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HCV is a nmmjor health problem associated with |iver cirrhosis,

hepat ocel | ul atl- car¥ariski®- el Htimierobs Ghamptieer. 04e3¢ilht ed 170 million
chronic carrjers worldwi de are at risk of developing |liver disease.12 In
the United Stkkes Tdveméal- ¥ireh 2903 A 7d5&58hronical Iy infected with HCV, and
t he nunber of HCV-rel ated deaths 20 in 2000 was estinmated between 8,000 and
10, 000, a nunifer tliamper of abypled &dhetio 200 8 4SA7-53i gni fi cant |y over the next
years. Infection by HCV is insidious in a high proportion of chronically

i nfeéted (andl4 nf ddirpmas)et ebyrld iSePatenis Ny 706 assped Augess 3c2004i cal

symptons for many years. Liver cirrhosis can ultinmately lead to |iver
failure. LivelS. faWVataski, eledduMaleayplarCGalh, Arlddi @20 nfection is now

recogni zed as a | eading cause of 25 liver transplantation. HCV is a nenber
of the Flavivi&i daddomsmans,yf of. Hugatologyu$8s724hEk1, 3¥d%ct ani mal s and humans.
The genone is a single -9.6-kilobase strand of RNA, and consists of one
open readi ng ¥faneCarhal, Séhcadis IhternatiopalPanbApphcation Pobbcaiohno aci ds

fl anked by untrandb.aWed02/etji28fspuddishat 26 hily,2062;3' ends (5'- and 3'-UTR).
The pol yprotein serves as 30 the precursor to at | east 10 separate viral
protl®i ns critl&al Caroll,&H.i eraill bnerantibras Batoin Applhtign Badivativa r al parti cl es.
The or gani zati on Ao SWIOLEY/05 2425 ameblishet 25 Jullg;t2002) proteins in 2 WO

2006/ 093986 PCT/ US2006/ 007131 the HCV polyprotein is as foll ows:

C E1- E2- p7- NSRH NSaeNNBéte pitialiohardiiibin infigpaded byheforark e alive cycle of
HCV does not involve any DNA internediate and the virus is not integrated
into theeigly t@ywwsame exient asif eachiipdividaal Rubbisatian weg spgcibisalbiandd.  \Wiile the
pat hol o | ' : i N the virus is found in
5 ot her g%llgﬁdl{g%é%d}léagg&tfr?g%ﬁgécg/rﬁ%%ﬁﬁirﬁ%&é%gﬁlp ée%’/lg{mgl ood | ynphocytes. 3,4
At present, the standard treatnent for chronic HCV is interferon al pha

(1 FNS al ‘ptiate) ofi the @dotrbi nation with ribavirin and this requires at |east six

(6) nonths of . treat t. 1 pha bel on to faml. f .paturally
occurring sma?bmb‘}cdpgﬁ‘%n thﬁj{_a%ﬁ%? 5‘@%‘5?‘?@&1 I&fOBFG{}} %fé?%%tleg@f@gbvteg such as
ant i vi r adiyrhbdTiHRPAEEHIEE QhntirdRth Aatliver A, AhQsafbtedi 17088 idadhraitie Produced
and secreted by nost aninmal nucleated cells in %esponse to several

di seasescartiers peoridvedd are abtiskaof denelopinigdiver disease.af bhtheUnited Staterorlenmt

requl &t of 7ol QGRS bl AL b GRS S P LAY cat i on
20  in 2000 was estimated between 8,000 and 10,000, a number that is expected to increase

significantly over the next years. Infection by HCV is insidious in a high proportion of
chronically infected (and infectious) carriers who may not experience clinical
symptoms for many years. Liver cirthosis can ultimately lead to liver failure. Liver
failure resulting from chronic HCV infection is now recognized as a leading cause of

25  liver transplantation.

HCV is a member of the Flaviviridae family of RNA viruses that affect animals
and humans. The genome is a single ~9.6-kilobase strand of RNA, and consists of one
open reading frame that encodes for a polyprotein of ~3000 amino acids flanked by
untranslated regions at both 5° and 3’ ends (5°~ and 3’-UTR). The polyprotein serves as

30 the precursor to at least 10 separate viral proteins critical for replication and assembly

of progeny viral particles. The organization of structural and non-structural proteins in



control. Treatnent of HCV with interferon has frequently been associ ated
with adverse side effects such as fatigue, fever, chills, headache,

nyal gi as,wenbéwmbgsas, mld al opecia, 15 psychiatric ef pectis2@8doassoci at ed
di sorders, autoi nmmune phenonena and associ ated disorders and thyroid

dysf t i iri.n, i.nhi bit f i i 5 - h hat
o By et s st e e eSS N RRBRSREI D« cat rent
of HCV. Bdasd th@rédﬁ%aﬁwdy@{éﬁﬁﬁ@@ d8és ddt h@@ﬁ}é mmnfeﬂﬁ@digg: ep}]ete he

patients do not elimnaté the virus wt e current stan rapy of
i nt er f erdfsas peidnieprigd iatedhe hosdgemame, HEYV 2@feciom, cantibeuatetically be caypy. of

chronic j bl ha n_gchan o _t.h ombi nati on of | at ed
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si gnist i aahdr cell dgpeefid getdy idurid potiphetafbRAdUPmphdigwsP#n. Ribavirin causes
significant henolysis in 10-20% of patients treated at currently

r econmended gRsesendi iARla] Wibarnich RRURdoRY ALYORMErBA] SFGHA.OXI . Even

with recent inprovements, a substantial 25 fraction of patients do not
r espond alphah ircompkinationewith sibiandtin end this xeqnings dtdeadt §x {e)cmomibsef i s a cl ear

need for i nti.viral ..ther of HCV. i nfection. A.nunber of
appr oac ﬁ%%%‘é@@?%% ﬁ?@ﬂéﬁm taofgtggiggpﬁﬁ%ély\ﬂcpmmgf ProfEg Bvé?l f or
exanpl e,chapplerisiaé biotogddal affedts et as ahtiganusingelor %@%‘at aht RegMRSalf Or

ec

inhihiting HCV_ replication._ Furthernore, |ow no ul ar wei ght conpounds
t hat!Odi rAsBYitgs thahatsinro aed srcested bsmasianimelaeiepied gelningesngnse pl i cat i on

are consy i : LESTHEND. alge: i I.QR. Anong
t he vi r?leqfrgf(g%%geé%%gﬁl@éﬁ I%ng%cg%ggl Liﬁ?ﬁ%jgggg 2<{51nn1(llir1 1{6'%“{ %@g&hﬁﬁ dependent
RNA pol \arewthsandatiHercotigiaderffedtindhee!iutes tcommmmiiitiog avd immundlagigalt s f or new
drugs. 6' 8 2006/.0 PCT/ US2006/ 007131 he NS5b, -.Jependent RNA
pol 3mer a?é’géf’l\r!n\?ﬁ‘?f?’f’?‘%tlﬂ%ﬁcaﬁ%t gfgﬁt% TeGUERLLY: aﬁP@aiReglA‘@ﬂhﬁ VeE8| ecul e
i nhi bi t i cfBRE WEE a%&ﬁgﬁ@,lfem%ﬁg%%a&mgﬁiarg%ssarﬂ%llﬂg@as?ilhﬂd!a Liat hree

W

all osteric sites have béen described, 7 al h nultiple inhibitor

scaflfol dsychiattic phfests Bad pesesiated digerdeny avioimmuge phenoarena ahéassocia@dscri pti on

and tra t iMhral. activit.y can al sq, be achi eved by

o get | rarpae? RS snn s KIoeGlra L It 57 Bt 3 Pp 8BS, Ton. For
exanpl e,deWédragéiase (IMPDHY, 2nhdiees thewfiedaty vf IAN-abbh iy tHeyreaBRedd0f HADOI eved by
inhibiting host cell cyclophilins. Alternatively, a potent TLR7 a&gni st has
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significant side effects, primarily related to ribavirin. Ribavirin causes significant
hemolysis in 10-20% of patients treated at currently recommended doses, and the drug
is both teratogenic and embryotoxic. Even with recent improvements, a substantial
25  fraction of patients do not respond with a sustained reduction in viral load ° and there is

a clear need for more effective antiviral therapy of HCV infection.

A number of approaches are being pursuit to combat the virus. They include,
for example, application of antisense oligonucleotides or ribozymes for inhibiting HCV
replication. Furthermore, low-molecular weight compounds that directly inhibit HCV

30  proteins and interfere with viral replication are considered as attractive strategies to
control HCV infection. Among the viral targets, the NS3/4A protease/helicase and the
NS5b RNA-dependent RNA polymerase are considered the most promising viral

targets for new drugs.®®



15 viruses. Summary O The Invention This invention is directed to novel
conpounds that are useful in the viral infections in mammals, nediated at

| east i n wenhduwswevirus in the Flaviviridae famly of peirruss@swoiz: one of
its conposition aspects, the present invention is directed to 20 conpounds

of Formula |:_Z2--73 1, \ 1 NR(RP \"Z4 NRL WY " X 0 W I
wherein 4 V\o%é@%@%b@sdwﬁwfé%p meese I patfiglar bas begp shown tedieneen 72
and 73, Heiusen 181 gﬂaﬁy . 1RE0eNRBA] Adkibdi sopd that may
be a single or %g@gub e oen arll ?ncf?cat es a&geﬁgﬁ%ﬁo‘%’ondg‘gr no bond,
pr ovi dedeashittree dhisterissgenhavethectdesdsbde! sleng with muitipEdnkibitotxetffelds 72 and
Z3 is a@double 5 bond; when the bond between Z4 and Rl is a doubl e bond,

t he bond between the Nand Z4 is a single bond, the bond between the N and

(Rp.is a single bond and .p.is 1; en the bond between Z4 and R1 is a
si ngPe bond, e fHactng: Virl senes anthedransoripiiog paditeanglation podudsnd, t he

bond betyygenatdes ' | . ' ' %%ﬁh Ris
i ndependente I ?/ ser%%'?ée}galgﬁﬁdﬁieﬁ ggg%gg%}fbd iedg%rto ?e?as{% g%%g{ ﬁ%ﬂe,

cycl oal Kyt yird uprlication.dibr eyarhplal Wydashiviteh ' $hevbloovd atiéive etz candeR1 i s a

si ngl e bopd en Js.selected fromthe rqup caonsi-std of dr ogen
al kyl , Saﬁgxse:[v F#& g]&g%flﬂ%fl?&ﬁ?e@ ?phélffgs%xﬁ}ﬁwgﬁa&l aK%‘?%?,’t M’g&,omsigxsand
al kyl t hivzeh Bledvn Mmgmcv%]@nﬁqgmgm}zﬁn@@,& Rl is a double bond, then Rl
is Q;

10 However, none of the compounds described above have progressed beyond

clinical trials.%®

In view of the worldwide epidemic level of HCV and other members of the
Flaviviridae family of viruses, and further in view of the limited treatment options,
there is a strong need for new effective drugs for treating infections cause by these

15  wviruses.

Summary Of The Invention
This invention is directed to novel compounds that are useful in the viral
infections in mammals, mediated at least in part by a virus in the Flaviviridae family of
viruses. In one of its composition aspects, the present invention is directed to

20  compounds of Formula I:

wherein



each of Z1, Z2 and Z3 is independently selected fromthe group consisting
of CH CH2, CHM, G, C(Q), N NH and N-Q provided that if one of

Z1, or Z3wp206e939de or C- A then Z2 is CH or N or C 4; pe@/uddodsmoascar bon
atom cont ai ni ng a double bond either with RL or with Ny Qis selected from

t he group consisting of alkyl. and supstituted al kyl; is =0 or =S @is
sel ect ed fromgg‘@%@ga‘% si @Wﬁ@%@%@ B?WPQZZ%B%%@@@WRN, ani no,

and SubSh bRt \ind 3 Ry 1% SEHEEHPH LRATHLAE ! QUAinORS] $bpa Of hal o

cyano, azido, amno, substituted a , , Substitute al kenyl ,
subst i t ttoad cah&boyd, pratidedihet; substituted al kynyl, acyl, acyl oxy,

car boxyl, carboxyl e am nq, hNO |, bkoxys;. substjtuted

al koxy, thiol®® }é%/rﬂfy?eﬁ ?ﬁ%‘i“ﬁg’%{%%%é@%ﬁ?‘?%@%& %%Zdlsfar 1ehe- group
conskst igygdof a bond, -CH2- or -0-; and 30 X is selected fromthe group
consisting of OW2 and hal o; each and W2 is independently selected

of W WL
from the grouphcedhebend hriwesn ZhgndRge s dohile bandythe benshbeiwptrathadtans i cal | y

accept a r r : i gAl tautonmers, salts
or - par itans Eefgle fndt 8 Bon® AR BBATHIL G0 W HEEBHAERGHA 14 " Dr ovi e
that at | eastwisnehebonibevween2' irgl R iphatnpixcioniid] theltoyd deseseh al I apd odr ug
group; and furthe qQvi de hat sai d conpou tautoner, salt, or partial
salt i s%cﬁtom? B {?tbé’& b‘g‘eﬁj&l gtepn they PIP(F &‘i@p 12058 8A@rIS Osal t, or

par tjpal sal t\ﬁg@r&qt cx 2Zv NHp-B_NH Ti NT+ NN~Tz NTZ 00 WY WY

005WwW II I'IT “wherein: Q is absent or is selected fromthe group
consi sti ng ofeath RSs iraleperientlpsadedtefeiiomthydtoganeikyll substitalxsletityl, V and NH are

and ¢ G S ligti AP I igin 1 hear oup consi sting of N and &G ¢ oV and
Z are not i deghdnCBé bond between Z* and R' is a single bond, then R' is selected from the
group consisting of hydrogen alkyl, substituted alkyl, alkoxy, substituted alkoxy, thiol,
15  and alkylthioether;
when the bond between Z* and R! is a double bond, then R' is Q';
each of Z!, Z* and 7 is independently selected from the group consisting of CH,
CH,, CH-Q*, C-Q* C(QY), N, N-H, and N-Q provided that if one of Z, or Z* is CH, N
or C-Q* then Z2 is CH or N or C-Q*;
20 Z* is a carbon atom containing a double bond either with R' or with N;
Q is selected from the group consisting of alkyl and substituted alkyl;
Q'is =0 or =S;
Q*is selected from the group consisting of OH, alkyl, substituted alkyl, amino, -
and substituted amino; ‘

25 Q*is selected from the group consisting of halo, cyano, azido, amino,
substituted amino, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, acyl, acyloxy, carboxyl, carboxyl ester, acylamino, aminoacyl,
alkoxy, substituted alkoxy, thiol, alkylthioether and -SO,-Q°;

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

30 X is selected from the group consisting of O-W? and halo;
| each of W, W' and W? is independently selected from the group consisting of
hydrogen, Ci.4alkyl, and a pharmaceutically acceptable prodrug group;

or pharmaceutically acceptable tautomers, salts or partial salts thereof;



G and G are independently selected fromthe group consisting of hydrogen,
am no, am nocarbonyl, nethylam no, dinethylam no, acyl ai nino, al koxyam no,
-SQBH, -\v$02MiA93mel nocar bonyl am no, oxycar bonyl am no, PRTNGShES6G)DENH-,

azi do, 15 cyano, hal o, hydr oxyam no and hydrazino where R is hydrogen and
R' is a side-chain of an ami no agid or, where R and R ﬁigether with the

ni trogen and Raygehthgbiiiepst ene ‘ga\é]ha—@‘ilg‘ﬁﬁs p Phparceytioally pefertall Syrrolidinyl
group; @&1‘3 =18 dependently selected fromthe group consisting of
C=Q', NHr %?n&ﬁﬁ{lene optionally substituted with 1 to 2 hal o groups,
provi ded thatfuﬁhamjo‘ad@dﬁlatﬁﬁ:lcmnpdamﬂhtamdmda sal, OdHhartinl salDisdoB- t oget her

f(()g? ;i 2\|= C'é%enfe&t@ tﬁb%“q@?ﬂ %Léﬁ%— ongr.od C@ﬁ%@%“é"‘w%ﬁ&e(gokal o; each Q' is

i ndependently selected frothe group consisting of O, S, and NH;, 25 T
and T2 are independent|ysslected fromthe group gonsisting of hydrogen,
hydr oxyl , Cl- C4-al koxy, ZC1-'4-t hi oal koxy, am no, Bsub$tituted am no, and
halo; and W W, Y gpdyxyare as defined for for n In another of its
conposition aspects, th t invention is di e,d\to 6 WD 2006/ 093986
PCT/ US2006/ 007131 co unds of Fornula la; Z2- 2 NR 511 N' (H)p

Jz4\ NNRL O WY \/\1 la wherein 5% n Z1 and Z2 , between Z2
and Z3, between Z4 and'R‘ and between N and Z i Aidi cates a bond t hat may
be a.single or a douq\lﬂ/e bond anﬁ ---- indi catqlg a single bond or no bond,

I
provi ded ttlhéaﬁ1

Q’ is absent or is selected from the group consisting of O, S, and NH, provided
that when Q’ is absent, V and NH are both attached to a CH, group;

V is selected from the group consisting of N and C-G;

10 Z is selected from the group consisting of N and C-G';

V and Z are not identical;

G and G' are independently selected from the group consisting of hydrogen,
amino, aminocarbonyl, methylamino, dimethylamino, acylamino, alkoxyamino, ~-SOsH,
-SO,NH,, aminocarbonylamino, oxycarbonylamino, HRINCHR"C(O)NH-, azido,

15  cyano, halo, hydroxyamino, and hydrazino where R' is hydrogen and R" is a side-chain
of an amino acid or where R' and R" together with the nitrogen and carbon bound to
each group respectively form a pyrrolidinyl group;

A and B are independently selected from the group consisting of C=Q”, NH,
and methylene optionally substituted with 1 to 2 halo groups, provided that A and B are

20  not both NH;

D is NH, or -D-A-B- together form a -N=CH-NH-, -(C=Q’*)-CH,-(C=Q’)-,
-(C=Q’*)-NH-(C=Q")-, ~(CX*)=(CX")-(C=Q”)-, or -CH=CH-NH- group where X is
halo;

each Q” is independently selected from the group consisting of O, S, and NH,

25 T" and T are independently selected from the group consisting of hydrogen,
hydroxyl, C;-Cs-alkoxy, C;-Cs-thioalkoxy, amino, substituted amino, and halo; and

W, W, Y and X are as defined for formula 1.

In another of its composition aspects, the present invention is directed to



only one of the bonds between Z' and Z2 and between Z2 and Z3 is a double
bond; 10 when the bond between Z4 and Rl is a double bond, the bond between
t he N andwoZéod®3®6Si ngl e bond, the bond between the N aad/usk)ogobasa single
bond andp is 1; when the bond between Z4 and Rl is a single bond, the bond
bet ween the N gnd Z4 atons is a double bond, the bond between the N and
(Hpis SR * pis O0or 1; 15 Ris selected from hydrogen
al kyl, substituted al kyl, cycloal kyl, zsubstituted cycloalkyl; when the
bond between Z4 and Rl is a single bofid, then Rl is selected fromthe
group consisting of hydrogen, alkyl Z'substNTRited al kyl, al koxy, substituted
al koxy, thiol, alkylthioether; 20 e bopy between Z4 and Rl is a
doubl e bond, then RL is Ql; Z1 is se/EC ed Irbn1%he group consi sting of CH,
CH2, CHXY, G, C(QL), N, NH NQZ2)is Sglected fromthe group
consisting of CH CH2, C(Q); Z3is el\nkédsjron1the group consisting of
CH CH2, C(Ql); 25 provided that if is CH Mor CQ or if Z3is CHthen
Z2 is CH Z4 is a carbon atbmYgontAisq\ng a doubl e bond either with RL or
with Ny Qis selected fromthe™royp tgnsisting of alkyl and substituted
al kyl; 7 WD 2006/ 093986 PCT/ US2006£007131 QL is =O or =S; 4 is selected
fromthe group consisting of halou/eyano, azi do, am no, substituted am no,
al kyl, substituted al kyl, al kenylw? substituted al kenyl, al kynyl,
substituted al kynyl, acyl, acyl oxy, qarboxyl, carboxyl ester, acyl am no,
am noacyl, 5 al koxy, substituted al koxy, thiol, alkylthioether and -S02-(3,
where @B is ORICTAIky| , substituted al kyl, amino, or substituted amino; Y
is selected fro 1 onsLsti By a 10 o Xis
sel e?t ed fr orﬁThrBee{Vg%ggu%%ggr%gi’ g?:w%ﬁ gf 6@6\2 bgﬁﬁgéﬁggwga’c%d;)bgtwﬁ\ﬁ and W
i s i ndepeddErindigateed batdtiat manbe feingleanp. doohlzitwhi agd of- indidatey dsmghn,

ar ma cal ly acceptabl e prodrug group; or

d - 4al kyl , .and eutic
phar nacelzﬁr’idcoa‘llnpg’ogg’c@m‘gf#&‘a{'aut omers, salts or partial salts thereof;
provi ded t hatody oh€86the ®BRdHetWlenalhn¥l7% 25.d deRRL TAGRYYP ¢8] houbaccept abl e

prodrug group; and further provided that said conmpound, tautomer, salt, or
partial &@d is not 15 represented by fornula Il or IIl or a tautoner,

saltyy or part{al, $3bnd BEWEEE 2* and R is 2 double bond, the bond between the N and
Z* is a single bond, the bond between the N and (H), is a single bond and p is 1;

when the bond between Z* and R! is a single bond, the bond between the N and
Z* atoms is a double bond, the bond between the N and (H), is absent and p is 0;
pisOorl;
15 R is selected from hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl;
when the bond between Z* and R is a single bond, then R! is selected from the
group consisting of hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, thiol,
alkylthioether;
20 when the bond between Z* and R is a double bond, then R is QL
Z! is selected from the group consisting of CH, CH,, CH-Q*, C-Q% Cc(Qh, N,
NH, N-Q
72 is selected from the group consisting of CH, CH,, C(QY);
Z? is selected from the group consisting of CH, CHy, C(QY);
25 provided that if Z' is CH, N or C-Q* or if Z° is CH then Z* is CH;
Z* is a carbon atom containing a double bond either with R' or with N;

Q is selected from the group consisting of alkyl and substituted alkyl;

7



~fQ 2Z2V- \NHD-B\ NH 11 T1 ~NT+ s WY 9 WY "x z 6 W Il W III
wher ei n: WP 20%/0988ént or is selected fromthe group con$CIUSAYEP7181 S and
NH, provided that when Q is absent, V and NH are both attached to a CH2
group; 20 Vis selected fromthe group consisting of Nand GG Zis

sel ect ed from tQlds gOaupSconsi sting of Nand CGG:; V and Z are not

identical; G and.G .are i1 ndependently, sele d fromth roup consi sting of

hydrogen, anind,'® %ﬁlr‘?cﬁfiﬁicflé‘?rﬁgﬁeyﬂouﬂﬁ? t‘&ﬁioﬁh? OdWﬁEP*F}?F‘gth&’,O’ acyl ani no,

al koxyanm @ebsﬁufeéwnino?@kygﬁ%ﬁaue@mcﬂomémr%m%,au&hzf,: afgapy! am no,

HR NCHR'C( O NH-, azi do, ci/ano, hal o,” hydroxyam no, and hydrazino where R
i,

i s hydr ogenbssifidedalkymylaacyl,deyloknicarboafl, sarbaxylresteacicglaprinmisrieoaryl, and R

form a° py sty Remulsh SR SR ShdRRensE g oy BEo0uE BB AR g B ar e
i ndependentbsyitged slayE dintinoarisibst@itedipmasi sting of C=Q', NH and net hyl ene

optionally substituted with 1 to 2 halo grougs, provided that A and B are
not both NH, DY ¥ sglactedfronpihg goun eopsistieg of HbeAda -NHergrNd:; and
-(C=Q') - CH2- (C59)s ol o s of O-WESd FAGX ) - (C=Q) -, or

- CH=CH- NH group S\ﬁﬁlgftgé)%o [ S@%%W&ggé%g ?50;\2 ﬁ\%g%g’i\(dent |y selected from
the group consiesth offWolW ' andSV? ariddddendently selacked Zroar theignalgpensistitd f sel ect ed

fromthe group cansistjng,of hydrogen hyd |, .G - C4-al koxy,
cr”Ca1Ph Bl Ol e B bR PRI RARE 2 10 W WL, Y and
X are as defi ned phmat@itdliRaboeplableanabiers, Yitsiok patRROS thdr&F, aspects, the
present invention is directed to conpoupds of Formula Ib: 7Z2-7Z3 Zi N-R
provided that at least one of W' and W* is a pharmaceutically acceptable
prodrug group; and
further provided that said compound, tautomer, salt, or partial salt is not

15 represented by formula Il or 11 or a tautomer, salt, or partial salt thereof
Ql

V’( A—B

/ X \
Z/ NH o NH

X
N/ T2 N/ T2

[¢) o}
W*Y\A W—Y\/&\‘
v "'/x Y "'/X

/ 6 S 6
wh II wr III
wherein:
Q’ is absent or is selected from the group consisting of O, S, and NH, provided
that when Q’ is absent, V and NH are both attached to a CH, group;
20 V is selected from the group consisting of N and C-G;
Z is selected from the group consisting of N and C-G';
V and Z are not identical;
G and G' are independently selected from the group consisting of hydrogen,
amino, aminocarbonyl, methylamino, dimethylamino, acylamino, alkoxyamino, -SOsH,
25  -SO,;NH;, aminocarbonylamino, oxycarbonylamino, HRINCHR"C(O)NH-, azido,
cyano, halo, hydroxyamino, and hydrazino where R' is hydrogen and R" is a side-chain
of an amino acid or where R' and R" together with the nitrogen and carbon bound to

each group respectively form a pyrrolidinyl group;



N (Hp NN'"Z4 NRL OWY O f W Ib 15 wherein between Z' and Z2,
bet ween Z2 and Z3, between Z4 and Rl1, and between N and Z4 indicates a

bond t hatwomyodne3s®esi ngl e or a doubl e bond and ---- i ndipcatidl008/06118g! €
bond or no bond, provided that: only one of the bonds between Z' and Z2 and
between Z2 and Z3 is a double 2Q bond, when the bond between 74 and Rl is
a doubl e bond® 2B B HPAdgRIkRselerted\Temdhe grpup SoBsIMgATCHI RNt he bond

bet ween ddagndhAngk %;ll@omaﬁys sibsfiic] Sith o dRb B, drovilatyliheaRoRddet ween

Z4 and R1 is a single bond, the bo bet ween t Z4 atons IS a
doubl e boidotht¥d; bond bet ween the N and is absent, and p is 0; 25

( : ; : (Hp
between 74 arfd S0 8930 A R laefgh e R A U oy adt S BrGRd B gt oup
consisst i g=Qf*)INHLICIeM)-, AN h=(Cat" K P&y Q" ANt -aHedHNIRairbes whifeer ishe bond

between Z4 and R1 is a double bond, then R is =0; Z1 is selected fromthe
group cdfﬁ%%sting of CH CH2, G, GCN, GCN3, C5 OH, CSH COalkyl,

C S al kyl, C . CC=C- o - - N . N, and NH
Z2 is select e%gﬁpoqr?ins Fﬁgﬁgird(%ﬂ %%%ds?ﬁg}ﬁg‘ﬁ%?mgﬂ? gggmgg(f@‘)%%az%ﬁs sel ected
from the group andﬁlSzi)aSé indgpaakiedty; selddld e ngﬁ)wimkmﬁnglmﬁhydh‘bg&i, is CH,
CCN, GN3, CO.CO , G ,CGSH -G O 10 al kyl, C S02-@Q3, CC=C 2,
CNH2, Cl\ipfél‘l@fylaé:1%@-\?5;‘%’&1'&%‘#0@11@"2831@%‘0@4 Hytgdzming.andhaloyand s 5 car bon

at omocont ai iYW, §oiille s RORGBhENRE tWtla FL or With N QlisOorS;, Q@ is
hydrogen, al kyl; °

In another of its composition aspects, the present invention is directed to

compounds of Formula Ib:

Ib
15 wherein
---- between 7! and 72 , between Z2 and Z3, between Z* and R, and between N
and Z* indicates a bond that may be a single or a double bond and ---- indicates a single
bond or no bond, provided that:
only one of the bonds between Z' and Z? and between Z> and Z? is a double
20  bond;
when the bond between Z* and R! is a double bond, the bond between the N and
Z'isa single bond, the bond between the N and (H),, is a single bond and p is 1;
when the bond between Z* and R! is a single bond, the bond between the N and
7* atoms is a double bond, the bond between the N and (H), is absent, and p is 0;
25 pisOorl;
R is hydrogen;



15 @B is OH NH2, or alkyl; @ is halo; Y is selected fromthe group
consisting of a bond, -CH2- or -0-; and X is selected fromthe group

consi st i ngoebos@o¥Bsand hal o; each of W WL and W2 is i nsepandesibmssel ect ed
fromthe group consisting of 20 hydrogen, Cl_4alkyl, and a

phar maceuti cal | C abl e pdr , group romgceutical | y accept abl e
taut oners, salf %‘ E?g%rglgqt\gpe é&gieb%d@&ea& 15 ppagctet frpmdle one of

WL and WRoiys c&lsﬁhgg @Hﬁf&g&amﬂ aﬁ&ﬁpt&'alaﬁ(ywm&%pg group; and further
provi ded t hat sai d conpound utorrer salt’, or partlal salt is not 25

represent ed byhengherho bdtwmnl andoR’ laatd@ubbr’oend thed R, isotOjparti al salt
t hereof Q

D "V T1. T Y00, W W
wherein: Q 1156%1%%%\3_%?m tge %ré)lug(?f”é%s cﬁﬁlﬁ‘ &a?gjé c ngl\ls?%?g %’f 0, S, and
NH, pr ox@Heg SH,I@D-ykg 1nc@-a11§1 AbsentQ®, ¥camdohit @'y (bNiH), etNEchgdct o a CH2
group; 10 WD 2006/ 093986 PCT/ US2006/ 007131 V i's sel ected fromthe gr oup

consi st iNGHw2 N, apgNELG Zz is selected fromthe group consisting of N and

CG; Vand ?1@ Qe84 ?bﬁqgé glco%h cogt o@CI@r@H @Q@gndent |y selected from

t he group cons; s ing o 0, amn nyI met hyl am no,
di met hyl am ndz® 1asglécaed from th¢ grmpa;nhmung-cﬁfmlﬁ CHz, SN2, ami nocar bonyl am no,

iy azi no wharEited et Ry BnCa. fvs &-Q- QBB er it BB no a6 d or

wherng Ra11@5nd B'S(t)?Q@td‘@'EClet bNt}necNHcEHQ@JN ;)6 8F R iPURE thengach group
respecti V%ﬂ% forma pyrrol Tdinyl” group; and B are independently

sel ect eds m t he group consisting of C-Q NH, and nethyl ene optionally
substituted

N Dis NH i alﬁarko’é%totr‘]“?&‘g‘tt%r&f“%?a ‘For%%qu’:‘%iq hvevl‘tth ?c?nd}tgéﬁz ( cr-]%t ) - ot
-(C:Q')-NH-(CQQS)OOIS,(CX )=(CX')-(C=Q')-, or _ CH=CH- NH- group where X is
Q?is hydrogen, alkyl;
15 Q?is OH, NHy, or alkyl;
Q’ is halo;
Y is selected from the group consisting of a bond, -CH,- or -O-; and
X is selected from the group consisting of O-W? and halo;
each of W, W! and W? is independently selected from the group consisting of
20 hydrogen, C;.salkyl, and a pharmaceutically acceptable prodrug group;
or pharmaceutically acceptable tautomers, salts or partial salts thereof;
provided that at least one of W' and W is a pharmaceutically acceptable
prodrug group; and
further provided that said compound, tautomer, salt, or partial salt is not

25  represented by formula II or III or a tautomer, salt, or partial salt thereof

Q|
—B
\ x> N
T |
\/é] )\TZ \/& N/)\Tz
(o]
W—y,
X "
5 6
W 1I wr I

wherein:
Q’ is absent or is selected from the group consisting of O, S, and NH, provided
that when Q’ is absent, V and NH are both attached to a CH; group;
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15 hal o; each Q' is independently selected fromthe group consisting of O,
S, and NH, Ti and T2 are independently selected fromthe group consisting
of hydr og®0,200dmp80sexyl , Cl- C4-al koxy, Cl-C4-thioal koxy, pamiuseeosmodast i t ut ed
amno, and halo; and W W, Y and X are as defined for formula I. 20 In

Conpounds. of V51 TAGEY eom s B0 Forisng RN W W'Y W 1 | vher 61 n 11 W0
2006/ 093986 Pg;rggg{%%ggq%&gﬁ;gsg}ouﬁ)@gn\éﬁﬁ%ng%q &e bet ween Z2 and Z3,

between Z4 and R1, and between i ndi cates a bond that may be a
single or a dbahd & dsonet iderdical;- - i ndi cates a 5| ngl e bond or no bond,
provided that. only one,of bonds en and 72 bet ween Z2 and
D} s e doubl & 288 gt fadenqeiy SRR 4t B e GSiatie BBy or "o
CH2, 5C- Nidzino %H&ﬁbonﬂ%nbtﬁyl&ﬁlhlﬁi}Hﬁﬂetﬁj’fl@ﬂﬁd’l@cﬁﬁxﬁiﬂ@ gRBRYHhihd g SOLHCH, CH2;
Z3 is selected fromthe group consisti ng of provi ded t hat i f

Z' is CHSOzNKepaminogar Ninphesy catponylgming, W@ﬁﬂ'@(ﬁ%ﬁﬁﬁcﬁn dogo Y is

sel ecte n j m
sel ect egzy%{lg’ﬁaﬁ%gyg{og %nglghg}%dslﬂd%lﬁw% g\?%%%ﬁ aﬁgé{cﬁs% ﬁwh% and W
i s i ndepdradeantihy a&éloewhed: R’ranmRt"hegajhewpﬂcﬂmmtsdgengnd)tarbhlyﬁomglem

Cl. 4al kyl,. and a ar. utical | t abl e prodrug group; or
phar rracee(?‘ﬁl&%ﬂ“lpﬁeg’@@é BHIE & B0t lr?‘ét}y gp‘?éi’kts or partial salts thereof; 15

pr oviipded thatA%hd'Beﬁéﬁnd%B@ndéBﬂWelé’diéh M‘@m‘tﬁe groI%B%Bﬁfﬁﬁﬁigtdf@cl Y Nagcept abl e
prodrug group; and further provided that sard co taut oner, salt, or

partial adimethglenweptiongBy edistitudeil With fl de Abieko grpups; ptomdedrthza AandBreg, salt,
or parti ‘%t bgfﬁﬁlHt her eof

D is NH, or -D-A-B- together form a -N=CH-NH-, -(C=Q’*)-CH;-(C=Q"’)-,
-(C=Q’")-NH-(C=Q")-, -(CX)=(CX")-(C=Q”)-, or -CH=CH-NH- group where X’ is
15  halo;

each Q” is independently selected from the group consisting of O, S, and NH;
T! and T? are independently selected from the group consisting of hydrogen,

hydroxyl, C;-C4-alkoxy, Ci-Cs-thioalkoxy, amino, substituted amino, and halo; and
W, Wl Y and X are as defined for formula I.

20 In another of its composition aspects, the present invention is directed to

compounds of Formula Ic:

Z2—273

l' \
Z NH
/TN

wherein

11



Q ZVNHPpPABNH TI N~ VTFE N~ Ta WY QJ\ WY J\ O0OOW Il W III
20 wherein: Q is absent or is selected fromthe group consisting of 0, S,

and NH, pwowvbebadsssshat when Q is absent, V and NH are h)ctrmsaﬂo‘ﬁm'heﬂ to a
CH2 group; Vis selected fromthe group conS|st| ng of Nand GG Zis

sel ected fromt €. 0 ting of 2 Z are_not

i dentical ; G=a#A eeﬁ&g ap&%ng %@2 NM%F e?;zéﬁ?‘?ﬁe’ /"@‘Hgﬁﬁ i sting of
hydr ogeny,g #rfﬁdi@atem&mamme a ﬁﬁgﬁaﬂr araloﬁme bdhdBADY. L.esﬁaﬂagtes ag‘mgpem no,

al koxyam no, -SO3 NH2,” am nocCar bonyl am no, oxycar bonyl am no,

HR NCHR' IID(H@)ONHO boati,lpmVlde(tﬂaho hal o, hydroxyami no, and hydrazi no where R

an o no-aci by O e RS ATRVRR 2 SR AR 2 AP ol hMY car bon

bound t cbep@ch group respectively form a pyrrolidinyl gr oup, A and B are
i ndependent i y_selected fromthe group consisting of C—g , and
met hyl ene opt% of&¢IFgted foat the grasw spneipting Qi B GHi & -§FbupgVH QHQW ded that A

0y v Bkl el Stine bR ORBOY (2L T 6 S e

group where X7? iis selettad fronethe lyrd@p dossibtiepfatideGth,\C(©8] ected from the group

The. or oup conPEdRRbft 2y Bl th Ay frSasTh teed &y any 2 i sor i 11O

Cl- G4 thi oal k?wsa@%dﬁﬂ@m&ﬂ@gﬁohf)%&%tﬁ@o&ra,boﬁ@dcmgl@r-cangnd W W, Y and X
are as defined for formula I I'n one enbodi ngnt the corrpound of the present

i nventi on hathlmael@ttﬁrder@mrthe gifoup Fonsiiing OIbeW rRodialoa 1a, X is OW and each

of W W1 andai oy [ISREGANL N AR IMALORER Bl HPHBLIBSRIEEY! Y

accept abl e preoa8 g grou e group

oxyacyl , hyahessahonailieyl, @ﬂ%ﬂ’f&@h@ceﬁﬁba&rysaccmﬂﬂabﬁideug gipbps phonam dat e
phosphorodl am dat e, phaqosphoram date nonoester, cyg¢lic %hos hor am dat e,

cyclic phosph@r%‘&%ﬁ%ﬁ?@ly asReRigNe FatATRRIS. Salis %tsﬁaétr‘a s e°€40) CHR3NHRI3,
wher g5 R13 15 Ov0108 8t 3Had3nt 8t §8106 WP8is AR hRRuEAYREGRHIST | g

prodrug group; and
further provided that said compound, tautomer, salt, or partial salt is not

represented by formula IT or IIT or a tautomer, salt, or partial salt thereof
Q

N D’A_—B\NH
N BN
iﬁ (L
~
\/él ) \/é‘ C
0
W—y
- "'I/x ; ""/X
6 )
/ /
wi I w 11T

20  wherein:
Q’ is absent or is selected from the group consisting of O, S, and NH, provided
that when Q’ is absent, V and NH are both attached to a CH; group;
V is selected from the group consisting of N and C-G;
Z is selected from the group consisting of N and C-G';
25 V and Z are not identical;
G and G' are independently selected from the group consisting of hydrogen,
amino, aminocarbonyl, methylamino, dimethylamino, acylamino, alkoxyamino, -SOsH,
-SO,NH,, aminocarbonylamino, oxycarbonylamino, HR'NCHR"C(O)NH-, azido,

cyano, halo, hydroxyamino, and hydrazino where R' is hydrogen and R" is a side-chain

12



20 of hydrogen, alkyl, substituted al kyl, aryl, substituted aryl,
cycl oal kyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,

het er ocyowbeo@ndsmygbst i t ut ed heterocyclic and a si dechaicmusbosanoasi no
acid; or R3 and R13 together with the carbon and nitrogen atons bound

phospho, SR BRORC P PRE T DAL B doEeSee P HE OB R RA ORI Compound! of
t he presegeﬁ f@ﬁ@%b&&eﬂaﬁ)r&%ﬁﬁﬂﬂﬁ{wgﬁ) of a Fornula above, Xis OW and
one of V\% hydrogen. I'n another enbodinment, Wand W are H,

or Wand W2 a‘h@nd-lBammaizp@ddn sedeatedHromihe/goup gesisiiog of6d’, MRt each of

present a%r‘]‘%\?\é%}t“ﬂ %Dgfogg%gs%bts{}ﬂlc Wﬁﬁﬁé(bgg‘ggagn&%} hé#g%l%go ag% qoéag]\(?\z and W

i's repr aﬁﬁlbbthd\ﬂby t he for rrul a: 13 WO 2006/ 093986 PCT/ US2006/007131 R8 O

R3O 0HP1 QRO dech f d; R8
hydr ogen or alPkSyNH alhﬂ) IQIB roge%r’%&t%@zlbﬂféﬁsﬁﬁe@% ?E@ﬂ&fga Ny of :aiskyl

substi tu ys _@@ (F(XJ sy gﬂdgﬂ I i ed

cycl oal k zt erg 39 ?l §é~ t%r oary &e\{%r%cl)l/ﬁﬁhg&gggg

subst i tthaémi 5 heter ocycl ic. Preferably one of W and W2 is hydrogen. Mre
preferably WL and,, are hydr not her e t he ound of
the present q‘?&%&t 'l%ﬁldﬁ%eéldfﬁtgy Cﬁ%dt%?ré the,groyp ﬁ?ﬁsﬁﬁ% mi@%\ﬁe @ﬁ%ngV\Z and
WL i19 represepitgd 1¥rd ﬁ‘l@eﬁé?ﬂ’d@ﬁﬂ)aselé@ed fd%hlt@ grdfp YRR h§ddgéd, dechai n of
an am no acid. Preferably one Wand W2 is hydrogen. NMre pr eferably W

and W2 dr}@err(bg@ﬁalkDW,&&e@ﬁ&mm%@@@ﬁﬁp&d@lm, anddalsy esdnt
i nvention Qamﬁwﬁ%ﬂﬁ%ggﬁﬁi%@ﬁﬁ“ ]§9 ldlenflbove X is halo, preferably

fluoro, epen hydr ogen or a

phar ITB.CEUtI C Iabl pr odru selected fro ou

consi sti ng o?lj é‘é}?lem SR cﬁ%’é’ﬂﬂ%ﬂgﬁg%mﬁﬁlgslﬁ}ﬁ gné@?ﬁ-‘&sﬁ %HB hat e,
phosphonedthléd or M@ﬁ@h@rxds eiydtaing caghesWhav 'aghdut’es Maepaskaly cyclic
phosphor ani dat e, éd iC phosphor odi am dat e, phos horam dat e diester, and

- C( ASCHRBIHREES OF WpBREnIRe B iGadly lagenpEblapradmerRzoyRselcsiedcirer the geP he gr oup
consi sti &sisting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate,

phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR*NHR", where R is hydrogen and R? is selected from the group consisting
20  of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a sidechain of an amino acid; or R® and R*® together with the carbon and nitrogen
atoms bound thereto respectively form a heterocyclic ring. Preferably, W is hydrogen,

phospho, diphospho, or triphospho.

25 In another embodiment the compound of the present invention has the structure |
of a Formula above, X is O—W? and one of W, W', and W? is hydrogen. In another
embodiment, W and W!are H, or W and W? are H, or W? and W!areH. In yet
another embodiment each of W, W', and W? is hydrogen.

In another embodiment the compound of the present invention has the structure

30 ofaFormula above, X is O—W? and W is represented by the formula:
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of hydrogen, al kyl, substituted al kyl, aryl, substituted aryl, cycloal kyl,
substituted 20 cycl oal kyl, heteroaryl, substituted heteroaryl, heterocyclic
and substwbub@ehobsser ocyclic and a sidechain of an am peraskebs/norizR3 and
R13 together with the carbon and nitrogen atons bound thereto respectively
forma heterocyclic ring. Wis prefekgbly hydr ogen, phospho, di phospho, or
tri phospho. I n another enbodi nent the cgepound of the present invention has

the structure 25 of Forrmula | or agla, X is halo, preferably fluoro,
and Wis represented by the fornul g \M0D:2006/ 093986 PCT/ US2006/ 007131
R8O RBO 0 HP1 ORIO wherein i 8! drai dechain of an amino acid; R8

i s hydrogen or alkyl; and R10 is selected fromthe group clc())nsi sting of
al kyl , suiiestinRitiea sidbshain ofamydmine abigt R isthydrageylor alkyk | all KY lis selestdslst i t ut ed

| oal kyl , .het [ .. i fut , t [ d
Cubstr t oot e Binbisyad PEETES SEfunrd SR iy BB ST o Te,
enbodi me@bstithed @Wldflgh&éro?afﬁ, fabagait hietéilcﬁﬂj'zli, Héiez’@@ﬁclic%d%hbdﬂﬁ&t@d e of
Formula | or Fornul a fluoro

) a, Xis halo T‘&Br.eferabl y and IS ,
r epr 8serfietedowiglie.h Prefexsblione of A% and/ly” & hudyoggne Mdorpreisrahls Wl@eWn of an
am no agﬁg (ﬁggaprably, Wis hydrogen. In one enbodi nent the conpound of
t he presen¥ly nventi on has the structure of Formula | or Fornmula la, X is

oW, W is Cl 4al kyl .eferably nethyl.. and each of d W . is
‘ndependent | yrRgAPSYERbBRSESTIAS BBt orp Bse Bl e ot as b B o

sel ect edbffarFyRnuebev€ B0 isCOIRF shi NG i0keithted BX YiaCirmuphosphonat e, phosphat e
esters, 15 phosphate, phosphonam date, phosphorodi am date, phosphoram date

nonoester, cyclic phosphoram date, ®gclic phosphorodi anm dat e,

phosphoram date diester, and -C(O CHR3NHR13, where R13 is hydrogen and R3
is selected fromthe group consi s NAG » hydrogen, al kyl, substituted

al kyl, aryl, substituted aryl, cyc oal Kyl, substituted cycloalkyl,

het eroaryl, substituted heteroaryl, heterocyclic and substituted

het §poc Kehdr€ R2% 2Rdedhaitl SHeRMiRo 8lid 2Pr@FPIG A iod W 9hd P i8AgdBae,. t 0get her
with the carbon and nitrogen atons bound thereto respectively forma
het er ocyMbiecpreferaply W afdeWalake/hydtogenhy dr ogen,
In one embodiment the compound of the present invention has the structure of a
Formula above, X is halo, preferably fluoro, and each of W and W! is independently
hydrogen or a pharmaceutically acceptable prodrug group selected from the group
15  consisting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate,
phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR3NHR13, where R' is hydrogen and R? is selected from the group consisting
of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
20  cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a sidechain of an amino acid; or R? and R"? together with the carbon and nitrogen
atoms bound thereto respectively form a heterocyclic ring. W is preferably hydrogen,

phospho, diphospho, or triphospho.

In another embodiment the compound of the present invention has the structure
25  of Formula I or Formula la, X is halo, preferably fluoro, and W is represented by the

formula;
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phospho, di phospho, or triphospho. Mre preferably, one of Wand W is

hydr ogen. Even nore preferably Wand WL are hydrogen. In one enbodi nent

t he conpowoQoefoosdse present invention has the structurepefiyusZiwefoorioul a 1 or
Formula la, Xis OW, W is Cl _4alkyl, preferably nethyl, and each W and
W2 is independently hydrogen or a phgynaceutically acceptable prodrug group
sel ected fromthe group consisting of agyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonani date® p sphor odi am date, phosphorani date
nonoester, cyclic 15 WD 2006/ 093986 U_S;Q_O-LOG/ 007131 phosphoram date,
cyclic phosphorodi am date, phosphor%m’ dat & diester, and -C(O CHR3NHR13,
where R13 is hydrogen and R3 is sel ected f4%m t he group consi sting of

hydr ogenyhabidi> is 8 URRthdinbesh ahiflaciddRy s hytbshidr dligd AR isyatqal kyl .
substituted cycloal kyl, heteroaryl, substituted heteroaryl, heterocyclic
and subsft9m fegronp ceragipglof glkyb subrtituted pliiek hail.rsubstitated anilneyckoellyl, or R3 and
R13 toge it [ n I e t bound. t her et q..respectively
forma hstlel? g‘?‘b‘%c@%’ p?légliﬁyﬁge@%%@ﬁ éér%lggtll é{%egerﬁas; foggrﬁ © ycb aélgpsﬁgs 10 hospho, or
t ri piospgerodylie. [Irrefeesbdpiy,is bydogén. W and W2 i s hydrogen. Even nore
preferably Wand W are hydrogen. In one enbodi nent the conpound of the
present i nventidathessmppdiment the compoyid ofthe prssentfaveption hasdhasirgetyg, X i s
oW, Wi | kil frer Faﬁ% fi j

i ndepend%ﬁc%ﬂ%nggg% h%rﬁ’aﬁg%%lrlgfg%ge%hbl a 3;8’2%@ e\grt elas\glé regér}ge r g{hér oup

sel ect edfofmulm t he group consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonam date, phosphorodi am date, phosphoram date
nonoester, cyclic phosphoram date, &pclic phosphorodi anm dat e,

phosphoram date diester, and 15 - C(O|CHR3NHRL3, where R13 is hydrogen and
R3 is selected fromthe group corls% ti “ of hydrogen, alkyl, substituted
al kyl, aryl, substituted aryl, cycloal lkyl, substituted cycloal kyl,

het eroaryl, substituted heteroaryl, heterocyclic and substituted

hﬁt eerOC)t/)Whére R;émgisidediadﬁ@ﬂlﬁﬂamiﬁg aaid. @efaabbeWdis }qr‘drdg_&nalnd :313 together with
t he carbon and nitrogen atons boun ereto respectively forma

het erocyclic m%.ew}%ﬂ%}t&%%{lgﬁg‘eﬂewt 126&%’8 hap thestoroRfen. Even
nmore prefaham _ . a %[Qﬂgﬁi onpound
of the gl{:esentI>/(|)r\rl?il}oerﬁit?l ?aol\r%’zﬁgégt W???ggtl'ﬁérlgyl’ gl:‘%%éli—"%l%ul a I’%a?rgl%glébrrﬁ})\g la, X
is O W amdWs indempdeshritydddey or h@hfmacedticallRBcceptapleRgodibiggro H P-°  OR10

wherei n B s @S EeEhal 0, ol a0 ILACAEL: piRRhSuell SRR Uil Y1 and

15  phosphate, phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic

phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR®NHR"®, where R"? is hydrogen and R is selected from the group consisting
of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic

20  and a sidechain of an amino acid; or R® and R" together with the carbon and nitrogen
atoms bound thereto respectively form a heterocyclic ring. Preferably W is hydrogen,
phospho, diphospho, or triphospho. More preferably, one of W and W' is hydrogen.
Even more preferably W and W' are hydrogen.

In one embodiment the compound of the present invention has the structure of
25  Formulal or Formula Ia, X is O-W?, W' is Ci.4alkyl, preferably methyl, and each W
and W? is independently hydrogen or a pharmaceutically acceptable prodrug group
selected from the group consisting of acyl, oxyacyl, phosphonate, phosphate esters,

phosphate, phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic

15



25 fromthe group consisting of alkyl, substituted al kyl, aryl, substituted
aryl, cycloal kyl, substituted cycl oal kyl, heteroaryl, substituted

het er oar Wo 2be@saeycl i c and substituted heterocyclic. pcmuspeshers

enbodi mrent WL is hydrogen and W2 is Cl1_4al kyl, preferably nethyl. In yet

anot her enbodi nent W2 i s hydyogen and I s Cl .4al kyl r ef er abl t hyl .
30 I n aRBYRBerapidRiecelt PI?WB{I@SM’%%P??@IW&% @/esjfeﬁ’\%éﬁt i on hgs '[rﬁe Y

struct ur& )Pl RPRILRP ayher@ R TR 1 ghd 1€ isSeleb¥8 fdRd ik is@sented b
the for raid fg VO 2’006?0939869%1]8%U§8n2006/5087131 RBhE\%{I&g) e S i s

sidﬁcrab?mgﬁog?baMWh@%h£RMBda&ybabihﬁb“ﬁﬂb@dhhﬂnrkMM®éSHh#ﬂW@@en and W2 is
nmet hyl . i anot her . enbodi nent IS rogen an: | l. 5 S
exanpl egycg?aﬁfé%l _%?ﬁ%@’ 5 Sr‘f@fti}gtgg thfﬁr ﬁ\,zlberteerg%c% Ciaﬁgg %tlglﬁgéir@erﬁa 4 yi n thgme
| i st 5behry, giascHath Jidd @nino adrdf 8r RTEid W 1&krebiek b the amdsiy bid Ritdgen
8,9-tetrahydro-2, 3,5, 6-tetraaza- benzo[cd] azul en-7-on

2- (2" - metoms hoBngtherge respastiel form ahetaregygho ripgL ?}’%?@P’gi‘%’éﬁ Pydregen. 10

benzo[ cd ene. . 2.

2-(2' - n@ﬁ@% dJBhosphe s (riphoseho-More greferably, oneof W apd Weishydrogen,
[ cd] azulErRaeinoze prdfersidy WY lan®W>are bpdroganosyl ) - 6, 7,

8, 9-tetrahydro-2H 2, 3,5, 6-tetraaza- benzo[ cd] azul ene; 15

2- (2" - met hyl 1Bok¥ &hbeditieanias ybmpdurfe-ofithyplesen? irdebtién hatthaszatubefizo [ cd]
azul en-7-one; 9- Am no- 2- (2' - et hyl - B- D-r.1 hof ur. aqﬁsyl ),- 2, 6-di 'R’d{&;ﬂ’ 3,
5, 610 et Fammwla Iigs Foopelafa K isd=W-ods Caslkyl, preferably methyl, and each o

ot raasdrbehzol Cip Lo ek Tt o TR LR, e KRR o ugs,
salts, gelegad frioal the gtdup doneistng of depl, Sayrcel, iphbshonate Phosiodbte §8rs.Q4, and B
have t h%hgseghgtrg, Elllo%g 1or?a§ni arltg,v pi)h((j)gp o?c?cﬁa}l/rgi'date:%}?cl)s%hérar%%&e%g rno%ées'%ér!Q cycTic( HP
phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
15 -C(O)CHRy’NHR13 , where R' is hydrogen and R? is selected from the group consisting
of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a sidechain of an amino acid; or R and R" together with the carbon and nitrogen

atoms bound thereto respectively form a heterocyclic ring. More preferably, one of \'A

20 and W?is hydrogen. Even more preferably W! and W? are hydrogen.

In another embodiment the compound of the present invention has the structure

of Formula I or Formula Ia, X is O—W? and W is represented by the formula:

/
o
— 8
0 N—P—}
" Oro

wherein R? is a sidechain of an amino acid; R® is hydrogen or alkyl; and R is selected
25  from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic. In another embodiment W! is hydrogen and W2 is Cy.4alkyl, preferably
methyl. In yet another embodiment W?is hydrogen and W' is C;_salkyl, preferably
methyl.
30 In another embodiment the compound of the present invention has the structure

of Formula I or Formula Ia, X is O-W? and W' is represented by the formula:

16



NNR OHOOH 25 6H COWOUND R R Z' Z2 Z3 17 WO 2006/ 093986

PCT/ US2006/ 007131 COVWOUND R R ZI z2 Z3 ONHN N\NJH-HCH2 CH2 C(O
HO (P-OwOHoosezddsl N N NH-HCH CH CH2 O HO (P=0) @dr@d2edsiooNsN H -H
CH2 CHCH OHO (p-0) OHOHNH NH-HCH CH2 CH2 HO (P0) OH OH O NH N

0
where R? is a sidechain of an amino acid. In another embodiment W is
hydrogen and W is methyl. In still another embodiment W? is hydrogen and W is
methyl.
5 Some examples of compounds included in the present invention are named in

the list below and in Table 1.

2-(2'-methyl-B-D-ribofuranosyl)-2,6,8,9-tetrahydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;

2-(2'-methyl-B-D-ribofuranosyl)-6,7-dihydro-2H-2,3,5,6-tetraaza-

10 benzo[cd]azulene;

2-(2'-methyl-B-D-ribofuranosyl)-6,9-dihydro-2H-2,3,5,6-tetraaza-
benzo[cd]azulene;

2-(2'-methyl-B-D-ribofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraaza-
benzo[cd]azulene;

15 2-(2'-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;

9-Amino-2-(2'-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one; and

2-(2'-methyl-B-D-ribofuranosyl)-9-methylamino-2,6-dihydro-2,3,5,6-
20  tetraaza-benzo[cd]azulen-7-one;

or pharmaceutically acceptable prodrugs, salts, or partial salts thereof.
In Table I below, Q', Q% Q°, Q% and Q’ have the definitions as provided above:

25 OH

COMPOUND R R! A 72 73

17



N~NJH-HCHCHCQO (P-00 0 Ho OH OH 18 WD 2006/ 093986
PCT/ US2006/ 007131 COMPOUND R R Z1 72 Z3 OH2NNHN NN H-H G NH2 CH

C(O (pWp206/didseH OH O N NH H -H G NHCH3 CH C(O  pdTNst@s@)7130 HO OH
OHS H2NNH NH-HGNH2 CHC(S) N (p=0) HOOOH OH Q N NH

COMPOUND R R Z! z? 73
O
NH
/17 N
N, J H -H CH, CH, C(0)
HO P ©=0)
“oH

on
/  “NH
Z N
'L
N H -H CH CH CH,

N
HO P
P=0)

H -H CH, CH CH

N N
Q
HO y (p=0)
OH

N
H -H CH, CH, CH,
0 -
HO =0)
oH

o
7/  "NH
Zandin

=~ J H -H CH CH C(O)
N

ol K
Q
HO
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NH-HGCGNGCH3)2 CHCQ N (p=0) HOOOH OH 19 WD 2006/ 093986
PCT/ US2006/ 007131 COMPOUND RR Zl 22723 @B @ NHN J H-HGCQ CH ¢ Q

N (p=0) GvoHe®3dssi OH Q1 Qd NH N 7 H-H CQ CH2 C(erT/uN2memtizO HO
[~ OH OHQ TMNHNGCGT ) H-H(where Tis CHC(Q NN (p=0) -OCH3 or O

SCH3)  Ho-GH—CH
COMPOUND R R z! 7’ A
0]
H,N / NH
ad
WEN J H H C-NH, CH C(0)
v@ N "
(o]
HO
Y oH
OH
S
B/  “no
/ %
/ N
S g H H CNHCH, | CH c(0)
N (@=0)
(0]
HOV@
Y “on
OH
S
H,N / NH
=
Vi N
~ J H H C-NH, CH C(S)
N (p=0)
0
HO
Y “oH
OH
Q1
\N 7/  NH
Z\
74
W H C-N(CH), | CH @)
N (=0)
0
HO
Y “oH
OH
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Q NNHNH-HGCNCHCQ N(p=0) O HOI~j OH OH 20 WD 2006/ 093986
PCT/ US2006/ 007131 COVWOUND R R Zi Z2 Z3 QL Q2 NH NH-Hcc=C@ CH C(Q
N \'N (p=0Oy0Q@oodo3dssli OH QL N NH 3 NH-H CN3 CH C(Q pciius2408m0713HH0 O OH
OHQl O@-51 NH ON
COMPOUND R R! z z? z?
Q1
os—/  NH
e
H -H c-Q° CH c@Qh
N \NJ (p=0)
0
HO\/@
Y “OH
OH
Q1
Q' NH
/7 N
- /ll H H c@QY CH, c@h
N ©=0)
0
HO
Y “oH
OH
Q1
17—  NH
72m C-T
~ J H -H (where T is CH cQh
N7 N (®=0) -OCH, or
\/&é o
HO
Y “oH
OH
Q1
N= 4 NH
/7 N
- J H H C-CN CH c@Qh
NN | (»=0)
o)
HO\/@
Y “oH
OH

20



- H-HGCS

Rl ZI
xl -~ N NH

d(Q N

N
NHo(Q F 20‘%9%604 oH 21
72 73 QL ~N HNHNH -

H-HNCHQQ)

(p-
WO
H

N_N

(0]

200

NH
(p

HO O OH
6/ 093986

0
C2 Q
=0) O

HO OH

o Q
PCT/
N N
OH _NH

HO OH

HN NH N HO
US%OG/ 661451006 &H@m&% R)
(p=0) O

OH QL

COMPOUND

R

Rl

Zl

Z2

Z3

Q'l

(©=0)

CcC=C-Q’

CH

c@Qb

(=0)

C-N;

CH

c@Q")

2
I

(p=0)

C-S0,-Q°

CH

c@)

(»=0)

NH

c@Q)

c@)
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N NNH-HNCHCH2 O (p=0) HOOH OHHN---\NHN NNH-HNHCHR CH2 O
(p=0) HO SOH OH 22 WD 2006/ 093986 PCT/ US2006/ 007131 COWOUND R R1 Z1 Z2
Z3 Q HwdHoddoobdsdhl J H-HNH C(Q CH2 (p=0) O HO OH p@ruskoosto@NsNH NH =0
Hor GCNH2 CHC(Q NNR =s HOO (p=1) OHOHQ NNH=0 Hor C(CH3)2
CH AQ

COMPOUND R R! VA z? z?
Q 1

H H NH CH c@QY
N \N/I =0) ’
HO\/@

OH

N
Z2nd
N J H H N CH c@QY

N (@=0)
)
HO
Y “oH
OH
7w
Zndi
S
N H -H N CH CH,
0 =0)
HO
Y o
OH
HN/’_\ NH
Z2nd
s
N H H NH CH, CH,
o) (©=0) ‘
HO
Y “oH
OH
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NNRL=SHOO(p=1) OHOHQ G NHNH=0Hor G @& CHCQ N\NR =S

HO 0 (p=1) OH OH 23 WD 2006/ 093986 PCT/ US2006/ 007131 COVPOUND R R Z' Z2
Z3 Q QiwdHoddezBsH or C(Q) CH2 C(Q) N N R =S HO Optpakroos@bti®H Q T2
NH T2=C- =0 Hor OCH3 or G CH C(Q N NR =S (p=1) O C2_4alkyl HO O CH
OHQI NENHNH—=0Hor—C-EN-CH-G(O)
COMPOUND R P R! 7z VA z}
Q1
HI‘}’\NH
N \J H -H NH c@Qh CH,
\/é N w
O
HO
“on
OH
Q1
H,N 4 NH
7 = NH = 1
H C-NH CH C
S, /l\w or ) @)
=1
Y “oH
OH
Q1
\N 7 NH
/
/ ZSNH = 1
H C-(CH CH C
S, )\w or (CHy), Q)
=1
Y "o
OH
Q1
Qs NH
pZ
74 NH = S
H C- CH cQ!
N \N/KR1 :I‘ Q Q)
=1
HO 0 ®=1)
Y “on
OH
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N NR =S
=S 0 (p=1)

HO O (p=1) OH CH

Ql

@ NH NH =0 Hor CCC Q@ CH C(Q

N \ N~R~

HO OH OH 24 WO 2006/ 093986 PCT/ US2006/ 007131 COVPOUND R R ZI
Z2 73 Qiwdl 2bld/0930shH =0 H or GN3 CH C(Q N N Rl =S HOptpakRoos@bt1€H QL 0O
@B 111 NH O/ NH=0 Hor -CS02-@B CHC(Q NR =S O (p=1) HO OH

COMPOUND R R 7! 72 z3
Q1
Qt NH
=
/ NH =
H or cQhH CH, c@h
N \N/gm = i
Y “oH
OH
Q1
T2/ NH )
T?=C-
/ " = 1
H or OCH; or C- CH Q)
N \N/J\m -
Ho o) (p=1) 0-C, 4alkyl
Y “oH
OH
Q1
Ne—/  NH
/ Z > NH =0
H or C-CN CH Q!
N \N/&R" = )
HO 0 (=D
Y “on
OH
Q1
Q2
X/ M
P
/ NH =
H cc=C-Q* CH (o/(e}
N \N/&FU :r Q Q)
=1
Y “oH
OH
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OHQL A NHC@ NH=0Hor 4 isCHB CHCQ NR SO0 (p=1) or
C2-4alkyl HO'CGa OH OHQ H2N NH NT H (where Tis CGNH2 CH C(Q N NT
- OCH3 or Wo-2668)986HO (p=0) OH OH 25 WD 2006/ 093986 PCPCUSRMG/HOAFL31

COMPOUND RRL ZI 72 Z3 QL NNH/ T N (where Tis H-OCH3 or CN(CH3)2 CH
O CH-OH-QL

C(Q) N N_T- COCHRY HO O (n— O NE-T N (wvwhara T i c
LA J L) w~7 Ilvv\r.l WI‘IIT ™V \VVIIU_IV u T J
COMPOUND R R! 7! z? VA
Q! '
N3 74 NH
/ Z NH =
N /& H or C-N; CH c@QY
N Rt =
0 (P=1)
HO\/é
H “OH
OH
Q1
i
Q@_4_/ N
I
- /J\ H or -C-S0,-Q° CH c@Qh
N N -
R‘l
0 =1
HO
Y “oH
OH
Q1
Q*—7  NH .
ZSNH = =
4 - /& H or Q" is CH, CH QY
N R1 =
0 (=1 or Cp4alkyl
HO
Y “oH
OH
Q1
HzNgéﬁ* :
T
AN
‘ / N (where T is 1
g l i /)\T H | Ochor | CNH: CH o)
o -SCH;)
HO (p=0)
H “OH
OH
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H-OCH3 or G @& CH C(Q) NNT-SCH3) (Y=0) HOOH OHQL QL NHT N
(where Tis H-OCH3 or (Q CH2 C(Q) T -SCH3) O (p-0) HOSOH CHQL T2
NH T T2=GvoModeogyse T is H -OCH3 or OCH3 or G CH C(Q piTUS206/08)130 (p=0)
O C2.4alkyl HO OH OH 26 WD 2006/ 093986 PCT/ US2006/ 007131 COVPOUND R R

Z1 77 7Z3—Q—NCNH-T L N (whet T s H -OCH3 or G-EN-CH-C(Q—N-T, - SCH3)
HO O (p¥O  OtomrounD R R! 7! 7? z
Q1
\N 7/ NH
/ T
\ .
74 N (where T is
| PY H | -OCHjor | CN(CHs;;, | CH @)
N7 SN T -SCHs)
Y “oH
OH
Q1
Qs —/  NH
T
SN (where T is
/ | //k H -OCH; or C-Q° CH c@Qh
NT SNT 7 -SCH;)
o _f i
H “OH
OH
Q1
Q! NH
T
/ N (where T is
Py H | -OCHior | €@Q) CH, o@"
N~ T -SCHy)
HO 0 ©=0)
H “OH
OH
Q1
T2 NH
T T=C-
/ SN (where T is
L H | -OCHjor |OCHjorC-| CH c@)
N N T -SCH3)
HO \/® (p=0) O-C2.4a1ky1
: “OH
OH
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OH QI
O (P=O0

C-S02-Q8 CH C(Q

PCT/ US2

@ NHT N (where Tis H-OCH3 or CC=C-Q@ CH C(Q

N N T -SCH3) HO

OHOH QI N3/ NHT N (where Tis H-OCH3 or &GN3 CHC(QL) NNT
- SCH3) HQvO260@7039s6OH OH Q O Il 3 NH Il T N (where Trics/ud200066830r
NT-SCH3) HO O (P=O OH OH 27 WD 2006/ 093986
06007131  COMPOMND R R 71 77 73 Q1 Q4" NHT C Q4" N (where Tis
COMPOUND R R! z! VA z3
Q1
NC NH
S T
N (where T is
4 | /)\ H -OCH; or C-CN CH c@QYy
N7 SN T -SCH3)
o 03 o
Y “on
OH
Q1
QZ
X/ ‘m
S T
74 I N (where T is
H -OCH; or CC=C-Q* CH c(QYH
N N/)\T -SCH)
HO 0 (p=0)
Y “oH
OH
Q1
Ny—7 NH
T
/ | SN (where T is
H -OCH; or C-N. CH c@Qh
N N/J\T -SCH33) ’
HO 0 (p=0)
Y “on
OH
Q1
0
Qs_g 4 NH
(I)I T
SN (where T is
/ | /)\ H -OCH;or | C-80,-Q° CH CQY
-SCHa3)
(©=0)
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H-OCH3 or 4" is CHB3 CHC(Q NT-SCH3) HOO ( O or CZ 4alkyl OHOH Q1
QL ~4HN NH T N (where Tis I~ H-0OCH3 or NHC(QL) C(Q NN T SCH3) HO o
(p0) 11-Wd2doe@e39s9H Q1 HN /-4NH T N (where T is |K cT@skReoo7iBH CH2
(Q NNT-SCH) HOo (p0) NI SOH OHQL 11 NH NT N (where Tis H
-OCH3 orf NCHC(Q N NT =SEH3) HO O W—U) —OHOH 128 WO2666/ 093986
PCT/ US2006/ 0074¢8MPOUND R z 7 YA

Q1
Q*_/ NH
Y (wh B Ti o
/ where 115 ,
| /)\ H -OCH;or | Qis CH, CH QY
N7 SN T -SCH;)
HO \/@ (=0) or Cy 4alkyl
Y “oH
OH
1 Q'

HN T
g/jfLIN (where T is 1 1
H -OCH; or NH C(Q) c(Q)
NN )\T SCHSs)
. \/@ =0)

:5 OH
OH
_ -
T
/ ZN\ (where T is
- /lk H -OCH; or NH CH, QY
N N T -SCHs)
=0
Ho\/® (p )
:s "OH
OH
Q‘l
T
= "N (where T is
{ < H | -OCH;or N CH c@H
N NT T -SCH3)
o =0
: “oH
OH
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(where Tis NN T H-0OCH3 or N CH CH2
~I (where Tis NXLN/ T H-0OCH3 or NH

~NH HN T N (woens206ios7161 H - OCH3
>-A HN NH NH =0 N

COWPOUND R R ZI z2 ZzZ3 N/ NHNT
O-SCH3) HO (p=0) OH OH HNNHT
CH2 CH2 wWoQuecehisy HO (p=O) OH OH Q
HOo(pO) CHOH Q Q

(Nn-1

or N\HCO(Q CH2 NN T -SCH3)
N~-Rl H S+ NH CLm\ Q{D\ o) {p-1)
COMPOUND R R‘ A i z
N
-~ N T .
4 - [ (where T is
N N T H -OCH; or N CH CH,
o -SCH;)
HO (p=0)
Y o
OH
HN//\NH
iy !
- /lk (where T is
N H 'OCH3 or NH CH2 CHl
NT T
o -SCHs3)
HO (p=0)
: “oH
OH
Q1
T
Z N here T is
7 (where
< M H | -OCH;or NH c@) CH,
N N T -SCH3)
0 =0
o £ “”
Y “oH
OH
Q
HN NH
Y o
s, | H % NH | c@) | c@)
N N R? (@=1)
0
HO \/é A
Y “oH
OH
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OH 29 WO 2006/ 093986 PCT/ US2006/ 007131 COVPOUND R R1 Z1 Z2 Z3 Q|
NNR (P=1) HOOH OHQIl NN NH=0 Hor

NH =0 H or

C(QL)
(p=1)

NH CH2 C(Q)

N WoRoo6(d93498s O
OH OH HN-\NH

HN' NH
N CH

HO OH OH N/--\NH NH =0 N N~R1pdras2dderodyi€H CH2

/ NH =0 NN-\RL H or

NH CH2 CH2 HO (P-1) OH OH 30

COMPOUND

R

Rl

Zl

VA z?

Q!

HN

L,

or

(=1

CH; c@QhH

HO

or

(p=1)

CH c@Q"H

HO

or

=D

CH CH,

HO

or

=1

CH, CH,
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WD 2006/ 093986 PCT/ US2006/ 007131 COVPOUND R R1 Z'

1 H or

NH C(Q CH2 NR 1 O (Pa)
active aswenviomiosms agents or are useful
preparation of other antiviral

as

72 73

QL HN NH NH =0 N
HO SOH OH Conpounds of this invention are

i nt er medi atres/usnodsne7131

agents of this invention.

This invention is

al so di reeted—to—pharraceutigal—corpositi-ons—conprst-hrg—a—>5

phar maceut i cal cpvaaneys abl e di lpient and a tjher gpeut| cagky €ffegtive anmount
of a cdnpound degscri bed hergin o mXtures of one pr nore|o such
conmpounds. This iNyvention is|also|directed fo use of a conmpound of |the
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the invention, nethods of treating or preventing viral infections in
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This invention is also directed to use of a compound of the invention in the

manufacture of a medicament for the treatment of a viral infection in a mammal

mediated at least in part by a virus in the Flaviviridae family of viruses

10

This invention is still further directed to methods for treating a viral infection

mediated at least in part by a virus in the Flaviviridae family of viruses, such as HCV,

in mammals which methods comprise administering to a mammal, that has been

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

pharmaceutical composition comprising a pharmaceutically acceptable diluent and a

15

more of such compounds.

therapeutically effective amount of a compound of this invention or mixtures of one or

In yet another embodiment of the invention, methods of treating or preventing

viral infections in mammals are provided wherein the compounds of this invention are

administered in combination with the administration of a therapeutically effective
20  amount of one or more agents active against HCV. Active agents against HCV include
Ribavirin, levovirin, viramidine, thymosin alpha-1, an inhibitor of NS3 serine protease,
and inhibitor of inosine monophosphate dehydrogenase, interferon-alpha or pegylated
interferon-alpha, either alone or in combination with Ribavirin, viramidine or levovirin.

Preferably the additional agent active against HCV is interferon-alpha or pegylated
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Detail ed Description O The Invention The invention is directed to
conpounds, conpositions and nethods for treating Flaviviridae viruses,
such as hegpabedidssse virus infections. However, prior topdeaseedsioons15 this

invention in detail, the following terms will first be defined: Definitions
As used .her the termal k refer hydr.ocar byl groups having from1
to 6 cdfl mé’t‘%ﬂlﬁa alpge ﬂ’b‘Pé?OB‘?(’é'faé‘P’éB‘fl @E”t“ﬁng e Hic O g‘ﬁﬁ@.‘“r%i s termis

exenplified by groups such as nethyl, ethyl, n-propyl, iso- propyl,
n-butyl, t-butyl, n- pentygtamgﬂglpﬁgnlomeI,gu.ggt,htut ed al kyl" refers to
an al kyl grou havi ng from1l to 3, "and preferably 1 to 2, substituents
sel ect ed frontheHaveptsngs disentédstoi campotmds| mpOSltmwdmlmﬂSéme@yng acyl
acyl am xyaeyl .subs am no, .a ryl,
substi tu}t%g‘c}fggwagwmsesxgoxf? he %]s]??t‘ﬁfuésdnﬁaegééj xy,o%vgﬁé)rmﬁ}ﬂ(g l%ﬂbmﬁydr oxyl,
nitra, oatshioventiondmdeaitythe ﬂcﬂloe&ﬁ,cﬂennswﬂl fiek by Hefigadost i t ut ed cycl oal kyl
het er oaryl , substi tuted heteroaryl, heterocyclic, and substituted
heterocte/]igl "Al koxy" refers to the group "al kyl-O" which includes, by
way of F’FBF‘@“ met hoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy,
t-butoxy, Secadidehéreif] tH@MX'Xlkyﬁr}gfe}% hlyﬁﬁfcarb%pgroﬁg%ﬁé\hﬁ h6h) latok@xy
refers to the group "substituted al kyl - ers o t he groups

al kyl =C(e@ybon aterbs and moesiprafekatily Tt} carbah h‘@n}d Ymgerm is exepgtlifiedtbgd
| k | - - | k | 5 C(,0) - bsti t ut | kyl -C(O) -
Cuvst 1 1 doatpyel sSiRL.i) e RIE e Syt e 00

het eoarile: C(O) -, substituted heteroaryl C(O), het erocycl i c- C(O) and
substituted het erocyclic-C(O-. 25 "Fornyl" refers to the -C(OH group

"Acyl am no" refy8kisuted aliig" M&y’ﬂ) anQﬁ@l att/ﬁt?gﬁoﬁq% Fénd rekigiapgndent |y

selected fromthe group consisting ydr ogen, substituted al kyl,

al kenyl ,t0 25 snwtlmems(f,sgleatedérrm the gmwnswtmmﬁ althJstye w@tlwlkom 9¢y1
subst|tute a e Qal sub tLt cycl oal k

subot | ¢ oSty aryo¥y, SBRE e bRt Y BB SHL el P BRPRIEC ana where

each R4 drgl, a@nm@d stmtlﬁmédrartynggz dyaﬁo Wialdgeh, 8/ dRddyl, a6, catlyR cafekdr ocycl i c
or substituted heterocyclic %k 32 WD 2006/ 093986 PCT/ US2006/ 007131

" AcylPox yester eystoalleyd, Stlh%tltgteé ﬁmlo Wy heteroayy subsfifpiet hetgresaylahgisiocrglio) o |

al kenyl aI kenyl -C(O O, alkynyl-C(O O, substitut ed
al kynyl -%dg}‘%muéglﬂ?{eg g& ", substituted aryl-C(O O, cycl oaI kyI -C(O 0O,

substituted . ar

het er oar yl - 6}1@%@ %’;eés[ teggtg%:é) upcgl ICS? ‘% Cﬁ&l%)h,%)eg,t [ %y %’1’% ple

het er ocylﬁéﬂhcxﬁ(e@)c@y, n-propoxy, iso-propoxy, n-butoxy, f-butoxy, sec-butoxy, n-pentoxy
and the like.

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

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

25 “Formyl” refers to the —C(O)H group.

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

30 heterocyclic and where each R* is joined to form together with the nitrogen atom a

heterocyclic or substituted heterocyclic ring.
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"Oxyacyl" refers to the groups al kyl-0OC(O -, substituted al kyl-OC(O) -,
al kenyl -OC(O) -, substituted al kenyl -OC(O) -, al kynyl-0OC(O -, substituted

al kynyl - GE6Qpos/09398yl - OC(O) -, substituted aryl-0OC(O -, cychraghéngloo@s( O) -
substituted cycloalkyl-0OC(O-, heteroaryl-0OC(O -, substituted

Egt 2; 82%: | (?—Q@@‘ylgef%g&‘gh}%%&#éfag?%@gn Sﬁﬁ%@# iﬁ%g&@@ ocar bon

pr ef er ablienfRE(OW-f mwmauéd)alﬁenyw@w alk9uPl-a(@) 0§ shfuier ably 2 to 4
carbon atons and having at | east and preferably from1-2 sites of vinyl

(>C=C<) alipsat-G{QPvaryl @hogrsuqu@@utad @rybﬁ:é@i@m £ydealkplyCOXRy subetithtsd- | -yl ) ,
allyl, gi l'oﬁfkgp%‘gO?d |4 t@%%r;h%)@k B&@ut{aé Hgtéltoa{’ﬁ%g(g))él kenyl * refers to

al kenyl grou From- uent's preeferably 1 to 2
subsBi tuetﬁr&ycheJ(EOD@)d ahd eubstingedlicetpcdiosl(€)Ong of al koxy, substituted
al koxy, acyl, acylam no, acyl oxy, am no, substituted am no, am noacyl,

aryl, substi t"mx@dcyav wfers%me@faups%u@@xm(m)e@umwt%m L9ano)-, hal ogen,
hydroxyl nitro car boxy car oxg ester oal ky substit uted

cvel oal ka;,kenyh@céeafamsmwb@m Oxg Ao GLIOT Supttiticshyel | o and
bstit 1 t ut
S ot IS RORDISUSIIACIS, bbbl SRS by AR VB LSY &“PE‘Z‘“E@ELS? L ofed

al kenyl aycloalkyl- @(EOs-eheletcacbfl#CD@q@) Bubstitated hetmdaryléoca))z, di fl uor oet hen-1
2- et hoxy th g and e li ‘i‘f:séé understood that the term
sul:}Qtl thsFzeeysiiky )’laﬁ QU eﬁerﬁq( Gt Zz 25 (trans) isomers as

appropriate. The isoners can be pure isoneric conpounds or mxtures of E

and Z conponerlkenyl’ekernin an ynspraied by dipeagbpynrafesttdy haing §emy b8P havi ng at
least 1 Sidoa #dms Qx‘fcﬁﬁlﬂe?}lﬂgég ! %’&%%C%é L3RR dnd ha i a??eébtqgaJ gomz2to 6

carbon atoms ‘and more carbon ato referred al kynyl
groups agrefesblyefromd - siven dfitinyd (@PC%O<) unsaturdtone tSugh gtoupk areprxemphified yl |

propyn-2-yl., 1-mgethyl praop-2-yn-1 -yl tyn-1-yl, butyn-2-yl, butyn-3-y|,
and thezl?}y‘fégylj( %g%-ﬁfxlf@ﬁgh%a?%m}r% é%ftg‘?ilﬂ?o al kynyl groups having from1

3 substituents, 33 WO 2006/ 093986 PCT/ US2006/ 007131 anpd, preferably 1
to ASsubst i t uSHPEituisd pllendd refersip efkenyraonpsdonmediomd tof sEpxisugpts,

subst i t)‘}fnﬁ%réﬂe By oaﬁcé/dbsuﬁﬂg}{ﬂsfﬁ?é&%d Ry h@‘g\fo%%r{&%unggbé&b{&“ ed am no,

am noac ary st| tute aryl oxy, stitut aryloxy, cyano,
hal ogen, suhgtttutadytlkoxm aayh acylamnrtmxwloxycamlumgyubsﬁmwd amopg hmaiohgyl

substituted Kyl , heteraqar. stitute het.eroar het erocycl i c,
ond substth srEihRe AL aplehe S SRR SRS Rl S R i
substit LBakKU’x | %afb@kylaés’ée@%y@%ahﬁl aibAgaky bﬁﬁ%aﬁkﬂaﬁ&%a@ﬂ Qikbstitaed er red
substi t ut ed aI ki/@{ groups are selected from but not limt to
C:

2- f 120or dwtaigaryh rocxclzac, 3nd sulistiecolsttespgyrelic with the preyisoribptrasyyydroxy] |

3- hydr OXARBESRX K btk atta%ﬂgd {o a Vm&/lk(ﬁhsatmated) carbon atom. Preferred substituted
alkenyl groups are selected from, but not limit to, 2,2-difluoroethen-1-yl, 2-
methoxyethen-1-yl, and the like.

It is understood that the term “substituted alkenyl” includes both E (cis) and Z
25  (trans) isomers as appropriate. The isomers can be pure isomeric compounds or

mixtures of E and Z components.

"Alkynyl" refers to an unsaturated hydrocarbon having at least 1 site of
acetylenic (-C=C-) unsaturation and having from 2 to 6 carbon atoms and more
preferably 2 to 4 carbon atoms. Preferred alkynyl groups are selected from but not

30  limit to ethyn-1-yl, propyn-1-yl, propyn-2-yl, 1-methylprop-2-yn-1-yl, butyn-1-yl,
butyn-2-yl, butyn-3-yl, and the like.

"Substituted alkynyl" refers to alkynyl groups having from 1 to 3 substituents,
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"Am no" refers to the group NH2. 10 "Substituted am no" refers to the group
-NR R" where R and R' are independently selected fromthe group

consi sti ngoabodnwsysegen, al kyl, substituted al kyl, al kerglrjussambditut ed

al kenyl , al kynyl, substituted aIkynyI aryl, substituted aryl, cycloalkyl,
substltut ed cycl oal kyl, heteroar : substltut ed het eroaryl het erocyclic,
subst i t (ANEPT T‘é’fa(l?fyoi: Pybstgn eé tad froqp ghereroyp BOI}Sbﬁuﬁéél’ alk@yBt her with t he

ni troge
het eroc;gél%?tgg%g%g(gx g%ﬁ} %g%lgrtnﬁﬁ %@oﬁ%ﬁi%%ﬁl{;s‘é tg& not’ El%ﬁljg)rogen Wen R

i s hydr cggh sabstitiRed argl, atyikey, sulhstitgerbartyloxys @dno,draﬂqunghmmylmmronet i mes
referred t.0 herei substi t ut ed

| kyl i no., W Wand R’ | kyl, .th
ani no grétEs C@%ﬁéﬁsﬁ‘?&§ %’8%%&}’2%11?%&%@@ & ﬁoﬂgldﬁé{%?%yﬁﬁuhgn i ni noacyl "
refens tigidrbaylhetiseycNRahd SQAwmtikada heté\’B@yQﬁl@)\ﬁﬂp&lE FRCkhat éﬁ‘&llh drox4P
NRSC( O) cycl oaIy &RSC( Oz substituted cycl oal ké(e@- NRSC( O) al keny -NR

SE(R?,) c? uo) b%ltbﬁt@tutl@ulsalor(@ﬁﬁayche %ﬂ%@@}qﬂ«wwn atoMR5 qutsybmtuteédlkanxly nyl ,
5C( O su u%re gﬁé% %?%gr% J PBM&I’%&UE%O Oe 9(3{3?%§ lir%% opropyn 1-yl,

- NR5C( ())Emhlﬂtdpi‘a.]iyﬂdl janéjydmx@protpyMeylﬁa@hehke hydrogen or al kyl. 25 "Aryl"
or "Ar" refers to a nonoval ent aromatic carbocyclic group of from6 to 14

carbon atons ‘haMindd réfesito BeprbbpdNHs. 9., phenyl) or nultiple condensed
rings (e.g., naphthyl or anthryl) whi ch condensed ri ngs may or may not be

aromat i ¢ (€. x:SubithRAZMIAP UefdORAhe SFdubNIORNZMEAZR Nmd (e One-7-yl, and
the like) provided that the point of attachment is at an aromatic carbon

atom Priaflencndentlyrsglested dininythe gra@ ghsisting aﬁhb'dnegﬂm alayl, stuistibged alyled aryl "

| udi |
e RS 4 B, BB M TR 20
34 WO ZWI&m&ﬁbm%w%%kﬂQH&&barﬁ HaBitibtee fhéféroa&ﬂ mmdycﬂfcom the group

con5|st|n of h dr oxyl Hiy | am no,. acyl oxy Jélé substituted
al kyl , feqecyelie @ \ah M%Rkéwplneéd@g%th@w ﬂwm@ﬁgqn al kynyl,

SUbsltS' t %&ﬂd%&&@% forﬁlné eroéil.ll? Ridr SHb G %‘c@@}nﬁ@mc%ﬂc st | {)rov yc?ngt I tuted

aryl, aryloxy, substitute oxy, cyc oXY, it ed al koxy,
car boxyl and ' rabbthwadt hpdoegen. Bhan®, isthyidodgentehd Bdlikylkyl, shebssibstitutedd
t hi oal kyl ,. t hi oar. subst i

| ut ed L. thioh |, substituted
L i onet debiap B i SR gaeled ta bRt Hsairnion SEGRer Branegp e ahirt ! ©

t hi ohet eh@Gyiskihfed SHRBIrdY i8 dorBiABEH R REMS b fein £&ihIRgakiho. Substituted
cycloal kyl, halo, nitro, heteroaryl, substituted hetefoaryl, heterocyclic,

substituted hehepg %BI eg&s t%@%&&ﬁa‘s%ﬁi@(&)ﬁh@? ﬁé&%sﬂlﬁ‘s’t tQ&‘ﬁll&lOXy’

het er occhéony, stitut rocycl refers to
t he 2§r oUNRAE@)c@loalkds -NRIEH Ootbstitbiedwasloatkyle (é))alkenyl

-NR’C(O)substituted alkenyl, -NR’C(O)alkynyl, -NR’C(O)substituted alkynyl,
“NR’C(0O)aryl, -NR’C(O)substituted aryl, -NR*C(O)heteroaryl, -NR*C(O)substituted
heteroaryl, -NR’C(O)heterocyclic, and -NR’C(O)substituted heterocyclic where R is
hydrogen or alkyl.

25 "Aryl" or "Ar" refers to a monovalent aromatic carbocyclic group of from 6 to
14 carbon atoms having a single ring (e.g., phenyl) or multiple condensed rings (e.g.,
naphthyl or anthryl) which condensed rings may or may not be aromatic
(e.g., 2-benzoxazolinone, 2H-1,4-benzoxazin-3(4H)-one-7-yl, and the like) provided
that the point of attachment is at an aromatic carbon atom. Preferred aryls include

30  phenyl and naphthyl.

“Substituted aryl”, including “substituted phenyl” refers to aryl groups or
phenyl groups which are substituted with from 1 to 3 substituents, and preferably 1 to 2
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phenoxy, naphthoxy, and the |ike. "Substituted aryl oxy" refers to

substituted aryl-0- groups. "Carboxyl" refers to -000H or salts thereof.
15 " Car bowplo@sdosyss refers to the groups -C(0)0-al kyl, PCrA)tecsabasit ut ed
al kyl, -C(0)O-aryl, and -C(0)0O-substituted aryl wherein al kyl, substituted

al kyl, aryl and substituted aryl are as defined herein. "Cycloal kyl"
refers tDREENS ssleripr figrmibs &rai copsisting eiddrxyhrassh aexleminohailey.  si ngl e
or nulti ifedd i udi y X : dﬁa‘fl@:{%ﬁztyl’

cycl opr o%ﬁ’, %géﬂu%gcﬂngsghsat% , ’g@csﬁg%eecﬁ%lf/ : ’%{%ﬁlobg{%{lﬁgen t I]I i ke.

" Subst i talineyl,cybstiaiel plkynylefmine, substitutsdcdniab karhinhaoyil regylf substiditedo 5
substituents .sel ect fromthe 0 consi st} f oxo (=0Q), thioxo (=5,
al kyl , 586{51]3 W%%Yea‘%ﬁ%?iaf%?%&”gfoaﬁﬁis&t%“ﬁEHtB{TH§V?3‘8§139X>ég§%°X&%y| ani no,
acyl gxy, cafbxiPest&itl Byrnb ! i@ ALY suBtitied@ eibalk Al Wioarplufsiitudaed aryl ,

aryl oxy, substituted aryl ox%_/, cyano, hal ogen, 25 hydroxyl, nitro, carboxyl,
car boxy|thiosyd, thichpteresaylk gubstiwigdshioheterngrydy biasarleglkyl, nebstitwed v |

substi t . 0 i n j t t Vel C.
"oyl oal BERyISHERS idtererb B ko PRSNGSR oy
refers taycloatsiiligid, nittee deteyoatyd pdubytitugd MiersoaryHatterocotlic, balsdaaed’ refers to

fluoro, chloro,. brono and ioLg)o,an preferably is ?é? fluoro aqr .chloro.
yend

" Het er odSATOCKH HLCTPHY LY af ORIeE Bigheaersy oKy shetipay chdoxnh apd sulsHiMbms and 1
to 135 WR2OQRIA83986 PCT/ US2006/ 007131 4 heteroatons sel ected fromthe
group consi sting of oxygen, nitrogen, sulfur in the ring. The sulfur and

ni trogen heter lgrw e [ ' i.fi zed forns,
such as N(O), 8%;;%%&1%?%5 ) %@cﬁﬂngt te}{r&ggg:ﬁh te%r@u&[]) (!():%er)l( g\%é a single ring
(e.g., pyrenoyy, naphthoyyland the likel ti pl e condensed rings (e.g., indolizinyl or
benzot hi enyl) wherein 5 the condensed rings may or may not be aromatic

and/ or cont ai Tsubstit@tedradbom rpfe@todabstithtbabryl e geupt of attachnent is
t hrough an atom of the aromatic heteroaryl group. Preferred heteroaryls

i nclude pyri dyGarb®WiT Rtk to 1OOORYdr salt@gelesk, thiophenyl, and furyl.
"Substituted heteroaryl” refers to heteroaryl groups that are substituted

wi thys from 1 douBoababiURilS deheatedo(d)omikhe-oaie- abetilaigbst i tuent s

defined for 10 substituted aryl. eroaryl oxy” reflers to the dgroup

- 0- het er-€4OY0-aaylgatidstBE) Orsmbetttuted erdrvdzersih allgyl, subdtidnted alkyt, heylgndup
-0-subst | uttteg hetleroarC)/I. p Elet erocycle" or "heterocyclic" or

"het er ocYCF'od repeidinpd by yrated or  unsaturated group (but not

heteroaryl) haying a.single ri r.mul ti condensed rings,, 15 from1 to
10 car bon at o in Tttt o & he alibnPiguis B oS a0 g b g U
single or multiple cyclic rings including, by way of example, adamantyl, cyclopropyl,
20  cyclobutyl, cyclopentyl, cyclooctyl and the like.

"Substituted cycloalkyl" refers to a cycloalkyl having from 1 to 5 substituents
selected from the group consisting of oxo (=0), thioxo (=S), alkyl, substituted alkyl,
alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino, substituted amino,
aminoacyl, aryl, substituted aryl, aryloxy, substituted aryloxy, cyano, halogen,

25  hydroxyl, nitro, carboxyl, carboxyl ester, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted heterocyclic.

"Cycloalkoxy" refers to -O-cycloalkyl groups.

"Substituted cycloalkoxy" refers to -O-substituted cycloalkyl groups.

"Halo" or "halogen" refers to fluoro, chloro, bromo and iodo and preferably is

30  fluoro or chloro.
"Heteroaryl" refers to an aromatic group of from 1 to 10 carbon atoms and 1 to
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consi sting of nitrogen, oxygen, sulfur, S(O, and S(0)2 within the ring
wherein, in fused ring systens, one or nore the rings can be cycl oal kyl,
aryl or hgbeoeanydssprovi ded that the point of attachnemtThszmhmmugh t he
het erocyclic ring. "Substituted het er ocyclic" or substituted

het er ocyc¢l oal kyl " refer 0 heterocycle ou hat ar t|tuted W th
from 115 n8elome GO ¢ wiotin FuRiiRe SePRER plybetn shffusidBn

cycl oal kYhe siRampl et&mgfen fh@ieﬁfaﬁﬁﬂ§ét6§1s m@ AR (3Nt B thele bidi@?z,ed %ttnsar e not
limted to, azetidine, Siyrro e, imdazole, pyrazole, pyridine, pyrazine,

pyri mi di Ach asy¥ PHOdaS(Nend S(QktoISugh heteronsd igraims 20 haxeat Bngldring o8+ ndol e,
| ndazol eB s loP Bury g‘b!r '&Hht E@gndeh&%qm%% 'ﬁg?ndo%% }be‘B’én& enl g}xﬁ%ﬁﬁ' ne,

napht hyl i ne, " qul no |ne 1M cinnolrne, p er
car bazol Ehe o@ﬁdd‘mbd riegs mbe Dz hb’dbdm'omaﬁcﬁ tuttl/oecongdie B dblefuatdn Peyvided

i sot hi azqgl e, phenazine, ispxazole, phen Z|ne enot hi azi ne,
i mi dazol P Hig, POTHiod g ehimat 1s ﬁraéstlatﬁf@m 0% f)étoaﬁﬂﬁgwtqm?au §'A¥- pht hal i mi de,

1,2, 3, 4- pRiE s Qb 89aUhBRkd pﬁiedgfil p"ygggot[h%ﬁtﬁmymme P 4 faghene

thlazole thlazolldlne th|o i ophene, 30 nor phol“i nyl,

t hi omor phol | ”Véut(sﬁhﬁ%ir ur a ?%%e?s @%e%&beﬁ%&ﬁﬁ%_%&%@ suthhi Rﬁéd Syl

pyrrolidine, tetra terocyc yl oxy refers to

t he gr oufronD} tred arhstlguehiscse]aclﬂd Trsnbme samg grbup3F sWStiAGN6 RFRSE tor

PCT/H§200 /007(@% het er ocycl yl oxy" refers to the group -0-substituted
het ef Scy &fasEtutes gL nhat e refers to the groups - OP(O) (OH) 2 (monophosphat e
or phospho), -OP(O) (OH OP(0)(OH) 2 (di hosphate or di phospho) and

- OP( O) ( OH) OP( Giletergrenory (tergrdtoths gioMBs H&F@O'@V and s B’%ﬁ‘ﬁé‘; or salts thereof

S includyng.J3 f?FlBJf;?"lre{%?éttosthéEl%h Oé)—suio%ﬂht%d'ﬁ ood of course, that the

initial oxyge nono- triphosp ate (phospho di phospho and

tri phospho) | ARLUIRSAE, BUGER R A Bliod oaBPTRRE, i MGeRadgRt 0" Of

the ri bose sugar ospha ters
t ri - phos phaitwagd Qups (@&Sﬁﬁtlhb’eﬁbary‘il})ba&&ng\lﬂ emglerrnfgm miiltipleroeondénsédiingyy dr oxy!|

groups is re Iaced y an al y ou 10 ' Phos efers to the
gro t{.l gg I &(‘Df Q) A @"? %)0 tocﬁbe terogitoms %i@e‘fﬁ%méé;’iogﬁ | udi elg g |
partia W?§% r ydr ogen,
al kyl , a% :iﬁ t??ﬁte na yﬁi@uﬁﬁ;gg?jls |§gg§§%d%ﬁ%ﬁ§@§g egtéﬂqP?om

hydr ogen ring Iskgtéms sub ot intton¢ thet raigk pan bea@rclhzailyyth aybwildtteroargl pravided fHat est er. 1t
oxygen of the phosphonate

i d d th t
:ﬁcrﬂdgs OO %W&hﬁﬁ%%ﬁfa@ou%%the%t%{i@ P& he 5-position of the ribose

ar. "Phosphor odi am dat e fers tot
Sud S pgubstltuteﬂeterocychrcﬁ or I‘sflbst?tuteﬁ %egeroqP Ioaﬂ(yl’ refers to

20  heterocycle groups that are substituted with from 1 to 3 of the same substituents as

defined for substituted cycloalkyl.

Examples of heterocycles and heteroaryls include, but are not limited to,
azetidine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine,
indolizine, isoindole, indole, dihydroindole, indazole, purine, quinolizine, isoquinoline,

25  quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine,
carbazole, carboline, phenanthridine, acridine, phenanthroline, isothiazole, phenazine,
isoxazole, phenoxazine, phenothiazine, imidazolidine, imidazoline, piperidine,
piperazine, indoline, phthalimide, 1,2,3,4-tetrahydroisoquinoline, 4,5,6,7-
tetrahydrobenzo[b]thiophene, thiazole, thiazolidine, thiophene, benzo[b]thiophene,

30  morpholinyl, thiomorpholinyl (also referred to as thiamorpholinyl), piperidinyl,
pyrrolidine, tetrahydrofuranyl, and the like.

"Heterocyclyloxy" refers to the group -O-heterocyclic and "substituted
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(R7)2N -P-1 (R7)2N where each R7 may be the same or different and each is
hydr ogen, al kyl, substituted al kyl, cycloal kyl, or substituted cycloal kyl .
A particuverby/@ssterred 20 phosphorodi am date is the fpolrhseessmogsoup: O
u H2N-PH NH2 "Phosphoram date nonoester” refers to the group bel ow, where

R3 is selected r om t-he oup consi st |. f hydragen, al kyl, substituted
al kyl , ahmg,t'er,ocgﬂgl;)wt Zd t(gﬁfilggoupc'ggf%é{lﬁ’?ﬁd%%ﬁﬁgfo?@ut ed cy%:ll oal kyl ,

het eroaryl, supstitut,ed_heteroaryl, t clic and 25 substituted

het erocyclic g SBB*L%J‘? d’@é?{éf%thﬁfgréﬁ’s5&%@@%6@%@@ age %WE‘P%&’@E% or al kyl .
In a pret gyggj ' | L-amino acid. RB ORa 0 H
oH 37 V\D@;{)%g(l)g 39 8@@&@%&8?&%&#%@1&S§ngghoram date diester"” refers

to the gr@BE)RHIAP(OEHXORIN)(OB) stinospttd erinphespboyersals termifst i ng of
al kyl ¢ substi.tute I . aryl.. supstituted aryl cloal kyl , suhstituted
cyol ob kT Bttt e Y s URRIS b B S Pie Wies R igen AR
subst i t usho-, ket Bl adpledshBate aptdspiD, dgﬂo%oai’nd tAphaipho)iacuddrai€oxydena
preferred enbodinent R3 is 5 derived froman L-amno acid. R8 0/ R3 O 11
. H P~ erepat, fargxamplehe Sprpsitioni i heribasepega- to the group bel ow, where n
is 1to 3, nore preferably nis 1to2. 0 HII NP--n

“Phosphate esters” refers to the mono-, di- and tri-phosphate groups described

above wherein one or more of the hydroxyl groups is replaced by an alkoxy group.

10 “Phosphonate” refers to the groups —OP(O)(R®)(OH) or -OP(O)(R)(OR®) or
salts thereof including partial salts thereof, wherein R° is independently selected from
hydrogen, alkyl, and substituted alkyl, and R® is independently selected from
hydrogen, alkyl, substituted alkyl, carboxylic acid, and carboxyl ester. It is understood,
of course, that the initial oxygen of the phosphonate includes the oxygen atom at, for

15 example, the 5-position of the ribose sugar.

“Phosphorodiamidate™ refers to the group:

(R"),N —l%—;‘
(RN
where each R” may be the same or different and each is hydrogen, alkyl,
substituted alkyl, cycloalkyl, or substituted cycloalkyl. A particularly preferred

20  phosphorodiamidate is the following group:

i
H2N—l]3—;‘
NH,

“Phosphoramidate monoester” refers to the group below, where R®is selected
from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and

25  substituted heterocyclic and a sidechain of an amino acid; and R® is hydrogen or alkyl.

In a preferred embodiment R® is derived from an L-amino acid.
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10 "Cyclic phosphorodi am date" refers to the group below, where nis 1 to

3, nore preferably nis 1to 2. 0O HIlI NP NH n "Phosphonam date"
refers towbheosgosusp bel ow, where R11 is hydrogen, alkyl pcraishabsiobused
al kyl, cycl oal kyl, or substituted cycl oal kyI Oll H2N | H 15 CH2R11

"Thiol" refers k hi. oe
"t hi oal koxy" Pﬁﬁpé&tﬁlgﬁﬁgg&%@: pefe g}aﬁﬁé 1¥>up b%lubét |h[e%/ﬁ% 1%‘“}?568§‘3Id®?m or
"subst i tdteegibo@ é’mlsis’gn@efdﬂlkyl swsuhﬁemh kyllt M@Fﬁu‘fﬁlﬁt@?h&@k‘y 1oa1%&§r s to the
group -S-substifut a 20 "Thi ocycl oa " refers to the groups
-S-cycl oé‘ﬁ%@?fut%@:fd’ ﬁéﬂﬁi%ﬁﬁ?@éw S@h??l%%ﬂch%%rpwyi +hefeggqyelic apgl feqbétﬂyreéup
- S- subst hikicedkl glll(pq@ 8", and
"substi tutted h%ary IS@‘%ﬁg]‘Rer 541%83&?%& aﬁcngev\? 3%‘3%%%@@%&?‘?@ 06/ 007131
gr oups - Sdeninedtfrany e d-amipb acldThi ohet eroaryl " refers to the group
-S-heteroaryl and "substituted thioheteroaryl” refers to the group

-S-substituted heteroaryl. "Thi ohet/BFocycI ic'" refers to the group
-S-heterocyclic and "substituted 5 ghi o?'éat erocyclic" refers to the group

-S-substituted heterocyclic. The term“am Qo acid sidechain" refers to the
R3 substituent of a-anmino acids of gthe fepmil a RIBNHCH(R3) COOH where R3 is
sel ected fromthe group consisting of h'?dé,ggen al kyl, substituted al kyl
and aryl and R13 is hydrogen or together with R3 and t he nitrogen and
carbon at ons BOyel rhespleranidesfectersite the gronprbeowetvbereayisllite 3y moge 10

Pr ef erabllyf t@e a-il '20 acid sidechain is the sidechain one of the twenty
nat ur al | 96 BREUAP 32) “amno acids. The term "pharmaceutically acceptable
prodrugs" refers to art recognized nodifications to one or nore functional
groups which functional groups are Hrefiapbolized in vivo to provide a
conmpound of this invention or an active iretabolite 15 thereof. "Prodrug
group” refers to a type of protectihg; roup that, when used to nask a

10 “Cyclic phosphorodiamidate” refers to the group below, where n is 1 to 3, more

preferably nis 1 to 2.

“Phosphonamidate” refers to the group below, where R is hydrogen, alkyl,
substituted alkyl, cycloalkyl, or substituted cycloalkyl.

I
HN—P—-
L5 CH,R"
"Thiol" refers to the group -SH.
"Thioalkyl" or “alkylthioether” or “thioalkoxy” refers to the group -S-alkyl.

"Substituted thioalkyl" or “substituted alkylthioether” or “substituted
thioalkoxy™ refers to the group -S-substituted alkyl.

20 "Thiocycloalkyl" refers to the groups -S-cycloalkyl and "substituted
~ thiocycloalkyl" refers to the group -S-substituted cycloalkyl.

"Thioaryl" refers to the group -S-aryl and "substituted thioaryl" refers to the
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functional group within an active drug, converts the drug into a prodrug.
Prodrug groups are typically attached to the functional group of the drug
vi a bondswbhass/@s®s cl eavabl e under specified conditi ongcofustesoo8sch
functional groups are well known in the art including acyl groups for

hydr oxyl and/or ~am no substitution, esters of nono-, 20 di- and

tri - phosPAR sSupdEsd?iYne or nmore of the pendent hydroxyl groups have been

converted to an al koxy, a substituted al koxy, an aryloxy or a substituted
aryl oxy groupThichetgreand” refRis to theegrowp ri-hethuoard endit substitutedaccept abl e sal t "

refers tp: el cep . I a conpound, which salts are
deri vedt 1rog§1@é ar%Jettg%rg?Aowgg(glg’ni%gg‘ggég%t%%#e%%r 1ani c counter ions well known

magnesi um  amBPE S HE AR i e P e YRS 1 Rb B hen the
nol egul ehiobeeRichelic réfasi 16 thagrotp shbstivuteSiddtérdc@iicor gani ¢ or i norganic
aci ds, such as hydrochl oride, hydrobrom de, tartrate, nesylate, acetate,

mal cat o, oxal BioRem@thinh Aokl kebchal Kiis (S IBIORIBHIRERY halihy nagespt abl ¢

partial salts" refers to.conpounds having a substituent capable of having
mor e t hahe fmeulsRINHGHER K Q@H: whare RY ésselactedrfranh éhe grawp persisingofit of such

groups Y. r .sal.t .. For .ex 13.a, di phospho oup...393

2006/ 09%@%%?%%%}%%‘?@ Tahd A} g@#rﬁa 0y pydRec ‘§pfh‘8$eq‘§%ﬁ Pigh gn\é\l% if only
parti al ltie himog@eshd daison fomb bbngl mé@twrebﬁectiﬁélﬂ%ﬂn{@ﬁet@ﬁfc%li&(ﬂné.0 herein as
a partial %(}séal . The term"tautoners” as used herein refers to rapidly

i nt éPcorhreierad g thecARING 351G HAeshajis the sidechainamp ¢f thedwenguiashally by a
differe i ] fi.on for a labile 5 hydrogen atomand a differently
| ocat ed 818%?%1%1}}1&}8%%?50 + HO R~ / tautonerization H/ R-CC CR HISO C=C

R-C-C additi Fhehbi i a%ﬂﬁ%%}gfé&% rn’alf' EFot %ésa%f%@?t(r) ﬁl-&rq%f(‘%gp ey ! Drium

bet ween tautoners 1s rapl conditions a r%e%trongly

favors anedififatiohetd @enemsoré fangivaderodpsrwiddatiktional gr&ips 9R9% ket o t aut oner
). Even in _such one-sided equilibria,_ evidence for the presence of the
M nor 1 AURERAPSEBHER R RYIge AcREPORR LRI TBuAo OF ap ACeaneabRitend.

Gonar el 1 B e e oo P e R e & of
t he predenttionahvgrotp withsran shverrige tawert®thedrag irfo Mpddrdg. Mepddbi
groups are typically attached to the functional group of the drug via bonds that are
cleavable under specified conditions of use. Such functional groups are well known in
the art including acyl groups for hydroxyl and/or amino substitution, esters of mono-,
20  di- and tri-phosphates wherein one or more of the pendent hydroxyl groups have been
converted to an alkoxy, a substituted alkoxy, an aryloxy or a substituted aryloxy group,

and the like.

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

30 The term “pharmaceutically acceptable partial salts” refers to compounds
having a substituent capable of having more than one group form a salt but less than the

maximum amount of such groups actually form a salt. For example, a diphospho group
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<x:) NNNN 00 HOHOHO HOHOHOHOH4O4 0 OO0 8100/R 00 H
R100/ROO0 NH R DOR300 H'i NN p~NNQNN, HNHO %V HO HO OH oCH

OHH OH GWoQubelddsdss | s understood that in all substitut edrgrsosgsodsf i ned
above, polyners arrived at by defining substituents with further
substi tuenté to thepsel ves substituted aryl having a substituted

(e g, i tut e ; .
aryl gr otA% 1950 & Riys ‘Eyiqfﬁélﬁﬁ%?f(ﬂﬁﬂyﬁartlﬁlbélopl@@bﬁh? resuitiag gigurhisa  substi t ut ed

aryl gr oimetfh& rifefed tdreink 8 ~inclusion herein. In such cases, the
maxi num nurreber or% esuch su%stit en?dslg@{s three. That is to say that each of

t he above 20 1Nl td .S ihe a limtation that, for exanple,
substituted a?@% {eg¢1 otaglg&?a‘%rg gﬁoli[&%’la ?1 gli?ni %fé-%ghqbré lld?}]fﬁneeﬁc(g}vﬁqn(gsubst ituted
aryl) - subststitutibesl isonydrs, uShatlyl distinguished b adifieestboadinghadatibh Eorabayige

definitions are not intended to includ i nperm ssi bl e substitution

pat t nsgxcé‘?%‘?f{at?%taHE}ladéfggglﬂtilX@P@tﬁgﬁﬁ)‘t‘tﬁeéoﬁuoro groups or a hydroxyl
group al pha to ethenylic or acetylenic,unsaturation). Such inperm ssible 40
WO 2006/ 093986 PCT/ Ug,zoggf;qqxﬁs Rsub$tH it.ionepatd-er ns taredel | known to

the skilled africsnRce " t heEic Met hods=Fhe—to s of this
invention can be preparegg,.fromeldily available startipg Materials using
the follow ng general nethods arghopresedres. It Wl k-hBesaRRipci ated 5 that
where typical .or .preferre rocess conditions (i.e,, reaction tenperatures,
res, ' Rt Qo B Seer e Pt T e BRUBHEL SOt becioGhoiow's 56d ehsh st anely ven.

ot her preeesone @Rt ibGRss (GaoRd, 88 REmPRSH J0B5K Qb RerNhsS. Blat gd- Optimum
reaction conditions nmay vary with the particular reactants or sol vent

used, bufuchwaprsidsdgneilibris, eyidenprefod shesprasaneeiobihe oxior tektioiieedomnes frim art by
routine tim I J res. 1 dditional L.w .as w.ll be apparent to
t hosfems k@? Icg%ﬂllgc%f llf‘%gv%% ? Eﬁ% t)é H@%ﬂ?ﬁmg nﬁa{ugorﬁ?r&ﬁ % utﬂybﬁba GF Sﬂﬁlé'z?fg‘fly ﬁ ““fecessary
t o preveofacidrdrdasesithaatd gomatallgrpesest ihmddst chemical samples. Some examples

of tautomers of the present invention are shown below:

0 OH o)

oiétn HOQ Ho—y/  NH
/ - N / = N 7 N
| — | — 4

Sy N . ey

N

o}
Y oH Y “oH " o

OH OH OH

O (o} o

R100/R300 4 H . R100/R 300 4 NH R100/R300 4 H
LN — S G a®
NSy NS e

NTYQ
0
HO\/@’ Hov® AHOy@ A
Y OH " “oH Y on

OH OH OH
15 It is understood that in all substituted groups defined above, polymers arrived at
by defining substituents with further substituents to themselves (e.g., substituted aryl
having a substituted aryl group as a substituent which is itself substituted with a
substituted aryl group, etc.) are not intended for inclusion herein. In such cases, the
maximum number of such substituents is three. That is to say that each of the above
20  definitions is constrained by a limitation that, for example, substituted aryl groups are

limited to —substituted aryl-(substituted aryl)-substituted aryl.

Similarly, it is understood that the above definitions are not intended to include
impermissible substitution patterns (e.g., methyl substituted with 5 fluoro groups or a

hydroxyl group alpha to ethenylic or acetylenic unsaturation). Such impermissible
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under goi ng undesired reactions. Suitable protecting groups for various
functional groups as well as suitable conditions for protecting and

depr ot ectwogogansiseul ar functional groups are wel |l knowoTtius2iéde@oast. For
exanpl e, nunerous protecting groups 15 are described in T. W G eene and G

M V\ﬂts r .ot 3 oups C ynt hesis, Third Edition, WIley, New
Yor k, tlf%?%%é‘?%ﬂ&&?“&?%&%ﬂ& gflﬁa d arfisapy hernore, the corrpounds of
this |nvent|on contain one or nore chiral centers and such conpounds can

be pr epaGenbmlSyxsmbﬁt: Mleethsdur e stereoi soners, i.e., as individual
enanti oners di astereoners, or as stereoisomer-enriched m xtures. Al 20
such stereoi s gampoxds ehiysdnesntion eew be Biepaied fi%ﬁ@é’éﬁa‘&ﬁllahlerﬁtqlﬁ% scope of

this gﬁﬂ%fﬁl@ Risi Qﬁ@mlo%ﬁggg&fe&m allas %c?g%ocg)&{frgs St %1?8!—:& ﬁe&Of

enri ched m xt ure epare usi ng, " for exanp y active
st ar t3 ngthatavlkare gipgcabor pteéerrmd medees:bondmornsegﬁ@,enea@uwetbﬁmwmms t1fne§ he art.
Alternativ tures of such conpounds_ can be se(ﬂa,rat ed using,

|
f or exan‘BP§ Xt@?ﬁ %&Facct,%t% VENRHETHGP eFﬁ%g/are(%YetnaPthFreEYSFW qgndibensigent s and

the |ikecanBii® tehded sy Bth&kid Satbr Obﬁ&ﬁu&%&c@i@h%n&ﬁ@ﬁé m@PSagpngeneral Iy
known conpounds or can be prepared by known procedures or” obvi ous

nodi f i cahf pagicelse reagtants OFéﬁlvélxt&Wpﬁl dut sneheonditiphgecastberdetemginedtbordnal s ar e
avai | abl [ 0 c h as Al drich Chem cal Co.
(M| wauk%éﬁedwst%%%r?% fiags 5P BBy RERPIREIPehee. 30 California, USA).

S il e S At O i L el
refer enclﬁoteeﬁl{ll% @ug@nﬁg bEme@@garyr%%ﬁv@ﬁ@énﬁn ‘Rﬁﬁﬁ@ﬂél?r&ﬂfs ffdngani ¢ Synt hesi s,
Vol unes 41 2006/ 093986 P 006/ 007131 15 (John Wley and Sons,

1991), ReWerevihardesiredreagtionar Buitabtvpretagting grovps fveverious Bngiiehabuppl enent al s

(El seV| e i Vol.umes 1-40 (John
W1 ey @génags,%%béu%&ﬂa@g?éﬁduﬂ%%% 5%@8%%5?%@?“? artlcul%r‘] ohn Wley and
sSons, 4tﬂmn5ﬁbﬂal giroups aredvdlbltroek ia t@mrmmxsmpﬁs Quigearnius plotedtiak @iemsi ons (VCH
5 Publ i shers | nc 9 . Specifjcally, the conpounds of this invention may
p‘rbslepaqrééescbl)l?e‘il/éﬁ? % feans gad Gkﬁ’&ku’isnp Rkt TP ddigPtcchem stry i n

general e@;gc’rﬁa)&ﬁéﬁmnameyq%@% 999 a-c{na%ﬁ e ?e%l'tﬁ rbfy, particular.

General reviews of the preparation o nucl eosi nuc eoti de anal ogues

include 1) M ucl eot i des,
Academ c Press, ﬁk@co@@ﬁn&%@%h&%nﬁ&tcw%h%@asflfgl% ‘lghg&'l\l ples in
Nucl ei ¢ demieds ﬁhﬁmohtcbmpéud&s&dﬂbe prepaed 9y isvedvay pare §19rbé1som@fs, ielas Ch. 2;

and 3) S}(/in etic Procedures in Nucleic Acid Chem stry, " Eds. Zl?rbach W &
Ti pson RRAMYgaLgnantiaessfridiastegeomers, gy as gtergoomerrepiched pishrert t he
syntdiesi ﬁchfsteP&)'iéfo%éi‘s CRATRAMARE ikt Bird 1H<\!1€18éd Qfﬁhmpchf’ %?@%f wig the

7-(2' -methyl - (3-D-ri bofuranosyl) -4-am no-5-1odopyrrolo
invention, unless otherwise indicated. Pure stereoisomers (or enrlched mixtures) may

be prepared using, for example, optically active starting materials or stereoselective
reagents well-known in the art. Alternatively, racemic mixtures of such compounds
can be separated using, for example, chiral column chromatography, chiral resolving

25  agents and the like.

The starting materials for the following reactions are generally known
compounds or can be prepared by known procedures or obvious modifications thereof.
For example, many of the starting materials are available from commercial suppliers
such as Aldrich Chemical Co. (Milwaukee, Wisconsin, USA), Bachem (Torrance,
30  California, USA), Emka-Chemce or Sigma (St. Louis, Missouri, USA). Others may be
prepared by procedures, or obvious modifications thereof, described in standard

reference texts such as Fieser and Fieser's Reagents for Organic Synthesis, Volumes 1-
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15 d] pyri m di ne, conpound 1, the synthesis of which is described in Schene
1 below and is also described in U S. Patent Application Serial No.

10/ 861, 0990 2bedwsbsdune 4, 2004 which application is inegrpaseakmoiBer ei n by
reference inits entirety. Schene 1 C C NN HNHN1llailb Il C I C

Do 16 N HoRh By andigone 151 biod's ieresied Uaeben Chmapessrgiumes 1~

Speci fi kinewg,
(Bxampl o 5 S‘?ﬂ;“’g@“ﬁé’g‘?lﬁzﬂ T S L R S

cor r espohdd (EphndWileyrrh9e1s0 b3S Mk lASB/@ﬁ)@d(Qr‘gm Chemistry, (John Wiley

4- chl i | 3-d d d. 1b,.b ti
wion N CERENE ERAOAL 3L AeadkF LA e PuRT DHEP TRV conduct ed
by carbi Piblgheérs $hd. glf989}iSp¢oG}ﬁl¢a<ll§FBﬂhé b@mﬁéﬁ&@@%ffm@ﬁ%nﬁo@éa& Be prepired

equi val ent s).of N-iodsuccinim

4-chl or ob nwwﬁ msitlgds @owpy?herﬁ%fr%gm%mww inagengiabandoausi¢oside; s
ferab clight i
D Ut t aph RO el A e AR So AN bR fey ol B BRBRARR b O 11

cont i nuedudlruside aad had;laoﬂd%drﬂaiogumblaﬂe 1\)M1clnelscm:AMs“Tha Cémm:litrﬂoﬁ 0 24 hours
to produgce .4-¢ | H- r ol -dlpyrimdine, conmpound 1b. Upon
react i onﬁi‘,‘gﬁ‘fﬂl‘%f RA};"‘E 8?fndA$%{eF’é° ‘?‘[@E%Mg 13&@3@"6?9&? -met hods

i ncl i n‘%d&Wﬁﬁ’dzﬁl@@iﬂ Nﬁalez@‘éﬁﬁpdfﬁetrﬁz% ” @éﬁ(ﬂf&?ﬁ%'P?&S NE\@W&{(tﬁm%l 10

chromatography, ltration, a I1’ke, or, alternative is used in the
next reabtGlog; alwdfi)ﬁ‘cﬁmmhpm Pracedurien in Muad¢iodcidsGhanision.” Eds. ZorbachW &

4- Chl oroT%Sénoﬂowlll-g}pwe“p{{ 1[k ,1§73d]vglyr|£12d| ne, conpound 1lb, is then coupl ed
to o ; , , VoY, .

In one embodiment, the synthesis of certain compounds of this invention
proceeds via the 7-(2'-methyl-B-D-ribofuranosyl)-4-amino-5-iodopyrrolo[2,3-
15  d]pyrimidine, compound 1, the synthesis of which is described in Scheme 1 below and
is also described in U.S. Patent Application Serial No. 10/861,090, filed June 4, 2004

which application is incorporated herein by reference in its entirety.

Scheme 1

cl .l

I N — //
(Nfﬂ
H

1a |l
U ¥_ )IN —_— Ho—wﬁf\,\j‘

Dce” /6 on HO OH
1c 1d 1e
i NH,
ZN
4 g
HO OH

1

20
where DCB is dichlorobenzyl.

Specifically, in Scheme 1, known 4-chloro-1H-pyrrolo[2,3-d]pyrimidine

(Example 62, Step D, Carroll, et al.lg), compound 1a, is converted to the corresponding

42



a protected 2-nethyl substituted sugar the synthesis of which is described,
for exanple, by Carroll, et al., 17,18) using conditions well known in the

art to prwei20e/disyset he 3,5-di 15 0-protected 7-deazapur ipoe/sespeondg: For
exanmpl e, known 1-0O nethyl -3, 5-di-(0-2, 4-

di chl or obe | L-2: G pet hyl - D-ri bof ur gnosi de, c¢ und. 1c, is dissolved in a
dry i ner?’cﬂé\éq'éé?ﬂofl TPé’.ﬁ%bi%[zil“é]HV‘B % H%‘E?“%ﬁﬂg éfflﬁﬁhﬁ?u%Y’B]@) Y-

t et r achl pabslRcianAidEhSpédifiullya i reddiBR id §Bica®y H(Sﬂd%teli%y('cgﬁlb‘ﬁﬁn%Q about 0C.
Afterwards, an excess of HBrf or other appropriate reagent, Ih acetic acid,
i s addedslighbgoighipmettihexcesselaboutdr0s o It Ypequanalgnts)wf 2@ dswirimidetwitlabout 4

hours at, er at a . 0..1 0 about C.or until. substantially
conpl et et %@%goeé gﬁpﬁ{@éﬁ§€yﬁ§gﬁr\?§d P?’&ﬂgllpoﬁcﬁﬁ%iw&a&?@ﬁs EECIFEEY The

r esulst i ngondbetedrunddr achbseig aondiiiddstin ehe 4REnce P WMt in% sustobldsebemNdcRE | fi ed
using standard techni ques such as chromatography, precipitation,

cryst al | V24tinghylfqrmamide. obhe rgppiionhscontinged untjlisabsizatiallz | cpmplate whisher medi at e
may be i t: | . W L hQut i purd fication.
The resul Tl g e P o b RodE R sc Tk I O itling, U7 O
dry t ol vemenoudd dbolUped reavtian sanpkhibe, dongound ilb iertowuahbpsordeyti@aet oni tril e

and stirre&lf)@/ilhthe sogium.salt of . ) e

4- chl or 08" %’6‘9*%WP F‘lb:fa?,og’-WB?FPPW’(??‘H%“’(OHOPWC‘?HBWB’ at room

t enper at élﬁ@m@t%gfapﬁy,%iratia}ﬂ and BRUlKe 59 BRI id Ghed Tn (12 re¥BEA¥hon

3'",5" -di-(0-2,4-dichlorobenzyl)-(3-D-ribofuranosyl)-4-chloro-5-iodopyrrolo

[ 2,3 30 Withgutipsitirateon and/or swlattoad and purified using standard techni ques
such as chromat ography, precipitation, crystallization, filtration, and
the |ike. Al t4&Chirosseilodo-1H-pyrsolofedipydinddiae npovand 4b) iattlesh audledsed i n t he

next step with further .purjfication., The sodium salt aof

4- chl or ogg-olte(%egl%ﬂe%ﬁ Fﬁsg%dﬁu@f‘rp@‘? ismth‘?sr‘lse(’f? 1gh bsdffrs‘érbb‘i%nf‘)W?sa%Q

2006/ 0931%8@a1!?mleu§zz,®@6y 28dd 8dndi@dhs AT Eno¥nRIRNSE & RYvRIIHEREBRYdiconpound
Ib in adry inert solvent such as, acetonitrile and the |like, with NaH

di spler se@-frpteefied 7-dppeapueae eompoynsl. hion exampledawwnol -Oomethybds-d4Onddr s at a
t enper at s 0 1210) o hhe - di ehl.orobenzyl otecting

ar oups. 28 CEREbsARMRS. ulfhy B ERHbo Ao b ol SR FE P BRETLGY reflh
convent i siadnt,gacldad dickisrdnshar@scldorof@at, cabbh tackisfies andihe ke 0dhd
trichlorjide in a suitable solvent such as dichl oronethane, chloroform and
the lik et,he? gle SBﬁ’(S‘\?PéI%CQOé?d to about 0°C. Afterwards, an excess of HBr or other

7-(2' - e} se{afs iRaf, Qo‘ﬁy s Ral : ; ri mdine,
conpound IJIi!J)elA.)p rféagbelg?% c’gl %361& t ed’ %seﬁdcdt%?g{ryp ﬁgﬁg{@?i%ﬁé&l %([gﬁ%%icl ed at a

t ek at ahogt bto atfoubbatmsat témperatboatitabo@olabbin 23 Geor @i tsiloatantially
substantial l.y conplete ich occurs in 10 aboyt 2 hours to produce
conpound® qnéplgt@r% H&Fg’é@f h VO 18‘331? 6‘?‘?%188%%’% & (%Pé : itrge f ?‘Bﬁ%r ed by

convent i goalindi®t ﬁigdﬁmiﬁﬁﬂet(ﬂbﬂ&oﬁfﬁrisﬁ@ilétté@hﬁ&ﬁurit?éﬂ&&ﬁ{{étéﬂ&rd extraction,
precipitation, chromatography, filtration, and the like, or, alternatively,

i s usedeplmiques snehxas qheerastosiaphy.taenipitabion; drystallivadipnafitirasioni ansithe i on.
Conver sign, Oﬁlt&ﬁﬁm}&nﬂisl iﬁte%e%ét%%ﬁé%t iggl!at—egi 3l ugédblgftff AR %@é{) )\ﬁiﬁ{oﬁ{ﬁ no-5-
25  further purification. The resulting brominated sugar mixture is co-evaporated,
preferably with dry toluene, dissolved in a suitable inert diluent such as dry acetonitrile
and stirred with the sodium salt of 4-chloro-5-iodo-1H-pyrrolo[2,3-d]pyrimidine (not
shown) at room temperature over night. The resulting compound 1d, 7-(2'-methyl-
3',5'-di-(0-2,4-dichlorobenzyl)-B-D-ribofuranosyl)-4-chloro-5-iodopyrrolo[2,3-
30  d]pyrimidine, is isolated and purified using standard techniques such as
chromatography, precipitation, crystallization, filtration, and the like. Alternatively,

this intermediate may be isolated and used in the next step without further purification.

The sodium salt of 4-chloro-5-iodo-1H-pyrrolo[2,3-d]pyrimidine is prepared in
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15 i odopyrrol o[ 2, 3-d] pyri m di ne, conpound 1 is achieved, for exanple, by
contacting conpound le with an excess of liquid amonia. In one

enbodi menyo 20dwmos®acti on i s conducted at about 85C at elexsgb@doprigssures
until the reaction is substantially conplete which typically occurs in

about 12 t.o about 48 hours. ép mpound 1 j s, then, |solated and purified using
st andar diBeh AFRRTBLCTE BYFUSHEnERE SrmPRgILIYR 2 G desThralig seh 2590

crystal |dcét@hitﬁl% anflithd K&l wﬁNﬁmem})&@e& fnkcﬁ} ﬁ&éﬂf@@dﬂ&ﬁ id A0 LA ok used as a

key internediate in the synthesis of onpounds of this itnvention. In one
enbodi mebpu 24 heyrs attaefémpnragu’heﬁd)@tﬁma@uﬂo%(hd Z2 are CH and Z3 is C=Q
the i odo group of conpound 1 is converted to a 2-(ethyl

car boxyl at e) a"fiwtiyﬂdnylllorgbmpl wbtectimpgronpls éltthB),tS-pdsitmm bﬁtompotmdr]plos es only,

Schenme 25 2 re dr ox Y is ox is.zero, the bond
bt o e g Bnder conHiongl SBtoRs e FenRg HD e Bt & OO he
react i ongcKlBRHS iesifAbRGBRRAR! shicRhSdichibkdh&hard kM@Mfaﬁ@%a@hé 1lﬂ€e €a<amol es
bel ow. 44 WD 2006/ 093986 PCI/ US2006/ 007131 NH2 Pd( )

Rl CO = QrpYiEE fargh e inesitlayl- %Dammmwsabdksm@rq\ﬁwctopmoloﬁ B\Bﬂlmyrdmdm ' NaNg,
550 " o oPORRLs  Seeckiialfy e r et Kbl Rhle APk RO Rimptmidsf o, RiGh -

SC2COH R abd)ut&’toGboﬁ%b@ﬁﬂﬂ&h@fbﬁcﬂdﬁﬁﬁmanﬂaﬂ%coﬁﬂg@te WhidH ot @&

LI, LIBr, LI C (h;zn?; pectively), acetic_acid R20 = F conditions: KHF2, CsF
O R3G0 o FDR 2 TSR BodenRmPONg ek e regciph sorapletigscoRpoERd  ~N ~NJ -

NN ~NJ N g3becotire bWo forfal methods including neutralization, evaporation,
extraction, precipitation, chromatography, filtration, and the like, or, alternatively, is

used in the next reaction without purification and/or isolation.

Conversion of compound 1e to 7-(2'-methyl-B-D-ribofuranosyl)-4-amino-5-

15  iodopyrrolo[2,3-d]pyrimidine, compound 1 is achieved, for example, by contacting
compound 1e with an excess of liquid ammonia. In one embodiment, the reaction is
conducted at about 85°C at elevated pressures until the reaction is substantially
complete which typically occurs in about 12 to about 48 hours. Compound 1 is then
isolated and purified using standard techniques such as chromatography, precipitation,

20  crystallization, filtration, and the like.

Compound 1 can then be used as a key intermediate in the synthesis of
compounds of this invention. In one embodiment illustrated in Scheme 2 where Z' and
72 are CH and Z° is C=0, the iodo group of compound 1 is converted to a 2-(ethyl
carboxylate)acetylenyl group of compound 2. For illustrative purposes only, in Scheme
25  2,W,W!and X are hydroxyl, Y is oxygen, p is zero, the bond between N and Ztisa
double bond and R? is hydrogen. Some of the reactions depicted in Scheme 2 are

further illustrated in the examples below.
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OHOHOHOHR0 =1, Br, d, F Were RO '0-alkyl, N3,atkyl,SO20H R20 = |
Br, d, F Conditions: O 5M NaCEt/Ethanol, 85C R300 =CN R0Oo0 = X Pd(o0),

( X=TMS, alwwpl2poddzgseact i ons where the ethyl ester Zn(CNp2raspswenbtrasio the
acid a coupling Pd(O, TEA agent such as HATU nay be required 0 0 O Raoo
/' NH ROOb H R1I00 H N reX—TIVB copditions: NFAOHN NNEnNn ~-NNNJ
HO J OH O HO HO OHpay. &f f RO RO =CN, ° X R700 = OH,
OCH3, N3, alkyl, S 1 M(X=TWB# kyl ) hene 2 FHoSches®., s conpound 1,
descri bed above, i oVerted first to (- (thﬁkm@m g, e5C

(3-D-ri bof uran - ami po- 5-oget hyl 2 Lbox'l@ﬁiﬁﬁmmhmy&k pyrrol o 2, 3-

d] pyri m di ne, corrpo&!'nﬂ* 2,7 using thedﬂ@ed"ures %@,ﬂ' Lf.&w thsddhrerein. In one
embodi ment,  conpound 2.i§ £ onverte f;f;nlsn‘zoszo MeOH. HLO

7-(2' - C—rrethyl (3- D r i oohds ano ) - 4- agi no- 5- EP 22

car boxyl - | - hal o) et hen- Eﬁﬁﬂﬁw‘ﬁ?%ﬁﬁlo[z 3-d] pyr

procedures set forth tqq’é’f"’eﬁ”f*l”:z %M turrn, conpoun
conventional 10 basi rovi de for
9- hal 0-2-(2' -met hyl - [|3- D-ri bof uanosyl ) - 2, 6- di hydr.o-
2,3,5, 6-tetraaza-\ o[ cd] azul en- 7- ¢gne, conpound 4p
|. The hal o group o g] gnpound &*cgn ke derivatizeg,
2 to provide fuUrt er | 0 ukbegl S 5 06 which are coy
Alternatively, deka o m%ﬂﬂgﬁ un ,tonventlonal o i th ons provides for
R 00 = hydrogen (no A5 WO 2006/ 3986 PCT/ US2006/ 131 shown). This
conmpound can af prepar ed q);]ventl onal hy r(ggtl n of the 7-

OH O

nidine, conpound 3, using the
n cyclized under

3 conpound of formula

i) ustrated in Schene
ds of formula I.

OH

R0 =1, Br, Cl, F Where R% =0-alkyl, N;,alkyl,SO,0H
R#0 =1, Br,Cl, F 0 20N R300 Conditions: 0.5M NaQEtEthanol, 85°C
= ==X
Pd(0), l =TM In reactions where the ethy! ester
Zn(CN), (X=TMS, alkyl) converts to the acid a coupling
Pd(0), TEA agent such as HATU may be
required
o) 9 o
R300
R0/ NH 4 H Ri0__/7 H
= = N
/17 N Where X TMS / | o
g \NJ conditions: NH,OH N \N) 4 g

N

- 0 N
Y ’OH H OH v o :

OH § OH

1G]

: 8
OH -
R3O = — R300 = CN, =

X R100 = QH, OCHj, N,, alkyl, SO,0H
(X=TMS,alkyl)

Scheme 2
In Scheme 2, compound 1, described above, is converted first to the 7-(2'-C-

5 methyl-B-D-ribofuranosyl)-4-amino-5-[(ethyl 2-carboxyl)ethyn-1-yl]-pyrrolo[2,3-
d]pyrimidine, compound 2, using the procedures set forth therein. In one embodiment,
compound 2 is converted to 7-(2'-C-methy1—ﬁ-D-riboﬁlranosyl)-4-amiﬁo-5-[(ethyl 2~
carboxyl-1-halo)ethen-1-yl]-pyrrolo[2,3-d]pyrimidine, compound 3, using the
procedures set forth therein. In turn, compound 3 is then cyclized under conventional

10  basic conditions to provide for 9-halo-2-(2'-methyl-B-D-ribofuanosyl)-2,6-dihydro-

2,3,5,6-tetraaza-benzo[cd]azulen-7-one, compound 4, a compound of formula I.

The halo group of compound 4 can be derivatized as illustrated in Scheme 2 to
provide further compounds 5 and 6 which are compounds of formula I. Alternatively,

dehalogenation under conventional conditions provides for R' = hydro gen (not
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(2'-Cnethyl-(3-Dribofuranosyl)-4-am no-5-[ (et hyl
2-carboxyl)ethyn-1-yl]-pyrrolo [2,3 - d]pyrimdine, conpound 2, to provide
for the Aw02oed@osBthyl - (3-D-ri bof uranosyl)-4- am no- 5-[ petrhyskoos/007131

2-car boxyl)ethen-1-yl]-pyrrolo[2, 3-d] pyrim di ne followed by 5 cyclization
as descrj bed abqve I n anot her _enbodi nent, ound 2 is derivatized to

7- (2" - CShevny | Thiscespeundsen alsa b propared by %V@lt k Igrogenatin pbteg|7- |

the pr odacumth eI T RS TR LD W FRIRBNIET: U7 0
nmanner dgpgirhidad, t:dsmp@mz,@opxro@iaecfer fh@ﬁ (@oanratihgl-B-D-L6ofhaidsytiao is

hydr oxyl 1.n conpound 8 hi s conpound has as one set of its tautoneric

f or s tﬁ@lﬂ@rﬁt[&ﬁkﬁlﬂ@ erbuptiaies. 1 0-opirolo D3 AP RRGO NP By 1 3 N B NN N N
N N ;HO X%—% %*d«%!@n%l‘labg{’ OH OH all of which are cover by this

i nventl 0 Re corrpounds above, starting materials having Rl

ther th 5 k t, f
oxampl o by daapinrtdgtediheny bathot A fediaipBl A G T can be
pr epar e%b%?urﬁﬁ&%A-Qmﬁ‘ﬁﬁﬁ'[‘(%ﬂﬁd Q%hﬂ)‘@xy{hﬁkéqofkub§tﬁﬁteﬂje|tﬂé§t 1-gfi ve purposes

only, W W and X are hydroxyl, Y is oxygen, w&( zero, the bond between N
and 74 ipynalafadilpytioiine sompounds7, usingithd Prpceduresyset Frd th@rcms@m@gm Conpounds

9 and 10 nner des rihed.a 0 and 2,

where 4- Cﬁ’{p@ g%ﬁé’ﬂ ﬁzﬁ]lﬁﬁ% p)lfrdF f%%r%?%?roﬁf% Re"S népodmégzl n pl ace of
conpouNdWhen R%w\/@di’@@@:iri)&ﬂﬁlﬁﬁmﬂ’@]' HUSARRA0 haSds o Rt &8s tauddideRt NH N NI'S
NNil S HOHOQO z0'"OH OH 10 R300 =CN, acetylene OH OH R100 = OH OCH3, N3

RaneyNi dRens the Apliqyying steygturescpoH ETOH Were QL =0  Condi ti ons:

o} OH o)

o NH Ho—¢? °N HO—/ NH
<~ N =
GG 1 af
N N N \N _— \NJ
o]
Ho\/éo HO\/® HO\/@
Y “oH Y “oH Y "o

OH oH OH
all of which are cover by this invention.
In addition to the compounds above, starting materials having R' other than

15  hydrogen are known in the art and are disclosed, for example, by Carroll, et al.'”*®

Further compounds of formula I can be prepared as shown in Scheme 3 below
wherein, for illustrative purposes only, W, W! and X are hydroxyl, Y is oxygen, p is
zero, the bond between N and Z’ is a double bond and R' is initially methylthiol (-
SCH3). Compounds 9 and 10 are prepared in a manner described above in Schemes 1

20  and 2, where 4-chloro-2-methylthio-1H-pyrrolo[2,3-d]pyrimidine is used in place of

compound 1a.
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OO0 1. MCPBA/EtOH 2. NaOH/H20 R3/ NHRL/ NH9 NNJ NN Were qt 19
Conditions: 1. MCPBAEtOH HO O HO O OH 2, NaOH/ H20 S OH 3. P,O,  R300 =CN,
acet yl enewbHodddod¥skyl 11 R1IOO = OH , OCH3, N3 12 al kyl, 862@9200600718800 NH
8100 NH N~Q1 NI ~QL Ol HO OH 13 HO O oOH 14 R300 =CN, acetylene OH CH
= -Alkyl R10 = OH,OCH3, N3, al kyl, SQ2CH Sgheme 3 Specifically, in Scheme
3, conversion of the 2- %ylthl o deriva es, conpounds 9 and 10, to the
correspondi ng 2- hydre défi vati vespreegnpdidnds_11 _and 5 12, proceeds as

described therein. Atey 'INver, t he 2, | t hi derivatives, conmpounds 9
and 10, can be converte she corresp N8 compounds| 13 and 14.
Conmpounds 13 and 1440ha§ as dne setwof Pt s taut omeric florns the fol | ow ng
structures: 0 0 0O Rt 02 NH RtOO OI-NHOR'OO/F@OO NH NHNN NJIIQ1
N N QL N NQH R°HO=@eHOOH HO_Q, H Tﬁéyf\lllckepf whijch are cover by this
i nvention. 10 Scheie 4 bel ow il L|@|sgoroﬁfqiEs syngmet | ¢ jmet Hods for forming a
t hi ocarbonyl group Dnere Q! =0
1. MCPBA EtOH
2. NaOH/H20
R300 /' NH R0 7/ NH
v Z 4 /{\l e Where Q1 =8
N \N ) Conditions:
1. MCPBA ,EtOH
HO\/@ 2. NaOH/H,0
v 3. P,05
f OH I OH
R300 =CN, acetylene OH OH
=—-alkyl 1 R1% = OH ,0CH,,N, 12
— alkyl, SO,0H -
[0} o}
R300 4 NH R100. 4 NH
at \

R?300 =CN, acetylene é)H
==—Alkyl R100 = OH ,OCH3.N3

alkyl, SO,0H
Scheme 3

Specifically, in Scheme 3, conversion of the 2-methylthio derivatives,

compounds 9 and 10, to the corresponding 2-hydrogen derivatives, compounds 11 and
5 12, proceeds as described therein. Alternatively, the 2-methylthio derivatives,
compounds 9 and 10, can be converted to the corresponding compounds 13 and 14.

Compounds 13 and 14 have as one set of its tautomeric forms the following structures:

o 0 0
R100/R300 7 /NH R100/R300 4 NH R100/R300 4 NH
4 NH at /
. N \NAQ1 N \N)\QH ﬁ/g(ﬂ
Hové,, Ho\/@ HO\/@
Y on Y “om Y~ “oH
CH OH OH

all of which are cover by this invention.

10 Scheme 4 below illustrates synthetic methods for forming a thiocarbonyl group
on the lactam ring. As before, for illustrative purposes only, W, W' and X are
hydroxyl, Y is oxygen, p is zero, the bond between N and Z* is a double bond and R! is
methylthiol (-SCHj3).
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on the lactamring. As before, for illustrative purposes only, W W and X
are hydroxyl, Y is oxygen, p is zero, the bond between N and Z4 is a

doubl e bowd 280h9oRs6i S net hyl thiol (-SCH3). 47 WD 2006/ ®@3aR86006/007131

PCT/ US2006/ 007131 NH 2 Pd(O, Cut, p o 0 S TEA, DW NHZ Lawesson's NHZ N
| ~$ reagent HON -gyp NN N N LI OHis HO0O 1 N= OH HO' OH R200 =
|,Br,Cl OH 16 cond\&i ons:padyich, Li Be¢Li I OH 17 (rgs ectively), acetic acid
R200=F 8100=CH y i ti oSy PMRHF | F cQndt i Qisms 0. , HZO, 85C 2 R100=

N3 condti ons: . W-Rloo &l kibgeS S p N copditions:

i tioons: Na@ aldxl, EtiOH, [ al kyly ondt+ofs: Li |, THF, 85C NH
R200 / NH #NHZ f\;l: SO?OH R200 N NaCEt N N 'g j ons: NaHSGC3,
MeOH, H20 N Eghanol ,=85C / N \(Jy NP\ N O HQLO ~OH'= OH OH CH 18 COH
19 OH 22 8200 = |, Br, O, F 82007>ytioBr, O, F 2. R100 = 0-al kyl, N3,
al kyl, SC2OH Condiff A% @..BM NaCEbd Et hanaé , 85C 8300 = CMN R300 = _ X

Pd(O, (X=TMs, al kyk%;pécﬂem,e&miabi@ns where the ethyl| gster .. Zn(CN) Z converts
to the acid a coupl?g,n ns:,ggz(,g}, TEA agent such as TR123£HNis;yo.5b®adHﬁ@w$ods ed
condtions: NaN,, EtOH, 85°C

R100 = O-alky!

N\ conditions: NaO-alkyl, EtOH, 85°C

' s
\ $ o4, RI00 = alkyl
0 Y condtions; Li-alkyl, THF, 85°C
/ NH R200 7 NH R100 NH,  R'=S0,0H
R200 2 0.6M NaOEt . P conditions: NaHSOQ,, MeOH, H,0
/17 "N Ethano, 85°C 4 )'N\ 4 _ JN\
> J\ - N \N ? N
N \"ii o

N N f
0] HO HO P
HO .
“ M H OH

OH

(.:;H OH 18 OH 19 OH 22
R2 = | Br. Cl F R200 = |, Br, CI, F Where R1% = O-alkyl, N;, alkyl, SO,0H
=4 LG Conditions: 0.5M NaOEt/Ethanal, 85°C
R300 = CN R300 = =—=—/——X
Pd(0), l - In reactions where the ethyl ester
Zn(CN), (X=TMS,alky}) converts to the acid a coupling
Pd(0), TEA agent such as HATU may be
required
S $ S
Raoo__(/ NH Rew__/ NH R100. / NH
Z>N  Where X=TMS /77 N N
4 ll_ conditions: NH,OH - Sy S l M

/ =z
N \N ~-———— N N
0 T 0 T o] T
HO HO ) HO
Y “oH R Y “oH
OH 20 COH £ OH 23

R = = R0 = CN, =—X R100 = OH, OCHj, N, alkyl, SO,0H
(X=TMS,alkyl)
Scheme 4

Specifically, in Scheme 4, compound 15 is prepared in a manner similar to that
5  of Scheme 1 with the exception that the starting material is 4-chloro-2-methylthio-1H-
pyrrolo[2,3-d]pyrimidine. Compound 15 is converted to compound 16 as described
above and then the carbonyl group of the carboxyl ester is converted to the
corresponding thiocarbonyl group using conventional methods, e.g., Lawesson’s
reagent as depicted above to provide for compound 17. This compound is converted to
10  compounds 18, 19, 20, 21, 22 and 23 as described therein.

Scheme 5 below illustrates the synthesis diazepine compounds.
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S SR300 / NH RB0OO NH R1I00 NH N Were X=TM5 INI N conditions: NH4OH N N
NI EONf ON OHOHOHO OHOH OHOH20 OH 21 OH 23 R300 = = 8300 =
CN, =--- XvBRo6/m@3d86, OCH3, N31 al kyl, SQROH (X=TMs5, al kyCr/uSehemeri41

Specifically, in Schenme 4, conpound 15 is prepared in a manner simlar to
that 5 of Schene 1 with the exception that, the starting, material is

4-chloro-2-methylthio-1 rroI:@iZ3dL&d¢m%eﬁqildC0 und 15 is
converted to conpound 16 " eJ\car bonyl group of
the carboxyl ester o s c vérﬁed t oog he ¢ orréspond$ hi otar bonyl group

usi ng conventi onal ) Jge g., L ssordls reage s depicted above to
provi de for conpound ¥ This corrpoundj/f’s converted t?ﬁ 10 conpounds 18, 19,
20, 21, 22 and 23 bs descri*oed therein. Sehene 5 below illustrates the

synt hesi s di azep/ne\puq oqnds 48 WO 2006/ 093986 PCT/ US2006/ 007131 NH NH,

NHz ON H, SO' acetic acid, N HNCB K / Nacgtyl chloride / N I I - 1 NON
N~ p NN O\~ \~ Jon0 HO;],PQQCHOV oc OH 252415 ol N
ad I
N\/”\ )\
o] o} NT oy-0 P oT
?/\/GJ« 7/\0’65‘40,{
Y 2 T z

e AN U IS VRN P
(@ﬁ LA | NN
i s r3.t

SN
Y 28
31 ﬁ/
J NaOEVEIOH J K,CO,, DMF
o]
@
ad
N \NJ\S 8¢ N
] N SN
o, f
SH o = 2 5
OH
Scheme 5

Specifically, in Scheme 5, compound 15, described above, is converted to the
corresponding 2,3,5-tri-O-protected sugar, compound 24, under conventional
5  conditions. In turn, compound 24 is converted to the 5-nitro derivative, compound 25,
by contact with a combination of nitric and sulfuric acid. Conversion of compound 25
to the imine of compound 26 proceeds by reaction with the masked aldehyde.
Hydrogenation of the nitro group of compound 26 to the corresponding amine,

compound 27, proceeds via conventional hydrogenation conditions.

10 In one embodiment, compound 27 is reacted with chloroacetyl chloride in the
manner described above to provide for compound 31. Subsequent cyclization provides

for compound 32.

In another embodiment, compound 27 is converted to compound 28 as shown in

Scheme 5. Subsequent cyclization provides for compound 30.

15 Scheme 6 below illustrates further modifications of the compounds prepared in
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Scheme 6
Scheme 6 follows the procedures of the synthetic methods described in Scheme
5 3 above to provide for compounds 36, 37, 38 and 39. Conversion of the thioether of
compounds 33 and 34 to the corresponding ether of compounds 40 and 41 proceeds as

described above.

Scheme 7 below illustrates the synthesis of 7 member ring compounds

containing either one or two amide bonds.
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In Scheme 7, compound 43 is converted to the corresponding 2,3,5-tri-O-
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1. H,, PG
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protected sugar, compound 44, under conventional conditions. In turn, compound 44 is

converted to the S-nitro derivative, compound 45, by contact with a combination of

nitric and sulfuric acid. In one embodiment, compound 45 is contacted with

chloroacetyl chloride in the presence of DMAP to form compound 46.

Hydrogenation of the nitro group of compound 46 to the corresponding amine proceeds

via conventional hydrogenation conditions. Cyclization of the intermediate 5-amino

10

group (not shown) by nucleophilic displacement of the chloro functionality of

compound 46 in the presence of a base also removes the hydroxyl protecting groups to

provide for compound 47.

In another embodiment, hydrogenation of the nitro group of compound 46 to the

corresponding amine proceeds via conventional hydrogenation conditions to provide
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Scheme 8
Examples of compounds which can be made by the procedures set forth above

10  include the following:
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The following schemes illustrate methods for preparing the sugars used in the

methods described above.
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excess of oxalyl chloride to provide for conpound 49 which is followed by
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Formation of sugar a in Scheme 9 above where Ph is phenyl and X is a suitable

leaving group such as halo, is accomplished as described by Mandal, S.B., et al., Synth.
5  Commun., 1993, 9, page 1239, starting from commercial D-ribose. Protection of the
hydroxyl groups to form sugar b is described in Witty, D.R., et al., Tet. Lett., 1990, 31,
page 4787. Sugar ¢ and d are prepared using the method of Ning, J. et al., Carbohydr.
Res., 2001, 330, page 165, and methods described herein. Sugar e is prepared by using
a modification of the Grignard reaction with CH;MgBr or other appropriate
10 organometallic as described herein (with no titanium/cerium needed). Finally the

halogenated sugar (X = halo) used in the subsequent coupling reaction is prepared
using the same protection method as used in to make sugar b above. The halogenation

is described in Seela.'®

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

An alternative approach to making protected sugars useful for coupling to

heterocyclic bases is detailed in Scheme 10 below.
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Schenme 8 Exanpl es of conpounds which can be nade by the procedures set
forth above 10 include the follow ng: 52 WD 2006/ 093986 PCT/ US2006/ 007131
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"OH HO N N .
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DCEOé éH
ic
In Scheme 10, methylation of the hydroxyl group of compound g proceeds via

conventional methodology to provide for compound h. The 2, 3 and 5 hydroxyl groups
of the compound h are each protected with 2,4-dichlorobenzyl groups to provide for

5 compoundi. Selective deprotection of the 2-(2',4'-dichlorobenzyl) group on compound
i proceeds ViE} contact with stannous chloride in a suitable solvent such as methylene
chloride, chloroform, and the like at reduced temperatures, e. g.,~0to 5°C, until
reaction completion, e.g., 24-72 hours, to provide for compound j. Oxidation of the 2-
hydroxyl group of compound j proceeds as described herein to provide for compound k.

10 Methylation also proceeds as described herein to provide for compound 1e¢.

In an alternative approach, an appropriately substituted nucleoside with a 2°-OH
and 2’-H can be used as the starting material. This nucleoside can be purchased or can
be prepared by any known means including standard coupling techniques. The
nucleoside can be optionally protected with suitable protecting groups, preferably with

15  acyl, substituted alkyl or silyl groups, by methods well known to those skilled in the art,
as taught by Greene et al. Protective Groups in Organic Synthesis, John Wiley and
Sons, Second Edition, 1991.

The hydroxyl group at the 2' position of the sugar of an otherwise appropriately
protected nucleoside can then be oxidized with the appropriate oxidizing agent in a

20  compatible solvent at a suitable temperature to yield the 2'-modified (oxo) sugar.
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OHOHOH OS\~\~ /~/~-0S Os OHRL = =0 or =S HN)-"-~NH r4 ~(O,S HN NH " NH
NNNN ONNHRLNNRLHOH~NNRL OHH OHHO i H OH OH OH OH
Nr/-\NH HMG2088/083996 N N HN NH N N,-RL NN RL N 01 H p pcitodddeiotiss HO HO
RL OHOHHO OH OH= 0O OH The follow ng schenes illustrate nethods for

prepari t sugars used in_the t hods descri bed above., 53 WO
2006/ ogg%éggéﬁl%é@@@é?%?rfﬁ“ &R TeDessHdap periopipe reagent, <gPb 0 0 0 O HO

gl_Ph Lﬁlgﬁ?Eﬂn'DMs@, e didatioRIOMYD; dxaB chibrid® téfefy BmingQyde® O Phl-* ~O
reagent (a mixture of chromic acid and sulfuric acid), Collins’s reagent (dipyridine
Cr(VI) oxide, Corey’s reagent (pyridinium chlorochromate), pyridinium dichromate,
5 acid dichromate, potassium permanganate, MnQO, ruthenium tetroxide, phase transfer
catalysts such as chromic acid or permanganate supported on a polymer, Cl,-pyridine,
Hy0,-ammonium molybdate, NaBrO,-CAN, NaOCl in HOAc, copper chromite, copper
oxide, Raney nickel, palladium acetate, Meerwin-Pondorf-Verley reagent (aluminum 7-

butoxide with another ketone) and N-bromosuccinimide.

10 Coupling of an organometallic carbon nucleophile, such as a Grignard reagent,
an organolithium, lithium dialkylcopper or CH3SiMe; in TBAF with the ketone with
the appropriate non-protic solvent at a suitable temperature, yields the alkyl substituted

nucleoside. Isolation of the appropriate isomer is conducted as needed.

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

The present invention is also directed to compounds of Formula I, and Ia to Ic
where X is halo, preferably fluoro. Preparation of these compounds is accomplished by
forming the desired 2’-fluoro-2’methylribofuranosyl derivative which is subsequently

20 coupled to the desired base. The details for preparing 2’°-fluoro-2’methylribofuranosyl
derivatives is given in International Patent application with publication number

WO 2005 003147 at least on pages 73, and 76 to 79.

In one embodiment of the invention, the D-enantiomers are utilized. However,
L-enantiomers are also contemplated to be useful herein. The L-enantiomers
25  corresponding to the compounds of the invention can be prepared following the same
foregoing general methods, beginning with the corresponding L-sugar or nucleoside as
starting material. In a particular embodiment, the 2'-C-branched ribonucleoside is

desired.

Preparation of compounds where W, W' or W? is other than hydrogen, using the
30 compounds prepared above as the starting materials, can be accomplished using the

methods described in the following reviews of prodrug preparation:
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11-~OOHPh . OO0 f e d Formation of sugar a in Schene 9 above where Ph
I's phenyl and X is a suitable |eaving group such as halo, is acconplished
as descriwedodsyobiyedal , S.B., et al., Synth. 5 Comun., pt2A82008/00p3ge 1239,
starting fron1connercia| D-ribose. Protection of the hydroxyl groups to

formsugar b described in Wtt et al Tet t., 1990 31,
page 4787. sd@apoep%wro aSeetﬂep&V@%Psﬂéel%@NWW?ﬁWr@gs NiThEd(sY . et al .,

Car bohydr.  Rescpy,; 2001, R&3% H?&% @%bq egeri bed herein. Sugar
e is prepared by 33|ng a ﬁ’ cation o cﬁ?k%?ﬁ nard reactlon W th
CH3MgBr or otXeZempipka@dr éta. eBﬂc@hmmgaﬂtdhmphyshaacAas(Mﬁ@,rlﬁﬂé&ﬁhéf/@ n (with no

titaniuniceriunégﬁeded). Finally the hal ogenated sugar (X = halo) used in
t he subsequent pling reaction is prepared using the sane protection

nethagd as usey) Wagdner, r@lézaazsqg@dmhalmyﬁchﬁeelekazal(mwm@nmmsi?scrI bed in
Seel a. 13 Subsequent | descri bed nucl eosi des ‘can be deprot ect ed

by methods 1B Mai¢r, énéﬁm tstzinlpﬁél;%?gil@) 28324 the art, as taught by Greene

t al. Prot QY; S S d
Bai t1on | 3002 0 KRR B elion SR S PRI aﬁﬁgg%ﬁ’ el et
for couphethgdstd}:scxﬁi&tlerchH{utchlmeeEd § eftgtiaiTlosghséndl) S@hes?nthébldqel ow. 54 WD

2006/ 093986, PCT/ 2006/ 007 3 Schene 10 HO 00, HO ~r OH O ~~~11
ChoveOvEeaan apfd por, D m@@@@ar%@n@w?%m DCBO 0
DCBQo ORyitk Cﬁanéggﬁgh@ Pho%r}@%gﬂug'd@ﬂeﬁustry of Nucleosides and Nucleotides,

Plenum Press, (1991) 2.

Administration and Pharmaceutical Composition
| In general, the compounds of this invention will be administered in a
therapeutically effective amount by any of the accepted modes of administration for
15  agents that serve similar utilities. The actual amount of the compound of this invention,
i.e., the active ingredient, will depend upon numerous factors such as the severity of the
disease to be treated, the age and relative health of the subject, the potency of the
compound used, the route and form of administration, and other factors. The drug can

be administered more than once a day, preferably once or twice a day.

20 Therapeutically effective amounts of compounds of this invention may range
from approximately 0.01 to 50 mg per kilogram body weight of the recipient per day;
preferably about 0.01-25 mg/kg/day, more preferably about 0.01-10 mg/kg/day, still
more preferably from about 0.01 to 5 mg/kg/day. Thus, for administration to a 70 kg
person, the dosage range would most preferably be about 0.7-350 mg per day.

25 In general, compounds of this invention will be administered as pharmaceutical
compositions by any one of the following routes: oral, systemic (e.g., transdermal,
intranasal or by suppository), or parenteral (e.g., intramuscular, intravenous or
subcutaneous) administration. The preferred manner of administration is oral using a
convenient daily dosage regimen that can be adjusted according to the degree of

30 affliction. Compositions can take the form of tablets, pills, capsules, semisolids,
powders, sustained release formulations, solutions, suspensions, elixirs, aerosols, or any

other appropriate compositions. Another manner for administering compounds of this
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2" - modi féﬁ&&%%raﬁi&ﬁﬁé %en§§y¥9r égg%/g%%g’ f\%ﬁn@t e&%ﬂhﬂg gﬁéb%) fbtibd ofoSs! bl e

oxi di zi ng agents a exa I ne reagent, Ac20+ DCC
i n DVBO, adsmimisterimgiackat amnur(tm%@;ntom ﬂispcrtslemthed?@ﬁumcr agetbryih alng fa;e[h of&ones

reagent f(a xture om.c acid gnd,sul furjc acid Col l'i ns' s, reagent
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rutheni umtetroxi de, phase transfer catalysts such as chromc acid or

per nbﬁwgamnblsie@ydatpédvl@mxmlmmh 8@1®iwr iAdingasuredHaoourgwiithei um
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with the appropriate non-protic solvent at a sujtable tenperature, yields
t he al kylnceeassshytinersasing thel selrfg«swean%ode@rqa@ng@anmml@pﬁcm@xmpb i somer is

ot s Y PoRaoi 052 A e BharhdCeyide! G RR o A RE RO Cent et
al . Pr ot sed tauge fomuiistoi 1D00D @Ak whicByhd e snatehivd i s\ﬂbb@r}tecﬁdﬁda Sons, Second
Bdi tion, cross?mked matrix of macromolecules. U.S. Patent No. 5,145,684 describes the
production of a pharmaceutical formulation in which the drug substance is pulverized
to nanoparticles (average particle size of 400 nm) in the presence of a surface modifier
25  and then dispersed in a liquid medium to give a pharmaceutical formulation that

exhibits remarkably high bioavailability.

The compositions may be comprised of a compound of this invention in
combination with at least one pharmaceutically acceptable excipient. Acceptable
excipients are non-toxic, aid administration, and do not adversely affect the therapeutic

30  benefit of the compound of this invention. Such excipient may be any solid, liquid,
semi-solid or, in the case of an aerosol composition, gaseous excipient that is generally

available to one of skill in the art,
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The present invention is also directed to compounds of Formula I, and la to
lc where X is halo, preferably fluoro. Preparation of these conpounds is

acconpl i skedodrynezdser m ng t he desired 2'-fl uoro-2' net hyl piclhaistsnsnoaygi
derivative which is subsequently 20 coupled to the desired base. The

details for in fl.uor.o: 2' met hyl ri bof uranosyl  derivatives is given
in Internati o%ﬁfdawpgmeuaﬁa&%@aﬁn&ﬂnw 0StERe Gellataseialsusierseviertors 003147

at | eastsRbspagesi n7§1’alt31né13 ﬁ@lﬂt @ndfiR; silidh M%ﬁﬁ@ﬁ%@éﬁa‘c@fsoﬁnﬁn kigyention, the

D-enantioners are utilized. HOowever, L:enantiomers are al so contehpl at ed
to be us@lmﬁrolheolmstﬁarméomum«vmdﬁrénsd gddmaoitk embﬁnndlkag Liquid hed conpounds  of

the i nventi. on can be 0 e _sa reg ener al

ot hods g e RED R SeotiL L afbate ooRiEre P R orbatioLe

st ar ti ngana&taabu@bﬂs iﬂbllﬁh@g’v\fhbls@blﬂ otrofdtian) dhiiil vegbiaBledr s{nthb@NSHAH,

ri bonucl eoside is_ desired. Pr epar ation of con‘Bounds ere W or W is
P

ot her t Hag- ASAIFbYbFOY RSP Y irreralzul, sesape eHdeicp Peferretliciid varriars fdie starting
mat er i al §ie L8 BRuR ggqmgaé@sfér 1340 lilBus fBLDASAGREIDed T n the

foIIowln revi ews o rep arélon

PCT/ U82006/ 00 R et al l.eosi de..and Nucl eoti de
pr odrugs, " 531%%?6 %Lehél%g r%yv\% Qﬁgieﬂlgp%m%ﬁ%rggoqny ﬁ&lﬁé%s%%% 2002)

92- 147. a¥roséefdrine keert g]aseseéultable foBhRirpose areiitrBba) By5bE dioAidedetc2002) ,
158(2-3), 276- 286. ‘ﬁ er,. C. et al Medi ci nal Resear ch Revi ews

(2002, Q@emmtahlfzzh&gnaceuﬁ exiPiepts apd their fgrmulatigi ase degcrigedin ( 3)

233- 242 . p Bt Kk % pr epar ed
u5| ng theg et hg}m aﬁg%c%??%ag S?ir?g% V\%dlf-e{ %Z%'ngﬁaﬁ%&%%ﬁ@% Townsend)
"The SynComepary, 18th edclO®0n and Properties of Nucl eoside Mono-, Di-, and
Tri phosphat es, and Nucl eosi des 10 with Changes in the Phosphoryl Resi due,

"(cj:hem stry Oleﬁ‘dlmh@ﬁﬁbﬂﬂfé &ﬁ@oﬁhlfirﬁﬁﬂrﬁ&&tloneémwlﬂme ﬂl%%lﬂg)a ds of
Adm ni stration and Pharmaceuti cal_Caonposition In _general, the corrpoun S o
this i nvanel PWW%PS%ﬂéedinﬁlﬁh%%r @WlFﬂlyathetfHEF'éB@m Wiheojaigs gt i ve anount

by Ay oheibhinRSaERLEH RS, Alak8AM 01.00 D3O MorduERlTs L AL serve

simTar uti actual amount o e conpoun I's invention,
i.e., thava(tian\basedrrgﬂédltﬁaultfonmullatlom@pérme bplenceriwmm oussorfactesngatdeich as t he

severity .of the i sease, t t he age an ative health of the
subj ect PiBHmsesSiet 5 BR T Sl Bt figeRBtelaie S Ghator

adm ni str.ggl\,@% and other factors. The drug can be adm nistered nore than
once a day, preferably once or twice a day. 20 Therapeutically effective

amounts of cogpAHBARIYOtheldéstnt MYERIONAD difBYed BNGSharmaceutical composition

20  comprising a therapeutically effective amount of a compound of the present invention
in combination with a therapeutically effective amount of another active agent against
RNA-dependent RNA virus and, in particular, against HCV. Agents active against
HCYV include, but are not limited to, Ribavirin, levovirin, viramidine, thymosin alpha-1,
an inhibitor of HCV NS3 serine protease, or an inhibitor of inosine monophosphate

25  dehydrogenase, interferon-a, pegylated interferon-o (peginterferon-a)), a combination of
interferon-a and Ribavirin, a combination of peginterferon-o and Ribavirin, a
combination of interferon-a and levovirin, and a combination of peginterferon-o, and
levovirin. Interferon-a includes, but is not limited to, recombinant interferon-a2a (such
as ROFERON interferon available from Hoffman-LaRoche, Nutley, NJ), interferon-

30  o2b (such as Intron-A interferon available from Schering Corp., Kenilworth, New
Jersey, USA), a consensus interferon, and a purified interferon-o product. For a
discussion of Ribavirin and its activity against HCV, see J. O. Saunders and S.A.

Raybuck, “Inosine Monophosphate Dehydrogenase: Consideration of Structure,
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fromapproximately 0.01 to 50 ng per kil ogram body wei ght of the recipient
per day; preferably about 0.01-25 ng/kg/day, nore preferably about 0.01-10
nmg/ kg/ daywobedidezeseor e preferably from about 0.01 to 5 wgrkghedwo7i3hus, for
adm nistration to a 70 kg person, the dosage range woul d nost preferably

be about 0. 7- 350 er .day. 25 .1n general, conpounds of this invention
will be SHSHR %t%def%afpég%ﬁaﬁeﬂ%geu#%diep- Msdpelan.i 34303 14MRA08he of the
following routes: oral, systemc (e.g., transdermal, intranasal or by
suppository), or parenteral (e.g.gxihMpERyscul ar, intravenous or

subcut aneous) adm ni stration. The preferred manner of adm nistration is
oral using a Teoerasmlestelavans yeldas thgengheyi thre applivation,ahe fidloadpgist ed

accordin . ree 30 afflictign. sitions can_take the form of
t abl et 51%6’?%1%&%8%%“@85?&0‘%1% gqoeﬁ?l&g?' ﬁﬁ‘%\%ﬂgg’ fFmshae Msftease

f or msl at gememilyotdpiddonsanisgsspensi ons, elixirs, aerosols, or any other
appropriate conpositions. Another manner for adm nistering conpounds of
this 57 WO 20064898986 PCT/ US2@064Q%¢ kaRkydridavention i s inhalation. The
choice of fornmuhali on depends an yakipug. factors such as the node of drug
adm ni stration gpd bioavail abi ity of fhe drug substance. For delivery via
i nhal ation the ; conpound can be fg%ga a ?ec{ as liquid solution, suspensions,
aer osol propel Iéﬂﬁs or dry 5 powder. ano g oaded into a suitable di spenser
for administration. There are s_evg?réﬂ.a"t’%ﬁ@é‘m B ¥Shar maceuti cal inhal ati on
devi ces-nebul i z i nhal ers, neter E6248E%EL i nhal ers (MDI) and dry powder

i nhal ers (DPl).% Nebulizer devi C:esd?)‘i@‘%}uce a stream of high velocity air
that causes thedd her apeuti ¢ agént Bophlst effdoablets ormul ated in a liquid form
to spray as a &6t that is carti Bicychbexylbabpdiimidat ' s respiratory tract.
MDI's typicallyD@Me fornul ati o 10ichlcdkmaetbahe t h a conpressed gas. Upon
actuation, the IdeEMe di scharges Belteasis ahimmpedglesahiediti@r apeuti ¢ agent by
conpressed gas,DMAB af fordi ng=a dehdteh@indpyhdgideof adm nistering a set
anount of agentDMPP! di spenses =t hginadiRHfdrmag@@Nts in the formof a free

flowi ng powder o can be di sper ppdethishitsxigati ent’ s inspiratory
air-streamduripgr breathing by t Lce. In order to achieve a free

: : hittefts . o
fl ow ng powder, t herapeutic 1 . | ated with an exci pi ent
such as | act oseE]'{) ngmsasur ed anmun thggﬁgﬁlea}nﬁ?%{e%%g%cgﬁ F%ldagent is stored in a
capsule forma &s di spensed wt r %hg\allct uation. Recently,
phar maceut i cal G¥mul ati ons have B&evéiSped especially for drugs that
show poor bi oavaf| ability based updtt t he pri nci pl e that bioavailability can
be increased by!PilRcreasing the%U_SPB@@}’bﬁ%alithlégéla@@Wrémd?g particle size.
For exanple, 20UU.S. Pat. No. & 10mWcrp@®ngbwwisi bes a phar maceuti cal
formul ati on hauwiing particles irF t Naltigetze range from 10 to 1,000 rimin
whi ch the activMCikBt%eri al is seppertsechlaopabesobssdid nked matri x of
macr onol ecul es.mid S. Patent No= Smldhe 684 descri bes the production of a
pharmaceuti cal Nfornul ation in whigipidrhe drug substance is pul veri zed

mg = Milligram
" mL = Milliliter

mM = Millimolar

mmol = Millimole

MS = mass spectrum

m/z = Mass to charge ratio

ng = Nanograms

nm = Nanometers

nM = Nanomolar

N = Normal

NMR = nuclear magnetic resonance

NTP = nucleotide triphosphate

HATU = (O-(7-Azabenzotriazol-1-yl)-1,1,3,3-

. tetramethyluronium

hexafluorophosphate

RP-HPLC = reverse phase high performance liquid
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to nanoparticles (average particle size of 400 nm in the presence of a
surface nodifier 25 and then dispersed in a liquid nediumto give a

phar macewyvpade/doggsgul ati on that exhibits remarkably hi goThisosémdtiabi lity.
The conpositions may be conprised of a conpound of this invention in

conmbi nation wth at | east one pharpaceutically acceptabl e excipient.

Accept abl e exglgiﬁnts are non-t ofj mag ey i nistration, and do not
adversely affe e therapeutit hghipsriermancstliapide conpound of this

i nvention. Such excipient may be shpmegigrabhyl i quid, seni-solid or, in the
case of an aer dseMBonpositi on= gligeidwhrexaogapyt massat i s general |y

avai l abl e to one of skill in the speaciros®pWNO 2006/ 093986 PCT/ US2006/ 007131
Solid pharmaceuti cal excipientsiBSughkde starch, cellulose, talc, glucose,

| act ose, sucrose, gelatin, malts tigl&, flour, chalk, silica gel, nmagnesium
stearate, sodiungAstearate, gl ycemgkihyppaad earate, sodiumchloride, dried
skimm |k and thealike. Liquid-:angigqsetdsl hdqexcipients may be sel ected
from glycerol, pippyl ene glycol, Sydr nol 5 and various oils,

i ncl udi ng thoseppf petrol eum ani ?H%tla \éregg abl e or synthetic origin, e.g.,
peanut oil, soypean oil, m neral Y ERE - OFT PUEtc. Preferred | iquid

carriers for igg%?:t abl e sol ut i onY i IRE A iEer  saline, aqueous

|}y

dext rose, and ol s. Conpresfedtrﬁﬁf’st)g? y be used to disperse a conpound
of this inventi in aerosol For%{dlpﬁgﬂﬁhoéﬁ@é% suitable for this purpose
are nitrogen, ddrbon dioxide, @&t cMicrpfitett her suitabl e pharmaceuti cal

exci pi ents and #$eir fornul ati ohsMiemegriescri bed i n Rem ngton's

Phar maceut i cal 18di ences, edited bMigomaarMartin (Mack Publishing Conpany,
18th ed., 1990)v/vThe anount of =t heolomepowolnien a formul ati on can vary
within the fullwitange enpl oyed byeldhop@calti |l ed in the art. Typically, the
formulation will contain, on a 15 weight percent (W% basis, from about
0.01-99.99 wt % of a conpound of this invention based on the total

formul ati on, Wiadditionealbegagtieretemppistretare i degyees Galsinsiless rppratedaceut i cal
exci pi eg&tﬁer‘ﬁg eferably, the conmpound is present at a | evel of about 1-80
W % AdditTonarl y, the present invention is directed to a pharnaceuti cal

conposition conmpri;sing a therapeutical |y effective amunt of a conpound
of the pr esen%qp%%%ﬁlg%beq?% aﬁﬁﬁgiaﬁgﬁ?‘?ﬁ " ﬂ%ﬂu%hot“ﬁﬁ’r‘% PO B of fect i ve
anourst aflaigRRaichaipoasds enepla@eRtfoR@ing HimbBils sapgndent RNA virus and, in
particul ar, against HCV. Agents active against HCV include, but are not
limted to, Ribavirin, levovirin, viramdine, thynosin al pha-1, an

i nhi bitor of HCV NS3 serine protease, or an inhibitor of inosine
nonophosphat e 25 dehydrogenase, inter§ferdn-a, pegylated interferon-a

(peginterferon-a), a conbination of g¥nteyferon-a and R bavirin, a
conbi nati on of peginterferon-a and Ri A
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conmbi nation of interferon-a and levovirin, and a conbi nati on of
peginterferon-a and levovirin. Interferon-a includes, but is not limted
to, reconfonasdoosssserferon-a2a (such as ROFERON i nterf econsassiobabl e from
Hof f man- LaRoche, Nutley, NJ), interferon 30 a2b (such as Intron-A
interferon avail able from Scherin Corp Keni lworth, New Jersey, USA), a
consensus interferon, and a purifi ?(izrferon a product For a
di scussi on OfrCRITRGRH ?ﬁgrf(zaﬁ%{aﬂil&lsﬁ Edﬂhmwsﬂb&%@lhyw 33éeteaazey  Saunder s
and S.A. Raybuck, "I nodieneo[pinoptrodmnal(comppyt Benase: Consi derati on of
Structure, 59 WD 2006/ 093986 PCT/ US2006/007131 Kinetics and Therapeutic
Potential," Ann. Rep. Med. Chem, 35: wl0 (2000). EXAMPLES The exanpl es
bel ow as well as throughout the appligatijon, the followi ng abbreviations
have the follow ng nmeanings. If not d&fyhey, the terns have their 5
general ly accepted neani ngs. Ac20 = Janhydrl de ACN = acetonitrile
atm = at m)spheres bs = Broad singl et{CAN = ceric amoniumnitrate cm=
Centimeter d = doublet dd = DouBf .goubl ets DCC =
Di cycl ohexyl carbodii m de DCM = di chl: or onet hane DVEM = Del becco's mi ni mum
eagl %s medi um DMAP = di net hyl am nop;‘? i dine DMF = di net hyl formam de DVSO =
hyl§ul foxide DIT = Dithiothreitol EDTA = ethylene diam ne tetraacetic
aC| d g Pxlam Hov = hepatitis Cvirus Hz = hertz I PTG = |sopropyl
(3-D 1-thiogal actopyranoside 11U = international units in = Miltiplet MCPBA
= et a- chl or opEhlsserZbi-pyrs@dp,3-d]pyrimidine 10.75g (70 mmol) and N-

iodosuccinimide (16.8g, 75 mmol) were dissolved in 400 mL of dry DMF and left at

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

15  total yield is close to 100%; Tp, 212-214°C (dec); UV Apax : 307, 266, 230, 227 nm
(methanol); MS: 277.93 (M-H), 313 (M+Cl); '"H-NMR (DMSO-d¢): 12.94 (s, 1H, NH),
8.58 (s, 1H, H-2), 7.94 (s, 1H, H-8).

Step 2:
20
The base, obtained as described above (11.2 g, 40 mmol) was suspended in 500

ml. of CH3CN, NaH was added (1.6g, 40 mmol 60% in oil) and the reaction mixture
was stirred at room temperature until NaH was dissolved (about 2 hour). 1-O-Methy] -
2-methyl-3,5-bis-O-(2,4-dichlorobenzyl)-f-D-ribofuranose (10g, 20 mmol) was
25  dissolved in 500 mL of DCM and cooled down to 4 °C in ice/water bath. HBr) was
bubbled through the solution for about 30 min. The reaction was monitored by TLC
and run until the disappearance of the starting sugar (ether/hexane 1:9 v/v). Upon
reaction completion, the solvent was evaporated at the temperature not higher that
20 °C and kept for 20 min in deep vacuum to remove the traces of HBr. Solution of Na-
30  salt of the base was fast filtrated and the filtrate was added to the sugar component. The
reaction was kept overnight at ambient temperature, neutralized with 0.1 N H,SO4 and

evaporated. The residue was distributed between 700 mL of ethyl acetate and 700 mL
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mn = mnute M= Molar ng = MIligram nL = MIliliter mM= MIIlinolar

mol = MIlinole MS = mass spectrummz = Mass to charge ratio ng = .

Nanogr answOormdéanssset ers nM = Nanonol ar N = Nor nmal NVRpeTnUsedogdd718RgNEt i C
resonance NTP = nucl eotide triphosphate HATU =

h fl h hat
re HpL COEnpg B8R Teacon i sl svbatter {PA . BORBS Q@%’é? gosbesr
PCT/ USZO&%SI@Jalﬁjev p&%ﬁt@ﬂf&t £ige Mi’cryﬁhl@ne nﬁkﬁﬁe PESLLLTBH6 far! 'Vﬂilé'anesd

chr omat ogr aphy uid chromat ography nass spectro copy
Si ngl et go f@nprligbt an m@mtatewf r@mrgalcmhn@rocvsuc base2i 5 ¢ th(ﬁdtratre vesi d THE =

Tet rahyd T !Iﬁ—] | el & m = erature
TVS = tr F%Iet ]ﬁl@'ﬁsd {lﬁo thE? < Sir |O %agg(%glgﬂét%ass ﬁlter ti‘rsﬂ%?tgg s g =
M cr dgr a(i® x MD emM Tliofidravas washed with 10% ethyl acetate in toluene collecting 500

ml fractions, Fraction 2-4 contained the target compound; fractions 6-7 contained the

heterocyclic base.

Fractions 2-4 were evaporated, ether was added to the colorless oil and the

mixture was sonicated for 5 min. The off-white precipitate was formed, yield 7.4 g

10 (50%), mother liquid was evaporated and the described procedure was repeated to yield
0.7 g more of the title nucleoside. Total yield is 8.1 g (54.4%); Tm: 67-70°C; 'H-NMR
(DMSO-dg): 8 8.66 (s, 1H), 8.07 (s, 1H), 7.62-7.34 (m, 6H), 6.22 (s, 1H), 5.64 (s, 1H),
4.78-4.55 (m, 4H), 4.20 (s, 2H), 3.97-3.93 and 3.78-3.75 (dd, 1H), 0.92 (s, 3H); MS:
743.99 (M+H); Recovered base (total): 4g as off-white crystals; T 228-230°C.

15
Step 3:

To the solution of the compound from the previous step (8 g, 10.7 mmol) in

DCM (200 mL) at -78 °C was added boron trichloride (1M in DCM, 88 mL, 88 mmol)

20 dropwise. The mixture was stirred at -78 °C for 2.5 hours and additionally overnight at
-20 °C. The reaction was quenched by addition of MeOH/DCM (90 mL, 1:1) and the
resulting mixture stirred at -20°C for 30 min, then neutralized by aqueous ammonia at
the same temperature. The solid was filtered and washed with methanol/DCM ( 250
mkL, 1:1). The filtrates were combined with 50 mL of silica gel and evaporated up to

25  dryness. Dry silica was loaded on the glass filter with silica gel (10 x 10 cm). The filter
was washed with ethyl acetate collecting 500 mL fractions. Fraction 2-4 contained the
target compound. The solvent was evaporated and the residue crystallized from
acetone/hexane to give 3.3 g (72%) of title nucleoside; 'H-NMR (DMSO-dg): & 8.84 (s,
1H), 8.20 (s, 1H), 6.21 (s, 1H), 4.00-3.60 (m, sugar), 0.84 (s, 3H); MS: 426.26 (M+H);

30 Tm182-185°C.

Step 4:

The nucleoside (1.5 g, 3.5 mmol) prepared above was treated with liquid

35  ammonia at 85 °C for 24 hours in the metal pressure reactor. After evaporation of
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v/iv = volunme to volunme w % = weight percent In addition, all reaction
tenperatures are in degrees Celsius unless reported otherwise. In the
exanpl es wel2owsm@soseel | as el sewhere throughout this appleceatsc@sootibe 5
cl ai med conpounds enploy the follow ng nunbering system 8 7 9/ NH6 N 2 N

3 HOOH OH 61 2006/,093986. PCT/ US2006/ 007131 Exanple 1 Preparation
013, 19 St 82000 25000, LT LSR000L 000 38, DL L TP
benzol cdjaigbd i) GHcd P BRAHRS Hrbliu) il dg}{ tEN% sl @s&gﬂ%&@fwﬁﬁ Sificd

4- Chl oro- 7H-pyrro 052,3-d pyrimdine 10.75 _ .
i odosuccgHiirperonel®llgefing7®) mivdiactioes. Erattioso?-Bedniamed 0k titledodonthopn®VF and

' th i ght. .The sol vent was
evapor at A5 8uS HapbERRELA I Rolale LS IRsd AR R Ena Bt bailT 6. ' Nazs0o,
filteredl.2wasdued) éfwhemirgedhtidledside; VB 220-20EPCo(d¥st 2bLNEAE (hX@m-ghhginol to
yield 14 (74. 60/%/ of the title conpound as off-white crystals. The
not her | $'§9%§1 1iRs7 89 &5 dH2t¥0-6:50 (bs, 15).3-09(suAH): aH(tcHsugid ) 54a- agai n from

o hanc 9} S Pt 43, oy Uil LA gl 43¢k g vi1O 1
( met hanoMS 407832 @17HDP3 (M H), 313 (MG ); 'H- NMR (DVBO-d6): 12.94 (s, 1H,
NH), 8.58 (s, 111, H2), 7.94 (s, 111, H8).
10 Step 5:
To a solution of the product from Example 1, Step 4 (500 mg, 1.232 mmol) was
added Cul (46.8 mg, 0.246 mmol), TEA (0.343 mL, 2.464 mmol) and 35 mL of DMF.
The mixture was degassed with argon under sonication for 2-3 minutes and Pd(PPhs),
(142 mg, 0.123 mmol) was added and the reaction mixture was heated to 55 °C for
15 20 min. Following the 20 min, ethyl propiolate (0.5 mL, 4.9 mL) was added to the
reaction mixture every 20 minutes until all the starting material had been consumed, as
was monitored by LC/MS. The crude reaction mixture was concentrated and purified
on silica gel with methanol/methylene chloride (1:20) as the eluent to afford 600 mg of
the target compound. 'H NMR (CD;0OD): 6 0.858 (s, 3H), 1.34 (t, 3H), 3.87-4.126 (m,
20 4H), 4.28 (q, 2H), 6.24 (s, 1H), 8.17 (s, 1H), 8.24 (s, 1H); MS (M+1): 377.1.

Step 6:
To a solution of the product from Example 1, Step 5 (35 mg, 0.093 mmol) in

20 mL ethanol was added 10% palladium on carbon (20 mg). The reaction vessel was
25 flushed with H; gas and held at 1 atm of H, via balloon until all starting material had
been consumed, as was determined by TLC (24 hours). The palladium catalyst was

filtered and the filtrate was concentrated and used directly in Example 1, Step 7.

Step 7:
30 To the crude material from Example 1, Step 6 (35 mg, 0.093 mmol) was added

0.IM NaOEt (20 mL) and the reaction heated to reflux for 1 hour. The reaction was
neutralized with acetic acid, concentrated in vacuo and purified on Phenomenex-Cg
reverse phase HPLC with a 0-60% B gradient over 20 min at 10 mL/min (Buffer A =
H,0, Buffer B = acetonitrile); 'H NMR (CD;0D): 6 0.881 (s, 3H), 3.59-4.085 (m, 4H)
35  5.73(d,1H,J=11.4) 6.22 (s, 1H), 7.03 (d, 1H, J=11.4), 7.84 (s, 1H), 8.31 (s, 1H); MS

2
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Step 2: 20 The base, obtained as descri bed above (11.2 g, 40 nmol) was
suspended in 500 niL of CH3CN, NaH was added (1.6g, 40 mmol60%in oil) and
t he reactwonosoosasee was stirred at room tenperature uptirhushiaklovasi

di ssol ved (about 2 hour). 1-0-Methyl -

2- met hylo@i ]3 ggsj O (2, 4-dichl orobenzyl)-(3-D-ribofuranose (10g, 20 mmol)
was 25 J%t 1in 500 nL of DOM and cool ed down to 4 Cin ice/water bath.
HBr (g) was bubbl ed through the solution for about 30 m n. The reaction was
nonitored by TLC and run until the di sappearance of the starting sugar
(ether/hexane 1:9 v/v). Upon readixaomplednpl etion, the sol vent was

evapor at edPraparatien efshfemnzethyl-$-Raibofiiagpoey])-2 /68, 9—2@raﬁyénmel2 BSpfi-tefraaza?0 min in
deepSvacuum t o renove t fentoladlesulef-74dBe (CGabotnd3020f Na- 3Q salt of the
base was fast filtrated and the filtrate was added to the sugar conponent.
The reaction was kept overni ght at anbieot tenperature, neutralized with
0.1 N H2S04 and -evaporated. The resid s distributed between 700 niL of
et hyl acetate and 700 nL 62 WD 2006/ @939 PCT/ US2006/ 007131 of water.
Organic fraction was washed with waten (15 nlL), brine (150 ni), dried over
Na2SO4 and evaporated to give sem crys IiNne mi xture. Tol uene (500 niL)
was added to formlight tan precipitat \of/”nonreact ed heterocyclic base
2.5 g (25%. Filtrate was concentratgd up'to the volune of 50 nL and .

| oaded on the glass filter V\nt%su gel 5 (10 x 10 cm). The filter was
washed with 10% ethyl acetate i eq¢ol lecting 500 nL fractions.
Fraction 2-4 contained the target cogpound; fractions 6-7 contained the
het erocycl i ¢ base. Fractions 2-4 wereHevaporated, ether was added to the
col orl ess oi | Taasoltitien ofrhx title grosmst aniBxaigtt T (10 thg0.080 fiwl)ohf - white

i pi f d, | 0% , h d d

brat he gl Planthieseidiid-hand Hopetbetraptoy nd ey tEsib et ho ¢ 1t e

| Tokal . . d6): S
nucligosi ga.n Epétq atbﬁ' &*}@L ¥ H3$ Pﬁlol-mgf I({Qﬂhcﬁl@ Tﬂ_{glaﬁﬂméggt? géi'bv%%\ﬁtegé g )

8.66 (s, 1H), 7 (s ,
4.78-4. 58 (iitratmw)as cmczmtra(tsd aigHhe cmdeprcmwewamplmmeﬂamﬂsm@ gedid, 1H), O. 92 (s,

3H); M L9 as white crystals;

T. 228- 2%"3 noi/%n%]ﬁ%n‘%dhl (;(;OSS?@F gur?gf) a&h%dégﬁﬂ%ﬁrﬂﬁwft’rﬂ&mthe previ ous
step (8 @mpbnd; FINRIC 4 8992 (8- 311l o118.06 (rpsmderlahgipn atp chl of i de
(IMin DGI\ﬁllpbgn m., 88 (D3@g)4 ro(gv_\nIs{Z he m(x UPZ was g?l(@rg@at -78 C
for 2.5 GButs M. 50 1Hbr$&l41(§, Hi/)erMSdMHaﬂ&SZD C. The reaction was
guenched by addition of MeOH/ DCM (90 nL, 1:1) and the resulting m xture
stirlbed at -20C for 30 min, then neutralized by aqueous ammoni a at

Example 3
Preparation of 2-(2'-methyl-B-D-ribofuanosyl)-6,7-dihydro-2H-2,3,5,6-tetraaza-
benzo[cd]azulene (Compound 303)

20 )
7 “NH
/Y N
N \NJ

HO

Step 1:
To a solution of the product from Example 1, Step 4 (200 mg, 0.492 mmol) was

added Cul (36.5 mg, 0.192 mmol), TEA (.064 mL, 0.46 mmol), 3.2 mL of DMF, and
25 9.6 mL of THF. The mixture was degassed with argon under sonication for 2-3
minutes and Pd(PPhs)4 (56 mg, 0.048 mmol) and 0.4 mL (2.83 mmol) propyne

diethylacetal were added to the reaction mixture which was allowed to stir at room
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the sanme tenperature. The solid was filtered and washed w th net hanol / DCM (
250 nm, 1:1). The filtrates were conbined with 50 nL of silica gel and
evapor at egloepodi@3®Rs dryness. Dry silica was | oaded on tlpeTgisa@s/odilt er wth
silica gel (10 x 10 cm. The filter was washed with ethyl acetate
collecting 500 nL fractign Fraction 2-4 contai ned the target conpound.
The sol v@%pemage 8vAap 6?1 Tﬁ*& Tollopipg anqraing gna@dditipaald) 4 mieef mepyac

acet one/ emane tawma@e&a&ﬂl (rZa%%ﬁ) Yas & i (DVBO-d6) : 8
8.84 (s, 21) © R as%ﬁﬁ’é@at B3R %‘%re@a?ﬁ 0.84 (s
3H); M addz@nalazéthmqm Theaauztmehetiommﬁmuewspzoncenmamdmmd lperifiedlen 6ilicd g, 3.5

e R M b g TSR S '
DOSRESCRSTS SA0OURP L33, AL 915 58505 18

met hanol o- evapor at’é gel
beari ng Shb(spﬂHbtuMS (Ms1)oA0T.Re colum (5 x 10 cm) with silica gel in
acetone collecting 50 nL fractions. Fractions 2-8 contained the titled
conmpound.  Acetone was evaporated and the residue crystallized from
met hanolgtepatonitrile to give 5 1.2 g (84% of the target nucleoside; T,,,
220-222C (decyg S@hﬁ{l}{f{) t@g/?gg XA mm’lep 6. 80- 6. 50
(bs 1H), 6.09 as ¢ dﬁl@ﬁfrorﬁ,E sug%é %t?[ﬁgso l%g % sugar),

03. 729 1@InA@FII/HzQJ@alr))W«'rlssadeadl Bir@dtur (sroptalydf (B3 gee)) The vessel(was Bidhed MS

407 32 ( Ql. n_of, the roduct fro le 1, Step
4 (500 Mﬁ%{ §%§a‘§§ﬁ?‘}g AT oopy ghgr‘??ﬁ Orbwﬁﬁ%”%ﬁ%%‘rﬁnﬁ (0.343 ni,
2. 464 mmbl)‘j tamgeraﬁmtnmfau%mg haerial wasltehswasd, 4R RESAheWiby ITIaT gpRe under
soni cation for 2-3 m nutes and Pd(PPh3)4 (142 ny, 0.123 nunol) was added

and t he FEALY VoA iFsed and thpkltgteatesropeeniigted. flde CI“SieZEO@‘i%WaFEﬁlqe@an the 20
mn, et hyl, H{oRiP lnt | 5191}? s”Tl']nrre a?r&&ﬂt%{%g%;}ﬂ ;]ggltugﬁ) LidgRG tlon m xture

every 20 mnutes e starting geh consuned, as was
moni tSor exdddhydé. CTMS maférénl ovas deenropacéntratedrin xheuoeanddd g8ONCléntmgt ed and

f hl th
bl Lent b3 SRl Nt I mafl (PGunlCh B et prieraeteq exe) - °6 0. s
(s, 3H) ,mkudé V\(aTS heé?c!?a to 55 éﬂﬁﬂ' 132&111( rTlhe MgS(’iH)vas ﬂ}t&%d ﬁﬂd th%l'fblmat@ 24 (s, 1H),
8.17 (s, 1H), (s, 1H); M5 (Mt : sol ution of the

product qonmnt@imlrﬁ@d@uiuﬁed;pe ﬁhgnqrwenﬁlls BVoss phaﬁ@IHPE(ﬁ W1‘®01 Ort0%tHhanol was

dded 10% T 25 flushed
o v 5t G TR0 P B A TR BB AFSRREIEHES  hg rmter
had Jgeen' ELNVRI(ED,085 SWBS7 (e HY, M, mdﬂm 35, ii’él(daomt S=11.1h., P3l41adi um

catal yst was
6.20 (s, 1H), 6.66 (dt, 1H, J=11.1,J=1.2), 7.48 (s, 1H), 8.10 (s, LH); MS (M+1):

319.15.

Example 4
25 Preparation of 2-(2'-methyl-8-D-ribofuanosyl)-6,9-dihydro-2H-2,3,5,6-tetraaza-
benzo[cd]azulene (Compound 304)

NH

ad

N\J

N
o)
HO :.,,”OH

oM
To a solution of the product from Example 3, Step 1 (50 mg, 0.123 mmol) in
ethanol (10 mL) was added PtO; (2-3 mg). The vessel was flushed with H, gas and

30  held at 1 atm Hj via balloon for 2 hours. The catalyst was filtered and the filtrate was
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filtered and the filtrate was concentrated and used directly in Exanple 1,
Step 7. Step 7. 30 To the crude material from Exanple 1, Step 6 (35 ng,

0. 093 mMmoWp 2@s9aadded 0. 1M NaOEt (20 nl) and the reactipomuUsesis@ozitp refl ux
for 1 hour. The reaction was neutralized with acetic acid, concentrated in

vacuo and purjfi Phenonenex- C18 reverse phase HPLC with a 0-60% B
gradi ent © ‘B{)FQ? raggf 41"?‘8 A yified por Rhenpmenex-0 revsrerhesgHRL.C

acet oni t §ith)o. 80%%&%@30 gt ?@M@m @%f%r%f’?r}é %ﬁffex(ﬂk 4H), 355.73

(d, 1H, J=11.4) 6 8.31 (s,
1H); M5 a@'ﬂON@@OG@b@Eﬁgaﬁatﬁﬁ’ﬁbuﬁm@ﬁ/e(wﬂcbaﬂrated htd Jake® 8B i 2 nH),(a(D\%I e 2
Pr epar at

D (o o B Pl mixyis apd e 750 °F for@0gnings e be sldshyles Tecruesa- 5

benzdf edbMu&taﬁasEoﬁéb@mﬁéamn@mtaﬁ&ﬁ)u Gn %étorh'trhle gﬁxh@) afdheatdd 1h s csol Ut' on
of the title product from Exanple 1 %)10 ny, in ethanol (20 nli)

was addefPr2-boury Thegpactippanixaue wes pongerizaied mlotmfwglm&hmomem @as 10 and

hel d at | t t

() forea eyl pRiseiiic idd 867 8 Bladfchy BBl OB UL AR LY 5L 1o
purifi edH@@ Buﬂfa:r@—geétommehaﬂDnglbwma(,)eblomxl(@IesH)13 21@)(ma§ he el uent to
afford 4,0 he tle conpoun 1H NWVR iC) 30D) 3H),

2.91- 3. oé6éh“>. 974y, 41, ‘619ﬁdt1hH(h10zﬂ1:§z J=455H2) {4 (s, 3H), 6. 17063 Ué) 6m)($, 8. 44 (s,
o (A e WM B b s BB IR A NS 0 31005 2

benzo[cd] azul ene ( Conpound 303) 20 NH N N

Example 5
Preparation of 2-(2'-methyl-B-D-ribofuanosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraaza-
15 benzo[cd]azulene (Compound 305)

NH
4ady

Ny

N

HO
"OH

Step 1:
N-trifluoroacetyl propargylamine was synthesized as described in Tetrahedron

Lett. 1988, Vol. 29, No.41 pp. 5221-5224.
20

Step 2:
To a solution of the product from Example 1, Step 3 (125 mg, 0.294 mmol) in

DMF (1.7 mL) and THF (5 mL) was added Cul (4.4 mg, 0.0231 mmol) and TEA

(0.25 mL, 1.46 mmol). The mixture was degassed with argon under sonication for 2-3
25  minutes followed by the addition of Pd(PPh;),Cl, (4.4 mg, 0.00627 mmol) and 0.6 mL

(6.86 mmol) of n-trifluoroacetyl propargylamine. The reaction was allowed to stir at

room temperature overnight. The following day, the reaction mixture was concentrated

and purified on Phenomenex-Cig reverse phase HPLC with a 0-80% B gradient over

30 min at 10 mL/min (Buffer A = H,0, Buffer B = acetonitrile) to afford 100 mg; MS
30 (M+1): 449.09.

67



N O HO""OH OH Step 1: To a solution of the product from Exanple 1, Step
4 (200 ng, 0.492 nmmol) was added Cul (36.5 ng, 0.192 mml), TEA (.064 ni,
0. 46 mmolwo 2806d98d860f DMF, and 25 9.6 nlL of THF. The npktrwseoosms7idegassed
wi th argon under sonication for 2-3 mnutes and Pd(PPh3)4 (56 ng, 0.048
nmol ) ang 4 mL (2.83 nmol ) propyne diethylacetal were added to the
reaction tr?’P ‘ure which was allowed to stir at room 65 WO 2006/ 093986

PCT/ US2006/ 00¥2 3 folufigngbthgipeduchiremdixpmple Trdter 81(30wigng.066%)rin AgEn

addi t1 onalo Ar fwil-afed REPRE RO, AL HLAGRLAHEPY AP, 200 LS f £RR T ON WaS

stirred at roomtenperat u an i oha reaction

m xt ure ofEd; marbaﬁmnrﬁﬂr édoanat rpomitépetature. SThd damlysg@&as Ifﬂﬁei‘bafuﬁﬂlﬂﬁﬁét hyl ene

chI ord de as the tqg.afford 200 no; , (CD30D): 8 0.84
3’% fi fi %Conéiﬁtm%f‘éfj 973164‘651%“(?{?8 gl %mz@ne@ltrai mory@m( s, 1H), 8.12

(1 B (M ot 467 2 T | rom

Byl o (3 %ep at t 8@&%6 &r }gbuli'?‘na?ﬁ fghéé(i)’iﬂaféﬁAo\F ﬁ%gcﬂ%%%f)cfoms dded

Li ndl ar %Va@ataéﬁdy@tth PW@HW@) mLTB\élnweeislécbwwdalsy foluesh 9 mIyi2ttimédangaskeand hel d
at 1 atm of H2 on. The re ction was to stjr room

t enper atﬁ?glatfﬁiopftrlgllpﬂ%et%fﬁqnﬁ%om? rCP]ﬁ{ SIS ﬁ%%ﬂ) W&%*‘éf!@fj@ln% thed by TLC
The cat@hytedn W@Shdaiddtte 76 dCTBN hbgsf 'rhé ERAGuIR SictaR ik d-'EH@ crude
product was taken up in acetic acid (1 ni) was stirre room

t enpkk at Btate s aomcertrptadendipyaifiad ent%énwmk@bwgrse Phis Ht%It@ rwfézl awas then

(0,025 66 1 BBy A0 A 0o T 2 S PR Ryt RS E818S C for
15 mi n. {bhefoM S@dg; WasNMR (€DFODRHD. gb@,BHth@g@n ng@oirabed wqe purified

on Phenonenex-Cl8 reverse phase HPLC with a O- radi ent’ over 30 nin

at 10 (2 B§P el (ma 4-H)HQ<b9 (BUfDe? 2B(s Iéﬁeﬁ @m tIH)J éf? (M1 B2NVR ( CD3OD) :

8 0.87 (s, 3H), 3.8-4.13 (m 6H), 5.76 (dt, 1H, J=11.1Hz, J=5.4Hz) 6.20

(s, 1H), 6.66 (dt, 1H J=11.1, J= 1.2), 7.48 (s, 1H), 8.10 (s, 1H); M

(M:1)5 319.15. Exanple 4 25 Preparation of

2-(2' -met hyl -J3-D-ri bof uanosyl ) - 6, Exahplgdr o- 2H- 2, 3, 5, 6-t et raaza-

benzo[ cd]mepdraitd (fOoARAMIA-(20Agthyl-B-D-ribofuanosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one (Compound 306)

HO
"™ OH

20 CE>H
To the product from Example 1, Step 5 (100 mg, 0.266 mmol) was added liquid

ammonia (3 mL) which was sealed in an autoclave bomb and heated to 85 °C for

1 hour. The ammonia was allowed to evaporate and the residue was taken up in 0.5 M

NaOEt (8.4 mL) and heated to 85 °C overnight. The reaction mixture was concentrated
25  and purified on Phenomenex-Cigreverse phase HPLC with a 0-35% B gradient over

30 min at 10 mL/min (Buffer A = H,O, Buffer B = acetonitrile) to afford 22 mg;

"H NMR (DMSO-dg): 8 0.756 (s, 3H), 3.74-3.9 (m, 4H), 4.88 (t, 1H), 5.04 (s,1H),

5.24(s, 2H), 6.19 (s, 1H), 6.7 (s, 2H), 7.84 (s, 1H), 8.31 (s, 1H), 10.06 (s,1H); MS

(M+1): 348.14.

68



NHN NN OHO.ofl,OH OH To a solution of the product from Exanple 3,
Step 1 (50 ng, 0.123 mmol) in ethanol (10 nL) was added Pt02 (2-3 ng). The
vessel wawofbessdesdswi th H2 gas and 30 held at 1 atm H2pgirasshadsloons: f or 2
hours. The catalyst was filtered and the filtrate was 66 WO 2006/ 093986
PCT/ US2006/ 007131 concentrated and the product was purified on
Phenonenex- C18 reverse phase HPLC wth a 0-80% B gradient over 30 mn at
10 mL/mn (Buffer A = H2O Buffer B = acetonitrile). The appropriate
fractions were concentrated and tdikxample7in 2 nL 70% TFA-water mixture and
stirred atPrepagtionrof20(2rimsthyd-BtDboitaaosied-aheletiypamo-Zhelilgrnete, 355,6r oduct was
concentrated and was tcaken-bepzo]ndazeenTdidoei(Coempdtndt()7)and heated to 55 C
for 2 hours. The reaction m xture was concentrated and purified on
Phenonenex- C18 reverse phase HPLC with ad-60% B gradi ent over 30mn at |
Or/mn (Buffer A = H20O, Buffer B\: a nitrile); 1H NVR (DMSO-d6): S
0.68 (s, 3H), 3.48 (m 2H), 3.63-39Y/(mndH), 4.79 (dt, 1H, J=10.8Hz,
J=4.5Hz) 5.1 (s, 3H), 6.10 (m 1H),"6.\22 , 10 1H), 7.45 (s, 111), 8.26
(s, 1H), 9.36 (d, 1H, J= 6.3Hz); M ( 7 "M 9.15. Exanple 5 Preparation
of 2-(2'-nmethyl-J3-D-ribofuanosyl)-6, ¢ \%}let rahydro-2H 2, 3,5, 6-tetraaza-
15 benzo[ cd] azul ene (Conpound 305) NH7 FI NO HO"""OH OH Step 1:
N-trifluoroacetyl propargylam g wa nt hesi zed as described in
Tetrahedron Lett. 1988, Vol. \ A gﬁ 5221-5224. 20 Step 2: To a
solution of the product from Exanple 1, ep 3 (125 ng, 0.294 nmol) in

OH

The product from Example 1, Step 5 (225 mg, 0.598 mmol) in methylamine
(9 mL, 1 M in THF) was sealed in an autoclave bomb and heated to 80 °C for 1 hour.

10 The reaction mixture was concentrated and the residue was taken up in 11.6 mL of
0.5 M NaOEt and heated to 80 °C for 1 hour. The reaction mixture was concentrated
and purified on Phenomenex-C,g reverse phase HPLC with a 0-40% B gradient over
20 min at 10 mL/min (Buffer A = H,O, Buffer B = acetonitrile) to afford 110 mg;
'H NMR (DMSO-de): 6 0.76 (s, 3H), 2.82 (4, 3H, J=4.2)3.72-3.98 (m, 4H), 4.81 (d,

15 1H), 4.88 (t, 1H) 5.24 (d, 1H, J=8.1), 5.25(s, 1H), 6.20 (s, 1H), 7.08 (d, 1H, J=4.8), 7.80
(s, 1H), 8.32 (s, 1H), 10.16 (s,1H); MS (M+1): 362.15.

Biological Examples

Example 1. Anti-Hepatitis C Activity
Compounds can exhibit anti-hepatitis C activity by inhibiting HCV polymerase,

20 by inhibiting other enzymes needed in the replication cycle, or by other pathways. A

number of assays have been published to assess these activities. A general method that

assesses the gross increase of HCV virus in culture was disclosed in U.S. Patent No.

5,738,985 to Miles et al. In vitro assays have been reported in Ferrari ef al. Jul. of Vir.,

73:1649-1654, 1999; Ishii et al., Hepatology, 29:1227-1235, 1999; Lohmann et al., Jnl
25 of Bio. Chem., 274:10807-10815, 1999; and Yamashita et al., Jul. of Bio. Chem.,

- 273:15479-15486, 1998.

WO 97/12033, filed on September 27, 1996, by Emory University, listing C.
Hagedorn and A. Reinoldus as inventors, which claims priority to United States

Provisional Patent Application.Serial No. 60/004,383, filed on September 1995,
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DVMF (1.7 nL) and THE (5 nL) was added Cul (4.4 ng, 0.0231 mml) and TEA
(0.25 m, 1.46 mmol). The m xture was degassed wi th argon under sonication
for 2-3 2Asomewtsmef ol | owed by the addition of Pd(PPh3) 2Ctarstebsongi
0.00627 mmol) and 0.6 nL (6.86 nmol) of n-trifluoroacetyl propargylam ne.

The reacti or S owed to stir at roomtenperature overnight. The

fol | ow n%esﬁré%ﬁtgaaﬁlﬁz&{’é’\zg&m%ﬁserﬁsﬂyﬁ@ %g’eé‘éﬁ’f’c@rﬁvﬁl&ﬁ@dhe ariyity e tha &fd on
Phenone z ; - HP; .t 9 | in at 10
o (arr oY BEE e A Moty HUP iindiag ALt e BeaPiineby 8 %5
(M+1) : 4Betiedom@Bz\8Da20Hep083 I8 irPCIICER BOBY palyhafase Stsep using Twnad sol ut i on

f th t f le 5 .Step,2 (3 0.0 in THE (10 nL) was
gddede1Plge%%ﬁf%’r?g%%}gg’ge&wéﬁmﬁ@ﬁ%%%E@upﬁﬁgig‘%rd hel d at :atm dof
H2 via ball f 1 h at room tenperature. The talyst -was filtere
and the 5 111 15ERtS et SIESHE SpAPHpRtIn rtse Pty fEomA Y ARER WS | n

concent r @@k Frons. Witdn NoL-§,036,785, 116 Kalle o 8O e PRBAALYI2Fg05761 hour, and
concentrated. The residue was co- evaporated with pyridine (5 L) 3 tines

f ol | owedPdlyeqchiouemdU(S Patent Wot 5,783 72ty Jubkoedt al. uBcreensgb@trossisteithe i n t he

presence I lar_sieves. TEA ( ). was add and e, reacti on was
heat ed t%fg{%&g“ﬁ%’?{“@ SR .SFH"IS’BO%?S@@‘& ‘ngs"i’eésgks%@é?‘gn‘flﬁgt RAiSR M t he 10
filtratess6i52600C3Id: A} B, PacnpNbi §,78500MtoRNERRINEAECY 2 I8 ang@VEs se phase HPLC
with a 0-40%Bs%adi ent _over 30 min at 10 nL/mn (Buffer A = H2O, Buffer B

= ackh onfatsntiNg 5,596:081 toHgughtager /H NMR (CD3OD): 8 0.83 (s, 3H), 2.02 (m
2H), 2.89 (m 2H), 3.50 (m 2H), 3.80-4.1 (m 4H), 6.19 (s, 1H), 7.23 (s,

1H), 8.0 (s, 1H); M5 (M+l): ]%%h}ﬂgz ﬁj"?‘_“g‘*"é‘%aﬁye Preparati on of

9- Ami no-2-(2' -nethyl -13-D-ri anos dro-2, 3,5, 6-tetraaza-
benzo[ cd] azul &welf lioeyd2 T Ghuipbenbing®E)) Ovas BN for Mreening Of ddmpd@nds O 20 OH To

the pr Odi%ﬁlrbit{r{’g%ml cﬁp%ﬁdeﬁ% ﬁﬂASpél%nqgragg Thg ]52[69611%5% \%asvgeﬁbl}? dded liquid
transfected with RNA transcripts harboring a Isgoluc-ubi-neo/NS3-3°/ET; replicon with
15 firefly luciferase-ubiquitin-neomycin phosphotransferase fusion protein and EMCV-
IRES driven NS3-5B polyprotein containing the cell culture adaptive mutations
(E1202G; T12801I; K1846T) (Krieger at al, 2001 and unpublished). The ET cells were
grown in DMEM, supplemented with 10% fetal calf serum, 2 mM Glutamine,
Penicillin (100 IU/mL)/Streptomycin (100 pg/mL), 1x nonessential amino acids, and
20 250 pg/mL G418 (“Geneticin™). They were all available through Life Technologies
(Bethesda, MD). The cells were plated at 0.5-1.0 x10” cells/well in the 96 well plates
and incubated for 24 hrs before adding test compound. The compounds were added to
the cells to achieve a final concentration of 0.1 nM to 50 um and a final DMSO
concentration of 0.5%. Luciferase activity was measured 48-72 hours later by adding a
25  lysis buffer and the substrate (Catalog number Glo-lysis buffer E2661 and Bright-Glo
luciferase system E2620 Promega, Madison, WI). Cells should not be too confluent
during the assay. Percent inhibition of replication data was plotted relative to no
compound control. Under the same condition, cytotoxicity of the compounds was
determined using cell proliferation reagent, WST-1(Roche, Germany). The compounds
30 showing antiviral activities, but no significant cytotoxicities were éhosen to determine
ICsp and TCsp. For these determinations, a 10 point, 2-fold serial dilution for each
compound was used, which spans a concentration range of 1000 fold. ICsg and TCsp

values were calculated by fitting %inhibition at each concentration to the following
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amonia (3 nL) which was seal ed in an autocl ave bonb and heated to 85 C for
1 hour. The ammonia was all owed to evaporate and the residue was taken up
in 0.5 MwbdaoksiossB64 nl) and heated to 85 C overnight. Poe/useastoosr m xture
was concentrated 25 and purified on Phenomenex-Cl8 reverse phase HPLC with
a 0-35% radient over 30 min at 10 nL/mn (Buffer A = H2O Buffer B =
acetoth‘ﬂ‘?"Q Pt o0 afford 22 ny; 1H NVR (DVBO-d6): 8 0.756 (s, 3H), 3.74-3.9
(m 4H), 4.88 (t, IH), 5.04 5.24(s (s, 1H), 6.7 (s,
oH), 7.84 (s, 1H), 8.31 (%1 1%III)°n=ibOQ3/@/[QIé5O/I[I])—I)+1]I\/S (Mr1): 348.14. 68 WD

2006/ 093986, RGT/HIFRQREHREAL31 Exanple 7 Preparation of
2-(2' - meth%-l3 D-ri bof uanosyl ) - 9- net hyl am no- 2, 6-di hydro-2,3,5,6- 5

tetraaza- benzo[cd] azul en-7-one (Conpound 307) 0 N/ NH HN NN O HO OH
OH The product Exampléﬁar@)lloaingalﬂ@{prﬁss(ﬂmZngqmbinﬁﬁBHﬁ%-ll\)Sim met hyl ami ne

9 1 Min THF was. sea utocl d heated to 80 C for 1
gloupts 10 The P %qlfl%ﬁe%e%eﬁé\l}%&’sp@ H{:‘é/?ﬁ élg)yg%ﬁl?wénrem due was taken
up in 11pBKI§!;911QJ‘/NQ35 /HTNa Qebcribed b ahlEAnd,0v 86 4 (1999)ISdaiée 283 e ot eact i on

m xt ure was concentrated and purified on Phenomenex- C18 reverse phase HPLC
with a 0lkbusire thedellewingdyigers:20 nin at 10 nL/nin (Buffer A = H20, Buffer B
= acetonltrlleg3 to afford 110 ng; 1H NMR (DM5O-d6): b 0.76 (s, 3H), 2.82

(d, 3H, J=4.2¥he vlengl Hagment wasymissingthe(@iermius @) amingacid residuey. Thea (d, 1H,

J=8.1), 8 111

5. 321, it Ragghbls Bsdiisd o indiob R eabllsgids Boihiq Dalitnuioliad Bk
1. Anoi - beipgleitig (51{1@6/%the\ﬂai'b0x§2%mﬁﬂm§iﬁ’tﬁﬁprowhlnl bit anti-hepatitis C
activity by inhibiting HCV polynerase, 20 by inhibiting other enzynes

needed in theTheplohsRfrh@Re@Wedsnisfhg B Otdi@inud 2l RWBNS acidresidtitbEThOf assays
have been published to assess these activities. A general method that
cloned fragment is inserted into an IPTG-inducible expression plasmid that provides an

epitope tag (His)6 at the carboxy terminus of the protein.

The recombinant enzyme was expressed in XL-1 cells and after induction of
15  expression, the protein was purified using affinity chromatography on a nickel-NTA
column. Storage condition is 10 mM Tris-HCI pH 7.5, 50 mM NaCl, 0.1 mM EDTA, 1
mM DTT, 20% glycerol at -20 °C.

Example 4. HCV-NS5b Enzyme Assay
The polymerase activity was assayed by measuring incorporation of
20 radiolabeled UTP into a RNA product using a biotinylated, heteropolymeric template,
which includes a portion of the HCV genome. Typically, the assay mixture (34 pL)
contains 10 mM Tris-HCl (pH 7.5), 5 mM MgCl,, 0.2 mM EDTA, 10 mM KCI, 1
unit/uL RNAsin, 1 mM DTT, 10 uM each of NTP, including [°H]-UTP, and 10 ng/uL
biotinylated heteropolymeric template. 20X test compound in 2 ul’s was then added as
25  a100% DMSO solution to achieve a final DMSO concentration of 5%. For IC50
determination a 10-point dose response was used. The compounds were serial diluted
2-fold thus covering a range of 1000 fold. Typically for IC50’s, compounds were tested
starting at 50uM or 2 uM depending on the potency. Reactions were started with
addition of 10X NS5B in 4 ul’s and allowed to incubate at 37°C for 2 hours. Reactions
30 were duenched with 8 puL of 100 mM EDTA and reaction mixtures (30 pL) were

transferred to streptavidin-coated scintillation proximity microtiter plates (FlashPlates)
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assesses the gross increase of HCV virus in culture was disclosed in U S
Patent No. 5,738,985 to Mles et al. In vitro assays have been reported in
Ferrari ewoabos/odsdss of Vir., 73:1649-1654, 1999; |shii petr/dkoosiobiapat ol ogy,
29:1227-1235, 1999; Lohmann et al., Jnl 25 of Bio. Chem, 274:10807-10815,

1999; and Yanmmashi et, al . nl. of Big. .Chem ,. .273:15479:15486, 1998. WD
97/ 12033%¢ 1Y t%%tw%§e togﬁ%‘éﬁh%jz&i‘}coﬂé’ég%‘)%&f I‘Eﬁﬁar“g?v%i“(?é%fef%ne Péting C
Hagedor ns@niaion BBt UFmRSTHe W6 MliBfidn at\h b&ficElaPédieMidtRnia to United
States Provisional Patent Application. Serial No. 60/004,383, filed on
Sept enbedeteggiged ungbedoewIgIY8HIRCT/ US2006/ 007131  descri bed an HCV

pol ynerase assay that can be used to evaluate the activity of the of the

conpounds des ¥ Inbéutitrerd 00 - [M@(bren wWiHB\mpibityreg)4spmasitayo hdshitvedg)]r eport ed
by rthol oneusz,..e | . titis C Virus (HCV) RNA pol ynerase assay
usi ngécl 3’2‘85?%8% th%hg‘gﬂ%'?%%n%?w&ens; Antiviral Therapy 1996: 1( Supp 4)
18-24. 5 Scregnps that neasure reductions in_kinas ctivity, fromHCV drugs
were discl osige P’E?Iaﬂ.‘gsc.(’%“é‘ §0§Ig_e iyegien etheir ;metgbplifes theregfihave gﬁ@ Pat ent
NO. 6, 2281 Rd®r arcdRRhBGARES to BELtVe Whel&lsfidlin MR afSrehrAtidR dsQaydubi n et al .
Screens that nmeasure the protease inhibiting activity of proposed HCV
drugs were disclosed in U S. Patent No. 5,861,267 to Su et al., US.
Patent No. 5,739,002 to De Francesco et al., and U S. 10 Patent No.
5,597,691 to Houghton et al. Exanple 2. Replicon Assay A cell line, ET
(Huh-1 ucubi neo- ET) was used f dforssdaem Bxamplesonpounds for inhibiting HCV

RNA dependent ol.ynerase. The. ET.cel|l |ine.was. stabl transfected with
RN 0 anocr | pALe FRURRORE A (2B 0E PhT et RESSHErRs PARPERE wi i h 15
firefly bawphgidasgombilgui tin-neonyci n phosphotransferase fusion protein and
EMCV- | RES driven NS3-5B pol yprotein containing the cell culture adaptive
mut ati ons (E1202G T12801; K1846T) (Krieger at al, 2001 and unpublished).
The ET cells were grown in DEVeNpulatiopExapmled with 10% fetal calf serum 2
mM @ utamine, Penicillin (100 W n)/Streptonycin (100 g/nl), IX
nonessential amino acids, and 20ablsOioggyulatiams18 (" Geneticin"). They were

; . _ )
ol at od ot 0. 511 B RIAE kel TR oAb Runise) AR Bt e FBked ot 0 o

24 ht5s befbdte addi ng test conpound. The conpounds were added to the cells

to achieve a final concentration of 0.1 nMto 50 mand a final DVSO

concentration of 0.5% Luciferase activity was neasupeshtipei2 hours | ater

by adding a 25 jyglienbuf fer and the substrate (Catalgpginypber G o-lysis

buf fer E2661 and, B A oBs mvERidEr aS€ SyStem E2620 Prggeda, Madi son, W).

Cell's should not_| st&r&? contluent " duri ng the assay. Peffent inhibition of
elR

Q

tted,.relative to no

repl 58 ation dat acrg\s/ac%ng ose sodium 25
lactose 120
magnesium stearate S

Formulation Example 2

25 Capsule formulation

The following ingredients are mixed intimately and loaded into a hard-shell

gelatin capsule.
Quantity per
Ingredient capsule, mg
30 compound of this invention 200
lactose, spray-dried 148
magnesium stearate 2
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conpound control. Under the sane condition, cytotoxicity of the conpounds
was determ ned using cell proliferation reagent, W5T-1(Roche, Gernmany).
The conpowodsocd®3mhowi ng antiviral activities, but no sipgmiUsc@ant7izi
cytotoxicities were chosen to determ ne IC50 and TC50. For these

determ nations, a 10 point, ol d "Z Ie€ tion for each conpound was
used, which spans a concentra OBW“’ 0 fold. I1C50 and TC50 val ues
were cal culated by fitting %%PI b|t|on at Ea%Ch concentration to the

fol l owing 70 WO 2006/ 093986 PEHFRIESHBSLHHRESON cquation: %inhibition =
100% [ (1 C50/ [ e Boltowihg ivdiedientd ateSmitkd to ratefulpdisRntfor &xaml e 3. O oning
and expression of recombinant HCV-NS5b 5 The coding sequence of NS5b

prot ei n WARUHSEANEE by PCR from pFKI 3891uc/ NS3-3'/ET as descri bed by
Lohmann, V., et al. (1999) Science 285, 110- 113 using the follow ng
primefs: The élllgmfbdntfragrrent was m ssing the C tekmoumis 21 anmino acid

resi dues. The combomeloffthRgi®mtions i nserted into anp gPTG I nduci bl e

expressi on pl &gkt 4da@t provides an 10 epitope toegg (Hi's)6 at the carboxy
term nus of ttg@dlgﬁlqghgrme The cloned fragment was g gsing the Ctermnus 21
anmno acid regj cloned fragment is insgfked into an

| PTGy nduci bI% anon pl asm d that provides rb epi tope tag (H s)6 at
Lo 9 % ;gt

the car boxy t the protein. The reconbi § enzyme was expressed
in XL-1 cells®a duction of 15 expressi €the protein was
purified usin ﬁf f &yj 'ﬁ(’d’;ra graphy on a nické ORea colum. Storage
condition is @egﬂw @rlﬁo 5, 50 M Nadl, 608 nM EDTA, 1 nM DTT, 20%
glycerol at -3@v@ingExanpl e 4 HCV- NS5b Enzyne As9d35Thk pol ymerase activity
was 48sayed byolREEEuring incorporation of 20 radi0cimigel ed UTP into a RNA
product usi ngdistidedwiateyl at ed, het er opol ymeri ¢ t enpd. & 0 mlwhi ch i ncl udes a
portion of the HCV genone. Typi caIIy the assay mxture (34 L) contains 10
mM Tris-HCL(pH 7.5), 5 nM MyCL2, 0,2 mM EDTA, 10 mMM KCI, 1 unit/L RNAsin,
1 mM DTT, 10 M each of NTP, .Hermalattgn[%wnmh and 10 ng/L biotinyl at ed
het eropol ynmeric tenplate. 20X test corrpound in 2 1's was then added as 25 a
100% DVSO sol ution to achi eve Iigctatde fammdatiomcent r at | on of 5% For |1C50

d d I
i at Qa2 on e FIROhE el ARt B RRRRE i S e S R o7 T o

conpounds weIr 8 S ed starting at 50uM or 2 M depeRdi ng, on the potency.
Reacti ons wel& Sta) on NS 589U |+ s and al |l owed to
i ncubat e at Z7RPFUHH ﬂH%H?‘@““%ach ons 0.2 mg-20 mg
sodium acetate buffer solution, 0.4 M 2.0 mL
HCI (IN) or NaOH (IN) g.s. to suitable pH
25 water (distilled, sterile) g.s. to 20 mL

Formulation Example 5

Suppository Formulation
A suppository of total weight 2.5 g is prepared by mixing the compound of the
30  invention with Witepsol® H-15 (triglycerides of saturated vegetable fatty acid;

Riches-Nelson, Inc., New York), and has the following composition:

Ingredient Amount
Compound of the invention 500 mg
35 Witepsol® H-15 balance
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30 were quenched with 8 L of 100 mM EDTA and reaction mxtures (30 L) were
transferred to streptavidin-coated scintillation proximty mcrotiter

pl ates (Rvesbélmsms) 71 WO 2006/ 093986 PCT/ US2006/ 007 1@tT/mpabsioomuabat ed at
4C overnight. Incorporation of radioactivity was determ ned by

scintill m. The % Inhibition at a particul ar
concentrgiﬁgﬂiﬁﬁéﬂAE&ﬁgﬁﬁ§ned using the follow ng equation, % Inhibition =
100 - [100*(0En1mnth |nh|b|tor-bg)/ cpmwith no inhibitor-bg)] 5 where bg
was the backgtoundAwioppored ehemmalla fhe prodrug conpounds of the invention
or their metabolites thereof have been found or are contenplated to be
active when tested in the aforenentlgﬁ@dzhssays For mul ati on Exanpl es 10
The followi ng are representative ph nacéNLhcal formul ati ons contai ning a
conpound of forrmula I. Fornulation anEL Tablet formul ati on The
follow ng ingredients are m xed inti y @ngabressed into single scored
15 tablets. Quantity per |ngredient{tabl et conpound of this invention
400 cornstarch 50 20 croscarnel |l ose wﬂ%25 | actose 120 nmgnesi um
stearate 5 Fornul ation Exanple 2 psul e fBrmul ati on The fol | owi ng
ingredients are mxed inti elr paded into a hard-shell gelatin
capsule. Quantity per Ingredient c suixe, mg 30 conpound of this

i nvention 200 | actose, spray-dried ¥8 nmagnesium stearate 2 72 WO

2006/ 093986 PCT/ US2006/ 007131 Fovﬁhlatlon Exanpl e 3

5 I
wherein
---- between Z! and 7?2 , between Z2 and Z°, between Z* and R, and between N
and Z* indicates a bond that may be a single or a double bond and ---- indicates a single
bond or no bond, provided that:
10 only one of the bonds between Z' and Z* and between Z* and Z? is a double
bond;
when the bond between Z* and R! is a double bond, the bond between the N and
Z* is a single bond, the bond between the N and (R)p is a single bond and p is 1;
when the bond between Z* and R' is a single bond, the bond between the N and
15  Z*atoms is a double bond, the bond between the N and (R), is absent and p is 0;
pisOorl;
each R is independently selected from hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl;
when the bond between Z* and R! is a single bond, then R' is selected from the
20  group consisting of hydrogen alkyl, substituted alkyl, alkoxy, substituted alkoxy, thiol,
and alkylthioether;
when the bond between Z* and R! is a double bond, then R! is Ql;
each of Z!, 7% and Z%is independently selected from the group consisting of CH,
CH,, CH-Q* C-Q%, C(QY, N, N-H, and N-Q provided that if one of Z, or Z* is CH, N
25  or C-Q* then Z? is CH or N or C-Q*;
Z* is a carbon atom containing a double bond either with R! or with N;

Q is selected from the group consisting of alkyl and substituted alkyl;
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Suspension fornul ati on The follow ng ingredients are mxed to forma
suspension for oral admnistration. 5 Ingredient Amount conpound of this
i nvent i onwd.2006m93dsgmaric acid 0.5 g sodium chloride 2. @cg/usomishyiizpar aben
0.15 g 10 propyl paraben 0.05 g granul ated sugar 25.0 g sorbitol (70%
solution) 13.00. 9 Ve_egum K (Vanderbilt Co.) 1.0 g flavoring 0.035 nL 15
col orings 0.5 ~QPETH | ed water g.s. to 100 mL Fornul ati on Exanpl e 4

[ nj et abl e { oomilakl o0 i8R F0edpldorti: (MONCHLANLS, AR RALISE. &ipbor ™ an

injectable formulation. ent nt ¢ oun invention 0.2
nmg- 20 nipndsobstimtedemtia; e buffer solution, 0.4 M 2.0 nL HCL(IN) or NaCOH (1N)

g.s. to suitahie pH er (distilled,..sterile .S. t.o 20 nL

For nul ati on a‘ﬁﬁ%&“ﬁ%ﬁ%ﬁ&}g ﬁ{og’Pfoﬂﬁ)‘Ftﬂﬁﬁ gﬁ}}aﬁ)% © uﬁ%_g%’iaPBP_% of total weight
2.5 G | ssuB§t@nfetQchiily, allyXsaBstithed GRyDURAyD bubishfiteBalkéV aMtyHN W th

Wtepsol (r) H15 (triglycerides of saturated vegetable fatty acid,

Ri ches- Newbsighted aflonyl, Rexk arytaxy; caherstasrhare] esier enplamine ormpiogaasibon:
par ance Mo oR Bt baReE il BB SORAT S oLA MED TS L A
conpound of Frisdletdd frafd the gidu codiding of a bond, -CHy,- or -O-; and
X is selected from the group consisting of O-W? and hélo;
10 each of W, W' and W? is independently selected from the group consisting of
hydrogen, C;.salkyl, and a pharmaceutically acceptable prodrug group;
or pharmaceutically acceptable tautomers, salts or partial salts thereof;
provided that at least one of W' and W? is a pharmaceutically acceptable
prodrug group; and
15 further provided that said compound, tautomer, salt, or partial salt is not

represented by formula II or III or a tautomer, salt, or partial salt thereof
Q'

/)/"qNH /A~B\
T 72 I T 74 I
N¢KT2 N/)\TZ
o .

o}
W—‘Y\/é] W—‘Y\/é
y ':,Ix . u,,x

/6 /6
W 11 w i

wherein:
Q’ is absent or is selected from the group consisting of O, S, and NH, provided
20  that when Q’ is absent, V and NH are both attached to a CH; group; '
V is selected from the group consisting of N and C-G;
Z is selected from the group consisting of N and C-G';
V and Z are not identical;
G and G' are independently selected from the group consisting of hydrogen,
25  amino, aminocarbonyl, methylamino, dimethylamino, acylamino, alkoxyamino, -SOsH,
-SO,NH,, aminocarbonylamino, oxycarbonylamino, HRNCHR"C(O)NH-, azido,

cyano, halo, hydroxyamino, and hydrazino where R' is hydrogen and R" is a side-chain
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N (RP NNZ4 RL WYO W 51 wherein between Z1 and Z2, between Z2
and Z3, between Z4 and Rl1l, and between N and Z4 indicates a bond that may
be a si ngle 2066/@39eubl e bond and ---- indicates a singl ecthspsheoo7180 bond,
provided that: 10 only one of the bonds between Z' and Z2 and between Z2

and Z3 is. a dqubl e, bond; he bond meen Z4 and | S doubl e bond,
t he bonoOftf‘Qt%’é‘?}a‘flﬁé’rWhﬁ??ﬁwazgﬁ'éo%f:ﬂ%‘ir B’é the gffepecn gad %ﬁénb‘é €n the N and

(Rpis @C§gﬂk%§iﬁ%ﬁﬁﬁ>ﬁdl§yﬁohd¥mﬁd&@e bond between Z4 and Rl is a

si ngl e bond e bond between 't he 15 74 atonms is a doubl e bond, the
bond bet ween Ahed B apdhdepyplendy stiestert framdhe giosip@pngisting of GrQ I NFBach R i s

cycr oal kol meenlEef Ehisalt SBRERE 1l Wl BRI B A R o s

si nglse an@othtlhgp R1 |s selected fromthe 20 group consisti ng of hydr ogen

al kyl, substituted alkyl, al koxy, substituted alkoxy, thiol, :
al kyl t hi oet hel; 1SW%ﬁrt -Botrgethet e 2H=6HdNRy, -(G= h@@‘b’r(@zﬁbﬁd then R1

h (L 1 ) Jent \y—sak egt.
consi st 1 6 9F FOCER, 1 ARy R B R R g B RE Fe ha
if one diakZl or ZS is CH N 25 or C—Q4 then Z2 is CH or Nor C; Z4 is
b t ¥ b th th Rl '
el aera e orbeh DS BB R R  Ehs Fin ol b Ny 75 o
2006/(093986 Pﬁ&ﬁ%@h@@@@&ﬂ}@eu&ef@o@rthe%ﬁo ufBohhglorhyadgbiom  he

group consistin é substituted a am no and substituted
ami no; QGydrexydel e€t-atkoky.don-€ nthiapllnxy, aomsi S»thsh‘glt@farmab,(ﬁnddlﬂb;n@nd azi do,

am no, 5 sub it a bstl ted al kyl, al kenyl, substituted
al kenyl , al ky ylw %{dalbdst Ret Sdg%é?c}(f ﬁy?rm é%tj acyl oxy, car boxyl , carboxyl
ester, acylam no, am noacyl,
2. A compound of claim 1 wherein the compound is of Formula Ia:
Z—73

71 N—R

15

wherein /
---- between Z' and 72 , between 72 and 72, between Z* and R!, and between N
and Z* indicates a bond that may be a single or a double bond and ---- indicates a single
20 bond or no bond, provided that:
only one of the bonds between Z' and Z2 and between Z> and Z° is a double
bond;
when the bond between Z* and R' is a double bond, the bond between the N and
Z' is a single bond, the bond between the N and (H), is a single bond and p is 1;
25 when the bond between Z* and Rl is a single bond, the bond between the N and
Z* atoms is a double bond, the bond between the N and (H), is absent and p is 0;
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al koxy, substituted al koxy, thiol, alkylthioether and -S02-@3; Y is
sel ected fromthe group consisting of a bond, -CH2- or -0-; and X is

sel ect ed woQuadiddsvsgr oup consi sting of OW2 and hal o; 10peaals2éb/00¥133W\L and
W2 is independently selected fromthe group consisting of hydrogen,
Cl_4al kyl and.aogrggr maceuti cal |y acceptabl e prodrug group; or

phar maceut i caﬂsy ept abl e tautoners, salts or partial salts thereof;

provi ded t hat Ra§ sdigasd froMeyafoddh, A0H, Whsfitited aRRAT RN Gabitu@gcept abl e

r
prodrug group; and 15 further provided that sai'd ¢onpound, tautomer, salt,
or partieyclesdiyl; is not represented by fornula Il or Il or a tautomer,

AN

salt, or partj |t af 21 .NH DA-B\, T' _N' " T "NV 00
WY WY |, X Owgéﬁ%lbloné\gg{“? n%ﬁ’e’é\lgil ﬁ:aiﬂlgl‘?g‘) %&%%Rolls SFlﬁéggfré’E{ W8 fromthe
gr oups cog®up comdsting o hy&rogamdility, substavicd atkyl, 20 dxhatubsiaed@ikdxy, aagent , V

and NH are both attached to a CH2 group; Vis selected fromthe group
consi stiﬂgy ofihefad ¢ G Z is selected fromthe group consisting of N and

GG Loy and &g hohybeikhonina § MYl piRendant |y sel ect ed from

the group consisting o ogen, am no, am hoca nyl’, nmet hyl am no,

di met hyl ami noZ' moyleateil fimm thelgpoypacomisisting o SCAHCH, - FOAMHP-Q*, C(QY), N,

am nocarﬁﬁ:ﬁ m no, oxycarbonyl am no, HR NCHR'C(O NH, azido, cyano, halo,
hydr oxyanino, vand hydrazi ne where R is hydrogen and R' is a side-chain 75

VIO 2006/ 093988 RGTlbisa 3R MR Tty chibisaf SFEHOCAS] (\g(h@& where R and R'

together with the nitrogen and carbon bound to é group respectively form
a pyrrolidi nyZ igrselgpted AroamtheBrempecansigbpeatieH: Ci2s@(@dt ed from t he group

con! =11, Of btz RS PE Sl Byt et v 0L 16 2
t oget her f or nzhisN=GrbINHtom-coRaRilg £HRHIOFE) either with R" or with N;
Q is selected from the group consisting of alkyl and substituted alkyl;
15 Q1 is =0 or =S,

Q*is selected from the group consisting of halo, cyano, azido, amino,
substituted amino, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, acyl, acyloxy, carboxyl, carboxyl ester, acylamino, aminoacyl,
alkoxy, substituted alkoxy, thiol, alkylthioether and -SO,-Q?, where Q®is OH, alkyl,

20  substituted alkyl, amino, or substituted amino;

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

X is selected from the group consisting of O-W? and halo;

each of W, W' and W? is independently selected from the group consisting of
hydrogen, Cj.4alkyl, and a pharmaceutically acceptable prodrug group;

25 or pharmaceutically acceptable tautomers, salts or partial salts thereof.

3. A compound of claim 1 wherein the compound is of Formula Ib:
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-(CQ)-NH (C=Q')-, -(CX)=(CX)-(CQ')-, or -CHCH NH group where X is
hal o; each Q' is independently selected fromthe group consisting of 0, S,
and NH, W0 20d6/@p86 T2 are i ndependently sel ected from tlpeTgrsesp/ooassi sting
of hydrogen, hydroxyl, Cl-C4-al koxy, Cl C4-t hi oal koxy, am no, substituted
am no, and halo; and W W1, Y and E as defined for formula I. 2. A
conpound of claim1 wherein the conpg s of Fornmula la: Z2-Zs ZI NR
-(HHp NNN'~Z4 R OWY O 15 \/\Zz1la whex ei n between Z' and Z2, between
Z2 and Z3, between Z4 and R, and be ween N qﬂg Z4 indicates a bond that
may be a single or a double bond and- dicdtes a single 20 bond or no
NI

bond, provided that: only one of the ds detween Z' and Z2 and between Z2
and Z3 is a double bond; when the bqge een Z4 and R1 is a double bond,
t he bond between the Nand Z4 is sf ngl € bon®&' the bond between the N and
(Hpis a single bond and pvisr 1; en the bond between Z4 and R1 is a
singl e bond, the bond between t d,x Z4 atons is a double bond, the
bond between the N and (Hp is abseat ahd p is 0; 76 WD 2006/ 093986

PCT/ US2006/ 007131 p is O or 1; Ri/§ sel ected from hydrogen, alkyl,
substituted al kyl, cycloalkyl, sufstituted cycloalkyl; when the bond

between Z4 and R is a single bond, then Rl is selected fromthe 5 group
consi sting of hydrogen, alkyl, substilbuted al kyl, al koxy, substituted
al koxy, thi ol‘,\,herg1 kylth| oet her when the bond between Z4 and RL is a doubl e
bond, then R1

o between 7} and Z* , between Z* and Z?, between Z* and R!, and between N

5  and Z"indicates a bond that may be a single or a double bond and ---- indicates a single
bond or no bond, provided that:
only one of the bonds between Z' and Z2 and between Z* and Z° is a double
bond; |
when the bond between Z* and R! is a double bond, the bond between the N and
10  Z'is a single bond, the bond between the N and (H), is a single bond and p is 1;
when the bond between Z* and R’ is a single bond, the bond between the N and
Z* atoms is a double bond, the bond between the N and (H), is absent, and p is 0;
pisOor1;
R is hydrogen;
15 when the bond between Z* and R! is a single bond, then R! is selected from the
group consisting of hydrogen, alkyl, alkoxy, and alkylthioether;
when the bond between Z* and R! is a double bond, then R! is =0;
7! is selected from the group consisting of CH, CHa, C—QS, C-CN, C-N3, C-
OH, C-SH, C-O-alkyl, C-S-alkyl, C-SO,-Q*, CC=C-Q?% C(Q"); C-NH,, C-NHCH;, C-
20  N(CHs),, N, and NH;
77 is selected from the group consisting of CH, CHa, C(Q");
73 is selected from the group consisting of CH, CHa, C(Q");
provided that if Z' is CH, C-CN, C-Nj, C-O-C(0)CHjs, C-OH, C-SH, -C-O-
alkyl, C-SO,-Q°, CC=C-Q? CNH,, CNHCH;, C-N(CH3), or N or if Z3 is CH then Z?
25 isCH;

Z* is a carbon atom containing a double bond either with R or with N;
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Z' is selected fromthe group consisting of CH CH2, CH®, C&, C(Q), N,
NH, N-Q 10 Z2 is selected fromthe group consisting of CH CH2, C(Q; Z3

i s sel ectwd 2haeaasdghe group consisting of CH CH2, C(Q) pcrasesededst hat if
Z1 is CH Nor G or if Z3is CHthen Z2 is CH Z4 is a carbon atom
containing a apub(lae ond either with RL or with N, Qis selected fromthe
group consi st®¥nff OPT3] kyl and substituted alkyl; 15 QL is =Oor =S; Q4 is

sel ect ed fror‘r@qulygfdlgg,p, A@nsi sting of halo, cyano, azido, am no,
substituted am no, alkyl, "substituted al kyl, al kenyl, substituted al kenyl,

al kynyl, sub@ iSth,el‘diHalomﬂqvl;, acyl, acyloxy, carboxyl, carboxyl ester,
acyl am no, amo%}lld al koxy, substituted al koxy, thiol, alkylthioether
and - S02- @3, 5 OQS is OH alkyl, 20 substituted al kyl, am no, or

substsi tut ed awiifigelected Sorsiehegioaf chisiiinkVE aBooEPCERNE: Bt Agd of a bond, - CH2-
or -0-; and X.is _selected fromthe.sg_roup consisting of O-W and hal o; each
of W W and s sedeqissfpra daregrory cengisinged O-Worandhelogr oup consi sting of

hydr ogen, CL. n i r.odr oup; 25 or
phar maceut i ca%al%iﬁ%ggvc’e\gt g%c?\épt} %&%ﬁéﬁt@ae}l %ége%gf?&ggl?e?érgpﬁggﬁs‘sﬂ&g%gr eof . 3.
A conpoundiradencCaiatiyl, atder ganmadeaticadlypreuegdabls pafdrkgpgroupa | b: 77 WO

2006/ 093986 PCT/ US2006/ 007131 Z2- Zi N-g N'%‘%H)P NNJ?24\ RR OWYDO
WL Ib wherein between 2iPbasgasestically sroepfadls taptemers, salfs ohpatalbspltand R1, and
bet wgen feregrand Z4 indicates a bond that may be a single or a double bond
and ---- indicates a single bond or no bond, provided that: only one of

t he bonds between Z' and Z2 and between Z2 and Z3 is a double bond,

4. A compound of claim 1 wherein the compound is of Formula Ic:
Z22—2Z8

/.

4 \
Z1 NH

15 wherein
---- between 7! and 7? , between 7 and Z° , between Z* and R!, and between N
and Z* indicates a bond that may be a single or a double bond and ---- indicates a single
bond or no bond, provided that:
only one of the bonds between Z' and Z* and between Z* and Z° is a double
20  bond;
7! is selected from the group consisting of CH, CH,, C-NH,, C-NHCH3;
72 is selected from the group consisting of CH, CHoy;
73 is selected from the group consisting of CH, CH,, C(O);
provided that if Z' is CH, C-NH, or C-NHCHj, then Z> is CH and 7 is not CH;
25 Y is selected from the group consisting of a bond, -CHs- or -O-; and

X is selected from the group consisting of O-W? and halo;
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when the bond between Z4 and Rl is a double bond, the bond between the N
and 10 Z4 is a single bond, the bond between the N and (Hp is a single
bond and woi2soclgozoseen t he bond between Z4 and Rl is a sipaglw2deno;izt he bond
between the N and Z4 atons is a double bond, the bond between the N and

(Hp is absent, .a s On-p is 0 or 1, RIis drogen; 15 when the bond
bet ween Z4 an%dchfl}s}g’p\yl @%3( g’ H@ﬁﬁ?ﬂdﬁﬂi}hsqiaﬁ?%gé@ﬁ&%glggpFP%%ﬁt{qgéf group
consi st i RgiréserN VL ARANandd aé’éu’t’i@ﬁ‘l}&shac%&%%ﬁk gydcré{ag g@hi ,gr; when the bond

between Z4 and Rl is a double bond, then IS = sel ected fromthe
group consi st fhighagnaguticathpaccepiae tagtapngrs.Galgor @rtidialtahetgof.C- O al kyl |
C-S-alkyl, CGS02-@B, CC=C @, C(Q); CGNH2, CGNHCH3, C 20 N(CH3)2, N, and
NH, Z2 is selected fromthe group consisting of CH CH2, C(Ql); Z3 is
w26 ol s Menmpmassiatnl s e Skata ot 01 7
I'S y a y 3 =\, ~ y ~ h, .a y ’ ~ - ’ ~L- y
CNH2, f %éawé &asy indgpendeply hydrogen or apharmaseuticallyascemaldeprodaug s a
car bon i B . Itih ' i e 718 VO
2006/ 0935887 E%?%%%g%/h 38%%?55%5"?%‘3"0%L %%y%@gf ﬁ?%ﬂ%%%%%gﬁ%}ﬁa}e B is OH,
NH2, or estdslphosiditd, phorphonangidite] shospherodienhidate phosphogmadge comeestéd, ng of a
bond, -CH2:. or -0-: a X j.s _selected f.romthe group copsisting of O W
and hal p?ycgg(PﬁO%glowmaa%e’aqﬁhwﬁ?Sﬁ?@ﬁ’é‘ﬁ%ﬂﬁ%@%@é@é@?@ﬁ%?%ﬁ% e group
consi(st i IIHOQCHRHNGH@Q%&@PE{X@I%I% gerPdtdl 1 BRAEEBE Bk ha |g¥dﬁpfe%ﬁﬁ9&@§3| e

y

prodrug group; or Ehar maceut i ca acceptabl e tautoners,” salts or partial
salts 10 ydeogess alkyl, sybstimgsioalind, awl, shbstituted eiyb cpcloalklik sestipgechd i s of

Formul a éﬁioall%g,_lge%eroé'yl, 'élmasftilt\m‘ed ﬁ%tergar\%,\fleterocyclic and substituted heterocyclic
and a sidechain of an amino acid; or R and R"3 together with the carbon and nitrogen

atoms bound thereto respectively form a heterocyclic ring.
15

6. The compound according to Claim 5, wherein X is F.

7. A compound according to Claim 6 wherein W is hydrogen, phospho,
diphospho, or triphospho. |
20
8. A compound according to Claim 6 wherein W is represented by the

formula:

RS

/ 3

o R
O

> < i,

0 ‘—I‘D—;‘

OR10

b
wherein
25 R? is a sidechain of an amino acid;
R?® is hydrogen or alkyl; and
R is selected from the group consisting of alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,

heterocyclic and substituted heterocyclic.
30
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O OW Ic 15 wherein between Z1 and Z2 , between Z2 and Z3, between Z4
and R1, and between N and Z4 indicates a bond that may be a single or a

doubl e bowd 20swh93986- | ndi cates a single bond or no bonegcTsesis@edsi hat :
only one of the bonds between Z' and Z2 and between Z2 and Z3 is a double

20 bond; Z1 ig selected fromthe group,.cansi sting, of CH, 2, C NH2,
CNHCH3; Z2 s se QP 69ﬂ°fcﬁ’ég &@ﬁﬁﬂéo‘ﬁ‘%ﬁr@fli‘ﬂlglwpf@%l%#% thg3 j g
sel ect edfdim@my: t he group consisting of CH CH2, C(O,; provided that if Z 1is

CH, CNH2 or CGNHCH3, then Z2 is CHand Z3 is not CH, 25 Y is selected
fromthe group consisting of a bond, R°CH2- or -0-; and X is selected from

the group consisting of O-W2 and hal g,  ¥9 WO 2006/ 093986 PCT/ US2006/ 007131
each of W WL and W2 is independerNy | ected fromthe group consisting of
hydr ogen, Cl.4al kyl, and a pharnmaceuti gally acceptabl e prodrug group; or

pharmaceutically acceptable tautonmers, salts or partial salts thereof. 5 5.
The conpound Wbmrlé’iiﬂgsmlmhyoﬁﬁneﬂliabmidl to 4, wherein X is halo and each
of Wand W is independently hydrogen or a pharnaceutically acceptable
prodrug group selected fromthe group consisting of acyl, oxyacyl,

phosphonat e, phospiiaé eom@fiin€aScor@N:H Bk 6f CROAS PRODAMRFSHE is O-W?2,
phosphor odi am dat e, phosphoram date nonoester, cyclic phosphoram date,

cyclic phosphorodi am date, phosphorani date diester, and 10 - C(O CHR3NHRL3,
where R13 is dro ﬁﬂ% i f I St of
hydr ogen, al ki;)?/ Sggé;%l t tugg agfqg§,§?%tgrk§2ﬁfn g@?&%ﬁ%?@ﬁ@r@%’c@&ﬁl kyl,
subst i t uiseéndepeyddndghivyiogeinet epleampteutisalbs dceptabld phedrag geouylselebtier ocycl i c
and @ubs i t%ed het er oc%/{él i .and a si g‘génai n of an am no agi d; or R3 and
R13 {ogetfarhe taypcaesiging sl aclneryicyh 8 onRlG, PROBWEI SRR PROhREs pect i vel y
form a heft@pRsisalilife, JhBShhotclifinidARSpERAPRAURTIAC KBRALRG, LRI @i m 5, wherein
Xis F. hl?[{ R corrplounc}d agjcgrdilng1 to’_ alm% 6 whereln VSVi 5 }%yldrogen, phospho,
di phos phihosphoremidsids sptis. phpept®rodlamisiatse phesphcrotiditadiester,@hdi m 6 wherein W
IS repr e—%e(ﬁt)éf—jIRbNHt}{]e, where R" is hydrogen and R® is selected from the group consisting

of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted

15 cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a sidechain of an amino acid; or R® and R" together with the carbon and nitrogen

atoms bound thereto respectively form a heterocyclic ring.

12. A compound according to Claim 11 wherein W is hydrogen, phospho,
20  diphospho, or triphospho.

13. A compound according to Claim 11 wherein W is represented by the

formula;
RB
/
o R?
>/—< 0
N—P—i
0 H |
OR10

25  wherein
R3 is a sidechain of an amino acid;

R® is hydrogen or alkyl; and
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formula: R8 O R3 O 0 HP- ORI0O wherein 25 R3 is a sidechain of an am no
acid; R8 is hydrogen or alkyl; and R1O is selected fromthe group

consi sti ngoabocalokagk, substituted al kyl, aryl, substitutred/ meyls07131
cycl oal kyl, substi tut ed cycl oal kyl , heteroaryl, substituted heteroaryl,

het erocyclic md sy het erocyc)ic.. 30. 80, WO 2006/ 093986
PCT/ US2006/ 0 135156@6 QP § ’algr?é ﬁ%ﬂ @%ﬁmﬁ’mm WL i s

repr eserﬁu%ﬁltltﬁtédtaﬂﬁ c;fchamgh %ubﬁﬁuteﬁ'%%l@alk%ﬁét@ro@%d' §1b§t1t§{e3%%;,d§ypf an_am no

acid. 5 10. The ‘corpound according to ahy of C"ains erein Xis
O We. 1lhetergenelic engouhstitugsdchsierpelico C ai m 10, wherein each of W W1, and
W2 is independently hydrogen or a pharmaceutically acceptable prodrug

group selected 10 fromthe group consisting of acyl, oxyacyl, phosphonate,

phosphat e estst.s, m@mpbmceaocomﬁm@Maamqianereupwslpw@eneawaﬁee,
phosphorgm date nonoester, cyclic phosphoramnidate, cyclic

phosphor H0ukgi dat e, phosphoram date diester, and -C(O CHR3NHRL3, where R13
is hydrogen and R3 is selected fromtdie group consisting of hydrogen,

al kyl, substituted al kyl, aryl, substl tuted aryl, cycloal kyl, substituted
15 cycl oal kyl, het eroaryl substl Véﬁ]het eroaryl het erocycl ic and

substituted heterocyclic and a SI echain of an amno acid; or R3 and R13
together with the carbon and nitrogen ©atons bound thereto respectively

forma heterog according to Caim1l wherein Wis
hydr ogen, osp"%’skcs %%)Bg%h%ﬁwﬁnamg 1r;ilgphospho 13. A compound accordi ng

to daim 11 wherein Wis represented by the formula:

10 15.  The compound according to Claim 10, ‘wherein W* is methyl and each
of W and W' is independently hydrogen or a pharmaceutically acceptable prodrug
group selected from the group consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate, phosphorodiamidate, phosphoramidate monoester,
cyclic phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and

15 -C(O)CHR®NHR", where R'® is hydrogen and R is selected from the group consisting
of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a sidechain of an amino acid; or R> and RB together with the carbon and nitrogen
atoms bound thereto respectively form a heterocyclic ring.

20

16. A compound according to Claim 15 wherein W is hydrogen, phospho,
diphospho, or triphospho.

17. A compound according to Claim 15 wherein W is represented by the

25  formula;

wherein
R3 is a sidechain of an amino acid,

R%is hydrogen or alkyl; and
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RB O RBO 111 0 HP ORL 25 wherein R3 is a sidechain of an am no
acid; R8 is hydrogen or alkyl; and 81 WO 2006/ 093986 PCT/ US2006/ 007131
R10 i s selWeQu@whogsem t he group consisting of al kyl, substirtust@doetibyl! ,

aryl, substituted aryl, cycloal kyl, substituted cycl oal kyl, heteroaryl,

substituted hgierogryl het erocyclic and bstituted.heterocyclic. 5 14. A
conpound acco diIF‘Iag}?%eddigﬁrﬁ#i§rq}6ﬁépﬁ?lﬁ1%°f%§(yie§b‘&%§gﬁfléﬁ(yﬁyr“rflhe f or nul a:
R3  H2N Qbstiaesdenrii3cydokyl] ddetiaidd @tloalkyR KRl sibsdfitchetdthaygompound
accor di ngfﬁto Caim10, wherein W is nmethyl and each of Wand is

i ndependestenogydigdng gubstisredhoipreereliceut i cal |y acceptabl e prodrug group

sel ected fromthe group consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonam date, phosphorodi am date, phosphoram date
nonoést er, cyt$.ic Ahospoondaicdating toghind 5pilesah W odirepregated, by the

phosphor am date diester, and 15 -C(O CHR3NHR13, where R13 is hydrogen and
R3 is set®Wéd fromthe group consisting of hydrogen, alkyl, substituted
al kyl, aryl, substituted aryl, cycl oakkyl, substituted cycloal kyl,

het eroaryl, substituted heteroaryl, heterocyclic and substituted
heterocyclic and a sidechain of apn@ammpo acid; or R3 and RI3 together with
the carbon and nitrogen atons bound thereto respectively forma

het erocyclic ring. 20 16. A conmpound according to Claim15 wherein Wis
hydrogen, phospbe R’ islhpliesipi®of &1 arhinopbidspho. 17. A conpound according to

Claim15 wherein Wis represented by the 25 formula: R8 O R3
10 19.  The compound according to Claim 10, wherein W' is methyl and each
of W and W? is independently hydrogen or a pharmaceutically acceptable prodrug
group selected from the group consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate, phosphorodiamidate, phosphoramidate monoester,
cyclic phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
15 -C(O)CHR’NHR", where R" is hydrogen and R? is selected from the group consisting
of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a sidechain of an amino acid; or R? and R* together with the carbon and nitrogen
atoms bound thereto respectively form a heterocyclic ring.
20
20. A compound according to Claim 19 wherein W is hydrogen, phospho,
diphospho, or triphospho.

21. A compound according to Claim 19 wherein W is represented by the

25  formula;

/
o R?
H 0
I i
OR10

wherein
R3 is a sidechain of an amino acid;

R® is hydrogen or alkyl; and
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O OHP ORIO wherein R3 is a sidechain of an am no acid; R8 is hydrogen
or al kyl; and 82 WD 2006/ 093986 PCT/ US2006/ 007131 R10 is selected fromthe

group congbpWecnyszwdt al kyl , substituted al kyl, aryl, substirtusc@doarigi ,
cycl oal kyl , substi tuted cycloal kyl, heteroaryl, substituted heteroaryl,

heterocyclic bst ut e het erocyclic 8. .A.C und according to
Claim 15 V\/ner 5te tgé ?r8‘5’r glg§mu80008%)(‘5tfr}ge0faﬁ&&’rﬁ‘]‘lb%tu%gpﬂﬂgﬁrg where R3 is
a sidec hahb%tlaﬁecﬁﬂ?;ﬁﬁyd’l@alﬁﬂl shbstfitei%yclbaiyt tlRResHidl, sesaittded Boté@arl,ai m 10,
wherein WL i s net and each of Wand W2 is independently hydrogen or a

phar macelbeFosy e @é@éb?t%le@hﬁiﬁwb’% group sel ected fromthe group
consisting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate,
phosphonani dat e, phosphorodi am dat e, phosphoram date nonoester, cyclic
phosphor am dag2, c{JhécanphosipoosditigaaiGlaitre] 0, pﬂmhwmmyba@i eshef, and 15

- C( O CHR3NH wher e 3.1 drogen and R3 js._sel ect m t he grou
C(c):gsi) st Pﬁ% %%%Vdp@gﬁ&engyﬁgayoggﬁ 5 Pharmagewicrly acc&PE?gPe glgfcﬂ’tpgd alroyl
cycl oal kyélect@&'ﬁ%l‘tﬁé‘b%‘i? cONGtRR! dfubyl, G@a%loﬁﬁé/slpho%ﬂggﬂlhal nf'edesté@st eroaryl,

het erocyclic and substituted heteroc I of an am no
aci d; or PRssphsid, mgphqmgmucbéer phpsﬁhomdzalméatbophcaphbrmmda@enno@tem,mwb@und

thereto r ctiv t er.0c rin ound accordi ng
to d ai r’rp%f%%r e‘i?"r%g\x?? 8%58%1&% 6% SHBSPh%m‘%aﬁsgiheééf’oﬁn ri phospho. 21.
A conpou :@(c@c:@m3mm3 twhe@ Rl”hﬂs h9droaen ehdRVisiselet R FRGE tHegfoldycdnbisting 5
formula: R8 OR3 O I N OR10

of hydrogen, alkyl, subst1tuted alkyl aryl, substituted aryl, cycloalkyl, substituted

cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic

and a sidechain of an amino acid; or R? and R*® together with the carbon and nitrogen

atoms bound thereto respectively form a heterocyclic ring.

15
23. A compound according to Claim 22 wherein W' is represented by the
formula:
R3
HQN)\H/‘ A
0
where R is a sidechain of an amino acid.
20
24. A pharmaceutical composition comprising a pharmaceutically
acceptable diluent and a therapeutically effective amount of a compound or a mixture
of one or more of such compounds as defined in any one of Claims 1 to 23.
25 25. A pharmaceutical composition according to Claim 24, wherein said

composition further comprises a therapeutically effective amount of one or more agents

active against HCV.

26.  The pharmaceutical composition according to Claim 25, wherein said
30  one or more agents is/are selected from the group consisting of Ribavirin, viramidine,

levovirin, thymosin alpha-1, an inhibitor of NS3 serine protease, and inhibitor of
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wherein R3 is a sidechain of an amno acid; R8 is hydrogen or alkyl; and
83 WO 2006/ 093986 PCT/ US2006/ 007131 R10 is selected fromthe group

consi sti ngo@boealokagk, substituted al kyl, aryl, substitut edTarsysosoomsi oal kyl ,
substituted cycl oal kyl, heteroaryl, substituted heteroaryl, heterocyclic

and substituted heterocyclic, 5 22. .The co und_accor di to im10,
wher ei n WP IIFPé]tORé?Spg?‘%%8@:%0%?“515?\7\1“1‘3&%}0 nPH%@ f Rifer %’cﬁ%gﬁ%ﬁ;omg gyen or a
phar macewithe aldny opGCephlihtfo KBl RithvEOsleveeligct ed from the group

consi sting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate,
phosphonam dat e, phosphor odi am dat e, phosphoram date nonoester, cyclic
phosphor am date, c I i.am.dat .M i er, and 10
O GRENRLT whi e P HARSRISL AR ARR Ceor g CRUATE el B4, 00
consi 3t i noe oafiofeyegeny éviare attknféronsalifimtor pegdated ikyiferoatalpha adotlesiriin ut ed aryl ,
cycl oal kﬁl , . Supsti tﬂt ed Ej;f%cli%al kyl, heteroaryl, substituted heteroaryl,
het er ocy EPTPRINAHR WitR Sirpmiding ribay YRIOVEIN and & sidechai n of an ami no
acid; or R3 and R13 together with the carbon and nitrogen atons bound
thereto respectively forma heterocyclic ring. 15 23. A conpound accordi ng
to Caim22 wadrei A mathpd fordreatisg andor inhibiting a Yical ifeetionRd a iehm@ where R3

is a sideghai.n.of an _am.no id,. 20 24. A ph eut.i.cal . co ition
conpri si P%ng“ %8?%%&? |1arc]‘3q ?\?easégb%a& %\’6? 3“8?1"&@%?%&’%’ 1404 %@&B@ﬁti cally

ef f et i veirasss whichohetod osmRpHRCadMinRtefink td Efd nimBAlSthat hd¥Ween Baghskeh
conpounds .as defined in any one of Clains 1 to 23. 25 25. A pharnaceuti cal

conposi t Mk sgidcaradiniertion ootsataiskof darrlening said viral infriiersianhermacgrtiond r

conpri se G i I ctive amobunt of one or nore agents active
agai nst E"d@?@@@%@%@??%%ﬁ??cm conposition according to C aim 25,
wherein said 30 one or nore agents is/are selected fromthe group
consisting of _Ribayirin, viramdine,  Jleyvovirin, thynosin alpha-1, an
Cohibitor Jof R odh et seEdme S Cleint A Wheist sid YRERoeRr 603086

PCT/ Us20Q6(9007131

30.  The method according to Claim 29 wherein said pharmaceutical
composition further comprises a therapeutically effective amount of one or more agents
active against HCV.

20

31.  The method according to Claim 30 wherein said one or more agents
is/are selected from the group consisting of Ribavirin; levovirin, viramidine, thymosin
alpha-1, an inhibitor of NS3 serine protease, and inhibitor of inosine monophosphate
dehydrogenase, interferon-alpha, pegylated interferon-alpha, alone or in combination

25  with viramidine, Ribavirin or levovirin.

32.  The method according to Claim 31 wherein said one or more agents
is/are interferon-alpha or pegylated interferon-alpha alone or in combination with
viramidine, Ribavirin or levovirin.

30

33.  Use of a compound according to any one of Claims 1-23 in the

manufacture of a medicament for the treatment of a viral infection in a mammal

mediated at least in part by a virus in the Flaviviridae family of viruses.
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i nosi ne nonophosphat e dehydrogenase, interferon-al pha or pegyl ated
interferon-al pha, either alone or in conbination with Ri bavirin or

| evovi ri rwo2éo6/0Dbessphar maceuti cal conposition accor di ngpPCw/USk@icnVAB]
wherein said 5 one or nore agents is/are interferon-al pha or pegyl ated

i nterferon- aI ha one or. anb, i on h Vi rar avirin or

| evovi ri n. a 3§?ﬁ883?SEQ?FQQF}%?WﬁﬁEW8ﬁ”gﬁﬁsﬁ| %h%ﬁ%y?%? infection in
a mamal mhlch |nfect|on is nedlated at least in part by a virus in the
Flaviviridae famly of 1 Q viruses which nmethod conprise adm nistering to
said mammal , that has been diagnosed wth said viral infection or is at

ri sk of developing said viral infection, a pharmaceutical conposition
according to Caim25. 29. The method according to Claim 28 wherein said
virus is hepatitis C 15 virus. 30. The nethod according to C aim 29
wherein said pharmaceutical conposition further conprises a
therapeutically effective anbunt of one or nore agents active against HCV.
20 31. The method according to Claim 30 wherein said one or nore agents
is/are selected fromthe group consisting of Ribavirin, |evovirin,
viram di ne, thynosin alpha-1, an inhibitor of NS3 serine protease, and

i nhi bitor of inosine nonophosphate dehydrogenase, interferon-al pha,

pegyl ated interferon-al pha, alone or in conbination 25 with viram dine,

Ri bavirin or levovirin. 32. The nmethod according to Caim 31 wherein said
one or nore agents is/are interferon-al pha or pegylated interferon-al pha
alone or in conbination with viramdine, R bavirin or levovirin. 30 33.
Use of a conpound according to any one of Cains 1-23 in the manufacture
of a nedicanent for the treatnent of a viral infection in a manmal

nmedi ated at least in part by a virus in the Flaviviridae famly of viruses.
85 WD 2006/ 093986 PCT/ US2006/ 007131 34. Use according to Cl aim 33 wherein
the virus is a hepatitis C virus. 86
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