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| NHI BI TORS FIELD OF THE | NVENTI ON The present invention relates to
conmpoundswomBmeaisces for their synthesis, 5 conpositions acd/arBlods for
the treatnent of hepatitis C virus (HCV) infection. In particular, the
present invention provides novel peptide anal ogs, pharmaceuti cal

conposi tions containing such anal ogs and nethods for using these analogs in

the treatnent of HCV I&é}fmg&tyicpg%i,rég ND, 14| RMIL&IN Hepatitis C

virus (HCV) is the nmajor etio al agent of post-transtusion and
comuni ty-acqui red non-A non-B hepatitis worldw de. It is estimated that
over 200 mllion people worldwi de are infected by the virus. A high
percentage of carriers beconme chronically infected and many progress to
chronic |iver FLseasae INvennieNl ed 15 chronic hepatitis C. This group is in
turn at high or,.seri.ou liver ﬁkrrhosis,

&Lsk f S Iiv§r di sease such as

hepat ocel | ul af "¢ BIESPRIAYEYR 12 %‘?m??%@?f RIPESeR I LR SYOMES'S: deat h. The
nmechani sm py ebrnpdsitiddy aadmhodsfestheitreatmgreios hegatitic € \inod (daViatectiomi ph rat e
cnonn how - HovAT ey SAESS RYERITLaEs DG REgReRAsHS Spkhasby © "
addi tion, thecsmpestiont contalning suchaamdlogs and alethodsiioreusiresthess asalogs ipthe ect i on

agai nst HCV inpfection . .di sease have yet to be established.
| nunogl obul i ﬁgaetHWgOfd'z[gﬂ NedBPt ed for prophyl axis of

transfusi on-associ ated viral hepatitis, however, the Center for 25 D sease
Control dges n d i mmunogl obulins treatnent for this
pur pose. %ﬁe Pgéﬁgé‘?&@n&e ﬁ%ﬁ?ﬁ&gg}grot ective i mmune response i s hanpering
t he devel opnelepatiis GvikasqEICW istthe axgoyustiblgipabagenk plosast-rapsfogoy hadi s
measures, so in the near-term, ho re firmy pinned. t iV

"t orvent i onsomU0R FEGEd FPTAATTE hefds WeliBirtsl e BStittefBic fidiiPoone
goal of i dent nfiljormgeopEhaondvdeediedalecteddyttise dasalf kigbperbhtage o ednjiensr eat i ng
HCV infection_in patients, .affli wi th chroni it : e
Studi es have. PRST OT R Sece Shiratb ot o Rihict ik isBade, of i

conbi nat i of wchroniothepatitiar@.i Vinis gloupge imt tirn &uidh iskdoli ssgiobalieer dideasmsydiat a
substantial n r he Il ts ; ese 1. WO

031 064416 PCTACATS 05T Mg BEEA 3nda iRl s ERT ey Wb ERBgRG ©

favorably, a Heatge proportion were found to

The mechanism by which HCV establishes viral persistence and causes a high rate

20 of chronic liver disease has not been thoroughly elucidated. It is not known how
HCYV interacts with and evades the host immune system. In addition, the roles of
cellular and humoral immune responses in protection against HCV infection and
disease have yet to be established. Immunoglobulins have been reported for
prophylaxis of transfusion-associated viral hepatitis, however, the Center for

25 Disease Control does not presently recommend immunoglobulins treatment for this
purpose. The lack of an effective protective immune response is hampering the
development of a vaccine or adequate post-exposure prophylaxis measures, so in

the near-term, hopes are firmly pinned on antiviral interventions.

30 Various clinical studies have been conducted with the goal of identifying
pharmaceutical agents capable of effectively treating HCV infection in patients
afflicted with chronic hepatitis C. These studies have involved the use of interferon-
alpha, alone and in combination with other antiviral agents. Such studies have
shown that a substantial number of the participants do not respond to these
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rel apse after termnation of treatnment. Until recently, interferon (IFN)
was the only available therapy of proven benefit 5 approved in the clinic
for pati ewD93mb44in6 chroni ¢ hepatitis C. However the sustai R€d/CAl@O@ONSE rate
is low, and interferon treatnment also induces severe side-effects (i.e.
retinopathy, thyroiditis, acute pancreatitis, depression) that dimnish the
quality of life of treated patients. Recently, interferon in conbination
with ribavirin has been approved for patients non-responsive to | FN al one.
However, the side effects 10 caused by IFN are not alleviated with this
conbi nati on t therapips, aftd githaseethaf do resporid favotablyf elaygs pepotioasveREGUNdto on(r)

and Pegasys(r)_,can rent). | y address these del eterious
side-effects %?Jﬁpssr?ﬁ?eﬁaef’aﬁna@'l@?et&bﬁ‘%’# remai n the avenue of choice for

oral treatnment of HCV. 15 Therefore, a need exists for the devel opnent of
effective antjyj.ral ents for r : ' t ercone
the limtati okgﬂ'(5?0%@?’5'?%%80%}45%%&'5?QQV%('?'ngyre aﬁﬁ?}é‘?? Or—é@vlérts]g%nne(ﬁgnvel oped
posi tive sir aappr&dA imitheusliniafot patieRtsawith/¢hronia bepatitis IGy HoWergersheglgtain@d st r and

HCV RNA ' i mat el ' in.J , .
e TSI B AP M B O,
about 3000 aretingpatioy, disyroitiitis,i acutecpardreaditis, sleptassionpthiay dimirtish theiguality efilifed at
[ tipl it ' t ! t |
ond non. st uchUTEETRAUNE, B! efdbrerBh M SR RaroR ol Hn HAE B8EY 1O 112
mat ur e nonst r agproves foppatteptsron-MEGnsNE3p |MiGalane 2 SloNsdd, theSik eftests NS5B) i s

effected t Lkal -Qrot The . fi.L .

character %ed&(#gggelgﬁg © '?(ﬁ%ﬁ%@l_ﬁ@étkfﬂ%%?rﬁgﬁa?%itrq}é%hfr Itp%% é%(defrorr it o{ 0 as
NS2/ 3 pr ot easiajerferdres sieh and Ehrintios®@zanddtegasys® careapparendyipaitinbydaddress n t he
N term nal rggj . . ) [ nt

cl eavages doﬁv\‘%é?pgg%ngﬁ §Né%'§§%%}% ﬁgﬁe%ﬁ@?r%%gqﬁﬂ é%@t%‘/ﬁn@ ?é’zg’gﬂ‘gg?ﬂ e,
and i n trans, ofabireatmenBd H@Vmi ni ng NS4A- NS4B, NS4B- NS5A, NS5A- NS5B si t es.
The NS4A protein appears to serve nmultiple functions, acting as a cofactor

for the NS3 protease and possibly assisting in the nenbrane | ocalization
of NS3 antb ot Fieerefore, &l needxistaioe thegdavplopmentof effiectiveantiviest apentsdari on of t he

NS3 prot ease ; : b anci ng
the pr ot col vt e epraHCY Eieof 8RR Spdiotme b (flonE B, AR diFfide flo1
sites. The NSWepapigsei n al so exhi bits nucl eosi de tri phosphat ase and RNA
helicase activities. NS5B is a RNA-dependent RNA pol ynerase that is

i nvol ved in the
HCV is an enveloped positive strand RNA virus in the Flaviviridae family. The single

20 strand HCV RNA genome is approximately 9500 nucleotides in length and has a
single open reading frame (ORF) encoding a single large polyprotein of about 3000
amino acids. In infected cells, this polyprotein is cleaved at multiple sites by cellular
and viral proteases to produce the structural and non-structural (NS) proteins. In the
case of HCV, the generation of mature nonstructural proteins (NS2, NS3, NS4A,

25 NS4B, NS5A, and NS5B) is effected by two viral proteases. The first one, as yet
poorly characterized, cleaves at the NS2-NS3 junction (henceforth referred to as
NS2/3 protease); the second one is a serine protease contained within the N-
terminal region of NS3 (NS3 protease) and mediates all the subsequent cleavages
downstream of NS3, both in cis, at the NS3-NS4A cleavage site, and in trans, for the

30 remaining NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A protein
appears to serve multiple functions, acting as a cofactor for the NS3 protease and
possibly assisting in the membrane localization of NS3 and other viral replicase
components. The complex formation of the NS3 protease with NS4A seems
necessary to the processing events, enhancing the proteolytic efficiency at all of the
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replication of HCV. 5 A general strategy for the devel opnent of antiviral
agents is to inactivate virally encoded enzynes that are essential for the
replicatiwoodfe4sme virus. The following is a |list of patemCTapPBioGRLi ons
published in the last few years that disclose HCV NS3 protease inhibitor
pepti de anal ogs that are structurally different 10 fromthe conpounds of
the present invention: GB 2,337,262; JP10298151; JP 11126861; JP 11292840;
JP 2001-103993; US 6, 159,938; US 6, 187,905; WD 97/43310; WD 98/17679; WD
98/ 22496; WD 98/46597; WD 98/ 46630; WD 99/ 38888; WD 99/ 50230; WD 99/ 64442;
15 WO 99/ 07738itesWTH@M S Frdfkin MED 8MibiSSA Rieod@eAfitHISphdtasd/MDRANAMOE se WO

00/ 59929; WD 00/ 31129 01..102424: /7407, 01 /16357, WO
01/32691: WO BN 6263{3% 6%’%@%”%%%@%@8@7&“%%?‘7‘2{9 g9 NP 01/ 77113;
WO 01/ 81325; wpliCkica®t8CV.WO 02/ 08198; WD 02/ 08244; WO 02/08251; WO

02/ 08256; WO 02/ 18369; WD 02/ 60926 and WO 02/79234. 20 One advant age of
the present invention is that it provides tripeptide conpounds that are

i nhi bi t or ys5t oAtdeeerfdbatrategy foathe, dezalopmepinef apsigieah hgants fsap indetivate pirallyat i on of
the hepatitis C viru

S. 25 further. advant a f Q aspect of the present
vent o r esPRRGeR EREimEs R S iesbeneRleY S 88 eln BB PFERI 1} i i br 1 Lhe
NS3 protease and do not show significant inhibitory activity against other
serine proteasges,such as h n_ ] eukocyt.e el astase. HE%} orcine
pancreatic el iﬁ? 5038‘”'("9#’%? ,I'&(r)@l pﬁ{?\vr?%oché%tf?@fgé’éﬁsg’egﬁ@&?ﬁ#? E)%VFK,a%:ﬂ"atcyst ei ne
pr ot eases sucHisalsséHENMNS3 peteasatiiditor pefideGaialdgs thdtard Stewataraky, ditféren0
corrpounds1§re acthve in c%] | t ur e . and have good pharnacokinetic profile

© oD g o i el e AR . phart . !
in vivo. fU?T‘H ¥ CAQOA 56’& 5P PR B}Sgé%t invention is that it provides

conpounds that are orally bioavailable in mammals. -3 WO 03/064416
P A0S 0009 MR ot Fiai YT Slesb s WBooP B (1
US 6,159,938; US 6,187,905; WO 97/43310; WO 98/17679; WO 98/22496;
WO 98/46597; WO 98/46630; WO 99/38888; WO 99/50230; WO 99/64442;
15 WO 99/07733; WO 99/07734; WO 00/09543; WO 00/09558; WO 00/20400;
WO 00/59929; WO 00/31129; WO 01/02424; WO 01/07407; WO 01/16357;
WO 01/32691; WO 01/40262; WO 01/58929; WO 01/64678; WO 01/74768,;
WO 01/77113; WO 01/81325; WO 02/08187; WO 02/08198; WO 02/08244;
WO 02/08251; WO 02/08256; WO 02/18369; WO 02/60926 and WO 02/79234.
20
One advantage of the present invention is that it provides tripeptide compounds that
are inhibitory to the NS3 protease, an enzyme essential for the replication of the
hepatitis C virus.

25 A further advantage of one aspect of the present invention resides in the fact that
the compounds specifically inhibit the NS3 protease and do not show significant
inhibitory activity against other serine proteases such as human leukocyte elastase
(HLE), porcine pancreatic elastase (PPE), or bovine pancreatic chymotrypsin, or
cysteine proteases such as human liver cathepsin B (Cat B). Furthermore, the

30 compounds are active in cell cuAIture and have good pharmacokinetic profile in vivo.

A further advantage of the present invention is that it provides compounds that are

orally bioavailable in mammals.



MOl Ns O Ol RBRA~-N)YNS HO NCR OHoO (I) 5 wherein R is

hydr oxy or NHSO2RI A wherein R Ais (Cl1_8)al kyl, (C3_7)cycloal kyl or

{(C1_6) alwglo3per1&) cycl oal kyl }, which are all optionallyPpsulstouned from
1to3tines wth halo, cyano, nitro, O (Cl_6)al kyl, am do, am no or
phenyl, or RAis C6 or C10 aryl which is optionally substituted from1 to
3 times with halo, cyano, nitro, (Cl1_6)alkyl, O (C _6)alkyl, amdo, am no
or phenyl; R2 is t-butyl, -CH2-C(CH3)36 or _CH2 10 cyclopentyl R3 is
t-butyl or cyclohexyl and R4 is cycl obutyl, cyclopentyl, or cyclohexyl; or
a pharmaceutically acceptable salt ther eof. I ncl uded within the scope of
this inventiog is har maceutical conposition conprising an

anti - hepati tiSUWWYQTTV'éWF'&er anount of a conpound of fornula I, or

15 a phar maceliciugad inthacea eflitheinvantiontifia cempoundiofdomutd (Ij:e with a
pharmaceutical |y acceptable carrier nmediumor auxiliary agent. According to
one enbodi nent, the pharmaceutical conposition oﬁ. Fis invention further
interferon (pegylated or not), or ribavirin, or Pn®& or nore other anti-HCV
20 agents, or any conbination of the above. Ar¥thier inportant aspect of the
i nvention involves a nethod of tre#eO f@$ iAis C viral infectionin a

manmmal by admi nistering to the manmal -hepatitis C virally

ef fective anmount of a conpound of formuFa Iy, a pharnaceutically acceptable
25 salt thereof, or a conposition as descri®ed above, alone or in

conbi nation with one ore nore of 2 imer on egyl ated or not), or
ribavirin, or one or nore ot he!’f\@‘ljlluJ , .admini stered together or
separately. -4 WO 03/064416 PCT/ CA0B/ 0§09

Rher i nportant aspect of the
i nvention involves a method of preventim & fhepatitis Cviral infection in
a manmal by administering to the mamal an anti- hepdbitis Cvirally

effective amynbroffRBisFomRAY BQNPlfS%ﬁT‘vaHe?enhn‘&nst(@‘? DRRSHIES Ry isaRyiRsCept abl e
salt thereof, a conp S|t|on as describ above, “al one
{(C1 e)alkyl-(Ca s)cycloalkyl }, which are all optionally substituted from 1 to 3 times
with halo, cyano, nitro, O-(C1.¢)alkyl, amido, amino or phenyl, or R* is Cg or Cyo aryl
which is optionally substituted from 1 to 3 times with halo, cyano, nitro, (C¢)alkyl,
0-(C1.¢)alkyl, amido, amino or phenyl; R? is t-butyl, -CH,-C(CHs)s, or -CH,-
10 cyclopentyl; R® is t-butyl or cyclohexyl and R* is cyclobutyl, cyclopentyl, or

cyclohexyl; or a pharmaceutically acceptable salt thereof.

Included within the scope of this invention is a pharmaceutical composition
comprising an anti-hepatitis C virally effective amount of a compound of formula |, or
15 a pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically

acceptable carrier medium or auxiliary agent.

According to one embodiment, the pharmaceutical composition of this invention
further interferon (pegylated or not), or ribavirin, or one or more other anti-HCV
20 agents, or any combination of the above.

Another important aspect of the invention involves a method of treating a hepatitis C
viral infection in a mammal by administering to the mammal an anti-hepatitis C
virally effective amount of a compound of formula |, a pharmaceutically acceptable

25  salt thereof, or a composition as described above, alone or in combination with one
ore more of: interferon (pegylated or not), or ribavirin, or one or more other anti-HCV
agent, administered together or separately.
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conbination with one ore nore of: interferon (pegylated or not), or
ribavirin, or one or nore other anti-HCV agent, all of which adm ni stered
t oget her woosepamm@tely. Al so within the scope of this inPemtGAmB 001t he use
of a compound of formula I, as 10 descri bed herein, for the manufacture of
a nmedi canent for the treatnent or prevention of hepatitis C viral

i nfection. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Definitions 15 As
used herein, the following definitions apply unless otherwi se noted: Wth
reference to the instances where (R) or (S) is used to designate the

absol ute configuration of a substituent or asyrmetri c centre of a conpound

and not i n t HAIBRRERDNa Ssbgtcl bedBTbY HFeS R Mltn Bn b eRulhE ¢ alone.
The desi gnat i lepatiffdC vital infeotiorHB'a mammskhy admieisteringfte the matnimel posant on of
th d d - ' f tid
anal ogs. and_ Pl R apeseties BT PG T i P et WBaBES:  on 1
fromthe Gt edstepiable $ak therecfpnda 26mpasstion asrdescavad dwve; dlenerorios, etc.) (see

T8 . S BRI ol RSB i o Ly Bl RSP TSR o

refers to a cm‘rrpomeruiherfantld-mmagent &l of Mhi¢hRadDkihistefed BQethanet ge,pa(a(téky. 28) 1
-am no- 2- et henyl cycl opropyl carboxylic acid. The term"(Cl_6)al kyl" as used
herein, either alone or in conmbination with another -5 WD 03/064416

PCT/ CA03/ 0009Also siithintth¢ seoyte, of tes myertonds the, usetaf aicginpoond b famuiia d ashai n

al kyl substituent. i t udes for
exanpl e, t hé:?S?Flg?cﬁﬁ‘%}%%p#rbép mg@ﬁ%@%e o?f?m néécﬁél%ﬁéeht rC{HE Hggtqleﬁp§pr opyI
2- met hyl pr opyprevdntibnaif hepdtifib €& Viral infactiomexyl . Sim | arI y, the term
"(Cl_6)al kyl" neans acyclic, straight of branched chain alkyl 5 containing
1 to 8 carbon atons, e.g. octyl. The term"(C3_7)cycl oal kyl "as used herein,
ei t her al one DETAILEDDESICRIPAONCOT RAEFERREMEMEQDIMENTSSt | t uent, neans a
cycloal kyl sugghiitidgdt containing from3 to 7 carbon
15

As used herein, the following definitions apply unless otherwise noted:

With reference to the instances where (R) or (S) is used to designate the absolute

configuration of a substituent or asymmetric centre of a compound of formula I, the

designation is done in the context of the whole compound and not in the context of

20 the substituent or asymmetric centre alone.

The designation “P1, P2, and P3” as used herein refer to the position of the amino
acid residues starting from the C-terminus end of the peptide analogs and extending
towards the N-terminus (i.e. P1 refers to position 1 from the C-terminus, P2: second

25 position from the C-terminus, etc.) (see Berger A. & Schechter 1., Transactions of
the Royal Society London series B257, 249-264 (1970)).

As used herein the term “(1R, 2S)-vinyl-ACCA" refers to a compound of formula:

S\
OH

w
H,N

o)

30 namely, (7R, 25) 1-amino-2-ethenylcyclopropylcarboxylic acid.

The term “(C,.5)alkyl” as used herein, either alone or in combination with another
-5-



atons and i ncludes cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycl oheptyl. 10 The term"{(Cl1_6)al kyl -(C3_7)cycl oal kyl }"as used herein
nmeans a cwolodabdayé radical containing from3 to 7 carbonpratram®3dimect |y

| inked to an al kyl ene radical containing 1 to 6 carbon atons; for exanple,
cycl opropyl met hyl, cycl opentylethyl, cyclohexyl nmethyl, cycl ohexyl ethyl and
cycl oheptyl propyl. In the instance where RAA 15 is a
{(C1_6)al kyl -(C3.6)cycloal kyl}, this group is attached to the SO2 group via
the (C1_ 6)alkyl (i.e. the alkylene portion). The term"C6 or G0 aryl" as
used herein, sidstitengheaas acydic staight oalbriaoched dhiaineatiofl ketsstituemtd comitainingans

ar omat i o bi cy P SR HP AP A e B S EEh o o BB e b )
i ncljuﬂe? _ ﬁhem-yﬂ\eth)aethwp’lrrrdqﬂhylmopﬂ 2raqeithyiipropyl, The-dinesthyléByl(€0H Hexgl kyl " as
the radi cal - rtendie R Rt e RipR. St R Rhes B &R i ng - 25

up to six sarbm'nalmhgnﬁo Swacbanrmbmd,esgrmﬂyloxy, et hoxy, propoxy, 1

-met hyl et hoxy, butoxy and 1,1 -dinmethyl ethoxy. The latter radical is known
commonly as tert- butoxy. The term "hal 0" as used herein nmeans a hal ogen
subst i tuent sEhettrmd (G mycibaleyitas used rerdimreriiherfalumfm ioicombihationwigh t er m

DI R L e SRR, Fed $ o dTANT stbetleht AlvAnGE MRS PLabBh T 2

(1) which is, AN e’ stope o Ssuita use
i n contact V\mtomstahna imallmse:ycloprobylnaym;omw, dyolnaentalncyddrExyMankiw(:Iouemwe
toxicity, ,prritation, -6 WO 03/064416 PCT/ CA03/00091 allergic response,
and the |ike, commensurate with a reasonabl e benefit/risk ratio, generally
wat er or 0i | - Tbé teoine{(Gs. s)dlkylr(@as)cyﬂlmlkwf’ns efeldderein evedlaos atdyeloalkylma@c&ied use.

The et m {61 ASSRRRLIRE RS LaBbh LACARLADIARG) 2o 04eq Lo

phar maceuti calTy-ac ase a 3501 l'e’s
are found in, 1506cgrbpn§tdmus Bvrreg;emete aycIQprdpylmbmryhcyGBmenIylaWJ 66, pp

1-19, which i §¥$o€ﬁe§@¥1et %yélgﬁéﬁgﬂg/dg@E Icﬁ*{e Wo%ahﬁﬁewér{c‘ém éér\;hﬁ term

" pharmaceuti ca e acl ns those s
retain thesbi mla)@Ccaaalkséf(@g@cycmﬂ@ylésth@rmom tspaénacm@stocﬂne BRe gfeupevihthed€ - and

whi ch are not i ot herwi se undesirable, forned with
i norgani c aci gﬂ@d%q glh@% rﬁérr‘l c acid, hydrobrom c acid, sulfuric acid,

sulfamc acid, nitric acid,
The term “C¢ or Cyo aryl” as used herein, either alone or in combination with another
radical, means either an aromatic monocyclic group containing 6 carbon atoms or
20 an aromatic bicyclic group containing 10 carbon atoms. For example, aryl includes
phenyl, 1-naphthyl or 2-naphthyl.

The term “O-(C,.¢)alkyl” as used herein, either alone or in combination with another

radical, means the radical -O-(C,.)alky! wherein alkyl is as defined above containing
25  up to six carbon atoms, and includes methoxy, ethoxy, propoxy, 1-methylethoxy,

butoxy and 1,1-dimethylethoxy. The latter radical is known commonly as tert-

butoxy.

The term “halo” as used herein means a halogen substituent selected from bromo,

30 chloro, fluoro or iodo.

The term “pharmaceutically acceptable salt” means a salt of a compound of formula
(1) which is, within the scope of sound medical judgment, suitable for use in contact

with the tissues of humans and lower animals without undue toxicity, irritation,
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phosphoric acid, and the |ike, and organic acids such as acetic acid,
trifluoroacetic acid, adipic acid, ascorbic acid, aspartic acid,
benzenesuwDanioes4a€i d, benzoic acid, butyric acid, canphoPCE/(oBd0091
canphorsul fonic acid, cinnamc acid, citric acid, 15 digluconic acid,

et hanesul fonic acid, glutamc acid, glycolic acid, glycerophosphoric acid,
hem sul fic acid, hexanoic acid, formc acid, fumaric acid, 2-

hydr oxyet hanesul fonic acid (isethionic acid), lactic acid, hydroxynaleic
acid, malic acid, malonic acid, mandelic acid, nesitylenesulfonic acid,
met hanesul f onakergic rebponses @intihiad kkee sorhmenswataotith a rdasohabie bersdit/dsk ratio,

2- napht hal enesul fani c .aci d... oxalic acid,.. 20 i id, .pectinjc acid,
phenyl acetic g%r?edgl}gyaﬂﬁreqﬁllapﬁ ||eo?|ri Spfé?“&’,%’ %ﬁ%cgve:féf ﬂ'{e'r'et%%efdoﬁec aci d,
pyruvi ¢ aci d, Teatermyhdludesqphdrmaderitically-aaceptabls acidi atdttioasatls asdil f ani | i ¢ aci d,
tartaric acid -t ol yenesul f oni cid, . .un i.c acid nd .t h i ke. The
term "phar mCB{‘é)r[”@g?HHV? 63%%?%8&&5 saé‘dﬁ'aﬂ?%'?%ﬂ-'gt3|°f Su'%’%n alt%. ﬁges#é)ug(gfnfs

whi ch 25 5 et aigh S MeBisgeotioadi, daPhafnt Scit,i192N.88; pant- 19 wipieh isireselyf t he free
aci ds and which are. nof i ol ogi cal | ot herwi se undesirable, formed with
i norganic basl@gorg%aﬁecggy ?E?{gﬂfeg'nqtgrenﬁ? roxi de, carbonate, or bicarbonate of
ammoni um or a netal cation such as sodium potassium Ilithium calcium

magnesi um ir in e, . | , | Lke. . .

Part cul arly ppeieli BerREBTcanTRRERRER acq AT 1B e skt and
magnesi um sal tetain S hislodieali effedtieness aithpnopertias ptthklfree basesandwhieh aregrati ¢
nont oxi ¢ ses. [ hcl ud S 0 i and. i am nes,
quat o nar 30 an RSBl AW ieeindBb R BB Rt BRRsS SUML ASY
occurring subbydrochiait s, hgdrobmoptit Acidaslfues acid.dsufamicadidymitdx etidnge resi ns,

h t hyl am I ] I net hyl an. ne, ! . A .
i ot hyt ant ne. PRPhR s HHke BB A Re H8h 3F mofl S0 iBroacetic
i sopropyl am necidtadigic agig] aacorbi; adid,idspanit aoidneenzenésuifohiamicide penzoic acid,
di et hanol ani ng,, 2- di. i poat |2 di ethyl.ani o
T T
chol i ne, bt adigkicorit hyideetbaneaviforic acig] glutasimacia, glyostihatidl glycenéphesphoric

{he"br om ne, pULINSSsufd BES gie&Qﬁoi? Q&iBefﬁirﬁ\E Q€. fimarclidd Bi peridine,

et r anet hyl anmoni um conpounds, tetraethyl anmohi um conmpounds, pyridi ne,

N, N- di met hyl ahydroxyethaneswtomid auighéssthipmie acin, tastin pridohyshioxyinradeic acid, malic

py | ohexvl am. -  ne. . b ) A i ne.
NN i onay! BeEyTa8nESEEY hBRUOR aclh, ety BRE AGk Wefehddrode SBOTTRT 10
preferred or gaptithalenasutionic agid seeotiaiceacics @orappifiatemendfonid asich pkalicianid,

et hanol am,pe, 10,k LA SR UCRE phahyiadeti0 HEHY3- B AfprofiBRL 28R, pidAR £/, T ef ne.

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

The term “pharmaceutically-acceptable base addition salt” means those salts which

25 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
sodium, potassium, lithium, calcium, magnesium, iron, zinc, copper, manganese,
aluminum, and the like. Particularly preferred are the ammonium, potassium,

30 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
occurringr substituted amines, cyclic amines and basic ion-exchange resins, such as
methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine,

-7-



The term"antiviral agent"” as used herein neans an agent (conpound or
biological) that is effective to inhibit the formation and/or replication
of a viruwoim/oesnanmel .  This includes agents that interf@Ca/amoBlomit her
host or viral nechanisnms necessary 15 for the formation and/or replication
of avirus in a mammal. Antiviral agents include, for exanple, ribavirin,
amant adi ne, VX-497 (nerinepodi b, Vertex Pharmaceuticals), VX-498 (Vertex
Phar maceuti cal s), Levovirin, Viram dine, Ceplene (maxam ne), XTL- 001 and
XTL-002 ( XTL Bi opharmaceuticals). 20 The term "other anti-HCV agent" as
used her ei n neiethylantins dsapgepylanitd dtiprapgamitef dibutpwemiheretithnolamiséi ng or
preventing th rogressi . i ki r . 0 ' e.
Such agent's. caatBadleliE. SuRpaRidetahol 2By EinoB RN Ry dbndd B
agent s, i nhi blysioesarginindChistidi3e, patieine.dwdrabaming, icbolineobethid¥, ethbylenediamive, or

I nhi bitors of t LI Lfe = JThe . ]

"I mmunonodul a9'§§§sag'§@enthﬁé'ﬂéﬂﬁhﬁ’%@@@%}Eﬁr%(’ﬁeés%'pééé'ﬁp Sp'b‘(gid(;ﬂr?ﬁcl)“dnds or
bi ol ogi cal ) ¢thglpiparidinefttramethgammanitnrempoundsotedaethglammdnium mune  system

response in a I Tunoady. Aadent s i faQr %mg? . Cl ass
| int erferonscwdg&%gﬁ{m@bﬁyﬁfﬁnﬁn@gg rﬁ%%@?kéﬁ@ﬂes’,'@tmfu-i n ’ ﬁ?lér}ebns,
30 consensus dinyadoHexylamineadibenzylathinei NiN=dibenzylphenetblylasing, 1-dpherarhimeons
(such as y- igter : I ' fer e “onbihitor of
Hov Nsa- p ot eNeEREE Ay RRELRRRK B G EGHE AR oo BS rffcler BRDILAY, |
that is eff ecoigasictnonionicibases atedsdrueopylanine odietH@amigs efhaooiaadee, -8 WO

03/ 064416, PCT/ /1 00! - TRATR! ahi hi af HCV NS3 prot ease
i ncl ude, ?éz))r {er@;é I%ﬁ'ﬂg%yg%hgéhoundcs:hd(ygg’c%c{)e@ l|n(rt% WO 99/ 07733, WO
99/ 07734, WD 00/09558, WO 00/09543, WO 00/59929 or WD 02/ 060926, the

Boehringer In | My , | [ I £ ; he
Vertex/ Eli Li ?ﬁ%/neg#‘g]a gié\}\'/lgl %@%nﬁ%ﬁg{] e %}Fdéadn#p ?ECSW@ @ggé{?ﬂ%‘fwﬁ)
LY-57031 0. Pat isceffestive to itwitothe dermatien ahd/a, reglication oba virus in agmamgal.29,
30, 31, 32, 33, : : : : ; 115,
116, 120, 122" U508 R infehterc ity Sifer A or el mbRani nedsbay e
224-226 1% \Wor 0% 10608E, ansim replicatiardofi awvitisriniamaamewl wintivirahrgepimipeiudels of
the present jop¥gihb@Mribavith, IRGntBind, VXY rdindpbaibl Vet PRERREUICAR) 1S ed
herei n neans an agent fconpéun

VX-498 (Vertex Pharmaceuticals), Levovirin, Viramidine, Ceplene (maxamine), XTL-

001 and XTL-002 (XTL Biopharmaceuticals).

20 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 from: antiviral agents,
immunomodulatory agents, inhibitors of HCV NS3 protease, inhibitors of HCV
polymerase or inhibitors of another target in the HCV life cycle.

25
The term “immunomodulatory agent” as used herein means those agents
(compounds or biologicals) that are effective to enhance or potentiate the immune
system response in a mammal. Immunomodulatory agents include, for example,
class | interferons (such as o-, B-, 8- and omega interferons, tau-interferons,

30 consensus interferons and asialo-interferons), class |l interferons (such as 7y-

interferons) and pegylated interferons.

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
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or biological) that is effective to inhibit the function of an HCV
polynerase in a manmal. This includes, for exanple, inhibitors of HCV NS5B
pol yrmer aswo oBfobi4iné t ors of HCV pol ynerase i ncl ude non- nuclPeagia®es909i or
exanpl e, those conpounds 15 described in: US Application No. 10/198, 680,

whi ch corresponds to PCT/ CA02/ 01127, both filed 18 July 2002 (Boehri nger

I ngel heim), US Application No. 10/198, 384, which corresponds to

PCT/ CA02/ 01128, both filed 18 July 2002 (Boehringer Ingelheim, 20 - US
Application No. 10/198, 259, which corresponds to PCT/ CA02/ 01129, both
filed 18 Jul yin20@ampBhemhibitgarof HGJENB8 ipriteasélinfldel dQr&ka@ample, thodeWD 02/ 100851

00/ 06526 and SeRPEs SeeRES TAE SRR7 iRy OSSN o PeRBa W0 b3/ 000254
(b(r)“t BI fgrpgno;mgQM) V\KDOO/SSE%aoQW@ 62860926( thgcﬂnebrir)germuge:irhmlmrdinifealot her o
Lo ors of ARSI A2k BB RTEN 5re08l et S BARTT o,
(Elo ;)ﬁr ?\//Z: Cf/hieud!emlf@dtasc,\li{ 9i50 orcLY- 57?312) @?Qk?ﬁ?@&boﬂﬁ?s&hd B, 62809/425 A2
o ey 0 és‘)ga kgl %n§§3‘ﬁ$<??o%§(5§aﬁﬁr?qTﬁ)@%§8§> 108 e A BONETI8

PCT/ CA03/ 0009116, TRe, t22; n23,i 24| 125, d26 @hd dRédiselosedhingbe takie otpageiEd2412P6

cycle” as usef] \& ﬁ{@dégé‘%%n% u2d§h ko &RQPo‘?mL\Mﬂa 6 cBhr ﬁkﬁr?ds'%}) biaghn S

effective to | formation an catro n-a rmamal
ot her than bymlvedmobl ting the function of the HCV NS3 5 protease. This

i ncl udes ents that interfere with either host or HCV viral nechani sns
necessary for the formation and/or replication of HCV in a mamal .

I nhi bi tors of ThaitermeinhibitogetHC W polimerdSy” a$ tigecthareis memsmdlqueﬁbfcoemaumﬂ e,
agents that I

protease and gﬁlﬁeﬂ%|Ealz‘tqta?fs%%cﬁ\)(:ent§grfrﬁat E]E?lm&'?n&j +r&§§% poﬁ%%é%/l c exarrpl e
of i nhi bi t or smamnaaiotHieincludes;der éxample® anmmtorm I-ﬂ(i:VélS@Bcpcéymergs@dehlbltors

| SI'S-14803 (| aﬁ?gg%g%ﬁ tlh&@éesplon H_hcq’ﬁsﬂeg‘ forbXarhpIB! HbiPEom@sundsed herein

means an agents 1ologlc
15 described in:

- US Application No. 10/198,680, which corresponds to PCT/CA02/01127,
both filed 18 July 2002 (Boehringer Ingelheim),
- US Application No. 10/198,384, which corresponds to PCT/CA02/01128,
both filed 18 July 2002 (Boehringer Ingelheim),

20 - US Application No. 10/198,259, which corresponds to PCT/CA02/01129,
both filed 18 July 2002 (Boehringer Ingelheim),
- WO 02/100846 A1 and WO 02/100851 A2 (both Shire),
-! WO 01/85172 A1 and WO 02/098424 A1 (both GSK),
- WO 00/06529 and WO 02/06246 A1 (both Merck),

25 - WO 01/47883 and WO 03/000254 (both Japan Tobacco) and
- EP 1 256 628 A2 (Agouron).
Furthermore other inhibitors of HCV polymerase also include nucleoside analogs,
for example, those compounds described in:
- WO 01/90121 A2 (Idenix),

30 - WO 02/069903 A2 (Biocryst Pharmaceuticals Inc.), and
- WO 02/057287 A2 and WO 02/057425 A2 (both Merck/Isis).
Specific examples of inhibitors of an HCV polymerase, include JTK-002, JTK-003
and JTK-109 (Japan Tobacco).



that is effective to inhibit the formation and/or replication of HHVin a
mammal . This includes agents that interfere with either host or viral
mechani sreoraoesisary for the 15 formation and/ or replicaPcarcAasd/odoy in a
manmal . H V inhibitors include, for exanple, nucleosidic inhibitors,

non- nucl eosidic inhibitors, protease inhibitors, fusion inhibitors and

I ntegrase inhibitors. The term"HAV inhibitor" as used herein neans an
agent (compound or biological) 20 that is effective to inhibit the
formation and/or replication of HAV in a manmal . This includes agents that
interfere wwth either host or viral nechani sns necessary for the formation

d/ | fHAV i : d t A
Vacet nes. i or TESRBIENEE P3RBT (et B H ety " S B hee g
Tans N agen T D o 'gmg'ft eiriingynithg el

f ormati on andyeaﬁcagﬁBPfE&VﬂBﬁ gem tﬁﬁptgaﬂgmm't' t}ug? 3" B@Q% p‘?f 'H%g t hat

interfere st protddsbeMhizasdludys agents thatdetbreiesrith elheesssa oy HOYvilahe  f or mati on
and/or replication.of HBV i

hi bi. t d f 0
Rl e P yentectanighs hecassiny fpsIRe Fmaidand Bl eRlicabR of VS marfhal
Specific examplbitsrsalf abB¥ier tangdiiin mes-lG\nttbeelehmlndwtbrreearhﬁel agentdHRE( r ))

def I i
o ot PRl RN oo 60BN B35k NSPl Bt SR Gl
(Val t or ci t abi nisysomaHentRosik4RES): Rddekific Axhimplel o imhibitohds34ndtheEtargdtiin | v) |
52?6%'42161%9@5&%@%%@#%@%”@% TR Feim TRt og; . S o01 (xrL).
| m no- Sugar s (Nonyl (Synergy), HepBzyne; and i m*runorm_dul ator products
EHT396 (Endo BMOER ﬁfﬁmmﬁaﬂ%? Pteir ResSapiths b rr‘fﬁé%%@@?@%?‘ﬂ‘é”e”
(B PO\II—I\ger % ect), EHBM dislétivecto dnhitst the faretation end/ﬁ)e:rephxra)npn bIBHI\lainta' memm@aDTden) ,
B( r
eV vacel ne provaes odTebaLibterest MR ehgttes: S pLpGRb i netel e BTRE
GenHevac B5 HmpaatoreandBoraeplatieh) oﬂ'roanmaxnalﬁmauax-llv ingitoraincludl®, fdhe t erm
aroacSof 1t bR ReebRE R has haTERR ot ROBHAE) SBieaSe RRkASI AR, |

group of int er TR 0 rece utles
nat ur al | y andinhibjtotsheatdi ictagtage inhittiwcsed cl ass | i nt erferons. Exarrpl es of
class | interferons include a-

The term “HAV inhibitor” as used herein means an agent (compound or biological)

20 thatis 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 Hepatitis A
vaccines, for example, Havrix ® (GlaxoSmithKline), VAQTA® (Merck) and Avaxim®
(Aventis Pasteur).

25
The term “HBV inhibitor” as used herein means an agent (compound or biological)
that is effective to inhibit the formation and/or replication of HBV in a mammal. This
includes agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of HBV in a mammal. HBV inhibitors include, for

30 example, agents that inhibit HBV viral DNA polymerase or HBV vaccines. Specific
examples of HBV inhibitors include Lamivudine (Epivir-HBV®), Adefovir Dipivoxil,
Entecavir, FTC (Coviracil®), DAPD (DXGQ), L-FMAU (Clevudine®), AM365 (Amrad),
Ldt (Telbivudine), monoval-LdC (Valtorcitabine), ACH-126,443 (L-Fd4C) (Achillion),
MCC478 (Eli Lilly), Racivir (RCV), Fluoro-L and D nucleosides, Robustaflavone, ICN
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, R, onega interferons, tau-interferons, consensus interferons,
asialo-interferons. 15 The term"class 11 interferon" as used herein neans
an interfwom/oerhected froma group of interferons that @CIT/dNoadomo
receptor type Il. Exanples of class Il interferons include y-interferons.
Specific preferred exanpl es of sone of these agents are listed below. 20 *
antiviral agents: ribavirin and amantadi ne; ” inmunonodul atory agents:
class | interferons, class Il interferons and pegylated interferons; 7

i nhi bitor of another target in the HCV life cycle that inhibits a target
sel ecE ed ;romomsachalﬂsmaes (N@éld!dﬁbﬂ& QU 10QER Y, amino-Sugaes (Ndnyr-DNOsoMe entry
site (IRES); A HLV o inhi bitors: nuc i.di c _inhibi ors n- nuc| eosi di ¢
T b tor s, piSHPE HAPRENNPoRaS MM URGRSTIAIPLTPUILE S Hen et Hbhs

i nhi bitors; o02b ’HEEEQ)OI(HblhbJEUen)sThageghs(ﬂphﬁrhun@hEHTBQQ-I(EE\ﬁszi@ﬁheW

| BV di d above, i nat |
B e o i Be 2R i e P e 1BV GIRTASR
phar maceutg c Jbﬁe@ﬁ%@ﬁapl%\ﬁa{ﬁgeh hordn), B@%@W%?é@trﬁbﬁlﬂ%(t\lab@hnd' east

one additiona ent selected from an antl viral agent, an jpmunonodul atory

agent, anot hef‘"ti' epaiitis B (Canoeney P\IS?BHBVd@é%i%P’O&‘IHCﬁSrﬂH‘P'b??HTEfSFOVP@}

pol ynerase, apngdrixB,dcBmbRbx MBOERAHeVA Bieddtatd) 8id-I9%p Bi TRinF¥e 0dmvaRr, H Vv
i nhi bitor, an Vinhibitor -11 WO 03/064416 PCT/ CA03/ 00091 and an HBV

i nhi bitor. ExH®¥V8S of such agents are provided in the Definitions section
above. These additional agents may be conbined with the conpounds of this
invention to create a single pharmaceutical dosage form Alternatlvely

these ad#fti brfaferageass! 'HWGEP@" aggephhateip rﬁ%ﬁ’ﬁsrﬁ’b'f‘@ﬁéﬁ’“ts@'qcﬁé’ P Aent as

part of a mul §lopp @f ﬁta@mhémmmcmrre@émnyw URHid@cladéd both Rfifaljdiidt | onal
agents may be adm nistered to the patient_prior to, concurrently wth, or

fol | owi ng t hesyidhtispit praducsd C('ﬁss\}\mé?@fﬂn% Exampieupicsiase | frderikrpas inglude ¢r o
phar maceuti cal éy oﬁ\% rénss MukinfeHBFRSS corfRendlRs ghgrroﬁé asidid\ftdrirRs.

“treatnent" nEans t ﬂ*ﬂ mnistration of a compoun conposi tion
according to the present invention to alleviate or elimnate synptons of

the hepatidisyfy gérﬁwe%sqpﬁé?ferérp arse&%ﬁéﬁ%e\(élﬁ%eér%aéjn H?er%g@r?%él@@t%d frr%])gn ysed

herein, the term™prevention’ neans e admnistration o conpou
conposi ti on agtoupdf jerfasonstbaalejnchto fegortat tyoa Il doamplgsoef plassdf Intemf@rons

i ndi vi dual tomEﬂﬁey%ﬁeH&%H% but before the appearance of synptons of the
di sease, and/or pri‘or to e

Specific preferred examples of some of these agents are listed below:
20 = antiviral agents: ribavirin and amantadine;
* immunomodulatory agents: class | interferons, class Il interferons and pegylated
interferons;
» inhibitor of another target in the HCV life cycle that inhibits a target selected
from: NS3 helicase, HCV NS2/3 protease or internal ribosome entry site (IRES);
25 = HIV inhibitors: nucleosidic inhibitors, non-nucleosidic inhibitors, protease
inhibitors, fusion inhibitors and integrase inhibitors; or
= HBV inhibitors: agents that inhibit HBV viral DNA polymerase or is an HBV

vaccine.

30 As discussed above, combination therapy is contemplated wherein a compound of
formula (1), or a pharmaceutically acceptable salt thereof, is co-administered with at
least one additional agent selected from: an antiviral agent, an immunomodulatory
agent, another inhibitor of HCV NS3 protease, an inhibitor of HCV polymerase, an
inhibitor of another target in the HCV life cycle, an HIV inhibitor, an HAV inhibitor
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detection of the virus in the blood. Preferred enbodi nents Preferred are
conpounds of formula 1 as defined above wherein R is hydroxy, 20 NHSO2Me,
NHSO2- cycwopsoppiile or NHSO2Ph. More preferably, R is NHS@RWEA®8/00d9ydr oxy.
Most preferably, R is hydroxy. Preferred are conpounds of formula 1 as
defined above wherein R2 is t-butyl or CH2-C(CH3)3. Mre preferably, R2 is
CH2-C(CH3)3. 25 Preferably R3 is t-butyl. Preferably, conpounds of fornula
1 as defined above wherein R4 is cyclopentyl or cyclohexyl. Mre
preferably R4 is cyclopentyl. 30 More preferably, a compound of fornula 1
as defined abang antdB¢iimhibtfori SExamlexwf suét agentSHdze Qr&tt3gBjn W@ Dsfiritidnst vl

s hydr oxy.  RE0RA B8 adnesL a6t oY MR Rea sl o deheliE o dna
R4 i s cycl opetitiy/ Inverttonetoperedterabingle ghacmapauting ddsaferfonn.a Alteilabvaly theRe i s
hydr oxy, R2 i HP - R3 i R4 1.5 CVC { : Mor e
p%lefergbl Y, asgﬁ%gb%qug)%xrbr?uﬁeggrf?‘%/f\%é&gﬁ@[ é?ésjthﬁjjc?rt%?(ty%% 43%0&23 %L&plé
C(CH3) 36 and &RSsagadorRy feaetample, isirigoeh kik \Buch Mdalditiopalefgentstingy be adovwpstered of
formula 1 whepein [,S..hydr | S A t IS

L butyl, and RaF oatsppgt Y Bo¥gisauy .o GAALRR sk et a,
wherei n Rl i schpundyof fdRhulas(1H2 a pBadhBieBbeaRy aceeptalilesglt theredf.R4 i s

cycl obutyl. 15 More preferably, a conpound of fornmula 1 wherein RL is

NHSO2Me, R2 is CH2- C(CH3)3 R3 is t-butyl and R4 is cyclopentyl. More
pref erably, aAsosgbierdinptheftermmitteatrhienthmeansithRadminisiH8oRRIa cBdpo8nd3bi2 -

CH3)36 R3 i S L-hutyl e ?
onbod mont? + RenpielofacBBidiidlo e ESoRRRAMIGY toFe0BR N ShfithaldsyHiBmb 6f N4l ©
addi tional |y terepatitis Qudiseass araior to HEWca yisaitoadinamsitiest. of ant i - HOV

As used herein, the term “prevention” means the administration of a compound or
composition according to the present invention post-exposure of the individual to the

15  virus but before the appearance of symptoms of the disease, and/or prior to the
detection of the virus in the blood.

Preferred embodiments

Preferred are compounds of formula 1 as defined above wherein R is hydroxy,
20  NHSO,Me, NHSO,-cyclopropyl, or NHSO,Ph. More preferably, R' is NHSO,Me or

hydroxy. Most preferably, R’ is hydroxy.

Preferred are compounds of formula 1 as defined above wherein R? is t-butyl or
CH,-C(CHj3)s. More preferably, R, is CH-C(CHa)a.

25
Preferably R® is t-butyl.
Preferably, compounds of formula 1 as defined above wherein R* is cyclopentyl or
cyclohexyl. More preferably R* is cyclopentyl.

30

More preferably, a compound of formula 1 as defined above wherein R' is hydroxy,
R?is CH,-C(CH3)s, R® is t-butyl and R* is cyclopentyl.

More preferably, a compound of formula 1 wherein R' is hydroxy, R* and R® each is
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agents include, a- (alpha), R (beta), S- (delta), y- (gamm), tau- or co-
(onmega) interferon, ribavirin and amant adi ne. 25 According to anot her

al t er nat ewermbodi4snent , t he pharnmaceuti cal conposition of tIRCI/CABMEIM i ON May
additionally conprise another inhibitor of HCV NS3 protease. According to
anot her alternate enbodi nent, the pharnmaceutical conposition of this 30
invention may additionally conprise an inhibitor of HCV pol ynerase.
According to yet another alternate enbodi nent, the pharnmaceuti cal
conposition of this invention may additionally conprise an inhibitor of

ot her t ar get st-butyltand RIG/cydldpentytycl e, including but not linmted to,

hel i case, NS2/3 protease or internal ribosonme -13 WO 03/064416

PCT/ CA03/ 00091 entry site (IRES). The pharmaceutical conposition of this

i nventi on mayMbe prdferablg taccomtbonind bf fprmulp drveimareinaRl iy hpdroxy, B%anCHppl ant ed

oretorred. THe R FalseoERha el EEERRSREARE | 07" v ant bn mmy contai n any

conventi ongal non-toxic pharnaceutically-acceptable carriers, adjuvants or
vehicles. In e , 4 f rwl t jHsted with
phar maceut i caﬁagg? %%%3%@%& %%ﬁag,o f 1tl?)’ta}]gléléqor r%bf'gp g H?%rogﬁrﬁgﬁ%gﬁf he
stability of €{@Hs)d and®’ abedB* eactpiswpclolaxyl.t s del i very form The term
parenteral as used herein 10 includes subcutaneous, intracutaneous,

i ntravenous, intranuscular, intra-articular, intrasynovial, intrasternal,
i ntrathecal , Mok preterablyesi conagound jpbiotrnaa 1ovhéreinR' is hydrory Riiigues. The

phar maceut i ca | .gn : i - a sterile injectable 15
preparat i 5)6n +y§?°%§5§rﬁrﬁp%téﬁ’ ggﬁébgﬁéraﬁ???sn%@é gB{I'e aqueous or ol eagi nous
suspensi on. This suspension nmay be formul ated according to techni ques

known in the gr I UJ gﬂg! } rsi vt g . such as, for
exanpl e Tvveenﬁlgbe) &g*ﬁg&) I}é’u%sépoe |uﬁagg§gﬁlt”§ .1%&[?@?5%12?%%2%3??%3&corrposi tion
of this i nvenC{QHy)sRy isebulyl @nH\R*aslenclobstybred in any oral ly acceptabl e
dosage formincluding, but not limted to, capsules, tablets, and aqueous

suspensi ons and solutions. In the case of tablet S, for oral use, carriers
whi ch ar e1goniord refesally ianedmpbeint atfoonela drwhereinrR 'ds &iHEO-MeuBr IscGltli-ng

agents, such TR i 5 at al so typically added. For oral
adni ni strati o%litliﬁ"-'n3 5. gzgﬁgaa%éﬁﬁegfcg?lﬂﬁé@éf ul diluents include |actose and
dried corn starch. Wen aqueous

More preferably, a compound of formula 1 wherein R' is NHSO,Ph, R? is CH,-
C(CH3)s, R® is t-butyl and R* is cyclopentyl.

20
According to an alternate embodiment, the pharmaceutical composition of this
invention may additionally comprise another anti-HCV agent. Examples of anti-HCV
agents include, a- (alpha), B- (beta), é- (delta), y- (gamma), tau- or o- (omega)
interferon, ribavirin and amantadine.

25

According to another alternate embodiment, the pharmaceutical composition of this
invention may additionally comprise another inhibitor of HCV NS3 protease.

According to another alternate embodiment, the pharmaceutical composition of this
30 invention may additionally comprise an inhibitor of HCV polymerase.

According to yet another alternate embodiment, the pharmaceutical composition of
this invention may additionally comprise an inhibitor of other targets in the HCV life
cycle, including but not limited to, helicase, NS2/3 protease or internal ribosome
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suspensions are admni stered orally, the active ingredient is conbined with
emul si fying and suspendi ng agents. |If desired, certain sweetening and/or

fl avori ngwoanaéane col ori ng agents nay be added. 30 O her ®airt@wBLO0EhI Cl es
or carriers for the above noted formnulations and conpositions can be found
in standard pharnmaceutical texts, e.g. in "Rem ngton's Pharnmaceuti cal

Sci ences", The Science and Practice of Pharmacy, 19th Ed. Mack Publishing
Conmpany, Easton, Penn., (1995). -14 WO 03/064416 PCT/ CA03/00091 Dosage

| evel s of between about 0.01 and about 100ny/ kg body wei ght per day,

pref erably beénteesiteglRES). 0. 1 and about 50ng/ kg body wei ght per day of the
prot ease inhi bitor conpound described herein are useful in a nonotherapy
for the prevention and treatnment of HCV nedi ated di sease. Typically, the
phar maceut i caThépleanaositicalbcongiosttion ©f thisviewention nayl be ddmiaistared eltaﬁy,ed from
about 1 to abﬁé%at%réll %.a%%ﬁmp%ﬂYed%séM.?ra% 'aMr%‘r%straﬁén By 4] Rinlsue

i nfusion. Suc rat| can be us acute

The anount5 of ingctiovis prefgredli ﬁlme phdratacaut;cab@rmnsblon@ﬂthu&mwntlohena)mqmaam
materialsto I t he
host treated & nypgcﬁlgnt?on% r?cgmu%xﬂ%%ggﬁaée?:ﬂé%lmact%;%@tﬁ% cgﬁlg?sngti{/ﬂgaﬁlgﬁp
preparati on wréHicld® Iccsntrmqases dine piH ofitheSotnwativinonay 9H8djasted withconpound
(Ww. Prefer . t S 80%
fetive compoupiErReSidn BoBpRbRLIN bESs Ut igids R Sb i
doses than t hivsmulated coetboabd oeits ddryeltyEfOMqﬁhem reparderal as deesidpseiand

treat nment ,reg a 5

vari ety o 6faf(r:‘?fa des g‘ﬁ{% | ng r{tr‘ﬁl&H’Jgﬁ ?l‘\% bwﬁrgo(%nou% :nﬁé#gg?% ;@ga%ﬂ%éﬂ

enpl oyed, themageynob@uwmteghal,,mtg@hecmlaﬂdeatraléslm@tru@tlosewnmmt time of
adm ni strati O@chﬁnﬁﬁ of excretion, drug conbination, the severity and
course of the ction, the patient's disposition to the infection and
the judgnent of the treating physician. Generally, treatnment is initiated
with small do o i ' of the
pepti de. Therzgl?? ﬁ:’“;%légﬁls'ﬁ:goésoztTk eaéft'gﬁ?ﬁ%yrz%déggé]i?w?Frglgférwﬂeggr?gents until the
opti num ef5 ecprepatdion tibrexampie astecsters injectatieaiteadus o olpagimprs$ suspeneion.
conmpound i s Y : will
Genoral 'y af o saerkRR e Aok REicoRtar B AARARLES N SRRl T

or deleteri o&gtablmsnﬂf?pm:t)wemlm goenis {sveh @srfpoerampde Teeen BPkanchvent i on

conprise a cog&gp@ﬁalhagg&qts_a conpound of

20 The pharmaceutical composition of this invention may be orally administered in any
orally acceptable dosage form including, but not limited to, capsules, tablets, and
aqueous suspensions and solutions. In the case of tablets for oral use, carriers
which are commonly used include lactose and corn starch. Lubricating agents, such
as magnesium stearate, are also typically added. For oral administration in a

25 capsule form, useful diluents include lactose and dried corn starch. When aqueous
suspensions are administered orally, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain sweetening and/or flavoring
and/or coloring agents may be added.

30 Other suitable vehicles or carriers for the above noted formulations and
compositions can be found in standard pharmaceutical texts, e.g. in “Remington’s
Pharmaceutical Sciences”, The Science and Practice of Pharmacy, 19" Ed. Mack
Publishing Company, Easton, Penn., (1995).
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formula | and one or nore additional therapeutic or prophylactic agent,
both the conpound and the additional agent should be present at dosage

| evel s ofwbaBieams about 10 to 100% and nore preferably pemwa@soatoout 10
and 80% of the dosage 30 normally adm nistered in a nonotherapy reginen.
When t hese conpounds or their pharmaceutically acceptable salts are

formul ated together with a pharnaceutically acceptable carrier, the
resulting conposition nay be administered in vivo to mammals, such as man,
to inhibit HCV NS3 protease or -15 WD 03/064416 PCT/ CA03/00091 to treat
or prevent HCBosdgeuevelbiamitivesn atisut .0 ramdtaiment 100ayy/led sadybeeigiattpeedayl usi ng

a conpound of this inpventiop i anbhi_pat.ian w ent.s whi,ch include, but
are not |im Prglgerrfltay Bg@nr,eeeég?u@.ff‘ aﬁ&_a?oqté@_mgmg[ tgoc?/?% l%ﬁﬁng SW Ofrﬂlq avirin,
amant adi ne; opiotgase ihibdior corapadnd ddStibdéahapeio measesfuliim Ainoricttresapyf foHBY

pol ynmer ase, inhibitors of other ' i f | i ch

I ncl ude but nBc[ev?r?twptagngeg?m |Olf E@;\@%ﬁg@ ﬁﬁ S%(ra% 'ejgﬁ?a"éf’rt%le%éﬁ%ﬁemﬁ?bosorre
entry sites (| &ositimn of thibinmantionnsll bé admofisterét droadabdut diabbad ertinseswey  be
conbi ned with_ co und f this invent.ion. togdcr . i.ngl rm
A ternat i vel yoor Sat ety dird SRR hiiobe SEER BT BbeGhaR o PEPEREer 7,
manmal  as pachirooit caacnié thepapy. didseareodnd ohractiv@ ingrediewnti thatl pay bercerhizined

enbodi nent of this in |, OF oVi a_. fe 0PI

prot ease acti ‘\'/Vf"f'* 5 Cr?rﬁe;e?%#%q@{?f rg%?rﬁ%na} %F@% pﬁgaie fgtrﬁg}gﬁ\ﬁay ggp%rﬁ@é t?@%rrul a
. 15 In a pr tiedosteiteaterbant e marticular snode to edmingstnasien.uA typical prapasgiongvilt he
NS3 prot ease LV of tddo) Vi | i L. If the
phar naceut?‘?cafgnggghr\{)g(?ély?qoé’ﬁgé(%’gtﬁ%r%?@teéé )?)aft& eé’%g’?r’%ﬂﬁﬁ&'f B&ﬁ?@%ﬂ%@r}?t ion as

t he active copepaetions cantdin fretnhaibuh 8§ dd dbout 8% 4dtive copposgrd.t he step of 20
adm nistering to said mamual an agent sel ected from an i nmunonodul atory
agent, an antiviral agent, a HCV NS3 protease inhibitor, an inhibitor of
HCV pol yner asAs thre skilled iantisab iwtilbappréciatehlewet arljghes doaes than Hdselreitedapove such

i ni st or od 18 R ABHREERBc abloe and bRl iog bRt (PR bafiBarfatent |
admi ni stra$i owillafepehdupampuaiety ohfactors, fricludingibeecipity of 8 speciticrpernpelingf
oo o ° AP 0 0y AR BRI R R b Eerort A
administration, rate of excretion, drug combination, the severity and course of the
infection, the patient’s disposition to the infection and the judgment of the treating
physician. Generally, treatment is initiated with small dosages substantially less
20 than the optimum dose of the peptide. Thereafter, the dosage is increased by small
increments until the optimum effect under the circumstances is reached. In general,
the compound is most desirably administered at a concentration level that will
generally afford antivirally effective results without causing any harmful or
deleterious side effects.
25
When the composition of this invention comprise a combination of a compound of
formula | and one or more additional therapeutic or prophylactic agent, both the
compound and the additional agent should be present at dosage levels of between
about 10 to 100%, and more preferably between about 10 and 80% of the dosage

30 normally ‘administered in a monotherapy regimen.

When these compounds or their pharmaceutically acceptable salts are formulated
together with a pharmaceutically acceptable carrier, the resulting composition may
be administered in vivo to mammals, such as man, to inhibit HCV NS3 protease or

-15-



contam nation of materials and therefore reduce the risk of viral infection
of laboratory or nedical personnel or patients who cone in contact with
such nat ewoaB®648d (e. g. bl ood, tissue, surgical instrunenPE€Tan®3genoments,

| aboratory instruments and garnents, and bl ood coll ection apparatuses and
materials). A conpound of formula 1 set forth herein may al so be used as a
research reagent. A conpound of fornula 1 may al so be used as positive
control to validate surrogate -16 WO 03/064416 PCT/ CA03/00091 cell -based
assays or in vitro or in vivo viral replication assays. Further details of
t he i nventi ontodreat bt presemtad@\d virus inteetidro| $ushi tregtresrtmpayeaisabé athienes using

understood to - | it it i
EXAPLES TendeynPaid Sethis ot doRRREEEn by bEEEARERIGEE BLBe oy
express a weilihited too ov,0-udre wr, éhatar grirgeifgron aftchvisiol armactadinaf otber iehipitars sf a

vol une to vol rel ationship.. un S ot herwi se. .Nucl . netic
{esonance. ( NHE VIS SR oot B BET VBT as SRS i Rt B8 f et e
t he chem cal HEBMiifescydi), which inelpde bughot imitqubtot belivase,NS2/3 protedskeasitinternal

chr omat ogr aphy, was carried on silic e Si,0 ordin ill's
flash chromat %Eﬂsg[ﬂ?ye t'gcsﬁﬁi(%ges)( .mbglaﬁf)'lgs {&egeaﬂf'. %?"3 ?8%6 qaﬁj@l%ﬁé ?‘a%bfg?B) ,
43, 2923). 15cciined wih compowrsisdf ithistinentoratopdreste iarsinglel dosagBlfbrm.

1, 8-di azabi cyg) o[ 5. 4 undec=.7- e; i h ; X

di i sopropyl et ﬁ{'ﬁrh?ﬁ'v EY?‘]“B?E‘F%?'“°“8F$%G’8E?P§¥¥/Pgtsﬁ%’%ﬁ%?ﬂ%‘?m' :re(ﬂol‘:éahammal

N- di et hyl f or ampartief a DMRPle dbsafefamat hyl am no) pyri di ne; Et QAc: et hyl

acet at e; TU. [O 7-azabenzotriazol-1-yl)- 1,1, 3, 3-tetranet hyl uroni um

hexaf | uor ophosphate]; HPLC. high performance |iquid 20 chromat ography; Ms:
mass spect r onAceoydinpL lotieDiembddimant ofthisi isveartioh prwides & reethpd pbinhibiting

| oni zati on-Ti f j EAB: . s ) . [ MeOH:
nmet hanol ; Ph: %N&?ﬂ’}%ﬁacﬁ‘%ﬁ{?ﬁ%’@bg@ LYIr?)a w@g%ﬁga%ﬁﬁxgg %d:&t%t yl or t-
butyl: 1, 1 -trmelalyl et hyl; Tbg: tent-butyl glycine: tent-Ieucine; TFA

trifluoroacetic acid; and THF: tetrahydrofuran. 25 Synthesis of conpounds

of formula (1): In general, the conpounds of fornula 1, and internedi ates
t her ef or e15 ar b prefarescemipdirkersythisme¢thod is usefulin dexseasingthe HSiprotease whi ch

are known to pg; suibf @BhSphttfs & (s infecting a mammal.

If the pharmaceutical composition comprises only a compound of this invention as
the active component, such method may additionally comprise the step of

20 administering to said mammal an agent selected from an immunomodulatory agent,
an antiviral agent, a HCV NS3 protease inhibitor, an inhibitor of HCV polymerase or
an inhibitor of other targets in the HCV life cycle such as helicase, NS2/3 protease
or IRES. Such additional agent may be administered to the mammal prior to,
concurrently with, or following the administration of the composition of this invention.

25
A compound of formula 1 set forth herein may also be used as a laboratory reagent.
A compound of this invention may also be used to treat or prevent viral
contamination of materials and therefore reduce the risk of viral infection of
laboratory or medical personnel or patients who come in contact with such materials

30 (e.g. blood, tissue, surgical instruments and garments, laboratory instruments and
garments, and blood collection apparatuses and materials).

A compound of formula 1 set forth herein may also be used as a research reagent.
A compound of formula 1 may also be used as positive control to validate surrogate
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reactants. Several such nethods are disclosed in WO 00/09543, WO 00/ 09558
and 30 US Pat. No. 6,323,180, incorporated herein by reference. -17 WD
03/ 064416WwB@3/06A0D3/ 00091 Preparati on of Thioureas Prepar &CIramosfoodhi our ea
2a S~ S O 1-12N ANI-12 G H2N)L' NLIJ< (2a) Thiourea (5.0 gm 66nmol)
was di ssolved in toluene (50nm) and tert-butylacetyl 5 chloride (8.88 gm
66mmol ) was added. The m xture was heated at reflux for 14h to give a

yel | ow solution. The mi xture was concentrated to dryness, and the residue
partitioned between Et OAc and sat. NaHCO3. The yel | ow organi ¢ phase was
dried over Mgdgsetliassaysa iravitto oomoevi vicd eghlitadiogiassays. yel | ow sol i d. The
solid was dissolved into a m ni mum anount of EtOAc and triturated with
hexane to give 2a as 10 a white solid (8.52 g; 75%9. MS. (electrospray):
173 (M H)- 17Buithdridetails BEthe irventi¢hared!udRatedhio thegfelimving exdn@lés whithare CH3CN

: H20) @ 99 % Pr tion of .Thi C Ny-~O OS S O (2b
15 Using the %’P%égtggégbﬁe'g%nfllfrwg@ g’ﬁ%\?/%péﬁc}yﬁgﬁ #ﬁ%ﬁ%ﬁﬁ%l |y avai l abl e( :
cycl opentys acetyl chloride instead of tert-butylacetyl chloride yielded

t hi ourea 2b. Synthesis of internediat II_:ig#paration of carbamate 3a ~I O
O . N+ HNOHaQpOH 002 OOHO 2 ag et rahydrofuran (350nL) was
added to a fl Aekperahires aiergivenan begriees &elsibisc \Eslludion pesdentages express a weight

2, 5- di oxo- pyr {3 ch i Lretnbnsi da doflitdRYatict exBrEERlvoftib foclurhEHEABRsH; 249
unless stated otherwise. Nuclear magnetic resonance (NMR) spectra were
10  recorded on a Bruker 400 MHz spectrometer; the chemical shifts (3) are reported in
parts per million. Flash chromatography was carried out on silica gel (SiO;)
according to Still's flash chromatography technique (W.C. Still et al., J. Org. Chem.,
(1978), 43, 2923).

15  Abbreviations used in the examples include: DBU: 1,8-diazabicyclo[5.4.0Jundec-7-
ene; DCM: dichloromethane; DIEA: diisopropylethylamine; DIPEA:
diisopropylethylamine; DMF: N, N-dimethylformamide; DMAP: 4-
(dimethylamino)pyridine; EtOAc: ethyl acetate; HATU: [O-7-azabenzotriazol-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate]; HPLC: high performance liquid

20 chromatography; MS: mass spectrometry (MALDI-TOF: Matrix Assisted Laser
Disorption lonization-Time of Flight, FAB: Fast Atom Bombardment); Me: methyl;
MeOH: methanol; Ph: phenyl; R.T.: room temperature (18 to 22°); tert-butyl or t-
butyl: 1,1-dimethylethyl; Tbg: tert-butyl glycine: tert-leucine; TFA: trifluoroacetic
acid; and THF: tetrahydrofuran.

25
Synthesis of compounds of formula (l):

In general, thé compounds of formula 1, and intermediates therefore, are prepared
by known methods using reaction conditions which are known to be suitable for the
reactants. Several such methods are disclosed in WO 00/09543, WO 00/09558 and

30 US Pat. No. 6,323,180, incorporated herein by reference.
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47.5mmol ) resulting in a suspension. Distilled water (100nL) was added with
vigorous stirring. A small amount of solid remai ned undi ssol ved.

Tri et hyl awbDrg/o2&1€ 16. 6ni; 119mmol ) was t hen added resul ti RgTIGA0A/OMONMDgENOUS
solution which was stirred at R T.. After 2.5h, the THE was evaporated and
t he aqueous residue diluted -18 WO 03/064416 PCT/ CA03/00091 w th water
(100m.) and the reaction rendered basic by the addition of 1 N NaOH (25nL
- final pH >10). The solution was washed with EtQAc (2 x 200nL) and the
aqueous phase then acidified with 1 NHC (ca. 70nL - final pH <2). The
turbid sol ut Paapavatioresft Thioumaswi t h Et OAc (200 + 150mL). The extract was

dried (MgSOX) .5 and evaporated to give conpound 3a as a white solid (8.68
g). Preparat GRG0 Eﬁﬁqq#g&_ b, 3c, and 3d Using the procedure descri bed

above and usi ng appro®ri ate conbihatijons of tert- but glésm ne, or
cycl ohexyl gl ycine agE\ car bond CMCI obutyl, cyclppent r 10
cycl ohexyl ester H.B-diMko-pyrfblidin-1-yl ester, #% J—ﬂwu»gﬂarbamat es
were prepared: CHIk OH 1QU, ONOHao O NON HE@8HO 3b 3c 3d
Preparation of internediate 5 15 Preparation of internedj ﬁ)e H MO
NBr MO NN Hkt' O (2a) ONONcMe Y ~0 M OON.L?%CHHOM)

(5a) a- Br onoKkiburea (8.0(g8n, &Brungl) Sag dissotwid)in delgersoGDimhy dndvitartbutylacalylea 2a
(1.09g ;

5 chloride (8.88 gm, 66mmol) was added. The mixture was heated at reflux for 14h to
give a yellow solution. The mixture was concentrated to dryness, and the residue
partitioned between EtOAc and sat. NaHCO; The yellow organic phase was dried
over MgSQ,, filtered and concentrated to give a yellow solid. The solid was
dissolved into a minimum amount of EtOAc and triturated with hexane to give 2a as

10  a white solid (8.52 g; 75%). M.S. (electrospray): 173 (M-H)- 175 (M+H)+. Reverse
Phase HPLC Homogeneity (0.06 % TFA ; CH;CN : H20) : 99 %.

Preparation of Thiourea 2b

(2b)
15  Using the procedure described above and using commercially available cyclopentyl
acetyl chloride instead of tert-butylacetyl chloride yielded thiourea 2b.

Synthesis of intermediates 3

Preparation of carbamate 3a

(o]
i _ Q8
JL? . j;( oAy
(0] (o]

H
20 (3a)

Tetrahydrofuran (350mL) was added to a flask containing carbonic acid cyclopentyl

ester 2,5-dioxo-pyrrolidin-1-yl ester (9.00g; 39.6mmol) and tert-leucine (6.24g;
47.5mmol) resulting in a suspension. Distilled water (100mL) was added with
vigorous stirring. A small amount of solid remained undissolved. Triethylamine
25  (16.6mL; 119mmol) was then added resulting in a homogenous solution which was
stirred at R.T.. After 2.5h, the THF was evaporated and the aqueous residue diluted
-18 -



6.28mmol ) in isopropanol (140nL) and the yellow solution was placed into a
pre- heated oil bath of 70C for 1.5h. The solution was cooled to R T. and
evapor at eaotod/02216lr yness. The resi due was di ssol ved i n Et @x/CADB@O0IEGL CAC
solution was washed w th saturated NaHCO3 (2x), water (2x) and brine (1x),
dried (MgSM), and evaporated to give the product as an orange-brown foam
Fl ash colum chronmat ography in 7:3 hexane : EtQAc renoved the | ess polar
impurities and 6:4 hexane : Et OAc provided pure product as a |light yellow
solid (3.05g ; 769%9. 25 M S.(electrospray) : 706.3 (MH)- 708.4 (M-H) + .
Rever se PhasewitiPivater {(16DmA) 203 AOreddtfonRENd€2a0 DaBI0 B9 the hitditiopeniaiN MaQBl. 06 %

pr ocedure desieMbed AR & Bha oot s BeS IR o Be P po0hPlrilie e,

t he corr espongdjuegdus phasenkdn atidifiod with 10 HEI (ead 70sL -KieD PN £2). Whe tibid N~N | ~

Propar at 1 on oP G e EoaR krr s TRrpEb IR et e Hed BSO o

usi ng comzr card éyapavaied whjiee tdmmaundsBa dbta whitd salid (868 ¢)i our ea 2a, the
corresponding internmediate 5c is obtained: Mo NBr MN N-NH2 S O H2 N
NH2 OO'I NYOYN 1 O YOM OHOOHOHO (4) (5¢)

Preparation of carbamates 3b, 3¢, and 3d

Using the procedure described above and using appropriate combinations of tert-
butyl glycine, or cyclohexyl glycine and carbonic acid cyclobutyl, cyclopentyl, or
10  cyclohexyl ester 2,5-dioxo-pyrrolidin-1-yl ester, the following carbamates were

prepared:

A e O w CLOJL%OH
3b 3

I

H

3c d

Preparation of intermediate 5

15  Preparation of intermediate 5a:

[>-K
MeO Ny Br MeO Ng N,>_N
7 X j\/k 7 0)_><
HN" N
H

o o
e e "
N » O._N
;r \[Oro N@Me Y ﬁ/ I?Nﬁm
H o OH R 3}
@ (5a)

o-Bromoketone 4 (3.61g ; 5.71mmol) was combined with thiourea 2a (1.09g ;
6.28mmol) in isopropanol (140mL) and the yellow solution was placed into a pre-
heated oil bath of 70°C for 1.5h. The solution was cooled to R.T. and evaporated to

20 dryness. The residue was dissolved in EtOAc. The EtOAc solution was washed
with saturated NaHCQj; (2x), water (2x) and brine (1x), dried (MgSQ,), and
evaporated to give the product as an orange-brown foam. Flash column
chromatography in 7:3 hexane : EtOAc removed the less polar impurities and 6:4
hexane : EtOAc provided pure product as a light yellow solid (3.05g ; 76%).

25  M.S.(electrospray) : 706.3 (M-H)- 708.4 (M+H)+ . Reverse Phase HPLC
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EXAMPLE 1 Synt hesis of Conpound 100 of Conmpound 100 S HS Mo N N>-N Meo
i iN - N~ONOHO HIIOI 0O ~OYIl" N\ (3a) OOOXNN\ OO NV\e HON
M OO0 wboghedti§6a) Step 1. Preparation of intermnedi at ePE&a/@03/00091

i ntermedi ate 6a Boc-Dipeptide 5a (3.05g ; 4.31 nmol) was dissolved in 4N
HCl / di oxane (22mL). After stirring at RT. for 30 mn., the HC salt
precipitated. MeOH (2nL) was added to dissolve the precipitate. After 2h,
the reaction m xture was evaporated to -20 WO 03/ 064416 PCT/ CA03/ 00091
dryness. The resulting HCl salt was dissolved in DCM (22nm) and DI EA
(3.0nL; 17. 2domobgneityd0.08vaTEA3GHLAN 16ig0);: 99.%4.7nmol ) and HATU (1. 72g ;
4.516nmmol ) were added. The solution was stirred at R T. for 6h. The

m xture was then diluted wth EtOAc and the solution washed with saturated
NaHCO3 (2x), Redparatiofx] indarcheBiake bbre (1 x), dried (MgSH), filtered and

evaporated to I I | i

chr omat ogr ap h)L/J 8@@3@%#&8?&?& Qg%:(?@ﬁaﬁgg\éen%rﬂ %@u%zﬂzgﬁga%dﬁog lrt]chgﬂ}ﬁa %?’f or ded
pure Me-esh ertrﬁacomaswonuingtletefmediat(e:ﬁm.?agbtalr@G% . MS. (electrospray) :831.4
(MH- 833.4 (M+H) + 85554 (MtNa) + . Reverse Phase HPLC Konogeneity (0.06 %

TFA ; CH3CN : h@@iﬁﬁ\%&m Step 2: Hydrol yme@\ﬁiﬁjygy‘ HSH MON/
>- NMON-i N Li OH >
}ZNj\Nj\/O O/ o

N
0

H

\ (2b) \
O_N > O_N
Y
N b OH N &

(5b)

Preparation of intermediate 5¢:

Using the procedure described above and using commercially available thiourea
10 instead of thiourea 2a, the corresponding intermediate 5¢ is obtained:

MeO Ny Br MeO Ne />~NH
7 X -
) HN" NH,

Je
O _N O N
;r \'(l;o N@Me Y ;r T? <\Me
H O OH
(5°)

EXAMPLE 1
Synthesis of Compound 100

S, H S
MeO N\ ’ N/>-‘N MeO N\ , N}‘H

I
. - 015 el
(5a) (6a)

Step 1: Preparation of intermediate 6a
Boc-Dipeptide 5a (3.05g ; 4.31mmol) was dissolved in 4N HCl/dioxane (22mL).
After stirring at R.T. for 30 min., the HCI salt precipitated. MeOH (2mL) was added
to dissolve the precipitate. After 2h, the reaction mixture was evaporated to

-20-
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ONNONNHOOHW HOHOH ?NcMe 6a Conpound 100 Met hyl ester 6a
(3.24ng; 3.89mmol ) was dissolved in THE (40nL.) and MeOH (20nL), and an
aqueous swbuwsirenief Li OH (1.63ngy; 38.9mmmol in 25nm) was addad-A03069The
yel l ow reaction mxture was stirred for 5.5h and then concentrated to

provi de an of f-white suspension. The suspension was dissolved in Et OAc and
brine, prepared wth deionized water. The pH of the resulting solution was
adjusted to 6 by the addition of 1 N HC. The |ayers were separated and

t he aqueous |ayer further extracted with EtQAc (2x) . The conbi ned Et OAc
extracts wer edms&sedrhuf rebulfity Hel sati wasdiseived if DICM (228il0 and @IEAWS.emLpr epar ed

25 o pai 6 yel | baruATDeoxbrmale s a3g0 A mTERIT o 0sP8 2P el sal - 25
'{he neut r ?Lntcwmwduéd&laaﬁe(sﬂ:lﬁ@gsgﬁ slzﬂrgarcrraé1 R. 'ﬁgﬁfm_&ﬂu sTmIngletdure; wa?/g@ial o:jl?l@ﬂ%nand
The ol ear yeriaiiely A s ilue? Hatadfiuf b SRafo0rs wat RIbA et er

1; ;rgfeﬂoﬁgdz o: ?m’phh? ), deield (Mg%tgupmtﬁrgdmenqbemhmated Nazlztilnttjorramuad ¢abs aw Whl te
Sart o - eudlousnud s Plask el Spalty sl o i BSsing BIDRT7% 1o

MrH) + 841. 4 and-e)-6:4 afReded pereMhaester was:ammnegmm(a 25¢ 990%) o BFA CHSCN

(
5. 117 65 (m (oo ey S AW Rl rd: e85 (KR FrBlodt PRI [ ©)

H, 5.55-5. 33HPI1C Honhd)genémt;@(}) @61% TFA CHELN: HQ) : B8, 4.85 (bs, 1 H), 4.80
(d, J =_10,4 H, 4.50-4.41 (m 1 H), 4.22- 4.02 (m 2H), 3.92 (s,
3H), %45(m 1 H, 2.50 (under DMBO, s, 2H), 2.40- 2.26 (m 1 H),
1.89- 43(m :_ HydBalydis 8DE¢ter 1 H), 1.30-1.12 (m 1 H), 1.03 & 0.90 (2x
S 9H), 0.98 & 0. 94 (2x s, 9 s 10 EXAMPLE 2 Synt hesi s of mpound 101

MeO MeO Ny ’N’>‘ N
)'—>r >
0
AKX = Ak ’
——
oy )} S Ay’ &
O AN OMe . 0 A
Ho G H 0
6a )

Compound 100

Methyl ester 6a (3.24mg; 3.89mmol) was dissolved in THF (40mL) and MeOH
(20mL), and an aqueous solution of LiOH (1.63mg ; 38.9mmol in 25mL) was added.

(o)

15 The yellow reaction mixture was stirred for 5.5h and then concentrated to provide an
off-white suspension. The suspension was dissolved in EtOAc and brine, prepared
with deionized water. The pH of the resulting solution was adjusted to 6 by the
addition of 1N HCI. The layers were separated and the aqueous layer further
extracted with EtOAc. (2x) . The combined EtOAc extracts were washed with

20 deionized water (2x), deionized water prepared brine (1x), dried (MgSQ,), filtered
and evaporated to obtain compound 100 as a pale yellow-white solid (3.02g; 95%
yield).

Conversion to Na Salt:

25 The neutral compound 100 (1.22¢g; 1.49mmol) was dissolved in MeOH (30mL) and 1
equivalent 0.01N NaOH (14.85mL) was added — no product precipitation. The clear
yellow solution was concentrated, diluted with deionized water, frozen and
lyophilized to obtain the product (Na salt ) as a yellow-white amorphous solid
(1.24g; 99 % yield )
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Ss NHN />/>H MOM NMONNO~O OONNYY-OONN\ Fi OONH
O HONH Owe OO (6b) (6¢c) By follow ng the sanme procedure as descri bed
in the fiweto3ssaps of exanple 1, and 15 using Boc-di pepti edeTEBasOead of
5a, conpound 6b was obtai ned. Conpound 6b (70ngy, 0.095mmol) was di ssol ved
in 2nm. of DCM and successively treated with DI EA (0.045nL, O0.26nmmol) and
pi val oyl chloride (0.015n, O.12mmol). After stirring for 1h at 402 an
addi ti onal pivaloyl chloride (0.015nL, 0.12mmol) was 20 added and stirring
was continued for an additional 2h. After the solution was concentrat ed,

t he resi due wla 8alss MWed40.88 Et QadHs;NdRSBlal uti on was washed with a

saturated sol ( tr to
afford 82ny ,g‘}’é gé?ec OS!B\%%C(%@@A w\)\hl ch9 ‘\g\g\h e‘%sedl\@@m%ﬁ%ﬁ@gﬁur ?(%at%%g
Met hyl ester HELC\Hdmagen6ity (006 %ylhA] QN abl0)n98t%p 2 of exanple 1 and
purified by ng.a.YMZ Conbi - Pr < cel,um, 50
R pomm 1D o NBIEF RRp M Bye-6 2 8 Pdlfe iRt 00 1 aibs o
108% ﬁ\cCN g waraEs (b8, NePp7. T8-6\p7 (i 21}, |6)36-6\/08r(m ARy 5/558.38y(ma )y 4i.9sa(d, HPLC,
an tepuref t|o ne / 0644 PCT/ CAQ3/( 0 1
concentr at ed, qihmﬁ@g @ﬁ"})”)z ‘gquj § \%?4 g%hﬁ&.l "ég%jciaég‘ Sﬁi 988
trifluoroacet 4102 (msaH) 3.92 (sl 3HE Q. %X2-Rl4bl (m, 1H), 950 ( undeDMSO, s, 2H), 2.40-

2.26 (m, 1H), 1.89-1.43 (m, 9H), 1.37-1.30 (m, 1H), 1.30-1.12 (m, 1H), 1.03 & 0.90

(2x s, 9H), 0.98 & 0.94 (2x s, 9H).

10
EXAMPLE 2
Synthesis of Compound 101

MeO Ns | SN/>_NH2 Meo\@[g/[h{)—_
QL "0/ *r — Qi

(o]
(6b) (6c)

By following the same procedure as described in the first step of example 1, and
15  using Boc-dipeptide 5¢ instead of 5a, compound 6b was obtained.

Compound 6b (70mg, 0.095mmol) was dissolved in 2mL of DCM and successively
treated with DIEA (0.045mL, 0.26mmol) and pivaloyl chloride (0.015mL, 0.12mmol).
After stirring for 1h at 402 an additional pivaloyl chloride (0.015mL, 0.12mmol) was
20 added and stirring was continued for an additional 2h. After the solution was
concentrated, the residue was dissolved in EtOAc. The solution was washed with a
saturated solution of NaHCO; and brine, dried (MgSO,) and concentrated to afford
82mg of crude compound 6¢ which was used without purification.
Methyl ester derivative 6¢ was hydrolyzed as in step 2 of example 1 and purified by
25  preparative HPLC using a YMC Combi-Prep. ODS-AQ column, 50 x 20mm. ID, S -
5micron, 120 A, and a linear gradient program from 2 to 100% AcCN /water (0.06%
TFA).
Fractions were analyzed by analytical HPLC, and the pure fractions were combined,
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OON aONHOOHON HO Conmpound 101 'H NVR (400 MHz, DVMSO-d6): ca,
85:15 m xture of rotaners, major isonmer 5 description; S 856 (s, 1 H),

8. 40- 8. 22w0ros/0d44y , 8.17 (d, J = 8.9 Hz, 1 H), 7.67 (bs, PCHCA3MBL (bs, 1
H, 7.24-7.15 (m 1 H, 7.03 (d, J =83 Hz, 1 H, 578-5.67 (m 1 H),
5.61- 5,53 (m 1 H, 519 (dd, J =17.2, 1.6 Hz, 1 H, 5.09-5.03 (m 1 H),
4.63-4.55 (m 1 H, 4.49-4.39 (m 2H), 4.11-3.92 (m 2H), 3.95 (s, 3H),
2.62-2.53 (m 1 H), 2.33-2.25(m 1 H), 2.06-1.98 (m 1 H, 1.72-1.25 (m
1 OH), 1.30 (s, 9H), 0.97 (s, 9H). 10 M S. (el ectrospray) : 803.3 (MH)-
805. 3 (M+H) + conRenteatsd; fidzeis antHyohilizdointo yehkeanypgLdOr 1%sTiRe\riflabtda@betateH20)

97 % EXAMPLE 3atl?reparation of conpound 102 15 By foll ow ng the procedure
described in %}anpl e 1 and using carbamate 3d instead of 3a and using
preparative HPLC to purify the final conpound @8 dgscribed in exanple 2,
conpound 102 was obtai ned as the tnjdl uoroa : /%_s - SHMON'--V O
aolN HO. H O Conmpound 102 'H NMR (4 DVBO- @b) N ca, 90: 10 m xture of
rotanmers, major isomer 20 description; 542 (s, 1 H, 854 (s, 1H),
8.40-8.06 (m 2H), 7.67-7.40 (m 2H), 7.260(d, J =8.0 Hz, 1 H), 7.26-7.13

(m 1 H, 5.77-5.65 (m 1 H) .62 5 { 1 H, 5.23- 5,16 (m 1 H),
5.10-5.03 (m 1 H), 4.57-4. ,lLaN Q3- 3. (m 2H), 3.94 (s, 3H),
Ho 5 OH
N
o} H 2

Compound 101

'H NMR (400 MHz,DMSO-dg): ca, 85:15 mixture of rotamers, major isomer
5 description; & 8.56 (s, 1H), 8.40-8.22 (m, 1H), 8.17 (d, J = 8.9 Hz, 1H), 7.67 (bs, 1H),
7.52 (bs, 1H), 7.24-7.15 (m, 1H), 7.03 (d, J = 8.3 Hz, 1H), 5.78-5.67 (m, 1H), 5.61-

- 5.53 (m, 1H), 5.19 (dd, J = 17.2, 1.6 Hz, 1H), 5.09-5.03 (m, 1H), 4.63-4.55 (m, 1H),
4.49-4.39 (m, 2H), 4.11-3.92 (m, 2H), 3.95 (s, 3H), 2.62-2.53 (m, 1H), 2.33-2.25 (m,
1H), 2.06-1.98 (m, 1H), 1.72—1.25 (m, 10H), 1.30 (s, 9H), 0.97 (s, 9H).

10  M.S.(electrospray) : 803.3 (M-H)- 805.3 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06 % TFA; CH3;CN : Hy0) : 97 %

EXAMPLE 3
Preparation of compound 102

15 By following the procedure described in example 1 and using carbamate 3d instead
of 3a and using preparative HPLC to purify the final compound as described in
example 2, compound 102 was obtained as the trifluoroacetate salt:

Compound 102
'H NMR (400 MHz,DMSO-dg): ca, 90:10 mixture of rotamers, major isomer
20 description; 12.37 (s, 1H), 8.54 (s, 1H), 8.40-8.06 (m, 2H), 7.67-7.40 (m, 2H), 7.26
(d, J = 8.0 Hz, 1H), 7.26-7.13 (m, 1H), 5.77-5.65 (m, 1H), 5.62-5.49 (m, 1H), 5.23-
5.16 (m, 1H), 5.10-5.03 (m, 1H), 4.57-4.37 (m, 3H), 4.03-3.88 (m, 2H), 3.94 (s, 3H),

2.64-2.54 (m, 1H), 2.41 (s, 2H), 2.37-2.22 (m, 1H), 2.04-1.95 (m, 1H), 1.79-1.21 (m,
-23-



2.64-2.54 (m 1 H), 2.41 (s, 2H), 2.37-2.22 (m 1 H, 2.04-1.95 (m 1 H),
1.79-1.21 (m -23 WD 03/064416 PCT/ CA03/00091 16H), 1.17-0.85 (m 5H),
1.04 (s, WH)03/0b44% (el ectrospray) : 843.5 (M H)- 845.4 ( M-HHCF/CAIRONDI Se
Phase HPLC Honpbgeneity (0.06 % TFA; CH3CN : H20) : 99 %5 EXAMPLE 4
Preparation of conmpound 103 S H />-N Meo N N1--VO ao, NN\ HCOH O
H O Conpound 103 By follow ng the procedure described in exanple 1 but
usi ng carbamate 3c instead of 3a and using preparative HPLC to purify the
final conpound as described in 10 exanple 2, conpound 103 was obtai ned as
the trifl uor ot} ar1g-G8d {m, SHY, NMR({,461). MHz, DMSO- d6) : ca, 85:15 m xture of

LOLSTET S, T Ol R0 el ARG Ty

(m 1 H), 5. 7MemoGendity)(0.06 k) TFA; G2:CN 4B:Qm99%H), 5.23- 5.15 (m 1 H),
5.10-5.03 (m 1 H), 4.52-4.38 (m 2H), 4.15-4.05 (m 1 H), 4.03-3.89 (m 15
2H), 3.94 (s, 3H), 2.63-2.52 (m 1 H), 2.41 (s, 2H), 2.35-2.23 (m 1 H),
2.05-1.96 §mEXAMALE4. 81-1.41 (m 11 H), 1.38-0.86 (m 12H), 1.04 (s, 9H).

M S. (el ectros I ) ?Zo I1)03 859.4 (M+tH)+ . Reverse Phase HPLC
Honogeneity ( H20) : 99 %20 EXAMPLE 5 Preparation of
conpound 104SH />N|\/boN N'-bO />_

N

H A
o OH
fo) N
H o

Compound 103
By following the procedure described in example 1 but using carbamate 3¢ instead
of 3a and using preparative HPLC to purify the final compound as described in
10 example 2, compound 103 was obtained as the trifluoroacetate salt:
'H NMR (400 MHz,DMSO-dg): ca, 85:15 mixture of rotamers, major isomer
description; 812.35 (s, 1H), 8.52 (m, 1H), 8.43-8.06 (m, 2H), 7.67-7.41 (m, 2H), 7.26
(d, J = 7.8 Hz, 1H), 7.24-7.11 (m, 1H), 5.77-5.65 (m, 1H), 5.62-5.48 (m, 1H), 5.23-
5.15 (m, 1H), 5.10-5.03 (m, 1H), 4.52-4.38 (m, 2H), 4.15-4.05 (m, 1H), 4.03-3.89 (m,
15 2H), 3.94 (s, 3H), 2.63-2.52 (m, 1H), 2.41 (s, 2H), 2.35-2.23 (m, 1H), 2.05-1.96 (M,
1H), 1.81-1.41 (m, 11H), 1.38-0.86 (m, 12H), 1.04 (s, SH). |
M.S.(electrospray) : 857.5 (M-H)- 859.4 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06 % TFA; CH3;CN : H0) : 99 %

S. H
N
Meo@:j/[r h@
(o]
P
0
o d ’ >
(o] ” N NS
) OH
(o] o Nc
H o5

Compound 104

20 EXAMPLES
Preparation of compound 104

By following the procedure described in example 1 but using carbamate 3b instead
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OOLNNH Hq OH, O Conpound 104 By follow ng the procedure descri bed
In exanple 1 but using carbamate 3b instead -24 WO 03/064416

PCT/ CA0O3/W00RM64406 3a and Boc-di peptide 5b instead of 5a &ad/@eBag1
preparative HPLC to purify the final conpound as described in exanple 2,
conpound 104 was obtained as the trifluoroacetate salt: 'H NVR (400

MHz, DMSO-d6): ca, 3:1 mxture of rotanmers ; 58.02 (s, 1 H , 7.90 (s, b5
1H ,7.84 (d, J=7.0Hz, 1H) ,7.70 (s, 1H) ,7.33 (d, J = 2.2 Hz,

1H), 714(de— 2.5, 82Hz 1 H, 709(dd J=2.2, 9.2 Hz, 1 H,
6.29-6.08 (mof13a-9r)d ISQCSdiPGDtBiE Wsteaﬂ-lpﬁmamuqlm pl:Bpa-ranBe BHLC ta pHyjify te 80 (d,

4.19°4. 08 (n fipomords hofifia § iymplt 4 Comping fodyls foighggete , )
2.03-1. 82 (m triflupfpacetateBaltbs, 2H), 1.77-1.44 (m 8H), 1.35-1.29 10 (m 1
(1 8173 (WrCbo st Rt ooy oo ilaiel ) FESE DR 00 (a0’
H20) : 98 5% BEXANREE (6, JS7RHzpaHat 7.30 (9f1H) o@B8Ydd 422 I3z, HH)) Z1MN(ddVEE aN N O
ONN~ HO 95' 8.2'Hz, 9—!“ #og (dd, J =2.2, 9.2 Hz, 1H), 6.29-6.08 (m, 1H), 5.54-5.32 (m

1H), 4.99 (d, J = 15.9Hz, 1H), 4.80 (d, J = 10.0 Hz, 1H), 4.76-4.64 (m, 1H), 4.46

(dd, J =6.7, 13.9 Hz, 1H), 4.19-4.08 (m, 3H), 3.92 (s, 3H), 2.70-2.61 (m, 2H),

2.37-2.09 (m, 4H), 2.03-1.82 (m, 1H), 1.85 (bs, 2H), 1.77-1.44 (m, 8H), 1.35-1.29

10 (m, 1H), 1.29-1.15 (m, 4H), 0.98 & 0.90 (2x s, 9H).
M.S.(electrospray) : 815.3 (M-H)- 817.3 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06 % TFA; CH3CN : H0) : 98 %.

S. H
N
eo\(:i:jﬁl\{% )——X
o]
=
:O
mEy :
\ OH
o] o N
H o

Compound 105

EXAMPLE 6
15  Preparation of compound 105

By following the procedure described in example 1 but using carbamate 3b instead
of 3a and using preparative HPLC to purify the final compound as described in
example 2, compound 105 was obtained as the trifluoroacetate salt:

20 'H NMR (400 MHz, DMSO-dg): ca, 7:1 mixture of rotamers ; 8.58 (s, 1H) , 8.19 (d,
J =8.0Hz, 1H), 7.76-7.50 (m, 2H), 7.35-7.20 (m, 1H), 7.19 (d, J = 8.0 Hz, 1H),
5.78-5.67 (m, 1H), 5.65-5.50 (m, 1H),5.19(d,J =17.0 Hz, 1H), 5.07 (d,J=10.2
Hz, 1H), 4.51-4.42 (m, 2H), 4.42-4.31 (m, 1H), 4.02 (d, J = 7.4 Hz, 1H), 4.02-3.93
(m, 1H), 3.97 (s, 3H), 2.63-2.52 (m, 1H), 2.42 (s, 2H), 2.35-2.25 (m, 1H), 2.07-1.95

25 (m, 3H), 1.90-1.76 (m, 1H), 1.70-1.41 (m, 3H), 1.30-1.23 (m, 1H), 1.04 (s, 9H), 0.96
& 0.87 (2xs, 9H),

M.S.(electrospray) : 803.4 (M-H)- 805.4 (M+H)+ . Reverse Phase HPLC
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O Conpound 105 By followi ng the procedure described in exanple 1 but using
carbamate 3b instead of 3a and using preparative HPLC to purify the final
conpound we odeewné bed in  exanple 2, conpound 105 was obt &Cmathoasowne
trifluoroacetate salt: 20 'H NVR (400 MHz, DMSO-d6): ca, 7:1 m xture of
rotaners ; 58.58 (s, 1H , 8.19 (d, J =8.0Hz, 1 H , 7.76-7.50 (m 2H),
7.35-7.20 (m 1 H), 7.19 (d, J 8.0 Hz, 1 H), 5.78-5.67 (m 1 H),
5.65-5.50 (m 1 H), 5.19 (d, J 17.0 Hz, 1 H, 5.07 (d, J =10.2 Hz, 1
Hy, 4.51-4.42 (m 2H), 4.42-4.31 (m 1 H), 4.02 (d, J =7.4 Hz, 1 H),
4.02-3.93 (niorhobbneitd (.06 O TFRHJHLCN 68:0.:98 %.m 1 H), 2.42 (s, 2H),
2.35-2.25 (m 1 H), 2.07-1.95 25 (m 3H), 1.90-1.76 (m 1 H), 1.70-1.41 (m
3H), 1.30-1.23 (m 1 H, 1.04 (s, 9H, 0.96 & 0.87 (2xs, 9H,

M S. (el ect r osBXAMPLE B03.4 (M H)- 805.4 (MtH) + . Reverse Phase HPLC -25 WD

03/ 064416 PCT|g b (3? o ggpeity (0.06 % TFA; CH3CN : H20) : 98 %
EXANPLE?PeMl%&N&N MO I\ NN T NOM" NO O
Il ONHZNS N O\ iONH GHQ OH-~I~I1((( OHIiSG O 5
Compound 106 Conpoumngh 038 " o C i ned

(29.8ng, 0. 68
with HATU (1.2 equiv., . 8?6;?7‘”’0|) and di ssol ixd anhyer DIVF
(4m.). The solution was sflirred at T. and DI PEA (5 equilv. 31. 4pL,
0.18mml ) was addeg over ca. 1 mn 2 was stirred for
20min. at R T@ldj\an I 10 analyti cal LCJJ\f tN:h% %@tl on of the
8eful

activated ester. A ol {ti fOHrret haaesul f onami Ye N( 5 19. 7ny,
0.207nmol ), DVAP (5. 4efuw 3.5ng, 0.193mmol) and cful V.
25.8pL, 0.172mmol ) was added Pn DMF (1 nL). The reaction mi%t%rfe vvas
stirred 160 at R T. before being concentrated in vackgpound106

Compound 100 of example 1 (29.8mg, 0.036mmol) was combined with HATU (1.2
equiv., 19.7mg, 0.052mmol) and dissolved in anhydrous DMF (4mL). The solution

was stirred at R.T. and DIPEA (5 equiv., 31.4uL, 0.18mmol) was added dropwise
over ca. 1 min.. The mixture was stirred for 20min. at R.T. and analyzed by

10 analytical HPLC for the formation of the activated ester. A solution of
methanesulfonamide (5.8equiv., 19.7mg, 0.207mmol), DMAP (5.4equiv., 23.5mg,
0.193mmol) and DBU (4.8equiv., 25.8pL, 0.172mmol) was added in DMF (1mL).
The reaction mixture was stirred 16h at R.T. before being concentrated in vacuo.
The residue was reconstituted in DMSO and purified by preparative HPLC.

15  Lyophilization gave the final product (23mg, 71.3%) as an off-white amorphous
solid.
'H-NMR (400MHz, DMSO-d6), §12.35 (s, 1H), 10.53 (s, 1H), 8.87 (s, 1H), 8.40-8.20
(m, 1H), 8.17 (d, J=8.8 Hz, 1H), 7.61 (bs, 1H), 7.51 (bs, 1H), 5.67-5.55 (m, 2H),
5.23-5.18 (m, 1H), 5.10 (d, J= 12 Hz, 1H), 4.68-4.57 (m, 1H), 4.50 (bd, J=12 Hz,

20 1H), 4.46-4.37 (m, 1H), 4.07 (d, J= 8.0 Hz, 1H), 3.95 (s, 3H), 3.17 (s, 3H), 2.78-2.58
(m, 1H), 2.42 (s, 2H), 2.29-2.19 (m, 1H), 2.19-2.09 (m, 1H), 1.71 (dd, J=7.8,7.6
Hz, 1H), 1.67-1.55 (m, 4H), 1.55-1.37 (m, 4H), 1.04 (s, 9H), 0.98 (s, 9H), 0.97-0.87
(m, 2H).
MS (electrospray): 896.5 (M + H)+, and 894.5 (M — H)-.

25 RP-HPLC: Rt = 6.7 minutes (homogeneity = 100%).
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The residue was reconstituted in DMSO and purified by preparative HPLC. 15
Lyophili zati on gave the final product (23ng, 71.3% as an off-white
anorphouswommbdm 1H NVR (400MHz, DWVSO-d6), 512.35 (s, 1 HCI/AAM3B®9(s, 1

H), 8.87 (s, 1 H), 8.40-8.20 (m 1 H), 8.17 (d, J = 8.8 Hz, 1 H), 7.61
(bs, 1 H), 7.51 (bs, 1 H), 5.67-5.55 (m 2H), 5.23-5.18 (m 1 H), 5.10 (d,
J =12 Hz, 1 H, 4.68-4.57 (m 1 H, 4.50 (bd, J = 12 Hz, 20 1 H),
4.46-4.37 (m 1 H), 4.07 (d, J =8.0Hz, 1 H), 3.95 (s, 3H), 3.17 (s, 3H),
2.78-2.58 (m 1 H), 2.42 (s, 2H), 2.29-2.19 (m 1 H), 2.19-2.09 (m 1 H),
1.71 (dd, J =EXAMPLE® Hz, 1 H), 1.67-1.55 (m 4H), 1.55-1.37 (m 4H), 1.04

(s, 9H), 0.98.(s a%o fgon%ﬁ 0. 7 (m 2H). M (electrospray): 896.5 (M +
H) +, and 894. E——@M!?—%‘—'H%—PLC Rt = 6.7 mnutes (honbgeneity =

100% . -26 WD 03/064416 PCT/ CA03/00091 EXA
107 S H~>MN MON_ N/_ O ON N#b
the sanme procedure described in Exanpl
i nstead of nethyl sul fonam de gave conpoUh

l;_ Pr epar ation of conpound
9 O O Conpound 107 Usi ng
a d u5| g zenesul fonam de 5

107 as a pal e yel | ow anor phous

solid in 54%yield. 1H NWR ( DI\/SOd 289 s, lH) 10 89 (s, 1 H), 8.83
(s, 1 H, 8.40-8.22 (m 1 H) , 7.90 (s, 1 H),
7.88 (s, 1 H), 7.67-7.63(m ggﬁ , 754 7.45 (m 1 H),
7.30-7.15 (m 1 H), 7.10 (d, J = .51 (m 10 1 H),
5.38-5.26 (m 1 H), 5.16-5.08 (m 1 , 49*3 44 —104Hz 1 H,

4.70-4.58 (m 1 H), 4.57-4.49 (m 15@" 48439 (m 1 H), 4.09 (d, J =
7.8 Hz, 1 H, 3.95 (s, 3H), 2.69-2 P 19 2.41 (s, 2H), 2.28-2.16
(m 1 H), 2.1dsingtHe {ame prockdurd dégeribe82n Emmple?and using benzenesulfonamide

5 instead of methylsulfonamide gave compound 107 as a pale yellow amorphous solid

in 54% yield.
'H NMR (DMSO-d6) §12.39 (s, 1H), 10.89 (s, 1H), 8.83 (s, 1H), 8.40-8.22 (m, 1H),
8.18 (d, J=8.4 Hz, 1H), 7.90 (s, 1H), 7.88 (s, 1H), 7.67-7.63 (m, 1H), 7.63-7.54 (m,
3H), 7.54- 7.45 (m, 1H), 7.30-7.15 (m, 1H), 7.10 (d, J=7.8 Hz, 1H), 5.62-5.51 (m,

10  1H), 5.38-5.26 (m, 1H), 5.16-5.08 (m, 1H), 4.93 (d, J= 10.4 Hz, 1H), 4.70-4.58 (m,
1H), 4.57-4.49 (m, 1H), 4.48-4.39 (m, 1H), 4.09 (d, J=7.8 Hz, 1H), 3.95 (s, 3H),
2.69-2.59 (m, 1H), 2.41 (s, 2H), 2.28-2.16 (m, 1H), 2.14-2.04 (m, 1H), 1.72-1.52 (m,
4H), 1.51-1.37 (m, 4H), 1.29-1.22 (m, 1H), 1.03 (s, 9H), 1.00 (s, 9H), 0.99-0.92 (m,
1H).

15  MS (electrospray); 958.5 (M + H)+, and 956.5 (M — H)-.
RP-HPLC: Rt = 7.2 minutes (homogeneity = 95%).

EXAMPLE 9
NS3-NS4A protease assay

20 The enzymatic assay used to evaluate the present compound is described in WO
00/09543 and WO 00/59929.

EXAMPLE 10
Cell Based HCV RNA Replication Assay
25 Cell Culture
Huh?7 cells that stably maintain a subgenomic HCV replicon were established as

previously described (Lohman et al., 1999. Science 285: 110-113) and designated
as the $22.3 cell-line. $22.3 cells are maintained in Dulbecco's Modified Earle
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4H), 1.51-1.37 (m 4H), 1.29-1.22 (m 1H), 1.03 (s, 9H, 1.00 (s, 9H,
0.99-0.92 (m 1 H. 15 MS (electrospray); 958.5 (M+ H+, and 956.5 (M -
H) -. RP-WBLGoe#ti6 = 7.2 m nutes (honogeneity = 95% . EXAWPIEAD3IMNBB1NS4A
prot ease assay 20 The enzymatic assay used to eval uate the present conpound
I's described in WO 00/09543 and WO 00/59929. EXAVPLE 10 Cell Based HCV RNA
Replication Assay 25 Cell Culture Huh7 cells that stably maintain a
subgenom ¢ HCV replicon were established as previously described (Lohman
et al., 1999. Science 285: 110-113) and desi gnated as the S22.3 cell-Iline.

S22.3 cells agediup @WMENS feridikdpie 01 0% VMBS dricethmaill Zm\/@t&ﬂéﬂﬁ44l6

PCT/ CA03/ 0009#6%!}1/&? @E?NQ}H? Q&w B% ntdgjcglg%m th 10%"?‘@@? ?ﬁ?

neonycin (Sta r I errent ed

vl\\/ne g h g)% EQS coraihing 0.5% [?Aw@m/ﬁa(mgdnegm?&hmsns@wxssa lww.um)eds(ﬂ&ﬁ@y g
iu urs ior to, conp ition sj ni ze

and dil ut ed tB”%%g'BF’%lHM adidjfion: 824 % %fsa%raéwaé'wgaé and d&ﬁ%‘i@%@fg%‘%@ ol | s)

are gl tst a I @;Jt ig;ttalﬁtle@d wgﬁtggvz\@obglolhmocﬁﬁcenej are ditaged ﬂitweabham I\?g/asgewoﬁn

i ncubated a Wi 0 unt | Yoo a S an terials:

Product ConpaPgtécd 1{"51 ’iﬂe#’aétﬂi‘)‘?’%ﬂﬂ%“b eﬁg"éﬁ”’ﬁ@ 8? 'Be(‘,gd% DVSO Si grma

D- 2650 RT Dul becco's PBS G bco-BRL 14190-136 RT Fet aI Bovi ne Serum

Bi o- Whi tt aker _14-901 d - 20¢/ 4C Neonmycin ((418) G bco-BRL 10131-027 -20C/ 4C
Trypsi n- EDTA BPRISRISBR MBtHaIS54 - 200/ 4C  96- wel | pl ates Costar 3997 RT

PVDF 0. 22pm Hipfoguctni t M TT1 por d CormdarypLS Charyy ¥€l | stbrage Pl dt e
Beckman 26700 i — -
DMEM Wisent Inc. 10013CV 4°C
DMSO Sigma D-2650 RT
Dulbecco's PBS Gibco-BRL 14190-136 | RT
Fetal Bovine Serum Bio-Whittaker 14-901F -20°C/4°C
Neomycin (G418) Gibco-BRL 10131-027 | -20°C/4°C
Trypsin-EDTA : Gibco-BRL 25300-054 | -20°C/4°C
96-well plates Costar 3997 RT
PVDF 0.22um Filter Unit Millipore SLGV025LS | RT
Deep-Well Titer Plate
Beckman 267007 RT
Polypropylene

10  Preparation of Test Compound
10uL of test compound (in 100% DMSO) was added to 2 ml of Assay Medium for a
final DMSO concentration of 0.5% and the solution was sonicated for 15 min and
filtered through a 0.22uM Millipore Filter Unit. 900l was transfered into row A of a
Polypropylene Deep-Well Titer Plate. Rows B to H, contain 400pL aliquots of Assay
15 Medium (containing 0.5% DMSOQ), and are used to prepare serial dilutions (1/2) by
transferring 400ul from row to row (no compound was included in row H).

Application of test compound to cells

Cell culture medium was aspirated from the 96-well plate containing the S22.3 cells.
20 175pL of assay medium with the appropriate dilution of test compound was

transferred from each well of the compound plate to the corresponding well of the

cell culture plate (row H was used as the "No inhibition control"). The cell culture

plate was incubated at 37° with 5% CO0, for 72h.
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Pol ypropyl ene 10 Preparation of Test Conmpound 10pL of test compound (in
100% DVSO) was added to 2 m of Assay Mediumfor a final DMSO
concent r aWom/06f410. 5% and t he sol uti on was sonicated for PETrGAVIQMI1
filtered through a 0.22pM M I lipore Filter Unit. 900pl was transfered into
row A of a Polypropylene Deep-Well Titer Plate. Rows B to H, contain 400pL
al i quots of Assay 15 Medi um (containing 0.5% DVSO), and are used to prepare
serial dilutions (1/2) by transferring 400pl fromrowto row (no conmpound
was included in row H). Application of test conmpound to cells Cell culture
medi um was aspirated fromthe 96-well plate containing the S22.3 cells. 20

175pL of assay nediu it hat opriate dilution of test conpound was
transferred f%étfﬁc 8%5*%?&%@’%’%@‘%onpound plate to the corresggndi ng wel |
of the cell FEollowingethpl7ahéndubatiort-pering, ihseatabeeliulae RNRovasétizicteiddroncthet r ol ) .
The cell cult at I nc f t | t %O for/2h. -28 WO
03/ 064416 PCT%@%%?}USE%%XWFBan?‘?akiﬁg%ﬁ‘ﬁ%@%ﬁ\@y% '%‘préﬁgeﬁf@Ahﬁ‘Snyow ng the
72h i ncubat i oHapdbdokd] 999t)eBtieftya bssaglnhedian walklsomgpietay reractesdrdn celistamd  S22. 3
cells of the - wel t i n e RNeas ' | agen(r RNe 5
Fandbook. - 16080 bE g AEF PyferdQlaainl SotatES 1 1S mif BrhrpSreRbotd wh Rt <
and égodpL ofo Hcﬁmiwroffﬁfe S(@P]/élggég(-dft)ltlhrdtmatlbfﬂh‘é lﬁﬁprd;é’l?etelrvbés(g'briﬂ?_r shalghdert Ihanol
was added to_eac -wel | cel| - ture plate, e mcroplate
wns gently shaRase B ks ralksnangag thef argd Bt peshomRiskste well aiEheF o cach
m cropl at e weby pipafiiflg.Mhedigsat® wapirgrabvddend appiied stttk avellast 4 BiNedsylogind

fop of o & agEps atete b Roaden e & aonay Ssbafr Bl Mo Bl e Wit
tﬁpehaln(cji t he Equas)ege/dwhie hoosdaleu \l&t/)il’h l‘l?beaRfﬂxletasﬁqu%-WmebcwfaBth|tlﬁmﬂﬁdaéynt0

t he hol der an ced in. arotor et .of a 4K15 centri The sanpl e
was centrif uggﬁgéﬁe ‘8%{939?)%“?9 %’66’8F rghd plapeding %thuflg%r?\fat%gﬁrﬁgr at ur e.rrpThe
tape was r Emvadrimgmmhélsamblawmsmdtrmxg%dmi 6000 fpuni {-S6081g) Tér 4 rQinaey est(n )
RNeasy 96 kit

e 2 . ohREn T S SR tBubo o e B Bl B W E o - oo
for 4 m niat (Qiageri@®@ANeast 96 kit) waseaddbie &syachovgll cttite Rileap) & pldteomhé op of
e o EaEnEEMO R oLl BB R A e el e,
The RNeasy 96for 4 min at room temperature. The RNeasy 96 plate was placed on top of another
clean Square-Well Block, the tape removed and 0.8 m! of Buffer RPE (Qiagen®
RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The RNeasy 96
20 plate was sealed with a new piece of tape and centrifuged at 6000 rpm for 4 min at
room temperature. The tape was removed and another 0.8 ml of Buffer RPE
(Qiagen® RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The
RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000 rpm
for 10 min at room temperature. Tape was removed, the RNeasy 96 plate was
25 placed on top of a rack containing 1.2-mL collection microtubes. The RNA was
eluted by adding 50 pL of RNase-free water to each well, sealing plate with a new
piece of tape and incubated for 1 min at room temperature. The plate was then
centrifuged at 6000 rpm for 4 min at room temperature. The elution step was
repeated with a second volume of 50 pl RNase-free water. The microtubes with total
30 cellular RNA are stored at —70°.

Quantification of Total Cellular RNA
RNA was quantified on the STORM® system (Molecular Dynamics®) using the
RiboGreen® RNA Quantification Kit (Molecular Probes®). Briefly, the RiboGreen
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20 plate was sealed with a new piece of tape and centrifuged at 6000 rpm
for 4 mn at roomtenperature. The tape was renoved and another 0.8 m of
Buf f er RPEO i3 @hagen(r) RNeasy 96 kit) was added to each welCr/@fo3nime1 RNeasy
96 plate. The RNeasy 96 plate was sealed with a new piece of tape and
centrifuged at 6000 rpm for 10 mn at roomtenperature. Tape was renoved,
the RNeasy 96 plate was 25 placed on top of a rack containing 1.2-nL

coll ection m<crotubes. The RNA was eluted by adding 50 pL of RNase-free
water to each well, sealing plate with a new piece of tape and incubated
for 1 min at reagertivernRiutidEoe-foldle TEl(a0reMBds-HOBSH =ZSntmM BDEA).at 6000 r pm

vol une of 50 BRaRE BBk BkrehEen wes ekt Podh o Atende EANS oidbploral ar
RNA fl_r fei Z'([jO:‘)ﬁHNAt wagd Qilutéimte fsoltz(g@t/mblandbrergftafmlﬁedi himbarits RND, BNM(W@g, 10,
qu!Jg(r)lGlr een(r) ?@é& @W r?(?aﬂs[% %é%ﬁ@ %’h‘?rg ﬁ%@i@%rﬁc{m “ggé Vel he

Ri boGreen 5 -2 amwwgﬁ%ﬂm%l%é%s dbﬁﬁmm tone®pdiwlitht 7’  200- foI din
TE (10rr1\/| Tris-HC

Ce 50pl ., of
diluted in 10fE" e\rﬁﬁy’ﬂogmnhért%ﬂ?g Plse P’Pg@%g the’t n%ﬁ% L&'S?%P(Ehﬁ %n TE to
2ﬁg/ rrLband plrﬁgﬁﬁhelrslrér?adecafmme: BNAJstﬁﬁl,pIéB?o bd@;uaﬂlﬁl,edlmpug,eaahlﬁ!lhm QD:_) t of
t he ri bosoma olution are ransferre new. 96- we ate
(COSTAR 5 305 MBlR g 4 He= Jo P e B8 ot o i hriPonadifen o8, 51 P
colum 1 of téewebplaed danqoﬁlcarﬂ_a)fWESNassaweﬂo@ne lelustegno@uLY ot dilwed RibdGréden
th I d for, the RNA t b t f h RNA
sanpl e hifl WEBotd tas Ecs praaaang ey eR et bootde e PRe s afRE el |
of the 96- meétlropﬂnatémpenawréq:pbieoﬁedﬁlﬁnmiaﬁ)twmadlL R saroplarinea 00 @b lfhabf
diluted Ri b Gr 10 | at
alndul (ra]cubat Ce)d ‘g’f‘]eﬁei‘%'g%%rﬁr%%?@“‘ Qge&'g @'\of %%'é(f' P{f g‘y %%%fectwafsrgmal ?ght
(a 10 "L RNA maaxlired bon tlee SDORM® dyisteah (Moteculze Dgeareica®p A stadfard caive mtaison) .
The fl t g
D o o= BBk A B e REuGlpBEof FE RS 2 o R
of the knoswn finoeddent iatensities.TderRNDD sommntralidh iarthke experimestsl Bamglesﬁlas
fl t t al I
wes dot or m bR TBH i 1y by SR Hb 08 S b BRHRE"0X oi Lt on.
Reagents and Materials: Product Conpany Catal og # Storage

Reagents and Materials:

Product Company Catalog # Storage
DEPC Sigma D5758 4°C
EDTA Sigma E5134 RT
Trizma-Base Sigma T8524 RT
Trizma-HCI Sigma T7149 RT
Collection Tube Strips . Qiagen 19562 RT
Ribogreen RNA Quantitation Kit | Molecular Probe | R11490 -20°C
Rneasy 96 Kit Qiagen 74183 RT
Square-Well Blocks Qiagen 19573 RT

20 Real-Time RT-PCR
The Real-Time RT-PCR was performed on the ABI Prism 7700 Sequence Detection
System using the TagMan EZ RT-PCR Kit from (Perkin-Elmer Applied
Biosystems®). RT-PCR was optimized for the quantification of the 5' IRES of HCV
RNA by using the Tagman technology (Roche Molecular Diagnostics Systems)

25 similar to the technique previously described (Martell et al., 1999. J. Clin. Microbiol.
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DEPC Sigma D5758 4C EDTA Sigma E5134 RT Triznma-Base Signma T8524 RT
Trizma-HCI Signma T7149 RT Collection Tube Strips Q agen 19562 RT

Ri bogr eerwBNvouadit i t ation Kit Ml ecul ar Probe R11490 - 20@CTR®a9§0996 Ki t

Q agen 74183 RT Square-Well Blocks Q agen 19573 RT 20 Real -Ti ne RT-PCR
The Real -Time RT-PCR was perforned on the ABI Prism 7700 Sequence Detection
System using the TagMan EZ RT-PCR Kit from (Perkin-El mer Applied

Bi osystens(r)). RT-PCR was optim zed for the quantification of the 5 |IRES
of HCV RNA by using the Tagman technol ogy (Roche Ml ecul ar Di agnostics
Systens) 25 s8Mid2ar33Lh Theesysteaheipdpits tipe 8v3' oudeglytbeadivityosf AnivEag €INA et al .

1999. J. din_ M biol . =30 0644 P 0 T 7-332).
The syst em expPUToEopr ety e ARy pe Alaiq S Hbrdotie nuphdizgier >
Eolby_mda_r aste_. Bpriobé (RUTR PFEObns)ttlhmGped:ifidr:ailly asnerlsitocthe tarhgbtedatwernr thg SUR I
ridization_.npr . I . I te ate
bgt ween t he er%?ﬁ'r’éggg(?sgiaﬁg?@@l% g%@‘&%%%k%g&g&ﬁé%éhgp%? Qat p?gbe
cogt ains asfl tm?nlasrc(émar&xythpnesoein [E8Mfcaridding B! erck eentzgnsa flgkkggentind t he 3’
end contai ns S - t ne.
[TAVRA] ) - et P B3 RGBT ARA TP ol RS Bion
qguencher on t seectrotmaeds suppresded by thengysnotey.on thie iitacd digbritizatiad atdben of t he

hybri di zati on S ' i [ 3 L.n
fl uorescence 'él%gés)s?eo(%ga?%ggrig{ thgrh&@ﬁ%@h ’pggeb%urg'r(%ég%@te gec orer’fggdrlr@;é ﬁra és t he
i ncrease in finoeass hdhoeesernesemissioont hieABiURism d00 seyuehee &dpctor

lifi ' t. J ifi p ' ti t
the i gnar® " ERE e Rl ndiE g RMblssChd Hitin TG FAlhoMEPERL P 13,
poi nt that repmplification suchdhatdbeaaninplfieidprodust was flirgntly oenortiarctaiog sighain. A
nt . ey j . 0 th
Pruor escont - of i aftelicdiod S5tha< afisbliadns WS Mactlohy  Biint MEl BRSNS °
product for t the legagithenic phdsst efqiroduchascutmfiationdAgneint representipg h detitadeshol d
Cn. CT | i i . i i t HCV
RN such ¢ hagotoien RSt et BRAd it Huch hceftbigil Bbddolel Wi B
concent r atl$ onexgoneidial giowth ohtbe |[R§&ykproduet f@Tthe seguemaed detectan wae datirectasstheed

cycle threshold (Cy). Crvalues are inversely proportional to the quantity of input

HCV RNA; such that under identical PCR conditions, the larger the starting

concentration of HCV RNA, the lower the Cr. A standard curve was created

automatically by the ABI Prism 7700 detection system by plotting the Cr against
20 each standarddilution of known HCV RNA concentration.

Reference samples for the standard curve are included on each RT-PCR plate. HCV
Replicon RNA was synthesized (by T7 transcription) in vitro, purified and quantified
by OD.go. Considering that 1ug of this RNA = 2.15 X 10" RNA copies, dilutions are

25 made in order to have 108, 107, 105, 10%, 10*, 10° or 102 genomic RNA copies / 5pL.
Total cellular Huh-7 RNA was also incorporated with each dilution (50ng / 5pL). 5pL
of each reference standard (HCV Replicon + Huh-7 RNA) was combined with 45uL
of Reagent Mix, and used in the Real-Time RT-PCR reaction.

30 The Real-Time RT-PCR reaction was set-up for the experimental samples that were

purified on RNeasy 96 —well plates by combining 5pl of each total cellular RNA
sample with 45uL of Reagent Mix.
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automatically by the ABI Prism 7700 detection systemby plotting the CT
agai nst 20 each standard dilution of known HCV RNA concentration. Reference
sanpl es fwo oBlet4sé¢ andard curve are included on each RT- PCRCEIG108/0009CY
Replicon RNA was synt hesized (by T7 transcription) in vitro, purified and
gquantified by 0OD260. Considering that 1 pg of this RNA = 2.15 X 10" RNA
copies, dilutions are 25 nade in order to have 106, 107, 106, 105, 104, 103
or 102 genomc RNA copies / 5pL. Total cellular Huh-7 RNA was al so

i ncorporated with each dilution (50ng / 5pL). 5pL of each reference

st andar d (HC\/RE@gﬁntsemu Mafeluihls? RNA) was conbl ned with 45pL of Reagent M X,

and used in the-Real-—H-re-RI-PCR-Eeget The-R REPCR-react i on
was set-up for\Pt' @ ‘étxperl ment al QW%’%What wer e oﬁ?ﬁa{? g 10598y 96
-wel | plates twm}( W@ 4l af NEh#R02 ®CcWM Th 45pL
of Reagent M -31 03/ 064416 PCT/ CA03/ 00091 gents and Materilal s:

Pr oduct COVPANMicIaAmn@ptiﬂaB@@pSag=PEm?|%¢mBlsy$2¢mPCR - i
Bi osyst ens NS(W’"‘ aj@é_uo mp_OptTcatCaps
N801-0935 FI T {lcal D B ERpphed BioedstBimesy sNeos 058 1 1560 RT Vel |
Reaction Pl at e,wuﬂeaﬂtlonﬂet@repa'at ion: Volume for Molume fof One Plate
Final Conponent—one——sanptre {(pbt) (9T —anptes—+—conc.—(pL) Dead—Votune)
Rnase-free water 16.5 1617 5X TagMan EZ buffer 10 980 1 X M (QAc)2 (25mV)
6 588 3nmM dAﬁ{@agemmpmparamrr 300pM dCTP (10mV) 1.5 147 300pM dGIP

<

ns

(10mV) 1.5 147 360pM—dUTP(20myiimdfor PY8HiFhe for One Piate Final

Component one sample | (pL) (91 samples +

(uL) Dead Volume) eone-.
Rnase-free water 16.5 1617
5X TagMan EZ buffer 10 980 1X
Mn(OAc); (25mM) 6 588 3mM
dATP (10mM) 15 147 300pM
dCTP (10mM) 15 . 147 300pM
dGTP (10mM) 15 147 300pM
dUTP (20mM) 1.5 147 600uM
Forward Primer (10puM) | 1 98 200nM
Reverse Primer (10pM) | 1 98 200nM
PUTR probe (5uM) 2 196 200nM
rTth DNA polymerase

2 196 0.1 U/uL
(2.5 U/pL)
AmpErase UNG

0.5 49 0.01 U/uL
(1U/pL)
Total Volume 45 4410

5 Forward Primer Sequence (SEQID. 1): 5' - ACG CAG AAA GCG TCT AGC CAT
GGC GTTAGT -3

Reverse Primer Sequence (SEQ ID NO. 2): 5' - TCC CGG GGC ACT CGC AAG
CACCCTATCAGG -3
10
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Forward Prinmer (10pM 1 98 200nM Reverse Primer (10pM 1 98 200nM PUTR
probe (5pM 2 196 200nM rTth DNA polynerase 2 196 0.1 Up L (2.5 Upl)
AnpEr ase WN@B306681619 0.01 UN L (1 UWpL) Total Volunme 45 2¢ICAD3Ba9nar d
Primer Sequence (SEQID. 1): 5 - ACG CAG AAA GCG TCT AGC CAT GGC GIT AGT
- 3' Reverse Prinmer Sequence (SEQ ID NO 2): 5 - TCC CGG GGC ACT CGC AAG
CAC CCT ATC AGG - 3" 10 -32 WD 03/064416 PCT/ CA03/00091 Note: Those
prinmers anplify a region of 256-nt present within the 5 untranslated

regi on of HCV. PUTR Probe Sequence (SEQ ID NO 3): 6FAM I - TGG TCT GCG GAA
CCG 5 GIG ACNioteCANhEEe prirAbfis dxeplifyeapdgidneof @581int pltese(iWi)in thers' enttdnsfdted e, 4
wel | s are used as I\I'I(':((‘ﬁ For these controls, 5pl of water are added to the
well in pl aceGP"RINCY% o Ther mal Cycling Conditions: 50C 2 mn 60C 30 mn
95C 5 mn 15 95C 15 sec 60C 1 mn for 2 cycles 90C 15 sec 60C 1 min for

anal yei o requP PLE P Seguons< (SR QR MBG oF [EARDE JE Teramar 4 bR Por

plate and & stFedeEd AON €€ -[EAMRA

No Template Controls (NTC): On each plate, 4 wells are used as "NTC". For these

controls, 5pl of water are added to the well in place of RNA.

10  Thermal Cycling Conditions:
50°C 2 min
60°C 30 min
95°C 5 min

15 95°C 15 sec
60°C 1 min } for 2 cycles
90°C 15 sec
60°C 1 min } for 40 cycles
20
Following the termination of the RT-PCR reaction the data analysis requires setting
of threshold fluorescence signal for the PCR plate and a standard curve was
constructed by plotting the Ct value versus RNA copy number used in each
reference reaction. The Ct values obtained for the assay samples are used to
25 interpolate an RNA copy number based on the standard curve.
Finally, the RNA copy number was normalized (based on the RiboGreen RNA
quantification of the total RNA extracted from the cell culture well) and expressed as

genome equivalents / pg of total RNA [ge/pg].

30 The RNA copy number [g.e./ug] from each well of the cell culture plate was a
measure of the amount of replicating HCV RNA in the presence of various
concentrations of inhibitor. The % inhibition was calculated with the following
equation:

100 - [(g.e./ug inh)/( g.e./ug cti)x 100].
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constructed by plotting the & val ue versus RNA copy nunber used in each
reference reaction. The Ct val ues obtained for the assay sanples are used
to 25 i ntwopaloedses an RNA copy number based on the standar @CaucAaog/ooldinal |y,
t he RNA copy nunber was normalized (based on the R boG een RNA
quantification of the total RNA extracted fromthe cell culture well) and
expressed as genone equivalents / pg of total RNA [ge/pg]. 30 The RNA copy
nunber [g.e./pg] fromeach well of the cell culture plate was a nmneasure of
t he amount of replicating HCV RNA in the presence of various

concentrations of inhibitor. The % inhibition was cal culated wth the

follow ng equati n 100 h / 1 33 WO
097 Danars porRERpaNBRERve i]ins HiEpdel e arBiec g b inbiRiib i cPRCTatpn as
applied to t heatandmmlhblm%efwamfeﬁdmbntmlondECag) msd:atcblatdii(b%tbé fise bi SAS
concentration 0), d . u S f var e
(Statistical §§J r(%tm@%%ﬁq Vﬁtg%i’ %BS(J”S%F"H ln&aA(%fysrﬁl 5 Wen the
conpounds ®f this invention Were eval uated in the precedl ng enzyrrati c and
cell based as S,. the c found t

Cpeci f1oal 1y MeR d ATnER RS AT, WEkioh HaRe ehuéa R lerBbhasPrdiRfe

prot ease assawd ceimhsE%@sas/sbmbmn'@oﬂnqleene fourel toddel hididys activelCIWVIARBIA
replication ass 0.E LE ays I cificity assays
Lsed Lo eval uaRaical 1 it nadReak behdls ARER LR NSFARRA bl o

00/ 09543. 15 ¥ésay, aibECgishmiowd8.5WwiM i the ablubased HEV RINA replaatibn aysayssays, the
corrpoundsﬂé)f formula 1 were found to be selective in that they do not show

significa inhibition in the Human Leukocyte El astase and Cat hepsin B
assays. EXAMPEEAMRLE2I Phar macoki netic properties The present conpounds al so

show good pha%@%g!ﬂ gg% : g properties such as detectable plasma |evels in
a

the rat at 1 fter an oral dose of 4 or 5ng/kg.
The specificity assays used to evaluate the selectivity of this compound are

described in WO 00/09543.

15  When the compounds were evaluated in the specifity assays, the compounds of
formula 1 were found to be selective in that they do not show significant inhibition in
the Human Leukocyte Elastase and Cathepsin B assays.

EXAMPLE 12
20 Pharmacokinetic properties

The present compounds also show good pharmacokinetic properties such as

detectable plasma levels in the rat at 1 hour and 2h after an oral dose of 4 or

5mg/kg.

More explicitly, the following assay, an in vivo oral absorption screen, was used to
25  determine plasma levels of test compounds in a rat after oral administration:

Materials and Methods:
1. Method used to pool compounds (“cassette selection”):
The selection of compounds to be pooled into a “cassette” was based on their

30 structural similarity and physicochemical properties. A solid phase extraction
method applicable to all the selected compounds was established. Based on the
initial testing where each compound was spiked into rat plasma and run through
HPLC or HPLC/MS at a concentration of 0.5 uM, the retention time, ionic mass, and
the possible separation among compounds by HPLC and/or HPLC/MS were used
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More explicitly, the follow ng assay, an in vivo oral absorption screen,
was used to 25 determine plasnma |evels of test conmpounds in a rat after
oral admwogBetsion: Materials and Methods: 1. Met hod us@dTi@opowiol
conmpounds ("cassette selection"): The selection of conmpounds to be pool ed
into a "cassette" was based on their 30 structural simlarity and

physi cochem cal properties. A solid phase extraction nethod applicable to
all the sel ected conpounds was established. Based on the initial testing
where each conpound was spiked into rat plasma and run through HPLC or
HPLC/ M5 at a aobasisitor poolig 4 cOmpoldids inthene &asaelteln tine, ionic nmass, and
t he possi bl e separati on anong conpounds by HPLC and/or HPLC/ M5 were used
-34 WD 03/064416 PCT/ CA03/ 00091 as basis for pooling 3-4 conpounds into
one "cassette2. 2.0l aehickhand compoundppepardtipn:epar ati on: Each "cassette"

containe 34 EUPAUNIR AL TRt aH TR AER6 M AORINILn Fifoodd afRet L os

mere prepared-as an or al "susSpension’'in aque ose and
. 3% of pob yocasseted were p(rama)red; 8% B bah suspension in @.504: m@usmethyﬁeﬁuldmn ng

voI ume was 10 v' I D0s| P 0 Male
Sprague Dawl e%ﬂcig? °ﬁ?&°&e§%ﬁ@8}%‘?”§' H|n§9?n |3imgﬁ g access
to agueous loHrdexasdOal/kIwia araltgavage.e dosed with each "cassette" Pl asma
sanples (-1 m) were collected at 1 and 2h post-dosing fromthe 2 rats and
pool ed for extraction and analysis. 15 4. Conpound extraction and

anal ysi s: Froda eachRosingsud plasiprsamplinghpl es at 1 and 2h, bl ank pl asns,

bl ank pl i i | .at . 0.5
ex'ii pac!to e?ﬁ M%%I é;}%??l(ng %Egsg rat%)k(lt% rr af:étg}lg gﬁ’g}eﬁ}'@égp m@g%@éaq%\gﬁgtha%%%sztgd by
HPLC and HPLGhquBols O%otrxtrose ofiwo fals pieredoseradieeach ieasaettedt Plasmaar e

ool1 AL ed Daseings Hnf Witk EoleRESR Y ol oA boll dochlh o 1Rl nﬁtggﬁqae’olegesu' ts

When assayed I'n g Sscreen t rrpoun
this inventiionexeactionh anddnalysinr esent i n SI gnificant levels in the plasm
at the 1 hour and 25 2 hour intervals follow ng oral adm nistrati on,

aver agi ng bI ood plasma levels of 0.83 pMand 0.75 pMrespectively.
4, Compound extraction and analysis:

From each cassette, plasma samples at 1 and 2h, blank plasma, blank plasma
spiked with all the compounds at 0.5 uM of each, are extracted by the solid phase
extraction method. Samples were analyzed by HPLC and HPLC/MS for comparison
purpose. Plasma concentrations are estimated based on the single concentration of

20 0.5 uM standard.

Results

When assayed in the preceding screen the compounds of examples 1 to 8 of this

invention were found to present in significant levels in the plasma at the 1 hour and
25 2 hour intervals following oral administration, averaging blood plasma levels of

0.83 M and 0.75 uM respectively.

This demonstration of in vivo oral absorption for the tripeptide compounds of this
invention in noteworthy, in view of the poor oral absortion generally attributed to this
30 class of peptides. The ready oral absorption renders the compounds useful for

treating of HCV infection.
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absorption renders the conpounds useful for treating of HCV infection.

WO 03/ 064416
N/ O Mo s

ation of in vivo oral absorption for the tripeptide conpounds
of this invention in noteworthy, in view of the poor oral absortion
gener al | ywetosqsdaué ed to this 30 class of peptides. The r@adyCABab91

PCT/ CA03/ 00091 CLAIMS 1. A conpound of formula (1): R

O lolll RBRROANNHRL ON,,. OF O(l) wherein RL is

hydr oxy or NHSOORLA wherein RLA is (CL.8)al kyl, (C3_7)cycloal kyl or
(C3_,)cycloalkyl ), which are all optionally substituted from

((C1_6) al kyl -
1to 3 tines

phenyl, of R1A i

3 tines th

wi th hal o, cyano, nitro, GRAIMS 6)al kyl, am do, ami no or

-35
I'N

s C6 or, 10 aryl which is optionally substituted from1l to
r‘i‘a“r°6’3p°é‘9§ﬁi)f,%"ﬁ'r"ﬁr(ﬁ; (Ct_6)alkyl, O (CL 6)alkyl, amido, anino

or phenyl; R2 is t-butyl, -CH2-C(CH3)3, or -CH2- cgxlopentyl; R3 is t-butyl

or cycl ohexyl

pharmaceutically acceptable salt thereof. 2. yEle Bonpound of fornula |

according to

or NHSOQ2Ph. 3. The conpound of fornula

i's NHSO2Me or

and R4 is cyclobutyl, cycl opentyl ,H-@r cycl ohexyl; or a

d

claiml1l, wherein Rl isub

hydroxy. 4. The conpound

ormula | according to claim 3,

wherein Rl is hydroxy. 5. The conpound of Pornula | according to any one of

claims 1 to 4, wherein RR is t tW o 2- C(CH3)3. 6. The conpound of
formula | according to clai m5‘,"‘4 nel?\ﬁ» is/ CH2- C( CH3) 3.
H o R

10.

11.

K>

TR )
wherein R' is hydroxy or NHSO,R' wherein R is (C4.g)alkyl, (Ca.7)cycloalkyl or
{(C,s)alkyl-(Ca.7)cycloalkyl }, which are all optionally substituted from 1 to 3 times
with halo, cyano, nitro, O-(C+.¢)alkyl, amido, amino or phenyl, or R" is Cg or Cyo aryl
which is optionally substituted from 1 to 3 times with halo, cyano, nitro, (Cqp)alkyl,
O-(C1.¢)alkyl, amido, amino or phenyl; R? is t-butyl, -CH-C(CHs)s, or -CH,-
cyclopentyl; R is t-butyl or cyclohexyl and R* is cyclobutyl, cyclopentyl, or
cyclohexyl; or a pharmaceutically acceptable salt thereof. ‘
The compound of formula | according to claim 1, wherein R’ is hydroxy, NHSO:Me,
NHSO,-cyclopropyl, or NHSO,Ph.
The compound of formula | according to claim 2, wherein R' is NHSO,Me or
hydroxy.
The compound of formula | according to claim 3, wherein R’ is hydroxy.
The compound of formula | according to any one of claims 1 to 4, wherein R? is t-
butyl or CH,-C(CHy)s.
The compound of formula | according to claim 5, wherein R, is CH,-C(CHjs)s.
The compound of formula | according to any one of claims 1 to 6, wherein R® is t-
butyl.
The compound of formula | according to any one of claims 1 to 7, wherein R* is
cyclopentyl or cyclohexyl.
The compound of formula | according to claim 8, wherein R* is cyclopentyl.
The compound of formula | as defined in claim 1, wherein R is hydroxy, R? is CH.-
C(CHs)s, R¥is t-butyl and R* is cyclopentyl.
The compound of formula | as defined in claim 1, wherein R' is hydroxy, R? and R®
each is t-butyl and R* is cyclopentyl.
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7. The conpound of formula |I according to any one of clainms 1 to 6, wherein
R3is t_ butyl. 8 The conmpound of fornula | according to any one of
clainms 1 wo03/o64sherein R4 is cyclopentyl or cyclohexyl. @CTKh@3paypound of
formula | according to claim8, wherein R4 is cyclopentyl. 10. The conpound
of formula | as defined in claim1, wherein RL is hydroxy, R2 is CH2-
C(CH3)3, R3is t-butyl and R4 is cyclopentyl. 11. The conpound of fornula I
as defined in claim1, wherein RL is hydroxy, R2 and R3 each is t-butyl
and R4 is cyclopentyl. -36 WO 03/064416 PCT/ CA03/00091 12. The conpound of
fornul a 112as dTeéicompound of fainmld | aswefinedin &aim $, vilyeteiox®’ is Rpdrosy, 832 CHEH3) 3,

dofined i n ol Haras Rerforekll PRSI "G Ga) 3, and RS and
R4 each i $3.cy@helcempbundldf.fofinga tasrpefined imf:lai'nu)n,rmﬂ\exeih_ﬁfsis typdroxe ®2iisnChb-ai m1,
oyol obuty! . 150THE PSRBT P S Rh¥ITos et i ned in ol i m L, wherein RL
i s hydroxy4. RThesoBpBundiiCbid)Ba | ®3défmed-idiaiph 1amersld R'Ss bydibgh®’ys . 16. The
SOt TSPl B R B ki 50 R 2 eecane R i
fornula |1@as dééicomgound ofl fainmold. | as\befinedin &ain $, \NhBé)BFFh‘,is Rpdrosy, FEHQCBé-CI—IS) 3,
corpri si ng. an SRR LA BUTLARAR ety O e amount. of . compound of
fornul a | 1@ccdhdicompbunchofiformea bas définedsn ¢laino 1. Wherein R is pitsiQxbleeBE iscal | y
carri e modi usiCGHRAR 43 o R e compost £ on
accor di ng1T.0 Jhaicampeynd ofrfotmuia tasrgefinedinyclaim 1 hwherpioR'iie MHSO.Bhf BEisi ve
o o ool TR0 sl R 08B on T prarmesu
sel ected 1&_3.omA MrmaMigalmnmosipe@mer@mmaq antehépatitin C virally qffﬁ_gtive _
oot T ngentmFOPSLAAESS bl 5B Ry She SPoaBNB, 5340 o1 e
to claim19, pbamrackdticaliiecesptabimsalt tbeleef, in admixture with a pharmaceutically
acceptable carrier medium or auxiliary agent.
19. The pharmaceutical composition according to claim 18, further comprising a
therapeutically effective amount of one or more other anti-HCV agent.
20. The pharmaceutical composition according to claim 19, wherein said other anti-
HCV agent is selected from: o-interferon or pegylated a-interferon.
21. The pharmaceutical composition according to claim 19 or 20, wherein said other
anti-HCV agent is ribavirin.
22. The pharmaceutical composition according to claim 19, 20 or 21, wherein said other
anti-HCV agent is selected from inhibitors of: helicase, NS2/3 protease and internal
ribosome entry site (IRES). ,
23. A method for the treatment or prevention of a hepatitis C viral infection in a mammal
by administering to the mammal an anti-hepatitis C virally effective amount of a
compound of formula | according to any one of claims 1to 17, or a
pharmaceutically acceptable salt thereof.
24. A method for the treatment or prevention of a hepatitis C viral infection in a mammal
by administering to the mammal an anti-hepatitis C virally effective amount of the
composition according any one of claims 18 to 22.
25. A method for the treatment or prevention of a hepatitis C viral infection in a mammal

by administering thereto an anti-hepatitis C virally effective amount of a compound
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anti-HCV agent is selected frominhibitors of: helicase, NS2/3 protease and
internal ribosone entry site (IRES). 23. A nethod for the treatnent or
prevent i owomB/oeddvepatitis C viral infection in a manmal PETANIBNI®LEr i Ng
to the mamal an anti-hepatitis Cvirally effective amount of a conpound
of fornmula | according to any one of clains 1 to 17, or a pharmaceutically
acceptable salt thereof. 24. A nmethod for the treatnent or prevention of a
hepatitis Cviral infection in a manmal by adm nistering to the mammal an
anti-hepatitis Cvirally effective amount of the conposition according any
one of cl ai s oflfdnholalacciding Ao amy broloffataims Hdo t 7 cartanibrtapeutiqgallg aecdptaiole of a

hepatitis C vir infecti noin & I n thereto an
anti - hepatit | §a@'\?i“?°él’] (Prikp %PPW%&H%P@%B@W@ 37 WD 03/ 064416
PCT/ CA03/ 28009 The oetfad aecoalirig maﬂmrmcﬂSnyhemiraswd other arti-dC¥i agenllistseleti®d or a

therapeuticalclv\é acce trfab e salt therggf in conmbination with one or nore
ot her anti - HCPRG &rPters@n of REIYALH SMELeI i ng to clai m 25, wherein said
ot her ant27HCVYha@gsihod sccarlirerioathimfasosn2eawheresr $atd otheoantpEGY| sajeatlis

a- |nterferon %7 The met hod according to claim25 or 26, wherein said
ot her anti - is ribavirin. 28. The nethod according to claim25,
26 or 27, 2ayherraemamda@bl‘uarg prdldimtdby26.9e Y, witerein ahieladtioal antidiCV agertid or s

oL el o AR TGP e Nabel BRSSPl ) (2

the manufact lsrte(IBEsa rredl carrent for the treatnment or prevention of
hepatitis

Vi i nfecti he phar ceutlc i.on_accordi ng
to claim %é: e@( aﬁmp%rgfcgf fﬂm%%‘? Ea%c[oﬁcg?g OV or\g‘a/cggggqq? ?éﬁﬂh%hl bit or
of HCV pol ymenasefaclite off & medizhheet foe tar tedatgettor previenti@bof tidpatitis @ Virawher ei n
said other anti-HCV agent is an inhibitor of HCV pol ynerase. -38

infection.

30. The pharmaceutical composition according to claim 19, 20 or 21, wherein said other
anti-HCV agent is an inhibitor of HCV polymerase.

31. The method according to claim 25, 26 or 27, wherein said other anti-HCV agent is

an inhibitor of HCV polymerase.
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