgﬁlﬁm aReSe\eMpBr in Et20 (3 M 10 nL) at 20 78 C.
The reaction mixture mﬁhembﬂmﬁmo%\@anml)dmxﬁ&@pémdn@%wm -30C to -
15C for 5 h Qus ni um.c ride (50 ni).
The ' tuo | ayereoneRgtl ot b GysH PRE LIRS, AT B M Lty son |
filtereddandempeisbunandthsa comtrareé il rwhse@ bressrae oG hamsiathe ovas siifuiatad gel

(Et QAc/ hexan@nh Lh8) cihér (5810 Adlilifrdd. 1 FEQMWR YRR RN " Wikibn S 9)- 25

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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Stens 4-Chloro-7-[3, 5-bis-0O (2, 4-dichlorophen | methyl)-2 4-di-C- nethyl-0-

D-ri bofuranosyl | -7H pyrrol o [2, 3-dl pyrim dine To the conmpound JIJ%I??SS'[ ep C
(0.70 g, 1.3 mmol) was added HBr (5.7 Min acetic acid, 2rr1_‘5 he

resul ti ngweahutien was stirred at roomtenperature for 1 &6/PsoR¥ag0r at ed
i n.vacuo and co-evaporated with anhydrous toluene (3 x 10 nl).

4-Chl oro-1Hpyrrolo[2,3-d]pyrimdine (0.5 g, 3.3 mmpl) and powdered KOH
(85% 150 ng, 2.3 mrnol) were stirred in 1-nethyl-2-pyrrolidinone (5 n)
for 30 mn and the mxture was co-evaporated with toluene (10 nt). The -

resul ting sol ution was r‘ﬁi oured into the above brono sugar residue and the
m xture was St RpEgreavasaiutdt with toBeng 25Q uity, e¢8d wAb 92L0E7:287 mL) and ‘

PCT] US02/ 0308ficciercl i oo bt ytlzklaud QLS ARAThlq pHSEN I

water (3 x 5 concentrat ed under reduced |8ress e restdue was

chromat ogr a @H‘co‘ﬁm%ﬁt@éé/%%aneél%ﬁ)d@aﬁi"f%a@@ MeXane (15/85) to afford
asolld(270rrg) 5 Step E: 4Amno7(2 :

-4 Codi-methyl D-I’I bof yr

from Ste% &Sl Y Ra pLIEs %
(20 g) was added |n a ﬁ]p@ dss st eel aut ocl ave. The mxture was heat ed at
100C for 15, then cool s .10 chro aphed
on silica gel (EtQAc) flo ?&Oﬁﬁggl%sg’?t%g?%%gf &I‘ﬁé oeldla %BQEW% and
PCUC (10% 150dMgpid amn@tlﬁa(a@ ) ya0addeyl ime sainlbeletse] antdelavd-OTli3@ixtsrie)wdor

h, filteredpapdaayameet e on S|I|ca gel
( MeOH/ é§C|2 17133/ {0 affggdﬁgﬁ%&g@s% él'E‘gact asegagegﬁg?% (35 my). 1H NMR

(DVBO- d 6hEprpsOgaphesign silicagel (BrOAnyyto affoyha sqlid 3PP ma). Fhe edld( .J 6.3
15 Hz), 4.8Im@undFdyC (5026 50hig) id MethaBoPD@OGHL) Wke shalendurde? H, 530;%)(& 1H ]

?do IfZH) J 31—”&%@36%%3&2&@%3@% &gi%%ﬁﬁisﬁ%é@é‘eﬁapggdl‘%‘ ﬁlbca &l 32 255;18

73.00, 79. 33Me84/68]>C80 168 to 88ordhe dsd2d piodubPds DIB9S iy, 151.48, 157. 38. |

LC NE: Foundi RRfR tphMdtla)y: s 65! 20091596, 3TN0 44 0808 1, v 6%
4- Ani nod7- (b)Y (81 UDRe (o, BInst08y(d, BHDY 6i3gdtu b aAds ) J 3 Hynrol15((3, 3-
di pyri m di naH), 6.54 (d, 1H, J 3.5 Hz), 6.97 (s, br, 2H), 7.54 (d, 1H, J 3.4'Hz), 8.02 (s, LH).

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.

20
EXAMPLE 29
4-Amino-7-(3-deoxv-3-fluoro-2-C-methvl- —D-—ribqfuranos 1 -7H—
dlpyrimidine '
NH,
_ 74 ] SN -
A
\__LaMe
25 F OH
Step A: 3—Deokv—3—fluoro—1-O—methyI—S—O-toluovl—a-D—ribofuranose
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NH2Z ~N ONNN--\CM 25 F H Stens

3- Deoxy-3-fluoro-1-0O nethyl -5-0tol uoyl -a-D-ri bofuranose ﬁ/zoégly 2005
WO 02/ 057287 PCT/ US02/ 03086 1, 2-0-1sopropylidene-D xyl ofuranos 2( 0 g, 50
mol ) andwm éalsuyl chloride (7.0 nb, 50 nmol) in pyridi pe{id2adeks Were
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 m.) 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 resi due was dissolved in nethanol
(100 nL) and HO in dibxé&hbopwpyideng-Drxylofprancd d@8.2, 30 exmol) and 2-talasyl

stirred at ORGSR T GBS ?kﬁ&he@ﬁmﬁﬂ@%e}mﬂm@\f Caﬁﬁﬁde%fo reduced

pressure. The resulc{ % romat ogr aphed on sili
( Et OAc/ hexarfBh) W#s13dde & a@tha e s 6ﬁ3rrce(ltwe<iﬂ@<§er reivecdpressias Biasol ved i n

(rjﬂl_ ;:m or orrgéI hesiale(\ﬂzﬁmm@;dtglveaﬂﬂtoman?t(m i111) raﬁa tHef daTutioh ivfdswRish&ew{tPARIr g 5. 7t
- was xt-ure was ‘stirr.ed n our ed-into-
Ol urat ed aqCRoiL el i br et b a S RS o e e il TR M e
extract ed wistpartiod and the(d@ganicGRysrlsyasavdpdraedc Gibirdsedhe v@rsgﬁsn;bbzeﬂ ayers were
concentrate r d

(Bt Oacl hox e 141E) GED HLFuRICER FOREH B0 WRENWE! AE], 9p mivtpragos

Step B: 3- Deugdat mpm@p@a@mrmxghm@m thet eBporates] woler regugsd

ri bof ur anos grdbgePrng H&hitfnﬁ%@ ﬁs%reﬁn%eﬁgﬂed ch LR e RBSR: M b 20

| or onet hane were stirred overni ght at

peri odi neé%{ff g‘éﬂr‘m dic
room ﬁp | g tjﬁ@rPﬂc‘Hﬁgc@ﬁ%ql‘éﬁdéH W@mﬁ@éﬁ%ﬂ@om e. The
resi due was dletthylimrrm»tsﬂﬂmmﬂiﬂorﬁleﬁ(DMT)ﬁ(SWahLi R8s ﬂidbdallﬂe fohiktued ®els stibha

filtrate wag ~_sol ytion o 2S2C8. 5 saturated
agueous SOdI M Eﬁ cglrl Wa%&hgn LoV} n?TtE)Samﬁart%\‘%%qu(eWES%E uin #’1"?{}3@?18% 5812‘8
evapor at ed. (J{emi-psThtmivas wisssoheted vith talkyd (20050 ﬁ&)'ﬁH&ﬂ@é@mﬂjn)ed Ti Cl4 (3
M) and et RylanfBEHss Wk Rnldftd. ity buel R b RaterabBed on silica gl

15  (EtOAct/hexane: 15/85) to afford the title compound as an oil (1.50 g). '

k.

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
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m.) were added at -78C and the mxture was stirred at -50 to -30C for 2 h.

The m xture was poured into saturated agueous sodi um bi ca?ﬁ)gnl §0§0I ution
(100 nL) and filtered through Celite. The filtrate was ex ract W t'h

t ol uene (WQ@2md72s7and evaporated. The residue was chronat epgraagehoen Silica
gel (EtOQAc/ 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-C-nethyl-(3-Dribofuranosyl)-7H
pyrrolol2, 3-di pvrinridine -59 22 July 2005 WD 02/057287 PCT/ US02/ 03086 The
product from Step B (150 ng, 0.5 mmol) was dissolved in HBr -(30% in
acetic acid (2 mL). After one hour, the nmixture was evaporated under
reduced pressure and a*die@vlabmtﬁomﬁthmﬁ@mﬁé @ mds, dissolved in HBr

4- Chl | | Poyer ed KOH
(85% 150 %WJ 8ot gt 6 BD Rk B ok ngﬁ R Pt R E T e
m xt ure wasIeEced/prseivat enfl Gi-¢ teporttadewih Eoéueﬂﬁ_()l ke %@B@FQ i Hpyswiel2idon was
poured i ntoie nﬁﬁ‘[%?o @rgom?s lﬁﬂ%ranaqﬁme&drmm%, QBHﬁﬁloBW?érQ' ght.

~The-mxture was di l'uene (50 : : 50
mL) and <on&¥REdia I%‘éﬁa:d%dé\b l?vééﬁé@a aggl %ﬂr&ﬂﬁaé qoeegfaa%r@t%@ f fluckd &

chr omat ogr anﬂgd Tas rédulthfgasogﬁion(ﬁs@%@id’dﬁnmne a&&vﬁe&ﬁbrﬂo@ug:ﬁﬁ sddhamiaide (60
ng). The 10 _o TTTDnI a.(20 g)

i din.di oxan nd I

was added |W35Stu§?cg?¥ﬁnél§g eerplngfteocﬁs Edﬁﬁmfg Fﬁe} 3?1’ gt it 85C .
for 18 h, thfetﬂr@bEIS@dnhhmd @nagdraagdechdel rfeiuc@tplﬁsﬂeima’ﬁhmmdnﬁwegr aphed on
silica gel o ound as
a solid (29C g@ H%%%%ﬁg%g&?@é@%ﬁg%ﬁé (l %%Sglft—é %%dfg%(%@f%) 61§g16 (in,
1H), 5.9 (9& wag dissglved isdiopaner(2gniyand lgyuid apgponia (30 g)syapadded npH) | 6. 15
gd4 $ J 25Qint%) stebl ARodlve. e MixBurd wakBkated -a9§5°g§9fog%8 hg%ﬂkrzl Z@Glgcgalg&gi 1H, J
90. 15, 91. 99"%&9&%%%%?31%@ Wasl‘%lfo@?to"ﬁa)&’be‘%eﬂ s{ig3 2917 157, 47, 19F NWR
(DVBO- d6) :  Gndthafifl/didHlorod@ithe M39) focaffugld tlih&alelco(nhﬂidﬂhd a€ alsclid eﬂ%dg)‘ or
C12H15FN403
o A o 7 ( SRS 3, 3,75 (m 2F. 416 (s 1) 509 G 5 b dine
NH2 N 15  53.2,7.8 Hz), 5.26 {(br, 1H), 5.77 (s, 1H), 6.15 {d, 1H, J 2.9 Hz), 6 9 (d, 1H, J

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.

19FNMR (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
. NH ,

/I\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 -

60 -



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
(3-D-ribofuranosyl | -7H pyrrol o[ 2, 3-dl pyrim dine -60 22 Julzgeffgyéé)os

02/ 037287 504,443/ 03086 To a pre-cool ed (0C) solution of peund from
Exanpl e 2, Ste (618 ng, 1.0 mol) in THE (8 nL) was af@%@% i odi de
(709 ng, 5 0 mml) and NaH (60%in mneral oil) (44 ng, 1.1 mol). The
resulting mxture was stirred - overnight at rt and then poured into a
stirred m xture of saturated aqueous anmmonium 5 chloride (50 nm.) -and

di chl oronet hane (50 nmL). The organic |ayer was washed with water (50 ni),

dried (MySO4) and evap%at;@@lcmed/@egpsomm dSiQﬁélbéﬂn gnfarmsiﬁ HREA 1&02 StMRS

Comtai n ng Sk Buio 4BeD% Sl A5 BLRBBT LG RudgBE elie o

desired progukiNai] '(&B%ng)m&aalamb@#ﬁbnﬂgem nfiain TH;E)réShEmgBmxture Was st1rred

G be Lf’a‘ﬁ%‘?' RS e P8l R0F BTt oF st icd SR P oS op A

(735 ng, 1. (}SOWab) amidie@hlomteﬂan@ [5Q:méfrm’6hﬂ erghsiaflayenweslwathed @it 20
m.). The m x (BRI o el
over ni ght, tﬁg{ﬁgcool egﬁﬁgmﬁgﬁgﬁeﬁ%ﬁgﬂégﬁcﬁ% Th%%%ﬂy&"l%[ep Igrglug‘t

m xture was P&t PHHES Gnsiksq g &SIQ%PthM]sﬁcﬁ@teé@WPe &%@?&i‘@ﬂheﬁ@aﬁ@nés t he
el uent. Fr acédn@dising ofd pﬂoﬂhﬁ@vdr@ﬁocﬂécpﬂi&dvap@cra%dﬁﬁ)‘?h@ﬁ tanRteayanaiated in

vacuo to giv 504 ng) as colorless foam 20 St ep C
4- ani no- 7- (21318“‘23@%19%5 ﬁ%/‘il &(i’ furanos)rl)-7Hpyirolo[2 dlpyrimdin A"

m xture ¥ the product fromStepC(64 ng, 0.1 rrm)l) MOH (5 nl), Et3N
(0.2 nL) andggl %)Pdlcg%ﬁr(g)] \as. A 3 Pa at _50.2
psi at room ratu 4 T
celite, 25 evapor at ed p udndad of silica gel

using 2% met hanol in @bﬂ@d&%ﬁ@ﬁﬂﬁaﬁﬁp@d@@@c Ih%rﬂﬁa%l r\ﬂéaea&ﬂuct was
col l ected and ﬁv orat ed in vacgft ouncf’ was re |ssol ved in

met hanol  ( 10PFHEYOLGHNREYIR REptEsale (OQ\B’@)aaﬁB%H’lXEPFF‘eW?ﬁ heafpddn fas
hydr ogenit edsta?inleas Reglraubosthve gemveﬁi1glﬁ5thﬁﬁ ko@ltd BRPMe content evaporated in

vacuo. The crude mixture was purified on silica gel using ethyl acetate/hexane as the

eluent. Fractions contai'ning 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, - NIRRT

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% methano} 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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tenperature for two weeks. The m xture was filtered through celite,
evaporated in 30 vacuo and purified on silica gel using 10%?% gl in

di chl oronet hane as eluent. Fractions containing the product were pool ed
and evap ®%s+87 vacuo to give the .desired product (110

col or | essowﬁ)a% 12-@%1 22 July 2005 WO 02/017287 PCT/ US02/ OSﬂOEg[)éU%%(O%OI\%&
(DVMBO-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 ami i FMR (OMER Ayt § 0H80s r IR AREBEOSH),)3. 48 Py ioveefapging oall 48) i nudi ne

(200 m. 0 67 ol ed CieR s 5o PGS TRt 2 R SkfEr et HhREDen, 1

st ai nl ess s_t(éellH)aut oclave) and warned at 85C for 48 h, then cooled and
evapor at ed ITC X% WRund 30T (ST XAMITe: CYS8 BuGbfLeH 200 13 silica gel with

anmor phou8 solid after treatnent with MeCN. The anor phous 15 solid was

di ssolved in water and |yophilized t; gi#g @30l orl ess powder (144 ng). 1H
NVR (DMBO-d6): S 0.63 (s, 3H, CH3), 3. S, 311, N CH3), 3.58-3.67 (m 1H,
H 5), 3.79-3.39 (m 3H, H5", H4, H3), 503 (s, 1H 2'-0H), 5,04-5.11
(1H, 3" -OH,  4lethS . 7-8-E4ndibyl- 1ty b '
H5),7.46 (d, 1H H6), 7.70 14 (s, 1A, :
Found: 295.1 (MH+); calc. for C1L3HL8NAO4+H+: pN9e3. EXAMPLE 32
4- Di net hyl am no- 7- (2- C net hyl - (3-D-ri bof uranoslyl ) - 7H pyrrol o(2
3-di pyrimdine -62 22 July 2005 _ :

HO  OH

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,
iH, 5’-OH), 6.14 (é, 1H, H-1"), 6.58.(d, 1H, Js5 6 = 3.6 Hz, H-5), 7.46 (d, 1H, H-6),
7.70 (br s, 1H, NH), 8.14 (s, 11, H-2). , '

20 LC-MS: Found: 295.1 (M-HH); calc. for C13H]gN4O4+H+: 294.3.

EXAMPLE 32

-D-ribofuranosyi)-7H-

~-62 -



WD 02/ 057287 PCT/ US02/03086 NMe2 N HO O N N CH3 HO ~OH The conpound from
Step E of Exanple 2 (200 ng, 0.67 mml) was added to dinet yjlwr%(gﬁ (5 n
condensed in a snall stainless steel autoclave) and warned at ‘8 for 48
h, then coq) ewsesnd evaporated in vacuo. The crude rrixture&mz,pﬁ%fi ed on
a silica gel wth ethanol as the eluent to give the title conpound which
separated as an anorphous solid after treatnent wwth McCN. The anorphous
solid was dissolved in water and |yophilized to give a col orl ess powder
(164 nmg). 1H NWR (DVMBO-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), 504 (s, 1H, 2'-0OH), 10 5.06-5.11 (1H,N"§920—L 1H, 5'-0OH), 6.21 (s,
1H, H1'), 6.69 (d,-1H, J5,6 = 3.6 Hz, H .5), ¢ 55 (d, 1H, H6), 8.13 (s,
1H, H2). LC-Ms: Found: 309.3 (M H+); calf. Tf or i€14H20NAO4+H+: 308. 33.
EXAMPLE 33 15 4-Cycl opropyl am no- 7- ( 2- C net -D-ri bof uranosy

)-7H pyrrol o[ 2, 3-dl pyri m di ne H®d ' NN M HO SCH The

|

cycl opropylam ne (5 nL condensed in a\lsm &t ai nl ess steel autoclave) and
20 warned at 85C for 48 h, then cog_}gd a’ng evaporated in vacuo. The crude
m xture was purified on a silica g i t hanol as the eluent to give the
title conpound -63 22 July 2005 WD 02/057287 PCT/ US02/ 03086 which,
separated as an anor pAdesosgboirdd &brestep Fedtbremplaid (00NN 6 Tineodmasphous

added to dimethylamine (5 mL condensed in a small stainless steel autoclave) and

warmed at 85°C for 48 h, then cooled and evaporated in vacuo. The crude mixture
'5_ was;.pudﬁed ona Silica gel with ethanol as the eluent to give the title compound

which separated as an amorphous solid after treatment with MeCN. The amorphous

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—C?c10propviamino-7—(2— C~methvl—B—D—ribbﬁlranosvl)-7H—pvrrolor 2.3-dpyrimidine

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 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 givé the title compound -

-63 -



solid was dissolved in water and |yophilized to give a colorless powder
(148 ng). 1H NVR (DVMBO-d6): 8 0.51- 0.58 (m 2H), 0.64 (s, %E}VZ%S) 0. 74-
0.076 (m 2H), 3.62-3.67 (m 1H, H5'), 3.79-3.82 (m 3H, lz—l- ), 3.92-3.96
(m H4" ,wbodoinsp. 03 (s, 5 1H 2'-0H), 5.05-5.10 (114, 3'pcPiisodbbose - O,
6.15 (s, 1H, Hf'), 7.48 (d, 1H Js,G _ 3.6 Hz, H5), 7.59 (dg,ﬂ%llgl?él-i-&,
8.13 (s, 1H, H2). LCGMs: Found: 321.1 (MH+); calc. for CL5H20NAQ4+H+:
320.3. EXAMPLE 34 10 4- Amino-7-(3-C nethyl - p- D- xyl of uranosyl ) - 7H pyrrol or 2
3-dlpyrimdine NH2 7N, HONNO HC7 M bH Step A I :
7-12.5-Bis- Q. (tent-butyl di methyl sily])-R-D-ribofuranosyl)1-4-((4-
met hoxypheny{ ¥ Sﬁﬁ@ﬁ%{ﬂ%ﬁ?ﬁ@%ﬁ‘?%ﬁﬂ‘é &lier iEagnent svith Wmn Higamorpeousn g
7- 13, 5- bi s- @lfd eaPdistlybdlinwitbyirsi Ihyphiti£ed-tDeivdr0d 168680 Y bied 166 ﬁl_F). ,
met hoxypheny ﬁ#@ thy 1 QQ, 7H r %2 - ri di
sol ution of krr?x u W@@bﬂa%ﬁﬁ%@%‘g iﬁo&kﬁgﬂ'&d}%i@ gﬁg 27
(0.32 g, 0.6%2rhoblp, LM, HAR Y, Bu3.3pym, dHNE-T5-319)-3vwesnadiidt H-3), 5.03 (s,
stirred 20 at ’ro?@t%’%eﬁ% gl%%o%’n%%?. mg'lnsia@’tluﬂrl’zﬁv%;)g%tﬁen concént rat ed
and the resPdudz s ha? (d-tlibked). BeBeedl.dH2E12 (70 nL) and water (20 ni).
The organi c LiCayksr Fwasd: 9@ hedl-1it); Ralete C1am ol oneg+daped. (Na2SO4) and
concentrated. The residue was purified on silica gel colum using 5-13%
Et OAc in hexanes as the eluent. The appropriate fractions were collected

and concentrated to furnish 2',5" - bips L84 25 butyl dinethylsilyl)- and
3,5 - b'g@- O (tert-butyldinmethylsilyl) protected nucl eosides as colorless
yi| .

foams (343 ng and 84 ny, respectively). -64 22 July 2005 WO 02/ 057287
PCT/ US02/ 03 fhto-7-€h (Bmethyl-B-D-xylofuranosyl)-7 inyidi '
7-[2,5-Bis-O (tert-butyl dinmethylsilyl)-R D ervthro-pent of uranos- 3-
_ H,
ae

b
e

Ma‘ ~ OH
Step A: 7-2.5-Bis-O-(tert-butyldimethy]silyl)-8-D-ribofuranosyl)]-4-{(4-
methoxvphenvl}diphenylmethyl]aﬁﬁno—?H—pmolﬂZ,S—d}vvﬂnﬁdine
15 “and 7—{3,5-bis—_0—(rert~butv1dimethvlsilvl)—B-D-ribofuranosyl]-4-{(4—

methoxyphenyldiphenylmethyl jamino-7H-pyrrolof2.3-dlpyrimidine
. To asolution of mixture of the compounds from Step A of Examples
26 and 27 (0.32 g, 0.65 mmol) in anhydrous pyridine (6.mL) was added |
monomethoxytrityl chloride (0.30 g, 0.98 mmotl) and the reaction mixture was stirred
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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ul osyl]-4-[(4-net hoxyphenyl ) di phenyl met hyl | am no- 7H-pyrrol o[ 2 3-
dipyrimdine To a well-stirred suspension of chromumtri o&ggg] (2%@,5rrg 0.91
mol) 5 in CH2C12 (4 nL) at OC were added pyridine (147L, 5 and

then acetyg ga0hysride (86 1J-, 0.91 mml) The m xture room
tenperature for 0.5 h. Then the. 2',5 -bis-O(te7-t- buty\INgléFre ?1#[3%%

protected nucl eoside fromstep A (343 nmg 0.45 mmol ) in CH2CI 2 (2 5 rrL) was
added and the mixture stirred at room tenperature 2 h. The m xture was
then poured into ice-cold EtOAc (10 nL) and 10 filtered through a short -
silica gel %ol umm using Et OAc as the eI uent _The f||trate was evapor at ed
and the res uri f ile =& 8 Polp ek iEfurgne

hexanes/ Et OAc (7/1) aaﬂcsslim 43Kﬂl@ﬁﬁthéx%ﬁéﬂfmd&ﬂl@n{dhﬁe&@dﬁﬁﬁﬂﬂ‘?’ﬂ%vﬁ%&@z Ay) . Step
C 7-12,5-Bis-O(tert-putyldi nethylsilyl)-3-Cnethyl-(3- Drlbofuranosyl)

15 4- 1(4 met hoxyphen | yl met hyl | ani i no- 7H pyrrol ol 2 3- dl pyrim di ne
and 7-12, 5-Bi s- O (t elZFobautvyilll-diimet sugpsisionl Qf—C:&fCﬁi‘illﬂB‘Iﬂmome-(gl mg, 0.91 mmol)

> 5 ot pyr | O (4 RO R RN BE YR e Ao liorRetiS! 9,
0.5 mol) 20hydiidsHR§ BEol8] Fexelhebhy miBumyasatined stopenpmpatrefwdsS added
dropwi se a §0THéd @8 205 bishs: (&Wﬁﬁgnétﬁﬁﬁﬂﬁj ﬁBte%‘teQﬂﬁjcfggsdefrgmrE@u%e' nt e

- anhydrous h nes ( h.stirring at roomte
reaction m %Iﬁﬂﬂ)éﬂ qﬁ?@ 2 ?JIW&S ?x%‘ieélrand&%‘nﬁl‘)‘feéﬁﬂe@?qfeﬁ’@d with
Et OAc (20 r mn)peradnam fui Hheﬁeﬂuterwmgéh f@lrkd mt&\wefd’cbld/\ﬂﬁ)A@@[) mitywdoughl y

washed 1 t noBrNdohdR a sy REReb ) SaREPEER AR e oRefr dhf uBEaes™ =
purified onevaposittd erd fhelresidicynmifid ong sBidageP&MiEn GAth ienalmxades as el uent -

o) ° Step Dok han s (A e bR A L e IR Ml ol 61 2 3= 30

dl pyrimdine To an ice-cold solution of 3-Cnethyl-xylo isomer from Step C

(60 g, O.8&pmwl) i n.bHER{20Mel Mﬁﬁdﬁﬁ&ﬁﬁsffﬁf‘g S My p-DidponlagyilL

mmol ) . 1§'I\r/|he reactlon m X1t ure was St |rrc roomte erature Tor o n th en
di |l uted th CH2C12 5 h \¢ SR -‘=“»‘ e M2 3 i ed and
evapor ated. The resi dumy,aﬁmu@e adusqel ved- d)ﬂtedﬁ—lﬁitﬁlﬂﬁnét@vl&lﬂ) BRdR0%% acet i c
acid (3 ) was addedD X ofuranos I—% ba r%tf?o(')){o henyhdiphenylmethyl]lamino-7H-
- pyrrolof2.3-d[pyrimidine

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-methyl-3-D-xylofuranosyl)-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 -




WO 02/ 057287 PCT/ USOZ/ 03086 reaction m xture was stirred at room
tenperature for | d and then evaporated. The residue mscggéﬁ]\é% ggat
wi t h di oxane, taken up in water (50 nL) and washed with ?
m.). The vagueeisssd ayer was concentrated and then freeze- dpigalis 7&3@36 resi due
was purified on silica gel colum wth CH2C12/ MeOH (20/1 an 10 1) 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, INO—I) 4.44 (d, 1H, J2'1" =
3.9 Hz, H—2t558g IH H—Il), 5.85%{; 2H NH2), 6.15 (br s, 1H,
OH), 6 48 (YR mpglg wasstisediat fopmypiupera (f?f 1d gpd then GFPEEWB% 1he (s, IH,
I:— i) : ES—7 I\/(Bresm& V[Mb}evawﬁhi%ﬁoxane tlaken up in water (50 ml) and washed with

- Am no- of ur ro yr
NH2 N ~||%E?%C%%EI%10'§3§)DT X*raaowelg afg[tﬁi?)f ‘?‘%Zg eﬁhe: of
Exanpl e 32 wasludepmspueticédn sﬁsag@cbhmupwﬁhﬁﬂiﬁ/ﬁ@@ﬂ(ﬂﬁﬂammlﬁlpqm the of
----Exarrple 2 BCEN)©

(s. 3H, %_Bgzﬁer%t' tg §fk!e thg tlhé &ﬁﬁp@%&%@%%ﬁeﬂﬂu %?mﬁi%gﬁqf%géz) ng
H4'), 4.10Mr s, 1HG—|)462(d 1H J,'1 8.1 Hz, H2'), 5.69 (d,

IH H1), 5H§‘&\4RWC]§3C Hﬁl@S'(sNPII?)G §34§6(15¥s $H, éﬁ%% m63l§]Hf4d 1H, J5,6

= 3.7 Hz, 25
EXAMDLE 35 2 B %ﬁaﬁjlaé'gf L gl P&M@ﬁ %f@r.%%ﬁﬁ%ﬁoimswg% InPVARS
3-dl pyri nudb.88 (br-561R Ryl 612005, 1%1@2@5@@&1{’@}1 LUS02HR 3086, 7.0 N

10 1M, H-6), 8.11 (s, 1H, F-2). ES-MS: 281 [MEILT".

EXAMPLE 35

4-Amino-7-(3-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo]2.3-d] pvrimidine'
15 ' ' o

NH,

NP
HO o) N
. Me | :
H6  OH

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). ,
20 1H NMR (CDCN): § 1.43 (s, 3H, CHa), 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]".

25 L - EXAMPLE 36

2.4-Diamino-7-(2-C-methyl-B-D-ribofuranosyl)-7 H-pyrrolo2.3-dlpyrimidine
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NI N HOONH M H6 'OH g A m xture of the product fron1Step B of
Exanple 4 (7-4 ng) in aqueous anmoni a (30% 10 L) was heabey ,l Jod

stainl ess steel autoclave at 100 C overnight, then cool ed an evaporat ed.
The resi dygypasyRurified on a silica gel 5 colum w th CHZGHANVEsd 10/ 1
and 5/1) as the eluent to afford the title conmpound (15 ng). 1H NWR
(DVMBO-d6): S 0.68 (s, 3H, CH3), 3.48-3.58 (in 1H, H5'), 3.68-3.73 (m 2H
H5", H4), 3.84 (m 1H H3'), 4.72 (s, 1H 2'-0OH), 4.97-5.03 (m 2H
3'-0H, 5 - OH), 5.45 (br s, 2H, NH2), 6.00 (s, 1H H1"), 6.28 (d, 1H J-
3.7 Hz, H5), 6.44 (br 10 s, 2H, NH2) 6.92 (ﬂ, 1HJ = 3.7 Hz, H6). ES Ms:
294.1 (MW . EXAWPLE 37 15 ' NH; ' _

4- Am no-2-fluoro-7-(2-Cneth), | -R D ribaf urakosyl)-7H pyrrol of 2-
3-dlpyiimdine NH2 / \NHOA ON N-F/ SOH To a sol ution of

HF/ pyridine (70% 2 nlL) diluted with pyijdine A1 nL) at -30 Cis added the
conmpound of Exanple 36 (60 ng,HO- A Mm@l }' i n 8.5 MH, pyridine foll owed by
~tert-butyl-nitrite (36 L, 0.3 mml)Y St
C. Then the solution is poured into\ V&t er (5 nm.), neutralized with 2 N
aqueous NaCH, ‘and evaporated to qﬁ§nes§- The residue is purified on a
silica gel -67 22 July 2005 057@ PCT/ US02/ 03086 col um with
CH2C12/ MeOH (20/1 and 10/1) as the eluent to afford the title conpound.
EXAMPLE 38 5 A mixture of the product from Step B of Example 4 (24 mg) in

aqueous ammonia (30%, 10 mL) was heated in a stainless steel autoclave at 100 °C

overnight, then cooled and evaporated. The residue was purified on a silica gel

5  column with CHyCly/MeOH (10/1 and 5/1) as the eluent to afford the title compound
(15 mg). '
1H NMR (DMSO-dq): § 0.68 (s, 3H, CHs), 3.48-3.58 (m 1H, H-5"), 3.68-3.73 (m, 2H,
H-57, H-47), 3.84 (m, 1H, H-3"), 4.72 (s, 1H, 2’-0H), 4.97-5.03 (m, 2H, 3°-OH, 5°-
OH), 5.45 (br s, 2H, NH>), 6.00 (s, 1H, H-1"), 6.28 (d, 1H, J = 37]5—12 H-5), 6.44 (br

10 s, 2H, NH,) 6.92 (d, 1H J=3.7 Hz, H-6).

ES MS: 294.1 (M-H".

EXAMPLE 37

15 4-Amino-2-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pvrolo[2.3-dlpviimidine

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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4- Am no-5-fluoro-7-(2-Cneth),|-G3-D-ri bofuranosyl)-7H pyrrol of 2
3-dlpyrimdine F NH2 N HO--\C7 NN M HO OH Step A 22 July 2005

4- Acetylamno-7-(2,3,5-tri-0O acetyl -2-C nethyl -(3-Dribofuranosyl) - _
7H-pygol ¢fexkseigpyri m dine 10 To a solution of the compoppgylfamsst ep F of
Exanple 2 (280 ng, 1.00 nmml) in pyridine is added acetic anhydride (613
ng, 6.0 mmol ). The resulting solution is stirred overnight at anbi ent
tenperature evaporated in vacuo and the resulting crude mxture is
purified on silica gel using ethyl acetate/hexane as the eluent. Fractrons
containing the desired product are pooled and evaporated in vacuo 15 to
give the d 9lvipn \Aﬁg)ogﬁe'&gﬂ@@% (§d/1 and 10/1) as the eluent to afford the title

4- Acet yl am dignfnigiono- 7- (2, 3, 5-tri - O acetyl - 2- G net hyl - 3- D :

ri bofuranosyl)-7H pyrrolol 2,3-dl pyrimidine To a pre-cooled (0C) solution of
t he compound from Step A (460 ng, 20 1.00 mml) in DVF is added '
N- br omosucci ni mide (178 nmg, 1.0 mmoEXAMPDNBS The resulting solution is

reaction is quenched by addition of nmethanol and evaporated in vacuo. The
resul ting cﬁ:&@ﬂ@i&ﬂmrﬁ—i-ﬁl—Iﬁfrmathif].sl?fl-ﬂmb@:ﬁlran@avl@;ﬁH—wmdnrgf 26 dipyrimidine

acet ate/ hexane as the eluent. Fractions containing the desired product are
pool ed and evaporated in vacuo 25 to giwe thdNdesired product. Step C

4- Am no- 5-fl uoro-7-(2-C net hyl - (3-D-ri bof uranagsyl ) 7H pyrrol of 2, 3-
dOyhraidine -68 22 July 2005 WO 02/0572 18§02/ 03086 To a pre-cool ed

(-78C) solution of the conpound from Step B SZ%J ng, 1.00 nmmol) in THE is
added butyl lithium (2Min hexa (Ocp , 0O mol). The resulting '
solution is stirred at -78C for -30 ~add then quenched with N
fluorobenzensul foni m de (315 ng, 1.0 Mein THF. The resulting solution

is very 5 slowly allowed to cone to ahbizent tenperature and then poured
into a stirred mxture of saturatedOaqueilis anmoni um chl-ori de and
~di chl oronet hane. The organi c phase is

Step A: 4-Acetylamino-7-( 2,3,5_-tri—O—aéetvl-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—Acetvlanﬁn0—5~br0mo—7—(2,3,5-tri—O-acetyl-2~C~methvl~[3—D-

ribofuranosvl)—'iH—pvrrolon,3—d]DYIilnidine

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.

StepC: ~  4-Amino-5-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolol2,3-
dlpyrimidine ' . '
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evaporated in vacuo and treated w th anmoni um hydroxide at 55C in a cl osed
container overnight. The resulting crude mxture is purified g Sfgsi ca gel
usi ng dichl or onet hane/ net hanol as the eluent. Fractions contai'ning the
desired e 10 pool ed and evaporated in vacuo to sired
product.g&%ﬁ%ﬁé%?%AL ASSAYS The assays enployed to neasurgttﬁg$$§%gﬁltion
of HCV NS5B 15 polynerase and HCV replication are described bel ow. The

ef fecti veness of the conpounds of the present invention as inhibitors of
HCV NS5B RNA- dependent RNA pol ynerase (RdRp) was neasured in- the foll ow ng
assay. A. Assay for Inhibition of HCV NS5B Pol ynerase: 20 This assay was
used to neasure the allrdalbm o@BIeHmei’Sﬁab;b(ﬁﬁﬁtbrd@fthé@bmpaﬁﬂd/f@@n@i hespr esent

ool yner ase. (i) inbHE TP E @ bt (s Wi o GREnl] o

tenpl at e. Zﬁheﬂcﬁuhmg@iutMSawrﬁldeﬁeVS%fmdBﬂmmnsmd(ttﬁﬁ qnemﬂmtla\hﬂ:rleact [ on) 20

Nt 1 P roRorR M A T M T 003 VB AR MG Bt b

T7 runof § t siave ellpvedie wanoan@e@mmaerammdtthel NSzt inte g stiredohixiire
hepatitis Cogefemesda @&s%rﬂéﬂdm%‘ﬁ%de%d%h@&%ﬁf%&fg’f &%ﬁﬁ@gﬁ%&s 6 pg

purified hepatltls C'NS5B (formwith 21 anino .acids GCterm
truncated) FYEArHe M@@a’(‘q\l%ﬁt%gfﬂbé‘m@fﬁw&éﬁﬁéﬂ’%d%tﬁﬁ Cimp plsB2P] - GTP or
[ al pha- 33P] <GitRingr denighhPitendsligf erutle stitdreik pualit@us silieAgenikingt i ons up to

100 M 11 naldlC%?Ome&%hB%é/i’n%&&nOl as the eluent. Fractions containing the desired product are
10 ~ pooled and evaporated in vacuo to give the desired product.

BIOLOGICAL ASSAYS

The assays einployed to measure the inhibition of HCV NS5B
15 polymerase and HCV replication are described below. '
The effectiveness of the compounds of the present Invention as
 inhibitors of HCV NS5B RNA-dependent RNA polymerase (RdRp) was measured in
the following assay.
A. Assay for Inhibition of HCV NS5B Polymerase:

20 This assay was used to measure the ability of the nucleoside

derivatives of the present invention to inhibit the enzymatic activity of the RNA-
dependent 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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An appropriate volume of reaction buffer was nade including enzyne and
tenpl ate t500. Nucl eosi de derivatives of the present invenbqulwgmg .
pipetted into the wells of a 96-well plate. A m xture of Aucl dos de

tri phosp { "s), 10 including the radiol abel ed GIP, FBggsand
pipettedh?%?%ﬂﬁ%%;;ells of a 96-well plate. The reactionp§g§5|n|t?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 sol ution was
added to the BEPS'pri r.to the 15 addition of the reaction buffer were

i ncl uded. 50 | -‘?_PgﬁjufiﬁédBﬁé‘ﬁ@ﬁ@dNﬁé%équ@n“%?ba@H@t%cw (otrBimsl filter
di sks (What naryncated) al | owed to dry for 30 min. The filters were washed

wth 0.3 M a i . PH. 150 ni/wash until the comin 1 nL wash
is less than W‘g?sﬁgcﬁf'?t@ﬂg%%%é‘?g%ﬁ%ﬂﬁw rs were counted in 5-nL
scintillation [ﬁlplhhazB]FG"ﬁPZ:ﬁ[zﬂ liar P14 on counter. The percentage of

&

= [1-(cpmin test reaction In ion -
cpmin bl ankindl ceng@ratiRepr esent ati ve conpounds tested in the HCV NS5B

pol ynerase assay 25 exhi Eclép%f&té $R0m of BSSd Bl Qhs Bl QAL &he &Ynfe?say
for Inhibiti 0£ of HCV RNKBR plicat ﬁ%ln;o The conpou%%ss oéf%etﬁae] pr gse t
i nvent i on wateEIPEYe PR dlckepsidsdegietes ohHieinrespntigvearticacyere RieHeinieat i on
of Hepatiti sheGueélisrafs 98NAell Platd| A whigehrdiePRiciiodRle (Hipidspiles/QNIEeL), s cont ai ni ng
a subgenpom ¢ l—| URS%Ql iézgln- ;Iafﬁliﬁ,[%et ails . of the g‘%g.ai/ %r e descri Qed ﬁgl OW.
This Bel i cORnpt e dfineed PifSels miar ek apeGetEls Bedvh o0 nebann, F.
Kor ner, - J- Oplaiko@he rddctiblewiaginitidted Bhedditiomnf thardzRee-Bair aa selotiag eslution
“Replicatiog,p - 1 MY r 58 RNAs in a Hepatona Cel
Line, " Sci g’hcéeuo%e?&?fg‘%{%%bg‘}o?ﬁ’g@ﬂp%aﬁgf%ﬁ_yﬁ2005 VO 02/ 057287
PCT/ US02/ 03086 Pr ot 0db¢ reathien #9s gyenshed binadditiert oi20Rilb 8,504 EBHs pbf 0ect i on,
Sci nti : | at :jB!hnkir’%%ﬁbg% ﬁy\ﬁmeﬁ%@lea&ﬁs@m@aywﬁ&d@ed 1 ReQ9Fps ptc0BR cell's
r e . - : ' .
were p Pg aécﬂtlon of ée rea%tion buffer were included. :
50 pL of the quenched reaction were spotted onto DES] filter disks
(Whatman) and allowed to dry for 30 min. The filters were washed with 0.3 M
ammonium formate, pH 8 (150 mL/wash until the cpm in 1 mL wash is less than 100,
usually 6 washes). The filters were counted in 5-mL scintillation fluid in a
20  scintillation counter. 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 - ¢pm in blank)] x 100, : L
Representative compounds tested in the HCV NSSB polymerase assay
25  exhibited ICsp’s less than 100 micromolar. '

B.-Assay for Inhibition of HCV RNA Replication:

The compounds of the present invention were also evaluated for their

ability to affect the replication of Hepatitié 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-genornic Hepatitis C Virus RNAs in a'Hcpatoma Cell Line,”
Science 285:110 (1999). | ”

35 .
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of media contai ni ng 0.8nmg/nL 418 in 96-well cytostar plates (Aner shanm) . 5
Conmpounds were added to cells at various concentrations up[,_ﬁgwég@o&l in 1%

DMSO at tine O to 18 h and then cultured for 24-96 h. Cel i xed (20
mn, 10%whHQs®,k) . perneabilized (20 nun, 0.25% Triton X-1RQ4FB&s and
hybr| di zed %over night, 50C) wth a single-stranded 33P Ril\;ﬁ pr ozllz

conplenentary to the (+)' strand NSSB (or other genes) contained in the
RNA viral genonme. 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 per mnute (cpm. Human HuH 7 hepatonma-cells, which
were sel ect 80%®elcontain a subgenomic replicon, carry a cytoplasm c RNA

consi sti ng of an HCV Shen@ghy Msemshaﬂﬂm@qcl@ﬁse@}ﬂt@&umﬁ\seﬁﬁnytcam sel ect abl e

non- ot F uot uFAR B CaHEPRE S Gl NGBE TorPbtslt visg blayehs10kgaa0 nr.
Repr esent at iof ensdznpatritiag Deh@chl | G4 tthie S6eptll cabitanplaies 6ymexharh).t ed EC50' s

“less than 100,61, 81BLAT.14291, e NS BOSh e At NaLi N a8 Ol L@ RseNt

invention were-also evalua oXicrt .
speci fi ci ty al imeRigodGunaret then edhsedifos 8t9%dd Galsomere BxeCOINTERSTREENS: The

ability of Tf&%za“i‘rl? 5% b&ﬁh%r(bﬂ%h‘{?@s@frrﬁ&?xpﬂﬁﬁﬁﬁﬁ)2110‘{1%5&1%N0 25

i nhi bit human mer ases, was nmeasuf;ed W'ng assays,

| nhi bi tion éwemahw Wi ¢ finclesaendedyhB RAWY PRRRe-LOmPRRRniaTg £ Bxsridy t| ons:
30 50 L r ea@trnmsghqaﬁothae@@;bs)%n@mfeﬁmtr@qumrt@m Sénonzd (L'ﬂﬂsWdr@ HCI pH

Gor 027288 RerrRiSFyasaiR VA eyl psp R kRt to Ty B,

dC, dTTP a-IHfBBllﬁod ATEbphca‘mon was read as a decrease in counts per mmute (cpm)
Human HuH-7 hepatoma cells, which were selected to contain a "
sub genomic replicon, carry a cytoplasmic RNA consisting of an HCV 5° non-
translated region (NTR), a neomycin selectable marker, an EMCV IRES (internal
15 ribosome entry site), and HCV non-structural proteins NS3 through NS5B, 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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Enzyme and tenplate: 0.05 ng/nL gapped fish spermDNA tenplate 0.01 UL
DNA pol ynerase a or 10 Preparation of gapped fish sperm DN@EEJMO% Add 5
L 1M MgC12 to 500 L activated fish sperm DNA (USB 70076) 7C and
add 30 L wb Bhsikt of exonuclease IL( (G bcoBRL 18013- Oll)PCT;IB'%E)dQ%e 5 mn
at 37C, Term nate reaction by heating to 65 C for 10 mn Load 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

det er i ne concentration. 20 The DNA tenplate was diluted into an

appropri ate%m@%ﬁam@twd Tris-110, pH 7.5 and the enzyme was dil ut ed
into an appne cyol ume of 20 m\/l Tris-HCl, containing 2 nv

( 3- ner capt oet Tenpl at e and enzynme were pipetted into
- mcrocentri f%ﬁ%e@{ﬁ&gwﬂ |1 pI ate. Blank reactions excluding enzyne
and control a-€paiAIMs excl udi ng test conpound were al so prepared 25 using
enzyne- dgl ution buffer and test conpound solvent, respeetively. The-
reaction” was initiated with reaction buffer vvlth conponent s as Ilsted
~above. The tmapngend wasplatencubated for 1 hour at 37C. The reaction was
quenched by gt 50 L of the quenched reaction
was spotted odéﬁg% %@gd%&g%{?ﬁ? St%@%s and air dried. The filter disks
ver e repeat EdllyUidshb pelymersooer B2 0: 3M 30 amoni um fornmate, pH 8 until 1
m. of wash |s < 100 cpm The disks were washed twi ce with 150 nL absol ute
et hanol ;and._once with 150 anhydrous ether, dried and counted in 5 nilL
scintil F@ m@mm 057287 PCT/ US02/ 03086 The

per cent ageO @fdd SE;iaLbM MuClves500atIc stivaed fmw@eﬂn DN A QUSBe0hob) owi n ;91

equati on: / react.ion pmin
control reac oér?b‘% a%d aﬁéépﬁ‘l{ﬁéﬁﬂt fg‘(ﬁ]f %OBUCI??‘FP#E (‘?PDSHBE'P%@%# IE)NA

Pol yner ase @amheta STihen qﬁ@t'?&ail al for inhibition of human DNA pol ymer ase
gama was | MRASHLRhdh R HehAoldRE PEH AR O-5 no/ R enzyme; 10 RM

dATP, dGTP,
15  Load 50 100 pL aliquots onto Bio-spin 6 chromatography columns (Blo Rad 732-

6002) equilibrated with 20 mM Tris-HCl, 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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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 ”%2%9[3@90%“ S pHs,
2 WM f3 10 nercapt oet hanol, 50 nM KCI, 10 nM MyCl2, and O
Redct i onsywkj 572k owed to proceed for 1 h at 37C and werg %ﬁﬁfgﬁ by
addition of 0.5 MEDTA to a final concentration of 142 n1\/l roduc
formati on 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 foll ow ng :
equation: % inhibitio E{? n test reaction - cpm.in blank)/(cpmin
. control reaction - &hel Q5 T&ﬁ?(?ﬁm%ltlw W?ﬁ%alatﬂﬁqeﬁﬁgp%qhngwhﬁée WH8Ede
derivati ves eqfiattdne %pristssiibn t:r[\rqqﬁmom tdsOread@ori J’kfpnbhﬁ bl Y/ (Ephegtonidly and HIV
spread was qga%sl 1red in P Q W ng assays. 11V Infectivity Assay
Assays were per 6r By aﬂl‘ rant of Hela Magl cells expressing both
CXCR4 and CCR5 sel ected for | ow background (3-gal act osi dase (0-gal) 25
expressi-gn. bcﬁirhﬁu&ﬁlffﬂh%Eﬁﬂl\?ﬁ%%é%%%ﬁ% J3- gal -preduction fromthe-
integrated H'V-1I CIR nmoter was quantifred with a chem | um nescent
substrate (Gal act ol i ghkhe petaggal fpg Uﬁlﬂxtm@éﬁh@ﬂmMPOIWﬁﬂm%ﬁ ggnZawase

titrat 1g'ed (lh @%@H@e&?@f&hdﬂﬁ tﬁé@a{c@&&dw he L%ﬂy&ﬁe‘ @pa%\@&a@' &@qﬁt tclﬁo tRM .
percen I nNNi DI n acC con 1 ON Ccul at e In relatl on 0 e
control inf é’fi“iltrg% 2 1§eacp% %?ﬁ] a@ wﬁﬁ/@éc*ﬂ?@dfb‘imﬁp?@ BNA he
conpounds of(ptrbkaspd &9anUS Biveieiieil) e buthir kbitaidhg 2GR Tes pHS! DenNipman

d I U S.
pat ont N, - SRR SHD) T mg HEE ATERS B 02, TP B RRLRS] 2
July 2005 wirood o5mRerdPaT! g7 m@mmtthnmd@y a@dition 09Q5 MEIBEEL D0 Ty
(1994) i Q! Gl BERARA'RES ri PRSRLERERNGE AhDohhyrklieymBgtirety. The

nucl eosi de derivatives o resent 1 nvention we creened 5 for
cytotoxi ci t P*Eyaenstterhinding ged %@t&éw coPRFRE) Comppuids ieraicrpdgt e to 50
subgenom ¢ pNEV Replicon in an MS cel | -based assay as descrl bed in the

assay beLow. The HuH.7 cell line.ijs.described in H S et al.,
Cancgr s 42- 3858 g)grf)entace of inhibition was calculated accor nc 3/ t% rilollowimg

equation: % inhibition = [1-(cpm in test reaction - cpm in blank)/(cpm in control
reaction - cpm in blank)] x 100.

The ability of the nucleoside derivatives of the present invention to
20 inhibit HIV infectivity and HIV spread was measured in the following assays.

c. - HIV Infectivity Assay .
- Assays were performed with a variant of 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.
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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 woorzlwatisons. 99 L of cell culture was transferrgetososbdss of a
96-wel | tissue culture treated plate, and 1 ItL of 1 00-tines final
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 Cell Titer 96 Aqueous One Sol ution Cell

P O &89 oo N SRR 2R P E e Yol A7, e
up to 3 h. Therpitates 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 nunbers just prior to the addition of

- MTS reagent. Metabol i cBhd suckeside degedtives pbthgpeestmInventionrwee also scBaredazan
~absorbs gt 480 ¢y oEBx:lémea 91%9&?&‘1%6%&0@99@[!}@75 Eblfs%nﬁﬁlgﬁgggx?odg%o onpound- -

was conpar eq_&% or bance in cells hout any. ef er ence:

Cory, A. ICQWWT%FGH&E@%%SS%?WS@‘?@W é%?ﬁswﬁfl@‘i’ﬂbm assay

25 for cell zgrmdanaﬁﬁayaesbﬂbmhtmrreakhb@aﬁmeaa@om&m”eﬁ 407345899d42). The
fol | ow ng assays were enpl oyed to neasure the activity tivity of the conmppunds of

t he present ‘i nvention agai nst ot her RNA-dependent RNA viruses: 30 a.
Det ermi nati @n of (Qyiotdikicity adgai vi ral Activity of Conpounds Agai nst

Rhi novi hys (C) t opat hi C i r
descri bgg inthe artic CIF{)JIE% a}!;&?k@g%fgﬁ%%ﬁ@ﬁgéﬁ?% &W:% ‘t’é %%3% 03
m croti ssue 3EPIOK{A ek ]af élef enllsimt ifor suapengitn dulftss e dﬁy lrmb@tmne and 5.0
studies, " ARpl0* cMISHOPoP hdhefeit cﬁl%]re@ﬁxl?) &M&baﬁ%ﬁs §§1 I%%f ééﬂ ¥ulg.99§fas
02/ 057287 EWEI?#SOZI 0308]%] \faﬁ%{g ﬁ VI rus tdy train HGP,
was used wi gredfq wellyof (t’@S‘?%u ﬂéteaﬁtq b%’tol'f é@@ tHEs st at ed
int Pe Si dvvéinlal endedudtfonesl tmeedearoamuna heDMS(DI $vas a@&gdalmcmtémxtehle ATCC,
was fro t i | e upper
respira or y Iitl}{ulg%gg ?ﬁﬁh‘f%ﬁ%@% {?58 SBGCC%?} ]ée)no qfing?fh %;&ei thea‘ﬁ‘&let}aﬂp?l oVvi r us
type 14 ( RV-P@Z&?C} 2 wlaphCalbliter 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 preésent 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). | '
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were al so obtained fromthe American Type Culture Collection (ATCC) in
Rockville, MD. RV-9 was from human throat washi ngs and Rv-éq,ugaﬁ)ﬁ%rom a

t hroat swab of a young adult with upper respiratory illness. Both of these
Viruses weygoMsesswi th HeLa 10 Chio-i cells (Dr. Fred Hay UHP%‘&OSGO‘C VA)
whi ch were human cervical epitheloid carcinoma cells. M agle"s m ni mum
essential nmedium with 5% Fetal Bovine serum (FBS) and 0. 1% NaHCO3 was
used as the gromh nmedium Antiviral test nediumfor all three virus types
was MEMwith 5% FBS, 0.1% NaHCO3, 50 g gentamicin/n, and 10 MM Mgd . 215
2000 g/ nL \/\ei.the_'hi ghest concentration used to assay the conmpounds of the
present in %n. Virus was added to the assay plate approximately 5 -nin

aftelro thg t%lbino@iﬁm@dp?ﬂ(RWKZ)pﬁfaiﬁH@F,Gﬂfa% el @itB KA ndARGRY (Plsat es wer e
i ncubat ed wi um dified. ajr 5% at.. 37 t ot oxi ci ty  was

noni tored i nﬁ%kﬁggé’onnc{ FHIPIQ }59131 g S%#f?%%%g%c}%éﬂ W%%ES{‘%F oMty dCctdfges.
Regr essi on artadiped &oof the R CC,rwis fERE adbtoat SMabasfdntakelt hotd withy middioued dat a
--gave -t-he '5ED519 {-50%: act i ) ) and- CC50 (50% - cytot exi-c concentrati-on): -
The sel ecti vi F%@?;@%{fe?@ te{r&éfg&%g'l culated by the fornula: SI = CC50 =

ED50. b. DetRRiRprisstype B{RVdhsteain 2 phtandithiabvinettyps 14/ RY-18drspouniisy.Agai nst

Dengue 25 Baggialsodbiin&l oW theXaleric iRt s i ; gLl s are
provi ded in l@e;ézdgmelll arrl Iﬁﬁfﬂ&ﬁiﬁeﬁ %Fééﬂggl?rg%\%. i rucgée)??mgeéﬁggg"vi rus
X -

type 2, New SYASTAm 0t HathRgsHRchG- 1das drom g thuppiseigb et a

CO|nt rol . 'rl;V\Q,/duhg\faSuIOvaieflrpipélaﬂ&s;gfm& inﬁ)e?k.ego&i ﬁnﬁgseeziahh@ WEE @sddSRith Igel)-.a B0t h
cul ture jthe Vi 0) .ang t er ntivir testin - . Bot
Yel | ow fllgver&%f)?lu{seﬁ f‘é b%rg% iﬁ%’%ﬁn’ EJPE"pé’F gfd{s}%ﬁ? ?"’ﬁf“*@ﬂ%adl %Ugaé%d}%ﬁ][ﬁﬁ and
Banzi virus,caringsa s¢lisaiMEM @oight echinimuonesstreia aredimngfwish £ @fdtdi@dsime i n Ty
South Afric bR used with both of -
t hese vi rusgserdgﬁgﬂ? or asqs?g%.ﬁgg -%%Seﬁsghezéggk§v%ﬁ%l§'057287

PCT/ US02/ 030881 vixah fassmadignieaia thiemviros tpes was VBN with 3 AEES, 011% . |

VAl ker svi | | eNalOp3 afipyeemamedit/ml( ARCT) mdedgClrsed in Medi um 199 with 5%

FBS and Q. 1% H ~and w fhout antibiotics. Assay nedium for. dengue,
yel | ow flgvegowﬁgg%%s%&ggﬁ% CHREEDRRHAR WKl Ep2gsay the compounds Ofthe'prgsem

- 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 Antiviral Activity of Compounds Against Deﬁgue
.25 Banzi, and Yellow Fever (CPE Inhibition Assay)

- Assay details are provided in the Sidwell- and Huffman reference above.

- Viruses: _ : _
Dengue virus type 2, New Guinea strain, was obtained from the Center for Disease
- Control. Two lines of African green monkey kidney cells were used to culture the
30 virus (Vero) and to perform antiviral testing (MA-104). Both YelIQw fever virus, 17D
strain, prepared from infected mouse brain, and Banzi. virus, H. 336 strain, ViSOIE:’tted
from the serum of a febrile boy in South Afn'c'a, were obtained from ATCC. Vero
cells were used with both of these viruses and for assay.

35
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5 0. 18% NaHCOG3 and 50 g gentamcin/nmL: Antiviral testing of the conpounds
of the present invention was perforned according to the Sb%‘ﬁﬁ{,,'zoﬁgd ;
Huf f man reference and simlar to the above rhinovirus antivira esti ng.
Adequat e wyi@patRyc ef fect (CPE) readings were achieved afger;qnffays for
10 each of these viruses. c. Determnation of In Vitro AntiV|raI2 %\ctivity
of Conpounds Against West Nile Virus (CPE Inhibition Assam Assay details
are provided in the Sidwell and Huf fman reference cited above. West 15
Nile virus, New York isolate derived fromcrow brain, was obtained fromthe
Center for d%'@eaaﬁt %n_trol. Vero cells were grown and used as descri bed
above. Test MEM 1% FBS, 0. 1% NaHCO3 and 50 gg gentam cin/nmi.
Antiviral tédniy wils (hViinpicuids., 8 alkdrevifle QBN and MeenEIRNATET)PRELOT MEd

fol | owing  2Red EVEBLALHSY Qft StEBL lan@0d o M SRR GadbigliLar to those

used to assay for rhinovirus activity. Adequate cytopathic erféct (CPE)

readi ngs wer&ssay iicdwpufaridengue, SelBvdieyst, aod BReti eimbesatasEM, 3% FUISt r o

Banzi, and West Nile Viruses utral Red Uptake Assay) After performng

the CPE inhibition assays above, an additional cytopathic detection nethod

was used whifdtivigl gesed bhied cbxﬁ?f)'LM(ﬁro@EHetﬁEseﬁﬂﬁﬁﬁhtfcﬁf was ﬁgrﬁfﬂn%%%ﬁfor ing
n

M crospectr ot tric titation of Cytopathic Effect,” L EnvViron.
M crobi ol . %&%H‘E‘%” Eﬁ‘é%'%aﬂ IR%af‘éFe EE%W%FE‘?@&I&Q?‘@ shingyds peiratek 30

I nstrument s tésting) Adaguals eglopahic efdct (IPE) s&a@ihgh vk € acHiRA aFtenf @ dabbhrs Were
cal cul aygd %?cf?@ﬁlﬂ@ge ﬁg&g\é\fLE OF A PHARMACEUTI CAL FORMULATION As a specific
enbodi ment of an oral "cofposition of a conpound of the 35 present

i nvention, 50 ng of the compound of Exanple |I or Exanple 2 is fornul ated

- 76 22 July c2BBRrmRi0R PR ARG AlditiPAzt 07086 %b@u%fééﬁﬁs@ '%esﬁ Nrilg El y
di vi ded Iact\Pse Q_provide a taotal anmpount

0 hard gel atyHs bi a¥he inventi on has been described and

il ;J?] trat ted F:Lsﬁ?y‘ ﬁtﬂfs&ﬂ_@@{d\ﬂtieﬁ?m:ﬁ%ﬂ aﬁﬂ%ﬂ@ﬂnﬁ%%&réﬂ&?ﬁ:ﬁ@{l abdv'@.OS??esgki I'led
I N e . .a ecl . a varl ous Ccha es, noditlcatl ons, an
Cpst 0 ol viARDRERIAR igolitt s S e e Bk v Pl from the Céiter

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.

a size

Antiviral 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) readings were achieved after '.
5-6 days. '

7 d. Determination of In Vitro Antiviral Activity of Compounds Against shino, yellow
25  fever. dengue. Banzi. and West Nile Viruses (Neutral Red Uptake 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 EL309 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- '




the spirit and scope of the invention. For exanple, effective dosages ot her
than the preferred doses as set forth heei nabove nay be angli@%Bbg as a
consequence of variations in the responsiveness of the hu éing treated
for severhangﬁxkpe HCV 10 infection. Likew se, the pharmgegl ]ﬁﬂbﬁ(fgsponse
observed may vary according to and depending upon the particular active
conpound sel ected or whether there are present pharnaceutical carriers, as
well as. the type of fornulation and node of admi nistration enployed, and
such expected variations or differences in the results are contenplated -in
accordance wth the objects and practices of the present invention. It is

i ntended 15 YiesWheent finedy divifiedilaniesity SFP VB 3 foklrapushelS 890 SAE maiedl of
the clai ms whiighohatd @MarpRgsiiBat such clains be interpreted as broadly as
is reasonable. -77 22 July 2005 WO 02/0,57287 PCT/US02/ 03086 WHAT IS
CLAIMED IS 1, A conpound of the structural formulal: RO Ro RaNRs O
ONs NRI1 1 R RVhiR3 iH&n{dnfion haobeem dmbmﬁmlmdtﬂi@sﬁﬂateﬂ iaggephabie sal t

A S Unetle 5‘ obdrgi oedt et et uhnR B Praie i e oy,

Cl- 4 al kyl t mh@nge@rmodnécatucmsx aru@abﬁltumnsn@némm@e thexemvmtmmﬁdrmmfrom :

fluorine, %ﬂta cﬁﬁepgpthe g\/eﬂ%ﬁr{ yevxaﬂl'i)lect]:ff@ctﬂje%gacre b th%@%e 10 R2 .
car Cc

together Wlt atomto th ey are atta orma
6- nenber ed SHEUFALRWS ADFRSEQEN hféfﬂl%ﬁbﬁlge B b #PpliRablas 4 spneesiierteiing a

het er oat om sgtiggéRdn ilicO@bbnsivenesd BEHNEhndHekd tredrd B %\Bﬁt)ﬁdﬁh@ﬂ@\/
e RSt L0, b L0, 8 SUB. SOt 8 19 O DXL 0SS Al
al kynyl , andie@indngbpon the pbmlcellaﬂacaivkycbmpsummmw (bmbﬂhfﬁf‘thfﬁ‘el b&tprbaahed Wi t h‘
hydr oxy, - pharmaceutical carriers, as well as the type of fonmulation and modé of administration

employed, and such expected variations or differences in the results are c@ntemplated

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



am no, Cl-4 al koxy, Cl-4 alkylthio, or one to three fluori ne atoms; R5 is
hydr ogen, d -10 al kyl carbonyl, P309114, P2061-13, or (O) ? 4, 5‘8 and R7
are each independently hydrogen, methyl, hydroxynet hyI Y0 t hyl ;
R8 is hydweophs$1-4 al kyl, C2-4 al kynyl hal ogen, cyano W/@Qpﬁ){)g(w@ -4 20
al kyl oxycarbonyl, azido, amno, G -4 al kyI am no, di (Cl_4 al kyl)am no,
hydroxy, Cl1-6 al koxy, Cl-6 alkylthio, Cl-6 al kylsulfonyl, (Cl-4 alkyl)O0-2
am nonet hyl, or C4-6 cycl oheteroal kyl,, unsubstituted or substituted with
one to two groups. independently selected from hal ogen, hydroxy, - am no,
Cl1-4 al kyl, .and CI- 4 al_kox R9 is hydrogen, cyano, nitro, Cl-3 alkyl,
NHOONH2, ~ CONREZE 55 ﬁfif'z 25 COORL2, C(=NH)NH2, hydroxy, Cl-3 ai'l coxy,
am no, Cl-4 alkyl am no, di (Cl-4 alkyl)am no, hal ogen, (1, 3-oxazol-2-yl),

(1, 3-thiazol -2-yl), or (imgdazo 1 ). erei -7 2 July 2005 WO

02/ 0- 57287 PCT/ US02/ 030 6 a‘?fi?‘iﬂpi’%ﬂ%‘i‘? tﬂ%m"{;?‘itﬂliagﬂf’“&}”ﬁ”sﬁbstu tuted with one to
three groups independently selected from hal ogen, -am no, hydroxy, -<carboxy,
--and-Cl-3-al-koxy;RL0-and Rll -are each |fq%lepen ent| y -hydrogen, - hydroxy;-

hal ogen, Cl1_4 al koxy, am no, Cl-4 alkyl di (C1_4-al kyl )am no; C3-6
cycl oal kyl am no, di (C3-6 5 cycl oal kyk) apAii N C4_6 cycl oheteroal kyl ,
unsubstituted or substituted whik_ one t t oups i ndependently sel ected
from hal ogen, hydroxy, am no, Cl-4 %l kyl N andN~ CrRi! al koxy each R12 is

i ndependently hydrogen or Cl-6 q:l; a R$3 and R14 are each’

i ndependent 'y hydroxy, OCH2CH2S ikyl, 10 OCH2Q( C=0) OC1- al kyl,
NHCHVECO2Me, OCH(Cl1_4 al kyl ) (C= ﬁ/ , ['"0O ~~S(CH2) 11CH3 AO

S(CH2) 17CH3  ( CH2) 9CH3 or OCO(CHZ) 1R with the proviso that when Rl is
p-nmethyl. and R4 is hydrogen or R4 is (RG(Tet hyl and Rl is hydrogen, R2 and
R3 are a-hydroxy, R10 is amno, and ), R8, and Rl1l1l are hydrogen,
then RO is not cyano or CONH2. 15 2. The corrpound of Caiml of the
structurdl fomphbandckuticallyReepkible sait th&s0fiN N'Ri '

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; ‘ -
RZ2 is hydrogen, fluorine, hydroxy, mercapto, C1-4 alkoxy, or C1-4 alkyl; or R}L and
10  R2 together with the carbon atom to which they are attached form a 3- to 6-membered
saturated monocyclic ring system optionally containing a heteroatom selected from O,
S, and NCq-4 alkyl; 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, Cj-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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R R3 R2 (Il) or a pharmaceutically acceptable salt thereof; 20 wherein
Rl is Cl1-3 al kyl, wherein alkyl is optionally substituted \detja] EOXY,

am no, Cl1-3 al koxy, Cl1-3 alkylthio, or one to three fluorine dtons; R2 is
hydr oxy, wbuwensrnsor Cl-4 al koxy; R3 is hydrogen, hal ogen, phygikeXdsos@m NO,

or Cl-4 al koxy; -79 22 July 2005 WD 02/057287 PCT/ US02/03086 R5 is

hydr ogen, P309114, P206H3, or P03112; R8 is hydrogen, amno, or C-4

al kyl am no; R9 is hydrogen, cyano, nethyl, hal ogen, or CONH2; and R10 and
Rl | are each independently hydrogen hal ogen, hydroxy, amno, 5 Cl-4 -
al kyl am no, 6 C | am w. th_the proviso
: tha%/ when Rlaﬂ‘l éls ‘?Swlh‘é?} B‘%ﬂé”cgf ey t)6I1r{}59 R‘%“PS Q%PF@GHW sdectedng RS,
R8, and Ri11impebdggmogaino, h}rtrnxmarbexmmnd@]aaeﬂrorcyr:o\w 3. The conpound of
daim 2 Whe'RﬁDQmé@{lR'aré §acﬁﬁ&%kmd§n‘tl§}%§@f&&tﬂWydrd?éﬁdl'ié?oryenieb@ Yal alkoxy,

di f 1 uor onet h trifluoromnet m Nno oxy. fluoro, or -
met hoxy; R3% %%“Chydr‘bélgﬁ mr%aﬁ@l—m@r RUNOa (B réee Yokl ivkaniRydi(CRE | s

- hydrogensor- cﬂﬁ@ﬁkﬁﬂ)anﬂ;ﬁo Ff& 5 hyabmeoamm anbubRtitut®d drsubstined §ih ¥ ano;

met hyl , haI en 1 ar.e each independent| ydrogen
f1 uor o, hyd Y3 ougy i ‘h%@l en@?/ feﬁecﬁ‘?%eia B’F‘J\%%“W&P%%W% ilet gyl

and R3 are &1hydkoxwy, R10 is amino, and R5, R8, and Rll are hydrogen then
R9 is not C)émq{mls%gnde%gyﬁydﬂ;@@n 89@?%%10511@ aiml selected fromthe

group consis

t
4-am no- 7- (¥ Ié—aﬁéﬁﬁf}lﬂq sachindepbideatly hadios yl QCHRCHPSC6+0)21-3-a0ypyr i mi di ne,
10 OCH20(C=0)0OC]4 alkyl, NHCHMeCOQ2Me, OCH(Cj.4 alkyl)O(C=0)C1-4 alkyl,

307 8 (k)1 CH, N N0 S(CHCHs
O(CH,)sCH3 OCO(CHy)14CHa

with the proviso that when R1 is f-methyl and R4 is hydrogen or R4 is B-methyl and
R1 is hydrogen, R2 and R3 are o-hydroxy, R10 is amino, and RS, RS, R7, RS, and
R11 are hydrogen, then R is not cyano or CONH?.
15 - |
2. The compound of Claim 1 of the structural formula IT:

Rg R10
| 8 | N
R°0 o N7 !

(1

or & 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,

79



4-am no-7-(2-C nethyl -(3-D-ribofuranosyl)-7H pyrrol o] 2, 3-d] pyri m di ne, 25

4- et hyl ami no- 7- (2- G- net hyl - (3- D-ri bof uranosyl ) - 7H pyt Tol o[z%;ﬁrydjoggri m di ne

4- di met hyWa B9 (2- G et hyl - f 3-D-ri bof uranosyl ) - 7H pyrr g [L%ﬂgng}i@yr i m di
ne, 4-cycl opropyl am no-7-(2-C-nethyl-(3-Dribofuranosyl)-7H pyrrolo
[2,3-d] pyrimdine, 4-amno-7-(2-Cvinyl-(3-Dribofuranosyl)-7H pyrrolo
[ 2, 3-d] pyri m di ne, '
4- am no- 7- ( 2- G- hydr oxynet hyl - (3- D-ri bof uranosyl ) - 7H pyrrol o[ 2, 3-d] pyri m-din
e, 30 ‘ : ,
4- ani no- 7- (B3¢ hydropondBRpH4t B20sTp bofRO3Hwsy| ) - 7H pynol of 2, 3-d] pyri ni di ne;
4 am oS MR hydrobéit SnffbIb A uRyidaRbur anosyl) - 7h-pyrrol o

, 3-d] pyri m di ne, ‘ '
4- ami no- 7- ( 29as Fedmgen. c3erD. megul.hakagesyanCONHay med| of 2, 3- d] pyri mi di ne- 5-

carboxylic @apd,apil . .

A BN e B b’@‘jm’a ; 5 8 ?%%i?;}fﬁ? n;lygggiﬁéé%%gglng@ R BP8%2, 3- ) pyrimidin.

e, -80%22 Jt¥ I G2 FSIFIBeTIT IS5/ YSigalylamino;

?—2 a;n 3 ]0 5- _Cﬁ/!iﬁ_rtﬁe provisoGh AR R 1 2Ok RE AR08Y hie-olhy d¥Ly, ®/1O is amino,

, 3-d] pyri Re - ) ,

4 i nos B 11 bk BRI Htrh prarpgentiondt s 4510 R2NFRr ol o

[ 2, 3-d] pyri m di ne, ‘ - '

2, 4-di am no- 7- ( 2- G met,hyl - (3-D-ri bof uranosyl,) -,7H.pyrrol o[ 2, 3-dj pyri m di ne,

2" ani no- 7- ( 2- G met hyl t3( 3-D FBS‘F‘BP%&S%@@)&{%%WFP& o[ 2, 3-d] pyrindine, 5

2- ani nol- cRé liometpy tarreretiiyl Bydtonphithyl; (lDrombtbfi trifhaseiny®ik pyr r ol o 2, 3-

d] pyri m di Ny 2s@difii0- 7- (2- G- net hyl - (3-D-ri bof uranosyl ) - 7HpylTol o [2, 3-d] _

pyri mi di n-4iz ) -one,” 4 amino _

7- (2- C et hyR=(sbystpxphugrams 83thaxyH- pyrrol o( 2, 3- d] pyri ni di ne,

4- am _ng_- 7- (R—;% BydosdiTEfubM, h{Boky,ranliRd, Wr 3By, - 7H pyrrol o [ 2, 3-d]

pyri m di ne, o ) 7 _

7- (2- G met hi 9?5%‘59?‘? SHAE Y1 ) - 7H pyrrol o[ 2, 3-d] pyri mi di n-4( 3H) - one,

2- am not%- nBPhiyhydregdr orGmiAeO- di met hyl - 13- D-ri bof uranosyl ) - 7H-pyrrol o [ 2, 3-

d] pyri mi di nRAG3k):88& cy: thyl, halogen, or CONHp; and _  °

4-am no- 7- ( 3- eggy-‘?- C-Csrfraentohlyl/]le- 8(3- 5 Bof ur anog‘)’/_fusl -7H-pyrrol o[ 2, 3-d]

pyrim di ne, R10 and R11 are each independently hydrogen, fluoto, hydroxy, or amino;

4 am no. 7 (SnseR e RN 5 B-AEAD1, R HoARD 2 o nylo Ry /10l iQhiins 91 - 15

4- ani no- 2- LRS- B @R e hrdrpgemthen Rt i5meh 6802 HONHRr ol of 2, 3- d] pyri mi d

i ne, 20 : - ‘

4- am no-7-(3- C net hyl -[ 3- D.r i bof ur an sﬁ).—?l—l— rrqlof 2 3-d%} ri mdine, -

4 am no-7- (3. G et hyl (3. D125 ROPBP G B s e g By mietn e,

4- am no- 7- (@:4-di - G- et hyl - (3-D-ri bof uranosyl ) - 7H pyi Tol o[ 2, 3-d] pyri mi di ne,

and 20 AT et o] BTy Ak [ a '

4- am no- 7- (%-%%?(‘J-‘%—?I%%IF%-B 2I-}C”-l Erlrem{l%fyl/lfap ?1b7ﬁ Wﬁ%?%ﬁs’og{ﬂyﬂ n%yr rol o[ 2,-3- .
| 4-amino-7-(2-C-methyl-B-D-ribofuranosyl)-7F-pyrrolo[2,3-dlpyrimidine, G

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-ribofurano syl)-7H-pymolo[2,3-dIpyrimidine,
4—'amjno—?—(2~C.—vinyl—B»D—n'bofuranosyl)-7H-pyrrolo[2,3—d]pyrimidine, '

: 4-amino—7—(2~C—hydroxymethyl—B—D—ribofuranosyl)—?H—pyIrolo[2,3—d]pyr:i1i1idine,

30 4-amino-7-(2-C-fluoromethyl-B-D-ribofuranosyl)-7H-pymrolo[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¥pyrrolo[2,3~d]pyrimidine~5—
carboxylic acid, ' '

4-amino-5-bromo-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine, -

-80 -



d] pyi mdine; and the corresponding 5 -triphosphates; or a pharmaceutically
acceptable salt thereof. 25 5. The conpound of Caim4 sel %tﬁ@ 5d'ogm t he
group consisting of.

4- am no- Twilnfestmt hyl - [ 3- D- ar abi nof ur anosyl ) - 7H pyrrol o [ - L di ne,

4-am no- 7- ( 2- Cj met hyl - (3-D-ri bof uranosyl ) - 7H pyrrol of 2, 3- g’fé’&/‘ﬁ’ﬁéﬁ“ﬁ‘fnne,

4-aniino-7-(2-Cfluoronethyl-(3-Dribofuranosyl)-7H pyrrolo[2,3-d] pyrimdin

e, 30 _

4- am no- 5-net hyl - 7- (2- G- net hyl -f 3-D-ri bof uranosyl ) - 7H pyriol o[ 2, 3-d] pyrimd

i ne, e . o

4- ani no- 5- briotine-ehleondkt 3¢ rmethyl-D-prturasasdy 7 H-musoqbelR3odloyamdliog.pyr i ni di

Ze, _ . 4|—amjno—75—ﬂuoro—7—(Qt—C-methyl-B-D-r_i%oﬁflranosyI)-?]l'{—py%Eaﬂo[2,3-d]Pyrin§id:i%ned i d

- no- 5- rL0-7-(2-C -(3-D-ri bo no - rrofof 2, 3-. rim

o ot Bt nd S e e Db g huranoss D Berdiof2 5 Hpyrimidine; 1 PY

ine, 4-ani _
3- D-ri bof ur &rasinb)7-@Fpyath i D2 dflapysyiaT dipyerolofaBdd13aimidine,

e, -81 22 % u@%%@cwﬂgg‘?%@ -@a#lgygggﬁy&%ggrangﬁﬁ)%éyggfq[gbbondi ng
5' -t ri phospteyesnidize, a phar maceutical ly acceptable salt thereof. 6. The
conpound_of 2CLghB1AoWRCHL1$-B ribofyr 7H- -d|pyrimidin-4(3H)- |
4-am no- 7-( é C—,r%et h( | - (lg g rg_bﬁlbr?gfll&?%sﬁr}))snfl)pygﬂor%/?r%?ﬁﬁd’gf ﬁpf?yoﬂem di ne;
or a phar maéetitiPediyCatubpanibeiusanosyh {érpprololz.3-Flwyresdpeund of Aaim5
\zll\lhl chis ( 4—ar:ljno—t’i‘—(Zl—C,Q—O[)—_dim%h?lfﬁ—D»ﬂboﬁuran?Eg)—TH-p%rro[I%p 3- 'yrim_idi_n%_ 10
-am nos - (2- G- -0=D-ri.bof ur - yrrol o2, 3-djl pyri mdi ne;
or a phf_}\gm?é@f&%ﬁ%‘ﬁ%g@ﬁng%Y@%{%@P ?‘.dﬁ@’.mmﬂ@' GMIsHAd of Claim5s
whi ch is 4- &mmoe-B-1p@h¢-7-(2-C,2-0-dimethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-
f1'uor onet hyl pbatal iranosyl )-7H pyrrol o[ 2,3-d]pyrimdine; or a
phar maceut i gl\éyﬁy aélc?f{{glgﬁ% salt thereof. 15 9: The conpound of Claim5
whi ch is 4- 4rAmMB08-EHicexy27Cnpilgl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-d] pyrimidine,
met hyl - (3- D4tdniab g @Resyy-2=d-ohe1-Bob Ok i S5 17 HLRRr010[013-A - '
phar macgg.lti caI.I!H%j.accept abl e salt JtBher eof. 20 1 .ﬂheﬁgfc())rr%[ghn% of Claimb5
whi ch i s 4- B %>brono-7-(2-C- S o
met hyl - f 3- Darantind-Qr fm@s - (2=-Gohdiyi1-BOD i bdfdrafd 3y THOpFHBR[2,3-dlpyrimidine,
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-ribofuranosyl)-7H-pyrrolo[2,3-
dlpyrimidine; ‘ '
and the corresponding 5’-triphosphates;
or a pharmaceutically 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-amino-5-chloro-7-(2-C-methyl-B-D-sibofuranosyl)-7H-pyrrolo[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—arm'n0-7—(2-C,2—O—dimethyl—B—D—ribofuranosyl)~7E—py1f010[2,3—d]pyrimjdine, ‘

' -81-



or a pharmaceutically acceptable salt thereof. Al A pharmaceuti cal

conposi tion conprising a conpound of 25 Caim1l and a pharpeceutically
acceptabl e carrier. 12. The pharnaceutical conposition of P PPousef ul
for i nhiwoting2BNA- dependent RNA viral pol ynmerase, inhi b'ﬂdﬂ@sozmsoss

RNA- dependent RNA replication, and/or treating RNA-dependent RNA viral
infection. 30 13. The pharmaceutical conposition of Claim1l2 wherein said
RNA- dependent RNA viral polynerase is HCV NS5B pol.ynerase, said RNA-
dependent RNA viral replication is HCV replication, and said RNA-dependent
RNA viral infection is HC,infection. 35 82 22 July 2005 WO 0 210 5 7 28
7 PCTI US02/ G408E ArtRadne %'tggﬁﬁﬁﬂg‘ﬁﬁsof Caim!l in the manufacture of a 5
medi cament foor phiendcatiidaily iaccepofbld¥dde:- tlerepefident  RNA viral pol ynerase or the
i nhi bition of RNA-dependent RNA viral replication in a mammal. 15. Use of a
conpound of Caiml in the manufacture of a nedicanment for treatnent of
RNA- dependent RNA vi r & i nfldwetdoorpound of fdaimed whichGs 16. The use of O aim 15

wherei-n-§ai-¢- ﬂﬂﬁodﬁ@@%&hg N —Mﬂaﬁﬁiloﬁlrbﬁﬁs?gtﬂ@'ﬁyﬁﬁlo’ﬁ?@%ﬁﬁdﬁ Lnfection.- -

17. The conmpoun Claim
4- ani no- 5- f %8P a@“%?”@aﬂﬁ@?ﬁ?lpﬁ(b@@trmﬁ‘@ﬂﬁr anosyl) 7H-pyrrol o [ 2, 3-d]
pyrimdine_ 18. A pharnaceuti cal conposi-tion conprising (a) a conpound of

Gaim1l; (b) an agent .acti a| nst HCV. sel ed fromthe group consisting
of ribavirin; |evovi r|7?11 foPOé}Pgﬁ&la‘maiﬁhf H¥bitor of NS3 serine

pr ot ease; aﬁ—anmhpm—@eﬁ méthylﬂbﬂnbofummﬂb@ﬂ;hﬁhﬁomyﬁfy@gﬁﬁﬁsﬁ,
interf eg?) ?)Hgmpa%gg{t@ 1$gcéeB{a%[J ENa20¢ and ( c) a pharmaceutically
e car

accept a

- 8 The compound of Claim 5 which is 4-amiino-7-(2-C-
fluoromethyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
: ora phaxmaccutically acceptable salt thereof.
15

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.
20 . 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.

12. - The pharmaceutical composition of Claim 11 useful for
inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA
replication, and/or treating RNA-dependent RNA viral infection. -

30 - |
13. * The pharmaceutical composition of Claim 12 wherein said
RNA -dependent RNA viral polymerase is HCV NS5B polymerase said RNA-
dependent RNA viral replication is HCV replication, and said RNA-dependent RNA
viral infection is HCV infection. | o
35 '



22 July 2005

WO 02/057287 PCTIUSHLI03086

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_.





