WO 2006/007693 PCT/CA2005/001103 VIRAL POLYMERASE INHIBITORS TECHNICAL FIELD OF
THE INVENTION The invention relates to inhibitors of RNA dependent RNA polymerases, particularly

5 those viraVPolMEPIEES within the Flaviviridae family, more particularly tPHEVARIYAtEHESe.
BACKGROUND OF THE INVENTION About 30,000 new cases of hepatitis C virus (HCV) infection are
estimated to occur in 10 the United States each year (Kolykhalov, A.A.; Mihalik, K.; Feinstone, S.M.;
Rice, C. M.; 2000; J. Viral. 74: 2046-2051). HCV is not easily cleared by the hosts’ immunological
defences; as many as 85% of the people infected with HCV become chronically infected. Many of
these persistent infections result in chronic liver disease, including cirrhosis and hepatocellular
carcinoma (Hoofnagle, J.H.; 1997; Hepatology 15 26: 155-205). There are an estimated 170 million
HCV carriers world-wide, and HCV- as¥iAdtEPeMRERYBHIHIBEEARE is now the leading cause of
liver transplantation. In the United States atone, hepatitis C is responsible for 8,000 to 10,000 deaths
annually. Withou ffectlve intervention, the number is expected to triple in the next 10 to 20 years.
There is no vaccife prevFé%hq—RfV"]Fl QXENHOEO Currently, the only approved therapy for patients
chronically infectéaeiteMigvridatee sarindivitwieimbaioreotent BiNbipeliterebstariaiorasivd ribavirin.

Recently, p%ylaﬁ%éﬁﬁfﬁ!%@%tﬁw&f@fm&ﬂmeﬁm 24phR; 270(E poeymhykoaohe) and

peginterferon alph 2b EG IntronTM, Schering)) have been approved for marketing 25 in some
countries for trea'fm’én? 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 b@&aogsrdouine damilyifauinaidae, genus Hepacivirus, which comprises three 30

and ther repicatant o8 SO B E AN O e B R S ol BICREPeL e
Lippincott-R¥vent N %%a'fﬁﬁl%ﬁ?@m?ﬁé(@yj‘"?%@ @@k@%@%n’ﬁe 5?%’5‘?[‘%0%%@@?& long open
reading frame (ORN);f0Red. Virol. 74: 2046-2051). HCV is not easily cleared by the hosts’
immunological defences; as many as 85% of the people infected with HCV become
6hronica£iy infected, Many of these persistent infections result in chronic liver disease,
including cirrhosis and hepatoceliular carcinoma (Hoofnagle, J.H.; 1897; Hepaiology
15  26: 155-208). There are an estimated 170 million HCV carriers world-wide, and HCV-
associated end-stage liver disease is 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 inte;feron (peginterferon aipha-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.; 19986,
“Flaviviridae: the viruses and their repiication”; pp. 931-860 in Fields Virology, Fields,
B.N.; Knipe, D.M.; Howley, P.M. (eds.}); Lippincott-Raven Publishers, Philadeiphia
- 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 transtation
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by 5" and 3' non-translated regions (NTR's). The HCV 5' NTR is 341 nucleotides in 35 length and
functions a éﬁl}f@%ﬂbosome entry site for cap-independent translation | WO 2006/007693
PCT/CA2005/001103 Inttiation (Lemon, S.H.: Honda, M.: 1997; Semin. Vird 8274°5881%he HCv
polyprotein is cleaved co- and post-translationaily into at least 10 individual polypeptides (Reed, K.E.;
Rice, C.M.; 1999; Curr. Top. Microbiol. immunol. 242: 55- 84). Cleavage of the structural proteins in
the N-terminal portion of the, polyprotein is 5 mediated by signal peptidases. Two viral proteases
mediate downstream cleavages to produce non-structural (NS) proteins that function as components
of the HCV RNA replicase. The NS2-3 protease spans the C-terminal half of the NS2 and the N-
terminal one-third of NS3 and ca#z?lyses cis cleava%%e of the NS213 site. The same portion of NS3 also

encodes the catalyHRIGBIEMA the NESTR Shril P8 o1Eie HRY. o A4RA8 IR -Nownstream sites.
The C-terminal tvpo'yhiedeipiNBavisdighBndpesidraaslaivaiiy stibl @\ eiselatesdivitlaaRN A-binding,

RNA-stimulated NEgassicastR&AuEWINE aLtIVERs AP NSERAhHRSN 2 55.
phosphoprotein agg?aijﬁg Vllkelyfct mgonents of the re Iltcase thelr specific roles are unknown. The
C-terminal polypfoten dsatage It SaHEMRREBSNSHRN8 S mrRLERIGAR Bf tirPalrroteiisase 15
possessing RNAiepateddnt SaNA penfinasessd (RORY) reetbese Beldisies) GvEstidamesatages to
gel:lrgg;:ejcg ,_ Rl. p&ﬁﬁgﬁjﬁ&ﬂ&%&t&% (%%E&bﬁéiﬁbhﬁ&ﬂml ﬂm\/és*%%mﬁ‘é%gnimE@H%Fﬁmtehscmg%g )

; ;' J. Viral,_71: - as been receptly..demonstrated that mutations destroying
activity abolish in%@tm%? (o] rﬁéﬁ%ﬁg rgf]el?ﬁ;re) ﬁ%’%&%ﬁﬁy&gﬁﬁa\‘&ﬂ@t&"% i’)ﬁﬂ?&%" E‘&H‘étone, S.M,;
Rice, C.M.; 2000 &J"pre\anstthigt of N3 amsgatalysasaija Riprveat of eaad spechie aatidHCV
treatments is a highrpriaitysarmsvisngospe tibeimgtionsressanting iosseplicating sidhe mest
attractive targets (KIS RSN RIRREELT BR8 PARD e oL RN IERSRASHIE A Ronerases n

e | r |51|c 4]

mammals, and 25 the fact that this enzyme appears to be essential to viral're idn, would suggest

that the NS5B poffiFi&ied 3 SRSRIARARRIR T Mith- Rt/ Ringiag StMAstivaabad VBB evaar 02/04425,
WO 031000254, TND. 0B/00T9 5otk SRR OIGHON SHD03/BR098 A WHOPBELRIeR%R and WO

04/005286 reportyilRitrsAEMSBBhe replicase, their specific roles are unknowr. The C-terminal

polyprotein cleavage product, NS5B, is the elongation subunit of the HCV replicase
- 15 possessing RNA-dependent RNA polymerase (RdRp) activity (Behrens, S.E.; Tomei,
L.; DeFrancesco, R.; 1996, EMBO J. 18: 12-22; and Lohmann, V.; Komer, F.: Herian,
U.; Bartenschiager, R.; 1997; 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 /.
20 Virol 74: 2046-2051).

The deveiopment of new and specific anti-HCV treatments is a hrigh 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 03/00794'5, WO 03/010140,
WO 03/026587, WO 03/101983 and WO 04/005286 report inhibitors of NS58
proposed for treatment of HCV.
30 A
Indole inhibitors of the NS5B poiymerase 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:

¢ unexpectedly good activity in a cell-based MCV RNA replication assay:

2



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 thely @28f§P8t6R%a st one of the following advantages: unexpectedly BOBEA05881A63 cell-based
HCV RNA replication assay; 2 W(r) 2006/007693 PCT/CA2005/00n103 improved drug metabolism
and pharmokinetics (DMP)q profile; or more drug-tike properties. Su Y 5 The disclosure provides a
novel series of compounds having good to very good inhibitory activity against HCV polymerase
and/or at least one of the following advantages: unexpectedly good activity in a call-based HCV RNA
replication assay; 10 improved drug metabolism and pharmokine tics (DMPK) profile; or more
drug-like. properties. Further objects of this disclosure arise for the one skilled in the art from the
following description il eikagnplaabdiisaniass mmﬁm&ﬁpwﬂ%@oaapouhd represented
by formula (g: Ram Enlg,g ggﬁgaé ON () 1 wherein: 20 either Aor Bis N and the other B or
A'is C, wherein - between two C-atom$ represents a double bond and - between a C-atom and a
-N-atom represents a single bond; R' is H or (C,$)alkyt;
SUMMARY

The disclosure provides a novel series of compounds having good to very
good inhibltory activity against HCV polymerase and/or at lsast one of the foliowing
advantages: '
» unexpeciedly good activity in & cell-based HCV RNA replication assay;
10 + improved drug metabolism and pharmokinetics (DMPK) profile; or
¢ more drug-iike properties. '

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

in a first aspect, there is provided a compound, represented by

formuta (1)
" Rﬂb
R\
A
RE—
R’/ :
wharein:

20 elher A or Bis N and the ofher B or A is C, wherein — between two C-atoms
represents a double bond and —- between 2 C-atom and 2 N-atom
represents a single bond; '

R'is H or (Cobalkyt:
R? is (Cre)aliyl, (Caelalkynyl, -C{=0)Cr.c)alkyl, aryl or Het: the aryl and Het being

25 optionaliy substituted with R*%: :
wherein R is one, two or three substituents each independently selected from
{Cre)aliyl, (Csr)cycioalkyl, Het, -CN, -NHa, -NH(C,.g)alkyl, -N((Crejalkyl),,
halo, -O-(Cseatkyl, -S-(Cislalkyl, -SO-(Cie)alicyl and -SO.~(Cr)aliyt;

wherein the (C.g)alkyl, "0‘(01.3)?@{. ~S-{Crg)alkyl, -SO-{C,5)alkyl and

30 - ~80{C,.galky! are each optionally substituted with one, two or three
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Rz is (C,.$)alkyl, (C,.)alkynyl, -C(=0)-(C,.s)alkyl, aryl or Net the aryl and Net being. 25 optionally
substituted wj X Jjn Rn is one, two or three substituents each independently selected from
(c,.G)alky|,¥(%gs1§?;‘§\/f§F§%yl, Net, -CN, -NH26 -NH(C,.e)alkyt, -N((Cl.e)alkerE,T’ﬁa%‘f“iﬁ’-"(]d?é)atiryi,
-S-(C,.e)alkyt, -SO-(C1.6)alkyt and -SOz-(C,4)alkyt; wherein the (C,$)alkyt, -O-(C,.B)atky],
-S-(Crs)alkyt, -SO-(C,d)alkyl and 30 SOZ-(C,.e)alkyt are each optionally substituted with one, two or
three 3 WO 2006/007693 PCT/CA2005/001103 halo substituents; R3 is (C5.6)cycloalkyl, optionally
substituted with from one to four halo substituents; RS5 is selected from H, (C,.6)alkyl, (C2-6)alkenyl,
(C2-6)alkynyl, (C3-7)cycloalkyl, (C3.7)cycloalkyl-(Cs)alkyl-, Het and Het-(C,-6)alkyl-; 5 wherein the
(C,_6)alkyl is optionally substituted with from one to three substituents each independently selected
from halo, cyano, (C,_6)alkoxy @Naubetitesalry|, -N((C,sjalkyl)2 and -NHSO2(C,.6)alkyl; and wherein
each of the Het &idst®; bjejdqeukion afitiaiyeiatSittladulnis-optinnralyrsaisisdeswiibnkC, .6)alkyl;
and 10 R6 is selegted f ‘g; !Q) y lo; 6 | R6 are linked sych, that the group of the
subformula R Refﬁﬁécj:scé%ﬁéﬁ!sfa grou b?sﬂgﬂgézﬁ%&g‘ﬂ@%%‘é . ?L?gc\yv%%arg%‘n is 0, 1 or 2; and
wherein Rb6 is selectedindSpeRakniriiativh. Hatanddigbii Wialteds, cyano, (C1-6)alkoxy,
(C._6)alkyl, (€2-6)alkenyhe(&iRi63atkynyik(GS i sinnkyBs(Rited wielaatibSie Balkyl-, Het and

Het-(C,.6)alkyl-; substituents each independently selected from halo, cyano, (Cy.¢)alkoxy,
' -NH(C1.g)alkyl, -N({C1.s)alkyl), and -NHSO{C,s)alky!; and wherein each of the
Het and the Het portion of the Het-(C,s)alkyl- is optionally substituted with |
{Cis)alkyl; and ‘
10 R®is selected from H, {C,.¢)alkyl and halo; or

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

is a group of formula

r
#

d O™y,
\Q/\//,{\COOH
R .
15 wherein n is 0, 1 or 2; and wherein R* is selected independently in each
- instance from M, halo, cyano, (Ce)alkoxy, (Cis)aliyl, (Ca.g)atkenyl,
(Cag)atkynyl, (Csz)cycloalkyl, (Cazjcycioalkyl-{Coe)alkyl-, Het and
Het-(Cy.g)alkyl-; _
wherein the (C,g)alkyl is optionally substituted with frorﬁ one to three
20 | substituents each independently selected from halo, cyano,
(Cirglalkoxy, -NH(Cg)alkyl, -N{{C,.g)alkyl), and -NHSOz(Cg)aikyE; and |
wherein each of the Het and the Het portion of the Het-(C1.¢)alkyl- is
_ optionally substituted with (C,s)alkyl;
R’ is selected from H, (C..c)alky!, (Cis)atkoxy, (Cr.g)alkylthio, -NH,, -NH(Cs)alkyl,
25 -N{{C.g)alkyl), and halo;
R® and R are each independently selected from (C..s)alkyl: or R® and R are
covalently bonded together to form (C,.7)cycloalkyi, (Cs.y)cycloalkenyl or a 4-,
5- or 6-membered heterocycle having from 1 to 3 heteroatoms each
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wherein the (C,-6)alkyl is optionally substituted with from one to three 20 substituents each

indepeqds psspstgsted from halo, cyano, (C,-6)alkoxy, -NH(C,.6)alkyl,. %@g@%
-NHSO2(C1.6)alkyl; and wherein each of the Het and the Het portion of the Het- yl- is

optionally substituted with (C, 6)alkyl; R' is selected from H, (C,.6)alkyl, (C,-6)alkoxy, (C,_6)alkylthio,
-NH2, -NH(C, )alkyl, 25 -N((C,_6)alkyl)2 and halo; R9 and R' are each independently selected from
(C,.s)alkyl; or R9 and RIO are covalently bonded together to form (C3-,)cycloalkyl, (C5a)cycloalkenyl
or a 4-, 5- or 6-membered heterocycle having from 1 to 3 heteroatoms each 4 WO 20061007693
PCT/ 1103 in tEY selected from O, N, and S; Wherein the oalicyl, cY 1 yl or heterocycle is optionally

substituted with (QW%%% Agr}gg.-membe_red cycle having 1 to 4 hate ms each
independently selected from Q, N an w |ch may be Saturated, unsaturated or aromatic, and which
is optionally fused R ssioni Wﬁ@mh@m aiiisastin eukptinsetbver bie 1t0 5
hate ms, each indefibr{@egidjksilected from 0 N and S, the hateropolycycle being saturated,

unsaturatedgketiiadiCs Wr@ny TR T Ao aE T er th reof, including a salt, ester or
derivative thereaf. [&a second aspectg-rrﬁe?e |sprOV|eac p0§n ﬁ%m R9 6Sylo R6
R2-~' H I ( PRty Relacind SraRe PAN) 0si S whish meydwnaamw iprGaturasedin - between
two C-atomriprasiis and sl éstupticralyifuse twas sasCone Birandaibls e igpgsents a single
bond; 14-membered heteropolycycie having wherever possible 1 to 5 heteroatoms, each

m;:endentiy selected from O, N end S, the hatempoiycyde baing saturated,

unsaturated or aromatic;

or an snantiomer, diasterscisomer or tautomer thereof, including 2 sa!t, aster ar
‘derivative thereof.

In a second aspect, there is provided a compound of formula {h:

R.!\ 0 Ri RT o §5‘
H
A N N o
R s mﬁﬁ
B .
Rz/ =4 COOH

wherein:
either A or B is N and the other B or A is C, wherein ~— batween two C-atoms
represents a double bond and —— between a C-atom and & N-atom represents a
single bond;
R‘ is M or {Csg)alkyt;
* is (Cogalkynyl, ~C(=OCrg)alkyl, aryl or Het the aryl and Het being
opﬁanauy substituted with R
wherein R* is one, two or three substituents each independently selected
from (Cuelalkyl, (Cardoveloalkyl, Het, -CN, -NHz, NH(C1e)aliovt,
-N{(Cs.e)alkyl)a, haia, -O-(C, gyalky!, -5-(Cig)alkyl, -SO-(C.0)alkyl and
S0 {Cre)alkyl;
wherein the (C)alkyl, -O~(Cr.g)alkyl, -S-(C1.e)alkyl, -SO-(Cr.c)alky!
and -30,+(Cyrg)alky! are each optionally substituted with one, two
or three halo substituents;
R® is (Css)cycioalkyl, optionally substituted with from one to four halo
substituents;
R is selected from H, (Cr.e)alkyl, (Coo)alkenyl, (Cas)alkynyl, (Car)eyeioalkyl, and
(Cereycloalkyi-(Cys)alkyl-;
wherein the (C..g)alkyl is optionally substituted with from one to three
substituents each independently salected from haio, cyano and



R'is.H or (C,-s)alkyt; R2 is (C2.g)alkyn 1, -C(=0)-(C,4)alkyl, aryl or Het; the aryl and Net being
optionally substituted with R2'; wherein R21 is one, two or thrée substituents each independently
selected from (C,.a)alkyl, (Ca.7)cycloalkyl, Hot, -CN, -NH2, -NH(C16)alkyl, -N((C,-a)atkyl)2, halo,
-0-(C,4)alkyl, -S-(C,.s)alkyl, -SO-(C,.a)alkyl and -S0a-(C,.a)alkyt; wherein the (C,.s)alkyi,
-O-(C,.e)alkyl, S-(C,.6)atkyl, -SO-(C,.e)alkyl and -SO2-(C,.6)alkyl are each optionally substituted W|th
one, two or three halo substituents; R' is (C5)cycloalkyl, optionally substituted with from one to four -
halo substituents; R6 is selected from H, (C1.a)alkyl, (C24alkenyl, (C2.s)aikynyl, (C3.7)cycloalkyi, and
(C~ 7)oycioalkyl-(C1 a)atkyl-; wherein the (C1.e)alkyl is optionally substituted with from one to three
substituents eack{%akﬁé’é‘?ﬂeﬁﬂﬁ selected from halo, cyano and 5 (C1.s)aikoxy; and R8 is selected
from H, (CR' d}aﬂaﬁ@ﬁdm%i@éﬁﬁm@éréﬁ%@d together with the atoms to which they are
attached tR¥arm R &re Gried/ togethbewdit thaimisselbctethbpard-Ef@hadatkyfhr(C 1. )alkoxy,
(C,.s)aikylthio, -N#i&,, sNbHCmnberkdNdg:1.s)alkyl)a and halo; R and R1 are each independently
selected frghé@é;@@ﬂgﬁl@m]—lﬁ'(angﬂ@a(eﬁmgmﬂy;bgnt@ﬁhﬁegaﬂ&gr to form (Cs7)cycloalkyt,
(C&.7)cycloalkenyhena, 4aiibi, cNfEnSaIRAIanasiai@cycle having from 1 to 3 heteroatoms each
independeptkgeiRMtaskiRrm ndipandeRiiydiseiad Resycioaimicre Rblkengibaketerocycle are each
optionally substitugge sty @W@gtﬁmqwmgﬂgaegﬂ@q@%wggw@@ heterocycle
having I't0 4 hetefoaioins sashdadanaRseriy s RRMRAERM & bl Radrsaiicadaay be
independently selected from Q, N, and §,
wherein the cycloalkyl, cycloalkenyl or heterocycle are each optionally
subsfituted with (C.)alkyl:
wherein Het s defined as g 3 to 7-membered heterocycle having 1 {0 4
heteroatoms each independently selected from O, N and 8, which may be
saturated, unsaturated or aromatic, and which is optionally fused to at least one
other cycie to form a 4= 1o 14-membered heteropolycycie having wherever
possible 1 10 5 heteroatoms. each independently selected from O, N and 8, the
heterapolyeycle being saturated, unsaturated or aromatic;
or an enantiomer, diasterecisomer of tautomer thereof, including a salt thereof,

Included within the scope of this disciosure are derivatives of compounds of the

formu%a {lyas desmibad hereinbefore, to which at least one of a “deteciable labe!”, an
afﬁn%ty tag” and a "photoreactive group” is Etnkeﬁ

The compounds according to this disciosure generally show an inhibitory activity
against HCV polymerase. n particular compounds according to this disclosure inhibit
RNA synthesis by the RNA dependent RNA polymerase of HCV, especially of the

enzyme NS5B encoded by HCV. Furthermore, compounds according to this d:sciosure
. show at least one of the following advantages:

¢ unexpeciedly pood activity in & celi-based HCV RNA repiication assay;
¢  improved drug metabolism and pharmokinetics (DMPK) profile; or
" more drug-fike properties.
A further advantage of compounds provided by this invention is theilr iow to very low or
even non-significant activity against othef polymerases. -

In a third aspect, there is provided a pharmaceutical composition comprising 2
therapeutically effective amount of a compound as defined above, or a pharmaceutically

acceptable salt or ester thereof, and a pharmaceutically acceptable carrier.
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saturated, unsaturated or aromatic, and which is optionally fused to at least one other cycle to form a
4- to 14-membered heteropolycycie having wherever possible 1 to 5 heteroatoms, each independently
selected from 0, N and S, the heteropolycycle being saturated, unsaturated or aromatic; or an
enantiomer, diastereolsomer or tautomer thereof, including a salt thereof. Included within the scope of
this disclosure are derivatives of compounds of the formula (1) as described re, to which at lesisit one
of a " ie label', an "affinlty.tag" and a ~photoreactive group' is linked. The compounds according to this
disclosure generally show an inhibitory activity against HCV poiymerase. In particular compounds

according toAhis disclosure inhibit, RNA synthesis by the RNA dependent RNA polymerase~ of HCV,
especially of t g%@é%rﬁnéeﬂ%%wedﬁéo%BHXBVW!%M?%WP@PJSH%UMS according to this

disclosure SEERTMRTERBHENBPRRL RV IRfastian sAmBdsing aresfiectivelBmmuad ofativity in a cell-based

HCV RNA-rekueion s sayuianily eveshdinggomsitoinobatibnnsh BiNaRabiriean IMRIN: piofile; or more

drug-like propgriessritidl %@Qt&%g o COmBRAYIS 5[ ided by this i n is their low to very low or
iited other polymerfki’ses. n%g% e

even non-significant activilly against | i aspect, there is provided a
pharmaceutical composition comprising a therapeutically effective amount of a compound as defined

above, or a HePFInEtR aNgCiic comatiinery e phtamtitershialashpadraimaceutically acceptable

carrier. 5a WWW%%%@%WM?%%%%%Bg@ﬁf%é%%%@%%@?'}t or prevention of '
0

HCV infection, comprising an effective amount of a compoun ormula (1) according to this
invention, or a pharmaceutically acceptLole salt or ester thereof, and a pharmaceutically acceptable
carrier. According to a specific embodiment, the pharmaceutical composition additionally comprises a
therapeutically effective amount of one or more antiviral 5b WO 2006/007693 PCT/CA2005/001103
agents, Examples of antiviral agents include, but are not limited to, ribavirin and
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amantadine. According to a further specific embodiment, the pharmaceutical composition 5
addition3¥1Q 2eHWPPiK8s at least one other anti-HCV agent as an antiviral ageriCAsEEHwingg to a more
specific embodiment, the pharmaceutical composition comprises an additional immunomodulatory
agent as an other anti-HCV to agent: Examples of additional immunomodulatory agents include but
are not limited to, inosirnie monophosphate inhibitors, a-, f-, b- 7-, i- and co-interferon, pegylated
interferons and conjugated interferon. According to another more specific embodiment, the
pharmaceutical composition 15 additionally comprises at least one other inhibitor of HCV polymerase
as an other anti-HCV agent. According to another more specific embodiment,. the pharmaceutical

composition ageiforE RS RF SAEVEISRBHENAIRRIDIK GHEIRY INREPI1BAMARSAR 20 Other

anti-HCV ageg}n Ag%%{gieng to yet another more specific embodiment, the pharmaceutical composition
additionally coerlses 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§argifohts icREde dieiCeRtaaRMa b hANREBaIIP som LY Site (IRES) and
agents that iniaden it hruac o bl il 4aiaets agluding Btigl imiled fp- an NSSA
protein. In"another embodiment, there is provided a use of a compound oOf formu 3 @ ,3Dora
pharmaceutically acceptable salt or ester thereof, as an HCV polymerise inhibitor. In still another
embodiment, there is provided a use of a compound of the formula (1), or a pharmaceutically

acceptable sal r, f. as ap Inhibi ependent. RNA polymerase activity of the
-enzyme 6 N w@é@gdé?ﬁgﬁ%%ﬁ%ﬁ%%‘ﬁﬁ?ﬁ%@&%@%’ﬁ gsrtl)nl}og compound of the
formula (1), orC8 PSR ACATHEARAA R RO LiR o eaas RS 85O RERAIRYor of HCV replication.

A fourth aspecigama\itiaminesnsr additiona etinshofsbiniting speiNAcisppardsehiterarsty e NS5B,
encoded by HixVinosine monophosphate inhibiors, a-, B-, & y-, - and a-interferons, pegyiated

interferons and conjugated interferons.

Accordihg to another more specific embodiment, the pharmaceutical composition-
. 16 additionally comprises at least one other inhibitor of HCV polymerase as
an other anti-HCV agent, '

- According to another more specific embodiment, the pharmaceuiical composition
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 phamaceutical composition

additionally comprises at least one inhibitor of another target in the

HCV life cycle as an other ant-HCV agent. Examples of such inhibiiors inciude, but
25  are not fimited to, agents that inhibit a target seiected from a helicase, a NS2/3

protease and an internal ribosome entry site (IRES) and agents that intsrfere with the

function of other viral targets including but not limited to.an NSSA protein.

in another em5odiment, there is provided a.use of a compound of formula (1),

3 oy pharmaceutically acceptabie salt or ester thereof, as an HCV polymerase inhibitor.

In still another embodiment, there is provided a use of a compound of the formula (),
or a pharmaceutically acceptable salt or esier thereof, as an inhibitor of RNA
dependent RNA polymerase activity of the enzyme
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comprising exposing the enzyme NSSB to an effective amount of a compound of lormule (I) under
conditions where the RNA-dependent RNA polymerase activity of the enzyme NS5B is inh . Included
in the scope of the disclosure is a method of inhibiting HCV replication, comprising exposing a cell i
with HCV.to an effective amount of a compound of formula (I) under itiona where replication of HCV is
inhibited. In a further embodiment, there is provided a method of treating or preventing HCV infection
ina mam%éom%i&' a%e{piste‘ring to the mammal an effective amount of a compound of formula
(1) , or a pharmaceutically ‘acceptable salt or ester thereof. Yet another embodiment provides a method
of treating or preventing HCV on in a mammal, comprising adrni ' ring to the mammal an effective

amount ofa,c f ( . a phar eyticall ble,salt ot ester thereaf, in
combinatié’r;g E,v%ﬁbgﬂe’;adgﬁ obrE% %At%@r gﬁ%ﬁ%gaggerrgt%gn g%fif% é\%%pﬁ §t8 ﬁ%ergé igyl Src?\?lr(%u %h@hs%fo?a
compoundPB8raEfREicabh Fecentabisiaitriesiac iigreicapanisiibiics oE el tramlisetidor the

preparation of a medicament for the treatment or prevention of HCV infection in a mammal. In a sixth
aspect, there is provided the use of a compound as defined above, or a pharmaceutically acceptable

salt or esteAr g f g&t & q@t@p-,@ %@%%H%?H . freat or vent HCV infection in a
mammal .in wit at%lséé;lst gne S%Qer antiv%rasf agent. 7 Ina se%éﬁ%?é%%%%:ﬁtﬁhere is provided the use of a

compouncPEBERERALENA solmsrass ckivity cEthr ansyine MREB easeted S¥iE¥ereof, in combination
with at leasbupeising exxmsing theagepinks NEGEtema sthvel ambaeichiesthirdiRpéor prevent HCV

infection |Mwh§% glmi%@%%%&{ & I%;wﬁ :; % u %a ompound of
formula (1), according is disﬁ’osure, or of a phar ac&é%%caﬁ% cCeptab egéa roé?ster thereof, for
the manuf 8 F#8PE 8 AABIERS: the treatiment and/or the prevention of a Flaviviridae viral
infection, preferably an HCV infection. In another embodiment, there is provided a use of a compound

of formula i Rieefir tihacapresuHsali AssaRtabiensak &F SSHgfibiting HCV replication,

campﬁsing axpasing a cell infected with HCV to an effective amourt of a compound of
formuia (1) under conditions where replication of HCV is inhibited.

In a further embodiment, there is provided a method of freating or

preventing HCV infection in a mammal, comprising administering to the mammal an
effective amount of a compound of formula (1), or a

pharmacautically accepiable salt or ester thersof.

Yet another embodiment provides a method of treating or preventi.ng HCV
infection in a mammal, comprising adrministering to the mammal an effective amount
of & compound of fonmuta (1), or a pharmaceutically acceptable satt or ester thereof, in
combination with at least one other antiviral agent.

In a fifth aspect, there is provided the use of a compound as defined above, or a
pharmaceutically acceptable salt or ester thereof, for the preparation of a medicament for

the treatment or prevention of HCV infection in a mammal.

in a sixth aspect, there is provided the use of a compound as defined above, or a
pharmaceutically acceptable sait or ester thereof, for the preparation of a medicament to
treat or prevent HCV infection in a mammal in with at least one other antiviral agent.



“thereof, in combination with at least one other antiviral agent, for the manufacture of a medicament for
the treatment and/or the prevention of a Fiaviviridae viral infection, 7a preferably an NOV Infection. In
an eighth aspect, there is provided an article of manufacture comprising a composition effective to
treat an HCV infection; and packaging material comprising a label which indicates that the
composition can be used to treat infection by the hepatitis C virus, wherein said composition
comprises a compound as defined above or a pharmaceutically acceptable salt or ester thereof. Yet
another embodiment provides an article of manufacture comprising a composition effective to treat an

HCV Infeclioa alrih B0 53 B8 s Ghel 1Y 3nd nAckAIng a!BUAlEamBLaIng,p Label which

indi the composition can be used to trast: infection by the hepaNs C virus, wherein said composition

compriBBETHGRHERN AACRTIRRIR TAloP R R NErRehidaIRPaTBRIAn evERI RO leaRb olife AREDET
DETAIkR{ife @ehtioreNpMinitianss Thaifeiowingodelsitians-analy HOessriRAvIse noted: As

used h(renr in, the term "(C,.")alkyyr, wherein n is an integer, either alone or in combination with another
radical, IS intended to mean acyclic straight or branched chain alkyl radicals containing t to n carbon
atoms respectively. Examples of such radicals include,’but are not limited to, methyl, ethyl, n-propyl,

1-meth§eRer (1861BRSHYN) RIS Fh &y BTS2 St gt CRMRIMAEH MR’ Butyt), n-
pentyl, gteorilrifecfaiiowingothestemiMedenctes dicattndogmalpie khdene@sanetyl group, Pr
denoteg a propyl nd Bu denotes, a butyl group. If an,alkyl group is, substituted by halo, it is
prefera%&%%ﬁ%ﬁ%%ﬁr?ﬁ&b@ﬁ?ﬁ%mﬁorf%%r‘c%egﬁ%gg8’5‘%%&%‘?5?8’3&}%%?0 %r bromo. As used
herein, TiRviddpgeikal infR@ions rrafesably andrViiEgéeneither alone orin combination with another

radical, is intended to mean an unsaturated, acyclic straight or branched chain radical containing two

to n caion RS AISAMINC ALINIEN piGRANd T Fac oSS RacLH U ROR fgmples of

such radicals include, but are not limited to, ethenyl (vinyl), 1-propenyl, 2-pro 1, 1 -Butanyt, etc..
VV|henp§§@%eutlcally acceptable salt or ester

thereof, in combination with at least one other antivirai agent, for the manufacture‘uf a
medicament for the reatment and/or the prevention of a Flaviviridae viral infection,
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alkenyl group is substituted, 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 '(Cz.,,)al
r, wherein n is an integer,.either alone or in combination with another radical, is Intended to mean an
unsaturategrefenabiiy strdtiiinfactsanched chain radical containing two ton carbon atoms, at West two
of which are 5 WO 2006/007693 PCT/CA2005/001103 bonded to each other by a triple bond.
Examples dt &ichFaHI2A89RkIthese burspuidrsl amasisiobmenyiatiye ppnybridingopwoypbsitisynyl,
2-butynyl, Effeetiayl-2-preayr, Hty. Mibeiba: (GR0balahgravRdasubsHisierdt s wadersingy to be
substituted. on_any c%ﬁélgc}ﬂeatogpn theljkeof Whicrﬂ}would otherwise bear a hydrogen atom, unless
specified ofharwise. As usSd PerenT the & "fc43edA K WHISHIAT BY dhsnbspatitisitkeraisne or in
combinatioweigiraadkheraRisiicMenerisey doaiylaatticas citai e irenvihieshipnacaiheniatoms.
Examples gksueisriichlsinclddedoit@are not limited to, cyclopropyl, 10 cyclobutyl, cyclopentyl,
cyclohexyl and cycloheptyl. As used herein, the term "(C5.n)cycloalkenyl”, wherein n is an integer,
either alone or in combination with another radical, means_an unsaturated cyclic radical containing

five to n cakhanAHmBs <FRRIRIES: IHeiides Rut AtRIBQF initeskiaury clepsnseryl and 15 cyclohexenyl.
As used herein the term (C3...,)cycloalkyl-(C,...)alkyl-", wherein.n.an re jntegers, either alone or

~in bombinaﬁoer?éﬁ%an%t er raﬁi%a)fﬁeﬁw?eaé{ﬂ%@biﬁﬁ% %ndba&fpﬂgﬁhﬁﬁggm%ﬁfving [ton

carbon atoffS YRRfhRAC:RENE sateyial saicwrising silahg! Mhind indisrestdhat berbomeasitien is covalently

bonded. Exainpieasei(c redl ayRigRIK Wy (he Raphtts DG/ vitviraie s konissklgs:cyclopropyimethyl,

lobutylmethyl, I [ L, - o)) , 2-cycl hyl, 1-
OGS R L EME AR S S e R

2-cyclohexylethyt, etc.. Unless specified otherwise, a 25 cycloalkyl-(C1.,)alkyl- group may be
substituted on either the cycloalkyl or the alkyl portion thereof, or both. As used herein, the term

"protecting graupdefinespratecting oroups that can be
Definitions '
The following definitions apply unless otherwise noted:

As used herein, the term “(Cip)alkyl”, wherein n is an integer, elther aione or in
combination with ancther radicéi. is intended o mean acyciic straight or branched

" chain alky! radicals containing 1 to n carbon atoms respectively. Exampies of such
radicais include, but are not limited to, methyl, ethyl, r~propyl, {-methyiethyl (iso-
propyl), A-butyl, 1-methyipropyl, 2-methyipropyl, 1,1-timethyiethy! (tart-butyl), -

. pentyl, etc.. in the foliowing, the term Me denoctes & methyl group; St denotes an ethy]
group, Pr denotes & propyl group and Bu denotes a butyl group,

If an alicyl group is substituted by halo, it is praferably mono-, di- or trisubstituted with
fluore or monesubstituied by chioro or bromo.

As used herein, the term *{Co)alkenyl”, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an unsaturated, acyciic siraight
or branched chain radical containing two to n carbon atoms, at ieast two of which are
bonded to each other by a doubie bond. Exampies of such radicals include, but are
not limited to, etheny! (vinyl}, 1-propenyl, 2-propenyl, 1-butenyl, etc.. When a (C..,.)
alkeny! group is subéﬁmm, it is understood to be substituted on any carbon atom
thereof which would otherwise bsar 2 hydrogen atom, uniess specified otherwise.

As used herein, the term “(Co)alkynyl”, wherein n is an integer, either alone or in
combination with another radical, is intended 1o mean an unsaturated, acyciic straight

ar branched chain radical containing two to n carbon atoms, at least two of which are
- &



used during synthetic transformation, examples of which are listed in Greene, 30 "Protective Groups in
Organic Chemist&y“ J7ohn Wiley & Sons, New York (1981) and "The Peptides: Analxsis S&/nthesis,
Biology", VgY.Os?G ?:’g?je?ﬁ'ﬁc Press, New York (1981). As used herein, the teﬁ(ﬁ"ﬂ!g&ﬁo gfﬂ%? Hlone orin

combination with another radical 35 means a carbocyclic aromatic monocyclic group containing 6
carbon atoms which 9 WO 2006/007693 PCT/CA2005/001103 may be further fused to a second 5- or
6-membered carbocyclic group which may be aromatic, saturated or unsaturated. Aryl includes, but is
not limited to, phenyl, indanyl, ‘1-naphthyl and 2-naphthyl. 5 As used herein, the term
"aryl-(C1_")alkyl-" means an alkyl radical containing from 1 to n carbon atoms, wherein n is an integer,

to which an ary! sesidug s handgdl, Gxamplesaf@kimbisialklidnclddaiinbiase, met Braitpgl to, benzyl
(phenylmethyl), 1-phenylethyl, 2-phenylethyl and phenylpropyl. Unless s emfgq _threrW|s , an
aryl-(C1-")alkyl- Jrofs a?t?)‘@“%’ué)é‘ff W’o%’@fﬂ?&ﬁ’fﬁe ﬁgwg%ﬂ‘?ébﬂ?%gﬁ?&ﬁ HERGEY 1Y or both. As
used herein, the etsmiVhiet adEinkesikyay wolmiembstiidate it ipopdristendrig deteLbstistedemtoms each

independently selactedfspraOmhanshQvindn clopythersdie! Rlgts HyarsihaieshonAeamatic, and which
is optionally fused to%%%eé% t one other cycle to 15 form a 7- to 14-membered heteropolycycle having
05 he

wherever poésibl%‘)_eLC ee'?%‘?fc)ms, each independently selected from O, N and S, the

heteropolycycle being saturated, unsaturated or aromatic, unless specified otherwise. When a Het
group is substitutes uigmayrbia IHbsEIMaT gicaEytiyboRhaiem pishateiea@neithere@nsviieh would
otherwise bear a hydro, t e ifig V). [ Sahich aay be bonded to
carbon atoms or fgﬁqéi{e%%%ﬁﬁg%ﬁé}%ﬁiz%ﬁ%iiﬁga%\%gr%gg (% !gﬂeén%%ghé%sﬂ%gﬁe@ompounds, such as
are recognized by B2 SlaMsd Framplge o R ERP KR IRCHAS (St R BE IMita8 A FE9ORBBHS an alkyl
radical contamingfebulytosy2ipetarboyratans amherelnrepgyan integer, to which an Het residue is

bonded. Unless specified otherwise, an Het-(C1.,,)alkyl- group may be substituted on either the Het or
As used herein, the term “(Cs..)cycloatkenyl”, wherein n is an integer, either alone or
in combination with another radical, means an unsaturated cyclic radical containing
five to n carbon atoms. Exampies include, but are not limited to, cyclopentenyl and
15 cyclohexenyl.

As used herein the term *(Caynjcycloalkyl-(Cqn)alkyl-", wherein n and m are iniegers,
either alone or in combination with another radical, means a branched of straight
chain alkyl radical having 1 to n carbon atoms to which a cycloalkyl radical containing

20 from three o m carbon atoms is covaiently bonded. Examples of (Cy7)oycloaliyi-
(C,.s)alkyl- include, but are not limited to, cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, cyclohexylmethyl, 1-cyclopropylethyl, 2-cyclopropylethyt, 1-
cyciobutylethyl, 2-cyclobutylethyl, 1-Cyclopentylethyk, 2-cyclopentylethyi, 1-
cyclohexylethyl, 2-cyclohexylethyl, etc.. Unless specified otherwise, a

25  cycloalkyl-(Cy.,)alkyi- group may be substituted on either the cycloalkyt or the alky!
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 “aryl” either alone or in combination with another radical

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



the alkyl portion thereof, or both. As used herein the term "heteroatom"” means 0, s or N. 30 As used
herein, the y cle", either alone or in combination with another radical, means a
monovalenﬁ?}(ﬂgal de%%d by removal of a hydrogen from a three- to seve%-%lgr‘?}%oeo%%”slg?urated or
unsaturated (including aromatic) heterocycle containing from one to four heteroatoms each
independently selected from nitrogen, 10 WO 2006/007693 PCT/CA2005/001103 oxygen and sulfur.
Examples of such heterocycles include, but are not limited to, azetidine, pyrrolidine, tetrahydrofuran,
thiazolidine, pyrrole, thiophene, hydantoin, diazepine, 1 H-imidazole, isoxazole, thiazole, tetrazole,
piperidine, piperazine, homopiperidine, homopiperazine, 1,4-dioxane, 4-morpholine, 4-thiomorpholine,
> byridine. pynding AR A RMIHUR. 81N IPIOWINGARSTOREERIH, did WM e R0 BLor NN As
used herein, the term "heteropolycycle" either alone or in combina IOA With! ahother rao'ﬁ%aﬁ means a
heterocycle as d8fRBEAFSHR HRLY (Y erursiemh A dikds et net Emitet iepbepddmsieary other
cycle. Examples thspictnhetet dpalpbygles include, but are not limited to, indole, benzimidazole,
thiazolo[4,5-b[-pyridine, quinoline, isoquinoline, or coumarin, or the following: O - OCN/>\O1/1S
CO,or'. 15 As used herein, the term "halo” means a halogen substituent and includes fluoro, chloro,
bromo and iddo. Sslﬁgg Her AT A "Srmplidhs PRSI §0168! SERAREIPEISVA 1B one
skilled in the art thagtppdratepisynsigreimais oo stestituied hshfanctivimabigielp 2odedlivalents. Examples
of such functionakgregRreativalents)thael-aneicantsiRRIatRE: Mkl INEIP hinGiARuRE are not
limited to, ethers’i—spl‘rqgl%ge%lﬁi ?—%ﬂ&@@tﬁw and phenylpropyl. Unless specified otherwise, an

aryl-{(Cs..)alkyl- group may be substituted on either the aryi or the alky! portion thereof,

10 or both.

As used herein, the term "Het" defines a 4- to 7-membered heterocycle having 1 to 4
heteroatoms 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

15 forma 7- to 14-membered heteropolycycle having wherever possible 1 to 5
heteroatoms, each indelpendentty selected from O, N and S, the heteropolycycle
being saturated, unsaturated or aromatic, uniess 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-(C..,)alkyl-” means an alkyl radical containing from 1 to

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

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

30
As used herein, the term "heterocycie"”, either alone or in combination with another
radical, means a monovalent radical derived by removal of a hydrogen from a three-
o seven—memberéd saturated or unsaturated (including aromatic) heterocycie

containing from one to four heteroatormns each independently selected from nitrogen,

10



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 sub&ﬂﬁé?&f’ﬂgﬂﬁ?ﬂ/ other appropriate oxidation state such as SOR, SEPRAMHEYII3As used
herein, the term "-O-(C,-,)alkyl" or "(C,_" )alkoxy", used interchangeably, refers 11 WO 2006/007693
PCT/CA2005/001103 to an oxygen atom further bonded to an alkyl radical containing from 1 to n
carbon atoms. Examples of (C,.6)alkoxy include, but are not limited to, methoxy (CH30O-), ethoxy
(CH3CH20-), propoxy (CH3CH2CH20-), 1-methylethoxy (isopropoxy; (CH3)2CHO-), 1, 1
-dimethylethoxy (tert-butoxy; (CH3)3CO-), etc.. When an O-(C,.,)alkyl 5 radical is substituted, it is
understood to be substituted on the (C,_$)alkyl portion thereof. As used herein, the term
"-S-(C,.,,)alkyl" orox@en'Jadksithio' Fxmepldntel shengeabiyycrefensitaia Sulfae alemiedner, bonded to an

alkyl radical CO”@E&E&J&‘?B}M%iﬂ&%ﬁ@%&@f%&i%ﬂ%@éﬁéﬁ%ﬁ%@ @gﬁgg%e%mﬁgfh%tﬁtﬂg

limited to, methylthio (CH3S-), ethylthio (CH3CH2S-), propylthio (CH3CH2CH _
(isopropylthio; (dﬁ%éf@ﬁé—%f?%ﬁ?n%t ORSRSJRNIBEsIE: ﬁﬁﬁﬁﬂ'&; REEFSI8E IPeERE When an -S-(C,_"
)alkyl radical, an TS@o@@peridine hemiperpaine.S@d{axanatkyheashobdarée tisabstipmsteeach is

understood t@ be gpHasiE LR Ao iR kEe dadiniar BRI eQfowlyAsiEgRIdgrein, the term "COOH"
refers to a carboxylic acid graup. Itis well known to one skilled in the art that carboxylic acid groups

may be substituted by func%bal group equivalgnts. Exagﬁbles of sgch functionﬁl group equivalents
is

that are contemplated by t Agﬁ/e ION-nGIuge, tarwned'to, sters,@ml es, imides, 20
boronic acids, phosphonic acids, sulfghic aci trazolgestfiazol -agylsulfargides

(RCONHSO2NR?2), and N-acylsulfonamides (RCONHSOZR). When protected, as during a synthetic
transformation, for example, a carboxyl group is usually protected as an ester that can be cleaved to
give the carboxylissacdd B6rEinptbetiagnyteips thytgas’ atusetbnc bide combrrginovimiastie: 1) alkyl

esters SU_Ch radical, means a heterocycle as defined above fused to one or more other cycle, ba it
10 a heterocycle or any other cycle. Examples of such heteropolycycies include, but are
not limited to, indole, benzimidazole, thiazolo[4,5-b}-pyridine, quinoline, isoquinoling,
or coumnarin, or the following:

CH e CD O T

15  As used herein, the term *halc” means a haiogen substituent and inciudes fiuoro,
chiore, bromo and iodo.

As used herein, the term "OH" refers to a hydroxy! group. It is well known to oné
skilied in the art that hydroxyt groups may be substituted by functional group

20 equivalents. Exampies 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 sulfhydry! 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
SO4R.

As used herein, the term “-0-(C,..)alkyl” or “(Cy.n)alkoxy”, used.interchangeably, refers

11



as methyl, ethyl, trimethylsilylethyl and tent-butyl, 2) aralkyl esters such as benzyl and substituted
benzyl, or an be cleaved by mild base treatment or mild reductive means such as
trichioroetfﬁ%ﬁﬁ%@%ﬂ esters. 30 As used herein, the term "functional 5?&5%%&%(?3%% 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 WO 2006/007693 PCT/CA2005/001103 the rest of
the molecule as defined. As used herein, the term "derivative thereof means a compound to which at

least one of a detectable label, an affinity t nd a toreactive group js linked. 5 As used herein,
the term "detectg%ﬁlan I%%éﬁnmag%?s%a%f rg%ﬁ%gfﬁgtarﬂe@%er ?fﬁﬁ@clac ?(5'%@”@ rI?/Wui(rté’%C@F%“a compound
of the present inFEEFERER BRI Reddiiexe difpdamtisraswidated Withethopo(@indiase target, such
label allows recoghitigr@Hits Aikg gihspoxyindineCHRYIH D9, compayiethsrehstbiosan be detected,
measured and quantified~10 m@!@ yF:! - aredntended to include, but are not limited to,
fluorescent Iabe@%kﬁﬁi’hﬁﬁ%cent %%%?s%c%é%ﬁr@e%@@g%%?g& ZZ%&%%% ne@s@h’&?gg(l:tive

isotopes andaffifAtlFEh Fs>uhEiuedil ihesiseriagn Bg s BetiEirdrioltd ComifrlipRIte to the

polymerase by wis#irkefown methods. 15 As used herein, the term "affinity tag" means a ligand (that
may be linked to the polymerase or to a compound of the present invention) whose strong affinity for a
receptor can be I%sed t% extract from a solution the enti‘ééto which the ligand is attached. Examples of

such ligands incll3ES B PER W SIS FRTR I B Biofliodr & Germalivine it PREmane i peptide, a
polyarginine, an &fg{de& sutar aieviciytbedgaddéfined elitopeitatogmisibipftymat speciticantibody.
Such affinitydags@HsARAAERSIOrTS, SARPAKNARIGS Hie NRIMBIGHIRSR Y, HelhRGEMERoaS. AS
e e e AR TR P D A R
{CH3),CHS-), 1,1-dimethylethylthio (ferf-butylthio; (CH3),CS-), etc.. When an
-5-(Cs.njalkyl radical, an -S0-(Cy.yalkyi radical or an -SO.-(C..)alkyl radical are
substituted, each is understood to be substituted on the (Cy..)alkyl portion thereof.
15 |
As used herein, the term “COOH" refers to a carboxylic acid group. 1t is well known to
one skilled in the art that carboxylic acid groups may be substituted by functional
group equivalents, Examples of such functional group equivaients 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-acyisulfamides

{(RCONHSO:NR;), and N-acylsulfonamides (RCONHSO,R).

When protected, as during a synthetic transformation, for éxampte, a carbbxyi 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) alky! esters such
as methyl, ethyl, trimethyisilylethyl and fert-butyl, 2) aralky! esters such as benzyl and
substituted benzyl, or 3) esters that can be cleaved by mild base treatment or miid
reductive means such as trichloroethyl and phenacyl esters.

3¢ As used herein, the term “functional group equivalent” is intended to mean an element
or group or a substituted derivative thereof, that is replaceabie 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



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 2P Bhse addition salt of a compound according to the FivEtHI0YPAI bl a
pharmaceutically acceptable salt thereof. 30 The term "pharmaceutically acceptable salt" means a
salt of a compound of formula (I) 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 WO 2006/007693

PCT/CA2005/00}]03. (N Hdes hbannacqutically-acceptable acid addition salts and pharmaceutically-
acceptable base addition salts. Examples of suitable salts are found in, e.g., S.M. Birge et al., J.

Pharm. Sci., 1977, 66, pp. 1-19. 5 The term "pharmaceutically-acceptable acid addition salt" means
those salts whichAsatsed tieeehiologieaheietativedberant peaperticsropthediteavhiabas Iaagl wisich are

not biologically ogsQiiagfviss s RARS bien R RedNEt netsRaackis s -himgdydrochloric acid,
hydrobromic acid, sulfuric acid, sulfamic acid, nitric acid, phosphoric acid, and the like, and organic

acids such as acetic acid, trifluoroacetic acid, adipic 10 acid, ascorbic acid, aspartic acid,
benzenesulfonic Agidsesthersio dbritepntidfteatalie ERepRMIERany eanpiielstaobrtinked Bifieamic

acid, citric acid, diglyerricasido £ttarsudaie asidsghitaveirtiasiduglyraliwagidngbmapophosphoric
acid, hemisulfic acid, h i id, formi ' I i foni i
(sethiontc acic), BT LB URASIC caRE At T e et N R S i 2y
mesitylenesulfon i&f-@d,ﬁﬁﬂéﬂéh%%mﬁ’ﬁi@ﬁ(%‘?mt&ﬁhﬁw%ﬂ@r‘?@s‘?ﬁ%ﬁi%damﬁ?sm%tﬂﬁ@ gqgtified.
2-naphthalen_esgImmm@@bf@mhq‘labﬁk“moier@eiﬁi tqaiac_timie,@ithrqqmmgdﬁc, ach_iesce_nt N
3-phenylpropionic ggid, BYAG A RHARBRIE 6itk MEHYICAG o RARHIC ASIdSIakE AL succinic
acid, sulfanilic acid, tartaric acid, p-toluenesulfonic. acid, undecanoic acid, and the like. 20

isofopes and affinity tags such as biotin. Such labels are attached to the compound or

to the polymerase by well known methods.

15  As used herein, the term “affinity tag” means a ligand (that may be linked to the
 polymerase or to a compound of the present invention) whose strong affinity for a
* receptor can be used to exiract from a solution the entity to which the ligand is
attached. Exampies 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 anfibody. Such affinity tags are attached
to the compound or {o 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 10 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, benzophencnes, azides, and the like.

The term “salt thereof” means any acid and/or base addition salt of a compound
according to the invention, breferably a pharmaceutically acceptable salt thereof.

30 | .
The term “pharmaceuticaily acceptable salt” means a salt of a compound of formula
(1Y 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, generaliy

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



The term "pharmaceutically-acceptable base addition salt" means those salts which retain the

biological eflestushsssand properties of the free acids and which are not 9%@%& lg)d'%%gerwise

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, and 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 naturally occurring 30 substituted amines, cyclic amines and
3@8;:: ilon-exchangﬁatlr@&nﬁwaw@be@caln@lébdamm Q&r;a%m&afn%mtstlamhx}ﬁm&at;&hwlamine,

iethylamine, triethylamine, _isoprapylamine, tripropylamine, tributylamine. ethanola : ‘
diethanolamine, 59%% {%;[ﬁy g%r%%%@%ﬁn%ﬁ%—éf&%ﬁy aé/%?ngg‘%ﬁé!r?osl,ay cﬁc@rglo ué')é/l %’rﬁiﬂg,%ggine, arginine,
histidine, caffein@gpdtedarhiRBathodfie, 96taiAg, RRhjtéRediamine, glucosamine, 35 methylglucamine,
theobromine, purines, piperazine, piperidine, N-ethylpiperidine, 14 WO 2006/007693

PCTICA2005/00}03, IRUAREIARIANLALEANEIS I Y ARIONI. Sammpars. pyridine.

N,N- dimethylaniline, N-methylpiperidiné, N-methylmorpholine, %clohexylamlne,. dibenzylamine,
N,N-dibenzylphefiay BefintosicaifiasiMinrss\eTe PimRERRA Sy R e RarRENSoN YRR Ains, and
the like, Particulariyiquiefdipredotirgavise im@siche Dasesdrétisopropyaacide sdibthylamine,

ethanolamine, tripaiyiaRinsidigiahexiamine, lingirdicRle NS Thederm "seteptbeseof

means any ester of a compound in which any of the carboxyl. functions of the molecule. is replaced by
2 alkoxycarbon FIoRALE Ik TR PERATBACRS AHTLAN NS AR I HCIRR SLE BB BE ors thereot
The term "pHarmacidLrizedihiaacidpesirtisstcit. petrene hidienic atitdraiznie anidnbelyritoigtion with
another substitueimpiAbS &8 eEmphiieusanbasnd e daid ificubighdricahibacearboxyl
AR L e e S R T S e T g
acid, hexanoic acid, formic acid, fumaric acid, 2-hydroxyethanesulfonic acid
(isethionic acid), lactic acid, hydroxymaleic acid, maiic acid, malonic acid, mandelic
15 acid, mesitylenesulfonic acid, methanesuifonic acid, naphthalenesulfonic acid,
nicotinic acid, 2-naphthalenesulfonic acid, oxalic acid, pameolc acid, pectinic acid,
phenylacetic acid, 3—phenyipropionic acid, pivalic acid, propionic acid, pyruvic acid,
salicylic acid, stearic acid, succinic acid, sulfanific acid, tartaric acid, p-tcluenesulfonic
acid, undecanoic acid, and the like. |
20 .
The term "pharmaceutically-acceptable base addition salt” means these 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. Salis derived from pharmaceuticaliy-acceptable
organic nontoxic bases include salts of primary, secondary, and tertiary amines,
guaternary amine compounds, substituted amines including naturally occurring
30  substituied amines, cyclic amines and basic ion-exchange resins, such as
methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine, triethylamine,
isopropylamine, tripropylamine, tributylamine, ethanolamine, diethanolamine, 2-
dirﬁethylaminoethano!, 2-diethylaminoethanol, dicyclohexyiamine, lysine, arginine,
histidine, caffeine, hydrabamine, choline, betaine, ethylenediamine, glucosamine,

35  methylgiucamine, theobromine, purines, piperazing, piperidine, N-ethylpiperidine,
14



OR in which the R moiety of the ester is selected from alkyl (e.g. methyl, ethyl, n-propyl, tent-butyl,
n-butyl); alkox aIkyI éﬂ ethoxymethyl); alkoxyacyl (e.g. acetoxymethyl); aralkyl (e.g. benzyl);
aryloxyalkylvf depasu é&/methyl) aryl (e.g. phenyl), optionally 20 substitutdd-W/HHARSEEAIC, 4)alkyl
or (C,4)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 (I). 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,_16)alkyl ester,

an unsubstituted BEFRRREBERIPHERUBLFHPEURSE SAbERHReN b ICRStRNBIRIBGEINGNN)alky ],
(C1.6)alkoxy, n|trd:methytb:mmnﬁthﬁttﬁ@ﬁbﬁeamlamnmcﬂgaﬁﬁ @ siidpedhareammeans an agent

(compound or biclagiallaiat I TamExe HBhl Iom iR malign AL IRication of a virus in a
mammal. This 15 WO 2006/007693 PCT/CA2005/001103 inclu es agents that interfere with either

host or viral mecHaRTERYECHYIEELAMIG. RRlYIIRBIRINSnNE P Meat SH’B‘I'Iﬁrl)‘lﬂfgfﬁﬁrﬁdrﬁml Such
agents include butenieximbaiasies tepranpilaninatidleOyiagent etmhtiMmiebitonstiyikbAkeinhibitor and

an HBV inhibitor sytivkalasents arne. Jidt @t limited to, ribavirin, amantadine, 5 Levovirin, and
Viramidine. The term "other anti-HCV agent" as used herein means those agents that are effective for
diminishing or preventing the progression of hepatitis C related symptoms of disease. Such agents
can be selected froMi timestiehibrIartoneanfery SeiibHE SADPOUADY WS protebite, atiberyhhibitors

of HCV polymerasenaionbisitessraieasimineretrign! by tedkex dimerglauiherara dmgsnemodulatory
agent" as us&ﬂ hqi;.gmmggﬁgrm&%%t%%ﬁptasc‘(:%%p‘ngig sqers% QQAlecals) that are effective to enhance

or potentiate the immune System

The term “pharmaceutically acceptable ester” as used herein, either alone or in
combination with. another substituent, means esters of the compound of formula (1) in
which any of the carboxyl functions of the molecule, but preferably the carboxy
15 terminus, is replaced by an alkoxycarbonyl function:
0

Ao,

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

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

20  substituted with halogen, {Ci)alkyl or (C,)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 formuta (1), 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 8 carbon atoms. Any
aryl moiety present in such esters advantageously comprises a phenyi group. in
particular the esters may be a (Ci.1s)alky! ester, an unsubstituted benzy! ester or a
benzy! ester substituted with at least one halogen, (Cy.g)alkyl, (C1.¢)alkoxy, nitro or
trifiuoromethyl. '

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 2 mammal. This

15



15 response in a mammal. Immunomodulatory agents include, but are not limited to, inosine

monophospRfedahigigrs (such as VX-497 (merimepodib, Vertex Pharmacl;%qy 25%}?5/%?2&'

interferons (such as a-, (3-, 3- and to interferons, z- interferons, consensus interferons an
asialo-interferons), class Il 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, WQ.00/09543. .\ WO.00/59929, WO 02/060926, US
2002/0177725, W ’5@%8@%23%@05’%5‘6@'5 _?‘%\‘76“85.5‘86&%1%‘," eSS WA 064456, WO
03/099316, WO (7982 vansianrepicatiorsoieroruy/ @ 20021easisS7chwarais0nrbRREES A oot
2004/039833, WEn3R2A04KMRAIMMOARMOZA 243, iNMBIt3NCH DRI TARIINORQAA/AR4452, WO
2004/101602, W%QM%Q&;%@\%%%&H&%%?Q S %99%%33&51&“9 Bachringer Ingelheim

LN 206 the I crenr{if?edaas

clinical candidate identified as BILN 2061 and ertex candidate I -950. 16 WO
2006/007693°PCHRENXBBER0 1A% Ke term “inhibitor of HCV polymerise” as used herein means an
agent (compound or biological) that is effective to inhibit the function of an HCV polymerise in a

mammal. This inelud@smbirs: aatliwite %r@d%@ﬁ'ﬁ@%ﬁ%%%@&ﬁ&%@mg%&s of HCV NSSB
polymerase. Exagg)les of m%bltq/%s_l of HCV polymerase include but are not 5 limited to those
i

compounds deschbed 1. WS BBRASE" ‘Wgeﬁ 6078 PEOIREF I B 6 R AW REISE SHTR O
2004/064925, WOS 26681865367 209t San pplrsigiciad THio6EBaGohemiminyogaratcohibitoeference (all

by Boehringes Ingelheimisd/s1013065/6kePRRitkasdahel WHmaadls 1iididRBMn e 03/101993
(Neogenesis), Wt rOﬁ%/igiggg%ﬁ%Sc)vj}?lo 03/000254 (Japan Tobacco), and WO 01/47883 (Japan 10

Tobacco), and the clinical candidates’JTK-003 (Japan Tobacco), HCV 796 (ViroPharma/Wyeth),
R-1626 (Roche) and NM 283 (Idenix/Novartis). '

The term “immunomodulatory agent” as used herein means those agents (compounds
or biologicals) that are effective to enhance or potentiate the immune systermn

15 response in a mammal. Immunomodulatory agents include, but are not limited to,
inosine monophosphate inhibitors (such as VX-487 (merimepodib, Vertex
Pharmaceuticals)), class | interferons {such as a-, -, 8- and w interferons, -
interferons, consensus interferons and asialo-interferons), class il 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/G7734, WO 00/08558, WO 00/09543,
WO 00/59929, WO 02/060826, US 2002/0177725, WO 03/053349, WO 03/082265,
WO (3/064416, 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 2004/043338, WO 2004/072243, WO 2004/083788, WO 2004/094452, WO
20047101602, WO 2004/101605, WO 2004/103998, WO 2004/1 13365, the Boehringer.
ingelheim clinical candidate identified as BILN 2061 and the Veriex candidate
identified as VX-950. '
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The term "inhibitor of another target in the HCV life cycle" as used herein means an agent (compound
or biological) that is effective to inhibit the formation and/or 15 replication of HCV in a mammal other
than by inhi ﬁ’r@?ﬂg%ﬁ%tion of the HCV NS3 protease. This includes ageﬁgT{ﬁa"’llH%?Péﬁg%Nith either
host or HCV viral mechanisms necessary for the formation and/or replication of HCV in a mammal.
Inhibitors of 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 NSSA
protein. The term "HIV inhibitor" as used herein means an agent (compound or biological) that is

effective to inhibitthe nati ng/ icati f HIV in a mammal. This 25 includes agents that
R BRI A g RN Y

interfere with either host or viral mechani mys necessary ?8 _
mammal. HIV inHiiftesCaiciirids liediee fotnikiliee fnpiri s B Slinh RAtRE AShImaEsYIER inhibitors,
protease inhibitorshifusitiadés hbutey sanichiniegrasminbdiianise30d heclessd-inbinhihitoitas used

herein means an QR LAARRALIL L RIRAUIGRILINAL b HERF NG 0.l Bnalapand/or

replication of HAV in a mammal. This includes agents that interfere with e ost or viral

mechanisms heclOUSH [hDsE CRIARRTS SRFNSE BicAARAH4RS, YK RIRRIE WAV inhibitors
include, but are nE¥/aiRIEE WOHSHHiS 7, W COBHOEH0RS NIDI@DBIVBEAEN (BIAXISSpithitine),

VAQTA() 35 (Meriga86sANaImASANRRIS BASRHENLTAVE) ROORNOZ0R3HGTHICARI05/001103

inibi th formatey A AR R T EER o Mo D CE S UL N A E R ere with
either host or viradfAdEHRZASHTS( RS sYER\ORIPEARSS fdapalidniakdidrarpWatinadbéisVapan mammal.
HBV inlhibit?ﬂs inq*gs@pagﬁat_ﬁitﬁluatcniﬂiami&éﬂ‘BMa«éir@hﬂNﬁo@QMmz%ﬁcbyWowgmeS- Sdpicifi_c
v, Entcca e (RIS AR B AZES RARNREEAS): aviass (amrach, Lat
(Telbivudine), monoval-LdC (Valtorcitabine), ACH-126,443 (L-Fd4C) (Achillion),
The term “inhibitor of another targst in the HCV iife cycle” as used herein means an
agent (cdmpound or biological) that is effective to inhibit the formation and/or
15 replication of HCV in a mammal other than by inhibiting the function of the HCV NS3
protease. This includes agents that interfere with either Host or HCV viral mechanisms
necessary for the formation and/or replication of HCV in a mammal. inhibitors of |
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 fo an NSBA protein.

The term "HIV inhibitor” as used herein means an agent {compound or biological) that
is effective to inhibit the formation and/or replicationr 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
fimited to, nucleoside inhibitors, non-nucieoside 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).
17



10 MCC478 (Eli Lilly), Racivir (RCV), Fluoro-L and D nucleosides, Robustaflavone, ICN 2001-3 (ICN),
Barn 205 (Npyelgn)ogsdds 001 (XTL), Imino-Sugars (Nonyl-DNJ) (Synergy) d)a%%ggﬁ) %%9
Iépen), (':]ll m

immunomodulator products such as: interferon alpha 2b, HE2000 (Hollis- eradig
(Epimmune), EHT899 (Enzo Biochem), Thymosin alpha-1 (Zadaxin(r)), HBV DNA vaccine
(PowderJect), HBV DNA vaccine (Jefferon 15 Center), HBV antigen (OraGen), BayHep B(r) (Bayer),
Nabi-HB(r) (Nabi) and Anti- hepatitis B (Cangene); and HBV vaccine products such as the following:-
Engerix B, Recombivax HB, GenHevac B, Hepacare, Bio-Hep B, TwinRix, Comvax, Hexavac. The
term "class | interferon" as used herein means an interferon selected from a 20 group of interferons
that all bind to receptor type 1. This includes both naturally and synthetically produced class |
interferons. Examples of class | interferons include, but are not limited to, a-, G3-, b-, w-interferons,
T-interferons, con$@risiis ihRYrérohionsialesen terironsanschp egglitad fmes dhe téabg®S T he term

"class Il interferofizas dFgetibeteimmsans AaiRHeINT LA drPoR eV LR niliter ferans that all
are not limited tq, y-interferons.

bind to receptorty < EX s, of class Il interferons include, bu

As discussed abé@%ﬁ:%rﬁ%@%ﬁnawgreggﬁg éE)r?{%r%rgfg%arﬁﬁ%iaﬁcb%md?ﬁ?ﬁséﬁ%@fdpﬁ]uIa (), ora
pharmaceutically aEeaiaBrees faplieaier aidiBYfinia anmmalnkiidtedibints indedstagaatatiditional agent
selected from: ariravtiiviiBiagenDRA pommeesoshHEeRLagReE BRdaRIRERMYIEGYHESS protease,

another inhibitor erase, an inhibjtor, of anothey target in t CV life cycle, an HIV
inhibitor, an HAVR{'P] %\l{[so?%'%gé an ﬁg{? f?} qtﬁg?%&al'rﬁrﬁ%g&é %@c%vggjm%dﬁf%\(}@mﬂ%e 18 WO
2006/007693 PCFNSA2005750 1208 as8TinMORD §e¥@nLabidé! Sireitingtpiamassdrampuips ¢f such
agents are listed (hetaidimeivig aaents [moiirerRI ATBNEE B NitRmPddaiRY agents: inosine

oo e ESAR PRR E0E R e I Sl e S e
nucleoside or norIctddstle Ram Rﬁél}ioveios), XTL-001 (XTL), Iminc-Sugars (Nonyl-DN.J)
(_Synergy), HepBzyme; and immunomodulator products such as: interferon aipha 2b,
HE2000 (Hoilis»Eden), Theradigm (Epimmune), EHT899 (Enzo Biochem), Thymosin
alpha-1 (Zadaxin®), HBV DNA vaccine (PowderJect), HBV DNA vaccine (Jefferon
15 Center), HBV antigen (OraGen), BayHep B® (Bayer), Nabi-HB® {Nabi and Anti-
hepatitis B (Cangene); and HBV vaccine products such as the following: Engerix B,
Recombivax HB, GenHevac B, Hepacare, Bio-Hep B, TwinRi-x, Comvax, Hexavac.

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

20 group of interferons that all bind to receptor type |. This includes both naturally and
synthetically ‘prod_u'ced class ! interferons. Exampies of class | interferons include, but
are not limited to, «-, B-, 8-, w-interferons, t-interferons, consensus interferons, asialo-
interferons and pegylated forms thereof. |

256 Theterm “class Il interferon” as used herein means an interferon selected from a group
of interferons that all bind to receptor type 1. Examples of class [ interferons inciude, but
are not limited to, v-interferons. '

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

30 formula (1), or a pharmaceutically acceptabie salt or ester thereof, is éo-administered
with at least one additional agent selected from: an antiviral agent, an
immunomodulatory 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

18



an inhibitor of another target in the HCV life cycle: agents that inhibit a target selected from a helicase,
a NS213 protease and an internal ribosome entry site 10 ()RES) and agents that interfere with the
function of oth@r2ie4Hets including but not limited to an NS5A protein; BfTiEARIASPS Hicleoside
inhibitors, non-nucleoside inhibitors, protease inhibitors, fusion inhibitors or integrase inhibitors; or
HBYV inhibitors: agents that inhibit HBV viral DNA polymerase or an agent that is 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 following the administration of a compound
of formula (1), or aDpiniiprscegticalabact dinetific saifaredsteatines of shstusgehiiereifisténe term
"treatment” meangdhyg,administration of a compound or composition according to the present

invention to alleviate or elln?lnaégtgyr{gg;;’oms of 25th hepatltls C disease and/or to reduce viral load in
a patient. As used hereln THhaqeR 'rpre\}é?}?oﬁmﬁ%% {<%he administration of a compound or

composition accofdlﬂg‘m%ﬁmrﬁ*ﬂ@ﬁﬁoWmmﬁmﬁmﬂﬁenh@m&lata@thﬂt&ﬁmbut before

the appearance of syﬂt{s@mﬁt@ffﬁﬂ@rﬂi%@@%&wlﬁ(@ﬁ%ﬁé Enihesigleiachamabifae virus in the blood,
to prevent the appea %5% ‘%)et;g_“[ani e disease and/or to prevent the virus from reaching
efe

detectible levels in the fred embodiments Unless stated otherwise, all groups and
substituents, |ncIud|n@“?ﬁft"|‘f6P’ﬁ‘Pfﬁt€H“B8 HEY BEeree RECIRESIE OO RUGCRESHA MBibiat Het, have

the definitions as defarenitiiSituy o 206BEINGRBIPES IARRTIRR] dgentbeneinkebrs mr@hereinafter. In
the following, the preg%%%@@mﬂ%'m%%egEPH§§!§Bpotégfé:‘té%egﬁ%n?gg%wlg% thls n\(/)eptlon are

described. Core 5 This_invention provides compounds ormu a) an
(IRES) and agents that interfere with the function of other wraE targets mciudmg

~ but not limited to an NS5A protein;
= HIV inhibitors: nucleoside inhibitors, non-nucieoside inhibitors, protease inhibitors,
fusion inhibitors or integrase inhibitors; or |
= HBV inhibitors: agents that inhibit HBV viral DNA polymerase or an égent that is
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 fdliowing the administration of 2 compound of formula (i), or a
pharmaceutically acceptable sait or ester thereof.

As used herein, the term “treatment” means the administration of a compound or
composifion 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
compo_sition according fo 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
Uniess stated otherwise, ali groups and substituents, including but not limited'to R |

35 R RL RS RS R R RY R¥ A, B, and Het, have the definitions as defined
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R5OR'RI0H NRNR~HI/-RcCOON (la) R1IIO~R'R9ORSRH/O/_R NeRR'COON (lb).
_10 A_ny anc\,@é%ﬂy%{w}ggal deflinition of C9re as set qut herein may. be.co%@,’@%%%i&g(g?ﬂx and each
individual definition of R"R2, R' R5, R6, R', R9 and R'0 as set out herein. T 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, R2, R3, R6, R6, R', R9 and RSO as set out herein.
Rz: In a preferred embodiment. R2 is (C1.6)alkyl. More preferably within this embodiment, R2 is
methyl. 25 In an alternative preferred embodiment, R2 is (C2-6)alkynyl. More preferably within this
embodiment, R2 is ethynyl. 20 WO 2006/007693 PCT/CA2005/001103 In another alternative
prefeired embod'i’r%rgtr'ﬁt?%g%s? f-‘&P:ef?)i-rﬁ%fﬁfalkﬁ%ﬂfﬂ%"ﬂré??rgﬁ TRt RS HERT 309 is

ethanoyl. substituents according to this invention are described.

Core:

5  This invention provides compounds of the formulas (la) and (Ib) befow:

1 o g R" | s
R\ H F;
N N N o]
Rz \ H 5 RS
3 7 COOH
R : ' (ia)
Rg Rm ?5
N (o]
ﬁ rE
o —
& 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®, R, R® and R™ as set out
herein. '
15 RY

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 individuai definition of Core, R, R®, R®, R®, R”. R® and R as set out herein.

R%:
In a preferred embodiment, R? is (C,)alkyl.
More preferably within this embodiment, R? is methyl,
25
In an aitefnative preferred embodiment, R? is (Cas)alkynyl.
More preferably within this embodiment, R? is ethynyl.
20



5 In yet another alternative preferred embodiment, R2 is aryl or Net, wherein Net is a 5- or
6-membered monocyclic aromatic heterocycle having 1 to 4 heteroatoms each independently
selected froMy O 28464083 which is optionally fused to one other cycle to forBFaffFa2¢8>PP1498 mbered
aromatic heteropolycycle having wherever possible 1 to 5 heteroatoms, each independently selected
from 0, N and S; 10 wherein R2 is unsubstituted or substituted with R21, wherein R21 is as defined
herein. More preferably R2 is phenyl or Net, wherein Het is selected from I s N~\/~N t\1\ 1\ \ (-
NOOsNHH ~N ~jz~ N ~~andJ; 15 and wherein R2 is unsubstituted or substituted with R2t,
wherein R21 is as defined herein. Preferably, R21 is one, two or three substituents each
independently selected from (C1.3)alkyl, (C3.e)cycloalkyl, -CN, -NH2, -NH(C,_3)alkyl,
-N((C1.3)alkyl)2, halo, 20 -O-(C1.3)alkyl, -S-(C1.3)alkyl, -SO-(C,_3)alkyl-and -SOr(C,_3)alkyl; wherein
the (CLa)alkyl, -Or(Gncthalkatersalie phiadiods SBubrhealeyluisl=c5Q2:(fkeA)alkyl are each optionally
substituted with ole: two rt ree halci}?substltléents ?R,SMore referably, R21 is one, two or three

substituents each mfe% W’%Bl@ e 'ﬂ‘%o ‘ﬁ'ﬁzo o, cﬁ‘c‘?ﬂ? B%‘“no methyl, ethyl, propyl,
1-methylethyl, trifluoromethyl, . cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, ethoxy,

propoxy, 1- wsethyﬂﬁ;apzsymﬁ@mwmmwetméﬁ%dmmmm@ni RFQHYIAthY HRIOWRBHAR Hdt g K1ylamino,
N,N- dlmethylamlno -SO2CH3.and c o 21 WO 006/00 3 PCT/C?%FSS/OO“OS ost
r

7 8- mer ered l{l?u caromattc tem 3‘@[’& t8 %ﬁ%n%ﬁﬁ)c , bromo,

preferably, R21 is’one oF two-su Ats EACK I e enge

methyl, methoxy, BfspRidentesiegtem ffaydhdy @¢I$eﬁ@‘1‘€ﬂ*élsm§¥'§mﬂbyf@®@§m@@ﬁé§f fewle b CI
INON-methyl, ethyniginethragogl 11 Oretribered aromatic heteropolycycle having wherever possible 1 to

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

\Q»Q ~(B(5M L

15 and wherein R? is unsubstituted or substituted with R?*', wherein R*' is as defined

herein, -

Preferably, R* is one, two or three substituents each independently selected from
(Cr.a)alkyl, (Cae)cycioalkyl, -CN, -NHa, -NH(C1.s)alkyl, -N((C+.)alkyl), halo,
20 ~O-(Cr)alkyl, -S-(Cy.5)alkyt, -SO-(C15)alkyl and -SC-(C..a)alkyt:
wherein the (C,s)alkyl, -O-(Ci.a)alkyl, ~S-(Cya)alkyl, -SO-(Cs.a)alkyl and
-80-{C+.5)alkyl are each optionally substituted with one, two or three halo
substituents. ' -

25  More preferably, R*' is one, two or three substituents each independently selected
from fiuoro, chioro, bromo, methyl, ethyl, propyl, 1-methylethyl, trifluoromethyl,
cyclopropyl, cyciobutyl, cyclopentyi, cyclohexyl, methoxy, ethoxy, propoxy,
1-methylethoxy, methylthio, ethyithio, propyithio, 1-methylethyithio, aming, N-
methylamino, N,N-dimethylamino, -SO,CH, and cyano.
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N 11i6-J//INN\\F NH,FCICNI/ NNN~NNJ~NN-N---._Y BrClOMe NHzN\/NN O, N and

-~ 10 Morevpéej&rée} Yed32 is selected from: FNN N~N \i~(/\GFNO ~ N, NH, and
Most preferably, st)%ls selected from: /IN/iN/IN % "N Jrll iNI150C1, &g?lgﬁ&%ﬁ%r%/%nd each

individual definition of R2 as set out herein may be combined with any and each individual definition of
bore, R', R3, R6, R6, R7, R9 and R10 as set out herein. 22 WO 2006/007693 PCT/CA2005/001103
R3: Preferably, R3 is cyclopentyl or cyclohexyl, 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 more preferably, R3 is cyclohexyl, optionally substituted with .one to four
fluoro substituents.

Most preferably, R*! is one or two substituents each independently selected from
fluoro, chloro, bromo, methyl, methoxy, amino, -SO,CH; and cyano.

§ Therefore, preferably, R is selected from:

NP N NJ\N NJ\N NJ\N
Y PY
T , B O OMe

10 More preferably, R? is selected from:

and o/ A

-_N)\NHE N‘\\/,N NJ

Most preferably, R? is selected from:
T ZSN PN NJ\JN NﬁLN
DOYYY ¥
15 G s =2 , o] , f;: , Br .

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.
22



Most preferably, R3 is cyclopentyl or cyclohexyl. 10 Any and each individual definition of R3 as set out
herein may be combined with any and each individual definition of Core, R1, R2, R6, R6, R7, R9 and
RO as set otfY HSERE83 In one preferred embodiment, R6 is selected fron® {&/Cp4Ne 01103
(C2_6)alkenyl, 15 (C2_6)alkynyl, (C3_7)cycloalkyl, (C3.,)cycloalkyi-(C,.6)alkyl-, Het and
Het-(C1.6)alkyl-; wherein the Het and the Het portion of the Het-(Cl.6)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, 0 and S; and 20 wherein the (C,.6)alkyl is optionally
substituted with from one to three substituents each independently selected from halo, cyano,
(C1.6)alkoxy, -NH(C1.6)alkyl, -N((C1.6)alkyl)2 and -NHSO2(C1.6)alkyl; and wherein each of the Het
and the Het portion of the Het-(C1.6)alkyl- is optionally substituted with (C,.6)alkyl. 25 More
preferably, R6 is gglected from methyl, ethyl, propyl, 1-methylethyl, butyl, 1- methylpropyi,

2-methylpropyl, 1_L -dimethylethyl, 2- |, 2- l,.cyclopropyl, cyciobutyl, cycl Imethyl,
cylabutmetnyl, KRB RGO SRR AR B LT MR 2. 30

methylpropyl and e, foufiftierigebsiiiugriseach optionally substituted with from one to three substituents
each indepenglentiiaeifelaifiP Ry QRIS BRI BIWRRANP IR 1693 PhebiGA2005/001103

-N(CH3)2, and -NHSO2CH3. Even more preferably, R6 |s, selected from: methyl, ethyl, propyl,
1-methylethyl, 1-&%%%%5?5{%&?%@%?%%?aﬁ?ﬁ%P&Ym%tH?/ﬁyfl"@%tﬁ&%%ﬂl&ﬁ“bgwted with
2-methoxy-1-metieprethfbup fawroarbsiiphedtéN N-dimethylamino)ethyl, 3- (N,N-dimethylamino)propyl,
2-propenyl, 2-propyyprersiabitin? cVs/aBpRRKIML N/ N- and Still more preferably, R6 is methyl,
ethyl or 2-methoxyethyl.
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®, R7, R® and R as set out herein.

RS
in one preferred embodiment, R is selected from (Cyg)alkyl, (Caejalkenyl,

15 (Cas)alkynyl, (Csz)cycloalicyl, (Car)eycloalkyi-(Cys)alkyl-, Het and _
Het-(Cy.g)alkyl-; wherein the Het and the Het portion of the He@(Cs-s)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 & and

20 wherein the (Cis)alkyl is optionally substituted with'from one to three
substituents each independently selected from hale, cyano, (Cg)alkoxy,
-NH(C.g)alkyl, -N((Cy.)atkyl), and -NHSO,{C1g)alky!; and wherein each of the
Het and the Het portion of the Het-(C,5)alkyi- is optionally substituted with
(C1.g)alkyl.

25

More preferably, R is selected from methyl, ethyl, propyl, 1-methylethyl, butyi, 1- '
methylpropy!, 2-methylpropyl, 1, 1-dimethylethyl, 2-propenyl, 2-propynyl, cyclopropy!,

cyclobutyl, cyclopropyimethyl, cyclobutyimethyl, =, o . = - and

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

three substituents each independently selected from fiuoro, methoxy, ethoxy,
23



10 Most preferably, R5 is ethyl or 2-methoxyethyl. Any and each individual definition of R6 as set out

herein maysag fRBARIMRE With any and each individual definition of Core, Ry-R2: BahsRf s’ R9 and
R10 as set out herein. 15 R6: Preferably, R6 is H, methyl, ethyl or fluoro. More preferably, R6 is H or

methyl. Most preferably, R6 is H. 20 Any and each individual definition of R6 as set out herein may be
combined with any and each individual definition of Core, R', R2, R, R6, R7, R9 and Rt0 as set out
herein. In an alternative preferred embodiment, R6 and R6 are linked such that the group of 25 the
subformula R6 0 R R COOH is preferably a group of formula 24 WO 2006/007693
PCT/CA2005/001103 O COON R7 wherein R7 is as defined herein. Any and each individual
definition of R5 QRS assepn8dRsAIN may be combined 5 with any and each individual definition of
Core, R1, R2, R3, R/, 20 and RID as set out herein. R7: Preferably R7 is H, methyl, ethyl, methoxy or
ethoxy. 10 More preferably, R7 is H or methoxy.

.Even more preferably, R® is selected from:

methyl, ethyl, propyl, 1-methylethyl, 1-methyipropyl, 2-methylpropyl, diftuoromethyl, 2-
5 methoxyethyl, 2-methoxy-1-methylethyl, 2-ethoxyethyl, 2-(N,N-dimethylamino)ethyl, 3-
(N, N-d:methyiammo)propyt 2-propenyl, 2- propynyl cyclobutyl, cyclopropyimethyi,

e

o = Q and

Sﬁli 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
RE:
Preferably, R® is H, methyl, ethy! 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

) R
, |
)' 0
Rs
R COCH

is preferably a group of formula
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Most preferably, R' is H. Any and each individual definition of R7 as set out herein may be combined
with any and each individual definition of Core, R', R2, R3, R5, RO, R9 and Rio as set out herein. 15
R9 and R'OW&@%%Z)S,9§9 and R90 are each independently selected from f@ﬂgﬁﬁ@/@ﬂﬁé and R7P
are covalently bonded together to form (C3.s)cycloalkyl, (Cse)cycloalkenyl or a 5- or 6-membered
heterocycle having from 1 to 2 heteroatoms each 20 independently selected from 0 and N; wherein the
cycloalkyl, cycloalkenyl and heterocycle are each optionally substituted with (C")alkyl. Re Rtc More
preferably, the group is selected from: and R 10 R X Even more preferably, the group is selected
from: 25 WO 2006/007693 PCT/CA2005/001103 H3C CHs and Rs R+s HsC\x/CHs Most preferably,
the group is or Any and each individual definition of R9 and Rt6 as set out herein may be combined 5
with any and each individual definition of Core;R4¥xR2;'R3, R6, R6 and R' as set out herein. Also
encompassed within the scope of the present inj pn are: compounds of formula (I): ROR'RioR" H
ANN\O COOH

wherein R’ is as defined herein.

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,s)alkyl or R® and R™
' are covalently bonded together to form (Cqs)cycioalkyl, (Cse)cycloalkenyl or a
5- or 6-membered heterocycle having from 1 fo 2 heteroatoms each
20 independently selected from O and N; wherein the cyctoalk,yl, cycloalkenyt and

heterocycle are each optionaﬁy substituted with (C,_)alkyl.

9 L]

S

More preferably, the group =~ ~  is selected from:
N . A~
TN Y N O Y Y Y
RQ R‘la ’
Even more preferably, the group ~  *  is selected from:

25



R--i~HIRs 10 R3" Rs COON (I) wherein: either A or B is N and the other B or A is C, wherein ---
between t = presents a double bond and -- between a C-atom_and a N-atom represents a
single bonvc\gaﬁ% @gm%ﬁ;%r (C,.6)alkyl; R2 is (C2-6)alkynyl, -C(:O)-(Cl.6)a|@€TéW8ngﬁlﬂ:ie aryl and
Het being optionally substituted with R21; wherein R21 is one, two or three substituents each
independently selected from (C,.6)alkyl, (C3-7)cycloalkyl, Het, -CN, -NH2, -NH(C,-6)alkyl,
-N((C1.6)alkyl)2, 20 halo, -0-(C1.6)alkyl, -S-(C1.6)alkyl, -SO-(C,-6)alkyl and -SO2-(C1.6)alkyt; wherein
the (C1.6)alkyt, -O-(C,.6)alkyl, -S-(Cs)alkyl, -SO-(C1-6)alkyi and -SO2-(C1.6)alkyl are each optionally
substituted with one, two or three halo substituents; R3 is (C5.6)cyctoalkyl, optionally substituted with
from one to four halo substityents; 25 R6 is sefeeted from 1.6)alkyl, (C2.6)alkenyl, (C2"alkynyl,
(C3.,)cycloalkyl, a (CS-Z@oaH |- ﬂ-G)@I-; whe he (C,-6)alkyl is optionally substituted
with from one to threey26- 2006/007693 PETICA2005/001103 substituents each independently
selected from halo, cyano and (C,-6)alkoxy; and R6 @ndelected from H, (C,:6)alkyl and halo; or R6
and R6 are linked, together with the atoms to which they are attached, to form a 5-, 5 6- or
7-membered ring; R7 is selected from H, TSggjalkyl, (6, B)alkoXyi{C:6)alkylthio, -NH2,
-NH(C,-6)alkyl, -N((C1. alt%i)%hand haloyR97and R70 are each4 yendently selected from
(C..6)alkyl: or R 4Re BEl 23RBSy bonded {Bgether toForm (C3.7)cycloalkyl, (C5-7)cycloalkenyl
or a4-, ' :

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): _

s O Rg Riﬂ RS

R\ | H 1 ‘
A . N o}
R— g mﬁs
B N
o S R’/ _ & COOH 0

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 (Cy.q)alkyt; .
R? is {Cp.e)alkynyt, -C(=0)-(Cy.eyalkyl, aryt or Het; the aryl and Het being optionally
substituted with R*,; ‘
wherein R*' is one, two or three substituents each independently selected from
(Cis)alkyt, (Caz)cycloalky!, Het, -CN, -NH,, -NH(Cig)alky!, -N{(Cig)alkyl),,
20 haio, -O-{Cs)alkyl, -S-{Cr.e)alkyl, -SO-(C,g)alky! and -S0,-(Cys)alkyt;
' ‘ wherein the (C.g)alkyl, -O-(C1.e)alkyl, -S-(C4)alkyl, -SO-(C.5)alkyl and
-30:-{Cys)alky! are each optionally substituted with one, two or three
_ halo substituents; |
Ris (Cs.s)oycloalkyl, optionally substituted with from one to four halo substituents:
25 RS is selected from H, {Cip)alkyl, (Cos)alkenyl, (Cos)alkynyl, (Caz)cycloalkyl, and
{Caz7)cycloalkyl-(C,.s)alkyl-;
wherein the (Cigjalkyl is optionally substituted with from one to three
28



10 5- or 6-membered heterocycle having from 1 to 3 heteroatoms each independently selected from O,
N, and S; wherein the cycloalkyl, cycloalkenyl or heterocycle are each optionally substituted with
(C,.a)alkyl; Wee1#44é4%% defined as a 3- to 7-membered heterocycle havirRCT/A2%68383oms 15
each independently selected from 0, 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 (Ia) or (Ib), wherein: R'is H or meth¥l 25 R2 is aryl or Het, wherein Het is a 5-

or 6-membered monoc§ehe! %Cﬁém%"th’a%tﬁb PRABRH AN %Wﬁ%’ﬁ@ﬁdently

selected from 0, N and &gdwhich is optionally fused to one other cycle to form an 8- to 11 -membered

aromatic hetero&@lg‘cyé}é%tga\ﬁl&g, WhRf ég[kppﬁdtﬂg,g, @ 5 heteroatoms, each independently selected

from 0, N and S; 30 whetein the ary Het are each optlonalﬁll\; substituted with R21, wherein R21 is

one, two or thre&@ﬁ&%@ﬁé@%‘i?ﬁ)%B%rnH@?]fﬁﬁﬁ?éﬁéa‘H@ ey 875 1RIAqRES. éﬁ’é?%ﬁlﬁyl -ON,
-NH2, -NH(Cd-3)alkyl, NEC-Byatiod)ad hiatn, -0-(C,-3)alkyl, -S-(C1-3)alkyl, -SO-(C.-3)alkyl and

-502-(C1-3)alkylgwy Q@é@&é@%&%ﬁ@g 1(9311.6%%153(9 & (Gl INe B0-AS)glla,and 27 WO

2006/007693 PCT/CA2005/001103 3)alkyl are each optionally substituted wit one, two or
three halo substituents; "f-‘%@@ EW &p%ﬂﬂﬁaé? cyclohexyl each being optionally substituted with one to
four fluoro substRBientsRE &6 emseledapainEmtiGeE)wityiofCE: 6mkehpr REare) Bty

(C3a)cycloalkyl, covalently bonded together to form (Ca7)cycloalky!, (Csz)cycloalkenyl or a 4-,
10 5- or 6-membered heterocycle having from 1 to 3 hetercatoms each
' independently selected from O, N, and §;
wherein the cycloalkyl, cycloalkenyl or heterocycle are each optionally
substituted with (C.)alkyl; '
wherein Het is defined as a 3- to 7-membered heterocycie having 1 {o 4 heteroatoms
16 each independently selected from O, N and S, which may be saturated, unsafurated
or aromatic, and which is oplionally fused fo at least one other cycle to form ad-to
- 14-membered heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from O, N and S, the heteropoiycycie being saturated,
unsaturated or aromatic; ‘

20  or an enantiomer, diasterecisomer of tautomer thereof, including a salt thereof.

Preferably provided are compounds of formula (I}, in particular of the formula (ia) or
(Ib), wherein:
R is H or methyi;

25 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 1o one other cycle to form an 8- to 11-membered aromatic
heteropolycycie having wheraver possible 1 io & 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
(Ci.a)alkyl, (Cag)cycloalkyl, -CN, -NHy, -NH(C; 3)alkyl, -N{(C1.5)alkyl)s, hale,
-O-(C1.s)alkyl, -S-(C4.3)alkyl, —SO—(C1.3)éfkyl and -80,-(C1.3)alkyl;
wherein the (C,.3)alkyl, -O-(Ca)atkyl, -S-(Cia)alkyl, ~SO-(Cy.5)atkyi and

27



(C3.7)cycloalkyl-(C1.6)alkyl-, Het and Het-(C1.6)alkyl-; wherein the Het and the Het portion of the
Het-(C1. 6)3% are each selected from a 5- or 6-membered saturated, unsaturated or aromatic
monocyclic ¥ferocyc?e %avmg one to three heteroatoms each mdependeﬁﬁ&”é%‘?é%‘f%fﬂoﬁ% N, 0 and
S; and 10 wherein the (C1$)alkyl is optionally substituted with from one to three substituents each
independently selected from halo, cyano, (C1-6)alkoxy, -NH(C1-6)alkyl, -N((C,-6)alkyl)2 and
-NHS02(C1.6)alkyl; and wherein each of the Het and the Het portion of the Het-(C14)alkyl- is
optionally substituted with (C1.6)alkyl; and 15 R6 is H, methyl, ethyl or fluoro; or R5 and R6 are linked
such that the group of the subformula R' O Rs R' COOH is preferably a group of formula COOH R’

20 R7 is H, methyl, ethyl 0 rethox nd R10 are each |nde en Iected from
R R PR R B Ay R g T

(C1.3)alkyl or R9 and R1 cycloalkenyl
or a 5- or 6- membered ﬁé?éﬁ@t%féﬁa havmg from 1to 2 heteroatoms each independently selected from

0 and N; whereirrthe symipaiyl of¥pinskenyt andaaigrgasiaigaBSeed vaptionallyisubstituted with
(C,4)alkyl. More preferﬁbli/ su]ﬁ Herg)r methyl; 28 WO 20061007693 PCT/CA2005/001103 R2is

phenyl or Het, Whereln IS Sel ecteé from CD-: \--NCH H/\NNJN
5 R"is selected from (Cre)alkyl, (Cos)alkenyt, (Cag)alkynyl, (Csz)cycloalky!,

(Can)eycloalkyl-(Cy.s)alkyl-, Het and Het-(C,s)alkyl-; wherein the Het and the
Het portion of the Het-(C, g)alkyt- are each selected from a 5- or 6-memberad
saturated, unsaturated or aromatic monogyalic heterocycie, having one {o
three heteroatoms each independently selected from N, O and §; and
10 wherein the (Cy5)alkyl is optionally substituted with from one to three
substituents each independently selected from halo, cyano, (Cysjalkoxy,
-NH(Cs)alkyl, -N((C1g)alkyl), and -NHSO(C¢)alkyl; and wherein each of
the Het and the Het portion of the Het-(C,s)alkyl- is optionally substituted
with (Cq.s)atkyl; and '
15  ROisH, methyl, ethyl or fluoro; or
- R® and R® are linked suich that the group of the subformula

R&
!
T
] COOH
is preferably a group of formula
o
e

COOH
Ay
20 R is H, methyl, ethyl, methoxy or ethoxy; and
R® and R"™ are each independently selected from (C,.5)alkyl or R® and R are

covalently bonded together to form (Cas)cycloalkyl, (Cs.s)oycloalkenyl 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,)alkyl.

More preferably,

R! is H or methyl;
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and 5 wherein R2 is unsubstituted or substituted with R21, wherein R21 is one, two or three
substituents each independently selected from fluoro, chloro, bromo, methyl, ethyl, propyl,
1-methylethWMOt2fed®iedsthyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohe®gTriiattoxpsetfoxy,
propoxy, 1-methylethoxy, methylthio, ethylthio, propytthio, 1 10 methylethylthio, amino,
N-methylamino, N,N-dimethylamino, -SO2CH3 and cyano; R3 is cyclopentyl or cyclohexyl, each
optionally substituted with one to four fluoro substituents; R6 is selected from methyl, ethyl, propyl,
1-methylethyl, butyl, 1-methylpropyl, 2 15 methylpropyl, 1,1-dimethylethyl, 2-propenyl, 2-propynyl,
cyclopropyl, cyclobutyl, cyclopropylmethyl, cyclobutylmethyl, and "; wherein the methyl, ethyl, propyl,
1 -methylethyl, but 2yI 1-methylpropyl, 2- methylpropyl and 1, 1 -dimethylethyl are each optionally
substituted with ffori$ 8henxbriHiet wﬂ%@ﬂﬁd@ﬁ§é§l§ﬁ%§9%dently selected from fluoro, methoxy,
ethoxy, 20 -N(CH3)2, and -NHSO2CH3; R6 is H, methyl, ethyl or fluoro; R7 is H,er methoxy; and

Re\x'R10 the group is selected from: 29 WO 2006/007693 PCT/CA2005 03’ CCH, and’
AIternatlver more prefe R(S\Ft—er thyl; @&memt w n HetNlls selected from
~-\N'N N NNNH/NNJ 4 d d Ny /

\O/OMB X

NQ\\/N

o]
and ot : .
5 wherein R? is unsubstituted or substituted with R?', wherein
R* is one, two or three substituents each independentiy selected from fiuoro,
chlora, bromo, methyl, ethyl, propw, 'inmetr;yiethy\, trifluoromethyt,
cyclopropyi, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, ethoxy,
propoxy, 1-methylethoxy, methylthio, ethylthio, propyithio, 1-
10 ' methylethylthio, aming, N-methytamino, N.N-dimethylamino, -S0O,CH,
and cyano; -
R® is cyclopentyl or cyclohexyl, each optionally substituted with one to four fluoro
substituents,
R® is selected from methyi ethyl, propyt, 1-methyiethyl, butyl, 1-methylpropyl, 2-
15 ' methylpropyl, 1,1-dimethyiethy!, 2- propenyi 2-propynyl, cyclopropyl, cyclobutyl,

cyclopropylmethyt, cyciobutylmethyl, & ?] 53 <:=> and N\;

wherein the methyi, ethyl, propy!, 1-methyiethyl, butyl, 1-methylpropyvl, 2-
methylpropy! and 1,1-dimethyiethyl are each optionally substituted with from one
to three substituents each independently selected from fluoro, methoxy, ethoxy,
20 -N{CHy),, and -NHSO,CH;;
RS is H, methyl, ethyl or fluoro;
R’ is H or methoxy, and

the group ~ ~  is selected from:
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and wherein R2 is unsubstituted or substituted with R21, wherein 10 R21 is one, two or three

substltuent@v?)aﬁﬁ%%@@%ndently selected from fluoro, chloro, bromo, methél'lﬁ%ﬂéo){{?ﬁfg{)ﬁoxy

1-methylethy uoromethyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohe

propoxy, 1-methyiethoxy, methylthio, ethylthio, propylthio, 1- methylethylthio, amino, N-methylamino,
N,N-dimethylamino; -SO2CH3 15 and cyano; R3 is cyclopentyl or cyclohexyl, each optionally
substituted with one to four fluoro substituents; R6 and R6 are linked, together with the atoms to
which they are attached, to form a 6-membered ring, such that the group of the subformula R o RO
20 R COOH is a group of formula 30 WO 2006/007693 PCT/CA2005/001103 O COON R'R"is H or
methoxy; and R' Rto .: the group is selected from: X: X X: "cH3 ..Q and 5 Even more preferably

) —N OA
) _ c _ . , and :

Alternatively more preferably,
R' is H or methy!;

5 RZ?is phenyl or Het, wherein Het is selected from
: - ! ' ? \/> A\
AN Ny N Ny Ny
oo BD
o o , s s , N oo , B
Dy /G;/L fL.“ (L“(’H
ﬁf e 1\) Sy ) i \) l

N\\\/N
5

o]
and O‘jj X _
wherein R? is unsubstituted or substituted with R*', wherein .
10 R* is one, two or three substituents each independently selected from fiuoro,
chioro, bromo, methyl, ethyi, propyl, 1-methylethyl, trifiuoromethyl,
cyciopropy!, cyclobutyi, cyciopentyl, cyciohexyl, methoxy, ethoxy,
propoxy, 1-methylethoxy, methyithio, ethyithio, propylthio, 1-
methylethyithio, amino, N-methylamino, N,N-dimethylamino; -SO.CH,
15 and cyano; | |
R* is cyclopentyl or cyciohexy!, each optionally substituted with one fo four fiuoro
substituents; '
R® and R® are linked, together with the atoms to which they are attached, to form a
&-membered ring; such that the group of the subformula |

R&
. ]
. o
Rﬂ
20 R’ COOH

is 2 group of formula



R'is H or methyl; R2 is selected from: Nr~ methyl, ethynyl, ethanoyl,,0sH NN N1 10 NH, F CI CN
&FIYYIN 1 1- NN NN NN Br Cl OMe NH, N,~N N N Il O and O--/ ; R3 is cyclopentyl or cyclohexyl,
each option®§ FBMRHED with one to four fluoro substituents; 15 R6 is seRETEQA2BHYINENHY|, ethyl,
propyl, 1-methylethyl, 1-methylpropyl, 2- methylpropyl, difluoromethyl, 2-methoxyethyl,
2-methoxy-I-methylethyl, 2- 31 WO 2006/007693 PCT/CA2005/001103 ethoxyethyl,
2-(N,N-dimethylamino)ethyl, 3-(N,N-dimethylamino)propyl, 2- propenyl, 2-propynyl, cyclobutyl,
cyclopropylmethyl, so,s, a, N\ e and and R6 is H, methyl, ethyl or fluoro; or 5 R6 and R6 are linked,
together with the atoms to which they are attached, to form a 6-membered ring, such that the group of
the subformula R O R6 R COON is a group of formula O COON

R’ is H or methoxy; and

thegroup ~ ' is selected from:

2 88 Q -2

Even more preferably
R is H or methyt;
R? is selected from;

@bnbh

©

O:S““O

methyl, ethyny, ethanoyt

Ax“/'f’” L)@O ‘)é’

J\ NNN/NN’//L

NH, N -
t

R’ is cyclopenty! or cyclohexyl, each optionally substituted with one to four fiuoro
substituents:
15 RPis selected from methyl, ethy!, propyl, 1-methylethyl, 1-methylpropyl, 2-
methylpropyl, difiucromethyl, 2-methoxyethyl, 2-methoxy-1-methylethyl, 2-
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R 10 R7 is H or methoxy; and RR10 the group ' is selected from: H CCH 3 and In a most preferable

embodime%grgﬂgg%gl%]gg compounds of formulala: O R R10 RN NN RZ ?f~R6 5 R3 R COON
(la) wherein R1 is methyl: 32 WO 2006/007693 PCT/CA2005/001103 R2 g%g)e/ eAc‘%g%s;fL“r%’rW?N N N~N

N~N o ~land. a R3 is cyclopentyl; R5 is ethyl or 2-methoxyethyl; 5 R6 is H; R7 is H; and R\x'R10 H3C
\X/CH3 the group is or In an alternative most preferable embodiment are provided compounds of
formulalb: RLOR Rio RN Rs" R7 COOH 10 (Ib)

ethoxyethyl, 2-(N, N-dimethylamino)ethyl, 3-(N, N-dimethylamino)propyl, 2-

propenyl, 2-propynyl, cyclobutyl, cyclopropyimethyl, L A ,

é}, \1_) anﬁ %:L\ ; and

R® is H, methyl, ethyl 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

T
." ’ o
R‘J
R COCH
is a group of formuia
O
=

10 R’ is H or methoxy; and

]

R RW

thegroup 7' is selected from:
y . E E ‘ H3(><3H3 f } g }
) . . , " and .

in @ most preferable embodimenf are provided compounds of formula la:

O RQ R'ID Rs

d
O

R1
\
R? ¢ ﬁ
N\

15 R R COOH
wherein

R’ is methyl:
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wherein R' is methyl; R2 is selected from: _./N N N;~ N NIN oaF Brfand 15 R3 is cyclohexyl; R5 is
ethyl or 2-methoxyethyl: R6 is H; R7 is H; and RD RioH3C CH3 ~i, the group is or 20 Included within
the scope oWﬂigumg/ﬁ%?n is each single compound of formula (1) as preseﬁ&ﬂ%‘ngﬁf@élﬁo 5.33
WO 2006/007693 PCT/CA2005/001103 Polymerase activity The ability of the compounds of formula
() to inhibit RNA synthesis by the RNA 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 otheRirasaiacied H8fmerase 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 maybe (@o@ewgygesting compounds for inhibitory activity in a
S

cell-based HCV replica d a nAisuia i$ descrlped in the examples. When a compound
of formula (1), or one ofvts-th uticmlly ac eptabBe saltsd or|
i) T ¥ ) " [ an

R is cyclopentyl;
R® is ethyi or 2-methoxyethyl;

5 REisH;
R’ is H; and
thegroup = 7 is °  or

I an alternative most preferable embodiment are provided compounds of forrﬁula Ib:

1 o r RY R®
R H

10 ' (ib)
wherein
R' is methyl:
R? is selected from;

T e I ] N&[\lN N'/’LN '
BAaYIY_Y
s} , = , Ci , F , _ér , and e

15 R®is cyclohexyt;
R® is ethyl or 2-methoxyethyl;

RCis H;
R’ is H; and .
] 1t
thegroup = s °  or

20 Included within the scope of this invention is each single compound of formuia (1) as
presented in Tables 1t0 5.
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20 esters, is employed as an antiviral agent, it can be administered orally, topically or systemically to

mammals, igeiugingygBes;not limited to, humans, cattle, pig, dogs, cats, rabpg%gm't%%d%@avehicle

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
predetermined 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, gfJ ﬁggg\éeag%gnt. Such formulations can be in the form of a solution, cream or
lotion. 35 34 WO 2006/007693 ét¥/CA2005/001103 For systemic administration, the compound of
formula (1) can be' SaATHR RS SpmBmars i Irandad) fulntibi RIvhsyotiasiamubelRanjection, in
compositions witiiephaderacavticaliyrecssptablewehiclsdarsiniedn AYaiaisialiag bydnjection, it
is preferred tg u > [ ion | terile aqueoys vehicle which may 5 also contain
other solutest?i‘,ucSfﬁ f? uf%ers ormg%s%%%ﬁ?/%@} gé%vé rf%ré]ﬁﬁ:laecn'tv Iéuar‘?’tli‘fféEWEC')f’fﬁi';‘élrﬁaceuticalIy
acceptable salts PR RIS S RTINS fhe solution isotonic. Suitable vehicles or carriers which may
be used for the above noted formulations are 10 described in pharmaceutical texts, e.g. in

"Remington’s Th%&éﬁi@ﬁ@&dﬂﬂ%%eﬁbﬂﬂﬁ i n]tgﬁé's%d i: vi K Publishing Company, Easton,
Penn., 1995, or ir}"Pharma}Seutl%.géI?[}‘%sB%g’e Forms And Drugs Delivery Systems", 6th ed., H.C. Ansel
[ Iti

et aL, Eds., WilliamEg WRKRIE, OISt Bysntenact RycRegEoitbitsarmpbGd will vary
with the formi%bf aRbARESRIGhEoRINPmInds may be tested for inhibitory activity in an assay
.measqrihg the activity of an RNA-dependent RNA polymerase other than HCV

polymerase or in 2 DNA dependent RNA polymerase assay.

Celi-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 bg demonstrated by testing the compounds for inhibitory activity in a
cell-based HCV replication assay. A suitable assay is described in the examples.

When a bompound of formula (1), or one of its therapeutically acceptabie salts or

20  esters, is employed as an antiviral agent, it can be administered orally, topically or
systemically to mammals,including, but not limited to, humans, cattle, pig, dogs, cats,
rabbits or mice, in a vehicle comprising one or more pharmaceutically acceptable
carﬁers, 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 acceptabie salt or ester
thereof can be_e formulated in unit dosage forms such as capsules or tablets each
containing a predetermined 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 forrﬁ of a
solution, cream or {otion.
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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. ﬁg%é?f}éﬁg‘ﬁﬁ% compound of formula (1) is most desirably admil S8 éentration

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 (I) can 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 rangecoMFEmiaBemrERmico. 0% ragMmeabe T 5o midepbraanoks anuniBessdbeight per day is
30 most desirably:grapifyaid @ daiianebirieoe lfteivestesin Mbandhe eporRRARiRs of this
invention compris ination of a.¢ of formula (1) and one or. more. additional therapeutic
or prophylactic aéinrgtrﬁ%og%a %%“90%%%8 otéﬁg g%ﬂat%% %dpﬁlrgrﬁ%l ga%rean[f”é'm%%{‘%% p%lrlen At At (!)Ssage levels
of between 35 ab®f@fE (R BERABFRMARYRAS EFSPABIPTUB EleHIaBEUE AT AREIBE W ISHtA®osage 35

WO 2006/0036939.86;%@&&%@546&31&@3 snonmalbpgetsristesed v snenodierapyfiaginen. Wher_l
these compounds,gh, iRt BhaimAGRUliRally accepiallearls CLGRIRERALS niRkIalad dRgether with a

pharmaceutically acceptable carrier, the resulting 5 composition'may be administered in vivo to
mammals, such d&3R4H: to inhibit HCV polymerase or to treat or prevent HCV virus infection. Such
treatment may also be achieved using the compounds of this invention in combination with agents

which' include, buf aie,RAIHRIED IR HURURQBROHHALRMYREGH e UEBvaSBred ForRlidudReAgrons or
pegylated forms thereqf; %ther antiviral agent such as, ribayirin, 10 mgn.tadlne; otger inhibitors of

HCV. NS5B ﬂgly SE Wiﬁﬂg@%?e% Pt% B dnHETROG RS e,W&%ﬁﬂ@l #EYGt%re not
limited to, agents thatrasibit PiargetMaskeEiddishorg Ganenienis & asis H8prot@88etaid an internal

ribosome entry sitefUrtRkutical Dosage Forms And Drugs Delivery Systems”, 6th ed., H.C. Ansel et
al., Eds., Williams & Wilkins, Baklimore, Maryland, 1995,

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
freatment. Generally, tfreatment is initiated with small increments until the optimum
effect under the circumstance is reached. In general, the compound of formula (1) is
maost 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,
atthough the aforementioned variations will occur. A dosage level that is in the range
of from about about 0.05 myg 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 betweeri about 10 and 80% of the dosage
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and agents that interfere with the function of other viral targetbs irluéludin% _butd no_ttr:i;r;]gegotr?] aonulr\lldssSﬁf

in; or inati hereof. The additional agents may be 15 combined wi
Fhri(;t(ienventig‘gqc? %Qr%g@gsingle dosage form. Alternatively these additiona?ggéﬂ’?g%%@/%]ég%eparately
administered to a mammal as part of a multiple dosage form. METHODOLOSY AND SYNTHESIS 20
The synthesis of compounds according to this invention is preferably accomplished following the
general procedure outlined in Scheme 1 below. 36 WO 2006/007693 PCT/CA2905/0011I03 Schleme I
R ACO2H Rte; RR'RoRio itWA\ON OIVRoVRIOR9\ ,,R pp{{Rs Ro\RioN\O "4\ N H'N OH
R~.IHO/Re Oo~0RoitIRRHOrRRy COON PtHsNI1O/Ro RCOOPG HN O Vi

normally administered in a monotherapy regimen.

When these compounds or their pharmaceutically acceptable salts or esters are
formulated together with 2 pharmaceutically acceptable carrier, the resulting
> composition may be administered in vivo to mammals, such as man, to inhibit HCV

polymerase or to treat or prevenf HCV virus infection. Such treatfnent may also be
achieved using the compounds of this invention in combination with agents which
include, but are not limited 1o immunomodulatory agents, such as o-, B-, or y-
interferons or pegylated forms thereof; other antiviral agents such as ribavirin,

10 amantadine; other inhibitors of HCV NS58 polymerase; inhibitors of other targets in

| the HCV life cycle, which inciude but 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 NSSA protein; or combinations thereof. The additional agenté may be

15 combined with the compounds of this invention to create a single dosage form.
Alternatively these additional agents rhay be separately administered to a mammal as
part of a multiple dosage form.

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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R' COOPG IV Compounds of formula I, wherein R', R2, R3, R6, R6, R7, R9, and R10 are defined as
hereinbefore, are preferably prepared by coupling carboxylic acids of general formula 5 II,

disubstituted S UERE of general formula 11l and anilines of general formtAFGATIRIPRIAR', R2, R3,

R6, R6, R7, R, and R90 are defined as hereinbefore and PG is H or an ester protecting group, as
illustrated in Scheme 1 above. The fragments it, Ill and IV may be coupled so that fragments Ill 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 Ill is coupled to the carboxyl group
of fragment It, the carboxyl group of fragment Il méﬁB@"‘ﬁr&tected prior to coupling with a suitable
carboxyl protecting grokp which will 15 subsequently be removed, using standard procedures, to give
fragment V. Suitabkacﬁmﬁﬂ'ﬁtecting groups are well known and include, but are not limited to,
ester protecting groups as methyl and ethyl esters. As well, in the case when the amino group

of fragment IV is coupted to the carbdxyl gro 7o fragment Ill, the amino group of fragment Ill may be
;‘, iéinm
H
0™

protected prior to couplihg with aRc,gjgé tecting group, which will subsequently be
removed, using standard progéduresg ve fragrﬁtht;\:I. Suitable amino protecting groups are also
well known and include, hut are notfimited o, the tart- tylaxycarbo

IR§jretip (BOC} 37 WO
2006/007693 PCT/CAZ2805401103 The coupling is generglly: %@ -activating
reagents well known t'iﬁ"/ those skilled in the art,including But : Iim*ftedoto, ATU, BOP,
BrOP, EDAC, DCC, isobutyl chlorof atg and the Iike./tb\ltefrhatively; carboxylic €cids of*general
formula Il may be converte&i}m&wrre pqechlorides using 5 standard reagents, then
coupled with amine-derivatiyés of the ge?leral ornaia VI. As well, carboxylic acids of formula V may

be treated with a reggs acetic anhyride to form an azalactone intermediate which reacts

with an aniline of formu RS Vi

it COOPG
v

Compounds of formuia |, wherein R', R, R®, R®, R®, R", R®, and R are defined as
hereinbefore, are preferably prepared by coupling carboxylic acids of general formuia
5 1}, disubstituted amino acids of general formula Il and anilines of general formula W,

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, 1ll and
IV may be coupled so that fragments 1l and IV are coupled to give an amine of
formula V|, which is subsequently coupled to the acid fragment |l to give a product of

10 formula I. Alternatively, the fragments I and Ili may be coupled to give a carboxylic
acid of formuta 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 1il is coupled
to the carboxy! group of fragment I, the carboxy! group of fragment il may be
protected prior to coupling with a suitable carboxy! protecting group which will

15 subsequently be removed, using standard procedures, to give fragment V. Suitabie
carboxy! protecting groups are well known and include, but are not limited to, ester
protecting groups such as methy! and ethy! esters. As well, in the case when the
amino group of fragment |V is coupled 1o the carboxyi group of frégment iil, the amino
group of fragment Il may be protected prior to coupling with a suitable amino

20  protecting group, which wili subsequently be removed, using standard procedures, to
give fragment V|, Suitable amino protecting groups are also well known and include,
but are not iimited to, the tert-butyloxycarbony! group (BOC).
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IV to form an inhibitor of formula 1. In the cases where PG is an ester protecting group, a
saponificatign.r. ion Js carried out (using protocols well known by those 10 skilled in the art) to
obtain the f%l%ﬁ%ﬁ&%roduct of formula | as the free carboxylic acid. |nt£ﬁ?}’§d’ré‘%85@£?6%&y|ic acids
of formula Il may be prepared by procedures described in WO 03/010141, or by procedures described
in the examples below. 15 Intermediate amines of formula VI may be prepared by coupling amino
acids of formula Ill 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 Il 20 can be protected using standard
N-protecting groHlﬁ]s well known to those skilled in the art, such as Boc, CBz, Fmoc or other types of

carbamates, and fe RaRL BT HGHR Y BTRs S HSiNg-CBEP R AR YER ELRASR WS HMAMEDYF formula IV,
Such activating Prsécthiliedsiatbavstlieiodinotdtheserskillmiad thel BELATIATEYHOSILB Ut are not

:ikmitedI to, such lrgg@m&s@@, T@Myi%ﬁb?dﬁoﬁﬁb?e BPRe ﬁ%%t%%é@?@é&%@ﬁ%ﬁ%&?&maﬁ a”dd the
ike. Alternatively, inQ.acids of formula lll may be converted tg amino acid chloride hydrochlorides
and coupled to Jaepeliel r?b%r%ﬁlé“#%l%’v%%%%ég GRECERRAIY AR SIS WO 03/010141.

Anilines of génefffarIaaRERiEn RN Sripiad wifoamine deivetiyrmefitiy wensan) fSdderitative of
formula VI usingvetidusibexageairiabeipracRiures, welklaaumio s cpkiliad instheast (Scheme 2).
These include, b, . | 0, -e. Sn. Zn and the like, metal salts such as
SnC12, metal-ba%é%r%?(ﬁ%ﬁ@%éﬁ@ gr% ﬁgsu}f?l%%%aéfgt rvéﬂiﬁciﬁega %gs;g"r'] sasnu%?fhé‘se gﬁﬁwﬁﬁydrosulfite

and the like. RePf&s&MRRLHIEERURHEE T hd e sratwRrramifmiesorgreralgdinaula IV or 35
nitro precursors ofayene s fonificitoy learsiateisaribesti o th@axgmplescral@ kSN R866/007693

PCTICA200/C034fES MeeaioBeiFRORRRANNCE AUELINAIRRIIRISS JRshLiL g ypiness of

compounds of fog(r:riléjla | will be apparent to those s

Intermediate carboxylic acids of formuta Il may be prepafed by procedures described |
in WO 03/010141, or by procedures described in the examples below.

15
Intermediate amines of formuia VI may be prepared by coupling amino acids of
formula It or suitable derivatives thereof with aniline derivatives of general formula 1V
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 1l

20  can be protected using standard N-protecting groups well known to those skilied 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 skilied in the art and may inciude, but are not
limited to, such reagents as TBTU, HATU, BOP, BrOP, EDAC, DCC, isobutyl -

25 chloroformate and the like. Alternatively, amino acids of formuia 1| may'be converted
to amino acid chloride hydrochiorides 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 nitroary

30 derivative of formula VI using reducing agents and procedures well known io 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 formuia IV or

35  nitro precursors of general formuia Vi are described in the examples below,
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R5 R5 O2N \ 0 reducing agent N2N R COOPG R (v VIl iv 5 EXAMPLES The present invention is
illustrated in further detail by the following non-limiting examples. As is well known by a person skilled
in the art, réXEtMe % &% erformed in a nitrogen or argon atmosphere wherBGEEAI8AH ¢ Hrotect
reaction components from air or moisture. Temperatures are given in degrees Celsius. Flash
chromatography is 10 performed on silica gel. Solution percentages or ratios express a volume to
volume relationship, unless stated otherwise. Mass spectral analyses are recorded using
electrospray mass spectrometry. Analytical HPLC was carried out under standard conditions using a
Combiscreen ODS-AQ C18 reverse phase column, YMC, 50 x 4.6 mm i.d., 5 pM, 120 A at 220 nM,
elution with a linear gradient as described in the 15 following table (Solvent A is 0.06% TFA in H20;
solvent B is 0.06%oRFgatioGHBTY toThmdueainthpicnieimesisies Sebfelit sy riiutsisnttB (%) 0 3.0 955
0.53.0955 6.0 &Hh5ELH8: d0amum0 WG Eepsinbalesenand Lierisinatis e following abbreviations or
symbols are used: 20 AcOH: acetic acid; Ac20: agetic anhydride; BOC or Boc: tert-butyloxycarbonyt;
BOP: benzotriazole-1-y|oxy-tris(dimethylamino)phoscphﬁa%?um hexafluorophosphate; BroP: Bromo
tris(dimethylamino)phosphonium hexaﬁsuorophosphate; 25 Bu: butyl; 39 V\?D 2006/007693

PCT/CA2005/001103 CP§; second,;edumg agent HN o
. RG o NI:;:E;——<RG
7 COOPG &

COOPG

vit W

5 EXAMPLES
The present invention is iltustrated in further detail by the following non-limiting
examples. As is well known by a person skilled in the art, reactions are performed in a
nitrogen or argon atmosphere where necessary to protect reaction componenis from
air or moisture. Temperatures are given in degrees Celsius. Fiash chromatography is

10 performed on silica gel. Solution percentages or ratios express a \)oiume to volume

' relationship, uniess stated otherwise. Mass spectral analyses are recorded using
electrospray mass épectrometry. Analytical HPLC was carried out under standard
conditions using a Combiscreen ODS-AQ C18 reverse phase column, YMC, 50 x 48
mm i.d., 5 pM, 120 A at 220 nM, elution with a linear gradient as described in the:

15  following table (Solvent A is 0.06% TFA in HO; solvent B is 0.06% TFA in CH;CN):

Time {min) Flow (rmb/mir) Solvent A (%) Solvent B (%)
0 3.0 a5 5
0.5 3.0 g5 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,O: acetic anhydride;
BOC or Boc: fert-butyloxycarbony!;
BOP: benzotriazole-1-yloxy-tris{dimethylamino)phosphonium hexaﬂuorophosphate;
BroP: Bromo tris(dimethylamino)phosphonium hexaflucrophaosphate:;
25  Bu: butyl;

39



DAST: (diethylamino)sulfur trifluoride; DCC: 1,3-Dicyclohexyl carbodiimide; DCM: dichioromethane; 5
DIBAL-H: di-iso-butylaluminum hydride DMEM: Dulbecco's Modified Earle Medium; DMF:
NN-dimethyfSHAAMIGEDMSO: dimethylsulfoxide; EC50: 50% effective coRCertAat P4 &EDAC: see
EDC; EDC: 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride; ES': electro spray
(negative ionization); ES'": electro spray (positive ionization); Et: ethyl; 15 Et20: 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-ylI-N,N,N',N'-tetramethyluronium hexafluorophosphate; HOAT:
1-hydroxy-7-azab@p@g%@§eﬂ%§gn%¢Hydroxybenzotnazole; HPLC: high performance liquid
chromatography; 25 'Pr or I-Pr: iso- o%;_Me: methyl; MeCN: acetonitrile; MeOH: methanol; MS
(ES): electrosprayprﬁﬁgéfg‘ﬁmm%f’ 1NEides-methyl-2-pyrrolidinone; NMR: nuclear magnetic
resonance spectré¥eopy3-BBREigiteagptatedinifes; saline;

DCM: dichioromethane;

5  DIBAL-H: di-iso-butylatuminum hydride
DMEM: Dulbecco's Modified Earle Medium;
DMF: M, N-dimethylformamide;
DMSO: dimethylsutfoxide;
ECso: 50% effective concentration;
10 EDAC: see EDC;
EDC: 1-(3-dimethylaminopropyi}~3~ethy} carbodiimide hydrochioride:
ES": electro spray (negative ionization);
ES™ electro spray (positive ionization);
et ethyl;
15 ELO: diethyl ether:
EtOAc: ethyl acetate;
_ EtOH: ethanoi ;
FBS: fetal bovine serum :
Fmoc: 8-flucrenyimethoxycarbony! ; :
20 HATU: O-(?-azabenzotriazoi—1-yl)~N,N,N’,N’ntetramethyluronium hexafluorophosphate;
~ HBTU: O-Benzotriazol- 1-yi-N,N,N' N'tetramethyluronium hexafiuorophosphate;
HOAT: 1-hydroxy-7-azabenzotriazole: '

HOBt: 1-Hydroxybenzotriazole:
, HPLC_): high performance liquid chromatography;
25 'Prori-Pr: iso-propyl :
Me: methy!;
MeCN: acetonifrile;
MeOH: methano!;
MS (ES): electrospray mass spectrometry;
30 NMP: N-methyl-2-pyrrolidinone:
NMR: nuciear magnetic resonance spectroscopy;
~ PBS: phosphate buffer saline:
Ph: phenyt;
PG: protecting group;
3B Pr probyf;
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Ph: phenyl; PG: protecting group; 35 Pr: propyl; 40 WO 2006/007693 PCT/CA2005/001103 PVDF:
polyvinylidene fluoride; RT: room temperature (approximately 25C); TBME: tert-butylmethyl ether;
TBTU: 2-(1MBeP8iE281-1-yi)-N,N,N',N'-tetramethyluronium tetrafluoroboftd’/C8 383/ 0@&3buty!; Tf:
trifluoromethylsulfonyl; TfO: trifluoromethylsulfonate; TFA: trifluoroacetic acid; THF: tetrahydrofuran;
10 TLC: thin layer chromatography; TMS: trimethylsilyl; Troc: trichioroethoxycarbonyl. EXAMPLE 1
15 3-(3,3-Difluorocyclopentyl)-1-methyl-IH-indole-6-carboxylic acid methyl ester: 0 H Co'Me H CO H
H CO'fvle 11\ McOH | 2$04 " Vb(OT% Step 7 Step 2 M1-i 7-2 1-3 O Step 3 f NaH, Mel Me N
CO2H N "\ CO,Me N ri COz '

PVDF: polyvinylidene fluoride;
RT: room temperature (approximately 25°C);
TBME: fert-butyimethy! ether;
TBTU: 2-(1H-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetraflucroborate;
5  {Buw tert.-butyl;
Tt trifluocromethytsulfonyl;
TFO: trifiuoromethyisulfonate;
TFA: trifluoroacetic acid;
- THF: tetrahydrofuran;
10 TLC: thin layer chromatography;
TMS: trimethylsilyi;
Troc: trichioroethoxycarbonyl.

EXAMPLE 1
18 3-(3,3-Difluorocyclopentyl)-i-methyl-iH-indole-6-carboxylic acid methy! ester:

o
g CO,Me
i COM i coMe
MeOH ' N\
N\ > N\
H,30, YB{OTH,
S‘.Ep K Step 2
11 12 -
o N CO,Me
oo \
F 1.5

Step 1:

indole-B-carboxylic acid 1-1 (5.0 g, 31.0 mmo!) was dissolved in MeOH (100 mL}, a

catalytic amoﬁnt of H80, (1.0 mL) was added and the reaction mixiure was stirred at

refiux for 16 h. A small amount of solid K,COs was added, in order to neutralize the
20  excess H,S0,, and stirring was continuéd at RT for th. The reaction mixture was

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

NaHCO, (~50 mL) and exiracted with EtOAc (~200 mL). The organic layer was

washed with brine (100 mL}, dried over anhydrous MgS0, and concentrated o
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R 1/DAST Step 4 F Fi-5 F F O Step 1: Indole-6-carboxylic acid 1-1 (5.0 g, 31.0 mmol) was dissolved
in MeOH (1%?0@#}'86@ 7cggalytic amount of H2SO4 (1.0 mL) was added and the reaction mixture was
stirred at refiix 1or 16/ B, "A small amount of solid K2CO3 was added, in ord8FIUTEI A% He 20
excess H2S04, and stirring was continued at RT for 1 h. The reaction mixture was concentrated
under vacuum to remove the MeOH, diluted with saturated aqueous NaHCO3 (-50 mL) and extracted
with EtOAc (-200 mL). The organic layer was washed with brine (100 mL), dried over anhydrous
MgSO4 and concentrated to- 41 WO 2006/007693 PCT/CA2005/001103 dryness. The resulting
residue was purified by flash column chromatography, using 30% EtOAc in hexane as the eluent, to

obtain the pure mgthyl ester 1-2 (4.78 8% yield). St : 5 The methyl ester 1-2 from step 1 (3.31

0, 18.9 mmol) W o B8 ek PO o 7oA D S R0 SRR ORI SH AR 58 0.95

mmol) was added®% Elffsiiamene anieEreth Lo 9htgmihsal)eanetiid edtamti21é. Féac &8P mixture

was stirred at refluetdpr 16 h. The MeCN solvent was removed under vacuum, the residue was

re-dissolved in EL A%_(-ZOO mL) and extracted with agueous saturated NaHCO3 (-100 mL), H20 (50

10 mL) and brine§8 mL). The organic layer was dried over anhydrous MgSO4 and concentrated to
tR

dryness undér vaciuethftesisnAfBaBSERAd $edidud bY mire) vekdinseMedrindiafitdBY mising 40%

Et(l)Ac Oiln hex%nt_-:'aaﬂ m&amwnemnw@:diemﬂagrfgqss?gvgyg.%seﬁﬁg@?wsml _.iz@fye-.;i?ﬁéﬁ%ﬁﬁﬁd as
Isolated as a belge- P eld). te : To.asolution of t cyC entanone
adduct intermedi%l%eg f}gfﬁgnrlﬁ gfweg?ﬁ'%iigﬁs %ﬁ?@‘é’ r%rr‘ng eiﬁegﬁ%@nd%ﬁtg rﬁlwﬁs(i%ﬁa crin?ﬁr%t ,rNaH
(60% in oil, 770 M8 1187 MR SRNE LWARFPEISHAY. Underaciien Hisdteridyeaastizstisae!oes for 5 min,

then Met (1.2 MLEt082(ra0miyasdedetopinvisquaodsstitingaiaseminued @iy folse The

10 ml) and brine (580 mL). The organic layer was dried over anhydrous MgS0, and ‘
concentrated to dryness under vacuum. After purification of the residue by flash
column chromatography, using 40% EtOAc in hexane as the solvent gradiénz, the
desired cyclopentanone adduct 1-3 was isolated as isolated as a beige-colored
powder (3.4 g, 70% yieid). '

15 Step 3:
To a solution of the cyclopentanone adduct intermediate 4-3 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,
18.2 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,Cl (200 mL). The mixture was extracted with EtOAc (2x 500 mL) and
the organic layer was washed with agueous saturated NH,Cl (2x 200 mL) H,0 (200
ml.) and brine (200 mL). The combined organic layers were dried over anhydrous
MgS0,, evaporated to dryness and the residue was purified by flash column

25  chromatography (using 30% EtOAC in hexane as the eiuent) 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,Cl, (50 mL) and stirred at reflux

30  for 3 days. The mixture was poured into aqueous saturated NaHCGO; (~50 mL) and
once the evolution of CO, had stopped, the mixture was extracted with CH,Cl, (2x 100
mLk). The combined organic layers were washed with brine (50 mL), dried over
anhydrous MgS0, 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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20 mixture was allowed to warm-up to RT and was quenched by the addition of aqueous saturated
NH4CI (200 mL). The mixture was extracted with EtOAc (2x 500 mL) and the organic layer was
washed with @8I S3turated NHACI (2x 200 mL) H20 (200 mL) and brifef(SO8PRR{OF11He
combined organic layers were dried over anhydrous MgSO4, 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 9, 5.16 mmol) and DAST (2.7 mL, 20.6 mmol) were

- dissolved in CH2CI2 (50 mL) and stirred at reflux 30 for 3 days. The mixture was poured into aqueous
saturated NaHCO3 (-50 mL% and once the evolution of CO2 had stopped, the mixture was extracted
with CH2C12 (2x1 8883 (F A EiBrYEPRr o hi¢ TRpareradniestsartmy s Ard ety sied over
anhydrous MgS0G4 &l comcEir gteid)to dryness. The residue was purified by flash column
chromatography (using a solvent gradient from 10% to 20% EtOAc in hexane) 42 WO 2006/007693
PCT/CA2005/001103 to isolate 3-(3,3-difluorocyclopentyl)-1-methyl-1H-indole-6-carboxylic acid
methyl ester 1-?(%%%%%%%8%%’-@@%{%& Fi SR itRARyRAthYh 88R- 6% Brboxylic acid
methyl estersl-5 ¢ésndeded e radbdayiarmayite aediaéaron édratds iofibemindl jsvharginfRids methyl, R2
' defined as Nereiealh Bt Rofsra ot U 81 aIARSBN L USUAY PIRGRANES.ASSCTREd a0
03/010141. These intermediates may be converted to compounds of general formula I'using
procedures illustal¥d FPERHe apRiteIRadRIEE fRRNDR SRRYCTRICe CRPorDde RIgarara 2
2-Bromo-3-(4,4-dimota tysing exytpdurne itydidated ind Stndreat taboykcandidanatbet ie. 0 " 0 step 1
r12- OH N\ pH N£hNa@Me .

10 .
ExampLE 2
2-Bromo-3-(4,4-diflucrocyclohexyl}-1 -methyl-1H-indole-6-carboxylic acid methyi
ester:
O
\N 0/
Mol /base N
step 3
22
acetone,
step 4 { 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 {o the residue and the mixture was stirred at 45°C for 30 min to dissoive most
solids. The solution was filtered to remove some insoluble material and the filtrate was
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\ Hi Mel IHasa \ OH step 2 step 3 2-2 acetone, step 4 TSOH Ofill DAST O r2-4 O, O 2-5 step g step

and 1,4-cyclo

S5F15 Stepﬁﬂéxg%g (%;\rboxyllc acid 1-1 (10.0 g, 62 mmol) was dlssolveq)gT(]*Iéy MeOH 200 mL)

ione-mono-2,2-dimethyltrimethylene ketal (16.4 g, 81 mm

Tuf%mauwalent) 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 45C for
30 min to dissolve most solids. The solution was filtered to remove some insoluble material and the
filtrate was 43 WO 2006/007693 PCTICA200S/001103 acidified with formic acid to neutral pH (-10

mL). The precipitgiessglidiassalles éqg ,,% % lﬂﬁegj dﬁé}‘”—%&’ﬂlﬂb fSSW

mL) and dried in vacuum to give the desire Tas &

S Sen 2

The indole 2-1 fr&mfibRiea. (3@%‘*&)\“«?&%‘@%&%8& radhRtEne W?H@(Q@b%ﬂ ﬁﬁ@%’é@ﬂ (300
mL) and hydrogegiedateovesirB0%peerHnadi£2(0 .46 41 at-bhipssdia 2B .g)YAdditional catalyst was added
(0.56 g) and hydr&ggrption resumed overnight. A third portion of catalyst (0.36 g) had to be added to

complete the reaction (3-4 h): The catalyst was then removed by filtration usin

L) for rinses &nd tHe NQIR%T%f%&S?QtééBEﬁb@rWQH GeEpepAsssnR g e 9634

o

1:1 MeOH-THF (1.3
i€, 'ed: The

indole carboxyllcl\ae@dmaahupdndmystepeaa(féd Svey Qi) MyasCligsTBvediiiss psi for 5 h.
Additional catalyst was added (0.56 g) and hydrogenation resumed overnight. A third
portion of catalyst (0.36 g) had {o be added to complete the reaction (3-4 h). The
catalyst was then removed by filtration using 1:1 MeOH-THF (1.3 L) for rinses and the

10 filtrate evaporated under reduced pressure (34 g, 96% vield).
Step 3:

The indole carboxylic acid derivative from step 2 (34.3 g, 0.1 mole) was dissoived in

dry NMP (300 mL} and K,C0, (30.4 g, 0.22 mole, 2.2 equivalenis) 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,PQ,; was then added dropwise in the
cold to acidify the mixiure 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 pars-

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. Voiatiles
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 Steps:

The ketone 2-4 from Step 4 (5.75 g, 20.2 mmol} was dissoived 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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dry NMP (300 mL) and K2CO3 (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 140C overnight. The black
mixture wad OB $&bm temperature and then in an ice bath and was qierehePE)di8pwise
addition of water (250 mL), maintaining an internal temperature < 10C. H3P04 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 mol) lu?g ;oIV(E1 HQ gr%%Locqeh 1. 5&%&@9 @%%t&gczwa?ﬁﬁ |f0XQ,l @Cld (0.87

g) was added. T e ye dw o) rred’overni Froom temperatur enre qued for 10
h to complete thé?ﬁ/ﬂlﬂﬁ?%%w%YﬂiﬁémFeWéﬁ%%ﬁ%W@@ﬁ?éhﬁ%%ﬂf\ﬁfe%%%hmor‘@é|€Fue purified
by flash chromagegeapgyverastisa gethusiog Qailie S0 fbksDArdmiteyapey thaidesyedkisgpne 2-3

was obane as g MRUB AU U0 0110 S el xagae SNBSS ang 2 mmo) v

dissolved in dry ina mL pr ssure tube. The system was purged with argon and
DAST (9.05 L, "Beratinghsh B%@ﬁﬁ@/&%ﬁt@)‘%’&&‘@ed The tube was sealed and heated to 50C for
50 h. After coolirgxdp 8n ice bath, the reaction was guenched by dropwise addition of 44 WO

20061007693 PGHCAZOBINMPS AR sohltiny AT PiBd it

EtOAc (1 Q. The extract was washe 00 ml-) and brine (300 ml and dried Na2804)
Removal of solveh QW@EQ%MH&T\N&MFW@H@HQ‘% ErRBrERI RBHYIB R SR gel using 0%
to 40% EtOAc ingyeusanen Tiredpiiduct 28lgvas obiained asivndiiie)sodis afted SAfitu it idth hexane

(12.2g fOfr ;ﬁ% Wﬁ)in RELoR, HRELIRS Al 8enéh ) GudidnBrabatupesBiRagIyRg in 2
mixture o solvents removed under reduced pressure. The residue was partitioned between

EtOAc (200 mL) and aqueous NaHCO; (200 mlb). The organic phase was washed
with water (2 x 100 mL) and brine (100 mL) and the aqueous phase back-extracied
with another portion of EtOAc (3 x 50 mL). The combined extracts were dried

15 (Na;S0,) 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 fo further purify the
product. The material (11 g) was then triturated twice with 10% ether in hexane (600
mbL). The deeired bromoindole 2-5 {7.9 g) was obtained as a white solid.

20 7 _ '
2-Bromo-3-(4 4-difluorocyciohexyl)-1-methyl-1H-indole-6-carboxylic acid methy! ester
2-5 is converted ta carboxylic acid intermediates of formula li, wi_'\erein‘R" is methwyl,
R? is defined as hereinbefore and R® is 3,3-diflucrocyclohexyl, using procedures
described in WO 03/010141. These intermediates 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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mL) and CHCI3 (100 mL). The mixture was cooled in an ice-salt bath to OC and pyridinium tribromide
(14.26 g, 4 quivalent) was added. After stirring for 10 3 h in the cold, the reaction
mixture Wagg%néﬁécﬁﬁ@gzgg addition of water (50 ml-) and solvents removed %Hgﬁ?@&ﬁg%ldﬂﬁressure.
The residue was partitioned between EtOAc (200 mL) and aqueous NaHCO3 (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
(Na2S04) 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 (BS8MRYE)® The desired bromoindole 2-6 (7.9 g) was obtained as a white solid. 20
2-Bromo-3-(4,4-diCeconyaitfiekyhednmatint-by-izdoetraahraylicasidupring aster 2-6 is converted
to carboxylic acid intermediages of formula Il, wherein R' isgnethyl, R2 is defined as hereinbefore and
R3is 3,3-difluorocycléa fAuging procedures deskribed if WO Ost3e/02101430. These intermediates may
be converted to cBf e @ procedurés ilustrateq i @ efhe 1 above
and described in WQ 03/010141. 45 WO 2006/0076 XANPLE 3 |
3-Cyclopentyl-1-m I-2‘3(5LH-pyrazol-3-yl)-1H-in . 1@ step200 3-1

3-23-3 step3 O ObHN'NOH step4 \~ | _ 1 step
\ 0 | o i
BN, OH step 4

Step 1: _

5  The bromoindole 3-1 prepared as described in WO 03/010141 (3.00 g, 8.8 mmol) was
dissolved in dioxane (40 mL) and 1-(ethoxyvinybiributyltin (3.6 mL, 10.7. mmol, 1.2
equivalent) was added. The solution was degassed with argon and '
dichlorobis(triphenylphosphine)palladium (0.376 g, 0.5 mmol, 0.66 equivaient was
added. The mixture was sfirred 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 ethoxyvinyiindole 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 (50 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% vield).

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 dimethyt acetal (0.60 mi, 4.5 mmol, 3
equivalents) was added. The mixture was heated to 100°C in a sealed tube for 5 h.

25  Ancther portion of N, N-dimethylformamide dimethyi 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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3-5 3-4 Step 1: 5 The bromoindole 3-1 prepared as described in WO 031010141 (3.00 g, 8.9 mmol)
was dissolved in dioxane (40 mL) and 1-(ethoxyvinyltributvitin (3.6 mL, 10.7. mmol, 1.2 equivalent)
was added, WRS¥WI0#EA3Was degassed with argon and dichlorobis(triphenyEHESEEN@PakAdIum
(0.376 g, 0.5 mmol, 0.06 equivalent) was added. The mixture was stirred at 120C 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: 15 The derivative 3-2 from Step 1 (2.50 g, 7.6 mmol) was dissolved in
EtOAc (80 mL) and 2N HCI (50 ml-) was added. The biphasic mixture was vigorously stirred for 2.5 In,
at which point TLrabdtitioeae ¢edeipieiecso RBPSIoh T M Portiay TRMSNEITHE T RMIETDREZe was
separated and washed w@&@d&@%@@@mbﬁw@ﬂ@@m@ B8dnk)Yiohhes-aquiioyves deed (Na2S04)
and concentrated to v kﬁw d Trlturatlon with 20 hexane gave the desired product 3-3 as an
off-white solid (1?8 @gyle (ﬁ % The acetylindole 3-3 derivative from step 2 (0.45 g, 1.5
mmol) was dlssoﬁﬁGE‘ﬁh toluene (15 mL) and NN-dimethylformamide dimethyl acetal (0.60 mL, 4.5

mmol, 3 equival%t@)dmg&r@kﬁedea'd?@ onikeIps@s(BrRRed M4 OOk adseatmd tube7he) Site 25
Another portlon of NdN ol

s ana nemn TR L LS DML SRR Al R eyt v
PCT/CA2005/00 210 By@sinee BSOS alfS HbomaamsbrarmisHento iRt olRRIMHE? vacuum.

The residue was,ge-Beaparaie dwihig@ithe royialtingaheigeTioarna3tb(ad gltbaitiaIHEs@d directly
in the next step. Ziep, 4 B PG IBS e RIaS aHHLE. A kkabalLFUAnKY s i, & 2003, 13,

789), the
) 10 which saponification of the methyl ester was complete. Volatiles were removed under

reduced pressure and the residue acidified with 1N HCL. The indole derivative was
extracted into EtOAc and washed with water and brine. The extract was dried
(Mg30,) and solvents evaporated to give the desired pyrazole-indole 3-8 (75 mg) as

an oil,

15
3-Cyclopentyl-1-methyl-2-(1H-pyrazol-3-yi)-1 H-indo!e—&carboxylic acid 3-5 is
converted to inhibitors of formula |, wherein R* is methyl, R® is 1H-pyrazolyl-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-ethoxyphenytacrylic acid methyl»ester
oN OEt - . OGN \©/\/
e
on " Step 1
0 °

Step 2
l Step 3

O,N OEt O,N OFEt
\@/\K ' \@//"Y OMe \@(O
Step 5 o Step 4 H

45 44
Step 1:

2-Ethoxy-4-nitrobenzoic acid 4-1 (1.56 g; 7.38 mmol) was dissolved in methanol (15
25 mb) and the resulting solution stirred at 0°C. A seclution of diazomethane in ethyl ether

was slowly added until the yellow color persisted and the mixture was stirred for a
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crude material 3-4 from Step 3 (106 mg, 0.30 mmol) was dissolved in EtOH (4 ml-) and hydrazine
monohydratﬁ,@%&lm],ﬁgsmmo(, 5 equivalents) was added. The mixture Wa?ét};&‘?{;ﬁg%% ﬁ}{;rnight at
3m

room temperature. The reaction was diluted with THE (4 mL) and 5N LIOH ( was added. The
mixture was stirred at 50C for 5 h after 10 which saponification of the methyl ester was complete.
Volatiles were removed under reduced pressure and the residue acidified with 1 N HCI. The indole
derivative was extracted into EtOAc and washed with water and brine. The extract was dried
(MgS04) and solvents evaporated to give the desired pyrazole-indole 3-5 (75 mg) as an oil. 15
3-Cyclopentyl-I-methyl-2-(1H-pyrazol-3-yi)-1H-indole-6-carboxylic acid 3-5 is converted to inhibitors of

formula 1, whereip R' is.methyl. R2 is 1H-pyrazolyl-3-yl and R3 is cyclopentyl, using procedures
illustrated in S'che{er]rlité1 i %@H‘\}% gﬁa %‘ég%? é&f’ IR e\%?@%%‘f’dﬁ@lﬂ“i&‘%%?%ﬁ@% 4245 a pale
3-(4-Amino-2-eth#Ypmephd ) Hcbflin aurnimethighegie uedNDBUDRNNEEIORNIOEt Si OHiI0O OH 0
Step 1 O Step 2 pgg 142 Step 3 HZN OEt OZN OEt OZN OEt OMe-- OMe i O O Step 50 Step 4 H

o2 L S b SO SRR S TR R R e g et

(15 25 mL) and the res&lrtin'g SOIUoR Stitre ( ;
slowly added untisehaigreneneddorigersisieer armtreagempmrsphers. shinddtior ef 47

diisobutylaluminum hydride in tetrahydrofuran (1M; 8 mL.; 8 mmol) was added and the
reaction allowed o warm to ambient temperature. Two additional portions of DIBAL-H
were added in this way (7 and 10 mL) after 1 h and a further 1.5 h. 0.5 h afier the last
addition, the reaction was cooled to 0°C and 1N HCI (25 mL) was slowly added and

10 the mixture stirred vigorously for 0.5 h. The organic solvents were then evaporated
‘and the aqueous residue was extracted with ethyl acetate (2 x 50 ml) and washed
with water (50 mL) and brine (50 mL). The combined extracts were then dried over
MgSO, and evaporated to afford the alcohol 4-3 as a pale yellow, fibrous sofid (1.40
g; guant.) which was used as such.

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 (0.88 g; 4.97 mmol) in DCM (40
ml) and the reaction stirred at ambient temperature under a nitrogen atmesphere.

20 After 4 h, saturated NaHCO; / 10 % Na;S,0; (1:1, 160 mL) was addéd 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 NaHCQO; (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  yeliow solid (960 myg; 99%) which was used as such.
Step 4: .
Sodium hydride (5% dry powder, 158 mg; 6.25 mmol) was suspended in anhydrous
THF (10 mL) and trimethyl phesphonoacetate (0.845 mL; 5.84 mmol) added dro;)wise'
at 0°C under a nitrogen atmosphere resuiting 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 coilour and siow
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
10 a paie yellow solid which was extracted with ethyl acetate (2 x 50 mL) and washed
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WO 2006/007693 PCT/CA2005/001103 further 20 min. The solvents were evaporated to afford the
methyl ester 4-2 as a pale yellow solid (1.66 g, quant.) which was used without further purification.
Step 2: The%gt%qﬂﬁfpfﬁ‘%?n above (1.60 g; 7.10 mmol) was dissolved in dry tSEEPHPEY3S solution
cooled to -78C under a nitrogen atmosphere. A solution of diisobutylaluminum hydride in
tetrahydrofuran (1 M; 8 mL; 8 mmol) was added and the reaction allowed to warm to ambient
temperature. Two additional portions of DIBAL-H were added in this way (7 and 10 mL) 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 HCI (25 mL) was
slowly added and 10 the mixture stirred vigorously for 0.5 h. The organic solvents were then
evaporated and the aqueous residue was extracted with ethyl acetate (2 x 50 mL) and washed with

water (50 mL) antiBrfifd: s hNaHERe Confisimeld-SHieerhiard aadrivarssledmysdioshd
evaporated to affend évepatecdblodafons tagaleyelitwesiaraus sokdiElydvasaitantIthiolowss used as

such. 15 Step 3: Mgﬁméggég%tﬂg&,gu&ﬁg%mﬂw-1,1-dihydro-1,2-benzodioxol-3-(1 H)-one

(Dess- Martin perjodinane) (2.32 g; 5.47 mmol) in dichloromethane (40 mL + 5 mL rinse) was added
to a stirred solutiG¥ef3he above alcohol 4-3 (0.98 g; 4.97 mmol) in DCM (40 ml-) and the reaction
stirred at amBien temjyer auramate érsafmitraienafdpbete 2thaiftetd duspativedes NoHCR3 / 10 %

Na2$208 (L1, 160y ahd WaSAH4Aa G I b6 ¥ IRRtaN shitgui) LphnRgs iR clear (ca

0.5 h). The organi %hase was sef))arated and the a%u,eous _Phase was extracted with dichloromethane

(50 mL) and washéd Wit JROFRRNNES-RIERS HCEsBYRY) I PREGEHB MBI Topixeltwere then
dried over MgSO®ein desrgeiaecidnd. yibld wasdidehgitided-witcwaeald 2 hiypHosvtisabth4d60 mg; 99%)

et I an el ISP A e0d ERDURT T el RoAehe) fli&(tgg i ) added
suspended ip. anhydrous mL) and trim sphongacetate (0,945 mL; 5.84 mmol) adde
dropwise at 0OC u 'd”é?%‘%‘f%%e%%%?éé‘i?%‘r%ar%§5%%%%@%@5?%&&%&%ﬁlﬁﬁ"&8m‘not:be 30
stirred. A solutiorfestusgsl figesiyaaama e veslved @tne 4 ad BYelawekiith THE (7 mL

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 foliowing similar procedures to

those described above, one can incorporate groups such as small alkyl (e.g. Me, Et)

or halogens (e.g. '} on the olefinic cinnamate carbon atom a-to the carboxylic acid
function.

20 EXAMPLE 5 _
(£)-3-(2-Hydroxy-4-nitrophenyl)acrylic acid methy} ester:

e ST o BN &

e B T m— . N

O,N OH O oH
51

O,N OH :
5-2 ' 53

% -COOMe |

m . — @ °
N ——
O.N OH O 0 ON o
? step 5 step 4 .
56 ~ o*j<

5.5 54

Step 1:

2-Hydroxy-4-nitrobenzoic acid 5-1 (25.74 g, 0.140 mol) was chargled inatl3-
25  necked-flask equipped with a thermometer and addition funnel. Dry THF (400 mL)

was transferred into the flask and the solution cooled 1o -2°C in an ice-salt bath.
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+ 3 mL rinse) was then added dropwise resulting in a yellow colour and slow dissolution of the white

solid mass.y)fehibgagition, the reaction was allowed to warm to ambien},m%%%;%@;ter 15 h,

ion mixture was evaporated to a pale yellow solid which was extracte ethyl
:E;lhceet(;l\?(;J ((1%/ ;(:)5’30C trlr?L) and washed 48 E)NO 2006/007693 PCT/CA2005/001103 with saturated_ NaHCO3
(3 x 75 mL). The combined extracts were dried over MgS04 and_evaporated to af_f(_)rd _the cmnar;aée
ester 4-5 as pate yellow solid (1.212 g; 99 %) which was used W|th_ou'[ further purification. Step 5:
The nitro cinnamate 4-5 from above (0,300 g, 1.2 mmol) was suspenqled in EtOH (12 mL) and water
(7.5 mL) and K2C03 (0.990 g, 7.16 mmol) and 85% sodium hydrosulfite (1.247 g. 7.16 mmol) were

' jxtibines i i atyfiogy rajure far 1.5 1. It was then
Gt with water g AT e el vt o aro PHIE 52 Sl dend et o
was extracted with EtOAC ?2%18 x%wasrﬁg}d With WAt Rt was e riaRIdS s rRemeVal of the

solvent under redeBJdGHRSE FaGs e tiewwraighiniTine "Bt anpelmwss lideNaigizthegamalogous
methoxy derivgti\ﬁ'e msmbdﬁmﬂmq&md@'&?%ié#ﬁi%W%%@ngmo%lggg?onahggm
zhmetr;}oxy-tﬂfe- @rtlat ;%ﬂ%;ﬁ&?ﬁﬁ%ﬁ%&%@ﬁ%ﬁ%%ﬁé%%f%@%%g% HeELLH 58?}(@‘80?7@38@ ¥ incorporate
grgjp?s gzih as s%n?g‘f\gl%f %éO% %E,Tﬁf)e&r%mﬁ%”@?@@- Wiffowatee @Rsinic) clrkainate cadoon atom
a-to the carboxyligelchiidfiii GHOODLE AR RINNG (K-342) Hytionsy-Weritrapheay DAGEYIisRRighmethy!
ester: H COON giepski@bhaithg Rsiie Rid QAVNRHQNRHON O B L2 235ep 3,
vacuum. The benzyilic alcohol derivative 5-2 was obtained as a yellow solid (22.5 g,
10 85% yield). : ‘
Step 2:
The aicohol 52 from step 1 (69.6 g, 0.41 mole) was.charged ina 5L 3-necked flask
equipped with a reflux condenser and mechanical stirrer, Chioroform (2.5 L) was
added and the mixture heated slowly. Activated MnO; (85%, 252 g, 2.46 moles, 6 |
16 equivalents) was added in small portions over 15 min, during which time, the
temperature reached 55-58°C. Reflux was maintained for 1 h, after which TLC
analysis indicated complete conversion o the aldehyde. The reaction mixture was
cooled to room temperature and filtered through celite using CHCI; for washings. The
yellow filtrate was concentrated under reduced pressure to give aldehyde 5-3 as a a
20  vyeliow solid that was dried under vacuuAm {52.11 ¢, 75% vyield).
Step 3;
The aldehyde 5-3 from step 2 (562.0 g, 0.31 mole) was dissolved in DCM (1 L) under
an argon atmosphere. Triethylamine (95 ml., 0.68 mole, 2.2 equivaients) was added
to the mixture producing a dark red coloration. Trimethylacetyl chloride {40.0 ml., 0.32
25  mole, 1.05 eguivalent) 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 (Na;S0,), volatiles were removed under reduced pressure to vieid the desired
pivalate 5-4 as an off-white solid (104.2 a).
Step 4;
A5 L 3-necked flask equipped with a rhechanicaf stirrer and addition funnel was
charged with NaH (60% oil di.spersion. 19.1 g, 0.478 mole, 1.5 equivaient) under an
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H \COOMe COOMe /0 1\i OWN O N\2 02N OH step 5 step 4 5. O O 5-55-4 Step 1:
2-Hydroxy-4-nitrobenzoic acid 5-1 (25.74 g, 0.140 mol) was charged in a 1 L 3- 25 necked-flask
equipped witi? 28 eter and addition funnel. Dry THE (400 mL) was FEASAER Y the flask
and the solution cooled to -2C in an ice-salt bath. 49 WO 2006/007693 PCTICA2005/001103
Borane-dimethyl sulfide complex (10 M, 30.9 mL, 0.309 mole, 2.2 equivalents) was added dropwise
over 20 min. The reaction mixture was then allowed to warm up to room temperature and stirred
overnight. The reaction mixture was then cooled again in an ice-water bath and quenched by careful
dropwise addition of water (90 mL) over 5 30 min. THE was removed under reduced pressure and the
residue extracted with EtOAc (2 x 500 mL). The extract was washed with water (400 mL), 1 N HCI (2
x 400 mL) and brigen(30oasnherafieyydifing! (Nads@diiedaiati e werkinenoolgsdnanisersaiuced

pressure and thepes iU @AT HRBVARYARShHAt:hexeses3 m%mha@nﬂﬂé@ﬁvﬁmmacuum The
benzylic alcohol d§r| %dve 5-2 Was %lgtg_!ne as,a egow solldég g% 10 9%{ %(/l%%)o The
alcohol 5-2 from siep 88\’8 %’%1 moI'e) wads charge &S5 8CRBE E; |ppe |th a reflux
condenser and nﬁé%ﬁﬁﬁﬁw%ﬁﬁéfoﬁﬁf@ﬁtﬁdﬁ% §250L3 Wi arolgtinetHNG AR enkiives edrsstodesiowly.
Activated M2 (§5in26ib@ed ¥Yoamelesinsal@amivalenés) ramseagldgdiassmallsaagions over 15 min,
Qg e SRS Rl PRe98C Brinuesmaliaed br D afigwhich TLC
analysis indicat comgp efe conversion to the a e reactio m|x ure was cooled to room

temperature and Tite A8 ngé@lﬂ@%lﬁ‘f@d@'@w Q%%ﬁﬂfﬂ;ér bergsigeadRTiRraiionss
concentrated undetwedu &0 s e88l relioagi/eattiebytienh) 3ias thcorfhyiel nwssodishthaleaamdried under

vacuum (52.11 g, % ¥8khse 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,S0,}, solvents
were removed under reduced pressure uniil 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 5-8 (40 g) was obtained as a light _
yeliow solid. Filtrates and washes were combined and concentrated to give an

15 additional 10 g of product (total yield: 50 g).
Step b
The cinnamate derivative 56-5 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,;80, (350 mL) was added,
producing a dark red sotution. 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 g).

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

prepared in a similar way replacing trimethylphosphonoacetate by triethyl 2-
25  phosphonopropiohate.
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Step 3; The aldehyde 5-3 from step 2 (52.0 g, 0.31 mole) was.dissolved in DCM (1 L) under an argon
atmosphergydrigbyipayne (95 mL, 0.68 mole, 2.2 equivalents) was added o fhe mixiirg roducing 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), NaHCO3 (2 x 500 mL) and brine (500 mL). After drying 30 (Na2S0O4), volatiles
were removed under reduced pressure to yield the desired pivalate 5-4 as an off-white solid (104.2 g).
Step 4: A5 L 3-néshkedifiesk equipped with a mechanical stirrer and addition funnel was charged with

NaH (60% oil dispess .r,hr}\g’g,.gqg m ﬁa 15 e ivgenﬁ under an 50 WO 2006/007693
PCT/CA2005/0011 Bmargon atmogﬁ%%g ?{/zy'%&%& IYHLSRRIRY YRS Aridmelind e¥f8fed in an
ice-salt bath to -2C. Trimethylphosphonoacetate (69.5 gcgo.’m%Z mole, 1.2 equivalent) was added
dropwise over 35 mi € thick sluteywas stirréd fpr a additigpal 20 minand~thecatsehyde 5-4 from

step 3 (80.0 g, 0.3 bin THE 600" MLY.wasS-added over-5-36-min fg ed by a THE rinse (400
mL). The orange slurry w@&%gn stirred overnight g#rq temperatu?éh.‘ The ré4ttion mixture was
quenched with water¥80 mL) and THE was rerfidved under reduced pressure.*fhe residue was
partitioned between EtOAc (800 mL) and water (800 mL) and the organic Se separated. The
agqueous phase was extracted again with EtOAC, L) and the organic extrécts 10 combined, washed

NaHCO3 (2 x 1 L) and brine (1 L). Af ying (Na eSO4)ste<;,.Q;lvents w eeimder reduced
pressure until crystallization of theyprotCtoAfter cooh‘ﬁ‘g‘,“érvstalliz$ﬂ iéal as collected by
filtration and washed with cold EtOAc agg hexane. After drying, a fifst crop ¢f product 5-5 (40 g) was

obtained as a light yellow solid. Filtrates and washes were combined and€oncentrated to give an 15
additional 10 g oﬁfﬁBdlﬁct (total yield: 50-g).
5  Triethyl-2-phosphonobutyrate {10.16 g, 40.3 mmol, 1.2 equivalent) was charged in a
flask under an argon atmosphere and dissoived in dry THF {200 mL}. The solution
was cooled in an ice bath and NaH (60% dispersion, 1.764 g, 44 mmol, 1.3
equivaient) 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 Example 5
10 (8.44 g, 33.6 mmol).in THF (40 mlL} 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 mbL). The solution was washed
with NaHCO; (2 x 140 mL), 10% aqueous HCI (60 mL) and brine (60 mL). After drying

15 (Nap;S0,), volatiles were removed under reduced pressure to give crude product 6-1
(14.0 @). '

Step 2:
The crude material 8-1 from step 1 (14.0 g, assume 40 mmoi) was treated with conc.
H280, (80 mL) as described in step 5 of Example 5. After completion, the reacfion

20 mixture was poured on ice resulting in the for%nation of an oil. The material was
extracted into EtOAc and washed with water (3 x 125 mL) and brine {90 mL). After
drying (Na,SO,), 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,C05 (2.95 g, 9.05 mmol, 2 equivalenis) was added. After stirring for 15 min, Me!
(0.85 g, 6.73 mmol, 1.5 equivaient) was added to the red solution and the mixture was
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Step 5: The cinnamate derivative 5-5 from step 4 (50.0 g, 0.162 mole) was charged into a flask that

was immersed in an ice bath. Pre-cooled conc. H2S04 (350 mL) was added, %)roducin a dark red
solution. Aft‘gf)s%?ﬂq%'ﬁ?ﬁsice for 30 min, the clear solution was 20 poured over i’éé*@‘@?%ﬂ)‘% give a
yellow solid. The material 5-6 was collected by filtration, washed with water and dried (43.6 g). 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. 51 WO 2006/007693
PCT/CA2005/001103 EXAMPLE 6 2-[1-(4-Amino-2-methoxy-phenyl)-meth-(Z)-ylideneJ-butyric acid
methyl ester: H COOMe O step 1 step 2 COOMe OZN O OzN O 02N OH O O 6 5-4 6-1 step 3

~COOMe step 4 iR@Me +izN BN hb) S taRidd Mﬁ@mx&%ﬂnﬁﬁe@@d g;@tg 810-%6 g, 40.3
mmol, 1.2 equiv r ina. flask under. an argon atmosphere and dissolved in dry THE
(200 mL). The siﬁﬁ%}ﬁwﬁiﬂ%g’%ﬂﬁg%aféé"ﬁ%‘fhegar?&%% WBovBHIEp Kliomiater a4 Biethttamol, 1.3
equivalent) was Z0eEPRPS §53HiG 9 o8& MBIhin. The mixture was stirred for an additional 1 h at
0C and a solutiorsafgle aldehyde 5-4 from step 3 of Example 5

5 The nitro derivative 6-3 from step 3(1.00 g, 3.58 mmol) was suspended in a mixture
of EtOH (15 mL) and water (4 mL). Iron powder (0.61 g, 10.8 mmol, 3 equivalents)
and NH,C1 (0.102 g, 1.91 mmol, 0.52 equivalent) were added and the mixture was
stirred at 85°C for 1 h. The reaction was then cooled to room temperaiure and filtered
through a pad of celite using 1:1 EtOH-DCM (100 mL) for washes. Volatiles were

10 removed under reduced pressure and the residue dissolved in DCM (40 mL). The
.solution was washed with water (2 x 15 mlL) and brine (15 mL), dried (Na,S0,) and
concentrated. The crude produc;t 6-4 was purifiad by flash chromatography on silica
gel using 20% EtOAG in hexane as eluent (0.88 g, 90% vyield).

15  EXAMPLET7
2-[‘#~{4-Amino—2-ethoxy~phenyi)-meth-{E}~yiidene}-bufyric acid ethyl aster:

,@CHO step 1 - COO0EL siep 2 mOOEt
R
O,N OoH O,N OH - O.N

2 8]
53 71 7-2 K

l step 3

Step 1:
Triethyl-2-phosphonobutyrate (2.52 g, .99 mmol, 2 equivalents) was dissolved in dry
20 THF (15 mbL) and the solution cooled in an ice bath. NaH (60% dispersion, 0.41 g,
10.2 mmol, 2.0 equivatents) 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,SQ,), evaporated and the

53



10 (8.44 g, 33.6 mmol) in THE (40 mL) was added dropwise over 15 min. The ice bath was removed
and the mixgBEe&iRdses room temperature for 70 min after which the reagfjop wag {g ,to be
complete by TLC. THE was removed under reduced pressure and the residue was dilute Wlth EtOAC
(300 mL). The solution was washed with NaHCO3 (2 x 140 mL), 10% aqueous HCI (60 ml-) and brine
(60 mL). After drying 15 (Na2S04), volatiles were removed under reduced pressure to give crude
product 6-1 (14.0. g). Step 2: The crude material 6-1 from step 1 (14.0 g, assume 40 mmol) was
treated with conc. H2S04 (90 mL) as described in step 5 of Example 5. After completion, the reaction
20 mixture was poured on ice resulting in the formation of an oil. The material was extracted into
EtOAc and WaShFe@Q@(Jg‘pW%FSE %ﬁa%g%ﬁp‘é{%ﬁggf%ﬁf“ggq"@ After Iﬁ% Na2§04 the solvent
was removed under reduced pressure an urlfle roma ograp y on silica gel
to give compounéP62® &tdh’8Y8l)The material 6-2 from above (1 20 g, 4.53 mmol) was dissolved in
DMF (24 ml-) and CS2CO3 (2.95 g, 9.05 mmol, 2 equivalents) was added. After stirring for 15 min,

el (095 9, 6. 7ol b g{%@nﬁ)ﬁm areminnn Idaaiian e OPas yigs 52 WO

2006/007693 PCT/CA2 stirred for 1.5 h % was a to the reaction
mixture, proc?ucw?éegaber%&rﬁtﬁf@ 3F (R Rl M APRIAS S st 6P IERRRSIRDN SR X IRtVARsr and dried
to give compourthesgieroprgr®09teyield). Step 4: 5 The nitro derivative 6-3 from step 3 (1.00 g, 3.58
mmol) was susp@aglgg .in a mixture of EtOH (15 mL) and water (4 mL). Iron powder (0.61 g, 10.8
mmol, 3 equwal and[ H4 ég%‘{l%(é; 1.91m mo(go 52 e alent) were added and the mixture
was stirred at 85 GfoDr P! Y3 QAR CO3ILE % e isRlvaR it B Fthrough a
pad of celite usinga MLFeHOSER:((FotB a7 68 mash @ssaublakiieis weeatibag méwestitirgeioreduced

pressure anththeeaisRaisgRINe iDL loe i) 1118 SOIIRN MRS MR RS WithgWales #Rex 15 mL)

and brine (15 er% %ﬁ%dm;a %%04{)0 g5 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% vieid). '

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 refiuxing aguecus EtOH as described in Example 6 (step 4).
20

EXAMPLE 8
7-Amino-2H-1-benzopyran-3-carboxylic acid methy! ester:

CHO  gep 1 . -COOMe  gtep 2 2 COOMe
e = XY
ON OH ON 0 HN ¢

53 81 &2
Step 1:

25  The hydroxynitroaldehyde 5-3 from step 2 of Example 5 (2.50 g, 14.96 mmol) was
suspended in methyl acrytate (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 80°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 HCI (100 mL) and brine (100 mL). After
drying (Na;S0,), removal of volatiles gave an orange solid (0.5 g). The combined
agueous phases were re-extracted with EtOAc (2 x 300 mL) to give 2 g of solid that
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concentrated. The crude product 6-4 was purified by flash chromatography on silica gel using 20%
EtOAc in h% n%éas (()37I%19e3nt (0.89 g, 90% vyield). 15 EXAMPLE7
2-[1-(4-Amino-Zz-efH%xy-phenyl)-meth-(E)-yIidene]-butyric acid ethyl ester: 898%%%5’10&%0&@ 1 OZN
OH GOOEt step 2 02N ~ O COOE4 5.3 7-1 7-2 step 3 ~j~ COOEt H2N \\ 7.3 Step 1:
Triethyl-2-phosphonobutyrate (2.52 g, 9.99 mmol, 2 equivalents) was dissolved in dry 20 THE (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
5-3 from step 2 of Example 5 (0.832 g, 5.0 mmol) in THE (10 mL) was added dropwise over 5 min and

the ice bath remqayggds e ¥ |y, | h.at room temperature, after which it was 25
judged to be -60% l)ﬁgﬁgpl(ste. 1Q<he%’e\g@%oﬁrfgr{{ﬁaﬂyﬁgssﬁg%ggﬁ%@JBﬁ"d@%ﬂﬁb@?‘%‘é%ure, diluted
d

with EtOAc (40 mf? g SiraliadifiRRaIe e §-3 (VAR btEIYA-E ar( thangs) smid {#Rg(10 mL). The
organic layer was'@fedgn2S04), evaporated and the 53 WO 2006/007693 PCT/CA2005/001103
residue purified bgdigsh chromatography to give the desired nitrocinnamate ester (0.365 g, 41%-
yield). Note: 25-[1-@‘?%9roxg/-,4-nitro-phenyI)-meth-(Z)-yIidenej-bu-tyric acid ethyl ester was 5 prepared
in a similar fahion By TP REMA YRR rom ABLEh Bhdbalwatkregurrsthy 2 giesphodiogrofinaate. Step
2: The phenol defvatisied e friih @biovef(ixBd gaGe8tsmmam) vwag dissavedindiysaME, (20 mL) and
Cs2C03(2.48 g, E@%mtg@@uivalents) was added. After stirring for '

EXAMPLE 9

10 General procedure for the altkylation of 2-hydroxyué-nitrocinnamaie esters using
halides as eiectrophiles:

. COOM
/@\/\’ ® BrCH,CN - COOMe
L —————————
O,N oH N’@o\/

| K,CO, O,
5-6 : 8-1 I\CN

The preparation of (E)—S—(Z-Cyanomethoxy-4—nitrophenyl)acrylic acid methy! ester is
iustrative: methyl-2-hydroxy-4-nitrocinnamate (compound 5-8; from Example 5, step

18 6) (2.48 g, 11 mmol) was combined with potassium carbonate (1.70 g, 12 mmol) in
anhydrous DMF (20 mL). Bromoacetonitriie (1.17 mi, 17 mmol} was added and the
red mixture was stirred at ambient temperature for 3 hours, at which time g
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 MgS0., filtered and concentrated under reduced
pressure. The crude residue was triturated with ether/DCM and collected by filtration.
The desired ether 8-1 was recovered in a2 91% yield (2.67 g) as a yellow powder.

it will be apparent to one skilied in the art that the general procedure of Exampie 9

25  may be used to prepare intermediates useful in the preparation of compounds of
formula (I} by replacing bromoacetonitrile with an appropriate 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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10 15 min, iodoethane (0.89 g, 5.66 mmol, 1.5 equivalent) was added via syringe and the mixture was
stirred for 1 temperature, at which point it was judged to be ¢ lete QLC .. Water (70
mL) was adﬁ&%@%@%@gction mixture, producing a white precipitate. The ?Pﬁr% é%%? N2 go)égilgected 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 / NH4CI in refluxing
aqueous EtOH as described in Example 6 (step 4). 20 EXAMPLES '
7-Amino-2H-1-benzopyran-3-carboxylic acid methyl ester: \ | CHO step 1 COOMe step 2\ ( COOMe

O HzN O 02N Ofipiundoer bihicriftiefioh gratblagihydroxynitroaldehyde 5-3 from step 2 of Example 5
(2.50 g, 14.96 mmol) was suspended in mg&h%ll acrylate (13.5 gk, 150 mmol, 10 equivalents) and the

mixture heated to 50uce a )Z’éﬁam Ution. @:o (0.42 g,r3.74 mmef 925 %Etivalent)

was added and theesixttrecHeated to90C for2.5%yS: hé?e’ggﬁonstégy?tU@ 0
temperature and diluted awith ether (156“‘?‘?1]_). The soltion 30 was washed with IN¢eMaOH (2 x 100mL),
IN HCI (100 mL) ap qtine (100 mL). After drying (Na2S0O4), 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 54 WO 2006/00 7B RIOT/ef AEXG03 GO e P MRt Pttt P ReHiesdprrRaddraBty astesilica gel
using 15% EtOAc ihexmseAscckignyl-Thy desirechnitohenteRy@dounes-ohiain esasrn orange

solid (0.47'9, 15% wiglHy (1.01-g, 4.5 mmol) was combined with 2-methoxyethan-1-ol (0.53 mL, 6.8
mimol) and diethylazodicarboxylate (1.07 -mL, 6.8 mmol) in THF (20 mL).
Triphenylphosphine (1.78 g, 6.8 mmol) was added and the solution was stirred 15 min
at ambient temperature. The reaction mixture was diluted in EtOAc and washed with

10 water and brine. The orig,anic phase was dried with MgSO,, filtered and concentrated

under reduced pressure. The crude material was subjected to flash chromatography
{1:9 EiOAc/Hex; 1:4; 1:3). The desired product 18-1 was recovered as a light veliow
solid in 80% vield (1.01 g).

Step 2:

16 The nitrocinnamate ester 10-1 (353 mg, 1.3 mmol) was corhb':ned with iron powder
(208 mg, 3.8 mmol) in absolute ethanol {5 mL). Saturated aqueous ammonium
chloride (1 mi) and distilled water (imL) 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 MgS0.,

20 fitered 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 aniline 10-2

a5 a yeliow solid. FIA-MS m/z = 252.1(MH"). |

it will be apparent to one skilled in the art that the general procedure of Example 10

25  may be used to prepare intérrnediates useful in the preparation of compounds of
formuta (1) by replacing 2-methoxyethan-1-o! in Step 1 with an appropriate reagent of
the formula R%-OH, wherein R® is as defined herein.
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Step 2: 5 The nitro derivative 8-1 from above (0.41 g) was reduced to the corresponding aniline 8-2
using Fe / NH4CI in refluxing aqueous EtOH using the procedure described in Example 6 (step 4).
EXAMPLE g?&%@ﬂ%ﬂﬁsmocedure for the alkylation of 2-hydroxy-4-nitrocir¥%%08 @l’é(ﬁsing
halides as electrophiles: COOMe BrCH2CN COOMe OZN OH K2CO3 OZN 10l 5-6 9-1 CN The
preparation of (E)-3-(2-Cyanomethoxy-4-nitrophenyl)acrylic acid methyl ester is illustrative:
methyl-2-hydroxy-4-nitrocinnamate (compound 5-6; from Example 5, step 15 6) (2A9 g, 11 mmol) was
combined with potassium carbonate (1.70 g, 12 mmol) in anhydrous DMF (20 mL). Bromoacetonitriie
(2.17 mL, 17 mmol) was added and the red mixture was stirred at ambient temperature for 3 hours, at
which time a yellpow/orange heterogeneous mixture was observed. The mixture was diluted in EtOAc
and washed with™0. LRH'§O4, saturated aqueous NaHCO3 and brine. The 20 organic phase was
dried with MgSO& ittt elfitt Cpriopatrivietinatian 2 gydeth-prestHrmndbhs s tadsoiagidue was
iturated with ethaRibgapaAaBe RN A2 BnEaiag SRR Bal e ggovered in a 91 %6
yield (2.67 g) as a yellow powder. It will bé apparent to one skilled in the art that the general procedure
of Example 9 25‘%"6’@%38%’ alaebd%\r?é:intermediates useful in the preparation of compounds of
formula (1) by replallicing bromoacetonitrile wighhan appropriate reagent of E&;rmula R6-X, wherein

R6 is as defined h&r&n¥an d)’\‘fvehereian X 884 I prsuchses?a halg Sulfanateester or the
like. 30 EXAMPLE 10 Senexalqarocedure for the a ié)&) L1_‘2-hydroxy-4-ni oc mae esters using

55 WO 2006/007693 PETYCA2005/001103 a Mitsuggbu etherification protoc1(1)lei OMe
. t1-1 11-2 -
: ’ 1 step 3
Qﬂ,ﬁ OMe | |
BocHN \@f - step 4 %ﬁ OMe
0 P B — BocHN :
COOMe 3 Q’ o
OMe
11-§ ‘ OMe
step 51 i 114
0 ) .
--» \N N a OdMe
N Al
- Ohde i o]
1.6
5 : OH
Step 1:

Methyl 4-amino-2,8-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—?—aminocyclobutane-—‘i—carboxyﬁc 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, 115
mmol, 1.2 aquivalent), The mixmre was stirred for 24 h at room temberature after
which it was added dropwise to a solution of AcOH (15 mL.) in water (150 mL). The
white precipitate 14-2 was coliected by filtration, washed with water and dried in
vacuum (3.50 g, 71% vield): MS myz 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. LiAlH4 (1M in ether, 27 mL,
27 mmol) was added dropwise and the reaction mixture aliowed 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 soiution (Rochelle’s salt) was added.
‘After stirring vigorously for 80 min, the mixture was filtered to remove solids, the
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COOMe McOCH,CH2-OH COOMe COOMe PhaP/DEAD OMe Pe O N OH 02N Obi | OMe step step

2 HzN O,,. %6 36hd/d3z4; Step 1: The preparation of (E)-3-[2-(2-Methoxyetlz;aq}:ﬁz%tg yl)acryllc
acid methyl ester 5 10-1 is illustrative: Methyl-2-hydroxy-4-nitrocinnamate (compoun rom

Example 5, step 6) (1.01,g, 4.5 mmol) was combined with 2-methoxyethan-I-ol (0.53 mL, 6 8 mmol)
and diethylazodicarboxylate (1.07 mL, 6.8 mmol) in THE (20 mL). Triphenylphosphine (118 g, 6.8
mmol) was added and the solution was stirred 15 min at ambient temperature. The reaction mixture
was diluted in EtOAc and washed with 10 water and brine. The organic phase was dried with MgSO4,
filtered and concentrated under reduced pressure The crude material was subjected to flash

chromatography AclHex 1.4, 1 ir roduc t 10-1 was recovered as a light yellow
solid in 80% yield‘%%gt% %“’ag Sef?‘?ﬁe T }‘8% §8 té?’li?’?@’?é%%%wf’? ST Was
combined with irdRSBRAES t‘?’@@?%“@%ﬁﬁ%l‘?ﬁ 'ﬁbb@ﬂﬁi@étﬁbﬁ@ﬁ?ﬂqﬁﬁﬂe@a@mgﬁlﬂims

ammonium chlommlgn(é tokpanckdistdleslssaiessd melwere agderbaneithe heterogeneous mixture
was heated at 80& ith stirring. After two hours the rust colored mixture was diluted in EtOAc and
washed with water and brine. The or%anlc phase was dried with MgS0O4, 20 filtered and concentrated

under reducet] pred&arEZYitetleigut WP sLBerR($ 86 MesH - hronmivGapiaperan THROAC/Hex) to

afford 223 mg (7196 o )cesi reivanniinia ko, 8516, @ yel@\msalid;nlfdﬁvl}é%aﬁé& PR ik waswill be

apparent to one skiled idhesat &Q@l%ﬂ”?ng%ﬁfé’d W %r%f ']:‘ 'T%H S0 752 WAy be tised to prepare
y

intermediates useful in the F@eparatlon of comp oun ormu replacing memoxyethan 1-ol

in Step 1 with an BSEFRAMRHEPEYRAl B?dtﬁgm‘ﬁ@@ﬁ”: v@?fé‘f"é‘ﬁp%@%t%ﬁﬁé@ herein. 56 WO
2006/007693 PCa¢34AR0680D1gi08a brown solid. The solid was suspended in TBME (10 mL),

10 filtered, washed with fresh TBME and dried in air to give compound 11-4 (450 mg,

69% yield): MS m/z 379.2 (MH™).

Step 4:

Triethyiphosphonoacetate (0.92 mL, 5.68 mmol) was added dropwise 1o a suspension
of NaH (60% in oil, 0.227 g, 5.68 mmol) in dry THF (25 mL). The resuliing thick-white

16 suspension was sfirred for 30 min at room temperature and a solution of the a'ldehyde
derivative 11-4 from above (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 guenched by addition of AcOH (0.5 mL). THF was removed under reduced
pressure and the residue was dissolved in EtOAc (50 mL}. The so!uﬁon was washed

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

Step 5:

25 The Boc-protected derivative 11-5 from step 4 (120 mg) was suspended in 4M HClin
dioxane (4 mi) and the mixture stired 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 CHCI; (2 mL). While sti'rring,

30 TBME (10 mi.) was added slowly to produce a white precipitate that was stirred
overnight, The solid was then collected, washed with TBME and dried (82 mg of
impure material).

The crude amine hydrochloride from above (57 mg, 0.17 mmo!) was dissolved in
DMSO (1 mL) and the indole derivative (prepared as in WO 03/010141) (80 mg, 0.16
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EXAMPLE 11 (E)-3-[4-({1-[(3-Cyclopentyl-1-methyl-2-pyridin-2-yl-1 H-indole-6-carbonyl)-
am|no)cyclobutanecarbonyl)am|no) -2,6-dimethoxyphenyl)acrylic acid (Compound 2005, Table 2):
H2N s OMe YR APEBELN N We step 2 BOCHN~N / OMe COOMe O'000ME HAAZAYOBME 71-2
OMe 113 OMe 111 step 3 BocHN N | OMe step4 N it OMe 0\ COOMe BocHN O 0 OMe 11.511-4
OMe step 5 H (7N/ N N OMe OMe O it$ 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-l-aminocyclobutane-I-carboxylic 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 equivalemt);i)ﬂr&m@&tﬁdﬂ%&@qﬁeﬁﬁg;gﬁ,;n QO temRGIAILL (fl;lgrriy\f h it was added
dropwise to a sol 5‘5%‘%‘8 'ilr‘él E;}lr\}v water (150 mL). The white pr Clp ate was collected
by filtration, washe with water and. rled M Svacaa Ve LAt Pom Rmpemigen Naghb(BMH ). 15 Step
2: The methyl est&rd1mY WesinshRrsed. Megveqi BYrﬁﬁﬁﬁl)JMQM§Q){Oe7c$ inLJ i (2 mildure

stirred at 50°C for 2 h, after whlch saponification of the methyl ester was complete
5 (HPLC). The reaction mixture was cooled to room temperature and acidified by

addition of TFA (0.15 mL). The final product 11-6 {Compound 2008, Table 2) was
isolated by preparative reversed-phase HPLC (31 mg, 27% yield): MS m/z 623.2
(MH"). "H NMR (DMSO- -de) 5 9.69 (s, 1H), 8.84 (s, 1H), 8.80 (d, /= 4.1 Hz, 1H}, 8.22
(s, 1H), 8.01 (dt, s = 7.8, 1.8 Hz, 1H), 785(d J=18.2 Hz, 1H), 7.71 (d, J = 84H2

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=T7.4,57Hz, 1H), 7.16 (s, 2H), 6.57 (d, J = 16.2 Hz, 1H), 3.81 (s, 6H), 372(s 3H),
3.14 (m, 1H), 2.73 {m, 2H}, 2.37 (m, ZH}, 2.04-1.82 (m, 8H), 1.61 (m, 2H).
Note: a similar procedure can be used with other carboxylic acids of general formula 1|
to prepare analogous dimethoxy cinnamate derivatives. in addition,

15 triethylphosphonoacetate can be replaced by other phosphonate derivatives to
introduce substitiuents on the double bond o- to the carboxylic acid function (e.g. Me,
Et, F).

- EXampLE 12 . :
20 (E}-3-[4-{{1-[(3-Cyciopentyi-i-methyl-2- -pyridin-2-yl-1H-indole-6-carbonyl)-
ammo]cyc!obutanecarbonyl}ammo)~2-ethoxyphenyl]acryhc acid (Compound
1005, Tabte 1):

step 2

12-5 12:4
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and the solution cooled in ice under an inert atmosphere. LiAIH4 (1M in ether, 27 mL, 27 mmol) was

added dropwise@padhgseaction mixture allowed to warm up to room tem%'dil ‘&%&féﬁi& irring 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 1 M sodium-potassium tartrate solution (Rochelle's
salt) was added. After stirring vigorously for 90 min, the mixture was filtered to remove solids, the 57
WO 2006/007693 PCT/CA2005/001103 organic phase was separated, dried (Na2S04) and
concentrated to a white solid. The residue was triturated with TBME (25 mL) and the white solid
collected and dried in air to give compound 11-3 (0.65 g, 38% yield): MS m/z 379.2 (M-H). Step 3: 5
The benzylic alcab@iplf:-3 from above (656 mg, 1.72 mmol) was suspended in THE (50 mL) and

activated Mn02 (8§2%,,2.12 ¢,.20.7 mmol added. The mixture was refluxed for 24 h, cooled and
diluted with additﬁﬁméf’éﬁlf %ﬁzﬁ%ﬁ?‘? ee‘%ﬁ%rg'\%ﬁé TRAPR &S aaeRr peirnIvise wrsikeantsl using
THE for washing$ &HIPERE fitr@fithecamisrarideti todpvey o rblandsol 214 Thvesolid ¥agsosnanged in
TBME (10 mL), 1ov6iesed owashesbwitaoersiof B ME@0edHgH in ﬂ%%%gé\é% 98@»20“&%% -4 (450 mg,
69% yield): MS myg ﬁzprgo%r})ﬁ?'rgg 4. él;) qgﬁt%/%lﬁﬁg%%goacetate }SO.Q m?_, .68 mmol) was added
dropwise to a suspension of Nal (% 6% iR o, 0227 (S5 %8 ShiBIIH WAs Pfed 25tafierfie resulting
thick-white 15 sU8SelGSHIRSRsRRwasBPIechintravaisor hemihepsdretans axsaittiames the aldehyde
dgritvative 11-? f%t@fg@w:éﬁ;ﬂt@igé tribd oDk B@iﬂx'trtbélﬁ @éakwa;sgﬁ# P{ﬁé@%ﬁ%ﬁaﬁ%ﬂg&g (Qj% (r)?]agftion
mixture was stirr L) in. MpPEsALLL

AcOH (0.5 mL). THE was remo@egd Lj’%n@dg?rI Eé%tﬁrcgegdngtpegsggr@%{r%A 'g%ggﬁ%eaﬁlﬁg’ﬂfgs Fed in EtOAC

(50 mL), The sol i HAE RAGTRPEIGH RS D Whe3ORI$D/23 )9 drMHMgSO4) and concentrated.
The residueas Stepifled by flash chromatography on silica gel using 0-20% EtOAc in CHCI3 as

eluent. The desimad giatamale fSHYS H23910981ARSH B3 ANRS Sqid (452 mg, 01 % yield)
MS'm/z 435.2 (M(\A\{%'pared as described in WO 03/010141: 0.2 ' i
1 0.200 g, 0.62 mmol) were dissoived in
DMF (8 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
vqtatiies under reduced pressure gave a solid that was purified by fiash
chromatography 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
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 coliected 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-dg) 8 12.12 (broad s, 1H), 8.68
(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), 7.69-7.56 {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), 4.08-3.98 (m, 2H), 3.72 (s, 3H), 3.15 (m, 1H), 2.77-2.68 (m, 2H),
2.40-2.31 (i, 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 5: 25 The Boc-protected derivative.11-5 from step 4 (120 mg) was suspended in 4M HCI in
dioxane (4 mL) and the mixture stirred at room temperature for a few minutes until homogeneous.
Reversed-p eopﬁﬂr_“@%ﬁwalyss indicated complete conversion to the aminBGR/EZERIRIEERIoNg with
some decomposition. Volatiles were removed under reduced pressure and the residue was dissolved
in CHCI3 (2 mL). While stirring, 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 58 WO 2006/007693
PCT/CA2005/00 I) was added followed by triethylamine (0.1 mL, 0.7 mmol) and TBTU (60
mg, 0.185 mmol). e m| ure was stirred overnight at room temperature. NaOH (2.5M, 0.5 mL) was
then added fo||ovr5awdaarﬁoqwmm(ewm)2amw Heinsipled sesoenyramingliter which
saponification of mmmwwmywmmmmgheﬁﬁ&@b%ﬁhgg@@mw&wg yosgsled to room
temperature and addition of TFA (0.15 mL). The final product 11-6 (Compound 2005,
Table 2) was |solated by preejaratlve reversed-phase HPLC (31 mg, 27% yield): MS m/z 623.2 (MW).
1H NMR (DMSO d6) 39.69 (s, 1H)m8:6cg0(§ 1H) 8.80 (d J=4.1Hz, 1H), 8.22 (s, 1 H)8f01 (dt J=
714(d, .1 =K M—Iz 10 1 H, part of AB), 7.
A91dd 3= 7457 Hz, YH)-R1 (3
( 1H), 2.73 (m, 2H9922 37 '
1. 61 (m 2H). Note a sr ar procedure can be used yith other carboxylic aci 05'4 ge;neral formula II
to prepare analogous dimethoxy cinnamate derivatives. In additjgggig‘;tsri/ethylphosphonoacetate can
be replaced by other phosphonate derivatives to introduce substitiue ouble bond a- to the
carboxylic acid function (e.g. Me Et, FX EXAMPL qqz HzNWcm

— N N O™ 0oMa
‘L N Ho 4 102
E o

5 13-4 OH
Step 1:
The indole carboxylic acid 12-3 {pr'epared as described in WO 03/010141. 1.04 g, 3.3
mmol), amino acid ester hydrochioride 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
EtQAc and washed with water, 1N NaOH and brine. The organic phase was dried with
MgSQ., 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")

15 418.2; RP HPLC: {=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 HCL. The aqueous phass

20 was extracted with EtOAc (x3) and the combined organic extracts were washed with
brine then dried with MgS0, and filtered. Concentration in vacuo afforded 1.01 g
(78%, 2 steps) of the carboxylic acid 13-2 as a yeliow solid. MS m/z (MH") 405.2; RP
HPLC: tg=4.45 min., »88% homogeneity at 220 nm.

Step 2: , ‘

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

anhydride (24 mlL.). Heating the mixture to 100°C resulted in the formation of a yeliow
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20 (E)-3-[4-((1-[(3-Cyclopentyl-I-methyi-2-pyridin-2-yl-IH-indole-6-carbonyl)-

aminojcycio yl}amino)-2-ethoxyphenyl}acrylic acid (Compound 1005, Table 1
JCOOMe Nﬁ'l%ga%%?@ﬁ%%gowe 12-1 H'Ne~ -a HzN OEt step 1 H OEt 12-2 §C4! %%%S%bgé y\\12-3

\NVIHO\MIA\NA\\HOI N/NN/O-N/ONN/Ostep30O 12-50H 12-4 OMe 59 WO 2006/007693
PCT/CA2005/001103 Step 1: The aniline 4-6 (Example 4) (7.64 g, 34.5 mmol) was added portion
wise over 3 min to a suspension of the amino acid chloride hydrochloride 12-1 (prepared as described
in WO 03/010141; 6.80 g, 40 mmol) in MeCN (150 mL). The suspension was stirred for 5 20 In at
room temperature, Solid K3P04 (18.50 9, 87 mmol) was added and after 15 min, the suspension was
poured into Wate :on él?%[oduct was extracted into EtOAc, washed with brine and the solution

dried (Na2s04). T# YSIRYo L &5 S LM R GG ARV PRI Ry e ARHAGNGS TRRESOAEE tOAC in
hexane as eluent"ﬂiﬁ@emwgmmwawnﬁﬁaméubaé pressiteesOhe yWBwTEs 310 dddiityol8dStep 2:

The amine 12-2 figwisian én@c@%&eﬁtr@tgétm&!b fé%éﬁf&i% %ﬂ(@é%'k‘ér%\% srubPicRared as
described in WO 0%103?9 ego%gpeg 7%56 mgmg]/’g}% b the alzseﬁgc\t/gr?e"‘;s 3 as an amber oil. MS m/z
5 (MH") 388.1.

Step 3:
The azalactone 13-3 from step 2 (39 mg, 0.10 mmo!) and aniiine $0-2 (Example 10)
(23 mg, 0.09 mmoi) were suspended in a mixture of toluene (1.5 mL) and acetic acid
(0.15 mL). The mixture was heated to 85°C at which point a yellow solution was

10 observed. After two hours, the solution was diluted in EtOA¢ and washed with 1N
NaOH (x 2), water and brine. The organic phase was dried with MgSO,, filtered and
concentrated under reduced pressure.
Step 4:
The crude residue from step 3 was dissolved in DMSO (2 ml} and sodium hydroxide

15 (1 N, 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
compound 13-4 (compound 1078, Table 1) was isolated as a yallow lyopholyzed
foam. Analytical RP HPLC: tg=5.70 min., >98% @ 220 nm; MS m/z {(MH") = 625.4; 'H

20 NMR (400 MHz, DMSO-de): .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 Mz},
6.42 (d, 1H, J=16.0 Hz), 4.11-4.07 (m, 2H), 3.72-3.68 (m, SH) 3.14 (it, 1H, J=8.9 Hz),
1.94-1.80 (m, 6H), 1.65-1.54 (m, 8H). ‘

I/\/\

25  EXAMPLE 14

2-(5-Bromopyrimidin-2-yi}-3-cyclopentyl-1-methyi-1 H-indoie-S-carboxyﬁc acid:
H

B.
1. 070
ME‘N COOMe DME/TEA Me Me
© P(2-uryl), / PA(OA N COCMe N cooH
Br N ryl), {OAC), NaOH 7 N Wy
% ———p Bf“<: 4
then HG = =
\(:!\ Step 2
31 BP0, 141

14-2
Step 1
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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 In. The 15 reaction was then diluted with
EtOAc and W $8t6H8/ iashed sequentially with aqueous NaHCO3 (2 x), RatéF (295aRHGrine. After
drying (MgS04), removal of volatiles under reduced pressure gave a solid that was purified by flash
chromatography 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% vyield). 20 Step 3: The ester 12-4 from step 2 (0.200 g, 0.32
mmol) was dissolved in a mixture of THE (3 mL), MeOH (2 mL) and water (1 mL). 20N NaOH (0.20
mL) was added and the mixture stirred 17 hat room temperature and then for 1.5 hat 50C to complete
the conversion. THE and MeOH were removed under reduced pressure and the remaining solid was
suspended in watgepl the mixture was acidified to pH 3.5 with 1 N HCI and the precipitated solid

collected by filtratigp. JQEW%@HQ&QEW@@SQ%@G‘Q@% %ﬁger% %JJH %‘ﬁgg -5 (compound

1005, Table 1) was triturated with EtOActo remove impurities d6) 8 12.12
(broad s, 1H), 9.68/04014%) 3 B2 &2 1Ayl o' tin) 1% dissves 'p Ay vﬁ%’iPM RYPI2, amq) '
7.75-7.64 (m, 3Hp hisscluben(waidied SR (ESfuvhiphdspBine4a860mmg. H)l muddi(d,12 =dhi. Hz, 1 H), 6.40

(d, J=16.0 Hg, 1@3.&%?9&%@5@ ) taclon HbaddSsBeb i, (057854 249251 (m

P CTICAZ003/00 b EIRRBFL NS ISE RN SN A (PR G SRR 2911
H-indole-6-carbomjmpeatiiprsRetheifstmpistamind i @borelttex velinaiky3pmenpl] 2 ydimadid
(Compound 1078§akafiged)bP siAmd X KePEAMENS dAr K76 AIrbdrDfe@ SR Bt BB oMY Step 1\N
W IH - -NA/ SteR Ger an argon atmosphere. The reaction mixture was then cooled to RT and the 5-

10 bromo-2-iodopyrimidine (3.0 g, 10.5 mmol, 1.18 equiv.) was added as a solid,
followed by careful, slow addition of a cooled suspension of K;PO, (1'0.5 g, 47.1
mmol, 5.4 equiv.) in water (7 mL). Alternatively, the addition of K;PO, may précede
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 cocled to RT and

15 poured into 10% aquedus NaCl (100 mL). The brown suspension was exiracted 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 coliected 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 siightly cioudy 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% yield, 100% homogeneity).
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132 33 123 steps 3and 4\ coome O HH2N\I1 OOMe NN/O.'~~OMe \/\\IHO\110-2 513-4 OH
Ste.p 1: The“i;rapgdgﬁ%r}g%ylip acid 12-3 (prepared as described in WO 03/0 8}%@5@(}%}% (%3 mmol),
amino acid ester hydrochloride salt 13-1 (0.45 g, 2.9 mmol) and TBTU (1.12 ¢, mmo)lwere
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 and washed with water, 1 N NaOH and
brine. The organic phase was dried with MgSO04, filtered and concentrated under reduced pressure.
The resulting solid was triturated in Et20/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: tR=4.96 m| B R homogeneity at 220 rim. The methyl ester (1.08 g, 2.6 mmol) was
dissolved in THE (45 mL), MeOH (10 mL) and water (3 mL). Sodium hydroxide (1N, 12.8 mL) was
added and the sétlRibRIREPHERISH S-BUC-aYeiatra! 1 -methy rHd-Bdplnit-carbexwiadfidihen

removed under reduted pressireand, the pH of thae\resulti%% aqueous solution was géjoi*usted to 3 with
0 ) .

1 N HCI. The aq se ZOswawemcge_g' & (o 3) &g t 0 rganic extracts
ine then drieel with MgS0 “and filtefed. Comeentration®in yacdo afforded 1.01 g
Il

were washed with

(78%, 2 steps) of the-2ambexylic acid}3:2 as a yelloy solid. MS fi/z (MH') 405,2; RP HPLC: tR=4.45

min., >99% homogeneity at 220 nif> Step 225 The earboxylic acid 13-2 frem step 1 (800 mg, 1.8

mmol) was suspended in acetic sathydride (24 mL). Heating the mixture to 100C resulted in the

formation of a yellow 61 WO 200@%’}7693p@&Té%ZNO%/QQMﬁi solutig4). stci's by TLC indicated
dei ji = &

. = TN R
. -~ (I

complete conversion to the azalact g,glhe;g;u on S Oh  aom, 0N
154 153 152 Step 1 15-1

Step 1: _

5  2-Hydroxypyrimidine hydrochloride 156-1 {100 g, 0.754 mole) was dissolved in water
{180 mL) and cong. H.SO, (42 mL, 0.788 mole) was added dropwise with vigorous
stirring. After stirring for an additiona! 30 min, water was removed under reduced
pressure at 70°C and the crange residue dried under high vacuum to ieave a residue
{146 g). The residue was transferred into a 4 L fiask and water (500 mL) was added.

10 A suspension of Ba{(OH), (129 g, 0.752 mole} in water (1200 mlL) 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 yeliow solid
(66.4 g)

Step 2:

16 2-Hydroxypyrimidine 15-2 from step 1 (42 g, 0.44 mole) was added 0 AcOH (500 mL)
and the mixture heated ta 120°C. N-Chiorosuccinimide (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

20 overnight with CH.Cl, (200 mt). 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-chioro-2-hydroxypyrimidine 158-3 from step 2 (8.0 g, 0.08 mole) was placed in a
dry 500 ml flask under an Ar atmosphere, and POCI; (79.4 mL) was added followed

25 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
extréjcted with pentane (3 X 200mL). The extract was washed with water and agqueous
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mixture was concentrated under reduced pressure. The yellow residue was dissolved in toluene and
concentrated in vacuo gepeated 3 times) to remove residual acetic anhydride. Recovered 745 mg
(97%) of the™ B AMEEHE*3-3 as an amber oil. MS m/z 5 (MH') 388.1. Step &~ &5 e 13-3
from step 2 (39 mg, 0.10 mmol) and aniline 10-2 (Example 10) (23 mg, 0.09 mmol) were suspended
in a mixture of toluene (1.5 mL) and acetic acid (0.15 mL). The mixture was heated to 85C at which
point a yellow solution was 10 observed. After two hours, the solution was diluted in EtOAc and
washed with 1 N NaOH (x 2), water and brine. The organic phase was dried with MgS04, filtered and
concentrated under reduced pressure. Step 4: The crude residue from step 3 was dissolved in DMSO
(2 mL) and sodium hydroxide 15 (1 N, 0.3 mL) was added. The resulting yellow solution was stirred
for 12 hours. TheNatéctionoiutisrgaedchied @ithSTRA YB6Wan WwedeSemmal) andeinjedteeddirectly onto a

preparative reversgephiaseviiiPide e Ruriicaiigno 2fene465mhafidhedasivatigompound 13-4
(compound 1078, Table 1 Wa?sﬁsolated ag%%yellov_v%golé)h lyzed foam. Apalytical RP HPLC: tR=5.70
e PEFEENKY

min., >98% @ 220 A IS A Guid PO thao A3 2 BRIRERIREY 8)62 (s, 1 H), 8.80
(d, 1 H, J=4.3 Hz)}1818%:(s, 1 H), 8.18 (s, 1 H), 8.00 (dt, 1 H, J=7.6, 1.6 Hz), 7.75-7.45 (m, 7 H), 7.28
Sd%’ é Ilj J=fgh 1;6figa) wﬁesljc%éﬁbeb li&nr?%i% %thzﬁﬁ.])]mid&é{%ﬁ EH%G'SH? AriG8sHR e 3. 14 (T, 1 H,
z-(s'-sér)ﬁop'ynm?&?ﬁ-%s%%@iﬁﬁ iaﬁ'?ﬁ%;ﬁ’sfﬁ%ﬁﬁ%E?s?&g.sca?%s%ﬁ's s iBed 1R N
COOMe DME/TER Ve Keligw BuspR{Zitnyay, iraied AaFiuly WhEBBMERIgoHwWeisr GOON p, gr/ then
-N) HCI N Step 2 gnhbithe pale yellow solid was collected by filtration. The solid was washed with water
and dried to give compound 15-5 (8 g); 'H NMR (CDCly) 5 8.47 (s, 2H).
10 Sfep 5: _ '
The 2-iod0f5~chtoropyrimidine 15-5 from siep 4 was cross-coupied to the
stannylindole derivative 15-6 {prepared using a procedure similar to that described in-
exampie & of WO 03/010140 starting from the 2-bromoindole anaiog of example 12 of
WO 03/010140) using the conditions of the Stille reaction as described in example 6
15 of WO 03/010140, to give compound 15-7.
Step &: |
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 1§ _
(E}-3-{4-[{1-{[2-(5-Chioro-pyrimidin-2-yl)-3-cyclopentyl-1-methyl-1 H-indole-6-
carbonyi}-amino}-cyciobutanecarbonylj-amino]-2-ethoxy-phenyl}-acryfic acid
{Compound 1070, Table 1):

" coo
N N QOH .
s 2 @L Ck{/ X ,\! H 5 \,
5 2. NaOH N i
| 6
15-8 122

COOMe
OH
16-1

25 The 5-chloro-2-pyrimidylindole 15-8 (Example 15) {337 mg, 0.85 mmof), the
cyclobutylamine derivative 12-2 (Example 12) (370 mg,'1.04 minol) and TBTU (334
- mg, 1.04 mmol) were combined and dissolved in DMSO (10 mL). Triethylamine (0.4
mb, 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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a-i K3PO, 141 14.2 Step 1 62 WO 2006/007693 PCT/CA2005/001103 Step 1: The bromoindole 3-1

(Example %@r;&g}r&ﬂ@g described in Example 12 of WO 03/010141) (3.0 § |, 1 equiv.) was
dissolved in anhydrous DME (20 mL) and to this solution was added tri-(ZI%rjg ‘62‘:})52&%133(260 mg,

1.1 mmol, 0.12 equiv.), 5 triethylamine (3.0 mL, 21.5 mmol, 2.4 equiv.) and Pd(OAc)2 (65 mg, 0.28
mmol, 0.03 equiv.). The mixture was purged by bubbling Ar through it for 10 min and pinacolborane
(4,4,5,5-tetramethyl-1,3,2-dioxaborolane; 3.0 mL, 20 mmol, 2.2 equiv.) was added by syringe. The
resulting dark brown mixture was stirred at 68C for 16 h under an argon atmosphere. The reaction
mixture was then cooled to RT and the 5 16 bromo-2-iodopyrimidine (3.0 g, 10.5 mmol, 1.18 equiv.)
was added as a selideth9lleyiad sny Gaggful, slow addition of a cooled suspension of K3P04 (10.5 g,

47.1 mmol, 5.4 eguiv.) in,yater g mL). Alternatiyel ddition { PO recede the addition
of 5-bromo-2-iod?%y?f’r¥%rd%?!ﬂsl; GEWS ?gv\'/%gr‘gac |os’n81 rﬁgw(jésﬁgs éﬁn“ﬁéﬁﬁgﬁo % MiRder argon

for 24 h. The reA4#59-MBauPEHEsOIEHaD R Tl 45 polirrvrtsiwed #iihEs04MRIE (100 mL). The
brown suspensiovasted itraetechwiaqbsQAKASO MGHTIDR exdracheyTasvashetwdtunaier (2 x 50

mb) and bring (190 8%:) 20 860 S0P RIURIARU0 AT A0 beds0RUNE REUBRE CTIgEralor

gave a beige precipitate that was collected by filtration, washe a small amount of EtOAc and

dried. The filtrat@¥Rb e SHe SRTRRB AR (CARRAMNE P TRe TRURI ML GH AR RN MP B IR MbRe (20 mL),
heated to boilingausiceag)ed int the fridye eeqenighy, 9 he gobdhvas7qgllested. by @ltration and the
combined solids were fusther puyifi bromatography usi H S.5Qlv. givethe desired
indole ester 14-1(%5 a %%P&e' o) |H%Q7¥%§y'eldl Ste’p%%?%gﬁhfége‘gtegﬁl% Z%%Oﬁ%ét%‘}z rEr%}raﬁol) was

suspended in DMBART r?ﬁ_ﬁsaﬁH‘%ﬁe%&%péﬁ&@rﬁ'%a?ﬁ?e@-@%fﬁly’tf) HiskBR:e tRe%sBlidaThe slightly
cloudy yellow sofuibia, 2H}, 3.80 (s, 3H), 3.72 (quintet, J = 8.4 Hz, 1H), 2.74 {m, 2H), 2.37 (broaé q,J

= 8.8 Hz, 2H), 2.05-1.82 (m, 8H), 1.65 (m, 2H), 1.38 (1, J = 6.9 Hz, 3H).

EXAMPLE 17

(E}-3-{4-[(1-{{2-(5-Chloro-pyrimidin-2-yl)-3-cyciopentyl-{-methyi-{ H-indole-6- |
15 carbonyl}amino}cyciobutanecarbonyl)amino}-2¥{2»m?ethoxyethaxy)—

phenyllacrylic acid (Compound 1077, Table 1) and (E}-3-{4-[{1-{[3-Cyclopentyi-2-

(5-methaxy-pyrimidin-2-yl)-1-methyl-1 H-indole-6-

carbonyllamino}cyciobutanecarbonyllamino}-2-{2-methoxyethoxy)-

phenyhacrylic acid (Compound 1083, Tabie 1):

Me
/5( i COOH " . y
C"’CN \, o HNTY O ome S N N )
c TATU cs—-{ P am \l Ao \l\
i e » [ Ome
158 17 o

cOome Stept
172 OMe
NaOH l
Step 2

H B H
pet \N NQ{N 01 =N ‘N N N o]
Mﬂo{r\f 3 "o Ohla + cr—{?{ % g \Lomf.
! d
L o L &
7-4 on .

20 ! 743 OH
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 4-8) to give ester
25 17-2.
Step 2;

The intermediate ester 17-2 was saponified using the procedure described in
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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 wag %“c?ﬁé’@?éa%y filtration, washed with water 30 and dried to giv]é%ma#éﬂﬂﬂsz (273 mg,
94% vyield, 100% homogeneity). 63 WO 2006/007693 PCT/CA2005/001103 EXAMPLE 15
2-(5-Chloropyrimidin-2-yl)-3-cyclopentyl-I-methyl-IH-indole-6-carboxylic acid: Ma PO(PPty)41Cul N
Me GOOMa Me COOH N COOMe/ Su3Sn LiCI/OMF7160C CI~' (/~\ I NaOH CI/\ N | "-N than
HCI N Step 6 15-6 15-5 ~ Step 5 15-7 15,8 Step4 | HI /'~ CIr" 1 POCt, C\ N NCS C~ H2SO'\ ~HCI
N C1 Step3 N OH Step2 N OH ea(OH), N OH 15-4 15-3 15.2 Step 1 1S1 Step 1: 5

2-Hydrox'ypyrimi(gr%e hggdrochloride 15-1 (100%) 0.754 mole) was dissolved in water_(180 mL) and
conc. H2504 (42 ET8'9 48 huiEraiae RYBE Ao RIS¥ dathuiSvoRereiRied oated Liftring for an
additional 30 min{osaundd temduble tnaethetasedrpless irenathit@baididive: orawigd Tesidue dried

under high vacuug,iRleaerddssider (48t iasisye wasdrapierred into a 4 L flask and water
(500 mL) was added. 10 A suspension of Ba(OH)2 (129 g, 0.752 mole) in water (1200 mL) was added

and the cloudy suspension stirred for 30 min. The mixture was filtered through CeliteTM and the
water removeéd ukdemPeEd8ed pressure to provide 15-2 as a bright yellow solid (66.4 g) Step 2:

3-Cyclopentyl-1,2-dimethyl-6-indoiecarboxylic acid:

8]
\N i \ i NaOH \N
Bubi N a Oon
Br 9 OMe 4 OMe i = N
M DMSO
el
31 g4 182

The 2-bromoindole derivative 3-1 (1.009 g, 3.00 mmol, prepared as described in
Example 12 of WO 03/010141) was dissolved in anhydrous THF (25 mL) under an
10 argon atmosphere and the solution cooled to -78°C. n-BulLi (2.0 M in hexane, 1.60
‘ 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 volatiies 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 (MgSQs), concentrated under reduced
pressure and the residue purified by flash chromatography using 0 — 1.5 % EtOAC in
hexane as eluent. The desired 2-methylindole derivative 18-1 was obtained as a
waxy solid (0.658 g, 80 % vyield): MS-ES m/z 272.1 (MH"). The methyl ester 18-1
was saponified in the usual way (NaOH / DMSO) to give the corresponding carboiylic
20 acid 18-2 in 96 % yield: MS-ES m/z 258.1 (MH*). '

EXAMPLE 15
2-Acetyl-3-cyciopentyl-1-methyi-1H-indole-6-carboxylic acid:
0

OH

0 \
0 \N O M
OMe  NaOH N
L. "

3-3 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.

67



15 2-Hydroxypyrimidine 15-2 from step 1 (42 g, 0.44 mole) was added to AcOH (500 mL) and the
mixture hea‘lﬁgl $60d8Pf5e3N-Chlorosuccinimide (67 g, 0.5 mole, 1.15 equwag,%ﬂt(%x g&qg cautiously
additiona

(15 min) in small amounts to the hot solution. Stirring was continued for an min and the
reaction mixture cooled to RT. The material was concentrated under reduced pressure and the
residue was stirred 20 overnight with CH2CI2 (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 POC13 (79.4 mL) was added followed 25 by
N,N-dimethylaniligestgte®p The mixture was heated to 120C and stirred for 1 h. The dark brown

mixture was concg &ated u%(li duc?q i} :]1r1e at 50C. The residue was quenched carefully with
ice water and the préciplate AT AN datR BEaraoa ice%igo mL). The extract was

washed with water an agugous 64%“@0061007693 PCT/CA2005/001103 NaHCO% solution, and
ipg to prevent

dried (Na2504). Weld @ eP¥remoféd unger redyted pressure With no exter
atile dichloropimidine, to pro' e desired p roduGt‘l a white solid (6
t6e-salt mixture. The

sublimation of the va
Q ag charged with 57% HI (48 ) and cooled to OC ina
arfti'the mixture stirred f h2%he yellow

g). Step 4: 5 A flask
dichloropyrimidine 15-4 from step 3 (6'g) was added

suspension was @ttdd carefully with K2CO3 (32 g) in water (60 mL) and the pale yellow solid was
collected by filtratiqn o kg, s9ig ater rled to compound 15-5 (8 g); 'H
NMR (CDCI3) S 3 47 és T ‘%%?R%yg pEre’ﬂaoro escfﬁ’%ﬁ‘ %Eag‘?%ﬁ?&% 3 was
cross-coupled to 1R 1814 hTEHE béf‘igé‘ﬁﬂ’lé %%@?p%bé%d‘gﬁr‘i@ afgmeembrmsummasmat

described in exa'fnipﬁ?GGSUOﬁW®méﬁm@fﬁfﬁ&gmd&%b@qwmﬁéﬁﬁlggﬁf example 12 of
WO 03/010140) u@ﬂg;%@%%éﬁﬂ%r@ﬁ&%@é"§d5%%°£'19c§‘tﬁ‘§ ASREERRLIRSAMRIR 8 58 of WO
03/010140, to glve aﬁgcrin &ng:‘nons After 2 h, the reaction mixture was diluted with EtOA
¢ and the
10 exiract washed with saturated aqueous NH,Cl, 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 THE/MeOH and 10 N NaOH (10
16 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 (MgSQ,), removal of volatiles under reduced
- pressure and purification of the residue by flash chromatography gave the desired 2-
ethynyiindole carboxylic acid 20-2 in ~50% overall yield.

20
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Step 6: The intermediate indole ester 15-7 from step 5 was saponified with NaOH using a similar
procedure t ?@ %ﬁlﬁg ed in step 2 in example 14. 20 EXAMPLE 16
(E)-3-{4- [(1% oro-pyrimidin-2-yl)-3-cyclopentyl-1-methyl-1 H-indole-
carbonyl]-amino}-cyclobutanecarbonyl)-amino]-2-ethoxy-phenyl}-acrylic acid (Compound 1070, Table
1): Me //~~N ,N COON <M~~((H G\\Il _+x'ryEti. TBTUNNON~/HsNlaCt~IH1 110~12.
NaOH N ~ O COOMe t68.12-2 OH 25 The 5-chloro-2-pyrimidylindoie 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 ZFLE] agueous KHSO4, 30 NaHCO3 and brine. After drying (MgS0O4), volatiles
were removed urideycidesyt2fifcligareranidihe whitloe that- thtinmdtdd-Gritarbtheylitoapidvide the
coupled product as 65 WO 2006/004693 PCT/CA2005/001103 the methyl ester (507 mg). The ester
(319 mg) was dissalved incBMSO ( L) and 1 1IN0, d%mL) was add piture was
stirred at RT for 4.5 n Was—duu%ed—\,t\ﬁth shed-\mih_satu%? Cy ous KHSO4,
NaHCO3 and brirf&" The extract Wa&dited 5 (MgS04) and co‘ﬁ‘c‘é’ﬁﬁ’ﬁed to aresidue that was purified
by preparative RP-HPLC to give tH&%iHe comp@d A6-1 (Conggg.ynd 1070, I%]_,) (247 mg): 'H
NMR (400 MHz, step 1

COOMe
BuLi/ B(OMe), =\ COOMz
— =P 2
step 3 PA(OAS), ! P(2-furyt), NN
Br
213 “ 3 6
T, N 21-4

ECT/ CA2005/001103

step 4
. s COOH
NaOH £ N 4
—_— e

N N

step 5
245
‘Step 1

Methyl 4-amino-3-iodobenzoate (43.75 g, 157.9 mmol) was dissolved in AcOH (800
5 ml) and anhydrous Mg30, (190 g) was added, Cyclohexanone (83 g, 095 mol, 6

equivalents) was added dropwise over 45 min to the stirred suspension. The resuiting
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 & 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 aquedus NaHCO; (1.1 L) was added
dropwise to the filirate, untii the pH of the aqueous bhase was 5. EtOAc (800 mL) was
added and the product extracted. The aqueous phase was extracied again with
EtOAC (2 x 300 mL) and the combined extracts washed with saturated NaHCOs and
brine, and dried (Na,S0,). The solvent 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 a).
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 moie) 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-
trimethyisiiyl~1»prdpyne (57.15 g, 0.51 mole). The red suspension was degassed by
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DMSO-d6) 8 12.11 (s, 1H), 9.68 (s, 1H), 9.14 (s, 2H), 8.87 (s, 1H), 8.25 (s, 1H), 7.77 (d, J=8.2 Hz, 1

ks 1H),7.67 (d, J=8.4 Hz, 1 H), 7.58 (d, J = 8.6 H 4.(s 1H), 7.2
51)572(6?{? 1&(&@617%?((1 )J 16.1 Hz, 1 H), 4.07 (q, J = 10 7.0 Hz, 2H)Z’583@("2“§6ﬁ?8 B (quintet, J

=8.4 Hz, 1 H), 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-ChIoro-pyrim|d|n-2-y|)-3-cyc|openty|-1-methyl-_1 _
H-indole-6- 15 carbonyl]am.ino}cyclobutanecarbonyl)amino]-2-(2-methoxyetho>_<y)_ pheny[}acryllc acid
(Compound 1077, Table 1) and (E)-3-{4-[(1-{(3-Cyclopentyl-2- (5-methoxy-pyr|m|d|n-2-y|)-1-_methyl-1
H-indole-6- carbonyljamino}cyclobutanecarbonyi)am inoj-2-(2-methoxyethoxy)- phenyl}acrylic acid
(Compound 108P&FBGAT Fad érreNgN the @@Nre foNBILNT Bi6d PHIDAAOMS H §$(3M(§:Q},@Me Step 1

[\IHN OM. 020
27147§HO]|§/;83 “(')af%ﬁ&elph% hiQuré N Nagt&lj vy Nobdetha Wil ﬁg%& Ctagﬁﬂ %r% Qerion! al coupled
W

the proc of example 16, ind
to amine derlvatlvegigo rerg(%arede u&a ‘F% RLWaARLRIRRES tghﬁéqaﬁﬁ%rnﬂé@'ﬁl\%@éﬁfPQ#dExample
12, but using amthBTLBUE EE%#RQGNM@ﬁ/‘iﬁéﬁé&d@faﬂmmeme)mtgmmesmerﬁ&ﬁc%dﬁm 2: The
Intermedlateaestﬁtcbﬁé(was 3(BOT iR BANEQRINAEHUFEMRSSHRRE Rabfed with brine (4 x

§00mL}. After drying (Na,SO,), volatites were removed under reduced pressure and -
the residue was purified by flash chromatography using hexane and then 9'1 to §:3
hexane — EtOAC as eluents. The fractions containing the product (40 g) were
crystallized from hot hexane (10 + 3 fnL} t0 give the desired 2-(trimethyisilylindole 21-

10 2 as a2 white solid (37.6 g 89 % vield).

Step 3:
The 2-siiylindole 21-2 from step 2 (26.50 g. 77 mmol) was dissolved in CH,Cl, (600
mt) and the solution cooled in an ice-water bath. A solution of bromine (11.10 g, 69

- mmol, 0.8 equivaient) in CH,Cl, (70 mL) was added dropwise over 1.5 h, keeping the

18 internal temperature ciose to 0 °C. After completion, the ight amber solution was
stirred for an additional 30 min in the cold. Voiatiles were then removed under
reduced pressure and the solid purple residue was triturated with CHaClz (5 mL) and
hexane (20 mL). The iight pink solid was collected by filtration and dried to give
compound 21-3 (23.22 g, 86 % yield). |

20 Step4:

The 2-bromoindole 24-3 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 mi, 14.94 mmol, 1.05 equivaieht) was

25  added dropwiée 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 mb) was added foliowed by P(para-

30 tolyh)s (0.28 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 mmoa!, 0.01 equivalent) and MeOH (16.5 mL) were added and
the mixture was refiuxed overnight under Ar. The reaction mixture was then cooled to
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WO 2006/007693 PCT/CA2005/001103 Example 16. Purification by RP-HPLC provided
5-chloropyrimidine indole 17-3 (compound 1077, Table 1) as the major product. 5-mgthox%/§)yrimidine
indole 17-4 YELHH¥HE 2083, Table 1) was also isolated as side product. SFEXARASEIH
3-Cyclopentyl-1,2-dimethyl-6-indolecarboxylic acid: \0\ 0\ 0 Br OMe BuLi OMe NaOH OH Me[
DMSO 3-1 18-1 18-2 The 2-bromoindole derivative 3-1 (1.009 g, 3.00 mmol, prepared as described in
Example 12 of WO 03/010141) was dissolved in.anhydrous THE (25 mL) under an 10 argon
atmosphere and the solution cooled to -78C. n-BuLi (2.0 M in hexane, 1.60 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 ugﬁ;[o RT and volatiles

removed under rEJuRRHGYRESREHEY PRETTRSRLRINGRSHiTY0 198d WAtrBIREPEDT PRLAHABYe solution
washed with 15 lpieed as2epatated e datiantiaios shiedd MaSwit ctanqeoraledncansrduced

pressure and theerﬁggg%}gi&%gh@g Wh‘wﬁ@%ﬂ@é@ﬁﬁ@% Hﬁg}g(IQa}éé %%%& NefleXxane 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 1GNAY5S ¥RPRIBEPE RESTES W8S SR PmAME e B &Y (NaOH / DMSO) to
give the corréspatitlimpbansokylising S dECA2 imreG arieyhs| diuptS-ES: ndzi288ntqe BEyivaENAMPLE 19

2-Acetyl-3-cycloppiiylhsBstined &-iinke-Gs5a1B B/ icA8i O O / 0 OMe NaOH \ OH 3-319-1 25
Ester 3-3 (Example 3) was saponified with LiOH using standard conditions described in WO
03/010141 to'givgﬁ%%esired indole carboxylic acid 19-1.

. The methyl ester 21-4 from step 4 (3.84 g, 10.5 mmol} was dissoived in DMSO (30 .

_ mL) and 1 N NaOH (12.6 mL, 1.2 equivalent) was added dropwise over 15 min. The
10  mixiure was stirred for 1 h at which point additional DMSQ (20 mL) was added to the
thick suspension. After' stirring for & 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 filiration. The material was washed with
16 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

{=}-3-{4-[{1-{[1-Cyclohexyl-2-{5-flucropyridin-2-yl}-3-methyl-i H-indole-5-
20 carbonyllamine}cyciobutanecarbonylamino}-2-ethoxyphenyl}acrylic acid

(Compound 4001, Table 4):

el > T ] coon . i o TBTU 7 ELN
N7 . + MM j ‘
N N 0 B -]
I
O a8 12:2 o

step 1

_ 22-1 OMe 22 OH
Following the procedure of step 2 of Example 12, the indole derivative 24-5 (Example
21) was coupied to amine 12-2 (Example 12). The ester was saponified using the

25  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)
5 12.10 (broad s, 1H), 9.68 (s, 1H), 8.80 (s, 1H), 8.78 (s, 1H}, 8.33 (s, 1H), 7.93 (dt, J

= 8.6,2.8,1H), 7.76 (m, 2H), 7.73 (d, J = 16.5 Hz, 1H), 7.70 (dd, J = 8.6, 4.5 Hz, 1H),
71



67 WO 2006/007693 PCT/CA2005/001103 EXAMPLE 20 _
3-Cyclopenfyh2igBagayls.-methyl-1H-indole-6-carboxylic acid: = TMS O N @) Hé@os‘%&ﬁ%’we PTans
=N OMe OH Step 5\\ | Step 2 20-i 20.2 Step 1: 5 The 2-bromoindole 3-1 (Examp(Ie ; prepared as
described in Example 12 of WO 03/010141), Pd(Ph3P)4 (10 mole %) and Cul (10 mo!e %) were
combined in degassed toluene under a nitrogen atmosphere. TMS-acetylene (10 equwalents) _and
triethylamine (5 equivalents) were added and the reaction heated to 100C under sealed conditions.
After 2 h, the reaction mixture was diluted with EtOAc and the 10 extract washed with saturated
aqueous NHA4CI, bicarbonate and brine. The extract was dried (MgSO4), volatiles were removed'
under reduced prassyye ang ghe resi ue sp_yqifée%bgﬂ spﬁ togr qh&/ 0 qiv qmpound
20-1. Step 2: The park%ifélly purified mgte'rslgl\{ gb-l was |’sso§?'/e' m@glzll\ﬁé H aﬁa' 10 ?\I%\IaQH (10 15
equivalents) wasaddedSPH&soitridt s Waimhddxd EBC! B t@e-GvEright 2 A&7 2dBling to RT,
the reaction mixtirg, &ag (k) iay B2, and washieyl with (KHE04 and bene, .@ny,lnb%or th: extract
(MgSO4), removgj ofryplatileg underoradugerd 1piessyeq qnet gurification of the residue by flas
chromatogr hy@avé%t%e degl'red 2- ethynylindole cargoxygli_cl? acid 20-2 in -50% overall yield. 20 68
WO 2006/007693 PCT/CA2005/001103 EXAMPLE 21
1-Cyclohexyl-2-(B¥#Waigpddidin-2-yl)-3-methyl-1H-indole-5-carboxylic acid:
: inhibition of NS6B RNA dependent RNA polymerase activity _
The compounds of the invention were tested for inhibitory activity against the hepatitis
C virus RNA dependent polymerase (NS5B), accdrding to protocol 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 28
Cell-based luciferase reporter HCV RNA Replication Assay
Celi cuiture:
Huh-7 celis with a stable subgenomic HCV replicon that encodes a modified
luciferase reporter gene (expressed as a iuciferase-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 exception that replicon celis were selected with 0.25 mg/mL G418. The
amount of tuciférase expressed by selected cells directly corrétates with the level of
HCV replication. These cells, designated as MP-1 cells, are maintained in Dulbecco’s '

25 Modified Earle Medium (DMEM) suppiemented with 10% FBS and 0.25 mg/mL
neomycin (standard medium). The cells are passaged by trypsinization and frozen in
90% FBS/10% DMSOQ. During the assay, DMEM medium supplemented with 10%
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O11COOMei'\I COOMe Pd(OAC)2 _ TMS/\1 COOMe H2N NaBH(OAc)3 = TMS N MgSo, o UCI |
KOACc 21-1 step2 21-2 step 1 COOMe N Bri Br BuLi/ B(OMe)s COOMe ste 31;:éﬂPd OAQ)i /
P-fury]), NN 21%%879%24 F~ Nstep4 _COON NaF\Step 5N 6 21-5 ’§%§ &Ry 108
4-amino-3-iodobenzoate (43.75 g, 157.9 mmol) was dissolved in AcOH (900 5 mL) and anhydrous
MgSO4 (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 aqueous NaHCO3 (1.1 L) was added dropwise to the filtrate, until
the pH of the aqUestispmaiing 85% PHSRAEBDBIHNS nemmueitedasised dAnsuvedimctBee The

aqueousdpltllaa% Viag epdiaciathpoam v Ei@tgfpéawzfc%mlbm@@itmmnbmﬁf%;g:ﬁ%wghed with
saturated Na nd. dri . alyent was remov n educ
pressure and th&%&r%%idql?g E’hﬁﬁ,g{?‘ﬁy'%ﬁlﬁi%g& wg?rcé? %é%é‘l\rgg g&i@%&%ﬁ{ﬁ he P;aﬁ%a&rlas ‘eluent.

h ) romato
The desired prodlIB R HETUBRAFRECLE A5G GG 5o 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 © 1 14190-136 RT
Fetal Bovine Serum Bio-Whittaker 14-901F. -20°CH°C

Geneticin (G418) Gich«BRL 10131-027 -20°C/4°C
Trypsin-EDTA GEﬁco-BRL ' 25300-054 -20°CH°C
ViewPlate™-96, Biack Packard 6005182 RT
Backing tape, Black Fackard 6005189 RT
PVDFE §.22um Filter Unit Millipore SLGVO25LS RT
Deep-Weil Titer Piate '

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

T 10 0.22 uM Miltipore 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 t0 12, add 200 '|.zL of assay
medium (containing 0.5% DMSO). Serial dilutions (1/2) are prepared by transferring
200 plL from coiumn 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 celis:

A voiume of 100pL 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] coiumns 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 2: A dry 3-neck flask was equipped with a reflux condenser and purged with Ar. The iodoarene
21-1 from s@g%?g%}lasj 0.144 mole) was added to the flask followed by 20 anhydrous DMF (1 L),
LiCI (7.19 g, 0. mo‘leﬁ%%OAc (33.31 g, 0.34 mole) and 1 trimethyisilyl-1-pF6gyhd3®748130.51
mole). The red suspension was degassed by 69 WO 20061007693 PCT/CA2005/001103 passing Ar
gas through the mixture for 30 min and Pd(OAc)2 (1.91 g, 8.5 mmol) was added. The mixture was
heated to 100C and stirred at that temperature overnight, at’ which point a clear dark red solution was
obtained. The reaction mixture was cooled to RT and saturated NH4CI (1 L) was added. The mixture
was then extracted with 5 EtOAc (1 L + 2 x 500 mL) and the combined organic extracts washed with
brine (4 x GOOmQu@gfgngagéy;ggag\:laZSO@, volatiles were removed under reduced pressure and the
residue was purifi%orlqéa‘% flash chromatography using hexane and then 9:1 to 9:3 hexane - EtOAc as

eluents. The fract BAEMI7G (Re-prianeerind.ghemrslivny i aiviedeidmrn tidesare 446y 3 mL) to
A Aok oy gl i o o e S M
-siiylindole 21-2 fgmis . olved in Ck mL) and the solution
cooled in an ige-vyatertbgﬁt% é so|%ﬁa§g%€§n%§%%%ﬂ Rge %% SiRBING B RIRIRR) in CH2CI2 (70
OPWise- GV 1S ANKERRRGAMENEL ShakintlAdtiagls taperwatase abtBeCboAdtarot

mL) was added dropwis
completion, the ligit RiAHESaiLs Brigs-Gltinetdasanasdiieonaraadgy) R sridalaties were

then removed Undﬁmr@ﬁu@ﬁ@@e@ﬁgr&%&ltﬁﬁgagﬂlweﬁtﬁg%%g%ségtée as triturated with CH2CI2 (5 mL)
[0

and hexane (20 g%.ghThe I(i%h& zé)‘el‘lr}f. solid was collected b¥ iltra ‘ez%g ﬁ#i‘é‘?}gtp e compound 21-3
(23.22 g, 86 % vyield). %%ngtep R TP SHRIBRE A ST RBRR Wikl ement ysina e Batsol) was placed
in a dry 250 mL fiede bHippeRPAsEn @R SHluii eredanteeiandrthensysten veaniimaed Mith argon gas.
Anhydrous TRIE (25 mL) was added and the yellow solution cooled to -78C in a dry- ice acetone bath,

n-BuLi 2.5 Min | 67614 L Huas
Company Catalog # Storage
Glo Lysis Buffer ' Promega E266A 4°C

Bright-Gio Luciferase Assay
. Promega E2620 -20°C

System

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 (controly x 100]

A non-linear curve fit with the Mill 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 1o 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 soivent, 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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25 added dropwise over 30 min and the dark yellow solution was stirred at -78C 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 | NVt 298GR dry ice bath was then replaced with an ice-wate5dtfs 2% continued
at OC for 1 In and then at RT for 45 min. Additional anhydrous THE (25 mL) was added followed by
P(para 30 tolyl)3 (0.26 g, 0.85 mmol, 0.06 equivalent) and 2-bromo-5-fluoropyridine (2.52 g, 14.3
mmoi, 1.0 equivalent). The red solution was degassed by bubbling argon gas through the mixture for
45 min. Anhydrous K2CO3 (3.93 g, 28.5 mmol, 2.0 equivalents), Pd(OAc)2 (32 mg, 0.14 mmol, 0.01
equivalent) and MeOH (16.5 niL) were added and the mixture was refluxed overnight under Ar. The
reaction mixture was then cooled to 70 WO 2006/007693 PCT/CA2005/001103 RT and quenched by
addition of ether (BOHIDS URdNERAEHREESUTea JhR SRS InskeTRat hepaursdmmid@iracted a
second time with ehigsrrigasnieyl, Theconprnesingxiffecen it widias Rl Githiwater andtiine and dried
(Na2S04). Solverisaurea 5&%\%@09&%9%&% RHBIE mmm&w W%%QMQ% ]_%%Py flash 5

chromatography usm 5% EtOAc in hexane as luent. The desired indole derivati was
obtained as a Whl\{erg RATFBR'S: Do o) veks) Beapusmeants Bkea omdIisen Mesiens 84 g, 10.5
mmol) was di8solved in DMSO (30 mL) and 1 N NaOH (12.6 mL, 1.2 equivalent) was added dropwise
over 15 min. The 10 mixture was stirred for 1 h at whigh @qint additional DMSO (20 mL) was added to
the thick suspension. After stirring for 5 h, the reactugn was judged complete by TLC. Water (30 ml-)
was added and the resulting clear Bgﬂutlon was r Wlp;h ether (35 mL) and hexane (2 x 30 mL).
The aqueous phase was then aC|d|f|eist A OF : e(precipitated solid collected by
filtration. The material was wasHed-vi¢h stant weight under vacuum to glve
compound 21-5 (3.51 g, 95% yield). MS (ES XA
(E)-3-{4-[(1-{[1-Cyclohexyl-2-(5-flu pyrldln -2-yl)-3- methyl -1 H- mdole 5- 2OOH
carbonyllamino}cyglglidaierarkRent)anirdl HL4hexRhsyiigerylic acid

Cpd. R R" miz t
Rz Ra RS >< R
# R {fi+H)* {min)
1001 = lN é CH, - gZ 593.3 57
. \“‘ B
wupe’ I ) .
1002 (’,.\N é CHs SZ , 594.3 5.5
N\\\) ™ ‘.'
1003 'Z/ \5 é CHs Q £82.3 7.2
0 "-\ r
T 7
1004 = In O CHs Q 622.4 47
R N
1005 7N é A Q 607.3 6.2
S T
= N T - .
1006 ) N . . 625.4 7.1
I ‘ g
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(Compound 4001, Table 4): coOH FA\NN+HNS(NiO TBTU I Et,N stepl O O 21-512-22 OMe HO
H NO —&NO@\)&%&«E& NaOHF\IIry NNNNOstep2 O 224 OMe 22-2 OH FoIIowiré? the
procedure of step é of Example 12, the indole derivative 21-5 (Example 21‘5%5@*38%?3 8 amine
12-2 (Example 12). The ester was saponified using the 25 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-d6) 8 12.10 (broad s, 1 H), 9.68 (s, 1 H), 8.80 (s, 1 H), 8.79 (s, 1 H), 8.33 (s, 1
H), 7.93 (dt, J = 8.6, 2.9,1 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 WO 2006/007693 PCT/CA2005/001103 7.57 (d,J=8.6 Hz, 1 H), 7.53 (d, J = 1.6 Hz, 1 H), 7.22

(dd, J=8.4,1.4 Hz-1-H), 640 (d, 1 =16.0Hz 1.H) 4.20 (1t J=121 20Hz 1H) 405(q,J=6.9
Hz, 2H), 2.72 (m, REpA2!37 (M, 2H), 2.27 (s, 3H), 2.19 (M, 2H.1.88 (M, 1)z 1.94-1¢75 (M, 5H), 1.60
(m, 1H), 1.39 (t, J F 6.9 Hz, 3H§/1.3541.15%m, 3H). REXAMPLE3 Inhibition of NS5B RNA
dependent RNA polyfierise activity The compounds of the jinvention werel¥tEd|fofmimibitory activity
against the hepatitjs C virus RNA dependent polymerase (NSHB), according to protocor described in
WO (L [ _ éz
1007 7N N , 608.4 5.7
. Nd S
1008 B é < Q 5964 | 63
9]
1009 h é H i Q 568.3 7.8
. O A ‘\\ ’
£ B ‘ ‘
1010 g N DX | 413 7.8
Ci ' ‘
1011 D/ \ é | I i Q - 8103 9.0
o N
012 é Y Q 6213 | 63
x ~OY
1013 ) é ' Y Q 6103 | 68
o R ‘
1014 = N é \ SZ 621.3 6‘.4
\ “v‘ ’
1015 7\“}/ N C[) t Q 624.2 9.1
0 ‘\‘ ’
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10 03/010141. EXAMPLE24 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 YAAH8MPAT8¥that is described for the HCV polymerase, with th&€kéeisiaNdtboliovirus
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 11 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 describeg lpgh man et al., 1p99. Scierjce 285: 130-113; Violjik et alli, 2D03 J.Virpl Methods
110:201-209.), with the exceptign that [repligon cells were salep@d’\wjth ().Zgnmg/rnL &418 The
amount of luciferas¢ egpressed by selected cells directly cofrelates with thedengl of (H@&)V replication.
These cells, designated-as-MP-t-celisqare-maintairecin-bylbeccos-2b-Medified-are-Medium
(DMEM) supplemerjted with 10% FBS and-6:25 mg/mL negmycipr(standard medium). Thg cells are
passaged by trypsinizaten an gen in 90% FBS/10 MSO.udring thesassay, DY¥EM imedium
supplemented with 10% 72 W 06/007 PCIT/CA2Q05/001103~FBS, containiing 0.5% DMSO and
lacking neomycin, was used (Assay medium). The day of the assay, MP:1 cells are trypsinized and
dilutedto 100 000 cglls/mk in asgay medium. 100 pL.is distfibuted into each well pf a black 96-well
ViewPlateTM (Packalig)l.? The is then incubated at 37C wit 0 CcOop fggst 0 hOLér§. 5|Reagents
and Materials: Product Comp atalpg rage ' '
1018 'Z/ \} é l Q 622.2 8.9
0 ‘\Q ¢
019 A G . | 6333 | 65
. “.\ .
N T X
1020 ) )\ Q 653.3 8.8
F \ ‘
1021 é CHa ~ Q 811.3 6.8
' . o
1022 t—/\/ ! é N 6283 | 7.0
0
1023 ‘)\u é S\ Q 6203 | 65
N\\) e >
1024 7\“’/ N é N Q 6083 | 7.3
© oY
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DMEM Wisent Inc. 10013CV 4C DMSO Sigma D-2650 RT Dulbecco's PBS Gibco-BRL 14190-136

-20C/4C Trypsin

RT Fetal Bq)é@%§§5Hgg9§io-Whittaker 14-901F -20C/4C Geneticin (G418) Ig

DTA Gibco-BRL 25300-054 -20C/4C ViewPlate -96, Bla

ihco-BRL 10131-027

AR B 182 RT

Backing tape, Black Packard 6005189 RT PVDF 0.22pm Filter Unit Millipore SLGV025LS RT
Deep-Well Titer Plate Beckman 267007 RT Polypropylene 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 pM Millipore Filter unit. Into
column 3 of a Polypropylene Deep-Well Titer Plate, the appropriate volume is transferred into assay

medium to obtain th

assay medium (co
from column 3 to cg
Columns 2 and 12

100pL from each w|
Plate (Two columnj
dose response). Th
2006/007693 PCT/
medium is aspirate
(Promega) previous

e-startirg—econcentration-(2x)te-be-testedtncolumns 2 and 4 to 12 _add 200 pL of
nMAg 0.5% DMSD). S(;:rial dilutions (1/2)rare plepdreddpy transfgrring 200 pL
lumn #, theRFrom ¢olufh 4 tb coRinn 5, sepdltty thrqugh 15 to column;11.
ard’the no inhibition controls. |Addition of test compoun®té#tellstmisolime of
ell of the compound dilution plate is transferred to a correspomaing well of the Cell
5 will be us:?\as the "Nojinhikition, 20 controf*; tgn (10] columns are usgd for the
'02f cultufe dlate wa ubatechat-37C with-8% COQ28%372|hoéirs. 78 WO
CA2005/000%03 Lucif e assay: Following the 72h incubatipn period, the
fromythe-96-wettgssay-ptate-and-avottme-of 166-pL-of-HX{5te-tysis: Buffer
5ly warmed t T _
1026 = IN (5 N , 621.3 6.9
2 oY
1027y é N SZ 6182 | B84
o £ R
1028 Z/ \E é ' \D Q g22.2 8.8
o \\.\ .
1029 N é b Q 6332 | 63
N “‘\ A
2N T .
1030 ) CH; § . 623.3 7.1
I .
= N .
1021 o N X 639.3 7.2
F ' )
1032 A T Q 621.2
CHy ) 8.9
N é | Y] (e
F
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room temperature was added to each well. The plate was incubated at room 5 temperature for 10 min

with occasignal shaking. A black tape was put at the bottom of the plate. 100

luciferase sUPSHAY'

EL of Bright-Glo
3f’nega) previously warmed to room temperature waadaet

{ WAL well

followed by gentle mixing. The luminescence was determined on a Packard Topcount instrument using
the Data Mode Luminescence (CPS) with a count delay of 1 min and a count time of 2 sec. 10
Product Company Catalog # Storage Glo Lysis Buffer Promega E266A 4C Bright-Glo Luciferase
Assay Promega E2620 20C System 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 i
= 100- [CPS (inhibi

the inhibition-conce
use of SAS 20 soft
COMPOUNDS The
listed in Tables 1 to
RNA replication ass
measured using the
to one skilled in the

Therefore, even if identical-conditions

30 retention time va
2006/007693 PCT/¢

hibitor. The % inhibition was calcutated with the following 15 eguation: % inhibition

agpaCPS (control) k 1001 A rfon-linear gurwe fit avith the Hill mpde} wasjapplied to

ntration dati? and the 5% effectig@ concenirition (EC50) was calculated by the

wate (Statistical Software; SAS Institute] Inc: Caty, N.GN+HABLE®BIGF

ToIOWMg TanES 1SS ToMpouTds Tepresentative of the mvertiorAtttompounds

5 belqw werg found to_have gnexpectedly g activity in thejcell- 25 hased HCV
scri Exampl 25.%e,tention1ime ) forje ompayl d were

stand tical H conditions’ describesd,in the Examples. As ig well known

art, retentiort time values arg sensitive o thé specific measurgement co’nditions.

j fsolvent flow rate linear gradient, and.the like arel used, the
lues may vary when measured, for exarpple, on different HPLC 74 WQ
_A2005/002463 g

1034 ) , 635.3 77
M <
F
1035 | (5 W SZ 6063 | 82
o i I 7 A .
AT ] L &
1036 M é AN _ . | 6383 7.2
1037 @ é N ‘ Q ) 606.3 7.7
1038 | S Q 1 6133 7.4
oo~ R
103¢ S é N Q . 812.2 7.6
yZ Y
F
1040 Z (5 N gz 625.3 7.1
2. N . C ;
1041 T\ é N Q 8123 7.8
5 S
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instruments. Even when measured on the same instrument, the values may vary when measured, for
example, ugiRgAiffsiepsindividual HPLC columns, or, when measured on y&wg%gment and
the same individual column, the values may vary, for example, between individual measurements
taken on different occasions. 5 TABLE | H3C 0 R9R70 H R5 R2 | H off R3 COON wherein R2, R3,
R6, R9 and R90 are given in the table. Cpd. R2 R3 RS Ret\ ,R' m/2 R ,/\; # - (IM+H)' (min) 1001
CH30593.35.7 6,J 1002 N CH3594.35.5 NJ 1003 CH3 582.3 7.2 01004 CH3 622.4 4.7 1005 N
607.36.2 ~I . N 1006 625.4 7.1 75 WO 2006/007693 PCT/CA2005/001103 Cpd. ~3 ~6 R R10 miz
tR 7 # x;. ~a (M+H)' (min)

Cpd. ‘ R R" miz tr
R? R® R® . -

# : T (e L (min

1042 @ é “~ | Q 6503 | 7.6

0 :

ot

1043 V | X 686.2 75
Br \

-~ o— T

1044 | N é N SZ 6373 | 75

1045 z/ \E é \ Q 608.3 8.8
5 A <

1046 | Zn é \ Q 6194 | 63
% N S

1047 /LO é N Q 5723 | 66

1048 | /Y N é N §Z 622.3 5.7

T ] HGC. CH,

1049 é N >< 6133 | 6.7
< N T . H,C CH, ’

ts0| [ | é | P | e | 7
¢
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1007 608.4 5.7 NJ 1008 596.4 6.3 0 1009 H568.3 7.8 O N 1010 {3 ~~641.37.8 Cl 1011 610.39.0
01012!113621.36.3 101331610.38.8 1014 /(621.36.4 1015624.29.1 0 76 WO 2006/007693
PCT/CA200%108940% 6&pd. R Rt0 m/Z {R RZ R3 R6 # (M+H)' (min) 1016 &83/2 62605117084 635.3

6.7 ~1~~JJJ 1018 622.2 8.9 0 1019 6N 633.36.5 N 10201653.38.8 F
C d. 2 10
p R? - 8 ‘R><! ) mfz tr
# R (M+H)* | (min)
T ) HC. CH,
1051 7N é S X 595.2 5.3
« <
- T : HC_ CH,
1052 r@ é N >< 596.2 6.2
oy
T . ) HC.  CH,
1083 % é N >< 6103 | 52
< ‘ —-r- . H,C CH,
1054 | h é AN ,>< 5842 | 7.0
5 .
T H,C._ CH,
1055 m é S ez | 72
8 _ ’
. HC_ CH,
1086 s é e 2 | e02 |73
-
= [N e
1057 X é SNSRI Q 685.2 7.0
0=§=0 A
[
=N T .
1058 < : N \ .| 8322 7.5
N ;
1059 l[f ([) N ‘ SZ 554.1 7.1
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1021 IN CH3 611.3 6.8 F 1022 O~ 628.3 7.0 b/ 1023 620.36.5 | n 1024 608.3 7.3 77 WO
2006/0076Q§d3%3§;&% 5/001103 Cpd. R2 R3 R6 R' R MI2 tR (M+H)' (min) 1025 N 622.3 6.7 NJ
1026 6N 621.35.9' 1027 ~-r 618.2 8.4 0 1028 622.2 8.8 1029 6 633.2 6.3 N 1034)MH¥%23.3 7.1
F 1031 IN 639.3 7.2 F N 621.2 1032 1 CH3 6.9 M-H)_ 78 WO 2006/007693 PCT/CA2005/001103
Cpd. R2 R3 R Rio MI2 tR # (M+k)' (Min) N

de RB Rm miz tR
R? R® R® X
# ‘ R (M+H)" | (min)
o ) HC. CH,
1060 F é S >< 625.3 7.3
1061 ‘ é CHs Q 6282 | 73
o ‘
1062 é\v é N gZ 6234 | 57
. ‘-—N NH, ' . ) \\‘ :
1063 7 é N §Z 5963 | 7.0
ﬁ .~ N
1064 7N é 1N 2 593.3 6.0
- <
1065 | Z N é \\ SZ 6373 | 6.1
| OMs *y !
Sy S ‘
= N T N
1066 | [ | CI} . gz 6553 | 76
I \
1067 | /Y é . Q .| es23 | 57
= NH, Onte ;
= N
1068 | | | N | X | o783 | 64
}E—‘ F F ‘

82



10331 b .~1637.3 7.0 1034 IN 635.3 7.7 F 1035 606.3 8.2 0 J~N 1036 N\ 638.3 7.2 1037 606.3 7.7
1038 613.3 7.1 1039 bus 612.2 7.6 1040 625.3 7.1\ N, 1041 612.3 7.6 79 WO 2006/007693
PCT/CA200%/06%4¢%76%3d RZ R3 R6 Ra\x,R'o mfa tR (M+H)' (min) 1042 650RCABN18E6.2 7.5
1043B Br f 1044 6/2 637.3 7.5 10453 ;f608.38.8 01046\ (u~, 619.4 6.3 1047 572.36.6 1048
622.35.7 NH, 1049\ IN H CH 613.36.7 F N H3C CHI

C . . s 1
pd » s " R><2 | miz tr
# | . . ’.'A (M#H)’ {min) .
I R Q 6082 |
r N e T
1070 | SZ 643.2;
%) é NN | sz |8
cl '
1071 718.1;
1072 é N . SZ ; 611.3 7.3
AT 7 |
1073 . did not
%) (5 N Y ionize 78
Br .
1674 : i . did not
KH é N >< ionize 78
Br
1075 K\]) é N > | s34 | 78
Ci
L1, | ¢
1076 | %) N . ; 628.3 7.7
Ci
I
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1050 \1 629.3 7.1 01 80 WO 2006/007693 PCT/CA2005/001103 Cpd. Re RID m/z tR Z 3 R6 # (M+H)
(min) Hscﬂ;? %9/2'337_, 4595.2 5.3 HC CH3 1052 ~N 5962 6.2 HNC CHa 1053 , 610.3 5.2 NH2 H
C CHa 1052 5843 750 H3C CHy 1055 600.2 7.2 s HNC CH 1056 600 5745 *R4B5988WS 7 o N X
0=s=0 N 1"~~~:632.27.51058y CN 1059 Il ~; 554.1 7.1 81

Cpd. R _R" miz tr
R R® RS DX
# R {(M+H}" | (min)
N4LN 1 f z did not
1077 %) é \\m, v fonize 8
ol _ l
) T H,C._ CH,
1078 N é — > | 6254 | 57
\ Oble
1079| CH, | d . Q .| 5443 | 74
Mo, CH,
1080 d - O | easa | 72
T HC. L CH
1081 é - X | esos | 75
HC_ CH,
1082 é - X | 7043 786
- o .
T | |
1083 %) é Rm Q 668.1 7.2
Ohde
1084 ”J\f“ \ Q
: R\H ‘ I\ K| T s0
Ci ’ "=
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WO 2006/007693 PCT/CA2005/001103 Cpd. R R10 m/2 tR R2 R3 Rb # (M+H)' (min) 6 3 H C CH3

3%6509?3662% 81%“8%&’ @%&g

IN CH3628.2 7.3 Cl 1062 623.4 5.7 N NHi 1063
37.36.1 1066 IN ; 655.3 7.6 1067 652.3 5.7 106

Qi

H 1064
FFF82

WO 2006/007693 PCT/CA2005/001103 Cpd. R'R1 m/z tR R2 R3 R6 # (M1+H)' (min) -H) 1069 'N

M608.2 643.2; 1070 N~ IN 6422 8.1 cl 1071y 718.1;7.9

. #. R
epe R R® RS Y m e
# R (M+H)" {min)
1085 L‘HIN é R{} - Q .| 273 | s
Ct ’ ‘
S DS
1086 K\’) 6 % L, | ez | e
ar - N B ‘
1087 u é R@ N, mas | oso
Br ' ‘ .
1088 | ) é . ‘ Q . | s083 | &7
N%/N ’ . v
TABLE 2
&
RS NS P
. 2 N N 5
R N 3 o R
. R COOH
wherein R%, R®, R®, R® and R” are given in the table.
c pd R? R? R® R® R’ i
# (Mt} | {min)
N T
2001 ~ | CHs CHa H 625.3 7.7
F
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~~,,716.1 9072 IN 611.37.3 F 1073y 7.8 ionize Br N H3C CH3 1074 ~_ I~ did not 7.8 Y ionize
Br N:J~N H3C.CH 1076 y 630.4 7.8 ¢l 1076 N N ~ 1 628.3 7.7 cl 83 WO 2006/007693
PCT/CA200‘§’)%6?L%‘?7€’gd. Re RtG m/Z tR R R3 R6 # (M+H)' (min) 1077 NCH{§4R8°%M%¥%hot 7.8 ci
H,3C CH3 1078 | x: 625.4 5.7 1079 CH3 3 544.3 7.4 N H3C CH 1080 1 6 X' 643A 7.2 a,. F N~N (
HNC CHI

Cpd.

P RZ R3 RE RB RT miz tR

# {(M+H)" | (min)
27N . ‘

2002 | [ | N CHs H 6393 | 7.8
F
=Y .

2003 | | N F H 843.3 | 8.0
L
=N - -

2004 | | | N N H 6533 | 8.0
F.

2005 | (7N é CHs, H -OCH; | 6232 | 59
5

2006 | PON é “\_. | *F H | 6253 | 60
.

2007 Y é N F H | 6403 | 57
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1081y O ~e x; 660.3 7.5 ¢, ' N~N - HNC CHI 1082 (If 3, x; 704.3 7.6 Y a., JI~ 1083y N 3 " 668.1 7.2
OMe 1084 Nt 1J Q 1\ ~: 705.3 6.0 Y N CI 84 WO 2006/007693 PCT/CA2005/001103 Cpd. R' R' miz
tR R2 R3 R8P @Pe{1§76%n) 1085 NAN 727.3 5.9 ci 1086 749.2 6.1 k J Br RESCREOS10p118356.0 Br
1088 .. 608.3 6.7 N, TABLE 26 Fi3C ONNR2H O R6 3 R7 COON

ZJN
Z2dn
O
IZ =
- -3
b
[tl o-3

R \ COOH -
wherein R?, R®, R® R® and R" are given in the table.
L] 110
‘de. r? S . R><R | miz tr
# T (MeH) | (min)
3004 7 N é N Q . | 5933 | 55
x O
3002 @& N gz 607.3 | 5.8
- e ,
3003 7\“/\/ )\ é A Q . 15823 | 68
o ‘\‘ r
Zﬁ/ S z Did not
3004 73 é N . : ! ionize | 72
o <
1 ] HC,  .CH,
3005 7N S >< 5952 | 5.5
- . S ’
T ] H,C. CH,
3006 Z/ ) d N >< 5703 | 6.8
. | g
3007 Z/ \} (5 CH3 Q 568.3 | 6.9
o R
3008 7N b CHs, gZ 5833 | 5.7
2 :
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wherein R2, R3, R6, R6 and R7 are given in the table. Cpd. miztR R2 R3 R6 R6 R7 (M+H)" (min) N
2001 | CH3.CH3 51;@37%?% 7.7 F 85 WO 2006/007693 PCT/CA2005/001103, ﬂ% RaR3 R6 R6 R7
mfz tR # (M2H) (min) N 2002 CH3 H 639.3 7.8 F N 2003 | F H 643.3. 8.0 205211653380 F
2005 CH3 H -OCH3 623.2 5.9 2006 F H 625.3 6.0 2007i F H 640.3 5.7 NH, 86 WO 2006/007693
PCT/CA2005/001103 TABLE 30 R9R10Rs NNOR2" 0

Cpd. R R miz tr
R? R® R X
# _ S {MeH)Y | (min) |
3009 ?Cj (5 e Q 613.3 | 7.1
£
3010 @/\ é N Q 6123 | 74
S
3011 \[j é N Q 6123 | 74
/
3012 ((‘N N Q 6084 | 66
g (5
Z N
3013 b LN 6254 | 7.2
F .
;" 0_—‘ T
3014 a N SZ 837.4 | 7.1
3015 @\ , é N Q 6504 | 7.4
o
ot
3016 @ 6 N SZ 68054 | 7.5
3017 | A 6 N Q 6224 | 5.2
S NH,, .
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R3 COOH wherein R2, R3, R6, R9, and R10 are given in the table. Cpd. RZ R3 R6 Rs Rio miz tR #
(M+H) (min) 3001 6N 5913 5.5 3002\ 607.3 5.8 6 3003 582.3 6.9 On 3004 Did not 7.2 ionize i H3c
CH, 3005 598)2%)&04I63 CH3 3006 X' 570.3 6.8 3007 1 CH3 568.3 6.9 0 BODEANGRI31893.3 5.7
87 WO 2006/007693 PCT/CA2005/001103 Cpd. R miZ i:R RZ R3 Rs x # (M+H)' (min) 3009 613.3 Ti

3010612.3 7.4 3011 612.3 7.4 3012 608.4 6.6 3013 N 625.47.2 F3014637.47.1

Cpd. R R" miz tr
RZ RS RS
# (M<H)" | {min)
7N
aote | i é . 1. Q . | 8853 | 77
I .
TABLE 4
8 10 5
H,G 0 R\ R H : 6
. N O
N O —
o COOH
wherein R?, R*, R®, R®, R®, and R are given in the table.
) RE R‘Iﬁ
Cpd. miz tr
- R? R R® RS
# {M+H)" | {min}
= .
4001 | [ | H | | eses | 7o
I g
2
4002 | | CHy | H | >, | 6253 | 70
. F ‘ -
SRR
4003 | [ | Ho | >, | es3 | a0
I .
4004 é CHs | CHs Q 6383 | 7.8

8%




3016 650.4 7.4 0--1 3016 | 6 606.4 7.5 3017 / 622.4 5.2 NH, 88 WO 2006/007693
PCT/CA20Q5/004103,&Pd- R2 R3 Rs R R10 miz tR # (M+H)' (min) 3018 | CS 5.% 7 TABLE 4
H3C O RO RIOH R5 N'O R2H O 1 Rs R3 COOH wherein R2, R3, Rs Rg ‘%%é’ ‘%’81%1?% given in
the table. R R40 Cpd. R2 R3 RS Rs mIZ tR # (M+H)' (min) N 4001 H 639.3 7.9 F 4002 IN CH3 H
625.3 7A F 4003 N H 649.38.0 F N 4004 1 CH3 CH3 639.3 7.8 89 WO 20061007693
PCT/CA2005/001103

RB Rﬂ)
Cpd.
P R R? R® R X me |
# , ’ (MeH)" | {min)
2N . '
4005 | | | . | CHa 8533 | 80
F N
- / N e )
4008 | | CH H 637.3 | 7.2
F.
4007 b N H Q 6513 | 7.4
. i \
4008 K\/k? 6 N H §.>\ 852.3 | 7.1
= N 1 .-
4009 | [ | N F 657.3 | 83
I ,
4010 © N H gz 6203 | 7.8
a“ S e .
4011 b é A1 n Q 627.3 | 72
8 1 .
a0t2| I N H 6263 | 77
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Ra Ria Cpd. RZ R3 RS R6 <1 miz tR \ (M+H)" (min) 4006 IN CH3 653.3 8.0 F 4006 IN CH3 H 637.3
7.2 FiN4007\1 H 651.3 7.4 F N"~ N 4008 H 652.3 7.1 4009 IN F 657.3 8.3 F 4010 H 620.3 7.8
4011 N J HE228F8 74312 H 626.3 7.7 90 WO 2006/007693 PCT/CA200800CI0MIREIS Cpd. m/Z
tR R2 R3 R6 R6 # (M+H)' (mitt) 4013 /- H 626.3 7.7 s 4014 H 664.3 7.6 4015 H 700.2 7.6 Br N
40161\ .\,667.38.2 F

B R™ .

Cpd. ” s s = X miz tr

# T MeH) | (mim) |

wizl ) © . | H Q 6263 | 7.7

5 Y

4014 o é N H gZ 8643 | 76
o—/ b
>y | Q

4015 | (| N H K| T2 | 78
Br
2N

4018 | | | N | N | K| eeTs | 82
I .

: Z ] 1 |

4017 | | | CHy | "\ | X | 6833 | 80
F ' ‘

4018 | N . | 'H Q .| 6213 | 56
% T

a019 | I é A H Q 810.3 | 7.3
0 . N ‘\.\ )

4020 %\N L. | H SZ 6223 | 66
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4017 1 CH3 653.3 8.0 F 4018 H621.3 5.6 4019 H 610.3 7.3 4020 N~N H 622.3 6.6 1J 91 WO
2006/00768% gg@/ﬁgﬂAzoos/oono:a RsR Cpd. 2 R'R6 R6 x m/z tR (M+H): %rnin) H3CXC'H3 4021 H
609.3 5.3 CIYYG5%\ 6 H598.3 7.1 0 v HNC CHI 4023 IN x H 627.3 B/EAZ4E/91H834024 IN H
643.3 7.3 Ci 4025 H 596.2 7.1 0 HNC CH3 4026 H 584.2 6.8 04027 IN H 625.2 6.9 F HNC CHI

Rﬂ R‘!D
Cpd. : '
P R? R’ RS RS X me o
# ' ’ (M+H)* | (min)
HC_ CH,
q021 | (7N . | H >< 602.3 | 53
S
H=C><CH3 )
4022 ) 6 N H O | sesa | o7
Q
HC.  CH,
@ P
4023 | | | N H <Y 6273 | 89
F
. MG, CH,
Z Y ><
4024 | | | S H Y | 6433 | 7.3
Ci .
4025 @/\ é N H Q .| 5962 | 7.4
) R
o
4026, ) é - | H Y| ssaz | es
&)
=~ N T
4027 | (| - | H X | 622 | 69
| \
e CH
4028 | | | N H Y | 8132 | 68
I .
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4028 IN H 613.2 6.6 92 WO 2006/007693 PCT/CA2005/001103 R' Rt0 Cpd, m/atR R2 R3 R5 R6 ~,
# (M+H)' (min) 4029\ N (i ~~ F 639.35.9 N 4030 MB H 669.3 7.7 F 4031 655.4 7.4 F 4032 H 654.4
6.9 4033/ NP 20860007¢%54 3 7.2 4034 IN H 625.3 7.5 N 4036 1 H H 611. 37429588145
2006/007693 PCT/CA2005/001103 R9 R30 de pfl. m/2 RZ R3 R6 R6 utR # (M+H)' (min) -- -- - H3C
CH3 4036 INH '657.4 7.4 FH3C CH N x

RS R1§ .
Cpd.
pd " » " s >< miz tr
# © | (MeHY | (min)
4029 | ZN é N F SZ 6383 | 58
N <
= N
a030 | {_ | d .| H Q 6693 | 7.7
F ,
<IF SN E-a
4031 | | | é . Hop DL, | o4 74
F .
/‘\N h — R
02| Sy o loH L X | esas e
T,
4033 v N H S, | a3 | 72
4034 b N H . SZ ;6253 | 75
= N 1
4035 | | | H H Q 6113 | 7.2
£
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4037 H683.5 7.3 F N 4038 6 ~k H 732.4 7.3 NN 4039y \, H 656.4 7.6 ci 4040 INb\x H 682.56.5 F
3 N 4042 K H 696.5 5.8 94 WO 2006/007693 PCT/CA2005/001103 R~ R,0 Cpd.
LIRIOH) (min) 4043 IN H 694.5 5.7 F 4044 IN 6 H 69 PAHC42pOR0%ANS f H

N 4041 H
miz tR R2

W

691.47.5 F4046IN6 ~~)H 72455.8 F4047 b H 702459 F4048e H683.57.3 F

R R
Cpd. ‘ |
P R? R® RE | R° X mE ok
# ‘ (M+H)" | (min) |
HC. L CH,
4036 - H >/\ 6574 | 7.4
‘ HC_ CH,
4037 A H >< 6835 | 7.3
4038 . H />2 | o7e24 | 73
Lo Y
4039 N H \ Q .| 8564 | 78
4040 N H Q 8825 | 6.5
SN ; ‘
4041 - H Q .| es34 | 73
ost s .
P \ -
a042 | [ Ho| />2 .| 8985 | 58
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4049 H 695.5 7.3 F 95 WO 2006/007693 PCT/CA2005/001103 TABLES t3SCOAN R.B/HO"
COON R3/ wherein R2. R3, A and B are given in the table and wherein ---- between two C-atoms
represents‘é’ﬂ&ﬂ%ﬁ’?igg% and --- between a C-atom and a N-atom represeﬁféTéC%ﬁq&w%Prﬁ. Cpd. miz
tR AB R2 R3 # (M+Hr (min) N5001 N C1609.37.5 F5002N C591.36.0 61-JN5003CN1623.3
7.7 F596 CLAIMS What is claimed is: 1. A compound of formula (I): R1 ~R10 R5 ANRp N

RB Rtb
Cpd. iz
p RZ RJ RE RS .\}%‘.' i tR
# {M+H)" | {min)
4043 \s ] H Q . 894.5 57
: ~ : o
F
8 = N T “"
4044 1 | | ) H Q . 691.4 7.5
‘ P 7
F
40 (LEN | Q
_ 45 4 . 691.4 .
| \\(l I PN 9 7.5
. .
F
4046 /1N \ H Q 7245 5.8
N @ Y ST
E
<N 1 .
4047 | | | P H Q 7024 | 58
o .
F. -
4048 [5 H Q .| 6835 | 73
soas| [ 1} é 4 H Q 6955 | 7.3
S O ST
T .
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RBI H (r)1f RB RarR z7 COOH wherein: either A or B is N and the other B or A is C, wherein -
between tw%é'fbtt?@% & presents a double bond and - between a C-atom and a N-atom regresents a
single bond; R1 or (Ci.s)alkyl; R2 is (C16)alkyl, (C2.s)alkynyl, -C(=0) (8f§5%ﬁ%?ﬁsé?%lg Het; the
aryl and Hat being optionally substituted with R21: wherein R2' is one, two or three substituents each
independently selected from (C1 )alkyl, (C$.7)cycloalkyl, Net, -CN, -NH2, -NH(C,.s)aikyl,
-N((C1l.s)alkyl)2, halo, -O-(C4,a)alkyl, -S-(Cl s)alkyl, -SO-(C1.e)alkyl and SOr(C,.s)alkyl; wherein the
(Cl.s)alkyl, -O-(C1-a)alkyl, -S-(C14)alkyl, -SO-(C1.e)alkyl and -SOr(Ci.e)alkyl are each optionally
substituted with one, two or three halo substituents; R' is (C")cycloalkyl, optionally substituted with
from one to four halo substituents; R6 is selected from H, (C1.a)alkyl, (024)alkenyl, (C2,$)alkynyl,
(C.2.7)cycloalkyl, (Cs.7)cycloalkyl-(Ct.s)alkyi-, Nef &RURRt-(C1.8)&fkyl-; wherein the (C1.s)alkyl is
optionally substituted with from one to three sufgstituepts each independently selected from halo,
cyan, (Cl.s)alkoxy, NH(Cl.Q)aikﬂ",qu((Ci.s)af yl) d -ﬁlHSOZ(Ci&)aikyl; and wherein each of the
Net and the Net portion of the et-(C’,P_’L. - IS cf_fi)tio ly tedy with (Cla)alkyk and Rs is
selected from H, (C1-6)alkyl an Féﬂoé ok Q£R6 and RG are S @g})ﬁle group of the

subformula R 7 000H is a group of formula
R

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. 5 \ \ miz tr
A R R
# ' (M+HY | (min)

5001 N Cc

5002 | N C—/im

é 608.3 7.5

591.3 6.0

i | 1 -
s003| ¢ | N S8 (5 6233 | 7.7
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Zzzz~ "6 COON R1 wherein nis 0, 1 or 2; and wherein R80 is selected independently in each
instance from H, halo, cyano, (C1.6)alkoxy, (C1.0)alkyl, (C22-6)alkenyl, (C2.6)alkynyl,
(C3.7)cycloalkyl, (C3.7)cycloalkyl-(C,-e)alkyl-, Net and Het-(C1.6)alkyl wherein the (C,.e)alkyl is
optionally substituted with from one to three substituents each independently selected from halo,
cyano, (O1.6)alkoxy, -NH(Cq.6)alkyl, -N((C1.)alkyl)2 and -NHSO2(C1.3)alkyl; and wherein each of
the Het and the Het portion of the Het-(C1. 6)alkyl- is optionally substituted with (C1.6)alkyl; R is
selected from H, (C1 e )alkyl, (C1.s)alkoxy, (C1.s)alkylthio, -NH2, -NH(C1.6)alkyl, -N((C1.B)alkyl)2
and halo; R and R10 are each independently selected from (C1-s)alkyl;; or R and R10 are covalently
bonded together to form (C3.7)cycloalkyl, (Csr)cycloalkenyl or a 4-, 5- or 6-membered heterocycle
having from | to 3 heteroatoms each independently selected from 0, N, and S; wherein the cycloalkyl,
cycloalkenyl or heterocycle is optionally substitétieéilh (C,.4)alkyl; wherein Het is defined as a 4- to
7-membered heterocycle having | to 4 heteroatoms each independently selected from O, N and S,
which may pgsaWaisddynsaturated or aromatic, and which is optionally fused to at least one other
cycle to form a 7 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; ofian erAdgaEINgALiarabiadher or tautomer thereof, including a salt, ester or 98

derivative thereof. 2. The comp‘Qund accor ingn}o%'ﬁ?im 1 of fornﬁJIa (la): Re 90 Rg
A N o
/ N
I
. R ‘} H 1 mftﬁ
RY COOH
” ®

wherein.

either A or B is N and the other B or A is C, wherein — betweesn two C-atomns

represents a double bond and — betwesn a Ceatom and a N-atom represents a

single bond;

R'is H or (Csealkyl;

R?is (Crealkyl, (Coe)alkynyl, -C(=OW(Cr.e)alkyl, aryi or Het; the aryl and Het

being optionally substituted with R*":
wherein R* is one, two or three substituents each independently selected
from (Cg)alkyl, (Csrjoyelioaliyl, Het, -CN, -NH;, -NH(C1.a)alky!,
-N((Cre)alkyl)z, hale, -O<(Cre)alkyl, ~8~(C.e)alkyl, -SO-(Cre)alky! and
~S0~(C,q)alkyl; _ ‘

wherein the (Cig)alkyl, ~O-{Cyp)alkyl, -5-{C.s)alkyl, ~-SO-(Cg)alky!
and -SO-(Ce)alkyi are each optionally substituted with one, two
: _ or three halo substituents;

R? is (Cse)cycioalkyl, optionally substituted with from one to four hajo

substituents; '

Rf is selected from H, (C.a)alkyl, (Cag)alikenyl, (Cag)alkynyl, (Caa)cycloalkyl,
(Csncycloalkyl-{C..s)alkyl-, Het and Het-(C..¢)alkyh:
wherein the (Cy.¢)alkyl is optionally substituted with from one to three
subsiituents each independently selected from halo, cyane, (C..)alkoxy,
~NH{C.q)alkyl, -N({C1.e)alkyl)z and -NHSO,(C.g)alkyl; and wherein each of
the Het and the Het portion of the Het-(C.s)alkyl- is optionally substituted
with (C+.g)alkyl; and

R® is selected from H, (Cis)alkyl and halo; or
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R~HO (1-R0 Rs R COOH (la); wherein R, R2, R, R8, R9, R, R9 and R70 are defined as in claim 1.
3. The compound according to claim 1 of formula (Ib): R C R9f\Y,1RioR5e FH. 11 NR W/ 1R9
COCH (Ib); wherein R', R2, R3, R6, R, R', R9 and RIG are defined as in claim 1. 4. The compound
according to claim 1 wherein R' is H or methyl. 5. The compound according to claim 4 wherein R' is
methyl. 6. The compound according to claim 1 wherein Reis (C,.s)alkyl, (C2.s)alkynyl or
-C(=0)-(C,.6)alkyl. 7. The compound according to claim | wherein R2 is aryl or Het, wherein Het is a 5-
or 6-membered monocyclic aromatic heterocycle having 1 to 4 heteroatoms each independently
selected from 0, 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 0, N and S; wherein R2 is unsubstituted or substituted with 1121, wherein R2' is defined as in
claim 1. 99 B. TheRianp&Riraedirdeinugh dhekting EW:@M%@WEHW or Het, wherein Hetis~~1Q 1
s $ --s selected fromHH N N/iN\o and whereln R2 |§ unsubstituted or substituted with R2T,

wherein R21 is defined as in claim 1. i :
Rﬁ
v

g COOH
is a group of formula
o]
MER™,
ook
R’f

wherein nis 0, 1 or 2; and wherein R®® is selected independently in each
instance from H, halo, cyano, (Cie)alkoxy, (Cre)alkyl, (Coe)alkenyl,
(Cae)alkynyl, (Csricycloalkyl, (Csrloycloalkyl-(Cy.e)alkyl-, Het and
Het-(Cr.s)alkyl-:
wherein the (Cio)alkyl is optionally substituted with from one to
three substituents each independently selected from halo, cyana,
(C1eyalkoxy, -NH(Ccyalky!, -N((C-}.s)aikyng and -NHSDQ(C;.&)EJKY’,
and wherein each of the Het and the Het portion of the Het-(C,.
syalkyl- is optionally substituted with (C.g)alkyt;

R’ is selected from H, (Croalkyl, (Cre)alkoxy, (Cr.a)alkyithio, -NH,,
~NH(Cy.g)alikyl, -N{(C.g)alikyl); and halo: _

R* and R"™ are each independently selected from (Cq.g)alkyl; or R® and R are
covalently bonded together to form (Car)oyeloalkyl, (Cor)cycloalkenyl or 2
4~, 5~ or G-mambsered heterocycie having from 1 10 3 heteroatoms each
independently selected from O, N, and §;
wherein the cycloalkyl, cycloalkenyl or heterocycle is optionally
substituted with (C...)alkyl;

wherein Het is defined as a 4~ {6 7-membered heterocyele having 1 to 4

heteroatoms each independently selected from O, N and 8, which may be

safurated, unsaturated or aromatic, and which is optionally fused to at least one
other cycle to form a 7 to 14-membered heferopolycycle having wharever
possible 1 to 5 heteroatoms, each independently selected from O, N and §, the
heteropolycycle being saturated, unsaturated or aromatic;

or an enantiomer, diastereoisomer or tautomer thereof, including a salt, ester or
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9. The compound according to claim 7 wherein e is one, two or three substituents each independently
selected from (C14)alkyl, (C3.8)cycloalkyl, -CN, -NH2, -NH(C,_ 3)alkyl, -N((C1-3)alkyl)2, halo,
-O-(C14)alkyl, -S-(C,.3)alkyl, -SO-(C,.3)alkyl and -SOr(C1-3)alkyi; wherein the (Cl)alkyl, 0-(C1.3)alkyl,
-S-(C1.3)alkyl, -SO-(C13)alkyl and -302-(C1s)alkyl are each optionally substituted with one, two or
three halo substttuents. 10. The compound according to claim 9 wherein R29 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, -S02CH3 and cyano. 11. The compound according to claim 10 wherein R21 is
one or two éubstigéﬁo(#%@ea&[érg&gependently selected from fluoro, ohloro, bromo, methyl, methoxy,
amino, -SO2CH3and cyano. 100 12, The compound according to claim | wherein R' is cyclopentyl or
cyclohexyl, each being optionally substituted with one to four fluoro substituents. 13. The compound
according % claimecRRBRMFFReS5Rreina dp sl dfdRmyiasi®ktituted with one to four fluoro
substituents. 14. The compound according to claim 12 wherein R3 is cyciohexyl optionally substituted
with one to four fluoro substifidents. 15. The g bund accordigg to claim | wherein Rs is selected
from (C1%$)alkyl, (Ca. 6)alkenkll, (C2%)alkynyl ¥C3. A alkyl }_(CS.7)cyc|oa|ky|-(C1.e)alkyl-, Het and
Het (C,$)alkyl-; wherein the

_ @ Het-(C'$)alkyl- are each selected from a 5-
or 6-membered saturated, unsaturated icheterocycle, having one to three

heteroatoms each independg#tly selected from N, 0 and §; and whgggj the (C1$)alkyl is optionally
substituted with from one tdfthree substituents each independently selecté@from halo, cyano,
(C,$)alkoxy, -NH @ aspinif!, RRIGE, )y B2, BienNREceeGicibrliag imatdimHbrein each of the Hot and
the Hot

3 The compound according to claim 1 of formula (Ib):

" o rl RY R
R R H i

. &
> T ___R
a/q-. . U C

OOH
R ' o (1b};
wherein R, R*, R%, R®, R®, ", R? and R"" are defined as in claim 1.

Iz

4. The compound according to claim 1 wherein R' is H or methyl.
5. The compound according to claim 4 wherein R' is methyl.

6. The compound according to claim 1 wherein R? js (C.e)alkyl, (Cas)alkynyi or
-C(=0)~(Crg)alkyl.

7. The compound aceording to claim 1 wherein R? is aryl or Het, wherein Het is a 5-
or 6-memberad monoecyclic aromatic heterocycle having 1 to 4 heteroatoms each
independently selected from O, N and §, which is optionally fusad to one other
eyele to form an 8- o 11-membered aromatic heteropolycycie having wherever
possible 1 to & heteroatoms, each independently selected from O, N and &;
wherein R? is unsubstituted or substituted with R¥, wherein R® is defined as in
claim 1.
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portion of the Het-(Cl.3)alkyl- is optionally substituted with (C,$)alkyl. 16. The compound according to
claim 15 wherein R6 is selected from methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl,
2-methyipropyl, 1,1-dimethylethyl, 2- propenyl, 2-propynyl, cyclopropyl, cyclobutyl, cyclopropylmethyl, \
(J1.. _....N t/1V p cyclobutylmethyl, and ; wherein the methyl, ethyl, propyl, 1-methylethyl, butyl,
1-methyipropyl, 2- methylpropyl and 1,1-dimethylethyl are each optionally substituted with from one to
three substituents each independently selected from fluoro, methoxy, ethoxy, -N(CH3)2, and
-NHSQ2CH3. 17. The compound according to claim | wherein R3 is H, methyl, ethyl or fluoro. 18. The
compound according to claim | wherein R6 and R6 are linked such that the 101 group of the
subformula Rb Q R' COON is a group of formula O COON R 7 wherein R' is defined as in claim 1,
19. The compound according to claim | wherein R7 is H, methyl, ethyl, methoxy or ethoxy. 20. The
compound according to claim 19 wherein Rr is H or methoxy. 21. The compound according to claim 1
wherein R®.and RhaceraaohridceperittenthcisietetietzhanROs Palkyl or Reqrndi 880 Metéovalently

bonded together to form (C3.6)cycloalkyl, (G")cy%kenyl or a 5- or 6- membered)%terocycle having

from 1 to 2 heteroatoms each i |n end ly selec fro@a_m/d N; w the)_
S /@ CL
e J“

seiected fmm

i
I

: ' '

wherein R? is unsubstituted or substituted with R?', wherein R* is defined as in
claeim 1.

8. The compound according o claim 7 wherein R* is one, two or three substituents
each independently selected from (C.)alkyl, (Cis)cvcloalkyl, ~-CN, -NH,, -NH(C._
saliyl, -N{(C+_s)alkyl)z, halo, -O~(Crs)alkyl, -S-(Cra)alkyl, -80-(Cro)alkyl and
-80:~(C1s)alkyl;
wherein the (Cqg)alkyl, ~O-(Cr.a)alkyl, -S-(Cy.a)alkyl, -SO-{Cy.y)alkyl and
-80,(C1.s)alkyl are sach optionally substituted with one, two or three halo
substituants. '

10.  The compound according io claim 2 wherein R* is one, two or three substituents
each independently selected from flucre, chiloro, bromo, methyl, ethyl, propyl, 1-
methylethyl, trifiucromethyl, cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl,
methoxy, ethoxy, propoxy, 1-methylethoxy, methylthio, ethyithio, propyithio, 1-
methylethylthio, amino, N-methylamina, N,N-dimethylamino, ~-50.CH, and eyano.

11.  The compound according to claim 16 wherein £ is one or two substituents each
independently selected from fluoro, ¢chlorg, brome, methyl, methoxy, amine,
~S0.CHy aind cyano.
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cycloalkyl, cycloalkenyl and heterocycle are each optionally substituted with (C1.4)alkyl. 102 Rs R10
22. The compound according to claim 21 wherein the group is selected .,/ ~."./"™.;'.! ~' HXH2 ., ' from
and 23. The compound according to claim 1 wherein: R1 is H or methyl; R2 is aryl or Met, wherein
Het is a 5- or 6-membered monocyclic aromatic heterocycle having 1 to 4 heteroatoms each
independently selected from 0, N and S, which is optionally fused to one other cycle to form an S- to
11-membered aromatic heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from 0, N and S; wherein the aryl and Het are each optionally substituted with
R29, wherein R21 is one, two or three substituents each independently selected from (C1-s)a[kyl,
(Cs-6)cycloalkyl, -CN, -NH2, -NH(C1.2)alkyl, -N((C1.s)alkyl)2, halo, -0-(C,.2)alkyl, -S-(C,.S)alkyl,
-SO-(C,.s)akyl a { etk QCromAtiivbr Sdieheidn!den

-SO-(C, 4)a|%(yl a@i%i%%ﬁmm%m%%e two (ﬁér)?\ree halo

substituents; R3 is cyclopentyl or cyclohexyl, each being optionally substituted with one to four fluoro

substituents; R is_selected from (C1 a)alkyl (C2. gkalkenyl G2 e)alkyny Cs 7)cycloalkyl,
(C$. 7)cyc|8§l’kyl (BB SPANBAYT BESHTEIGEIR "Q)?;l S{ARERIFF e PR %E’t portion of the

Het-(C1 s)alkyl- adbstitrd iR eRs o fow BusreasubRiERled saturated, unsaturated or aromatic
monocyclic heterocycle, having one to three heteroatoms each independently selected from N, 0 and
S: and whein tHeheGhmmikbi aamatidinalty stairatit?ebiendth RO aristexireptisndlistituents each
independently selqgieshtiedwitaloneyarsur fluore substituents.

18.  The compound according o claim 1 wherein BF is salected from (Ci.g)alkyl, {Ca.
syatkenyl, (Cog)alkynyl, (Careyeioatkyl, (Cineycloalkyl-(C.e)alkyl-, Het and
Het-(Ci.¢)alkyl-; wherein the Het and the Het portion of the Het-(C...)alkyl- are
each selected from a 5- or 8-membered saturated, unsaturated or aromatic
manocyclic heterocycie, having one o three heteroaioms each independently
selected from N, O and §; and
whergzin the (Cqs)alkyl is optionally substituted with from one fo three substituents
gach independently selected from halo, cyane, (Ci.e)alkoxy, -NH(C.o)alkyl,
N{{Cr.c)alkyl)s and -NHEO,(C1.¢)alicyl; and wherein each of the Het and the Het
portion of the Het-(Cyg)alkyl- is optionally substituted with (Cy.)alkyl.

16.  The compound according to elaim 15 wherein RC is selected from methyl, ethyl,
propyl, 1-methylethy!, butyl, 1-methyipropyl, 2-methyipropyl, 1,1-dimethylethyl, 2-
propenyl, 2-propynyl, cyclnpropyi cyciobuty! cyclopropyimethy!

cyciobutyimethyl, gj gj éD E and

wherein the metiwl, athyf propyi 1-rnethytethy!, butyl, %me’thyipropyl, 2-
methylpropyl and 1,1-dimethylethy! are each optionally substituted with from one
to three substituents each independently selected from fluoro, methoxy, ethoxy.
'N(GH:»,)z, and -NHSQ;CH:;.

17.  The compound according io claim 1 wherein R® is H, methyl, ethyl or flucro.

18,  The compound according to claim 1 wherein R® and R® are linked such that the
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103 (C1%)alkoxy, -NH(C,.)alkyl, -N((C,$)alkyl)2 and -NHSO2(C1$)alkyl; and wherein each of the Het
and the Het portion of the Het-(C,$)alkyl- is optionally substituted with (C,$)alkyl; and R6 is H, methyl,
ethyl or fluoro; or R6 and R6 are linked such that the group of the subformula Rl | RT COOH is a
group of formula COOH Rr is H, methyl, ethyl, mathoxy or ethoxy; and Rs and R40 are each
independently selected from (C,,3)alkyl or R and R9Q are covalently bonded together to form
(C6%)cycloalkyl, (C6$)cycloalkenyl or a 5- or 6-membered heterocycle having from 1 to 2 heteroatoms
each independently selected from 0 and N; wherein the cycloalkyi, cycloalkenyl and heterocycle are
each optionally substituted with (C,4)alkyl. 24. The compound according to claim 1 wherein: R'is H or
methyl; R2 is phenyl or Met, wherein Het is selected fromO005S NJ\/,"NNfNJN NHHN~, N
10411 (t and whrg{:g' B ggﬁé {ijuted or substituted with R21, wherein R2" is one, two or three
substituents each’independently selected from fluoge, chloro, bromo, methyl, ethyl, propyl,
1-methylethyl, trifluoromethyl, cyclopropyl, cycloburé/l, cyclopentyl, cyclohexyl, methoxy, ethoxy,

propoxy, 1-methylethoxy, methylthio, ethymw
r _—

R GQOH
is 2 group of formula

o

FNCO0H
RT
wherein R’ is defined as in claim 1.

19. The compound according to claim 1 wherein R7 is H, methyl, ethyl, methoxy or
ethoxy.

20.  The compound accerding to claim 19 wherein R” is H or methoxy.

21.  The compound according to claim 1 wherein R® and R are each independently
selected from (Ci.g)alkyl or R? and R* are covalently bonded together to form
(Cas)oycioalkyl, (Cse)eycloalkeny! or a 5- or 8-membered heterocycle having
from 1 to 2 heteroatoms each independently selected from © and N; wherein the
cycloalkyl, cycloalkeny! and heterocycle are each optionally substituted with
(Crayalicyl.
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propylthio, 1-methylethylthio, amino, N-methylamino, N,N- dimethylamino, SO2CH3 and cyano; R' is
cyclopentyl or cyclohexyl, each optionally substituted with one to four fluoro substituents; R6 is
selected from methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2- methylpropyl,
1,1-dimethylethyl, 2-propenyl, 2-propynyl, cyclopropyt, cyclobutyl, cyciopropylmethyl,
cyclobutylmethyl, and bN ~ ; wherein the methyl, ethyl, propyl, 1-methylethyl, butyl, 1 methytpropyl,
2-methylpropyl and 1,1-dimethylethyf are each optionally substituted with from one to three
substituents each independently selected from fluoro, methoxy, ethoxy, -N(CH3)2, and -NHSO2CHs;
R6 is H, methyl, ethyl orfluoro; R7 is H or methoxy; and ./ the group is selected from HtC CH, and
105 25, The compound according to claim | wherein: R'is H or methyl; R2 is phenyl or Het, wherein
Het is selected from N b"M"~tIL"J'~N ,.~. J N.~ N"'N and wherein R" is unsubstituted or
substituted with RZ, wherein R2' is one, two or three substituents each pendently selected from

fluoro, chlorg, bromo, methyl, ethyl, propyl 1-methylethyl, trifluoromet clop yclobutyl,
cyclopenty%yclo‘ﬁ@ﬁp"‘m@‘ﬂﬁgmgﬂ/°p fj/ ‘f‘}#&ﬂ '?ﬁf%%pmethylthl @ﬁ%ﬁrﬁ% propyithio,

1-methylethyithio, amino, N-methylamino, &dlme&lmmo 802CH?§1 cyano;
X, R

from ° \

23.  The compound according to claim 1 wherein:
R is H or methyl; _
R? is aryl or Het, wherein Het is a 5- or 6-membered mohocyclic aromatic
heterocycle having 1 to 4 heferoatoms each independently selected from O,
N and 8, which is optionally fused to one other cydle to form an 8- to
11~memberad aromatic heteropolycycle having wherever possible 1 to 5
heteroatoms, each independently selected from O, N and §;
wherein the aryl and Het are each optionally substituted with R,
wherein R* is one, two or three substituents each independently selected from
{Cra)alkyl, (Cugeycioalkyl, ~<CN, -NH;, -NH(C.q)alkyl, -N{C2)atkyi),, halo,
-O-{Cr.g)alicyl, ~5-(Cr.s)alkyl, ~-80-(C..s)alkyl and ~SO-(Cra)alkyl;
wherein the (Co)alkyl, “O-(Ci.a)alkyl, -8-(Cys)alkyl, ~-SO-(Cra)alkyl and
-S0-{C,s)alkyl are sach optionally substituted with one, two or three
| halo substituents;
R? is cyciopentyl or cycichexyl, each being optionally substituted with one to four
fluoro substituents;
RE is selected from (Cr-g)alkyl, (Gz.s)alkaﬂyi. (C’z.ﬁ)a[kyny!, {Csmioycloalky,
(Caricycloalkyl-(Ci.e)alkyl-, Het and Het-(C..p)alkyl-; wherein the Het and
the Het portion of the Het~(Cis)alkyl~ are each selected from a §- or 6-
membered saturated, unsaturated or aromatic monocyclic heterocycle,
having one to three heteroatoms each independently selected from N, ©
and 8; and
whersin the (Cy.s)alkyl is optionally substituted with from one to three
substituents each independently selscted from halo, cyano,
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R' is cyclopentyi or cyclohexyl, each optionally substituted with one to four fluoro substituents; R' and
RG are linked, together with the atoms to which they are attached, to form a 6-membered ring, such
that the group of the subformula R COON is a group of formula G COON R 106 R7 is H or methoxy;
and Re 'the group is selected from: and 26. A compound of formula (I): R O R9 R1D R6 ~g3--IHR
Ra~ [2 COON 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: R1 is H
or (Cl-s)alkyl; R2 is (C2.6)alkynyi, -C(=0)-(C1.s)alkyl, aryl or Het the aryl and Het being optionally
substituted with R2": wherein R21 is one, two or three substituents each independently selected from
(C1.9)alkyl, (C3.7)cycloalkyl, Het, -CN, -NH2, -NH(C16)alkyl, -N((C, 8)a|ky|)2 halo, -O-(C,-6)alkyi,
-S-(C1.e)alkyl, -SO-(C1.e)alkyl and Sdgk%@mgalkyl wherein the (C1.3)a I -O-(C,.e)aikyl,

-S-(C1.6)alkyl, -SO-(C1.e)aifyi)akiaxs adikspriapdnyid %{Mﬁ'w&h one, two
and wherein each of the Het and the He.t portion of the Het-(Cyg)alkyl-

is optionally substituted with (Cy)alkyl; and
R® is H, methyl, ethyl or fiuoro; or
R® and R® are linked such that the group of the subformula

is a group of formula

L

O
T

R
R7 is H, methyl, athyl, mathoxy or ethoxy; and
R® and R™ are sach independently selected from (Cya)alkyl or R® and R™ are
covalently bonded together to form (Cas)oyeloalkyl, (Cee)cycloalkenyl or a 5-
or &membered heterocycle having from 1 10 2 heterogioms each
independently selected from O and N; wherein the cycloalkyl, cycloalkenyl
and heterocycle are each optionally substituted with (C,.2)alkyl.

24.  The compound according to claim 1 wherein:
R'is H or methy!;
R? is phenyl or Het, wherein Het is selected from

c%o/é@of@w“ﬁ?
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or three halo substituents; R3 is (CS$)cycloalkyl, optionally substituted with from one to four halo
substituents; R5 is selected from H, (C1.6)alkyl, (C24)alkenyl, (C2.s)alkynyl, (C3.7)cycloalkyl, and
(C3.7)cycloalkyl-(C1.s)alkyl-; wherein the (C1l.e)alkyl is optionally substituted with from one to three
substituents each independently selected from halo, cyan and 107 (C1.a)alkoxy; and Rs is selected
from H, (Cl.s)alkyl and halo; or R9 and R9 are linked, together with the atoms to which they are
attached, to form a 5-, 6- or 7-membered ring; R7 is selected from H, (C1.s)aikyl, (C1.s)alkoxy,
(C1-e)alkylthio, -NH2, -NH(CL1.s)alkyi, -N((C1.s)alkyl)Z and halo; R9 and R10 are each independently
selected from (C1.s)alkyl; or R9 and WO are covalently bonded together to form (Cs7)cycioalkyl,
(Csr)oycloalkenyl or a 4-, 5- or 6-membered heterocycle having from 1 to 3 heteroatoms each
independently selected from Q, N, and S; wherein the cyoloalkyl, cycloalkenyl or heterocycle are each
optionally substituted W|th €l 1)a|ky| wherejn Hot is defined as a 3- to 7-membered heterocycle
having | to 4 heteroatoms ch |n epende elected from O, N and S, which may be saturated,
unsaturated or aromatic, p optlo used to at least one other cycle to form a 4 to
14-membered heteropol} OSSIb|e 1 to 5 heteroatoms, each independently

selected from 0, Nand S, the h yeropo cle being saturate ted or aromatlc or an
enantiomer, dlastereusogg 3¥ ? H gg#@h?u ¢ 7 Frmaceutlcal
Rﬁ:;%sé ﬁcéo {1

o
composition comprising RASIE: I i )ﬂgﬁg H g & claim l,ora
pharmaceutically acceptable s P%'Peg ¥hle carrler 28. The

pharmaceutical composition actf@ftﬂﬁij'%h?ﬁ%pﬁfﬂﬁ”m iy, cyclohexy
methoxy, ethoxy, propoxy, T-met ylethoxy, methyithlo efhylthro

propylthio, 1-methylethyithio, amino, N-methylamino, N,N-
dimethylamino, -S0,CH;s and cyane;
R* is cyclopentyl or cyclohexyl, each eptionally substituted with one to four fluora
subsfituents,
R® is selected from methyl, ethyl, propyl, 1-mathylethyl, butyl, 1-methyipropyl, 2-
methyipropyl, 1,1-dimethylethyl, 2-propenyl, 2-propynyl, cyctopmpy!

' g‘) 7
cyclobutyl, cyc!opropylmethsd syclobutylmethyl, 2; . éD

L

Q and N ; wherein the methyl, ethyl, propyl, 1-methyiethyl, butyl, 1-
methylpropyl, 2-methyipropyl and 1,1-dimethylethy! are each optionally
substituted with from one to three substituents each independently selected
from fiuoro, methoxy, ethoxy, ~-N(CH;)z, and -NHSO,CH,:

RS is H, methyl, ethyl or fluore;
R is H or methoxy; and
R’><RW

thegroup 7 is selected from'

28 LR T
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therapeutically effective amount of one or more other antiviral agents, 29. An in vitro method of
inhibiting the RNA-dependent RNA polymerase activity of the enzyme NSSB, encoded by HCV,
comprising exposing the enzyme NSSB to an effective amount of a compound according to claim |
under conditions where the RNA-dependent RNA polymerase activity of the enzyme NSSB is
inhibited. 30. An in vitro method of inhibiting HCV replication, comprising exposing a cell infected with
HCV to an effective amount of a compound according to claim 1 108 under conditions where
replication of HCV is inhibited. 31. Use of a compound according to claim 1, or a pharmaceutically
acceptable salt or ester thereof, for the preparation of a medicament for the treatment or prevention
of HCV infection in a mammal. 32. Use of a compound according to claim 1, or a pharmaceutically
acceptable salt or ester thereof, for the preparation of a medicament to treat or prevent HCV infection
in a mamn#é-in witteaewrsusH ectprsinghip AairadeniessinUse of a compound according to claim 1, or
a pharmaceuticalfy' de&bpramséhylit or ester thereof, in combination with at least one other antiviral
agent for the prepAiatiwemi artistivdrersin Hetrisaaaiegied\fermHCV infection in a mammal. 34. An
article of manufacture comptising a compositipn effective to treat an HCV Lpi@ation; and packaging
dt
e

material comprising a labetyhich.irdicates the ositi an pe u;g_‘ treat infection by the
g . . - . g « S ) .
hepatitis C virus, whereinis id cam sition\co priges cdmp@JN d accor‘lngﬁo claim 1 or a

pharmaceutically acceptablé salt orester thergof. 10 '

. : P \ PN o /L% %\N
N"‘N\ /N’N l/N | # U N'”N/u

v * ]

=] . i
KL“‘ %m
N\w“) N M
= and -/O:

wherein R® is unsubstituted or substituted with R**, wherein
R* is one, two or three substituents each independently selected from
fluoro, chloro, bromo, methyl, athyl, propyl, 1-methyiethvt,
trifivoromethyi, cyclopropyl, cyclobutyl, eyclopentyl, cyciohexyt,
methoxy, ethoxy, propoxy, 1-methylethoxy, methyithio, ethylthic,
propyithio, 1-meathylethylthio, amino, N-methylaminoe, N,N-
dimethylamino, ~-80:CHs and cyano; ‘
R" is cyciopentyl or cyclohexyl, each optionally substituted with one to four fluoro
substituenis;
R® and R® are linked, together with the atoms to which they are attached, to fo
a 6-membered ring, such that the group of the subformula ‘
RS

is & group of formula
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26.

R’ is H or methoxy; and
Ri R“

thegroup =~ s selected from:

Z," H G CH,
'-‘ B . * ‘.\ h L h . § . ’ .,
. ' ' . . . and

o’

A compound of formula (I):

0 ] R"D RE
R1\ R H I
A N V] o
¥ “ H [\
R-v---t‘} I mﬁ
3 Rr’ CooH
R U]

whersin:
gither A or B is N and the other B or A is C, wherein — between two C-atoms
represents a double bond and - betwsen a C-atom and a N-atom represents a
single bond;
R'is H or {Cro)alkyh;
R?is (Cag)alkynytl, -C=O)(Cya)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 (Cre)alkyl, (Cerloyeloalkyl, Het, -CN, “NHz, -NH(Cs)alicv,
wN((Cra)alkyl)s, halo, -O-(Cg)alkyl, ~8-(Cy.a)atkyl, -SO-(C1q)alkyl and
-80(Cra)alkyl;
wherein the (Cy.e)alkyl, -O-(Cre)alkyl, -6-(Cr.e)alkyl, -S0-(Crg)alkyl
and -80~(C+.s)alkyl are sach optionally substituted with one, two
or three halo substituents;
R? is (Cs o)cycloalkyl, optionally substituted with from one to four halo
substituents;
R® is selectad from H, (Cie)alkyl, (Cae)alkenyl, (Cae)alkynyl, (Car)eycloalioyl, and
(Csrycycloalkyl-{Cqe)atkyl-;
wherein the (C.g}alkyl is optionally substituted with from one to three
substituents each independently selected from haio, cyanc and
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28.

30.

{Cr.a)alkoxy; and
R® is selected from H, (Cig)alkyl and halo; or
RE and R® are linked, tegether with the atoms to which they are attached, to form
a 5, 6- or 7-membered ring;
R’ is selected from H, (Cre)alkyl, (Cre)alkoxy, (Cie)alkyithio, -NH;,
~NH(C.p)atkyl, -N((C1.)alkyl); and halo;
R® and R" are each independently selected from (Cys)alkyl; or R® and R are
covalently bonded together to form (Car)cyeioalkyl, (Csr)oycioalkenyl or a
4-, 5- or 8-membered heterocycle having from 1 to 3 heteroatoms each
indepeandentty selected from O, N, and S;
wherein the cycloalkyl, cysloalkenyl or heterocycle are each optionally
substituted with (Cq.)alikyt;
wherein Het is defined as a 3 to 7-membared heterocycle having 1 to 4
heteroatoms sach independently selected from O, N and §, which may be
saturated, unsaturated or aromatic, and which is optionally fused to &t least one
other cycle to form 2 4- to 14-membered heteropolycycle having wherever
possible 1 to § heteroatoms, each independently selected from O, N and S, the
heteropolycycle being saturated, unsaturated or aromatic;
or an enantiomer, diasterecisomer or tautomer thereof, inciuding a salt thereof.

A phannaoeuﬁca[ composiion comprising a therapsutically effective amount of 2
compound according to claim 1, or 2 pharmaceutically acceptable salt or ester
thereof, and a pharmaceutically acceptable carrier.

The pharmaceutical composition aceording to claim 27 additionally comprising a
therapeutically effective amount of one or more other antiviral agents.

An in vitro method of inhibiting the RNA-dependent RNA polymerase activity of

the enzyme N85B, encoded by HCV, comprising exposing the enzyme NS5B to
an effective amount of a compound according to claim 1 under conditions where
the RNA-dependent RNA polymerase activity of the enzyme NSEB is inhibited.

An in vitro method of inhibiting HCV repilication, comprising exposing a cell
infected with HCV to an effective amount of a compound according to claim 1
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31.

32.

33.

34.

under conditions where replication of HCV is inhibited.

Use of a compound according o claim 1, or a pharmaceutically acceptable salt or
ester thereof, for the preparation of a medicament for the treatment or prevention
of HCV infection in a mammal.

Use of a compound according to claim 1, or a pharmaceutically acceptable salt or
ester thereof, for the preparation of a medicament to treat or prevent HCV

infection in a mammal in with at least one other antiviral agent.

Use of a compound according to claim 1, or a pharmaceutically acceptable salt or
ester thereof, in combination with at least one other antiviral agent for the

preparation of a medicament to treat or prevent HCV infection in a mammal.

An article of manufacture comprising a composition effective to treat an HCV
infection; and packaging material comprising a label which indicates that the
composition can be used to treat infection by the hepatitis C virus, wherein said
composition comprises a compound according to claim 1 or a pharmaceuticaily
acceptabie salt or ester thereof.
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