NOVEL TRI CYCLI C NUCLECSI DES OR NUCLEOTI DES AS
THERAPEUTI C AGENTS Rel ated Application [0001] This
wa@ppsiozess on is related to provisional appli cap€Dns2004/027819
Serial Nunmber 60/498,425 filed August 27, 2003 which
IS incorporated herein by reference inits entirety.
Field of the Invention [0002] The present invention
rel at eNOVERGFRICYCLE¢NUCLROSIES ORNECLEOTIDES
nucl eoti des, thei ASSTHERARPEUTICAGENTSI r use for the
treatment of infectious disease, including viral
Relateld NppGtatpas, and of proliferative disorders, including
cancer. Background of the Invention [0003] Viral
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for new HCV drugs. Hepatitis C virus conprises a
of prolyigeitivie disortersainsludiog ¢psree encl osed in a nucl eocapsi d

and |ipid envel ope and consists of approximately 9600

M oTe] ot 1L des, which encodes a pol yprotein of about
BaCkQ\EjAL]JUU%Z?lﬂ{e? V%%ir%as (Dynock et al. Antiviral Chemstry &

t herapy 2000, .. 79). A ot.ei n, NS5B .
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polyprBRR, bRkt Polg M 394 4R nd W #4644 RBthe synthesis of double-stranded

RNA from the single-stranded viral RNA genome that serves as the template. The reproduction

of HCV virus may be prevented through the manipulation of NS5B’s polymerase activity. The
competitive inhibition of NS5B protein would suppress or prevent the formation of the double-
stranded HCV RNA. Alternatively, a nucleoside analog also may be incorporated into the
extending RNA strand and act as a chain-terminator. Furthermore, a deteriorating nucleoside
analog also may be incorporated into the extending RNA, which may cause mutagenic damage
to the viral genome. Recently, several PCT patent applications (WO 99/43691, WO 01/32153,
WO 01/60315, WO 01/79246, WO 01/90121, WO 01/92282, WO 02/18404, WO 02/057287,
WO 02/057425) have described nucleoside analogs as anti-HCV agents in in vitro assays.
[0004] Hepatitis B virus (HBV) has acutely infected almost a third of the world’s human

population, and about 5% of the infected are chronic carriers of the virus (Delaney IV et al.



WO 01/ 60315, WO 01/79246, WO 01/90121, WO 01/92282, WO
02/ 18404, WD 02/057287, WD 02/ 057425) have descri bed
wor@seeskgle anal ogs as anti-HCV agents in in vPCT/WS2004/027819
assays. [0004] Hepatitis B virus (HBV) has acutely
infected alnost a third of the world' s human
popul ati on, and about 5% of the infected are chronic
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[0007] Nucleoside drugs have been used clinically for the treatment of viral infections and
proliferative disorders for decades. Most of the nucleoside drugs are classified as
antimetabolites. After they enter cells, nucleoside analogs are phosphorylated successively to
nucleoside 5’-monophosphates, 5’-diphosphates, and 5°-triphosphates. In most cases,

nucleoside triphosphates, e.g., 3’-azido-3’-deoxythymidine (AZT, an anti-HIV drug)



used clinically. Anong them are al kyl ati ng agent such
as cisplatin, antinetabolites, such as 5-fluorouracil,
war@sgerses t abi ne. Al t hough surgery, radiation, PEnusS2004/027819
chenot herapi es are available to treat cancer patients,
there is no cure for cancer at the present tine.
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class off 3¥&H RRlRuABs et %ﬁ@le@i"désh BisclSsusRlonaidydideRcleosides are very
noi eties. To obtain such favorabl e nucl eosi de anal ogs,
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biological activity was not reported (Helv. Chim. Acta, 2000, 83, 911-927). The PCT
publication WO 03/061385 describes tricyclic nucleoside libraries. The present invention
discloses novel tricyclic nucleosides and nucleotides and their use for the treatment of infectious

disease, including viral infections, and of proliferative disorders, including cancer.



[ 0009] However, there are certain classes of
nucl eosi de conpounds that were not expl ored
wo paosoziseel y for their antiviral and anti prol i PET/E8200€027819
activities before the present invention. A class of
such conpounds is tricyclic nucleosides. Disclosures
on tricyclic nucleosides are very |imted considering
Summ febxd Biveiifgn of various tricyclic heterocycles. A
wel T-known tricyclic nucleoside is triciribine (TCN),
[0019Y TRE pRR&R ﬁﬁvéﬁﬁbﬁ’ }éléﬂe§ tot AoveD@ichdic hrlweides gid @envatlves thereof,
Porcari et al. J. Med. Chem 2000, 43, 2438- 2448%1
their preptation,ciditheir mcfor thedredtsniny af vival nfgeticns gnd preliferatipgidisorders.
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nucleoSid8 M prdfided 43, 2457-2463). Another known tricyclic
nucl eosi de is 2-(2-deoxy- b-D-ery”/ zro-pentofli
ranosyl ) -2, 6-di hydr o- 7?;2 3, R, 6ytetraazabenz[ cd] azul en
- 7-one, but its biologi ctylity was not reported
(Helv. Chim Acta, 2003%5 " 8/IN927). The PCT
publicati on WO 03/0613 d bel tri cyclic
nucl eoside libraries. The preseqgt, i nvention discl oses
novel tricyclic nucl eosiRiés andRiucl eoti des and their
use for the treatnent of infgctious disease, including
viral infections, and of prol’iferative disorders,
wHelRgh udi ng cancer. Sunmary of the Invention [0010] The
present invention relates to novel tricyclic
AW&I%@&{MQHFaﬁﬁ Bzrivatives thereof, their
IPHLERAT ABI I Cl,
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RO M do¥n&RAR! HpRSphak, Wﬁﬁh&ﬁﬁeﬁ&%&i@ﬂﬁiy masked with prodrug

moieties, or a mono di or triphosphate mimic;

B is a base selected from the group of heteroéycles consisting of
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R5 is OH, nonophosphate, diphosphate, or triphosphate,
optionally masked with prodrug noieties, or a nono di

w@eoosoehosphate mmc; B is abase sel ected frpor/Ukm04/027819
group of heterocycles consisting of \ XzZ2 W W " | N
wNZIlI Illeach Z is independently selected fromthe
group consisting of Ny, GG , S NR >C=0 >C=S,

eazﬁmbimdegeﬂdanﬂy&ébte&ﬁ@th@@%u ﬁélsﬁﬂgeifw rN-tléH;}MS @G,0,S,
partici pant in-a p bond (double bo @2{
NR, 5Grfdpdrice >d$ =NRGSTPere e ad i not a

B ot RSl

whitefa if X ik fiot a I&&T % t3Pa m b%ﬁd ﬁ%@ndé%%entlw B, WS, NR,

is C CHor einif |sapart|C|pant|nonep
>C"Q)(?IQ:'FS WORHE > GiR 61 570, PR(OR amdtCR-Garticipant in a p

s an ion pair and Mis a
pl’ gh%é?ggfé S&@?Nﬁ#?% group consisting of H,
v\ﬁscg;ICHBle OH, SH, NH, NHOH, N, COOH CN, CONH ,
C(S)NH C(—NH) NH , R OR SR, NHR, "and NR , when two

whereingf & & apastigipandieons sberd, Wis & nol ecul e, they nay

WE%F‘&&?&%ISF}O %p?l'ﬁ%gp%%ﬁ%& ’{5{3?1‘23 ¥ ﬂ%@ﬂ%ﬁmf ! al kenyl ,

"B, Wik an #Ypair BN idhéhidhal Kyl , optional Iy
cont ai ni ng one or nore heteroatorrs dashed lines (-)

Gulmﬁlﬁcmcbfr@mﬁb%@mp eoysidingdb &b Fe Chdirdl, QHGIRINHA NHOH, N3, COOH,

O, N (R REDMAT ™) QREBR.NHR ARG h oy sromos

are pro$entofi @ n[dldi@lld}l ﬂid?hﬁayklﬁmsilme ds QR Uferbrt fﬁﬁh@oﬁ& alottidred
embodiment L is CH. [0014] Preferably W C
Rpg Q_qltg:ﬁ%ﬁrcg,mﬁlq gowconsmtmg of alkyl, alkenyl, alkynyl aryl acyl, and aralkyl,

optionally containing one or more heteroatoms;

dashed lines (---) indicate a possible 7 or double bond.

[0012] Thus, structures of formulae IT and III may have one or more ring double bonds and,
in some instances, may have two or more ring double bonds.

[0013] In one preferred embodiment L is CH,.

[0014] Preferably W is C. Preferably X is NH.

[0015] In another embodiment, the seven-membered ring portion of the base contains one or
two and preferably one N in the backbone of the ring.

[0016] In another embodiment, the Z in the five-membered ring of the base is C.

[0017] In yet another embodiment, each Z in the seven-membered ring portion of the base is
preferably C-G, >C=0, >C=S. Preferably CH-G is CH,, CH-halo, and C-G is CH, C-alkyl
preferably CCH,, C-OR, preferably, C-O alkyl, more preferably COCHj,



[0015] In another enbodi nent, the seven-nenbered ring
portion of the base contains one or two and preferably
wo@e@sm2ises t he backbone of the ring. [0016] | n BODUREN4/027819

enbodi nent, the Z in the five-nenbered ring of the

base is C. [0017] In yet another enbodi nent, each Z in

the seven-nenbered ring portion of the base is
[oogIﬁﬁéﬁ@dbﬁi&ent>§1@st siteoE RAurat i abt M. Gratdther pobferred

and C G CH, Calkyl preferably CCH, COR

preferably, R I kyl,
one enbodi nent,
anot her preferre
vv S HCF t)H

¥nor e ngferably COCH}yDOOlS] I'n

b
ast one

B [0020] Some

i nvention of fornul , Bis a se s ted ym ‘%
emboditgentgthg §P28f het er o cI es consi sfﬁﬁg of z%‘c fﬁ(? OH
HO X Z1 ZIY X N Z3z, 1 NN (1V), -

=

0 )

H CH; of ”/OH

[0019] Thus, compounds of the invention may have the formula

R® R* $ 3 $ P
@ is  HO OH, HO OH
HO B HO B
HO\\ 6CH3 or %H .

[0020] Some embodiments, in compounds of the invention of formula (I), B is a base

selected from the group of heterocycles consisting of




XXZ525 WN N7NNMI), (MI1), and (IX); Z1,
Z2, Z3, Z4, Z7 and Z8 are independently Nor CG and
wa@zosasiseand Z9 are i ndependently sel ected froPCT/082004/027819

group consisting of , S, NR >C=0 >C=S, >C=NH, >C=NR

>S=0, >S5(O and CHG , / N N N/ [0021] In a

preferred enbodi nent, the baseis * * .0 Pp 0 /7 NHH
6H CO // N N N,7_- Jd, , or[0022] gc_(_ef_ ably the

conpouxd of the inventToOM \s not NHN /~H t> HO C

71 75

(VID), (VIID), and

7' 72 78, 7} 77 and Z} are independently N or C-G; and
73 7% and 7° are independently selected from the group consisting of N-BH,GM", O, S,
NR, >C=0, >C=8, >C=NH, >C=NR, >5=0, >S(0); and CH-G.

O
O\
NH NH NH
LSS LA
/N N NN NN
[0021] In a preferred embodiment, the baseis * , * , * )
0 0 0O o 0 By, O
7/ “NH NH / NH J "\ HsCO 7 NH H,co NH
20100 KSR S TR SN,
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OH Tl HO' , or [0023] In another aspect the conponent
is not HHO[0024] In another enbodinent, is provided
w@2emsbisas f or the treatnment of a viral or bacteeT/a52004/027819
infection, or proliferative disorder conprising
adm ni stering an effective anmount of a conpound of the
formula (1), or a pharmaceutical ™ acceptable salt or a
prodrug thereof, optionally inconbination with one or
nore antiviral, antibacterial, or antiproliferative
[0023% Rreferably the comppangtof thehiaventioq|is noff ecti on i s caused
by. an RNA virus, such as HCV or ,a:DNA or retrovirus
such as HB\j-Qor | V. [0025] The s#hvegtion is also
directed"® a pfocess of makilh gounds of the
I nvent i on,.m & -conmpound havi ng

t he fornf WNH/ W N R R R2 may be nade
by cycli &.n npound havi)l.q. itf rmula HCO CN NH
NH N "HalHN M

HOY

OH

)
H )
@)
/ NH
N
N
J | )
HO NTON
Je
HO , or

[0023] In another aspect the component is not

0
\
NH
%N
N =

HO— o N~ NH,

HO
[0024] In another embodiment, is provided a method for the treatment of a viral or bacterial
infection, or proliferative disorder comprising administering an effective amount of a compound

of the formula (I), or a pharmaceutically acceptable salt or a prodrug thereof, optionally in



NAWRWRRRRR ,2R"' wherein each of is
i ndependently Z; and wherein each of W-W is
wo pasperseent |y W Preferably, in this process BCT/BS2000027819
optionally protected N;, WL is C (if p bond) or N (if
no p bond); W2 is C, CHor NN Wt is Hor trialkyltin;
Z and Z are each independently CH, C- halogen, Calkyl,
combiratioy hwith@r@oR nkatb aftivifal, ImBbictérial %2 ahtiprotiferftivl .'J%Q_lts. In one aspect,
C . halogen, N, CNHR, CNH , CNR, CO or C=S; Z4 is CH,
the vigal inflegiifaris ceussfl jylan RNAmyms, sectoisdl Y| or addMAxirkgirgvirus such as HBV
orHIOH CGNH, GNHR or GNR;RL, R2, RR' R3, R3', R4
are each independently H, hal ogen, alkyl, Oalkyl, OH,
[09R5] dibalihwentioniscatsedirectadid Apkoceks efmakingoshiRunids ofithe invention.
optionally protected OH or This process may fart her
conprise reacting NH Z3' RWCO Me ,.CN, HR R2
with to formH COp CN NH NH WW N //Z‘Pz(
2\1 NH

2

W
20 | L
R® WIS
A 1
R4 R
RS R?
For example, a compound having the formula R® R? or
NHo
1
/
zv N
2
AN
5 S | 7t
R AL W ;N
R* R
RO=< wR?
3 ™2 .« .
R R may be made by cyclising a compound having the formula
H3co\|/O CN
I
ZE\Z1 Z§Z1
T NHg NH,
. 2
e g
z | z% 1
RS W N/,Z4 R5 W1/I\ W
A A
R&Fé R4)§ \Z—: R
R= 3R? RO R
RS R? or R® R?

wherein each of Z!-Z*is independently Z; and wherein each of W'-W? is
independently W. Preferably, in this process A is O, CH, or optionally protected N;

W' is C (if p bond) or N (if no p bond);

W?is C, CH or N;

W*isHor trialkyltin;

7! and 7? are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or
C-S-alkyl;

7’ is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNR,, C=0, or C=S;

VART CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or

C-NRy;



ZARW 4 RRRRRR2 wherein Y is a hal ogen; and
wherein WA is H or a netal -containing conpound capabl e
w@boosme ks medi at ed cross coupling. The OH andNPCTUS20£027819
may be optionally deprotected. [0026] In another
enbodi nent, a process to nmake 2 6 1 X NWANRRL R3
i sgas ¢lising a conpound having the formula
Z%T%g azp exclyimdependently H, halogen, alkyl, O-alkyl OH optionally
protected O, methyl, H or F; and
R’is an optionally protected OH or NH,. This process may further comprise reacting

Y NH5
W2
A N
RS Wi 2
A N 2:COMe CN
4 R! 2
RR3 < TVR? i A
3 B2
R R with w# or W* to form
O
21 Z 1
l NH : NHo

B2 or Rr3
wherein Y is a halogen; and
wherein W*is H or a metal-containing compound capable of metal-mediated cross
coupling. The OH and NH groups may be optionally deprotected.

[0026] In another embodiment, a process to make

Nu
6
|
22 _,
f Y
W2
AN
5 \‘\1 ’Z4
R A w ) N~
e R
RRs\ %2R

wherein each of Z'-Z* and Z° is independently Z;
each of W' and W is independently W,
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R R2 wherein each of Z -Z4 and Z6 is independently Z;

1 each of WandWis i ndependently Wwherein Y is
whadosgersss and Nu is a nucl eophil e. Preferably, PAI/iS2004/027819

CH or optionally protected N, X is optionally

protected N, , or S; Nu is an al cohol, an alkylthiol,

or an alkylamne; W is C (if p bond) or N(if no p

bowigtr¢inWPisitaldgenGddor N, Z1 and Z2 are each
|ndependentl CH, C-hal ogen, C-alkyl, C-ary
C X s aapcleophile. Ksetarably, A B0, GHps omoaaubyprote@tqdaﬂ ogen,

%'N?% g}NQ or C=S; Z4 is CH or

C-)%a gen, -rgeky ,Né;;ry% C- O al kyl, C S-alkyl,

C-Nikis a@-dNtdhol, @nhlé@ltﬁ{ol@rhﬂ?ﬁlklyﬁhm&, I E2| , 83 I E3| , 84_|

ar i ndependent H, hal ogen, alkyl, al kyl , ,
&é?ﬂf?bﬁP&%NégngPrbﬁﬂ%l gor F; R5 is an

onﬁ?gr@ldﬂopf\]ot ected OH ONH ; and Z6 is CH, , NH NR

or S. This process further conprlses reacti ng Mi Z6 Y

Y B and V& ark ddgh mndBend2ntRB CH, CR&alégen Cralkyl, Carflp€d-alkyl, or

rein Wis Hor a netal -containing conpound capabl e
C-8- j)#hﬁtross coupl i ng.

Z? is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNR;, C=0, or C=S;

Z%is CH or C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or
C-NRy; ‘

R, R%L R? R, R*, R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally
protected O, methyl, or F;

R’isan optionally protected OH or NHj; and

ZG, is CHp, O, NH, NR or S. This process further comprises reacting

2 2
P~ SN W SN
AT 5w g
R® WS /6 R® WS\
A N 2Z A N
R R! z R R’
3 N2 M 3 Np2
Rs =R A R~ =R
R R with W' to form R R
wherein W* is H or a metal-containing compound capable of cross coupling.

[0027] In addition, the compound of the invention may be further modified, for example, to

add various functional groups. In one embodiment, a compound having the formula

0
72 (
/t
z1 NH
A2
Wy
5 & | Vo
w -
R A . N
R4 R
R3S YR?
R R may be modified using a nucleophile and/or electrophile to

form a compound selected from the group consisting of:

11



[0027] In addition, the conmpound of the invention may
be further nodified, for exanple, to add various

wo eovsese@al  groups. | n one enbodi nent, a conpoRETUS2004/027819
having the fornmula NH - RL R3 R may be nodified using
a nucl eophil e and/ or electrophile to forma conpound
sel ected fromthe group consisting of:R Z2- NH k N NH
NW Z* NRWWAR,6 RRR RRBRL R3*"~ R3 R2Z RR2
R3 , and whe 'n each of Z -2%2aye mdependentlyz
wher ei n ea¢h andW ar ezi/nd endent | yW ar}d NH
wher ei n N4 "23 nucI eophi |l e. \Er eflerably, in thi
process AV‘{ \Qr optional | o BCt edN;, N |S\E
al cohol , 7a1<1, | Ky t hj oI or kyd anine; WL T 4L1
gﬁ%nggp\;orf NN nB Ni's CR “g
Rr* Ri ndepend 2 C— hal o w
C &yl CRb al kyl, of €& S &Ryl ; g% ¥‘

Qr®

2\1 NH 2\1 NH 2_;1 NH
2 2 2
Z\gv B z\éN B z\g’fﬂ
RS A \\/\/\1 N /go RS \\/\/\1 N//k RS A \\N1 N// Z
RY [ Rt H 4> [ Rt 4 ZZ—R1
R3PS ~R2 RS R2 3 ZR2
R R? R® R R R
b ” >
(o] Br\ (0]
/22 ( /Zz (
Nu-z1"  NH Nz NH
V\V2 ~3 V\V2 \N
22| iy 2
1 74 N s
R® Al WON R® W'SNT
R R R4 R
3 g2 R3 NR2
3.\ = o 3.\ = o
R R , and R R ,

wherein each of Z!'-Z* are independently Z;

wherein each of W' and W? are independently W; and

wherein Nu is a nucleophile. Preferably, in this process

A is O, CH; or optionally protected N;

Nu is an alcohol, an alkylthiol, or an alkylamine;

W' is C (if p bond) or N (if no p bond);

W?is C, CHor N;

7! and 72 are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl, or
C-S-alkyl;

73 is CH, C-alkyl, C-halogen, N, CNHR, CNHj, CNR,, C=0, or C=5;

7*is CH or C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH;, C-NHR or
C-NRy;

RY R R% R®, R3', R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally
protected O, methyl, or F;

R’ is an optionally protected OH or NHy;

12



Z3 is CH C-alkyl, Chalogen, NN CNHR, CNH, CNR , C=0Q
or CS; Z4 is CH or C-halogen, Calkyl, Caryl,
w@205abisgg , C-S-alkyl, GOH GC NH, CNHR or CQPCRUS20R1/027819

R2, R2', R3, R3', R4 are each independently H,

hal ogen, al kyl, O-alkyl, OH optionally protected ,

methyl, or F; R5 is an optionally protected OH or NH

ngg NRNNHN‘S%dS and R6 is al kyl, aryl, al kenyl or
[0028] In anot her enbodi nent, a
mk&]ﬂ(emdwp@&i}’won i s provided conprising a

a caII ef
lﬂ@%ﬁ%%ﬁ% R T B
theraputiedn gﬁkﬁﬁk%ﬁfounmﬁ eettdnqd)uﬁﬂe eﬁ’thlepfbmmda ) or b phamesayticaHy
[OOZQi The tricycli c nucl eosi des of the invention al so
acceptphle pelbier aipiodug thereel. such as nucl eotide minics and/ or
prodrugs thereof. [0030] For exanple, in sone

Detail Q:Q'n Bh of UL &@bhde minics of the conpounds of the
on O ormula (l) discussed above include: a

a ?%102@51%%1%-3 cgt;ﬂ% iﬁ@&?ﬁﬂ%ﬁ%hﬁ%ﬁ%@(ﬁh@h&% s'ﬂtgh’ ?%ﬁucleotlde
mlmloéth/oﬁ\@fbﬂ'ﬂngﬁereOM' , and X independently are , S, NH,

and X5' are.selected in
(oR30g ok ﬁ)éarawlsua S%‘ﬁﬂ“éﬁ’f’fhﬁ‘ben@r il ey endm@qg of the
Invenﬁ\é) of fDbmdhl Wlscu@éd%wveancl% SR, NHR and NR . The
stltuents BH GMand BH Mare ion pairs, which are
a dompoenld frowpich R oy menaphoenhgte mimwic 06 Baning &rnulHE) g §XD:
boron. Mis a catign. [0031] In some enmbgdi ments,
nucl eoti de m m cs )I%)f t he conpounds of thﬁ I nventi on of

X —p— X% ——§—
L L
X) (X1)

where Xl’, X¥, and X® independently are O, S, NH, or NR; X% X*, and X are selected
independently from the group consisting c‘)f H, F, OH, SH, NH,, NHOH, N3, CN, BH,GM',
-BH;M", R, OR, SR, NHR, and NRy. The substituents BH,GM" and BH:;M" are ion pairs,
which are linked to phosphorus through the negatively charged boron. M is a cation.

[0031] In some embodiments, nucleotide mimics of the compounds of the Invention of
formula (X) discussed above include di- and tri-phosphate mimics including:

a compound in which R’is a di- or tri-phosphate moiety of formula (XII):

4 3 ‘X2

X10——p—X6-4—P—X5—P—

(XID)
X2, X°, and X* are selected independently from the group consisting of O, S, Se, NH and
NR;
X and X® are selected independently from the group consisting of O, S, Se, Oy, CY.CO,
CHOH, C(OH),, CH,0, CH,CH,, CH;CHNH,, CH,CH,CHNHy, CY,0CY3, CY>, CRY,
CY,CY,, CHR, CC, HC=CH, NH, NR, NOH, NOR, NNH, and NNHR;
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formula (1) discussed above include di- and
tri-phosphate m mcs including: a conpound in which R
WO 3008/02i568 or tri-phosphate noiety of fornula (MXT/PS2084/@7819
X2 Il Il X10. - - 6 - - 5- - X9 X8 X (XIl) X2, X3,
and X4 are sel ected independently fromthe group
consisting of , S, Se, NH and NR, X5 and X6 are

Yéle Isglgéte@l ﬁbﬂﬂﬁ%ﬁdstﬁ H, e cm,rmu Eléap @ﬁéeﬁw Beld almayl wherein
alkylclkenyl, @pjalkynghvmaysach aptio commlmne ommecb@terem

RNE'SGI&E%% %’9@1‘0 né\g%iup @%l%tln%%qEnglk%B&P aﬁﬁ%ﬁ? ary, |a|g fn)ﬁld aralkyl,

each aptnbrmllyym)thunnlg‘tﬁfeejrmcab kyteroainkseny!l , and al kynyl may
nor e het er oat ons;

1
oD a0 anc R st erenieat i oA i ganishnk ehh £, OFL, SH,

it A B R P B8 bk ser, s

NHRX44 RRg sel ected independently from the group
consisting of H F, OH SH NH, NHOH NHOR, NHNH ,

kbR G0 0¥ 1. TIRRubbtituits MH,GRI™ R B%M’ﬁ@é‘ion@@ﬁs WA are is linked
The tituents BH GM and

erein nis qr . su
to ph%?ﬂﬂﬂﬁ“é il Oﬁghthﬁ é‘iegai“’e&ﬁh@%‘geg (DTN M; HidekftioB. phosphor us
0 | t
O S R i R pE e AR AR b i Phosphate
mlmlnmﬂwds’la&f fonttiei qognpohedpdfdbpinatwion are descaped m CRPebliations WO

2003 87 AR RIS 805 T R S0Ga BB gBincrippated herein by

referdn@® fnlkAElY edifrety? Mdny ¥l Sltid8 ifimii R OT RSB R i eh @b cddbe prepared by
reference in their entirety. Many nucl eotide m mcs of

similgrpgpypaches s PRiplisbad poby @%mg Wéllﬂmewa keqwbaylgg pﬁonganophosphorous

e8! RSOG89 BABAL AN B HBLIR OBty mvenion

inhibip Iamsymteammctmmwnlsom phosphonilaioa @ﬁd/@? Ea&&i’kﬁhﬁh&ﬁ&ﬁﬂe@@%‘c&ﬁhty
the invention can i it enzyme function wthout
relatl]ﬁ%@élﬂ)‘ﬁ]&i”%seét‘?lgh“%ﬂ%&g?gﬂlﬁ?@ haphanced nucl ease

[0@33? bﬂléatteiein bRbhhiéeninfc s BfHeARSe WebtiddN g td £8hosphate analo g,
0s
1nclu(§)1ng, b?lt not limited to, phosphonate, phosphothioate, phosphoselenate, selenophosphate,

thiophosphate, P-boranophosphate, phosphoramidate, sulfamate, sulfonate, and sulfonamide
and/or a combination thereof. Preferred embodiments of the phosphate mimics include
phosphonate, phosphorothioate, methylphosphonate, fluromethylphosphonate,
difluoromethylphosphonate, vinylphosphonate, phenylphosphonate, sulfonate, fluorophosphate,
dithiophosphorothioate, 5’-methylenephosphonate, 5’-difluoromethylenephosphonate,
5’-deoxyphosponate, 5’-aminophosphoramidate, and 5’-thiophosphate. More preferred is
phosphonate.

[0034] The terms diphosphate mimic and triphosphate mimic specifically refer to a
diphosphate analog and a triphosphate analog, respectively, which comprises at least one of the
phosphate mimics, one of the modifications at the bridging site of diphosphate and triphosphate,
or replacements of non-bridging phosphate oxygens. The modification at the bridging site, i.e.,
in the X° and X° positions of formula (XII), includes the replacement of O by other atoms or
functions such as S, Se, O,, NH, NHR, NR, CH,, CHF, CHC1, CHBr, CF;, CCl,, CBr,, CHR,
CYCO,, CH,0, CHOH, C(OH),, CH,CH,, CC, CH=CH, CH,CH,CHNH, CH,CHNH,,

14



[0033] The term phosphate m mc, unless otherw se

specified, refers to a phosphate anal og, incl uding,
whoedosootsés i nited to, phosphonate, phosphot hi oaP@r/US2004/027819

phosphosel enat e, sel enophosphate, thiophosphate,

P- bor anophosphat e, phosphoram date, sulfamate,

sul fonate, and sul fonam de and/or a conbi nation

CYZOCYQ,{(EEJ{ CYECQ’Q ﬁ;[nﬁfﬂkzemi@d Rnie sélscted friomethp gosplrangstingnfedkyl,
i ncl ude pho t h
alkenyheilpyh ﬁ%g,mségh g{fi ara}lqyﬁ AR ofﬁ AR g gne or more heteroatoms.

S ———

varietyddft sabgjriraspinoludingi B at, QH,5H, Wi, M@Heﬁﬁﬁb,ﬁﬁmﬂa NHNHR, CN,
5'-di fl uoronet hyl enephosphonat e, - deoxyphosponat e,

N3, "BH:MAR fORKSR Sebt, SeR(NTR, Nitsland R mmis md@ﬁnwxbh@em and

d
snereif! 8t RGBT o OB TR P bR 8
cation Sh@hRsRfa g mARakA g RN @urhbhinhos phtdatcydmahoginm, e.g., NH;", BtNH,

respectlvel y, which conprises at |east one of the
BusNEbhespBade . ni mi cs, one of the nodifications at the

oS LB RN PP SRIE s o

mdepe?iﬁéﬁt 6)} &bt QthePR ok BRobBfi b8liclE whdnThey b&omelarbhljﬂalepﬁﬁiphorus
andX6 positions of formula (X 1), includes the

[003@p Taceme nmb@cfmﬁytsOﬂxn sicyshio paclepsidesa nusisotidss BT Hyeryion also

1nclud€§‘}elr pre,i_yl'ﬂg dﬂ%‘veygq a@éﬂ@@ﬁm%an})géﬁ&aﬁgﬁmg&%errvatlves of

nucledstdesuclebtiday aGitivttleotidd fhidbihatMiicY ai¥meMods afishaliRg the prodrugs
where Ris selected fromthe

et el 0 (e R e o
and \WKE%(')(& | b¥9.c§ﬁ%12gls p?]ﬁg nRIRE QRN éﬂﬁ&rﬁk >g3{113=‘:‘>01(3pt10n and/or drug

- DI g| ng p e oxygens, e.g.,
dehvegomtctcah]ﬂs of formula (XI1) can be repl aced by a

et K@%&bs bstltu nts |nc Odti'\tlggm@mfw -%d%godggs’(eg one or

more §ieiﬂ —(ﬁ@ BroddRa nN%os d%ﬂn&oéﬁﬁﬁé €orRd drencas of B | | HEhr X5 or X"-X" in

herei n, "and wherein is a prodrug substituent

(X1) acxapdmg spbs@maﬁr‘)/o@ha Ry Of fgmula @Léléﬁisa%i léerem

[0@] Ign s%}l’h%gdra ﬁ%a%megmﬂﬁh Eﬁgy'#ﬁrdoﬁ%%XkElm Ja';rﬁi&re X710
positidr30 IBk tekeprofugbarPess arttbrgise spevifidue referp ho s prrakel (proteaed) form of
S B hesPate FLmiCe Do Ldspendent |, adopt, ¢l L1ST.rsc o
o TS T35 I SRR P MK e
more dfE1-K Yis ®ekr dthe pesdrugdf a/ascledsrdwﬁdmnqvhomate;g@!ég %aI;J m?lSk the
negatlgfg gﬁe{r!gebseo t]f?eelgheols&atg 1rn(1jrgnrcu1%oi%?yr én\{i%lgf oF 82\1%211}/, mask the negative charges
of the di-phosphate (X', X*, X'%) mimic or tri-phosphate (X"-X'%) mimic moiety or phosphate
moiety, entirely or partially, or mask a heteroatom substituted alkyl, aryl or aryalkyl (W’, see
below) attached to a phosphate or phosphate mimic moiety in order to enhance drug absorption
and/or drug delivery into cells. The prodrug can be activated either by cellular enzymes such as
lipases, esterases, reductases, oxidases, nucleases or by chemical cleavage such as hydrolysis to
release (liberate) the nucleotide mimic after the prodrug enters cells. Prodrugs are often referred
to as cleavable prodrugs. Prodrugs substituents include, but are not limited to: proteins;

antibiotics (and antibiotic fragments); D- and L-amino acids attached to a phosphate moiety or a
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nucl eosi des, nucl eoti des and nucl eoti de phosphate
m m cs and net hods of nmaking the prodrugs appropriate
wo 200503568 n t he present invention are descri bepCT/nSICT027819
Publ i cati ons WD 2003/ 072757 and WD 2003/ 073989. Such
prodrug nodification is to enhance drug absorption
and/ or drug delivery into cells. [0037] In one
phosp}ﬁrﬁmﬂmmmhetymh czﬁ*bdjfp@lbﬁr@hosfphbhm:eé)na/ninb'ganatbmoﬂpha@hoamidates),

o R b o A i
m01ety°d'r rél%lrﬁ&f:@ :9? B4B6H Hﬁnﬁ@%ﬁﬂhﬁﬂﬁ@@ ﬁ'il):r én b

ornmu di scussed herein
(phospheaxmdptee)d ougl Stjlgsh atoue(phovﬂhocﬁelrﬁiyiﬂ@m@mﬁpmgmcb oo PhOSPhate

i BBl S P B0 PR SRR Bl 5

@hosphewda{es)a of‘éek%;%%%h dfom EohebpLRSstarsht sEEr@dechf)IEEthl@ féue acids;
(XI') that is fornmed when one or nore of

v1ta1n1m5 polyaminesy carohydratesk pelyetbyisae syl (FBEH acl%ahgenyls substituted
4108 %%%gteeoh nqlgﬁa*r%lrtﬂr% v(s)r{thgug 'h%ko%{cg%lsllﬂ;st 1%'ﬂs gnf pﬂ&spﬁge{tﬁldgtfe

a nuc
attachmeﬂfpfwt&ﬁﬁmlaaﬂﬁ)sﬁhm 6r S1Rp mimﬁlhﬁmﬁﬁga(iylov 8) oheongestimfbetween
the phosphate mimc noiety entirely or partially, mask

an o, Bton @, Ewephatemolely erashosphatdvaindic-mpeisth hexlbiqepxyXSATE))

reosPAELBRG A ASERIR- Rbs LR R oS Regsgrcrno

W -NHERIGRL mgclﬂdlww sIreesca, &, 0-wr mzoracﬂbmhkmbxj \WCOOCH,O0-;
see belo attached to a phosphate or hate m.m c
RCOORHELY 5 B LD S PRa R SEPRT S ot - BT g

RCO 2hd’ W’YC‘Y @}(&ﬁl Eﬁoongl%gg%%&ﬁ@kéépdﬁ{z@ﬁR(ﬂb@‘cﬁ?cmo W-O-;
el er by al en S SucC as I pases, ester ases,
ROCOGCHD-ERS-,; R@@@GS&EO-WUMRMR@C@OC&W_OGW&IJREHEOOCHZO-W -CYy;

acylﬂu%'a%@é% Foathont e EERFCCR b SaHEE ARt O S Elsscif.cmo-
w-; RUGUEHESHARRIOTER0. wele R@‘bﬁ(ﬁ{%ﬁ{ﬁb@@ﬂ@m@-wf-@dr ugs.

odr ugs substituents 1 nclude t are not limted to:
RCOS@beéﬁz&SCHﬂHJQ}Vé’t—NHs REAECEEHSBEHCHQ§erit s) ;. D-

acyloxgg%ggfgﬂugpgquﬁa}ﬁ ?};@b@ﬁ(ﬁﬁbgﬁ%gﬁg% PREAE. TR, - Blw-; RCO,-

CeH,-CBOOERN oa)al}{@x)zrcghn@ﬂgmw N3t R@%Mﬁﬂtﬂﬁmwam-) RQ0,-CoHy-
an ox¥gen at om (phosphoesters) ;

ep
CH,-Ca roY 261 8903 ﬂla@vﬁaamlom kb Be RS RrL 8- 1% ottt
L \'/ - -C .
oo PRESBIAL T G TRSEDY, 1S3 RS DOR AR Ot ST 0
1 —O—alﬁﬂl-mmﬂl- gﬁtcemlc(x@h RS}QﬁHQ—&IIH(ﬁ)ORECHjO@i-S&Ik@"&ZE@%aﬁI@yberyloxy,
to_a phosphate npiety or apospa j ' .
RS-Chp 6 BB R L b0 U S ory sl O bk CH(OR o0
- 9 POATHXYEMRER SRER3heli@bhed via a
-0 ac(s){l)lezr% ggq@cﬁé‘ltﬁ&%yer ols I)((lzcﬁg%:)l dsm_\g/lmt?gm ns;
carborp nitmn nesxygea ktoahiods mloé®51dpc§]h-ycmth3phes;éla§p| ryumlcghat liberates the di-
Q§% cycl.osaligenyls; substituted
or tri- pho dte mimic in vivo.

[0039] A combination of prodrug substituents may be attached (conjugated) to one or more
X?, X* and X* positions on a nucleoside mono-phosphate mimic or to one or more X7-x10
positions on a nucleoside di- or tri-phosphate mimic. W’ is alkyl, aryl, aralkyl as described
above or a heterocycle. Preferred prodrug substituents (R*) in positions X%, X or X° include
2,3-O-diacylglyceryloxy, 2,3-O-dialkylglyceryloxy, 1-O-alkyl-2-O-acylglyceryloxy, 1-O-acyl-2-

O-alkylglyceryloxy, 1-S-alkyl-2-O-acyl-1-thioglyceryloxy, acyloxymethoxy, S-acyl-2-
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4 to 8-nmenbered rings, with or wthout heteroatom
substitutions, 1, 3-phosphoam date attachnents to a

Wo evosiozeshs phosphat e or phosphate ninic noi ety BQr/uos200/027819
or connecting between an a,b or b,g phosphate noiety
or phosphate m m c noi ety; acylthioethoxy, (SATE)
RCOSCH CH O ; RCOSCH CH O WO ; RCOSCH CH OWS-;

e R S A AR O

alkoxé}? OX%O’R@&%#Y oS whyldithiSaeibpory seylomurirryos-asxde-thioethoxy,

S TR TR B SRR i

S’-ethgoyy.CY -; acyl t hi oet hyl di t hi oet hoxy (DTE) RCOSCH

(OB Gl e il ipis sttt o hehed, rRICH o g0t 2 molecrle
MoiefgHihybd\idudis RS2 Fh Xc&@%]% D, I%%cycgc'ﬁhal&_ii pradrug masking

acyloxynethylphenylnetho
groum@@mmaqcrmlg, a arhydROS) a-catbddyel@Hing)ona Beterdd@le- C H

%%th\“rm b‘ilsezRC%e%ﬁ (gﬁleﬂwls& syecg%\%ﬁll\l (r%’ers%@ﬁmme(t}l of a nucleoside

or nuel E3{dSCURE Hakd 1@oret3ﬂas Zrreiraticyd Shrh6L£bYA ﬁ%&leos%e}cgﬂucleotlde The
-CHLOR)-CH O; 1,2-S-dialkyl-g eryl oxy,
base meyg ar@.qleghde of @napkly(l). ig a@mg}@irp hgteyquplﬂrqusent@b&l—ﬁonnulae

II- III: %f% ﬂg} % mo%et;?}ofg% }ﬁ?éleé)%&e %?@ @grre/épf %ﬁé’tncychgﬁleterocycle

represRAEDObSHNny Ghi Gwonﬁhla@lv -lX G‘E@Mdébsnﬂﬂ&ye isatiyeedYd M¢¥ugar moiety
; any substituent attached via a
ofa HE§ %%‘%nﬁgtj? Waiéﬁhetrb%wd%wl@tﬁzmveleasm stebsprgduetid- or

T AT A g ——
of formmwﬁlllg;cﬂ;edssies amtblmlcteolmﬂys inémizs bad/beprodagsitugaireshy do@tain one or

de
e SRA AR Rt 20, AT OT 00 R tents
direct RO Sithelr Y50, O} [ﬁfa'&b’ oF ﬁl@?‘{?g?urg.l'los OfrpL bl 019&?%60&1% ﬁla%am be considered
Wis al kyl, aryl, aral escni bed above or
as a stk’ustlment:qm]heec lFiroeftﬁmroé dlerlﬁlﬂﬂhﬂagoﬁmﬁebtsttblﬂm[ﬁfe(cgkof tHefbugar. The B-
sitions X2', X3 or X include

face lsztgs side git a&ippfirgacse gn ssbjch ?QP@T@%PHL’!KWIQB passrofinatayal B-D-
nucled(sg% ﬂ{%rjles%t C?ﬁé/ (Pc gl%g/? ﬁ}é' stdse tiue sugar pros1te to the B-face. The sugar

gi'ycery

mo1etjf ofSthalpkeskntdn@ntieN lis Aot liiRd!ty ﬁ@ib)éhﬁéﬂ/ose aay (O YN Yostead it may
| - 2-thi oet hoxy, &- pival oyl -2-thi oet hoxy,

bea cg@@p&@im 76 ydr:ﬁte,ma@g g)egaﬂpgpmwng, or other ribofuranose analogs.
[Og‘lc{j ﬁ%&%@f ﬂ%éi H%ﬁﬁgetg;ﬁ%é%belﬁg %flhcg 3 refers to a nuclgl)éosde or nucleotide

containing a modified sugar moiety.

[0044] The term base-modified nucleoside or nucleotide refers to a nucleoside or nucleotide
containing a modified base moiety.

[0045] The term alkyl, unless otherwise specified, refers to a saturated straight, branched, or
cyclic hydrocarbon of C1 to C18. Alkyls may include, but are not limited to, methyl, ethyl,
n-propyl, isopropyl, cyclopropyl, n-butyl, isobutyl, t-butyl, cyclobutyl, n-pentyl, 1sopentyl,
neopentyl, cyclopentyl, n-hexyl, cyclohexyl, dodecyl, tetradecyl, hexadecyl, or octadecyl.

[0046] The term alkenyl, unless otherwise specified, refers to an unsaturated hydrocarbon of

C2 to C18 that contains at least one carbon-carbon double bond and may be straight, branched or
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S- pi val oyl - 2-t hi oet hoxy, pival oyl oxynei hoxy,
al koxycar bonyl oxynet hoxy, and S-al kyl dithi o-
w0 Boseeisyoxy. [0040] The term noiety, unl ess oPCEUS208€027819

specified, refers to a portion of a nolecule. Miety
may be, but is not limted to, a functional group, an
acyclic chain, a prodrug nmasking group, an aronatic

cyclid. | Altenyds Ay Mﬂ(ﬂ%" Bﬁ@are BotARRRQENCblefintc! AiBpe 1 l-butenyl,
het er ocycl e [0041] The term base, uni esg ly\Kn

3-butesyb di-penéenyl, rAeP@ﬂ@l}ﬂ,d-hmnﬂaglecymlexwy&L a nucl eosi de
The, b t t
I A SR A —

C2 to@18ahatuwoh@irsi ot a0 orfe%fﬂéhfbaﬂioh thflefbohﬂ 'aﬁd/ﬁiag%e stralght branched or
het er ocycl e represented y formul ae P-111 referably,
cycli filkpdemagiirglyde, butarp pet leatt¢djf@ ehynydr hiatapyyl) 2pegpybsl,

5 r het er ocycl e represented by any one of
burfﬂg& drl@étg{ 11 X. The nucl eosi de base is attached to the

[OQWdThermrm hyyl,oinless terens isp&lﬁdd saferd tovery Srohdadt nﬁ)@é‘ciﬂ with or
and b-L-nucl eosid can produced. [0042] The

Wlﬂmtlwmogargog? hgfadfamy Shdboie %ﬂwltﬁd tpphny, biphenyl
t
o 0, STl s,

The S‘{ibﬁi@tl@@fs magyinclude,divh aret Smited te hsfdtm&m ammm mloahalbgm ©yano, nitro,

t f ur anos
alkox§ua%1<33il Tiine h%ylﬂﬂﬁ d}&%?@& a’{b8rll i ?IE é’n%i 816?ar amele of
[0049 Thicaeiny bRMNES QinldHh tHRHEIsE @;‘%cﬁﬁedb%?&s ORISR tH&?conttaﬁns both an

consi dered as a substituent at the C I position of
aryl apq gballiyla A slkenyly ecansalkmyl hargkylaean log attalqbechfbgmgh ¢ifther the aromatic

pomoH or G R0l SomBEe n_‘?(') 8no eﬁklj’lg ?1%&9{139(? > %BP # lélglé[?d té)sb?ngyl

purine or pyri ase 0 urar

pheneﬂiyhgﬁﬁﬂylpfﬂpyl -ni@l@}ﬂph@yl hﬁyﬁilﬂﬁylpf)mbb@héﬁi}g,aiutﬂpﬂ@@l tBenylethenyl,

-face NI ety of the present
PhenYﬁmléﬁw} Bheq eth}?ilﬁ 1R eﬂpwyayf. bof uranose and its

[005U] IMRUEME Syl | IBEL JehelisTYecHfedarFak B 5!:1691%911"0811%1& Acyls may

car bohydr at € ‘anal og, a carbocycfic ring,
includej iyt re i diswtedriel fogsyl, p@Od 3MudFhacetydy dtﬂsugacvetytpnhfhmmzicetyl
e05|

ti d f
ctore 8y AR o LE A Ry o5t Bropi Bl B vyl B Odsgoutyes, o
pivalo¥he term base-nodified nucl eosi de or nucI eotide refers

t o a nucl eosi de or nucl eotide containing a nodified
[09731d Lheverat heteoapasietorn to exigan.auldyt, nittrdensy hatqgem WW&en one or

o R T L T —

group nﬂaylbedmoddwd Ebr&nﬁt@ﬁcd, vtk egke 61Qnoﬁﬂtetbéx‘batcl)1ﬁ§ Bl aétached to an alkyl,
n-butyl, iso

| I
subst1@te§@$1$%fs m@yg Eﬁjﬁ%{:& ing] lgggger OP Pt notdgpidaet to] ﬂuoroalkyl cﬁﬁoroalkyl

bromoalkyl, iodoalkyl, alkoxy, hydroxyalkyl, alkylamino, aminoalkyl, alkylthio, thioalkyl,
azidoalkyl, cyanoalkyl, nitroalkyl, carbamoylalkyl, carboxylalkyl, and acylalkyl.

[0052] Benzoazulenes, such as benzo[cd]azulene refer to a class of tricyclic compounds
having a fused, 5, 6, and 7 - membered rings that may contain one or more heteroatoms,
preferably O or N, in the backbone of the ring, and thus derivatives of benzoazulene is also
included in such term.

[0053] The term halogen or halo refers to fluorine, chlorine, bromine, or iodine.
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neopentyl, cyclopentyl, n-hexyl, cyclohexyl, dodecyl,

tetradecyl, hexadecyl, or octadecyl. [0046] The term
wa@bdosyises unl ess ot herwi se specified, refers tBCENS2004/027819

unsat urated hydrocarbon of C2 to C 8 that contains at

| east one carbon-carbon doubl e bond and may be

strai ght, branched orcyclic. Alkenyls may include, but

[OOQKETHQ’éenIn' fIhdtRA rbfers 0 Sfubgtitéent PFafidNs maglihatide, but are not limited
utenyl, 3-butenyl, 1- pentenyl

4- tenyl
to, hydtoxye sming, sulﬂrydcygam)cym halpgigire a yﬁ@c glymwarbonyl,
ot h A W f

alkonstiHii ol eunf g g ruBldided 0 20 IMPELL! Tone

[0035] RQH?}C&E ﬂﬁlmkﬁar GI})is% daeviend Fld);h‘amigteamltpreseghdm thie base; begir and

cyclic nyl s
other m@etl%t Ry | be gelsqatgqb ﬁg;}y :: gfqug &E%g}untg O%r aﬁg&ﬂ@nypaﬁ(myl aryl,

acyl, a§% gtt:élil%f? é}anor{raggée}:?étaﬁgﬁgalwﬁ JPRbeé hetetith GRS vﬁﬁ&?ﬁr@"ﬁ 8efined above.

_ n aromatic nmet%;
[00861 Mtﬂrotﬁﬁmg)groﬁﬁr for Ie&mraple dordDES, oAN/$US nailydmlgy ool H,, includes

but are not ] ted. h
ot o, SRy AL PSF s P N Ry Grene
T.W., on(ﬂt % Eﬁl %ﬁﬁg?}r@ﬁpsqﬁ@gﬁﬁgghhthwtfd ah%ﬁu%kyw%ﬁsﬂnc
nclrude are not. Timted to drox am no,
(1991); mcorpotmd:d)lgsarmn hyyrafesenca tNucle@mls 1‘@}1{09 ¢ have their ordinary
meam%p%tgt Al 10 EXf%Bff ¥Ca5é"ebr?e ble?élhﬁe)é%?eaa[l sgé alk?{%}élro\ll\slI og ealkylammes

whlchsxpa@%efdpﬁenau xate%tetdo “Bumpéfetsito bhtatthe; frod amcﬂ&)phdt:sharmlnhe
and an kyl , an, al kenyl r an al kyn aIKy ﬁ
nuclecphiiess Adachidiie dia HesRlis poBImoHE of e SRR Lot PRgroRbe may

th
o o BRI Sy, SUHBCTDY Uity .

orS. net hyl phenyl, ethyl phenyl propyl phenyl , butyl phenyl ,

| et h
OB Lo BN SBEK . RS i g
nucle(%ﬁggfnfay e assﬁs%@ﬁﬁu& g 8 Q%&&@ﬁ&@l@)ﬁbeep@éb}l’é Sarfl@ysuchas ligtsomal

are not limted fornyl, acetyl, fl uoroacetyl
suspemcfds;mlométg&ls ang pcflyumn@fadgtcymPOWS@f é@@r&l@ I) where'a chiral center

is pres(em D@’{l\(?e%glﬁpfp%ntnga}sg%l e &?o‘iféryloo’fr s%?e\?)g %[Eﬂ an[dg‘ggcﬁ}@ ﬁlereof such

as enah BRGSO aAL A hbk@es to oxygen, sul fur ni trogen,
hal ogen. "When one or nore heteroato are attﬁ%lched

[0g$34y e tg]nk‘ém@pon q(wroblaéggfpchogr v ersqp the miecion 3auﬁ%ql\})y an
mfectmlds g%en? QlaJmcg P40, B hEteR gﬁ% El%ﬁm' Qﬁét@ﬁ@a%) WS Br fungus

nor e et’eroatoms ar fed 16 an al
(1nclu§iﬁ@$1hicblllﬁledarﬁﬂ iylteliyr) b Ezapples uﬁmd:,robeﬁ d¢hai dausg su@hpmfectlon

1nclucﬁr;gteﬂ(§lgqlztz1§pfnggb£ %&galnu %%gg gjéﬂqup I(,Prrgg%ﬂlééﬂ%g %1as?§ American
Trypaﬁ@%ﬂﬁ%ﬂ‘é@hag% B¥seh ) Biltabi P kistosomiasis), cryptosporidiosis (diartheal
disease, Cryptosporidium Parvum), Giardiasis (diarrheal disease, Giardia lamblia), bepatitis A,
B, C, D, E, leishmaniasis (skin sores and visceral), malaria (Plasmodium falciparum),
Salmonella enteritides infection (stomach cramps, diarrhea and fever), tuberculosis
(mycobacterium tuberculosis), varicella (chicken pox), yellow fever, pneumonias, urinary tract
infections (Chlamydia and Mycoplasma), meningitis and meningococcal septicemia, skin and
soft tissue infections (Staphylococcus aureus), lower respiratory tract infections (bacterial

pathogens or hepatitis C).
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azi doal kyl, cyanoal kyl, nitroal kyl, carbanoyl al kyl,
car boxyl al kyl , and acyl al kyl . [0052] Benzoazul enes,
wa aobk/oasehenzo[ cd] azul ene refer to a class of pPeT/Uym04/627819
conmpounds having a fused, 5, 6, and 7 - nenbered rings
that may contain one or nore heteroatons, preferably
N, in the backbone of the ring, and thus

[0@%1{#@1?13%)@2?@%&%%8% etﬂl%rdb%s eSO ll'dé&?élﬁfeh‘rég iljtx E)hestﬁ(l;’wing chart:

ter e term halogen or
f1porine nfltigni ne, br OBAdHEria Of Fﬂgu@& [E}8Bstba The vigism

fUI% IT IUI ers—toa uualllucrt. FUTTCE T OTTS 1T X

in—\ rnkr\ |n+ Arn nnt | mtod +nh Iyl ANk A N
af-e—hRot—rH+tea—tp—t OOy —artG;

su ﬁp\ﬁ OOQZI do,cylano,hal ol nitrothydroxyam-no

hy HEBiekedPbNy| . al koxycar bony| , _or cafboxyl _eilt herX
pr p€emmmed Guldunpr ot eck ed. [0055] R may|be formlla ¢f)
i 5| BiatthiesldDisedsesubst i t uenX and| present [on Khe hase X
sugpry and other noietjes. R my be selected frgmthe
gr DGQH@QIP%I ng of al kyl, alkenyl, al kynyl, arjyl, x
acyh A0 arar Kyt—optjomakdiy cpntai ni Ny one Or [MOTr €

he oat ans; whi-ch—are—asydefined auuvc. OO56T A

"p enulgi' fal rr\nn" f ay l ot fAr ar N ciich Aac
|3 yl T \WaN |P| \ >3 LIV A} UT N O A" | AT

hy*i P'antla incl udes_amlc\/l oups QX| \/I groups, land the

I (Sinusifist abl e prot ectingAgr oups aXe désc )
G e8kin DiFeay¢ . et ah, jin PXotectingXGrolips Xn Orlganid
SynShquhnmznd Ed., John Wl ey| & Sons, |Inc. (1991),
I NCTuReaddss herein by refkerence. "Nucleophile”| and

" e[ O h&g@ﬁh&qnﬁﬁﬁM% theirxordipary meaming in {Ne art.

Ex E]IB}‘CCH{)I%;FF rle nucb@opn | 'esXar el al COPQI g, B
al Y7 ]H |92} dl Kyl IT1resS, VV|| CIT ||U.y V1S Upl I Utriar 1
Nt J’\rta' l't1§| " roforic + A |r‘\ thithao fraom niiel aanh |
pr W | B v v TTCT CTT O U VAV AN T ||C TC "mucT ©T0O T C3J

and the nucI eophl |l es as attached to the tricyclic

congou d.of the invention. Thus, a nucl eophile nmay be,
Qh@ﬁﬁﬁ~%@é#%ﬁe, DMF or MeO-. Preferably, a nucleophile
optionally protected N, or

[Oggéh Theompwebn%c?qqgieg ﬁ%}&@@e(g@ﬁﬁ sad ﬁgi.glrugsﬁber.@t]’, pf,’@,e}prqﬁ;pnt invention
can b% Efeﬁgtlég lb? ORdsdGhonds }'iﬁil %9%}‘[1%%? c%?é’an&eanﬂstﬁl fé()ﬁﬁ gpsfemlstry using

her apeutically ac pta e carrier suc
establlis'hpd)Smtlcmﬂhmitﬂogr(ﬁhenﬁﬂnmfd@claopddsqnahmﬁdcleondes Vol. 1,2, 3,

|mne In c ds_of f I er chlral
edﬂe(ﬁ@hi‘wnﬁeg ?r?éf Haandbogher JW @%n%ﬁ@h s by Vorbriiggen
Ruh-If’dTﬁéHz' RJEE'Wﬂe;D& SIn8 rl%@' SO0 1%e a;i’ib Xk 8%y t«%ﬂ%‘é&foAczds by
such as enantiomerically enrlch m xtures. 10058

Y oshithgsadvliziung, édsevien,'1986)." Tﬂn@mmbtroaides of e praset inednéipn cmobe converted
on ca fect]i

o the a5 g Rpor B SRR & ool G R G Rgtabtishea

phospRbBIABAY cedMtet USirdill arfyt REGKSn methods in the art can be used to synthesize the

nucleotide prodrugs and phosphate mimics. The following schemes and descriptions serve as

representative syntheses of the nucleosides of the present invention. As such, other compounds

such as those having -L-R* groups other than CH,R’ may similarly be made.
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(i ncluding unicellular and nmulticellular). Exanples of
m crobes that cause such infection include:

wacanbsaeba, African Sl eepi ng Sickness PCT/US2004/027819
(Trypanosom asi s), anebi asis, American Trypanosom asi s
(Chagas Disease), Bilharzia (Schistosomasis),
cryptosporidiosis (diarrheal disease, Cryptosporidium
Parvum), G ardiasis (diarrigheqi Sease, Gardia
l'anblid), hepatitis A B, C D E |Ieishnmaniasis (skin
sores and visceral), malar |HQ01%%I asnodi um f al ci parum, o
Sal nonel l a enteritides infect on (stomach cranps, - zZ—(
di arr heamand f evekd,w. t ubercul os 'S nmycobact eri um zi  NH

tuber o is), v@rl cella (chi ck\e.)[(#;px) vop@al | ow fever, ;‘\NZ]\/QN
neu IQ‘é‘t urinamy tract| nf eﬁ; lopls ( Geetryad asand 2
<MyecOptasnma), seningitis mgococc&—septl el A, R
6 nzd@nd sof t Mt apecropsn f ectt ongR (St aphyl ococcus Ry ZF

aureus), 1ower™7 ‘dspiratory tract infections (bacterial
pat hogens or hepatitis C).[0059] Common i nfections
[0061]s@yk:dsyl enzo[olpsulana dan b pespatedttyi hed fitaliohhe optionally protected

and g DRI S i o1l M CSE el mdiated

e T I

procesSkillowBifeesigreodlestive syniasamiBh ﬁm&ﬁnexldfubtqfablléldf%fﬁcléﬁt cyclisation to

nfectiong X I nfections X X
the me/Jentll;]/grc m-lp-cr)l?n%t y compouna cape}é?eg metal-meglated cross coupling may be

used, such as a tin derivative, such as trialkyltin. More preferably tributyltin. Cyclisation and
optional deprotection of the product delivers the target nucleoside which contains the
benzo[cd]azulene, a key element of the invention.

[0062] In Scheme 1, preferably A is O, CH, or optionally protected N; Y is halogen; W' is C
(if p bond) or N (if no p bond); W? is C, CH or N; W* is H or trialkyltin; Z' and Z* are each
independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or C-S-alkyl; Z* is CH, C-alkyl, C-
hdlogen, N, CNHR, CNH,, CNR,, C=0, or C=S; Z*is CH, C-halogen, C-alkyl, C-aryl, C-O-
alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or C-NRy; R}, R?, R* R} R* R*are each
independently H, halogen, alkyl, O-alkyl, OH, optionally protected O, methyl, H or F, R’isan
optionally protected OH or NH,.

Scheme 2

~

[0063] An alternative to the use of vinyl esters in the metal-mediated cross coupling is the
use of vinyl nitriles. In this case, cyclisation and bptional deprotection of the product delivers

the target nucleoside in the form of an amidine-containing benzo[cd]azulene.

oN , N
2 z
Z\\Z1 1/, \
Y NH, CN g NHp 7 N
2 i WA \/\V2 X
\é\:]- SN £1 4" | X ;I\] Optional 28 l I|\1
Z\“1 l 2 i‘i %W4 5 Z\'\1 74 deprotectionand Sy .74
Re Ay 1 N R Al 1 N cyclisation R &W ; N
R —_— 4 R - 4 R
R:%Li-z R—R%:Lz; RSS2
R 3 z ZR Metal-mediated cross o Xy RY 22
R R coupling R R
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Viral Hepatitis X Chemi cal Synthesis [0060] The novel
nucl eosi des and nucl eoti des, and prodrugs thereof, of
WO b@spessent i nventi on can be prepared by thoseCwis20as/@27819
skillful in synthetic organic and nucl eosi de chem stry
usi ng established synthetic nethodol ogy {Chem stry of
Nucl eosi des and Nucl eotides Vol. 1, 2, 3, edited by

[Oﬁﬁwmiem@'ﬁ g MR EGISSS1s d"alfl‘izb&‘?ﬁ)h%al ﬁ@i%hqlf Y is halogen, Wwlis C

Synt hesi s bri | ggen "Ruh- Po Ienz
(if p bogdkor Nrﬁtf no pzlmml) Whis CrGHnt I; W]anﬂscbrrtylaltkyltMJZf mch are each

indep %L?Jdc?ﬁ Bsi des Q%nﬁg: %‘L@s@rﬁrﬂr &f@‘éﬁlfyﬂ,ﬁ ééﬁﬁ lygrﬁlgﬁt Ceplkyl,

C-halbgen;, Mg ONHRy CRERADNRS) g:d@rmhisszhest@ﬂ thlahfg%ﬁ’ h@hRyl, @gkyl, C-O-

hosphate by established ph
k5Bl G esc#ﬂﬁinayﬁmiw&mf’mﬁiﬁa% AR, 8 oo s

mdep%ﬁ%gﬂ%%, gx%%? 2-1%16? g'aﬁ?,[‘dl 1098 C)ﬁéﬁge g yl or F; R%is an

optiomdlyprotptted 081 sNWg. as repr esent ative synt heses of the
nucl eosi des of the present invention. As such, other
conmpounds such as those hgv%%rﬁ L- R4' groups ot her
than may sinmlarly be nmad ede 1.C0 M NH i
satl on Rl

[0%](3? Hﬁjéiﬂ glglgé 8(t) L o Hean iqsga(gza%e appltedpphere the plkene partner in the

- | | "
R e e ——
hltralnqlmdar owalepplitic sutstitutiap lbb’lthmpeﬂdamtoglubeplhtd dediwerd tlhryrequlsﬂe

I 0 t her I-msdlatedco
benzofdlagofines SN ichn! Bhchon® Bl ap Lo Sud Bieiggptlitc
substififtioas. car bonyl group. Such process all ows for

stereosel ective synthesis of an I ntermedi ate capabl e
of efficient cyclisation to the inventive conpound.
Any conpound capajgl e of netal -agdi ated cross coupling P
may pe Wsed, sucifas a tin derifatyve, such as z
trlag{' wn @e preferablytrw | | ti Rty Cl i sation Z‘\gV
w

x5, andippti.enal deprwt ecti gan_of tﬁp n‘ductgjggggty\ﬁe‘*p@h& N24
Lyclsation 1
Mem nucl easi de whjch 2&&3 t éllsis' RRW'{’I RS RR
R

vededaos &R ® R
[0066] In Scheme 3, preferably A is O, CH, or optionally protected N; Y is halogen; X is
optionally protected N, O or S; W' is C (if p bond) or N (if no p bond); W?is C, CH or N; W*is
H or trialkyltin; Z' and Z2 are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or
C-S-alkyl; Z* is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNR,, C=0, or C=8; Z* is CH or C-
halogen, C-alkyl, C;aryl, C-O-alkyl, C-S-alkyl, C-NH,, C-NHR or C-NRy; Z° is CHZ, O, NH or
NR; R, R% R?, R3 R® ', R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally
protected O, methyl, or F; R’ is an optionally protected OH or NHj; Nu is optionally protected

N, O, or S.

Scheme 4

[0067] An alternative approach to the use of metal-mediated cross couplings involves
halogen-metal exchange of a suitably functionalised 7-deazapurine derivative and interception of

the so-formed organometallic intermediate with a suitable electrophile. If this electrophile is
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benzo[ c<f]azul ene, a key el enment of the invention.
[0062] In Schenme 1, preferably Ais , or optionally
w@ewsoztsesl N; Y is halogen; WL is C (if p bondpCDUS04/027819
(if no p bond); W is C, CHor NNW is Hor
trialkyltin; Z1 and Z2 are each i ndependently CH,
C hal ogen Calkyl, Garyl, GOalkyl or CGS-alkyl; Z3
also dg?lg%ﬁ &kmn@iﬁr@%étﬁd n{(}:lflg@k%/ﬁ, 1n%_N§lro§/elc@§E%L&%?ﬂlh@é'ubsntutlon
by ﬂl@:p@danuamcleo@hmel@ewge raquiNsiRbezolediiujen®l, R2, R2,
R3, R3 , R4 are each independengly H halogen, al kyI,
Oalkyl, OH optionally protected , methyl, Hor F, R5 2%
is am optionally protected C}I%‘ . Schene 2 [0063] Z°= X
An 2% tive to the use of v%p?gtgﬁter@m&y t he %El \;
s, et fated cross couypl] u'S edemyftectipn quy |5 W\
Ré}éﬁi}}h@S | n_tBts case, qﬁy ﬁkbﬁé;nd-ﬁﬁﬂL%nal wjﬁiA:fj*N
Rdepest ection of Gwhe produel:3 ebflers the target RF =R
Rhucleosi de in the formof an anidi ne-containing
benzo[ c<i]azul gne. Z1 Optional deprotection and
cyclisation Metalv-nedi ated cross coupling[0064] In
Schene 2, preferably Ais , or optionally protected N,

[Owklsmr%hg%]_l T, P}Qﬁfz é@y% 1(s}§ (G3 b@rrb 1{()8{1 )J\fg]rg{eﬁfgg\ép%?c}g?ggen Xis
optioedlytprotected &F) dent $,YWCH. CGfp abﬁ)@&m N @f ad b%bnd)g{’ﬁzl’lid IC, CH or N; W* s
al_ogen,

H or (iRt 68 Coky, Ctntsgony CNHRGNESY BNRS L Gfers: Z° s CH
or C- Igé‘l(%_leh}’t*allgrla@)ﬁlryl E- @%h&&l/'c S%llé/saé l[‘s}’fllz, CCNQR o’ NI% z° 78 7° are

are eac
each indefwpdendlyrTHy, G4 NI ak b@@lﬁ ]&1 R}l R @ aRﬁyie eaChlindependently H,

haloggrgt lgrﬂ,a(:)-layq}g (g]%:%étg)ga]aprg:(ec E R5 I]fsdégg]optlonally protected

OH oﬂ\IﬂbJ 18 4 ASSedpRUB khdhhs Rt bR |1ﬁ§ﬁéct@&N log of»'lB PU/ @dl eaving group.
where the al kene partner in the cross-coup

[0PE6YCEY e enaplie rgalencs aan aﬁerne.f@reébbﬁplreéarm |ba' ?myylb@n of intact
benzoi&ﬁ?zt%ﬂ]ﬁ%n Bs ﬁ{o%e tﬁﬂ%&g gnboluﬁ]ithoﬁsnﬂeﬁcf{ﬂ s%gh &%o&&ﬁ s e well

I on b ant nuc rvers
known éxpuastitieners of the art and can be found in the references cited above.

Scheme 5
o)
2
ZX
o 21 NH
2
//Z _< 3/ I ~ N
71" NH RS 5 z L7t
A Ly R NT N7
; \N R4 A
| + R3ZOVR? R4
.7 ] 2 R3™- YR2
R R 5 o
H R R

[0070] In Scheme 5, preferably A is O, CH, or optionally protected N; Z' and Z? are each
independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or C-S-alkyl; Z* is CH, C-alkyl,
C-halogen; N, CNHR, CNH,, CNR,, C=0, or C=S; Z*is CH, C-halogen, C-alkyl, C-aryl, C-O-
alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or C-NRy; R?, R?, R?, R*, R* are each independently H,
halogen, alkyl, O-alkyl, OH, optionally protected O, methyl, or F; R’ is an optionally protected
OH or NHy; Lv is Leaving group.
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benzo[ e<fj azul ene. SNAr di spl acenent reactions are an
exanpl e of such nucl eophilic substitutions. Nu 3"-

w@piaosonsks W deprot ecti on and - cyclisati on RAPCT/US2004/027819
Met al - medi at ed cross coupling [0066] In Schene
3,"preferably Ais , CHor optionally protected N Y is
hal ogen; X is optionally protected N, or SSW is C (if

[007 1P OReb)inGsycbyl bbnidfedlatatne)7-ondd cirsb&modifiedrbyNysikrosvi-functional
or trialkyltin; Z1 and 22 are each |nde endent |y q—l

group mieﬁawg@wnsc@@ﬁs)y [For exagiye P‘R Igbog C@E@@@RIPP atedby

hydro eﬁat@r&s &BQB% 3t Hﬁi‘% %ﬁﬂﬁgté%xﬁ?rogg‘s'ﬁk ’J](ﬂﬂh} Q)}Bl furfefibh can also be

converfed@ntl KYHthioCaormil onhnddfgd\lBLalkw}atNhiR or CGNR; Z6 is ,
NH or NRR R1, R2, R2', , R4 are each

i ndependently H, hal oge ‘ﬁ'&ﬂ‘yl O al kyl, OH,
or

optionally protected , F; R5 is an

opti onaI y prot ected OHor NH; Nu is optionally Br o
pr ot eg , or S. Scheme 4,[£067] An alternative \ZL.(
apprq) Hto the use of netal e jated cross coupl |,51,g§1

i nv zve hal ogen- net al exch ge of a suitably W2
fungdTipnd) i sed 7-deazapuri n pr atlve and 22l 24

RE— | pﬂdonH b e S for mard WS\
%m at e wth-a Siti- é ect %ﬁﬁﬂsﬁiﬂ’a’le“'i’“r Rl%ﬁfi‘
3el e 1Rr ophidriéend dsgdtesion e q”t;{lfppe Rwith an opti onal | yRs quR

prot ect ed nucl eoph| l'e, intranol ecul ar nucl eophil i
substi t utg %nau'?,}’ Ttemo ndant suwigkeaphi | e del i vels “tjr?é“m‘ deprotection

requi sit e ben azul en 9pt‘°ﬁ?a"4f’p'@o°f“i"onal depr Bf%ation o
and BulLi cycbn%at ion R Nu , Z
22 e el
7\ 21 NH
z' N 1 N
W2 gNZ SN
N | L w1
N Z W1 NE
RS w N°©  S-alkylation R4
;k_/\j,w Optlonal deprotection M' R3 R2
Rre R? SR
R3 2!

[0072] When equipped with an appropriate leaving group such as a chlorine atom that the 4-
position of the gycosyl benzo[cd]azulene framework, a range of nucleophiles can engage in
nucleophilic substitutions at this position. Suitable nucleophiles include alcohols, alkyl thiols
and alkylamines.

[0073] In Scheme 6, preferably A is O, CH; or optionally protected N; Nu is nucleophile
such as optionally protected N, O, or S; w!is C (if p bond) or N (if no p bond); W?is C, CH or
N; Z" and Z* are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl, or C-S-alkyl;
7% is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNR;, C=0, or C=S; Z* is CH or C-halogen,
C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or C-NR;; R}, R%, R*, R®, R*, R*
are each independently H, halogen, alkyl, O-alkyl, OH, optionally protected O, methyl, or F; R®
is an optionally protected OH or NHa; X is O or S; R® is alkyl, aryl, alkenyl or alkynyl.
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Zi Lv [0068] In Scheme 4, preferably Ais , or

optionally protected N, Y is halogen; X is optionally
w@ewsoztsesl N, or S;W is C (if p bond) or N (iPCTOSIN04/027819

bond); W is C, CHor NNW is Hor trialkyltin; Z3 is

CH, Calkyl, CGhalogen,NCNHR, CNH, CNR, C=O or

CS; Z4 is CH or C halogen, Calkyl, Caryl,

C-Oalkyl, CS-alkyl, C Mghemfe™NHR or CNR ; Z5 Z6 ,

Z9 are each independently CH, , NHor NR Rl, R2,

R2', RS, b, R4 are each independeptly H, hal ogen, 0
al kyl , kyl, OH, optionally ected , nethyl, oz

F, R5 'g//s ap,optionally protect 8 OMsor NH ; Nu is az/ NH
nucl edphi |

is Leaw'

such as optional | y\pro ect eds. or S \ZL
oupR-N0069] Gycos o{—eéﬁ]—azul eneg;
can a4\te nati vel ybe prepared M g&szl atjon of W /k

R—\i nt,act¥'benwo[ vaRazul &ned\ asa hown
Ms used for SM%&U ons ar@ O\ﬁn
O prastitioners of theR%t a chan be founth{m thgz
Rf ef er®nces cited above chenme 5 NH N [0070] In Schene

5, preferably Ais , CH or pptdHonal |y protected N, Z1
and Z2 are each independent}y CH, hal ogen, C-al kyl,
Caryl, COalkyl or CS al kylzzlggis CH C alkyl,
C-halogen; N, CNHR, ONH , CNR//, §P or C=S; Z4 is CH,
C hal ogen, C-al kyl, C aryI 6} Qal kyl C— S-al kyl, C OH,
CNH, CGNHR or GNR ; R2, R R4 are each

i ndependently H, hal ogen, aIZI§yI I

Oﬁﬂkyl OH,
optional ly protecte metAhyIW1 orN &8 is an
optional ly protect eMFJ Lv is Leaving
group.[0071] Certain g enzo[ ¢ T| azul ene-7-ones

canbe nodified by wellrknowrw2f uncti onal group
i nterconversions (FG@s). For exanple, the 8, 9- doubl e

bond can be mani pul ated by h glro ena%on, a d on.or K
(0074 Whesheasmnoed w4 Bo‘iraﬁ%%%% BYReSY ene AMmEWOrK can
be moﬁﬂﬂaﬁtb 9ﬂeﬁ@%@1 (ﬁfoﬂ beivee ﬁfé%ﬁl%ﬁ ibf) hﬁné sthndhi %ﬁﬁﬁﬁ@é( |
yl ation.

e rgo Schene L.
[0075] In Scheme 7, preferably A is O, CH, or optlonally protected N; W is C (if © bond)

or N (if no 7 bond); W?is C, CH, or N; 7! and 7? are each independently CH, C-halogen,

C-alkyl, C-aryl, C-O-alkyl or C-S-alkyl; 73 is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNRy,

C=0, or C=S; Y is halogen; RLR%LR%, R R ' R*are each independently H, halogen, alkyl, O-

alkyl, OH, optionally protected O, methyl, or F; R® is OH, NH, or optional protecting group; RS,
7 and R® are each independently alkyl, aryl, alkenyl or alkynyl.
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I/ \ Z1 HH, Catalyst R N NBS/Nu Rl Opti onal
deprotection Qptional deprotection O al kylation tional
walesorses i on Optional deprotection Sul furizi nECT/@8pes27819
O Optional deprotection S-al kylation Optional
deprotection [0072] Wen equi pped with an appropriate
| eaving group such as a chlorine atomthat the 4-
posi tion of the gycosyl begg&hed] azul ene franmework, a
range of nucl eophiles can engage in nucleophilic
substitutions at this position. Suitable nucleophiles 0
i ncl ude al cohol s, alkyl thiols and al kyl am nes. [00733—(
In Scheme 6, preferably Ais , CHor optionally 7 NH
protected N, Nu is nucl eophile such as_optionally V\Vz A
prot ect ed or S;Wis C (if p bghd) lor N (if no g 7] N
bond) ; rs{ CHor|N Z1 and/i re gach grs W N/I%O
indepe ¥y CH, C hal ogen, @—1al k , G-aryl 4 R' H
C—Oalk\yi rtﬁézﬁzaa:MyI ZBlsw ,\gal/y/l/& OgEIR

N, CNHR C=0, or £%S] .8 CHor R 'R
_ hal og@ ZR | ,Ac% a n(j‘mz . S-al kyl , Zz%o

. { R'R2, R’ : R3', R4/

R 2| ndependent *hal ogén al kyll, O al kyl , ij N
apti onat |y protectedl, n%t hyl ®or F; RS is an W
optionally protected OH or NH ; XIS or S R is )\
al kyl, aryl, alkenyl or al kynyl Schene 7 1 T@L}_Aﬁég
equi pped W|th a 4-am no group the gycosyl RRa g2
benzo[ c<i]azul ene framework can be nodified bys® R?

interception of a derived diazoniumion using standard

B85 OSF ek RaSERETE F oo gty v sl bond o
N (if no 7 bond); W? is C, CH or N; Z! and Z? are each independently CH, C-halogen, C-alkyl,
C-aryl, C-O-alkyl or C-S-alkyl, 7% is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNR,, C=0, or
C=S; Y is halogen; RY, R? R? R} R® ', R* are each independently H, halogen, alkyl, O-alkyl,
OH, optionally protected O, methyl, or F; R’ is optionally protected OH or NH,.

[0077] The compounds described here can be converted into their corresponding mono-, di-
and triphosphates using well established methods. Furthermore, prodrugs of mono-, di- and
triphosphates can be prepared in order to optimise the biological efficacy of these
phosphorylated compounds. Methods for preparing such prodrugs are well known in the art (see
Wagner, CR., et al. Med. Res. Rev., 2000, 20, 417-451).

Scheme 9
HO—(IP)I-O pase Base
OH R3 > 4 R2 4 R
R3.‘ —RZ. ~— R3 S B RZ
RS R2
HO- P o- pase T Pase
P O/XQL Ho—P—o—P—o—P—oww
OH OH ! ! | R
OH OH OH "TR¥=»—4&R2
RS R?
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or N(if no p bond);W is C CH or N Z1 and Z2 are

each independently CH, C-hal ogen, Calkyl, Caryl,
w@205abisgg or C-S-al kyl; Z3 is CH C al kyl, C pel/ogmn4/027819

N, CNHR, CNH, CNR, C=O or C=S; Y is halogen; R1, R2

R2', R3, R3', R4 are each independently H, hal ogen,

al kyl, Qal kyl, OH optionally protected , nethyl, or

F; R5 is OH NH or optional protecting group; R6, QR,

| pDIL2 3 B3 B4
[Og?gjyﬁiyﬁh% %@Cngr g&%ggh@ [do%ogi]éf)}a naé@fhéjotec%dlf@w R2RZ R3, R®, R
are eagh efdepeisleptlAH, halpgar, aliyt, iGpalkiyl, y)}ﬂ),rcqitleﬁilgdprbke%dl@ nfiethyl or F,
%if bngLorN(lfnopbond) is C CHor N Z1
Base ﬁ‘&‘@%@? &8t i ndependently CH, C-hal ogen, C-alkyl,
[0079Y Xh altém&hiw %Xﬂle We o@ﬁﬁos?f;hgﬁé.ls an o'dﬁl(%gé'f ﬂ-%s@is@é use of phosphate

C hal ogen, N,
m1m1¢$aﬁndg]@¢1gr plmlrugmfor mjdrugasseeﬁgagnefgécar et ghdfed. Res. Rev., 2000, 20, 417-

' nt haI [ kyl |, OH, . .
451). OB SBALARIbAe Pioidd Sl g el proihd s ppsyopriately
prote@é@ﬁtﬁﬁécﬁme%wkndvhlconﬁﬁ{%ﬁﬂ The conpounds descri bed

here can be converted into their correspondi ng nono-,

di and triphosphates using well established nethods.

Furthernore, prodrugs of Seheme 104j - and tri phosphates

can be prepared in order to optim se the bi oI ogi cal

effi cacy of these phosphoryl ated c%rrpolﬁ)hds i Met hods Base
for prepari ng such prodrugs ar ei()méP+X'k—rﬁ>oxm—IPﬁo R1
(see V\agner et al. l\/bd ReSOH Revy %QOR R2
e§‘?:heme 9 Base H-.- A Base A OH =2
/{L&(—FR ase
and
I I I Base
HO—P—X'-P—0—P—0 A 1
] I M R4 R
OH OH gy, Rz R?
3 3 =2

[0080] Methods of preparing tri-, di, and mono-phosphate mimics useful for making
compounds of the invention is found in WO 2003/072757 and WO 2003/073989 filed
February 28, 2003. A representative scheme is described above.

[0081] In Scheme 10, preferably A is O, CH, or optionally protected N; R!, R? R%, R3, R |
R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally protected O, methyl or F;
X'is O, S, NH, CF,, CHF, CCIH, CBr, or CHBr; Base is as described herein.

Biological assays

[0082] Antiviral assays are conducted according to published, widely used protocols. In
order to obtain the therapeutic index, compound-induced cytotoxicity to host cells is also
measured in parallel with antiviral activities. To determine the mode of action of antiviral
nucleosides the corresponding nucleoside triphosphates are subject to enzyme-based assays for
the inhibition of viral polymerases according to known protocols (Ranjith-Kumar et al. J. Virol.

2001, 75, 8615; Dhanak et al. J. Biol. Chem. 2002, 277, 38322-38327). Some compounds of
the present invention showed K; values of less than' 1 uM against HCV NS5B. |
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HOP-O ABase P- 4 RLHOPAOHOH- O P- O P- O m
- HOHOHRL R RR R3' R2[0078] In Scheme 9,
wee@soesks yA is , CH or optionally protected NeCRUS20RR027819
R2', R3, R3', R4 are each independently H, hal ogen,
al kyl, Oalkyl, OH optionally protected , nethyl or
F, Base is as described herein. [0079] An alternative
[0083] Simcel e rofliqoh RN a¢iRatidtimiinies Megeplidatibh 65 BEGVWRNREIn infected

hepatgc?}ggs? 1{;‘1 {)]c()) 2 g%{pza&qnghg Séh%qg)r{ég Igc?ts g\rgglrlgq%%ggy;ém potentially useful
R e
in Infentivue Oisedsay 20Dk, 43) aaaroscld fomthe ddemdifitationsof pSeneabanticICV
comfh e 5 b 45 0l Mot b by Lot
et al. (SHacp19SRNNBS 1 10, I OsneMifir. boso, BaKi X - SOPPIURSIA, 95, 1437, 2002,
the invention is found in WO 2003/ 072757 andWD

76, 4003035 0me 989peyrds @f the present invention showed potent anti-HCV activity with
ECsp values of low uM.

[0084] Widely uéed protocols developed by Korba et al. (Antiviral Res. 1992, 19, 55), and
Pai et al. (Antimicrobial Agents Chemother. 1996, 40, 380) are useful for the determination of in
vitro anti-HBV activity.

[0085] Anti-HIV assays can be conducted according to the protocols developed by Schinazi
et al. (Antimiromobial Agents Chemother. 1990, 34, %061; 1992, 36, 2423; 1993, 37, 875) or
other widely used protocols (Kimpton et al. J. Virol. 1992, 66, 2232; Chan et al. J. Med. Chem.

2001, 44, 1866).

Biological Applications and Administration

[0086] The nucleosides, nucleotide mimics a:nd/or their prodrugs of the present invention
may be useful for the inhibition of a variety of enzymes including, but not limited to, DNA or
RNA polymerases, helicases, ribonucleotide reductases, protein kinases, and telomerases and for
the modulation of G-proteins, P2 purinergic receptors and the allosteric sites of a variety of
enzymes.

[0087] The nucleosides, nucleotide mimics and/or their prodrugs of the present invention are
useful as human therapeutics for the treatment of infectious diseases caused by viruses
including, but not limited to, HIV, HBV, HCV, HDV, HSV, HCMV, small pox, West Nile virus,
SARS virus, influenza viruses, measles, thinovirus, RSV, VZV, EBV, vaccinia virus, and
papilloma virus.

[0088] The nucleosides, nucleotide mimics and/or their prodrugs of the present invention are
useful for the treatment of infectious diseases caused by infectious agents such as parasites,
bacteria and fungi.

[0089] Those nucleosides, nucleotide mimics and/or their prodrugs that have potent

cytotoxicities to fast-dividing cancerous cells are useful for the treatment of proliferative



February 28, 2003. A representative schene is
descri bed above. [0081] In Schene 10, preferablyAis ,
w@khos2pt i onal |y protected N, Rl, R2, R2', R3PCRBS200#227819
are each independently H, hal ogen, alkyl, Oalkyl, OH,
optionally protected , nethyl or F;, X is , S NH CF
, CHF, COH CBr or CHBr; Base is as described herein.
disord&k Ghelaiiag) A ssaNSitbORS Bjng/%amtet,l livak cameg psostate cancer, colon cancer,
conduct ed according to published, w dely used
breast gangen OYMIAN qapcy; BE pacdderkemid t her apeuti c i ndex,
(OGRS §PER kAR OB Rehelf ) R bALS G protein
hnaseé,&h@ﬁﬁﬂlcﬂﬁﬂehl&mﬁ%ﬁd@fmmms iandYootheaprodrirgsadf theptesard infegtion are

uscful B EpAHESRLRIGH e dHyge & It AR AR AR VP ueRugh FiinEEatory
dlseasgso Ldtﬁﬁﬁrﬂﬁﬁéd@&a@@é’ QL')IPQZ tdglbg QVMﬁd REA S8 Bar dlseases

t h- Kunar . Virol. 2001, 75, 8615; Dhanak
[Otétll ln oBleoto ox@tme 09 2¢sispatine, Q@aﬂvzmat@aslzeryplegméwdely used in the

treatmplé uf%gtfp ofy; SE&E%P ﬁé& ﬁ@}%‘f:r \éeé{‘ %g%g] kf‘gl nlg%lx &% mf?;ieoude mimics

and/orrtﬁak bfoaPugRAH, egﬂbdeﬁﬁﬁl'v&ﬁldﬁl rﬁ&}CBe thepesivallg aﬂmﬁﬂstexfed BV single
I'n infected hepatocytes, ound&l t hat have t he .

drug, qnmiﬁematlwly wt@oadgnnnﬁter@pnuce@hl Qnjrath.gng op grogs phey gefive

cnenf G A Ao TR R SRR BieDhay b

small hidle2tle] opslypbBiesasa ZOPinclebide.743) are used for the

ST B E e
the co \Sﬁlluﬁf}@% %X)]tédcﬂ;fmg Borfhuds hefeie bﬁﬂ%n&@&@ical%ﬁg&ceﬁt&ﬂe sdlts, esters or

ner al 000, 81, 1631; Virol 2001, 75, 1437
prodrt@@]&rea’f&s adiﬁ)@&)lgre%ms d“dmpgmpqgtlms mnl@d@ﬂ'@g@mltable for oral, topical,

i nvent showed po t anti
e bS5 SBh A RS AR compouns
of the Wﬁ@@@eﬁl %Yadlﬁﬁﬁﬁﬁsr&i todhamth&dd MilivédualRechit@Zhundhs, as
, and Pai et al. {Antimcrobial Agents Chenother.
therapﬁg’@fﬁagen@ 380) are useful for the determnation of in
H

[Oﬁbgr] dlgccctmé%n% 3:%{? g&ﬁlg&{l toﬁ }QQEgeJtngég taiée Lg'slg%';ﬁé %% gfg)’ [$hi&BPBiaPRifection

agentSCTig@Eentih@butiopArbd vides amrathlod forAbe reatm@heoint My;ent alfggﬁ)ed with an
34, 1061; 1992 36, 24 19 %3 1)

infectignremprisiag dIpHEEEERS © 1?<Pﬁttﬁﬂgﬁﬂéetrapa?rl ety feefie m’fb’@é"mblﬂ
amoudf a%%fhg) P@@f‘th@ﬁnv%hho& THEEm ChesbbeBetiof as Is38 Bprein refers to

i ol og Applications and Adm ni stration
an abnormal state or condition characterized by microbial transformation of cells, microbial

replication and/or microbial proliferation. Microbial infections for which treatment with a
compoynd of the invention will be particularly useful include the microbes mentioned above.

[0094] The term “treat” as in “to treat a disease” is intended to include any means of treating
a disease in a mammal, including (1) preventing the disease, i.e., avoiding any clinical
symptoms of the disease, (2) inhibiting the disease, that is, arresting the development or
progression of clinical symptoms, and/or (3) relieving the disease, i.e., causing regression of
clinical symptoms.

[0095] For example, the compounds of the invention are useful as antiviral agents. The
present invention provides a method for the treatment of a patient afflicted with a viral infection

comprising administering to the patient a therapeutically effective antiviral amount ofa
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[ 0086] The nucl eosi des, nucl eotide m mcs and/or their
prodrugs of the present invention may be useful for
wo b@siomtssdi ti on of a variety of enzynmes incl udP@mysSingt/027819
not limted to, DNA or RNA pol ynerases, helicases,
ri bonucl eoti de reductases, protein kinases, and
tel omerases and for the nodul ati on of G proteins, P2
comppuiid SRth@invefiteGe MM termaNirdl ife@ldnd 9k 85ddtheddih @feffto @n abnormal state
%ﬁniety'of enzynes. [0087] The nucl eosi des, nucl eoti de
or CO

tondhagacteriged briwirel trmstirmghomnef ecle, yirab sapheationandipreliferation.
Viral Iﬁ{nfgc {on§ %dflwl'ggh G%@ntt Xpﬁfl "élggxgbb\%rfd éﬁﬁe ﬁl@gntfc{ﬁlg\?%g@em éularly useful

aCTT ous Or s aaaasnioaid ruses i nc
includeathe virndes egntiopedHbdye. HBV, HCV, HDV, HSV, HCW, smal |
; st Nile virus, SARS virus, inflyenza viruses,
(R38R chbStivermony of Ehompaag f AleAnvAnigs refers o an
amouANWhiR R dfefife i 5H§m§%88%§ﬂtl lrgﬂo zginﬁﬁﬁtrgl?ﬁlt to eth% patient, in

nucl eotide mmcs an € prodr ugs eserit
contrgllingtheigoowthrof eigs eheimiérobe othamtor eatmgrolongingithd sativabitity of the

patieng kggogﬁﬁﬁﬁg%%ﬂ%f%é%% f gﬁ%{fﬁéﬁcha%%gﬂﬂs _l#:%?gg herein, “controlling the

growtRU €480 $é S8 ing) ibiB@tindCartdsiths 8r KDHYIAS tHelBickob1 O hidFerative
that have potent cytotoxicities to fast-Q|V|d|ng

transfprpation off selseir|the rpplicaiinafant pralifenatien pf gmmierebe efid does not

| | edl rs. cincluding. but not linited to,
necesiibfly Lo MER ORI ot 2" oL Bt colon

[068Ticaecordinglgsthe ppasestriny@itian itdluded phginaceitl cANEIBposititths

|.eukem a. [ 0090] the ligands of P2 recefpt ors and . o
dlginyention in association

As

compRSIAR.F an geivedngisfient gt leag ongRf Hietcompowndsyy
with dIORR RGN Salie | PROLAIERounb bF Rt Thik Bo BllcBliered by oral,
parentered (intremtisaatay, iofraperitontel, iergenals (Y harsutlttesses imedion), topical,
s 0B p R bR Gl o RT BL P e o
nasal,diag@als &tal [ R @dnduhl) @ 9@1&1161@39?&%&,0@5&;@%@1& 8HabkiBAfSutes of

. conbi nation therapies are widely used’'in the treatnent
adminggtratigp ¢ viiegeiogioddde nserhandmean e femutlatod inddosegaiforms appropriate

i - .nucleotide mmcs and/or their

ﬁﬁeaé?%@%ﬁg%‘gﬁ&?ﬁ%k%?esent i nvention may be

[0098]r SxielLitos e | foynsebirori] at@irgetration dncdidePaBsudés) gibled, pills, powders,

al ternlativel .y be_ admnistered in conbination with

and gighule, Ippbsabidhinageforps (ahariive sPmenNd S edmprsdnginpideast one

et SAEDLOEE ] AR O AR NGEDSPLGRY, sy g
can alpotomprokecastis dermdl pEREte, Blditipha rsnbstaicks othkr ihampest dilvents, e.g.,
lubricgt];ngt, Qgenpsr s%%}? Qg miarg11¥eesputni1 gtgar%‘%mg i’c}?eecsasérjl E)f (lza%{sﬂu Eas, ?aﬂj?ets(,),fand pills, the
dosage forms may also comprise buffering agents. Tablets and pills can additionally be
prepared with enteric coatings.

[0099] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, with the elixirs containing inert diluents commonly
used in the art, such as water. Besides such inert diluents, compositions can also include
adjuvants, such as wetting agents, emulsifying and suspending agents, and sweetening,
flavoring, and perfuming agents.

. [0100] Preparations according to this invention for parenteral administration include sterile

aqueous or non-aqueous solutions, suspensions, or emulsions. Examples of non-aqueous
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t he conpounds represented by the fornulas herein or
phar maceutical ly acceptable salts, esters or prodrugs
wo b@seofseas active ingredients. The conpositi OPGT/US2004/027819
i nclude those suitable for oral, topical, intravenous,
subcut aneous, nasal, ocular, pul nonary, and rectal
adm ni stration. The conpounds of the invention can be
solventd @W&h%@ﬁ@%fé@lé&%ﬂ polyethsilent dlyabk vegatabileldils) guch as olive oil
humans, .as therapeutic agents. [ 009 cor |n§ X ?
and corh Gelatn, 2 IRjReiabla PBEANOTSIRF BIDAEF @sﬁa"e clf dosage forms may

also coffhid dJQé\gaﬁl%u@? ﬁé g[f F%&ﬁ:%nw%ﬁ te?nulg—t?ﬁgg r48d %&?efsmg%%m@ NThey

provi he "t r 8at men I ent
may beesftéﬁlizeﬂ by, fok exenaple; filfration mnoughrqiralc@nagetammgwﬁlsﬁreby mgorporating
t he patlent a therapeuti ef f ect
serlziig 8P SR B SD TG SHp B IPOTHE™ AU RbresRe the

compodi 'ﬂ@n{) efBy cﬁh o150 88 nhAhehir8MusiAS stHSRAVAGT 8t sdniLdiBESstérle
an norfral state or condition characterized by

injectabiiecnaiiim) intmediaélybefre vse.of cel l's, ni crobi al

5P b Eon 8 L 8 B B SR os v
may cdnfdi@MhiaBditivh kd the @ct SubStdhey, bycipisik whch amcdou@kebﬁttbe or a suppository
m crobes mentioned above. 0094 The tern1 treat

wax. Gompasifions dennagalgir sebigigual @mws@ﬁww SP RESPAERS %ﬁystandard
ex01p1éﬁ?sa\ggllgﬁ%\%§ﬁthégﬁsa di se_ase in a manmal , including (1)

reven ease, i.e., avoiding any clinical
[Olmzmbpml fbﬁnﬁlhﬁoxdu mﬁ@ﬁeraﬂﬁ):ompﬁi;@in‘immptst, keeantis slotigms, gels or

that .is, resting the devel nt _or pr i O
solutiog., Qingan I CEHEN St GRS, SPEO DG EHEt s fsdous
'reco gxﬁzeﬁ clas&RY bé@n6&$a§és E301sA{abld BaRbsS BhnuRioHB806% and G@R2koluble
For exanpl e;” the conpounds of the invention are useful

bases. dotians amupr@am@emcsbe aftpie tetberskini onveuropad Ruiihasyidostt fiction, and

or at nent. of. a .pat
ooty i st RsPratng i R Pl fston AERRMY hOahive
agent, BRIpr&Rht @ dwaeeReiddhobbisy. ebfied dry &s@ﬂylsusﬁﬁeﬁhommﬁmhds ‘and
of ‘aconpound of the inventign. The term"vira

prefergbhy, éet the Areserd PYESge IFeRBIise p SABIdO1y soalsign H%Wﬁ&lﬂ'@t%ft‘t%f type.
Cream3 rets%%ggfh‘iﬁ ﬁ{% a‘rftg Qlfqugcg{lg figdda séﬁl s@l{;d L ARRhS re’i'iﬁ@l‘ &Hluptvater or

cation"an eration.” Viral
water-loRdi& CTosee f(ﬁm{ulamlns oo atyr s lmantthe/\fotrh of agehpeundenisotihe

i nvention wll tg‘ gartlgtcul usef ul include the
suspengiopriER&SIFisHL 05 Hetde ékﬁ%h "t herapeutical |y
[0ﬁf3§ Gall yefo?rﬂﬁklﬁ&ns d—’[fth&te?ﬁg%Qﬂ agl, ﬁﬁwde‘i‘ CornRR Akl @Ry by a dry powder

ers to an anount which is effective, upon single or
1nhalelrmﬂf¢rlypt anotlos eneaoisd Pideninistratden. t Bhis heerpemesaneny ¢fthe disadvantages of

II|n grom h of e.g., the mcrobe or tunor
heo“g %Wﬂ}%ﬁ 1ﬁﬁ;the survivability of the patient

[Oflﬁ)’ qnd ngh%E o ¥RRElLL cdiRnt iAChELTEHBRI0DE of thEdintErgRRM! be varied;
used herein, "controlling the
however it is necessary that the amount of the active ingredient shall be such that a suitable
dosage form is obtained. The selected dosage depends upon the desired therapeutic effect, on
the route of administration, and on the duration of the treatment desired. Generally, dosage
levels of between 0.001 to 10 mg/kg of body weight daily are administered to mammals.
[0105] The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to prepare and use the compounds

disclosed and claimed herein.
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gromh” refers to slowng, interrupting, arresting or
stopping the mcrobial or proliferative transformation
w@boosebisss or the replication and proliferati onPOf/Us1064/027819
m crobe and does not necessarily indicate a total
elimnation ofe.g., the mcrobe or tunor. [0097]
Accordi ngly, the present invention includes
[0106) heardet ﬁoaﬁzbrooﬁﬁmag' tdsi3tadcs; @OMbimition themle”smrawidewused in the
[ at |least one of the conmpounds of th

treatmRyy eﬁw Antepfonss Gie aurlgpside melogsperaratRrising & aponophosphate,
5’-d1191%§15ﬂa% 57 Fﬁg]o% og gﬁ@ ﬁrlefru sr{hecre{)ﬂ}('ﬁﬂ #) aEen‘f Aehon may be

adni ni Ste par ent er muscul ar,
therapautlc@lbeadmm&aéd asi axtingle dnrg,l er {ltevhativelyshermhgbe adisinistered in

.ecti. ical, trans ei the aSSI e
combiyBHFE Wit i sh GRe Pt LR CEERBBL b Iy forb A eREaRabion fherapy. The
other Gt t;shef.lhﬁ'éieﬂ1 lent1tYe§ hdYHe a 8t Ablechle, £ Bf?%‘d@l or aolynucleotide.
pul monar g., via dry powder inhalation) routes of

[Ozlﬂﬁ Allge mnucmnmthmsd hgrebn are imginwirated hsvemtlw refedercann teir entirety.
f f
0P itk PRRATE 8 bR Rl g pl afb e dighion.

adm ni stration include capsules, tablets, pills,
Examptwader s, and granules. In such sol i d dosage fornms, the

active conpound is adm xed with at |east one inert

pharmaceutically acceptable carrier such as sucrose,

| act ose, or starch. Such gosagg 1forms can al so
conprise, as is normal pr addi ti onal substances

Ot 1g5. A BRMhyIREDIritAIRHEAYB:2,6 dfirydrd-#B1L1 £ 35| ni RIS o cd]
such as nmagnesium stearate. Tn'the case of capsules,
tablets, and pills, thezuemagentris may al so conprise
buffering agents. Tabl ets and pills can additionally

be prepared with enteric gggtings. [0099] Liquid j
dosage for for oral adm ni\st L. orpdzncl ude X
phanggceutical | y aqcemp bl em, St i onsi ]l )

o

sus ensNb‘-iﬁ%MF@y th thazcel1|3>OB|zs cont Mnent
N@kﬁts—e@ﬂmnl yNﬂs d i w

s such |nertN Nnaent HaNQ ﬁﬁjﬁﬁ?q'?':é ns gah aldn
iHn;;I1ude adj uvant s, Hsygh as wettl agents, emugifying
and suspendi ng agents, and sweetening, flavorin 0
per f um ng aﬁ%g)tso [0100] Preparations accordf QA?;/QQ(%/% c/
this inventi® or parenteral adm nistration imclude

sterile aqueous ~ar nm aqueous sol utions, su per,qlﬁl ons,
or enul sions. Ex I Nueoussol vent
vehi cl esagre pr qp’yl |en _CH yist hyl ene o)f\,!
veget abl EXoi | C aﬂﬂéP corn Oty

gel atin, a\n'd@S_%_J\A‘éct abI /D F/7§{ C/&h ter%s et hyl
ol eate. Such:dosage forns maR/ al so cont arn :adj uvants

Z

such as preSensing, wetting, enulsifyifg, afd
di spersing agenfse I0GY \eon
E 70 °C/3h
0
7 "NH
% ~N
N ]
HO A
(@] N N,
HO  OH
17
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may be sterilized by, for exanple, filtration through
a bacteria retaining filter, by incorporating
wa@t@siokises ng agents into the conpositions, by PCT/US2004/027819
irradi ating the conpositions, or by heating the
conpositions. They can al so be manufactured using
sterile water, or sone other sterile injectable
[0ne9j Bon thé @ﬂ‘@dﬂaﬁbﬁ b¥ trf%%lﬁfﬁclé%@tde iy Qldmlﬁﬁlmab-tl Ho?‘ﬁ'azolo[S 4-
for rectal or vagi nal ~adm nistration are preferab
dlpyrigiding -3 wes B@p@ma bt thipdinetiemir- ammOahHrm'rmlq[bAtdilpynmldme 1.1
HHEE uch
usmg@ﬁddéglllct%or (?er}ﬁ%)@)ég%@bfe :T'fé% gls 1g:osryl §1 9 %Wgﬁ S?lin:‘ngﬂ%?lﬁl available

2-C- nmﬂmylnetszt‘tream}d ribafigardse 0.3(ih ®piingthitérhéthad iR dRe pkesence of boron
known in the art. [0102] Topica

ients wel |
il RGP SRS GiCHmeGEnBIHasIfe dahi 6524 yistcha TS foation. Removal of
I 0
s SO Sy 1 PR R A SIS e sy e
yield.f Bl useed, m@hlnyleldr}ddtaﬂsthe Pdfl] eaglyzodi srobnis@spling reaction of 1.5 afforded

the 7-{Red mopifi 083 e seaach T oot deb WisheGiHe Btk resutted in
an 1nt§a!ﬁidledﬁ[ar'§9§l%ﬁbn S&'fef(ﬁﬁg?th\é‘térg&%c%hc%hbﬁﬂmd@[‘ g are

typically liquid or semliquid preparations in which
solid particles, including the active agent, are

PERAPle L% okot 30 B8RS plgage ire ﬁ%%“?fi%) the
[Oﬂ(gs I%P'mﬁb’ n E’P}?grr;ucﬁg[ggf H:@?eglrlr(%lhg Wagﬁl%glav\%éd ?g&"{rﬁiég g? ?1’6 published

methodr(d Med dhes:. [19934i 3, 342453480301 i d enul si ons, eit her
oil-in-water or water-in-oil. Topical fornulations nay
also be in the formof a gel, i.e., a semsolid,
s Bz papki 10 StdpyBed-2ysihesiods-14(R-d-hetfydns, 8kri-a0-5&izdyi-Bub-
,[0103] Fi naI I formul ati ons of these drugs in dry
; 20403 deflpvamiding (e dr y powder inhal er of fer

, anot her rreans of adm nistration. This overcones
[0 y1 erAeqiel-HiGmaihah? dgfeli-Ofbenaeyldp-aibofimendsa (k.0 gehd sumol) was

dlssol{f&ﬂtneaih (irg&é)g' fog{égl}agg fﬂg(? :) a& ?Paifl\lsosg %S?clé)gl%toﬁ%(ak%Z? 12 mg, 1.21

OSI Ions O S |nve

mmol)vtzasl adlded CEiss@Eyltihd @ﬁspéﬁbﬁ)lﬁmmbug{t t& RefludGinld bBrontrifluoride etherate
[ be such that a suitable dosage form

023 ) i%g P wﬁ%i@@%%@&%@ﬂ@éw@@p@ﬁw slqbtmnx Fiich was heated at
reﬂuxqusi LEATRBLARE W ds goglfeﬁ ecﬁé soc]%htg Q@rer&gﬁfrﬁ and the off-white foamy

adm ni stration, an uration trea
residud esik dsdolvédanmthjlll a;wta‘@amdglmrﬂ @uedd&zvm}ﬁ stireihgexeto af). ﬁﬂ N aHlCOg The

/ kg of body wei are_adm nistered to
oo D Sl BB T e e
(NayS89), ﬁﬁeﬂe@ aRA eV RRattDRSEYOkn SFEHRRI¥1id KiThis n‘mﬁeﬁzﬂ &as purified by flash

column chromatography on silica gel using CH,Cl, to 2-3% MeOH in dichoromethane as eluent

to give the desired compound 1.4 (811 mg) as a yellow foam.

Example 1, Step-C: 4-Amino-3-iodo-1-(2-C-methyl-B-D-ribofuranosyl)-1H-

pvrazolo[3,4—d]nvrimidine (1.5)

[0112] A solution of compound 1.4 (540 mg, 0.75 mmol) in MeOHic NH; (120 mL,
saturated at 0°C) was stirred in a bomb at 45°C for 16 hr. The mixture was evaporated to

dryness and then the residue co-evaporated with additional MeOH. Purification by silica gel
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art with a conplete disclosure and description of how
to prepare and use the conpounds disclosed and cl ai nmed
whersiozisp9106] I n order to overcone drug resi SPEIT2004/027819
conmbi nation therapies are widely used in the treatnent
of viral infections. The nucleoside anal ogs,
correspondi ng ' - nonophosphate, '-di phosphate,
column cHrbmtahfgﬁe@ihgtugmgaaﬁm% M gsdichelbﬁnﬁcmarteras ehleats@ve the desired
i nvention ma erapeutically adm nistered as a
compoynd 54261 1) a%ﬁnafft@p id/el y they may be adni nistered
in conbination with one or nore other active chem cal
ent|t| es to forma corrbl natl on thrap . The other

’ PR,
r f ence Jnthel t 0 _l_tleld herein by
e
l‘"é??hﬁﬁ éoé@@rwﬂogﬁ ﬁh@‘%? 10Bbp The ol o LW aver (10 m)
Eﬁﬁ’dlpln?&h é‘ﬂﬂﬂ L
e ad%@?chﬂ(lzﬂ%%qlp%% D-r1 bof u%nos;ﬂ/zzo glLdlza\%grngngll) tnethylamme (0.332

mL, 2.36 ﬁmnolas nmch@zrab@ﬁnphenyhrhgmﬁ@)palbdm[m (71)33 Bzggog.vq mm@.) heated at
o RN LS SNl PN Gty 46 B, Mo

(44 mg 023 molHdetHy #1285 2@ mL, 23.23 mmol), triethylamine (0.332 mL, 2.36
mmol)and tetrakis(triphenylphosphine)palladium [0] (133 mg, 0.12 mmol) were added and the

............

mixture was heated at 70°C for a further 6 hr. Then the reaction mixture was cooled to room
temperature and 8 mL of 1/1 MeOH/CH,Cl; was added. 100 mg of Dowex 1x2-100 Bicarb form
was added, the suspension stirred at room temperature for 45 min then filtered. The resin was
washed with 5 x 10 mL MeOH/CH,Cl,:1/1, the solvents were evaporated and the residual DMF
was finally evaporated by azeotropic evaporation with toluene (2x10 mL). The residue was
redissolved in MeOH and pre-adsorbed on silica gel. Chromatographic purification on silica gel

using 4-4.5% MeOH in CH,Cl as eluent gave desired ester 1.6 (216 mg, yield 52%).

FExample 1, Step-E: 2-(2-C-methyl-B-D-ribofuranosyl)-2,6-dihydro-7H-1,2.3.5.6~

pentaazabenzo[ cd]azulene-7-one (1.7)

[0114] A solution of ester 1.6 (208.3 mg, 0.57 mmol)in 0.1M NaOCH3 in MeOH was heated
at reflux for 3h, cooled to 0°C and Dowex 50 x100 (acidic form) was added until the solution pH
became neutral. The reaction mixture was filtered and the resin was washed with MeOH. The
solvent was evaporated, and the residue was purified using silica gel column chromato graphy
using 4 to 4.5% MeOH in CH,Cl, as eluent to give the desired compound 1.7 (26.5 mg) as an
off-white solid.

[0115] 'H NMR (DMSO-ds) d 11.6 (s, NH, 1H), 8.56 (s, H-4, 1H), 7.31 (d, J 12 Hz, CH,
1H), 6.28 (d, J 12 Hz, CH, 1H), 6.15 (s, H-1", 1H), 5.28 (s, 2’-OH, 1H), 5.14 (d, J 6.9 Hz, 3’-
OH, 1H), 4.65 (t, J 5.7 Hz, 5’-OH, 1H), 3.95-4.09 (m, H-3’, H-4", 2H), 3.62-3.69 (m, H-5, 2H),
0.83 (s, CHs, 3H). MS m/z 332 (M-H)".
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H 14h/ NH Pd[Q/ (C Hg) N HO Cul /CH =CHCOOWe / DMF/ 70

C/24h HO1.6 OHHO OH 1.5 0.1 M NaCCH / MeOH 70
wW@L@K[026e®] For the preparation of tricyclic necl/esmode7819

1.7, 4-amno-3-iodo-|H pyrazolo[3,4- d]lpyrimdine 1.2

was prepared by the iodination of

4-am no-| H pyrazol o[ 3, 4-d] pyri mdine 1.1 using

N-i odosucci nimi de in DVF gkafifle2 The gl ycosyl ation of

1.2 with connerC|aIIy aval I abl e

2- G net hy| -2-6X-€ ahethylef§HD-riboitif i ng
ni tr omet hane |§1 th oride
et herate gave Qg =65% yi el d

after purification. Renoval of ester bl ocki ng groups OTEDMS
w th amoni a in MeOH provi degpTedve f‘i'zéfﬁ\ni@aj epside 1.5 al

83%.i sol yi el/d\/];l?egmus f nmethy \"’%fMyI ate in an
'H B Pa¢ cross co p|s%g r eBePi ofF Of 3,5 R

2af for ded t he Jyl kReEnyl nucl e for@acriklier t r eat me
of corfpound 226 with NaOVe/ I\/ECH resulted in an cuBnS B

i ntranol ecul ar cyclization , yielding the target 25
tricyclic nucleoside 1.7. Exanple 1, Step-A b | TBAR/

4- Ami no- 3-i odo- i ?-pyrazol o[ 3, 4- ilpyrimdine (1.2) +™
[0110] 4- Am no- pyrazol o[ 3, 4-d] pywt m di ne was OH
prepared accor to the published fhet hod (2J. Med. al
Chem 1993, 36@}4 3430). Exa ) asH S
4- Ami n&" NV 2 R 2. i -62bdnzogle Gl
- Db- rlbofu sy D Ted# 0l o 3,4-% ryri—m—dﬁe—(l.h‘)_(j,
[0111] CLBnO  OH ClBnG  OH " DEADIPPhICHICN o0 S By

| - 0- Acet yl - 24 GoRb:Y! - 2, 3, 5- trl-O-benzoyI-D-ribofuraﬂ%
se (1.0 g, 172 mmol ) was di ssol ved i n anhydrous

ni tromet hane/(¥0. 0 nL) and to this solution conmpound
1.2 (312 nyg, 1 mmol )was added. The resulting
suspepsi on brought to reflux and borontrifluoride
etheraﬂe<§?i_3 m., .78 mvl) was added. The suspension
becane C r solutlon whi ch was heated at refl ux
for 2 hr.2dhe m xture was cool ed, the solvents were

[Oﬂléﬁ H?r%%}iggio%leBtS?FHﬁ (gf_ s%rli}lg p{/r(r)&%yrimidine 2.1 afforded bromopyrrolo
pyrimidine 2.2 in 63 % yield. Treatment of 2.2 with n-butyllithium in THF at -78°C resulted in a
selective lithio-bromo exchange to yield an intermediate which on treatment with (2-
bromoethoxy) fert-butyldimethylsilane (-30°C/ 5h) delivered pyrimidine 2.3 in 43 % yield along
with recovered starting pyrimidine 2.2 (30%). When the reaction was repeated on large scale
(7.0g of 2.2), significant improvement was achieved (-20°C/ 16h) and pyrimidine 2.3 was
isolated in 55% yield (5.5g). Stereoselective glycosylation of 2.3 with bromo sugar 2.4 (freshly
prepared formx commercially available 3,5-bis-O-(2,4-dichlorophenylmethyl)-2-C-methyl-1-O-
methyl-a-D-ribofuranose using HBr in acetic acid/CH,Cly) with 85% KOH/TDA-1(tris[2-(2-
methoxyethoxy)ethyl]amine afforded nucleoside 2.5 in 26% isolated yield. Removal of the
TBDMS group of 2.5 with tetrabutylammonium fluoride/THF gave diol 2.6. Compound 2.6
underwent Mitsunobu coupling with N-hydroxyphthalimide to give the corresponding
phthalimidooxyethyl nucleoside 2.7 in 88% yield. 2.7 was treated with anhydrous H,NNH; to
remove the phthaloyl group and this free aminooxy intermediate (crude) 2.8 was heated in EtOH
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resi due was dissolved in ethyl acetate and then poured
wWth stirring into ag. sat. NaHCC>3. The aqueous | ayer
wormsextssact ed twice with ethyl acetate and t hBCT/US2004/027819

conbi ned organic layers were dried filtered and
evaporated to give an off-white solid. This materi al
was purified by flash columm chromat ography on silica

to give@e8. Ramogal bftiR-@ohldebthAyhguphef 2eby heing B; &l UHs(El, telivered
give th sired conpound 1.4 (81 ng) as a yellow

mcychpéxgﬁl‘eo%iea te 1, Step-C. 4- Ami no-3-iodo-1-(2-C methyl -
-Db-ri bofuranosyl)-1i/- pyrazol o[ 3, 4-<f| pyrim di ne

, 1. 5)1[0112] A soI utlon of co und .4 g, 0.75
HARIID 9 g 4 S RYTH] G 4

stlrred in a bonb at 45 C for hr The mxturewa
[01é7h7|5@ selutign pﬁ%h&mﬁﬁ-mlm[ﬂénd]tmmlé@ﬁm prepared accordmg toa

e BSRREE P01, B gg?@w% B R

di chol or onet hane as el uent gave the deS|red compound

Cﬂﬁghﬁ&ﬂ@gponyl )et henyl ] -1 d- royr azoI o[ 3 4 ar|
yrimdine (1.6) [0113] To a solution of conpound 1.5
[01f18pm ﬁ%ﬁ&sﬁn(&%@m@un@z Qﬁomei) A ﬁ! POYFR.& AndT-in THEB (40.0 mL) was

ng, 0.23 nmol ), acrlate(ZOrrL
cooledze -mgcrmdbl)an 'ctrgmeamdsahﬁrmz ?@Llc{é zﬁMan h@iaB@, A ymeh) gvas then

i R I A DD BB

utyld?ihﬁ;ﬁﬁelgmgﬁf 4?122{12}% ﬂ%noggw%d'dbd st slyfmlge%/htrkds niahlteﬁnmgmm rection
mixturggt -78%C. zﬁwpgonngﬁ)ft@qeﬁms @prgd E éf rﬁ{c% éO%anc{ st1rred for 2h,

I 0
b A8 P A 80 v

color, Weatreadechwltﬂ (NTﬁGlp@H@CI& and veter. 6T]lr¢r readtmmt)dwe maaexiragted with

CHzCl b %%Sﬁérgg | t R rggzlg:%e g\@aggpai%io n%\e%g}gg residue was

punﬁeﬁ%&'ﬁa‘ﬁ@éolﬁ%%oﬁﬁ@ gﬁw %SE'dCfAcﬁiﬁi Hkade@ @8eluent to give the
tenperature for 45 mnthen filtered. The resin was
desiredrerheamdi2eh(101 . 45116) s white splidetRrosnapdviatiad, &ridhamdoc. PT-1,
35653rg§ dual DMF was finally evaporated by azeotropic
"e:’ ]lgoration with toluene (2x10 nlL). The resi due was
redi ssolved in MeOH and pre-adsorbed on silica gel.
BLomst oarapl. 6 puy L BB BN SRS o3 IL LB A8 ety 3.5-
bisP( ZMLCE&}QOI%%%nvhﬁé@N/HL@D]ﬂbo(ﬁlﬁﬁosﬁfﬂ 7TH-pyrrolo[2,3- dlm/‘rlmldme (2.5)
2-12-C et hyl -b-D-ribofuranosyl)-2. 6-di hvdro-7H1. 2. 3.

[0ﬂ9? Compound 2.3 (2.5 g, 8.00 mmol) was suspended in CH3CN (50 mL), and powdered
85% KOH, (1.3 g, 19.73 mmol) followed by TDA -1 (tris[2-(2-methoxyethoxy)ethyl]amine)

(0.2 mL, 0.62 mmol) were added. After stirring at room temperature for 10 min, a freshly
prepared solution of bromo sugar 2.4 (prepared from commerciaily available 3,5-bis-O-(2,4~
dichlorophenylmethyl)-2-C-methyl-1-O-methyl-a-D-ribofuranose; (i) Helv.Chim.Acta, 1995,
78, 486; (ii) WO 02/057287, 2002) (10.1 mmol) in anhydrous acetonitrile (50 mL) was added
via cannula, and the reaction stirred for 24 hr at room temperature then cooled in an ice/water
bath and treated with CH,Cl, (100 mL) and water (80 mL). The aqueous material was extracted

three times with CH,Cl,, the combined organic layers were dried over Na;SO, filtered and
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pent aazabenzo[ cJ] azul ene-7-one (1.7) [0114] A solution
of ester 1.6 (208.3 ng, 0.57 mmol)in 0. 1M NaOCH in
wor@stozesss heat ed at reflux for 3h, cool ed to QLENN2004/027819
Dowex 50 x|l QO (acidic form was added until the
sol ution pH becanme neutral. The reaction m xture was
fllhtered and the resin was washed with MeOH The
aporatedy $HE s %PP\RI ificAf a 5 LSRN R Vofektad acetate
evaporas ng & cgﬁ)ge c%tﬁ%n eghroatn%l?co%g?gph usi ngmgqt/ooeu%%% /
hexandv©klvent iGIgAE tRe desiredwaoleoside 25608 lgel%‘é@i Fustheg glwsion math 25%

7 (26.5 as - whi '
BIOAC{ bgsbpuis oot apee & Rt gt thefesd hitiegs{ 2y uld Yig hase 2.3 (350
mg)'ZHZCH, IH, 6.28 (d, 2 Hz, CH IH, 6.15 (s, HI",
IH, 5.28 (s, 2'-OH, IH), 5.14 (d, 6.9 Hz, 3'- OH,
II—I): 4.65 (t, /5.7 Hz, 5-OH, IH, 3.95-4.09 (m H 3\

4a 1850 step P

B % APre g yIIding X 2.0 . 3 .
. 6-tetraazabenzo\cd\azulene ( . ) d C Bnl Br NBS
[012/05% ARt -of ChinBodnd 2.8X(1.B4 8, 14T T THA(XHNONWES hdded a

.2 Cl BnO OH 2.5 TBAF/ . THF '
1.0M soloprphetabptylggmonium fluoride in T%IF (% .2C1|nm%B at %orrlij’ ?e%;%f'ature. The
colorless solution was stirred for 5 hr at room temperature and then diluted by addition of 10 mL

of CH,Cl, and 10 mL of brine. The aqueous layer was extracted three times with CH,Cl,, dried

over Na,SOy, filtered and evaporated. The residue obtained was purified by silica gel column
chromatography using 1-1.5 % MeOH in CH,Cl, as eluent to give the desired compound 2.6
(900 mg, 88%) as a white solid.

Exambple 2. Step-E: 4-Chloro-7-[2-C-methyl-3,5-bis-0-(2.4-dichlorophenylmethyl)-B-D-

ribofuranos

[0121] To a solution of the compound 2.6 (359.0 mg, 0.54 mmol) in THF (10 mL) were
added triphenylphosphine (215.0 mg, 0.82 mmol) and N-hydroxyphthalimide (132.0 mg, 0.0.81
mmol) followed by diethylazodicarboxylate (DEAD) (153 pL, 0.88 mmol), and the solution was
stirred overnight at room temperature. The reaction mixture was diluted by adding 10 mL of
CH,Cl, and 10 mL of water. The aqueous layer was extracted three times with CH,Cl,, dried
over Na,SOy, filtered and evaporated. The product was purified by flash column
chromatography using 15-20% EtOAc in hexanes as eluent gave the desired compound 2.7 (369
mg, 85%) as a white solid.

Example 2. Step-F: 2-(2-C-methyl-3,5-bis-O-( 2.4-dichlorophenylmethyl)-B-D-

ribofuranosyl)-2.6.8.9-tetrahydro-7-oxa-2.3.5.6-tetraazabenzo[ cd]azulene (2.8)

[0122] To a suspension of compound 2.7 (880.0 mg, 1.09 mmol) in acetonitrile (60 mL) was
added anhydrous hydrazine (38 pil, 1.19 mmol), and the solution was stirred for 2 hr at room
temperature. No starting material left as judged by the tle. T he white precipitate (phthalic

hydrazide) was filtered off and washed with anhydrous acetonitrile, and then solution was
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2.7 2.6 [0116] Brom nation (NBS/ THF) of starting
pyrrolo pyrimdine 2.1 afforded bronopyrrolo
w@oosodshe 2.2 in 63 %yield. Treatnment of 2.PCTMIB1004/027819
n-butyllithiumin THF at -78C resulted in a selective
l'ithi o-bromo exchange to yield an internedi ate which
on treatnent with (2- bronpet hoxy)
evapdrﬂedl tdodyyéssi Mht Bilds irdarfien prod(ey/ w&f&iedelhdéiﬁﬁgﬁivacuum to give 864 mg

3{ ne 2.3 in 43 %yield along wth recovered

of a ity n1 Tﬁ@%ﬂ#@g Aige pmpqoay iy ternyeiie WRErisselYpo gewydrous EtOH
50 nJRRO AR 18368 o AR RO Eaflp i s
purifigd By vidisaged od)lanmabhrmna&5§fayh}elhsﬂhg GHEG), to SyavieORah &I iCleto glve

cos e} 3 bronD sugar 2.4 (freshly
demmg”}é/’ é’ﬂfﬁ gr(%?@a’ﬁﬁ%?% oy ai | abl e
3, 5-bi s-0-(2, 4~di chl orophenyl met hyl ) -2-G et hyl -1 - (9-

et hyl - - D-ribofuranose using HBr in acetic aC| d/CH d
xanplek drtep-Gy F+46h-G-methyiPaDribofusanasyl«2e 6 né Jotetrabydro-7-oxa-

2.5 26% | at ed | d.
z,g@Fdﬂ&u@I;Jaﬂéfdzﬁgc1 );@83&:92 > Izns Wltlhso ated yie

O R ORTRE Ry 158 Al e o5 m e

was altdiy1. Oxysoiitval JFBClgid CHYCY €2.0 e, Q(U bW e via syringe. The
pht hal i m dooxyet hyl nucleoside 2.7 in 88%yield. 2.7
mlel%’a‘éfa% Hoeade - 18 EronhAathsngt £5°¢ @mﬂ’@& tae. %ﬁq hhegpction was

quencﬂé(? u’ﬁhat A dfil'{g %éﬁl?ﬁﬁd I s@@%ﬁ% g@e@%@&%ﬁ%‘tﬁ) ?T}{ecr{eéﬁqﬁl)lg gruge product

was pgn’lﬁw by fbsdnohimy Flnupﬁtagﬁaphy&gbxys%h? 5] E;Bﬁ:g |5%11\2/1@H§ﬁn CH,Cl; as
ellLv tricyclic 0s e a e t ep-
eluenio gy %I‘EH‘PIB %ﬁco%e@g a4} e ifﬁa&? ne (2.2) [ 0217]
[oT2415'et NI DRSOt M 19062 (SHkR %/[1[15”801[92(8%-1@], 1H)/C7!W%' Ps, 11), 6:15

ared according to a [it€rature proce
(s, H- (’Téﬂﬁs‘e (bris, B-OBt, &/ OH 5vetl, 3Bhetd® 983D CAIICH,, 2H), 3.63-3.96 (m,

3% PR G0 S G g TR G- D MS mz 381 (vt +

cmcq@rrol of2 3- ipyrimdine T2.3) [0118] A suspension of

conpound 2.2 fromStep A (2.0 g, 8.6 mml) in THF

(40.0 nL) was cooled to -78C under an argon

at mosphere. n-Buli (1.6Mgp haxagnes, 13.4 mmol) was

then added over .0 hr via syringe. A suspension forned

&bl fEral ! 3B G tapdninalzsh dnaosled [aZuldnérz;one (3.3)

34 4 rmol) vvas added vi a syringe vvhlle mai nt ai ni ng the

rection mxture at -78C. Thgyrgaction m xture was

al l owed tw@, sl ow y reach -30'Cland stirred for 2h, then

-30 t Cfdt h and -10 to ® CHer 1 Br. The 7 "N
Ho Teactl dh J XY (@Hdcame dar k br [

%j CullCH,=CHCOOMe N B .
b /DME/70 °C/24h \wo N” 0.1 M NaOCHs in o
S ) MeOH/ 70 °G/3h_ w

Example 3, Step-A: 4-Amino-1-(B-D-ribofuranosyl)-3-[2-methoxycarbonyl)ethenyl]-1H-

pyrazolo[3.4-dlpyrimidine (3.2)

[0125] To a solution of compound 3.1* (300 mg, 0.76 mmol) in DMF (10 mL) was added
Cul (29 mg, 0.15 mmol), methylacrylate (1.3 mL, 15.1 mmol), triethylamine (1.3 mL, 3.09
mmol) and tetrakis(triphenylphosphine)palladium[0] (88 mg, 0.08 mmol) and the mixture heated
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color, was treated with H4Cl, CH O and water. The
reaction mxture was extracted with CH C and the
wezdosactsss wer e dried over Na SCU, filtered andpPCT/US2004/027819

evapor ated. The beige residue was purified by flash
col um chromat ogr aphy using 23 % Et OAc i n hexanes as
eluent to give the desired conpound 2.3 (1.16 g, 43 %

at 70°g_5|_fo.ii 36%&5 gigde% g%go@l AfBE ﬁﬁ%‘hmg eMdtltﬁinaPCuI ety I8N 1afOfiethylamine and

e ep-
Pd catalysp wepeaddgg aplcld;xq-géqrh progin mgt)()@tnnxture was heated for a further 6 hr. Then

the re oAl SR oIt Bl PRy RS and® il PR MyQRTHRCYe was
added. py0Ormg ﬂoﬁzgg 1 ;{Erg})g) F\;\dédgb gilj‘lgﬁ g(r?g ggdeldkaﬂgllgd mﬁﬁ’gﬂg@ﬂﬁéd Zor35 min at
room le5ipraier BRARTRL. THe ot waor Ty ¥ 5 1o MeOB)CHigR:1/1 and
the so%]\;l%l% &a V\g&%’feﬁz gﬁg&ﬁ%ﬁ%‘éﬁﬁgﬁﬁﬁﬁ&ﬂ%m rEﬁlﬂ:ea) e Q r}%m‘l% Rils i n

re ad I'rrin Foo ture
CH(pgave Gheesired compaind\. 18P amg)chs adight yelowodolidr ono sugar

*éﬂée%%?%ﬁ@% fEaq,gQqpreially available

di chl orophenyl net hyl') - 2- G- et hyl -1 - 6>- net hyl -
-Da rlbofuranose " .'?h5n1Ac2? 1995 78 486;

Eéﬁﬁ&gﬁ%&S? : 1@ :_ R added vi a cannula and t he

r at roomtenperature t hen

ORS8RI ) B AL P e v

heate®x eflot € 3hhE®ed forRS and trbat@Hwdh DoWé?&eS(ﬁﬂfml (B&dic form) until the pH
organic |layers were dried over filtered andevapor at ed.

of themléﬁlif? gramssytiak Thegeqstion eontgnts wege Blterpd andjibe restn waswashed

t
it EORCCH 21 S50 4 S HA0584 0 el By b SPves piie
by ﬂash cxﬂumn chidnimt@E2pH5H Gy 4-h SaNeOhin EHyEnbs gama tél give the title

compé”gﬁé‘é?goof g{gggﬁgfv A }FE”@ ﬁﬁf%ﬁi%%g A3 A ), 558 (s, B

4, 1H)47C§5|(Iarmiﬂfz26ﬁ MEYhhe st &, 5’1‘9}& @H 21}9 gli ¢l or 05 Hz, He1') 1H), 5.46
r hen Y i’bof ur anosyl hvdroxyemyl §-7i 7
(4,7 S D5 ot QHO MG Gﬁh-dBﬁeHr(,Z @H [m)zeapomm SBYA 1@, 1), 4.62-4.64

(m, A TRINA D25 94 b ps: vy 33&%@;}%‘3@% S e B .

THF (2.2 mmol ) at roomtenperature. The col orl ess
solution was stirred for 5 hr at room.tenperature and
then diluted by addition of 10 nL of and nlL of brine.
The aqueous | ayer was extracted three tinmes with CH2C
2, dried over filtered and evaporated. The residue
obtai ned was purified by silica gel colum

chromat ography using 1-1.5 % MeOH in CH2 2 as el uent
to give the desired conpound 2.6
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(900 ng, 88% as a white solid. Exanple 2. Step-E

4- Chl oro-7-[ 2- C-net hyl - 3. 5-bi s-6>-r 2, 4-di chl orophenyl m
we@edwgb21568 Dr i bont anosyl ] - PCT/US2004/027819

5- (2-pht hal i m dooxyet hyl V7H pyrrol o[ 2,3-cr] ryrimdine

(2.7) [0121] To a solution of the conmpound 2.6 (359.0

nmg, 0.54 mmol) in THF (10 nL) were added

tri phenyl phosphi ne (215. Opggmpl@482 mmol ) and \

N- hydr oxypht hal i mi de (132—cr—n%,—o 0. 81 ol ) fol | owed

by di et hyl 8204 Cea ﬂh R

and the sol uti o))

tenperature. TR et o= O e A

addi ng nL of and rrL of water. The aqueous | ayer was

extracted three tines w pteot2C 2, dried over filtered

and evaporated. The product vvascupaumfl ed by flash o

col usn @hr omat ogtl\aphq\l/3 ngci15- 20%%(%%% hexanes as

eI ue C qve Bohe deSTT¥E gund 2,850 368, 9B, C?goéa as / I\JN

| t o —Exanpte n N

2- I‘ZHC-']‘T%I h{- 355 bi s- O } 2N4 6P'tTﬁ1‘6‘i“eff’"Ffényl net hy

b- Dri kefuranosyl)- 2,6, 8, 3tetrahydroBr-oxa-2 ¢,eé B

3,5, 6-tetraazabenzo[c: J] azul ene (2.8) [0122] To a 42

suspensi on of conpound 2.7 (880.0 ny, 1.09 mml) g | aam

acetonitrile (60 nL) was added,gphydrous hydrazi ne (38F

m, 1.19 nmol), and the solutfon was stirred for 2 hr "

at roo gperature. No startynggmaterial JJeft as

j udged he tic. The white pregjpitate (phthalic

hydr az¥d ) /Q\/as filtered off he th anhydr ous y/ l \)N

CBnicet eni N T N awn,canih e S ol i Oh wWasevapor te@lzﬁnw N
dr The‘—g‘r,;tg;;e—reactl oduct ~was—efied un

duBrgh vacuum t o EI ve 864|zego of 0B white BOPPEWCERY, 5§ 3y
resul4i ng free am nooxy intérnmedi ate was D edi sSOl Vees
in aghydrous EtOH (50 nlL) and the solution was heated

OTBDMS

Gl

r ebtiuxcrhboy 2d. After evaporation, reaction mxture

was purified by silicagel colum chromat ography using
to 2% Hn H 2 to give desired conpound 2.8 (466
ng) as jte foam Exanple 2. Step-G 2-r2-C nethyl -
ub-D-ri utlanosyl V2. 6. 8. 9-tetrahvdro-7-o0 ka-

95/ 6- tNetraazabenzo[cJ]azuI ene (2.9” [0123] To a
soI :on of conpound 2.8 (128.0 ng, 0.20 mmol) in H I

rrﬂ4 at -78 C, was added a 1.0M solution of B3 in
CHC??(ZOrrL 2.0 nmml ) dropwise via syringe. The

[0 At THeg&tmsBE0 5.2 kithd:-BilityHil8uik ih OHFLat578PC fehgiedah a'saéctﬁe halogen-
to -40 C for 2.5 hr. The reacti on was quenched wit
metal grebanggtopyisid pningropediate BB reEment @ogﬁér@p@@proph@f) tert-

butylcﬁ'ﬁ@t‘ﬂ'yfsﬂﬁ% (%(5"@? Sﬂﬂﬁ)ﬁ'&éd pyrimidine 4.1 in 36 % yield along with the recovery
of starting pyrimidine (30%). When the reaction was repeated on large scale (starting 7.0g of
2.2), significant improvement was achieved (-20°C/ 16h) and pyrimidine 4.1 was isolated in
55% yield. Stereoselective glycosylation of 4.1 with bromo sugar 2.4 in the presence of
KOH/TDA-1 afforded nucleoside 4.2 in 17% isolated yield. Removal of the TBDMS protecting
group of 4.2 allowed Mitsunobu coupling with phthalimide to give the corresponding
phthalimido derivative 4.4 in quantitative yield. Phthalimide cleavage using hydrazine in
different solvents failed to produce primary amine and it was found that an alternative reaction
condition using ethylenediamine/ethanol resulted in phthalimide cleavage followed by in situ

cyclization of the free amino intermediate to give protected tricyclic 4.5 in 56% yield.
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was purified by flash colum chromatography over
silica gel using 5% MeOH in CH2C 2 as eluent to give
wo b@setske conpound 2.9 (59.2 ng) as a white fPRPeENS2004/027819
[0124] H NWR (DMBO-J*) d 10.62 (s, NH, IH), 8.19 (s,
H2 IH, 7.47 (s, H6, IH, 6.15 (s, HI', IH), 5.09
(br s, 2-OH, 3 -OH, 5-0H, 3H), 4.29 (br s, OCH CH
Deprot(act%ip of the @x%hl%r@&néﬁ] g}&'ﬁp@ of 4 H‘lﬂsmg B'513 in GHIZCIZZ ~BrE 20 960°C

deliver@g ﬂmge‘[ trEXalmq)mgﬂ@)sgleA 631.11[&41% @Qhﬁdaﬁ@]g}ﬂﬁer pur?ﬁcaglon by silica gel

ro-7iJ-1,2,3,5, 6-pentaazabenzor c6
001‘“")52%‘108}? e C3. 3) NH B/ (CHg) N HO PA[Q J
Cul / CH CHCOOVE, HO /DMF/ 70 C/24h V 0 ..1Myvi

&&%&Eﬁlﬁﬂ& %b Ig_ytert %ug lgimeﬁllglsgolﬁlv)%rgm}i:’f(@ 'Eﬂio?o -3 H-pyrrolo[2.3-

ik ed anosyl ) 3-[ 2- net hoxycar bonyl )ethenyl ]-1iJ -
yrazol o 4- i ]pyri mdine (3.2) [0125] To a
[ofﬁ% W n#_xg%ﬁ%giso acﬁﬂadeﬁiwgnéz 2 énﬁ 890470, mxﬁol?@; el (1 46.0 nyFwas cooled
to -78 I@&E bydamwmlammsp&emand%BQLuﬂtﬁM in hexapes; o7 drrmeD Masjhen

addedtvgl ng&xgg ??%Trap%lé% %8%%“?51%“)%%‘13}03 dvlvz%J rﬁn&ed (f%r the next 03 0 Ongnn at -78°C
then (Smﬁhﬁopﬁgt%xg??etrﬁisi %*T“%S‘“@?é???.‘% %onﬂ; f162.036mol) umsromy added via

syringmat G ovg hte, Therpasting FERPHEVBTA] Oﬁ@aééatsléw‘% feagf30°C and stirred
for 1:hci,a lgd gh,faﬁ@ b Qe%diﬁirfgr % (F@%C%‘r ThX P Ered@fonhBRtRE became

en t e reaction m xture was
dark be6wh adcdl, sabwad Bepat #0wvermghd. Thetreactibn Wag qrORRCHY @lding

aqueo\é\gglﬂiggﬁdlqpm ﬁl‘r’eﬁéﬂl]}f éﬁl(glg (% banfd%a r (‘T@&mﬂ?&%ﬂ extracted

with CH,Cl,. The combined organic layers were dried over Na,SQy, filtered and evaporated.

The beige colored residue was purified by flash column chromatography using 25 % EtOAc in

hexanes as eluent to give the desired compound 4.1 (5.5 g) as a white solid.

Example 4. Step-B:5-[2-(tert-Butyldimethylsiloxy)propyl]-4-chloro-7-( 2-C-methyl-3.5-
bis-0-( 2A-dichloronhenvlmethvl)—B-D—ribofuranosvl)-7H—Dvrrolo[2,3—d Jpyrimidine (4.2)

[0129] Compound 4.1 (5.24 g, 16.0 mmol) was suspended in CH3CN (120 mL) and
powdered 85% KOH ((2.63 g, 40.0 mmol) was added followed by TDA-1 (tris[2~(2-
methoxyethoxy)ethyl]amine (0.4 mL, 1.24 mmol). After stirring at room temperature for
30 min, a freshly prepared solution of bromo sugar 2.4 (20.0 mmol) in anhydrous acetonitrile
(120 mL) was added via cannula, and the mixture stirred for 2 days at room temperature, cooled
in an ice bath and treated with CH,ClL, (200mL) and water (100mL). The aqueous material was
extracted three times with CH,Cl, and the combined organic extracts were dried over Na;SOs,
filtered and evaporated. The crude product was purified on a silica gel column using 15 % ethyl

acetate / hexanes as eluent to give desired compound 4.2 (2.6 g) as a light yellow solid.
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roomtenperature then filtered. The resin was washed
wth O L MMOHCHCA:I/I and the sol vents evapor at ed.
w@hoosomtsegyr aphi ¢ purification on silica gel usPemUS200%027819
MeOH in gave the desired conmpound 3.2 (120 ng) as a
light yellow solid. */. Med. Chem 1993, 36,
3424-3430. Exanple 3. Step-B:
2 Hxhmbld 4, @%}ﬂl“faﬁ@%l/dré@— -di
.pentaazabenzo azul ene-
0 AR asninir(2-Bydrokynrap 1 1Py ) Y ‘
was heated at reflux for 3h, cool ed to CI: and treated
[0WBQINT ®a velnti&DofkdoBPofiad A (600 argy)l.0dnhuinbl) i FHFH20 im L) eas added a
i xture me.neutral . The re contents were
1.0 Mot o BT BT e A REY (i RoRD@HE ek freRperature, The
colorless shlutiod s SBHYE RIS M’%E R’O?ﬂ/?gﬁ; ?attﬁ?x‘g 288 then MBIt szgﬁmon of 150

obt ai ned was purified nmm chr omat og ‘
mL OEQHr@lz andiwates (1O0RL). nTI@tmeQusalsy@rs e emmc@d\three kimes with CH,Cly,

and theh 0 GOEFEHEM, Suibrdq hifofibbhad ; Puhtqtnd3 sifgn de bifEinn

chronfatbgrabhifizisingH- 2H4 MeGH 34 CHIClL2is BRuenfFave thd desfred céflpound 4.3 (460
ot )ﬁ\od 54gH(icl2 %A 2 G el 43 (

mg,6(%)a9@.vvb1tﬂ§ohde. OH, IH), 4. 80 (t /5.1 Hz, 5'-OH, IH),
4.62-4.64 (m H2 . IH, 3.92-3.94 (m H3, IH.
3.44-3.61 (m H4' . H5 . 2H), 0.83 (s, CH,
3E)(__rggl§_ﬁthendD74-Chlorrpﬁd{2F6}-lmethvl -3.5-bis-0-(2.4- d1chlorophenvlmethvl) B-D-

HF_ BuL O—I/ TDA- 1 CH
[O%},}l ?@o%e#@omogn%4$é§2 gNﬂ_"sﬁtn}qnc}fl) in THF (70 mL) were added
triphenylphosphine (648 mg, 2.47 mmol) and phthalimide (364.0 mg, 2.47 mmol) followed by

DEAD (440 pL, 2.53 mmol), and the solution was stirred for overnight at room temperature.
The reaction mixture was diluted by adding 100 mL of CH,Cl, and water (100 mL) and the
aqueous layers extracted three times with CH,Cl,, dried over NapSOy4 filtered and evaporated.
The residue obtained was purified by flash column chromatography using 20-30 % EtOAc in

hexanes as eluent to give the desired compound 4.4 (1 5 g, 100%) as a white solid.

Example 4, Step-E: 2-[2-C-methyl-3.5-bis-O-(2.4-dichlorophenvlmethv])-B-D-
ribofuranosyl]-6.7.8.9-tetrahydro-2H-2.3.5.6-tetraazabenzo[ cd]azulene (4.5)

[0132] To a solution of compound 4.4 (161 mg, 0.2 mmol) in absolute BtOH (15 mL) was
added ethylenediamine (24 pL, 0.4 mmol) and the mixture was stirred at 50°C for 2 days. The
solvents were evaporated and the residue was purified by column chromatography using 2-3%
MeOH in CHyCl, as eluent to give the desired compound 4.5 (70.7 mg, 55%) as an off-white

foam.

Example 4, Step-F: 2-(2-C-methyl-B-D-ribofuranosyl)-6.7.8.9-tetrahydro-2H-2.3.5.6-

tetraazabenzo| cdlazulene (4.6)

[0133] To a solution of compound 4.5 (68.0 mg, 0.1 mmol) in CH,Cl, (10 mL) at -78°C was
added 1.0 M solution of BCl; in CH,Cl, (1.07 mmol) dropwise via syringe. The mixture was
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Cl BC BhOCI BnOCl BnO OH DEAD/ PPh /CH CN 4.4 C
BnO OH 4.3 [0127] Treatnent of 2.2 with
WO as0b0eybg i t hi umin THF at -78C resulted i n a Bel/@stoove27819

hal ogennet al exchange to yield an inte nedi ate which

on treatment wth (3-bronopropoxy)

tertbutyl di methylsilane (-30 ¢ 5h) afforded
stirred BY 7870 §4:1165 H; thed for 3%r %t y35eC to 3408®g’1‘hb tdactidrewnequenehad by adding

of startlngprlmdlne (309 . spﬁhe re ction Wa§dbﬂh
MeOHr(égi)eraLbdhml‘mth@erg@Xﬂ@f%@@ and ﬂwge WJFSI ugyvas puriied by as

cotun B8 K ST PANLEYESy RO i s

compoﬁh@ﬂﬁS@'S&ﬁﬁ)la\s%\@ht&bsml ation of 4.1 with brono sugar

(0145 TR od 7P &b B2 CofEh TEDTREAG: -7 16D 6.12
(s, H- 1“{1%)9%%2@?49{11%9;&2 3®fH41’ 213 | ayyed 78 ¢S NTHDCH; 0¥k 219 1.9 (m,

ht'ha t’0 give the correspondlng_phthallnldo
NCszﬂECM@,MIHJ)QO 20 ¢, oﬁi3gmra)aﬁ\d$ at/i V& (el d:¢0Ohal i i de
cl eavage using hydrazine in different solvents failed
to produce primary amne and it was found that an
alternative reaction conditangle fisi ng et hyl
enedlan1ne/ethanol resuLted LP hthaI|n1d

|nterrred| ate to glveprotected trlcycllc 4.5 in 56%

yi el d. Depr ot ect i on of t he di chl of'obenzyl groups of 4f 5
usi ng B?Iiu 78 Cta/ C degsgered t )
|

war get nug\/i—% i de, 4N 88% i>setrat ed,
af\swn £ ?;:%Sz&' geI Ntﬂg_LB!’ﬁﬁ %\C_y?}
chr Eogra hy—_ES(anpl es.4o Stoep- A g8  bows

5- [ Z2-s+f er *- But yl di rretm);l\l exy) pr opyl ]- A—pﬂ}ﬁer o¥%7j y- py
rrolo[2.3- jpyrirnidine (4.1) [0128] A suspensi¢n of
conpound 2.2 (10.0 g, 43.0 nmmol) in THF (140. 0% s
cool ed to -78 &C underan argon agnosphere [and r BuLP'
(1.6Min he , 67.3 mmol) sfhengadded via

syrijgge ov 4 5) r.EThg resul %suspen& 8R wag N )
eoPhEdte |~

stirr t he nemﬂzceow
(3- bromapregoxy) e’ - but yEdi @i et hyl si |l ane |(2434 rden,

172.0 ?f?mga) Was sl ow y °Va syringe at -78 C over |
1 hr. e@%/l on m xture vvas all owed to slow y*reach
-30C andelsicfgred for the next 2h, and -30 to 10C for

Ih, and -10 to OC for 1 hro The reacti on m xture 0
2

|
becane L Ny, NH, 7 “NH
I N G OMe H
\\<_>l Bu3Sn¥/\== N N//I DBU/ dioxane/ HO N N/)

o reflux/3.5h 0

Cul/DMF/70 °C HS BCH;,' uS E)CH:;
5.7 5.8 5.9

[0135] Selective 2’-O-methylation of tricyclic nucleosides was sought by introduction of
selective and simultaneous protection of 3’ and 5°-hydroxyl groups in 5.1 through a 3 ?.5°-O-
tetraisopropyldisiloxane bridge, followed by methylation and removal of 3°,5°-OH protection to
afford 5.4.

[0136] Reaction of commercially available 6-chlorotubercidine 5.1 with
TIPDSCly/imidazole in DMF/room temparature/overnight gave 5°,3’-0 TIPDS protected
compound 5.2 in 75% yield. Methylation of 5.2 in DMF using NaH/Mel/ 4h/0°C gave 2’OCH3

compound 5.3 in 35% yield (2 steps). It was found that by decreasing the reaction time from
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dark brown in color, and was kept at 4 C overnight.
The reacti on was quenched by addi ng aqueous NH C

W@ 1080568 and diluted with CH A (6001L) and WetBUS2004/027819
(120m.) then extracted with CH O . The conbi ned
organic layers were dried over Na S 4, filtered and
evaporated. The bei ge col ored residue was purified by

41rto flha&ﬂnﬁd%kl% SR PPEEOataRrR B3YSiiad, Rentdvel dPAbe *mns of 5.3 was
hexanes as eluent to give the desired, conpouynd IiF o
accomplish6d by vsingd eqhwabn@@g §.0M tetraimtylammonium fluoride in THF at 0°C/ 1 hr

to glve%% ﬁgtﬁgpecilgfte %ﬁf 5 ?sBaltht(;%/ %Edgﬁélﬁ%‘ ﬁﬁ’fé@@dmg to glé?? .5 in quantitative

yield. Idhlﬁdiio?ar&gtsemw Iaryb}hgn -davé glegadmcammmﬂ% in 66% yield and
siegataniyctots i e o A G ot

el Fy BT R P B =

Z 1sorﬁéﬁ) te27%. yleldtnd thaStifbewbyplinifireducs 5i8; whey suj;ueqtqybtmcychzatlon using
tenperature for 30 n fre ed sol ution of
DBU/dip%ts a§f@§f£ﬁd targgt t(l%crp’(‘i W%Pﬁld?agdﬁﬁ@fﬁa@ acetonitrile

(120 nmL) was added via cannula, and the m xture

stlrred for 2 da s at roomtenperatur .cool ed |n ap

b A0 %1 R AREON R maﬁle'(s%gs extracted three

o anat d organic extracts

o8 S Ty BB AR 20 W05 )

in DM‘FS('lm@m%)%dé)éhd@Fﬁhaiz@ld (3t69ggmesnm1)e hnmmms:cgu (1€ eq) (4.0 mL,
desi red conpound 4.2 (2.6 as allgl ello
12.5 ngmli) at pREytpmpegtursyder @rgon he reaction was Stirred for 16h at room

tempeﬁmg Omg-te%x )ﬂ{]é‘l %nggr Iaé(%mg 2810, 8¢ BAR. $nd5QMH Rere evaporated, water
(100md) OBy |a]idéii— dnd-they drhitte y@papydﬁ@és?emgantedlva[mﬂﬁﬁély r The efigaric extracts

r4.3) [0130 | ut
were dl"leéPVﬁth‘Z}S (:;4nf]-1%?‘ifid ?egﬁ&iﬁ_ )%d \W&‘i theds nggueapuré“eélbé' 3?9]? POt
é’j’thm dab ﬁlﬁﬂ 5.2 (4.14
chrom B R e e oo Tor a

g, 75%asat glaspwoliknper at ure and then diluted by addition of
150 nL of and water (50 nL). The aqueous | ayers were
extract ed three tlrres with CH2(13 2, _and then drled over

NBOH i n HRC 2 as
-3 (460 ng, 67% as

aV\,hlte soI|dExa I4 Ste .
(0138 r ealvtwrxzomﬁﬁggyf 53809 7(99nm21)4n MR (- QL) at 0°C, was

addedénegﬂ%ﬁﬁgﬁ HIPnY %8 mli iﬁgnjﬂ I)l? ?ﬁfb‘%&?@ﬂl l:]y NaH )g in one port1on) 51228 mg, 5.7

dopr oyl rrol o[ 2"3- rimdiner
mmol] 6083 hsptasianys G]‘hetreml‘[tnrg‘ 1ewmnonnmd4rd was @tiIIQBngl ht aig®C and then
P whth by M0l £ ERY he diluted
quenched with anhydrous ethan 20 mL) and diluted with 100 mL of CH,Cl,. The dilute
reaction mixture was washed with water and the organic phase was dried over NapSOy, filtered,
evaporated and coevaporated three times with toluene. The residue obtained was purified by
flash column chromatography using a gradient of 5-7% EtOAc in hexanes and afforded the

desired 2'-O-methyl nucleoside 5.3 (1.4 g, 68%)
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tri phenyl phosphine (648 ng, 2.47 mol) and phthalim de
(364.0ny, 2.47 mmol) foll owed by DEAD (440 ni, 2.53
wones)p215e1d t he sol ution was stirred for over nP@hUSED4/027819
roomtenperature. The reaction mxture was diluted by
addi ng 100 nL of and water (100 nlL) and the aqueous
| ayers extracted three tines with CH2 2, dried over Na
$%mbld § & amtrﬁ&%m AbelethThe-1-2bb kRN i 2.3-
rftre col'umm chr omat ogr aphy using 20-30 %
cIlnEhﬂPdlnierS:h)exanes as eluent to give the desired
conpound 4.4 (1.5 g, 100% as a white solid. Exanple 4
[015%]8@0 lEsolZlﬁbﬁ ﬂﬁg{b!ﬁﬁmiéid? 33(306%g,|€6 §@mdnad) iHTTF 6100 mL), was added a
rhenyl net hvD- Dri po S,
1.0 M sontigabymgopin Bugies 15 1 (60 mmen e Lowestee The
colorle ﬁ)@tlclnlos%g’szghrr-gﬂ ?Hf MeboR t%%égﬁ%)ﬁmhén dilftdbBy sdlling 150 mL of
I'n absol ute Et OH was added
CH,Clgdtywaters arfi. riEhe(@uieors, podtioh wmx)traaﬁ:d thige times With CHghdr, dried

T

pure CPECH% 3 C{é’i@{é\&@ﬂa t:!mzéé BleRAL gave tig d/eSlréch eorﬂpéilnﬂ&ﬂ (1.24 g, 59%) as
ng, 55% as an off-white foam
acolorEsanﬂJ e 4 Step F: 2-f2-C et hyl -
b- D-ri bof uranosyl V6. 7, 8, 9-tetrahvdro-2 -2. 3. 5. 6-
t etraazabenzo[ flazulene (4.6) [0133] To a solution of
cBmgilad, Step 11:68CHl ong7-(Q-C-metinil-3.5-4i-Oracelyl-Baldrrivpfuragosyl)-7H-

-78 vaas adged Fg M sol ution of BA3 in CH O ( .07
syri nge The m xture wasstirred at
-78 Cfo .5, then for 3 Qo - . . Jhe .
(01 40h oo ludes dfsemenees by (A8 HEONBTRODS () L) as dded acetic

anhydﬁc‘i’é g‘ﬁ @L‘“@ ug nﬁﬁﬁﬂ? Al pde @5&511 thB8oluBSH bk éioveR B e robas

fl'ash”col umim~chr omat ogr aphy over silica
tempe@ﬁire uShe golﬁerﬁ%vhﬁ(dﬂapwra@é i Vet thegesidueavas digsglved in CH,Cl and

the solpm%l_élxg ()jvaal-xeyl \%@x ?vgteggz% %Snleal)owr_}& %SE% W(Q ?eﬁsﬂorgecgl%@ co-
evapofa?ed \Mth to?uenle |Tﬂree ﬁnﬁj?} (Fge 1%683i'dhﬁ| Ioblahﬂed vaas§2riBedBy (lagh column

chrommga@hly @smg 41|-gad1@1t'p(§ ppee C 2 togﬁ..@ % N@Qﬁ n ég)g(ﬁle fa g;w%;ﬂe desired
thvl - b-D-ribofttranosvl V2.
compgginy gsﬁga%g)gi)laj aﬁié&sg ‘et raazabenzo[ c* azul en- 7- one
(5.9) sr Imdazoi e/ DVF .
Example 5, Step-B: 4-Chloro-5-iodo-7-(2-O-methyl-3,5-di-O-acetyl-B-D-ribofuranosyl)-

7H-pyrrolo[2.3-dlpyrimidine (5.6)

[0141] To a solution of compound 5.5 (1.25 g, 3.26 mmol) in CH,Cl, (80 mL), a 1.0 M
solution of IC1 in CH,CJ, (8.12 mmol) was added at room temperature and the resulting dark
brown solution was stirred for 4 hr at room temperature. The solvents were evaporated in vacuo
at 25°C -35°C and the residue was dried under high vacuum for 30 min. A light brown sticky
material was obtained which was purified by flash column chromatography using gradient of
pure CH,Cl, to 1.5 % MeOH in CH,Cl, to afford the desired compound 5.6 (1.1 g, 66 %) as a

white solid.
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| AcOACOICI/CHC 4h/r.t AcO OCH AcOOCH 5.6 5.5 NH
/ MeOH 120 C NH HO OCH PdCI (PPh ) Cul /DVMF/ 70 C 5.7 HO
wOBKsH21568) OCH 5.9 [0135] Sel ective 2' - O net hybat/Usm000627819
tricyclic nucl eosi des was sought by introduction of
sel ective and sinmultaneous protection of 3 and
-hydroxyl groups in 5.1 through a 3", 5' O~

, 9 "-OH protectionto
gl_]g@m_dmgﬁz) [0136] Reaction of commercially available
6-chlorotubercidine 5.1 with TIPDSCl /im dazole in
[0 /A iutidnesfizanpiound 5 6\(23B ging, 07 entgol) 3n MROH (BD8L) was transferred

o 408 B S PR ol oS U SRR, e
MeOHB(el% h 3&1@1%%&!)1%&?56%}6@ Rfd hediéd #aA3 8*@5@111@’[1&%}&6&101[1@ vessel

credsing the reaction tine fromd r to |h, npound
was coplesl (Gdifiij openédsairefiiyi andwthege/@cyp@mxtux:@emap@ﬂteﬂﬁ@ dryness. The

et RO SR o RIS P coon

chromgﬂoéf’apﬁy #n silich ENmeH 1ﬁe ErHCcwas 4%191&3@[[-Hﬁ1€(dH;L(§t ageldails to give the
/pyridine to give 5. Iv\%lantl ative yield.
desired Q@npfamd&fﬂb’&()kmg) @%@Ih@ff te|SF’|11‘é;ave the i odo conpound

5.6 in 66%yield and subsequent am nation of 5.6 with

nmet hanol i ¢ ammnl a 120C¢ 16h provided 5.7 in 89%
i Exdragled. YiepiGh 4-Bmiiho-d-@ddmiatd-foP-mbofuiaaesyly-3-[2-

me(tﬁngcar‘ia le)e%he(nt %9 VLSl ey st vl als, sﬁ’r ovided 5.8

[0143] To a solution of compound 5.7 (156 mg, 0.38 mmol) in DMF (12.0 mL), were added
(Z)-methyl-3-(tributylstannyl)acrylate (J. Am. Chem. Soc., 1993, 115, 1619) (0.29 mL, 0.77

mmol) and Cul (14.6 mg, 0.08 mmol). The mixture was stirred for 10 min at room temperature
and then Pd(PPh;),Cl, was added, and reaction the mixture was heated for 3.5h at 70°C under
argon. The reaction mixture was cooled to room temperature and filtered through a celite pad.
The celite pad was washed with 8 mL of 1/1 MeOH/CH,Cl. After filtration, the washings were
combined and the solvents were evaporated in vacuo. The residue was redissolved in MeOH
and adsorbed onto silica gel and purified by flash column chromatography using 2.5% MeOH in
CH,Cl, as eluent to give the desired compound 5.8 (38 mg, 27%) as a yellow solid.

Example 5. Step-H: 2-(2-0-Methyl-B-D-ribofuranosyl)-2, 6-dihydro-7H-2.3,5.6-

tetraazabenz[cd]azulen-7-one (5.9)

[0144] To a solﬁtion of compound 5.8 (36 mg, 0.1 mmol) in 1,4-dioxane (6.0 mL), were
added 3A molecular sieves followed by DBU (38 pL, 0.25 mmol). The reaction mixture was
stirred for 3.5h at 110°C and then cooled to room temperature and filtered, the solvents were
evaporated and the residue purified by flash column chromatography using CH,Cl, to 2%
MeOH in CH,Cl, as eluent to give title compound 5.9 (16 mg) as an off white solid.

[0145] 'H NMR (DMSO-ds) d 10.69 (s, NH, 1H), 8.33 (s,-H-4, 1H), 7.8 (s, H-1, 1H), 7.04
(d,711.7 Hz, CH, 1H), 6.13 (d, J 6.0 Hz, H-1°, 1H), 5.67 (d, ] 11.7 Hz, CH, 1H), 5.25 d,J54
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(Zisomer) in 27%yield and the Stille coupling

product 5.8, when subjected to cyclization using
woBldseeBeane af forded target tricyclic nucl eosPdpUS2084/027819

in 48%yield. Exanple S. Step-A

4-Chloro-7-[3,5-Q (tetrai sopropyl di sil oxane-1, 3-diyl)-

b -Dribofuranosyl]- 7ij -pyrrolo[2,3-6 pyrimdine

Hz, 3’ ((51-121)1{5 G137, 97 M4 91-0H, Q8 Ph, mmfmumm’ M HyailRabl e(m, H-3°,
6- chl or ot uberci di ne 5.1

1H), 39B)(mydis2 a B 3. 5%@&1@1,@1%321@)%285@ @Clﬂmﬁ )%%gyF kin (P%—H)
TIPDSIA (1.2 eq) (4.0 nL, 12.5 nmmol) at room
tenperature under argon. The reaction mixture was
stirred for 16h at room t&mx&i@ﬁure and then quenched

extracted W|thCH2C 2 The orgcz?\nl C exracts were d{l (|
overct 4, filthered, evaporate nd the esidue purif
NS v 2 exgt NarmiHFC hr omaitt ogr y}m ng’ gr adi ent 5- 7% l )

¢ i B higeanes to g‘i‘?@’&\@ﬁl sired corrpoundB%\@
(#.14 g, 759 @ glassy({splid. Exanple 5. Step\

4- €hl or o- 7- [ 2362- met hy k35 5@- (t et rai sopropyl éisgi | @xaneas
e-1. 3-di y| fB° ©on

b- D-ri bof uranogyl |- 7f f - pyrt®l o[ 2, 3-<i ] pyri mi di ne (5. 3)

[0138] To aosol ut| on of conmpound 5.2°(2.0 g, 3.79 P

rmolg in DVF o) mt oC, vvas?éj%@e;d metthyl i odi de@i
|

@8, 5.2 ) fodul oned by | nBayn@LEor tion)
¢RO8. g,  8PR %Oygxaey Demsd ondy ltHe resul tinguo

-8 to
reggfion mxt was stlrredf hr at E)éoﬁndthe@
qumn_dmd V\nctlgpqoam)hydr ous ethanol 20 nL) and dil ute

wi th 100mL.OFCH & . The dil Ut@BOr et i on mi xt ur e
washed with wat®dr and the or gani gsphase was dri ed ovels
filtered, evaporated and coevaporated three t j

h
[0140]iRheericsiie nuelsbeide 6 Jtw i syadresiped SHHRE Fram ‘byﬁlproa "pymrolo[2,3-
d]pym%ﬁdlﬁgg&n hlrs}neg]n%taf%%%@ e\&ﬁ% ﬁgat%iemtﬁ“ftf ant)s&hnﬁmﬁé’lgq%t room

sired

temp dﬂétﬁﬂeef@&ﬁ HetoPpravitd 446hg)r0-681%1E)7quj'rﬂ)16[2 %pmmudme 6.1. Then 6.1 was
4-Chl oro-7- D-ri

£
conveftyql fothe [cgrrgs_po?%\?g §ﬂqlalinr§é (\@thA%o O ;) g% #dX gceg%rrlg}le 81?1(1 efacted with
brom& 9\%5 Wt(@‘]%l zthAgta P06 7%“4%) (i)W OHI2/¢55087 n1002), Wa give

utlon of tetrabutylannnnlun1f|uor|d
nucledsddeToE. vid6h @/asrﬂmbqﬂyaionvm tpélhtplemati:llpéo -THRe-bistfd-gss
sol ution

i TR By AU gD RO BV I e S5t R ARE 63. A
Stille g@@g@g%&%ﬁ b&%@@ﬁuaé&i@&m dnd Brseelbhtymemwctm@b@%\zded
compound 6.4. The cyclization of compound 6.4 was accomplished by heating in DBU/dioxane

overnight to afford the protected tricyclic nucleoside 6.5, which was then treated with boron

trichloride in CH,Cl, to produce nucleoside 6.6.

4-chloro-5-iodo-7H-pyrrolo[2.3-dlpyrimidine (6.1)

[0147] Compound 6.1 was prepared according to a published procedure (Townsend, L.B. et
al., 1990, 33, 1982-1992.
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filtered and evaporated. Purification by silica gel
col umm chr omat ogr aphy using pure CH2C 2 to 2 % MeOH in
wa@sooslozisnt gave the desired conmpound 5.4 (1. 24rQr/uS8%4/027819
as a colorless oil. Exanple 5. Step-D:
4-Chl oro-7-r2-0-nmet hyl -3.5-di -0-acetyl- b
- D-ri bof uranosyl V7i Jpyrrol o[ 23- ’\pyrlmdl ne (5.5)
i 4l

overni ght at roomterrperat ure. The soI vents wer e

[oeuapcompe@hd 214 \me lpeepafdﬂﬁacé(ﬁﬁin@lt@ bl sledPrveduid) (OHEGly. Chim.
t he sol was washed with water then drie

Acta. 89%'? 78, 4% (B W@\Q&ﬁﬁﬁ%@%@"ﬁ% coevaporated with
2 .
085D T I LU i
toa s<piutlen o:H:he stmm Qltof %dlimﬂﬂi-mdbd}gpparﬁ)lb[}ies -dipgrinegdine [generated in

sSSP Ao St e intas et o (649 5.8 SgeiLipriphdrous

acetoxliltt@e I'( Q?@BL? aREMADL '(6(7%Jm nﬁﬂé’rﬁlQﬁP 1d 325 'mfﬁbflﬁ ' aﬂ@r Q'h? ®f vigorous
[0141] To a solution of coénpound 5. 50,

Stlrﬂrxg azeoqmtﬁn)paratmﬁ] | Thegeombined mlmm/@@nmed @hroom tlerflpelrature for 24 h,

AT R M T T -

with GHLCIO IR SEREY.aThy &mbINE] S@tavBR Ve W@él%d%iﬁplﬁﬁ@t B840 'niL), dried over
vacuo at 25 C -35 C and the residue was dri ed un
NazS @y, dikteyedand evarnratgsd. nThsAcunl@ REodBelowas mitief pn geilice; g&l ccm@n using
ethyl Q%Etegﬁgtﬁ%(graﬂ’gagp 34\8@? %;gﬂlg regd I%Mctﬁcln@%?rétﬁw Pgodil.ctsw%e combined
and evipOtatedinGlded@ tot gvaﬁfe@lesﬁr&d]ﬁodiﬁs me(ﬁ 26qypld8k%) bs ight Yellow
g, 66 %9 as a white solid. Exanple 5. Step-F:
foam.z” A ni no- 5-i odo- 7- f 2- 0- met hyl - b-D-ri bof uranosyl V7. H
-pyi xolor2.3- <i] pyrimdine (5.7) [0142] A sol ution
5 6 8 .0 :

......

mQ’hyIan) EIFOS]%&%SW ?1 M&BW?E[&,% ?&IHQ hpgl) Of amoni a in

The r eact or vvas seal ed and heated at C

s N AT -
(100 rﬁmppm@meduﬁeowaimmeam a Tk suséel AukcIe tat wmﬂoss ol ¥RM cooled

in MeOH, adsorbed onto S|I|cadg and purified
and eyapgeakeckigvgRyp- 1he crude mixture was dissolved in 100 mL of CH2C12 and washed
with water and brine, dried over MgSOy, filtered and concentrated to provide crude product.
The crude product was then purified on a silica gel column with 5% MeOH in CH,Cl, as eluent

to give 4.32 g of 6.3 as white foam (yield 88%).

Example 6, Step C: 4-Amino-5-[2-(methoxycarbonyl)ethenyl]-7-[3.5-bis-O-
dichlorophenylmethyl)-2-C-methyl-B-D-ribofuranosyl]-7H-pyrrolo[2.3-dlpyrimidine (6.4)

[0151] To a solution of compound 6.3 (1.25 g, 1.726 mmol) in 10 mL of anhydrous DMF
was added Z-3-tributylstannylacrylate (1.1 mL, 2 eq.) (J. Am. Chem. Soc., 1993, 115, 1619), Cul
(66 mg, 0.2 eq.) and PdCly(PPhs), (121 mg, 0.1 eq.) at room temperature under the argon
atmosphere. The reaction mixture was heated at 70°C for 8 hr. Then the reaction mixture was

cooled to room temperature and filtered through a celite pad. The filtrate was concentrated in
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chromat ography on silica gel using pure CH2C 2 to 4%
MeOH in CH2C 2 as eluents to give the desired conpound
W®2005026G6& ngy) as an off white solid. Exanpl e BCT/US2004/027819
Step-G 4-Am no-7-f2-0O nethyl - b-D-ribofuranosyl V3-[ 2-
met hoxycar bonyl ) et henyl ]-7i -pyrrolo[2 3- |[pyri mdine

(5.8 [0143] To a solution of conpound 5.7 (156 ng,

vacuoQo %&)ﬁd@éﬂ oﬂaﬁ dPd oilled 1Bk EFde leaﬁ& vatsedas punﬁed ona s1hca gel
(2) - itrlbut | stannyl)acrylate (J . Che

columas¥ith 1@@5% HHE in €E1Cl ap elupnt tmglveci?%?naﬁﬂl ap yaﬂdw@am (yleld 81%).
(14.6 ng, 0.08 mmol ). The m xture was stirred for mn
at roomterrperature and then was added and reaction

d t 0_roo t enper at
& MEM@LMQ was
xgﬁt‘;{e h8rrL of 1/1 Afterflltratlon t he washi ngs
[0 %ﬁ?}}l‘ﬁ%oféha corRROW| b b 1 el mmpbonddeanl; af anhydrous
dona A5 a5l S IE LD RNEY A TDAN 0y e o)
1 g of dArinntetolgr siphas. Thie m@cﬁoﬁﬁﬁ%ﬁwasme@da@t #flag fél 1EmithéPcooled to

ive the desired conpound 5.8 (38 ng, 27% as a yellow
room Egipeptute,ag¢ sy aporatest thr)qaesgzrf wacgo-\ibhy residue was purified by silica gel

chromQt e[ﬂh?‘?%enz g&?é’?ﬁgn Cer.e rlxg eftf%?gtlc_%%é* gei zﬁ mg c())f gompound 6.5 as a

raaza azul'en-'7-one
yellovesﬁhdt(wmld d‘fl%jonpound 5.8 (36 my, 0.1 mml) in

teﬁaﬂ%&t&rﬁ]mﬁy%ﬁg%ﬁor 3 5h at H OC and then cool ed
0 roomtenperature and filtered, the solvents were

lﬂmpfoxmeé@tmn@f thdrveommmind Bed (ELiF1i £, |1e1dmmol)‘ ih&9hmk of aihydrous CH,Cly

at — 79;}3{]\%%? tdggd gg’iﬁ% tﬁ?l—ikl{)]xgde%g'ﬁgﬁ “’%01151%0/ 2, Igﬁ%gﬁ%f&? aropwise The
m1xtur\MWeIs%t1ﬁ@H lafi 78[’@ Mr5j 5 h'% ﬁtD[’@@ th 20eC %&I?;Ell)% (1%e rM?!E.lon was

quenc by ardzilt@q Oﬁmﬁthal@ht/@fiz@lz (.1 3 (é)mllz) angithe resultﬂ)g mixtee stirred at -
o 1
s gy oy S\l B2 o g 53
tempetz&tuté fat. 1Jsan(nm THd-thd \Mab'lﬁltet%d%ﬁd tmhddrvzlth cH!z-t)ztz/Meéﬁ(S/w;x?,o mL).
|—|} X I—QI ME mz 331 H%
n%@hé( qyer silica gel usmg 5 Z MeOH in CH,Cl; as eluent furmshed he 282 mg of
I Y, 6 VA

i e e e
10.67 (brik 1NLINGEY, 8i30X81&], H-4), 7.86 (s, 1H, H-1), 7.00 (d, J 12.6 Hz, H-8), 6.09 (s, 1H,
H-1°), 5.63 (d, J 12.6 Hz, H-9), 5.16 (m, 3H, 3xOH), 3.95 (m, 1H, H-3"), 3.88-3.56 (m, 3H, H-

4, 2xH-5%), 0.73 (s, 3H, CHs); ES MS: 391.5 (M+CH;COO)”
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CBnOCd Bn(SH 36-32.46.2C"' NHPdIC (PPh) |,

DBU, BCl HC Cul, DMV, 70 Cd BnO\ dioxane, L C
w®Bn@E/0215688 0 -20 C WeO - BU Sn*)=0 CI BnO OHGI/ASBINH027819

6.6 [0146] The tricyclic nucleoside 6.7 was

synt hesi zed starting from4-chloro-1i3T-pyrrol o[ 2, 3-

pyri mdine 2.1. The nucl eobase 2.1 was treated with

N-i odosucci ni m de i n THFEgémpledm t enperature for 4 hr

to provide 4-chloro-5-iodo-7i
2-(2(rmeth P Dibpifuranesyi o} . Ordibydno-3 PifiPa-tetraazabenzoca
to the correspondi ng sodiumsalt with sodi um hydride
B acet FRitrile Oreart ed wi @U-sugafhb./Zk%PIOH
3 Hel m Act® 1299% 78y 486; \(ik) WO @2/ 057281,
2002) , L4 0 give-nugd eosiHde—6-—2- W3l ch was—dixectly_ o

cbgnif'er tethzt 0 4- am no-;-i odo- 7- [ 3, B5bi s- C>- (24- <
di chl ormophenyl net hyl 3 2-C-net hyl - TH-ri bof ur anosyl"‘f4
-7Hpyrrolo[2,3-d]pyrimdne 6.3. A Stille coupling

reaction betwedg nucl eesi de 6.\& and Tr, Ny
Z-&;trTrWEI;a;nyl agryb opr iqéd CORpPCUN L Tha
cyeki#ati on\ of ~conpound 6.4 Ves acconpli shed hy:

heating in PBY di oxane ovegnizght to afford tie 5

pr ot ect ed tpr\?_i/m i ¢ nucl eosiKde 6.5, which was Khen
treated withzboron trichloriige in to produce 77

nucl eosi de 6. 6. 4-chl oro-5-io0do-7ij

-pyrrol o[ 2, 3- \ pyrimdine (6,1) [&l47] Conpound 6,1
vvasvﬁE)}r epar eq; accor diangr\to a ¥ shed pr ocedid 3

€To do L.B. 1.,0 NHLA82-3-9Q20 me 6.k
St ep §: ° oﬁ-ioﬂo-?- [B- Dbl S- O \_/ \—/SI%
2. 4-di chl:orophenyl net hyl Vay Cetiiyl - b-D- bhok

anosy| ];?}@pyrrol o[2 - pyptidine (6.2) X 710

NS NHZQSiJ( SN,

N _= 0 N = OH
N N
TrO o AN Tro O = L
J K —
oxo 712

TrO

Example 7. Step A: 2-C-Methyl-D-ribofuranose (7.2)

[0154] To a suspension of 2-C-methyl-1,2,3,5-tetra-O-benzoyl-B-D-ribofuranose 1.3, (50 g)
in anhydrous MeOH (1000 mL) was added KCN (150 mg) and the mixture was allowed to stir at
room temperature under argon for 15 hr during which time all the material dissolved in the
solvent and the solution became clear. The solvent was evaporated and the residue was dried

under vacuum to deliver 14.9 g of product 7.2.
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[0148] Conpound 2.4 was prepared according to the

published procedure, ((i). Helv. Cvm Acta. 1995, 78,
waaesogissy . WO 02/ 057287, 2002). [0149] A sol up€DUSIN4/027819

compound 2.4 (25 mmol) in anhydrous acetonitrile (90

nm.) was added to a solution of the sodiumsalt of

4-chl oro-5-iodo-Ii -pyrrolo[2,3-J]pyrimdine

[ ’wnﬁat’ﬁ@téﬂ‘Bsigleogfﬁ lidene2-C- eth 1-D-r1 ofuranos
or o-5-1odo-T#-pyrrolro |

ch
[@Sﬂz'%%%e%}af r#%lgl:}ig pd ?'5) qlgf? %%'@@llnnﬁox{a)s%?sgf){ng%l ’11}ﬁrp{racetone
( IOOOUhL)/aIgb} milisofsone. rH[2I$g)48ﬁas radded). tENEREIkaire ek stitfé®at room temperature
f e was  stirred at roomtenperature for
overnig}? pnd G Conk it R dee iy g h ooy eHc@g. aldiny
evapo?ét&l) ef‘l%el‘ésﬂdﬁe wak g{ss&@é@m@eb i) gtl‘ngg&{?@dgé r d v %

nbi ned extract’s were
(100 lﬁL aﬂ(ﬂbﬂ@c{l@@ erl)f The solatiommds él\lelbmeaNaQSO;[ lidtetaduae evaporated.

T o 048 BB i 4BLodhash b A et P ER horatonof e
solvedtra@foldedNa £oMhapfidaet 2.8€ product were conbi ned and

evaporated in vacuo to give the desired product 6.2
(6.26 g, yield 34% as light yellow foam Exanple 6,

fnethyl)-D-

. t y =
ﬁmﬁyﬂnﬁﬁdléis- i]pyri n1d|ne (6.3) [0150] To a conpound

6.2 (549, 6.7 mol) in dioxane (100 nL) was added
[0&30] €l 0 Npedutivor dﬂl@)mpo)md THe 13ﬁ7)g1; 67.¢ nwasl) e pyediné Wadadded

oL L P30, S AR u st e
an argdh afdspBelel Thé @Ql%nt%as%r@te@% 1R $EG8L WA HiNRLRE i@BA Y acetate

brine, dried over filtered and concentrated to provide

(200 1ak) angd \ﬁq:sbg@mth Wi (¢PQad.) gring (30 edg andy éne¢)qvarfsocﬂadmmmlphate
After tﬁ%l%_ltgl!;){l/ gﬁ%%ogﬁlgﬁﬁg gésscﬂlesoals {Ygag_'% 8&&1%1%8' g%l @B}&lp ang eluted with

10:1 fE)kamalhy %] h&ap:dthyl acetate. Evaporation of solvent under reduced pressure
Agn S5- [ 2- frrei hoxycarbonyl ) et henyl | - 7-[ 3, 5- bi s- O (2
attordey 5 g HFISHBRENRYP) - 2- C- et hyl - b-D-ri bo

ranosyl | - 7| -pyrrolo[2 3- i Jpyrimdin f6.4) [0151] To

5 soI tion of co ound 6.3 (1.25 1.726 mmol ) in 10
% Li AnSap &3 n’p dra 'u‘w H-4.5- 091sonropvl1dene 4~-C-methyl-7-0O-

) 2 eq.) (J. Am
i 0.2 eq.) and

BRI G AL VS I

cyanomeﬂhy&nbphosﬂﬁmmet(me.% @FC1620AmBl) Xtal h@dBdopwise at 0°C over 15 minutes.
After evolution of hydrogen ceased, compound 7.4 (15 g, 33.5 mmol), in 250 mL dry DME was

added to the resulting solution over 30 minutes and then the mixture was stirred at room
temperature for 2 hr. The reaction mixture was partitioned between ether (1000 mL) and water
(1000 mL) and the aqueous layer was extracted with 1000 mL ether. The combined ether
extracts were washed with water, dried (Na;SO4) and filtered. The solvent was evaporated
under reduced pressure, and the residue was purified by silica gel column chromato graphy using
4:1 hexane: ethyl acetate as eluent. The solvent was evaporated to give 7.5 as an off-white foam

(14.8 g).
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cooled to roomtenperature and filtered through a

celite pad. The filtrate was concentrated i nvacuo to
w@e@giogisean or ange-red oil as the crude producPCwoszing/027819

was purified on a silica gel colum with 10-30% THF in

CH O as eluent to give 995 g 6.4 as yell ow foam

(yield 81% . Exanple 6. Step D:

2+ ﬁ%ggleaf &8 £:428) g'6CMm o-g- %ﬁ? @ﬂfﬁﬂ%ﬁeﬁ&'ﬂﬂ&o )methylidene]-
of ur_anosyll - b \{ ; B

@gol utlonof the corrpound 6 4 (1. 15 g 1 69 mol ) in
nmL of anhydrous di oxane under an argon atnosphere
om tenperature was added DBU (630 _ni, 2.5

o 5 fi

B S BRC AR -4 S s 27 P SeRE Al e EHaC (60 L)
was aléd lﬁ%{tﬁ&hﬁﬁm —téﬁ(-bﬁf&gé@thgﬁe ¢2§%‘7 20 1®74 lﬁnfoﬂ_?(ﬁllowed by dry

t enperature and évapor at to dryness in vacuo
dimeﬂlEEd)I'dmmidﬁ@ Pondi)f The niytusd Wascsirgdlat clonoteatpecptae fyr 24 firh After

remo gl b ST ng mighosS it Y etoiiabrd pf 5164 EohConiym ppsrtgeated with
methgargﬁiﬁqg dglnf?e% 14 2 2§0MEE rdybvﬁc&srdlp(’f uranosyl) - 2.
i hvdr o- ,

tetraazabenzo[ cd] azul en- 7 one (6.6) [0153] To a

dropvvl se. The mxture vvas sti rred at -78Cfor'2.5 h,
[0AYNT @b sel8lorCof @mmAnd760(6 &3 1hA4 nthel) ire@EIC1p{ 20v@sl.) was added a

sotui P TS s B il PP Dl B s vos yistsarhortly o room

tempdFhilre fof NEhr, nﬂi&(ﬁ?ﬁﬂlé B eMvhdls ﬁlﬂé?e‘al'b%d AR @1tﬁtzva9r gn@ﬂﬁed

stirred at room erature mn. The solid

(Naz5Qu) then &dtergdd R\ﬁa@fvébpf\ﬁptwn@lﬁf@ﬂed! Meamyl pitdle (3573 02 ﬁrg) in a form that

ogr Qver silica gel using 5 MeOH in CH C
wasu%ya%lrgﬁé}h t%ﬁ%ltsﬁg’d the 282 ng of the desired conpound

6.6 as a yeIIowsolld (yleld 77.8% . H NVR (300 MHz,
; i ’ H 42{io)methvhdene1-

4, Sid)-lsbbﬂon)/hde'ieﬁlSC(rﬂeth\]l 12 @rnb‘lienvlﬂi&hvl) @ cll@o (ami D?lbktro sebtonomtnle
3x0H), 3.95 (m IH H3) 3 88-356 (m 3aH,
7815 ). 0.73 (s, 3H, CH): ES M5 391.5 (M+CHC®)
Exanple 7 2-(2-C nethyl -
(0860 Gruge Jrveascispolygd gn Melﬁ}w (25-B8Lpagl b mlewaten »ab eddedffollowed by

ammoa@&gnnenq hy&og‘lﬁénge (O.Qfé{,) 857%_|Omol) and sodium acetate trihydrate (1.3 g,

9.55 mmol). The mixture was stirred at room temperature for 16 hr. After evaporation of the

solvent, the residue was dissolved in a minimum volume of CH,Cl, and loaded on a silica gel
column which was eluted with 30:1 CH,Cl,:MeOH. Evaporation of solvent under reduced

pressure gave 2.2 g of product 7.8 as an anomeric mixture.

Example 7, Step H: 3-Amino-2-cyano-4-(2.3-O-isopropvlidene-2-C-methyl-5-O-

triphenylmethyl-B8-D-ribofuranosyl)-1 H-pyrrole (7.9).

[0161] To a solution of compound 7.8 (8 g, 14.94 mmol) in CH,Cl, (100 mL) at 0°C was
added 1,5-diaza[4.3.0Jnon-5-ene (DBN) (2.95 mL, 23.89 mmol) followed by ethyl
chloroformate (2.35 mL, 23.89 mmol). The mixture was kept at 0-4°C for 16 hr. Additional
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HO OH bz-o0 " "o -bz 7.2 X0 1.3 7.3 7.4 N, NTr. ' v)
OHXO07.57.67.77.8C_.SILOHTrOWK\ L 7.11

W@ 202/0Ms568 O 7. 13 HO OH Exanple 7. Step A PCT/US2004/027819
2]; C- Methyl -D-ri bofuranose (lI.t) [0154] To a suspension
0

2-C-nmethyl-1,2,3,5-tetra-C-benzoyl - b-D-ri bof uranose
2mL cgffg%N(vg’asq agzle %}h 3 AR ¥ kSw Al LORR nehpdpiturddekezh teCh fier

m xture was allowed to'stir at room
evapoﬂ'aﬁﬁim of tt uoleemnﬁeresmlug onas pmnﬁed: omisititargel whlvem wsingA:4| |

hexanesaigHe folleard By g ResrsiiOR o SRS el fakih Agniikls8ds
anomerE STEHEs WBFuE or §RoHEE 86, 4YBC10156 tendlpini Met[)}ﬂ(flO@ng,) ofas added

product /.2.Exanple 7, ep
sod1un‘z2 cabOndts (ﬁpg)nmyllshtted! at @omtnmm;amgfqrulﬁaf dihg irselibleresiyiue was

ﬁltere{lrﬂﬁ"3 a}l]i %so&yeg@%%%’%#qvlqg w%rgfg(e; ]‘%31{338%11416 a gmgﬁed n%n a silica gel
columBfusin@Ret hdddReARIRS: BYBaEN 5 BE mcmm 9 am@anemnef red at

room't enperature overni ght angl) then careful ly

neutralized with saturated agueous and the sol vent

eﬁgggé@tﬁgt;]ﬂhe resi due was dissolved in 500 nL et hyl

a shed with water

Part A.: 3-(tert-Butvldiphenylsilyloxy)propyl 4-methylbenzenesulfonate

[0162] The title compound was prepared according to the procedure described by Caprio et
al. Tetrahedron, 2001, 57, 4023-4034.

Part B: 3-Amino-1-(3-tert-butyldiphenylsilyloxypropyl)-2-cyano-4-(2,3-O-

isopropvlidene-z-C—methvl—S-O—tn’phenvlmethvl—B-D-ribofuranosvl)—lH—pvrrole (7.10)

[0163] To a solution of potassium #-butoxide (1M THF solution, 4.32 mL) in THF (30 mL)
was added compound 7.9 (2 g, 3.73 mmol), followed by catalytic amount of 18-crown-6. The
mixture was stirred under argon for 10 minutes during which time the solution turned clear
reddish brown. To this solution was added the compound prepared according Part A (3.68 g,
7.47 mmol) dissolved in 1.5 m of (anhydrous) dichloroethane. After 1 hour, a further equivalent
of tosylate was added and the mixture was stirred at room temperature overnight. After
evaporation of the solvent under vacuum, the residue dissolved in minimum CH,Cl, was loaded
on a silica gel column and eluted with 6:1 followed by 4:1 hexane:EtOAc. Evaporation of the
solvent from the appropriate fractions afforded 1.5 g of product 7.10.

Example 7. Step J: 4-Amino-5-(3-tert-butyldiphenylsilyloxypropyl)-7-(2.3-O-

isonrogvlidene—Z-C—methv1-5-O-trinhenvlmethvl—B-D—riboﬁlranosvl)-SH—pwrolo[3 2~
dlpyrimidine (7.11).

[0164] Compound 7.10 (600 mg, 0.72 mmol) and formamidine acetate (227.5 mg, 2.61

mmol) were mixed with 20 mL ethyl alcohol and heated at reflux under argon atmosphere for
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(100 nm.) and brine (100 m.). The solution was dried
over Na SO, filtered and evaporated. The residue was
w@osfH2ses on a silica gel colum using 2:1 PCT/US2004/027819
hexanes: Et OAc. Evaporation of the solvent afforded 14
g of the product 7.3. Exanple 7. Step C
2.3-(9-1sopropylidene-2-C nethyl-5-Oftri phenyl net hyl V
8 hr. @‘h’e @&Wﬁ%&%gﬂi&ﬁt& an(F ?ﬁ@@gldﬂ_eow l%géléﬂtdnoan géa dge@ EBRHR N eluted
in pyridine was a
w1th21hl Mﬁﬂlq}béhytbmﬂbfthiﬁmgﬁrcﬁiugwm. 2 mol ) and the
m xture was heated at 60 C for 15 hr under an argon
at nrosphere. The sol vent was evaporated and the residue

\N&B(aﬂlniﬁ'mSIﬁﬁKl nA&ﬁﬁWﬂ&dﬁdﬁmﬁﬁﬁ@ T2, 3-dhitopmphiedbne-2-C-methyl-
150 nL‘ and drled_ove£

reS|due was Ioaded on S|I|ca geI colunn and el ut ed

[01pShCampauids].Lb (4 nhs; 05651mmi<)an@ dssoiped dic enhydeous THF (10 mL) and

or at i\0 t. un ced affor e
1.3 PO BL Y} oo TR E R B ERaRe e iy Sied The
mixtude @amwm@ 1@orfl @er -6 2 BORIDMY kbl Gr oA Mbaﬂateamder
6>- (triphenylnethyl)-D - and D-a/fro- septononltrlle

reduced progsurg amlihe TSRS peaderl on asiliqegel cdwom and plyted with 15:1
di et hyl
CHZC?%%%@%}@%@%%%@%@ 1Zﬂio 06 rGrL Y62 mol ) was

added dropwi se at 0 C over nminutes. After evolution of

nmfafanmwvg 9%11@,@013@6194 t&ra%%&ﬁﬁ&cmléﬂe'(v ﬂsﬁ at room
tenperature for 2 hr. The reaction mxture was

[O@@d)?]t Cblhﬁ&ﬁﬁi e W0 @n%e 0% minoBAPasThdenddn WAk E'CH, &Y Ozoegld kept at 0 °C.

he aqueous Tayer was extracted with 1d
To thlétVWé raddqdwEEMS’ﬁaﬁZs?e@%ctrmetby&t k—pmﬁsdmbay,v@@he@cah iig) followed

by an AR sSRELKEE (ot B2 T R AT R R CyBipdafoor 035

M, 0. @yﬂ{)l Tﬁanﬁﬁhrecmstsﬁ&ea bt oBtR gb%ﬁllﬂﬁteé‘ SR AH,BE%AL %dded and the
eth acetate as eluent. The sol vent was evapor at ed

reaction wes Washeészﬁhwaﬁf anl). emmm bar s EiahploNasS G Gfered and

evapo%t GA gﬁ/e% ?dgggd L pressy ?%2{ ¢ c{eﬂé&e was usfed in the next step without further

purifiéatfonO- i sopropyl i dene-4- G net hyl -7-O (tri phenyl met hyl VD
-g//o- and D- /fr o-septononitrile (7.6). [0158] To a
solution of compound 7.5 (13.0 g, 27.68 Mol ) in

amRYAHRUS Stdp M 2 (£.QMbthyl-B-D-ribofuranosyl)-8.9-dihydro-3,5.6.9a-

tetraazabenzo|cdlazulene (7.14).

[0167] Compound 7.13 was heated at 80°C in 90% acetic acid for 12 hr. The solvent was
evaporated and the crude product was purified by reverse phase HPLC on a C18 column to
afford 3 mg pure product 7.14. '"H NMR (DMSO-dp). 6 8.10 (s, 1H), 7.49 (s, 1H), 6.60 (s, 1H),
5.33 (s, 1H), 4.57 (m, 3H), 4.03 (m, 1H), 3.72 (m, 1H), 3.51 (m, 2H), 2.91 (m, 2H), 2.77 (m,
2H), 1.02 (s, 3H).
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was added bi s(di met hyl am no)-tert-but oxynet hane (22. 87

m., 10.74 mmol) followed by dry dinethylformam de (2.3
workgos/0Tises m xt ure was stirred at room tenper at BEEUSZIING/027819

20 hr. After renoval of solvents the m xture was

chromat ogr aphed on a silica gel colum pre-treated

Wth triethylamne to deliver 1.4 g of 7.6 as a

vi scous oil. Exarrpl e 7. SEg.gn e8

(2E) - 3, 6- Anhvdr o- 2- deoxy- Z- vdrox et hylidene)-4 5-
- isopr opyl%&@&ﬂ@hbbwmwli-ﬂﬂ&mmw) D-
/lo- and D / 0159] To a

sol uti on of POttt 7 o245 /L e (e8) CHA (120
n.) was added a 58I utlon of TFA (3 rTL) in water (200
m.) and the m e was stirred vigorously at Bom
tenperature fo H The organic |ayer was sepa ed
and washed wit er ang gk b, hhgn filteread. \em)val
of sol veHB af €orlded 2-fornysepmitwile (7.7) 2]|5 in
a formt uwsed as such in the n s &P. anple
Step G

(2E) - 3, 6- Anhy IO 2- deoxy- 2- C—[rcyanorretrly no) net hyl
i dene] - HO

4,5-0 i soprog¥f i dene-4-C-nethyl -7-O (tri ph@nyl met hyl
0168P-A
016 it 053880 GRER i gl 180 125
0.2 eqwalﬁ P mlaef Medbiuidst Howeedsiny (Fnpsijomaseshakert for 7 &r at room temperature.

he Pl intotgh Dt gl Therbfnsd et rens evappied and

purifiedton DQALd %mﬁﬁlﬁfnukrﬁh sarviBOH 1ﬁ‘fé}?2'béze ‘ﬁgg@i{ﬂu?@c cgl{ﬁﬂ 8.1 was

_sol vent, resi due was di ssol ve mni pumy
obtaingd (mlid@p‘yandmwae(ambmwz SIMBOadpel 10c6 (burs, Ml ICH), \8eB (s, 1H, H-

o, 1R AL A a5, DO, St e el vent

2xH-58ND.8612. T4 (h XH DRH- e t
g no- Z@chzyano 4- %)22%@% Pégpsrsggﬁlqﬁ ()anLeC SCEFq:rel\t/Iﬁ 3I9§'g-0
(MJ“CHSQ@Qk)henyI nmet hyl - b-D-ri bof uranosyl)- |ff- pyrrol e
(7.9). [0161] To a solution of conpound 7.8 (8 g,
14.94 mmol) in CHA (100 nL) at 0 C was added
|, 5-di aza[ 4. 3. 0] non- 5- enéE_X@nﬁh@_(Z 95 L, 23.89 mmol)
f et . , .

roomtenperature for 24 hr. After evapor
sol vent the residue was pug,i_,fl Qethy0 st Giel | ca

usi ng 4 anesr Et OACN omé@jPHt%z;ngl hexanes; NOAC
to gbtaknla_major fract of 4
R0 l\P)IquHJC?O HO N~
- 5 K(j 9.3
s A s - B S
HO ©OH HO ©H HO | OH
9.1 9.2 C NaOMe/MeOH
A
o)
7/ NH
7] =N
HO ON N//l
\/ 9.4
HO OH

[0169] The nucleoside 9.2 was produced directly from nucleoside 9.1, which was prepared
starting from D-ribose (Bheemarao G. et al; J. Med. Chem. 2000, 43, 2883-2893), using liquid
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anonmers. To this m xture of anonmers (6.42 g, 10.56
mol) in MeOH (100 nL) was added sodi um carbonate (3
wa@ooanelissg i rred at roomtenperature for 1 hr. HEEUS2004/027819
i nsol ubl e residue was filtered off and the sol vent was
renoved under vacuum The residue was purified on a
silica gel colum using 3: 1 hexanes: Et OAc to obtain 5
ammcgnaoit &Spgdﬁﬁﬂm t9Tﬁ§ a1 | cat r@ss couﬁhﬁé’re'acﬁfr%iicompound
(fer™Butyl dip enyl si1yloxy>pro
9.2, fQﬂON@slrWl the Avalizetion 6fneatpeuid?.83h 0TIHE NaCtMe irchiePd] delivasd the

ord g to the procedure described by
des“e@aﬁ%?cglggPagigSld B ahedr on, 2001, 57, 4023-4034. Part B
- 3- Am no- |

X AINDIC 19 . BCa¥azd 2> VN azaVidd’
Q@Drlbofuranosyl)-llj -pyrrole (7.10) [0163] To a
sol uti on of potassium ~-butoxide (I M THF sol-ution,

410115k ) R AR ok, .

al., J. BgcCloorm; W8ITHE 1Mi28).ure was stirred under argon for
m nutes during which tine the solution turned cl ear
reddi sh br own. To this soluti on was added t he conpound

1% RO ®B: i } RI7)(2- C-me%h;gl-[i-D-
di ssol ved in 1. 5m of (an yrous di chl or oet hane

ribofgnagsyl)/ H-gyrplef2.3glnywinnidine (38) t osyl ate was added and
t he mxture was stirred at roomtenperature overnight.
[0KFH dro aescdpnment] Comp@ﬁnct 93 (300 mend. 76 nobesl) inaklumi oftahleydrous DMF

T O T T X T
and Pd(PFl@;')F(E&@ wh®.1 &Y P@c‘%&h'té}ﬁpéﬁtu{e\%cﬁpﬁﬁ’ Sg)n d&g@é}g The reaction

propriate fractions afforded 1.5
mlxtu.tE)ygqs-@e@tec} at ‘&) @pfog 24 hr. then cooled to room temperature and 20 mL of 11

MeOI-%CﬁgM] gvaréy fﬁe b e bgb?éé?‘ﬁ Vs g’&oﬂdr% ?Féls ﬁ9 ed and the

suspeﬂmolﬁ-stlrrbd) htifoaRRtpYRinire for5In0th3n 2ﬂtefeﬁ)6 rﬂ%l@‘rgén{]%as Wanhed with
, mol ) an

%20 S MRAHICHTR S 164&&&%’1:2%25@%@%@53%% sy il cn
o Sl B AR5, (B Rponno

gave 23hthg didimabpioduet Wdiéyitldsdded on a silica gel colum and
i 20: 1 MeOH CH C fford 555 d
[oﬁzﬂﬁg\%@pé%ﬁ 8 Blp(si H, H- 9880 (o 11, 76, 08 (& 15 54 Hz, 1H),
. AR 1) - Q> opyk i dene-2- . ,
6.35 (dé_ﬂggltsaq?éﬁﬁ 3 %p%ga(yl?{ FRYD)4. 43 (218, 12375 WPLOPYS (HCRS Ha, 10,
3.85-3 164 Dy, 2Hoﬁxfﬂéﬁ);§y7l9\(5,|3H @(EHQI o[ 3.2-6 pyrimdine f7.12\

Example 9, Step C: 2-(3-D-Ribofuranosyl)-2.6-dihydro-7H-2. 3. 5. 6-

tetraazabenzo[cd]azulen-7-one (9.4)

[0173] A solution of compound 9.3 (140 mg, 0.4 mmoles) in 0.1 M NaOMe in MeOH
(80 mL) was heated at 70°C for 4 hr. The solution was cooled and the solvent evaporated and
the residue purified by silica gel column using CH,Cl/MeOH:90/10 as eluent to give the final
product 9.4.
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[0165] Conpound 7.11 (555 ng, 0.65 nmol) was di ssol ved

i n anhydrous THF (10 nL) and 1.3 nL (1.3 mmpl) of a M
wabkiessoiset i on of tetrabutyl ammoni um fl uori de wesT/asmed027819
The m xture was stirred at roomtenperature for 2 hr

and the solvent was then evaporated under reduced
pressure and the residue was | oaded on a silica gei

0 J‘ 1 = . .: y 117U ), S 5 1170 ),
AT DSOS el o, 923 0

6.09 (3, {18 18-10), 5 36/4d,0h12 Holghie) 24,57 (et 17 H-32)( 920 r(inp WEINBA-3TRt40)2 (m, 1HL,
NEPT. , i
H-4"), ?é%%?lza(ﬂjogﬁ’ FEE-B) FHY 37544Mg GhGOD -aazabenzo[ cJ] a

zul ene (7.13V [0166] Conpound 7.12 (160 ng, 0.26 mmmol)
was taken up in 2 nL CH and kept at 0 C. To thi's
was added TEMPO (2, 2, 6, 6- hyl -1 - pi peri di nyl oxy,

2—(3f]ﬁ&)?{}[ﬂ?%ﬁ?dﬁdrab%@%%—i@ﬁi%&' 7@%3{3?63@'& ézl%%n _7-one (10.6)

and Na@ (0.35 M 0.92 nL). The m xture was stirred
at 0 Qr 13BCiA)AMEE©)BrMor e CH CIOMhs added and th?;gi“ﬂe
N

=D

Hheadtilon ) wasREsHedeH th vat er /1 ). h Bfgani ¢
I Whs dried—over—Na- SO, ter ed_a_hd_ﬂalpjm at
ungder reduced VESSUT e. Thek@' due was used in
rHEX t ostep W t hoU-OHf ur t her pur'O i cation. Hanple 7. B 10.2
StegqyM 2-r2-C ngt hyl - 101

b- D-ri bof uranosyl V8. 9- di hvdr o- % 5. 6. 9at et raazabenzgl,
cJ]azul ene (7.14). [0167] Conpound 7.13 was hea€e®

gNIS/DMF
80 Cin 96)% acetic acid for doy,hr. The sol vent was

M liq NHj3

evapor and the crude p duct was mayi bdnjied by | R
revers seniiRiSfmeen a C ol t Pd@Phspr d 3 N
pur e auet 7. 14 HNI\/R(DI\/S N dCd AGH IH)/ | J
7HA9 (8 H) T 660 (s, | Ho A s 5% (

3H)

03 (m IH, 3.72 ( 351(%2@ 1

(m 2.77 (mF2H), 1. 02 5, 3H) Exa 4
2-r2-C—rN/EthyI b-D-ri bof ranosyt -2.6.8.9-tetrahv g oMo
1H 231ds 6-t et raazabenzo rcdl10&zul en-7-one (8.1) g| L NH,

H/10% Pd/C MeOH, ( J 32 psi, HO( t)HHO t)H
[0175] The nucleoside 5.1 was prepared startmg from D-ribose ((i) Journal of Heterocyclic

Chemistry, 25(6), 1893-8, 1988; (ii) Helvetica Chimica Acta, 71(6), 1573-85, 1988), then
converted to the 3’-deoxy nucleoside 10.2 as follows: 4.0 equiv of a-acetoxyisobutyryl bromide
was added to a suspension of nucleoside 5.1 in acetonitrile containing 1.1 equiv of H,O at room
temperature followed by treatment with DOWEX OH resin in MeOH to afford a crystalline
sample of 4-methoxy-7-(2,3-anhydro-B-D-ribofurnaosyl)-7H-pyrrolo[2,3-d]pyrimidine 10.1.
The epoxide was treated with 4.0 equiv of LiEt;BH in THF at room temperature to give the |
3’-deoxynucleoside 10.2 in 50% combined yield for the two preceding steps. The 7-iodo group
was introduced by reacting the 3’-deoxynucleoside 10.2 with N-iodosuccinimide in DMF to give
compound 10.3 which, in turn, was treated with anhydrous liquid ammonia to provide
compound 10.4. After the palladium[0] catalyzed cross-coupling reaction and cyclization to

form the tricyclic target, the desired nucleoside 10.6 was obtained.
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6.6 8.1 [0168] A mxture of tricyclic nucleoside 6.6

(20 nyg, 0.06 mmol) and 10% Pd/C (12.8 ng, 0.2 eqg.) in
WwQ0ook/0af568veOH under pressure (32 psi) was shakeor/82004027819

hr at room tenperature. The m xture was filtered

through 0.45 mfilter. The conbined filtrates were

evaporated and purified on a silica gel colum with 5%

ipte 112 Step ATh-QfotiRNSEr- @0 SRAKY 28 pyrrolo[2,3-

| e . y . ]

d(y"' 7 (s, |H H 4), 7.48 (s, IH H1), 6.12

(s, IH HI1'), 5.05 (m 3H 3xOH), 3.89-3.12 (m 4H,

[(}11576] To Etlnﬂxture?éﬁﬂ“ﬂnﬁlebmda 5&6(230 hfk, 018175 Aol st BinI 20¢tc8tbnitrile were
CMS: ES-Ms 393.6 (MFCH3CQOO) .

adde@%p%orgmle (1/9) 81 57 pL, 1 eq) and a-acetoxyisobutyryl bromide (0.537 mL, 4

o B0 R AR 0 S e v

extradfed WlthIEthyl adEMfe Hﬂle7 @mlﬁned‘&tghﬂiﬂc EQrdctHvEld wash&d With banklQ@ried over
[0169£ ghe nucl eosi de 9.2 was produced_di rectqd)r/
Mgs@r B¥hvaRqraigdi dbe famy igpidpnwansuspendsd ieNeQHh prd styrad ayemight with

Dowe Ol SREAQith lj)ﬁ%}é(ﬁ'lms IJ/IeO&‘? d ggggé%ﬂl wad ﬁﬂﬁreé %ﬁfh washed

2883- 893 usi ng g nmoni a over ni

with }aOHeatidihe c?]mlmaechﬁ},tm voare sspoaial torvield 6as hig)crf apale yeolllow foam
d.9. t ation of conpoun
10.1, GRERIRrgely veseoip Heoneriep wbhusEa senBodhas ¢ og

tricyclic nucleosi de 9. 4. Exanple 9, Step A

xampie 0. StepA3: 4-Mether (SrslegryBeDaibgiiunag ki
fdhddohy a publ [ shed rret hod ( Ber gst r om " D .. et |
]g? !, Wg Chem, 1981, 46, 1423).

[0177] Superhydride LiEt;BH in 1M THF (8 mL, 10 eq.) was added dropwise to an ice-cold
deoxygenated (after 15 min purging with argon) solution of anhydrous nucleoside 10.1 (218 mg,
0.8 mmol) in anhydrous THF (10 mL) under argon. The resulting mixture was stirred at 0°C for
2 h, then acidified cautiously and finally purged with argon for 1 hr. The residue was purified
on a silica gel column with 5% MeOH in CH,Cl, to yield 117 mg of target compound 10.2 as

off-white solid (yield 55%).

Example 10, Step C: 4-Methoxy-5-i0do-7-(3-deoxy-p-D-ribofurnaosyl)-7H-pvrrolo[2.3-
dlpyrimidine (10.3)

[0178] To a solution of nucleoside 10.2 (350 mg, 1.32 mmol) in DMF (10 mL) was added
N-iodosuccinimide (327 mg, 1.1 eq.) at 0°C. The reaction mixture was stirred at 0°C under
argon for 2 h, then warmed up to room temperature and stirred overnight. The reaction was
quenched by addition of 4 mL of MeOH. The solution was evaporated to dryness, then
redissolved in CHCl3, washed with sat. aq. NaHCO;, Na,SO3 and water, then dried over
MgSOy. After evaporation, the residue was purified on a silica gel column using 0-3% MeOH

in CH,Cly to provide 353 mg of pure compound 10.3 as white solid (yield: 68%).
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Exanple 9, Step B:

4- Am no- 5-[ 2- (met hoxycar bonyl ) et henyl ] - 7- ( 2- C- net hyl -
wh2asiobsttir naosyl )- 7i/ -pyrrolo[2 3- ]pyrim dPeEUSDIBY27819

[0171] To a solution of compound 9.2 (300 ny, 0.76

nmmol) in 10 L of anhydrous DMF was added Cul (29 ny,

0.2 eq.), methyl acryl ate (1.37 n., 20 eq.),

B ¥d BOTISRS) 15 24L Akino-2-i680-- (9"5@0!{@—2- boﬁlrﬁaldrsgl))ﬁﬂbmololz,&
room enper at ure under an ar gon atmbsphere
dipyrimtidine (M4t ure was heated at 70 C for 24 hr. then

cooled to roomtenperature and 20 nL of 1/1 was added.

[0IBh A nix@irg oDevsepouhd 20.8Q60 Big; ar128fnam61) was adtddieshsanfhid ammonia
tLHe S#llF ensl on stirred at roomtenperature for 45 nin.
(15 miy avps prepipd fedistamices stedd iatogkaye ghbHER Xilaye, tepenaled mydrevaporated in
vacud“’aﬁlef ﬂeﬁaﬁé %a@%ﬁﬁﬁ%’o R g)téfagsrl) | C&g s um%&lﬁ %‘%Irl\élgft)lhlgﬁ ALCh Nfs eluent to
gve@mgoﬁﬂ@ejon(pemdam:tagaméutﬁzdhdrgyxefd B2%al product 9.3
(yield 84% [0172] HNWR (CD OD) d 8.1 (s, IH H2),
8.00 (s, IH H®6), 7.96 (d, J 15.54 Hz, IH), 6.35 (d,
J Ekambte M, Stepdi: YU Afhirme25 - 2H(mbtHox vtatbonyl)8thdsyvi{-7-(3 ddoxy-B-D-
,H-3), 4.34-4.26 (m 2H H-4, H2'"), 3.85-3.64 (m
'LJJ.(" 3 7 ) ) -“ 2 agye 110.5 Exan'p| e 9. St ep C
éb D-RI bofuranosyl V2 6 di hvdro-7i7-2, 3. 5. 6-
[0t1§ I Bz splatiomof comatjound 4P {50 men 8.189 napol) 017 BIL #f anhydrous DMF

woro SEBHE T BB B0 B B T2 R o 2

and PE@PWL), o15 M@SO ¢ @gb @Qro@ﬁﬂeﬁ@@raﬁﬂb Ylﬁdlﬁr aﬁ\é?éb‘ﬂra%hgﬂa}l@fbd "FH%ereactlon

resi aue purl y silica col um usi ng as el uent

mixturg;was heatadas 707 Cﬁ@r 48rhacthen c ?ead {oommtemwmre( @n W0pLbf 1/1
MeOI%{_Cgl)? C(IQSWE)%A&(E&_I' 1%b ’mg;P?‘gl)eﬁ %%2-.} 85|_ Pg%a‘rlé ’ é?_dtgsm a@_zeg-?nd the

suspefision ik sthlredl at rocha %ﬂel’atuﬂelibr &% Bin). ,t%ﬁl7m§,er€dl\r/|]+ Téin'i;emhl—véas)washed with

3x10 %@21}4&5@/@82(212 (151 E‘jé(&b;? sglvggtrqvggq:rg'éegn]ag/%ﬁ was ﬁnally%%a)l)oorated by
azeotr?l(_)ggzéc%déif'a?c\/r%%% gt%l Etzol\l/éer%( (% g ﬁ%\/gﬁ%@ﬁﬁ%% f)%ég)le& BX/EIE%%’(O graphic
columin; (i fiBpionTedFsiNEa gel (eluent: CH2C12/MeOH=95/ 5) to give 20 mg of final product
10.5 (yield 45%).

Example 10, Step F: 2-(3-Deoxy-B-D-ribofuranosyl)-2.6-dihydro-7H-2.,3.5.6~

tetraazabenzo[cd]azulen-7-one (10.6)

[0181] A solution of compound 10.5 (20 mg, 0.06 mmoles) in 0.1 M NaOMe in MeOH
(12 mL) was heated at 70°C for 4 hr. The solvent was evaporated and the residue purified by
silica gel column with CH,Clo,/MeOH=90/10) to give the final product 10.6.

[0182] 'H NMR (300 MHz, CD;0D): § 8.31 (s, 1H, ), 7.71 (s, 1H, ), 7.05 (d, /12 Hz), 6.05
(s, 1H, H-1°), 5.73 (d, / 12Hz, 1H,), 3.87-3.66 (m, 4H, H-2’, H-4’ 2xH-5"), 2.31- 2.09 (m, 1H,
2xH-37); ES MS: 360.9 (M+CH;3COO).

{
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rt, OC, 4 h 2) DONEX CH'" HOt>H MeOH B 10.2 OH 5.1

10,1 C1) NNS/DVF 2) |ig. NH OCH Methyl acrylate R
wO@M2geOH Pd(PPh ) D Cul, NEt , DMF 70 C HO PCNUF200#027819

10.3: R = Ow 10.4: R = NH [0175] The nucleoside 5.1

was prepared starting fromD-ribose ((i) Journal of

Het erocyclic Chem stry, 25(6), 1893-8, 1988; (ii)

Hel vetica Chimca Acta, Eldfple11573-85, 1988), then

converted to the 3 deoxy nuc e05|de 10.2 as foll ows:

4.0 equiv of C-Meihy nxaAn oyl nParakin ya

a suspensi on of

cont ai ni RFHAYHOLEF¢-) ZA0HHOHS

by treatnment with DO/\EX ()—I resm [

crystal | nefsanpl e of 4-met hoxy- 7-
b-D-ri bmsyl)ﬁl\] pyrrol o

;E%%qoepo jyde s éegﬁgpl w0 h 4.

I\/le()—|to afford a \u,
62 3- anhydr o- ‘
\Nf] py®i ni di ne 1

Vué’rﬁ g N FﬁbIF a N )

eo
in 509 |ned or th precedi ng step he
/- EORS gbeuP vvas% 2$O%Uced-163y areacting the WO OH

' - deoxypgycl eosi de 10.2 withqhyi odosuccinimde in DVF
to give conpound 10.3 which, in turn, was treated w fh?

anhydr i\qui [ '
y :E%Eghg)gw d ammnisa {o.provi de 0
ul, NEts, DMF HiC~/ NH, / NH
N NaOMe/MeOH N
. 7l /)N A HO S
OCH3 HO NN L(_O_i N
o U D
C = Sz 5 %
H CHs HO OH 413 HO OH 414

Example 11. Step A: 4-Chloro-5-iodo-7-(2-C-methyl-B-D-ribofurnaosyl)-7H-

pyrrolo[2.3-dlpyrimidine (11.1)

[0183] To a solution of the compound 6.3 (7.73 g, 10.39 mmoles) in dichloromethane
(200 mL) at -78°C was added boron irichloride (1M in dichloromethane, 104 mL, 104 mmol)
dropwise. The mixture was stirred at -78°C for 2.5 h, then at -30°C to —20°C for 3 hr. The
reaction was quenched by addition of methanolic/dichloromethane (1:1) (105 mL) and the
resulting mixture stirred at -15°C for 30 min., then neutralized with aqueous ammonia at 0°C
and stirred at room temperature for 15 min. The solid was filtered and washed with
CH,Cl/MeOH (1/1, 250 mL). The chromatography over silica gel using CH,Cl, and
CH,Cl,/MeOH (99/1 to 90/10) gradient as the eluent to furnish the desired compound 11.1 (2.24

g, yield 51%) as a colorless foam.

Example 11, Step B: 4-Amino-5-iodo-7-(2-C-methyl-B-D-ribofurnaosyl)-74-

pyrrolo[2.3-d]pyrimidine (11.2)

[0184] To the compound 11.1 (425 mg, 1 mmol) was added liquid ammonia (20 mL). The
mixture was heated in a stainless steel autoclave at 85°C overnight, then cooled and evaporated
in vacuo. The crude mixture was purified on a silica gel column with 5% methanol in

dichloromethane as eluent to give the product 11.2 as a light yellow foam (400 mg, 100% yield).
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conpound 10.4. After the palladiuni catalyzed
cross-coupling reaction and cyclization to formthe

wo poospeisse target,' the desired nucl eosi de 10. BCTVES2004/027819
obt ai ned. Exanpl e 10. Step A 4-net hoxy-7-(2.
3-anhvdr o- b- D-ri bof ur naosyl V7/ 7- pyrr ol of 2. 3-
dl pyri mdine (10.1) [0176] To a m xture of nucl eoside

BILITTNE , fem{d After 2
hr stlrrlng at roomterrperature sat (aq) vvas added

[oassj The sotutiénioLcomgsouad il 2qt 2 wb nimel) iy 20 adesfainBydrbhEDMF were
nbi ned organic extracts were washed with brine,

addeddgyldp mgep 26ﬁ‘ild) atpbemtangte (F33 mle,a?r@/ecr)aﬁmhnémm (686 pL, 2 eq)

o EHPRGOESE 0 ESEA B L Bl PR, B cion

mixtuftd \lvﬁsd[eetbd@ft f70°®v&&imdnvmag cd\eﬁéa'loarlﬁgmtztg{ﬁp@t@ﬁb? |0 ooI mL of 1/1
iltrates wer evaporate to e 5 ng of a_pale
MGO’%H WasAdded 210 s fvesr Waslo Qxi?rleeb formy, wag thep adql@l anehthe

suspofpiiPué {ef f(%‘é Rl C88 il Ex BIBLE, The rediPRafivashed

oXy urhaos

with 3x50 mIoI\@OH/Blephy]r/ i nDM]ﬁwa£ fifalR) ex{aﬁdrltﬁd bSugzestrypde e@tevaporation

with tlfﬂél @5%% ftogﬁzpb atmnren&gl? ed g(%?%xmﬁs(glﬁéﬁﬁweOH 95/5)

avetﬂ%'ﬂd bPproghictanydiagssoopc! eoside 10.1 (218 ny, 0.8
5 % ?ﬁr anhydroﬁg TngyzblO mL) under argon. The

resultlng mxture was stirred at 0 Cfor 2 h, then

g
,ﬂteﬂnaaﬁ% [H]aznlene/-gne1d 47 ng of target conpound 10.2
as off-white solid (yield 55% . Exanple 10. Step :
[01!86}45‘( balutiorbof @iipolnl 3130% Yirg, 0.087 mmoles) in 0.1 M NaOMe in MeOH (17
? é)ofurnaos | V71 7- )frrolo 2.3- ]pyrimdine (10@
mL) wag Pogpd 4/ R8T hibt-oRhovoluise) wwesvaroretyd ang dsgepigue purgied by silica
h{:gﬁpd [ v
gel ¢ td grhﬁh?ﬂll\égné éﬂaﬁz)M%@ﬁ r%gget%%(l)%e\{’t i §1{dl‘é Ol %@f@}ag g?oduct 114
(yleldéﬂ%() C under argon for 2 h, then war ned up to room

ol GIRERSHR Goldang swﬁ‘éﬁ@”é@?&w&‘mé%@&p O AR g0 (s, 1H,
H-1), %"?M?& @ﬁga,Os.@N’g %Hﬁgm (£ds5S ﬁi o 4d3. §'6§gm“%§fﬁ% H-4°

tef’ dried ov

2xH-58y dddn(at3th CHHNB7F é*;sBHu@H\;\bESM& i405 ed MFCIa;G00).ca gel
col umm usi ng 0-3% MeCH

Example 12
2-(2-C-Methvl-B-D-ribofuranosyl)-8-methvl-2,

6-dihydro-7H-2.3,5.6-tetraazabenzo[ cdlazulen-7-one (12.2)

OCH,

L NH Pd(PPhs)s 0 0
2 Cul, NEts, DMF N e
D 70°C = 2
am HaC NaOMe/MeOH S
P SN 4 N
HQ 0. NN 4 I P A HO I 2
(_L OCHj, HO NN o NN
a 0 ~CL
HO  OH A :Sz =~ B HG  BH
HeG HO OH
11.2 12.1 12.2
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in H2 2 to provide 353 ng of pure conpound 10.3 as
white solid (yield: 68%.Exanple 10, Step D

wd2085i0z1566- | 0odo- 7- ( 3- deoxy- PCT/US2004/027819
b- D-ri bof urnaosyl V7//-pyrrol o[ 2, 3- “pyrimdine (10.4)
[0179] A m xture of conpound 10.3 (50 ng, 0.128 mol)
and anhydrous liquid amonia (15 nm) was heated in a

TiMEEE SH | 4-AHiReb Ay en oyl 220 dhek ydapayl)étheryl D (?-Edmethyl-
evaporlate |n1vacu?1 The reS| due was purified on a

iribo fanapeyl ) ) yIpaEe Le-bls el uent to give 30
rrg of the conpound 10.4 as a white solid, (yield: 62%
[01B8RTpP lasolifion SF e@mpound 11.2 (200 mg, 0.492 mmol) in 4 mL of anhydrous DMF

was adpé¢ce@€1§é@§ﬁ£?c§£%%§?h33§@§w@% 1S s g 3p 933, wiethytamine

7 YA B A TR S o
The re@cﬂféﬁ%lg&h're fvﬁs F&tec@atzl Ogg f()ri_24rlﬁ{ thgh ca@le% kﬁtogn( @A@emime and 100 mL
. rie am ne 0.
of 111 BiFOHIGHEbomnaerpbria) srasDuaei V0% BYR Remobisiaieadded the
suspenF{f}g slif8¢ %tj ggxingk gWaﬁlrg\@o? ABGaHE ﬁl?eged: ’fl%"reé‘lﬁ vl?Hs washed with

n coo omt enperat ure and 20 was
3x10 rald Ve OH/T0 0: DOVIBXFLx 2s fifHllyBiveporhtefl bymv@mptmemdt@tion with

tolueng GRHID). CHBAPRRECBRAE o S roride i TR ek o810
CHZC%VMM gtsiesz ﬁé;é lé%{g%‘f@ﬁeﬂﬂtﬁgue@\ﬁ%ﬁs finally

vapor ropi c co-évaporation with toluene
(2x5 nmL). The residue was purified by chromatographic

CRl A pyrdibh gabioN. hlp.- e ﬂ%@évﬂeﬂheﬂk@aw -Ni@yd@-7H-2. 3
. yrelo anpl'e 10, Step
5. FtetPafdeDed xylabslBh-Tidnef(12.2t i osyl )-2.6-dfliyd -7 -2.3
5.6- tetraazabenzo| ~cd |azulen-7-one (10.6) [0181] A

[0 WA b ommuﬂdi 14.9.(50 £:200.009 n@mﬂes)nmﬁneM)Na@m ilMeOH
Ove in MeQH ( T)vvas heat ed at 70Ct§ ‘ﬂ‘ﬁ fied b
(16mrrmasslmatpém¢ m&fwatgo heaalugiap vap evapegter andilif rsidug pgiiied by

silica %EIE) %@@%ﬂ%@ﬁﬁ&% g%ghﬁ.lélﬁg %z%@eéﬁa}ﬁ/ He br&ﬁ@éj;;r%ﬂu& 428.

g IHHNMR (BBOMBHLDVECHL) § 1. @iﬁf s.1H, mmﬁgm)(s, 19, m4) 7.73 (s,
1H, 93800 6, 88, Bof), 6F 5 ot 309 O e b, Hgih 39535 G, ey 1
4 2&%‘5%’?&0 X0 )_ gz?%,e%gﬁﬁgt RYINI®: 405.3 (M+CH;COO).

Example 13
2-(2-C-Methyl-B-D-ribofuranosyl)-9-methoxy-2,
6-dihydro-7H-2.3.5.6-tetraazabenz[c.d]azulen-7-one (13.2)

H

| NH Pd(PPh3), COyMe
: Cul, NEts, DMF HaCO~/  NH, Heco—/  NH
/ | NaOMe/MeOH SN
HO ) i | ~N A 74 | ]
O HO N A HO NN

H  OCH, HO ©
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6-di hydro-7i/-2,3,,5, 64etraazabenzoj cd]azul en-7-one (

.4) t ACl BhnhOBC CHC Lig.NH3 -78t -20 C Cl BnO OH
woideBe8 11. 1 Pd(PPh ) Cul, NEt , DMF H C V/PC®IUB2004/027819

NaOVve/ MMOH D OCH H CH t)H (tm) M Exanple 11, Step A

4- Chl oro- 5-i0do-7-(2- G nenyl - b-D-ribofarn aosyl V7#-

pyrrolo[2,3-<i]r yrimdi e (11.1) [0183] To a solution

Hrabldfe CLRPQUN Rytind-5-[1 %n&hoﬂ@z%eﬂﬂlé@h‘)mmenvu-7-(2-c-

drentoronetiane (200 L) at - 78C was added bor on
methiyi-BHD-2ibofl@nddsi) i 7H-gireslof Drfptynianidine (B, 104 nmol )

dropwi se. The m xture was stirred at -78C for 2.5 h

[0198F Do 3lsoluBBn 6f Efnpod@ 18.7 @00 2nd) 0.492 memok are § indnofverhydrous DMF
guenched by addition of nethanolic/djchlofomethane .
were addedJuT(10Bien0R canEehmeresymeiagy sl oL 10 bl tgthylamine:

-15C f{or ] . he eu ' j
057 5] P B ) bbb 248 gon smsphere
The reAftidn MiRBirS Whd BeatasatFob € 6rex lanthewasdieditonobin teipirat2éand 100 mL
mL). The chromat ography over silica gel usin d(ga
of 1/1 ?eqwcﬁzcggvaﬁ alded 609 o)2 Bowen &xd-1 44 Brad Brdths 1hep added and the
urnj.sh.the desi 1 i .
suspengion gjcngs(} %grpggggmég%mQ%fﬂggn% Fxgini %xeh ng%é&g : The 44if hhs Selfhed with
3x10 o, MEOT'CEE 00601 7 DME was fimblhy bvapbradrbybazkotnede vo-evaporation with
-7ff pwol o 2,3-<]%}/rim i ne &1}‘29 o
toluene (2x5 mL). Chromatographic purification ot the r sidue on silica gel (eluent:
CH,Cl,/MeOH:95/5) gave 87 mg of product 13.1 (yield: 45%).

Example 13 Step B: 2—(2—C—Methvl—B-D—ribofuranosvl)—9-methoxv-2,6-dihvdro-7H—
2.3.5.6-tetraazabenzo[ cd]azulen-7-one (13.2)

[0192] A solution of compound 13.1 (30 mg, 0.076 mmoles) in 0.1 M NaOMe in MeOH
(15 mL) was heated at 70°C for 4 hr. The solution was evaporated and the residue purified by
silica gel column with CH,Cl,/MeOH:95/5) to provide nucleoside 13.2.

[0193] 'H NMR (300 MHz, DMSO-ds) 8 10.63 (br s 1H, NH), 8.35 (s, 1H, H-4), 8.06 (s,
1H, H-1), 6.13 (s, 1H, H-1), 5.30 (s, 1H, H-8), 5.22 (m, 3H, 3xOH), 3.32 (s, 3H, OCHas), 3.98-
3.63 (m, 4H, H-3’, H-4* 2xH-5"), 0.71 (s, 3H, CH3); ES MS: 421.5 (M+CH;3COO).

Example 14
2-(2-C-Methyl-B-D-ribofuranosyl)-8-bromo-9-methoxy-
2.6.8.9-tetrahydro-7H-2.3.5,6-tetraazabenzof cd}azulen-7-one (14.1)

0 B, O

7/ NH HzCO NH

/ I\JN 1) NBS/DMF / |\)N

HO Z 0°C HO 2

ol N oN°N

2) MeCH

HO OH HO ©OH
6.6 14.1

[0194] To a stirred solution of nucleoside 6.6 (10 mg, 0.030 mmol) in DMF (0.5 mL) was

added N-bromosuccinimide (11.25 mg, 2.10 eq.) at 0°C under argon. The reaction mixture was
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[0184] To the conpound 11.1 (425 ng, 1 mmol) was added
[iquid amonia (20 nL). The m xture was heated in a
wat@snksss steel autoclave at 85 C overni ght, PEEDNS2004/027819
cool ed and evaporated in vacuo. The crude m xture was
purified on a silica gel colum w th 5% net hanol in
di chl oronet hane as el uent to give the product 11.2 as
stirrecbat|0°Gltor ¥ &t thewqhgrhed 448 MEOHY08% ). eIt mizsa8 a8 etdporated to
Step C 4- Am no-5-[I - met hyl - 2- (msth Cc
dryne§,scagl,dé}he§,¥e)s f 8ig§ putitied on sitise B¢l column with 5% MeOH in CHaCl to give

Comp?—‘d'%g} %) éﬁgﬁﬁfs%%?é lﬂ@%a%teg o1§o?xlle% ﬁ?ﬁag,ﬁé_{ﬁr }Q)m ("@‘IGQ&Iét%i gg& 1P3d was

character2@d bydH mmm QRS Msm& s dl}mwﬂ( E3D0HZODRISO-dy) § 11.29
cr ot onat e

5.
(5, TH TOED: 5 oo He FDo8 OB, 150 51y OgHa 602 455, M, Holh 20 5408 (m, 4HL,

SO 8O TSR 5,450, 3058000 ARG ol 300,521 05

3H, OChhy), @b, 0.66¢R3EE TER).EUMS: 3007 I0B-CH;CUO 1/ 1
MeOH QHf eCf e was added. 2. O Dowex 1x2-100 Bicarb form
was then added and the suspension was stirred at room
tenperature for 45 mn. H I§idtered. The resin was
washed with 3x50 niL DI\/F inally evapor ated by
azeot ropi ¢ co4eAEe-2i2-6nmgthyh BtIdribefimanozyiy- ni ) .

Exanple 11. Step D 2-(2- C—I\/bthyl
b- D-ri bof uranosvn- 9- net hyl - 2. 6- di hvdr o- 7g

6 tet |aazabenZJ ~cJ]azhen-7-one (11.4) | NA
conmpoNadmadn 3 (33 nmosb- »ﬂﬁTQ
O\? OH-H4Fnt)—was—heat ed ;i)é%g%for 4
Th Wi o%‘wa@@&?ap ated and the r purified
by silicH gel hromtg@yjﬁj& n@Cﬁ§ el @nt to
provige 24 ng of final sPro uct 11.4 (ylgld 80%) .

[0187] H NMR (300 M¥EODMVSE™ ) d 10.66Cbr. IH NH),

8.33 (s, IH H4), 809 & IH HI), 6.10 (s, IH,
H1'), 5.67 (s, IH, H%) 5.16 (m 3H, 3xOH),

4.05-3.65 (m 4H H{3' [ H4' 2xH5), 2.11 (
), 0.B3 (s, 3H, CH/ 405.8 (M-CH C00)/ Ie

1Bk | - by fur anQgy! V& th%/l NZ ™S NG
6—di-hvdre- %C@l tetraazabenzo| cd%- 7-one °
(17485 RA(PPh

z A \\
HO  OH
15.3 15.4
0y OMe 0
b Xy, NH, c / "NH
Me acrylate 74 | \)N\ a \/Nk
Pd(Ph3P), HOwN N/ NH, NaOMe/MeOH o . N N/ NH,
CH } ijH
Cul, EtsN, DMF " 70°C; 12 h 0
70°C; 10 h HO OH HO OH
15.5 15.6

[0195] The sodium salt of 4-chloro-5-iodo-2-pivaloylamino-1H-pyrrolo[2,3-d]pyrimidine
15.1 (prepared in situ using sodium hydride) was reacted with protected 1-bromo-2-C-methyl-D-
ribofuranose 2.4 (which was prepared with HBr/AcOH in CH,Cl, from the corresponding 1-O-

methyl analogue) to give the B-anomer 15.2. Removal of dichlorophenymethyl protecting
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n P3 Cul, Net , DWW NaOV/MeOH OHOHr BH1 1
. 2Exanpl e 12, Step A

wd2@ai0nsedH- f 2- met hyl - 2- (et hoxycar onvDet henyl | P@F/(22004/007819
etfayl - b-D-ribofumaosyl)-7H pyrrol o[ 2,3-dl pyrimdine
(12.1 [0188] To a solution of conpound 11.2 (200 ny,
0.492 mmol) in 4 L of anhydrous DMF was added Cul (19

group8Was Perfordtbd)usin $h/ {ricARAAB & EHQCE 16 %&%m-chl%ﬁb-ﬁﬁcléomde 15.3.
triethylamne (137 nL, 2 eq.) )

Further ggpmenalysis and deprafection aggleaatgbtenaqemmléed Zl;h-ehammo nucleoside

r e t 70
15.4, SRR AR SN Sk B68% SheRhe Bl v et oo e
correspaﬁdlﬂgl dafecthylptbpeHodtO &8, ThR-cbBpoBhE b coiverfedvito tHiarget
ed the suspension stirred at roomtenperature for
tetraa%@gelmqﬁc dJaghens quclepgide 456 miresadiun mefroxidsediatediing chsue.

mL 1/1. DVF was finally evaporated by azeotropic
Co- evaorsatl on W|th toI uene2(2x5 rlrL) Chromatoraph

p ; _ _ : ‘

iBlofoMR I, 9%1/1 -25C- thv?%-ﬁglb%ffurgnsgs% 7]_F¥—nvrr(gl¥) z !3 gﬂ Vnm@dme (15.2)
o :%@“ﬁasxeza; S 2 el i,
solutlcﬂrpéigs%hmﬁl s Mt4 Qﬁlo&f-S WK/QQI(%MM 3?1 %‘golﬁpoyg]gymmdme in

nmol es) in 0. NaOwve in ate
acetorfipile] geperatedhin Sll‘ﬂ'frems‘bbhlbroeﬁrlmh)ﬁ-@mhwlMmdﬂézhplyrrdie[Z 3-

o QUBBLE B8 S8, S R SR

acetorfi®ilOQOB INRNAIREI (o2 1@N§@rai oll, 2248, $91 ﬁﬁﬁol‘f aﬂér*zl hr of vigorous
N 8.28 (s, IH_H4), 73. (s, IH HI), 7.
stirring rogngt)empera@:;rek SThq q.qm‘ql.pqd mixturg Weg st(umzd gmoom)t@;perature for 48 hr.

0 R i A Bl
evapothBed2efpRev@ddvie misktoustniD-Rurlfeati@nasy kilf8a geltdohiiy, Asing hexanes/EtOAc
gradient(15/1, 13/1, 11/1, 9/1, 7/1) as the eluent, yielded the target compound as a colorless
foam (7.02g, 23%).

Example 15, Step B: 4-Chloro-5-iodo-2-ni
ribofuranosyl)-7H-pyrrolo[2.3-dlpyrimidine (15.3)

[0197] To a solution of compound 15.2 (7.03 g, 8.43 mmol) in CH,Cl, (200 mL) at -75°C
was added boron trichloride (1M in CH,Cl,; 83.4 mL, 83.4 mmol). The mixture was stirred at -
75 to -70°C for 2 hr and then at -30 to -20°C for 3 hr. The reaction was quenched by addition of
MeOH/CH,Cl; (1/1, 9 mL) and the resulting mixture stirred at -20 to -15°C for 30 min., then
neutralized with aq. ammonia (28%, 35 mL) at 0°C and stirred at room temperature for 10 min.
The solid which separated was filtered and washed with MeOH/CH,Cl, (1/1, 500 mL). The
combined filtrates were evaporated and the residue was purified on a silica gel column using
CH,Cly/MeOH (50/1, 40/1) as the eluents to furnish the target compound 15.3 as an off-white
solid (2.93 g, 80%).
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6- di hvdro-7ff-23,5. 6-tetraazabenz[c., d] azul en- 7- one
3.2 Pd(PPh ) /P / | X . NaOwe/MeOH HO H"OCH H OH 11.2

wda3zBxEepl e 13. Step A PCT/US2004/027819
4- Am no- 5-[ | - met hoxy- 2- (et hoxycar onyl ) et henyl ]-7-(2-C
met hyl -

b- Drlbofurnaosyl) 7i 7- pyrr ol o[2 3- <f|pyr|mdms (13.1)

trlethylamne(137m_ 2 eq.) and.(57rrg Oléq) at
[Oﬂﬁﬁmmma& af thie@onipoeaid &om Steon (39@§@Bﬁﬁrﬁolg'£ﬂ@anhydrous liquid
m xt ure was heated r

a0 P P g s stoghrtagYA st 0% fordctecsioated and the
solveﬂ’e%%aﬁﬁi%&’ TAHO PosilBhe PR ark %v1ﬂ1%le§1-lct3 lyl?elé GLEN) %@flsq] SThe filtrate

and the suspension stirred at at u
was effaporat@d mdpurifiddem lidatget edumiivathr @Hmzmmmx E)Jltovﬂhﬁﬁsh

L 3X cCHd :1/1 . fi.nal |y evaporated by
additig 3 5P g 3RE e B BPRELHOH YOG Rlone | 2x5 L)
Chrorrat ographl c purification of the reS| due on si | | ca

] gave 87 ? odu
{mel Vcarbonv) 2- ethenvl] 7 (2-C-

PTI . i i I -9 et , 6-di hvdro-7J
m%h%’gﬁ%f%gaé@?z}a?a €NZ0 c>3 HE&I 9 (13 2) [0192]

o o PREEBH i 8 P G Bl

were aflded s@piet iaalﬁﬂe/(aw eV PI3aheel) anehiherylesi(dsanpur3. f hﬁﬁbl),
colum with CH C_/MeOH: 95/5) t o provid
wiethy{iuiesb P eag Sniaih o iR (oowy iSRS 0] (422.5 me,
3 ,
07t it i
tempegitire 3nddjipted vath Ve OIBEH,CeH /), 5BmBB- D8wES HGO;™ @Hz) whsHdded then
and a% )1‘1%)1’(1 %gvﬂ%‘ngo@g ]f‘%S(ll’? Yagﬁl}\gpcﬁl)g}f wgs%ey%\:/ithAf(%ﬂI' élgw O?il(l/ 1, 150 mL)

and th cbinbinB@ il /BOPSHcEntBitdd. OIR-18si AR HYeated with MeOH and the catalyst,
2,6.8.9-tetrahvdro-7ff-2, 3.5, 6-tetraazabenzo|
Whlch@gqa@ﬂtgql erasAiligied ¢ff4 Thy evaporated filtrate was treated with MeOH again and the

target compound, which separated, was filtered off (627 mg). The filtrate was concentrated in
vacuo, and purified on a silica gel column using a CH,Cl,/MeOH gradient (50/1, 30/1, 20/1 and
15/1) to furnish an additional 175 mg of compound 15.5 (total yield 58%).

Example 15, Step E: 4-Amino-2-(2-C-methyl-B-D-ribofuranosyl

2.3.5.6-tetraazabenzo[cd]azulene-7-one (15.6)

[0200] A solution of the compound from Step D (578 mg, 1.52 mmol) in 0.1 N
NaOMe/MeOH (250 mL) was heated at 60°C for 12 hr and then neutralized at room temperature
“with Dowex H'. The resin was filtered, washed with MeOH and the combined filtrates
concentrated in vacuo. Purification on a silica gel column with CH,Cl,/MeOH (10/1 and 5/1)
yielded the target compound 15.6 as a yellow solid (245 mg, 46%).
[0201] '"H-NMR (DMSO-dg): § 10.04 (br s, NH, 1H), 7.42 (s, 1H, H-1), 6.90 (d, H-9, J 11.7
Hz, 1H),. 6.26 (br, NH,, 2H), 5.91 (s, H-1’, 1H), 5.56 (dd, J 11.7 Hz, J 1.6 Hz, H-8, 1H), 5.21
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HCO Y NH1) NBSDMF' ' 0 CHO.XJ 2) MeOH HO t>H HO
t)YH 6.6 14.1 [0194] To a stirred solution of

woe@seossgle 6.6 (10 ng, 0.030 mmol) in DVF (0. BCTI¥2008627819
added JV-bronosuccinimde( .25 ng, 2.10 eq.) at 0 C
under argon. The reaction mxture wasstirred at 0 C
for 1 r then quenched with MeOH (0.5 nL). The m xture

(br s, 3RO\ H)05.66 gleucs HE, Y4018, 1&I)d4199@s negii qﬂ)\ﬂ@%@lgs ghq@ 13 147,
lica colum with 5% MeOH i n H2
57 G 5L T R VB SHo A Pl A8 QU AEHACOB g,
65% . The isol ated conpound was characterized by H

NVR  COSY NCESY and LCVS._H NVR (300 Mz, DVEO™) d
129(s | H, NH) 8.54 (<Ex 4)800(s | H

AH H 3" H-4' 2xH—5), 3/&%&1621(23 3H, OCH)

0. 68, 066(25, 3H, CH). 501.7 (M+CH COO ).
Exanmpl e A- Am no- 2- C2- C-net hvl - - Dori bbof uranosvl ) - 2
, 6-di dr o-7 -2 3,5 6-t etr ab enzo ¢ lazul en @
e-7-off el 5.61,0 ) NaH MeCN H2) DOBO H - O H\ 7
15. 1 \N"OH5‘4H1LBBC|/] NGl NHB L
___ TBDMSCI A HF/py at
HOy o NN NH,— TBDMSO—y o N7 "N "NH, — N N/)\F
-U Imidazole, DMF CH t-BuNO, o
\_ 4CHs rt, o/n L -20 0 5°C \__ACHs
HO  ©OH HO  ©H WS o
15.6 16.1 16.2

[0202] Nucleoside 15.6 was converted with HF in pyridine and tert-butylnitrite at low
temperature into the corresponding 4-fluoro analogue 16.2, after 5 ’-O-tert-butyldimethylsilyl
derivatization with ferz-butyldimethylsilyl chloride and imidazole in DMF.

Example 16, Step A: 4-Amino-2-( 5-O-tert-butyldimethylsilyl-2-C-methyl-B-D-
ribofuranosyl)-2,6-dihydro-7H-2.3,5.6-tetraazabenzo[ cd]azulene-7-one (16.1)

[0203] A mixture of 4-amino—2-(2-C—methyl—B-D-ribofuranosyl)—2,6-dihydr0-7H—2,3,5,6-
tetraazabenzo[ cd]azulene-7-one (65 mg, 0.19 mmol) in DMF, tert-butyldimethylsilyl chloride
(70 mg, 0.45 mmol) and imidazole (61 mg, 0.90 mmol) was stirred overnight at room
temperature and then concentrated in vaczz(;. The oily residue was dissolved in CH,Cl, (20 mL),
washed with aq. HCI (0.1 N), sat.aq. NaHCOs, water, brine and dried (NazS0,). The evaporated
residue was purified on silica gel with hexanes/EtOAc (1/1) + 0.5% Ei;N and EtOAc + 0.5%

Et;N to yield the target compound 16.1 as colorless oil (38 mg, 44%)).

Example 16, Step B: 4-Fluoro-2-( 2-C-methyl-B-D-ribofuranosyl)-2.6-dihvdro-7H-
2,3.5.6-tetraazabenzo[cd]azulene-7-one (16.2)

[0204] To a solution of HF/pyridine (1.5 mL) and pyridine (1 mL) at -25°C was added a
solution 0f 16.1 (30 mg, 0.07 mmol) in pyridine (0.5 mL) followed by tert-butylnitrite (15 pL,
0.13 mmol). Reaction mixture was allowed to warm to -5°C, quenched with 6 N aq. NaOH and

evaporated. The pale-yellow residue was triturated with MeOH, filtered and thoroughly washed
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\ >CH -75t0 -25 C Hf )H15.3 15.4 J] NHDE M
acrylate Pd(Ph P) NaOMe/ MeOH Hi \ \ Cul, Et N, DMF 70
w@2008@2156% 0 C 1 t)HHS5 OH 1 5.5 15. 6 [ 0195pCTN82004/027819
sodi um salt of
4-chl or o- 5-i odo- 2- pi val oyl ami no-1i 7-pyrrol o[ 2, 3-d] pyri
m dine 15.1 (prepared in situ using sodi um hydride)
with M@OH @80theld cdilhbﬂiie@ flt£e)t Glhe evaporated ﬁltrate was punﬁed on a silica gel
I-bronDZC-mat I-Drlbofuranosez whi ch wa
colung}g( /1 p-gipp thectpreet cong dfa as ayellow solid (5 mg,
zy)correspondl ng 1 0- nethyl anal ogue) to give the
b- anoner 15.2. Renoval of dichl orophenynet hyl
[qansl &wmgqcm;ps))ms os €d, f}ﬁng HbISIl:ﬂQ’ IE?Z;YI(H), ’v Bil ‘{é‘”l@l‘ ), 6.09 (s,
or o- nucl eosi d

HE1, 40Dt 2§ (Erfbromd 1L T0HS Lol ngyao et (e ot BBy a3ED, 3.85 (dd, Jgem

120 KETRELRAS R0, Fodh AR IUShARTL OB sty K-

409.6neA-HyHA0@hate into the corresponding
5- net hyl propenoate 15.5. This conpound was converted

into the target tetraazabenzo[ cd] azul ene nucl eosi de

15.6 via sodium mat hoxi degs@elilgied ring closure.
7Exan'pl e 15. Step A _

di chl or ophenyrret hyI V

2-C-nethyl -b-D-ri bofuranosyl]-7i/-pyrrol o[ 23 - NHy

Tl pyrimdine( 5.2) [0196] A s®lution of2.4 (36.7 ;;/ﬁéﬁl)
/ N

in anhydnou zacetonptrile (50 ) Nisas added to a N
sol uti ory odi ymysakt of /N HO |N/)
4- chvoor On5~70do- ZeqPphyl Oy e n - pynrad%d;@ P ] pyr
i ni i diie n acetonitrite [%t ed i msirtou rot

4- cl\/bre- -| odo- ZupitaieMpy | am_[o- 7i dzpyrr ot df 2, 30 oH
<f1pyi m’ i ne (Nucl’ Aci d R&3. 1998 (26), 3350-3357)
(20.87 d1255.1 Mol ) in anhydmous acetonitrile (10002

[ng%]egﬂ%e%?ﬂ {169 @ag Pea@eﬁ %\518’1 ac?ylomh%e %gdeq He(:l's( “type coup}mg conditions.

Vi gor o
The nitrile 17.1 was converted into the target 7-amino-tetraazabenzoazulen nucleoside 17.2 via

sodium methoxide mediated ring closure.

Example 17, Step A: 4-Amino-5-[(E/Z)-1-cyano-2-ethenyl]-7-(2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolo[2.3-dJpyrimidine (17.1)

[0207] To a solution of 11.2 (200 mg, 0.49 mmol) in DMF (5 mL) were added copper iodide
(19 mg, 0.1 mmol), acrylonitrile (0.65 mL, 9.8 mmol), triethylamine (0.137 mL, 0.99 mmol),
and tetrakis(triphenylphosphine)palladium [0] (57 mg, 0.05 mmol). The resulting mixture was
stirred at 70°C for 4 d., then cooled to room temperature, diluted with MeOH/CH,Cl, (1/1, 6
mL), and treated with Dowex HCOs™ (0.5 g). After 1 hr stirring the resin was filtered off,
washed with CH,Clo,/MeOH (1/1, 50 mL) and combined filtrate concentrated. The crude residue
was purified on a silica gel column with a CH,Cl,/MeOH gradient (50/1, 30/1, 10/1) to yield the
target stereoisomeric mixture (E/Z, 3/1) as yellow solid (75 mg, 46%).
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stirring at roomtenperature]. The conbi ned m xture

was stirred at roomtenperature for 48 hr. The solids
wowoos/02iskg er ed t hen washed with acetonitril e (RODURL0D4/027819

and the conbined filtrate evaporated to provide a

viscous oil. Purification on a silica gel colum,

usi ng hexanes/ Et OAc gr adl ent ( 15/I 13/1, 1/1, 9/1,

__E@a@hbemzﬁ}cﬂlaznléﬁe Zl’g_)/al oyI am no-7-( 2- C- net hyI
b- Dri bonr anosyl V7i 7- pyrrol o[ 23-~pyri m di ne {15. 3)
[ozoﬂ]%hnim@oﬁﬁb Uérhgéurﬂffr m@% ¢75.2220.07 nfR019iB0 4N

5C was added boron

NaOMff/ M?QIBH%LI VRS h%tf@#t @0°C f@g3 br then C<8>$ed4t0 m@h)temifmture and
2 h
cvape IR eSS 1 PO ecom

gradleaﬂ(ﬂOl’] dﬂ/loﬁ/ lb/ﬁ@iélﬁlﬂhé}arge‘t/cdmpBuﬂtL)llamd yellew s68d! (44 Ag, 59%).
xt1 re stirred at - to -15 Cfor 30 mn., then

NM%(PMSW@qS g éﬁﬁ@rﬁ -4, [BB6,5135, HL)H4), 16-8.0(@lr, NH,, 2H) ,

tyir for @d aL 19 f he so]
o o PO LT Sy Sall Lo el i, 51
(m, 2’@H( 1/-CDH 500}21_3 %7-3@& (ﬁgmias’nemf 'H-S’; aHg SR, HIS’ ,1H), 0.70 (s, Me,
apor af n residue was purified on a silica
3H)-]V3% Eoﬁa%?ﬁ%@éﬂ@(%ﬂpgﬁ / MeOH (50/ 1, 40/1) as the
eluents to furnish the target conpound 15.3 as an
off-white solid (2.93 g, _80% . Exanple 15. Step C
2. 4- Di ani no- 5- i odo- 7- ( 2- ExamplaAs
b- D-ri bof ur anggy, L/
[0198] A mi X by (2.92 g,
5.6 mmol ) and HNRBG,6usrdarabsheb[edERiled (183)mL) was
heated in a stainless steel autoclave at C for Id,
t hen cool edfand the sol vent evgporated. The resi dugCH
was treatgedymi th MeOH to yiefdif). 30 g of 15. 4. The
filtrate evapo‘\fated and fledBon silica eIN
coI t Gzo wAROH (20 1) furni sh addi

off tHe tEAM. @t\Pcé‘i%%gLu%H @(J otraqsoyw che 799
Exan‘p i no- 5 Kd
EVI

- T gt @qucar bonyl V2- et henyl | -
b- D-ri bof uranosyl V7i J -ryrrol 0[2 3 3] d mﬁﬁ?e 05, 5)
[0199] %0 a solution of th8iconmpound from Step8€ ( .54
g, 3.66 mmol) in DVF (88 nl) were added copper i odi de
(139 nmg, 0.73 nmol )/ thyl acrylate (6.6 nL, 73.1
mml)< tr|othylam .02 nb, 7.3 mmol ), and

aiJﬁsl.\z_t_t» (8nyl h sg ine)pall adium[0] (422.5 ng,

HG ©H 183

[0210] Peracetylated nucleoside 18.1, prepared by treating the compound 6.6 with acetic
anhydride, triethylamine and DMAP in acetonitrile and was reacted with trimethyloxonium
tetrafluoroborate in CH,Cl, at ambient temperature to furnish methoxy nucleoside 18.2.

Removal of acetyl groups in MeOH saturated with potassium carbonate yielded the target

nucleoside 18.3.
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0.37 mmol ). The resulting mxture was stirred at 70 C

for 1, then cooled to roomtenperature and dil uted
wowdok/odsea/ CH A (1/1, 50 nli). Dowex HCO (3 g)P@EES2004/027819

added then and after 45 mn of stirring, the resin was

filtered off, washed with CH 4 ZMeOH (1/1, 150 ni)

and the corrbl ned filtrates concentrated. The residue

-Furanos 1t-2 6-dihydro-
rate
ms,g&-me@bmd@mm%m (aﬂd)t he target conpound
whi ch separated, was filtered off (627 ngy). The

oin At ®1 etk AP -DoribFata80sARY, 6R1IK Y drd-TH-2,8,506-
! FI ca geﬂ%zlo(ﬁ?% usi ng}ﬂq3 CH d i())s—lﬁgragilﬂé%tbw 1566

tetraazawmo[cz@amleand @/ 69 (136 mhg Ot lsmmeh) indgstonivilgvery sdd@é acetic
anhydde GAPRNNT 5 Rasdp§ {]‘ﬁ!!ﬂxﬁ/ ehdo8Y); arP SN (53 g, BRnmol). The
rmxtux*é'@tsrshh@ﬁ v annsy hrodmbemdpérugitd) tHenyevaporated and the residue partitioned
3,5, 6-tetraazabenzo cULazuI ene- 7- one f15.6)) %%121%
betweqm waler (75oRLband G&%ﬁ%&m )-f Fesnergenp layer wagwagfied piffpbrine and
) t

ared Q57 NS e Mo SR B T B OR L Ol
compotintifas Eienmxsdmd(l'ﬁbmg,ee%). was filtered, washed wth

MeOH and the conbined filtrates concentrated in vacuo.

Purification on a silica gel colum with CHd ZMeOH

(ERindpiand. Sicp B: yiMkidedy-D e 3t RirhetacepiHReCmktAA-BDasbafuranosyl)-
yelTow soiid (245 ny, /(). 0201] H NVR (DMSO-J ) : d

). 3(M6-tdiraazabenge|cd]paulere 82 H 1), 690 (d, H9,
1.7 H, IH).. 6.26 (br, NH, 2H), 591{3 B,
[051296A aldtion) oflthe Pomipoundl {1016 Sk A(E0 migH).11 supal) b‘rCHzC > (1 mL) and
trimetBoxgiprip tergygolrie U ey 12 Rt nd gt i sifigd gt room

tempefd'ﬁhre Hoo2 d.1 Mk ﬂ’ll@pglﬁt the ,red&’ﬁon i) qué‘rﬁhéd itk s0fq. Kg@ﬂb@HmL) and the
anmpl e _4-Fl uor o- 2- Zc-mtlﬁh b-D-ri boft
):¢

resultipg m%gam@l@e@ P EBCRIGO L), waghodavithish Biipe pad Arish eiver
Nazs(i. ®rhe ev%]o%at%ﬁ rgsldu% VMS p‘&nﬁe&— Mﬁ‘lca ‘gel conh\ Cﬁk@ﬁMeOH (50/1)

as the eluent to yield the target compound 18.2 as yellow solid (29 mg, 56%).

Example 18, Step C: 7-Methoxy-2-(2-C-methyl-B-D-ribofuranosyl)-2H-2,3.5,6-

tetraazabenzol cd]azulene (18.3).

[0213] A mixture of the compound from Step B (28 mg, 0.06 mmol) in saturated methanolic
K,COs3 (5 mL) was stirre;d at room temperature for 30 min. and then concentrated in vacuo. The
crude evaporated residue was purified on a silica gel column with CH2Cl,/MeOH (20/1) as the
cluent to afford the target compound 18.3 (15 mg, 72%) as a yellow solid.

[0214] "H-NMR (DMSO-de): & 8.30 (s, H-4, 1H), 7.68 (s, 1H, H-1), 6.83 (d, H-9, Jug o 11.6
Hz, 1H), 5.98 (s, H-1°, 1H), 5.84 (d, H-8, Jug,uo 11.4 Hz, 1H), 5.22 (s, 2’-OH, 1H), 5.17 (m, 3’-
OH, 1H), 5.12 (t, 5’-OH, Jsopus 5.0 Hz, 1H), 3.78-3.88 (m, H-3’, H-4’, H-5", 3H), 3.65 (m, H-
5°,1H), 3.49 (s, OMe, 3H), 0.72 (s, Me, 3H). MS m/z = 405.9 (M+CH;COO).
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15.6 16.2 [0202] Nucl eoside 15.6 was converted with HF
in pyridine and tert-butylnitrite at |ow tenperature

WO pa0s/02 1568 cor r espondi ng 4-fl uoro anal ogue 16. 2PCHUBEN4/027819
5'-<9-tert-butyldinethylsilyl derivatization with
ter™-butyldinmethylsilyl chloride and i m dazole in DW.
Exanple 16. Step A
4- Am no-2-r5-O-te”-butyl ilyl-2-C netfayl -
b- Pri bof uranosyl ) - 2. 6- dldflkf{/rﬁ ]é/ﬁ
-2,3.5, 6- tetraazpmeamétﬁyltmﬂﬁb@mmasﬂmmw 1) [0203]
Amxture of 4amn02 ZC-met -
b- D-r i bof &8ahédsitanzaben gzidenc?4.7 3. G kdigne (19.1)
tetraazabenzo[c /]azul ene- 7- one (65 ng, 0.19 nmmol) in
DMF, tert-b | di methylsilyl chloride (70 ng, O.45
nmol ) and | r\ﬁ_{;‘tzole (61 ng, 0.90 mmol ) was stirre

over ni ght at roomtenperature and then concentratgd i
vacuo. T W residue was dissolved in CH2C 2 (267 >NH
n), wasfed wifh ag. HO (0 , sat.ag. NaHCOB! /&
Hetyr, Obr neMNandNidr i ed The orated regsi ¢}
puri ep‘ silica gel wth hexanes/ Et OAc % 2@5%
and .5%to yield @%@%A&Pé‘bt conpound

cokeY | es@l-bll (38 ng, 44% ."E48mple 16, StewdB: OH
4- Fl uor o- 2-f 2- C- et hyl -
b-D-ri BéﬁuranosvDZ - di hvdr o-7i 7- 2 3 5 19.1

A e L. P
tetraamben@%cc@amﬂawgﬂdﬁdlﬁm 63 i) (?m lnlﬁflol)gl 50% 3Guétis abstid acid (5 mL) was
n.pyridine ol | owne

0
addedSgtnoRiB HAT (L5 {ogis )02 the U pRRAUFTOd i cRoe sk fer 4 b
The nﬁﬂ%r@»%sq){%ﬁ‘aﬁ&dv\@{‘tmMOTEéﬁ:bu?ﬂéteﬁl{d;@ﬂg?@dt‘t&agvé}ls &Gha aél-pamng

evapor ated. The pal e-yel S'Triturat e
HPLGm1it HPMeOHhentx Ltiea @dg(amsa hat aughDynwasiheaw 100 niw OH

. 10 Lcon‘olne filtrate). The evaporated filtrate was
meth)é%}?ﬁﬂf){ﬂ@&l e Pile( At RGNS JERRTA Bt of 20%

to5 S%M&DH %Vémo%gfs Q%tl_l_ﬂlgﬁg@ O’T'Héjtd%h g%tﬂéoﬁldye?ﬁc#e@ '@_f_ f(ﬁlngpﬁ_lggwed by two
smallet bedltdat PHpnd 31 8tin( TEAIAHwasehoved b Sepested Bydphilzdiidn, o yield the
target GprfBotd asid Mughd seloWmardiiat 4 ey 808 5 1y &% 1o

[otid'} 1H§N&_/IR4 gaﬁ@d ): Mloogﬂ)s 2ﬁﬂ\|&ﬁ)(ﬁ§% QDXH H-1)96.95%, H-9, Jus 1o
11.7 Hz, AR5 26y B-1C; Hé) ﬁ)ﬂz-(dblﬂaﬂﬁlb%m Hﬂ&dﬁ)\mp (br, 5°-OH, 3’-OH, 2’-
OH, 319, 773 R0'&L ER5Z BRPNEOL-C8F 3244 §L%.5718, 0.79(s, Me, 31). MS m/z

347.7 (M-1).

<=
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AAcrylonitrile Y )- Cul, Et N, DMV - 3/1, OH HO CH HO
OH 11.2 17.1 17.2 [0206] Nucl eoside 11.2 was reacted

wowvdaok/ozisss/l onitril e under Heck-type coupling PCT/US2004/027819
conditions. The nitrile 17.1 was converted into the
target 7-am no-tetraazabenzoazul en nucl eoside 17.2 via
sodi um net'hoxi de medi ated ring closure. Exanple 17.

Step A 4-Amino-5-| (; . Bx 1ezo

E/ ZVI - cvano- 2- et henyl 1-7-T 2- CE, met hyl - b-Dri bo
uranosyl ) -7 py - --C- ofinyil1fi-Dinire fgradosy]

a sol ut| 0

acryl onltrl le (0.65 nL, 9.8 mT%IB)O tri ethyl am ne
(O 137m_ 0.99 nmmol ), and 250 L
etrakls(trlphen | phosphi ne) p Ilamﬁl (SJBnrgg 0. 0 /)N\
NaNPhE/CLP' I“ ngNsIHX t U PET] \@t sord 1 rad ag 4N
N t'I"ren cool ¥oor oom t e Katcumey,7ghi | ut ed Wit b

'VE‘WCH‘U (1/1,,6 ni), Bnd tyeated with Dovvexm‘?ﬂi:) o o
g

al

Ct

(0.5 g). After Ihr stirring the resin was filtgriadh o

of f, washed th CH A /MOH (&d,is 50 nli) and conbi ned

filtrate c mtrated. The crydeneesi due was purifiednm,

on asilic n COlrumm with a) € MeC@H gradient qKN
f

5Gkshq 30/ B/ 1)oa 0CrRl d_t RE“{raEgelenSiel @ORS OME Nt g,
$n Xt ur \‘eGSEZ’.Z J(,:%/(%)—ars yeﬁ?r@@ol i d (7%—%%3—% mﬂ e

17. Sb@® Bon 75Am no- 2- f 2@ makhykg MO~ "Bu3 CBnG  OH 995
b- D-ri bof uranosyl V27-2. 3. 5. 6- tetraazabenzo[c6 azul ene
(17.2) &O[Zg%]mcﬁmm xture of the conpound from Step A

(75 ny, in 0.1 N NaOwe/ MeOH ( L) was

heated at 60 for 8 hr then cooled to room

t enper at ur e /angh evaporated i n vacuo. Crude residue was
purified on) klica gel colum with a CH GoZMeCOH

gradi% J\1,0/1 5/1) to yield the target
u

conpo 2 as yellow solid (44 nmg, 59% . [0209]
HNNR(@/S@M)mdsm(s H4, IH, 7.51 (s, IH
1) (2br, 2H) ., 6.85 (d, H9, 11.6
IOFH)] T tssm(l@ nur:iﬁpmde 2111)8 wa sgothedzedigtating fipm Bagno-4- pt)loro “TH-

yrr01§£21§ dﬁﬁbgﬁdmgg? 8 ghggmféoBﬁ_léO lsw}_g 7618203% (i n mgg§es§ﬁf of copper
chlorifiamd the res8BidgSafdv;EHIiEDR0) 7H-pyrrolo[2,3-d]pyrimidine was treated with N-
iodosuccinimide in THF at room temperature to provide 2,4-dichloro-5-iodo-7H-pyrrolo[2,3-
d]pyrimidine 20.3. Then 20.3 was converted to the corresponding sodium salt with sodium
hydride in acetonitrile and reacted with bromo-sugar 2.4, which was prepared from 3,5-bis-O-
(2,4-dichlorophenylmethyl)-2-C-methyl-1-O-methyl-oa-D-ribofuranose ((i)‘Helv. Chim. Acta.
1995, 78, 486, (i) WO 02/057287, 2002), to give nucleoside 20.4. The glycosylation product
20.4 was allowed to react with ammonium hydroxide in dioxane at 100°C provided 20.5.
Methyl-cis-B-(tributylstannyl)acrylate (J. Am. Chem. Soc; 1993, 115, 1619) was coupled with
compound 20.5 under Stille reaction conditions using PdCl,(PPhs), and copper iodide to give
Z-ester analog 20.6, which was further reacted with DBU in dioxane to give protected tricycle
20.7. Nucleoside 20.7 was treated with boron trichloride in CH,Cl; to afford tricyclic

nucleoside 20.8.
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Exanpl e 7- Met hoxy-2-(2-C net hyl - b-D-ri bofuranosyl) -

2i -2,3 5 6-tetraazabenzo[ |azulene ( 8.3) f B Ac O
wor@sl21s68 | Et N, DDl MAP Me O BF t AcO CQAc rt, PRT/USBINE027819

18.1 CK C/MeOH, rt; 0.5 18.3 [0210] Peracetyl ated

nucl eosi de 18.1, prepared by treating the conpound 6.6

Wi th acetic anhydride, triethylam ne and DVAP in

a@%ﬁﬁgletzo, Bt%g@[‘@ m&%ﬂ&&%&&ﬂp@ @zl,pgggﬁ ib¥ine (20.2)
tetra uor o rate I n I ent tenper ure (0]

WE}@%@P%@%’% g{&éfg‘ g@désﬁn@ed iRememar, 9f 0 RGeS Ann. Chem.,

potassi um ¢ar bénat
1985,3i1243@8d t he target nucl eosi de 18. 3. Exanple 18. Step A
2-12.3.5-Tri-0-acetyl - 2- G net hyl -
b- D-ri bof uranosyl V2. 6-di hvdro- 7i 2
3E|51a1ﬁf>le@l0t f&’&a33e[mmﬁcmﬂulseim%ﬂ{ﬂﬁvﬂmw[2'.3ﬁdhﬂ/2iirﬁﬂin€Q(B3)
solution o

[OZIS(]ZC&nﬁEﬁthO PERO &, R0fmaRDSKA) digsobred inmmr(:zc‘m mL% and cooled to -

- tetraazabenzo c</]azul ene-7-one

20°C ﬁ)r@i) mmnN)IOd%ua@mdﬁ {7-9% 8 Ommod)iveschl %léftadée%ﬁwhe méltmg
il e f e ! S EBT0Rcy 5y T 08 Y o

m

the regitiue wasnet disgobred it ethyl ddeette, svahal itk dYasodivnh eludmﬁjlﬂtee saturated
i i tioned betwee nd (200 i)
sodlwaﬁ&imde splyfien 2 wéglﬁé AV Spamm fostemd eaal?cgateémrym The

crude ?ia’ldr'ﬂgﬁg{ e ARABIURI AR ESIERRroM b Mt 20 B dhyfi Retate in

hexane to give 4.6 g of compound 20.3 as a yellowish solid.

=

et 45

Example 20, Step C: 2.4.-Dichloro-5-iodo-7-[3.5-bis-0-(2.4-dichlorophenylmethyl
methyl-B-D-ribofuranosyl]-7H-pyrrolo[2.3-d]pyrimidine (20.4)

[0220] A solution of 2.4 ((i) Helv. Chim. Acta. 1995, 78, 486; (ii) WO 02/057287, 2002)
(8.8 g, 20.0 mmoles) in anhydrous acetonitrile (300 mL) was added to a solution of the sodium
salt of 4,6-dichloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine [generated in situ from 4,6-dichloro-5-
iodo-7H~pyrr010[2,3-d]pyrimidine (3.1 g, 10.0 mmol) in anhydrous acetonitrile (100 mL), and
NaH (60% in mineral oil, 0.90 g, 37.0 mmol), after 4 hr of vigorous stirring at room
temperature]. The combined mixture was stirred at room temperature for 40 hr, and then
evaporated to dryness. The mixture was filtered through a celite plug and the solid residue was
thoroughly washed with 500 mL of acetonitrile. The filtrates were evaporated to dryness and
the crude product was purified on a silica gel column using 25 % ethyl acetate in hexane to give

2.8 g of the desired product 20.4 as a white foam.

Example 20, Step D: 4.2-Dichloro-5-i0do-7-[3.5-bis-O-(2.4-dichlorophenylmethvyl)-2-C-
methyl-B-D-ribofuranosyl]-7H-pyrrolo[2.3-dlpyrimidine (20.5)

[0221] The material from Step C (2.5 g, 2.5 mmol) in dioxane (50 mL) was placed in a
pressure vessel and aqueous ammonium hydroxide (50 mL) was added. The mixture was tightly

sealed and heated to 100°C for 2 hr. After the reaction, the mixture was evaporated to dryness
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conpound as yellow solid (150 ng, 80% . Exanple 18.

Step B: 7-Methoxy-2-(2.3.5-tri-0O acetyl-2-C nethyl -
Wwh2@05/021568 ur anosyl )- 2 2.3.5 6-tetraazabenzo][ PEmUS2004/027819

| ene-7-one (18.2). [0212] A solution of the conpound

fromStep A (50 ng, 0.1 nmmol) in CH2C 2 (1 nL) and

tri met hoxyoxoni um tetrafl uoroborate (18 ng, 0.12 mol)

and theniele R6QRBwWARuSHidd stk dlicd &2 %lﬁ:ﬁiﬂ&&&hé&b? apIoy wﬁ;hg -10 % MeOH

At thi s poi nt the reaction was quenched wi sat

in CHylelz gs (3116#119 giied-1he of bewurg dﬂglrnd reodiet 283. ut ed wi t h
CBbd (50 nL), washed with water, brine and dried over
The evlaprat ed reS| due was purl fi ed on a silica geI

(2@.6,?. ri bofuranosyl V2| J -2 3,5.6- tetraazabenzo[ i
]azul ene (18.3). [0213] A mixture of the conmpound from

[Oﬁ m‘(ﬁth@%&téfﬂﬂ B8 N ﬁ?ﬁqﬂ{o‘i‘)tlﬁqo Ibé‘f‘ iyﬁrolﬁgﬁMF was
2? tirr edm % e @

was s ’m’t enper-at ur
addedgﬁui (8ihéfhmgoﬂéé Mmalt),edethyll m&ﬁb(mbuTyletamﬂ)ierywapbs ﬁﬂgd 4 mmol)

ot PG, EAE) L2500 PSS LT M . The

reactlolﬁn&tlﬁré%dmleatzg% 7(R8 far YEhd Q¥h §&Jlédjto &%*%ﬁéﬁ%d filtered
DVMSO-J ): d 8.30 (s, H4, I1H, 7.
throu agg:h(edplugﬂgle ﬁlgaqqgvaﬁ pv@qy@ted tq-gr_ynsss agd (l'@ cripdlel produdtpprified on a

silica gel %élu%{k usglligBS E]é—l /Hil"ﬁ)% 1ﬁ éﬁQEIZ( z{sb ehéen’c é_g(l?_iz %f_(}lpélh"_@él)desued ester

20.6. IH) 3.78-3.88 (m H3, H4, H5, 3.65 (m H
,1H), 3.49 (s, Ow, 3H) 072(s I\/Ie 3H). ME mz
405 9 (M-CH3COO ). Exanpl e
ZEXERnﬁe 6! Sweh £b23.51H1060-Br 2aeBWoieyimethyl )2-C-methyl-B-D-
3.5.6- tetraazabenzo[c"azul ene-4.7( 317;6"-dione P N
nbplﬁmosvﬂ 4-chlorosh6sdiydpg-THE2.3 ﬁ&ts&aa;{ah@;@[_dglzalenﬂ -one (20.7)

[0223] To a solution of compound 20.6 (1.9 g, 2.5 mmol) in dioxane (40 mL) was added
DBU (1.3 mL, 9.0 mmol). The mixture was heated at reflux for 2 hr and then evaporated to
dryness. The crude product was purified by silica gel column chromatography using 5-10 %
MeOH in CH,Cl, as eluent to give 1.7 g of pure product 20.7.

Example 20, Step G: 4-Chloro-2-(2-C-methyl-B-D-ribofuranosyl)-2.6-dihydro-7H-
2.3,5,6-tetraazabenzo[cd]azulen-7-one (20.8)

[0224] To a solution of compound 20.7 obtained from Step F (1.7 mg, 2.4 mmol) in CH,Cl,
(200 mL) at -78°C was added boron trichloride (1M in CH,Cly, 25 mL, 25.0 mmol), dropwise.
The mixture was stirred at -78°C for 2.5 hr, then at -30°C to-— 20°C for 3 hr. The reaction was
quenched by addition of MeOHic/CH,Cl, (1:1) (50 mL) and the resulting mixture stirred at -
15°C for 30 minutes, then neutralized with aqueous ammonia at 0°C and stirred at room
temperature for 15 minutes. The mixture was evaporated to dryness and the residue was purified
by silica gel column chromatography using 5 -20 % ethanol in CH,Cl, as eluent to give 560 mg
of pure yellowish tricyclic product 20.8.
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[0215] To a solution 4-am no-2-(2-C nethyl -
b-D-ri boftjranosyl)-2, 6-di hydro-7i7-2,3,5, 6-

wo edosazsebhenzol c<i ] azul ene-7-one 15.6 (35 ny, BCL/URIND4DH27819
in 50% aqueous acetic acid (5 nL) was added sodi um
nitrite (42ng, 0.6 mmol) and the m xture stirred at
roomtenperature for 4 hr. The m xture was neutralized

02251h NI 1 sandopdr irfi NFYE 7 36 ¢s, AR IEG), 7.

[ i or¥- pairi najil?llggcgon a Fﬂgngr%esﬁlgi%na (2228(9 ) 250 )6<)’7O4(d’J

11.7 H_’AHﬁ”:l)oS ﬁﬁ%zallﬁnﬁ 1),006Mdd; 7 Ay 1L adm M2 ate(mat B, 3x0H), 3.88-

) I.Qn-pai ri ng agent. A
3.32 (gl’gng pgfzzggif%fgqﬁsﬁlbﬁimgr 40 nmin was applied.
[0226] Trady@HE nGEleRAMETD. Sivdé ffhndto BSa @ﬂufhbi@lhjce@m&iaﬂé)fmt @ synthesis of

smal | er peaks at 29 and mn. TEAA was renoved

C-4- ﬁ%f@ﬂ@&%lgé teyshe nueleqsitesi Wugleaside 20k wanregeted wh;sgdmm as

iom BB (Y DB MR SEk a2 19 B bR el R o 11

TheseGr8bic{sthyeretsBpariidd ting fevérselphadeHIPLO afd cadactédided as tridyclic

nucleqfsicfeéq&%ﬁadd 11:1ls31;§ J_ILIzgll\J“;EI%: and bg)l\)(%fmq]ysgs Cop;p@'und 2{1.8'was treated with

tert-bt?adii??thg%ﬂﬁrﬁhédﬁcﬁ and Ci‘fﬁ%ldg.?%@ 31( P%\/HNQIJ rogﬁ)tem%afgrg to?’gqxze 4. TBDMS

protectdﬂd:ripymuﬂl@subﬂm Nueledplnlid displacement reactlon of compound 21.3 using

Ao RS e o b B
(TBAl(?j) &ffNA&d 4-MNadthylahino Rrhtibe 2@4411124)311%11312ﬂ9h13§ M3 46 reacted with

i oxane NH d( PPh3) Cci C BnO
sodium methoxide in MeOH at reflux and the resultlng product was deprotected with TBAF to

give 4-OMe analog 21.5.
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HO OH 20.8 [0217] The tricyclic nucl eoside 20.8 was
synt hesi zed starting from 2-am no-4-chl oro-7i

w@osobep®, 3- 1] pyrimdine 20.1. The nucl eobaseCR0SH04/027819
was di azotized in the presence of copper chloride and
the resulting base 2,4-dichloro-7i pyrrolo[2, 3-
pyrimdine was treated w thi Vi odosuccinimde in THF at

roomterrperature to prk n_ag@ﬂ@,ﬂaﬁi%l or o- 5-i odo- 7i
¢ .

4, I'C )

(2, 4- &.Gﬂ%tﬂ@bmlmkb}dﬁ-t@raﬁfzdﬂieﬁﬂﬂ&d]hzu@:ﬂl’ﬂbﬁé/£21 2
a-D-ribofuranose ((i) Helv. Chim Acta 86;
(i11)WD 02/ 057287, 2002), to give nuclgoside 20.4. The

gl ycosyl at e/prgduct 20.4 was allo 9 react W|t

ammoni um hydr dxj de i n dfoxane at 1 proyl de‘YSS 3

Met hyh- ¢ - B=(t £l but yl gtanpy! )@cr yl

Soc; 2 N18 961 619)_yas Ccoupked-yi Hé%

under R THe reaction conditiops L@I and co

i odi de to gi v&°z-ester anal og 20. 6, lch wal® f uf't hese
react ed yirsdusédBlt, i N di oxane to give protected tricycle
20. 7. Nu%f'@‘ﬁ@'lade 20.7 was treated with boron
trichloridde innto afford tricyclic nucl goside

20. 8. Exanpl 0. Step A 2- Ami no- 4- chl gf o- 5-i1 odo- 1.
-pyi ol o[ 2. 8- 'E)yrl m ding f20.2) [0218] }Conpound 20.2
vvaeBDeroepar d Tas] descr i bed in SeeI a, ¥ t ah, Liebigs
W1 5o 31V B ail e 2
24D|ch 5|odoT—-*pF*oIo | pyri mdne
(20. 3) T’lz) ] ®Bnpound 20.2 (3.86%g, 520. Ozmmol ) Was

di ssol vgd| jyRuoldiiof 200 nl) and cooled to - 20 C for 20
mn. iV-1pthesacei nimde (7.0, 30.0 mmol) was slowy
added and thepresulting m xture was stirred at room
tenperaturg \©Nter 2h, the m xture was evaporated to
dryness an e residue was re-dissolved in ethyl
acetat e, ed wi th 5% sodi um t hi osul phat e, saturated
sodidﬁkgﬁtg i'le®ol uti on and then dried over sodium
sul fat,g and evaporated to dryness. The crude product
was purified %y silica gel colum chromatography using

[ozztz)] Yo et $utitiac ef dieeconipodeX abgildd @b %)Am‘%l@ 2@%2@ PV me, 0.30

| | h lid. Ex le 20
manol) 51 P @ 5 768 adtst g Sbmstiomidea(185 ol prmsmol). The mixture

was stlfrg(;!; rﬂ?’ioﬂ?;@ g’bﬁlsjét %f ggﬁ' ?nydgoraﬁ?g' 8% Hg&%ﬂ% S relluced pressure, the residue

was purified on a sﬂlca gel column using 5-12 % MeOH in CHCI; to give a mixture of two
products (1:1). These two products were separated by reverse phase HPLC to give 25 mg of 21.1
and 30 mg of 21.2. ‘

[0228] For Example 21 (21.1): '"H NMR (CDgOD) 6 7.70 (s, 1H, H-6), 7.00 (d, J 12.0 Hz,
H1), 6.19 (s, 1H, H-1"), 5.72 (d, J 12.0 Hz, H2"’), 4.07-3.80 (m, 4H, H-3, H-4’, 2xH-5%), 2.56
(s, 3H, SCH3), 0.91 (s, 3H, CH).

[0229] For Example 22 (21.2): 'H NMR (CDs0D) 6 7.54 (s, 1H, H-6), 6.29 (s, 1H, 2 x H1?),
4.51-3.79 (m, SH, H-3’, H-4’, 2xH-5’, CH), 3.21 (m, 2H, CHy), 2.59 (s, 3H, SCH3), 2.14 (2 x 5,
3H, SCH3), 0.88 (2 x s, 3H, 2 x CH3).
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[0220] A solution of 2.4 ((i) Helv. CHm Acta. 1995,
78, 486; (ii) WD 02/057287, 2002) (8.8 g, 20.0 mmmol es)

WO pooasobnses ous acetonitrile (300 nmL) was added POT/ES2004/027819
solution of the sodiumsalt of 4,6-dichloro-5-iodo-7
Z-pyrrolo[2,3-J]pyrimdine [generated in situ from
4, 6-di chl oro-5~ iodo-7iJ-pyrrolo[2,3-<i]pyrimdine

(3.1 g, 10.0 mmol) in an%% 2qcetonitrile (100 n),
and Nal—(|j 60@6|n ntneral oa , 9 g, 37 O_nnDI) after

f||tered through a celite plug and the solid residue
was thoroughly washed with 500 nL of acetonitrile. The
f Wil aioe (Sver-RremapimétRdsiliol- 2y mems1-B a0 b Airfid4gB-2 6- dthdro-
oroduct was purlfled on a silica gel colum using 25 %
.6-detEaagahe g7 3) 2.8 g of the desired
roduct 20.4 as a mhlte foant Exanpl e 20, Step D
[033@1 o elsblution Bficovpotind 20.8 (BoGmg , KthaoIlD ahd amodabeleyb80 mg, 1.0

munolf SOBNEE(TREN DYt aficigbrBpOA AR b Tefloride &7 gt .0 mmon. The

mixtufedwss Firred.ab afibRind tdnipeftiters #6165 El%déﬂne%ﬁnsi;ﬁéﬁdan'dﬁh&t t)reated with

ressure vessel and aqueous ammoni um hydroxide (5

saturaiggssoskig dbicarhanaie »splwtien vaad t&t@meriywsﬂeaﬁﬂed aoethtd etmeedover sodium
sulfatd Oanilloglafo{f]t t ot% i %s‘;\];gﬁﬁ {;Ilﬂlﬁe ?0 tct gva% (?ulélf’xegn éltn%rsehca gel column
chroangrefphgdlsmglzq@ %Maortanget{ctgob give 3@0 mgmﬁtﬁe ﬁas@ﬂeyl p‘ﬂbdubt 21.3.

to gi

10234 SR i é@?ﬁﬂs&@ﬂ:@g G 18, Benshaidd6, | 6tk B, 685 (s, 18, H.17),
585 (4 ST 1229 PP v (bR I C A0 B 8. GO ROMH, ety (cap)

0.18 (-0, 2KTH;20. 6\ [0222] To the material fromStep D (2.1
g, 1.90 mol) in 100 of anhydrous DMF was added Cul
(83.80 ng, 0.44 nmol),
NRAYO-MettD A 1B Dt dutaid st anmethl i 2t dih bd- 1A 35 4-
mml) and (150 0 g, 0.22 nmol) at roomtenperature
drenzel cdlag sddhdle. The reaction mxture was
heated at 7OC for24 hr then cooled to roomtenperature
[0232d Ganhpoand 215 bifymga 028! inme])pivery addiidetof 2Vt methglawsse solution in

i L gy SRS, P BB o s
After @Jap@ﬂ&ltloﬁ gg ﬂie\gtelv%nﬁatﬂ eRbesPUfnnel IR re@&id Wak @4iR61vA iOTHF (20 mL).
e ep

To thlasqleﬁcala Biteabptyl smmanigmciiaside jin EHY| (Renllwasaddedendipe-solution stirred
at rool” tB‘thr%ttﬂé PP )ﬂ' ]After careful evaporation of the solvent, the residue was purified

on a silica gel column using 5-7% MeOH in CHCl; as eluent to give 46 mg of desired yellowish

product.

[0233] "H NMR (DMSO-ds) § 10.05 (br s. 1H, NH), 7.42 (s, 1H, H-6), 6.89 (d, J 11.7 Hz,
H1”"), 6.65 (br s, 1H, NH), 5.93 (s, 1H, H-1"), 5.61 (d, J 11.7 Hz, H2’"), 5.19-5.00 (m, 3H,
3xOH), 3.90-3.3.63 (m, 4H, H-3°, H-4’, 2xH-5%), 3.32, (s, 3H, NCH3), 0.80 (s, 3H, CHas).
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4-chloro-2.,6-di hydro-7.g-2,3.5. 6-tetraazabenzo[ cd] azu
| en-7-one (20.7) [0223] To a solution of conpound 20.6
W@ 2009/0g1562. 5 nmol ) i n di oxane (40 L) was addepCDBER004/027819
(1.3 m, 9.0 mvol ). The m xture was heated at refl ux
for 2 hr and then evaporated to dryness. The crude
product was purified by silica gel columm
chromatography using 5-1@x3pe@4 in CH2C 2 as el uent
to give 1.7 g of pure product 20.7. Exangle 20, Step :
4- Chl or o-@Meﬂao@v%(Za(ermethvl B-D-nbofnnanosvl) 6-dihydro
b- D-ri bof urano one
2.3.5.6-t et ragz e o7 078) [ 0224] To
a soI uti on of conpound, 20, ai ne romSt.e 1.
[0334] To_ 2 splipy of pommopnd %&écﬂﬁ&? mg, &%@ i§ glydrdud MeOH (25
mL) ‘Q&r Q&eﬁrﬁgéwf brdGrea! Mdidn %tﬁx1de 254000, m§51@0 rﬁ’[ﬁﬂo) The resulting

xture was stirred at -78 C f hr
homogdnemsagolutaﬁavam heatem» fefug for 24 meandeth@n memtraha:gd with DOWEX H'

ddij t f MeOH d.t

esin EBFR T e Sl SRt b 3R, B0 e wes re

dlssolv&%fﬁkfr Zf‘cdthm §o|1‘utﬁﬂlu RAdBut AR n@urﬁtﬂu@ﬁda RO THFi (2reld) was added and
oom tenperature for mnu The m xture

was
the mmmp wiaa staded @ roep hemReraie forb hr.dxial Garefig e vappratiqneef thy solvent, the

B e o R L
[Oﬁﬁé]dY-PN!vH{ @CDQ@DRISZ%AB (d, 9R251 2)H7NMF(d( DN Piz) Ha”),.600129 (s, 1H, H-

1), smud HI11)7 Hg, 9%, 3, 1r4413 @m”ﬂ HE’ é@r“( d71)§H57a1qu713) 99é](ﬁz3ﬂ CHs).
H2"), 5.16 (m 3H, 3xOH), 3.88- 3.32 (m 4H, H 3
H4', 2xH5"), 0.76 (s, 3H CH). [0226] Tricyclic
nucl eosi de 20. 8 was foun&ﬁ@pgia sui tabl e
i nternedi ate f ' 5 f&{ﬂ &Ijoonal i zed
tricyclic nu act ed
Wi th sodi umyiy 9%£@ﬁﬁ&marcw@é_®_)
tenperature. Two products were isolated in a ratio of
These pyoducts were separatedusing reverse phase S
[ [ KC nucl eosides 21.1
and 21. 7 using H NVR and LCMS affal ysi s. Conpound 20.8¢ NH
|IyI Bhl ori de and N
DMEaI»roomterrpe atw te—gﬁﬁeS -TB | _
pr ot ﬁCt /chyI i ¢ nucl eosi dg A" “ANucl eophilic o NTON
ement reaction of d 21.3 usi ngm
Acmm ne in THF, fdiP Wdeprot ection reacti
usoNng to#kr abut yl ammoni unkQor i éPéC(TBAF) af f or dell® OH
4- et hyl am no dervative 21.4. In a simlar fashion
21.3MWds reacted with sodi um3tdt hoxide in MeCH at
reflux and the resulting product was deprotected with

TBAF to
Example 25, Step A: 2-( 2-C-Methyl-2.3.5-tri-O-acetyl-B-D-ribofuranosyl)-2,6-dihydro-

'23.2

7H-2.3.5.6-tetraazabenzo| cd]azulene-7-thione (23.1).

[0236] Compound 18.1 (250 mg, 0.54 mmol) was dissolved in dioxane (5 mL) and pyridine
(7 mL) was added, followed by phosphorus pentasulfide (242 mg, 0.5 mmol). The mixture was
heated at reflux for 24 hr then the solvent was evaporated and the residue was washed with
pyridine (3x4 mL). The combined washings were evaporated and the residue was dissolved in

50 mL CHCl; and washed with 30 mL 10% aqueous sodium bicarbonate followed by water.
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give 4-Owve anal og 21.5. Exanpl es 21 and 22
2-f2-C nethyl -
wh2005/021568 ur anosyl V4- met hyl t hi o- 2. 6- di hvdr o- 7FPCT/BSH06627819

t etraazabenzo[ cd] azul en-7-one (21.1) and
2-(2-C nmethyl- b-D-ribofuranosyl)-4.9-dirnethylthio)-
2.6.8.9-tetrahvdro-7//-2.3.5. 6-tetraazabenzorcdlazul e

The ofgaﬁiocp’lﬁsé wis ded\B3r Rthydrdde sbdtuBCuliatdOniltbed lovh J@QM%E& the residue

| m dazole, rt TB (i) MeNH , 2Mn’THFp

(180 mg)pontpining 23k was F@dmﬁMIaSGlYMVPGMt@ sol ut | on of
t he conpound obt ai ned from Exanple 20 (20.8) (100.0

0. 30 mml) in DI\/F (10 rrL) zvas add?d sodi um

amplelox bigp B: 13- afpg B

te

usi ng

|
l@#ht a%%per?s?w“ csiRopgd ealﬂso mae%s Pt Shapet was added

022 SEQRLSSHyyEA £yBLoRR HRLCTHAME: 23, 8l v

tempe@me(m)) 1.4 h7.. afier Wh;chlti-ﬂge 1IHe©H, was lﬁﬁughi to @ 2vith ddetic kbid hnd the solvent

evapogfit?fg ’EéhegsmH V%s%_p\gr@eg‘ on s'q_% ge?g;]}p};ng (g_g é%él(g/[e()ﬁq to afford 30

a9 e

mg of gihduly 242 ﬁwﬁﬁ? 5P UDs 1098 ufps sBiamigT 38 1m0, 70

12 Hzj H1),2.08 (s} 11]), 54554 Bl%Hz;(]H) SHIS (ht; 3H), 3|—824(m, IARLB B8 (m 1H), 0.73
3H?_|)’ 3.2 (m 2H, CH) 2.59 (s, 3H, SCH), 2.14 (2 x

(s ', 3H, SCH), 0.88 (2 x' s, 3H 2 x CH).Exanple 23

2.1 2-C Met hyl -
b- D-ri bof ur anosyl V4- net h am Q- 2. 6-di hvdro-7g-2.3,5.6
- tetraazabenzo[cd | azul (21.4)

2~(2-C-Methyl-B-D-ribofuranosyl)-6.7-dihvydro-
2H-2.3.5.6-tetraazabenzol cdlazulene (24.2)

7 "NH
4 N
Cl,BnO N NH. A CBn0 N IN/)
= - o)
+ Bussn/_\/ 2
cL,Bn0 oH 241
CIZBnO OH
6.2 / \u
B 7 ~N
. l
OH =
ol N)
T 24.2
HO OH

Example 27, Step A: 2-[3,5-Bis-O-(2.4-dichlorophenylmethyl)-2-C-methyl-B-D-
ribofuranosyl]-6.7-dihydro-2H-2.3.5.6-tetraazabenzo[ edlazulene (24.1).

[0238] To compound 6.2 (372 mg, 0.5 mmol) and tri-n-butyltin allylamine (prepared

according to the literature procedure in Corriu et. al. Journal of Organic Chemistry 1993, 58,
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4- CMor 0- 2-r5- Q febutyl di met hyl sil iyl -2-C- nethyl -
- Do-ri bof uranosyl V2. 6- di hvdr o-
WO 2y5A31568 6-t et r aazabenzo[ cd] azul en-7- one (21. BQT/p8R80927819
To a solution of conmpound 20.8 (366 g , 1.0 mmol ) and
i mdazole (68.0 ng, 1.0 mmol) in DVF (20 nL)was added
fer"butyl di nethylsilylchloride (150.7 ng, 1.0 mmol).
1443 1448 inxitdumb anlaslradsitoluene whs addei @d‘tfakisﬁﬁpﬁér@ﬂp}[c@%ﬁlﬁé) palladium [0]

r der e at ere and then treated t
%‘Pﬁ&%ﬁ"é@' EIS@P% A rgﬁe*g? ont Ehegnl Yﬁqt 8tgs Sﬁ%POé";Itmﬁci aieet the residue
dissoWel n @H'E(Y af€ ®a8tEon Q%ﬂl%ﬁ g@lvc%[ sﬁ@ctegmveﬁf gqthJS 1, 60:1,

ev%Eorate to dryness cru
40:1 GHp@ly:Me¢OH QO@mg and| ecmpnraﬂmmﬁathe)f;aammy afﬁard&g 130 mg/of product 24.1.
MeOH in CHCI3 to give 380 ng of the desired product
21.3. [0231] HNWR (CDCl ) d 7.68 (s, IH H®6), 7.24
( cf_;xamplﬂzzd, Skép, B:13-(2) C-MetB81-$-9)-ribbturdtokyl)-6,75di89dloh /7.3 .3 5.6-
') 4.14-3.72 (m 4H, H 3", H4 , 2xH5 ),
a9 ) ), 0.18 (s, 6H DXCH )

5 12O Met
[0339) T s@mnwaﬁc?éyl 0168 1 OAS| ramsioR dn CHACH (AQ drlg-a7+78°C was added 1M

i R B AAAAEES (08 I R s 7

for 2. ﬁbaﬂ@ﬁmatn@S%@ fatt3i l@nTb khid- hﬁtﬁ&'iwdﬁ-a)ddémzsinﬂr &SEUKB, CH,Cly:MeOH
The vessel was tig htlrf seal ed and heat ed at @

and the SPfH‘lOé siifred 2l &7C &y 2P anigpien T hermixkie wiep Deavehttagoom temperature

o USRS 8 688 S4B G R TP i

MeOHIE@(l(OZnIﬁ_andNaH) lamﬂ.d‘ddOHrEthtimﬁ vmslnlﬂhﬂr&iﬂ:eé triith/ 6H,, @ ah®@efaporated

i IO bt £ B O S

succe&@& itHS0Ng2&:1 Ak WSQ’CH{CI%O}?$£$&6%§‘ Eluhﬁ 9t ¥$1 %.g?d 81 were
esi redgel | ow sh product. [O %

collecjlqgl Beolngrofdiactipn andvapration gave ]J6Hpg blr(ﬁ)lpt Bt BQH(NMRJ(DMSO -dg) &

8.10 (b, 781 G 8060 an5b ey &8 b TS g, 76, 12 1,

1H), ssmh,sfﬁ,@%@nssﬁj%s(mmﬂlﬂﬂ)w B (s, b4 . 2xH5") 3.32,
3H, NCH ) 0 (s CH ). Exa npl e 24
I\/Et hoxy- 2- (2 C— rret hyI b Drl bof ur anosyl V2. 6- di hvdro
-7H- 23. 5. 6-tetraazabenzolgxhiy }@.ﬂﬁn 7-one [02341 To a
sol uti on of conpound 21 ng, 0.20 nmol) in
anhydrous MeQ y ‘ : i Df-rilesthtayogdepar ed

sodi um %E}QB-)% ga%\/((ir%élgff % 3”? b- té't?aagabenzo[cd] azgigner (62% ull)t 'ng

7/ “NH é
S NH
C1,BnO \ N¢J . Y '\;F
ClLBnO  OH -t
HO OH
24.1 25.1

[0240] The slower moving fraction from Step B in Example 27, Step B was isolated to
afford 8 mg of ether 25.1. 'H NMR (DMSO-ds) 6 8.00 (s, 1H), 7.53 (m, 3H), 6.11 (s, 1H), 5.11
(m, 4H), 4.43 (m, 1H), 3.97 (m, 1H), 3.84 (m, 3H), 3.66 (m, 2H), 3.26 (s, 3H), 0.68(s, 3H).
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honogeneous sol ution was heated to reflux for 24 hr
and then neutralized with DONEX H resin and filtered.
wab@soezsts al net hanol i ¢ sol uti on was evapor at eBCENS200451@27819

resi due was redissolved in THF. To this solution,
tetrabutyl amoni um fluoride in THF (2 nL) was added
and the m xture was stirred at roomtenperature for 4
hr. After careful evapor agxampleP8t he sol vent, the
resi due was purified op a silica ge col um to gi ve ng
of the desired yel | A,«ces‘swu sphates] H NVR (CD OD)

4 (s, IH HZ2), 7.00 (d, 11.7 Hz, H"), 6.129
[(t2§1] Tp| thq.pomgoung amgopaate ;;uqlecpqzde Q@25p, migok) {driedigvef ByOs in vacuo

ovem@g?‘gﬁg a%ﬁlﬁl}"lithmfsg%%é ng. %e gﬁxtui’)’é_{was stlrged overnight in a

sealed chhtninbodontaning WA \fRoleeulatwielied.- It Avad then cooled to 0°C and phosphorous
. 5. 6-tetraazabenzo[ cJlazul ene-7-thi one f23. 2)

-2, 0
oxychlarifg (35. - Bepd was a VReOioge AbemopBrepsaHinEd far 3 hr at 0°C,

then 1%1% F%a ﬁ&ﬁéaﬁ?ﬁé@h@] @%drd?ﬁcgp f & {aeithylammomum bicarbonate (TEAB) (1M)
(1.5 thEPand waittifld mob)y ITH2, aﬁuebds\sd]uﬁon Hids 2 skedowitle CHTG17 aliediZ@ then

ene 7-thjone ( [.0236] Conpound_ 18.1 (250
lyop‘ﬁlg,;ea g CFdgIPyodRa es %B?lq‘ﬂéa/ LG g s (Brofmn g water and 5%
r
aocto BTt ARicE G PPy MO SHomp Bty B IRORURL R ot
lyophtilizetied. at reflux for 24 hr then the solvent was
evaporated and the residue was washed wth pyridine
(3x4 nmL). The conbi ned washi ngs were evaporated and
the resi due was di ssol vedExam@O2%1 CHC and washed
w th 30n 10% _tdluq1b| .rbonete follomed by
wat er. The or ga# 4 ae: s
sodi um sul fate, flltered evaporated aNE t he reS|due
a

(180 ) containing 23.1 was useo -d| ely in the

next s . E%anie 25. Step B:
b- D- ri bof*t osyL¥2—6—eehvdro -2, 3'; B\

tetazabenz: 1 azul ene-7- thlone f23
HO OH 7§:o H

Q
\

[0242] To a solution of compound the appropriate nucleoside (0.6 mmol) in anhydrous THF

Base

bH

Oh,

(5 mL) was added phenyl methoxyalaninylphosphorochloridate (40 mg, 5 eq.) (freshly prepared
following the literature procedure: J. Med. Chem. 1993, 36, 1048-1052 and Antiviral Research,
1999, 43, 37-53) and 1-methylimidazole (95 pL, 10 eq.) at room temperature under argon. The
reaction was followed by TLC. After 36 hr, the reaction mixture was evaporated and the residue
was purified on silica gel with 0-10% MeOH in CH,Cl; as eluent to provide a 1:1 mixture of

diastereomers.
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[0237] To a suspension of conmpound 23.1 (180 ng, 0.38

mol) in 4 nL ethanol was added 0.22 niL of N sodi um
whg@soxisde solution in water. The m xture was BCT/USEM4/027819

at roomtenperature for 1.5 hr. after which tinme the

pH was brought to 6 with acetic acid and the sol vent

evaporated. The residue was purified on silica ge

colum (10:1 to afford 3 fagor oduct 23.2. H NWR

(Qvecd ) d 10,49 (s Iw;@xiﬁg&sog’ H). 780 (s, IH),

.00 (d, J 2:P5-OzBis(piffaloo)s phidpphdf

IFD 5.18 (m SFD 3.82 (n1 SFD 3. 68 (n1 IFD 0.73

(s, 3H). Exanple 26 2-(2- C—thhy

b- D- rifhof uranosyl V6. 7- di hvdr o-

2gHO—3506- t etmaazabenzorc azul € )or—Pr u Sn Base
CLBNO ¢+ O BnO OH 6.2 B 24. 2 Jcp)l e

Step A1 2-r “Bi s- O (2.4-dicbloro /

yl et hyl ) ﬁb(kn%tfayl b- Dri bof ur anosyl HG OH

6. 7-di hydro-2iy-2, 3,5, 6-tetraazabenzo| </|azu|ene

[0383% T a sdI&Zeldf tﬁ@thyleﬂmmmﬁn BalR of ohzpor@d nﬁclEodile)ﬂn)Jn@Iﬂ»sphate
tri- -bgnésl'tl n allylamne (prepared according to

(0.024 hmet)dn ankydseusdddQHL 0iSmEpwes addsd mhlntylsmylﬁa¢tb¢x1de (14 uL, 2 eq.)

at roogﬁ%a?raﬁlglwﬁea t@}%nwi 356&%%%1 1:1L141]'x elv%'sss)n L4 afll%o%emperature for 30
min tHeR et @iord hhdELBHEpPReSIPRIN Qaetcﬁﬁirﬂ@ﬂirmdl&i Brdetibhee was dissolved
m xture was heated at reflux for hr. The sol vent was

in anhgdrops pegtertitriath mhe bty s VR BRI § i gagAnd
10dom%613/h{)fo§gl: %G(ISS %%0 if?‘ral%?a\g%g QLY LIrRUEERRA fu\{&t&f Waﬁ Reafeti dbreflux for

evaporation o ractions
1 hr cédlédtodedmtbfperatuie midoitie sdlvedt. wias cexgorpied 2He reStdep was purified on a

slica g SO RPEOT R AT M 1o GGl o P iteshe pisdge

t etraazabenzo[ c<i ] azul ene (24.2).

Example 31
Nucleoside diphosphates

0—P-OH
o)
0 gDIﬁDMF NN T 1)15n-BusNH O
HO—P—Q B 4 \\/ —P—Q Base o o
\ o ase —e — OH 0. 3 days o —BP—0
OH U —— HO—P——0—F o Base
\ -t 2) TEA/H20 OH OH \@
nS  BH HG ©H \

[0244] To a solution of the triethylammonium salt of 5’-monophosphate (0.031 mmol)
[dried by coevaporation with anhydrous DMF twice (2 x 1 mL)] in 0.5 mL of anhydrous DMF
was added N, N’-carbonyldiimidazole (25 mg, 5 eq.) at room temperature under argon. The
reaction mixture was stirred at room temperature for 4 hr after which analytical TLC showed no
starting material. Then tributylammonium phosphate salt (1.5 n-BusN/phosphate, which was
prepared (see PCT, WO 88/03921) and further dried by coevaporation with anhydrous DMF
three times) was added to the above solution. The reaction was followed by TLC and typically
after 3 days, LC-MS showed significant (>50%) conversion to product. The reaction was
quenched with 1 mL of triethylamine, 1 mL of water, and stirred at room temperature for 40

min. The crude product was purified by reverse phase HPLC to provide pure product 29.1.
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[0239] To conpound 24.1 (160 ny,

(10 nL) at -78C was added

0.25 mmol ) in CH C
M sol uti on of boron

wo eooslobsss de in CH G dropwi se over 5 m nutes emUs1084/027819

solution stirred at -78C f
3 hr. To this m xture was
:MeOH and the solution sti
The m xture was brought kg

or 2.5h and then at -25C for
added 25 nL of :1 v/iv CH C
rred at -15C for 30 m nutes.

nﬁleg)m.t}grrper ature and the

sol vent was evapor at ed und
resi due was co-evap
mL MeOH sol uti on was neutr

er reduced pressure. The
’ atesx10 nL) and a 10
alized with NH4 H and

[0245] plor &t ied-calyamixiurd o€ nudsisiled Ovlasmab)So tiveethgplplwsphate (1mL,

anhydgysh as Fs P R n 03

aminegz g.‘liitﬂLo 053 B P Rided gb

ng of fraction an

a si

FIR0
I}O\gélfjb}léde@onwﬁi&e@%hg%gotus) and

evaporation gav
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acetonitrile in water to provide the nonophosphate as
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w@005/021568henyl et hoxyal ani nvr phosphat e pr odr QB UBED04/027819

Base HO OH = [0242] To a solution of conmpound the

appropriate nucleoside (0.6 mmvl) in anhydrous THF (5

nm.) was added phenyl \

netn
Exampled
Numper\

oxyal ani nyl phosphor ochl ori dat

shly preparggutiireow ng the |
d. Chem 1993, 36, 1048-1052

eCdl¢alated
| Moleculae
awei

Vi r gM-HJ

50bgeyved

pr ogmizur e:

RCD
.,
\NaS
3el
m Xt
245-

OL

arch, 199943, 37-53) and 1I-

eq.) at roon1tenp§§?%?re undg

foll owed by TLC 36 hr,
evaporakeq %nd th 6H due wa
%§|as erﬁp 's. Exanpl e

Wi t h On as e
O-Bls(plvaloyloxynethyl)phosp

met Nyl i m

r argon. T
the react
S By bbbed

luent to p

horyl-prod

azole (95
he reactig
ion m xtur
onsgé.bi ca
rovide a :

rugs i ? HQ

IV 1

, salt
in a
th
rgo
tenp
W th

3

ure of

OH<510243—TFo—asqgution

of conpound nucl eos+de nonop
Was ad

nhydr ous MeCH (O 5
eq.q Yat) r oom

X el e i - tue was s

n. Thqu‘ "T‘
erature for m'r1Io evapor at
Th
L ullll_yul UUO actTl

n_anhvudr i anaot

of —tTiethy
hosphat e (
ded tri but
t e ur
PR

ed and co-
e residue

[anmoni um
0. 024 ol
yl st annyl
e usfgh
room
evapor at ed
was

diss
oG-S

tetr

reac
or
The

i odo

1- 594

acetonitrile three tines.
ol ved—i 2, ottt
abut yr anmoni um brom (15.5
ret hyl piovalate (5 eq)
ion nixgmr s héa é at ref
DOM 1 eNparALr-

1
tHe sol ve
esi due Was® plrifi'gd on a si

MeOHin to provide the prodru

(

e—(3 ity

g, 2 eq.)
ner e added
I%ﬁ Egg 1
Nt “was evap
ca gel co
j. Exanpl e

armd
and
The

OI' at egl .

um with
Nucl eosi d

D

dinh
|

40

snhat es
phates 5

QN\H
/]\j“\
o N

QQQ N

M8 g g0

F

” CH.’J

Ho OH

590.241

589.8

41

0

H,Cy P
. T
UCHaNt/
oH

o M

go,g\o

HO

586.278

585.8

'+ 42

602.277

601.9

84



-0- OHCDI/DW 1) 1.5 n-BmNHH- Ort,4 - QOHCOH 3

days - Il H-I | Base 2) TEA/H20 OH OH, HO OH HO OH
woiedostopGasi4] To a sol ution of the triethyl ammoPCT/Is®as/ 027819

of '-nonophosphate (0.031 mmol) [dried by

coevaporation with anhydrous DMF twice ( nL)] in 0.5

nmL of anhydrous DMF was added N,

N -carbonyl diim dazol e (2Zxaffhle #3€d.) at room

t enperature under _argon., The reaction nixture was

stirred at room t QHSEOREE B UNNOSPRAG MEACar  whi ch

anal ytical TLC showed no starting material. Then

tributyl amoni um phosphate salt (1.5 "-Bu3N phosphat e,

B By Do B b AR e o A LBt o2

6.\8a 9-tetethydrd-D-okh @ h 6 eramarbehralnd]aZilend @32 i on was
foll owed by TLC and typically after 3 days, LC M
showed significant (>50% conversion to product. The
reactj on was quenched with 1nL of triethylamne, 1ni
of /matr, and stirred a?\Ngcoomtenperature for 40 mn.

Th de product was\ pufified by reverse phase HPLC
t Nde pure prod | 1. Exanpl es 32-42 Nucl eosi de ¢ )N
' - tNTNfosphat es_[ 024 an ice-cold mxture of NN

1)

OH . 0 . .
ucll eoside (0.1 in trimethyl phos tee (bni,
< gng_ydraus_hmas OCl 3 (18.6 ., Ho— Eﬁlﬁﬁ}b}g 8

Ho M xfure stirre :C for 1 h. ributyl anidme éﬁgl.fs’ >

d
Jit. 0.3 mmol) V\%f’?adc%ﬁ, foll owed by acetonitrile % 1 OH
L, anhydrous) and*! 32

Example 43, step A 2-(2-C-methyl-2.30di-O-acetyl-B-D-ribofuranosyl)-2, 6, 8, 9-
tetrahvydro-7-0xa-2.3.5.6-tetraazabenzo[ cd]azulene (43.1)

[0246] To a solution of compound 2.9 from example 2, step G (76 mg , 0.24 mmol) in
pyridine (2.0 mL) was added tert-butyldimethylsilylchloride (60 mg, 0.38 mmol). The mixture
was stirred at ambient temperature for 16 hr under inert atmosphere. Added acetic anhydride
(0.44 mL, 4.32 mmol), nad stirred for 3h at room temperature. Added triethylamine (0.61 mL,
6 .0 mmol), and DMAP (35 mg, 0.29 mmol). The mixture was stirred overnight at room
temperature, then evaporated and the residue partitioned between water (20 mL) and CH,Cl,
(60 mL). The organic layer was dried over Na;SO4. Solvents were evaporated invacuo. The
resulted crude product was dried on high vacuum for 2 h and redissolved in THF (2.0 ml) and
cooled to 0°C and added 1.0M solution of TBAF in THF (0.6 mmol) and stirred at 0°C for 1 h.
Reaction was quenched by adding absolute ethanol (2 ml), and solvents were evaporated. The
residue left was redissolved in dichloromethane and washed with water. The organic portions
were dried over Na2S04 and filtered, evaporated and crude product was purified by silicagel
column chromatography using 1-2 % methanol in dichloromethane to give 43.1 as light yellow
foam (57 mg).

[0247] "H NMR (DMSO-dj) d 8.57 (s, H-2, 1H), 7.70 (s, H-6, 1H), 6.62 (s, H-1°, 1H), 5.39
(dJ5.7,H-3°, 1H), 5.23 (t, 1 5.7, 5’-OH, 1H), 4.52 (br s, OCH,CH,, 2H), 4.09-4.13 (m, H-4’,

85



tri butyl amoni um pyrophosphate ( 2 ng, 0.4 mol).

After 30 mn. the reaction was quenched with ice-cold
wordosioztsks/| armoni um bi car bonate buffer (5 ni, PO4/UPLH04/027819

8.5). The products were purified by HPLC.

ENxuammbpel er Structure CMaol cl eucl aut | eadr

Qobsne/ rzved Weight [MH 32 572.251 571.6 HO CH 33

303,88 ’ R : 381), 2.08, 2.
1ED, 3R P T P i G OGRS P . 205, 2.04(
each s5740-8 QDI 6BHEX 3dr{, EHza3 i)l at ed Cbserved Number

Structure MMI eei cguhltar [Mn/Hz] 37 NH 587. 266 586.9

HO OH 38 574. 267 573.9 4 CH HO OH 39 <?H . 542. 225

S5Eiandpld 48, step B: 2-(5-a-Pr-borano-B,y-difluoromethylene)triphoshono 2-C-methyl-B-
D-ribofuranosvl)-2, 6, 8. 9-tetrahydro-7-oxa-2.3,5.6-tetraazabenzo[ cd]azulene (43.2)

[0248] 2-Chloro-4H-1,3,2-benzodioxaphosphorin-4-one (29 mg, 0.15 mmol) was added to a
stirred solution of 43.1 (43 mg, 0.1 mmol) in anhydrous DMF (0.5 mL) and pyridine (0.1 mL) at
0 °C under argon. The reaction mixture was stirred at room temperature for 2 h, cooled with ice
bath. Tributylamine (65 uL, 0.28 mmol) was added, followed by addition of
(difluoromethylene)diphosphonic acid bis(tributylammonium) salt (89 mg, 0.15 mmol) in DMF
(0.5 mL). The reaction mixture was stirred at room temperature for 2 h and cooled with ice.
Borane-diisopropylethylamine complex (377 ul, 2.11 mmol) was added, and the resulting
mixture was stirred at room temperature for 6h, cooled with ice, and quenched by slow addition
of water (2 mL). The mixture was stirred at room temperature for 1 h, diluted with water (3 ml),
extracted two times with chloroform and aqueous portion was concentrated to about 2 ml.
Aqueous ammonia (33%) (2 ml) was added and stitrred at room temperature for 10h and
ammonia was evaporated and the remaining aqueous portion was analysed by LCMS. LCMS

showed the presence of two diastereoisomers of 43.2. MS m/z 592.1 [M-H]

Example 44
HCV Replicon Assays

[0249] Doubling or ¥-log dilutions of each compound were made in DMSO, and aliquots
were transferred to 96-well microplates to give a final concentration range of 100-400 pM
downwards in the presence of a constant concentration of 1% DMSO (ELISA and Reporter
methods) or 0.4% DMSO (hybridization method). The inhibitory activity of these was assessed
by three methods in Huh-7 cells transfected with replicons coding for non-structural (NS)
proteins of HCV. |

[0250] Replicon ELISA method: Huh-7 cells containing an HCV NS3 —NS5b replicon

were seeded into microplates containing compound dilutions at a concentration of 20,000 cells
per well. After 3 days incubation the cell monolayers were washed and fixed with 1:1
acetone/MeOH. An ELISA was performed on the fixed cell sheets by the sequential addition of

HCV-specific monoclonal antibody, horseradish peroxidase-conjugated secondary antibody and

86



OH NH 40 590.241 589.8 HO OH H OH 41 H 586.278 585.8
HO OH OH OH 42 602.277 601.9 HO CHExanpl e 43

wolwbeossgle - 'tri phosphate mimc 2-(5-a-P - borenuosinogo27819
-di fl uoronet hvl ene)tri phoshono - C nethyl -b-Dri bof
Iiranosyl V2, 6. 8.
9-tetrahydro-7-oxa-2. 3. 5. 6-tetraazabenzo[ c6r| azul ene

substfatbBoRtioHvRh tréu shifig Yetweendddftidns.- The Eb16& QAL opAdant reaction
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NSSbpluse 1epejiter getpwers see i} PRGRPIAeS atbfaeniration Of 15,000
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Resaz&hn $BigmadroX é)pe al tueile an(kbdéiﬂgﬂ:hd datey hia¥fiSnen § Bowd podt,addition.

29 | t
The Swa%l @W%@Pmra%m daft W 6?(‘?&\5 g QQ%JY&%#& r
[OQS%DLQMR@H haRskib AR Ral Jiseodak! ibthoede Huhet Y8e BoNRiiiz an HCV

NS3 - NS 5b rephcon were seeded into microplates containing compound dilutions at a

concentration of 5,000 cells per well. After 3 days incubation the media was replaced with MTS
solution and cytotoxicity was assessed by color development. After reading the plates at 490
nm, the MTS solution was aspirated and the cells were lysed and hybridized against HCV
sequences using a chemiluminescent readout.

[0253] Data analysis: The mean reading of duplicate wells at each compound concentration
was expressed as a percentage of the mean value for compound-free control wells. Percentage
inhibition was plotted against concentration for each compound, and the 50% inhibitory
concentration (ICsq) was calculated.

[0254] Compounds of Examples 1-27 were typically active in replicon assays in the range

of 5 to >1000uM

Example 45

[0255] Huh-7 and Vero Cells: The compounds were additionally assessed for cytotoxicity

in exponentially growing Huh-7 and Vero cell cultures. Doubling dilutions of the compounds
were made, as described previously, and transferred to test microplates to give final
concentrations of 500pM downwards. Either Huh-7 cells or Vero cells were added at
concentrations of 12,000 and 3,000 cells per well respectively. After incubation for 4 days at
37°C, MTT was added to all wells and the plates re-incubated for 2 hours. Acidified
isopropanol was then added to all wells to lyse the cells and dissolve any formazan that had been
produced. Absorbance was read at 570nm, and the mean readings from duplicate test wells were
expressed as percentages of the'mean readings from compound free control wells. The 50%
cytotoxic concentration (CCIDsg) of each compound was calculated from the plot of percentage

cell survival against compound concentration.
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conce 4 ek B B L B e BRI PG SRk ot s
37°C,N#8 whs aliliediozl159disTant MidPlateX ARLE A for 2 hours. Acidified

isopropanol was then added to all wells to lyse the cells and dissolve any formazan that had been

produced. Absorbance was read at 570nm, and the mean readings from duplicate test wells were
expressed as percentages of the mean readings from compound free control wells. The 50%
cytotoxic concentration (CCIDsg) of each compound was calculated from the plot of percentage
cell survival against compound concentration.

[0260] HEF Cells: Cells were seeded into microtiter plates containing %-log dilutions of

compounds at a concentration of 5,000 cells per well. After 3 days incubation the media was
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i nhi bition was plotted agai nst concentration for each
conpound, and the 50% i nhibitory concentration (1C50)
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teRGrdth 1Hét 00 ckistilg o FOTDAYRIRRVBRG OMBYSS, @$,NH, CY
nglé@c_eﬁg’r ﬁrgﬂgc SlSl%O TR YA ‘,"@Fg g’?, ,NH, CY,,

cribed pre [y, and transferred te
CY2Ciiz ¢ C0p0atYe sCY S QY y enfl YaNH O slnereart W amseledtedbGomivhe group

consi SREBLTL Enih & SREL oA, 660" S 2 e aliph Gy aBf iyt may

each JpRIORAGE donedity ond\b Bbrd Hitdtbabingn for 4 days at 37 C, MIT
s added to all wells and the plates re-incubated for

R%is g¥trmsonopbpshhpicediphewmbaispariophesabate wpHonadiyasasked with prodrug

. ] I / ; di ssol ve any fornmazan t hat
nundﬁgﬂh%@éﬁ“ﬁ?ggﬁ%§g9ﬁﬁ%%oHgg%ce was read at 570nm and

B iwebaze a¢lected torighe troum of ipletovgtles t@sistinglfs wer e

(I and {11
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expressed as percentages of the nean readings from
conpound free control wells. The 50% cyt otoxic

waeoensentss@at i on ( CCl D50) of each conpound was ceeT/UBED€027819
fromthe plot of percentage cell survival against
compound concentration. [0258] HFF Cells : Cells were
seeded into mcrotiter plates containing A-l

Qq
eac@'iilétlﬁ&i}%ﬁenﬁy%l@éted&oﬁi tha geowpaensistatg affN,af- BHEOM, C-G, O, S,
cells er wel

After days |2%gf{3§{{|§n the nmedi a was
NR, >Ced| %@%SL XGORWS-NB HST@R%@ afd cytotoxicity
I
Wi fon ool i € it PRt B TReS: (R Rllehs (ot a

particip@k §fla ﬁgﬁﬁ@ -7 I8 enkibth _'I\I-EB‘Hg(YWIOO@NIS >CAhe-C=S, >C=NH,

onpounds were additi onal |y assessed for cytotoxicity
>C=NRn>&x@orf)i ad §Hebpwi ng Huh-7 and Vero cell cultures.

X 1 SRRy % FBEPEs M FRMt orred 1o fost

Wq@ erenlates to give final concentrations of 500nMM
downwar ds.” Either Huh-7 cells or Vero cells were added
wleteic ol an o patticipast isfonezionble band (BbeB): Wes IS per wel |

w}{ﬁge;pe Iélérel{) '}aq/i\{utn%éqlt:lg%g%gg) q‘ﬂegbcg}%’(tndboglagwfﬁ C%Z r§g; MIT

es re-incu ed for

wherefn %?H&lf’lnwﬁg-—g Jﬂfl%ggte aﬁ%@ﬁ&%ﬁ@on&’as then added to all

e ce and di ssol ve any formazan that
BH@@Wmmn@duaﬁdMNsmbmce was read at 570nm and

t he nean, readi ngs from.du c t
| Siakeiimbo Gereauce Br ittt OB HhalE Reigr. > cooR,
NBd)RSSR TER S0 WRE,0410i te/0 or more G groups
concé%?)gqizén(ggg?ﬁpﬂ each conpound was cal cul gt ed

are présentnort fimofscule, thfey payd@rﬁ@@géls eefliffesqnt ﬁpmaqmea?@ailf ran
trat
R ésesgngegéﬁ%;%% %nPLERaﬁngs?shB% 9{289;7 " gi%tg ﬁehkfhyl ﬁ% b Sy1 B Gralkyl,

op’uoﬂill#%xht@ﬁﬁag&fnecdimﬁ‘dméﬁsr@lmﬁs concentration of 5 000
s per well. After 3 days incubation the nedia
wasrepl aced wi th MIS solution in media and

toto pcolor devel opment. Pl ates
wére rggg %pg%%l n angﬁg%%c% were cal cul ated from
pehesnt Biinkdldited fromabe poup dordissing. of[ 0261] Conpounds
of Exanpl es 1-27 were typically cytotoxic in the range
of 30 to >100mM Exanpl e 46 HCV pol ynerase inhibition
assay [0262] The C-term nal ki s-tagged ful | -1 epgths HCV
(Bapt ertsghl ager 1b) pol ymer as gene was cl oned/ and x

)

exm esseff in Sf9 cells sta dard procedur es%4 The
enzymne \I\?urlfled by \N
7 i 4
\I\\I N//Z4 //
(Iv) (V), (VI);
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ni ckel affinity chromatography foll owed by S Sepharose

col umm chr omat ogr aphy. Reactions contained 20 M Tri s
woienos024568 0, 5 M Hepes pH 7.0, 90 M Nad , 12. 5pdvi/iB10004/027819

% gl ycerol, 0.005% Triton X-100, 1.5 mM DTT, 0.4 Um

RNasi n, 20 ng RNA corresponding to 696 nucl eotides of

the 3" non-coding region of the HCV b genone, 2 nM UTP

(= KZF+—2%02 nCi/m P- Iabezﬂjﬂ:tg UTP, a concentr atz-onz®

equalﬁf/tot\ig(eof conpeting NTPY20 mM ATP, 3 mM GTP, Nor

0. CTP),| 500 nM "nonZconpetijng" NTPs, and Z{OO nM

HCV\b rase (Bartel\schl ager, full Iength enzyne

in & me of 25 a ns were i niv X
Wi /aV addi t) on of enéyms nd term nat ed af/Ier T
hdb; » 0.5 MERTA t opp: react i orfas Ja
spoty 4'ther DEARGH ~dts or DEAE =

Uni fAcor por at ed nucl
wer el washed fromthe filters. The filter mat
and s d in a bag togeth th, Om of Opti Sci nt
Hi Safzé};g)i’ntlllatlon flui dg‘;gﬁr pl at es were drl(ga)

zam, 2552mz7%ﬁlfﬁﬁﬁlﬁd§§dnﬂéﬂﬂylwbt @ntI uid was added to

each well. The remnai ni ng radi oact|V|ty was quantitated
Wois indopgndently NoosCaEtad| at e counter or Wall ac 1240

M 9 N
A RSP R Bl R n RORRUARRRL B TBE BB e 0.
NR, >63=C,0C+) >CHNH =SR] E&%@,&Sﬁ@&gmidaéHmre nore active
and di spl ayed 1C50 values in the range of 3
| OOnM Cl ains What is clained is: 1. A conpound of the
far mul 3fh%'cbm%h&d‘d&?déd@§cl%m@l o tﬁat@élﬁéteo“ de B R (I)
wherein Ais™, S, H CHF, or CF ; Rl, R2, R, R3,.
R, and R4 arem (
consi sting qfyH,
N , COCH,
NHR, andNR

a, Br, I,
H, C(S)NH ,
-L-R 5;

HalHM
HO

OH
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L

HO

L is selected fromthe group consisting of , S, NH,

NR, CY QO Cv¥S CYNH Cy, CYy Cy, Cy &CY , CYy scCv ,
wW@r@sCYIShHCY , wherein Y is selected fromthe BEDUR2004/027819

consisting of H F, d, Br, alkyl, alkenyl, and

al kynyl, wherein al kyl, alkenyl, and al kynyl may each

optionally contain one or nore heteroatons; R5 is OH,

e o phGBehehepoudd féfisdliatey ofdlaihis Iy Ras Bhalicein fid Rakd v

masked with prodrug noieties, or a nono, di or

tri phogphate mc;, Bis a base romthe®

gr ogp

W Wy W

w2 z; s ijndependently ¢ NH
sel st TJ MN SN
G >s# wsty ¢ L
ano/NCHJ‘G; i a p’bond Z\' N

|s*|ndepen\3£ntly N er GG dif Zis not a %
participant in a p bond, Z'is independently’ N-BH GM
>C=S, >@®NH, >C=NR, »S=0,
Se, SeQ, &0 ,
\/\mqr ei/n i NV | s a ar tNii pan

& a6ulfi e Pond (Bbhnd
NNes N~ ',_pat )b
B n pair Jand Mis‘a dation; G|sselecth

|
fromthe group consisting of H, * O, Br, OH,, SH,
NH , NHOH N, COOH CN, CONH , C(S)NH C( NH)NH R,

N ~0O

SR NH andNR vihen two or nor e G groups
/ 7 NH NH
/7 NH )
7 7
N7 N \N /\ N / N
L T

> > 5 , R . ,

5. The compound of claim 1 wherein the compound of formula (I) is



are present on a nol ecule, they may be sane as or
different fromone another; and Ris selected fromthe
w@e@ap2sensi sting of al kyl, al kenyl, al kynyl, BEWUS2004/027819
acyl, and aral kyi, optionally containing one or nore
het eroatons. 2. The conpound defined in claiml
wherein B is selected fromthe group consisting of
(16v) ( VADe; dindpofiind b claif/l bélpctedfidm(thegioutonsdiding4¥, Z4,
Z7 and Z8 are ipndependentlyN or GG Wis
i ndependent |y or GH and Z5, and Z9 are
cted fromthe én@up consi sting of |,
S, NR, >C=0\ > >C=NH, >C R S=0, >S(O
The con‘pQ& ined in cl ﬁ)r 2 that i

N H ! g T |
HO M r\(l];i B, or onpound d
anyw or 3 wh he baseid s ,
NHH\: z NNNM'&QAO BH \\g
HO OH
1.7 , 2.8 , 2_9 ,
O

NH
NH NH
% ~N
N SN ~N
HQ 0 N N/) Cl,BnQ & HO /N P
~/ o, N oy T
HO  OH CLBn®  OH HO  OH
3.3 , 4.5 , 4.6 ,
O o)
o / NH 7/ NH
. CLBnO N = _
H A
~s " 5 % -
X / ClbBnO OH HO OH
HO  OCH,
5.9 , 6.5 , 6.6 ,
0]
NH
Y 7 | N
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N N Ove or 5. The compound of claim1 wherein the
conpound of formula (1) is HOHOBB SH" t)H OH HO

woiedostoe3k8 or t) H6. The conpound of claim 1l sel BCT/@82004/027819
fromthe group consisting f NHNH O BnOHO _C BnOH
HOOHHO CH 1.7 2.8 229 HOHOOH Cl BnOCH 3.3 4.5 |
BAONN "WHO N "N BnOC]—|HOC]—IHOOCI—|5 9 6 5 /1
NH o

»
N)
* K o) N 3 ‘«/ \: - 3 ',/
oH HO OH HO OH HO OH
10.6 HO OH 414 122 . 182 . 144 )
0 0
/  NH /" "NH
~
\N 4 N / ~N
A N I A
TBDMSO‘U N NH, o N F
CH3 S—pCh \___4CHa
Kt HO  ©OH 5 %
He oH HO  ©H
15.6 , 16.1 , 16.2

o]
7/ "NH
) = NH 0] o]
N 7/ NH 7/ NH
HO o, NONTTO
v e &y
s ClBnQ )\ HO N /)\Cl
HO oM )
19.1 Cl;BnO oH 20.7 HO  OH 208
) 0
7/ 'NH MeS NH
¢ z HQ ol A \
o N7 >N sMe o NT>N" g TBDMSQ
<
HO OH 214 HO  OH 212 HG oW 213
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HO OH HO OH 21.2 HO OH 2 1. 3HO

AcO N Ow 21.4 HO OH 21.5 CUBnO OH , 0. NT

2

TT09.4 HOHWWBNHHO NHHONHNMHO HO HO CH HO

t)yHHO t)HHO t)H 10.6 HOt>H 11.4 // NH/ T N\
waBwMBAsb8\ \ \ HC? t)H t>H HCT t)H 15.6 16. 1 BRGI/RS20084/027819

AcO AcO QOAc 18. 3 18.

T 7
D.urr(\N IIIN a
o
o 2 = —
= I l)f
/., m - = ¢ f.N &
]
[} o~ —
- R I
o) /\N O
5 £ o
< - 2
I
0
[} 'S
=
- =
p-d 10 = =t
T &
o,z /N N uNn / I.,“....N
— \ —
AN = T
/ :m_Uu 2, ././ = O
o =
e} _Hnu
I o )
O N
I o o
fol
Q -7 BE P
= o @)
T <
IAN m - NIJ,, N
= T 3 =
T
— == ¢
S
AN = I T
X I
w0 Y% O o Ty O
o O ol -0 O .
o) "o g
A= T o
O
T m T

NH

qg

\

N/ X

N “ CH3N:/
HO OH

(‘)H
P
b

H OH
~P. ..
n

0O~0

?
/P\
HO"» "0
0]
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2 Cl BhOOH 24.1 24.2 HOOH OH
HO OH HO OH2 HO CH CH H oQ -
warbo3m3k8 "CH, P. HO OH HO ? OH
NH
e 9 ap
HEE A 9o~ Oy M
d—f=cH,
HO  “on
o)
=
HO 0B B a O %
[N “v N-t/
HO  o-ch,
0
H
o0 YN
HQ'F‘ ’P‘o' ~ o N 41
0 HO 3 0’\§"ZCH3 N
HO  on
0
4 NH
0 0 SN
Hﬂf‘ PoP~o o N Nﬂk
© o /\S—ZCHG F
Ho OH

and
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)
7 “Nn
7 N
P 0 ¢ l//;\
RO~ 0P-0 P O N N,
E A
HO OH
O
7 N
PH OH on D"
Hcrg\‘)"'?‘o":0?\0'\(17"\J N
“on
HSC/ °
HO™f~0~Fg-B~ o N~Z X
8 OUCHSNQ/N
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and 917. The conpound of claim1l which is B NHi? HO

CHHOOCHor H- - - BHOHHOOHS8. The conpound of
waeb@soeesel ected fromthe group consi sting of PCT/US2004/027819

conmpounds having the formulaP Z2- Nu NH NH 1 NH W2 |

zr Z( J RS- -ARS- WRY RRRK\ 2 RBR2 RBR2 R3 R

P,0 /P Z2- NHNH Z1' NH R5- WR7 R5- w- A-. N NH 4-

R7 r Hhelgompoumdof ¢kginRl RBichrisl

, , Or
?p
HO—P——0—P—0 B
OH OH \O@
HG ©H
8. The compound of claim 1 selected from the group consisting of compounds

having the formula

) RIS oWR? RO~ R
R3 R2 , R3 R2 , R3 2 ’
/ i /; \< /
le X 71 NH 71 NH
\
W2 2
A N SN WS
\\1 Z4 Z\ [4 Z\\\ l |
R® AL WTN RS A NP RS A WP
1 1
R R R R&R
R= R RO oR? RO SR
R R , R3 R? , R3 R? ,
Br, 0] QRr® S
22 2 < 2
/ //Z \ /; i
Nu—Z\1 NH 2\1 N 2\1 NH
2 2 2
W
A N A N A B
5 N 1 Z4 \\1 /24 \\1 Z4
B AV W
R4 R! 4 ﬁLR1 4 R
3 2 R 3 2 R
R~ IR RS 3R R 9R?
R R R R R3 R?
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Pz2- NHR5- -A- 1 YRR3 R2 wherein Ais , or
optionally protected N; Nis nucleophile; Xi s

wopisonsks y protected N, Oor S; W1 is C (ifpr@r/bsmd)/027819

R5
R4

or N(if no p bond); WCHor N; Z 1 and Z2 are each
i ndependently CH, C-hal ogen, C-alkyl, Caryl,
COalkyl, or GSalkyl; Z3 is CH GCalkyl,

C hal ogen, N , CNHR, CNH , C=O or C—S Zg
CH or @ ogen C-al kyl ,Z€Xaryl, C O alkyl, ‘/(
C $na 1f<y| NiC-OH, CNH , o . C=0, or C=S: Fz1

R 2", R 3' R 4 are Jachii ndependent |y H ,W \
hal o O al kyl 7% t| onal |y prot e
Y‘ i

met h R J i ssan |Nggmn§ Iy SRB
ently 3,t Ror S, and —R7,2

3
RRare e@ch mdependeﬁ‘tly & kyI aryl, al kéﬁyl oR?

al kynyl. 9. A’method for treatin a viral or bacteri ab
i nfection npri sing adm ni ste g a therapeutica L{
effectlz? amount of a corrpou%d‘%ccordl ng to any of

cl ai rrsZ11 8nHor a phar maceutzical N accept abl e saIZ or N
prodrq};z reof optlonallwvzn ination with

nor e QQZTI[V /kntlwral or apti )\rlal agent s. ZW ]N/&O

7 - 5
R® ) AW1N NHe RN\ A i iy
4 R R4 R R 5 ;
S R® R~ R RS R
R® R? , R R , R , and
O
2
7~
Z1 NH
W2
1
RS WSy
A 1
Rig S 2
O ,
wherein t
A is O, CH; or optionally protected N;
Nu is nucleophile;
X is optionally protected N, O, or S;
W' is C (if p bond) or N (if no p bond);
W2is C, CHor N;
7! and Z* are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl, or
C-S-alkyl;
7% is CH, C-alkyl, C-halogen, N, CNHR, CNH;, CNR;, C=0, or C=S5;
7*is CH or C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, CNH,, or CNHR,
C=0, or C=S;

RLR? R?, R®, R?, R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally

protected O, methyl, or F;

R’ is an optionally protected OH or NHy;
QisNH, NR, O or S;
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The nethod of claim9 wherein the said viral
infection is caused by an RNA virus. . The nethod of
wa@b@soesbherein the RNA virus is HCV. 12. The nethos2004/027819
claim9 wherein the said viral infection is caused by
a DNA virus or retrovirus. 13. The nmethod of claim

wherein the DNA virus is HBV or HlV. 14. met hod of
t lodt i fgra ephdndensndently CHy, Sb A%% %%%i g
a gyl fpvi B [ f Sed RRHAL of a
con’po&%%fgcg%r Fltﬁgﬁt%@ aﬁ{llﬂ}g?kwgli%ﬁrfs 1- gl,/&o% a
phar maceutically acceptable salt or a prodrug thereof,
optionally. in _conbination wi.th ane ar .nore active, .. .
a8t i - phomPber £67 Yratizga el orfcteRalinfectigR gopPrsie ddministering a
theragel) ifelitvEANBIH D¥ B goﬁp&'ﬁﬁl&ﬁ:@&'dlﬂg‘%@'ahy o€ thRkd 1-8€or a
amount of a conpound according to any of Clainms 1-8 or
pharmmcplimatineewpiable salt oae pegsiredtheress) aptionalby ipchontpination with one or
t hereof.. 16. A process_ of making the conpound of claim
more i&Wﬁ&Pﬁ‘éﬂfﬁﬁé PP DD | 25 - if 21 NHN 2V v 1
R3 or R3'" yclising a conpound having the fornmula CN 72
ZI(}IHHT%""J['IA? . . .
10. e method of claim 9 wherein the said viral infection is caused by an RNA

virus.

11. The method of claim 10 wherein the RNA virus is HCV.

12. The method of claim 9 wherein the said viral infection is caused by a DNA virus
or retrovirus.

13. The method of claim 12 wherein the DNA virus is HBV or HIV.

14. A method of treating a proliferative disease comprising administering a
therapeutically effective amount of a compound according to any of claims 1-8, or a
pharmaceutically acceptable salt or a prodrug thereof, optionally in combination with one or
more active anti-proliferative agents.

15. A pharmaceutical composition comprising a therapeutically effective amount of a
compound according to any of Claims 1-8 or a pharmaceutically acceptable salt or prodrug

thereof.
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- R3 R3 R2 wherein each of Z -Z is independently Z;

and wherein each of W-W.is independently W 17. The
w@r@sesseof claim 16 wherein Ais , or optionaPCpUS2004/027819

protected Ny, * W is C (if p bond) or (if no p bond);

Wis C CHor NN WAis Hor trialkyltin; Z1 and Z2

are each independently CH, C halogen, C.alkyl, Caryl,

06.0- alkgocess opmgkingyhe cargpquadoficlagn | haying ths famelen,

N, CNHR, CNH , CNR, C=@Qy or C=S; Z4 is CH g hal ogen,

Calkyl, Caryl, c-%; yl, CGS-alkyl, CoH/ GNH,

CGNHR or GNR; R1 R2' R3, R3 , R4 /aré each

i ndependent | y H ha?{ oge H o al kyl, O al kyzt

optionally prot ecte/tszf2 hyI or F; anggl 'NS n

optionally prot ectéd NH .. The p?—cxﬁl ss Jaf cl ai

m
or further® rrprAS| g meactlngi HNV\Z CNA
W. O M o 'ONf or R3'
R2' wherein #S a: Iogen andR ;ZR

comprising cyclising a compound having the formula

O
H3CO\|// (I:N
2
23\21 Z\\21

R? or R3 R?
wherein each of Z!-Z* is independently Z; and wherein each of WL-W? is

independently W.

17.  The process of claim 16 wherein

A is O, CH; or optionally protected N;

W' is C (if p bond) or N (if no p bond);

W?2is C, CH or N;

W* is H or trialkyltin;

7! and Z? are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or C-S-
alkyl;

73 is CH, C-alkyl, C-halogen, N, CNHR, CNHz, CNR, C=0, or C=S;

7% is CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or
C-NRy;

RLR?, R® R, R™ R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally
protected O, methyl, or F; and

R’is an optionally protected OH ot NHo.
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wherein WA is H or a netal -containing conpound capabl e
of netal -nedi ated cross coupling. 19. A process of
wordosogisehe conpound of claim 1 having the forpol/as2004/027819

conprising cyclising a conpound having the fornmula M
Z6 Z2 Z R5 L;1. ." ZRR2R3 R2 wherein each of and Z
i s i ndependent | ; each of Wand W2 is independent|yW
wher ei G(PﬁogeSﬁa%@lgmlGanél? Kerthes compiising sgaiing:. 20. The
process of claimwherein Ais , or optionally o
protected N, X is optionally protected N, , or ICO

is an al cohol, an alkylthiol, or an al kyl am ne; W 'ks

C(if p bond) am,N (if nop bond) W is C, CHor N~ NH,
and are eagh i ependent ly CH G halogen, Calkyl, w2
Caryl, G 'alky N or C S-al kyI Z3 is CH, Cal kyI ~N

Crhal ogen, y-CNER, CNH C=Q, or C=S;574 is ‘1 vz
or%%ﬁn1 - al kyl , gcaew czzj?w kyl , S—%!;e_y’{;f

o 2C-NHR or GHNH : IR, R2, RR 3

are B#ch |R?dependeng,ﬂty Frwhal qgen”‘mal kVdorm O alkyl . Gd

opt i onaél y

or R?
wherein Y is a halogen; and

wherein W*is Hor a metal-containing compound capable of metal-mediated cross

coupling.

~

19. A process of making the compound of claim 1 having the formula

wherein each of Z'-Z* and Z° is independently Z;
each of W' and W? is independently W;
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protected , nethyl, or F;, R5 is an optionally

protected OHor NH; and Z6 is CH, , NH NR or S
wab@speseess of claimor 20 which further conpPCEHES2004/027819
reacting YY 1,2 RZ2" ' R3 R2Z W to formwherein W

is Hor a netal -containing conpound capabl e of cross
coupling,22. A process conprising reacting a conpound
ovherpigi Yristhalegeniand he fornmula R with a nucl eophil e

phile to forma conpound sel ected from
?ﬂg[iﬂr%‘ﬁd&g’gﬂgi sting of: ,QR Wz NH N NHWN W N Z* R
g Y
WARS N RRAR RRRRRRR Z 22\
20.  The process of claim 19 wherein
A is O, CH; or optionally protected N;
X is optionally protected N, O, or S;
Nu is an alcohol, an alkylthiol, or an alkylamine;
W is C (if p bond) or N (if no p bond);
W?is C, CH or N;
7! and 7% are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl, or
C-S-alkyl;
7% is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNR,, C=0, or C=S;
Z*is CH or C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or
C-NHy;
R, R% R?%, R3 RY, R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally
protected O, methyl, or F;
R’ is an optionally protected OH or NHj; and
7% is CH,, O, NH, NR or 8.

21.  The process of claim 19 or 20 which further comprises reacting
Nu
76
!
Z
£y

i
W W2
2 N il -N
5 AL, 7% hu 5 N
R W N~ 8 R w! N~
A 1 Z'Z A 14
R* R Z R R
B 2 Z”1 R3= SR

R® R? with  W* {0 form R¥

wherein W* is H or a metal-containing compound capable of cross coupling.
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NHNHWNRL W AWRRHRRLRRBr , / N 1 NH Nu-
Z.1 NHNNWW AN AN RRLRR, and R2 wherein
weawh/oofséar e i ndependently Z; wherein each of VRCEDOSAA4/027819
are i ndependent!l yW and whereinNu is a nucl eophile.2 .

The process as in claim?22 wherein Ais , or
aﬁkl rotected N, Nu is an alcohol, an
ylt P ce Soqonawsg}gwwmr@ecommun@fylm 1 pavipathe formpia
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wherein each of Z'-Z* are independently Z;

wherein each of W' and W are independently W; and

wherein Nu is a nucleophile.
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C-S-alkyl; Z3 is CH C-alkyl, Chalogen, N, CNHR CNH

, CNR, CO or CS; Z4 is CH or C halogen, Calkyl,
we2aspk1se- O al kyl, C-S-alkyl, CGOH C NH, C MNiRUS2004/027819

CNR; R, R, R, R3, R3, R4 are each independently

H, hal ogen, al kyl, Oalkyl, OH optionally protected ,

methyl, or F; R5 is an optionally protected OH or NH ;

Q28s NHhemRycesy asSn claal 2R6 i s al kyl, aryl, al kenyl or

alwkryepe{rln ' ’

A is O, CH; or optionally protected N;

Nu 18 an alcohol, an alkylthiol, or an alkylamine;

W' is C (if p bond) or N (if no p bond);

W?is C, CH or N; \

7! and 77 are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl, or
C-S-alkyl;

Z? is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNR,, C=0, or C=S;

Z*is CH or C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or
C-NRy;

RY R% R* R, R, R are each independently H, halogen, alkyl, O-alkyl, OH, optionally
protected O, methyl, or F;

R’ is an optionally protected OH or NHy;

Qis NH, NR, O or S; and

R® is alkyl, aryl, alkenyl or alkynyl.
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