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Hepatitis C virus (HCV) causes a |iver damagi ng
infection that can lead to cirrhosis, liver failure
w@erookiozsas1 cancer, and eventual |y death. HCV i sP@mnuS2003/031433
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envel oped virus containing a positive-sense

si ngl e-stranded RNA genone of approximately 9.4 kb,
and has a virion size of 30-60 nm1 10 HCV is a mmjor
causative agent for post-transfusion and for sporadic
non-A, non-B hepatitis. Infection by HCV is insidious
i n a Al ghthprebpar ubticativhs acfirecsin cwbtporited by tﬁ@te(l%md thelf

|nfect|ous) carriers 0. erience ¢
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1’?‘%?*3@%@ e%ﬁ?%\?\gcog& de. % ef f ect |1\7e |rr$Ttruy1n| zation

IS currently avai |l abl e, and hepatitis C can only be

Sisebf tlelod by ot her preventive rreasures such as
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léetaeco %glr NosfC ﬁ?&lﬁ of [i6& ARy, dndlevEMOAN Geate PECWEenC

nt érferon I'FN-al pha)” and this re U|res at
elnealspedsvmus(cﬁ))ltanmng hposifive-sense sipgle-strandgdoRNA; gsa01E Of

whi ch c bit .viral.repli in infected ceIIs
apREPXLpatgly %%i’&?’é‘h F@EP@%@?@ Some peopl e.

| FN- alrelas R ehHaAuiive agealifdrnpost- rartusial dnd focsporadiang
small proteins wth characteristic biol o ical effects

euedh, - Bdmepa,utrsallnfeﬁctmnhyo%yus asfiQusgifp hi prOportlon 0

nt i d
SR AT s SR S e
W@@rmﬁmﬁsl cular, viral infections. |IFN alpha
I's ‘an i nportant regul ator of gro

di 1 f Nt diffieplt & rest enchiy ity B LT BlPnd
éeﬁg}eéqg%eggd%k ﬁ%trld% e. Noeei‘fe nﬁ% iowib E‘urrently

eron oweve as lmt e ng termefficacy
Mailhbla, anddepaies € ainaordjo bel borﬁ@llza%y oltlrer puiieniivarineasures

treatment of HQV.with interferon S uent | n
LR L B e R R R e
%@I/ee{g 23%8[%’ &kBn headache 2 WD 2004/ 028481

§r 031433 nyalgias, arthralgias, nild
al opeAt presq@ythb loaltyralcce %@QM&M%Q@Q@P&‘FE@US Cis

di s ge]; ShEN, aﬁﬁﬁwﬁ i Q%re heno a3 g0 %)%?@n‘%ﬁé &tt?e%nent

M&@iﬂavﬁﬁl@ Q)Hﬁél@%ﬁ)ihfbi‘t Vlral rephcatlon in infected cells and also
-4-triazol e-3-carboxam de), an
1mprove liver function in some people.

IFN-alpha belongs to a family of naturaily occurring small proteins
with characteristic biological effects such as antiviral, immunoregulatory and
antitumoral activities that are produced and secreted by most animal nucleated
cells in response to several diseases, in particular, viral infections. IFN-alpha
is an important regulator of growth and differentiation affecting cellular
communication and immunological control. Treatment of HCV with
interferon, however, has limited long term efficacy with a response rate about
25%. In addition, treatment of HCV with interferon has frequently been

associated with adverse side effects such as fatigue, fever, chills, headache,
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5 inhibitor of inosine 5 -nonophosphate dehydrogenase
(I MPDH), enhances the efficacy of IFNalpha in the

wo e@anpsst of HCV. Despite the introduction of PCT/US2003/031433

ribavirin, nore than 50% of the patients do not
elimnate the virus with the current standard therapy
of interferon-alpha (IFN) and ribavirin. By now,
standard therapy of chronic hepatitis C has been
changed to the conbi nation 10 of PEG I FN pl us
mbftﬂgiais;arﬂualgmﬂuﬁd alopeciamspchigfic ptedte md assbcbihﬂed have
ignificant side effects | at e

st SOt oA A et o AR s 1 n
& #orf patients treated at currently recomended

oses, and the drug is both teratogenic and
enbr yRibexiria (1 fi-Reribefpranost dd-12¢- tbezqig3tcaklmxatmde) an

h d 15 f
SRIRRL ot Rt 5 e el e RS Rhiess i
Efficacyl STFNL-41pIOinHed/ire SRIEhICETH OV, IEébetB egmireduction of
| ow-nol ecul ar wei ght conpounds that directly inhibit
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C eq a entl a ar gets Qr new ugs
E@Q@éﬁ@w rogvirg cﬁpwe@rmﬁwr ShaetAs ik
QUGHERR L dHebls ey roldfl 1f stmﬂsguﬁglﬁmugé gors of

RNA replicat 0SSl descri bes
dignifipant tblﬁm:élysmm 10+26%0 nﬂpﬂtlems itcbeted ancurtdnély recomemémied

reat| a. host nf ected with . 25 G ven the fact
%‘?Se?’ﬁi@ 8&9%&5%‘%" braggLc T”’éi/eé?bré{?to there is a

St r ongtiee 8shrbfihed 8M Rideasitdnts cofbsiShé erusl"@ﬁe& fRAddeent .
The presen i nvention provi des nucl eosi de derivatives

fos exampelgt appdicaion afrmhBssnpoeligongclpglide O tibogagas for

iR E B hcehon, BMERNS I ikl dion b ipBynas

ﬂﬁﬁdltﬁctly Rntibie HAV pﬁitﬂﬁﬁﬁndiﬁtei'ﬁé with KBAleplscation are
Specifically, .in one aspect, compounds of this

sonsidsradas aiFastive ﬁ?eé@%?ﬁteﬁowyolmmn%cmorb NSHA A erng
Igg@e%se, Moonucleic acid (RNA) helicase, RNA-dependent RNA polymerase

are considered as potential targets for new drugs.>

Devos, et al.* describes purine and pyrimidine nucleoside derivatives
and their use as inhibitors of HCV RNA replication. Sommadossi, et al.’
describes 1', 2' or 3'-modified nucleosides and their use for treating a host
infected with HCV.

Given the fact of the worldwide epidemic level of HCV, there is a
strong need for new effective drugs for HCV treatment. The present

invention provides nucleoside derivatives for treating HCV infections.
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E DLND WO RRL OOW W wherein R and R1
ndependently selected fromthe group consisting

wo@booayeluegen, 10 al kyl, substituted al kyl, »ERES3003/031433
substituted al kenyl, alkynyl, 15 substituted al kynyl;

R13 |

al kyl ,

S selected fromthe group consisting of hydrogen,
and substituted alkyl; Rl4 is selected from

the group consisting of hydrogen, alkyl, and
substituted alkyl; 20 A, B, D, and E are independently
sel ect ed frowSlMl\@kRUd)Ed?ﬁE§NW’ﬂON>N >CH, >C-CN,

¢ subtie FHGRUOY 4o el s fat ase o o
aedtietlof FRS MiGaMrzals. SyecfHRIRE GiRbRo asp %%%ﬁmounds of

>C- hy

dr oxy, >C-al kox >C-am no, >C al kyl am no,

thes igyentiog iaterenrssenied hwnFegara I baoy, 3- oxazol 2-yl), 4
WO 2004/ 028481 PCT/ US2003/ 031433
>C- (1, 3-oxazol -5-yl), >C (1, 3-thiazol-2-yl),

>C- (i

>C-(furan-2-yl), and >C( 2H [ 1N

m dazol - 2-yl), >C (2-ox®&¢ | %,gﬁiﬁ t hi o: : g ,
ri azo ;

y; NE
A \A”/J\'
\N éF

D
woO

R R1

wherein R and R' are independently selected from the group

consisting of’

hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl,
substituted alkynyl;
R" is selected from the group consisting of hydrogen, alkyl, and

substituted alkyl;

R is selected from the group consisting of hydrogen, alkyl, and

substituted alkyl;

A, B, D, and E are independently selected from the group consisting of

>N, >CH, >C-CN, >C-NO,, >C-alkyl, >C-substituted alkyl, >C-alkenyl,
>C-substituted alkenyl, >C-alkynyl, >C-substituted alkynyl, >C-NHCONHS,,
>C-CONRR'®, >C-COOR", >C-hydroxy, >C-alkoxy, >C-amino,
>C-alkylamino, >C-dialkylamino, >C-halogen, >C-(1,3-0xazol-2-yl),
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Fis selected from>N, >CCN, >C N2, >C- al kyl,
>C-substituted alkyl, >Cal kenyl, >C substituted

w@bdogyd4g1 >C- al kynyl, >C-substituted 5 al kynyl PCT/US2003/031433

>C- NHCONH2, >C- CONR15R16, >C- COCOR15, >C- al koxy,

>C- (1, 3- oxazol-2-yl), >C (1, 3-oxazol -5-yl),

>C-(1, 3-thiazol -2-yl), >C (imdazol-2-yl),
>C-(2-o0x0-[1,3]dithiol-4-yl),
>C-(furan-2-yl),>CG(2H[1,2,3]triazol-4-yl), and
>C-(Y,3-uteeoBS5-Y1), s-Cs(el3e¢ia&d1—24ybn>€#(&nglamlﬂ-yk),rm-$24'ong- of

(AT e N BN a3 o TR 2
gr oupgGo Eb‘iéafté #EmoiN %W%N% d;r(S”é 1, @J(i(¥ﬁbst1tuted

substitute enyl 'stitu ed al kenyl ,
alkiy; - alkemb,s?@%‘ubsé@tadl Ricenystl, >Galayny!, >Csabstitutedt ed

3l rotionaiy S GNP Chitier ey

ReiRI- 2GS blce 1a319x%ﬁ5%/1)%ca(r1@ AR 781- 8-y >0EGmidRZ610Z-H),

togethér " with'the nltro%m_n at om bond "thereto, a

ﬁél @r@@y[dlﬁ]éltlgpb&p'l) de ded- YH?(EK&H Blat.§ ltgaeoldrylka

(g ElA%? \gl}eég %lg%tag %rox fhe ou cgiéé tsnén%%%ﬁyhalﬁls

ot mx§tau@gt1@ctether wrméa“ w@bﬂew andRftsé mdup@meﬁm;kyl
20 cycl oal kyl, substituted cycl oal kyl

seleeied fromdle grapp consigiing offwgiogen, drydixys @lkb’\\; fulptituted
ABSRAREEYE s AR, JRyl RGliARe Mo Mot r 0gen
Eﬁl{iﬁhﬁ@&dﬂlhaksk)afyl %mtbm:lte?wgﬁdhdnﬁ‘bﬂwhtsybﬂmb&hbtproaryl
et er oaf or supstitute
Digrangcics sthsiinepb hereioey 10?@5@5%@‘8@ foi 5@?%9%%
‘é@é%fﬁe? WWithG QBm‘Bégﬁ %ﬁ{‘bon% tﬂ@et%oﬁ)ﬂét@%%ﬁéﬂc group, provided
USZOOS 0314 a phosphat e,

that only one of R? and R* is hydroxy, a]koxy, or substituted alkoxy;

R' and RS are independently selected from the group consisting of:

hydrogen,

alkyl,

substituted alkyl,

cycloalkyl,

substituted cycloalkyl,

aryl,

substituted aryl,

heteroaryl,

substituted heteroaryl, and

R' and R' together wi;[h the nitrogen atom to which they are
attached may form a hetercycloalkyl, substituted he;terocylcoalkyl,
heteroaryl, or substituted heteroaryl group;

W, W2, and W?are independently selected from the group
consisting of: |

hydrogen,



a phosphonate, a nonofl uorophosphate, acyl, 5 a

sul fonate ester, a lipid, an amno acid, a
wa@a0bobssdr at e, a peptide, and 10 chol est erol ; PeNUS2003/031433

pharmaceutically acceptabl e prodrugs and salts

thereof; provided that the conpound of Formula I is

not: a)

9-((err)-D-ribofuranosyl) - 6-hydroxyl am nopuri ne; b)

7-((err)-D-ri bof uranosyl) -

4- hydr oxy| amphasphster ol o[ 2, 3- 15 d] pyri midine; c)

9-(2' -G net hgl - a; D-ri bof uranosyl ) - 6- hydr oxyl am nopurin

e; d) 9_(5a 183% 6f‘losphat e-(err)-D-ribofuranosyl) - 6-

hydr oxyl am pgigubfit@oplaszghss,

9-(5' -0Otriphosphate-(err)-Dribofuranosyl)-6-hydroxyl

am nopuri neacyl,20 Preferably, R and Rl are not both

hydr ogen. | e f its conpound aspects, this
> i nvention i%ﬂ@?ﬁ%@?@ﬁﬁto a conpound of Formula IA:

R14 OR13 MNaEpidfE A ND: ' WO RRL OHOHIA6 W
2004/ 028481anPaCrgl'{nLgSaZC%(’)3/ 031433
a carbohydrate,
a peptide, and
10 cholesterol;
and pharmaceutically acceptable prodrugs and salts thereof;
provided that the compound of Formula I is not:
a) 9-(B-D-ribofuranosyl)-6-hydroxylaminopurine;

b) 7—(B-D-ribofuranosyl)- 4- hydroxylamino-pyrrolo[2,3-
15 dlpyrimidine;

¢) 9-(2’-C-methyl-o-D-ribofuranosyl)-6-hydroxylaminopurine;

d) 9-(5 ’-O-monophosphate—[3-D—riboﬁ1ranosy1)-6-
hydroxylaminopurine; and

e)‘ 9-(5°-O-triphosphate-B-D-ribofuranosyl)-6-hydroxylaminopurine.
20 Preferably, R and R! are not both hydrogen.

In another of its compound aspects, this invention is directed to a

compound of Formula IA:

13
R( /OR
N
//B ~ E
Al |
N D//F
wo
(0]
R R1?
OHOH
IA
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wherein R and R are independently selected fromthe
group consisting of: hydrogen, alkyl, 5 substituted

wa@bdoglo2s4al kenyl , substituted al kenyl, al kynyPCT/US2003/031433

substituted al kynyl; 10 provided that R and Rl are not

bot h hydrogen; R13 is selected fromthe group

consi sting of hydrogen, alkyl, and substituted al kyl;

R14 is selected fromthe group consisting of hydrogen,

al kyl, and substituted alkyl; 15 A B, D, and E are

i ndepavheeain Ryand & ' eee mdependrmiiyheslagtenl from tirsgrstip ng of

%Sltlgélo >C-CN, >C- N2, >C-al kyl, >C-substituted
fMECE NHOONH2,  >C. CONRL5R16, >C- COORLS,

>C- hydr OXYy hydoged,koxy, >C-amino, >C al kyl am no,

>C-di al kyl am no, >C-hal ogen, >C-(1, 3-oxazol -2-yl),

>C- (1, 3-t hedbl - 2-yl) and >C—(|mdazol 2-yl); 20 Fis

selected fg '?J%ﬁ%c}?jgylm >C- N2, >C al kyl,

>C-substitu >C- NHCONH2, >C- C(]\IR15R16,

>C- COOR15, aﬂ{éhyjll koxy, >C (1, 3-oxazol-2-yl),

>C (1, 3-thi 2-yl), >C (imdazol-2-yl), and >CY,
where Y isS @EP@WWWYM the group consisting of

hydr ogen, 1 hydroxy, al kylthioether, and - NR3R4
where R3 and” R4’ are independently sel ect ed from 25 the

grgu? fo?sswstimgedﬁlky??dr olgen hyd{ Oi(yt 3I klylk 5
subs | u eny ituted al keny
al kyn¥i cgg ﬁ%/ %fFl?ﬁ? 12)‘? i}ﬂ?"ﬁ subst i t ut ed
al KOXR! is 8él¥dted %Mb%#ﬂu?%oﬁﬁé’tin J}% Sf %g%,bést Loand

substituted heteroary et erocycl i
pestugdadkile and V\,here R3 and R4 are joined to form

t oget Rer. |tr en_at.om t her
het ergcyc%%lgg%%d u’ﬁ’ %18&8851?'“ Ot%gwgﬂ? ?@8 EH% R3
sutdtifadedaalieyihy dr oxy, aI koxy, or substituted al koxy; R15

and R16_are i ndependently sel ected fromthe group
consi 84 Bl #1d E are independéntly selected from the group consisting of

>N, >CH, >C-CN, >C-NO;, >C-alkyl, >C-substituted alkyl, >C-NHCONHS,,
>C-CONR'R', >C-COOR"?, >C-hydroxy, >C-alkoxy, >C-amino, |
>C-alkylamino, >C-dialkylamino, >C-halogen, >C-(1,3-0xazol-2-yl),
>C-(1,3-thiazol-2-yl) and >C-(imidazol-2-yl);

F is selected from >N, >C-CN, >C-NO,, >C-alkyl, >C-substituted
alkyl, >C-NHCONH,, >C-CONR"R'®, >C-COOR ", >C-alkoxy,
>C-(1,3-oxazol-2-yl), >C~(1,3-thiazol-2-yl), >C-(imidazol-2-yl), and >C-Y,
where Y is selected from the group consisting of hydrogen, halo, hydroxy,
alkylthioether, and -NR’R* where R® and R? are independently selected from
the group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R> and R* are joined to form, together with
the nitrogen atom bond thereto, a heterocyclic group, provided that only one
of R and R* are hydroxy, alkoxy, ot substituted alkoxy;

R'® and RS are independently selected from the group consisting of:

7
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WD 2004/ 028481 PCT/ US2003/ 031433 hydrogen, al kyl,
substituted al kyl, cycloal kyl, 5 substituted

weyokozd4kyl , aryl, substituted aryl, heter oBewUS2003/031433

substituted heteroaryl, and 10 R15 and R16 toget her
with the nitrogen atomto which they are attached may
forma hetercycl oal kyl, substituted heterocyl coal kyl,
het eroaryl, or substituted heteroaryl group; Wis

sel ected fromthe group consisting of hydrogen, 15 a
phosphat e, hgdipgasphonate, acyl, alkyl, a sulfonate
ester, 20 % 1 ipid, an amno acid, a carbohydrate, a
peptide, a Ybchol esterol; 25 and pharmaceutical ly
acceptables@ﬁﬁﬁﬁaiﬂgﬂgof, provi ded that the conpound
of Formula A is not 9-(2'-C nethyl-a-D

ri bof ur anosyal9allsylhydr oxyl ani nopuri ne. 8 WO 2004/ 028481

PCT/ USZOO? &%&é‘%ﬁcﬁ{c&gﬁ&hl | another of its compound

aspects, s inve n-i’s directed to a conpound of
For mul a | Baryl,

substituted aryl,

heteroaryl,

substituted heteroaryl, and
R" and R to gether with the nitrogen atom to which they are
attached may form a hetercycloalkyl, substituted heterocylcoalkyl,
heteroaryl, or substituted heteroaryl group;
W is selected from the group consisting of:
hydrogen,
a phosphate,
a phosphonate,
acyl,
alkyl,
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
and pharmaceutically acceptable salts thereof,
provided that the compound of Formula IA is not 9-(2’-C-methyl-a-D-
ribofuranosyl)-6-hydroxylaminopurine.
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wherein R and R are independently selected fromthe

W@e@d/028481 consi sting of: hydrogen, alkyl, subST/US20&M1433

al kyl, al kenyl, 10 substituted al kenyl, alkynyl, and
substituted al kynyl; R13 is selected fromthe group
consi sting of hydrogen, alkyl, and substituted al kyl;
15 R14 is selected fromthe group consisting of
hydrogen, al kyl, and substituted alkyl; Y is selected
f r om Inhetiligmother efitssiomtpongd efpectsjthilioygation indivgctedXo a
hydr oxy, . al k Ib?ioether, -NR3R4 where R3 and R4 are
%ﬁﬂ%ﬂ@ﬁ&éﬁ?FWﬁg 'ected fromthe group consisting of
hydr ogen, hydroxy, alkyl, suh&gigybe@ al kyl , al kenyl ,
substituted al kenyl, al kynyl, swbstituted al kynyl,

al koxy, substituted al koxy,/N XN
24
N o
NT Y
WO
o]
R R!
L 0L
w2 w3
1B

wherein R and R! are independently selected from the group
consisting of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl;
R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
Y is selected from the group consisting of:
hydrogen,
halo,
hydroxy,
alkylthioether,
-NR*R? where R? and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
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wedoenzsagc! i c,

WD 2004/ 028481 PCT/ US2003/ 031433 aryl, substituted
aryl, heteroaryl, substituted heteroaryl,

and R4 are joined to form together with the nitrogen
atom bond thereto, a heterocyclic group, provided that
only one of R3 and R4 is hydroxy, alkoxy, or
substituted al koxy; .5 Z is selected fromthe group
consisting of: hydrogen, halo, hydroxy, alkyl, 10
aﬁylbgﬂaistﬂmltezbhryll kgteroanl lsabstityted halbsiatyluh@ctoa)}'dhenyl

| Kynyl , substjtute yn 4 15 ¢C Op
sebisERg hogrcaplic @*reg BXA R aig Jiphd By o {0g6‘5 with
t}% ﬁi&éﬁ Tr?bc}iL’theréto ah&bﬁé%lrczgrbfﬁp, préﬁﬁéi?tﬁ@tl ondy Whe

iol-42yl,  furan-2-yl
oFR>[aid R "33 hydraxylalkexy] or Sabﬂﬂl’futNPBMXMer e R3 and R4 are

|nde ndent ct ed fromthe group consi sting of
hydr 96 Peﬁk%r@@ S HFRP CONTTG 0% Ut ed al kyl, al kenyl

subst i t ut atd@bdeany! ., al kynyl substituted al kynyl,

al koxy, substi uted al koxy, aryl, substituted aryl,
het er oar ylhalgubst it ut ed heteroaryl, heterocyclic, 30
substituteli(‘j(f}]eterocycl ic and where R3 and R4 are
joined to n’1( ’together with 10

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl,

substituted alkynyl,

cyano,

carboxyl,

carboxyl ester,

acylamino,

1,3-oxazol-2-yl,

1,3-oxazol-5-yl,

1,3-thiazol-2-yl,

imidazol-2-yl,

2-0x0-[1,3]dithiol-4-yl,

furan-2-yl,

2H-[1,2,3]triazol-4-yl, and

NR3R* where R® and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

substituted heterocyclic and where R? and R* are joined to form, together with

10

substituted heterocyclic and wheeBPURB03/031433
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20

25

WD 2004/ 028481 PCT/ US2003/ 031433 the nitrogen atom
bond thereto, a heterocyclic group, provided that only
wor@4028488 and R4 are hydroxy, al koxy, or subspCT/usmd3/031433
al koxy; W W2, and WB are independently selected from
the group consisting of 5 hydrogen, a phosphate, a
phosphonat e, a nonofl uorophosphate acyl, 10 a
sul fonate ester, a lipid, an amino acid, a
carbohydrate, a peptide, and 15 chol esterol; and
i tropaeatbmdmind haetoephatioey olic euoupg sravidedghattanly one

o%g? _tar(ig;{b' meq{y%}léygy?gﬂc%ggtortsu Setifited” a‘ﬂﬂg)gy;m Formia 1B is

9- ( (& Ww2Dsdd Wohty . @ BohiHe PRI donsisti
9-(2%]@?\%& "ny’s‘?g dﬁ?%@éﬁpggg%%) G o] A né’ﬁm n
of, 20 c)

9- (5' - O myngphosphat e- (err) - D-ri bof uranosyl ) - 6-
hydr oxy!l a5t ne; and d) ‘

9-(5' -0t fd;ﬂlb@?ﬁﬂ?@}t e- (3-D-ri bof uranosyl) - 6- hydr oxyl am
nopurine. Preferably at |east one of Rand R is
ot her tharaphedplepete, |1 n another of its conpound

of " For mul & res MRS 026451 peri Us2003/ 031433
R14 /-ORL&cM, N Z---<N:]J] N
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
and pharmaceutically acceptable prodrugs and salts thereof;
provided that the compound of Formula IB is not:
a) 9-(B-D-ribofuranosyl)-6-hydroxylaminopurine;
b) 9-(2°-C-methyl-a-D-ribofuranosyl)-6-hydroxylaminopurine;
¢) 9-(5’-O-monophosphate-f-D-ribofuranosyl)-6-
hydroxylaminopurine; and
d) 9-(5’-O-triphosphate-B-D-ribofuranosyl)-6-hydroxylaminopurine.
Preferably at least one of R and R} is other than hydrogen.

In another of its compound aspects, this invention is directed to a compound

of Formula IC:

11
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N~Y WO RRL OHOHIC wherein Rand RL are
i ndependently selected fromthe group consisting of:

whyenogas, 5 al kyl, substituted al kyl, al kepgT/1S2003/031433

substituted al kenyl, alkynyl, and 10 substituted

al kynyl, provided that R and RL are not both hydrogen;
R13 is selected fromthe group consisting of hydrogen,
al kyl, and substituted alkyl; R14 is selected from
the group consisting of hydrogen, alkyl, and 15
substituted alkyl; Y is sel edtéd 44 t he group

consi sting of. hydrogen, halo, N hydroxy, 20

al kyl t hi oet her, -NR3R4 wher R4 are

i ndependent |y sel ected f70r the _droup consisting of
hydr ogen, hydr oxy, amh?l, sibstiNute&d al kyl, al kenyl,
substituted al kenyl, al kynyll, substituted al kynyl,

al koxy, substituted alkQXy, / aryl, substituted aryl,
het eroaryl, substituted roaryl, heterocyclic, 25
substituted heterocyclic awHwhere R3 and R4 are
joined to form together with 12 WO 2004/028481

PCT/ US2003/ 031433 ic

wherein R and R! are independently selected from the group
consisting of:

hydrogen,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl, and

substituted alkynyl,

provided that R and R! are not both hydrogen;

R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
, R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;

Y is selected from the group consisting of:

hydrogen,

halo,

hydroxy,

alkylthioether,

-NR’R* where R® and R? are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

substituted heterocyclic and where R and R* are joined to form, together with

12
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w@bkdoangg4sor substituted al koxy;

the nitrogen atom bond thereto, a heterocyclic group,
provided that only one of R3 and R4 is hydroxy,
Z i s sel ect edrd¢T/UMODIIE31433
group consisting of: hydrogen, 5 halo, hydroxy,
al kyl, and -NR3R4 where R3 and R4 are independently
sel ected fromthe group consisting of hydrogen,
hydr oxy, al kyl, substituted al kyl, al kenyl, 10
substituted al kenyl, al kynyl, substituted al kynyl,
Hiekdixggen ginys bond thertta laksiepocyche gilopp sprosided tag dnlgropk,

e v ubstituted heteroaryl, heterocyclic,
gﬁ%s %@%H&Hyﬁ%?¥w%%?%¢P%s ﬁﬁm§ﬁé%§mﬁ8 and R4 are
j oi ned i¢ @ldctddfrorh AULIBEH cWMsidlingbhe nitrogen atom bond
thereto, a heterocyclic group, provided that only one
of R3 and mﬂhﬂgmhydroxy, al koxy, or substituted
al koxy; 1 A is selected fromthe group consisting of:
hydr ogen, “a’phosphate, a phosphonate, acyl, 20 a
sul fonate leglréxy, a lipid, an amno acid, a
carbohydrate, a peptide, and 25 chol esterol; and
pharnaceut@%%ﬁﬁ@iacceptable salts thereof , provided

that th { | LS

o (o | & et RO Sye ttrnfitly selected fromphe
goap c@w?tihg oy Hych’&g?rﬁ by dvogyraling, substitagedtaﬂ]@tﬂ, zgfceiriyil,s

C 0 aspect s, i.s.invention is directed to a
SEADBIFICRR. SR gy sHhstitwed aliyyh Alxyoribstiniakoxy,

R 45E00 B3 hSBroaryl, substituted heteroaryl, heterocyclic,

substituted heterocyclic and where R® and R* are joined to form, together with

the nitrogen atom bond thereto, a heterocyclic group, provided that only one
of R? and R* is hydroxy, alkoxy, or substituted alkoxy;
W is selected from the group consisting of:
hydrogen,
a phosphate,
a phosphonate,
acyl,
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
and pharmaceutically acceptable salts thereof ,
provided that the compound of Formula IC is not 9-(2’-C-methyl-a-D-
ribofuranosyl)-6-(-S or R Inactive-)-hydroxylaminopurine.
In another of its compound aspects, this invention is directed to a compound
of Formula IC-A: |

13
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z Z---</ N NNY WO RR OHOHICA wherein R
and Rl are independently selected fromthe group

wa@omgiozsg4sng of . hydrogen, 5 alkyl, substitutedr/abiogs 31433

al kenyl, substituted al kenyl, alkynyl, and 10
substituted al kynyl, provided that R and Rl are not
bot h hydrogen; R2 is -NR3R4 where R3 is hydrogen and
R4 is hydroxy or alkoxy; Y is selected fromthe group
consi sting of: hydrogen, 15 hal o, hydroxy,

al kyl t hi oether, -NR3R4 where ’and R4 are

i ndependently sel ected fromnt up consi sting of
hydr ogen, al kyl, substitz | kyl[, al kenyl,
substituted 20 al kenyl, al kyySNBhystituted al kynyl,
al koxy, aryl, substi (?ryl, het er oaryl ,
substituted heteroaryly racyclic, substituted

het er ocycli c and where R4 are joined to form
together with the nitrog om bond thereto, a

het erocyclic group; Z is selected fromthe group
consisting of. 25 hydrogem-a

wherein R and R! are independently selected from the group
consisting of:

hydrogen,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl, and

substituted alkynyl,

provided that R and R! are not both hydrogen;

R? is -NR’R* where R? is hydrogen and R* is hydroxy or alkoxy;
Y is selected from the group consisting of:

hydrogen,

halo,

hydroxy,

alkylthioether,

-NR’R* where R> and R* are independently selected from the
grdup consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic and where R’ and
R* are joined to form, together with the nitrogen atom bond thereto, a
heterocyclic group; ‘

Z is selected from the group consisting of:

hydrogen,

14



14 WO 2004/ 028481 PCT/ US2003/ 031433 hal o, hydroxy,
and - NR3R4 where R3 and R4 are independently sel ected

wo c@niordael group consi sting of hydrogen, al kyl PCT/US2003/031433

substituted al kyl, al kenyl, substituted 5 al kenyl,

al kynyl, substituted al kynyl, al koxy, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
het erocyclic, substituted heterocyclic and where R3
and R4 are joined to form together with the nitrogen
at om bond h#lereto, a heterocyclic group; Wis

sel ect ed thgjthe group consisting of 10 hydrogen, a
phosphat e, e sul fonate ester, a lipid, 15 an

am no acid NRH{“G@{&@@RS/ eidR€are 1ﬁd@eﬂddndg,selaaed from the
chol esterol; and pharmaceutically acceptable salts

gmp@@nswtzm qfthydrogeny aﬂw&tsubﬁéu@éﬁﬂwmékwl sdistitnted | C A
5 ?lﬁ}lﬂgéosyft;m%@é gﬁ/ nary{)l substltutedlagylv%etewaryl

&ﬂﬁﬁh@élﬂ@éroﬁ@l’ hbﬁﬂﬁ@&lﬁd} SﬂlébﬁﬁltecPMtemyohbtand métﬁrdih%dnﬁt
5549 POOS not her of i t rh%o& tion

40
a@dpgleght% fogethes Wﬁﬁme yirPgy aé%m §ipdund of
ol @id dou2 RL /-ORls NN

W is selected from the group consisting of:
10 hydrogen,
a phosphate,
acyl,
a sulfonate ester,
a lipid,
15 an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
and pharmaceutically acceptable salts thereof;
20 provided that the compound if Formula IC-A is not 9-(2’-C-methyl-o-
D-ribofuranosyl)-6-hydroxylaminopurine.

15
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15

20

NxXx¥ WDO RRL OO W W ID5 wherein R and R
are i ndependently selected fromthe group consisting

wotooshgsdspgen, al kyl, substituted al kyl, 10Pei/k8rv9$/031433

substituted al kenyl, alkynyl, and substituted
al kynyl; R13 is selected fromthe group consisting of paent
hydrogen, al kyl, and 15 substituted ahyley DdddedNd.:5491-20008.40
selected fromthe group consisting of hydrogen, alkyl,
and substituted alkyl; Y is selected fromthe group
consi btanatheopf its ng@n aspagish Hipinverjairip directed to a

| t ther nd - NR3R4 where R3 and R4 are
‘f"r’i%%) H&‘gﬁ U IB0cted from the 16 WO 2004/ 028481
PCT/ U82003/ 031433 group consisting of hydrogen,
hydr oxy, al kyl, substituted IkyI %t kenyl,

u

substituted al kenyl, al kynyl, \s bs‘to ted al kynyl,
al koxy, substituted al koxy, I , Substituted aryI
heteroaryl, substituted he ,er r?IN het er ocycli c,
subst it ut ed het erocyclic a 34\33 and R4 are
joined to form toge r wth
' o}
R R
JeleN
w2z w3
ID

wherein R and R' are independently selected from the group
consisting of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl;
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl,
R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
Y is selected from the group consisting of:
hydrogen,
halo,
hydroxy,
alkylthioether, and
“NR’R* where R® and R* are independently selected from the

16
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W y@n 03481 al koxy,

5 the nitrogen atom bond thereto, a heterocyclic
group, provided that only one of R3 and R4 is

fromthe group consisting of: hydrogen, halo, 10
hydroxy, alkyl, substituted al kyl, alkenyl,
substituted al kenyl, 15 al kynyl, substituted al kynyl,
cyan carboxyl car boxyl ester, 20 acylanino

1, 3- oxazol - ﬁ 1, 3- oxazol - 5-y 3-thiazol -2-yl,
gminpleorsistiag i hydpgers hysioxy, 1aﬂg>]loﬁu€ohmt@ted@llw1 alkenyl,

R R I R L

ﬁ?ﬁ shisstibed a1, gt earaEnsubbittiiediteradridy hetesoghelid, t ut ed
, al kenyl, 30 substltuteq al kenyl , al kynyl ,

wmmrqddw@@owckgﬁwWhm%w RS grpsiomegte dorap, &Qﬁ@}her with

r L,
el R anchRLSEGEE Y, SRR it S e
5KH7&§B@%S&Q&&A$BMk@u@stmbﬂﬁa&dhﬂkmypcycl|c and where
R3 and, R4 are joined to form ther with the
ni t ro%e‘ﬁ sgheghie Browpt f%?"é’t%’mlétl ?g rocyclic group,
provi ded tﬂﬁﬁ g y one- of R3 and R4 is hydroxy,
al koxy, or sug trtuted al koxy;

halo,

hydroxy,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl,

substituted alkynyl,

cyano

carboxyl,

carboxyl ester,

acylamino,

1,3-oxazol-2-yl,

1,3-oxazol-5-yl,

1,3-thiazol-2-yl,

imidazol-2-yl,

2-0x0-[1,3]dithiol-4-yl,

furan-2-yl,

2H-[1,2,3]triazol-4-yl, and

NR*R* where R® and R* are independently selected from the
group consisting of hydrogén, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

17
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W W2, and WBare independently selected fromthe group
consisting 5 of: hydrogen, a phosphate,

w@bwgpbsasnt e, nonofl uorophosphate 10 acyl, aP&yUS2005031433

sul fonate ester, a lipid, an amno acid, 15 a
carbohydrate, a peptide, and chol esterol; and

phar maceutical ly acceptabl e prodrugs and salts
thereof; provided that the conpound if Fornmula IDis
not 7-((3-D 20 ribofuranosyl)- 4-

spciimiedl hetrironychy andivbpi2 K-l B riatiottieddo fome tegedis yithat
L3505 ol R R AR e
IRFIADTE dhtatenE =5, 0 10
N N YW,\WRD,and & fate independently selected from the group consisting
of:
hydrogen,
a phosphate,
phosphonate,
monofluorophosphate
acyl,
alkyl,
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
and pharmaceutically acceptable prodrugs and salts thereof;
provided that the compound if Formula ID is not 7—(B-D-
ribofuranosyl)- 4- hydroxylamino-pyrrolo[2,3-d]pyrimidine.
Preferably, at least one of R or R' is other than hydrogen.
In yet another of its compound aspects, this invention is directed to a

compound of Formula IE:

18
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20

~O0 W WB |E wherein Rand R are independently
sel ected fromthe group consisting of. hydrogen, 5

wa@bdoglo2848substi tuted al kyl, al kenyl, substi tPCEUS2003/031433

al kenyl, al kynyl, and 10 substituted al kynyl; R13 is
sel ected fromthe group consisting of hydrogen, alkyl,
and substituted alkyl; Rl4 is selected fromthe group
consi sting of hydrogen, alkyl, and substituted alkyl;
15 Y is selected fromthe group consi sting of:

hydrogen, halo, hydroxy, _afKyltH?®ét her, and 20
-NR3R4 where R3 and R4 ar & |nde endently selected from
the group consisting of h hydr oxy, al kyl,
substituted al kyl, al kenyl™s b;i\tuted al kenyl ,

al kynyl , substitutedwglkyny . alkoxy, substituted

al koxy, aryl, substitutled_aryl, heteroaryl,
substituted heteroarylrR MCyclic, substituted

het erocycl i c and where nd R4 are joined to form
together with 19 WO 20049023481 PCT/ US2003/ 031433 the
nitrogen atom bond therwto, V& heterocyclic group,
provided that only one ofzR3 and R4 is hydroxy,

al koxy, or substituted alioxy, Z3 is selected from

t he gwhargin®asi Rt anagndependenityl sedeter] from the group

consisting of:

.hydro gen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl;
R* is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
14 is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
Y is selected from the group consisting of:
hydrogen,
halo,
hydroxy,
alkylthioether, and
NR*R* where R? and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

substituted heterocyclic and where R and R* are joined to form, together with

19
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5 hal o, hydroxy, alkyl, substituted alkyl,
al kenyl, 10 substituted al kenyl, al kynyl,

wammgeg4at ed al kynyl, cyano carboxyl, 15 carpPoOrRYB2003/031433

ester, acylamno, 1,3-oxazol-2-yl, 1, 3-oxazol-5-yl,
1, 3-thiazol -2-yl, 20 imdazol-2-yl, 2-oxo - [ 1, 3]
dithiol-4-yl, fiiran-2-yl, 2H][1,2,3]triazol-4-yl,
and - NR3R4 where R3 and R4 are independently sel ected
fromthe 25 group consisting of hydrogen, hydroxy,
thé Hiyloges atbsittiond tleateta) Kdteroaydisrgroyp, pewidedi thattasdy one

b st i S Bl e 2y

hetefz%lﬁMélectédiﬂ?&hltﬁélgl%qphsﬁs@srt mgroy.l, het er ocycl i c,

substituted heterocyclic and ere R3 and R4 are

j oi ned t o Hydragent oget her with the nitrogen atom bond
t heret o, jﬁgneterocycl ic group, provided that only one
30 of R3 R4 i s hydroxy, al koxy, or substituted

al koxy;  3Rdwky2004/ 028481 PCT/ US2003/ 031433 W W2,
and WBare i ndependently selected fromthe group

consi sti ngligfl; hydrogen, a phosphate,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl,

substituted alkynyl,

cyano

éarboxyl,

carboxyl ester,

acylamino,

1,3-oxazol-2-yl,

1,3-oxazol-5-yl,

1,3-thiazol-2-yl,

imidazol-2-yl,

2-o0x0-[1,3]dithiol-4-yl,

furan-2-yl,

2H-[1,2,3]triazol-4-yl, and

NR’R* where R® and R? are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R® and R* are joined to form, together with
the nitrogen atom bond thereto,  heterocyclic group, provided that only one
of R? and R* is hydroxy, alkoxy, or substituted alkoxy;

20
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5 a phosphonate, a nonofl uorophosphate, acyl, a
sul fonate ester, a lipid, 10 an amno acid, a

wa@aobobssdr at e, a peptide, and cholesterol; BeOMUS2003/031433

pharmaceutically acceptabl e prodrugs and salts
thereof. 15 Preferably, at |least one of Rand Rl is
ot her than hydrogen. In another of its conposition
aspects, this invention is directed to a conpound of
formula Il: C(HHb Y2 N ABENDF WRR 40WN3
| 1 \iWeM&] andWamd ildbpendently ddpaediGaml the geup cppdstingom
the group 20 consisting of: hydrogen, alkyl,
Aubsti t ut ed al kyl, al kenyl, 21 WD 2004/ 028481
PCT/ US2003y, 33 substituted al kenyl, al kynyl, and
substituted alkynhyl;

a phosphate,

a phosphonate,

a monofluorophosphate,
acyl,

a sulfonate ester,

a lipid,

an amino acid,

a carbohydrate,

a peptide, and
cholesterol,;

and pharmaceutically acceptable prodrugs and salts thereof.

Preferably, at least one of R and R! is other than hydrogen.

In another of its composition aspects, this invention is directed to a compound

of formula I1I:
C(Hb  y2
~
N
/,B NE
AL
N D//F
WO
o)
R R1
w20 Ows3

wherein R and R! are independently selected from the group
consisting of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,

21
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Y2 is CH2, N, 0, S, SO or SO2; 5 Ntogether with
-C(H b and Y2 forns a heterocyclic, substituted

whedoeozsagrl i c, heteroaryl or substituted het ePOBUS1003/031433

group wherein each of said heterocyclic, substituted
het erocyclic, heteroaryl or substituted heteroaryl
group is optionally fused to forma bi- or

mul ti-fused ring system (preferably no nore than 5
fused rings) with one or nore ring structures

sel ect ed f substitited glkemyp, consi sting of cycloal kyl, 10
cycloalken¥h the ocyclic, aryl and heteroaryl group
which, in Ry h of such ring structures is

opti onal | ysﬁwﬁ;@dtgd wkpgdiwi th 1 to 4 substituents
sel ectegd fromthe group consisting of hydroxyl, halo,

al koxy, 1sGbei Nt Qt BPQIokSWy; t hi oal Kyl , substituted

R e e et L L L LI AR S—

hdatki;daryl ak keyituteShodGbary L0 p SMhkRAY bach@fls¥i8¥kterocyclic,
bstltuted al kynyl, am no, 15 and substituted am no;

prhstitutgd lilqﬁ%re@éahc PaTVbOTCFubi*ﬁmtedAeteB)aIﬂ gramms Eptwmlly fused

gd&@%ﬁ%‘ﬁ e@é@\?ﬁs%@sjs{e%%}gﬁag{ %tﬁésgd fings) with

eihekgtl moreCirgy stentpires seeted st Ihb lgt‘(ﬁli) @inkl@ﬂﬂ of cycloalkgl

>C1%|(1§%gf¥“;@f 40 %fijt . ué ﬁd 2 %%%W’ ;@dp@g‘gyeach of such ring
StacRIFeOR optlaﬁ:filﬁJ éﬁlﬁbtﬁﬁ@e@ éth P CoH ?dblé‘éﬁlu?ﬁ?g Q&cht 2ER0AlI R §thup

>C- (1, 3- oxazol - 2- oxaz
W(smng of hyckzmyl- lzalq,l ajko}q;s\(osunuummko@ tHigalkytGubatitaa-

ol 4l Sesahinnmroatif it wbd sdbiaicnponisners alo

ﬁﬁsﬁﬂted&(ﬂ(}l’ﬂoﬁk@rﬁﬁ; sabdfithted Eﬂ;eﬁﬁbﬁlﬁzﬁﬁt &8s ta%daa:ll&%bl amino,

>C-al kenyl, >C-sSubstituted alke >C a kyn
and yhpfitufed @mimo; al kynyl, >C- NHOONH2, >C- CONRL5RISG,

>C- , 1, 3- [ -2-yl),
>C C@E}%Xlggegﬁa%agwo% (13t hasol 291,
>C- (i Al Eﬁ@phncﬂE Mfe)lndepéﬁéle(nﬂy@&@cﬂed ﬁ%}rﬂth%%‘r&ip c‘bhﬁkﬁn of
g@%&—"[ ECSN ();>C- 2H 2,3]triazol ,
i NQePe ?@@ stiveted; o >€o¢ik@rm1,| ng of

e I RS B R TR
@@@f@NR 1,50 G@ORE Eirey, S0y dikoxy, > hikiHo,

S(Il:l llt ut ed 2004/ 28481 PCT/ U82003/ 031433
I e R a0, e ORPR et (1 SRR

SRt oo MU SRR PR

[1,3]dithiol-4-y1), >Cy(furan- -yl) and >C (2I—I—[1 2,3]triazol-4- yl), s
F is selected from >N, >C-CN, >C-NO,, >C-alkyl, >C-substituted

alkyl, >C-alkenyl, >C-substituted alkenyl, >C-alkynyl, >C-substituted

alkynyl, >C-NHCONH,, >C-CONR"R'S, >C-COOR"?, >C-alkoxy, >C-(1,3-

oxazol-2-yl), >C-(1,3-oxazol-5-yl), >C-(1,3-thiazol-2-yl), >C-(imidazol-2-yl),

>C~(2-0xo0-[1,3]dithiol-4-y1), >C-(furan-2-y1),>C( 2H-[1,2,3]triazol-4-y1),

and >C-Y, where Y is selected from the group consisting of hydrogen, halo,

hydroxy, alkylthioether, and -NR’R* where R? and R* are independently

selected from the group consisting of hydrogen, hydroxy, alkyl, substituted
22
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het erocyclic, substituted heterocyclic and where R3
and R4 are joined to form together with the nitrogen

wat@wiobsastd t hereto, a heterocyclic group, provPdEUS2083/031433

that only one of R3 and R4 are hydroxy, al koxy, or

substituted al koxy; R15 and R16 are independently

sel ected fromthe group consisting of. hydrogen,

aIkyI substituted al kyl, 10 cycloal kyl, substituted
IoaIkyI aryl, substi t ut ed aryl, heteroaryl 15

étaﬂteuyleaubsenéwcb@lkww aélquhyRkﬁbmdecRalﬁymgakbgr Wit h
ar attach may form

1“?%8? L PRk B ayE s den hrigroatv,
h@f’eﬁfc?@l[d{ kub sﬁfut&%b‘%&ﬂo&#tth% dndp %@fqu? MERWre Xéﬁnec?t'a%lxﬁ?

are in endently sel ected fromthe group tonsisting
Wﬁgdhw@ﬁgen atoptheng taereto, ahgtosyticrmo), pmVIded

FW 8%‘5/%21% BER°HRIR: oy A debon) aF S RORSEABSHEL: | e,
an d RO astRY ate ma%)e‘tﬁ&rﬁ@%fe@téﬁ% Bethdip?QindisHad 483
and phar rrai:l}e,clljrtolggnzfl |'y acceptable salts thereof.
alkyl,
substituted alkyl,
cycloalkyl,
substituted cycloalkyl,
aryl,
substituted aryl,
heteroaryl,
substituted heteroaryl, and
R and R'®to gether with the nitrogen atom to which they are
attached may form a hetercycloalkyl, substituted heterocylcoalkyl,
heteroaryl, or substituted heteroaryl;
W, W2 and Ware independently selected from the group consisting
of:
hydrogen,
a phosphate,
a phosphonate,
a monofluorophosphate,
acyl,
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and

cholesterol;
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Preferably, at | east one of Rand Rl is other than
hydrogen. In still a further conpound aspect, this

WO paweo2s48n i s directed to conpounds of For mul BCT/U#2005031433

CHb Y2 N ~N ND WO RR OHOHIIA wherein
R and Rl are independently selected fromthe group
consi sting of: hydrogen, 10 alkyl, substituted

al kyl, alkenyl, substituted al kenyl, alkynyl, and
15 substituted al kynyl, provided that R and RL are not
bot h mddrhageaceutividlyi asc@rhle pylisdherg)f. SO or SO2; N
together. wi.th - b Y21 or het erocycl i c,
subst %ﬁ?@%yﬁggé§€%y€ﬁﬁg?“E%eFéﬁ%ﬁﬁypﬁgﬁkgﬁéStituted
het er padiyl a SF@EPcOMRIRH AsRRE hisinvertich Beetegys! ic, 20
substituted heterocyclic, heteroaryl or substituted
pemequeds 9f FeprolpllAs optional ly fused to forma bi- or
mul ti-fused ring system (preferably no nore than 5
fused rings) with one or nore ring structures

sel ected fromthe group consi sting\of cycl oal kyl,
cycl oal kenyl, heterocyclic, aeidb and heteroaryl group
which, in turn, each of such ring” structures is
optionally substituted with t \\Nsubstituents
selected fromthe group 24— ||

N N
wo
o)
R R!
OH OH
HA

wherein R and R' are independently selected from the group
consisting of: '

hydrogen,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl, and

substituted alkynyl,

provided that R and R! are not both hydrogen;

Y?is CHz, N, O, S, SO, or SOy;

N together with -C(H), and Y? forms a heterocyclic, substituted heterocyclic,
heteroaryl or substituted heteroaryl group wherein each of said heterocyclic,
substituted heterocyclic, heteroaryl or substituted heteroaryl group is optionally fused
to form a bi- or multi-fused ring system (preferably no more than 5 fused rings) with
one or more ring structures selected from the group consisting of cycloalkyl,
cycloalkenyl, heterocyclic, aryl and heteroaryl group which, in turn, each of such ring
structures is optionally substituted with 1 to 4 substituents selected from the group
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WD 2004/ 028481 PCT/ US2003/ 031433 consi sting of
hydr oxyl, hal o, al koxy, substituted al koxy, thioalkyl,

waemmgeg4et ed thioal kyl, aryl, heteroaryl, PCT/US2003/031433

het erocyclic, nitro, cyano, carboxyl, carboxyl esters,
al kyl, substituted al kyl, al kenyl, substituted
al kenyl, al kynyl, substituted al kynyl, am no, and
substituted amno; 5 b is an integer equal to 0 or 1;
Wis selected fromthe group consisting of: hydrogen,
&o?m:tgm thdrogylp hdspdld_hagza}t, eubstitBledalkbxy, algibaflk}ilé s@bstituted

nat e, ester, i pid, an am no acjd, a
o ERG aiktBlebanyl, Besproluclica o’ Exgperbmah casbon esters, alkyl,
sebsicitedialkyORIERNE, GhokRtLOMSINS] f substi A, i

TkyIp MR, SHbSKHR n$1, aggﬁ% suf gsgﬁltéc?%gfﬁgﬁ amiro,

fromthe group ‘consisting of? "2
) pebs(itutedankipds hi oet her, and - NR3R4 where R3 and R4

are i I | ected fromthe 25 group
consigﬁ?%89%§£ﬁ$ﬁPi§€§?f droxy, alkyl, substituted
al kyl W& desoted frons tesdrbipit ftdiseihgeny! . al kynyl and
substituted al kynyl, al koxy, substituted al koxy,

aryl, subsb¥fQ€&H aryl, heteroaryl, substituted

het er oar yl H&fﬁﬁﬁ cyclic, substituted heterocyclic
and where RS A 4 are joined to form together with
t he nitrogephadphondiend t hereto, a heterocyclic group,
provi ded that only one 30 of R3 and R4 is hydroxy,.

al koxy, or3bstituted alkoxy; Z is selected fromthe

group cons&&&tng of :

a sulfonate ester,

a lipid,

an amino acid,

a carbohydrate,

a peptide, and

cholesterol;

Y is selected from the group consisting of Y is selected from the group

consisting of:

hydrogen,

halo,

hydroxy,

alkylthioether, and

-NR’R* where R® and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl and substituted alkynyl, alkoxy, substituted
alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R® and R* are joined to form, together with
the nitrogen atom bond thereto, a heterocyclic group, provided that only one
of R® and R* is hydroxy, alkoxy, or substituted alkoxﬁ

Z 1s selected from the group consisting of:

25
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25 WD 2004/ 028481 PCT/ US2003/ 031433 hydrogen, hal o,
hydroxy, alkyl, and 5 -NR3R4 where R3 and R4 are

WO paepesagdent |y sel ected fromthe group consi stPemusfo03/031433

hydr ogen, hydroxy, al kyl, substituted al kyl, al kenyl,
substituted al keny|, alkynyl and substituted al kynyl,
al koxy, substituted al koxy, aryl, substituted aryl,
het eroai yl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R3 and R4 is

joi ned to hwpdagen, ogether with the nitrogen atom bond

t heret o, ah%O het erocyclic group, provided that only
one of R3 and’ R4 are hydr oxy, .al koxy, or substituted
al koxy; an#lyg@@bay,maceutically acceptable salts thereof.
In one preferred enbodinment, R14 in Fornula I-IE is
hydr ogen a Ra#nd s selected fromthe gr oup

referr ed At ad e ¥ p K R enchend) @RI om g
giodp cBiSsting of @y dope oy} ﬂkylgﬁlm@ﬁmgdg{jhﬂ%ﬁ;},te élF?lgg,fsubstimted

g}gdr gen, nethyl, .ethyl, n-propyl, : . _

%?Ygfaj 1 andysubgiatuiedAlomyl s lry: sibstitiied efltaxgnary R silestituted
f n PR t i sti

YR HORR AN it daioRp 6% SEheldofc Wb BRGNS '

wheteRiond Retinjplinedriol farg togeker with therritoref storebnd thereto, 2

odinent, Ais. B js >N, [ N, Fjs >CH or
BRI oy pEsRi o AT ang . o ez, sl or
ambetitiedd aiksxyer red enbodiment, Ais >CH Bis >CQ D

is >N, Fis >CHor >CGY and Eis >Nin the conpounds
of Fowdpharmacghibeadly@cieptahds saltsdliereds from the group

consistin hydr n, haho. anp,. .acyl am do, a I,
ol ket ot bafte Rl B bent AL p R Rt hirerumi
isscloyted G@aNthe GRIucOnsiiAEEY, all6) aR@hydidDH O -, nmet hyl,
ethyl, vinyl, acetylenyl and gxazidin- Zé%/l_. . In

anot hirangtisr Brefesred smhodimenitR ™ in Fernup 1487 ishydmggn apdi s

N, ' > [ LN _t C ounds of
i i T e o o St
awithe §ké.ng of hydrogen, hal o, cyano, acylam do, alkyl,

al ken#rleferably, in the compounds of this invention, R is hydrogen and R!
is selected from the group consisting of methyl, vinyl, allyl, acetylenyl,
propargyl, trifluoromethyl and the like.

In one preferred embodiment, A is >CH, B is >N, D is >N, F is >CH
or >C-Y and E is >N in the compounds of Formula I.

In another preferred embodiment, A is >CH, B is >C-Q, D is >N, F is
>CH or >C-Y and E is >N in the compounds of Formula I where Q is selected
from the group consisting of hydrogen, halo, cyano, acylamido, alkyl, alkenyl,
alkynyl, and heteroaryl. More preferably, Q is hydrogen, chloro, bromo,
cyano, HoNC(O)-, methyl, ethyl, vinyl, acetylenyl and oxazidin-2-yl..

In another preferred embodiment, A is >N, B is >C-Q, D is >N, F is
>CH or >C-Y and E is >N in the compounds of Formula I where Q is selected

from the group consisting of hydrogen, halo, cyaho, acylamido, alkyl, alkenyl

26



26 WD 2004/ 028481 PCT/ US2003/ 031433 and al kynyl. More

Preferably, Qis hydrogen, chloro, brono, cyano,
woR20@0e3us1 net hyl , ethyl, vinyl and acetyl enyl PCT/DNSH03/031433

preferred enbodi nent, Wis hydrogen, acyl or

tri phosphate in the conpounds of this invention. 5 In

t he conpounds of Formula I, IB, ID IE and Il, W2 and

VB are preferably hydrogen or acyl. Mre preferably,

W2 i s hydrogen or acyl and WB is hydrogen.

mk alkypilaMare pr@rebly,e@ imleydrogamo ciplsrog beonake roiyated f r om

ARG RoREn DL (BB GrT3bieRllc 1 ke 1 bne

fent
o e gk ol pSASEEUER o R

erRIpRGUBEY of this @Velglsmst ituted heter ocycl ic group. Such
refe
g- car{)l{)@gm g‘l’l‘g@dﬂ%gf %nl)ﬂﬁnﬁ@r iﬁgﬁﬁp%ﬂd% V'S alldYY are
ptefambjjn tiliimogen & dcl. avioreptteferably, WezRthydidgeh oY hoyl and W*
rrolln é 2,3,4 tetrahydropyridin-1-yl,
dlg)ggnt al%gp,lgéy Qreg”@‘gﬁ@ 3¢3] grelips g derived from amino acid
a he, i ke.
%‘% LB H R @ AR ARMaRAEL Kooy PR g
i nv enkn @ firefetradiembédimentatite eompddinds of B&imloMtand ipd ow
t&l lFliJu\glI[tﬂ g%&hg %12&?%’6'3 t I Calhe%/ergc%f% 1C gra sbulbgtlt?l?eldthsetetrgc%/rcﬁg fgl)‘oup
Suchreforra® Ltps (3 e@ér&%ﬁﬂé@ﬁﬁa@-‘ai%b)(amlg o-pydRinl Nyl Viperidin-

hydr oxyl am nopuri ne

Hxb N-piorghakisp hthipgorpholibof azedioslyyl) pydelin-141,)1,Z,8,4¢ . N

R A BRI S s oanoP i vl L3 satironpeta-

quiteiex 3yl ha aruiliene HO O N NJ  HO OH 27

Compounds included within the scope of this invention include, for example

2

those set forth below (including pharmaceutically acceptable salts thereof):

# Structure Name
1 / el 9-(2’-C-methyl-B-D-ribofuranosyl)- 6-
(109) (N:(kh, hydroxylaminopurine
Ho—ﬁ[\l N)
HO OH
2 " 9-(2’-C-methyl--D-ribofuranosyl)- 6-
(111) </N],\)§N methoxylaminopurine
HO N él
HO OH
3 S 9-(2’-C-methyl-B-D-ribofuranosyl)- 6-
(116) «NIKN propoxylaminopurine
Ho—kojl\l 4'
HO OH

27



WD 2004/ 028481 PCT/ US2003/ 031433 4 HN H

7-(2' -G nethyl -(3-D-ribofuranosyl)- 4
why@roxsssam no-pyrrolo [2, 3 - (117) / | JN  PCT/US2003/031433
dlpyrimdine HD-o NN HO OH 5 HN -1
7-(2'-Cnethyl -(3-D-ribofuranosyl)- 4- (118) -p yrro
to[ 2, 3 - (118) / | J d]pyrimdine HOONN HO OH
6 N1-(2'-C-nethyl-[i-Dribofuranosyl) -
net roxyl am no- pyrazol o[ 3,4- (119) ~ 1| ~| rﬂ pyrimdine
OINJ” HO OH 7 HI\LN 7-(2’-C-methyl-B-D-ribofuranosyl)- 4-
3- (2'-C net hyI | bof ur anosyl Yhyddoxy{ah2i@p-prrblo[ A3-
Ad7hylr i ni di ne c HN H d]pyrimidine
7-(2 - C- metRy r| bof urdinosyl )- 5- (123)
hydroxyl am no rroI o[ 2, 3- (123) (~ d] pyri mdine HO
ON B Br HN H
7- (2 -C—rrethvl-(3 D—rlbnfurrncmyl)- 5. (124)
Bydrjoxyl ani no- pyrmi Col 2, 3- (| 124Y C-metaybp gyribafuamnesyHd-
? ?l NN HOOH 1 (}I methoxylamino-pyrrolo[2,3-
A8 2 - ¢ et hyI 3 D/lrl bof ur anosyl ) - 5-d]pyrimidine
6 1-(2°-C-methyl-p-D-ribofuranosyl)- 4-
\ methoxylamino-pyrazolo[3,4~
(119) { d]pyrimidine
W
HO
7 N 1-(2’~C-methyl-B-D-ribofuranosyl)- 4~
hydroxylamino-pyrazolo[3,4-
(120) d]pyrimidine
8 a 7-(2’-C-methyl-B-D-ribofuranosyl)- 5-
' chloro-4- hydroxylamino-pyrrolo[2,3-
(123) @ dJpyrimidine
HO NZ
HO OH
9 o i 7-(2’-C-methyl-B-D-ribofuranosyl)- 5-
bromo-4- hydroxylamino-pyrrolo{2,3-
(124) ) dJpyrimidine
Ho 7
HO OH
10 o 7-(2’-C-methyl-B-D-ribofuranosyl)- 5~
(125) P~y methyl-4- hydroxylamino-pyrrolo[2,3-
o !N A dlpyrimidine
HO OH
e

28



met hyl - 4- hydr oxyl am no- pyrrol of 2, 3-

d] pyrimdine HO ON N HO OH 28 WO 2004/ 028481

wEOAB2803/ 031433 11 NC HN OH

7-(2'-Cnethyl -[3-Dri bof ur
hydr oxyl am no- pyrrol o[ 2, 3-
N~ HOOH 12 HN O HN OH
7-(2' -Cnethyl -[3-D-ri bofur
hydr oxyl am no-pyrrol o[ 2, 3-

(125) / | JN
PCT/US2003/031433
anosyl)- 5 cyano-4-
(126) J" d]pyrimdine HO O

anosyl )-4- 2
(127) |" d]pyrinidine

13- c?r boxyl am de 'O N N  HQ-@-ghdiy1P-D-ribofuranosyl)- 5-
7-(2' - G et hyl™=Y 3- D-ri bof ur angsyib)4- hyd@iklahmido-pyrrolof2,3-
(138)df oxyl ani no- Nf olo[ 2, 3- (188) I J" dg&}mmmegme L|O
O N/N HO 1448 BMHN A
7-(2'-C-neth 3-D-ri bof urgnosyl)- 5- brono-4-
met hoxyl am ng=pYydur ol of 2, 3- F129) N ( J" d]pyrimdine
HOONN HOOH 15 HN |
12- (2" -C nethyl - B i bof ur pnDEYLE-mEhylapThyibefhranosyl)-4-
1rr%e)t hoxyl am né- pyrr \I o[ 2, 3- {130) niirdbyirid-barélio[ps3-HO
¥ N HO OH [ Y d]pyrimidine 5-carboxyl amide
HO—@N N”l
HO OH
13 i 7-(2°-C-methyl-B-D-ribofuranosyl)-5-
thyl-4- hydroxylamino-pyrrolo[2,3-
(128) _}I&N © A
HOW [ " ) dlpyrimidine
HO OH
14 SRS 7-(2’-C-methyl-B-D-ribofuranosyl)- 5-
(129) I~y bromo-4- methoxylar_ni‘no-pyrrolo[Z,S-
HOW | ) B dlpyrimidine
HO OH
15 T 7-(2°-C-methyl-B-D-ribofuranosyl)- 5-
methyl-4- methoxylamino-pyrrolo[2,3-
(130 /N e g
HOW IN J d]pyrimidine
HO OH
16 o HCS 7-(2’-C-methyl-B-D-ribofuranosy)- 5-
31) I~y cyano-4- methoxylamino-pyrrolof2,3-
Ho_k_oiN [ ) ) d]pyrimidine
HO QOH
17 i’ AN 7-(2’-C-methyl-B-D-ribofuranosyl)-4-
132) I~y methoxylamino-pyrrolo[2,3-
- ¢ | . B dlpyrimidine 5-carboxyl amide
o
F;QOH

29




NC HN 1-1 7-(2' -G et hyl - R-D-ri bof uranosyl ) -
(131) net hoxyl am no-pyrrol of 2, 3-

woiehoods480 OH 17 H N O HN
7-(2' -Cnethyl -(3-Dri bofuranosyl )-4-

met hoxyl am no- pyrrol o[ 2, 3-
amde NN HO O HO OH 29 WD 2004/ 028481
PCT/ US2003/ 031433 18 Br

5-ca

rboxyl

(132) Ni

5- 16,
(131) N d] pyrirnidine

PCT/US2003/031433

N d] pyri m di ne

HN CH

1-(2' -C-nethyl -(3-D-ri bofuranosyl)-3 bronp- 4-

18ydr oxyl ami no- pyr az8f o[ 3, 4- | ( 183)Criethy/IM-DNribofuranosyl)-3-
a d:l)p: rimdine N OH 19 HN 6Rmo- 4- hydroxylarninoégyrazolo[SA-
33 (2’ - G net hyl y ri bof uranosyl)-3- 4 dine®-
hydr oxyl ant lo[3,4-{(134) N s d] pyri m di ne
HO ON N HO O N HN OH
1-( 2' - C net A\ o#- D-ri bof ur anosyl ) -3- cyano- 4-
hydi oxyl am no- pyrazol o[ 3,4-1(135) N N d]pyrim di ne HO
19 NN HO OH 21 H NAB"HN ON | 1-(2°-C-methyl-B-D-ribofuranosyl)-3-
1-( %%' -G methyl -{3-1ribofura )4--hy@rox¥lamino-pyrazolo[3,4-
(3 hoxyl am no- & razﬁl o[ 3,4-1(136) ix ¥ 1dig@ di ne-
3- car boxanfetg o ¥ N
HO OH
20 = 1-(2’-C-methyl-B-D-ribofuranosyl)-3-
(135) I~y cyano- 4- hydroxylamino-pyrazolo{3,4-
o —@1 | ' B d]pyrimidine
HO  OH
21 e > 1-(2’-C-methyl-B-D-ribofuranosyl) - 4-
(136) ’ P2 N methoxylamino-pyrazolo[3,4-
N dJpyrimidine- 3-carboxamide
HO OH
22 e o 1-(2’-C-methyl-B-D-ribofiranosyl)-3-
37 PNy bromo- 4- methoxylamino-pyrazolo[3,4-
N e
HOA@ | ) _ dlpyrimidine
HO OH
23 }) 1-(2’-C-methyl-B-D-ribofuranosyl)-3-
(138) HN methyl- 4- methoxylamino-
ah pyrazolo[3,4-d]pyrimidine
HO OH
24 — 1-(2’-C-methyl-B~-D-ribofuranosyl)-3-
ano- 4- methoxylamino-pyrazolo[3,4-
(139) an e -
How IN _ d]pyrimidine
HO OR

30




HONN HO CH 22 Br HN ~

1-(2' -Cnethyl -(3-D-ribofuranosyl)-3- brono- 4-
woreaohoxss8am no- pyrazol o[ 3,4- (13~ ON | J d] pyrPoi/ds10e3/031433

HOON HOOCH 23 0

1-(2'-Cnmethyl - (3-D-ri bofuranosyl )-3- (138) HN

nmet hyl - 4- nmethoxylamno N~ 1 "IN

pyrazol o[ 3, 4-d] pyrimdine HONHO OHN 24 N HN O

1-(2' -C-nethyl -[3-D-ribof uranosyl)-3- cy

‘z;),ng__d.___.__.’-—j
2%et Hoxyl ani ﬂ%_' 9razdho [ 3, 4] 1-3-muthyR-Birpfimneyhe 4-
EB\IC 0 2004/ 0 2848]1naﬁﬂ')(}tmﬁ®a¢§@m3 4-25
a 0 HNL-(2' - [3-Diri boflJpy eimeint-)3-eardo@mide

' - C et -108- D-ri bof uranosyl ) - (226) <N | J
Sor R-)-hydroxylami noputine HO o N |1 N HO OH 27

oo T~

9- (2' - C net hyik OB _ O t r i| ph®€Haestld-AD-wbolaranesyd)-

N ri bofuranosyllz, -Sor R ) ( FporR-)IBd@xFiapninopiringN
(2ﬂ9 rjoxyl am nop

wr

met hoxyl anifpo oI 0[3 4- (140} HO NI d]pyri m di ne-
3-carboxami dg \-1.0 N HO ~OH 26 HNCN

(2 |

(-

F

HO OH
27 9-(2’-C-methyl-5’-O-triphosphate-B-D-
0. ,OH o ) ribofuranosyl)-6-(-Sor R-)-
@27 \\/P Q O/\l!‘\——O—P-—O ]\/k) ‘ hydroxylaminopurine
HO \h oH
HO OH
28 o 7-(B-D-ribofuranosyl)-4-
hydroxylamino-pyrrolo[2,3-
(228) (j\/kN midin
Ho_k—oil lN ) d]pyrimidine
po  OH
29 MO~ . 72’ -C-methyl-B-D-ribofuranosyl)-4-
(229) = hydroxylamino-5-ethynyl-pyrrolo[2,3-

NN ‘ djpyrimidine

3 “OH
HO
30 MO\ 7-(2’-C-methyl-B-D-ribofuranosyl)-4-
- hydroxylamino-5-ethenyl-pyrrolo[2,3-
(230) N7 RN d]pyrimidine
LA
0
HO
g “oH
HO

31



\ HOO OHOH ON HO OH 28 HN CH
7-((3-D-ribofuranosyl)-4- hydroxyl am no-pyrrol o[ 2, 3-

W@ 288)28¥8k d] pyrimdine HO o N N Hp OH 29 HO' NPCT/US2003/031433
7-(2'-Cnethyl -(3-Dri bofuranosyl)-4- (229)
hydr oxyl am no- 5- et hynyl -pyrrol o[ 2, 3- N d] pyri m di ne
NO HOOH HO 30 HO'7NH

N

7-(2' -G nethyl -(3-Dribofuranosyl)-4- (230) ' -
h\/dr xylam no-5-ethenyl -pyrrolof2 3- N dlpyrimdine N
HO OH HO 319 2004/ 038482 Fometigkpadtibafuansy -
Zﬁlb 7-(2' %met h 3- D- 1 i hof hydroxgphinods-(123-bxadoNs-yl)-
rioxyl am nd- 5- ( - oxazol -5-yl) -pypiols[2,3tdpy@midine
- d] pyrim di
N N
o
0] , ""o
%
42 e 6-hydroxylamino-9-(2’-C-methyl-3,5-
Q Nee A diphosphite-p-D-ribofuranosyl)purine
h—t—o_ < T /'(\l
O,
W\ OH
-
# Structure Name
N d He
32 ¢ fw 9-(2’-C-methyl-p-D-ribofuranosyl)- 6 —
25) Ho— N N [2-aminocarbonyl-(pyrrolidine-1-yl)]-
w purine
HO OH
HN__~
33 N 9-(2’-C-methyl-p-D-ribofuranosyl)- 6-
N—"SN (1,3,4,9-tetrahydro-beta-carbolin-2-
(33) ¢ ) Dpuri
Ho— NN yl)purine
HO  OH
S
N S
34 ¢ I:N 9-(2’-C-methyl-B-D-ribofuranosyl)- 6-
(57 HO— o NN (piperidin-1-yl)purine
HO  OH

32




NN O OOO42 HN OH

6- hydr oxyl am no-9- (2' - C net hyl - 3'
wael2hosgaki t e- (3- D-ri bof uranosyl ) puri ne
O OH Structure Nane
9-(2'-Cnethyl -(3-Dribofuranosyl) -

OOH H -

,5- o /NIl L N
~0 <N ~"-NH, N'N

6 - 32 (5) HO o<N

N [ 2- am nocar bonyl - (pyrrolidine-I-yl)]- purine HO OH
HN / 33 N 9-(2'-Cnethyl-(3-Dribofuranosyl)- 6- (33)
CN'" J (1.3 4 9-tetrahydro-heta-carbolin-2- HOo NN
yl ) purine HO OH WNN 34 <~ |
9-(2| -G nethyl - (3ND-ri B?ofuranosyl )- 6- (57) HOo NN
%%Tperl di n-l-y? N ne HO O 32 WQ 20804 fzRd8dthyi-3-D-
64) /' US200% 3% N7 ribofuranosyl)-6-[2-aminocarbonyl-
oF (pyrrolidine-1-yl)]-purine
HO OH
o}
{ )Ly,
N
36 <,N , \)N 9-(2°-C-ethenyl-B-D-ribofuranosyl)-6—
(70) Ho— NN [2-aminocarbony1—(pyrrolidine-1-yl)]-
— purine
HO OH
o}
{31,
N
37 (/N | \j‘ 9-(2°-C-ethynyl-p-D-ribofuranosyl)-6—
(76) HO— NN [2-aminocarbonyl-(pyrrolidine-1-yl)]-
— purine
HO  OH
38 O 9-(2’-C-methyl- B -D-ribofuranosyl)- 6-
N
107) Ny (azetidin-1-yl)purine
7
HO O<N ’N¢'
HO OH
39 O 9-(2’-C-methyl- B -D-ribofuranosyl)- 6-
(108) (/NI“LN (pyrrolidin-1-ylpurine
Ho— o N ’N/
HO OH
40 @ 9-(2’-C-methyl- B -D-ribofuranosyl)- 6-
(113) " N (3,6-dihydro-2H-pyridin-1-yl)purine
% SN
oy AL
HO CH
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~)_JI _NH2 35 (NN O9-(2' -Ctrifluoronmethyl-(3-D (64)
HO O N NJ ri bofuranosyl)-6-[2-am nocarbonyl - CF3
W@ poorfogs4Bti ne- 1-yl )] -purine HO OH C }1 NH2 NeGBUBR0NB/N031433
9-(2' - G ethenyl -3-D-ribofuranosyl)-6- (70) HO O N N
[ 2-am nocar bonyl - (pyrrolidine-1-yl)]- purine HO CH
~)-ii_ NH2 37 <'N
9-(2' -G ethynyl - p-D-ribofuranosyl)-6- (76) HOo N -N
[ 2- ami nocarbonyl - (pyrrolidine-1-yl)]- purine HO OH 38

49- (- C-nethyl - ( ri bof|-@ s yiejhyl6s -Dir{bbfipndsyl)- 6-
(azetidin-1-yl)p HON ON

(13) (o' -G nethyl - (3 F D-ri bof @mg%%%somumwwwe
(pyrrolidin-1-yl)furine /jj NHOONN HO OH 40
9-(? -G nethqu:fiwl}rl bof{uranosyl )- 6- 0

<l

HO OH

This invention is also directed to pharmaceutical compositions
comprising a pharmaceutically acceptable diluent and a therapeutically
effective amount of a compound of this invention or mixtures of one or more
of such compounds.

This invention is still further directed to methods for treating HCV in
mammals which methods comprise administering to a mammal diagnosed
with HCV or at risk of developing HCV a pharmaceutical composition
comprising a pharmaceutically acceptable diluent and a therapeutically
effective amount of a compound of this invention or mixtures of one or more

of such compounds.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to compounds, compositions and methods
for treating hepatitis C viral infections. However, prior to describing this

invention in detail, the following terms will first be defined:

Definitions
As used herein, "alkyl" refers to alkyl groups having from 1 to 5 carbon atoms
and more preferably 1 to 3 carbon atoms. This term is exemplified by groups such as
methyl, ethyl, n-propyl, iso-propyl, n-butyl, #-butyl, n-pentyl and the like.
"Substituted alkyl" refers to an alkyl group having from 1 to 3, and preferably
1 to 2, substituents selected from the group consisting of alkoxy, substituted alkoxy,
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(113) N (3,6-di hydro-2H-pyridin-l-yl)purine <N J HO O

N N HO OH 33 WD 2004/ 028481 PCT/ US2003/ 031433 41
w@2(02/028881net hyl - (3 -D-ribofuranosyl)- 6 (114)PCT/US2003/031433

(3,4-di hydro-1 Hisoquinolin-2-yl)purine N NN HO ON

~N HO OH This invention is also directed to

phar maceuti cal conpositions conprising a

pharmaceutically acceptable diluent and a

therapeutically 5 effective amount of a conpound of

abﬁ; soylawiens doytoxyy ammines swbetitutsfl aprieo, @mlnmcefl agyfl, sistiputed aryl,

rrpou ds. IS, nven id]

g L e LN R T A
e%&Péy&@aleﬁ"&d%ﬁﬁl&rdl BlokiRyR hoRAEB, sﬁb@@tﬁfbﬂ&ﬁterwylb HCV
or ri sk of devel oping - a pharmaceuti cal
I)ctmqwsh@,laud sm@tmzincbhd:tguowha phar maceutical |y

Zﬁ% el HPLS o d%éS’F?S‘S AN ARRIGP S bhifes, BY LRS! dr¥Rample,

|s |nven I on or Xt ares

8, etk ¢, n- myz,hsa: oy dsbutdiy] AbuibRy BESGRIORY) Ghentoxy
C]:THE N\/E 15T invention is directed to

a@éﬂ;ﬂ@kﬂd corrp03| tions and methods for treating
hepatvv‘s@b&u&t fafihoyt R B0 SrouCURKBluePRIRLOLD

descri nven I on etall, the Tollown
ter rTB'AMyl"| reford ®ithbgroted HF(é(d)) 20y D (DN, sulstisuted aligled(0)-,

ang-Eipbomiaiaie ikl iR bendidhs < WERRT o>
%@Eﬁﬁﬂ—@&bﬁy%ﬂsﬂﬁé@o %Efﬁk#,ls S:(GBEO%} @(@Pg&bﬁﬁ@l&d 1-C(|O)
He’tqmm‘yy(?(@)%dsm)h’etutadl&eteroaryl -C(0), heterocyclic- C(CY) and subst1 ted
heterocyclic-C(O)- wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic are as
defined herein.

" Acylamino" refers to the group -C(O)NRR where each R is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic and where each R is joined to form together with the nitrogen atom a
heterocyclic or substituted heterocyclic ring wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic are as defined herein.

"Acyloxy" refers to the groups alkyl-C(O)O-, substituted alkyl-C(O)O-,
alkenyl-C(O)O-, substituted alkenyl-C(0)O-, alkynyl-C(O)O-, substituted alkynyl-
C(0)0-, aryl-C(O)0-, substituted aryl-C(0)O-, cycloalkyl-C(O)O-, substituted
cycloalkyl-C(O)O-, heteroaryl-C(0O)O-, substituted heteroaryl-C(O)O-, heterocyclic-
C(0)O-, and substituted heterocyclic-C(O)O- wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
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"Substituted alkyl" refers to an al kyl group having
froml to 3, and preferably 25 1 to 2, substituents

wa@edogorsadl from t he group consi sting of al koxy, PCT/US2003/031433

substituted al koxy, 34 WO 2004/ 028481

PCT/ US2003/ 031433 acyl, acylam no, acyloxy, am no,
substituted am no, am noacyl, aryl, substituted aryl,
aryl oxy, substituted aryl oxy, cyano, hal ogen,

hydroxyl, nitro, carboxyl, carboxyl esters,

@jzlﬂah@l Iayyl st&shmtadtmyleﬂetmpaﬂyhahkgtimte& b@fem@&rlquterocychc and

bst ituted heteroaryl erocyclic, and substituted
@é@l&ﬁemcyclfsc ”ﬂlaﬁgﬁ@medﬂﬁfé?s to the group

aI ky"Alf(%ngl WIEG B td kédi BRoup BYer¥ablydHavBra@ath @ to 6 carbon atoms

met hoxy, ethoxy, n-propoxy, |so-propoxy, n-butoxy,
andomere pyeferably- hiat boarbomatpess e avingiet ledsé 1 jand preferably from

P A U e S B

&- [qg,[-agg@ghkesubst ituted al kyl - C(O) 10
al keny C(O -, substituted al kenyl -

al ky nﬁub@(t@ed alkenpl rrpfetste @H@p}(lygampsdy\a@ng from 1 to 3 substituents,

%ydsﬁrg%iagy | %?%) l:{stlﬁfép éeﬁé&eﬁ%@ Oﬁl}ﬁ% %%rrggsg)ra% iOf &2(8)(}”
ﬁmbﬁmtﬁwu&&yhﬁyﬁrmﬁIMm&}(a@loxm atiri tsylﬁsitlltu:tedi(ll@)no amiacyl,
substituted heterocyclic- O wherei

b substititediary], laysrloxswswéﬁﬁw %réﬂ?é‘t/a ?Xﬁfl%sghai g€ nlglxdroxyl nitro,
%ﬁ%@é@éfﬁtﬁ%&?ﬁ&h{ré‘tﬁ% & Y st ituftdCdyR a4 1, heBtBAYA, ts&ﬁsﬁ@hted

aryl”,” 15 "heter oaryl
hathshiyl, lietetodyelie rand rsylbsxmttai lmtcrow‘c[lncom&nﬂhe pubEsd that sy
het erqcycl.ic, are as efined.herein yl gm no"
et sHRstifyiongs Batpatta%aﬁtmml st Diefon Hom.
' ndep%ﬁ%ﬂ' Yofer38b SIKyBH gr&qg@r%fa@dwy BMAng 8081 Btd 618arBén atoms
hydr ogen; al kyl, subStitut al kyl", al kenyl,

mdmbretpnefembw X ém3 barber kipmgland banisg pt lsesd aaipyefprably from 1-
2% d’f bs tm@,r aryl, cycloal kyl, 20. substituted

VA k Y ¥R substituted heteroaryl,
het er Wﬁﬂu@ed RS ﬂeﬂ:&@% aﬂﬂﬁﬁlﬁg@ﬁyﬁlhz&\ﬂng’iﬁdm\/\hw Psubatitnents,
Ris joined to formtogether with the nltro%en atom a

miest reiseabdy i do dsulastibesmts; salectedhfaams i grorp consifine i alexr

|k
%ﬁgé{ﬁ\tqd alflpcﬁcyy a%gﬁ%h%@, 2 u?ué}? %y % ?Ua%ﬂgflﬁfnfﬁgo Iammoacyl
a@?%ﬁbdﬁlﬂd‘cl@@ asy, E)dr}tda{(%%shbstmatedl hrylcsnybsyalf]lb?haédgewg irydroxyl, nitro,

et er oar substitufed heteroa
subetils Rty %erﬁé%yeloagvg splstiggied %}écl%?ilfﬁr#é%g e .Sﬁ&%md

|-C(O O,
gstla%)lﬁlteé Sé%&él@%(s%?%n%@ﬂfiérg%%ﬂ%q 8§ O) subst ituted

aI kenyAHﬁ(cﬂ)ﬁ-ers ‘mltkqggolupel\lﬁ}z() substituted al kynyl -

g(/co? oa$‘laff Xs&dgra no gqjsgrg?? {h@iggcéled KRR WHeR R and R” are

independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R’ and R" are joined, together with the nitrogen
bound thereto to form a heterdcyclic or substituted heterocylic group provided that R’
and R" are both not hydrogen. When R' is hydrogen and R" is alkyl, the substituted
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cycloal kyl -C(O O, heteroaryl-C(O O, substituted
heteroaryl -C(O O, heterocyclic 30 C(O O, and

wa mgeg48t ed het erocyclic-C(O O wherein al kyl PCT/US2003/031433

substituted al kyl,. alkenyl, substituted al kenyl,

al kynyl , substituted al kynyl, cycl oal kyl, substituted
35 WD 2004/ 028481 PCT/ US2003/ 031433 cycl oal kyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
het erocyclic and subst i t ut ed het erocyclic are as
aheiinb rgeaiiptie s@nemmesmem$1 [te hereineasaliydaraing e AWhendR g R" are

f 2t
Bl Bl atho i bR b mSSIRao Aefeiy & daffplahine.
and prahrobadiyrefio o the kratips LNR@(@fallé}JI kNR(D(O)subsututed alkyl,
unsaturation. Such groups are exe vi nyl,

RGO smalon, -NEAbanted sreaeing -NRE(OM ety

3
SCR bbalifled didig RV IRRHPRRGON MR ik,
EEW)RHL|-NRO(Ohbeinted naRC{0NctofoarilkHBC(O)substituted

ﬁqli%;%%yiEfﬂﬁg?(él)ﬁq?%ocyaﬁg,%écﬁ%y&@guaftwte%awgf{vqyeﬁ% wheie R is
%E/c%!) %enal{r% %ﬁxd SHOS o r%) L) S/filb@ﬁﬁﬁ{e‘a)&‘ﬂ{ v1. MR8, sUB4RGRA alkenyl,

car boxyl’ est ér’s,
azkszlh;dﬁdubydtuted laﬂ@hyl, uycﬂdalk:ylc subatitosdd, cyblonkyl anyu substituted aryl,

substituted h oar hete .ocycli.c ubst tuted
h@@reﬁua Sibtitutay heepae et ronic aud suno R by RR b dhes
hihkigd.on 1s not attached to a vinyl (unsaturated)

ar on atom "Alkynyl" refers to al kynyl group
pr ef efAuyl' yorh'ém' reders toanpnpvalenteeahaic eathaeyclic grogp gf from 6 to

TR5&p8H S Bavibe 3 lauis rif (st By BUHIE Y PnBa rings e
Hiptat bREARRT) WiRdR sbhderbaictigts ydyydr mayeia rbs atdznaid((wgy, 12-

groups havi ng from1l to 3 substituents,
perebeazalingne) 2Hol 4 benaserindéitlsones &b @nd the hlﬁawpf%ded that the

g Fgﬁn(%%glﬁnéntt {'Qc a?lfar&ilgtﬂ?(é’arbo S:Hn?'ﬂt 'P}éi% th/i%cmé'lud@ﬁﬁ[ényl and

acyl oxy, am no, tute
mmacyl 20 aryl, substltut ed aryl, aryI oxy,

asp
i;?zg;%tsggl%ﬁég Cyan haI o c&wrg)églgﬁgg{xtpq mtbéroni 1to3
191%11‘5 z*.n’d é?@fgﬁdgﬂf;{] gcls% Is@é?@%htﬁ lgeféétedhf&ﬁ rt&agr}éhp con51st1ng of

er ocyc eter ocyc I C.

hsadhekﬁ abpl, adyéarginopgeyhy, alk@y eatistitutedeadkylnilivoxy, rselb%mﬁed 0

h R and R’ dent |
aliostidinyh Siisbmue ey Ry Spdaged R BERS Pstiruted
at hﬁﬁﬂoﬁgyl ﬁjykléﬁbstﬁltg&ﬁwl ary%b%ﬁfshﬁs‘tihﬁgd @ykﬁ@'y bycloalkoxy,

al kynyl', substituted al kynyl aryl substi tuted yl
snfmshaam«wcmaﬁwwx Garbaxad calgb@)meﬂst@yﬂ cy#ne: Brielaf Pwalkyl dubstituted

st‘fuoécﬁc toea(f’lylhsel}bg{l’cu%1 d%hioary?ttﬁl oR&Rsfo ahﬁ substituted thioheteroaryl,
thiocycloalkyl, substituted thiocycloalkyl, thioheterocyclic, substituted

thioheterocyclic, cycloalkyl, substituted cycloalkyl, halo, nitro, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic, heteroaryloxy, substituted
heteroaryloxy, heterocyclyloxy, and substituted heterocyclyloxy.

"Aryloxy" refers to the group aryl-O- that includes, by way of example,
phenoxy, naphthoxy, and the like.

"Substituted aryloxy" refers to substituted aryl-O- groups.
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substituted heterocyclic and where R and R' are
joined, together with the nitrogen bound thereto to

wo eoorioz84BEt er ocyclic or substituted heterocyl i BCUS2003/031433

provided that R 30.and R' are both not hydrogen. Wen
R is hydrogen and R' is alkyl, the substituted 36 WO
2004/ 028481 PCT/ US2003/ 031433 amno group is
sonmetines referred to herein as al kyl am no. Wen R
and R' are alkyl, the substituted amno group is

sorret I' Aesdoxyatsd|t redads toothh grasiprand-Qiemi.ky| anmi no.

i NRC( g@%b@ﬁdﬁ algﬁrgéyagyolk ;;Ff%rsgtr %ﬁ@%}%a@&% c%%lshl%ﬂtftuted with

fORA £ 3 sudstifubits 66 et 0@ dbHiydryl ridd3G6 @ﬁlﬁéﬁ@b)ékre fér substituted
-NRC( O substituted al kenyl, -NRC(O) al kynyl,
O substituted al kynyl, -NRC( Oaryl,

- NRC( R eroar yI ,

-NRC( O gﬁ)ﬁ % {:r@ﬂo a{%ééstbe}% 0%, O heterocyclic,
and I*B%@ﬁ Lebtstsr refedo et @bmpsym:(o;mdlleylg—@(())@-subsﬁtuted
ﬁﬁg en or alk and wher.ei n al ky

&

(e Rl SRS Pt Ruherein fepriyacfitted aliy, ary
g:;rlﬁg g‘sfx@ei%darﬁ'a@/m ofinfa B2l Kyl , substituted

substi t ut ed aryl 10 heteroaryl,
subst ' @mleaikﬂé tﬂ"ens o ythchiﬁtyé ZOBYE of fromrﬁjtosllﬁmrbcnmt@ds

t, i def i
vge SEHE o ndide g et S iarly st
E%&Gﬁr@s&locyc%u%@r@@lbp@ﬁ@ﬂ%yﬂ@&ét?ﬁarﬂ thé nRd.e ri ng (e.g.,
enyl)” or” mul t'i pl’'e condenSed rings (e.qg. apht hyl
or anf' ﬁyvbamm'bhfex@mbedlkﬁmﬁgoumpf ﬁ\ommh;o carben atoms
BPAE hinBles sfumif ot REE S0P Bine st 1 gt preferably
Bloay1 €ezlitéiadl sitbeof diRylatic of vial! @By unkfuatioan

arorratl c carbon atom Preferred aryls include phen

and nawhstiged cycloalial'| angs"substifyfed cyclgadirenyl’ gefers fo an cycloalkyl

O SRS Bt g 1P d b A o o
seisixtingdf bxe (O ﬂu@m(@ﬁ) @mltmaystuhsgtucéd alidyh g«:m JLacylamino,
ti.tute

acyl, acyl am ng al k subst I
ame&x, ang%gﬁbspb{t@ﬁdyla npeoaeymoa%ﬂew substided wﬁé@foxya
t I
SURERA pTlgh Moo SRR WUSE PR Tt PRbON] eglrs,
ayglbaikyl subgbistadtoytiodikyt, yllet@xgarylcy.dis‘owddd)cyqroaryl heterocychc and

substi t d cycl oal koxy, carboxyl, carboxyl esters,
é‘;‘?ﬁ%‘te‘%&gpcy@ﬁ oal kyl , substituted thioalkyl,
t hi oamgleloSubElirbmted -Ohiyers gheter oaryi
subst i tgt ed ?ﬁfohet er oargle 2 gﬁagcycl oal

%kyl groups.

su gst |"Suhsé1t11t¢drny&bﬁ840ésa'l’ kﬁ,f¢rs tq @@M@ﬁ@bgb@ﬂq
iyclsgla {ﬂe 7 H‘e}et%érg %/ﬁe?r& o%gﬁ(;’r 8‘%“{%“[‘1 @&‘?iﬁa‘i BifeRsbiy is

hebgy &ah¥dre. het erocyclic, substituted heterocyclic,
het eroaryl oxy, substi tut ed .

"Heteroaryl" refers o an aromatic group of from 1 to 10 carbon atoms and 1
to 4 heteroatoms selected from the group consisting of oxygen, nitrogen and sulfur
within the ring. Such heteroaryl groups can have a single ring (e.g., pyridyl or furyl)
or multiple condensed rings (e.g., indolizinyl or benzothienyl) wherein the condensed

rings may or may not be aromatic and/or contain a heteroatom provided that the point
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het er oaryl oxy, heterocyclyl oxy, and substituted
het erocycl yl oxy. "Aryl oxy" refers to the group aryl -
wo baw/o2sagl udes, by way of exanple, 30 phenoxyPCT/US2003/031433
napht hoxy, and the Iike. "Substituted aryl oxy" refers
to substituted aryl-O groups. 37 WD 2004/028481
PCT/ US2003/ 031433 "Aryl oxyaryl" refers to the group
-aryl-Oaryl. "Substituted aryloxyaryl" refers to
aryl oxyaryl groups substituted with from1 to 3
of ahathinteneistihrongh e toer ofithe ottatiahpterarylgsoups Rieferméd

A (T L
92?‘6)9' ub&%@ h@ﬂef@é " e d hkerasit El‘&lﬁgjthaﬁitrlﬂéhbstltuted with
nd

ryl, a -C(O) O substituted @y wherei n al kyl
e dtio B uuwltmmmelec@dﬁom thedramglzsoun eftsabstiunepts defmed §°r

fined herein. "Cycloal kyl" refers to cyclic alkyl
S&ﬁ%ﬁﬂﬁg ?fron13 to 10 carbon atoms 10 having single

or Wﬁ{dt@bﬁyrbxgi' feferk 10188 giovpl -Ohéteroatyy andijsubdtitetednpl e,

adamantyl, cycl opropyl clobutyl cyclopentyl
W@w@y'l’ redgrd tQﬂhéquul?eo'VL%}? tH9AYLl refers to

cycl '-gi ero O dr ogn'ﬂéf@% ﬂ{llcf' 6P ef'erb&ci&ﬂg}ﬂ"ﬁg s & £8Rurated or

havi n e or |c r'ings "and further
mmcﬁgroh astinga &lﬂglen_[rgfc&mﬂhyle chndemsdd tings friomt Etonk]

sites of et ﬁlenlc or V|n aturation. .15
cathomAteg Ay egach t@éﬁ ro a &Fétfr Cgroup consisting of
rﬁ%géé?la 1E1ﬁﬁyolr'ox gefn%ﬁuﬁ heAthCWELERl Yfused¥ingsyalefR] @0 more

avi ng to 5 substituents selected from
thh eings carpbe yohmlkyt, iang oohetescarylp@videdithabdbe peig) of attachment is

| koxy, substituted al koxy, acyl, acylam no, acyl oxy,
ugh th %@%@@P?%Féﬁ@an1no ami noacyl , aryl, substituted

aryl , »n ReWiaHed: hete?éb@!@l‘id"td#t‘%sﬁﬁﬁé@ﬁéterosmym adfegen,
hydroxyl, nitro, carboxyl, carboxi/t esters,
(0]

lmqtfcrbojaﬂ«gﬂollpsthb‘sarﬁ suhs@wt@ymtb diory | to hef @pé@m? ﬁubstltuents as
it ut het erocyclic, and substituted

‘ieéuf“s{l fdtbtuF @P%%Ylkoxy refers to -0-cycl oal kyl

grou pEx @ami hdidtb@dles viall aattoaxyls inchides lmttam not hmlted to,

-0-substituted cycloalkyl graqups. "Hal 0" y%ﬁ
azstiding, myorale.usidezolenmsaiole, @Vaﬁ*@eema%@ ayg ing pyridazine,

ﬁgeﬂ? £88L ¥Mnddie 11%?01{ ldePmﬂ&olgph zBle Q%ﬁﬂhne

FS™tG an ar omat group o rom 1 0 carb
Rb@uiBolam qlinoline, phthalazine, naphthylpyridine, qumoxahne quinazoline,

cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, phenanthroline,
isothiazole, phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine,
imidazoline, piperidine, piperazine, indoline, phthalimide, 1,2,3,4-tetrahydro-
isoquinoline, 4,5,6,7-tetrahydrobenzo[b]thiophene, thiazole, thiazolidine, thiophene,
benzo[b]thiophene, morpholinyl, thiomorpholinyl (also referred to as
thiamorpholinyl), piperidinyl, pyrrolidine, tetrahydrofuranyl, and the like.

"Heterocyclyloxy" refers to the group -O-heterocyclic and "substituted
heterocyclyloxy" refers to the group -O-substituted heterocyclic.

“Phosphate” refers to the groups ~OP(O)(OH), (monophosphate),
-OP(O)(OH)OP(O)(OH), (diphosphate) and -OP(0)(OH)OP(0)(OH)OP(O)(OH),
(triphosphate) or salts thereof including partial salts thereof.
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to 4 heteroatons selected fromthe group consisting of
oxygen, nitrogen and sulfur wthin the ring. Such

whedoezsa8ly| groups can have a single ring (e.gPCT/US2003/031433

pyridyl or furyl) or multiple condensed rings (e.g.,

i ndol i zi nyl or benzothienyl) wherein the condensed 30

rings may or may not be aromatic and/or contain a

het er oat om provi ded that the point 38 WO 2004/028481

PCT/ US2003/ 031433 of attachnent is through an at om of
t he a‘rhnmmath’ete@crem@nb ggmp& pOPEfa)éRmecpr RO FaQR)or

Bl B sl b A

ngﬁ &oEQf"taH@‘l esuﬁé’cﬁ&t%ﬂ hﬂt&? darbbk{lic deid)rnd c&ﬁboﬁyl ester.

i tGents sel ected fromthe sane grou
subst‘Sulfemite esief’irfsts tb thre SorpsSO OB wherg %yqs selected from the

Het I f d
ot SR et SHSUR IRy B BRSO bt
suPstitties iyl bﬁe@&oﬁl@l QlisERbd heidiohst, drledayclio and substltuted

heterocycllc "het erocycl oal kyl" refers to a

hetaregystied or unsaturat ed group having a single ring

or my) b i from1l to 10 10 carbon

at ons ’@ﬁ(g erf%r?ngﬁ{%?&f{ws?%ro atons selected fromthe

gr oup' Th@sdlcyat bﬂgﬂlqﬂﬂnmher dgefthioslitbkylT refurs toxthg groupi- -Baileyl.

the ri wherein, in fysed.ri te ,,,on‘e e

the r |Sﬂg§tltﬁf§ﬁ ﬂa}ealéy |05 af b tegra}lf%@‘l‘ aﬁ“@‘ftﬁme&
o?ﬁﬁoq gi@tto {Hég,r&ﬁi 'Stsu%tlté{eﬁﬁﬂ@‘fmnt '3 through the

teroy |c ren Substituted heterocyclic"
" substTHiatyelbatigl ereferyiol thagioyps -S-efcdoatkilend Ssubstltuted

het er.oc roups that with from1l to
t@"&b"’@ﬂéyt éﬁ‘%rsstﬁ 6@‘% F§§‘ﬁ’§§&1 etf{a‘fycﬁ é‘g(yfl 'or substituted
cycl oatiydryl" RRINb O %%Bu@@—%@ﬁﬂd?‘fsﬁsstﬁm@d ebayDasietsio the
i nclude, but are not Timted to azetidine, pyrrole,

gmupia&-smbs:tm}j@dwbl e, pyridine, pyrazine, pyrimdine,

pyrid in ,oI n @

di hydr d% %&5‘?@”’5’ s ﬁozh %‘3’%’ r@%%fﬂ %?12 upstityied
SRt RV I Refersab itOErbae S -aibsiakaitidaoaryl.
naphtn¥lpyr|d|ne qui noxal i ne, qui nazol i.ne,

ci nnof Iﬁ@et?xp@thg FRiers Eythe g5QiPeS-Relgrpoiclif @id "substituted
ffléo 1 e%éy o fé?eﬁs ALk %0%5 ngﬂﬁﬁﬁ‘\?ﬁ:@ haktdGelic.

enazi i soxazol e, phenodxazi ne,
phenoThé &hhh‘ammmcdcamfelrmomeammomcdhzxﬁ thenformula

EII Ig(e:gll(ﬁ ES I‘gﬁﬁggegﬁ* 1|2 %g%g:ahwi subs tll}ced aﬂgy? ot aryl. Preferably,
ﬁﬁ| az OZIO(?' %fd’ﬁ"&}{ﬁ ﬁﬁ%a{tyhaﬁmeﬁmn |L ﬁﬁfﬁb%clds

ene,” 25 benzo[ b] t hi ophene,
nor phWhe teyin, “chﬂblohyﬂlatpﬁndf@raw oléwsg@haed@momnﬁmgef@m 2to

{ngq,cg O n%h@}? p&gﬁﬁ&i %Ig rl%/ainlgg %}gtsr grlnf)fjolyg(? are not critical
and include, by way of example, all natural and synthetic derivatives of glucose,
galactose, N-acetylglucosamine, N—acefylgalactosamine, fucose, sialic acid, and the
like. In addition to being in their pyranose form, all saccharide units described herein
are in their D form except for fucose which is inits L form.

The term “lipid” is an art recognized term defined, for example, by Lehninger,
Biochemistry, 1970, at pages 189 et seq. which is incorporated herein by reference in

its entirety.
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"Het erocycl yl oxy" refers to the group -0-heterocyclic
and "substituted heterocyclyloxy" refers to the group

WO Geoglobsasi t ut ed heterocyclic. "Phosphate” refRCBHUSN03/031433

the groups -OP(O (OH) 2 (nonophosphate), 30
-OP(O(OH)OP(O (OH) 2 (di phosphate) and
-OP(O(OHOP(O(OHHOP(O (OH)2 (triphosphate) or salts
t hereof including partial sal ts thereof. 39 WO

2004/ 028481 PCT/ US2003/ 031433 " Phosphonate” refers to

the dileumsn “E@ERE R)ﬁér@tﬂ) pcdymel@@(f @)aui¢ @R)is oompesing from

h f h h

O Ry LBy el PRy ATPBL I ik I 6
ﬁeﬁ%w&ﬁ%@mx{oab%af@oxyl ic acid, and carboxyl
ester. fonate ester” refers to the groups - SO2OR

wher €llR tmsn é@alddxzed phmpﬂme rpeocsugg rr@t”q@s t@dﬁ@ﬁl@s—t flingndf
ubsti tﬁjt ed al k

Groblgrete Db G Sr Y porB oL Rt yeRd Dby hfhen
b donkiéesdl tB%h%ﬂle){nyb suﬁaﬁmeerdcmwdyl g@oﬁm dnsmgtlsxy b ed

het erocyclic refers to the group -SH.
submt@@ﬂmwloxmmum kyl t hi oet her" or "t hi oal koxy" ref ers

B i L

ﬁemg@@ieki@mmﬁmfoﬁg o b1 drhﬁorg Iﬁmd:nonsﬁ-g&mi;fstwhmh ﬁnhcabriayl .

"Thi ocycl oal Kyl " refers tqQ_ the groups - cl gal kyl
ERUPSa Bt ADOliT ki WH toyeided qn@rff’éft%ls iyepfign oup

arachiyl ﬁ)tg'tathhFec&h&%Bf OﬁL B¥imctiodd) @\Iﬁélare %fl Rh&wh @ fHe

group stltuted hi'oaryl" refers to the
dbingluding ac§31 stolopg for lhbzé:@xa]rqnld/or atinco$bistiutianydsters eff er s

h S- d b
%ﬁv%h@r G SR phonhBEE PRt v gngt B the rehi by oy
A8t %‘V 2R Bben con-ls—/@i’t&hﬁi & ;91?66@' h Substifh &I Ské6y, bh Aryd6eup

eterocyclic and "substituted thloheterocycllc
o substititedtandoyy Q@{upr@dsth@bk@ tuted heterocyclic. 20

The t, am no .acid’ of the
f or rrulef[ mﬂ%ﬁ&ﬁf%@')a&ﬁ—ﬁ%gﬂé é@rs&{o% a(()Bge quﬁgl kyl ,
Sdebsthblk Whlerofal dophpoahd anlith saﬁ’fs%feﬁcﬂe&b/leu front mea@etgm" no
acid is one of the twenty naturall

ocg%{ {1% L am no
arcgmg andrn@rg@awwéﬁrb@wlalﬁ@ml@ﬁ melude, b
&&nsaﬁﬁégﬁw e
ﬁ g g&%ﬂ@%}gg ul"ar dgazsélc é%lgle unl © enpl oyed aré
tﬁ:ﬁ’aalkylhﬁﬁmﬂﬁmﬁﬁamlﬁﬁe like landiesheh yhewaglecxﬂe exztaink @ basit |
El?lgt%n%lhty&,l rs]gltssgfnc}rlgqgr}ul: 8r 1?181rg|a;1/1%talc>1\é1§ Ssucfx ag Lydcroglﬁonde,

hydrobromide, tartrate, mesylate, acetate, maleate, oxalate and the like.

It is undetstood that in all substituted groups deﬁned above,
polymers arrived at by defining substituents with further substituents to
themselves (e.g., substituted aryl having a substituted aryl group as a
substituent which is itself substituted with a substituted aryl group, etc.) are
not intended for inclusion herein. In such cases, the maximum number of
such substituents is three. That is to say that each of the above definitions is
constrained by a limitation that, for example, substituted aryl groups are
limted to —substituted aryl-(substituted aryl)-substituted aryl.
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gal act ose, N-acetyl gl ucosam ne, N acetyl gal act osam ne,
fucose, sialic acid, and the like. In addition to

whein®28481 t hei r pyranose form all sacchari de PO/US2003/031433

described herein are in their D formexcept for
fucose which is inits L form The term"lipid" is an
art recogni zed term defined, for exanple, by

Lehni nger, 30 Biochem stry, 1970, at pages 189 et

seq. which is incorporated herein by reference in its

ent i r Simyilarkypit Wouriscsig@hdaighe pove Jsfinitiony aesosintansisd

erm "peptide". refer . S -1am [
EErE R Rsi SuBtnSy BRUBTE L gt B b ARl
prRbeY %Bﬁpé driadiydedxgU grodptathhake sthedlic dracetylepicef er abl y
fromabout 2 to about_5. The term"stabliljzed
presgptiony Siddmpgrmissible sybsigungshpatterngiare WgH kngwn to
Ll{ei kﬁf@&%ﬁﬂ%e groups having one or nore of the

yéroxyl groups pendent thereto converted to an
al koxy, a substituted al koxy group, an aryloxy or a
substjtuted aryloxy group. The term "pharnaceutically
SV SRSEAYs" refers to art recogni zed
modi firGaLdRRSinke oPRSs AVelRinnd BeiboRad bPVRYRS MEh6d known
functional * 10 groups are netabolized in vivo to
pr the iad e f argaoichemastoyfintghnsrali amd entlconid@andamciestide gnalogue

ST TN SR AT
P18l FRF BOneR$41IsbicEOBY ar€ RGBS 0i0hay BOPRparediby tédMiques

tri-phosphates wherein one or nore of the pendent }
kyeivointhe agr Gigperahreyiewsed thapraneseticacpiinyclenside rekyucleptide

suhstituted.alk @l ar yl.oxy [. it
i it RocipteicRl KR Ve Onclioy SR e B
AGCRPA AR A @dbhic PrefLNew Yorlth 896302 rGbodradd Y. “Basic Principles in
acceptabl e salts of a corrrpound whi ch salts ar&
deeleiretrid Lhemiatyard@dgmiy Progy Nawi YorkntP TnBelgant B 2; and
\%g“.@;z?zreﬁb ?poc‘cie%}ejs z}fﬂ?%ﬂzé] &i& Eﬁeﬁ{s{ry,ja 'Eiils.' f&J‘oH&eW li&’é’Tipson R,
y-of “exanple only, sodium potassium calclum
Veidsye MiewW orRjT1a3) uolh 122021 et r aal kyl ammoni um  and t he
i ke; and when the nol ecul e nt.ai ns. a basi ‘ .
f unct 1B sytessis offhe corgpoumds g4 IBYGQ%‘HB@E‘?{PﬁY £Ql}ogys either a
ggtn% | thdea i rtrate,
r%rebj@&r%tﬁte{;}ylg%gf at e,étr%gylaglat e, %g}@({:ﬁg% (ggﬁgﬁgvat he like. It
i s undbe strasegies matlable foi dynthebis of corpaings ofifhés i entipadnclude
bove, olymers arrived at by defining substituents

rtq’f‘mfﬂﬂlr‘atpher substituents to
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25 thenselves (e.g., substituted aryl having a
substituted aryl group as a substituent which is

w0 taalots4gubsti tuted with a substituted aryl greCppUsS2003/031433

etc.) are not intended for inclusion herein. In such
cases, the maxi mum nunber of such substituents is
three. That is to say that each of the above
definitions i's constrained by a limtation that, for

exanpl e, psqgtqted aryl .groups are 30 linted to
~ substvha Bd B Wuﬁét W ufieB, Jar apd E\qesas dafined abeya can be

ﬁgp gt{ 3 Simlarly, it is
é der ﬁ{gﬁ%ﬁﬁiﬁg g%%%%?é@ ??ons are not intended
to include inpermssible substrtutron patterns (e g.,
substrtute with 5 fluaorq groups or ydr ox
@crerfrggrt;ﬂraf R45he yiptoref Ié{reférgha%weﬁ AEHWW mq{ﬁe
B i nperm ssible substitution patterns are well

kn mn to 5 the skilled artisan. Ceneral Synthetic
Met hodghe ke starimgonartdrsalaff thik psocessvie ad agpropriatelly eubstrcuted sugar

S RDAr Gl ) 2 o erisale RS SRt BGmiale on acyl eroup

R Gl cBRIb, HRorRH 2R84/ 61 thHo ?Yd’ﬂph SHeSupdd cBRbE bﬁr‘éh?sred of B%h be
starting materials for the syntheses are either

meepdiddyby anydinbwbnecahs trelwbrgsasiand ergwarizationpsubatitition,

S ted B e S R B em P At B R Bl 135
Qﬁ@ﬁaﬁo@ptctr@t@lboﬁﬁato@g (EEnPLhBtrhtdaad Ide) '\% dnHe&IsS@MThe

"Thé Chemistry of Nucl eosi des and ucl eot i des,
Auhiﬂlélﬂfﬁd‘ SUBaesa), thmws Yoidized ¥9@3he 2)prapidderaxidizing mst na

grpllélg)gﬁﬁ % Qﬂlﬁ%a syl ieete{%@?f:alu%e %gy]emdéhe Zﬁlaloé(‘iae% sugar Possible .
o%ﬂ'iilﬁﬁb%shtfér@ qaﬁerraegle rDé‘slsLMﬁtlﬁ A%diné}wgerﬁtmzm 1BdE: in
Zor bac & Ti pson w York, 1973, vol. 1

@MSOrﬁ@/egww@?é@néDMS@mabd ouideidriethylantize); lonentaagent (a
g@gﬁg@t%&ﬁt a\%ﬁ;angilsslu Bic doidf S AGRA @;gﬁ?&lﬁe Cr(VI)

ixidr] Coteyss raagent @ytidininn chlonddheshae)y pyddinjoou didhroadate, acid
this invention include for exanple Gener al Synthesrs
Shichyomaic R NELPNTEP 8881 MnOxprithenpym iftregide, phase transfer

bR S GRS actPs Bt at dnate RifpdHBA 30N polymer, Cl,-pyridine,
H;0;-ammonium molybdate, NaBrO,-CAN, NaOCl in HOAc, copper chromite,
copper oxide, Raney nickel, palladium acetate, Meerwin-Pondorf-Verley reagent
(aluminum ¢-butoxide with another ketone) and N-bromosuccinimide.

Coupling of an organometallic carbon nucleophile, such as a Grignard
reagent, an organolithium, lithium dialkylcopper or R'-SiMes in TBAF with the
ketone with the appropriate non-protic solvent at a suitable temperature, yields the
2’-alkylated sugar. For example, R'MgBr/TiCl, or R'MgBr/CeCl; can be used as
described in Wolfe et al. 1997. J. Org. Chem. 62: 1754-1759 (where R' is as defined
herein). The alkylated sugar can be optionally protected with a suitable protecting
group, preferably with an acyl, substituted alkyl or silyl group, by methods well
known to those skilled in the art, as taught by Greene et al. Protective Groups in
Organic Synthesis, John Wiley and Sons, Second Edition, 1991.
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2004/ 028481 PCT/ US2003/ 031433 where R1, R13, R14, W

wOR)04MB8481A, B, D, E and F are as defi ned abovePCT/HR2008031433

prepared by one of the foll ow ng general nethods.
Conver gent approach: G ycosylation of Nucl eobase with
Appropriately Modified 5 Sugar The key starting
material of this process is an appropriately
substituted sugar wth 2'-OH and 2'-H with the

appr Ofite qittienkisaprotegted sogay caf Grendeaoppled tethe @m;me gatsélby

RelhoBev B ke tboe sklfdge gt g Pudht Loy eng (A Emistry of
NBRAE3ideB Ghi Wu@ﬁoﬁrﬁe@ "Iq@ﬂlﬁn PRIsEEIY93 Ao P Bian§d) Shiakiilated Rugar

10 oxi dation and/or reduction techniques. For exanpl e,
cranmlt)up]ad t(ya ahaateébasg withzs Bewis acid, such as tin tetrachloride,

tri.- O ben i r.ano

R B GAa ehRARTR hPTOR R bl gy bt
iemgadatie nA‘ltBﬁl@tﬁ&y Xalll-ZGfr Varl bt ddiplednp bellyiatiddase with the
oxidi zing agent_in a conpatible solvent at a suitable

nresepes af winectidsihltailgtet he 2' - nodi fi ed sugar. Possible

oxi di i :
e s
uitdet mm‘ﬂhdd@lﬁsk@nbed(héryin abivell ikdewn tin thetalngfdmmmée)slpzfibed for
Jones reagent a ure o rom ng su uril c
Fempje. b OGSl @ Ayt t(Yd{:?}qu ¥ %%eb@?\(‘%m% ¥pdpeorporated
r%i’élﬁgaﬁefe?&gé théR ¥htirdly)i um chlorochromate),

pyridrnium romate, "acid dichromate, potassium
per mangmrmt iebelon @ascribest the mltenmati et syathesid of a prdeated sugar that is

tr fer at al hrom c acid or
Qféf)g?sﬁ% es&ﬂg%d% 8F¥ner, d 2-pyridine, .20

H202 ammnl um nol ybdat e, NaBr OQ2- CAN, NaOCl i n HOAc,

copper chromte, copper oxide, Raney nickel,

Petienzedi: udvtemetive: g thgsie adromwlinger | ey reagent

(al um num t - but oxi de wi th anot her ketone) and

N- br onosyg n| m de. Boupling of a?h”m ganomet allic

car bon nucl h| l e, suci‘?‘%&iﬁ Gi gndt
Wb O

Ph._ 0O o tho OH
a b c
Ph
N, R Ph— R Ph“\o
o Ve— L
X wo\ \ O\
PO O_Ph Ph._O OH Ph_ O ©
f e d

Formation of sugar a in Scheme 1, above, is accomplished as described by
Mandal, S.B., et al., Synth. Commun., 1993, 9, page 1239, starting from commercial
D-ribose. Protection of the hydroxyl groups to form sugar b is described in Wiity,
D.R,, et al., Tet. Lett., 1990, 31, page 4787. Sugar ¢ and d are prepared using the
method of Ning, . et al., Carbohydr. Res., 2001, 330, page 165, and methods
described herein. R, in sugar e can be hydrogen, alkyl, substituted a]kyl, alkenyl,
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R1-Si Me3 in TBAF with the 25 ketone with the
wappropsssat e non-proti c solvent at a suitabl e PCT/US2003/031433

tenperature, yields the 2'-al kyl ated sugar. For

exanple, RIMyBr/ Tid 4 or RIMyBr/ CeC 3 can be used as

described in Wilfe et al. 1997. J. Og. Chem 62:

1754- 1759 (where Rl is as defined herein). The

al kyl ated sugar can be optionally protected with a

sabls’;tttaibﬂ alkenpl, elkyhyig andgubstisutep laﬁdyBV]a &ra\ytiwmrly pmfeacd R groups
d al k d [l .30

Bt ey fno b ot VA aGREepY e

tﬁ&dlﬁhatlo%rcﬁ{tﬁé: EigRarPr QRS Withn @1\@%&‘1‘ & omiéHapBropsiated OhN

ey and Sons, “Second Edition 991. 43
@mnmhe 4s d&stmwzlmn Ogitl1 83 tltmmn/@pwmmaedeﬁ) Finally the

ot e en b .
Bl AL 1 oS pR sSR R fadifor 1 FrpEind 286
sbﬂllég)%te&yoﬂﬁﬁw%@ Ashudeh oSl fifgar Nabd 0 SThERalagehation is
Nucl eot i des, PI enum Press, 1994. For exanple, an
d@é%@ﬂéﬂsﬁdgar can be coupled to a silylated base
W th , C | ac [

1 o Eteha f e or B lsdhelliflohfi AR B difiorcRtod by
rhéthodPPEIDRAbWH & mobemntedan fige BY)iak ainlght by Gnaeac atalr @rotective

Al ternatively halos be cou led.to
@roups Q&%@%&W@H, %gdzﬁ §econ d'Edition, 1591.

t ri 'TE{’%M?%{HSY bitdrhidvat! %rglcufh t%qgél&hggré)tt&técf‘s%g% Qéxul fohe

S|tu sugars u In the synthetic
omphmglm mgocycﬂne dbades iedataibden Behdmdk? behowi. rThelstaals tfordhis

are descrjbed, .fo anpl e, by Sommadossi, et al.5
SR GWC%L’?&““ Eﬁf‘mgl géth of whi ch are incorporated
herein by reference in their entirety. Schene 1 bel ow
describes the alternative synthesis of a protected
sugar that is wuseful for coupling to the bases

descri bed herein. 15 Schene 1: Alternative Sugar

Synt hesis and Coupling HO OO Ph--\ Ph-\ OOOO
Ph"-."OOPh,--OOH abc Ph QRPh-\ F2 Ph --\ OOO
O Ph,OQPh PhvOOH Ph"_-"O0 f e d
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Formation of sugar a in Schene 1, above, is

acconpl i shed as described by Mndal, S.B., et al.,
w®Ew0284€0mun. , 1993, 9, page 1239, starting PEDDIS2003/031433

commercial 20 D-ribose. Protection of the hydroxyl

groups to formsugar b is described in Wtty, D.R, et

al., Tet. Lett., 1990, 31, page 4787. Sugar c¢ and d

are prepared using the nmethod of Ning, J. et al.,

Car bohydr. Res., 2001, 330, page 165, and net hods

SEHENMEed herein. R, in sugar e can be hydrogen,

al kyl, substituted al kyl, al kenyl, 44 WO 2004/028481 .

PCT/ US2003/ 031433 substituted al kenyl, al kynyl, and

stituted aldeyRyl. Particularly preferred R groups
aﬁgﬁuwl , tri Wt hyl , %I k and al kynyl .
Sugas/e i sTprépar by usrﬁ'g i cagdpn of the
G i gnard reacti onsawast hn RVgBr or ot er at%ibqab/ate
or ganomet allic as described herei Rkt h no/ “
titani uni cerium neéded). Finally th hal gge @.
sugar used in the subsequent coupling reactiormn i3

prepared using the same protection nethod as used in
to make sugar b above. The hal ogenati on ii descri bed

in Seela.7 Subsequently, any of the described
nucl epsides can be deprotected by nethods well known
tOC|

'4 |IIed|nthe art, as .u by G eene et
ect| Vg 0,10 Groups in Or eS|s Jon

WI ey and Son Jetond Edj tion, 19 ther
alterna approach to maki ng pt ars usef ul
for £00 erocyclic base dq CHHI ed in
Schems 2 below. The details for thi synt hesi s can be
found in Exampl e 32. 15 45 WO 2004/ 028481 ;
PCT/ US2003/ Ogg433 SCHEME 2 HO~ ~..,n~y HO~- ~~~w'v \ /

H-\,L0CA/ 3 HHOH™MHC OO A 2= C C
0 Ch CI‘Q_\
° ) J o
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O AOOcl A0 OO OH5C 0C 4 Cd - OpoO
-(::~C O/ 00 a4 adaoOHI o0 6C Ca 7 a-/
w@koo®o29d81 0 O off Cl 46 WD 2004/ 028481 PCT/US2003/031433

PCT/ US2003/ 031433 Li near Approach: Modification of a
pre fornmed nucl eosi de The key starting material for
this process is an appropriately substituted

nucl eoside with a 2'-CH and 2'-H. The nucl eosi de can
be purchased or can be prepared by any known neans

iledaneiprepastaddediicaousy v wgef@em ﬂaelé@slderhe 5

nucl e

O ot ey SR REmARHL AR pRERL R LSl iR e
alulshebsiae wathl ayd’ @H@nﬂg’-}byTheﬁMetmdmiah blepovehaged or kasbe
skilled in the art s .t aught G eene e

PreRaEed bx/@nycbﬂ%mpwseil@ P stagdAre Say ing§ %lluw | Bge
afﬂl@le%ﬁﬂé %n’ezrﬁif bfo%tedlsg@ﬂ- suittBf FORCORS gx%hﬁsl %referably

pr ot ecte nuc eosl de can then be oxidized wth
apitt oyl sabstitoted dilayil ngsibyl eroups, rbyancibacﬂm\wclblﬂeomtwbme stlled in

Sposte SRuat EPRRGRH 5 b luBh Lok D s ot
Derpisy M 5bi, SE&naqhifis, 1esgent, Ac20+ DCC in DVBO

Swern' oxr dat  on (DVSO, "oxal yl chl ori de,
The appropriately protected nucleoside can then be oxidized with the

appropriate oxidizing agent in a compatible solvent at a suitable temperature to yield
the 2’-modified sugar. Possible oxidizing agents are, for example, Dess-Martin
periodine reagent, Ac,0+ DCC in DMSO, Swern oxidation (DMSO, oxalyl chloride,
triethylamine), Jones reagent (a mixture of chromic acid and sulfuric acid), Collins’s
reagent (dipyridine Cr(VI) oxide, Corey’s reagent (pyridinium chlorochromate),
pyridinium dichromate, acid dichromate, potassium permanganate, MnO, ruthenium
tetroxide, phase transfer catalysts such as chromic acid or permanganate supported on
a polymer, C1,-pyridine, H,O,-ammonium molybdate, NaBrO,-CAN, NaOCl in
HOAGC, copper chromite, copper oxide, Raney nickel, palladium acetate, Meerwin-
Pondorf-Verley reagent (aluminum z-butoxide with another ketone) and N-
bromosuccinimide. Coupling of an organometallic carbon nucleophile, such as a
Grignard reagent, an organolithium, lithium dialkylcopper or R!-SiMe; in TBAF with
the ketone with the appropriate non-protic solvent at a suitable temperature, yields the
appropriate substituted nucleoside.

Subsequently, the nucleoside can be deprotected by methods well known to
those skilled in the art, as taught by Greene et al. Protective Groups in Organic
Synthesis, John Wiley and Sons, Second Edition, 1991.

In one embodiment of the invention, the L-enantiomers are preferred.
However, D-enantiomers are also useful herein. The L-enantiomers can be
corresponding to the compounds of the invention can be prepared following the same
foregoing general methods, beginning with the corresponding L-sugar or nucleoside

L-enantiomer as starting material. In a particular embodiment, the 2’-C-branched
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chl orochromate), 15 pyridiniumdi chromate, acid

di chromat e, potassi um per manganate, MQ2 rutheni um
tetroxi de, phase transfer catal ysts such as chromc

aci d or permanganate supported on a pol yner,

A 2- pyridi ne, H2O2-ammoni um nol ybdat e, NaBr O2- CAN,
asaEtlebside is@asireds dppeothehenoradimentcihp ;Sé1C -breincleed IME@GOSICIG
ni ckel , palladi umacetate, Meerw n- Pondorf-Verl ey
llséiﬁﬁ’@ldrt (al umi num t-butoxi de with another ketone) and

~ N 20 bronosuccinimde. 'Coupling of an organonetallic

carbon nucleophlle ~such as a Gignard reagent, an
L¥; ; Bagéskyl copper or R -SiMe3 in
TBAF one MAth t he appropriate non-protic
solv Se%?f%’ ﬁfgble tenperature, yields the
appropriate substituted nucl eosi de. Subsequently, the
nucl eosi de can be deprotec%ed met hods wel | known to
25 those skilled in the grt, a§‘$aught by G eene et
al. Protective Goups in & I£F Synt hesi s, John
W ey and Sons, Second Edition; 1991. |n one
enmbodi ment of the inventidh, the L-enantionmers are
preferred. However, D-enantloners are al so useful
herein. The L- enantloners canYbe corresponding to the
FREBAIID) O bR drONERLARAGBOVDY, BHERUE A [ Ohy YD an
e sdmé 30 ’foregoi ng gener al ds, beginni'’ng With
mhﬂlnmﬁmemﬂmmdﬂhwntnsu@ﬁmnownmmﬁwemeudéncanbnah@umder

t | di
Sl et on Py s OB Ak iR B O biishitSn
Ph‘tﬁﬁﬁﬁé‘ﬂ ROSWAR 02D59€S WEieh 2 dﬂﬂllc&ﬁ&i ﬁ%c&ﬁ&ﬁtéd g tferdnbEherein

- C-branched ri bonucl eosi is desired. General
symst dutisity. bf addatien, dypepaatBasddetesopgliebases isfeyigipd by G

B.E.~A D M wher e. B, . D, )
St el ST oot Fg RSy BBl . chaptr
4.09, p. 449 and “Comprehensive Heterocyclic Chemistry II” Pergamon Press, Vol.
7, chapter 7.11, p. 397.
For example, the appropriate heterocyclic base of Formula V may be prepared

from the heterocyclic base wherein the 2 or 8 position of the heterocyclic base is
substituted with a suitable leaving group such as halogen or sulphonate. Such
heterocyclic base precursors bearing leaving groups are available commercially, e.g.
6-chloropurine (Aldrich Chemical Company), 2,6-dichloropurine (Aldrich Chemical
Company), 2-chloro-6-aminopurine (Aldrich Chemical Company), 8-bromoadenine
(Sigma-Aldrich Company Limited) or obtained by procedures known in the art. For
example 2- and 6-chloro substituted purines can be prepared by chlorination of the

corresponding 2 and 6-hydroxypurines respectively by the use of chlorinating agents

* such as phosphorus oxychloride (Bakuni et al. Indian J. Chem., Sect B 1984, 23,

1286; LaMontagne et al. J. Heterocycl. Chem. 1983, 20, 295) while introduction of a
bromine into the 8-position of purines can be accomplished by direct bromination

using brominating agents such as, for example, bromine (Mano et al, Chem Pharm
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al kali nmetal such as lithiumare well known in the art
and/ or can be obtained comercially. See, for

wexaapbsst Carroll, et al., International PatenPCT/US2003/031433

Application 10 Publication No. WO 02/057425 which

application is incorporated by reference herein in

its entirety. In addition, the preparation of

heterocyclic bases is reviewed by G Shaw in
ehensi ve Heterocyclic Chemistry,"

;3%2?983%1 3484) aripbrposugeinmidp (Keley efridh Hetgrocycl Chem. 1990,

"P’L?gss 5‘3{}2?1@ b ﬁﬁ;né_s‘g)k ap er %é‘%iﬁagm%@%* %ﬁé gffor g@@z ino may

t‘th@rqpamdmrﬁrmtmeﬂitaifeh@cmﬁdspmdhmhﬁibplﬁmamiﬂa thé dmybﬂaﬁte

fro ero vvherelnthe
B g Re Al ARG Jor PERO S & ot ek ety 1594, 37,
vmh Mot ahé@'cﬁnéﬁé}VZ”NazQﬁQ}»&@h SBGQQO;%S ehOORD Glem. Biachen.

sul phonate.. Such heterocyclic base®precursdts beari ng
I%apfﬂmgBlgf d@ﬂ; 2 é7$1\1a1M<Hbag1e®bmhm‘Iaterabycj Chemd 983, 20, 295

Sl BT et e b B o) i St atyines can be

g;n'@ﬂb!r&l Rorf tidd sidivgs £ Ahepinsde @}%ﬁhﬁﬁie FRATRARMere the 2-

br onbadeni ne (Sigma- Al drich Co gmted) or
Fbstitvrnd ISk e eeiye S Hk albyilia, ﬂrytlﬂi@ «arNR Rwan bepsepated from

S A0 P B DU B SRRl PR

Bl nakyeuml Mnas Chrsnao3 \3g, ¥3 1 Wiishs etlﬁle Jcrbrg Chem, 1997, 62,
chlorlnatlng agents such as hosphor us oxychlor|de

(284 k uPimilsly o8 -substiftedhpurinesambe prepared fomgidg copgspopding 8-

Pk 8005 e Jr LRGN El e o912 s
Sllpdisibs drpithiofor PIRCRAeam epreperedby tepmeshefdthdyorddspesding 8-
omnatlon si ng br.om nating nts such as, for
DR B riE P DR o o0 CRBTR AR A M o
2004h858#Bds, F1<§§6U§12%@§é Qﬁéyf@é al, %;Jeln PR B&?W%{.}‘é@ 3430y,

N-bronosuccinim de '(Kell'ey et al. Heterocyc
1990, In gcrtne Q@@SWherErthe punbsw@nm@rmtrogml ®nghisg httesoatyl or

PR R e B P B b TR o which

&F{frb@fr&l ﬁ@ﬂldﬁ@éiééhﬂmﬁ@ﬁe ap ‘i’ea@h&?ﬁtﬁ%ﬂlé‘ﬁﬁ@?ﬂ ©8fpound or

exarrpl ,. Chae et al Chem 1994 ,
NiTeasdive derdvativn o€ thll»‘éWCthS amacqﬁalf Fosetamyse, AndiGpyohletnyl)-1H-

1972.. 27, 675;
Pl F e 5T 56k oAl Brinchiivesdiing >-pos,
ﬁlhahoﬁﬁetﬁhydmaﬁ]agﬁesbﬂﬁéi byBBste2 882 ).J Mol THear 1995, 38, 2582.
2-substituted purines can be prepared fromthe

correspondi ng 2-hal opurine, for exanple, purines where

L e1% H&'ié $1Uﬂ%t-suio§ti ol Qiin i 19X ¥ubsthte®b Xglﬁé 0,

correspondl ng 2-hal opur| ne by treatnent with
al koxisgathesis bf 6hgdkamiio @Koy @mino-substituted purines is shown in

Scheme 3. Synthesis of 9-(2’-C-methyl-B-D-ribofuranosyl)-6-methylthio-purine 49,
is performed as described by R. Harry-O’kuru, J. Smith, and M. WolfJ. Org. Chem.
1997, 62, 1754-1759. Methylthio-purine is oxidized to methylsulfonyl-purine, 51,
using the procedure described by Y-Z. Xu Tetrahedron, 1996, 52,l1073 7-10750; Y-Z.
Xu, Q. Zheng, and P. Swann Nucleosides Nucleotides 1995, 14, 929-934. For

49



10

15

Barlin and Fenn, Aust J Chem 1983, 36, 633; Nugiel et
al., J Og Chem 1997, 62, 201). Simlarly,

WwW@2@udi0z448t ut ed purines can be prepared from t hBCT/US2003/031433

correspondi ng 8- hal opurines. For exanple purines

where the 8-substituent is al koxy, aryloxy, SH,

al kythio, arylthio or NR3BR4 can be prepared by

treatment of the corresponding 8- 15 bronopurine wth
the appropriate al koxides, thiols or amnes (Xing et
substitgion aif g@ﬂmlsu]_fenyl foﬂBﬁﬁpxﬁdmnﬁSﬁ&lkoM?mnmet pdvltocolshsirilar

wh h
1 6 B o o R s hon T e e: Grlbsgkaroy
R iR wed RRAERER J m&e@hw 84 hes @9@@&% &E&’ Mnd

attached to the purine ring which ‘may repar ed
Pliodiﬁetfﬁ’éthe Nehydropuet Nealkoxyrdssivetiven S wlter@R iis as Hesayibed

an at: et a itz Qo%’%ﬁ%ﬁé‘k%gslg%—éa\é :elrp\éffoﬁnif\t 38 d%ﬁﬁnltk?gﬁyne

mersbaepalema@@dc%m@as B3andTepers. ne by reaction with
2, 5- di net hoxytetrahydrofuran as descri bed by Estep et

al JMed Chem 1995, 38, 2582. Ceneral Synthesis of
N6- substituted adeni ne agd Mé§ubstitut ed cytosine 25
Synt hesi s of 6-hydroxam no or al koxyam no-substi tuted

puri nes is shown in Sghene 3. Synthesis of R
9-(2' - G net hyl - (err)d rlbofuran 3PI) 6- met hyl t hj ur
i ne 49 i's perforn(el s descridgdiby R Harr - :@F

N and Kt NJ o g 1997, 62,
175 759 —Pv‘b't-'hy p-u-r-Hﬁe i g oxi d+—z—ee|>to
met hy O§u|fony| ne, 51, 307Using the procedunre

descrlbed by Y-f Xu Tetraheffr o 1996, 52,

10734+ 10750 Y-Z. 4¥u, Q Zhengt and P. Swann 52

Nucl eosi des Nucl eoti des 1995, 14, 929-934. For 49 WO
2004/ 028481 PCT/ US2003/ 031433 substitution of

I s n for hydr oxyl api no, or. al koxyam n ,
SEL A S B 10 SRR B0
: .T 11‘13@ a9sviin pyy gaﬁa@ﬂm 5sRaG d (RaC-methyl-B-D-

BIRNPSY.)- HMEZMO0 Rotrd 53 inged. Chern, 1981, 24,

393 398 can be used and prow de for the N-hydroxy or
N- al i.va 52. where desc ibed 5
abov :Pﬁ( e\ésrygﬁ%eﬁgf) % %CFO’S’J?IPWQ %tf‘ﬂ’@’i vatives of 7-
eed- gkl @n@@ﬁ@&ﬂ &lindlis s

o o809 ol Schgﬁ%m:% 3 lésé"ﬁﬁu‘g%’hfgﬁe“

Chern. 1968, 33, 1070-1
through Scheme 7.
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w@boodobsadr oxyl am no- and 4- net hoxyl am no- der i REL/USEO3/031433
of 7-(2'-C

met hyl - (err)-D-ri bof uranosyl ) -pyrrol o[ 2, 3-d] pyri m di ne

s and 1-(2'-CGnethyl-(err)-D

ri bofuranosyl)-pyrazol o[ 3, 4-d] pyri m di nes The

synt hesi s of 4- hydroxyl am no- and 4-

net hoxyl ani no- deri vati ves Scheme

(2' - C-met hyl - (3-D-ri bof ur anosyl ) - Hn-oH
pyrrol o[ 2,3-d] pyrim dines is shown in Schene 4 N
t hrough Scheme 7. 50 WD 2004/ 028481 PCT/ US2003/ 031 2
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54 WD 2004/ 028481 PCT/ US2003/ 031433

7-(2' -Cnethyl-(err)-D-ribofuranosyl) -

4-chloro-pyrrol o[ 2, 3-d] pyrim dine (141) can be

prepared as described in WO 02/ 057287, p

7- (2" T2mbemgthyl-Sripyrbpfuzamasy Mg%w)pmlom 3-dJpyrimidine (141)

WERSP AR BT SRL Bl ot DAy 45, GO R ..
hﬂb@ﬁﬁﬁﬁﬂs?l)l neh @6 BRBHRE-pFErolfS, Qfd]ﬁ’ﬁﬁnﬁﬂne (117) was prepared from
nucleoside 141 by reaction with hydroxylamine (prepared as described by
P.K.Chang, J.Med.Chem., 1965, 8, 8§84).

7-(2°-C-methyl-p-D-ribofuranosyl)- 4- methoxylamino-pyrrolo[2,3-
d]pyrimidine (118) can be prepared from the nucleoside 141 substituting
methoxylamine for hydroxylamine.

2,3,5-tri-O-benzoyl-2’-methyl- 1,5-dihydro-pyrazolo[3,4-djpyrimidin-4-one
(142) can be synthesized by substitution of 6-bromopurine for 1,5-dihydro-
pyrazolo[3,4-d]pyrimidin-4-one.

2,3,5-tri-O-benzoyl-2’-methyl- 4-chloro-pyrazolo|3,4-d]pyrimidine (143) can
be obtained from nucleoside 142 by reaction with SOCI,.

Nucleoside 143 can be transformed to 1-(2’-C-methyl-B-D-ribofuranosyl)- 4-
hydroxylamino-pyrazolo[3,4-d] pyrimidine (120) by reaction with hydroxylamine
(prepared as described by P.K.Chang, J.Med.Chem., 1965, 8, 884).

1-(2°-C-methyl-B-D-ribofuranosyl)- 4- methoxylamino-pyrazolo[3,4-
dJpyrimidine (119) can be prepared from the nucleoside 143 substituting
hydroxylamine for methoxylamine.

7-(2°-C-methyl-B-D-ribofuranosyl)- 5-chloro-4- hydroxylamino-pyrrolo[2,3-
d]pyrimidine (123) can be prepared from nucleoside 117 by reaction with N-
chlorosuccinimide (NCS).

7-(2’-C-methyl-p-D-ribofuranosyl)- 5-bromo-4- hydroxylamino-pyrrolo[2,3-
d]pyrimidine (124) can be prepared from nucleoside 117 by reaction with N-
bromosuccinimide (NBS).

7-(2’-C-methyl-B-D-ribofuranosyl)- 5-methyl-4- hydroxylamino-pyrrolo[2,3-
d]pyrimidine (125) can be prepared from nucleoside 141 in three steps (1) reacting
nucleoside 141 with NBS affording the 7-bromo-6-chloro-7-deazapurine riboside; (2)
reacting the nucleoside from Step 1 with palladium tetrakis(triphenylphosphine) and
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5 P.K Chang, J.Med.Chem, 1965, 8, 884).
7-(2' -G nethyl - (3-D-ri bofuranosyl) - 4- net hoxyl am no- pyr

WO 200af02848t d] pyrim dine (118) can be prepared PCDUS1008031433

nucl eosi de 141 substituting nethoxylam ne for

hydr oxyl am ne. 2,3,5-tri-0O benzoyl -2' - net hyl -

1, 5-di hydr o- pyrazol o[ 3, 4-d] pyri m di n-4-one 10 (142)
can be synthesi zed by substitution of 6-bronopurine
for 1,5-di hydro- pyrazolo [3,4-d]pyrimdin-4-one.
@insidborpxige bEnudiyg the' 7-methjilyé-chloro-7-deazapurine riboside; (3)

raa@aﬂigﬁ%edn\%%‘%ﬁ%fﬁp%%é%%gé fon wth Soa 2.

Nucl eosi de 143 can be transforned to
1-(2' - C—rrethl-[S D-ri bof uranosyl 4-
hydr o%{2’ a(ﬁﬂmﬂlih}plyﬁ Brobafianasyd) Sppe -4 m@them@t}lm@ypyrrolop 3-

Bt B o RS Ss BERRL R RuntiRE ! Dod bY

dedxyl gnﬁet hyl - (3-D-ri bof uranosyl ) -
- met hoxyl am no- pyrazol o[ 3, 4- d]h ﬁrl m di ne (119)
2ethy.

can
be pr 2{2iF@dndthyrf-Drbofutsnesd) 4- Bydsexyleminorpyrrolo[2,3-d]

9 @%X%l @g%)lrjﬁ%flfbg ré’ r %—Fatr‘%g)éy TS?CE]IHB g; F13607—br0m0-6-ch10ro-7-deazapur1ne
Bbsitenion failist R XM RIS Fghay ghobsHiks) dnd djdiylizZ¥ctiffoeding the 7-

(123) can be prepared from nucleoside 117 b}( reaction
gthylro-shlonhV -dlearapudngfibesitle qum@gj;sequent reaction of the 7-ethyl-6-

T (2 5 -rret”vl- 3-D-rj. - - 5-Dbrono-4-
ﬂi}éﬁpb&%agﬁ? ;}{1%031% ‘){glo@é}cgi}pyrl n di ne (124) can be
prepay-ggh- crr@éfhﬂbwmﬁsmﬁnagﬁ) Bycyagadt hodroxylamite-gsarolof2,3-
br onosucci ni m de (

dlpmlm@lﬁén@ car( og px)ep%ued bhesraticmelshe §-bremagt-eliproAl-

A B R S e R SRRy 28 e

ﬁﬁ&ﬁirigrtﬁe 7% g6 shidgo-T4lkarsipttindNBSosidd adciubgequbst reaction of the
- brono- 6- chl or o- 7- deazapuri ne ri boside; (2) reacting

?warma@ﬁb@m delepzapriing @b081 Wity q&gpﬁélammﬁ

S T

dipyEididihe Gr3ah ket be ftigsizad subistititing hashae1dmins Yor
reacting the nucleoside fromStep 2 with
hydpegmEe ne. 7-(2' - G et hyI (err)-D r| bof ur anosyl ) -

5- mst di ne
( 130) %nébﬁée sipe)l’%iéllgz S i‘, %}8%%9’?1 ﬂ‘lc?%y ({1‘2{2}3 I
ipfyrinfifide x3atdyN@mide (127) can be prepared by converting the 7-cyano-6-

chloro-7-deazapurine riboside into the 7-carboxamide-6-chloro-7-deazapurine and

subsequent reaction of the 7-carboxamide-6-chloro-7-deazapurine with
hydroxylamine.

7-(2’-C-methyl-B-D-ribofuranosyl)-4- methoxylamino-pyrrolo[2,3-
d]pyrimidine 5-carboxyl amide (132) can be synthesized substituting methoxylamine
for hydroxylamine.

7-(2’-C-methyl-B-D-ribofuranosyl)- 5-bromo-4- methoxylamino-pyrrolo[2,3-
djpyrimidine (129) can be prepared from nucleoside 118 by reaction with N-

bromosuccinimide (NBS).
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7-(2'-Cnethyl-(err)-D-ribofuranosyl)-5-ethyl -
hydr oxyl am no-pyrrol o[ 2,3-d] pyrimdine (128) can be

w@e@parsdi by reaction of the PCT/US2003/031433

7- brono- 6-chl oro-7-deazapurine riboside with

pal | adi um tetraki s(tri phenyl phosphi ne) and di et hyl

zinc affording the 7- 10 ethyl-6-chl oro-7-deazapuri ne

ri bosi de and subsequent reaction of the 7-ethyl-

chl or o- 7-deazapuri ne ri bosi de with hydroxyl am ne.

7-(2 1-(2 retieghy (B DEb6 imhosydRddydnie- 6 hydangtatnino-pyrazolo|3,4-

A Sht el Pt 9.

sleanaRildiReie ¢ i de with palladium
tetraki s(tri phenyi phosphi ne) and zinc cyani de 15

af f or tH(2i gﬁ-mmhyl-ﬁ:y)amlmfﬁranhéym}mmm-&mdmmﬁnbos i de
and g uent . r.eacti.on of the
Hﬂé%?iﬁ {ppiigiding léééﬁaalpbﬁnr%r?d Bopginyelegpidp 143 in three steps

{_1 Y Saepryd ff\ﬂ?léb%lde 143 (vath ﬁBﬁE ! Oa]cél?%{’%g r!éx]@@t)éiﬁé‘ﬂgﬁy ét)ep 1 with

cyano- 4- net hoxyl am no-p
maltadl)mn@txalbs(ﬁsghmybho spdhihed ahxi;tim&thjrlbgrovrmeh (N ytanng ¢he

ro ne., 2 .
%“C ffm'aé‘;%} {9 (‘@%bbY‘%BWIE‘FHWosyI ) - 4-
hydr Dok 3 | Rt -
am dg?(- 1%%%2%%%??%5 b{;xﬁc}:dcl)l?vgrt I ng t%ﬁlﬂ@%lrazolo[s 4
@pmjmhﬁnﬁ(mﬁmamr@smﬂesizabﬂom mecleddids 1 4fusing condigons

hl d b t
Jes A B tEne o CeBPBLiRGe. 6. chl or o- 7- doazapur i ne
with ﬁﬁ-ﬁi@fﬁﬁzﬁer : bcﬁ'ﬁran%sgtl) 4- ha/drolxylaﬁmno—pyrazoloﬁ J4-

7-(2' - G et hyl D-ri ur an
dﬂpymlclymea mcraobqocytrmm (BA) Gm te]spythesitadi frem muckabsiox Y43 using

ﬁ’(‘}}}éi} ﬁ%hgﬁpo,r tﬁ%%@ﬁﬁ@fﬁt ituting
7- (2" 1 G nEehivhyl D%ﬂdf@ﬁﬁb&&@[\ﬁﬁl}(}lﬂq_ 5 n@%x?df% #nmo_

met hoxyl am no- p rrolo ] pyrimdine can be
mfrwm[é,d ~-d]p e (aag) chm bkiBefayed feantiuclkosids b1 Nudhs

r nosu C|l/[11%%%§§§nl\§%s 015c60mp0 2(?{)44 028481
1 (2 r-gz)’(@h{é‘(ﬂ @D[ﬁbdﬁi{atxwg% ﬁEIYQ etﬁ&%{f%glél)o-

4- hydr oxyl am pyrazo pyri m di ne
IDEazpkéMﬂE gyfinvdne (38 oan besyhMesiagd freaciicvsidet1d3 Nsmg

? A nﬁ%ﬁ E’( éﬁgrrNEes)tiq fiomparathbsy syostiting pethoyylamine for
mlﬁén no 5 pyrazol o[ 3, 4-d] pyrimdine (134) can be
pr epar ed fromnucl eoside 143 in three steps (1)
r eactli-@-Groctied$-BaitbfBanesyl)-INBBno{ 2) methagylamind-pyaazolo[3,4-

lpJ}cr:rgn% riled& 3§)rc%nb%ts§‘ﬁthes1zed é?om nucleoside 143 using conditions
described for synthesis of compound 126, substituting methoxylamine for
hydroxylamine.
1-(2’-C-methyl-B-D-ribofuranosyl) - 4- methoxylamino-pyrazolo[3,4-
d]pyrimidine- 3-carboxamide (140) can be synthesized from nucleoside 143 using
conditions described for synthesis of compound 127, substituting methoxylamine for

hydroxylamine.
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pal | adi um tetraki s(tri phenyl phosphi ne) and
trinmet hyl boroxine; (3) reacting the nucleoside from

WwEk@p/02848i t h hydr oxyl am ne. PCT/US2003/031433

1-(2' -G nethyl-(err)-Dribofuranosyl)-3-cyano- 4-

hydroxyl am no- pyrazol o[ 3, 4- 10 d] pyrim di ne (135) can

be synt hesi zed from nucl eosi de 143 usi ng conditions

descri bed for synthesis of conpound 126.

1-(2' -G et hyl - (3-D-ri bofuranosyl) - 4-

hydr oX9lleing Grespeures bes[ferth abayiepmd pricdiures well-known in the art, as

~ Lde 6). cans nt hesi zed from nucl eosj de
7l 3 SR R o b € S SR e B kb Bbetgaosy
deiReeivesicahdé prdpared. _ :
1-(2' -G nethyl-(err)-D-ribofuranosyl ) -3-brono- 4-
met hoxyl am no- pyrazol o[ 3, 4-d] pyri m dine (137) can be
pr epaBadollevong thecprecsiuds stilfrthsboge, aswelliat paesdures well

ARG bRt B s By Sridh s Dewet gl and
Seihonydsiie: A0, the YSIR%2hO bR s vd dhge (138) can be

synt hesi zed from nucl eosi de 143 using 20 conditions
descr i tRegzamyrines gantheirepandd andrpovplied ta Gbofusmbsyli t ut i ng

pneqfor . hydr | am ne

JERIRE RTeSedtn o VPRGN LR BTT et e 1987, 3090,
eSSt lant norqiyi AzeleotidesiVudiddies, _rrpsig,rle:(@,lg.%zsﬁ an be
synt hesi zed from nucl eosi de 143 using conditions
described for synthesis of conpdithd 126, substituting
met hoxyl am ne for 25 hydr ne.
1-(2'-CGrmethyl - (3-Dri bof ) - 4- met hoxyl am no- pyr
azol o[ 3, 4- d] pyri mi di ne- B-=tWQrbokani de (140) can be
synt hesi zed from nucl eosfde 1M using conditions
descri bed for synthesis of conpound 127, substituting
RELNQX¥itaBIE le@iﬁgguchfh‘é@hﬁ%dblaﬁﬁoﬂ%: 57 WO 2004/028481
PCT/ US2003/ 031433 Fol |l owi ng procedures set forth
above and procedures well-known in the art, as well
as those described by Li et al. 8,
2' - G- trif 1 uor omeltility; I8sting, abdfAdmingsidticher i vati ves
Iﬁ@ﬁ be prepared. 5 By followi ng the procedures set

above, as well as procedures well known in the

art, 'K@rﬁé@hﬂﬁvéﬁ%%r@ﬁ@@ﬁ%i{e??or@ﬁ%unggH%\?\A&ﬁ&%\ﬁgﬁﬁ activity,

et al. and Sonmmadossi 5 et al.
iselngmghgsatisia Yeusra@be campemds pithinesentin ihlsbiifEpWr ed

é&?ca%ﬁ' 8{/ %gnl:tngngrg Lth%ogn%}rlr?lgsp 1%¥/|olved in replication, including RNA

dependent RNA polymerase. They may also inhibit other enzymes utilized in the
activity or proliferation of HCV.,

The compounds of the present invention can also be used as prodrug
nucleosides. As such they are taken up into the cells and can be intracellularly
phosphorylated by kinases to the triphosphate and are then inhibitors of the
polymerase (NS5b) and/or act as chain-terminators. '

Compounds of this invention maybe used alone or in combination with other

compounds to treat viruses.
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derivatives as described in by Cristalli, et al. in J.

Med. Chem, 1987, 30(9) p. 10 1686 or Seela, F., et
w@boodiozs4Bluc| eosi des Nucl eotides, 1998, 17(4), PCT/U803/031433

20 NN R20 is a suitable leaving such as chloro or

bromo. 15 Utility, Testing, and Adm nistration

Utility The present invention provides novel conpounds

possessing antiviral activity, including hepatitis C

virus. The conpounds of this invention inhibit HCV 20

i R zymes involved in

replicatio i nc ishiied ende

They I’r’rﬁﬁneéi?]sg‘ CHWPBWCQ’C?? H@F mevﬁ ﬁu?e%ﬁ%k nﬁase
tRGhpkbNIPEFRE ¢ arh SR bly QR y@ftﬁd@vce Tétansmmudﬂlsmafaﬁohéor
present i'nvention can also be used as _prodrug

agesh Hog sv:g@ss similgr E@é’lﬂﬁst Hayg agibal anagueh Oﬁ}beﬁﬁmao‘ﬂlﬁ%o%}sl s
.C
PSSR0 030 BRI bt c4RgRRAPBRE O APt s
SECE@‘ltg 8£ ggé&ﬁs%’tat@htb MS&*&htea,trtdé age aﬂbre}mve haahlh dfehmu’m@act; e
0 IS |1 nve
ROTEY RAMIERTP N WS e BRLIE A gary st frddhers
I%ﬁo%ogﬁé 8151%3%# b&%ﬂ%@é L3 thids on@éjzmldfy, Eﬁéféiﬁbl?%n@@gr twice

arimaceu _ osition I'n general, e conpounds
adayt hi s i nvention vv|II be administered in a

th t f ect b

aciég henepaedt sficstin s s Drmoplpet Yyl b gy may range
B‘%Eiml%ta? ouisith 'St)'rﬁ§per-'l_ﬁ@) gf’&ﬂ bédy V’#H@Hﬂif tRé rdcligent per day;

con”p invention, i.e.,” the active

profyrabiy etut omms rd@(bg’ﬂdy,umm mfna@blyufgom abew 05 toukh as

] %g@g;ﬁﬁg%ﬁ ééﬂ" 13?10{1 2(& %jg gglisoﬁ tﬁ@&gﬂg? %a[ri]'x § %ﬁld most
SRR rAHNBO Rt 9590 dgllskg} dagut e and form of

adm ni'strati on, ot her factors, The drug can be

admi ninsgesetal] cqmp@mdﬁ af thinwepfionayill by %‘F‘@Pléfﬂf‘iﬂ Hnce or

t.wi C a 1 t u
g?ﬁjfggg c}ﬂﬁ:{»é&tlo&% i L&oiﬁ%%%/eyfrogé&zﬁl% tb¥(@s: RS s&endt (e.g.,

transdermal, intranasal or by suppository), or parenteral (e.g., intramuscular,

ositio)

intravenous or subcutaneous) administration. The preferred manner of administration
is oral using a convenient daily dosage regimen that can be adjusted according to the
degree of affliction. Compositions can take the form of tablets, pills, capsules,
semisolids, powders, sustained release formulations, solutions, suspensions, elixirs,
aerosols, or any other appropriate compositions. Another preferred manner for
administering compounds of this invention is inhalation. This is an effective method
for delivering a therapeutic agent directly to the respiratory tract, in particular for the
treatment of diseases such as asthma and similar or related respiratory tract disorders
(see U. S. Patent 5,607,915).

The choice of formulation depends on various factors such as the mode of
drug administration and bioavailability of the drug substance. For delivery via
inhalation the compound can be formulated as liquid solution, suspensions, aerosol
propellants or dry powder and loaded into a suitable dispenser for administration.

There are several types of pharmaceutical inhalation devices-nebulizer inhalers,
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fromapproximately 0.05 to 50 ng per kil ogram body
wei ght of the recipient per day; preferably about

w@2010288ny/ kg/ day, nore preferably from aboutPO1/551003/031433

10 ng/ kg/ day. Thus, for admnistration to a 70 kg
person, the dosage range woul d nost preferably be
about 35-70 ng per day. 15 In general, conpounds of
this invention will be adm nistered as pharnmaceutica

conmposi tions by an‘\s one of the follow ng routes: oral,
rgytgteérﬁoee inbalgrs (MBD) and dot pryyder nrﬁta}eaﬁ@%ﬁ Nebuizer devices’

asi ) t
AR D0 BRGRIRE A S, ARSI i are
forrhiateias a fdefbrrﬁ))c toagtayris tnhiat thanis chusiedisb tlnfspat'@nﬁs
conveni ent daily dgsage reg| n, that. can b justed

rasREHQIY ot MDA S tyoa) Fredrpu o adiop Paekest v BQY?%S%?S
Iﬁéc% (%Fa% tnht%efdg{; g @ifsc s@lmea Hllehlaﬁlouﬁ@?ﬁﬁéﬁ eutic agent by

ers, tained rel ease ations,
nhpressed gas ﬁursyaﬁfnﬁimg]asrelmbiexnethod ofminusistesing @rse‘remgeOunt of

ST o BPHESEL L CORPORLLL O (AIEL e PASLAE SR con

%éﬁhk@?é’éd% 'tl%hat@ﬁt" SinbiraAty @l fehin' cglé‘ftﬁ?tbh&@un BY the device. In

ering a therapeutic agent dir to t
wrdmmomahmvg/atﬁ]eaﬂbwlngpop‘aiet itbethgrapteiic agmt Iziomnlé%tﬁdrﬁfhﬂl an

SepRator s Bt hpearie waopy3ehy Byt ored ina
GapfHE £8HPAnd Eiaesp@ﬁs@de@thca‘acﬁ adtiaticat i on depends on
varl ous factors such as the node of drug

adni nReeantlyi Rharmasreutivad Svrsiulaisns heye bﬁentdﬁ\éelwqqgﬁpemaﬂy for
F .
R OO b LB AU Yoo R L s STDRMRy can

B@fn@ﬁe@beﬁgr intiepshgd tetssrfave aedyi.oludmnsiag gattiokdéat. iHor oxanple,
sui t abl enser for adm ni stration. . There

Yy P Na: f}pl@ 28% dpesibrr BRATMRGTItCRHATEY Ao having particles in
%@% Z%%%??cgg 1§ J 1 b@@ﬂ}n‘iﬁlj&yh&c}?@le\ﬁgﬁ@ﬂﬂe{qgﬁé %poﬂed ona

met er ed dose i nhal ers
d'bmlmkmd}lmatrmdsfahm&n@l@ﬂl&s WisSh BhtierieNo dSelAS(.:@?Gl deptrvdmd@e

astreamof hi gh vel ir .that

PIRAPSHA pfi AP Bseut Dfre o ih PRHPERSR S ASiange i pyjerized
{ooﬂam)%irﬁcl%p [A¥ra@s patiBleSizeldtADO 'nﬁl) GARFHel pﬁébehéﬁ 6F 4 fweface

atie respiratory tract. MDI"s typically are

fn@dlﬁﬁlr and trenispraen miquid mediiwp fegive @ Pharsacantiggbfermulation
n Vi.C S es a neasured anmount of
ﬁﬂfa ’3’5‘%‘3&# Elagﬁgg(em%lg/go \éar‘\jéggg ‘ed gas, thus affording a

rel i alyhg compbasbre farcrcbimptised of ingenaras, Qltcomum obthis invention
agent. DPI di spenses ther apeutl c agents in form of

ar 4 madturd thelepGiosombination 3l h@é&ﬁﬂ%@%@ﬁ%@%ﬂ@ﬁﬁ apfptable
?}?ct llgrré]tf“&ccé;eﬂ?l e re%lﬁfg%{tstaagé nér”o?\?/ég‘aa dlrnggls?{ztﬁﬂf Bhddo ¥t
pOWwERly afféve tiictherapatit benefjefthd cnipound bﬁﬂmﬂinmmimna Buch
excipient may be any solid, liquid, semi-solid or, in the case of an aerosol |
composition, gaseous excipient that is generally available to one of skill in the art.
Solid pharmaceutical excipients include starch, cellulose, talc, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate,
sodium stearate, glycerol monostearate, sodium chloride, dried skim milk and the

like. Liquid and semisolid excipients may be selected from glycerol, propylene
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10 excipient such as |actose. A neasured anount of the
t herapeutic agent is stored in a capsule formand is

waelc@porsed with each actuation. Recently, PCT/US2003/031433

phar maceuti cal fornul ati ons have been devel oped

especially for drugs that show poor bioavailability

based upon the principle that bioavailability can be

i ncreased by increasing the surface area i.e.

decreasing particle size. For exanple, 15 S Pat .

alol ayaiery ethgmolded yrrionsoils, ippladingdhoneiaf @thlémumam%n
art les.i.n

EH e BRSBTSl el B ol et

TGERES liglidctatidrs, ipsriehilafin doonfHombld semuolds Snclﬁ’d& waﬂer Neline,

5,145, 684 descri bes the production of a

%mGMWﬁbﬁﬁﬁﬁkém glgeeil ati on i n which the drug substance

is pyky V. I

o acoihiesRd ey MBARACL B S QIR RROT A, fnBiich in

aRfubol ﬂ)m Hiest@lsesesmtalﬂe forlthig purhose dieumrogengéargorpdioxide, ete.

PG BB R P TBRIGR) XN ahp B DBt CORpF R
I@émfngtogl%'ﬁfaﬂhaceﬁu@a@ pRHAL, Qfiteli by, VIRREinOMacRPuBlishing

re thereof In combination wWith at | east one
@daparye Hih edal999).accept abl e exci pi ent. Accept abl e

[ t t L ' .
ot DHeRRIEa PederBerid i PRARALEhErL be A RS e
MY fhlosd SdiBed iR\, cmypl&mh theeﬁsﬁnma@m wﬂB@bﬂ&&n avtya
id, ITquid, sem-solid in the case

wegbtspf:rcl:elﬁ G\Pﬁﬁ@sbasil,soﬁfomgibg@tdhgl -29.99 b‘ftérﬂf 3 mpqugd of this
%‘N i @é?(f #hezgt f%’.t”g% Q&f S]’%:l hstg\ ar C%é?&%@rﬁtcg ngtgjg'sgltable

I%Maceﬁhhﬁﬂ%i@}plenks’i Frofeblys wmouge liseyprisent ated 1byel oif elequt
| our, chalk, silica gel, nesi um st ear at e,

588+ e entalivelgeBacs o AuSTAoRe o g rfompound of
ﬁﬁﬁﬁ%&ﬁﬁgigéhéﬁnﬁéiﬁ&&k'k and the like. Liquid and
sem'so exclprents may be selected fromglycerol,
propyl ene 60 WD 2004/ 028481 PCT/ US2003/ 031433

gl ycol, water, ethanol a ' oi l's, including

t hose of petrol eum aningsyﬁa@i& able or synthetic
origin, e.g., peanut oil, soybean oil, mneral oil

sesane oil, etc. Preferred liquid carriers,
par t i Thé exdmplesbelowjpewehiss thosghontitmapplicaiiany the fallewing

B R
?éﬁé@my&eeptgdn@%ﬁgpl form Inert gases sui tabl e for

his purpose are nitrogen, carbon dioxide, etc. Oher
sui tabl e pharmaceutical excipients and their

fornul,a descri be m ngton's
Phar %—f?%gﬁ%m ences, %ét{ieﬁ £ W Martin (Mck

Publ I = atmosphere
CAN = ceric ammonium nitrate
cm = centimeter
d = doublet
dd = doublet of doublets
dt = doublet of triplets
DCB = dichlorobenzyl
DCC = N,N-dicyclohexyl carbodiamide
DCM = dichloromethane
DMAP = dimethylaminopyridine
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Conmpany, 18th ed., 1990). 10 The anount of the
conpound in a fornulation can vary within the full

wo a00g®2846npl oyed by those skilled in the art. PCT/US2003/031433

Typically, the formulation will contain, on a weight
percent (wt% basis, fromabout 0.01-99.99 w% of a
conpound of this invention based on the total

formul ation, with the bal ance bei ng one or nore

sui tabl e pharmaceutical excipients. Preferably, the
conpolMEMs present &t a Dslhspcads mimjoum eglas B8&liwns
Repr eBdEl at i ve phar maceut Neltdimethylfbandraids cont ai ni ng
a conpd®@ of this Enventlinmsthysdfokédcri bed bel ow.
EXAMPDEE 20 The exarpl esdfiigibtiteisd wel | as t houghout

the appimiccation, the=fol | emhRge dRlblh&LAdpRScRave the
fol | oyg.ng meanings. Lf notgfefibfed. the terns have

their neral ly accepted BN . AcOH or HOAc =
acetiethglgi d 25 Ac20 = aceda%lahﬁ%ri de atm=

at nosphere CAN = ceric an%onl umnitrate cm=

centi r d = doubl et 308 = doubl et of doublets dt
= dou%\tﬁ of triplets DCREPAS EnBobenzyl DCC =

N, N- dPEVE ohexyl  car Bodi amga@erfme@nu&@r@n@pm@
35 PL§ net hyl anfnopyfandissbangsihigiopatgnapesi@id
PCT/ US2003/ 031433 DMVEM =cldeimbtegeaphy ni ni num eagl es
medi ulTOWF N, N- di net Ayl f or mani de  DMSO =

di met Ryl sul f oxi de D¥T = phtdrhatidnal @iitsol 5 EDTA =

et hyl gme di am ne tetsaacetiighagei d €q. = equival ents

kg = kilogram

m = multiplet

M = molar

Me = methyl

MeOH = methanol

mg = milligram

mL = milliliter

mm = millimeters

mM = millimolar

mmol = millimol

MS = mass spectrum

NBS = n-bromosuccinimide

NCS = n-chlorosuccinimide

ng = nanograms

nm = nanometers

nM = nanomolar

NMR = nuclear magnetic resonance

NTA = nitrilotriacetic acid

NTP = nucleotide triphosphate

RP HPLC = reverse phase high performance liquid
chromatography

s = singlet

t = triplet

TBAF = tetrabutylammonium fluoride

THF = tetrahydrofuran

uL = microliters

viv = volume to volume

w/w = weight to weight

wi% = weight percent
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ether = diethyl ether g = gramh = hour 10 HCV =
hepatitis C virus HPLC = high performance |iquid

wa@ booatoes4egr aphy | E HPLC = | on Exchange hi gh PCT/US2003/031433

performance liquid chromatography |IPTG = 151U =
international units kb = kilobase kg = kilogram in =
multiplet M= nolar 20 Me = nethyl MOH = net hanol

ng = mlligram nL =mlliliter mm=mllinmeters 25
mMM=mllimlar mol = mllinol M = mass spectrum
NBS = n-bronosucci nimde NCS n-chlorosuccinimde 30
] e R B e e B eypgred
IthexwBeand b peicgatagesiaphims lan pereeRP agiitl Gnless imdiznted offfeawise.
hi gh performance |iquid chromatography s = singlet

Example 1
6-hydroxylamino-9-(2’-C-methyi- f -D-ribofuranosvl)purine and
6-hydroxylamino-9-(2’-C-methyl- o -D-ribofuranosyl)purine

Step 1. Synthesis of 6-chloro-9-[2 ’l-C—metmrl-3;5’—bis—O-( 2,4-dichiorophen11
methyl)-B-D-ribofuranosyljpurine

N Cl

f
DCBO o N / \N
N="

DCBO OH

6-Chloropurine (6 g, 38 mmol) was suspended in 1 L of dry acetonitrile. 1.5 g
of NaH (60% in oil) was added and the mixture was stirred for 4 hours under an
argon atmosphere. 1-O-Methyl-3,5-bis-O-(2,4-dichlorophenylmethyl)-2’-C-methyl-
B-D-ribofuranoside (7 g, 14 mmol) was dissolved in 200 mL of dry dichloromethane,
cooled to 0°C and HBr/AcOH was added drop wise. The reaction was kept for 1 hour
at 0°C and 3 hours more at ambient temperature. The solvent was then evaporated.
The mixture was 2 times co-evaporated with dry toluene, dissolved in 200 mL of dry
dichloromethane and added to the sodium salt of the base. The reaction miktu;e was
kept at room temperature over night and evai)orated to dryness. The residue was
distributed between ethyl acetate and water. Water fraction was extracted with ethyl
acetate (4 x 100 mL), combined organic fractions washed with brine, dried over
sodium sulfate then evaporated. The residue was purified by flash chromatography on
silica gel (ethyl acetate/toluene 3:7 v/v) to yield 5.5 g (68%) of protected nucleoside.
MS: 525.07 (M+NH,").
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t = triplet 40 TBAF
= tetrahydrofuran L

tetrabutyl amoni um fluoride THE
mcroliters v/v = volune to

wo edodoes4svV/ w = wei ght to wei ght 45 wt % = wei ghPCPEsINes031433
62 WD 2004/ 028481 PCT/ US2003/031433 In addition, all
reaction tenperatures are in degrees Celcius unless
reported otherwi se and all percentages are nol ar

percents again unless indicated otherwise. 5 Exanple

1

6 h droxyl am no-9-(2' -Cnethyl- (3

ey 2. [yyhthesis o€ ¢rchtnre i9a@’ -Eramethyl- B -D-ribofuranosyl)purine and 6-
@hlm@@dRVCanmethm-Qx (H-n%@lmbhﬂ bpurihe
-D-ribofuranosyl)purine 10 Step 1. Synthesis of
6-chloro-9-[2'-Crnethyl-3 ' S -bis-0O(2

4-di chl or ophenyl thylc) (3-D-ribofuranosyl Jpurige rN
C DCBOONNN C]—|156Chloropur|f g, 38
nol ) Waso-ssspen /n N L of dry rae onbtrm / N5 g
of NaH (60% I 1) added and the ire )

stirred for 4+a8urs under an argon at nospMere.

1- O Met hyl - 805- bios- O (2, 4-di chl or ophepy! nebhyl )-2' - C-m
ethyl - P-D-ribofuranoside (7 g, 14 mmol) was di ssol ved
in 200 nL of dry dichloronethane, cooled to OC and

HBr / AdDel selision df e potodypt ﬁrbm@teﬁl’ hé4.B @atd nomol)wvas disgtlved in

f 1 h 2 t ~anmbi ent .
Birdetiend Ol brien el f RSy aForan el spipon was
'Eﬂ&édﬁcﬁoﬂ@?ch?oﬂde’(@ﬁi ﬁ%@v@sﬁeafaﬁ@b (P08 rdnpo hehsi§ %e mixture
di ssol ved in 200 ry di chl'or onet hane and” added

s shiaed aldi78 e et lt hqw, thﬁleatb&%%l. forsevera dovisomherreaetionewas

R BRSO Yo FL el g o o

el n&ﬁfhl@édl ¥ omitab@eamﬁmmbﬁia. TMAESHd ¥ iLElkdred) wigBed with
extracted with et hfl/\}la%% acetate (4 x 100 nli), combi ned

Sihlgrprmcthane/meghagolikis Redthgicombined estragip peapogated in vacuo. The
%&gd#:%%%@ﬂ%eﬁ gglﬁﬂgb %\éﬁﬁ) 5o gﬁt’f‘[} cﬁ%ofo?&/tﬂé’tﬁaﬂ@%s eluent.

puri
Corresponding fractions were combined, concentrated and recrystallized from

methanol/ether to yield 1.6 g (70%) of the title compound.

MS: 301.93 (M+H); H'-NMR (DMSO-d6): 0.90 (s, 3H, 2°-CH;), 3.80-5.00
(m, sugar & water), 5.35-5.37 (d, 1H, H-3"), 5.45 (s, 1H, OH), 6.05 (s, 1H, H-1°),
8.81 & 9.03 (s, 2H, purine).

The mother liquid was repurified by column chromatography to isolate 150
mg (10%) of 6-chloro-9-(2’-C-methyl-oi-D-ribofuranosyl)purine. MS: 301.93 (M+H);
H'-NMR (DMSO0-d6): 0.90 (s, 3H, 2°-CH3), 3.98-5.00 (m, sugar & water), 5.42-5.36
(t, 1H, OH), 5.45 (s, 1H, H-3), 6.40 (s, 1H, H-1"), 8.76 & 9.36 (s, 2H, purine).
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5.5 g (68% of protected nucleoside. M5 525.07
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Synthesis of 6-chloro-9-(2'-Cnethyl- (3

-D-ri bofuranosyl ) purine and 6- chl oro-9-
2'-Cnethyl-(err)-D-ribofuranosyl)purine (/NC N C
HOo NNOo NN N=1 N=J 5 HO OH HO ' OH The sol ution
of the product fromStep 1 (4.8 g, 10 nmol) was

hteps |Syathepis of AihyAraxwiasrinerQr(d’ ethtl- Y3 Do i 8
6ol larfinotRhe’ €boletin/l-so FDiribofirawsy])puke bor on
trichloride (IMin dichloromethane) (100 ni, 100
mol ). The m xturen10 wasHstirred at -78C f 1 RNeeH ,
t hen at -20Cforr§e al hours. The reactiﬁﬁ(
quenchetP-wint hodi br et hane/ metHoangl N 0 “WL)
stirred at -2o¢/forne% hour and %‘l zedyat/ 0C
wi th aqueous*afgmoni a. The solid was fi, red, washed
wi th di chhor onetithane/ net hanol 1:1 awml t hewconbi ned
extracts evaporated in vacuo. The residue was
purified on sAlica gel colum with chl oBof or mi met hanol

as eluent. 15 Correspondi ng fractions were conbi ned,
concentrated and recrystallized from nethanol/ether

to yi &-ehleragd-¢2’Gangthylf-Dhebefiranesydpipioe (00 mS: | ®opoges

et M Bkl By B Phe 0o
hva3'afidedd TAS nfisturdlWas fffhxedfoP 2 hofis, dtdpotdtel and thSerBde fixture
20 - The nother |iquid was

9.03 (s, 2H, purine). I ) )
Vegs geparatediby ﬁ%c%l’hﬁwn@rﬁlﬁﬁm@lgx splyn @50 A0anm) vsipg 2 gEpdient
& diaissin eerof fom ) o 19076 Cpreeponding frstions et eyporated
MByieRDA0AB g (MK of thelbetifsnicDNEBRIetE)de 0,398 ofSwhiktHfoam. MS:

' - CH, .98-5. 00 & wat . 42-5 36 (t,
20 Tt HENAR oW QY sls R om), 3823 50 (o syiar &

[ > 0
5ol 1 O QIS O AR s 5 . 2

@utige)r oxyl ami no-9- (2' - G- et hyl - (err)-D-ri bof uranosyl ) p

UE)I_ ??B@gfﬁoéﬁs g%«;%%ﬁ/t:aﬁg& Jr‘_]rgr_ngc_o %éﬁo%&mnegto?-%éméregfr 6)-chloropurine
nucleoside from Step 2. MS: 298.13 (M-+H); H'-NMR (DMSO0-d6): 1.01 (s, 3H, 2’
CHs), 3.42-3.82 (m, sugar), 4.50 (t, 1H, OH), 4.97 (m, 1H, H-3"), 5.32 (t, 1H, OH),

- 6.16 (s, 1H, H-1), 8.40 & 9.93 (s, 2H, purine), 11.03 (s, 1H, NHOH).

Example 2
9-(2°-C-methyl-B-D-ribofuranosyl)- 6-methoxyaminopurine (111).
H /
N N—O

The above compound was synthesized from methoxylamine and 6-chloro-9-

(2°-C-methyl-B-D-ribofuranosyl)purine as described in Example 1, Step 3.
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N NHOH N NHOH HOo NHOo p H\ N N= --,"~ N HO OH
HO'"OH AB 5

W®2@0hlozs48t 9- (2' - C-net hyl - (i - D-ri bof uranosyl ) pup¢Tes1088@1433

ng, 1 mvol) was suspended in 30 nL of dry ethanol and
Otrimethylsilyl hydroxylam ne (10 nmmol) was added.
The m xture was refluxed for 2 hours, evaporated and
the crude m xture was separated by RP HPLC on a

Phenon nex_ co radient 10 of
ot ot £12.8° (M PR SRR (PG ath 038166 Tbaie s shdh M.
AP hlaAD® OGS, SORRCIFLEE sub) 5 R C HPILID, ?’a%%?fl {1

D8fnd)7 (MtH); H - NMR (DNBC>d6) 0.84 (s, 3H 2'-CH3),
3.82-4.20 (m sugar & water), 4. 83-4. 96 (m 2H, OH
& H3), 6.05 (s, 1H Hi"), 8.05 & 9.53 (s, 2H
purine). 15 Nucl eosi de B was obtai ned from
correspondi ng a-anomer of Exagpled opurine nucl eosi de
from St ep Z2’MEm&hgl-A-D-¢MofranbbyiNMFhYdPbBOadfiho- 1. 01
(s, 3H 2'- CH3), py¥dldi23A]pwrinfdi@adl7)4. 50 (t, 1H,
oH), 4.97 (m 1H, H3'), 532 (t, 1H O, 6.16 (s,
1H H1'), 8.40 & 9.93 (s, 2H_puripmey 11.03 (s, 1H,
NHOH) . 20 Exanple 2
9-(2'-Cnethyl -(err o
rine (111). H/ Ire/N - NY=gm HO OH The above
conmpound was synt hesi zed ¥9m net hoxyl am ne and
6-chloro-9- (2'- C}nethwka(eroa D-ri bof uranosyl ) puri ne
as described in Exanple 1, Step 3. 65 V\D 2004/ 028481
Step LSS otixsizpf 493 methvbﬁ@-n(o 12 3.3

NN X R R 2

(s, 1

os%) - 6- met hoxyam nopu

Step 2. 7-(2’-C-methyl-B-D-ribofuranosyl)- 4- hydroxylamino-pyrrolo[2.3~

dlpyrimidine (117).

Nucleoside 141 (300 mg, 1 mM) was dissolved in dry ethanol (10 mL). A
solution of hydroxylamine (prepared as described by P.K.Chang, J.Med.Chem., 1965,
8, 884) was added (10 mM) and the mixture was refluxed for 1 h and then
concentrated in vacuo. The residue was purified by HPLC 0-30% of buffer B in
buffer A, 30 minutes, flow 10 mL/minutes.

A — 0.2% triethylammonium acetate in water, B-0.2% triethylammonium
acetate in CH3CN. Corresponding fractions were combined, evaporated, co-
evaporated with water (3 x 10 mL), dissolved in methanol (1 mL) and precipitated
with ether (35 mL) to yield 117 as white solid.

MS 298.38 (M-+H) H'-NMR (DMSO0-d6): 0.75 (s, 3H, 2°-CHs), 3.60-4.00 (m,
4H, sugar), 6.18 (s, 1H, 1°-H), 6.75 (s, 1H, Ar-H?), 7.85 (d, 1H, Ar-H"), 8.25 (d, 1H,
Ar-H).
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purine). 5 Exanple 3
7-(2' -G net hyl - (3-D-ri bof uranosy) - 4- hydr oxyl am no-

w@oorobsagl, 3-d] pyrim dine (117) NHOH HO o N NeCT/0S1408/031433

OH Step 1. Synthesis of

7-(2'-Cnethyl - (3-Dri bofuranosyl ) -

chl oro-pyrrol o{2,3- d]pyrimdine 141) was prepared as
described in WO 02/ 057287, p 27-30. Step 2.
7-(2'-Cnethyl -(3-D-ribofuranosyl)- 4- h

dr oxyl am no-pyrrol o[ 2, 3- 15 d] pyri m di ne 117).

Nucl eoside 141 (300 ng, 1 mM was dissolved in dry

et hanol (10 nL). A solution of hydroxyl am ne
(prepared as described by P. K Chang, J. Med. Chem ,
1965, 8, 884) was added {E and the m xture was
refluxed for 1 h and t henltiXg trated in vacuo. The

trlethylammnlumacetateln wat er, BOZ%
tr| et hyI amyoni um acet at e i n CHSCN Correspondi ng
oh : e ; : d, co- evaporated

D &éfnéraol%ﬁ-m?@ BT B
HRGIpNROUiCh b2 -HEp2RBAATIGNIDVIE (MR GDNRBRIG @STAL of

grfqiletmy]phpsphge 25d peoled tg 0 . ospl;OIggs glopﬂe vyzqs_a;ip}e)d (0 12

%é&%bgg{%éﬁ'8§ f%@lt@@%g‘g? ?@12}{\@)2 PR {eggﬁcﬁl%lxmre was kept at 0 °C

GortRytetrues YT e feduiol wWad thén qr&hbhdd B3 (B'atgw)Hthp FoltosveddyD- r
g?&’é?agﬁgﬁs %?ﬁlﬂ@n S}{é@%ﬁgﬁ@g bo e e Y M entrtacd by RF HPLC as

ﬁeé@)‘xgé gyﬁ)pdmﬂé)z@ (2'-C-nethyl-(err)-D-ribofuranosyl)p
urine (?

'H NMR 0.86 (s, 3H, CH3), 4.00-4.28 (m, 3H, sugar), 4.60-4.80 (m, sugar
and H,0), 5.56-5.52 (d, 1H, PH), 6.09 (s, 1H, 1’H), 7.68-7.78 (d, 1H, PH), 8.56 &
8.62 (s, 1H, purine); 3IpP_.NMR: 5.87 (dd, 1P, P-3°, Jp x=644 Hz, Jp 3y=12 Hz), 7.60

(dt, ].P, P-S’, JP,H=636 HZ, Jp,sa’H=Jp,5b’H=6.0 HZ); MS=21.3 G\/I/Z-H), 427 (M—H)

Step 2: Synthesis of the title compound

The chloropurine nucleotide was co-evaporated with ethanol (3 X 2 mL),
dissolved in 5 mL of ethanol and 0.1 mL of O-trimethylsilylhydroxylamine was
added. The mixture was kept at 65 °C for 5 hours, evaporated and purified by RP
HPLC in a gradient of acetonitrile in water. Fractions containing the title compound
were evaporated.

MS: 211.55 (M/2-H), 424.06 (M-H).
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mmol ) was dried by co-evaporation with dry DV (3 X 1
m.), dissolved in 5 nL of 10 trinethyl phosphate and

waeomimeB48D 0 C. Phosphorous trichloride was adeledu§Doi@31433

nol ) foll owed by proton sponge (0.1 mmol ). The
reaction mxture was kept at 0 C for 2 hours. The
reacti on was then quenched by (But3N)HCGO3, followed by
evaporation. The residue was purified by IE HPLC and
repurified by RF HPLC as descrl bed in Exanple 26. 15
1HNVR 0.86 (s, 3H, CH3) xangde 3 23 (m 3H, sugar),
A1-}-Cr-ngeshyla-Darib g ‘ yuain dhy
6.09 (s, 1H, 1'H), 7687781&_ 1H, PH) 8.56 & 8.62
(s, 1H, purine); 31P-NMR 5.87 (dd, 1P, P-3', JP, H=644
Hz, JRuklddsitid 118 was fre@@red(fﬂﬁn thla'?mcﬁoﬁde ldfgdﬂﬁﬁ&@ EH%teg )
JP,5a' H=JP, 5b' H=6. 0 Hz); M5=213 (M 2-H)
sul@q@tlalngswbn@émln@ffonm@hwﬂmonpound The

chl oropurine nucl eoti de was co-evaporated w th ethanol
(3 X2 n), dissolved in 5 nL of ethanol and 0.1 nL

of O trinethylsilylhydroxyixampleéwas added. The

m Xt Uy §28SmK@RE-BAd-ribafirfnekylR AUydexyINAR FhadoRFd-
purified by RP HPLC i A AviPifinEti209T acetonrtrifie n
wat er. Fractions containing the titre conpound 25
were evaporated. Ms: 211.55 (M 2-H), 424.06 (MH. 67
B2 B4h()i26id 81 2 BEHHUS AN 24 13 43ahylEX Srtih@ird-pyrazolo[3.4-d]

7- (2, -C— th | -(err)-D-ribofuranosyl)-4-met hoxyl am no-
rimdine 18) 5 Nucl eoside 118 was

pr epamwogfam@ %raE‘ tﬁ&?ﬂeﬂ%o é%gg ﬁf@aﬁlﬁe 1%&;5%%%011 of

substituting nmet hoxyl am ne am'ne
6-bromppurie foet Jﬁydlhj(hrom)yr@oqu[héfdjpsannsim }-one.
4- hydr oxyl am no- pyrazol o[ 3,4 10 d] pyri m di ne (120)
Step 1. Synthesis of
Bich iﬁﬂvhﬂreg?s benz eV @-be'i{%ﬂéd “rdetRy1dl RU K QPSP 2103
4-d] ~ pyrimdin- 4-one (142). Nucl'eoside 142 was
as descrl bed in Exanple 1 by substitution

of 13;65br I.n

1, 5-di uc&e %mi? ya5 gtsﬁoqxe d]]np ]llﬁe?ﬁ &0 ﬁqﬂlvgﬁg‘cs ogtSQCl?were added
Syd tﬁ&:&ﬁi)@ure fwag héat&d 4tr30° OfBENEQYS. - The-sBBEhE were evaporated in
4-chl or o- pyrazol o[ 3, 4- dl

vacuo, the residue was co-evapotated with toluene and purified by flash
chromatography on silica gel (toluene-ethyl acetate, 9:1 v/v). Corresponding fractions
were evaporated, dissolved in 10 mL of methanol and 5 mL NH,OH was added.
Reaction mixture was kept at room temperature overnight and evaporated. The titled

nucleoside was isolated by HPLC as described in Example 3, step2.

Step 3. 1-(2’-C-methyl-B-D-ribofuranosyl)- 4- hydroxylamino-pyrazolo[3.4-d]
pyrimidine (120)

Nucleoside 143 was transformed to nucleoside 120 as described in Example 3,

step 2.
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pyri m dine (143) Nucl eoside 142 was di ssolved in
tol uene, 10 equivalents of SOC 2 were added 20 and

wo b@4esaBur e was heated at 50C for 2 hours. TheCT/US2003/031433

sol vents were evaporated in vacuo, the residue was
co-evapotated with toluene and purified by flash
chromat ography on silica gel (toluene-ethyl acetate,
9:1 v/v). Corresponding fractions were evaporat ed,

di ssolved in 10 nL of nethanol and 5 nL NHACH was
added. Reaction mixture B&amplept at room t enper ature
over A-@HC-ardh yviiiberibofastan oy~ #+ et xgk pipywazalel3y
i sol ated by HPLC as dedmvrhmdmerﬂ&hrrpl e 3 step2
Step 3.

1-(2' -Cnmnethyl -(err)-D-ribofur anosyl ) - 4- hydr oxyl am no-
pyr aszu@l[eQSIde 419 wayprepared fram(the pyclserideckis Greamply Gaaisp 3)

c descri bed 'in Exanpl e

élbw%gégg&o% 8" %@p%g‘i’i““‘iﬁ%ﬁ PCT/ US2003/ 031433
Exanple 7 1 (2'-Cnethyl-(err)-D-ribofuranosyl) -
4- met hoxyl am no- pyrazol o[ 3, 4- d] pyrimdine (119) 5
Nuc| eosi de 119 was pr epar@ﬂa‘f‘l’lﬁé)t he nucl e05| de 143

'..-hl' eyl < 22 LAY 147081 J H
met hoxyl ami ne. Exanpl e ﬁvrlmldlne1123)
7-(2' -CGnethyl-(err)-D-ri bofuranosyl) 5-chl or o- 4-

Nl obefaevida 3B Bimiad s borpLiebPHTCH i f haedio0 °c.

?g@ (@%_Oéﬂﬁ‘g)l)t (ﬁﬁ%}]&g g N g(pS 1t ?Tpi;h)an di @by BWisk AndMe reaction

ded opw and the reaction
stimradr fod 30 orin@®@s ati i asl 30 mhu@san mo@@tammte@ The readtinn is

e The s 15 met hanaol
REPREE SiHh SO, R Ch ERUPECORBEAR GiBAE B AHp ARy
g@o@zwltmmma%@ffzgrds 123. Exanpl e 9
C et hyl - (3-D-ri bof uranosyl )- 5-brono-4-
hydr oxyl am no-pyrrolo[2,3-d] 20 pyrimdine (124)
Nucl eoside 124 is prepareﬁx ig‘@ same manner as for

g “1?13%11& %ti) gbo'P ranoss(')lg- -bromo-4- hydroxylamino-pyrrelo[2,3-d]

pyrimidine (124)

Nucleoside 124 is prepared in the same manner as for 123, substituting NBS
for NCS.

Example 10
7-(2°-C-methyl-f-D-ribofuranosyl)- 5-methyl-4- hydroxylamino-pyrrolo{2,3-d}
pyrimidine (125)

Step 1:

Nucleoside 141 (1 mmol) is dissolved in DMF (5 mL) and cooled to 0 °C.
NBS (1 mmol) dissolved in DMF (5 mL) is then added dropwise and the reaction
stirred for 30 minutes at 0 °C and 30 minutes at room temperature. The reaction is
quenched with methanol (50 mL) and then concentrated. Column chromatography
(Si0,) with MeOH/DCM affords the 7-bromo-6-chloro-7-deazapurine riboside.
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25 Exanple 10 7-(2'-Cnethyl-(err)-D-ribofuranosyl) -
5-net hyl - 4- hydroxyl am no-pyrrol o[ 2,3-d] pyrimdine

w@ 13)2888ep 1: Nucl eoside 141 (1 nmol) is di ssBCTE82008/031433

DMF (5 nL) and cooled to 0 C. 30 NBS (1 mmol)
di ssolved in DMF (5 nL) is then added dropw se and the
reaction stirred for 30 mnutes at 0 C and 30 m nutes
at roomtenperature. The reaction is quenched with
met hanol (50 nL) and then concentrated. Col umm
chromat ography (Si2) with MeOH/ DCM affords the
PND- 6- chl oro- 7- deazapuri ne ri bosi de. 69 WO
2004/ 028481 PCT/ US2003/ 031433 Step 2: The nucl eosi de
f r om SthemutleoHds fimmoStep i €0. ﬁlmn@lb wadissolv el A0l Btuemasus dioxane

n T reinietnl oRinelilr SomReg pab i HeskisFboty-

I
i 3 e 5 i Tt

caflyxed fornkB léﬁwcé“ﬂter@tfbwugls@ehmnd@hnmawgr @plm;nn( Si »)

Sl G i oPEMGPER AT B oichior e

sigmlapeshegboside. descri bed in Exanple 3, step 2 using
{Oydr oxyl am ne. Exanple 11
-G nethyl - (err)-D-ribofuranosyl)-5-ethyl - 4-hydr ox

yl am [ ;
The mid-RbEi 89 f sloszaP SN B B, S dhing
diydoailaedné.n THE (1 m_) and then pal | adi um

tetraki s(triphenyl phosphine) is added. To this
reaction is then 20 added diethyl zinc and the

reaction heated to refl uth%?eE@ fijours. The reaction is

u9RENeilh c2BUERNE, M. Eyfftﬂvﬁi%%-;ﬁﬁp- i3tb12.3-d)

affords the 7-ethyl -6-cHh U.ml- - apurine ribosi de.

Step 2: Nucl eoside 128 is synthesized as described in
xgmpl e 3, step 2 using

The nucleoside from Example 10, Step 1 (0.1 mmol) is dissolved in THF (1
mL) and then palladium tetrakis(triphenylphosphine) is added. To this reaction is then

added diethyl zinc and the reaction heated to reflux for 6 hours. The reaction is
quenched with aqueous NH,4CI and extractively worked up. Column chromatography
(SiO,) with MeOH/DCM affords the 7-ethyl-6-chloro-7-deazapurine riboside.
Step 2:

Nucleoside 128 is syntheéized as described in Example 3, step 2 using
hydroxylamine.

Example 12
7-(2°-C-methyl-B-D-ribofuranosyl)- 5-cyano-4- hydroxylamino-pyrrole[2.3-d]
pyrimidine (126)

Step 1: ,
The nucleoside from Example 10, step 1 (0.5 mmol) is dissolved in THF
(5 mL) and then palladium tetrakis(triphenylphosphine) is added. To this reaction is
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25 hydroxyl am ne. Exanple 12
7-(2' -Cnethyl-(err)-D-ribofuranosyl)-5-cyano- 4- hydr ox

wQ b@wiogsaspyrrol o[ 2,3-d] pyrimdine (126) 30 SPepuU$2003/031433

The nucl eosi de from Exanple 10, step 1 (0.5 mmmol) is

di ssolved in THE (5 nL) and then pall adi um

tetraki s(triphenyl phosphine) is added. To this

reaction is 70 WD 2004/028481 PCT/ US2003/ 031433 then

added, zi.nc cyani de d the reaction heated to reflux . .

e s R fadlie rswmgie%}s%wclﬁ@ax Frithhoge ddiggeaction is

(S

e ) WP .o ghromatography

76dQanatheMeNBPEM afforls dlpuT-cymorG-tidsiod &-deGipyriit rilioside.

'\!'g‘t%l ?_osi de 126 is synthesized as described in Exanple

3, R ep 2 using hydroxylam ne. Exanple 13

7- (2" -ndTedsiie r2463s E%{r[th&@zfebl a8 8QIYbdd th-Example 3, step 2 usin

hydr oxyl am no- pyrrol of 2, 3-dl pyri m di ne 0 5-car boxy%
dg@iyammy. Step 1: The nucl eoside from Exanple 12,

step 1 (0.5 mnol) is dissolved in anhydrous ethanol

(10 nmL) and then saturated with anhydrous HCO . The

reaction is stirred at 15mxamplé g3rperature overni ght

and2t-Teme ARMBEDLIIB fAfan ok PB-4 B50F1IS 14 minoSoY T 611§ bk imidine

ethanol (5 nl) and then..Mei&A a tadlh7) S added and the

reaction stirred for 0 ) ution is

concentrated and purified by col um chromat ography

(8eP2) with MOH DCM affording the

7-car bfxam' gg-ﬁ.- chl oro- 7- deazapurine ri boside. 20 Step

2: Nuchhsduiclresiglo fromy Exampla d2; skl €55 gwael) istshispofvied in anhydrous

P R T s BT, TG 470

metindsypemiunme yynight afdthé: cincernisatddriTte psidub2®yedissolved in
ethanol (5 mL) and then water (1 mL) is added and the reaction stirred for 2 hours.

The solution is concentrated and purified by column chromatography (SiO,) with
MeOH/DCM affording the 7-carboxamide-6-chloro-7-deazapurine riboside.

Step 2:
Nucleoside 127 is synthesized as described in Example 3, step 2 using
hydroxylamine.

Example 14
7-(2’-C-methyl-B-D-ribofuranosyl)- 5-bromo-4- methoxylamino-pyrrolo[2.3-d]
pyrimidine (129)

Nucleoside 129 is synthesized from 118 as described in Example 9.
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Nucl eoside 129 is synthesized from 118 as described in
Exanple 9. 71 WD 2004/ 028481 PCT/ US2003/ 031433

waEx@apbsasils 7-(2' - G- net hyl - R-D-ri bof uranosyl -PCT/US2003/031433

5-net hyl - 4- et hoxyl am no-pyrrol o[ 2,3-d pyrimdine

(130) 5 Nucl eoside 130 is synthesized as described in

Exanple 3, step 2, substituting nethoxylam ne for

hydr oxyl am ne. Exanple 16

7-(2' -Cnethyl -R-D-ri bof ur nos& - 5-cyano- 4-

me oxlamnoprrolol23 Sﬁyrlmdlne(lsl) The
oth. faa b4 B ydaming-pyrrol®i2.3-d

as described in Exarrpl mﬂnﬁi&.@i@lrpl e 17

7-(2' -G et hyl - (3-D-ri bof uranosyl ) - 4-

met hoxyl rro 2,.3-dl pyri C rbox .

i de. Nea%eRGe B anaaina o Pl Bscimdprannpas Sctgn b upginting

CRBhekYIafliteFod BRir @éﬂ&&ﬁﬁﬁrl bed in 20 Exanple 15.

Exanple 18 1-(2' nmet hyl - (3- D-ri bof ur anosyl - 3- br ono-

4- hydroxyl am no-p razol o[ 3, 4 dl pyrimdine (133) 25

Nucl eosi de 120 is convertid 1?8 as described in

EX ml e 9. I_e 19
: ofuranosy ethokylamino-pyrrole[2.3-d]

hydr oxyI ami no- pyr azol 0 [E%i_mﬂ_l&ﬁ_b)yrl m di ne (134)

Nucl eoside 134 is synthesized from 143 usi ng

T U BB E SRR BTS2 Khonl 8ot 13046 8%38R n
1EXaipl€d fret hyl - o- D-ri bof uranosyl -3-cyano- 4-
hydr oxyl am no- pyr azol oE3, 4-d1

Example 17
7-(2°-C-methyl-B-D-ribofuranosyl)-4- methoxylamino-pyrrolo{2.3-d|pyrimidine
S-carboxyl amide (132)

The nucleoside from Example 12, step 1 is converted to 132 as described in

Example 15.
Example 18
1-(2’-C-methyl-3-D-ribofuranosyl)-3-bromo- 4- hydroxylamino-pyrazelo{3.4-d]
pyrimidine (133)

Nucleoside 120 is converted to 133 as described in Example 9.

t Example 19
1-(2°~-C-methyl-B-D-ribofuranosyl)-3-methyl- 4- hydroxylamino-pyrazolo|3.4-d]
pyrimidine (134)

Nucleoside 134 is synthesized from 143 using conditions described in

Example 10.
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pyrimdine (135) 5 Nucleoside 135 is synthesized from
143 using conditions described in Exanple 12. Exanple

WQ@ 12004028481 - C- net hyl - - 0o- D-ri bof uranosyl - 4- PCT/US2003/031433

hydr oxyl am no- pyrazol o[ 3, 4- 10 ftyri m di ne-

3-carboxam de (136) Nucl eoside 136 is synthesized from
143 using conditions described in Exanple 13. 15

Exanmple 22 1-(2'-C-nethyl-o-Dribofuranosyl)-3-brono-

4- et hoxyl anmi no- pyrazol o 4I$ pyrimdine (137)

Nu Igo i de 13 IS, S nt hesi &t conpound 119 using

C OrEH T a D-ribg 5¥n3-eyatify 40 hydroxglamigocpyrazolo[3.4-d]
1-(2' - C—nethyl--(l-D-rl HyEimigdiae (135) 3- net hyl - 4-

met hoxyl am no- pyrazol o[ 3,4-dJ pyrimndine (138) 25

Nucl eosi de 1 IS S hesi,zed m.143 o

condi ?ﬁgﬁgo%ieé]éﬁﬁgé%l%%lm%ﬁ Ygne %?Pg% qn% descatped in

nEtdeyani ne for hydroxyam ne. Exanple 24 30

1-(2' -G nmethyl -(3-D-ri bofuranosyl -3-cyano- 4-

met hoxyl am no- pyrazol 013, 4-d1 pyrim dine (139)

Nucl eosi de 139 is synt hesg& f]é? 143 usi ng
bed.

~condi 2 substltutlng
met ho Ag =3 2Ly > A0S 4 0 "«A DH B AIYYD 84 -
PCT/ US2003/ 0314330 Dertamidi -5=carboxam1de (136)

1-(2' - C net hyl - p- Drlbofuranosyfl - 4-

3 car i e R Borl VRV SldBiome dssripedin

fExampld 33.usi ng condi tions described in Exanple 13,
substituting nmet hoxyam ne for hydroxyamnm ne.

Exafnple 22
1- (2’-C-methvl—B-D ribofuranosyl)-3-bromo- 4- methoxylamino-pyrazolo[3.4-d]
pyrimidine (137)

Nucleoside 137 is synthesized from compound 119 using conditions described

in Example 10.

Example 23
1-(2’-C-methyl--D-ribofuranosyl)-3-methyl- 4- methoxylamino-pyrazolo(3.4-d]
pyrimidine (138)

Nucleoside 138 is synthesized from 143 using conditions described in

Example 10, substituting methoxyamine for hydroxyamine.

Example 24
1-(2°-C-methyl-p-D-ribofuranosyl)-3-cyano- 4- methoxylamino-pyrazolo[3.4-d]
pyrimidine (139)

Nucleoside 139 is synthesized from 143 using conditions described in

Example 12, substituting methoxyamine for hydroxyamine.
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Exanpl e 26 6- Hydr oxyl am no-9 -
-D-ri bof uranosyl purine 5 -Tri phosphate

WO 300a/02848RCt | ve conpound but
pur pose of

hydr oxyl am ne substituted purines.

(3
10 Exanpl e 26
is included for tPET/US2003/031433

illustrating synthesis of triphosphates of

NNHOH Il O I |

HO-P-O1-0i-Op HN OHOH OH N HO OH 15 Step 1.
Synt hesis of 6-chloro-9-j3 -
5'-triphosphate
oH

NC ril_II

HO O

- D r i1 10GS 1ie-2RRtn i
co-evaporated 3 pyrcixidi
of PQ(Owe) 3, cool to 5C and

20 B'

D-ri bof uranosyl puri ne
I HO P-0-P-0-P-0 O N
€F59- 13

haxylamiggspyrazolo|3.4-
- idei(148pl ved in 2 ni
POC13 (35 L) and proton

. dded h ' irred .
56 1 ok st uaS Suleabet PR PG DM 2

the m xture was f

tenperature. The

€ sane

Rhplet %&ﬁu{%mg Méimxgsmm fbph;ﬁzg@yﬁﬁﬁwas added and
ept r 2 nore at t

reacti on was quenched with

(Et 3N) HCG3 buffer (pH 7. Fxdmple@sed W th wat er.

The

sol VenBSHW(ﬁEE‘ﬁﬁB@@@[ﬁd)-rfﬂbﬁxﬁa%%é@jliriﬂh S$5Qhifidspliihte

met hanol (3

and precipitated w

h ether (30 ni).

col umy B R SRt PR ol KAt of

NGB B

typtoSphaltasfdf iy drody MM 2OADS R RAPiirines.

PCT/ US2003/ 031433 B was 310 nmM NaH2PO4/ Na2HPO4, pH 3.

The | ast peak was coll ected,

volume of 5 nL and repurified on RP

SN

o 0
colum (250 x I N

concentrated up to the
/F?LC amoRhenom nex

7 N\
N="

‘OH

6-chloro-9-p -D-ribofuranosylpurine (27 mg, 0.1 mmol) was co-evaporated 3
times with dry DMF, dissolved in 2 mL of PO(OMe)s, cool to 5°C and POCIl; (35
nL) and proton sponge (64 mg) were added. The mixture was stirred at 5°C for 3 h,

then tetrabutylammonium pyrophosphate (2 mmol, 4 mL of 0.5M solution in DMF)

was added and the mixture was kept for 2 more h at the same temperature. The
reaction was quenched with (Et;N)HCO; buffer (pH 7.5) followed with water. The
solvents were evaporated, the residue dissolved in methanol (3 mL) and precipitated
with ether (30 mL). The solid residue was purified by IE HPLC on Vidac column
(250 x 10 mm) 0 to 100% B. Buffer A was 25 mM NaHzPO4/N52}[PO4, pH 3, buffer
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20 mm in gradient fromO to 100% of buffer B in
buffer A Buffer A was 0.5 M aqueous sol ution of

WO o8 amoONi um acetate, buffer B was 0.5 M PCT/US2003/031433

acetonitrile 5 solution of triethylamoni um acet at e.
Fractions containing the title conpound were

conbi ned, evaporated, -co-evaporated 3 tines wth water
and |lyophilized fromwater. M 524.94 (MH), P31-NWR

(%%F(S%TM }é&%@@%ﬂ@l f:é?(bdféle ]I:%t, H?ﬂ{?\gg‘sscqi]kgt)e& concentrated

Gipfty WOVOMtRE RS 1Sk bndd rebinBEdOH RP&IFDC B Ph?‘%tnﬁh@;p&ﬁm 250 x

urine 5 - triphosphate” Tri phosphate from
Wanmg iregragdientfren (3tot 1|06%sof\hufﬂar Briy beffiah oByfferdd smeDbed -

A SR GE TRl dibtefe blitte M 00 Ptelomistile”
ablubidfrof By ahhwatinhdethid i BridionX @(Flﬁalﬁﬂ% tBY BROEGhSHd were

The crude mXxture was separated b Con a

ReabErdneseperiedpo-cyaBeisd &melhhgvaﬁgr apddpomhilizedfirom water.

frace R 22e bR BRI G- Aot PEB 1 o &
C?erzz A 260959 (1/2M H), P31-NVR (DVBO-d6): - 10. 70

1.41(4, 1P, P-a & 20 P-y), -23.03 (t, 1P,
P(3) Exarrple 27

- r px ' i bof uranosyl purin
tep 2. LSS ;‘-- AMinGQ (einethyh [ %.bo %FiurmeS’
tgphgsphate|* -0 N OHOHOHN= HO CH The title

corrpound vvas synt hesi zed from

6- chI 2 h rihof ur I, ne .as
desor FERHOPIS ST Yo § Qs aRodbR gl da et
REGELWER QD&/be'ﬁHeﬂaBBand\@tﬂﬁx& &11§Ill}’1ﬁ%)tj)lamﬁ§5(1@ﬁnﬂd‘lf} W')ts added.
P31- NVMR (DMBO-d6);: -10.70 (2P, P-a &PXI)
(Thp miptiyrg was heate for 0.5h at 65°C, neutralized with Cl/dloxane and
evaporated. The crude mixture was separated by RP HPLC on a Phenominex column
(250 x 20 mm) using gradient of acetonitrile in water from 0 to 100%. Corresponding
fractions were concentrated and lyophilized from water.

MS 260.52 (1/2M-H), P*'-NMR (DMSO-d6): -10.70 and -11.41(d, 1P, P-o. &

P-y), -23.03 (t, 1P, P-p).

Example 27
6-Hydroxylamino-9(2’-methyl - § -D-ribofuranosylpurine 5’-Triphosphate (227)

The title compound was synthesized from 6-chloro-9-(2’-C-methyl-B-D-
ribofuranosyl)purine as described in Example 26, Step 1-2.
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Exanple 28 1-(2'-C-nethyl-(3 -D-ribofuranosyl
- 4- hydr oxyl am no- 1H pyrazolo 10 [3, 4-d] pyri m di ne

wa22euosi4ep 1. Synthesis of 4-chloro-1Hp PCT/US2003/031433

ar[3,4-d]pyrimdine CI N' " \N N=~ 15 4-Chloro-1H
pyrazol o[ 3, 4-d] pyri m di ne was synt hesi zed from

4- hydr oxypyrazol o[ 3, 4-d] pyri m di ne and POC13 as
descri bed by R Robins in J. Am Chem Soc 1957, V.79,

N20, P.6407-6415. Step 2. Synthesis
1- [ 2' MS Aet-53 (U/2M-B), 55 99 GH) £ db@ﬁk@%ﬁ@ﬁ%nwﬁg}@ P-o

ﬁ%gfu?%ﬂggg}) ]P ﬁ) chl oro-I H pyrazol of 3, 4-d] pyri m di ne
CL N~DCBOON/ \' N N DCBO OH The title conpound
was synt hesi zed as described in Exanple 1, Step 1 from
25 4-chloro-1H pyrazolo[ 3,4-d]pyrimdine (Step 1) and
1-O et hyl -3, 5-bis-0O (2, 4-

di chl orophenyhnet hyl ) -2' - C-net hyl - (3- D-ri bof uranosi de
MS: 525.07 (M+rNH4). 76 WD 2004/ 028481

PCT/ US2003/ 031433 Step 3. Synthesis of
1-(2'-Cnmethyl-[i -D-ribofuranosyl)-4-chloro-1Hp
azol o[ 3 4- d] pyrim dine ¢, g YONHN HO CH The

title ég@ggngnga@@-mo?mm Ol S RS,

from
[3.4-d]pyrimidine(120)

Step 1. Synthesis of 4-chloro-1H-pyrazolo[3.4-dlpyrimidine

Ci
N=

D
N="
4-Chloro-1H- pyrazolo[3,4-d]pyrimidine was synthesized from
4-hydroxypyrazolo[3,4-d]pyrimidine and POCl; as described by R.Robins in

J.Am.Chem.Soc., 1957, V.79, N20, P.6407-6415.

Step 2. Synthesis of 1-[2°-C-methyl-3°.5’-bis-O-(2.4-dichlorophenylmethyl)- -D-
ribofuranosylj-4-chloro-1H-pyrazolo[3.4-d]pyrimidine

cl

N/

|
DCBO o N / \N
N="

DCBO OH

The title compound was synthesized as described in Example 1, Step 1 from
4-chloro-1H- pyrazolo[3,4-d]pyrimidine (Step 1) and 1-O-methyl-3,5-bis-O-(2,4-
dichlorophenylmethyl)-2’-C-methyl-p-D-ribofuranoside

MS: 525.07 (M+NH;").
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5 described in Exanple 1, Step 2. Ms: 301.93 (MtH Step
4. Synthesis of 1-(2'-C nethyl-

WO byorioksasur anos~4- ydr oxyl am no-|1 H pyrazol o [ 3PCT/US2003/031433

,4-d]lpyrimdine NHOH N HOp NN 10 HO CH The title
conmpound was synt hesi zed fromthe nucl eoside from Step
3 as described in Exanple 1, Step 3. Ms: 298. 13
(I\/H—|) Exanple 29 15 HOB NH 20 NON HO OH HO 25

(Dlpyimiding, 1 Synt hesi s of

4- Chl or o- 5-i odo- 7H pyrr ol o[ 23- q i mdi ne

4- Chl or o- 5-i odo- 7H-pyrro|o[23d] m di ne was

synt hesi zed from 6 30"@RAT\L&k _)'bronto Resear ch)
as described in A Gangal N=J. Med. Chem
(2003) 46, 591-600. 77 WD Z0U4/ 028481

PCT/ US2003/ 031433 Step 30 Syfthesis of

3’] g;lr Iof IF{Ietcfogﬁﬂ%'ﬁﬂéf Iw%l's lsﬁﬂﬁé&%eamw{heéﬁéﬁxgldg fr%l;xlzst%p 2 as
4deShriitedan Exampleet, Sydpsd.| anyl et hynyl - 7H pyrr ol o[ 2, 3-d] py

i m di df
ZI ?m Ic}{)fg %S%%é\d?ffe;:rfa o[lrzolrsn d] pyri midine (Step 1)

i A J
?s;teﬁﬁsimg%ﬁ% flll(z c {RAGI-BEDSbofuihosyl) 4-h )i xy IS 1H-

NHOH
\
HO o) N / \N
w = 7
HO oM

The title compound was synthesized from the nucleoside from Step 3 as
described in Example 1, Step 3. MS: 298.13 (M-+H).

Example 29

HO

2-(4-Amino-5-ethynyl-pyrrolo|[2,3-d]pyrimidin-7-y1)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3.4-diol (229)

Step 1. Synthesis of 4-Chloro-5-iodo-7H-pvrrolo[2.3-d]pyrimidine

4-Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine was synthesized from 6-
chloropurine (Toronto Research) as described in A. Gangjee et. al., . Med. Chem.
(2003) 46, 591-600.
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Step 3. Synthesis of 2 (4 Chloro
5-trinmet hyl sil anyl et hynnyl -pyrrolo[2 3-d] pyrimdin- 10

w(@ 2002/028848i chl or o- benzy)-5 (2 PCT/US2003/031433

4-di chl or o- benzyl oxynet hyl ) - 3- et hyl -

t et raahydr o- f ur an- 3- ol

2-(4-Chloro-5-trinethylsilanyl ethynyl-pyrrolo
[2,3-d]pyrimdin-7-yl)-4-(2, 4-

di chl or o- benzyl oxy) - 5- (2, 4- di chl or o- benzyl oxynet hyl ) -3
-nmet hyl -tetrahydrofuran-3- ol (0.440 g, 2.08 nmol)

Efe%rﬂ Sd il eRis RS @1‘11§R>95] HelethP1sBdnylih @yl EMpyrrolo[2.3-

! Ll[ﬂ%lle 15 0.063 g (2.08 mol) of NaH (60%in
ot ) 1 added and the m xture was stirred for 4 h at

ﬁ/ggh e t(PIQOIO ‘r@arw%lwlf nd ?%h}%’pyl allirlgpyrro of}%sgﬂ%ﬁndme was
?%ﬁg%éﬁ%dféong urcmo% @abawﬁnwrrmbﬁ)z R pGrinedity (Step 12y debaibed

was di ssolved in 10

: g,
mm_AoGadglye@b.@IhIJoWdre€h@me(2068(ﬂ6eé9]t 80®C and HBr (0. 75
m, 30%wwin AcOH) was added drop wi se. The reaction

vv?s ﬁ! n% al_neg fz?r; i h_S%t. 2 h\(/:%LanV” for,.
: jchl - Qs 0

dma_hﬁélgﬁm,lglssolvedln 10 gacetonltrlle
and add@eCllora-hérimotdiylsinedethyel- pwrrelo&% wipyrHEdinsZot)-fhi2-4-

SIS Paheaton o Ehich R LEARSG R, Pl ol @R furan-3-

 Retoesmges. diwﬂlmﬂﬁ)eﬂr@h%te@rmwmmpendm & ainéroffdra acetmntnle

was extracted with et hyl _acetate (4 x 100
[elise, 31@@080131@)@& of Nq}ﬁ&q%o ﬁgoﬂ,),éyaé a@ggqqégl t@a PRXtYFS %{@s stitred for

d -
e G I R
(s-ont2, @@ﬁhﬁt@fh@hﬁhieﬂfy@m(hamhﬁ mmnwﬁn)anomdg (03319 g, 0.902

0. 215 (33% rot ect ed nucl eosi de.
(rmnm)) wa@@h@pkypd in 1(%(:1; difirp fishloremethang, C(P(gs o0+t and HBr (0.75

E%//(}"/e Wiﬁ( hAy FX{)r %ﬁ;ﬁ;gﬁf@%}’ Syrlz%lén Pﬂgg Eéhg ﬁY lN%% ﬁ‘{aﬁ{eﬁﬁﬁé@&r 1hat
S(I”Ulid)fﬂdcmr :ﬁg addﬁlﬁ)ﬂat Dd?ﬁt’c a.ﬁlbmm fs‘anmn:ra:ﬁ_n(e Gn@ ﬂfengh;a splgesnt was
in dichl oronethane i nt.ai ned at - :

VRYEDP&raied dTIOTBRUIE P 1) t&P%‘é’ Ve ERbrelEd WAl G 19 he, (S‘ésé@é’id n10

&t cslfiﬁg)g%c% o%ﬁfésﬁld AEMOhe BB RAREN of %e%aﬁ@— Th8 réaction mixture

m xture was stirred at -78C for 1 h, then
akas 2PCatrvemnemperatuihevar eight memgraépﬂletﬂ claeswi The residue was

di.chl or onet hane tir
0ok Sr AT R0 e T b 6By wio
rHc@tate (ARe1093h1f MRScobihdd @ faninBadtRes Wdré‘lwashed with brine,
dic oronethane/nethanol 1:1 and the conbined 5

edauedallz,\tes scehlap @uliate thenreveparaied. Theaesides Weepwiaiedyr flasheq
hysmatoEeig e STl BN anelle Rl RloRLARITR IO iR hela 0213

g (33%) of protected nucleoside. MS: 714.08 (M+1).

Step 4. 2-(4-Chloro-5-trimethylsilanylethynyl-pyrrolo[2,3-d]pyrimidin-7-yl)-5-
hydroxymethyl-3-methyl-tetrahydro-furan-3.4-diol

To the solution of the product from Step 3 (0.215 g, 0.3 mmol) in
dichloromethane (8 mL) maintained at -78°C was added boron trichloride (1M in
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concentrated to yield 0.082 g (70 % of the
deprotected nucl eoside. Step 5.2-(S-Ethynyl -4-hydrox

w@niono293gr rol o[ 2, 3-d] pyrrimdin-7-yl)-5- 10  PCT/US2003/031433

hydr oxynet hyl - 3- net hyl -t et rahydro-furan-3 4-di ol The
compound from Step 4 i s suspended in dry ethanol and
O-trinethylsilyl hydroxylamne (10 eq.) is added. The
m xture is refluxed for 2 hours, evaporated and the

ARSI &3 nfte!d mEo R ikt e stgred a6 78°C Tor 1 b then

agep
28 ng;@mb{rz]éditﬁght E}I(lﬁ%@ﬁmf Gvﬁyq&nkﬂecﬂm Qiéﬁforg’k% tﬁhﬁg@gﬁl@l 1:1

H@.5 mL), stirred at -20°C for 0.5 h and neutrahzed at 0°C with aqueous ammonia.

4- I NO-5- Vi Nyl = | o 2, 3- i din-7-yl_.
B Bt B B i B b oinea
(2artsIagdietet i VRu6 OTHRAYS U WRMPERIRIEIRR deb column with
di.ssolved in THE and placed under hydrogen (1 atm in

t fofofararmethapg! (19:hararmes slueat: Qoyrgspoadtnglfraghenwme cofnbined,

h&@%%%g%%dﬁ& 6’:@@ g?éggig(r)rg/‘%e \f%ezge%%teé%l fiucleoside.

2-(4- Hydroxyam no- 5- oxazol -5-yl -pyrrolo [2, 3-d1
I L

The compound from Step 4 is suspended in dry ethanol and O-trimethylsilyl
hydroxylamine (10 eq.) is added. The mixture is refluxed for 2 hours, evaporated and
the crude mixture is purified by RP HPLC on a Phenominex column (250 x 20 mm)
using gradient of acetonitrile in water from 0 to 30% over 30 minutes at 10

mL/minute,

Example 30

HO
SNH

—

X

A\

UL
o

HO

.,
K3

OH

X
Olm.

2-(4-Hydroxyamino-5-vinyl-pyrrolo [2,3-d]pyrimidin-7-yl)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3.4-diol (230)

The title compound from Example 29 is dissolved in THF and placed under
hydrogen (1 atm) in the presence of Lindlar’s catalyst until one mole of hydrogen is

consumed.
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HO "OH "10H 5 Step 1. Synthesis of
4- Chl oro-7- (3, 4-di hydr oxy-5- hydr oxynet hyl - 3- net hyl -

WO edonabsadr o- f uran-2-yl ) -7Hpyrrolo [ 2,3 PCT/US2003/031433

-d1lpyri m di ne- 5- car bal dehyde

4- Chl oro- 7- (3, 4- di hydr oxy- 5- hydr oxynet hyl - 3- et hyl -t et
r ahydr of ur an- 2-yl)

7H pyrrol o[ 2, 3-d] pyri m di ne-5-car bal dehyde is

synt hesi zed through a nulji-step 10 reaction pathway
according to the procedur Xﬂ@&@?ﬂbed i n S vatanabe
and T.2-4cHxydroxyaminoy3ioxazol-5yl-p ' 3y 7-pl)-D
113- 125. h&mx&m@ﬂmﬂm—tﬁtrahmm-furané 4- dwl (231)
pyrrol o[ 2,3-d] pyrimdin-7-yl)- gyhy roxymet hyl - 3- met hyl
-tetrahydrofuran-3,4-di 6P\ s Used in place of
tubercidin. 15 Step 2.
2- (4- Chl or o- 5- oxazol -5-y o[ 2, 3-dl pyrimdin-7-yl)
- 5- hydroxynet hyl - 3-net hyl -t et r @hydr o-f ur an- 3, 4- di ol
To the compound from Step i1 sNadded t osyl et hyl

i socyanide (1 eq.) in MeoH @ taining K2C03 (1 eq.)
and the m xture is heat 4ux until starting 20
material is consumed. The sol ento"'l s renoved in vacuo

and the crude mxture purifi eoo%y RP HPLC on a

@E‘ImdlrotfwrdmZWE %bmolb%&s&mﬂﬁ%iambal&ﬂwﬂe nut es at
10 mL/ m nute. 25 80 WD 2004/ 028481 PCT/ US2003/ 031433

Step 3. .

(4- IF—)Iy ér%ﬁlyéﬂﬁ Ho4slibydagnr3-bydroxppethyl-3 methvldpisshyidrataran-2-y1)-
b ol 3 dloygimiding Srcarbaldeliyde s sypthesized fhypugh s mufstep
ceavpon pathﬁvnap ac@rdipg B ths psacsthendestribed dr §. Witsaded andridl Ueda.

%us e Nudeaite B850 3T 0, vk dioite

[mmg%ﬁﬁnm{ Vf}fl)eﬂhWoﬁﬁnHﬁ&lCS ARy 1 RReM Bohedn-3, 4-diol is
coI um

using a gradient” of aCetonitril
uﬁed/\)atpémequ@memdm 30% over 30 minutes at 10 nl/ i nute
to yield the title conpound. 10 Exanple 32
Preparati on of the internedi ate nethyl
Btaped. (4 Bhorbissdd%al)5- yipaesto[ 23-d Riditidiel 7-91)-5-hydroxymethyl-
3-methyl-tetrahydro-furan-3.4-diol

To the compound from Step 1 is added tosylmethyl isocyanide (1 eq.) in
MeoH containing K;CO; (1 eq.) and the mixture is heated to reflux until starting
material is consumed. The solvent is removed ixn vacuo and the crude mixture
purified by RP HPLC on a Phenominex column (250 x 20 mm) using a gradient of

acetonitrile in water from 0 to 30% over 30 minutes at 10 mL/minute.
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OOH O d d 15 Step 1: Preparation of methyl-2 3
5-tris-0O (2 4-dichl orobenzyl)-1-0O nethyl -

WO 2iwafoessanose The title conpound i s synt hesi zePCT/BES10093/031433

t he nmet hods described in Martin, P.; Helv. Caim
Acta, 1995, 78, 486 starting with commercially

avai l able D-ribose. 20 Step 2: Preparation of nethyl-
5-bi s-O (2 4-dichl orobenzyl)-1-0O net hyl -

ri bof uranose To a solution. of the product. of. Step 1
Step B. Qa(4cHydrongamingry-gxazel-SYLpyrolob-d [pyimidin. /-y1)-5-
hvdsbxymethyled-methyldeteabydio-farachfdiols sol ution of
stannous chlorlde (31.522 i, 0.2676 nol) in 134 nL

whi | t . i .
O b Shg EpAIH AB 0 s
£ 0aB4AGi 1b e!}’z% Alide dripnnisthirb & sfilixdd fon2 hywespleged aatl the
3" C overni fter 43 hours the . reaction

quds mw@mmm JPLERA HENENEES! SRER (£ % 2¢mm) using 2
Sat ur o Weh@ed SMOMBL/nhete to
g?f?ﬁ? roum§9 é{f:n%%gm ?gor/we{é?] t L(teleorgani c

gtmmem&do aﬁdad dried with MgSO4 81 WO 2004/ 028481
CT/ US2003/ 031433 and evaporated in vacuo. The yield

raw, dark yellow oil was 173.6 g, which contains
23 4- di benzoyl chloride. Tﬁﬁuﬁ 132 oil was used
di r ei’ﬁgﬁ%‘? Ilghrl)? tﬂgefﬁttelﬁﬁe%te ‘Ma W il 18- bis(DCB)-ribose

pur i 3. PgEparation of

met hyl - 2- Oacetyl 3 5-bi s (2 4-dichl orobenzy -1-0-

nmet hyl - D-ri bof ur anose To e sol ugion of raw oil from
6

i-|

Step 2 above (173.6 g, 0. 3600 |n1379L

pyri di ne, were added Ac20 , 0.3600 nol) and
DVAP (1.3766 g, 0.01127 rml) fter 21 hours of
stirring at roomtenperature L H2O were added. The
10 solution was acidified wt C45 L concentrat ed
HCL. The acidified product extracted with EtOAc,
dried with MgSO4 and concentrgted in vacuo. The
residue was isolated as 85.75 g (0.1636 nol) of clear

oil. Step 4: Preparation of 3,5-bis-0O(2
4- d| chI orobenzyl) 1- (l}mst hyI bofur

o)fu.r' n 820 mL of
0SE

The title compound is synthesizéd using the methods described in Martin, P.;
Hely. Chim. Acta, 1995, 78, 486 starting with commercially available D-ribose.

Step 2: Preparation of methyl-3,5-bis-O-( 2.4-dichlorobenzyl)-1-0O-methyl-D-

ribofuranose

To a solution of the product of Step 1 (171.60 g, 0.2676 mol) in 1.8 L CH,Cl,
that was cooled to 0 °C, was added dropwise a solution of stannous chloride (31.522
mL, 0.2676 mol) in 134 mL. CH,Cl, while stirring. After the solution was kept at 3
°C for 27 hours, another 5.031 ml of SnCl4 (0.04282 mol) was added and the solution
was kept at 3 °C overnight. After 43 hours the reaction was quenched by carefully
adding the solution to 1.9 L saturated NaHCOj3 solution. Tin salts were removed via .
filtration through celite after which the organic phace was isolated, dried with MgSO4
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saturated net hanolic potassium carbonate was stirred
at anbient tenperature for 45 mnutes and then

w@orames4snt ed i n vacuo. The oily residue was sSPSpPEsmes031433

in 820 nL of CH2Cl2, washed with water (493 nL + 5 X
328 nL) and brine (328 nL), dried (NaSO»4), filtered,
and concentrated to give the product. The oil (75.93
g, 20 0. 1573 m)l) was i medi at edl y used in the next

f
PP%CE%VFB?H?J. zg]ya%uo e'll:he ylferzlld olf‘(r:a%& Idg.rqc yellow gﬂ was 173.6 g, which

Schitsiné> 4 iikerb eIt RRe ¥ lchidd ot \ﬁ%td@% Alre &l yylhliﬁé?next step

pentafuranos 2-ul ose To an ice-cold suspensi'on
Détbowinthey pyeificetifionane (106.75 g, 0.2517 nol) 25 in
740 nL anhydrous CH2C12, under argon, was added a
solution of the product of Step 4 above in 662 ni

aftey G Ruepacititfalod mkityave-8eace®B. S0his O SichidiBb&Ban-on
mxture was stirred at 0 C for 0.5 hours and then at

for 6 days. The m xture was dil uted

VVI th 1t [ e
m xt ur eggf %gg%@&ﬁ(@%%g V%@g'grgn%l(?;%dlq 9379
spyridiad, e\@r@aﬂdeduﬁsczﬂa(&m nﬁQOBbeo hivyedisl IWeTAP (1. 3766 g, 0. 01127
sepﬁ 2\ 5 nd Eﬂ?e .organi c |l ayer was washed wth 1.3 L

r ilen 21 B stiRenaeERom erafie ded b Owereraddsd. The
bd1ie M | feeinkd S, d
2004/ 028481 ifed RSN cbee ﬂ‘i‘ﬁ%ﬁ% e f%?ﬁ%‘ff’/ré’d't‘ﬁé”as
t etrgeted sothplBankt, diibd svithdvip®Ounahd(coRc@Bratpd 0, va& Tie! rpsidue

f her. i fi ationinthe next
s‘fvgsplsgéfgﬁségh/g (Ball%ggln%ﬂll) ‘gffjcli‘iaHQ title conpound 5 A
solution of MeMgBr in 500 nL anhydrous Et20 at 55 C
vvas 2d%ed dropvv|3se to a sol ution of the product of
Step 318 ; al)<e0i

2oy B BT, f{ﬁeﬁ“@ B0 e o

- Sfurled mettlhol péthgsiurn @bklbeﬁhtd: wra@staTéd At GenbES @em;y@&tﬁfe for 45
After stlrrlng vi gorously at anbient tenerpature for

ufrs3pd theprrenesninataddn yecuga J beiokly sesidne Wasogpended in 820 mL

AP S ST 10 Y s
g (NaSé)la)eﬁhmd ﬁmimmneﬂtai(telaﬁgngme\mep@ductngw)fcﬁBWS@ls gWSS

i n.hexanes r gram crude ied to
0L Sﬁ i 3\5‘%&“}2 ysed i |n|e?%c%%mt heyy ﬁalé&earp@gﬁcam
el ut ed W|th hexanes and [4:1 hexanes:ethyl acetate,

v/v] to glve 53 58 g (O 1080 nmol ) of the final
pi Breparatid G loodtenyylefl -@meethyltD-erythro-

) und S tQat of an off yel | ow viscous oil. Ms:
I‘HMPWNH‘H‘)

To an ice-cold suspension of Dess-Martin periodinane (106.75 g, 0.2517 mol)

=

in 740 mL anhydrous CH,Cl,, under argon, was added a solution of the product of
Step 4 above in 662 mL anhydrous CH,Cl, dropwis\e over 0.5 hours. The reaction
mixture was stirred at 0 °C for 0.5 hours and then at room temperature for 6 days.
The mixture was diluted with 1.26 L anhydrous Et,0 and poured into an ice-cold
mixture of Na;S;035H,0 (241.2 g, 1.5258 mol) in 4.7 L saturated aqueous NaHCO;.
The layers were separated, and the organic layer was washed with 1.3 L saturated

aqueous NaHCOs3, 1.7 L water and 1.3 L brine, dried with MgSO0., filtered and
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Bi ol ogi cal Exanples 20 Exanple 1. Anti-Hepatitis C
Activity Conpounds of this invention exhibit

wapadAobsapatitis C activity by inhibiting HCV PCT/US2003/031433

pol ymerase, by inhibiting other enzynes needed in the
replication cycle, or by other pathways. A nunber of
assays have been published to assess these activities.
25 A general nmet hod t hat assesses the gross increase

of HCV vir n culture is disclosed i U. S. Patent

b etied ) B8 ik it ooty This optiopd Z@s%&f‘ga b mo was
bgea witBe fifHer ﬁ%@ﬁd@i&ﬂ th@fle)@'ste Jnl. of Vir.

73:1649- 1654, 99; Ishii et al., Hepatol ogy,

29: 1227-1235, 1999 Lohmann et al., Jul of Bio.

gﬁggb ?37 aﬁ0€0g11Q§%52 1999! and Yamashita et al.
-15486, 1998. 30 WO

97/ 1208 3olufiont sﬂWMgSnﬁh SOUDRIL ZnhiydFoRs @tzdoat $5M0f Was added

University, listin %edorn and A. Rei nol dus as
q

GOBRIB L Sol o aproduph e § ey e (75356 10,1563 1D, also in

SRS R Pt WSl o Mat Ty g

cstimred lneechavgchly foed Abuatae-301t€ tact s @ ttlyeanoutéﬂé‘mﬂf 2 Lh@e cold
ereln Amother ymerj se

conpoupds descri.bed
nE‘y fﬂ@f‘é s ‘fléfpfevﬁa& & 8y IB%trtFIHEIIPGWé‘?J@i of Selﬁow, the mixture
r
L
THeQaphe Q@ﬁpk@@u pas d)ledﬁatBMgSZﬁJ, ﬁfﬁﬁ&dtahdtcom&uted in vacuo.

el fesoly a8 pifanenls Ul BSOTERCr ) Remisd to silica gel
olumik 15 L Baica "g%l 1%16)(5%@51)’%&%1&@(1 Qfith Hekanes 2H8 Ayl ﬁexanes :ethyl

Pat ent No. 5, , to Jubin et al. Screens t at
rasaiates ¥V ieegipe 53.58.84O0. 108G oDt afitlee Al purifigd ploduen diteat e

i.scl osed. in .5, 861,267
PRSP ofthg e BBIEE i e 25 HsHS visgopon
FranceﬂscnﬁﬁSEﬂoa(h&nﬂ&u4§ Patent No. 5,597,691 to
Houghton et al. Exanple 2. Replicon Assay A cell Iine,
ET (Huh-1ucubi neo-ET) is used for screening of
conmpounds of the 15 present invention for HCV RNA
dependent RNA pol ynerase. The ET cell line is stably -
transfected with RNA thmQjammnhﬂédoorl ng a
| 3891uc- ubi - neo/ NS3- 3' / T; repllcon with firefly
| uci f er ase- ubi quis32 atidlepaiilas b MtNK¥f er ase
fusion protein and ENCV IRES drlven NS3- 5B pol yprotein

t
CO I Al N ISR BTy v
(HIEVilpblysiteeaby, bylinhibiTng other enzymes needed in the replication cycle, or by

other pathways. A number of assays have been published to assess these activities.

A general method that assesses the gross increase of HCV virus in culture is disclosed
in U.S. Patent No. 5,738,985 to Miles ef al. In vitro assays have been reported in
Ferrari et al. Jul. of Vir., 73:1649-1654, 1999; Ishii et al., Hepatology, 29:1227-1235,
1999; Lohmann et al., Jul of Bio. Chem., 274:10807-10815, 1999; and Yamashita et
al., Jul. of Bio. Chem., 273:15479-15486, 1998.

WO 97/12033, filed on September 27, 1996, by Emory University, listing C.

Hagedorn and A. Reinoldus as inventors, which claims priority to U.S.S.N.
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20 cells are grown in DVEM supplenented with 10%
fetal calf serum 2 mm Jutamne, Penicillin (100

WO o948t r ept omycin (100 (err)g/m), | X nonesBeEnUSZENN3/031433

amno acids, and 250 g/nL (41 8 ("CGeneticin"). They
are all avail able through Life Technol ogies
(Bethesda, MD). The cells are plated at 0.5-1.0 x104
cells/well in the 96 well plates and i ncubated for 24

gwggggggéﬁgﬂg‘%lﬂ @{tggll)eg_ﬁél gfﬁegqrh O%p ng-RP ag]aga&ra(sg assay that can
ﬁg [ tp leVaﬁﬁzItg {I%Sagggl‘ﬁ b ﬂh]E Yf Y}‘iel donpBundRRSsHIRE il 2Another

ours Tater I's buffer and the substrate
HCA! pblggherasel astsey hd meeh ysposte& by BerthelRe®usz atia/Bepatitis o/ irus

I f t em E2620 P
R0 BNEPolsBIert sk BRI IR Y g pEblinet Bnfiral
Tﬂ@a%ggh’lgsg{é%a)efg_ggatl on will be plotted relative to

oun tTol Under the sane 30 condition,
cyt ot Sgreens tgaataﬁeasm redimtionnskinaselactiatydsena i ¥ s gssite g

C€| J/O€%£°| ' tP‘ Oé% g\? Pet)é&%éz%o%sgﬁg[}hse PaEélt No. Delvecchlo et

Zy' CarIOTIROPAES 1941 BV 590798 1b Tivhih @F ala Sctoehs tlﬁtsmehﬂmlre thetprotease
significant cytotoxicities will bhe chosen é% g ﬁ(rgng rg(e)1 267
msbmag detiviye! cexdidase BICY dmes arafsdengd &k Hr & @rath N

i SEET RS AR AR 738007 o DR HRe S B3 LR SRR o

Qesa)qregl)ecgiﬂwgﬁteﬂamm, V., et al. (1999) Science 285,
110- 113 using the follow ng priners:

aggacat ggat ccgcggggt cgggcacgagacag (SEQ ID. NO 1)

aaggct ggcat gcact caatgl.ae 19§aR@ lg(gﬁ%sg ID. NO 2)
10 The cloned fragment s mssing term nus 21

ani no Aeéltlines EITdHedh-uditbeneock Bie aisddr mg saseaningsof gpsenopads of the

I;ﬂ?%?gnﬁggén%;}? ﬁé?@g&%Pg#g?% C{lﬁilg?@g? E[El%tET cell line is

eI RS g&iedt\ﬁ%m&rﬁcnﬂtla %afb@ﬁﬁgf’allﬁélﬁé-u&nﬂewNSBS’fET
expresse I's and after induction of

axplieasvitdniiretly éuquemsauhlqugnpmmycauphﬁph@raaﬁﬁw fiysion protein

B SRS oy S e Spp R Safitl T o GG odantiye
'%BTtéuonsJ(Emm’ - T;1280B0KUISHE Y (Kne’gbr a2, 2001 Exé nnﬂ>1ﬂ>114hed) The ET
HCV- NS5b Enzyrre Assay 20 The pol grrer ase ti VIL%P’HQ@

astlsgrezroyn ireBY Y Ingjipbasnisvaith Hovodetal

( @%}lfﬁ(%ﬁl%ﬁﬁu@ (g)g];fﬁgi? ﬁtgﬂ‘glﬂ %Oﬁitgﬁﬁﬁ?: %Jel’rf‘onessentlal amino

Aldi®r aat 2509l g/mLaGHF (f"Genetmﬁn ’Off&dyi@hé gjiam\(m]eb]esthrough Life
Technologies (Bethesda, MD). The cells are plated at 0.5-1.0 x10* cells/well in the 96

well plates and incubated for 24 h before adding nucleoside analogs. Then the
compounds each at 5 and 50 uM will be added to the cells. Luciferase activity will be
measured 48-72 hours later by adding a lysis buffer and the substrate (Catalog
number Glo-lysis buffer E2661 and Bright-Glo leuciferase system E2620 Promega,
Madison, WI). Cells should not be too confluent during the assay. Percent inhibition
of replication will be plotted relative to no compound control. Under the same

condition, cytotoxicity of the compounds will be determined using cell proliferation
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used as tenplate and radi ol abel ed GIP i s used.
Typically, the assay m xture (50 L) contains 10 nM

wareeogArd@s1 (pH7.5), 5 mM Mgd 2, 0.2 nM EDTA, 10P@MUKI003/031433

| 25 unit/L RNAsin, 1 mM DTT, 10 M each of NITP,

al pha-[32P] - GTP, 10 ng/L polyA tenplate and 1 ng/L
ol i goU prinmer. Test conpounds are dissolved in water
containing O to | % DMSO. Typically, conpounds are

t est ed centrati ons __ between M and 100 AM, ..
REASERS X@T—gfﬂo E{PETaYNY)- (He &8‘6‘??%% sBewigg Apieral qgtivities, but

I i : r for 1
S A A e e o d 2 S T

and reaction mxtures (50 L) spotted on DE81 filter

r
washi ng “#t lf? . I oG TR o tIHES), ~ Watt
and etﬁ!@%@ﬁing%e?deﬁ@oﬂl@%tﬁﬁ% n WGt @dm 85 WO
2004/ 028481 PCT/ US2003/ 031433 NTP, thé discs are
dFKdgoluelS3HE/Bhesoteperitedityrl-abimanadV o &t el (1999) Saence 285, 110-
m_ned .sclhtillation counting. 5 Fornul ation
ggg%%gﬁeﬂ?@#%%ﬂg\{/}mﬁéﬁé‘ are representative

phar maceut iaggicafogniatdoab b aogeeasiaghdisEQ. IT.AM@oUNd of
Formula Ivor | VA Exanple 1 10 Tablet formul ation The

fol | owi ng i2AgEcEERcalgeacteaatetontacacptegaci(FERI: NAPR)pr essed

i nt i t. .ok i .| j
I N e T
cbmed fiapmenl insertabinay aelPTEs-tducibidkrp2ssioh plisos@ thhPProvides

[ 5 20 Ex | Ca |
B FRUER (5 H A 01 TP T AgRe GRPSiaRe. i xed
i nti ”Tith%lré‘co%ﬂﬂndn@ a8 thd i8bLpBsRALIXEIEd1s afd 286! Blthdion of

capsul e.
expression, the protein is purified using affinity chromatography on a nickel-NTA

column. Storage condition is 10 mM Tris-HCI pH 7.5, 50 mM NaCl, 0.1 mM EDTA,
1 mM DTT, 20% glycerol at -20 °C.

O

1911 O CCQNIDT: AL i

Example 4. HCV-NS5b Enzyme Assay
The polymerase activity is assayed by measuring incorporation of

radiolabeled UTP into a RNA product using a poly-A template (1000-10000

nucleotides) and oligo-U, primer. Alternatively, a portion of the HCV genome is
used as template and radiolabeled GTP is used. Typically, the assay mixture (50 ulL)
contains 10 mM Tris-HC1 (pH7.5), 5 mM MgCl,, 0.2 mM EDTA, 10 mM KCl, 1
unit/uL. RNAsin, 1 mM DTT, 10 uM each of NTP, alpha—[32P]—GTP, 10 ng/uL polyA
template and 1 ng/pL oligoU primer. Test compounds are dissolved in water
containing 0 to 1% DMSO. Typically, compounds are tested at concentrations
between 1 1M and 100 pM. Reactions are started with addition of enzyme and
allowed to continue at room temperature or 30 °C for 1 to 2 h. Reactions are
quenched with 20 pL. 10 mM EDTA and reaction mixtures (50 pL) spotted on DES1
filter disc to capture the radiolabelled RNA products. After washing with 0.5 mM

Na;HPO, (3 times), water (1 time) and ethanol (1 time) to remove unincorporated
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Quantity per Ingredient capsule, ng conpound of this
i nvention 200 | actose, spray-dried 148 30 nagnesi um

wet@anad4er 2 86 WO 2004/ 028481 PCT/ US2003/ 0314BGr/US2003/031433

Exanpl e 3 Suspension fornul ation The foll ow ng
ingredients are mxed to forma suspension for oral
admnistration. 5 Ingredient Anbunt conpound of this
invention 1.0 g fumaric acid 0.5 g sodiumchloride

Vi et s e B BS poosruionlt bmiay it dsming Do

g MAgHRdlntiYanderbilt Co.) 1.0 g 15 flavoring 0.035
pin col orlngs1 .5 mg distilled water g.s. to 100 ni

20 Exanple 4 InJ ectabl e formul ati on The foll ow ng
ingredients are mxed to forman injectable

fornmulation. 25 | ngrpdhﬁmatleﬂminplspnpound of this
invention 0.2 ng-20 ng sodium acetate buffer

sol ut {13, followingjape wpresentptivephaymascugabiprmuiatiogs eontaiging a
%Uin‘p%&ﬁc? ofPFbrmula IVor IVA.

Example 1
Tablet formulation

The following ingredients are mixed intimately and pressed into single scored tablets.

Quantity per
Ingredient tablet, mg
compound of this invention 400
cornstarch 50
croscarmellose sodium 25
lactose 120
magnesium stearate 5

Example 2
Capsule formulation
The following ingredients are mixed intimately and loaded into a hard-shell

gelatin capsule.

Quantity per
Ingredient capsule, mg
compound of this invention 200
lactose, spray-dried 148
magnesium stearate 2
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35

40

30 water (distilled, sterile) g.s. to 20 M Exanple 5

Suppository formulation 35 A suppository of total
wowiogiors481 5 g is prepared by m xi ng the conpoupdr/v$2003/031433

the invention with Wtepsol (r) H15 (triglycerides of

saturated vegetable fatty acid; Riches-Nelson, Inc.,

New York), and has the follow ng conposition:

I ngredi ent Amount 40 conpound of the invention 500 ng

Wtepsol (r) H 15 balance 87 WD 2004/ 028481

PCT/ US2003/ 031433  From t He&af¥edoi ng descri pti on,

various nodi ficati ons SafénsineAyaEslatiet he above

descri bed invention will occur to those skilled in the

ar t The\fdlloswicgingneiikritd aratiineistodoni A gusgieh$iom farloeal ssdmireistration.

of the appended clains are intended to be included

t her eifAgre88&nO 2004/ 028481 PCT/ US2003/ 03 1433untV\HAT | S

CLAI [ S C 1nd of Formuia 7 RIF,ORI3 N aB
| ~E_NE§E 30 E%ﬁﬁég@% ow w8 51 V\h%l'gfgn R and Rl
are in 5 en %nltiée}/ sel ected fromthe groupb'ogonsn sting
of : hyd 'Eglk Lo _ 0g

methyl paraben ‘ 0l5g

propyl paraben 0.05¢g

granulated sugar 250¢g

sorbitol (70% solution) 13.00 g

Veegum K (Vanderbilt Co.) 10g

flavoring 0.035ml

colorings 0.5 mg

distilled water g.s. to 100 ml

Example 4

Injectable formulation

The following ingredients are mixed to form an injectable formulation.

Ingredient Amount

compound of this invention 0.2 mg-20 mg

sodium acetate buffer solution, 0.4 M 2.0ml

HCI (IN) or NaOH (1N) q.s. to suitable pH

water (distilled, sterile) qg.s. to 20 mi
Example 5

Suppository formulation

A suppository of total weight 2.5 g is prepared by mixing the compound of
the invention with Witepsol® H-15 (triglycerides of saturated vegetable fatty acid;
Riches-Nelson, Inc., New York), and has the following composition:

Ingredient ; Amount
compound of the invention 500 mg
Witepsol® H-15 balance
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al kyl, 10 substituted al kyl, al kenyl, substituted

al kenyl, alkynyl, substituted alkynyl; 15 R13 is
wa@edogorsadl from t he group consi sting of hydrogepCT/abio9s/931433

and substituted alkyl; R14 is selected fromthe group

consi sting of hydrogen, alkyl, and substituted al kyl;

A, B, D, and E are independently selected fromthe

group consisting of 20 >N, >CH, >C-CN >C- N2,

C al C.sub d. al kyl k
7S 2ot b ?gp g &%&}ﬁ Rsesialibnd chgpaes n the
%bKVJWésane@ 15“9@85'2@11 oc&ar $B4e Bglﬁed Ethfll such

>C hydroxy, >C-al koxy, >C-am no, >C-alkylam no,
iicatiops eering, withdn kel soopanf th@}(pl:néercdamm ar@ HWI)ded to be
oxazol -5-yl), >C (1, 3-thiazol-2-yl),
>’Efl‘§‘?ei%%8 B 2-y1), >C(2-0x0 25 [1,3]dithiol-4-yl),
>C-(furan-2-yl), and >C-( 2H[1,2,3]triazol-4-yl); 89
WD 2004/ 028481 PCT/ US2003/ 031433 F is selected from
>N, >C-CN, >C N2, >C-alkyl, >C-substituted al kyl,
>C- al kenyl, >C-substituted al kenyl, >C-al kynyl,
>C-substituted alkynyl, >C NHCONH2, >C- CONR15R16,
>C- COOR15, >C-al koxy, >C-(1, 3- oxazol-2-yl),
>C- (1, 3-oxazol -5-yl), >C (1, 3-thiazol-2-yl),
>C- (i mdazol-2-yl), 5 >C(2-0xo0-[1,3jdithiol-4-yl),
>C-(furan-2-yl),>C(2H[1,2,3]triazol-4-yl), and
>C-Y, where Y is selected fromthe group consisting of
hydr ogen, hal o, hydroxy, alkylthioether, and - NR3R4
where R3 and R4 are independently selected fromthe
group consi sting of hydrogen, hydroxy, alkyl,
substituted alkyl, alkenyl, substituted al kenyl,
al kynyl, substituted al kynyl, al koxy, 10 substituted
al koxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted
heterocyclic and where R3 and R4 are joined to form
together with the nitrogen atom bond thereto, a
heterocyclic group, provided that only one of R3 and
R4 is hydroxy, al koxy, or substituted al koxy;
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wa@bdoglo2s4scycl oal kyl ,

R15 and R16 are independently selected fromthe group
consisting of: 15 hydrogen, alkyl, substituted

substituted aryl, heteroaryl, substituted
heteroaryl, and R15 and R16 together with the nitrogen
atomto which they are 25 attached may form a

het er cycl oal kyl , substituted heterocyl coal kyl,

h I \ tituted heteroaryl; W W2, and W3
aﬁ@iﬁﬁggdthég&gﬁggéélected fromthe group consisting
of : hydrogen, 30 a phosphate, a phosphonate, 90 WO

2004/ 028481 %gygygg%g%%f@fs ~a nonof | uor ophosphat e,

acyl, a sulfon alipid, 5 an am no acid,
a carbohydrate, a peptide, and chol esterol; and
pharmaceutical |y acceptable prodr ug§ and salts

t hereof; 10 provided that thg\sgnvp fnd of Formula |
is not: a)

9-(13-D—ribofuranosyl)-6-hngo Faﬁinopurine; b)
7-(3-D-ri bofuranosyl)- 4-hydy IDa,m no- pyrrol o[ 2, 3-

WO
o

R R1

0 0
\
2 w3

W
[

wherein R and R! are independently selected from the group
consisting of? |

' hydrogen,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl,

substituted alkynyl; ,

R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; |

R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;

A, B, D, and E are independently selected from the group consisting of
>N, >CH, >C-CN, >C-NO,, >C-alkyl, >C-substituted alkyl, >C-alkenyl,
>C-substituted alkenyl, >C-alkynyl, >C-substituted alkynyl, >C-NHCONH,,
>C-CONR"R'®, >C-COOR", >C-hydroxy, >C-alkoxy, >C-amino,
>C-alkylamino, >C-dialkylamino, >C-halogen, >C-(1,3-o0xazol-2-yl),
>C-~(1,3-oxazol-5-y1), >C-(1,3-thiazol-2-yl), >C-(imidazol-2-yl), >C-(2-oxo-
[1,3]dithiol~4-y1), >C~(furan-2-y), and >C~( 2H-[1,2,3]triazol-4-yl);

89
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d] pyri m di ne; c) _
9-(2'-Cnethyl-(err)-D-ribofuranosyl)-6-hydroxyl am nop
WQIR00A®28481L5 d) PCT/US2003/031433
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9- (5' - O nonophosphat e- (3-D-ri bof uranosyl ) - 6-

hydr oxyl am nopuri ne; and e) _
9-(5' -Otriphosphat e- (3-D-ri bof uranosyl) - 6- hydr oxyl am
nopurine. 2. The conpound according to Caiml,

b 0 . 3. A
Compounis ST RgRm SN AC-CB -GN Goont dbshge- aaiitol
Eﬁ%%%@?k@%bs%%@ "G 36 sttt
selkpestl StC-NFGONER, g@dE@NRe $E-COPRT, >G}yﬂkb&g,erc (1 3-

R W e R e e
t het(ziaxa.rnu 3@1&1@61&1 FOL >0 ﬁ@alm NOYE(2HRS, 3]&1;%1 @@A)ed
fromthe consi sting drogen al Kyl ,
and >C-Y, w ere is selected from the group consisting of hydrogen halo,
hydroxy, alkylthioether, and -NR’R* where R® and R* are independently
selected from the group consisting of hydrogen, hydroxy, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and where R* and R* are joined to form,
together with the nitrogen atom bond thereto, a heterocyclic group, provided
that only one of R* and R* is hydroxy, alkoxy, or substituted alkoxy;
R" and R'S are independently selected from the group consisting of:
hydrogen,
alkyl,
substituted alkyl,
cycloalkyl,
substituted cycloalkyl,
aryl,
substituted aryl,
heteroaryl,
substituted heteroaryl, and
' and R' to gether with the nitrogen atom to which they are
attached may form a hetercycloalkyl, substituted heterocylcoalkyl,
heteroaryl, or substituted heteroaryl;
W, W, and Ware independently selected from the group consisting
of:
hydrogen,
a phosphate,
a phosphonate,

90
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substituted alkyl; Rl4 is selected fromthe group
consi sting of hydrogen, alkyl, and 15 substituted

wa@bdoglo28481 B, D, and E are independently sel ecperiufz0081031433

the group consisting of >N, >CH >CCN, >C NO2,

>C-al kyl, >C-substituted al kyl, >C NHCONH2,

>C- CONR15R16, >C- COOR15, >C- hydroxy, >C-al koxy,

>C-am no, >C-al kyl am no, >C-di al kyl am no, >C- hal ogen,
>C- (1, 3-oxazol - 2 |1) ., 20, >C- (1, 3-thiazol -2-yl) and

>C- (i mi dazo"f*‘-“é’ll&}ﬂ‘;{? ophesphale) ected from >N, >CH, >C- CN,
>C- NQ2, >C—§dyllgyl , >C substituted al kyl, >C- NHCONHZ2,
>C- CONRL15R16, >C- COOR15, >C- al koxy,

>C- (1, 3- oxaz@iaatglester>C- (1, 3-t hi azol - 2-yl),

>C- (i m dazo] -.2.-dyl ), and >C-Y, where Y is selected
fromthe gr%ﬂ%l tonsi sting of hydrogen, hal o, hydroxy,
25 al kyl t hi geddigb.acid - NR3R4 where R3 and R4 are

i ndependently selected from 92 WO 2004/ 028481

PCT/ US2003/ ®&1hdwdrathe group consi sting of hydrogen,
hydr oxy, al . tituted al kyl, al kenyl,

substi t ut ef%‘%"lﬁlgﬁy % al kynyl , substituted al kynyl,

al koxy, subdioldsterelgl al koxy, aryl, substituted aryl,
het eroaryl, substituted heteroaryl, heterocyclic,

subst i %WEP%V&CP@t%%IPWﬁ&% apgsalisdheaofar e
| 0i nechboidb R 1:QB8IHRGR W Al 12Gop1 L1 ogen atom

bond thereto, a heterocyclic group, provided that only

one of R3 an)do-kB-D-sibbfneanoxyl)-6elylepkylantifiotist i t ut ed
al koxy; R15 and R16 are independently selected from
the group cOnér@tPripodiranosyidfopsioxylamipo-pyrmio[2,3-
substituted al kyl, cycloal kyl, substituted

C@BP’W&F U8, aryl, substituted aryl, 15 heteroaryl,

substituted roaryl .. and. and oget her wth
the nitr ogeci% h%k% r'r¢ 'tl%%bﬂlac'ﬁ It ag[?sgl)%gyérogylammopunne;
d) 9-(5°-O-monophosphate-B-D-ribofuranosyl)-6-
hydroxylaminopurine; and

e) 9-(5’-O-triphosphate-f-D-ribofuranosyl)-6-hydroxylaminopurine.

2. The compound according to Claim 1, wherein R and R! are not both

hydrogen.

3. A compound of Formula IA:
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attached may form a hetercycl oal kyl, substituted
het erocyl coal kyl, heteroaryl, or substituted

whedoenzsasyl ; 20 Wis selected fromthe group cPOBUS10031031433

of :  hydrogen, a phosphate, a phosphonate, acyl, 25
al kyl, a sulfonate ester, a lipid, an amno acid, a
carbohydrate, 30 a peptide, and cholesterol; 93 WO
2004/ 028481 PCT/ US2003/ 031433 and pharmaceutical ly
accept abl e salts thereof provhded tggh t he conpound of
Formula 1A is not 9-(2'- C—nethy

ri bof uranosyl) - 6- hydr oxyl am gop 5 4. A conpound
of Formula IB: R14 OR13 N,Z—-'N NNNY WO R
RL OOW W8 |IB wherein R Fare i ndependent |y
sel ected fromthe growp 10 onS|st|ng of :
R R
OH OH
IA

wherein R and R! are independently selected from the group
consisting of: \ |
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl,
substituted alkynyl;

provided that R and R! are not both hydrogen;

R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;

R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;

A, B, D, and E are independently selected from the group consistihg of
>N, >CH, >C-CN, >C-NO,, >C-alkyl, >C-substituted alkyl, >C-NHCONH_,
>C-CONRR', >C-COOR", >C-hydroxy, >C-alkoxy, >C-amino,
>C-alkylamino, >C-dialkylamino, >C-halogen, >C-(1,3-oxazol-2-yl),
>C-(1,3-thiazol-2-y1) and >C-(imidazol-2-yl);

F is selected from >N, >CH, >C-CN, >C-NO,, >C-alkyl, >C-
substituted alkyl, >C-NHCONH,, >C-CONR'*R', >C-COOR", >C-alkoxy,
>C-(1,3-oxazol-2-yl), >C-(1,3-thiazol-2-yl), >C-(imidazol-2-yl), and >C-Y,
where Y is selected from the group consisting of hydrogen, halo, hydroxy,
alkylthioether, and -NR*R* Where R and R* are independently selected from
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hydrogen, al kyl, substituted alkyl, alkenyl, 15
substituted al kenyl, alkynyl, and substituted

w@bdogd481 R13 is sel ected fromthe group consiBCT/N§2003/031433

hydrogen, al kyl, and substituted alkyl; 20 R14 is

sel ected fromthe group consisting of hydrogen, alkyl,
and substituted alkyl; Y is selected fromthe group
consi sting of: hydrogen, halo, 94 WO 2004/ 028481

P

gl Ny eltREe AlkyRy aRSYy, sebdtitlited alkoxy,
gg@%ﬁ@%?g{gﬁ% W’;I kenyl , SYE%ij)st tuted al kenyl ,y

alWysupstitugedisylj haierearyhlskistipnted hetrepayy], hataseesicliot ed

al koxy, ryl, .substi.tuted aryi, he : -
SubS et B ErBd i Rl 8 yeFhe Rk vegpevit
R RIQEYE hibf A (N6 Ea IterdBgcli4rads piavidwddhitonlpoums
toget her 4v_vlth the nitrogen atom bond thereto, a
redRe rand e Iis ydgeron plkopy.ovistesiitetpdelke®ysy one of R3 and
R4 i s biydr oxY | o 1S
sel ect'ed aPﬁ? rgﬁrgiﬁag?%rg 61% o%eg%z%dl ﬁn&é{hg% @omgér(%sé%%g o
hal o, hydr axdrogeal kyl , 15 substituted al kyl, al kenyl,

alkyl,
substituted alkyl,
cycloalkyl,
substituted cycloalkyl,
aryl,
substituted aryl,
heteroaryl,
substituted heteroaryl, and
R'® and R!® together with the nitrogen atom to which they are
attached may form a hetercycloalkyl, substituted heterocylcoalkyl,
heteroaryl, or substituted heteroaryl,
W is selected from the group consisting of:
hydrogen,
a phosphate,
a phosphonate,
acyl,
alkyl,
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and

cholesterol;
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substituted al kenyl, al kynyl, substituted al kynyl,

20 cyano, carboxyl, carboxyl ester, acylam no,
wda @40x:80l - 2-yl, 25 1, 3-oxazol - 5-yl, PCT/US2003/031433
1, 3-thiazol-2-yl, imdazol-2-yl, 2-oxo-[ 1,3 ]

dithiol-4-yl, furan-2-yl, 30 2H][1,2,3]triazol-4-yl,
and 95 WD 2004/028481 PCT/ US2003/ 031433 -NR3R4 where
R3 and R4 are independently selected fromthe group
consi st in f yl, substituted
al kyl , %% Iﬁléﬁﬂ%‘ir‘l‘?{gg@gg‘g?eP%?%%ﬁéf‘l?egée‘;rify| . al kynyl ,

subst i protiddd elak sheybmpahkdafForsmbsiA suioed-(21-Canatityl-o-D-
aryl, substituted aryl, heteroaryl, substituted
Héadpigapsil)-O-hadox playgnapering  syupst it ut ed heterocyclic
and where R3 and R4 are joined to form together with
the nitrogen atom bond thereto, a heterocyclic group,
provi deéd t hAtcompbyndefdFormiiladB:and R4 i s hydroxy,

al koxy, or substituted al koxy; W W2, and WB are

i ndependently selected fromthe group consisting of:
10 hydrogen, a phosphate, a p@s@ona%t e, a

nonof | uor ophosphate acyl, 15 a ®dl fonate ester, a

i pi d N
’ N
z—< ||
/
wo
0
R R
0 o
w2 We
IB

wherein R and R! are independently selected from the group
consisting of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl;
R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl,
Y is selected from the group consisting of:
hydrogen,
halo,
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an am no acid, a carbohydrate, a peptide, and 20
chol esterol; and pharmaceutically acceptabl e prodrugs

war@4®28485 t hereof; provided that the conmpouneCT/S2003/031433

Formula I B is not a)
9-((err)-D-ribofuranosyl)-6-hydroxyl am nopuri ne; b)
9-(2' -G nethyl -a-D-ri bofuranosyl ) - 6- hydr oxyl am nopuri n

e; 25 ¢)
9- (5' - O nonophosphate- (err)-D-ri bof uranosyl ) - 6-
hydr oxyl am tne; and d)

9- (5" - O trigphagpidafee- (3- D-ri bof uranosyl ) - 6- hydr oxyl am
nopurine. 5.° The cdnpound ,accor ding to daim4,
wher ei n at -NR3R{ where RofanRRind: iRlepedderitly ssidetad ftdmathe

hyd . .96 004/,028481 / US2003/ 03143 . A
é%%’:?g‘%ﬁg‘SB?g %%Br?ﬁ?g&nﬂl 1&?:2‘1“?-%?/4 a%ét&‘%%@iﬁﬁzh Rﬁ@ﬁv VO
QubdBititdd aliEhy@hikydyE subdiRael Aikkn ) dikRty, auBstituted alkoxy,

i ndependent|y sel ected fromthe group consisting of:

lagpdr peittutedrdy heteroayl, subsiituted helgroarilyheteragyicliny | |
substituted heterocyclic and where R> and R* are joined to form, together with
the nitrogen atom bond thereto, a heterocyclic group, provided that only one
of R? and R* is hydroxy, alkoxy, or substituted alkoxy;
Z is selected from the group consisting of:

hydrogen,

halo,

hydroxy,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl,

substituted alkynyl,

cyano,

carboxyl,

carboxyl ester,

acylamino,

1,3-0xazol-2-yl,

1,3-oxazol-5-yl,

1,3-thiazol-2-yl,

imidazol-2-yl,

2-oxo0-[1,3]dithiol-4-yl,

furan-2-yl,

| 2H-[1,2,3]triazol-4-yl, and

95



10

15

20

25

30

substituted al kenyl, alkynyl, and substituted
al kynyl, 15 provided that R and Rl are not both

whyenogasr R13 is selected fromthe group consPGI/URIPO®H31433

hydr ogen, al kyl, and substituted alkyl; R14 is

sel ected fromthe group consisting of hydrogen, alkyl,
and substituted alkyl; 20 Y is selected fromthe
group consisting of: hydrogen, hal o, hydroxy,

| kyl t hi oet 25 - NR3R e.R3 R4
ian dg pen :.‘i g (net Tli\ﬁg?e‘ll gg?rggl £ ﬁlmlaﬁacre‘%@@ﬁ’eﬂg’gb@ﬂ%%gm the
%ﬁ#@&%&%ﬁ?&o &, QYo PNIAL éu&gtithf(egnfmlgn,oegﬁéﬁyl,

hydr ox a , substituted al kyl, a

s%llbwil{eéta@@na}, By, s@it@w alkgnybsdlcaxyt sésﬁtukeéd@kqxly,
R R S LI S T R Sl

substitutedthetbriwichic anywhére RARAd W aregolR3d a6 eorfR todlether with
“ﬁlned to form together wwth 5 the nitrogen atom bond
t

& REfagen glogs berdibgreta, a hgiemeycligegreyp.auavidedthabenly onee

B : ' V. Y ubstituted
gffkoxy;arig1 Ilgegiy%@f(g’ca?% f?ro%b%&ﬁé%gﬁg{%iconsi sting of:
hydr og®a Whahd W at@indgpsimdanytly setdched frora st grdfsEhsiatiag e

.and R4 are independently selected fromthe group
consi sting of hydrogen, hydroxy, alkyl, substituted
al kyl, alk egensubstituted al kenyl, al kynyl,
substituted "al kynyl, al koxy, substituted al koxy, 15
aryl, substdphaspbateryl, heteroaryl, substituted
het er oaryl , hlgt eﬁocycl ic, substituted heterocyclic
and where REPERBIRECar e joined to form together with

a monofluorophosphate

acyl,

a sulfonate ester,

a lipid,

an amino acid,

a carbohydrate,

a peptide, and

cholesterol;
and pharmaceutically acceptable prodrugs and salts thereof;
provided that the compound if Formula IB is not

a) 9-(B-D-ribofuranosyl)-6-hydroxylaminopurine;

b) 9-(2’-C-methyl-o-D-ribofuranosyl)-6-hydroxylaminopurine;

¢) 9-(5’-O-monophosphate-f-D-ribofuranosyl)-6-

hydroxylaminopurine; and

d) 9-(5’-O-triphosphate-B-D-ribofuranosyl)-6-hydroxylaminopurine.

5. The compound according to Claim 4, wherein at least one of R and R*

 is other than hydrogen.

96



10

15

20

25

the nitrogen atom bond thereto, a heterocyclic group,
provided that only one of R3 and R4 is hydroxy,

W@bkdangg4sor substituted al koxy; Wis sel ected PCDIS1008031433

group consisting of: 20 hydrogen, a phosphate, a
phosphonate, acyl, a sulfonate ester, 25 a lipid, an
am no acid, a carbohydrate, a peptide, and

chol esterol; 30 and pharmaceutically acceptable salts
t hereof; provided that the conmpound of Formula ICis
not 9-(2'-C-nethyl-a-D- 98 WD 2004/ 028481

PCT/ US2003/ 031433 ri bofuranosyl)-6-(-S or R

I nactive-)-hydroxyl am nopurine. 7. A conpound of

For nuiba | CAco@pdNmd-¢f Formpa fCN* Y WO OF RRI OH OH
51CA wherein R and RL are independently sel ected

fromthe group consisting of: hydrogen, alkyl, 10
substituted al kyl, RY¢_~_OR®
N
~1 )
z
.
wo
0
R R!
OH OH
IC

wherein R and R are independently selected from the group
consisting of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl,
provided that R and R! are not both hydrogen;
R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
Y is selected from the group consisting of:
hydrogen,
A halo,
hydroxy,
alkylthioether,
NR3R? where R® and R* are independently selected from the
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al kenyl, substituted al kenyl, alkynyl, and
substituted al kynyl, 15 provided that R and Rl are not

whoaoh/obsadr ogen; R2 is -NR3'R4' where R3' is hyPeDUSI003/031433

and R4" is hydroxy or alkoxy; Y is selected fromthe
group consisting of: hydrogen, halo, 20 hydroxy,

al kyl thi oether, -NR3R4 where R3 and R4 are

i ndependently selected fromthe group consisting of

Q%géggfsgmi@gloﬁw@%ﬁs@é}o%%ﬁl SRR iy
E@@Yeid at%%llyhe?% {is l?’sﬁ‘. ﬁﬁe@:ﬂﬁ%yl hetano @uEBéhtutecQﬁkoxy,

et erocyclic, substituted
51«71 etisstiyatd arya,nmwwmyb smummdl heg@om z@@mm@ms 1

PCT/ US2003/ 031433 . R d to.f
whtitwiad-hebaacyelis ang 8&‘8 eﬁﬁ ar%]%ﬁnet%rt? ocyCli %éﬂge? (‘)03{ rlJ
é tﬁtro(';)g%h%h%rg Bohd BBdiDe }&Eé%{ﬁfcﬁ@ Bfgup} pragided that bylyramgen,

roxy, and -NR3R4 whére R3 and R4 are
bfiREpeHRE Isthyylrasm aboxsd of subsiituted allFup consi sting of

hydr oge k bsti tuted l, al kenyl,

subst lﬁlfeéﬁ"te%hk@ﬁb}? grogplgyli;]mﬁtl% lg%ﬁbst i tut eg al kynyl ,

al koxy, arydrogsstituted aryl, heteroaryl, 10
substituted heteroaryl heterocycllc substltuted

het er ocycl lhéloand where R3 and R4 are joined to form
t oget her th txge nitrogen atom bond thereto, a

het er ocycl i up; Wis selected fromthe group
conS|st|ngam@1anhydrogen, 15 a phosphat e,

_NR®R* where R® and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R® and R* are joined to form, together with
the nitrogen atom bond thereto, a heterocyclic group, provided that only one
of R® and R* is hydroxy, alkoxy, or substituted alkoxy;

W is selected from the group consisting of:

hydrogen,

a phosphate,

a phosphonate,

acyl,

a sulfonate ester,

a lipid,

an amino acid,

a carbohydrate,

a peptide, and

cholesterol;

and pharmaceutically acceptable salts thereof;

provided that the compound of Formula IC is not 9-(2°-C-methyl-0-D-
98
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acyl, a sulfonate ester, a lipid, an amno acid, 20

a carbohydrate, a peptide, and cholesterol; and
w@banmesaeut i cal |y acceptable salts thereof; prepeT/tusmo3/031433

that the conpound if Fornula IC-A is not

9-(2'-CGnethyl-a- 25

D-ri bof uranosyl ) - 6- hydr oxyl am nopuri ne. 100 WO

2004/ 028481 PCT/ US2003/ 031433 Patent Attorney Docket

g PR B ERE 2 D, 9

wherein R and Rl are independently selected fromthe
group conS| sting of: hydr 5{1%2& al kyl, substituted
al kyl ,7. al kdwpmpound efFgmul al kenyl, al kynyl, and

SN
N¢i\Y

WO

OHOH
IC-A
wherein R and R' are independently selected from the group
consisting of:

hydrogen,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl, and

substituted alkynyl,

provided that R and R! are not both hydrogen;

R?is -NR*R* where R”' is hydrogen and R¥ is hydroxy or alkoxy;
Y is selected from the group consisting of:

hydrogen,

halo,

hydroxy,

alkylthioether,

“NR’R* where R® and R* are independently selected from the
group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic and where R® and
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substituted al kynyl; R13 is selected fromthe group
consi sting of hydrogen, alkyl, and substituted al kyl;

WA 200R048485 sel ected fromthe group consisting BET/US2003/031433

hydrogen, al kyl, and substituted alkyl; Y is selected
fromthe group consisting of: hydrogen, halo, 20
hydr oxy, al kylthioether, and - NR3R4 where R3 and R4
are independently selected fromthe group consisting

of, .hydrqgen, hydragxy, .al kyl. substi t,ut L kyl ,
3 icoyned o G foseniob i ROy EE AR R b1 i oo

: Xy, substituted al koxy, 101 WO
SR AR ooos) 031433 aryl, substituted aryl,
heterdﬁsyﬂ@dgbﬁgnﬂhgeeumh@n%ﬂuém¥¥, het erocycli c,
substituteg het erocyclic and where R3 and R4 are
joined to Y ¥ ogether with the nitrogen atom bond
thereto, apheterocyclic group, provided that only one

of R3 and R4 is hydroxy, al koxy, or substituted
al koxy; 5 hgdioxysaidected fromthe group consisting of:

v oger | Al e Buibaathon o
St dohbibieet ef toyiRyden, alk$l, subatitntedizatydxalkenyl cabktoutet
%?lge%/l’, alkynyl, substituted alkynyl, alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic and where R’ and
R* are joined to form, together with the nitrogen atom bond thereto, a
heterocyclic group;
W is selected from the group consisting of:
hydrogen,
a phosphate,
acyl,
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
and pharmaceutically acceptable salts thereof;

provided that the compound if Formula IC-A is not 9-(2’-C-methyl-a-
D-ribofuranosyl)-6-hydroxylaminopurine. '
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acyl am no, 1, 3-oxazol-2-yl, 20 1, 3-oxazol -5-yl,

1, 3-thiazol-2-yl, imdazol-2-yl, 2-oxo-[ 1,3 ]
waleaohiozd48¥-yl ,  furan-2-yl, 25 2H[1, 2, 3] tri azRCFBS2003/031433

and - NR3R4 where R3 and R4 are independently sel ected

fromthe group consisting of hydrogen, hydroxy, Patent

al kyl, substituted al kyl, ancenyl, subAtoingsogkgt No.:55491-20008.40

al kenyl , al kynyl, substituted al kynyl, al koxy,

substit uted al koxy, I bstituted aryl,

heter&%rylfkgﬁﬂgﬁ¢waﬁﬁ3§%ﬂngrbaryI, het erocyclic, 30

substituted heterocyclic and where R3 and R4 are

joined to form together with 102 WD 2004/ 028481

PCT/ US2003/ 031433 Patent At Blaey ®Bcket

No. : 55491- 20008.40 the nit ogenNaton1bond thereto, a

het erocyclic group, provide%‘gﬂf’t‘t§ nly one of R3 and

R4 is hydroxy, al koxy, or s it d al koxy; W W2,

and WBar e i ndependent|y._sel e t edVfrom t he group

consisting of: 5 hydroggpnp.|a phosphate,

phosphonate, nonofl uo te -acyl, 10 alkyl, a

sul fonate ester, a linpi n amno acid, a

car bohydrate, 15 a peptide, %and - '

w2 ws
ID

wherein R and R' are independently selected from the group consisting of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl;
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
Y is selected from the group consisting of:
hydrogen,
halo,
hydroxy,
alkylthioether, and
-NR’R* where R* and R” are ihdependently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,

101



10

15

20

25

30

chol esterol ; and pharmaceutically acceptabl e prodrugs
and salts thereof; provided that the conpound if

wo-oroakssli D i s not 7-(-D- ribofuranosyl)- 4- PCT/US2003/031433

hydr oxyl am no- pyrrol o[ 2, 3-d] pyri m dine. 20 9. The
compound according to Caim8 wherein at |east one of
Ror RL is other than hydrogen. 10. A conpound of

Formula IE: 25 103 WD 2004/ 028481 PCT/ US2003/ 031433
R14 / OR13

N 1T ~N_.~=NNY, W O w
v B Hed anh e et R B e g G e
&té@h&ér@é%hc @RA $s}h%¥d RUar R* 4y Higegieo fornd, tafdthidr, with
stituted al kyl, alkenyl, substituted alken I
amdﬂyhvgqn abord bmd ﬁmﬁm a hateraoyelivygrapp; prRysied dhat

51 R A hy oxy, Io%;,'o? gubsft1’[1Hé(dje{lf2(g)8;,1 al kyl, and

72 is selected from the group consisting of:

hydrogen,

halo,

hydroxy,

alkyl,

substituted alkyl,

alkenyl,

substituted alkenyl,

alkynyl,

substituted alkynyl,

cyano

carboxyl,

carboxyl ester,

acylamino,

1,3-oxazol-2-yl,

1,3-oxazol-5-yl,

1,3-thiazol-2-yl,

imidazol-2-yl,

2-0x0-[1,3]dithiol-4-yl,

furan-2-yl,

2H-[1,2,3]triazol-4-yl, and

NR’R* where R® and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

substituted heterocyclic and where R and R” are joined to form, together with
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substituted alkyl; Rl4 is selected fromthe group

consi sting of hydrogen, alkyl, and substituted al kyl;
wazooyorsssel ected fromthe group consisting of PCT/US2003/031433

hydrogen, hal o, hydroxy, alkylthioether, and 20

-NR3R4 where R3 and R4 are independently sel ected from Patent

the group consisting of hydrogen, hydr o%ejney BeckayNo.:55491-20008.40

substituted aIkyI al kenyl , substltuted al kenyl ,

d
S TS LMo RO 3 A9 o
St alrIle“el@l htf(ﬁbﬁj‘r,%lfdddy, om@tﬁmfen@mo&y subst i tuted
het er oc wher e and R4 are joined to form

t oget h@%% ﬂmd are\mqv@mqlmlz@aweqb@pmézmmmls@ng

tQ@ nitrogen atom bond thereto, a heterocyclic group,
provi ded that only one of R3 and R4 is hydroxy,

al koxy, or wsdbsdent ut ed al koxy; Z3 is selected from
the group consisting of: hydrogen, 5 halo, hydroxy,
al kyl, sub%Phaspha® al kyl, ~al kenyl, 10 substituted

oLkenyl | bt subst tuted allnyl, - oyano
1, 3- oxazol -Reydfluorophosphate
acyl,
alkyl,
a sulfonate ester,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
and pharmaceutically acceptable prodrugs and salts thereof;
provided that the compound if Formula ID is not 7—(B-D-
ribofuranosyl)- 4- hydroxylamino-pyrrolo[2,3-d]pyrimidine.

9. The compound according to Claim 8 wherein at least one of R or Rlis

other than hydrogen.

'10. A compound of Formula IE:
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wWQ@Rkbop02888] tri azol - 4-yl

1, 3-oxazol -5-yl, 1,3-thiazol-2-yl, 20 i mdazol-2-yl,
2-oxo- [ 1, 3] dithio |l-4-yl, furan-2-yl,

i ndependently selected fromthe 25 group consisting
of hydrogen, hydroxy, alkyl, substituted al kyl,

al kenyl, substituted al kenyl, al kynyl, substituted

al kynyl , al koxy, substituted al koxy, aryl,
substituted aryl, heteroaryl, gsubst kit ed heteroaryl,
heterocyclic, substituted heterqeyclic and where R3
and R4 are joined to form tggether with the nitrogen
atom bond thereto, a heter §cljc roup, provided that
only one 30 of R3 and R4 is Ryor@&/-yal koxy, or
substituted allcoxy; W WD([2004/ 028481

PCT/ US2003/ 031433 W W2, WB are independently
selected fromthe grou& I ng of: hydrogen, a
phosphate, 5 a phosphonate, la nonof | uor ophosphat e,
acyl, a sulfonate ester, ga(%ipid, 10 an am no acid,

a carbohydrate, a peptiﬂb, affd chol esterol; and
pharmaceutically acceptablie prodrugs and salts

1" e b 1S SRR SRR P o, 10
hydHsREBE of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl;
R" is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl; '
R is selected from the group consisting of hydrogen, alkyl, and
substituted alkyl;
Y is seleéted from the group consistirig of:
hydrogen,
halo,
hydroxy,
alkylthioether, and
NR’R* where R® and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

substituted heterocyclic and where R? and R* are joined to form, together with

104

and - NRBR4 where R3 apci/Bd20a3/631433



10

15

20

25

30

WO pabefoesident |y sel ected fromthe group

12. A conpound of formula Il: C(H b2 N oBEA -~
Np%» WO RRL W0 WB 20 11 wherein R and Rl are

hydrogen, al kyl, 106 WD 2004/ 028481 PCT/ US2003/ 031433
substituted al kyl, al kenyl, substituted al kenyl,

al kynyl, and 5 substituted al kynyl; Y2 -is CH2, N, O,

S, SO or S2; N together with -C(H)b and Y2 fornms a

lic, [ h [ .
05 R eSS B AR, s e
hﬁqé&@ﬁﬁﬁﬁéﬁ<ho§ﬁhﬁbk?yhﬁﬂbhﬁmgd@mwg;ic, het eroaryl or

substituted heteroaryl group.is optionally fused 10 to
f or m aZbis selegiedripmithe groun consigingyt em (preferably no

nmor e 't han %gfd#%?? rings) wwth one or nore ring
e

structures ’ed fromthe group consisting of

cycl oal kyl ,halgycl oal kenyl , heterocyclic, aryl and

het eroaryl group which, in turn, each of such ring
structures m@mﬁﬁtionally substituted with 1 to 4
substituentﬁ$ﬁelected fromthe group consisting of
hydroxyl, halo, al koxy, substituted al koxy, thioalkyl,
subst i t ut ecsub&itoled eliykyl , aryl, heteroaryl,

het er ocycl i ¢, nitro, cyano, carboxyl, carboxyl esters,
al kyl , alxenyl,

substituted alkenyl,

alkynyl,

substituted alkynyl,

cyano

carboxyl,

carboxyl ester,

acylamino,

1,3-oxazol-2-yl,

1,3-oxazol-5-yl,

1,3-thiazol-2-yl,

imidazol-2-yl,

2-0x0-[1,3]dithiol-4-yl,

furan-2-yl,

2H-[1,2,3]triazol-4-yl, and

NR’R* where R? and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R? and R* are joined to form, together with
the nitrogen atom bond thereto, a heterocyclic group, provided that only one

of R® and R* is hydroxy, alkoxy, or substituted alkoxy;
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substituted al kyl, al kenyl, substituted al kenyl,
al kynyl, substituted al kynyl, am no, and substituted

wW@riono28481 i s an integer equal to O or 1; A B,rPOy/uswd3/@31433

are independently selected fromthe group consisting
of 20 >N, >CH, >C-CN, >CN02, >C-al kyl,
>C-substituted al kyl, >C-al kenyl, >Csubstituted

al kenyl, >C-al kynyl, >C-substituted al kynyl,

>C- NHO@V«I 2 QQ\B@ QLS

>C- al koxl;;af >a8- §¥n no, @en l?%eg;%n no, om%%oé}}i%(??%lstm
>@fhal ogen, >C (1, 3- oxazol 2-yl),

>C- (1, 3- oxa?lo(% ), >C- (1, 3-thiazol-2-yl),

>C- (i ni dazol™ §‘¥ >C-(2-0x0 25 [1,3]dithiol-4-yl),
>C—(furan-23¥)ha,sphgt@d >C( 2H[1,2,3]triazol-4-yl); F
is selected from>N >CCN, >C N02 >C-al kyl,

>C- subst i t UB®HOSPAPRAEE, >C- al kenyl, >C-substituted

al kenyl , >C C-substituted al kynyl ,

>C- NHOONH?, %@%ﬁfﬁ"% Ratge COOR15, >C- al koxy,

>C- (1, 3- oxaza) -2-yl), >C- (1, 3- oxazol -5-yl),

>C- (1, 3-thi azol - 2-yl >C- (i m dazol -2-yl), 30

>C- ( 2- oxo- [ & SBfenateRst. 4- yI ),

>C—(furan2)ﬂ3 >C-(2H[1,2,3]triazol-4-yl), and
>C- Y, where \} |§ sel ected fromthe group consisting of
hydr ogen, hah eminolfeil, WO 2004/ 028481 PCT/ US2003/ 031433
hydroxy, allcylthioether, and -NR3R4 where R3 and R4
are indepen8é& Q”‘@@Pect ed fromthe group consisting
of hydrogeng Qlytgfeo al kyl, substituted alkyl,

al kenyl , substltuied alkenyl al kynyl , substi t ut ed

al kynyl , al khnlgsterolsubst ituted al koxy, aryl,

substitut ed het I bstituted. hete oar

5 heter ocyclr‘"?délyha,'élﬁ l?ﬁﬁfe%?cmgfﬁ? ngs@ngﬁgl

and R4 are joined to form together with the nltrogen
atom bond thereto, a heterocyclic group, provided

t hat obhly ofke cdmfBmdndcdrdingrte Al 1S WheRik@&X¥ast 6fic of
bst i fute R15 and R16 are independently

al koxy:
dfReds p F%EWHPE%b consi sting of: hydrogen, 10
aIkyI, substituted al kyl, cycloal kyl, substituted
cycl oal kyl, aryl,
1 A compound of formula II:

C(H)b vz
N
N
B S
E
Affl
F
N D~
WO
o)
R R!
w20 Ows

]l
wherein R and R! are independently selected from the group
consisting of:
hydrogen,
alkyl,
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15 substituted aryl, heteroaryl, substituted
heteroaryl, and R15 and R16 together with the nitrogen

wa@e@aioesasivhi ch they are attached may forma PCT/US2003/031433

het ercycl oal kyl, substituted heterocyl coal kyl, 20
heteroaryl, or substituted heteroaryl; W W2, and WB
are i ndependently selected fromthe group consisting
of : hydrogen, a phosphate, 25 a phosphonate, a
nonof | uor oph@sdhaéealkyacyl ., a sul fonate ester, a
lipid, 30 an am no acid, a carbohydrate, 108 WD
2004/ 028481 atemyllUS2003/ 031433  a pepti de, and

chol esterol; rmaceutically acceptable salts
e

t her eof . und according to Caim12,
wherein at l#ggsyl, eme of R and Rl is other than

hydr ogen. 14. A conpound of Fornmula IlA: C(Hb Y2 N
-2</N \N N RubstitntedgcmylR RI

Y?is CH,, N, O, S, SO, or SO;

N together with -C(H), and Y? forms a heterocyclic, substituted heterocyclic,
heteroaryl or substituted heteroaryl group wherein each of said heterocyclic,
substituted heterocyclic, heteroaryl or substituted heteroaryl group is optionally fused
to form a bi- or multi-fused ring system (preferably no more than 5 fused rings) with
one or more ring structures selected from the group consisting of cycloalkyl,
cycloalkenyl, heterocyclic, aryl and heteroaryl group which, in turn, each of such ring
structures is optionally substituted with 1 to 4 substituents selected from the group
consisting of hydroxyl, halo, alkoxy, substituted alkoxy, thioalkyl, substituted
thioalkyl, aryl, heteroaryl, heterocyclic, nitro, cyano, carboxyl, carboxyl esters, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, amino,
and substituted amino; '

b is an integer equal to O or 1;

" A, B, D, and E are independently selected from the group consisting of
>N, >CH, >C-CN, >C-NO,, >C-alkyl, >C-substituted alkyl, >C-alkenyl,
>C-substituted alkenyl, >C-alkynyl, >C-substituted alkynyl, >C-NHCONH,,
>C-CONR"R'S, >C-COOR"?, >C-hydroxy, >C-alkoxy, >C-amino,
>C-alkylamino, >C-dialkylamino, >C-halogen, >C-(1,3-0xazol-2-yl),
>C~(1,3-0xazol-5-yl), >C-(1,3-thiazol-2-yl), >C-(imidazol-2-yl), >C-(2-oxo-
[1,3]dithiol-4-y1), >C~(furan-2-y1), and >C-( 2H-[1,2,3]triazol-4-yl);

F is selected from >N, >C-CN, >C-NO,, >C-alkyl, >C-substituted
alkyl, >C-alkenyl, >C-substituted alkenyl, >C-alkynyl, >C-substituted
alkynyl, >C-NHCONH,, >C-CONR"’R'S, >C-COOR"’, >C-alkoxy, >C-(1,3-
oxazol-2-yl), >C~(1,3-oxazol-5-yl), >C~(1,3-thiazol-2-yl), >C-(imidazol-2-yl),
>C-(2-0xo-[1,3]dithiol-4-y1), >C-~(furan-2-y1),>C-( 2H-[1,2,3]triazol-4-yl),
and >C-Y, where Y is selected from the group consisting of hydrogen, halo,
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OH OH 10 IA wherein R and Rl are independently
sel ected fromthe group consisting of: hydrogen, 15

wa@bdoglo2s48substi tuted al kyl, al kenyl, substitRPCEUS2003/031433

al kenyl, al kynyl, and 20 substituted al kynyl,
provided that R and RL are not both hydrogen; y2 is
CH2, N, 0, S, SO or SO2; N together with -C(H b and
Y2 forns a heterocyclic, substituted heterocyclic,

h . j 4 het | wh '
A iyl e e
PEaletiS2 BO M3 bARP consikinig dfliyarbgealIBidesy s hikgl, substituted

het eroaryl or_ substituted heteroaryl group is
o BTy Sasinted ke rAl i Supittoial A hils dloRTng

S . .
R o

c bawieyihg sobstityted batbroyyclicayd mdetdRhard R het ¢rioayiol form,
aryl .and .heterparyl graqu ich, n turn, each of ,such
[ it‘?%?th% Wé{f’rti}% pifetn ?tgmgﬁlﬁ%ﬁoya belgrocvelisemamuprovided o
4 115 Byl SIS afi@RE i kSdy-ng of
hydr oxgil hal ?6 al k%ﬁ%ﬁ@ﬁ%ﬁf%’%%&gﬁ%%ﬁ%al kyl ,
subst i it aefl R rirpadependerdlyydelectedtfomo dreygroup consisting of:
het er ocycl i nitro, cyano, carboxyl, carboxyl esters,
al kyl, sub fili°§?%d al kyl, al kenyl, substituted

al kenyl, al leygy! , substituted al kynyl, am no, and
substituted am no; 10 b is an integer equal to O or 1;
Wis sel ect sdbstifwsed alke, gr oup consisting of. hydrogen,

a phosphat ecyaomgﬁsphonat e, 15 acyl,

substituted cycloalkyl,

aryl,

substituted aryl,

. heteroaryl,

substituted heteroaryl, and

R" and R'® together with the nitrogen atom to which they are
attached may form a hetercycloalkyl, substituted heterocylcoalkyl,
heteroaryl, or substituted heteroaryl,;

W, W2, and Ware independently selected from the group
consisting of:

hydrogen,

a phosphate,

a phosphonate,

a monofluorophosphate,

acyl,

a sulfonate ester,

a lipid,

an amino acid,

a carbohydrate,
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al kyl, a sulfonate ester, a lipid, an am no acid,
20 a carbohydrate, a peptide, and cholesterol; Yis

w@eloeoesadl from t he group consisting of Y is sePe€rusmo3/031433

fromthe group consisting of: 25 hydrogen, hal o,
hydroxy, al kylthioether, and -NR3R4 where R3 and R4
are independently selected fromthe 30 group
consi sting of hydrogen, hydroxy, alkyl, substituted
al kyl , al ken sugstltuted al kenyl , al kynyl and
substlthexP%ﬁ% it al koxy, substituted 110 WO
2004/02848LﬂB§%&H§2003/031433 Pat ent Attorney Docket
No. : 55491- 20008. 40" al koxy, aryl, substituted aryl,
het er cadyiharmsarsstidallyaeasptrdlecsaliathpreofhet er ocycl i c,
substituted heterocyclic and where R3 and R4 are
joined to form together with the nitrogen atom bond
theretm a g @narued hécodding b CREMVRIRHerhmad 1l ohearfe
of R3 nd R4 is hydroxy, alkoxy, or substituted

B ispothrerj tharslsfdsege8d from t he group consisting of:
hydrogen hal o, hydroxy, alkyl, and 10 - NR3R4 where
R3 and R4 are independently sel ected from the group
consi st4.ng AfcohpdimabefiEoryth oAy, al kyl, substituted
al kyl, al kenyl, substituted alkenyl, alkynyl and
substituted al kynyl, al koxy, substituted al koxy, aryl,
substitut ed

C(H)b Y2
~.
N
N \N
X
P~
NPy
wo
0
R R
OHOH
HA

wherein R and R! are independently selected from the group
consisting of:
hydrogen,
alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl, and
substituted alkynyl,
provided that R and R! are not both hydrogen;
Y?is CH,, N, O, S, SO, or SO;
N together with -C(H), and Y? forms a heterocyclic, substituted heterocyclic,
heteroaryl or substituted heteroaryl group wherein each of said heterocyclic,
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aryl, heteroaryl, substituted heteroaryl,
het erocyclic, substituted heterocyclic and where R3

wape4mds4are joined to form together with the PCT/DSZPEBI031433

atom bond thereto, a 15 heterocyclic group, provided
that only one of R3 and R4 is hydroxy, al koxy, or
substituted al koxy; and pharnmaceutically acceptable
salts thereof. 15. The corrpound according to any of
Clains 1-11 wherein R14_ 20 ?%ﬁjro en and

R13
subsivied hetereyelie hefpogr €5 ﬁglqsgtqt alyk gioup }Faoptlonally fused
Sed ith
R
e WP NP Sing tstrmguresﬁ sdigotecofjemn, thevgtohy consisting of cygleplkpls

oot Bsropy s, Sy SRl il il P 63t Fhch ring

t i "sﬁlf!;ﬁtlﬁéd wRh b 4 \'ibﬁiﬂl ntédelatted from the group
a%@?%?%ﬁgoﬁ@(g%ogar gyl, and tri flsuor on%t hyl. 30 111 WD

20040284y dRGH1, UsR0atkorg sabsituted alkpry thigatkylsubstituted

&1 y:l Sa%;lcﬁftd il g]h@iegc%vgq & elnéntrcé ﬁg'gﬁog%ﬂg'll @arb&!yl Qstéﬁ alkyl,

aGeSHiticaatye, MtealNsdbstinhed slkenyd dlsyryCHnbdbitatsd aE:yHﬁI &nino,
Dis >N, Fiis > or >C—YandE|s>vahereQ|s

saidsubsiiuted emindse group consisting of hydrogen, halo,
cyano, , ac [ o) lLKylor 12! Kenyl, al kynyl, and

het er oa}y %%159 H@tégnpotmd according to d ai m 20,
wher elWi@sbl‘éct‘é@fr@ﬁitﬁdgroh@ chnsistintghe: gr oup consi sting of
hydr ogen, chl oro brono, cyano, H2NC(O) -, nethyl,

et hyl, vinyhy ‘é&‘\’é‘tyl enyl and oxazidin-2-yl. 21. The
conpound acgﬁ}rl EH oto daiml, wherein Ais >N, Bis
>CQ Dis > 'S >CH or >CY and Eis >N where Qis
sel ect ed fra)phctsbhonaga;oup consi sting of hydrogen, halo,
cyano, acyla al kyl', al kenyl and 15 al kynyl . 22.
The conpountf?; ccor ding to daim21, wherein Qis

sel ected fgppm the group consisting of hydrogen,

chl oro, brono; cyano, H2NC(O) -
a sulfonate ester,

a lipid,

an amino acid,

a carbohydrate,

a peptide, and

cholesterol,

Y is selected from the group consisting of Y is selected from the group

consisting of: |

hydrogen,

halo,

hydroxy,

alkylthioether, and

_NR’R* where R’ and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl and substituted alkynyl, alkoxy, substituted
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nmet hyl , ethyl, vinyl and acetylenyl. 20 23. The
conpound according to any of Clains 1, 3, 4, 6, 7, 8,

wa2004/02881 and 14, wherein Wis selected from tPer/gsmopo31433

consi sting of hydrogen, acyl or triphosphate. 25 24.

The conpound according to any of Clains 1, 4, 8, 10 Patent
and 12, wherein W2 and WB are hydrogehmmFY%%WﬁNO2%91ﬂm%40
The conpound according to Claim24, wherein W2 is

A R A e G PR
%@tléﬁ?pd%%@éé&%ﬁ@% R H820Q R Q3 bdd 1@ ?ormTlﬁ%edmmﬂnn d

accor alm 26, wherein said acyl group
fhelgicogen atom) botdhiberpte umem@cb@ rogparoded that %@@nar e
derjved fr am ng_acid acetyl, and
ﬁf:%t mdR 51S%§dr°ﬁﬁ %8{1?1 S{éi%ltgegl@% to either Caim
12 or 714 o1 WR&T BbM the %@ﬁﬁb&ﬁsﬁn‘gﬂo‘fh -C(H b and Y2 forns
a heterocyclic or substituted heterocyclic group. 29.
The conpouhydrag@ordi ng to Cl ai m 28, wherein said
het erocyclic or 10 substituted heterocyclic group is
selected fPdfthe group consisting of 2-
car boxam day@yky,0l i di n-1-yl, piperidin-1-yl,
N-nor phol i no, N-thionorpholino, azetidin-1-yl,
pyrrolin-| agkwl,amdz 3,4-tetrahydropyridin-|-yl,
1,2,3,4- t QfeS0H deftfFselected from the
1,3,4,9- tefltrdéhydro ‘lbeta g;l?'dgé‘llrﬁre%én Mbd 30.

%ﬁﬁisﬁ@ (ﬁ"diydd) gf:n Ampdrdry, glkply pubﬁ@hgq:d;aﬂcﬂg a](lgpnyl substituted

ﬁ%ﬁﬁ&gﬂ(ﬁ%ﬁg& é\l‘tfsﬂglterd ql%y#yl rh?o%f gubsgtuted alkoxy, aryl, substituted
219(1 2het Igﬁﬂ!)s’u(ftﬁe&étéﬂéﬁlfy‘l’ RResK/clic, s@bstituted heterocyclic and

hoxy ! nopurlne
He?d R rldaR art jqieddorfphnftagethersyith the @itrogen atom bond thereto, a

12%0%1&&0&@?&%1@@4 hﬁ%?l}}}[ QRe o of *{) and R is hydroxy, alkoxy, or

Qﬁﬁgtmaamo@ pyrrol o[ 2,3 20 d] pyri m di ne;
7-(2' - G net yI p- Drlbofuranosyl

met hoeptl phimmscpiticely ageepablesplis e?ﬁogl ne;

15.  The compound according to any of Claims 1-11 wherein R
is hydrogen and R" is selected from the group consisting of alkyl and
hydrogen.

16.  The compound according to Claim 15, wherein R' is hydrogen

and R is selected from the group consisting of hydrogen, methyl, ethyl, and
n-propyl.

17.  The compound according to any of Claims 1-16, wherein R is
hydrogen and R’ is selected from the group consisting of methyl, vinyl, allyl,
acetylenyl, propargyl, and trifluoromethyl.
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1-(2' -G nmethyl - (3-D-ri bofuranosyl) -
met hoxyl am no- pyrazol o[ 3, 4- d] pyri mdine; 25

wda2qo2/02838net hyl - (3- D-ri bof uranosyl ) - 4- PCT/US2003/031433

hydr oxyl am no- pyrazol o[ 3, 4- d] pyri m di ne;
7-(2'-C nethyl -p-D-ri bofuranosyl)- 5-chl oro-4-
hydr oxyl am no- pyrrol o[ 2, 3- d] pyri m di ne;
7-(2' - C—rrethyl p D-ri bof uranosyl) - 5- brom) 4-

S b 1 R 5
7>'1‘ﬁ%318¢>1{i‘3i HVJC}f gr%rY’Qﬂ(ﬁEﬁ@ﬂﬂsy' )- 5-nethyl -

hydr oxyl am no- pyrrol of 2, 3- d] pyri m di ne;
7-(2' - C—mst hyl - ( 3- Drlbofuranosyl) 5- cyano- 4-

gy ((:irzo ’IﬁVlcg%{ag %‘%8%&? d%’p (g{g}rslml ,4wﬁerb1n Ais>CH, B is

?msam FGs PP &1 %, @rd B iwlicfl @& Sl dwpddoosit fthe
-C-net hyl - (3-D-ri bof uranos I} 5-et hyl - 4-

rg,rmmmsa%g]@ﬂmdmﬁmo{l o.3yau, meyliapids, akkyl, alkenyl, alkynyl
r@%l%‘ ] hyI (3-D-ri bof uranosyl)- 5-brono-4-

S ycl)5¥h| no-pyrrol o[ 2,3- 10 d] pyri m di ne;
7-(2' -G nethyl - (3-D-ri bof uranosyl) - 5-net hyl -

" met hoxyl am no-pyrrol o[ 2,3- d

1?0 rimdine,
7- (2 -2 et Wpcommopnd isoripe OGpIT 205VhgraindR if sclocted

LRy SR g8 oncion

rméthpb;yﬂhalﬁvhxyl py ety el ?ﬁldibxad}ipwqym d| ne 5-car boxyl

ﬁ;nd?g)%,q ari C_ e %(% gﬁogr ngtﬂgi? ﬁ%rg R >1QInB s

hy d r%%;](ﬁsag?ﬁ E%’lk >g?gf %};/ Z‘r:(gjgrg{l%!f[ %Eﬁﬁﬁéﬂkﬂ&‘?ﬁ Qrzn% ﬁéec'ted“ﬁ:om the

18r6@ easistinggf hydsogen; hilof eyenmasylaiidy, elkarhalkepy! and
hydr cg,)fyl am no- pyrazol o[ 3, 4- d] pyri m di ne;

'22.  The compound according to Claim 21, wherein Q is selected
from the group consisting of hydrogen, chloro, bromo, cyano, H,NC(O)-,
methyl, ethyl, vinyl and acetylenyl. ‘

23.  The compound according to any of Claims 1, 3, 4, 6, 7, 8, 10,
12, and 14, wherein W is selected from the group consisting of hydrogen,
acyl or triphosphate.

24.  The compound according to any of Claims 1, 4, 8, 10 and 12,
wherein W? and W* are hydrogen or acyl.

25.  The compound according to Claim 24, wherein W is hydrogen
or acyl and W° is hydrogen.

26.  The compound according to Claim 25, wherein W2 is acyl.
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1-(2' -G nmethyl -j3-D-ri bofuranosyl) - 4-
nmet hoxyl am no- pyrazol o[ 3, 4- d] pyri m di ne-

wWG2eaosasam de; 25 PCT/US2003/031433
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1-(2' -G nethyl - (3-D-ri bofuranosyl ) - 3=br ono- 4-

met hoxyl am no- pyrazol o [ 3, 4-d] pyri m di ne;

1-(2' -Cnethyl -(3-D-ribofuranosyl)-3-nethyl - 4-

nmet hoxyl am no- pyrazol o [ 3, 4-d] pyri m di ne;

1- (2" -Cnethyl - (3-D-ri bofuranosyl) - 3-cyan- 4-

met hoxyl am no- pyrazol o[ 3, 4- 30 d] pyrimdine; 114 WO

2004/ 028481 THe tbip3RHBAd3AHTBto Claim 26, wherem said acyl group
1-(2' -Cmethyl - (3-Dri bofuranosyl) -
mé’é Wé@@%daﬁﬂﬁm &hepsrpw epnspsting of aspé PFQURP axerfl@nved from amino

’tqﬂﬁ%% aélofaurtgno.syl) 6-(-S or

R—) hydr oxyI am nopurl ne;

9( ( %or é[)"ﬁ)?g%%/l{lcg?ﬁ%mg%&]@ﬁgh rBCIE{nEL 139 Of érlavgl%c’r ! )N together
/- \&1(13&?51}5/' e{?lﬁfﬁl‘”i%ﬁﬁ§¥héte€oc§}¥l§g SPYbRITRE hB¥FIYEIR: group.

rimdine; 7-(2
-C— met hyI (3 D-ri bof ur anosyl ) - 4- hydr oxyl am no- 5- et hyny

| - 3- d
7 (3 et e <p 3B BispfiSisIrim 28 AreRgridelsoe el o
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d]pyrimidine;
1-(2’-C-methyl-B-D-ribofuranosyl)- 4- hydroxylamino-pyrazolo|3,4-
d]pyrimidine;
7-(2’-C-methyl-B-D-ribofuranosyl)- 5-chloro-4- hydroxylamino-pyrrolo[2,3-
d]pyrimidine;
7-(2°-C-methyl-B-D-ribofuranosyl)- 5-bromo-4- hydroxylamino-pyrrolo[2,3-
d]pyrimidine;
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7-(2’-C-methyl-B-D-ribofuranosyl)- 5-methyl-4- methoxylamino-pyrrolo[2,3-
d]pyrimidine;

7-(2’-C-methyl-B-D-ribofuranosyl)- 5-cyano-4- methoxylamino-pyrrolo[2,3-
d]pyrimidine;

7-(2’-C-methyl-B-D-ribofuranosyl)-4- methoxylamino-pyrrolo[2,3-
d]pyrimidine 5-carboxyl amide;

1-(2°-C-methyl-B-D-ribofuranosyl)-3-bromo- 4- hydroxylamino-pyrazolo[3,4-
d]pyrimidine;

1-(2°-C-methyl-B-D-ribofuranosyl)-3-methyl- 4- hydroxylamino-
pyrazolo[3,4-d]pyrimidine; |

1-(2°-C-methyl-p-D-ribofuranosyl)-3-cyano- 4- hydroxylamino-pyrazolo[3,4-
d]pyrimidine;

1-(2’-C-methyl-B-D-ribofuranosyl) - 4- methoxylamino-pyrazolo[3,4-

~ d]pyrimidine- 3-carboxamide; '

1-(2’-C-methyl-B-D-ribofuranosyl)-3-bromo- 4- methoxylamino-
pyrazolo[3,4-d]pyrimidine;

1-(2’-C-methyl-B-D-ribofuranosyl)-3-methyl- 4- methoxylamino-
pyrazolo[3,4-d]pyrimidine;

1-(2’-C-methyl-B-D-ribofuranosyl)-3-cyano- 4- methoxylamino-pyrazolo[3,4-
dJpyrimidine;
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1-(2’-C-methyl-B-D-ribofuranosyl) - 4- methoxylamino-pyrazolo[3,4-
d]Jpyrimidine- 3-carboxamide; |
9-(2’-C-methyl-B-D-ribofuranosyl)-6-(-S or R-)-hydroxylaminopurine;
9-(2’-C-methyl-5’-O-triphosphate-p-D-ribofuranosyl)-6-(-Sor R-)-
hydroxylaminopurine;
7-(B-D-ribofuranosyl)-4-hydroxylamino-pyrrolo[2,3-d]pyrimidine;
7-(2’-C-methyl-B-D-ribofuranosyl)-4-hydroxylamino-5-ethynyl-pyrrolo[2,3-
dJpyrimidine;
7~(2°-C-methyl-B-D-ribofuranosyl)-4-hydroxylamino-5-ethenyl-pyrrolo[2,3-
dJpyrimidine;
7-(2°-C-methyl-B-D-ribofuranosyl)-4-hydroxylamino-5-(1,3-oxazol-5-yl)-
pyrrolo[2,3-d]pyrimidine;
6-hydroxylamino-9-(2’-C-methyl-3’,5-diphosphite-B-D-ribofuranosyl)purine;
9-(2’-C-methyl-B-D-ribofuranosyl)- 6 —[2-aminocarbony!l-(pyrrolidine-1-y1)]-
purine;
9-(2°-C-methyl-B-D-ribofuranosyl)- 6-(1,3,4,9-tetrahydro-beta-carbolin-2-
yDpurine;

9-(2°-C-methyl-B-D-ribofuranosyl)- 6-(piperidin-1-yl)purine;

9-(2’-C-trifluoromethyl-p-D-ribofuranosyl)-6-[ 2-aminocarbonyl-(pyrrolidine-
1-yD)]-purine;

9-(2’-C-ethenyl-f-D-ribofuranosyl)-6—[ 2-aminocarbonyl-(pyrrolidine-1-y1)]-
purine;

9-(2’-C-ethynyl-B-D-ribofuranosyl)-6—{2-aminocarbonyl-(pyrrolidine-1-y1)]-
purine;

9-(2’-C-methyl- B -D-ribofuranosyl)- 6-(azetidin-1-yl)purine;,

9-(2’-C-methyl- B -D-ribofuranosyl)- 6—(pyrrolidin—1-yl)purine;

9-(2’-C-methyl- B -D-ribofuranosyl)- 6-(3,6-dihydro-2H-pyridin-1-yl)purine;

and
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9-(2°-C-methyl- B -D-ribofuranosyl)- 6-(3,4-dihydro-1H-isoquinolin-2-
yl)purine.

31. A pharmaceutical composition comprising a pharmaceutically
acceptable diluent and a therapeutically effective amount of a compound or

mixture of compounds according to any of Claims 1-30.

32. A method for treating HCV in a mammal which method comprises
administering to said mammal diagnosed with HCV or at risk of developing HCV a
therapeutically effective amount of a compound or mixtures of one or more

compounds according to any of Claims 1-30.

33. A method for treating HCV in a mammal which method comprises
administering to said mammal diagnosed with HCV or at risk of developing HCV a
therapeutically effective amount of a pharmaceutical composition according to
Claim 31.
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