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BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to methods for preparing particular
compounds for treating viral infections in mammals mediated, at least in part, by a virus
in the flaviviridae family of viruses. This invention is also directed to novel

intermediates utilized in these methods.
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[0004] All of the above publications and applications are herein
incorporated by reference in their entirety to the same extent as if each individual
. publication or application was specifically and individually indicated to be incorporated

by reference in its entirety.

State of the Art

[0005] The Flaviviridae family of viruses is composed of three genera:

pestivirus, flavivirus and hepacivirus (hepatitis C virus). Of these genera, flaviviruses
and hepaciviruses represent important pathogens of man and are prevalent throughout the
world. There are 38 flaviviruses associated with human disease, including the dengue
fever viruses, yellow fever virus and Japanese encephalitis virus. Flaviviruses cause a
range of acute febrile illnesses and encephalitic and hemorrhagic diseases. Hepaciviruses
currently infect approximately 2 to 3% of the world population and cause persistent

infections leading to chronic liver disease, cirrhosis, hepatocellular carcinoma and liver
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pestiviruses. However, serological surveys indicate
consi derabl e pestivirus exposure in humans. Pestivirus
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enhances the efficacy
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,
myalgias, arthralgias, mild alopecia, psychiatric effects and associated disorders,
autoimmune phenomena and associated disorders and thyroid dysfunction.

[0009] Ribavirin (1-B-D-ribofuranosyl-1 H-1,2,-4-triazole-3-carboxamide),
an inhibitor of inosine 5'-monophosphate dehydrogenase (IMPDH), enhances the efficacy
of IFN-alpha in the treatment of HCV. Despite the introduction of Ribavirin, more than
50% of the patients do not eliminate 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 combination of PEG-IFN plus ribavirin. However, a number of



of IFN-alpha in the treatnent of HCV. Despite the
i ntroduction of Ribavirin, nore than 50% of the
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standard therapy of interferon-al pha (I FN) and
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SUMMARY OF THE INVENTION
[0013] This invention is directed to novel compounds that are useful in the
viral infections in mammals mediated, at least in par,t by a virus in the flaviviridae family

of viruses. Specifically this invention is directed to compounds of Formula I:



wherein Y is selected fromthe group consisting of a
bond, -CH2- or -O; each of W WL and W is

w0 pabepessent |y sel ected fromthe group consi stP@myUsi004/034955
hydrogen and a pharmaceutically acceptabl e prodrug;
and pharmaceutically acceptable salts or partial salts
thereof. [0014] In one preferred enbodinent, Y is
oxygen. [0015] In another preferred enbodi nent each of -
W WL, andW is independent)y hydrogen or a
pharmaceutically acceptabl e\prodrug sel ected fromthe
group consisting of acyl, oxX ac H, phosphonat e,
phosphat e, phosphate esters, honam dat e,
phosphor odi am dat e, phogphor nﬂﬂﬁje nonoester, cyclic
phosphoram date, cyclic Yphos 5di ami dat e,
phosphor am dat e di ester, &, O CHR NH2 where R2 is
selected fromthe group co S|t|ng of hydrogen,
al kyl', substituted al kyl, arkl, substituted aryl,
cycl oal kyl, substituted cycl oal kyl, heteroaryl,
substituted hetereoaryl, heterocyclic and substituted
het.erocyclic. Preferably, R2 is a sidechain of an
WS ®o aci d. Preferably, Wis hydrogen, or W is
hy drogeslected 0% ihs QSR LodideiEmakl Yo-;W and WL
are hydrogen,, or W2 are hydrogen, or W ‘and W2
a1 o CHPGHOYeN aBdaN undepgrdanly atlpsisd pmthe amipwensising of
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phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic

phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR?NH, where R is selected from the group consisiting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted hetereoaryl, heterocyclic and substituted heterocyclic. Preferably, R? is a
sidechain of an amino acid. Preferably, W is hydrogen, or W' is hydrogen, or W? is
hydrogen. More preferably, W and W' are hydrogen, or W and W? are hydrogen, or W'
and W* are hydrogen. Even more preferably, W, W' and W2 are hydrogen.

[0016] In still another preferred embodiment W' and W? are hydrogen and
W is hydrogen or a pharmaceutically acceptable prodrug selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic phosphoramidate, cyclic
phosphorodiamidate, phosphoramidate diester, and -C(O)CHR*NHo.

[0017] In one particularly preferred embodiment, W' and W? are hydrogen

and W is represented by the formula:



OR1 where R is as defined above, R is hydrogen or
al kyl and Ris selected fromthe group consisting of
wa@bdoglo425sabst uti tuted al kyl, aryl, substitut edPEr/¥5E2004/034955
cycl oal kyl, substituted cycl oal kyl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted
heterocyclic. In a preferred enbodinent R2 is derived
froman L-am no acid. [0018] In another particularly
preferred enbodi nent, Wand W2 are hydrogen and W is
represented by the formula: R2 HN where R2 is as
defined above. [0019] A pargicularly preferred aspect
of this invention is directed tg. conpounds of Fornul a
[1: OHOH wherein Wis sel egted/fr the group
consi sting of hydrogen and armaceutically
acceptabl e prodrug;. or plar macdufical |y acceptabl e
salts or partial salts thereof.[Odﬁﬁ] Preferred
vention include thgse set forth in

cggﬁQunds of this in ,
wheggRelsias defipsd abpapI R is hydrggenuenalind and Re 19 leckedifr@h She group

K"tﬁi"{l@? = - D ihef uranas (51]4 .
cossintog dallgh Mbsy R AAT SIEABRaL L, evstontiod. missied
cyéloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic.
In a preferred embodiment R? is derived from an I-amino acid.

[0018] In another particularly preferred embodiment, W and W? are

hydrogen and W' is represented by the formula:

R2
O
where R? is as defined above.
[0019] A particularly preferred aspect of this invention is directed to
compounds of Formula II:
H
|\
S
w 4 N
L S
0
CH,
OHOH

wherein

W is selected from the group consisting of hydrogen and a pharmaceutically

acceptable prodrug;.

or pharmaceutically acceptable salts or partial salts thereof,



\' NH 7-(2'-C nethyl -5"-phospho-
ri bof uranosyl ) -4-am no-5- (et hyn-

b -D- (HO P(OO
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no-5- (et hyn- -yl)
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4-ani no-5- (et hyn-_-yl)
# Structure Name
101 H
|| N
J N 7-(2'-C-methyl-B-D-ribofuranosyl)-4-
Ho " _ amino-5-(ethyn-1-yl)-pyrrolo[2,3-
w N dJpyrimidine
HO OH
102 H
\ NH,
Vi | XN 7-(2'-C-methyl-5'-phospho-B-D-
(HOLP(0)O N, _ ribofuranosyl)-4-amino-5-(ethyn-1-yl)-
w pyrrolo[2,3-d]pyrimidine
HO OH
103 H
N,
CI)H J | XN 7-(2'-C-methyl-5'-diphospho-fB-D-
(HO),P(O)OP(0)0 NN //I ribofuranosyl)-4-amino-5-[ethyn-1-yl]-
-@ pyrrolo[2,3-d]pyrimidine
HO OH
104 H
N,
OH J | XN . 7-(2'-C-methyl-5'-triphospho-B-D-
(HO),P(O)OP(O), O NNy _J | ribofuranosyl)-4-amino-5-(ethyn-1-yl)-
0 pyrrolo[2,3-d]pyrimidine
HO OH




pyrrolo [2,3-djpyrimdine 107 7-(2'-nmethyl -3
'-O L-alanin ester-b-DHO

WO 2eersamosyl ) - 4- am no-5- (et hyn- -yl) pyrrol oPCT/US2004/034955
[2,3-djpyrimdine (22b) [0021] Conpounds of this
invention are either active as antiviral agents or are
useful as intermediates in the preparation of
antiviral agents as described herein. [0022] This
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]{95I uent and a therap ut i caIIy ef fective amount of a
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ribavirin, ovirin, viramidine, thynosin al pha- , an
i nhilbi tor 6f NS3 seri ne prot ease, and inhibitor of

10mogi ne nonophosphat e dehydjogenase, 1 nterferon-alpha
or pegylated interferon-al pha, either alone or in

combi nation with Wi baNerI‘I n or levovirin. Prefereably

t he jaddi ti onal agent &{ctive|against HCV is
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DETAI LED DEOSCRI ON OF THE| | NVEMILIII, 3-d]pyrimidine (22b)

0  OH
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[0021] Compounds of this invention are either active as antiviral agents or
are useful as intermediates in the preparation of antiviral agents as described herein.

[0022] This invention is also directed to pharmaceutical compositions
comprising a pharmaceutically acceptable diluent and a therapeutically effective amount
of a compound as described herein or mixtures of one or more of such compounds.

[0023] This invention is still further directed to methods for treating a viral
infection mediated at least in part by a virus in the flaviviridae family of viruses, such as
HCV, in mammals which methods comprise administering to a mammal, that has been

diagnosed with said viral infection or is at risk of developing said viral infection, a



[0025] The invention is directed to conpounds,
conpositions and nethods for treating flaviviridae
WO 088556 such as hepatitis C virus infecti onsPCT/US2004/034955
However, prior to describing this invention in detail,
the following terns will first be defined: Definitions
[ 0026] As used herein, the term"alkyl" refers to
al kyl groups having from1l to 6 carbon atons and nore
referab 1 to.2 carbon atqnms. This termis _
phaty ar%ﬁ?"i“%a:' é‘&mB TIPS Ig‘?ffﬁé‘f%lypqﬂya%wtablﬁ dipeipnd a
thetpaREioaI)s! effdbtibehibunt orAebiboukd RERYivaanl e, Lk
[0027] "Substituted alkyl"brefers to]%nquﬁgﬁr%ﬁ%ﬁ%SSOfoneor

mesg of fiighfoopmmorndse 3, and preferably 1 to 2,

subspadigent s sel ect fragmthe group consisting. of )
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P e ter A V2 A Ao coltinadd sl bAdHRl o 1 ¥iin.
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. .substituted al kyl -C(Q -, alkenyl-C(O -, substituted
i3Sl ot B vy i nggh of svavivin
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het er oar yl D&'@LEQD&QRIHHEGMQF SFHERNVIONOJON
het clic- - ...and_ substituted .
het rdgg cli c-@eg}ye.m]f’%%%fec’%%c@!°8ﬁ\_pﬁ8md5r gqrapositiqys ppd methods
forgreatipg A&Ki) ke Rtuswbesueh eskdpalids Csvikid deRENFI8 N HoVvever, prior to
segglét ed fromthe %r_oup consi sting of hydrogen, al Rgl ,
descripwgithisdrsengen in detail, thafpllowingemis wilkfirshbkdafined:
al kynyl, substituted al kynyl, aryl, substituted aryl,
cycl oal kyl, substituted cycl oal kyl, heteroaryl,
Degniiens t ut ed het eroaryl, heterocyclic,

[0026] As used herein, the term "alkyl" refers to alkyl groups having from

1 to 6 carbon atoms and more preferably 1 to 2 carbon atoms. This term is exemplified
by groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-pentyl and the
like.

[0027] "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, acyl, acylamino, acyloxy, oxyacyl, amino, substituted amino, aminoacyl, aryl,
substituted aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl,
carboxyl esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,

heterocyclic, and substituted heterocyclic.



substituted heterocyclic and where each R4 is joined

to formtogether with the nitrogen atoma heterocyclic
W@r00si0ksté t ut ed heterocyclic ring. [0032] " AcyPORYS2004/034955

refers to the groups alkyl-C(O O, substituted al kyl -

C(O O, alkenyl-C(O O, substituted al kenyl-C(O O,

al kynyl -C(O O, substituted al kynyl-C(O O,

aryl - C(O)O substituted aryl-C(O O,

I \ t tuted cy, I
ot OB - B Boy SHHBR: fotthe EpuR ey s hich Gabides, by way of
eXﬁlﬁ‘bl@hﬁ@ﬁh@ky Qeth O)z-@ropo%g dzsé—BR)B’izk? %Eﬁoxy, t-butox; osec-butoxy, n-

et erocyclic- C( yacyl " refers

pegtpzsm@d Rije- OC( O) - substltut ed al kyl - OC(O) -
g: t %9] %(( 8; "Sub§Htgx e@m el ?rﬁg(hgh gga:{;g)substltuted alkyl-O-".

ar yl[O(BDq O - SA!@S’I telfat &dth@r oYdup (O?< substituted alkyl -C(0)-,
cyc| kyl - substi t ut ed c cI oa oC( O -
R P A TR o

allﬁ/ﬁ% = ?&%ﬁ&a@@)}- %gtﬁ’f lﬂb%H?ta%F%(OEf Iyg-Ct((g)- substituted
ar5d4a(@r)y hetgraarm Q@ rsgbsgmml Eeté@a@l-g}(ﬁb Qﬁtdib@{@ﬁr&]’(@t) aimd
t and having at |eas
Su@ﬁ‘ﬂﬁ* %@?t%‘%l)%lg? @@ﬁwarl gns?t ggsof al kenyl gunsat ur ati on.
S ) | 4.
Siepnpupe ey it s ot LRI I b
indegensionily seledtecifrrmrtiie traupfeensisting cdlhirérogbn, gillolpsibitinied glkyl,

|
LN R R R s e S T R
cyél@ﬁkiﬁloé‘l}bstlﬁlt&isdy*cldﬂl@@ 1RtFEREYI, S%M{utedalfe‘fér%l]yf‘ Peteroc Plchc

acyl ox am no,” substituted am no, am noacyl, ary
Su@usé@d qiereeycdicyand veheyd ench R m@medttm fath T@gglthicmwh theariwogen
d | rboxyl, carboxyl esters,
atolﬂ% ﬁ%g{bk Q/'{lyc & %ﬁu{uefi éﬁtetoﬁ X@&aﬁ‘ /I, heteroaryl,
s u bs{;00312]Jt ed hexcs/n@@n' yéfershe Her QoS aueyl @(mjos stsititﬁt@a altyl-

h | h t t hat
e rikettr IS, btateRaben € AR ARt sy

alkgﬁ#;l gg)t ?&[}gl Bf(gjl; ? r%}lg{gtl Vé&satrﬂflt @@%ﬂ%ﬁﬁh&lﬁ(@?@, sitfituted
cyﬂozﬂkyh(fd())@r—,d&itdrearyl—@f@)o zsumtukéab@eearhmm{@m-, Aok ictic-

ccblsind Q03 ndsigtiEiafgd ot the erm

[0033] "Oxyacyl" refers to the groups alkyl-OC(O)-, substituted alkyl-
OC(0)-, alkenyl-OC(O)-, substituted alkenyl-OC(O)-, alkynyl-OC(O)-, substituted
alkynyl-OC(O)-, aryl-OC(O)-, substituted aryl-OC(O)-, cycloalkyl-OC(O)-, substituted
cycloalkyl-OC(O)-, heteroaryl-OC(O)-, substituted heteroaryl-OC(O)-, heterocyclic-
OC(0)-, and substituted heterocyclic-OC(O)-.

[0034] "Alkenyl" refers to alkenyl group having from 2 to 6 carbon atoms
and preferably 2 to 4 carbon atoms and having at least 1 and preferably from 1-2 sites of
alkenyl unsaturation. Such groups are exemplified by vinyl (ethen-1-yl), allyl, but-3-en-
1-yl, and the like.

[0035] "Substituted alkenyl" refers to alkenyl groups having from 1 to 3

substituents, and preferably 1 to 2 substituents, selected from the group consisting of
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(cis) and Z (trans) isoners as appropriate. The

i soners can be pure isoneric conpounds or m xtures of
wE2@ad4285€ onponent s. [ 0037] "Al kynyl " refers tBCHIS2004/034955

unsat urat ed hydrocarbon having at least 1 site of

al kynyl unsaturation and having from2 to 6 carbon

atons and nore preferably 2 to 4 carbon atons.

Preferred al kynyl groups are sel ected from but not

alliloixge%uﬁt Qrﬂﬁtghﬁ(%k%;ﬁ/c:yl fﬁ}r/lalalm ﬁc%mw altx')glﬁ{ )ﬂ;ﬁb ¥1i;pd amino,

anhindag¢ it dryy, |subs'!i‘ﬂﬁ’te& Bﬁ/l | dr%l%x% [sg9§§ﬂlted Wy‘ E&‘efn%dhﬁb s }ﬂfdroxyl
refers to al kynyl groups havi ng

niteq, l§8iopxylepArboXyA astersy @fCéradiml,ysuhzstmteQ csozlbdkyl; hetatoaryl, substituted

het%? gflt ? %roébp i c}(%)glys%%gtz@ eﬁ%ﬁﬁeﬁ%ﬂ%\g‘%{l albewrfﬁéo tléﬁtr@%hydroxyl

subimhﬁiolrlhyhﬁdiﬁameﬁcto advifky) Q@¥turated) \oasbof WSl Prtr&eddubbtituted
| oxy, sub tltuted aryl oxy, cyano, hal ogen,
allsg dhesays, s BeimubTo! libkioifkrestien-1-y1, 2
ted cycl oal kyl, heteroaryl,
mé%y(gé/%l? ldﬁgér 1c%fglérjyl het er ocyclic, and substi t ut ed
het qEO(I%]/cI | c.It Bruafderstc&ﬁl thathbd tehﬁt“aibsﬁtdfedh‘lkexgzﬂ’oi#ﬂ@ﬁld@i both E
g d frombut not limt_to 2-fruorgethyn-I|-y
(ci gi@ Ta6) I5PEIS @8 pRRropListe. The lsameﬁd@ﬂ&swrellsymem compounds
and the Ii ke [0039] "Am no”
Orgﬁe)?g%g%?%%ggy%b%p%@tSNH [ 0040] "Substituted am no"
ref 00371 o t he'Adkpnyp" relfiis R ammmsamra%d hytdtoddtbar lmvmg at least 1 site

o RS, B b LB S Py
carbUlb gfohisU Pesferdé kK SRYhy1 %@JJL@& RYd sele%%élasﬁfdrﬁ Bhecht Fnkiy ’§>y dthyn-1-y1,

aryl, substituted ar cycl oal kyl, substitute
propyailod) Rippyn-Retlel- mﬂwlprowbm 1 tylithaitynkeyk botymy2-yl, butyn-3-yl,
an@&%q%gcycl ic, substituted heterocyclic and where R
“are joi ned, together with the nitrogen bound
t hefon3g] to f O'ISEl‘bﬁltﬁlteH allgayC réfersas aﬂdyﬁﬁ Cgrbﬁﬂselﬂwmg from 1 to 3
het er ocycl i c grou,r;t provi ded that R" are

su‘tﬁg{ueﬂvoq, eferaphe sm@tlwmsoﬁéqqztegrf@mhei growp Rg/nsmtmg of

t f
WSSO S AR Ay
ammmlas;tl; aryk, eubsatutetbargt arydoxys s&b};ﬂﬁitd:d’rmldxg?f @fahe d}dlégen hydroxyl,
refers

mtrtoh 8”5?’8’??&%’ pér é&%}m{jﬂg’%ﬂa kyP sug)stltuted cyclo )fkyl heteroaryl, substltuted

heteroaryl, heterocyclic, and substituted heterocyclic. Preferred substituted alkynyl

groups are selected from but not limit to 2-fluoroethyn-1-yl, 3,3,3-trifluoropropyn-1-yl, 3-
aminopropyn-1-yl, 3-hydroxypropyn-1-yl, and the like.

[0039] “Amino” refers to the group ~NHj.

[0040] “Substituted amino” refers to the group -NR'R” where 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 heterocyclic or substituted heterocyclic group provided that R"and R"

are both not hydrogen. When R’ is hydrogen and R" is alkyl, the substituted amino group
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-NR C(O)y substituted al kyl, -NR C(Ocycl oal kyl, -NR

C(O substituted cycl oal kyl, -NR C(O) al kenyl, -NR
w@L@rpusse i t ut ed al kenyl, -NR C(O) al kynyl, - NRPCT/US2004/034955

C(O substituted al kynyl, -NR C(Oaryl, -NR

(O substituted aryl, -NR C(Oheteroaryl, -NR

GO substituted heteroaryl, -NR C(O heterocyclic, and

-NR C(O)substituted heterocyclic where R5 i s hydrogen

. | kyl .. [004 "Aryl* " referstoam)novalent

s Syt octptR beierined alialimar. Wi o6 R akealkofhe substitued

amid B&V: theS§ k&Yt ) or multiple
coﬁ%igﬁgeddc’?%ﬁl segge ggd {dnlg%%ﬁ%f/ﬁlal anﬂﬁryl) whi ch

cond@déd ri nGminegeyd! rafery tothe gompa FNREC(@)alkgl,g. , 2-

AR, A Bl

B.F\C(&))alkaﬁylp ma‘oqopsuagtﬁmed Ri@her SR @OfAIRyh] CJNf@%(O)subsumted
and napht hy [0043] "Substitufed

allg H¥1I= J&erg( Jagy sNRt @@éutrfﬁémd aryl, eNBr@(dQ)betaro)}tylgr oups
NEFOEDEm iR il SRACROBRIRA SRRl Sbanted

hetemiogcliceethdre Brhis Iyelrggenup atignsi sti ng of hydroxyl, acyl,
al kyl , substituted al kyl, alkoxy

2 %!@Egﬂt edaglyl S0y \Pr "Ar kistRrs to amesevalant apmdtiemasbocyclic group of
frofl YW carBotibing HB@H%? hléfbgljm% @[g[ %enflg pis ﬁ‘lklh{ﬁtlg Qondensed rings

am no, am noacyl,
(e. gum}ﬁhympedlthnyjl)l weixiyh canydeheml degps ymaysarhisdyi natbe droma’uc e. g 2-

SN A T O T
poigtloSdtiabhth &t i§ A D Yhatid EHrORELHEMO %é’ferre@éﬂ{}? dlh&lﬂ&@ Phenyl and

t hi oheteroaryl, thiocycloal kyl, substit
naghgiisdeycl oal kyl, thioheterocyclic, substituted

L T 00V okl i of . SfjuciRg RN 5 Pelerto aryl
grolu@i er gleyigl greupsswmh bitelubstithRl &Fecy6thi1Ge 3@%&{@%{@/ lRXY

ubstituted heteroarylo het erocycl yl oxy,
Pfezq%@m 1itp £ sHbHibcat s¢leqisd gmgﬂ the gramiconsastingméytydrosy/h lasyl

acytlaﬁ‘rélhg %}:’QI&Z pﬂﬁﬂ gu’b%ﬁutt%ia%lﬂg#rln%ﬂ(ﬁgg/e §ltlt68ﬁ,g%ld\? élllg%/g ?ﬁ&aa
subah‘gatemb@lrkenybfaﬁayﬁy]r, suhstlhﬁéd allyred, amiiyib,-Obstdtied Rino, ammoacyl,
aryl, substituted aryl, aryloxy, substituted aryloxy, cycloalkoxy, substituted cycloalkoxy,
carboxyl, carboxyl esters, cyano, thiol, thioalkyl, substituted thioalkyl, thioaryl,
substituted thioaryl, thioheteroaryl, 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.
[0044] "Aryloxy" refers to the group aryl-O- that includes, by way of
example, phenoxy, naphthoxy, and the like.
[0045] "Substituted aryloxy" refers to substituted aryl-O- groups.
[0046] “Carboxyl” refers to -COOH or salts thereof.
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[0046] "Carboxyl" refers to -COOH or salts thereof.
12[ 0047] " Carboxyl esters" refers to the groups
WO g{ep0ssd kyl , -C(O O substituted al kyl, -C(O BEHDY1004/034955
and -C(O O substituted aryl wherein al kyl, substituted
al kyl, aryl and substituted aryl are as defined
herein. [0048] "Cycloal kyl" refers to cyclic alkyl
groups of from3 to 10 carbon atonms having si ngI e or
nore of which ma

ol O bR SHERS etarsd iremroumnCONE Heitnt of
-C@(D)@-@lﬁﬁ'éﬁﬂited Akl f(‘l;(@b aﬁ*yP Xﬁ& o%(rﬁd-sﬁﬂéﬁﬁlt&lt aﬁ‘fn D wintedh alkyl,

groups include,
subsyiduted Al laryl epd Bldbtltuy&d, ary:lyclrb epéefined hemjic] ooctyl an d

th 00 stit fers t |
sa;E l!lr) atad E)r A cé?q?fy t geé‘erlél%qﬁyc‘%tahgﬁlg@p‘q 8£ fer@g?@l 94l ffbon
atdm/havingd $ipdMe lar tRltplS et |ring§ Bﬁ@oﬁﬁbﬁ%ﬁﬂuéﬁ 191'3{ bB&romatic or
roup consisting of oxo hi oxo g& .
he%m?é?m@faﬁ pgvisied %lat ﬂ@m@m&;@f a@%ﬂbmant isttegugh k qulpalhﬂymng atom.

SoBE AR IRrEH] o O RN B Btob,

cydupattylt cyadeboayl ahdxhe likey ano, ha: ogleE I hydr gx%/I : Pi gr 0,
car carpoxyl esters, cl oal ky substitute
cyc ﬁg@%\lw h e?“é’}ﬁ/%WIc}’C]é’@ﬂ%il irefersely arefuaated pxansaturated, but not
gt : I
o PEURT ORGP PP § WIES ISR BEKRINE kUG copesing o
0x9 SE(BS thibxie éES)cgllkjdoaiHsmuyéd alleflealRoxyg su@tlau&’éﬁlkbxﬁ, adyl

acy R} S AR, SHAR B gy BhsoRy 3o FPSILIR A, aryloxy,
su&‘rtlﬁﬁ@d Q@'ﬂ))d Ogﬁma"lﬁlﬁeﬁf I%VCRM}M Hiffof datiR: nx:gl QhrbolY lqgs%r%,

[00541] Heteroary refers ‘to an aromatic group o
cy¢lpalisyls substittwedceycloatkybthstesoaayld substitntetl leddreanyhhetesocyclic, and

fro the group consi sting of oxygen,
Sugs?%uﬁtgcigeg[erogm ¥ur in the ri ng. The sul fur and nitrogen

het ONs  AtOtkoallyyBteFers he- (ch &8alkyl grolfte! 1
oxi glmfg(qj forns, such gs >N( O, (O ango}I >1%‘(EO)2 Such

het 81yl gr cSy,bght@@ﬁ creloalkexy” refers to -O-substituted cycloalkyl
groups.

[0052] “Formyl” refers to HC(O)-.

[0053] "Halo" or "halogen" refers to fluoro, chloro, bromo and iodo and
preferably is fluoro or chloro.

[0054] ""Heteroaryl" refers to an aromatic group of from 1 to 10 carbon
atoms and 1 to 4 heteroatoms selected from the group consisting of oxygen, nitrogen,
sulfur in the ring. The sulfur and nitrogen heteroatoms atoms may also be present in their
oxidized forms, such as >N(0O), >S(0) and >S(O),. 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 of attachment is through an atom of the aromatic
heteroaryl group. Preferred heteroaryls include pyridyl, pyrrolyl, thienyl, indolyl,
thiophenyl, and furyl.

13



single ring (e.qg., pyridyl or furyl) or nmultiple
condensed rings (e.g., indolizinyl or benzothienyl)
wob@sei23s¢ he condensed rings may or may not bePEr/ORBINS/ 34955
and/or contain a heteroatom provi ded that the point of
attachnment is through an atom of the aromatic
heteroaryl group. Preferred heteroaryls include
pyridyl, yrronI thienyl indonI thiophenyl, and

f 3 005 Sub t|tu ero refers to
het bﬂﬁéj gt 15 Ysttaﬁé%rwxlrgrwmﬁm 2
subktituBs Wlthliﬁﬁﬁ $ t§ Q'sﬁ@sttlﬁi@nfsrsgl&fea ?ro%?gﬁargﬁqlg %PTL%f 6sj,lbstl‘cuents

substituents defined for substitute
CEﬁnﬁi@r@dﬁ?hﬁ%ywylefers to the group - C)heteroaryl and

R T MR TR

hefehfatrﬁbﬂylyl@fdrsl’co 18k grdupt-eruesaleahkiloaryef ers to a
saturated or unsaturated group but not heteroaryl)

havildP74 si ng'lléetﬁlioﬁlfl@ror T ﬁtﬁl’%yﬁél @mdbﬁ@@dycrloailg:sl” réfersriv a

sati!lr cgrchéﬁ %r I m&it %B&;gﬁau‘? H&C}%%egflﬂsrgfl) thavﬁég g%t r{egrl oldgé] or multiple

comﬂeylg&h,m@ufrbmrl tPl‘B(@)bon&ﬁdn?ﬁ(@&mW tohi Ketérb@tdmyelected from
wherein, .in frsed ring systens, one or nore the rings

thea AU EOTISEING QF RIfTogem Y S S‘H@Fe?%@)y@n%?%ﬂ)d@&htnﬁm ring
wheREn, RR ﬁyed 91fng§g L MRR by \l.'lﬁ'é %.’1 {uhﬁe; %ﬁ&aﬁl&ﬁ yacrirl Jt heteroaryl

ring. ubst’itute etero
provsdﬁdéhattth«t p@linhef attacluyerit dsthkogh th@hﬁemcj?(ﬂlch‘ﬁige rocycl e

S Bbet 1 ¢ QoMb e ey ot “SBBR regroeyeloalyl” refers
to Hét@ﬂo@?dlé‘ ¥louph 8058k sEXAMRbENIRIFINET 86 QQY@HGGS%HI% Rfdbstituents as

heteroaryls include, but are not limted
de@);qgitfprjwbgltumdrqy@lc@lkyﬂ m dazol e, pyr azol e, pyrl di ne,

di id d
DY THASE . YA R BRe RE Lge ar no
linfitet] n@ | alz&tidige, pyﬁow,mﬂ@hzdn@ pyfitbROpyriEne, PRt leaByitBidine,
ui noxal I ne, qU|nazoI|ne C|nnoI|ne

hthylp ridi.ne, q

Pyrpf?a@rf}edmd@ iziggrippindnle m@céwmdﬁ@nd@iﬁenéwﬂﬁ pUiingG quinolizine,
n ol nagzi.ne
1soI Sggglgég ﬁum%hﬁ@ ﬁ)'m}ma%ﬂe S%jﬁjthﬁr o‘{}E d%gel Sl’no%lﬁl aglgpaz’a)}lﬂ%
c1nnnh11¢bapwlr1|dme cq:tbmﬂe danbehnep pb@faﬁﬂiriﬂl&le a(ﬁttﬁhé PBenanthroline,
3, 4-tetrahydroj so U|noI|ne

1soﬁnazoi3l ﬁc]anazme 1soxazole phenoxazine, phenothiazine, imidazolidine,
imidazoline, piperidine, piperazine, indoline, phthalimide, 1,2,3,4-tetrahydroisoquinoline,
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.

[0060] "Heterocyclyloxy" refers to the group -O-heterocyclic and
"substituted heterocyclyloxy" refers to the group -O-substituted heterocyclic.

[0061] “Phosphate” refers to the groups —OP(O)(OH), (monophosphate or
phospho), -OP(O)(OH)OP(O)(OH), (diphosphate or diphospho) and
-OP(O)(OH)OP(O)(OH)OP(O)(OH), (triphosphate or triphospho) or salts thereof

including partial salts thereof. It is understood, of course, that the initial oxygen of the
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4,5, 6, 7-t et rahydr obenzo[ b] t hi ophene, thiazole,
t hi azol i di ne, thiophene, benzo[ b]thi ophene,
woreeophgdssayl , thi onor pholinyl (also referred tRBCHES2004/034955
t hi anor phol i nyl), piperidinyl, pyrrolidine,
t et rahydrofuranyl, and the I|ke [ 0060]
"Fbterocyclyloxy" refers to the group - C)heterocycllc
and "substituted heterocyclyloxy" refers to the group

b ed., het er ocycl 0061 hat e" refer
n% Y e%dr%l %%SphéiS((%‘ éiﬂ dl(ﬂi?ﬁ&bh%@]ﬁﬁag g ) BRlERTBT | 0X}§gen
atonﬁﬁ’&fd)r(e@khl @e( s1t€cﬂic§iﬂ9§ & u%{r di phospho) and
ri

hosphat e or

| g OH) OP( ) (CH) OP(O |

tri Wiﬁ%bho) orPhosphae esiess cusfers trcthe diang- ph-ra;ndah ;ﬁmhpl&te groups
| t t hat t

L R L TN T

graipphospho and tri phospho) includes the oxygen atom at,
for e 5-position of the ribose sugar
[ Ooé@i}’%ﬂ;h osp t?g{"éplgglﬁ’@r gofersde BresgrowpstHEP (ROER g(,Of@l or and
-OP(@)(IQ*)@RQ%%%J oxy ﬂ@ﬁlﬁfn 9[1a?93(ﬂrs.echgm o g’ﬁ??rg%;?g% is

nmore o group I's"Téplace

indgpendently @:ﬂﬁ(&ﬁzd ﬁ%dwmgea,t akyly :&fb@u‘iﬁteﬂ@llt}h Gca%(ﬁklyES acid, and
or salts thereof

carbﬂ)@fl %ﬁ(e ?t é)%ql;%c}egqrto@a P g(?ugsﬁ:e Eh@b?he ipitial eviger gk the Rbosphonate
indliide ﬂ@'&@@éﬁ YroffAtefol @}Qanflﬁlé’ Ty g;ogiggﬂ of HefWose sugar.

substituted al kyl, carboxylic car box

est €064] ¢ |s‘&ﬁ@aﬂst@bdnwek”udtheIM1@mupthe initia
oxygen of the phosphonate includgs the oxygen atom at,
for exanple t he 5- p05|t|oq QL tBe; ribose sugar.

[ 0064] Phosphorodlan1date rrefefs'to the group: ? ,
(RYN- P ? () Nwhere each Efmy be the sane or

di f t1tut
a: k&?éﬁ?ﬁg Inﬁc@% tf(l)e:‘s% %9@5} ntzanla%af:kbnggfdgeﬁi a?lgyl
subptiftddealisls éyeluiisl sorroetbtinited PrdsAKY 1AM patieulisy bREerred

phospLoro&‘angda(%e 1S tge following group:

i
HZN—T—E
NH,
[0065] “Phosphoramidate monoester” refers to the group below, where R?
and R’ are as defined above. In a preferred embodiment R is derived from an L-amino

acid.

R3
/ R2

o NI
OH
[0066] “Phosphoramidate diester” refers to the group below, where R!, R?

and R? are as defined above. Ina preferred embodiment R? is derived from an L-amino

acid.
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oll , HN Ij* NH[0065] "Phosphorani date nonoester”
refers to the group below, where R2 and are as defi ned
wW@bwsme42550 a preferred enbodi nent R i s deri vedPdT/U820841034955

L-amino acid. R3 0 R2 o - OH [0066] "Phosphoram date
diester" refers to the group below, where Rl, R2 and
R3 are as defined above. In a preferred enbodi nent R2
is derived froman L-anmno acid. 15R3 / R2 Il , [0067]
"Cyclic phosphoram date" refgrs to the group bel ow,
where nis 1 to 3, nore preferably nis 1to 2. o HII
, N [0068] "Cyclic phosphoradi m'glﬂat e" refers to the
group below, where nis 1t 3,”—nlﬂmt§e preferably nis 1

to 2. n ORt
[0067] “Cyclic phosphoramidate” refers to the group below, where n is 1 to
3, more preferably nis 1 to 2.
h
N—P—
(-0
n
[0068] “Cyclic phosphorodiamidate™ refers to the group below, where n is
1 to 3, more preferably nis 1 to 2.
-5
[(wr’l“H |
n
[0069] “Phosphonamidate” refers to the group below, where R'! is
hydrogen, alkyl, substituted alkyl, cycloalkyl; or substituted cycloalkyl.
il
H,;N—P—
CH,R1
[0070] "Thiol" refers to the group -SH.
[0071] "Thioalkyl" or “alkylthioether” or “thioalkoxy” refers to the group -
S-alkyl.
[0072] "Substituted thioalkyl" or “substituted alkylthioether” or

“substituted thioalkoxy™ refers to the group -S-substituted alkyl.

[0073] "Thiocycloalkyl" refers to the groups -S-cycloalkyl and "substituted
thiocycloalkyl" refers to the group -S-substituted cycloalkyl.

[0074] "Thioaryl" refers to the group -S-aryl and "substituted thioary]"
refers to the group -S-substituted aryl.

[0075] "Thioheteroaryl" refers to the group -S-heteroaryl and "substituted
thioheteroaryl" refers to the group -S-substituted heteroaryl.
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[ 0069] "Phosphonam date" refers to the group bel ow,

where R is hydrogen, alkyl, substituted al kyl,
weywso#skey| , or substituted cycloal kyl. o H N RIT/US200H)34955

R [0070] "Thiol"™ refers to the group -SH [0071]

“Thi oal kyl " or "alkylthioether” or "thioal koxy" refers

to the group - S-alkyl. [0072] " Subst i tuted thioal kyl"

or subst i t ut ed al kylthi oether"” or "substituted

t hi ers to the, S-substituted al kyl .
[OIO Th| oc s %?IW?/?YCEF e%é?% @eﬂwpg%&?&ocychc and

"subStifuy@l thrvhsittocpale refesth ithd b8ty t@-b ﬁlt@cﬁﬁé%é’rjol]czyd'lﬁf ers

to the group - S—substltuted cyc oa
" Th| Q7)1 r eFlerterm Gamine agrctmqbechanﬁmgtbrsamme R'* substituent of

L L e R A S

comdimlngrotf pdroger) @l Gabstitu@a dikys sibdry t atdad is hydro%en or together
eroaryl" refers to the group -S-substiit
{bg% %ngﬂ nitragen o e Gjlrmeﬁt%mﬁeh@ﬁé hesetp eespeetivehsiorm a he

hettg{?i‘égﬂéct rér}% ?;/rgfe?e@fﬁ th a-%ﬂg 3#? §1td'eéh%n fg_t > sidechain qne of the

ers group
twerdy eatumjlgllqccurmp@mjaﬁ]una'laeldt; erm "amnm no acid sidechain"

f the R12 tit t of a-amino acids of the
;gr o Hceaﬂi(e s@%ﬁl’{mue%ﬂ%@%ﬂg@lﬂ SEadsees’ refgrsttpart
receb @Y ﬁl@ﬂﬁicﬁdrﬁ 90 Bhe Y HbRISHet HaK Ilou H&B'ﬁ%lﬁcttﬁﬂ%laéa%s are

and aryl and R13 is hydrogen or t
metabelirgd inaiyorto gryides bonpandn thio uwdnmdrreasreetncactwe metabolite

ek EFP S 8 oral BBRs e iR bt ABine s 45mL efoios for
hymﬂtamammw SubsAGESH, ekt df raEHI0 Qi Ak dgi- Ho@ﬁl?aféés Jﬁl&em one

term "pharmaceuti cal | y accept abl € prodr ugs" refers
or gpge of tﬁe pendent hydroxyl groups have been converted to an alkoxy, a subst1tuted
alkoxy, an aryloxy or a substituted aryloxy group, and the like.

[0079] The term "pharmaceutically acceptable salt" refers to
pharmaceutically acceptable salts of a compound, which salts are derived from a variety
of organic and inorganic counter ions well known in the art and include, by way of
example only, sodium, potassium, calcium, magnesium, ammonium,
tetraalkylammonium, and the like; and when the molecule contains a basic functionality,
salts of organic or inorganic acids, such as hydrochloride, hydrobromide, tartrate,
mesylate, acetate, maleate, oxalate and the like.

[0080] The term “pharmaceutically acceptable partial salts” refers to
compounds having a substituent capable of having more than one group form a salt but
less than the maximum amount of such groups actually form a salt. For example, a
diphospho group can form a plurality of salts and, if only partially ionized, the resulting
group is sometimes referred to herein as a partial salt.

[0081] It is understood 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,
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recogni zed nodifications to one or nore functional

groups which functional groups are netabolized in vivo
wo eoopo@ssele a conpound of this invention or anPEDUR2004/034955

nmet abolite thereof. Such functional groups are well

known in the art including acyl groups for hydroxyl

and/ or am no substitution, esters of nono-, di- and

tri-phosphates wherein one or nore of the pFEdent

. I roups have, hbeen conyvert t.o an al koxy, a

the SRR P P St Siys res THargtisety bl A of the above
defautiyibasdy cofishiathed dd 1irhiRatlonkBat, fo? QZ&glI%bEtﬁ?ng aryl groups are

. "pharmaceutical |y acceptable salt" tefers
hm@%

toratubstiuted) aryl-(sehstpethirsl) sabstituted agyl.conpoun g . which
I derd: . i et f qQrganic .an
"ol C CoutiatltyiP I gl laef s B e defnBigere not
intémlet tielncludy imvpatnodsiteds substieition ! phiterho . %,”ﬂne@l% SibRtithiad \azith 5

cal ci um gnesi um anmoni um tetraal kyl amoni um —an
ST PYREeor SRr UL EF P IR ey s pestriénis pagiittion). Such

i | Iofi Nies [ [ 4 Nekgani ¢ acids,
e R il B e PR Bt e AR

nmesyl ate, acetate, naleate, oxalate and the I|ike.

00 The teL "pharmaceutical ly acceptable partia
& nthe conpounds havi ng a substituent
ca 8] of hatienfet ARSI thvRRford fy el i
Ieggn?hgn t he naxiﬁ3%1aﬁou%F%o sﬁ@#ﬁar%ﬁggagggﬁéig%%ng
mafegialh ugingghe follopringgeanepil eyetladdiapd pspbdurey. duwilt 86 afecin@d that

: . Lally Lonized th
whBletiiiof eisestl irde S fnndinierd U &1 Bt ewbraRirs, diissamote
ratipelof feattastal solvehB08rtisulds, t8.) undat st 0atd: bRRLss! c@n@iltilogs can also

substjtuted groups defined above, 'polyners arrive
be pipd yateshpthgrgsmeted uOntimup rehctioanrqohditiossiiey iveryewitls theo

: sti.tuted aryl having .a . .
pk SRR sy AR B BPanona o one s
in th¢ s by reuthstoptimiatonptdtedurssibst i tuted aryl group,

i ntended. for inclusion herein. In such

ggg@?‘?]rlst Rg_tﬁfjﬁ‘%i%wﬁb‘?rﬁ@ﬁh%ﬁ Oﬁtbéﬂingmggim profesting
grogqg ®Rich MAdeckSa go ?%eﬁ%‘i‘ta@?ﬁﬁct?({nre# g&ggﬁsoﬁgl%elﬁlgfl’ergpi&g

initions IS nstral ned

undesizadpeastions bSuitable prdteatiyg g@iupsifis Vallfiimd ﬁlfgéﬂ@dl grﬁgps as vlvell as
.-substi.t.uted aryl-(substituted aryl)-substituted aryl.
suify 8 AR n Pioecting BhE Sepraisr Gt OpFHionabGvupS re well
knoth@ff inihd &r@ NBor@x8mBRL numerous protecting groups are described in T. W.
Greene and G. M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley,

G

New York, 1999, and references cited therein.

[0085] Furthermore, the compounds of this invention contain one or more
chiral centers and such compounds can be prepared or isolated as pure stereoisomers, i.e.,
as individual enantiomers or diastereomers, or as stereoisomer-enriched mixtures. All
such stereoisomers (and enriched mixtures) are included within the scope of this
invention, unless otherwise indicated. Pure stereoisomers (or enriched mixtures) may be
prepared using, for example, optically active starting materials or stereoselective reagents

well-known in the art. Alternatively, racemic mixtures of such compounds can be
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intended to include inpermssible substitution

patterns (e.g., nethyl substituted with 5 fluoro
wQ@er@aps2s66 a hydroxyl group al pha to et henyl i cPOF/US2004/034955

acetylenic unsaturation). Such inperm ssible

substitution patterns are well known to the skilled

artisan. CGeneral Synthetic Methods [0083] The net hods

of this |nvent|on enploy readily avail able startlng

materi al s uUSi f al eneral .netho
selPER P ELT Pt chise cgﬁmgl?rgfr@%rm e B0 iecagents and
th®xkdr ef er red process conditions (i.e., reaction
tenperatures, times, nole ratios of reactants

sol VB0R6d  pr eShestaring materjalsfos thy) fwﬂnwlngﬂamtmps acasaerally
e BT L WL AT

thepeoft iFou kgamysle, &ﬁﬁr@iﬁfﬁh@itaﬁmlg\ﬁm&ndl.&ﬁ@ aviiHblSHER commercial
condi tions can _be determ ned by one skilled in the art

peroTCR e AdFishriFhemical -9 (M@@’@Hk@s Wipg@osia) USA), Bachem
(T&%HCE' @ﬁ%hﬂa [ﬁ]@ \%ﬁfk@h e o&% a{s\felp(%dﬁ) ﬂdngEDﬁJ{IOXTSA)

protecting group nec
Otbes trayrbefmueymtrédinaprogrdngss orf csbarmusnﬂ@ﬁﬁcati@gs teetR S degétibed in
Sui tabl e protec groups for various

Staflgfﬁgtf ? I%%Fe BrBuEh a%pwr png § Peg%r St kageents i dPrgnBis oy riesis,
VoLl 5 QHha IWIIQ}EMM&IQ': 1@9) Q@'dtd %e%stmdrgmbompounds

roups are wel known 1 n the art
Vohimes biang Sup@cmmlngbapsr Seiencdibtistves 19819)]'0r§9dmc Reactions,

VoGP e e SR BB G s, o
Wil ideSvme S4“CE&1ﬁdn)t el BarBek's OORplerbmibd\OF IREET, ra‘h%rmanons
(Vggﬁ?ounds of this invention contain one or nore” chiral

uhlishegp incs JOROX onseiisaldy, damcdrepqundpaf ik ioveritioo Inmyehﬂ:
propfired 1 GaBbGY GRISARISun o e art AP oloAGloV AR SR AOLL 9TRGS

tereoners, or as

nucteosider al. nué\lebtldmm’fal@e s @th SR St Al ﬂbﬁéﬁh&%ews of the
m xt.ur eg r ncI uded within the scope of thi
PrepavFHAR PHRuclesidesad suplspidesimalogueciackide iMishelson AM. “The

c%ﬁ:%@%%ﬁ%édé nd%{ﬂdézéb?z “Mé&é@ﬁébrég?,g\g{%ﬁ?ggﬁﬁ%idz)

usi ng,” for exanple, opt I'Cal
Gopditnen Lal Basar Pstzepkm seNedtic vieid Ehgrint g, \Behdentio Pass] New York,

A0S, L el S e et s
Zoﬂﬁg}ﬁ W. & Aipion REIWRBRLAGY &8t 1988 Vol1 &&sol ving agents

an [0087] The synthesis of the compounds of this invention generally follows
either a convergent or linear synthetic pathway as described below. Scheme 1 below
illustrates two different methods for preparing 7-(2'-methyl-B-D-ribofuranosyl)-4-amino-
5-(ethyn-1-yl)-pyrrolo[2,3-d]pyrimidine
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the like. [0086] The starting materials for the

follow ng reactions are generally known conpounds or
w@2050€5p¢ epar ed by known procedures or obvi OUBCT/US2004/034955

nodi fications thereof. For exanple, many of the

starting materials are avail able from comerci al

suppliers such as Aldrich Chem cal Co. (M I waukee,

W sconsin, USA), Bachem (Torrance, California, USA),

Enka- Chente or Sigma (St, ' M ssouri, USA).

O hers may be prepared b§cki res, or obvious

nodi fications thereof, descri de in standard reference

texts such as Fieser and Fi esersi-s Reagents for Osganic

Synt hesi s, Volunes 1-15 (John \I ey and Sons, 199%),

Rodd's Chem stry of Carbon Conpounds, Vol unes 1-5 and’

Suppl enental (El sevier Science fhergs, 1989), Z N

Organi ¢ Reactions, Volunes 1-40% MPC%@S@ }NJ
h

1991), March's Advanced Organic fChenistry, (Jo Il ey
and Sons, 4th Edition), and Larock's Conprehensi: T
Organi ¢ Transformatiogs (VCH Publishers | nc.DCB198Y) .

Specifically, the coghounds of thislinvention mei® be
prepared by vari o«f{@f‘hads_,kno@“the art of
organi c chenistry fn general andy ntxcl eosi de and

nucl eoti de anal ogue synthesis in paticular. General
reviews of the preparation of nucleoside and ¢

nucl eoti de anal ogu®sBionclude 1) M chel son A /"NThe
Chem stry of Nucl eosi de d\ Nucl otg,&}eg " Academ c
Press, New York, 1963; 2y Goodman L. " Badi®)'PriNnci pl es
in Nucleic Acid Chenmbst-PyOoR" Academni ¢ Press,V New YorKk,
1974, vol. 1, Ch. 2; and®) "SynthetigcRroGgdures in
Nucleic Acid Chem stry," Eds. Zorbach W Ti pson R,
Wl ey, New York, 1973, vol. 1 & 2. [0087] [The
synthesi s of the conpounds of this inventipn generally
follows either a convergentngr |inear synfhetjc

pat hway as descri bed bel vv./§cherre 1 bel ow i Wl ustrates
two different methoag f \rﬁbaring 36(2'/ \t@ﬂ/l-
b-D-ri bof uranosyl ) - 4=gmfo-N" =~ oN""N
5-(ethyn-I-yl)-pyrrol , 3-d] pyrimdine_}OSCHEME 1 Si "
- T

HO OH HO OH

| |

—Si7

\ j

S~

\\ NH, \

I~ N \ NH, \\ Cl

HOS o N \NJ ad ad .
w - HOWN \NJ HOWN \NJ

HO OH '

1 HO OH HO OH
10

? 7 |

[0088] Specifically, in Scheme 1, commercially available 4-chloro-
pyrrolo[2,3-d]pyrimidine, compound 2, is converted to the 4-chloro-5-iodo-pyrrolo[2,3-

d]pyrimidine, compound 3, by contact with a slight excess and preferably from about 1.05
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l 1 -8 DCB- OCHI 7ar 23 Q@ DCB-O) Vy\ HDCB O
H4 NHI HO- HHHH6 5\ \ NH\WW JH1cYVi HO
woR@s012556 H H OH 7 10 [ 0088] Specifically, in BChesmwo4/034955

commerci ally avail abl e 4-chl oropyrrol of

to 2 equivalents of N-iodo-succinimide in a suitable inert diluent such as DMF, ‘
acetonitrile, and the like. The reaction is typically conducted at from about 0° to about
40°C and preferably at ambient conditions until substantial completion of the reaction.
Preferably, the reaction is conducted in darkness (e.g., in a foil covered reaction chamber)
and is typically completed within about 6 to 24 hours. The 4-chloro-5-iodo-pyrrolo[2,3-
d]pyrimidine, compound 3, can be isolated by conventional methods such as filtration,
evaporation and the like. Purification is preferably accomplished by crystallization with
the yield of compound 3 being greater than 90 percent.

[0089] 4-Chloro-5-iodo-pyrrolo[2,3-d]pyrimidine, compound 3, is
combined into a suitable inert solvent such as acetonitrile, DMF, and the like at ambient
conditions. A slight excess of sodium hydride, typically from about 1.01 to 1.1 and
preferably about 1.04 equivalents relative to compound 3, is added portionwise to the
solution. The resulting system is maintained with stirring at ambient conditions for a
period of from about 0.5 to 4 hours and preferably for about 2 hours. Upon substantial
completion of the reaction, any insoluble particles are removed from the reaction mixture
by filtration. The sodium salt of compound 3 (not shown) in this filtrate is used in the
next step without further purification.

[0090] Separately, 1-methoxy-2-methyl-3,5-di-O-(2,4-dichlorobenzyl)-D-
ribofuranose, compound 8 (described below), is dissolved in a suitable inert diluent such
as chloroform, methylene chloride, tetrahydrofuran and the like and the resulting system
cooled to approximately 0° to 10°C. The corresponding 1-bromo-2-methyl-3,5-di-O-
(2,4-dichlorobenzyl)-D-ribofuranose (not shown) is prepared in situ by reaction with
gaseous hydrogen bromide which is bubbled through the reaction system until substantial
completion of the reaction which typically occurs within 0.1 to 1 hour. The resulting
product is obtained by evaporation, preferably at temperatures not exceeding 20°C and
residual traces of hydrogen bromide removed in vacuo (preferably at a pressure less than
about 15 torr).

[0091] An excess, typically from about 1.01 to about 2 equivalents, (more
preferably 1.5 to 2 eq) of the sodium salt of compound 3 is combined with 1-bromo-2-
methyl-3,5-di-O-(2,4-dichlorobenzyl)-D-ribofuranose in a suitable solvent such as

acetonitrile, DMF, and the like. Typically, the reaction is maintained at ambient
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2,3-d] pyri mdine, conpound 2, is converted to the

4- chl oro-5-i odo-pyrrol o[ 2, 3- dj pyrimdine, conpound 3,
whgoososmsact with a slight excess and pref erabl BCT/U8I004/034955

about .05 20to 2 equivalents of Niodo-succinimde in

a suitable inert diluent such as DWMF, acetonitrile,

and the like. The reaction is typically conducted at

fromabout 0 to about 40 C and preferably at anbi ent

condi ti unti.l. . substanti conpl tion of, th
copans witl Sl L FOmPIE e wieadrpeby %cceoﬁ’auzﬁl Eigm fpout 6 to
ab@’lﬁ@ﬂrlﬁ)‘ﬁﬁs (’H}leesul’dlﬂg Iﬁoa@dtl 7- @?\ﬁ%{]ﬁ}q e a(ﬁtd) %ﬂ&%&nzgl) B-D-

and is typically conpleted Wt out
I‘IbflfﬁéanDSE]I)-l‘ldﬂﬂ)Olﬁ 5- t@do mmicdﬂﬁfcﬂpﬁimdjlw compdlumb4 is isolated by

coffIROHA iR e i asn Saop onduieized and he solven

evipoiratbd. c@binpburd4 ﬁrtﬁérﬁt&@ﬂhﬁéd%wmﬁﬁ%glv@{t for example, toluene,
crystallization with the yield of conpound ber n

xylgneseed thefiks. dbe pradeeiean Heqoddipd by flash chromato graphy followed by

5-iodo-pyrrol o[ 2, 3-d] pyrimdine, conmpound 3,
cry%ta%aﬁéﬁned into a suitable inert solvent such as

acetf@om2 ri | e, SubMkqueatiy, thb @ichiockebenkylahbtea it %g‘realsb drb 8fifoved by
A slight excess of sodi um hydride, typical from

CO%‘E?BHPnai peeeediges suchgs goppeting A6 yﬂeélbdtﬁt S’ @@é&érdﬁdﬂ@wbsnzyl)

S8 OB S PRI B8l o i

pr&fidd fok '7'Q{Z’&hetﬂ?b%ﬂ)ﬁ#lwﬁﬂzﬁiotsylwschﬂﬁb Saloﬁg-rp'y%lcﬁi 3fcf]8§7ﬁm1dme
about ours and preferably for about 2 hours

CO@B@W@ b@?&ﬁ@hlﬂlth@m@pm@t iseandifctedhie an dzect dibrent such as chloroform
ar.t S enoved reacti.on
mgHe R Ahi e oﬁfhefﬁae RS SRt ghy B ietrom
aboiln o@sof&b @Wb\)t s(rm et afpelibdl 8 RomSbusEtd Nhdle ambien ll&Red to
wi t hout further purification. [0090] Separately,

warm i 469 09C watlipe re;acsordxs-sebq@twﬂﬁ p@mpb;twbwbymwaﬂy. dseurs
aﬂéﬂ’a{nae{alﬁﬁﬁma e s ﬁkg}?_}r? dxﬁgr%{idst{ﬁg 841&},\2] qgeﬁ' 'd?r)\?&l metﬁanol and

In a sulta uen SUC as C

is tived hydteatieedclhyt misintethe el keadlyto abdut 7awithabatd) Fbréfbﬂﬁﬁly&ﬂl@h
t he resultlng system cool ed to approxi mate 0to C

i P SRR THe UG ol mefst Ry ofiraposgh)-4-chloro-5-iodo-
rr ot S ANHET o s BALMEETRS B Mo Rt s
filtkation) elepudatiom chsoratbfbgltl, phscipigtion,hed tigelgltd. on syst em
typi03B y o coLch-GHiom Broee of semRouRa aHs (e anesed by peptact with
an excess of liquid ammonia. The reaction is preferably conducted neat at a temperature
of from about 75° to about 90°C in a pressure reactor typically maintained at from about
100 to about 500 psi. The reaction is continued until substantial completion which
typically occurs in about 12 to 48 hours. The resulting 7-(2'-methyl-B-D-ribofuranosyl)-
4-amino-5-iodo-pyrrolo[2,3-d]pyrimidine, compound 6, is isolated by conventional
methods such as filtration, evaporation, chromatography, precipitation, and the like.
[0094] As shown in Scheme 1, the iodo group of either the 7-(2'-methyl-p-
D-ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2,3-d]pyrimidine, compound 5, or the 7-(2'-
methyl-B-D-ribofuranosyl)-4-amino-5-iodo-pyrrolo[2,3-d]pyrimidine, compound 6, is

22



product is obtained by evaporation, preferably at
tenperatures not exceeding 20 C and resi dual traces of
whyasogsse br om de renoved in vacuo (preferabl yPEr/us2004/034955
pressure less than about torr). [0091] An excess,
typically fromabout .01 to about 2 equivalents, (nore-
preferably 1.5 to 2 eq) of the sodiumsalt of conpound

3 is conbined with |-brono-2-
nzyl) - D—I‘Ib furanose in

3.5.di- 0 (2 4.di chlo
o ok BRI St it
acdoinlgfishdd/py fissk Hi)ésol‘&l'ﬁg chBPEEAPS 01l 6 11{T@blﬁfaﬁlerlﬁ§“t Wﬁflueﬁﬁ@ﬁ&% DMF,
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mlkxufarnogethalr\amlﬁ)swbﬁcess typically 1.1 to 2 equivalents , of
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sudél\e/agg%érztg lagﬂﬁéje{dn_gfgefe%byﬂt&?i c%e%ﬂm% 7 an ingrta m?sigﬂgre The
reastiort aby@icabl cordtcted arfrax abqgltdm tcoziihdﬁg E%°O<?ﬁ}daﬁ ﬁ&ntlrﬁiéd until
Th d rifie as
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rlbﬂﬁlteﬁiosyi‘wmhllorﬁd (Eflmeluhy@ﬂyl%ﬂl@'nyﬂ)pﬁkolbpl;ﬁaﬂ]qayh)mdmg compound 10,
R St D iato Bt S
preZl[‘p(tthﬂT%hHmelh(eD“ bof ur anosyl ) - 4- chl or o- 5-i odo- pyrr ol

d] pyri m di ne, conpound 5. Preferably, the
r eafl096h is C"Hremnod@ddemwedrﬁomedsmp@hddtﬁaﬁlé SL(Qhrnaﬁlyl B-D-

d the | k The
b o At S S by hRy o oL I, earopund 7
is 1S(ﬁ9ce&9 %Qﬁ&&tm@a@l&tﬁb\ﬂ@ SRR 18dHa, e@%ﬂﬂtﬂ% %5: &}a{q%r%%lg

hours and then allowed to warmto
Pre¢1@§@1u¢mﬁndﬁle§ddsst anti al | y conmpl ete which typically

Cnello2E:  on FEnEiEaIEn Nt et i rebdsnenigrvative
(-Caew) byl dezigdatidh Which boErs hﬁ cehbén%ﬁél xﬁé%h@&%hegm%ﬁlﬁm

base, preferably with ammoni um hydroxid
hydr@gdq:,moﬁgsmm(cgrbonate or fluoride anions. For example, reaction of 7-(2'-

me%lnghg%f-ﬁw D b f4u%8aﬁ_§s h%mgthyrslélgf gtgglglflgg%%io [5%-(%£)yr1m1dlne,
congsme I Wﬂﬂ%&nﬂmﬁﬁﬁd@dﬁﬁ&fé il ¥nethanol provides for compound 1.

[0098] Alternatively, desilylation and amination can be employed with
compound 10 by reaction with concentrated ammonia to provide for compound 1.

[0099] In an alternative embodiment, compound 3 is first treated with-a
trimethylsilyl acetylene as described above to form compound 5a. Compound 5a may be
coupled to 2'-methyl-3,5-di-O-(2,4-dichlorobenzyl)-D-ribofuranoseas described above to
form compound 7a. Finally removing the 2,4-dichlorobenzyl protecting groups from the

sugar provides for compound 10.
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filtration, evaporation, chromatography,

precipitation, and the like. [0093] The 4-chloro group
w@boosomseand 5 is then ani mated by contact w t PCHIS2004/034955

excess of liquid anmonia. The reaction is preferably

conducted neat at a tenperature of fromabout 75 to

about 90 Cin a pressure reactor typically nmaintained

at from about 100 to about 500 psi. The reaction is

cont d unti] ,sub tial conpletion which typically

occ Jbﬂ}bﬁ n abo &Chi@e ?E?gﬁ’g’ ﬂ&ﬁF%@S synthetie yatiationg in e preparation
of 7=(6 2z N9 L-Pyb-1 oL Lethyne1-yl)- dlovrimidi

4 -(a mmﬁﬁg?S B?ﬁo (TJII% E)%‘r/zgﬂroo 2 Fzﬁgﬁgi}s p%?lly% ld?ll% & yrr 2 lcg)l%g udl;l%yrg?ldme’
compopgbl.at ed by conventional nethods such as

filtration, evaporation, &2{]& gr aphy,

precipitation, and the I§ | 4] As shown in Schene

1, the iodo group of either the 7-(2'-nethyl-b-

D-ri bof uranosyl ) - 4- chl ¢r 0$5-i odo- pyrrol o[ 2, 3- d]-py

i ne, conpound 5, or th N - \
met hyl - b- D- r i bofoGB-2Ros W méﬂ- am no- 5-1i odo- pyrrol of -d
] pyri m di he, conpoun , I's 22converted to the N

/
correspondi ng (trimethyl)sil ytacetytenyt d¢tGifhy o
Conversion is accdfipfi®hed by first dissolvi ng@
compound 5 or 6 in a %uitable inert diluent sychias
DMF, THF or a m xt uqe of DWMF/ THF such as 3:9 rayno.
catal yti c amount of Yooth cuprous iodide (Cul) ajd
tetraki s(triphenyl prasphi ne)pal |l adiun(0) is then adde

to the reaction We together with an excessy
typi pcelo 24€ uilval ents , of
(tripethylsily}Seacetyl ene. The reaction is_prefér ’6I/,'§/
condlcted in th mreser&g of a paswhsuch &8 o NN
triethyl am os-ansh preferably is}fﬁ:ﬁuct ed undéryan

i nert \at mosphere. The reactogn st ¥pi cal | yLanguct ed
at frein about 10 to about Boi@yénd is continueg pntil

subst afjti g}, conpl eti on which typically occurs inf about
12 to hiotirs. [0095] The pt@&dct derived from

conpou d 5,JNi ' - met hyIG-E- Dri bof uranosyy ) -

4* o= (trimet hyl sN yl et hynyl ) pyrrol o[ 2, 3-d] pyri'm
di ne\ _Yonpound 10, is iswsl ated by conventionaly t)riods
syghgag, fil txation, evaporati-e®i; chromat of? TN
precif tationXx apd ghe |ike [ ‘p96P]H2The produ

derived fromco §6, I.e., HO OH
7- (2" ymet hyl,sb- B ilgofiur anosyl ) <" T~ 16
rp)yrrol o[

4- ani o-5-(trWhywsi1—y|—-5W 2,3-d] pyrimi

di ne, ‘tonpgun - _
HO OH HO OH
DCB-0~ o N—Sy l1 T 7
BCB—0 oH
14
[0101] In Scheme 2, 7-(2"-methyl-3',5'-di-O-(2,4-dichlorobenzyl)-B-D-

ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2,3-d]pyrimidine, compound 4, is aminated in the
methods as described above to provide for 7-(2'-methyl-3",5 '-di-O-(2,4-dichlorobenzyl)-B-
D-ribofuranosyl)-4-amino-5-iodo-pyrrolo[2,3-d]pyrimidine, compound 12. This
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is isolated by conventional nethods such as
filtration, evaporation, chronmatography,

w@e@sipssat i on, and the |ike. [0097] Conpound FCT/EHS2004/034955
then be converted to the acetylene derivative (-C CH)
by desilylation which occurs via conventional nethods
usi ng amoni um hydr oxi de, pottasi um carbonate or
fluoride anions For exanple reaction of 7-(2'-

co R SIAS R0 BP BY Fr AT EeR 90 HReTISS Wiph can be used to
nd
prepae 7”6%’31&%?% o ng??ﬂb‘feﬁ“‘y’jmﬁfgﬂ%‘?gﬁ?ﬂgﬂ@ Rl
d]l@)émmldeieeﬁ@hmkedlw th conpound 10 by reaction wit h

d t f d1. [0
I o nadhaa e R B8 BBk oK< B efugh of compoun
12tafr et etMubifg dofonl tHEkIBMESIH tMé mARReSR Bed $n J8ReEd p@tq)a/e to

above to form conpound 5a. Conpound 5a may be couple
prevgde for 7-(2'-methyl-p- —r1bofuranosy1) 4-amino-5-iodo-pyrrolo[2,3-d]pyrimidine,

L B SR A A
ribo IR sPD-4 HRind- ﬁ(tﬁhﬁﬁiyﬁélgﬁﬁg%¥g p?'ﬁ'l%ﬁcg%t 'Ocilﬂg&gﬁlgﬁ cglrnggﬁnd 7

the su provi des for
uswéla@m?yummm@ ebbath nulbreus xodxdar(CaI)u amdSetrakls(in@henyl-

R0 B o fihar (o sode el Tt cxcqsactipisally Jityo pympiselsps  of
(trich dalyy1sitgil hicexglene R Wikbedoe 03&MHEM S Zddscribedbovd.\ | C DCB-
OCH 4 DCB- O (H 7a

[0103] In one embodiment, 7-(2'-methyl-B-D-ribofuranosyl)-4-amino-5-

[sN

(trimethylsilyl-ethynyl)-pyrrolo[2,3-d]pyrimidine, compound 7 is desilylated as described
above to provide for compound 1.

[0104] In another embodiment, compound 12 is converted to the
corresponding 7-(2'-methyl-3',5'-di-O-(2,4-dichlorobenzyl)-B-D-ribofuranosyl)-4-amino-
S-(trimethylsilylethynyl)-pyrrolo[2,3-d]pyrimidine, compound 13 using a catalytic
amount of both cuprous iodide (Cul) and tetrakis(triphenylphosphine)palladium (0)
together with an excess, typically 1.1 to 2 equivalents , of (trimethylsilyl)acetylene in the
pfesence of a base as described above.

[0105] Compound 13 is subject to both desilylation and removal of the
hydroxy protecting groups to provide for compound 1. As shown in Scheme 2, the order
of these two steps is immaterial and in one embodiment, desilylation proceeds first in the
manner described above to provide for 7-(2'-methyl-3',5'-di-O-(2,4-dichlorobenzyl)-B-D-
ribofuranosyl)-4-amino-5-ethynyl-pyrrolo[2,3-d]pyrimidine, compound 14, which is then
subject to removal of the hydroxy blocking groups, also as described above, to provide
for compound 1. In another embodiment, removal of the hydroxy blocking groups
proceeds first to provide for 7-(2'-methyl-B-D-ribofuranosyl)-4-amino-5-(trimethylsilyl-
ethynyl)-pyrrolo[2,3-d]pyrimidine, compound 7 which is then subject to desilylation to

provide for compound 1.
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NH, DCB-O "N NH, i DCB- OOH 12 DCB- O OH - S 15 v NH,
HOH/ 6 \WC Si" DCB- OCH 13 NH, NH, N HO OH HO 16

WO RO5M255¢H0 OH HO OH DCB-O 1 7 DCB- O OH 14 [ OROW/{S1004/034955
Schene 2, 7-(2'-nethyl-3 5
-di - 0- (2, 4-di chl or obenzyl ) - b-Dri bof uranosyl) -
4-chl oro-5-i odo-pyrrol o] 2, 3-d] py pm di ne, conpound 4,
is amnated in the net hods as descri bed above to

pr oibﬂ@ E gr 4- dﬁl%magrv &y mp(aung 7a can be prepared by reacting
coﬁpbmbm with At eltylki3Mhdedyone RURsdvel bR ﬁledc%lﬂﬁé{qyjl'gl group

compound 12. This 24conpound serves as a
of E@PPRunFlJra can \pg rergvegias desaribed abeete pesviddifor kompourkiel 5.

Coifapnd 06 RSPREE oy sl b bepryrhemiachie exquae fiph sargagund 15,
Ammymomcbfo:[oﬁxpaund 15 using techniques described above provides for compound 1.

[0107] In another alternative process, compound 7a can be converted
directly to compound 14 by aminating with liquid ammonia.

[0108] The 2-substituted ribose sugars used in Schemes 1 and 2 above can
be prepared from methods well known in the art. For example, one starting material of
these compounds is an appropriately substituted sugar with 2'-OH and 2'-H. The sugar
can be purchased or can be prepared by any known means including standard
epimerization, substitution, oxidation and/or reduction techniques. For example,
commercially available 1,3,5- tri-O-benzoyl-a-D-ribofuranose (Pfanstiel Laboratories,
Inc.) can be used. The substituted sugar 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,O+
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 tetraoxide, phase transfer catalysts such as
chromic acid or permanganate supported on a polymer, Cl,-pyridine, H,O,-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.

[0109] Coupling of an organometallic carbon nucleophile, such as a
Grignard reagent, an organolithium, lithium dialkylcopper or CHz-SiMe; in TBAF with
the ketone with the appropriate non-protic solvent at a suitable temperature, yields the
2'-methyl sugar. For example, CHsMgBr/TiCl, or CH;MgBr/CeCl; can be used as
described in Wolfe et al. 1997. J. Org. Chem. 62: 1754-1759. The methylated sugar can
be optionally protected with a suitable protecting group, preferably with an acyl,
substituted alky] or silyl group, by methods well known to those skilled in the art, as.
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d] pyri m di ne, conpound 1. [0102] In a first

enbodi nent, the hydroxy protecting groups of conpound
wda2o0anessenoved using boron trichloride in theP@EOS®O4/034955

described in Schenme 1 above to provide for

7-(2' -met hyl - b- D-ri bof uranosyl ) - 4- am no- 5-i odo- pyrrol o

[2,3-d] pyrimdine, conpound 6. Conpound 6, in turn, is

converted to the corresponding

7 ‘et hyl - b Dri bof yr anosyl ) - . . )
ta“ﬂlgﬁl( SIS 6% ?’ib FraeRiive ﬁ"W@t Zﬁﬁrﬂww pyFietis[Johm Wileyand fons,
SecbEEdiEOHNNO9Nd 7 using a catal ytic anmount of both
cuprous iodide (Cul) and tetrakis(triphenyl phosphine)
pal I[&H0m (0) In addititreto the aboanthe2t-Essubstitydeakry usedia the

i o of (trinmet iyl tyl jn th
s BN e Bl NS ) B E SR A 08
examplogbySothmadoséid ot 1B ind bypeRréll HOfl WaneSY bhid- AN M8 Rtated

trjimethyl silyl-ethynyl)- pyrrof o[ 2, 3-d] pyri m di ne,
he Hhﬁ%ﬁﬁﬂm¥fP§%&&ﬁW%HWHed as described above to

pr oy for c l.n ot her enpodi nent ,

ConiSitly 2 ¢ SERATS bitoy! a0tes Uik FREISH RS (B brotected
sugamgtaln jd usaful For-cdiiplihgt3,tHe Basell@cabaT e bih-

b- D-ri bof uranosyl ) - 4- am no-

5- (trinet hyl silylethynyl SCHEME B[ 2, 3- d] pyri ni di ne,

conpound, 13 usi ng apsatal yti c anpunat of both cuprous

i odi de ?-&l oand tetrakbsgtriphenyl sghi ne) pal | adi um

(0) togeth hth an excegs® i : 2

equi val ent s [of (Trinet hy sj _

presence ofioa0bhse as (escii bﬁ,"e-é[ 05] ound
13 is subject to both desfiyfation ard'r val 01 t he
hydroxy proté&cting groups Ro provide fer conmpound 1.
As shown in Schenme 2, the order of these two steps is
i mmat ePhah_and i n one,enbodi ment, desi:rl—ykati on ’

proceeds f®TEp in the n_ah r described a to
provi de for—r@a O\ wo O\ o
7-(2' -met hyl 81 %501 - O ( 2,\44di CHl or obenzyl )- - Dr bof u
ranosyl ) Phd-anmdnorb- et hynyls gyrrol of 2, 3] pyri‘gi di ne,
compound 14, which is thén/osubj ect to rgrﬁﬁél of the
hydr oxy blockfng groups, alsg as described ajove, to
provi dghbRIPHGS BREHY Snd-x’ ikasaﬁé}tlé‘%%viﬁgg%' alh as h&gOVal
of the hydroxy bl ocki ng groups proceeds fiTst To0
provi de for _ _ _ _
|7y|( @tl%g]ﬁ;r‘g" ~PorbhafibR 3 WAP AT SenchTaB8ve 1 dctblBhithel 3
described by Mandal, S.B., et al.,, Synth. Commun., 1993, 9, page 1239, starting from

commercial D-ribose. Protection of the hydroxy groups to form sugar b is described in
Witty, D.R., et al., Tet. Lett., 1990, 31, page 4787. Sugar ¢ and d are prepared using the
method of Ning, J. et al., Carbohydr. Res., 2001, 330, page 165, and methods described
herein. Sugar e is prepared by using a modification of the Grignard reaction with
CH3MgBr or other appropriate organometallic as described herein (with no
titanium/cerium needed). Finally the halogenated sugar (X’ = halo) used in the
subsequent coupling reaction is prepared using the same protection method as used to

make sugar b above. The halogenation is described in Seela, US Patent No. 6,211,158.
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pyrrol o[ 2, 3-d] pyri m di ne, conpound 7 which is then

subject to desilylation to provide for conpound 1.
wWQ@208006F56 Al t ernati vel y, conpound 7a can be prPROHUSH04§34955

reacting conpound 4 with a trinmethylsilyl acetylene as

descri bed above. The trinmethylsilyl group of conpound

7a can be renoved as descri bed above to provide for

conmpound 15. Conpound 16 is prepared by renoval of the

e S TR 2B Pt bDemb! ot
by m@h&cﬁ&ﬁelf lefownoaTkese killed 04 Alt, Adta tblj)@reé}{et e? I 7] ap}o¥E-tive
process, rgound 7a can be converted direct

"ewhsd&ﬂraam ythasis, den WiteywandrSons, cﬁmqnchﬁdnunn,al%[l 0108]

The bstit ytes S ed in Schenes
éeorvlgqjcan b5e£\n p?tgédgyggg? ?ﬁ%rﬁg %%%g%felc eaﬁggms P?P%Hnlhf@f
cowrrling t6hetesoeqetpd aseisdetatled in RhemRUSAAY. of these
conpounds is an appropriately substituted sugar with
-OH and 2'-H The sugasc%ﬂﬁwﬁe‘purchased or can be
prepared by any known neans i ncl udi ng_st andard

e{oi | zati on, supstituti on, oxidgle d/or

red qechnlquegkéfzu xanpl e, berfrer ¢o Qy

avai Ie 1,385 tri- enzeyL»a D- |b0furan S

(Pf aaﬁgh el Laboratorigs;, Inc.) can

substituted sugar can en be OXIdIZ

appropriate oxidi zing ﬁgent in a conpatible soIVeﬁg;;]/
sugar

a suitdble tenperature’to yield the 2'- fodi fi éd
Possi bl e oxi di zing agents are, for exanple,

Desss~ Vb per i odi ne reagent, Swer n

oxi dat i DVES) oxaIyI chlorid yIa ne),
Jones reagent (a .,H(e of chronr Q)SU|LUYIC
aci d), ' eagent (dipy+idinp %@e
Corey's r i di ni um chl oroc at e)—/

pyridi ni um omate, acid dichro DOIASH um

per manganat e, rutheniumtetraoxide, phase transfer
catal ysts suchkas chromic acid or perfangandte
supported on a polyner, d 2-pyridine, nolybdate, NaBr
2-CAN, NaGd ifn HOAc, copper chromnite, copper oxide,

Raney keI palladiunracetate
-Verl ey reagent (alum num ”-but oxide
Wi t h a 8ne 9nd i V- bronosucci ni m de.

el

Cl
I

[0115] In Scheme 4, methylation of the hydroxy group of compound g
proceeds via conventional methodology to provide for compound h. The 2, 3 and 5
hydroxy groups of the compound h are each protected with 2,4-dichlorobenzyl groups to
provide for compound i. Selective deprotection of the 2-(2',4'-dichlorobenzyl) group on
compound i proceeds via contact with stannous chloride in a suitable solvent such as
methylene chloride, chloroform, and the like at reduced temperatures, e.g.,~0to 5°C,

until reaction completion, e.g., 24-72 hours provides for compound j. Oxidation of the 2-
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[0109] Coupling of an organonetal lic carbon
nucl eophil e, such as a Gignard reagent, an
wo@e@anglssé hi um |ithium di al kyl copper or in TBAET/WE1004/034955
the ketone with the appropriate non-protic sol vent at
a suitable tenperature, yields the 2'-nethyl sugar.
For exanple, CH MyBr/Ti CL or can be used as descri bed
in Wlfe et al. 1997. J. Org. Chem 62: 1754-1759. The
t hyl ated su an_.be optionally protected wt

by 0 S50 TP ER-GE 7 g p iy Hloor saneouad KaVlehylation
als%l&&ebaéiése&séﬁﬂ%w he%in & prylidd T&l&mﬂ%\ﬁnﬂrgt hods wel |

known to those skilledin the art 6t aught by
G ed0l6dt al . Premrasioniof eoBpour’s Wier Wy am| or \Wmstdsth& than

3P ol ey e oo a5ke e i a i con be

comgslished Gdieg HEHhRIdsAeb@ivRads
acwel I lsknomﬁ%’ n the arst eand ar eﬂ%gggé‘:v%ggeﬂf&gfb@@aﬁg

PfWaQ@ﬁﬂadOSS|, et al. 10 and by Carrol et al. 1'12

heil?' S k%ﬁs Q%WM’ 6f é referemf H'&”Ed(s)
altern fﬁﬁ REAdvygices ste%

useb Izérﬁr 1GOYIRY kN Biothihliea BEASRPhFGELALREDoHE! E5412- -
SCHE?\I/E28°5 elcv\,here Ph l| S lphenyl aﬁdy{é)i( [ SQ‘?SQI@ g( 3,276

| eavi ng group such as halo [0112] Formation of sugar a
i n 8¢hWaendg, Cabrov.eMeddicinalResphichReiass @062); ROEI, 417-451.

1238?I %/Iteheff’fé; e 27%”\“&%@9& (509%]24%01993% gt egfllggn of

t he Fgy é’iaﬁh}f{i&e WoR\3Sioh Bf ﬁ@rs'th?d&gﬁyl %o%@ofjtﬁé GL[k k{@ﬂiyf%ﬁ)] -4-amino-

W t tgg et al, Tet , page 4
pysolgit.3-dlnimidins] 8-S paethyl-Rril-ribofitamoside bmdpmﬁlletmgpholspho
2001, 330

dighonfisire TRRRPIbRiRNE i P e e R abalByn Bpng
Hugchimidh f (Bl ko boﬁ“oivhﬁenﬁ FOIRAS FhKRRAC féa@t'ibn"‘&rfdt’l)reﬁerﬁéﬂﬁlf

appropriate ofganonetallic as described herei
Nuglgosife Mangraldier runarnbf@dad»osplratmmd Nuwlbﬁwldealvo‘gEGMds in the

Phg‘éfyggfyl kxmdue,h‘aéﬁ)gm tc'ry of N‘uc‘eosmes and Nucleotides, Plenum Press,
(1991) 2.

[0117] The preparation of amino acid esters on the ribofuranoside can be

accomplished as shown in Scheme 5 below:
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subsequent coupling reaction is prepared using the

sane protection nethod as used to nmake sugar b above.
wab@sh#segenati on i s described in Seela, US Pap@rusio4/034955

6,211, 158. 27[0113] Subsequently, any of the described

nucl eosi des can be deprotected by nmethods well known

to those skilled in the art, as taught by G eene et

al. Protective G oups in Organic Synthesis, Jon WIley

and Sons, Second Edition, 1991. [0114] An alternative

approach to making prot eSCHEMEgars useful for

coupling to heterocyclic bases is dﬁtalled in Schepe 4

bel ow. SQHEME 4 [0115] In Scheme 4, methylation of| the

hydr oxy }oup ofcconpound g proceed

met hodol dgy ['& p viNdeocf or conpound| h.

hydr oxy gr of the compound h
or obengy!l  groups tg
t|0% depr ot ecti &n ‘of,

&plchlorobenzyl) roug conmpound | ocgeds

Vi a contact with stannous chl 6%ide®n a suit bl &
sol vent such as net hyl ene chbride, chlorof&rm| and
the |ike at reduced tenperatures, e.g., ~ 0 tqﬁBC,
until 3 &GcltPBH conpl etion, e.g., 24-72 hours provi
for compauney . Oxidation of the 2- 28hydrjoxy gro b
proceeds as described herein to|provide for conpou
k. Methylation al so proceeds as”
provide for compound 1. [0116] &t ation of
compounds where W WL gr W2 is “otfey, than L han hydrgg N
usi ng the conpoundss, pared.o Qve‘§§_fhe S |ng
materials, can be accoppbishey using the nethqgds,
described in the fol | 8w ngof éViggws of prodru
preparation: 1) Cooperwood, . et # , "Nucl eosi d&and
Nucl eotide prodrugs,” in Ed(s) Chu, C. K Recent
Advances in Nucl eosides (2002), 92-147. 2) Zenli cka,

J. #418] ., Bi Sohiesired bett-pﬂt@}tﬂdyeﬁmﬁa abid! @réféRBR) an L-amino
Cé ﬁ; 2teﬂ 3 er, C et al., Medicinal
aci e@gy -qabony; 1ne1§@@it) are%g;e Ved in gpsinert solvent such as THF. The

reaction mixture is held between about 20 and about 40 °C for about 0.5 to 24 hours. A

solution containing an slight excess of the desired nucleoside in an inert solvent such as
DMF, is added to the Boc-protected amino acid mixture and is heated at about 40 to about
80 °C for about 2 to about 24 hours. A mixture of structural isomers is isolated and
separated using conventional techniques such as evaporation, precipitation, filtration,
crystallization, chromatography and the like.

[0119] The desired ester is then acidified using, for example, 1:1 v/v
TFA/DCM solution for about 0.1 to about 1 hour about 20 and about 40 °C and
evaporated. The residue is dissolved in water and held at about 0 to about 30 °C for about
2 to about 24 hours. The mixture can be separated and the desired product isolated by RP-
HPLC using standard techniques and conditions.

[0120] While the scheme above demonstrates the production of

deazapurine prodrugs, this process can be used on any desired nucleoside compound.
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4) Meier, C. et al., Synlett (1998), (3), 233-242. For
exanpl e, conversion of the 5'-hydroxyl group of the

wo 2050425k ynyl ) - 4- am nopyrrol of _ PCT/US2004/034955
2,3-d] pyrimdine]-2"-GCnethyl- b-Dribofuranoside
conpounds to a phospho, di phospho or triphospho-anal og
can prepared using the nethods describe in DW
Hut chi nson, (Ed. Leroy b. Townsend) "The Synthesis,

de Mbno-
0L 0 L A o i im0
redcfioh bendTheEP Me¥d plogetitdEroups &E%\r@llsﬁn'b q[n 6% eosi des

and Nucl eoti des, Pl enum ess (1991) 2. The
preparation of am no acid esters on the ri bof uranosi de

n cconpl h bel.ow: i

20 s BHE" S NG P ieR B ey BT RE of i engside can be
acormiftished\bd shblwh ifScRbh@8 bhIo%18] The desired

boc-protected amino acid, (preferably an L-amno
acid), and N, N -carbonyl diin dazole are dissolved in
an inert solvent such as EﬁfiN@$ reaction mxture is
hel d bet ween about 20 ang 40 C for about 0.5 to
24 hours. A solution con ing an slight excess of

t he desired nucl eosi de i i nert solvent su p as
DVMF, is added| tected am no acid |m xture

and i s heat edl atMabout\=40 to about 8 B2 to
about 24 ho m xturé lof struc
i sol ate = $i-0

HO

HO OH

N Z
HO i-o/ﬁ N
e O
o alkyl oj\ alky!
32 A
[0122] Compound 1 is dissolved in a dry solvent, such as pyridine, and a

silylhalide, such as fert-butylchlorodiphenylsilane, is added to form a protecting group at
the 5’-position on the sugar. Any protecting group which can be directed to the 5°-
position and can be removed orthongally to the final desired 3’-ester can be used. This
reaction is run for about 4 to 24 hours at a temperature of about 10 to 40 °C. The desired
acyl chloride is added to the protected nucleoside, compound 30, and stirred for about 4
to about 24 hours to form compound 31. Which can be isolated and purified using
standard techniques such as isolation, crystallization, extraction, filtration,
chromatography and the like. Compound 32 is prepared by removing the protecting
group at the 5°-position. This can be accomplished by reacting compound 30 with a 1M

solution of tetrabutylammonium fluoride in THF. The final product is isolated and
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separated using conventional techniques such as
evaporation, precipitation, filtration,
weeysoaské zat i on, chromat ography and the |ike. PEOUSDP4/034955
The desired ester is then acidified using, for
exanple, : v/v TFA DCM sol ution for about 0.1 to about
1 hour about 20 and about 40 C and evaporated. The
residue is dissolved in water and hﬁl d at §|1_Eout_ Otto
. apout 2 to apout, 24 hours., e mxture
p“@ﬁ‘%&%%ﬁg Sétp%érag(g E&R%Eﬂaest 1P pospjatien, sFYstRlfation opdragdom filtration,
chidRrtdRigraphsi ang tisd kiglar d t echni ques and condi ti ons.
[0120] While the scheme above denonstrates the _
pr o&f@tﬂ on of YWlethe setiems qlbpwdeggmstmtes megnomﬁ‘.iﬁmcﬁn
desired nucl eosi de c ound. |
e e B B a8 R b RSPt Pisteqsiderpomppund.
protective group appropriate to the reaction _
condi ti ons. eIse protective roug/f, are well known in
the art. [CIBHI RGN EING ANDAD INXISTRATION esters
Utige, t he ri bof uranosi de can be acconplished as shovvn in
§chene 6 bel ow. SCHEME 6 31 [0122] Conpound 1 is
di sEHR¢kd i n Fhelpresanlimention Ilsmﬁdeﬁﬁcé‘{aﬂ Ebﬂp?@’;dis%gse%igg
Is i di ch ft-b chl or odi phenyl si | ane, .
antfa\é%g%‘:q% 5§|3’19 %Fﬁﬁlgaﬁ%@qpﬁ%ﬁ%@ 3tps-atlhe g@mpomibiqf ithd lmfgntlon
i i i ot d h . .di r.egt
o e g ety PRI M BB I CR BRSO R e rva
denepdent R} pelasicrasd. Thexsmey alsa kit utherlenzhies utiBal in @ activity

i S . . to 24 . .at a te rature of
or BBl flRob ¥ W e Bttt Tt s BN added ¢ o
t he[0pES}t ect edTIUIRRRINSof O m&ﬁqm?&tioﬁ‘@%q %1%6 B%\ﬁgedfagr
bout 4 tq about 24 hours to form conpoun . Waich
progiyyg nyelepsidesatastsugh thayare takeriupinitothesrelindat chnt tlecintraapliefrly

[ -af Lon, tal,l|zation, extractio
phoS AR R UL Rl R e e KR G s polymerase
(NS55) pudpeaceds dhain-emmitiangs.t he protecting group at the

- ,tion. This can be acconplished by reacting o
Cco E@i%ﬁl d 30 vé?qlﬁpw §bhig nyention reast heaingd wlcamen i ecombination

with bthef éddgpduddidhreal YEudeknal product is isolated and

Administration and Pharmaceutical Composition

[0127] In general, the compounds of this invention will be administered in
a therapeutically effective amount by any of the accepted modes of administration for
agents that serve similar utilities. The actual amount of the compound of this invention,
L.e., the active ingredient, will depend upon numerous factors such as the severity of the
disease to be treated, the age and relative health of the subject, the potency of the
compound used, the route and form of administration, and other factors. The drug can be
administered more than once a day, preferably once or twice a day.

[0128] Therapeutically effective amounts of compounds of Formula I may
range from approximately 0.05 to 50 mg per kilogram body weight of the recipient per
day; preferably about 0.01-25 mg/kg/day, more preferably from about 0.5 to
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31lpurified using standard techni ques such as
isolation, crystallization, extraction, filtration,
w@ boosietsegr aphy and the |ike. [0123] Wil e t hePGDI82084/034955
above denonstrates the production of deazapurine
prodrugs, this process can be used on any desired
nucl eosi de conpound. UTILITY, TESTING AND
ADM NI STRATION Utility [0124] The present invention

royi des .novel c ounds pos sing antiyiral
105k RE] TRECor SEREGEPN S RERSprerS Toe dishle rangp would most
préRABBLUBRHoaE 33-N0 tng py@Ry.i on inhibit viral replication
by inhibiting the enzynes involved in replication,
i ncl[0B%Ng RNA lngpestele compadp of tmeinzegionThidyberpglyniniswoeed as

Lnhi bi t her enz s utilized_ in the activity or .
o eRllca I RosGRA TS Sollohy ko oG it Srqttinifgpic .
trafisddtmal ittkaMasal Srlﬁﬁiup'ﬁbﬁtcﬁ?}'@@ﬂﬁgﬁteﬁi (& S einpassitlar, intravenous

i nvention can al so be used as prodrug nucleosides. As
or gpRaytangeys) adminigratianylhe prefsmed eanaen of admdnisiadiiands oral using a

i d | t . i t
copri A Bty Fed i RASPIRRE BB e HOARED bl Wrec of
afi]idisoin) Camgdsitiomaian stkethaformtoftablatatpills capsiledfdemisolids, powders,

Conmpounds qof this invention may be used alone or in
Su%%wsq? H%E%%S% I atiogs et Bs, SHIRTAEORS, ChixiEn perpselya gny other

il . 0 . : o [

PRSP BB bl Y RAA g s o
thia dmveniien @srivlhlationa t her apeutically ef fecti ve anount by

any he ac ted. nodes of administratiaon for agents

EhadBlave o R B fotmbla Ot abest ofvadfin Attopt ks the
mERFAAa dhinishbSod MEBIbARNabilityeof thé BRigaGbitMfe. For delivery via

ingredient, will depend upon nunerous factors such as

inhgldiondheeqragountl cenbe Hrsudaled asdidyed seluere duspehsorsy acrasd

' I f.1h ' . h f. .
R SRRy R o3 SO ESbsp e SRR Bhinbliion. Ther
ar@senl ipes bBstiatmhaceuiibal iatialgiondevies-aehulinbsihRiled, Mefeted dose
t han once a day, preferably once or twi ce a day.

: f . y
infpaer §YIDEhEN s poreen aleriDED) Nebafigtriicsicss Poghgsousiersm of
hiéﬁ V&S’Jiwilathht d¥¥es the therapeutic agents (which are formulated in a liquid form)

to spray as a mist that is carried into the patient’s respiratory tract. MDI’s typically are

formulation packaged with a compressed gas. Upon actuation, the device discharges a
measured amount of therapeutic agent by compressed gas, thus affording a reliable
method of administering a set amount of agent. DPI dispenses therapeutic agents in the
form of a free flowing powder that can be dispersed in the patient’s inspiratory air-stream
during breathing by the device. In order to achieve a free flowing powder, the therapeutic
agent is formulated with an excipient such as lactose. A measured amount of the
therapeutic agent is stored in a capsule form and is dispensed with each actuation.

[0131] Recently, pharmaceutical formulations have been developed
especially for drugs that show poor bioavailability based upon the principle that
bioavailability can be increased by increasing the surface area i.e., decreasing particle
size. For example, U.S. Pat. No. 4,107,288 describes a pharmaceutical formulation

having particles in the size range from 10 to 1,000 nm in which the active material is
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range from approxi mately 0.05 to 50 g per kil ogram

body wei ght of the recipient per day; preferably about
wW@203025560y/ kg/ day, nore preferably from aboutPOI/6S1004/034955

32ng/ kg/ day. Thus, for administration to a 70 kg

person, the dosage range would nost preferably be

about 35-70 g per day. [0129] In general, conpounds of

this invention mAII be adninistered as pharnaceuti ca

co sitions_b .one of th es:. aral ,
SUGPERARPE oSyt PUFE A pEro e LS PR tye: 31431684
de%i%@@ﬁietp%dﬁctmﬁ) bf Qﬁl’izﬁﬂlﬁ@éﬁbal(f%rrﬁulatlbﬁ‘frf WHE e cﬁ{lg substance is

i Nt ravenous or subcutaneoug& adm ni strati on.

pupyeritest iogunnpartides @heragaparticlesizeiof#0P smy ulathelpmsagceapf a surface

o RS T b 8 PR SURy E R R 5 Ghcon
exmns Eﬁﬁﬂﬁkiﬂ]?hfgﬁ%d&fﬁﬂé‘tﬁbﬂyet s, pills, capsules,
sem sol i ds, powders, sustalned release fornulatlons

sol U01Rs, sudpewempasitions arg pomprispdraddnrencralya egmypound of
Fo%ﬁﬁrl 11??81&1%12{ {1(% %ltﬁ %{Tfégs%'ohb ﬁ‘paﬁtinaA&R}c?ﬁi; @Jeg{agfe X 1p1ent.

manner ror aam nistering 8 ﬁ I nvention
Achpt'abih akeéiblents.ard ﬂdIBQ)]XICTbEl alohigativn, bued dmh@ttad&:élrsely affect the

epends on, various fa su he npde of _dru
th%nﬁuﬁp Flaea’{hosw%«?ame%%eélf rawfﬂ t%s)u iafexglﬁ@namaéj be any solid,
hqﬁﬂﬁ’ §%Iﬁp$iﬁrd drOin tRekdsy¥ S ¥n ¥drGsdi E{%P@éﬁ&{‘ Lasus QSEB?@HMhat is
can be fo e

Fmul ated as |qU|d sol utron, ‘Suspens
gengrnlby availablepge bhaof «ilbin e yrtpowder and | oaded into a
i str.ation

suit di sp r for adm re ar
sevéﬁgﬁt ypes @H%WP&E‘&WP%’&%‘WFWF\H}CM@ ?f“gh Seflulose, tal,
gl&%yé GR%0538R1kdsé SeldtNAR! See, ﬂe{ue es&ikds@m %e‘l‘ \hadBkSium stearate,
MDI') and dry powder inhalers (DP i'zer devices

soginpuitiessaty, slweé@lnn@fosmltﬁ vediomi cthioraier dmmklmamélegnd the like.

eutic ent.s . re rmul.ated in
Lol e SRt Ok PR oRfied oI, bRpiepk et ware,
ethaﬁb] £1Atvagio1£6i, il @ing thoscdf pebfofesint, Yiinead \}efgetable or synthetic
formul ation packaged Wi th a conpressed gas.

OTigHY, Get-iRsANUtOHesQYboa el apigeisheilessangeihs el’de%ﬁfﬁ@ higuigfearriers,
pah{ﬁ%fa?%ﬁg} Lieicﬁa% déqgofhmlo §3HRG ?ec‘ $68: %fine ta&ﬁh%u@ﬁ%ﬁg(%é,%daglycols.

ami nr's ering a sé
agerjo134pP1 di s@mmpresBecﬂ bevea peythcaisad@ndisperse a doenfoandobthis

a free fl ow er that can. be.dispersed.in the
inyeRtipR aegow? i@%& 8ASES Rutabledarihis rurprye BFeCHABSTY CRpon
d1(%)ﬁge,gﬁc\e”(§tﬁer §u‘i‘ta9l€ QehrmiRe@fdl SBpitntd bR bl W HaRMARS |

rapeutic
described in Remington's Pharmaceutical Sciences, edited by E. W. Martin (Mack

Publishing Company, 18th ed., 1990).

[0135] The amount of the compound in a formulation can vary within the
full range employed by those skilled in the art. Typically, the formulation will contain,
on a weight percent (wt%) basis, from about 0.01-99.99 wt% of a compound of Formula I
based on the total formulation, with the balance being one or more suitable
pharmaceutical excipients. Preferably, the compound is present at a level of about 1-80
wt%. Representative pharmaceutical formulations containing a compound of Formula I

are described below.
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agent is fornulated with an excipient such as | actose.
A neasured anount of the therapeutic agent is stored
w0 pood/oeapsul e formand is di spensed with each PCT/US2004/034955
actuation. [0131] Recently, pharnmaceutica
formul ati ons have been devel oped especially for drugs
t hat show poor bioavailability based upon the
principle that bioavailability can be increased by

i ncr, ing the surface area i.e., decreasin arficle .
i 2 0558, % oy articiondfi, e seriiveniSiis Giesten & & phpmuceica
coRPBGHABRE Esthp§dhg & ﬁfe[’ﬁf)le@ﬁdaﬂ? eFRMIRGRANE b4 8SmpunldH the present

. size range fromto 1,000 n in which the active _
invieatiet ingoningBaupifor thethpewically elisetiverdmeantref ariothes fictive agent

ofSTRLEEH BRI e RS SRR

agalhitHICYV higclode) Busatb abiAiaRed o, Hbdwieh, 18Rt viramidine, thymosin
nanoparticles (average particle size of 400 nm_in the
alpha-ds am adibifor o Ei¢rY Noa spres ppisasca AHan HBPigr epmosiag in a

g . y . Lati

e B POE o b helle AL BETH o Ol (eifiliteypn-o), o

commhmatiampDiitdriconsoand ribaviyin, sedntihation afgegmadrier@-o and ribavirin,
conpound of Farmula | .in conbipation wi.th at | east one

acg erg Pﬁ%f?frrw-g@eé fRvapiia, ks pPapination efdseipierieron-a and

1eveX¥RinD 18R Rr -8 il Atel, Bt fmolifhiRd 1, Ml dr® thterd&dn-89a (such
not adversely affect the therapeutic benefit of the

as B@F!E&Ql‘d.imﬁr.fﬁon mmiflgable_ fr(_gu d{pfﬁm_m-balé(mhenﬁyﬂm Ndpyinterferon-o2b
(oo o MGPRR A Tl S Schsethe Sime Kor@ New Jersey,
USHONE bahsei s Vdtetfaldh Carldd RHicafintSKbdoh-d frotii®. #o} a dls@ds3dh of

) Sqfid phar maceuti cal exci pients include starch, )
ribgeripgng és activtycagagisuldeYe sed bet dumders aad S, Raybpelt. i Fnosine
M&@gﬁbs&?&&%eb dloo%reﬁ%sg:h(% ide?altiolnco? s%%kwé*?@{f&%'s% Therapeutic
Stearate, sodiumstéearate, glycerol norostearate,
Pogadalimdehn) Rep. deed. dherd3sROM2M0 (200ahd the |ike. Liquid
and sem solid excipients nay be selected from
gl ycerol, propylene glycol, water, ethanol and various
oiI's, including those of pegiy¥Q\Vffsani mal, vegetable
or synthetic origin, e.g., peanut oil, soybean oil,
m n¢g0E7]oi |, désarmnples beletvas willefse¢hnoaghdut the application, the

arriers, particularly for injectable sal utions, .
rofeiipg G rapRpts 15 Riecbeiastichansss it dolibed Bympshave their
gk BB HccEPRRLRIAREs. Jases may be used to disperse a

conpound of this

AcOH or HOAc = acetic acid

Ac,O = acetic anhydride

Ar = aryl hydrogen

atm = Atmosphere

CAN = ceric ammonium nitrate
bs = Broad singlet

cm = Centimeter

d = Doublet

dd = doublet of doublets

dt = doublet of triplets

DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCB = 2,4-dichlorobenzyl
DCM = dichloromethane
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invention in aerosol form Inert gases suitable for

this purpose are nitrogen, carbon dioxide, etc. Oher
W@ posakdses phar maceuti cal exci pients and their PCT/US2004/034955

formul ati ons are described in Rem ngton's

Phar maceuti cal Sciences, edited by EE W Martin (Mck

Publ i shi ng Conpany, 18th ed., 1990). [0135] The anount

of the conmpound in a formulation can vary within the

full range enployed by those skilled in the art.

Typi CQ(FG?, t he for il adi¢ystohgkylcabodiimide, on a wei ght

per ceBMEM %) basi s7 fDeabebBuhinimOh-cagle® thedtth of a

conpoldMFof For mul a=1 dimseglformihidet ot al fornul ati on,

wi th OMSOal ance beknglipBtyRulfokide suitable

phar mpcEut i cal exci pi apfisothii@ierably, the conmpound is

preseppD® a | evel of ik _ 9 entative
a1 7 ’

For mul, re describeg
t he prg'sdér?g eéjm tted to a phar maceut i cal

i nvention %
conposition conpri sTnﬁr&mt herapeutically effective
amount* % a conpound dt°%he present invention in
conbi on with a Thé}?ﬁﬁémé)c‘!ﬁ}l?ry ef fecti ve anount of
anot hEPLct i ve agent dugl pasformmpeadeprdh denmaRigtaphiyr us
and, [@Oarti cul ar,=adahihBoryHoucentgéinn st 509% intébitigai nst
HCV | RT@de, but are dedpropytiftd -thingatdctpyianbside
| evoviWi n, viram di=ae,infehistiosd] imas pha- , an inhibitor
of HCWgNS3 serine peotig@sp@amOr an i nhibitor of inosine
nmonopposphat e dehydeogngase, interferon-a, pegyl ated
interfgeron-a (pegqi ni'erl\f/lﬁlrtiﬁféf a), a conbination of
inter{t/gron-a and ribay,[in, a conbination of

pegi nferferon-a and ri Irin, a conbination of
interferon-a and | evo ?,?ﬁl, and a conbi nati on of

pegi nP% feron-a and” | JBUSAMA. I nterferon-a incl udes,
but i 8ot |inited To,™MPEEdNDbi nant interferon-a2a
(suchMks ROFERON i rit etNldliljar avai | abl e from

Hof f na¥R LaRoche, Nut | eMilligters i nt er f eron-a2b (such as
| nt romMA i nt er f er orF aWilliablae from Scheri ng Corp.,
Keni | mtdlh, New Jersewiillifpd) , a consensus interferon,
and amvsurified intesferppsgecpipduct. For a di scussion
of riggvirin and its é\@élﬁﬂébéﬁn@gai nst HCV, see J.QO
Saundggs and S. A Re ramsN0Si ne Monophosphat e
Dehydrngenase: Consi dq\fa%ﬁlg{érof Structure, Kinetics

. S
and apeutic Nanomolar

I

NMR = nuclear magnetic resonance
NTA = Nitrilotriacetic acid
NTP = nucleotide triphosphate
reverse phase high performance liquid
RP HPLC = chromatography
] = Singlet
t = Triplet
TBAF = Tetrabutylammonium fluride
TC50 = Toxic concentration at 50% cell toxicity
TEA =
TFA = Trifluoroacetic acid
THF = tetrahydrofuran
Tlc or TLC = thin layer chromatography
UTP = uridine triphosphate
uv = ultraviolet
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Potential," Ann. Rep. Med. Chem, 35:201-210 (2000).
EXAMPLES [ 0137] The exanpl es below as well as

wao boostogpseat t he application, the foll ow ng PCT/US2004/034955
abbrevi ati ons have the foll ow ng nmeanings. |If not
defined, the terns have their generally accepted
meani ngs. AcOH or HOAc acetic acid Ac O = acetic
anhydride Ar = aryl hydrogen atm = At nosphere CAN =
eerie ammoniumnnitrate bs = Broad singlet cm =
Centi et er d Doubl et dificrolifgishl et of doubl ets dt
doubl ¢€ of tri pl et sTDBYierograms
, 8- di &Mbi cycl o 5. 470] Mietemolar ene DCB =
2, 4- divehl or obenzyl BCMWoeturde ehvaumeet hane 35DCC
di cychatexyl car bodi #m weighiGedEM Del becco' s m ni num
eagl es nedi um DMF = di net hyl f or ram de DMSO
di mpgimg] sul f Oth dedildd, oA rBhdiidh Qh bRAHY tefbAnTe LAY 0 ces
di am ne tetraacetic acid

Celsius unless reported otherwise and all percentages are molar percents again unless

indicated otherwise.
[0139] In the examples below as well as elsewhere throughout this

application, the claimed compounds employ the following numbering system:

Example 1
Synthesis of the sugar intermediate 1-methoxy-2-methyl-3,5-di-O-( 2.4-dichlorobenzyl)-

D-ribofuranose (Compound 8):

[0140] The title compound was prepared using the methods described in
Martin, P.; Helv. Chim. Acta, 1995, 78, 486 and Carroll, et al. International Patent
Application WO 02/057287 A2.
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Froc 9-fluorenyl methyl chloroformate eq. or eq =

Equi valents = Gcamr = Hour HCV = hepatitis C virus
woRS0£258 gh performance |iquid chromat ogr aphyP@IZ682084/034955

I nhibitory concentration at 50%inhibition | PTG =

| sopropyl b-D-1-thiogal act opyranoside |IU international

units kg = KilogramL = Liters Multiplet M= Mlar M

= Methyl nig MIligrammn = mnutes L MIliliter mm=

MIlineters M= MIlimla mol = MIlinml M nass

spectrum mp = Nel ting ]ﬁl‘mﬂ%: Nanograrrs nm =

resonance ' yrrolo [2 3- ]nvrlldme ( Compond 1) i

H

|\

/1 N

N

Step 1. 4-Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (Compound 3)
[0141] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 10.75g (70 mmol) (Toronto

Research Chemicals, Inc) and N-iodosuccinimide (16.8g, 75 mmol) were dissolved in 400

HO

mL of dry DMF and left at ambient temperature in the darkness over night. The solvent
was evaporated. The yellow residue was suspended in hot 10% solution of Na,SOs,
filtered, washed twice with hot water and crystallized from ethanol to yield 14.6 g
(74.6%) of the title compound as off-white crystals. The mother liquid was evaporated up
to 1/3 volume and crystallized again from ethanol to give 2.47 g (12.3%) of the title
product.

Total yield is close to 100%.

M.p. 212-214 (decomposition)

UV Amax : 307, 266, 230, 227 nm (methanol)

MS 277.93 (M-H), 313 (M+Cl)

'H - NMR (DMSO- -d6): 12.94 (s, 1H, NH), 8.58 (s, 1H, H-2), 7.94 (s, 1H, H-8)

Step 2. 7-(2’-methyl-3’,5°-di-O-(2,4-dichlorobenzyl)-B-D-ribofuranosyl)-4-chloro-5-
iodo-pyrrolo[2,3-d]pyrimidine (Compound 4)
[0142] The base (Compound 3), obtained above, (33.5 g, 120 mmol) was

suspended in 1000 mL of CH3CN. NaH was added portionwise (5g, 125 mmol 60% in
oil) and the reaction mixture was stirred at room temperature until NaH was dissolved
(about 2 hours). 1-methoxy-2-methyl-3,5-di-O-(2,4-dichlorobenzyl)-D-ribofuranose
(Compound 8, see Example 1 above) (33g, 60 mmol) was dissolved in 1000 mL of DCM
and cooled to 4°C in an ice/water bath. HBr — gas was bubbled through DCM solution for

about 30 min. The reaction was monitored by TLC by disappearance of the starting sugar
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NTA = Nitrilotriacetic acid NTP = nucleotide

tri phosphate reverse phase high performance |iquid R
WoRS0ss0r omat ography S = Singlet t = Tripl et PAUBEE2084/034955

Tetrabutyl ammoni um fluride TC50 = Toxic concentration

at 50%cell toxicity TEA = TFA = Trifluoroacetic acid

THF tetrahydrofuran Tie or TLC = thin | ayer

chromat ography UTP = uridine triphosphate U/ =

i = i = mvl =
b o kBB et
St Lt 908 ARl S0 080H 5L e g e
tragqq«pg&ﬁhs A g@.hgtioall df tlpﬁeprcmg t&-attef aded wpequiekly SilRgal dhd the
eSSBS T chPBS ol Aot B TR S

terBjRhtufeRthicd meutidlzed Waih Al GioRRRURE SvATRABY. THRiene (300 mL) was
fol | owi ng nunbering system Exanple 1l Synthesis %f tnﬁe)
ad@qg]gtg donny ¢ ghidan aresipitate of nonreacted heterocyclic base which was filtered

off, THERRAXYwas %%Q%Ldtgd f%'adxildlucr}ng %f élﬁp%)%pnla?erl}(l) l?g(g] er%LI and loaded onto a
2 L glass filter with silica gel. The filter was washed with 1 L of toluene, the product was
eluted with 10% ethyl acetate in toluene (about 9 L of solvent). The solvent was
evaporated and the residue crystallized from ethanol to yield 27.5 g (55.6%) of titled
nucleoside.

M.p. 67-70

'H- NMR (DMSO-d6): 8.66 (s, 1H, H-2), 8.07 (s, 1H, H-8), 7.62-7.34 (m, 6H,
dichlorophenyl), 6.22 (s, 1H, H-1"), 5.64 (s, 1H, H-3), 4.78-4.55 (m, 4H, CH,-benzyl, 2’-
OH, H-4"), 4.20 (s, 2H, CHy-benzyl), 3.97-3.93 and 3.78-3.75 (dd, 1H, H-5"), 0.92 (s, 3H,
2’-methyl)

MS: 743.99 (M+H),

Step 3. 7-(2’-methyl-B-D-ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2,3-d]pyrimidine
(compound 5)
[0143] To a solution of compound 4 from the previous step (27.5 g) in

DCM (800 mL) at -70°C was added boron trichloride (1M in DCM, 400 mL) dropwise.
The mixture was stirred at -70°C for 2.5 hours and additionally overnight at -20°C. The
reaction was quenched by addition of methanol/DCM (500 mL, 1:1) and the resulting
mixture stirred at -20°C for 30 min., then neutralized by aqueous ammonia at the same
temperature. The solid was filtered and washed 3 times with methanol/DCM (1:1 v/v).
The filtrates were combined with 200 mL of silica gel and evaporated up to dryness. The
dry residue was distributed between 1500 mL of acetonitrile and 300 mL of hexane.
Acetonitrile was collected, extracted 3 times with hexane and evaporated. The residue
was dissolved in ethyl acetate (600 mL) and washed 5 times with water, brine, dried over
sodium sulfate and evaporated. The residue was purified from small amount of
nonreacted base by flash chromatography on silica gel in methanol/acetone 1:2 v/v (about
3 liters). The solvent was evaporated and the residue crystallized from acetone/hexane to

give 12.9 g (82%) of the title nucleoside 5.
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D-ri bof uranose (Conpound 8): [0140] The title conpound

was prepared using the nethods described in Martin,
wo20050edss¢ CvVm Acta, 1995, 78, 486 and Carr ol PCT/E82084/034955

International Patent Application WD 02/ 057287 A2.

37Exanpl e 2 Preparation of y-~'-nethyl- b

-D-ri bof uranosvD*- am no- S- Cet hvn-1 -yl V

yrroI or2 3 dlpyrl m di ne (Conmpound 1) OH Step 1

st?k’ B AR, 820 ShRYHLE, 9%, 11, 11y,
F‘&(ss%l}aymeﬂayt%h ne 10.75g (70 mmol)
(Toc:ig }aw Chemicals, Inc) and

I&1% nide (16.8g, 75 nmml) were dissolved in
400 L of dry DMF and | eft at anbient tenperature |3
he sol vent was evapor at e
S“’-Pn‘i TR e i b ndl Eaatns Srodemy T Ba-Glmimidine
i{ i’é?ed washed twice with hot water and

cr yi?laﬁ li zed Nusleraidaakbp & 3.Symumiob pxepaeecbab(ow V\@%reaxbd with
lqu.ll é S[rla&ﬁlg a{:ﬁ*@%f‘ﬁ’ %urggr{ %?ﬁ §re%r %tﬁ%lcg)ﬁ OA & evaporatlon of

was evapor a

ammcym, dhd arucmjresugae waf d@mleetdmn@étharm Bi1%R o2l A¥ded (éﬁo%t 364nL)
thet| roduct. Tot al yleldls close to
(Bice%tiaée TS olmsgEPdUch Ryaring silica ggbwas thes loaﬂs@ ont@zwslhca

gelrdgﬂwlé% J)E‘ ) an) grl\@?eto%z and ﬁﬁél)l\élld%d éﬁ%ct{ng%g &hﬁfﬁtlonl\fﬂ?gr@ctlons
2- 8(@nta1m¢d the 8yleth(pr®.nd Acetone was evaporated and the residue crystallized
fromdggtpﬁ%”ig{aﬁ%tgwg@g ?cj eive 1 § T3S of e 28 S0 odide
I 0dM.pyI200220[ (decdnioiisd)m di ne ( Conpound 4) [0142] The
baséH(QMR%gMb@m Q;bzoac §H5H98 . §88-650Plk, o1,

sugﬁgr g(lﬁg@%v&()s&n% ), 1 suga% 4.00-3.70 (m, 3H,

MS 407.32 (M+H)

ar Orglo -rn thyl)

Step 5. 7-(2’-methyl-B-D-ribofuranosyl)-4-amino-5- -(trimethylsilanylethyn-1-yl) -
pyrrolo[2,3-d]pyrimidine (Compound 7)
[0145] Aminonucleoside 6, synthesized in the previous step, (1.7 g,

4.2 mmol) was dissolved in a mixture of 12 mL dry DMF and 28 mL dry THF.
Triethylamine (3.6 mmol, 0.5 mL) and Cul (1 mmol, 80 mg) were added and the flask
was filled with argon. Tetrakis(triphenylphosphine)palladium(0) (0.04 mmol, 46 mg)
followed finally by (trimethylsilyl)acetylene (1.5 eq.) were added and the mixture was
stirred under argon for 20 hours. The solvent was then evaporated, the residue dissolved
in acetone and then filtered through silica gel (5 x 10 cm) on a glass filter funnel. The
acetone was evaporated, the residue dissolved in acetonitrile and filtered again through
the silica gel column of the same size with elution using acetonitrile. The acetonitrile was
concentrated to a small volume, then approx. 10 volumes of ether were added and the
solution was sonicated for 5 min. White crystals of the titled compound formed, yielding
0.8g compound 7 (71%).

M.p. 188-191 (decomposition)
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oil) and the reaction mxture was stirred at room
tenperature until NaH was di ssol ved (about 2 hours).

WO 20080823%6/- 2- et hyl - 3, 5-di - O (2, 4- di chl or obenzpth/uE204/084955
of uranose (Compound 8, see Exanple 1 above) (33g, 60
mol ) was di ssolved in 1000 nL of DCM and cooled to 4
Cin an ice/water bath. HBr - gas was bubbl ed through
DCM sol uti on for about 30 min. The reaction was
moni {ored by T d i sa pearance of the starting

sugarHS RK@M% h@@ sl=2)06%h(ss éHeHrHn7.20-6.80 (t, 2H,
Nféz)ﬁ 23, oK, Hrhe XB)- %éﬂt(mvmae)vééér(atfiéﬁ 20nimetthyd), 98,9 H,
Si rature not higher that 20 C and kept for 30 mn.

in deep vacuumto renove all traces of HBr. A solution

of the preforned Na-salt of base 3 was quickly
Sten 6«( Ereppration phtle qupamd Jd@eanetbykﬁd)fﬁgﬁtrranosyl) -4-amino-5-

(ethyndorie rpyrrolel2,3-dbnimiding 6 Cenmouaddy ni ght at anbi ent
t enf@t4ftlur e, tShkytntedonictenbidz éc(lgul 2.6 1)) diasstiasdvahid 10 mL of

apor.at e 0 dd to forma |ight
mEARD i of AP ki B iR e Kttt ippetelte for 1
howR Tht isbivefitetasWvhpordiee, the tdsiduk }iteRed aeeMhrdtad cbi?:vé’porated
vol une of ap OXI mately 150nL and | oaded onto a

Wléx ke gql |(3Qam i PRy gliea was lgaded orhigefgiass tengish w@sm 9@1
e %

S0 Bl 04 W18 PLBILSBPBl 0d Batflfesian
crﬁfdlh&ﬂtﬁmmeﬁwapbioatoﬁdrﬂw§1idlch@ 5p€sR2G6e crystal | i zed

fromethanol to yield, 27.5 g (55.6% of titled

nuc M@s 22 194qdscomnestipnyy - NVR (DVSO-d6): 8.66 (s, |H,

H 2MS 80913 (MYH)H, H-8), 7.62-7.34 (m_6H

di chHENNEhEMYISP-d®; £20 (s 1H, H-27194)(s, 151,6881,6,08 (8, 1H, H-17),
5.38-313 (md3HBsuga 53.9683.62Km, €H, sigany 9163 (3, 3H @btthﬁi) 4"),

4.20 (s, 2H, CH -benzyl), 3.97-3.93 and 3.78-3.75 (dd,

IH H5), 0.92 (s, 3H 2 nrethyl) MB: 743.99 (I\/H—|)

Step 3. 7-(2'-nethyl - Example’3 |

b- D-ri bof uranosyl ) - 4-chl or o- 5-i odo- pyrrol o[ 2, 3-d] pyri m
Préwtirateon afoh{20ummath )3’ {@-14BlinkeesterfoDeribafurandsybetvpmind3 4ethyn-1-

fromthe previ ousylsipsprolc?Z.35d]gyrimidifGRR4B00 nl) at -70

C was added boron trichloride (IMin DCM 400 nlL)

dr ogui 43 - The synthesis of this compound is shown generally in Scheme 5.

[0148] Boc-protected L-valine (271 mg, 1.25 mmol) and N,N’-
carbonyldiimidazole (203 mg, 1.25 mmol) were dissolved in 5 ml of THF and kept at
ambient temperature for 2 hours. A solution of compound 1 (300 mg, 1 mmol) in 5 ml of
DMF was added and the mixture was heated at 65°C overnight. The HPLC analysis of the
reaction mixture demonstrated presence of starting nucleoside and the 5’-monoacylated
product (compound 21a). The target BocValine derivative (compound 21a) was isolated
by preparative RP HPLC from 0 t0100%B, A- 0.1%TFA in water, B- 0.1%TFA in
CH;3CN. Yield was 40% (the mixture of two isomers 1:5).

[0149] Major isomer:

MS 504 (M+1);
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The m xture was stirred at -70 C for 2.5 hours and
additionally overnight at -20 C. The reaction was

W@ esoksss by addition of nethanol / DCM (500 nlL, PAT/L$20841084955
the resulting mxture stirred at -20 C for 30 mn.,
then neutralized by aqueous amoni a at the sane
tenperature. The solid was filtered and washed 3 tines
vvith rrethanoI/DCM(l 1 v/v) The filtrates were

d i th f | and ted
”Eﬁ”ﬁe@ by aflmis%iﬁ,elfﬁ%g?& 621 nlllet bbbl 1, -

cet gﬁ? ?ET P‘CPXS/\B C%{gk%c?n@_33 exa%ﬁ%g b 342 (d, 1H, a-

H)hemroﬁa AHAR- 220 oNRY, OH, 33@60@9%@@?2\7\@%9' ssol ved in
ethyl acetate (600 m_S and washed '5 tines with water,

bri &1SWMri ed dimer semeum sul fate and evaporated. The
reS| )?(v?ﬁ rified fromsmall anmount of nonreacted
basé %%O sﬁychronatography on silica gel in

rret mst (CIzeDYNE8.92 & 8M0(8heybask)) 6.28(S)H, ﬁhf:) FAVRNTH, H-
evaporated and the residue crystalli zed fiom

3 )aée”tzd%llﬁe%é % -408 & 18084 (19294, b6 aand H4i5th)e3.43 (d, 1H, o

15 4 R 97 g B0 40 L aR e U 30 831 6 B

sugagis1]0. 84 (Ithe esteh frémthBhRY ohs Mep whe Gre?Bd WHEHF MM
182-185 Step 4.

1:Tzv/y dor 2feminyat-rpordiempayfiturcansssyapordted nT neoreSidiioves gigsaleddin

, ri-ghdi ne oun 0144 C ' 5
et aga P 107 il AR s e o W REGTA fom o
to 1100e4B, Cbuﬂﬁi‘miﬁé & @dscr¥R@ dbeve. 28oMPoinRl With thelTBhigdst RERESH fifhe was
reactor. After evaporation of anmonia, the crude

collecisdy granprpiedipndddenibiiediag 3imisomen of nudedsideR2gel added
(abqy E'H)H d concentrated to dryness. The product
bean%égglll [ caqlgel was then | oaded onto a silica gel
col W (HD: 258nn,282e®wf one and then el uted, collecting
50 nL fractlons Fractions 2-8 contained the titled

conpBURACDARR ohd L i< - %@pbﬂa‘?@@ afd (s:hdl.Adtdadé2 (d, 1H, o -

%41% i W B AR g G G357 ciB b & 3m,

Cugy.onpost i on)

[0152] After 3 days of storage in dry conditions or few hours in solution

compound was transformed into the mixture of two isomers.

Example 4

Synthesis of 7-(2°-methyl-3’-O-L-alanine ester-B-D-ribofuranosyl)-4-amino-5-(ethyn-1-
yl) -pyrrolo[2.3-d]pyrimidine (22b)

[0153] Compound 22b was synthesized as described above for 22a using
Boc-protected L-alanine;

MS 376.17 (M+1);
NMR (CD3;0D): § 8.61& 8.28 (s, 1H, base), 6.38 (s, 1H, H-1"), 4.12 (m, 5H, o -H
& sugar), 1.71 (d, 3H, Ala-CHj),1.60 (m, 1H, B -H), 0.85 (s, 3H, 2°-CH).
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H- NWR (DVSO-d6): 8.20 (s, IH H2), 7.80 (s, IH

H8), 6.80-6.50 (bs, 2H, NH ), 6.09 (s, IH HI1"),
w®G209/042556 | H, sugar ), 5.13-5.1 (m 2H, sugar)PCT/US2004/034955

4.00-3.70 (m 3H, sugar), 3.60-3.20 (m IH, sugar),

0.84 (s, 3H 2'-nethyl). M 407.32 (MtH). Step 5. _

7-(2' -methyl - b-D-ri bofuranosyl ) - 4-am no-5- (tri met hyl si

I anyl ethyn-1-yl) - pyrrolo[2,3-d] pyrimdine (Conpound

Ami l,eosi 6 nt hesi zed in_the
pr eﬁl oui] st ep?ﬁ?e g'}lo SSO%S?réﬁ?d%)drwdéﬁ‘%(?mgﬁnprﬁt%ﬁge in
solutionh tsr@p&fnd 2 biasdfansoihe @b 4R rfﬁ‘xtLgE 4f M iomers
TrlethyFam ne (3.6 mol, 0.5 nL

ng) were added and the flask was f|IIed W|th argon
Tetraki s(tri phenyl phosphiEvet)mai!elSadi um(0) (0.04 mmol,
Snthes]s dfoi-(Dueeh fli a0 -kymbiyl ddetyrestby p -rivbidaREYh-a08niko-5-

. 5 eq. Jethen g -ANdBaoaNo 3Ld)Byifhdine @2 WarrSAIk TS AbHREET
argon for 20 hours. The sol vent was then evaporated

e JIER) P 0 CoRokRe 1 (ISEAg O3 Bl whPillsdiidd 80T of ary
pyridine. ateet Butylohvis odiphgnyt sittexel(2 78 nel rlemhmlbewfbhtﬁélﬁhcll@g aa,hal reaction
e Siil

wag %C}]eat \ t# h{rﬁ é%ggﬁgt g&%?%@%%@gui“ﬂ%gﬁugcwl chloride wasg added to
the&@a&ih@ﬂ |nt115(tdr@(90T].tL90 s eihen) bid ih% dﬁ%ﬁu& E%Jd%?% h8u "{jhe

smal | vol ume, then appr ox. vol unes 0 er were
mixiee WaredissolvediinA0 WEISOfSth(Droﬁlrmchnﬂmxtr&ctﬂd mthWatder{BO mL) 10%

Naﬁ@f)S gﬂgf (E Jieff}sver b{ %%) O%\Eéjd( %glrccger%&g {a%lggquh@ﬂo.\pene to

renNNB tlﬁeDh/ﬁ@s d6pyridind. 7Tl€esne51h't1ﬁ% 21 WZS (ﬁ%o(\»%d ih bb nh': §I) THF 81nd 2
7.20-6.80 (t,  2H, NH "),

mLcgfa Y gafuyion of ngab@tylagm@lumélquylﬂy in '@HEgyasgﬂtiﬁl @101-6 hours the

501‘)’310 gﬁd@ @V?ﬁqﬁ)r{) ttf %B ﬂ}l%? g%l éfsl%/SP Vegngmjﬁli %f DMF and separated by
prepa‘amymRR mmc frowr 0 tml MO%BnﬁZ(Dmiﬁ m=cd0 M/&lnwmﬁuﬂmﬁbmmx

T ST i B b ot
Ret@ftiord hge %%ﬁ&%@cdnﬁ%un@%a@@ hGRt coEIBELARY Bt were collected,

evaporated to yield light tan foam.

MS 389.10 (M+1);
H'NMR (DMSO- -d6): 8.20 & 7.80 (s, 1H, base), 6.04 (s, 1H, H-1"), 3.92-3.80 (m,
6H, sugar), 3.40 (s, 9H, CHs-acetyl), 0.65 (s, 3H, CH3-2").

80

Example 6
Synthesis of 7-(2’-methyl-B-D-ribofuranosyl)-4-amino-5-(ethyn-1-yl)-pyrrolo [2.3-
d]pyrimidine 5’-triphosphate

[0156] 7-(2’-methyl-B-D-ribofuranosyl)-4-amino-5-(ethyn-1-yl)-
pyrrolo[2,3-d]Jpyrimidine 5° (0.1 mmol) was co-evaporated 3 times with dry DMF,
dissolved in 2 mL of PO(OMe);, cool to 5°C and POCl; (35 uL) 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 (EtsN)HCO;
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hour. The sol vent was evaporated, the residue

di ssol ved i n nethanol and co-evaporated with silica
w@eds8GserL) . Dry silica was |oaded on the gl aBGT/DB100€034955

with silica gel ( cn), conmpound was eluted with

acetone. Sol vent was evaporated and the residue

crystallized from nethanol/acetonitrile, yield 0.5g (

62 %; Mp. 209-219 (deconposition); M 305. 13 ( MtH) ;

bugre%%ﬁ g ?Msoﬂ gf\%?dim& Wgeé ST@I si)gze?}ﬁzv)\fqﬂ&%@é% the remdug )dlssolved
in ?he%nlgle 5 P{ngd"ﬂi‘emﬁiﬂaﬁ@d With ch@§ (f‘()smﬁéjl hg%%@ {és cklie was é)urlﬁed

aration of 7-(
byden @fchbn@t @Ebﬁi’hﬂanmo‘éxda)c cﬂhlam(%ex(lé)trhm) Olty 100% B. Buffer A was

2 LT S S R PBA7 oS, B

last Péak8YasBotiepedtRatetrated (Pltb A \(O&Zrﬁe B85 mLzé_}ldﬂ?gBJerﬁM RP
N - _carbonyl diimdazole (203 ng, 1.25 mol) were
HPgr% Qo PR TRR S CaRmB 2 G gradient fieii @kt 100% of buffer B in

buff@ﬂm%@fﬁ%&r & VJaQ bf%?%ﬁ@ ?1%1 %H fgﬁ%l%{l Y %;[(a(]f% sjél%o er B

was a

wawass Mmbtewdltate ﬁ)ﬁtﬁnwfaﬁmhjghlhmoiﬂhml trLFaca(t:e em@dtwas Sothini}8he
reacti on, m xtur nonst r at ed presence of startlng

ti1f SRR BREIHeS ¢ H@%S@"aﬁﬁﬁ%?éc% -BYPRrb s pebiipdgiad

lyophBized o/ fvaeget BocVal i ne derivative (conpound 21a)
yo\%/as |esol at ed % preparative RP HPLC from O tol OO/B, A-

0. 1%81&4&99\/0&(&);27@1990(1/% in CH3CN. Yield was 40%

(t h&W{0x1 %I ’F AOf Lrhand 21 3.04E23%5.625277.69149] Maj or i somer:

VS a@zNMMHs)al &I/WFQS (@e@@) basé) % ob (& 17H 9&1@54 3bbi-.oo (7m 4H,
91)55 138 eﬁ%myi% !'% ( ﬁ!,

REN: 4G - %%% ﬁ% %a% %) 0.9

(m 9H, Boc), 0.89 (s, 3H, -CH). [0150] M nor

| Somer: Example 7

Synthesis of 7-(2°-methyl-B-D-ribofuranosyl)-4-amino-5-( ethyn-1-y)-pyrrolo[2.3-
d]pyrimidine 5’-phosphate

[0157] 7-(2’-methyl-B-D-ribofuranosyl)-4-amino-5-(ethyn-1-yl)-
pytrolo[2,3-d]pyrimidine 5° (0.1 mmol) was co-evaporated 3 times with dry DMF,
dissolved in 2 mL of PO(OMe)s, cool to 5°C and POCI; (35 uL) and proton sponge (64
mg) were added. The mixture was stirred at 5°C for 3 h. The reaction was quenched with
(EtsN)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 ion exchange HPLC on Vydac column (250 x 10 mm) 0 to 100%
B. Buffer A was 25 mM NaH,PO,/Na,HPO,, pH 3, buffer B was 310 mM
NaH,PO4/Na,HPO4, pH 3. The last peak was collected, concentrated up to the volume of
5 mL and repurified on RP HPLC on Phenominex column (250 x 20 mm) in gradient
from 0 to 100% of buffer B in buffer A. Buffer A was 0.5 M aqueous solution of

triethylammonium acetate, buffer B was 0.5 M acetonitrile solution of triethylammonium
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M5 504 (M+l); NVR (CD OD): d 8.92 & 8.10 (s, IH,
base), 6.28 (s, IH HI1"), 5.53 (d, IH H 3), 4.32

W@ 2a05/0343856 H- 4" ), 4.10-4.05 & 3.80-3.74 (dd, | H, PEF/BSH04/034955
and H5b), 3.43 (d, IH -H, 2.21 (m IH b -H),
1.3-0.9 (m 15H, Boc & Val-CH ), 0.89 (s, 3H 2'-CH).
[0151] The ester fromthe previous step was treated
with TFA/DCM viv for 20 mn at roomtenperature and

ted sol ved in water and
ac?%%‘F f&? “&W&éﬁmlﬁ%ﬁleq#ﬁéommﬁ\@ewg@ Ei5dy eeparatsd,
st%&ae@ Wit $ERBan bR datSin degescri bed above.
ound with the longést retention time was
col M-%ﬁé;& 12Mbi at ed and i dentified as '-isomer of
nucl'HNMRs T2Pa&% M5 GOUH gdch( hise), 6. 10M(s( B D{=1°R 81100385 (m, 4H,
su@BRArhS (BMRL(e@ynPD) 0.8d (8 3H] &cthy82°) s, | H, base), 6.21
(s, *IPENMR:15.02 (s41FR (d, IH a - H), 4.12-3.82 (m 4H,
sugar), 2.28 (m IH b -H), 1.08 (dd, 6H, Val-CH),
0.84 (s, 3H, 2'-CH ). [0152] After 3 days of storage
in dry conditions orcégpamigine Exampi@iut i on compound

PBS i 6255725 TR VLB - f)r}ﬁ‘)oﬂhéﬁ(%(/% Limind> S,\%D‘cfggnfgr ; :yDzpyrrolo[2.3-

EXanmpl e 4 Syntnesrs of Z - HELTIyT - o - O L=

est gTr)-b Drl)/bof oanosyl ) - g'jpé’f*ﬁrﬁlm”‘;-(et hyn-1 -
-pyrrolor2, 3-dl pyrimdine (22b) [0153] Conmpound 22b
was synt hesi zed as descri bed above for 22a using

Boc- protected L-al anine; MS\376.17 (Mtl); NVR (CD OD):
d 8.61& 8.28 (s, |H base), %6.38MWs, IH HI'), 4.12
(m 5H, a -H & sugar), 1.71 Ala-CH),!. 0 (m
IH b -H), 0.85 (s, 3H, 2'- .ﬁ2[0154]_After 3 _
hours of storage in dry condiy or 30 min. stoage i

sol ution conpound 22b was gtransforned into the m xture
of two isoners. .

HO “OH

“OH

[0158] To a solution of the product from Step 4, Example 2 (50.0mg,
0.123 mmol) in 3.2mL THF-DMF (2:1 v/v) was added Cul (9.2mg, 0.048mmol), TEA
(16 pL, 0.113mmol), tetrakis(triphenylphosphine)palladium(0) (14.0mg, 0.012mmol)
and the solution degassed with argon. The solution was cooled to 0 °C and propyne gas
was bubbled through the solution for 1 min. The reaction was then allowed to slowly
warm to room temperature over 4 hours. The procedure of charging reaction with
propyne was repeated twice more until no traces of starting material was observed by
TLC. The reaction mixture was concentrated in vacuo, taken up in DMF and purified by
RP HPLC on Phenominex colunmn (250 x 20mm) using gradient of acetonitrile in water
from 0 to 50% over 30 min at 10mL/min to yield 26mg (66%) of the title compound;

'H-NMR (CDsOD): 8.07 (s, 1H), 7.67 (s, 1H), 6.19 (s, 1H), 4.11-3.84 (m, 4H,
sugar), 2.09(s, 3H), 0.82 (s, 3H);
MS: 319.11 (M+H).
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Exanple 5 Synthesis of 7-f2'-nmethyl-3"-0Otrinethyl
acetyl ester-b-D-ribofuranosyl)-4-am no-5- (ethyn-1-v
WO poosoedsed 2, 3-d | pyrim di ne (32 where al kyl i sPEF0812094/934955
[ 0155] Conpound 1 (150 ng, 0.5 nmol) was dissolved in
10 L of dry pyridine. ferMutyl chl orodi phenyl sil ane
(274 nL, 1 mmol) was then added and reacti on was
mai nt ai ned for hours at room tenperature.

Trinethylacetyl chlo |de ded to the reaction
gri xture %0 0. 75 ¥ ﬁﬁnwﬁf Ekjéure was stirred

Vlr3nDﬁﬂveﬁmw§leA§leﬁamaﬂm_bﬂkmo_lg&§;
chl orof orm and extract eddigiyrimidiaeer (30 m), 10% (30
m.), dried over evaporated and co-evaporated with
toluene to renove the tra of pyridine. The
resulting oil was dissolved\in 20 nL of THF and 2 niL
of a Msolution of tetrabut pi um fluoride in THF
was added. In hours the solv s evaporated, and
the resulted oil dissolved i ;ﬁ: DMF and separ at ed
by preparative RP HPLC from 0098 in 20 mn, F=10
m /mn. Colum Phenom nex x 20 mm Synergi 4u,
Hydro PP 80A. Buffer Ayp buffer B - CHCN
Retention tinme for target CQﬂpound was mn.

Correspondi ng fractions were coI | ected, evaporated to

I ht t f 389 ML ), VR
/et o 3 L8R AR U i T e 50 ome
0. 1Iﬂ-3inn)ol) 3. mnﬁ, BHF(]DMPG(EJ 1 \S(V'D\&éi@ addéd 491 (932ng 048 hmol), TEA
-acetyl), 0.65 (s, I e nt hesi s " of

(16;41( Llﬁ@pml) tetra 1s(tr1phenylphosphlne)palladlum(O) (14.0mg, 0. 012mmol) and

A A e NIRRT S

bulﬂalEB thrdghithassiayon fod- laﬁﬂnn@h&reé@tldﬁywas thih dowed to slowly warm to
pyrrolozsdgﬁrlmdlneS (0.1 nmmol) was

Toqu tCEPSHBYIEtoVET 4 hoynse  hofqaptien sixtive wagiconesnitatediin vacuel taken
)

R S AL e e R B R TR

gralieBt bace®nitrild inevaterefroraloud YOG RABOMIN at 10 mL/min to yield 13 mg

(32%) of the title compound;

'"H-NMR (CD;0D): 8.08 (s, 1H), 7.67 (s, 1H), 6.19 (s, 1H), 4.11-3.80 (m, 4H,
sugar), 2.48(q, 2H), 1.26 (t, 3H). 0.83 (s, 3H);
MS: 333.13 (M+H).
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pyrophosphate (2 mmol, 4 nL of 0.5M solution in DVF)

was added and the m xture was kept for 2 nore h at the
W@ 2008/0486per at ure. The reacti on was quenched wWeTIU§HD4/034955

N) HCO 43buffer (pH 7.5) followed with water. The

sol vents were evaporated, the residue dissolved in

nmet hanol (3 nL) and precipitated with ether (30 niL).

The solid residue was purified by ion exchange (I|E)

HPLC on Vydac colum_(250 x, 10 mm) O to 100% B. Buffer

A vas. 25 MM NaH PO tlve-Emmvlither B vas 310 M

: QN AN -(H 5 Al Eainigg Ky

concentrat ed up to tbﬂrszlolgﬁrdlmimﬁdmb and repurl f| ed
on RP HPLC on Phenom nex colum (250 x 20 mm) in
gradient fromO to 100% ofio-buffer B in buffer A
Buffer A was 0.5 M aqueous s@l ution of
tri et hyl amoni um acet at e, buf\’f\er B,was 0.5 M
acetonitrile solution of trieghyl ffoni um acet at e.
Fractions containing the titl nd were conbi ned,
evapor at ed, co-evaporated 3 t{nes wijth water and
| yophilized fromwater; MS: 542 MH), 270.99 (
MH; W (0.1% TFA) | nmax: 292424, 235.62, 277.98;
HNVR 8.01 & 7.59 (<£°°H sachN base), 6.00 (s, |IH,
H1'), 4.32-4.00 (m 4H, st ar)OHS 55 (s, IH,
ethynyl), 0.65 (s, 3H, malicﬁyl 2'); P-NWVR -8.60 (d,
|P [6’1@]’ - 10 Al oliion ‘JNE’S mEdegaf the ?ﬁ'odﬁgt fedm Stdp 4, Bxdnple 2

nple 7 Synthesis of 7-('2

(5(930 g iOki@B U namiésyfl § nd. @lmeﬂwlfsnognid@n The ysbl)ltlply was degagsedl-by

bu@%l@/g:\%vgﬁ ?r ' 11% lrég))rsn gh% ﬁgggénne e{l“ ﬂ);ﬁlz sokrl;rlfj)n ¥vas added triethylamine
(1RYLOD A 25 ﬁmdil}?)ébpp‘ﬂr cikbdi@e ﬁ 4 1@, 0.049imolR &nd tetraklsgnphenyl-

co- evapor at ed y DVF, dissol ved

pheﬁphp@ml}@shym Q% é14 r) @%@Oé%rrm@h} Nedopipyresliesypiestayisilane

I
(PRI S M S0 TR AL S P
Upbn&bnfpdﬂtionyﬁd nmkﬂ:uk’e wag amceﬁlﬂ‘wedsml wiend. STlWﬁ]reectllon crude was
in met hano

dlsgi\)/i]g' f:[n& qll %%&eg!g ut?cl& 1)1L witHd eégquiiji( \%atrerrLgnd then

washed through a celite pad. The solution was again concentrated down to dryness, then

redissolved in 1.0 mL dimethylformamide and 3.5 mL water. The title compound was
purified by HPLC,

'H-NMR (CD;0D): 8.10 (s, 1H), 7.80 (s, 1H), 6.21 (s, 1H), 4.44 (d, 2H), 4.11-
3.82 (m, 4H), 0.83 (s, 3H). MS: 335.13 (m/z).
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resi due was purified by ion exchange HPLC on Vydac

colum (250 x 10 mm O to 100% B. Buffer A was 25 nM
wodsP4258 HPO , pH 3, buffer B was 310 niM NaH@/U8m04/034955

HPO , pH 3. The |l ast peak was coll ected, concentrated

up to the volune of 5 nL and repurified on RP HPLC on

Phenom nex colum (250 x 20 mm) in gradient fromO to

100% of buffer B in buffer A. Buffer A was 0.5 M

aqueous sol ution of iriet hé! amoni ym acetate, buffer B
was O 5 Mfglcetonltrl1 = Ea‘-@&lﬂ’—lf-ﬂet hyI anm)nl um
wer e corrbl ned, evapop#reld :

wat er and Iyophilized fromvvater, I\/S. 384.12 (MH);
HNW 7.97 & 7.67 (s, H , base), 6.12 (s, IH,
H1'), 4.10-3.85 (m 4H, sugdr), 3.15 (s, IH
ethynyl), 0.87 (s, 3H methyl 49" );n@-NVR 5.02 (s, IP).
Conpar ati ve Exanple A Preparation of 7- (2' - C et hyl -
b- D-ri bof uranosyl ) - 4- ami no- 5-gpopym- | -yl )-pyrrol o[ 2, 3
- dlpyrimdine NH [0158] To ion of the product
fromStep 4, Exanple 2 (50.6nag, 0Y123 mmol) in 3.2nL
THF-DVF (2:1 v/ V) vvas*@ﬂﬂé@ (9.2ny, 0.048mol),

TEA (16 nmL, 0.113mml), tetrakig{triphenyl ph

sphi ne) pal | adi un(O) (14.0nd), 0.012mmol) and the
sol uti on degassed with argon. The solution was cool ed

Stipgll Prép- @wggfwme BRSO A R ik 1) re%gh the
SPofbiay 1or Fol BlubiorbRati MR ST S04 U R
dllmmcmdﬁhﬁamﬁnec(ﬂu &7 ginkgy 7r29&mtnod>}1warshﬂﬂqdr%ﬁyaneny!/amhyl

chGREREF o EBH G gymirdene b Tatide. ot snagimed

S EEIN @t shtiah obat tehp n
" RP LC on ﬁg ngm nex g %)%I&?}n A(lf%é (b)&n%?n%qge &Hﬁﬁéﬂ 78 Rfuced

in yeadi étetlof]l apgieteovaterraxtraction watesiure waﬂpe@fotrme& thola@rthe

ntoyield 26ng (669 of the title
oc%gﬁg‘hﬁ‘sgz%s.l%l/'i‘.

Step 2. 7-(2°-C-methyl-B-D-ribofuranosyl)-4-amino-5-(3-aminopropyn-1-yl)-pyrrolo[2,3-
d]pyrimidine: 4
[0162] A solution was made of the product from Step 4, Example 2 (124.5

mg, 0.3065 mmol) in 10 mL dimethylformamide,which was degassed by bubbling with
argon while sonicating for 5 min. To this solution was added triethylamine (39.7 pL,
0.2850 mmol), copper iodide (23.5 mg, 0.1226 mmol), and tetrakis(triphenyl-phosphine)
palladium (0) (35.4 mg, 0.0307 mmol). Fmoc-propargylamine from Step 1 (465.9 mg,
0.1.680 mmol) was added and the mixture was stirred under argon for 4 h. Upon
completion, the mixture was concentrated in vacuo. The reaction crude was dissolved in
1 mL DMF, and then diluted to 50 mL with deionized water and then washed through a
celite pad. The solution was evaporated to dryness and redissolved in 1.0 mL DMF and

3.5 mL water. The title compound was purified by HPLC;

'"H-NMR (DMF-dy): 8.17 (s, 1H), 8.08 (s, 1H), 6.28 (s, 1H), 5.80-5.32 (m
3H), 4.19-3.82 (m, 4H), 3.37-3-30 (m, 2H), 0.83 (s, 3H). MS: 334.15 (m/z).

>
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HNW (CDOD): 8.07 (s, IH, 7.67 (s, IH, 6.19 (s,
IH), 4.11-3.84 (m 4H, sugar), 2.09(s, 3H), 0.82 (s,
W@R)os/0M3s6 319. 1 (MtH). 45Conparati ve Exanpl e BPCT/US2004/034955
Preparation of 7-(2'-GC nethyl-
b-D-ri bofi]ranosyl)-4-am no-5-rbutvn-1-yl)-pyrrolo[2,3
- dlpvrimdine NH [0159] To a solution of the product
fromStep 4, Exanple 2 (50.0ng, 0.123nmol) in 3.2 L
THF-DMF (2:1 v/v) was added Cul (9.2ng, 0.048nmol),
TEA (16nL, 0.113mmol),
tetrakis(triphenyl phosmj;uiogﬁ),pgkhﬁﬁiegn( 0) (14.0ny,
0.012nmol ) and the so u I on egasse vvlth argon. The

sol uti on was cookxdn} was bubbl ed

h th The A . L.on :
fal Ir gv\gé(} I oeslsow QJ O%Hdg 8 oe%(%loq;I 5o 8{1%?@ F&“Y&Ww?ay lﬁ'm”tmg HCV
pohyousrase, Bnmhiteidnd dther d’ﬂzxﬁllﬂi ﬁedd@& 1&&6@ {chi@dreéhcld) o¥ BE Biher
aken uyp i and purijfied RP HPLC on Phenom nex
Pa&'é’faéfﬁnx(%&e& T haxe ffrlg'l?l%ﬁl@r@tto apseacibesractivities Argeneral
o e 2y Rt A OVt i Rlihe B el ifPLEs. Patemt
Nq $,73B1985 7o Bitleg 81 all Hy yitk, alsgay(sémvd: bendeddrted. iB Fetriti eddd. Jnl of

2 o e B e o, 0 e .

Jnlloft Bio.- Chéiet I 10807-10815, 1999; and Yamashita ez al,, Jnl. Ff 310 Chem.,
b- D-ri bof ur anosyl V4-ani’no-5- ( 3- hvdr oxypr opyn-

273364 1-65489, lﬁﬁfyrl m dine NH, O[0160] A solution was

0 134 P hmor ) "IRONT A RS PR SPambE Fods SaimpBipiversiy,

lisﬁv@CdH@ﬁSﬁﬁarﬂyA Reinoldus as inventors, which claims priority to United States
Provisional Patent Application.Serial No. 60/004,383, filed on September 1995, describes

an HCV polymerase assay that can be used to evaluate the activity of the of the
compounds described herein. Another HCV polymerase assay has been reported by
Bartholomeusz, ef al., Hepatitis C Virus (HCV) RNA polymerase assay using cloned
HCYV non-structural proteins; Antiviral Therapy 1996:1(Supp 4) 18-24.

[0165] Screens that measure reductions in kinase activity from HCV drugs
are disclosed in U.S. Patent No. 6,030,785, to Katze et al,, U.S. Patent No. 6,228,576,
Delvecchio, and U.S. Patent No. 5,759,795 to Jubin et al. Screens that measure the
protease inhibiting activity of proposed HCV drugs are disclosed in U.S. Patent No.
5,861,267 to Su et al., U.S. Patent No. 5,739,002 to De Francesco et al., and U.S. Patent
No. 5,597,691 to Houghton et al.

Example 2. Replicon Assay

[0100] A cell line, ET (Huh-lucubineo-ET) is used for screening of
compounds of the present invention for HCV RNA dependent RNA polymerase. The ET
cell line is stably transfected with RNA transcripts harboring a Issoluc-ubi-neo/NS3-

3°/ET; replicon with firefly luciferase-ubiquitin-neomycin phosphotransferase fusion
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bubbling with argon while sonicating for 5 mn. To

this solution was added triethylamne (16.0 nL, 0.1145
wormbp42560pper i odide (9.4 ng, 0.0492 nmol ), aPdI/US2004/034955

tetraki s(tri phenyl phosphine) palladium (0) (14.2 ng,

0.0123 mmmol ). Next, propargyloxytrimethylsilane ( 13.7

m., 0.7386 mmvpl) was added. The m xture was stirred

under argon for 4 hours. Upon conpl etion, the m xture

pr%ﬁelg%gma{/ drafeﬂmglﬁ 8P epﬁrtgtg%toéqg&ﬁg; elce,l\fvg@tqﬁ adaptive
mﬂMlﬁJhs 1mc¥ ad 286t &1886'0) (kKhRBeMASNOW01 E%@g%&\}ﬁﬁtslfg% hifHe ET

]gsr he sol’ution’was agai n concentr at
ara gsayn inneMBM diugplemerigd iwith1 aifetali cabitshguint, rmihGligamine,

i e e
250 %g/rﬂL"');}Al 4 é%rfeﬁcmﬁ)"bfhe}ﬂrar% all adaBabld {Hr0L4g|ﬂ)L1feoT &%n&l% gies
5.13 (nm'z). 47Conparative Exa

(Bﬁh@qgla; ]glﬂ})o"ﬁh@pell'pa(ezplatgd Ge0. ﬁy]j 0 x10* cells/wellr:r?the 96 well plates and

T e AR A A ——
to ﬁe:odll@tokchieue ae‘imaBe(mlbél’ﬂtah}bh (oggfge rlSncz pil) 16diferdg @tivity will be
sol u ropa am n .
EEA PN AR TR S SRS v
f d
e e
WhrQdls slmelndmog he tawtconfivent tleripg thetassay. Pébérttinldbitiph ef rephication

wilh B8 pleef yelaBre B SEPpB: it s e ppiiens ptoxicity of
thel &)ﬂgﬁ)h%dﬁfll 5@ &@é{ﬁ{med'\@mg&%ﬁ prOlifeltioh reageld WAST-1(Roche,

Geml@lw){ ‘bt enmapraig oshovwing mt%ra( @ctazmesolputmpwgmﬁgam eygtoxities

di
il s e PG PO AL Sl B Bl oo
corﬁ'ﬁ@ir)d Weéte h@edTLC&hﬁﬁInh}z’ ey tP’B TEhite dilivedl 8 Holias s Qntratmn
bubbling with argon while soni catln%for

fanlgﬁ |0§ 280 fald HPISO\%%TM@HJ% WeE eRjeHaRh by gglgf%mblbltlon at “each

concentration to the following equation:
% inhibition = 100%/[(IC50/[I]) +1]
where b is Hill’s coefficient.

[0166] Data for compounds of this invention and for some homologs and

analoguesof the compounds of this invention are give in Tables II and III below.
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0. 2850 mmmol ), copper iodide (23.5 ng, 0.1226 mmol ),
and tetrakis(triphenyl-phosphine) palladium (0) (35.4
worenos04B307 mol ). Fnoc- propar gyl am ne from St BEI/LS2004/034955
(465.9 ny, 0.1.680 mvl) was added and the m xture was
stirred under argon for 4 h. Upon conpletion, the
m xture was concentrated in vacuo. The reaction crude
was di ssolved in 1nL DVF, and then diluted to 50 nL
wi th dei oni zed water and th washed through a celite
pad. The sol ution was evétéﬁi@ég to dryness and
redissolved in 1.0 nL DVF &d 3.5 nL water. The title
compound was purified by HPLC, ' H NVR (DMF-dy): 8.17
(s, IH), 8.08 (s, IH, 6.28§\(s, IH), 5.80-5.32 (m
3H, 4.19-3.82 (m 4H), 3.373-30tm 2H), 0.83 (s,
3H). Ms: 334.15 (mz). 48Biol\ogi cal Exanpl es Exanpl e .
Anti-Hepatitis C Activity | ounds can exhi bit
anti-hepatitis C act|V|ty b i ng HCV
pol ymer ase, by i nhi bi TNy et Rer ynmes needed in the
replication cycle, or bytot{rer pathways. A nunber of
assays have been published 3o assess these activities.
A general nethod that assesges the gross increase of
HCV virus in culture is dWS@Hosed in US. Patent No.

5,738,985 to MTes et a u vc b 2N

reported in FBrrari ﬁ:‘lk?ﬁw ?ﬁC%P 1654,

1999’ | at kngf ko 1 >')7 T’g

Lohmann / HCJnl of Eﬂ() CHEQQ, 274110807-1%8 15 1999;

and Yanps et al [ Jnf. bIO Chem 30

273: 154[79- 15486, 1998. [016 7/1203é> filed on

Sept enber EH;,C}E% by Enos30 Un| versity, 34osting C
mol dus—asi-nventors,which clains

Hagedor Reih

pr?orit gﬂﬁﬁﬁ{ed st at es Povi si onal Patet
Applicat|Q@H ,alrNo. 607 0,383, [ THed gy Septetrber
1995, describes an HCV pol ynerase assay that can be
used to evaluate the activity of the of the conpounds

desfiri6Bpd her &b HornAthetShahylHuMcpsity Blﬁfvﬁﬁ@elé‘xﬁﬁfaﬁ@?ﬂ the 5-
en reported by Bartholoneusz et al, Hepatit

ace‘?ﬁ?ﬂfsm’(c CFIQNRIYNY dreis diydrogensisd using /6l in rﬂ@jprbwce of

hydaegbln;egt SHGH Breshired, BtdtSablyth 2 Kbivaht shBR hdang 90" | (SUPP
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[0165] Screens that neasure reductions in kinase

activity fromHCV drugs are disclosed in U S. Patent
WONR00584330, 785, to Katze et al, U S. Patent NoPCT/US2004/034955

6, 228,576, Del vecchio, and U S. Patent No. 5,759, 795

to Jubin et al Screens that neasure the protease

inhibiting activity of proposed HCV drugs are

disclosed in U S. Patent No. 5,861,267 to Su et al,

U S. Patent No. 5,739, 00 fﬂﬁ Francesco et al, and

U S. Patent No. 5,597, 69F+&~ hton et al. Exanple

2. Replicon Assay [0100] Aﬂcell I inmg, ET

(Huh-1 ucubi neo- ET) is used flor scrjeeni ng of conpounds

of the present invention for dependent RNA

pol ynerase. The ET cell Ii y transfected

with RNA transcripts harbori 389J uc- ubi - neo/ NS3-

3VET; replicon with"?TTefily

| uci ferase-ubi quitin-ne

fusion 49protein and E

pol yprotein containing t ell culture adaptive

mut ati ons (E1202G T12801 ; K1846T) (Krieger at al,

2001 and unpubl i shed) . fHE‘EW ceIIs are grown in DVEM

suppl eentedwtih—1096°f II_T lf

N
phosphot r ansf er ase
ES driven NS3-5B

d ut anmiine, PeRicilli %iﬁ?/ St re%?g;&“cﬂlh“’{'mo
ng/ m.) —%—nenes—sem_l_al—a 5 d andl$’ ﬂHﬁﬁLm_G
(" Ceneti ci bre al | avail abl e through Life
Technol ogi es{ da, MD).ggThe ce]ls areplated at
0.5-1.0 x4 ¢ el in the 96 well plafes and

i ncubated for bef or e addi ng nucl eosi de anal pgs.
Then the conpoupnds were added to the cells to achileve
a finall cdh€éntra¥i op of 5>gp 50 m| Lucitgpase
activity wll bé& neasured 48-72 hours |ater by adding
a | ysi s puffer and the substrate (Catatognunbet
G o-lysis buffer E2661 and Bright-d o | euciferase
system E2620 Pronega, Madison, W). Cells should not
be too onfly n durlno t he assay. Percent |nh|b|t|on
repl' (40 GG AXOrESSAN VL Es H14 3P
n 3 Unde the sane condltlon _%tOtOXICIty of the
rrbh bs wi || he,goding sanenie PO Mgpretein is slosed b PER Gem
The ;C
PFKE?D?%F”F§3 iR eied PO RRR v 300 05 265176113
using thetfoblowingipesnens:| | be chosen to detern1ne | C50 and
TC50. For these determnations, 6 dilutions of each

aggacatggatccgeggggtegggcacgagacag (SEQ. ID. NO. 1)
aaggctggcatgcactcaatgtectacacatggac (SEQ. ID. NO. 2)

[0169] The cloned fragment is missing the C terminus 21 amino acid
residues. The cloned fragment is inserted into an IPTG-inducible expression plasmid that
provides an epitope tag (His)6 at the carboxy terminus of the protein.

[0170] The recombinant enzyme is expressed in XL-1 cells and after
induction of 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.
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conmpound were used. Conpounds were typically diluted 3

fold to span a concentration range of 250 fold. 1C50
w@eas0E566 val ues were cal cul ated by fitting % Pei/ob10040084955

at each concentration to the follow ng equation: %

inhibition = 00%[(1C50/[1]) +1] where b is Hill's

coefficient. [0166] Data for conpounds of this

i nvention and for sone honol ogs and anal oguesof the

conpounds of this invention are give in Tables Il and

Il below. 500H OH HCV Replicon HCV Replicon RIC (mV

TC (M) -H 0.09 >50 -CH >50 >50 -CH CH >50 >50 -CH OH

>50 >50 - CH N ¥30mpf0. [}@@%Ms@%ﬁ%@ Algy5- et hyl(J

nuc e s 5 ;

nucloal de. - comsBuRd T Pe S avamed B eaurBeghloesgtion of
radiplebgledFdcatoof RNY\drrodrest using e lbantaytededy hetssypobsneric template,

referably in a I such t hanol .. 51TABLE 111
Wil e lof oF e ViE TR T UBRAIR Fhe SR (i) 1)
coftaldf 1828M Tris-HCl (pH 7.5), 5 mM MgCly, 0.2 mM EDTA, 10 mM KCI, 1 unit/pL
RNAsin, 1 mM DTT, 10 pM each of NTP, including [*H]-UTP, and 10 ng/pL

heteropolymeric template. Test compounds are initially dissolved in 100% DMSO and

further diluted in aqueous buffer containing 5% DMSO. Typically, compounds are tested
at concentrations between 1 nM and 100 pM. Reactions are started with addition of
enzyme and allowed to continue at 37°C for 2 hours. Reactions are quenched with 8 pL
of 100 mM EDTA and reaction mixtures (30 pL) are transferred to streptavidin-coated
scintillation proximity microtiter plates (FlashPlates) and incubated at 4°C overnight.

Incorporation of radioactivity is determined by scintillation counting.

Formulation Examples
[0172] The following are representative pharmaceutical formulations

containing a compound of the present invention.

Example 1: Tablet formulation
[0173] 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
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>50 >50 Exanple 3. Coning and expression of

reconbi nant HCV-NS 5b [0168] The codi ng sequence of
WONSH/0gs56d ei n is cloned by PCR from pFKI 3891 ucPCIBBSBFET34955

as described by Lohmann, V., et a (1999) Science 285,

10-1 3 using the follow ng priners:

aggacat ggat ccgcggggt cgggcacgagacag (SEQ ID. NO 1)

aaggct ggcat gcact caat gt cct acacat ggac (SEQ ID. NO 2)

[0169] The cloned fra{ns't IS mssm the Ctermnus 2

REe=HR5He s3¥8nt is inserted

into_an | PTG induci bl e expression pI asm d that

pr ol Hd an epibedpllowiag ingmdiy®s ate mixed ininbsly ané dovdadignto a

[ t [0170] The reconbi nant enzyne is
hagf;spﬂreg?sg%ﬁic%%l_‘ cells and after induction of

expression, the protein is purified usiqignafyfperi ty

chro)ﬁ@fe@]gﬁtaphy on a n| ckel - NTA col um..; e

condbLing t —pH 75, . TA,
1m\/lng['EP H'%p S%@% at -20 C. 52Exanpl €. HCV-NS b
yﬁ 1] The pol ynerase acti vi i s assayed

by_rrea 3 Wﬁldgt Brporation of radiol abeled UTP into a
RNA pr oduct using a biotinylated, heteropolyneric
tenpl ate, whi ch incl ud ortlon of the HCV genone.
Typi &ﬁé:]y th SO Giox PUPRENSTON ulationgi ns 10 M
Trié (pH ?hS)follcsVlne W@dlent@alz Wabﬂmfonm swsegsion for oral
adﬁiﬁh&tfe!@i‘onRNAS' n, 1nM DTT, 10 nM each of NTP, including
[ UTP, and 10 ng/ m. heteropol ymeric ten‘pl ate. Test
corrpounds are initially dissolved in 100% DMSO and
f ur fdprediemtl ut ed i n aqueous buffer cont dmeuny 5% DVSO.

Typ'c@ﬁbbﬁ/nd SRS € Tested at conq::%r ations

bet ya&aividadiM and 100 mM Reactions are rted with

add's&dl&ac‘]?ﬁ fRzyme and all owed to cont at 37 for 2
eac |ons are quenched with 8 100mM EDTA

and 't étp?rc? xtures (30 nL) are tran feBred to

st r BpPAVPUPcoat ed scintillation pr oxprﬁStg/ mcrotiter

pl aBEEuRt9dUBM at es) and i ncubated at 4&0dver ni ght .

sorbitol (70% solution) 13.00 g
Veegum K (Vanderbilt Co.) 1.0g
flavoring 0.035 mL
colorings 0.5mg
distilled water q.s. to 100 mL

Example 4: Injectable formulation

[0176] 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 2.0 mL
HCI (I1N) or NaOH (1N) q.s. to suitable pH
water (distilled, sterile) q.s. to 20 mL
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I ncorporation of radioactivity is determ ned by
scintillation counting. Fornul ati on Exanpl es [0172]
wab@shassowi ng are representative pharnaceut i CBECT/US2004/034955
formul ati ons contai ning a conpound of the present
i nvention. Exanple 1; Tablet formulation [0173] The
follow ng ingredients are mxed intimtely and pressed
into single scored tablets. Quantity per |ngredient
tabl et, g conpoy ‘ hés |nvent| on 400 cornstarch 50
cr oiﬁgr mel | ose GG HRY-2 RRASHE oymulaliag s ym
stedPhid 5 53Ekawpositay Oégﬁ%luwght@rMuSawmeq b mi¥ing e
colpURIb e HEREH FTh v RiRofl KEF; (RbIGRIES Br ABtal AW e avte
fattynepiddRiehds-Nelpen e, Neve dloploymet lefs théﬁfcﬁlowrﬂxvgecfttmmltﬂﬁO
| act ose, spray-dried 148 magnesi um stearate 2 Exanple
3: Suspension formulation [0175] The foll ow ng

mmgggdlglﬁts are mxed to forma suspensAlggm{tor or al

AU b S PO R i e O ent—Amotmt 500 mg
Witepsol® H-15 balance
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conpound of this invention .0 g fumaric acid 0.5 g
sodi um chl oride 2. O nethyl paraben 0.15 g propyl
w@200a0€350. 05 g granul ated sugar 25.0 g sor bi t BCT/UFD04/034955
solution) 13.00 Veegum K (Vanderbilt Co.) 1.0g
flavoring 0.035 L colorings 0.5 ng distilled water
g.s. to 100nL Exanple 4: Injectable fornulation [0176]
The follow ng ingredients are mxed to form an
[N fé bl e f | ati on. | ngredient Amobunt conpound of
WHR']E mghEZ nmg- 20 ng sodi um acetate buffer
solution, 0.4 M2.OL HO (IN orNaOH (IN g.s. to
suitable pH water (distilled, sterile) gq.s. to 20 nL

l e | at i 0177] A
gﬁppggPt6}§m%$%ﬁﬁgg#ﬁd3¥% frgFSaglsg Lrepaled by

m xi ng the conpound of the invention with Wtepsol (r)
H 5 (triglycerides of satuwated vegetable fatty acid;
Ri ches- Nel son, Inc., New Yo i
conposition: Ingredient AnD

W10 Owz?

wherein

Y is selected from the group consisting of a bond, -CH,- or -O-;

each of W, W' and W? is independently selected from the group consisting of
hydrogen and a pharmaceutically acceptable prodrug; and

pharmaceutically acceptable salts or partial salts thereof.
2. The compound of Claim 1 wherein Y is oxygen.

3. The compound of Claim 1 wherein each of W, W', and W2 is
independently hydrogen or a pharmaceutically acceptable prodrug selected from the
group consisting of acyl, oxyacyl, phosphonate, phosphate, phosphate esters,
phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclfc phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR®NH, where R? is selected from the group consisiting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted hetereoaryl, heterocyclic, substituted heterocyclic, and a sidechain of an

amino acid.

4, The compound of Claim 3 wherein W is hydrogen, or W' is hydrogen, or
W2 is hydro gen.
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55WHAT IS CLAIMED I'S: . A conpounds of Fornmula I: NH
WO O wherein Y is selected fromthe group
weonsiogxsssig of a bond, -CH2- or -O; each of VPOWUS2004/034955
W2 is independently selected fromthe group consisting
of hydrogen and a pharmaceutically acceptabl e prodrug;
and pharmaceutically acceptable salts or partial salts
thereof. 2. The conmpound of Claim1l wherein Y is
oxygen. 3. The conpound of Claim1 wherein each of W
WL, andW2 is independently hydrogen or a
pharqraceug 1 2
O ot corarepIREuRE SEBLAR s3I W nd 8 358 BUrbEeT ok WPand W
arphybogmat er Whhod pradre hedibgers, phosphonani dat e,
phosphor odi am dat e, phosphoram date nonoester, cyclic
phosphoram date, cyclic phosphorodi am date,
phosphor afe @8k oFheEst Claim 3Reher&h & GHRNCVBEh 61 Bged. S
sel ected fromthe group consisiting of hydrogen,
al kyl, substituted al kyl, aryl, substituted aryl,

cycl-oal kyl,, substituted. cycl.oal.k roar vl .
s ubs7?i t uﬁé‘& Cﬂ%‘%\*‘é%%ﬁ@ﬁfmﬁe REreiR &gll’ ar'@ s 6‘&?3{3?6{‘?&68&“(1 Wis
hytigiger o£¥ ghirfrac@itidaldy SdcdpabRiplodtig dle@dd fOMARE Group corfifting of
conpound of Claim3 wherein Wis hydrogen, or W is
acHy e gl phespheuats, phpsphetsgsiers, BBesphatsephospanandaie,

i ' . 3 Fe
SISO, BB SO AT g1
phosﬁphﬁtc&iimiﬂ?wcljpﬁoeplﬁbrkiﬂqidéﬂe ﬁeﬂer\/@nd&l;@(d)QHRéﬁﬁIa gvh@re Rhie Sglected

d d ai erei n r rogen an
S 1B BHGR eiTE oL PpRErn U CRTY] el b ) SO Ly
cySIBAIRGL SsbstinRl dyRfaBEP UR 1 OR51, Sub&BuRf hetereoaryl, heterocyclic,

substituted heterocyclic, and a sidechain of an amino acid.

8. The compound of Claim 7 wherein W' and W? are hydrogen and W is

represented by the formula:

R3
/
o N
8
N—P—
o A
OR!

where R? is selected from the group consisiting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted hetereoaryl,
heterocyclic, substituted heterocyclic, and a sidechain of an amino acid;

R? is hydrogen or alkyl; and

R! is selected from the group consisting of alkyl, substutituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,

heterocyclic and substituted heterocyclic.
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acyl, oxyacyl, phosphonate, phosphate esters,

phosphat e, phosphonam date, phosphorodi am dat e,
w@bwspkssam dat e nonoester, cyclic phosphor am BPEL/8$2004/034955

cycl i c phosphorodi am date, phosphorani date diester,

and -C(O CHR NHk whereR2 is selected fromthe group

consisiting of hydrogen, alkyl, substituted al kyl,

aryl, substituted aryl, cycloal kyl, substituted

cycloalk , heteroar substltuted hetereoary
het & ocy)érheé"m@%%‘f of étaga Sehearindand v i Bvdogen and W is
m no acid. 8. The conmpound of Claim?7

Ie@%%%%?ﬁb&%ggh fg are hydrogen and Wis represented by

the formula: R3 where R2 is selected fromthe group

consisiting of hydrogen, alkyl, substituted alkyl,

aryl, substituted aryl, cycl'oal kyl, substituted

cycl oal kyl, heteroaryl, substitu{ed hetereoaryl,

het erocyclic, substitutefdnHhet cyclic, and a

si dechain of an amino aci’d; R3lli s hydrogen or al kyl;

and R1L is selected fromthe gr@up consi sting of alkyl,

substutituted al kyl, aryl, substituted aryl,

cycl oal kyl, substituted cycl oal kyl, heteroaryl,

SUbS§fiché RBR sBRE@H FRY the gli@tpeéo%imtng ©f ﬁ?&’rogéip SR Léhsghtuted
heterocyclic. 579. The conpound o wherei n

alkyhcrrylp sihs @tumﬁohmlg ewleﬁibylvwhs@wteéwebelkwbdtebyoarﬁe Substltuted
IS se

he{gge%)gwl et%éc;{j ic \Aga%gg.xé%lz hegfrgwc Tohy ¥:) %lti%lin 1315 o, F.E)ﬂnn?o acid.
aryl, substituted ar yI cycl oal kyI substi tuted
cycl Bal kyl, heteroaryl, substitut ed het er eoar yl,
het & ocyéﬁ?%np%ﬁﬁéﬁ PU?E@ Iheterocyclic, and a
si dechain of an am no acid. 10. A conpound of Fornmnul a
I : wherein Ws selected frogmthe group consisting of
hydrogen and a pharmaceutic {Iy

NH,
N
w T
o) N
0
CH,
OHOH

wherein
W is selected from the group consisting of hydrogen and a pharmaceutically
acceptable prodrug;.

or pharmaceutically acceptable salts or partial salts thereof.

11.  The compound of Claim 10 wherein W is independently hydrogen or'a
pharmaceutically acceptable prodrug selected from the group consisting of acyl, oxyacyl,
phosphonate, phosphate, phosphate esters, phosphonamidate, phosphorodiamidate,
phosphoramidate monoester, cyclic phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR?NH, where R is selected from the group
consisiting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl,
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accept abl e prodrug;. or pharmaceutically acceptable

salts or partial salts thereof. . The conpound of
w@t@bssber ei NWi s i ndependently hydrogen or aPCT/US2004/034955

pharmaceutically acceptabl e prodrug selected fromthe

group consisting of acyl, oxyacyl, phosphonate,

phosphat e, phosphate esters, phosphonam dat e,

phosphor odi am date, phosphoram date nonoester, cyclic

osphoran1date cyclic phosphorodlan1date
Su%% Jaih eycloRlids eterp iyl evubstifiied hetergoeryh hatrogsdice Robstigited

heRRISEAE dnd 43RS, O BB fiBRRlsS! 1] N9 of Dy arogen

stituted ary substituted aryl,
cycl oal kyl, 58substituted cycl oal kyl, heteroaryl,

substi t uted hetere t roc jc, substjtuted

het zﬁocygﬁ’Fé’omQHHn af;(?l&@&ﬁg %lsgmrﬁﬁpng@,bythgﬁomula
The conpound of C ai m wherein W| s represented by the
formula: R3 ORL where R2 is selected fromthe group
consisiting of hydrogen, al®yl, substituted al kyl,
aryl, substituted aryl, cyjfl oal K1, substituted

cycl oal kyl, heteroaryl, substi ute>d het er eoaryl ,

het erocyclic, substituted #ete @QﬁQLJC and a

si dechai n of an am no a0|9 RSIﬂslhydrogen or al kyl;

and R1 is selected fromthe gr oup Ofdnsi st | ng of al kyI ,

lelﬁoal EIE{:{’E@ g-lst | lgu(% Hél?/l(ss ﬁﬂg%thfcﬁ%gg}, &g’rsws’tituted alkyl, aryl,

sulssmhﬂtd anyt, egiclbalkel; Sldfsntuted'\@tchraﬁq& diete@oﬁm;i sehskifited hdt@doaryl,
ocyc

hegfeﬁ&ﬂ%cﬁlbft&l%@@ﬁsﬂ%&ém i BS’@Q?WM an gmingaeidg| of 2, 3-

dj PP il nqﬁagggggﬁceutlcally acceptabl e salts or
partial 'salts thereof. . 7-(2'-C nethyl-5'-phospho-

b- DR/ iiheslestesomy Iﬂ)e— grouprcosishing of hikpl, sul;sltl)t}tuted alkyl, aryl,

55 G503 - GBI TR Pt oy,

het%rdc?chc(&ria%hbéﬂtut%d h@ﬂeﬁﬁ?&lﬂh 0-
b- D-ri bof ur anosyl ) - 4- am no- 5-[et hyn-1-yl ] -

pyrrol o[ 2, 3-d] pyrl m d| ne or pharmaceutically
aCCGI‘gt abl7-e(2§élI esth}(/)lrﬁ %an{)oi%rang?}ll} -a}nqgcg-gp(];thyn-l—yl)—pyrrolo[2,3-

d]pyrimidine or pharmaceutically acceptable salts or partial salts thereof.

14, 7-(2'-C-methyl-5'-phospho-B-D-ribofuranosyl)-4-amino-5-(ethyn-1-yl)-
pyrrolo[2,3-d]pyrimidine or pharmaceutically acceptable salts or partial salts thereof.

15.  7-(2'-C-methyl-5'-diphospho-B-D-ribofuranosyl)-4-amino-5-[ethyn-1-yl]-

pyrrolo[2,3-d]pyrimidine or pharmaceutically acceptable salts or partial salts thereof.

16.  7-(2'-C-methyl-5'-triphospho-B-D-ribofuranosyl)-4-amino-5-(ethyn-1-yl)-

pyrrolo[2,3-d]pyrimidine or pharmaceutically acceptable salts or partial salts thereof.
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16. 7-(2'-Cnethyl -5 -tri phospho-
b- D-ri bof uranosyl ) -4-am no-5- (et hyn-1-yl)-
WO 2005042552, 3- d] pyri m di ne or pharnmaceuti cal | y PCT/US2004/034955
acceptable salts or partial salts thereof. 5917.
7-(2' -nmethyl-5"
- (phenoxy- L- al ani nyl ) phosphat e- b- D-ri bof ur anosyl ) - 4-
am no-5-(ethyn-1-yl) -pyrrol o[ 2, 3-d] pyri m di ne or
pharmaceutjcal ly acceptable salts or partial salts
t herldof . 71@.- 11{}21*5- spKy-3-alapipyhphospleate-B-D-ribofuranosyl)-4-
Frade DA T Y
oS R o 1E S bt o Maitad ity teptable sals o
paeiat egitsaldreofsal ts or partial salts thereof. 19.
7-(2'-nmethyl -3 -0 L-al anin
ester-b-D-ribofuranosyl)-4-am no-5-(ethyn-1yl)
-pyrrol o[ 2,3-d] pyri m di ne or pharmaceutically

pharRaced: Pt BB 14e clfsh TG ERosyS d-autino-5-(etyn-1-

ylpiﬁfmaleggwdyminhwr@% PRhialcutibally 8tiepRBR sAlts or partial salts thereof.
therapeutically effective anmount of a conpound or a

m xture of one or nore of such conpounds as defined in
any one of Clains 1 to 19. 2 . A pharmaceuti cal

co sition,accordj, tq Caim wherein id,

cogggsi ti’a ﬂﬁﬁmg’r Ll Siierag&?fé‘:égﬁ’é%{ﬂ%@%r%}nlno'5'(e’fhyn'1'
1 [ - Qf i [
o B TRAy APl SRR P theror.

Claim, wherein said one or nore agents is/are

selected fromthe group consisting of ribavirin,

| evaoi ri M phdinaoaitidaledopipdsition @0mipfikin® atpdarn®icetRAlly acceptable
.serine protease,_ and inhibitor of inosine )
dllﬁﬁﬁéﬁg 8 dhmapcatigaliy clfcstisn agauntiof a epmppwifl o Hmixtee of one or more

of BEANRILR A UsRIHRLL B @R of @14ifiE1 hone o 11

ron wth ribavirin or Tevovirin. 23. The

phar maceuti cal conposition according to Claim 22,

wherein said one or nore agents is/are . . .

 nt AT or P AFBRECHeaLFORAOSEn AP e & GHimAnybieksid
coftpoifiort AiAeP&thHiseWiatiherbdedAVdlly dFfelfivd SUONtoF Bne 80%bre dfents

met hod for treating and/or inhibiting a viral
aclivefageinsbHCVa a manmmal which infection is nediated at

| east in part by a virus in theflaviviridae famly of

viruses which nmethod conprise admnistering to said

mamzal ,  thephhi@sachedal SoragitasRcthevbidthes@iCaim 21, wherein said one
or more agents is/are selected from the group consisting of ribavirin, levovirin, thymosin
alpha-1, an inhibitor of NS3 serine protease, and inhibitor of inosine monophosphate
dehydrogenase, interferon-alpha or pegylated interferon-alpha, either alone or in

combination with ribavirin or levovirin.
23.  The pharmaceutical composition according to Claim 22, wherein said one

or more agents is/are interferon-alpha or pegylated interferon-alpha alone or in

combination with ribavirin or levovirin.
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viral infection or is at risk of developing said viral

i nfection, a pharmaceutical conposition according to
w@@smz8e 25. The nmet hod according to C ai m ZBECTAIS2004/084955

said virus is hepatitis Cvirus. 26. The nethod

according to Cl aim 25 wherein said pharnmaceuti cal

conposition further conprises a therapeutically

effective amount of one or nobre agents active agai nst

HCV. 27. The met hod according to C.aim 26 wherein said

one ¥ o Eretlepdiios trpaimg aedios irbaliing # Vi) infrstign HLpmammal

wliﬁﬁﬁ‘ ﬁif@&loﬂg? %dfa{eﬁaa\( 'lerabtriﬁ |pl€)| ! \ré' \{1)1'qu %ﬁl é‘lgﬂvgrlzﬁc?e fa élg Sog ,v1ruses

nosi n , an in ne pro
whinldrrietﬂmid buohmnsoﬁdmnnﬁerng towad mﬂmmphﬂatkat Hadtydn dggnesed, with said

.interferon-al pha, .pe Iated r.f eron-al pha, al one or

vita i RS ol AV asag i ol BbGah Arhamaasut

Comgggngg(gb@dﬁg@(gd&nqoal m 27 wherein said one or nore
agents is/areinterferon-al pha or pegyl ated

I nterferon-al pha al one or in conmbination wth
ri ba\él ri I metﬁvg ccorcﬁng %IClalm 24 wherein said virus is hepatitis C virus.

26.  The method according to Claim 25 wherein said pharmaceutical
composition further comprises a therapeutically effective amount of one or more agents

active against HCV.

27.  The method according to Claim 26 wherein said one or more agents is/are
selected from the group consisting of ribavirin, levovirin, viramidine, thymosin alpha-1,
an inhibitor of NS3 serine protease, and inhibitor of inosine monophosphate
dehydrogenase, interferon-alpha, pegylated interferon-alpha, alone or in combination with

ribavirin or levovirin.
28.  The method according to Claim 27 wherein said one or more agents is/are

interferon-alpha or pegylated interferon-alpha alone or in combination with ribavirin or

levovirin.
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