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WO 200/021568 PCT/US2004/027819 NOVEL TRICYCLIC
NUCLEOSIDES OR NUCLEOTIDES AS THERAPEUTIC AGENTS

WO piMiaE Roplication [0001] This application is related to proiSiBHR0e4/027819
application Serial Number 60/498,425 filed August 27, 2003 which is
incorporated herein by reference in its entirety. Field of the Invention

[0002] NepvaresPREEVRAIAD (AR TSRS WO DY RRIPRT SN
nucleotides, their preg&ra}tﬁﬁlggpﬁﬂq&w%@mtremment of |nfect|ous

disease, including viral infections, and of proliferative disorders, including
Related cangritBackground of the Invention [0003] Viral infections are a major
threat to human health and account for many serious infectious diseases.
{000 aiitispbliction RCM ) @l ajes daivaal abyliahiepsitial basibie awdIRnans filed
A tﬂf?&}% %Ilmeople worldwide. Curr nt treatment for HCV infection is
ugus RBHSH EPIRRLTF ?6?1%e%ﬁ%e&hﬁ?t€ombmatlon with
ribavirin, a nucleoside analog. This treatment is effective in only about
Field oflthéf ineemtinient population. Therefore, there is an urgent need for new

HCV drugs. Hepatitis C virus comprises a positive-strand RNA genome
[0002] dbsaucivet micebeapsiderid lipidldnvedperanteddeissdofucleotides, their

prepara@tﬂp rRimae l@fs@@@xoﬁz%qp&%lgﬁt!ﬁqﬁf MBIGHR ﬁﬁ%ggee 3214 X%Q%rﬂfechons and

about 3000 amino acids (Dymock et al. Antiviral Cheinist;
of proliferéniotifrerder20081ding F)cex. HCV protein, NS5B, released from the
polyprotein, possesses polymerase activity and is involved in the
Racker&HiRES 0 Qouble-stranded RNA from the single-stranded viral RNA
genome that serves as the template. The reproduction of HCV virus
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tive inhibition rotein would sorp vent the
inectiop R o (e 0UbIAL 8t S RN A 7 S b i ed more
than 20®mlngxa¢mmwdammmwp@mteﬂt intatthenefderdiNg bt @irandsaidedab

a chain-terminator. Furthermore, a deter |orat|ng ucleoside analq
m““n"gﬁs&“‘ﬁ?’a?“@élﬂég%%a?eﬁ{?ﬁ?ooﬁfé‘ RNt R AT \%?7 ey %%“ge analog.

This tremut:ag enigfeainage otoythBodir apenemeidiegepivsisayverabREG cpaantis an
. g %atlons 99/43601, WO 01/32153, WO 01/60315, WO 01/79246,
HIECHE IR 1 /D B EAORTGE RET S HARFENA genome
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Vvitro.ass [0004 Hepa itis B vir acute ed almost
o oIS KRN BBDAOA AHl DL Si A (HFERER a7
Antiviraibeno cariieSefite arips IDetaney 7. eAaH QWD RONIOZERGleased from the
polypro%%]}/a%%%?s%g%) 71%]&?dsAnt“t€}5 nl')fgglt é?]lli v of‘ Ve lwe@]n%tgyenr%p ¥IS of double-stranded

ronic
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 anii-HCV agents in in vitro assays.
[0004] Hépatitis 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.



damage that frequently progresses to cirrhosis and/or liver cancer later in
WO%%-JJB \ bJ%gsplte the availability and Wlde_spreaq use of effec%\éeT Y Cgt')rl%smsm
and chemotherapy, the number of chronic carriers approaches
million worldwide. Therefore, more effective anti-HBV drugs need to be
developed. Human immunodeficiency virus (HIV) causes progressive
Antivindgdiemtionotins meupe SN, raginodpthitcders/ QRS PEASver
é{ﬂ% er of drugs have been ysed clinically, including reverse

damage it RSl T RISESrSah  SHBRON S Rier exnrenipyerdaisititioRespite the
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._drug resistance. Despite the progress in the development of anti-
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. nunneewlsyééQASF%vered WeSéS@NHIIe virus anéd SARS virus. [0005) Bacterial

MU S Shs ?o%lﬁé%hﬁ BB CE & U thahy iHrecsiouicdanes hsas brpp used

clinicalijd éspneiac: usecefcxnilRioliss &y OdUBREHARY NBWSE AP Aors. Currently,

-threatening bacterja. Fungal infections are another type of infectious
Hon B ditpie ﬁgﬁéfﬁ?é‘RﬁPée%ﬁ%? pREderitogrduce the drug

Nif
combs Iseases, Sna i cH

resistainereBsipg dtmardfosstheteasnaosat hecrenal and iragal ieStonsH one of the
Antimicrob'al dru s%ased on new %g}c@amisms of action are especially
Pr

Lo AT, 0GOS PrOTETA AT BiEBRIGHLESHORT & 5 e qTaofreat threat fo human
life, intifedinpethtening ditieasesan baveikesnsintansively iamestigated for
es. Cancer now is the second leading cause of death in the United
O 00 iR RN RIS pROmfaR s T
widespatisdraer oflimitioticyarichieeelimiypesoftambody tamhatansPsmeshinttn gal
infeciOENIGN.Or Mmali n%nc}ftyrpf:%{iggll%. grgensf%rmati n of gormal cells into X
cancer colls is 2eomplex procesEaiv B say g oLl Ands Lisdhreatening.
There iFhe freatnsent dfroand ochnsistsmésurfbiyteadiatidTzans ahesnoinerapy.
Anti ' ther, can be used to treat all types of cancer, surgery and
e R T R e R s oy
[00fRERrditeatimmiber dbanticancer dragseyvidtily - hsedalinicalblaAmanthave been

intensi theM e alkylat] sugh as cisplatin, antimetaboljtes, such as :
ALl Rt IR0 Dir gy T IGHORCaRe o Jeah it
Unitedcaiem thst apressafc0a0aitaple d treatadtbnfenpatiepts]itkersvis discetise fatl of ihe

variou§BARE BHNG AEBE) I CANRRIESPRD B30 S LR cetts.

important tasks in medical an armaceutical organizations.
Transfymeeesielenaroyd eeliribieannmseddlinicalofoptitereatsaent dfiwiralk is not fully
unders{BURCUPRS AL RIRUIPLAHKS diaRidR T3 A despdem,Mast OLE IMGIROSINE wiy

drugs are classified as antimeta olﬁgé{.{ y §Ié¥’t¥|a§§/aglﬁf]éraggl%,eﬁjoc Eodide While
chemoBysepy sy b phtsshisdrpkiteld isnce e samiyricungioe ositiediation therapy are limited
1o ceﬂéﬁmﬂepgpégﬁ%esﬁte?&i%%&gﬁ 042 tiphosphates. I most cases;

nucleoside triphosphates, e.g., -aé?ideo-nggeaoﬁy%%%f)lr‘fg t?\afif‘?raar{u gy widely
used cligigeihyy droghetive 2608k0PEE68RET AUSLR0INITRL Autiiphabpliste such as
S-ﬂuorﬁ’]ﬁgaé}gf?\%ﬁ%%%ﬂ@ﬁ'ﬁ@ @Yﬁ%ﬁé’ﬁ”ﬁn@@r ,nr% 15%:(%{, %Eléggi}éllgg&se%]pe}%es’a?éeavailable
to treat cancer patients, there is no cure for cancer at the present time. Cancer research is still

one of the most important tasks in medical and pharmaceutical organizations.

[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)



chemical entities that inhibit DNA or RNA synthesis, through a competitive
inhibition of polymerases and subsequent incorporation of modified
WO 20582198 into DNA or RNA sequences. In a few cases, nF&ag&iae+027819
analogs exert effects at lower phosphate levels. For instance,
5-fluoro-2'-deoxyuridine (an anticancer drug) 5'-monophosphate and
o T I St acive

chemicategidic by iriihgUgN AueiBdsideyarespsienmdenesnsyi eeintibieon of
polymeORRRRSRRALG el Riehasihe Jphibiigis Lhadengsing kinases apsihe

ligands of adenosine receptors, currently, clinically-usetul nucleoside

sequencefy§a bFaesepeinpedcanlres seeRAiBre by hlsskeosibesRindebey eind For
instance[‘ygiiﬁBHQ—% Kﬂ%%%flﬁmg%Mﬁ@%&c@’é&&%@%ﬂ&ﬁm{gﬁﬁg%d 2 2’-difluoro-2’-

nucleoside antiviral drugs: 1. nucleoside analogs should anabolize o

deoxyeyhiginedanastinansis dang) 5’ wisharabaifes n e s Holibibak demidylate
SWGlaSé%%@MM%@E&Q%&EB@&S@ %@5&9@? pkﬁlﬁBﬁgfyﬂﬁt&QJﬁ&@Hﬁa%%é themselves

selectively to target preferred enzymes, nucleoside analogs should have

may actghiBeaMBnRsiRisisne shoinaw tadehibrerspeiselmmeiane&ims oradile igands of
adenosid@VEEBRISUGIRESIAS ARAINYS. RORNEIRIARRIRARNIS INaR 18 HIN @S Cettular

.. hucleoside analogs by modifying the base or the sugar, or by modifying
activatiqgoby puglscsils Kngarsmeionedeniinkiptisxamples exist in the literature

[0008) MN8N HRSIS Al Rt et AModified|BUGEOSIHRS Hr hRlBZISIa%ycleoside
of-Nucleosides and Nucleaotides Vol. 1 (1988), Vol. 2 (1991), Vol. 3

analogs shayld) apahedirs jorstelyBidroinfsdlia aplendhe prebelirebowri cbdssvspuld target
selectiviRer@arencontain dasaRs &f neisleasikls-Aamaenedssthal wateRRl Lxplered

intensively for their antiviral and anti-proliferative activities before the

preferrelh sy SinaIHRIT 3¢ Wakearloeld LatipovRtRbIs thegterHurRw ey, sugar and

base mok¥BEIOSLERS @M EENC S AHMEOSINES e YRR o UBNILELLEONSESHBECNR to generate
existence of various tricyclic heterocycles. A well-known tric&clic

diverse pulRostia e laRs MEIMPETENE WahAt So i ERBoXids andihepedatiapase and
sugar moelise{PoreaiehiathoMed &hem. (BO0048:r2438tR4 43 iHAMIBTIEF0fctts o f
... modified derivatives were prepared and screened against viruses an
modified g ePfﬁ%ﬁcsfﬁs'elé%fw&é%@%&“ﬂmaa%ff%@f@%? Wploh sOB0Y05 2 199),
Vol. 3 (Med), Gt . 1IR008,04F 2401(+2463) PAnaiheP koWN tricyclic nucleoside is
H(Z;de0xy- ( - cosi : .
{Oﬂ@-é‘-‘}é’?ﬁt‘%’:&?ﬁéﬁ%Fu?%ﬁ%%&zﬁlff%?a‘?ﬁf/’é‘%?‘?ﬂgf, SEBIBRLRIR STEf Rt ored
intensivelyToottepbuttitdrdietoigioal-patliftyavas satigpo efbiRely pthina ideigtion. A
2000, 83, 911-927).. The. PCT é)ubicat'Bn 0O 03/061385 escrises.

s O e MICIBo5Ia¢ Tt atied! THEBieent TvaHtior HISEE s lfhides ave very:

limited tdoyclicingdleositesaadihwucieatidesyalid ibeirasselfar thextstiakment aficyclic
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J. Med. keinveifiiod J00203-Phe fisclasunésihef ginmelditietb dwoiekivisyelere prepared and
screene@ gg&%% i\qggs%? gm g%%gy%ﬁc}pc%?gg’a!. Nucleosides Nucleotides 1999, 18, 2475-
2497; J. Med. Chem. 2000, 43, 2457-2463). Another known tricyclic nucleoside is 2-(2-deoxy-
B-D-erythro-pentofuranosyl)-2,6-dihydro-7TH-2,3,5,6-tetraazabenz{cdJazulen-7-one, but its
biological activity was not reported (Helv. Chim. Acta, 2000, 83, 911-927). The PCT
publication WO (3/061385 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.



their preparation, and their use for the treatment of viral infections and
WORfatatHR disorders. In a first aspect, there is provided a coptpousthofoz7819

the formula (I) which may be a D- or L nucleotide or nucleoside B R4' A

Rot (I) wherein Ais 0, S, CH2, NH, CHP, or CF2; R |, R2, R2', R1, R3,

S and R are independently selected from the group consisting of H, F, Cl,
-—%@@ﬁé‘}ﬁ—%ﬁm 2982, NI-IOH, NHNH2, N3, COOH, CN, CONH2, C(S)NHZ
, SSR, NHR, and NR2; Wher tlea ne of R2
10047, T R TRITE B, e SR e G SPGB ereot

their prépiatalidd, &\dz&lﬁz\éa%&?{&&ﬁdﬁﬁe‘ﬁzoﬁfﬁaﬁﬂﬁ?acﬁaﬁﬁ%}d%r@‘@éwe%mrdm.
and CY2NHCY2, wherein Y is selected from the group consisting ofH, F,

Cl, Bt 2l aawehﬂ;hlem BHRYH wiraraipparkf, thikémylnlan@ attoghyhayase a D- or L-
nucbaghioptiandysténtain one or more heteroatoms; Rs is OH,

monophosphate, diphosphaté, or trijphogphate optionally masked with

prodrug moieties, or a mono, didystripRosphate mimic; B is abase

selected from the group of Hetéer ?Q cansistingof ZZ.---?2\ Z1 Z: X W

JNZI:lz zj Z1j (1) and (111) eac Z is independently selected from

the group consisting of N, N-BH2G)M-,;C-G, 0, S, NR, >C=0, >C=S,,

>C=NH, >C=NR, >5=0, >S(0)2 and.CH-G; wherein if Z is a participant in a

rz bond, Z is independently Nor C-G, and if Z is not a participant in a it
whelsghd, Z is independentlyN-(BH2G)M', 0, S, NR, >C=0, >C=S, >C=NH,

A is BEENR 280 Gri0)2@nd CH-G;
2 * ' .

RURY RY R RY and R are independently selected from the group consisting of ¥, F, (1.
Br, [, OH, SH, NH;, NHOH, NHNH;, N;, COOH, CN, CONH, C(S)NH,, COOR, R, OR, SR,
SSR, NHR, and NR;;

wherein at Jeast one of R? or R is not H;

R is -L-R;

L is selected from the group consisting 0of O, 8, NH, NR, CY,0, CY:S, CY,NH, CY,
CY,CY,, CYL00Y,, CY,8CY,, and CY,INHCY,, wherein Y is selected from the group
consisting of H, F, Ci, Br, alkyl, alkenyl, and alkynyl, wherein alkyl, a2lken vl, and alky*iyl ma
cach optienally contain one or more heteroatoms:

R'is OH, monophos;)hate diphosphate, or triphosphate optionally masked with prodnig
moleties, or 2 mono, di or triphosphate miTnic;

Bis a base selected from the group of heterocyeles consisting of

S 5 |
P ey
{10 ‘ and (I1L)



XisorS, SO, SO2, Se, SeO, Se02, N, NH, or NR; W is C, CH or N;
wherein if W is a participant in one double bond (n bond), W is C; wherein
if W is not a participant in one double bond (n bond), W is CH or N;
wherein dashed lines (---) indicate an optional it bond; (BHZG) -ivl.is an
 cach 'm palemnddul js deativonG @@@e@mﬁgmﬁg%mww g efH, b 5
X H2, NI-10 ON. CONH2, C(S)NH2,
NR, »C= (= V\Ezlﬂ—l)#\lgé_lﬂﬁ Ig $ % FS ’\nﬁqﬁ? %/_\'/(r; o or more G groups are
whergregeht onramdteeule, theyomay beisamenmsarydifferentfram oNe s no: »
another

_ i&ig is, selected from the roup.consis of aIkyI alk nyI,
paricipziiph A F %?9 o i BRI %éﬁ’ n@a%%ﬁgoﬁgo n‘?&’e >C=NH,
>C=NR, b@ﬁ@@&t@m in@czecond aspect, there is provided a compound of the

or ( ch ﬁ L- nucleotide or nucleoside B RG, A R3
X‘S(t‘) gnlg@ ?A(/;% vﬁ:@e Pg SROI\%[ Efl—]\éRNH CHF, or CF2; W, R2, R", R,
W is R3CIEnd R, are independently selected from the group consisting of H, F,

1, OH, SH, NH2, NHOH, NHNH2, N3, COOH, ON, CONH2,
Whef‘”cf‘(‘éﬁa%f CHBRPR! BRSO EePOTGHRI M- NRE &~ is -L-RS: L is

wherseleCtedsfim: the-aigup:cansistng:0f 0o5 QHOMB W {2EOHGY RS
CY2NH, CY1, CY2CY2, CY20CY2, CY2SCY2, and CY2NHCY2, wherein
wherein §agbeshlagl ot Gro G LEBRsTshRRtof H, F. CI, Br, alkyl, alkynyl, and
(BH, & kuayhswhessipaalkyl alksyls @ﬂ%gj kyrtyl may each optionally contain
one or. more heteroatoms; R5 is OH, monophosphate, g;%]os hate, or

G is S{EROEP RS BStoRaRy RASKES Kith prodhugt méiEticd &1y, COOH,
CN, COmphasphare MirmicHBisia mgaas@lﬁctemoamth@grw@n%me&%ﬂ&b@@%mps
nsstmglof da Z X:H Z' 7t (Il) and

are presen?on a molecule, they may be same’as or (glf erent from one another; and

R 15 selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, acyl, and aralkyl,

optionally containing one or more heteroatoms.

In a second aspect, there is provided a compound of the formula (I) which may be a D-or

L- nucleotide or nucleoside ‘ B
R A
>/R3 R
RN R
g3/ R
®
wherein

Als O, 5, CH,, NH, CHF, or CFy;

R', R%, RY, R’ R, and R are independently sclected from the group consisting of H, F, Cl,
Br, I, O, SH, NH,, NHOH, NHNH;, N3, COCH, CN, CONH;, C(S)NIH,, COOR, R, OR, SR,
SSR, NHE, and NE;;

R is -L-RY;

L is selected from the group consisting of O, 5, NH, NR, CY,0, CY,§, CY,NH, CY,
CY,CY,, CY,0LY,, CY,8CY,, and CY,NHCY,, wherein Y 1s selected from the group
consisting of H, I, Cl, Br, alkyl, alkenyl, and alkynyl, wherein alkyl, alkenyl, and alkynvl may
each optiona ly contain one or more heleroatoms;

® {s OH, monophosphate, diphosphate, or r*lpbosphats optionally masked with prod:ug
moieties, or a mono, dl or riphosphate mimic; '

Bis a base selected from the group of heterocycles consisting of

4a



each Z is independently selected from the group consisting of N,
N--(BH2G)-M', C-G, 0, S, N R, >C=0, >C=S, >C=NH, >C=NR, >S=0,
>S(0)2 and CH-G; wherein if Z is a participant in a it bond, Z is
independentlyé\l%gg -G, and if Z is not a participarit-ir-a77z bond, Z is
independently-N-(BF2G)-M4, 0, S, NR, >C=0, >C£S, >C3NH, >C=NR,
>5=0, >S(0¥2 and CH-G; Xis 0, S, S0, S02, Se, Sg0, Se02, N, NH, or NR;
w sc, OH or \\I; wherejn if W is a participant in one\double bgﬂ;wwd (it bond),
W is C; Whel‘;éiniw%s-hg participant in one doy rﬁ*(%l%)nd), w
is CH or N:/her fin dashed lines (---) indicate 3 | optional it bohy;
(BHZG)yiv%‘\Ls an %n pair-gnd W is a cation; G is ‘e_lectgd-frpm.tge group
consisting of #;F, CE-Br; T, OH, SH, NH2, NHOH, \3; COOk, ON, '
CONH2, C(S)NH2, C(=NH)NH2, R, OR, SR, NHR,:and NRZ, when two or
more G groups are present on a molecule, they may be same as or '
different from one{@other; and R is setected from the grgup consisting of
alkyl, alkenyl, alkynyl, aryl, aryl, and aralkyl, optionally containing one or

-mgre a@%@@gm@ﬁw@@m@%%&9;5@99&&%@%?@?19?@%@&8icf’fe, 0.5,

a %pharmaceuticagﬁacceptable salt or prodrug thereof, for use in therdpy.
NR, 25 TO0 TR e BR8Nt H Eormpétndst tHé-farmula (1) which may

e K L oS R R g ot
partijifefepéhaentiyrdelettitifrond thidygroli oon 3isting 6f NRF>C20 BICES OH=NE,
>C=§ﬂ’9§4& gjg@ﬁw& N3, COOH, CN, CONH2, C(S)NH2, COOR, R,

OR, SR, SSR, KIHR, and NR2; R4' is -L-R5; L is selected from the group

TetnSisting oSS NPENREEYIOVE Y2 SRS Y2NH, CY2, CYZCY2,

WY20G2,GY2SCY2, and CY2NHCY2, wherein Y is selected from the

roup consisting of H, F, Cl, Br, alkyl, alkenyl, and alkynyl, wherein alkyl;
‘%Ré”h?l%fa}ﬁdsaqu in one double bond (% bond), W is C;

wherein 1f W is not a participant in one double bond (n bond), W is CH or N;

wherein dashed lines {-—) indicate an optional n bond;

(BH,G)M" is an ion pair and M is a cation;

G 15 selected from the group consisting of H, F, Cl, Br, I, OH, SH, NH,, NHOH, N, COOH,
CN, CONH;, C(S)NH,, C(=NH)NH,, R, OR, SR, NHR, and NR,, when two or more G groups
are present on a molecule, they may be same as or different from one another; and

R is selected from the group consisting of alkyl, alkkenyl, alkyny}, aryl, acyl, and aralkyl,
optionally containing one or more heteroatoms; or
a compound according to any one of claims 1-8: or

a pharmaceutically acceptable salt or prodrug therecf, for use In therapy.
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each optionally contain one or more heteroatoms; R5 is OH,
monophosphate, diphosphate, or tiphosphate, optionally masked with
prodrug moieties, or a mono di or tiphosphate mimic; B is abase selected
from the group of heterocycles consisting of z-Z-Zz Z' A W"~NT
Wow/AN Z/1rZZ 1111l 4c WO 2005/021568 PCT/US2004/027819 each
{0014 Irideperdeptidiseiscteddnapothd of supioonsistidy N M2 B2dMor L-
>C=0, >C=S, >C=NH, >C=NR, >S=0, >5(0)2 and CH-G;
nudeo%héar%agr?%g\dlqda participant in a it bond (double bond), Z is independently
N or C-G; whereinif Zis nota g@rtlupant [
N- BH2GM+, 0, S, NR, >C=0,
CH-G; Xis 0, S, SO, SO2, Se, Sg0; 10r NR; WisC,CHorN;
wherein if W is a participant in ofe it WES C; wherein if W is not a
participant in a it bond, W is CH or \{ and BII2GM" is an ion pair and M' is
a cation; G is selected from the gF@up cons&%ng of H, F, ClI, Br, I, OH, SH,
NH2, NHOH, N3, COOH, CN, CONH2§(S)NH2, C(=NH)NH2, R, OR,
SR, NHR, and NR2, when two or more G groups are present on a
W]Fﬁéfl’é‘bule, they may be same as or different from one another; R is

As;@kgcge(tj}gw@gg group-gonsisting of alkyl, alkynyl, alkynyl, aryl, acyl, and
BH gieal% rgally con}alnlng one or more heteroatoms; dashed lines (---)
Rindic

Bsibfedtr BEUBRFBERLET0D S SIeFIST e B R BrRRmiiaS #f E F, O,
Br, T, @nd KEmaghaveione oramore, iag doubie bonds@ng, i0GoNe,INSnRER, OR, SR,
may have two or more ring double bonds. [0013] In one preferred
SER, Jmiehfesis CH2. [0014] Preferably W is C. Preferably-X is NH.
rf0Q15].iw"another embodiment, the seven-membered ring portion of the
base contains one or
L is selecied {rom the grovp consisting 0of O, 8, NH, NR, CY,0, CY,S, CY,NH, CY,,

CYLCY,, CY,0CY,, CYQSCX 2, and CY,INHCY,, wherein Y 1s selected from the group

a at bond, Z is independently
H, >C=NR, >S=0, >S(0)2 and

consisting of H, ¥, Cl, Br, altkyl, alkenyl, and alkynyl, wheremn alkyl, alkenyl, and allkkynyl may
each optionally contain one or more heteroatoms; _

R” s OH, monophosphate, diphosphate, or triphosphate, optionally masked with prodrug
moieties, or a mono di or triphosphate mimic;

B is a base selected from the group of heteroéycies consisting of

s
7 s
Z/ \X - z\’/ X
\
W““W W\N w/ \*N
z;\ i {
11 . It

dc



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

WO gliS4R4th8r embodiment, each Z in the seven-membered rinffJdvtient6p27819
the base is preferably C-G, >C=0, >C=S. Preferably CH-G is CH2,
CH-halo, and C-G is CH, C-alkyl preferably CCH2, C-OR, preferably, C-O

O WO 2005/021568 PCT/US2004/027819
eac R e i IS o PR T P A O, S
N relen SN -G 36, e o oy Eo0101 Th
11 OH,HO OH, H (@) or us,
Wh%fg%rféznas REHRAL Y 1B ‘?ﬁ‘%@&}‘%@g‘iﬁ&f&mﬁieﬂ@@ﬂbﬁ HEAS
wh&diR3 RiRhér @phitigall) is Sl HR QR BB N B H QS rng,

c=0, >§ 0020] Some embodiments, in compounds of formula (1), Bis a basé
e

edfromHhe Gl o Hter bidacdk6REiSing of 7-7' 72-78 76-29 7

- X IXE B AR, BG4 SeAFh 1o AtY)ofNR; (VI), 6 WO 2005/021568
WIS%T&J{SZ 041027819

wherein if W is a participant in one 7 bond, W is C;

wherein if W is not a participant in a 7 bond, W is CH or N; and

"BH,GM " is an ion pair and M" is a cation;

G is selected from the group consisting of H, F, C, Br, I, OH, SH, NH,, NHOH, N, COOH,
CN, CONH,, C(S)NH,, C(=NH)NH,, R, OR, SR, NHR, and NR;,, when two or more G groups
are present on a molecule, they may be same as or different from one another;

R is selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, acyl, and aralkyl,
optionally containing one or more heteroatoms;

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

[0032] Thus, structures of formulae ¥l and 11 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 CHa.

[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 CCHy, C-OR, preferably, C-O alkyl, more preferably COCHs.



22-76 Z7---Z,\76-T\\X ~XZS X Z1ZwW Z3 3; NZ4 Z3: N/Z4 Z ,N Z4
WORALY/ (A3, and (1X); Z', Z2, Z3, Z4, Z7 and Z8 are independemntty/ S&o604/027819

C-G; and Z5, Z6, and 79 are independently selected from the group

consisting of N- BH2GM+, 0, S, NR, >C=0, >C=S, >C=NH, >C=NR,

>S=0, >S(0)2 and CH-G. 0 YO' /Ng NHNHNiNINN NNJNNJNNJ
[0018b pms enphrefémrent.cihlsodtionmel the dde is aotdL [y @otieErroferned

NH */N HNH H3CO *IN H H3CO NH LN'N N/NNNNNJiN~NJININJ

INJINJ ****>* 0000 NH2 OCH3RWNH NH*l\I\LNHﬁ N~NCFN =

NH N N N~NH2 i NA,

NHJ NHN Nr) /14

PCT/US2004/027819

is not tO fO R¥ ,
embodiment, the sugar OH
\.\JO O
HO OCH; oH

{0019} Thus, compounds as disclesed herein may have the formula

A B HO HO R
| ; o ¥ N
i L ® | i

R R CO S
(D s HO oH, HO OH |
\\( © \j* | O\‘
HCS\\ %CHg o1 %H .

[0620] Some embodiments, in Qompounds of formula (1), B is a base |

selected from the group of heterocycles consisting of

Z{/ 2mz§*X Z{,:/Z QMZ\?\X
Z}/\ ‘ \T j}\w/i\\\ lf iy
\T 27 \Irr )\N{, 7
V), v,



‘IN Hal hi 1d H?NHN IV NO O OHOH HN~H:NI[t011011110110
110110111 O_O-nOHOH OO NHNHNN N HOINNHo_ "NN
WOPR3021568 HO\I~~~/ [0023] In another embodiment the comBEREHiA&#HBL 7319
0 WNH HO O N N~NH2 HO In a third aspect, there is provided the
compound as defined above for use in the treatment of a viral or a
pacter@l infection, optlon in combination with one of more, active

/ 2 anti- I or anti-bacterial emszg} In a fourth aspedt, Stheré s provided

/ the comeund as defined above fo yse inthe treathent of a proliferative

disease, ptlonally in Cﬁﬁnblnatlon w h one or morg-anti- prollfer t|ve

PCT/US2004/027819
(VID, (VII), and
7!, 72,722, 7%, 77 and 2} are independently N or C-G; and

Z°, 7%, and Z° are independently selected from the group consisting of N-BH,GM', O, §,
NR, >C=0, >C=8, >C=NH, >C=NR, >5=0, >S${0); and CH-G.




combination with one or more antiviral, antibacterial, or antiproliferative
Wngdnteltfifone aspect, the viral infection is caused by an RNAWINuS, suoi 7519

as HCV or a DNA or retrovirus such as HBV or HIV. [0025] In a sixth

aspect, there is provided a process of making compounds as disclosed

herein ~O Z2~Z1NH ZN UJZ R Wi-~N.Z4. RQ AR R3 R2 having

the formula R3R2or NF122 //I 71N 2'\N R5VVI~NZ" RR1R3R
(0035 BREGONPHNS NGNS ALATRONRGhaYg the formula HICO 2 CN

ZI'Z? ZZI NHLNH2 ~2N & 3,N 52\,Z24Zi114 RWNR5"~"~WZ

-0 ‘ A :

r ol

HahHN
HE

HC ,0r HO

[6023] In another embodiment the component is not

In a third aspect, there is provided the compound as defined above for use in the

treatment of a viral or a bacterial infection, optionally in combination with one or more active

anti-viral or anti-bacterial agents.



Ram FI R R4-/A\LRIN R3 R2 R3\ R2 R3 R2, or R3' R2, wherein each of
Z'-Z4 is independently Z; and wherein each of W'-W2 is independently W.
Preferably, in this process A is 0, CH2 or optionally protected N; W'is C
(if p bond) or N if no p bond); W'-is C, CH or N; W4 is H or trialkyltin; Z'
and Z2 are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl
%r fc?’uﬁﬁ%sp%g’t'%}%’é f-pievade- @?Aoaﬁﬂ@%n@NHBe@M&ﬂb%R& use in the

s S s b T AP v

agents. PCT/11IS2004/027819 R', R2, R2" R3, R3', R4 are each independently H,
halogen, alkyl, O-alkyl, OH, optionally protected O, methyl, H or F; and Rs

i.an qptionally profeciea O o2, T ﬁ@ﬁ%@%%ma?{(ﬁ%ﬁbﬁﬁ@l@n&l@ﬂﬁﬁ;smg a3
reactln 12 /WN RSjtZ4 RA i {%J{.ﬂll\l 2%02Me ZZ

fherapel:t%calh/-- ocfiyq) apopng, of 24 PRy Forth H3CY aﬁ“%% ptically

acceptaBN s@Pol FADNHI@NH2 ZV2D 11, NW'~_A Z3 N S1745~1-7Z4 R
JWN'RAWN, R4R14R

[0024] In another embodiment, is provided a method for the treatment of a viral or bacterial

infection, or proliferative disorder comprising administering an effective amownt of 2 compound

of the fornmula (1), or a pharmacentically acceptable salt or a prodiug thereef, optionally in

8a



R- -Rz R R3 R2 R3 Rz. or R3~ Rz wherein Y is a hdlogen; and wherein
WO WESigHEes a metal-containing compound capable of metal-megiaied 610557519
coupling. The OH and NH groups may be optionally deprotected. [0026]
Ina seventh aspect, there is provided a process to make Z2-Z6 Z' W Z
_Rs W zA R4 R1IN R R2R comprising cyclising a compound having the
combigghion it gReZRteenthizeN, ZiibACNTI RRARR R RIMmheIeneas bne aspect,

the vir@firedd is inde tly Z; each of nd |s independently
W10 W%qgo%%%ér}%a%eggﬁ%@ﬁogﬂéﬁ%igg W %?ﬁ@‘@l HEIEgERSHph as HBY
orHIWu is a nucleophile. Preferably, A is 0, CHZ or optionally protected N; Xis
geartionally protected N, 0, or S;.Nn is an alcohol, an alkylthiol, or an,. -
O o B B Sl PRt e erei

and Z2 are each independently CH, C-halogen, C-alky:l,f&aryl, C-O-alkyl,
2
or

Z
/y
7 NH
N2
5 B
AR ,;Z“
R® w N
R‘:’ T Y R‘i
. : RIS IVR?
having the formula =5 RrY or
NH»
22
72
7! N
i
WAy
. Zg’ JI N
5 T e
) ‘)(A i 1 N
R4 v’_i\R
RIS TvRe
RY R - . :
comprising cyclising a compound having the formula
O
H3CC}\( on
2
Z\\Z‘l z?

S
I Ny z

wherein each of Z'-Z*is independently Z; and wherein each of W'-%2 i-s
independently W. Preferably, in this process A 1s O, CH, or optionally protected N;

Wlis CGf p bond) or N (if no p bond);

W’ is C, CH or N

W'isHor tralkylting

7' and 72 are each independently CH, C-halogen, C-alkyl, C-aryl, C-C-alleyl or
C-S-alkyl: |

ART CH, C-allcyt, C-halogen, N, CNHR, CNHa, CNR,, C=0, or C=5;

7 is CH; C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alicyl, C-OH, C-NH,, C-NHER or
C-NRy: | | |



C-S-allcyl; Z3 is CH, C-alkyl, C-halogen, N, CNHR, CNH2, CNR2, C=0, or
WO PLAZHHE CH or C-halogen, C-alkyl, C-aryl, C-0-alkyl, C-S-aliGT/E52094/627819
C-NH2i C-NHR or C-NR2; R', R2, R, R3, R", R4 are each independently
H, halogen, glkyl, O-alkyl, OH, optionally protected O, methyl, or F; R5 is
&, Gptisnalty > Qt%’,t@@t%@ie(éﬁl:_@ ﬁi’l\ﬁ'&ﬂr@é@éﬂﬂ@@l, iﬁa%'cr'gmpalw,’ UBI%E,SOW 5 tionally
tect%%cess {&@y further comprise reacting Nu Z6' Y ZZiY ' W_zNWz 74
protectei-Z N RS AL NIl #¢s Rs Wi NZ4 R4 ~L-Ri Zz 4 ARi R3z Zt RR3 2
 R3iR2vithowdijo.fermR3 B2 wherginWd is kg %}W@hﬁ@i‘q&%ﬁm% eacting
compound capable of cross %oupllng. 100271 In addition, the compoundr
as disclosed herein may/zbe fylrther modified, for example, to add various
functional groups. In orf¢ giment, a compound having the formula z2
0 ZiNH 28WN Z3 RZ;.N | NcZ4 Ai R R3.--L - R2 R3 R3 may be
modified us@&azhﬁele@_gﬁile[\énd/or eleciréphiie to fopn®d compound

selected frﬁﬂst%@feéppgonsisting 011 WO 2005/02}‘568
PCT/US2004/827819RO QR6 O with W'  or  “W* 16 form

HyCO-—?" CN
|
Z?Z*Z1 Zi H
i NH» 2 NHZ
g W2
S5 N 7 N
5 \‘\1 1 /74 Z\\ H l4
i TSR TSRl
RI=TTIwR? RI7TTTTR?
=i =2 or R3 ?;{2‘

wherein Y is a halogen; and

" 4 . .. .
wherein W is H or a metal-containing compound capable of metal-mediated cross

coupling. The OH and NH groups may bé optionally deprotected.

[0026] In a seventh aspect, there is provided a process to make

zv X
wa A
. Zé‘/_
RS W‘E i ::17“4
A/
o
R o = ZR
R R

wherein each of Z'-Z* and 7% is independently Z;

cach of W' and W7 is mdependently W;

1G



Zz7Z\//\ ZLNHZINZ1INH WWzN Z2NzN4Z311 R5A W1 N'
WOZNRE Rt NZ R5 AW 1N QR6 R- R R- _ R1R4 R R Rz RERERB4BIS19
R2RaRZR2R3Rz z ,,0/0S 727272 ZINHZINHZ1(NHZ W
WZ'S'NN1 11~523L52ZW1~:Z4R5SWNORNYR5N RR32R1H

R‘%PR':B i EIEOB)ZRS ‘RRR3R2RRaR' ,, Z2Bra240Z 14/ Nu-Z1
NERG2T KL EWA9W 1 24 R51Z5WA\W N'R - N~ RR1

RduiRa REROBIEPREBBIyaAdRE RE, or optionally protected N;

X is optionally protected N, O, or §;

Nu 15 an alcohol, an alkylthiol, or an allcyiamine;

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

W’is C, CH or N;

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

Z* is CH, C-alkyl, C-halogen, N, CNHR, CNH,, CNRy, C=0, or C=S:

74 is CH or C-halogen, C-alkyl, C-ary, C-O-alkyi, C-S-alkyl, C-OH, (C-NH,, C-NHR or
C-NRy; |

RLRZ R R, R* R* are cach independently H, halogen, alkyl, O-alkeyl, OH, optionally
protected O, methvl, or F;

R’ is an optionally protected OH or NH,; and

Z%, is CHa, O, NH, NR or S. This process may further comprise reacting

MNu
78
’Zz
Y

\\21
: V\TIQ - V\LQ
o N - ™
RS Zs i | va N 5 23;(1 | ;:]4
W “ g o -
4 A/ oa N Pl A A f N
RRS = %RZR H‘! R4 K 2R
[ B . Z«.‘W4 RO Z
with to form R R

; . 4 . ..
wherein W™ is H or a metal-containing compound capable of cross coupling.

[0627] in addition, the compound as disclosed herein may be further modified, for example, to

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

may be modified using a nucleophile and/or elec;trophilé to

Fing ’ - -
form a compound selected from the group consisting of:

11



wherein each of ZI-Z4 are independently Z; wherein each of W1 and W2
wo A& hgdependently Wi and wherein Nu. is a nucleophile. Prelt?:[ﬁ%'mmmi?sw

process A is O, CH2 or optionally protected N; Nu is an alcohol, an
alkylthiol, or an allcylamine; WI is C (if p bond) or N (if no p bond); W2 is

C, CFlor N; ZI and Z2 are each independently CH, C-halogen, C-alkyl,
C-aryl, C-O-alkyl, gr C-S-alkyl; Z3 is CH, gsglkyl, C-halogen, N, CNHR,
CNH2, CNR22-C#£0, or C=S; Z4 is CH? -halogen, C-alkyl, Czaryl,
C-O-alkyl, g-s-a,l@ql, C-OH, C-NHZZ@-NHR or C-NR2; RI, RR, R2i+R3,

R3, R4 areV@ch ndependently H, hidogen, alkyl, O-alkyl, OHyoptianally
protected @ym tﬁ?i;‘ or F; R5 is an gpti _naﬁl 4Drotected OH a*NH2;
g/

ANQ 2005/0715684CT 004/02WB15~@ 15 0, AR \NH gr SWANT R6 iar?
fy ~gkehyl or al ygylMnan h aspect, IS proxt 2@1:! a
pFro eSS car rising reactingza con nd as definéd abovezliving the

forfhulao 2+ NH ~N.z R +N'Zd A3Re Re' RZwith agﬁucleophile ?
and/or electrophiledgo iorm a compound selegted from the group S
consisting of B-R6 /O Z"zz Zz/ Z+ ;girkf(N Z+WH Wz N vv~3€|~z( az

. 1 /
iaZ3:-"IN 5" NH z\‘ NH \1 NC*
\ . 2
Wiy Wo Sy YT
2k S Y O Y
R® WTNTSo R Al WOOSNTTY R Al WTON
A i H 1 PR
Rt R R4 R R
R ~R? R3 ~R2 3 R2
R Rzo R Rz RS R&-
k] ¥ 2
0 Br, 0
72 Z?
/7 /
Nu- 1 NH Ny—21 N

RY r? , and R Rr? ,

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 IN;

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 77 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=5;

7% is CH or C-halo gen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NHo, C-NHR or
C-NRy; o '

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

R’ is an optionally protected OH or NHy;

12



RSW,~NZRSWrN.ZRs W'NQR6 R'AzRaAftR~--zR 3RZR3'R-
WORWHIPAFE~ 22 ZI ANN Z+ NH z NH Z" Z5'. Na J wZ RS W+EBINOREN Y7519
Rs W NZ RG lii-A\~/--R, HRGALR+IRR'R2RRZR'RZ RZR.RZ.R.
RZ zZ /IO erz 40 Nu-zi "(NH Nu_Z1 NH ZZWZN 2 ~N Rs W' N Z5 R5

Wt IIN4 R e RR z R3 RZ and R3 RZ wherein each of Z'-Z4 are
%&Beﬁ%rNVZ?@h@Péin, each of W | and Wz are independently W; and
wherelniNws arkugleephilemd$ In a ninth aspect. there is provided use of

~a compound as defined above in the manufacture of a medicament for
the treatmesitbf apical aicacbactetaldafectipocdss actenth dspeetethara isompound as

d eﬁr&y&@g%q@@%q&mgd as define_d abqve ir_l the manufacture of a

- medicament foi;the treatment of a proliferative disease. [0028] In another
embodiment a pharmaceutical comp9$’itio |$ provided comprising a
therapeutically effective amount of a ggmpbund of the formula (1) or a
pharmaceutically acceptable salt or p?pd?ug thereof Detailed

Description of the inventi@;%Z%{Tﬁt@?i{i ¢ nucleosides of the :
invention also include deriyatixes s § nucleotide mimics and/or
prodrugs thereof. [0030] FoRt geamplaezﬁh some embodiments, nucleotide
mimics of the compounds of fhe Invéntion of formula () discussed above

vimdladwicleophile axd/or electrophile to form a compound selected from the group

consisting oft

o Qr® 0
7~ = 2
7! NH ZTf i 2"/ NH
\ f L {
2 S 218
T = g 2 iy
R? A W N RS A N RD'—’B A W/\N/ QR®
R-d RT Ré ' R1 R‘d f Z ‘R\
RO R RIw TR RIS LTRE
RrR° e , F{3 Rz i R3 e
0 G 8
2 /\/ 2 Z2—~(
‘t It \ 17
Z\I NH Z\i NH 7! NH
\
e & Sy Pk E Ry Z’VQ\]]/QN
2% PASY s 1
5 W /K 5 W' /)\ s W ’.-ZA
R A N 0o R = Yy R Ay M
H 4 R 4 ~L gt
R4 R R R4~
R‘Mz R® e R? RS R
el Rz . R3 RZ , RS RZ
O E,r\ O
/7_2-‘( 22
s
Nu-y?’  NH N N
N2 L2
PAERNERIY Wiy
o, j ‘24 LSS | La
=5 . W g w5 . Wi+ 4
4.2 et 4Q-R‘
RRg’g‘: i RS e
o2 2 g RO 22 ?

wherein each of 2'-Z* are independently Z;
wherein each of W' and W? are independently W; and

wherein Nu s a nuclecphile.
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a compound in which R5is a monophosphate mimic of having formula (X'}
or X kil a?@f}eciﬂ BdrdtisRrdvRed 3slo02 2(QohiXhdniheedinéd XbyamdiNGanufacture of a

inde ndentl areoﬁs {\IQ @,]é’gh, %nd XS are selected
medicyy erPg% enttlga S a‘&?%ﬁiaacoans?’é\énld of H. F, OH, SH, NH2, NHOH,

N3 CN, -BH2Ghfi, -BH3M', R, OR, SR, NT-IR, and NR2. The
substittientspBH2EMy mdmetemsmm_%mmpair@ defhicth Aredinked rpnufactue of &

med,&n%%%?%Héntbart%gho%%{zﬁ%ytv@mé@éged boron. M + is a cation. [0031]

In some embodiments, nucleotide mimics of the compounds of the
invention of formula (I) discussed above include di- and tri-phosphate
100 Afihdic smoshed mgbadmmmpblwm@ﬁ@m@m%wmlﬁﬁ@pﬂg@@@ﬁméﬁzng a

th erapeﬁa arEnUI )%! . o¥mt 8323 o&dﬂ)ﬁ& @Efﬁﬂié%ﬂ( @&%&rﬁﬁ%{:&t‘i@ﬂp}/

se ecteg ndepende om the group consisting o
accept@hﬂsﬂﬁrﬂ@mxﬁm@lected independently from the group consisting
of 0, S, Se, 02, CY2CO, CHOH, C(OH)2, CI-120, CHZCH2, CH2CHNHZ2,

Detail & PRGH2GEINHZ, Y2062, CY', CRY, CY2CY2, CHR, CC, HC=CH,
~7"NH, NR, NCH, NOR, NNHZ,

and NNHR; 13a WO 2005/021568

(BQTM%@%/@@Z%%&éﬂﬁé@ﬁﬁ%&@m&hm%%a&wwﬁg@slﬂu&, Ghucieotide
Br, alkyl, alkenyl, and allcynyl, wherein alkyl, alkenyl, and alkynyl may

mrmc@a@%/@mm@n%d@ﬁraﬂf one or more heteroatoms; R is selected from the
[0@RURSsisting of alkyl, alienyh alkynyloamaaculnand aralkyhn8RERds of the

optionally containing one or more heteroatoms; X?, X8, X9, and X10 are

IIW”ntgé‘létft@fdmdérﬁéh@éﬁ%ﬁﬁ%@h%@lg%{ﬂ&consstlng of H, F, OH, SH, NH2,
8 J?JF!QJ%&'H%&'T@H%mwﬂgﬂﬂ&&%%anwgvx@#&‘ﬁ%a BOQREER,

SeR, NHR, and NR2 wheréinnis O or 1. The substltuents -BH2GM
and BH3M+ are i.on.pa 4, which are is linked to phosphorus through the
negatively chargedboronh. M" is a cation. [0032] A\ddltlcrj;al nucleotide
phosphate mimics and r npethods of making the phosphaﬁe

pe

(X) (XD
where Xl’, 3% and Nl independently are O, 5, NH, or NE; S and X are selecied
independently from the group consisting <r3f H, F, CH, SH, NH,, NHOH, N;, CN, BHLGM,
“BH;M", R OR, SR, NHR, and NR,. 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
formrula (1) discussed above include di- and tri-phosphate mimics including:

a compound in which R'is a di- or tﬁ—phos;phate moiety of formula (I}

! 3 by
! i
X0 Lmyc l;_wxs_lﬁ____

L |
Lxg IER X7

(XIL

7 4 4 L1 ~ sl o~ : - h{
X230, and X' are selected independently from the group consisting ¢f O, S, Se, NH and

NE;

30 and X° are selacted independently from the group consisting of O, §, e, O,, CYLC0,
CHOH, C{OHY,, CH,O, CHyCH,, CHRCHNEL,, CH,CHCHNH,, CV,0CY,, CY, CRY,
CY.CY,, CHR, CC, HC=CH, NH, NR, NOH, NOR, NNH,, and NNHE;
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mimics appropriate for the compounds of the invention are described in

P T‘géjb jcations WO 2003/072757 and WO 2003/073989, {il uar
Wofé:? Dé §‘,J§Which are incorporated herein by reference in thei%éﬁﬁ%%t@&%%gw

Many nucleotide mimics of the present invention can be prepared by

similar approaches as published or by using well-known knowledge of

Y ReaBaRReRh L @otﬁ? SO LY i %‘JblE’@?,SEfB’l‘?dﬁééﬂfﬁ %&f%g%’ wherein

nucleosides and nicleotides of the invention can irihibit enzym
alkyl, oyl prbalimo) it aiurotnaubycibBcens vElBwse kestsiiejomstative
R 1o suaRatdss with Mamegiled PDEPRARIC {R0RA] TRSASIHNIRRNAIE] aratkyt,
mimic, unless otherwise specified, refers to a phosphiate analog,
each Oﬁ’f&ﬂﬁ‘&‘ﬁg‘?‘ﬁﬁiﬂﬁﬁ%giﬁ“ﬁéﬁ BOBHRAIBIGHARS; phosphothioate,
X'phdsrosriepaig.seieneRhReniaieniioRhASRb3ISul RARNARNeRN #eoH, sH,
phosphoramidate, sulfamate, sulfonate, and sulfonamide and/or a
NH,, WoiobinsithRhstet R teteEmk givh odimeHiof, tid hOoshteOmimicsset, SeR,
NHR incéuhc]iﬁ phosphonate, phosphorothioate, methyiphosphonate,
’ﬁlﬁromez’thylphosphonate, difluoromethylphosphonate, vinylphosphonate,

winheinynbosphonake seukignatas flurrephosphars, dithiepRespResoliRa  Gre is linked
B 5'-meth Ienephosphﬁonate 5'-difluoromethylenephosphonate, :
to phogpors YhiRhahha RsEB ke PR PR YA ARARhiophosphate.
[ooBMrerdd@irmethisc BhasPhaRMR: 0341 Eha darpg sikhasphiatemihaMate
hosphate mimic specifically refer to a diphosphate analoganda =~
BepHAE ARt G TR RGP B s sitheddp difeTof phlications WO
2003/Hsphaie WinTos3 are widhel saqelibrations ap the, ildaingrs #ecstporated herein by
f dighoai)hate_and tr%%e, or replacements of non-bridging
TN o SpH et B gen. KON A e bHYRE SReva b i Rg prepared by
Similaampbi(ﬁcﬁﬁsiﬁbpstﬂifsfﬂﬂw ley(Adhonedudas the keplacamest ofddiypBtREhorous
chemi t]&rgr’ %ﬁ%%é%(}s E%}%Sﬁﬁcs”ss& Z’é\l’lc%'gl\é I?s’éNpR@’ C}ﬁ?@é@%g;?fcﬂljechlivemion can
inhibiiCHAGH GG CiWEEH| S 2GR CH N HR W 2@HNERI A Q] ease stability
reiativ%%?%{? e1()&%1 3 P“gyUSZO .%1/0(57 19 CtYZOCYZ, CY2, CY2CY2, and CR2
CEE here R is salaciad FAHE GaGPREIsisting of alkyl, alkenyl, allcynyl,
[002B}I, Boyleemgplarsphytemdhioptiohaliytentdinngeoi@:dy mwikre teigiaaitims analog,
. idging phosphate oxygens, £.9.,inX7-X10.positions of formula
e R B U SRR vk B osphate
thiophigpRate HEhiel NGOG PR bR bt RGN suNBmdB] 3MforRteOR ISR fonamide
' e HR, NR2,.and R* where R is as defined herein, and . whergi
andord S e O LRSS SR R et
phospheudptablspbativhistichrasGapashmmatiyfhy triatkitd piogtionater
: ' e g..NHa+, Et3NH+, Bu3NH+, and Bu4N4. [0035 _
it e R R st ebosphae,
dithiophirspbemihioated 6pendeyitycatioppieithes, R’ edifwanfiguhatiornp hsghotey,

5’—dGOQ%HJ)@EO%&%Q,I@LBQ%‘{S(E}E]}%E%EE)T&HIM&W, and 57-thiophosphate. More preferred is
phosphonate.

.. tri
mlll‘llCt I

[6034] 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 brid ging site of diphosphate and triphosphate,
or replacements of non-bridging phosphate oxygens. The modification at the bridging sife, ie.,
in the X° and X® positions of formula (XII)}. includes the replacement of O by other atoms or
functions such as §, Se, O,, NH, NHR, NR, CH,, CHF, CHCI, CHBr, CF,, CCl,, CBr,, CHR,
CYCO,, CH,0, CHOH, C(OH),, CH,CH,, CC, CH=CH, CH,CH,CHNH, CH,CHNH,,
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[0036] In some embodiments, the tricyclic nucleosides and nucleotides of
invention also include their prodrug derivatives. In addition to those _

WO HESAHEE herein, prodnlg derivatives of nucleosides, nucledtidel Sts/027819
nucleotide phosphate mimics and methods of malting the prodmgs
appropriate for use in the present invention are described in PCT

cv,0c RIS D 20030 (AL RN, P ORI CPRIAIGE ki,
modificatiof is to enhance drug absorption and/or drug delivery into cells.

alkenyl, fiogTylinohe erhibodimsiiylsuch eorHAINGEBITRIAVERTBATIYEToALOS.
N0n~bri(tpg'§|%r Og%?sé%tge’ (%[%8{5, DQre; Qhany O QEUROf AroReRe: égi((@ can be replaced by a

hate, one or moré€ of X2', X3' or X5', or X7-X'(" in is a prodru

g
variety of sobutifeentRichiding EbrhipOhds bR b QO Hdin NODHER, CN,
__..R*is a prodrug substituent which may onjugated to onpe. or more.
N, BER D e AR TR e b o e e 2
wherein &T@%ﬁ@&ﬂig@ﬁﬁﬂb&%ﬂmﬂf B élu@{ﬁﬁtig%fsttﬁh}as}&mnimi@eafiﬁalmlalaz@(bable
. or. (XI) that is formed when one or more of X2!, X3' .or X5'is R* or t + +
cation SYE 3R e TBREET o ORI ST SR O e G BN
BusNH 0anaBig1of X7-Xt0 is R*. The prodrug of a nucleoside 5-monophosphate
mimic can mask the negative charges of the phosphate mimic maiety
(0033 oP i Tk e HERERRE GHAFES Gt BRSRBEH B so7m e
independehil KdDpMiNIe: O ti-PBesRBAALRE-XLE) MmiyiBnaiain chphiosphaterus.
moiety, entirely or partially, or mask a hetergatom substituted altkr%l, artyl or
1003 R BRGSO ST LR B krtion also

include MEERYIBQEARY Tt RS dRigoahsatRIe M abdied diigitdelisetuiniededdves of
The prodrug can he activated either by cellular e s such as .lipases, o
emcleosigets AL TR A 01 B3] e S08 PTG BB w%%ﬁ%%‘%? R Didodroes
approprscydigly sisiie pieleask (ibemaiershiusuiiedtide allnichaitatithe Prodz0g3/072757
enters cells. Prodrugs are often. referred. to as cleavaple prodrugs.
o WIS Bt e OB LTS N TRBATE: ThOtie bt iy anve
delivery(and aftibiotic fragments); U- and L-amino acids attached to a phosphate
ojety or a 15 WO 2005/021568 PCTIUS2004/027819 phasphate mjmic
0 SRRSO TRCHH TG g I TROBSANTE ono o
more of{phoshesmidateshor, ah @xyigdnaibac(phesphoesterS) peptidesumtoX X" in
exn isg g SBIRASROPG 0,2 GIRRROAIE JTRISNGR! @ RIOTRNAI MU
molety Vid a'carbon atom (phosphonates), a nitrogen atom

[003phBSphaamidate shbetitaamxyigeh atenbphogpbuedtaroydeagersidies’

... att h_dtoact%oshtemiet [ 2 Rhasbhate.-mimic moiety Via . cied) £ ¢
Posmﬁncs:aralfﬁé%etg%}rﬁ ré)) rgg%ﬁ%lﬁsastgg %%ri:%ﬁc% e?l&itofn f)rﬁosp gangidaglé),egrear)] On: © .
a nucledigendtom: (phosphitestens) (3eroi(¥] cuieitdroisedolibeacids; oviraming, X, X
or X i:pﬁb AMNE S c%%)%gt%att%ﬁéggw g}yzi %lgg{(f@ésir(&%gé} ;{ﬁ}ﬂﬁlﬂ%a(lﬁﬁﬁ]%;en one or
su s(fltu?ed1 6 8-membered rin s, with or without heteroatom

more ofSKbStitUtidRs, Ti8:phosphcdritateoattecHmentopbaspbatsiminphosptiaaek the

v LRI BRI BIMIG R RH (. Oh R O ERRACHA AR SRR RPN
negatw%ﬁlgzg eé:toe%l%rﬁ%' 9/38%1?) 6626 a(ftén mirﬁcemac%%; acy t%&(\){ghoxy, (SATI% RS
of the di-phosphate (X7, X* , X % mimic or tri-phosphate (X'2X"y mimic moiety or phosphate
moiety, entirely or partially, or mask a heteroatom substitated 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 ot 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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RCOSCH2CH20-; RCOSCH2CH20-W'-O-; RCOSCH2CH20-W'-S-;

WO é&@é@ﬁZCHZO- W'-NH-; RCOSCH2CH20-W'-; PCT/US2004/027819
COSCH2CH20-W'-CY2-; acyloxymethoxy, RCOOCH20-;

RCOOCH20-W'-0O-; RCOOCH20-W'-S-; RCOOCH20-W'-NH-;
RCOOCH20-W'-; RCOOCH20-W'-CY2-; alkoxycarbonyloxymethoxy,

phosphald @O0 viR DI TR (PhdephdReeH Qaltd@:N\bt&n (phosphoamidates),
ROCOOCH20-W'-NH-; ROCOOCH20-W'-; ROCOQCH20-W'-C

or 1 0 OB RIETHISENERY [TEIR D STl RS S cfased © 4 phosphuts

moiety oRASASEPHAC HidaRGbI&d@ 2 \Urb BN ABRIPAS KL MO W 4
(ph(}sphtgéggtgﬂégEéggégé%g;&ngﬁhqgﬂemﬁ drug moieties attached to a phosphate

moiety oRESIOSHHZC NS RGIZEHR Lk ehonaay@dipnetpitpheny|meitoxys atom

o £AOB) RCO7 Cote CHe o RepECOMCHEOWS oo T

vitaminsR§e02rkif kb4 e SHPWN M Hol RO BAeOHde THREGW 9¥3saligenyls; substituted
1.2-O-diacyl-glyceryloxy, RCOO-Cl12-CH(OCOR)-CH20-: 1,2-O-dialkyl-

10 S R o R S S L L

attachmdR3{oH 2e&iHaRIhe4pREs ol fRos e haty halyas I @¥)B) or connecting between

RO-CH2-CH(OCOR)-CH20-; I-S-alkyl-2-O-acyl-glyceryloxy,
an o, oRGYENSEICEORY-CHRePIRIO IO B AEH EEAFHELY Y (SATE)

RCOSCREQC PRGN~ L= Greed @i Ak O Se@WS CH,CH,O-
RCOO-CHZ-CH(SR -CH20-; any substituent attached via a carbon,

W’ -NH-; Rio58 Breikiti atoR 8 H AR EB 0¥ aiCorni 4shbspratd iimiR (hap CH20-
rcoocipgsales hedeentrephosphate aimisdmvinon 08321 eesnbinasian-of

rodrug substituents maybe attached (conjugated) to one or more X2,
RCOOCKBORM X5/ pos KON a AT AL HOSKHME Tt G G e BF -O-

ROCOOUHHXE-pRefans o mcleeside dcosdiphosphal@ OUuo M, 5-W-CY -,
alkyl, aryl, aralkyl as described above or a heterocycle. Preferred %I’Odl’lé%
i % CH,CH,0-

acylthiogiRa e R DG KoC R S e HeaB COSCILCHLS
R IO W -
- _a -/ = - - - - = - ,
RCOSCl e A e R R e o wo
acyloxyu%@@’é@ﬁkﬁﬁl{%n%&y SIZQQMPRZ&;QOAHQWW%XIB@%@&%@E@IDW - RCO,-
CVIO | e , (0),4
o o R S B S N Ok ot
b e e o ially
slyoory I R R OR  H oh 2 e e R R O a0
1—_o_alkjipﬁtelslet@yl_agiya@tjmmqhgmﬁ;m?c&&mmmm?}a@rpnmmm%iﬁgacgteglpceryloxy,
, I , carhocyclic rin r
ERSTR: S leily S TR Raeh el veiatinc e AU LoloieVeiialeit (S G HGR

1-O-acylbiepllof-8 flyciegsite RCOWIEBHIEHTER)basE MOiely salibnheleieyitd via a
ortion of a nucleoside or nuc?lié)tld%g?%eg Eﬁ%%%ﬁg‘f&ut !gﬁtilglgr Eggs the di-

carbon, piaRER ) FERELTAR Hetdipeyad
[0039] A combination of prodrug substituents may be attached {conjugated) to one or more

or {ri-phosphate mimic iz vivo.

X*, X* and X* positions on a nucleoside mono-phosphate mimic or to one or more X7-x°
posiﬁons on a nucleoside di- or tri-phosphate mimic. W is alkyl, aryl, arallkyl as described
above or a heterocycle. Preferred prodrug substituents (R*) in positions X7, X or X inctude
2,3-O—diacylélyceryloxy, 2,3-O-dialkylglyceryloxy, 1-O-alkyl-2-O-acylglyceryloxy, 1-O-acyl-2-
O-alkylglycervloxy, 1-S-alkyl-2-O-acyl-1-thioglyceryloxy, acyloxymethoxy, S-acyl-2-
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[I-11l. Preferably, the base moiety of a nucleotide of formula (I) may be a
tricyclic heterocycle represented by any one of formulae IV-IX. The

WO gP@8LieR base is attached to the sugar moiety of a nucleoR{S&UR28UEH27819
ways that both (3-D- and [3-L-nucleoside can be produced. [00421 The
term sugar refers to the ribofirranose portion of a nucleoside. The sugar

: iety of formulg (1) nucleosides and nucleotides mimics and/or prodrugs
oot YR ey, AROPE TR ERVAl R e 9Ky C3- and

may

aﬂcoxygﬁbpggnnmmémmmk@rm&ﬁemmﬁdmkyﬁ{%ig, SRS NeBsQhoxy,

ivaldcias of the ribofirranagse. The nuclegside base that can be considered  ~
vl A B B o W B R AHS 3 BB G eyl ditio-
S*-ethygfsice of the sugar. The f3- face is the side of a ribofuranose on which a
i rimidine base of natural (3-D nucleosides is present. The
OO Rl e WRLSSe QPP REH0 e T bl i e
Moretyghyebprdse it v dintionl i o fimilegaloseoipoif aBRsR: ansils $esMaliMessking
[ it.may be a carbohydrate, a carhohydrate analog, a carbocyclic
E1oup, ng}r%? %gégﬁ?enr r’%bé‘fﬁar%%r?g‘é@rg‘ﬁaﬁs&%‘.%f‘(‘fd £ PRE R MSHIAFYASdified
[00dUE Ebsiepbmecledtiseotiendso patifileD siderornud eatids soRtaming deoside
ifie r moiety..[0044] The tetn base-modified nucleoside or
o nud?]?ﬂé égi)tl%lgeurge%e?s (())1%%1[%6: RSt ﬁifc?é’gﬂa% oL SRS e iR il e The
base mpneienf J00uiioTide téroraikyl (Ditesaoheinisespacificgprelettphd formulae
TI-ITE. S sgaight, branched, or cyclic hydrocarbon of Cl to C18. Alkyls
i may ?1%5’6 g}%b%%égrlél%lghi?nﬂ?e%l gg?ﬂéﬁéﬁgfﬁ%?ﬁﬁgfaﬂ%b%B}W}c heterocycle

represcgirddprepyloneinitfimsobeiV-TXuThcoyolibutide basentydtisopentythe sugar moicty
tyl,.cygclopentyl, n- cyclohexyl, dodecyl, tetradecyl,

o s s

[004pEdifie threfergato dharsns dturdte thhwdracasbemalt € 2da e d@dhate supar moiety

{ east one carbon-carban double bond and may be straight,

o o A S RIS D e byt o wegig one or
more syhgtjtaqolade flinit Gie, K5t-litiitechtioColefiit pproperyhibalivtadobstanyktituents may
; 2 yl, 1-pentenyl, 4-pentenyl, 1-hexenyl, or cyclohexenyl. [0047] The
et e LB L HBiSs, A O i Cart g be Sonsiderca

as a sulhjidivoneabtire 6F-IGD 40i G SfiaIRTaNH A [BASIORLEAIRIN-CBIANTIRIE The p-
straight, branched or cyclic. Alkynyls may include, but

face is tl%% ggdgt%%n@%e%%ﬂﬂ i id
are not TURSYR WIBe8 SyRinE: prapyEyIdme Ragmg L rta B By .
nucleosidod lpfhiedermanyl Al ess ORI Wise.sp§ &ﬁi%%'&ﬁ%%t%%?z%% nafic, sugar
n

._._moiety with or without one or more heteroatoms. Aryls may include, but
moiety 8?& d{rmé&lf&nﬁﬁg ﬁ?ﬂ%ibﬁﬁwﬂl j:orfaphgfyr,apys@m Hoykeolydtiamg instead it may
be a carlBlgiazaly] SRHANANMGROIRAING PRSBLIDALE SHPSHIYGRLS ﬁl-:l—fp[%raxtllg])se analogs.

Oo%jb ituents may include, but are not limited to, hydroxy, amino, thio,
L0043 HeE)ans el Beonr emidamimchmiidsocfytiorycalborigs, or nucleotide
containlk@eyioarHea o casRamoyl.

[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, isopentyl,
neopentyl, cyclopentyl, n-hexyl, cyclohexyl, dodecyl, fetradecyl, hexadecyl, or octadecyl.

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

CZ2 to C18 that contains at least one carbon-carbon double bond and may be straight, branched or
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10049] The term aralky], unless otherwise specified, refers to a moiety

that contains both an aryl and an alkyl, an alkenyl, or an alk n¥l. Aralkyls “
WO B ¥ached through either the aromatic portion or the n%?]-'é%?‘ﬂ%)l/ 7819

portion. Aralkyls may include, but are not limited to, benzyl, phenethyl,

phenylpropyl, methylphenyl, ethylphenyl, propylphenyl, butylphenyl,

. . phgnylethenyl nyJpropenyl, phenyleth or phenylpropynyl. [0050
cyetic. RURIR R KRG St SN Ml Pl i o
3-butenplay-pectecy, Buparemnd! limiteehtd, douysiblacetylfluoroacetyl,
j cetylytrifluproacetyl,, chloroacetyl, dichlproacetyl, trichloroacetyl,
O S Sy S ) SR P gesbon of
C2 to (Réiéholatontarafarsltasoxygan;sulfenrhitiageh; boibloganay\Heemraightobranched or

. roat re attached to alkyl, alkene Ikynyl, acyl, aryl, or
Cy(?hc' ara@i,} aé ?1%%% %%}(S: %:g t[garrgunﬁ)qr%%}%é %’l’oe(ﬁ}ggéllf Iz'if")‘tryr ﬁ% Ia}tﬁcéf %?\;@H‘Bhe
1-butynyl,moPettwéyspdators are attached to an alkyl, substituted alkyls may be

008 including, but not limited to,flyoroalky|, chloroackyl,

| b&z%%eﬁ%fﬁfl i%&g’a%isg &%QWW Cft%e)?lﬁ 42 ﬁ(rs,y lb an aromaty

v . =
moalky yalkyl, alkylamino, am,n%g}%ﬁ,tymth or

withoubtiogbrionahidafieyhaaido adleyls eyan oalkyle Mo atikydpc Hisbaedaylatkyhyl, biphenyl,
naphth%fg @éhﬁgﬁrﬁ%@g%d%%g glzo)?p%?&nza?ﬁzg&%rt]a%ﬁi%égﬁa& more ?ubsti ents.

hzoled]azulene’réfer to a clas ricyclic compou aving a fused,
The sulsstigyenteiFayieiuder duirimg seh Htmiay toohsalrospeaorinug thibgiefoatonsano, nitro,

N o [ 0 in.the backbone of.the ring. and thus derivatives of
aum}w’ba(en g%%%(f)ér?zkg g@d hﬁf?ﬂ ‘iff,[‘},ogg%h té(r’%f G %%I?, "Pﬁgatj“ébraﬁrf?g ogen or

[0048] oMbt afilioyinenbistovkherbiaminel fGrdodifees 108 WORD0BI021E68s both an

1 THJS2 1 0) e ter ion refers to.a,substituent. .. .
oL e UL (T R LRSS AU RO spe romatie
portiongyides egamenhals: piraotny dwakkdming; inpdndry bathbonght hitkoxzgdarbomsy],

\ene i r 2 formula. (1) A
e B O 5L T P .
phenylprepetis phemdgthssdlecelendanengtoup consisting of alkyl, alkenyl,

[ooalfymyd @Hﬂ’a@ﬁwuﬁ%&%&ﬁ%&é@%tﬁ@%ﬁ%&%@@iE@aﬁ%ﬁc%ﬁ&&&ﬁ Acylsuz?

heteroatoms, which are as defined above. 100561 A "protecting group gly

includeg huhipterridimnitedoionfamrent axcriylir8xpronnetid, dfnuresceelloibupsastil,

hloro PP ' | ' desgH r »
o 5 A L S .o

PivalOWNiley & Sons, Inc. (1991), incorporated herein by reference.

[905@“@%&%@%&%@9%@1@'@&%ﬁ%ﬂ,@fﬁgfﬂ e@%ﬁ"ﬂgﬁ é@nt.h &34n one or
Examples of preferred nucleophiles are alcohols, alkylthiols of

more hefgroaipiiiede titneherhty Bevbpilorns) pstatb oyl @r ybrer stk i functional
group HBERYGIRARIIE SRR IS AU GIEeRBile S A aHAR R IRRE SHCYRUEhed to an alkyl,
. compound of the invention. Thus, a nucleophile may

substituted alkyls may be produced, including, but not limited to, fluorcalkyl, chioroalkyl,
bromoalkyl, iodoalkyl, alkoxy, hydroxyalkyl, alkylamino, aminoalkyl, alkylthio, thioalkyl,
azidoalkyl, cyanoalkyl, nitroalkyl, carbamoylalkyl, carboxylalkyl, and acylalkyl.

{0052] Benzoazulenes, such as benzo[cdjazulene 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

inchuded in such term.

[0053] The term halogen or halo refers to fluorine, chlorine, bromine, or iodine.
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be, for example, DMF or MeO-. Preferably, a nucleophile may be
WO tlonall protected N, O or S. [0057] In addition to using prodru
5‘gb foHe ’és the delivery of the nucleosides and nucleotide® layS5ae+/027819
assisted by using a therapeutically acceptable carrier such as liposomal
suspensions, cationic lipids, and polyimines In compounds of formula (1)
roosH"FE ASHHRLIRIELAS IS SR AUl SR BPRRSGSHANANG! fimitea
StereoISomers and mixtures t ereo suc as enantiomerically enriched
to, hydmmtamssﬁ{(seah}rc‘rm mﬂu"mfecudml@rmmmﬁ@mm@mn hygfory tortvayl,
ed by |nfe %gﬁg obe, such as bacteria,
aikoxycgg;%aé’ te |§§§8l q%l?g?ofoan vir :‘ré)rtwrgégég(mcludmg unicellular and
[UOSﬁium ostiutarfoExalm ﬂw@fmmbebéguhétt@aué@@mmé@ndhe resrigegar and
t f a 1
ot e AR Bl R B,
acyl, wl@%cﬁisybspm@b) conjptosyEoridiosimetidretreapioissaskicl afposfifitidapove.
[00sgR K Pyl rgys&gd'?m%h%ﬁ 5%, Qiardia Aaeﬂb@l@?f@l%%t@%zﬁngudes

iasis (skin sores an wsceral malaria (Plasmodium

acyl grofgieistsl m)m&lmdﬁbﬁéibﬁte?mtj!é@mfém@ﬁimwel@?@@f@l hifkEaene,
T.W., e%d IR0 RETEHINSIS | (TPYEORRAEHINTLLIDSTCHIPSIR), v aries)Ia (higken..

, yellow fever, pneumonias, urinary tract infections (Chlam dia and

poX
(1991), mg@m@ra&ﬁ AT qugqfsran@m Svinlgorbiedladptideshnplsian %@m thei ordinary

meanin %’fﬁq'&% nie %@ﬁﬁé ORORGHS R GHR icé%@ﬁlﬁ%ﬁ%!@a@%fﬁﬁﬁk or alkylamines,
nfections (bactetial pathogens or hepatitis Q. 19 WO 2005/021568
which npg brustiondlyaretgi¢d050E sefrior hdctsseauderyilpiciebieare
nucleopiﬂfée &% Qutlined ip e fallwing.chartmnfestienBasieria THIYUS:RIRIRARR may
Virus AIDS X Athlete's Foot X Chicken Pox X Common Cold X
be, for gypspitedPBESsI sOx- X Efgrb s sl pgstadesn ay e ARt e ARG risH, O

orS. Pneumonia X X Sinusitis x X Skin Disease x X X X

[0057] In addition to using prodrug approaches, the delivery of the nucleosides and
nucleotides may be assisted by using a therapeutically acceptable carrier such as liposomal
suspensions, cationic lipids, and polyimines. In compounds of formula (X) where a chiral center
is present, the invention encompasses enantiomers, or stereoisomers and mixtures thereof, such
as enantiomerically enriched mixtures.

[0058] The term “infection” or “microbial infection” refers to the infection caused by an
infectious agent or microbe, such as 'baoteria, parasite (incloding protozoan), virus or funguos
(including unicellular and multicellular). Examples of microbes that cause such infection
include: dcanthamoeba, African Sleeping Sickness (Trypanosoimiasis), alnebiasis, American
Trypanosomiasis (Chagas Disease), Bilharzia (Schistosomiasis), cryptosporidiosis {diarrheal
disease, Cryptosporidium Parvum), Giardiasis (diarrheal disease, Giardia lamblia), hepatitis A,
B, C, D, E, leishmaniasis (skin sores and visceral), malaria (Plasmodium falciparum),
Salmonella enteritides infection (stomach cramps, diarrhea and fever), tuberculosis
(inycobacterium tuberculosis), varicella (chicken pox), yellow fever, pneuﬁnonias, 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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Stre Throat X Tuberculosis x Urinary Tract Infections X Va irallnfections X
X Viral Hepatitis Chemical S nthesis [0060] The novel nucleosides and
Worﬁﬁ'&é%a%% and prodrugs thereof, of the present invention CahhE52004/027819
prepared by those who are skillful in synthetic organic and nucleoside
chemistry using established synthetic methodology (Chemistry of
osides and Nucleotides Vol. 1, 2 3, edited by Townsend num
o E e

BrnaRrddy ayrmkeias, st aygieRarbe ﬁ\@’&‘ng chart:
John Wl|ey1fgf&%ﬁ Inc., 30 1BI@&1@:W‘*”F1Q§%@ tryl%ftMgelc Agidsby

s legysi Y\ The l ot Bre
Y bA sa Miztuno, Elsevier;1986)-THhenucleosidesiof-the-present X
e Erein-maa-dae-canyvarted o thoir-prarrbherardine PR R} G
in %tw { (,ap !f lve'ted to-their-coft DPUIX"IU monophosprate;
dl Oon trinhncanhata hvoctahlichad  nhackhhbhandatian
F &(lal?, arrtaga |P |UD|J|| ATC Ty CoTtADTSTICU pl TUSHUITTUI ylaux.n T
A2 |-r§\11- 8?5' Uarh lknowihh-maoathodce id the-arteanl ho-iceod to r-\lnfl;;\oi-;n
pr g UUTCTS. g"]:ﬂ“u“y’ KITovwW o rrouos e arcrcalrf oc U st U—totoyT ILYIXJII_C
the—Aucleondd prodrugs-and-phosphate imimics—Fhe-following-gehemes
an b nrncz‘nf:\fl\l svnthesed of t nucleosid of
> 7 rl COCTTICAOT VS \J]III.I SO0 TN T  TTOOUTE OOTO GO OT
the-presept-invention.-As-suich,-other compounds—-sich-as those havzﬁg—
3 7 .
-L ,:QEIHW. V%er than CH2R5 may similarly-be made. 20 WG X
20OXHEB S 68 PCT/US200410278%9 Scheme. 1 HSCO-YS O 722 1" NH y

Ni ,Mefé‘iﬁ‘ﬁﬁsd Nil_ZL N "l Zviy W4 £ZSSiw 1'za N Qptional dpnrhfp(‘tnn
andPPoRmOniaRs 72W N R A W N¥eyclishtion X AW N _RRS RR' - R4 a R’
R ROimsiRs Metal-mediated crosé R R R3 ebupling Ry, ~ Rs|Rz' [0061]
Gycudy Bisgessicd]azulenes|can b& prepared By modificaton of optioffally
proteieepdi tupef functionalized 7-dezapurine analoguies followed by Stille,
Heckubexstesimetal-mediated_cré$s coupling chemistry to introduce an

a, (anseruraaedlesterams other cafonyl group. Such process allows for
sterdegelddmectpnthesis of|an int8rmediate c&pable of efficient|cyclisation
to | tNerah¥eptititscompound.|Any compound capablejof metal-mediated
cross coupling may be -

Chemical Synthesis

[0060} The novel nucleosides and nucleotides, and prodrugs thered}; of the present invention
can be prepared by those who are skillful in synthetic organic and nucleoside chemistry using
established synthetic methodology (Chemistry of Nucleosides and Nucleotides Vol. 1,2, 3,
edited by Townsend, Plenumk Press; Handbook of Nucleoside Synthesis by Vorbriiggen
Ruh-Pohlenz, John Wiley & Sons, Inc., 2001; The Organic Chemistry of Nucleic Acids by
Yoshihisa Mizuno, Elsevier, 1986). The nucleosides of the present invention can be converted
to their corresponding monophosphate, diphosphate, and triphosphate by established
phosphorylation procedures. Similarly, known 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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used, such as a tin derivative, such as trialkyltin. More preferably
tributyltin. Cyclisation and optional deprotection of the product delivers

WO 95124368 nucleoside which contains the benzo[cd]azulene P& Kdjp2004/027819
element of the invention. [00621 In Scheme 1, preferably A is 0, C112 or
optionally protected N; Y is halogen; W'is C (if p bond) or N (if no p
bond); W2 is C, CH or N; W4 is H or trialkyitin; Zr and Z2 are each
-independently CH, C-halogen, Csﬁkymelaryl C-O-alkyl or C-S-alkyl; Z3 is
CH, C-alkyl, C- halogen, N, CNHR, CNI-(I)Z CNR2, C=0, or C=S; Z4 is CH,
C-halogen, C-alkyl, C-aryl, C-O- aﬁey?*é S-alkyl, C-OH, C-NH2, C-NIIR o}
C- NR;Z Ri.R2, R2', R3,R3i, R4 are eat independently H, halogen, allgjfl, N
O- alky s optlonaﬁ protected 0, met Qr F; BR.lg an optionally w? Sy

r— PIOtEREY OF | or NH2wScheme, 00631 @ferna@;g “Rethre uge of vm 72
rg‘xﬁsleié*j‘r‘l the metal-mediated cras iy is the use-of-viny! nit} e8I

“this &hse, cycl|Séﬁﬁﬂe‘éﬁ‘ﬁ“%tlona'faeiepr@?tectlon of the product delivers i&he
target nucleoside in the form of an amidine- contalnlng benzo[cd]azulene.

H2 2. 7' NH 2~ YN CN 12 ZZ7' N4 Z1 4 N Optional 3 ?
OO DR S 80 B AT 22 B e oADK RNy protected
and fun@@rchsbﬂcxhﬁ%ldaﬂay\ﬁxﬁl&aﬁm RUARRRZy R&l&ﬁd&i@bﬂdﬁ@ﬂ@@@ mediated
cross coC ss R3. R2 It?RZ uplln Aﬂi WO 2005/(%215_68 PCT/US2004/027819
f&ﬁtﬁﬁ ThéeibicHia it 8&%1 IS BEASDrbE A et et sgoupisSuch

process laﬁthEft}r\AttaiSc@eIﬁcﬂ\bﬁ}dﬁlQ&N Of BR iRBaneYi A2 45 51 L8 oniclY4ettdation to
the inve ;[/I’Ia|(|§ tlnﬁgﬂi(l %r? Z2 are eac h m% dently CH, C-halogen, C-alkyl,
iy AR B Yc°9§‘38ff%§)i1 vt ngiaymediAtd GErssIgoBNpRmay be

used, suCNA42, tﬁleyfﬁP?Q soCICaSHA $taH L@ﬂﬁ@&%&ﬁ%mﬁtﬁWbQﬂ@@atmn and
COH C- HR or C-NR2; R', R2, R2', R3, R3', R4

Kk
opton R KT o e Shay 5y By o
benzo[cgjmgt;m@j 0 keyethyheat & RS Mh@ﬁtlonally protected OH or NH2.

[006%1:'?1? @&gme 1, preferably A is O, CH; or optionally protected N; Y is halogen; W' is C
(af p bond) or N (if no p bond); W2 is C,CHor N; Wis Hor trialkyltin: Z' and 7 are each
independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or C-S-alkyl; Z° is CH, C-alkyl, C-
haiogen, N, CNHR, CNH;, CNR,, C=0, or C=8; Ztis CH, C-halogen, C-alkyl, C-aryl, C-O-
alkyl, C-S-alkyl, C-OH, C-NH,, C-NHR or C-NRy; R?, R%Z R?, R} R¥ R* are each
independently I, halogen, alkyl, O-alkyl, OH, optionally protected O, methyl, H or ¥; R’ is an
optionally protected OH or NH,. |

Seheme 2

~

J0063] An alterative to the use of vinyl esters in the metal-mediated cross coupling is the
use of vinyl nitriles. In this case, cyclisation and bpiional deprotection of the product delivers

the target nucleoside in the form of an amidine-containing benzo[cdlazulene.

Y .
2 Z 2 2

W X

2] N 7L Wiy Optionat Z‘g"f— | N
K Ny o wh z3, I étﬂ - deprotection and sl 74
R W - Rs W’ <~ s RS W =

A N A N cyclisation A N

. R! S i gt - R R’
R332 i R 2 ] &3 3 2

o Metai-mediated cross ¥ B
coupling R R
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[0065] Similar cross-coupling methodology can be applied where the

alkene partner in the cross-coupling reaction is equipped with a
WO atdahte which may be present in protected form. IntramdIE&Sr004/027819

nucleophilic substitution by the pendant nucleophile delivers the requisite
benzo[cd]azulene. SNAr displacement reactions are an example of such

leophilic  substitutions. No 2-76 NozZ\Y Y 727 X ~Z3 ;
100 RS e S PR N O T o il ey Rafagen: Whis €
(if p bondRR: M(IftRtNboyd)satidis BROH onM RN s BoBtAali3RiMetAknierfiatedeach

. " RRs:R2 cross coypling, [0066 ch , Rreferably A s Q,
e Gl oAbt 7 1o hoC e AL e N
C-halogers NVINGIB,(ENBarclyRe, NEOno beh @) WEls, C/ G genNCWIHS, ELakl, C-O-
riglkyltin; £ re ind ently &-hal 4C-alkyl
e, A G S L e o PRI,
indepei@iimb; ENRIDaCs@llol C=SikgY BIC MmpioGaliningesnidd-alkyleGyaryt F; R® is an
; -0- L, C-Sralk -NH2, C-NHR or C-NR,; Z6 is CH2, 0, NH or NR;
ophonag%%%ﬁ?%@gf *are each independently H, halogen, alkyl, O-alkyl,
OH, optionally protected O, methyl, or F; R5 is an optionally protected OH
or NH2; No is optionally protectedS¢@ner$. Scheme 4 [0067] An
ﬁg)er atl\{e approach to the use of metal-mediated cross couplings )
(00fRToaY HAvisHHBiRcRethaddosy e hasgrlisd idiandbeialkene partuer in the

cross-cérgbiazaREEhdeiyaiR ARgiNiereeRIoR; RS M?cﬁ@ﬁfé?“@@ﬂr@sent in protected form.
-qr aTomet llic intermediate with a suitable electrophile. If this electrophile
Intram&%e%ﬁ

Werssosiss e seebion S dharsergnbraelsatiip fetvmit gy cquisite

benzo[ @ftianialy prreciessplicleaahilaitianaleaulat nusleephilig siestitption:

Substimk{}/otnhsc_a pendant nucleophllle delivers the requisite benzo[cd]azulene.

Nu
ZE
! 2w
Nu zﬁ‘f f/Z %
T Y 22_25 l Y 2‘1 X
wi 2 ) 2
Zé;'ji/l\\“?“l :SL ) 23{’,"- i e Optional Z%“L l N
RS w! 7t W 5 oy el deprotection and _g Wi Al
N R w N cyclisati R N
1 A 1 on A
R A - RS2 N e R
R~ =28 Metal-mediated Ry R R oF

cross coupling

{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 72 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-NI,, C-NHR or C-NR,; Z° is CHg,' O, NH or
NR; R Rz, 'Rz', R R? ‘, R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally
protected O, methyl, or F; R’isan optionally protected OH or NH,; Nu is optionally protected
N, O, orS.

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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Z9NozsZs _Zs YY Z.ZsY Zszzz iWN Zy-1N Optional Zy-N Z~R5
W, -Z Rs W~ -Zq deprotection and Rs. V,j1 Zq 4 AR~ 8uLi4AR'N
woeyehvatiss 42 A R~ N R 3 R2 RRaRRs z RR3' R2 Nu R' RaRR84:2:2/827819

sZ,zZ5 Z,Lv[00681 In Scheme 4, preferably A is 0, CH2 or optionally
protected N; Y is halogen; X is optionally protected N, 0 or S; W lis C (if p
bond) or N (if no p bond); W2 is C, CH or N; W4 is H or trialkyltin; Z3 is

also equmpel A ag didlogaiy NoCNedRCRMDIENREIBE@ b GeScaphiicGhbstitation

C- -0-al -Sralkyl. C-NH2, C-NHR or

by the %&@%%ﬁ%ﬁﬁﬁﬁEﬁ@b@%ﬁ%ﬁ%&%&% or NR; Rt, R2,

R2', R3, R3', R4 are each independentlg*’ﬁ", halogen, alkyl, 0-alkyl, OH, 2oz

optiopally protected 0, methyl, or F; Rs 8.an gptionally protected OHor ; x
NH2yNe's,a uucleophile such as optiona cted,N,Q or S; Lvis »éf? Sy
RS L§a7yj Ig;:'tjup. [00691 Gycosy|.benzo[c lepes caraliemnatively be ot | b

wgéd- by glycE&&lation of intp%é@b@fd azulenEEEEBhown ALt
R Ea . 3y B . . 3 e £ 2.
r* Scheine 2. Conditions used for séigh glygdsidations are well knowf{®

practitioners of thezaif and can be found in the references cited above.
Scheme 5 --(/o /ZZ4 NH Z2Z+NHRsZ31 \ 4A-LvR5INNZ NR
R311 4 A ZN | Z4 R3'R2R RR3 R2

[0068] In Scheme 4, preferably A is O, CH, or optionally protected N: Y is halogen; X is
optiohally protected N, O or 8; W is C (if p bond) or N (if no p bond); W? is C, CH or N; Whis
H or trialkyltin: Z° is CH, C-alkyl, C-halogen, N, CNHR, CNI‘ig, CNRy, C=0, or C=8; 7' is CH
or C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-NH,, C-NHR or C-NRy; Z° Z¢ 7° are
each independently CH,, O, NH or NR; R', R2 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; Nu is a nucleophile such as optionally i)rotected N, O, or S; Lv is Leaving group.

[0069] Gycosyl benzo{cd]azulenes can alternatively be prepared by glycosylation of intact
benzo[cd]azulenes as shown in Scheme 2. Conditions used for such glycosidations are well

known to practitioners of the art and can be found in the references cited above.

Scheme 5
O
2
/jg -
G z N
ZZ
17 7 T N
21 NH RS Za ] t
: A 5 Y -7
Lv R N N
4 N R4 A
23 j |4 + Rs i - R2 Rd
- 2 Rﬁ' '[:‘12' R3 = R2
H R3' RZ

[0070] In Scheme 5, preferably A is O, CH, or optionally protected N; Z' and 72 are each
independenily CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or C-S-alkyl; Z° is CH, C-alkyl,
C-halogen; N, CNHR, CNI,, CNRy, C=0, or C=S; 7' is CH, C-halogen, C-alkyl, C-aryl, C-O-
alkyl, C-S-alkyl, C-OH, C-NHy, 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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H N R3. R2. [0070] In Scheme 5, preferably A is 0, CH2 or optionally
protected N; Z' and Z2 are each independently CH, C-halogen, C-alkyl,

WO 01 17850-alkyl or C-S-alkyl; Z3 is CH, C-alkyl, C-halogenPNTERAI§/027819
CNH2, CNR2, C=0, or C=S; Z4 is CH, C-halogen, C-alkyl, C-aryl, C-0-
alkyl, C-S-alkyl, C-OH, C-NH2, C- NHR or C- NR2 R2, R, R3, R3', R4 are

007 P R RR S Dt ar B 2 & B B AU BHUEEIR Bctionat

ally protecte Vis Leaving
group mgasmmv@&W@(MIﬂSﬂ.OEdﬁﬁ&xﬁﬂ&}/ %3094&12)78 ]2911{0@711]} OBE@WW@@WI
zo[c ulene-7 od|f| own. fun | gr

hydroxe A R B L T T TR B s e
converteth amtipaldttd deprbweybgenatiop éﬁeﬁhﬂa@naddltlon elimination processes.

The 7-carbonyl function can also be converted into a 7-thiocarbonyl or

undergo O-alkylation. Scheme 6 Q.er0,4@ ZZ\ZZ\ 72 Zt NH Zt NH

Nu-Z° NH ZW\IZNa Zz I\ N/ ZW2 Na R5 ~ A W tRt N Hp, Catalyst R5

W 3 R~ NoOptional deprotection RRa3 A /R:R N'Z RR3, RZR Optiond, o

depr@tettion RR3; R R3: R2 O-alkylagon/ Sulturizing reagent Rt = H ?—%

Opt?énal’ﬁbprotectlon Optional deprétect ~tional deprotecdon BY&&, Q ™
XRgVEgssz- 72 q-{V NuzNHKE' MHkzz NZN124 R5Azg\\qﬂ{k,;,4
=5 | Zay ,}AZT N Z4.aalkyla a’Rt aMRE Optiona W\ o
o é‘ gction RaRERRS i'-- “R7 R3 RERETERS W 'R

2

s [0Ck gﬁj Whefirterelifspeterinith ﬁgaappr@ﬁnate leaving group such’; @s a RzR
chlorine atom that the 4-

O-alkylation . Sulfurizing reagent Ra=H
Optional deprotection .~ Optional deprotection Hase o

S 2 (
Z
7 7 el

Optional deprotection

W
A 2 N
\ 2 3s
WSy e &S IL 2
7—?‘(\ | i 5 sy l i R A W
RS wT N/l S-alkytation R A\VZL ) N &R‘
" A R Optional deprofeclion 4 R R332 ~p?
R . A R fep? 3 R

[0072] When equipped with an appropriate leaving group such as a chlorine atom that the 4-
position of the gycosyl benzo[cdjazulene 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 5; 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-atkyl;
VART: CH, C-alkyl, C-halogen, N, CNHR, CNE,, CNR,, C=0, or C=5; Ztis CHor 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, or F; R’
is an optionally protected OH or NHy; Xis QO or S; R®is alkyl, aryl, alkenyl or alkynyl.

24



position of the gycosyl benzo[cd]azulene framework, a range of
nucleophiles can engage in nucleophilic substitutions at this position.

WO ERaBle%8ucleophiles include alcohols, alkyl thiols and alkyP&AiRiEge04/027819
[0073] In Scheme 6, preferably A is 0, CH2 or optionally protected N; No
is nucleophile such as optionally protected N, 0, or S; W1 is C (if p bond)
or N (if no p bond); W2 is C, CH Z.? and Z2 are each independently
CH, C-halogen, C-alkyl, C-aryl, B—a or C-S-alkyl; Z3 is CH, C-alkyl,

C-halogen, CNHR, CNH2, CNR2, C=0, or &=S; Z4 is CH or o
C- halo -alkyl, C-aryl, C-O-alkyl, C- yl, C-OH, C-NH2, C- NHR
C-NR ,R2',R3, R3', R4 are eash indgpendently H, halogegy’

alkyl, Gzalkyl OH opgonally protected Qmp_met |, or B4 K5 is an optlcmall
prote e ﬁs OorS; RE igal a |-atkenyt or alkynxk
. WO 2§ 8 PCTJUS20Q4/02781%

0180 72 /22--
15;:» ip NEFz N Re- SH 2~ R6- NH2W3§:
ANJ%ﬁl}&&‘ﬁesms 4 AR-V 3 Rz R3R2 R3p aZRa
R¥ R2.R-OH 2 ~0 Zi NH 2 zat w R AW N ORS R4 R3 \KRZ R3R% 27
[0074] When equipped with a 4-aming.gioup the gycosyl

benzo[cd]azulene framework can ke modified by |ntercept|bn of a derived
diazonium ion using standard techniques.-

/7
A N
s
2
3}“{* oy
?\l [ %I\
RS N w! N OR7
1
R
R4
R3 3 RZ
R R2

[0074] When equipped with a 4-amino group the gycosyl benzo[cd]azulene framework can
be modified by interception of a derived diazonium ion using standard techniques.

{0075] In Scheme 7, preferably A is O, CH, or optionally protected N; W' is C (if n bond)
or N (if no =t 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;, CNRy,
C=0, or C=8; Y is halogen; R!, R% R%, R?, R¥, R? are each independently I, halogen, alkyl, O-
alkyl, OH, optionally protected O, methyl, or F; R is OH, NH, or optional protecting group; R®,
R, and R® are each independently alkyl, aryl, alkenyl or alkynyl.
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[0075] In Scheme 7, preferably A is 0, CH2 or optionally protected N; W 1
WOI%’C[If it bond) or N (if no it bond); W2 is C, CH, or N; Z' and Z2 are e
in epenégntly CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl or 6@&%'942%27819
is CH, C-alkyl, C-halogen, N, CNHR, CNH2, CNR2, C=0, orC=S; Y is
halogen; Rl, R2, R2 , R3, R3, R4 are each independently H, halogen,
alkyl, 0- alkyl, OH, optionally prot%(a?%p% g‘nethyl or F; R5is OH, NH2 or
optional protecting group; R6, R7, and Rs are each independently alkyl,
aryl, alkenyl or alkynyl. 25 WO 2005/021568 PCT/US2004/027819 o
Scheme 80 Z2 ZtINH \20 O ZW"N 272 //1Rs Zt NH Z1 NH Rn Rt

H W2 Diazotization W R3R2 3N Z3-fNRs. R2.5Z\'tRSWti0 R RiN NH

NH2 a A\~Rt N N2 / N z2 RQRRRR2\\a Zt NH R3R2Ra21R/ .
R2. RW2 >N/Z3 RS W NY R4 A Rt R3,R2/R3. Rﬂmﬁmmsmahﬂ PO
8, preferaf)l s 0, CH2 ar optionally pr{}tect d N; W' is Cf*?l N 'p'{ o
(if noin 6ond) %lelzsotr(:’}a’tic%H orN; Z' an(%\VZZ afe eacha@epé ntly GH.®
C- halo%, kyt—€=aryl, C-O-alkyl gs.C-alkyl; 237s CH F
C-halo , CNHR, CNH R2, Ca@®;or =, o
R~ A NQNNHZ @ . A N \ zL{/
R“ﬁw R ' ™
RI=3 TR R a2 &,
R® RZ R R _ By S
R A W' 1 N')\Y
RS R

1

f0076] In Scheme 8, preferably A is O, CH; or optionally protected N Wl is C (if m bond) or
N (if no = bond); W? is C, CH or N; 2! and 7? are each independently CH, C-halogen, C-alkyl,
C-aryl, C-O-alkyl or C-S-alkyi; 73 is CH, C-alkyl, C-halogen, N, CNHR, CNH;, CNR,, C=0, or
C=S; Y is halogen; R', R* R* R® R* R are cach mdependently H, halogen, alkyl, O-alicyl,
OH, optionally protected O, methyl, or F; R’ is optionally protected OH or NH,.

0077} The compounds described here can be converted into théir 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, C.R., et al. Med. Res. Rev., 2000, 20, 417-451).

Scheme 9
O
HO—II%MO/XQEE;E o Base
on RS2 ! -
¥ R R3=TTTENRE
R RS Re
O
Base 8] 0 O B
il fl il ase
HO- P O~ O/MES:;;zfm HO~PwO*PwOWPMO/d§S:ft:%_ i
OH  OH ! Lo TR R
OH OH OH “rI=—%g2
rRY = R?
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C=S; Y is halogen; Rt, R2, R2', R3, R", R are each independently H,
logen, alkyl, 0-alkyl, OH, optionally protected O, methyl, or F; RS
wo g@é%)grzﬁaﬁﬁlﬁprotected OH or NI-I12. [0077] The compounds deé&ﬁ%‘é%f
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
00?8 ehaspontaieg Solpeouis MEBUS /oL RIERRING SR ko v, 1, e
{ p((];drugs are W&?inowﬁri%ﬁg%rt sze% ‘{Rg%lﬁ%]rfy P&nggf%?’a%%%R&.’ R, R,R
are eaclrigdenrndenthn Ny halas) aiciefelfyh G, RIORAW BasectddN Bassh@ or F,
Base is @HRZBa1ReRiF Rz, RR33R Rz O 0Base HOP OP O A O 00 ABase
R4R HOP O P O-P-O a R1 OH OH 3 zR2 OH OH OH RRJ/?- Rz, R3, Rz.
[003) rordignside e Sropoey 81DpiooTssinfSotweretl®; use of phosphate
mimicsRERIERRRIDIMEs £5ioQlanpionalxpiglectedN; Rr R RH RS -
are each%ndepgng‘envly_H, alogen, a%yﬁo-a < ﬁtgllj%gt%ﬁ'ﬁl yeﬁrb%é%t%éaz—qA”
451). Oge smsinphesnhatgmimie isslinse starhordiii joondjeAmaplerd ative tpthepriately
protectdSuelRBRRRAAES304 RLRdigs.of these is the use of phosphate mimics
and their prodrugs (for prodrugs, see Wagner, C.R., et al. Aled. Res. Rev.,
2000, 20, 417- 451). One such phosphate mimic is shown below and this
can be prepared using appropri&@h?“ﬂﬁéfbcted nucleosides and known
conditions. Scheme 10 O Base O O H 11 H8 P X'OP O10RR4 R HO

é%{gwm 9

RBase

A~Base OH OH BH3 R3 3. 2R2 RR4"k? RIIR R 1 i
HO—P—X"-P~0—P-0" \_—A 1
! i 1 R4 R
Base OH OH  BHy RO ~R?2
R4 R
RO vR? and
R3 RY
(“) 9 ,Ci) Base
HO—P—X'—P—0—P-0 A 1
L by 2 RYT R
R R

[0680} 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”, R?, R¥,
R* are each independently H, halogen, alkyl, O-alkyl, OH, optionally protecied 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 ef al. J. Virol,
2001, 75, 8615; Dhanak er al. J. Biol. Chem. 2002,277, 38322-38327). Some compounds of
the present invention showed K values of less tham' 1 uM against HCV E\fSSB‘ |
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R3 R2 and RT, R2, O O O Base HO-P-X-P-O-P--O~ A R OH OH BH3
wo Rniddd R31 R2 [0080] Methods of preparing tri-, di, and pepusa004/027819
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,
[0083¢ feraislyhA isplic GHTNA optidnaibnprotecte thblidpli RAAoR 81 IRSVRAIA Rdinfected

are each independently H, halogen, alkyl, 0-alkyl, QH, optionally protecte
hepetod R e S et ety s RO B et
as anti-HéS¢nitvegh hdisirt G0 legloal mssa g A N riivea Rasiys are Rivdaeiedn: Opinion

. _accorgding to lished,widely used praojocols. |n. order tq obtain the ,
in e e e A et B RS R AR Bl -nev
compoundastumdhg thanaliehwitbcntivedkalvitiesi chegatensirecthdencdpd by Lohmann
¢tion tiyiral, nucleosides the corr ing nucleoside tjj tes.

et oL R UL P et of i 00E 75,357, 2002,
76, 4008p\Pnerasespocaisniflio fuweem protototsiRrwditpitumans i V. avirelty with
HO vaiggsloﬁﬁw%%; Dhanak et al. J. Biol. Chem. 2002, 277, 38322-38327).

0 YSome comﬁou’nds of the present invention showed K; values of less than

0084} ighityst ddCU NGEBB 27vWip D0H KR28568 R QHASZA0NER 1889, 19, 55), and

: 3] Since the replicop RNA replication mimics the replication of HCV _
Pai et A MDA S b h o AR ARy Eetgation of i

vitro ani-t@phcattiasgays are potentially useful as anti-HCV drugs. The HCV

licon-containing cell lines ndall and.Rice, Current Opinjon .in L.
O 08 ot a0 S Tt I GEReR b gped by Schinaz
et al. {hotentiesanti!HEMcllinpoomds. WrigHhemisiaiddy 2eed 1993, 37, 875) or

eSS SIERSRED 0/ LPEBPIAPETIAND B BISSELEC ) i

2001, 436} 3@18). Some compounds of the present invention showed potent
anti-HCV activity with EC50 values of low M. [0084] Widely used

BiolosiPEPI0SRIS AEMEIOREd by, Krbaglat. (Antiviral Res. 1992, 19, 55), and Pai
et at (AntinzicrobialAgents Chernother. 1996, 40, 380) are useful for the

[ooSistamBinatiensefdd Mteant: h@}{i@scgﬂéﬁbr[%%ﬁsﬁﬁﬁﬁg\ém%ﬁﬂ ii€ention
conducted according to the protocols developed by Schinazi
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 vatiety 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

3

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



et al. (Antimiromobial Agents Chemother. 1990, 34, 1061; 1992, 36, 2423;
1993, 37, 875) or other widely used protocols (Kimpton et al. J. Virol.
WO TY587605232: Chan et at J. Med. Chem. 2001, 44, 1866) FSibit20a4{027819
Applications and Administration [0086] The nucleosides, nucleotide
mimics and/or their prodrugs of the present invention may be useful for
disordedN S ARHIOB AT AV ?{é’d%?fﬁ?_bé’@%ﬁc@l? Il gt NALRIES R DBl cancer,
RNA polymerases, helicases, ribonucleotide reductases, protein kinases,
breast Gmltérﬁhﬁéﬁh%@%@ﬁ#ﬂﬂ@am?@édﬁﬁ@ﬁlﬁ-G-proteins, P2 purinergic
[0096C RIS IR D s ANIELGHiteR TR yakighs ab KBRWNER 19QBIbERE protein

nucleosides, nucleotide mimics and/or their prodrugs of the present

kinascs,jffyentidaosides serlpeitdnamiredioe s Fpdnetebthcareamhimemig ac
usoful fOISEEBRIRANEEE PYMEYSASe NEURing b QokimitgstdersH)n HBM Akt EMatory
) HDV, HSV, HCMV, small pox, West Nile virus, SARS virus, influenza
discasesypnEETTRE iSRS YRES, Rebytov2pd EaiAeeE HrGeSEnd
(0093301 QRaR I UR--1A088] dThe ALEiaRsidesnimEIRRIAS JIPNS S ARNHEEINEIE in the

prodrugs of the present invention are useful for the treatment of infectious .
treatmepf s ARtostiodiaenyerradmsnliiagiing e s pdhssnedeasidas mdpefide mimics
and/or tmg%&%g%] JRSHRLGIEanIERGoA HEleMida sipUss ANY/ AL INRIS IR ASingle

that have potent cytotoxicities to fast-dividing cancerous cells are useful

drug, ongHematieelinment be plonisEd DewbiBYE)oRLEeae or more other active
chemicd? eddHR404024 8 Avrisardarsrips UdRg o B RetiliBnHesieal wageanasy be a

liver cancer, prostate cancer, colon cancer, breast cancer, ovarian
small myolerade, ARSI S8 IEMEe880] As the ligands of P2 receptors

[o0s8)drGcRRigine agiwe basibaihibitars picpeatain din@sesniplses at least one of
nucleosides, nucleotide mimics and/or their prodrugéégf}ihe <pecrese

t
(e cormpgRPA RS USEHOY O PR REHE b S B AR UK B B Bl gl etes o
prodrug@nBlpisgradelsisychgsdriammaapmgisersesalidinthoyoeuisgasesoral, topical,
. Type 2 diabetes, and cardigvascylar diseasegs.éogilé In orde{. to N a
intaveRgTi B TG Fedlatah O LIRS AR A S A AR (18R i o nds
of the itfeatoankefbotestiugdisersesandpiolifelptiteatlisordedso J hamans, as
ther nycleosides, nucleotide mimics and/or their prodrugs of the present

PR MO may be therapeutically administered as a single drug, or
[o0sdtEmativelyghayhbe @dministesddhio inonbinationusitihloseuti-monelotienfection
s T e 9T, PR DR AR v
infectiqpotynycieniitel {O09R} finepiharpatestti taticpmpositipnitidite: prasentrobial
amoun{Ry 3 oM SAMPLISER BLIEAEONT Al (N8 COMBANSISRESEDIREMEIDS, reters to
FS GRS bF phannaceutlcaﬁy acce%]tla e salts, esters or

an abnormal state or condition characterized by microbial transformation of cells, microbial

replication and/or microbial proliferation. Microbial infections for which treatment with a
compound of the invention will be particularly useful inclade 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 patienf a therapeutically effective antiviral amount of a
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prodrugs thereof as active ingredients. The compositions include those
wogmi%?sfgr oral, topical, intravenous, subcutaneous, nasal, pgqjl%rs_m& 10277819

pulmonary, and rectal administration. The compounds of the invention

can be administered to mammalian individuals, including humans, as

therapeutic agents. [0093] Accordingly, the compounds of the invention

compo@fd upefulareandnNicKeiahiMECIOMIAIRNS o NSRRGSR IBNEOHOIn abnormal state
rovides a methaod for the treatment of a Eatient afflicted with an infection

or conibb IS St AN LYt tRbpaaton 'trelapetitamfiestianivad proliferation.

Viral iefebHaiereRishRmeUheht sanpeunHakide inventchibhe i8I PaicIalS Y useful
infection" as used herein refers to an abnormal state or condition

include,Hic XHRSRs MFBYIGEERR4Ptransformation of cells, microbial replication

[oo00fl/arhisepbial pIpfitaradion Micrabiadnfestipnsuier WilchiikRABEEMIN . an
a compound of the invention will be particularly useful include the i
amounfyishd ‘?ﬁ%ﬂ@éﬁaé’é’%ﬂ%ﬁ@éé‘&‘ﬁ*ﬁ@@?ﬁ episieafipndaibgmatient, in

confrollisgdseprisviieTded iminglisiebany meapsohliaalingiAdisease i08ility of the

. amnéa, including (1) preventing the disease, i.e., avoiding any cli‘nicar )
Pa“eﬁ*gﬁ%%‘{ S SLabee Dy mERElintchictae, AArRT hre@ingeakolling the
growthtlevilanmsiohon gplegressian of flinisa s Wipigms trNeierRrekevingthRive

disease, j.e.,.causjng regression of clinical symptoms. [0095] For
transoRRa Nt HEUS GhIBG TR TA R e Sb i Bt R lsect

necessdiile ipdesent lvantionipsavides adnaibesdasibetigatsaent of a patient

icted with a viral infection comprising administering to the patient a
oo SEOHRH SRS A A AR R TLPIGT RS S8 6o ions
compriBiGd /kSAQRHAA2AG I eainp deid e diy estiguhbederhe iMFédtion in association
... Infection" as used.herein refers to an apnormal state or condition,
with o BN BV AR STSPRATON O BUQCy B TR AR tered by oral,
parentquedliferationciViralinteotinosddl inhiohetieatenowiibataepeuigeafithg, topical,
] invention will be particularly useful, include the viruses mentioned above.
s e R o b e ST ETRpAT e ocose (..
nasal, vagendionateieos sotdimpantpunputhichas; ¢Hectivia, dipgnwitglmbaimidiipleutes of
-_.dose administration ta.the patient, in _contralling the growth of e.g., the .
s B oL B0 R 8 e g proprise
for eacthanexpéetedirstigiadbsence of such treatment. As used herein,
oo AN H wth' refers to slowing, interruptin resting or .
O e S B R S PSR s, povders,
and gryeyisatiomehdpidlifesagofoohthéhmictvbecant doss inatimerdssatilyt least one

inert pljﬁﬂ{%?c _ @citﬂ?la%léren i&%iié)ea?:rfigf gmﬁ‘%@g%{’ggﬁ Parcpélsrgotgr 15'9?9817 1Suc: dosage forms
Accordingly, cludesp

he present invention In armaceéutical compositions
can alseswiprigitg o anmotingredieditianid asbonecot ttbeadhaponadslidtthes, c.g.,

1ubricam¥§ %%%Hté%éa% Q& '%%%Q s\évﬁhq gtcpa%m %ﬁ%ﬁéi%%!;g %&r&%r.s'g e%,%gbrﬁ]&g,uarx]l%s A s, the
thiS'invention can be cfmlnlstere y oral, P P

dosage forms may also comprise buffering agents. Tablets and pills can additionally be
prepared with enteric coatings.

[0099] Liguid 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.

. [0106] Pfeparations according to this invention for parenteral administration include sterile

agueous or non-aqueous solutions, suspensions, or emulsions. Examples of non-aqueous

30



parenteral (intramuscular, intraperitoneal, intravenous (V) or
subcutaneous injection), topical, transdermal (either passively or using
WO 38ht8phsfesis or electroporation), transmucosal (e.g., nasaf GEGHHN4/027819
rectal, or sublingual) or pulmonary (e.g., via dry powder inhalation) routes
of administration or using bioerodible inserts and can be formulated in

solvents %0931%31%9 e %Br%?a réagt%cf&r %‘i‘ﬁ&ﬁ%ﬁ%}gm éﬁ%@a@?@c&?&%ﬁ 20Uflve oil

osage forms administration capsules, tablets, pills,

and com mmmm aninotdbk: dnesushestiid %mbag?eefbyh@?ﬁﬁ% &W@éﬁﬁé@m may
also cont'eﬁ@%%g{g%%&ﬁ%ﬁ{ﬁ%&%%%W&Hﬂggr%wyﬁﬁ%%%ﬁg%@gs They

suc ose, or starch. Such dosage forms can also

may be staitipribbyaisenemmbs, pisetive, @u@iﬁb@dpw@émﬁiamﬁ}tmiﬁ@ﬂmomtmg
sterilizind WAERS i:6:Pn %8&;@%&%&989&%&&&%@ MAGRSRIAT SRR, BRREs the

case of capsules, tablets, and pills, the dosage forms may also comprise

compositieifferifapagantslsT hbisrnnint itk cainadiitidn Anjepeoprapadhapsile
injectablé‘%83%&0%59&1@89%%&%%9@05399 forms for oral administration

include phamlaceutically acceptable emulsions; solutions, suspensions,
{0105 krspavitamefetixaed ontsaingl indripirraie cempreivrrblisseprtHarigs, which

may conBHENASIAIER BeRIOERiSLSRIRGHLIIINED R FRBRISIHAR SLARAGLINE M ository

adjuvants, such as wetting agents, emulsifying and suspending agents
wax. CogmpeifiestdaipsHlavorhbnaeid plirumsivgaganesiso roopaed faithidangdard

excipien%qggﬂdi%g\% thigjnygntion for parenteral administration include sterile
aqueous or non-aqueous solutions, suspensions, or emulsions. Examples

(0102 hepie fesus arwortoemrorisseprrise s By S ssiNiehts Bls of
solutionYeHIgIgSAe RIRRKIANE, dlveal - Baivaivena aiveakyeaainpllegisisuehas

olive oil and corn oll, gelatin, and injectable organic esters such as ethyl

\ . i ! : y
recognizgfegfssesn ciapioaye Yarrs o AR cencaiian Ragti A water-soluble

bases. LRIRIBYMIRGWRILAGNE BWS iRy Ptk AROKESREISI ShaosilissatDRY widReTiction, and
sterilized by, for example, filtration through a bacteria retainir%%éf]yter, by

are typiclbpHoBdtie St §aBRIO PR RS EOMPLLEHE! By Rradistm g et Ve
agent, areQRRESItIANSyAePYBaliNg Hige COMPAKItRESsTA1BY CaP-alsonBSf solids, and
manufactured using sterile water, or some other sterile injectable
preferabfyihe RAFRHBIR BerBRE 01641 o DhBBRAIBRS Far SataaFetet tpe.
Creams,@ginakadministiation aqrefafaialyssppesiidriesidiol, ¢ibyredhiainaier or

. addition to the active substance, excipients such_.as cocoa butter or.
water gy et O RRR IO A i st AT are

suspensidisOypeapates withssiian dard oxciplattmwell known in the art. [01021
ical formulatjons Willgﬁne

0 rally comprise ointments,.cr s, lotion

010 R T 5 R SV RO bAGR By powder

inhaler ffdectadifonihecioun frecognizediclasids oleaginaysibages, thmdilsiffabliéages of
ba(?es; emulsion bases; and water-soluble
the oral and iniravenous routes.

[0104] The dosage of active ingredient in the compositions of this invention may be varied,;
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.

[03105] 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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bases. Lotions are preparations to be applied to the skin or mucosal
e without friction, and are typically liquid or semiliquid preparations
Wois#é\? (?%Hyé%)lid particles, including the active agent, are presé?ﬁjiﬁigz\%?é‘fgpsw
or alcohol base. Lotions are usually suspensions of solids, and
preferably, for the present purpose, comprise a liquid oily emulsion of the
[0106] TVGH@E DB ef RAN U S KM ANHIRAHA R MSCRHS UbWi8Ely used in the
semisolid emulsions, either oil-in-water or water-in-oil. Topical

treatmegtof Vit detheipats d be Maksesidmnsesycronesperdipasyionophosphate,
5’ -diplSbipMEnSIONHYRR QYIRS prolia Jo i ebaSOINERR: 1 QR EAi0R May be

formuylations_of these drugs in dry powder form for delivery by a dry

therapRiERSY IR B B erine’iemativahishariany s
combifBaBY @ilheHRAYGRIBARS MilkeRATANGRITRYGN ST QUGALINAM therapy. The

The dogsage of active ingredient in the compositions of this invention may

other aGHNFHUT O FRVHFS Ridysce sl nletis ctmolim ottt echvelynucleotide.

[oTogredienfahal e siehtatareyitalkle deseartonL én RARSEIIS their entirety.
0 %%hegﬁgd %i)sage depends upon the desired therapeutic effect, on the
0335t} Bt Leltamirag dirniftsn tHETatiad DRt Werthie Arelk dirsarvention.
Generally, dosage levels of between 0.001 to 10 nrglkg of body weight
Exampdaily are administered to manimals. [01051 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

3 AR NAY &l 2 .__‘.__: LY ) 2 SO GHLEL AR 211
corresponding 5'-monophosphai,,&7¢ g%pﬂate, "-triphosphate, and
prodrngs thereof of the presentinvention may be therapeutically
administered as a single drug, or glfgrnatively they may be administeregin

combination wjth one or more other agtivimlw\er’g]}%gl entities to for na
comgpipation t erapy. The othgr active chemieal entitigg,maybe ais all B '

oldculeNEHbIY/Beptide ) or Nolynucmétidg.fpeion Au% N
n'méntidh re #CO porated el By feigEnre in their eftirety.

01 £1 The following EXdmpies are offef ; %cﬁtﬁu'str?éte béefot tdhmit the
invention. Examples Examfe 1 2-(2-C-mete-D-ribofirranosyl 1.4
-2,6-dihydro-7H-1 2 3 5 6-pentaazabenzo[c[ di azulene-7-qng (Wig)MeOr/ 55 °C/
BzO\V "0 1 NHZ Z Nr- N N~~HNN2 NIS/DMF/110C( NH24Bz6 1.3

OBz BZ N N~ ;

NH, LN,
i \N Pd[O]f (02H5)3N/ / \.N
Ho N ) CuliCH,=CHCOOME 1y N
Lﬁo‘  IDME70 °C/24n @ N
S b :
HG , o OH HO | On
0.1 M NaOGH,/MeQH/
70 °Cian
0
/—{NH
i ~N
N
wo - NS
0 N,
HO O
17
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N Nr1J6hNrl,~1~NNN CH3NO2/ (CZHS)20.BF3/ BzO OBz H reflux/
3h1.11.2B 1:4 C NH3/ MeOHI 55 C/ H3CO ;r0 14h/ NH2 NH2 Nr N

WO PEfiIEE2HS5)3N/ N HO J Cul/CH2=CHCOOMe HO N 0 N /N $DINHAIZ T 19
C/24h 0 jN NJ HO 1.6 OH HO OH 1.5 0.1 M NaOCH3/MeOH/ E 70 C/3h
40 NHN HO NN NJ HO OH 1.7 32 WO 2005/021568

PCT/US20041027819 [01091 For the preparation of tricyclic nucleoside
(0149} F&%%W%’ﬁ%t? GravdlisEuslensislentidin g s ioten Breaysgzelel 3,4-

dlpyrinQaiRaNgNyaf RYEa8 @Rl A ot Py Hmiging - f;yf@@ﬁy[S 4-dlpyrimidine 1.1
|odosuccm| mi e in D F at 800 The glycosylation of 1.2 wit
using NegofiRsaraRipLls-nal Shetieiaosrlasim ot o gopmireially available

2- c.m@wlagmam@}hﬁaeﬂ&m@sm@ﬂ%mh@%%ﬂéﬁ%m %@ﬁ&@é@&@\é‘%bemn

ethyl nucleoside 1..4 in 65% yield after purification. Removal of
iforil SRGTSUR Y G /S i EHRORHE ARSI b raREeation. Removal of
ester bloukieggitieds Svithdimisalaisdivsif pidhedeaarnf Methyl Ao i3 9, isolated
catalyzed cross couplin reactlon of 1.5 afforded the 7-alkenyl
vield [RGB THoath 4 A B BV P DRI BRASORY 1.5 afforded
the 7-allesyifed draUIEMPIRCURALEYHIZAISRp NRIE NG PRHAFGOMUGHRNTH resulted in
an Intrmnclle%ig%%cﬁzauon yielding the target tricyclic nucleoside 1.7.

Example 1, Step-A: 4-Amino-3-iodo-1H-pyrazolo{3.4-dlpyrimidine (1.2)

[0110] 4-Amino-1H-pyrazolo[3,4-d]pyrimidine was prepared according to the published
method (. Med. Chem. 1993, 36, 3424-3430).

Example 1. Step-B: 4-Amino-3-iodo-1-(2-C-methvi-2.3.5-tri-O-benzoyl-B-D-

ribofuranosyl) pyrazolo[3.4-dipyrimidine (1.4)

0111} 1~O~Acety1—2—C~methy}-2,3,5—tri~0~benzoyl—D—ribofuranose (1.0 g, 1.72 mmol) was
dissolved in anhydrous nitromethane (10.0 mL) and to this solution compound 1.2 (312 mg, 1.21
mmol)was added. The resulting suspension was brought to reflux and borontriffuoride etherate
(0.23 mL, 1.78 mmol) was added. The suspension becarne a clear solution, which was heated at
reflux for 2 hr. The mixture was cooled, the solvents were evaporated and the off-white foamy
residue was dissolved in ethyl acetate and then poured with stirring into aq. sat. NaHCOs, The
aqueous layer was extracted twice with ethyl acetate and the combined organic layers were dried
(NazSOy), filtered and evaporated to give an off-white solid. This material was 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-Aming-3-i0do-1-(2-C-methyl-8-D-ribofuranosyl)- 1 H-

pyrazolo[3.4-d]pyrimidine (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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Example 1 Step-A: 4-Amino-3-iodo-IH-pyra7olo 3 4- yrunidine (1.22
[01101 4-Amino-IH-pyrazolo[3,4-d]pyrimidine was prepared according to
WO H8¥IbTished method (J Med. Cheri. 1993, 36, 3424-3430). B&EEI04/027819
Step-B: 4-Arnino-3-iodo-I- 2-C-methyl-2,3,5-tri-O-benzoyl-(3-D-
ribofurnosy p air zolo[3 441pyntaidi re 1.4 [01111

-O- Acet -2-C-me be ly D ribofurang ey
ol e L O T AR G o TR LB e gy dosieed
compouﬁdImmxri%mg})wdrﬂoﬁ(ﬁrhﬁmghd 21 mmol)was added. The resulting
suspension was brought to reflux and borontrifluoride etherate (0.23 mL,
1.78 mmol) was added The suspensron became a cIear solutron which
e gp-Le: ' R d 9EIEY ts were

meo 3{85% Hen - ifﬁ\’ { 4!3@9&&1y&§§edr§gelved in ethyl

ean oure stirfing Int6 aq. sat. NaHCO3. The aqueous

[011'?]\’ %‘@(%%1@%%&@?90 ti‘ ihylasriae asbthe wRPiRRdIPigamer (10 mL)

layers were dried (Na2S0O4), filtered and evaporated to give an off-white

was added|(au ¢ meat i) mas)auﬁﬁéwbm%# &@Mc%ﬁ%&f@@?ﬁpﬁ%ﬁ‘éﬁ@éﬁ (0.332
mL, 2. 38%&%99:&'1&%5%%@& H)Mrdaﬁma& Qﬁl?tﬁxﬂiyg theated at

desired compound (811 mg) as a yellow foam. xampel Step-C:

70°C Uﬂmmn&helﬁéﬂﬁtlmf@%@ﬁryﬁ% et FanGsi- e 4466 @13 t’me farther Cul
(44 mg,‘b%ﬂ ’\l;i'rﬁ‘?eah?l[ A BalHto 9haampeuebithBARIB e, 8309m1., 2 %6

mmol) eOHic¢ NH3 (120 mL, saturated at 0C) was stirred in a bomb

nunoi)ané@mrc@smplwﬂmmh@wﬁ@mﬁa&ééﬂ@ Hgndd< smahereifadded nd the

mixturd §AOHELOr SVaparaistWithird ditienalMe P s Btification iy Slca-8el P& room
WO 2005/021568 PCT/U82004/027819 column chromatography usmﬂ.ﬁ&a b £
TD 10T

temperagurags Mot of HibAGRSPEH Shaievgs afldss JA0eradasisd 'domds

was addb® {84 asaaRtavhite selidopxampte St b then filtered. The resin was
4-Aminoi-2-C- metrgﬁf D-ribofuranos1-3-12- 6) methoUp

washed iy Ty HORUH MRS ALy AR ALY TBT £AARS S dhegpsicual DMF

was fin Hﬂﬁbééﬁfpﬁegfﬁﬂsi@ 3Qoragos) @ﬁmme&lm(me 10 NMEhe Weaklue was
added Cul (44 mg, 0.23.mmal), methyl ryc%re (2.0 mL,,23.23 mm C)
1edzssoltypéitﬁ19,%ﬁ f@%@’? Pﬂﬁo@%% ﬁJ[B (§ othatographic purificatidn on siliea gel
using 4i8takis{tinhenyiphosphingipatiadiuwndell4d 38terg..0 (2200 dieansd)at
70C under Ar. The reaction mixture was heated at 70C for 36 hr. After this
trme further Cut (44 mg 0. 23 mmol) methyl acrylate (2.0 mL, 23.23
9 - rfioiansyl)-2.6-dilvdro-7/4-1,2.3.5.6-

r tra%rsitn@h%nmhosp}hme)gaeyidruln [01 (133 mg, 0.12 mmol) were
PE ted at 70C for a further 6 hr. Then the

(01 m‘éﬁ’ éﬁ‘é‘gj 3 ?9%5981% (gﬂgﬂ $empeiaiire ANChEEA] HIvieoH was heated

was added g of Dowex 1x2-100 Bicarb form
at veflux 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 vesin was washed with MeOH. The
solvent was evaporated, and the residue was purified using silica gel column chromatography
using 4 to 4.5% MeOH in CHoCl, as eluent to give the desired compound 1.7 (26.5 mg) as an
off-white sohid.

[0115] 'H NMR (DMSO-dy) d 11.6 (s, NH, 1H), 8.56 (s, H-4, IH), 7.31 (d, J 12 Hz, CH,
1H), 6.28 (4, J 12 Hz, CH, 1H), 6.15 (5, H-17, 1H), 5.28 (s, 2’-OH, 1H), 5.14 (4, /6.9 Hz, 3~
OH, 1H), 4.65 {t, J 5.7 Hz, 5°-0H, 1H), 3.95-4.09 (m, H-3°, H-4’, 2H), 3.62-3.69 (m, H-5’, 2H),
0.83 (s, CH;; 3H). MS m/z 332 (M-H)".
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was added, the suspension stirred at room temperature for 45 min then
filtered. The resin was washed with 5 x 10 mL McOI-UCH2CI2:1/1, the

WO 0d3iShere evaporated and the residual DMF was finally RGB{BEA4 0427819
by azeotropic evaporation with toluene (2x1 0 mL). The residue was
redissolved in McOH and pre-adsorbed on silica gel. Chromatographic
purification on silica gel using 4-4.5% NcOH in CH2C12 as eluent gave
desired ester 1.6 (216 mg, yield éé@%%fgmple 1 Ste-E: 2-(2-C-methyl
(3-D-ribofi rane@=C-2hetikare-ribbfuhbybr-2.6.8,9-tetrahydro-
pentaazabenzo[edlazulene -7- one 1 7 [0114] A solutlon of ester 1.6 (208.3
mg, 0.57 nunol)in’&%¢ - eHET -3t reflux for 3h,
cooled to OC and Dowex 50 xIOO (aC|d|c form) was added until the OTBDMS
¢solution pH became neutral. The rea Tﬁﬂ‘f‘?nlxﬁj?%owa 3 |Iteged and the ol

(fﬁ‘ SigWasS.Wa he WLQLM&Q[—LOT'BT&SS v twas evapora

S|duevva5r U ifledusrngﬁhta-gel - HSHR 4 to,
21 4.5% MeOH iR CH2CI2 as eluent to grve li?he REREHS %pound 1. 7\7263

mg) as an off- white solid. [0115] 'H NMR (DMSO-d6) d 11.6 (s, NFEsPH), 01

8.56 (s, 1-1-4, 1H), 7.31 (d, J 12 Hz, CH, 1H), 6.28 (d, J 12 Hz, CH, 1H),

6.15 (s, H-I', 1H), 5.28 (s, 2'-OH, 1H), 5.14 (d, J 6.9 Hz, 3'- OH, 1H), 4.

(t, J5.7 Hz, 5'- OH@395409(m H-3', Krfiw 2H), 3.62-3.69 (m, H-5',
3

2H), 0.83 (s, CH3 MS m Ix 332 (M-H)%, 38 WO 2005/021568 o
PCT/U§?BOQ4/027 \ﬁxan’iple 2 2-{2-C-m /618 D nos~Z2 6 8/

N A J
9-tetrahydr -2.8,B.6-etadzdBenze[chiazdlene ClBa . y

OTBDMS G| OTEDMS 2GS CI Ct 65INFANIT/ =N NS
et,,,~OTBDMS - N N C12Bn0 OHA'GIR8h0 N' HEL R FHENN b "
KOH/TDAICH3C#W1sii2e2 2.3 C12Bn0 OH 2.5 D | TEAF/ THE

0\

&ﬁi
2~
HO AL

N

BAF/
HF

[0116] Bromination (NBS/THF) of starting pyrrolo pyrimidine 2.1 afforded bromopyrrolo
pyrimidine 2.2 in 63 % yield. Treatment of 2.2 with p-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 % vield 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 form commercially available 3,5-bis-0-(2,4-dichlorophenylmethyl)-2-C-methyl-1-O-
methyl-o-D-ribofuranose using HBr in acetic acid/CH,Cly) with 85% KOH/TDA-1 (tris[2-(2-
methoxyethoxy)ethylJamine afforded nucleoside 2.5 in 26% isolated vield. Removal of the
TBDMS group of 2.5 with tetrabuiylammonium 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 HoNNH; to
remove the phthaloyl group and this free aminooxy intermediate (cmde)' 2.8 was heated in EtOH
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O1 ONPhthHEOH ClpCl HF ~N C128n0ON (NOH/N N C28n0ONO

NHZNH2/CH3CN "~p-/ N O CIpBnO N CI28n0 OH then EtOH CI2sn0 _

WO HPIEA/PPh31CH3CN CI2Bn0 OH 23 2.6 2.8 BC13 in CHIEBHHRATS

--N ONNHO, OH 2.9 [0116] Bromination (NBS/THF) of starting

pyrrolo pyrimidine 2.1 afforded bromopyrrolo pyrimidine 2.2 in 63 % yield.

to give 216CaREHEAN A AVHRINRUHABHURL I 55 & pl8aeItieddncar 2elesiveered
_ lithio-bromo exchange to yield an intermediate which on treatment with (2-
tricychicppyihigstho®yd-tent-butyldimethylsilane (-30C/ 5h) delivered pyrimidine 2.3

210D A - LA~ bl {83 i'”‘ _ 3 isolated

leld (5.59)..Steregselecti sylation, of 2.3 with bromo su ,

R R e R A S PRI R 38 o

literatur8 firdaisd @< 7 P dickindoptidnyl nie thyl < C-heeth yP88O3 7, 2086-2092).

methyl-a-D-ribofuranose using HBr in acetic acid/CH2C12) with 85%

ICOH/TDA-I(tris[2-(2- methoxyeth xyzethyl]amine afforded nucleoside12.§
! P b BT o RALTVE IR AY JSHA 4f = i P 010

i (YR XG

o adH old 2B i vl hR R E

JipJelahylyfamgmonium fluoride/THF gave diol 2.6. Compound 2.6
underwent Mitsunobu coupling with N-hydroxyphthalimide to give the
(011601 PesRgRANen RAAIPYEIR®2YE Y RIcle as(denZ: 75l BRAbTYIRICITZET(MAS m1) was
treated with anhydrous H2NNH2 to_remave the phthaloyl group and this
cooled th a8 AmABEG ﬁf@ﬁﬂé&%ﬁ@k&ﬁ&d@)@é%&?%ﬁ@&’ﬁ‘ﬁ%%@é‘% ) was then

 added o200PIDRASBS RGN SLOMHARTSH D rincaivaD (B - RemBb of Lhe -

_dichlorgbenzyl groups of 2.8 b usin% BC13 in CH2C12 delivered ,tric%clic .
butyldipeibrdgdpne £7gh mib, 34.4 mmol) was added via syringe while maintaining the rection

mixture at -78°C. The reaction mixture was allowed to slowly reach -30°C and stirred for 2h,

then -30 to -10°C for 1h, and -10 to 0°C for 1 hr. The reaction mixture became dark brown in
color, was treated with NH;Cl, CH,Cl, and \;vater. The reaction mixture was extracted with
CH,Cl, and the extracts were dried over NaySQ;, filtered and evaporated. The beige residue was
purified by flash column chromatography using 23 % EtOAc in hexanes as eluent to give the
desired compound 2.3 (1.16 g, 43 %) as a white solid. (Brown, D.M. et al, J. Chem. Soc. PT-1,
3565-3570.)

Example 2, Step—C: 5-12~(tert-Butvldimethvlsiloxylethyl14-chloro-7-[ 2-C-methyl-3.5-
bis-Q-(2 4-dichlorophenyimethy)-B-D-ribofuranosvil-7H-pvirelol 2 3-dlpyrimidine {2.5)

{01191 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 imnmol) were added. After stirring at roomn temperature for 10 min, a freshly
prepared solution of bromo sugar 2.4 (prepared from commercially available 3,5-bis-O-(2,4-
dichlorophenylmethyl)-2-C-methyl-1-O-methyl-a-D-ribofuranose; (1) 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 aqueoué material was extracted

three times with CH,Cl,, the combined organic layers were dried over NapSQO,, filtered and
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Example 2, Step-A: 5-Bromo-4-chloropyrrola[ 2,3-d]pyrimidine 2.2) [01171
To solution of 4-cbloro-7H-pyrrolo[2,3-d] pyrimidine was prepared

WO 2UpdtEintfto a literature procedure (Townsend, L.B. et al., JPFEHSTpEM 7819
1988, 31, 2086-2092). Example 2 Step-B 5_[2-(tert- Butyldlmeth 1y silo)
-ethyl]-4-chloro-7H-nvrrolo[2 3- dlpyrimidine (2.3) [01181 A suspension of

compound 2.2 from Step A (2,0 mol 40.0
evapora ol S ASCPONHEL SRR S HEFL AR SL T b s e coeate
hexanes k3.4 uwpA o) masithalesadded QvesideRlm (i3 yingesp Bushensiaivioriibd 5%

rron R e T SRl S DO .5 55

mg). reaction mixture was allowed to slowly reach -30C and stirred for 2h, then
-30 to -10C for Ih, and -10 to OC for 1 hr. The reaction mixture became
dark brown in color was treated with NH4Cl, CH2C12 and Water The

S purlfled by
S as eluent to

{01%‘?’@ (ﬁ§§g&%F80%%%lﬂ% §i§ @5 %E% 14?’7 {%ﬁﬁ) gyvhite %ﬂﬂ%ﬁ?%%ded a

lien 570.) Example 2 Stets-C:
1.0M sc@ur@mﬁism@mmmmnymnym@ﬁéiﬁ @R Bty Esispaage. The

colorlesg s%@?% 0]\_% Qylmevaylki3-h; lrb%%fxutr %%YM}E' DRI 2R YIMIGINGn of 10 mL

Compound 2.3 (2.5 g, 8.00 mmol) was suspendedin CH3CN
of CH{60nd ) Dantd @%Wu@reEI%%ueeﬁ l¢1e8 Was oxrRGHHBIP IO REY Sy GECL, diied

over Nag%&; jiﬂe&%ﬂﬁm P&ébi) emll%@&%)oépd&éﬁkv% SATHOPDYREBA gel column

er stirring at room temperature for 10 min, a freshly" prepared

cmmamw@ﬁ opibeob BoMEOH prép&ich RoRBAImMETtll dangbrompound 2.6
(900 m% §8b/% RA2fite solid.

|chIorophenyImethyI) -2-C-methyl-I-O-methyl-a-D-ribofuranose; (i)
Helv.Chim.Acta,1995, 78, 486; (ii)) WO 02/057287, 2002) (10.1 mmol) in

arhyaeus sestpnifriten(5Q mipwasadded, visisamuiladadothe readinshyl)-p-D-

., Stirred for 24 hr at room emperat re hen copled in an ice (\ivate th and
ribofuranosyli hthatinedo ongvethvl) 7 L pyrealoly ;‘ﬂll?é%:rebuéiﬁ‘r terial
extracted three times with he c ined Qrga
ot G R DS PSP 36 O PO O Aa 1t o) were
added tH@iElUEiﬁﬁ@ﬁiiﬁa'(BﬂiQOengp@menlmﬁbelmduﬁdipdmd&mmﬂ@muﬂm&ﬁérﬁ? ang, 0.0.81

o) B R O 8 5 s F Aot ahman il Sabe D Ra on was

stirred HE(ANES aa@&uemlgp&etammwﬁcﬂmdﬁm nuclddsidd By:dding 10 mL of
starfi

e.2.3 (35 Example 2 Ste -742-C-
OBl 3 g o AU BBt A oo s il CHACH, dred
over N2Sdrakyeihyd H-mysraled? 3idRBysinidine2pbrified 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-0-(2.4-dichlorophenyimethyl)-3-D-
ribofuranosyl-2.6.8.9-tetrahydro-7-oxa-2.3.5.6-tetraazabenzo( cdlazulene (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 i, 1.19 mmol), and the solution was stirred for 2 hr at room
temperature. No starting material feft as judged by the tle. The white precipitate (phthalic

hydrazide) was filtered off and washed with anhydrous acetonitrile, and then solution was
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[01201 To a solution of compound 2.5 (1.14 g, 1.47 mmol) in THE (3.0
WOmL yvas_ added a 1.OM solution of tetrabutylammonium fluoride in THE,

(22 "H%rlﬁ‘gﬁ at room temperature. The colorless solution was Stirred o7 /82781

hr at room temperature and then diluted by addition of 10 ml, of CH2C12

and 10 mL of brine. The aqueous layer was extracted three times with

evaporgt@t?%' ai*ﬁ{!ﬁg %rcN%%QiéuHﬁ?ﬁ?ﬁtﬁﬂ %ﬁé’ @H%ﬁaﬁﬁgeglﬁgﬂ%% b Sgg\ge 864 mg

obtained was purified by silica gel column chromatography using 1-1? %
of a whiteolith Chptpitisslientngostie desideesirpsdigadsd@oghigrous BOH
(50 m19B83d 8% AMRG SO he R MR Uiy By BXAMBIG: 2y iSRitfon, reaction mixture was
... 4-Chloro=7_j2-_Gmethyl-3 5-1 is-O 4 ribofurauos 1 _ )
purifiecshy sifigrgehfiaBERnetrpmaiassyphy aeBed blapdeiaint MeOHoEH fd:do give
desireebHpRAl NS Qg%y‘% 2-813292,m9, 0.54 mmol) in THE (10 mL) were
added triphenylphosphine (215.0 mg, 0.82 mmol) and
N-hydroxyphthalimide (132.0 mg, 0.0.81 mmol) followed by
dixtivisizonis anboxytaie- (DRABYI(BSS-HbHO B8RYRAN 2 ap KB SEUHIRRWAS X -
5 3sgir ed overnight at room tem perature. The reaction mixture was diluted by
s EAAReseled] Fra20 mL of water. The aqueous layer was

ted t t' ith C ied Na2S04, filtered and
o R D S e R M By o 7o
was addsihg LBMOMHEOAC Biexa0ehab eleniigave ihadpakgohiamposngage. The

MR ST o ——

quenci@detidnjdeCH-(X8-213 M6 teicadvahenzefectlagouent (Ph51dOl83¢ drad: product

wos o R St 8 e T A a e CE o

eluent weg stithedifbr @hipatindchy (Brheraturen Nhistdsting material left as

o B L L .

(s, H-12008)0305968:RCA 70820040007 SO TE\EBD réRel (o drgressC Thertfydes3-3.96 (m,
1170 eaction productwas dri r high ' of ite, .,
S R IR G VR o 141 B

CH1C@Mydrous EtOH (50 mL) and the solution was heated at reflux for 2d.
After evaporation, reaction mixture was purified by silicagel column
chromatography using CH2CI2 to 2% McOH in CH2CI2 to give desired
compound 2.8 (466 mg) as a whitefgame Example 2 Step-G

ribof 2 - 7=
e 101 TS KN S e zone .3
(128.0 mg, 0.20 mmol) in CH2CI2 g mLg at -78C, was added a 1.0M
solutiop ofBC13 in CH2CI2 (2.0 m M 7 mmol) dropwise via syringe. The
mixturg.was stirred 8t -78C for 1.5 h, thetwat -885C to -40C for 2.5 hr. The ¢
no reaction wagl PaY (Cattss oy
N

/4
o ! CullCH,=CHCOOMe |, Nl J N
> IDMEI70 °Cl24h Lﬁ?};\j NT 04 MNaOCHgin "
HO  BH Yt MeOH/ 70 °C/3h_ \\Q
3.4 HO  OH HG  BH

Example 3, Step-A: 4-Amino-1-(B-D-ribofuranosyi)-3-[2-methoxvyearbonyDethenyll-1 H-

pyrazolol3.4-dlpvrimidine (3.2)

[0125] Tp a solution of compound 3.1* (300 mg, 0.76 mmol) in DMF (10 mL) was added
Cul (29 mg, 0.15 munol), methylacrylate (1.3 mL, 15.1 mmol), triethylamine (1.3 mL, 3.09
mmmol) and tetrakis(triphenylphosphine)palladium[0] (88 mg, 0.08 mnol) and the mixiure heated
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quenched with McOH (8.0 ml) and the solvents were evaporated. The
WOresulting crude product was purified by flash column chromato%ragzhy
SUEYEIRSE gel using 5% MeOH in CH2CI2 as eluent to give fHelitig?004/027819
compound 2.9 (59.2 mg) as a white foam. [01241 'H NMR (DMSO-d6) d
10.62 (s, NH, 1H), 819 (s, H-2, 1H), 7.47 (s, H-6, 1H), 6'15 (s, H-I', 1H),

PR R A R A C B B B v
Pd catgiy. weeed @B it BHICOQ)reErampiedule (@ heiol ianoSyith2r 6 hr. Then
e e R R e R b

added. N ffNm ZRomy70 G224 ACOB{ dbMiMnN a@Chid e b Hi© iibittioestidktt 7 45 min at

room t Yardrt fIGh B . Sd o EXATRle 3. pten: : .
e B, e A S i B M B i1 amd
the solgentspeppere®d) {Grosniveraphilphivificitoomposibid3ett (30Q Ry OMGE0I in
CHCITIRA R RMELLO Bl A S22 0-?}}5 ]

? methylacrylate6 (1.% r#l-,lS?Lananﬁoq)fnt#e% f/iléll |rtu¥ e rrsl?_ﬁaa'.09 mmol)

*J. et eeislPfBh Sty (pridsphifie) palladium[O] (88 mg, 0.08 nunol) and the

mixture heated 38 WO 2005/021568 PCT/US2004/027819 at 70C for 36

hr under argon. After this time, additional Cut, methylacrylate,
e A na G B Bdlathalivenondiid b-dHydie- 48 Bedwindreaction
peridirevas Mpatechior afurthey 6 hr. Then the reaction mixture was

cooled to room temperature and 8 ml, of 1/1 MeOH/CH2C12 was added.
[0126D mepowes locnbdaRisarbifmenas eddadipnddhe Mix 8RHRG0H was

heat dfc%r 4 mirn at. room temperature then filtered. The resin was washed with

eated J i RilCMib ENRRDEI9 G Ard deratnd Wb dressvaiorafiacidic form) until the pH
of the fGittaraaiagiaphieopdliicatiomamsiieaeslisusng G Me@hinGiH 292 washed
with ?}\f?{@%ﬁ&@q cQ poug'd 3.2 (120 mg) as a light yellow solid. *J. Med. ]

lent. 15632 86 5abAea 36 By PRRISHIS. hs- Bt At was purified

by flask-@ilwoinceifibmit2:3apli-paniaazabe ne(r BaleAseT;08e{38nk to give the title
compound 3.3 (10.7 mg) as a white solid. "H NMR (DMSO-dg) d 11.6 {5, NH, 1H), 8.58 (s, H-
4,1H), 7.35(d, /12 Hz, CH, 1), 6.31 (4, J 12 Hz, CH, 1H), 6.11 (d, /4.5 Hz, H-1’, 1H), 5.46
(d,J5.7 Hz, 2-OH, 1H), 5.21 (4, /3.9 Hz, 3°-OH, 1H), 4.80 (t, J 5.1 Hz, 5’-OH, 1), 4.62-4.64
(m, H-2’, 1H), 3.92-3.94 (m, H-3", 1H), 3.44-3.61 (m, H-4’, H5’, 2H), 0.83 (s, CH,, 3H).

=1 Ve wikd
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(0126] A solution of compound 3.2 (110 mg, 0.31 mmol) in 0.1 M NaOCH3
W 0 4\%9 t%{\/as heated at reflux for 3h, cooled to OC and treated V\;lth 027519
owex 100 (acidic form) until the pH of the mixture becanmé Hatit4(2781
The reaction contents were filtered and the resin was washed with McOH
/ICH2CI2 (1:1). The solvents were evaporated and the residue obtained

was purified by flash column chr%r;{w Laphy using 4-4.5% McOH in \
CH2CI2 as eluent to give the titIeTO&}@Tnd 3.3 (10 7 mg) as a white

solid. 1H NMB-(AISaie)-f g ,7.35(d,J
12 Hz, CH, IH ), 6. 2. CH, 1H). 6.11 (d, J4 H-1', 1H),

5.46 (d, J 5.7 Hz, mm&%ﬁ@)woa J5.1

Hz, 5-OH, 1H), 4.62-4.64 (m, H-2', IH), 3.92-3.94 (M, H-3', IH), 3.44-3.61 oreome

(in, 1-1-4', 1-15', 2H), 0.83 (s, C @Dﬂ?-l) 39 WO 2005/021568
PCT/U82004/02781Q Example 2-(2-C-MeEtI-(3 -nbg{furanos 1-678 i

9te Yahydro 5 Gritetraazab nzo[cd]azule ) OTBDMS . S

SNClZBnO-BLCLACI FiCT }Bra jJOTBOMS a4 Iz 2Bn6 5\, K
OH R4°gT Bn@H2 ~N-H THE nBYLI N+«KOHmbANI&CH CN/16h%
2.2 4.32:8 CI2Bnd OH 4.2 C TBAR/ NHPhth THE ®H NH CI O G|, N
CI2Bn0/~J/JNHJO N NHpCHpCHpNHp CI2Bn0 J Ny CIpBRON -2
C2HSOH /-~ ¢i2SnO OH CI2BnO OH DEAD/PPh31CH3CN E CI20ng erAF,

on

4544D4.3 NHPhh
, OH
NH Ci o o
= R Sy
ClBnQ (] /)N CLBNO ¢ /JN A an:
2 n
kd N NHCHpCHoNHy woi\f N “\g CHBRO ol N N/)
CbBnd  OH e OLBRO  OH SCHSON, o 2y
4.5 4.4 D 43
F BCly in CHsCla

4.6
[0127] Treatment of 2.2 with n-butyllithium in THF at -78°C resulied in a selective halogen-
metal exchange to yield an intermediate which on treatment with (3-bromopropoxy) tert-
butyldimethylsilane (-30°C/ 5h) afforded 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 ol 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 sifu

cyclization of the free amino intermediate to give protected fricyclic 4.5 in 56% yield.
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FJBC13in CH2CI2 ~NH I~f~\N  HON~N~ HO OH 4.6 10127]
Treatment of 2.2 with n-butyllithium in THE at -73C resulted in a selective
WO HirgtdAcSmetal exchange to yield an intermediate which on REEWSLGXFE19

(3-bromopropoxy) tert- butyldimethylsilane (-30C/ 5h) afforded pyrimidine

4.1 in 36 % yield along with the recovery of starting pyrimidine (30%).

When the reaction was repeated on large scale (startin 7.%% f 2.2% o
Deprotegiighi i HAlewNTER HASR v AT KO GHel Ay ek 2 s
deliverelPRlaterkin R GKRld HIGIROSE IRCHYS, Wytasylaiiag ofid. bumitiviionby silica gel

sugar 2.4 in the presence of KOH/TDA-I afforded nucleoside 4.2 in 17%
column %%@ﬁéP@’Removal of the TBDMS protecting group of 4.2 allowed
Mitsunobu coupling with phthalirnide to give the corresponding

pinaldo geralive 4.5 i1, Bhihalimidg gleayag
dlpyienntith &4.8n alternative reaction condition using ethylenediamine/ethanol

resulted in phthalirnide cleavage followed by in situ cyclization of the free
[0128inimeuimeniedidieotorgivedst Gt Lol st linms s8R AP Aampyas cooled

. 5 68 PCT/U 41027 8: i e i |
to-78 Og(?(%l é%go%’?f%‘g% icr%]él?%%?n q%%?%@%%ﬁéﬂ?oﬂ %%}%B%%Iﬂ%ﬁggig%e?m .
added vinsyohenoctedside 4 Binrendbngoiateenyien wtesthueiiteribs Bosdifitaapt -78°C

N B 1ato = DA dded vi
e B e 3 -y o el S i e
syringe (4 75 X0 09811 AusiEpe resoticsmbriouiis 2w dogrlasly FrebIIR il stired
for the 1%7‘%0&/'91 E}h‘i) MERcapled, 1957 & AC Bnderan A aar. aiMOFRREIR: 3G MrBYbiame

. exanes, 67.3 mmol) was then added via syringe over 1.5 hr._
dark bropeiresitngrduspekens i8S evraiehdr Tereseiso i srergbedfypdding

aqueoug%ﬁ%%m@wye)ﬁ@&ﬁ% Il @M@ﬂ%@(@ﬁj‘ A waledr @IQUHHL) Wiah extracted

slowly added via syringe at -78C over 1 hr. The reaction mixture was

with CHgfdweBhocsiiiyereasuBuiey srid sh8aofor Re Nt n Histehentberaeorated.
The beil® doAls4840 9% ik kibk hheeaciionmixive Resame, GadeDIPWEIDAC in

color, and was kept at 4C overnight. The reaction was quenched by

hexaneggiftiyrhiusasNdatied oMY il difuted Rith CRIBCIZ!t60omL) and

S slied qrent

bisH0-( 2,4—dichloronhanylmethvl)—ﬁ-D—ribofuranosvi)—’?H—bvrroIof2.3 ~dIpyrimidine (4.2)

[0].291 Compound 4.1 (5.24 g, 16.0 mmol) was suspended in CH;CN (120 mL) and
powdered 85% KOH ((2.63 g, 40.0 mmol) was added followed by TDA-1 (tris{2-(2-
methoxyethoxy)ethyljamine (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,Cl, (200mL) and water (100mL). The aqueous material was
extracted three times with CH,Cl, and the combined organic extracts were dried over Nap5S0Oy,
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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hexanes as eluent to give the desired compound 4.1 (5.5 g) as a white
mple 4 Step-B5-[2-tert-But .

WO :
?(@ ethl ony)pronyll -4-chloro-7-(2-C-methyl-35= PCTIUS2004/027819
bis-O414-dichlorophenylmethyl)-(3-D-ribofuranos )-7H-pyrrolo 23-d
yrimidine 4.2 [01.291 Compound 4.1 (5.24 g, 16.0 mmol) was suspended

iR GHREN, el ml) enmhrewgered 8% KO H263:0: 40 0immally ¥iothy)-8-D-

4 added foIIowed by TDA 1 (tr|512 (2 me hoxyethoxy)ethyllam ne (U.

ared solutlon of bromo su% r2. 4 (20 0 mmol) in anhydrous

Tl
[01 RindutienofsompaendthadSAg mem A, mawths b fGstte dvisragided a
1.0M Mﬁlﬁwﬂ@ﬁhﬁ%@%ﬁﬁ%@u&oﬁﬁ%d@ iarriae el and i srted Wilh GHAfGI2. The

(200mL) and water (100mL). The aqueous material was extractedthree

colorlegiieliinersteres Bt thesrmmsmargtie anddees didnedtacddision of 150
ml of NARIDA:dNRIEY AWK By PREAIGH THRESHISRIGUIELWAS MHETREhendin Ccr,cl,

silica gel column usrnge15 % ethyl acetate / hexanes as eluent to give

d theg drjrd PYXeaRAe Alderodsags %@ﬂw%ﬁ’éw%ewiu&mmm@ms

chmmarz%m&@aﬂgl@zz 83916 AmP 14 (H1eR-Gnrbsfe Wh O8N [RGrd@etiMbSund 4.3 (460
5-bis-O-(2 4-diehlorhenylmethyl~-(3~D ribofiuanos Il] 5

mg, 67 ) A5 A rSIB RS- 7H-pyrrolo[2 3-d~pyrimidine (4 3) [0130] To a solution
of compound 4.2 (800 mg, 1. 01 mmol) |n THE (20 mL) was added a 1.0
A SO|IIJtIQI‘IS?f ] , 5 mI) atéoom

M@Mmmmmmaeqjmm@t23&{1@@%@%2@1&%d water

~ (50 mL). The aqueous layers were extracted three times with CH2CI2,
[013hd ihersdrigdnovBroNa2S64 4f'3tere;w and.8vaporaeiieid. FIACatanbystisaded

mat @) H2C elu
L R T e T T
DEAD 44@t9{br[3 9B Ghtoln- iﬁkﬂtﬁbmﬁm{yjﬁ&x&m&vﬂzm overnight at room temperature.

TR e 2 RIIRG LIOA ot 70 & SBHOR 7 B o

aqueouﬁflgy(slsza@aaeﬁglmoi)lm WHE W@Lme&oaddﬂdgmhyiﬁﬂ aspRi@orated.

mmo th |m de 3 mmo
e res o B AR R B Rl 1 Bh T e i
hexaneggomiuerpegatatbe Jdsecdaotiopomintdre (asedilGed oy adeling $6RIML of

CH2CI2 and water (100 mL) and the aqueous layers extracted three
tlmes wrth CH2CI2 drred over NaZSO4 f||tered and evaporated The

rzbo@@r%o "3(‘9' e S%ﬁsfg‘@ﬂt g&ﬁ%ﬂ)@%z%féd']ggu(fgﬁggggfd 4 4
(1.5 g, 100%) as a white soli Xample -2-C-me
[0152piseQ r&aaerpbrqr&agsaala@ Boripeferanasylh Pad SO IGHANGIO A BA ) was

3 5,6-tehaazabenzo|c ]azulene 4.5)
added ethylenediamine (24 pL, 0.4 mmol) and the letUIG was stirred at 50°C for 2 days. The

solvents were evaporated and the residue was purified by column chromato graphy uvsing 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‘-methvl B-D-ribofuranosy)-6.7.8,9-tetrahydro-24-2.3.5.6-

fetraazabenzol cdlazulene (4.6)

[0133] To a solution of compound 4.5 (68.0 mg, 0.1 mmol) in CH2Cly (10 mL) at ~78°C was
added 1.0 M solution of BCls in CH,Cl; (1.07 mmol) dropwise via syringe. The mixture was
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[0132] To a solution of compound 4.4 (161 mg, 0.2 mrnol) in absolute
EtOI-I (15 mL) was added ethylenediamine (24 hL, 0.4 mmol) and the

WO HYIPENRs stirred at 50C for 2 days. The solvents were evBp&fStaeP4Hg’s10
the residue was purified by column chromatography using 2-3% McOH in
CH2C12 as eluent to give the desired compound 4.5 (70.7 mg, 55%) as

stirred a fggté;&\r/)[l 3&' EEérST ¢ %@ fs %6%'%%%%@05‘%&@%8@1&1@? adding

te raaza enzo[cc~azulene~4 6

MeOH (sdbutibi, mmmmmma@@mmg ad m@gﬂnmm@ @ m@}%@d’rgélash
ded .0 M solution f BC1
column V\flromae ﬂ%lg rﬁlx er sil1ca % 3? O@%?G% i r/ %Q Q%ﬁ‘f"ﬂé?*@@t:ﬂe

rng ure was §2004/02781
compoustirde®l (3t 7 8@ )fes &\Bkﬁtetlﬁmfor 3 hr at -35C to -40C. The reaction was

e e-sgl R
[013%39 %ﬁﬁ%ﬁg@ﬁ ﬁe as pur éd by )ﬁﬁghﬁcgo é'enlilkr]r?{ mz\@gﬁ%é@ 612
(s, H-1"sllid} S350 (675 NGOH it IER 2681, & 78 entié Hard tiffd lugHpouf dm
6.(31. a white 01 d6) d7.99 (s, H-2,
NCHZ‘L'WS‘%;%E fﬁq\é 39 nML %EM BF Bﬁ“@'% 1H). 3.82-3.94 (m.
H-3', H-4', H-5', 4H), 2.78 (m, NCH2CH2CH2, 211), 1.9 (m,

NCH2CH2CH2, 4H), 0.70 (s, (THRx3H)eMS m/z 379 (M + CH3COO)

Example 5 2 2 O- Methyl (3- D -nbofuranosvl)-2 6-dihvdro-7H-2 3 5
e ribofiran 2131 50N ekjaggadanEofdpkybup/ -one (5.9)

Sl OI f N N TIPUSCh/ OMF I NH/MeI/DMF ly "--~7 tmidazle7 ---- O

4h/0CO\H 'OH Si-O OH |OOCH3 5. b5253CTBAF/THF Cl I

Gl N INp; jﬂ D KO NI{NJ N ICICKI ﬂZ}czEg)/p)g@{lng Ac6 OCHE J
-Gi

% R B R

&) = E a : %
- < — S . = E ~. = -
R = Si— OH 4n/07C S0 QCH,

HG on OH m{/\\ 52 -( /\ 5.3

[
;o c o

N =
Acok< m E Ac) q: y HO )

TBAFTHF

g N jeicHsCl, %}’N N AcOfpyridine K(?}J
eI e >
ey prv . H3 oo
AcO OCH, AcO OCH; 3
5.
5 55 - 5.4 -
p | NAg/MeOH/
12070
0
P NH o
RS N, 7 NH
G OMe £, H N
HO ) M(__,O\w / N 7 i N
k/oy Bulsn\__/—-o HO N~ DB dioxane/ HO N N//‘

—t e \\<O)/ reflux/3.5h Ldy
KO DCH, PACL(PPhy), Sy S a

Cul/DMF{70 °C HO  OCHs HG  OCHy
5.7 58 59

10135} Selective 2’-O-methylation of tricyclic nucleosides was sought by introduction of
selective and simultaneous protection of 3’ and 5’-hydroxy! 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
TIPDSCL/imidazole in DMFE/room temparature/overnight gave 57,3°-0 TIPDS protected
compound 5‘.2 in 75% vield. Methylation of 5.2 in DMF using Nat/Mel/ 4h/0°C gave 2°OCH,;

compound 5.3 in 35% yield (2 steps). It was found that by decreasing the reaction time from
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5.6 5.5-5.4-F NH,IMeOH/ 120'C 0 \NHz / NH hit: G OMe H HO N WO
N f&l g}j JO BuSn HO N NJ DBU/ dioxanel HO N NJ h O~.__ L_fﬁ)‘s
WOr%}f UXAE" HO PACI?(PPh:~)y OCH3 CullDMF/70 C HO O&hY c")!“”’027819
OCHa 5.7 5.8 5.9 101351 Selective 2'-O-methylation of tricyclic
nucleosides was sought by introduction of selective and simultaneous

4brto 1@{%&&%{%@& 3 A0 Rihy i PR %@%ﬁx&.th{mm HBeQIPDS of 5.3 was

tetraisopropyldisiloxane bridge, followe methylation and removal of

accompBseddiy prinactiomivalsrbrd 5OMbasbriRbaemRYrE SHrHdrcRfE at 0°C/ 1 hr
to give SHUAHARIE SO herciding ok Withe NERAGImidazale n DN fliaaative

temparature/overnight gave 5',3'-O TIPDS protected compound 5.2 in

yield. lggumijndiddtmyiagdnions2s b e SisdMaSARRP UG dR 082 e and

subsequeBTRRHRA N IS FRENRIAK 2960 Sinth RS TN the P HRSEESTING 0% isolated
_ reaction time from 43 WO 2005/021568 PCT/US2004/027819 4#‘3%0 Ih,
vield. Siiiasounting @b iuHeesicoiansdin SatsihdsRBROFATHPIRBIPISE Bf

(Z isomery iW3FACAN 9!1&'%@9&&%}11@%5&9?{‘1 HivalRAt08 LM subjected to cyclization using

tetrabutylammonium fluoride in THE at 0C/ 1 hre to give 5.4. Intermediate

DBU/dipxpenmalfudsldtsect sisychie2onsridid @ vl siiduantitative yield.
lodination of 5.5 using ICI in CH2C12 gave the iodo compound 5.6 in 66%
“Eemble

NS e PR R A A D.
ribd@-Reioyl-Britrinutyistenmyannitiie psavided 5.8 (Z isomer) in 27% yield
and the Stille coupling product 5.8, when subjected to cyclization using
[0137] To a solution of commercially available 6-chlorotubercidine 5.1 (3.0 g, 10.5 mmol)

in DMF (140 mL) was added imidazole (3.6 g, 52.9 mmol), and TIPDSICL (1.2 eq) (4.0 mL,

LN al

12.5 mmol) at room temperature under argon. The reaction mixture was stirred for 16h at room
temperature and then quenched by adding 20 ml of EtOH. The solvents were evaporated, water
(100mL) was added and the white suspension was extracted with CH;Cl,. The organic extracts
were dried over NasSQy, filtered, evaporated and the residue purified by flash column
chromatography using gradient 5-7% EtOAc in hexanes to give the desired compound 5.2 (4.14
g, 75%) as a glassy solid.

Example 5, Step-B: 4—Chloro~7—f2-0~methvin3,5—O—(tetraisoproovidisﬂoxane—1,3—divl)»

B-D-ribofuranosyl]-7H-pyirolof2,3-dlpyrimidine (5.3}

[0138] To a solution of compound 5.2 (2.0 g, 3.79 mmol) in DMF (45.0 mL) at 0°C, was
added methyl iodide (1.88 mL, 15.23 mmol} followed by NaH (in one portion) (228 mg, 5.7
mmol, 60% suspension). The resulting reaction mixture was stired for 1 hr at 0°C and then
quenched with anhydrous ethanol (20 mL) and diluted with 100 mI of CH,Cly. The diluted
reaction mixture was washed with water and the organic phase was dried over Na,SOsy, filtered,
evaporated and coevaporated three times with toluene. The residue obtained was purified by
flash colmnn.chromatography using a gradient of 5-7% BLOAc in hexanes and afforded the
desired 2'-O-methyl nucleoside 5.3 (1.4 g, 68%)
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DBU/dioxane afforded target tricyclic nucleoside 5.9 in 48% vyield.
Example 5 Step-A 4-Chloro-7-[3

WO Qe @isopropyldisiloxane-1,3-di~Z(3-D- ribofuranosyll-7HXE ¥eigip+4/027819
3-dv3Umidine5.2) [0137] To a solution of commercially available
6-ehlorotubercidine 5.1 (3.0 g, 10.5 mmol) in DMF (140 mL) was added
|m|dazole 3 6 0 52 9 mmol) and TIPDS|C12 .

@%%%S@m temperature and then quenched by addrng 20 mL of
t e solvents were evaporated, water (100mL) was added and the
[0139itS SUSRATHOT MASHEYHASISY? Wil BHRGIZNTH &rOTHHN (¢ EXtragtsvuserdded a
dried over Na2S04, filtered, aporate %%dg/&r%éresrd urrfre %{ f(laasture The
1.0 M solgfism’ éﬁ?&ﬁﬁ%ﬁ’dﬁ?&‘pﬂ?‘tﬁgr YriEm s ergghneslt give
colorlesdRe1dasiarhsamnuURe brd ﬁﬂr%ngteﬁ%aasra glashyrsdifdteE kgrapiin; 150 mL of
Step-B 4-Chloro-7-[2-0-methyl-350- tetrar siloxane-|. C’algr& dried
CH2Cl i ¥ Fat oS- ﬂirep%r%faﬁgoatﬁt}rﬁ% oS A e Gl
overNamr?ﬁlitﬁgbg B162Pago i, mmmrmlc)%m‘”i rﬁﬁc@ #oL)aniE dvasnaldgeghy using
methyl iodide (1.88 mL., 1 rnol) fo H (in on orn .
pure CH3 g g VAR GEoh EASSHEOAE T AL ST R e S 974)
a colorl&léregd for 1 hr at OC and then quenched with anhydrous ethanol (20 rnL)
and diluted with 100 mL of CH2CI2. The diluted reaction mixture was

washed with water and the organrc phase was‘drred over Na2804 frltered

ogig!;egawas C%%rrfre% %¥ flash column chromatography usrng a gradrent
8 es and afforded the desired 2'-O-methyl
mc{tﬁljeos'do%% ﬁ 8900 4% 4Q 2O0RIPPAPEE A0 MO8 Wacetic

xamp C 4-Chloro-7- C 5. 4 d]pyrimidine (5.4 g0139] To
anhydriged@l@fombof &:émmma B Eez gnd. 65 ARy o Apem

tempera%gr%e 48 LM Bolien Al iGHARUlY IHRMOoniYiR o A b/ 260 CHzClg and

mmol) at room temperature. The colorless solution was strrred for 1 h[
CO-

the solutgomvasmipshetire rivetehen dise By Hdding D5 Ss

evapor d@é@t%lélot%n-ghﬁrégliﬁ%‘ds m&t@ﬁdﬁ@%ﬁﬁfﬁ&ﬁeﬂa@ﬁ@ﬁﬁéﬂﬂﬁr\ﬂﬁﬁh column
Cl2, dried overNa2S04, filtered and ezé) orated. Purification b ér'%aaesmd

chromagwr@dumﬁlea o ting2pare eAZe PAEYE 8 Mt is &g

compodR FUent Sgegpg desied sampound 5.4 (1.24 g, 59%) as a colorless oil.
Examp tep-D 4-Chloro-7d2-O-methyl-3,5-di-O-acetl-jl-D-ribofuranosyl
-7TH- pyrrolo[2 3-_dlp nudine5.5

Example 5, Step-E: 4-Chloro-5-iodo-7-(2-O-methyl-3.5-di-Q-acetyl-B-D-rbofuranosyl)-
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 1L.OM
solution of IC1 in CH,Cl, (8.12 mmol) was added at room temperature and the resulting dark
hrown 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 %) asa

white solid.
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. [0140] To a solution of compound 5.4 (2.44 mmol) pyridine (40 mL), was

added acetic anhydride (1.23 mL, 8.44 mmol) via syringe and the solution
WO 217445 right at room temperature. The solvents were eVEpblatel 27819

vacuo, the residue was dissolved in CH2CI2 and the solution was

washed with water then dried over Na2804 filtered, evaporated and co-

'-’:.o r ed wt_ ;Iueth_r e m _e re&ld __f)btz;hn d Was | u o‘ DY 10r2 3-
dipyNtaedmdnCH2CI2 to give the deswed compound 5.5 (.26 g)as a

colorless oil. Example 5 Step-E 4-Chloro-5-iodo-7 ~2-O-methyl-3
[0145}dk@>mmyld&axrmumm)Sﬂxgpu.ﬂﬁ[’zzmd]puimm@a(63 [014 Yjapdransterred

toa bteegglu“ n of fgﬁlg oéﬁg‘t GE)%J (Ptrea %%T&? § @t?orr? !52” a%]%ﬂgr&ﬁ in

nnnO was a at room temperature
MeOH @0drthe fEBelhtHagtdavkaSkHMdmmﬁeaWdaS $618¥d duerhightit Thereaction vessel

was cool GRS S SRR ASI G RO AR A AR GritoANGS. The

un e vacuum min. A light brown sticky
crude prﬂlhiﬂft&h%Ssobcta&mMﬁm wizstbedfiedicsi iﬁl%gecondmmcﬁnﬁrhatﬁgﬁfh@hiﬂm

usin radle ure CH2CI 5,% |2.t0, :
ehvoma A B8 S g o8 SRR R I GRS give e
desired 260p/02EF6B @CT/EP0410ET 818t eExérhple 5 Step-F 4-Amino-5
i0do-7-(2-O-methyl-~ D-ribofuranos~l 7F~ pyrrolo(2,3- d]pyrimidine (5.7)
[0142] A solutlon of compound 5 6 (28 8 mg, O 057 mmoI) in MeOH (3 mL)

metﬁéiki-@ﬁ%‘?w{%xﬂﬁ é‘f'ﬁ%%’&é‘fb M%%ri&ﬁdme)(sT Be reactor was sealed

and heated at I T8C overnight. The réaction vessel was cooled (0-5C),

ro149ened Caeisy pashipseastion %M@W@%ﬁﬂ@g%ﬁﬁdﬁqﬂlwm Thee added
crude product was dissolved in MeOH, adsorbed onto S|I|ca

AT e v Y s AT e et (L WA G L T RN W

mmol) EQMM@@UIQW?@%F'%@%{%M%&%V@ QOmﬁ@uﬂﬁb&ﬂ temperature
(20.7 mg gz s an off white solid. Examine 5, ,St--

and thoy RS (b eymingrliand FRIcRIR SIS e ot 0°C wnder

argon. SeRYlidiRziRoBdRIsdine & Bkididalule asallton dicogipauaiite pad.
5.7 (156 mg, 038ngrlleg$)]|n DMF (12.

The ol AT S AAB I R giod  K eer Sh0 6198 g were

combint@-28dMe ikEnmmel:andorit¢d 46vmgo0. Q&m&saﬁl&ﬁh& mikisie wdsn MeOH

stirred for 10 min at ro d the PPh C12 wa
and 0 RS 3 TR Y LTS YnGHEZ 52 MeOH in
CHZClgTda%lﬁﬁﬁ@BJ@ngmwﬂewasfb@ﬁm{md(ﬂ)ﬂ‘(}@mm ra‘fa@ amj}fdlkmd:ahrbug h

a celite pad. The celite pad was washed with 8 mL of 1/1 McOH/CH2CI2.
After filtration, the washings were

Example 5, Step-H: 2-(2-0-Methyl-B-D-ribofuranosyl}-2. 6-dibydro-7H-2.3.5.6-

tetraazabenzl cd]azulen-7-one (5.9)

[0144] To a soiution 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 CHyCly 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 (5, H-1, 1H), 7.04
(d,J11.7 Hz, CH, 1H), 6.13 (d, 7 6.0 Hz, H-1", 1H), 5.67 (d, J 11.7 Hz, CH, 1H), 525 (d, J 5.4
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combined and the solvents were evaporated in vacuo. The residue was
redissolved in McOH and adsorbed onto silica gel and purified by flash

WO 28ft#i ¥Bromatography using 2.5% MeOH in CH2C12 as SIGBAERIPa7819
the desired compound 5.8 (38 mg, 27%) as a yellow solid. Example 5
Step-H ~-(2-O-Methyl-(3-D-ribolilranosylIL 6-dihydro-7H-2,3,5,6-

, r , nzfcdlazulen-7- e%) 44 a solufi f 1 r;td s
b1z, 3G D bl b A B e 4 A BIenledtlaf
1H), 3. Sievesiolonwsy by DB (38, piLs 025 BB s, KeTigaHpMSiXxture JagV-H)"

stirred for 3.5h at 110C and then cooled to room temperature and filtered,
the solvents were evaporated and the residue purified by flash column
chromatography using CH2CI2. Ea@8pldficOH in CH2CI2 as eluent to give
2~2—C— :v,_.:é. |i=' i{— &Y f\ﬁv»__lbd— : :{.L: 4_?-1‘ dlazulg cJ-one 6.6
d, J 11.7 Hz, CH, IH), 6.13 (d,1 6.0,HzgH-I', IH), B.67 (d, J 11.7 Hz, Chi,
H), 5.25 g%w 0,4.,46 WO 2005/02 PCTAIS20044027819 Hz}3-OH,
AH ), 5. 1224957 Hz5"-Old,elé), 4,24:4027 (m, H4., 1H), ofed@-4. 15-ti,
H-3 14, ‘%Y H-2', 1H), 3:5%:3.61 (m, H-5', 211), 3.28 (S~OtH3i
3. MS m/z331 (M -Bi)-' Exampte:6 2-(2-C-Methyl-B-D-ribgfizrangsyll]-2
6-dihydro-7H:2:@ 5 Bitetra a gﬁ%enzoc?[ed]azulen-%one 6.6 CI'A Cf B | N2
N 1) 2 equiv NaH,2kHE N NHgOHtdioxane N J C12Bno J CIpBnO N N 2)
CiBnOI1Oi ,Q' \:7 Ci2Bn6 on CI26n0 OH 6.340CIZBnO b"2.46.2000 #
NHZD KIN E N»{@%{bpha)z, OMe/ N D&U, i BCI3, EH2CI2 ~N /i

"CUDMET70 C CI.B (@) oxapie, d CI2Bn0 - 208C:0MCMeo Bu35 s

CEPEIZERE-OH < o> C12BR0GH n_ﬁu% \5'6.6 J0146), The tricyclic-\”

nueieoside 6.7 wassynthesized starting 0 4-ch|oro-|H-pyrroIo[2,E?—(j/

BugSn =0 CBrd  OH z
oH

O,

CLBnd  OH H
5.4

6.5 6.5

[0146] The tricyelic nucleoside 6.7 was synthesized starting from 4-chloro-1H-pyrrolo[2,3-
dlpyrimidine 2.1. The nucleobase 2.1 was treated with N-iodosuccinimide in THE at room
temperature for 4 hr fo provide 4-chloro-5-iodo-7H-pyrrolo[2,3-d|pyrimidine 6.1. Then 6.1 was
converted to the corresponding sodium salt with sodium hydride in acetonitrile and reacted with
bromo-sugar 2.4 ((VHelv. Chim. Acta. 1995, 78, 486; (il) WO 02/057287, 2002), to give
nucleoside 6.2. which was direcﬂy converted to 4-amino-5-10do-7-[3 ,wais—O—(ZA—
dichlorophenylmethyl)-2-C-methyl-B-D-ribofuranosyl}-7H-pyrrolo]2,3-d)pyrimidine 6.3. A
Stille coupling reaction between nucleoside 6.3 and Z-3~tributylstannylacrylate provided
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,Cly to produce nucleoside 6.6.

4-chioro-5-iodo-7H-pyrrolo[2,3-dJpyrimidine (6.1)

{0147} Compound 6.1 was prepared according to a published procedure (Townsend, L.B. et
al., 1999, 33, 1982-1992.
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d]pyrimidine 2.1. The nucleobase 2.1. was treated with N-iodosuccinimide

room temperature for 4 hr to provide POT/US2004/027815

wo gacmor %-lodo 7H-pynrolo[2,3-d]pyrimidine 6.1. Then 6.1 was™ converte
to the corresponding sodium salt with sodium hydride in acetonitrile and
reacted with bromo-sugar 2.4 ((i)Hely. Claim. Acta. 1995, 7S, 486; (ii)) WO

@%{Q_ﬁﬁl%%? P& Mtv&or%aa?tde @ %1§N5' ?5 wa&ﬂr&%&t@ﬁ%@tﬁ% B.c.

4 amlno- -10

I5-0-(2,4-

it AnOHYY il B hne &¢Ik H-pyrrolo[2,3-d]pyri
m|d|ne 6. 3 A StlIIe coupllng reactlon between nucle05|de 6.3 and

[012%Iﬁmnywtdr#fyrwmmeap«rd\n@l@admﬁfp&ummlblmhfﬁ@mdmoﬂlbfﬂelv- Chimn.

Acta. 199@19@%6 ‘{!i V\W heating in DBU/dioxane overnight to
afford the protected tricyclic nucle side 6.5, which was then treated with

[0149} gh sephemsrideanemed @%&ém@é inuoibpéidusgestonitiile (90 mL) was added
to a solRIH OO QAQATHRY BIIGR sl ¥Amisting- ?)J?LQ 9@59{19}18%9 :hyt@is‘ated in

prepared according to a published procedure

situ ﬁoatg@@héaeifgmgéépmw@@e@myzmsbaepﬁrt@seeozmgﬂ@ in anhydrous

t r
AT ORI PO RN o

stirringgt 29%&@8}1—‘@%% rith AOWREISFapaTRECatEs ﬂﬂiﬁgd@tm@pumn@@ture for 24 h,
and theﬁré’@%gh'ﬁ?ed( B-drlgl¥s Chllle AGHRLIR (BB MW WQ BFORIPHud extracted

2002). [0149] A solution of compound 2.4°(25 mmol) in anhydrous
with CHeglohitiROfgnTmL iascaeiisgd mxtiassiotions sfthebudthbraw(3R0 mL), dried over

Na,S0f-ERIQMR-iPER: rQBéHOl?[%%IQM%Hg@%[&? NRERERAR ASHHIYR column using
4-chloro-5-iodo-IH pl}lrrolo 3-d]pyrimidine (6.99 g, 25 mmol) in

othyl aggipfydrbtisioae éléitrie ¢ ARSI iR PAOOTY R Bra PEIdUChVprogombined
and evARd 3HOLADTOELMAARUE ST P AILOOR (e mperaitiel 4the a@qmg@ﬁow

mixture was stirred at room temperature for 24 h, ‘and then evaporate
foam. dryness. The residue was suspended in water (250 mL) and extracted
with CH2CI2 (2x 500 mL). The combined extracts were washed with brine

ORI dedover, Na2egd, 1 ed and svaporated. The crude v

amino-g-iodo- /-
meyi-iLD)rids fhensbigelit 7 Fractians| ednidinidenibmpredyct were combined
and evaporated in vacua to give the desired product 6.2 (6.26 g, yield
[0134pd)ces dighpyeliow.2fGam. Exkamplp &), tﬁte;pm& (160 mL) was added conc. NH,OH

Nno-5-i o 7-1 chI zet
o0 B N AR I A IERE Y g o coots
and eV@nababnd\ﬁ@c(S 7@116 ﬁuﬂmnmmrdlmadﬁﬁmb&dnh)lmgﬁd@lﬁﬂ}é@b and washed

wits wNE4OF (00sALL The e Mias heated e slaliess steelauodiaie .,

or 3 evaporate IN vacua. e crude mix
The crydagaidsolved: thaOpumbiedf @H 20 Z:agetl cobishedvith 5% MeOH in CH»Cl, as eluent

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

Example 6, Step C: 4-Amino-5-[2-(methoxvcarbonylethenyvll-7-[3.5-bis-0-(2.4-

dichlorophenylmethyl)-2-C-methyl-g-D-ribofuranosyl-7H-pyrrolo[2.3-dJpyrimidine (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. 4m. Chem. Soc., 1993, 115, 1619), Cul
(66 mg, 0.2 eq.) and PACL(PPhy), (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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with water and brine, dried over MgSO4, filtered and concentrated to
provide crude product. The crude product was then purified on a silica gel
WO IS MAAth 5% McOH in CH2CIZ as eluent to give 4.32 g dH&3)8200yHias19
foam (yield 88%). Example 6, Step C: 4-Amino-5-[2-(methox carbonyl
ethenyl]-7-[3,5-bis-O-(2 4-
vacuo tdiehl‘gllJr(?é)henvlmetht)b‘/‘fl%-(lzl-c-gleth -B-D-ribofuranosylI-7H-p§/n-olo[2 .
SRRAmIinE S T s e SRS RIGM S rra b Ban g Bl omagitica st
column rvitiol) r3 006 TEIBamgTHUS DAnwvagaddes 434l ysnniasiiaiad 81%),
(2.1 mL, 2 eq.) (J Ain. Ch.ern. Soc., 1993, 115, 1619), Cut (66 mg, 0.2
eg.) and PdC12(PPh3)2 (121 mg, 0.1 eq.) at room temperature under the
oL - The-Riadidd. fdithierapischetetst) 7DC-foethep-D-
\]Ctian mixture ooled to room temperature and. filtered
il | - aazabenzaloglulens/cone b /021568

O BETUIS2A0MI02FHI0. o PRy ds amorangeid ol gn e e,

] product which was purified on a silica' gef’column Wi
dioxanctide B2 argeluamdsphive 835onytéupasiyetiovndaartedyislqH36) ul, 2.5 eq.) and

| g of 4EXA0IRIE. 6, SISR.D:12: 3 5:Bis-O-(2 4-dichlgrophenylmethyl)-2-C-meth ly
B A Nibo Jr%‘nqé%?n- 835?6“%1 rféﬁ]}%ﬁ?‘f%‘%asqmﬁeg IR E IR dooled to
room tegypstedupatisheofpddited thehsTone(Bd) {0 152 B dus shatipnrifihey silica gel

chroma®QPR q)gi@l/}o 1 1.69,mmol) in.15Q mL of anhydrous dioxane under
an_a?ggn atmoé(épj\h%éggg ?o%r?% e?rr%psxggg E}%em rg\gé%jggdg%o IE,OE‘.@ 65 asa
yellow sedigl dvigldr GI8SMA molecular sieves. The reaction mixture was heated at

tetraazabyittyd[%i Madin-@H2€4P as eluent to provide 772 mg of compoun

solid (yield: 71 % 6,.Step E:.. .
o188 3 IR B OB AS y s toaccrc
at — 78°{etvad zdden ool tdchibnided Ve 616)1{01H3ITCh, sulutibn 1akthel) dropwise. The

ety , ol).in Lo drous 2CJ]2 at-78C
i O O Ty SRS Ry
quenchegrbp\aikbitivnef mithae € 8tiffed lal ) T8GTor @b the thenliat s 30EHH0e-20EC:d at -
15°C fofora3ahg, T ' ddition of methanolic/CH2C12
e M R L T
temperaguiian 2 diiih Hisuwsdidsvean flbeiial and & s S tiriddCHrGhivVIcOM eI AtAr8 0 mL).

Chromaf@ér]a%ﬁgiﬁvak@lﬁfal igey\{%%)f. @ER/I@@%"%@%@F&E"&% goyf%lg Z/T%E&%'@g@% éng of

‘ -3x30 mL). Chromatography over silica gel using
the desiggd epmpinhed thea 28 angsofidiie ddsiféd LompobinidIs 6 e diie) DVISO-d,) §

s A A A AR
H-17), 519511, 5/ 636k 19, 129 Hz] $409), B 11 BHAF BH, Br@KI),EB. 961}, 3188-H58 Ym, 3H, H-
' 2xH(%h?fgﬁ§%g%§3'é}£'j FsRE-30 & (RigibGh)): BES MS: 3915
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49 WO 20051021568 PCT/US20041027819 Example 7 2=(2=C-meth

WO l ;’bf[g ofuranos~I-8 9-dihvdro-3 5 6 9a-tetraazabenzolc é.%g o4/
?9 D-7-0 bz ~OYOH ON Tr-p O OH 0 A Hp 1-Y g Hp/-~ jis ?)H"ﬂoolml9
--0~0 bz-00-bz7.27.37.4 1L.3NNTrNNTrNN DTr-O0E OJy\N F

OOHONON/0dXa757.67.7 NHNCNCN GTr2HZN J~rTrli Tr

-0 O L NH O NH 1 O O N~OSianf@©7pXp pup 7.10 78x 7.0, \ "N~
2NH2Q| 1NNH2 N O SiN OH O :-N-ON- TrOTIOJKL O.X-07 11
Priikp! 3ving 3. Radih veueyr Reoe$.- Pacigirapsaben p.! lazule

0.0 —_ 0.0
bz—0 o-bz x
13 1.2 7.3 T4
Na. Tr N ; Tr, N
> ““”Cﬁ E U\ O P OA\C)E“ZVOH
0._0 0._0 o_0
e s Pt
7.5 7.6 7.7

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-f-D-riboforanose 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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Example 7, Step A: 2-C-Methyl-D-ribofuranose (7.2) [01541 To a
suspension of 2-C-methyl-1,2,3,5-tetra-O-benzoyl-(3-D-ribofuranose 1.3,
WO BBER1p%inhydrous MeOH (1000 mL) was added K.CN (158GAGy 2001 #g819
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
e solent was evaporated antd the residue was dried

} Pudid-O Isprropy Wy brfosnossEk

S$2004/027819. Example. 7. Step :2.3.0spo_ln_
fﬂfﬁﬁmegﬂﬁ%g\@gggggg@ﬁgﬁ%(ﬁ #n Pe’ﬁ’é’f‘ﬂ%rﬁ@té)a%zlwﬁzy{ﬂm@@mne
(1000 @sm@)mhsaﬁusaolgﬁg@wmmmkmm@ RRSLRLAOR $808: temperature

: W, al . IXture was stirred at room temperature
overni S i oSt S SR Dl Bl e ekt
evaporand thbsuisidnt weadosaiedd The(esiduahyhs HssoMRIADO8 Wiknetav:

100 m§ d h {th water. (100 mL) gand brine (100 mL). The solution
(100 e A R ALV e el cvaporatd.
o resﬁggﬁgsmﬂfﬁﬂaglgffﬁeh@hh - dzjgi 7 3ﬂgﬁﬁil 7 éﬁy @g%%t%l of the
tventt yenta e e product 7.3. Example? Step
Soven 3-(§Isop?ro‘1p%/ﬁ§)ér%%? (-)éilgt thyl 5 O (triphenvimeth 1 -D- ribofuranose (7-4
. [0156] To a solution of compound 7.3 (13.7 g, 67.4 nunol) in pyridine was
aidagiehlaepsichenyim fdenddr 840 MDOY. A IBR MUK Wa
4 heated at 60C for 15 hr undér an argon atmosphere. ,
HoG d the residue was dissolved in ethyl acetate (200 mL) and

ed with water (150 mL), brine (150 ml-) and dried over sodium
lﬁléﬁp ith. ( )

(LT OIRHER A SHBROYAA 23l 8ratoh7 thaniasilie yaiditasied whied

chlorotsiliomgeh et @é@g@@@ﬁﬁﬂﬁbl) 10 dRANMRE DY R hBAXANS T for 15 1y under
an argoa(’é%?tse' %vap%éatlon of solvent under reduced pressure afforded 15 g of
H FRLRIfrIERE SHGH! Bis MRS theraviares duslyd 516ty acetate

(200 mipyidenashed wigtha:Q- triemimetnd Baler pati Qe §9:5SRINANHIS Ate.
ion of NaH (95%, 1.23 g, 48.2mmol) in

7.5). [0157] To a suspens dry DME
Adter ﬁ{%@%‘% ?,goéué%ﬂﬁﬂ%%n@ﬁ]m%‘aﬁﬁ@&ﬁér%é ¢ .@g%ﬁqlezlmm@ffywéé with
10:1 foldodedildropwliseaatfh ovarelfian DLBSatELH LU DYDRPED pressure
afforde&§ sedf,g%mgounfj 7.4 (15 g, 33.5 mmol), in 250 mL dry DME was added

to the Tesil t'flng']jl §8 8{}8?138 P30 minutes and then the mixture was stirred

at room temperature for 2 hr. The reaction mixture was partitioned

P99 ML) and g a0ueous lBvsr) .

BREE R W a e - didd sRuoannifillerEH3 T he solvent was
015?{ orated under reduced pressure, and the residue was purified by
(01} Oﬁeﬁlﬁgﬁjﬁiﬂ%ﬂf&ﬁ%@%g%pﬂyﬁgﬁn@‘2mmol) in dry DME (250 mL), diethyl

cyanomethylenephosphonate (10.06 ml., 62 mmol) was added dropwise 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 chromatography using

4:1 hexane: ethyl acetate as eluent. The solvent was evaporated to give 7.5 as an off-white foam
{(14.8 ).
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4:1 hexane: ethyl acetate as eluent. The solvent was evaporated to give
7.5 as an off-white foam (14.8 g). 51 WO 2005/021568 .

WO BiEYR3S9904/027819 Example 7 Step~2E -3 6-Anhydro-2-deoky ANt 027819
-dimethylamino methylidene] : '
4,5-O-isopropylidene-4-C-metal-7-O-(trii)henylmethyl)-D-allo- and

Diplrosepignon! :

: %er@v{&%gcﬁgghﬂidenﬂ-

; Of) S T a 210 CIC
4. 5Hi5fdipetplidmiad) Centdhidxynetiahenid s 8tk D147 4 mal)Felleswashonitrile
dry dimethylformamide (2.3 mL). The mixture was stirred at room
“temperature for 20 hr. After removal of solvents the mixture was
015850RaL ed.on a silic njre-treated with trieth quﬁn to
[ deiiver 1%92&5%# %ﬁ%oargpgi\l/??c%%s&gl%ﬁm% e%@pl ‘#a?]ﬁgrﬁxs £ (60 mL)
was adged hisidragbdbonine)-Gxthbuyorgryrtlethy 82r15) 1115-010.74 mmol) followed by dry
dimethSi® R%%?: erd-C thyl-7-O-(triphen | thyD-D-alto- and
e g—%-sept@%orﬁ%ﬁem%f xf%ré%%fust%r% anfa%(gcr}ng%)%%rﬁ%p 9??%3915%%%%' After
removahpishlie@HEa 81126y wiarsadtesatsal ution s EFgel(Bodul)ripwatented with
wiethy EORUIBRGINE MiXtFs was Siited viggrously at room temperature for
16 hr. The organic layer was separated and washed with water and dried
(Na2S04) then filtered. Removal of solvent afforded 2-formyl nitrile (7.7)

(B:2uepie A faepithatpwas fosplehdR $he nextaleRyvRXAMRIR 1) AP
iSOG: (ZF - lamino eYhylldene -
ATEPEUREM YO ey BTN

. 0-se tooni ile 7.8 [ ] Crude7.7 as isqle i McOH (25 |
er%ﬁ) B PR ﬁ%[aﬁ‘t%!f“w&gl e &frénddd B’g}n%‘im&&é%mf%ﬁ’emm was added a
solutiohydrOBAl ¢Bidel (07 & geB(Z B0y andhsadivn-acelate raydieqils &.room

_ 9.55 ol). The mixture was stirred at room temperature fQr 16 hr. After,
temper S BTt 118 ‘SERGRL R PO QUL R T kiR aced
(NaySQltirme fti€td2 Bhansl lobdgdeanadfsilied gefosoldmipoirhictyvassetitech form that
was usg\ﬂ'tgsgo: L I(IS1 eCﬂlez:tl\éleOH. Evaporation of solvent under reduced pressure
gave ) go pro&{ucfaf’;B as an anomeric mixture. Example 7, Step H:
-3-Amino-2-eyano-4-(2 3-O-isoppyidene-2-C-meth 1 y 5-O- hiphen

| -'“p_@:pg. W 35 X’l A @94)@2’3@3 -@11?1_ ¢ a%%!ﬁ'l@ﬂ ﬁfmino‘ ‘methylidene}—
compound 7.8 %8 g, 12?92[ mmoi; n CH? %[)%Jé,(ﬂj(; mt) at OC! was adde
4.5 nnsemnledn(S el YD B o deeyimethgld- Praddr fand e f5o-septgnonitrile

at 4C for 16

(7.8hloroformate (2.35 mL, 23.89 nunol). The mixture was kept
hr. Additional 52 WO 2005/021568 PCT/US2004/027819
[0160] Crude 7.7 was dissolved in MeOH (25 ml.) and 1.6 mI water was added followed by
aminoacetonitrile hydrochloride (0.78 g, 8.77 mmol) 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
colummn 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-Q-isopropylidene-2-C-methyl-5-O-

triphenylmethyl-B-D-ribofuranosyl)-1H-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[4.3.0]non-5-ene (DBN) (2.95 mL, 23.89 mmol) followed by ethyl
chloroformate (2.35 mL, 23.89 mumol). The mixture was kept at 0-4°C for 16 hr. Additional
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2 mL of DBN was added and the mixture was stirred at room temperature
for 24 hr. After evaporation of the solvent the residue was purified on

WO He9%afRolumn using 4:1 hexanes:EtOAc followed by 3:1 PCT/US2004/027819
hexanes:EtOAc to obtain a major fraction as mixture of anomers. To this
mixture of anomers (6.42 g, 10.56 mmol) in MeOH (100 mL) was added

sodium carbonate (3 g) and stirred at ropm tgg{ﬁterature for ]Ehr %Ig}g Af
2 mL ofi 3N, fes ki andA4° Tesiute StRa R AR WHR FARER & G dEy After
evaporaMa8Wihe KO EaBitlu@Mas PrEHigar A Silisidi geletehlmnrusing 3:1
hexanes;EtOAc to obtain 5 g of product 7.9 as 0 anomer. Example 7. St%p
hexanesiEislhe Aollawrdrsistidy RAFRIFIS: 8&%%59?%%&%2%%%%&&%%&%“ ©
anomer{01@2hihaitittacompeuns\waapeparse massiding teOHe [0 eeld) vers added
. described by Caprio et al. Tetrahedron, 2001, 57, 4023-4034 .
sodium %BW)@%M%%%—%-tﬁa?f%t@mﬁ%&ﬁé&%bu 5 ety residuc was
filtered SO PO RNGR- G-y St Qridiienyimeth- (ddaibbfeamosyrifittt pmalelica gel
(7.10 J0163] To a solution of potassium (E;i%llm)(i?; (]ﬁg/l THE solution, 4.32
column ying S fEXasHIE Male A0E8 DRI d-(2% 39 WFhol), followed
by catalytic amount of 18-crown-6. The mixture was stirred under argon
;ﬂgr 10 ﬂgi;;:%ges q_uring which time the solution turned clear reddish brown.
was added the compound prepared according Part A
(3.68 g, 7.47 mmol) dissolved in 1.5 in of (anhydrous) dichloroethane.
After 1 hour, a further equivalent of tosylate was he mixture
X 3~ 5 nAcH U SH VY ONEOR L A % 107

SACEE A H A CHERRA VY ALY R A JEIAAR YL o ) 135 4 ¥

Z

olvent under vacuum, the residue dissqglved iréiminimu(gn Cﬁlzc 2 YBS canrio ef
01635 ddty 41 S SMRAGE I EHIRTRBRY WERELVAR 61 RENGWET By 411> >y P
al. TetrhpXane,BEACs Eviaporaton of the solvent from the appropriate fractions
afforded 1.5 g of product 7.10. Example 7, Step J:
4-Amno-5-(3tent-butyldip enlsilloxypropy1l-7-23-0 iso ro
Bl 2smimethyB bl dwhenvisiivioxypropyl)-2-cvano-4-{2.3-0-
RROSYDRIdARHH AR 1S IRNHRIAING .12 okA1641 7. 10)

mg, 0.72 rnmol) and fonnamidine acetate (227.5

u :
101839 7o 8L MmaDorshe. Rixge with 2 atykRicahab and ieateriatmafiuxo mr)
under argon atmosphere for 53 WO 2005/021568 PCT/US2004/027819 8

was adfipd Thepomet- Vst vdapormalaftiveciiaietahals ragee oh Wyys The

mixturEQHRR A0 Sled-Withr Q4 MEQRES Ghidfs laeiaiiard theasna sl eduet clear
~ 7.11. Example 7, Step K: 4-Amino-5-(3-hydroxypropyl)-7-(2 3-O-iso
reddishybpsyie e $his spiirn- g sadgRshibs ARTERRL I DERB BTGy 418-hir A0 &

7.47 mArSIPHHRIGINEATLE 1 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 CHCl, 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-butyidiphenylsilvioxypropyl)-7-(2.3-O-

isopropvlidene-2- C-methyl-5-O-triphenvimethyl-B-D-ribofuranosyl)-S H-pyrrolo{ 3.2~
dlpyrimidine (7.11).

[0164] Compound 7.16 (600 mg, 0.72 mmol) and formamidine acetate (227.5 mg, 2.61

mmol} were nixed with 20 mL ethyl alcohol and heated at veflux under argon atmosphere for
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[0165] Compound 7.11 (555 mg, 0.65 mmol) was dissolved in anhydrous
wo WikGiQaL) and 1.3 mL (1.3 mmol) of a IM THE solution ObcTS2004/027819
tetrabutylammonium fluoride was added. The mixture was stirred at room
temperature for 2 hr and the solvent was then evaporated under reduced

pressure and the residue was loaded on a silica gel column and eluted

8 hr. THHROkPeht 9'5‘52&%%&@ bhiPEME 381 RRL] RIS Zéﬁczﬁé@l@ﬁ&&t and eluted

StepL,: 2 sopropylidene-2-C-methyl-5-O-triphenvlimeth 1- -D-

with 20;b saReSH=@lotelafford 556 o Eedaghhddzolcdlazulene (7.13 [0166]
Compound 7.12 (160 mg, 0.26 mmol) was taken up in 2 mL CH2C12 and

H3 » Al
5- @Wﬁﬁﬂwﬂﬂﬂ@n&mgm»ﬁ)mﬁ%@i%lcﬂﬁ@%ﬂﬁm%ﬁ%@lgand
NaOCI (0.35 M, 0.92 mL). The mixture was stirred at OC for 30 minutes.

{almre:@grtﬂﬁﬂawas_ mﬁgnéjatldﬁ]m;m@ maﬁ)t;tlaahﬁdd;w%&rmteﬂﬁ (1d 0 mL) and
The ni was dried gver 04, filtered and evaporate
13 mI (o g E)c%%ap?r@ ﬁfﬁg%ﬁgt?éfégﬁé SRR ﬁ’é&?f‘&%&%ﬂ%{?

mtxmr&mtkremnadfmatlm tEﬂﬁ@@ﬁﬂﬁg fcﬁtg PMind the solvent was then evaporated under
2-C- met ofura osyl)-8 9- d|h dro 35,

reducef?[e? 8%%888 8]‘3& ‘é‘h‘é’é‘f 4’?‘ %“/]"‘é ?71%‘ nskchederidh 5o

CH,ClmvB@9%lacetiewrid fag b2 fiodibersotvent 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 d6) S 8 10 (s IH), 7. 49 (s, 111)

o 54 WO, 2005/021568
nb& k 110 i : ’P% n0s]-2 6 8

[01%15 1055@&«17 ‘7'1%’?1’5 r@é‘%@}?ﬁ%@wﬂﬁ‘éﬂéﬁ%ﬁ@e&ﬁ; ('Ehoct”a'n'ﬁ'ﬂ phatoc.

d/
To thl%%ﬁ@é@ﬂgtl%z??}gﬁ;ér@t@w%m@ rﬁ?ﬁéﬁbméceﬁ 3237 mél c@loemmfﬂslowed
by an %@gc;ng%%ia%/& @J%r% %1%7 ﬁ 022eﬁlii @e&@n?%c? tA §\9&®%@g %5 'ﬂ'g)parr?c? S (0.35

2 psi) was shaken r at room te ratur
M, 0. 99 mL) The mixture was stirred at 0°C for 30 minutes. More CH2C10 was added and the

reaction was washed with water (5 mL). The organic layer was dried over NaySOy, filtered and
evaporated under reduced pressure. The residue was used in the next step without further

purification.

Example 7. Step M: 2-(2-C-methyl-f-D-ribofuranosyl)-8.9-dihydro-3,5.6.9a-

tetraazabenzofedlazulene (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 HPL.C on a C18 column to
afford 3 mg pure product 7.14. "H NMR (DMSO-dy).  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,
ZH), 1.02 (s, 3H). |
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The mixture was filtered through 0.45 pm filter. The combined filtrates
__were e\ga’;?orated and purified on a silica gel column with 5% MeOH in

WO BPMEE5512 mg of pure compound 8.1 was obtained (yield BE3AYSIONRARE 1S
(300 MHz, DMSO-d6): 6 10.65 (br s, IH, NH), 8.37 (s, 1H, H- 4), 7.48 (s,
1H, H-1), 6.12 (s, 1H, H-1"), 5.05 (m, 3H, 3xOH), 3.89-3.12 (in, 4H, H-3',
H-4', 2xH-5"), 2.86-2.74 (in, 4H, éXH-& 2>éH-9), 0.64 (s, 3H, CH3); LCMS:
ES-MS 393.6 (M+CH3000). Ex =((3-D-ribofitranosyl)-2,6-dih
dro-7H-2,3,55¢fettadtialidhIbitha i dyDPe. X 41t @5dQ 1 | NHz
Methyl acrylate = P%(PPh HO / ~ /(N nN N
lig. NH3 H N) 7600EF 17V g8
C NaOMe/MeOH 4 @ NH N HON NJ 9.4

3 i d
N /A 22 1 L

2000, 43, 2883- ing quW@?@WQ@OGS/OZl568

PCT/US26041025%8197ammoniaat86&-b¥ernightsiEhe p i%ﬁ"l[O]
catalyzed & oupling reaction of compound 9.2, ed by the
cyclization of ¢oripound 9.3 in 0.1 N NaOMe in McOH ,\deftVered the

desired tricy#fic n@Hleoside 9.4. Example 9 Steu A 4-afhin@s-iodo-7-(3-D
ribofurnaosyl 7H-$ ol0[2 3 d)pyrimidme 9.2 [0170] Compaund 9.2 was

[01681enaradaRcording dAHRRISRRABINAA BE TSIt 18% Pa/C (12.8 mg,
0.2 eq.) in 20 mL of MeOH under H, pressure (32 psi} was shaken for 7 hr at room temperature.
The mixture was filtered through 0.45 pm filter. The combined filtrates were evaporated and
purified on a silica gel column with 5% MeOH in CH,Cl,. 12 mg of pure compound 8.1 was
obtained (yield 60%). 'H NMR (300 MHz, DMSO-dg): 8 10.65 (br s, 1H, NI), 8.37 (s, 1H, H-
4), 748 (s, 1H, H-1), 6.12 (s, 1H, H-1"), 5.05 {m, 3H, 3xOH), 3.89-3.12 (m, 4H, H-3°, H-4",
2xH-5%), 2.86-2.74 (m, 4H, 2xH-8, 2xH-9), 0.64 (s, 3H, CHz); LCMS: ES-MS 393.6
{M+CH;COQO).

Example 9
2-(B-D-ribofuranosyl)-2,6-dihydro-7H-2.3.5.6-tetraazabenzof c] azulen-7-one (9.4)

OCH;5
Vot 0
;1 Cl NH ethyl acrylate
/g ! L, 2 Pd(PPhgh T NHZ
& )N a ﬁl Cul, NEt, DMF an
HO NN dig M HO O NN 70°C HO e
k(o j— - O 0.3
= A EE B R
HO  OH HO DR : HG | BH
8.1 9.2 C | NaOMeiMeOH
A
0
7 NH
7 \N
o
HO A
s 9.4
HO DH

[0169] The nucleoside 9.2 was produced directly from nucleoside 9.1, which Wés prepared

starting from D-ribose (Bheemarao G. et al; J. Med. Chem. 2000, 43, 2883-2893), using liguid
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at, J. Org. Chem., 1981, 46, 1423). Example 9. Step B:

woSRAMIPR: S [2-(methoxycarbonyl ethenyl] 7- 2-C-methyl_(3-D- o
riboturnaosyl -7H p ol0[2 3-d~pyrimidine (9 3) [0171] To a solution of 2 >*

compound 9.2 (300 mg, 0.76 mmol) in 10 mL of anhydrous DMF was
added Cut (29 mg, 0.2 eq.), methyl acrylate (1.37 mL, 20 eq.),

ammotiieIBsTIR0dhldl, 280 JaRad kil c%s.—%&%%&égg% of compound

2. fi mperature under qn argon atmosp erge. he reaction re was
9.2, toflawedpxithp evedizangy BIst%S okl Mmioéiteie MudRD dolivafed the

desiredlideMBORIGER(E2ovas added. Then, 1.0 g Dowex 1x2-100 Bicarb form
was added and the suspension stirred at room temperature for 45 min.

then filtered. The resin was washed with 5x20 mL McOH/CH2C12:1/1,
EyiEnpbsKisaty avaperatedsby ¢o-eraporien-witi deiue 9 Mihyrimidine

hromatographic column purification on silica gel (eluent:
“CH2CI2/1\MeOH:90/10) gave 224 mg of final product 9.3 (yield 84%)

Q4721 'H NMR (CD30D) S 8.11 (s, | H, H-2), 8.00 (s, 1 H, H-6), 7.96 (d, J
O T LR P el Aol s st pathod (sqestsin, D.E. ot
al., J. B\, He@4-1986 (16, 2k 3)-4', H-2"), 3.85-3.64 (M, 2H, 2xH-5'), 3.79 (s,
3H, OCH3). Example 9 Step C 2-(3~-D-Ribofuranosyl 2 6 dihydro 7H o 3

5 tetraazabenzo[cd)azulen-7one(9 4)4) [0173] A solution of compound
dizarnnle A topbinthAledhos56,2- (thdlaGivtenih dbeiRih 801 il vas ey s -1-

b A hr igh was .cool nd the solvent evaporated and
= %e%%ﬁ?éeﬁgﬁ%%ﬁ%%mg CH2CI2/MeOH:90/10 as
019ens Psgiv ' {9 0510215 :
[ PHC]:T/USSOOE/%%%?)QQ%II]%@#%91“F| ﬁﬁ%&%ﬁﬁ’)‘@é&qﬁs‘*ﬂfﬁnﬁﬁ%‘é DMF
was added {pyl KPBYNE. G726, 12ethr] BE8)16:09 33, 1L, B019q 5, T0@yldndRAd21 2L, 2 eq.)
d Pd 4  1:-1-2),.4.29.(m, 1H. H-3). 4.12 (m, 1H, H-4), o
wnd PR e St SR T g T B ki e reacion
mixturoyasheged-® THBEiuahds thep Gt trootit: 2chBerature and 20 mL of 1/1
MeOH R d eny/; 0.6),d cC())CMe2C r OMe
O e s R e e MG e
SUSPERSPHHRAIRIOM L Igrgp 1@ H M DR, tBea-fili0r2d. The resin was washed with
5x20 mL MeOH/CH,Cl,:1/1, DMF was finally evaporated by co-evaporation with toluene

9

(2x10 mL). Chromatpgaphic column purification on silica gel (ehient: CH,Cl/MeOH: 90/ 10)
gave 224 mg of final product 9.3 (vield 84%)

[6172] "H NMR (CD;0D) 6 8.11 (s, 1H, H-2), 8.00 (s, 1H, H-6), 7.96 (d, J 15.54 Hz, 1H),
0.35(d, J15.54 Hz, H27"), 6.52 (d, 1H, H-1"), 4.43 (t, 111, H-3%), 4.34-426 (m, 2H, H-4’, H-2")
3.85-3.64 (m, 2H, 2xH-5"), 3.79 (s, 3H, OCH,).

2

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

tetraazabenzol 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,Cly/MeQH:90/10 as eluent to give the final
product 9.4,
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OH 5.1 A 10.1 1) NIS/IDMF C'D 2) lig. NH3 p OCH3 0=~ Methyl acrylate
| R NIH NaOM&MeOH NH2 Pd(PPh)4 N 0 Cul, NEt3, DMF N HON HO
WO NWDFEC Hpd 'y OH FINNJ '7IV E OH OH 10.5 10.3: RRETDMZ0E05519
10.4:R=NH2 [0175] The nucleoside 5.1 was prepared starting from
D-ribose ((i) Journal ofHeterocyclic Chemistry, 25(6),1893-8,1988; (ii)
Helyetica Chtrnica Acta, 71(6), 1573-85,1988), then converted to the
0134} NMB DB D 3 s Folldival-2)0 Tebf2is.of B, &Sl fyiSobuty i Hz, H-8),

6.00 (sPI%ﬁS’Wﬁs@@ﬂ?ﬂl@}@zs'ﬁi@i%W(ﬂirl‘ﬂ(fl?f?-ﬁ‘sl,eﬁéﬁé i a@?foﬁ'g" 412 (m, 1H
.. containing 1.1 equiv of H20 at room ‘températuré followed by’treat enlt P
H-4), W‘%@EE)@% SINiAMBEH 38 7410YH & Enfstine sample of
4-methoxy-7-(2,3-anhydro-(3-D-ribofiunaosyl)-7H-pyrrolo[2,3-djpyrimidine
10.1. The epoxide was treated with 4.0 equiv of LIEt3BH in THE at room
temperature to give the 3'-deox\§¥§8}8&4§e 10.2 in 50% combined yield
2-(3-Then tyeflioriireestingy$1ens. diRedioiognaroLp- Was R AU eth Y IE26HRE (10.6)
the 3'-deoxynucleoside 10.2 with N-iodosuccinimide in DMF to give

compoufid 1 ich, in , was treated wijth anhydrous liquid ammonj

to proyide: cgﬁﬁgﬁﬁgﬂf@:ﬁgﬁer the pal ad%%f[O] crialyzed: B\ﬁe
HOcreg-cailipling reactidh and cyclizagon fg_form thetticyelic tayget,, @NIL/)N

ﬁed nucleoside,d@Bomas obtained. &7 WO 20057021568 ﬁj N

HRC T#hlS2004/02781&bExample 10, Step A 4-methoxyg-(2 3-anhydfo-  49.2

3(_4-ribofurnaos) 7H-pyrrolo[2 3- d]L3yrimidine (10.11 [0176] To a OH

mixture ofnucleoside 5.1 (250 mg, 0.8 Eg‘?nmol) in 1.2 mL of acetonitrile

were added H2O/acetonitrile (1/9) (157 L, 1 eq.) and a-acetoxyis ué}ﬁz {E?_:‘;F

bromide (05537 mL, 4 eq.). After 2 hostifring at room temperature, $at.

NaHC .) was added and th&ixture was Extrectedwith ethy| g

acetatg, The coribinedverganic extracts wilte washefith brine, dpiedh,,,
ouer Ki Q# and evéporated. The fo Fg”ﬁiduebvaéacéuspa@de ind .
R — O

. e

M nd'stirred overnight with? g} -
-, ~) E

- F 3 =
OH Ot OH
10.3: R = OMe
10.5 :
10.6 10.4: R = NH;

{0175] The nucleoside 3.1 was prepared starting from D-ribose ((1) 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 contaimng 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-djpyrimidine 10.1.
The epoxide was treated with 4.0 equiv of LiELBH in THF at room temperature to give the
3’-deoxynucleoside 10.2 in 50% combined yield for the two preceding steps. The 7-iodo gl'bup
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 desited nucleoside 10.6 was obtained.



Dowex OH- (previously washed with anhydrous MeOH). The resin was
filtered off, washed with McOH and the combined filtrates were

WO HP3098tat8d to yield 225 mg of a pale yellow foam 10.1, whidK-WASit&eays1Y
used in the next step without further purification. EXample 10, Step B:
4-Methoxv-7-(3-deoxy [3=D-ribofurnaosvl -7H-ptnTOIlo[2 d]pvrinudine

%0 23 iOH?! Sugeroymdgl 3EXI#~E- BH_[ar:1 M THES L loaggyl was addeld) 53

M1t COrg UCTUAYyUTTIaitcu \al CT LI 1Tl puq._,’nlg VVTC

dlpstihiitinegfignhydrous nucleoside 10.1 (218 mg, 0.8 mmol) in anhydrous
THE (10 mL) under argon. The resulting mixture was stirred at OC for 2 h,
[01%6 T acidifienhcaflionsdsdae Singly @urgesl STshargdNiFor A k. dftRetonitrile were

was. purified on a silica gel column with, 5% MeOH in CH2CI2 to
added @&ﬁ%ﬂ}ﬂa‘o dohpduftly PR aRebARRR S RRRfgsdh)37 mL, 4
eq.). Amﬁmmietﬂr@i@m&nfltéﬁﬂm@swé ledavaH{3:ds @) WakiRRANARPYLe mixture was
“ rroL.Lo] dj rimidine (%101781 To a solution of nucleoside 10.2
Gma“%gﬁ %%‘X Hitfiol] BT BNREAL! e S HERRE REHBRE Hithidengadried over
MgSO4ugd bulyritarat. OtheHbarsaclRiuaRdsEe yasHiN e A RINC dﬂmd@ﬁraagﬂrafmght with

ZQE{C en War ed u to room temperature and stirred qQvernight. The
Dowex {

AR, ﬁ@a’\wm RSRASHELD MRSOEF RESRieTSH Oievashed

with MeQépaidteed t!oxﬁﬁiﬁaiﬁlthﬁéb TeqdissedyeshisdGhl %Bi weEshedodith SRty@tbw foam
ater, then dried over MgSO4, After evaporation,

101, v SR S%Bﬁﬁ KPR SETRILHAAE YT S8 eoH in

CH2012 to provide 353 mg of pure compound 10.3 as white solid (yield:

i%\/@téo 5/ 21568 PCT éi 319 Ex Exam%;,}ﬁ Ste8132 3

no- -100-7-3- -6-D-

QIMMMQL{QJIIQJA mixture of compound 1.0.3 (50 mg, 0.128 nnnol) and
anhydrous liquid ammonia (15 mL) was heated in a stainless steel

[0T ATk e ed 106 iy sn thish 3o B 6Hahdiévep b ratedddedalcupwigedo an ice-cold

deoxyg%%%'ﬁgg a‘ff@xslgqﬂf rglﬂ ﬁﬁﬁu i) Q%O?l I&Hﬂﬂi tgé@%g%?{é ?yle%%%ég ? (218 mg,

eluentto give 30 e compound 10.4 asaw

0.8 mmplgih ot @!Ammolsd[cz rzethokbearsshin ethisiyik FvB-saoxd/at 0°C for
2 h, the@aadﬂi%@feﬁuﬁeﬁyi -4k B0 MLMW idig %Ofér [P1801,2 A SRl A urifica

compound 10.4 5 mg, 0.132 'mmiol) in 2 m of anhydrous DMF were
on a siligg el s High 6% MFPH]&%@@F&@@Q@ 17 o efjtpresbwopiannine 10.2 as

off-whitd Gdile (%1%9&)5% Pd(PPh3)4 (15 mg, 0.1 eq.) at room temperature under
an argon atmosphere. The reaction mixture was heated at 70C for 48 hr.

then cooled to room temperature and 20 mL of 1/1 McOH/CH2CI2 was
aatdechld 00, SgoweNtdnw-18 Riaarh-formesasghienisdded ARdIET yvirolo[2.3-

dipyrimidine (10.3)

[0178] To a solution of nucleoside 16.2 (350 mg, 1.32 mmol) in DMT (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 CHCl, washed with sat. aq. NaHCO;, NapS0; and water, then dried over
MgSO4. After evaporation, the residue was purified on a silica gel column using 0-3% MeOH

in CHyCl, to provide 353 mg of pure compound 10.3 as white solid (yield: 68%).
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suspension was stirred at room temperature for 45 min. then filtered. The
resin was washed with 3x10 mL McOH/CH2CI2:1/1; and the solvent 7
WOR4HBHLeY. DMF was finally evaporated by azeotropic co-eVSpdratsH/027819
with toluene (2x5 mL). The residue was purified by chromatographic
column purification on S|I|ca gel (eluent: CH2C12/MeOH =95/5) to give 20
50/ . Example 10, Step F:
< e S X O e Faosyl)- 7 -pyrrolof2.3-
d]ﬁgtmamqum[}cd]azulen -7-one 10 6 [01811 A solution of compound 10.5
(20 mg, 0.061mnoles) in 0.1 M NaOMe in MeOH (12 mL) was heated at

[0T75¢ mmmMeTMmmmmmm@ted R’lﬁﬁh@l)aﬁwﬂﬂ@u}‘ﬁiﬁcgﬁmd ammonia
umn w CH2,ClI2/ M H=90 0_gjve the final product
(13 o R S0 L C 8| SR £ eI oAl A caporated i
vacuo. 7108 @s@a@mpﬁmﬁd & H—t;ll’nbd Bcb @MWAN@H 3:8718,66 Weluent to
H-4' 2xH-5", 2,31- 2.09, (m,.IH, 2x S MS: 360.9
give B’%ﬁl‘fc @56‘85")‘?’% 34668 g’i‘é g’zé‘é 727819 Example 11
2-(2-CMediA-ff-D-ribofuranos 1 -9- methyl 2 6-dihydro-7H--2 3.5

Getetrageane Regicsliazilen: (-one. &%Ltﬁz%érg&lvwﬂhmvlﬁﬁﬂ& &2 N.

~ N) BC13 CH2C12 HO N L1q NH3 NN L7810 220 ¢ ei26nt
BB 1/l XiiPg -_;- )4 H CO2CH3 O Cul, NEt3,

DMF H3C NH2 NH 70C NaOMe/MeOH NAHOON ~N~JoJ OCH3
10350 -Tong ppletipnf compound 10.4 (50 mg, 0.132 mmol) in 2 mL of anhydrous DMF

were added Cul (5 mg, 0.2 eq.), methyl acrylate (240 plL, 20 eq.), triethylamine (37 uL, 2 eq.)

and Pd(PPhs)s (15 mg, 0.1 eq.) at room temperature under an argon atmosphere. The reaction
mixture was heated at 70°C for 48 hr. then cooled to room temperature and 20 ml., of 1/1
MeOH/CH,Cl; was added. 100 mg Dowex 1x2-100 Bicarb form was then added and the
suspension was stirred at room temperatare for 45 min. then filtered. The resin was washed with
3x10 mL MeOH/CH;Cl:1/1, and the solvent evaporated. DMF was finally evaporated by
azeotropic co-evaporation with toluene (2x5 mL.). The residue was purified by chromato graphic
column purification on silica gel (eluent: CH,ClyMeOH=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[cdlazulen-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,Cly/MeOH=90/10) to give the final product 10.6.

[0182] 'H NMR (300 MHz, CD30D): 6 8.31 (s, 1H, ), 7.71 (s, 1H, ), 7.05 (d, J 12 Hz), 6.05
(s, 1H, H-17), 5.73 (d, J 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+CH3CO0).

/
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H CH3 HO  OH 11.3 HO OH 11.4 Example 11 Step A: 4-Chloro-5-iodo-7
ethyl-[i-D-ribofurnaosyl-7H- pyrrolo[23-c1]pvriuiidine 11 31 To
Wo gﬁgg:o/ |o?1¥of the compound 6.3 (7.73 g, 10.39 mmoles) in éL]I/ JS§094/027819
dichloromethane (200 mL) at -78C was added boron trichloride (IM in
dichloromethane, 104 mL, 104 rmnol) dropwise. The mixture was stirred

at -78C for 2.5 h, then at -30C tg- efquS hr. The reaction was

quenched by add|t|on oflnethano IC/dic oromethane (1: 1) (105 mL) and

aqueous g
solid was T hed ' .
chromatograp@y over silica gel using CH2C1gand CH2CI2IMeOH (99/1nH,
to 90110) gradient as th eIuent to furnls t siredgcompound 11
2 24 g,él%lﬁ% Y0) as oIorIess foam{E mple 11 Stemsﬁ 2
CHER m@ -|odr® 7-(25Cnietdd-(3-0 ribefifruadsyl)- 7~1‘17N*}§‘yno|od nN
idine [0184] TaThéTéﬁbound 114425 mg, T mmol) was ‘added
liuii gmhﬂgnla (20 nittyo PRE® mixtuggs was heated in a stalnlesshe;eei-)H
autoglavg at 85C overnight, then coqglgd and evaporated in.vaciro. The
crude mixture was purified on a silica gel column with 5% methanol in 11.2
dichloro &H&a e as eluent towgivg, Othfeg)roduct 11.2 as a light yellow foam
(400 rr@[mo tyfeld) 6Q%VO/ 1568 PCT/US2004/02
Examnte 1%°Step C 4-Amino-b-fl-m&th2 naomendeon
(methoxycarony~ethenyl|)-7-(2- -rgj‘éthvl R-D#ibof imaggy! - oIo[2

3- d[pyrlm e (11. [01 ha sBlution of compound 12
n;ad 0 mL of anhydro MF were added Cul (94 2 eq )
methyl cn

tonatg (5.33 mig, 203e'q )3tethylamine (686 L, q Hantt.4
Pd(PPh3)4 (285 mg, 0.1 eq.) at room temperature under an argon
atmosphere. The react|on mlxture was heated at 70C for 24 hr. then

@Q@@l@cﬁw et 3 ;

d 3 1}ﬁ\zex 21 00 Blcarb form was then added and the

StepeRs & room temperature for 45 min_, then filtered. The
[ﬂlﬁ%\;p é)"’a@éo aahed with 200 M-MA@REH 2638 &I&WRQES En%tmtt\{ahane

orate y azeotropic co-evaporation with toluene £x5 mL

(200 mEChoristsyrapmptritibationioehiiiede EMdndinhlorprsizmme df d/s)04 mmol)

46 f 2 9 | . .
o BT TAT IO 0 0wt Sepfrc o

wachoaltema@ab@cktedaéétjteﬁqﬁm@mhc d%@é?ﬂ%@th%%(btléd%o%d ydghe
1csult1r{7%ﬁlmgng F%%H‘E‘EO 88-IfL0 oM Na@Me lpMePRAWinkhvwrs healgdiakt 0°C

for 4 hr. The solution was evaporated and the residue purified by
and stigitibat 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

N

g, vield 51%) as a colorless foam.

Example 11. Step B: 4-Amino-5-iodo-7-(2-C-methyl-B-D-ribofurnaosyl)-74-

pyrrolof2 3-dlpyrimmdine (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 §5°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, 160% yield).
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gel chromatography using CH2CIZ/MeOH:95/5 as eluent to provide 24 mg

of final product 11.4 (yield 80%). [0187) 'H NMR (300 MHz, DMSO-d6) S
WO 2008826¥81H, NH), 8.33 (s, IH, H-4), 8.09 (s, 11-1, H-1), 6. C(EUFI0442y819

5.67 (s, 1H, H-8), 5.16 (in, 3H, 3xOH), 4.05-3.65 (m, 4H, H-3', H-4"'

2xH-5", 2.11 (s, 3H, CH3), 0.73 (s, 3H, CH3); ESMS: 405.5

M+C .00 . ample 12 2-(2-C-Meth II-6-D-ribofunovll-8-meth -2,

T Aming-act et 2-tmethoxycarenvhlethenyHrk(A-6 -methyl-

A "
0-0 VaTrO-7/11- O aazZal 1 O1Caa

B-Dxd BubhaoMHIZ TG0 ING By DA P i1 Q1 L FD"C F13C N
NaOMe/MeOH N O N OCH3 FIO\)'N NJ HOO N NJ HO OH A B *-" H3C

[9155@@% gg&ﬂﬂz%%%ﬁdaiﬂzlilgy@w[g& 01:_ ﬁl}h drous DMF were

T/ xample ep A’ 4-amino-5-[2-meth |-2-

wdded G S o HOMTBHM FResi i P> ADGH oM PP AL 2 €4

and PA@Pligyrmedines( 12 1y HAL 88daT RARQUHIRN RGP 'glpﬁ?%ﬂg d? sﬁ%@gemq{w reaction
. 0.492 mmaql) in 4 mL of anhydrous DMF was added Cul (19 mg, 0.2 eq.),

mmtur%\_zﬁ%?hmt?ﬁ

SthAEy150E 14 e thin o leq I sy iampseaiarseed 2y land 1/1

MeOHRU{RAN 3k RiAeN 2 0. BAY & 120MISMRABIWEVAASHAM ARRA and the
atmOSé)he_re. The reaction mixture was heated at 70C for 24 hr. then

SUIPenEBBIRA 18 FoBH T taRTR e e 100 MV IheMEl e B Tosipagas washed
with 3xa0detl. MEORIgR@IEK LXDAA0RIC AR IBr & WaRhan addesh i Cﬁ-evaporation

with toﬁl%sp?gséo%];tirrgg{%‘t room temperature for 45 min., then filtered. The
FediR (s Whin SO SRR RS IERLE P 22! CenldsHisdufMeOH: 95/5)
gave 468vaporateddoytaresirdpid:-cogyaporation with toluene (2x5 mL).
Chromatograph purification of the residue on silica gel (eluent:
CH2CI2/MeOH:95/5) gave 100 mg of ester 12.1 (yield: 54%). Example 12,
SiamnBR- GiMistey E(2B rib afletind$AD-SihdtinyhsGHd hvdsd-d k- 8, hBlro-7H-2, 3.

5. ¢Sdetraazahenz zulen-7- 2.2 101891 A solution of compound
’—TZI%%T%‘%%&@%%%%?W‘{ M NaOMe in MeOH (16 mL) was

101862 A A U hBbuh S IR, Was orajed and the residue .

%ﬁrified by silica %elpcglumn ch@oma%%g)sr%%jﬁy u%?;]%s dﬁgér%ﬂ/ﬁ%@%@g/%EOH a7

ml) waghsaieiod pRsEer f2in. [ironluipNviR (300dvHz] DN BO 06160168 dbby silica
gel chr@nlile @‘E&nﬁ&%@(?ﬁ}_’dﬁh\@(ﬁ{?@&@ 'as eluent to provide 24 mg of final product 11.4
(yield 80%).

{0187] 'H NMR (300 MHz, DMSO-dg) 8 10.66 (br. 1H, NH), 8.33 (s, 1H, H-4), 8.09 (s, 1H,
H-1), 6.10 (s, 1H, H-17), 5.67 (s, 1H, 1-8), 5.16 (m, 3H, 3xOH), 4.05-3.65 (1, 4H, H-3°, H-4

2xH-5%), 2.11 (s, 3H, CHy), 0.73 (s, 3H, CHy); ESMS: 405.5 (M+CH;COO).

Example 12
2-(2-C-Methyl-B-D-ribofuranosy-8-methyi-2.
0-dihydro-7H-2.3.5 6-tetraazabenzo| cd]azulen-7-one (12.2)

o OCH;
y NH Pd{PPh3)y O
2 Cul, NEt;, DMF . Il
S 70°C == 2
Lp) HsC N NaOMe/MeOH k
MY o ap S A LW
K(‘j/' OCH, "L oW Mol
HO oH A — & B R
Hy HO O , HO  OH
11.2 12.1 12.2
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1H, H-1), 7.09 (s, IH, H-9), 6.07 (s, 1H, H-1'), 5.16 (m, 3H, .3XOH),

wo 393:3,63.(m, 4H, H-3", H- 4’ 2xH-5)), 197(s 3H, CH3), 0729'1* Liosi
PP ES Ms: 405.3 (M+CH3COO0). Example 13 [U52004/027819
2-(2-C-Methyl-(3-D-ribofuranos,al)=9 -methoxy-2, 6=dihvdro-7H-2 35
6-tetraazabenz[c dlazulen-7-one (13. 2} Pd(PPh3)4 H CO2Me 0 i NH2

h%&ln Eiks ' '1371983432 3N HO g‘%o og{lgé CH3 Ha, bri?@m et

GO PO/ YBESE LESPI004/027819 Example 13
Step A 4 Amlno 541 methox2 (methoxycaronvl)ethenyl] -7-2-C meth
[01883- "Dommwommwbu[z 6280rign iR cronp) o1 6 mbef anberisys PME
om a
was add%véeefgl a 131% fézh a—%%%ﬁ%@ﬁ@ﬂ A %lrﬂh Alre Qlﬁyg{ ?Uﬁ‘lgﬁ‘ﬁgmme

ethoxymethacrylate (1.06 mL, 20
(137 pLeYdq tymamamm)am 1In,g203q e)qa)mi Rw(mmm(@%mm’g;@uam)mmmsphm

temperature under an ar re. The reaction mixtur
The reaq AR R R (e ARG RSre angt 100 mE
of 1/1 MeGIMERHIG wagkzaeaszamq E@@mg mm&mﬂ@&ﬂmﬂﬁmm@aé the
en added and the suspens, |rred tem ature.fo
suspens L L B oA FR AL e e e S e e with
3x10 MMM@W!WHWMM@ﬁM@W@@MbmmWM tpdpermsion with
rom ra r|f catlo f the.r. .on_sjli luent:
toluene gﬁgg‘ﬁﬂ\}%&%%% 8&% mg O |c?rto8 ict Cg%%ﬁ%%:%é&?&%éﬁnple
CH,ClL/ 3P B 52 2@~ mm@aﬂmfwaads(ﬂ)@dm%ix 2 6-dihydro-7H-

2,3,5,6tetraazabenzo[cdlazulen-7-one(13.21 [01921 A solution of

compound 13.1 (30 mg, 0.076 mmoles) in 0.1 M NaOMe in McOH_ (15
 tanpleslBedtep Bt 202-fonels sBhaisnanasy Bvdpaiddbdihydro-71-2. 3

I I ilic n with CH2C12/McOH:95/5) to provide
5. 68 a% lﬁ% g e HaLees 300 MHz, DMSO-d6) S 10.63 (br s '1H,
lmé‘éﬁ)x §o%§h(§x éi'bdﬂalé‘&uﬁcpﬁz@ (G -85 B 13w ddh i b I D ERDSeilin MeOH

8), 5.22 (m, 3H, 3xOH), 3.32 (S 3H, OCH3), 3.98-
(16 mL) was heated at 70°C for 4 hr. The solution was evaporated and the residue purified by

silica gel column chromatography using CH,Cly/MeOH:95/5) to provide product 12.2.

[0190] "H NMR (300 MHz, DMSO-dy) § 10.60 (br s. 1H, NH), 8.28 (s, 1H, H-4), 7.73 (s,
1H, H-1), 7.09 (s, 1H, H-9), 6.07 (s, 1H, H-17), 5.16 (m, 3H, 3xOH), 3.93-3.63 (m, 4H, H-3’, H-
4’ 2xH-5"), 1.97 (s, 3H, CHy), 0.72 (s, 3H, CH;); BES MS: 405.3 (M+CH;COO).

Exam 16 i3
2-(2-C-Methyl-B-D-ribofuranosyi)-9-methoxy-2,
6~dihvdr0-7H 2.3 5 6-tetraazabenz| c.djazulen-7-one (13.2)

P&(PPha)4 0
| NHy Cul, NEty, DMF H.cO—F NH
S~ N 70°C 3
HO L i
.0N N — HO N N/J
OCH, ﬁ
o - O ) -
HO O A == HG DM
' H  OCH,
11.2 434 13.2
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3.63 (m, 4H, H-3', 1I-4' 2xH-5"), 0.71 (s, 3H, CH3); ES MS: 421.5
(M+CH3COO-). Example 14

WO 3088/820&%hyI-D-D-ribofuranosyll-8-bromo-9-methoxy- F 9-telEFUER0TPR 519
3 5 6-tetraazabenzo[cdlazrden-7-one (14.1) o Bro NH H3CO NH N 1)
NBS/DMF N HO O N NJ 0*C HO o NNJ 2) McOH HIO OH HO OH 6.6

14. 1 01941 Tb a stlrred solutlon of nucle05|de 6.6 (10 mg, 0.030, gggl%

AeAainosos] Ismethoxy=2-Ometha cnylic

-_@ﬁﬁa taoah? FEREURRIBI IR WA BRI D3A405/021 568
27819 stirred at OC for 1 hr then quenched with MeOH

[01919- T o1 hEWKESE P@@ﬁ@ifﬁmmﬁlgo odrynesmanddBaEYduehyi@sus DMF
urified on a silica gel column with 5% MeOH in CI-12C12 to g

were ad D A B P RRCHTSET (5 QoA r etiytamine

! rERaFACtg 2R MY GQSYerMOESH afdosphere.
(137 HL @ﬁg%is%gngws -d6) 6 11. WFH NH?I'S 54 %ﬁlllosp o
The reagijon ngxBreswa

qatad a6 B0 Cofon 2blr. thentreglasl sorogmderppesmipre and 100 mL

of 1/1 M@@ﬁCHa Asfok aidd @0 bk HlRbx31R9-180/ B bk Fabiier?ddt@land the
24,3.21 (%s 31-1, OCH3), 0.68, 0.66 (2s, 3H, CI-13). ES MS: 501.7
suspenS{ms@m@b@@?IEW@tm@ Goopdimong e trHetsd- e trHB R TERhgd with
3x10 mE FrAhFOrth2 36 DiakaReaBRIRAL: A7/1808 Ty 08 éph & HGhANA with
- 1) NaH, McCNDCBONNN H N DCBO 0 CH3 H H Br DCBO
toluene @xf @f]@ Chrppeerrnbig H@ﬁcgt@n of the residue on silica gel (eluent:

CH,ClL,/MeOQH:95/5) gave 87 mg of product 13.1 (yield: 45%).

Example 13 Step B: 2-(2-C-Methyl-B-D-ribofuranosyl}-9-methoxy-2.6-dihydro-7H-
2.3.5.6-tetraazabenzo[cdlazulen-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 colomn with CH,Cl/MeOH:95/5) to provide nucleoside 13.2.

[0193] "H NMR (300 MHz, DMSO-dg) & 10.63 (br s 1H, NH), 8.35 (s, 1H, H-4), 8.06 (s,
1H, H-1), 6.13 (s, 1H, H-17), 5.30 (s, 11, H-8), 5.22 (m, 3H, 3x0H), 3.32 (s, 3H, OCHs), 3.98-
3.63 (m, 49, H-3’, -4 2xH-5"), 0.71 (s, 3H, CHa); ES MS: 421.5 (M+CH3COO).

Example 14
2-(2-C-Methyl-B-D-ribofuranosyl)-8-bromo-9-methoxy-
2.6.8.9-tetrahydro-7H-2.3.5.6-tetraszabenzof cdlazulen-7-one (14.1)

O B, O
giﬁ H,CO NH
/SN 1) NBS/DMF Vi f\

Ho Sy oe HO
o NV ———— ol

U 2) MeOH

HG BH HO  OH
6.6 14.1

[0194] Tb a stirred solution of nucleoside 6.6 (10 mg, 0.030 mmo}) 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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CINI-12 B'INCN BCI3/CH"ZCI2 HO 0 N xXNH2 NH3 HO 0,,~N ~NH2
CH3 -75t0-25 C CH3 HO1 -OH Hd -OH 15.315.4 0 OMe O NH2 NH D
WO P8 #S1ate PA(Ph3P)4 Ho N ti~NH2 NaOMe/MeOH 1-10-R<fIR004/027819
NI-NH2 Cul, Et3N, DMF CCH3 70 C; 12 h CH3 70 C; 10 h Hd 'OH HO
OH 15515.6 [0195] The sodium salt of
stn'red é Qb@ﬁ?r% l&qﬂeﬁ 6%(%& @1@9&@ % rlm‘%ﬁﬂpﬂ \;723 evaporated )
(prepared in site: |ng sodi dride) Wwas reéacted wit
drynessipfdbreesideons-puimdthyh @hnbgﬂ} rdone 2atlRick o prépPdeih to give
I f o] nalo
B s S b R P
charactexigpd bys ks 21¥Bs COTVLIE2BOY aaAS KMol INER POFdHedIEG-ds) 5 11.20

s, 1H, ﬂfﬁ onéﬁ@é?ggﬁﬁtﬁmlﬁf;%}%‘;fglgﬁé ?éor%% atuﬁlgsﬁeﬁdidé QQFUg%%r(m 4,

3XOH, BARHATInowTitiensill FL5.3, 950 WBercofHs e LE ThE Hich 24, 321 (2s,
31, OCEHPUINA PRIERIS IR INRFIEE MIRIEE SRR SRONAING

iethylpropenoate 15. compound was ¢d d into the target
tetraazabenzo[cd]azulene nucleoside 15.6 via sodium methoxide

mediated ring closure. Example ﬂg%ﬁpﬁ
4-Cllloro-5-iodo-2- plvalovlamlno 7_[3 5-bis-O- (2 4 dlchloro lu

lenymethyll-2-C-fAretH ansivB-d]pyrimidine (15
2~ [0196] A ggltiamef 2 ﬁ&%tztw%mﬂmm%ﬁea&%ﬁm%@ mL)

was added to a solttion of sodium salt of
4-chloro-5-iodo-2-pivaloylamino-7H-pyrrolo[2,3-d]pyrimidinezin acetonitrile
generated in situ from 4- chI Qro-5- iodo-2-pivaloylamino NrroI ,3-
(}%ﬁ[f.dme (Nucl. A 998 (26), 3350-3357) (£0.87 g;@5ﬂz%mgol)

ou§ aceton trl?e rL) and N ?P%Mneréll oi ,
4 hf}qf, us, stlrrlng at room tature].
c8mbinedmixture was stirre mempermmme fords8 hr.

15.1

-

DCBG ’0 15.2
2.4

; A T 19
BClg/CH,Cl, HO o N N’)\NHQ NH, HO o, NN NH,
— N — o

7510 -25° IS 4 -
to-257C HO  OH HG  OH
15.3 15.4
0Os_OMe 0
=y NH, 7 NH
D E
s
Me acrylate /] \i 7] /’i
-
PA(PhyP), HOWN N UNH, NaOMeMeOH  HO—y o N7 N7 i,
CH g wcr{
Cul, EN, DMF S 70°C; 12 h sS40
70°C; 10 h HO  OH HO OH
15.5 15.6

{0195] The sodium salt of 4-chloro-5-i0do-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-
tibofuranose 2.4 (which was prepared with HB1/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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The solids were filtered then washed with acetonitrile (100 mL) and the
combined filtrate evaporated to provide a viscous oil. Purificationona
WO ZisadE8olumn, using hexanes/EtOAc gradient(15/1, 13/1P¢T/USya/027819
7/1) as the eluent, yielded the target compound as a colorless foam

(7.02g, 23%). Example 15, Step B:

4-Chlorg-5-io Iamrno 7-(2-C-meth -D- ribofuranos~

eroups S B e AT A STE i i SBT b BFBpBFIgogisle 153,
Purﬂaer(it%@;&ﬂ}é& malgprotettRa ke &E@@tﬁhﬁﬁb&?@ri’%&&mﬁl -Aeramo n:jlcleosme

ichloride (1M in 4. mL 4 mm e mixture was stirre
154, ""%r gfgto %&‘% ’z“tﬁ" ﬁtfgﬁﬁsﬂ‘éﬁ‘%tﬁ %&“% iitrngthalaciyits ipgo the
correquuén@&dnbmaﬁﬂdm@ftd\lssH%ﬂ&ﬁiﬁp@iﬁd%ﬁ%@oﬂﬂ%l&@%@@rg&t

ixtur at 20 to then neutralized with. aq
tetraazdeadf Ca’ ?319? t‘}sa%lt% R éﬁtﬁ%%ﬁtrr‘err%r oguiat

The solid which separated was flltered and Washed with MeOH/CH2CI2

g 80%) 65 WO 2005/021568 PCT/U82004/027819 Example 15, Step C
[01364_Bisehitierseiotid- B ommehtinDnliydfirarrostiaitkle (SPyniolofas added to a

solutio FHIRYaIRdIAG ()]f5t®n Q2 §ltéig]%tb'ir@af%fy§%%5 o/ %%g 8 éatéﬁ??’m(ﬁz Hie in

g, 5.6 mmol) and anhydrous liquid®ammonia was
acetonitlfaarcstise) imurisel Oela’t&lllewf@ﬂ@dﬁﬁem@ée?é@mndﬂﬁépsuhvbﬁiﬁ—

d]pyrm@i\d%{@(ﬁ?@ Abg %'%g\’@%}r@%@%’%ﬁ W fo é“}? 1191'1%% gnoani’t?ftﬁous

The filtrate was evaporated and purified on silica gel column ‘with

acetonisilpyic oI A OIa (& Rirrirsniaekaitioha) 2052 § ot thentdigdtecdrhpotimiorous
stirring (0 tdbvitleh ¥l @Ml dmb BIEPRx fre was stirred at room temperature for 48 hr.

4-Diamino-5-[(E)-I-(methoxyearbonvl}-2-ethenyl]-7-(2-C-

The soligswgrqaitsii 6h?rhW6§19€d7WWr§te@@htjiﬂ§)ﬁmt&Dr@@l@@c{mbegidrﬁl@ate

evaporﬁ@@@ﬁﬁxﬁ&%%@ﬁ@ Bl f&mmlgga%l&n%QQm) tﬂlgévﬂ: AFs/EtOAC
ere added cop er iodide (I 39 mg, 0.73 mmol), methyl acrylate (6.6
§

gradienf(| gﬂg P'JHH.H L, it ﬁrﬁ?ﬂge( @g}h@@i;dg%ﬁhﬁéqt} gﬁh@pmpound as a colorless

foam (IMgkﬂ%phenylphosphlne)palladlum [0] (422.5 lug, 0.37 mmol). The
resulting mixture was stirred at 70C for 10 h, then cooled to room
temperature and diluted with McOH/CH2CI2 (1/1, 50 mL). Dowex HCO03 (3
ALALS tipel: duithhfters4h doid-of eiloingnihe-reginonastilte e off,

ed with H2C eQH (1/1,.15 and the combined filtrates
ib ‘%E" e
B ’f'm I% é ' ! MeOH and the catalyst,

01 %%es% 35% as filter f f’& P ated tra d& F o
Lred ang{‘.‘n L G e e S R R s
was addebbarg) tithddiidatd Was Qﬁh&éﬂtﬁétﬂdnh 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/CHCl, (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 filirates were evaporated and the residue was purified on a silica gel column using
CHgCiszeOIi (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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vacuo, and purified on a silica gel column using a CH2C12/MeOFl

radient (5011, 30/1, 20/1 and 15/1) to furnish an additional 175 mg of
28 8oL 15.5 (total yield 58%). Example 15 Step E PCT/USZ04/027819
4-Amino-2-(2-C-meth | -D-ribofuranosy -2,6-dihvdro-7H-
2,3,5,6-tetraazabenzo[cd~azulene-7-one 15. 6 [0200] A solutlon of the

pyx@thwnwﬂﬁuMM)W The resin was f||tered Washed Wlth MeOH
and the combined filtrates concentrated in vacuo. Purification on a silica

[0148] dotuintvwith mmmwe@ﬁb@cﬂﬂepwwg g/isldethibh targebhydrous liquid

oo BRI R AR (BRI e AR A0 o105 o soptop and e

solvenii¢xapesyted. zsf(mm RHYrE:a] (it NeOBaAgibId 030 ¢ TSU6 Fize Sltrate

OZ 05/021 68PCTU 0Q4/027 3'-OH,
was ovhii o B SR SO i CRRCHRE G LS g sy
additioppld], 52501k {562 e(mmbwﬁiglfl@myﬁl&?me} 3H). MS miz = 406.5

(M+CH3COO). Example 16 4-Fluoro-2-(2-C-methyl-(3-D-ribofuranos~)-2
6 dlhydro 7H 2 3 6 tetraazabenzochazuIene 7 -one (16 2) 0] O O /NH

, o/n \~~ 3 -20 to
5CCH3 HdOHH ] Nucleoside 15.6
[019BSTEPRVEREENIthIRR i [exﬂgwﬁcﬁﬂ @@@gﬁﬁ@'g'@@é IO ISRAYSS 1)

into the corresponding 4-fluoro analogue 16

were agled) %%Pﬁ%aﬂﬁmﬁ{éﬁﬂ/@@ﬁ aérwa%?ébtmﬁtwwwiamwl@mémsmmol)

triethylafipréde apennidazale dn QMR EXRAIRIS ?Bs%hme)paﬂadlum [0] (422.5 mg,
4-Amino-2-(S- -O-tort- butyldirnethylsilyl- 2 C-methv! ribofirranosvll-2

0.37 mpofhy g Frppb s nmte s pERed # A9 et W&h@ﬂecmﬂ@izogmm

temperﬁﬂhxwlmdcﬁﬂuted with MeOH/CH,Cl; (1/1, 50 m. g Dowex HCO5™ (3 %) was added then

4-gg1|n (2 -C- met yl-(3-D- ribofuranos [)-2,6-dihydro-7H-2,3,5
and after 45 nun of stirring, thé resin was ﬁltered off, washed with CH,Cly/MeOH (1/1, 150 mL)

and the combined filtrates concentrated. The residue was treated with MeOH and the catalyst,
which separated, was filtered off. The 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)-2.6-dihydro-7H-
2.3.5.6-tetraazabenzol cdlazulene-7-one (15.6)

[0200] A solutiQn 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 §/ 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, NHa, 2H), 5.91 (s, H-17, 1H), 5.56 (dd, J 11.7 Hz, J 1.6 Hz, -8, 1H), 5.21
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tetraazabenzo[cd]azulene-7-one (65 mg, 0.19 mmol) in DMF,
tert-butyldimethylsilyl chloride (70 mg, 0.45 nunol) and imidazole (61 mg,
WO 09 d) was stirred overnight at room temperature and tRER/US2004/027819
concentrated in vacuo. The oily residue was dissolved in CH2CI2 (20 mL),
washed with ag. HCI (0. 1 N) sat.aq. NaHCO3, water, brine and dried

V, S|due was purified on silica gel with
(ors, Bhexa’ﬁle%?ééke fa %)) ¥ 55/0 %N%M‘@%&:A 080 FB 3N ﬁ)%/feﬂ(ﬂfﬂaé‘l -3, H-47,
H-5%, 3&)9%62dmpﬂu5fdlﬂﬁ 0. 28 Goloile SERIMBGING-4éfn) (xanRIe 36, Step
B: 4-Fluoro-2-(~-C-meth ly J3-D-ribofuranosyll-2,6- dlhdro 7H 2 39
etraazabenzofc Tiazulene-7-one (16 2) [0204] To a solution of HF/pyrldlne
(1.5 mL) and pyridine (1 mL) at 2&@mwasl@dded a solution of 16.1 (30
4-Fluofad .00 i followed b - |tr|te( 5L,
e e S et atcne:

6 N ag. NaOH and evaporated. 7Fheegale2yellow reS|due Was triturated
with MeOH, filtered and thoroughly washed 67 WO 2005/021568

PCT/US2004/027819 with MeOH (100 mL gombined filtrate). The

evap at filtrate was purified on a silicgzgelygolumn with CH2012/Me ?I
20/1t e targek compound 16.2 a ow solidgs mg, 22%)./ NH
[020 iniR (C?8@E): 6 7.05 (d, 1-1-9, J SﬁQ 1448z, 1H), 7.8A5 >y

HO . B
)609\' A1 LR %P8 'HON 1. NHiz +=871H), 3.99- A
mcye, H 4'%' ﬁ%‘?;&;% 85 (dd, 018 Hz, JHS FIC lﬂb?\gﬁj NOF
HBI-5', TH), 0.92 (s, Me, 311). 19F-NMR (GBBOD): S -52.58. MS m
409 6 (M+CH3000) Example 17
7-Ahitho-2- -(2-C-methyl-(3-D-ribofuranosy ®H-2 3,56- -tetraazabenzage

[Ozmmanﬁebk?dawﬁiara@%ﬁw}w G
Pd(Ph3P)y F1O N Nf Ellivgl%ﬂlii}thﬁe gkullféé%{?%%eﬁgyg ltg% ai\l}j"é"

ONN)
e P TR0 e S1iopver 620900} Rulerédsioddimeehylsilyl
derivatimatis neeicked wih sy ia undanRleck:lypeieaupling sapgitions. The

nitrile 17.1 was converted into the target 7-amino-tetraazabenzoazulen
nucleoside 17.2 via sodium methoxide mediated ring closure.
Example 16, Step A: 4-Amino-2-( 5-O-tert-butyldimethvlsilyl-2-Cuneihvl-B-D-

tibofuranosyl)-2.6-dihydro-7H-2.3 2.6-tetraazabenzol ed]azulene-7-one (16.1)

OH

[0203] A mixture of 4-amino-2~(2-C-methyl-p-D-ribofuranosyl)-2,6-dihydro-7H-2 .3,5,6-
tetraazabenzo{cd}azulene-7-one (65 mg, 0.19 mmol) in DMF, tert-butyldimethylsilyl chlonde
{70 mg, 0.45 mmol) and imidazole (61 mg, 0.90 mmol) was stirred overnight at room
temperature and then concentrated iz vacuo. The oily residue was dissolved in CH,Cly (20 ml},
washed with aq. 1ICI (0.1 N), sat.aq. NaHCOs, water, brine and dried (Na280,). The evaporated
residue was purified on silica gel with hexanes/EtOAc (1/1) + 0.5% Et3N and EtOAc + 0.5%

Et;N 1o yield the target compound 16.1 as colorless oil (38 mg, 44%).

Example 16, Step B: 4-Fluoro-2-( 2~C~methyl-B~D-rib0fm‘anosv1)—2.6~dihvdrow7H—
2.3.5.6-tetraazabenzol cdlazulene-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 of 16..1 (30 mg, 0.07 mmol) in pyridine (0.5 mL) followed by tert-butylnitrite (15 pL,
0.13 mumol). Reaction mixture was allowed to warni to -5°C, quenched with 6 N aq. NaOH and

evaporated. The pale-yellow residue was triturated with MeQH, filtered and thoroughly washed
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Example 17, Step A:
4-Amino-5-[(E/Z1-cano-2-ethenvll-I-12-C-methyl-[3-D-
wo %ﬂ%%:'r%svl)-?H-pWrrgIo[Z,3-d]pyrimidine (17.1) [0207] To R e liTi70) o ek
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,

with MBS RMP&L %%ﬁffé’cﬁﬁ@ﬁ%e ﬁ)ﬂm Q‘E@@ﬁﬂ%@%ﬁ%}@@@% 9 sQﬁca gel

nunol). The resulting mixture was stirred at 70C for 4 d., then cooled to
columny g telihbdyAdefaidiNe i wite theGrrcisempoyadll 62 aa yaHdwrealidd 5 me,
20%). with Dowex HCO3- (0.5 g). After | hr stirring the resin was filtered off,
washed with CH2C12/MeOH (1/i, 50 mL) and combined filtrate
[02685h BB CTAOENide T85idhe Wadipunifiet ShHzsAidh Gel Ictiutih Hith, 6.09 (s,

) I MleO ' [1).to yjeld >t t
e s Yo el 75 s 300 Sh e (4 e
12.9 H20065/02 S55 81 REFISHR0N9D 27,809, BXar e MESIER D ARI0-28(MS m/z =
409.6 (%@%3%3“1”%08) 2H 2 3 5 6 tetraazabenzo[cd]azulene (17.2)
2 mixture of the compound from Step A (75 mg, 0.23 mmol) in 0.1

N NaOMe/MeOH (18 mL) was heated at 60C for 8 hr then cooled to room

temperature and evaporated in yacue,iCiude residue was purified on a

silica gel column with a CH2CI2/Me gradient (20(1, 10/1, 5/1) to yield
HERgradEcorisdnc SIOAYEDHA (A4 oG- 15eaYa P00
(DMSO-d6): 6 8.10 (s, H-4, IH), 7.51 (s, II-l, H-1), 7.6-8.0 (2br, NH2i ZHQ :
6.85 (d, H-9, JH8,x9= 11.6 Hz, IH), 6.01 (s, H-I', 1H), 5.52 (d, H-8, \N *
Jx8,x911.6 Hz, 1H), 5.11 (m, 2'-OH, 3%;\%%-OH), 3.77-3.91 (m, @E’ﬁ

(

17.2

Sradisco u!‘.m_:-ln-‘ -1 i s

H-4', H-5'[3H), 3.63 (m, -5',1H), 0.70  3H). MS m/z = 300:8;
(M4GH3 B mp Ny

" N I /
ob") Examipstents | J o
7-Méthos]! 2-t'z-c-meg§2@%®-rib%° WSVl 2h-pegusmeon
6-tetragzabenzo([cdlazitgnenid8 3) O G-OCH3 NH / NHiN A B/ N+Ac20,

McCN49 NN H N N~ EtNg DMAP ALY, N"NJ Me30'BF4 AGO N I NJ |j
L-~.~'1 CHZCIZ HO OH AcO bAc rt, 2 d7cd bAc 6.6 16.1 18.2 17.2

[0206] Nucleoside 11.2 was reacted with acrylonitrile under Heck-type coupling conditions.
The nitrile 17.1 was converted into the target 7-amino-tetraazabenzoazulen nucleoside 17.2 via

sodimm 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-pyrrole{2.3-dlpyrimidine (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), trethylamine (0.137 mL, 0.99 mmol),
and tetrakis(triphenylphosphine)palladiuin [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 HCO5™ (0.5 g). After 1 hr stirring the resin was filtered off,
washed with CH,Cloy/MeOH (1/1, 50 mL) and combined filtrate concentraied. The crude residue
was purified on a silica gel column with a CH,Cl/MeOH gradient (5071, 30/1, 10/ 1} to yield the
farget stereoisomeric mixture (E/Z, 3/1) as yellow solid (75 mg, 46%).
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OCH, C N K2CO3IMeOH, N ft; 0.5h Hi N NJ HO OH 16.3 [02101
Peracetylated nucleoside 18.1, prepared by treating the compound 6.6

WO With@asdke anhydride, triethylamine and DMAP in acetonitriRCafewas027819
reacted with trimethyloxonium tetrafluoroborate in CH2C12 at ambient
temperature to furnish methoxy nucleoside 18.2. Removal of acetyl
roups |n MeOH saturated with potassmm carbonate yielded the target

te&agzq@qug&gg@ | p A: 2-(2 3 5-Tri-O-acetvl-2- G- -methyl-
-D-riboturan eé% é%%tgtraazabenzo[cdIazulene 7- one (18.12 [02111

I 3,5,6-
mz"t%?ﬁ*ﬁ%%%@fféﬁf$°u£§§ﬁ? AT e R e
NaOMeaMpORH W@séaﬁht@drwémmmmmmmdm@mymmeﬂaﬁﬁe and

evaporaf@&l%%zBMéﬁléége@@u%7 ﬁQdTg%_le fétu elvt\lzaﬁlstlrre %%1 /%}IeOH

room temperature, then evapo ated an reS| ue par one
gradienty(2tK} (¥8/n 5 Lariel nﬂ@@zztaqz@t)onmpoﬁné d@amsifaﬂewahdﬂ(éﬂhag \Wit).
024¥NesE N& T (e I
{ I\/I,eOHalgt{gé/gtg 'ﬁhgfsﬁ%\!%;%‘e? %(j?r(i 61&?3 as yeﬁ)tﬁvdgdlmﬁ(ﬁl ﬁt 8@%&%\% tP\IHz’ 2H),
6.85 (d, EkcQmpiea 8, 1$t6518; 1H), 6.01 (s, H-17, 1H), 5.52 (d, H-8, Jis 10 11.6 H, 1H), 5.11

) I y. 3: rlg C{ #

(e, 2 d%wﬁ?ﬁﬁg?e@zgggggfg%zulen %hieiL )[ 2 %@}3\ Sotuldh-of- 70 (5 Me,
3H). M§He/gcniio Mg SieIA. (50 mg, 0.11 mmol) in CH2CI2 (1 mL) and

trimethoxyoxonium tetrafluoroborate (18 mg, 0.12 mmol) under argon was

stirred at room temperature for 2 d. At this point the reaction was

guenched with sat, ag. K2C03 (&ﬁﬁ%@the resulting mixture diluted

with CH2C12 (501ophowashed with-wyaisy. I@r%ﬁﬁgngg@_over Na2S04.

The evaporated residue was purlfled ona silica gel column with

CH2C12/MeQill (& G35 g-eiye ligddagaeergges-ddbmpound 18.2 as

yellow solid (29 mg, 56%). Example 18 Step C:

7-Methoxy-2-¢2-C-methy(3-D-ribofur yl)-2H-2 3 5 6- OCHs
tetraazab cdlazulene (18.3). [02131"A mixtgre of the compéund from
Step B (2 0§ JIMQL), in saturgte thanolic K2C03 (5

stlr%{aﬁ)ﬁe ten‘ﬁmerattwe 730 i1, afid thespesncentated 0.
The cr vapor: atedresidue rified © on. a STFC| a geteeﬁlﬁm with
CH2G#2/MeOH (20/1) as the a5 Hac

i, 2 d AcG DAc
6.6 18.4 18.2
OCH3
c 2
KzCOg[M&OH, i I SN
it 0.5h HOL\(ijN/ N/)
H 5 'bH 18.3

[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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eluent to afford the target compound 18.3 (15 mg, 72%) as a yellow solid.
[02141 'H-NMR (DMSO-d6): S 8.30 (s, H-4, 1H), 7.68 (s, 1H, H-1), 6.83

WO B0y 55848 H911.6 Hz, 113), 5.98 (s, H-1', IH), 5.84 (d, H-&CHSSRIG14924819
Hz, 1H), 5.22 (s, 2'-OH, IH), 5.17 (m, 3'- OH, IH), 5.12 (t, 5'-OH, JsoH,HS
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+CH3COO- .70 WO
; i - et nethybi hpturanosyl}-2,6-dihydro-

7H—§33@ @Q%@%M a%ﬁeﬁeﬁﬁ%ﬁ'ié ;g.ki nzo(cdlazulene -4,
7(3H,6H1-dione X9. % %5 0 NH7 <NS N NH HO 0 N N LNH2 NaNO2 HO-

[021@ '%'a%lﬁ%&? (tig%’]/ {RAAGIGHE-HRhhbsvhodaatl d#6-6H.9.3 5,6-
utl
tetraazaLeaﬁﬂEf@Gzzcﬂf@qﬂe@nwﬁ(é@mﬁj xfdspmolbiningeinsifiiepsss gdded acetic

anhydrilRl{aazeRgnzoiciazyangineide . ; Ot AR (3509 AHERMSOD). The

acetic acid (5 mL) was added sodium nltrlte ( 42mg, 0.6 mmol) and the

mixture; R LS RETBERS GBI SEPREHIUS: Hhap cvmeorisd rad ihs el mastitioned
betwee ¥R N 7EEAD QHifer }%@%( SEHIBE BY TeMSS: %&M%%@@m@d Rh AR and
a

a Phenomenex Lun ) 250 x 21 mm 10 m column. 100 mM

dried ovgietinBitim diie Ry traseied Yoedue v pHrraiek wikb dieO daohelhihn grrest

compoRdeRtyABtRdiant afsaQie, s3% McOH over 40 min was applied. The
target compound eluted at 26 min followed by two smaller peaks at 29
and 31 min. TEAA was removed by repeated lyophilzation to yield the
Brgebrompeudms avietiyetow. mnterial- (2811 80k HORAED-HbMMRnosyl)-
DMSOd6) 611.0 (brs, 2NH, 21 -1), 75 (s, IH, H-1), 6.95 (d, H-9,
“Ixs;xY” 44 CRLpC »‘&’ g4l ; ,2(d JII8,H9 11.7 Hz, H-8, IH),

miﬁ i e B R s

mmethmﬁﬁhﬁﬁ&ﬁﬁ}%lﬁﬂﬁﬁﬂéaﬂﬁgQOE[Zammei)aﬁhder argon was stirred at room

(}-%‘éc me th D-rib furanos éf-‘
enper i e 15 A B A AU TR S 3t g 15005 (L m) and e
resulting mixture diluted with CH,Cl, (50 mL), washed with water, brine and dried over

NaySO4. The evaporated residue was purified on a silica gel column with CH,Cl/MeOH (50/1)
- as the eluent to yield the target compound 18.2 as yellow solid (29 mg, 56%).

Example 18. Sten C: 7T-Methoxy-2-(2-C-methyl-3-D-ribofuranosy)-2H-2.3.5,6-

tetraazabenzol cdjazulene (18.3).

[6213] A mixture of the compound from Step B (28 mg, 0.06 mmol) in saturated methanolic
K2COs (5 mL) was stirred at room temperature for 30 min. and then concentrated in vacuo. The
crude evaporated residue was purified on a silica gel column with CH>Cly/MeOH (20/1) as the
eluent to afford the target compound 18.3 (15 mg, 72%) as a yellow solid.

[0214] "H-NMR (DMSO-de): 8 8.30 (s, H-4, 1H), 7.68 (s, 1H, H-1), 6.83 (d, H-9, Jug s 11.6
Hz, 1H), 5.98 (s, H-17, 1H), 5.84 (d, H-8, Juz no 11.4 Hz, 111), 5.22 (s, 2’-OH, 1H), 5.17 (m, 3°-
OH 1H), 5.12 (t, 5°-OH, Jyonus 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+CH3COO)
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CI12BnO\ICI CICIICIBr/iN /"IN NaNOz, H'10uCl /\N MIS, THE /N
CI2BnO ON 2.4 CfpBnO N NJ~CI NNH2 NN CIBH N ClI NaH,d,72h 2 t
WO BEP2EES ON 20.4 20i A 202 20.3 0 D NH4OH, dioxane CEZE2R4027819
NH2 ~INHZ NFNE CIZBnO ClaSnONN N CIDBU 0 J N CI
Pd(PPh3)2Ci2 C126n0 N CI CI BnO OH ?0 CI BnO OH McO2C~,SnBu3 -
20.52220.6 CI26n0 OH G "BC13in CH2CI20O NHN HO N NCI OJ
HO OH 20.8 [02171 The tricycli&ag@®issi8e 20.8 was synthesized starting
from 2-amino-4-chlorga/ Hnai i 33 pitiaiging, 441 - The nucleobase
20.1 was dlazotlzed in the presence ofcopper chioride and the resultlng
base 2,4-dicRirdteiyaazabsns ¢ o eds '
|odosuccrn|m|d

in THE at room temperature to provrde
2,4-dichloro-540do-7H-pyrrolo[2,3- d]pyrimidine 20.3. Then 20.3 Wz;ts_/<O
converted o thgigorresponding sodium salt with sodium hydride ity

acetonitrile_an eacted with bromo-sugar 2.4, which was prepared frg

3,5-bis-0¢" | NH

-di p m yl)-2-C-meitapla,O-methyl-a- ofurano -)\1/&0
Céﬁz

Hel Acta. 1995 78, 486~m~weezfo57287 8gile

nucle 4. The glycosylati@dtiqprodu®ti 20.4 was aIIow ; with
amonlummydrOX|de in dioxane af+00& provided U.S. y& BH
Methyl-cis-i3-(tributylstannyl)acrylate (J. Ana. Chem. Soc; 1993, 115,
1619) Was coupled with compound 20.5 under Stille reaction d@ﬁdrtrons

[0218N RAQEAIRPhR LRI CRPRRIIAYIIR. 12 GhiuiGRiA) 3NRIA 7 1:2,3,5,6-
which was further reacted with DBU in dioxane to give protected |cyc

tetraazabenzo[cd]azulene-7-one 15.6 (35 mg, 0.1 mmol) in 50% aqueous acetic acid (5 mL) was
added sodium nitrite (42mg, 0.6 mmol) and the mixture stirred at room temperature for 4 hr.
The mixture was neutralized with 1M TEAB buffer and purified by reversed phase ion-pairing
HPLC on a Phenomenex Luna C18(2) 250 x 21 mm 10 pm column. 100 mM
tdetllylamn1011ium acetate (TEAA), pH 7 was used as the ion-pairing agent. A gradient of 20%
to 55% MeOH over 40 min was applied. The target compound eluted at 26 min followed by two
smaller peaks at 29 and 31 min. TEAA was removed by repeated lyophilzation to vield the
target comnpound as a fluffy yellow material (28 mg, 80%).

[0216] "H-NMR (DMSO0-dg): 8 11.0 (br s, 2NH, 2H), 7.53 (s, 1H, H-1), 6.95 (d, H-9, S8, Ho
11.7 Hz, 1H), 5.91 (s, H-17, 1H), 5.62 (d, Jug o 11.7 Hz, H-8, 1H), 5.10 (br, 5°~OH, 3’-Of, 2°-
OH, 3H), 3.77-3.89 (m, H-3’, H-4’, H-5, 3H), 3.63 (m, H-5",1H), 0.79(s, Me, 3H). MS m/z
347.7 (M-1).
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20.7. Nucleoside 20.7 was treated with boron trichloride in CH2C12 to
ffor %t clic nucleoside 20.8. 72 WO 2005/021568
wo iy éﬁ 04/027819 Example 20, Step A
2-Amino-4-chloro-5-iodo-1H-p3gLolo[2 3-dIpyrimidine (20.2) [0218]
Compound 20.2 was prepared as described in Seela, F., at al., Liebigs

Ann. Chean., 1985, 312-320., Exg{gm@gg gStep B 2
4-Dichloro-5-iodo- 1H pyrrolo[2 3-dipyrimi ine (20 3) [0219] Compound

PCT/US2004/027819

20C for Zg@l&h s d
and the resufting mix

mixture was evaporated to dryness and Ciiige re5|due was re- dlssolved in o
ethyl acetate, washeg with 5% sodlum ghms&l;a@ﬁa_t&&aturated SOdiuMmp— sy

(mdga@gwm ﬁkﬂgen dried OV u sylfate, ard eveys atedt | e
N g5 The—er guct was pyyi d@mﬂg@;g@l‘mtumn

Hci;r(?matography ﬁsmg 20 % ethyl a'éetate in hexan&to give 4C§Eg>of o g04
compound 20.3 as &¥ellowish solid. EXdmple 20, Step C:2 4., o s
-Dichloro-5-iodo,7-[3 5-bis-O-(2,4-dichlgraglien vimethyll-2-C- R o

-D-ribofuranog~IJw#H-prmolo[2,3-djpyHimidipe (20-4 [0220] A solution of wx,
fen Acta 1995, 78, 48@-TrMVO 02857287, 2002) (B-
(

2.4 ((i) Helv.

20Prfimolgs)i aﬁhydﬁ@ws aéetonitrjle L)p%%,@ﬂd@d%' /T\C;
of the sodium- salt of4,6-dichloro-5: -7H-pyrrg I'O[Z_%‘Q%P yimi
[genet&éd isitiedrom 4, 6- dictier8-5- TodcsH- pyrﬁ@lﬁ[Z d]primidiie 205
(3.1 g, 10.0,mmol) in anhydrous acetonitrile (100 mL), and NaH (60% in
mineral §il, DBO«g3%.0 nunol), after 4 hr of vigorous stirring at room
temperature]. Thescombined mixture was stirred at room temperature for -
40 hr, and thery€ygporated to dryness. The mixture was filtered through a
celite plug andithetsplid residue was thoroughly washed with 500 mL of
acetondrile. The-filteates were evaporated to dryness and the crude
product\vv&éjﬁlrlﬂed on a silica gel column using 25 % ethyl acetate in
hexane txmglvea 2.8 ¢ of the desired product 20.4 as a white foam.

027 TS aRS sepic R s SMRHISHERYRA G 22sbdggloro 72
pyrrolg3y) @ﬂztllpgfumdlm RUH. p&ﬂhela{@}%bﬂm@ﬂﬂiid&ﬁe dﬁﬂ(ﬁ)i&?ﬁﬂﬂlﬂ?@ﬁﬁ@%ﬁﬁ%ﬂﬁ‘ copper
from,Step C . o |nd edlna
oo e R o b i e vt
iodosutrmem&tureT\hﬁémghdm seapechand togateddo :ﬂ,@@ﬁbfﬂmi:hr ifftet fhgyrrolo[2,3-

d]pyrir gﬁf&@zio &%ﬂ%ﬁ V\\é\%ss %‘0’3 errtgcrletd %ge %Qr%ggoxz(ﬁng S0 1919115 {9% ];v?i- sodium
hydride in acetonitrile and reacted with bromo-sugar 2.4, which was prepared from 3,5-bis-O-
(2,4-dichlorophenylmethy!)-2-C-methyl-1-O-methyl-o-D-ribofuranose ((i)-Helv. Chim. Acta.
1995, 778, 486; (i) WO 02/057287, 2002), to give nucleoside 20.4. The glycosylation product
20.4 was allowed to react with ammeonium hydroxide in dioxane at 100°C provided 20.5.
Methyl-cis-B-(tributylstannylyacrylate (J. Am. Chem. Soc; 1993, 115, 1619) was coupled with
compound 20.5 under Stille reaction conditions using PACly(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 o

nucleoside 26.8.
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and the crude product was purified using silica gel column
chromatography with 5-10 % McOH in CH2C12 as eluent to give 2.10 g

WO g2 hisfe desired product 20.5. Example 20, Step E PCTAIS2004/027819
4-Amino-2-clnloro-5-[ - methoxycarbonyll -ether 1 -7-[3 5-bis-
O-(2,4-dichloronhenvimeth~l)-2-C-methyl (3-D-ribofuranosvll 7F pyrrolof2
3 c~pyr|r3|d|ne (20 6). [0222 To the matgrlal from Ste D ( 1 g 1.90

e (20.2

ngén methyl-cis-B- (trlbutylstannyl)acr)éate (1. 5 mL, 4 4 mmoI and
{ cgtg?éﬁﬁ’ﬁ% O30 PREP B ifiaT IBEI o et fer dhute aa%tégaﬁfm Chem.,
1985, 3apgdroatmosphere. The reaction mixture was heated at 70C for 24 hr then

cooled to room temperature and filtered through a celite plug. The filtrate
Was evaporated to dryness and the crude product purlfled ona silica gel

deS|red eter 20 6 xample ZOStep F: 2- f3 5- BsO (2 .
0212} SBrpHeiiR sy B mugB-BaridisfillvrosvITHAFCRIO001L) and cooled to -

20°C ff-SMeoN Bc%ﬁlécﬁuﬂ@@f @gng@ [6%%1:;39/38 91%%1%%2149%@111{3 re%ultmg

solution of compound 20.6 2.5 m nol) in dioxane (40 m
mixtur é‘aﬂaeéfﬂt)@@f@@nﬁﬁ@@&hm%ﬁqe%ih@rmwmh sateevapeetiast fordprhess and

the resﬂﬁ‘éj\va@ REYARMNRIEL, 1OngAER R DS RIS RTRINCL WA, M&Eﬁ%ﬁ%& IEA ated
gel column chromatography using 5-10 % McOH in CH2C12 as elueht to

sodlumgq}g@rld? @M@&r@ﬁrﬁ%&@@?@%éﬁdﬁ@mlﬁw evaporated to dryness. The
crude pfbubt O Sudreae K38 @Q@W&ﬂ%ﬁpa?o?r‘%ﬂw& /3 &hyl acetate in

6-tetraazabenzo|cd azulen 7-one (20 S) [0224] To & solution of compoun

hexane 3o et ivetf romporag O3 mmyedoradnemith CH2CI12 (200 mL) at
-78C was added boron trlchlorlde (AM in CH2CI2, 25 mL, 25.0 mmol),

meﬁﬁdmb)m@ram@esnmgmmmwm@tmﬁ@ foo 3(}) minutes, then
neutralized with aqueous ammonia at OC and stirred at room temperature
[02126] Posniinitest Thie(Mixfufe Wasevaporaisdigsirypesgiandaieresidee, 2002)

G5 e, W%ﬁfi ,ﬁ'“ o% %ll\% lum?ﬂ?h Bbapuri ﬁ/oéva;n r?cfcollg{ 6%%3@?6 sodium

salt of @d&cﬁkbwooao&mamsagmaypt&zoﬂme:{geﬁaa{ai25}11:1 SR, 6-dichloro-5-

Lo oD -d6) 611.04 (d, J 1.5 Hz, 789 Hll
odo- 7 D D o iRy A s S g nc
Nat (68H4, 1Bx@k)aBEBOIB2(A1]. ﬂtﬂ)ﬂ’rbB,, it 42)@1-(}591,8%?56‘(8?,13&11,%&)011‘1
temperfl% f] ﬁtg:%}g:lh%&lé?eo Ctlneezvga thtrreg)"t rg)cg(x)n gxgp%yalt Te d?t edla&%hen

for the synthesis o
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 diyness 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-5-10do-7-{3,5-bis-0-(2,4-dichlorophenylmethyl)-2-C-
methyl-B-D-ribofuranosyll-7H-vvirolo[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 ammoniwm 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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C-4-functionalized tricyclic nucleosides. Nucleoside 20.8 was reacted with
iomethoxide in DMF at elevated temperature. Twolp Q &Ct&umﬂsw
Woév%%éélg;org ed in aratio of 1:1. These products were separated using
reverse phase HPLC and characterized as tricyclic nucleosides 21.1 an_d
21.2 using 1H NMR and LCMS analysis. Compound 20.8 was treated with

and thetenideyhodimpeind il shlaride.antdmidpzolg ik VGRS gem Sﬁﬁi]gﬁ@‘%% MeOH

give 5'=1'BDMS protected ftricylic nucleoside 21.3. Nucleo
in CHZ(gi%ﬁ[%féléﬁg e I%é’l%ﬁolr?cﬁ %%%E)Qﬂﬁﬂ@ii@@lm@@kﬁﬂfethylamme in THF,
followed by deprotection reactlon usmg tetrabutylammoniumfluoride
1 4 In a S|m|Iar fashlon 21 3

5-bis-

05/021568 1'C'r/US2004/027819 Examples 21 and 22 242-C- methyU-
= '-ribofuranosyl 4 Inethylthio-2 6-dih o_771-2.3,5.6-

02331 3% be"&f “'er%tegcﬁ yen trlildf%ge{ﬁfﬂf%ii& 16pgnd. of anhydrous DMF was
added oIS AMONG 76142 ﬁ@@});eﬁa@&hﬁnﬁg{@ﬂi@:ﬂlﬁﬂﬂ;@)‘ae@kt% 0105QHIA mmol)

ACI|I NaSMe DMF HO N ~SMe HO" /| NCI
and PO B D 2 oo R R R B e apislere. The
reactionr @O iHall hcadibCal BOWI S0 M bl Glefi)caMdd THEMQMKINaABARA filtered

~D~ H.21.4 D (i) NaOMe,
throughTﬁ%ﬁtel‘%f Xb i & - Naky\évalfalcc))ra |c_1| t%ldls'yggs%nd tﬂ'e crudg)produci purified on a
silica gel column using 5-30 % THF in CHyCl as eluent to give 2.2 g of pure the desired ester
20.6.

Example 20, Step F: 2-[3,5-Bis-0-(2,4-dichlorophenvimethyl 12-C-methyi-B-D-
nbofuranosyli-4-chloro-2.6-dihydro-7H-2,3.5.6-tetraazabenzol cd]azulen-7-one (20.7)

[0223] To a solution of compound 26.6 (1.9 g, 2.5 nunol) 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-ribofuranosvl)-2,6-dihvdro-7H-
2.3.5,6-tetraazabenzolcdiazulen-7-one (20.8)

[0224] To a solution of compound 20.7 obtained from step F (1.7 mg, 2.4 muimol) 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 mlL) and the resulting mixture stirred at -
15°C for 30 minutes, then neutralized with aqueous ammoma at 0°C and stured 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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NHN HO N'el-OMe HO OH 21.5 102271 To a solution of the compound
obtained from Example 20 (20.8) (100.0 mg, 0.30 mmol) in DMF (10 mL)
WO G8Y%a% sodium thiomethoxide (105 mg, 1.5 mmol). The Bfp&HIE20R4E 7819

stirred at 120C for 24 hr. After evaporation of the DMF tinder reduced
pressure the residue was purified on a silica gel column using 5-12 %

pr ducm%%gi%iwéet ({egol éﬁée%@?b g}%@ (ﬁgﬁg‘f\lﬁ P4 (d, 7

11.7 Hztl 30, m§ @112, IEDIZSE F(daxample, 25 @k, 21 NMRrCRBGRDED), 3.88-
(8, AH ,H-6) 619(s 1H, H-1Y, 5.72(d, J
3.32 (m éﬁggé 5%464%"7‘93 ‘E%fﬁsrzriﬁéﬁ%% 4", 2xH-5'), 2.56 (s, 3H, SCH3),

102209 I¢s;y8Hik; QB 22918 RorsFxandpie mﬁa(%ﬁblemlrdmadﬁﬂaa@lﬂie&symhesis of

o furd 6)0.29.4s, IH, 2 HI), 451379 (in, BH, ', 2xH-5',
c-fulghifiy SR sy St RA i e e i .06
ﬂnomeréwmég SHDME @lwvalﬁdt;&fa;&@ﬁﬁﬁ(iﬁ fﬁﬁﬁpl?@ﬁﬁi§ﬁf@%{/%ﬁ§839n7ﬁﬁﬁzim i1

ribofurangs~ mi ihydro-
e o 38 e Db Pl o (sl
HﬂCleOﬂdﬁﬁéﬂthm@/ﬁZ@ém@ﬁﬂM ﬂhdﬂl@ﬁﬁsgdhrﬁfydlhyﬁmlpound 20.8 was treated with
g r enz cdlazulen:7- 3)[02 solutlon
tert but;ﬂlalét‘lﬁggﬁz% g]?é@ [1 gmm?olj ) }J&L ? 1(bgﬁ1 DP BDMS

compou an azole

protectgd MQmmwwwmmmmmymwm ()]ﬂiﬂﬁi}fﬁ@ﬂdﬂﬁ using
M meMHmy?ﬁ e 8‘{;‘% lf# ! 10 e%rtn bﬁerrét t%mrp eglant ug:gt}c' qrﬁ%ﬁg}e@mmﬂuon de

inert atmosp é an allirated Soaitm bicar
(TBAF}s@fﬂﬂdﬁ%@@ﬁtmuwmvetmd &tdtalne ﬁdrmd aviestsonl ams sulfateg@aed with
rod ct was b urified ysin
o e Lo SR S B, par o
give 4-¢Hdjeated préduct 21.3. [0231) 'H NMR (CDClB) S 7.68 (s, 1H, H-6),
7.24 (d, J 11.4 Hz, H1"), 6.83 (s, 1H, H-1), 5.85 (d, J 11.4 Hz, H2)
4.14-3.72 (m, 4H, H-3', H-4', 2xH-5"), 0.99 (s, 12H, CH3, (CH3)3), 0.18 (s,
6F1, 2XCH3) 241C-Methyl-(3-D=ribofitranosy11-4-methylamino-2
6-dihydro-713 2 35 ~_ tetraazabenzo[c6lazulen-7-one 21.4) [02321
Compound 21.3 (1.00 mg, 0.20 mmol) was added to 2M methylamine
solution in
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THE (25 mL) in a pressure vessel: The vessel was tightly sealed and

a 90C for 8 hr. After evaporation of the solvent and
wo gor%r'ur%q%t% residue was re-dissolved in THE (20 mL). To th|slg Sofl??zoowzvsw

tetrabutylammonium fluoride in THE (2 mL) was added and the solution
stirred at room temperature for 4 hr. After careful evaporation of the

solvent the residue was puriigéngragilisa @el column using 5-7% MeOH
, gjve, 46 mg of deswed eIIOW|sh product 0233 'H

Example 24 4 Methox 2 2 C methyl--D rlbofuranosyIL 6- d|hYdro 7H 23

5 6-tetraazab [cd]azulen -7-one 21.5 [02341 %0 a solution of
compound 2 /3 (#00.0 mg, 0.240 mmol) in anhydrdtis MeOH (2&-#nL)\was
added freshly'p e%red sodium methOX|de (540: , 16.0 mmoly.

resu t?hg&gggj‘ogéne"bus soltifieR as ﬁe%ﬁ réfluxifor’24 hr.an e
neutraliz&d with DOWEX H{ fesin and fil The neutral i
solution was evaﬁ(ﬁrated and the residue was re- disolved 1 THE Tétthis
solution, tgtradstylammonium fluoride in THE (2 mL) was added and the
mixture wals §tiited at room temperature for 4 hr. After careful evaporation
of the solvent, thg? residue was purified on a silica ggl column to give 38
mg of the desifedyellowish product. 102351 'H NMR (CD30OD) 6 7.64 (s,
1H, H-2), 7.0Q{¢;9,11.7 Hz, HIY, 6.129 (s, 1H, H 1h5.73 (d, J 11.7 Hz,
H2%)s3.81-4. P, H-@lpelnizA 23H5 4, OCH3), | 92(s, 3H, CH3).
Examplé (2-C-M thyiﬂﬂlﬁﬁ&mano&@-dlh dfovsH-2,3 5
6- tetraa‘ztabeﬁﬁo(é‘ézulene--th|one (23.2) 348 SeNH NH,NH NAN"B N
ONNJ !\INJEOQe MeOI‘J AcO"~ AcO~ HO ACO OAc AcO OAc HO OH
18.1 23. sQraExample ~5 Step A 2-(2-C-Methyl-2 3 5-td-O-acetyl-(3-D
ribofiuanosyl) 2,6-dihvdro- 711-2,3 5.6-tetraazabenzo|[cdlazulene-7-thione
(23.1 7 hn

wo G

o

HO  OH g

[0227] To a solution of the compound obtained from Example 20 (20.8) (100.0 mg, 0.30
mmol} in DMF (10 mL) was added sodium thiomethoxide (105 mg, 1.5 mmol). The mixture
was stirred at 120°C for 24 hr. After evaporation of the DMF under reduced pressure, the residue
was purified on a silica gel column using 5-12 % MeOH in CHCl 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. A

{0228} For Example 21 (21.1): '"H NMR (CDﬁOD) 6 7.70 (s, 1H, H-6), 7.00 (d, J 12.0 Hz,
H17"), 6.19 (s, 1H, H-17), 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 (CD;0D) & 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, CHz), 2.59 (s, 3H, SCH;3), 2.14 (2 x 5,
3H, SCHs), 0.88 (2 x s, 3H, 2 x CHa).

76



[02361 Compound 18.1 (250 mg, 0.54 mmol) was dissolved in dioxaan_EjS
mL) and pyridine (7 mL) was added, followed by phosphorus pentasulfide

) Oﬁ}éf’%/.S mmo(l). The)z mixture was heated at reflux for 2Bk Hiep {7819
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 CHC13 and ashefd ith 30 mL 10% aqueous sodium
bicarbonate followed by water. %%@'%ggSIOZl%S PCT/US2004/027819
The-42garidgtvsp-Wasbatiednoven-anhydrdassasim sufate, Titerads 6-
evaporated and the residue, ( 0) containing 3.1 was used
immediately in the next-3t&’ HIFSEN SR 238 Methyl-3-D-ribof

WO

iranosyl -2 6-dihydro 7H 2 3 5 6 tetraazabenzofcd]azulene-7-thione

[ozfm]ev@%i@H&W.@Péﬁﬁ?&fﬂéiﬂ@% @%@%%’“W.@%}n%' %9&%&%%&1% fsgfé) mg, 1.0
afford 30 mg of product 23.2."H NMR (D $_O-d6) S 10.49 (s, 1H), .52 (s,
mimol) M5 6% migyvasadad gertdwddimgtielod dshiviie@50d, ®a2l Hiznmol). The

mixtureldds, sok&d(M adihled §ulpRr A B A3 A z&&%ﬁ%g%ﬁér@%‘?@éﬁ f8ated with
~2-C-Methyl-(3-D-ribofuranosyl)-6,7-dihydro- _ _
saturateg) sodguggt heeBlenazofessatyd NFth ehl BrBiR GHB8hovgr sodium

sulfate, Zabt/ = vhHd 2R ON &l‘y@sy Wé%ﬁ@@l@ 'dfgs"’ﬂurﬁg@ HQDQ Hifieq E& column
B/IIN OH L ,O.NN24.2 HO OH ) )
chromatography using 2-5 % MeOH in CHCl; to give 380 mg of the desired product 21.3.

[0231] 'H NMR (CDCly) § 7.68 (s, 111, 11-6), 7.24 (4, J 11.4 Hz, HI"), 6.83 (s, 1H, H-1"),
5.85 (d, J 114 Hz, H2), 4.14-3.72 (m, 4H, H-3’, H-4’, 2xH-5%), 0.99 (s, 121, CHs, (CHs)3),
0.18 (s, 6H, 2XCHy)

2-(2-C-Methyl-B-D-ribofuranosyl)-4-methylaming-2.6-dihydro-7H-2.3.5.6-

tetraazabenzofcdlazulen-7-one (21.4)

[0232] Compound 21.3 (100 mg, 0.20 mmol) was added to 2M methylamine solution in
THF (25 mL) in a pressure vessel. The vessel was tightly sealed and heated at 90°C for § hr.
After evaporation of the solvent and excess amine, the residue was re-dissolved in THF (20 mL).
To this solution, tetrabutylammonium fluoride in THF (2 mL) was added and the solation stirred
at room temperature for 4 hr. 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—dg)VB 10.05 (br s. 1H, NH), 7.42 (s, 1H, H-6), 6.85 (d, J 11.7 Hz,
H1°7), 6.65 (br s, 1H, NH), 5.93 (s, 11, 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, CH;).
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Example 27 Step A 2-[3 5-Bis-O-(~ 4_dichlorouhen hneth~)-2-C-methyl

W j3-D- abofuranos 1 -67-dhydro-2H-23 5 6-telmazabenzo[ccZla -alene 24.1 .

O.Zfb‘?@élféﬁo compound 6.2 (372 mg, 0.5 12imol) and tri-nn-bB&HHbm@mﬂSU

allylalnine (prepared according to the literature procedure in Corriu et. al.
Journal of Organic Chennnistiy 1993, 58, 79 WO 2005/021568
PCT/US2004/027819 1443-1448).in JOmL anhydrous toluene was added
tetrakis(triphenylphosphine) pal%%%%;il and the mixture was heated at
reflux for SAkxidthexselvERastke ibd amahtrsy peichdehiseolved in
CH2C12 and loaded.op a silica gel
75:1, 60:1, 40/ ErPet HIEBHRPES

o5 AT SRR AL ) P8 By i s ot 3

ml) weatrabzdbérdlydjepaedes@hie). j0280tiTo d5AbBuUng, 210101609y, Thegesulting

mmol) in,CH2C12 (10 ML), at -78C IMLSoltioR.afber9hn DOWEX B
homogffﬁ%%‘llcs))ns é“Fh"&ﬁ‘?& Iéeég%&p&ﬂsrg%%%r ﬁﬁg{tjé% and théH solution stirred at
resin afi8Bltéord2. Theameutten med2EGCHforsgltioTowhis ehBrorelsdasnalded sidhe was Te-

dissolv%%r:lll’ﬁ CI'E)'%&'SZGMS 1?1H, %@r%ﬁﬁ%l%%%bmr%ﬁﬁéjlﬁ%ﬂ %9 Imiﬂ%-added and

e mixture was brought’to room temperature and the solvent was,

the mixvapenatedoddérsentceth pragsufer The Adtpisarsis exnpembomed dhgiplvent, the
residueMNﬁggf% o laT )sﬁl{(]g ggilgorf&%&{'%%ﬁé%ﬂ@c}%’ ﬂ%e@%yﬂ@&%%ﬁ%@h roduct.

and evaporated again. Thé residue was adsorbed™on 2 g silica
[0206} AANMERIEEDRDYIRCA 66l (sniTHakt BIUTeO0 Sdcdebkidizaith 5o 4. 129:(, 1H, H-

, nd 15; 2C12: : tio ting,at 20:L anrd F:dwe _
0.5 il AL of i Sk haoraton SV 18 o i i CH
1H NMR (DMSO-d6) S 8.10 (s, 1H), 7.51 (s, 1H), 7.30 (t, 1H), 6.61 (d, J9

" Hz, 1H), 6.11 (s, 1H), 5.71 (dt, JgAapig24H), 5.08 (m, 3H), 3.86 (m, 5H),

3.78 (in, 1H), 0.72 (s, 3H). Example 27 )
: ofE D268 d88vderahvdro-27

Ardhv !:3‘ A Hahe -
2,35 6-tetraazahenza g azlens (257 A NIQNHIEIRBNG ONI m IN N

J ~HOIN CIZBhOOHHO OH 24.125.1

o

Y NH 7 NH 7/ NH

“ B §

) ) ap

o NN o . N TN o) N
ACOU ACOU HOU
AO OAc AcO  OAc HO OH
18.1 23.1 23.2

Example 25. Step A 2-(2-C-Methyl-2.3,5-tti-O-acetyl-3-D-ribofuranosyl)-2.6-dihydro-
7H-2.3.5 6-tetraazabenzo] cdlazulene-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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[02401 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-d6) 6 8.00 (s,

WO 30451031868 () 3H), 6.11 (s, 1H), 5.11 (M, 4H), 4.43 (in, ), FETEI2AHH27819
3.84 (m, 3H), 3.66 (m, 2H), 3.26 (s, 3H), 0.68(s, 3H). $0 WO 2005/021568
PCT/US2004/027819 Example 28 Nucleoside monophosphates [0241)

The org-gﬂlglﬁlm%% 88&98@&%@ gls?oo e éﬁl% ? 2%(?;5{%90%% rgég?i"é residue

In vacuo overnlg was a rlme pnosp a

(180 mgyhepstrieid ©Y3rhight inal saadeﬂedszmrtbc wmta;lnmg 4A molecular
sieves. It was then cooled to OC and phosphorous oxychloride (35.8 L,
2 5 eq.) was added via s rlnge il'he mixture was stlrred for 3 hr at 0C,

tet@% : @gﬁ@& M}o{ﬁ: ' g‘né andwater (15 mL) The aqueous
solution was washed wi and ether then lyophilized. The crude
[02p7payct sascRsiifiest ByriiRkiausing 6 AhColymu Wil WalshRRth A28 was added

t n|tr|Ie in water to provide the monophosphate as a triethylammonium

ac
0.22 mls o Lt spaipep indeaare eolafiqménaaaten- BheAnnBirowsslsiirgip kwephate
temperdeefttQ BaseahicPwr Bage Mkl ﬂﬁ%‘b@l@@[ told @ﬂ{qg%a-gﬂi %nd the solvent

evapom?% ution of compound the appropriate nucleoside (0.6 mmol) in anhydrous

F {BHhes st awer Brd Ay sitismesdy by () Ads PGk akidqadford 30

mg of pladu& 29.2. (freshlyrd gl elitgratyre Propgdy
B 1563, 25, 104G DR i A Heboaer A agh. ) G 035 709 .7
12 Hz, h}ﬂaét%lﬁ%ulﬁéio‘f’é@@u 18 ) &Drdohs (empEiatufe (mdéﬁa;gcﬁ% (fhe H), 0.73
(s, 311).reaction was followed by TLC. After 36 hr, the reaction mixture was

evaporated and the residue was purified on silica gel with 0-10% McOH

in CH2CI2 as eluent to provide a 1:1 mixture of diastereomers. 81 WO

2005/021568 PCT/US2004/027819mpikarople 30

2-15-0- BIS(pIV&&O?/iO%y mett[!lyl qu nqah ¥Lm%rs% ¥ Sd?h\?dm—
- 2H-2.3.5 6-tetraazabenzolcd]azulene (24.2)

NH
| <l
| PR
3
¢80 %f\j A CLBRO O(N |N _|
S cLBno  oH 241
C,BnO  OH
6.2

U

HO  OH

Exarmple 27, Step A: 2-[3,5-Bis-0-(2.4-dichlorophenylmethy])-2-C-methyl-8-D-
ribofuranosyl]-6,7-dihydro-2H-2.3.5 6-tetraazabenzo[ cdlazulene (24.1),

{0238] To compound 6.2 (372 mg, 0.5 mmol) and tri-n-butyltin aHyl%mﬁne {prepared

according to the literature procedure in Corriv ef. al. Journal of Organic Chemistry 1993, 58,
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11 o It~' HO-P-O4o0\yIBase t\/ Ot 0--P-0 40\7IBase IOH 0--/0 HO OH O

wo e fPHlsd9243] To a solution of triethylammonium salt of COMpRQWREL 60.4/027819
nucleoside monophosphate (0.024 mmol) in anhydrous McOH (0.5 mL)

was added tributylstannyl methoxide (14 L, 2 eq.) at room temperature
under argon. The reaction mixture was stirred at room temperature for 30

1443- 148 )t e laudpoiztdrenth beeyveps rléel witheRbgtapltsig IR S limespdinalium [0]
i s dissojved in anhydrous.acetonitrile (3 mL) and .
nd thoZRART A ety fﬁ%&ﬁ%ﬁelyg%?sﬁ}ﬁa?%?‘éﬂ?m d IO PiGvaTgH e
dissolvigBimighiQleg)dierdeddued siliva pehctihimem beidrelwed Jweateshaiiveflitk o1, 60:1,
. Cl oJ400m temperature and the salvent was. ev rated. The
O SR R e BRI g 241

to provide the prodrug. Example 31 Nucleoside di hos _hates 0 O-P OH

tri-etafyyl)arnmonium salt of 5-monophosphate (0.031 mmol) [dried by

102384 Jpenmondidd it §8rows HRIFmmid i KHaHL)[ 18 b ek GR°C was added 1M
solutioAINYdkeH I ME yéas adeled, Ny 'i%mlgimm%g 'fﬁlézti&%rl i69-4ifked at -78°C

room temperature under argon. he reaction mixture was stirred at room

for 2. Sheanp dhaiuite76r G o tlesr Wpidhsaninpieay L gldebiieth hofstartivy CH,Cl:MeOH

d theRatehial sTiheq MDY ' BU3N/Rh
e which Wass1 preparg%j i@ggﬁgglﬁ#’iﬁ V‘\%Q)Q 8@%@%@%%%%§ggﬂig)dl%%/%b%&pemme

and thesplyentsvat GHarmivahmpdroTs o nisssardndy) wadurides co-thvaraiated with
MeOHIgRIPMITRadaaelipn wasTollawash kAL eanditypicaty, ﬂfllﬁ@ldé@(fe\raporated

. LC-MS showed. significant (>50%) conversion to product. The reaction
again. L e SiGHEaRIbE R of fridtispanh i lasdedowatailicrerburradnt cluted

succesdiveny iamPRratue fandQ smii e, cudspregisionasiiriiied RY re¥arse 1 were
phase HPLC to provide pure product 29.1. 82 WO 2005/021568

collecteﬁcﬁ_%igggé ATpgipayand evaporation gave 16 mg product 24.2. "H NMR (DMSO-dy) &
8.10 (s, 1H), 7.51 (s, 1H), 7.30 (t, 1H), 6.61 (d, J 9 Hz, 1H), 6.11 (s, 1H), 5.71 (d¢, J 6, 12 Hz,
1H), 5.08 (m, 3H), 3.86 (m, SH), 3.78 (m, 1H), 0.72 (s, 3H).

_ Example 27
9-Methoxy-2-(2-C-methyl-B-D-ribofuranogyl)-
6.7.8.9-tetrahydro-2F1-2.3,5,6-tetraazabenzol cdlazulene (25.1).

7 “NH

© NH
/o N
C1,BnO Y NA _ a \JN
~L Ho\\ﬁj”/ N
ClBRO  OH —
HO OH
244 - 25.1

10240] 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-dg) & 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 (i, 2H), 3.26 (s, 3H), 0.68(s, 3H).
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Examples 32-42 Nucleoside 5'-triphosphates [0245] To an ice-cold
mixture of nucleoside (0.1 nnnol) in trimethyl phosphate (ImL, anhydrous)

WO HEFREHSd POC13 (13.6 ML, 0.2 mmol) and the mixture stiPEA/ASHEAGI819
1 h. ributyl amine (71.5 ML, 0.3 mmol) was added, followed by acetonitrile
(0.1 mL, anhydrous) and tributylanunonium pyrophosphate (182 mg, 0.4
mmol). After 30 min. the reaction,was ched with ice-cold 1M
triethylammonium bicarbonate b%?@?lfm 1M, pH 8.5). The products
were purified by HPLC. Ekateplede alouaihdspigesved Number Structure
Molecular m/z Weight [M-H]0 ~32HP 9P iiN572.251571.6 No 90,

10245 @, the@ompbonilippro 3Rt otddofide (00 S&ABRBIGF2ADHO PLIQ RHacuo

e R R SRR RS I B o

sealed gypgtgner containing 4A molecular sieves. It was then cooled to 0°C and phosphorous

oxychloride (35.8 pL, 2.5 eq.) was added via syringe. The mixture was stirred for 3 hr at 0°C,
then the reaction was quenched by addition of tetracthylammonium bicarbonate (TEAB) (IM)
(1.5 mL) and water (15 mL). The aqueous solution was washed with CHCl, and ether then

tyophilized. The crude product was purified by HPLC using a C18 column with water and 5%

acetonitrile in water to provide the monophosphate as a triethylammonium salt after

lyophilization.
Example 29
3’-p-Phenvl methoxvalaninyviphosphate prodimes
- i
HO Base 7N gep—0
0 o L | o Base
NH
HO OH 5B
o HO H

O
AN

[0242] To a solution of compound the appropriate nucleoside (0.6 mmol) in anhydrous THF
(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-methylinridazole (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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H NH 36 9H 9H N 572.251 571.8 P-O/N O O O O OJ N HO 0-CH 83
W Ogg /%%%@21568 PCT/US20041027819 Calculated Observ}gdTExazr(l)}ﬂI/%27
ructure Molecular m/z Number Weight 1NH 37 24 g Oy{N ﬁ~f\ﬂ§, 819
587.266 586.9 "Qo pp HOHO -(.cH HOOHOH®88[e 40N N)
574.267 573.9 "HOHOHO _CHHO OHOH"QN 4H N J 39 542.225
541.1 \HO'QO-QO'0 O'( ) NrﬁH O! §§ 40299 NN F590.241 589.8
Hmr' 0 oo CH, HO OH H HNV/~ HH

2-[5-O-Bis(pivaloylox ymethyl)phosphoryl-prodrugs

O
HO“”“E““O Base \VJ\O/\Owﬁmo Base
~ OH \\@ /%{ 4 0
O
a6 o I
[0243] To a solution of triethylammonium salt of compound nucleoside monophosphate

(0.024 mmol) in anhydrous MeOH (0.5 mL.) was added tributylstannyl methoxide (14 uL, 2 eq.)
' at room temperature under argon. The reaction mixture was stirred at room temperature for 30
min then evaporated and co-evaporated with acetonitrile three timnes. The residue was dissolved
in anhydrous acetonitrile {3 mL) and tetrabutylammonium bromide (15.5 mg, 2 eq.) and
iodomethyl piovalaté (58 mg, 10 eq) were added. The reaction mixture was heated at reflux for

1 hr cooled to room temperature and the solvent was evaporated. The residue was purified on a

silica gel column with 1-5% MeOH in CH,Cl, to provide the prodrug.

Example 31
Nucleoside diphosphates

i
O—P-OH
I
CDIDMF = 2 1415 n-BusNH - O
1 L, 40 N N —h g s o o
HO~—B—0 Basa S a Base 3 da il fi
el A A R s e R
et . ) s = 2) TEAIHZ0 OH OH \@
HG OH HG - OH '

HG  OH
{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 TI.C 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 ‘Siguiﬁcant (>50%) conversion to product. The reaction was |
quenched with I 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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6.278 585.8 41 HO O O'0 O'0 O-;~ % 58 ~.N HO OH H,C'O O NH OH

Wog V@g6§HOPOPoOO/N/\N6022776019000/CHN/ OH

2805/021568 PCT/US2004/027819 Example 43 Nullebdiggt+/027819

-5'triphosphate mimic 2-(5-a-Pt-borano-f ,y-difluoromethylene)triphoshono
2-C-methyl-(3-D-ribofuranos~Il 2 6, 8,9-tetrahydro-7-oxa-2 3 5
6-tetraazabenzo[cdlazulene (43,2) 0030 Mil NACNH N N O~ N OH N
NNN OA OBgzOIdO 11(,z11an OPO/-. HO OH Aed OAc OH
OH BH3 HO OH 2.9 43.14g3¢ Bnd ol

§2 -C-methyl-2,30di-O- acetyl (3- D rlbofurano IIW2 6,8,9
[0245], i\ dor-sa misduseratranciapsise ek mma Egr@}f[mm%aép (ImL,

anhydrGRIPHRR Q4EQMRENT 128 (1P SXAMBIS mdPIRR fAtdRI B8 ddd W%ﬂﬁ h. ributyl
pyridine (2.0 mL) was added tent-butyldimethylsilylchloride (60 mg, O

amine (oL THa mmﬂlbevwaé@tdrédlammemetmm}@mrém mllrnrdumi@rand

tic anhydrid 4.3 uno
mbutyl?tﬁ{rtéd for at roor‘{r%ikqla g?ﬁﬁeq%ﬁm §It)r ‘t%% ;%(l) %‘%ﬂ g
quenchedrioth wadcONMAHA @&m@m@@mbi):aﬁ@aﬁc)@ufé%m@s@rrﬁﬂ aguéthight The

product@%g%uﬁmgﬁﬁ, hen evaporated and the residue partitioned
between water (20 mL).and CH2C12 (60 mL). The organic layer was

rExamq:ﬂSd over Na2S04, Solvents were evaporate@ ateutatedih®bserved
Number Structure Molecular m/z
- Weight [M-HT
O
7 H
a f =%
32 288 - 572.251 571.6
Hod R o o*@_’mt
HO
O
T
/ \N
33 bt B N 573.239 572.0
Ko w&s‘( o
Ho OH
Q
\
- N
Qi oH C')H N Y
34 ’I!“ /u" 'ﬁ“ 0 N . .
HO B 0" 10" OUCH3N:/ 562.26 561.9
' HO  OH
NH
¢ o o (1
35 R NN y .
waEaf gop\oﬂm 560.284 559.9
RO OH
o}
o (i)H e ‘<NH
36 ' P oH h72.251 71.8.
540’..*0*..-0*3\0~@'N ;jz_)N : , 571.8
HO  O-GH,
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resulted crude product was dried on high vacuum for 2 h and redissolved
WOFJJ_AZ%%SO ml) and cooled to OC and added |. OM solution %f 111

6 rnmol) and stirred at OC for | h. Reaction was quenche

AF in
85620041027819

adding absolute ethanol (2 rnl), and solvents were evaporated. The
residue left was redissolved in dichloromethane and washed with water.

The

Exampgy

organic portions were dried over Na2S0g s1a8ditteel, @vepovedd

crude product wgs lewified by silicagel cafstecenspmatografhy using
Numbep ¢, methanol in dichloromethane to give 43. \nasidipit yellogwitshm (57

mg)-
6.62{(s, H-1', 1H), 5.39 (dJ5/74l-3", 11-1),|5.23 (t, J 5.7,|5'-OH
4.52{(br s, OCH2CH2, 2H),

37PCT uszooslg? ﬁ
OCH2CH2, 2

2x0A
2-(5

[0227]"H NMR (DMSO=d6) d 857 (5, H-2, 1H), 7.70 s, H-6

CH3, 3H), 2.08, 2.04 ( eadhs,
COCH3, 6H), 1.34'fs, €3, 3H). Example 43, step B

, 1H),
, 1H),
0%+4.13.(m, H{4, 85 WO 2005/021568
1H), 3622381 (in, H-5', 58/%,2668-3.1 (#86.9
S

'

38 -

oy

(0.5 mL) and pyridine (0. %m@ét 0 C underjargon. The reaction
was stirred at room temperature for 2 h, cooled with ice bath.

4a-Pj-borano-jl,y-difluoromethylene)triphbshong-2-—methyl-(3
D-ribofuranosyl)-2, 6, 8, 2
9-tetrahydro-7-oxa-2,3,5,6-tetrgazgibhenzoledlazulene (43. 17) [0248]
loro-4H-1,3, 26bepzod|ox D josphorin-4-on ng43%pe, 0.15 598
addgd to a sf j@g"ggﬂmrm‘@f% (43 mg, 0.1 mmo |n anhydrous Ding'

@) was

mixture

l{le]

(diflupromethylene)diphosphoni€ &gid bis(trigutylarnmonium) salt

0.15

39emperature for Z'hand co ith ice. Boran&#fisbiroplyletitdmine
complex (377 o2 #1 ¢nrn wWas added, and the resulting mixture was

stirred at room temperature for'6h, cooled with ice, and guenched by slgw
additlon of water (7 mlL. \ The-mixture-was-stirred-at

mmol) in DMF (0.5 mL). reaction nmixture was stirred at

ylamine (65 uL, 0.28 mmol) was added, followed by faddition of

(89 mg
room

+ £
Hea-at-reem cmp’c‘i’aLUi’e |3I’

1 h, diluted with Water (3 ml), / tracted two times with chlproform and
aguepus portion was concentta %to about 2 ml. Aqueous ammonia
4433%0) (2 ml) wag added and Spitrred at room fterapgyaiye for I0hgang!

ammonia wasreﬁag’q{ﬁtceﬁ@gficthe remaininglaqueous porTon was
analysed by LCMS. LCM$ showed the presence of two di

of 43j2. MS rn/z 592.1 [M-H] Example 44 HCV Replicon Assays [0249]

astereoisomeys

Doubling or'/2-log dilutions of each compoung were made {n DMSO, ang

aliqu
conc
4tons

asse

ots were transferred to 962V
entration tangs gf#100- 40

N}!Icroplaltes to give a final

wnwards in the presence of a
tant c&mémratmh 0. OXELISA andPRBpdrter metﬁ%és% or
0.4%{DMSO (hybrldlzatl ed) The inhipitory activity pf these was
gsed by three methods in Huh-7 cells transfected with replicons

WOITHHT

coding-for-non-structural (!\IQ)

42

IR N

P PP 802277 |. 6019
HO g OHOY OUCHSN:/N
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proteins of HCV. [0250] Replicon ELISA method: Huh-7 cells containing
an HCV NS3 -NS5b replicon were seeded into microplates containing

WO 338 dilutions at a concentration of 20,000 cells per WRAITAR2$03/027819
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-spegific monggclonal antibody, horseradish
peroxidase-conjugated secondagy’“%ﬁﬁgo%%/ and 86 WO 20051021568
PCTIUS20041027819Nsulstiglie-Stltipiassphitte ihdrdugh washing between
additions. The colour development reaction was stopped with 12.5 %
sulphuric acid and the plates read at 490nm. The monolayers were then

WW@FQH%@%] cho‘fﬂgﬂl 98%%%%%% ; ?%%C&Q#e s‘%con X BS}/_’I} 2,

8of cytotoxicity. [02 licon report method: H nlng

2 days incubation, the viability of the cells was assessed by the add|t|on of
unn (Srgma TOX-8) to-all wells and reading the plates at 595nm 3

|mmed|ately the 1[0252] Replicon hybrldlzatlon and
oH W feity method: Huh- dontaining an HCV NS3 --NS5b replicon N
Oﬁée seeded into rpicroplates containing compound glilutigns gt a
<__caacentratitn of 5,089 Téts per well. After 3 dayﬁcrnéué’aﬂoa.the) o
HO  Wap replaced with }yl;gs sol tion and. cytotoxicity was asé;essg@ by, Leplor -
2.gdevelopment. After reading § the plates at 490 nm, the MTS solutlon was
aspirated and the cells were lysed and hybridized against HCV
sequences using a chemiluminescent readout. [0253] Data analysis: The

meanbieading.gf duplicatewells ateachcRERIYNG SONGEMIANONR. WS o.

expressed as a p%rcentage of the mean value for compound -frée control
G4 FEAH e ) H [ o

poun ad the 50% nhlbtory concetatlon (IC50) was calculated.
fﬂz‘{ceob OO S TP RS ST B Bicl) SR relbhdamToD in

yndmas?sa)tﬁﬁ) e wage of: DHigyrdaRUM EaRRIg AS(H2RR] Hub4R0H VERE mixture

aé‘ﬁ% e compounds were addltlonally assessed for cytotoxicity In

was S“%ﬁp%ﬁn S TORARY G Y7 ' VR8T dBfEaimrsB P sunids tribra by dride
(0.44 nfhelcompauhdsawerersdade 3 8s desei henRiaWieYShH RRCHARFIANEE 10.61 mL,

o omiS BEERIATSIS e 0 copeenalons o oM doumai i
temper3,060teallsvaponvei m&mmiguawlmumﬁaemwanm B M UH,Cl,
(60 ij/yaﬁlg%(rjgegn}g I}'/é/}/%/”gs%ed ov 1'%&}8 ggg?sdvt%rrezebfg;o?atéé: ;ggla%(ljlo 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 Na2504 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-dg) d 8.57 (s, H-2, 1H), 7.70 (s, H-6, 11), 6.62 (5, H-1", 1H), 5.39
(dJ57,H-3* 1H), 5.23 (1, J 5.7, 5°-OH, 1H), 4.52 (br s, OCH,CHa, ZH), 4.09-4.13 (m, H-4’,
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isopropanol was then added to all wells to lyse the cells and dissolve any

formazan that had been produced. Absorbance was read at 570mn, and
WO S 5# readings from duplicate test wells were expressed CT/US2004/027819
as.percentages of themean readings from compound free conitrol wells.

The 50% cytotoxic concentration (CCID50) of each compound was

1), 3 5 E LR, 00 SO0l G50 BRSO 08 15 {Ghby PRk 0% 204 (
each s, BEN@aHs, WHie kaededinty diigrotiter plates containing %z-log dilutions

of compounds at a concentration of 5,000 cells per well. After 3 days
incubation the media was replaced with MTS solution in media and

Byeotokicidy siers BisgeSsad povior-fevdlparomethiies) ot sbenbal-Abmethyl-f-

W lated-from peyceptinhibition s ngted ahavgs »

[0248] Ey(tﬂi%‘éﬂ%f-?}fﬂﬁ%ﬂ%@ﬁ@%&ﬁ%‘ﬁ'&ﬁ%&é@%\ﬁ? Ol GHIHIPS-as added to 2

Doubling dilutions of the compounds were made, as described previously,

stirred sehgifransfeirbtirasnioroplBtisadhyieym AL i enbiiond prodom(0.1 mL) at
0°C ungﬁyg%ﬁr%eﬁggﬁwﬂ%&tﬁfélﬁfﬁ Qﬁ?f&%&'l%&‘fﬁﬂ%ﬂﬂ&%%?é for 2 h, cooled with ice

concentrations of 12,000 and 3,000 cells per well respectively. After

bath. Trihetatiorefromdaps’stnend) mMasTadies alodiavest &y wéddiandthe plates
(diﬂuor&?ﬁlﬁtﬁyfeﬁ&f}&‘iy%%gpmﬁfé 209 iliadpIRoRIRAOG WA INgRAFed 18 %lﬁﬂ\lﬂ'ﬁl DMF

to lysé the'cells and dissolve any formazan that had been produced. =
(0.5 mIApEor beastiopadiase w5706 s rertadambsirurdings Fend goplrdrath ice.

Borane BRNRISWAIG SXRELSIEHIER REFFENRIESANLNE MEAIeadingsERulting

compounid frée control wells. The 50% cytotoxic concentration (CCID50)

mixtureoy ahHHIEE MW WaBsalsuded iranddsd prahepered atsgehedipy stow addition
of wateSYF\IVe) 3GRINGSLEADRAYRE cangeRisatianR2a8HHE GellsiGedls e ater (3 mi),

seeded into microtiter plates containing V2-log dilutions of compounds at

extracted LHAEREANER SRS B HERT BRySIMEGRUnH RebARbRm!.
Aqueoty@amhBRIACS NI MTS-alllian it mashiaRnst eHIOXIGHR: WRSARSHEshd

by color development. Plates were read at 490 run and CC50s were
ammongh e SHER SIS St TRRIBIEEIS A9HTORSPABE0R Y{B2591 MR- PahbiNerd M5
showedORIBrEBEEANREY g IMRIG Bddifionadly. ASseSsed Fancy RIpKTity 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 contemdtidds of 500M downwards. Either

Huh-7 cells or Vero cells were. eqiggnc DS gtrations of 12,000 and
3,000 cells per well respectw’% ( for 4 days at 37_C_, .MTT
[szbE}%J%‘aﬂﬁﬂ%‘%ﬁ%W&éjﬁiﬂﬂ%meoP%?J&ﬂﬁBHBG%J@&%M@W@%S@ aliquots

isopropanol was then added to all wells to lyse the cells and dissolve any
were irfppinazaictRat Wal beerpprisd e gt e bEprbanoeswasiienthaesTORMR - HHtRM

downwg}@s nean f’?@s%m&soff %@0‘#&&%%@1&%%&%{”& efe; W@?ﬁﬁﬁ@\ and Reporter

percentages of the mean readings from compound free control wells. The
methodgpoeg 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-structaral (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 aﬁﬁbody and
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cytotoxic concentration (CCID50) of each compound was calculated from
the plot of percentage cell survival against compound concentration.

WO RPH0}115$5F Cells: Cells were seeded into microtiter plates cAWt&IRR§04/027819
V2-log dilutions of compounds at a concentration of 5,000 cells per well.
After 3 days incubation the media was 88 WO 2005/021568

PCT!U82004/027819 replaced with MTS solution in media and

substrafg sotgUnm NI dneeughaurstins rtusa pfsHiRs Piafcolpardlpusionmanigeaction

was stdpmand@m@m{mat@lﬂa@dxﬂm pRICES L HINIDHIThAS NS Eh8RNMers were
%%'2 61 pounds of Examples 1-27 were typically cytotoxic in the range
then w. 1§

St ety reshe Hesh i Ko BHeERS RS Gerrases RfZé’i?tOXlley
IOHMPMEMHMU HiengtbetCas{ Briiapschipnes Rk PRROIBESY NS3 —

ene was cloned and expressed in Sf9 cells by standard procedures. The

NS3b s 9 CROE BTGBy CRRPiRf ShroaRlg s Aenpesataipn of 15,000

cells p@ﬁaphamamwnﬂc@bmtﬂwa%naﬁmemallgwgmgsa&myﬁidmm of
He es 90, mM_NacCl, 12.5 mM MgCl2, 2%

Resmg’i“ég%gﬂz% 6@n watinesherPBEsIh NG ByiRnskagaition.

The S@Mrﬁsmm@f@mee%éﬂmﬂe@ﬁwa@waes&mm@ﬂmmm&me HCV
[‘Hlé)zﬂ = Km) 002 C|/133P ab Il UTP concentration
q

I af -__t Gaigto Y RRER0 g °8 aéhﬁ%anHCV
NS3 — mwéﬁﬂmmmg"&hkﬁinﬁﬂﬂ)ﬁﬁ&@h&h@ﬁﬂ@ pﬁlﬂﬁ@ﬁfﬂﬁ@xluﬂons ata

rten uII len me).in a.total volume | 1. Reactions
concen ST R T SRl B B e e Aeh Vg vith TS
Solutlowﬁhd&gﬂoﬂyﬁlhitﬁ@ﬂ'sﬁassémﬂdﬂ/r@ﬂﬁfl daﬁelm@ﬁfbﬁpOHﬁerﬁﬁﬁlﬁghﬁé PlEibd-at 400

s or DEAE 96-w plates (Milli ore ted

P B RS 2 B YHLP AR et MOV
sequensealsthina aliaagitmgﬁtekmemlthald@:al of OptlScmt H|Safe scintillation fluid.

[OZSBlL lates were gried, and 75 ml Qptibhase scin §I|| tlo flc%ld was a dded rati
fe remaining ra Ite ctmﬁp was quant on %W‘lﬂ goncentration

was exm@@&@amtemﬂef treatkacyaRCdv mn@etmmét@muﬁtﬂrw[ﬂ%aﬂercentage

inhibit G RO O@%gggotfg%%@%@ ples 32 é@oyy g&ca' g'nh'bdtowd%'“?q%ﬁ “g‘%ory

range elected xamp Were hore active an
COllC@ﬂ@‘@ima)(é@swﬁf@&ﬁaiL@émdhe range of 30 to 100nM. 89 s= nt 0~l00~,

[oﬁhﬁﬁﬁﬂ@oﬁhﬁmt“ﬁ%&éﬁ% 11209%9%9 t%?éﬂ?y Xgﬁ% (i (;:rle%l %gl 5Sssays in the range

of 5 to >1000pM

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 500uM 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
1sopropanol was then added to all wells to lyse the cells and dissolve any formazan that had been
produced. Absorbe_mce was read at 570nm, and the mean readiﬁgs from duplicate test wells were
- expressed as percentages of the mean readings from compound free cornitrol 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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1.. A compound of the formula (I) which may be a D- or L-nucleotide or
leoside B R4'A R4 ART' (1) wherein Ais 0, S, CH2, N(Fj %g o/027819
wo %6&%%%%952 R2 R3, R3, and R4 are independently selecte f(r:om %e
group consisting of H, F, Cl, Br, 1, ON, SH, NH2, NHOH, NHNH2, N3,
COOH, CN, CONH2, C(S)NH2, COOR, R, OR, SR, SSR, NHR, and NR2;

[O2SSETEN kbl RIS FHiS 2 SR STOtIER Pl SR taiBng OF1BR {iiions of
th sisting o , , : ¢ , CY2, .
compopRgs At mCqueasaon efssli valspe BobNARSYS dars Brmherioadhs etia was

replacddomtbiel g80sdu GO sistRgieihdRydidRiciilkWanteneBBy @k Wbvelopment.
wherein alkxl alkenyl, and alkynyl may. each optionally contain one or

Plates wereread at 4 &mgaﬁé %ﬁWﬂgw%gﬁﬁaﬁ@%%%ﬁﬁg@an as noted above.

[025ihkashbie Dpienalyin aﬁﬂf@ddﬂiffbﬁli@g ;v&daﬁaﬁii@ﬁaw %lsat@m, ﬁklg&totoxiciw
. triphosphate mimic; B is a base selected from the group of heterocycles
i exoQ RS IE Kl Wi GPCSIEVEIES, DT SHUAPeD o compounds
were nANEMBE@ISJd&ﬁENM&&f?a}Td%ﬁM%%%%ﬁcﬁ%ﬂ&&%%%émph Z

is ind tly selected from_the group _consisting of N, N- ,

concer3B0et & ST M LS BRI erlk S8ty Sifoyes et
concentvaoaiNof ﬂisw'mﬁigjpmhmlﬁﬂébﬂﬁﬂ,r%sﬁe&td@fénﬂ%ﬁ&l@&ﬁﬁ@fﬁlgdays at
37°, Nt B o el And R plafed remebbated Tor 2 fours- Avidifed

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 freg control wells. The 50%
cytotoxic concentration (CCIDsg) of each compound was calculated from the plot of percentage
cell survival against compound concentration.

[0258] HFE Cells: Cells were seeded into microtiter plates containing %-log dilutions of
compounds at a concentration of 5,000 cells per well. Afier 3 days incubation the media was
replaced with MTS solution in media and cytotoxicity was assessed by color development.
Plates were read at 490 nm and CCsps were calculated from percent inhibition as noted above.

[6259] 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 500uM 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
tsopropanol 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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>C=NR, >S=0, >5(0)2 and CH-G; X is O; S, SO, SO2, Se, Sep, Se02, N,
NH, or NR; WisC;CHorN; wherein if W is a participant in one double bond
WO MBERETORV is C; wherein if W is not a participant in one douBfélH&Ra0027819

bond), W is CH or N; wherein dashed lines (---) indicate an optional n
bond; (BH2G)-M" is an ion pair and M' is a cation; G is selected from the

isti ofH F [, Br, I, OH, SH, NH2, NHOH, N3, COOH,  CN;
replacc SR SO AR 5 i iants P o RS i SO WP R pBient
Plates Wﬁgﬁe@dgfb‘m nata:pi’@léﬁk ore caddetile] they payeheishibeias fnoted above.
rom; on not |s select from the groyp consi
2GRS S G SHEhy bR G GHe b
>100plvhore heteroatoms 2 The compound deflned in claim | wherein B is .
selected from the group consisting of ZZ-Z26 ZT-7'Z-Z9 ZXZS XZS X N

N \N e5'-iZ4 Z"Z3i N~iNiN (IV) (V), (VI); 91 AMENDED SHEET "'
MEMO, 2-ih0 GL1vISP(v1I3 N.~EXaSipipaB1 524312002040 S z2-z6

z7_zB 6-zzll x X zs Zﬁ&'&%!ﬁ%&él}lnzm%mon Vllb (vi, (1%);

[0262] The C-terminal his-tagged full-length HCV (Bartenschlager 1b) polymerase gene

was cloned and expressed in Sf9 cells by standard procedures. The enzyme was purified by
nickel affinity chromatography followed by S-Sepharose column chromato graphy. Reactions
contained 20 mM Tris HCI pH 7.0, 5 mM Hepes pH 7.0, 90 mM NaCl, 12.5 mM MgCIz, 2%
glycerol, 0.005% Triton X-100, 1.5 mM DTT, 0.4 U/ul RNasin, 20 pg/mt RNA corresponding
to 696 nucleotides of the 3’ non-coding region of the HC'V 1b genome, 2 pM UTP (=K, 0.02
uCi/ul **P-labelled UTP, a concentration equal to the K, of competing NTP (20 pM ATP, 3 uM
GTP, or 0.5puM CTP), 500 uM “non-competing” NTPs, and 100 nM HCV 1b polymerase
(Bartenschlager, full length enzyme) in a total volume of 25 ul. Reactions were initiated with
the addition of enzyme and terminated after 2 hours with 5 ul 0.5 M EDTA. Stopped reactions
were spotied onto either DEAE filter mats or DEAE 96-well filter plates (Millipore).
Unincorporated nucleotides were washed from the filters. The filter mat was dried and sealed in
a bag together with 10ml of Opti.Scint HiSafe seintillation fluid. Filter plates were dried, and 75
ml OptiPhase scintillation fluid was added to each well. The remaining radioactivity was
quantitated on a Wallac 1205 Betaplate counter or Wallac 1240 MicroBeta plate counter.

[0263] Compounds of Examples 32-42 were typically inhibitory of NS5B in the range of
100 to >1 OOOnM. selected Examples were more active and displayed ICsq values in the range of
30 to 100nM.
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i ~z7/\NWN tNN Z,14 Z3IQNN (X)and (XI); 2:Z",Z,Z,Z" -
d ZS are independently N 5 independently N or C-H; and Z':’)
Z6, and Z9 are mdependently selected from the group consisting of
N-(BHzG)2vf, , O, S, NR, >C=0, >C=S, >C-NH, >C=NR, >S=0, >${8322002040
and CH-G | The compound defined in claim 1-or 2 thatis not'jI p HN HN
HN rl {N~1~e N~ld GN HzNHNN N Et~~N O N CH OH OH -92"
AMENDED SHEET }lat | 4 2 ~Ag(0 No~3S5 U 1 7- 524312002040 W
HNCo NNHNHI1IHgNN/NNNI)NIJ ir--O--O-011(HONHpN
WhalNis@)@reH \\fl~-~IJ HO , Or HO _ 4. The compound defined in any of
claims 1, 2 or 3 wherein the baseis OOOO Op

1. A compound of the formula (¥) which may be a D- or L-nuclectide or nucleoside
B

RY A

wherein

Als O, S, CH,, NH, CHF, or CF;;

R', R, RY, R, RY, and R® are independently selected from the group consisting of H, F, Cl,
Br, 1, OH, SH, NH,, NHOH, NHNH,, N;, COOH, CN, CONH,, C(S)NH,, COOR, R, OR, SR,
SSR, NHR, and NRy;

wherein at least ane of R? or R* is not ;

R is—L-R%,

L. is selected from the group consisting of O, S, NH, NR, CY,0, CY.S, CY,NH, CY5,
CY,CY;, CY,0CY;, CY,8CY,, and CY,NHCY,, wherein Y is selected from the group
consisting of H, F, Cl, Br, alkyl, alkenyl, and alkynyl, wherein alkyl, alkenyl, and alkynyl may
zach optionally contain one or more heteroatoms;

R’ is OH, monophosphate, diphosphate, or triphosphate optionally masked with prodrug
moieties, or 2 mono, di or triphosphate mimic;

B is a base selected from the group of heterocycles oonsisting_of

Py W\N
Z |
N \Z/ <

|

an and
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_NH =NH NH %%/:%%N ON.N Nri~NH N NI N NI N | e BEEINT o
"¢ 0 0 NH r N OCk H3CO NH rINH yj~ N NJ N N NS¢
NJiNFINN NiNNH2/N OOS NHNMrN/NHNH NNNIWN a
iNCINNNNJINNJ ***NOMel** O-NHJ NN or* 93, AMENDEEP2040
SHEET 2A U 524312002040 5. The compound of claim 1 wherejn the
cach Zémipdmsadsribrssitated forR Bamyw ross o ARRN BB M e R, S,

NR, >C=CHL=OHC -G B HA® | >$=0, >$(0); and CH-G;

wherein if Z is a participant in a n bond, Z is independently N or C-G, andif Zisnota

participant in a 7 bond, Z is independently N-(BHGYM', O, $, NR, >C=0, >C=S, >C=NH,
»>C=NR, »5=0, »5(0), and CH-G; '

X150, S, SO, SO, Se, SeO, Se0,, N, NH, or NR;

Wis C, CHor N;

wherein if W is a participant in one double bond (n bond), W is C;

wherein if W is not a participant in one double bond (zt bond), W is CH or N;
wherein dashed lines (---) indicate an optional n bond;

(BH,G) M is an ion pair and M is 3 cation;

G is selected from the group consisting of H, F, C1, Br, I, OH, SH, NH, NHOH, Ni, COOH,
CN, CONH,, C(S)NH;, C(=NH)NH,, R, OR, SR, NHR, and NR;, when two or more GG groups
are present on a molecule, they may be same as or different from one another; and

R is selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, acyl, and aralkyl,

optionally containing one or more heteroatoms.

2. The compound defined in claim 1

wherein B Is selected from the group consisting of

]
P
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inS|st|ng of 00 NH NH /G e 3N CIZBnO p N NJ N _
CIzenOOHHOHrOoffl? .82.9 0'NHHNH NFNNNHOI‘,N
, NCIpBnONJ HO NJ HO OH CI213nd bH HO bH 3.3 4,5 4.6 94 524312002040
@ AM ND%D SHEET Nu 524312002040 OOp NHNH NINNN |

CI TDZN O NNHONNJ HORNJ o f. CI2Bn0OO bH H@’“on 0

(X) and (X1,
2'. 70, 7°, 7", 77 and Z® are independently N or C-G;
W is independently N or C-H; and
7, 2%, and Z’ are independently selected from the group consisting of N-(BH.G)M", O, S,
NR, >C=0, >C=5, >C=NH, >C=NR, >5=0, >$(0); and CH-G.

,,1

The compound defined in claim 1 or 2 that is not

b)) )

e ned

N N=" A N
k\ /R | o)*‘ I
’ﬁ\wi;:j Ha MHN N X Et N
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IO bH 21.5 96 AMENDED SHEET GL~SF~ US OW O-v

R’ R S S SE
(I is HO OH | HO OH,
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6. The compound of claim 1 selected from the group consisting of
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NH 2 '

RSpR'N24AN
RQ ARR3R2R3R (R2R R3'R2R3R2and 72, ZUNH t2N

N R4"5NY R4 ARt RR3f2zR2 wherein Ais 0, CH2 or optiona$®4312002040

protected N; Nu is nucleophile; X is optionally protected N, 0, or S; W'is

c (if it Dorigparonndasiiponghici® is C, CH or N; Z' and Z2 are each

independently CH, C-halogen, C-alkyl, C-aryl, C-0-alkyl, or C-S-alkyl; Z'is

@ -aII@L *C h@logen N, CNHR, £NH2, CNR2, C=0, or C=S; Z4 is CH
ge

alo n k O -aryl, C-0-glkyl, C-S-alkyl, C-OH, CNH2, or
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The compound of claim 1 selected from the group consisting of compounds
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550, or C=S; gl@%, ﬁ%’(} e each independently H,halogen, ..

kyl, 0-alkyl, optionall; methyl, or F; wherein at least U
yhe of R2 or R2' is not H; ptionally protected OH or NH2; 100
AMENDED SHEET 'r u 524312002040 Qis NH, NR, 0 or S; Z5, 724213#82040
each independently CH2, 0, NH, NR or S, and Rand Rx are each
indepepad ?Iy alkyl, aryl, alke yﬂalkynyl 9. A compound gf the'formula

Z
(Rwhieh may be a D- or L- nu eotide or nucleoside /3 R'$+RI'R /Y
R3\R2, (I) wherein A is O, SACI-17. NH, CHF, or CF2; R\ R
ﬁlf A

R3', are mdepend d from the group co
Cl, ¢ Sk NH2, N [5\I3 @OOH C

e 2,
RR?L%’ OOR, R\OR and NR L§R§\,J L iR’
R32 from the 'Emo COT; |ng of O S, NH £Y2S,
R CYZFI\ZIH CYz, ,CYZGR‘?Z CR OCY2, CY2SQY2, aﬁd CYRIHCY?2, wherein

Y is selecteg from the group conS|st|ngbofH F, Cl, Br, alkyl, alkeny and

alkynyjz rein alkyl, alkenyl, angzalkynyl may each optlonallgzc

one Qf’m0@heteroatoms R5is H ophosphate, dlphoréz)h
Ol

trlph%pha e optionally masked w h pgfodrug moieties, or a
trlprpsp atéhmimic; B'is a base eﬂﬁ rom the group of hgiergCyches

Rs consvst Rl Z\RZ 1 Z/\il ggg% a&d A WV\N&O
2 R' H
R R R TTTTieR?
5 ¥ X
2 R s R R ,31'1(3.
0
zz%
211 NH
1Y
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£ N
Z‘j"l E By
R® w SNTY
R - R
RREK -TR?‘R 7
wherein

A is O, CH; or optionally protected N;

Nu is nucleophile; |

X is optionally protected N, O, or S;

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

W?is C,CH or N; .

2! 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, CNE,, CNR, C=0, or C=5;

Z* 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§;

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

wherein at least one of R* or R¥ is not H;

R®is an optionally protected OH or NH;;
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AMENDED SHEETG n,nr O r.a fly Cl i~1SP 1Nb US, IINE 524%1 002040 .
IS in@ﬁ%ﬁrﬁ%@e e group consisting of M
(BH2G)M', C-G, 0, S, N R} , >C=S, >C=NH, >C=NR, >5==0,
>S(0)2 and CH-G; wherein if Z is a participant in a it bond, Z is 524312002040
inde eni\g};\él N or C-G, and if Z is not a participant in a it bond, Z is

%&éﬁ éRf-?BHzc;)_w, 0, S, NR, >C=0, >C=S, >G=NH, >C=NR,

2520, 2'S4Q)anth @b s G5 SRNSOR, 36, S0, SCO2, N, NH, or

-, W is Cs CH or N; wherein if W_is a participant in one double bond (it
%ﬁ%)‘, ﬁ%lg & aé?elfﬁdﬁwgghué’t%};\ﬂféfilpﬂqﬂyéﬁé deumik bond (rt
bond), W is CH or N; wherein dashed lines (---) indicate an optional it
dond; Q3N israreigRal and Wais,2. calonr G dssele romthe
group consisting of H, F, Cl, Br,élt?OI-i, SH,%IHZ, NHgﬁ,?lﬂ%%?é&ﬂ,“ﬁ{fmde
CONH2; C(S)NH2, C(:NH)§H2, R,AOF?, SR, NHR, and NR2, when two or
more G groups are present on olegule, they may be same as or

different from one another; e from the group consisting of
alkyl, alkenyl, alkynyl, aryl, acyl, alkyl, optionally containing one or
more heteroatoms; or a compgd accgyeing to any one of claims 1-8; or

a phannaceutically acceptable salt or prodrug thereof, for use in therapy.
10. The compound of claim 9 for uéB in the treatment of a viral or a
whebagterial infection, optionally in combination with one or more active

._antizvira] or antjizbacterial agents. 11. The compound of claim 10 wherein
A Pt é%a(% irgg?inméf: ioH @éaused by an RNA virus. 12. The compound of

R', Rfaid | RWheéreimithe RNAdvius istyGMedad Thecampeupd L RRIR 401 F, ci,

Br, ), OWWN@W'WC ion | %%%/m{ (tus, or retrovirus, 14.
The compound of claim %ﬁhgﬁaﬁﬁne i SA%%ZD?W’ R-OB2SR,
SSR, NIARENDERD: SHEET NMI, ~ OM pip us 5243 120020,40 15. The
rRY ;¢ompound defined in claim 9 for use in the treatment of a proliferative

L 15 selected from the ngUp consisting of O, S, NH, NR, CY0, CY,S, CY;NH, CY,,
CYCY5, CY,0CY,;, CY,SCY,, and CY,NHCY,, wherein Y is selected from the group
;onsisting of H, F, Cl, Br, alkyl, alkenyl, and alkynyl, wherein alkyl, alkenyl, and alkynyl may
each optionally contain one or more heteroatorms;

R is OH, monophosphate, diphosphate, or triphosphate optionally masked with prodrug
moleties, or a mono, di or triphosphate mimic;

Bis a base selected from the group of heterocycles consisting of

m and
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disease, optionally.in combination with one or more anti-prolifgrati -
Tis. | o.i%#%ﬁ%%e{ﬁi pn comprising a therapeu%icaily U
effective amount of a compound ‘according to any of Claims 1-15 or a
pharmaceutically acceptable salt or prodrug thereof. 17. A process 4312002040
making the compound of claim 1 having the formula ZZ // 0 NHZ Zi NH Z'
each RligiiepeNanBy fIRBAN:Mr REgyIp corEatiRapANR §KBIRBRR, RIRD, S,
_0f R3R2 .compfisi clisin gving the formula H3CO 0
R, O 2t F e N 330N HO B Za A NI AN Ra RI 3 Ra
wherRiRf R iRZRZRIRR0n RuvbedeihieaskphiedtdyidlindepenaehiiZZs antla

. herein,each_of W'sW2 is_ind tly, W..18. The process. of clajm.
pamupa{}vﬁréraef[nb%?é %),1 oeﬁgﬁ%@n%ﬁ%g%%ed% §'\/{7‘F\ ISQ(CI%T(T?’% Bsr?dé)leé)]r'lﬁi’
>C=NR, #on00) aV2is &, CH or N; Z' and Z2 are each independently CH,

X is §782199e8, Calkyl Csapy), & ReplkyhgL, C-S-

Wais C, CH or IN;

wherein if W is a participant in one double bond (n bond), W is C;

wherein :f W is not a participant in one double bond (r bond), W is CH or N;
wherem dashed lines (---) ndicate an optional n bond;

(BH,GYM" is an ion pair and M is a cation;

G 1s selected from the group consisting of H, F, C1, Br, I, OH, SH, NH;, NHOH, N;, COOH,
CN, CONH,;, C(S)NH,, C{(=NH)NH;, R, OR, SR, NHR, and NR;, when two or more G groups
are present on a molecule, they may be same as or different from one another; and

R is selected {rom the group consisting of alkyl, alkenyl, alkynyl, aryl, acyl, and aralkyl,
optionally containing one or more heteroatoms; or
a compound according to any one of claums 1-8; or

a pharmacentically acceptable salt or prodrug thereof, for use in therapy.

10, The compound of claim 9 for use in the treatment of a viral or a bacterjal

infection, optionally in combination with one or more active anti-viral or anti-bacterial agents.

11.  The compound of claim 10 wherein the said viral infection is caused by an RNA

virus.
12, The compound of claim 11 wherein the RNA virus is HCV.

13.  The compound of claim 10 wherein the said viral infection is caused by a DNA

virus or retrovirus.

14, The compound of claim 13 wherein the DNA virus is HBV or HIV.
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Z4 |s CH, C- halogen C aIkyI C-aryl, "C O aIkyI C-S- aIkyI C OH C NH2
@ C-NHR or C-NR2; AMENDED SHEET ~[I~.0 0 WON=WIN 11 524312002040
524312602040, R1.4R25R2 B31R3's B, are eagh independently H,

halogen, alkyl, O-alkyl, OH, optlonaly Brotected o TRETR! f EPEHfRerie
disease ﬂ%ﬁﬁ’éﬂ&ﬁ? ‘ﬁ?@@@%@@”@rwm mOreFhei prodEssab elagmi? or 18

further comprising reacting H;CO O Z2 1Y N112iNH2 122 zINZ3; N
Zast'ttﬁ1 RACEN 72C02Me z2.CNR A~ N R32aRR 2 ZtZt R3R2

3 R2 Wi OF Ewa O TR 2 FeRFine 2 henpep irally ZifeaZud arhount of a

compoRKRacRE ity R R wheleinsYl i$5ohalpenianrdavherein a5 H of fé} rodrug
thereofMetal-containing compound capable of metal-mediated cross coupli

2 ®

17. A process of making the compound of claim 1 having the formula
O
2 / NHz
7 7
71 NH d

or R R®

O CN
HsCO
5 \( iz
Zi ! *2Z! NH
Lo e A
! Y 27 \'ﬁ
ol w5 vy 7
RS \\,\jf »,Zq A 3\! N’-
A 4 =8
o i
R+ TR R 3" R
3 =2 R R
R R

or

wherein each of Z'-7%is independently Z; and wherein each of Wlow?;
mdependently W.

t8.  The process of claim [7 wherein
A is O, CHy or optonally protected N:
W' is C (if 7 bond) or N (if no = bond);
Wis C,CHorN;

l -
Z" and Z* are each independently CH, C-halogen, C-alkyl, C-arvl, C-O-alkyl or C-S-
alky'l'

*is CH, C- -atkyl, C-halogen, N, CNHR, CNH;, CNRZ C=0, or C=5;
Z'is CH, C- -halogen, Cealkyl, C-aryl, C-0O- -alkyl, C-S-alkyl, C- OH, C-NH,, C-NHR or

C-NRy
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.. Ajproces, ngthe.co
-Z6 Z t'Z~\Na RS W4 ¢

wherein e

whe ch of
Rindep

of Z-Zand Z' is independent

; Vi amersvaremdeybhtiah

Bndn

: 2 R3 R2 Ra ft2 comprising
“cyclising a compound having the formula AMENDED SHEET CO

524312002040 Noz6 Z'zilYa RZW (N aRRRs_Rz R'R

g

WO~
524312002040

){ Z:; eachof W1and W2 is

ORI K Hubledprié Bacrially

pwtected@g@g@}qf slam,20 wherein A'is 0, CH2 or optionally protected N; Xis

Rgptionally protected N, 0, or S; N

RyRRARSIEN ARy PIRIET DGR

u is an alcohol, an alkylthiol, or an
Wiﬁ‘ N (if no it bond); W 2is C, CH or N; Z'

and Z2 are each independently CH, C-halogen, C-alkyl, C-aryl, C-O-alkyl,
187 C'%B@Méess of claim 17 or 18 further comprising reacting

wherein Y is a halogen; and

20,

comprising ¢yclising a compound having the formula

wherein W* is H or a metal-containing compound capable of metal-mediated cross
couphing.

A process of making the compound of claim 1 or 9 having the formuia

AMENDED SHEET




Z'is CH, C-alkyl, C-halagen, N, CNHR, CNH2, CNR2, C=0, %[ C:E %;24 is ..
ot C-h’fﬂ%—ég#;%:glgﬁ, Ikyl, C-S-alkyl, C-OH, C-NHZ2, US;;@“?’
“€-NHR or C-NH2; R', R2,RZ*"R3"R"'R are each independently H, w
halogen, alkyl, O-alkyl, OH, optionally protected 0, methyl, or F; R®#8 81902040
@ optionally protected OF! or N1-12; and Z"is CH2, 0, NH, NR or S. 22.
The process of claim 20 or 21 whici*urther comprises reacting OEM
AMENDED SHEET AR 54 -4--A- Oi5~ 524312002040 26 2; Y Y Y N4
NuzZN ZNlaR5wtz4 RaARch\QZZ.Z{4q RN RRRZRR32R3RZ
with tiw4 to form R3 Rz wherein W4ljs H pr a metal-containing compound
capable of cross coupling. 23. A progesg comprising reacting a compound
of claim 1 or 9 having the formula Oy HA zt11R5WfNz R32 R'
RZ with a nucleophile ang{%g%e o form a compound selected
from the group consisting @t ENDED SHEET ~ a 8 X1 35. o- "NISPI
,,U..~. s 524312002040 R}’ R®

wherein each of Z'-Z* and Z° is independently Z;
cach of W' and W7 is independently W;

wherein Y 1s halogen; and

Nu 15 2 nucleophile.

;o 21, The process of claim 20 wherein
A 1s O, CH; or optionally protected N;
X is optionally protected N, O, or §;
Nu is an alcohol, an alkylthiol, or an alkylamine;
W is C (if © bond) or N (if no 7 bogd);
WisC, CHor 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 or C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH;, C-NHR or
C-NH»;
R‘, RZ, Rr, 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 NH;; and
Z"is CH,, O, NH, NR or S.

22. The process of claim 20 or 21 which further comprises reacting
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0 R§ 0 @&{WH Z1, Zvi w2 Wz Z~.,Za Z5', ~a ZBMB%E%S__AJ.
"R~ N~R N"R RR4R3RaRRa-RR R R3

ZR3RaR3R25 ZaZl H Z'ZzNH WZ w2 Z>:NZ9 N 3~

N NOR Za-y Nr RRS~~-"ARIHRaLRtNY FtRa Z R1 2 3 2 2°RR%002040

R2R RR3, R2 RR';, R2R 0BrO Z2zz_ Nu_ i//\/Z NH Nu-ZI NH Zwz N

ZgN R5.-y WT N Z4 Rs W' ~N'Z RgR1 4 A Rt R3 Rz @é"hz R3 R2 and

R3 Rz wherein each of Z~-Z4 are independently Z; Wh%aeln each of W 1

and W2 are mc@pen‘dently W; and l v
LWy WSy
Za ; 4 Nu Z3 ! 4
5 W1 z L R5 ‘}V\“ L

R A N 2Z A N

4 R.! Z R4 R
RRJ ry RZ “1 RB N ’ R2
e oS R i o =
R® R* with  W* to form R R?

wherein W* is H or a meta}-containing compound capable of cross coupling.

23 A process comprising reacting a compound of claim 1 or 9 having the formula
O
zz-(
/s
7} NH
3

LN

\ 4
Rs W fz
RARs S g2
R

with a nucleophile and/or electrophile to form a compound selected from the group

consisting of:
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., wherein Nu_is,a Q;ﬁgl% phile. 24. Therocess as in claim 23 wherain Alis_
. "CH2 or optionally proted AT an alcohol, an alkylthiol, oran US

e

Tkylamlne W1 is C (if jr bt F (i ho it bond); w'is C, CH or N; Z1
and Z2 are each independently CH, C-halogen, C-alkyl, C-aryl, C- @1‘51@13,02040
or C-S- aIkyI 23 is CH, C-alkyl, C- hangenGN CNHR, CNH2, CNR2, C=0,

or C=S; Z or C-halogen, C-alkyl, faryl, C-0-alkyl, C- S; allgl, C-OH,
C-NH2, C r C-NRz; 03 tAI\/FEN\ ED SHEET -~I0PrA-Z
52431200§ 40 " R2, R, R3, RE' R afe each independeftly H*Halogen,
alkyl, O roptlonally prot ,rﬁnethyl or F; R5§’§ jonally
Rsprotecte is NH,N S;ahd R is alkyl, &gyl alkehyl of
QJk se ofacmwm 9in the}m of‘b Qr®
2for the tre ral oraba 26. Use

ac?:ordlng?fo claim 25 wheteéin th&compound, of claim 9 |SF80mb|ned with
one or more activg anti-viral or anti-bacterigl agents. C.. 27. Use s
according to; fim 25 or claim 26 wh he said viral infectiogzis gaused
by an RN@WUSN;28 Use according, m 27 wherein the %NA Vigus IS

HCV. 29. L@e cordlng to claim 25\;@ claim 26 wherein the said vifal
mfectlon ig*ca sed by a DNA V|ruszé1rr trovirus. 30. Use accgr i gT@‘
of

(m 29 WHEF NT%‘T‘H) lus js HE 3ksUge oan cu
9 intheRHAnufacturgeeta me (ca%hent for thes4r / R4
pﬁgtf“eratlyze‘:‘dlsease 32. Usgaccoriig to claim 31 filferein 8°

compound of claim 9 iS combined with 2

7 -( b
7 /
NUaZ: NH . NU*—Z: NH
Zf‘i | 24 z° | 1
ol - 3
R=ITTRE Rr? R?
}:{3h ﬁz 3-“ & o
,and . R 24

wherein each of Z'-Z* are independently Z;
wherein each of W' and W? are independently W; and

wherein Nu is 2 nucleophile.

24, - The process as in claim 23

wherein

A 1s O, CH; or optionally protected IN;

Nu 1s an alcohol, an alkylthiol, or an alkylamine;

W' is C (if = bond) or N (if po = bond);

wW?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 CHor C-halogen, C-alkyl, C-aryl, C-O-alkyl, C-S-alkyl, C-OH, C-NH;, C-NHR or

C'NR;{;
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R'. R R¥, R} R¥, R® are each independently H, halogen, atkyl, O-alkyl, OH, optionally
protected O, methyl, or F;

R® is an optionally protected OH or NHy;

Qis NH, NR, O or S; and

RS is alkyl, aryl, alkenyl or alkynyl.

$
25.  Use of 2 compound of claim 9 in the manufacture of a medicament for the
treatment of a viral or a bacterial infection.

26.  Use according to claim 25 wherein the compound of claim ¢ is combined with

one or more active anti-viral or anti-bacterial agents.

27.  Use according to claim 25 or claim 26 wherein the said viral infection is caused
by an RNA virus.

28.  Use according to claim 27 wherein the RNA virus is HCV.

29.  Use according to claim 25 or claim 26 wherein the said viral infection is caused

by a DNA virus or retrovirus.
30.  Use according to claim 29 wherein the DNA virus is HBV or HIV.

31, Use of a compound of claim 9 in the manufacture of a medicament for the

treatment of a proliferative disease.

32, Use according to claim 31 wherein the compound of claim 9 is combined with

_ one or more anti-proliferative agents.
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