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Art Hepatitis C,yirusg, (H cau ive ing.infection that can 35
lead to ci rrhosi3§', Iigﬁélr @ﬁfﬂzrﬁﬁ?f%@r@gﬁ%@ @3 eventual |y death. HCV
is an enveloped virus containing a positive-sense single-stranded RNA
genone of appréXi ma 15, Y. \By, € gh ﬁ@lgzcécwrlieéwrghé%bﬁ)%dz60 nm (err)
HCV is a major causafi$¥)agent for post-transfusion and for sporadic
non- A 10hon-B hepatitis. Infection by HCV is insidious in a high proportion
of 40 chronically | Mackhe8.KB.aexdili SiebtCowsyn.con2i®e(i998ho nmay not
experience clinical synptons for many years. 3 WO 03/093290 PCT/ US03/ 14237

HCV is difficul 41t o tWwegt Daadedds., Ts:. ggﬁ_!mquﬂ@b)_t here are 500 million
people infected with it worldwi de. No effective inhunization is currently

avai |l aftl e, and hgpat Nihs 1CLA0 COMNBE REEMAP] ds8@oBY) Ot her preventive
‘% ’ yé ’a'ntg)san ay)

nmeasures such as inprovenent’'in I ene tary conditions and

interrupting th 5 te of .transm.ssion., At _present, g only acceptabl e
treatnent for cﬁ?"onig) 8 a&??’tl\?'se’rc]f’%i’féhﬂ’f'égoﬁe?%ﬁm( d F%ISJ{ ﬁ”é) and this
requires at | east si 1 - nmonths of treatnment and/or ribavarin, which can

inhibit viral replication in infected cells and also inprove |iver
functiZ®h in Som§4.pe0§]ag_oll, S.S., et al., ., International Patent Application

Publication No. WO 02057287, published 25 July 2002

45, Carroll, S.S., et al., ., International Patent Application
Publication No. WO 02057425, published 25 July 2002
25
All of the above publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each individual
publication, patent or patent application was specifically and individually indicated to

30  be incorporated by reference in its entirety.

State of the Art

Hepatitis C virus (HCV) causes a liver damaging infection that can
35 lead to cirrhosis, liver failure or liver cancer, and eventually death. HCV is an
enveloped virus containing a positive-sense single-stranded RNA genome of
approximately 9.4 kb, and has a virion size of 30-60 nm."
HCYV is a major causative agent for post-transfusion and for sporadic
non-A, non-B hepatitis. Infection by HCV is insidious in a high proportion of
40  chronically infected (and infectious) carriers who may not experience clinical

symptoms for many years.



10 | FN-al pha belongs to a famly of naturally occurring small proteins
with characteristic biological effects such as antiviral, imunoregul atory
and antiwomegd29@cti vities which are produced and secr et @dThs0sDR87 ani mal
nucl eated cells in response to several diseases, in particular viral
infections. |IFNalpha is an inportant regulator of growh and

di fferenti ati on BV ecdiffiglthb neel dndlisis esiniea tieh thicdda@sa0 inmiisaol ogi cal
control. Treatnent of HCV with _interferon, however, has limted long term
ef fi cacy wiPepPlaifecdebwyh i werkdwids o eifentive immpainatips if curieatly nent of HCV

with interfer: t ' | | de effects
such as fata?i{gl%g%eb?%dvlfé%pgagﬁpl ({a}s{ ,Ogﬁg%dcggﬁéﬁgd %gﬁaﬁ,\%@e‘gﬁéﬁlﬁ%ﬁ%& mld

al opeci a, psghcasiimpraveneht mdtygican dndsadaiadondititis dnd onelewgingald oi nmune
pheno a anq associ ated di sorders and thyroid dysfunction. Ribavirin
(1-(er‘r¥’)]- DY %B#SW%%SWQ& H1,2,-4-triazol e-3-carboxani de), an inhibitor
of inosine 5' f%@%@%@ﬁ?ﬁﬁtﬁl}dﬁwﬂﬁﬁg%%ﬁnﬁ FYRh¥dhnic ﬁéyaﬁgge%st he efficacy
of IFN-al pha in the treatnernt of  HCV. Despite the 1 ntroduction of 25

ri baviri n, intenferon KEN-8Iphe)amdtthie repiites aitlsasti sixr(6) mehthgiofifeatntehe virus with
the current. standard therapy. of. .interferon-al ph ILEN) and ribavirin. By
now, ot andi & ARRYALR, VBiE Y il R herter e RaBo bR AR 1o ¢ he
conbi nat i oppRie RFEr ilidlidd iMSombayilel n. However, a nunmber of patients still
have significant side effects, primarily related to ribaviran. Ribavirin

causeslU30 si gni fiN-amhathelaney & & fanklylgm209slhf ograttingdmeall proteinsd at currently
recomrended . and, : . i er.atogeni c _a enbryotoxic. 4 WD
03/ 093290 %&%&%%é’?’fgtg‘gt}‘m@%[er %cﬁszsruggtcarg%‘i“‘érraté‘ ‘e”i‘“r%‘*é’r?@:\]‘gaet%ryta%xconbat t he

virus. Theyntitagbtidactifités eKiehpteprodupt nadbdcdstedby attist &gmae ol i gonucl eot i des
or ribozymes for_  inhibiting HCV replication. Furthernore, |ow nolecul ar
wei ght conpbtlsried celljn respprsetie yeverm diseaseridy partistlar NE2linectionser fere wi t h

viral replipsati : . i j . i to control HCV
nf ect i on. IReaii i€hFindBPlRRs of roBloh bAF LB BRI, Coce.
RNA- ddpendesitul&ZNanmpainiceioased immenclogshldenad]. dbrepmicandf HCMV withhet s f or new

drugs. 2' 3 Devqgs, et al.4 describes puri and pyrim di ne nucl eosi de
derivati v_eglter%ﬁan»t ST e RRGAPPRISIFRIE PP i,
Sommadossi p5&t Rhddition, 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

20  disorders, autoimmune phenomena and associated disorders and thyroid
dysfunction.

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

25  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 patients still have
significant side effects, primarily related to ribaviran. Ribavirin causes

30  significant hemolysis in 10-20% of patients treated at currently recommended

doses, and the drug is both teratogenic and embryotoxic.



10 describes 1', 2' or 3'-nodified nucleosides and their use for treating a
host infected with HCV. Carroll, et al.44,41 , both of which published

af ter thewofoBlopazgo of the present application, describe nueCeasbdieg3ns

i nhi bitors of RNA- dependent RNA viral polynerase. Applicants do not intend
to cover any conpounds specifically disclosed in these applications. 15

G ven the fact Ofthdrhpptachedarelseigpiaemocontaetheofirubihheytibetude, i s a strong
need for new effective drugs.for HCV treaInent The present invention
provi des nifEIcEBEPIEeaRMIcRel olAnEss? oligemclepldescay THorERes BRs. 20 SUMMARY CF

THE. | NWENTIE4: L BCVYERERRR, 1arboRal ok oROME! wEFPRHARRnANAl are usefu

in the treatnent™ of I'n mamal s. SpeC| ounds of this
i nvent i on thatdirectlyrielsibiittHCV Ipyottins and mtdrfere With anvell ﬂephmtionwre R2 R2 N ~N
Z- - <N I

N WD .0 OH OH OH CH 25 |
Ib Ic 75 v@f@?ﬁﬁﬁ?ﬂf@é@éﬁ %ggliﬁt?ﬁmrﬁp}ﬁp§ lﬁgqﬁtlﬁlﬁdlg%ggr ¥R dependent | y :

sel ect ed fﬁ%aw%&haa@lc%mm&h%se M@&%ﬁdenthol pRgti tuted
al kyl, 5 al kenyl , Substituted al kenyl, al 2l<3ynyl and substltut ed al kynyl

provi ded t tretcomsiderdd RY petreatial darsess foy neydhroge,

Devos, et al.* describes purine and pyrimidine nucleoside derivatives
and their use as inhibitors of HCV RNA replication. Sommadossi, et al.’

10 describes 1, 2' or 3"-modified nucleosides and their use for treating a host
infected with HCV. Carroll, ef al.****, both of which published after the
filing of the present application, describe nucleosides as inhibitors of RNA-
dependent RNA viral polymerase. Applicants do not intend to cover any
compounds specifically disclosed in these applications.

15

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

invention provides nucleoside derivatives for treating HCV infections.

20
SUMMARY OF THE INVENTION
This invention is directed to novel compounds that are useful in the treatment
of HCV in mammals. Specifically, the compounds of this invention are

represented by formula Ia, Ib and Ic below:

R2
XN X
z«f N/
WO T
0
R R?
OHOH OHOH

OHOH

25 la b lc



10 R2 is selected fromthe group consisting of: alkyl, substituted al kyl,

cycl oal kyl, substituted cycloal kyl, 15 al kenyl, substituted al kenyl,

al kynyl , wolswdr2ed ed al kynyl, acylam no 20 guani di no anmPdirnso3/14237

t hi oacyl am no, hydroxy, al koxy, 25 substituted al koxy, halo, nitro,
thioal kyl aryl, 30 substituted aryl, heteroaryl, substituted heteroaryl,

6 WO 03/ 093220eiR@ 4R B4rb 42BpenddR3 Bl etbE 8mRBe gfqﬂlg%lfémﬁﬁtﬁlg dtdependent | y
y

sel ected fromthe group consisting of hydrogen, a substituted al kyl,
al kenyl , substituted bysregeny| , al kynyl, substituted al kynyl, aryl,
substituted aryl, het ﬁaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclitc’ and where R3 and 5 R4 are joined to form together

with the nitrogen ataubkitinidtabigieto, a heterocyclic, substituted
het erocyclic, heteroaryl, or substituted heteroaryl , -NRS5NR3R4 where R3
and R4 are as definedﬂéﬁﬁbe and R5 is selected fromthe group consisting

of hydrogen and alkylmﬂmﬁunmimkmnm
alkynyl, and
substituted alkynyl
provided that R and R' are not both hydrogen;

10 R? is selected from the group consisting of’
alkyl,
substituted alkyl,
cycloalkyl,
substituted cycloalkyl,

15 alkenyl,
substituted alkenyl,
alkynyl,
substituted alkynyl,
acylamino

20 guanidino
amidino
thioacylamino,
hydroxy,
alkoxy,

25 substituted alkoxy,
halo,
nitro,
thioalkyl
aryl,

30 substituted aryl,
heteroaryl,

substituted heteroaryl,



Wis selected fromthe group consisting of: 10 hydrogen, phosphate

(i ncl udi ng nonophosphat e, di phosphate, triphosphate or a stablilized
phosphat ewproaasazg) , phosphonate, acyl, 15 al kyl, sul fon&Ce/ussyen3sel ect ed
fromthe group consisting of al kyl esters, substituted al kyl esters,

al kenyl esters, substituted al kenyl esters, aryl esters, substltuted aryl
esters, heteroaryl esN&FR? vehsR] indiiethre hﬁiepérﬁﬁﬁﬂy selsdted fromhed erocyclic
esters and substituted heterocyclic 20 . esters, a li an amno acid, a

car bohydr a&uP cgng &g ofdydaeegn ﬁkﬁéh%%bé@i‘l@;d(ﬂﬂiyl,)@W@YEéP@%{t@G dfrom the group

consi sting 1 | kyl, and - NR3R4
where R3 aﬁgge% gﬁas | %ﬁﬁd%ilk ébo%l Sut%gt é‘é{ glgfteg(gﬁ?fom t he group
consi sti ng sﬁstitﬁed/ﬁt&@h@&&@&@od?ﬁmt ldﬁﬁs’ﬂtﬂié@ﬂé’terdaydm@ﬂmhdmRé and hydr oxy,

R4 fi Zi | ect ed
ALKy RehFoR et ORI Bl ol o8l S lhahoye: 2 1 selecte

heterocyclic, substituted heterocyclic, heteroaryl, or substituted heteroaryl ,
-NR’NR’R* where R® and R* are as defined above and R’ is
selected from the group consisting of hydrogen and alkyl,
W is selected from the group consisting of:
10 hydrogen,
phosphate (including monophosphate, diphosphate,
triphosphate or a stablilized phosphate prodrug),
phosphonate,
acyl,
15 alkyl,
sulfonate ester selected from the group consisting of alkyl
esters, substituted alkyl esters, alkenyl esters, substituted alkenyl
esters, aryl esters, substituted aryl esters, heteroaryl esters, substituted
heteroaryl esters, heterocyclic esters and substituted heterocyclic
20 esters,
a lipid,
an amino acid,
a carbohydrate,
a peptide, and
25 cholesterol;
X is selected from the group consisting of:
hydrogen,
halo,
alkyl,
30 substituted alkyl, and
NR3R* where R® and R are as identified above;

Y is selected from the group consisting of:

7



hal o, hydroxy, 10 al kyl, azido, and -NR3R4 where R3 and R4 are as
identified above -NRS5NR3R4 where R3, R4 and R5 are as identified above;
and wher ewp 03/09296el ected fromthe group consisting of 15PpPay/use3/and’ 3-
deazapurines of the formula below. //N/ )n IN;:i:cR2Z0fl; N b) purine
nucl eosi des of the formula below N/ RL N-- it WN~- Y c¢) benzimdazole
nucl eosi des of the faydmoken,bel ow. b(1R20) 20n d) 5-pyrrol opyridine

nucl eosi des of the fgrnula below. aN, N R20)n N or (R20)n e)

4- pyri m dopyri done s H]Qi vanyci n anal ogs of the fornula below 8 WD

03/ 093290 PCT/ US03/ 1{!@& xyO O R0 R2Z1 NN N )~, Y f) 2-pyrinidopyridone
sangi vanyci n anal ogs of t%’e formula below z (RRON ONNY g)

4-pyri m dopyri done salkyithianyci n anal ogs of the fornmula below. O Q, (R10)

5 NR’R* where R? and R* are as identified above;
Z is selected from the group consisting of:

hydrogen,
halo,
hydroxy,

10 alkyl,
azido, and
-NR’R* where R? and R” are as identified above
NR°NR’R* where R®, R* and R’ are as identified above;

and wherein T is selected from the group consisting of

15 a) 1- and 3- deazapurines of the formula below:

(/N R20) /N R20)
SEaNp e
r‘{ N/ or & — )
b) purine nucleosides of the formula below:

(/N R0
N ]
« N’(Y

c) benzimidazole nucleosides of the formula below:
N

Lz
PR
o (R2),

20 ;
d) 5-pyrrolopyridine nucleosides of the formula below:
N
]\ b
I \ RZO)n N
P or ¥ (R%),

>

e) 4-pyrimidopyridone sangivamycin analogs of the formula below:

8



P (RR1)p I NNNY 5 h) pyrimdopyridine anal ogs of the fornul ae bel ow
QQ , N-(R1O)p (RIO)P (), ~ NNN~ONN 110 or 4 i)

pyrii ni dowpesnogdrydr opyri di nes of the fornula below. Q 1NPCWUNp3/14287 10 |)
Fur anopyri m di nes (& tetrahydro furanopyrim di nes) of the formnul ae bel ow
Rl12 R12 1 ON,R10 NRlo NMI N-M or 9 WO 03/093290 PCT/ US03/ 14237 k)
pyrazol opyri m di nes~ of theRffornmula below. R2 N N a 1) pyrol opyrimdines of

the formul a bel ow ITN [N N5 m triazolopyrimdines of the formula
below. O R21 | Z>N
l
) \N*Y

f) 2-pyrimidopyridone sangivamycin analogs of the formula below:
(Ra),
Z "N
l
N \N/kv

.
H

O

g) 4-pyrimidopyridone sangivamycin analogs of the formula below:

TP
(R21), | /Nk
éN N7 >y

5 ;
h) pyrimidopyridine analogs of the formulae below:
Q

or ;

10 j) Furanopyrimidines (& tetrahydro furanopyrimidines) of the formulae below:

R'2 N
o e o) _re
e %
N M N M
N o é ;



MN NNRN) pteridines of the fornula below Q
I o) pyridine C nucleosides of the formula bel ow

pyr azol otwpazioge9oC- nucl eosi des of the formnula bel ow

Y q) Indole nucl eosides of the fornula bel ow

PCT/ US03/ 14237

R20 N

r) a base of the fornula bel ow

s) a base &) pyheolopyrimidindseIfove forulY beBwd N z

i RI2)P X N (Y
Q/(RLO)P N 10 p)

Ol N)1 N

Q / PRIA)SOR142BION ~. N N

10 WD 03/093290

YRo0) nzi NN 5

10

R20

R=20

m) triazolopyrimidines of the formula below:
0
N~
N
¢ |
N /k\N
<
n) pteridines of the formula below:
Q
L™
o g(N Sy

N

2

o) pyridine C-nucleosides of the formula below:

p) pyrazolotriazine C-nucleosides of the formula below:

Q

10
N~ ~ /(R )D
g N° N

%/x

N Y

>

q) Indole nucleosides of the formula below:
10



NNRO t) a base of the formula below R20 N/ N Z ,~ 7 Nik R2 10
u) a base of the forrmula below. R20 N N 15 v) a base of the fornula bel ow
R20 Ni | WO,0683p w) a base of the formula below 11 WO @8TA$829037
PCT/ US03/ 14237 Q R20 NN (R10)P N. x) a base of the fornula below. Q R20
,(RLO)p N NM 5 vy) a base of the fornula below MN N R20) Nn | 10
and further wherein 2 of bonds characterized by is a double bond and the
other is a single bo provi ded that, when the, between the N and a ring
carbon is /

N

2

r) abase of the formula below:

Y RZO)n
7
z— |
JTOW

b

t) a base of the formula below:

R20
N—=
N
Z\\\

|
N/\Rzz

10 ,

u) a base of the formula below:
R20 0o

U
k\N N

é

15  v) abase of the formula below:
RZO

R10
N
P

~

2

Q

2

w) a base of the formula below:

11



a doubl e bond, then p is 0 and when the --- between Q and a ring carbon is
a double bond, then pis 1; each p is independently 0 or 1; 15 each nis

i ndependewOlog/o®200 an i nteger from1l to 4; each n* is inaeparsdeneBy O or
an integer froml to 2; L is selected fromthe group consisting of
hydrogen, halo, alkyl, substituted alkyl, am no, substituted am no, azido,
and nitro; Qis seledled fronlthe group consisting of hydrogen, halo, =0,

-OR'1 1, =NR11, /:kﬂg;o =S, -SRl11, aryl, substituted aryl, heteroaryl,
substituted hetero N het €rocyclic, and substi t ut ed heterocyclic; Mis
selected fromthe oug_consisting of =0, N-R11, and =S; Y is as defined
above; R10 is sele m the group consisting of hydrogen, alkyl,

substituted al kyl, 25 cycIoaIkyI substituted cycl oal kyl, heterocyclic,
substituted heterocycllc 12 VI303/093290 PCT/ US03/ 14237 al kyl t hi oet her,
substituted al kyl thi oether, aryl, substituted aryl, heteroaryl, and
substi t ut e&) hdber dahyformmia eleve provi so that when T is b), s), v), w or
X), then R10 is not hydrogen; each RI 1 and R12 is independently selected
fromthe group consi giing of 5 hydrogen, al kyl, substituted al kyl,
cycl oal kyl, substj,futled c 8$Ikyl, het erocyclic, substituted

het erocyclic, am 3 titlted am no, al kylthioether, substituted

al kyl t hi oet her, aryﬂ, ubstituted aryl, heteroaryl, and substituted

het eroaryl; each R2 tdependent|ly selected fromthe group consisting
of . hydrogen, 10 alKyl, “substituted alkyl, aryl, substituted aryl,
cycl oalkyl, 15 substituted cygloal kyl, alkenyl, substituted al kenyl,

y) a base of the formula below:
N

10 and further wherein one of bonds characterized by --- is a double bond and the
other is a single bond provided that, when the --- between the N and a ring carbon is
a double bond, then p is 0 and when the --- between Q and a ring carbon is a double
bond, thenpis 1;
each p is independently 0 or 1;
15 each n is independently O or an integer from 1 to 4;
each n* is independently 0 or an integer from 1 to 2;
L is selected from the group consisting of hydrogen, halo, alkyl, substituted
alkyl, amino, substituted amino, azido, and nitro;
Q is selected from the group conéisting of hydrogen, halo, =0, -OR"!, =N-R!,
20 NHR!!, =S, -SR"!, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic;
M is selected from the group consisting of =0, =N-R'!, and =S;
Y is as defined above;
R' is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
25 cycloalkyl, substituted cycloalkyl, heterocyclic, substituted heterocyclic,

12



al kynyl, substituted al kynyl, 20 heteroaryl, substituted heteroaryl,
acylam no guanidino amdino 25 thioacylam no, alkoxy, substituted

al koxy, abDlgloeizbo, nitro, 30 halo, hydroxy -NR3R4 whePe€TRBOHNMIIRA are
as defined above, 13 WD 03/093290 PCT/ US03/ 14237 -NRS5NR3R4 where R3, R4
and R5 are as defined above; each Rat and R22 are independently sel ected
from the grabicyithiuetisdssubstiuetl alkylthiR3Rér, Wiyl eibRBuaddridhaeans, #af i ned above,
and - NR5SNR3R4 where R3, R4 and RS are as defined above 5 - (O NR3R4 where
R3 and R4 avPbstifuted beterpagylawih die pipgiso the WhaRE NRBRA), Whet kotRa, theaRarid RS ar e
as defined r@lp% oeer@Nd pharmaceutically acceptable salts thereof; with the
provi sos t hat ??or’ a conpound of fornula la, when Z is Z is hydrogen,

hal o, hydroxy, ehéh BRZiahd R'0is iNR3feAdeniaekclsd fwndihedreurcdmttapestent |y H, or
al kyl; Y i drogen or  -NR3R4 where R3 and R4 are independently hydrogen
or alkyl; tWemPees %T@’ln%’Ps%WWI alkylgyielppikyl, ﬁ&‘P%{tﬂtﬁgHY‘Bﬁ%ﬂfyldF@?mé}’CthRB R4
where R3 a i ﬂgﬁﬂl 0, VI conpound of
formul a |a@%@‘%ﬁft§%ﬁ§§%g§‘r@d’ ﬁ%tf%ﬁ,% y rggy%mgglﬁ%ég?e@%@sg@tﬁm R4, where
R3 and R4 alleylihrgéss mddnsubgtitiiedoarylahkigtoaryy, dnd sopsiitoigd hetehalryd;  hydr oxy, or

al kyl thio; then e'z?gh R® 3 ?1{dependently selected from the group consisting of:

hydrogen,
10 alkyl,
substituted alkyl,
aryl,
substituted aryl,
cycloalkyl,
15 substituted cycloalkyl,
alkenyl,
substituted alkenyl,
alkynyl,
substituted alkynyl,
20 heteroaryl,
substituted heteroaryl,
acylamino
guanidino
amidino
25 thioacylamino,
alkoxy,
substituted alkoxy,
alkylthio,
nitro,
30 halo,
hydroxy
-NR’R” where R® and R* are as defined above,

13



al kyl, substituted al kyl, wherein the substituted al kyl is substituted

wi th hydroxyl, am no, alkylam no, arylam no, alkoxy, aryloxy, nitro, cyan,
sul f oni ¢ woiod/o9xm f at e, 20 phosphoni ¢ acid, phosphate, or Pphamsphonate,

ei ther unprotected or protected, halo, hydroxy, alkoxy, thioalkyl, or 25
-NR3R4, where R3 and R4 are |ndependently hydr ogen, al kyl or al kyl

substituted with hydroRyNRRhiwiere R Rfla0RAa@re ardefiaed moveal koxy, aryl oxy,
nitro, cyano, sul fOﬂI c acpd, sul fat e, phosphoni ¢ _aci d, phosphat e, or

phosphonat e, ei AR gkt aeiadersndgilyseleeted fronmthe EEupLonsistea P
formula I'b, when X i S{}’iﬁyﬁwﬁ R hgﬂ@w Qjelﬁgh ﬂrféﬁ%bﬁi g - NR3R4 V\/nere R3 is
en % OXYy,

hydr ogen and R4 is al I's not hal o, hydroxy,
CF3, or -NR3R4 where NRNR&R zwlm‘ceR? mﬁepéﬂaamdsﬂeﬁyeﬁdgﬁm or alkyl;and 14
WO 03/ 093290 PCT/ US03/ 44) . for 3a ound ormula |b, R2 is not,
hal o, al koxy, hydroxy® %@ﬁ\ﬁgﬁ k%ﬂ’efe gp%é #OVENERA ar e

i ndependent |y hydr ogegy O}NI@\!R@“ @h&gl;gsl@bﬁ{dlg&grggs dé’ﬂﬂeﬁ PWJ oxyl, am no,

al kyl am no, aryl am no, koxy, aryloxy, nitro, cyano, onfc acid
sul fate, pméphmnacelamaﬂyamwp@pmabstlmreoﬁhosphonate, elther unpr ot ected or

5 protect e%lthpf?lgp}c‘ouvristors]%atpr ovi ded that the compound of Fonnual la, Ib or Ic
is not a)

2- Hydr oxymet hyl 4 fdr@rd@iﬂ%hhdl@ﬂfdrﬂm?a‘hé' Whérﬁlﬁsaétlymﬂrdﬁ aRal8, e8] ;
b) 2- droxyrrethyl p-,(6-thi gphen-3-yl - purin- 9% )-te ahydro faran- 3 4- 10

diol. 1 a aandef @rN%cR ebowi Rrend Ri@e inflepondenslydd aalieylokis hdrogamqy
;ﬁgtslhg;I B?e rre nbogﬁirir%{r:t gﬁ%?d?tgg’ahy%%n ?%(gf fﬁig nt%LXlky 15 T is a
3- deazapur iatiexy, Tl hiyatosyt CBY) ok SNRIRt Wigsre BP hRCREaretindéb et QmpgURdraptn For mul a
' AR o\r(glkly\fll
2) for a compound of formula Ia, when Z is hydrogen, halo, hydroxy, azido,
15 or NR® R4, where R> and R* are independently H, or alkyl; Y is hydrogen, halo,
hydroxy, or alkylthio; then R? is not
alkyl,
substituted alkyl, wherein the substituted alkyl is substituted with hydroxyl,
amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate,
20  phosphonic acid, phosphate, or phosphonate, either unprotected or protected,
halo,
hydroxy,
alkoxy,
thioalkyl, or
25 NR’R?, where R? and R* are independently hydrogen, alkyl or alkyl
substituted with hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro,
cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, either
unprotected or protected);
3) for a compound of formula Ib, when X is hydrogen, halo, alkyl, CF; or
30 NR’R* where R is hydrogen and R* is alkyl, then R? is not alkyl, alkoxy, halo,
hydroxy, CF3, or -NR’R* where R> and R* are independently hydrogen or alkyl;and

14



ABI E D NWO RRL OHOH11 20 wherein R and Rl are independently
sel ected fromthe group consisting of. hydrogen, alkyl, substituted

al kyl , aWwbengdz29®5 substituted al kenyl, al kynyl, 15 WO @8T0$8280237

PCT/ US03/ 14237 substituted al kynyl, hal ogen, azido, amno, and 5
substituted am no; provided that R and R are not both hydrogen; Y2 is

CH2a N, S, SO ou)fés@oonhpdmag@fmum IhR? £5(xdd), thadd) diké2 yf wd@@gﬁt}ti@dueylocycl ic,
substituted heterpcyclic, jeroaryl or substi t ut ed heteroaryl gr oup

wherei n ead® ]HR %é@eﬂeF%%cWénd@m@Hﬁﬁ hydrggen afsdl er @i&y]cﬂulb&tltuﬂ?ét eroaryl
bstit
%rjl tS :J fS ulseﬁ‘g I?ﬂlﬁgﬁ $ slgﬁﬁn!lﬁ%pr eﬁer adb %%ﬂlﬁfp)’?%ﬁ%%;a gq(% giaﬁlgsﬁul%mt one

or nore ri ragidsmlfam, phe@hs&ic@cideﬁhdsphﬁretd‘i@hlgmuﬁatéOéiﬂieﬁﬁmmte@ﬂ‘edwc| oal kyl,
cycl oalr#<enyl erocyclic, aryl and heteroaryl group which, in turn, each
of suc “st? Juctures is optionally substituted with 1 to 4 substituents
sel ected fromthe group 15 consisting of hydroxyl, halo, alkoxy,
substituted al koxy, thioal kyl, substituted thioalkyl, aryl, heteroaryl,

het erocyclic, niAnddurtbgramoyidedirthaitlyd congmubd o Fomatad iz Ib at kyik not
a) 2-Hydroxymethyl-5-(6-phenyl-purin-9-yi)-tetrahydro-furan-3,4-diol; or
b) b) 2-Hydroxymethyl-5-(6-thiophen-3-yl-purin-9-yl)-tetrahydro-furan-3,4-
10 diol.

In a preferred embodiment R' is selected from the group consisting of
-CHj3, -CF3, -CH=CH3, and -C CH, more preferrably CHs.
In another preferred embodiment when T is a base of formula a) then

15 T isa 3-deazapurine.

This invention is further directed to a compound of Formula II:

N

C(H)b Y2
~
N

I

\

T
F

2’>‘\m
z —
U

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

alkynyl,
15



substituted al kyl, al kenyl, substituted al kenyl, al kynyl, substituted

al kynyl, am no, and substituted amno; b is an integer equal to O or 1; 20
A, B, D, woddmase i ndependently selected fromthe group ®cmgissy/i4rg7 of >N,
>CH, >C-CN, >C- N2, >C-al kyl, >C-substituted al kyl, >C NHCONH2,

>C- CONRI 5R16, >C- COOR15, >C- hydroxy, >C-al koxy, >C-am no, >C al kyl am no,
>C-di al kyl ami no, >C- kabstigeed alkgnyll, 3- oxazol -2-yl), >C-(1,3- thiazol-2-yl)
and >C- (imdazol-2-yl); 25 Fis selected from>N, >CCN, >C N2, »>Calkyl,
>C-substituted al kyh2logER.NHOONH2a >C- CONRLSR16, >C- COOR15, >C- al koxy,
>C- (I, 3-oxazol - 2-yl ) ,,3G (1, 3-thiazol -2-yl), >C (imdazol-2-yl), and >CY
where Y is selected farorﬁthe group consisting of hydrogen, hal o, hydroxy,
al kyl t hi oet her, and -ahiR3R4ndhere R3 and R4 are independently selected from
30 the group conS|st| dro en, hydroxy, alkyl, substituted al kyl,

al kenylSg substi t ut eﬂglgsl 1&&?@ m’{lf'ﬁ’?kynyl substituted al kynyl, al koxy,

subst it ut edyR@kde@dat R Md/R! al%%%bﬂl;hg&% gt.yl, heteroaryl, substituted
het er oaryl , het erocycl ic, 16 WD 03 93590’ PCT/ US03/ 14237 substi t ut ed

heterocyclic and” \M1€He RS, 80 REQs e 10| ned to form together with the
nitrogen atom b t heret het rou provi de hat only one
of R3 and R4 ar %tB tﬁa@@@ (?g@%'ﬂ‘ﬁé‘tﬁ'\e?%?“é}éh&l qgﬁ%;ute eeyclie are

i ndependenhbmoa@h @ebmtﬁataméta@a@u Okt GR1REIS ’éhdlhgaf%fald 1§téw@§cﬁgen al kyl,
substituted al kyl cycl oal kyl , SUbSPItUted cycl oal kyl, 0 aryl,

subst i ¥ut eéutéFlwed h%@?@)“‘é’&r lsqteroarydmwbstam@d histerearpbgroip ISeﬁmiIIOmlBy fasell R16
toget her wyy ﬂn%@xem anxjﬁgft fu\g?do g{f% y)(t}‘?é{% @{rgfe%tbtl s hed s 1 fhan ¥Bs il Yingsfwith

cycl oal kyl , stitu erc
one or more ring structures selected from the group cons1st1ng of cycloalkyl,

cycloalkenyl, heterocyclic, aryl and heteroaryl group which, in turn, each of such ring
structures is optionally substituted with 1 to 4 substituents selected from the group
15 consisting of hydroxyl, halo, alkoxy, substituted alkoxy, thioalkyl, substituted
thioalkyl, aryl, heteroaryl, heterocyclic, nitro, cyano, carboxyl, carboxyl esters, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, amino,
and substituted amino;
b is an integer equal to O or 1;
20 A, B, D, and E are independently selected from the group consisting of
>N, >CH, >C-CN, >C-NO,, >C-alkyl, >C-substituted alkyl, >C-NHCONH,,
>C-CONRPR'®, >C-COOR'?, >C-hydroxy, >C-alkoxy, >C-amino, >C-
alkylamino, >C-dialkylamino, >C-halogen, >C-(1,3-0xazol-2-yl), >C-(1,3-
thiazol-2-yl) and >C-(imidazol-2-y1);
25 F is selected from >N, >C-CN, >C-NO,, >C-alkyl, >C-substituted
alkyl, >C-NHCONH,, >C-CONR'R'®, >C-COOR'’, >C-alkoxy,
>C-(1,3-oxazol-2-yl), >C~(1,3-thiazol-2-yl), >C-(imidazol-2-yl), and >C-Y,
where Y is selected from the group consisting of hydrogen, halo, hydroxy,
alkylthioether, and NR’R* where R® and R* are independently selected from
30  the group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,

16



substituted heterocyl coal kyl, heteroaryl, or substituted heteroaryl; Wis
sel ected fromthe group consisting of. hydrogen, phosphate (including
nonophospiwetod/o9xtpphosphat e, 20 tri phosphate or a stabl il iPpeedSphogphat e
prodrug), phosphonate, acyl, alkyl, sulfonate ester selected fromthe
group consisting of alkyl 25 esters, substituted al kyl esters, alkenyl
esters, subshstitutédhetadokpelicl andegticss R} armr are $6iesdto ﬁuhsﬁogetuéﬁdlﬂar yl esters,
heteroaryl esters, substituted heteroaryl esters, heterocycllc esters and
subst i t ut ediStr %gf‘csb%}%m.h?ndé%ftr%tpsa gleroryilig Sra, BFPVidRdrBataalione 5

car bohydr at,gg3 aﬁd eg@"@%ﬁg%ﬂ‘&% S%{I%Zreogo CT/ US03/ 14237 chol esterol ;

and phar maceut | ca ly a ts t 'n a preferred enbodi ment,
t he conpounds oR'Y ardRi’ard independemhy eketeldtbryhe drouprodmistindof:5 C(H b Y2 N
Z--</ s ]: N N NY hy\gro%en,R RL OH OH
alkyl,
substituted alkyl,
cycloalkyl,
substituted cycloalkyl,
10 aryl,
substituted aryl,
heteroaryl,
substituted heteroaryl, and
R’ and R*® together with the atom to which they are attached
15 may form a cycloalkyl, substituted cycloalkyl, hetercycloalkyl,
substituted heterocylcoalkyl, heteroaryl, or substituted heteroaryl;
W is selected from the group consisting of:
hydrogen,
phosphate (including monophosphate, diphosphate,
20 triphosphate or a stablilized phosphate prodrug),
phosphonate,
acyl,
alkyl,
sulfonate ester selected from the group consisting of alkyl
25 esters, substituted alkyl esters, alkenyl esters, substituted alkenyl
esters, aryl esters, substituted aryl esters, heteroaryl esters, substituted
heteroaryl esters, heterocyclic esters and substituted heterocyclic
esters,
a lipid,
30 an amino acid,
a carbohydrate,
a peptide, and

17



1A wherein R and R(err) are independently selected fromthe group
consisting of: hydrogen, 10 al kyl, substituted al kyl, al kenyl,
substi t utwo oaloeeyl , al kynyl, 15 substituted al kynyl, ha&icCegsn3/142azi do,

am no, and substituted am no; 20 provided that R and Ri are not both
hydrogen; Y2 is CH2, N, S, SO or SO2; N together with -C(H b and Y2 forns
a heterocyclic, substdhbldseeblhet erocyclic, heteroaryl or substituted

het eroaryl group wherein each of said heterocyclic, substituted
heterocyclic, héigpdamacepticallysseqpiabiecaltnthessofaryl group is optionally

fused 25 0 1013 Biror8A oMBbiinicht ot Bl VY B RTPLE ARG pior € t han

5 fused rings) one or nore ring s ures se rom group
consi st i ng fofmuy&lAoal kyl, 18 WO 03/093290 PCT/ US03/ 14237 cycl oal kenyl ,

het erocyclic, aryl and heteroaryl group which, in turn, each of such ring
structutres is optionally substituted with 1 to 4 substituents selected from

the group consisting of hydroxyl, halo, Xy, substituted al koxy,

t hi oal kyl, substituted thioalkyl, arylézggrgkoaryl, het erocyclic, nitro,
cyan, carboxyl, carboxyl esters, alkyl, 5~suwistituted al kyl, al kenyl,
substituted al kenyl, al kynyl, substituted kynyl, am no, and substituted
amno; b is an integer equal to 0 or_WY i sNsel ected fromthe group
consisting of: hydrogen, 10 phosphat e\t k&d@ng nonophosphat e,

di phosphate, triphosphate or awsi Iglize phosphat e prodrug),

R R’

OHOH

1A

wherein R and R' are independently selected from the group consisting of:
hydrogen,
10 alkyl,
substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl,
15 substituted alkynyl,
halogen,
azido,
amino, and
substituted amino;
20  provided that R and R! are not both hydrogen;
Y? is CHy, N, 8, SO, or SO;
N together with -C(H), and Y? forms a heterocyclic, substituted heterocyclic,
heteroaryl or substituted heteroaryl group wherein each of said heterocyclic,
substituted heterocyclic, heteroaryl or substituted heteroaryl group is optionally fused
25  to form a bi- or multi-fused ring system (preferably no more than 5 fused rings) with

one or more ring structures selected from the group consisting of cycloalkyl,
18



phosphonate, acyl, alkyl, 15 sulfonate ester selected fromthe group
consisting of alkyl esters, substituted al kyl esters, al kenyl esters,
substi t utwo oalokeay| esters, aryl esters, substituted arylPCeaiSes/$4237

het eroaryl esters, substituted heteroaryl esters, heterocyclic esters and
substituted heterocyclic esters, a lipid, 20 an amno acid, a

car bohydr ategcloaltepgphdtetecydidgaryt il 1R5dre4r9] gro¥p whide irt@ig aéll @Bt Eingr oup
consisting of Y is selected fromthe group 2% consi sting of: hydrogen,
hal 0, hydr §&ycturesigoptioale sehstitutesiowithy supréiteenfyselagtedron the grewependent |y

| ected f : | St4 ; , Ky bstituted
A kyl, al ket IR GRRRI SR BB HRB.y MBARSY Rl RUDVH 1
al koxy, sulisibalkyl ecyl, HeBerRyD) JERABRAR, RED, UG, dABSTY1, @lrbaxyy est@t Wikyl,

substituted aryl, hetergaryl, suybstituted heteroaryl, heteraocyclic,
substit tedulPFé%@F‘%éﬁ‘é’f Rece Rl Subsfutedradicenyl afigynyl, subsitedialkynyldminos oget her

with the niah&@%ﬂnﬁé@%ﬁﬁnd thereto, a heterocyclic group, provided that
only one of R3 and R4 aré hydroxy, al koxy, or substituted alkoxy; 5 Z is

sel ected from t lbas gnanipeecegealse Doglof. hydrogen, hal o, hydroxy, alkyl,
10 azido, and W is selected from the group consisting of:
hydrogen,

10 phosphate (including monophosphate, diphosphate,
triphosphate or a stablilized phosphate prodrug),

phosphonate,
acyl,
alkyl,

15 sulfonate ester selected from the group consisting of alkyl
esters, substituted alkyl esters, alkenyl esters, substituted alkenyl esters, aryl
esters, substituted aryl esters, heteroaryl esters, substituted heteroaryl esters,
heterocyclic esters and substituted heterocyclic esters,

a lipid,
20 an amino acid,
a carbohydrate,
a peptide, and
cholesterol;
Y is selected from the group consisting of Y is selected from the group

25 consisting of:

hydrogen,
halo,
hydroxy,
alkylthioether

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

19



-NR3R4 where R3 and R4 are independently selected fromthe group consisting
of hydrogen, hydroxy, alkyl, substituted al kyl, al kenyl, substituted

al kenyl , wblogr9gdzomnd substituted al kynyl, al koxy, substit ecedsay/kezy, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and 15 where R3 and R4 are joined to form

toget her Wwiatlldxyheyhistbstigand atydmelesgyll Hdkefntd Htter@ﬁzﬁ heteydeytigc, gr oup,
provi ded t hat _or][:%bone of R3 and R4 are hydroxy, alkoxy, or substituted

al koxy; anduipiarakbeigracyeiq ndawespRAmER Saet eined o foon, fogeipowitls i ncl uded
ithin th IS i i ' 20 th t
Forth bel o EGealatbhl Tt WEHD PR Mol BrSI I I oy f i 07y T s
Structure NAREan®RE arehyNréy( alkoGy, e bibstitutad Mkokyof ur anosyl )- HO o N NJ

6- (t hi gphen-3-yl) - puri ne HO S 2 <N.IN
9-(2'- é'p nmet hyl - é‘s @?P%&W%%%W.Cow@g\?fN_ ), NH2
6- (t hi ophen-2-yl) - 2- 3 rine HO OH 20 WD 03/093290 PCT/ US03/14237 F H
~N 3 CN N 9-(2 -C—metﬁy| %E -D-ribofuranosyl)- Ho o N NJ
6- (pyrrol-3-yl)-purimelotlO OH 4 <N | "N 9-(2'-Cnethyl-[3-Dribofuranosyl) -
HO N N~NHZ 6- phenyl -i“l-yg%n)'r(nopuri ne TOHOOHCNYINS5/,N
9-(2'-C net hyl - (3-Drt %ranosyl ) HO o N N6- (3- cyanophenyl) - puri ne
alkyl,

10 azido, and
NR*R* where R® and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl and substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
15  where R® and R* are joined to form, together with the nitrogen atom bond thereto, a
heterocyclic group, provided that only one of R® and R* are hydroxy, alkoxy, or
substituted alkoxy;
and pharmaceutically acceptable salts thereof.
Compounds included within the scope of this invention include, for example,

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

Crpd#t Structure Name
S
@
. <,N N 9-(2’-C-methyl-B-D-ribofuranosyl)-
HO— o N N/) 6-(thiophen-3-yl)-purine
HO OH
S
) <,N SN 9-(2’-C-methyl-B-D-ribofuranosyl)-
HO— o N N’J\NHZ 6-(thiophen-2-y1)-2-aminopurine
HO OH

20



HOOH N6 <N I N9-(2'-Cnethyl-(3-Dribofuranosyl)- Ho o N NJ
6-(pyridin-3-yl)-purine F-1 HO OH 9-(2' -Cnethyl-(3-Dribofuranosyl)- N
<" | N 6-wBeapef2b] t hi ophen-3-yl)-2- HO N N NH2 am nopuri n@Cq@so3sa26H HN 8
~N N 9-(2'-Cnethyl-[i-Dribofuranosyl)- Ho NJ 6-(1H1ndol -5-yl)-purine
N~ HO OH 21 WD 03/093290 PCT/ US03/ 14237 \
9-(2' -G ngt hyl -((3-D-ri bof aranofyl ) - 6- (napﬁt halen-Z-yt)=purime—9 Ho </ N N
NN D N vOHOC]—I09(2' C-nmephyl -[i-D-ri bofuranosyl)- 10 N N
6- (di benzgf uran-4-yl) - HONN N~NH2 aminopurine v. HO OH \I 1/
3 ¢ \)N 9-(2’-C-methyl-B-D-ribofuranosyl)-
HO o NN 6-(pytrol-3-yl)-purine
HO OH
4 / [N 9—(2’-C—methyl-B-D—riboﬁlranosyl)_
HO N//'\ 6-pheny1—2-aminopurine
HO OH
5 /N [ SN 9-(2’-C-methyl-B-D-ribofuranosyl)-
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0 N'~NH2 ribofuranosyl)-3H pyrazolo[1l,5 a] [ 1, 3,5]triazin-4-one
104 Ho N {108 (2' - G et hyl - B- I bof ur apesg!- DmeﬂinIBf[@Jnfbdﬁir@noslj%
HONI 1-(2'-CGnethyl-B-Dri uranosyl])- 0Og SAid@r Ay
9-(2'-Cnethyl 1 J3-D-ri bof ugan syI) N B-[2-( |mdazol 4 yI)
HN <N N HOONN HOO-l(’ )
110 . 7 (2’-C-methyl-B-D-ribofuranosyl)-
¢ :“\)LNH hypoxanthine
W
HO OH
112 N— 9-(2°-C-methyl-B-D-ribofuranosyl)-
Nf“\ 6- methylhydrazinopurine
4 =N
HO‘&OQI IN¢‘
HO OH
113 0 9-(2’-C-methyl-p-D-ribofuranosyl)-
\ 6-(3,6-d1hy%ro~2H—pyndm—1-
urine
«NfN yDp
ol N/J
HO OH
114 9-(2’-C-methyl-B-D-ribofuranosyl)-
6-(3,4-dihydro-1H-isoquinolin-2-
. yl)purine
N
/ SN
HO@I\:;
HO OH
150 SCH, 2’-C-methyl-B-D-ribofuranosyl-6-
N Sy methythio-purinq
<
o N
P
0]
O &)
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107 9-(2'-Cnethyl -J3-D-ri bofuranosyl)- N 6-(azetidin-1-yl)purine <NfJ HO
ONN HO OH 32 WD 03/093290 PCT/ US03/ 14237 108
9- (2' - G- MeDhglo932%0 D- ri bof uranosyl) N 6-(pyrrolidin-1-yl) pecirnso3/&23HO ON N
HO OH 110 J (2'-Cnethyl -(3-D-ri bofuranosyl)- <i J hypoxanthine HO O N N
HO OH 112 N 9-(2'-C-nethyl-(3-D-ri bofuranosyl) HN 6-
nmet hyl hydf ag1 nppuri ne N -~~0 N 1% B- _nboﬁlr -
9-(2'-C npthyl [ (3-D-ri P@P!&lnosyl) N0 6-(3. 2t § P i b1 - <N, ~N
yl ) purine] HO ON N’ 114 CY 9-(2'| C net hyl - r| bofur anosyl ) -
6-(3,4-di hydrof Il His J:]UI/I’IQII‘] 2- N yl)purine <'
N O
o
C
o
) o}
152 Chiral 2’-C-methyl-B-D-ribofuranosyi-
O thymine
C
&
N/go
o)
C
Y
o o
155 Chiral 2’-C-methyl-B-D-ribofuranosyl-6-
phenyladenin
N
N N
<1
o N7 N
C
o o
156 Chiral 9-(2°-C-methyl--D-ribofuranosyl)-
/ N 6-(2-(1H-imidazo-1-4-yl)-
) iylaminoyp
N N ethylamino)purine
N__"p
<
o
o o
157 9-(2’-C-methyl-B-D-ribofuranosyl)-
Q 6-(2-piperidin-1-yl-
NN ethylamino)purine
N N Chiral
¢ ] )
N™ N
o o
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ONN HO OH 150 SCH3 2'-C-net hyl -(3-D-ri bofuranosyl-6- N N
nmet hyt hi o-purine KN O

Chira 2' -vgormiodszbe (3- D-ri bof ur anosyl
2'-Cmethyl-(3-D-ribofuranosyl- 0 thymine c1l,- 1 NONIkI O OCO 155
2' -Cnmethyl -(3-D-ribofuranosyl -6- phenyladenin N NN / N ON ~

Chi r al
OO

NOJ

uraci |

C O 33 WD 03/093290 PCT/ US03/ 14237 151 O
UN O C O Orcramoginizeal

158 Chiral 9-(2’-C-methyl-B-D-ribofuranosyl)-
P 6-(cyclopropylamino) purine
N
N AN
1)
o ~
0 N
C
o o
159 Chiral 9-(2’-C-methyl-B-D-ribofuranosyl)-
6-(cyclopentylamino)purine
N
N
ay
() N/
o
C
o o
160 Chiral 9-(2’-C-methyl-p-D-ribofuranosyl)-
Q 6-(cyclohexylamino)purine
N
N
1]
o o N N
o
o o
161 o o O 8-(3,4-dihydroxy-5-hydroxymethyl-
3-methyl-tetrahydro-furan-2-yl)-4,5-
N | | N dioxo-3,4,5,8-tetrahydro-pyrido[2,3-
k\N N d]pyrimidine-6-carboxylic acid
/\ch amide
o)
66
162 d 2-(4-Chloro-pyrrolo[2,3-
_ d]pyrimidin-7-yl)-5-hydroxymethyl-
/ JN 3-methyl-tetrahydro-furan-3,4-diol
0 o N \N
C
o' %
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156 Chiral 9-(2'-Cnethyl-(3-Dribofuranosyl)- N 6-(2-(1Him dazo-1-4-yl)-
ethylam no)purine N N-w N OO 157 9-(2'-C nethyl-(3-Dribofuranosyl) -

6- (2- pi pewDdBM0932b0 -y1 N ---,- N et hyl ami no)purine N Chir&CT/USB8/1420O N N C
O O 34 WD 03/093290 PCT/ US03/ 14237 158 Chiral

9-(2'-Cnethyl -(3-D-ribofuranosyl) 6-(cyclopropylamno) purine N NLN< J

OONN €16 159 Chital 9-(27-C methy] o3~ PRl BrBi o tirinosyl)-
. yl)
6- (cycl opentyl am no) pur N'NN OQNg 6-P(l:uoro—1,3,4,9-tetrahydro-[3—
carbolin-2-yl)purine
Q N
N
N N
1)
¢
o o
164 Pz 9-(2’-C-methyl-B-D-ribofuranosyl)-
O 6-(3,6-Dihydro-2H-pyridin-1-
N yDpurine
N N
<
C
o o
165 N 4-Amino-8-(3,4-dihydroxy-5-
NP N hydroxymethyl-3-methyl-tetrahydro-
)\ | ' furan-2-yl)-2-methylsulfanyl-8H-
C eI N pyrido[2,3-d]pyrimidin-7-one
OC .,
5 | "5
:
166 N 5-Hydroxymethyl-3-methyl-2-
[/ \ (1,3a,5,6-tetraaza-as-indacen-6-yl)-
N ! A\ tetrahydro-furan-3,4-diol
=
NS
O
O -0
o
168 NO, 5-Hydroxymethyl-3-methyl-2-(7-
(Nﬁ nitro-imidazo[4,5-b]-pyridin-3-yl)-
N— N7 tetrahydro-furan-3,4-diol
o)
o
H H
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0O 160 Ch ral 9-(2'-C nethyl-(3-Dribofuranosyl)- 6-(cycl ohexyl am no) puri ne
N N N \( ONDN COO161 OO O 8-(3,4-di hydroxy-5-hydroxynethyl- N N 3
- et hyl - tWOrOaAoynpﬁ) -furan-2-yl)-4, 5 - dioxo-3,4,5, 8-tetraaoydrsos/pysi do [ 2,3
NI N1 d]pyrimdine-6-carboxylic acid o amde 0 0 162 C
2-(4-Chloro=pyrrolo[2,3- d]pyrimdin-7-yl)-5-hydroxynmethyl- j |
3- et hyl - t et@%hlydr o- f ur@n- 3, 4- di ol O N NG 4B &oxY%.
PCT/ US03/ 114237 | 163 F 9H(2' - G et hyl - ( 3- D3rrf1 1 1 I!E z ftli%
6- (6- Fl uorjo-1, 3, 4, 9-t ¢t rafydro- (3- carho _[?) %rlne 'l%l'y}\l N< - JO
ONN C |0 O N azine-3,5-dione

0= o "N o

Yy

(e 3o}
170

5-Hydroxymethyl-3-methyl-2- -(6-
phenyl-purin-9-yl)-tetrahydro-furan
3,4-diol

)

O— o NNy
o

00

171 Chiral N 2-(4-Amino-pyrrolo[2,3-
NN d]pynm1d1n—7-yl) -5-hydroxymethyl-
74 | /' 3-methyl-tetrahydro-furan-3,4-diol
o N~
o)
A&
o o
172 N 5-Amino-2-(3,4-dihydroxy-5-
KRN hydroxymethyl-3-methyl- -tetrahydro-
| /J% furan-2-yl)-4,5-dihydro-2H-
o N\N S [1,2,4]triazine-3-thione
)
Ty
e
173 N

6-Amino-9-(3,4-dihydroxy-5-
hydroxymethyl- -3-methyl-tetrahydro-
furan-2-y1)-7,9-dihydro-purin-8-one
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164 s 9-(2'
yl)purine ;

- C et hyl

-J3-D-ri bofuranosyl ) -

n 6-(3, 6-D hydro-2H pyridin-1- N
NOONDN C O O 165 N 4-Anmino- 8- (3, 4-di hydroxy-5- N

hydr oxy mewbyB/o®20et hyl -t et rahydro- furan-2-yl)-2-nmet hyl sulPCargso3/83t' s ' N

N O pyrido[ 2, 3-d] pyrimdin-7-one
-2 (1,3a,5,6-tetraaza- as- indacen 6-yl)- \

5- Hydr oxynet hyl

- 3- net hyl

c 0O

0 166 N

t hyl
- di ol

yl) -

tetrahydrpttaurpn-3,4-dfol N NO OO O$Ejﬁmﬁml:jy ) (myLssm
</N| nitro-imdazo[4,5-b]-pyridin-3-yldvdrdk ﬁ}q@g{eglyi_wu%ﬁyéo
O H 36 03/ p93290] PCIY US03/ 14237 7 l) 2H 4]trigzin-3-on
2- (3, 4- Di hydr oky- 5- hydrp&yrret hyl - 1 3-[net hyl - Yétra ydr Ur anss-
2H-[1,2,4|triaglrne-@8,
C
66
175 NO, 5-Hydroxymethyl-3-methyl-2-(4-
nitro-benzoimidazol-1-yl)-
tetrahydro-furan-3,4-diol
176 N 2-(4-Amino-benzoimidazol-1-yl)-5-
N hydroxymethyl-3-methyl-tetrahydro-
</ furan-3,4-diol
O
N
<
H H
O O :
177 0 1-(3,4-Dihydroxy-5-hydroxymethyl-
N 3-methyl-tetrahydro-furan-2-yl)-
l 4-hydroxy-1H-pyridin-2-one
© o) N o]
C
66
178 ¢ ¢ 9-(2’-C-methyl-B-D-ribofuranosyl)-
c- TN\C 6-(tetramethylguanidino)purine
N
N N
)
¢
o o
179 N 2-(4-Amino-pyrrolo[2,3-b]pyridin-
X 1-yl)-5-hydroxymethyl-3-methyl-
° / | tetrahydro-furan-3,4-diol
NN
o)
H H
O o
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0O ~-NOC OO0 170 5-Hydroxynet hyl - 3-nmet hyl -2-(6- r

phenyl - purin-9-yl)-tetrahydro-furan 3, 4-di ol N NONN COO171 Chiral
N 2- (4- AnwWom3p9320@l o[ 2 3 N d] pyrim din-7-yl)-5-1iydroxynePaylso3/ 14237
3-nmethyl -tetrahydro-furan-3,4-diol O ONNC OO172 N

5- Ami no- 2- (3, 4- di hydr oxy-5- N hydroxynet hyl - 3-net hyl - t et r ahydr o-

furan-2-y| 182, b-dithydro-2H [ 1, 2, 4] tri azi ng- &nﬁﬁﬁ 818 4-dhyfar -5_C Ol6 173 N
6- Am no- 9t ( 3, 4t di hydraxy-5- N N hydroxy]rlléﬁfr ﬂeg mé g(qut 0- >0
furan-2-y|)-7, 9-“@ hydrg- purin-8-one N an 939 3h. d%?i? 3290
PCT/ US03/ 14237 NT N Yo d]pynm1d1n—7 -one
o\ O
C
S
o
183 a 2-(2,4-Dichloro-5H-pyrrolo[3,2-
N Ny d]pyrimidin-7-yl)-5-hydroxymethyl-
</ | 3-methyl-tetrahydro-furan-3,4-diole
0 NN g
o)
C
0 O
184a </NUN N 1-(2’-C-methyl-B-D-ribofuranosyl)-
184b ; ¢ T@L 5-aminobenzimidazole
O N N d
oﬁ o, an
oﬁ 1-(2’-C-methyl-B-D-ribofuranosyl)-
° ° o o 6-aminobenzimidazole
a b
185 N 2-[6-Amino-8-(N'-methyl-

hydrazino)-purin-9-y1]-5-
hydroxymethyl-tetrahydro-furan-

3,4-diol
o}
186 / N 2-Hydroxymethyl-5-(1,3a,5,6-
\ tetraaza-as-indacen-6-yl)-tetrahydro-
Nk | AN furan-3,4-diol
A{}
© -0
0
188 0 7-(3,4-Dihydroxy-5-hydroxymethyl-
N \ 3-methyl-tetrahydro-furan-.2-yl).-3,7-
k\ ] dihydro-pyrrolo[2,3-d]pyrimidin-4-
N~ N

one
A{’é
o )

39




174 N 5- Amino-2- (3, 4-di hydroxy-5- NO...... NO'NO COO175 N

5- Hydr oxynet hyl - 3-net hyl -2- (4- N vitro-benzoi m dazol-1-yl)- I/ 1 \

t et r ahydrwofoanga9d, 4-diol N OC HH OO 176 N PCT/US03/14237

2- (4- Am no- benzoi m dazol -1-yl)-5- N hydroxynet hyl - 3-net hyl -t et rahydr o-
furan-3,4-diol N OC Hy HOO177 0 1-(3,4-D hydroxy-5-hydroxymnet hyl -

3- net hyl - t B8 ahydr o- f yr-ain- 2- yl ) - 4- hydr oxy4 Ampyi-din4Rrigne 1@ O)N 0O C OO
178 9-(2'} C net hyl - ( 8- DA i bof ur anosyl )| Frdhidid5-yH-5-hydroxymethyl-

6- (tetrangt hyl guani di ng) purine ~N~~ 11 ‘N ~fafNdro-furan-3,4-diol
N~ [N
N
o] o N
o o
190 //"N 2-Hydroxymethyl-5-(4-
N, methylamino-2-[1,2,4]triazol-1-yl-
N pyrimidin-5-yl)-tetrahydro-furan-
A 3,4-diol
g
NS P
o o N
0] 0]
200 E 2-Hydroxymethyl-5-[4-

N methylamino-2-(N'-methyl-
/k hydrazino)-pyrimidin-5-yl]-
-~

N tetrahydro-furan-3,4-diol
N | .C
o] o N
o} o}
201 N 2-(4-Amino-5H-pyrrolo[3,2-
N XN d]pyrimidin-7-yl)-5-hydroxymethyl-
</ | P 3-methyl-tetrahydro-furan-3,4-diol
0 o N
R
O O
203 AR 7-(3,4-Dihydroxy-5-hydroxymethyl-
HN 3-methyl-tetrahydro-furan-2-yl)-
74 | NH 4-0x0-4,7-dihydro-3H-pyrrolo[2,3-
Ho_l\/_og/N N/) d]pyrimidine-5-carboxamidine
Wo n
204 s 2-(4-Amino-5-furan-2-yl-
— NH, pyrrolo[2,3-d]pyrimidin-7-yl)-
I~ N 5-hydroxymethyl-tetrahydro-furan-
HO-kOJ/N \NJ 3,4-diOl
HO GOH
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1 OON C OO179 N 2-(4-Am no-pyrrolo [2,3-Db] pyridin-
1-yl)-5-hydroxynethyl -3-nethyl- \ tetrahydro-furan-3,4-diol o NN OHH
O O 38 WWwO03B092200 PCT/ US03/ 14237 182 N 4- Ami no- 8- ( 3, 4- aChyusndx423b N
hydr oxynet hyl - 3- net hyl -tetrahydro- furan-2-yl1)-8Hpyrido[2,3- NNO
dlpyrimdin-7-one OO0 0O 183 G 2-(2,4-Dichloro-5Hpyrrolo[3,2- N

d] pyri m d| 265-yl) - 525’ droxymet hyl - G N 2-(4-Amino-5-oxazol-2-yl-
3-net hyl -tetrapydroqfyranng, 4-diole QO lo[g 4] ;ﬁ&ﬁ ’Nyi)
1-(2' -G et hyl (13- D—I’I of anosyl) 1841@5 et 1
5-ar ni nobgenzi nl dazol e (ri @‘ and o o 1- Drl% ura1osy| ) -
o N
HO OH
206 A 4-Cyclopropylamino-1-(3,4-
HN dihydroxy-5-hydroxymethyl-3-
l SN methyl-tetrahydro-furan-2-yl)-1H-
Ho—@m&o pyrimidin-2-one
HO OH
207 HN'N H, 1-(3,4-Dihydroxy-5-hydroxymethyl-
3-methyl-tetrahydro-furan-2-yl)-
ﬁN 4-hydrazino-3,4-dihydro-1H-
HO@N o pyrimidin-2-one
HO OH
208 HoN~ 20 2’-C-methyl-B-D-ribofuranosyl-
N <,N]}/(N purine-6-carboxamide
HO—®/N \N J
HO OH
209 AN =S 9-(3,4-Dihydroxy-5-hydroxymethyl-
/N:E//(N 3-methyl-tetrahydro-furan-2-yl)-9H-
HO—®/<N S purine-6-carbothioic acid amide
HG OH
210 Cl 2-(4,6-Dichloro-pyrrolo[3,2-
J N clpyridin-1-yl)-5-hydroxymethyl-3-
l methyl-tetrahydro-furan-3,4-diol
HOW F Cl
OHOH
211 cl 2-(4- Amino-6-chloro-pyrrolo[3,2-
J N c]pyridin-1-yl)-5-hydroxymethyl-3-
I methyl-tetrahydro-furan-3,4-diol
HO NN
0]
‘w \
OHCH
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0 0 0 ~~~0 6-am nobenzi m dazole a b 185 N 2-[6-. Am no-8- (N -net hyl -

hydr azi no) - puri n-9-yl]-5- N hydroxynet hyl -tetrahydro-furan N N 3, 4-di ol

~>-

N NNC

0 0 O O 186 0849220 Hydr oxynet hyl -5-(1, 3a, 5, 6- PCT/US03/14237
tetraaza-as-indacen-6-yl)-tetrahydro- N~\ furan-3,4-diol N NO O'O O
188 0 7-(3,4-D hydroxy-5-hydroxynethyl - N
3-net hyl - 1212 ahydro- furanie,yl ) - 3, 7-  df hygianipys R[22 |- m| di n-4- N N
one oc 0/0 "o 39 WD Q3/093290 PCT/ U§03/};11513§1§,dr e 3-methvl-
2-(4-Aminp-2-[1,2, 4]t agol Nl -yl pyrinj di n- & )ﬂll}) B&y noxyiget hyl 1 N
tetrahydrp-fura ~4- N N OON 00198 ~IQ}2- roxymet hyl 15-(4- N,
met hyl ani ho-2-[ 1, 2, 4Pxy i azol -1 -yl -
OHOH
213 Cl 4-Chloro-7-fluoro-1-(2’-C-methyl-B-
SN D-ribofuranosyl)imidazo[4,5-
< 1 clpyridine
HO N—NF
0
F
OHOH
214 NH, 4-Amino-7-fluoro-1-(2°-C-methyl-B-
<,N [N D-ribofuranosyl)imidazo
HO— o N = [4,5-c]pyridine
iR
OHOH
215 o\ 2-(4-Amino-5H-pyrrolo[3,2-
N | S d]pyrimidin-7-yl)-5-hydroxymethyl-
HO o\ N/) 3-methyl-tetrahydro-furan-3,4-diol
OHOH
216 NH, 4-Amino -1-(B-D-
<,N SN ribofuranosyl)imidazo[4,5-
HO— o NTN\F clpyridine
OHOH
217 cl 4-Chloro-7-fluoro-1-(B-D-
<,N i SN ribofuranosyl).irpidazo[4,5-
HO— o NN c]pyridine
F
OHOH
218 NH, 4-Amino-7-fluoro-1-(B-D-
<N N ribofuranosyl)imidazo[4,5-
{ c]pyridine
HO .y Ipyri
0)
F
OHOH
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N pyrimdin-5-yl)-tetrahydro-furan- NJ N 3,4-diol NBC O O 200 c

2- Hydroxynet hyl -5-[4- N-N net hyl am no- 2- (N - net hyl -

hydr azi noyopgndazpdi n-5-yl] N N tetrahydro-furan-3, 4-di ol POT@WShB/Q26¥ 201 N
2-(4- Amino-5Hpyrrolo[3,2- N N d]pyrimdin-7-yl)-5-hydroxynethyl- o <N 1 i
3-nmethyl -tetrahydro-furan-3,4-diol ---~ CO0 0 203 NH o

7- (3, 4~ Di fwidr oy~ 5- hydr oxyrst Ryl - F2N [3008 Rfind iR derdtorean- p-y1 ) - i N :
NH 4- oxo-4, 7- di hydro-3Hpykrolo[ 2,3 Ho O Wi Ry LS HyEsxSnfefdypoKan di ne
HO OH 204 , 0 2-(4-Amn ran- 2-yl -| 'NHZ t%ﬁ}@ﬁﬁaé3qu_&mrlmd n-7-yl)- N
5- hydroxyjet hy| -tetra ran Ho o [N N 3, 2-dirolr HO OF 40 WD D3/093290
PCT/ US03/{14237| 205 0 P- (4¥Ami no-5-o0xgzol -2-yl N NH2
pyrrol o[ 2, 3-d] jpyrim ; 7-yl)- N 5-hydroxynet hyl -tetrahydro-furaph- HO OyN
"N 3, 4-dijol Hd “4~4- Cycl opr opylfam no-1- (3, 4- HN
di hydr oxy}- 5- hydr oxymetfyl - 3-
220 NH, 2~(4-Amino-6-methyl-pyrrolo[2,3-
S dlpyrimidin-7-y1)-5-hydroxymethyl-
4 /” 3-methyl-tetrahydro-furan-3.4-diol
N X
N
O
HO y %OH
“oH
221 NH, * 4-Amino-8-(3,4-dihydroxy-5-
N)IN\ NH, hydroxymethyi-tetrahydro-furan-2-
k\ | yl)-7-0x0-7,8-dihydro-pteridine-6-
N7 N0 LT X
° carboxylic acid amide
HO/\O%OH
“on
222 NH, 0 4-Amino-8-(3.4-dihydroxy-5-
NSNS NH, hydroxymethyl-3-methyl-tetrahydro-
k\N | . furan-2-y1)-7-0x0-7,8-dihydro-
o ° pteridine-6-carboxylic acid amide
HO/%}%OH
“OH
223 NH, O O 4-Amino-8-(3,4-dihydroxy-5-
NF NH, hydroxymethyl-3-methyl-tetrahydro-
k\N I . | furan-2-yl)-5-0x0-5,8-dihydro-
° pyrido[2,3-d]pyrimidine-6-
A& carboxylic acid amide
HO /~ "OH
“oH
224 NH, & O 4-Amino-8-(3,4-dihydroxy-5-
NP NH, hydroxymethyl-3-methyl-tetrahydro-
S, ' ) 1 furan-2-yl)-5-0x0-5,8-dihydro-
o pyrido[2,3-d]pyrimidine-6-
/\é carboxylic acid amide
HO y ‘OH
“oH
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N net hyl -tetrahydro-furan-2-yl)-1H HO O |

H2 1-(3,4-Di hy

4- hydr aziwo-03/043200 hydro-1H Ho O NO pyri m di n-2-one
2' -Cnmet hyl - (3-D-ribofuranosyl - ~N N purine-6-carboxam de

209 H2N s 9-(3

dr oxy- 5- hydr oxynet hyl -

4- Di hydr oxy- 5- hydr oxyne

N ~0 pyri m din-2-one

HN 3- net hyl -t etrahydro-furan-2-yl)-
HO OHPZ@8IShRN267
HO~OYN , NJ HO OH

thyl- N N

HO OH 207 N
N

3-inethyl [ 224 r ahydr &f gran-2-yl) - 9H HON AMImpierg- (B4 Gtileairkotsi of ¢ aci d
anide 1~ HO OH 2- (4, 6- Di chl or p- py h{@bR{yretByl-frahydro- _
c] pyridinf 1-y|db . 5-%\y rojymet hyl - 3- net hyl gto15 3BVeb0s 5 W &Ry@od-diol HO ON
ad oHOH R11 2- (W= no- 6- chl or o- pyjr r ol I\ P TENP
c]pyridintl-yl)-5-hy ynet hyl -3 net hyl -t ?@%&%%?13%3394 dipl HO ON
Cl OHOH 41 WO D3b BCT/ US03/ 14237 212 S
2- (4- Am np- pyrfol of 3,% 5C pyridin-1 N yl)-5-hydroxynet hyl - 3- et hy| -
tetrahydriop-furan-3 4-diol  HO 1 ON
226 NH, O 4-Amino-8-(3,4-dihydroxy-5-
NZ hydroxymethyl-3-methyl-tetrahydro-
I furan-2-y1)-8H-pyrido[2.3-
Vo dlpyrimidin-5-one
HOA@OH
“oH
227 NH, 4-Amino-8-(3,4-dihydroxy-5-
N&K/ICNI hydroxymethyl-tetrahydro-furan-2-
k\N N yl)-8H-pteridin-7-one
o .
HO . %OH
“oH
228 NH, 4-Amino-8-(3,4-dihydroxy-5-
NP | SN hydroxymethyl-tetrahydro-furan-2-
k\N N yl)-8H-pyrido[2,3-d]pyrimidin-7-
o one
HO . Z’OH
“oH
229 NH, 4-Amino-8-(3,4-dihydroxy-5-
NN hydroxymethyl-tetrahydro-furan-2-
N, | P y1)-2-methylsulfanyl-8H-pyrido[2,3-
° dJpyrimidin-7-one
HO . “oH
"OH
230 NH, a of 4-Amino-8-(3.4-dihydroxy-5-
AN NH, hydroxymethyl-3-methyl-tetrahydro-
\ /L\ | furan-2-yl)-2-methylsulfanyl-7-oxo-
om0 7.8-dihydro-pteridine-6-carboxylic
/\é acid amide
HO ‘ “oH
',"OH
This invention is also directed to pharmaceutical compositions
5 comprising a pharmaceutically acceptable diluent and a therapeutically
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OHOH 213 CI 4-Chloro-7-fluoro-1-(2'-C-nethyl-(3- NN
D-ri bofuranosyl)imdazo[4,5 HO <N 4--" c]pyridine F OHOH 214 NH2
4- Ami no- WDIl0ao93290 - (2' - C- et hyl -[ 3- <N N D-ri bof uranosyl ) ipairdsad 1436y O N r'
[4,5-c]pyridine F OHOH 215 H NH2 2-(4- Ami no-5H pyrrolo[3,2- N N
d] pyri m di n-7-yl)-5-hydroxynethyl HO O NJ
3- et hyl -teﬁffeahy@lmﬂoﬁmroﬁacBm@odm(Dd)fF&ﬂﬂ@i Rl M2 ﬂAAmIp& Mo 3-D <N I N
ri bof uranosyl| )i m dazo[ 4, 5- Nc]pyrldlne OHOH 217 ci
4- Chl or o- 7-PP{EFHY ene[os npere ofsuck copipgRIdsanosy| )i m dazo[ 4, 5- HO N c] pyr| di ne
O F OHOH 218 NH2 4- Amino-7-fluoro-1-([3-D ribofuranosyl)iridazo[4,5- HO
<N c]pyridine N4--~ OF OHCOH 42

This invention is still further directed to methods for treating HCV in

5  mammals which methods comprise administering to a mammal diagnosed
with HCV or at risk of developing HCV a pharmaceutical composition
comprising a pharmaceutically acceptable diluent and a therapeutically
effective amount of a compound of Formula Ia, Ib, Ic, IT, ITA, ITI, or IV or

mixtures of one or more of such compounds.
10

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

method for preparing the compounds of formula III:

NR3R+4

OHOH

il
15

where R, Rl, R3, R4, W, X, Y and Z are as defined above which method comprises:

(a) oxidizing a compound of formula IV
SR#
N N

AL

OH OH

20

where R° is selected from the group consisting of alkyl and aryl;
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WD 03/ 093290 PCT/ US03/ 14237 219 NH2 2-(4- Ami no-6-nethyl-pyrrolol2 3

dl pyri mdin-7-yl)-5-hydroxynethyl - j tetrahydro-furan-3,4-diol 0 HO CH
I'SOH 220wHiH2/09320@1 or 2, 3 N 3- dl pyrim din-7-yl)-5-h droxymerhush3/14237
3-nmethyl -tetrahydro-furan-3,4-diol NN O HOOH OH 221 NH2 O

4- Am no- 8- (3, 4-di hydroxy-5 N N NH2 hydroxynet hyl -tetrahydro-furan-2- NN O
yl)-7-o0xo0-7, 8-di hydr qbpt erdxidingghe Bicabipxyi bulfoxidebragifeee; ey  OH ~OH 222
NH2 O 4- Ami no-8-(3, 4-di hydroxy-5 N N\ NH2 hydrox_n yl-3-nethyl -tetrahydro-
furan-2-yl)-7-oxo-7, ® - diGepHensihy oxidizesicommpeanépreppsdiy (Wc aci d ami de  HO

ﬁ];d r :)x y rregt-lha%lg?%%l#egt ;‘%S?%tﬁ?lg ﬁg’é‘%‘(‘é? (ﬂurlgdr%gg % F“;W%%; >?§§ %‘J Cogl d%l?ﬁ@ dro N pyrido
2 3-d] pm diwlgelresult in formation of a compound of formula IT ‘
5 wherein R® and R* are independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl and substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic and where R* and R* are
joined to form, together with the nitrogen atom bond thereto, a heterocyclic

10 group.

DETAILED DESCRIPTION OF THE INVENTION

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

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

Definitions

20 As used herein, "alkyl" refers to alkyl groups having from 1 to 10 carbon
atoms, preferably from 1 to 5 carbon atoms and more preferably 1 to 3 carbon atoms.
This term is exemplified by groups such as methyl, ethyl, n-propyl, iso-propyl, n-
butyl, #-butyl, n-pentyl and the like.

25 "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, amino, substituted amino, aminoacyl, aryl, substituted aryl,
aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl
esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,

30  heterocyclic, and substituted heterocyclic.
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HO carboxylic acid amde 0 SOH OH 224 NH2 0 O 4- Am no- 8- (3, 4-di hydr oxy- 5-
lgl~d! hI dNHZNhyd;toxyrreEjh%/I -3-net hyl -tetrahydro- furan-2-yl)- (5 E)xo- 5, Y Y

- di hydr owtioa/o9s2pyr i do[ 2, 3-d] pyri m di ne-6- carboxylic aci e¢CartiSdg142810 SOH CH
43 WO 03/ 093290 PCT/ US03/ 14237 225 NH 2 0 4- Amino-8-(3,4-dih droxy-5 N
hydroxynet hyl -tetrahydro- N N I furan-2-yl)-5-o0x0-5,8-di hydro- 0 p

rido[2, 3-d] pyri: aﬂﬁ@if%@ﬁrﬁ%&ﬁ@éﬁduﬁ@alk9l'-0-'amlidﬁindﬂﬁﬂeis,l‘@-{viy of exBRplQ26 NH2 0
4- Am no- 8- (3, 4-di hydroxy-5 N | "I hydroxnet hyl - 3- et hyl| -t et r ahydr o-

L u rA an- 2- 3é| mgﬂllzipy,!eﬁm[é@, BPTAPByNSePpIPORYH TP HOBY. dTHEIQH, Sorputaxyy n°REpfO3Y7 NHp

- Am no- 8- - ydroxy-5- N N hydroxynet hyl -t et rahydro-f - 2-

yl)-8H pt eé‘l‘dtflhﬁﬂi?‘?'one 0 Y Y y Y uran-z NTTo

5 "Substituted alkoxy" refers to the group "substituted alkyl-O-".

"Acyl" refers to the groups H-C(O)-, alkyl-C(O)-, substituted alkyl-C(O)-,
alkenyl-C(O)-, substituted alkenyl-C(O)-, alkynyl-C(O)-, substituted alkynyl-C(O)-
cycloalkyl-C(O)-, substituted cycloalkyl-C(O)-, aryl-C(O)-, substituted aryl-C(O)-,

10  heteroaryl-C(O)-, substituted heteroaryl-C(O), heterocyclic-C(O)-, and substituted
heterocyclic-C(O)- wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic are as
defined herein.

15

" Acylamino" refers to the group -C(O)NRR where each R is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted

20  heterocyclic and where each R is joined to form together with the nitrogen atom a
heterocyclic or substituted heterocyclic ring wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic are as defined herein.

25

"Acyloxy" refers to the groups alkyl-C(O)O-, substituted alkyl-C(O)O-,
alkenyl-C(0O)O-, substituted alkenyl-C(O)O-, alkynyl-C(O)O-, substituted alkynyl-
C(0)0-, aryl-C(O)O-, substituted aryl-C(O)O-, cycloalkyl-C(O)O-, substituted
cycloalkyl-C(O)O-, heteroaryl-C(O)O-, substituted heteroaryl-C(O)O-, heterocyclic-

30  C(0)O-, and substituted heterocyclic-C(O)O- wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
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HO OH OH 228 NHz 4- Am no- 8- (3, 4-di hydroxy-5- N

hydr oxynmet hyl -t etrahydro-furan-2- N N o yl)-8H pyrido[2,3-d]pyrimdin-7- 0
one HO "'vod 03@329229 NHz 4- Ami no- 8- ( 3, 4-di hydroxy-5 N PCT/US03/14237

hydr oxynet hyl -tetrahydro-furan-2- ~N | -2-nethyl sul fanyl-8H pyrido[2,3- N o
yl) dlpyrimdin-7-one HOO OH H 230 NH2 O of 4-Am no-8-(3, 4-di hydroxy-5
N~ NH2 hydreguiyamih ytyl Substithied atat EaébsehyD substit@ddd Betétoaryl, heterocyclic and .
-2-met hyl sul fanyl -7-oxo- s~N N 0 7, 8-di hydro-pteridine-6-carboxylic 0 acid
ami de HO, ' cHpstitHed hetsrachelicrare endefinedihetsinii r ect ed to phar maceut i cal
conpositions 5 conprising a pharmaceutically acceptable diluent and a
therapeutically 44 WO 03/093290 PCT/ US03/ 14237 effective anmount of a

conmpound of For rAllleenlyR, refds tol atkenlyl grolip prefdrbly Havinkg\frah 21b tcartes a®fmone or
nore of such conpounds. This invention is still further directed to nethods

for trenati gl o pisterablygind carlgm alompardlaayingddenst & endprafeply diothg to a

manmel di agnpgad of?ﬁﬁ{eﬁyl'i'ﬁyatﬁfaﬁ%h ri sk of devel opi ng HCV a pharnmaceuti cal
conposition ~conprising a pharnaceutically acceptable diluent and a

therapeutically effective anount of a conpound of Formula la, Ib, lc, II,
LA T, or V"gﬁbsti%téé "éljli(ggylpi“efgrg %o g ennﬁ Egreou%]; hi%%g fr%?n ?ou Zr%] (sjgﬁstituents,
and preferably 1 to 2 substituents, selected from the group consisting of alkoxy,
10  substituted alkoxy, acyl, acylamino, acyloxy, 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.

15 "Alkynyl" refers to alkynyl group preferably having from 2 to 6 carbon atoms
and more preferably 2 to 3 carbon atoms and having at least 1 and preferably from 1-

2 sites of alkynyl unsaturation.

"Substituted alkynyl" refers to alkynyl groups having from 1 to 3 substituents,
20 and preferably 1 to 2 substituents, selected from the group consisting of alkoxy,
substituted alkoxy, acyl, acylamino, acyloxy, 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.
25
“Amino” refers to the group —NHo,.

“Substituted amino” refers to the group -NR R where R and R are
independently selected from the group consisting of hydrogen, alkyl, substituted
30 alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl,
cycloalkyl, substitutc?d cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic,

substituted heterocyclic and where R and R are joined, together with the nitrogen
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10 In still another of its nethod aspects, this invention is directed to a
nmet hod for preparing the conpounds of formula Il1l: NR3R4 z--< ~ N NNY
WO RRvOPIZBO 111 15 where R, Rl, R3, R4, W X, Y an@CZ/tso¥1437 defi ned
above whi ch nethod conprises: (a) oxidizing a conpound of formula IV SR6
Z--<NI N NNY WO RR OHOHIV 20 where R6 is selected fromthe

group consityuhd ghedéto ad Fotn @H&eﬁéb?’dlic or 4B EBh A3 5%{() PRR®}AMAR (D)

oxidizing the thio group to a sul foxide or sulfone; and (c) contacting the
oxi di zed comgdurde ppibinet Bdiogen. bYherBoisdiydiagien and Re dsalkyl, dtesibstitatndt r i ¢

equi val ent : Lt which result n fornmatjon of a
cgrrpound of lgygﬁ%ﬁﬁf F&g&\fﬂ%%s?ﬂél’?e# eﬁggg%rgm@f aggéarﬁﬁgem%%]%t%%eqr%ct ed from
the group atlofsthesubkgitoéd mithoogen isabkglimestdtatddtothetimbkgibikyRhligany! ,
substituted al kenyl, al kynyl and substituted al kynyl, aryl, substituted

aryl, heteroaryl, substituted
"Amidino" refers to groups with the formula -C(=NR")NR'R" where R', 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 qycloalkyl, heteroaryl, substituted heteroaryl,

10 heterocyclic, substituted heterocyclic and where R' and R" are joined, together with
the nitrogen bound thereto to form a heterocyclic, substituted heterocyclic, heteroaryl
or substituted heteroaryl group. The term amidino also refers to reverse amidino

structures of the formula:
NR’

N R"l}_

15 where R™ is an alkyl or substituted alkyl group as defined above and R™ and R' are

Rll"

as defined above.

"Guanidino" refers to groups with the formula -NHC(=NR")NRR" where R/,
R" and R™ are as defined above for amidino.
20 .
"Aminoacyl" refers to the groups -NRC(O)alkyl, -NRC(O)substituted alkyl,
-NRC(O)cycloalkyl, -NRC(O)substituted cycloalkyl, -NRC(O)alkenyl,
-NRC(O)substituted alkenyl, ~-NRC(O)alkynyl, -NRC(O)substituted alkynyl,
-NRC(O)aryl, -NRC(O)substituted aryl, -NRC(O)heteroaryl, -NRC(O)substituted
25  heteroaryl, -NRC(O)heterocyclic, and -NRC(O)substituted heterocyclic where R is
hydrogen or alkyl and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic are as
defined herein.

30
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het eroaryl, heterocyclic, substituted heterocyclic and where R3 and R4 are
joined to form together with the nitrogen atom bond thereto, a

het er ocycWp®3/0429@r oup. DETAI LED DESCRI PTI ON OF THE | NVENPCONUSLS14BBE
invention is directed to conpounds, conpositions and nethods for treating
hepatitis C virus infections. However, prior to describing this invention

in detail, the f"@lrykﬂ\urmgr'txefdrstdl\a inlonéﬁvanﬁit aRendiiefchitrgyclioaibuy 4 @68 6 t80 As
used herei n, refers to al kyl groups having from1l to 10 carbon

| n
atons, pr eflér“égqo? Fershavinga singleiig{e & phendher mpliplgrandensspripes (%, 3
o e TR Sy TR s By G oS R Y
"Subst i t ut danzdxayolinonef 2H 4 ,4-beraox @ik § {4 H)rame 7 -Miashd e flikeyn Brefopred aryasnd
prefer ubstityents selected fromthe group consisting of
al koxy, suﬂg‘gll“%ﬂ?}?ﬁyg‘f‘i@}@h% gcyl , acyl ami no, acyl oxy, amno, substituted
am no, am noacyl, aryl, substituted aryl, aryloxy, substituted aryl oxy,

cyano, hal ogen, hydrpxyl, nitro, carboxyl, carboxyl esters, cycloalkyl,
substituted cycl Sabstyuted IaB’d’éredaBYd arybgrosps whick drehaibetitotedydith $6m 1 to 3

het er ocycl nd sub clic 6 /093290 PCT/ US03/ 14237
" Al koxy" c—?P%ﬁI lgly lQP%ng@éue%F@ﬁ“?%g}omgg STRP GBS Uxanpl e,
net hoxy, ethb@?bky, ra@?l@ﬁayno 'a§%09§ qn@mubﬂrtﬁkua any, alkostyt Qb¥iRAC- but oxy,

n- pentoxy and the i k stituted al koxy" féfers’to the group

"subst 1€ ut abkozyiatkensl, Substmiged alkenyleplsynd, suhetltgtedwﬁwnw @by, sulstikyted C( O) -

bstitut b t.ut | K
2 eyny! - o O S vt PR S ioR YR bt ey, Wabmhoth it ca
cycl oal kyl s@§sButed ayomaua(@ carbs)bbbsdarﬁ F/Eékté:lré Wyakd, Qiol, tHiBalkel aiRraydd (O -
substituted g@%er oary terocyclic- -, and substituted

het er ocycl HEOBKY) thl%ﬁ@r é‘iﬂ?‘Ftlﬁ}t@ﬁhloa@db@%qlﬂﬁm@éﬂaﬁl}bﬂltﬂt@ﬂ thiohgteroagylbst i t ut ed

al kenyl , dalk L tuted cycl oal kyl,

aryl, substl t%y&yc? :fl% ﬁthe{d?rﬁg% l t ‘!tegcfcégﬁ% %S;Eltglgt%l het er ocyclic

and sulbst i Ithmlmﬂelbejz(élt:pcyﬂﬂalkylﬁmﬁstaated(dyélbaiikyll, halognhitro, Héieroaryl substituted
heteroaryl, heterocyclic, substituted heterocyclic, heteroaryloxy, substituted

heteroaryloxy, heterocyclyloxy, and substituted heterocyclyloxy.

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

"Substituted aryloxy" refers to substituted aryl-O- groups.

"Aryloxyaryl" refers to the group -aryl-O-aryl.

25
"Substituted aryloxyaryl" refers to aryloxyaryl groups substituted with
from 1 to 3 substituents on either or both aryl rings as defined above for substituted
aryl.
30 “Carboxyl” refers to -COOH or salts therof.
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"Acyl am no" refers to the group -C(O NRR where each R is independently

sel ected fromthe group consisting of hydrogen, alkyl, substituted al kyl,

al kenyl , weuwbseizbut ed al kenyl , al kynyl, substituted al kynpICI/tsn3i4237
substituted aryl, cycloal kyl, substituted cycloal kyl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted 20 heterocyclic and where

each R is joi nedQashdx9t ttreYRIES O the be0J0-ausM -at asubmat@aocycl ic or
substituted h ‘éﬁ{ﬂ% cl | c ri n wher ei tgl“bl? Oo@iubgﬁmt ut(g’goal k al kenyl ,
K

subst it ut ey Oé@t%‘bﬁﬁ“ﬁi?@éf%mmﬂ alkyly epbsitu alk}élu{iiédl t ut ed

cycl oal kyl , 0435 rtut Q@IlhlteL% ﬁﬂ%&lﬂﬁmﬁa eroaryl; substituted heteroaryl,

heterocycllc an stl ute erocyclic are as defined herein. 25
"Acyl oxy" refers to t he groups al kyI C(O)O substituted al kyl-C(O O,
al kenyl oo, al ken O O, alkynyl - O)O substituted
al kynyl2 (O O, ES(P@P{I‘@? gﬁrstosfiy %?lkﬁk%au@r%ﬂﬂ%zeét aPen syl - (0 O,

substitute I

het er oar yl (jlaVﬁ¥%h%%h§¥ﬂ§rl% & Cle gﬁéﬁ?gﬂ@ﬁ,& %g)“gﬁ’ﬁs’?#‘?@%’e?%%ﬂ’

het er ocycl icgelopOp@, cytlebwivh cutliydntylseyoktoctyltedithellikyl , al kenyl, substituted
al kenyl , al kynyl, substituted al kynyl, cycloal kyl, substituted 47 WO

03/ 093290 PCT/ US03/ 14237 cycloal kyl, aryl, substituted aryl, heteroaryl,
subst i tuted het ecoakuiienpietstaqy sjdie aﬂ&ﬁyl ?’dﬁﬁédffﬁﬁrﬁqmb%&%ﬁ%{dﬁs are as
defined herein. "Al keny ' refers to al kenh group preferably having from 2
to 6 cHt borlila‘élﬂéﬁﬁlgl%o@nwﬁlﬂi@r%’cm vfigrad| fyrtRerthavingeé tdastnl atdgrsfesabdly havi ng at
Ieast 1 an sites of al ken unsat urati on.

"Subst i tutgr af&(ﬁ%&ﬁ%%af 1fe)egé)f%t(})1yl§ e(ﬁ FS) %’aw ng fromlto 3
substituents, and preferably 1 to 2 substltuents sel ected fromthe group
consi sting of al koxy, 10 substituted al koxg acyl, acyl am no, acyl oxy,

C

am no, substit ut'Sepshitadcycdeallndhasd "subsirtyied cxelpalkenylit @ﬁerat%n cy&kyllk)&y
bstitut b |
coters. cyo ool EXAB OMERSH T BENBIHhendBed pERDEE D ooy

het er ok yl pommtmg@xfyxxb (€0),ahidxs &@; alkmtﬁduﬂ‘sahﬁécbﬂkﬁ)ky, @cylﬂ-&;y'[a?dnh& nyl" refers
to al kynyl gyo@p Pﬂeefer blg having from2 to, 6 carbon atom; and nore
pr ef er abl y 220> $0H1Q, SPRsUY tﬁﬁﬁrn%dalﬁé’ﬁiﬁé Ayl sesbituted gyl apyleer ably from 1-

2 sites of s@dkayd gsfaﬁb'lﬂpo Slw?ﬁ&bﬁ Wikd, Aok lcartoffigkird © al kynyl

groups having from subst |
cycloalkyl, subs‘ututed cycloalkyl, heteroaryl substituted heteroaryl, heterocyclic, and

substituted heterocyclic. ’

20
"Cycloalkoxy" refers to -O-cycloalkyl groups.
"Substituted cycloalkoxy" refers to -O-substituted cycloalkyl groups.
25 "Halo" or "halogen" refers to fluoro, chloro, bromo and iodo and preferably is

fluoro or chloro.

"Heteroaryl" refers to an aromatic group of from 1 to 15 carbon atoms,
preferably from 1 to 10 carbon atoms, and 1 to 4 heteroatoms selected from the group
30  consisting of oxygen, nitrogen and sulfur within the ring. Such heteroaryl groups can

have a single ring (e.g., pyridyl or furyl) or multiple condensed rings (e.g., indolizinyl
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20 and preferably 1 to 2 substituents, selected fromthe group consisting
of al koxy, substituted al koxy, acyl, acylam no, acyl oxy, am no,

substi t utwo oandazey am noacyl, aryl, substituted aryl, arpCoRsp3/s2bstituted
aryl oxy, cyano, hal ogen, hydroxyl, nitro, carboxyl, carboxyl esters,
cycl oal kyl, substituted cycl oal kyl, heteroaryl, substituted heteroaryl,

het er ocycl mbemwnsmm;tpﬂewrﬁﬂ Haet@rrpl@m‘dlmepﬁﬁyt gsﬂra@t 1f1@51 [ thib ehtate group

-NH2. "Substituted am no" refers to the group - wher e an are
|ndependenﬁp9ﬁ§¥ -ected fromthe group consisting of hydrogen, aIkyI,
substituted 30 al kyl, al kenyl, substituted al kenyl, al kynyl, substituted
al kynyl , aryl, substituted aryI cycl oal kyl substituted cycloalkyl

het eroaryl , subs'Subsﬂtﬁdd heﬁ‘eﬁfaoﬂ'r yelfers f@hétét@@m bidhips tie Bistsubdiiredd Rether ocyclic
and where E%@%? R are ned %¥ther with the nitrogen 48 WO 03/093290
PCT/ US0%3/ 1 38 gHept Sete}PCteé B Hesapmetesowgiciupstitients defined ffort ed

het erocyl i GueHH@HEd vided that R and R are both not hydrogen. Wen Ris
hydrogen and R is al'kyl, the substituted amno group is sometines referred
to herein as al kyl am no. Wien R and R are aIkyI t he substituted am no

group is sonetin r ef red ein as aIk ) di no" refers
: tel‘r%arr K re%(rskc":\éle éry&anc? Fgubstgﬁtgg] "oare

to groups with t

i ndependentbiére l@ﬁ&%fé‘ﬁﬂﬁt!h%@ﬁ) rwba%%d%te@&rw hydrogen, al kyl,
substituted al kyl, -al kenyl, substituted al kenyl, al kynyl, substltuted

al kynyl0 aryl, substltuted aryI cycloalkyl substltuted cycl oal kyl,
het er oaryl , subs ut ed het g A0 hetero i.C tdut ed
weoyslig feg?rﬁ Y2 54 Lﬁdﬂ)é 1111}2}6 tEh&%hi t r ogen

het er ocyclic and erocéw]ls‘

bound t her abving @ sfrpleniag bﬁtlattw@dnusnseé wiRgs, it edo NEtRHOR YohisGnd HRIner Oar y!
or substltuted het er oaryl group. The termamn dino also refers to reverse

am dino st e éhgicss aigmstsslected fipm the ergup corsisting ofEtrogen, sulfupsoaygr i s an
al kyl or sybgt &%Jtrﬁl% \g[%tdféﬁ&t glr s?/‘s:“tfe gec%eao??% r{a?lg Ilar(%s can(ej ar@lfl off® as

defined above. o groups w 't
- NHC( =MR' ' haiRroRtylwhere R,

"Substituted heterocyclic" refers to heterocycle groups that are substituted
with from 1 to 3 of the same substituents as defined for substituted cycloalkyl.

20 Examples of heterocycles and heteroaryls include, but are not limited to,
azetidine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine,
indolizine, isoindole, indole, dihydroindole, indazole, purine, quinolizine,
isoquinoline, quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline,
cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, phenanthroline,

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

30

"Heterocyclyloxy" refers to the group -O-heterocyclic and "substituted
heterocyclyloxy" refers to the group -O-substituted heterocyclic.
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R' and R'' are as defined above for am dino. 20 "Am noacyl"” refers to the

groups -NRC(O al kyl, -NRC(O substituted al kyl, -NRC(O) cycl oal kyl,
- NRC( O suwetmset2ed cycl oal kyl, -NRC(O) al kenyl, -NRC(O) sulpstritsoy/et3al kenyl ,
-NRC( O al kynyl, -NRC(O substituted al kynyl, -NRC(O aryl,

-NRC(O) substituted aryl, -NRC(O heteroaryl, -NRC(O substituted 25
heteroaryl, -NRC(O) heterocyclic, and -NRC(O substituted heterocyclic where
R is hydrogen or al kyl and wherein al kyl, substituted al kyl, al kenyl,
substituted alkenyl, al kynyl, substituted al kynyl, cycl oal kyl, substituted

| oal kyl A H Et’ t d het I,
ﬁgfe?gcygl [ ca;%c}jhé)s ?{trﬁfleé%% t@? érrogg %F@)géﬁyza(gnaﬁggééﬁhag ere?nerggr 29 WO
03/093290 WOWGPO(@(I)HL/MMMSWMG) Aid' omoe(mm(@)m)@m%}l)ar omatic

car bocyclic group from6 to 14 carbon ato ing a singlering (e.g.,
phenyl } or(tmlﬁhotsplpﬂt@ woalieihstaf chigingrartial salty; S‘FFP% or anthryl) which
condensed rings nmay or nmay not be aromatic (e.g., 2- benzoxazolinone,

2H 1, 4- benzoxazi n- 3(4H) -one-7-yl, and the like). "Preferred aryls 5 include
phenyl and napht#ndsphonateIstietsitd el @oypy—ORER)EOHD onrOP(QRIEOBS onsdlish ar e
substituted with from1 to 3 ubsgltuents and preferably 1 to 2

subst i t uenthereof Bickikingpariglsalth@eFPbup consisting of  hydroxy, acyl
acyl am no, acyloxy, alkyl, substituted al kyl, al koxy, substituted 10

al koxy, al kenyl, substituted al kenyl , al kynyl, substituted al kynyl, am no,
substiiput ed antTigol"aeferstadlyd gromp Y. substituted aryl, aryloxy, substituted
aryl oxy, cycloal koxy, substituted cycl oal koxy, carboxyl, carboxyl esters,
cyano, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted

thioaryl, thi Oh@tﬁaaﬁwlm“éﬂt ibitHEE Gr EhiMEkOT aefersito thet droweyfeblissl. Ky | |
substltuted t hi ocycl oal kyl , thioheterocyclic, substituted 15

t hi oheterocyclic, cycloalkyl substituted cycloal kyl, halo, nitro,

het er oaryl , SUbe'% gﬁﬁd het.e oarcgéu stl?tﬁéfﬁlﬁglzfﬁbétﬁer”%fbﬁﬂsﬂﬂ&&ﬁ

heterocycllc Ostl eroaryl oxy, heterocyclyl oxy,

and sufsti {11;@3130)53&@&@50%&116'@1@&1)! -S-su¥syihoed/dlkylef ers to the group aryl-O that
i ncl udes, by way of exanple 20 phenoxy, naphthoxy, and the |ike.

"Substituted aryl oxy" refers to substituted aryl-O groups.
"Thiocycloalkyl" refers to the groups -S-cycloalkyl and "substituted

thiocycloalkyl" refers to the group -S-substituted cycloalkyl.

20 "Thioaryl" refers to the group -S-aryl and "substituted thioaryl" refers to the
group -S-substituted aryl.

"Thioheteroaryl" refers to the group -S-heteroaryl and "substituted
thioheteroaryl" refers to the group -S-substituted heteroaryl.

25
"Thioheterocyclic" refers to the group -S-heterocyclic and "substituted

thioheterocyclic" refers to the group -S-substituted heterocyclic.

The term “amino acid” refers to a-amino acids of the formula
30  H,NCH(R")COOH where R’ is alkyl, substituted alkyl or aryl. Preferably, the

o-amino acid is one of the twenty naturally occurring L amino acids.
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"Aryloxyaryl" refers to the group -aryl-0-aryl. 25 "Substituted

aryl oxyaryl" refers to aryl oxyaryl groups substituted wwth from1l to 3
substit uewD3098280 t her or both aryl rings as defined abovecfrarsoyutstit ut ed
aryl. 30 "Carboxyl"™ refers to -COOH or salts therof. 50 WO 03/093290

PCT/ US03/ 14237 " Carboxyl esters" refers to the groups -C(O O al kyl,

- C( O O subst i t ut’Heb tatnt ybarboksideiateYdrs topdlibosdechirides Ubmbtitiy @dnaz ¥ wherein

al kyl, substituted alkyl, aryl and substituted aryl are as defined herein.
5 "Cycl oal & sac¢haride gmity Ehe particwlpksacchprisiepwits Lplayed 3ra ot roiticalr bon at ons
havi ng sing] g . lLtiple cyclic rin i ncl.udi . way of anpl e,
adamant yl , gangﬁlg{l%%%{&’gyﬁg?y8 %’iaﬁwfﬁya:‘“%@%f%’&e% tic %@Ya&%@f o E@ﬁ?fet he |ike.

" Cycl oal kemlactgsef ]t hfed : rhon at ons
10 havi ng. Sl 8RRl bl N AU AR, R duleld SATRET 2 nd
pr ef er abl y liker dmagditionZo ibaingrim dieirspytresose fforet, hatl ertlaridEat)ts dessaibed at i on.
"Substituted cycloal kyl " and "substituted cycloal kenyl" refers to an

cycl oal kyl b X&Vdﬂ&g lﬁ&%m’g?x&%,fohgﬁ)%wmc@rﬁ n pLdodmpst i t uents sel ect ed
fromthe group 15 consisting of oxo (=0, thioxo (=S), al koxy, substituted
al koxy, acyl, acylam no, acyloxy, am no, substituted am no, am noacyl,
aryl, substitut etheaesth,“lipidy|iouy art recdpaizet wdratldefined Ofar exempRO by hal ogen,
hydroxyl, nitro, carboxyl, carboxyl esters, cycloalkyl, su s%,i tuted

cycl oal kyl Lehaingen Bigehenisips 1PT Y a pagest Oa 6., Whish é ipegrobiated hemein
substijite ocyclic. .. 20 "Cycl oal koxy" refers to -0-cycl oal kyl groups.
" Subst%qjut g’éfr}ggeg%%gllﬁééfmﬁ"e ‘ers to -0-substituted cycl oal kyl groups. 25
"Hal 0" or "hal ogen" refers to fluoro, chloro, brono and iodo and preferably
is fluoro or chloro. "Heteroaryl" refers to an aromatic group of from1l to
15 car bon at ons,Thegetst épepbitly” fefessriolpalymd® of arapgno atidsreompmsing from 4

het t lect 1 h 3 nsistin X ._hitrogen and
cul fur w ¢ AT Pou PR S B oo RE b P BUP e 1 hg
(e.q., pyripedfradly froth)abdut® tobbiiti P! € condensed rings (e.g., indolizinyl

15
The term “stablilized phosphate prodrug” refers to mono-, di- and
tri-phosphate groups having one or more of the hydroxyl groups pendent
thereto converted to an alkoxy, a substituted alkoxy group, an aryloxy or a
substituted aryloxy group.
20

"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,

25 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.

It is understood that in all substituted groups defined above,
30  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
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51 WD 03/093290 PCT/ US03/ 14237 or benzothienyl). Preferred heteroaryls

i nclude pyridyl, pyrrolyl, indolyl, thiophenyl, and furyl. "Substituted
het er oar yWO o8@93206 t 0 het eroaryl groups that are substit utrea/usmd/i23b from 1
to 3 substituents selected fromthe sanme group of substituents defined for
substituted aryl. "Heteroaryloxy" refers to the group -0-heteroaryl and

"subst it ut edt inteided der LIaxYn herefrers shieh dA36s, MM RxinfnSMRabdrlogt ed heteroaryl .
10 "Heterocycle" or "heterocyclic" refers to a saturated or unsaturated

group haviSHeh sibstivignis i thigs. dihatisite 53y thaispl efthedbeyadafinitionsis 1 to 10
carbon at ong,anthdd 1. r { f e group
consisting%E nlf%b enP&%%€ ﬁ?gg%ﬁgg?gé%pg%ﬁﬁﬁ%%jgﬂégéﬁﬁgﬁaherein, in fused
ring syst ersntedre—smbstitnted atyi€substiggedcanl)Babsityted afyl. 15 het er oaryl .
"Substituted heterocyclic" refers to heterocycle groups that are
substituted with from1l to 3 of the sanme substituents as defined for
substituted cyclgak g gﬁggg : : aryl s

i ncl ude, but aréﬁﬁg%M¥f%%?% to,hﬂ%%g%?@?ﬁ%?a%§§§§%g?aﬁﬁf§g§%fe, pyrazol e,
pyri di ne, pymzhideemppymissibldisnlestitygioni poétzins €e.g., metioll sdtistitited widhndol e, i ndol e,
di hydr oi ndal i ndazol e rine, quinolizine, . isoquinqline, quinoline,

pht hal azi n§fﬁjr9§‘bﬁ{qlﬁ}7§8wp§‘¥rﬂ§ﬁ %?}iclh%}ﬁ%‘i‘)ﬁél}enéﬂ}? RLIGIYIHEC i nnol i ne,

pteri di ne, uagHAAAOhE SueBiBpbiaib1P ARRARBA hditdfs aRGHdIdiddem Bhenant hrol i ne,
25 isothiazol e, phenazine, isoxazole, phenoxazine, phenothiazine,

i mi dazld i dithreskilledrartisarol i ne, pi peridi ne, piperazine, indoline, phthalinmnde,
1,2,3,4-tetrahydro- isoquinoline, 4,5, 6,7-tetrahydrobenzo[ b]thi ophene,

t hi azol e, thiazolidine, thiophene, benzo[b]thiophene, norpholinyl,

t hi onor pholdenyial Sahtherid Begoded to as thi anorpholinyl), piperidinyl,
pyrrolidine, tetrahydrofuranyl, and the |like. 30 "Heterocyclyl oxy" refers
to the group -0-Thecerpeyrdsiod thinventitgsmpy be prepated byvetged webrgs knasfrer s t o

R I ey

15 synthesis in particular. The starting materials for the syntheses are either readily

available from commercial sources or are known or may be prepared by techniques
known in the art. General reviews of the preparation of nucleoside and nucleotide

analogues are included in the following:

20 Michelson A.M. “The Chemistry of Nucleosides and Nucleotides,” Academic Press,
New York, 1963. u

Goodman L. “Basic Principles in Nucleic Acid Chemistry,” Academic Press, New
York, 1974, vol. 1, Ch. 2.

25
“Synthetic Procedures in Nucleic Acid Chemistry,” Eds. Zorbach W. & Tipson R.,
Wiley, New York, 1973, vol. 1 & 2.

30 The synthesis of carbocyclic nucleosides has been reviewed by Agrofoglio et

al. (Tetrahedron, 1994, 50, 10611).

The compounds of the present invention may be prepared using methods
outlined in U.S. Provisional Application Serial Number 60/378,624, incorporated

35  herein by referenence in its entirety.
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-OP(O) (OH) OP(O (OH) 2 (di phosphate) and -OP(O) (OH) OP(OQ (OH) OP(Q (OH) 2 5
(triphosphate) or salts thereof including partial salts thereof.
"PhosphomaDa3/092bers to the groups -OP(OR) (OH) or - OP(OR) PORUSOS/1e231 t S
thereof including partial salts thereof. 10 "Thiol" refers to the group
-SH. "Thioal kyl" or "al kylthioether” or "thioal koxy" refers to the group
-S-alkyl. "Substituted thioal kyl" or "substituted al kylthioether" or
"substituted 15 thioal koxy" refers to the group -S-substituted al kyl.

" Thi ocycl oal kyl "Thesttiategias gveitableyiop sypghess afronmpanngs ofthig imentien inclidsd

t hi ocycl oal kyl" refers to the group -S-substituted cycl oal kyl. 20
"Thioaryl" refers to the group -S-aryl and "substituted thioaryl" refers to
the group A.SGsmdral $ynihesth A2)IC-BiabbhahEtdeaades! * refers to the group

-S- hetg{oaryl and "substituted thioheteroaryl” refers to the group
-S-substituted heteroaryl. 25 "Thi oheterocyclic" refers to the group

- S- het er ocyelch. i [ [ . .¢" refers to the group
-S-substi tBUQf%Bﬁ%{ég?%ﬁy@ﬁcgokﬁ?ﬁ%of[ﬁé?E}cﬁi&%ﬁ%gt?%cgl%fgﬁ refers to a-am no acids
of the forrmula 30 H2ZNCH(R7) COOH where R7 is al kyl, substituted al kyl or
aryl. Preferably, the IQz—am' no acid is one of the twenty naturally
occurring L am no acidsy 53 WD 03/093290 PCT/ €803/ 14237 The term

"car bohydrate" refe@rs | i gosacchari des congrisiyapg from2 to 20
saccharide unit heljpar'ti cul ar sacchari deNghi enpl oyed are not critical
and include, by wa | e, all natural |andijsynthetic derivatives of

gl ucose, bact oss, N-"écetyl gl ucosam ne, tyl gal act osam ne, fucose,
sialic acid, andghe 5 like. In addi t ¥R being in their pyranose form
al | sacehari de iYs described herein ar P their D form except for
fucose which is\in#ts L form The term"Il\pigsTis an art recognized term
defined, for exanple, by Lehninger, Biochemistry, 1970, at pages 189 et
seq. which is iQ@cQ"borat ed herein 10 by r@fi@Hence in its entirety. The
term "peptide" refers to polynmers of a-am no acids conprising from about 2
to about 20 amino lacid units, preferably frodmabout 2 to about 10, nore

(0]

10 where R!, R% W, X, Y and Z are as defined above, can be prepared by one of the

following general methods.

1. Convergent approach: Glycosylation of Nucleobase with Appropriately
Modified Sugar

15

The key starting material of this process is an appropriately substituted sugar

with 2°-OH and 2’-H with the appropriate leaving group, for example an acyl group
or a chloro, bromo, fluoro or iodo. The sugar can be purchased or can be prepared by
any known means including standard epimerization, substitution, oxidation and

20 reduction techniques. For example, commercially available 1,3,5- tri-O-benzoyl-o-
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,0+ DCC in DMSO, Swern oxidation

25 (DMSO, oxalyl chloride, triethylamine), Jones reagent (a mixture of chromic acid and
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preferably fromabout 2 to about 5. 15 The term"stablilized phosphate
prodrug" refers to nono-, di- and tri-phosphate groups having one or nore
of the hywpwesgd320r oups pendent thereto converted to an alPKORISN3/ /84237
substituted al koxy group, an aryloxy or a substituted aryloxy group. 20
"Pharmaceutically acceptable salt” refers to pharmaceutically acceptable

salts of a wofEeund), Viisds Sakdns (@ib?n&lﬁé cy@d) bxiaB) @or¥ss r&ig¥ntof  organi ¢ and
i norgani c counter ions well known In the art and include, by way of

exanpl e onl @yridigimy ﬁhlowmt@npmnmhm@mwdmcham; RAtgssiHB
t et raal kyl | pt b
oL e BB R uldny |A HOL DE BB SORMRLARRE 50 S,

hydr obr oni dejd dsrq:rd‘rmaﬁ@,namapﬂ)cﬁ’teﬁ onacgilaher, Olgiﬂ)ﬁﬁﬁﬁb Hoalagingoriind the |ike.
It isu derstog&that in all substituted groups defined above, 30 polyners

arrived at B Fﬂﬂ%%r%%% Na@ft dn FQAS, coprai shromilss eonngeA¥ideRaney
thensel ves I ed. as a
Subst 1 t vnt i d! B4R bl M @hin RO A1 R M BB G848 01,
etc.) are SwﬂMﬁmmﬁﬁGQBﬁ@DmEUWbUSﬁ&mEéﬁ&ﬁdenot i ntended for inclusion
herein. In such cases, the maxi num nunber of such substituents is three.
That is to say that each of the above definiti ons is constrai ned by a
lintation that,cd $2BPbRanSHBS fifclcHitRE rakibp ed to
-substituted aryl - EStItU§%n arylffgubstltute ar . E@?%##%rly, it is
under st®bod resgsnt, tah@rmoh@umfhthmm dinkylopperat R FﬂlMﬂ:@i edBAG witicthede

i mper m ssi substitution patter ubsti tuted ,
fluoro gr OEJSEOHSIIW ! %3?%?% 8?18{56”% Cpsl‘?g%flbat@tW%VF%%HW”&%W%HQZ

unsat ur at i Giylat&dskpak."Be dFampld) REMBWILCL, Bt RéMgIB@/Ue%ﬂﬁnEHe%st known to
10 the skllled artlsan General Synthetic Methods The conpounds of this

i nvent i on Mg§crived i ddfeed aby 9% ark B Grarh635178401i159. The elliplatadtsugdr cangani c
chemi stry 'b@ 09391%{1@ prg‘f%gteﬁ %{he Os?,ht‘lﬁle%?&e&%{% gergﬁﬁ,%?etgra%i \91%" an acyl,

15 substituted alkyl or silyl group, by methods well known to those skilled in the art, as

fd

taught by Greene et al. Protective Groups in Organic Synthesis, John Wiley and
Sons, Second Edition, 1991.

The optionally protected sugar can then be coupled to the purine or
20  pyrimidine base by methods well known to those skilled in the art, as taught by
Townsend Chemistry of Nucleosides and Nucleotides, Plenum Press, 1994. For
example, an acylated sugar can be coupled to a silylated base with a Lewis acid, such
as tin tetrachloride, titanium tetrachloride or trimethylsilyltriflate in the appropriate
solvent at a suitable temperature. Alternatively, a halo-sugar can be coupled to a

25 silylated base with the presence of trimethylsilyltriflate.

Scheme 1 below describes the alternative synthesis of a protected sugar that is
useful for coupling to bases where the connection to the base is on a carbon atom
instead of a nitrogen atom.

30
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15 synthesis in particular. The starting nmaterials for the syntheses are
either readily available fromcomercial sources or are known or may be

pr epar ed W9 oBeg?el ques known in the art. General revi ewsPoff/uSh&14237
preparation of nucl eosi de and nucl eoti de analogues are included in the
following: 20 Mchelson AM "The Chem stry of Nucl eosi des and

Nucl eoti des, " Academ ScBemsd; AliemativeSkigarl®mbhesiSand @opling " Basi ¢ Pri nci pl es
in Nucleic Acid Chemi stry," Academ c Press, New York, 1974, vol. 1, Ch. 2.
25 "Synthetic Proceﬁres in Nuckeic Acid Chem-stry,"” Eds. Zorbach W &
Tipson R, Wley, rk, 1973, ovply,, 1 & 2. olhe synthesis of
carbocyclic nucl eosi des_has been-reviewed by Agrdfopgt®o et al.
(Tetrahedron, 1994, 505 11). The ¢ unds of Ifhe present [invention may
be prepared using nethods' outli rﬂbe/i%Od.%'S. PPouvi%iP8nal  Appl ifcati on Seri al
Nurmber 60/ 378, 624, incogporated 35 herein by refgrenence injits entirety.
55 WO 03/093290 PCT/ US03/ 14237 The strategies available for |synthesis of
conpounds of this invention include: A GCeneral Synthesis off 2'-C Branched
Nucl eosi des 5 2' - @th'ﬁ?nch@d ri bopisgl eosj des of the—follow ng structures:
Ra R2 NN5;" X N WO VWO N "RL RLOHOH®@H GH Ta Ib 10 where
Rl, R2, W X, Y and Z ay¢"as defined 8 £an-be prepared® by one of the
fol | owi ng gener al ngp\h/ogl%

~-Ph Ph._0 OH Ph_O O
f
e d
5 Formation of sugar a in Scheme 1, above, is accomplished as described by

Mandal, S.B., et al., Synth. Commun., 1993, 9, page 1239, starting from commercial
D-ribose. Protection of the hydroxyl groups to form sugar b is described in 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

10 described herein. R, in Sugar e can be hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, and substituted alkynyl. Particularly preferred R groups
are methyl, trifluoromethyl, alkenyl and alkynyl. Sugar e is prepared by using a
modification of the Grignard reaction withn RMgBr or other appropriate
organometallic as described herein (with no Titanium/cerium needed). Finally the

15 halogenated sugar used in the subsequent coupling reaction is prepared using the
same protection method as used in to make sugar b above. The halogenation is

described in Seela.!”
Subsequently, any of the described nucleosides can be deprotected by
20 methods well known to those skilled in the art, as taught by Greene et al. Protective
Groups in Organic Synthesis, Jon Wiley and Sons, Second Edition, 1991,

In a particular embodiment, the 2’-C-branched ribonucleoside is desired.

25 2 Linear dpproach: Modification of a pre-formed nucleoside
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1. Convergent approach: dycosyl ation of Nucl eobase with Appropriately
Modi fi ed Sugar 15 The key starting material of this process is an
appropri awelog/osazbet i t uted sugar with 2'-0OH and 2' -H w t hPCh@Sappropri at e
| eavi ng group, for exanple an acyl group or a chloro, bronmo, fluoro or

i odo. The sugar can be purchased or can be prepared by any known neans

i ncl udi ng st andaFlk l&:plstmﬂingzmbleﬁiﬂl fos tHis priob ks iiPdh ap@hb;ﬁﬁit&l?@u‘t&ﬂdlt&ﬁ reductl on
t echni ques. For exang comer ci al lé available 1,3,5- tri-O benzoyl
D-ri bof ur aﬁ’é‘glé’oﬁlﬁ‘? taljeTOﬂélﬁéﬁa‘%rif g nuglepside cap ke purchagd or AR be ubst | tut ed

sugar can J:heRdey 4% 1910%% hnélﬁlﬁﬂ%‘?:%&ﬁ’&b ‘?mg WQ g&leem)d'” a

conpati bl e "sol vent at suitable tenperature ified
sugar. Posgiubleesidx pahlze moagldmpmt@;teel wﬂtlosuﬁabbemﬂie&t;n@sap%rdfemblgerl odi ne

el e S R T A RS
03/ 093290 UTLYSRHUAPEY Greetb bhy PrDRERN GROb b oniea9s nggm(ﬁdh&ay“ di ne

Cr(VI) oxide, Corey“s reagent (pyri |n|umc orochro pyridi ni um

di chr omat er@Ydlw@hrSﬁmnéEdpmatwlum per manganat e, r ut heni um
tetroxi de, phase transfer catalysts such as chromc aci d or per manganat e
supported on a polyner, d (err)-pyridine, H2O2-ammoni um 5 nol ybdat e,

NaBr Q2- CAN, NaO@:helaRgﬂd%nel@amfedqamleeala@eanqa&ps& ofi4i-d@ withaney nickel,
pal I adi um acet at e erw n-Pondorf-Verl ey reagent (alum numt-butoxide

with atbt héppn@éflé‘i‘?@?ﬂdéﬁﬂg REDBY ehd serepatilgsadeent @Iomwlﬁahlg temiperatuge tpayieldet al | i c

Cr e dr Sy PGt Ui 2o it LINRAL s iR bl HAPRRHA o
appropri at @eﬂmhnar@geﬁt AO;JOHeDCCBi&l IE\/ISG) Sakhtodi@tar @S e, olelcHpridee 2' -

al kyl at ed sug{aﬂ For exanpl e, I\/gBr/Tl G4 or RMBr/Ced 3 can be used as
descri bed tReHWpmEncatIoges re&%’?(a 13111’@}“‘@ of chigmaic ggd a&¢§@-ﬁ%¥¥5@1d)Tﬁ@Hl@F Byl at ed

sugar can t oup,

o Srer bty "R ARl YD SR Botly hoBeb AR RIS @ OLE: | s
wel | Kidown pt_yljdithB dichi@nhd.techmdﬂlt}hemtet polasmum pa@%gbryaté}Mﬁ@@nﬁlherﬂim
Protecti ve nt he John W/!ley and Sons, Second

Edi ti on, ‘%n@fl%?B? g Sli‘Fagtla %ﬁ’t%f‘]é? taéﬁh%t}%iﬁmégﬁiv’?lﬁ%aﬁlgﬁ%at%mpgﬁd % the
purine or a%o%ér”liﬂ) -PiRi RS B1,0)-HRAREHR MY bdakd) NMBO-AANSGGEL id €d Tn the

art, as tau
OAc copper chromite, copper oxide, Raney nickel, palladium acetate, Meerwin-

Pondorf-Verley reagent (aluminum z~butoxide with another ketone) and N-

20 bromosuccinimide. Coupling of an organometallic carbon nucleophile, such as a
Grignard reagent, an organolithium, lithium dialkylcopper or R'-SiMe; in TBAF with
the ketone with the appropriate non-protic solvent at a suitable temperature, yields the

appropriate substituted nucleoside.

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

In a particular embodiment, the 2’-C-branched ribonucleoside is desired.

30 In another embodiment of the invention, the L-enantiomers are desired. Therefore,

the L-enantiomers can be corresponding to the compounds of the invention can be
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Townsend Chem stry of Nucl eosi des and Nucl eoti des, Plenum Press, 1994. For
exanpl e, an acyl ated sugar can be coupled to a silylated base with a Lewi s
aci d, sucWoO 0a®2pm tetrachl oride, titaniumtetrachl oride ®CT/US03/14237
trimethylsilyltriflate in the appropriate solvent at a suitable
tenperature. Alternatively, a halo-sugar can be coupled to a 25 silylated
base with 4RBakl eSRRGR: tHe shineTeichying igeidrblméthadss begutiagavith thel ow descri bes
the alternative synthesis of a protected sugar that is .useful for coupling
to bases wtmrespensingbrngdtararcleesidnk-opariioma a8 §RHNEPHEH At om instead of a
nitrogen atom 30 57 WO 03/093290 PCT/ US03/ 14237 Schene 1: Alternative
Sugar Synthesis and Coupling HO Ph-\ Ph- \ OO OOO HO O Ph",O0 O Ph'11110
OH a b ¢ Bh GéneRll BhnthdsifoPH-Q-Branched Suxle68idés10- 1- "o Ph,.,0 O,_, Ph Ph,--,0
OHPh, ,00f ed 5 Formation of sugar a in Schene 1, above, is

acconpPi shed as described by Mandal, S.B., et al., Synth. Commun., 1993,

9, page 1239, I : J Ik - Protection of the

hydr oxyl g?6gpﬁs}aﬁéﬁéﬂg%r#gﬂggﬁ&%wE&digg?:‘;vil%ges'gﬁigtﬁ%wtty, DR, et al., Tet.
Lett., 1990, 31, page 4787. Sugar ¢ and d are prepared using the nethod of
Ning, J. et al., Carbofhydr. Res., 2001, 330, page 165, and nethods 10
descri bed herein. R ip Sugar e can be hydr n, alkyl, substituted al kyl,
al kenyl, substituyjed I:\lbenyl , al kynyl, and subskituted al kynyl .

Particularly pr rrad groups are nethWs ¥fifl uoronethyl, al kenyl and
‘Spjagd by usi-ng a di

al kynyl . Sugar e | ication of the Gignard
reacti on w or other appropgy t & df ganonetal i c as descri bed
herein (wt ani unf cerium needed). | Rynally the 15 hal ogenated sugar
used in the gulfsequent coupling reactignyisyprepared using the

OHOH OHOH

la Ib

10  where R, R%L, W, X, Y and Z are as defined above, can be prepared by one of the

following general methods.

1. Convergent approach: Glycosylation of the nucleobase with an appropriately
modified sugar

15

The starting material for this process is an appropriately substituted sugar with
a 3°-OH and 3’-H, with the appropriate leaving group, for example an acyl group,
methoxy group or a chloro, bromo, fluoro, iodo. The sugar can be purchased or can
be prepared by any known means including standard epimerization, substitution,

20  oxidation and reduction techniques. The substituted sugar can then be purchased or
can be prepared by any known means including standard epimerization, substitution,
oxidation and reduction techniques. The substituted sugar can then be oxidized with
the appropriate oxidizing agent in a compatible solvent at a suitable temperature to
yield the 3’-modified sugar. Possible oxidizing agents are, for example, Dess-Martin

25  periodine reagent, Jones reagent (a mixture of chromic acid and sulfuric acid),
Collins’s reagent (dipyridine Cr(VI) oxide, Corey’s reagent (pyridinium
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sanme protection nethod as used in to nmake sugar b above. The hal ogenati on
is described in Seela.(err) Subsequently, any of the described nucl eosi des
can be depoeteeized by 20 net hods well known to those skil IPed/tisn3/i4287 art, as
taught by G eene et al. Protective Goups in Organic Synthesis, Jon Wl ey
and Sons, Second Edition, 1991. In a particul ar enbodi nent, the

2' - C br anchédomiromans) qg&idﬂﬁumﬁlﬂﬁSmﬁt%damd dlhrdbmdié, DOdssi

Modi ficati f a_pre formed nucl eosi de 58 WD 03/ 093290 /US /14237 The
key starti ﬁ[}jm stl@ﬂ}ealluﬁf tstroxidesphgse Bamsder; @tabﬁtsasyﬁh éwhrameq ycidabst i t ut ed

nucleoside h or can be
pr epar ed by any r?(g)tvevr?%ans mcéa%’il;g sfgkﬁ&ﬁ |ng ﬁféﬁ%& The
nucl eosi de NabrpeC ANt Na@élllm HOA¢, mppm‘ chidnfites U@ﬁ@bbﬁde;l@@tm%l gr oups,

pref er 5 w,.th ac ubst i uted IkyI or silyl by met hods wel |
known t H@%léd% ?OF%‘EF ﬂ\iﬁ ’r’Pe1g grqyargggpp E?}u@”é@hfeg@tm# withr ot ect i ve
G oups in qngg{gfgeﬁyé)tahgwgmng&?&lm éa@y and Sons, Second Edition, 1991.

The appropriately protected nucleoside can then be oxidized with the 10
appropri ate oxidi zing agent in a corrpatl ble solvent at a sw tabl e

tenperature to ylL%Id tlhe - nodi f e?]zg%{) Possi di zi_ng aents are,
for exanple, SePERLRe earn]o(g%z}qqg allig eqtpon M@Pgﬁ@é fb?vé"@gn@
oxi dat i on (ra%@a afedayblimilre) litBRm mﬁn@%byérmnsmeﬁﬁww i (a m xture

of chrom c acid and sul furic acid), l1'ns's reagent (dipyridine C(Vl)
oxi de, 1&or ésﬁt@efv\@&gtéﬁﬁpmrspmta mnnmmtmobmtﬁmuﬁa@)a fererpiyrd, gtietdsuthe 3°-

di chromat e, ma MQ2. rut heni um
t et r oxi de, C ase {Hrsggélffe}iﬁ&%@gﬁ%ggﬂg@gﬁégsorW%/@e% Cf By U Braﬁanganate
supported @iescrfbeadxi Wﬁife,et@l (1997 VF Dy&.i Chang 62HRE32- BrsuD NTRUTS D0 REREE
NaBr O2- CAN, NaQOCl in pper chrom te, copper oxide, Raney nickel,
pal | adi um Sugar 4o be R@%?‘Wllﬁpr‘ﬁéﬁ%mthwt@e PECiRFSIng g(r@mmeﬁ@mblw vith @i de
wi th anoth r [ of .an
or ganonet a%Flliéﬁtgg?lggrn riugj}% (#%I‘gapsuc 1{'élgsdrﬂl'és(g%&}'lganar égs Eatht bé'n
or ganold t hiGmene df whi Brovetitiab Ifxfbmpp@rgmic Rimerhes)s, %Mﬁfﬂe@ a]iB/SEnsWIS%Ebndt he
ket one wit dt he g ropriate non-protic solvent at a suitable tenperature,
yi el ds the étboﬁﬁ’ %E]i'at e substituted nucl eosi de. 25 Subsequently, the
nucl eosi de can be deprotected by nethods well known to those skilled in
the art, as taugrht by G eene et al. Protective Goups in Organic

he optionally protected sugar can then be coupled to the base by methods

well known to those skilled in the art, as taught by Townsend Chemistry of

20 Nucleosides and Nucleotides, Plenum Press, 1994. For example, an acylated sugar
can be coupled to a silylated base with a Lewis acid, such as tin tetrachloride,
titanium tetrachloride or trimethylsilyltriflate in the appropriate solvent at a suitable
temperature. Alternatively, a halo-sugar can be coupled to a silylated base with the

presence of trimethylsilyltriflate.

25
Subsequently, the nucleoside can be deprotected by methods well known to
those skilled in the art, as taught by Greene et al. Protective Groups in Organic
Synthesis, John Wiley and Sons, Second Edition, 1991.
30 In a particular embodiment, the 3’-C-branched ribonucleoside is desired.

Alternatively, deoxyribonucleoside is desired. To obtain these nucleosides, the

formed ribonucleoside can optionally be protected by methods well known to those
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Synthesis, John Wley and Sons, Second Edition, 1991. In a particular
enbodi ment, the 2'-C branched ribonucl eoside is desired. 30 In another
Enbodl {rpmvoarts/omeo i)nvent ion, the L-enantioners are desire@CT/Nses/ef26Te, the
-enantioners can be corresponding to the conpounds of the invention can be
59 WD 03/093290 PCT/ US03/ 14237 prepared follow ng the sane foregoing

gener al meghads, 1Reg REtRGhVHT Ordeh€ o FOPreBanRATRgpL HsQgamicSynthesheosi de
L-enantionmer as starting nmaterial. B. General Synt hesi s Br.anched

%c :qgos :\I d ;bthWrBéyL DS s chrsdnd Fotionc ] B0 s askihen e O sap gwqﬁiﬁcé‘m}&t ure:
where R, F@sm%le)ge(ﬁcl%%gegt aQ%tI%Hg t?l negg'&%g ¢ 8 gr?c e tépar_{g ?‘zg&rlgtgtelbg oﬁg of

the foll opiypdicdensnad temBaedsedubtioffonver gent approach: G ycosyl ation of
t he nucl eobase with an appropriately nodified sugar 15 The starting

materlél for this process is an appropriately substituted sugar with a

-H and ?h{;%e‘" }g)ma(l}e %B{éﬁgﬁ&%fa #%gw AcWdRidef or exanpl e an acyl

group, oro uoro, iodo. The sugar can be
pur chas Edt or CaIlheblb@ @:ﬁtﬁﬂghﬁﬁbﬂmﬂ/ fcﬂnlyls hormum 1srema13prpmdttald'| substietgddar d

epi nmerization, substitutiaon, duction technjques. Th
subst i t ut eauclepgide Vﬂﬁhaﬁh@ﬁl%%”p g ‘b‘g‘?ﬂsgﬁ] %Bé’ gi)e ré&a%bgany knO\(/am
means i ncl ?1%@%9 q By Ry méﬁhing%tmﬁ%%bhﬁlﬁ%]@%nlq@sI dati on and
reduction ni que esu tltute sugar can then be oxidized with the

?2 g{o Ce) lrlgjt ﬂ gu@eﬁsdiem @e ag‘easrlalhyrpretedoqhw&:msmt:é)l@ piojesting grouws suipferable
with acyl or silyl groups, by methods well known to those skilled in the art, as taught
by Greene et al. Protective Groups in Organic Synthesis, John Wiley and Sons,
Second Edition, 1991.

15 The appropriately protected nucleoside can then be oxidized with the
appropriate oxidizing agent in a compatible solvent at a suitable temperature to yield
the 3’-modified sugar. Possible oxidizing agents are, for example, Dess-Martin
periodine reagent, Jones reagent (a mixture of chromic acid and sulfuric acid),
Collins’s reagent (dipyridine Cr(VI) oxide), Corey’s reagent (pyridinium

20  chlorochromate), pyridinium dichromate, acid dichromate, potassium permanganate,
MnO,, ruthenium tetroxide, phase transfer catalysts such as chromic acid or
permanganate supported on a polymer, Cl,-pyridine, H,0,-ammonium molybdate,
NaBrO,-CAN, NaOC1 in HOAc, copper chromite, copper oxide, Raney nickel,
palladium acetate, Meerwin-Pondorf-Verley reagent (aluminum z-butoxide with

25 another ketone) and N-bromosuccinimide.

Subsequently, the nucleoside can be deprotected by methods well known to
. those skilled in the art, as taught by Greene et al. Protective Groups in Organic
Synthesis, John Wiley and Sons, Second Edition, 1991.
30
In a particular embodiment, the 3’-C-branched ribonucleoside is desired.

Alternatively, deoxyribonucleoside is desired. To obtain these nucleosides, the
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yield the 3 -nodified sugar. Possible oxidizing agents are, for exanple,
Dess-Martin 25 periodi ne reagent, Jones reagent (a m xture of chrom c acid
and sul fuwpD®3agi2e), Collins's reagent (dipyridine Cr(Vl) PoXiu$e3/ 1428t ey’ s
reagent (pyridinium60 WO 03/093290 PCT/ US03/ 14237 chl orochronate),

pyri di ni um di chromate, acid di chromate, potassium pernmanganate, MQ2,
ruthent um Lehe@ib8ifcl BRR%ah ARSI 1R LEd By Sléfiibda lliRnto tisd or

per manganat e supported on a pol yner, 2-pyridi ne, H202-ai nnpni_ um

nol ybdat e, skilNaBinGRe GANs thisBChy iGreduere ol. CoppeivedFrioans ineDrga8fspurhésis.de, Raney

ni ckel , 5 | l.adi um aget at.e W _Nn= Pondor f.- ) Laum

t - but oxi deﬁ)‘a}n‘t\&ﬂ%ﬁ%‘?ﬁ@?& &8‘{06’1%%%%%1%?% {hsel}J{gl(rl:% %%%fﬁ%%%ﬁrgé}&%%% i ng of
an or ganongi@tdniCrefading agémcb?gsﬁmly,ethesu@bd@s(ypca@megmamteq tocfagidintte an
organol i thrum [Iithiumdral kyl copper or R-Si M3 in TBAF with the 10 ketone
with tBe appnoion; aeeviade Partmiredudbiotent at a suitable tenperature, yields
the 3'- C branched sugar. For exanple, RMBr/ Ti 4 or RWMyBr/ CeCd 3 can be
used as described in Wilfe et al. 1997. J Org. Chem 62: 1754-1759. The
3'-C branched wugafhdmbagintdit oothelihwenfionttkel ethantidrhera asadesir. e prot ecti ng
group, preferably with an,  acyl or silyl group,. by nethods Il known to

t hose ski | Maerefoge.tthe Lgnentigmers samyh¢ caiiFspa ?e\%ﬁge 8?mB‘P‘?nd@r°6¥i§cti ve G oups
in Organic, - hesj ' . inhdtR6Us, BHRdning he
optional | y@%@%&?@??&%@%}ecgéﬁﬁﬁ%:mggggggog%gﬂ ger%e% nrl%éf;ltse by et h%ds wel |
known 100 t hihehs korkdsponding Lhsagardr nuelsotideihrenattjoreaves studngOneterisk ry of 20
Nucl eosi des and Nucl eoti des, Pl enum Press, 1994. For exanple, an acyl ated
sugar can be coupled to a silylated base with a Lewis acid, such as tin
tetrachl oricdeze, ot s3Rinee betPufnb Basds$8 Fefmilh AR ishldihdsBasésdfe i n the
appropriatesotvent at a suitable tenperature. Alternatively, a hal o-sugar
can be coupbaauladba silylated base wwth the presence of
trimethylsilyltrjflate.. 25 Supse y, ;the nucl ' 3 tected
by nmethods wel | TRRBWHDE Bases ﬂgg’gng%ﬁw&?hflﬁ’y{lﬁi &iﬁ?f?%%&?%ﬁgﬁtgqﬁgg Eélgene et
al . Prof ectijfe ShatiRatibirdatiiRican bSybtaines cémmbediallyél @y tendef@omishy Second
Edition, 1991. 30 In a particul ar enbodi nent, the 3'-C branched

ri bonucl eopratedirss eesin tothe a] t er nat i vel y, deoxyri bonucl eosi de is desired.
To obtain these nucl eosi des, the

The preparation of purine bases of formula I-IVa is reviewed by G. Shaw in
“Comprehensive Heterocyclic Chemistry,” Pergamon Press, Vol. 5, chapter 4.09, p.
20 449 and “Comprehensive Heterocyclic Chemistry II” Pergamon Press, Vol. 7, chapter
7.11, p. 397.

The preparation of pyrimidines bases of formula I-IVb is reviewed by Brown
D. “The Chemistry of Heterocyclic Compounds — The Pyrimidines *“ 1962 and
25 Supplement 1, 1970 John Wiley and Sons, New York, by Brown D. in
“Comprehensive Heterocyclic Chemistry,” Pergamon Press Vol. 7, chapter 4.09, p.
499 and by K. Unheim and T. Benneche in “Comprehensive Heterocyclic Chemistry
IP’ Pergamon Press Vol. 6 chapter 6.02, p. 93.

30 For example, the appropriate purine base of formula I-IVa may be prepared
from the corresponding purine wherein the 2, 6 or 8 position of the purine base is

substituted with a suitable leaving group such as halogen or sulphonate. Such purine
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formed ribonucl eosi de can optionally be protected by nethods well known to
those 61 WD 03/093290 PCT/US03/ 14237 skilled in the art, as taught by

G eene etwalo3/ofxei ective G oups in Organic Synthesis, JoRraTWiSh&y2and Sons,
Second Edition, 1991, and then the 2'-0OH can be reduced with a suitable
reduci ng agent. Optionally, the 2'-hydroxyl can be activated to facilitate

reducti on; precursovs Bealring 1841 oﬁ}]&dén‘éhi/é?]&ble%oﬁlmérki&ﬁw@.é\ﬂ@élﬁ@i‘éﬁilrine _
Modi fication of a pre formed nucl eoside The key starting naterial for this

process i s @Hnghdrhssriralilcanpasyh 24-dighletppunine (Alkichhgimi¢al £ogipany, and 3' - H.

The nucl eosi al,; [ an nown mnmeans

i ncl udi ng ?thgﬁ%-gra%u? gﬂ‘gﬂeﬁ(&qﬁc %%nﬁgél.(pﬁﬁ%a%%%%?Jrgﬁl@gé?%%y@ﬁnﬁe optionally
pr ot ect eg \Mklﬂ![‘iclsgbm%ﬁeLEniw@be blil:gig@di oy pﬁqclefwhgi ;Eﬁ@ﬁh] ih thwiafth Paf:?/;lanqulﬁ Si Lyl
groups, . by e we nown to those skilled in the ar as taug y

G eene &t & an‘gg'(‘}?‘@(?? PRty nes oy Brprieparsy By seloris: tiopekhey | ey and Sons,

Second Edi tg .» . T i I t hen be
oxi di zed m?ﬁ%pﬁégﬁggp%gpﬁ ii?gq[re >?| @?éﬁ%&@cﬁg@%? ty?frilé ggc%g%?@%?%e%%ﬁ{/&e nt at a
sui t abl e t engeasqthosphdres gxyehbbridel{Baldini etoadi Miliza & (ham:., SeesBilP84 28xi di zi ng
agents are, )r anpl e, Less-Mrtin eri odj r ent., Jones reagent (a
m'gxt ure of 1@%&’0[&()%% eéﬁﬁ ‘Zé%?@??yg é@ﬁeﬂl) ?%:{}?P} %ﬂsg"’r%l‘ﬂreéﬁﬁ‘é‘ﬁ’ﬁu@ﬂf’gﬁlri di( ne
Cr (V1) oxi deomin6h8¥hS8p8RH6AbE piiek BhdThdBRRpHBALI LRI RIBlRinatRY | di ni um

di chromate, acid dichromate, potassium pernmanganate,” ©MO02, ruthenium
t et r ox}le, vpingdeominghing agentsesugh pstfer sanipladbraninotMenaci d, 6hem Péammnganat e

ted | Cl2- pyridine,. H202- i | yb , O2- CAN,
NROCT 1 AR 9BE TS5 b T B Gy i T TONPE A PPl det U 9 o
acetate, M2gy1i03).PORE piirineVertetythe Ga@BRItu R iVl Sx Naky10%Y, ®H, dfyhhioh 25

anot her ket one) and_ N bronosucci ni m de. Subsequently, the nucleoside can be
depr ot ect ed"Biiaeigyiamingetycloaiodiming, saiusysd cxulicl anaigo, nitrogen linked as t aught

by G - . - _ . . : o W) "
Sins, - Secondi LAyt fbei Rl ok ashRE Rl de MRl dpani il B ¥ 1
3' - G brSanc pegparsdibgnrmimasiod ¢hd oregsindag. 6-hAbpeineatitly teyappropriate

deoxyri bonUﬁ{I eosi de, is desired. To obtain, these nucl eosides, the
alkoxides, thiols, amines, nitrogen containing heterocycles, hydroxylamines and

hydrazines, (for example, Chae et al. J Med Chem, 1994, 37, 342; Niebch and
Schneider, Z. Naturforsch. B.Anorg. Chem. Org. Chem. Biochem. Biophys. Biol.
1972, 27, 675; LaMontagne et al., Heterocycl Chem 1983, 20, 295; Estep et al J Med

20 Chem 1995, 38,2582). Similarly, 2-substituted purines can be prepared from the
corresponding 2-halopurine, for example, purines where the 2-substituent is alkoxy,
aryloxy, SH, alkythio, arylthio or NR’R* can be prepared from the corresponding 2-
halopurine by treatment with alkoxides, thiols or amines (e.g. Barlin and Fenn, dust J
Chem, 1983, 36, 633; Nugiel et al., J Org Chem, 1997, 62, 201). Similarly, 8-

25 substitued purines can be prepared from the corresponding 8-halopurines. For
example purines where the 8-substituent is alkoxy, aryloxy, SH, alkythio, arylthio or
NR’R* can be prepared by treatment of the corresponding 8-bromopurine with the
appropriate alkoxides, thiols or amines (Xing et al, Tetrahedron Lett, 1990, 31, 5849;
Mano et al, Chem Pharm Bull 1983, 31, 3454). Where the 2, 6 or 8 substituent is a

30  cyclic amine moiety the purine can be prepared from the 6-aminopurine by reaction
with an appropriate dialkylating agent such as dihaloalkane. In some cases where the

6-substituent is a nitrogen containing heteroaromatic linked through the nitrogen
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62 WO 03/093290 PCT/ US03/ 14237 formed ribonucl eoside can optionally be
protected by nethods well known to those skilled in the art, as taught by
G eene etwalo3/ofxei ective G oups in Organic Synthesis, JoRraTWiSh&y2and Sons,
Second Edition, 1991, and then the 2'-0OH can be reduced with a suitable
reducing agent. Optionally, the 2'-hydroxyl can be activated to facilitate
5 reduct i onitorh tlgs puti thiebBsrebad FOALIBE bOMinbfuraRMyNesctRARAMH ent of the
invention, the L-enantiomers are desired. Therefore, the L-enantioners can
be cor r espdHeAPRIY sompeundprsdandivederivaie of fiemabar anametbe For epmela

follow ng t f k| I 1
correspondl&ng}fﬁgxﬁgla?&gﬁggﬁlgggﬁ% %@%ﬁ?%&e@gﬁbp 9?4663812? edé}ll . C
Gener al Syrﬁ,hdﬁnéthmiyt&whiydﬂ)ﬁﬁaﬁesd@bnﬁﬂﬂwaﬁeﬁ etzﬂﬂﬂli@w@ﬁémdll%SS%BaSGS of

Forrmula_lb T 3 pur| ne bases of formula I-1Va and pyri m di nes bases of
formul & 1-1 fo 15 above condensation reactions can be obtai ned
commercially or can be prepared by procedures known to the art. The
preparation of purine bases of fornmula I-1Va is reviewed by G Shaw in
" Conpr ehendd.veetdaraleS ymtheasisiof Ghsiihsteroaryl)BayhsubstituRrdegasineMall. 5, chapt er

4.09, p. 20 449 and 4-GevithcehensiakyHelwtiagsChyrimidaem stry | T Perganon
Press, Vol. 7, chapter 7.11, p. 397. The preparation of pyrimdines bases
of formula I-1Vb is reviewed by Brown D. "The Chem stry of Heterocyclic
Conpoupgls - The 970 John W/l ey and
Sons, IVl\tlgw Yor K, gl%/ﬁmegﬂswfr@%yl(h&%ﬁ)%cgﬁg %lgsr@%g{e te%lg%yc ic Chemstry,"

Per ganon Pr4egsfl(‘heteroaTyl)/ehab‘svﬂ:rsumtﬂEpyrpmdme@9; shod/nhby SkherhlrPei m and T.
Benneche in " Conprehensive Heterocyc! |hc %em’ stry |IT Perganon Press Vol.
6 chapter 6.02, p. 93. 30 For exanpl -appropriate purine base of
formula I- be prepared Tromtﬁe correspondi ng purine wherein the 2,
6 or 8 positlia the purine base is substituted with a suitable|leaving
group such 3gs hal g n/u\or sul phonate Such pgrine 63 WO 03/093290

PCT/ US03/ 14237 , preefirsbrs beari ng VI rm ups are avail abl
commerci al |y, e 2’ -chl or opuri ne em caI Corrpanj) SN
2, 6-di chl orgpuri ne (éhdrl ch Chem cal any) HO— o N N*NHZ
o o HO OH
ph)j\o‘@,o»\Ph 345 346
Ph\n,é Cé)\n/Ph o
O [¢)

oy o NJ Ph\n,o O\n/Ph o O
0 o)
th/o OTPh 347 348
o o] 343
lR-M
R
an

HO OH

344

Commercial 341 is converted to the 2’methyl-ribose derivative 342 as

15 described in Wolfe, et al., J. Org. Chem., 1997, 62, 1754. 6-Bromopurine 2’-
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chl oro- 6-am nopurine (Al drich Chem cal Conpany), 8-bronoadenine (Signma-

Al drich Conpany Limted) or obtained by procedures known in the art. For
exanpl e 5wP-03a9296- chl oro substituted purines can be prep&cedShy14237
chlorination of the corresponding 2 and 6-hydroxypurines respectively by
the use of chlorinating agents such as phosphorus oxychl ori de (Bakuni et

al . I ndi an nletGhleibosidSE343) B frofdted Qéim% tht pB&cedb@MonthrGpethedis af 6- J-
Het er ocycl . em 1983, 20, 295) while introduction of a bromne into the

8- posi ti on HorpRiingeteserihedin Wielte finli, Jhee. Kyfieti-r 1987, 61 dibhad-promatio- usi ng

brom natin a . 6 ] ( 0, | , ;.Chem Pharm
Bul | 1983, %g&ﬁ%@@ﬂggz eﬁﬁo@ﬁ@%ﬁ%ﬁ%?%ﬁ%&y@ tg?iorq?%cioésr ocycl. Chem
1990, | k2|7, r&ﬁﬁﬁeﬂ.by‘ﬂ]liechlw 'uh,leﬁ zvmael Cberh.tleO@?,Slﬁf)ﬁﬁliﬁmﬂﬂborhﬁleﬁlidi@&yfgﬂz&ﬂé': OoXy,
SH, a thio, . ar .0, am no, cycl oa am no, saturated cyclic
o nor b ¢ isgc Roifh b ™ i Seia Dt R by Rusi prans Somedvitibosilan b,
hydrazi ne, KiRO nfeRl ’ e
correspondi ng%ﬁ%ﬁﬁﬁﬂge m?%?ﬁi"@%ﬁ?@%‘r?%t Ohgﬁ?g&% Sg?&ta}?!aol s, am nes,
nitr o?en (éhdiﬂday,nTan?Ldnl?tIané@fc Mé%ligﬁ}znbngaéiw%ﬁs'ztﬁmﬁqénﬂﬁimﬁgmaasaﬁes_, d( for .
exanpl e, ae et. al.. e . , .. Ni ebch an chnei der, Z.
lglz;g ur [ 0 Irvg c g:z]éﬁﬂgg?gs ehe SB@%?SI I é@g B&%&Bﬁg‘ﬁ@%ﬁ;ﬁ? Eﬂppﬁe‘ifyf E " (21 7 »

,  LaVbnt @k L, OrgElés 0202, 4/ A 12dly Avai icAki
Chem 1995, 38, 25862). Sir%:fezlg arly, é-sub_g]tl tuted plfl:ll’ |.1§72‘sivalcan@lgoer8%$gplgr ed from
the cb r eSBIv§HRYy i Splenegdlr icnadkylf substitusedp?-emipuspinies2 whethglribhsides

2-substitu S . I . SH, kythio, arylthig or NR3R4 can be
pr epar ed fﬁgﬁ]at%sgﬂkﬁéﬁ%% B%ﬁ%%ﬁé@? LY 03(3%? gﬁ?@%%??éﬁ‘iﬂ%%?rgﬁr?rﬂ % koxi des,
t{u o: S ogqa{adgsreé.@fgé,?@a%lzm;ggggj Fg_nn_, I Auist J8 (2:P51em b1t9_8f>, 36, 633; Nugi el
et al., g em , , . Simlarly, substitued purines can
be prepared fromthe correspondi ng 8-hal opurines. For exanple purines
where the 8-substi j F‘%Y . .ak i arylthio or
NR3R4 can be pr Z%g%?%@@?‘gg nenl}gtggxéﬁ)éy%%?%%yéé% ﬁ%s(%%-%r onopurine with
1660, 51, "5549; Mo ot al - Chors Pharm Bul | 1083 31, 34l wWere the 2.’
: : ; no et al, em Phar m Bu : : : ere e 2,
6 or 8 substituent is a 30 cyclic amne noiety the purine can be prepared

from the 6QahanUolBR phitol SELIBR WM hiIGNARALARGLALE di al kyl ating agent

such as di haloalkane. I'n sone cases ere the 6-substituent is a nitrogen

cont ai ni ng hét er oar ontrincture nked t hr ough t he ni Naagen 64 WO 03/ 093290
PCT/ US03/ 14237 atom the pgs ne maly be prepared from the 6-am nopurine by
reaction with p Y
; <,N B )N 9-(2’-C-methyl-B-D-ribofuranosyl)-6-
HO— o N7 ? (thiophen-3-yl)-purine
HO OH
S
’ <,N | \//Nk 9-(2’—Q—methyl-B—D-riboﬁltano_syl)-6-
HO— o N Nk, (thiophen-2-y1)-2-aminopurine
HO OH
N
()
3 <,N SN 9-(2°-C-methyl-B-D-ribofuranosyl)-
HO— o N N/) (pyrrol-3-yl)-purine
HO OH




di car bonyl conpound or a reactive derivative of this such as an acetal. For

exanpl e

6- (1H pyrrol-1-yl)-1H purine can be prepared froma 6-chl oropurine

by react iwo 0si093290 2, 5- di met hoxyt et rahydr of uran as descri bedThisoEs2ep et al
JMed Chem 1995, 38, 5 2582. D. Ceneral Synthesis of 6-aryl

het eroaryl )/
het eroaryl )/

6- aryl (het erpar
aryl (het er oar yl

Schenme 2. O

N1 ONNH 341

OlPh 0 0 OR

yl )/ al kyl -s
[ al kyl -suybstituted
AP, O O«KRh™

R- M HO—RhNTO A@PR
42 Ph-;@? ~N

vyl -substituted purine and 4- aryl

[/I -substituted pyrinjidinée I0 Synthesis of
dtituted purines and 4-

pyrim dines is shown in Schene| 2
N_ xQ R9-hBmetyRB-DatboNitaibs

Y] HO OH  pheflyPnénéndpulind-P

)8.N NNH, HO Q

345 B46 PhlO

-TNI|N 1B OO 0 HOONO ONFEFNRMPh-

Ph 00O PhOJINP YY doH O O PhylO O1Ph 347 348 O o0 343 R M
CN
<,N l \j; 9-(2’-C-methyl-B-D-ribofuranosyl)-6-(3-
HO— o N7 ? cyanophenyl)-purine
HO OH
()
6 <,N l \)N 9-(2°-C-methyl-B-D-ribofuranosyl)-6-
HO— N 7 (pyridin-3-yl)-purine
HO OH
s
7
. </N B 9-(2’—C—methyl-B-D-ribofuranosyl)-G-
HOW NANHZ (Benzo[b]thiophen—3-y1)—2-aminopurine
HO OH
HN—
3 </N I;\N 9-(2’-C-methyl- -D-ribofuranosyl)-6-
HO— o N N/) (1H-Indol-5-yl)-purine
HO OH
9 N\ 9—(2’-C-methyl—®-D-ribofuranosyl)-6—
o &1 )N (naphthalen-2-yl)-purine
01 o N N7
HO OH

|
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Jl1 R <N I
Chem ,

met hyl ri bosi de (343)

‘"N OHONJ
2' met hyl -ri bose derivative 342 as
1980,0362329.754. 6- Bronopurine 2'-

g N HO OH 344 Commer ci al
15 described in Wl fe,
65 WD 03/ 093290 PCT/USBDBR23A237

is prepared using the procedure for the synthesis of

341 is converted to the
et al.,

J. Og.

6- chl oropurjne described in Wilfe, et al., J Og. Chem, 1997, 62, 1754.
6-aromatic- pubstitute urine 2'-n¢thy|r|b05|des 344 are synthesi zed usi ng
t he protocolps eporte cek etjal., J. Med. Chem, 2000, 43,1817 with
commerci al l y| avai l abl e 5% nic ac ds (RRMin Scheme 2).
6-al kyl - subsitjt uted puripe 2 -nethy Siclesurt4. e synthesi zed using
nodi fi cati onsiq)f the prdt £o report ed( ﬁq,hé,ffﬁ ]%{;]Hb ﬁifi‘ Tet. Lett.,
1982, 23, 4191.| 6-af'd c- %ih@titu anlno purY &-ain MRy r| bosi des
345 are syntjhesj zed usy nmodi fi catjon of the protocols reported py
Lakshman et jal .|| O g.~H t.., 2002,14, 1479 with commercially avaflable
boronic acids |10 (R B 5(EIT) Scherme—2—-6-—al-k
substi t ut ed-{2- am no- p e met hyll ri bosi des 345 are synthesized using
nodi fications of the protecof reporfted by Bergstrom and Reday, Tet. Lett.,
1982, 23, 41 In siml gpner, |bub_bispHn riat yrijm di ne
bases, 4- 1%%éryl(hem alkyl-sutgstlrig g%giﬂ%%gﬁﬁﬁg q%% are
synt hesi zed,| Accordin o Fhls prctocol, ' " Hficl eosi des are
prepared. #|Strlucture is 1/ |/ NNO9- (2
"-Cnethyl -J3-Irj bof uiafdsyl )-6- HO o N NJ (thiophen-3-yl)-purine HO OH S
/NgN
13 "o <N IN A 9~(2’-C-methyl-B-D-ribofuranosyl)-6-
‘W NH cyclopropyl-2-aminopurine
HO OH
i
/N N
14 (N | ) 9-(2’-C~methy1—B-D-riboﬁlranosyl)—6—
N (ethynyl)-purine
HO OH
S
(,
15 an. 7-(2°-C-methyl-B-D-ribofuranosyl)-4-
HO—y O N N,/l thiophen-3-yl-7H-pyrrolo[2,3-
_w d]pyrimidine
HO OH
16 I~y 7+(2°-C-methyl-B-D-ribofuranosyl)-4-
Ho— IN /J\NH phenyl-7H-pyrrolo[2,3-d]pyrimidin-2-
w 2 ylamine
HO OH
;3
17 D 1-(2°-C-methyl-B-D-ribofuranosyl)-4-
How ° thiophen-3-y1-1H-pyrimidin-2-one
HO OH
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2 <N N 9-(2'-Cnethyl-(3-D-ribofuranosyl)-6- HO ON N ~ NHz

(t hi ophen-2-yl)-2-am nopurine HO CH H N

9- (2' - G- re0hglo932%0 D- r i bof ur anosyl ) -
WD 03/ 093290 PCT/ US03/ 14237 4 < N |

Ho o N N LNH2

henyl - 2- am nopuri ne

3 <N N

HO o N NJ (pyrrol - 3-ylPrrased/ne3HQ OH 66
N 9-(2'-C net hyl - R-D-ri bof uranosyl ) -6

HOOHCN YINS5 /,N

9-(2'-C net hyl -

N6 <NI ,j

o5
(Benzo[ b] t hi
9-(

I

pyridin-3-yl) -
- (2" - G et hyk-

-(2' -G et hyl -

(3-D-ri bofuganosyl) -[6- (3 Ho N Ncyanophenyl)-purinée
9-1(2"' - G net (3-D-ri|bofiu-anosyl)-6- Ho N
purine HOJOHs 7 <N I "N
f 3- D-ri bofinanosyl ) -{6- 1-(D-C-nhethiyl-3-DNBofuranosyl)-4-
ophen- 3- yoL- nopurijine ey HM-plritnidin-SNne N
-D-ribo anosyl)-6- HO N (1H Tndol -5-yl)-puri ne
HO OH
xS
1-(2’-C-Methy!-B-D-ribofuranosyl)-4-
19 N benzo[b]thiophen-2-yl-1H-pyrimidin-2-
HO— o ’go one
HO OH
21 % 1-(2’-C-methyl-p-D-ribofuranosyl)-
How o 4-cyclopentyl-1H-pyrimidin-2-one
HO OH

E. General Synthesis of N6-substituted adenine and

N4-substituted cytosine

Synthesis of 6-aryl(heteroaryl)/alkyl-substituted purines and

4- aryl(heteroaryl)/alkyl-substituted pyrimidines is shown in Scheme 3.
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9 N9-(2'-Cnethyl-(r)-Dri bofuranosyl)-6- Ho <N (napht hal en-2-yl)-panne N
HO OH 67 WD 03/093290 PCT/ US03/ 14237 ;<N 10 N

9- (2' - G- re0hglo932%0 D- r i bof uranosyl ) - 6 Ho N' .~ PCT/US03/14237

(di benzofuran-4-yl)-2-am nopurine NH2 - ---- ------ 5 S 11 <N N
9-(2'-CGnethyl -[3-D-ri bofaranosyl)-6- Ho o N (t h hrenlyl) purine HO CH
r~N 13 Ho \N 9-(2'-Cnethyl -p-D-ri e“f\?aﬁ]5| - ONNH2

cycl opropyl - 2- am nopuri ne HO CH 14 RV

9-(2' -G nethyl -(3-D-ribofaranosyl)-6-"0 N (ethynyl)- puzNTS«HOO—Is 15 N
7-(2'-Cnethyl-(3-Dribofaranosyl)-4- HO

o NNi Ho o N N/)
t hi ophen-3-yl -7Hpyrrolo[2,3- d]pyrimdine HO Q4 392
7-(2'-Cnethyl -(3-D-ribothranosyl)-4- 16 Ho N ,L phe -
7H pyrrolo[2,3-d]pyrimdin-2- ~ N NH2 ylam ng HO OH¢ SH17 -
1-(2' -G net hyl - p-D-ri bof uranosyl ) - 4- i~
a8
HO O</N ‘N/)
, o | 323
s —§=0
N N SN HO OH
4
HO 0</N ‘N/J HO O<N IN/) @
. . AN
<1
HO ©OH HO  OH HO N
349 351 324
HO OH
O,
N SN
HO </N |N/)
0T o e — 325
T HO  OH
BzO 0Bz HN/\erHZ
Sy O
341 HO fN\/’§O
O
> 326
HO OH
I =
“——N N/
o] N\N)I HN
N (EN =
BzO fN)\/ko HO: l NAO HO I N’gO
O (o] O
= - - 327
BzO OBz 347 HO OH 352 HO OH
NH, NH, NH,
O ) '8
‘o O(’N N,) 4 Br;(’N IN/) cr0-¢ | 7
w — ,

350 328 329
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HO o N o thiophen-3-yl-IH pyrimdin-2-one HO CH 68 WO 03/093290
PCT/ US03/ 14237 i 18 N 1.(2'-Cnethyl-(3-D-ribofuranosyl)-4- HO N ~o
phenyl - | Fvpygiopazeh n- 2-one HO OH n\N s PCT/US03/14237
1-(2' -G Methyl -(3-D-ri bofuranosyl)-4 19 N

benzo[ b] t hi ophen-2-yl -1H pyri m din-2- HO NO one HO OH 21 ~

1-(2' -G nethyl - is_éﬁitﬁesﬁé Q@-W’@Mﬁl%@r@oﬁ)ﬁnosyl)— -methylthio-purine 49, 9-
4-cycl opentyl - 1H pyri m di n- 2- one OH E. CGenéral Synthesis of
N6- subst i t (& dehmmtlerti peDatiofurbndsgl)autisnd 347 et OyR20€i-methglft iksi s of

oo e Bh iR g iR RRradeutae doP ars ol & dosstibed by BaHERE 3. 69 VO

03/ 093290 3 w30,
NN HO_O NB%{‘%?Q%M@’?%%MSWW Grd RnehN 997969154 738 vk

purine is oxidized to methylsulfonyl-purine using the procedure described by Y-Z.
Xu Tetrahedron, 1996, 52, 10737-10750; Y-Z. Xu, Q. Zheng, and P. Swann
Nucleosides Nucleotides 1995, 14, 929-934. For substitution of methylsulfonyl and
triazolyl groups for amine, protocols similar to the protocol reported for
deoxynucleosides by P.Srivastava, G.Revankar, R.Robins, and R.Rousseau J. Med.
10 Chem, 1981, 24, 393-398, can be used. Synthesis of 4-triazolyl-uridine and it
substitution with amines can be performed as described for 2’-deoxythymidine by
Y .-Z. Xu, Q. Zheng, and P. Swann J. Org. Chem.1992, 57, 3839-3845. Bromination
of purine nucleosides can be performed as described by J.Gerster et al. J. Org.
Chem.1968, 33, 1070-1073.

15
# Structure Name
N’\/l\{\
NS
22 . «le\/:zj 9-(2’-C-methyl- p -D-ribofuranosyl)-
° N°-(2-dimethylaminoethyl)-adenine
HO OH
HN/\,NH2
T
2 vo— Sit? 9-(2°-C-methyl-B-D-ribofuranosyl)- N°
~(2-aminoethyl)adenine
HO OH
5
HN
” quN 9-(2’-C-methyl-B-D-ribofuranosyl)- N°
Ho— N7 —[2-(3H-indol-3-yl)-ethyl]adenine
HO CH
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<NI J <I JH OHHN HONHOHOOHONNNMH fIOHHO-WN N) 349 351 324
HOOH O NHZ HO N NJ BzO 0 oBz 325 HO OH BzO OBz H\NWNH2 341 1'N O HOO N O
326 HO GWoN3/0G2b0 HW O Bzo NO HO NO HO O O O 30 - 327 Br0/USB¥14347 HO OH
352 HOOH NHZ NHZ NHZ NONN. NLN HONNHOBrN ~NJ HOOHBONt~J 00O
Ho OH HO CH HO CH 350 328 329 70 WD 03/093290 PCT/ US03/ 14237 Synthesis of

9-(2'-Cnethyl-|[3 -D-ri bofyranosyl' J- 6-nethylthio-purine 49, 9-
(2'-Cnethyl- (B -Dribof 8%l ) - dri dine 347, and 9-(2'-C-nmethyl- (3 -D
(, f\)N 9-(2’-C-methyl-B-D-ribofuranosyl)- 6 —
25 HO N7 N [2-aminocarbonyl-(pyrrolidine-1-y1)]-
purine
HO OH
HN/W]/NHZ
(1 °
26 Ho— NS0 1- (2’ C-methyl- B -D-ribofuranosyl)-

N* -(aminocarbonylmethyl)cytidine

HO  OH
l S
N/
iy
27 [kN 1(2’ C-methyl-  -D-ribofuranosyl)-
Ho— | N0 N*-[(pyridin-1 -yD)-methyl]cytidine
HO  OH
NH,
SN
f ”
30 | o </ J 9-(2°-C-methyl-p-D-ribofuranosyl)- N°®
~[ (adenin-8-yl)-aminoethylladenine
HO OH
OH
OH
OH
NH .
31 : N f\ N 9-(2’-C-methyl-B-D-ribofuranosyl)- N
o <’N | 7 —[(benzene-3,4,5-triol)methyl]adenine
o
HO OH
o
HZNJ‘Y\CQ
NH =N
: NILN 9-(2’-C-methyl-B-D-ribofuranosyl)- N°
32 Ho ¢ Nl J —[1-aminocarbonyl-2-(3H-indol-3-yl)-
N X
% ethyl]adenine
HO  OH
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ri bof ur anos

Harry- O kuru,

yl) -

J. Smth, and M Wl f

J.

6- met hyl t hi o- adeni ne 350 are perfornmed as described by R
Org. Chem 1997, 62, 1754-1759.

Met hyl t hiwOoB3fpm2pthe i s oxidized to nethyl sul fonyl -purine RETAFY 37

procedure described by Y-Z

Xu Tetr ahedr on,

1996, 52,

10737-10750; Y-Z

Xu, Q Zheng,—and P._ Swann Nucl eosi des Nucl eotides 1995, 14, 929-934. For
substitutign of |nethylsulfo and Fri azol yI groups for am ne, protocols
simlar to{the grotocol rep ed for|{ deoxynucl eosi des by P. Srivgstava,
G Revankar,| R Rabi ns, and RjRyusseaulJ Med. 10 Chem 1981, 24, 393-398, can
be used. Synthesis of 4-triajfolyl-urjdine and it substitution with am nes
can be perflormed as describednfor 2'| de@xyiivi i3I8 ~Zn. XU,/ Q Zheng,
and P. Swann33. |[Og. Chem N 57, 3%@ g-@@éﬂy rg_r%%{égf%ﬁ@(;j%ﬁ( puri ne
nucl eosi deg can|be perfor lag) desclri bed” By J. CRrster &t &= Org. dient
1968, 33, 1070-1073. = 1b gt |StPuctureg Name N N <N NJ
9-(2'-Cnethyl- (3 -Drhbojuranosyl )|- N6-(2-di nmet hyl am noet hyl ) {adeni ne
HO OH HNC | NHZ| NN 23 N NJ 9-(2' -C net hyl - (3-D-ri bofuranosyl)- N6
- (2-am noet hyl ) adeni neHoHOo@H HN N 24 N ' N
9-(2' - G et hyl - (3- D-ri bofygranosyt )= N—HO—N-NF—f2(3H-indol-3iyl ) -et hyl ]
adenine HOJOH 71 WO O 90 PCT/US03/14237 O N) -ENHZ ~N N
9-(2'-Cnethyl -(3-Dri ngsyl)- |6 -
34 L, 0 1-(2°-C-methyl- B -D-ribofuranosyl)-
o IN A, N" ~[1-aminocarbonyl-2-(3H-indol-3-
° yD)-ethyl]cytosine
HO OH
F
F F
ped
NH , .
35 NH 1-(2°-C-methyl-B-D-ribofuranosyl)- 4-
ﬁi (pentafluorophenyl-hydrazino)-
HO— N0 pyrimidin-2-one
HO  OH
OH
OH
o g
Ho [ " 1-(2’-C-methyl-B-D-ribofuranosyl)- 4-
37 (LN . [4-(3,4-dixydroxy-benzyl)-6,7-
Ho— N0 dihyrdoxy-3,4-dihydro-1H-isoquinolin-
w 2-yl]-pyrimidin-2-one
HO OH
=N
HN'\/CQ
38 o II\:iO 1-(2’-C-methyl- B -D-ribofuranosyl)-
o N* [ 2-(3H-indol-3-yl)-ethyl]cytosine
HO OH
~NH;
HN
=N
39 HO Oq*o 1-(2°-C-methyl-  -D-ribofuranosyl)-
4 . .
N* —(2-aminoethyl)cytosine
HO OH
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25 HO O N N [ 2-am nocar bonyl - (pyrrolidine-1-yl)]- purine HO OCH HN fl NHz

~NO26 HOO N~O1-(2'-Cnethyl- [3 -D-ribofuranosyl)- -1 HO CH N~ HN)

27 ~N 1- (Ro-0@omebhyl - (3 -D-ribofuranosyl)- Ho N ~o PCT/US03/14237

NA-[ (pyridin-l-yl)-methyl]Jcytidine 0 HOOH NHZ HNN-<,N~N HNJ O </ H

N 9-(2'-Cnethyl-(3-Dribofaranosyl)- N6 30 N N (adeni n-8-yl)-am noet hyl ]
adenine HO OH OH OH OH 31 N N|9-(2'-Cnethyl-[3-Dribofuranosyl)- N6
<' -[(benzene-3|4,5-triol)y yl]adenine HO-WN NHOOH O X711 112N NH
-NNO9-(2'tCGnethyl-(3-D r[ikpof ur anosy 1)@’ 4Bmeflyl- p -D-ribofuranosyl)-
40 Ho— N0 -(aminocarbonyl-isopropyl-
methyl)cytidine
HO OH
N
H
N
HN O 9-(2°-C-methyl-B-D-ribofuranosyl)- N°
53 ¢ )N —{[(3H-indol-3-yl)-acetic acid]-
How N hydrazide}adenine
HO-  OH
N
/—’N "
HN
ST 9-(2°-C-methyl-B-D-ribofuranosyl)- N°
54 | Ho o N N —[2-(5-fluoro-benzimidazol-1-yl)-
w ethyl]adenine
HO  OH
NH,
NH
AN
ss o G 9-(2’-C-methyl-B-D-ribofuranosyl)- 6 —
—Q hydrazino-purine
HO  OH A
—CF;
HN
e .
HO NN 9-(2’-C-methyl-B-D-ribofuranosyl)- N°
56 o
‘w —(2,2,3,3,3,-pentafluoropropyl)adenine
HO OH
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32 f N -[1-am nocarbonyl -2-(3Hindol-3-y1)- HO O N et hyl adenine HO CH 72
WO 03/ 093290 PCT/ US03/ 14237 k\ h HN N 9-(2'-C nethyl -(3-Dri bofuranosyl) -
6- (1,3, 4v0-0Bednahydr o-beta-carbolin-2- 33 <N I ' N HO o Rcylgspaii42se  HO OH
NHNNH , No 1-(2' -Cnethyl- (3 -D-ribofuranosyl)- 34 HO ~0o N

-[ 1-am nocar bonyl -2-(3H-indol-3- Oyl)-ethyl]cytosine NHOCHF FI F F F

NH 1-(2' -G net hyl -[ 3-D-ri bof ukanosyl[)- 4- 35 ~N
(pent af | uor ophepyl - hydr azi n@l HOjo NO pyrimdin-2-one HO OH OH CH HO ~
N 1-(2' -C et hy] - (3-D-ri bof umgnosyl )- 4- 37 Ho N
[ 4- (3, 4-di xydr oxy-benzyl ) n6, HO | , .
di hyr doxy- B, 8% dj hydro-1 H{'s qﬁjqnol i r1'\%?2z:9‘@?1?‘}’ﬁ‘%‘?ﬁ9@1298§¥@' Mg oH
HOW N iperidin-1-yl)purine
HO  OH
106 o l 9-(2’-C-methyl- B -D-ribofuranosyl)- 6-
\
ij [2-(1H-imidazol-4-yl)-ethylpurine
HN
N
7 Y N
HO@IN:
HO OH
107 O 9-(2’-C-methyl-  -D-ribofuranosyl)- 6-
N
Ne A\ (azetidin-1-yl)purine
<1 )
HO OH
108 O 9-(2’-C-methyl- B -D-ribofuranosyl)- 6~
L i (pyrrolidin-1-yl)purine
¢ 1 J
Ho—wﬁl N/
HO OH
110 Nj\/(‘i (2°-C-methyl-B-D-ribofuranosyl)-
4 NH .
HO@ ’N,) hypoxanthine
HO OH
112 HN,H— 9-(2’-C-methyl-B-D-ribofuranosyl)- 6-
(NIKN methylhydrazinopurine
W
HO OH
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N HHN 38 Ho '~0 1-(2'-Cnethyl- (3 -D-ribofuranosyl)- ON -

2-(3Hindol -3-yl)-ethyl]cytosine HO OH NH2 HN HN 39 HON 'CO

1-(2' - G- me0hgl93206 - D-ri bof uranosyl)- O N4 - (2-am noet hyl peytussd/ne3HO OH 73
WD 03/ 093290 PCT/ US03/14237 O NH2 HN( ~lu N 1-(2'-Cnmethyl- (3
-D-ribofuranosyl)- 40 HO O N LI O N4-(am nocar bonyl -i sopropyl -

met hyl ) cytjigisng HO OH H 14 9 92(2*@%591)!'5 ﬁﬁn%fh&éﬁ%@ a0yl ) - N6 53
< /N ;~ -{[(3Hindol - 3y|) agetic acid N N hydrazi de}” adeni ne HO OH
rN N/ %[F HNNNO9-(2 - t hyl - 43363d:hy|dn:f-2ﬂqmslm)1-yl)pﬁnn54 HO < N N
-[2-(5-fl Uoro- benzi ni dazQ il )- ethyl] adeni ne HO OH NHa
HO‘W N/
HO OH
114 9-(2’-C-methyl-  -D-ribofuranosyl)- 6-
(3,4-dihydro-1H-isoquinolin-2-
N:(NL yl)purine
%4 SN
HO—@\I ’Né'
HO OH

Following procedures set forth above and procedures well-known in the art, as
5  well as those described by Li ef al.*®, 2’-C-trifluoromethyl-B-D-ribofuranosyl

derivatives can be prepared.

By following the procedures set forth above, as well as procedures well
known in the art, including those procedures set forth by Devos®, et al. and

10  Sommadossi’ et al., the following compounds can be made.

1-Deazapurines can be prepared and coupled to ribofuranosyl
derivatives as described in by Cristalli, ef al. in J. Med. Chem., 1987, 30(9) p.
1686 or Seela, F., et al.in Nucleosides Nucleotides, 1998, 17(4), p. 729.

20

(/N
AN

‘:“N { =

15 N

Purine nucleosides can be prepared and coupled to ribofuranosyl derivatives
20  using methods and materials described herein.
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NH <N I "N55 HO NN 9-(2'-Cnethyl-(3-Dribofuranosyl)- 6 -

hydr azi ne-purine HO OH CZFS HN NN 56 HO </ N NJ

9- (2' - G- meDhglo932%0 D-ri bof uranosyl ) - N6 PCT/US03/14237
-(2,2,3,3,3,-pentaf | uoropropyl )adenine 104 O7 4 W 03/093290

PCT/ US03/ 14237 C 57 /] N 9-(2'-Cnethyl-[3-Dribofuranosyl)- 6- HO ON N

(piperidin-1-yl)purine HO OH 106 H 9-(2' - QMnethyl - (3 -D-ri bofuranosyl)- 6-
NHN N~NJ HOONIN HO OH 107 9-(2Z-C- tﬁy;lpe (3 -D-ribofurranosyl)- 6-
N</ 1 -N (azetidin-21-yl)purine HO NN"HO OH 108 n 9-(2'-C-nethyl- (3

-D-ribofuranosyl)- 6- N <NN (pyrrolidi n-,,l—’«ﬂ ) purine
Y

Benzimidazole nucleosides can be prepared and coupled to
5 ribofuranosyl derivatives as described in by Sagi, G., et al., in J. Med. Chem.
1992, 35(24), 4549.

| LYN/N@Z
e (R29),

10
5-Pyrrolopyridine Nucleosides can be prepared and coupled to ribofuranosyl

derivatives as described in Tetrahedron 1976, 32, 773.

15 4-Pyrimidopyridone Sangivamycin Analogs can be prepared and coupled to
ribofuranosyl derivatives as described in J. Org. Chem., 1972, 37, 3980, and J. Org.
Chem., 1977, 42, 997.

20 2-Pyrimidopyridone Sangivamycin Analogs can be prepared and coupled to
ribofuranosyl derivatives as described in J. Org. Chem., 1977, 42, 997.
R¥ 0 R
Z N
N
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o
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HO ON N HO OH 110 N O (2'-C nethyl-(3-D-ribofuranosyl)- NH HO | NJ
hypoxant hine HO CH 112 HN ,v- 9-(2'-C-nethyl-(3-Dribofuranosyl)- 6-

met hyl hyoweasnegzer i ne HO O N HO OH 75 WD 03/ 093290 PCT/ UBO3/UB62B237 113
9-(2'-CGnethyl- (3 -D-ribofuranosyl)- 6- 0 N

(3, 6-di hydro-2H pyridin-1-yl)purine <N ]~N HO CoN N HO OH 114 |
9-(2'-Cnethyl- (3 -D-ribofuranosyl)- 6- (3,4-dihydro-1 Hisoquinolin-2 N
yl)purine HO O N N HO OH Fol | owi ng procedures set forth above and

pr ocedur es vveII AePraiRidopyiidene Sapgivamycis Analags §an bepispargd sod coendedsip Li et
al .35, 2" - Grobhldlor RLAYLs &SRR Y1 @R0BYLy,, d87d vt byge can be

pr epar ed. By o ng the proce ures se Forth ove,’as "wel |l as
procedures well known in the art,Qin@ uding those procedures set forth by
Devos(err), et al. and 10 Somqup ryet-al., the follow ng conpounds
can be nade. 1-Deazapurines can be jpre ar and coupl ed to ribofuranosyl
derivatives as described in by Cristajmyy®tyal. in J Med. Chem, 1987,

30(9) p. $
5

Pyrimidopyridine Analogs can be prepared and coupled to the sugar as
described in Chem. Pharm. Bull., 1968, 16, 1076, and J. Org. Chem., 1972, 37, 3975.

10 Pyrimido-tetrahydropyridines can be prepared and coupled to ribofuranosyl
derivatives as described in Biorog. Khim., 1979, 5, 1369.
Q

Furanopyrimidines (& tetrahydro furanopyrimidines) can be prepared and
15 coupled to ribofuranosyl derivatives as described in J. Med. Chem., 1983, 26, 661; J.
Org. Chem., 1983, 48, 1854; and J. Med. Chem., 1985, 28, 1679.

Ri2 R12
/ Q- /R1° ON/R1°
N
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1686 or Seela, F., et al. in Nucleosides Nucleotides, 1998, 17(4), p. 729.
20 N _ 15 N Purine nucl eosi des can be prepared and coupled to

ri bof ur ameeyB/ogkeed vati ves 20 using met hods and nat eri al s PA#AIS03/bA7 her ei n.
76 WO 03/ 093290 PCT/US03/14237 Rao Y Benzim dazol e nucl eosi des can be
prepared and coupled to 5 ribofuranosyl derivatives as described in by

Sagi, G, et al Pyrakdsloﬁyﬂiﬁﬁhn@wﬂ be gﬂe%&%d aR@cadbled 9L fl06RM HerivatitEs

5- Pyrrol opyri dine Nucl eosi des can be prepared and coupl ed to ribofuranosyl
deri vat i ve8s ¢gscrbeddpiGlien. Bar. TEI&1ahtA 610, podd, Med, Chers, 1983, R, 1605,

4- Pyrim dopyri done Sangi vanyci n f\nal ogs can be pr%ﬁared and coupled to

ri bof uranosyl derivatives as des rlbed in | 1972, 37, 3980, and

J. Og. Chem, 1977, 42, 997. 0),R21 I N Y 20 2-Pyrim dopyri done
Sangi vai nyci n Analogs can bg/ epared and c it ﬁo ri bof uranosyl
derivatives as described i ' Chem , 19ﬂ¢/ /J 997. RR1 0 R2Z00O N ON

N Y 77 WD 03/093290 PCT/ US03/'14287 4- Pyr| m dop;gl done Sangi vanyci n Anal ogs
can be prepared and coupled to

5 Pyrolopyrimidines can be prepared and coupled to ribofuranosyl derivatives
as described in Liebigs Ann. Chem., 1983, 1576.

RZO
7 N
N=— N)

<

Triazolopyrimidines can be prepared and coupled to ribofuranosyl derivatives
10 as described in J. Heterocycl. Chem., 1971, 8, 237, and J. Carbohydr. Nucleosides
Nucleotides, 1976, 3, 281.
O

&
& J%N

Pteridines can be prepared and coupled to ribofuranosyl derivatives as
15 described in Nucleosides Nucleotides, 1989, 8, 1345, and Chem. Berich., 1974, 107,
3377.
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ri bof uranosyl derivatives as described in J. Og. Chem, 1972, 37, 3975. O
OM~RIO RRI N NN~Y 5 Pyrimdopyridine Anal ogs can be prepared and
coupl ed twotohmoregar as described in Chem Pharm Bull., pC38803/1437 1076,
and J. Og. Chem, 1972, 37, 3975. QQ\ NR1O) NN(R10) P P LN ~O N NO 10
Pyrim do-tetrahydropyridi nes can be prepared and coupled to ri bofuranosyl
derivatives as Hesdine gsgudldbsBied ta0be HBhditd by 8dihling ribb38nos) dbrivikides

Fur anopyri m di nes (& tetrahydro furanopyri mdi nes) can be prepared and 15

coupl ed t ol3 V8teti ahRrses asraspribadiip dagers Ghese dib&d Ergly 1986435, (398nand 1983,
26, 661; J : 1854; and J. Med. Chem, 1985, 28, 1679.
R12 R12 0?%8gt?7?E?%ﬂkfgéggﬁgpﬁﬁR? 78 WD 03/ 093290 PCT/ US03/ 14237
Pyrazol opyri m di nes can be prepared @nd coupled to ribofuranosyl
derivatives as described in Chem Bef., 1981, 114, 1610, and J Med. Chem,
1983, 26, 1601. Q R20 (RIOP N~ M\ NEY 5 Pyrol opyri m di nes can be
prepared and coupled to ribofuranogyl jderivatives as described in Liebigs
Ann. Chem, 1983, 1576. &

5
Pyrazolotriazine C-nucleosides can be prepared by coupling ribofuranosyl
derivatives to a variety of bases as described in J. Heterocycl. Chem., 1976, 13, 175;
J. Heterocycl. Chem., 1976, 13, 1305; J. Heterocycl. Chem., 1980, 17, 1435; J. Org.
Chem., 1977, 42, 109.
Q
L,
A
—
}KN/ Y
10

9-Deazapurine C-nucleosides can be prepared by coupling ribofuranosyl
derivatives to a variety of bases as described in J. Org. Chem., 1977, 42, 109; Chem.
Ber., 1968, 101, 41; Tet. Lett., 1981, 21, 1013; J. Org, Chem., 1967, 32, 1825; J.
15 Heterocycl. Chem., 1978, 15, 353; Tet. Lett., 1981, 22, 25; Tet. Lett., 1986, 27, 815;
and J. Med. Chem., 1990, 33, 2750.
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QRao N-"(ROPN N+ N NN Triazol opyrimdines can be prepared and
coupled to ribofuranosyl derivatives 10 as described in J. Heterocycl.
Chem , 19%0,038932287, and | Carbohydr. Nucl eosi des Nucl eoPCaasp3/1236, 3,
281. 0 N NN ~N Pteridines can be prepared and coupled to ribofuranosyl
derivatives as 15 described in Nucl eosides Nucl eotides, 1989, 8, 1345, and
Chem Berich., 18ddle n&&@osidé@c?ah-beq;rgﬁ\éré‘& byrddhpliflg TibbhirDho¥yl/RriVei 34993290
PCT/ US03/ 14237 Pyridi ne C nucl eosi des can be prepared by coupling

ri bof ar anod¢reyefindale besss apdesceribadiatpkoyahadds chel. dkCoembiat. Perkingew.
Chem Int. ﬁ? %}r@%, 96, 35, 1968, and Hely. Chim Acta, 1996, 79,
702-709. Q, }Igl p N2 Pyrazol otri azi ne C nucl eosi des can be prepared by
coupling ribofuranosyl derivatives to aRfariety of bases as described in
J. Heterocycl. Chem, 1976, 13, 175; J Heterocycl. Chem, 1976, 13, 1305;
J Heteyocycl. Chem, 1980, 17, 1435; 4. y. Chem, 1977, 42, 109. Q N,
N', N Z(R10)p NY 10 N

Utility, Testing, and Administration
Utility

The present invention provides novel compounds possessing antiviral activity,
10 including hepatitis C virus. /The compounds of this invention inhibit HCV
replication by inhibiting the enzymes involved in replication, including RNA
dependent RNA polymerase. They may also inhibit other enzymes utilized in the
activity or proliferation of HCV.

15 The compounds of the present invention can also be used as prodrug
nucleosides. As such they are taken up into the cells and can be intracellularly
phosphorylated by kinases to the triphosphate and are then inhibitors of the

polymerase (NS5b) and/or act as chain-terminators.

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

compounds to freat viruses.

Administration and Pharmaceutical Composition

In general, the compounds of this invention will be administered in a
25  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, i.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
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9- Deazapurine C-nucl eosi des can be prepared by coupling ribofuranosyl
derivatives to a variety of bases as described in J. Og. Chem, 1977, 42,
109; CherwoO 0B®93290 1968, 101, 41; Tet. Lett., 1981, 21, 10P8T/udosx437 Chem,
1967, 32, 1825; J 15 Heterocycl. Chem, 1978, 15, 353; Tet. Lett., 1981,
22, 25; Tet. Lett., 1986, 27, 815; and J. Med. Chem, 1990, 33, 2750. Q

, - ~N 7( R1O¥actofs.80he\fpu 38320 nRlelédR03/ thaP Srlce 4 BAOhRFBMAY B ﬂec%éé‘ean be

prepared by coupling ribofuranosyl derivatives to"a variety of indole bases
as descri baddayn Yokoyama, M, et al., J Chem Soc. Perkin Trans. |, 1996,
2145. R2 N zZvI" 5 Uility, Testing, and Adm nistration Utility The
present invention provides novel conpounds possessing antiviral activity,

10 i ncl udi ng heTatiapewtically bffedive hiOuQ HP oSS of Pbii1 VL6 BT MAI bi t HCV
replication by inhibiting the enzynes involved in replication, including
RNA dgpen it [éNpaypsgerleEspPromiagtehs) 0 tosy) metepkilogsameéodp meightof uti | i zed
in the acMbt:¥i roli ! A conmpounds. of - t he present

i nvention Eﬂg\r?bg lseg{ ]%ée‘)r &l‘}g’eéf%%g&b?}? %&?‘ESH%&I‘?@%%%&&%%%?R& %%%} are taken
up into thebaelOlStoaing/dp/dae Thutfae edrhinisratiyn toh 06 RE peb@tteeddygki nases to

the triphosphate d are th inhibitors of the polynerase (NS5b) and/or
act as chaWEi‘g‘?M‘ﬂ@?%@?fg@g&éﬁ?&@ﬂ%%mgﬂﬁréla}’-nvention maybe used al one
or in conbination with other conpounds to treat viruses. Adm nistration

and Pharmaceutical Conposition In general, the conpounds of this invention
wi || B8 admi ni sfregadrilcommbndsdithisénnentioh iwll bé béministeredaount by any of the

accept ed nBEa%a%ut%Qf@o%p%sft%%é Q}D ar];yocl;ne of the following routes: oral, systemic (e.g.,
transdermal, intranasal or by suppository), or parenteral (e.g., intramuscular,
intravenous or subcutaneous) administration. The preferred manner of administration
is ora] using a convenient daily dosage regimen that can be adjusted according to the

15 degree of affliction. Compositions can take the form of tablets, pills, capsules,
semisolids, powders, sustained release formulations, solutions, suspensions, elixirs,
aerosols, or any other appropriate compositions. Another preferred manner for
administering compounds of this invention is inhalation. This is an effective method
for delivering a therapeutic agent directly to the respiratory tract, in particular for the

20 treatment of diseases such as asthma and similar or related respiratory tract disorders

(see U. S. Patent 5,607,915).

The choice of formulation depends on various factors such as the mode of

drug administration and bioavailability of the drug substance. For delivery via

25  inhalation the compound can be formulated as liquid solution, suspensions, aerosol
propellants or dry powder and loaded into a suitable dispenser for administration.
There are several types of pharmaceutical inhalation devices-nebulizer inhalers,
metered dose inhalers (MDI) and dry powder inhalers (DPI). Nebulizer devices
produce a stream of high velocity air that causes the therapeutic agents (Wﬁich are

30 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
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agents that serve simlar utilities. The actual amount of the conpound of
this invention, i.e., the active ingredient, wll depend upon nunerous
fact ors swohsass2phe severity of the disease to be treate@CTiuse3/ags’ and
relative health of the subject, the potency of the conpound used, the
route and formof adm nistration, and other 81 WO 03/093290 PCT/ US03/ 14237

factors. Thenpslessed gas) the ﬂMiﬁF 8 &85k MBhed bhadnRNe&ind JaY amBiRiogr abl y once
or twice a day. Therapeutically effective amounts of compounds of Formul a

la, Ib, Icagent., DPYdispenses therapgticjagentain thadefan of o ficaflowing pritdsr thabc@s t o 50

Ki | . i > [Woll . | bout
000 25 e e b Bichy nepteltiy R byt O B IO UARR RO T s,
f or adm ni stleabiachieve a dred Blokingpoveden, thé theraesdgagent &nfgamiaiet evitinst

preferably be.about 35-70 ng, per day. 10 In general, conpounds of this
i nvent Pon SECHETH SUGyRA HF@?%V%&“&%“TB%HEPW@@H%‘? thgrapewieAgsnt is siesedd) 2any one

of the fol éa‘ﬂ%l@@oﬂr%ﬁc?ﬁ:dis?kﬁéedﬁﬁ?&a@ﬂh&uét?ong- , transdermal, intranasal or

by suppository), or parenteral (e.g., 1ntramuscular, intravenous or
subcut aneous) admi ni stration. The preferred manner of adm nistration is

oral using a capvenient daily .dqQsage_ regimen that can be adjusted accordi ng
to the 15 degr ¢ecSRI%R W??6§H9ﬁm1 5 Bae hegn dexdepedespedrlli (6% t abl et s,

pills, capgubeat sEY PRIk ail RANGBhstd %Pé%@ééﬁ%ﬁ@@?ﬁ%ﬁoa@ﬁfa@ﬂhﬁhp“5’

sol utions, suspensions, elixirs, "aeros er appropriate
conpodPt i obrsincraagedriaringreadieg thedurfacerresa ifaardecmdsing psttietd size. domprampls, of t his

i nvention j.s inhal ati.ap. is is an effect.ive nmethod . for del.ivering a

t her apeut iﬂg%agg%ﬁodﬁﬂgg’tzﬁg%stfﬂbﬁsew F‘Feéf'il{i? _O’En_f”ééﬁtt‘?n havingpariicles for the
20 treat nefb sf raigRTR 30 /€000 8mAR WHith RBdctSidhb@Faldtk shforb&dnhespi ratory
tract disorders see U S. Patent 5,607,915 The choice of fornul ation

depends orcrosshinkessmpti afimacseroplepdes. Hé SbateNof 5,145,684 deretibésshe at i on and

bi oavai |l abj | ikty. of ~th t . Fo i Vi 25 .i nhal ati,on the
D omaoand cobtidlioRloratiafididy UR R AN on B bR hy Bt stbAag? i AR
pr opeltb ant s manrophiticlpo@sieragapsiicRatedf 100 amd its thetpiddefedb Shmnes f or

adm ni strati q?,n. There are several .types of pharnmaceutical_ inhalation
devi ces- neBoafifiseing tan dispersed ipg lipuadimgdisen forfyg @ pRarmpepyticaligrmylationwder

oo (R sy sepapetice o stiean o o el octty
form to spray as a mst that is carried into the patient's
The compositions are comprised of in general, a compound of Formula Ia, Ib,
20  Ic, II, ITA, III, or IV in combination with at least one pharmaceutically acceptable
excipient. Acceptable excipients are non-toxic, aid administration, and do not
adversely affect the therapeutic benefit of the compound of Formula Ia, Ib, Ic, II, ITA,
I, or IV. Such excipient may be any solid, liquid, semi-solid or, in the case of an
aerosol composition, gaseous excipient that is generally available to one of skill in the

25  art

Solid pharmaceutical excipients include starch, cellulose, talc, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate,
sodium stearate, glycerol monostearate, sodium chloride, dried skim milk and the

30  like. Liquid and semisolid excipients may be selected from glycerol, propylene
glycol, water, ethanol and various oils, including those of petroleum, animal,

vegetable or synthetic origin, e.g., peanut oil, soybean oil, mineral oil, sesame oil, etc.

83



respiratory tract. NM's typically are fornul ati on packaged with a
conpressed gas. Upon actuation, the device discharges a neasured anount of
t her apeutwo oagexpo by 82 WO 03/ 093290 PCT/ US03/ 14237 conpPesdsd3/grs] t hus
affording a reliable nethod of adm nistering a set anount of agent. DPI

di spenses therapeutic agents in the formof a free flow ng powder that can
be di sper seRtefonvet] higuiibdareers, gartidigpiy fBF Bjottabls sk GRMdUIde Rehtdr &b ng by
the device. In order to achieve a free flow ng powder, the therapeutic
agent is fAINEPURIEHRFS ARG BLYSOlsxci pi ent such as | actose. A neasured anount
of the therapeutic agent is stored in a capsule formand is dispensed with
each actuation. Recently, pharmaceutical fornul ati ons have been devel oped
especial ly 1;1 or @mmg&s?l.ekiebgaisahmy posed b cgap!a‘sd ab@hi;%unghﬁ&ﬁé ivieatiort iﬁeh
principlLe that pjoavailability ca 10 be increased by increasing the

sur f ace’ ar eagrQSQEfopndg@pegfg?sr@XtB@quréh@ PYTRase apedhtragempibon diosidepefe. No.
4,107, 288 i | ; I 4 s in the
si ze rangeq?t?gfn%%ﬁ%e?h%dgﬁﬁ%%&%?% %ﬁwg afggﬁl\l/ﬂeamr%%l‘g? ?gﬁr&l%)% 1gluppor ted on
a crossl i fkendngtenisiBhavhacenticad Solepcns) alited By E. Wablartho(MackRiblisidg descr i bes
the pr oduc(Léi on _of (ﬁhg(ﬂ ceutical formulation in which the drug substance
is pul verizoénli%lyt]cg 0 ‘icles (average particle size of 400 nn) in the
presence of a surface nodifier and then dispersed in a liquid mediumto
give a (Fhar maceutical fornulation that exhibits remarkably high

bi oaval¥ abi I i t y. Therameusipbiiercroneunstia adormulatienicar vary wiiretha fyll sngenpound
of Formul a |4 , | &g dalin ol | L. 0or, V¥ in.conbination wth at | east
one phar mac Leiﬁl?% alqyyt ﬁgscecsg%l%eéi ap de a@g.( ci}ﬁ)ll@rlilé'f thﬁ\\cf@@f)uclﬁtf)cfnewﬁﬁ R are
non-toxi c, vedightadrdent G4tPe)biasis, fraidbela 0MIIL99 991weY s aVcorlfodfid of hanidler apeuti c

benefit of the compound of Fornmula la, Ib, Ic, II, IlA  [Il, or IV. Such
exci pi ent Aybole. HnllAs Hilior IV haged en the dofal sennlation, withtherbalaveseeing orm

aerosol co [WoTa¥ i.PlL: t ' erall vailable to one
of skill i n@?ﬁéé ‘L"ggdbéérﬁﬁ.ﬁ%ggﬁugé%ﬁg‘?ﬁ%&é‘tesu??écfg#a%l xgl?epﬂ{og?ﬂas(m?hscﬁrﬁﬁé‘{ ar ch,
Cﬁl : EI %_el, lewal of Ttgllutl¢€%)e)yt_%.|Raptesmﬁati\m,;ﬂ:raﬁﬁgqeuﬂézil&bfﬂilulaﬂﬂ@istclontrahﬁl@gl aflour,
chal k, silica ge nesi ste e, sodium stearate, glycero

nonost ear atcgfnpgwfﬂ %ﬁ?‘%m“iarfag@ﬁ%ﬁ %@Hi?ﬁ% ke deseribaskbeleV i ke. Liquid and
sem sol i d excipients may be selected fromglycerol, propylene glycol,

wat er, ethanol and various oils, including those of petroleum aninmal,

vegetabl e or synthetic origin, e.g., peanut oil, soybean oil, mneral oil,
sesane oil, etc. EXAMPLES
20 In the examples below, the following abbreviations have the following

meanings. If an abbreviation is not defined, it has its generally accepted meaning.

% mol = mol percent

AcOEt = ethylacetate

ul = microliters

Arg = arginine amino acid residue

Boc Py = N-Boc-4-amino-1-methyl pyrrole-2-carboxylic
acid

Boc = t-butoxycarbonyl

Boc-5-Ain = N-Boc-5-Amino-Indole-2-Carboxylic Acid

Boc-5-Ain-HBA-AMPS N-Boc-5-Amino-Indole-2-Carboxylic Acid (p-

Hydroxy benzamide methyl polystyrene)ester

N-Boc-4-Amino-1-Methyl Pyrrole-2-Carboxylic

Acid (p-Hydroxy benzamide methyl

polystyrene)ester

BOP = Benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium
hexafluorophosphate

84
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83 WD 03/ 093290 PCT/ US03/ 14237 Preferred liquid carriers, particularly for
i njectable solutions, include water, saline, aqueous dextrose, and

gl ycol s. wormptersed gases may be used to di sperse a conpoad/ush3/14285
invention in 5 aerosol form Inert gases suitable for this purpose are

ni trogen, carbon dioxide, etc. Oher suitable pharnmaceutical excipients
and their fldnul ations are descri begoaddod®sti ngt on' s Phar maceut i cal

Sci ences, éginted by EE W Martd n (l\&gi{dfﬁum j&hi ng Conpany, 18th ed.,

1990) . 10 The anount of the canpounggi tormul ation can vary within the
full range bserrpl oyed by thoseskillgd.4 8§, él@? art. Typically, the
wt 9% basis, from about

formul ati ong contain, on a wei,q %l%e

0. 01- 99. 99 \%éoof a conpound of For i MR IT, 1IA 1L, or 1V

based on tha total formulati on, Wt NPEEra ance bel ng one or nore

sui tabl e p%g’ (n;aceuti cal exci pient s.4P5RYIEASHA AFCIoNRe conpound is present at
a 15 | evel about 1-80 wt % ‘Repré’é@f?'ﬂ(&’tewléar pdimideeut i cal fornul ati ons
cont ai ni ng BCBconmpound of Foriul a 11a2-dichlorpgghanel . 11A 111, or IV are

described H3CMy.  EXAVPLES 20=In t hbchdorameitesebel ow, the fol | owi ng

abbrevi ati dd6Uhave the fol |l owrng Medidigslohkkylareaabbr evi ati on i s not
defined, itddas its generally—accemoaﬂleﬂemdub@ts % mol = nol percent AcOEt
= ethyl acetEe ,uL = microliters @g)lmeg{}gérﬂinayétwgleam d residue Boc Py

= N Boc- 4- gniAD- | - rret hyl pyrrael e-2-£R% M'a!zS A = t-but oxycar bonyl
Boc- 5- Ai n gyt Boc- 5- Ani no- | ndal e- 2 géﬂ %ﬁfb di 1%9 5- Al n- HBA- AMPS =
N- Boc- 5- Am ljndol e- 2- Car boxyl i ¢ - ]benzam de net hyl
pol ystyren Ler Boc- Py- HBA- AMPS = r?fnﬁg | - thyI
Pyrrol e- 2- xylic Acid (p—Hydrg W} lﬂﬁlﬁ‘é‘“}?@’ﬂ pol ystyrene) est er
BOP = Benz azol - 1- yl oxy- et oxyethans
= N N-dimethylformamide

DMSO = dimethylsulfoxide

DP = 3-(Dimethylamino)propylamine

DPPA = diphenylphosphoryl azide

dppf = 1,1'-bis(diphenylphosphino)ferrocene

dt = doublet of triplets

eq. = equivalents

Et = ethyl radical

EtOH = ethanol

Fmoc = fluorenylmethoxycarbonyl protecting group

g = gram

Gly for a; = glycine amino acid residue

h = hours

HBA-AMPS = p-hydroxybenzamide —~methylpolystyrene

HBTU = O-Benzotriazol-1yl-N,N,N’,N’-

tetramethyluronium hexafluorophosphate

HPLC = high performance liquid chromatography

LC/MS = liquid chromatography/mass spectroscopy

Lys = lysine amino acid residue

M = molar

mM = millimolar

m = mulitplet

Me f = methyl radical

MeOH = methanol

mg = milligram

min. = minutes

mL = milliliter

mm = millimeter

mimol = millimole
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tris(dinmethyl am no) phosphoni um hexaf | uorophosphate 84 WO 03/ 093290
PCT/ US03/ 14237 brd = broad doublet brm= broad nultiplet brt = broad
triplet b&yosssxned singl et Bzl
concentrated dba = di benzyl edene acetone DCC = di cycl ohexyl carbodi
DCE = 1, 2-di chl oroet hane DCM = dichl oronet hane DCU =

, N -di cycl MRyl urea dd
(Di met hyl am no) et hyl am ne
, N

N, N- di methylgam nopyri di ne

D net hyllgm' nd) pr opy! ami ne
or enyl

Npc(Me)
Npc(Pr)

Pip
Phe
psi
Py

Pyr
Pz1-Gu-(Boc),

q

pm

Ry

1t

S

t

~Bu
TEA
TFA
THF
TLC

Z

v/v
\7A7A%
BSA
TMSOTf
nm

RP HPLC
NBS
NIS

DI
NMP
PPA
Hex
DMEM

I I

([l

L | | | | N T | O

1 | R I |

[ | R |

= benzyl

= deubl etm@iorﬁklh@ly@ﬁyﬁil PRartisyldiphenylmethyl)
Dl AD =

' dii sophppy! carbodiimnmde= DI P
DMVE =
, N-di met h m de DMSO =_di nmet
YMBIRES DPPA = 8 eny phosphoryl azi de dppf

(

1' - bi s(:iﬁmpgryl phosphi no)ferroce
ui val ent = ethyl radical

u %/car bonyl prot ect i ndt @F@Hben}’bmd“iﬂ am

8iebBapseny! azo di carboxyl ate
ltm ! b1§9%¥0py| et hyl am ne DVAP =

m&g %%Eor%mon

m<m &

= f | et
tn@c‘lear Bagnetis doul%éqe@tﬁﬁ@o exs%)gépume s €4

4-nitro-1-ethyl-1H-pyrrole-2-carboxylic acid
residue
4-nitro-1-methyl-1H-pyrrole-2-carboxylic acid
residue
4-nitro-1-propyl-1H-pyrrole-2-carboxylic acid
residue

pentafluorophenyl radical

phenyl radical

pounds per square inch
4-amino-1-methyl-1H-pyrrole-2-carboxylic acid
residue

pyridine

N,N’-Bis(tert-butoxycarbonyl)-1 H-pyrazole-1-
carboxamidine

quartet

rotations per minute

retention time

room temperature

singlet

triplet

t-butyl protecting group

triethylamine

trifluoroacetic acid

tetrahydrofuran

thin layer chromatography
benzyloxycarbonyl protecting group
volume/volume

volume/volume/volume
bis-trimethylsilylacetamide

tri-methylsilyl trifluoromethan sulfonate
nanometer

reverse phase HPLC

N-bromosuccinimide

N-iodosuccinimide

deionized

N-methylpyrrolidone

polyphosphoric acid

hexane

Dulbeco’s Modified Eagle’s Medium
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protecting group PCOMSHI/H237
i m de

DC=



Gy for a; = glycine amno acid residue h = hours HBA- AMPS =

p- hydr oxybenzam de - net hyl pol ystyrene HBTU = O Benzotriazol-lyl-N, NN ,N -
t et r anl etwoloaoga2paum hexaf | uor ophosphat e HPLC = hi gh per f oPcaruses/k42qui d ’
chromat ography LC/ MS = |iquid chromatography/ mass spectroscopy Lys =

| ysine amno acid residue M= nmolar mm= mllinolar m= nulitplet M f =

methyl radical MphlimgaiRang), chémical dhiftd drgpiven imppm and couplings . =
mlliliter mm=mllimeter ol = mllinole 85 WO 03/093290
PCT/ US03/ 14@Brnts\igiveniniderst Gy dymelting potats arg MBFPIREIR: met hyl ) protecting

group mp = mel {ing BeLOL 0. i BR S0Pl e sphfifl SREATRARE tdntsMS | or
& RPHEE CRREPISS A

= mass spectru ear nagnetic resonance spectrum Np =

4- ni t r ophe gyl cobflreially MpsilaBle)from 4nybhe of Alirichs IaricastdriSigyna; Spess2TChr boxyl i ¢
acid residue Npc(M

T b e Bt i BB RO b o
compound or reagent used in the procedure is commercially available from Aldrich
Chemical Company, Inc., Milwaukee, WI 53233 USA; the term "Lancaster" indicates
that the compound or reagent is commercially available from Lancaster Synthesis,
Inc., NH 03087 USA,; the term "Sigma" indicates that the compound or reagent is

10  commercially available from Sigma, St. Louis MO 63178 USA; the term
"Maybridge" indicates that the compound or reagent is commercially available from
Maybridge Chemical Co. Trevillett, Tintagel, Cornwall PL34 OHW United
Kingdom; and the term "TCI" indicates that the compound or reagent is commercially
available from TCI America, Portland OR 97203; the term "Frontier Scientific"

15 indicates that the compound or reagent is commercially available from Frontier
Scientific, Utah, USA,; the term "Specs" indicates that the compound or reagent is
commercially available from Netherlands; and "Bachem" indicates that the

compound or reagent is commercially available from Bachem, Torrance, California,

USA.
20
Set forth in the examples below are compounds and intermiediates useful for
making compounds of the present invention.
25 Example 1

Svnthesis of 9-(2’-C-methyl- B -D-ribofuranosyl)- 6-bromopurine (41)

9-(2’-C-methyl- p -D-ribofuranosyl)- 6-bromopurine (41) can be synthesized
utilizing the general procedure described in R. Harry-O’kuru, J. Smith, and M. Wolf
30 J. Org. Chem. 1997, 62, 1754-1759.
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resi due Pfp = pentafl uorophenyl radical Phe = phenyl radical psi

per square inch Py = 4-am no-1-nethyl-1H pyrrol e-2-carboxylic acid

Pyr = pyrwoioeoR2 - Gu- (Boc) 2 = N, N - Bi s(t ent - but oxycar bonpCrABHS/ps?a
carboxam dine g = quartet rpm= rotations per mnute Rt = retention
rt = roomtenperature s = singlet t =triplet t-Bu = t-butyl protecting
group TEA = triethylamne TFA = trEkimigle@acetic acid THE =

t et rahydr of ur a8yntildsfs of L-0F T -IRHSA-BOD L HTRLIWIBY. (Kioph BERZN QeI Pony!

protecting group Vv/v = volune/volume v/Vv/iv = vol ume/ vol une/ vol une
bis-trinmethylsilylacetam de TMSOTf = tri-nmethylsilyl trifluoronetha

sul fonate nm = Tﬁ(dncnﬁa(ﬂ@mll?)ﬁs Hdeedtcx anamnqmrg&ﬂaﬁaskgmmﬁﬂ%a(?NC-
= N I.m el oni ze
N oot T o aTh i D-Rheranos oo mBHRe (2 (romads, KeCok (ke 1.5

10

15

20

25

30

mmol), 3-thiopheneboronic acid (1.5 mmol) and Pd(PPh;), (59 mg, 0.05 mmol) and
the mixture is stirred under argon at 100 °C for 8 h. After cooling to ambient
temperature the mixture is evaporated in vacuo and the residue is chromatographed
on a silica gel column. The residue is then taken up into 10 mL NHj; saturated MeOH
and reacted at 55 °C for 12 hours in a sealed tube. The reaction was cooled and
concentrated in vacuo. The product was isolated by column chromatography on silica

gel (chloroform/methanol/ammonia 9:1:0.5 v/v/v).

Example 3
Synthesis of 9-(2°-C-methyl- B -D-ribofuranosyl)- N*-isobutyryl-guanosine (42)

9-(2’-C-methyl- B -D-ribofuranosyl)- N*-isobutyryl-guanosine (42) is
synthesized utilizing the general procedure described in R. Harry-O’kuru, J. Smith,
and M. WolfJ. Org. Chem. 1997, 62, 1754-1759 and is isolated by HPLC.

Example 4
Synthesis of 9-(2°-C-methyl- B -D-ribofuranosyl)-2-amino-6-phenvylpurine (4)

9-(2°-C-methyl- p -D-ribofuranosyl)- N*-isobutyryl-guanosine (42) (1 mmol)
is dissolved in dichloromethane (10 mL) under argon and 2,6-di-tert.butyl-4-
methylpyridine (3 mmol) is added. The solution is cooled to 0 °C and
trifluoromethanesulfonic anhydride (3 mmol) is added and the reaction is allowed to
warm to ambient temperature. After 12 hours the reaction is concentrated in vacuo
and chromatographed on silica gel (ethyl acetate/dichoromethane). The product is
dissolved in toluene (10 mL) and then K,COs (200 mg, 1.5 mmol), phenylboronic
acid (1.5 mmol) and Pd(PPhs)s (59 mg, 0.05 mmol) are added and the mixture is
stirred under argon at 100 °C for 8 h. After cooling to ambient temperature the
mixture is evaporated in vacuo and the residue is chromatographed on a silica gel

column. The residue is then taken up into 10 mL NHj; saturated MeOH and reacted at
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DVEM = Dul beco's Modi fied Eagle's Medium 86 WO 03/093290 PCT/ US03/ 14237
In reporting NMR data, chem cal shifts are given in ppm and coupling

const ant swOJp/oga29en in Hertz (Hz). Al nelting points arePomasos/eesed. |n
the foll owi ng exanpl es and procedures, the starting anterials and regeants
are comrercially available fromany one of Aldrich, Lancaster, Signs,

Specs, TCl 558 fbbybhdgR Fcaltitate. Sab eniciién & canktd Bad hementréed {teyaeso Al dr i ch”

i ndi cates that the conmpound or reagent used in the procedure is

commer ci al e axegiuptb iselateddy qleran cRroniatRgt OI’(%‘JI‘E%%, Inc., MIwaukee, W
53233 USA; " that the conpound or reagent is
conmmer ci aI @?Ogvg%%F%%ﬁ%ﬁﬁ{%%%%gﬁefe thesis, Inc., NH 03087 USA; the
term"Sigma" indicates that the corrpound or reagent is 10 comrercially
avail able from Sigma, St. Louis MO 63178 USA; the term "Maybridge”

i ndi caPes that the conpound or reag .5Iable from
Maybri dge Cheni cal SxmtheFiseof Or(2e 342)O0HW Uni t ed
Kingdom and the term"” TCI " ndl cates that t he corrpound or reagent is

nme [ | abl f d
'(':Igr ont fe? S)C{,I eﬁé?(?l %’m%@y {’ rrerl ?‘PFﬁgqé%%g S?Z%raggdggnp Be&ﬁ{ "
commer ci a' yfﬁ%ﬁ@‘b?ﬁk@ IHHhFdiﬁ'Nt' olfﬁ@rgnehémqgwt@ttwsmsg he term
| cal es

" Specs” e conpound or reagent is connerC|aIIy avai l abl e
frontN@therIands and "Bachenf i ndicates that the conpound or reagent is
commercial ly available frontBachenth%&Qﬁgge, California, USA. 20 Set
forth in the exanples belom/are conpo S—and i nte 'edi tes useful for
maki ng conpounds ofS ] I R 3 it hesi s of
9-(2' -C-nethyl- (3 - Dr.bofur&ﬂéé&kmﬂw:&:%@mne (41) ~9-(2'-C nethyl -

(3 -D-ri bofuranosyl) 6- bronopurine (41) can be synthesized wutilizing the

general procedure describ rry=Q kur Wl f
J. O g Chem 15?9(? mf%ﬁdﬂl'ig‘@@ W%@fﬁéﬁ%dﬁ@%éggﬁﬂg Exanpl e 2
dichloromethane (10 mL) under argon and 2,6-di-tert.butyl-4-methylpyridine (3

mmol) is added. The solution is cooled to 0 °C and trifluoromethanesulfonic

anhydride (3 mmol) is added and the reaction is allowed to warm to ambient
temperature. After 12 hours the reaction is concentrated in vacuo and

20 chromatographed on silica gel (ethyl acetate/ dichoromethane). The product is
dissolved in toluene (10 mL) and then K,CO3 (200 mg, 1.5 mmol), 3-
thiopheneboronic acid (1.5 mmol) and Pd(PPhs)s (59 mé, 0.05 mmol) are added and
the mixture is stirred under argon at 100 °C for 8 h. After cooling to ambient
temperature the mixture is evaporated in vacuo and the residue is chromatographed

25 on a silica gel column. The residue is taken up into 10 mL NH3 saturated MeOH and
is reacted at 55 °C for 12 hours in a sealed tube. The reaction is cooled and
concentrated in vacuo. The product is isolated by column chromatography on silica

gel (chloroform/methanol/ammonia 9:1:0.5 v/v/v).

30 Example 7
Svnthesis of 1-( 2°-C-methyl-B-D-ribofuranosyl)-4-cyclopentyl-
1 H-pyrimidin-2-one ( 21)

9-(2’-C-methyl- p -D-ribofuranosyl)-uracil (43) (1 mmol) is dissolved in

35 dichloromethane (10 mL) under argon and 2,6-di-tert.butyl-4-methylpyridine (3
89



Synthesis of 9-(2'-C nethyl-(err)-D-ribofuranosyl)-6-(thiophen-3-yl)-purine

(1) Toluene (10 nm.) is added to an argon-purged flask containing 9-(2'-C 5

met hyl - (WOrop/0919¢ i bof ur anosyl ) - 6-bronopurine (41) (1 nmelOr;USK2A237 (200

ng, 1.5 mol), 3-thiopheneboronic acid (1.5 mmvol) and Pd(PPh3)4 (59 ng,

0.05 mnmol) and the mxture is stirred under argon at 100 C for 8 h. After

cool i ng to mnhileistaddéde The saltnisreistcosledito O YTt 3rifyRpRERbAUIBngacuo and the
i i on a silica,gel colum. The residue is then

residue is chr t raphed
t aken up inFEly%gg?rE wpeDds pdgediand thaswoprtion 15 adowedioreamule ashientt or 12 hours
0 2 Seal SctohibrnThensen0id Atpee APl daRGRMI Aled T vacuo. The

product was isolated by col um romat ography on silica
(chl or of or nvbremhtaguiphethomsiliea gel {etByFaceiate/diphorbixatiphe). "Shé.ﬁrOSthlhesi s of

R P

th O k
7 st Lze“?r?ﬁ“ﬁz* P e SRRl OB EMIE kL ?%ME‘FF‘% P& ated by

HPLC. 20 Exaskpd endithgyerctien St‘_mcﬁ atgm(lﬁent Gmpdrityte fof 38 hours The mixture is

-D-ri bof 2- 4
D11 bot ur anaegea AT B b e 8 B Ckniech 3RS eelsionty dh8sol ved
i n di chl or aesitiaizeakehQipthid mﬁgu\u@mﬁﬁa@a Wb ufld Téa@treﬁ aPS‘S y& Té’r 12

nethylﬁ¥r|d|ne (3 mpl) is added. The solution is cooled to

triflub? ometoNEBARCRIEH F@eaﬁhwﬂptw iggooladpnd pencenfthset] mmacumérheqmducon is
allowed to [ f t our s eaction is
concent r at edy@%a@%/&a uo gﬁroﬁ%ﬁ@ééﬁl ;{)ap h%%e qu§> thf“éor]f oma

acetate/dlthOdeVhane). The product is 30 dlssolved in toluene (10 nL) and
then K2C03 (200 mg, 1.5 mml), phenylboronic acid (1.5 nmol) and Pd(PPh3)4
(59 ng, 0.05 nmol) are added and the m xture is stirred under argon at 100
Cfor 8 h. After cooling to anbient Eﬂm gL ature the m'xture i's evaporated
in vacyp and t &1§g5¥532 ch QIBt C €d on.a sillq c Iunn The
residu€ is the RS acted at
88 WO 03/093290 PCT/ US03/ 14237 55 C for 12 hours in a seal ed tube The
reaction is cool%@ Antetyhderi?tikpBuanasylaGmsthyltiepyinedd8) isisynthevtest ed by

col um chr QEREQGHAR VR Har?y-0€duF 'Smith, and M. WolfJ. Org. Chem. 1997, 62,

1754-1759.
20
Example 10
Synthesis of 9-(2°-C-methyl- § -D-ribofuranosyl)- 6-[2-(1H-imidazol-4-y1)-
ethyllpurine (106).
25 Compound 106 was synthesized from histamine and nucleoside 51 as

described in Example 9, step 4.
MS 361.45 (M+H)
H'-NMR (DMSO-d6): 0.80 (s, 3H, 2’-CHs), 3.25-3.45 (m, 4H, methylene),
3.53-4.05 (m, 7H, sugar), 5.99 (s, 1H, 1’-H), 7.48 and 9.09 (s, 1H, purine), 8.35 and
30 8.65 (bs, 0.7H, imidazole)

Example 11
Synthesis of 9-(2°-C-methyl-B-D-ribofuranosyl)-N°® —(2-aminoethyl)adenine (23)
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(chl or of or mf met hanol /ai nmonia 9:1:0.5 v/v/v). 5 Exanple 5 Synthesis of
9-(2'-Cnethyl -3 -D-ribofuranosyl)-uracil (43) 9-(2'-Cnethyl- (3

-D-ri bof uwares9dzye uracil (43) is synthesized as descri bedPCR/USR3/14237
Harry-O kuru, J. Smth, and M WIf J. Og. Chem 1997, 62, 1754-1759. 10
Exanple 6 Synthesis of 1-(2'-C-nethyl-(3-Dribofuranosyl)-4-thiophen- 3
-y1-1 H pyri m di NaGleaside ((SIYQI thinod)-i6 Aissélvadiniridined 5vhLY, ethgfonedinasad ) - ur aci |
(43) (1 mm ) .di in dichloromethane (10 nL) under argon and

2, 6-di -t ert s ﬁdsd’r?‘rg f F"i‘%‘ioﬁém(@fe HrisPY ovesnighfcpt goont fenrestute: dhei s
cool ed to I added and
the reacti %r?g(%pg é?vgﬂ&\cghﬂé@ H Ir'dnal%l'?gég s?.gﬂr%&ted %@%&ﬁ%ﬁaﬁ%@}lﬁi hours the
reaction i ssiiergedehlapfumimethamlbaramdnia®: kasowrtwgr aphed on silica gel

(et hyl acet at e/ di chor omet hane). The product is dissolved in toluene (10
m.) and then K2C03 (200 ng, 1.5 mmol), 3- thiopheneboronic acid (1.5 mmuol)
and Pd(PPh3)4 (59 ng, 0.05 mmol) arg@dRediand the mxture is stirred

under argon at 1@ £ bl ture the
m xture i s evapor g?tge&(?gllg%f%g%u%%g%@ylt D esuﬂa‘hgs ﬁﬂ}%‘%’gg@ﬁed 25 on a
silica gel colu The .r.esi due %%Hﬂg@é 0 mL _NH3. saturated MeOH
and is react edrg? mpufid 24 yyasy E} @é‘?l@?ia?‘h‘&lé“leoﬁwsrééctl on is

cool edi@nd de@@mfeqrjﬁﬁgmg]elgwsfégquo The product is isolated by colum
chromat ography on silica %) (chl or of or m nmet hanol /anmmmonia 9:1: 0.5 v/v/v).
(2' -

30 Exanple 7 SyrYlR¢dP384M -C et hyl -j 3-D-ri bof ur anosyl ) 4-cycl opentyl -

1H pyri m di n-2- qi t 6 ranos racil (43) (1
mol ) is dissol ved I'n Q@rsg?d@l 8?}& ?%%ng:%?o%@ 1§|‘(H‘ef and

2, 6. di - et imétflyhe)ds SBIHYHDYI-HY, 80 (B 1HdsR) 081 DR3240 1E@iép§%%/a116237

rrrml) IS adgséed The solution is cooled to 0 C and trifl uoronet hanesul fonic

anhydri de 8n(§011)1 pingy §l ntHNE)-r eaction is all owed to warmto anbi ent

tenperpggure. After 12 hours the reaction is concentrated in vacuo and

Example 13
Synthesis of 9-(2’-C-methyl- B -D-ribofuranosyl)- 6-[(pyrrolidin-1-y1)-2-

carboxamidelpurine (25).

Compound 25 was éynthesized from L-proline amide and nucleoside 51 as
20  described in Example 9, step 4.

MS 380.35 (M+H)

H'-NMR (DMSO-d6): 0.86 (s, 3H, 2°-CHj3), 2.25-3.95 (m, 4H, pyrrolidine),
3.10-4.10 (m, sugar and pyrrolidine), 5.98 (s, 1H, 1°-H), 8.35 and 8.68 (s, 1H,
purine), 9.25 (s, 1H, amide).

25

Example 14
Synthesis of 1-(2°,3”,5°-Tri-O-benzoyl -2’-C-methyl-B-D-ribofuranosyl)- uracil (47)
1-(2°,3°,5’-Tri-O-benzoyl -2°-C-methyl- B -D-ribofuranosyl)- uracil ( 47) is
synthesized as described in R. Harry-O’kuru, J. Smith, and M. WolfJ. Org. Chem.
30 1997, 62, 1754-1759.

Example 15
Synthesis of 1-(2°,3°,5’-Tri-O-benzoyl-2’-C-methyl-B-D-ribofuranosyl)-4-
(1,2.4-triazol-1-v1) uracil (52)

35
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chromat ographed on silica gel (ethyl acetate/dichoronethane). The product
is 5 dissolved in anhydrous THE (10 nL) and Pd(PPh3)4 (59 ng, 0.05 nmol) is
added umaero3me32an nosphere. Cycl opentyl zinc brom de (1.5 ®eoluso®1483M in
THF) is then added and the reaction stirred at anbient tenperature for 18
hours. The m xture is evaporated in vacuo and the residue is

chr omat ogr aphed om-@rigiol (6EmeRN) 1@@hsy§ﬁded'ﬁhe]rya®mmme (7§mh)<€r0 Gp into 10 L

NH3 saturated MeOH and reacted at 55 Qﬁﬁ ‘,:l% p;‘(ﬁrts m(@ adied t ube.
The react i Bhospborove bexthiniifled bh 8Bl #Sa?ﬂ(éﬂylaﬁd Xl raP SERg HAWEG W | 5ol at ed
by colum ghr Oqug%ggflﬁgbg%&%@g]ﬁ A8 (APinnloD AL RalhigH ﬁ%&tﬁ@ﬁ@%ﬁr@éﬂ%ﬁ Ba

9:1:0.5 v/ 9-(2°-
- D-ri bof ur angsayd’ E—anﬁtmtﬂucldasﬂe (@M (15 nem¢iB)added. m-lm@pmcnopgs

< arh G L S U B 2,
20 Exanpl e 131??0 1P %f (f?ﬂ&%fqrﬁi @?%’ﬂﬂ'é exn(a%t is Rrash&ivh 39Psadium

{2-(1Him gazo I puri ne 5 Conmpound 106 was synt hesi zed
from hi st amc@tboaﬁld watet, deisd deaﬁﬂlag:ssmdmﬂ:phatﬁe@dl evaporaiep! Bheoprodu@ps 4. M

361.45 (M+H) H1- NVR O-d6): 0..80 3H, .2 3 45 (m 4H,

net hyl ene) ,1501336‘151@1‘291&‘5“6 mi%-f’gr%}f}@'a? Slh%a@%(t{%ue%yﬁgceﬁe 7. 48(and 9. 09
(s, 1H, purine), 8.35 and 30 8.65 (bs, 0.7H, imdazole) Exanple 11
Synthesis of 9-(2'-C nethyl-G3-Dribofuranosyl)-N6 (2-am noet hyl)adeni ne
(23) 190 WO 03/ 093290 PCT/ US03/ 1423Example|léosi de (51) (1, nmml) is dissol ved
in pyridine (5 m), ephvhesiedi b’Ae-nfcsh -Dai -he reaction

m xture i s kept overnight atanfinemtcnyhesthyliovedine26) sol vent is evapor at ed;
the product ( 23Ndc§eo'slae kﬁ)q@ ol %QJ MBR1IIR IBYqgiidite(Sanl), glcimangdt

(chlorof orm net hanol / anmonia 9:1:0.5, v/v/v). 5 0
(5 mM) is added and the reactlon mixture is kept or 16 hours at 55°C. The solvent is

15 evaporated. The product (26) is isolated by column chromato graphy on silica gel
(chloroform/methanol/ammonia 9:1:0.5 v/v/v).

Example 17
Svynthesis of 1-(2°-C-methyl- B -D-ribofuranosyl)-
20 N*-(pyridin-1-ylmethyl)cytidine (27)
Nucleoside (52) (1 mmol) is dissolved in 95% pyridine (5 mL), pyridin-1-yl-

methylamine (5 mM) is added and the reaction mixture is kept for 16 hours at 55°C.

The solvent is evaporated. The product (27) is isolated by column chromatography on
silica gel (chloroform/methanol/ammonia 9:1:0.5 v/v/v).
25

Example 18
Svynthesis of 2°-C-methyladenosine (50)

2°-C-methyladenosine (50) is prepared as described in R. Harry-O’kuru, J.
30  Smith, and M. Wolf J. Org. Chem. 1997, 62, 1754-1759.

Example 19
Synthesis of 2°-C-methyl-8-bromoadenosine (28)

Bromine (2 mL) is added to 50 mL of water and stirred vigorously at room

35  temperature for 3 min. Nucleoside (50) (5g) is suspended in 30 mL of water ?.nd Br,-

water is added by aliquots at such a rate that yellow color of the reaction mixture
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Exanpl e 12 Synthesis of 9-(2'-Cnethyl-(3-Dr

bof uranosyl)-6-[2- (1Hindol -3-y1) eth |lpurine (24). Conpound 24 was

synt hesi zw0 oBfogazod r ypt ami ne and nucl eoside 51 as 10 descPchamos/n2Bxanpl e
9, step 4. M5 410.38 (MtH) H -NMR (DMSO-d6): 0.76 (s, 3H, 2'-CH3),
2.60-4.10 (m sugar and nethylene), 5.98 (s, 1H 1'-H), 6.80 (d, 1H,

i ndol e), 7 dikBpfeateddtwiencdabl hddiBodSanetal fn6ifht OF Britwatepisdsne)., Tie 02 (s, 1H,
NH). 15 Exanple 13 Synthesis of 9-(2'-C- nethyl: [ii -D-ribofu S’}"Q'

6- [ (pyr r ol iselidhisicolleotecrby Elrabion and waphsdrerrdulfywith Icsdmrierip ‘%’&@g’g- b

synt hesi zed_fraom L-pr ol ] ; b scribed in
Beampl o o, eyl T ecRlsuRe B i P BHIBBE AR pRERE L LG,
2.25-3.95 (m 4H, pyrrolidine), 3.10-4.10 (m sugar and pyrrolidine), 5.98
(s, 1H, I'-H), 8.35 and 8.68 (s, 1H, purine), 9.25 (s, 1H amde). 25
Exanpl € 14 Synthesis of 1-(2',3" 5 -Tri-O benzoyl

- 2: -G nethyl - (3-D-ribofuranosyl - upaghble@47) 1-(2',3",5 -Tri-O benzoyl

-2' -G methyl - [3 -D-ridyaf %:é%%?iy(b)-&fﬂéﬁﬂ-ﬂ-ﬁ-ﬁggﬁn&osﬁ)ﬁ@@es' zed as

described in R Harry~&rK : - | ) . Og. Chem 30 1997,
62, 1754-1759. Exanpl e 15 %W.‘%[Q%Q@f‘mdﬁ%ﬂ ninl®50 )

1-(2',3,5 - Tri -1Qchiglezeiipodnd EmRE fiyparéBbDmicitod$ sinlmp sy thode set f@th by
4-tri azo! -1 -Yl uracil (5% 35 91 WO 03/093290 PCT/ US03/ 14237 O
1, 2, 4-10 i ad¥lerqogdonmees 77%0F88pended in dry acetonitrile (70 ml) at O C.

Example 22
Svynthesis of 4-amino-8-(2’-C-methyl-B-D-ribofuranosyl)-5-oxo-
15 5.8-dihydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid amide (81)

The title compound can be prepared by methods similar to those set forth by
Rizkalla’ on page 3985.

Example 23
20 Synthesis of 2.4-Diamino-8-(2°-C-methyl-8-D-ribofuranosyl)-5-0x0-5.8-
dihydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid amide (82)

The title compound can be prepared by methods similar to those set forth by
Anderson® page 999.

25 Example 24
Svynthesis of 4-amino-8-(2’-C-methyl-B-D-ribofuranosyl)-7-oxo-
7.8-dihydro-pyrido[2.3-d]pyrimidine-5-carboxylic acid amide (83)

The title compound can be prepared by methods similar to those set forth by
Anderson® page 1000.
30

Example 25
Svynthesis of 2.4-diamino-8-(2’-C-methyl-B-D-ribofuranosyl)-7-
0x0-7.8-dihydro-pyrido[2,3-d]pyrimidine-5-carboxylic acid amide (84)

The title compound can be prepared by methods similar to those set forth by
35 Anderson® page 1000.
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Phosphorous oxychloride (15 MM is slowy added with rapid stirring
followed by drop wise addition of triethylamne (50 nml). The reaction
m xture iwogsisxned for 30 min at O *C and than nucl eosi dectABp3/(437 mmol )
is added. In 1 hour the reaction is 5 quenched with 50 nL of saturated
sol ution of sodium bi carbonate. The product is extracted with 50 nL of
chloroform Organic extract is washeghnlé b6 5% sodi um bi carbonate, water,

dr: ed over magnesi imesivlPRab ecandneNaPREBs Renod B2 B @BYISHIfing1- | Sol ated by
col umm chr OH%E $8L5BWs 8NPl birBvIG 26 ApUHHRLif- Eﬂa&?&ﬁ@&&d amid® BERPl € 16

Synt hesi s ot (2 - nethyt = (3 - D-rirporuranosyl) -
(am nocar bonyl rret hyl )cytidi ne (26) Nucl eoside (52) (1 mml ) is dissolved in

5%pyr|d|ne(5m_,,l ci_ne am de 5 I
L e
product  ( 28JpyrimidisetSzasbpipyvic aid iyl este ?raphy on silica

(1 c?lzor (C):f or 'Eﬂh rrFt hég‘(bb)gt_kﬁfﬁrﬁ?&&e@hﬂldl@ M{Z’&ﬂ yneaeéwsr%carbogghﬁtaﬁ@sqﬂylof
- e - r I
i S A A e

pyridin-1-ybyy gegjgylggomgg(ﬁ mv) |s added and the reaction mxture I's kept
for 16 hours at G~ The solvent is evaporated. The product (27) is

i sol atl®d by col uim chronmat ography on silica gel

(£ 01 ofor G 1o ol AT B g s A SERARLS. AU s 5 o
me yig 'ﬁfﬁr'«{-hray Z—-’WI’) Zmethﬁsﬂﬁg ! AR5 5 8 rcp @84 as

descri bed ',.. f ST, dﬂ(] vt em 1997,

62, 1754- 1953 AP AT XYY c§ler o ,ne 28
§r50m ne (2 rrL) Tg WS{OB@@‘WOG‘F‘;%%&GBA { &jta\ﬂ ‘gg Eoo)m
t erer abUGSyilAE (s MY, BUG0RRsILe 1 éa’ﬂd%&!%ﬂ?ﬂﬁ@ﬂl t 30 nL of
wat er and éém %g r)éggl g‘bby éﬂ%qu%?%n{g?)g\)slich arate thi)i{t §/el | ow col or

of the reaeéfluznd m&am@mr PEn06/ Tis3290timcpluiosyav@ied to room
temperature and 1,2,3,5-tetra-O-benzoyl-2’-C-methyl B-D-ribofuranose (0.32g,

0.55mmol) in dry acetonitrile was added followed immediately by TMSOTT (0.513

UQ.)

mL, 2.84 mmol). The resulting reaction mixture was heated to reflux for 2 hours.

20 The reaction was allowed to cool to room temperature then was concentrated in
vacuo to an oily residue. The oily residue was taken up in EtOAc and washed 1X
with saturated NaHCOj; and the aqueous layer was re-extracted 2X with EtOAc. The
organic fractions were combined, washed with HO, brine, and dried over Na;SO4
and concentrated in vacuo. The crude reaction was purified by column

25 chromatography on silica gel using 10% methanol in methylene chloride for elution.
The appropriate fractions were pooled, evaporated, and foamed from methylene

chloride to get 0.406g (100%) of the title compound.

Step 3. Synthesis of 8-(3.4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-
30 2-y1)-2-methylsulfanyl-4,5-dioxo-3.4.5.8-tetrahydro-pyrido[2.3-dpyrimidine-6-
carboxvlic acid amide.
The product from Step 2 above (0.2g, 0.270mmol) was dissolved in 40mLs

liquid ammonia and stirred at room temperature for 48 hours. The liquid ammonia
was allowed to evaporate and the resulting yellow oily residue was purified by HPLC
35 0-20% Buffer B over 30min at a flow rate of 10mLs/min. Buffer A —0.1%

triethylammonium acetate in water, Buffer B-0.1% triethylammonium acetate in
94



di sappeared between each addition. The total anmount of Br2-water is 45 ni.
The solidis collected by filtration and washed carefully with iced water
up to pH®093/0J300 residue is recrystallized from hot wat @CTtusoyi€eBd 60% of
the target product. 5 Exanple 21 Synthesis of
5-(2' -G nethyl -B-D-ri bofuranosyl)-5H pyrrolo[3 2-c]pyridin-4-ylam ne (80)
The title COHpONN®Pookd fetiphLiRtEainE YindlEsMROmdvapdrafed iR vibRSBdIZAEI fOrth by
10 Ducrocq 6 on page 779 to 780. Exanple 22 Synthesis of
4- ami no- 8- (BY CTeYARPFAfionyith %hsﬁbﬂtwtbﬁqu yield-25%e (29%0)»f ¢hadddsireit o- pyri do[ 2
3-d]pyrinid&R%%%H arboxylic acid am de (81) The title conpound can be
prepared by nmethods simlar to those set forth by R zkalla7 on page 3985.
Exanpl e 23 20 SyMiShag7.33 ¥-1).
;"5’] ani fio- Sg_ (2' éﬂi-mjn)nx%m@d@;gm @ 3}39%’%}){5)52.@%33{,8&@)M@-@7(BMM!E%O[ ?

-d] pyri m déuagr) 65.030 H,COMP! 67380 1ge 1€ Ahe 19 8! - C e

pr epar ed by_N%pz?)_hods s?ﬁ‘i I aro'?% tﬁginel sét @%%)Ztﬂéegy }Aﬁdg(rg@%@pa S’eﬁg’%. 25
Exanpl e 24 Synthesis of 4-am no-8-(2'-C nethyl-B-D-ribofuranosyl)-7-oxo- 7
8- di hydro-pyrido[2 3-d] pyrim di ne-5-carboxylic acid am de (83) The title
compou can be prepared by nethods simlar to those set forth by Anderson
page 18@0. 30 Exanpl e 25 Synthesis &3‘@1@ _

4-di ani no- 8- (2' - C- met hYRURESES of S50 16 -meHn '

3-d] pyri m di ne-5-car boxyl i : b
prepared by net 8] M

93 WD 03/ 093290 }tﬁé%%p%&ﬂggaﬁggnﬁrg&

Rizkalla’ on page 3979.

{i-hydr o- pyri do[ 2
p conpound can be

p i i!' i GS10¢
B{g %etthhodggiml{’a? téa‘ tqgo%g geq r}oghagf 1000.
15

Example 28
Synthesis of 1-(2°-C-methyl-B-D-ribofuranosyl)-1H-
pyrido[2.3-d]pyrimidine-2,4-dione (87)

20 The title compound can be prepared by methods similar to those set forth by
Rizkalla® on page 3979.

Example 29
Synthesis of 8-(2’-C-methyl-B-D-ribofuranosyl)-4-
25 methylsulfanyl-5,6,7,8-tetrahydro-pyrido[2.3-d]pyrimidine (88)

The title compound can be prepared by methods similar to those set forth in
Biorog. Khim., 1979, 5, 1369.

30 Example 30
Synthesis of 3-(2°-C-methyl-B-D-ribofuranosyl)-6-methvi-

3.7a~dihydro-1H-furo[2,3-dJpyrimidin-2-one (89)
The title compound can be prepared by methods similar to those set forth in
De Clercq'? page 666.

35
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Synthesis of 8-(2 '-C-nethyl-(err)-D-ribofuranosyl)-2-nethyl sulfanyl 4 5
di oxo-3 4 5 8-tetrahydropyrido[2 3-d] pyrim di ne-6-carboxylic acid am de
(85) 5 Svew3n9328ynt hesi s of 2- Met hyl sul fanyl - 4, 5- di oxo- 3 PETAIS03/14237
8-tetrahydro-pyrido[2,3- d]pyrimdine-6-carboxylic acid ethyl ester

4, 5-di oxo- 3, 4,5, 8-tetrahydro-pyrido[ 2, 3-d] pyri m di ne-6-carboxylic acid
ethyl ester was synthesized as descrihgslesn B. H R zkalla and A. D. Broom

). Crg. Chem 1972, 37( 23y gR980r 39860 AN Bl Ao SHBBgSI S Of 8- (3

4- Bi s- benzoyl oxy- 5- bepzqy W8 / )
t et rahydro-furan-2-yly= z?m%%{lflawf@ﬁﬁﬁ%%—w h midig-2;0ne (90

8-tetrahydr o perhI@[lﬂe Gomplumyrdarribd iprepafed byhakiyg bigprogiisle eiddificaioisto To a
suspensi.on oduc ep 1 above (0.2g, O0.71lmmol) in dry 15
acetonitril m‘a"(ﬁts %cj)gg,&y((gn@}g& R p2ge H¥0mmol ) was added and the mixture
refl uxed under argon for 30mn. The resulti ng solution was cooled to room
tenperature and 1, 2, 3,5-tetra- O benzoyl -2' -G nethyl (3-D-ribofuranose

(0.32g, 0.55mmwl) in dry acetonitrile was added foll owed i medi ately by
TMSOTf (0.513 nl, 2.84 mml). The resul ti reaction mxture was heated to

reflux for 2 hou Sit 20 T ,eacti o T wed to cool to roomtenperature
t hen concent$3&Jé%?ﬁ—‘11|tl—]'i(;é\1—:(4{zltM%\l—éﬁd1 e % ﬂ%ﬁw&ﬁfﬂhﬁl&éﬂ%ﬁm due was

takenwig in Et OAc and washed m; and the aqueous

% h N
| ayer was re-ext ti ons conbi ned,
washed with Hnglgcrct?tg% O%?#lgrl eggﬁﬁga{gﬁé%@ @%rﬁ r 5?t358nﬁh Yvacuo.
The crude r@b\ﬂmev]é%purl fi-ed by colum 25 chromat ography on silica gel
usi ng 10% et hanol in nethylene chloride for elution. The appropriate
fracti ons were pool ed, evaporated, and foanmed from nethylene chloride to
get 0.406g (100% of the title compqyngdmnied£p 3. Synthesis of 8-(3
4- Di hygg oxy- 5- hyglroxsf Yire 15 ¢ fu
2-y1)- 2 met hyl su Tanyrg%fh (2 %HE{IE/Y% ’d of rgo s9D) fme&lvlsu?fanvl-lf[-
5, 8-tetrahydro- pyr|d0[23d]p ic acid am de. The
pr oduct from St &thedithhmoweoffd B@b@praﬁﬁmy)nms@mmw%sb Ret4Otk 6y |iquid
ammoni a an ;7rred at_roomtenperature for 48 hours. The liquid ammnl a
was al | owe %ﬁé?%@e and the resulting yellow oily residue was purified
by HPLC 35 0 20% Buffer B over 30mn at a flowrate of 10nmLs/min. Buffer A
- 0.1 % triethylanmmoni um acetate in water, Buffer B-0.1 %triethyl amoni um
acetat®in

Example 35
Synthesis of 3-(2’-C-methyl-B-D-ribofuranosyl)-3H-
[1.2.4]triazolo[1,5-a]pyrimidin-7-one (94)

The title compound can be prepared by methods similar to those set forth in
25  Winkley'® page 239.

Example 36
Synthesis of 3-methyl-8-(2’-C-methyl-B-D-ribofuranosyl)-2-
30 methylsulfanyl-3H,8H-pteridine-4,7-dione (95)

The title compound can be prepared by methods similar to those set forth by
Hawkin® 9, et al. page 2875.

35 ' Example 37
Synthesis of 5-(2°-C-methyl-8-D-ribofuranosylpyridin-2-ylamine (96)
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94 WD 03/093290 PCT/US03/ 14237 CH3CN. Pool ed fractions contai ning

nucl eosi de and evaporated in vacuo and dried by co-evaporation with

absol ut e wohaned296 o yield 27ng (25% of the desired nucl eesirdso3/14e8 397. 13
(MH. 5 H-NW (DMBO-d6): 0.8 (s, 3H, 2'-CH3), 2.5 (s, 3H, -CH3), 3.0-4.0
(m 4H, sugar), 5.0-5.5 (m 3H, -OH), 6.7 (s, 1H 1'-H), 7.4 (s, 1H -Ar),
8.8 and 9.2 (s, TR&titlec undldnb¥ @ b@d%gz oSup]hﬂ@&b&ltelﬁlative the sugar f,

8-(2' -G nethyl-13-D-ribofuranosyl H- pyri doF2 yrim dj ne 4- di one
(86) The tpllep@ed@ﬁé@ﬂ@ﬁbeiﬁlnsmmﬁrle}@dhébawr?@?% m§ § gipiapty 8§ee set
forth by zk a:gﬁ 3979. 15 Exam|Ip e 28 Synthesis of

1-(2' - ne&lff‘?yﬁlgeé{%-gvg uranosyl ) _|IH pyrido[2,3-d] pyrimdine-2,4-di one
(87) 20 The title conpound can be prepared by nmethods simlar to those set
forth by Rizkalla9 on page 3979. ExamlIp e 29 Synthesis of

8-(2'-& nmethyl -B-D-ri bofuranosyl )-4 25 nethylsul fanyl-5 6 7

8-tetrahydro-pyrido[2 3-d] pyrim di ngy a3dhe title conpound can be
prepared by mnetho S| —%% Rl | 7_Bl84-0 7in , 1979, 5,
1369 30 Exarrplmggg (t??nel:tm%eD S TH- oSO8 ondfY7N

)ALLY eSSt S
3-(2' -G net hyl - Eh&uﬂe b&hpm&ﬂn&wb)‘:-pﬁepaﬁtdlhyl couplif@thdiattguiativé ssghuf, ool 2
3-d] pyrimdin-2-one (89) The title co ound can &B‘P hé)gared b¥ tglet hods
simlar toptehared agdesoribpd i $ehemod, tg Be ﬁ%rﬁ%?é%d cthedls gEILIARHIQEE93290

PCT/ U%%B/ 1&@5%1zbed pre:Vlously.22 23

Example 39
Svynthesis of 8-(2°-C-methyl-B-D-ribofuranosyl)-pyrazolo[1,5-a]
15 [1,3.5]triazin-4-ylamine(98)

The title compound can be prepared by coupling the alternative sugar f,
prepared as described in Scheme 1, to the base prepared by methods similar to those
described by Tam®, ez al. on page 1307. Other pyrazolotrazine C-nucleosides, for
example compounds 99 and 100, may be prepared using this sugar (f) and other

20  techniques well known in the art.***

Example 41
Svynthesis of 9-(2°-C-trifluoromethyl-B-D-ribofuranosyl)-
25 N°-(2-aminoethyl)adenine (62)

The title compound can be prepared by methods similar to those set forth by
1i®, et al. and methods described herein. Trifluoromethylated ribofuranosyl
derivates maybe coupled to a variety of bases, for example compounds 63, 64, 66
and 67, may be prepared by techniques described herein as well as methods well

30 known in the art.

Example 42
Svnthesis of 1-(2’-C-ethenyl--D-ribofuranosyl)-1H-benzimidazole (73)

35 The title compound can be prepared by methods similar to those set forth by

Sagi®, et al. and methods described herein. Ethenylated ribofuranosyl derivates
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Exanpl e 31 Synthesis of 3-(2'-Cnethyl-B-D-ribofuranosyl)- 3,5,6
7a-tetrahydro-1Hfuro[ 2, 3-d] pyri m din-2-one (90) The title conpound can be
prepar ed W9 ogmdzeg appropriate nodifications to 5 the nerhodsoye23forth by
Giengl (err) on page 1680. Exanple 33 Synthesis of

7-(2' -G nethyl -13-D-ribofuranosyl ) -4-net hyl sul fanyl -7H 10

pyrrol of 2, &agﬂdﬂwuﬁoradqbraevaﬁetzj)ofm@s,tﬂot beangslepompourciae8be’Hhreydeed by met hods
simlar to those set forth by Seel al7 page 1585. Ex?]'r’?l e %lf'alr? Synt hesi s
of 1-(2' - Cpusparg by Bedbniquss flescepekharginas ﬁ@ﬁﬁ?l’f’%‘l@déﬁ'fﬂ nogyn m the art.
pyrrolo[2,3-d]pyrimdine (93) The title conpound can be prepared by nethods
simlar to those set forth by Seelal7 page 1585. 20 Exanple 35 Synthesis
of 3-(2'-Cnethyl-B-D-ribofuranosy Byande 481, 2, 4]tri azol o[ 1

5-a] pyrisi m di n- GyeRfsis WL -(Rhe-éthidve pCOIMRGREncta)- 17E bprzimidaedeliyoyret hods
simlar to those set forth in 25 Wnkleyl8 page 239. Exanple_ 36 Synthesis
of 3-methyl - 8- (The ﬁ‘tlﬁreompburBl-@nr’OiGMr@r’Rng&O simdlafriorthgsesat fortAPy- 3H

8H pteridipe-4 7-dion 5 he.title.co . met hods
simlar tog?ﬁos@‘ge?nd'fell}%t?‘ﬂ&soge“%‘gﬂ%eﬁ%, r@@@&g%&@%@@@%@%@gm Ip e 37
Synthesi s gfavBe &&g)ic%%ﬁt\khk‘ﬂetﬁ)ﬂ%aéésp@frukﬁﬂpls)cbmpyﬁﬂdii%—%’@,lnmyihﬁae (96) 96 WO
03/ 093290 PCT/ US03/ 14237 The title conpound ca‘g%cge %{m ﬁbé/ 1:E?oupl I ng

t he al t er natapersdibiydechmigues flesciibedbiraiy ag3vedas angthds W Reaty { he base

preparle(l)d by nethods simlar to those described previously. 22-23

Example 44
Synthesis of 1-(2’-C-methyl-B-D-ribofuranosyl)-4-nitroindole ( 104)

The title compound can be prepared by methods similar to those set forth in
Yokoyama®, et al. Other Indole nucleosides can be prepared by coupling
15  ribofuranosyl derivatives to a variety of indole, for example compounds 105, maybe

prepared by techniques described herein as well as methods well known in the art.*?

Example 45.
Synthesis of 9-(2°-C-methyl- B -D-ribofuranosyl)- 6-( azetidin-1-yl)purine (107).

20 Compound 107 was synthesized from azetidine and nucleoside 51 as
described in Example 9, step 4.
MS 323.32 (M+H)
H!-NMR (DMSO0-d6): 0.76 (s, 3H, 2°-CH3), 3.25-3.45 (m, 4H, methylene),
3.10-4.10 (m, sugar and azetidine), 5.98 (s, 1H, 1°-H), 8.35 and 8.68 (s, 1H, purine).
25

Example 46. \
Svynthesis of 9-(2’-C-methyl- B -D-ribofuranosyl)- 6-(pyrrolidin-1-yDpurine (108).

Compound 108 was synthesized from pyrrolidine and nucleoside 51 as
30  described in Example 9, step 4.
MS 336.32 (M+H)
H!-NMR (DMSO0-d6): 0.77 (s, 3H, 2°-CHs), 2.00 (m, 4H, pyrrolidine), 3.43-
4.14 (m, sugar and pyrrolidine), 5.98 (s, 1H, 1°-H), 8.36 and 8.72 (s, 1H, purine).
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5 Exanple 38 Synthesis of 5-(2'-C nethyl-B-Dribofuranosyl

-1H pyridin-2-one (97) The title conpound can be prepared by coupling the
alternatiwe osiogapo f, prepared as described in Schenme 1, POTiUse3/base
prepared by nethods simlar to those 10 described previously. 22-23
Exanpl e 39 Synthesis of 8-(2'-C-nethyl-B-Dribofuranosyl)-pyrazol of 1, 5-al
15 11,3 5ltriazin-4-ylamne(98) The title conpound can be prepared by
coupling the alternative sugar f, prepared as described in Schenme 1, to
the base prepared by nethods simlar to those described by Tank5, et al.

on page 1307. Qther pyrazol otrazi nefm%gﬂll'&h £osi des, for exanple conpounds

99 and 100, gy, be prepared wsyng NS ST () 8 fGh, RREHIM dues

9-(2'- % trifluogg {R{& 51 %a?@fﬂtl%fzféﬂ%ﬁis%ﬂ'ﬂohﬁ% Mer(uetcapide eyl ) adeni ne
(62) The title conpound can be prepared by nethods simlar to those set
forth by désBfibecein Btampdel, steit hods descri bed herein. Trifl uoronet hyl at ed

ri bof uranosyl gfg%%(%,g?%{ngﬁ;be coupled to a variety of bases, for exanple

conmpounds 63, 6 may be prepared by techni ques descrlbed
herein as wel | g NeRh@SNSBEAM): 0.3 (3 BEVW -CHE), 524, 6H£ptpenﬂme)42 zsynt hesi s
of 1-(2'-Cethenyl-P-D-ribofuranosy léll H benzi m dazol e (73}@3% t|t| e
conpound ca88ifm, preapanétinsyidive}, oA &2 (4. 1LBk 3t-BD OHUSE Hoil't 8 Sagi 38,
et al., and g@k&%ﬂ% des r| bed herein. Ethenyl ated ribofuranosyl derlvat es 97
WO 03/1(9932§ @(%‘7“14237 maybe coupled to a variety of bases, for
exanpl e conpounds 68 - 70, may be prepared by techni ques described herein
as well as nmethods well known in the art. Exanple 43 5 Synthesis of
1-(2'-C-ethynyl- (err)-D-ribofuranosyl)-1H benzi m dazole (79) The title
conpound can be prepared by net hodsEﬁ'I_@'lggg_ to those set forth by

Synthesis of 9-(2’-C-methyl-B-D-ribofuranosyl)- 6 —(hydroxylamino)purine (109)

15 and
9-(2’-C-methyl-B-D-ribofuranosyl)- hypoxanthine (110).

Sulfonyl 51 (0.2 mmol) was dissolved in 3 mL of dry ethanol, solution of
hydroxylamine (prepared as described by P.K.Chang, J.Med.Chem., 1965, 8, 884)
was added (2 mM) and the mixture was refluxed for 1 h and than concentrated in

20  yavuo. The residue was dissolved in DMF (5 mL) and purified by HPLC 20-100% B
in 30 min, flow 10 mL/min. A-0.2% triethylammonium acetate in water, B-0.2%
triethylammonium acetate in CH3;CN.

The fractions contained the mixture of protected nucleosides 109 and 110
were evaporated, dissolved in MeOH, treated with HC/MeOH for 5 min at 0°C and

25  the mixture of nucleosides 109 and 110 (3:1) was precipitated with ether. The mixture
was separated by HPLC, 0-20% B in 30 min, buffers as described above.

Corresponding fractions were combined, evaporated, co-evaporated with
water (3 x 10 mL), dissolved in methanol (1 mL) and precipitated with ether (35 mL)
to yield white solid.

30 9-(2’-C-methyl--D-ribofuranosyl)- N° —(hydroxylamino)purine (109)

MS: 283.19 (M+H),

Amax 2601.5nm, )
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Sagi 38, et al. and nethods descri bed herein. Ethynylated ribofuranosyl
derivates nmaybe coupled to a variety of bases, for exanple conpounds 74 -
76, may b&O oproear ed by techni ques descri bed herein as welPCTas0sreR2bbds wel |
known in the art. 10 Exanple 44 Synthesis of

1-(2' - G et hyl -1 3- D-I’I bof uranosyl )-4-nitroi ndole (104) The title conpound

can be prepar ed HyNNRHDUSSOid6):10068 (sO3H DSEHE BSTIQIYM"(nh H, Yekpyeaeterr), et
eosi des can be p ared éﬁ ou Ilng 15 ri bof uranosyl

. Oh |
Sel‘l vat |e\r/es ’OJ 3{)12017& 30 &% 3/ hhdh-80 (% (rl)Fe‘IpéxHBqﬁ é&ﬁ%éHlQ@flnqiaybe

prepared by tec her S wel hods wel |l known in
the art. 43 EX;@NS?U@@% %Zésj 1€ Sy@ ? #é’f%@ “(err)
- D-ri bof ur anosylyS: 89%.38 @vii+gli)n- 1- yI )purl ne (107) 20 Conpound 107 was

synt hesj zed from azetidi ne and nucl eoside 51 as described in Example 9,
step45N53233°2n ’A9-§ npn- NMR (DMBO-d6): 0.76 (s, 3H, 2'-CH3), 3.25-3.45

4H, t hyl 98
1"y, 635 énﬁqﬁﬂwﬁgﬂ% AR5 A 2 g B Gt e 336 &
9- (2' - G netiy;|17-H)38 2Dahi BE2Us A Siybo i)l di n- 1-yl ) purine (108). Conpound
108 was synt hesized from pyrrolidine and nucl eoside 51 as 30 described in

Exanple 9, step 4. M 336. 32(M+H) HL- NVR (DMBO-d6): 0.77 (s, 3H, 2'-CH3),

2.00 (m 4H, pyrrolidine), 3 43- %ﬁ}ax‘n e ugar and pyrrolidine), 5.98 (s,
1H ', 8 and & p 03/ 093290 PCT/ U18013/ 14237

Exampl e 47. S Syl R
6- (pi peridin-1- ﬂaxﬂwunaeu(ﬁ% &&%&%&H t i
pyrrolidine and nucl eosi de 51S gysléh descri bed I n arﬁﬁﬁ]é a’lﬁgsﬂl%tfegpsjlfdé%ml\?g 350. 37

(M+H) H - Npsqribea Bgymple 97step ¢, 3H, 2' - CH3), 1.62 (m 6H, piperidine),
3. 43- MS 312.41 (M+H);
H'-NMR (DMSO-d6): 0.91 (s, 3H, 2’-CHy), 3.82-4.04 (m, 7H, sugar), 3.95 (s,
15 O-CHa), 6.01 (s, 1H, 1°-H), 8.22 and 8.88 (s, 1E, adenine).

Example 50,
Synthesis of 9-(2°-C-methyl-B-D-ribofuranosyl)- 6-hydrazinopurine (55).

20 Nucleoside 55 was synthesized from sulnonyl derivative 51 and hydrazine as
described in Example 9, step 4.
MS 297.31 (M+H)
H'-NMR (DMSO-d6): 0.80 (s, 3H, 2’-CHs), 3.80-4.00 (m, 7H, sugar), 6.02 (s
1H, 1°-H), 8.47 and 8.77 (s, 1H, purine).

H

25

Example 51.
Synthesis of 9-(2’°-C-methyl-B-D-ribofuranosyl)- 6-N-methylhydrazinopurine (112).

Nucleoside 112 was synthesized from sulnonyl derivative 51 and hydrazine as
30  described in Example 9, step 4.
MS 313.72 (M+H)
H'-NMR (DMSO0-d6): 0.68 (s, 3H, 2°-CHs), 3.80-4.00 (m, 7H, sugar), 3.88 (s,
N- CHs), 5.90 (s, 1H, 1°-H), 7.68 and 8.21 (s, 1H, purine).
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3.88 (m sugar and piperidine), 4.01-4.02 (d, 1H, 3 -H 5.97 (s, 1H 1'-H),
8.28 and 10 8.58 (s, 1H, purine). Exanple 48. Synthesis of

9- (2' - G- me0hgl0932%0 D- r i bof uranosyl) 6 - (hydroxyl am no) puri ReT(IB09)42315 and
9-(2'-Cnethyl -(3-D-ribofuranosyl)- hypoxanthine (110). Sulfonyl 51 (0.2
mmol ) was dissolved in 3 nL of dry ethanol, solution of hydroxylam ne
(prepared as described by P.K Chang, J. Med.Chem, 1965, 8, 884) was added
(2 M) and the mxture was refluxed for 1 h and than concentrated in 20
vavuo. The residue was dissolved in DM (5 nL) and purified by HPLC 20- 100%
B in 30 min, flow 10 nl/mn. A-0.3%,; j1y| ammoni um acet at e |n wat er,

E{St 3:/0e H'gﬁ}&g@”-a%ﬁ"bacetﬁmﬁoévi‘h {33 dlhT@re ackhgns £, the

; olved in

MeOH, greated we, 85‘@1& M%ﬂﬁ'ag @ht@sﬁbd‘fr]@in @@d ropARididtantingtleosdos]

nucl eosi des 109 and 110 (3:1) "was preci pltate Wi th ether. The m xture was
separ at ed hn/dds’ahlﬁdlﬁm%pf&?mte@@r mn, buffers as described above.

Correspondi ng f I conbi ned, evapor at ed, co-evaporated with
water (3 x 10 W%ﬂi@%@ in nmethanol (1 nmL) and precipitated with ether
(35 nL) toyi ehdmm@msblcﬂs-): 23 gé 68 2°CEHs), By10-3.30 @ny6DAEH2-aNnoSY! ) - 1V6

- (hydroxyl ari no) puri ne (109) 3.19 M+0'I52 ?, max 261 5nm ) 99 WO
03/ 093290 REThYBOBYridiady3.SHH 0N, Gﬁvs@%b% B8 (ms2HgEH- 2 - cHg) . 3.81-4.04

m 2H 5' 4. 07 06 1H, 1'-H),
3(3 06 & teg%h}(%mpyfﬁm@ﬂ 1 ngﬁ .1ﬁ)’ g-@’lg#rre%?%)%?@’% r ?En?éér anogjl ) - K
hypoxant hine (110). Ms: 298.38 (MtH), 5 kmax 249.5 nm H1- NVR (DVSO d6):

1.09 (s, 3H, 2'-CH3), 3.85-4.24 (m 3H, sugar), 6.16 (s, 1H 1'-H), 8.21
and 8.62 (s, 1H hypoxanthine). Exanple 49. 10 Synthesis of 9-(2'-GC nethyl-

(3 -D-ribofuranosyl)- 6-methoxyam ngpurdings (111).
Svynthesis of 9-(2°-C-methyl- B -D-ribofuranosyl)- 6-( 3.4-dihydro-1H-isoquinolin-2-

15 vD)purine (114).

Compound 114 was synthesized from 3,4-dihydroisoquinoline and nucleoside
51 as described in Example 9, step 4.
MS 398.53 (M+H)
H!-NMR (DMSO-d6): 0.88 (s, 3H, 2°-CH3), 2.25-2.31 and 2.90-3.00 (m, 2H,
20  methylene), 3.10-3.40 (m, 6H, CHp-tetrahydropyridine), 3.80-4.00 (m, 4H, sugar),
5.20-5.35 (m, 3H, OH-sugar), 6.01 (s, 1H, 1°’-H), 7.16-7.25 (m, 4H, benzene), 8.27
and 8.53 (s, 1H, purine).

Example 54.
25 Preparation of 9-(2°-C-methyl- B -D-ribofuranosyl)- 6-(1.3.4,9-tetrahydro-beta-
carbolin-2-yl)
purine (33).

Compound 33 was synthesized from 3,4-dihydroisoquinoline and nucleoside

51 as described in Example 9, step 4.
30 MS 437.43 (M+H)
H!-NMR (DMSO-d6): 0.89 (s, 3H, 2°-CHj), 2.98 (m, 2H, methylene), 3.40-
4.00 (m, sugar and methylene of tetrahydopyridine), 4.05 (d, 3°-H), 6.05 (s, 1H, 1°-
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Compound 111 was synt hesi zed from net hoxyl am ne and nucl eosi de 51 as
described in Exanple 9, step 4. M5 312.41 (M+H); Hl-NVR (DMSO-d6): 0.91 (s,
3H, 2'-CH8p,03898% 4.04 (m 7H sugar), 3.95 (s, 15 0- CHELI/WSNOM26B, 1H,
1'-H), 8.22 and 8.88 (s, 1H, adenine). Exanple 50. Synthesis of _
9-(2'-Cnethyl _f3-Dribofuranosyl)- 6-hydrazi nopurine (55). 20 Nucl eosi de
55 was synt}mpﬁm)em%r(mmsmbmmylb) derd-y abiue ﬁla?diﬁlati&yfb”ﬁzhﬁ@S%S (sdﬁ§c” bed
|n Exanple9. . MB.297.31 (MrH) H -NWVR (DVBO-d6): 0.80 (s

- 3.18608), 889(9&? By NHgar), 6.02 (s, 1H 1'-H), 8.47 and 8 77 (s,
1H, pur| ne). 25 Exam|lp e 51. Synthesis of _ _
9-(2'-C-nethyl -(3-D-ribofuranosyl)- 6-N-nethyl hydrazino urine (112).
Nucl eosi de 112 was synt hesi zed from empgA derl vative 51 and hydrazi ne as

30 descgibedg thégqala;pb , _) . 0.68
(s, 3H 2'-CH3), 4.0 rn C mﬁ (s, 1H,
1'-H, 7.68 and 8 21 (s, 1H puriney. WO 03/ 093290 PCT/ USO3/ 14237

Exanpl e 52. A
6- di hydr o- 2¥py hesi zed

RN CS1 1 =171 : 8
from 3, 6 didyygrittid @isNe wal g h&%ﬁ%@ﬁé&ﬁbéﬂmw@@%ﬁs‘gﬁg%mgaaﬁp'e 9, step
4. MS 348.32 (M MR ( O d6) (s, 10-3.40 (m
6H, CH tetrahydropyrl di ne) 3.80-4.00 (m 7H, sugar), 5.80-5.98 (m 2H,
CH 10 tetrg 8.23 and 8.48 (s, 1H,
purine). XyiaminozpyIEplofAndst |y anosyl ) -

6-(3 4-di h)dcﬂ[;@nglﬂmeqqgw noI in-2- 15 yI ) puri ne ( 114)
Nucleoside 141 (300 mg, 1 mmol) was dissolved in dry ethanol (10 mL),
solution of hydroxylamine (prepared as described by P.K.Chang, J.Med.Chem., 1965
15 8, 884) was added (10 mM) and the mixture was refluxed for 1 h and than

2

concentrated in vavuo. The residue was purified by HPLC 0-30% B in 30 min, flow
10 mL/min. A — 0.2% triethylammonium acetate in water, B-0.2% triethylammonium
acetate in CH3CN. Corresponding fractions were combined, evaporated, co-
evaporated with water (3 x 10 mL), dissolved in methanol (1 mL) and precipitated

20 with ether (35 mL) to yield 117 as white solid.

Example 56
Synthesis of 7-(2’-C-methyl-B-D-ribofuranosyl)- 4- methoxylamino-pvyrrolo
25 [2,3-d|pyrimidine (118)

Nucleoside 118 was prepared from the nucleoside 141 (example 55, step 1)

substituting methoxylamine for hydroxylamine.
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Compound 114 was synt hesi zed from 3, 4-di hydr oi soqui nol i ne and nucl eosi de
51 as described in Exanple 9, step 4. M5 398.53 (M+H) H1- NMR ( DMSO
0.88 (s, WH,03m932@H3), 2.25-2.31 and 2.90-3.00 (m 2H, 20Pcetusyl/enes),

de) :

3.10-3.40 (m 6H, CH2-tetrahydropyridine), 3.80-4.00 (m 4H, sugar),

5.20-5.35 (m 3H, Ol1-sugar), 6.01 (s, 1H 1'-H), 7.16-7.25 (m 4H,

benzene), 8.27 and 8. 53 (s 1H, puEtaagle SExanpl e 54. 25 Preparation of 9

(2" - C et hyley BagiPof i | bn@of(]ﬂmésxﬂ) U heldoa ke fo-pRthgolo[3.4-

car bol i n- 2- Adindgga@ynt hesi zed from

3, 4-di hydr oi soqui nol i ne and nucle ST d 51 as described in Exanple 9, step
(m 2H,

4. 30 Ms 437.43 (MtH) H1-NMR (DVSO-d6): O. 89 (s, 3H 2' CH3), 2.98
met hyl gne) §ted ) hytded-paita .

(d, 3'-H),

148ynthedDof 2185 SHIM

6.05 (s, 1H 1'- 101 03/ 093290 PCT/ USOB/ 14237 6.

i

44dfli ne), 4.05

90-7.05

(m 2H arpysmidin-4-ope2d43).40 (m 2H, aromatic), 8.32 and 8.65 (s, 1H,

puri ne),

10. 99 e
7-(2' - C net hyl -%@glﬁc}r do 192 v a%%};sa &eé?s ﬁe %méd'i $xgmpPle 1 by substitution of

roxyl am no- pyrrol o[ 2 3-

d] pyrim di ae,rdrﬁéﬁirinStfem,i dilSyind byﬁuzslo{ﬁ 4-21];(}&1mld}m4z~pmj/l -(3-D-ri bof uranosyl ) -
4- chloro-pyrrolof2 3- d]pyrimdine (141) was prepared as described in WO

02/ 057287,

hydro&bla
nmol ) "wa

p 27-30. 10 Step 2. 7-(2'-Cnethyl]-[3-D-ribofuranosyl)-

(prepared aﬁhd'ﬁﬁmdllééj by P.K. Chang, J.Med.Chem, 1965, 15 8, 884)

added (10

el hSar L YA e Lttt A%ty ARG SR, Rl

vavuo. The resi
A- 0.2%t Eﬁ@ﬂ@)fﬁ&fﬂfPWah‘HéaQ&ﬁit%b@C ifét MRSues. The-sOlvefits t\ﬁdr@é\mpbfuna‘dlnl um

15

20

25

30

vacuum, the residue was co-evapotated with toluene and purified by flash

4-
“5&@2%8%;%& §f%,9,]5Qi’if(i)-'ﬁa%§g-2(-ﬁe?ﬂyl- Nugloesind %1&?5-@00 my, 1
y et hano ,_solution of hydroxylam ne

was
rated in
L/ m n

chromatography on silica gel (toluene-ethyl acetate, 9:1 v/v). Corresponding fractions

were evaporated, dissolved in 10 mL of methanol and 5 mL NH4OH was added.
Reaction mixture was kept at room temperature overnight and evaporated. The titled

nucleoside was isolated by HPLC as described in example 55, step2.

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

pyrimidine (120)

Nucleoside 143 was transformed to nucleoside 120 as it is described in

example 55, step 2.

Example 58
Synthesis of 1-(2’-C-methyl-B-D-ribofuranosyl)- 4- methoxylamino-pyrazolo
[3.4-dlpyrimidine (119)

Nucleoside 119 was prepared from the nucleoside 143 (example 57, step 3)

substituting hydroxylamine for methoxylamine.
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acetate in CH3CN. Corresponding fractions were conbi ned, evaporated, co-
evaporated with water (3 x 10 nL), dissolved in nethanol (1 nL) and

precipit aved3a®2m t h ether (35 nL) to yield 117 as white ®oriuo31€3anpl e 56
Synthesis of 7-(2'-Cnethyl-(3-Dribofuranosyl)- 4- nethoxyl am no-pyrrol o
25 [ 2, 3-d] pydm di ne (118) Nucl eoside 118 was prepared fromthe nucl eosi de
141 (exanple 55, step 1) substit uti:pegpresfoxyl am ne for hydroxyl am ne. 102

WO 03/ 093290 g@ﬁ@gﬁ@z_@m@@r@bq&m@m@oﬁm& 4- hydroxylamino

1-(2' -G et hyT=T3-D-rrbofura areran no- pyr azol of 3, 4-
dl pyrimdine (120) 5 Step 1. B%%ﬁlzegl -Ismé T )%( ?irﬂl -O benzoyl -2' -nethyl - 1

5- di hydr o- pyr az8uetedside T (Oplyhiol il xi}saelaa@u(mm) (0.5\ut) end perdediiod Yas

synt hesi zed as descri bed in_exanple purine for
1, 5- di hydr D=ghqrasuscoymidg @F&}? ﬂl}ﬂl ?1186 p(b%qmgé}ﬁtﬁ%l PR, 3
5-tri-O be (Fchi Q)tbd)fﬁlt tided 3)

Nucl eosi de%ﬁéjisez‘ma éslts‘%%tmnéghﬁ%h? %%dg%gﬁﬁ?o%%ﬁal %annt s of &:@ 521 was added
and the ni Yheeacti@sishpaiohdd stithsoghiml (2mhdand theMisenerptrgtedt Solg¥e evapor at ed

1 ash 15 CHICRRISGIRINY B e PNEI O TBTHENEY ot byl acetat b 9: 1 vi v).

Correspondi ng fractions were evaporated, dissolved in 10 nL of nethanol
and 5 mL NHAOH was added. Reaction m xture was kept at room tenperature
over nilght and evaporated. The tit| edxanfilebBosi de was i sol ated by HPLC as
described in gyanplieoSh(2 st-anfhyl PODSilmfudnogy)- 5-bromo-4- hydroxylamino

2' - G- et hyl -f 3- D-ri bof ur anosyrolof2,3 ilgyrindidianil 84) pyr azol of 3, 4-d1

pyrlmdlne(120 Nucl eosi de 143 vvas transfornedt | epsj.de 1 as it is
described in peidg £24 istpsgpaped inshesamaymantssa %foﬂ’iq%@sﬁ stiffiting &
1 (2' Cnme 4- met hoxyl am no- pyrazol o
d] pyr| h{%‘? gg‘?ﬂ%?ga%%)aﬂpws)
Example 61

Svynthesis of 7-(2’-C-methyl-B-D-ribofuranosyl)- 5-methvyl-4-hydroxylamino-
pyrrolo[2,3-d]pyrimidine (125)

Step 1: Nucleoside 141 (1 mmol) is dissolved in DMF (5 mL) and cooled to 0 °C.

20  NBS (1 mmol) dissolved in DMF (5 mL) is then added dropwise and the reaction
stirred for 30 min at 0 °C and 30 min at room temperature. The reaction is quenched
with methanol (50 mL) and then concentrated. Column chromatography (Si0,) with
MeOH/DCM affording the 7-bromo-6-chloro-7-deazapurine riboside.

25 Step 2: The nucleoside from Step 1 (0.5 mmol) is dissolved in 10% aqueous dioxane
(2.5 mL) and potassium carbonate (1.5 mmol) and palladium
tetrakis(triphenylphosphine) are added followed by trimethylboroxine (0.5 mmol).
The reaction is refluxed for 18 hrs. then filtered through Celite and concentrated.
Column chromatography (SiOz) with MeOH/DCM affording the 7-methyl-6-chloro-

30  7-deazapurine riboside.

Step 3: Nucleoside 125 is synthesized as described in Example 55, step 2 using
hydroxylamine.
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Nucl eosi de 119 was prepared fromthe nucl eoside 143 (exanple 57, step 3)
substituting hydroxylam ne for nethoxylam ne. 30 103 WD 03/093290

PCT/ US03/woa3/m932kxanpl e 59 Synthesis of 7-(2'-C nethyl-  PCT/US03/14237
33-D-ribofuranosyl)- 5-chloro-4- hydroxylamno pyrrolol2 3-dlpyrimdine
(123) Nucl eoside 117 (0.1 mmol) is dissolved in DM (0.5 m_) and cooled to
0 C 5 Nchlorosuccinimde (NCS (Q@Exbhnipé) dissolved in DM (0.5 nl) is
then added dr gpiihegs af'7l("0e-hARALA-OiBdfufanB Ll - O3 AThfarBkyifipfacAnd 30 min
at roomtenperature. The reagll.OBd $4 r{% N methanol (9 rrL) and

t hen concentrated. Columm chromatogra ith McOH DCM af fords 123.
10 Exanpl e Bep ydbhastlsoside ﬁ‘emﬂxaﬁipﬂméh)ﬂtepp} 0.1 ivbad])isatisssvied in FHBr(PND- 4-

hyd | 124) Nucl de .124 d
e oara,? Ry g s St P e R P b G B P P ErBi N oy NCS.
15 Exanpl e fleSiittigging a8l thé- r(ez?ctroﬁ:'h@?c%@ Yd relfidx o5 énf(g&{(r% rz’ﬂgé‘}gé’étﬂm B Nucl eosi de

5- net hyl - 4- hydr oxyl am no- pyrrol o[ 2 3-dl pyrimdi
141 (1 nmolquenehediveidorqredus NHMXHW)U\@MWOI}@H ag. Cautin@hror@ftopBshy 1 nmol )

di ssol ved | h d.d the reaction stirred
for 30 mn %%é Mbg@bm tg?rd d[ﬁ? Hﬁg ‘ﬁﬁ? 'nﬂq"?‘?éal?‘gg{?trib&ﬁld?s quenched
wi th metharSip 250 ml) and then concentrated. Colum chronatography (Si02)
W th C]—I/DCI\/I af f ordi ngi t he 7-brono-6-chl oro-7-deazapurine riboside. 25
Step 2tV The nuc|edeasilerl28 s sndpsized os desaribed iniExartipdes o, wieg 2 usitkD% aqueous
di oxane yéﬁd}k nd potassium carbonate (1.5 nmol) and pal I adi um
tetrakis(tri 1o'sphi ne) are added followed by trinethyl boroxine (0.5
mmol ). The reaction is refluxed for 18 hrs. then filtered through Celite
and concentrated. Columm chromatography (Si02) with MeOH DCM af fordi ng the
7-met hyl - 6-chl oro- 30 7-deazapurine

Synthesis of 7-(2’-C-methyl-B-D-ribofuranosyl)- 5- -cyano-4- hydroxylamino-

15 pyrrolo[2.3-d]pyrimidine (126)
Step 1: To the nucleoside from Example 61, step 1 (0.5 mmol) ) is dissolved in THF
(5 mL) and then palladium tetrakis(triphenylphosphine) is added. To this reaction is

then added zinc cyanide and the reaction heated to reflux for 6 hours. The reaction is

3

quenched with aqueous NH,Cl and extractively worked up. Column chromatography
20 (Si0O) with MeOH/DCM affording the 7-cyano-6-chloro-7-deazapurine riboside.
Step 2:

Nucleoside 126 is synthesized as described in Example 55, step 2 using

hydroxylamine.
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Step 3: Nucl eoside 125 is synthesized as described in Exanple 55, step 2
using hydroxylam ne. 104 WO 03/093290 PCT/ US03/ 14237 Examlp e 62

Synt hesi swofo3/#93220 - C- met hyl _(3- D-ri bof uranosyl ) - 5- et hyl - 4PCu$0®x42BAM Nno-
pyrrolo[2,3-d]pyrimdine (128) Step 1. The nucl eosi de from Exanple 61, Step
1 (0.2 mol) is dissolved in THE (1 5 nL) and then palladi um

tetraki s(tri phenyl phosphine) is addegthmple64his reaction is then added

di ethyl zinc tﬁebfs‘ of9dot COReNoRp FsLribefuk Aok vx-AL BYdBxYIemim.-pyEdor eact i on s
quenched wit h aqu 5k ANd ki a5 hbek a\fﬁagggwp Col um

chromat ography (Si 02) wi T VCOH DCM-af T or di ng
7- et hyl - 6- gfebar oFhé rﬁielaaadmfrbme‘ixant}ﬂsﬁﬂestep&@pﬂmmleSNthD]é’Q@iIde 128 is

h d as d bed 55,
EXanp! 8 6ouEyRNeSiangN19 I S e v A aPSHG TR BTN 4.
hydr oxyl a"%tﬂ?eél ajc§oc9n 'Eé?r&&%%m% c%ﬁﬁgﬂt%é 8 dondBlraliePhdiesiide id1e nucl eosi de

from Exa m no dissolved in THE (5 nL) and then
pal | adi um tedissalked;(rt athamiob (byph ascpthen waters(l addesjaddpd anﬁ it Teagttonisiiefls  t hen

added zi nc_cyani de_and .the reaction heated The
reaction i ®r %@%WE&SW@WE&B&% }ﬁaﬁl@é fé ?%110 ve oyn(?avtvg 5}337 up. Col um
chromat ogr gﬁb Y) with (RIGH DNt }Q@%a&f)é)@ﬁﬂdélg-chtwo 7-deazapurine

7-cyano- 6- chl oro- 7-deazapurine riboside. Step 2: Nucleoside 126 is

synt hd§i zedbesdalescri bed i n Exanple 55, step 2 using hydroxylanine. 105 WO
03/ 093290 PCT/ US03/ 14237 Exanpl e 64 Synthesis of

7-(2'-Cnethyl -D-ri bofuranosyl)-4- hydroxyl am no-pyrrolo f 2

3 dl pyrim Qteg@ ENEAsdRmEYIR 7 Ak yaehdsikad hs Stsefibdd inThemples Betpdausinpm Exanpl e
step 1 (0.5 nml) is dissolved in 5 anhydrous ethanol (10 nL) and then

satur at ed hydmax@amy®r ous HCl. The reaction is

15 Example 65
Svynthesis of 7-(2’-C-methyl-B-D-ribofuranosyl)- 5-bromo-4- methoxylamino-
pvrrolo[2,3-d]pyrimidine (129)

Nucleoside 129 is synthesized from 118 as described in Example 60.

20 Example 66
Svynthesis of 7-(2°-C-methyl-B-D-ribofuranosyl)- 5-methyl-4- methoxylamino-
pvrrolo[2.3-d]pyrimidine (130)

Nucleoside 130 is synthesized as described in Example 55, step 2, substituting
methoxylamine for hydroxylamine.
25

Example 67
Svynthesis of 7-(2’-C-methyl-B-D-ribofuranosyl)- 5-cyano-4- methoxylamino-
pyrrolo[2.3-dlpyrimidine (131)

The nucleoside from example 61, step 2 is converted to 131 as described in

30  Example 66.
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stirred at roomtenperature overnight and then concentrated. The residue is
redi ssolved in ethanol (5 nL) and then water (1 nL) is added and the

reacti on wWoios/egxtoo f or 2 hours. The solution is concentrat @dTarsd3/pisi fi ed by
colum chromat ography (Si02) with MeOH DCM af fordi ng the

7- car boxam de- 6-chl or o- 7- deazapurine 10 ri boside. Step 2: Nucl eoside 127 is

synt hesi zed as described in Exanpl e BEXampd &p 2 using hydroxylam ne. 15
Exanpl e 65 Synghemiss 6f 7-2°(EmdhyTEs D%b&fﬁra@oiﬂ)b@-frﬂét%%&h)no-&rmwm) 4-

met hoxyl am no- pyrrol o{2 2§' 1{Hd%en§ &l Q881 de 129 Ts sSynt hesi zed
from 118 as described in nt hesi s of

7-(2' - G et hyl - plip-miclzoside @Qusgbda)npléé?omtdpyﬂ is ¢enveeteti ooy B2 bndesoribed in
pyrrol og 2, %g?npp! é di ne (130) Nucl eoside 130 is synthesized as descri bed
i n Exanpl e %ﬂ substituting nethoxylam ne for hydroxylam ne. 25
Exanpl e 67 Synt hesi s of 7-(2' -G nethyl _p-D-ribofuranosyl)- 5-cyan-4-
met hoxyl am no- pyrrolol 2 3-dl pyrimdine (131) The nucl eoside from exanple
61, step 2 is converted to 131 as d&xamplestd in 30 Exanple 66. 106 WO
03/ 093290 PCTASyshadid 42812’ -CuasthylB-B-HBofSyanbsdsd-drafio- 4- hydroxylamino-
7-(2' - C et hyl - (3- D-ri bof ur angsigblof A4-dipirheidideam3no- pyrrolo  f
2, 3-d] f)(%/ri m di ne_5-carboxyl am de (132) The nucl eosi de from exanple 63,
step 110s convelYusdeosisle 130 igeonyeded foplsd as desoribesk inixample 60Exam | e 70
Synthesis of 1-(2'-C nethyl _b-D-ribofuranosyl)-_3-bronp- 4- hydroxyl am no-
pyrazol o[ 3, 4-d] pyri midine (133) 10 Nucl eoside 120 is converted to 133 as
described in Exanpl e 60. Example 71

Synthesis of 1-(2’-C-methyl-B-D-ribofuranosyl)-3-methyl- 4- hydroxylamino-

pyrazolo[3.4-d]pyrimidine (134)

15 Nucleoside 134 is synthesized from 143 using conditions described in
Example 61.
Example 72
Synthesis of 1-(2°-C-methyl-B-D-ribofuranosyl)-3-cyano- 4- hydroxylamino-
20 pyrazolo[3.4-dlpyrimidine (135)

Nucleoside 135 is synthesized from 143 using conditions described in

Example 63.
Example 73
25 Synthesis of 1-(2’-C-methyl-B-D-ribofuranosyl) - 4- hydroxylamino-pyrazolo

[3.4-d]pyrimidine- 3-carboxamide (136)

Nucleoside 136 is synthesized from 143 using conditions described in

Example 64.

30 Example 74
Synthesis of 1-(2’-C-methyl-B-D-ribofuranosyl)-3-bromo- 4- methoxylamino-
pyrazolo[3.4-dlpyrimidine (137)

Nucleoside 137 is synthesized from 119 using conditions described in
Example 61.
35

Example 75
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Exanple 71 Synthesis of 1-(2'-C nethyl-(3-Dribofuranosyl)-3-nethyl- 4-
hydr oxyl am no- p ry azol o[ 3,4-d]pyrimdine (134) 15 Nucl eoside 134 is
synt hesi zw0 0Bogarw@43 usi ng conditions described in ExanplPeT8B03/Eeam | p e
72 Synthesis of 1-(2'-C nethyl-(3-Dribofuranosyl)-3-cyan- 4-

hydr oxyl am no- 20 p azol o[ 3, 4-d] pyri m di ne (135) Nucl eoside 135 is

synt hesi zed f Sonthéd8ofIB(2TQCaRARYILE-DREbEBREHENRG-nhdthylEX2RRlRY G@mikxam | p e
73 25 Synthesis of 1-(2'-C miaold34Labimaldmanasy’) - 4- _
hydr oxyl am no-pyrazol o |[3,4-d[pyrimdine- 3-cafboxam de (136) Nucl eoside
136 is synt hesi Z%¢rcl¢esidn 1B83s amtﬁ@mdrfmlm l ¢husiveeaditied describEdampl e 64. 30

Examlp e 7 S| f..1-(2.-Cnmethyl -{3-Dribofuranosyl)-3-brono- 4-
net hoxyl am l%}f)aﬁypgéggzs \dﬁ%ﬁ?}%’g}f%ﬁﬂlﬁ?“&}%r 1%31“3‘%3’1?&881%09 de 137 is

synt hes§ zed from 119 using conditions described in Exanple 61. 35 Exanple
75 107 WO 03/093290 PCT/US03/14237 Synthesis of 1 -(2'-Cnethyll-

-D-ri bofuranosyl -3-methyl- 4- net hd%ainpd Hb pyrazol o 3, 4- d] pyri ni di ne
(138) Nucl eosiéﬁﬂﬂlﬁ&&ﬁ[&;@\fﬁtmﬁhif]zléd)—ﬁbofmreﬂnégvmsi-mn@-ohdﬁéth@ﬁ&alﬂiﬁscri bed in
Exanpl e 61, substituting net perygblid.helf@imididr @89) anmi ne. 5 Exanple 76
Synthesis of 1-(2'-C nethyl.-(3-D-ribafuranos . |y)-3-cyan- 4- nethoxyl am no-
p azol o 3, 4-d] p .qqlﬁo&ﬁel%igéwtw&e Giomy b 31uping Gongtrang dssorbad i om 143 usi ng
condi ti®ns sl b dubdlituting methoxylamine for hydroxylamine.

Example 77
Synthesis of 1-(2°-C-methyl-B-D-ribofuranosyl) - 4- methoxylamino-pyrazolo
{3.4-d]pyrimidine- 3-carboxamide (140) '

15 Nucleoside 140 is synthesized from 143 using conditions described in

Example 64, substituting methoxylamine for hydroxylamine.

Example 78
20 Synthesis of 2°-C-methyl-B-D-ribofuranosyl-6-methylthio-purine (150)

Step 1. Synthesis 0f2°,3°.5°-Tri-O-benzoyl-2’-C-methyl-B-D-ribofuranosyl-6-

methylthio-purine.
6-Methylthio-purine (1.43 g, 8.6 mmolol)) was suspended in 100 mL of dry
25  CHsCN, bis-trimethylsilylacetamide (BSA) was added (5 mL, 20 mmolol) and the
mixture was refluxed until the clear solution was formed (about 30 min). 1,2,3,5-
Tetra-O-benzoyl-2’-C-methyl B-D-ribofuranose (4g, 6.9 mmolol) was added
followed by trimethylsilyl triftuoromethane sulfonate (TMSOTY) (5 mL). The mixture

was refluxed for 4 hours, disappearance of the sugar was controlled by TLC in

30  hexane- ethyl acetate (1:1 v/v). Solution of 10% NaHCOs was added and the
benzoylated nucleoside was extracted with ethyl acetate. Water fraction was extracted
with organic (2 x 30 mL). Combined organic fractions were washed with water, dried

over Na,SO, and evaporated. The titled nucleoside was isolated by column
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10 Exanpl e 63, substituting nethoxylam ne for hydroxyl am ne. Exam | pe77
Synthesis of 1-(2'-C-nethyl-p-D-ribofuranosyl) - 4- znethoxyl am no-pyrazol o
f 3, 4-d] pyoiogiogiioe- 3- car boxam de (140) 15 Nucl eosi de 140PC3/usysii428si zed
from 143 using conditions described in Exanple 64, substituting

met hoxyl am ne for hydroxyl am ne. Exanple 78 20 Synthesis of

2' - G et hy&hrgﬁ Bgdt;))ﬁ?foﬁrsﬁfb@?g\éi ndin /5% ety bbdtare i taheene BS BJuentSyip74% Synt hesi s
of 2,3 ,5 -Tri ehzoyl -2'-C-neth Tel-b-D-ribofuranosy-I-6-

met hyIth| oylplsﬂrl ne. 6-Methylthio-purine (1.43 g, 8.6 mmlol)) was suspended
in 100 nL of dr bis-trinethylsilylacetam de (BSA) was added (5
m., 20 mol ol ) md%?%ﬁwbpnre was refluxed until the clear solution was
formed (about 3H'MNMR. (@@3)3159 (3,60, a2-CHapzoy (s; 2> SCHe), AyT0-4.80

gl e T B
TLC 30 - hyl
acetai e (1725073 trdot OB ST REPERINRL ek and the benzoyl ated

nucl eosi de was extracted with ethyl acetate. Water fraction was extracted

wi th organic 2x30 nL). Conbined aorganic fr ctloswere washed with

wat er, dri 8tp 2ouDynthessyr ety -.‘-' T P 951 de was

i solated by col 4 319 SO AR nfldl TR QENARNY 0N
silica gel usi ngﬂg8 ?%mlgéée ate i E)%{ uene as eI?Jent with 74% yield. Ms:

625. 72(( mmcobmmo(@acﬂ&)solvbn’a@as( Wap&idtedztnd@@t)lﬂe coriond wag uriBeia) |
4.70-4.80 5 & 5.90-5, ggj .4 glggab)623(d 1H, H3'),
6.80 (s, 1P|yﬂﬁﬁficl)r°maff>g§a$l‘/8né (hptharglm gURIO™- g 20 & 8.80 (s, 2H,

purine). Step 2 SS\? . 2' C et hyl -
p- D-ri bof ur anos;% met h th| o-purine. The conpound isolated in step |was
di ssol ved i n meiiafdiR (sDMBQai@dOBP(&h 3Hp2kOE0RB 288 (s eFLRLHIN3 621 s ol vent

T o Tt b 2 5H e HESU09, 3 i 35, o ey 833t 09" ooy

15 & 8.80 (s, 2H, purine).

Example 79
Synthesis of 2’-C-methyl-B-D-ribofuranosyl-6-phenyladenine (155)

20 6-Phenyl-adenine (315 mg, 1.5 mmol) was suspended in 20 mL of dry
CH;CN, BSA was added (0.4 mL) and the mixture was refluxed until the clear
solution was formed (about 30 min). 1,2,3,5-Tetra-O-benzoyl-2’-C-methyl $-D-
ribofuranose was added followed by trimethylsilyl trifluoromethane sulfonate (0.2
mL). The mixture was refluxed for 4 hours, disappearance of the sugar was controlled

25 by TLC in hexane- ethyl acetate (1:1 v/v). Solution of 10% NaHCO; was added and
the benzoylated nucleoside was extracted with ethyl acetate. Water fraction was
extracted with organic (2 x 30 mL). Combined organic fractions were washed with
water, dried over Na,SO,4 and evaporated. The residue was dissolved in 20 mL of
NH,/methanol and left overnight at ambient temperature. The reaction mixture was

30  concentrated and purified by column chromatography on silica gel using ethyl
acetate/iso-propanol/water (9:1:2, upper phase) as eluent. The title nucleoside was

dissolved in methanol and precipitated with ether with 75% yield.
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H1-NWVR (DMSO-d6): 0.89 (s, 3H, 2'-CH3), 2.82 (s, 3H, SCH3), 3.62-4.15 (m
4H, sugar), 5.23-5.31 (m 2H, sugar), 5.40 (s, 1H, H3'), 6.01 (s, 1H,
H1), 8.wW0030%28 8.80 (s, 2H, purine). Exanmple 79 Synt he®C3/usb3/14237

2' -C-net hyl -f3-D-ri bof uranosyl - 6- phenyl adeni ne (155) 20 6- Phenyl - adeni ne
(315 ng, 1.5 mmol) was suspended in 20 nmL of dry CH3CN, BSA was added (0.4
mL) and the m x§4q: gsg@?f (vefuxed until the clear solution was forned

(about 30 mn). 1,2,3 5-Tet ra- O benzoyl - 2' C et hyl _R- nose was
added fol | owed H;jF NMRABM§OI6)y0.81 5, Bﬁu%rGH%e)e Redds.stH %é) %Hg The
m xture wa ed.f 0, C :h ontrolled
25 by TLC [ il Gt b 0% Zstzedj!z 3P A O A -
added and pivg denzayl(@tieg 4pheheysi.Tk7.82¢t, ekn; Bﬁepfmdyw 1.80 &, B, 28cet at e.
Water fraction was extracted with or nlc 30 mL) . Conbi ned organic
fracti dns neenynd4Ad 8t(p 2RhauEne), 89 55 Na2SO4 and evaporat ed. The
resi due was dissolved in 20 nL of -FB/nEthanoI and | eft overnight at

anbi ent tenperature. The reaction m xture was 30 concentrated and purified
by col unmm chronmat ography on silica gel using et hyl

acet at e/ i so-propanol /water (9:1:2, up %Base) as eluent. The title
nucl eosi de was dissolved in net har‘ cnlu precipitated with ether with 75%

yield. 109 MMW Hﬁg:ﬂbjoﬁ%%?osvi\@ﬁ %ﬁﬁetﬁ&laﬁ%ﬁ%bhvﬁﬁn%ﬁﬁvs@ de) :

0.81 (s, S 3H, SCH3), ~4.20 (m 4H H 4, H5 a,b,
H05)1,05 20-5.41 (m 3H, H3', HO2', HOS), 6.01 (s, 1H H1),
6.90-7.10 (t, 1H, 4- phen 7 28- 732 (L (d, 2H,

2,6 5 phen.-ml Pig
SyntheS|s 0 e

2' - C—rrethylIb osyi Srlmethylsulfan - di met hyl am no- et hyl am no) purine 10 Step
1. Synthesis of (nffun®180(1c5E shmmof) wagdissoiteden BY mI2of @ymsridine, (err) - D-

bof | t hyl sul f | | ved
e o R 2
added pnd 1, ?x@}%&rﬁtﬂ% f?f? &) tTéétsofV@%asje@aﬁ&Hﬂéﬁ LAl Webidhic WaddigiBibuttde s OI vent
u

was evadpor a e was distributed
between ethyl acetate and water. The organic phase was washed with 10% aqueous

anpl e 80

NaHCO;, water, dried with NaSO4 and evaporated. The crude oil was purified by
column chromatography on silica gel using 5% methanol in chloroform. The fractions
containing the title nucleoside were combined, evaporated and freeze-dried from
20  benzene to yield 2.1g (74%) of nucleoside the desired product as a white solid foam.
MS: 585.96 (M+H),
H'-NMR (CDCls): 0.99 (s, 3H, 2’-CHa), 2.76 (s, 3H, SCH3), 3.80 (s, 3H,
CH,-trityl)3.50-3.55, 4.10-4.18 & 4.20-4.30 (m, 4H, sugar), 5.30 (d, 1H, H-3’), 6.08
(s, 1H, H-17), 7.20-7.50 (m, 14H, trityl), 8.20 & 8.68 (s, 2H, purine).
25
Step 2. Synthesis of 9-(5’-O-monomethoxytriphenylmethyl-2’-C-methyl- § -D-

ribofuranosyl)- 6-(methylsulfonyl)purine

The nucleoside prepared in Step 1 above (2 g, 3.4 mmol) was dissolved in 5

ml of dry acetonitrile, 8.2 mL of 1M solution of 3-chloroperoxybezoic acid was
30  added and reaction mixture was kept at room temperature for 1 hour. The reaction

mixture was distributed between water and chloroform. The organic fraction was
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bet ween et hyl acetate and water. The organi c phase was washed with 10%
aqueous NaHCO(err), water, dried with NaSQ(err) and evaporated. The crude
oi | was pwoioBiogxt9bby col unm chronmat ography on silica gel w®erngoyU2eet hanol
in chloroform The fractions containing the title nucl eoside were
conbi ned, evaporated and freeze-dried from 20 benzene to yield 2.1g (74%
of nucl eosiwahth@itl 94 afhepiONUHCOASwBetMalib@ asDévadof8io vidWPtheaBd96 (MHH),
H1-N|\/R(CDCI(er]r'L%3; 0.99.(s, 3H 2"-CH3), 2.76 (s, 3H Sél—IS), 3.80 (s, 3H,
CH3-trityl )o8mpouad 5e95% vighd.4. 18 & 4.20-4.30 (m 4H, sugar), 5.30 (d, 1H,
H3), 6.08 (s, ' .20-7.50 (m 14H, trityl), 8.20 & 8.68 (s, 2H,
purine). 25 St eyé%$§%%gﬁ of
9- (5' - O nmononet hoxytri phenyl met hyl -2' -C-nethyl - (err) -D ribofuranosly)-
)Rurine The nucl eoside prepared in Step 1 above (2 g, 3.4
mol ) was dE3iyathests of 9-(g{-Coamethyly Brlhribefiuranopy)- (2> dimethflamivosol ut i on of
3-chl or oper {c acid was 30 added and reaction m xture was kept at
room terrper@g‘[{%?&lgi i ghour. The reaction m xture was distributed between
wat er and chl or G-@r+@-nmbnemettgapiriphéyketih9h2 WasmethFOB- NS BAH32AN 6-
PCT/ US03/ 1 23% wg.shed w th 10% agueous NaHCO3, water, dried and evaporated
to yield thmethylsulignylipng(fid mmol 5o issplyed ws mdaof ds3 acoipmiyrile andsgep 3.

Syn ; |h2 ?nl s ;agnl}?tihg%'nﬁ&-eﬁ&Miﬁe (s addel (PRSI PR turE wad 7S HBE R (A no-
9- (5' - 1§ norodBeheopeanitptrdriy baetohThe RisidGe e disselyad B PMI(unByasy! ) - 6-

na 20 o by By BERG: Hn andh ol Bt ool A et s

refluxed famnrdoniukQcan@ ih ReRer CRICEN AL ASmIHbURS Ytatd RECEEENIHE, Was
dissolved in DVF (5 nL) and purified by HPLC 20-100% B 1n 30 mn, flow 10

m./ mn. A {fragti@sgaoniagedythe prtenbad U@’ dbatetiyd- B ADwibofiran®yl)- 8YR-

triethyla ni acetate in CN. The fractigons, cqontained the protected
ol (5 L ot HE R RS g ARG V5T SEeRostets BOHGA AR MERISIRICANTHb) pur | ne
wer e eMapOHRtAdeOH 55 9knif dt bIT MaiQHe tiHE ShE Sk Wi e[frﬁ%lfﬁtér%/g@ﬁtelhﬁ TheM N at

OC and the title conpound was precipitated wth ‘e product
was separ atide pdupPya; separapgshty HRLG-20% B bu3§ i (hidkoy ddseribedmbues).

Corresponding fractions were combined, evaporated, co-evaporated with water (3 x

= at

10 mL), dissolved in methanol (1 mL) and precipitated with ether (35 mL) to yield
the title compound as a white solid.(yield: 55% based on 9-(5°-O-
20  monomethoxytriphenylmethyl-2’-C-methyl-B-D-ribofuranosyl)- 6-
(methylsulfonyl)purine)
MS 338.92 (M+H)
H'-NMR (DMSO-d6): 0.78 (s, 3H, 2°-CHs), 1.62 (m, 6H, piperidine), 2.76-
2.88 (s, 9H, methyl-N), 3.25-3.45 (m, 4H, methylene), 3.53-4.10 (m, 7H, sugar), 5.98
25 (s, 1H, 1’-H), 8.35 and 8.65 (s, 1H, purine).

‘ Example 81
Synthesis of 9-(2°-C-methyl- B -D-ribofuranosyl)benzimidazole (60) GL048795

The title compound was prepared as described above in Example 79 using
30  benzimidazole as heterocyclic base.

MS 267.32. (M-+H)
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Corresponding fractions were conbi ned, evaporated, co-evaporated with water
(3 x 10 nmL), dissolved in nethanol (1 nL) and precipitated wwth ether (35
m) to yiwbd3/oedzeotitl e conpound as a vvhi te solid. (yield: PE3Sbasea’ on
9-(5' -0 20 nonomet hoxytri phenyl met hyl - -C-net hyl - 3-D-ri bof uranosyl ) - 6-
(et hyl sulfonyl)purl ne) M5 338.92 (I\/H—i) H1- NVR (DMSO-d6): 0.78 (s, 3H,

2'-CH3), 1.62 (IH' IGMRQDmo—dﬁ)we)gl (g 3}132 2:}8;& 3(68 4%(mmﬂhydgaf§)52$ 25- 3. 45

(m 4H, rret Ien%{‘ rr{)ﬁ{ e')éf g H, 1;11)3 8. 35
and 8.65 (92U SHEE 5”@&& eI{‘él)s éy‘l{c?t(h :ﬁ-df), §~8(729- @:&r%ﬂﬂ{ﬁfsﬂ

- D-ri bof ur agasyl ) benzi m dazol e (60) G.048795 The title conpound was
prepared as descri bed above in Exanple 79 using 30 benzim dazole as

het erocyclic base. M5 267.32. (M+H) 111 WD 03/093290 PCT/ US03/ 14237 H -NWR
(DVMSO-d6): 0.81 (s, 3H, 2'-CH3), 3.68-4.20 (m 4H, sugar), 5.25 5.30 (m

2H, sugar), 5.40 (s, 1H, H3"), 6.10 (s, 1H H1'), 8.87, 9.00 & 9.10 (3s,
3H, purine). 5 Exanple 82 Synt hesi

9-(2'-Cnethyl |l -D D ri bofuranosyl) - %%’%E%glgl%-l m dazol - 4-yl)

et hyl am no) pur Syathedis 6f 9@ rpauetliylth&-whsfusanot yig i (2€d B inddazol-4-yl)-

2- (2H i m dazol e-4-yl ) -ethyl am ne alnd.
9- (5" - O nononet hoxyt ri phenyl net 0h-D-ri bof uranosyl ) - 6-

(et hyl sul f onyl 8 (M+H)
H - NVR ( DVBO- dGWo" B qéﬂ%gwﬁ&%ﬂ rf{olﬁaégggﬂ{ gnﬁ%zf’ oy Eﬁh%ﬂr?gﬁ'ﬁﬁ’l%ﬁé
3.53-405 o’ ﬂanoaq@aﬂlpxytﬁphalqugzthgw @-méﬁ)lyl FD4Bbafuchn®sy@P 66s, 1H,

P R L R
(157) MS 376.78 (M+H)
H'-NMR (DMSO-d6): 0.80 (s, 3H, 2’-CH,), 3.25-3.45 (m, 4H, methylene),
3.53-4.05 (m, 7H, sugar), 5.99 (s, 1H, 1°-H), 7.48 and 9.09 (s, 1H, purine), 8.35 and
15 8.65 (bs, 0.7H, imidazole)

Example 83
Synthesis of 9-(2°-C-methyl-B-D-ribofuranosyl)-6-(2-piperidin-1-yl-

20 ethylamino)purine (157)

The title compound was synthesized from 2-piperidin-1-yl-ethylamine and 9-
(5’-O-monomethoxytriphenylmethyl-2’-C-methyl-p-D-ribofuranosyl)- 6-
(methylsulfonyl)purine as described in Example 80, step 3.

MS 293.58 (M+H);

25 H'-NMR (DMSO-dé6): 0.88 (s, 3H, 2’-CH3), 1.40 (bs, 2H, methylene), 1.65-
1.82 (m, 4H, 3.25-3.45 (m, 4H, methylene), 3.10-4.15 (m, 10H, sugar & piperidine),
5.99 (s, 1H, 1°-H), 8.35 (s, 1H, purine), 8.60 (bs, 1.5H, purine & NH).
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The title conpound was synt hesized from 2-pi peridin-1-yl-ethyl ainine and 9-
(5" - O nmononet hoxytri phenyl net hyl - 2' - G- net hyl - (3-D-ri bof uranosyl ) - 6-

(et hyl suWwbeawdepuri ne as described in Exanple 80, step 3PCVESEDB238 ( M+H) ;
25 H-NWR (DMSO-d6): 0.88 (s, 3H, 2'-CH3), 1.40 (bs, 2H, nethylene), 1.65-
1.82 (m 4H, 3.25-3.45 (m 4H, nethylene), 3.10-4.15 (in, 10H, sugar &

pi peridine), 5 99 (s 1H, 1'-H), 8E%m{1§341H purine), 8.60 (bs, 1.5H,

purine & N 923/@ £29. 05 pR3h 4D (cvelprdt yRarSifio puAhe eS8y of 9- (2

Icofr:pgﬁtngy{/vas sy ‘lﬁgurd[ %Si)rﬁvas Sé’fiopr opyﬁgam ?e g%%%%lﬂgaﬁd@@ oThe title

nmonomet hoxmfohblﬁemaxytﬁphém}lmathypznetrhethyléBmlboﬂumssdm&hf)thylsulfonyl)
6- (et hyl sul f ony g purine as descrl bed in Exanple 80, step 3. M5 322.43

( MrH) ; SHL- pviRne( m@X@@P S0, $fp 32 - cH3), 0.21-0.32 (m 5H,

cycl opropane), 7H sugar), 5.99 (s, 1H 1'-H), 8.68 and 8.99
(s, 1H, puri ne)l\/fsl% ﬁ% B85 Synt hesi s of

9-(2' - G net hyl - mmwsom)s@sa{mmgt%)gmm -A2 (Go) Pl eYEDEABOY). The
title conpound wa nt he 5 -O

ronomEt howd SAHHHCAY TR 02 5, Bt Pt Sogen 0% i Lokt

6- (met hyl sul fonyl) purine as described in Exanple 80, step 3. 15 Ms 350. 64

(MtH); H1-NVR (DMBO-d6): 0.88 (s, 3H, 2'-CH3), 1.47-1.65 (m 9H,
cycl op@nt ane) , 386486(m 7H, sﬁgmpi,ﬁé 10 (s, 1H, 1'-H), 8.47 and 8.79

(s, 1H, purine 6 Svn%harﬁfng)p%

8
9- (2 - C et Bymthesis ¢ -G (CyeloRentaming puripe The

title comound Ygs %ﬂ@%ﬁﬂ@%i Mme@ﬁée& ﬁbﬁf@slcmﬂ@la@ﬂde fnd &(5°®-

nmonomnet hoxyt ri phenyl me

- G et hyl - @@nbrrethood/triphaogyiejhyb-2{- @smnwbﬁmﬂhyﬁlranoamlm ¢rémethylgaléemilbed in

Exanpl e 80, ste . ; H1- NVR ( DMSO- d6 0.86 (s, 3H,
2" - grils), 1PBGD?L‘?F‘)SA‘% edllélig‘aﬂﬂé’?%%ff &irRY: ( . (

15 MS 350.64 (M+H);
H!-NMR (DMSO-d6): 0.88 (s, 3H, 2’-CHs), 1.47-1.65 (m, 9H, cyclopentane),
3.86-4.86 (m, 7H, sugar), 6.10 (s, 1H, 1°-H), 8.47 and 8.79 (s, 1H, purine), 11.5 (s,

1H, NH).

20 Example 86
Synthesis of 9-(2’-C-methyl-B-D-ribofuranosyl)-6-( cvclohexylamino)purine (160)

The title compound was synthesized from cyclohexylamine and 9-(5°-O-
monomethoxytriphenylmethyl—Z’-C-methyl—B-D-riboﬁlranosyl)-6-(methylsu1fony1)
purine as described in Example 80, step 3.

25 MS 364.64 (M+H);

H'-NMR (DMSO-d6): 0.86 (s, 3H, 2’-CHs), 1.30-1.42 (m, 10H, methylene),
2.58-2.62 (m, 1H, methine), 3.86-4.86 (m, 7H, sugar), 6.10 (s, 1H, 1°-H), 8.24 and
8.98 (s, 1H, purine), 11.5 (s, 1H, NH).

30
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2.58-2.62 (m 1H, nethine), 3.86-4.86 (m 7H, sugar), 6.10 (s, 1H, 1'-
8.24 and 8.98 (s, 1H, purine), 11.5 (s, 1H, NH). 30 113 WD 03/093290
PCT/ USO03/Wwo23/p932Bkanpl e 87 Synt hesi s of PCT/US03/14237
9-(2'-Cnethyl -p-D-ribofuranosyl)-6- 6-Fluoro-1 3 4 9-tetrahydro-R-
carbolin-2-yl)purine (163) The title conpound was synthesized from
6-fluoro-2,3,4,9- tetrahydro IH 5 bEi anpglaghol i ne and

9-(5' - O-nonQ 11191 (6F3udeo-1,3.4.9-tetrahydro-B-
ri bof uranos g1 bed in Exanpl e 80, step 3.

wothylene) 3 BB I]iﬂésore"%?%@w 5‘11%(%%&3“%9%‘9‘5 W

1H H%), b@ta%@rb%h%é ahdD- (5’1© rﬁbﬂmn‘lé%ﬁ&i;@ipheﬁyﬁﬁbtﬂyl%— (-metiBHp-Dndol e), 8.36 &
8.67 (s, 1H, purin npl.e 88 Synt hesi s_of

(s, H)
9-(2'-C nenhyﬁnz(mﬂgﬁﬁr(@ﬁhmaﬂ@@y%we@s@PW@P@JTQE‘KWPIP@antPP315 yl) purine
(164) The titl emﬁgg . synt hesi zed from 1,2,3,6-tetrahydro-pyridine
and 9- (5'- r| henyl net hyl - 2' - G- et hyI (3-D-ri bofuranosyl)- 6-
(met hyl sul fonyl IPLINMVIRE(DMIS Dedr)f 0.82 ¢k, BH, Exetﬂp) @.1801.48 (rep6 13, mitBy8ue), 49 ( M+H) ;

20 H1- NVR (DVSO- d6) s, . 3H,_ 2 | ne),
2.10- 3. 20 %rﬂo 4509 (me@TIaW;%ﬂrrgo‘ip% f‘&llr{éﬂ%%éd ﬁ%%ds (ﬁFf Péﬁ) 55{85% 1% 20-5. 40
(m 3 S { rineh 11031(sl, NEL 5
Exanpﬁeo 89@3;{@}95 17?5?9% ]€7.535 ddlortinkole), £338 &6B(SIH( Surirhh 11031(s] ME) NES
1-(2'-Cnethyl - (3-D-ribofuranosyl)-5-am nobenzi m dazol e and 1-(2'-
nmet hyl - (3-D-ri bof uranosyl ) - 6- am nobenzi m dazol e G.048950 Step 1. Synthesis
of 1-(2'-Cnethyl-1 -Dribofuranosyl)- 5-nitrobenzim dazole and 30
1-(2' -G rmethyl - (3 -D-ribofuranosyl gx g@ygigtgr obenzi m dazol e The m xture of
ni tronucl eosi des was prepared with yield 82% as descri bed above in
Exanpl e 79 us$vighdsiswfta- Cﬁbé]i}methvt'u-ﬁz]blrréaoMMNBr@&MiMdMZH-DMm-hﬂ 0. 34
(MtH) ;15 yl)purine (164)

The title compound was synthesized from 1,2,3,6-tetrahydro-pyridine and 9-

6 *_O-monomethoxytriphenylmethyl-2’-C-methyl-B-D-ribofuranosyl)- 6-
(methylsulfonyl)purine as described in Example 80, step 3.
MS 348.49 (M+H);
20 H!-NMR (DMSO0-d6): 0.90 (s, 3H, 2°-CH;), 1.50-1.63 (m, 2H, methine),
2.10-3.20 (m, 6H, tetrahydropyridine), 3.80-4.10 (m. 3H, sugar), 5.20-5.40 (m, 3H,
sugar), 6.00 (s, 1H, H-1"), 8,22 & 8.55 (s, 1H, purine).

25 Example 89
Synthesis of 1-(2’-C-methyl-B-D-ribofuranosyl)-5-aminobenzimidazole and 1-(2°-C-
methyl-B-D-ribofuranosyl)-6-aminobenzimidazole G1.048950

Step 1. Synthesis of 1-(2’-C-methyl- B -D-ribofuranosyl)- 5-nitrobenzimidazole and

30 1-(2’-C-methyl- B -D-ribofuranosyl)- 6-nitrobenzimidazole

The mixture of nitronucleosides was prepared with the yield 82% as described
above in Example 79 using 5-nitrobenzimidazole as heterocyclic base.

MS: 310.34 (M+H);
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114 WD 03/093290 PCT/ US03/ 14237 H -NWR (DVBO-d6): 0.71 & 0.72 (s, 3H,
2'-CH3), 3.23-4.00 (m 4H, sugar), 5.19-5.33 (m 1H, sugar), 5.41 & 5.50
(2s, 1H, Wo33)93280 05 & 6.13 (2s, 1H, H1'), 7.80-9.00 (4FcThseyi4ardtazol e).
S Step 2. Synthesis of 1-(2'-Cnethyl- (3 -D-ribofuranosyl)-

5- am nobenzi m dazole and 1-(2'-Cnethyl- P -D-ribofuranosyl)-

6- am nobenzi ni daIiIbI\MFQBMEOLHw enf&r@mzr(@ JHICH> a0 de93ar el isieap).ePp 1

above was d| solved in nmethanol and dro enat ed over OO} Pd/ € a 25p5|
for 40 nin.>-EaPaPyEb Wasuger) f &l & 5-58Kas, tlﬂagb@l@mw&a@héﬂzWHhHﬁbb hanol ,

sol ution r he residue 10 purified by col um
chronatogr§€%§ggg?gﬁégéﬁgngaﬂﬂbExanple 79 to yield inseparable m xture of
5- and 6-am nobenzi m dazol e nucl eosi des. M5 280. 32 (M-H) H1- NVR ( DMSO- d6) :
0.84 & .87 ' 3 23-4. 00 (m 8H sugar), 5.19-5.33 (m 4H,
sugar) PACEDL athyl- 5_ : -‘ pEyl)- ammqbemﬂmidazolgmld
6.49-7. 29 (4 o _NH2) . Exanple 91
Preparatio tetramet hyl 20

guani di no) puri nerﬁekﬁﬂamzben&ﬂotduele@ga&%feﬁhrwﬁl §t¥;5”1 W88V Res disVNed in
t et ramet hyl guani di ne. and 9-(5' -

nononet hox yagthaied agd hﬁfﬁ%m@d-(’@ﬁlfr&% YdL§ 3t 25psi foofo nan(@q,tal)yst was filtered

Ot 1S Hh b P00 Al BERGRIIS il G, RGP l0TRe iR, 300 49
3. 20- 410_L5 p@nﬁed’biy celugar Jhrorbat0frapBy aslddschibel! 1)1,Ex81r$fe’@t%ﬁéldﬁl§sep§{lablepur' ne) .

Exanple 92 30 S esi s of
2' - C- et hy MUK #?M%%?erﬁ@%ﬁénfid@%ﬁl%xam de (208) 115 WD

03/ 093290 PCT/ USQ3h %(s}ggzM@ﬂepl Synthesis of 1' ,2' 3

5 -tetra- Obenzoyl 2'-C 6-carbonitrile- purlne
9- (5' - O nononet FHXYMR (DMSH- ah@t gl 820 8C{(sy8ith 2 -CIR), -ﬂanbof(mc 8HOSa)); 6-

L, AT B, LT g Ry A By A o0 v

3- chl orsopelIvheo i oshil Rl AIPR ©280 FRACH PN M xture was kept at
room terrper ature or hour . e reacti o m XZL' ure

Example 91
Preparation of 9-(2’-C-methyl-B-D-ribofuranosyl)-6-(tetramethyl-

20 guanidino)purine (178)

The title compound was synthesized from tetramethylguanidine and 9-(5’-O-
monomethoxytriphenylmethyl-2’-C-methyl-B-D-ribofuranosyl)- 6-(methylsulfonyl)
purine as described in Example 80, step 3.

MS 380.49 (M+H);

25 H'-NMR (DMSO-d6): 0.90 (s, 3H, 2°-CH3), 2.90 (s, 12H, CH3), 3.20-4.15

(m. 7H, sugar), 6.00 (s, 1H, H-1), 8,48 & 8.85 (s, 1H, purine).

Example 92
30 Synthesis of 2°-C-methyl-B-D-ribofuranosyl-purine-6-carboxamide (208)
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was di stributed between water and chloroform The organic fraction was
washed with 10% aqueous NaHCC3, water, dried and evaporated to yield
6- mesyl - rwologogizde with 95%yield. Ms: 657.83 (MtH). 10 Po@/uysndduat was
di ssolved in DMF and NaCN (2 equiv.) was added. The reaction m xture was
stirred at roomtenperature for 2.5 h to provide a yellow solution. The

sol vent was SteppoSaithekid of V2¢BQ51 Rith&RYenyl-2SCduethyMblicaibonmsle-fidinki t i oned
wi th chl oroformand water. Organic portion was washed wth water, 10%

NaHCO8 and wat er9-@-mompmsthoryisipbeuimedyt-21-6rmethsl- @r-tfkdbaﬁwn@%db(ﬁat ed.

The 15 co c y_0n..Si usi ng
5% of nﬁ Hﬁ’ Waﬁ%%lﬁlglrrgnfeggxr%"%&? Q‘lé S lg@'ﬁfﬂ%cﬁg‘?}ﬂg s"ﬁ%?n‘lif’sﬂb' ﬁﬁ%g Bns were
evapor at ed of dry adeedritrild) 8 HESK b 2 dRbRELE bf § 20romsofydeMoidid Q\%a&&d( MtH)
H-NWR (CDC13): 1.85 (s, 3H, 2'-CH3), 4.75-5.00 (m" 3H, sugar),
6.07-6.09 @8 f@ﬁﬂtlomxtyre wasgkept 4t oo tepparajure ﬁ>r215h®r ﬂhe(mctmamnxbemoyn
g- 6(():_ mf}t ﬁyl%ﬁa(g%ﬁsgl %{Eﬁg%@ﬁe%ﬁc??lﬁgroggrﬂ{ g3 oggn Ip fraction was washed with

, 2,35 IOfVeamJae@r Neﬂm,g,l waker, %B@bﬂiﬂ/bva@o@ﬁd‘dl@@héld blBesyUnidl€odidedRithy) was
25 di ssol vgg ?ﬁem xture water/met hanol / hydr ogen peroxide (30% 1:1:0.05
viviv (20 )/ sol ution was adjusted to pH 9 with NHAOH The m xture
was gently heat ggs. WEU%@H‘I ear solution was obtained and then kept at
room tenperature overni ght reaction m xture was evaporated and the
resi dul® purifi e&hbprmcmaiﬂmlmdénimv{ﬁlaydl\ma émﬂv)@ai addiedoTisd ng

fractions were evapor at ed 8 at ed tfh and., 30 dried to

provi de t h&® agﬁg )gtuﬁeo%%%ﬁ’if \ﬂ? %B%%Wf%'llr& li\%,g é@@mf@de(m OW 116 WO

03/ 093290 E’@ﬁﬁbﬁcﬁlﬁl{e]sﬁﬁ%ﬁt wkﬂ Ma@@%@aﬂ@)to 19&\7@% r@ﬁdueglﬁ"hléh W§;H3 3.80-4. 16
(m 4H, sugar), 5.28- 3H, su 7 (s 8.74 & 8.86

(s, 2H, pupmlér;)ne%wgh&hlomfoengndwm @amcmfonzor(xaawwmstmmata h0%

008 DGRBS AN S i S o > = 7

(3- D-rlishof woiapewt] was isolated by column chromatography on silica gel using 5% of

methanol in chloroform for elution. The corresponding fractions were evaporated to
yield the desired product (50%) as foam.
MS: 604.78 (M+H),
H'-NMR (CDCL): 1.85 (s, 3H, 2’-CH3), 4.75-5.00 (m, 3H, sugar),
20 6.07-6.09 (d, 1H, H-3"), 6.81 (s, 1H, H-1°), 7.25-8.20 (m, 15H, benzoyl), 8.60
& 9.08 (s, 2H, purine).

Step 2. Synthesis of 2°-C-methyl-B-D-ribofuranosyl-purine-6-carboxamide

1°,2°,3°,5°-tetra-O-benzoyl-2’-C-methyl-6-carbonitrile-purine (105 mg) was
25  dissolved in a mixture water/methanol/ hydrogen peroxide (30%) 1:1:0.05 v/v/v (20
mL). The solution was adjusted to pH 9 with NH,OH. The mixture was gently heated
until a clear solution was obtained and then kept at room temperature overnight. The
reaction mixture was evaporated and the residue purified by RP HPLC as previously
described. Corresponding fractions were evaporated, co-evaporated with water and
30 dried to provide the desired compound with 60% yield.
MS: 310.78 (M+H),

116



10 The title internedi ate was prepared as descri bed herein above. Step 2.
Synt hesis of 2-(3 4-Di benzoyl -5-benzoyl net hyl - 3- net hyl -t et r ahydr o- f ur an-
2-yl)-2HWOD3AIRPa ri azi ne- 3, 5-di one 2H-[ 1, 2, 4] Tri azi ne- 3, BCaiusn&14248¢ dr i ch)
(194.5ng, 1.72mmol) was dissolved 15 in anhydrous acetonitrile (6nL). BSA
(0.85nL, 3.44mvol) was added via syringe, and reaction was refluxed at 90C
for 45 ninutes. HhEMREOMSOLIORS. 82*1@@}@'2' Qyﬁg 3.80-49%Qn, T491 Fs@gzm Leigper at ur e.
1,2,3,5-Tetra- O benzoyl -2' -C-neth 2/ é{ bof uranose (50 0. 861nmol )
was di ssol ved i - %%ﬁ?d}féﬁgﬁéeﬁ bhist ti) &- 1()3r8L7)4 &8 el s 11210’1116)16 reaction

m xture. TMSOTf (0.625nL, 3.44mvol) was then added to the reaction 20 drop
W se via syringe. The reaction m xture was then refluxed at 90C for 2
hours. The mixture was then diluted with Et OAc (200nL) and washed with 200
m. saturated NaHCO3 sol ution. The grganic | ayer was extracted 2x with 100

nL Et and the combi ned organi ¢ fEXaEpleiHs ver e washed with brine and
dried over Weresisofg-Gud-Diltvdroxshehydrenyinaihyldanqtiylitira firemPey
chr omat ogr aphy on silica 25 MMMM@X%@ to yield a white

crystalline product (450ng, O0.79mmol, 91%. H -NWR (CDCl13): 8.13 (m 4H),
8.00 (dd, 2H), 7.63 (dt, 2H), 7.50 (m 5H), 7.35 (t, 2H), 7.29 (s, 1H),
7.11 (s, 1@ten5 Qénthéldh ofliH 3. 54TéR-Odstnzd il Clméﬂi\ﬁ BLD Hebfurafbse4 (dd, 1H),
1.80 (s, 30 Step 3. Synthesis of 2-(3 4-Dih
dr oxy- Hl hydr oxy r@teﬁyﬁ-lsten‘e@dlatiwa@ preparcang diescribad AereirPatBve.
-2H-{1,2,4]triazine-3,5-dione 117 WD 03/ 093290 PCT/ US03/ 14237 35 ng of
2-(3, 4- Di benzoyl - 5- benzoyl net hyl - 3- et hyl -t et rahydr o-furan-2-yl)

2H [ 1, 2, 4] tStép2.i SentBeshs ¢ 0034 -WilSerb PSP b BM y Itk fhyE Altah AL hanol
(1am). The reactl on was seal ed and stirred for 48 hours. The reaction was
concent r at edvl) glazgneahSaheitephous solid and then precipitated from

058 15 (M 1) 5%@%%@@%@%%% rBTARR IO g Mol Wik tisforidd o1y
4.55 (5, 1k anhy@lr@B acétonitie,(6RLESBSAD.SBHL, 334 d1)ehas dfled via ides, 3H) 10

and reaction was refluxed at 90°C for 45 minutes. The reaction was then allowed to

cool to room temperature. 1,2,3,5-Tetra-O-benzoyl-2’-C-methyl B-D-ribofuranose
(500mg, 0.861mmol) was dissolved in anhydrous acetonitrile (6mL) and added to the
reaction mixture. TMSOTT (0.625mL, 3.44mmol) was then added to the reaction

20 drop wise via syringe. The reaction mixture was then refluxed at 90°C for 2 hours.
The mixture was then diluted with EtOAc (200mL) and washed with 200 mL
saturated NaHCO; solution. The organic layer was extracted 2x with 100 mL EtOAc
and the combined organic fractions were washed with brine and dried over
Magnesium sulfate. The reaction was purified via column chromatography on silica

25  gel (2:4:4 EtOAc:DCM:hexane) to yield a white crystalline product (450mg,
0.79mmol, 91%). '

H'-NMR (CDCl): 8.13 (m, 4H), 8.00 (dd, 2H), 7.63 (dt, 2H), 7.50 (m, 5H),

7.35 (t, 2H), 7.29 (s, 1H), 7.11 (s, 1H), 6.04 (dd, 1H), 4.85 (dd, 1H), 4.76 (m, 1H),
4.54 (dd, 1H), 1.80 (s, 3H).

30
Step 3. Synthesis of 2-(3,4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-
2-y1)-2H-[1.2 4ltriazine-3.5-dione
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Exanpl e 95 Synt hesi s of 5-Hydroxynet hyl - 3- net hyl - 2-

6-t hi ophen-3-yl -purin-9-vl) tetrahydro-furan-3,4-diol (1) 15 Step 1.

Synt hesi swof03/293266 Br ono- puri n- 9-y1) - 5- benzoyl ox3mnet hyl - 3- meThysh3/14237

t et rahydro-f uran- 3, 4- oxybenzoyl 6-Brono-9H purine (A drich, 342.3ng, 1.72
mmol ) was di ssolved in anhydrous acetonitrile (6nL). BSA (0.85nL,

3. 44mmol ) was adgeg ¥ 2 (Z¥DibERoyRNMBendogBedthylrs -wrthyl-¢éttanydo-farandDgf or 45
m nutes. The reaction was then a?ll.owed to cool .20 to roomte eo\riéure.

1, 2, 3, 5- Te2FaLG, blnaziye-3,5-digesasdissolved in pppwnia styalisd H(ﬁrén]e?é‘ﬁga B 461 nmol )
was di ssol ved in_.anhydrous et.onit-r j gaction
m xture. T acPBr} @égﬁﬁf edﬁ?ﬁ%@%%ﬂi&oﬁ?.enhegrggcét%ﬁﬁgg téﬁgc‘grnziggeg i”gn dr op
Wi se Via Sypi:pas.an Bhfrplens solihan thtn pecipitstet] fiom mefHansdezhdat 90C for 3.5
hours. The m xture was then di|luted wth Et(PAc (100m.) and washed with
100mL 25 saliderpagthne tor dhsanreodist U2msn /S Pieeldk gani ¢ | ayer was extracted 2x
with | OOl Et glble}-l onbi ned organic fractions were washed with
brine and dri ed?@%%%’qz gnegi um sul fate. This m xture was then concentrated
in vacuo. The r eHcXVIR(DMSO-@)r i75%E, 1H)a5.85 sy iH),cho® a2 Byradhis. Bh).si | i ca
gel (Il oaded on 5% Et oAc . in 1§ h %t oAc in DCM to yield an
of f white said@ @@é—é@ﬁ%%%?,(E‘Ja%ﬁﬁ-@b{srﬁé MR (CDC13): 8.75 (s, 1H),
8.40 (s, 1H), 8.12 (dd, 2H), 8.06 (dd, 2H), 8.00 (dd, 2H), 7.65-7.35 (m
10H), 6.82 (s,1H), 6.21 (d, 1H, 4.95 (m 2H, 4.75 (m 1H), 1.61 (s, 3H).
118 WO®3/ 093290 PCT/ US03/ 14237 Step 2.

5- Benzoyl oxynet hyl - 3net hyl - 2- (6-t hi r%%hen%-%%- yl -purin-9-yl)-tetrahydro-

I/vg: gmagd’eg: 0;}'?&;&2@%& Sn-Iﬁ/d?oei\(%lm%%wl- -met y-2-\(8-%13181')}1%'E -%I—In(l)rlirll-gy{al)ng reagents

purin-9-yl) - 5- benzoy! oxymet hy| teEahydrofran-3drdigld) o f ur an- 3, 4- oxybenzoy!

from5 step 1 above, (240ng, 0.365mv1l), 3-thi ophene boronic acid (Al drich,

71mg, 0.548mmo1l), potassium carbonate (76ng, 0.548nmol), Pd(PPh3) 4

(42. 1819, Se®B6Swthesis ofThés-Beaneptsn-Reyle s banzo vyt -ingthyhhy dr ous

toluene (9.6nL) and stirred at 100C overnight. The reaction was dil uted

with Et oAc tetraydrorfusans3. dexyReRroYl with saturated sodi um bi carbonate

sol ution (200mL)g_ K m— e P 9 ho | @ frSnolEtves dikesivaaiahed with

brine, dried oveGngngg? gm sul fg{%(,gmglhd g VP ) ) '
anhydrous acetonitrile (6mL). BSA (0.85mL, 3.44mmol) was added via syringe, and

reaction was refluxed at 90°C for 45 minutes. The reaction was then allowed to cool

20 to room temperature. 1,2,3,5-Tetra-O-benzoyl-2’-C-methyl -D-ribofuranose
(500mg, 0.861 mmol) was dissolved in anhydrous acetonitrile (6mL) and added to the
reaction mixture. TMSOT (0.625mL, 3.44 mmol) was then added to the reaction
drop wise via syringe. The reaction mixture was then refluxed at 90°C for 3.5 hours.
The mixture was then diluted with EtOAc (100mL) and washed with 100mL

25 saturated bicarbonate solution. The organic layer was extracted 2x with 100mL
EtoAc and the combined organic fractions were washed with brine and dried over
magnesium sulfate. This mixture was then concentrated in vacuo. The reaction was
purified via column chromatography on silica gel (loaded on 5% EtoAc in DCM,
eluted with 10%EtoAc in DCM) to yield an off white solid (500mg, 0.76mmol, 87%).

30 H!-NMR (CDCL): 8.75 (s, 1H), 8.40 (s, 1H), 8.12 (dd, 2H), 8.06 (dd, 2H),
8.00 (dd, 2H), 7.65-7.35 (m, 10H), 6.82 (s,1H), 6.21 (d, 1H), 4.95 (m, 2H), 4.75 (m,
1H), 1.61 (s, 3H).
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concentrated in vacuo. The product was purified via colum chronat ography
on silica gel (1:3 EtoAc: Hexane), and the fractions were concentrated to
yield a two08i09329¢ 220ng, 0.33nmol ). 15 Step 3. 5- Hydr oxnme®leylus8s/mesh | - 2-
6-t hi ophen-3-yl -purin-9-yl)- tetrahydro-furan-3, 4-diol

5- Benzoyl oxynet hyl - 3nmet hvl - 2- (6-t hi ophen- 3-yl - purin-9-yl)-tetrahydro-
furan- 3, 4- ey g Behzovlé:6/mM St @B reetidl QU - thiopBeie 3-y0-paame])-taabydtos sol ved in
anmoni a saturated nethanol (20nl) and stirred at roomtenperature

over ni ght . fillap-32hoxy¥enredn was then concentrated in vacuo and purified via

HPLC (0% acet onil{,1 raiflf‘)ﬁ %d féact\ﬁ?‘f \g‘{ss‘{lpthg@&rggqﬁgeggﬁtg e zfgﬁ@& 3Q6BroMbES -

Product el udes a m nut e 0 yie ow ol l (92ng, 0.26mol ,

79% . NS 34Qriab-{IM5khenzoillodWithiaNBRcty)-tetBih§drotfiicin-1,oxyBer@By fiom 1H) , 8. 81

1H). 8.24 (dd. 1 25 7. 45 iH.. 6.17 (s. .1H).. .4 d. 1H) . 4.18
(3 3103 5569 Lahavedphome, Gadiramon - ticmsens pooateopi & Mirde An” T 4
5- Hydr OXVWWW@E&@%%&‘&%&ﬁwﬁgm.k&&wb} PA@PHARYAY, Bufgr an 3, 4- di of

(170) 30 Steép nno yn
et hyl - 3- metthyde52m{d). phienmeheqnis wereShanl Jissobted am gofrysiros tobiend (Uomlkyswhzoyl 119

WO 03/ 093290 PCT/ U /14237 a seal ed r. i t f,ol | ow
reagent s vvéFlge‘garH@géﬂVF’@Q@tohﬁe pefcton ?efgi/r‘?‘%%& {"’Otﬂﬁgfg@ﬂo(%?y%@teaﬁ%f) 3OWI "
- met hyl - t ety ARY 5 Owi s@firated sdMtR bRAZRYAte SOREBRAZMMES Tirsembied above)

(200ng, 0.300mMmol), phenyl boronic acid (Al drich, 54. 9”%, 0. 45mmol ),
pot asslim cagionklyers(#63ethen Svashediwith brimel drpd gyar sodByysuliio 0@ mmol ) . The

reagents were thep .dissolv in an . 6 I rred at
100C overnﬁ@ﬁgmh?R@lV¥%%F7gﬁw ngﬁpﬂé% ﬁﬁﬁﬁ%@%g&?@ﬁ&ég%%gﬁ?ggﬁ%%B%nd washed
2x wi th satgifcateef(1sPeicAB: Plegaid)onditte Sadtidns wrrd d@ehtyated tveyieldntizmeid or gani ¢
| ayers were then washed with brine, dried over sodiumsulfate, and
concent r at @20mg, OFuwol)The product was purified via colum chronat ography
on silica gel (1:4 10 EtoAc: Hexane), and the fractions were concentrated
to yield a colorless oil (153ng, 0.23mmol).

15 Step 3. 5-Hydroxymethyl-3-methyl-2-(6-thiophen-3-yl-purin-9-yl)-

tetrahydro-furan-3.4-diol
5-Benzoyloxymethyl-3methyl-2-(6-thiophene-3-yl-purin-9-yl)-tetrahydro-

furan-3,4-oxybenzoyl, from Step 2 above, (220mg, 0.33mmol) was dissolved in
ammonia saturated methanol (20mL) and stirred at room temperature overnight. The
20  reaction was then concentrated in vacuo and purified via HPLC (0% acetonitrile in
water to 100% acetonitrile over 20 minutes. Product eludes at 10.5 minutes) to yield
a yellow oil (92mg, 0.26mmol, 79%).
MS 349.11 M+H),
H!-NMR (DMSO-d6): 8.90 (dd, 1H), 8.86 (s, 1H), 8.81 (s, 1H), 8.24 (dd, 1H),
25 7.45 (m, 1H), 6.17 (s, 1H), 4.53 (d, 1H), 4.18 (d, 2H), 3.98 (dd, 1H), 0.96 (s, 3H).

Example 96
Svynthesis of 5-Hydroxymethyl-3-methyl-2-( 6-phenyl-purin-9-vyl)-tetrahydro-furan

3.4~diol (170)

30
Step 1. 5-Benzoyloxymethyl-3-methyl-2-(6-phenyl-purin-9-yl)-tetrahydro-

furan-3.4-oxybenzoyl
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Step 2. 5 Hydrox rnethyl-3-nethyl-2-(6-phenyl -purin-9-yl)-tetrahydro-furan-
3,4-diol 15 The product of Step 1 above(153ng, 0.23mml) was dissolved in
anmoni a wetoaog2ed net hanol (20nmL) and stirred at room t ePpEFSOHIL3T
overnight. The reaction was then concentrated in vacuo and purified via
HPLC (0% acetonitrile in water -to 30% acetonitrile over 20 m nutes.
Product el utes Bfa dealed raadmhe@aser ehe/folibwira remfents vess addéd: 3-6Bym@. 18 nmol |

78% . 20 NS 343. 15 NMVR_( DVBO- d6) 8 2H)
8. e{% (s, 1pyrin-9-ybps- gmz Wymeél@é r(lethylﬂiqsrahwr%%“eﬁri ”IPF)‘%%Z‘i (Eig] 2E)|),

3.96 (dd, 85

4-di h3(/dr oxépl_%’aﬁeod rodféi%ﬁeﬁ%ogwg Q?%Q[Orﬁg ?p?l ﬁ;&?)‘gﬁ@ﬂ@ﬂhﬂ_@?ﬁ?{ch 11 2
4l triazin- 84, Qﬁi@, @. Hlﬁinoa)ngotassmﬁlcaxboaate 863mg, o 45mmol), Pd(PPh;)s (23mg,

4- di hydro hydr thyl-3-meth trah

di hlyd)rlé 2X QZH@‘YOAX ?%@%@S&Wﬁﬁm&@y 1§59 eﬁg@%yglﬁ 8@‘%"( %éélilr) angfsmi‘e‘% 3
4-di benzoy%l tﬁl O%’X' ?gé E&gﬁéfﬂ wis fﬁ%ﬁ 'ﬂﬁﬁt‘e&%ﬁﬂﬁﬁ%@@(’ﬁmm and washed

furan-2-yl ro-2 41 triazin-3 -one

2-(3,4-Di bemmmsaﬁmemmmmn mmtuﬁnpnl(lﬁlmbhy%omhlmlozgwy 2H

[124]tr| ne- 3, ion 0 mo rous
t ol uene ﬁ@)werggwg ﬁé tggg@ﬁ’t ovgﬁ%?élﬂln? i@fﬁg%%%g g%’g t he
reaction V\@écuo]-%ey%&%{ RE3 30K daGHA b@@ﬁh%?&ﬂatog@fﬂhyumdlhaa gdlZ0@ for 4
hours. The reaction was then concentrated in vacuo and_c P rat ed with
di chl doomeBhete Heamak) pandi the Sdctidng v oonsertittedin ¥eld ?@S 12 Smg,
DCM Et 0Ac: 5% ne), . to y| eld a yellow oil (160ng, O. 3mm|) 5 Step 2.
Synt hesi s 2- (3, 4-di hydroxy-5-h d~ rox Methyl - 3- et hyl -
tetrahydro-furan-2-yl -2H[ 1,2, 41triazin-3 -one The product fromStep 1
above was di ssol ved in_ammoni a satur at ed . d rred at
roomterrperatur@tm/?prfnﬂ‘i’ﬂfox eE Bl z T i vacuo
and purifi f col um chrorratography (1 9 I\/EC]-I DCM to 10 yield a white
anor phous M@-(S 6ng, 0.02mmol) MS 259.12 (M+H),

15 The product of Step 1 above(153mg, 0.23mmol) was dissolved in ammonia

saturated methanol (20mL) and stirred at room temperature overnight. The reaction
was then concentrated in vacuo and purified via HPLC (0% acetonitrile in water to
30% acetonitrile over 20 minutes. Product elutes at 15.3 minutes) to yield a colorless
oil (61mg, 0.18 mmol, 78%).
20 MS 343.15 M+H),
H'-NMR (DMSO-d6): 8.93 (s, 1H), 8.68 (m, 2H), 8.60 (s, 1H), 7.52 (m, 3H),
6.23 (s, 1H), 4.47 (d, 1H), 4.15 (dd, 2H), 3.96 (dd, 1H), 0.85 (s, 3H).

Example 97
Svnthesis of 5-Amino-2-(3.4-dihydroxy-5 -hydroxymethyl-3-methyl-tetrahydro-furan-
25 2-y1)-2H-[1,2.4]triazin-3-one (174)
and
5-Amino-2-(3.4-dihydroxy-5 7hvdroxvmethv1—3 -methvyl-tetrahydro-furan-2-yl1)-4,5-

dihydro-2H-[1,2.4]triazine-3-thione (172)

30 Step 1. Synthesis of 2-( 3.4-dibenzoyloxy-5-benzoyloxymethyl-3-methyl-tetrahydro-
furan-2-y1)-5-thioxo-4,5-dihydro-2H-[1.2.4]triazin-3-one
2-(3,4-Dibenzoy1—5-benzoylmethyl—3-methyl-tetrahydro-ﬁlran-Z-yl)-2H-

[1,2,4]triazine-3,5-dione (450mg, 0.79mmol) was dissolved in anhydrous toluene

(25mL). Lawesson’s reagent was added (161mg, 0.4mmol) and the reaction was
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H-NWR (DVMBO-d6): 7.49 (s,1H), 6.08 (s, 1H, 3.79 (d, 1H, 3.7 (d,1H, 3.6
(d, 2H), 3.48 (m 1H), 0.94 (s,3H) 15 Step 3: Synthesi of

5- Anmi no- 2w033493tbihydr oxy- 5- hydr oxynet hyl - 3- net hyl - PCT/US03/14237
tetrahydro-furan-2-yl)-4,5-di hydro-2H[ 1,2,4]triazine-3-thione: The title
conpound was collected as a separate fraction during the purification in
Step 2 abovefluxkal2D°0Fof Mabirs. ABe kbac%ﬁvﬁ%@cdﬁdenﬁat%& ik Sackib)and 2091 (s,

1H), 3.81 (dd, 1 1 3.48 (dd, 1 03 s, 3
E;Dam | e 98(6 awgl%gfch oromthane and punﬁed Vlzi)column chrgmatogrl_zlt)phy (3 ( H)

1-(3,4-D hWM)ﬂoﬁcBX%Q%W@%Gﬁgeﬁo% BOﬁiﬁtdm -furan-2-yl)- 25 4-h,

dy roxy-| H pyridin-2-one ynt fesi s o "Benzoic acid
4- (2, 4-di chl oro- benzyloxy) 5-(2 4- dichloro-benzyl ox
nyet hyl.) - 2- 4 2H— .

t et r ahydr 0 fg S N I¥8ny, 1.33mmol)
was di ssol Y@ﬁh&d}offﬁﬂahdi QHSZH W@hﬂﬂhhﬁ@ @ne(GrrL) BSA (0 66rrL 2.67mol ) was
added via syringe, and reactiron was refluxed at 90C for 45 m nutes. The
reaction was thahe arddmfeﬁiomcStmeth\@ wagalissolvedpearaineni, saturated methanol

1,2, 3,5-Te r ur anose 0.666" mmol)

was .di ssol &i&n apngﬁﬁgég%ﬁrsoogbtg ig %erf”@htﬁ%lé AT asttg‘n;?he reaction 121

WO 03/ 093296nBaiTAkENBY kA3 3Rd pmlﬂécwl@ colhta@hkorh &o B8R (1:2 MOMIPTND) #AS t hen

added to the reaction drop wse via S&I‘I n(gl) The reactl on mxture was t hen
M) wa

ref L uxdd apickbenise amombegsFalid (Grme, s then diluted with EtoAc
(200n.) and was saturated bicarbonate solution. The organic
| ayer was extragfsd%y% #g%oom Et oAc and the 5 conbi ned organic
fractions were WASNMR @NIBObIG) N4 HlY, 698 (QVIE), BHgRESIH)B.794d/1HtR6 This
m xture was, then oncentrated in vacuo. The reaction was purified via

col um ChI’MQ} ﬁf{} Hﬁ)é)r%(é’éHéel (1:19 MeOH. DCM and concentrated in
vacuo to yield a colorless oil (312ng, 0.82mmol, 70%. 10 Step 2.

Synt hesis of 1-f4-(2 4-Dichl oro-benzyl oxy)-5-(2, 4 dichloro b

enzyl dRymeftep|3) SyntBesiinf drAmino2 -+ Idtditvidraat F-apdrdr pmethyt-amméhyt | - 4- hydr oxy- 1
K p_yddi nte%raﬁvc?ro furan-2-yl)-4,5-dihydro-2H-[1.2.4]triazine-3-thione:

The title compound was collected as a separate fraction during the purification
in Step 2 above.
MS 274.09 (M-H),
20 H'-NMR (DMSO0-d6):7.73 (s,1H), 5.91 (s, 1H), 3.81 (dd, 1H), 3.7 (d,1H),
3.60 (d, 1H), 3.48 (dd,1H), 1.03 (s,3H)

Example 98
Synthesis of 1-(3,4-Dihydroxy-5-hydroxymethvyl-3-methyl-tetrahvydro-furan-2-vl)-

25 4-hvydroxy-1H-pyridin-2-one (177)

Step 1. Synthesis of Benzoic acid 4-(2.4-dichloro-benzyloxy)-5-(2,4-
dichloro-benzyloxymethyl)-2-(4-hydroxy-2-0x0-2H-pyridin-1-yl)-3-methyl-
tetrahydro-furan-3-vl ester

30 Pyridine-2,4-diol (Aldrich, 148mg, 1.33mmol) was dissolved in anhydrous

acetonitrile (6mL). BSA (0.66mL, 2.67mmol) was added via syringe, and reaction

was refluxed at 90°C for 45 minutes. The reaction was then allowed to cool to room
temperature. 1,2,3,5-Tetra-O-benzoyl-2’-C-methyl B-D-ribofuranose (400mg, 0.666°
mmol) was dissolved in anhydrous acetonitrile (6mL) and added to the reaction
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The product from Step 1 above (312ng, 0.46mol) was dissolved in potassium
carbonate saturated nethanol (4.6nL) and stirred at roomtenperature 15
over ni ghtwoTh®9arthxt ure was then diluted with EtoAc (I OOrLpcansowaebed with
100mL saturated bicarbonate sol ution, then washed with brine and dried over
magnesi um sul fate. The magnesium sulfate was filtered off and the sol ution
was conceptik@bedriBOTI¢0a82aL 22, e iingol peusitien 6ad&ST thdredmmodrop 6% . M5
677.96 (MH. 20 Step 3. Synthesis ofl-(3 4-DiB b

r oxy_5- hydvineyringhyTharesetignmixtere wes frangeilyxpda 9%?31345- pours. The
d~v-I| H pyridin-2-on Gt , gaol ) was

di ssol ved inHXWQS( @3%@?‘1%?1&8%%0#& f@eo;ﬁjggwg %g&rﬁggﬁ? ggEltL osgt-u%%C. Bor on
trichl ori deidaio@MeisbluBol Thebregnfrthyer 4va8 exrivacted s with @86mi Etphe apdthet i on

dropwi se. The reaction was, stirred at. . 73C for .and then warmed to -20C
over ni ght . cmbmp_égegaintpnﬁ@gé@nﬁwg%\ﬁ@ge%”ﬂﬁ%1’111? fn%/g'@f@ﬁﬁﬁn(’%ﬁﬁmand stirred
at -20C f0rsul%ée.%ﬁ#&%%tur%%e%%nééﬁﬁ@te& O valep! Mak rdRtibh & ak padfiddovia and it
was then concentrate

I'n vacuo to a tanish solid. The product was purified
vi a col umm cohienitragaapgiaphy on silica gel (G819 NIGOH:IREHy apdipnacsiratgd in/vasid a whit e
powder (99ng,. 0. 385mmol , .849% . 56. H), HL1-NWVR (DMSO-d6): 7.86 (d,
1H), 6.06 G%VlemGdBf.m}%é Oéﬁgﬁ@%“@gé?@aﬂ?g?‘%m, 5.12 (dd, 2H), 5.00 (s,
1H), 3.78 (m 2H), 3.64 (dd, 2H), 0.86 (s, 3H). 122 WD 03/093290
PCT/ US03/ 14237 Exanpl e 99 Synthesis of )
2- (2- 10 or o- 6- mBteXkySynihesis of hr[4C25t-Byaiios AEHOXY)D-(va
t et r ahydr o-bktit 1B alydfoxSt e methyl-Ryrahpérei farant2-yl]-4-
2- (2- Chl or gyfidinebhexy- purin-9-yl)-4-(2 4-dichl oro-
benzyl oxy) -'5- (2, Freédlco FrombSeg ¥ 12w @1 uib,) 0. Bormmiohyw ast dissobest éir o- f ur an- 3- ol
To a solution of 1-methyl-3,5-bis-(2,4-dichloro-benzyl ox % 2-C-nethyl-(3-D
ri bof ur anogetassionmgrbanareetiryted methaneh(doaU aad stirsd B%RQPH% WPEREIE ) at OC
was add HBr._ (30% weight | ' X i ighresul ting
sol uti oh wds eI(“iggl{‘s ?IXF %‘ﬁ&gﬁ Wh%h?%rﬁﬁfitg%%@iﬁt?%gpogﬂ)g%g%%de‘?%ur e for 3
hours, evap@oaadtiritel divdtbonatedomiormhgowadhed wiilt brirerdmddirisdoverol uene (3 x

20mt). Theymgénleg/iu&es?lllfg‘ye? Tvl\llgsmagnesium sulfate was filtered off and the solution was

hv

concentrated in vacuo to a white powder (265mg, 0.46mmol, 100%).
MS 677.96 (M-H).

20

Step 3. Synthesis ofl-( 3.4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-
furan-2-v1)-4-hydroxy-1H-pyridin-2-one .
The product from Step 2 above (265mg, 0.46mmol) was dissolved in DCM

(14mL) and the temperature was reduced to -78°C. Boron trichloride (1.0M in DCM,
25 4.6ml, 4.6mmol) was added to the reaction dropwise. The reaction was stirred at -
78°C for 2h and then warmed to -20°C overnight. The reaction was quenched with
1:1 MeOH:DCM (20mL) and stirred at -20°C for 15 minutes. NH,OH was used to
neutralize the reaction, and it was then concentrated in vacuo to a tanish solid. The
product was purified via column chromatography on silica gel (1:4 MeOH;DCM) to
30 yield a white powder (99mg, 0.385mmol, 84%).
MS 256.10 M-H),
H!-NMR (DMSO0-d6): 7.86 (d, 1H), 6.06 (s, 1H), 5.86 (dd, 1H), 5.54 (d, 1H),
5.12 (dd, 2H), 5.00 (s, 1H), 3.78 (m, 2H), 3.64 (dd, 2H), 0.86 (s, 3H).
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di ssol ved in anhydrous acetonitrile (15n.) and added to a solution of the
sodiumsalt of 2,6-D chloro-9H purine, prepared by stirring

2, 6- Di chlwo®3@$32puiri ne (455nmg, 2.4mmol) with sodi um hydr iPde/US68%4238N

mneral oil, 110ng) in anhydrous acetonitrile 15 (50nmL) for 4 hours. The
conmbi ned m xture was stirred for 24 hours, then evaporated to dryness. The
residue was diluted with EtoAc (75nky} gogater (75mL). The aqueous |ayer
was renoved aggfesexts petathiiclielb e bukRoX 1R MhiroxTheseabhakd- or gani c
fractions were then washed w th onine &l (Bgjc@nd dried over magnesium

sul fate. The reaction was purifTted by col umn chromat ography on silica gel
(1:1 20 EtoAc: hexane) yielding an anorphous solid (400rrg 0.61mmol ) Step
2. Synthesis of 2(2 ChIoroGrrethoxy , / hyl - 3- met hyl -
t et r ahybdr o- f ur atep 14 Snghesisyy felilt0-6 3145
di chl or orre%h £, :
trichlorid nu was added to the reaction

dr opwi se via syr[brmlutiﬁlne)frlememybmSVm(M-drchmiodmenzyl@a@2‘6fmfﬂhy1dh@ t hen
warmed to -20C over nlg The reaction was nche QQWQ %%{5

(30mL) andribpfurgnege 4¢00mp®.$mods! M@regs BFGERD at W?%u i zed

w th NHACH Thee pisafitelsolydsn 3@spuri fi ed
by col umm cﬁroma’?g(gg% %1%%1{31:& %@%Egeﬁ&? cir@%ﬁ]se e yilﬁgl ding a white

sol i d {0l61ggredatdBaniol 1 haﬂ%henl%rcﬁmﬁeﬁﬂ)e(mel)fpr QHWV@BW@@QZ’QWCW

PCT/ USO3/ 14237 H - VR d6): 8,76 40 1H),
5.24 (t, 2@mdcoreyapopated %'%\1/5 Y‘S)Q‘litr‘?}“eﬁ?&ﬁ g&@) ?éifeﬁ%w(a% 1H§S 0. ;|)7

(s, 3H on¥ 'a{‘:éi@rﬁtrﬂ 5of-)(add added to a solution of the sodium salt
4- Dhydrox%ﬁggﬁﬁéﬁ%%%gl t hyl - -n'etﬁgllf-te)tra%dro f uran- 2- yI)- 4- 0x0-4

7- di hvdr o- 3FR6-Dichlord-REBputinsy piepiugil b strrgrbho-iehlarondrrons (43088 1.

et anydr o 4D 900y s g PRy prarh R IR A adyRRG Ketonige

5 ﬁ, 3d4r§3 hx%@s fo%ﬂhﬁb@fd] s,OXMfé&iod hwn}leamhﬂwaah eﬁm@ﬁogaohbursaﬁwﬂevdp)or&dga 4 and
i ro-pyrrol o rimdin-4-one is dissolved. in s added an
t hey reag%llt@drymSSSstTherrgédmWﬁ%@ﬂfﬁt@%‘ﬁﬁbEéﬂ%ﬁ QS@H@HQW%@BWS]&%l on is
Erﬂgn O?ggﬁ?ga‘a%o;}lg (ilri;.yser by ﬁél%\leg and rESRLALRD With Eﬁo%c(zéwsﬂoﬁmﬁ hag hidhdgat er .

organic fractions were then washed with brine (100mL) and dried over magnesium

=

sulfate. The reaction was purified by column chromatography on silica gel (1:1

20  EtoAc: hexane) yielding an amorphous solid (400mg, 0.61mmol)

Step 2. Synthesis of 2-( 2-Chloro-6-methoxv-purin-9-y1)-5-hydroxymethyl-3-methyl-
tetrahvdro-furan-3.4.diol

The product from Step 1 above was dissolved in dichloromethane (16mL),

25  and reduced in temperature to -78°C. Boron trichloride (1.0M in DCM, 6.1mL,
6.1mmol) was added to the reaction dropwise via syringe. The reaction was stirred at
~78°C for 2h and then warmed to -20°C overnight. The reaction was quenched with
1:1 MeOH:DCM (30mL) and stirred at -20°C for 15 minutes. The solution was
neutralized with NH,OH and concentrated in vacuo to a foam. The product was

30  purified by column chromatography on silica gel (1:9 MeOH: DCM) yielding a white
solid (161mg,.0.48mmol, 79%).

MS 331.09 (M+H),
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washed with brine and dried over sodiumsulfate. The solution is then
concentrated 15 in vacuo to a solid. Step 2. Synthesis of 7-(3,4-D hdy
roxy- 5- h W so32bket hyl - 3- met hyl -t et rahydro-furan- 2 yl) - 4Poxarsd3/14237

7-di hvdro-3H-pyrrol o[ 2 3-d] pyri m di ne-5-carbonitrile The product from Step
1 above is conbined wth Zn(CN) 2, Pd2(dba)3, dppf, 20 and Zn powder in
DVF. The reacti pi NpOIR @N19®ESh) 28,76 %0 TH), 5182 GONH), SL40(sy By, i2ar(t, 289, puri fi ed
by col unmm chromat ography on silica gel to yield the product. Step 3.

Synt hesi s éIO9ls,(3$1)43.99tﬁmdiH%ﬁ~$?—@ﬂdrlgib, %69 i 1), Pefhigt 3Bbt r ahydr o- furan- 2
yl)-4-0xo0-4 7-di hvdro-3H pyrrol or 3-d1p3ri m di ne-5-carboxam di ne 25 The
product from Step 2 above is dissolved in saturated HCL in ethanol and

al lowed stir at roomtenperature oVEXafiiplht00 The reaction is then

concentsr at e} @ esid by 793 3-DiblyARxY-5-BYR6B88dtBy108-métHy8 tdrdBylrodyran-2-vi)-

roxy- 5- hydr OXyr ngt Oyl 7.3 i BhIRDY THidE- 5 -38bdx Mthidint-(203)- 4
7-di hvdr o- 3I—rl'yr4?§|&§]>427 cl:hg pyérfﬂlin%fvgrl r?Z- bfht‘:lgiﬂaoxam di ne The product from Step

3 above is dissolved in liquid anmonia and heated in a bonb overnight. The

reaction is then entrated tg yield the final cpradyct o124 WO 03/ 093290
PCT/ US03/ 14237 SkSPaimpbWthesis i, ! - ANy an=2=yT=pyr r ol of 2
3-dl pyri m diyng,Grolieox. oo fpvainnidindd-dhel  (204) 5 Step 1.

Synt hesi s - Or 0- 5-10d0- pyrrol o] 2, 3- 3rimdi

| p ne
4- Chl oklo- 7H- pyr FeBef-RilgddixyyF-hndrakyraethylchmatkyldeEamdiasdurim2 BN S i s

added, and the reacti i.$ sti.rre I ] u f: The
reaction i S "Pyla?le%%\@)ﬂ%ld '62%% lsvid/z;és%ﬁlé’%qu\;ﬁ) t 'r#%g,lgg%%dgg iHZI(ije over
sodi um sul f.@kBen HeiredlafdodM teniprat@d C Tht campltitadawnction iy theh dommentatadge
solid. 10 Step 2. Synthesis of 4-Chl oro-5-fur an-g-yl - 7l+e18 r.r %o[ 2

3-dl pyri ni & aeolithalisselyadét Efodsrandiwaghed with waters T Smirdayq 1 Tefn

oxane, and

the fol I ow Dhed ERAFRLS @ﬁaﬁﬁgﬁ?%dﬁﬁsﬂf . HRE QBuBoAH Herd ArdEhteddd

pot assi um ot pa umtetrakis. The reaction vessel is sealed
and hegd ed jabadl@A€aqvid.ni ght. The 15 reaction is filtered through celite
and purified via HPLC to yield a yellow solid. Step 3. Synthesis of 7-[3
4-Bi s- (2 4-dichl oro-benzyl oxy-5-(2, 4-di chl oro-

Step 2. Synthesis of 7-(3.4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-
2-y1)-4-0x0-4.,7-dihydro-3H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile
The product from Step 1 above is combined with Zn(CN)z, Pd,(dba)s, dppf,
20  and Zn powder in DMF. The reaction is refluxed at 120°C. The completed reaction

is purified by column chromatography on silica gel to yield the product.

Step 3. Synthesis of 7-( 3.4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-
2-y1)-4-0x0-4.7-dihydro-3H-pyrrolo[2.3-d]pyrimidine-5-carboxamidine
25 The product from Step 2 above is dissolved in saturated HCl in ethanol and

allowed stir at room temperature overnight. The reaction is then concentrated to

dryness.

Step 4. Svnthesis of 7-(3,4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-
30 2-y1)-4-0x0-4,7-dihydro-3H-pyrrolo[2.3-d]pyrimidine-5-carboxamidine

The product from Step 3 above is dissolved in liquid ammonia and heated in a

bomb overnight. The reaction is then concentrated to yield the final product.
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benzyl oxy! net hyl ) -tetrahydro-furan-2-yl]-4-chloro-5-furan-2-yl-7H pyrrolo
[2,3- d]pyrimdine 20 To a sol ution of

1- met hyl -\8083l093:9(¢ 2, 4- di chl or o- benzyl oxy) - 2- C- net hyl - ( 3- DPCTIUso3/u2anose i n
anhydr ous di chl oronmet hane at 0C is added HBr (30% by weight in acetic
acid, Im), dropwi se. The resulting solution is stirred at OC for 1 hour,
then at roomtenperature for 3 hogxgmp&/Eporated in vacuo and

co- evapor at ed Wi§ytht Eﬂy&‘erMSAﬁw‘iﬂouﬁ—@@ran- Mﬂ@,jolldfzge&]bﬁﬁ@idiﬁﬂdﬂﬁsm ved in
anhydrous acet ot IT1e safd 2% AdFed: $043 £okil kooll204fe Sodi um sal t of

the product from Step f—above, ITcn 15 prepared by stirring the same with
sodi um hydride (60%in mneral oil) in anhydrous acetonitrile for 4 hours.
The conbined m xture is stirred foy 24 \por at ed to dryness.

The redi dustep;l L Chlora-griedoy A ‘5us | ayer is renoved

R ) . (8) 3 M
and re-extracted mith & cﬁgﬁﬁh ek (9"(%%@' £ 61964 indMHFWNTS i80 t hen
washed with bri %ed%lh% ﬁ??@gmgﬁ’rg gnesi um sulf at 1es. The reaction is
purified bydedohnihihecebecting isogiragayroom wiipesdurgdor 1 Bourp The ragHemisdhen of

2-(4-chloro:-5-furan-2-yl -pyrrol.o[.2. 3-dl pyrimdn- 7=yl ) -2 h et h ||
ydr o- f ur andisolved B Eipds, ‘M@i’@é/"@g‘%’ﬁ’ %&L@ﬁfﬁ%&n Slf'ﬁ%te'p?g%%%{ﬁ@r om St ep
3 above i Sis"doﬁ%&ﬁ’a@éﬁ Aoy blanatridganRsli@nd the tenperature reduced to

c

-78C. Boron tri oride 1s ‘added to the reaction dropwi se. The reaction is
stirred at -78C for 2 hours, then at -20C overnight. The reaction is

quenched W%MMM g_tpi rred . _ég(&‘ fE '%ﬁ%’% es. NHACH is
used 5 to : = ~ott, (s sk iraﬁﬂfiated_i n vacuo to
a solid. The praqii@hoducsirbmStép dbieds disbolned mhtioxameogriahhiollowing | i ca gel .
Step 5. Synthesis of 2-(4-Am no-5-furan-2 yl-pyrrolo

o[ 2
3-dl pyri m déagefits yare sdded: 2rdvigr Bmoninacid ﬁlﬂﬁﬁ@dp?@?%"gﬁ@@?ﬂ@tﬂia&fi 10 The
roduct fro .ep .4 _above | i L L Ol be 8hGn I in a
o, The PRLETTErEIE, The Zafloh BstFE seiled it heyBRIAONT: iRl Bie
concenty at @ghction isyfiledred tHieughy @titecind phxifieg v HPRC 16 yglha hedbivssadifd.
2- (4- Am no- 5- oxazol - 2-yl | -pyrrolo[2 3-d]pyrimdin-7-yl)-
5- hydr oxynet hyl -t etrahydro-furan-3,4-diol (205) Step 1. Synthesis of
4- Chl or o- 5-goxpz ok an Wi JiH Py @12 RN EYEAISHOS (2.4-dichloro-
benzyloxymethyl)-tetrahydro-furan-2-yl]-4-chloro-5-furan-2-yl-7H-pyrrolo[2.3-
dlpyrimidine
20 To a solution of 1-methyl-3,5-bis-(2,4-dichloro-benzyloxy)-2-C-methyl-B-D-
ribofuranose in anhydrous dichloromethane at 0°C is added HBr (30% by weight in

185D Ly |

acetic acid, 1mL), dropwise. The resulting solution is stirred at 0°C for 1 hour, then
at room temperature for 3 hours, evaporated in vacuo and co-evaporated with
anhydrous toluene. They oily residue is dissolved in anhydrous acetonitrile and

25  added to a solution of the sodium salt of the product from Step 1 above, which is
prepared by stirring the same with sodium hydride (60% in mineral oil) in anhydrous
acetonitrile for 4 hours. The combined mixture is stirred for 24 hours, then
evaporated to dryness. The residue wis diluted with EtoAc and water. The aqueous
layer is removed and re-extracted with FtoAc. The combined organic fractions ware

30  then washed with brine and dried over magnesium sulfate. The reaction is purified

by column chromatography on silica gel.

Step 4. Svynthesis of 2-(4-chloro-5-furan-2-yl-pyrrolo[2.3-d]pyrimidn-7-yI)-5-
hydroxymethyl-tetrahydro-furan-3,4-diol
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4- Chl or0-5-i odo- 7H pyrrol o[ 2, 3-d] pyri m di ne (as prepared above) is 20

di ssolved in THF. Palladiumtetrakis(triphenyl phosphi ne) and

2-tri but yWetoangzey| - oxazole (Al drich) are added to the r@a€tisoni4mBxt ure.

The reaction vessel is sealed and heated at 100C overnight. The conpound
is purified via colum chromatography on silica gel. 25 Step 2. Synthesis

of 7-f3 4-Bi s- ( 2T stoéidt Gromn BRPBYHbewy Tt dsdlvad th allahm&nethane and the
benzyl oxyrret hyl ) -tetrahydro-furan-2-yl]-4-chl oro-5-oxazol - | -7H 2yrrol of

3- dipyri mitgReatge edyedd ioj-gH (of Boron trichloride is added to the reactmn OpWisSe.

Loty - 3 i s h GO BRI In e £ AR B Ot Logfgg anose T

anhydr ous hl ororret ane at “acetic
aci d, 1rr1_) qudnd;@dnvsl&llTﬂde(DH@ﬂlMam@s&ﬂieﬂlht QIO"(DS'OISIS mtrﬁtbsaMQOH ﬁruséd hour,
t hen omte erature for cgq rs, evaporated in vacuo and

co- evap rat 83%&% SRipartings 21t %“C@FW@W*H? i yague tresqlid. dihegapdusl i n

anhydr ous qgﬁﬁ@ﬁ?&ﬁhlcghﬁﬁpcm@gg@gr %gyarﬁﬁ'c&' Ljon of the sodiumsalt of the

product of S above, prepare stirrng the same with sodi um hydri de
(60%in m neral oil) in anhydrous acetonitrile 35 for 4 hours. The conbi ned
m xture is tlgrﬁdt{lor 0 h WD 03/.093290

PCT/ US03/ 142 2 : o ahd=aat er. The
aqueou Iak.r.v ethyljeteph Fal-34qdio] ¢ ed vvlth Et OAc. The corrbl ned organic
fracti Bhs are tH@WRX&%‘F%&OW$tF‘1P4@P9Yﬁ‘elsélFF§0]GP¢édhwéﬁmmé?gwe@d@mlg@lm&te The
reaction i i &@Tﬁ{, 0, Step 3.

Synt hesi s (?19 H+U Tﬁﬂqu %%689§Lt urf?]%g rgi:i glr%lfez%élﬁéjn 15@0&%%&&95’&1) 5-

hydr oxynet hyéldﬂ&tpraﬂmdro oxazol -3 4-di oI The product of Step 2 above is

di ssol ved in dichloronethane and the tenperature is reduced to -78C. Boron
trichloride is added to the reaction dropwi se. 10 The reaction is stirred

at -78C for 2 hours, then at -20C oy. 1992 The reaction i quenched wth

. DOM ands sl o8l s 206.4.8%abP2! f{{g%ih‘aforz AW fil9sh, 'O

neutralzethe reactron [ I acuo to a solid.
The product is purifi Sh?‘irﬂrgx%r etgﬁlﬁtev O (57 aplf‘: 10470 Ilca gel. 15 Step

4. Synthesis of 2-(4-Am no-5-furan-2-ylpyrrolo[2 3-d]pyrimdin-7-yl)-5-

hydr ox ZZet hyl -t et r ahydr 0- oxazol - 3, 4- di ol
Stép 1. Synthesis of 4-Chloro-5-oxazol- 2—11—7H-nvrrolo[2 3-d]pyrimidine

m

4-Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (as prepared above) is
20  dissolved in THF. Palladium tetrakis(triphenylphosphine) and 2-tributylstannanyl-
oxazole (Aldrich) are added to the reaction mixture. The reaction vessel is sealed and
heated at 100°C overnight. The compound is purified via column chromatography on

silica gel.

25  Step 2. Synthesis of 7-[3,4-Bis-(2.,4-dichloro-benzyloxy-5-(2.4-dichloro-
benzyloxymethyl)-tetrahydro-furan-2-y1]-4-chloro-5-oxazol-2-yl-7H-pyrrolo[2,3-
d]pyrimidine

To a solution of 1-methyl-3,5-bis-(2,4-dichloro-benzyloxy)-2-C-methyl-B-D-
ribofuranose in anhydrous dichloromethane at 0°C is added HBr (30% by weight in

30  acetic acid, ImL), dropwise. The resulting solution is stirred at 0°C for 1 hour, then
at room temperature for 3 hours, evaporated in vacuo and co-evaporated with
anhydrous toluene. They oily residue is dissolved in anhydrous acetonitrile and
added to a solution of the sodium salt of the product of Step 1 above, prepared by
stirring the same with sodium hydride (60% in mineral oil) in anhydrous acetonitrile

35 for 4 hours. The combined mixture is stirred for 24 hours, then evaporated to
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The product of Step 3 is dissolved in liquid amonia and sealed in a bonb.
The reaction is stirred at 80C overnight. The solution is concentrated to
yi el d t hewodemdned product. 20 Exam |l p e 103 Synt hesi s of PCT/US03/14237

4- Cycl opropyl am no- 1| - (3 4-di hydroxy 5-hydroxynet hyl - 3- et hyl -
tetrahydro-furan-2-yl)-1 Hpyrimdin-2-one (206) 25 Step 1. Synthesis of
1- (3 4- D beairgmysk.oXe feshwiofilnsdwith Byd ASameihigt.- Tied Ry [yer is removed
furan-2-yl)-1.H pyri m'?fgne- 2 4-di one 1H Pyrim dne-2,4-dione (Aldrich) is

di ssol ved i%’ildéﬁﬁ%% Wih &iteyne-t Fhq eombipgshonganig digetions ae thenvwighed whE t he

reaction i f N he . . ' 1s then

al | oned to%g{)nglahg)gﬁrg%g{gltgrg ggg?‘lﬁsrﬁgmei&til?%?qf?@gtlsré%eggo&tzégy -2' - C net hyl
(3- D-ri bof wwhesoroategiaphylos sibkcyeel. i n anhydrous acetonitrile and added to the
reactio§1 m xture. TMSOIf is then added to the reaction drop w se via
syringe. The reaction mxture is then refluxed at 90C for 2 hours. The

mxture is gthes. gihtHe@elor MA4-BhFo09\¢aRNY Wear St Mt finsdhti2s-§§-2i car bonat e

sol ution. M-t NS rd-xaral-EXfGCT €0 2X W Th ETOAC and the conbi ned

organic fractio r ) 127 3/.093290 PCT/ US03/ 14237
and dried over @fﬁﬁég?%@hgsu P\gltae.ov ey 8%’8%?%%(}% Or%ﬁ?%ﬁ?’rfeeaﬂld % col um
chr omat ogr aphyeratursisiredived @ -780Cy Betdh thioBlofigs iy Rided (WY ¢éactiSh BROpHise.
Synt hegd S 01I 1 - $-3 4-Dj benzo Ioox%(- 5- benzoyl oxymet hyl - 3- net hyl -t etrahydro- 5
furan- 2 yI yLhereactionds gredpt hé%r‘% or 2-howrs, Hheaiah=2°grryemmghtp Thateaction i St ep 1
above is di TR t Y 'S g 6. added and
The reacti ohonad oflt L SRR NI Rl EEs ol B0%C IR S RO e (TGRS
concent r at éonéutralize the ractionparehiajschat esceitdtedinollas wresotidn Gheqppstveur i fi ed
via colum cht t.ography.to yield the prodyct. 10 Step 3. Synthesis of
4- Cycl opr oﬁ@?‘ﬁﬁﬁwig?@gﬁ‘@?%%ﬁwp o1 885280yl oxymet hyl 3
-nmet hyl -tetrahydro-furan=2-yl)-1H pyrim di n-2-one\ The product of Step 2
above is dissolved in anhydrous ethanol. Cyclopropylanmne (A drich) is
added, 1%nd 4.y Sytrihes \ inoe&-cfuns pli-pphitolo[Phied Jpyrimidin-7-y1)-5-
hydroxymethyl-tetrahydro-oxazol-3.,4-diol
The product of Step 3 is dissolved in liquid ammonia and sealed in a bomb.

The reaction is stirred at 80°C overnight. The solution is concentrated to yield the

desired product.
20
Example 103
Synthesis of 4-Cyclopropylamino-1-(3.4-dihydroxy-5-hydroxymethyl-3-methyl-
tetrahydro-furan-2-yl)-1H-pyrimidin-2-one (206)
25

Step 1. Synthesis of 1-(3.4-Dibenzoyloxy-5-benzoyloxymethyl-3-methyl-tetrahydro-
furan-2-y1)-1H-pyrimidne-2.4-dione ,
1H-Pyrimidne-2,4-dione (Aldrich) is dissolved in anhydrous acetonitrile.

BSA is added via syringe, and the reaction is refluxed at 90°C for 45 minutes. The
30 reaction is then allowed to cool to room temperature. 1,2,3,5-Tetra-O-benzoyl-2’-C-
methyl B-D-ribofuranose is dissolved in anhydrous acetonitrile and added to the
reaction mixture. TMSOTT{ is then added to the reaction drop wise via syringe. The
reaction mixture is then refluxed at 90°C for 2 hours. The mixture is then diluted
with EtoAc and washed with saturated bicarbonate solution. The organic layer is

35 extracted 2x with EtoAc and the combined organic fractions are washed with brine
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15 reaction is concentrated in vacuo and purified via colum chromat ography
to yield the product. Step 4. Synthesis of 4-Cyclopropylamno-I-(3

4- di hydr owp-0340982000 oxynet hy 1-3 net hyl -t et rahydr o- f ur an- 2 PCT/US03/14237
yl)-1H pyri m di n-2-one 20 The product of Step 3 above is dissolved in
amoni a saturated nethanol and stirred at roomtenperature overnight. The
reaction i sartdhhriedmanmgnmm sulfaty aChioreattibn ip putifid@dia\coRmgo! um

chromat ogr a on si]ica gel. mpl e 104 25 Synthesis of 1-(3

4- Di hydr ox;/ﬂ’égrﬂ PR %Pﬁﬁllcaéelﬁ‘étyfﬂ‘iltf{eé‘(eﬁlé?ﬁ/léﬁoémf’fur an-2-yl)-

4- hvdr azi no- 3, 4-di hvdro- 1H pyri m di n-2-one (207 Step 1. Synthesis of 1-(3
4- Di benzoyl oxy 5- benzoyl oxynet hyl - 3- et hyl -t et r ahydr o-

f ur an- 2- yl )Stap By Synthiesis of31-63.diDibehzoyibkdyPylénad doryrethpie3-Betiid-tetraxytitg-i on of
1- (3, 4-$J| b elnzapy2 -gRyA4- thi dyenZ ditopdyord Hhyrindidire 2 foyik -

t et r ahydr o- f ur arFi ptbiiuct of BiepX xbdwd isttiiskyBlied-ir dulteliuBnel - OReskdh yat er
hydrazine (35 w. % solution in water) is adde The reaction is refl uxed

over ni ght , TEAER! sadAedand the schipriisgafifaded 190K fosHihentse Fhsrreactignaphy  on

SI lica gel
b nyar oy oo A0S Becteibltated it dicplopppne, and prifid vi
) - 4- hvdr aplumms &;rénﬂtdgvajﬂag{dﬁehyuhbmdﬂumz one 128 WD 03/093290

PCT/ US]?@/ 14237 The product from Step 1 above is dissolved in amoni a
saturated nethanol and stirred at roomtenperature overnight. The reaction

Wis then caigent saiimekid or 4- v:@aearo%oﬁ H '1f(3QM&&OQBW%&QBQ%R&WBW on
silica gel R ety Bt b Ve o I £  din-2-dn% e 106 banAfllgsd of g 235
4- Di hyd -5-Nyd ar uran i 0X0-

8- tet?/aa%?/o pyri 5:3{%5@& Cﬁ“ﬂ? 8V%§%SSQ§'F6%§<§% gro&&e@agﬁ% de (161) 10

8- (3, 4-Bi S%Wﬂﬁnnﬁ(hmﬁyis@ﬂﬁé@taﬁ& kiredefidionMs r&ﬁké@WQﬁi@h{ arn- 2-yl ) -
2-methyl sul fanyl -4, 5 -dioxo-3,4, 5 8-tetrahydro-pyrido [2,

3-d] pyH mi aP%éI%JSc%ﬂnﬁés@W@dcm vaéwal@tmmﬁeéwe@olwnz rongyegraphyoio)yislds t aken
up in 30 ”%hé‘ﬁxjaaﬂ&! and Raney ni ckel

Step 4. Synthesis of 4-Cyclopropylamino-1-(3,4-dihydroxy-5-hydroxymethyl-3-
methyl-tetrahydro-furan-2-yl)-1H-pyrimidin-2-one
20 The product of Step 3 above is dissolved in ammonia saturated methanol and

stirred at room temperature overnight. The reaction is then concentrated in vacuo and

purified via column chromatography on silica gel.

Example 104
25 Synthesis of 1-(3.4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-v1)-
4-hydrazino-3.4-dihydro- 1H-pyrimidin-2-one (207

Step-1. Synthesis of 1-(3,4-Dibenzoyloxy-5-benzovloxymethyl-3-methyl-tetrahydro-
furan-2-vy1)-4-hydrazino-3.4-dihydro-1H-pvrimidin-2-one
30 To a solution of 1-(3,4-Dibenzoyloxy-5-benzoyloxymethyl-3-methyl-

tetrahydro-furan-2-yl)-4-thioxo-3,4-dihydro-1H-pyrimidin-2-one in water, hydrazine

(35 wt. % solution in water) is added. The reaction is refluxed overnight, then

concentrated and purified via column chromatography on silica gel.

35 Step 2. Synthesis 1-(3.4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-
yD)-4-hydrazino-3.4-dihydro-1H-pyrimidin-2-one
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(0.55g wei ghed wet and pre-treated with DI water foll owed by ethanol was
added and 15' the suspension was heated to reflux for 24hours. An

addi ti onawoDb38933p@ns Raney nickel was added (wei ghted wetcCans$opr£st eat ed
as above) and the reaction was refluxed for an additional 24hours. The
suspension was filtered hot and the Raney nickel was washed wi th hot
ethanol . The fl oue pRydaudfo@sepCaiRB Y diselvddin vatmia satratedimdBOl was added
to dissolve nucleoside then diluted with saturated 20 anmmoni met hanol

n n
(30mLs) . Thiad stiaeastat sporademperatngeny crglyt (The zeacheR it %‘é?%ﬁf’%&‘?%e&%er ni ght
then was concentrated Ln.V s1d0% Rufrker B over
30mi n at aquu&ﬁnfié’f’uél%g? Vig C%%E%} ﬁ%ﬁﬁmaﬁgf@&%ﬂ Sﬁf&(% E%}??liag{hyl anmoni um
acetate iprogater, Buffer B-0.1%triethyl anmmoni umacetate in CH3CN. Pool ed
fractions containing nucl eosi de and evaporated and dried by co-evaporation
with aBsolute 25 ethanol to yield 7my (10% of the desired nucl eoside. MS:
351.16 (MH. H-NWR (DMSO-d6): 0.8 (s, 3H, 2'-CH3), 3.0-4.0 (m 4H,
sugar), 5.0-5.5 (m 3H, OH), 6.7 (s, 1H 1'-H), 7.6 (s, 1H -Ar), 8.4 (s,
1H, -Ar), 9.0 and 9.2 (s, 2H, NH2)ExaB®l&Ekdpl e 107 Synthesis of
4- A no- 8- ( 3yhtidkis e BB W-Bihiheieyingtrowmhyied-methyi-tttrahiignorfaraingd-3h-
2-yl) - 2- met hylagsdot anyl 3 BlaBydré-Botido[3; 304 Pyrimidite-6-carbongli¢ 466 pmbde (B6Ep 1.
Synt hq? s of 4 Am no-2-nethylsulfan yl1 8H pyridof2 3-d]pyrimdin-7-one 129
WD 03/°093290 PCT/ US03/ 14237
4- Ani no- 2- et hy IBs@l4-Bisybenshilpxy-5 dshzoyioamsiiyldrarhyregabydadueirWesi zed as
described in der saon ..and Ri.chardson. J -4+t l 1985, 22
1735- 1737, zgn&lglﬁ@gnyj:ﬁgﬁgwég-é%,§,58-tetr ydg)-&rrhd]o[i@-d%ﬁ‘ﬁﬂﬁkﬂe%-%&yﬂc ' '
[ 4(2, 4di chlgrQagn2MePN)g, B 27BAIEWhorREent it Duirityd) adt RinegaickeB- et h |
t et rahydro-furan-2-yl]- 2g nmet hyl sul f anyl - 8H p¥ri do[ %@(3- acln]?P%ri n%drd?' n-7-one To
a sol uti on (@658 wetgheqwegaml predreatedavigh Phvates Tollavad byayans! wasaddeg ang 3. p.
ri bof uranose (0.5 1.0 i Y n oL ( led to OC
s 10 addi SR {oEOV e b R fo RS I AR AS LR Skl o )
dropwi se. Tikelvié sdded\@sightcdoveand presreated as afi@ef and the eagtion Wes al | owed t o

warmto room .
refluxed for an additional 24hours. The suspension was filtered hot and the Raney

nickel was washed with hot ethanol. The flow-through was concentrated in vacuo
and 1mL DMSO was added to dissolve nucleoside then diluted with saturated

20 ammonia in methanol (30mLs). The reaction was allowed to stir at room temperature
overnight then was concentrated in vacuo and separated on HPLC 0-20% Buffer B
over 30min at a flow rate of 10mLs/min. Buffer A — 0.1% triethylammonium acetate
in water, Buffer B-0.1% triethylammonium acetate in CH;CN. Pooled fractions
containing nucleoside and evaporated and dried by co-evaporation with absolute

25 ethanol to yield 7mg (10%) of the desired nucleoside.

MS: 351.16 (M-H). |
H'-NMR (DMSO-d6): 0.8 (s, 3H, 2°-CHz), 3.0-4.0 (m, 4H, sugar), 5.0-5.5 (w,
3H, OH), 6.7 (s, 1H, 1’-H), 7.6 (s, 1H, -Ar), 8.4 (s, 1H, -Ar), 9.0 and 9.2 (s, 2H,
NH,).
30

Example 107
Svynthesis of 4-Amino-8-( 3.4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-

2-y1)-2-methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one (165)

35 Step 1. Synthesis of 4-Amino-2-methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one.
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tenperature and stirred for an additional 2 hours. The resulting

transl ucent brown solution was concentrated in vacuo and co-evaporated
with dry woloaeses(3 x 15nL) resulting in a brown oil. Thecerusowas3taken up
in DMF (8nlL) and added to the 15 sodiumsalt sol ution of

4- Am no- 2- net hyl sul fanyl - 8H pyri do[ 2, 3-d] pyri m di n-7-one (generated in
situ by stirri n@—Ahﬁ?@animethﬁsﬁ%gl-%%ﬁqﬁzm[2),?-';1]pyﬁhﬁdi(n4fﬂnﬁéww'; ﬁ}hltﬁ%aizlfed( 60%

di spersion in m.pera il, 0.132 3.3 Mo at roomtenperature for 3
hours) . Tﬁ‘ég?%’E'EF‘E i%ﬁi%%@rf%ﬂﬂ&%GﬁlPWéﬂmﬂeH@?ﬁoPyﬁF Gl 10807 at ure for
24h then cqgngentsated in vacuo. The crude product was purified by colum

chromat ography 20 on silica gel using 5% nethanol in nethylene chloride as
the eluent. The appropriate fractions were pool ed, concentrated in vacuo

1 i by ol 4 & Ahindar foBicnilo R iox - S daiconti N Sxiediy 3t "0 O (3
t et rahydro X -1t rorirans syl -methylsulanvh-SEL-pynidal 2,31 di n- 7- one 25
To a sol uti 1dimp o foduct of step 2 above (0.34g, 0.506nmol) in

met hyl ene  chl orliochesoluimi of 1emothgld3 5 ebis-{BEdichlaodeyzylag)dcE€tmethylbRih was

ottt on watouttee (Do REef e AnimEinyBar sorie L) 0kaRe 0 SyaRour s The

react ijon W@&dd@'ﬁB?@deﬁﬂre%%@ilpﬁeﬁc ahd, 1.@%&@!2%&%@%&&&1@& ﬂ%ﬂi tion of
agueous ammoni a and stirred at roomtenperature for 30 I0mn. The resulting
boron sal t suwerewvassieEdip str i Gyibehbowtthen althavedrid wacorioeeumat ed i n vacuo.

The residu K ER DVEQ . (3nJ), and diJuted.with -H20Q (2nl) and the
pr oduct isg “’éﬁ%}hﬁ%&%ﬁﬁﬁ%ﬂ&%a@ algg{tjl(? F%_llt% fio%?/g'th%ﬁﬁ n%\}rf“ilfhﬁel} OW&t e of |
Orl/ min. Bebliton #ras céhokntbattd ireidand ammenbviporl @itk diyroh@he (3 xBykfigr B- 0.1%
triethyl ammonj um acetate jn CH3CN. Pool ed fracti ons contai ni ng nucl eosi de,

130 WO 03/ boubing ipebraygpsil-1 Tha il was takenip e BMF Brpkbkans. adipétaBsi due was

th i plt: i | i C d;-£ 0. qi 20 89
of 1 he e i KboAEE MR BB e AR SRR Sl 50 o *ly
2 -C) . 2 (genéﬂmﬁ:cﬁbﬂiim OBlrind (Bo dor: (24953 GhimoBDYF (S0RLFuin0H SH
i 23 = an%ffbg/o Jiltg;’ger-f@ga)_&)@, mijxlggli((zﬂ, 87132 &%3%1’1181)'(21@0(0% temperature for) 3 hours). ( ’ ’
4-di hydr oxyy@ T&Mﬂfn@?%’_%%%ﬂWa‘s ANSREMY stk &F FoBRYIERBelatlr@ st 2ndther 8H PYTi do[ 2

3-dl pw m di n- 7- one
concentrated in vacuo. The crude product was purified by column chromatography
20 onsilica gel using 5% methanol in methylene chloride as the eluent. The appropriate

fractions were pooled, concentrated in vacuo to give 340mg (51%) of a yellow oil.

Step 3. Synthesis of 4-Amino-8-(3.4-dihydroxy-5-hydroxyvmethyl-3-methyl-
tetrahydro-furan-2-y1)-2-methylsulfanyl-8H-pyrido[2.3-d Jpyrimidin-7-one .
25 To a solution of the product of step 2 above (0.34g, 0.506mmol) in methylene

chloride (16mL) cooled to -78°C in a dry ice/acetone bath was added BCl; (1M in

methylene chloride, 5.0mL, 5.0mmol) dropwise. The solution was stirred at -78°C
for 1.5 hours, then at -20°C for 20 hours. The reaction was placed in an ice bath and
neutralized with the addition of aqueous ammonia and stirred at room temperature for
30 10min. The resulting boron salts were washed with methylene chloride and
concentrated in vacuo. The residue was taken up in DMSO (3mL) and diluted with
H,0 (2mL) and the product isolated on HPLC 15% B isocratic over 30min with flow
rate of 10mL/min. Buffer A —0.1% triethylammonium acetate in water, Buffer B-

0.1% triethylammonium acetate in CH3CN. Pooled fractions containing nucleoside,
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Step 1. Synthesis of 4-Am no-8-(3 4-di hydroxv-5-hydroxynet hyl - 3- met hyl -
tetrahydro-furan-2-yl)-8H pyrido[2 3-d]pyrimdin-7-one 15 To a sol ution of
4- Am no- 8wWOI39xtpdhydr oxy- 5- hydr oxymnet hyl - 3- net hyl - PCT/US03/14237

t etrahydro-furan-2-yl)-2-nmet hyl sul fanyl - 8H pyri do[ 2, 3-d] pyri m di n-7- one
(15mg, 0.042mmol) in EtOH (201) was added Raney nickel (1.0g) weighed wet

and pre- t&pabfrhtod HaBlo. VBlieresitiod vayien bycogiitassdobith wethydeidetlcdd t he
suspensi on was heated to reflux for 20 hours. The suspension was filtered

hot and t hendrisnatediocgine 20me (¥%6) akbragsivadarickesidet hanol . The flow t hrough
was concentr at eﬁds%_ég)/ %K@ he crude reaction was dissolved in DMSO (2nl)
and diluted wt ? s and purifed on HPLC 13% B isocratic over 30m n
with flowrate HP NI\@U(DMSO dByfef % (m /SH, D-(%p), 2.6 (s BEL 4B It 2wt ate i n

water, Buffer B-0.1 %triethyla a d fractions
cont ai Ai ngtAueIzadss-8e:5 %r@'éngﬁ;g (ignug g%%elﬁ%ll—;[mgé;@ %ﬁ t hen

pr eci pltatﬁﬁ?}l#@ ?YAJ?/Be chloride and decanted to give 2.5ng (15% of
the desire C é 309.12 (M+H). 30 Exanpl e 109 Synt hesis of

2- L- Ami no- 8- net hyl - puri n-9-yl 5-hydroxynet hyl -tetrahydro- furan-3, 4-di ol
35 Step 1. Synthesis of 8-Methyl-9H purin-6-famne 131 WO 03/093290

PCT/ US03/ 14237 4,5, 6-Triam nopyri mdine sulfate (3.0g, 13.4nmmol) and
acetam de (1.0g, 16.9nmmol) were ad@qub% ws25nl aut ocl ave bonb and heat ed

to 249& f o BnlQuESs AntilE 80(34%119&19 LB, RS Ry 1 30ink @6 -tefratid@o ffafand hour

and filtered through a TISEPRY AP 3 Bb It fidid Ponkl(P8¥)f hr ough was
concentrated and purifi et by C v-10% Bufrer B 5 over 30m n at a flow
rate of | ' ' atg in water,
Buf f er B- 0S8R0k C : 2% appropri at e
fractions Qm%%rzam@ﬂﬁwy&ﬁyg Jlﬁvﬂtﬂd%?%'iﬁg (11 % of the tltle
conpound. - 150.08 (MfH). 10 Ste . Synthesis of N N yl -

8- net Hyl - 9H pur Tn-agolutipn fo #rdming$r 4@1@@@@&%&@@/@?&%& nﬁt uct | n Step
1 above ( 22e?rr;.gydr -t%ra%y?}-z-me%b p_ilfanyl-SH-pyndo[Zﬁ-d]pynm1d1n—7—one (15mg,
0.042mmol) in EtOH (20mL) was added Raney nickel (1.0g) weighed wet and pre-
treated with DI water followed by ethanol, was added and the suspension was heated
to reflux for 20 hours. The suspension was filtered hot and the Raney nickel was
20  washed with hot ethanol. The flow-through was concentrated in vacuo. The crude
reaction was dissolved in DMSO (2mL) and diluted with H20 (3mLs) and purifed on
HPLC 13% B isocratic over 30min with flow rate of 10mL/min. Buffer A —0.1%
triethylammonium acetate in water, Buffer B-0.1% triethylammonium acetate in
CH;CN. Pooled fractions containing nucleoside, concentrated in vacuo. The residue
25  was then precipitated with methylene chloride and decanted to give 2.5mg (15%) of
the desired nucleoside.

MS: 309.12 (M+H).

30 Example 109
Svynthesis of 2-( 6-Amino-8-methvyl-purin-9-y1)-5-hydroxymethyl-tetrahydro-
furan-3.4-diol

35 Step 1. Synthesis of 8-Methyl-9H-purin-6-ylamine
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(14nmL) and nethyl ene chloride (7nL) was added N N -di net hyl f or mam de
dimethyl acetal (0.8nL, 4.52mol) and the m xture heated to reflux for 24
hours. Thworlemed2btng 15 yell ow sol ution was concentrated POTUS®03O028D a
yellow oil. This oil was co evaporated with nethylene chloride (2 x 15nl)
and hel d under high vacuum for 2hours. The crude product was used directly
in Step 3, w thguts. Tﬂﬁrhﬁﬁ?zﬂhhﬁdlﬁé QafakO(3. Og, $3 eﬁmaal) Syhidetzmiide Gf.08enz oyl

Prot ected 2-(6-Am no rin-9-yl 20 o

hydr oxymet h§.Dmmeal) whsgddded twa L quigelgive bag%h%ﬁt?%w e Ohefrct of
step 2 abo I (0.8,
3. 322mol ))fgﬁgmﬁggPEDc%vgﬁsPte%lil ﬁ?ﬂ% IH }?@?ﬁgﬁ}&? %%%kgﬁﬁgg%%galggﬁtl on
was al | owedr Celite0The ﬂbwghfdugha\md cbﬁeeﬁtraﬂe&eﬁduparmﬁ@bbﬂmaéie& -40% Buffer B
235tr|benzoate(0 691¢g 37mm) dis |chloroeth e(IOnL)
25 was Saddewer wmlnémﬂoWﬁﬁtéd’ifép@H Y. !FIV%O@T%‘ mgéngarWFB eactl on
was heate f ©F o ’ a o&e@tﬂe TI\/ISOTf was
added, andﬂwk{gtfrea Pﬁﬁ@@ﬁ@;ﬁ@@ﬁ%ﬁﬁgﬂﬁﬁfpﬂlP48 hours. The

reacti on wagpropite drattionseaticohenprated tuvauodo givedadSwigt(hl ¥ ohtheditle chl ori de,
washed with saturated NaHCO3 (1 x 75nlL). The aqueous | ayer was back
extract ed GPTROGH: hyl ene chloride (2 x 50nL) 30 and the conbi ned organic

| ayers were washgg ‘B‘Otdg(k}?@l)(l x 75m.), brine (1 x 70nmL), then dried over
Na2SO4 and concentrated in vacuo. The crude product was purified by colum
chr onditbogr aphy on silica gel using 5% nethanol in nethylene 132 WO

03/ 093290 PCT/ US03/ 1423 or | QL. te fractions
wer e pool eé—%mml‘hﬁﬁm&%@ 9??156%%§% o cor P‘%’&%d VB:

649.21 (MrH). 5 T%ta%sﬁens@{lﬂif brod@dt in Step 1 above (225mg, 1. 51mm01) in MeOH
2_(6- Am no-8-nethl-purin-9-y i/droxyrret hy1- tetr4hydr fur %@’Sﬁ The
conpound f(MmB)@}dIBethb]@XI@Chleﬂd@ é@e)l‘v@cﬁdﬁ?ﬁW\Naﬁ%%ﬂhﬁ m( ) and

e A T

0 10 10% Bytfiew sBufiveivasooidentitedir vaowo tah gelbdw aibnThismihwaButfer A - 0. 1%
triethyl amoni um acetate i n water B-0..1 e ammpnium acet at e

in CH3CN. evworaphrdhrnehydeny %?m‘iﬁ@ */\,Lfr%L I@ﬁm bg&c@ﬁwlﬁtf%d in vacuo
to give 607y, 516% CARTRIERE Hastbed &%Cﬂ?%ﬁ SRf 3¢ fAmek Erther purification.

Step 3. Synthesis of Benzoyl Protected 2-( 6-Amino-8-methyl-purin-9-y1)-5-

20  hydroxymethyl-tetrahydro-furan-3.4-diol (
To a solution of the product of step 2 above (1.51mmol) in 1,2-dichloroethane

(10mL) was added BSA (0.8mL, 3.322mmol) and heated to reflux for 1.5 hours

under argon. The solution was allowed to cool slightly and 3-D-ribofuranose 1-
acetate 2,3,5-tribenzoate (0.691g, 1.37mmol) dissolved in 1,2-dichloroethane (10mL)
25  was added, followed immediately by TMSOTT (ImL, 5.48mmol). The reaction was
heated to reflux for 24 hours, then an additional 0.5mL TMSOTf was added, and the
reaction was reflux for an additional 48 hours. The reaction was cooled to room
temperature, diluted with methylene chloride, washed with saturated NaHCOs (1 x
75mL). The aqueous layer was back extracted with methylene chloride (2 x 50mL)
30 and the combined organic layers were washed with H20 (1 x 75mL), brine (1 x
70mL), then dried over Na;SO, and concentrated in vacuo. The crude product was

purified by column chromatography on silica gel using 5% methanol in methylene
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M5: 282.09 (MtH). 15 H -NWR (CD3OD): 2.6 (s, 3H, -CH3), 3.6-5.0 (m 5H,
sugar), 5.9 (d,1H, 1'-H), 8.1 (s, 1H, -Ar). Exanple 110 20 Synt hesis of

2- (6- Ami nwod3me2by| - puri n- 9-yl ) - 5- hydr oxymnet hyl - 3- met hyl - PCT/US03/14237
tetrahydro-furan-3 ,4-diol Stepl Synthesis of 2,3,5 tribenzoyl protected-
2- (6- Am no- 8-net hyl - purin-9-yl)-5- 25

hydr oxt hyl cidofi®s &pthe tlthta @rappiopriake-ficiont wére Pooled seingentiatedof vacuo

N, N-Di et hyl -N - (8-nmet hyl -9H-purin-6-yl)-formam dine (1.71 mol) (the
crude pr odigcgivethe Segippdxompopdnpl e 109), in 1, 2-di chl oroethane (10 ml) was
added BSA (1. S,@Q%m}% and heated to reflux for 1.5 hours under
argon. The sol ution was “al T'owed to cool slightly and

1,2,3,5-tetra- O benzoyl-2'-C 30 nmethyl (3-D-ribofuranose (0.750g, 1.29mmmovl)

di ssolved in 1, 2-dichl oroethane (|IQ was,. added, . f ol | oywe jately b
TMVSOTT 5( 1. Biep 4. Synipesi3 of 2-46ramingdyme ' .a' S te Q}é@% hou?’ls. /
The reacti R %g a_cﬁgpl ed to roomtenperature, diluted wth nethylene

chl ori de, h saturated NaHCO8 (1 x 75nl)._ The aqueous | ayer was
back extracted ®he bompdingd feme Stdpl Dabade was disselged in BYjdmpenia ghiieREl 35

ic | washed with H 5L i hr | h
o Dot over B0ra e oara aaseY ierronys s 3T TG ek ebiEntrich €D
vacuo. The,&f #de.RhRAHEN Wam VST (166)kyd sekat Ly hdpwd fghapHYLE0-si | i ca

gel using 5% methanol in nethylene chloride as the eluent, ~The appropriate
fractiléns WeYeByffwBeoler 30mimata Ao date of Vemlymin Brffer fnd 1% 1e conmpound. .
5 Step 2. 2.(6 . . 010/ v . :

Ani no- 8- me qéh}ﬁgp@ﬁp@!@,?ﬁeﬁaé? H&x‘éf?%&? r}lé%eﬁﬁ 0.L% twe %lglf}a%ﬁla yagstg‘fe -

furan- 3, 4- gippCNThEnCQERIA fridtiohSivefs pootddomd consenitatd dh vedioitn givl anmoni a
in MOH (30mL) and stirred at roomtenperature for 24 hours. The reaction
was concenbPagdt% fon Stepi of thedegued ¢amRaydp i n DVSO (I nL) and water (4nl)

and purified by HPLC}@@%@L&M% B over 30mn at a flow rate of |
OrLs/min. Buffer A -_{. @@ (glr%ﬁi' cekat @ hnsmedugty), $offer B-0.1
%tri 2]115hyl anmmoni um acet €dn 3 g\? e’ alép%é’o%ri étfe fract gopr)fs wer e pool ed
and concentrat eqd A, YaE)®.1 (s, §Hy €Ar).

Example 110
20 Svynthesis of 2-( 6-Amino-8-methyl-purin-9-y1)-5-hydroxymethyl-3-methyl-
tetrahydro-furan-3.4-diol

Stepl. Synthesis of 2,3.5 tribenzoyl protected- 2-( 6-Amino-8-methyl-purin-9-y1)-5-

25  hydroxymethyl-3-methyl-tetrahydro-furan-3.4-diol
To a solution of N,N-Dimethyl-N'-(8-methyl-9H-purin-6-yl)-formamidine
(1.71 mmol) (the crude product of Step 2 in Example 109), in 1,2-dichloroethane (10
mL) was added BSA (1.0mL, 4.05 mmol) and heated to reflux for 1.5 hours under
argon. The solution was allowed to cool slightly and 1,2,3,5-tetra-O-benzoyl-2’-C-

30  methyl B-D-ribofuranose (0.750g, 1.29mmol) dissolved in 1,2-dichloroethane (10mL)
was added, followed immediately by TMSOT (1.5mL, 8.3mmol). The reaction was
heated to reflux for 24 hours. The reaction was cooled to room temperature, di'luted
with methylene chloride, washed with saturated NaHCO3 (1 x 75mL). The aqueous
Jayer was back extracted with methylene chloride (2 x 50mL) and the combined

35  organic layers were washed with H20 (1 x 75mL), brine (1 x 70mL), then dried over
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60mg (16% from Step 1) of the desired conpound. 15 MS: 296.13 (MtH). |,
H1-NVR (CD30OD): 1.05 (s, 3H, -CH3), 2.6 (s, 3H, -CH3), 3.6-4.2 (m 4H,
sugar), 6wOo3s93b) 1'-H), 8.7 (s, 1H, -Ar). Exanple 111 2@csusvhiesss of

2-[ 6- Am no- 8- (N -net hyl - h~dr azi no) - puri n-9-vl | - 5- hydr oxynet hyl -
tetrahydro-furan-3,4-diol (185) To a solution of 8-bronpbadenosine (Al drich,
0.1g, 0. 28Rgp©Ad) ahd\cdAVEntvisd iAddas. TR bnitle produetavaseputified BrylcolB9rmol ) and
the m xture was heated to 85C for _25 3 hours. L&gﬂcrﬂg%ggrgg}%cl WFS
purified byhrowiategrapbbiossticegebptine &1 methanoh yeethylong ghistige a3 e I8t i n

met hyl ene | oride. r i11h 13 ;if1et hanol . The
appropri at iﬂ? P%Pé?ﬁ’%aﬁéé) ﬁ%?‘g‘s%@%? é@@e@gﬁ%@%ﬁrﬁgggﬂﬁfcﬁw&g% L‘%q?%tlgi@ve 90ny
(100% of t&@pdurdl.e conpound. Ms: 312.16 (M+tH). 30 H1-NWR (DMSO-d6): 3.05
(s, 3H, -CH3) 3.4-4.2, 4.85 (m 5H, sugar), 5.0- 5.2, 5.9 (m 3H -OH), 4.7
(m 2H> NH), 6.35 (d, 1H, 1'-H), 6.9 (s, 2H, -NH2), 7.95 (s, 1H, -Ar). 134
WO 03/ 0932 RCH/ K- 42 HethyE O - o AR yE-30 ethyl-tetrahydro-

2- (6- Ami nﬁ%ﬂ?&?;f@%ﬁ%ﬁ?ﬁ?&@?ﬁﬁﬁiﬁmt hl -V'?lahyd?’o- furan- 3, 4-di ol

5 To a sol girk®d.4edioB- br onbadenosi ne (Al drich, 0.1g, 0.289mpl) in MeOH

(25i nL) was added sodi um net hoxi d 0.1qg, ,1.81 I - 113 e was
heated to 85C fl8fF C9MRY .OI?%eprﬁﬁ]é Weg%s\%gglﬁﬁngﬁlc%%gﬁ\%n{)ﬁgﬂo%m resin
(H, filteradrand sPre b washespeididie WO Hobbs. nibe readtionwes doycéaldadmoni a i n
met hanol ZlSrrL . The flow hrough was concentr at ed andw%tgljrif)iéﬁ_ngy col um

chr omeltlogr aphtheTesidue tekér emingd (1) 20dovtar KAmS) and el D-el uent .

(0499 of RO FHFETEONBoumIte « ARFTEEe 1R BhSAR VB0 0y o1 (o
3H, -CH3) Zjdnhadmofiud® aédtate MiwatGRifier BS0. 1% ribthy(amm3tipm efate i8. 7 (d, 1H,

1'-H), 7.0 (s,” 2H, -NH2), 8.0 (s, 1H, -Ar). 15 X .
CH,CN. The appropriate fractions were pooléd and concentrated in vacuo to give

60mg (16%, from Step 1) of the desired compound.
15 MS: 296.13 (M+H). . 7
H'-NMR (CD30D): 1.05 (s, 3H, -CH3), 2.6 (s, 3H, -CH3), 3.6-4.2 (m, 4H,
sugar), 6.1 (s,1H, 1°-H), 8.7 (s, 1H, -Ar).

Example 111
20 Svnthesis of 2-[6-Amino-8-(N "methyl-hydrazino)-purin-9-yl]-5-hydroxymethyl-
tetrahydro-furan-3.4-diol (185)

To a solution of 8-bromoadenosine (Aldrich, 0.1g, 0.289mmol) in DMF was
* added methyl hydrazine (0.15mL, 2.89mmol) and the mixture was heated to 85°C for
25 3 hours. The crude product was purified by column chromatography on silica gel
using 2.5% methanol in methylene chloride to wash and the product eluded with 20%
methanol. The appropriate fractions were pooled, concentrated in vacuo to give
90mg (100%) of the title compound.
MS: 312.16 (M+H).
30 H!-NMR (DMSO-d6): 3.05 (s, 3H, -CH3) 3.4-4.2, 4.85 (m, 5H, sugar), 5.0-
5.2,5.9 (m, 3H, -OH), 4.7 (m, 2H, NH), 6.35 (d, 1H, 1°-H), 6.9 (s, 2H, -NH2), 7.95
(s, 1H, -Ax).
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Exam | pel13 Synthesis of 7-(3

4- Di hydr oxy- 5- hydr oxynet hyl - 3-nmet hyl -t et rahydro-furan-2-yl)- 3,7-di hydro-p
rol o[ 2, 3-wbpgndazedi n- 4- one (188) 20 To a sol ution of PCT/US03/14237

2- (4-am no-pyrrol o[ 2, 3-d] pyri m di n-7-yl)-5-hydroxynet hyl -

3-net hyl -tetrahydrofuran-3,4-diol (0.09g, 0.321lmmol) in NWP (2nL) and
acetonitrile (2n) was added chl or oggehpledghyde (50% sol ution in H20
40.81, 0. 321rmﬁih)esigBﬂzi(a@nﬂﬂnzstslﬁl%tm%pgaéﬁ@-ﬁ%%&%a@ﬁv}.ﬂ%ﬁdﬂhe

reaction was 25 concentrated in vacgp,fdslyad wth HZO and purriied by HPLC
2% Buffer B, isocratic over 30nmn at afttowrate of 20nLs/min. Buffer A -
0.1 %triflouroacetic acid in water, Buffer B-0.1 %trifluoroacetic acid

in CH3CH. The apps apslutiteof $-dodmeuisnowied Al@asd, 0d ca0d8smAEMNEGH i n vacuo
to give 53 %}?j‘? of . the title coqgound. MS: 282.10 (MrH). 30 H -NWR
( DVBO- d6) ”@.5 @s added spdivey methoxids. (.16, {-fmma]) andghe mixtgrerwyssheated

1I i ’ 6 . 5 5° 1 ] . ) 1 H1
Lag) e 8,2 Sdsatna s thcicldonttls gyéichod iy Botion R i
6- Am no- 9- (BdPav-X wrshed vEihyidObk(lvenhyfolldwakbh 7M tmamoata iahyshmof ur an-

2-yl)-7,9-di O-purin-8-one (173) 5 Step.1. SQynthesjs of Trifluoro-acetic
ol 5l o e TR NPl b st AagbiyEed by Goluzn chromatogtaphy

puri n- 99 y! | ordsingt dey hsidg 2090 Sethandd i ndefiiyidnd 5 eru@ﬁ@_tlﬁﬁéva){)gf@&{a?é‘ﬁ‘é’ciﬁ%‘i ur an- 2-

| mnmethy ester. To a Suspension of 8-bronpadensoi ne rich, .Bg,

2. 89l ) i Werd pgoledeaong¢rdraéedon vaeiatie givieds 15mg (94%@) o falaketeide compdumds.oacet i ¢
anhydride (I O, §72m®+ 0 and stirred for 4 hours. The clear solution
was concentrated Th vac and co evaporated with dry nethyl ene chloride (3

x 15n) and foarrEdNMR gDVESRE6): mo@sf@,f-cmbrs.mgg 4.89 (ROFHOME 1 G5 Was
used directly without further purification in Step 2. "Step 2. Synthesis of
6- Ami no- 9- (8% 2Hg i QEYSek (. 3 Hay Foxhe (g H, SNHR), 8y) (s18Ht ¢u).ahydr o- f ur an- 2- y|
-7, 9-djfiydro-burin-8-one To a solution of the product of Step 1 above
(1.05g, 1.45mml) in dry acetonitrile (in a pre-dryed flask cool ed under
argon) was added Cul (13.7ng, 0.0725mmol), TEA (3.67nm, 0.4M, Pall adi um

tetrakis (83ng, 5 nole %, and
Example 113
Synthesis of 7-(3.4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-vi)-
3.7-dihydro-pyrrolo[2.3-d]pyrimidin-4-one (188)

20
To a solution of 2-(4-amino-pyrrolo[2,3-d]pyrimidin-7-yl)-5-hydroxymethyl-
3-methyl-tetrahydrofuran-3,4-diol (0.09g, 0.321mmol) in NMP (2mL) and
acetonitrile (2mL) was added chloroacetaldehyde (50% solution in H20, 40.8pl,
0.321mmol) and the mixture was heat to 50° C for 24 hours. The reaction was
25  concentrated in vacuo diluted with H20 and purified by HPLC 2% Buffer B, isocratic
over 30min at a flow rate of 20mLs/min. Buffer A — 0.1% triflouroacetic acid in
water, Buffer B-0.1% trifluoroacetic acid in CH;CN. The appropriate fractions were
pooled and concentrated in vacuo to give 53mg (59%) of the title compound.
MS: 282.10 (M+H).
30 H'-NMR (DMSO-d6): 0.65 (s, 3H, 2°~-CH3), 3.5-4.0 (m, 4, sugar), 6.1 (s,
1H, 1’-H), 6.5 (d, 1H, -Ar), 7.5 (d, 1H, -Ar) 7.9 (s, 1H, -Ar), 11.95, (s, 1H, -NH).
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Trinmethylsilyl acetylene (0.4nL, 2.90mmvl). The m xture was heated to 80C
for 20 20 hours, cool ed, passed through short bed of celite and
concent r awed3jogs29@cuo to an oil. The crude product was p®cirfusesi1i42y7 col um
chromat ography on silica gel using 1:1.6:4 ratio of EtQAc: MeOH CH2Cl12 as
the eluent. The appropriate fractions were pool ed, concentrated in vacuo

to an oil which was precipitated w ERammpieahal /ether to give 250ng (61% of
the title conmpound. 25|VB 284 11 (M H-NWR (DVMSO-d6): 3.2-4.2, 4.85
(m 5H, su hesis of 6 dibydepxy- hvdroz(wnethml 3qnethyl ~tefy fur

-NH2), 8.0 (s, 1H -Ar) 10.4. : - I7§ 115 30 Synt hesi s of

2- Hydrox methyl=5 (1 3a 5 6- - -tetrahydro-
furan-3,4-diol (186) . To a solution of Tuberci d| n (Sigma, 0.03g,

0.113 1) d.n 2mL) \%a h (14, O. 226mm1) and
heated 10 _ S e HUPE 75 AcEflupra-acetylamipal-uo” and
purified b@%&x&ﬁm@&&&é&@m@@mﬂﬂworwoxvmm@mmm

PCT/ US03/ 1488% gel using 20% met hanol in methylene as eluent. The

appropri ate fradid anspeesie oﬁ:ﬁabioamadermninerﬁmchiohdl 0p, ZJSQmmd)Qng'ry/e 30ng

949 f the titl 2 -4.6

(5H /()sugar) ;Q%n eﬁﬁO%od%%$W§ "‘éié ‘%H“ffol‘F?@cetl Ygﬁdé %?cﬁ 81‘?4“01) Ar), (m

7.6 (dio 1H,and'§tli1ired for2 Hdds. THhe cléi’r)solugo@@aé §@nc%ﬁt1=atedﬁ{ Yacubsgdebe 116

Synt hesi s of 5-Hyd rox msthl)]/361 3- mstrg%/ -tetraaza-as-indacen-6-yl)- 10
S

t et r ahydr o-cVepoased v ernf(t &)e chdo s(éPCLﬂtﬁtrdr) apfl foamed to give 2g (100%) of

2- (4-am no- 1 din- 7- hydr o

3-nmethyl-te t a%géé)(%&&g @\%ﬁl g] GF uf%l cgrge):ﬂ}ﬁwi %&fat“ﬁlrﬂ%te%s added
chl or oacet al dehyde (50% solution in HO 35.1, O. 275mm1) in 7.0L aliquots
every 15 4 hours over, t?e course of 20hour . After the f| naI addition, the

m xture wast Swathesis f tAmino9-(Z4-HWihyde : vacuo and
puri flpjzl b¥etfa‘ﬁ el TgoTae N gy - §| I | ca gel usi ng 20% met hanol in
met hyl e fions were pool ed, concentrated

in vacuo t o gi vé‘o?alsuj;ut(cﬁﬂ&@th@f)roﬂhet dfiStdpel avp@uosg, IMZmBODH uidry( MtH) .
acetonitrile (in a pre-dryed flask cooled under argon) was added Cul (13.7mg,
0.0725mmol), TEA (3.67mL, 0.4M), Palladium tetrakis (83mg, 5 mole %), and
Trimethylsilyl acetylene (0.4mL, 2.90mmol). The mixture was heated to 80°C for 20

20  hours, cooled, passed through short bed of celite and concentrated in vacuo to an oil.
The crude product was purified by column chromatography on silica gel using 1:1.6:4
ratio of EtOAc:MeOH:CH2CI2 as the eluent. The appropriate fractions were pooled,
concentrated in vacuo to an oil which was precipitated with alcohol/ether to give
250mg (61%) of the title compound.

25 MS: 284.11 (M+H).

H'-NMR (DMSO-d6): 3.2-4.2, 4.85 (m, 5H, sugar), 5.0-5.3 (m, 3H, -OH), 5.7
(d, 1H, 1°-H), 6.6 (s, 2H, -NH2), 8.0 (s, 1H, -Ar), 10.4 (s, 1H, -NH).

Example 115
30 Synthesis of 2-Hydroxymethyl-5-(1,3a,5,6-tetraaza-as-indacen-6-yl)-tetrahydro-
furan-3.4-diol (186) .

To a solution of Tubercidin (Sigma, 0.03g, 0.113mmol) in DMF (2mL) was
added chloroacetaldehyde (14mL, 0.226mmol) and heated to 50°C for 20 hours. The

35  reaction was concentrated in vacuo and purified by column chromatography on silica
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20 H-NWR (CD3OD): 0.8 (s, 3H, 2'-CH3), 3.7-4.2 (m 4H, sugar), 6.4 (s, 1H,
1'-H), 6.85 (d, 1H, -Ar), 7.45 (d, 111, -Ar), 7.7 (d, 1H, -Ar), 7.9 (d, IH,
-Ar), 8. 980(03/09329H, -Ar). Exanple 117 25 Synthesis of 2-(#&cArisadif€3net hyl-p
olo[2 3-d]pyrimdin-7-yl -5-hydrox ilethyll- tetrahydro-furan-3,4-diol (219

Step I. Synthesis of 6-Methyl-7Hpyrrolo{2 3-d]pyrimdin-4- |y am ne

NW di net hy| gedusingi2o®; gietiahélih nagiefléde 4 ERAY Vhe appopih@efadtRngweredi ani no 30
pyrimdine in DM and heated to 80C. The resuting nono protected conpound
is purifiedPonidl eonpraireisd ir waaundo Biye BAmiEKB4%) phthraitlezomporndiCl , 0C, then
SnCl2- 2H20. To jRe ?Y%@ﬁf;%ﬁ in EtOH is added acetone and TEA and

refl uxed. The resUF I'Ng "hydrazone is heated in the presence of PPAto form
the desired prode—NMRIGD?Qm)OSﬁOQ@6&95@@5@5&?;@29-&2,37—1, 1818p6.85 (S AL hesi s of
2- (4- Am nol-_r&m?t? (i rrol of 2 3-d] pyrim din- -qu)-S-

hydr oxyrret HyP- {-8¢ £ H;%rél)f:ﬂr%Qa 5H-A) VO (FndH; rADB. 25 MpdtndAl)s prepared as
described in Step 2 and 3 of Exanple 107 5 using
(3-D-1-Onethyl-2,3,5,-tri (2, 4-di chl orobenzyl)-ri bofuranose and t he
compound from Step 1 above. Exanple 118 Synthesis of 2-(4-Am no-6-nethyl-p
oloj2 3-d]pyrimdin-7-yl -5-hydrox t hyl - %0 3- et hyl -tetrahydro-f
ran- 3, 4-di ol 228% .Thfe ?{oduct f ledd Exanple 117 is silylated and
condensed wi t Bynghesis of S-Hydroxymethyl-3-methyl-2-(1,3a,5.6-tetraaza-as-indacen-6-yl)-

met hyl 18, 5-bi s- (2, 4- di chl or ob&aizhydsesfyran-3at-disf K1G6) ( 3- D-r i bof ur anose as
described in Step 2 and 3 of Exanple 107. 15 Exanple 119 Synthesis of

4- Ami no- 8- (3 4-dj hyd - B |- 3-nethyl - tet dr o- f -2-yl
L reth Veul t anyto 8 SE BRI R s ST R SR i e
(230) 20 Stemethyl-BtahheshsaeB,4dioNi0me; 8:28Rikb1) SUbKA 19T wak 9dded

8-di hydroteri dine-6- o
chloroacetaldehyde (50% solution in H20, 35.pl, 0.275mmol) in 7.0l aliquots every

15 4 hours over the course of 20hour. After the final addition, the mixture was allowed
to stir for 2 hours then concentrated in vacuo and purified by column chromatography
on silica gel using 20% methanol in methylene as eluent. The appropriate fractions
were pooled, concentrated in vacuo to give 71mg (94%) of the title compound.

MS: 305.11 (M+H).

20 H'-NMR (CD30D): 0.8 (s, 3H, 2°-CH3), 3.7-4.2 (m, 4H, sugar), 6.4 (s, 1H,
1’-H), 6.85 (d, 1H, -Ar), 7.45 (d, 1H, -Ar), 7.7 (d, 1H, -Ar), 7.9 (d, 1H, -Ar), 8.95 (s,
1H, -Ar).

Example 117
25 Synthesis of 2-(4-Amino-6-methyl-pyrrolo[2,3-d]pyrimidin-7-y1)-5-hydroxymethyl-
tetrahydro-furan-3,4-diol (219

Step 1. Synthesis of 6-Methyl-7H-pyrrolo[2.3-d]pyrimidin-4-ylamine

N°N’-dimethylformamide dimethyl acetal (1 equiv.) is added to 2,6-diamino
30  pyrimidine in DMF and heated to 80°C. The resuting mono protected compound is
purified and converted to the hydrazine with NaNO,, 6 N HCI, 0°C, then SnCl,-
2H;0. To the hydrazine in EtOH is added acetone and TEA and refluxed. The

resulting hydrazone is heated in the presence of PPA to form the desired product.
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carboxylic acid ethyl ester Synthesis of

4- Am no- 7- oxo- 7, 8- di hydr o- pt eri di ne-6-carboxylic acid ethyl ester is
synt hesi zw0 ta®9xtescri bed in M Ot and W Pflei derer ChempCBarsn3/1234, 107,
25 339-361. Step 2. Synthesis of 4-Am no-8-(3

4- di hydr oxy- 5- hydr oxynet hyl - 3-nmet hyl - tetrahydro-ethyl-2-yl)-2-nethyl sulf
1-7-o0x0-7 8-di hdro-pteri dine-6-carboxylic acid am de 30 The product of
Step 1 abov- | _|IKIated and condensed W th 1 2,3, 5 Tetra- O
benzoyl - 2' - Lt PY aineAgaeihylgyarofn(2 3l s &f7eyi®xS2 and 3) to
provide f 1 |l e 120 35 Synthe5|s of 4- Am no-8-(3
4- dlhydrox3c/]}Edt-r raﬁﬁ#&e Iaggﬁggngéﬂﬂg%rahydro furan- 2-yl)-7-o0xo0-7

8- di hydr o- pt er i dTmetitbe cx:mlbmmxalm preparediasddsciebelida SN D3nd932BRareIE/101P03/ 14237
4- Anlno 8-(3.4- @;h d5oxy dro % Cé31-3 met hyl - t et r ahydr o- fur an- 2

yl)-2- thy‘Fsé‘Lﬁ 7 % eanizef)) rthofurgaessang theccompionndni de i s
treated wig %&E%%f -Q% keI (see Exanple 108, Step 1) to give the title
conmpound. 5 e 121 Synt hesis of 4-Am no-8-(3

4- di hvdr oxv- 5- hydr oxynet hyl - 3- net hyl - tetrahydro-furan-2-yl)-5-0x0-5

8- di hydro-pyrido[2 3- deyrinidine 6- carbox lic aC|d am de (225) 10 Step 1.
Synt hesi s of, 4- chloro ; S

car boxyl i c 2¥dcgE i Ay s
8-tetrahydro-pyrido [2, 3- o gifah pehd>d ) |d ethyl ester is
treated wi th Raney nlckel to renove the thlonethyl group The resulting

221 hydr oy 5. hyHECHROSHE R PIEg gD, B S KRGS s Srndensahwih beo- 5
8- di hydr 0- Rﬁéthﬁoi B b?s &, PYEdhEr8hney16x PRS- PoXY ttl}m'y? B?—?ﬂgﬁ@%&@ ag B&chbQAHCt of

Step 1 above is silylated and condensed w t
Step 2 and 3 of Example 107.

15

Example 119
Synthesis of 4- Amino-8-(3.,4-dihydroxy-5-hydroxymethyl-3-methyl-

tetrahydro-furan-2-yl)-2-methylsulfanyl-7-ox0-7.8-dihvdro-
pteridine-6-carboxylic acid amide (230)

20

Step 1. Synthesis of 4-Amino-2-methylsulfanyl-7-0x0-7,8-dihvdro-pteridine-6-
carboxyvlic acid ethyl ester
Synthesis of 4-Amino-7-oxo-7,8-dihydro-pteridine-6-carboxylic acid ethyl
ester is synthesized as described in M. Ott and W. Pfleiderer Chem. Ber. 1974, 107,
25 339-361.

Step 2. Synthesis of 4-Amino-8-(3.4-dihydroxy-5-hydroxymethyl-3-methyl-
tetrahydro-furan-2-y1)-2-methylsulfanyl-7-0x0-7,8-dihydro-pteridine-6-carboxvlic
acid amide

30 The product of Step 1 above is silylated and condensed with 1,2,3,5-Tetra-O-

benzoyl-2’-C-methyl p-D-ribofuranose (See Example 26, Steps 2 and 3) to provide

for the title compound.

Example 120
35 Synthesis of 4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-

2-y1)-7-0x0-7,8-dihydro-pteridine-6-carboxvlic acid amide
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20 benzoyl -2'-C-nethyl (3-D-ribofuranose and treated with |iquid amoni a
(See Exanple 26, Steps 2 and 3). Exanple 122 25 Synthesis of 4-Ainino-8-(3
4- di hvdr owe-03/49820r oxynet hyl - 3- net hyl -t et rahydr o-f uran- 2- PICrABbB/pa287 do[ 2
3-d] pyrimdin-5-one (226) Step 1. Synthesis of

4- chl or o- 8H pyri do[ 2, 3-dl pyri m di n-5-one

4- chl or o- 5- oxo- &pﬁnﬂbm@'mdm,yatdig{Qh@rdiméthyﬂ}ﬁmeda}ﬁ—tamhbdwyﬂurm-hc| d et hyl
30 ester is saponified and t hen decar boxyl at eatl 1de %%%n%il ne in

the presengld-2enethylsplanyl{Toont-V8-dilere-pteriding is of
4- A 8- h d
t et ;naﬂyc/)dr o&’%Hﬁ?ﬁle}éxv %X(é?—?sEyrl AQF%@E‘%{R}?Igm P%hfSle gcr)]rgp(i%ng WO 03/ 093290

PCT/ US03/ 14237 The product of Step 1 above is silylated and condensed with
1,2,3,5-Tetra-O benzoyl -2' - C net hy| 31[} i bof uranose and treated wth
l'i qui dSammoni a (See Exa ééé@kﬁ—%@ :

2- (2 4-Dichl or o-5¥ GLAYCIPRY-7 ) LRy 1- 3-

met hyl - t et r ahydrietrihyda Z & elonp Iridogs QETIE (2

4-Di chl or o- benzyl OXy) 5- (2 4- mmmm@mj&mt hyI) 10 2-(4

6-di chl oro-i m dazoF4 5-cl pyridin-1- yI - 3-net hyl -tetrahydro-furan-3-ol.
46D|chlor0|mdazo[45c]ﬁ ) aS de cr| pbed in R J.
Roussd&u aftepR. Sxnthegis phé- ; P 5*201. To a

sol ution Ofarboi gmﬂcﬁi‘%tﬁ&f)és%dazo[d' 5 c] pyr| di ne (400rrg, 2. 1 mml) in 30 nL
anhydr ous r argon was added at room tenperature sodium
hydri de (60% 93—Meth51sl1§‘an32 -437iiok)-3,4TH 8- tetodhydicopymief 2. 3+ d I pyieraiding- @mr f or
4h. To a sol utlo

1- met hyI 3¢yl %gl%aflchfetdﬁ’]c?ﬁeﬁﬂ%tr%er‘?z‘yllﬂb}%%‘eyzmgqlré? FRRoEdhe fhigraethsl  anose

(350. 6 §R’“§ AR rdsullth ol nifouad refpks idiPadior onet hane under argon at 0OC
was added 30% HBr 1n acetic acid dropwi se. The solution was all owed

to stisr at OC for 1 hr and then at roomtenperature for 3h. The solution

was then 2 orated i vacu n t . The residue
was di ssol MM%M@H??%&%%ﬁgﬁ%&HVJ é%Jrég[wt?ne sol ution of

t he sodi um§ahldroPfueRA?-8Y-5-80088-dihydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid

amide
The product of Step 1 above is silylated and condensed with 1,2,3,5-Tetra-O-
20  benzoyl-2’-C-methyl B-D-ribofuranose and treated with liquid ammonia (See

Example 26, Steps 2 and 3).

Example 122
25 Svynthesis of 4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3 -methyl-tetrahydro-furan-
2-y1)-8H-pyrido[2,3-d]pyrimidin-5-one (226)

Step 1. Synthesis of 4-chloro-8H-pyrido[2,3-d]pyrimidin-5-one
4-chloro-5-0x0-5,8-dihydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid ethyl

30  ester is saponified and then decarboxylated by heating in quinoline in the presence of

copper to give the title compound.

Step 2. Synthesis of 4-Amino-8-(3.4-dihydroxy-5-hydroxymethyl-3 -methyl-
tetrahydro-furan-2-v1)-8H-pyrido[2,3-d|pyrimidin-5-one
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The conbined m xture was stirred at roomtenperature for 24h, and then
evaporated to dryness. The residue was dissolved in ethyl acetate, and
washed wiwbo03a%2omt er. The water was extracted three ti ne®CRUSh3/eLByl
acetate. The conbi ned organic extracts were washed with brine and dried
wi t h anhydrous sodium sulfate. The solvent was renoved in vacuo. Colum
chromat ogr aphy pRsp#a6t §f®tef 1 Mlve iPsilylited atd eohdensediwith B33, 57Get(00386 nmol ,
54. 65% of 4-(2,4-Bi chl or o- benzyl oxy) - 5- o )

(2, 4- di chl bemople 2 msthyid-Bytiyofrapasemnditesatedrvoith liqwd samonia (See
[4,5-c]pyridin-1-yl)-3 30 hyl -t etrahydro-furan-3-ol. Step 2. Synthesis
of 2-(2 4-%?‘?:‘?1?18@%2 éﬁﬁpﬁgﬂl%"?fa[ 3 2-dlpyrimdin-7-yl)-5- hydroxynethyl -3

-nmet hyl -tetrahydro-furan-3 , 4-dio |le 140 WO 03/093290 PCT/ US03/ 14237 The
product from Step 1 above (252ng, 0.39mmol) was di ssolved in

di chl ofonet hane (1 Or) and the ten@ﬂﬁw_ﬁ&va reduced to_ -78C. Boron
trichl ori deSyntheSid dfi2-@i4hRlidia i O RGN shydraxaacthylsd+ he
reaction dropw se. The raeaethilentraasirsfirandd-diole 88) f or 2h and t hen war med
to -20C 5 overnight The reaction was quenched with 1:1

met hanol : digghl 10T Qe AN 4 @U-Dlehlorabenslbity)exl(2e4-dicAlEo-bonzyldkymiethsles.  NHACH
was usgd 19 @BeULERLEAnidRfo[ 4825 vrin-130113-mdihyiastrifidio-gencenilr at ed in vacuo

to furni sh™soriqg... < ; MRRQgr aphy on
S oa gel o v B e e ey 10

H - NVR ( CDROMseada@DR( K, Rabins, J7H8Rrdeyel. OHpm. 59657 2( £96-2(H). Tos sputie: (m

AR NG BE NEREN TR L TR
Dy ey oxy met BB bl d \[%%éélg?% hioBfr Bmpeidbeb sodid@ Hydride (60%, 93.2

2-(2,4-D chloro- pyrrofro %pyrlmd_ln-Y-yI)-S-hydroxyrrethyl-3
met hyl15t et aah2dmombllr The Solutiahi wheallomg®lto shofeghwas evaporated in a netal

bonb and 20 the bo cooled to - ) tone/dry ice ia (5 nL
was condensed fliodhd “tboé’s"ftlél??ﬁt?’yh%g%lg'ﬁg'déﬁ ro'r%%ﬁ%’“?%% e@gl}:r@l{q_er |( ng :
and borb V@i%oﬁ%?ﬂﬁ?%@%@@m&f 683Ghh81) i8S nilNAihyaRAE At Gorh3Bend Gide? atioys .

n an

Evaporation a showe al st conpl ete reaction. A colum
(chl or of or mt o€t wanaddeB:619q. §O%ETROnmgetif acigdropudse. The solution was allowed to

stir at 0°C for 1 hr and then at room temperature for 3h. The solution was then

20  evaporated in vacuo and coevaporated with toluene. The residue was dissolved in 10
mL anhydrous acetonitrile and added to the solution of the sodium salt, prepared
above.

The combined mixture was stirred at room temperature for 24h, and then
evaporated to dryness. The residue was dissolved in ethyl acetate, and washed with

25  water. The water was extracted three times with ethyl acetate. The combined organic
extracts were washed with brine and dried with anhydrous sodium sulfate. The
solvent was removed in vacuo. Column chromatography was used for final
purification to give 252 mg (0.386 mmol, 54.65%) of 4-(2,4-Dichloro-benzyloxy)-5-
(2,4-dichloro-benzyloxymethyl)—Z—(4,6—dichloro-imidazo[4,5-c]pyridin-1-y1)—3-

30  methyl-tetrahydro-furan-3-ol.

Step 2. Synthesis of 2-(2,4-Dichloro-5H-pyrrolo[3,2-d]pyrimidin-7-y1)-5-
hydroxymethyl-3-methyl-tetrahydro-furan-3.4-diole

140



25 M5 315.08 (M+H), H -NWR (CD30D): 8.53 (s, 1H), 6.99 (s, 1H), 5.83 (s,
1H), 5.54 (d, 1H, 4.02-4.09 (m 3H), 3.84-3.89 (m 1H), 0.88 (s, 3H).
Exanpl e ¥ 03098ynt hesi s of 2-(4-Am no-5H pyrrol o[ 3 PCT/US03/14237

2-d] pyri mdin-7-yl-5-hydroxynet hy3- nethyl-tetrahydro-furan-3 4-diol. (201)
Compound 187(40ng) was dissolved in a 1:1 m xture of ethyl acetate and

net hanol and 100M mbddd YeoptlStep Websvaddess, a3oM@ld]) #s dsd¥ivedfin 1N ag. Sodi um
35 hydroxi de sol uti on.éa/drogenatl on at 45 psi for  3h gave product, which

was 141 Wo bdiowgetheneCiimispadthe tmpesataisovastredicad o 188G, Porarf i ed vi a

silica gel ;¢ h t X for t.hano to.qgive 24
of pure ti (oubfle ELONTREHARNGGR, b L PRl e Db etid Ty ™
7.70 (d, 1lkropwis@9Thelreattidn whs SitreSit -79°. for Zh dndded waBnédio 369G 3. 84- 3. 89
(m 1H) 0.88{]&@,. %H). Exanpl e 126 nt hesi s of )

4- Chl orb- 7-9F 518 |Lhe seactopwen guenchedwith d ok methaaelidishlpromethsna (2)mlipo
c]-Pyridin o hesi.s - Chl - 1= f -1mdazol 4 5-cl
yr o ol Lo S0 2 2070 or ST AR NPLORT b $ b Bk Bt fiogD

et hyl ) - 3- nat Wyd thee comdentiated fruvamne B fumhisi Solid. The product was purified via

4- Chl oro-7-f] uorqgi m dazo[ 4, 5-c¢ ridine i s synthesized as described in
M-C Liu °8{“I%H a“Rﬁ?éf"e%B‘J?PHQE,Sh%@PIethW?J% vlifq fonpoEndQomRe)2001, 20(12),
1975-2000. To a M9l3gkiogn3ffos (M-+H),

1- net hyl - 3, 5- bi 5'1( 2, 4-di chl oro- benzyl oxy)-2-Cnethyl - (3-D ribofuranose in
anhydriBus di chl &t oNdMh ple3@D):BH0 &, HdY B ™HEr LK BOR7HY, M), 4102-4.07 (nacet i c

acid, Im) ,.dr i T r ti solution is stirred at 0C for 1 hour,
then 20 at3 b%ﬁﬂ%i%@’%?@%g E‘3§9‘hours, evaporated in vacuo and
co-evaporated with anhydrous toluene. They oily residue is dissolved in
anhydrous acetonitrile and added to a solution of the sodiumsalt of

4-Chl oro-7-fl uoroi mdazo[ 4, 5-c]pyridine, prepared by stirring

4- Chl oro-7-fl uoroi mi dazo[ 4, 5-c] pyr i Ekaaglsi 2 sodi um hydride (60%in

m nerals oi | ) i ngoninus @p@(ﬁ%%iﬁéuztéﬂléﬁ-gm’vﬂol%Pﬂésﬁipﬂ?ﬁdﬁf?ﬂ%fﬁd mxture is

25 stirred for 24 NopdroxJhéhyISV AR RGN B H¥ ST F-diol (g 87FST due 1s diluted
wi th ethyl : }

2-(2,4-Dichloro-5H-pyrrolo[3,2-d]pyrimidin-7-y1)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3,4-diole (183) (40mg) was evaporated in a metal bomb and
20 the bomb cooled to -80°C (acetone/dry ice bath). Ammonia (5 mL) was condensed
from a gas tank, until the exit needle showed splattering and bomb was sealed. The
reaction was then heated to 135°C for 2 days. Evaporation and TLC showed an
almost complete reaction. A column (chloroform:methanol 5:1) gave 20 mg of
product.
25 MS 315.08 (M+H),
H'-NMR (CD30D): 8.53 (s, 1H), 6.99 (s, 1H), 5.83 (s, 1H), 5.54 (d, 1H),
4.02-4.09 (m, 3H), 3.84-3.89 (m, 1H), 0.88 (s, 3H).

Example 125
30 Synthesis of 2-(4-Amino-5H-pyrrolo[3,2-d]pyrimidin-7-y1)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3.4-diol. (201)

Compound 187(40mg) was dissolved in a 1:1 mixture of ethyl acetate and
methanol and 100mg of 10% pd/C were added, as well as 2 mL of 1N aq. Sodium

35  hydroxide solution. Hydrogenation at 40 psi for 3h gave product, which was
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acetate and water. The aqueous |l ayer is renmoved and re-extracted with ethyl
acetate. The conbined organic fractions are then washed with brine and
dried ovewoO opagaresi um sul fate. The reaction is purified bycralSosm237
chromat ography on silica gel to give the title conpound. 30 Step 2.

Synt hesi s of 4-Chloro-7-fluoro-1-(2'-C nethyl-j3-D-ribofuranosyl)

i m dazol 4, Ssvepgrattidned tHehduviBed S{09BR29%] PIdDsdidaddphy (261 BHIBMHSHN:0f St ep

1 above is di solved i n_di chl oronet hane and the tenperature is reduced to
-78C. Bor o™t ?lm}@rglﬂ% PeAfPrTs tHHegommoghdt hane) is added to the reaction
dropwi se. The reggtiggn i@-gf) rred at -78C for 2h and then warnmed to -20C
overni ght. The reactl on is duenched with 1:1 5 nethanol : di chl or onet hane and
stirred at - 20C HoNMR (@DAODYS. 60NG34 CH),i 57 Lk dHD, 6. 9Nt Hyl 3.2%(st Tig),r eact i on,

and it 4st va oduct is purified via columm
chrorrat%grazgﬁ%/ug)% ?h@?%ﬁ? SQ@Q?ﬂgq#&%{% ‘e conpound. Exanple 127 10
Synthesis of 4-Am no-7-fluoro-I1-(2'-GC nethyl-(3-Dribofuranosyl)im dazo

[4, 5 -clpyridine. (214) A suspension of Conmpound 213 i n anhydrous
hydrazine is refluxed for I h. The reaction mxture is then evaporated in
vacuo to dryness and the residue co_15 ev rated wth ethanol and
deoxygenated water. The crude int e&ﬁ%ﬁ—és then dissolved in
desoxygenat edSyngiceis,of RBaOigyroN-glkserto- C-a1al edth {13-Bosteuanss i gidizsuy.e is the

refluxed with stirring under hydrogen for 8h. The reactron mxture is
filter® through Celite while hotéﬂﬂ&i@latal yst is washed with hot

water. The filtrate is evaporated to dryness and purified via colum
chromat ography to give the title 20 conpound. Exanple 128 Synt hesi s of
2- (4- Ami no-Sidp bySymihesis & 2(4dCilrd-ThfRiofo-ifnid 20[5517&%1&&1{1@&/1)% 2334-

met hyl -t et r ahydr Q furan 3, 4-di ol (215) 25 Step 1. 3 4-Bis-(2
4- di chl or o “HeHEORS (5103 244-¢l1 enbelayiox et raapaihvl-totrahyg

- net hyl - t efgf ahydr o- f uran

15 4-Chloro-7-fluoroimidazo[4,5-c]pyridine is synthesized as described in M.-C.
Liu et al. Nucleosides, Nucleotides & Nucleic Acids 2001, 20(12), 1975-2000.

To a solution of 1-methyl-3,5-bis-(2,4-dichloro-benzyloxy)-2-C-methyl-p-D-
ribofuranose in anhydrous dichloromethane at 0°C is added HBr (30% by weight in
acetic acid, ImL), dropwise. The resulting solution is stirred at 0°C for 1 hour, then

20 at room temperature for 3 hours, evaporated in vacuo and co-evaporated with
anhydrous toluene. They oily residue is dissolved in anhydrous acetonitrile and
added to a solution of the sodium salt of 4-Chloro-7-fluoroimidazo[4,5-c]pyridine,
prepared by stirring 4-Chloro-7-fluoroimidazo[4,5-c]pyridine with sodium hydride
(60% in mineral oil) in anhydrous acetonitrile for 4 hours. The combined mixture is

25 stirred for 24 hours, then evaporated to dryness. The residue is diluted with ethyl
acetate and water. The aqueous layer is removed and re-extracted with ethyl acetate.
The combined organic fractions are then washed with brine and dried over
magnesium sulfate. The reaction is purified by column chromatography on silica gel
to give the title compound.

30
Step 2. Synthesis of 4-Chloro-7-fluoro-1-(2’-C-methyl-B-D-ribofuranosyl)

imidazo[4,5-c]pyridine.
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2.3g of 1-nmethyl-3,5-bis-(2,4-dichloro-benzyl oxy)-2-C nethyl -(3-D

ri bofuranose is dissolved in 25 nL DMW. To this solution is added NaH and
heat ed t owO30/082@ After the hydrogen evol uti on subsi des, PCT/US03/14237

2, 4-di chl or obenzyl -chloride is added dropwi se at 40C. The m xture is
stirred for another 16h , then 5 nL nethanol are added. Col um

chronot ogr aphy e srRbLEWE Saget e iHexaes)ingiohdordméfgnetnpiheduct . 143 WO
03/093290 PCT/ US03/ 14237 Step 2. _ ) g .

3, 4- Bi s- ( 2{empgiatinieds tedbendzy |-?>§3¢) _Borpp trichipride (308! Bedishlompsame) i - 3-

met hyl - di h -furan-2-one T . Qf: St } : i s dissolved
in 40 ni dgcgc{sﬁﬁgﬂle[rga%wp@?wg@ %ﬁ@eg‘%?‘gsmg‘d%g%ﬁ%do&n{iéo@fﬁ’ ﬁ%ﬁ%g%eﬁd it is
heated to §@fn&ee Co°Abienighh eTldRactiohiequénchal withdrl i s brought to pH 11
with NaHCO(err) (sat.) and extracted with Et QAc(.3x 10 . The, conbi ned
organi & fr msthappkdighleramathanegpd ﬁth(%‘gﬁoaé)ﬁmg’rg\%i‘éfé‘wﬁf'e HaPhkls used®e i xt ur e
| S AU SOl Vel fiyd el Teadlioh, AR DKIELLABLALSLH AL TG oldor & afical  Dess
Martin periodinane are added. After stirring for a day the mxture is

pour ed i nt §ia cblurmi cl@matoNedBPnGiithaehiongjvdthg tidle cape@sl. Extraction with
Et OAc (3x 100nmL) , 10 drying of organic |ayers and col um chromat ography
(19:1 Hex/Et CAc) gave 0.72g product. Step 3.

N - (7-Brono-5H pyrrol o] 3, 2-d] pyri mE;ggﬁ_qu_eyﬁ-N N- di net hyl - f or mam di ne

5H Pyriy0l of 3, 2¢ Ay d S AiBids ¥ LB 818 -2 S CSHBIREIL 800 Aardesitiniiied by 15
Mont gonery an . J. ) lovh ., 1528-1531. 5H-Pyrrol of 3, 2-
dlpyrimdin-4-ylamne is dissolved trinetnyrene chloride and cooled to 0 C.
To this solution is added via addition funnel brom ne in nethyl ene
chloride. After x4 8aptdsfih dfCongil el 8 isnigdrousbydeeine s reffikéd for tthi s
extracted with EtOAc, dried with sodiumsulfate and purified via colum
chr omat ogr Aphyeactipe npxtgthis thenevaperaist verraua tolfynesspng fhe resislug Go-

DVFdi net hyl acet al . ar. dd i i i g 0O C until
react inign i §V@8F%F%Wét§ e\%/}}ago ,%v%%%?g%g%t%pnﬁﬁ%%@%ﬂ%g%g%%e%(.ﬁtlégl f urni sh
the titl e aosReditdesStBpnded Arateh Rurien diiGkd] pymlyst is pdd<t atidge mmtdieis 7- y|

-5- hydroxynet hyl -3-nethyl | - 25 tetrahy ro-fl,iran-3 .4-di.ol T'Of"ft %gl ution of
the productheellaredwih slaing vpderidrogsn ARl L4e reaplien ROEHq 15 g 1 ' ot
-75C a sol yt.i . . : : erl ThelfilkrateSisadded  at
-75C, stir ?%faﬂg%re&ééeﬁ’%alt%qﬁ%hfaggpggn%gﬁg%tﬁ%a%ggﬁl%elﬁkgﬁél owed to warmto OC
over the evaporated to dryness and purified via column chromatography to give the title

j&'&‘f
=
)
s

20  compound.

Example 128
Svnthesis of 2-(4-Amino-5H-pyrrolo[3.2-d]pyrimidin-7 -y1)-5-hydroxymethyl-3-
methvl-tetrahydro-furan-3.4-diol (215)

25
Step 1. 3,4-Bis-(2,4—dichloro-benzvloxv)—5-(2,4-dichloro-benzvloxvmethvl)-Z—

methoxy-3-methyl-tetrahydro-furan
2.3g of 1-methyl-3,5-bis-(2,4-dichloro-benzyloxy)-2-C-methyl-B-D-
ribofuranose is dissolved in 25 mL DMF. To this solution is added NaH and heated to
30 60°é. After the hydrogen evolution subsides, 2,4-dichlorobenzyl-chloride is added

dropwise at 40°C. The mixture is stirred for another 16h , then 5 mL methanol are
added. Column chromotography (9:1 ethyl acetate/ hexanes) gave 1.77g of product.
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next 3h. Saturated NaHCO3 is added and the m xture extracted with ether.
The 30 organic layer is dried with brine, dried over MySO4 and

concent r awed3/0931e0 resi due is dried, dissolved in CHCl2 aod/used/ee2byl sil ane
and BF3CEt2 are added dropwi se at - 75C. The reaction mxture is allowed to
war m up overni ght, quenched with IN HC 144 WO 03/093290 PCT/ US03/ 14237

and sti rr e&tdpdl. 314-Bisa(2.4-diehlok @ bResidxyl-8-(2 HagichlofgRbéyIvxyhdttei)l3 neutral i zed
with NaOH and extracted with EtQAc. Organic |ayers are washed with brine,
dried over Deimdaihvdrefuwandroneay and purified via colum chromat ogr aphy. The

resul ting C”p%@‘i!)récﬁm%isﬁ% };%g?\?eg(e%(zg‘ SYABRRO 050 A1 ablhe ??iﬁg ature is

reduced to -78C. 5" Boron tric |ch ororret S added to
the reacti solutomprdded 40hel of éNAH Chandiiisdichted ¢al1@0 deg?(BC‘Aftelfthal’M}&ﬁdwt hen

d.to -20C hed th 1:1
ot handl - P RHIeR BDPEIMLS BBl T s NEHCR: (530 600 resdtt HuFEQACCRHABH | s used
to neutral g ThecsBRiatd %am@@ﬁch&né ste HRENWHARGSS rgﬂc?gv BQraYé?iCTﬂe The

product is stirred in Amonia in MeOH overnight. epro uct 1s purified
via 10 col gmdeghirkbaiscligsalykg imhS gill dro'anqwlen@&dmpieeanﬂm@gr(ﬂ Ioesy) sf of

4- Ami no - 15 f ri bof Ur anos 4. 5- ri 21

4- Ani no- 7- ]}/l(%l}rtn Bap? B%fe\ﬁﬁdgﬁ]d%r)s Lnfﬁr&afﬂ)Féa%g‘f F‘é‘ﬁ?sr&?“(eﬁ% i's
synt hesi zedoaﬁ; @asmamc@qcbmalﬁ gb ¢ BONEESaM, E)Ltrd%tloﬂ_‘@z‘{m%mlc (Qﬁ'@O(ﬁinﬁ) Robi ns,
Bi ochem stry 1966, 5(2), 756-7 20 Exanple 130 nt hesi s of

4- chl dPo- 7df>11%@%ongaq1fz yschrarlé@phmh@mym)ﬁoma@azél% [EsOdicheaw 732

4-Chl oro-7-1] 48f o- -((3-D-ribofuranosyl)imdazo[ 4, 5-c] pyridine (217) is
synt hesi zeH as descrl bed in M-C. Liu et al. Nucl eosides, Nucleotides &
Nucl eic Acids 2001, 20( 12), 1975-2000. 25 Exarrpl e 131 Synt hesi s of

4- Ami no-7-f| uor O_'li 5 c] pyr| di ne (218)

30 synt he5| zed gf plﬁ.&g @p&ﬂg%ngo%%ﬁ&i steslf’}éﬁlag%écﬁ%%blj\“d eotides &

Nucl eic Acids 2007, 2
15 Montgomery and Hewson J. Org. Chem., 1965, 30, 1528-1531. 5H-Pyrrolo[3,2-

d]pyrimidin-4-ylamine is dissolved in methylene chloride and cooled to 0 °C. To this
solution is added via addition funnel bromine in methylene chloride. After reaction is
complete as can be seen via TLC, it is extracted with EtOAc, dried with sodium
sulfate and purified via column chromatography. The product is dissolved in DMF
20 and 1.2 eq. DMFdimethylacetal are added. The reaction mixture is heated to 80 °C
until reaction is completed via TLC,evaporated, and chromatographed to furnish the

title compound.

Step 4. 2-(4-Amino-SH-pyrrolo[3.2-d]pyrimidin-7-y1)-5-hydroxymethyl-3-methyl-
25 tetrahydro-furan-3,4-diol
To a solution of the product of Step 3 above in THF is added at -75°C #-BulLi.
After 1 h at -75°C a solution of lactone the product of Step 2 above in THF is added

at -75°C, stirred for 2 h at this temperature and then allowed to warm to 0°C over the
next 3h. Saturated NaHCO3 is added and the mixture extracted with ether. The

30 organic layer is dried with brine, dried over MgSQy and concentrated. The residue is
dried, dissolved in CH,Cl, and triethylsilane and BF;OFEt, are added dropwise at -
75°C. The reaction mixture is allowed to warm up overnight, quenched with 1N HC1
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WO 03/ 093290 PCT/ US03/ 14237 Exanple 132 Synt hesis of
5- Hydr oxyr net hyl - 3- net hyl - 2- (7-ni tro-i m dazof 4, 5- bl - pyridi n-3-vl) -

t et r ahydrwofoanga9®, 4-di ol (168) 5 Stepl Synt hesis of PCT/US03/14237
7-Nitro-3Him dazol4, 5-bl pyridine 7-Nitro-3Himdazo[4, 5-b]pyridine was
synt hesi zed as described in G Cristalli, P. Franchetti, M Gifantini, S.

Vittori, T. anB(stldredl for&ﬂdat@ooﬁ&élﬁperaﬂne N .orgfaieiiixtdi@89 neutfdlizddb®fh 1688. 10
St ep2 Syn;é&? 2' 5 -Tri sbenzo_yl pr ot ect ed
5- Hydr oxy ‘Hﬁ aﬁd ﬁ%t{”’r?%d with P‘?QAP 1 Prganigilgperoarg vwashad wigh bang dgieg pver

Lt aby ookl U6 RISl ShaRagARRY LI . 0

N, O bis(tr |mﬁtﬂ0yh®1slcy§s))hzeéumdlcﬂbrmﬁham the ®Aghetdnge sotedhitedrio wpsGcept  at
fl ti | -, imately 15 , 1,2,3.515 |

ot & berugh BT AT i g @ifqnm%?ﬁmﬁéxo{w%%ge@cts@n @soyiss. Hhe 0.5

ol ) and réidueﬁlwétir&ulaybsb(:l Mmmw%ﬁﬁéﬂ {00 f&n&]lq{ﬂmeirfeg cHgP! ) was

added to solution. The reaction was kept at er this
time the r e&qmﬁmhed/\mh élll m@iédnqldlc}dmomeﬂmnc @mhsttrmdmpm%ﬂrfer ahechimatss. quenched

by the addi f s bi c on 294 e m xture was
further di II\lg}‘fl"gg{ &5 (t)‘bn %ra ar&de ﬁlﬁdﬁ\ (t}f@“‘r?gg rﬁ‘ paacupy oduct
was extractp@@ﬁu&ismlﬁ%aﬁmﬁmﬁdﬁlaMegm@«%ﬁ RN préifict WaRBiEda Wdt h bri ne,
dried with sodium sul fate and evapor at ed. %he product was a greasy, yellow
sol i d Mhi cleoluay ehirmptoprsbripasdicg gelo t he next step in crude form M :
645.23 (MtNa). 25 Step 3. Synthesis of 5-Hydroxynethyl - 3-neth3l - 2-
7-nitro-imdazof4,5-bl-pyridin- 3-yl -tetrahydro-furan-3, 4-diol Nucl eoside
the product of Step 2 above was dissolved in 100 nL 7N ammonia in

met hanol . The reaction mxture was allowed to stand at 3C overnight. The
next day liquids were renoved |n v 2 resultlng crude mxture was 30
purified via coVubepiceirbAnting )11 §ing [7i8le

chl or of Th cl | : 0Si de e conbi ned

and e\?lasgor at ed ?’6}\%% 7?@%05?2%% ﬁb{}ﬁlm{ggg&m ragaf}%gfé/ggng > 311.10

(MrH) . 146 syMBhE376d %3 286 riBed {1 ISR I/ Réus3éau, L.B. Townsend, and R.K. Robins,
Biochemistry 1966, 5(2), 756-760.

20 Example 130
Synthesis of 4-Chloro-7-fluoro-1-(B-D-ribofuranosyl)imidazo[4.5-c]pyridine. (217)

4-Chloro-7-fluoro-1-(B-D-ribofuranosyl)imidazo[4,5-c]pyridine (217) is
synthesized as described in M.-C. Liu et al. Nucleosides, Nucleotides & Nucleic
Acids 2001, 20(12), 1975-2000.

25

Example 131
) Synthesis of 4~-Amino-7-fluoro-1-(B-D-ribofuranosyl)imidazo[4.,5-c]pyridine. (218)

4-Amino-7-fluoro-1-(B-D-ribofuranosyl)imidazo[4,5-c]pyridine (218) is
30  synthesized as described in M.-C. Liu ef al. Nucleosides, Nucleotides & Nucleic
Acids 2001, 20(12), 1975-2000.
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Exanpl e 133 |- Synthesis of 2=(7-Am no-im dazo[4 5-bl py

i di n-3-yl)-5-hydroxynet hyl -3-nmeth31 5 tetrahydro-furan-3,4-diol (611 5

- Hydr oxy me0legloo29e met hyl - 2- (7-nitro-imdazo [4, 5 -Db] -pyPCaiuse314291) -
tetrahydro-furan-3,4-diol (47.0 ng, 0.15 nmol) was dissolved in 20 nL

met hanol . A portion of palladiumon carbon (10% was added to sol ution and
the reaction mxture 10 was pl acedpyasgle B2 psi hydrogen for 0.5 h. The

pal I adi um C%‘v%hié%"s P8 1fdrb i &BvIof fnethyRnd 705l ddesTd, MbispyrRimBed)-i N vacuo.

The product S ryophiTTzed §f aro4furagf DAIMNS 168 pr oduce title nucl eoside
as a white fluffy powder (34. 6 (MtH). 15 Exanple 134

Synthesis of 5

]Ic—lydroxgnet gbébli 3smh§syé of2F- N‘ﬂtrcmBHtmﬁbmmﬁﬁmaﬂﬂi' e | -lyl )bt et rahydro-I

uran-3,4-di o 175) Step. Synt hesis of 4 ro-| H ben azole 20
4-Nitro- IHbenz%1WGé%l@d%§4§ﬁP}%@P§@@S g}gll\lbeégzggip%ggsq‘l AS’EQ(S G et. al.,

) e, O3, AR S0 B B Mt

(4- ni t r o- benami N98Yaz@| 16863116881t et r ahydr o- f uran- 3, 4-di ol 25 The product from
Step 1 above (130.5 ng , 0.8 nmmol) was dissolved in 10 nL dry
acetonitrile. 0.5 nL (2.0 mol) of N, Obis(trinethylsilyl)acetam de was

added &ga“ds{éaﬁ §OhiULd; OfF e 5ePﬁsb%hzck@Hdﬂé%témBlﬂvﬁbiﬁﬁethvl@m@inaat ely 15
7,3, b- letra- O benzoyl - 2' - C-nmet hyl (3-D-ri bofuranose (ribose

X) ( 280. 6 (ﬁ}m’u@ lﬁndamhtbﬁ \H-@mﬁﬂiﬁﬁﬂﬁv&@dxwﬁmn& \41'(110]1' omet hanesul fonate (0.3

m., 20mm|) t Iut Th t..yeflux for
1 h. After th| %’P f%é%?c{ \@gplg}g g)vvéeg%?% gfg%}ﬁ‘@ og{;%)ﬁzt)lnl]%tneltnperature
and was quﬁﬂp&%ﬁ)nlﬁﬁlé hes additq Rmolf of20)0-bis(ta@eihy b actdmidates 6284, mg) . The
m xture was further diluted with 60 nlL saturated SOdI um bj ca M%%gﬁg . The

product wasnésbersalution wes kepteth r@}%ﬂmﬂﬂrpleqnheam}r@amaée PhagEn1 APX 0 93290

PCT/ USQ3/ 14 37 .was |
evapoﬁgt ed AR B5PERYCt ?ﬁﬂfﬁ\@ Bd?'ggsgﬂasn%“gé \Q%" P %ﬁ.%&ﬁy faken to
the next sy @RethPlsHyIusaub@biBthadEiul o8te20. 3(11&]&,@?(3@31) was added to solution.

The reaction was kept at reflux for 1 h. After this time the reaction was allowed to

cool to room temperature and was quenched by the addition of solid sodium
bicarbonate (294 mg). The mixture was further diluted with 60 mL saturated sodium
20  bicarbonate. The product was extracted with chloroform. The organic phase was
washed with brine, dried with sodium sulfate and evaporated. The product was a
greasy, yellow solid which was taken immediately to the next step in crude form.

MS: 645.23 (M+Na).

25 Step 3. Synthesis of 5-Hydroxymethyl-3-methyl-2-(7-nitro-imidazo[4,5-b]-pyridin-
3-yl)-tetrahydro-furan-3.4-diol
Nucleoside the product of Step 2 above was dissolved in 100 mL 7N

ammonia in methanol. The reaction mixture was allowed to stand at 3°C overnight.
The next day liquids were removed in vacuo. The resulting crude mixture was
30  purified via column chromatography on silica gel using 10% methanol in chloroform.
The fractions containing the title nucleoside were combined and evaporated to get
121.5 mg (49%) of desired nucleoside.
MS: 311.10 (M+H).
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5 Step 3. Synthesis of

5- Hydr oxynet hyl - 3- net hyl - 2- (4-ni tro- benzoi m dazol -1 -yl ) -

t et r ahydrwofoangd9®, 4- di ol The product of Step 2 above was Pdiramsos/ved7 i n 100
mL 7N ammonia in nethanol. The reaction mxture was allowed to stand at 3
C overnight. The next day |iquids were renoved in vacuo. The resulting
crude m xture was purified via colum 10 chromatography on silica gel using
10% net hanol in chloroform The factions containing the title nucl eoside
wer e conbi ned and evaporated to get 120.2 ng (78% of the title

nucl eoside. Ms: 368.14 (MrCH3COO) . gla Fxamsl pel35 Synthesis of
2- (4- Ani no- henzoi.mi dazol,- 1.y Ed%zg“‘%’ _b%p%gdfn'-f-w@—ﬁ\?ﬂrgﬂrﬂé‘thmtﬁh{eﬁgg_dr o-

furan-3, 4-d & 4 di
5- Hydr dxymet hyl - 3- met hyl - 2- ( diekalydio-furan-34digh®l) | )y 29
tetrahydro-furan-3,4-diol (59.3 ng, 0.19 nmol) was dissolved in 20 nL

met hanol . A poEki ladi AN 76RO ik -¥esyrafeled3-o sol ution and
t he reaction métﬂreoﬂé\n/aegﬁ%lsg{glg under 50 plsigﬁgl%r&g_en fordyO).—S h. The

pal | adi um gataydtstfinans, 4-dld ¢4720mg 0,15 nand]) the dssblyedin A Lraehordd ¥n vacuo.

The product was evaporated from anhydrou t hanol 3 {. . g ce title
nucl gosi depeiiog Oﬁﬂ?‘lfaél%\ﬂﬂéﬁrbmf@’iﬂ?s %@‘%1?0 ?gutﬂ?gl gg%th%@af f\lﬁﬁ?{l anpl 13
136 Synt hegj, Rﬁ%ec?ﬁﬂd%f %%}%ﬁc{g’eﬁ it @25 B: Theyhilgian Latalyst frabfittered off,

met hy1- a ro-

il ethyl-3- tetr uran-3,4-diol (179) 30_.Step. 1. nt hesi s of
4-Ni t r 0- 1Hapd theablybt Basokmpredlimacud- Rhe podresvyasrlyentolized s by i di ne was

synt hesi zed. as descri bed. in t oni ni ) m 1982, 25,

1261- 1264, g%’&‘én% Hﬁ%‘)‘&@%ﬁ@é‘“@éﬁlﬂﬁﬁ%‘} YH&% 98&%@6"1? éég}%g’egsoi@téﬁof 4-(2

4- Di chl or o- benzyfoxy).16 (M+#Hdi chl or o- benzyl oxymet hyl ) -

3-nmethyl -2-(4-nitro-pyrrol 0?2 3-b]pyridin-1-yl)-tetrahydro-furan-3-ol To a

solution of the product of Step 1 above (188.9 ng, 1.2 mmmol) in 30 nL

anhydrqus acetonitrile under argon @}, r9om4enperature was added sodi um

?gf’g Lo r&%&%‘% B0l he 'vl-S’-“mve]e%h%‘g- Ehhibrol iz SinfldazbP1 315 RhhyR9. Of the
I furan-3.,4-diol (175)

Step 1. Synthesis of 4-Nitro-1H-benzoimidazole

20 4-Nitro-1H-benzoimidazole was synthesized as described in Sagi, G, et. al., J.
Med Chem., 35, 24, 1992, 4549-4556.

Step2. Svnthesis of 2°,3°, 5’-Trisbenzoyl protected 5-Hydroxymethyl-3-methyl-2-

(4-nitro-benzoimidazol-1-yl)-tetrahydro-furan-3,4-diol
25 The product from Step 1 above (130.5 mg, 0.8 mmol) was dissolved in 10
mL dry acetonitrile. 0.5 mL (2.0 mmol) of N,O-bis(trimethylsilyl)acetamide was

added, and the solution was kept at reflux until clear — approximately 15 min. Next,
1,2,3,5-Tetra-O-benzoyl-2’-C-methyl B-D-ribofuranose (ribose X) (280.6 mg, 0.5
mmol) and trimethylsilyl trifluoromethanesulfonate (0.3 mL, 2.0 mmol) was added to
30  solution. The reaction was kept at reflux for 1 h. After this time the reaction was
allowed to cool to room temperature and was quenched by the addition of solid
sodium bicarbonate (294 mg). The mixture was further diluted with 60 mL saturated

sodium bicarbonate. The product was extracted with chloroform. The organic phase

147



tri(2,4-dichlorobenzyl)-ribofuranose (sugar Y) (191.5 ng, 0.39 nmmol) in 15
mL anhydr ous di chl or onet hane under argon at 0C was added 0.46 nL HBr (30%
dr opwi se.wOhg/0923ul ti ng solution was allowed to stir at O0®cfrarsod1423and t hen
at room tenperature for 3 h. The solution was then evaporated in vacuo and
coevaporated 10 with toluene. The residue was dissolved in 10 nL anhydrous
acet oni tri | wasawmashed skt brine, diel with sédinm soffatt hed seotited allie odadievaproduct

of Step 1 above. The. conbi ned i xture was stirred at roomtenperature for

24 h, and talrs%yg%%w Ege‘ﬂastl glydakente thenext sfe in@rydefas®ol ved in Et OAc,

and washed wi th w8t ggo. 20 P-+vef,eboyas extracted 3x with Et OAc. The conbi ned
organic extracts were washed wth’brine 15 and dried with Na2S04. The

sol vent was renoved in vacuo. Column chromatography with silica gel using

30% et hyl etatg in Fk d for final urjfication. The title
nucleos?/dea%g%zi—ggf—ts S ethvlidamethyl-2-(4yaiteo-benzoyy

ol ey droxymey impigdazol-Id)- 686. 04
(M-CH3000) -tet2bhyv@ELRira-3 3ydlbhesi s of o
5- Hydr oxynet hyl - 3-methyl -2-(4-ni tro-Pyrrol of 2, 3-bl pyridin-1- vyl
-t et r ahydr o- f ur aheradust of Steh@ abovelwes dissolBidep 120 alo VN ndeni6 imy, 0. 16

mmol ) was (] ed | . CH2Cl 2 under ar Lokhe sol.ution was. brought
to -78C, a%@tﬁ%o& ?Bé %@%&r{{% g Wz}%lpyve&éos&?gﬁ%dg §r°6’ﬁg9\fﬁ e&gﬁé‘fﬂ@aﬁi n. The
sol uti on wdimidslvessetbni@vedtih haddl TheTedultingborade MbiteR WasPRrirle vid @smyes

pl aced][d)n a_-20C environnment overnight. After -20 h., the reaction flask

was al Howe Fhrenaiegtapigon Hhea g@#&@gé&% methgpel igghletdfermwilhe fragtionsi. et hanol
di chl t (102 pat ] : . £ | . K i
the 200 encPrintre the tleleBuid Wele cohtindddRic, Bbrb e ¥ TR0 AR SR Tons

with 27% Nef€id titEhmickeesiideal | zed crude was evaporated in vacuo, and the

product 30 was isglated yia co chr omat ogr aphy on silica gel using 10%
met hanol in chll\zg:o%rlrﬁé/s{'@ﬁéééﬁani ng solvent. 37.0 ng (73% of the title
nucl eosi dewas isolated. Ms: 310.13 (M+H). 149 WO 03/ 093290 PCT/ US03/ 14237
Step 4. Synthesis of 2-(4-Am no-pyrrolo[2 3-blpyridin-1-yl)-5-hydrox Meth

1-3- nkX hyl -tetrahydro-furan-3 4-diBtanfile1$¥ oduct of Step 3 above (24.7 ny,
0. 08 mmol ) Swathesis E2(4-edninn-EbBzoimiddzob 1 y)-5-Agdbairacthil-pandthdrewihvaal-l adi um
on carbon (10% was added to the faiant3M4-diol (WEch was placed in a hydrogen

at nosphere for 30 mn. The pall adium catal yst was

Nucloeside 5-Hydroxymethyl-3-methyl-2-(4-nitro-benzoimidazol-1-yl)-

20 tetrahydro-furan-3,4-diol (59.3 mg, 0.19 mmol) was dissolved in 20 mL methanol. A
portion of palladium on carbon (10%) was added to solution and the reaction mixture
was placed under 50 psi hydrogen for 0.5 h. The palladium catalyst was filtered off,
and the solvent was removed in vacuo. The product was evaporated from anhydrous
ethanol 3 times to produce title nucleoside as a white powder (47.5 mg, 89%):

25 MS 280.15 (M+H).

Example 136
Synthesis of 2-(4-Amino-pyrrolo[2.3-b]pyridin-1-y1)-5-hydroxymethyl-3-methyl-
tetrahydro-furan-3.4-diol (179)

30
Step 1. Synthesis of 4-Nitro-1H-pyrrolof2.3-b1pyridine

4-Nitro-1H-pyrrolo[2,3-b]pyridine was synthesized as described in Antonini,
L, et. al., J. Med. Chem, 1982, 25, 1261-1264.
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imedi ately filtered off, and the solvent was renoved in vacuo. The title
nucl eoside was isolated as a pink solid (20.5 ng, 929%. WMs: 280.13 (M+H).
10 Exanplwob3/m9Bynt hesi s of 2-(4 6-Dichloro-p_yrrol o[ 3 2- ®Lp/usos/dize? 1-yl

- 5-hydroxyet hyl - 3-net hyl - tetrahydro-furan-3, 4-diol (210) 15 Step 1.
Synthesis of 4 4 6-Dichloro-1Hpyrrolo[3 2-c]pyridine

4, 6- Di chl og@p bHspyiheak of 4- (Zﬂqbiaurowba&mvwnmahcmﬂ) “enzgies

Scnel l er, STW, Hosrrane R. Heteroc cI|c C e 5 325 (1978) Ste 2.
S thesis o$rmsth- sylpters &hz lox eth 1 - 20

2- (4, 6- i chl or o faggggfgq etlrgddcwfgee 1abx¢e§sg@qﬁ u-iﬁmrmoqntwan 3ol

Toasolutlono ared 1 n bove T1.01 g,”5.4 nmol ) in
150 nlL anpwdtfms a@&@ﬁmﬂbhhdér&rgmdﬂﬁfo@ngﬂﬁpaﬁturmm adda@ewchumdwdmé&; added
sodium hydride (60% 260 ng, 6.5 mmol). The, sol u{l wa §i to stir
for 4 A. TEh@solgthas)ﬁqued{tﬁétlr for4h o0 a solution of the Brb S-met 1}%\,&6 5,-

(3-D1-O
(111 o, S crRe s a1 g, RO ERaae 10 MR 0 v
added 0. 86 HydtdR diSbnéraRwusEer algvn at 6%Uivhs adiedd].44 mbriRa04)l owed t o

stir at 0 for 1 h and then at_ room tenperat he sol ut
t hen evapodwpwsei ﬁhewmwtwe‘vaﬁg@ Wrtaﬁoé §1 L}jh?é‘ld %ﬁ% 1‘1'8gli!rjld:Jtcamvvawgs

di ssol ved |49, 200 o911V HH8USI A6 bARIHehick oAb Ao bAd béwaggtieti on of the

sodi um sal ase prepare tep 1 above. The conbi ned m xture was
stirrag at withaslubiTPRicsides fvas dRdolved iarld mi helydeouspseignitiletand@ddatess. The

d
ot racted BoapoRiE ORLE STHBTCHEL AP O ARt BBk IREL ThaPEURREL 075 11

brine and 4 31 NAZS¥bm T esheadi 24 Sntl HENVEEpbiatedas dmedsS0 VWO
03/ 093290 W%S‘g%/ 14237 Col uérr?ll;gp chr omat ography Wi t hp5| l'ica 33 usi ng 30%

ﬁb rcllyleogfgte a’s\ag ;eslrd;g??nhssmb@d msEti?(Acﬁ,@md fiaplgd with vefeeaThoWaterR@st it e
(ecrooan sl S thenabfeonphit i ita Bypttydpy e 52
2- c] pyys di Radaddd with NEJSOX YIRS §divenBwas removed in vacuo. Column
chromatography with silica gel using 30% ethyl acetate in hexane was used for final
purification. The title nucleoside was isolated as a dark brown oil (102.6 mg, 42%).

MS: 686.04 (M+CH;COO).

20 Step 3. Synthesis of 5-Hydroxymethyl-3-methyl-2-( 4-nitro-pvrrolo[2.3-blpyridin-1-

yD-tetrahydro-furan-3.4-diol
The product of Step 2 above (102.6 mg, 0.16 mmol) was dissolved in 10 mL

CH,Cl, under argon. The solution was brought to -78°C, and BCl; (0.164 mL, 1.6
mmol) was added drop-wise over 5 min. The solution was allowed to stir for 2.5 hr
25  at which time the flask was placed in a -20°C environment overnight. After ~20 h.,
the reaction flask was allowed to warm to room temperature, and quenched with 10
mL methanol: dichlormethane (1:1 ratio, 0.016M). The reaction flask was placed
back in the 20°C environment for 15 min., and then brought to alkaline conditions
with 27% NH4OH. The neutralized crude was evaporated in vacuo, and the product
30  was isolated via column chromatography on silica gel using 10% methanol in
chloroform as the running solvent. 37.0 mg (73%) of the title nucleosidewas isolated.

MS: 310.13 (M-HH).
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met hyl -t et rahydro-furan-3, 4-di ol The product of Step 2 above (724.3 ny,
1.11 mmol ) was dissolved in 22.5 nL CH2Cl12 under argon. The sol ution was
brought tw0-038%329@and BC13 (0.98 nlL, 1.6 10 mml) was adde@Carusp3/wi23e over 5
mn. The solution was allowed to stir for 2.5 hr at which tine the flask
was placed in a -20C environnment overnight. After -20 h., the reaction
flask was all owed to vvarmto roomterrperature and quenched with 70 nL

met hanol : dj chI oro thane 0. 016M _The reactl on flask was

pl aced bac¥sh FRNofgOlos SHALT of2 ; 5 ;

al kal i ne C%Qﬁh%l't@&%j%o%ﬂaﬂ 3247%)0&\"-140-1 The neutralized cr ude was evapor at ed
i n vacuo, an ol ated via colum chromat ography on silica
gel3 using 10% né!iﬁeqnodhfdtnf SgebBcnbofJ@(Zamlamg;%leS hmmﬂws %g;%s gﬁgl;,(ylemm 1@6{3165 ng I
73%9 o |tenceQS| I sol ate M+H) . Exa e
(138 /()Sy n% hesei%ytl geetate % DOHIAR ng){ﬁﬁfi&%%%r bon 6030) was added to( the tnl)lxture ™

2-c] pyri di Refliciivhs prab¥Pin ol (211)
25 2-(4,6-Dich orség%yrro | o 3 -ca@?ﬁpg%%‘l3‘?@?@%‘?@@%@%@@“& hyl -

t et rahydr o-lmmeémt@yﬁ-ltdre@il off, 260 11§ solyenDw glremovkd invazupl The dtle nudessideal
reaction honb d.was_diss id ammoni a. The bonb was seal ed and
the apparatUs ' %gdﬁm%éaﬁﬁzﬁgﬁ%{ﬂggth at 135C for 5 days. After that
tinme, the bonb was: 28000 @d+lp - 78C, unseal ed and the |iquid anmoni a was

al l owed to evaporate. The 30 crude reaction product was purified via col umm

chromatbgraphy on silica gel using 20%methanol in chloroform The title
nucl eosi de was isolated at 130.0 Mg | 151 WO 03/093290 PCT/ US03/ 14237

Exanpl e 13%8 nt he bs 2-(4- Am o'{"’
2-c] pyridi LI ):Shydroxmymethy avlsl (212)

5 2-(4- Am no- 6- chI or o- pyrrol OFMEM@S hydroxyrret hyI 3- net hyl -
tetrahydro-furan-3, 4-di ol was dissolved in 20 nL nethanol to which a

por i o of 51| SEAAT 269900V R0 s S sadium hycr oxi de (119 vas

added. The daced under 40 psi hydr ogen for 4 hrs.
After which ti ng,&Behloro- 1H—pyrrolo[3 2-c]pyridinewas synthesized as described in

Scneller, S.W., Hosmane, R.S., J. Heterocyclic Chem, 15, 325 (1978).

Step 2. Synthesis of 4-(2,4-Dichloro-benzyloxy)-5-(2.4-dichloro-benzyloxymethyl)-
20 2-(4,6-dichloro-pyrrolo[3.2-c]pyridin-1-y1)-3-methyl-tetrahvdro-furan-3-ol
To a solution of the base prepared in step 1 above (1.01 g, 5.4 mmol) in 150

mL anhydrous acetonitrile under argon at room temperature was added sodium
hydride (60%, 260 mg, 6.5 mmol). The solution was allowed to stir for 4 h. To a
solution of the -D-1-O-methyl-2,3,5,-tri(2,4-dichlorobenzyl)-ribofuranose (sugar Y)
25 (1.11 g, 2.2 mmol) in 75 mL anhydrous dichloromethane under argon at 0°C was
added 0.86 mL HBr (30%) dropwise. The resulting solution was allowed to stir at 0°
for 1 h and then at room temperature for 3 h. The solution was then evaporated in
vacuo and coevaporated with toluene. The residue was dissolved in 50 mL
anhydrous acetonitrile and added to the soluﬁon of the sodium salt of base prepared
30 inStep 1 above. The combined mixture was stirred at room temperature for 24 h, and
then evaporated to dryness. The residue was dissolved in EtOAc, and washed with
water. The water was extracted 3x with EtOAc. The combined organic extracts were

washed with brine and dried with Na,SO,. The solvent was removed in vacuo.
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pal | adi um catal yst was filtered off and the solvent was renoved in vacuo.
The 10 reaction m xture was purified via colum chromatography on silica
gel usi ngwB33w9ared hanol in chloroformas the eluting sol vecr/UusBs/od2egi cal
Exanpl es 15 Exanple 1. Anti-Hepatitis C Activity Conpounds can exhi bit
anti-hepatitis C activity by inhibiting HCV polynerase, by inhibiting

ot her enzyngamieedftatoBraphe wittRilica @kl Wingy0% ethyd acddyte ot hexane pas heedys. A
nunber of assays have been published to assess thege ctiviéif:%s%. A 20
gener al mefonfidalivatficaien sEasstitigieucigosids was dsodaiedant ﬁ&\a?r?/‘i"?ﬁ ((ALulture is
di scl osed in5 U/)S. Patent No. 5,738,985 to Mles et al. In vitro assays
have been ]?lg’polrf’ed in Ferrari et al. Jnl. of Vir., 73:1649-1654, 1999;
Ishii et al., Heparokogys MICHIZDM235, 1999; Lohmann et al., Jnl ofBio.
Chem, 274:10807-10815, 1999; and Yamashita et al., Jnl. ofBio. Chem,
273:15479- 15486, 1998. 25 WD 97/12033, filed on September 27, 1996, by
Emory Uni ver sist Yo nhiesik 0P 9. (%:6-DIARSSIBYRoB ML AlpyRRIM OIVILS-hasrok iethyDBs,  whi ch
clainms pri TS, O N ) , T er 1995, descri bes
an HCV pol yetwhetrabsdayfutdnal.4cliol be used to evaluate the activity of the

of the conpounds describ her ei n. her HCV\ ROl yHEr . has been
reported by Bar?h%P’Eﬂ‘?ﬁEfs“%%taﬁ.g‘?ﬂv.e,(‘?%%ﬁlﬁtlﬁg Tmiol); alfsdf%fz@\gf?%ﬂé% yNer ase
assay Usi NgpCtRRedeHEYom OThSSdltdnivAl brodi & 178°C, Mt BEI; 1AL figrapy

1996: 1( Supp 4)718-24. 152 WO 03/ 093290 PCT/ US03/ 14237 Screeps that neasure
r eductlidonsmimplkivansdsded dropsivise dvenimmioy/Thr spdaticn wagglioyeddadty 191 853 pat ent
No. 6,030,785,. ta Katze et al. S, NP el ~28h., and

u. S. Paten?tmf’hg,mfgté?% Wﬁsga%ﬁgﬁngtf(gﬁ%éreeﬁ?%%gﬁgﬁﬂég%%e t hé protease
i nhi bi ti NggRGEdNbh Y128k whs anes&TiohEYmdo ugsm asrepatitard, esd duénchéd BithPAt ent  No.
5,861,267 5 to Su et al., US Patent No, 5,739,002 to Francesco et al.,
and U.S. Patlemethyecl: dishivgomeshane (3: 1gtigpH-GHpM): e_reggwp&agky{as R&ﬁ? con Assay
Acell ling, 'ET 7 5]l - S, U HESHIRGine bok@idmaunds  of
the 10 prE%céﬂfltﬁg{%rﬁ%&%b@%ﬁﬂiﬁkﬁ\nﬂéﬁgﬁmﬁgkﬁ%pol y#ercz;lse.1 The ET cell
line i3 skadlyt NaNOEE CTigthatirttizd@NAudereassorppedhiavbor, el Be product

| 3891uc- ubi - neo/ NS3- 3' / ET,; s . o .
was isolated via column chromatography on silica gel using 10% methanol in

chloroform as the running solvent. 269.5 mg (73%) of the title nucleoside was

isolated.
MS: 333.04 (M+H).

20
Example 138
Synthesis of 2-(4-Amino-6-chloro-pyrrolo[3.2-c]pyridin-1 -v1)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3.4-diol (211)
25 2-(4,6-Dichloro-pyrrolo[3,2-c]pyridin-1-yl)-5-hydroxymethyl-3 -methyl-

tetrahydro-furan-3,4-diol (269.5 mg, 0.81 mmol) was placed in a metal reaction
bomb and was dissolved in liquid ammonia. The bomb was sealed and the apparatus
was immersed in an oil bath at 135°C for 5 days. After that time, the bomb was
cooled to -78°C, unsealed and the liquid ammonia was allowed to evaporate. The

30  crude reaction product was purified via column chromatography on silica gel using

20% methanol in chloroform. The title nucleoside was isolated at 130.0 mg (51%).
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replicon with firefly luciferase-ubiquitin-neomycin phosphotransferase
fusion protein and EMCV-1 RES driven NS3-5B pol yprotein containing the cell
cul ture awaptiosro nutations (EL1202G T12801; K1846T) (Kri egerusas/ie27 2001
and unpublished). The ET 15 cells are grown in DVEM supplenmented with 10%
fetal calf serum 2 nM dutamne, Penicillin (100 U L)/ Streptomycin (100
ug/ m), |Ix nonessential am no aci ggamaled3850 ug/ nL (418 (" Ceneticin").
They are al kg avaiil apbgalA %%%i&r&?ﬁgﬁ@wﬂsswﬁﬁg@h@ﬂd@s—ﬁ@h&me cell's
T

are plated at” 0.5-1.0 X104 cgl [ ég%h-'@l‘fol$@12)""9|| plates and i ncubat ed
for 24 hrs before adding nucl%}aﬁ' fure S. en the 20 conpounds each at

5 and 50 uMw Il be added to the cells. Luciferase activity wll be

measured 48-72 hours | ater by addi a_|lysi.s buffer and the.sub te

(Cat al &g num&-(@@msﬁ-@mﬁ@rﬁwl‘ﬁgé&ﬂpﬁﬁ néf%ﬁ&yé?}(%%y@’é g%l&ﬁfsyst em

£2620 Pr O iBydrd R 0- i bvas BRL19e PR AL IR ORLER Aokt ofur i Ng t e
nt’ 1 nhAi .,

assay. Perce I'tron ofasrep ication will belg)ltotted rel ative to no
conmpound cguladinim otoatbon (H¥ssade? B sodindi hydsexide (MOr was added ‘Bhe t he

conmpounds wi || be determ ned.using.cell prolife i 0 r

WBT- 1( Roc H&actesy ity wapplaced HB‘%‘?E%Q P S]SW?%%I tf%‘trl i%%/sl' r‘gﬁtera@? %?lhegéej but no
si gni fi canbGui eathighiwaShiNérkd oen@ HRSBehOwalEietoved & Vdchb, dhel TC50.
Exanpl e 3. oni ng and expression of reconbi nant HCV-NS5b, 30 ;%9 codi ng

sequerife ofeadtBBbmprtatesias pusifiell siedlusyn FiopmpiagsaPhy Ry W) SeLIFRS3E%) ET as
descri bed by _.Lohmann. V.. et .al. 9 ci ence 285, 110- 113 using the
fol | owi ng thﬁa&s‘?l Cﬁﬁoﬁ%‘lé‘éf%ﬁ‘fg’é %@FP 1503/ 14237

aggacat ggat ccgcggggt cgggcacgagacag (SEQ ID. NO 1)

aaggct ggcat gcact caat gt cct acacatggac (SEQ ID. NO 2) The cloned fragnent is
mssing the C termnus 21 amno acid residues. The cloned fragnent is

inserted into an | PTG i nduci bl e i asmd that provides 5 an

epitope tag (His)6 at the carbo Bibfygcat ¥ he protein. The recombi nant
enzyngsi s expressed in XL- Exambles]. atuati-Afepatitis @ ithn of expression, the
protein is purified using affinity chromatography on a nickel-NTA col um.

Storage condition is 10 MM Tris-HCL pH. 7.5, 50 glbllr\ll%g mM EDTA, " 10 1
mM DTT, 20% gl y€Eemplouads capexiibiteagtimsplitis C pevy 23)1&95 say The
pol ymer as € pS5deYdst Yoy HinfhiEaY GiflerVhz RES 181 RE P4pRAR GRIQbr by other

pathways. A number of assays have been published to assess these activities. A

20  general method that assesses the gross increase of HCV virus in culture is disclosed
in U.S. Patent No. 5,738,985 to Miles et al. In vitro assays have been reported in
Ferrari et al. Jul. of Vir., 73:1649-1654, 1999; Ishii et al., Hepatology, 29:12277-1235,
1999; Lohmann et al., Jul of Bio. Chem., 274:10807-10815, 1999; and Yamashita et
al., Jul. of Bio. Chem., 273:15479-15486, 1998.

25

WO 97/12033, filed on September 27, 1996, by Emory University, listing C.
Hagedorm and A. Reinoldus as inventors, which claims priority to U.S.S.N.
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

30  HCV polymerase assay has been reported by Bartholomeusz, et. al, Hepatitis C
Virus (HCV) RNA polymerase assay using cloned HCV non-structural proteins;
Antiviral Therapy 1996:1(Supp 4) 18-24.
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15 radi ol abel ed UTP into a RNA product using a poly-A tenplate (1000-10000
nucl eotides) and oligo-Ul2 priner. Alternatively, a portion of the HCV
genomne i swouwsees2as tenpl ate and radi ol abel ed GIP i s used. PCypisSoxi42y7 t he
assay mxture (50 1) contains 10 nM Tris-HCl1 (pH7.5), 5 mM MgCl1l2, 0.2 nM
EDTA, 10 MM KC1, 1 wunit/l RNAsin, 1 mM DIT, 10 M each of NTP,

al pha- [ 32P] - GTPSCﬂ&nmgiaginepﬁiref&da&ldrsnﬂpki@b@e @Jﬁdltﬂzfﬂwmc&ﬁ drggdhreri mer. Test
conmpounds e dissolved in water containing to, 1% DVBO_ Typically,
conpounds gﬂ eld-SaPatesher. 036 Tonte Kpae \ﬂfe@ln qsnlﬂﬂt@ﬁ&‘fol@?hiwcméétt i ons

are started; V‘ﬁﬁd‘[gﬁ‘é@?&hﬂfop%7%?ﬁ%§% JADY e 9{ l§‘9@e‘i’1stt19at?r%g§drnﬂ% Oﬁgte%

t enperature or or t urs. Reactions are uenche 20 | 10
mVl EDTA andnhikitiog iactivity oft progssed BTV drugp atetdistianed REGTIS. %tefﬂthes 861,267 t 0

CPL 8 MRS L 08 b SERNB pe s o Rl a2

NTP, the dissgg @1 o o gt and,t he incorporation of radioactivity is
det er i ned by et PR ount i ng. 30 154 WO 03/ 003290 PCT] US03/ 14237

Forrul ati on Exanples The follow ng are representative pharnmaceuti cal
formul ati ons containing a conpoun f Fr.rrul la, Ib, Ic, I'V, IVA V or
VA. 5 Exanple 1 Tablet formil = § I ngredients are m xed

inti mtely and r;»r&ﬁpmb Bﬁ(ﬂlﬁllﬂﬁib%e%q@fﬁg ub@lop&reeni mdrﬁﬁbuﬁ@srofltﬁe
| ngredi ent tablet, nEoun of this invention 400" cornstarch 50

cr oscanel P@@tsbﬁﬁn@mli@ Y84 dlepaslen R Ndgrodwnenass (Tba Fdt esligincixanpl e 2
capsul e T oLiBhAb QR A PRI i Mibiigts hABGARL §TL3ull6-10oRe8s ket el v and

| oaded into a-har
replicon with firefly luciferase-ubiquitin-neomycin phosphotransferase fusion protein

and EMCV-IRES driven NS3-5B polyprotein containing the cell culture adaptive
mutations (E1202G; T12801; K1846T) (Krieger at al, 2001 and unpublished). The ET

15 cells are grown in DMEM, supplemented with 10% fetal calf serum, 2 mM
Glutamine, Penicillin (100 IU/mL)/Streptomycin (100 ug/mL), 1x nonessential amino
acids, and 250 ug/mL G418 (“Geneticin”). They are all available through Life
Technologies (Bethesda, MD). The cells are plated at 0.5-1.0 x10” cells/well in the 96
well plates and incubated for 24 hrs before adding nucleoside analogs. Then the

20 compounds each at 5 and 50 uM will be added to the cells. Luciferase activity will be
measured 48-72 hours later by adding a lysis buffer and the substrate (Catalog
number Glo-lysis buffer E2661 and Bright-Glo leuciferase system E2620 Promega,
Madison, WI). Cells should not be too confluent during the assay. Percent inhibition
of replication will be plotted relative to no compound control. Under the same

25  condition, cytotoxicity of the compounds will be determined using cell proliferation
reagent, WST-1(Roche, Germany). The compounds showing antiviral activities, but

no significant cytotoxicities will be chosen to determine ICsy and TCsg.

Example 3. Cloning and expression of recombinant HCV-NS5b

30 The coding sequence of NS5b protein is cloned by PCR from
pFKI350luc/NS3-3°/ET as described by Lohmann, V., et al. (1999) Science 285, 110-

113 using the following primers:
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gelatin capsule. Quantity per Ingredient capsule, nmg conpound of this
i nvention 200 25 | actose, spray-dried 148 nmagnesiumstearate 2 155 WO
03/ 093290WB@FHWB0B/ 14237 Exanpl e 3 Suspensi on formul ati oRCTHES03/028DW ng
ingredients are mxed to forma suspension for oral admnistration. 5
| ngredi ent Anobunt conpound of this invention 1.0 g fumaric acid 0.5 g

sodiumchloride 2.0 gag%@od@gdmdgc@'fajggﬁc dénclg ( SE Je1%] N@rgben 0.05 ¢

granul at ed sugar 25.0 sorbit eegum K

ut [ O@%} 00 g
(Vanderbilt Co.) 1. o @aggstgsqaégﬁawﬁajgtecte%aﬁ%ac QIPnd®.@)5 ng  distilled

wat er s. to 10fy, fQr n_ The fallow ng
I ngr ed?ent s arem xedn torm gﬁnﬁﬁ?é@{ e‘%?%@snzgl %tacﬁ 94 qeﬁg&bﬁl ent
Amount  co rqimnd(fracgmdnln lssnsant\zé into an I[@T(B-lﬂdlxcﬂﬁe BRpreSQd pladnaidehatpeongdsf er

s. to suitable pH
sol uti o, epMope tagmHls)gI at tixe '(\:?Hboxy terminus olPl%he protein. P

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-HC1 pH 7.5, 50 mM NacCl, 0.1 mM EDTA,

10 1 mM DTT, 20% glycerol at 20 °C.

Example 4. HCV-NS5b Enzyme Assay
The polymerase activity is assayed by measuring incorporation of
15 radiolabeled UTP into a RNA product using a poly-A template (1000-10000

nucleotides) and oligo-Uy, primer. Alternatively, a portion of the HCV genome is

used as template and radiolabeled GTP is used. Typically, the assay mixture (50 pl)
contains 10 mM Tris-HC1 (pH7.5), 5 mM MgCl,, 0.2 mM EDTA, 10 mM KCl, 1
unit/ul RNAsin, 1 mM DTT, 10 pM each of NTP, alpha-[**P]-GTP, 10 ng/pl polyA
20 template and 1 ng/pl oligoU primer. Test compounds are dissolved in water
containing 0 to:1% DMSO. Typically, compounds are tested at concentrations
between 1 nM and 100 pM. Reactions are started with addition of enzyme and
allowed to continue at room temperature or 30 °C for 1 to 2 hours. Reactions are
quenched with 20 pl 10 mM EDTA and reaction mixtures (50 ul) spotted on DES81
25 filter disc to capture the radiolabelled RNA products. After washing with 0.5 mM
Na;HPO, (3 times), water (1 time) and ethanol (1 time) to remove unincorporated
NTP, the discs are dried and the incorporation of radioactivity is determined by

scintillation counting.

30
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30 water (distilled, sterile) gq.s. to 20 nL Exanple 5 Suppository

formul ation 35 A suppository of total weight 2.5 g is prepared by m xing

t he conpowod309329¢ he i nvention with Wtepsol (r) H 15 (tripgiryuses/i4«ies of
saturated vegetable fatty acid; Ri ches-Nelson, Inc., New York), and has
the foll ow ng conmposition: Ingredient Anount 40 conpound of the invention
500 ngy Wtepsol (r) H 15 baIaqgﬁnnﬁgﬁoﬂﬁkgﬁ@ﬁg3290 PCT/ US03/ 14237 WHAT I S

CLAIMED 1S: 1. A conpound of Formula Ia, RZ N.LN ZN | N-Y
,L,: WO WD O NTWefstlowingarg representivg ph@mlace@qadq BEATFPFE A p | ¢ 5
wherein R and Rl ent romthe group consisting of:
hydr ogen, StRpeund osf%f)’ \?lflﬁ?”gg i %I {ieny 10 substituted al kenyl,

al kynyl , and substituted al kynyl provi ded that R and RL are not both

hydrogen; R2 is selected fromthe group consisting of:
5 Example 1

Tablet formulation

The following ingredients are mixed intimately and pressed into single scored tablets.

Quantity per
10 Ingredient tablet, mg
compound of this invention 400
cornstarch 50
croscarmellose sodium 25
lactose 120
15 magnesium stearate 5
Example 2
Capsule formulation
20 The following ingredients are mixed intimately and loaded into a hard-shell
gelatin capsule.
Quantity per
Ingredient capsule, mg
compound of this invention 200
25 lactose, spray-dried 148
magnesium stearate 2
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15 al kyl, substituted al kyl, cycloalkyl, substituted cycloal kyl,

al kenyl, 20 substituted al kenyl, alkynyl, substituted al kynyl, acylam no
guani di nowP93asi2ge no t hi oacyl am no, 157 WO 03/ 093290 PCTPUSOBNIAR237

hydr oxy, al koxy, substituted al koxy, halo, 5 nitro, thioalkyl aryl,
substituted aryl, heteroaryl, 10 substituted heteroaryl, -NR3R4 where R3
and R4 are independently sel ected fEgample3 group consisting of hydrogen

al kyl, substituted al kyl, al kengspegsibistorindfagin al kenyl , al kynyl,
substituted al kynyl, aryl, substltuted aryl, heteroaryl substituted

het er oaryl , Is &bl 15 4
are joikned tgﬂ%e gf?g]&‘)éﬁ% . %E}Pt\?m%etlﬂnﬁg tﬂl t roﬁ%ﬁﬁ%d[sgbm ﬁ(’%ﬁ‘? ﬁg}nﬁ%r gﬁ&g.
heteroCyclic, suybstj ted het erocycl i c het eroaryl A ubstituted
heteroaryl , —- NN i e and R5 is

A etz‘“ a

sel ect ed fron1tﬁ@n@ﬂ@dﬁf@§ﬁ§ﬂ§ﬂmﬂb of hydrogen andléﬂkyI"VVis sel ect ed
fromthe group &wmsicscichg of .

sodium chloride 2 0 g
10 methyl paraben 015g
propyl paraben 005¢g
granulated sugar 250¢g
sorbitol (70% solution) 13.00 g
Veegum K (Vanderbilt Co.) 10g
15 flavoring 0.035 mL
colorings 0.5 mg
distilled water q.s. to 100 mL
20
Example 4
r Injectable formulation
The following ingredients are mixed to form an injectable formulation.
25
Ingredient Amount
compound of this invention 0.2 mg-20 mg
sodium acetate buffer solution, 0.4 M 2.0 mL
HCI (1N) or NaOH (1N) g.s. to suitable pH
30 water (distilled, sterile) g-s. 1o 20 mL
Example §
Suppository formulation
35 A suppository of total weight 2.5 g is prepared by mixing the compound of
the invention with Witepsol® H-15 (triglycerides of saturated vegetable fatty acid;
Riches-Nelson, Inc., New York), and has the following composition:
Ingredient Amount
40 compound of the invention 500 mg
Witepsol® H-15 balance
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20 hydrogen, phosphate (includi ng nonophosphate, di phosphate, triphosphate
or a stablilized phosphate prodrug), phosphonate, acyl, 25 alkyl,

sul f onat eweaBe9329€l ected fromthe group consisting of al KPCT/Uss¥/er237
substituted al kyl esters, alkenyl esters, substituted al kenyl esters, aryl
esters, substituted aryl esters, heteroaryl esters, substituted heteroaryl
esters, hetWHARYARICLAREDSIANd substituted heterocyclic 30 esters, a
lipid, an am no acid, 158 WD 03/093290 PCT/ US03/ 14237 a carbohydrate, a

peptide, and cholesterol; X is selected fromthe group consisting of- 5
hydr ogen, hal o, 1-af\lkpmpoundgfdiarmutadd, Bl kylc, and - NR3R4 where R3 and R4 are
as identified above; Y is selected fromthe group consisting of:
hydrogen, hal o, hydroxy, alkylthio 15rR2NR3R4 where R3 and R4 are as
identified abovgi<%' ected fromthelgromp consisting of: hydrogen
hal o,

N)\Y g

N IS T
WO wol N WO
(o] o e}
R R R R R R
OHOH OHOH OHOH

la b lc

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

hydrogen,
alkyl,
substituted alkyl,
alkenyl,

10 substituted alkenyl,
alkynyl, and
substituted alkynyl

provided that R and R' are not both hydrogen;
R? is selected from the group consisting of’

15 alkyl,
substituted alkyl,
cycloalkyl,
substituted cycloalkyl,
alkenyl,

20 substituted alkenyl,
alkynyl,
substituted alkynyl,
acylamino
guanidino

25 amidino

thioacylamino,
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hydroxy, 20 alkyl, azido, and -NR3R4 where R3 and R4 are as identified
above -NRS5NR3R4 where R3, R4 and R5 are as identified above; and wherein
T is sel ewDad/op320m t he group consisting of 25 a) 1- and 3PCuaspapues? nes of
the formula below. N R20), ;R2On; b) purine nucl eosides of the formula
beloww NRIO N'/NNY 159 WO 03/093290 PCT/US03/14237 c) benzin dazol e
nucl eosi des of the fadndw:g,bel ow (R20)n d) 5-pyrrol opyridine nucleosides
of the fornmula below. . aNN, NN N R20)n or (R20)n 5 e) 4-pyrim dopyridone
sangi vanyci n anal ogs ¥%%he formula below OR0 O RRI N NNY f)
2- pyri m dopyri done s%ggtmaj%)ﬁnal ogs of the formula below. R2o)n z N |
ONNY ’

halo,

5 nitro,

thioalkyl

aryl,

substituted aryl,

heteroaryl,

10 substituted heteroaryl,

-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, heteroaryl,
substituted heteroaryl, heterocyclic, substituted heterocyclic and where R® and

15  R*arejoined to form, together with the nitrogen atom bond thereto, a
heterocyclic, substituted heterocyclic, heteroaryl, or substituted heteroaryl ,

-NR’NR’R* where R> and R* are as defined above and R’ is

selected from the group consisting of hydrogen and alkyl,
W is selected from the group consisting of:
20 hydrogen,

phosphate (including monophosphate, diphosphate,

triphosphate or a stablilized phosphate prodrug),

phosphonate,

acyl,

25 alkyl,
sulfonate ester selected from the group consisting of alkyl
esters, substituted alkyl esters, alkenyl esters, substituted alkenyl
esters, aryl esters, substituted aryl esters, heteroaryl esters, substituted
heteroaryl esters, heterocyclic esters and substituted heterocyclic
30 esters,
a lipid,

an amino acid,
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g) 4-pyrimdopyridone sangi vanycin anal ogs of the fornmula below 0O Q
.~(R10) (RRL)P I N NN'Y 10 h) pyrimdopyridi ne anal ogs of the fornul ae
bel ow. QVQO3/¢RIO P (Ro)P N %~ 1 \ N NNO NNO or PCTABO03/YN237

03/ 093290 PCT/ US03/ 14237 i) pyrimdo-tetrahydropyridines of the formula
below QN N Nj) Furanopyrimdines (& tetrahydro furanopyri m di nes) of
the formul ae bel ow. aRheboRY¥@ra®,BRIO O RIO N INMINMor | ; 5 k)
pyrazol opyrim dines of the fornula below R20 NNJ NN 1)

pyr ol opyri ni di nes of atPr?Btlg%taPrﬁl a below. R20 N

cholesterol;
X is selected from the group consisting of:
5 hydrogen,
halo,
alkyl,
substituted alkyl, and
-NR’R* where R?® and R* are as identified above;
10 Y is selected from the group consisting of:
hydrogen, |
halo,
hydroxy,
alkylthio
15 NR*R* where R® and R* are as identified above;
Z is selected from the group consisting of:
hydrogen,
halo,
hydroxy,
20 alkyl,
azido, and
-NR’R* where R? and R* are as identified above
“NR’NR’R* where R®, R* and R® are as identified above;
and wherein T is selected from the group consisting of

25 a) 1- and 3- deazapurines of the formula below:

(/N R20) (/N R20).
{ o8
‘S{ N/ or ‘S{ — .

b) purine nucleosides of the formula below:

el
N
N N’(Y
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N N 10 m) triazolopyrimdines of the fornula below 0 NNL N N 1 61 V\D
03/ 093290 PCT/ US03/ 14237 11) pteridines of the fornmula below Q Nf
(R12) P OvNoyoopyri di ne C nucl eosi des of the formula belPGWUSOQl(ZRZLO)P N
5 p) pyrazolotriazine C nucl eosides of the formula below. Q NO z(RLD)P N
~. N NY q) Indole nucleosides of the fornula below Rea N r) a base of

t he for mul &) belzomidazote RACosides dfiti¢ fotfluld balosy): a base of the fornula bel ow

Y Q -~RI10 N
74
PO
o (R2),

d) 5-pyrrolopyridine nucleosides of the formula below:

SN
R20)_ N l

or (R20),

2

5 e) 4-pyrimidopyridone sangivamycin analogs of the formula below:
o O R2O
|
) SN /kv

f) 2-pyrimidopyridone sangivamycin analogs of the formula below:

.
b

(R2),
)
\N)\Y

g) 4-pyrimidopyridone sangivamycin analogs of the formula below:

0 Q /(R1°)p
N N//kY

10 $ ;
h) pyrimidopyridine analogs of the formulae below:

or 5
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z O\N NNRO 15t) a base of the fornula below 162 WO 03/093290
PCT/ US03/ 14237 R20 NN Z N R22 u) a base of the fornula below R20 ON
N 5 v) awbaseoabothe formula below R0 NI N,, (R Op @CTAB0N)4237 base of
the formula below Q R20 NN(RLO)P N, x) a base of the fornula below 15
Q RO (RLOP N LN y) a base of the fornula below M /NN

i) pyrimido-tetrahydropyridines of the formula below:

j) Furanopyrimidines (& tetrahydro furanopyrimidines) of the formulae below:

R12

R12
?OKN/R” I o
| |
N&M N M
g é

or ;

k) pyrazolopyrimidines of the formula below:
RZO

R20

10  m) triazolopyrimidines of the formula below:

O
4 l
!
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N R20 n N- / 163 WO 03/093290 PCT/ US03/ 14237 and further wherein one of
bonds characterized by - is a double bond and the other is a single bond
provi ded wbat/09izhen t he  between the N and a ring carbon PET/ts0slo2bt e bond,
then p is 0 and when the_ between Q and a ring carbon is a double 5 bond,
then pis 1; each p is independently O or 1; each n is independently O or
an i nt eger nj ptamdines of the foemaglh batowi:s i ndependently 0 or an integer from1 to
2; L is selected fromthe group consisting of hydrogen, halo, alkyl,
substituted 10 al kyl, ning?zsubstituted am no, azido, and nitro; Qis
selected fromthe Qting of hydrogen, halo, =0 -OR', =N-Rl1
-NHR11, =S, -SR', laryll, s /kbstituted aryl, heteroaryl, substituted

het er oaryl , heUErgéWc Nc, Yand substi t ut ed heterocyclic Mis selected from

the group consi sti of =0, =N-R11, and =S; 15 Y is as defined above; Rl
is selected fromt gr oup consisting of hydrogen, al kyl, substituted

al kyl, cycloal kyl, substituted cycloal kyl, heterocyclic, substituted

het er ocycl iog pyridihk CHtivl@asidee bf the hiaiuld béled: al kyl t hi oet her, aryl,
substituted aryl, Cpeteroaryl, and substituted heteroaryl, with the proviso
that when T is b) s), V), w or x), then R1I0 is 20 not hydrogen; each Rl11
and R12 is |ndepe,de iv%selected fromthe group consisting of hydrogen,

al kyl , substitutgd- ur/ cycIoaIkyI substituted cycl oal kyl, heterocyclic,
substituted het et 0 C|IC am no, substituted am no, aIkyIthioether,
substituted al ky thioether, aryl, substituted aryl, heteroaryl, and
substituted heterocaryl; 25 each R20 is i ndependently sel ected fromthe

group conS|st|ng of ; h droq al k substituted al kyl, aryl, 30
subst i tut e® Hyrngolotnazme C-nucleosides of he 'formula below:

1) abase of the formula below:

kS R20)
=
z 4 |
NSy
10 $ ;

s) abase of the formula below:

15  t) abase of the formula below:
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cycl oal kyl, substituted cycloal kyl, 164 WO 03/ 093290 PCT/ US03/ 14237
al kenyl, substituted al kenyl, alkynyl, substituted al kynyl, 5 heteroaryl,
substi t utwo obetxepeoaryl, acylam no guanidino am di no 10PCRiUsSa®y42ani no,
al koxy, substituted al koxy, alkylthio, nitro, 15 halo, hydroxy -NR3R4
where R3 and R4 are as defined above, -NRSNR3R4 where R3, R4 and R5 are as
defi ned above; each R21 and R22 are independently selected fromthe group
consisting of: 20 -NR3R&2where R3 and R4 are as defined above, and
-NR5NR3R4 where R3, R4 apd R5 are as defined above -C(O NR3R4 where R3 and
R4 are as defined at;ﬁve/ nd -C(O NRSNR3R4 where R3, R4 and R5 are as
defi ned above; apn almacigutically acceptable salts thereof; 25 with the
provisos that 1) fo und of formula la, when Z is Z is hydrogen,
hal o, hydroxy, azi NR3R4, where R3 and R4 are independently H, or
al kyl; Y is hydrogen or -NR3R4 where R3 and R4 are independently hydrogen
or alkyl; then R2 is not alkyl, allcoxy, halo, hydroxy, CF3, or -NR3R4
where R3 anldalhflsewfeth;rﬁmmém‘d@om y hydrogen

R® o

U
k\N N

E

2

v) a base of the formula below:
RZO

/L /(Rm)p

N/.N
\I

~
~

~Q

10 w) abase of the formula below:

Q

R20 _ARM),

"N

’

x) a base of the formula below:
15
Q
R® L _ARY),

~
~

l N
éN/l%M

y) a base of the formula below:
N

Mﬁ/ N
S“NJ/N//J\N\(RZO ) n*
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30 or alkyl; 165 WD 03/093290 PCT/ US03/ 14237 2) for a conpound of formula
la, when Z is hydrogen, hal o, hydroxy, azido, or NR3R4, where R3 and R4 are
i ndependewOlog/op3290r al kyl; Y is hydrogen, hal o, hydroxy, Por/tshkyd28hi o;
then R2 is not alkyl, 5 substituted alkyl, wherein the substituted al kyl
is substituted wth hydroxyl, am no, alkylam no, arylam no, al koxy,

aryl oxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate,

or phosphonat e i.ther.unprote 0 .__hal 10

al koxy, thi oa?%‘ﬁ],ﬂrhgiwhﬁﬁgﬁ)&e o\/\%bgg%s %P%ﬁ%%%ggr‘eh?% 8821%?3%‘? yd tﬁlﬁdr ogen,
al kyl or afteyls a S8 bbhdpRYidWdtthat wWhkdrothy L~ teetivaa thaNydantimpearbotyisani no,
al koxy, aryloxy, nitro, _cyano, sulfonic acid, s Ifate,gfhosggorglc aci d,
phosphat e 2 dorblgthengbemp és 0 and when the 5 REIVEERREEH A3MESPHWIE &4PUOI8) for a
conpo%gg %En% q@L%]Tb, when X is hydrogen, halo, alkyl, CF3 or -NR3R4
wher e i'S hfydrogen’and R4 is alkyl, then R2 is not al kyl, alkoxy, halo,
hydroxy, CF3, eachpR3RdepshdetlyRBorelnd R4 are i ndependently hydrogen or

al kyl ;and 4) for a cqngoun 0 ornula Tb [ s,not, halo, alkoxy,

( R2 .
hydroxy, 20 t Krgun Kindepsnde @rﬂ‘%\ﬂ’é‘?gérﬁﬁmah %4 are i ndependent |y

hydrogen, al kylegdin RifitlocRiuhily! 6 bt AfixWigbhbiedr @yl . ami no, al kyl am no,
aryl am no, al koxy, ary (?xy, nrtro, cyano, sulfonic acid, sulfate,

phosphoni ¢ aci d, ispbiosptiditos) thergroyposplidreeihydeegenehalorbid: wbstéutedr

pr ot gfé gdé&%’ﬂ%ig‘;,tsﬁ gtit\é\%eh%igoe,a irdg,va'm oni&&at t he conpound of Fornual la, |Ib
2- Hydr oxymet hylqg B-defiepagroth trbiy Smylsling 6f hphygiohilol 20; DR ¢MOR',or  b)

2- Hydr oxynet hx; -5-( 6-1tlh| ophen-3-yl -purin-9-yl)-tetrahydro-furan- 3,4-diol.
2. A conpoNHR oS, eSRul aryl, substiteel s, heeomagotrbsitpiaddiptreuys 7

heterocyclic, and substituted heterocyclic;
M is selected from the group consisting of =0, =N-R'!, and =S;
15 Y is as defined above;

R is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heterocyclic, substituted heterocyclic,
alkylthioether, substituted alkylthioether, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl, with the proviso that when T is b), s), v), W) or x), then RYis

20  not hydrogen;

each R'! and R' is independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocyclic,
substituted heterocyclic, amino, substituted amino, alkylthioether, substituted
alkyithioether, aryl, substituted aryl, heteroaryl, and substituted heteroaryl;

25 each R® is independently selected from the group consisting of:
hydrogen,
alkyl,
substituted alkyl,
aryl,
30 substituted aryl,
cycloalkyl,
substituted cycloalkyl,
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CHpY2ZN ABE ND WO RRL OHOH11 wherein Rand R are

i ndependently sel ected fromthe group consisting of. hydrogen, alkyl, 5
substi t utwo oaloddzbg al kenyl, substituted al kenyl, al kynpCI/ussubesi t ut ed

al kynyl, 10 hal ogen, azido, amno, and substituted am no provided that R
and R1 are not both hydrogen; 15 Y2 is CH2, N, S, SO or SO2; N together
with -C(H b and Y2 faileayh heterocyclic, substituted heterocyclic,

het eroaryl or substituted heteroaryl group wherein each of said

het erocycli c, subst@?@f@ﬁe @cyclic, heteroaryl or substituted
heteroaryl group is gptJ pally fused to forma bi- or multi-fused ring
system (preferably no fé than 5 fused rings) with 20 one or nore ring
structures sel ected fsnbstituthéalymydp consi sting of cycloal kyl, cycl oal kenyl,
het erogyclic, aryl ig hetﬁroaryl group which, in turn, each of such ring
structures is option fa bstituted with 1 to 4 substituents selected from
the group consisti ngupgtmhydjﬁagﬁégr ,hal o, al koxy, substituted al koxy,

thi oal kyl, substituted thioalkyl, ‘aryl, heteroaryl, heterocyclic, nitro,
cyano, carboxyl, carboxgminesters, alkyl, 25 substituted al kyl, al kenyl,
substituted al kenyl, Ikx xl substi t ut ed al kynyl , am no,

amidino
10 thioacylamino,
alkoxy,
substituted alkoxy,
alkylthio,
nitro,
15 halo,
hydroxy
-NR?R* where R? and R* are as defined above,
-NR°NR’R* where R , R* and R’ are as defined above;
each R*! and R* are independently selected from the group consisting of:
20 -NR’R* where R? and R? are as defined above, and
-NR’NR’R* where R?, R* and R® are as defined above
—(?(O)NR3R4 where R? and R* are as defined above, and
-C(O)NR’NR’R* where R®, R* and R® are as defined above;
and pharmaceutically acceptable salts thereof;
25  with the provisos that
1) for a compound of formula Ia, when Z is Z is hydrogen, halo, hydroxy,
azido, or NR®R* where R® and R* are independently H, or alkyl; Y is hydrogen or
-NR’R* where R® and R* are independently hydrogen or alkyl; then R? is not alkyl,
alkoxy, halo, hydroxy, CFs, or -NR’R* where R® and R” are independently hydrogen
30 or alkyl;
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and substituted am no; 167 WO 03/093290 PCT/ US03/ 14237 b is an integer
equal to O or 1; A B, D and E are independently selected fromthe group
consi sti MyomB/93zb) >CH, >C-CN, >C-N02, >C-al kyl, >C- subst iPCotusd3/ai2By! ,

>C- NHCONH2, >C- CONR15R16, >C- COOR15, >C- hydroxy, >C-al koxy, >C-amino, >C 5
al kyl am no, >C-di al kyl am no, >C- hal ogen, >C- (1, 3-oxazol-2-yl), >C (1, 3-

t hi azol - 2-yl) afdfor@cpimpodadaf foﬁnsﬂla)la, when¥ sdiydoigen, Halg myddxy@ida\, >C- NO2,

>C-al kyl, > st it ut Kyl 2, R 16, COCR15

>C- al koxy, ° SRR Wt Bty 7 ndea@uem b b s §V$ogen ha

>C- (i m dazgp{drdzy,lok alldMio> e R*1Pnythere Y is selected fromthe group

consi sting of hydrogen hal o, hydr oxy, al kylthi oether, and - NR3R4 where R3

and R4 are mde@@ﬁblently selected from the group consisting of hydrogen,

hydr ox al kyl u d al.k ubst i al kynyl ,
substituted al k%‘??yF‘s‘ﬁe‘f Li%&el whirdibue Bt DISNE S“be?f‘@‘ltteedd‘gﬁ{’bg%’ﬁ%ﬁ%d aryl,
het er oar y| amfishsikiylautigs ahﬁﬁlﬁfr@aﬁll{bxy, Eﬁﬂ@iﬁfﬁtﬁd |c?an015ﬂ§ch!1@§§d1§ WsuEBte

het erocyclic and where and R4 are joi ned orm toget her with the

ni trogen aPeAsPBYHE aﬁlﬁel?hﬂsbhat% oR ehespheRate,icith @frlm}l’po’fe%?%% Rietectedat only one
of R3 and R4 arg deroxy, al koxy, or substituted al koxy; R15 and R16 are
i ndependent |y se? ected fromthe group consisting of. hydrogen, 20 al kyl,
substituted al k]yj/droxjgycl oal kyl, substituted cycloal kyl, aryl, 25
substléut ed ary het eroaryl, substituted heteroaryl, and R15 and R16
toget B8r with t O}éﬁt'aomto whi ch they are attached may forma cycloal kyl,
substituted cycly q)%; or Netercycloal kyl, substituted 30 heterocyl coal kyl,
het eroaryl, or stl’tut ed heteroaryl

-NR’R?, where R® and R* are mdependently hydrogen, alkyl or alkyl

substituted with hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro,
cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, either
15  unprotected or protected);
3) for a compound of formula Ib, when X is hydrogen, halo, alkyl, CF; or
NR’R* where R? is hydrogen and R* is alkyl, then R? is not alkyl, alkoxy, halo,
hydroxy, CFs, or -NR’R* where R® and R* are independently hydrogen or alkyl;and
4) for a compound of formula Ib, R%is not, halo, alkoxy, hydroxy,
20  thioalkyl, or -NR’R* (where R® and R* are independently hydrogen, alkyl or
alkyl substituted with hydroxyl, amino, alkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or
phosphonate, either unprotected or protected)
l and further with the proviso that the compound of Formual Ia, Ib or Ic is not
25 ¢) 2-Hydroxymethyl-5-(6-phenyl-purin-9-yl)-tetrahydro-furan-3,4-diol; or
b) 2-Hydroxymethyl-5-(6-thiophen-3-yl-purin-9-yl)-tetrahydro-furan-
3,4-diol.

2. A compound of formula II:
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Wis selected fromthe group consisting of: hydrogen, 168 WO 03/ 093290
PCT/ US03/ 14237 phosphat e (i ncl udi ng nonophosphat e, di phosphate,

t ri phosphasio®3093290 st abl i | i zed phosphate prodrug), phosphecatusps/aegt, 5

al kyl, sulfonate ester selected fromthe group consisting of alkyl esters,
substituted al kyl esters, alkenyl esters, substituted al kenyl esters, aryl
esters, substituted aryl esters, heteroapyl esters, substituted heteroaryl
esters, heterocyclic esters and substi tQ{ted Iéterocyclic esters, 10 a
lipid, an am no acid, a carbohydrate, é\peﬁfide, and chol esterol; 15 and
pharmaceutically acceptable salts ther . A conpound of fornula IIA:
C(HbY2 N Z-</Jly NN WO0 R Q@ | TA 20 wherein R and R1

are i ndependently sel ected fromv\;tohe gr sisting of: hydrogen, alkyl,

wherein R and R! are independently selected from the group consisting of:
hydrogen,
alkyl,
5 substituted alkyl,
alkenyl,
substituted alkenyl,
alkynyl,
substituted alkynyl,
10 halogen,
azido,
amino, and
substituted amino
provided that R and R! are not both hydrogen;
15 Y?is CHy, N, S, SO, or SO;

N together with -C(H), and Y? forms a heterocyclic, substituted heterocyclic,
heteroaryl or substituted heteroaryl group wherein each of said heterocyclic,
substituted heterocyclic, heteroaryl or substituted heteroaryl group is optionally fused
to form a bi- or multi-fused ring system (preferably no more than 5 fused rings) with

20 one or more ring structures selected from the group consisting of cycloalkyl,
cycloalkenyl, heterocyclic, aryl and heteroaryl group which, in turn, each of such ring
structures is optionally substituted with 1 to 4 substituents selected from the group
consisting of hydroxyl, halo, alkoxy, substituted alkoxy, thioalkyl, substituted
thioalkyl, aryl, heteroaryl, heterocyclic, nitro, cyano, carboxyl, carboxyl esters, alkyl,

25 substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, amino,

and substituted amino;
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substituted al kyl, 25 al kenyl, substituted al kenyl, 169 WO 03/093290
PCT/ US03/ 14237 al kynyl, substituted al kynyl, hal ogen, azido, 5 am no,
and subswptoawextomm no; provided that R and RL are not botrhThisds/ogan; Y2
is CH2, N, S SO or SO2; Ntogether with -C(Hb and Y2 fornms a

het erocyclic, substituted heterocyclic, 10 heteroaryl or substituted

het eroaryl group ivhrimteger eqeditod osdj d heterocyclic, substituted

het erocyclic, heterogaryl or substituted heteroaryl group is optlonally

fused to form a»fD>3pd Rare lndP%@GmilYWée cégrklramthoeerp camtisingo®fnore than 5
f d th
used ringsy wcih >c9@§ygb NBLEELA éﬁq st ﬁ@@flﬁg%ﬁ&b@ﬁ&h ot o ar vl

consi sting of cyél oal c;/c oa hetero ary
group whi ckC-CONRIFR'S, =@€IOQR s)al@#hydrdxg 36-aditoxyctQrapsingd,s>Opt i onal |y

substituted with stitu sele te fro consi sting of
hydr oxyl %ma? 60‘29 E"B’Einiotﬁég’@ %R0 g rﬂ@yﬁ% >g;:|g]st91 t ut ed

t hi oal kyI , t1RAH1-2- }t:lﬁglﬁf[p@.rﬁ)!ndai@Izeﬁ?cycl ic, nit ro, cyano, carboxyl, carboxyl
esters, al kyl, stituted al kyl aIkenyI substituted al kenyl, aIkynyI

substituted al kg belecied fiom SNrrC-€0b - N@czetﬂﬁtﬂqyﬂu?C—zﬂ)sbtutsd an integer
phosphat e (kT Gl i S Repro e o e pHecpfar SC-TkPihhosphat e o o
stablilizedcph@sehabR2a10sCUd 3—th?a'§opbi3®919@f@’hﬁiazolallyi); andaldyt,, sul fonate
ester 1S ¢l egvthglge {'rlso srgléc?e% f(rJ rn? l‘EIIE)e gr(o)lglf Icci;[slls?lgg (c))f hydrogen halo, hydroxy,
alkylthioether, and -NR’R* where R® and R* are independently selected from
the group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
15 substituted heterocyclic and where R? and R* are joined to form, together with
the nitrogen atom bond thereto, a heterocyclic group, provided that only one
of R? and R* are hydroxy, alkoxy, or substituted alkoxy;
R' and R'® are independently selected from the group consisting of:
hydrogen,
20 alkyl,
substituted alkyl,
cycloalkyl,
substituted cycloalkyl,
aryl,
25 substituted aryl,
heteroaryl,
substituted heteroaryl, and
R’ and R'to gether with the atom to which they are attached may
form a cycloalkyl, substituted cycloalkyl, hetercycloalkyl, substituted
30  heterocylcoalkyl, heteroaryl, or substituted heteroaryl;
W is selected from the group consisting of:

hydrogen,
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esters, substituted al kyl esters, al kenyl esters, substituted al kenyl
esters, aryl 30 esters, substituted aryl esters, heteroaryl esters,
substi t utwo obetepsoaryl esters, heterocyclic esters and s®oFUSHHILE7

het erocyclic esters, a lipid, 170 WO 03/093290 PCT/ US03/ 14237 an am no
acid, a carbohydrate, a peptide, and cholesterol; 5 Y is selected from
t he group consi sti ngpbbspHateginshidéc @ondphosphatee diphosyhategconsi sting of :
hydrogen, hal o, .hydroxy, 10 al kylfhi oether -NR3R4 where R3 and R4 are

i ndependent |y SQPIQ{%@W ?r&ﬁt?malzeépé%ﬁﬁg%t&ﬁg‘?dé’?@ng of hydrogen, hydroxy,

al kyl, substituted alkydhoplkenyl, substituted alkenyl, alkynyl and
substituted al kynyl, "al llgoxy, ‘substituted al koxy, aryl, substituted aryl,
het eroaryl, substituted, heteroaryl, heterocyclic, 15 substituted
hetero§yclic and vvherﬁ{ygs and R4 are joined to form together with the
nitrogén atom bond t APt o, a het erocyclic group, provided that only one
of R3 and R4 are hydg@fdhatcrdste@¥¥lectod AOHDME ofdupRendbkipOfalgli s sel ected from
the group consisting of: hydrogen, 20 halo, hydroxy, alkyl, azido, and
- NR3R4 whepgerrasubpigfuird affeyé eﬁﬁl@efgbﬁwé asterg, sbbidyteddlifenghestdre 228 gr oup

consi sting h )Y X | kyl .. su it ut.ed, al k al kenyl ,

substi t ut e88£r§1 %g%t%ﬁ %ﬁéif ﬂfgﬁé’ }é‘ﬁ%l% S :}é§§tﬂsu%{lz)%ﬁt§iFe@lr?f/elr?arﬁ éff&%ff/ substituted
al koxy, ar Jbteroeyblid dsted &l subkiytutedheteesayaliy Estersubst i t ut ed heteroaryl,

het erol%ycl ic, substituted heterocyclic and

a lipid,

an amino acid,
a carbohydrate,
a peptide, and
cholesterol,;

15 and pharmaceutically acceptable salts thereof.

3. A compound of formula ITA:

C(H)b Y2
~
N
N NI N
Ay
_<N NJ\Y
WO
o}
R R
OH OH
1A
20
wherein R and R' are independently selected from the group consisting of:
hydrogen,
alkyl,
substituted alkyl,
25 alkenyl,
substituted alkenyl,
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where R3 and R4 are joined to form together wwth the nitrogen atom bond
thereto, a heterocyclic group, provided that only one of R3 and R4 are
hydr oxy, wblkoxg329@r 30 substituted al koxy; and phar maceut iPCalUSy3/aeept abl e
salts thereof. 171 WD 03/093290 PCT/ US03/ 14237 4. A conpound according to
any of Clains 1-3 wherein Ris hydrogen and Rl is nethyl. 5. A conpound
according to O ains Jallgmyl,3 wherein R13 and R14 5 are hydrogen. 6. A
conmpound according to i and 3 wherein R13 is nmethyl and R14 is
hydrogen. 10 7. A cor‘?f}gﬂﬁﬂt@éﬁ%{’&ed fromthe group consisting of.

9-(2' - G net hyl - (3- D- rjaRpfr anosyl ) - 6- (t hi ophen-3 -yl) - purine;
9-(2'-Cnethyl -(3-D-ribofuranosyl)-6-(thiophen-2-yl)-2-am nopurine; 15

9- (2' - C net hyl - ( 3- D- rézisef ur anosyl ) - 6- (pyrrol -3-yl ) -purine;

9-(2' -G nethyl -(3-D raiII ?f urgnosyl ) - 6- phenyl - 2- am nopuri ne;

9-(2'-CGnethyl -(3-Dri O nosyl ) - 6- (3-cyanophenyl ) - purine; 20

9-(2' - G net hyl - ( 3- D rsubaftaeasssmd; ) - 6- (pyridin-3-yl)-purine;
9-(2'-Cnethyl - (3-D-ribof ur anosigl %L 6- (Benzo[ b] t hi ophen- 3-yl)-2-

ani nopur i n@rovidedthatR ang¢Rparerpt both-tydragsas ur anosyl ) - 6- (1 H 1 ndol -5
-yl)-purine; 2 . .

9-(2' - G et hyl - [%-1 Cﬂzblc\)rf lSJ’rSaCr)foosryq(gzi 6- (napht hal en-2-y1)-purine; 30

9- (2' - C et hyl - &N Dgeihbotwith a@8) lahd §7 (elinberizaadrosyiic Aupbiituld IRISrOSREE, Ne;

9- (2 @ n'eihg I aérgl D-ri bof urgnosyl -6-(thianthren-1-yl)-purine; 35

9-(2' -C me %}FQ B spbsygEd Beieropry) senup iR 6psh ofzakhisterpeiclige
9-(2'-Cne ; i r -6z (et B i he: . -

7-(2 -G mec i e BelopR: ARG o qHRHBclerBi BBop i ontjonayfuged 4

d] pyri nmi di teforf4 Bi- oCnmbi-fiskd (i8g Bystérh (frafeaatdp nd jnofe thaeSyfuscatinpey witho[ 2, 3-

one or more ring structures selected from the group consisting of cycloalkyl,

(™)
—

cycloalkenyl, heterocyclic, aryl and heteroaryl group which, in turn, each of such ring
15 structures is optionally substituted with 1 to 4 substituents selected from the group
consisting of hydroxyl, halo, alkoxy, substituted alkoxy, thioalkyl, substituted
thioalkyl, aryl, heteroaryl, heterocyclic, nitro, cyano, carboxyl, carboxyl esters, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, amino,
and substituted amino;
20 b is an integer equal to 0 or 1;
W is selected from the group consisting of:
hydrogen,
phosphate (including monophosphate, diphosphate,
triphosphate or a stablilized phosphate prodrug),
25 phosphonate,
acyl,
alkyl,
sulfonate ester selected from the group consisting of alkyl
esters, substituted alkyl esters, alkenyl esters, substituted alkenyl esters, aryl
30 esters, substituted aryl esters, heteroaryl esters, substituted heteroaryl esters,
heterocyclic esters and substituted heterocyclic esters,

a lipid,
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d] pyri m din-2-yl amne; 172 WO 03/ 093290 PCT/ US03/ 14237 1-(2'
-Cnethyl-(3-D-ribo furano syl)-4-thiophen-3 -yl1-1 H pyrimdin-2- one;
1-(2' - G me0hglooy2%8 D-r i bof ur anosyl ) - 4- phenyl - | H pyri m di n- 2COrEsp3/14831- (2" -
C-Methyl-(3 -D-rib o furano syl)-4-b enzo [b] thiophen-2-yl-1 H
pyrimdin-2-one; 1-(2'-Cnethyl-(3-D-ribofuranosyl)-; 10 4-cyclopentyl-1
II;l%p)(/rZI 31 di thl-onga; Q?IQ?;no@c(rcht hyl - 33-D-ri bof ur anosyl ) -

- (2-di net hyl am noet hyl ) - enine; 15 9-(2'-C nethyl-(3-Dribofuranosyl) -
N6 - (2-ami noet hyl ) ad@fi¥en dafgt-e(z' - G net hyl(-JB-Dri bgfuganosyl )- N6 a
-[2-(3Hindol -3-yl)-, E@y&&aﬁgeni ne; 20 9-(2'-Cnethyl-j3-Dribofuranosyl) -
6 -[2-am nocarbonyl - ?p rro lidine-1-yl)] -purine;

1- (2' - G- et hyl - J3- D- chddedtenoinosyl ) - N4- 25 (ai ni nocar bonyl net hyl ) cyti di ne;

o5 et e B BR R ERR oo ks hom T [l oy e 90
adeni ne; 9u(dkicip@et hyl - J3-D-ribofuranosyl)- N6 -[(benzene-3, 4, 5-
triol)nethyl| adenine; 35 9-(2'-GC nethyl-Ji-Dribofuranosyl)- N6
-[ 1- ami nocar bonyl - 2- hgéogemdol - 3-yl ) -et hyl ] adeni ne;
9-(2'-Cnethyl -33-D liliaf?)?f uranosyl)- 6-(1, 3,4, 9-tetrahydro- bet a-
hydroxy,
10 alkylthioether
“NR3R* where R® and R* are independently selected from the
group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl and substituted alkynyl, alkoxy, substituted
alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
15 substituted heterocyclic and where R? and R* are joined to form, together with
the nitrogen atom bond thereto, a heterocyclic group, provided that only one
of R® and R* are hydroxy, alkoxy, or substituted alkoxy;
Z is selected from the group consisting of:
hydrogen,
20 halo,
hydroxy,
alkyl,
azido, and
_NR’R* where R® and R* are independently selected from the
25 group consisting of hydrogen, hydroxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl and substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and
where R? and R* are joined to form, together with the nitrogen atom bond thereto, a
heterocyclic group, provided that only one of R? and R? are hydroxy, alkoxy, or
30 substituted alkoxy;

and pharmaceutically acceptable salts thereof.
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40 carbolin-2-yl)purine; 1-(2'-Cnethyl-J3-D-ribofuranosyl)- Nd -1

-am nocar bonyl -2-(3H indol-3 -yl)-ethyl] cytosine; 45

1- (2' - G me0lplo932%6 D- ri bof ur anosyl ) - 4-(pent afl uor ophenyl - irgaresas/nay?

pyri m din-2-one; 173 WO 03/093290 PCT/ US03/ 14237

1-(2'-Cnmethyl - (3-D-ri bofuranosyl)- 4-[4-(3, 4-di xydroxy-benzyl)-6, 7-

di hyr doxy- 3, 4- di Rydr o Alcanpandgatarding e 2ayyéf Clapys i-3ivdhereid-FoRe;

1-(2' - C net - (3- pbbof uranosyl)- N4 -[ 2-(3Hindol-3-yl)- 5 ethyl]

cyt osi ne; 1El (%pg%%c{%yﬁsr?%ﬁ ri bof uranosyl)- N4 -(2-am noet hyl)cytosi ne;
1-(2'-Cnethyl - (3-D-ri bofuranosyl)- N4-(am nocarbonyl -i sopropyl - 10

met hyl )cytidine; 9-(2'-C nethyl-(3-D-ribofuranosyl)- N6

-{[ (3K i ndol - 3- yP) - acét sasnpoanil @pcording taglaim} 1 adé Aiwlerein R'® and R™

9- (2' - Gynet hyks; 'Ogl%lri bof uranosyl)- N6 -[2-(5-fluoro-benzi m dazol -1 -
yl)-ethyl] adeniné€&, 9-(2'-Cnethyl-f3-Dribofuranosyl)- 6

- hydrazi no-purine; 20 9-(2'-Cnethyl-(3-Dribofuranosyl)- N6 -(2,2,3,3,3,-
pent af | uoropropy%) adenine; 9-(2'-C.nethyl-(3-Dribof ur_anqjsyl ) -

6- (pi peri di n- 1- yPY pur fromposs according to Claims 1 and 3 wherein R" is

1-(2' -G net Q,)é{hyi é’ﬁcfk“ﬁ?ﬁ%"&fggé}f?sw ) - 1H- benzi m dazole; 3-(2" -C nethyl-

] 3-D-ri bof uranosyl ) -3H1 Zzo [4,5-b] pyridin-7- ylam ne; 30
9-(2'-Ctrifluoronethyl-(3-Dribofuranosyl)-N6-(2- am noethyl)adeni ne;

9-(2'" -G trifluoronmethyl-(3-D:ribofuranosyl)-N6-[2-(3Hindol-3-yl)- ethyl
ad(eni né;8 35 9-(25- -G y‘i‘iff}(ﬂf?&%ﬁﬁ‘é‘?‘}‘i _ff%lllr_fi-lf)f/g%apﬁm[aﬁiﬁl(ngof: o /]
sy1) - 6- [ 2- ami nocar bony1(Z -¢pysthyh-grieafurappgyl)-6-sihignhen-39yl)-purine;

-G trifluoromethyl-[3-D-ribofuranosyl) guani ne;
9-(2’-C-methyl- p-D-ribofuranosyl)-6-(thiophen-2-yl)-2-aminopurine;

15 9-(2’-C-methyl-B-D-ribofuranosyl)-6-(pyrrol-3-yl)-purine;
9-(2’-C-methyl-B-D-ribofuranosyl)-6-phenyl-2-aminopurine;

2 9-(2’-C-methyl-B-D-ribofuranosyl)-6-(3-cyanophenyl)-purine;
9-(2’-C-methyl-B-D-ribofuranosyl)-6-(pyridin-3-yl)-purine;

9-(2’-C-methyl-B-D-ribofuranosyl)-6-(Benzo[b]thiophen-3-yl)-2-
aminopurine;
25
9-(2’-C-methyl-p-D-ribofuranosyl)-6-(1H-Indol-5-yl)-purine;

9-(2’-C-methyl-B-D-ribofuranosyl)-6-(naphthalen-2-yl)-purine;

30 9-(2’-C-methyl-p-D-ribofuranosyl)-6-(dibenzofuran-4-yl)-2-
aminopurine; ‘

9-(2°-C-methyl-p-D-ribofuranosyl)-6-(thianthren-1-yl)-purine;

35 9-(2’-C-methyl-B-D-ribofuranosyl)-6-cyclopropyl-2-aminopurine;
9-(2’-C-methyl-p-D-ribofuranosyl)-6-(ethynyl)-purine;
}
7-(2’-C-methyl-B-D-ribofuranosyl)-4-thiophen-3-yl-7H-pyrrolo[2,3-
40 d]pyrimidine;

- 7—(2’-C-methyl-B-D-ribofuranosyl)—4~pheny1-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamine;
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40 1-(2'-Ctrifluoronethyl-(3-Dribofuranosyl)-1H benzi m dazole; 9-(2'
-C-ethenyl - (3-D-ri bof uranosyl ) - N6- ( 2- am noet hyl ) adeni ne; 45

9- (2' - C ewbanph320@- D-r i bof ur anosyl ) - N6- [ 2- (3H-i ndol - 3-yl ) PCetusys/j42ateni ne;
174 WD 03/ 093290 PCT/ US03/ 14237 9-(2'-C-ethenyl -

J3-D-ri bofuranosyl)-6-[2-am nocar bonyl -(pyrrolidine- 1-yl)] -purine; 1 -(2
-Cethenyl - J3-D-rib b2’ uCanghgyfi-P-ribdfutanedyt)-4ritld aglgent 2y1-18-pyrimidin-2-

9-(2' - C et hynyl -¢i®; D-ri bof uranosyl ) - N6- ( 2- am noet hyl ) adeni ne; 9-(2'
-Cethynyl- J3-D-ribofiirano syl)-N6-[2-(3Hindol-3 -yl)- ethyl] adenine;

10 9-(2' -G ethynyl - Jg& i I A hohn Eﬁm{ ol i di ne-
1-yl )]( puri ne; y1y(2 C-(a%%{lﬁj%g[}rl bofﬁsry{zli)zn% gﬁwqﬁ enzi dn{' ?%1(%1 e; 15

4 i no- B (2 - }%Df g%’fﬁ?@%ﬁ Ao B e B 'af-xf‘léo viamne

pyri do[ 2, 3-d] py Car boxylic acid am de;

24D|amn08(2 C-rrﬁ (3- D-ribgofuranosyl)-5-o0xo0-5, 8-dihydro
pyri do[ 2, 3-d] pyri mi di Bcé%ﬂlﬁésﬁyprr@oé@?ﬂosé[ de; 25

4- Ami n Q8 (2' -G nmethyl-(3-D-ribofuranosyl ) -7-oxo-7, 8-di hydr o-

pyri do[ 2, 3-d] pyri ni dl%GYQOMt}ﬂd@P}’mnm]maomm de; 2, 4-Di ami no-8-(2'
-G nethyl-(3-D-rib ofuranosyl)-7-oxo-7, 8-dihydro-

pyrido[ 2, 3-d] pyri mi di®e’ E(B-@mtﬁ;@%ﬁyﬂ)lrﬂ;oﬁﬁaﬁbs@rm tE;(2 mEthyBminoethyl)-
- C net hyI (3- D rddeningy anosyl ) - 2- met hyl sul f anyl - 4, 5- di oxo-
3,4,5, 8 tetrahydro-pyrido[ 2, 3-d] pyri m di ne- 6- carboxyl ic acid am de;

8- (2 - C et hyl - (3- D- 1dpofeir AR TYLD - Honk¥ideys- K. dhivehnhdhdie: 4-

9~(2°-C-methyl-B-D-ribofuranosyl)- N® —[2-(3H-indol-3-y1)-
ethyl]adenine;
20
9-(2’-C-methyl-B-D-ribofuranosyl)- 6 —[2-aminocarbonyl-
(pyrrolidine-1-yl)]-purine;

1-(2’-C-methyl-B-D-ribofuranosyl)- N*-
25 (aminocarbonylmethyl)cytidine;

1-(2°-C-methyl-B-D-ribofuranosyl)- N*-[ (pyridin-1-yl)-
methyl]cytidine;

30 9-(2’-C-methyl-B-D-ribofuranosyl)- N° - (adenin-8-yl)-aminoethyl]
adenine;

9-(2’-C-methyl-B-D-ribofuranosyl)- N® —[(benzene-3,4,5-
trio)methyl]adenine;
35
9-(2’-C-methyl-B-D-ribofuranosyl)- N° —[1-aminocarbonyl-2-(3H-
indol-3-yl)-ethyljadenine;

9-(2’-C-methyl-B-D-ribofuranosyl)- 6-(1,3,4,9-tetrahydro-beta-
40 carbolin-2-yl)purine;

1-(2’-C-methyl-B-D-ribofuranosyl)- N* [ 1-aminocarbonyl-2-(3H-
indol-3-y1)-ethyl]cytosine;

45 1-(2°-C-methyl-B-D-ribofuranosyl)- 4-(pentafluorophenyl-hydrazino)-
pyrimidin-2-one;
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35 dione; 1-(2' -Cnethyl-13-Dribo furano syl)-1 Hpyrido [2, 3

-d] pyri m di ne-2, 4- dione; 40

8- (2' - C- MwDlgl0932%e D-ri bof ur anosyl ) - 4- et hyl sul f anyl -5, 6, 7 P8T/US03/14237
tetrahydro-pyrido [2,3-d]pyrimdine;

3-(2'-Cnethyl -(3-Dribofuranosyl ) -6-net hyl -3, 7a-di hydro-1 H furo [2, 3
-d] pyrimdin-2-one; K& L-metyl-Pdmibohyhnds3h)D4{4443 d-dixydamoy-barzyH>,7- 5, 6, 7
a-tetrahydro - 1 dihyrdex-B,2;diBydro-dHpigoduinelim2-24]omeimilifs26e::03/ 093290

PCT/ US03/ 14237 7-(2'

- G et hyl - B- D-ri bof uraposytnktfn-Bebd b fithicagyl N7 H PYSHhSIZy)3 -
dlpyrimgdine; oy l]rc osine;

1-(2' -G et hyl - B- Iﬁ ﬁ)o?)u’r anosyl ) -4-net hyl sul fanyl -1 Hpyrrolo[2,3- 5
Ly ai ney o (2 GO et B RO RISV - ey (b &R8 ' ©L 4
3-net hyl -8-(2'-C net hyg - B: D-ri bof ur angsyl ) - 2- npt hy| sul f anyl - 3H,

8H pt eri di ne- 4, 7- dj orfet? -§—p1gthyl— B HPeHYAdsyDy N fghinocarbonyl-isopropyl-
furanoyl) - pyri arstbdoptidinene; 15

5-(2'-C nethyl - B-D-ri bofuranosyl ) -1H pyridi n- 2- one;

8- (2' - C et hyl - B- D- r i9%@f 4i-aethylB)D-pipo Axadasf]) NS~ §) 3H-iddd-35§)-néaii n- 4

yl am ne; 20 8- (a2id]-Gydmikidy)} adenibey i bof ur anosyl ) - 3Hpyrazol o[ 1, 5-a] [

1,3,5]triazin- 4-one, |
%%%993@%8%@&?1% RY L2 G\ Rord-b3nzididdzol-1-

2- Am ngx- 8- (2' - C- net hyl ok
1,3,5]triazi n-4-y9 %%e%in‘e( - G net -B-D-ri bofurano syl)-4-nitroindol e;
[

1-(2" -CGnethyl-B -Dr o furano syl)-4-am noindo le; 30 _
9- (2"~ C-met hy - 33- D- g 01t 3ROSKIR i SrAidsdt & MhlRzShs Al et 1T puri ne:

20 9-(2’-C-methyl-B-D-ribofuranosyl)- N® ~(2,2,3,3,3,-
pentafluoropropyl)adenine;

9-(2’-C-methyl-B-D-ribofuranosyl)- 6-(piperidin-1-yl)purine;

25 1-(2’-C-methyl-B-D-ribofuranosyl)-1 H-benzimidazole;
3-(2°-C-methyl-B-D-ribofuranosyl)-3 H-imidazo[4,5-b]pyridin-7-
ylamine;
30 9-(2’-C-trifluoromethyl-B-D-ribofuranosyl)-N°-(2-
aminoethyl)adenine;

9-(2’-C-trifluoromethyl-B-D-ribofuranosyl)-N°-[2-(3H-indol-3-y1)-
ethyl]adenine;
35
9-(2’-C-trifluoromethyl-p-D-ribofuranosyl)-6-[ 2-aminocarbonyl-
(pyrrolidine-1-yl)]-purine;

9-(2’-C-trifluoromethyl-B-D-ribofuranosyl)guanine;

40
1-(2’-C-trifluoromethyl-B-D-ribofuranosyl)-1 H-benzimidazole;
9-(2’-C-ethenyl-B-D-ribofuranosyl)-N°—(2-aminoethyl)adenine;

45 9-(2°-C-ethenyl-p-D-ribofuranosyl)-N°—[2-(3H-indol-3-yl)-
ethyl]adenine;
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9-(2'-Cnethyl -J33-D-ri bofuranosyl)- 6-(azetidin-1- I) urine; 35
9-(2'-Cnethyl -J3-D-ribofuranosyl)- 6-(pyrrolidin-1-yl)purine;

(2" - G metWwplo3@®2D» r i bof ur anosyl ) - hypoxant hi ne; PCT/US03/14237
9-(2'-Cnethyl -J33-D-ri bofuranosyl)- 6- nethyi hydrazi nopurine; 40

9-(2' -G nmethyl-(3-D-ribofuranosyl)- 6-(3,6-di hydro-2H-pyridin-I- yl)purine;
9- (2' - G net hyl - J3- D- r Pf&F Gretirensly D-ribofuanbsyli) 6y [P-aminbe arb oyl (ppirblidize- 45
yl)purine; 2' -C-yBidpyting3- D-ri bof uranosyl - 6- net hyt hi o-purine; 176 WO

03/ 093290 PCT/ US03/ 14237 2' -C-nethyl-(3-D-rib o furano syl-uracil; 2

-G methyl - (3-D-rib o {yrapetsyi-pmyAbsfianesyl)-1H- ben21m1dazole
2' -C-meshyl -(3-Dri bofuranosyl 6- phenyl adeni n; - - C- et hyl -

o (2 ”é’?ét‘%i‘?"?é'%}?. R S p@FﬁF{%%@E%@ﬁ&%n‘ e_no)lguri ne
o (2'-C et hyl - 6%#2&&%@@ s e R VP

9-(2' - C net hyl - ?{gi

- C net %l - J3-DF P & ﬁ’Pﬁﬂosyl) 6- (cycl ohexyl am no) puri ne;

8- (3, 4-di hydroxy-5 -hydroxyneth nmet hyl -t et rahydro-furan-2-yl) 20

4, 5- di oxo- 3, 4, 5, 8- t et Y-&hyeneBypy gﬁﬂb{‘lbofgrail]opylb-ﬁﬂiQdamQOGarbam}ﬂdRymmluhm| d
ami de : 2- (4- Chibybl-pysesl o [ 2, 3-d] pyri mi di n- 7-yl ) - 5- hydr oxymet hyl - 3-

met hyl -t et rahydro-furan-3,4-diol; 25 9-(2'-C nethyl -

J3-D-ri bofuranosyl) - 6}-(28-(Fletl@'hp}-ll—l&i%ﬁ&rdrﬁéﬂ?:ﬂ%dﬁzﬁﬁdazole;
carbol if-2-yl)purine; 9-(2' -C nethyl-

J3-D-ri bof I SR
47 no- B (5. 4. sy o Sy o e S R

4-Amino-8-(2’-C-methyl-B-D-ribofuranosyl)-5-0x0-5,8-dihydro-
20 pyrido[2,3-d]pyrimidine-6-carboxylic acid amide;

2,4-Diamino-8-(2’-C-methyl-B-D-ribofuranosyl)-5-oxo-5,8-dihydro-
pyrido[2,3-d]pyrimidine-6-carboxylic acid amide;

25 4-Amino-8-(2’-C-methyl-B-D-ribofuranosyl)-7-oxo-7,8-dihydro-
pyrido[2,3-d]pyrimidine-5-carboxylic acid amide;

2,4-Diamino-8-(2’-C-methyl-B-D-ribofuranosyl)-7-oxo0-7,8-dihydro-
pyrido[2,3-d]pyrimidine-5-carboxylic acid amide;

30
8-(2’-C-methyl-p-D-ribofuranosyl)-2-methylsulfanyl-4,5-dioxo-
3,4,5,8-tetrahydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid amide;
8-(2’-C-methyl-B-D-ribofuranosyl)-8H-pyrido[2,3-d]pyrimidine-2,4-
35 dione;
1-(2’-C-methyl-B-D-ribofuranosyl)-1H-pyrido[2,3-d]pyrimidine-2,4-
dione;
40 8-(2’-C-methyl-B-D-ribofuranosyl)-4-methylsulfanyl-5,6,7,8-
tetrahydro-pyrido[2,3-d]pyrimidine;
3-(2’-C-methyl-B-D-ribofuranosyl)-6-methyl-3,7a-dihydro-1H-
furo[2,3-d]pyrimidin-2-one;
45

3-(2’-C-methyl-B-D-ribofuranosyl)-3,5,6,7a-tetrahydro-1H-furo[2,3-
d]pyrimidin-2-one;
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furan-2-yl)-2-nethyl sul fanyl -8Hpyrido [2,3-d] pyrimdin-7-one; 35

5- Hydr oxynet hyl - 3- net hyl - 2- (1, 3a, 5, 6-tetraaza- as-i ndacen-6-yl) -

t et r ahydrwofoangd?9®, 4- di ol ; 5 - Hydroxynet hyl -3 -net hyl - 2- ( PCRIUSO®14281 dazo

[4, 5 -b] -pyridin- 3 -yl)- tetrahydro-furan-3,4-diol; 40

2- (3, 4- D hydr oxy- 5- hydr oxymnet hyl - 3- met hyl -t et rahydr o-furan-2-yl) -;

2H[ 1, 2, 4] tri azi ne- 3, B(AiGnethydB-D-ribofuranosyl)-4-methylsulfanyl-7H-pyrrolo[2,3-

5- Hydr oxynet hyl -@pyirhidye; 2- ( 6- phenyl - purin-9-yl)-tetrahydro-furan;

3,4-diol; 177 WO 03/093290 PCT/ US03/ 14237

2- (4- Am no- pyrrol of 2, ] 0. BLIY k5 = s Avd 112137 ;

2, (- no- ahydgﬂ@ﬂﬁ%ﬁﬁﬁeﬂ B0 fhrba Sy DUARRR B H-pyrrolof2,3
[ r

5- Ami no- 2- ( 3, 4- oXYy- 5- hydr oxynet hyl - 3- et hyl -t et r ahydr o-
furan-2-yl)-4,5-dihy - LAltriazi ne-3-1hj .

6- Ani no- 9- (3, 4-dih d?f%@nleﬁyﬁ P@VWQ?‘HWO%B'ﬁt%ﬁW@W%Hgﬁd ro
furan-2-yl)-7, 9%?%]}3’% - 6QPfin- 8- one: 10

5- Am no- 2- (3, 4- di hydr oxy- 5- hydr oxynet hyl - 3- net hyl -t et r ahydr o-
furan-Ryl)-2H[ 1, 2, 4pethyhS+(A-G-metlyl-B-D-ribofuranosyl)-2-methylsulfanyl-
5- Hydr oxynet hyl -33,8Bifteridize-¢ Z-dipne; o- benzoi ni dazol - | -yl)- 15

t et rahydro-furan-3, 4-di ol ;

2- (4- Am no- benzoi m daz@ -CLmgthyl-B=Ihyribotx ek h)yyridinBiihine;
tetrahydrb-furan-3,4-diol; 20

1- (3, 4t hydroxy-5-h p-135 sdABLRAR 0=l n-2-yl)-;
4- hydroxy-1 H-pyridi ﬁgz@gg?{ Y?2§ %B%%%Oﬁyﬁ-ﬁggmlﬁa e

-Dribofuranosyl)-G-(_t,_rca_glg gy i;({[r rine ) e
t2- E 4- ﬁm;jno- ]E)yr r ?}Jl%%b%?b} pyr %@ﬁg{?%&o - E&%Sggrp xafPrleot[fréla-]gﬁrfse](uH%H} 4
et rahydr o-furan-3, 4-di ol ;
4- Am no- 8- ( 3, 4-di hydr oxy- 5- hydr gxynet hyl - 3- net hyl -t etrahydro-_ 30 .
furan-&yl)-gH by i d(§§[-@?{él-glleéyﬂ-ﬁrﬁﬁ;bﬁﬁyawgl’)BH-pyrazolo[1,5-a][1,3,5]tnaz1n—
-one;

2-Amino-8-(2’-C-methyl-B-D-ribofuranosyl)-3H-pyrazolo[1,5-
a][1,3,5]triazin-4-one;
25
1-(2’-C-methyl-B-D-ribofuranosyl)-4-nitroindole;
1-(2’-C-methyl-B8-D-ribofuranosyl)-4-aminoindole;

30 9-(2’-C-methyl-B-D-ribofuranosyl)- 6-[2-(1H-imidazol-4-yl)-
ethyl]purine;

9-(2’-C-methyl-B-D-ribofuranosyl)- 6-(azetidin-1-yl)purine;

35 9-(2’-C-methyl-B-D-ribofuranosyl)- 6-(pyrrolidin-1-yl)purine;
(2’-C-methyl-B-D-ribofuranosyl)-hypoxanthine;
9-(2’-C-methyl-B-D-ribofuranosyl)- 6- methylhydrazinopurine;

0 9-(2’-C-methyl-B-D-ribofuranosyl)- 6-(3,6-dihydro-2H-pyridin-1-

yDpurine;

9-(2’-C-methyl-B-D-ribofuranosyl)- 6-(3,4-dihydro-1H-isoquinolin-2-
45 yl)purine;

2’-C-methyl-B-D-ribofuranosyl-6-methythio-purine;
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(2,4-Dichloro-5Hpyrrolo [3,2-d] pyrimdin-7-yl)-5 -hydroxynet hyl
net hyl -t et rahydro-furan-3,4-diole; 35

(2" - G meDhglo9x2%8 D-ri bof ur anosyl ) - 5- am nobenzi m dazol e ; PCanE$03/14237
(2'-Cnethyl - J3-D-ribofuranosyl)-6-am nobenzi m dazol e 40

[ 6- Ami no- 8- (N - et hyl - hydr azi no) - puri n-9-yl ] -5- hydr oxynet hyl -

et r ahydr o- f ur an- 3, 4-23i(Ginetipdfyldrribofurendsyl-ufaeil;l, 3 a,

, 6-tetraaza- as-i ndacen-6-yl)-tetrahydro- 45 furan-3, 4-diol;

(3, 4- Di hydr oxy- 5- hydi@xieasil-pyD-riof@hhosyt-thghdigdy dr o- f ur an- 2 yl) -

7-di hydro-pyrrolo [2,3-d] pyri m din-4-one; 178 WO 03/093290 PCT/ US03/ 14237
(

4- Ang no-2-[ 1, 2, 45t K k- hydr oxynet hyl -
et rahydr o- f ur an- 3, 42d|%%9{ %M roxyne?L@Ipﬁslw(Qdeﬁnj “hyl am no- 2- [

it oyt % 2 giwemyigyé%mﬁf KR s 450k m i -5 -1

©10 2- (4- Ani no-5H pyrrol o

t et r ahydro- f ur &
3, 2- dlqt:))yrlmdln 7 y 5 hydrox nmet hyl - 3- methél-tetrahydro furan 3,4-diol;
(3, 41 hydr oxy- 5-h d@m@zﬁ@ Rrivefgrosybor@rgigeddindrdn- 2-y1 ) -; 15
0xo0- 4, 7- di hydreéwbsnipginushe; [ 2, 3 -d] pyri ni di ne-5-car boxani di ne;

(4- Amn05furan2yl pyrrolo[ 2, 3-d] pyrimdin-7-yl)- 20

- hydr oxynet hyl -t et r@h@l&@ﬁkﬂ%ﬁ-ﬂ%dﬁﬁdsyﬁﬂ(@yﬂﬂpmyﬁmﬁn@ypﬂmﬁ~,yI -pyrrolo
[2,3-d]pyrimdin-7-yl)- 5- hydr oxymnet hyl -t etrahydro-furan-3,4-diol; 25

4- Cycl mpr opyl ami no- " lo. em Aoy Bl T BBy YETBh ) i -
tetrahydro-furan-2-yl)-1 H pyrimdin-2-

9-(2’-C -methyl—B-D-nbofuranosyl)-6-(cyclohexylammo)punne,

2-
3-
1-
1-
2-
t
5
7-
3,
2-
t
1
2
[
7-
4-
2-
5

8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-
20 4,5-dioxo-3,4,5,8-tetrahydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid
amide ;

2-(4-Chloro-pyrrolo[2,3-d]pyrimidin-7-yl)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3,4-diol;
25
9-(2’-C-methyl-B-D-ribofuranosyl)-6-(6-Fluoro-1,3,4,9-tetrahydro-p-
carbolin-2-yDpurine;

9-(2’-C-methyl-B-D-ribofuranosyl)-6-(3,6-Dihydro-2H-pyridin-1-
30 yDpurine;

4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-
furan-2-yl)-2-methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one;

35 5-Hydroxymethyl-3-methyl-2-(1,3a,5,6-tetraaza-as-indacen-6-yl)-
tetrahydro-furan-3,4-diol;

5-Hydroxymethyl-3-methyl-2-(7-nitro-imidazo[4,5-b]-pyridin-3-y1)-
tetrahydro-furan-3,4-diol;
40
2-(3,4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-;

2H-[1,2,4]triazine-3,5-dione;

45 5-Hydroxymethyl-3-methyl-2-(6-phenyl-purin-9-yl)-tetrahydro-furan;
3,4-diol ;
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1- (3, 4- D hydr oxy- 5- hydr oxynet hyl - 3- net hyl -t et rahydro-furan-2-yl)-; 30

4- hydr azi no- 3, 4-di hydro-1 H pyri m di n-2-one; 2

- G- net hylwO33abbof ur anosyl - puri ne- 6- car boxam de; 35 PCT/US03/14237

9- (3, 4- D hydr oxy- 5- hydr oxynet hyl - 3- met hyl -t et rahydr o-furan-2-yl) -

9H- puri ne-6-carbot hi oi c acid am de;

2-(4,6-Di chloro-pyrrol o[ 3, 2-c] pyridin-1-yl)-5-hydroxynet hyl -

met hyl - t et r ahydr o- f ur2a@8minappdrolo] U dRyytidyidimi- Trgl) S-hydrox ymetiyk Bl o

[ 3, 2-c] pyri di n- Ingthyl-tbtratiydas-Gaessidgiot; 3 - net hyl -t et rahydro-furan- 3, 4-di ol ;

2- (4- Am no-pyrrol o[ 3, 2-c] pyri din-1-yl)-5-hydroxynet hyl - 3- met hyl - 45

tetrahysiro- furan- 3, 4-siglino-4:(&al 3. § -

-C-methyl - (3 D gligAng. g%gﬁnfél%%xjg%a e y%qqﬁ AR s 031 093200

PCT/ US03/ 14237 4- A or o- Rt ’J3-D-ri bof urano

syl )i m dazo; [450] |d| - A

[3,2-d] pyrim din.7- # éy%&%ﬁl’ Y- g]hyﬁfé’t"ﬁwpﬁ’tyi?’ ARV EIRRYR: 3, 4- di ol

4- Ami n](r) 1- (J3- &"?1“ M Ha26P%, 5- c] pyri d| ne 10

4ChIoQ)7quoro- O D-ri bof uranosyl )i m dazo [ pyri di ne;

4- Ani no- 7- f | uor o- 1- (ﬁsé\mmq -Bd# drdihylory 5%@@2‘&{11@’[15’1-@}1}3@1&’ iefrahydra5

2- (4- Ami no- 6- metfph-20yl)-288-p 24 BrigffipPrangi di n- 7-yl ) -5

hydr oxynet hyl -t et rahydro-furan-3, 4-diol; 2-(4-Am no-6-nethyl-pyrrolo

[ 2, 3-d] pyri midin-7- y|S}Hﬁdrohyidémyyﬁﬁﬁﬂy}‘kﬁm-nitro—benzoimidazol—1-y1)-

- net hyls t et r ahy détarhftioafirah-F4diiel, ; 20

4- Am no- 8- ( 3, 4-di hydr oxy- 5- hydr oxynet hyl -t etrahydro-furan-2-yl)-7-

oxo- 7, 8- di hydr o- pt er hdi0&nf BR8Ntk 315 8 ymethyl-3-methyl-
tetrahydro-furan-3,4-diol;

20 1-(3,4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-;
4-hydroxy-1H-pyridin-2-one;

9-(2’-C-methyl-B-D-ribofuranosyl)-6-(tetramethylguanidino)purine;
25
2-(4-Amino-pyrrolo[2,3-b]pyridin-1-y1)-5-hydroxymethyl-3-methyl-
tetrahydro-furan-3,4-diol;

4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-
30 furan-2-y1)-8H-pyrido[2,3-d]pyrimidin-7-one;

2-(2,4-Dichloro-5H-pyrrolo[3,2-d]pyrimidin-7-yl1)-5-hydroxymethyl-
3-methyl-tetrahydro-furan-3,4-diole;

35 1-(2°-C-methyl-B-D-ribofuranosyl)-5-aminobenzimidazole ;
and ;

1-(2’-C-methyl-B-D-ribofuranosyl)-6-aminobenzimidazole;
40
2-[6-Amino-8-(N'-methyl-hydrazino)-purin-9-yl]-5-hydroxymethyl-
tetrahydro-furan-3,4-diol;

2-Hydroxymethyl-5-(1,3a,5,6-tetraaza-as-indacen-6-yl)-tetrahydro-
45 furan-3,4-diol;

7-(3,4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-
3,7-dihydro-pyrrolo[2,3-d|pyrimidin-4-one;
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4- Am no- 8- (3, 4- di hydr oxy- 5- hydr oxynet hyl - 3- net hyl -t et rahydro 25
furan-2-yl)-7-o0xo-7, 8-di hydro-pteridine-6-carboxylic acid am de;

4- Am no- 8WOI3M9xtpdhydr oxy- 5- hydr oxynet hyl - 3- net hyl - t et r ahy @#C®AUS03/14237
furan-2-yl)-5-0xo0-5, 8-di hydro-pyrido[ 2, 3-d] pyri m di ne-6-car boxylic acid
am de; 30 4- Ami no- 8- (3, 4-di hydroxy-5 -hydroxynet hyl -3 -nethyl -tetrahydro-
furan-2-yl)-5-0xo0-5, 8-di hydro-pyrido[ 2, 3-d] pyri m di ne-6-carboxylic acid
anm de; 35 4- Am no- 8- (B(4+Aaihy-Qr[Axy41bid2yHT -9k piminidih-5t @h-saes:gmiethyl-
furan-2-yl)-5 - as@athdrSfiguBdr-@opyrido [2, 3 -d] pyri mdine-6-carboxylic
acid am de; 40

d-Am n0s 8- (3, - di hy Ar Py ured AR KB N RS Y 2L P R yrimidin-
furan-2-yl)-8H g;{gb_g%ﬁ?&&o_ gc(}{_gql_ n- 5-0ne,

4- Am no- 8- ( 3, 4- di hydr oxy- 5- hy ro’xyrre]fhyl -tetrahydro-furan-2-yl)-

8H pteridin-7-one; 4 - Am no- §- ( 3, 4- di hydr oxy-5 _ .
-hydroxymet hyl -tetr aa%ffﬂl[ryfl{%ﬁ’y%g' ﬁ)n-let ?‘E}%‘H‘%’&I\I['@,e@-}’&}lmwlﬁphi n-7- one;
180 WD 03/ 09329Yberfinsy3lligwalydrorlusgn-34-dok 3, 4- di hydr oxy-5

- hydr o%}/rret hyl -t et rahydro-furan-2-yl)-2- nmethylsul fanyl- 8H pyrido [2, 3
-d] pyrimdin-7-one; %f4-Amino-5H-pyrrolo[3,2-dJpyrimidin-7-yl)-5-hydroxymethyl-3-

4- Am no- 8- ( 3, 4- din¢thylrtetrghElronfadno¥yrdibhy| - 3- met hyl -t etrahydro-; 5
furan-2-yl)-2-methyl sul fanyl - 7- oxo- 7, 8- di hydro- pteri di ne-6- carboxylic acid

am de; 10 8. A phar max:es,uJmmdr@msmﬁae&?mrﬂlahﬂgteﬁralpﬁﬁé%ﬁﬁqtm?| Iy
acceptgpl e diluent and a therapeutically effective anount of a conpound or

m xture of any one of  iheg€q nes ' = L5/ dine:
phar maceuti cal conposi (t)%on’ coﬁ%rﬁ?s?ﬁ aOIFS)ilﬁzgﬂr ﬁ&’ggﬂlﬁfl@glsl g:/arﬁqg(aﬁﬁé%lg%t abl e

d Luent and a therapeyt) ol sSULRF ISR aRbrdGOIRSNd oF mxture of

20 5-hydroxymethyl-tetrahydro-furan-3,4-diol;
2-(4-Amino-5-oxazol-2-yl-pyrrolo[2,3-d]pyrimidin-7-yl)-;

5-hydroxymethyl-tetrahydro-furan-3,4-diol;
25
4-Cyclopropylamino-1-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-
tetrahydro-furan-2-y1)-1H-pyrimidin-2-one;

1-(3,4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-;
30
4-hydrazino-3,4-dihydro-1H-pyrimidin-2-one;

2’-C-methyl-B-D-ribofuranosyl-purine-6-carboxamide;

35 9-(3,4-Dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-
9H-purine-6-carbothioic acid amide;

2-(4,6-Dichloro-pyrrolo[3,2-c]pyridin-1-yl)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3,4-diol;
40
2~(4-Amino-6-chloro-pyrrolo[3,2-c]pyridin-1-yl)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3,4-diol;

2-(4-Amino-pyrrolo[3,2-c]pyridin-1-yl)-5-hydroxymethyl-3-methyl-
45 tetrahydro-furan-3,4-diol;

4-Chloro-7-fluoro-1-(2°-C-methyl-B-D-ribofuranosyl)imidazo[4,5-
c]pyridine;
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10. A nmethod for treating hepatitis Cvirus in mammals which nethod
conprises admnistering to a mammal diagnosed with hepatitis Cvirus or at
ri sk of WO odeyxbopi ng hepatitis C virus a pharmaceuti cal PCOMso¥i1423DN
conprising a pharmaceutical conposition of daim@8. 181

4-Amino-7-fluoro-1-(2’-C-methyl-B-D-ribofuranosyl)imidazo;
[4,5-c]pyridine;

2~(4-Amino-5H-pyrrolo[3,2-d]Jpyrimidin-7-y1)-5-hydroxymethyl-3-
methyl-tetrahydro-furan-3,4-diol;

4-Amino -1-(B-D-ribofuranosyl)imidazo[4,5-c]pyridine;
10
4-Ch10r'6-7-ﬂuoro—1—(B-D-riboﬁlranosyl)imidazo [4,5-c]pyridine;

4-Amino-7-fluoro-1-(B-D-ribofuranosyl)imidazo[4,5-c]pyridine;

15 2-(4-Amino-6-methyl-pyrrolo[2,3-d]pyrimidin-7-yl)-5-
hydroxymethyl-tetrahydro-furan-3,4-diol;

2-(4-Amino-6-methyl-pyrrolo[2,3-d]pyrimidin-7-yl)-5-
hydroxymethyl-3-methyl-tetrahydro-furan-3,4-diol;
20
4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-tetrahydro-fiuran-2-y1)-7-
0x0-7,8-dihydro-pteridine-6-carboxylic acid amide;

4-Amino-8-~(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-
25 furan-2-yl)-7-0x0-7,8-dihydro-pteridine-6-carboxylic acid amide;

4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-
furan-2-yl)-5-ox0-5,8-dihydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid
amide;
30
4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-
furan-2-yl)-5-ox0-5,8-dihydro-pyrido[2,3-d]pyrimidine-6-carboxylic acid
amide;

35 4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-tetrahydro-;

furan-2-y1)-5-0x0-5,8-dihydro-pyrido[2,3-d]pyrimidine-6-carboxylic
acid amide;

40 4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-
furan-2-yl1)-8H-pyrido[2,3-d]pyrimidin-5-one;

4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl)-
8H-pteridin-7-one;
45
4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl)-
8H-pyrido[2,3-d]pyrimidin-7-one;
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4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl1)-2-
methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one;

of 4-Amino-8-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-;

furan-2-yl)-2-methylsulfanyl-7-oxo-7,8-dihydro-pteridine-6-
carboxylic acid amide;

8. A pharmaceutical composition comprising a pharmaceutically
acceptable diluent and a therapeutically effective amount of a compound or mixture

of any one of the compounds of Claims 1-3 or 7.

9. A pharmaceutical composition comprising a pharmaceutically
acceptable diluent and a therapeutically effective amount of a compound or mixture

of Claim 5.

10. A method for treating hepatitis C virus in mammals which method
comprises administering to a mammal diagnosed with hepatitis C virus or at risk of
developing hepatitis C virus a pharmaceutical composition comprising a

pharmaceutical composition of Claim 8.
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