WO 2006/ 007693 PCT/ CA2005/ 001103 VI RAL POLYMERASE | NHI Bl TORS TECHNI CAL

FI ELD OF THE | NVENTI ON The invention relates to inhibitors of RNA dependent
RNA pol ynwoaseso7garticularly 5 those viral pol ynmerasegCwmidaArdes/ooines
Flaviviridae famly, nore particularly to HCV pol ynerase. BACKGROUND OF
THE | NVENTI ON About 30, 000 new cases of hepatitis C virus (HCV) infection
are estimated to occur in 10 the United States each year (Kol ykhal ov,

A A ; Mhalik, K ; Feinstone, SSM; Rice, CM; 2000; J. Virol. 74:
2046-2051). HCV is not easily cleared by the hosts' i mmnol ogi cal

def ences; as many as 85% of the people infected with HCV becone
chronically infected. Many of these persistent infections result in chronic
i ver disease, including cirVIRAEIROLMMERADRINIHBITARS:r carci nonm

(Hoof nagle, J.H; 1997; Hepatology 15 26: 15S-20S). There are an estimated
170 mllion HCV carriers world-w de, and HCV- associ ated end-stage |iver

di sease i s nOVECHNIEAL BIEER QITHEIMENTION | j ver transplantation. In the United

States al one,THaam@htidd feldted 18 |ﬁh@o$t9%rb3RWAede@ﬁdé3|t ﬁm BolymiPadedOp Al

annual I'y. Wthout effective intervention, nber is expected to triple
in the nex@ 10osevgabrelymespses wiigthe F?"'H'Hd%f@m"}‘ré“?rﬁ PRRticYaMt ol i nf ect i on.
20 Currently,polyeerasel y approved therapy for patients chronically infected
with HCV is treatnent with interferon or a conbination of interferon and
ribavirin. Recently, pegylated versions of interferon (peginterferon

al pha- 2a ( PeBaoKrsROUNIROETHE) INGENTIONDegi nt er f eron al pha-2b (PEG I ntronTM

Scher i 10)) 3@, PREBIARRF Q4B of ool r&e}usrmc%m&uﬁp% Sl E8edPl

treat nent of titrs ect

with ribald rithe UF‘ktﬁﬁe%téieS epgh Y%(*ﬁé)éﬁhalﬂéﬁbﬁb Mihalikat.. Teiesiene Rd.aBBices achi eve

a sustai ned re/RYBHS; J. W/rBﬁWVZOH@QGSﬁQ%WS Aot e&sily c@@éd%‘tﬁ’é‘g&té o the famly
Fl avi vi ri dae, genus Hepaci virus, which ri ses genera of small

envel oped po§i“mu0%'°§'F?'é’ﬁfP"R?%a§i”}aﬂ¥é§ 8?%1% e REORE; '”fi@%w'th HEV DS i dae:
the viruses adhebriidaay fnfdcﬁil@l' MaAyj bithRese nénsnst&alnf&ﬁians reshit @l dheonid Ivet @ighaseFi el ds,

Phi | adel phi & "9 i Tegeigbie brproBe dtturdr o 1 Y HhePIohdh
readi ng fr;ane6l CRE-R0$). Andrecire ary ediimatauct 78' mitiom HOVaragrdens wdrld—w@eoamﬂ HOUR s) .
The HCV &' mﬁs&ﬁatgé g,fncp-gt%bg ﬁ)\;eirgggaéerk now the leading cause of liver transplantation. In
the United States alone, hepatitis C is responsible for 8,000 to 10,000 deaths
annually. Without effective intervention, the number is expected to triple in the next 10
to 20 years. There is no vaccine to prevent HCV infection.
20 |
Currently, the only approved therapy for patients chronically infected with HCV is
treatment with interferon or a combination of interferon and ribavirin. Recently,
pegylated versions of interferon (peginterferon alpha-2a (Pegasys™, Roche) and
peginterferon alpha-2b (PEG-Intron™, Schering)) have been approved for marketing
25 in some countries for treatment of chronic hepatitis C infection, both alone and in
combination with ribavirin. However, it has been reported that these therapies achieve
a sustained response in fewer than 60% of cases.

HCV belongs to the family Flaviviridae, genus Hepacivirus, which comprises three

30 genera of small enveloped positive-strand RNA viruses (Rice, C.M.; 1996;
“Flaviviridae: the viruses and their replication”; pp. 931-960 in Fields Virology; Fields,
B.N.; Knipe, D.M.; Howley, P.M. (eds.); Lippincott-Raven Publishers, Philadélphia
Pa.). The 9.6 kb genome of HCV consists of a long open reading frame (ORF) flanked
by 5" and 3’ non-translated regions (NTR’s). The HCV 5’ NTR is 341 nucleotides in

35 length and functions as an internal ribosome entry site for cap-independent translation
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35 length and functions as an internal ribosone entry site for

cap-i ndependent translation 1 WO 2006/ 007693 PCT/ CA2005/001103 initiation
(Lermon, Swbl.apodidomeda, M ; 1997; Semin. Virol. 8: 274-288pcTAIA004@91103

pol yprotein is cleaved co- and post-translationally into at |east 10

I ndi vi dual polypeptides (Reed, K E.; Rice, CM; 1999; Curr. Top.

M crobiol. Inmunol. 242: 55- 84). O eavage of the structural proteins in
the N-term nal portion of the polyprotein is 5 nmediated by signal

pepti dases. Two viral proteases nedi ate downstream cl eavages to produce
non-structural (NS) proteins that function as conponents of the HCV RNA
replicase. The NS2-3 protease spans the C-termnal half of the NS2 and the
N- term nal odnidationi(kemetf, SNS3HardR, dht ta9ys8emini \§rof 18 2(4hgR8)oThet HEVNS2/ 3 site.

The same  portdipoteh dﬁ@m@h%@ &I&%@?ﬁaﬁsﬂ%o%&%&&t‘ léaéi"?H‘ﬂfIde%falthe NS3- 4A.

serine protease that 10 cl eaves at four downstream sites. Ihe C-term nal
t wo-t hi rds oqu{ISBSP'i'dé?SIﬁRg?ﬁ -E.cBi§e& Ve o O8%ifritgs T opicMliciodisl. dpegnolyg42, 55-

RNA- bi ndi ng, tﬁzpﬁlééva@lé |oﬁﬂ1€@trb&5’@$§roteﬁr@dn thBNAtelmemeBrm Atd pﬂnytphﬁém il t hough
NS4B and the e al so onents of the

hopr ot ei n
repl i-case,’ t HBPY atggg P@%FBI'C’@?G%\qI@’°d’HE'rR59\IﬁaseF d@t? gg\ﬁ?sﬁfgﬁm JravegRsdPei n
cl eavage proRchroauceNSEBtructterat M)@Imgamaomnamblaslcbmpénq[ntseofBItKé/I-Ih CVINNAgasEe 15
ossessin | e
Porer - 1. FepfiaRe AdE NoaD blofiay RN G 51 drihe Moo BRBIRIG: S
Kor ner, F. ; Hermlaai Loneithird BiNSBend chlalyges ¢is Reavaped7the NSRS sitsl. Thé&ame
8416-8428). If lﬂﬁ%%sfoeéh%ﬂ&ésythe QQH@F&Jn?én‘?Gf tﬁ%ﬁ§3mt%h QEI%%Q,EE%‘PY' ng

NS5B activity infectivit
AA: Mh3i kC’eaP(es aﬁéP’rﬁ%’@ﬁﬁea@s' s: Thg gderminalfwo- t?t!)@ﬁ)@f NS3 isthighiyr ol . 74:

2046- 2051) . T&lﬁsé’r@é’&érﬁ@rﬁ@%ﬂHCVﬁsd@é& e RRESihdihg, FNK- sndﬂﬁMea NTRbSERhE 1S a
high priority for i cation are

ti I
b bt h & R O e ot SRR 60 B N reRtr e el 855 e
dependent RNAikplylcpmpomessesofitie replicasé Sheinspclib rdldscart aioknawmaThé Oiterneémt y e
to be I I ' h NSSB
appear s 19 DIRRRhi i Hha R NSB) LSALLB R U RUPRESIo sk
02/ 04425, 13D MSWMWA-MQDI%MMBOWW%IWlaQIIVIty (HOhGBS0S. ESS‘DmeV\O

03/101993 anq VrA4hQQes 0, 19980E a0 18112925 aft LANRRRN, VX RBABE ., HRfian,
treatment of HCV. 30
U.; Bartenschlager, R.; 1897; J. Virol. 71: 8416-8428). It has been recently

demonstrated that mutations destroying NS5B activity abolish infectivity of RNA in a
chimp model (Kolykhalov, A.A.; Mihalik, K.; Feinstone, S.M.; Rice, C.M.; 2000; J.
20  Virol. 74: 2046-2051).

The development of new and specific anti-HCV treatments is a high priority, and virus-
specific functions essential for replication are the most attractive targets for drug
development. The absence of RNA dependent RNA polymerases in mammals, and
25 the fact that this enzyme appears to be essential to viral replication, would suggest
that the NS5B polymerase is an ideal target for anti-HCV therapeutics.
WO 01/47883, WO 02/04425, WO 03/000254, WO 03/007945, WO 03/010140,
WO 03/026587, WO 03/101993 and WO 04/005286 report inhibitors of NS5B
proposed for treatment of HCV.
30 .
Indole inhibitors of the NS5B polymerase of HCV are described in WO 03/010141.
However, the inhibitors of the invention differ from those described in WO 03/010141
in that they exhibit at least one of the following advantages:

e unexpectedly good activity in a cell-based HCV RNA replication assay;
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I ndol e inhibitors of the NS5B pol ynmerase of HCV are described in WO
03/010141. However, the inhibitors of the invention differ fromthose
descri bedwonodd@od@5010141 in that they exhibit at |eastcona20fsdhes

fol |l ow ng advant ages: unexpectedly good activity in a cell-based HCV RNA
replication assay; 2 WO 2006/007693 PCT/ CA2005/ 001103 i nproved drug

net abol i sm and phar noki netics (DMPK) profile; or nore drug-Iike
properties. SUMVARY OF THE I NVENTION 5 The present invention provides a
novel series of conpounds having good to very good inhibitory activity
agai nst HCV pol ynerase and/or at |east one of the foll ow ng advantages:
unexpectedly good activity in a cell-based HCV RNA replication assay; 10
i nproved drug net abploverhdrag chetsbalism kRidhpharmekifeioPKIMBKpprofile; oror  nore
drug-1ike propepti r cts of this invention arise for the one
skilled in the art ?857"15{%9% ogﬁllt?ovg\n ng description and the exanples. 15 In
a first aspect of the invention, there is provided a conpound, represented
by fornmula (dymmaRySrRERledich ANO RZHORBR3 R COOH () |
wherein: 20 either A or Bis Nand the other Bor Ais C, wherein -----
between two C-atons represents a double bond and ----- bet ween a C atom

and a N-at OmTHerﬁésféﬁSlﬁT/éhtlan piovbe a oVl seddh df aombwndé Ravifg gbdeb vel2 i s

(HeC'EL - g)e?LSyl Q%Cg m@bato.—y achn’y agacgstq')C\g’ p&ynqgraalsg YharoHt VasPine &trie FoPow.ar yl and

advantages:
o unexpectedly good activity in a cell-based HCV RNA replication assay;
10 e improved drug metabolism and pharmokinetics (DMPK) profile; or

e more drug-like properties.

Further objects of this invention arise for the one skilled in the art from the following
description and the examples.

15
In a first aspect of the invention, there is provided a compound, represented by
formula (1):
R\ o) Rg R10 y TS
A : JL \ N 0
R — H Rs
B (o} m
R3/ R’ COOH
wherein:

20 either A or B is N and the other B or A is C, wherein ----- between two C-atoms
represents a double bond and ----- between a C-atom and a N-atom
represents a single bond;

R'is H or (Cy.e)alkyl;
R?is (Cy.g)alkyl, (Cg-e)alkynyl, -C(=0)-(C¢)alkyl, aryl or Het; the aryl and Het being

25 optionally substituted with R?"; -
wherein R*! is one, two or three substituents each independently selected from
(Cy6)alkyl, (Cs.7)cycloalkyl, Het, -CN, -NH,, -NH(C¢)alkyl, -N((C1.s)alkyl),,
halo, -O-(C,s)alkyl, -S-(C,.¢)alkyl, -SO-(C,.)alkyl and -SO,-(C1.s)alkyl;

wherein the (C4.g)alkyl, -O-(C4¢)alkyl, -S-(C1g)alkyl, -SO-(C.¢)alkyl and
30 - -80,-(C4¢)alkyl are each optionelly substituted with one, two or three

3



25 optionally substituted with R21; wherein R21 is one, two or three
substituents each i ndependently selected from (C1-6)alkyl,

(C3_7) cycoabdsyloyesblet, - CN, -NH2, -NH(C1l_6)al kyl, - N((Ckc@)2boslop2io3 hal o,
-0 (C1-6)al kyl, -S-(Cl.6)alkyl, -SO(C1.6)al kyl and -S02-(C1-)al kyl;
wherein the (Cl.6)al kyl, -O(Cl-6)al kyl, -S-(C1_6)al kyl, -SO (CL1.6)al kyl
and 30 S02-(Cl.6)al kyl are each optionally substituted with one, two or
three 3 WO 2006/ 007693 PCT/ CA2005/ 001103 hal o substituents; R3 is
(C5_6)cycloal kyl, optionally substituted with fromone to four halo
substituents; R6 is selected fromH, (C1.6)alkyl, (C2.6)alkenyl,

(C2.6)al kynyl, (C3.7)cycloal kyl, (C3.7)cycloal kyl -(C1-6)al kyl-, Het and
Het-(Cl1_6)al kyl-; 5 V\haaleisnbétnhen(sﬂ 6)al kyl is optionally substituted with

fromone to t S ts ea de entl rom. hal o,
cyano, (Cl_6) |'?<§C§é§)scycqo"1\fp(§’ %Ijaéy Ry stl{u?elq(\,?% o) af ggsf%ﬂeﬁ% 0 ds(ii:b 9L
- NHSC2( C1- 6) &Ry belecientifrathét, (§B1ra)aeﬂa{t;ltczcs1)alltdmgl (Cdefalikgnyl, (Cagcydidalipbr ti on of the

Het - (CL. 6) al kyl - Cl-6)al kyl; and 10 R6 is
sel ected fromH, (@‘ﬁ&%&%@l(b};ﬂ%%aﬂe é?qalk are |inked such that
the group %f the snefeir thel(G:-dwk Yleopﬂlomy subsmg@q withsfram gneteghiee f or nul a 0\
¢/ R50° 2) n COCH R%uﬂ%td@ﬂ?sréaécﬂ nrﬁ!le éndent l_)(]se‘Pécte% fr&?ﬂal&‘*@éﬁd '@C &l dx§ sel ected

i ndependently in ea I nstance rom yano al kox
(Ct_6)al kyl, " (2. 8)H(Gelaky!, -N(@p)atyhs MHS%@&PJ%E%WWW each bf the

(C3.7)cycl oal kyl - (n-@laﬁa ﬂm'e"i-l@tportnbi@bftﬁé‘diet-t’d%%)aﬁl@ﬂ@rﬁtbkdiy'subéﬁﬂﬂé&wmmthe
(Cl.6)al kyl is optb )aalkyly substituted with fromone to three

10  R®is selected from H, (C1.6)alkyl and halo; or

R® and R® are linked such that the group of the subformula

is a group of formula

(CR™Y,
Z~cooH
R’ .
15 wherein nis 0, 1 or 2; and wherein R* is selected independently in each

instance from H, halo, cyano, (Ci¢)alkoxy, (Ci¢)alkyl, (C..s)alkenyl,
(Cze)alkynyl, (Cs7)cycloalkyl, (Cs7)cycloalkyl-(C,¢)alkyl-, Het and
Het-(C1.¢)alkyl-; .
wherein the (Ci.g)alkyl is optionally substituted with from one to three
20 | substituents each independently selected from halo, cyano, _
(Cis)alkoxy, -NH(Cq.)alkyl, -N((C,.¢)alkyl), and -NHSOZ(C@)aIkyI; and
wherein each of the Het and the Het portion of the Het-(C,.)alkyl- is
_ optionally substituted with (C.¢)alkyl;
R’ is selected from H, (Cy¢)alkyl, (C1.6)alkoxy, (Cie)alkyithio, -NH,, -NH(C1.s)alkyl,
25 -N((C1.6)alkyl); and halo;
R® and R are each independently selected from (Cys)alkyl; or R® and R'® are
covalently bonded together to form (Cs.7)cycloalkyl, (Cs.7)cycloalkenyl or a 4-,
5- or 8-membered heterocycle having from 1 to 3 heteroatoms each
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20 substituents each independently selected from hal o, cyano,

(C1-6)al koxy, -NH(Cl.6)al kyl,.-N((C1.6)al kyl)2 and - NHSQ2( C1-6) al kyl ; and
wher ei n ewoho@foordye Het and the Het portion of the Het- @CIidadskpitosi s
optionally substituted with (ClL_6)alkyl; R7 is selected fromH,

(Cl.6)al kyl, (C1.6)al koxy, (Cl.6)alkylthio, -NH2, -NH(C _6)al kyl, 25
-N((Cl.6)al kyl)2 and halo; RO and R10 are each independently.selected from
(Cl-6)al kyl; or RO and R10 are covalently bonded together to form
(C3.7)cycl oal kyl, (C5.7)cycl oal kenyl or a 4-, 5- or 6-nenbered heterocycle
having from1l to 3 heter oatoms each 4 WD 2006/ 007693 PCT/ CA2005/ 001103

i ndependently selected fro S, _wherein the cycloal kyl,

and

cycl oal kenyl or h&déPWBF'éS‘?'%Ct%ff?’BQaM I%Bhstituted with (Cl-4)al kyI
wherein Het is defwheesh me cicldalkyl,aydodikenyEsra@tdiedyeleos ystionallyasubstigutdd t 0 4

het eroatons 5 eact}p Q t?%?ndently selected from0O, N and S, which may be
saturated, unsaturi é ‘aromatic, and which is optionally fused to at
| east one ot vdreraiy Betis defifedras aa4- o annemb@remmme'nwtmmvmgmptomytejmbaoﬂnavi ng

her ever  BOSSLBh fand o IISAIATE, N SAGR, whBAEAS IO for Shegbiaba! T Om O

N and S, et eropolyc el ng Satu rated’or aromatic; 10
or an enanti mromeculpaaﬂdemw ls@nmnatbyfus%m&oatﬂ@ﬁsttmro@aﬂr cydlerto fon ad ta sal t,

ester or der1'4Vrﬁéd1U<§‘re8 h@t@%&cha&Aé&ﬂ@%M&e+ Ebs%m?e ﬁfb@ﬁet%atbmssedcﬂVent' on
are derivatives of npounds (1) as descri bed hereinbefore,

to which at I"é%?é’?”‘éﬁﬁ@y S¢legied H%'P&t"%ﬂﬂdes Itha%'éﬁfter°p%hﬁ°y°'f53e"’§fsﬁfurﬁ? ¢ tag" and a
" phot or eact i umsgturitgd oriadorhatitked. The compounds according to this invention
general ly show an _inhibit activit st HCV. p

Oort! ol 419 ot aR bttt SPierES el e Mol T TS RRed N hesi s by
t he RNA depernigewdativeiterend! yner ase of HCV, especially of the 20 enzyne NS5B

encoded by HCV. Furthernore, conpounds according to this invention show at
| east one of the follow ng advantages: unexpect edltl@good activity in a

cel | -based Hdnclwied withis the seqnsref thissigyention prgsiegvatives p adtfitRem and
phar moki net i ggr{UidMifas d¥isBridelheréMbefore, to which at least one of a “detectable label”, an

15 ‘“affinity tag” and a “photoreactive group” is linked.

The compounds according to this invention generally show ah inhibitory activity
against HCV polymerase. In particular compounds according to this invention inhibit
RNA synthesis by the RNA dependent RNA polymerase of HCV, eépecially of the
20 enzyme NS5B encoded by HCV. Furthermore, compounds according to this invention
show at least one of the following advantages:
e unexpectedly good activity in a cell-based HCV RNA replication assay;
e improved drug metabolism and pharmokinetics (DMPK) profile; or
s more drug-like properties.
25 A further advantage of compounds provided by this invention is their low to very low or
even non-significant activity against other polymerases. -

Another aspect of the invention provides a pharmaceutical composition for the
treatment or prevention of HCV infection, comprising an effective amount of a

30 compound of formula () according to this invention, or a pharmaceutically acceptable
salt or ester thereof, and a pharmaceutically acceptable carrier.

- According to a specific embodiment, the pharmaceutical composition of this invention
additionally comprises a therapeutically effective amount of one or more antiviral
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nore drug-1like properties. 25 A further advantage of conpounds provi ded by
this invention is their lowto very low or even non-significant activity
agai nst owbenoguobgpaer ases. Anot her aspect of the inventipam/qao0si0des3sa
pharmaceutical conposition for the treatnent or prevention of HCV

i nfection, conprising an effective anount of a 30 conpound of forrmula (I)
according to this invention, or a pharmaceutically acceptable salt or
ester thereof, and a pharnaceutically acceptable carrier. According to a
speci fic enbodi ment, the pharmaceutical conposition of this invention
additionally conprises a therapeutically effective anmount of one or nore
antiviral 5 WO 2006/ 007693 PCT/ CA2005/ 001103 agents. Exanples of antiviral
agent s i ncl uckgentsuExaamdesrafantiviral ageatstinclude;, betvare net ligitgd taa ibaMiridande .
According to gndwddideer specific embodi ment, the pharmaceutical conposition
of this 5 invention additionally conprises at |east one other anti-HCV
agent as an antiviral agent. According to a nore specific enbodi nent, the

phar maceut i Cacc6@MPAS b tflrtier Secifidiembotiment) theqshatroagqaitics Sorapositidd iof thisnal

i d h i - 0. | | es_of
i 1 onal® | ISR ahyoabReCe R o her PR e PR 8B, 1 nosi ne

nonophosphat eagenthi bitors, a-, R-, S- y-, i- and co-interferons, pegyl ated
interferons and conj ugat ed interferons. Accor di ng to anot her nore specific
enbodi ment, the pharnmaceutical conposition of 15 this invention

addi ti onal | y Acsnigingdes mare peegific egrhedinent the plirpacesticab EOTPIRSIRDIOf i ase. as

an ot her ant 'm\}?.l@‘t(orii&ﬁﬁﬁnse@&ﬁ%diﬁdh@ |h%Lﬁ\BﬂbB@étoW)Jg%ntSé%9&i dthér el ent,

t he pharnaceuti cal r’rgom ti on of his invention additionall ri ses at

| east one'd nAIBSMNE 5?‘3 Wdﬂﬂgnﬂﬂ%ﬁ‘é%ﬁodé‘?t% agers BEHEs buAe ”?Yidﬁ“tﬁ ent .

According to tyShosHEhbIphbEhateSRIRBItdrs, G- G186, REdd, o-InfRfepdhal payyRitdd cal
conposition of this i itionally conprises at |east one

i nhi bitor of YRESABT a'f‘%?%’&igafe "ﬁﬁ’g SOV |ife cycle as an other anti-HCV

agent. Exanples of such inhibitors include, but _25 are not limted to,
agents that i Q'or%& tg ah&fm er{noré% gct%c %@r:j n? tﬂgéﬁ ?Sel{tlﬁ Ilggg{ﬁg iti roqt ease
and an internal riBosone én an ere wth
t he .15 this invention addltlonally comprises at least one other inhlbltor of HCV polymerase as

an other anti-HCV agent. '

According to another more specific embodiment, the pharmaceutical composition of
this invention additionally comprises at least one inhibitor of HCV NS3 protease as an
20 other anti-HCV agent.

According to yet another more specific embodiment, the pharmaceutical composition
of this invention additionally comprises at least one inhibitor of another target in the
HCV life cycle as an other anti-HCV agent. Examples of such inhibitors include, but

25 are not limited to, agents that inhibit a target selected from a helicase, a NS2/3
protease and an internal ribosome entry site (IRES) and agents that interfere with the
function of other viral targets including but not limited to an NS5A protein.

in another aspect of the invention, there is provided a use of a compound of formula
30 (1) according to this invention, or-a pharmaceutically acceptable salt or ester thereof,
as an HCV polymerase inhibitor.

In still another aspect of the invention, there is provided a use of a compound of the
formula () according to this invention, or a pharmaceutically acceptable salt or ester

35 thereof, as an inhibitor of RNA dependent RNA polymerase activity of the enzyme
: 6



function of other viral targets including but not limted to an NS5A
protein. In another aspect of the invention, there is provided a use of a
conmpound wd 2bewoamdoa 30 (1) according to this inventionpcerca2005/001103
pharmaceutically acceptable salt or ester thereof, as an HCV pol ynerase
inhibitor. In still another aspect of the invention, there is provided a
use of a conmpound of the forrmula (1) according to this invention, or a
pharmaceutically acceptable salt or ester 35 thereof, as an inhibitor of
RNA dependent RNA pol ynerase activity of the enzyme 6 WD 2006/ 007693

PCT/ CA2005/ 001103 NS5B, encoded by HCV. Yet another aspect of the

i nvention provides a use of a conpound of the fornmula (1) according to
this inventi dNSSBengodeRdyhiidéut i cal |y acceptable salt or ester thereof, as
5 an inhibitor of HCV replication. An inportant aspect of the invention
provi des a rret hod of i nhi bi ti ”,9 t he RNA- dependent RNA pol ynerase activity
of the enzyme' X88RNeLAPEEIA] heyysation ProyAps 2 E?%HWP%OQ K%f%’ﬁﬂlﬁr?’é NS5B t o
an effective srouing tothiginesenmipowrd ppbrrdtelianpacteptablesall 6f etémperbbfas Wher e
t he RNA-de endnelp‘é ge fH?(/y%é atie activity of the enzyne NS5B is inhibited.
I ncluded ih tH 8%8 Jention is a nethod of i nhi bi ti ng HCV
replication, conprising exposing a cell infected with HCV to an effective
amount of a c ; _repI ication
amount of a QiR Yspect Br helifhebn pdré,v.a&da%ﬁﬁamf i3 HBHG P

provi ded a medepsadent RNWMWWGC“\UW@&ﬁmqnﬁyﬂHN@Wrﬁr@@@ﬁ%d)w HﬁVa manmmal ,

conpri si ng adéBrﬁBn%lh@ %k;BH% nTthé @@zyﬁﬁerm@és ®B"n e@f&ét%tamb%n@dfa%lénpeandaofcormound
of formula ( accord ? hi s i nvention pharmaceut i cal |

accept abl & sanmLB? (')aléridv? C?’]‘?é'l"@%‘fv“er?é'ﬁe 5H6t4?8?"d§§b%'% PaymMerrse aRtivity of gn

provi des a nethbedzyaie NSERisiimigbiled. preventing HCV infection in a mamal ,
conprising admnistering to the mammal an effective anount of a corrpound
of formula (1), or a pharnaceutically acceptable salt or ester thereof, in
25 conbi nat i dnclufledin 8te dceps of tbe @ventivaris anmethpdodinhibgiea tHCVeplidadon,i ncl uded i n

the scope of &Jﬁ?pnblﬂg Q%dsﬁ'@ d %Ilﬁ’nfé’&gd Rith ﬁCQ%TBrQ Hﬁ&tla%?rfngu%# Qcérjnboun%%?or di ng

to this invention, nmaceut | cally accept est er
thereof , 15 orforpda ﬂhﬁ*ﬂﬁ’ﬁé@‘ﬂﬁ'ft'@"%wh@eﬁ%‘ﬂ'icé%ﬁcﬁ/dﬁ inhibited.r eat rrent and/ or the

preventi on of a

In a further aspect of the invention, there is provided a method of treating or
preventing HCV infection in a mammal, comprising administering to the mammal an
-effective amount of a compound of formula (I) according to this invention, or a

20 pharmaceutically acceptable salt or ester thereof. |

Yet another aspect of the invention provides a method of treating or preventing HCV

infection in a mammal, comprising administering to the mammal an effective amount

of a compound of formula (1), or a pharmaceutically acceptable salt or ester thereof, in
25 combination with at least one other antiviral agent.

Further included in the scope of the invention is a use of a compound of formula (l)
according to this invention, or of a pharmaceutically acceptable salt or ester thereof,
for the manufacture of a medicament for the treatment and/or the prevention of a

30 Flaviviridae viral infection, preferably an HCV infection.

In another aspect of the invention, there is provided a use of a compound of formula
(1) according to this invention, or of a pharmaceutically acceptable salt or ester
thereof, in combination with at least one other antiviral agent, for the manufacture of a

35 medicament for the treatment and/or the prevention of a Flaviviridae viral infection,
7



30 Flaviviridae viral infection, preferably an HCV infection. In another
aspect of the invention, there is provided a use of a conpound of formula
(1) accorwlongodio7dodi s i nvention, or of a pharnmaceuti cal pyTaoee@icablog sal t
or ester thereof, in conbination with at | east one other antiviral agent,
for the manufacture of a 35 nedicanent for the treatnent and/or the
prevention of a Flaviviridae viral infection, 7 WO 2006/ 007693

PCT/ CA2005/ 001103 preferably an HCV infection. Yet another aspect of the
invention provides an article of manufacture conprising a conposition
effective to treat an HCV infection or to inhibit the NS5B pol ynerase of 5
HCV and packagi ng material conprising a |abel which indicates that the
conposi tion peefarably and#eV infectioreat i nfecti on by the hepatitis C virus,
wherein said conposition conprises a conpound of fornmula (1) according to
this invention or a pharmaceutically acceptable salt or ester thereof. 10

DETAI LED DESCfet P1ates aspect ofthe WENﬂ”CB{PV'@%quf‘rﬁrt"i'%ﬁfsqulﬁP COMPTRING

definitions apg@mposiibesectidRtitiaban ROVatectidh ou&ﬂdmb.ethele_5Btdwnteeés@ of
"(C, _n)al kyl jate al one, or i nation

e HeRed Packaing el She a ol Whief o3 heprp oy

chai n al kyl rcadibeaked todreatinfectian Hy the haepatitis Bosirusitvadresein egig ecrhpasition. Exanpl es

of such radi i ' |
n-propyl, 1- ﬁﬁ’ﬁfé qlllvq;%ug% B%F"%g ?Qécg{déﬁtéﬁ% &1_9%@&F%kg%rﬁa?¥utrcally

2- met hyl prop;acceplaueaalh@rteﬁ;ﬁr&terﬁ;qf (tert-butyl), n- pentyl, etc.. In the
followi ng, the term Me denotes a nethyl group; Et denotes an ethyl 20
group, Pr denotes a Erop%l group and Bu denotes a butyl group. If an al kyl
group i s ¥ubdRETALER BESRRIATIANSF THE INENHPNf er abl y nono-, di- or trisubstituted
with fluoro pdfinfdiesubstituted by chloro or brono. 25 As used herein, the

term"(C2_n)alkenyl", ein nis an er i ther alone or in
combi nati on \?\.ﬁlrleﬁaéﬁ’ﬁlgrfg’]'”' g PRIV, unileésoh-\e geeﬂét? mean an unsat urat ed,
acyclic straight or branched chain radical cont aining two to n carbon

atoms, at | eaﬁ thstewg%m Y}@t%ft @alp@ngﬁgren ni mt %eéltggyal&wed rlfrt?l e bond.

Exarrpl es of <uc ical's rnc are henyl
(vinyl), 15 praspiinglion @ithangieatyadical -ihnteadgd to reean acymmtra@h(@zbrm)cheo!) al kenyl

group i s subsibhUWigfradichisicontdAg 1Sth A rdoh a@cﬁnsﬂé@ﬁédﬂ@éﬂr e 2RIy sichr bon at om
radicals include, but are not limited to, methyl, ethyl, n-propyl, 1-methylethyl (iso-
propyl), n-butyl, 1-methylpropyl, 2-methylpropyl, 1,1-dimethylethyl (tert-butyl), n-
pentyl, etc.. In the following, the term Me denotes a methyl group; Et denotes an ethyl
20  group, Pr denotes a propyl group and Bu denotes a butyl group.

If an alkyl group is substituted by halo, it is preferably mono-, di- or trisubstituted with

fluoro or monosubstituted by chloro or bromo.

25  As used herein, the term “(Cp.n)alkenyl”, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an unsaturated, acyclic straight
or branched chain radical containing two to n carbon atoms, at least two of which are
bonded to each other by a double bond. Examples of such radicals include, but are
not limited to, ethenyl (vinyl), 1-propenyl, 2-propenyl, 1-butenyl, etc.. When a (C..)

30 alkenyl group is subétituted, it is understood to be substituted on any carbon atom
thereof which would otherwise bear a hydrogen atom, unless specified otherwise.

As used herein, the term “(C..,)alkynyl”, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an unsaturated, acyclic straight

35 or branched chain radical containing two to n carbon atoms, at least two of which are
- 8



t her eof which woul d ot herwi se bear a hydrogen atom unless specified
otherwi se. As used herein, the term"(C2_n)al kynyl", wherein nis an

i nt eger, wot2b@rooadogne or in combi nati on with anot her r adiraa200s®1i08t ended
to mean an unsaturated, acyclic straight 35 or branched chain radical
containing two to n carbon atons, at least two of which are 8 WO

2006/ 007693 PCT/ CA2005/ 001103 bonded to each other by a triple bond.
Exanpl es of such radicals include, but are not I|imted to, ethynyl,

1- propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1-nethyl-2-propynyl, etc..
When a (C2_") al kynyl group IS substituted, it is understood to be
substituted qn r i i »
hydr ogen at O?ﬁond ac{]tess @}f{pg&rb% ﬁoéxaysitsble%rb&s\é&’fﬂ rgagléllgﬁ{c}{\fdéeoﬁsgno@

" (C3_n) cycl odinitgt 1o, eﬁweylm propynys 2anopyiyle drduitynii 2-hetynyd) ‘bmethy2-prepynyl,

conbi nati on gt Wvﬁap% ker ) 5mﬂxy¢aﬂoup E%@B&.t@e&yﬁg ea&é@tboa RdieCsabstt@ad 8h ni ng
fromthreeto n | es of such radicals include, but are

not |imited tasy cagpen éfﬂnb‘ﬁﬂeOfW'Teh E’%’FGBWFG b%%F@I'USE’H??Pm"byElF%exyI and
cycl ohept \d . opscitisestihéraqsel n, the term " (C5_n)cycl oal kenyl ", wherein n is an
i nteger, either alone or in combination with another radi cal, nmeans an
unsaturated cyclic radical containing five to n carbon atons. Exanples
include, but A wsedberelr, thetteon YG;..)cycatiplé whersih n énah integec gitieoalbrenyin. - As
used herein t:{&ﬁ\ n%fl ﬁ@nﬂ&%ﬁ lMéns%%aoalkﬁlrﬂéahcont%ﬁé ﬁbl’ﬂ thre8fy! m are
i nt egers, er in conbination’wt nmeans a
branched or sn¢aaibcymtome®1ampéas@suqhaadléai$ inglyde.fyt aretnst H“MrfB(ﬁYC'QP@ﬁE' to
whi ch a cygl | idheptn three to mcarbon atons is
coval ent | i&bqﬁggﬁuwl a‘a&r?%a'lét%'p%;aﬁc? ag%i% P (CL. 8)al kyl - inol ude, but
are not limted to, cyclopropyl methyl, cycl obutyl nethyl,

(2:ycl Olpe ntyl n'leAs![’ﬁrf]ged hepes, Q’S&tléiﬁ\ net. I)Wcloaﬂ(eﬁ\)ﬂ G knmm’eop)'![s@nhmbger, either alone or
-cycl opropyl.e clo . N
1-cycl opent y!' Bfﬂ%'hatﬁ"’c"{) EW{ Ej/'ﬂd Eé\ea“ﬂa“ V@F“é#gé CY‘%?K‘%ﬂlﬁal containing

2-cycl ohexyl eftvyd n cartbon atohhsl Ezsnpleeioclfides dubarb epilingted ta cggopentenyl and

cycl oal ky yelo?@l %I group may be substituted on either the cycl oal kyl
or t he al kyI portion thereof, or both. As used herein, the term :
"protecting group" defines prot ecting groups that can be wused during -

synthetic tr a/ﬂssus‘éBWﬁFéer!ﬁe ERD) m‘?éycibfalky‘!t'(t:ﬁ??alﬂﬂe Wherbif G dndl n%@&ﬁl@gergo

"Protective G.oups in anj c
(1981) and either alone orin gomblnation with ano%er radical, means X branc:%\ed or s&lglg t

chain alkyl radical having 1 to n carbon atoms to which a cycloalkyl radical containing

rk

20 from three to m carbon atoms is covalently bonded. Examples of (Cs.7)cycloalkyl-
(C+.6)alkyl- include, but are not limited to, cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, cyclohexylmethyl, 1-cyclopropylethyl, 2-cyclopropylethyl, 1-
cyclobutylethyl, 2-cyclobutylethyl, 1-Cyclopentylethyl, 2-cyclopentylethyl, 1-
cyclohexylethyl, 2-cyclohexylethyl, etc.. Unless specified otherwise, a

25 cycloalkyl-(C+.5)alkyl- group may be substituted on either the cycloalkyl or the alkyl
portion thereof, or both.

~ As used herein, the term "protecting group" defines protecting groups that can be
used during synthetic transformation, examples of which are listed in Greene,
30 “Protective Groups in Organic Chemistry”, John Wiley & Sons, New York (1981) and
“The Peptides: Analysis, Synthesis, Biology”, Vol. 3, Academic Press, New York
(1981). '

As used hérein, the term “ary!” either alone or in combination with another radical

35 means a carbocyclic aromatic monocyclic group containing 6 carbon atoms which



"The Peptides: Analysis, Synthesis, Biology", Vol. 3, Academ c Press, New
York (1981). As used herein, the term"aryl" either alone or in

conbi nat iwo 2mddd7@Bot her radi cal 35 means a carbocycl i ecarcnredsion1103
nmonocyclic group containing 6 carbon atons which 9 WO 2006/ 007693

PCT/ CA2005/ 001103 may be further fused to a second 5- or 6-nenbered
carbocyclic group which may be aromatic, saturated or unsaturated. Aryl
includes, but is not Iimted to, phenyl, indanyl, 1-naphthyl and
2-naphthyl. 5 As used herein, the term"aryl-(Cl_n)al kyl-" nmeans an al kyl
radi cal containing from1l1l to n carbon atons wherein n is an integer to
whi ch an aryl residue i s bonded | es of aryl-(ClL 3 |nclude
but are not |T#Y ?%@”F%f“%ﬁﬁﬁlsef%ﬂeﬁiﬂ aRpefed Caib";?M%lﬁygF h may be

2- phenyl et hylaranndudobannatamr@wkaturuwdeam iapiades betds pdthiatitad a,epham indanyl,
aryl-(CLl_ n)alﬁ%/lht & ). ﬂﬁwp? substituted on either the aryl or the alkyl
portion ther B ‘As used herein, the term"Het" defines a 4-
to 7-menbered heterocycle having 1 to 4 het er oat ons each i ndependent |y

sel ect ed 14 OMDuectafdh, Bho WAL SyBY RS e b ram&aaw@hﬁg {8 AOMAL i .

and which 1s op I ona used t east -one ot forma 7-
to 14- rrenberefucaibﬂfb@t@fpélmﬂé'S}%Mn??gewfﬂew@vfé?“ BU&@ﬁ'ﬁP%'Slboﬂéeds het er oat ons,

each i ndependsiypyessf E@P((ﬁ@)aﬁk"yp MRckide l\builade ot nﬁm tBeE@fZQIRQﬂméfﬁVﬁ‘étl%l \Xh bei ng

saturat ed, unsaturated ot herw se. en a Het
or oup- | o SuboTPIGVEIY. PPneRJhY Bl BETTHoRh LiFea sy WERror

het er oat om t heyigof.,)alkfH grbup may be satistititesl ceeithecthe anhyothe gyl mitomthatadfess
speci fied ther se. 20 Substituents which may be bonded to carbon atons or
to heterodl on®¥ 8 mb% those which give rise to chemcally stable conpounds,
such as are recognlzed by those skilled in the art. As used herein, the-

term "Het - (CLayalulein, tﬁ@t@ﬂﬁ"ﬁé}" é’édﬁgéaﬁafy 7‘:{"715 8:%(1 et hQhd 1tPs 25 N
Ry 18

car bon at ons, ereinnis an in si due ded.

Unl ess specifiqtefeatempeadh lgéepeaﬁem?seteetfd froen CRW an@ﬁo\ﬁfpjcmy be S%tut%qq t ut ed
on either theddafurféd ortd?&nat&xﬂud maﬁ |s%tlém9 fRbd tP4t 18R bne Mhertyed ther ei n
the term "heteroatont means 0, S o 30
15 forma 7-to 14- membered heteropolycycle having wherever possible 1 to 5
heteroatoms, each independently selected from O, N and S, the heteropolycycle
being saturated, unsatuvrated or aromatic, unless specified otherwise. When a Het
group is substituted, it may be substituted on any carbon atom or heteroatom thereof
which would otherwise bear a hydrogen atom, unless specified otherwise.
20  Substituents which may be bonded to carbon atoms or to heteroatoms are those
which give rise to chemically stable compounds, such as are recognized by those

skilled in the art.

As used herein, the term “Het-(C1.,)alkyl-” means an alkyl radical containing from 1 to

25 ncarbon atoms, wherein n is an integer, to which an Het residue is bonded. Unless
specified otherwise, an Het-(C,.,)alkyl- group may be substituted on either the Het or
the alkyl portion thereof, or both.

As used herein the term “heteroatom” means O, S or N.

30
As used herein, the term "heterocycle", either alone or in combination with another
radical, means a monovalent radical derived by removal of a hydrogen from a three-
to seven-membered saturated or unsaturated (including aromatic) heterocycle
containing from one to four heteroatoms each independently selected from nitrogen,

10



As used herein, the term "heterocycle", either alone or in conbination with
anot her radical, neans a nonoval ent radical derived by renoval of a

hydr ogen woameaotdysee-. to seven-nenbered saturated or pomsab2005a0€en3
(including aromatic) heterocycle containing fromone to four heteroatons
each independently selected fromnitrogen, 10 WO 2006/ 007693

PCT/ CA2005/ 001103 oxygen and sul fur. Exanples of such heterocycles

i nclude, but are not limted to, . azetidine, pyrrolidine, tetrahydrofuran,

t hi azol i di ne, pyrrole, thiophene, hydantoin, diazepine, 1 Himdazole,

i soxazol e, thiazole, tetrazole, piperidine, piperazine, honopiperidine,
honopi perazi ne, 1, 4-di oxane, 4-norpholine, 4-thionorpholine, 5 pyridine,
pyri di ne- N- oxexggeroandsulfunrEgamgles ofr suth setemiclcied ingud!uabeiraleyioﬂ lpgtedtdd H H H NH

0 S N NON-/ N, bl rliJe ('?!8 n%lgln% te a%dbl?rHHﬁetﬂ Egirdﬁ'\' n%yd oheetﬁlgprh%e Egr%tgﬁm ycycl e

either alone or in tio cal’, ‘mean's erocycle
as defined abdisaepingsHitinidazolfe isoxazels; thiazoleetetrezalé, @ipeidinet piperaziee, het er ocycl e

or any other gy epen&x@rmh%.pefazﬁ]ecmlaﬁ;x%@mharsmilnw H‘t%d#ﬁ‘r%hn dut ‘are not
limted to |ndole benzi m dazol e, t'hi azol o[ 4, 5-b -Ey di ne, quinoline,

i soqui nol i he, PYTigPe RyTIHRG "‘n°x'<!ﬁ°ft9¥6midme|v ehinadplioging netergeyglesy 0 S C C N O or
H 15 As used herein, bhe term haI 0" neans p hal ogen subst jt uent and

i ncl udes fl uoro, chI | odo usedNyerein, Nqe term " OH'
refers to a hydroxyl ch me ‘qéz ane Skll\ed in the art

t hat hydroxyl groups n&y b osubst i ed bw nct | @roNp-N20 equi val ents.
Exanpl es of such functional group equi valents that are cont enpl at ed by
this invention include, but are not limted to, ethers, sulfhydryls, and

primary, secm@is@axhefern ltr%rtbmarrwtaapms;cue'ﬁétne.sa@hmr@bcﬂnmhmnwtﬁran othbf
refers to a Srg!:h]::a me ns aghe?er%cycke as gef elg]ovgc?used to one })rhrﬁore other cycle, be it
10  a heterocycle or any other cycle. Examples of such heteropolycycles include, but are
not limited to, indole, benzimidazole, thiazolo[4,5-b]-pyridine, quinoline, isoquinoline,

or coumarin, or the following:

selsslosivayics

15  As used herein, the term “halo” means a han_gen substituent and includes fluoro,
chloro, bromo and iodo.

As used herein, the term “OH” refers to a hydroxyl group. It is well known to oné
skilled in the art that hydroxyl groups may be substituted by functional group

20 equivalents. Examples of such functional group equivalents that are contemplated by
this invention include, but are not limited to, ethers, sulfhydryls, and primary,
secondary or tertiary amines.

As used herein, the term “SH” refers to a sulfhydryl group. It is intended within the

25  scope of the present invention that , whenever a "SH" or "SR" group is present, it can
also be substituted by any other appropriate oxidation state such as SOR, SO.R, or
SO;R.

As used herein, the term “-O-(C,.,)alkyl” or “(Cy.n)alkoxy”, used,vinterchéngeably, refers

1



25 scope of the present invention that , whenever a "SH' or "SR' group is
present, it can also be substituted by any other appropriate oxidation
state sucWo2s068o93 SC2R, or SO3R. As used herein, the terma2005/001103
-O(C _n)alkyl™ or "(C, _n)al koxy", used. interchangeably, refers 11 WO
2006/ 007693 PCT/ CA2005/ 001103 to an oxygen atom further bonded to an al kyl
radi cal containing froml1l to n carbon atons. Exanples of (Cl_6)al koxy
include, but are not limted to, methoxy (CH3O ), ethoxy (CH3CH2O ),
propoxy (CH3CH2CH2O-), 1-nethylethoxy (isopropoxy; (CH3)2CHO ),
1, 1-di net hyl et hoxy (tert-butoxy; (CH3)3CO ), etc.. Wien an O (Cl_n)al kyl 5
radical is substituted, it is understood to be substituted on the
(Cl_n)al kyl peanpgygentatem tuther ended tocanralikybradicat epatairingrirom $.t¢ Trampal kyl " or
(C1_4al kyl t hingrhs exaRgies 8t €1,0/3kB9PALYe, bul @b bRt sithes (@G, f ur ther

bonded t Kk t 10 t

E)ngrrgl esoo?l n(%l ’%)((a'l"%ﬂ?fgﬁr 8%88?8?(98'&&9%91'{20& é"}?é'fy'qthWI(’éWr?Qnyﬂ:t ﬁ;rf thio

(CH3S-), Iet Exbt-lt;ohmofb)l-ﬁcuﬁ&u)yletm@memummy((crsmbc}l-a& Whet -ane- f(%qlﬁ)atkiyyl thio
[ u i 0;

Elcagl)og(c):gy § ?dlcal %‘a&% |§ upg%st% gl‘%’éu%ts Ixtg I ?he(&;egak I@f}(tr?fal kyl

radi cal or arthers@®@- (Cl _n)al kyl radical are substltut ed, each is understood
to be substituted on the (Cl_n)al kyl portion thereof 15 As used herein,
the term"COOH" refers to a carboxylic acid group is well known to one

skilled in tHSed hemn thedpBvxFHEe) P %wwymv us&é infgtshanaeabl¥d by
functional  geRHoSMHUIEAER fistheFSEHIRH @Sahiky Wadicdl beHAihiRG AbmOI 8 Warbon

Pt tad tl oty Eégpkaat S Raflte Miyte sPorBoohimizs ©rbHHCHS S ds
sul foni ¢ aci dghylthiet(CEHzEHSs), plopyItitolCeBCHIEGHSY)| Mdmtmauo (lsBisepPBoZNR2) ,  and
A s e A Y e T e e LT AR
ester that cafl-(Benalkdaadichl tan -§OWE- it)hléylwil@dmlyan @(thdx)aIMTadmabarecti ng

groups that %%Bsthﬁe&'%%‘éh tsrlﬁm'dla'n‘i?ood l?(%e éﬁb%tuﬂﬂféfd dn' 1A {&9)diQi poHiorthkbr, st er s
such as nethyl, ethyl, trinmethylsilylethyl and tert-butyl, 2) aralkyl

esters suth as benzyl and substituted benzyl, or 3) esters that can be
cl eaved by niAdudeaereir, @it tsRmtCODHMefeds tor LEHMISdyNEadBGia6p. HUS WeRRnown to

trichloroet hyolneasﬂﬁleé) %Hg g&/ {ha?cargoxyllc acid groups may. be substituted by functional
' group equivalents. Examples of such functional group equivalents that are
contemplated by this invention include, but are not limited to, esters, amides, imides,
20  boronic acids, phosphonic acids, sulfonic acids, tetrazoles, triazoles, N-acylsulfamides
(RCONHSO:NR,), and N-acylsulfonamides (RCONHSO,R). '

When protected, as during a synthetic transformation, for éxample, a carbbxyl group
is usually protected as an ester that can be cleaved to give the carboxylic acid.

25" Protecting .groups that can be used include, but are not limited to: 1) alkyl esters such
as methyl, ethyl, trimethylsilylethyl and fert-butyl, 2) aralkyl esters such as benzyl and
substituted benzyl, or 3) esters that can be cleaved by mild base treatment or mild
reductive means such as trichloroethyl and phenacyl esters.

30 As used herein, the term “functional group equivalent” is intended to mean an element
or group or a substituted derivative thereof, that is replaceable by another element or
group that has similar electronic, hybridization or bonding properties.

The following signs ~--- and "~ are used interchangeably in subformulas to

35 indicate the bond, or in the case of a spirocyclic group the atom, which is bonded to
12



30 As used herein, the term"functional group equivalent” is intended to
mean an el enment or group or a substituted derivative thereof, that is

r epl aceabe 2006/mmedsher el enent or group that has sin | acTala@cisvoonios,
hybri di zati on or bonding properties. The following signs ---- and """ are
used i nterchangeably in subfornmulas to 35 indicate the bond, or in the
case of a spirocyclic group the atom which is bonded to 12 WD 2006/ 007693
PCT/ CA2005/ 001103 the rest of the nolecule as defined. As used herein, the
term"derivative thereof' neans a conpound to which at |east one of a
detectabl e | abel, an affinity tag and a photoreactive group is linked. 5 As

used herein, tﬁ@?es%&rtﬂa g%Eﬁgtaél%ﬁlegabel nmeans any group that may be |inked
to the polynerase or to a conpound of the present invention such that when

t he corrpound i s associ ated vvlth t he pol ynerase target, such |abel allows

recogni tion eid ey heieﬂrﬁmétxrm erivdHive HREIPYMEInstd WnipR IR Whicatedshede i t can
be detected, neasured uantifi | abel s" are

i ntended to méldﬁffétabl?d?beé qi';rgytyftqgrﬁnp@cpqq,org?qt%%p@gegnppeq abel s,

chem | um reescent | abel's, colorinetric |abels, enzymatic markers,

radi oactive SOt %g%dﬁ det ff" hetc qul? I'Sngghsaa%Bglro% tﬁ'at \Act/{qé IihE gh@r

attached to t ner ase 15 As
used herein, Ftoliwletraﬁemr'ttaat:ommqndtoa@e mwnslnaeﬂtlpgam tb@tmttenmc%@quhﬁked to

the pol ynmer 35§ Qkiated vﬂthctﬁ’éTBQ Qraeé tgv a%ﬁsa%@;taubwy%bgmmn SHAGS@restif ONG

affinity for a receptor cah used to extract froma solution the entity

to which the ﬂ%&%thWH%SU@WI%% bg detegler. MepyFRIendUPfEd: but are

not |imtegd tEE%an’fb!é%tdf Budl “|aBelsUgreiinténdedeo inbrRIEE Wut ark rdt Arhitedi toSupsygrapt | de, a
pol yar gi ni ne, ni zabl e

d
by a specific? bﬁr‘:? a%awm'g%g%éq%?snf?lé T?ﬂ%ggglg m@g%rﬁg k?r(%prt%ﬂ'é’a‘ég’ ound or
to t he pol yrmscas;ﬁasmndmnity tagewaca tiatohs Sudkslabele drehataehen, to theecdrgroomd or
photoreactl %er%@ea&swée}l o&H'?netﬂ%% is transformed, wupon activation

by light, fro rou 0 a reacfive species, such as a free 25
radi cal . Such a group. may be used as, for exanple, a photoaffinity | abel.

Exanpl es of dQ\reFHdp%é t@m) %ltyl?ébt nieafs Qﬂéadd' (Mat Rdy 'b@;m@@mg%henones

azi des, - and the i ke. term"salt” thereof™ neans any acid and/or base
addition sal tqufmeaawmaﬁamp%@cﬂf mer@e%e@t Y‘H%ntpﬂ)v‘@ﬂﬂsieéﬁm%?f@?'@r My a
phar maceut i cakkapt@rcan bk abbetosktrhctiidaT £6dlution the entity to which the ligand is

attached. Examples of such ligands include, but are not limited to, biotin or a
derivative thereof, a histidine polypeptide, a polyarginine, an amylose sugar moiety or

20 a defined epitope recognizable by a specific antibody. Such affinity tags are attached
to the compound or to the polymerase by well-known methods.

As used herein, the term “photoreactive group” means a group that is transformed,
upon activation by light, from an inert group to a reactive species, such as a free

25 radical. Such a group. may be used as, for example, a photoaffinity label. Examples of
such groups include, but are not limited to, benzophenones, azides, and the like.

The term “salt thereof” means any acid and/or base addition salt ofa compound
according to the invention; preferably a pharmaceutically acceptable salt thereof.

30 | .
The term “pharmaceutically acceptable salt” means a salt of a compound of formula
(1) which is, within the scope of sound medical judgment, suitable for use in contact
with the tissues of humans and lower animals without undue toxicity, irritation, allergic
response, and the like, commensurate with a reasonable benefit/risk ratio, generally

35 water or oil-soluble or dispersible, and effective for their intended use. The term
13



30 The term "pharmaceutically acceptable salt” neans a salt of a conpound
of formula (1) whichis, within the scope of sound nedical judgnent,

sui t abl e Wworoesm®7¢98 contact with the tissues of hunmanspamaA200@01@3i mal s
wi t hout undue toxicity, irritation, allergic response, and the |iKke,
commensurate with a reasonable benefit/risk ratio, generally 35 water or

oi |l -sol uble or dispersible, and effective for their intended use. The term
13 WD 2006/ 007693 PCT/ CA2005/ 001103 i ncl udes pharmaceutically- accept abl e
aci d addition salts and pharnaceutical | y- acceptabl e base addition salts.
Exanpl es of swtable salts are found in, e.g., S M Birge et al., J.
Pharm Sci .

6 1-19. 5 The t bl e
acid additi or'ln Lﬁ‘teé pﬁmﬁgu“tcﬂé}'s%ccg%tﬁ?'g%ﬁﬂ%r H}'O'P 5N ? ﬁ& Ca?;L %atﬁggfpt e
ef f ect i venessaceeptatpe bareraddition eéltst Brarfiplesofisaitaide saits aphfoond iy egn@tM '
bi ol ogical ly e % Qeg%ﬁ%mugge%\;ﬁg_’e%p f10|r9rred Wi th inorganic acids such as
| u

hydrochl oric a Hydr obrom ¢ aci I furic acid, sulfamc acid, nitric
aci d, phosphoric aC|d and the |ike, and organic aci ds such as acetic

acid, trifg Uofrh‘é@&ﬁ{“pﬁar?ffa'céiutlcaﬁv ﬂic@pt&ge%&b%ddlﬁ&ﬂ@éltbh@aﬁ@tﬁése a@m\rmahc aci d,

benzenesul f oni ¢ acid, benzojc acid, but anphor

canphor sul f odfi@indee B'°'°8icﬁ'rﬁfﬁweaﬁﬁs&“d(ﬂr%/ﬂeft@sz?ithﬁ freﬁ%dg%cm %h'%@'i"ﬁ ot

ﬁt hanels]lcjl f onlu;o|@g;¢ady ogétbér&ﬁiﬁemnaéstldblegfoymed with mofganic glcids sudpdsosphori ¢ aci d,
em sul fic

2- hydr oxyet hZP(g%oﬁW%Ch?cé é‘g?rggm(m %‘f"ﬁlsg?rf\‘ﬁ'ccaagldi‘ 'Ja%llt&@ﬁgé:l IqoscPhSQC mal ei c
acid, malic acidlandrhkdike, @naorga,nlcmmid@m:masl&:ea@ia@ld trrﬂ;sarwle@m@%@aﬂ@m c acid,
met hanesu?J rH doﬂalc Q&@&%B%n@ &a, LHe'fm?clEHe%uIf’b‘hicdamd BEsRAd i b@t‘}héjamd

2- napht ha enes on| C acl oxa Ic acl d, panoic acid, pectinic acid
phenyl aceti c c@mmor@%éﬂvplpﬁr&ﬂﬁoaﬁuaé'da@%?m'ﬁ?%l9"60 éﬁ'pod‘g‘b?%‘tﬁ it ¢ acid,

pyruvic aci d1etha‘;n%lsuﬁb)ﬂc'ééldaﬁthmIéSé(ﬁ@rgllyéolﬁ.Cécﬂi grvyu&@prﬁbsgh@:watnd aethisaing | i ¢
acid, tartaric acid g enesu ni ¢ aag anoi ¢ _acid, and the
like. 20 The acih AexdhRicacd U?F@&'Idl @'”&?E‘&@ﬁg *@J‘Eﬁg aﬁ%sd‘ﬁ?n'%ﬂc'gal t" means
those salts wtseml"omdeﬁi@,l lacttcraeudbhpirmgmmhc &id, ectic uedanslosindcipropaletic es of
the free 2 ds bq? a%?m éerlc)eggl%mc ch{,]memaﬂlaaﬁ’fbﬁ’ @latlﬁ %hﬁﬂ%@%é#lf@ﬁlc%@@eg rable,

formed wi €s such as anmo car bonate, or
bi car bonat e oflccmmnlduamephtaalemetsalfomﬁaaqmnX@G@Iﬁ'daBan@C aojdi Rﬁﬁ'm‘bé@'és& um

lithium cal cijimdRERER! 3LPheryipPdbiorfd &t5d, pRARPEId, pREBRERNRRE pyruvic acid,

salicylic acid, stearic acid, succinic acid, sulfanilic acid, tartaric acid, p-toluenesulfonic
acid, undecanoic acid, and the like. ‘

20 .
The term “pharmaceutically-acceptable base addition sait” means those salts which
retain the biological effectiveness and properties of the free acids and which are not
biologically or otherwise undesirable, formed with inorganic bases such as ammonia
or hydroxide, carbonate, or bicarbonate of ammonium or a metal cation such as

25 ‘sodium, potassium, lithium, calcium, magnesium, iron, zinc, copper, manganese,
aluminum, aﬁd the like. Particularly preferred are the ammonium, potassium, sodium,
calcium, and magnesium salts. Salts derived from pharmaceutically-acceptable
organic nontoxic bases include salts of primary, secondary, and tertiary amines,
quaternary amine compounds, substituted amines including naturaily occurring

30 substituted amines, cyclic amines and basic ion-exchange resins, such as
methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine, triethylamine,
isopropylamine, tripropylamine, tributylamine, ethanolamine, diethanolamine, 2-
dirhethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,
histidine, caffeine, hydrabamine, choline, betaine, ethylenediamine, glucosamine,

35 methylglucamine, theobromine, purines, piperazine, piperidine, N-ethylpiperidine,
14



alum num and the like. Particularly preferred are the anmoni um potassium
sodium calcium and nmagnesiumsalts. Salts derived from

phar macewocaddops@scept abl e organi ¢ nont oxi ¢ bases i nclpgtasadsion1 o
primary, secondary, and tertiary am nes, quaternary am ne conpounds,
substituted am nes including naturally occurring 30 substituted am nes,
cyclic am nes and basic ion-exchange resins, such as nethyl am ne,

di mret hyl am ne, trinmethyl am ne, ethylam ne, diethylamne, triethylam ne,

i sopropyl am ne, tripropylamne, tributyl am ne, ethanol am ne,
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di cycl ohexyl am ne, |ysine, arginine, h| stidi ne, caffeine, hydrabam ne,
chol i ne, bet aﬁeﬁémetév'ﬂeﬁmn@m %amnﬁ’énngr%@e@&'ﬁmﬁ@m%cqmqupw&amﬁ ey~

t heobr omi ne, mmethpaamn@n\oméwnpmend.@é PemihyAforpHYIieg, fwdyabm&?m.ﬁee 14 WO
et act hy! amHTAREBR BORAD 7 PP aRthRaT e N-oRTEREPIS! A | no.
m— nI\I-EEi h%I pi plerdernzelethMenmléminawcmwhmmxeslnsl,lanmﬂne)lhexyéramlm prél’ebwgr)ghmm ne,

i benzyl p enedi am ne,
pol yanm ne %esﬁbﬁgﬁwéé%ﬂq?m&??%%ﬁ%al cu%a% SFheH%'? lcr)'&gg%!a@m% nont oxi ¢
bases are i so<ib¢x9pr&ﬂﬁrwe¢ aiplinehgndeafiene. et hanol ani ne, trinethylanine,

di cycl ohexyl am ne, choline, and caffeine. The term "ester thereof' neans

any ester of a cog_gound in which any of the carboxyl functions of the
mol ecul e is rEfBEREsI thereod rR%@(?@é.‘VBé‘ﬁS/PfaT%ﬂﬁ‘EﬁinB%'” WiHeh anyi idhaarborgk 10

limted to phﬁﬁﬂBﬁQUtthQ&ioléﬁu§¢§%lph@§H By%élﬁé@c&r’ﬂ@rﬁﬁﬂfnctldﬁhﬁhcluﬁfnﬁ‘but not

"phar macegé]l cal L?% acce t abl e IF tﬁ‘ Sh herfel n, either alone or in
conbi nat i 9 Blﬁ{ C%Lﬁ'ﬁgyﬁcﬁ%l’ﬁ? © 3rﬁ ®&¥ers of the compound of
formula (1) in V\:hl ch any of the carboxyl functions of the nol ecul e, but
preferably t ! | onyl
function: EB\/F\l/é n:‘% Pﬁcre"*%g&%f) l%ers%'? %e eSPXreﬁfgfmseg %gé*ﬂf rom al kyl
(e.g. net hyl C@thﬂ}ﬂtlon Wity pegiher substisyent, mnays estgrsmnithe 9omp@uk¢mfyfamya (I(ie. g.

met hoxynet hy|\)/h|ctﬁérﬁspdf§t’@6é|rb Ifgnct@ﬁ@éﬂﬁé/m%fe'amwbut p%’f&éﬁ}’g}el(cgh I Segé}")
0

aryl oxyal k V\# rc1; F)henox %q g gl ,

subst i tuté EPinYS Sd@%' k@fl"’m@' XKGArOYY f(*’@‘l'oﬂ) aI koxy. Cther suitable
esters can be found in Design of prodrugs, Bundgaard, H Ed. El sevier
(1985). Such pharmaceutically

.\\ OR

A}

~ in which the R moiety of the ester is selected from alkyl (e.g. methyl, ethyl, n-propyl,

tert-butyl, n-butyl); alkoxyalkyl (e.;g. methoxymethyl); alkoxyacy! (e.g. acetoxymethyl);
aralkyl (e.g. benzyl); aryloxyalkyl (e.g. phenoxymethyl); aryl (e.g. phenyl), optionally

20  substituted with halogen, (Ci4)alkyl or (C14)alkoxy. Other suitable esters can be found
in Design of prodrugs, Bundgaard, H. Ed. Elsevier (1985). Such pharmaceutically
acceptable esters are usually hydrolyzed in vivo when administered to a mammal and
transformed into the acid form of the compound of formula (l). With regard to the
esters described above, unless otherwise specified, any alkyl moiety present

25 advantageously contains 1 to 16 carbon atoms, particularly 1 to 6 carbon atoms. Any
aryl moiety present in such esters advantageously comprises a phenyl group. In
particular the esters may be a (C.sg)alkyl ester, an unsubstituted benzyl ester or a
benzyl ester substituted with at least one halogen, (C;.)alkyl, (C.¢)alkoxy, nitro or
trifluoromethyl.

30
The term “antiviral agent” as used herein means an agent (compound or biological)
that is effective to inhibit the formation and/or replication of a virus in a mammal. This
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acceptabl e esters are usually hydrolyzed in vivo when adm nistered to a
mammal and transfornmed into the acid formof the conmpound of formula (1).
Wt h regawo 2ves/dohed3 esters described above, unl ess ot heroraae@aoifosed, any
al kyl noiety present 25 advantageously contains 1 to 16 carbon atons,
particularly 1 to 6 carbon atons. Any aryl noiety present in such esters
advant ageousl y conpri ses a phenyl group. In .particular the esters may be a
(C _16)al kyl ester, an unsubstituted benzyl ester or a benzyl ester
substituted with at | east one hal ogen, (Cl-6)alkyl, (Cl-6)al koxy, nitro or
trifluoromethyl. 30 The term"antiviral agent" as used herein neans an
agent (conpound or biological) that is effective to inhibit the formation
and/ or repl i ca¢iudas agents that inteyfereywith aitherhpst oTwral meghangmoEEesSOY B the

PCT/ CA2005/ Ooféﬂnﬁkﬁ.onlanaﬁomé?ﬁcaa&eaftaswmm a H&hﬁﬁél es&h%&ms ﬁ‘lcFu'&@rbuhaﬂé thoor Viral

mechani snms necessar f ormati on and/ or | rcation of a virus in a

manmal . Such QEALS ARBELERHRY 298 HoHIV 'Ph"i’H°E & '%V PBRERTRR ARHEY. Hov

agent, an HI Mnhibifdr DARtiRIral agentsidiude iub bieaiot Aecttd, MitdVirin] athamadiey,. Antiviral

agents inc eé\‘lobut are. not limted to, ribavirin, amantadine, 5 Levovirin,
and Vi ram Ui ne Ol EVIETSHer anti- HOV agent” as used herein means those
agents that are effective for dimnishing or preventing the progression of

hepatitis C relabathydmheTey enfdia§%géoe?era%gg%tséa sm%tgr‘a' ected from

i mmunonodul atory agents, 1 nhibitors rot ase
i nhi bi tors ofeffactiveger @l%\'s&ﬁ@ o5 PrevARingthe progessigm ot h?é’ﬁt'tlst%fﬂjﬁé?d $W‘Rt9fés HCV

life cycle. T&f%lée%éﬂSubWH’?@]ﬁfM\?ﬁeaéezéﬁiﬁd&%Mmm@ﬁoﬂ&ﬁﬂbt&?ragérﬂs Ratierd hose
ogi.ca a

agents (corrp n ffective to enhance or
potenti at 8¢t HEAYE PRYSs8r 1S HHuioE SR oS RS I MR O ABGERL or y
agents i ncl ude;gebmtthaHevnmCycbm ted to, inosine nonophosphate inhibitors
(such as VX-497 (nerinmepodi b, Vertex Pharnmaceuticals)), class |
interferons (such as a-, (3-, 5- and winterferons, i interferons,
consensus i nt Breftermplismmandmedilatbry-aganttas esediie)gin mieassthbse agenty (cempoimdésuch

as y-interfe eragica%‘?%t Qée?[[ebtwe% Bﬁ?éﬁ@é o?ﬁaeﬁ%w tgtggrﬁr‘ﬁgné ﬂ;sf‘er erons,

i ncluding but not o interferons conj er proteins
i ncl udi ng'but"eARANSE iMF MaEMaH IMmyaPMOgy|ernyiagents mclude but are not limited to,

inosine monophosphate inhibitors (such as VX-497 (merimepodib, Vertex
Pharmaceuticals)), class | interferons (such as a-, -, 8- and w interferons, t-
interferons, consensus interferons and asialo-interferons), class |l interferons (such as
y-interferons), pegylated interferons and conjugated interferons, including but not

20 limited to interferons conjugated with other proteins including but not limited to human
albumin.

The term “inhibitor of HCV NS3 protease” as used herein means an agent (compound
or biological) that is effective to inhibit the function of HCV NS3 protease in a

25 mammal. Inhibitors of HCV NS3 protease include, but are not limited to, those
compounds described in WO 99/07733, WO 99/07734, WO 00/09558, WO 00/09543,
WO 00/59929, WO 02/060926, US 2002/0177725, WO 03/053349, WO 03/062265,
WO 03/064416, WO 03/064455, WO 03/064456, WO 03/099316, WO 03/099274, WO
2004/030670, WO 2004/032827, WO 2004/037855, WO 2004/039833, WO

30 2004/043339, WO 2004/072243, WO 2004/093798, WO 2004/094452, WO
2004/101602, WO 2004/101605, WO 2004/103996, WO 2004/1 13365, the Boehringer .
Ingelheim clinical candidate identified as BILN 2061 and the Vertex candidate
identified as VX-950.
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(compound or biological) that is effective to inhibit the function of HCV
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2004/ 094452, WO 2004/101602, WD 2004/101605, WD 2004/ 103996, WO
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pol yner ase; 'i%ﬁt@@'t&t%oéﬁcdn’iﬁyuhaéégs%nwd #Q\/OMVO&WQB‘W@G R osEe iyt are not 5
limted to those conpounds describ WD 03/007945, WO

03/ 010140, WO3PHPHAHWQ 03%%0%’&9&5@“%%6@?%@@? and ¥S8PiGRIPN cat i on
11/ 062, 305, hevos2r806 naséip aicatpehtdtyby refepsreB ¢&ll hyeBdehbiigdsnfemengewad ngel hei m) ,

oot 185 e R B N b Ao v

01/ 47883 (Japald 0BOZE6HaEME), WaneB/a00254 (Japar Abbarao)d anthtMEs0 1747888 (Bapgd apan

Tobacco), 4 d"%o%ggo) _Ia)]{g ﬁf{@ﬁrc ﬁ\ﬂ ggt@ JT&D&'@ ﬁﬁp%ﬁ?ﬁ%o AngyMYs283

(1deni x/ Novartis tor o er tar inthe HCV life
cycle" as usdyir P/VW@HHGR*&ﬁ% axpehe) @é&%éﬁmﬂdwﬂm\@n@gu cal) that is
effective to inhibit the formation and/or 15 replication of HCV in a nanmal
ot her than by_i nhi uncti o rotease. This

el udes. agerte WRRINGEPTBper etgs B B VB O SR iereln Msenah sms
necessary f oragehg(cbrapsumidion bnotugté/amhat swﬁectafteit@mhmft tﬁéGVrmamoa an@onal .
i ted 15 dgeReET A R e i o Fale® s St Siion FELE e 5
protease and pietease: éhlamcludegesmhethehnwemmw eztoer(hdﬁE@)H@‘hdlraigenh@mmt
interfere W tfcbhgnf WPREQMatiin Hdisreplichtth df ACYGH S ndirhaidinABitdy br

another target in the HCV life cycle include, but are not limited to, agents that inhibit a

target selected from a helicase, a NS2/3 protease and an internal ribosome entry site

20 (IRES) and agents that interfere with the function of other viral targets including but
not limited to an NS5A protein.

The term “HIV inhibitor” as used herein means an agent (compound or biological) that
is effective to inhibit the formation and/or replication' of HIV in a mammal. This

25 includes agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of HIV in a mammal. HIV inhibitors include, but are not
limited to, nucleoside inhibitors, non-nucleoside inhibitors, protease inhibitors, fusion
inhibitors and integrase inhibitors.

30 The term “HAV inhibitor” as used herein means an agent (compound or biological)
that is effective to inhibit the formation and/or replication of HAV in a mammal. This
includes agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of HAV in a mammal. HAV inhibitors include, but are not
limited to, Hepatitis A vaccines, for example, Havrix® (GlaxoSmithKline), VAQTA®

35 (Merck) and Avaxim® (Aventis Pasteur).
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not limted to an NS5A protein. The term"H V inhibitor" as used herein
means an agent (conpound or biological) that is effective to inhibit the
f or mat i onwenddemozéespl i cation of HI'V in a manmal . This 2pcrroluaganimgent s
that interfere with either host or viral nechani snms necessary for the
formation and/or replication of HV in a manmal. HI V inhibitors include,
but are not Ilimted to, nucleoside inhibitors, non-nucl eoside inhibitors,
protease inhibitors, fusion inhibitors and integrase inhibitors. 30 The
term "HAV inhibitor"” as used herein nmeans an agent (conpound or bi ol ogical)
that is effective to inhibit the formation and/or replication of HAVin a
mammal . This includes agents that interfere wwth either host or viral
mechani snms necessary for the formation and/or replication of HAV in a.
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. ' d nt s that
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Ent 1 i X0)., k- F in
(Amrad) . Ldt oy 6?"’%"”%)3&‘"”8 kLo BT Ct%?i@)(’i\flé'ﬁ't%{e %F%@ (Aw’ﬁze 443
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vacci ne (Powder Jec@ accine ((Jefferon 15 Center) antigen
(OraGen), Bayl#pB a@Bﬁs}ér')'BVQMV%U? §P%q§bieyt)am%v RNﬁV?Cﬁ%Q?ﬁQrP% B
(Cangene) j5 anderdiy stmagen poadeR) saﬂw\a@ﬁgapm Nabl- HBW'( cgodﬂa@@ﬁ.l x B,

Recombi vax HB, Gen pacar e, Bio- mvax, Hexavac.
The term "cl d€paitis %i%“ﬂ%’ﬂ%na“ddéa\ﬁ%@G'“ﬁéﬁ'%i”ﬁtsr?éghgs Q‘ﬁ f?'(‘?t”&gf ErgsiixEe| ect ed

froma Recombivax HB, GenHevac B, Hepacare, Bio-Hep B, TwinRix, Comvax, Hexavac.

The term “class | interferon” as (Jsed herein means an interferon selected from a

20 group of interferons that all bind to receptor type |. This includes both naturally and
synthetically _prodpbed class | interferons. Examples of class | interferons include, but
are not limited to, -, B-, 8-, w-interferons, t-interferons, consensus interferons, asialo-

interferons and pegylated forms thereof.

25 The term “class Il interferon” as used herein means an interferon selecfed from a group
of interferons that all bind to receptor type |l. Examples of class |l interferons include, but

are not limited to, y-interferons.

As di'scussed above, combination therapy is contemplated wherein a compound of

30 formula (), or a pharmaceutically acceptable salt or ester thereof, is co-administered
with at least one additional agent selected from: an antiviral agent, an
immunomodaulatory agent, an inhibitor of HCV NS3 protease, another inhibitor of HCV
polymerase, an inhibitor of another target in the HCV life cycle, an HIV inhibitor, an
HAV inhibitor and an HBV inhibitor. Examples of such agents are provided in the
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20 group of interferons that all bind to receptor type I. This includes
both naturally and synthetically produced class |I interferons. Exanples of
class | iwbendeanoeds i nclude, but are not limted to, aPCTKA206%/001103
winterferons, T-interferons, consensus interferons, asialo- interferons
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section ab ve. ecific re err es suc ents are liste
SRt S (IR R AR
agents: i nosmeHmvnmmmtelaeé mhibibrspi tors, class | interferons, 5 class 11

i nterferons, 0 t |nterfero HCV NS3
:OP ot ease i nhi b %E%ﬁ' n&%‘h?%gﬂcﬁ/}gol oe(rilgscmR b#%o% %&7"851"“?@?% e'nh'Pu'E?ésf’eosi de
or non-nucl eosi @ @Inhlbﬁbltﬂftaootgertargehln thenHC Wilifeoryclef agentst thatrinhikit grgeétn t he HCV
life cycle: ageQéléctéJ‘%m'arf'm &isk, @NSQBQ}%teas%eJn@%?rq%;n fﬁBo@ (fﬂ@leh g a NS2/3

prot ease and an internal bosome entrg s t hat
interfere'®ith {RESH %ﬂﬁﬁgeﬁﬁ tagt ijerrie With the fuptieg @ %th?friﬁrlahféfgﬁ?& ingdinghot
limted to an NGaAopliriteitd an’/NISA\brotBiRi b! tors: nucl eosi de i nhi bitors,

"t egrase i nii bHREPgH HucBags B gieg:nualsBice e RIERE MNP « o
DNA pol yner ase tusioarntétiters ortiftegrasesinhibforsiror HBV vacci ne. These addi ti onal
R S S e R B S
may be 15 an HBV vaccine. .

These additional agents may be combined with the compounds of this invention to create

a single pharmaceutical dosage form. Alternatively these additional agents may be

separately administered to the patient as part of a multiple dosage form, for example,

using a kit. Such additional agents may be administered to the patient prior to,

20 concurrently with, or fbllowing the administration of a compound of formula (1), or a

pharmaceutically acceptable salt or ester thereof.

As used herein, the term “treatment” means the administration of a compound or
composition according to the present invention to alleviate or eliminate symptoms of
25 the hepatitis C disease and/or to reduce viral load in a patient.

As used herein, the term “prevention” means the administration of a compound or
compqsition according to the present invention post-exposure of the individual to the
virus but before the appearance of symptoms of the disease, and/or prior to the

30 detection of the virus in the blood, to prevent the appearance of symptoms of the
disease and/or to prevent the virus from reaching detectible levels in the blood.

Preferred embodiments
Unless stated otherwise, all groups and substituents, including but not limited to R,

35 R? R} RS R R’ R% R" R? A, B, and Het, have the definitions as defined
19



separately admnistered to the patient as part of a nmultiple dosage form
for exanple, wusing a kit. Such additional agents nay be adm nistered to

t he pati ewd 2pes/ireoso, 20 concurrently with, or foll ow ngctrheeamoniost rati on
of a compound of formula (1), or a pharmaceutically acceptable salt or
ester thereof. As used herein, the term"treatnent” neans the

adm ni stration of a conpound or conposition according to the present
invention to alleviate or elimnate synptons of - 25 the hepatitis C di sease
and/or to reduce viral load in a patient. As used herein, the term
"prevention" nmeans the adm nistration of a conpound or conposition.
according to the present invention post-exposure of the individual to the
vi rus but befheraintefase apg bereinntier. bitheiplpwioghe prefeired ¢mbediswentsagrdups apst i or t o
the 30 det eCtéuB&nt@nté%o?ﬁHgg?tH.sf‘mLé}ﬁ”uoPEFéO&iascﬁt%dPreve”t the appearance of
synptons of the disease and/or to prevent the virus fromreaching
detectible levels in the blood. Preferred enbodi nents Unl ess stated

ot herwi se, algdorgf Oups and substituents, including but not limted to R1,

35 R2, R3, R R70, R2 ,_and Het, e the definitions as
defined 19 %B@"@B‘?B@é‘d?’ﬁ?’m@é%?éb‘i%@?”'aﬁQ?HWHE’%?'@V"and herei naft er.
In the followi ng, the preferred enbodi nents, groups and substituents
according to this inventi on are ddgcu bigd ‘Cor e: 5 This invention provides
compounds of the formul asR\(la) an gl ow. 0|R9 RLRS HI NNNRZH
6 Ol RR3 R7 COON (Ia) }g;ﬁﬂ °Rz | HR6 N/. O

R% o rR® . )

H

R® R COOH

- (la)
9 10 R5
R\ i R><R”/H |
N N o) v
N - N—
R:,/ R COOH
' (Ib).
10 '
Any and each individual definition of Core as set out herein may be combined with
any and each individual definition of R', R, R?, R®, R®, R7, R® and R'? as set out
herein. .
15 R:

According to a preferred embodiment of this invention R' is selected from the group
consisting of H and methyl. Most preferably R' is methyl.

Any and each individual definition of R as set out herein may be combined with any
20 and each individual definition of Core, R? R?, R®, R®, R”, R® and R as set out herein.

R%:
In a preferred embodiment, R? is (Cy.s)alkyl.
More preferably within this embodiment, R? is methy!.
25
In an alternative preferred embodiment, R? is (C..¢)alkynyl.
More preferably within this embodiment, R? is ethynyl.
20



R3/ R COOH (Ib). 10 Any and each individual definition of Core as set out
herein may be conbined with any and each individual definition of Rl, R2,
R3, R5, R§02m0600RD3and R10 as set out herein. 15 Rl: AeCTraN20/0b0103
preferred enbodi nent of this invention RL is selected fromthe group
consisting of Hand nethyl. Most preferably RL is nethyl. Any and each

i ndividual definition of RL as set out herein nay be conbined with any 20
and each individual definition of Core, R2, R3, R5, R6, R7, RO and R10 as
set out herein. R2: In a preferred enbodinment, R2 is (Cl1_6)al kyl. Mre
preferably within this enbodinent, R2 is nethyl. 25 In an alternative
preferred enbodinent, R2 is (C2_6)al kynyl. Mre preferably within this
enbodi ment, R2 is ethynyl. 20 WD 2006/ 007693 PCT/ CA2005/ 001103 I n anot her
alternative ﬁgggedlé =) X | . More preferably
wWithin this gﬁgﬁﬁf]ﬁf |rgﬁe§tE gﬁé?/ 'ﬁ]egtcf{ g CE_@ %%éelr&{al ternative
preferred enﬂ%ﬁmrablwlth@twymb@@mpmR W@@I@Pw Het is a 5- or 6-nenbered
nonocyclic aromati c heterocycl e havi ng 1 to 4 heteroatons each

i ndependent |y sel ected fromO, N and S, which.is optionally fused to one

other cycl% 'pyetanpthenpitasative preferiad pmbiogiment. &as any ‘Hé’leér"mﬁﬁ yHetiE@ havi ng
wher ever possgrigliferdbdred nﬁn&@blﬂf&%@ﬂ‘ﬁhet&@@&le‘ HwﬁthFtGﬂﬂiela’oéi&h@éé@\d fromO,

N and S; 10 wherein u ut e substit ted erein
R 1 s as def IREEMIRTTERHECEAERE thtAng S e Sptonaetiad b ioneiatie! GHi o1 n et
is selected ftofommidh 8- t&H+1- me&b&d&ardmﬁlc(l)e&rbﬂ)dwc&ble NavihghheredériNossibié 1to | . p

5 heteroatoms, each independently selected from O, N and S;

10  wherein R? is unsubstituted or substituted with R?', wherein R?' is as defined herein.

More preferably R? is phenyl or Het, wherein Het is selected from

corooe B PR
UL 0AD

15  and wherein R? is unsubstituted or substituted with R“, wherein R21 is as defined

herein. -

Preferably, R*' is one, two or three substituents each independently selected from
(Ci3)alkyl, (Cse)cycloalkyl, -CN, -NH,, -NH(C,.;3)alkyl, -N((C;.s)alkyl),, halo,
20 -O-(C43)alkyl, -S-(C4.3)alkyl, -SO-(C4.3)alkyl and -SO,-(C4.3)alkyl;
wherein the (Cq.3)alkyl, -O-(C,.3)alkyl, -S-(C4.3)alkyl, -SO-(C,.3)alkyl and
-50,-(C1.3)alkyl are each optionally substituted with one, two or three halo
substituents. ‘ i

25  More preferably, R* is one, two or three substituents each independently selected
from fluoro, chloro, bromo, methyl, ethyl, propyl, 1-methylethyl, trifluoromethyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, ethoxy, propoxy,
1-methylethoxy, methylthio, ethylthio, propylthio, 1-methylethylthio, amino, N-
methylamino, N,N-dimethylamino, -SO,CH; and cyano.

21



\N" NN/N Oj and 15 and wherein R2 is unsubstituted or substituted with
R21, wherein R21 is as defined herein. Preferably, R21 is one, two or

t hree subwoizbesot@seach i ndependently sel ected from (Cke3)a2b05/001103
(C3-6)cycloal kyl, -CN, -NH2, -NH(Cl-3)alkyl, -N((Cl-3)alkyl)2, halo, 20
-O(C1-3)al kyl, -S-(Cl-3)alkyl, -SO (Cl-3)alkyl and -S02-(Cl-3)alkyl;
wherein the (Cl-3)al kyl, -O(Cl-3)al kyl, -S-(Ci1-3)al kyl, -SO (C1-3)alkyl
and -S02-(Cl-3)alkyl are each optionally substituted with one, two or
three halo substituents. 25 Mire preferably, R21 is one, two or three
substituents each independently selected fromfluoro, chloro, brono,

met hyl, ethyl, propyl, 1-nethylethyl, trifluoronethyl, cyclopropyl,
cyclobutyl cyclopentyl cycl ohexyl, nethoxy, ethoxy, propoxy,

1- net hyl et hoxMOStmfﬁybwmzd,ls catehyIthnsu:hsthuenlpyebd:mmepehdéiﬁtyhyéleefebYrbtnh| 0,

20061 007603 et CASa0B DB BE e\ eI oy S8 SO SR o

substituents each i ndependent | y sel ect ed fromfluoro, chloro, brono,

met hyl , med horerefardl 'B}Qfera @no. 5 Therefore, preferably, R2 is
sel ected from / bu b N rret hyI et hynyI ethanoyl, o s H N
No~ / N\ I \ I/ F 0= sO N

N
H2 F Cl N NN~MNN NN 'N
VYVl Y/ N~N Yq- N N\C)\ \ 5_)/\,
. /N
N

methyl, ethynyl, ethanoyl,

b@d ¢”¢”¢”¢@ lag

I *NAM

N/N

10  More preferably, R? is selected from:

5885w dr DO
X A
- \l, ¢, F N /o\ D g B

N
\

and

Most preferably, R? is selected from:

&Yy Y

Cl

Any and each individual definition of R? as set out herein may be combined with any
and each individual definition of Core, R?, R?, R%, R®, R”, R® and R" as set out herein.
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"\ Br d O N2\~ Jand c- | 10 Mre preferably, R2 is selected from

I

NNN NN WNN./ NNb/O / F~\JI \ J~"\ J~ \l V\2\~N111" d
F Sr Cl QWb 2006/607dd®N NH2 and Most preferably, R2 is sel ectrath2bosmoriodl N NN
N~" N/ \ 6--N _I _ 1"\ 1 15 OCd F Br and cl Any and each i ndi vi dual

definition of R2 as set out herein may be conbined with any and each

I ndi vidual definition of Core, Rl, R3, R6, R6, R7, RO and R10 as set out
herein. 22 WD 2006/ 007693 PCT/ CA2005/ 001103 R3. Preferably, R3 is

cycl opentyl or cycl ohexyl, each being optionally substituted with one to
four fluoro substituents. 5 More preferably, R3 is cyclopentyl, optionally
substituted with one to four fluoro substituents. Alternatively nore
preferably, R3 is cyclohexyl, optionally substituted with one to four
fluoro substiguents. . Mst preferably, R3 is cyclopentyl or cyclohexyl. 10
Any and each Tndi vi dual definition of R3 as set out herein may be conbi ned
with any andPrefeesbly, Riiswdyelgegntylef tysiahewyh esth being optiRnallReubsitgted méth oRg,  R9
and R10 as sq} &Hﬁu&@%@bdﬁtuen@f’ In one preferred enbodinent, R5 is sel ect ed
from(ClGaIkyI a:{denl 15 (C2-6)al kynyl, (C3 72cyc|oa|ky|
(C3_7) cycl a|M9'Pp(ft§q_ra§'ya$ § cyclopaatyl, aﬁ@naﬁe%ube@mtee)“&mwpfe WHEEP n t he Het

and the Het pobbitshiiaibhatvait mbrelréerblyR® is 3jdoRapiNosRhaftRestiitedin 5- or
6- nenber ed satura¥ ed, unsaturated or aromatic
one to four fluoro substituents.

Most preferably, R? is cyclopentyl or cyclohexyl.

10  Any and each individual definition of R® as set out herein may be combined with any
and each individual definition of Core, R', R? R®, R®, R’, R? and R as set out herein.

R:
In one preferred embodiment, R® is selected from (Cy.¢)alkyl, (Ca.)alkenyl,

15 (C,s)alkynyl, (Cs7)cycloalkyl, (Cs7)cycloalkyl-(Cq.6)alkyl-, Het and
Het-(C,.¢)alkyl-; wherein the Het and the Het portion of the Het-(Cm)aIkyI are
each selected from a 5- or 6-membered saturated, unsaturated or aromatic
monocyclic heterocycle, having one to three heteroatoms each independently
selected from N, O and S; and

20 wherein the (C)alkyl is optionally substituted with'from one to three
substituents each independently selected from halo, cyano, (C4.¢)alkoxy,
-NH(C6)alky!, -N((C+5)alkyl), and -NHSO,(C1.¢)alkyl; and wherein each of the
Het and the Het portion of the Het-(C,.¢)alkyl- is optionally substituted with
(Cig)alkyl.

25

More preferably, R® is selected from methyl, ethyl, propyl, 1-methylethyl, butyl, 1- |
methylpropyl, 2-methylpropyl, 1,1-dimethylethyl, 2-propenyl, 2-propynyl, cyclopropyl,

cyclobutyl cyclopropylmethyl, cyclobutylmethyl, % gj 53 <—_c> and

"\ ; wherein the methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-
30 methylpropyl and 1,1-dimethylethyl are each optionally substituted with from one to

three substituents each independently selected from fluoro, methoxy, ethoxy,
' 23



nonocycl i c heterocycle, having one to three heteroatons each independently
selected fromN, 0 and S; and 20 wherein the (Cl.6)alkyl is optionally
subst i t utwod 20cidd7dosom one to three substituents each i pdemenoEU0LW3

sel ected from hal o, cyano, (Cl.6)al koxy, -NH(Cl-6)alkyl, -N((Cl-6)alkyl)2
and - NHSQ2( Cl. 6) al kyl ; and wherein each of the Het and the Het portion of
the Het-(Cl.6)alkyl- is optionally substituted with (Cl-6)alkyl. 25 Mire
preferably, R5 is selected fromnethyl, ethyl, propyl, 1-nethylethyl,
butyl, 1- methyl propyl, 2-nethylpropyl, 1,1-dinethylethyl, 2-propenyl,
2-propynyl, cyclopropyl, cyclobutyl, cyclopropyl nmethyl, cyclobutyl nethyl,
and mhereln the nmethyl, ethyl, propyl 1-met hyl et hyl, butyl,

1- met hyl pr opyN(Ch)2, 8tH WS8eCheopyl and 1, 1-di met hyl et hyl are each
optionally substituted with fromone to three substituents each

i ndependent | y_sel ect ed fronrfluor t hoxy, ethoxy, 23 WO 2006/ 007693
PCT/ CA2005/ 0(F¥EB51ore RiEfqral aﬁﬁﬁeqﬁgf Even nore preferably, R5 is

sel ected f ron‘hetm&tdﬁw,,pr@ﬂmemetpylemyll 1- nﬂetrimi'rdsmll,@trhmhylprbpvrecﬂrhl}dr@ﬁahvll 2-

2- met hyl pr pyI di f hpx oy n P! | et hyI
2- et hoxyet étE Rﬂh %m@%&&/ﬂa"rhg[ﬁ th %/F%o\éfgt y?(lzl\f-l\é}/ &)félm'n??g?%h%

2- propenyl , Z(NrN dlmreﬁwlamlwmomduz-;)mpew& mppwylcymumwl,,cyﬁgmpﬂmdthgtl | m)r e
preferably, R6 is nethyl, ethyl, or 2-nmethoxyethyl. 10 Mbst preferably, R6

is ethyl or neth ye yI/ An and ach |n ividual definition of R6 as set
out herein may C i ndi vi dual definition of

Core, R, R2; R&we ag@t t herein. 15 RG:
Preferably, R6 is H, rrethyl ethyI or fluoro. More preferably, R6 is H or
met hyl . Most preferably, R6 is H

Still more preferably, R® is methyl, ethyl or 2-methoxyethyl.

10
Most preferably, R® is ethyl or 2-methoxyethyl.

Any and each individual definition of R® as set out herein may be combined with any
and each individual definition of Core, R', R? R?, R®, R, R® and R as set out herein.
15
R®:
Preferably, R® is H, methyl, ethyl or fluoro.
More preferably, R® is H or methyl.
Most preferably, R® is H.
20 .
Any and each individual definition of R® as set out herein may be combined with any
and each individual definition of Core, R', R?, R?, R®, R”, R® and R" as set out herein.

In an alternative preferred embodiment, R® and R® are linked such that the group of -
25 the subformula

is preferably a group of formula

24



20 Any and each individual definition of R6 as set out herein may be
conbined with any and each individual definition of Core, R, R2, R3, R5,
R7, RO amnsloRdy/msc9set out herein. In an alternative pretegtksavbodi ment,
R6 and R6 are |inked such that the group of . 25 the subformula R 0o RB
R COOH is preferably a group of fornmula 24 WO 2006/ 007693
PCT/ CA2005/ 001103 O COON R7 wherein R7 is as defined herein. Any and each
i ndi vidual definition of R5 and R6 as set out herein nay be conbined 5
wi th any and each individual definition of Core, R, R2, R3, R7, RO and R10
as set out herein. R7: Preferably R7 is H nethyl, ethyl, nethoxy or
ethoxy. 10 More preferably, R7 is H or nmethoxy. Most preferably, R7 is H
Any and each individual definitiof ) i
with any and each individual defini off Core, R, R2, R3, R5, R6, RO
and R10 as set out herein. 15 RO and dy ably, RO and R1O are each
i ndependent |y selected from (Cl_3)alkyl or RO and R10O are covalently
bonded together to form (C3.6)cycl oal kKyl, (C5.6)cycloal kenyl or a . 5- or
6- menber ed hej&s RE |sSashRvhétpndrisigm 1 to 2 heteroat ons each 20 independently
selected fromO and N, wherein the cycloal kyl, cycl oal kenyl and
het erocycl e are each optionally substituted with (Cl-4)al kyl.

Any and each individual definition of R® and R® as set out herein may be combined

5  with any and each individual definition of Core, R', R%, R* R’, R® and R as set out

herein.

R:

Preferably R’ is H, methyl, ethyl, methoxy or ethoxy.
10  More preferably, R is H or methoxy.

Most preferably, R’ is H.

Any and each individual definition of R” as set out herein may be combined with any
and each individual definition of Core, R', R?, R®, R®, R®, R® and R as set out herein.

15
R® and R":
Preferably, R® and R are each independently selected from (C,-a)a.lkyl or R? and R"
‘ are cov‘alently bonded together to form (Cs.s)cycloalkyi, (Css)cycloalkenyl or a
5- or 6-membered heterocycle having from 1 to 2 heteroatqms each
20 independently selected from O and N; wherein the cycloalkyl, cycloalkenyl and

heterocycle are each optionélly substituted with (C;4)alkyl.

9 10

™

More preferably, the group *  is selected from:
PN
R9 R10
Even more preferably, the group is selected from:

25



RO R10 More preferably, the group is selected from 3 HC CH 3x. and RO
170 Even nore preferably, the group is selected from 25 WO 2006/ 007693
PCT/ CA20080Q0061003693H3 , H3 3 /~(~ and RO R10 H3C CH Mostrcpreahessaibiws t he
group is or 3 Any and each individual definition of RO and R10 as set out
herein may be conbined 5 with any and each individual definition of Core,
Rl, R2, R3, R5, R6 and R7 as set out herein. Al so enconpassed within the
scope of the present invention are conpounds of formula (I): RIO H\ | Rl

AO7'9R e""N'"'" :] HO H OR3 R COON(lI) 1 wherein: either Aor B
is Nand the other B or Ais C, wherein ----- bet ween two C-atons
represents a double bond and ----- bet ween a-_G,atom and a N-atomrepresents
a single bondﬁS RJQ Hagr (cG1. kyI; Q

, and ° .
9 10
D T or = .

Most preferably, the group

Any and each individual definition of R® and R as set out herein may be combined
5  with any and each individual definition of Core, R', R?, R®, R®, R® and R’ as set out

herein.

Also encompassed within the scope of the present invention are compounds of
formula (1): '

10
wherein:
either A or B is N and the other B or A is C, wherein --—--- between two C-atoms
represents a double bond and ----- between a C-atom and a N-atom represents a
single bond;
15 R'is Hor (Cig)alkyl; .
R? is (C..¢)alkynyl, -C(=0)-(C1.)alkyl, aryl or Het; the aryl and Het being optionally
substituted with R*';
wherein R is one, two or three substituents each independently selected from
(Ci6)alkyl, (Csz)cycloalkyl, Het, -CN, -NH,, -NH(C,.s)alkyl, -N((C.s)alkyl)z,
20 halo, -O-(C1.)alkyl, -S-(C1e)alkyl, -SO-(C¢)alky! and -SO,-(C1.¢)alkyl;
' wherein the (Ci¢)alkyl, -O-(C,g)alkyl, -S-(C1.¢)alkyl, -SO-(C4.¢)alkyl and
-S0.-(C.s)alkyl are each optionally substituted with one, two or three

' halo substituents;
R3is (Cs¢)cycloalkyl, optionally substituted with from one to four halo substituents;
25 R®is selected from H, (Cis)alkyl, (Czs)alkenyl, (Cs)alkynyl, (Cs.7)cycloalkyl, and
(Cs.7)cycloalkyl-(Cy.¢)alkyl-;

wherein the (C¢)alkyl is optionally substituted with from one to three
26



R2 is (C2_6)al kynyl, -C(=O-(Cl.6)al kyl, aryl or Het; the aryl and Het
being optionally substituted wwth R27; wherein R21 is one, two or three
subst i t uenb@ADIIBNdependent |y sel ected from (Cl-6) al leglrjcA2005/001103
(C3_7)cycloal kyl, Het, -CN, -NH2, -NH(Cl.6)al kyl, -N((Cl.6)al kyl)2, 20
hal o, -O (Cl.6)al kyl, -S-(Cl.6)al kyl, -SO (Cl.6)al kyl and -S02-(C1.6)al kyl ;
wherein the (CL. 6)al kyI -0 (C1. 6)al kyI -S-(CL_6)al kyl, -SO (CL.6)al kyl
and -S02-(C1_6)al kyl are each opti onaIIy substituted with one, two or
three halo substituents; R3 is (C5_6)cycloal kyl, optionally substituted
with fromone to four halo substituents; 25 R5 is selected from H,

(0 KL P ASER oo SRR b B S8 ¥
substituted with iamabm one to three 26 WD 2006/ 007693 PCT/ CA2005/ 001103
substituents Reasfsréae %pro Hﬂ %%g‘e n@q]ta%do; rom hal o, cyano and (C1_6) al koxy;

and R6 is seled rom and halo; or R6 and R6 are |inked,
t oget her vmtfRstaheRé’ammkethWﬁthelthhﬁ}e atoras tetwhighibey atetipohes, to fem a 55 6. or

7-membered ring; R/, ﬁmﬁﬁh?%h%q from H, (CLl.6)al kyl, (C1_6)al koxy,

(Cl.6)alkylthio, - | k -N( Cl 6)a|k|)2 and hal o; RO and
R10 are eachR’ ﬂﬁj@dﬁ;ﬁtﬂﬂe‘mnlly' @_X?&Wb 1f6 49k ItRipy 'N"br Nt Canalkiy 0 ar e
coval ently bonded -NE@SSIdNEH), bR has:m (C3_ 7) cycl oaI kyl , (C5 7) cycl oal kenyl or
a 4-, 10 5- qr 6-nmenber ec]

het erocycl e havi ng rom 1 ;eroatoms each
he

i ndependent | R 988 B¢t 8 epshipfepententy sglegied fiRmt (Einalkyeo cR cﬁ”&ﬁ kP,

%(il Z)aI Ikﬁnyl \% h@b@lmyﬁbmeart@gmko faﬂﬁl(comdybmankwbm)byaéaaﬁ@nwdrb 4.I
a ; er S t
havi g 1 o’ 4" het 5 U4 Breres Pelebsrre R beesiehi ¢ TBRLE SR FR0h 0. /N and s

whi ch may be sat uiraiepehdenthsseiectet fen OoN, ardo®rat i ¢, and which is optionally
fused to at |east \A;Plgpelnot\hg%?clgéﬁ%)l Elgalﬁ%gm{%efler%c[yﬂe atdtaABRTHRRE Ay

het er opol ycycl e havi'ng ever "posst b et er oat ons, each
i ndependent | y sel eghstitited with §-)RKdhd S, t he het er opol ycycl e bei ng’

saturated,  \herein Hetis defined as a 3- to 7-membered heterocycle having 1 to 4 heteroatoms
15 each independently selected from O, N and S, which may be saturated, unsaturated
or aromatic, and which is optionally fused to at least one other cycle to form a 4- to
- 14-membered heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from 0, N and S, the heteropolycycle being saturated,
unsaturated or aromatic; '

20 or an enantiomer, diastereoisomer or tautomer thereof, including a salt thereof.

Preferably provided are compounds of formula (1), in particular of the formula (la) or
(Ib), wherein:
R'is H or methyl;

2’5 R? is aryl or Het, wherein Het is a 5- or 6-membered monocyclic aromatic heterocycle
having 1 to 4 heteroatoms each independently selected from O, N and S, which is
optionally fused to one other cycle to form an 8- to 11-membered aromatic
heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from O, N and S;

30 wherein the 'aryl and Het are each optionally substituted with R*',

wherein R?! is one, two or three substituents each independently selected from

(C1-a)alkyl, (Cae)cycloalkyl, -CN, -NH,, -NH(C1.3)alkyl, -N((C1.s)alkyl),, halo,
-O-(C1.3)alkyl, -S-(C1.3)alkyl, -SO-(C1_3)élkyl and -SO,-(C.3)alkyl;

wherein the (Cy.3)alkyl, -O-(Cs.3)alkyl, -S-(C4.3)alkyl, -SO-(C,.3)alkyl and
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unsaturated or aromatic; 20 or an enantioner, diastereoisoner or tautoner
thereof, including a salt thereof. Preferably provided are conpounds of
formul a (Wb,2006m0pasticul ar of the formula (la) or (Ib)pceleneiswor®s is H
or nethyl; 25 R2 is aryl or Het, wherein Het is a 5- or 6-nenbered
nonocyclic aromati c heterocycle having | to 4 heteroatons each

i ndependently selected from0O, Nand S, which is optionally fused to one
other cycle to forman 8- to 11-nenbered aromatic heteropol ycycl e having
wherever possible 1 to 5 heteroatons, each independently selected fromO,
N and S; 30 wherein the aryI and Het are each optionally substituted with

R21, wherein R21 is one, or three substituents each ind nﬁléntly

sel ected from (Cl‘S\Qze(Pkl)?'ky'@@Se%j‘@Pﬁ?r@é{Y RyRstitutegyith queptwo_qutied AP 5 iy |
CN((CL. 3)al kyI)2 SakituensO (CL 3)al kyl . -S-(C. 3)al kyl . -SO (CL. 3)al kyl

d -S02-(Cl._3 "3)alkyl. -0 (Cl 3)al kyl
?g-(Cl 3) <(a| k)ﬁ 1% S%P%'t‘j/i Eﬁa‘%trﬁéﬁ?&%ﬁ%%%%ﬁ%%g %ﬂ“é&f%%/ 001103
-S2- (C, _3)al kyI Ao eatsstitueptsj onal |y substituted with one, two or three
Subst i tut 8d W AR SR RSl (e Ry RRRASE D 2 F o ¥
(C1.6)al kyI (C2. 63aa)cyenaglkyl- (QG}?"@J-aHWIHet((@@e)%xi-ywh@&mléw Het and the
(C3_7) cycl oal kyl - (6 p&%&{ﬁ%wehﬁz&)@@ li;t%teaeﬁée@téé o 2 Whentinberdte Het

and the Het portion o - are each selected froma 5- or
6- menber ed sat ur satergted, HasRtyratad @gaMatie B‘ﬁ’ﬁ?‘?yé lighstsesusler bavieg ¢edeycl e,

having one to thgpee F@ér%éféﬁ{s%&h meﬁeddeﬁﬁp@lyé@atf}o)'n Redest gdafid om N, 0 and
S; and 10 wherein the ( a%‘}t!é ans Ié%itﬁt%stltute vvlthfromone
to three 19ubsti tl‘!i@ﬁ&eg‘ @%&%6 SER U9 ORI cy ano,
(C1. 6) al koxy, -NH( anb&)t@éri@éach1rﬁd(eb€ﬂde&)lﬁhé¢gdtéd2frmdaloNl:jﬁ@i((C,1 o)8katykyl ; and
wherein each of the t,.. POLLI h t- l= is
optionally substitut QE?&W%%YI (%C %{\(@ﬁéé ﬂ*ﬁ%‘gﬁ%’@g aﬂé%ﬁﬁﬂeg hyl or
fluoro; or the Het and the Het portion of the Het-(C4)alkyl- is optionally substituted
with (Cy.s)alkyl; and '
15 R%is H, methyl, ethyl or fluoro; or
- R% and R® are linked such that the group of the subformula

RS
, |
; )
RG
R’ COOH

20 R’is H, methyl, ethyl, methoxy or ethoxy; and
R® and R are each independently selected from (C1.s)alky! or R® and R*® are
covalently bonded together to form (Cas)cycloalkyl, (Cs.s)cycloalkenyl or a 5- or 6-
membered heterocycle having from 1 to 2 heteroatoms each independently
selected from O and N; wherein the cycloalkyl, cycloalkeny! and heterocycle are

25 each optionally substituted with (C,.4)alkyl.

More preferably,
R' is H or methyl;
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R6 and R6 are l|inked such that the group of the subformula | o R7 COON
Is preferably a group of formula O COOH R7 20 R7 is H, nethyl, ethyl,

met hoxy owoebdwmwysezand RO and R10 are each independent | ycsaisodsadifos om
(Cl.3)al kyl or RO and R10 are <covalently bonded together to form
(C3.6)cycl oal kyl, (C5-6)cycl oal kenyl or a 5- or 6- nenbered heterocycle
having from1l to 2 heteroatons each i ndependently selected fromO and N;
wherein the cycl oal kyl, cycl oal kenyl and heterocycle are 25 each optionally
substituted with (Cl-4)alkyl. More preferably, R is Hor nethyl; 28 WO
2006/ 007693 PCT/ CA2005/ 001103 R2 is phenyl or Het, wherein Het is selected
from1\ 1\ 1\ ,1\ S s J-- " Ss H \NN‘\N3NN H/ Oand 5
wherein R2 |st%%rl%‘g'tqrﬁﬁté’ﬂ“e&?'ngﬁb@tsFlFﬁtFagowth R21, wherein R21 is one,
two or three substituents each independently selected fromfluoro, chloro,
brono, nethyl, ethylj, propyl 1- therthyI trifluora hyl , ycl opr opyl ,

cycl obut yl cyclo
hyl t hi o,

: mLL xys xy 0pOXY,,
1- net hyl et hoxy, nethylt i eth F ropy\Llyl o, met hyI
am no, N—nethylanlno N, N—dlnethy am no, -SO2CH3 and cyaw

LYo R elelslelsls

§/

[o}
and o~/ ; ,
5 wherein R? is unsubstituted or substituted with Rz', wherein
R?' is one, two or three substituents each independently selected from fluoro,
chloro, bromo, methyl, ethyl, propyl, 1-metﬁylethy|, trifluoromethyl,
cyclopropyi, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, ethoxy,
propoxy, 1-methylethoxy, methyithio, ethyithio, propylthio, 1-
10 ‘ methylethylthio, amino, N-methylamino, N,N-dimethylamino, -SO,CHs
and cyano; |
R® is cyclopentyl or cyclohexyl, each optionally substituted with one to four fluoro

substituents;
R® is selected from methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-
15 | methylpropyl, 1,1-dimethylethyl, 2-propenyl, 2-propynyl, cyclopropyl, cyclobutyl,

cyclopropyimethyl, cyclobutylmethyl % §j 53 <—_o> and N\;

wherein the methyl, ethyl, propyl, 1- methylethyl, butyl, 1-methylpropyl, 2-
methylpropy! and 1,1-dimethylethyl are each optionally substituted with from one
to three substituents each independently selected from fluoro, methoxy, ethoxy,
20 -N(CHj), and -NHSO,CH;;
R® is H, methyl, ethyl or fluoro; »
R is H or methoxy; and
R} | R"

thegroup ° ~ is selected from:

29



R3 is cyclopentyl or cyclohexyl, each optionally substituted with one to
four fluoro substituents; R6 is selected fromnethyl, ethyl, propyl,
1- met hyl ewbyhos/domdogl , 1- net hyl propyl, 2 15 net hyl propyl pcticlkedismetteyl et hyl |
2- propenyl, 2-propynyl, cyclopropyl, cyclobutyl, 6N cyclopropyl nethyl,
cycl obutyl net hyl, and wherein the nethyl, ethyl, propyl, 1-nethylethyl,
butyl, 1-methylpropyl, 2- nethylpropyl and 1, 1 -dinethylethyl are each
optionally substituted with fromone to three substituents each
i ndependently selected fromfluoro, nethoxy, ethoxy, 20 -N(CH3)2, and
-NHSQ2CH3; R6 is H, nethyl, ethyl or fluoro; R7 is H or nethoxy; and 3<.
the group is selected from 29 V\D 2006/ 007693 PCT/ CA2005/001103 N 0 H3C

,H3 and Alternatively npre pr &f abl Rl is Hor hyl ; &R2oi s phenyl
or Het , whereln IS g ect from H@PO@QG N H NNNNN" /
NI/~~~ }/ I’EII’]\
unsubstituted or substltut ed vmth R21 v(/nerei n 10 o1’ i Safe; two, or three
substituents each independently sel’ected from fl uoro, chl oro, brono,
met hyl, ethyl, propyl, 1-nmethylethyl, trifluoronethyl, '

: Alternatively more preferably,

R' is H or methyl;
5 R?is phenyl or Het, wherein Het is selected from

and o—/ .

wherein R? is unsubstituted or substituted with R?', wherein ,

10 R*' is one, two or three substituents each independently selected from fluoro,
chloro, bromo, methyl, ethyl, propyl, 1-methylethyl, trifluoromethyi,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, ethoxy,
propoxy, 1-methylethoxy, methyithio, ethylthio, propyithio, 1-
methylethyithio, amino, N-methylamino, N,N-dimethylamino; -SO,CH,

15 and cyano; '

R? is cyclopentyl or cyclohexyl, each optionally subshtuted with one to four fluoro
substituents;
R® and R® are linked, together with the atoms to which they are attached, to form a

6-membered ring,. such that the group of the subformula

20 R’
is a group of formula
30



cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, nethoxy, ethoxy,

propoxy, 1-nethyl ethoxy, nethylthio, ethylthio, propylthio, 1-

met hyl et hwbt2béemo7@ai no, N-net hyl am no, N, N-di net hyl am necT«3@86kH811035 and
cyano; R3 is cyclopentyl or cyclohexyl, each optionally substituted with
one to four fluoro substituents; R5 and R6 are |inked, together with the
atons to which they are attached, to forma 6-nenbered ring, such that the
group of the subformula Rbo o R6 20 R COON is a group of formula 30 WO
2006/ 007693 PCT/ CA2005/ 001103 O COOH R7 R7 is Hor nethoxy; and RO Rio
,, X the group is selected from N HC CH and 5 Even nore preferably Rl
is Hor nethyl; R2 is selected from U S NN

0]
Z COOH
R’ :
R’ is H or methoxy; and
R9><R10
thegroup ° ~ s selected from:
; \\ ’ ,and ‘\ ‘.
5 .
Even more preferably
R'is H or methyl;
R? is selected from:
methyl, ethynyl, ethanoyl f b
/’ @
= N = N
/ N / @ b\ o= s 0
o K Q

/L NNN/NN/

“ "N

é( Z’} u?%)\l, (Lx(H

Nd and o~/ 0;
R? is cyclopentyl or cyclohexyl, each optionally substituted with one to four fluoro
substituents;
15 R®is selected from methyl, ethyl, propyl, 1-methylethyl, 1-methylpropyl, 2-
methylipropyl, difluoromethyl, 2-methoxyethyl, 2-methoxy-1-methylethyl, 2-
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met hyl, ethynyl, ethanoyl, o s H NNIN/ \Ns/ NN\ \ \ / /i > O=S=0
101 Nv\ - NHZFCO CNF bo- N%'"'NNNN- NN N- &NYYYNN Br C Ow
N NHz N wolboé®o7@ad R3 is cyclopentyl or cycl ohexyl, each/pbismoaioby
substituted with one to four fluoro substituents; 15 R6 is selected from
met hyl , ethyl, propyl, 1-nethylethyl, 1-nethylpropyl, 2- nethyl propyl,

di fl uoronet hyl, 2-nethoxyethyl, 2-nmethoxy-I-nethylethyl, 2- 31 WD

2006/ 007693 PCT/ CA2005/ 001103 . et hoxyet hyl, 2-(N, N-di net hyl am no) et hyl ,

3- (N, N-di met hyl am no)propyl, 2 . \ o/ o H/ [/ | propenyl, 2-propynyl,
cycl obutyl, cyclopropylnethyl, SO M o and " ; and R6 is H nethyl, ethyl
or fluoro; or 5 R6 and R6 are linked, together with the atons to which they
are attached, to fethowyethyl, @rﬁéwemiwlamlng),eﬂwh@Hl\ft/‘ﬁdlmemvdﬁngmmlppvif 2t he
subfornula R6 R6 UR COOH is a group of fornula O

propenyl 2-propynyl, cyclobutyl, cyclopropylmethyl, é §j O

i‘\ , CD and ; and
R® is H, methyl, ethy! or fluoro; or
5 R®and R® are linked, together with the atoms to which they are attached, to form a
6-membered ring, such that the group of the subformula

R5
0
AOS
R’ COOH
isa group of formula
0
mw%
R’ .

10 R’ is H or methoxy; and

thegroup ~ ' is selected from:

X R 5%

In a most preferable embodiment are provided compounds of formula la:
o) R R10 R5

I=
O
~
7
”m

15
wherein

R'is methyl:
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COOH R7 10 R7 is Hor nethoxy; and RO R70 the group is selected from 3 3
HC H and 1In a nost preferable enbodi nent are provided conpounds of
formul a Iwo208/0816985 HI R 0 Xr O NNRZ H6 15 R3 RET@AMS(002)03
wherein R1 is nethyl; 32 WD 2006/ 007693 PCT/ CA2005/ 001103 R2 is selected
from NNN NN 'N I Y b/O ci FYBr and a R3 is cyclopentyl; RS is
ethyl or 2-nethoxyethyl; 5 R6is H R7 is H and Ra RL0 H3CuCH3 the group
is or In an alternative nost preferable enbodi ment are provi ded conpounds
of formula |b:

R? is selected from:

%8889 %

Cl
R? is cyclopentyl;
R® is ethyl or 2-methoxyethyl;

5 RbisH;
R’ is H; and
thegroup =~ 7 is or

In an alternative most preferable embodiment are provided compounds of formula Ib:

5
1 o rR® R" R
R H

Iz
A
)

10
wherein
R' is methyl;

R? is selected from:

= N = N N/ N NJ\lN
b 3§ S
_f and

15 Rlis cyclohexyl;
R® is ethyl or 2-methoxyethyl;

RS is H;
R’ is H; and
thegroup =~ ~ is °  or

20 Included within the scope of this invention is each single compound of formula () as
presented in Tables 1 to 5.
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Rt OROtO RS NO zs NRNHORI10 R3/ R7 COOH (Ib) wherein R is
methyl; R2 is selected from N NN NNNb/O 6N~ 1 Yci FBrandcl 15
R3 is cycoleosoyee®6 is ethyl or 2-nethoxyethyl; R6 isPpdr/dABoésmoHosand RO
R10 H3C CH3 the group is or 20 Included within the scope of this invention
i s each single conpound of formula (1) as presented in Tables 1 to 5. 33
WO 2006/ 007693 PCT/ CA2005/ 001103 Pol ynerase activity The ability of the
compounds of fornmula (I) to inhibit RNA synthesis by the RNA dependent RNA
pol ymerase of HCV can be denonstrated by any assay capable of 5 measuring
HCV RNA dependent RNA pol ynerase activity. A suitable assay is described
in the exanples. Specificity for RNA dependent RNA pol ymerase activity To
demonstrate that the conpounds of the invention act by specific inhibition
of HCV 10 poP¢glymerase actihity conpounds nay be tested for inhibitory activity

i - i Vi - I rase
' '?han ?f} Z ‘;‘Y HC'\F/W@?D?IW bitfe E&ﬁp&%hé ¥ bt af8 TRs KIGR %{/‘rﬂr‘?é'stus @Nﬁ\e BRI TE
ot her

dependent RNA polymerase of HCV can be demonstrated by any assay capable of

5  measuring HCV RNA dependent RNA polymerase activity. A suitable assay is
described in the examples. ’

Specificity for RNA dependent RNA polymerase activity

To demonstrate that the compounds of the invention act by specific inhibition of HCV
10  polymerase, the compounds may be tested for inhibitory activity in an assay

.measuring the activity of an RNA-dependent RNA polymerase other than HCV

polym‘erase or in a DNA dependent RNA polymerase assay.

Cell-based HCV RNA Replication activity

15 The ability of the compounds of the invention to inhibit the replication of HCV RNA in
cell culture may be demonstrated by testing the compounds for inhibitory activity in a
cell-based HCV réplication assay. A suitable assay is described in the examples.

When a compound of formula (1), or one of its therapeutically acceptable salts or
20 esters, is employed as an antiviral agent, it can be administered orally, topically or
systemically to mammails,including, but not limited to, humans, cattle, pig, dogs, cats,
rabbits or mice, in a vehicle comprising one or more pharmaceutically acceptable
carriers, the proportion of which is determined by the solubility and chemical nature of
the compound, chosen route of administration and standard biological practice.
25 |
For oral administration, the compound or a therapeutically acceptable salt or ester
thereof can be formulated in unit dosage forms such as capsules or tablets each
containing a bredetermined amount of the active ingredient, ranging from about 1 to
about 500 mg, in a pharmaceutically acceptable carrier.
30
For topical administration, the compound can be formulated in pharmaceutically
accepted vehicles containing about 0.1 to about 5 percent, preferably about 0.5 to
“about 5 percent, of the active agent. Such formulations can be in the form of a
solution, cream or lotion.

35
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pol ymerase or in a DNA dependent RNA pol ynerase assay. Cell-based HCV RNA
Replication activity 15 The ability of the conpounds of the invention to

i nhi bit twe 2oeploredati on of HCV RNA in cell culture maypbe/aommminat ed by
testing the conmpounds for inhibitory activity in a cell-based HCV
replication assay. A suitable assay is described in the exanples. Wen a
conpound of fornmula (1), or one of its therapeutically acceptable salts or
20 esters, is enployed as an antiviral agent, it can be adm nistered
orally, topically or systemcally to mammals, including, but not limted
to, humans, cattle, pig, dogs, cats, rabbits or mce, in a vehicle :
conprising one or nore pharmaceutically acceptable carriers;, the
proportion ofFonkystémic sdogtstratiomée doympohed sfdbnrild {IX gandbecadotiesteredlby nat ur e of

the corrpound ﬁ&q&%eﬁ% Suthl aﬁgtfﬂs%r%faﬁ“saﬂarar@gctﬁh%H@@Eﬁﬂ&ﬁo%g%hCal

practi ce. or oral nls erapeutically
accept abl e smharrnﬁceé%qaéy acaeniabled/ehislen obearfiess rur adiministiatiomby inigekiangiéisf or s

such as capsgdraérr@dtot@elt@éonep%ehds .ﬁgamﬁém.hrégstaru@éﬁ.%h@{;én.a@dh@mpt of the
active ingredient ran rom about about %F?ﬁln a

phar naceutd cd §°>F°8?Hbﬁg%(tﬁ°&'t%sa?”f3h as b“ffﬁﬂs ?’o?reﬁ"d}fﬁt'(‘,‘%ff a%\Yﬂ Whiciant on, the

conmpound can duantties BEiptair@ecdulicalip 2ccaptabld sanglor yf gldsose i mdke/tabisollitsh

cont ai ni ng abouyt .0.1 to about 5 percent, preferably about 0.5 to about 5
percent, of tﬂg rb\%tlve agent. Such fornulations can be in the formof a
solution, creamor lotion. 35 34 WD 2006/ 007693 PCT/ CA2005/ 001103 For

system ¢ admiglsbidLhOfs of S OURRH by (508 B doble s REmalAaiaRs or ed by

ei ther intravenous cut aneous or rarruscu

conrp03|t|6hs dﬁisﬁﬂbedﬁhenar'r@é%{“f:%éﬂt%/e@c Bﬁﬁ‘mgéo'\ﬁe?heo%%"ceranégfﬁcﬂ%ﬁ‘r%f For
adlm tm strati qﬂ’ha{ﬂﬁady{"]1‘@9{éd3WadkthrE)ﬁsherj@tﬁrﬁlﬁérﬁdEéeﬁodJ%nﬁ heggsoamunds in
solution in g_steri eous _vehi cl S0_..CO

S0l Ut s such BB Fica Beags EUGH/ATd RS JEINGRY PrEnS A o Bife AT Bt | i es
of phar maceutdl¢Bds. yWiliaees tlikies SaltintoreMarflagd, Ue8%e t o nmake the sol ution

I sotonic. Suitable vehicles or carriers which may be used for the above

noted formul ati ons are
15  The dosage of the compound will vary with the form of administration and the

particular active agent chosen. Furthermore, it will vary with the particular host under
treatment. Generally, treatment is initiated with small increments until the optimum
effect under the circumstance is reached. In general, the compound of formula (1) is
most desirably administered at a concentration level that will generally afford

20 antivirally effective results without causing any harmful or deleterious side effects.

For oral administration, the compound or a therapeutically acceptable salt or ester can
be administered in the range of about 0.01 to about 200 mg per kilogram of body
weight per day, with a preferred range of about 0.05 to about 100 mg per kilogram.

25
For systemic administration, the compound of formula (1) cah be administered at a
dosage of about 0.01 mg to about 100 mg per kilogram of body weight per day,
although the aforementioned variations will occur. A dosage level that is in the range
of from about about 0.05 mg to about 50 mg per kilogram of body weight per day is

30 most desirably employed in order to achieve effective results.

When the compositions of this invention comprise a combination of a compound of
formula (1) and one or more additional therapeutic or prophylactic agent, both the
compound and the additional agent should be present at dosage levels of between

35 about 10 to 100%, and more preferably between about 10 and 80% of the dosage
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10 described in pharmaceutical texts, e.g. in "Rem ngton's The Sci ence and
Practice of Pharmacy", 19th ed., Mck Publishing Conpany, Easton, Penn.,
1995, or wo 206hmrévaceuti cal Dosage Forns And Drugs Del i vemrycaSystoomms, 6th
ed., HC Ansel et al., Eds., Wllianms & WIlkins, Baltinore, Maryl and,
1995. 15 The dosage of the conpound will vary with the form of
admnistration and the particular active agent chosen. Furthernore, it

will vary with the particular host under treatnent. Cenerally, treatnent
isinitiated with small increnents until the optinum effect under the
circunstance is reached. In general, the conpound of fornula (1) is nost
desirably adm ni s*tJ ered at a concentration |level that wll generally afford
20 anti vi r al | PTEEMLRAMIjistereddp prRonRtherAPY Te@meRi ng any harnful or del eteri ous
side effects. For oral adm nistration, the conpound or a therapeutically
accept abl e sal ester ca be adm nistered in the range of about 0.01 to
about 200 nga\f)%?gﬂ]e%&?ra?ﬁugas 85@?" pQ\%F‘Gﬁ‘?U‘%ﬁ@W a&g@)’talﬁ? B3{tsor gptefs ed range
of about 0. O5fotroulatbd tegetheOwitlya pearmeceutigaiyracc@itatie carsiys tiifesul@@m ni strat i on,

t he conpound - : i N dosage . qf ut 0.01

ng to aboﬂ? 1%%m6r?1§ﬁ'gﬂgbéﬁﬂa)88@gﬁt% .dg’%}y"q@agﬁaq%3’&“3@3?/?‘3"’33{'}?&'}&?&‘? he

af or ement i oneRPIXRASR Qrdp Heatior preyertiiCV Wrusdefagiion] Suabltreialvaent nmyialsotbee r ange

of from aboutachRaed ullnOeambouRRinisTRydoR RcoliblRb AP bodiAcliniel aht per
y e oyed C ef f eet |

day is 30 nost desirab m ¥e_ in order to achieve ve results.
Wien the conpBg¥ds: Hiarg fotlijited tg; irampnespoduigny pgents, suemds mabi onv-of a

conpound of  ifteffeidhgiol pagyRrd fomes tﬁére@@&tﬂeﬁﬂﬂibi?élggﬂ?t? I&gtﬁ]; F}%tghf, ohoul d be

prophyl actic agent. both the. co n nd the additli _

present aid doasrg?j‘éaq"ée\'@{hgr 6 '%B%E\Rg'gﬁv&@me[@eﬁ trhibiiersqof ather tatsets in
preferably behesleN lgboyste, dichirdiudeBundre nbelintieaag agemt HADINARRE/18yE693

PCT/ CA2005/ 0 iy ed in.a not her a regi nen. en

t hese corrpoug%ieg gérd f{%ﬁg?ﬁélh:ﬁ%e?%ééﬂd f’%’é‘ﬁaﬁﬁa%i’é eért’ﬁ'é'ggsfr"{ese’g& S@%ﬂgﬁg\)har e
formul at ed t Rjetagents fhat nterfephwitnthedunctiomdl othervealpargbts énohatig st nott he
resulting 5 q | b adm ni ' VO ch as
man, to inhi b??@le—é{/éd_ Qg?ﬁ?}ﬂ@e&g%%%ﬁég%’%@' -fg{re ea\%gh@ n{%@g@% ?ﬂl?gsolgnf ection.
Such treaﬁmrﬁo”}%&?déﬂ"géheo@mp&é'ﬂﬁ’se‘?fé'ﬁis IYPRPNtte eregigrppsinglel dossige fatins i nvent i on
i n combi nat i Kitewiativelpmess sddMbinaMagehRGh sepiately é‘drﬁiﬁi%telréd%ta‘erﬂaﬁﬂél as

I mmunonodul atp%rr%fg%eurﬁ}p?é dossggehfo?r?\. a-, (8-, or y-

METHODOLOGY AND SYNTHESIS
20

The synthesis of compounds according to this invention is preferably accomplished
following the general procedure outlined in Scheme 1 below.
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interferons or pegylated forns thereof; other antiviral agents such as
ribavirin, 10 amantadi ne; other inhibitors of HCV NS5B pol ynerase;

i nhi bi t orwoabosntohe@s targets in the HCV life cycle, whi eoTioxebestertost are
not limted to, agents that inhibit a target selected froma helicase, a
NS2/ 3 protease and an internal ribosone entry site (IRES) and agents that
interfere with the function of other viral targets including but not
limted to an NS5A protein; or conbinations thereof. The additional agents
may be 15 conbined with the conmpounds of this invention to create a single
dosage form Alternatively these additional agents nmay be separately

adm nistered to a manmmal as part of a nultiple dosage form METHODOLOGY
AND SYNTHESIS 20 The synthesis of co®§BeMed according to this invention is
preferably acconpki shed followi ng the general procedure outlined in Scheme
1 below. 36 WO 20 693 PCT/ CA2005/ 001103 Scheme 1 R A CO2H R2---1 R
31IRRioII'75tdw| >RLBOIVR0V10R9R10R5 RO RIO RN O A H2N COH

R2-i HO OR9' BIIIR RlRl;R?CCI]—I HP Ol 0/ R
>‘R_‘
1 R

s "B
n R ”/' Ral R COOH
COOPG

Compounds of formula |, wherein R', R?, R?, R%, R®, R’, R?, and R are defined as
hereinbefore, are preferably prepared by coupling carboxylic acids of general formula
5 |l, disubstituted amino acids of general formula Il and anilines of general formula IV,

wherein R!, R, R?, R®%, R%, R7, R?, and R'® are defined as hereinbefore and PG is H or
an ester protecting group, as illustrated in Scheme 1 above. The fragments I, Ill and
IV may be coupled so that fragments 11l and IV are coupled to give an amine of
formula VI, which is subsequently coupled to the acid fragment Il to give a product of

10 formula I. Alternatively, the fragments Il and Ill may be coupled to give a carboxylic
acid of formula V, which may then be coupled to fragment IV. It will be apparent to
one skilled in the art that in the case when the amino group of fragment lll is coupled
to the carboxyl group of fragment Il, the carboxyl group of fragment Ili may be
protected prior to coupling with a suitable carboxyl protecting group which will

15  subsequently be removed, using standard procedures, to give fragment V. Suitable
carboxy! protecting groups are well known and include, but are not limited to, ester
protecting groups such as methyl and ethyl esters. As well, in the case when the
amino group of fragment 1V is coupled to the carboxyl group of frégment lll, the amino
group of fragment 1l may be protected prior to coupling with a suitable amino

20  protecting group, which will subsequently be removed, using standard procedures, to
give fragment VI. Suitable amino protecting groups are also well known and include,
but are not limited to, the tert-butyloxycarbonyl group (BOC).
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R R7 COOPG H2NI ~ 0 e VI R R7 COOPG 1V Conpounds of forrmula I, wherein
Rl, R2, R3, R5, R6, R7, RO, and R10 are defined as hereinbefore, are
pr ef er ablwopoemared by coupling carboxylic acids of genecalcAersrwims 5 |1,

di substituted am no acids of general formula IIl and anilines of general
formula IV, wherein R, R2, R3, R5, Rs, R7, R9, and R10 are defined as
herei nbefore and PGis H or an ester protecting group, as illustrated in
Schenme 1 above. The fragments 11, 1l and 1V may be coupl ed so that
fragnents | | | and |V are coupled to give an amne of fornula VI, which

I s subsequently coupled to the acid fragnent Il to give a product of 10
formula I. Alternatively, the fragments Il and Il may be coupled to give a

carboxylic adiesospingdy aenesally effogied vsingsarbaadsiatingueagsatstweiknawment | V. |t
wi |l be apparigéde skfled mﬁeamdcﬁmgl Buttahenatifnitbd @t TB’ﬂUW@T@W whep, t he am no

ff 11, th
A R TR S T

sui t abl e car hyexygtal mrmmleutmaygoegcro@umedhom currbkpohﬁmgglalaﬁ&mwaéd usu’@e renoved,
brotecti ng o ReREERSTER inderhathSd i ARIR Hea Ve SLPRoRa ALY 85, ester
protecting gr\mjlp&arbwm acdaftfdrpriulaayi chag bh yreated with s1. redgenteldh,asiagetiche case
when the d?\ﬂnefo%%’fd?rfn afnraaglaaeae pq}éranéd.s@wﬁ ([%dreg &ﬂﬁaﬁaﬁ.ﬁﬁexyf ofu4IP of

fragrrent III am no group rotected prior to
coupling wit HV 40 samtaamfub@ﬁpfrfemzma b# @é@S%g\'"@ﬁbB% is Mﬁiﬁr Ripteptingubsequent 1y

be [emtoyed bdlﬂa%bﬁé}ﬁlﬁ%faﬂorplrelg?tﬁ)ﬂ% &dtried Sut (@.ﬁgepratbe&gﬁlgn gé@gvnnﬁ{hésl%m fegmt 20
rotectin gr SO we no
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The coupl i ng dcikl. general Iy effected using carboxyl-activating reagents well

known by those skilled in the art,including, but are not limted to, TBTU,
HATU, BOP, BrOP, EDAC, DCC, isobutyl chloroformate and the |ike. :

Al t er nat i vel yntegeedirig gériboxydic acds offformydamié maly bt preparesl byl procegutes deseribedt ed t o

the correspongdigodsichadhbidy HeRdik d8scribed in the examples below.

15
Intermediate amines of formula VI may be prepared by coupling amino acids of
formula I1I or suitable derivatives thereof with aniline derivatives of general formula IV
by procedures described in WO 03/010141, or by procedures described in the
examples below. For example, the nitrogen functionality of amino acids of formula 11|

20 can be protected using standard N-protecting groups well known to those skilled in
the art, such as Boc, CBz, Fmoc or other types of carbamates, and the carboxylic acid
group can-then be activated for coupling to anilines of formula IV. Such activating
procedures are well known to those skilled in the art and may include, but are not
limited to, such reagents as TBTU, HATU, BOP, BrOP, EDAC, DCC, isobutyl -

25 chloroformate and the like. Alternatively, amino acids of formula Il may'be converted
to amino acid chloride hydrochlorides and coupled to anilines of formula IV following .
procedures such as those described in WO 03/010141.

Anilines of general formula IV can be prepared from the corresponding nitroaryl

30 derivative of formula VIl using reducing agents and procedures well known to those
skilled in the art (Scheme 2). These include, but are not limited to, metals such as Fe,
Sn, Zn and the like, metal salts such as SnCl,, metal-based hydride reagents and
sulfur-based reducing agents such as sodium hydrosulfite and the like.
Representative procedureé for the preparation of anilines of general formula IV or

35  nitro precursors of general formula Vil are described in the examples below;
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5 standard reagents, then coupled with am ne derivatives of the general

formula VI. As well, carboxylic acids of forrmula V nmay be treated with a
reagent swolo@moassti ¢ anhydride to form an azal act onepcmtcrowsgioatos Whi ch
reacts with an aniline of fornula IV to forman inhibitor of formula I. In

the cases where PGis an ester protecting group, a saponification reaction
is carried out (using protocols well known by those 10 skilled in the art)
to obtain the final inhibitor product of formula | as the free carboxylic
acid. Internediate carboxylic acids of formula Il may be prepared by
procedures described in WD 03/010141, or by procedures described in the
exanpl es below. 15 Internediate am nes of forrmula VI nmay be prepared by
coupl i ng am meodificatiensdifiereéfde prodace other intermesiiatesaredul ifethe spnthesissoft her eof with
ani line deri v‘ﬁypsms%fcgmurar@.u Ses Bl lohodbiekb@RAflEGRS described in VO
03/ 010141, procedures describ exanpl es bel ow. For exanpl e,
the nitrogen functlonallty of am no a§FH§“6? formul a III 20 can be
protected using standard N-pgetecting groups well knowg to those skilled in
the art, such as Boc, CBz, Fpoc or other types of carqgnates, and the

carboxylic acid gréﬁb ( en be radrhaagend H dpl'ing to anilines of
formula |IV. Such activatipg._ praedures are well tOthose skilled in
put

the art and may i ncl ude, are not limted to, 3 Bents as TBTU,
HATU, BOP, BrOP, EDAC, D&, isofifF 25 chi orof or mafe and RRC | i ke.
Al ternatively, amno acidsypf formula Ill nmay be conyerted to amino acid

chl oride hydrochl ori des and coupled to anilines of fornmula IV foll ow ng
procedur ess s F¥AMRBLES 0se described in WO 03/010141. Anilines of general
formul a 1V camehfeddhBRA RGN I ifUShies Mﬂﬁﬁ&%&féﬂ%% ﬂlléﬁnﬁ?ﬁ{nnrﬁiﬁnq’e“ vative

of formula VIl using reducing agents and Eﬁoce ures wel own to those
skilled in tf¥amples(Asipaeh kpgwn %%B%rs?fh%ﬂ" d&n theaft, teagtiqlsare perforeed N

metal s such afitrdgen or &aon Zfﬂno%ﬁﬁ'erb Mﬁhe}d rﬂ@%esé’éﬁ} t@'prétééttréacﬁtiﬂ BorﬁﬁonSHt@'fr%m
nmet al - based Sﬂ\j_clrld

reap based # ents such as
Tt U . ol ot E P atiieg ore it h oBoiRes CoEs Hesh AT au PRttt s
prepar at i tn qderfarmed onesdlicafgel Snlatiad pdrosntages of katios exdess 4 vaume sowohsa s  of

e oy b iehipa oA S6Ed BRG I, G, SXATR58) B8l B ccodfbdliR 30061 007603

PCT/ CA2005/ 0 rodad di at es
usef ul in theelepjraspiay mgspspectrometry. Analytical HPLC was carrled out under standard

conditions using a Combiscreen ODS-AQ C18 reverse phase column, YMC, 50 x 4.6
mmid., 5 uM, 120 A at 220 nM, elution with a linear gradient as described in the
15 following table (Solvent A is 0.06% TFA in H,O; solvent B is 0.06% TFA in CHiCN):

Time (min) Flow (mL/min) Solvent A (%) Solvent B (%)
0 3.0 95 ' 5
0.5 3.0 95 5
6.0 3.0 50 50
10.5 3.5 0 100

Hereinbefore and hereinafter the following abbreviations or symbols are used:

20 AcOH: acetic acid;
Ac,0: acetic anhydride;
BOC or Boc: tert-butyloxycarbonyl;
BOP: benzotriazole-1-yloxy-tris(dimethylamino)phosphonium hexaﬂuorophosphate;
BroP: Bromo tris(dimethylamino)phosphonium hexafluorophosphate;
25 Bu: butyl;
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conpounds of formula | will be apparent to those skilled in the art. Schene
2 RR5 "I I 2N Oreducing agent 2N OR5 1 / R5 R7 COOPG R7 COOPG V11
IV 5 EXAVBLE/00he@3present invention is illustrated in fPortdaoosteimsl by
the following non-limting exanples. As is well known by a person skilled
in the art, reactions are perforned in a nitrogen or argon atnosphere
where. necessary to protect reaction conponents from air or noisture.
Tenperatures are given in degrees Celsius. Flash chromatography is 10
performed on silica gel. Solution percentages or ratios express a volunme to
volunme relationship, unless stated otherwi se. Mass spectral anal yses are
recor ded usingpseéqﬁ%gg§ r%% mass spectronetry. Analytical HPLC was carried
out under standar R AR usi ng a Conbi screen ODS- AQ C18 reverse phase

col um, YMC, BBSX: @iethylamimd)safur truddde; 120 A at 220 nM elution with a

| i near gradiep C i I : 5 following table (Solvent Ais 0.06%
TFA i n H20; soF\%ﬁ?qﬁaﬂdhg’?‘gé%}?‘f@&ﬁ?% CH3CN): Time (nmin) Flow (ni/min)

Sol vent A (% DSM: dishierometanep 3.0 95 5 0.5 3.0 95 5 6.0 3.0 50 50 10.5
3.5°0 100 sHepmAbef - suRAbIRh e A the foll owi ng abbreviations or

synbol s are u ﬁ '_ip AcOH" acetic acid;, Ac20: acetic anhydride; BOC or .
Boc: tert-but é 46E7R% Moditigsl Earle Medium;

benzot ri azol eBMFy NOkyirethyBdreiafddy| am no) phosphoni um hexaf | uoroph'osphat e;
BroP: Brono txj.sdi,ethyl am.no) phosphoni um hexaf | uor ophosphate; 25 Bu:
butyl: 39 bM%b d;mettthsuﬁomde, ‘

ECso: 50% effective concentration;

10 EDAC: see EDC;
EDC: 1-(3-dimethylaminopropyl)—3-ethyl carbodiimide hydrochloride;
ES": electro spray (negative ionization);
ES": electro spray (positive ionization):
Et: ethyl;
15 Et,0: diethyl ether;
EtOAc: ethyl acetate;
EtOH: ethanol ;
FBS: fetal bovine serum :
Fmoc: 9-fluorenylmethoxycarbonyl ;
20 HATU: O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate;
‘ HBTU: O-Benzotriazol-1-yI-N,N, N’ N'-tetramethyluronium hexaﬂuorophoéphate;
HOAT: 1-hydroxy-7-azabenzotriazole:

HOBE: 1-Hydroxybenzotriazole:
_ HPLC: high performance liquid chromatography;
25 'Prori-Pr: iso-propyl ;
Me: methyl;
MeCN: acetonitrile;
MeOH: methanol;
MS (ES): electrospray mass spectrometry;
30  NMP: N-methyl-2-pyrrolidinone;
NMR: nuclear magnetic resonance spectroscopy;
PBS: phosphate buffer saline;
Ph: phenyl;
PG: protecting group;
35 Pr probyl;
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WD 2006/ 007693 PCT/ CA2005/ 001103 CPS: counts per second; DAST:

(di ethyl am no)sul fur trifluoride; DCC 1, 3-Dicyclohexyl carbodiim de;
DCM di chivonossmioh@ae; 5 DI BAL-H di-i so-butyl al um num hydmrichoosbvEs

Dul becco's Modified Earle Medium DMF: NN-di met hyl f or mam de; DVBO

di met hyl sul f oxi de; EC50: 50% effective concentration; 10 EDAC. see EDC;
EDC. 1-(3-di nethyl am nopropyl)-3-ethyl carbodiimde hydrochloride; ES

el ectro spray (negative ionization); ES+. electro spray (positive
ionization); Et: ethyl; 15 Et20: diethyl ether; EtQAc: ethyl acetate;

Et O+ ethanol ; FBS: fetal bovine serum; Fnoc: 9-fluorenyl met hoxycarbonyl

;20 HATU: qu%@?ggﬁ%@%ﬁ&@g d-yl)-N N, N' N -tetramet hyl uroni um

hexaf | uor opho sTp enzotri azol -1-yl-N, N, N, N
t et r anet hyl urfoiiream F@@i@@fﬂ@fér@ﬂﬂﬁ@%’pﬁﬁb’éﬁ QJOAT: * 1- hydr oxy- 7- azabenzotri azol e;

HOBt : 1- Hydr opgmrgg,%uty%q{yﬁethaﬂc hi gh perfor mance |iquid chromat ography;
25 "Pr or i-Pr:_iso acetonitrile; MOH

ot hanol | B Ve BlaPberiayisp bl e NS BBV PN UGt fyeroborate
N-net hyl - & pyBa:.Qbd.Hug@ne; NVR nuc_l ear magneti c resonance spectroscopy;

Tt trifluoromethylsulfony!;
TfO: trifluoromethylsulfonate;
TFA: trifluoroacetic acid;
- THF: tetrahydrofuran;
10  TLC: thin layer chromatography;
TMS: trimethylsilyl;
Troc: trichloroethoxycarbonyl.

EXAMPLE 1
15 3-(3,3-Difluorocyclopentyl)-1-methyl-1 H-indole-G-carboxylic acid methyl ester:

y COMe
COH N coMe
_MeOH <I>/ N\
2804 Yb(OTf)3

Step 1 Step 2

1-3
(o]

NaH,

Step 3 l Vel

. O, M
N : COMe coMe
DAST
\ ~— \ O

Step 4

1-4

Step 1.

Indole-6-carboxylic acid 1-1 (5.0 g, 31.0 mmol) was dissolved in MeOH (100 mL), a

catalytic amofmt of H.SO, (1.0 mL) was added and the reaction mixture was stirred at

reflux for 16 h. A small amount of solid K,CO; was added, in order to neutralize the
20 excess H,SO,, and stirring was continuéd at RT for 1h. The reaction mixture was

concentrated under vacuum to remove the MeOH, diluted with saturated aqueous

‘NaHCO; (~50 mL) and extracted with EtOAc (~200 mL). The organic layer was

washed with brine (100 mL), dried over anhydrous MgSO, and concentrated to
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PBS: phosphate buffer saline; Ph: phenyl; PG protecting group; 35 Pr:
propyl; 40 WO 2006/ 007693 PCT/ CA2005/ 001103 PVDF: polyvinylidene fl uoride;
RT: roomwerpevmyvdsse (approxi mtely 25C); TBME tert-betyloebisoresher;
TBTU:. 2-(1H benzotriazol-1-yl)-N, N, N, N -tetranmethyl uroni um

tetrafl uoroborate; 5 tBu: tert.-butyl; Tf: trifluoronethylsulfonyl; TfQO
trifluoronethylsulfonate; TFA: trifluoroacetic acid; THF:
tetrahydrofuran; 10 TLC. thin |ayer chromatography; TMS: trinethylsilyl;
Troc: trichioroethoxycarbonyl. EXAMPLE 1 15

3-(3,3-Difl uorocycl opentyl) 1 rret hyI -I H-i ndol e 6 carboxyl ic acid met hyl

ester: 6 N CO2Me [ H2SX Yb(OT03 Step 1
Step 2 1-1 19%ngssy Th@resgﬂt@g r%s'mﬁ’asl\?é‘f'feq\wdﬂzpicﬂl“@@?hww YRR | |
DAST 30% EtOAc in hexane as the eluent, to obtain the pure methyl ester 1-2 (4.78 g, 88%

yield).

Step 2:

5 The methyl ester 1-2 from step 1 (3.31 g, 18.9 mmol) was dissolved in MeCN (50 mL)
and a catalytic amount of Yb(OTf); (686 mg, 0.95 mmol) was added. 2-Cyclopenten-1-
one (7.76 mL, 94.5 mmol) was added and the reaction mixture was stirred at reflux for
16 h‘. The MeCN solvent was removed under vacuum, the residue was re-dissolved in -
EtOAc (~200 mL) and extracted with aqueous saturated NaHCO; (~100 mL), H,O (50

10 ml) and brine (50 mL). The organic layer was dried over anhydrous MgSQ, and
concentrated to dryness under vacuum. After purification of the residue by flash
column chromatography, using 40% EtOAc in hexane as the solvent gradievnt, the
desired cyclopentanone adduct 1-3 was isolated as isolated as a beige-colored
powder (3.4 g, 70% yield). |

15 Step 3:

To a solution of the cyclopentanone adduct intermediate 1-3 from step 2 (3.81 g, 14.8
mmol) in anhydrous DMF (150 mL) at 0°C, NaH (60% in oil, 770 mg, 19.2 mmol) was
.added slowly. The reaction mixture was stirred at 0°C for 5 min, then Mel (1.2 mL,
19.2 mmol) was added drop-wise and stirring was continued at 0°C for 3 h. The

20  mixture was allowed to warm-up to RT and was quenched by the addition of aqueous
saturated NH,CI (200 mL). The mixture was extracted with EtOAc (2x 500 mL) and
the organic layer was washed with aqueous saturated NH,CI (2x 200 mL) H,O (200
mL) and brine (200 mL). The combined organic layers were dried over anhydrous
MgSO,, evaporated to dryness and the residue was purified by flash column

25 chromatography (using 30% EtOAc in hexane as the eluent) to isolate the N-
methylindole intermediate 1-4 as a beige solid (3.1 g, 77% yield).

Step 4.
In a sealed tube, the N-methylindole internediate 1-4 from step 3 (1.4 g, 5.16 mmol)
and DAST (2.7 mL, 20.6 mmol) were dissolved in CH.CI, (50 mL) and stirred at reflux

30 for 3 days. The mixture was poured into aqueous saturated NaHCO; (~50 mL) and
once the evolution of CO, had stopped, the mixture was extracted with CH.Cl, (2x 100
mL). The combined organic layers were washed with brine (50 mL), dried over
anhydrous MgSQO, and concentrated to dryness. The residue was purified by flash
column chromatography (using a solvent gradient from 10% to 20% EtOAc in hexane)
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Step 4 FIl F1-51-4 FF O Step 1: Indol e-6-carboxylic acid 1-1 (5.0 g,
31.0 mol ) was dissolved in MeCH (100 nL), a catalytic anount of H2SO4
(1.0 ) weedesdsand the reaction m xture was stirredpatr/cazedsiooxiobor 16
h. A small anmount of solid K2CO3 was added, in order to neutralize the 20
excess H2SO4, and stirring was continued at RT for 1 h. The reaction

m xture was concentrated under vacuumto renove the MeOH, diluted with
saturated agueous NaHCO3 (-50 nL) and extracted with Et OAc (-200 nL). The
organic |l ayer was washed with brine (100 nmL), dried over anhydrous MySO4
and concentrated to 41 WO 2006/ 007693 PCT/ CA2005/ 001103 dryness. The
resulting residue was purified by flash colum chronmat oglraph , usin 30%
Et OAc i n hexdR&ORLE f3dfiyareyciarsniybrnethyiHé - ipdele-Brrstaary '°ea§ldéF'et;hL¥'?S n.78 g,
88% vyield). 15em®:mg 50Feelget hyl ester 1-2 fromstep 1 (3.31 g, 18.9 mmmol)
was dissolved in MeCN (50 nL) and a catalytic anount of Yb(OTf)3 (586 ng,
0.95 mmol ) was added. 2-Cyclopenten-1- one (7.76 nL, 94.5 mmol) was added
and t he react3-(¥B-Difiudrocyeiopastytlimetbyl-1atind@é-bitarborylic atid rhethyllzeteMpBNs sol vent

was renov u Y/ he .resi due. s.te-di.ssolved in_ E 2(-200 )
and extragﬁjea‘{3 W‘%’Eedg%g%r%@'gg?'ﬂ@%rggs'ﬂ%%@&?r l—’f?}Ow rf',n '*—Iibm(e&@qb\%ofsrru and
brine 'ESOt rrla)c;IeﬁFF;rbamq;elnbeJ‘oneaayldR3m&3dﬁhemcmeﬂgh lgidg pm;{dtgé‘ﬂ?xearibbdd )
concentrated ; u : i due by
gr adi ent , i sol ate
as a bei ge- cajamyiedss. powder (3.4 g, 70%yield). 15 Step 3: To a solution of
t he cycl opent anone adduct internediate 1-3 fromstep 2 (3.81 g, 14.8 nmol)
in anhydrous DMF (150 ni) at OC, NaH (60%in oil, 770 ng, 19.2 mol) was
added sl ow y.ExhwmeLe 2action m xture was stirred at OC for 5 min, then Mel

]E (1);23”'& Tﬁg-ﬁammé.%.(m?diﬁgﬁggyc LRSN3R e @IS indole-BLalliy id Dl i syt 0C

ester:
o}

\ 7
H o N 0
N Mel / base N\

\ on —
step 3
2-2
1-1
acetone,
step4 | TsOH

15 Step 1: _
Indole 6-carboxylic acid 1-1 (10.0 g, 62 mmol) was dissolved in dry MeOH (200 mL)
and 1,4-cyclohexanedione-mono-2,2-dimethyltrimethylene ketal (16.4 g, 81 mmol, 1.3
equivalent) was added. NaOMe (0.25 M in MeOH, 110 mL) was added and the
mixture was refluxed for 48 h. The reaction mixture was then diluted with water (200

20 ml) and the MeOH removed under reduced pressure. Additional water (200 mL) was
added to the residue and the mixture was stirred at 45°C for 30 min to dissolve most
solids. The solution was filtered to remove some insoluble material and the filtrate was
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20 m xture was allowed to warmup to RT and was quenched by the addition of
aqueous saturated NH4CI (200 nL). The m xture was extracted with Et OAc (2x
500 nL) awo 20dém@763gani ¢ | ayer was washed with aqueous wetrigab@toNddCl ( 2x
200 nmL) H20 (200 nl) and brine (200 nL). The conbi ned organic |ayers were
dried over anhydrous MSOi evaporated to dryness and the residue was
purified by flash colum 25 chronat ography (using 30% Et OAc i n hexane as
the eluent) to isolate the N- nethylindole internediate 1-4 as a beige
solid (3.1 g, 77%yield). Step 4: In a sealed tube, the N-nethylindole
internediate 1-4 fromstep 3 (1 4 g, 5. 16 mml) and DAST (2.7 nm, 20 6
nmol ) were dissolved in CH2Cl 2 (50 niL _IJrred at reflux 30 f

days. The mi aciffied 8 ﬁfﬁlﬁ%ﬁhd‘i%le{ﬂ"%kﬁ’u &%"‘é& (F RSP ItRIeAGeHd ‘Q’a%@"ﬁ‘l’_t?d and
once the evolpytfitefiodwash&d Watlwateo (500 thL) bhe hetaxt (20D ma)saneddriea ¢t vaduwn td

CH2Cl 2 (2x 100 . .The anlc I ers e,washed wi th brine (50
nm.), dried O\Pé“ret%ﬁﬁiyapg&laﬁ%ﬁﬁg%%a 2 SR CERITIES l&fy\@ Uryness. The residue
was purified Stgpli ash col um chromat ography (usi ng a solvent gradient from
3 (3, 3- i 1 uol B RaNED e i 6P Ue% ARRE R T nigle PRt @ TP1 20
ester 1-5 (MWOOMdeymgenated over 20% Pd(OH)2/C(0 76 g) at 55 psi for 5 h.
3-(3,3-Difl uqﬁ(ogﬁhﬂﬁél%gfaa%y\jvés éﬂo@@t(@% Pi & M@g@nﬁloﬁ%mldvﬁmﬁ’ﬁkd\tﬁﬁa hyl

ester 1-51is converted to carboxylic acidintermediates of fornmula I,

wherei n RL i PortoniefFatalyst (0.6 ggaaq tﬁéﬁ agdedhiorcompisdy thedeaghian (@34 hy The

3, 3-di fluor OCdéwgpﬂaé Wen rethoved bpff%ﬁéhluﬁﬁg ﬂqifﬁﬂ‘efOl-b‘EHF (1 BLYVer Al ad e These
i nt er medi at es u3|ng

nvertedto [of0) formula |
procedur e¥ i I 't[?é‘%/?%ﬁp@@ ?%urwgsh@ﬁgcefpé @%8 %%}3 ed in WO 03/010141. 10
EXAMPLE 2 2- Bytepn: 3- (4, 4-di fl uorocycl ohexyl ) - 1- net hyl -

&IC;\]/SO:-E E/Efal;htégr)\(%le ?ﬂﬁ fj(i %:Ec; gé/r!vativeesf};o% éterg) 2\(34?3 g,sd.?pnolle) r\A%-stisgtjvé\Jj ig\l Ho
dry NMP (300 mL) and K,CO; (30.4 g, 0.22 mole, 2.2 equivalents) was added.
Dimethyl carbonate (42 mL, 0.5 mole, 5 equivalents) was added and the mixture

.15  heated to 140°C overnight. The black mixture was cooled to room temperature and
then in an ice bath and was quenched by dropwise addition of water (250 mL),
maintaining an internal temperature < 10°C. H,PO, was then added dropwise in the
cold to acidify the mixture to pH 4 (~40 mL). After stirring for an additional 1 h in the
cold, the brown solid was collected by filtration, washed with water (~ 500 mL) and

20 then hexane (3 x 30 mL). The material was purified by flash chromatography on silica
gel using 5% to 40% EtOAc in hexane as eluent. The desired product 2-2 was
obtained as a white solid (23 g).
Step 4: .
The ketal 2-2 from Step 3 (17 g, 46 mmol) was dissolved in acetone (1.5 L) and para-

25 toluenesulfonic acid (0.87 g) was added. The yellow solution was stirred overnight at |
room temperature and then refluxed for 10 h to complete the hydrolysis. Volatiles
were removed under reduced pressure and the residue purified by flash
chromatography on silica gel using 0% to 30% EtOAc in hexane. The desired ketone
2-3 was obtained as a white solid (11.5 g).

30 Step5:
The ketone 2-4 from Step 4 (5.75 ¢, 20.2 mmol) was dissolved in dry DCM (115 mL)
in a 200 mL pressure tube. The system was purged with argon and DAST (9.05 mL,
68.5 mmol, 3.4 equivalents) was added. The tube was sealed and heated to 50°C for
50 h. After cooling in an ice bath, the reaction was quenched by dropwise addition of
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2-2 1-1 acetone, step 4 TsOHOOO N\ O. N/ NNV O B(/ 2?2\ 11/
DAST step 6 2-4 step 5 2-3 2-5 F 15 Step 1: Indole 6-carboxylic acid 1-1
(10.0 g, W wwaloyessas di ssolved in dry MeOH (200 nlL) ardT/CA2005/001103

1, 4- cycl ohexanedi one- nono- 2, 2-di net hyl tri net hyl ene ketal (16.4 g, 81 mmol,
1.3 -equivalent) was added. NaOwe (0.25 Min MeOH, 110 nL) was added and
the mxture was refluxed for 48 h. The reaction mxture was then diluted
with water (200 20 nL) and the MeOH renoved under reduced pressure.
Addi ti onal water (200 nmL) was added to the residue and the m xture was
stirred at 45C for 30 mn to dissolve nost solids. The sol ution was

filtered tor fd

2006/ 007603 PETFERSBOROTH0F 40 PP R in BohE T By ¥AZ gl
(-10 nl). Thevapmesher witht wates(G0P chivard brirlel (869 enth) arm/drfqdl(Naa‘&Q4brﬁ?emma'rféd W th
wat er (500 ))Iv@rﬂ% qgé?éé?du%%%? whS huRfed B}rﬂ‘agﬁcﬁram&%@#&bﬂ} Bﬁ’suhéﬂ q’_é? ukihg desired

al kyl ated i ndol e white sol 9 ep 2 he i ndole 2-1
from Step 1 (035to3t08) EiRds i hexsandere Aradugt ?r|4>¥fal§r°é’ %Ted'ﬂqlﬁ ‘(@WOH‘E? &nd MeOH

(300 ni) and {RydESORAASEnO VR r2%€b/%ﬁ’&'(u@§92/ C (0.76 g) at 55 psi for 5 h.
Addi ti onal catal yst was added 56 g) and hydrogenati on resuned overni ght.

A third portStembof catal yst (0 36 g) had to be added to conplete the
reaction (3-4nb)ndolE®4 fromiSiby 5 {10/605g, 13BeIMEIPWaY digsdmedfin btrmﬂtmecuﬁTHEl(mp 1:1

A L A
fromstep 2 (p3ddiiug,tritorhidetih €26 vedd dimsk 0137 eduivalent) was added After stirring for
10 3 hin the cold, the reaction mixture was quenched by addition of water (60 mL) and
solvents removed under reduced pressure. The residue was partitioned between
EtOAc (200 mL) and aqueous NaHCO; (200 mL). The organic phase was washed
with water (2 x 100 mL) and brine (100 mL) and the aqueous phase back-extracted
with another portion of EtOAc (3 x 50 mL). The combined extracts were dried
15 (Na;SQ,) and concentrated to give a yellow solid that was purified by flash
chromatography on silica gel using 0% to 10% EtOAc in hexane. A second column
using 1-3% EtOAc in hexane followed by DCM was required to further purify the
product. The _material (11 g) was then triturated twice with 10% ether in hexane (600
mL). The desired bromoindole 2-5 (7.9 g) was obtained as a white solid.
20 | ‘ '
2-Bromo-3-(4 4-diflucrocyclohexyl)-1-methyl-1H-indole-6-carboxylic acid methyl ester
2-5 is converted to carboxylic acid intermediates of formula I, wherein'R1 is methyl,
R? is defined as hereinbefore and R® is 3,3-difluorocyclohexyl, using procedures
described in WO 03/010141. These intermediétes may be converted to compounds of
25  general formula | using procedures illustrated in Scheme 1 above and described in
WO 03/010141. "
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dry NMP (300 nL) and K2CO3 (30.4 g, 0.22 nole, 2.2 equivalents) was added.
D met hyl carbonate (42 nL, 0.5 nole, 5 equivalents) was added and the

m xt ure hwoheatmdsoto 140C overni ght. The bl ack m xture was/@Qolsaditod room
tenperature and then in an ice bath and was quenched by dropw se addition
of water (250 nL), maintaining an internal tenperature < 10C. H3POQ4 was
then added dropwise in the cold to acidify the mxture to pH 4 (-40 nL).
After stirring for an additional 1 hin the cold, the brow solid was
collected by filtration, washed with water (- 500 nmL) and 20 then hexane (3
x 30 nmL). The material was purified by flash chromatography on silica gel
using 5% to 40% Et CQAc i n hexane as eluent. The desired product 2-2 was

obt ai ned as &ExamPte3dsolid (23 g). Step 4. The ketal 2-2 from Step 3 (17 g,

6 I | i . 5 18 | foni id
(0.57 ) was SGHAIPURL MeiTaReyfuzdl S LRI TcaBal I RRE 0 T o

tenperature and\then fefluxed for 10 h to cynplete the hyd{ol ysics.
Vol atiles weye i undgg 4 r educkd p @] o6 amebzt he pesNdue. Py i
flash chromato n srtTca gelo USHNS ' 5
desired ketone2-3 was obtai ned ‘as ite solid (11.5 g){ 30 Step 5: The
ketone 2-4 fro tep 4 (5.75 g, 20.2 dr39 DCM (115
m) in a 200 nL pressure tube. The system was purged with arggnh and DAST
(9.05 nL, 68.5 nmol, 3.4 equivalents) was added. The tube seal ed and
heated to 50C for 50 h. Afteg cool®ng in an ice bath, thg acfion was
quenched by dropw se addi§-Non oMO 2033@4007693 PC?_

NaHCO3 solution (- 1 L) amd't product was "extract eg=y QAc (1 Q The
extract was washed with wat (500 L) and brine (380 and dried
(Na2S™). Renpval of solven av® a residue that was p i ed* by flash

chromat ography on silica gel using 0%to 40% Et QAc i n hexane. The product
2-4 was obtai¥teBlas a white solid after 5 trituration with hexane (12.2 g

for two runs)the brbRBindole Ihﬁ'prél;:&dé& 8s deshrifddARD 68/090144Q3 00 gJ8.9 3L was
dissolved in a mxture of TH 100 m‘l? and CHCI 3 (100 m_z). The m xture was
cool ed in an 9disselved jn digxang (Q%m&@rgnh(et oxyvinyl)tributyltin (3.6 mL, 10.7. mmol, 1.2

equivalent) was added. The solution was degassed with argon and '
dichlorobis(triphenylphosphine)paliadium (0.376 g, 0.5 mmol, 0.06 equivalent) was
added. The mixture was stirred at 120°C overnight. The reaction mixture was cooled
10 to room temperature, diluted with EtOAc and concentrated under reduced pressure to
remove dioxane. The residue was purified by flash chromatography on silica gel using
0% to 2% EtOAc in hexane as eluent. The ethoxyvinylindole 3-2 was obtained as a'
yellow oil (2.50 g, 86% yield). |
Step 2: ,
| 16  The derivative 3-2 from Step 1 (2.50 g, 7.6 mmol) was dissolved in EtOAc (80 mL)
and 2N HCI (560 mL) was added. The biphasic mixture was vigorously stirred for 2.5 h,
at which point TLC indicated complete conversion to the 2-acetylindole. The organic
phase was separated and washed with NaHCO; (100 mL) and brine (30 mL). The
solution was dried (Na,SO,) and concentrated to give a yellow solid. Trituration with
20 hexane gave the desired product 3-3 as an off-white solid (1.50 g, 65% yield).
Step 3:
The acetylindole 3-3 derivative from step 2 (0.45 g, 1.5 mmol) was dissolved in
toluene (15 mL) and N,N-dimethylformamide dimethyl acetal (0.60 mL, 4.5 mmol, 3
equivalents) was added. The mixture was heated to 100°C in a sealed tube for 5 h.
25  Another portion of N,N-dimethylformamide dimethyl acetal (0.60 mL, 4.5 mmol, 3
equivalents) was added and heating was resumed for another 20 h. The reaction
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pyridiniumtribromde (14.26 g, 45 mmol, 1.37 equivalent) was added. After
stirring for 10 3 h in the cold, the reaction m xture was quenched by
addi ti on wbd 2@®r69650 nL) and sol vents renoved under redwgedo@Ews®Bre. The
residue was partitioned between EtQAc (200 nL) and aqueous NaHCO3 (200
mL). The organi c phase was washed wth water (2 x 100 nL) and brine (100
m.) and the aqueous phase back-extracted wth another portion of EtQAc (3
x 50 mL). The conbi ned extracts were dried 15 (Na2SO4) and concentrated to
give a yellow solid that was purified by flash chromatography on silica
gel using 0%to 10% Et OAc in hexane. A second colum wusing 1-3% EtOAc in
hexane fol | owed by DCM was required to further purify the roduct. The
mat eri al (11"WUfﬁ/é(\@StCH@'ﬁdEOrEOPWrtaméﬂaWﬁ@@W‘%“FFSIEW%‘%GH@PG‘F CH%B?gﬁF (600
n). The desidsffleW-REBL1EMEed with the? yildiNgS boIbé Raft3M4 3G 58 g)thatweassol i d. 20
2- Brono- 3- (4, 4-di fl uorocycl ohexyl)-1-methyl -1 H i ndol e-6-carboxylic acid
met hyl ester “s‘?’-@rchy PR EEPt 0 carboxylic acid intermediates of formla
I'l, wherein Bteg& nmethyl, R2 is defined as hereinbefore and R3 is

nt er medi 3 eSSIRPEEL AN SRS S BReE VAR SR oB e A | 0o
procedur es i Ilctudsimatériatl3idrfroBt 8eps (106ing\V&3Gmthaesasrdigsetied in Et%.(eml-() 10141. 45
- Oycl opent y PRd A MRSt A7 B P RS pruvelere) wes adogd, Thp e, .
Br \ step .1 wastheDstigeepvernightigt reontempenatge oThe rgactiop wag dilgded with FHRI(HN- N\
\ I OH step 4n7Nhd 8n2icH 10.3 RliL§ Rad added. The mixture was stirred at 50°C for 5 h after
10  which saponification of the methyl ester was complete. Volatiles were removed under
| reduced pressure and the residue acidified with 1N HCI. The indole derivative was '
extracted into EtOAc and washed with water and brine. The extract was dried
| (MgS0.) and solvents evaporated to give the desired pyrazole-indole 3-5 (75 mg) as

an oil.

15 ‘
3-Cyclopentyl-1-methyl-2-(1H-pyrazol-3-yl)-1H-indole-6-carboxylic acid 3-5 is
converted to inhibitors of formula I, wherein R' is methyl, R? is 1H-pyrazoiyl-3-yl and
R® is cyclopentyl, using procedures illustrated in Scheme 1 above and described in
WO 03/010141.

20
EXAMPLE 4

3-(4-Amino-2-ethoxyphenyl)acrylic acid methyl-ester: ' :

ON OEt - . ON OEt. O,N Et
__*
OH CE(O\ \(:L/OH
o}
4-2

O
" Step 1
P Step 2 43

l Step 3
H,N OEt O,N OEt O,N OEt
- . X -—————
\(:L/\WOMe \CL/\WOMG Cﬁ(o
S o Step 4 H
4-6 4

4-1

Step §
4-5 . 4-
Step 1:
2-Ethoxy-4-nitrobenzoic acid 4-1 (1.56 g; 7.38 mmol) was dissolved in methanol (15
25 mL) and the resulting solution stirred at 0°C. A solution of diazomethane in ethyl ether
was slowly added until the yellow color persisted and the mixture was stirred for a
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5 The bronoi ndol e 3-1 prepared as described in WO 03/010141 (3.00 g, 8.9
nmmol ) was dissolved in dioxane (40 nL) and 1-(ethoxyvinyl)tributyltin (3.6
m., 10. 7.wormde/001693 equi val ent) was added. The sol uti orcras\20@&gasmed wit h
argon and dichl orobi s(tri phenyl phosphi ne)pal | adium (0.376 g, 0.5 mol,

0. 06 equivalent) was added. The m xture was stirred at 120C overni ght. The
reaction mxture was cooled 10 to roomtenperature, diluted with Et OAc and
concentrated under reduced pressure to renove dioxane. The residue was
purified by flash chromat ography on silica gel using 0%to 2% EtQAc in
hexane as el uent. The ethoxyvinylindole 3-2 was obtained as a yellow oil
(2.50 g, 86%yield). Step 2. 15 The derivative 3-2 fromStep 1 (2.50 g, 7.6
mrol ) was di sfudher@@ mim The@atve(ts vend gvaparatbatdlafigid tiiMethy) esigi4-2akladale The

bi phasi ¢ m Xty WQR (Y89 8&5?%%( hWag%éo%ntrﬁ:uﬁf n?er ;ﬁuh iabg point TLC

i ndi cated conpl ete conver sion acet e organi ¢ phase was
separ at ed and®®B2hed wi th NaHC03 (100 ) and brine (30 m.). The solution

was dried (Naﬁéfé@erarﬁifr&ﬁasmt(ﬁ 30710 nhdPwas o dfé‘éoh@%ﬁ%'t&uenydnh%@t' on
with 20 hexane ave desired product 3-3 as an of te solid (1.50 g,

65% yi el d)5  sSiEign 800'%‘«9 Zl%&%ﬂdiehélait@g%" amgepherets SRR Ofn step 2 (0. 45 g,
1.5 Mol ) wasdidbsisalv@rumhydtidd inegteahidrofurdn) (181N E mll; BrsthoipBy bddedraagittie

di met hyl acet aI xture
e hoat et oo aebE e R b iispPel e SER RARE pBRPET o PR

N, N- di met hyl fwersadiettin dhisreain gl arglct ml) {fier 60 antl a fdrtter idol. 0 $h aftegthedastent s)
was added an i f 6 WO
2006/ 007693 g@ﬁ%@%%@lﬁl %ﬁfttgpe@agiﬁggo?@g%% room tenperftnére and
vol ati | es1¢ entB® avixtyra gtifred, vigeravsly fPRE.-5 v &8¢ aiganigselvens W%?%@WOWQ% et her,

yielding a beérﬁﬁhé 9@1@035 ks(&e%s@hréd@wﬂf&h IEél&QteQQ&%@H BnH kal@e@eXt
0 e i oor

step. Step 4: Fol r ocedur
Chom Lett.  2uBuatersS8 rikdpnd i Bf Flachecombings ehtraets fevi e §8 Ha06 g,
0. 30 mmol) V\laﬂgsh)ﬁaﬂeﬂédorbtédlﬁb é}fbreﬂwdﬁlco)wol £.8as Aypdleca®lowe, fiteoeiyil @ta (47
iiL, 1.5 nmol qc,w vgl ent s qy q‘dded The m xture was then stirred
over ni ght at 9(98%‘ P HPES ﬁ'ﬁ‘é eaction was diluted with THE (4

15 Step 3:

A turbid solution of 1,1,1-tris(acetyloxy-1,1-dihydro-1,2-benzodioxol-3-(1H)-one (Dess-
Martin periodinane) (2.32 g; 5.47 mmol) in dichloromethane (40 mL + 5 mL rinse) was
added to a stirred solution of the above alcohol 4-3 (0.98 g; 4.97 mmol) in DCM (40
mL) and the reaction stirred at ambient temperature under a nitrogen atmosphere.

20 After 4 h, saturated NaHCO; / 10 % Na>S;03 (1:1, 160 mL) was added and the
mixture stirred vigorously until the phases were clear (ca. 0.5 h). The organic phase
was separated and the aqueous phase was extracted with dichloromethane (50 mL)
and washed with saturated NaHCO; (2 x 150 mL). The combined organic bhases ‘
were then dried over MgSO, and evaporated to yield the aldehyde 4-4 as a pale

25 yellow solid (960 mg; 99%) which was used as such.
Step 4: ‘
Sodium hydride (95% dry powder; 158 mg; 6.25 mmol) was suspended in anhydroué
THF (10 mL) and trimethyl phosphonoacetate (0.945 mL; 5.84 mmol) added dropwise‘
at 0°C under a nitrogen atmosphere resulting in a solid white mass which could not be

30 stirred. A solution of the aldehyde 4-4 from above (950 mg; 4.87 mmol) in THF (7 mL
+ 3 mL rinse) was then added dropwise resulting in a yellow colour and slow
dissolution of the white solid mass. After the addition, the reaction was allowed to
warm to ambient temperature. After 15 h, the cloudy reaction mixture was evaporated
to a pale yellow solid which was extracted with ethyl acetate (2 x 50 mL) and washed
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m.) and 5N LiOH (0.3 nL) was added. The m xture was stirred at 50C for 5 h
after 10 which saponification of the nethyl ester was conplete. Volatiles
wer e renowedowndess reduced pressure and the residue acipdirfdaadoswioifozl N
HCl . The indole derivative was extracted into Et OAc and washed with water
and brine. The extract was dried (MySOX) and sol vents evaporated to give
the desired pyrazole-indole 3-5 (75 ng) as an oil. 15

3-Cycl opentyl - 1- net hyl - 2- (1H pyrazol - 3-yl ) -1H i ndol e- 6-carboxylic acid 3-5
is converted to inhibitors of formula I, wherein R is nethyl, RZ is 1

H pyrazolyl -3-yl and R3 is cyclopentyl,. using procedures illustrated in
Schene 1 above and described in_ WO 03/010141. 20 EXAMVPLE 4

3- (4- Ami no- 2-Wthayated AaHCR: (3 x 72 e Therpemigined extracts wergriesspvenMgS@st 2N

Cet | ~/ OH 4 oN OBt O
SN OBt N CEat'nd“evﬂrbrat'eti toohfRAPd ﬁ\eQnrQ\aﬁa%pes?ecr)‘lrS?eés ﬁlép tod s%in@?l §12 d-|g§ M RSt

2- Et hoxy- 4- nl“l"?'?fb‘g?lsz‘bﬁeé Vﬂ*@?ﬁfﬂrﬂ?reﬂ”f@gt“ﬁ‘ 7.38 mmol) vvas d| ssol ved |n
met hanol (15 stépsnl) and the resulting solution stirred at 0C. A sol ution

f di h ded til t | | or.
o o 2 on ol Sl b om MR B & P G Bt B LBH G2’
PCT/ CA2005/ 001)Cd wWatert(hé mL2 @naKeCO:I0998 @, V.4 thenalparel &850apatiat bydrosulfaé f or d
the methyl e %ﬁ?ﬁ Z18%hnkd, )R@ér@ adé’eeoJ dRUEIREN el mBRirdwad et - vigoldlsh bt Was

used mﬁthout urt ur|
room temperature for 1 5 h It was then diluted with water (10 mL) and the ethanol

removed under reduced pressure. The reaction mixture was extracted with EtOAc (2
10  x), washed with water and brine and dried (MgSO,). Removal of the solvent under

reduced pressure gave the desired aniline 4-6 as a yellow solid.

Note: the analogous methoxy derivative was prepared in the same manner using
commercially available 2-methoxy-4-nitrobenzoic acid as starting material. In addition,

15 by using the appropriate phosphohate reagent and following similar procedures to
those described above, one can incorporate groups such as small alkyl (e.g. Me, Et)
or halogens (e.g. F) on the olefinic cinnamate carbon atom a-to the carboxylic acid
function.

20 EXAMPLE § _
(2)-3-(2-Hydroxy-4-nitrophenyl)acrylic acid methyl ester:

. : ’ H
COOH step 1 . OH step 2 mc
. . \
on _— ON OH - O,N” OH
5.2 : 5-3
J step 3
H

X -COOMe

X COOMe /@o
/@\/\/ o 5 O,N (0] D — O,N fo)
step -
O)\ﬁ step 4 O)\ﬁ

55 5-4
Step 1: ,
2-Hydroxy-4-nitrobenzoic acid. 5-1 (25.74 g, 0.140 mol) was charged ina 1 L 3-
25 necked-flask equipped with a thermometer and addition funnel. Dry THF (400 mL)

was transferred into the flask and the solution cooled to -2°C in an ice-salt bath.
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Step 2: The ester 4-2 fromabove (1.60 g; 7.10 mml) was dissolved in dry
toluene and the 5 solution cooled to -78C under a nitrogen atnosphere. A
sol uti on wb 20et/dogedBut yl al um num hydride in tetrahydrof uram/qabbs/@ims; 8
nmmol) was added and the reaction allowed to warmto anbient tenperature.
Two additional portions of DIBAL-H were added in this way (7 and 10 ni)
after 1 h and a further 1.5 h. 0.5 h after the last addition, the reaction
was cooled to OC and 1 N HCl (25 nlL) was slowy added and 10 the m xture
stirred vigorously for 0.5 h. The organic solvents were then evaporated
and the aqueous residue was extracted with ethyl acetate (2 x 50 nL) and

Th 10! d extracts were
ngegrl \émdt gvéggaﬁk/g&%ghyghgf n‘g%g‘}r’%{‘t@ﬁwgogf%bpoaogﬁﬁo?%ﬂ'&qng%@n@)a@Sa pal e
yel l ow, fi br oaddesisiropigelowed20 grin. Q'beréac)lomdmxo.he was tmaeadol\ﬁéd tgbmahm é’%’gi at eg ?1
) one. ( Doss. L fipersute Sad Mgyt rhe Feakioh MHEIS 4 T GRpgH BRAT hane
(H)zmox S, 5Srsr1-_'”ral"d%9e‘5va§h§ath aaféj@@Embedabxscarefubdtoms@admm watee (Sthalovet cohol

4-3 (0.98 g; g0 Aifh. TAPIWasirémb¥eaM JA0r reliboeaHhshitruteldhRlle Shidf Bl b ent

at nosphere.
10 5 NazS20s FPe @ xob il The b imaus aanecutn vietet 408 mid. K 461 @ 5e0uS | y
until the phasesanbrime¢stanL) sfer dB;é ifg (h%aQSCBI)E\/dPa't%MetG% aFHnPﬁ&v%e d uM‘@e? récﬁf&@& ated
tracted w or one
ashed w i saesny 2t KB e B, Siertbaried i s ki ol o ganrabpHatses
wer e then drisugmefheNisbericaimdheldepoatiat 82 was obiteihell deyabiebldi@rds 4 as a
pal e 25 yed | oggos ,l9|d§J (960 nmg; 99% which was used as suech. Step 4: Sodi um

THE
hydri de (95% dry powder; 158 ng; 6.25 mml) was suspended i n anhydrous
()1/0 mL) <(31nd t$%Re% hyl phosphonoacetate (0.945 mi; 5.84 nmol) added dropwi se

Gould not b 50 Srreren o e CIESE Y nBO Nk aBRid s ¥l S B eK 050

30, stirred. A solution
Zog;dmr;g]t ) bleneqf'ﬁs@e% {}’"tﬂﬁ reﬂpxﬁoﬂq_enﬁ?rrﬁ’@)mmgmﬁﬁéh"%fd@bldromfmr(ﬁﬁie wagsul ting in

a yel | ow col caddeaasd teanxtufd r%fédtgldvﬂﬁ ARbivdt&emnb (S%‘Vos%ég B holesid r the

erature After
S herd ! SRR el oSl et e v  ow <o 1
which was exttemperetiravieabhest §5y58°GcRéfaixavas naintaBedio 1N SrbHRBArLC
analysis indicated complete conversion to the aldehyde. The reaction mixture was
cooled to room temperature and filtered through celite using CHClI; for washings. The
yellow filtrate was concentrated under reduced pressure to give aldehyde 5-3 as a a
20  vyellow solid that was dried under vacuu'm (52.11 g, 75% yield).
Step 3: :
The aldehyde 5-3 from step 2 (52.0 g, 0.31 mole) was dissolved in DCM (1 L) under
an argon atmosphere. Triethylamine (95 mL, 0.68 mole, 2.2 equivalents) was added
to the mixture producing a dark red coloration. Trimethylacetyl chloride (40.0 mL, 0.32
25 mole, 1.05 equivalent) was then added dropwise over 25 min and the reaction mixture
stirred for 3 h at room temperature until complete. The mixture was filtered to remove
solids (DCM rinses) and the filtrate concentrated under reduced pressure. The
residue was diluted with EtOAc and the solution washed with 0.5 M citric acid (500
mL), water (500 mL), NaHCO; (2 x 500 mL) and brine (500 mL). After drying
30 (NaySO0,), volatiles were removed under reduced pressure to yield the desired
pivalate 5-4 as an off-white solid (104.2 g).
Step 4:
A 5 L 3-necked flask equipped with a rhechanical stirrer and addition funnel was
charged with NaH (60% oil dispersion, 19.1 g, 0.478 mole, 1.5 equivalent) under an
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48 WD 2006/ 007693 PCT/ CA2005/ 001103 with saturated NaHCO3 (3 x 75 mL). The
conbi ned extracts were dried over MgSO4 and evaporated to afford the

ci nnanmat ewevew004695 as pal e yellow solid (1.212 g; 99 %pcTwa206%/00883used

wi thout further purification. Step 5: 5 The nitro cinnamate 4-5 from above
(0,300 g, 1.2 mmol) was suspended in EtOH (12 nlL) and water (7.5 nL) and
K2CO38 (0.990 g, 7.16 nmmol) and 85% sodi um hydrosul fite (1.247 g. 7.16
nmol ) were added successively. The m xture was stirred vigorously at room
tenperature for 1.5 h. It was then diluted with water (10 nL) and the

et hanol renoved under reduced pressure. The reaction m xture was extracted
with EtOAc (2 10 x), washed with water and brine and dried (MgSO). Renoval
of the sol verwgan”aimbsphemjmyEMHpt(es)swseadyedendi’merdet&'rer&ﬂle‘amrh bh lke-s4t6 as a.

|1 lid. oo th
ame manner 2NN 2 G P AT AR R AR o 5, 0 R e Y o BABRAD 6P Bt s
starti ng nat exdded dropwisg@uérn3Sonin. THesthigl siygy M@sshreedafppammtiltmnel &thlsphdnat e
reagent and fipl LIQ&W&Q 554 fidh %{Tg%r(%@% P%?S i) hPﬁﬁ’F W%L}Qﬁg a@@éﬁ’@ve one can

i ncorporate groups such as s al ogens (e.g. F)
on the ol éfi rﬁodmeufqilﬁ»zﬁabéaaéfumﬁeé&@rmla Ths @rﬁegez:%{wnowwhenat'frqsi function.

20 EXAMPLE 5 dv@n tét%obMdérﬁﬁfé{'atﬂré" frhé FH%BWM)@% Whs §u %_'éh%héh Wet ater @eter: H
COON step L i %@E}F(% oyed | unde d cegZ ressure. %h‘e reS|d2ue was arh%oned 1 step 3
H zt, coowe T PN t? oRetcss P P
between EtOAc (800 mL) and water (800 mL) and the organic phase separated. The
aqueous phase was extracted again with EtOAc (1 L) and the organic extracts
10 combined, washed NaHCO; (2 x 1 L) and bfine (1 L). After drying (Na,SQ,), solvents
were removed under reduced pressure until crystallization of the product. After
cooling, crystallized material was collected by filtration and washed with cold EtOAc
and hexane. After drying, a first crop of product §-5 (40 g) was obtained as a light
yellow solid. Filtrates and washes were combined and concentrated to give an
15  additional 10 g of product (total yield: 50 g).
Step 5:
The cinnamate derivative 5-56 from step 4 (50.0 g, 0.162 mole) was charged into a
flask that was immersed‘in an ice bath. Pre-cooled conc. H,SO, (350 mL) was added,
producing a dark red solution. After stirring in ice for 30 min, the clear solution was
20 poured over ice (2.5 kg) to give a yellow solid. The material 5-6 was collected by
filtration, washed with water and dried (43.6 ).

Note: (E)-3-(2-Hydroxy-4-nitro-phenyl)-2-methyl-acrylic acid ethyl ester (R = Me) was

prepared in a similar way replacing trimethylphosphonoacetate by triethyl 2-
25 phosphonopropionate.
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02N -OH step 5 step 4 2 5-6 OO 5-5 5-4 Step 1: 2-Hydroxy-4-nitrobenzoic
acid 5-1 (25.74 g, 0.140 nol) was charged in a 1 L 3- 25 necked-fl ask

equi pped wibt2hocaovdyer nomet er and addi tion funnel. Dry THBRCTADRo0F0p1108/2S
transferred into the flask and the solution cooled to -2C in an ice-salt
bath. 49 WD 2006/ 007693 PCT/ CA2005/ 001103 Bor ane-di net hyl sul fi de conpl ex
(10 M 30.9 nL, 0.309 nole, 2.2 equivalents) was added dropw se over 20
mn. The reaction m xture was then allowed to warmup to roomtenperature
and stirred overnight. The reaction m xture was then cooled again in an

i ce-water bath and quenched by careful dropw se addition of water (90 niL)
over 5 30 mn J'\Eﬁfﬁas renoved under reduced pressure and the residue
extracted wit tOAc (2 x 500 nL). The extract was washed with water (400

m), 1 N HC 2-4-Aniho-2anetbory-fenyl)-ni@AQZ)y idend]-betyrie a¥idiBeth R &M) |

vol atil es were renovgd under reduced pressure and the residue was

co-evaporated w th_haxane (3 x 50 gRd dooved under vacuum The benzylic
al cohol derivati -2 wasS'®dt ai ned a lyel | orgol i d BygCOMs 95%
yield). Stepod: goal cohol 5-20fN 0 ep 17(69- % ¢, o | e) was

S
charged in a 5 L 3- d flask equi W%g@vith a reflux condenser and
mechani cal stirrsesr. | orof orm (2. 564) s added and t[\ﬁe fi’xt ur e heat ed

slowy. Activated M102 (85% 252 g, 2.46 noles, 6 15 equifal ents) was added
in small portions over 15 mn, during which tine, the fenperature reached

55-58C. Reflux was nmmintain CoRMe af t er Jhich T toeMes i ndi cat ed
conpl ete conversion to th@Nm. The-—pea?cl_i_on_ n’;ic@r;é@%s cooled to
roomtenperature and filteéered th%ough celite using. of washi ngs. The
yellow filtrate was concentratéed under reduced pr essurgsﬂo gi ve al dehyde
5-3 as a a 208%8'1'-0‘” solid that was dried under vacuum (52.11 g, 75%
yield). Step 37 The al dehyde 5-3 fromstep 2 (52.0 g, 0.31 nole)

was. di ssol¥edTriethyE&hé¢sphbhobutydate (10216 &r40@manolI 0 2f@lvalent] Wastharbédiine (95
n, 0.68 nol G\‘Iasl@ur?dé‘?gH'a}/g%h%%égph\épesan%%gsesglved in dry THF (200 mL). The solution

was cooled in an ice bath and NaH (60% dispersion, 1.764 g, 44 mmdl, 1.3
equivalent) was added in small portions over 10 min. The mixture was stirred for an
additional 1 h at 0°C and a solution of the aldehyde 5-4 from step 3 of Exampie 5

10 (8.44 g, 33.6 mmol).in THF (40 mL) was added dropwise over 15 min. The ice bath
was removed and the mixture stirred at room temperature for 70 min after which the
reaction was judged to be complete by TLC. THF was removed under reduced
pressure and the residue was diluted with EtOAc (300 mL). The solution was washed
with NaHCO; (2 x 140 mL), 10% aqueous HCI (60 mL) and brine (60 mL). After drying

15 (NaySO,), volatiles were removed under reduced pressure to give crude product 6-1
(14.0 @). ‘
Step 2:
The crude material 6-1 from step 1 (14.0 g, assume 40 mmol) was treated with conc.
H>S0, (90 mL) as described in step 5 of Example 5. After completion, the reacﬁon

- 20 mixture was poured on ice resulting in the formation of an oil. The material was

extracted into EtOAc and washed with water (3 x 125 mL) and brine (90 mL). After
drying (Na,S0,), the solvent was removed under reduced pressure and the residue
purified by flash chromatography on silica gel to give compound 6-2.
Step 3:

25  The material 6-2 from above (1.20 g, 4.53 mmol) was dissolved in DMF (24 mL) and
Cs,CO0; (2.95 g, 9.05 mmol, 2 equivalents) was added. After stirring for 15 min, Mel
(0.95 g, 6.73 mmol, 1.5 equivalent) was added to the red solution and the mixture was
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to the mxture producing a dark red col oration. Trinethylacetyl chloride
(40.0 nmL, 0.32 25 nole, 1.05 equivalent) was then added dropw se over 25

m n and twe 20&aotéen mi xture stirred for 3 h at room t eqparaabesoe1 08t i |
conplete. The m xture was filtered to renove solids (DCMrinses) and the
filtrate concentrated under reduced pressure. The residue was diluted with
Et CAc and the solution washed with 0.5 Mcitric acid (500 nL), water (500
m.), NaHCO3 (2 x 500 nL) and brine (500 -n.). After drying 30 (Na2SO4),

vol atiles were renoved under reduced pressure to yield the desired

pivalate 5-4 as an off-white solid (104.2 g). Step 41 A 5 L 3-necked flask

equi pped wi t hstareaesesh QNEteS(dorrﬁlgrwa%%dédjﬁ')' thé %cﬁdﬁm&{ur%ﬁ u&nﬁr ged wit h

NaH (60% oi | dIS %’ﬁ-&@ %@18 78 nol e an

WO 2006/ 00769%°F OB BIR W §°°'§Pt§6m§ttfdﬁ%fbr4@ﬁ'eed \mffywatpﬁar(dldrie)i twas added
and the m xt ugiee conpeeedi6rB(A01 C80% gield). bath to - 2C.

Tri met hyl phosg%gr]pacet ate (69.5 g, 0.382 nole, 1.2 equivalent) was added
dr opwi se over mMn. The thick slurry was stirred for an additional 20 mn

and the a$ deﬁ}ejretra‘)ddnvbhm -Stfrem ster 806D @,3.48 BH81) WAk Sls eﬂdé'd'lﬁ aRQrdTL) was

added over 5 E ri nse e _orange slurry was
then stirred &%\}gr_' ﬁ![l_ r%tgyd't @g ‘F”afi% golé%eg qbz?c’f"i“Bh?’ﬁﬂR't’%?@s)\/vas
quenched wi t h@RgENiCI ?05@2 ai1)91anmolTHIE2 wasivalentpwerd addetband e uaRcreARS SUT €.

The resi due vareBal 830 neAl THRGLARER WEL A HBAQ ITLbmAOHoYAL Uéedargg 3l and

t he organic pHase separated. The ueous ase was ext
Et OAc (1 L) aftPugha pad gheslite t@mgﬂab{f H-BCM Dnddformsh@dvmam@me(ez X 1 L)

and brine1d 1 r@noﬁéd@fdedféﬁum dra&a&cydd théeésmerd%sowsm sETRMEHLURAEr reduced

| | f th I I1ized
et or i al was. CPEEbEaRER Pt G g At (T cores ooy 178
hexane. Aft ercodesyitrated. T'a'hécrude prodog 66f wiy euhified bﬁﬂ&h(eﬁ%nﬁﬁtod@&y‘dﬁtﬁlcaed as a
light vyell o 9§|h o}:fhé/&@ﬁ]eﬁ%xmga&&uﬁgqgg %O@O)Hbld)gg g;;md concentrated to

gi ve an 15a t|o Step 5: The

ci nnamat e derlvatlve 5-5 fromstep 4 (50.0 g, 0.162 nole) was charged into
a flask {hatewgpg rersed in an ice bath. Pre-cooled conc. H2SO4 (350 ni)
was -added, producmgadark red solution. After stirring in ice for 30
mn, the C| e [14dtAming2 %agxy phenyl)-meth-(E)-ylidene]-butyric acid ethyl ester:

Co
—_—
O,N OH O,N OH ~ ON o

5-3 7-1 7-2 I\

J step 3
H.N (0]

2
73 K

Step 1:
Triethyl-2-phosphonobutyrate (2.52 g, 9.99 mmol, 2 equivalents) was dissolved in dry
20 THF (15 mL) and the solution cooled in an ice bath. NaH (60% dispersion, 0.41 g,
10.2 mmol, 2.0 equivalents) was added in small portions and the white suspension
stirred in the ice bath for 1 h. The hydroxyaldehyde §-3 from step 2 of Example 5
' (0.832 g, 5.0 mmol) in THF (10 mL) was added dropwise over 5 min and the ice bath
removed. The mixture was stirred for 20 h at room temperature, after which it was
25  judged to be ~60% complete. The reaction mixture was concentrated under reduced
pressure, diluted with EtOAc (40 mL) and washed with NaHCO, (2 x 20 mL}), 10% HCI
(10 mL) and brine (10 mL). The organic layer was dried (Na,SO,), evaporated and the
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20 poured over ice (2.5 kg) to give a yellow solid. The material 5-6 was
collected by filtration, washed with water and dried (43.6 g). Note:

(E) - 3- ( 2-Wwipdo@op7éb3ni t r o- phenyl ) - 2-net hyl -acrylic aci d etCmdAzestwrio6R = Me)
was prepared in a simlar way replacing trinethyl phosphonoacetate by
triethyl 2 25 phosphonopropi onate. 51 WD 2006/ 007693 PCT/ CA2005/ 001103
EXAMPLE 6 2-[1-(4- Am no- 2- net hoxy- phenyl)-neth-(2)-ylidene]-butyric acid
met hyl ester: H COOve step 1\ : step 2 COOM (ZN\ O QN O 2N | OH 5-4
p6-1 06-2 step 3 COOVe COOWVE step 4 )~1'J: i H2ZN O 2N 6-4 6-3 Step 1:
5 Triethyl -2-phosphonobutyrate (10.16 g, 40.3 mmol, 1.2 equivalent) was
charged in a flask under an argon atnosphere and dissolved in dry THE (200
m.). The sol uesidee Puifisd by Bashicchramaiegrarty tbaive thendesiegnifrecinpamaipestsi on, 1. 764
g, 44 mol, 10365804 % JeRft) Was added in small portions over 10 nmin. The
m xture was stirred for an additional 1 h at 0OC and a solution of the

al dehyde 5-4 fromstep 3 of Exanple 5 10 (8.44 g, 33.6 mmol ) -in THE (40
) was added\l%{é:@lei-(BnyGkb&{/-43:ﬁtrd3i)ﬁbnylf'ﬁh%th'7-(02$—ymb¥bm do_&fﬁﬁh(ﬁﬁst@ﬂﬁaé he

m xture stjrred at roomte rature for 70 mn after C . reaction
was j udged® t PBETCLIRA ¥ @afg%%ﬁ‘ay "Rlg! g'eﬁhélr%%otfpﬁ?ﬂfg@y%%lE’J’E@Sthyggessure
and t he resi chhesplasopriopiatad Wi th Et OAc (300 nlL). The sol ution was washed
wi t h NaHCO3 (% &140 m.), 10% aqueous HCl (60 nmL) and brine (60 nmL). After

drying 15 (Na , volatiles were renpoved under reduced pressure to give
crude productTre-phengltgrigatiyg 7-15raapatxove (1.01 g, 3.81 mmol) was dissolved in dry DMF-

(20 mL) and Cs,CO; (2.48 g, 7.62 mmol, 2 equivalents) was added. After stirring for

10 15 min, iodoethane (0.89 g, 5.66 mmol, 1.5 equivalent) was added via syringe and the
mixture was stirred for 1 25 h at room temperature, at which point it was judged to be
complete (TLC). Water (70 mL) was added to the reaction mixture, producing a white
precipitate. The material was collected by filtration, washed with water and dried to
give compound 7-2 (1.11 g, 88% yield). '

15
Note: replacing iodoethane by iodomethane gave the corresponding methoxy analog.
Step 3: ‘ '
The nitrocinnamate derivative 7-2 of step 2 was reduced to the corresponding aniline
7-3 using Fe/ NH,Cl in refluxing aqueous EtOH as described in Example 6 (step 4).
20

EXAMPLE 8
‘7-Amino-2H-1-benzopyran-3-carboxylic acid methyl ester:

CHO step 1 x~COO0Me  gtep 2 - COOMe
sl a0 o
ON OH ON o HN o

2 2
5-3 8-1 8-2

Step 1:

25 The hydroxynitroaldehyde 5-3 from step 2 of Example 5 (2.50 g, 14.96 mmol) was
suspended in methyl acrylate (13.5 mL, 150 mmol, 10 equivalents) and the mixture
heated to 50°C to produce a yellow solution. DABCO (0.42 g, 3.74 mmol, 0.25
equivalent) was added and the mixture heated to 90°C for 2.5 days. The reaction
mixture was cooled to room temperature and diluted with ether (150 mL). The solution

30 was washed with 1N NaOH (2 x 100mL), 1N HCI1 (100 mL) and brine (100 mL). After
drying (Na,SQ,), removal of volatiles gave an orange solid (0.5 g). The combined
aqueous phases were re-extracted with EtOAc (2 x 300 mL) to give 2 g of solid that
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rude material 6-1 fromstep 1 (14.0 g, assune 40 nmol) was treated
\T\,ih'?hcconc. H2SO4 (90 L) as described in step 5 of Exanple 5. After
conpl eti owp 2bdw@ore@acti on 20 mixture was poured on ice pesulA205PoiN3t he ]
formation of an oil. The material was extracted into EtOAc and washed w t
water (3 x 125 nL) and brine (90 nmL). After drying (Na2SO4), the sol vent
was renpved under reduced pressure and the residue purified by flash I
chromat ography on silica gel to give conpound 6_.2.' Step 3: 25 The materlz((;l:o3
6-2 from above (1.20 g, 4.53 nmol) was dissolved in DMF (24 nL) and GCs
(2.95 g, 9.05 mmol, 2 equival ents) was added. Q](‘jt Srtstlt[ural pgdf ggl ﬁt5| (r)nnnand

95 - , ui val ent) was adde 0
tMﬁle nl(gturegmmésé@rf%%%laéaﬁ%@ﬁ ﬁﬁﬁ%ﬁa&t{f@%&aﬁ@@%ﬁ@m Bdekaie as 5 h.
Water (80 ni) eluert. BrRidesired nitrobenzopyran 841 weodbtditad 4 tahdsold (ARG Pi t at e.
The materi al q\g@, yl ected by filtration, washed with water and dried to
gi ve corrpound 1 01 g, 80%yield). Step 4: 5 The nitro derivative 6-3
fromstep 3 ( g, 3.58 mml) was suspended in a mxtureI e(r)IIsEt C]—Inélimng
er §4 I ul va

(0.102 g 1 9‘""“* o RO ronyRhe .41 Bl pege ot Rrrehion anfls
stirred at 85 fLﬁrnglFeHNHFﬁb'”rf%f&’é'ﬂ’B@ﬁUM§ Et@ld nisiog thesptotamiureodesciiesaper at ur e
and filtered Exdmmeghstép pad of celite using 1:1 EtO+DCM (100 nL) for
washes. Vol atiles were 10 renoved under reduced pressure and the residue
di ssolved in DCM (40 nmL). The solution was washed with water (2 x 15 m_)4
and brine (15ExdMpLE@ri ed (Na2SO4) and concentrat ed The crude product 6-

i using 20% Et QAc in
\tg\lgiaﬁgr ;fs H@Fﬁ%&%@é@&éﬂr@% }gg ag&gmn E&hﬁ&yg? qltroclnnamate esters using
cid ethyl ester:
2-[1- (4- Am ”dlaﬂmesngﬁwmhyég|necooeth N e o an s Toss 2535
\ | CHOstep 1\ Sl BroH.CN X COOMe
step 3 - COCEt - Brok, /@\/V
O.N OH K,CO, O,N 0k
5.6 ’ : 9-1 CN

The preparation of (E)-3-(2-Cyanomethoxy-4-nitrophenyl)acrylic acid methyl ester is
illustrative: methyI-Z-hydroxy-4-nitrocinnamate (compound 5-6; from Example 5, step

15 6) (2.49 g, 11 mmol) was combined with potassium carbonate (1.70 g, 12 mmol) in
anhydrous DMF (20 mL). Bromoacetonitrile (1.17 mL, 17 mmol) was added and the
red mixture was stirred at ambient temperature for 3 hours, at which time a
yellow/orange heterogeneous mixture was observed. The mixture was diluted in
EtOAc and washed with 0.5 N KHSO,, saturated aqueous NaHCO; and brine. The

20 brganic phase was dried with MgSQ,, filtered and concentrated under reduced
pressure. The crude residue was triturated with ether/DCM and collected by filtration. .
The desired ether 9-1 was recovered in a 91% yield (2.67 g) as a yellow powder.

It will be apparent to one skilled in the art that the general procedure of Example 9

25 may be used to prepare intermediates useful in the preparation of compounds of
formula (1) by replacing bromoacetonitrile with an abpropriate reagent of the formula
R®-X, wherein R® is as defined herein and wherein X is a leaving group such as a
halogen, sulfonate ester or the like.

30 EXAMPLE 10

General procedure for the alkylation of 2-hydroxy-4-nitrocinnamate esters using
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HZN 7-3 Step 1: Triethyl -2-phosphonobutyrate (2.52 g, 9.99 mmol, 2

equi val ents) was dissolved in dry 20 THE (15 nL) and the solution cool ed
in an i cewvbavdsoodbl (60% di spersion, 0.41 g, 10.2 nmol pc2id2eqwioymbent s)
was added in small portions and the white suspension stirred in the ice
bath for 1 h. The hydroxyal dehyde 5-3 fromstep 2 of Exanple 5 (0.832 g,
5.0 mol) in THE (10 nL) was added dropwi se over 5 mn and the ice bath
renoved. The mixture was stirred for 20 h at roomtenperature, after which
it was 25 judged to be -60% conpl ete. The reaction nmxture was concentr at ed
under reduced pressure, diluted with EtOAc (40 nL) and washed w th NaHCO3
(2 x 20 m.), o HCl 10. ). and ine (10 nL). The organic |ayer was
dried (NaZSO?)]'a'ée g‘i“‘e’ﬁ"’éﬁﬂ“??&“% VIO 2006/ 007693 PCT/ CA2005/ 001103
resi due purifi edgwecmmgg\r ap 9% the desir oo nnamat e

ester (0.365 g o yi el dPRP g% 0~ OMe — . @fw oMe -
2-[1-(2- Hydroxy 4 ni ro phenyle) met he (Z1) yl'i dene] -trat yr i aC|8 ethyl ester
was 5 'prepared i¥f a simlar fashion by repI aci ng
triethyl-2-phpgphonobutyrate by triethyl-2- phosphonopropionate. Step 2:

The phenol deri vat| ve 7-1 fr &ovexge 3. gl I Q Wwa | Ssol ved in
dry DVF (20 r‘PE)pf%ﬂ%Pt'eQ Q%ﬁé -315- (2 efjio t'%‘ﬁ‘y)?%ﬁrtmp e’léfgﬁp g |3ér?ts’2‘§u“aé§teédded
After stirgi nlg- |§rllust1é1|vé5VIé!tth12 hy@esxe dhetnszifn@mBt @ompodfal 5v6iom Exdinple
equi val ent) a g d. vi 9 and th tur €3 %: 25 h at
room terrpera % ﬁ %hbs%‘ ais comgeﬁ?ﬂ’%édn?t °’1¥8‘?‘383 Oe Fﬁ_ ). \ter
(70 nmL) was aﬂdelojamd)dleﬂnglazmtatbmlatm(xmm s{ﬁrmmulo:lm'@-lFa(aﬂhnlt)e pr ecipitate.
The materi al %é I8t ol %ng} ﬂg;n%dto
1 I *ge% t t

gi ve conmpound ﬁﬁr&?&foﬁ‘h&d( 3'% e @g)l) ?% %a%zﬁﬁéﬁso oet han
by. i odonet harat agrhiget tempedire.c\saRRAtAY MR WRp dﬁ‘#ﬁ?‘ U’QEtOAStaéé washeptyath
nitroci nnﬂimtvﬁatérea'nu\b%é W@Hez)'gan%f ph%%@ﬂ/ag dM@ﬁwnﬂﬂd&S@ﬁ filtérel BRA §&fcéﬁt$d$élﬁdl ng
aniline 7-3 using in ref uxmg{Nqs tﬁ]—l % §0r| edln
Exanpl e 6 (StL@HerAfr)aduced pressure. The crude material'was su jected to flash chromatography

(1:9 EtOAc/Hex; 1:4; 1:3). The desired product 10-1 was recovered as a light yellow

solid in 80% vield (1.01 g).

Step 2: |

15 The nitrocinnamate ester 10-1 (353 mg, 1.3 mmol) was combined with iron powder

(209 mg, 3.8 mmol) in absolute ethano! (5 mL). Saturated aqueous ammonium

chloride (1 mL) and distilled water (1mL) were added and the heterogeneous mixture

was heated at 80°C with stirring. After two hours the rust colored mixture was diluted

in EtOAc and washed with water and brine. The organic phase was dried with MgSQ,,

20 filtered and concentrated under reduced pressure. The residue was subjected to flash
chromatography (1:2—1:1 EtOAc/Hex) to afford 223 mg (71%) of desired anili‘ne‘ 10-2
~ as a yellow solid. FIA-MS m/z = 252.1(MH").

It will be appa‘rent to one skilled in the art that the general procedure of Example 10

25 may be used to prepare intermediates useful in the preparation of compounds of
formula (1) by replacing 2-methoxyethan-1-ol in Step 1 with an appropriate reagent of
the formula R®-OH, wherein R® is as defined herein.
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20 EXAMPLE 8 7- Ami no- 2H- 1- benzopyr an- 3-carboxylic acid nethyl ester: \ |
CHO step 1 \ | COOwe step 2 COOM 2N OH 2N O H2N O 5-3 8-1 8-2 Step 1:
25 The hywloasysmioressal dehyde 5-3 from step 2 of Exanpl e BcfZA2005¢01104. 96
mmol ) was suspended in nethyl acrylate (13.5 nL, 150 mmol, 10 equi val ents)
and the mxture heated to 50C to produce a yellow solution. DABCO (0.42 g,
3.74 mol, 0.25 equivalent) was added and the m xture heated to 90C for
2.5 days. The reaction mxture was cooled to roomtenperature and dil uted
with ether (150 nL). The solution 30 was washed with 1 N NaOH (2 x 100niL),
1 NHC (100 ni) and brine (100 nmi). After drying (Na2SO4), renoval of
vol atil es gave an orange solid (0.5 g). The conbi ned agqueous phases were
re-extracted BAMRLEITOAC (2 x 300 nL) to give 2 g of solid that 54 WO
2006/ 007693 F(@Ié@ag@ R-6f14 Khty Eme -2 oy Rinkay Mol RERAgaphy on

9 cin

silica gel usin exane as el uen desired

ni t robenzopyr%"SlclcmgtaBSF%{PﬁBﬂ}%'“ahz §rdimgthoxyphepyllacrylic geid 1504 yi el d) .
Step 2: 5 Thqcoipoand@005;Tabe2)8-1 from above (0.41 g) was reduced to th_e
corresponding aniline 8-2 using Fe / NH4Cl in refluxing aqueous Et OH using

the procedure dgscribgd in EXAIVPL 9 10 Ceneral
procedure for t'h& a kyl at¥eah - YR ociman Mg usi ng
hal i des as el ect rgphrtas: COC]VEBr@HZ o 02N JO da®2N 1 O 5-6
9-1 CN The preparé’dvieon of (E)-3-(2- Q/annet hoxy 4- nltropheny meacrylic acid
methyl ester is illlistrative: methyht2- hydroxy 4-n itroclh na mate
(conpound 5-6; from Exanple 5, step [step3
} : _
O
BocHN in’o N\Q/\/ME\ . step 4 BocHNgg(H OMe
COOMe 0 0
OMe ; ~
J 1-5 114 OV
step 5 .
o]
— N Qx
7N Hoo
(o}
11-6
5 . OH
Step 1:

Methyl 4-amino-2,6-dimethoxybenzoate 11-1 (2.00 g, 9.5 mmol), prepared by the
method of Broadhurst et al. (J. Chem. Soc. 1977, 2502), was dissolved in DMSO (20
mL). N-Boc-1-aminocyclobutane-1-carboxyiic acid (2.07 g, 9.6 mmol) was added

10  followed by triethylamine (4.18 mL, 30 mmol, 3.2 equivalents) and TBTU (3.69 g, 11.5
mmol, 1.2 equivalent). The mixtdre was stirred for 24 h at room temperature after
which it was added dropwise to a solution of AcOH (15 mL) in water (150 mL). The
white precipitate 11-2 was collected by filtration, washed with water and dried in
vacuum (3.50 g, 71% yield): MS m/z 409.3 (MH").

15 Step 2:
The methyl ester 11-2 from above (1.84 g, 4.5 mmol) was dissolved in THF (20 mL)
and the solution cooled in ice under an inert atmosphere. LiAlH, (1M in ether, 27 mL,
27 mmol) was added dropwise and the reaction mixture allowed to warm up to room
temperature. After stirring for 3.5 h, the reaction was judged complete (HPLC

20 analysis). It was quenched by careful addition of AcOH, diluted with DCM (250 mL)
and 150 mL of 1M sodium-potassium tartrate solution (Rochelle’s salt) was added.
‘After stirring vigorously for 90 min, the mixture was filtered to remove solids, the
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15 6) (2.49 g, 11 mmol) was conbined with potassium carbonate (1.70 g, 12
nmml ) in anhydrous DMF (20 nlL). Bronoacetonitrile (1.17 nL, 17 nmol) was
added andwbheos/qesd3m xture was stirred at anbi ent tenperetigazodsmo1@dshours,
at which time a vyellow orange heterogeneous m xture was observed. The

m xture was diluted in EtOAc and washed wth 0.5 N KHSO4, saturated
aqueous NaHCO3 and brine. The 20 organic phase was dried wth MSOi
filtered and concentrated under reduced pressure. The crude residue was
triturated with ether/DCM and collected by filtration. The desired ether
9-1 was recovered in a 91 %yield (2.67 g) as a yellow powder. It wll be
apparent to one skilled in the art that the general procedure of Exanple 9
25 may be useaiganic phaspavas separetedediied (a.SPakdnd conpentiatedde @pehitatsplish Toé

conpounds of re&@uéWLé‘tn(drate@Wltﬁ ?BWE@%L?(EW%&Q@&)IH doictdd Er}ﬂi @edinair .
appropriate reagent of for mul R5 1s as defined herein

and wherein )4°|9§’eé‘°F‘88\‘n%H -30RA9. S84 vield): MS RiZI33§@{M-Bll f onat e ester or the
like. 30 EXAN§tep310 General procedure for the al kylation of
2- hydr oxy-4-njtroci nhamate esters usin 55 WD 2006/ 007693

PCT/ CA20057 00TEPEN2%41C 1cP8Q) Jd i frasp F\%?"Pf(giﬁa?‘fﬂoh”pm%&ﬂs sugipenged itz cH2- oH
COMOOME O C%&mlj’bﬂ@aétw%lﬂr@zlf@sm}g Qd .0 Ahdl) Wassdaried ZI'HEIZ‘Nxt.ufe whg& step

; n X ethox 4-n
't ophenyl ] adPgPER ed sty AEERER\E efliar e gt I PRSI
Met hyl - 2- hydrﬂitgsedcthmugh@emalhmmfe:lh(:cgdp@lmgdl-&‘f6rwas’rmgs|§nammlfmrat5 step 6)
ol ) and. 1 SRy Ao QSRR T R WY e TRME O )
Tri phenyl %os@ﬁiﬂdeﬂ%‘e%‘"t@ fregh 8BMiFsINy dried inairde givarsamppendsti- {Jf45§rlingmas
stirred 15 mgg%ﬁ@dﬁmﬁygg,ﬁgezm ture. The reaction mxture was diluted in

Et OAc and washed w t 10 wat er and brine.  The organi c phase was dried with
MySO4, filterd8P4hd concentrat ed under reduced pressure. The crude materi al

was subj ect edrrethyfghasghofibdcersd @2aAbY5.68 mmol) was added dropwise to a suspension
of NaH (60% in oil, 0.227 g, 5.68 mmol) in dry THF (25 mL). The resulting thick-white

156  suspension was stirred for 30 min at room temperature and a solution of the aldehyde
derivative 11-4 fromAabove (0.43 g, 1.14 mmol) in THF (5 mL + 2 mL rinse) was
added. The reaction mixture was stirred for an additional 30 min at room temperature
and the quenched by addition of AcOH (0.5 mL). THF was removed under reduced
pressure and the residue was dissolved in EtOAc (50 mL). The solution was washed

20 with 10% NaHCO; (20 mL), dried (MgSQ,) and conéentrated. The residue was
purified by flash chromatography on silica gel using 0-20% EtOAc in CHCI; as eluent.
The desired cinnamate derivative 11-5 was obtained as a.white solid (452 mg, 91%
yield): MS m/z 435.2 (MH").

Step 5:

25 The Boc-protected derivative 11-5 from step 4 (120 mg) was suspended in 4M HC! in
dioxane (4 mL) and the mixture stirred at room temperature for a few minutes until
homogeneous. Reversed-phase HPLC analysis indicated complete conversion to the
amine hydrochloride along with some decomposition. Volatiles were removed under
reduced pressure and the residue was dissolved in CHCI3 (2 mL). While sti-rring,

30 TBME (10 mL) was added slowly to produce a white precipitate that was stirred
overnight. The solid was then collected, washed with TBME and dried (92 mg of
impure material).

The crude amine hydrochloride from above (57 mg, 0.17 mmol) was dissolved in
DMSO (1 mL) and the indole derivative (prepared as in WO 03/010141) (50 mg, 0.16
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1:9 EtGAc/ Hex; 1:4; 1:3). The desired product 10-1 was recovered as a
I(ight yellow solid in 80%yield (1.0.1 g). Step 2: 15 The nitrocinnamate
ester 10-wo(B&Aomy3 1.3 mmol ) was conbined with iron poedercA20@0@1ng, 3.8
mml) in absolute ethanol (5 nL). Saturated aqueous ammonium chloride (1
m-) and distilled water (1 m-) were added and t he het erogeneous m xture
was heated at 80C with stirring. After two hours the rust colored m xture
was diluted in EtOAc and washed with water and brine. The organi c phase
was dried with MgSO4i 20 filtered and concentrated under reduced pressure.
The resi due was subjected to flash chromatography (1:2-0:1 Et OQAc/ Hex) to

| FIA-MS ml z
a2 (M) e RO B DERER (1 4 b BN TR i

general proc eﬁﬁé%m&fm)E}%‘b‘P@‘riE’as stiradeayemight sirdomdemperptares NaPHeRISMi at es

useful in the0pmepavaattiedadatd mawwaﬂ&aoqfonaufmgyl(mé L) B¥d {hg%ﬁtﬁ}e”?m Tl a

2. met hoxyet hag kol b 5120 IR, a0 spropriate resgent of HRE formia
EXAI\/PL:E 1%5(E()"RCDAH'(e(r¢ac[t|©8n®w‘e&m coblgd tolroomitteyiperdtuby Andadidiftadyy 1- 1

i nol cyel ob BonyT 1 amHhd)e e Prchict He (Rammepny 2895 Teble 2t was

o no] cycl 385;3&%;%;z?e;%‘iimﬁei@mjﬁﬂ"é@mMfﬂd;zw et
ove A | W%@@ﬁe)é@&& Y8 si's lih e 8o V6 LR S 14 BTN

step 4 H 0 COOVE Bo
(s, 1H), 8.01 (dt, J = 7.6, 1.8 Hz, 1H), 7.85 (d, J=16.2Hz, 1H), 7.71 (d, J = 84Hz

10 1H, part of AB), 7.66 (d, J = 8.4 Hz, 1H, part of AB), 7.60 (d, J=7.6 Hz, 1H), 7.49 (dd,
J=74,57Hz, 1H), 7.16 (s, 2H), 6.57 (d, J = 16.2 Hz, 1H), 3.81 (s, 6H), 3.72 (s, 3H),
3.14 (m, 1H), 2.73 (m, 2H), 2.37 (m, 2H), 2.04-1.82 (m, 8H), 1.61 (m, 2H).
Note: a similar procedure can be used with other carboxylic acids of general formula I
to prepare analogous dimethoxy cinnamate derivatives. In addition,

15 triethylphosphonoacetate can be replaced by other phosphonate derivatives to

introduce substitiuents on the double bond a- to the carboxylic acid function (e.g. Me,
Et, F).

EXAMPLE 12 : _ :

20 (E)-3-[4-({1-[(3-Cyc|opentyl-1-methyl-2-pyridin-2-yl-1H-indole-G-c‘arbonyI)-
amino]cyclobutanecarbonyl}amino)-2-ethoxyphenyl]acrylic acid (Compound
1005, Table 1): |

Cl

‘ COOM
x COOMe NH;+~ “cocl X e
H,N OEt Z;\

2 step 1

\
4-6
—\ N OH
step 2 \ N \

N
H o

12-4

12-3

SeQ

0

—d
|
2
(o]
Iz :
ZT

Z S

D ———
o Sstep3
H

12-§
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OO0 W 11-5 W step 5114 NOv N NHOOW 0 11-6 5 OH Step 1: Mt hyl
4- am no- 2, 6- di met hoxybenzoate 11-1 (2.00 g, 9.5 mmol), prepared by the

net hod ofwBnromuthugyst et al. (J. Chem Soc. 1977, 2502), peascAtveaolred in
DMSO (20 mni). N-Boc-1-aminocycl obutane-1-carboxylic acid (2.07 g, 9.6
mmol ) was added 10 followed by triethylamne (4.18 nL, 30 muvl, 3.2

equi val ents) and TBTU (3.69 g, 11.5 mmol, 1.2 equivalent). The m xture was
stirred for 24 h at roomtenperature after which it was added dropw se to
a solution of AcOH (15 nL) in water (150 nmL). The white precipitate 11-2
was collected by filtration, washed with water and dried in vacuum (3.50
g, 71%yiel d)St .mz 409.3 (MH). 15 Step 2: The nmethyl ester 11-2 from
above (1.84 g, R mmol ) was dissolved in THE (20 nL) and the sol ution
cool ed in i ceTheatéineats (Exanplet) (DEPHEIAES mirofivd dddie érﬂor?Mé@rover%7mW{o 27

' I to warmup to
oot anpor of suBeRgh Sfind o e RRbe Ribiriniit G2 pipaieaarcepiipaam
conpl et e (HPLWOZ@/%%Fyﬁ 80 9. 40tmmelsindMeEGNE (i niy). Uiﬁ’ﬁfspénsﬁﬂd/uéslgﬂﬁe@forfxcﬂ-l
di luted wigh BGVe(250 téﬂﬁﬁsral%mjs% kPO, ?moye%orﬁﬂnemég tngf ate

sol ution Rochellessat was added. stlrr
mn, the gn xt NinethGsesrensiod wag pewred inte)ates Jihe gy pltoldect&PSMrélﬁé]ﬁhmom%

005/ 0 ,
(F:’glc eC/r?tZrat edo?m(:ah%@fr@a:nﬁ bi:h@&ﬁﬁ W@%olﬁﬁ‘&?&l r%&g%sﬁr: fﬂ?%e é%%%gﬁ%@ﬁ/% (25
m) and the Wi §¥PMFCEHRA éef‘élﬂcaa% ugipg €8%; EOAF in hexgnepy eluemnfhsund 11- 3
(0.65 g, 38%mrodict!)2-2MBsmbrmirdd%s2 wiietdblid: MS m/z 319.1 (MH").

10 Step 2:
The amine 12-2 from step 1 (0.238 g, 0.75 mmol) and indole carboxylic acid 12-3
(prepared as described in WO 03/010141: 0.200 g, 0.62 mmol) were dissolved in
DMF (6 mL) and triethylamine (0.265 mL, 1.9 mmol) was added followed by TBTU
(0.260 g, 0.81 mmol). The mixture was stirred at room temperature for 15 h. The

15 reaction was then diluted with EtOAc and the solution washed sequentially with
aqueous NaHCO; (2 x), water (2 x) and brine. After drying (MgSQ,), removal of
volatiles under reduced pressure gave a solid that was purified by flash
ch'romatography on silica gel using 75% EtOAc in hexane as eluent. The desired
product 12-4 was obtained as a white solid (0.345 g, 89% yield).

20 Step 3: A _ ‘
The ester 12-4 from step 2 (0.200 g, 0.32 mmol) was dissolved in a mixture of THF (3
mL), MeOH (2 mL) and water (1 mL). 10N NaOH (0.20 mL) was added and the
mixture stirred 17 h at room temperature and then for 1.5 h at 50°C to complete the
conversion. THF and MeOH were removed under reduced pressure and the
remaining solid was suspended in water. The mixture was acidified to pH 3.5 with 1N
HCI and the precipitated solid collected by filtration. The white solid was washed with
water and dried. The product 12-5 (compound 1005, Table 1) was triturated with
EtOAc to remove impurities (46 mg): '"H NMR (DMSO-d¢) § 12.12 (broad s, 1H), 9.68
(s, 1H), 8.84 (s, 1H), 8.80 (m, 1H), 8.20 (s, 1H), 7.98 (t, J = 7.6 Hz, 1H), 7.75-7.64 (m,
3H), 7.59-7.56 (m, 2H), 7.52 (s, 1H), 7.49-7.46 (m, 1H), 7.21 (d, J=8.2 Hz, 1H), 6.40
(d, J=16.0 Hz, 1H), 4.08-3.99 (m, 2H), 3.72 (s, 3H), 3.15 (m, 1H), 2.77-2.68 (m, 2H),
2.40-2.31 (m, 2H), 2.03-1.80 (m, 8H), 1.65-1.57 (m, 2H), 1.38 (t, J=6.8 Hz, 3H).
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Step 3: 5 The benzylic al cohol 11-3 from above (656 ng, 1.72 mmol) was
suspended in THE (50 nL) and activated Mn02 (85% 2.12 g, 20 .7 mmol) was
added. Thewomodwr@3was refluxed for 24 h, cool ed and dircwteaoosidiios
additional THE (50 nL). The m xture was filtered through a small pad of
silica gel using THE for washings and the filtrate concentrated to give a
brown solid. The solid was suspended in TBME (10 nlL), 10 filtered, washed
with fresh TBVE and dried in air to give conmpound 11-4 (450 ng, 69%
yield): MS mz 379.2 (MHk). Step 4: Triethyl phosphonoacetate (0.92 nL, 5.68
mol ) was added dropvvi se to a suspension of NaH (60%in oil, 0.227 g, 5.68
nmol ) in dryg%gjﬁ Pl The resulting thick-white 15 suspension was
stirred for mn a roomtenperature and a solution of the al dehyde
derivative 1AER3{4-Gi(3Syolopeatylr3-methyl-2ayridini2)yl-l H-ifeple (5carbonrylPamino]- nse)
was added. T n at
room tenpera{hﬁ?éﬁ@ﬁrbggﬂg?aque ei]g%ﬁgg,togg ﬁ?‘l‘%ﬁﬁ '?ﬂﬁ b%hﬁgélo du

renoved under1078diabei1): pressure and the residue was dissol ved in Et OAC (50
m.). The solution was washedq 20 with 10% NaHCO3 (20 mL), dried (MpSO4) and
concentrated. The residue oompur i fi ed %ash chromat ogp aphy Oog@SI l'i ca
gel using 0-209 OC;qujS ; gordesire i NR rivative
11-5 was obt ai V\hl—l—%—s'ol' mg" 91% yi.el Q). 435. 2
(M) . Step 5: 25Ahe Boc-protecteg-derivative. 1195 from ep 4 (120 ny)
was suspended in HCl in dioxane{4,n) and the m xturle/stisyred at room
tenperature for a few mnutes until honpgeneoygs,,.Reversed- phase HPLC

anal ysi s indicated conpl ete conversion to the am boei de al ong

wi th sonme deconposition. Volatil esogwere renoved u&ﬁ?ﬁ e Pressure and
the residue was di ssol ved<ihn itg,stitring? 30 TBME (10 ni)
was added slowy to prodigce efproec ate that was #tirred

overnight. The solid was then coIIected wadhed with TBVE and dried (92 ng

of inpure material). The cre am ne hydroc Loride fromabove (57 ng, O. 17
mml ) was ¥issolved in DMVSO (1 ni) Fhd the i ndol e derivative (prepared as
in WO 03/0101Stép1(50 ny, 0.16 58

The indole carboxylic acid 12-3 (prepared as described in WO 03/010141: 1.04 g, 3.3
mmol), amino acid ester hydrochloride salt 13-1 (0.45 g, 2.9 mmol) and TBTU (1.12 g, ’
3.5 mmol) were dissolved in DMF (15 mL). Triethylamine (2.04 mL, 14.7 mmol) was

10  added and the solution was stirred 12 hours. The reaction mixture was diluted in
EtOAc énd washed with water, 1N NaOH and brine. The organic phase was dried with
MgSO,, filtered and concentrated under reduced pressure. The resulting solid was
triturated in Et,O/Hex (1:4), filtered and washed with hexanes. The solid was dried in
vacuo to afford 1.08 g, of the methyl ester as an off-white powder. MS m/z (MH")

15  419.2; RP HPLC: tz=4.96 min., >99% homogeneity at 220 nm. The methyl ester (1.08
g, 2.6 mmol) was dissolved in THF (45 mL), MeOH (10 mL) and water (3 mL). Sodium
hydroxide (1N, 12.8 mL) was added and the solution was heated to 60°C and stirred 1
hour. The organic solvents were then removed under reduced pressure and the pH of
the resulting aqueous solution was adjusted to 3 with 1N HCI. The aqueous phase

20~ was extracted with EtOAc (x3) and the combined organic extracts were washed with
brine then dried with MgSO, and filtered. Concentration in vacuo afforded 1.01 g
(78%, 2 steps) of the carboxylic acid 13-2 as a yellow solid. MS m/z (MH") 405.2; RP
HPLC: tz=4.45 min., >99% homogeneity at 220 nm.

Step 2:
25  The carboxylic acid 13-2 from step 1 (800 mg, 1.8 mmol) was suspended in acetlc

anhydride (24 mL). Heating the mixture to 100°C resulted in the formation of a yellow
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WO 2006/ 007693 PCT/ CA2005/ 001103 nmol) was added fol |l owed by triethyl am ne
(0.1 m, 0.7 nmol) and TBTU (60 ng, 0.185 nmmol). The m xture was stirred
over ni ghtwet2essmomeogenper at ure. NaCH (2.5M 0.5 nlL) was pCameakbedios ol | owed
by additional DMSO (0.75 nlL) and the m xture stirred at 50C for 2 h, after
whi ch saponi fication of the nethyl ester was conplete 5 (HPLC). The
reaction m xture was cooled to roomtenperature and acidified by addition
of TFA (0.15 nL). The final product 11-6 (Conmpound 2005, Table 2) was

i sol ated by preparative reversed-phase HPLC (31 ng, 27%yield): M5 niz
623.2 (MH). 1HNNR(DMSOd6) S9.69 (s, 1 H, 884 (s, 1 H, 880 (d, J
=41H, 1H, 822 (s, 1 H, 801 (dt, J =7.6, 1.8 Hz, 1 H, 7.85 (d, J
= 16.2 Hz, 1 sqiutiory Analygsig by JLE irgdientedzcompiete convepsianto die m)actoneeﬁwe(qnwe] = 8.4
$1 i Ilji) p(;lr g_n%&tfure%s co?mc@rQraQéb( unberre@u&d"&ess@:re"‘)r h?_gellﬂ)% r@gglze was d|_1|)ss7crl\féd7g (7
3H), 3.14 (ri?tfﬁ“eﬂ? a“éc?@e(‘ﬁ?te@wacw S‘?pe(artﬁd 321"5193)20 @moye%'@@i ageti | 1.61
(m 2H). Not %nh;}drﬁﬂenkéwve@aqasmgr(emwtb@aza@ﬂon@nte@éﬁeémsarcmomslm@ aci ds
of gener al W II to prepare anal ogous di net hoxy ci nnanate

derivati ve55 )a ‘ion, 15 triethyl phosphonoacetate can be repl aced by

ot her phosphtep 8: der| vatives to introduce substitiuents on the double

bond a- XA 12 20
08Tt L e PRRR Aoy P A8 . fgolfSns g fo.2 STy
H-i ndol e- 6- cd2®omgy0.p9 mmol) were suspended in a mixture of toluene (1.5 mL) and acetic acid

am noj cycl obt{baa%ﬁarﬁw&&,m&oaea?eo% g hﬁmw [L&ﬁrayl\)}e'll&/v@ﬂgﬁ? i ound

1005, Table 1 CEt step 1
H CEt 12-1¥ OObRP'Eﬂ’ Afteptwoshowrs) thegolutiprowvps RI'L@d 'NW@“d washed with 1N

NaOH (x 2), water and brine. The organic phase was dried with MgSQ,, filtered and
concentrated under reduced pressure.
Step 4:
The crude residue from step 3 was dissolved in DMSO (2 mL) and sodium hydroxide
15 (1N, 0.3 mL) was added. The resulting yellow solution was stirred for 12 hours. The
reaction was quenched with TFA (0.04 mL, 0.5 mmol) and injected directly onto a
preparative reverse phase HPLC for purification. 27 mg (46%) of the desired
éompound 13-4 (compound 1078, Table 1) was isolated as a yellow lyopholyzed
foam. Analytical RP HPLC: tz=5.70 min., >98% @ 220 nm; MS m/z (MH*) = 625.4; 'H
20 NMR (400 MHz, DMSO-dg): 9.62 (s, 1H), 8.80 (d, 1H, J=4.3 Hz), 8.35 (s, 1H), 8.18 (s,
1H), 8.00 (dt, 1H, J=7.6, 1.6 Hz), 7.75-7.45 (m, 7 H), 7.28 (dd, 1H, J=8.6, 1.3 Hz),
6.42 (d, 1H, J=16.0 Hz), 4.11-4.07 (m, 2H), 3.72-3.68 (m, 5H) 3.14 (tt, 1H, J= 89Hz)
1.94-1.80 (m, 6H), 1.65-1.54 (m, 8H).

25 EXAMPLE 14
2-(5-Bromopyrimidin-2-yl)-3-cyclopentyl-1-methyi-1 H-indole-s-carboxylic acid:

H

.B.
1. 00,
Me
! DME / TEA Me Me
N COOMe \ M 1
Br - P(2-furyl), / PA(OAG), ;NN COOMe  on JN N COOH
\ Br N — s Br A A
2. Br N then HCI =N
) A
\(\J\ Step 2
NN
31 K;PO, 14-1

14-2
Step 1
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NONOstep 3 0O 12-5 OH 12-4 Owe 59 WO 2006/ 007693 PCT/ CA2005/ 001103
Step 1. The aniline 4-6 (Exanple 4) (7.64 g, 34.5 mmol) was added portion
Wi se overw® 2006mot@®@3 a suspensi on of the amino acid chl orcaeAry@voochbori de
12-1 (prepared as described in WO 03/010141; 6.80 g, 40 mml) in MCN (150
mL). The suspension was stirred for 5 20 h at roomtenperature. Solid K3POX
(18.50 g, 87 nmmmol) was added and after 15 mn, the suspension was poured
into water. The oily product was extracted into EtQOAc, washed with brine
and the solution dried (Na2SO4). The material was purified by flash
chromat ography on silica gel using 90% Et OAc i n hexane as eluent. The
product 12-2 was obtained as a white solid: Ms mz 319.1 (M#H). 10 Step 2:
The am' ne 12-Steprnom step 1 (0.238 g, 0.75 nmmol) and indol e carboxylic acid

12-3 (prepargd as de 03/010141: 0, 200 0.6 ) were
di ssol ved. | n TiawemeRias sATfxamolcLoraren s peeconed fskerpie 2 A0, e hdded
fol |l owed by TEBI10140. (aecg 8.9 rom8I11 enwV.) wad Hissatvedtin aghydesis INIE (28cigtandoom -

temperature f@hidSalonthe ﬁ%ﬁeaﬁe@&aggp%gh.a{ggg&d R bhzgas?fg and the

sol uti on wash sequent | al and

brine. Aft&r tdﬁ?twlﬂ'@' &S . 21 Senvlal GﬂU'V\)éF‘éPﬂq%)aiﬁ@é\Q P .28 medl, Q)Q ssure

gave a solid éd&ﬁrt) ’M’ém&uﬁé f:vb@%r?&d Bi/ Sﬁblm&hﬂhf& ﬂqrf@fpﬂmym.%nal lica gel using
75% Et OAc i n hexane as 2-4 was ogbtai ned as a

o e oo d R asaBorne gy A eiram oy B Glexabdraaes: A B Aok PorauNan 3
(0.200 g, 0. 3iasavde) byawinde SHE resuttingdark mwhmlﬁu@fwaﬁl'ﬂﬁrréﬁat 68¢C forMa®H (2 )

and water (1 umd}ar rg'aq\lmll\lgt Qérgol'hrg‘r aV\% mi Slred %qger;[choe rp n tstérred 17
B OB e R g

h at roomtenper en for
conver si of Tﬂﬂﬂnaﬁdoq&wmme@lommédnmwmbw ewdu):wels mcbsl:aaraesomd t he

I t H 3.5
wth 1 N i Oy SRR R o 8 con B Sy Pt SO b4 e e

solid was waspegl quuw )in water (7 mL). Alternatively, the addition of KsPO4 may precede
the addition of 5-bromo-2-iodopyrimidine. The dark brown reaction mixture was then
heated to 80°C under argon for 24 h. The reaction mixture was cooled to RT and

15  pouredinto 10% aquebus NaCl (100 mL). The brown suspension was extracted with
EtOAc (150 mL). The extract was washed with water (2 x 50 mL) and brine (100 mL),
dried and concentrated to a volume of 50 mL. Cooling 2 h in the refrigerator gave a
beige precipitate that was collected by filtration, washed with a small amount of EtOAc
and dried. The filtrate was concentrated under vacuum and the residue was slurried in

20 acetone (20 mL), heated to boiling and cooled in the fridge overnight. The solid was
collected by filtration and the combined solids were further purified by
chromatography using CHCI; as solvent to give the desired indole ester 14-1 as a
beige solid in 77% yield.

Step 2:

25  The ester 14-1 (300 mg, 0.72 mmol) was suspended in DMSO (10 mL) and the
suspension warmed gently to dissolve the solid. The slightly cloudy yellow solution
was cooled and stirred while 2.5 N NaOH (2.0 mL, 5.0 mmol, 8.6 equiv.) was added
and stirring was continued for 4 h at RT. The mixture was slowly poured into 0.5 N
HCI (200 mL). The yellow precipitate was collected by filtration, washed with water .

30 and dried to give compound 14-2 (273 mg, 94% vyield, 100% homogeneity).
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wat er and dried. The product 12-5 (conpound 1005, Table 1) was triturated
with EtQAc to renove inpurities (46 ng):
s, 1H), 9w62o00dm7693 H), 8.84 (s, 1 H, 8.80 (m 1 H, 8re®daooskoHn; 7.98
Hz, 1 H, 7.75-7.64 (m 3H), 7.59-7.56 (m 2H), 7.52 (s,
7.21 (d, J =8.2 H, 1 H), 6.40 (d, J = 16.0 Hz,
H, 4.08-3.99 (m 2H), 3.72 (s, 3H), 3.15 (m 1 H, 2.77-2.68 (m 2H)

2.40-2.31 (m 2H), 2.03-1.80 (m 8H), 1.65-1.57 (m 2H), 1.38 (t, J = 6.8

(t, J =17.6

Hy,.7.49-7.46 (m 1 H),

Hz, 3H). 60 WD 2006/ 007693 PCT/ CA2005/ 001103 EXAMPLE 13
(E)-3-[4-{2-[(3-Cyclope ntyl-1-nethyl-2-pyridin-2-yl-
H- i ndol e- 6-car bonyl) am no] - 2-net hyl propiony | am-

i no} - 2- ( 2- meEXOMRLEI®OXY) phenyl Jacrylic acid (Conpound 1078, Table 1):
NH3 COOVe O @ &bmor%&rlfﬁrdln Wpén&yn “A\mbthyl-1 H/indb1dle dagtpoxylidlasidep 2

13 3 123step§ _ IOOVEN~fN/OVE\/\\
| 10-2 NO 5 tPéFi5“3"1°”’ The cadooxyl i ¢ d"12-3cdopr epar e
described in® 10145‘1.@1’151@&9}'{ | ) ,—am-hc \ekt er

hydr ochl ori de t 13 1 ( . 1) and "TEFU (1 g, 3.5 nmol)

wer e di ssol ved

diluted in

10

15

20

25

Step 4 HI

Cl PQCI. cl (\ H2804 (\N
Z "N 3 .HCI
I\J'\ -~ J\ -~ ’]\ o \N/H\OH
N °Ct  Step3 OH  gtep 2 Ba(OH?2
15-3 15-2 Step 1 15-1

Step 1:

2-Hydroxypyrimidine hydrochloride 15-1 (100 g, 0.754 mole) was dissolved in water
(180 mL) and conc. H,SO,4 (42 mL, 0.788 mole) was added dropwise with vigorous
stirring. After stirrihg for an additional 30 min, water was removed under reduced
pressure at 70°C and the orange residue dried under high vacuum to leave a residue
(146 g). The residue was transferred into a 4 L flask and water (500 mL) was added.
A suspension of Ba(OH), (129 g, 0.752 mole) in water (1200 mL) was added and the
cloudy suspension stirred for 30 min. The mixture was filtered through Celite™ and
the water removed under reduced pressure to provide 15-2 as a bright yellow solid
(66.4 9)

Step 2:

_2-Hydroxypyrimidine 15-2 from step 1 (42 g, 0.44 mole) was added to AcCOH (500 mL)

and the mixture heated to 120°C. N-Chlorosuccinimide (67 g, 0.5 mole, 1.15-
equivalent) was added cautiously (15 min) in small amounts to the hot solution.
Stirring was continued for an additional 5 min and the reaction mixture cooled to RT.
The material was concentrated under reduced pressure and the residue was stirred
overnight with CH;Cl, (200 mL). The suspended solid was removed by filtration and
the filtrate evaporated under reduced pressure to give 15-3 as a beige solid (17.3 g)
Step 3:

The 5-chloro-2-hydroxypyrimidine 15-3 from step 2 (8.0 g, 0.06 mole) was placed in a
dry 500 mL flask under an Ar atmosphere, and POClI; (79.4 mL) was added followed
by N,N-dimethylaniline (2.6 g). The mixture was heated to 120°C and stirred for 1 h.
The dark brown mixture was concentrated under reduced pressure at 50°C. The

. residue was quenched carefully with ice water and the precipitated material was

extrécted with pentane (3 X 200mL). The extract was washed with water and aqueous
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1H NVR (DVBO-d6) 5 12.12 (broad

0
-2
O

BRF (15 Trleth mne (2.04 nm, 1 mml ) was 10
added and the sol ution vvaé”Ttl rrsl?tf 12 hGﬂrS The reacti®h m xture was

1

as



Et OAc and washed with water, 1 N NaOH and brine. The organi c phase was
dried with MSO4, filtered and concentrated under reduced pressure. The
resul ti ngveabesthov@s triturated in Et20/Hex (1:4), filtecedsaod/oembed wth
hexanes. The solid was dried in vacuo to afford 1.08 g, of the nethyl
ester as an off-white powder. M5 mz (M#) 15 419.2; RP HPLC. tR=4.96 mn.,
>99% honogeneity at 220 nm The nethyl ester (1.08 g, 2.6 mmol) was
dissolved in THE (45 nL), McOH (10 nL) and water (3 mlL). Sodi um hydroxide
(1 N 12.8 nL) was added and the solution was heated to 60C and stirred 1
hour. The organic solvents were then renoved under reduced pressure and the
pH of the resulting aqueous solution was adjusted to 3 with 1 N HClI. The
aqueous phaseNaHCOyedlutizi, land ideed M. BONt Dhatil¢s«igreasrdovddaunaendedied or gani c

extracts wer e washec, W a%]xg i) gggﬁnggggreqr %tf.g;gy.mééﬁnw&%o%ﬂ% filtered.

Concentratior TH vacuo steps) t he carboxylic
acid 13-2 as dichjasdopyowiding, taprowie the/dgswd-ﬂrpdumss-a ;as RRvhitelRo@ (6td3=4. 45 m n. ,
>99% honogenedhy 42t 220 nm Step 2: 25 The carboxylic acid 13-2 fromstep 1
(800 ny, 1.8 I) was suspended in acetic anhydride (24 nL). Heating the
m xture td 100taskawgicharged with €% (Hami-bandugoolgdye PTGl andae-sath migney. 007693

PCT/ CA2005/ OCHHEQRnichibyHivld 189 b Sheh D18 of Wi dicPaele FIElifed @Ry er Si o

to the azal actone. The crude m xture was concentrated under reduced

pressure. Thd- B¢ V@W‘”rsé@'i’ﬂlﬁ@“\)%@ tigated SRIREYIY With KeePuEi4e) AnMaten®eaMdr at ed in
vacuo (repeatsd tie ;bélérﬁénbwtsand *EDYSletes by airkticic Fhé Solidanhy WasHEa witRewtarer ed

745 ng (97% of azal act one il 5 (M+) 388.1.
Step 3: The drdies smvemponng 5 e g 5T RBOR SEr MR and ani |1 ne. 10-7
(Exampl e 40) steg8: ng, 0.09 mmol ) were suspended in a m xture of toluene
(1.5 nm) and acef. cid 0.15 ni) e mxture was heated to 85C at which
point a yello e?é'f’é?’?’(?h'°{}9§gr"fém8%é§(9%[8 SteRAWAS FOR5 %UB'P@?O fie sol ution was
diluted in Etﬂmylmddleﬂesbﬂde\A/BtSI‘(pfpredl\lamia(p(oc%)iurevmmm’r taathet deskribed ilhe

01 9an ¢ Phase..iaied ity Yokl Ml und b SeshAiingbIFEUL LFL B el

reduced pressure esl ol'ved in
DVSO (2 nli) aNe@ 0§6m)m4ﬁ) lugieg ¢he Qj:@dltlons of the Stille reaction as descrlbed in example 6

15 of WO 03/010140, to give compound 15-7.
Step 6:
The intermediate indole ester 15-7 from step 5 was Saponified with NaOH using a
similar procedure to that described in step 2 in example 14.

20 EXAMPLE 16
(E)-3-{4-[(1-{[2-(5-Chloro-pyrimidin-2-yl)-3-cyclopentyl-1-methyl-1H-indole-6-
carbonyl]-amino}-cyclobutanecarbonyl)-amino]-2-ethoxy-phenyl}-acrylic acid
(Compound 1070, Table 1):

COOH \
m{ 1. TBTU _ N
HN e CI \
2. NaOH
COOMe

25  The §-chloro-2-pyrimidylindole 15-8 (Example 15) (337 mg, 0.95 mmol), the
cyclobutylamine derivative 12-2 (Example 12) (370 mg, 1.04 mmol) and TBTU (334
- mg, 1.04 mmol) were combined and dissolved in DMSO (10 mL). Triethylamine (0.4
mL, 2.84 mmol) was added and the mixture stirred for 30 min at RT. The reaction
mixture was then diluted with EtOAc and washed with saturated aqueous KHSO,,
30 NaHCO; and brine. After drying (MgSQ.), volatiles were removed under reduced
pressure and the residue was triturated with ether to provide the coupled product as
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15 (1 N, 0.3 nL) was added. The resulting yellow solution was stirred for
12 hours. The reaction was quenched with TFA (0.04 ni, 0.5 nmol) and

i nj ect ed woneamydoysodnt 0 a preparati ve reverse phase HPLEcrara2pesvooifosati on.
27 ng (46% of the desired conpound 13-4 (conpound 1078, Table 1) was

I solated as a yell ow | yophol yzed foam Analytical RP HPLC. tR=5.70 mn.,
>98% @220 nm MsS mlz (MH) = 625.4; 1H 20 NVR (400 MHz, DWVSO-d6): 9.62 (s,
1 H, 880 (d, 1 H J=4.3 Hz), 835 (s, 1 H), 818 (s, 1 H), 8.00 (dt, 1
H J=7.6, 1.6 Hz), 7.75-7.45 (m 7 H), 7.28 (dd, 1 H J=8.6, 1.3 Hz), 6.42
(d, 1 H J=16.0 Hz), 4.11-4.07 (m 2H), 3.72-3.68 (m 5 H), 3.14 (tt; 1 H,

J=8. 9 65-1.54 (m- 8H). 25 EXAMPLE 14
2- (5- Bronopyst?eméﬁth@%tew%o.’gk%)ycl opentyl - 1- net hyl - 1H i ndol e- 6- car boxyl i c
acid: HB, The eMeI\K?!G@m@\AEN@S‘SEAe% INES®(1Q mP(andf i@y Np@H (OR@(AWa2 Br ~N N

| COOVe NaCH JBpadN e Gikihte v?as%'tlrr% \at P&T %JFQ'B H"@len'\\/és dﬁht%@ w?th E\tblﬁ\clar% 1 K3P04
14-1 14-2 Step 1 62 WO 2006/0 :

L
br.omoi ndol e ashedwilfhaterated %P%%r@?ﬁ%“ﬁ@ggp ?%U’qen-r@(%ﬁcbw?&dréﬂd VO
03/ 010141)s ( IMESOs) dhdRordentrated te4 itk t@was IpEﬁde\merép’arainbm leIsC AVE (20

m) and to this ed tri f | 1.1
mol , 0.12 ed@Na/§ t“‘%mf‘m%\@@? 328?1’5"?“3“6%2& Tua%% %Q%F ts g'?%%ﬁgpwk' Zand
Edﬁa%) 2 (65 nsmsoias)%mmf s, 1rg; 038 (£gHi),\3.94 (sTiule) BRI r1eh)veazs @uttged.7by o

u Ing Ar t or. LN a 4 t hy
1, 3, 2-di oxabda’dfég‘g "I'z316) r?L715 (ﬂg} ﬁﬂgﬁq*ZZP'é)Zégl(@{" g\%é'gz’ g\ﬁhzﬁﬂ ’ syslrgrslge
The resul ti nHzlaHk 7oddeniHy) KR2i(de Jwels6 Bizj tH)e@l4 &td, Gwﬁsz,lﬁi)m.W (q.J=

10 7.0 Hz, 2H), 3.90 (s, 3H), 3.72 (quintet, J = 8.4 Hz, 1H), 2.74 (m, 2H), 2.37 (broad q,J
= 9.8 Hz, 2H), 2.05-1.82 (m, 8H), 1.65 (m, 2H), 1.39 (t, J = 6.9 Hz, 3H).

EXAMPLE 17
(E)-3-{4-[(1-{[2-(5-Chloro-pyrimidin-2-yl)-3-cyclopentyl-1-methyl-1 H-indole-6-

15  carbonyl]lamino}cyclobutanecarbonyl)amino}-2-(2-methoxyethoxy)-
phenyl}acrylic acid (Compound 1077, Table 1) and (E)-3-{4-[(1-{[3-CyclopentyI-2-
(5-methoxy-pyrimidin-2-yl)-1-methyl-1H-indole-6-
carbonylJamino}cyclobutanecarbonyl)amino]-2-(2-methoxyethoxy)-
phenyl}acrylic acid (Compound 1083, Table 1):

COOH
Cl—C \/\OMS
TBTU Cl{
OMe
COOMe Step 1
17-2

NaOH
Step 2

.0
Q, \ NQ R 0
MSO—C @LQ;OMM c \ \ H oo \@Ltom
0
<173 OH

20
Step 1:
Using the procedure of example 16, indole carboxylic acid 15-8 was coupled to amine
derivative 17-1 (prepared using a procedure similar to that described in step 1 of
Example 12, but using aniline 10-2 (Example 10) instead of aniline 4-6) to give ester
25 17-2.

Step 2:

The intermediate ester 17-2 was saponified using the procedure described in
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under an argon atnosphere. The reaction m xture was then cooled to RT and
the 5 10 brono-2-iodopyrimdine (3.0 g, 10.5 mml, 1.18 equiv.) was added
as a sol iwo 20d6enlobedsed by careful, slow addition of a coecedavsmensson of
K3PO4 (10.5 g, 47.1 nmml, 5.4 equiv.) in water (7 nmL). Alternatively, the
addition of K3PO4 may precede the addition of 5-bronp-2-iodopyrimdine.
The dark brown reaction m xture was then heated to 80C under argon for 24
h. The reaction m xture was cooled to RT and 15 poured into 10% agueous
NaCl (100 nmL). The brown suspension was extracted with EtOAc (150 nL). The
extract was washed with water (2 x 50 m_) and brine (100 nm.), dried and
concentrated to a vol une in the refrigerator gave a

bei ge preci pllf_t"éﬂ@eﬂ@af’”%t'%w %%W&Cwow'qut%nlweﬁvrmwgwaolmiﬁ a snmal |

amount of Et QAgmpound 1077 aebueﬁges fHe! thajedt Godis SCtﬁélﬁQWp dhigfe IR 1pcuum and
t he residue was slurrie heated to boiling and

cooled in théc?’Pﬁ"’(ﬁ’jg 18%rTﬁPBh1t) Wa"rﬁl?%%?l'é‘%f’ Fede prgfvctcet ed by filtration and
the conbined solids were further purified by chromatography using CHCI 3 as
sol vent t glzé/ ghEe é]le5| red indole ester 14-1 as a beige solid in 77%
yi el d. St%p XAYBL ?1e ester 14-1 (300 ng, 0.72.nml) was suspended in DVSO
(10 nL) and t3eyclepapigirt2-dimethylR:thdgecatboxytic deidsol ve the solid. The
sllghtly cIoudy yel l ow sol ution was cooled and stirred vvhi\le 2.5 N NaCH
.® equiv.) was added afld stlrrlng was \cont i aued for 4
wees| oY pour.eg @- (oMo NJQEL( ) PHe yel | ow
¢ ected by JJltrati O Swashed wi bwsonat er and dried to
gi ve conpound 2 (273 ny, 94% yi el 100% honobgenei ty). WO 2006/ 007693
PCT/ CA2005/ 00140 EXAMPLELS v
2- (5- Chl or opyri ni ditn-2-yl ) - 3- cycl opent yl +%- net hyl - | H i ndol e- 6-'&4r boxyl i c

acid: M %PPhS % %q n%ép—( N LiCl (gVF 0Q.C C
GOOVE NaC]—I o ernplr[lQiglle |va,§|lve é Bﬁé g gmal prepaketf as schbe% in
Example 12 of WO 03/010141) was dlssolved in anhydrous THF (25 mL) under an
10 argon atmosphere and the solution cooled to -78°C. n-BuLi (2.0 M in hexane, 1.60

preci pi tate was

mL, 3.20 mmol) was added dropwise and the mixture stirred for 15 min. Mel (0.37
mL, 2.00 mmol) was added and stirring was continued for an additional 30 min. The
reaction mixture was then warmed up to RT and volatiles removed under reduced
pressure. The residue was dissolved in TBME (100 mL) and the solution washed with
15  brine (2 x 25 mL). The extract was dried (MgSQ,), concentrated under reduced
pressure and the residue purified by flash chromatography using 0 — 15 % EtOAc in
hexane as eluent. The desired 2-methylindole derivative 18-1 was obtained as a
waxy solid (0.658 g, 80 % yield): MS-ES m/z 272.1 (MH"). The methyl ester 18-1
was saponified in the usual way (NaOH / DMSO) to give the corresponding carboxylic
20 acid 18-2in 96 % yield: MS-ES m/z 258.1 (MH"). '

EXAMPLE 19 .

2-Acetyl-3-cyclopentyl-1-methyl-1H-indole-6-carboxylic acid:
0

N~ OH

19-1

25 Ester 3-3 (Example 3) was saponified with LiOH using standard conditions described
in WO 03/010141 to give the desired indole carboxylic acid 19-1.
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15-5Step 5 15-7 15-8 Step 4 111 A \ NPOC3 Cl CINg\ 4 HO | N C
NOH Step 2 Ba(OH)2 OH BaOH)2 N OH 15-4 15-3 15-2 Step 1 15-1 Step 1: 5

2- Hydr oxywenoedodiése hydrochl oride 15-1 (100 g, 0.754 noleel/omasostiosss! ved in
water (180 nmL) and conc. H2SO4 (42 nl, 0.788 nole) was added dropwi se with
vigorous stirring. After stirring for an additional 30 mn, water was
renoved under reduced pressure at 70C and the orange residue dried under

hi gh vacuumto leave a residue (146 g). The residue was transferred into a
4 L flask and water (500 nl) was added. 10 A suspension of Ba(OH2 (129 g,
0.752 nole) in water (1200 nmL) was added and the cloudy suspension stirred
for 30 mn. g&g@]ggﬁre was filtered through CeliteTM and the water
renoved under pressure to provide 15-2 as a bright yellow solid
(66.4 g) Steps- Zyclbﬁeﬂyl-ly-dthynypy-rﬁeuiyihﬂan&&e% ¢drboxydiceeidt (42 g, 0.44 nole)
was added to AcOH (5Q0 m-)_ and the mxture heated to 120C. _

N- Chl or osucci n| i O 9 an m)l e, 1. ’115 dqui valent) wasadded cautiously
(15 mn) in sf ount s te—theT ¢mued. for
an additional m n and théterﬁeactl on m/xttre cool eg2to RT, mat eri al

was concentr at gder reduced pressu and the residue stirred 20
overnight with CH2Cl 2 (200 ni). The su3péfitled solid was r v.ed? by
filtration arstept1he filtrate evaporated under reduced pressure to give 15-3

as a beige 3 3; . The 5-chl oro-2- hydr oxypyrl m di ne 15-3
fromstep 2 Q%"% éf omg! "6% er‘?ﬁﬁ%e"gw&l'? %P&*@é@dﬁ’l descriped inslomple 12 efsOunder an
Qr N?Ej m)sFEelr d}3/(Hl|®d4BCPIdi(B’h£F’I)9(10 nidlg %)Masd edo@d ridd %@\éveib co%%(l)r%\d in gegatssed 41

i met hy 0 and stirred for
1 h. The dar EQIBLM\;\A&"Q%??(?‘ ogen ;}pnoégheé%u'{@?(é%y'ﬁ%{ﬁ eﬂ%‘d%éﬁ) ¥essure at 50C.
The resi due tuetbylamionéheduivaients) werg addedrand ¢ neattion headth¢0QCenided t at ed
material was segigh rc@ﬁ&n%s‘%ﬁé? 20 HeABEction nitaR Uil Gith B SRS RS Washed

with water and aqueous
10 extrac washed w1th saturated aqueous NH,ClI, bicarbonate and brine. The extract

was dried (MgSQ.,), volatiles were removed under reduced pressure and the residue -

was purified by flash chromatography to give compound 20-1.
Step 2: :
The partially purified material 20-1 was dissolved in THF/MeOH and 10 N NaOH (10
15  equivalents) was added. The solution was warmed to 50°C and stirred overnight.
After cooling to RT, the reaction mixture was diluted with EtOAc and washed with
KHSO, and brine. Drying of the extract (MgSOQ,), removal of volatiles under reduced
- pressure and purification of the residue by flash chromatography gave the desired 2-
ethynylindole carboxylic acid 20-2 in ~50% overall yield.
20
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WO 2006/ 007693 PCT/ CA2005/ 001103 NaHCO3 sol ution, and dried (Na2SO%4).

Vol atil es were renpoved under reduced pressure with no external heating to
prevent swobl2oeetreds of the volatile dichloropyrim di nepcra@ARi@wiodwst he
desired product 15-4 as a white solid (6 g). Step 4. 5 A flask was charged
with 57% H (48 nL) and cooled to OCin an ice-salt mxture. The

di chl oropyrimdine 15-4 fromstep 3 (6 g) was added and the m xture stirred
for 4 h. The yell ow suspension was treated carefully with K2CO3 (32 g) in
water (60 nmL) and the pale yellow solid was collected by filtration. The
solid was washed with water and dried to give conpound 15-5 (8 g); 1H NMR
(CDC13) b 8.47 (s, 2H). 10 Step 5: The 2-iodo-5-chloropyrimdine 15-5 from
step 4 was crﬁmmPldi)Z)‘pl ed to the stannylindole derivative 15-6 (prepared

using a proced ‘%’Zé’ﬂ fIL E, AllinC _ﬁg@l,.,?)ag Iyr)r'lp n%ﬁr.@.kgr V\% A 03/010140

starting fromt ana 010140)
using the conditions of th CiIIe reactiopyas described in exanpl e 6 15
of WD 03/ 010140 “giWe coopound 15- tep BaoAbhe i ner & "Rdol e
ester 15-7 fr p 5 oD i fi th NaOH T a Ssm r procedure
to that described in step é bnaexa 14. 20, LE 16
(E)-3-{4-[(1-{[2-(5-Chl oro- py‘rlmdl 231 ) - 3- cypb opent yl netahyl -
H-i ndol e- 6- step 1
car bonyl ] - am no} - cycl obut anecar bonyl ) - am no] 2- et hoxy- phenyl }-acrylic acid
(Compound 1070, 8Tabl e, 1 “N'R eadsiow,~ 1. ) agomé N N + HZN Cl ~
HO 2. NaOH NO1T® . W \_,/
step 3 O c), TP(2-furyl) N N
Br
213 - :'N O 21-4
step 4
. = COOH
NaOH F ®
step 5 N N
21-5
Step 1

Methyl 4-amino-3-iodobenzoate (43.75 g, 157.9 mmol) was dissolved in AcOH (900
5 mL) and anhydrous MgSQO, (190 g) was added. Cyclohexanone (93 g,0.95 mol, 6
equivalents) was added dropwise over 45 min to the stirred suspension. The resulting
mixture was then stirred for an additional 2.5 h at RT. Sodium triacetoxyborohydride
(117 g, 0.55 mol, 3.5 equivalents) was added in 8 portions over 20 min and the
reaction mixture was stirred overnight at RT. Solids were then removed by filtration
10  using EtOAc for washings and saturated aqueéus NaHCO; (1.1 L) was added
dropwise to the filtrate, until the pH of the aqueous phase was 5. EtOAc (800 mL) was
added and the product extracted. The aqueous phase was extracted again with
EtOAc (2 x 300 mL) and the combined extracts washed with saturated NaHCOa and
brine, and dried (Na,S0O,). The soivent was removed under reduced pressure and the
15 residue purified by flash chromatography using 3% EtOAc in hexane as eluent. The -
desired product 21-1 was obtained as a yellow oil (60.95 Q).
Step 2:
A dry 3-neck flask was equipped with a reflux condenser and purged with Ar. The
iodoarene 21-1 from step 1 (51.8 g, 0.144 mole) was added to the flask followed by
20  anhydrous DMF (1 L), LiCl (7.19 g, 0.17 mole), KOAc (33.31 g, 0.34 mole) and 1-
trimethylsilyl-1-pr6pyne (67.15 g, 0.51 mole). The red suspension was degassed by
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16-1 25 The 5-chl oro-2-pyri mdylindole 15-8 (Exanple 15) (337 ng, 0.95

mmol ), the cyclobutylam ne derivative 12-2 (Exanple, 12) (370 ng, 1.04
ol ) andw®B#dd/3®4 ny, 1.04 mmol) were conbined and dipesiAeess/donoPVSO ( 10
m). Triethylamne (0.4 nli, 2.84 mmpl) was added and the mixture stirred
for 30 mn at RT. The reaction mixture was then diluted with Et OAc and
washed with saturated aqueous KHSO4, 30 NaHCGB and brine. After drying
(MgS™), volatiles were renoved under reduced pressure and the residue was
triturated with ether to provide the coupled product -as 65 WD 2006/ 007693
PCT/ CA2005/ 001103 the nethyl ester (507 ng). The ester (319 ng) was

di ssol ved in Bhd8Rg(AtGagintohdnd RiokbrdAHo (fin 4 PlOACRS, 01308 thmd\adl! Xt Ur €

was stirred atqng or etn was |Iud A :

saturated aqu® hi%mt“rwﬁﬁhﬁa shie 1907 Ghand stifedey thahtempgeaturg overdight, (al\/gSO4)

and concent r atvridh pointa ¢lesriddueret Isahtndbﬁ\Zasp&b’tauﬁé&Q‘thedaﬁ&pn%fxﬁIré Was Egl)Hé_{l k/g E 200
' h it oun :

Mo | Diso del 15 Hliteed N TE g Sudea g iyt iy e aygleg vl (o 4

H), 8.25 (&, EtOAc (1L +72x 5QQij)]an:d BeZoermed orlg)amcéxﬁﬁts(\dashédw:tﬂ;@nﬂeHZx 1H,

7667 J(d’ 8J6 gOanL'ﬁzAﬂeldmﬂf (Klgz QIOIféleiw%rze reTHﬁﬁd Jni}é%?d o %rgs_éuieba ; 7 22

(2|_|) 3.90 (s, th§|£581dug was quqfﬁ,%waf{ash ghrengtograghy ugs_mg-u\exaz:emd thran 2Ho,9:2. 37

(broad q, J FRex@n8- ﬁl%%@é@;lu@nt@ﬁ"h& f@@tu&n@coﬁt‘é%mlgﬁl‘ruag&oﬁmt @ Bywete 39 (t, J =

i6di9n-H§- y|3)H) 3- %%@ﬁgﬁ é%%ﬁ’é“l’l{wl 8 % 3 ‘r>ﬁ%|8‘|"61'1? defseéj 3o -(trimethylsilyl)indole 21-

car bonyl ] aom n2aey elhidsdlian8r.egbemyd i@y noj - 2- (2- met hoxyet hoxy) -

phenyl}acryli %I d (Conmpound 1077, Table 1) and

(E)-3-{4'—[(1-%t[e§ Cycl opentyl -2- (5-nethoxy-pyrimidi n-2-yl)-1-nethyl-

H-i ndol e- 6- cHreisilylifdate 2162 Gyl stipa @60y, bwﬁwdl)aﬁasrm&so&eﬁzroﬁgd%y@t hoxy) -

thOenyI } acr yI ' rﬁf.)%cﬂdqi&égaw&}% é|n83r1 |f;‘-erglg eer" b%t% A solutlon cg%rrc])\rlnme ?11 1|0-g-, %:9 HeN
- mmol, 0.9 equivalent) in CH2012 (70 mL) was added dropwise over 1.5 h, keeping the

15 internal temperature close to 0 °C. After completion, the light amber solution was
stirred for an additional 30 min in the cold. Volatiles were then removed under
reduced pressure and the solid purple residue was triturated with CH,Cl, (5 mL) and
hexane (20 mL). The light pink solid was collected by filtration and dried to give
compound 21-3 (23.22 g, 86 % yield). |

20 Step4:

The 2-bromoindole 21-3 from step 3 (4.99 g, 14.23 mmol) was placed in a dry 250 mL
flask equipped with a reflux condenser and the system was purged with argon gas.
Anhydrous THF (25 mL) was added and the yellow solution cooled to -78°C in a dry-
ice acetone bath. n-Buli (2.5 M in hexane, 6.0 mL, 14.94 mmol, 1.05 equivaleht) was

25 added dropwfse over 30 min and the dark yellow solution was stirred at -78°C for an
additional 1 h. Trimethylborate (1.77 g, 17.1 mmol, 1.2 equivalent) was added

- dropwise over 10 min and the mixture stirred for 1 h at -78°C. The dry ice bath was
then replaced with an ice-water bath and stirring continued at 0°C for 1 h and then at
RT for 45 min. Additional anhydrous THF (25 mL) was added followed by P(para-

30  tolyls (0.26 g, 0.85 mmol, 0.06 equivalent) and 2-bromo-5-fluoropyridine (2.52 g, 14.3
mmol, 1.0 equivalent). The red solution was degassed by bubbling argon gas through
the mixture for 45 min. Anhydrous K,CO; (3.93 g, 28.5 mmol, 2.0 equivalents),
Pd(OAc), (32 mg, 0.14 mmol, 0.01 equivalent) and MeOH (16.5 mL) were added and
the mixture was refluxed overnight under Ar. The reaction mixture was then cooled to

70



N
N r

Owe 15-8 17-1 COOwe step 1 -flo 17-2 OV NaOH Step 2 OH\ OH
NO--(-NNNr NOMO~NI HOOMI +C ~~ NI HOOw OO0 20

-{~N
17-4

OH 17-3 QMo 2886ap76b3 Usi ng the procedure of exanple 16, ipotaAzocsanbozylic

acid 15-8 was coupled to am ne

simlar to that described in step | of Exanple 12, but using aniline
i nstead of aniline 4-6) to give ester 25 17-2. Step 2: The
ester 17-2 was saponified using the procedure described in 66

(Exanpl e 10)
i nt er medi at e

WD 2006/ 007693 PCT/ CA2005/ 001103 Exanple 16. Purification by RP-HPLC
provi ded 5-chloropyrimdine indole 17-3

mej or product. 5-methoxypyrimdine indole 17-4 (corrpound 1083, Table
was al so i solFd & quenehiedddymddition of etierEBwb) #ndigater (20 mL). The aqueous

3 Cyclopentybh
D he deriva tlvg &E 009 g,
mml ., pr epar é*ﬁf"%cés W@%edﬁ’qsﬂéﬁwlﬂhwaﬁkQ%Pré‘elaé‘dd’l”e‘a\@‘?ﬁp@l Q'Hﬂ')ts € di ssol ved

3-1.18-1

derivative 17-1 (prepared using a procedure

10-2

(conpound 1077, Table 1) as the

1)

dswald §B?Jam(éd éml ém@&e@ arseeafwlﬁnre Vit @lher@e@ng me%b.ﬁaa -1 N\

3.00

i n anhydr ous réibveldmdsi re)iudeﬂdﬁéssalre anﬂ@heall’egﬂne akagpaifeany flastd t he sol ution

& oot phvaid h eASH Afine on Whelll g udeiole ABRARRTY o

added and st |2t1|=4wgsM&n@bmawh@jsdlldl(3a4lgatﬁ%wetdmal 30 min. The reaction
m xture was té}ggsy\ar med up to RT and vol atiles renoved under reduced

cool ed tog
dr opw se and

The methyl ester 21-4 from step 4 (3.84 g, 10.5 mmol) was dissolved in DMSO (30 .

_ mL) and 1 N NaOH (12.6 mL, 1.2 equivalent) was added dropWise over 15 min. The

10

15

20

25

mixture was stirred for 1 h at which point additional DMSO (20 mL) was added to the
thick suspension. Aftef stirring for 5 h, the reaction was judged complete by TLC.
Water (30 mL) was added and the resulting clear solution was washed with ether (30
mL) and hexane (2 x 30 mL). The aqueous phase was then acidified with AcOH to pH
= 4 and the precipitated solid collected by filtration. The material was washed with
water and dried to constant weight under vacuum to give compound 21-5 (3.51 g,
95% yield). MS (ES+) m/z 353.1 (MH").

EXAMPLE 22
(E)-3-{4-[(1-{[1-Cyclohexyl-2-(5-fluoropyridin-2-yl)-3-methyl-1H-indole-5-
carbonyl]lamino}cyclobutanecarbonyl)amino]-2-ethoxyphenyl}acrylic acid
(Compound 4001, Table 4):

COOH .
oj TBTU / Et;N
%

| step 1
122 0

% LR

step 2
22-1 OMe 222 OH
Following the procedure of step 2 of Example 12, the indole derivative 21-56 (Example
21) was coupled to amine 12-2 (Example 12). The ester was saponified using the
procedure of step 3 of example 12 and the title compound (compound 4001 of Table
4) was obtained and puriﬁed by preparative RP-HPLC: 'H NMR (400 MHz, DMSO-ds)
8 12.10 (broad s, 1H), 9.68 (s, 1H), 8.80 (s, 1H), 8.79 (s, 1H), 8.33 (s, 1H), 7.93 (dt, J

=8.6,2.9,1H), 7.76 (m, 2H), 7.73 (d, J = 15.5 Hz, 1H), 7.70 (dd, J = 8.6, 4.5 Hz, 1H),
7



pressure. The residue was dissolved in TBME (100 nlL) and the sol ution
washed with 15 brine (2 x 25 nL). The extract was dried (MgSO),

concent r avedoasndeso3r educed pressure and the resi due purcricedodsoiloash
chromat ography using 0 - 15 % EtOAc in hexane as eluent. The desired

2-met hyl i ndol e derivative 18-1 was obtained as a waxy solid (0.658 g, 80 %
yield): MS-ES mfz 272.1 (MH+). The nethyl ester 18-1 was saponified in the
usual way (NaOH / DMSO) to give the correspondi ng carboxylic 20 acid 18-2
in 96 %yield: M5-ES nmlz 258.1 (MH+). EXAMPLE 19

2- Acetyl - 3-cycl opent yl - 1- net hyI -1 H ndol e-6-carboxylic acid: OO0 )loHO N
Ove NaCOH 3-3 19-1 25 Ester 3-3 (Exanple 3) was saponified with Li OH using
standard condi-¥1 @nd =87 |1lb‘|é~c7 53 (4. V\D1£ﬁ3V‘011(bﬁ4712¥ dgi 784 A& RredH). &0 ndol e

car boxylic aqyds496.0 H267H)\/\®26Qﬁ)6/£)02769230 RET{ @@?q’ Q16 98z, ﬁgﬁé/ﬂzﬁnm

o Q’&L"Bﬁ“?&éf@@ﬂé@@%@f L, 3B, S B o e S B 360, B, O ©

2- br onoi ndol gm318), 1Beanpl=6.8HzBHpassd. 1@Ymdesrri bed in Exanple 12 of WO
03/010141), Pd(Ph3P)4 (10 nole % and Cul (10 nole % were conbined in
degassed 5toI uene under a nitrogen atnosphere. TMs-acetyl ene (10

equi val ent s) ExaPLE 23 et hyl ami ne (5 equi val ents) were added and the reaction

heat ed to 10Q HR%%B&CN%?#JQQ gr'\&d'n?ﬂﬁA &I\/\gﬁh% Qcﬁ] reaction m xture

was diluted w extract sat urat ed agueous
NH4CI . bi car bihgompavRriisinf mﬁeenvenh@ wenertegted fopinbibilery agtivitvgerinst the/epgtitiy es

were renoved ¢IRRATRNAHesRdeRpBFHerReNG5E))8cdofdihdidProtocol described in WO
10 03/010141. '

EXAMPLE 24 ‘

Specificity of NS5B RNA dependent RNA polymerase inhibition

The compounds of the invention were tested for inhibitory activity against polio virus

RNA dependent RNA polymerase in the format that is described for the HCV

polymerase, with the exception that poliovirus polymerase was used in place of the

HCV NS5B polymerase, as is described in WO 03/010141. The compounds were also
- profiled for inhibition of the calf thymus DNA dependent RNA polymerase Il in a

previously described assay format (McKercher et al., 2004 Nucleic Acids Res. 32:

422-431).

15 EXAMPLE 25
Cell-based luciferase reporter HCV RNA Replication Assay
Cell culture:
Huh-7 cells with a stable subgenomic HCV replicon that encodes a modified
luciferase reporter gene (expressed as a luciferase-FMDV2A-neomycin

20 phosphotransferase fusion gene) were established as previously described (Lohman

‘ et al., 1999. Science 285: 110-113; Vroljik et al., 2003 J.Virol Methods 110:201-209.),

with the exceptlon that replicon cells were selected with 0.25 mg/mL G418. The
amount of luciferase expressed by selected cells directly correlates with the level of
HCV replication. These cells, designated as MP-1 cells, are maintained in Dulbecco’s '

25 Modified Earle Medium (DMEM) supplemented with 10% FBS and 0.25 mg/mL
neomycin (standard medium). The cells are passaged by trypsinization and frozen in
90% FBS/10% DMSO. During the assay, DMEM medium supplemented with 10%
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was purified by flash chromat ography to give conpound 20-1. Step 2: The
partially purified material 20-1 was dissolved in THF/ MeOH and 10 N NaCOH
(10 15 ewoivalm®miss) was added. The sol ution was war medpCo/¢CA2@sao0diostirred
overnight. After cooling to RT, the reaction mxture was diluted with

Et OAc and washed with KHSO4 and brine. Drying of the extract (MgSH),
renmoval of volatiles under reduced pressure and purification of the

resi due by flash chromat ography gave the desired 2- ethynylindole
carboxylic acid 20-2 in -50% overall yield. 20 68 WO 2006/ 007693

PCT/ CA2005/ 001103 EXAMPLE 21

1- Cycl ohexyl - 2- (5-fl uoropyri di n-2-yl ) - 3- met hyl - 1H-i ndol e- 5- car boxyl i ¢ aci d:
O 1 COOVe CO®ES, containing CEAVDMI &dACipckinDViBomybENvas IMaBHIASIg nRedidih)- THe/S N

MSO4 Licl / -34S -%gﬂ r Li.B )3/
COoNe st eff 10 EpRTRmMTS! B S iy e o B oqRir n L
NaOH F COOH mediurj. 1QOML is distributed into each well of a black 96-well ViewPlate™ (Packard).
The plate is then incubated at 37°C with 5% CO, for two hours.
5 Reagents and Materials:

Product Company Catalog # Storage
DMEM Wisent Inc. 10013CV 4°C
DMSO Sigma D-2650 RT

| Dulbecco's PBS Gibco-BRL 14190-136 RT
Fetal Bovine Serum Bio-Whittaker 14-901F. -20°C/4°C
Geneticin (G418) Gibco-BRL 10131-027 -20°C/4°C
Trypsin-EDTA Gibco-BRL ' 25300-054 -20°C/4°C
ViewPlate™-96, Black Packard 6005182 RT
Backing tape, Black Packard 6005189 RT
PVDF 0.22um Filter Unit Millipore SLGV025LS RT
Deep-Well Titer Plate
Polypropylene Beckman 267007 RT

Preparation of test compound:
The test compound in 100% DMSO was first diluted in assay medium to a final DMSO
concentration of 0.5%. The solution was sonicated for 15 min and filtered through a

- 10 0.22 yM Millipore Filter unit. Into column 3 of a Polypropylene Deep-Well Titer Plate,
the appropriate volume is transferred into assay medium to obtain the starting
concentration (2x) to be tested. In columns 2 and 4 to 12, add 200 ‘uL of assay
medium (containing 0.5% DMSO). Serial dilutions (1/2) are prepared by transferring
200 pL from column 3 to column 4, then from column 4 to column 5, serially through

15 to column 11. Columns 2 and 12 are the no inhibition controls.

Addition of test compound to cells:

A volume of 100uL from each well of the compound dilution plate is transferred to a

corrésponding well of the Cell Plate (Two columns will be used as the "No inhibition
20 control"; ten ‘[10] columns are used for the dose response). The cell culture plate was

incubated at 37°C with 5% CO, for 72 hours.
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step 5 6 21-5 Step | Methyl 4-am no-3-iodobenzoate (43.75 g, 157.9 mmol)
was dissolved in AcOH (900 5 ni) and anhydrous MySO4 (190 g) was added.
Cycl ohexamoneos#®d39g, 0.95 nol, 6 equivalents) was addegcarcuesaeioser 45
mn to the stirred suspension. The resulting mxture was then stirred for
an additional 2.5 h at RT. Sodiumtriacetoxyborohydride (117 g, 0.55 nol,
3.5 equivalents) was added in 8 portions over 20 mn and the reaction
m xture was stirred overnight at RT. Solids were then renoved by filtration
10 using Et OAc for washi ngs and saturated agueous NaHCO3 (1.1 L) was added
dropwise to the filtrate, until the pH of thg a_ri]_ﬁeous phasep\r/]v::eS\.NaEt OAc
m.) was d _and_t he product extracted. e agueous
(e>8<'(t)(r)act)ed agall'lﬁllcq%?ﬁ?asé?&c ?2 x 300 nL) and the conbi ned extracts washed
Wi th sat ur at eBollwiHgdBe A2fdincliratioreperadthd medithn{ BR3SMId frdh eheSTH-WEMbss S

d d 15 residye purified by fl ash
Chr omat ogr aper as gBEREARE ARk B (s et Forheda p’ed@é'F'}//é’&"E‘?i)’;?ucL
21-1 was obt afoREdeRBeralRWRDaddsdito ¢80, W8l Ghe piSteaprsancubatdt at BoReC ai 1vvas
equi pped wt hteﬁipér%fdré'i‘orq@Wﬁ%ﬁﬁcé@@n&%ﬁ%ﬁ%.‘g %I%ceﬁ%?ea\é/rgse?tg:a?g\%%éﬁne 0 2_

fromstep 1 1. ..0.144 nole) was a 0
anhydroug DIVI(Ztﬁ?P%ﬁ 109 plepf Bright-Glgjluciferase sybsteate (Reaneod) 3&vBLisly wabmaditonol e)
Gogassed by (a0 2000 00POR RE NI GRT BB GBMe ARG B 0L CPELR g
degassed b , 2006/.0Q7 p .

thg i xtur)é f@?%'"%%%%cﬁwaﬁaetﬁawg@a gckptd fopcguay inglymentigsing thadete  The

m xture was hdedeeldimioestonde (©RS$) aith arcechtalblal et riresMes asunt Gmeves Béght , at
whi ch poi g a clear dark red solution was obtained. The reaction mxture
was cooled to RT and saturated NHACI (1 L) was added. The nixture was then

extracted wit{fPreduet OAc (1 L + 2 x 50Combjnyand t[iGataiogdi nefsergeni c |extracts
washed w th OETEIZ OO —A ety e—t —re-aH-as—wer e
renoved under] Grl_aéghs‘icsg%m&ressure and Fhogeryggsi dug : Apurlf E?th\y flaslh t
chr onmat ogr aphyBrigkt@lg Lueifesase Ansdy t hen 9:1 to 9: 3 _ hexane - OAc as |el uents.
The fractiong sge@tai ni ng the producf Pomedg) wer &E2829st al | | 28 from hot
hexane (10 +3— ) to give the desired 2-(trinmethylsilyl)indole 21-

The luminescence determination (CPS) in each well of the culture plate was a

measure of the amount of HCV RNA replication in the presence of various

concentrations of inhibitor. The % inhibition was calculated with the following
15  equation:

% inhibition = 100- [CPS (inhibitor) / CPS (control) x 100]

A non-linear curve fit with the Hill model was applied to the inhibition-concentration
data, and the 50% effective concentration (ECso) was calculated by the use of SAS
20 software (Statistical Software; SAS Institute, Inc. Cary, N.C)).

TABLES OF COMPOUNDS
The following tables lists compounds representative of the invention. Al compounds
listed in Tables 1 to 5 below were found to have unexpectedly good activity in the cell-
25 based HCV RNA replication assay described in Example 25. Retention times (tRj for
each compound were measured using the standard analytical HPLC conditions
described in the Examples. As is well known to one skilled in the art, retention time -
values are sensitive to the specific measurement conditions. Therefore, even if
identical conditions of solvent, flow rate, linear gradient, and the like are used, the
30  retention time values may vary when measured, for example, on different HPLC
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10 2 as a white solid (37.6 g, 69 %yield). Step 3: The 2-silylindole 21-2
fromstep 2 (26.50 g, 77 mmol) was dissolved in CH2ClI 2 (600 nlL) and the
sol uti on woebeshoressan i ce-water bath. A solution of brorcmeARdds/b00g, 69
mmol, 0.9 equivalent) in CHCI 2 (70 nL) was added dropw se over 1.5 h,
keeping the 15 internal tenperature close to O C. After conpletion, the

| i ght anber solution was stirred for an additional 30 mn in the cold.

Vol atil es were then renoved under reduced pressure and the solid purple
residue was triturated with CH2CG 2 (5 nmL) and . hexane (20 nL). The |ight
pink solid was collected by filtration and dried to gi ve conpound 21-3
(23.22 g, 86 %.yiel 20 Step 4. The 2-bronoi ndole 21-3 fromstep 3 (4.99
g, 14.23 mol s tﬁ}ég ”ﬁ&&%wh?ﬂ erZ@DthﬁEamPI' Kmeetuihgyaesmen varyr ef | ux
condenser andedreneawtmomaSaﬂmlégfsﬁhgwlfteharmr@wmugﬂsPLC atvias, @USvhERE (25 nl)

dded 454 t
e e Bt BB A58k il BR R e L Sl e v 25

added dr opw s\@rb\f@rexamplm betaeeh m(dlwdummayw‘ememssmdeutdncdﬁfm osdasioned at -78C
for an adglitional 1 h. Trinethylborate (1.77 g, 17.1 mmol, 1.2 equival ent)
was added dropwi se over 10 mn and the mxture stirred for 1 h at -78C
The dry ice bath was then replaced wiTABlR1i ce-water bath and stirring
continued at OC for 1 h and then at E‘ Rnr 45 m n_s Addi ti onal anhydrous
THE (25 nlL) was added fol Hefqed by P(p 3(Hto|y|)§ (0.26 g, 0.85 mml,
0.06 equival ent) and 2-br,ol T ORYT g9, 14.3 mol, 1.0

equi valent). The red sol bI i ng argon gas through
the m xture for 45 mn. Anh K2CB (3.93 Y, 28K mmol, 2.0 ‘
equi val ents), Pd(OAc)2 ( ng, 0.14 mmol, 0.01 equi vact@@m) and MeOH (16.5

m.) were add%eqé]ngtI{beRmdg LA B8 gﬂr efléﬁeg Ea)’ﬁLDL?,Et ngrul-(/jﬁr Ar. The’

reaction m xture wap—ther \,uu e 56706469 2005/001103 RT
and quenched byCaddjtion_of ether (80 nL) and matelf (ROmit).| Thg aqueous
phase was sepafr at ed andRéxtract Rf a secBhd i e-W.th pther (]80 nL){ The
conmbi ned extracts here washed with water and brine an ndMer)i ed((nmz 5A4) .
Sol vents were [TeENDyVed UMUET [T edUCEU pPressune andtherresteage—was—puri fi ed
by flash 5 chr pmat ogr apfy- usiing-5% B OAc i n |hexagne as| el uent|. The desired
i ndol e derivati ve01 Z >N CH, - glz 593.3 5.7
P Y
1002 (‘.\N é CH, SZ 594.3 55
1003 h é CHs ‘ SZ 582.3 7.2
fo) “\ ’
.N/
1004 /IN é CH; Q 622.4 47
X N
1005 7N é N g Q ; 607.3 6.2
1006 (5 - \ SZ 625.4 7.1
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21-4 was obtained as a white solid (3.84 g, 73%yield). Step 5. The nethyl
ester 21-4 fromstep 4 (3.84 g, 10.5 mmol) was dissolved in DVSO (30 nl)
and 1 N NaOHogslid7éd3nl, 1.2 equival ent) was added dropwi peT@maavosibimsn. The
10 mi xture was stirred for 1 h at which point additional DMSO (20 nlL) was
added to the thick suspension. After stirring for 5 h, the reaction was
judged conplete by TLC. Water (30 nlL) was added and the resulting clear

sol ution was washed with ether (30 nlL) and hexane (2 x 30 nL). The aqueous
phase was then acidified with AcOHto pH = 4 and the precipitated solid
collected by filtration. The material was washed with 15 water and dried to

constant wei ght_under vacuumto give conpound 21-5 (3.51 g, 95%yvyjeld). M
ES+) mlz 353. LE 22 R /
(B)-3-{4-[(2-{[ 2- (5§fluoroRyrid|n£2<¥I) 3|%§rwl-fRF+ ndol e- 5-
20 car bonyl ] am zcar bony|l ) am no]|- 2%.et hoxyplwmyt Y aghinh i ¢ aci d
( Conpound 4001 DN E Nl HZN NIQ TBTU /L Et3N |sten 1121-5
12-2 O | Owe| H/| I »/- Nl.~-NaOH 30 F -/ | |l .~ FAINNODO.[ ~O
step 2 .[ I O &Wl CNFJQ -2| H kol I lowi-ng t he edur e f 2 of
Exanpl e 12, thag doIqLQ??ivaiiQE’Zl-S\bEx anpl 1) ma§800L |§é tp am ne
12-2 (Exanple [12). [The ter oni fied u3|hg ‘t he| 25 prccedure of step
3 of exanple 1—andthe titte TOTPU Td—(conmpound 4001 of —Tagte—4)| was
obtai ned and pprifijed. Ry preparafive RP-HPLC: 1MNNMR (400 Myiz, DVSO-d6) 8
12. 10 (broad s|1dog), 9/68 (3, | 880 (3, 1 , 8 ™®6@s,| 168B), |8.33 (s,
1 H, 7.93 (dt| J o 7
1009 % Q ii%? H j;:Z\ 568.3 7.8
0
&~ &
v1010 J - 641.3 7.8
ol
1011 'i_// \ é I \ Q 6103 | 90
O ‘\\ .
1012 N é \7/ SZ . | e213 | 63
1013 zfﬁ <%7 /\T/. f;Zl 6103 | 88
[¢)
1014 Z N i:E? \W\\ j;:z\ 621.3 6.4
x>
1015 '\k \ ijgy \T:j j;:?\ 6242 9.1
o}
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=8.6, 229, 1 H, 7.76 (m 2H), 7.73 (d, J = 15.5 Hz, 1 H), 7.70 (dd, J =
8.6, 4.5 Hz, 1 H, 71 W 2006/007693 PCT/CA2005/001103 7.57 (d, J = 8.6
Hz, 1 H),wo.26@/00d93J) = 1.6 Hz, 1 H, 7.22 (dd, J = 8.4, Pa:TA:Aliluosmbﬂd)s 6. 40
(d, J =16.0 Hz, 1 H), 4.20 (tt, J =12.1, 2.0 Hz, 1 H, 4.05 (g, J = 6.9
M. 2H), 2.72 (m 2H), 2.37 (m 2H), 2.27 (s, 3H), 2.19 (m 2H), 1.98 (m
1 H, 1.94-1.75 (m 5H), 1.60 (m 1 H, 1.39 (t, J = 6.9 Hz, 3H),

1.35-1.15 (m

inhibitory activity against the hepatitis

3H) .

5 EXAMPLE 23 I nhibition of NS5B RNA dependent RNA
pol ynerase activity The conmpounds of the invention were tested for

C virus RNA dependent pol ynerase

(NS5B), .according to protocol described in WO 10 03/010141. EXAMPLE 24
Specificity of yﬁg RNA dependent RNA pol yngrage gshipition Thq cofrpounds
of the inventipn were tgsted|forgsi nhi bi gory jactdity agalnst pofi o virus
RNA. dependent RNA pol ynmerasefin the format that i s’ desguidied figm)the HCV
poI ymer ase, W th_t except Lan that oliovinus pnl yoerase WAS 1iSe in pI ace
of the HCV NSBHB pol ynerase, |as.|.S descrlbed in 03/ 010141. The ¢tonpounds
were also profiled for A nhibitipn o 0 calf mus| DNA _dependent RNA
pol ynmer ase || 1018 pr vu usly 3Crii bed assay. t 6W§ﬁerch@' et al.,
2004 Nucleic Acids Res 422=431). 1 EXANPLE'25 Cel | - bgsed | ugi ferase
reporter HCV RNARepti+ecattontAssay —Cett—culiture—Huhr7—cetts—withja stabl e
subgenom ¢ HCV| repl|i con’[t hat |encpdes| a.qrodi fli ed | uci ferase [reporter gene
(expressed as aqdyci f epasg- FVDV2A: nepnyci n 20 p phot rgxgsf er age f usi on
gene) were est ablishedl@asl previ | y| deseri bed{Lohman et al., 1999.
Sci ence 285: 110-113; Vroljik.et al.| 2003 J.Virol Mefthods 110:201¢209.),
with the exception fthat replicon cells were|selected with 0./25 ng/pL G418.
The anmpunt of |l ucifferase expresged by sel e¢te | I's| direct{ly correl ates
with the |evel |18 HCV yefl i ¢atgd These cel | s Xdesi gri@2é&d |as8RP- 1L cel | s,
are mai ntai ned|in Dul beco®'s S
1019 ZN é Q . 633.3 6.5
\ \“‘ ’
Z N T X
1020 ] j\ Q 653.3 8.8
[ _
1021 ijE7 CHs ‘j;:ZV, 611.3 6.8
< ' - o™
1022 Z‘} ijE? SN 6283 | 7.0
o}
1023 (‘\N é N Q 620.3 6.5
N Y
1024 7@ \ | é N Q 6083 | 7.3
0 >
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25 Modified Earle Medium (DVEM suppl enented with 10% FBS and 0.25 ng/ nL
neonyci n (standard nmediun). The cells are passaged by trypsinization and

frozen i .w0o208&d6B8510% DVSO. During the assay,

DVEM nedipgmcupiemat ed

with 10% 72 WD 2006/ 007693 PCT/ CA2005/ 001103 FBS, contai ning 0.5% DVSO and

| acki ng neonyci

n,

was used (Assay nedium). The

day of the assay,

MP- 1

cells are trypsinized and diluted to 100 000 cells/nL in assay nedium 100

pL is distributed into each well

of a black 96-wel |

Vi ewPl at eTM (Packard).

The plate is then incubated at 37C with 5% CO2 for two hours. 5 Reagents

and Materials: Product Conpany Catalog # Storage DMEM Wsent Inc. 10013CV
4C DWMSO Sigma _D-2650 RT Dul becco's PBS G hco-BRI 14190- 136 RT Fet al
Bovi ne Serum Bj gpihi tt aker 14-901 F | 20C/ 4C nekicin 1d) G bco- BRL
10131- 027 -20C 48 TrypRe n- EDTA g8 bcp- BRE 25300454 - P0G 4C | Vi ewPl ate - 96,
Bl ack Packard ¢0@5182 RT Backi ng tape, Black Packafd pQ@asy89 Fhin) PYDF
0.22pmFilter Wat—MIllipore SLGVORSI S RT [Deep-Well Titer Plate Beckman
267007 RT Pol ypropyl eng- Prepar at.i on| of test| co und[ The tlest compound in
100% DVSO was fi di | d iln agsay| nedi um|t o i na O| cqncentration
of 0.5% The snl"éﬁs"‘t on &ﬁsoni cated for 15 i n‘_ﬁxfi t%d thg' ugh a 10
0.22 pMMIlipore FIterunit. o columm 3 of* a Pol ypropyllene De¢p- Vel |
Titer Plate, he—appropriate volrunmer s transferrednto—assay nedium t o
obtain the startingl corcentratien (Rx) to he tgst\ed.|In coljums 2|and 4 to
12, add 200 pL|ep2eassay” nedi un{/ﬁzontair" i ng |0. 5% BIVBO) . g5eyr ilal 5@i | Uti ons
(1/2) are prepared by tyahsferr 200 pLC friom«coim| 3 to dolum 4, then
fromcolum 4 to colum 5, serially through| 15 to colum 11. Colums 2 and
12 are the no inhibjtign contfrols. o
1027 | é ' F SZ 618.2 8.4
8! 24
1028 U/ ) é h \ Q .| 6222 | 88
o ‘\‘ .
1029 @ é h gz 633.2 6.3
X <
Z N :
1030 U CH;, X 623.3 71
I .
Z N
1031 < N g . 639.3 7.2
F ‘ ,
Ny 621.2
1032 S CHs , 6.9
' Y (M-H)y
F
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Addi tion of test conpound to cells:

Cel |

was

Pl atwo(ivemocedsums wi | |
ten [10] colums are used for the dose response).
i ncubated at 37C with 5% CO2 for

A vol une of |
the conpound dilution plate is transferred to a

corr

OOpL from each wel |

espondi ng wel |

of
of the

be used as the "No inhibitipom/ca200smontosol " ;

72 hours.

The

cell culture

73 WO 2006/ 007693

pl ate

PCT/ CA2005/ 001103 Luciferase assay: Followi ng the 72h incubation period,
the nediumis aspirated fromthe 96-well assay plate and a volunme of 100

pL of 1X Ao Lysis Buffer (Pronega) previously warmed to

was added to each well. The plate was incubated at

roomtenperature
room5 tenperature for

10 mn with occasional shaking. A black tape was put at the bottom of the
pl ate. 100 pL rj ght-G o lluci ferase substirage gromega) previously
warnmed to roofnte eraRere was gedded tgseagh wekl fo|l owed |by gentl e
m xi ng. The- |1 deternm ned on |a Rackar d| TepeoUntminpst r unent
using the Data tence (CPS) with a.count delay df 1 mm and a
count tinme of 2 sec| 10-Prodyct Conppny Catdlog # Stofage @& o Lysils Buffer
Promega E266A 4C Brig o (Luciferpse Assgy P ga| E2620 |-20C $ystem
The | um nescenceosiel er i n@ti on S)| i r\each we of [hesraullture plate was
a nmeasure of {he aphountyof H [ epl 1 catli or”i ™'t he presgnce of |various
concentrations|of inhibitor. [The % i phibitign was cal cul ated with the
following 15 eguatier—%+rARtbit+en—=2106—1CERS—{rhtbitor+——€PS
(control) x 100] A pon-tjinearn curve fit with the Hll|nodel (was applied to
t he inhibition{concent yon| dafa, and twhe |50%e%feciive cgncentration
(EC50) was cal ¢d03s pd he |us f BAS R0 |sof tare (k&3 sti ¢al $of t war e;
SAS Institute, |[Inc.| Car N. ¢. ) “1TABLES QF GOVPOUNDS [he fol|l owi ng|tabl es
| i sts conpounds represeritatiye of the inventjion. Al tonpounds
1035 t/ v é j ‘ Q 6063 | 8.2
0 [ ~
s B P RIS,
1036 ‘\/'k é AN 638.3 7.2
1037 é N ‘ Q . | 6083 7.7
1038 | )3 .| 6133 7.1
Do R
1039 B é N Q 612.2 7.6
Y <
pZ F 1 Y
1040 I AN 625.3 71
N . < ;
1041 D/ )\ é N SZ 6123 | 76
s <
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listed in Tables 1 to 5 bel ow were found to have unexpectedly good activity
in the cell- 25 based HCV RNA replication assay described in Exanple 25.

Ret ent i orwDi20®%00(d98) for each conpound were neasured usipog/dAreosaangar d
anal ytical HPLC conditions described in the Exanples. As is well known to
one skilled in the art, retention tine values are sensitive to the
specific neasurenent conditions. Therefore, even if identical conditions
of solvent, flowrate, |linear gradient, and the |like are used, the 30
retention time values nmay vary when neasured, for exanple, on different
HPLC 74 WD 2006/.007693 PCT/ CA2005/ 001103 instrunents. Even when neasured
on the sane instrunent, the values may vary when neasured, for exanple,

usi ng differen1chap'vidual HPLC col umms, or, enge mepsyped jon t he| same
instrunent and|the samertndi yidygl col ugp, tihe vdl ues| may Jary, for
exanpl e, betweeng ndi vi dual nmeasurenents taken™on.diffemant [ogmasi pns. 5
TABLE 1 HN C (O RlL H-R-D =0 sl B3 COOH- vhereln B2 B3l R5, R9
and R10 are given in the table. RR|RS Cpd. |2 3 Re Rlnmz tR (MH)* (mn)
1001 6-N CH3 593.3 5. 71002 |CH3[594. 3 5.5 [NJ ¥0Q3 OH3 582,13 7.2 [b/ON
1004 6 N CH3 FN1642| 4 (4. 100§C%7N 6073 6.2 6 1| 6656.34 . 778
bt )
NJ\N SZ
1043 %) | K 686.2 75
Br
a" o— T |
1088 | ) é < SZ 6373 | 75
1045 Z/ ) é \ Q 608.3 8.8
o N\
1046 AN <{i7' \1\ j;:z; 619.4 6.3
X N\
1047 /J§o .<{i7 N~ f;Z: 5723 | 66
1048 | /N <1E7 A f;Z: 622.3 5.7
= NH, .
2 N . H,C CH,
1049 | [ | é S\ >< 6133 | 67
. I I
2N HC._CHs ‘
1050 g <{i7 e \£><<,' 6203 | 7.1
c
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F 75 WD 2006/ 007693 PCT/ CA2005/ 001103 Cpd. R8 RIO mz tR R2. R3 R6 #
(MtH + (mn) 1007 608.4 5.7 1008 596.4 6.3 blo 1009 \ H568.3 7.8 o0 N
1010 641.\807%065/0068931011 610.3 9.0 o0 1012 6N 621.3 6.3 pPt@AA26dM08108. 8 bl o
1014 6N 621.3 6.4 1015 624.2 9.1 b/\ o 76 WD 2006/ 007693

81

PCT/ CA2005/ 001103 Cpd. R R mz tRR2 R3 R6 # (MH)+ (nin) 1016 i N 635.2
6.6 1017 N 635.3 6.7 1018 622.2 8.9
C d- 9 10
P R? R® R® R >§R . m N
# ' A (M+H)" | (min)
H,C._ CH,
1051 - (AON é < | %X | ses2 | s3
- <
T _ H,C._ CH,
1052 @u é N >< 5962 | 62
NS
HC. CH,
1083 |~y é < | DX | st03 | s2
: =/ "NH, : N ’
A T H,C_ CH,
1054 | 7\—\// \ é A\ >< 5842 | 7.0
| . ,
H,C_ CH,
1055 2/' ) é o | O | ez |72
. | ‘
. . HC_ ,CH,
1056 /S é o | 2 | eoz2 |73
2N | T
1057 - é S\ SZ 685.2 7.0
o:?_o ‘\‘ ’
2N p
1058 | [ | - | X | ez | 75
CN ‘
1059 lh 67 A\ ‘ SZ 554.1 7.1



0 1019 6N 633.3 6.5 / N -- 1020 653.3 8.8 N 1021 CH3 611.3 6.8 F 1022
628.3 7.0 \ou 0Q O ~'N 1023 620.3 6.5 NJ 1024 608.3 7.3 0 77 WO
2006/ 007698 2RE0EA2005/ 001103 Cpd R2 R3 RS R8 RL0 nfz PRIAAMSHp1106 N N)
1025 rN 622.3 6.7 NJ , 1026 621.3 5.9 1027 / 618.2 8.4 F o0 b1028 622.2
8.8 0 1029 N 633.2 6.3 N 1030 CH3 623.3 7.1 F N

Cpd. R R" m/z tr
R? R® R® X
# ' R (M+H)* | (min)
R T ) HC_ CH,
1060 7\, é K >< 625.3 7.3
1061 ‘ é CH, Q . | 6282 | 73
cl ‘
1062 e\ \ é N SZ 6234 | 57
. \N NH, ’ . ) . ’
1063 N7/\ \5 é S\ Q 596.3 7.0
N .
1064 7N é 1 e X 593.3 6.0
g <
1065 2N é - Q . | 8373 | 6.1
| OMe M ’/
~Z N T B
1066 | [ | é . SZ 6553 | 76
T ‘
1067 | /0 é < SZ 6523 | 57
= NH, OMa < ;
1068 dp N~ ‘ Q 6753 | 64
F F \
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1031 639.3 7.2 F N 621.2 1032 CH3 6.9 -H) 78 WD 2006/ 007693
PCT/ CA2005/ 001103 Cpd. Rs R, mz tRR2 R3 R6 # (MrH)' (min) N 1033 | \~
637.3 7. 0WOR0D®4693 635.3 7.7 F 1035 606.3 8.2 b/o || phire A%odsnB610638. 3
7.2 1037 606.3 7.7 1038 s\ 613.3 7.1 N 1039 s 612.2 7.6 1040 | F \~ ~;
625.3 7.1 ON 1041 612.3 7.6 b/s 79 WD 2006/ 007693 PCT/ CA2005/ 001103 Cpd.

ROROMZtRR2 R3 R6 # (MH)' (nin)

C d. . 9 10
P R? R R® R><R ) iz e
# | T (M+H)* | (min)
1 Z/ \ Q 608.2
069 | T,N é - (M-H) 7.2
AT L &
643.2;
1070 %)I é N— PN 6422 | &1
Ci ‘
718.1;
1071 S)’ é \\ Q 764 | 78
Br
N\ T .-
1072 | o\ Y 611.3 7.3
F
N%LN . ;
107 X did not
073 &HI é N— ionize 7.8
Br '
1074 X P / dld nOt
KH, é N— >< ionize 78
Br .
1075 Kﬁl é S\ >< 6304 | 7.8
[o]]
1076 | KHI e AN 628.3 7.7
Ci
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1042 650.3 7.6 0 o-j NN 1043 y 686.2 7.5 Br 0 1044 637.3 7.5 1045 bl
608.3 8.8 o\ 1046 6 N 619.4 6.3 1047 572.3 6.6 1048 / 622.3 5.7 NH2 N
H3C CH3 MWWd2006/006603. 3 6.7 F / N H3C CH3 1050 6 " .~ > @€CoaZAx2805001103Cl 80
WO 2006/ 007693 PCT/ CA2005/ 001103 Cpd. R2 R3B R6 RB RIO mz tR (MH)' (nmin)
H3C CH3 1051 ,X ' 595.2 5.3 H3C CH 1052 ~'N 596.2 6.2 N_ H3C CH3 1053
C,LNH ; ,,X 610.3 5.2 H3C CH3

'3
-
=3

Cpd R R miz tr
R? R® RS X
# A (M+H)* | (min)
NéLN O f Z did not
1077 S)l é \\OMQ ¢ , 2 ionize 7.8
Cl .
T T "HC | CH,
1078 | @ é - X | 6254 | 57
e OMe S .
1079 CHs é o\ ‘ Q .| 5443 | 74
T HC_ CH,
1080 é - X | easa | 72
T H,C_ CH,
1081 é - X | es03 | 75
T HC_ CH,
1082 é - X | 1043 | 78
1083 é - gz 6681 | 72

1084 'ﬁ) , I\ SZ 705.3 6.0
; N= :
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1054 \ ,X 584.2 7.0 0 H3C CH3 1055 600.2 7.2 b/s H3C'CH3 1056 j 600.2 7.3
N 1057 685.2 7.0 o=i=0 1058 | 632.2 7.5 CN 1059 IIl ~; 554.1 7.1 81 WD
2006/ 007698 2RENEA2005/ 001103 Cpd. Re RLO mfz tR R2 R3PRE/CGA200800) 103 ( ni n)
O H3C CH3 1060 )jN\~ . X. 625.3 7.3 N 1061 CH3 628.2 7.3 Cl 1062 623.4
5.7 NHs N 1063 N- 596.3 7.0 N H 1064 6N 593.3 6.0 1065 / N 637.3 6.1 \
Ove

Cpd. R R" miz tr
R? R® R® ><
# A (M+H)* (min)
NP A
1085 KA é : Q 727.3 5.9
S O | 2S
Cl
S :
1086 u é - N, | 2 | e
_ <
Br .
1087 1\2 é , 771.3 6.0
Br ’ _
1088 | (7 é S\ Q .| 6083 | &7
NN ' R
TABLE 2
5
H3C\ 0 H lI2
N N N o
RN "0 mRs
R’ R COOH
wherein R?, R®, R®, R® and R’ are given in the table.
Cpd. m/z tr
: R? R R® R® R’
# (M+H)* | (min)
~Z N T
2001 ~ | CH, CHs 625.3 77
F
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N 1066 655.3 7.6 Ok F 1067 652.3 5.7 NHz oMe 1068 | 675.3 6.4 F F F 82
WO 2006/ 007693 PCT/ CA2005/ 001103 Cpd. R2 R3 R6 RB RIO mz tR (MtH) ™ (m n)
1069 608.Ww02085/007693- 1070 N N 643.2; 8.1 642.2 ci NNp¢t&ARooskOYMD3I7.9 M
716.1 y Br 1072 611.3 7.3 F N~ 1073 Ndid not y 7.8 ionize Br N ~N --
- H3C CH3 1074 | x; did not 7.8 ionize

de m/z tr
RZ R3 RS RG R7
# (M+H)" | (min)
Z N ‘
2002 | | | S\ CH, H | 6393 | 7.8
F
AN
2003 < N~ F H 643.3.| 8.0
F
“ N Bl
2004 P AN AN H 653.3 | 8.0
F.
2005 /IN é CHs; H -OCH; | 6232 | 59
x
2006 | (7N é - | F H | 623 ]| 60
X
2007 | /) é o\ F H 640.3 | 57
=/ ~NH,
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Br VN~-NH3CCH 10751 6 _ X - 630.4 7.8 y ci NN 1076 | 628.3 7.7 ci 83
WO 2006/ 007693 PCT/ CA2005/ 001103 Cpd. Re RIO0 Mz tR R2 R3 R5 # (M+H)'
(mn) NwowLbbediodsoaot 1077 y ionize 7.8 Ova Cl -- H3C €d3/ClReB/061M3. X
625.4 5.7 \ Owe 1079 CH3 544.3 7.4 N H3,C CH3 1080 x- 643.4 7.2 OM F
N.:" N H3C CH3 1081 y 660.3 7.5 OV Cl N\N H3C CH3 1082 y 704.3 7.6

TABLE 3

mN
7 ~Zx
O
IZ =x
w
S
2T
|| O?:Um

R® - COOH
wherein R?, R%, R®, R®, and R'® are given in the table.
. R9 R10
‘de R - " X | miz tr
# | (M+H)* | (min)
3001 2N é S Q . | 5933 | 55
™ \\‘ /
3002 | PN o\ Q . | 607.3 | 58
4 N ‘
3003 z—/\/ \ é SN SZ 5823 | 6.9
o ‘\‘ ’
zﬁ/ f Z Did not
3004 A\ © - g o | onize | 72
o <
) H,C_ CH,
3005 2N N >< 5952 | 55
- \ ‘\
) H,C CH,
3006 7\_/\/ ) é | D | s | es
. , \
3007 Z/ \5 é CHs SZ 568.3 | 6.9
o ‘5\ ’
3008 2N CH;, SZ 5933 | 57
™ ‘\\ A
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OV Br N:J'"'N 1083 I'\ 668.1 7.2 v O OV N-N | ~ | 705.3 6.0 1084 |

Cl 84 WD 2006/ 007693 PCT/ CA2005/ 001103 Cpd. RR mz tR R2 R3 Rs # (M-H)+
(nin) NWoLO@H0te93727.3 5.9 ci N N 1086 | 749.2 6.1 pyTRA208R61i631.3 6.0
Br 1088 608.3 6.7 N-~/N TABLE 2 IRS 1-13CO0 NO N 1~

Cpd. _ R R" miz tr
R? R® R® X |
# A N (M+H)* | (min) |
3009 b (Ij A\ />2 6133 | 7.1
N F
3010 D/\ (5 N Q 6123 | 74
S
3011 7S N Q 6123 | 74
Z
3012 %\N N Q 6084 | 66
NS (5
AN
3013 U | 6254 | 7.2
F .
"' o_ T
3014 VA A\ Q 637.4 | 7.1
3015 @ | © < />2 6504 | 7.4
o}
o—/
3016 @ © N Q 606.4 | 7.5
3017 | 2 (5 K Q 6224 | 52
= NH, .
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RZ51 / HORs R3 7 COON wherein Rs, R3, Rs, Rs and R7 are given in the
table. Cpd. Mz tR R2 RBRs R6 R7 # (MrH)+ (min) N 2001 | CH3 CH3 H 625.3
7.7 F 85wuo@n06de807693 PCT/ CA2005/ 001103 Cpd. nf z t RPBRZ/GRR0BRHORG3I R7 #
(MtH)+ (min) N 2002 | CH3 H639.3 7.8 F N 2003 F H643.3. 8.0 F 2004 H
653.3 8.0 F 2005 6 NCH3 H-OCH3 623.2 5.9 | 2006 6 NF H 625.3 6.0 |
2007 F H 640.3 5.7 NHZ 86 WD 2006/ 007693 PCT/ CA2005/ 001103 TABLE 3 O R9
Rl Rs ' ' '

Cpd R R" miz tr
R? R’ RO | X
# A (M+H)* | (min)
Z N
3018 | [ | é . Q . | es53 | 77
F
TABLE 4
9 10 5
H,C 0 R\ R H : |I2
N o)
R N R®
N © — :
Rs/ COOH
wherein R%, R?, R®, R®, R® and R are given in the table.
) RB R10
Cpd. | . . o . X miz tr
# s (M+H)* | (min)
4001 N H Q .| 6393 | 79
4002 CH, | H \ Q .| 6253 | 7.0
4003 \l H Q .| 6493 | 80
4004 CHy | CHy | Q .| 6393 | 78
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HY Nj\ NR2 1 / HR3 COON wherein R2, RS,
the table. Cod. RRL mz tR R2 R3 Rs # (M+H)
607.3 5. 8w0WH02®2. 3 6.9 b 0 3004 b/\ D d
6N . . %595.2 5.5 H3C CH3 3006 \ 570.3 6.8
3008 6 NCH3 593.3 5.7 ~ |

0
03

m n)

7 2

and R10 are given in
3001 593.3 5.5 3002
| @airARA2063/00iB10B13 3005
007 \ CH3 568.3 6.9
87 WD 2006/ 007693 PCT/ CA2005/ 001103 Cpd. R8 R1

MZtRR2 R3 RS x # (MtH)' (mn) 3009 613.3 7.1 3010 612.3 7.4
Rs R10
Cpd. 2 . RS re >< m/z tz
# s (M+H)* | (min)
4005 | | | N~ | CHs || .| 6533 | 80
T ,
- / N e )
4006 | | | é CHs H Q 637.3 | 7.2
T <
4007 | [ é N~ H Q 6513 | 74
I y
4008 K/KT (5 N H SZ 6523 | 7.1
Z 1
4009 | | | N F . .| 6573 | 83
I \
4010 @ é N H SZ 6203 | 7.8
4011 ?/\_} (5 N H SZ 6273 | 7.2
! y s
4012 P N H . .| 6263 | 77

90




b/s 3011 bus 612.3 7.4 3012 608.4 6.6 NJ N --
. 637.4 7.1 3015 650.4 7.4 4,0 O]
88 WO 20080Q0060369BCT/ CA2005/ 001103 Cpd. RO R nfz tR RRTRA26U5/06110bMH) +
N 3018 655.3 7.7 O F TABLE 4 H3BC OR9 10 H R5
R5 N R3/ COOH wherein R2, R3, R5, Rs, R9, and R10 are given in the

(mn)

t abl e.

R RIO Cpd. Mz tR RZ R3 R5 R6

3013 625.4 7.2 F 3014 /
3016 606.4 7.5 3017 ;

\' N\ OR2 HI

NH, 622.4 5.2

R R" .
Cpd. R? - RS re X m/z tr
" C T | (MeH) | (min) |
wiz| ) é < _ | H Q .| 6283 | 77
S ;
4014 ] [f:] < H \5;2;, 6643 | 76
o—/ ’
NJ\N | H Q | 7002 | 76
4015 L§rﬂ NG Ko . .
Br
N \|
4016 | | | N | | DX | 8738 | 82
F
) ~ N
4017 | [ | CHy | "\~ | > | 8533 | 80
I _
4018 | AN - | H ‘j;:zl, 621.3 | 56
ao19 | 7\_/\/ ) © A\ H SZ 6103 | 7.3
o . ‘ \~\\ ;
4020 %N 1< | H SZ 6223 | 66
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# (MH) + (min)

N 4001 H639.3 7.9 F N 400
649.3 8.0 F N 4004 CH3 CH3 639.3 7.8 F 8

PCT/ CA20080Q0861003693Ra Rio Cpd. mz tR
CH3 H 637.

\. CH3 653.3 8.0 F N 4006

"N 4008 |
627.3 7.2

o\~ H®652.3 7.1 4009 1 F 65

2
9
R2 R3
7.2
7.3 8.3

CH3

WO

Rs
=

H625.3 7.0 F N 4003 H
2006/ 007693
R6 # ( MpHr/cA2005mp1104005 |
\, H®651.3

4007 |

7.4 F NI

0
F 4010 H 620.3 7.8 4011 H

Rs R10
Cpd. -
i R R® R® R® X o
# ' (M+H)* | (min)
4021 | (PN A | H | <Y | e093 | 53
™
o T H.C CH, .
a022| D
/) N— H < 5983 | 7.1
[e]
H,C_ CH
Z N ><3
4023 | [ | _ | H <Y | 6273 | 69
F
_ HC_ CH,
4024 | | - | H Y | 6433 | 7.3
Cl l
4025 7\_/\/\ é N H Q 5962 | 7.1
0 ‘\‘ ’
O
4026 | é R | H | Y| 5842 | 68
O
AN
a027 | | | | H | XX, | 682 | 69
T ‘
. H,C CH
& 5
a028 | | Il | _- | H <Y | 8132 | 66
I .
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bu 4012 \'1 H 626.3 7.7 90 WD 2006/ 007693 PCT/ CA2005/ 001103 Cpd. Ra Rio niz
tR RR R83R6 R6 # (MFH)' (mn) 4013 bl H626.3 7.7 s 4014 1 \~ H 664.3
7.6 NIN wWORboovoo7e9dl 700.2 7.6 Br / -- 4016 N 667.3 8. PcTicA¥054011031 CH3
653.3 8.0 F 4018 / H621.3 5.6 4019 H610.3 7.3 4020 - NH 622.3 6.6 NJ
91 WD 2006/ 007693 PCT/ CA2005/001103 Ra R1L Cpd. mMZ tR R2 R3 R5 R6 #
(MtH) + (mn) H3C CH3 4021 )"'N H 609.3 5.3 H3

R9 R10
Cpd. - - RS R >< m/z tr |
# C (M+H)* | (min)
4029 | ~N - F SZ 639.3 | 5.9
N <
=~ N
a030 | {_ | (5 .| H SZ 6693 | 7.7
F
Z | T
4031 | [ | é R H SZ 6554 | 7.4
F \,
I\
4032 Y S| H | X, | esea | e
A\,
4033 T/ S\ H > | 6243 | 72
SINSRE X
a034 | [ | | BN | e | TS
F
~ N I
4035 | [ | H H Q 6113 | 7.2
F
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H3 CC X 4022 b/o H598.3 7.1 H3C CH3 4023 yl' H627.3 6.9 F H3C CH3
4024 H 643.3 7.3 Cl 4025 b/o H596.2 7.1 H3C CH3 H 584.2 6.8 4026 b/o N
4027 H 625020@/@7695 HC CH3 3 N 4028 H 613.2 6.6 F 92 pPMDCA206/000i06893

PCT/ CA2005/ 001103 RO R70 Cpd. Mz tR R2 R3 R5 Rs ~,'. # (MrH)' (min)
4029 N\~ F 639.3 5.9 4030 Ma H669.3 7.7 F N
R9 R10
Cpd. i .R3 s s X m/z tr
# 7| (MeH) | (min)
HC._ CH
Ay S
a036 | [_ | © .| H Y | 6574 | 74
F
' H,C_ CH
A S
4037 | [ | (5 \\o H Y | es3s | 73
F . )
4038 © \\H H Q 7324 | 73
l “\‘ .
4039 S) i:‘ N H Q 6564 | 7.6
cl
p
4040 (LHIN dj \\ H gz 682.5 | 6.5
X N oY :
F
72N \|
4041 ~ I i) \\oa H Q 683.4 7.3
F -
Z N '
a042 | [ | (5 \)\ H SZ 696.5 | 58
F
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4031 lit H655.4 7.4 Ow F 4032 H654.4 6.9 OWw , , 4033 b/NH 624.3 7.2
[ -- 4034 INH625.3 7.5 FN-- 4035 HH 611.3 7.2 F 93 WD 2006/ 007693
PCT/ CA20080Q006100393Rs Rio Cpd. mfz tR R2 R3 R6 # ( MpHr/cA2005mp11063C CH3
N 4036 H 657.4 7.4 Ow F H3C CH3 4037 H' 683.5 7.3 Ow F 4038 H 732.4
7.3 SOM F N~"N4039 H656.4 7.6
R9 R10
Cpd. R? " - " >< m/z tr
# s (M+H)* | (min)
4043 (5 <\j H Q 694.5 57
. N
: Z N _
4044 | | | ) H Q 6914 | 75
I :
| 4045 | | . H Q 6914 | 75
F [}
2 N \\ S Z
4046 | | | (5 <__> H 7245 | 58
F
Z N ‘
4047 | | | \ H Q 7024 | 59
F. =
Z N
a048 | [ | é A~ | H gz 6835 | 7.3
F
\ 3 . .
; IRs
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ci Y, 4040 H682.5 6.5 F N 4041 H683.4 7.3 OEt FN 4042 H696.5 5.8 F
94 WD 2006/ 007693 PCT/ CA2005/001103 Ra Rio Cpd. mMMZtR R2 R3 R6 R6 #

(M:H) ' (nvo)200404633H 694.5 5.7 F N -- 4044 H 691.4 7. pcTleA2008/00045 H
691.4 7.5 F N 4046 H 724.5 5.8 F N 4047 H 702.4 5.9 N , FN

TABLE 5

H3C\ o H
A N (o]
! N
2 ’
R "0 m
B COOH
R3/

wherein R?, R?, A and B are given in the table and wherein ----- between two C-atoms

represents a double bond and ----- between a C-atom and a N-atom represents a
single bond.
Cpd. miz tr
A | B R? R®
# (M+H)” (min)
Z N T
5001 N C : [ 609.3 7.5
x
1 _
5002| N | ¢ | @ <{i7 591.3 6.0
|
\ .
=~ N T
5003| C N ~ | 623.3 7.7
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4048 H 683.5 7.3 / N 4049 J'q H695.5 7.3 F 95 WD 2006/ 007693

PCT/ CA2005/ 001103 TABLE 5 O H3c ¢, NN A BH O COOH 3~ wherein R2, R3, A
and B ar ewgi2e@morés3t he tabl e and wherein ----- bet ween tPow/(GA20d5w05103
represents a double bond and ----- between a C-atomand a N-atom represents
a single bond. Cod. Mz tR ABR2R3 # (MH+ (mn) N5001 NC1 609.3
7.5 F 5002 NCND591.3 6.0 N5003 CN1623.3 7.7 F 5 96 WO 2006/007693
PCT/ CA2005/ 001103 CLAIMS What is clainmed is: 1. A compound of formula
(1): ROR RoR5 '

CLAIMS
What is claimed is:
1. A compound of formula (l): _
R o Rs R10 y iR5
\ >§( 5
A N
R¥— H R®
‘B O -
R3/ R’ COOH
5
wherein:

either A or B is N and the other B or A is C, wherein ----- between two C-
atoms represents a double bond and ----- between a C-atom and a N-atom
represents a single bond;
10 R'is H or (C1.¢)alkyl;
R?is (Cig)alkyl, (Cas)alkynyl, -C(=0)-(C1.6)alkyl, aryl or Het; the aryl and Het
being optionally substituted with R*';
wherein R is one, two or three substituents each independen.tly
selected from (Ci.g)alkyl, (C@)cycloalkyl, Het, -CN, -NH,,
15 -NH(C.¢)alkyl, -N((C1.¢)alkyl),, halo, -O-(C.g)alkyl, -S-(C.¢)alkyl,
-SO-(C1.¢)alkyl and -SO,-(C4.¢)alkyl;
wherein the (Cy¢)alkyl, -O-(C,.s)alkyl, -S-(Cq)alkyl,
-SO-(C,)alkyl and -SO,-(C.¢)alkyl are each optionally
substituted with one, two or three halo substituents;
20 R is (Cs.s)cycloalkyl, optionally substituted with from one to four halo
substituents;
R’ is selected from H, (C,.g)alkyl, (Cz-e)alkenyl,' (Ca.s)alkynyl, (Cs.7)cycloalkyl,
(Csz7)cycloalkyl-(Cyg)alkyl-, Het and Het-(Cy)alkyl-;
wherein the (C4)alkyl is optionally substituted with from one to three
25 substituents each independently selected from halo, cyano,
(Cis)alkoxy, -NH(C,s)alkyl, -N((C;.¢)alkyl), and -NHSO(C1e)alkyl; and
wherein each of the Het and the Het portion of the Het-(C,.)alkyl- is
optionally substituted with (C,.¢)alkyl; and
R® is selected from H, (C1)alkyl and halo; or

30 R® and R® are linked such that the group of the subformula
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ANO 19. RR3/ RCOON (I) wherein: either Aor Bis Nand the other B
or Ais C, wherein ----- between two C-. atons represents a doubl e bond
and ----- wbebwwmmenva C-atom and a N-atom represents a sipagl@e20emd11030 RL is
Hor (ClL 6)alkyl; R2is (ClL_6)alkyl, (C2.6)al kynyl, -C(=0O-(CL.6)alkyl,
aryl.or Het; the aryl and Het being optionally substituted with R21;
wherein R21 is one, two or three substituents each independently selected
from (Cl.6)al kyl, (C3.7)cycloal kyl, Het, -CN, -NH2, 15 -NH(Cl_6)al kyl,
-N((CLl.6)al kyl)2, halo, -O(Cl.6)al kyl, -S-(Cl.6)al kyl, -SO (C1_6)alkyl
and -S02-(CL.6)al kyl; wherein the (C1_6)al kyl, -0 (C1-6)alkyl,

-S-(Cl_6)al kyl, -SO (Cl-6)alkyl and -S02-(Cl.6)al kyl are each optionally
substituted with one, two or three halo sub§tituents; 20 RB is
(C5.6)cycloal kyl, optionally substitu ’h fromone to four halo
substituents; R5 is selected fromH, ( £, (C2_6)al kenyl,

(C2.6)al kynyl, (C3.7)cycloal kyl,. (C3.7)YycC | kyl - (C1-6)al kyl -, Het and
Het- (Cl_6)al kyl -; wherein the (Cl.6)al ky®” is opfoednal | y substituted with
fromone to three 25 E@@i&@%&ﬁ" each independently sel ected from hal o,
cyano, (Cl-6)al koxy, - 2Byal'kyl, -N((ct_6)al kyl )2 and

-NHS02( C1-6) al kyl ; and wherein each.of theyHet and the Het portion of the
Het-(Cl_6)al kyl- is optionally. substhyutad Wa®r))Cl. 6)al kyl; and R6 is
selected fromH, (Cl.6)alkyl and hal o; 0RS5 and R6 are |inked such that
the group of the subformula 97 WO 2006 03 ¥ CA2005/ 001103 R5 Re U

007
R

wherein nis 0, 1 or 2; and wherein R® is selected independently in
5 each instance from H, halo, cyano, (C+.s)alkoxy, (C,.¢)alkyl,
(Czs)alkenyl, (Cxe)alkynyl, (Cs7)cycloalkyl, (Cs.7)cycloalkyl-(Cqg)alkyl-,
Het and Het-(C,¢)alkyl-;
wherein the (Cis)alkyl is optionally substituted with from one to
three substituents each independently selected from halo,

10 cyano, (Ci.g)alkoxy, -NH(Cg)alkyl, -N((Cy.¢)alkyl), and
QNHSOZ(C1-s)aIkyI; and wherein each of the Het and the Het
portion of the Het-(C¢)alkyl- is optionally substituted with
(Cre)alkyl; :

R’ is selected from H, (Cq6)alkyl, (C1.c)alkoxy, (Cig)alkylthio, -NH,,

15 -NH(C,.¢)alkyl, -N((C1.¢)alkyl), and halo;

R® and R"® are each independently selected from (C1.)alkyl; or R® and R" are
covalently bonded together to form (Cs;)cycloalkyl, (Cs.7)cycloalkeny!
ora 47, 5- or 6-membered heterocycle having from 1 to 3 heteroatoms
each independently selected from O, N, and S;

20 wherein the cycloalkyl, cycloalkenyl or heterocycle is optionally

substituted with (Cq)alkyl;

wherein Het is defined as a 4- to 7-membered heterocycle having 1t04

heteroatoms each independently selected from O, N and S, which may be

saturated, unsaturated or aromatic, and which is optionally fused to at least

25 one other cycle to form a 7 to 14-membered heteropolycycle having wherever

possible 1 to 5 heteroatoms, each independently selected from O, N and S,

the heteropolycycle being saturated, unsaturated or aromatic; -

or an enantiomer, diastereoisomer or tautomer thereof, including a salt, ester
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R COOH is a group of formula O C-RsO)z)n COCH R7 wherein nis 0, 1 or
2; and wherein R60 is selected independently in 5 each instance fromH,
hal o, cyawmo,20¢s@b7®pal koxy, (Cl.6)al kyl, (C2.6)alkenyl, pCCLABY@&doyry! ,
(C3_7)cycloal kyl, (C3_7)cycl oal kyl -(C1l.6)a, !l kyl-, Het and

Het - (Cl. 6) al kyl -; wherein the (Cl_6)alkyl is optionally substituted with
fromone to three substituents each i ndependently selected fromhal o, 10
cyano, (Cl.6)al koxy, -NH(C1.6)al kyl, -N((Cl1_6)al kyl)2 and

-NHSQ2( C1. 6) al kyl ; and wherein each of the Het and the Het portion of the
Het-(Cl_6)al kyl- is optionally substituted wwth (Cl.6)alkyl; R7 is

sel ected fromH, %{RC% .6;a| g%(l f( Cl. 6) al koxy, (Cl.6)al kylthio, -NH2, 15
-NH( C1_6) al kyl , - eﬂﬂ%’)e ?{9‘?)2 and halo; RO and R10O are each

i ndependently selected from (Cl-6)al kyl; or RO and R70 are covalently
bonded toget her t A | 4, cl oal kenyl or a 4-, 5-
or 6-nenbered het gp%%ﬂ%&ﬁg\z/éo%'%&?ﬁ% 1t°of(f%ﬁﬁza)t(géljbatorm each

i ndependent |y sel ected firRom 0, N, ¢a 10 20 where¥n the cycloal kyl,

cycl oal kenyl or heterocyclig i s, 0ptio I sti&ut ed with (C1-4)alkyl;
wherein Het is definedaas/a ferocygle having 1 to 4

het er oat ons each i ndepend el ect edOfrom.Q _apd S, which nay be
saturated, unsaturated or /aromatic, and whichijis optNgnally fused to at

| east 25 one other cycleRto forma 7 to 14- mefbered ﬁggﬁr(mpol ycycl e having
wherever possible 1 to e 0 o €ach,l nd ndently sel ected from O,
N and S, Sthe het &858 §§\'}€% %gﬁ‘idgggt a?‘ggecﬁre gﬁﬁ’ﬁgﬁf‘ﬁéﬂm&r aromatic; or
an enantioner, diastereoisoner or tautomer thereof, including a salt, ester

98 WO 2006/ 0%.7693T ggér%c?u%%%a%’ré%&?o claim 1 of formula (Ib):

5

1 0o R R" R
H

R " (Ib);
wherein R?, R?, R®, R®, R%, R, R® and R" are defined as in claim 1.
10
4, The compound according to one or more of the preceding claims wherein R' is
H or methyl.

5. The compound according to claim 4 wherein R' is methyl.
15
6. The compound according to one or more of the preceding claims wherein R%is
(Cre)alkyl, (Coo)alkynyl o -C(=0)-(Cyo)alkyl.

7. ‘The compound according to one or more of claims 1 to 5 wherein R?is aryl or
20 Het, wherein Het is a 5- or 6-membered monocyclic aromatic heterocycle
having 1 to 4 heteroatoms each independently selected from O, N and S,
which is optionally fused to one other cycle to form an 8- to 11-membered
aromatic heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from O, N and S;
25 wherein R? is unsubstituted or substituted with R*', wherein R*' is defined as in

claim 1.
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or derivative thereof. 2. The conpound according to claim1l of fornula
(la): R OR RoORS NNN RZHI RR R37 COH (la); 5 wherein R, Rz,
R3, R5, R§0200600RD3and R70 are defined as in claimi1l. ®criaeosmposnd
according to claim1 of fornmula (Ib): R \ ROI0 RS N R2/ 1 \ HOR5 N
R3/ 7 COON (Ib); wherein R, R2, R3, R5, R5, R, RO and Rl are defined as
in claiml. 10 4. The conpound according to one or nore of the preceding
claims wherein RLis Hor nethyl. 5. The conmpound according to claim4
wherein RL is nethyl. 15 6. The conpound according to one or nore of the
preceding clains wherein R2 is (Cl-6)al kyl, (C2-6)alkynyl or
-C(=0)-(CLl-6)alkyl . 7. The conpound according tq one or nore of clains 1 to
5 wherein R28s arTyﬁ ceippowrd aceRrdingeflaimy m@rei@asmen&or@qmm@ea'e
nonocyclic aromatic heterocych having 1 t© 4 heteroatons each
I ndependently selected fromO, [N an \éS, . Whilch @)’%l on IIy fused to one

other cycle to forman 8- to ne cycl e having
wher ever possi bl e; s]se}%té At € t odsp each—g¢ nd ndent\}:yN sel ected from O,
N and S; 25 wherein I's unsubst'i t ut ed or_substltuted with R21 ‘Wherein

R21 is defined as in _cl ai- A
Fal s
~N
H 1]

N_-

Z N XN
° : \) NV'N and

5 wherein R? is unsubstituted or substituted with R?!, wherein R?! is defined as in

claim 1.

9. The compound according to claims 7 or 8 wherein R¥ is one, two 6r three
substituénts each independently selected from (C_s)alkyl, (Cs¢)cycloalkyl,
10 -CN, -NH,, -NH(C.;3)alkyl, -N((C1_3)alkyl)2, halo, -O-(C4.3)alkyl, -S-(C.3)alkyl,
_SO-(Cy.)alkyl and -SO-(Cya)alkyl;
wherein the (Cy.s)alkyl, -O-(C1.3)alkyl, -S-(C1.s)alkyl, -SO-(C1.5)alkyl and
-S0:-(Cs.a)alkyl are each optionally substltuted with one, two or three halo
substituents.
16
10. The compound according to claim 9 wherein R is one, two or three
substituents each independently selected from fluoro, chloro, bromo, methyl,
ethyl, propyl, 1-methylethyl, trifluoromethyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, methoxy, ethoxy, propoxy, 1-methylethoxy, methylthio, |
20 ethylthio, propylthio, 1-methylethylthio, amino, N-methylamino,
N,N-dimethylamino, -S0O,CH; and cyano.

11.  The compound according to claim 10 wherein R*! is one or two substituents
each independently selected from fluoro, chloro, bromo, methyl, methoxy,
25 amino, -SO,CH; and cyano.

12, The compound according to one or more of the preceding claims wherein R® is
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99 WD 2006/ 007693 PCT/ CA2005/ 001103 8. The conpound according to claim?7
wherein R2 is phenyl or Het, wherein Het 6PO 6PS is selected fromo s N
NON N ~N weol2bodda7¢ds N1 N r~ O N, NON and O -J 5 wher ecm/da2005201103
unsubstituted or substituted with R21, wherein R21 is defined as in

1. 9. The conpound according to claims 7 or 8 wherein R21 is one,

three substituents each i ndependently selected from (Cl_3)al kyl,

(C3_6)cycl oal kyl ,
-0 (C1. 3)al kyl,
wherein the (Cl.3)al kyl, -O(Cl.3)al kyl, -S-(C1.3)al kyl, -SO (C1.3)al kyI

and -S02-(C1. 3)al kyl

claim

two or

10 -ON, -NH2, -NH(CL.3)alkyl, -N((CL 3)al kyl)2, halo,

!s-(CL.3)alkyl, -SO (CL.3)alkyl and -S02-(CL.3)al kyl :

are each optlonall substituted vmth one, two or

three hal o subst FYGeasny! °r1<5'c'ﬂ20€>6’*rﬁé°fb‘2ﬁﬁﬂﬂmlﬂ”%M@HP%FH“@" Vith enestefew wher ei n
R21 is one, two oRudrBisaestittediast i t uents. each i ndependently sel ected from
fluoro, chloro,
trifluoronethyl,
met hoxy, et hdzy,

propyl thi

- SO2CH3 a(rl?d cyano

bromo, nethyly,

-ne

metrRe%¥mpo

bromo, nmethyl, ethyl, propyl, 1-nethylethyl,

cycl opropyl, cyclobutyl cyclopentyl cyclohexyl
phe pmyounﬂi-a&edrbryib & dfla)nmz vameerésiyi RS e o:yploﬁ&wtgltdpydmalﬂy o,

thyq_si %’anuﬂm arle tg%ur;"ﬂuor mél mno, N N-di met hylam no,

mpound ace ng 0 claim10 wherein R21 is
one or two substituents each |ndependently sel ected fromfluoro, chloro,

npound

according to one or nore ?a%ﬁar%? @%l?n cl algipmswﬁg loi'1g)(yI|Q§‘l;H%nis’l00 WO

2006/ 007693 PCT/ CARERySteshwittogne temrawmsybst'&ren@ycl ohexyl ,

optionally substituted with.one to four fluoro substltuents.
15.

10

15

20

25

30

16.

each being

The compound according to one or more of the preceding claims wherein R® is

selected from (C,.)alkyl, (C.s)alkenyl, (C,.s)alkynyl, (Cs.7)cycloalkyl,

(Cs.z)cycloalkyl-(Cq.¢)alkyl-, Het and Het-(C,.)alkyl-; wherein the Het and the

Het portion of the Het-(C1.)alkyl- are each selected from a 5- or 6-membered
saturated, unsaturated or afomatic monocyclic heterocycle, having one to
three heteroatoms each independently selected from N, O and S; and
wherein the (Ci.)alkyl is optionally substituted with from one to three
substituents each independently selected from halo, cyano, (C.¢)alkoxy,
-NH(C1.6)alkyl, -N((C.6)alkyl), and -NHSO»(C1.)alkyl; and wherein each of the
Het and the Het portion of the Het-(C1.¢)alkyl- is optionally substituted with
(Cire)alkyl..

The compound according to claim 15 wherein R® is selected from methyl,
ethyl, propyl, 1-methylethyl, butyl, 1-methylpropy!, 2-methylpropyl,
1,1-dimethylethyl, 2-propenyl, 2-propynyl, cyclopropyl, cyclobutyl,

cyclopropylmethyl cyclobutylmethyl, % §j §t> and
&

\
wherein the methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-
methylpropyl and 1,1-dimethylethyl are each optionally substituted with from
one to three substituents each independently selected from fluoro, methoxy,
ethoxy, -N(CHa),, and -NHSO,CHs.
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13. The conmpound according to claim 12 wherein R3 is cyclopentyl optionally
5 substituted with one to four fluoro substituents. 14. The conpound
accor di ngvoaoelmireys 12 wherein R3 is cycl ohexyl optional PgT/csubsstdoteted with
one to four fluoro substituents. 10 15. The conpound according to one or
nore of the preceding clains wherein R5 is selected from (Cl.6)al kyl,
(C2.6)al kenyl, (C2_6)al kynyl, (C3_7)cycl oal kyl,

(C3_7)cycl oal kyl -(C1-6)al kyl -, Het and Het-(Cl.6)al kyl-; wherein the Het
and the Het portion of the Het-(Cl _6)al kyl- are each selected froma 5- or
6- menbered saturated, unsaturated or aromatic nonocyclic heterocycle,
having one to_15 three heteroatons each independently selected from N, O
and S; and wWer ei'ReCREPPYNE asFordingto pre IpeTe RhihePrecsdies claiftWhslEP IR $ om one
to three substit ¢Richyaetyl onfdependent|y sel ected from hal o, cyano,
(C1.6)al koxy, NH(Cl-6)alkyl, -N((CL.6)alkyl)2 and - NHSQ2(C1-6)al kyl; and
wherein each of the Het and the Het portion of the Het-(Cl.6)al kyl- is
optional ly sul8sti tTheedmpouria {20oricd tGPre dryrhore of BaimEhietoddersiiRiambRYi ng t o
claim 15 erein j I wyl, propyl, 1-nethylethyl,
butyl, 1- \rlrg;t hyl pr?ﬁ%*r&egglﬁ@ﬁhéﬁ%‘% %@9#’ gﬁ%?[)ﬂibf%rl"ﬁr}le hyl et hyl , 2-propenyl,
2-propynyl, cyclopropyl, cyclobutyl, 25 c?’cl opr opyl net hyl , _
cycl obutyl nethyl, D and wherein th 9l, ethyl, propyl, 1-nethylethyl,
butyl, 1-nethyl propyl, 2- methyl prop nd 1gd-di nmethylethyl are each
optionally substituted with from one ee substituents each

i ndependently sel ected from fl uoro, hoxy, ‘c364 et hoxy, -N(CH3)2, and
-NHSO2CH3. 101 WO 2006/ 007693 PCT/ CA2005/ 001103 17. The conpound
according to one &2 ABMROB™MYR preceding clainms wherein R6 is H, nethyl,
ethyl or fluoro. 18. The conpound_ according to one or nore of clains 1 to
14 wherein R5 and R6 5 are |inket t the group of the subformula R6
U R6 . -

wherein R’ is defined as in claim 1.
10
19. The compound according to one or more of the preceding claims wherein R’ is

H, methyl, ethyl, methoxy or ethoxy.

20. The compound according to claim 19 wherein R is H or methoxy.
15
21, The compound according to one or more of the preceding claims wherein R®

and R are each independently selected from (C,.5)alkyl or R® and R are
covélently bonded together to form (Cs.s)cycloalkyl, (Cs.s)cycloalkenyl or a 5- or
6-membered heterocycle having from 1 tb 2 heteroatoms each independently

20 selected from O and N; wherein the cycloalkyl, cycloalkenyl and heterocycle

~ are each optionally substituted with (C.)alkyl.

9 10

R R

22, The-compound according to claim 21 wherein the group is selected

) |
A I I O A s
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R COOH is a group of formula O COOH R7 wherein R7 is defined as in claim
1: 10 19. The conpound according to one or nore of the preceding clains
wher ei n RYoi2806/007698et hyl , et hyl, net hoxy or ethoxy. 20. pChaAoismound
according to claim19 wherein R7 is H or nethoxy. 15 21. The conpound
according to one or nore of the preceding clains wherein RO and R10 are
each independently selected from (Cl.3)al kyl or RO and RLO are covalently
bonded together to form (C3.6)cycl oal kyl, (C5.6)cycl oal kenyl or a 5- or

6- menbered heterocycle having from1l to 2 heteroatons each i ndependently 20
selected fromO and N, wherein the cycloal kyl, cycl oal kenyl and heterocycle
are each optionally substituted with (Cl-4)alkyl. R RO io x '22. The
conpound accor di ngotogcl aim 21 wherein the group is selected -N u from and
102 WD 2006/ 007693 | PCI/ CA2005/ 001103 o 23. The conpound according to claim
1 wherein: Rl is. cmethyl; 5 R2 is aryl or Het, wherein Het is a 5- or
6- menber ed nonocyclic ‘aromatic heterocycle having 1 to 4 heteroatons each

i ndependently selected from 0, Nand S, which is optionally fused to one
other cycle to forman 8- to 11-nenbered aromatic heteropol ycycl e having
wher ever pos3bl e The témpound according to claim 1 wherein:

R'is H or methyl;
5 R? is ary! or Het, wherein Het is a 5- or 8-membered monocyclic aromatic
| heterocycle having 1 to 4 heteroatoms each independently selected from
O, N and S, which is optionally fused to one other cycle to form an 8-to .
11-membered aromatic heteropolycycle having wherever possible 1 to 5
heteroatoms, each independently selected from O, N and S;
10 : wherein the aryl and Het are each optionally substituted with R?',
wherein R? is one, two or three substituents each independently selected from
(Cs.3)alkyl, (Cae)cycloalkyl, -CN, -NH,, -NH(C;.s)alkyl, -N((C1.3)alkyl),, halo,
-0-(C43)alkyl, -S-(C4.3)alkyl, -SO-(C,.3)alkyl and -SOZ-(C1-3)aIkyI;
, wherein the (Cy.3)alkyl, -O-(Cy.s)alkyl, -S-(C1.3)alkyl, -SO-(C;.3)alky!
15 , and -SO,-(C1.5)alkyl are each optionally substituted with one, two or
' three halo substituents;
R? is cyclopentyl or cyclohexyl, each being optionally substituted with one to
. four fluoro substituents;
R® is selected from (C1)alkyl, (Czs)alkenyl, (Ca6)alkynyl, (Csz)cycloalkyl,
20 (Csz)cycloalkyl-(Cq.g)alkyl-, Het and Het-(C.¢)alkyl-; wherein the Het
“and the Het portion of the Het-(C,.s)alkyl- are each selected from a 5-
or 6-membered saturated, unsaturated or aromatic monocyclic
heterocycle, having one to three heteroatoms each independently
selected from N, O and S; and .
25 wherein the (Ci.)alky! is optionally substituted with from one to three
substituents each independently selected from halo, 'cyano,
(Cqg)alkoxy, -NH(Cig)alkyl, -N((C1.s)alkyl), and -NHSO,(Cg)alkyl;
and wherein each of the Het and the Het portion of the
Het-(Ci.¢)alkyl- is optionally substituted with (C,.¢)alkyl; and
30 R® is H, methyl, ethyl or fluoro; or
R® and R® are linked such that the group of the subformula
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het er oat ons, each independently selected fromO, N and S; 10 wherein the
aryl and Het are each optionally substituted with R21, wherein R21 is one,
two or thweeososdst uents each i ndependently sel ected fpromcaA26is08)@Bkyl ,
(C3.6)cycloal kyl, -CN, -NH2, -NH(C1.3)alkyl, -N((C, _3)al kyl)2, halo,
-O(Cl.3)alkyl, -S-(Cl.3)alkyl, -SO (ClL.3)al kyl and -S02-(CL. 3)al kyl;
wherein the (Cl.3)alkyl, -O(ClL_3)al kyl, -S-(Cl.3)al kyl, -SO (CL. 3)al kyl
15 and -S02-(Cl.3)al kyl are each optionally substituted with one, two or
three halo substituents; R3 is cyclopentyl or cycl ohexyl, each being
optionally substituted with one to four fluoro substituents; R6 is
sel ected from (Cl-6)al kyl, (C2.6)al kenyl, (C2.6)al kynyl, (C3_7)cycloalkyl,
20 (C3_7)cycl oal kyl - (CL1.6)al kyl -, Het and H@]?f-(Cl. 6) al kyl -; wherein the Het
and the Het portion of the Het-(Cl.6)al kyl-oare each selected froma 5- or
6- menbered saturated, unsaturated or a tic npnocyclic heterocycle,

3 dently selected fromN, 0 and
S; and 25 wherein the (Cl_6)al kyl is optgonall ycgubstituted with from one
to three substituents each independently selected from hal o, cyano,
(C1-6) al koxy, - NH( Clis@iederrhy a arqyptiorsyial kyl ) 2 and - NHSO2( C1- 6) al kyl ;  and
wherein each of the Het and the Het portion_of the Het-(Cl.6)alkyl- is
optionally substituted with (CL.6)al'ky and~30 R6 is H, met hyl , ethyl or
fluoro; or R6 and R6 are |inked such t group of the subformula 103
WD 2006/ 007693 PCT/ CA2005/ 001103 RG is preferably a group
of fornmula O COCH R’

R’ is H, methyl, ethyl, methoxy or ethoxy; and
5 R?® and R"° are each independently selected from (C,.3)alkyl or R® and R are
covalently bonded together to form (Cs.)cycloalkyl, (Css)cycloalkenyl or a
5- or 6-membered heterocycle having from 1 to 2 heteroatoms each
-independently selected from O and N; wherein the cycloalkyl, cycloalkenyl
and heterocycle are each optionally substituted with (Ci4)alkyl.
10
24, The compound according to claim 1 wherein: .
R'is H or methyl;
R? is phenyl or Het, wherein Het is selected from

15

N
, Y and :

wherein R? is unsubstituted or substituted with R*!, wherein
R? is one, two or three substituents each independently selected from
fluoro, chloro, bromo, methyl, ethyl, propyl, 1-methylethyl,
20 trifluoromethyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
methoxy, ethoxy, propoxy, 1-methylethoxy, methylthio,
104



R7 R7 is H nethyl, ethyl, nethoxy or ethoxy; and 5 RO and R10 are each

i ndependently selected from (Cl-3)al kyl or RO and R1O are covalently
bonded t ogeth@vootes3f or m ( C3-6) cycl oal kyl, (C5-6) cycl oal lpemydA2005/081105- or

6- menbered heterocycle having from1l to 2 heteroatons each .independently
selected fromO and N, wherein the cycloal kyl, cycl oal kenyl and

het erocycl e are each optionally substituted wth (Cl4)al kyl. 10 24. The
conmpound according to claim1l wherein: R is Hor nethyl; R2 is phenyl or
Het, wherein Het is selected fromNL OSNDbDNH/ \ NNNN 15 HNNLIZN
rill ) O NNM/IN, and wherein R2 is unsubstituted or substituted with

R21, wherein R21 is one two or three substituents each independently
sel ected from fluoro, chl oftByithiss BieBY!thiRafl Hygthylethyifio, agingpitmethylaminay | et hyl |

20 trifluoronethyl, cycl oprmw&,memy@hmmjtsazckgmb epsldt yl , cycl ohexyl,

met hoxy, ethoxy, pg 1- met 0X met hyl t hi o, . 104 WD 6/ 007693
PCT/ CA2005/ 001103 K B %P‘Fﬂ% °ri5¥%°5§ %h °E“9?€E{¥1§Hbé‘ﬂtH§?flit“ﬂ?‘8"eé‘hﬁgHb,

N- et hyl amino, N, I\l-ftﬂnbnﬁulbytitaénts)o - SO2CH3 and cyano; R3 is cycl opentyl or
cycl ohexyl_, each tiona substi t d w th on ur fl ro

cUbsti Lt s: 5 R T RRtea Rt R Y P o L ERG ol B TreeBiRo e ny
butyl, 1-net hy| pr opy2- metthprmylhynmmgyylethw Z—-depBByH'@fbr@ph}yll,,cydompm{j),enyl

2- propynyl cycl opropyl,

cyclobutyl, cyclopropylmethyl cyclobutylmethyl, é §j 53

S
<——c> and "\ ; wherein the methyl, ethyl, propyl, 1-methylethyl, butyl,
1-methylpropyl, 2-methylpropy! and 1,1-dimethylethyl are each optionally
10 ~ substituted with from one to three substituents each indepéndently
 selected from fluoro, methoxy, ethoxy, -N(CH3)2,' and -NHSO,CHg;
R® is H, methyl, ethyl or fluoro:
R” is H or methoxy; and

RO R1 0

the group ° * s selected from: .

X RR Q Q

N

%

/

. /

‘\ ’
N

25.. The compound according to claim 1 wherein:

15

R'is H or methyl;
20 R? is phenyl or Het, wherein Het is selected from

. . N Y\
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] O/ 1 O/ \ «cyclobutyl, cyclopropyl nethyl, cyclobutylnmethyl, N) and
wherein the nethyl, ethyl, propyl, 1-nethylethyl, butyl, 1-nethyipropyl,

2- met hyl pwopyés/mneds3 1, 1- di net hyl et hyl are each opti onal | ycTAQ\260sm1108 ut ed
with fromone to three substituents each i ndependently sel ected from
fluoro, nethoxy, ethoxy, -N(CH3)2, and -NHSQ2CH3; R6 is H, nethyl, ethyl

or fluoro; R7 is Hor nmethoxy; and RO R10 the group is selected from H3C
/ Hs 15 and 0 25.. The conpound according to claim1l wherein: Rl is H or
methyl ; 20 R2 is phenyl or Het, wherein Het is selected from 6~\o O6~\S S
N 105 WD 2006/ 007693 PCT/ CA2005/001103 N NNNN BN HHN I N\N N and
O-J wherein R2 is unsubstituted or substituted with R21, wherein R21 is

one, two or three subst.iuents. ach i nd pendently sel ected frpm 5 fluoro,
chloro, brono, nethyl, \EP?E il yorgmet hyl

cycl opropyl, cyclobutyl NCYyel op cyc ohe wl Qx |eth XY,
pr opoxy, 1-nethylethoxy, nthylt hNo yl t hi Z ropyl Z
-nethyl ethyl thio, anmino, Nrethylanino, o

S&A @

wherein R? is unsubstituted or substituted with R?', wherein
R?! is one, two or three substituents each independenﬂy selected from
5 ﬂuoro,' chloro, bromo, methyl, ethyl, propyl, 1-methylethyl,
trifluoromethyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
methoxy, ethoxy, propoxy, 1-methylethoxy, methylthio,
ethylthio, propylthio, 1-methylethylthio, amino, N-methylamino,
N,N-dimethylamino, -SO,CHj; and cyano;
10 R? is cyclopentyl or cyclohexyl, each optionally substituted with one to four
fluoro substituents; ‘ _ v
R® and R® are linked, together with the atoms to which they are attached, to
form a 6-membered ring, such that the group of the subformula

RG
. I
y o

ch
Y COOH
15 is a group of formula

o)

=

R’isHor methoxy; and

thegroup =~ ° s selected from:

X R K Q e

106

and



N, N- di et hyl am no, -SOQ2CH3 and cyano; 10 R3 is cycl opentyl or cycl ohexyl,
each optionally substituted with one to four fluoro substituents;
Rs are | iwbedys/dogst her with the atons to which they arecatdaasisadiiobo form
a 6-nmenbered ring, such that the group of the subforrmula Ra 1I1111.
COOH 15 is a group of formula O COOH R7 R7 is Hor nethoxy; and RO R o
the group is selected from ~-NH'C' ~"Hand 106 WO 2006/ 007693

PCT/ CA2005/ 001103

n 26. A compound of forrmula (I): RR 0 RO RL R5

R6 and

,R6 R

A NNO

Rz HRs O R/ R COON( ) I 5 wherein: either Aor Bis N and the other B
or Ais C, wherein ----- between two C- atons represents a double bond and
between a Catomand a N-atom represents a single bond,

10

15

20

25

26.

PN

A compound of formula (1):

1 o R R" R

R\ - H |

A \ _N o
R H R®

' R:s/ R’ COOH

wherein:
either A or B is N and the other B or A is C, wherein ----- between two C-
atoms represents a double bond and ----- between a C-atom and a N-atom
represents a single bond;
R'is H or (Ci.e)alkyl;
R? is (C.)alkynyl, -C(=0)-(C1.s)alkyl, aryl or Het; the aryl and Het being
optionally substituted with R**;
wherein R is one, two or three substituents each independently
- -selected from (Cy¢)alkyl, (Cs.7)cycloalkyl, Het, -CN, -NH,,
-NH(Csg)alkyl, -N((C16)alkyl),, halo, -O-(C.¢)alkyl, -S-(C.¢)alkyl,
-SO-(C1-e)aIky| and -SO,-(C4.g)alkyl;

. wherein the (C1.)alkyl, -O-(C4.¢)alkyl, -S-(C1¢)alkyl,
-SO-(Cig)alkyl and -SO,-(C¢)alkyl are each optionally
substituted with one, two or three halo substituents;

Rdis (Cs-s)cycloélkyl, optionally substituted with from one to four halo

substituents;

R® is selected from H, (C1.e)alkyl, (Cz.6)alkenyl, (Cas)alkynyl, (Csz)cycloalkyl,
and (Ca.7)cycloalkyl-(C+.¢)alkyl-; | ) '
wherein the (C1¢)alkyl is optionally substituted with from one to three
substituents each independently selected from halo, cyano and
(C.6)alkoxy; and

R® is selected from H, (C1.)alkyl and halo; or

R® and R® are linked, together with the atoms to which they are attached, to
form a 5-, 6- or 7-membered ring;
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Rl is Hor (Cl.6)alkyl; 10 R2 is (C2.6)al kynyl, -C(=0-(C1_6)al kyl, aryl or
Het; the aryl and Het being optionally substituted with R21; wherein R21
i s one, twiD 2006/d0hg98e substituents each independently seleasadsionoms
(ClL.6)al kyl, (C3.7)cycloal kyl, Het, -CN, -NH2, -NH(C16)al kyl,

-N((C1-6)al kyl)2, halo, -O(C1_6)al kyl, -S-(Ci1-6)al kyl, 15 -SO (C1_6) al kyl
and -S02-(Cl.6)al kyl; wherein the (Cl1.6)al kyl, -0 (Cl-6)alkyl,

-S-(CL.6)al kyl, -SO(Cl-6)al kyl and -S02-(Cl.6)al kyl are each optionally
substituted with one, two or three halo substituents; R3 is S
(C5.6)cycloal kyl, optionally substituted with fromone to four halo 20
substituents; R6 is selected fromH, (Cl.6)alkyl, (C2.6)alkenyl,

(C2_6) al kynyl , (CR’®)sejacteidtoayH, (C1aattyl( €C3s)akoye (Cad)diylithioGNHG) al kyl - ;

wherein the (C1-6)al kyly,l o] i ed with fromone to three
substituents each indep%%@é%?l?%/l’ mdé%)ta(ﬁé(gl?zfrgtrrﬁgﬁal o, cyano and 25

(Cl1- 6) al koxy; andRXend R"°xas¢ eachdadenepdently seleated framkGho)alkyl; drR’@nd ®° ®6 and R6
are |inked, together wdRidhhEpddeato &ewffufsnntd;@gyaaak ,t(baga%aukfe%g forma
5-, 6- or 7-nenbered ring; 107 WO 2006/ 007693 CA2 05/ 001103 . S

sel ected from H, (C1_699 kyP; or&mempaner hrigrocyels haying fkgmtiiip & hetergagoms

-NH( CL. 6) al kyl, - N(( Clefonahdapehdertipdelbetb@from®D, ANAnREO are each

i nd dent | | ect ed Cl- | kvl ; d R1 | ept |
bonded toget her to.f or M ths Eirenyl Fioserd o PGS de Blsrenck SBfes, 4. 5.
or 6- menber ed het er ocy slbsstituged with (Crgatkydl; to 3 heteroatoms each

| ndependent |y sel gated, ltléthghgflney’as %’%@'toﬁ-p‘g@%‘fe;gmeg%g%yﬁéﬁﬁﬂié‘ﬁ% 4

cycl oal kenyl or hetérocyCle are each o tuted with -
(Cl-4) al ki@ ; wher beterdatdms eachiéfdenentieatly selerted o OmbianrS ahinhtreaydey cl e
C\EYLEQ réyt 8e4 10 shgtREP AhTFr a8 P at B LEMASHidYs SpHoRalyEdsdd B8R RastN and S,
one other cycle to form a 4- to 14-membered heteropolycycle having wherever
- possible 1 to 5 heteroatoms, each independently selected from O, N and S,
the heteropolycycle being saturated, unsaturated or aromatic;

15 or an enantiomer, diastereoisomer or tautomer thereof, including a salt thereof.

27. A pharmaceutical composition for the treatment or prevention of HCV infection,
comprising an effective amount of a compound according to any one of claims
1 to 26, or a pharmaceutically acceptable salt or ester thereof, and a
20 pharmaceutically acceptable carrier.

28. The pharmaceutical composition according to claim 27 additionally comprising

a therapeutically effective amount of one or more antiviral agents.

25 29. The pharmaceutical composition according to claim 28 wherein the antiviral

agent is selected from ribavirin and amantadine.

30. The pharmaceutical composition according to claim 28 wherein the antiviral
agent is an other anti-HCV agent.
30
31. The pharmaceutical composition according to claim 30 wherein the other anti-
HCV agent is an immunomodulatory agent.

32. The pharmaceutical composition according to claim 31 wherein the '
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saturated, unsaturated or aromatic, and which is optionally fused to at

| east one other cycle to forma 4- to 14-nenbered heteropol ycycl e having
wher ever wpasaidor@31l to 5 het eroatons, each independent lpgTa2ewtoadiobr om 0,
N and S, the heteropol ycycle being saturated, unsaturated or aromatic; 15
or an enantioner, diastereoi somer or tautonmer thereof, including a salt
thereof. 27. A pharnaceutical conposition for the treatnent or prevention
of HCV infection, conprising an effective anmount of a conpound accordi ng
to any one of clains 1 to 26, or a pharnmaceutically acceptable salt or
ester thereof, and a 20 pharmaceutically acceptable carrier. 28. The

phar maceut i cal conposition according to claim?27 additionally conprising a

t herapeutical |y effaerqmeduiaienagentfs ssirstesframaringsine WOP&‘PhOQEfW s. 25 29.

The phar maceut i calnniRBPaRoL,igNs- @ceﬂar%n&rfe.%ncé BbaVIAS WheeRintinkike anti viral
agent is selected from'ribavirin and amantadi ne. 30. The pharnaceuti cal

conposi ti on accor PHYeated BleFEAN28 wherein the antiviral agent is an ot her
anti-HCV agent. 30 31. The phar maceut i cal corrp05| t| on accor di ng to claim30
wherein the her ent is.an i n 32... The
phar mceut oo cotBBehmareuRaPIPRS i eceP R G e 2P BhreiEe otedaiin

2006/ 007693 PCT/ CAZO4genOis badthen |n1mu|tun|mbld0l/amlymerasgent is selected from an

i nosi ne nonophosphate inhibitor, an a-, (3-, 5- y-, T- or co-interferon, a
pegyl ated interferon and a conjugated interferon. 5 33. The pharnaceuti cal
conposi ti on &dcor dhagharmageutica @Mpaptioreaqeording toclaim 3QmhereirtHoyotigeanti-i s

anot her i nhi bi tor @, tM ,g%y P Er HAANSIRFR@r maceut i cal  conposi tion

according to claim30 Whereln e other anti- HCV agent is an inhibitor of
HCV NS3 p%t ease. 10 35. The phar maceuti cal conposition according to claim

30 wherein tlyg, ot hae pﬁéﬁﬁace&tl@di o%ﬁ%&ntnérﬁa@ﬁrduﬁghbblairﬁeo Wheitth88thef aftget i n
the HCV life cycl 0813 rmaceutlcal ?rnpﬂhlvr?ac ording to claim
35 wherein ‘the i nﬁ'{ Qg&nt |8fan |n ltor of another target in the ife cycle.

36. . The pharmaceutical composition according to claim 35 wherein the inhibitor of
15 another target in the HCV life cycle is selected from an agent that inhibits a
target selected from HCV helicase, HCV NS2/3 protease and HCV internal
- ribosome entry site and an avgent that interferes with the function of an NS5A
protein.

20 37. Use of a compound according to any one of claims 1 to 26, or a
pharmaceutically acceptable salt or ester thereof, as an inhibitor of HCV
polymerase. ’

38. Use of a compound according to any one of cjaims 1t0 26, ora
25 pharmaceutically acceptable salt or ester thereof, as an inhibitor of RNA
dependent RNA polymerase activity of the enzyme NS5B, encoded by HCV.

39. Use of a compound according to any one of claims 1 to 26, or a
pharmaceutically acceptable salt or ester thereof, as an inhibitor of HCV
30 replication.

40. A method of inhibiting the RNA-dependent RNA polymerase activity 6f-the
enzyme NS5B, encoded by HCV, comprising exposing the enzyme NS5B to
an effective amount of a compound according to any one of claims 1 to 26
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15 another target in the HCV |ife cycle is selected froman agent that
inhibits a target selected fromHCV helicase, HCV NS2/3 protease and HCV

i nternal woi2b@son@3entry site and an agent that interferes/cn2005/0n®3
function of an NS5A protein. 20 37. Use of a conpound according to any one
of claims 1 to 26, or a pharnmaceutically acceptable salt or ester thereof,
as an inhibitor of HCV polynerase. 38. Use of a conpound according to any
one of clainms 1 to 26, or a 25 pharmaceutically acceptable salt or ester

t hereof, as an inhibitor of RNA dependent RNA pol ynerase activity of the
enzynme NS5B, encoded by HCV. 39. Use of a conpound according to any one of
clains 1 to 26, or a pharnmaceutically acceptable salt or ester thereof, as
an inhibitor of HowWerZongitgnsiwhard toa RNfodepandent RO reflymerpseadtivitypfthee

RNA- dependent RNARAINRESASR ikHididedi ty of the enzyme NS5B, encoded by HCV,
conpri sing exposing the enzyne NS5B to an effective anobunt of- a conpound
according to any one of clains 1 to 26 109 WD 2006/ 007693 PCT/ CA2005/ 001103
under CK,E,S‘EJ i4ans Wﬂﬁéh_ _tﬁoddsrezrmmrl' Agfie@ehmlscl;ieéticoRN%mi!smgemﬁmga@&él|}:r§.fé¢te@f t he
enzyme i s inhipi : met ho i nhibitin replication,
ot T si nd exposi M SO e e P BToas GachmBeyrd e BEY PAStanount of a
conmpound accor di nglatnes htvy26ameendondiibas wieré réplic®nwhBEV is mhihitéd.ons wher e
replication of HCV is inhibited. 42. A nmethod of treating or preventing HCV
infection in a mammal , conprising admnistering to the manmal an effective
anount of a d@npodiethetofitigiating erapreveptinghiCYinfeatipn g1 amamnial.tcompasindr a

pharmaceuti cal Iy %E@@i&?mp% ﬁ\%!rﬁar%al%?xt%ctiv%%{o%ﬂf of ¥ co p%ﬁrﬁ@é’c%!oFdi@"&o

t hereof. 43. A net r_eatlng or preventing HCV infection in a mamal ,
conprisin adni ni28Y erg efFiains { kelbrefrAwhargincesticalit arertaps §alk OoIst conpound
according to 15 gidyedBEa@bmpdostioRthekedf0 26, or a pharmaceutically
acceptabl e salt or ester thereof, or a conposition thereof, in conbination

with at | east one other antiviral agent.
43. A method of treating or preventing HCV infection in a mammal, comprising

administering to the mammal an effective amount of a compound according to

15 any one of claims 1 to 26, or a pharmaceutically acceptable salt or ester
thereof, or a composition thereof, in combination with at least one other
antiviral agent.

44. Useofa compéund according to any one of claims 1 to 26, or a
20 pharmaceutically acceptable salt or ester thereof, for the manufacture of a
medicament for the treatment and/or the prevention of a Flaviviridae viral

infection.

45. - Use of a compound according to any one of claims 1 to 26, ora °
25 pharmaceutically acceptable salt or ester thereof, for the manufacture of a
medicament for the treatment and/or the prevention of an HCV infection.

46. Use of a compound according to any one of claims 1 to 26, or of a
pharmaceutically acceptable salt or ester thereof, in combination with at least
30 one other antiviral agent, for the manufacture of a medicament for the
treatment and/or the prevention of a Flaviviridae viral infection.

47. Use of a compound according to any one of claims 1 to 26, or of a
pharmaceutically acceptable salt or ester thereof, in combination with at least
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44. Use of a conpound according to any one of clains 1 to 26, or a 20

phar maceutically acceptable salt or ester thereof, for the manufacture of a
medi canenwof0e6/dohe@3t r eat ment and/ or the prevention of apElraazvisdodms Vi r al

i nfection. 45. Use of a conmpound according to any one of clains 1 to 26, or
a 25 pharmaceutically acceptable salt or ester thereof, for the manufacture
of a nedicament for the treatnent and/or the prevention of an HCV
infection. 46. Use of a conpound according to any one of clains 1 to 26,

or of a pharnaceutically acceptable salt or ester thereof, in conbination
with at | east 30 one other antiviral agent, for the manufacture of a

medi canent for the treatnent and/or the prevention of a Flaviviridae viral
i nfection. 47. Us@”%?tharWW&&H@P%@E@P&%’?@“PW%WW pedicarentfoithies 1 to 26, or

of a pharnmaceut i gaithgntsarptidpreventibh ofdn SV @ifedtiber eof , i n conbi nation
with at least 110 WO 2006/ 007693 PCT/ CA2005/ 001103 one other antivira
agent, for the manufacture of a nedicanent 'for the treatnent and/or the
preventi on ofd8an KeMrticref of oianafactudeBcondprismgt | cl e of manufacture conprising 5
a Conposi ts' on effg%ug\égsncﬁl éf{egt%}e tgpey% I-!I(N ﬁ?eci (S)rporqg &h%lt'tﬁ'?i\l\%é the NS5B
pol ynerasé of HCV ch indicates
that the conposi tpdmmezaaﬁObléC\AQedl to treat |nf ectl on by the hepatitis C
virus, wherein Sabslck%@ﬂymérla%nq&m@aa@&en WA TRAREL RAGR Brfithslign one_of

nore of 10 clains har maceut i cal C\,/ acceptable salt or ester
t hereof. 111 can be used to treat infection by the hepatitis C virus, _

wherein said composition comprises a compound according to one or more of
10 claims 1 to 26 or a pharmaceutically acceptable salt or ester thereof. '

111



