WD 03/ 064455 PCT/ CA03/ 00089 MACROCYCLI C PEPTI DES ACTI VE AGAI NST THE
HEPATITIS C VIRUS FIELD OF THE | NVENTI ON The present invention relates to
conpoundswopBoeasses for their synthesis, 5 conpositions aad/amBlocss 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 infection. 10 BACKGROUND OF THE | NVENTI ON Hepatitis C
virus (HCV) is the major etiological agent of post-transfusion and

comuni ty- acqui r 8StACROCXCLICPEPTINES ACTYEAGAINS TEHEIHERATIEES C ViRRYE t hat
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 FIELBOBIBE INVENTUQN| ed 15 chronic hepatitis C. This group is in

turn at high g sk oo SRIOHTabbY B HhRRARE RHGILES for e RmLENOS! S,
hepat ocel | ul ar ¢carcrnoma and Yermna Iver 'disease lTeading to death. The
mechani sm Hy odmpdsitle@y asd methodstfestheitieaiment pkhepaditic € vind (M@Vsiefectiorhilgh r at e

of chronic |i dl : ; ; eluci dat tis. not
enown how 20 FEIPT ERHRdAT BhudGFB AP ANt oHElegS Flmaceifall
addi tion, thecompasitions cogtelning suchandlops and Alethadmiercusingsthesrs aralogs ipthst ect i on

agai nst HCV if?éﬁﬁ]tehp& O infddtsgase have yet to be established.
| mmunogl obul i ns have been reported for prophyl axis of

transfusi on-associ ated viral hepatitis, however, the Center for D sease

Control dggs Egéfﬁwﬂmélﬁwd i mmunogl obulins treatnment for this

purpose. 25 T a f ‘an effective protective inmmune response is
hanper i ng t heHearatdis Spyist(HCY) isdhe maigretolegicalragnbefrqsbiansdygiensance

prophyl axi s NeaAMLRHFactRirednbhlA MRS néRHiT wol@Ras. RiSedtindidythBt SRF208N
antiviral interventions. Various clinical studies have been conducted w th

the goal of i@k ReAPIeGVItsvidRmRRRRIEGIeA OXIthaegEs: S BigR RBICENtREe 6f sastiersvel y
treating HCV padope érpbnitdllyRabitedaRd nithl [orsgress tichPorfidiiventiged 8é-chiled C.
These studies have involved the use of interferon- al pha, alone and in
combi nat i &% wPRrANighRRAtitg G-i This grougdifttern aghigh risk fefi SgioHR (Ner dSRBYMSURAS a
substanti al ngyEbeiFrhesis Hpaftrelllsd Redcnadanderminasiendisbasd IB&§iRg td ditiapi es,
and of those that do respond favorably, a large proportion were found to

35 relapse after termnation of treatment. -1 WO 03/064455 PCT/ CA03/ 00089
Until recentl yhe metrdrighop whidhNiICWastablitbieo Niry prvsistendt and dxRicépy high rateoven

benefit of chronic liver disease has not been thoroughly elucidated. It is not known how

20 HCV 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 Disease
Control does not presently recommend immunoglobulins treatment for this purpose.

25 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.

Various clinical studies have been conducted with the goal of identifying

30 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
therapies, and of those that do respond favorably, a large proportion were found to

35 relapse after termination of treatment.
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approved in the clinic for patients with chronic hepatitis C. However the
sustained response rate is low, and interferon treatnent al so induces
severe siwe-wfibasts (i.e. 5 retinopathy, thyroiditis, acuteTpawsnemditis,
depression) that dimnish the quality of life of treated patients.
Recently, interferon in conbination with ribavirin has been approved for
patients non-responsive to I FN al one. However, the side effects caused by
| FN are not alleviated with this conbination therapy. Pegylated forns of

i nterferons such as PEG Intron(r) and Pegasys(r) can apparently partially
address 10 these deleterious side-effects but antiviral drugs still remain

t he avenue of lﬁhﬂb@&mtl?%terf@foﬂ'(IFtN)Q@ésﬁﬁé\an?favkiEBIe tﬁ@@p@fo@b%veﬁbaﬁ&@ exi sts
for the devel ogment 0 ffective antivira %ent s. for treatnent of HCV

i nfection t haBPRIPRLBRE IR Tor RRieRts Wity clyprigkeRRYls & flereaciogskeained 15

t her api es. HC)résipSns'U\raw“W%v@%d nmeﬁerbh\t@aﬁﬁéraa@omcés béNeré Bidefects (i.e.
Fl aviviridae fam| gle strand proxmatel

a
6500 mucl oy i HABOpAIhy. dNERiR o s UfpRaner oA HORrSRIEt PELATISt the ualpie
encodi ng a si agﬂr@témpg@naoIBﬁm@aﬂﬁnme@éroﬁmmtﬁﬁmathamamnehas geen | InI |
ce ul ar

i nfected cells, thi tein is clea e sit
and viral prof Mgé"s"sfpg #5' Q7R %Sﬂ‘f%}&ﬁ'g&ﬁ’"&"y%ﬁef r}etﬁf‘f%? Y NS)
proteins. In bkm;eddn&SEN afe Hﬁ\é.lIembedq&mehlatcbmbmeflomtﬂw nuyy&némtrw of

prot ei ns ( NS2 5A s _effect by two viral
b1 ot eases ThETEEE el as FE0 HiroNBoA PR GrunpalRnt GpERULROASY e
NS2- NS3 | rmct these Gbleterietio sitib-effetis bukantivoalau@stiNg2hainphe tease)of chdiee fecond
one is a seri l%ptal ned within the N term nal region of NS3
(NS3 prot ease? ﬁé&%%ﬁagft es ‘al | the subsequent cleavages downstream of
NS3, both in cis, at ‘the NS3-NS4A cl eavage site, and in trans, for the
remai ni ng NS4 FN%F S lhl?,ﬁﬁ n appears
to serve mul t;ﬁB unc |§r$sué%o %&V[&%gﬁ‘eﬁ 5feet§fect-iUTEean eaﬁé@&ﬁdrrot ease and
possi bly 30 atsatgtenhef HGV 1r1ﬁ@ctlnerﬂttﬁt@nercmealhe timaitations of exigdgahdrroadesticali r al
replicase ;sonpRisydsS. The conplex formation of the NS3 protease with NS4A
seens necessary to the processing events, enhancing the proteolytic
efficiency at all of the sites. The NS3 protein also exhibits nucl eoside
tri phosphat asgcing aR¥AVISH ?C@o%ﬁva%ihmhmsv bR Fnainﬁrﬂ%ﬁh §

pol ymer ase t hat |sa| nvo‘%] I n I he rre |cat|r|uon ofe VAl ?Zﬁﬁ\gﬂg %&4455
PCT/ CA03/ 00088trand KW &ENA g@tcm& @@PPfQ%ﬂ“Qtﬁ@ 958%11@1%@#@ Irbltenaﬁhtanohhama agent s
is to Inactlvgihgle\epeﬁllréaamgem@@@npﬁmmgtmglérﬁg@ﬁa%}bteﬂ of d®ouf 0

replication of the viru
20 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,
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

25 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
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

30 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 sites. The NS3
protein also exhibits nucleoside triphosphatase and RNA helicase activities. NS5B
is a RNA-dependent RNA polymerase that is involved in the replication of HCV.

35
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The followng is a list of patent applications published in the |last few
years that 5 disclose HCV NS3 protease inhibitor peptide analogs that are
st ruct ur aWbysa@sd4b®r ent fromthe conpounds of the present PCax@Bioasy GB
2,337,262; JP10298151; JP 11126861; JP 11292840; JP 2001-103993; US

6, 159, 938; US 6, 187, 905; WO 97/43310; WD 98/ 17679; WD 98/ 22496; 10 WO

98/ 46597; WD 98/ 46630; WD 99/ 38888; WO 99/50230; WD 99/ 64442; WD 99/ 07733;
WO 99/ 07734; WD 00/09543; WD 00/ 09558; WD 00/20400; WD 00/59929; WO

00/ 31129; WD 01/02424; WO 01/07407; WO 01/16357; WD 01/32691; WO 01/40262;
WO 01/ 58929; NgQeoerabgieitegy fpche tevelpgsent af\@ntivival agergs iswpiraeligtsvimlly WO

021 18369, vio 3 B0EING 8 BB RS o Ko o MU, 7 csent.

invention distinguish thenselves by having a different chemical structure

and by the Swmé \‘o'?lbﬂﬂx Lé,Q%trb@pmﬁfa;sméa(uoﬁe%‘abﬁgh@al.a tﬁe'liﬂ?'fé%?ed‘gﬁa't\lsc”

protease while showng insignificant inhibitory activity against other
serine 205 pr@'ﬁ@'ﬁ%%b'c Mi$3 H@Fﬁ?ﬁ?é‘h'tt'ﬁép%ﬁ‘ﬁ(ﬁﬁ‘ﬁ s dhat apstiupdurally diffgrenteyl tur e

and have surfbinhé 8bMpSlRRY oPiRIPTBSK inBhtigh: profile in vivo. SUMARY OF THE
| NVENTI ON I ncl uded in the scope of the invention are conpounds of formula

I: MO / NNHOSNR HONN,RR 0OOss OWO ~H25R-0(~)
wherein Rl lsebyziswxszOUPWBiAnwmﬂrz@Bm -BP'11292848: U)ok ylo3993;

(C3_7)cycloal k Cl 6 aI 3.7 cl oal ich are all
ey e o2 (¥ Pha bl b b WOl N Vi oo GBeBise
PCT. {? ﬁ03/ @@CgSWo baMe597c?m0@8/4met30 cwo@s(/ﬁ&e@) Wk 9b/50280; IPO 986439201 pgenyl ,
or IS to t1mes
O Rt 5. 2, Bl S8 5 8y Sy RO 508! W Bphde VG o £ 2,
phenyl; R2 i svx(@:ﬁgﬁ};gag; Ivealdoyd 1128,V B30 1/62424¢ Wap e MOy 407; WO D1/16357;

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;

15 WO 02/08251; WO 02/08256; WO 02/18369; WO 02/60926 and WO 02/79234,

The compounds of the present invention distinguish themselves by having a different
chemical structure and by the surprising finding that they specifically inhibit HCV
NS3 protease while showing insignificant inhibitory activity against other serine

20 proteases. Furthermore, the compounds are active in cell culture and have

surprisingly good pharmacokinetic profile in vivo.

SUMMARY OF THE INVENTION

Included in the scope of the invention are compounds of formula |
MeO

72
S

\

25 R—0 )
wherein R’ is hydroxy or NHSO,R' wherein R™ is (Cy.g)alkyl, (Ca.s)cycloalkyl or {(Cs.
s)alkyl-(Cs7)cycloalkyl}, which are all optionally substituted from 1 to 3 times with
-3-



pharmaceutically acceptable salt thereof. 5 Included within the scope of
this invention is a pharmaceutical conposition conprising an

anti - hepawotis®e@syiral |y effective anount of a conpound ofPCthﬂMﬂ/loa)si) or a
t herapeutically acceptable salt thereof, in adm xture with a
pharmaceutically acceptable carrier rredl um or auxiliary agent. 10
According to one enbodi nent, the pharmaceutical conposition of this
invention further interferon (pegylated or not), or ribavirin, or one or
nore other anti-HCV agent, or any conbination of the above 15 Anot her

i npor t ant  aspbalp, @ane, étra, 19y hte) ey, iamidd, wasincorRitehy dordR ™ tis € Gg asylbjsht i ti s

ant | -hepat 11 & gl oI kof SRR EMA h8 B ST i

t her apeut i cal k)ylkﬂc@mppa@h@oyapherwheﬂ d®{Cs. e)wclaalbyirapdﬁ tis mlwgnwbgcau bed

above, al one ﬁﬁar%c&&@fﬁcb@@b@&ht%@opre nore of: interferon (pegylated
r

or not), or bavirin nmore ot her anti-HCV 20 agent, all of
whi ch adm i stered together or separately. Another inportant aspect of the

| nvention invchmédamFrﬁttn&chbfe o?imyﬁo&mraa .@ar@ﬁaﬁﬁa&hﬁcal Som.bés'f\lon' nfection in

a manmmal by admnistering to the nmammal an anti-hepatitis vira
ef fective anmpEePiEingaaiprapatitic vireneffestive araownéwf asemppend <Pf>f°%&%i;1°abl e

salt 25 thereQﬁherQﬁemﬁc&@%@éﬁt&ﬁl@@al@%eﬁj@o?%'aQ%t@lrQWtﬁ’a ;ma%scéw.céw
conbination wth one oré nore of: interferon (pegylated or not),

ri bavirin, ora¢gfieptable easHer rRdidm OéﬁF’F'"a}%%ge’ngnt adm ni st er ed toget her or
separatelygs Also within the scope of this invention is the use of a
conmpound of forrmula |, as 30 described herein, for the mapufacture of a

medi cament  f ofCEHANG {@aReFRPOGMeNty tha RhigrMaceUlFaliraBRES P OIGNGIRVENtionf ect i on.

DETAI LED DESCririRét ﬂ&rf@l%rﬁBEdan%&Dr E&(Bgahbﬁhfﬁﬁoraeé bhinbieCdtRerdmtiAsCwised
herein, the foll ow @%Mdef n| ti o Bgﬂ‘é unl ess otherwi se noted: -4 WO
e

03/ 064455 PCTRLIBN FHYS§eM WPCPP? to the instances where (R) or (S)
is used to designate the absolute configuration of an asym‘retri c center,

the cont ol ofhehEr ERAGNAsERG ok Pireverion O fes Poteie i TRBHRs s BobalE s o
used herei n r efainfécioh rea pasirhal @y adMiristeriegriorthbe mammal an anti-hepatitis C virally
effective amount of a compound of formula |, a therapeutically acceptable 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
20 agent, all of which administered together or separately.

Another important aspect of the invention involves a method of preventing 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 therapeutically acceptable salt

25 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.

Also within the scope of this invention is the use of a compound of formula |, as
30 described herein, for the manufacture of a medicament for the treatment or
prevention of hepatitis C viral infection.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Definitions
35 As used herein, the following definitions apply unless otherwise noted:
-4-



acid residues starting fromthe C-term nus end of the peptide anal ogs and
extending towards the N-termnus (i.e. Pl refers to position 1 fromthe
C-ter m nusp 0BA644scond position fromthe Cterm nus, etcPLT(@a/088pger A
& Schechter |., Transactions of the 10 Royal Society London series B257,
249-264 (1970)). As used herein the term" (1R, 2S)-vinyl-ACCA' refers to a
conpound of formula: S~ OH H2 NRO nanely, (1R 2S5 1

-am no- 2- et henyl cycl opropyl carboxylic acid. 15 The term "hal 0" as used
herei n neans a hal ogen substituent selected frombrono, chloro, fluoro or
iodo. The term”(Cl_6)alkyl" or "(lower)alkyl" as used herein, either alone
or in conbina t i & | ght or
branched chai W'@Ir}ﬁfefé}‘sc}%ﬁt;ép}eﬁ ﬂ%&?@é’s V@%ﬁ? FF) nc#g‘?f'? Fon Sed ?%\%I([:éatfﬁggﬁg%tafgns and
i ncl udes, for C@)f'sbrﬁllﬂ@n ohen Wmm@flﬁyenterpfwﬁ&gnam 5$Id°nﬁé!3<§hle Coﬂtemfhm et hyl ,
1- met hyl pr opYhnoid <BRPBUAPERPHS iR HE cbibxEofTRS Bubkiubht alondhe ter m

"(Cl1_8)al kyl" as used herein, either alone or Iin conbination wth another
25 substitwent, means acyclic, straight or branched chain al kyl

substituents ‘?ﬁ’é‘H@é@Hdi@n ¥pq tEp, %n&@@b%uﬁcﬁ@enﬁﬁ&ek fbcthb'%§tnorf &rth@éﬁ\mN e,
met hyl , ethyl, 2,2-di rre}@_?(l ‘butyl , hexyl 1- net hyl hex heptyl and octyl.

The term " ( C325§ iaidussIskaring fzﬁ%‘“@?ﬁa@ t?f@”r"éisrﬁndé?ftﬂP\%Pelﬁldﬁr?@alﬁ’Bs ?ﬂd E¥RBHIRGt i on

with 30 anot heyvabdsht iN-tepfinus maps raefswslp@alu&yh fRowPEbid-teeminug vt dkdriag from
three to seven carbon atons and includes cgrc E ﬁ%@ﬁ[cycl obutyl

cycl opentyl BQRYBERE) thefmderminus; 8iqd k38R Berg &5 1 BA§aQians PHHEs9
The term' é(%ﬁél@ok%hﬁoﬁ@ﬁk@ﬁ@g@ﬂg&g beapiozegd herein neans a cycl oal kyl

radical containing from3 to 7 carbon atoms di rectly linked to an al kyl ene

radi cal containing 1 to 6 carbon atons; for exanple, cyclopropyl nethyl,

cycl opent yl et Ayusedhergml thb ol (B, Iaﬂ)-yinylymoh'eveyéretdla lcompahd of formula:

cycl oheptyl propyl. In the instance where RBA is a

{(C1_6)al kyl-(C3_7)cycloal kyl}, this gr attached to the SO2 group via
n) o

the (Cl.6)alkyl (i.e. the alkylene port phe term"O (G _6)al kyl" as
nmeans the substituent -O (Ct _6)al kyl V\/nerelon al kyl is as defined above

used herein, either alone or in conbu.nntl W|th anot her 10 substituent,

namely, (7R, 2S) 1-amino-2-ethenylcyclopropylcarboxylic acid.
15 .
The term “halo” as used herein means a halogen substituent selected from bromo,

chloro, fluoro or iodo.

The term “(C,.¢)alkyl” or “(lower)alkyl” as used herein, either alone or in combination
20 with another substituent, means acyclic, straight or branched chain alkyl substituents

containing from 1 to 6 carbon atoms and includes, for example, methyl, ethyl, propyt,

butyl, hexyl, 1-methylethyl, 1-methylpropyl, 2-methylpropyl and 1,1-dimethylethyl.

The term “(Cy.g)alkyl” as used herein, either alone or in combination with another

25 substituent, means acyclic, straight or branched chain alkyl substituents containing 1
to 8 carbon atoms and includes, for example, methyl, ethyl, 2,2-dimethylbutyl, hexyl,
1-methylhexyl, heptyl and octyl.

The term “(Cs.7)cycloalkyl” as used herein, either alone or in combination with

30 another substituent, means a cycloalkyl substituent containing from three to seven
carbon atoms and includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl.



containing up to six carbon atonms. O (Cl_6)al kyl includes nethoxy, ethoxy,
propoxy, 1 -nethylethoxy, butoxy and 1, 1 -dinethylethoxy. The latter
substi t uewD iB®edandWN comonly as tert-butoxy. 15 The ter ®CT/CA03/00089
"pharnmaceutically acceptable salt” neans a salt of a compound of formula I
which is, within the scope of sound nedical judgnent, suitable for use in
contact with the tissues of humans and | ower animals w thout undue
toxicity, irritation, allergic response, and the |i ke, commensurate with a
reasonabl e benefit/risk ratio, generally water or oil-soluble or

di spersible, and effective for their intended use. The term 20 i ncl udes

phar maceut | cahy hone! Abkg @¢heycRlyl Ausdlietein b d RRENIrGA LAY

accept abl e base addi suitable salts are found e.g.,
S.M Birge QOIH@IHIHQJVOWF%K}MGFQQF atoanjmectth\kegF;o an akglengradiqal P%ntﬁ@'rnéby

' ncor porated Py, Sﬁé%ﬁ%‘&ns ity éxbﬁ\p%n delcﬁirUpylrﬂéthJ Ih&/clopemtylethyl,
“pharmaceutical | y- accegwlz le aci d Ition 'salt™ nmeans hose sal ts whi ch
€

retain thed bi eYdexdme tﬁ'?'\%ﬁ'é@éﬁ' andicysidtiseminreryl.oln the insiange WhgeR™ and

whi ch are notjs abﬂ(QJ G%Jkﬁa?éi 7ycy@roaR9IPQﬁ|§\ﬂgﬁﬁthl§‘dﬁédrfea% the $0J 55\‘8%) Vatthe | NOr gani c
aci ds such as(C {ﬂ rochloric ‘acid %/hro romc acid, hydroiodic acid,
$

sul furic acid\ 'Tybﬂfﬁcthﬁéf'ﬂ'e”eﬁp'ft'fa aci d, phosphorl c acid, and the |ike,
and organic aci ds such as acetic acid, 30 trichl oroacetic aC|d

trifluoroacetjc aci dipjc acid, alginic acid, ascorhic aci partic
i d, " bengenelte o -Gep Ik B8 yescerdingeithst 2ls0e ok JHermRaoac Y, NGHB) 1 |
gci Fl Carrmormosmeflth nfeaﬁplh;yﬁmbftoérhtgoa(c;, gbtalkw!vvm@ih_ d@lkzyn}sds defifigd ébogél d,

i gl uconi c aci et hanesu i c.aci m.c  aci col i c aci
Gl e ophos pHOTIANGEILR 15 Shenftniatstts-0r 6+ AW siGfes raesPn” Rbk S breroie
formc acid, f{umahylethaxy, dutoxy &id hydiratyipttnere Sieflatter substitubnt iss@blynoni ¢
acid), Iactlc acid. . maleic acid, hydroxymaleic -6 WO 03/064455
PCT/CAOS/00083““@8W¥as&arﬁg°§ﬁld mal oni ¢ acid, nandelic acid,

mesi tyl enesul foni ¢ acid, met hanesul f oni ¢ aci d, naphthal enesul fonic acid,

ni coti ni caci g oo, naplibhabsne OAchgeasﬁ%%wme%@g K8 86 SomBRRI gy

pectinic acid, p eny I'¢aci propi onrc-aci Icric acl
pivalic acid, wpucbp}a withio tmsmpepysmmd:madlpal,jumeruydultablé fcarcusd in sbrgactivgthaci d,

succini ¢ _aci dthgﬁ%f%nckflﬂuﬁ"aﬂﬁ'aqdjlc{\{% taﬁirrﬁa%, Mht uﬂdﬁé[) °R%W§'Hia§'8'2;c?§i%@fé§dbase

undecanoi ¢ aci arna
addi ti on sal t respenges and tt@dlksanomnmume Mtbtaaeasqnableme@btﬁglsbaatiOege@eraliwenes S

and propertieg,@f, %\ﬁsglﬁglﬂ@o?@b%ﬁssﬁl@damgﬁ&tl% goar?ﬁélr intsf Q&Qéé)gfﬁéat!ew or

ot herwi se undesira or ne i nor gani c_bases R G S MmN or
hydr oxi de20 cainsbdes phargyaceiticalibansapiebleracicharsitiansads and pharmacedicatin such as

acceptable base addition salts. Lists of suitable salts are found in, e.g., S.M. Birge
et al., J. Pharm. Sci., 1977, 66, pp. 1-19, which is hereby incorporated by reference
in its entirety. '

25 The term “pharmaceutically-acceptable acid addition salt” means those salts which
retain the biological effectiveness and properties of the free bases and which are not
biologically or otherwise undesirable, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, sulfamic acid,
nitric acid, phosphoric acid, and the like, and organic acids such as acetic acid,

30 trichloroacetic acid, trifluoroacetic acid, adipic acid, alginic acid, ascorbic acid,
aspartic acid, benzenesulfonic acid, benzoic acid, 2-acetoxybenzoic acid, butyric
acid, camphoric acid, camphorsulfonic acid, cinnamic acid, citric acid, digluconic
acid, ethanesulfonic acid, glutamic acid, glycolic acid, glycerophosphoric acid,
hemisulfic acid, heptanoic acid, hexanoic acid, formic acid, fumaric acid, 2-

35 hydroxyethanesulfonic acid (isethionic acid), lactic acid, maleic acid, hydroxymaleic
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sodi um potassium lithium calcium nmagnesium iron, zinc, copper,
manganese, alumnum and the like. Particularly preferred are the

anmoni umwpaBaesisiim  sodi um cal ci um and nagnesi um sal t SCTENBHOMERr | ved
from pharmaceutically 15 acceptabl e organi c nontoxic bases include salts of
primary, secondary, and tertiary am nes, quaternary am ne conpounds,
substituted am nes including naturally occurring substituted am nes,
cyclic am nes and basic ion-exchange resins, such as nethylam ne,

di met hyl am ne, trinethylam ne, ethylam ne, diethylamne, triethylamne,

i sopropyl ani nagidtraligragsy matanicacid, mangdeli¢ agid.maesitylengsidioaisiasid, 20

di et hanol am ”ﬁmetr%ngét{ﬁ%hiwcﬁrhgﬂﬁﬁé]m%or%c Qg&tm&étﬁam %B?d?tzhano'

di cycl ohexyl am ne si ne I ni ne caf hydr abam ne,

chol i ne, bet aﬂ@@thaé%%ip'é‘?fwa%t% gxalic a‘tﬂ (RETWINRGD Pefiinie prig) l@hﬁé‘bﬂiaﬁ%ﬂc acid,
t heobrom ne, BYhbRfsropiBhBBERZ biRfe adll Ftﬁ‘«Fdh%a@ prbb.oﬁkmetdobp.%o.b%uaesancync

t et r amet hyl ammoni um conmpounds, tetraeth ?/ ammoni um conpounds, pyri di ne,
N, N- di met hyl aﬁ?'%lsﬁ%ﬁf'clﬁclﬁ’eﬁ‘l‘ﬁﬂ'fm ped syifanilic W%@WIW%HGP#UHEBSUQB"'C acid,

di cycl ohexyl aghdiRandlt BeBZanPwbMRe. N, N-di benzyl phenet hyl am ne, 1-ephenani ne,
N, N - di benzyl et hyl enedi am ne, polyanine resins, and the like. Particularly
preferred organic nontoxic bases are i sopropyl am ne, diethyl am ne,

et hanol ami ne, Thé fekrﬁ%ﬁéfhﬁﬂ%mﬁtﬁ:allﬂé&)éﬁiaﬁféﬂj@éb%ﬂblﬂ@n s&lrQhédi, th@d@cbangmh%ne 30
The term "antiviral

rein neans ent 0 ,
b1 ol g1 cal ) | (o NetappEa SpeMEaes S AROPHES PUMRAEE oS AR PR PEbt f on
of a virusoi nbislogRamEdr.otidtivise Unaééwams fo&meamthtumgamabegésesmh\asrahmmrﬁdner
host or viral chary SB, NECESS for t for.mati on | cation of

avirus in a CARRrPORFIGH OF Qafe |%"HB°“'T‘@r°r ae’ié% ? '°”|SP rin,
amant adi ne, \Viodikaw, ddwsiummﬂﬁlnrb,,ca‘umlmena@harummeuizumlcsbper\/ﬁ(aﬂgar@% (Vertex

Phar maceuti cal s Levovi.ri di ne maxam ne XIL-001 -7 WO
087 064458 PerPERipTbRHMe Ty el Paeteta g e PRSI Borast o o1

ot her anti - HCsbdigedalcham Lamtinhgrresmm saitsn Saltb deveaigeomh pharhaiceaticallef f ecti ve
f or dlmnl hi re iLng t.h f '
Gymptons of | saceRleaBL ek hofokBaBHAIe LR R oaiERE Shodritaly, A B o1
agents, i nh| bamimes, qiatertilly ahit3e goropamde, substitutedtannisesoihclbidvg peluyatigr ase or

i nhibitors of ?&!?;Pr ngesrub%ﬁﬁﬂﬁtadqu%s Egﬁlcuﬂ(nés difd ?t! iGn-e Qﬁ gsi%e rzs suchas

"i mmunonodul a means ose a
bi ol ogi cal s) tnleﬂwlaame glirhetbylaminet tﬁlnmﬂmweemthm@ntdlamalam i m"rune system

response in a I t w%e mnp cl ass
| interfer onst E suicﬂhne Ia-i i&lﬁ?ﬂ@é %a&{csfy(l)ﬁrrgiﬁg t|ﬁtr)llftglrgf er oﬁgﬁaﬂélgu I nt erfer ons,

20  diethanolamine, 2- dlmethylamlnoethanol dlethylammoethanol dicyclohexylamine,

lysine, arginine, histidine, caffeine, hydrabamine, choline, betaine, ethylenediamine,
glucosamine, methylglucamine, theobromine, purines, piperazine, piperidine, N-
ethylpiperidine, tetramethylammonium compounds, tetraethylammonium
compounds, pyridine, N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine,

25  dicyclohexylamine, dibenzylamine, N,N-dibenzylphenethylamine, 1-ephenamine,
N,N’-dibenzylethylenediamine, polyamine resins, and the like. Particularly preferred
organic nontoxic bases are isopropylamine, diethylamine, ethanolamine,
trimethylamine, dicyclohexylamine, choline, and caffeine.

30 The term “antiviral agent” as used herein means an agent (compound or biological)
that is effective to inhibit the formation and/or replication of a virus in a mammal. This
includes agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of a virus in a mammal. Antiviral agents include, for
example, ribavirin, amantadine, VX-497 (merimepodib, Vertex Pharmaceuticals), VX-

35 498 (Vertex Pharmaceuticals), Levovirin, Viramidine, Ceplene (maxamine), XTL-001
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consensus interferons and asialo-interferons), class | | interferons (such
as y- interferons) and pegylated interferons. 15 The term "inhibitor of HCV
NS3 pr ot eaoa3oessuised herein neans an agent (conpound or poiTadAngioemb) t hat
is effective to inhibit the function of HCV NS3 protease in a manmmal.

I nhi bitors of HCV NS3 protease include, for exanple, those conpounds
described in WD 99/07733, WD 99/07734, WD 00/09558, WO 20 00/ 09543, WO

00/ 59929 or WD 02/ 060926, the Boehringer Ingel heimclinical candidate
identified as BILN 2061 and the Vertex/Eli Lilly pre-devel opnment candi date
i dentifi ed asandXD5002(XTLyBepodn®mcedivals).cul arly, conpounds # 2, 3, 5, 6, 8,
10, 11, 18, 19, 29, 30, 31, 32, 33, 37, 38, 55, 59, 71, 91, 103, 104, 105,
112, 113, 114, 115, 116, 120, 122, 123, 124, 125, 126 and 127 disclosed in
the tabl e of phegiesmather2nt-HE/ agent\@s@aeam@ememhmem@thnt ayereffeetivei on

W th the conppygfgy, Qﬁm$ Bﬁﬁﬁma@tthe bROYRELS ik ?rbf heﬁfé}ﬁcsjtce{e@t d%&{%ﬁb%% of HCV

pol ymer ase” as use an a conpoun cal that is
effective %0 fineassi Bugmeageanimean l@mseiecta%frpwnpwrgqmc&@éowmgantaonwamm Thi's

includes, for H@’Wﬁ% Brotda3b)] |Phubf?6r§ oPHCH PGB POk Wt@&eof ah%bPﬂaFdéﬁﬁw of

HCV pol ymerase incl ude non-nucl eosi des,” flor exanple, those conpounds
descri bed i n: thesiQ\fifeicyelei on No. 10/ 198, 680, which corresponds to

PCT/ CA02/ 01127, both filed 18 July 2002 (Boehringer Ingelheim, 35 - US
Application No. 10/198, 384, which corresponds to PCT/CA02/01128, -8 WO
03/ 064455 PCT]stnGouBenompsiuatery agenti as ysad hereinmeansdheserEents ngel hei m

US Applicagi ogoMdouddy &%l&gﬁ@als)whatt‘d?e 864108 ROSkITance oPpdtekitiie tHelikdfine bot h
filed 18 July 2002 (Boehrjnger - WD 02/100846 Al and WO

02/ 100851 A2 P¥S¥hrespppsgin a ’Bam '@Wg%'?ﬂu'ﬂo%ﬁ%%”e'ﬁﬂﬁd%%"ﬁ&'e '(both

GSK), - WO 00&!9&3&eﬁ@%n¥\@&3/£@3@ &'arﬂ%é};al\i’ﬁfeﬁlébons talintBAédr883 and WO
03/ 000254 (both Japan Tobacco 56 628 (Agour on) .

Fur t her nor e of®sensusHntsrtens aﬂfj apjele- 'ﬁtﬂ”?f%‘ﬁh§@séll'S'@eﬁﬁf@nﬁl&%lch@érYeos| de
anal ogs, for jhidfrefrRIRhEpedyRSEintHERMeNds described in: WO 01/90121 A2

(1denix),

The term “inhibitor of HCV NS3 protease” as used herein means an agent
(compound or biological) that is effective to inhibit the function of HCV NS3 protease
in a mammal. Inhibitors of HCV NS3 protease include, for example, those
compounds described in WO 99/07733, WO 99/07734, WO 00/09558, WO

20 00/09543, WO 00/59929 or WO 02/060926, the Boehringer Ingelheim clinical
candidate identified as BILN 2061and the Vertex/Eli Lilly pre-development candidate
identified as VX-950 or LY-570310. Particularly, compounds # 2, 3, 5, 6, 8, 10, 11,
18,19, 29, 30, 31, 32, 33, 37, 38, 55, 59, 71, 91, 103, 104, 105, 112, 113, 114, 115,
116, 120, 122, 123, 124, 125, 126 and 127 disclosed in the table of pages 224-226

25 in WO 02/060926, can be used in combination with the compounds of the present

invention .

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

30 mammal. This includes, for example, inhibitors of HCV NS5B polymerase. Inhibitors
of HCV polymerase include non-nucleosides, for example, those compounds
described in:
- US Application No. 10/198,680, which corresponds to PCT/CA02/01127,
both filed 18 July 2002 (Boehringer Ingelheim),

35 - US Application No. 10/198,384, which corresponds to PCT/CA02/01128,

-8-



WO 02/ 069903 A2 (Biocryst Pharmaceuticals Inc.), and WO 02/ 057287 A2 and WO
02/ 057425 A2 (both Merck/1sis). Specific exanples of inhibitors of an HCV
pol ymer aswp oBfocd4atle JTK- 002, JTK-003 15 and JTK-109 (JapaaThkotwaoesy. The
term"inhibitor of another target in the HCV |ife cycle" as used herein
means an agent (compound or biological) that is effective to inhibit the
formation and/or replication of HCV in a manmal ot her than by inhibiting
the function of the HCV NS3 20 protease. This includes agents that

interfere with either host or HCV viral nechanisns necessary for the
formati on andp@h filegl§ Lt 2098 (Bpehipger ingalhg@hmal . | nhi bitors of anot her

target in the HCV sfgyp ﬁd/a%ﬁ Non%/‘#%esé %hu&K@dTF&sSond&@'ﬁ@W@h@é/oﬂé@“ bit a
target selected froma helicase, an 3 protease and an i nternal

ri bosome ent rjotyifiled 1@4&&5%002/(89%&% @geﬂaam)l e of inhibitors of another

target in the.25 HA bihGosaech Pahd Wobe/ 0Bt ASREIn hiRbS Phar maceuti cal s)
The term"H V inhiDbit Hgﬁ@ (compound or
n

bi ol ogi caI§ T hat W@ 9?’9@&% %396 W9m2699184?ﬁé\1f(69t and/ or replication
of HHV in a mamml WJUO@GSZMMMOQ@SE‘#@AH hedthiMerek)f ere with either host

HV i mamal . HNG PURTS S N DRBaesSh e TaapTabarmelpader ci

i nhibitors, non- nuEPaquscﬁze Am@ugbumys protease inhibitors, fusion

i nhi bit t " HAV i tor"

nerei n neane. SHVRIBHS QoaTBtR B NGV pegerars accbebaroeSie Aoy
inhibit the foxamile, Qho@mdxfwouh@diembe@m of HAV in a mammal . This -9 WO

03/ 064455 PCT/ CA03 agents that interfere with either host
or viral nmechani snwgf/ggg %Hg M¥he  formation and/ or replication of HAV
in a mnmmal . HAV i WO b2/069303 Az (Bicteydti®batrmadestidels inegcames, for exanpl e,

Havrix(r) (4 axoS ré]t%/g | nh|2§gda\(wb 6%.}:%)5&1@ ﬁvh%gcmsg (Aventis

Pasteur). 5 The ter Ftor™ as use neans ah agent
(conmpound or S8pediftpxaaip)es df irdtibitoss effefreIdCV\pelynwrasehlnbludeumK Goar JEK-008 and/ or

replicatio ognd-lﬁkw%g !)accgg i ncl udes agents that interfere with
ei ther host or Vviral anl SNB N cessary for the formation and/or

replication of HBV in a mammal. HBV inhi bi tors i nclude, for 10 exarrpl e
oot a0 i R oo PRARRLITEE 355 P Y AR RS A B
Di pi voxi |,  Epgent fepmpount or pigegicabdiat (Srquectlmolpmmlm@)e formaumand/or
(d evudi ne(r) Jepidd¥BR 3t HATWiRE)mammal other than by inhibiting the function of the HCV NS3
20 protease. This includes agents that interfere with either host or HCV viral
mechanisms necessary for the formation and/or replication of HCV in a mammal.
Inhibitors of another target in the HCYV life cycle include, for example, agents that
inhibit a target selected from a helicase, an HCV NS2/3 protease and an internal
ribosome entry site (IRES). A specific example of inhibitors of another target in the
25 HCV life cycle include ISIS-14803 (ISIS Pharmaceuticals).

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

30 formation and/or replication of HIV in a mammal. HIV inhibitors include, for
example, nucleosidic inhibitors, non-nucleosidic inhibitors, protease inhibitors, fusion
inhibitors and integrase inhibitors.

The term “HAV inhibitor” as used herein means an agent (compound or biological)
35 thatis effective to inhibit the formation and/or replication of HAV in a mammal. This
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Ldt (Tel bi vudi ne), nonoval -LdC (Valtorcitabine), ACH 126, 443 (L-Fd4Q)

(Achillion), MCC478 (Eli Lilly), Racivir (RCV), Fluoro-L and D

nucl eosi dw®,03Redasst af | avone, | CN 15 2001-3 (I CN), Barn 20PCTNowweloasy,

XTL-001 ( XTL), Im no-Sugars (Nonyl-DNJ) (Synergy), HepBzyne; and

I mmunonodul at or products such as: interferon al pha 2b, HE2000

(Hol l'i s- Eden), Theradi gm (Epi mmune), EHT899 (Enzo Bi ochem), Thynosin

al pha-1 (Zadaxin(r)), HBV DNA vacci ne (PowderJect), HBV DNA vacci ne

(Jefferon Center), HBV antigen (OraCGen), BayHep B(r) (Bayer), Nabi-HB(r)

(Nabi ) and Anircluges hggis that inteBfefeCwitly eitlgr;hoaer iB\Meehapisms nrceskaty oréech as

the foll ow ng p B,

TW nRi X, Corr\/Iao)?l‘?Ia %ﬁ&é@ repl]?%ﬁ@ﬁ‘?r%ﬂ%cd'@gng ﬁﬁﬂiﬁﬁ@% @P 'g,r;&ggrg&{?gedﬁ% agtr-ée_llqn

means an i nt evécsines, foeexampuiel Havont GlaxeSmihkdine), NAQTAS (Merck) Bad AuatimBi nd t o

recept or type](Aven{[ppgséxﬁ}?fpudes both naturally and 25 synthetically produced
a

class | interferons les of class | interferons include a-, R-, onega
interferons, tau-interferons, consensus interferons asi al o-interferons.
The term "cl ag aeikie égﬁf\g Bﬁt 28 &;ﬁgg Qbqicsl ect ed
froma group g?ieilrrr?t glrbféroél@?’t a %' to r ept(ormF rGHI % njpl es of
class |1 inteftaéis@ifectivego |lflhtb'Ubé fqrmaﬁ@ream@pbmhcahﬁ@ObHEVn@é@Lﬁmr@all This
conposi ti ons gnuh§§aga¥§ﬁ¢at AR ERY whtR BltifirhoS1\6 VR MBEHRINisAAt dcbosia) 1Rfd Ve
agents sel ecte or“exanple, fromantiviral agents, | mmunonodul atory

agents, ot her farmatiasn anskey TBIP"Cﬂt'RI‘ ad3BYine masunali RBVGNRigitars drclydeior 10 Wo
03/ 064455 4{CT é&:ﬁﬁ@é HYeRR thmhms‘erlswral rDNA lyotyﬁfe%ééform mfcmtear gpbcifid the

HCV Iife cycle, V inhibitors, i nhibitors and HBV i nhibitors.

Exanpl es of SQWF&%Q&%BW@'%‘PWPQ%P LamiviaineéERivir-tHBYnk Adefovir Birivaxdve. 5
Speci fic pref priede¥REREEVirdd® SB@MB@%%W&%%@J | ussh pehaw,

antiviral agents: ribavirin an amant ad atory agents:
class | int erf-étr(ib'ﬁlblvudlh@)smolnpvalﬂid@r(ﬂéli@n@am peldylicatddd (L1F|dt46} (Ashiies), »

i nhi bi tor of mmfgﬁkggﬁu[]geha&ﬂr Ff@va\"/'ﬁM %n&%&léo@ﬁ:‘es'%d%tatﬂ?v&het fEget

selected fro [ 1 case, rotease or interna bosone

entry sit &5 (| ReE)3 (IEN)Bam RAD Hevsias), X\Tl}c@%b T, dminehPugarpiNonyl-DNJ)

non- nucl eosi dj P rhdtidbt hodd: | d
I nt egrase i nhlt%ylntl:e gﬂ) tNeth&ﬁ'ne é/lq? ﬁﬁlﬁﬁ?% oéus&lé% Fse??lgt%scg&?t legn n:fﬁ?ilefﬁ r'IHQBell%\lllé‘t?al

DNA pol yner asEEGP0Q Q—iogﬁ Eq@@) Thesadigia (Egimmune), EHT899 (Enzo Biochem), Thymosin
alpha-1 (Zadaxin®), HBV DNA vaccine (PowderJect), HBV DNA vaccine (Jefferon

Center), HBV antigen (OraGen), BayHep B® (Bayer), Nabi-HB® (Nabi) and Anti-
20 hepatitis B (Cangene); and HBV vaccine products such as the following: Engerix B,
Recombivax HB, GenHevac B, Hepacare, Bio-Hep B, TwinRix, Comvax, Hexavac.

The term “class | interferon” as used herein means an interferon selected from a
group of interferons that all bind to receptor type |. This includes both naturally and
25 synthetically produced class | interferons. Examples of class | interferons include a-,

B-, omega interferons, tau-interferons, consensus interferons, asialo-interferons.

The term “class Il interferon” as used herein means an interferon selected from a
group of interferons that all bind to receptor type ll. Examples of class Il interferons

30 include y-interferons.

The pharmaceutical compositions of the invention may contain one or more
additional active agents selected, for example, from antiviral agents,
immunomodulatory agents, other inhibitors of HCV NS3 protease, inhibitors of HCV

-10-



As di scussed above, conbination therapy is contenplated wherein a conpound
of formula (1), or a pharmaceutically acceptable salt thereof, is

co-adm niwoDasedups t h at | east one additional agent sel ectred/daoenvosan
antiviral agent, an inmunonodul atory agent, another inhibitor of HCV NS3
protease, an inhibitor of HCV pol ynerase, an 20 inhibitor of another target
in the HCV life cycle, an HV inhibitor, an HAV inhibitor and an HBV

i nhi bitor. Exanples of such agents are provided in the Definitions section
above. These additional agents may be conmbined with the conpounds of this
i nvention to polgaemse, iehih@reopmmmdwei ipaihe HEYdidecyate, IV MhibitorsatHiAVe| y
these additi t S I gﬁ% : atient as
part of a mul @ﬂ%}tcr@%‘é’& osag e §rrs'm ? @?kggﬁp éﬂﬁzé%re%qo%ﬁ’%cfln&egh

addi ti onal ag@aﬁmtlmeb@ora@hnvai stered to the patient prior to,
concurrently wth, or followi ng the adm nistration of wherein a conpound
of formula (1), or har maceutical ly acceptable salt thereof. As used
herein, th®e tﬁpeﬁlflcmre r@éwamn@anéscvmeoatﬂ'ﬁﬁenagerrtaﬁreblwteﬁbeépvwonpound or 30

conposi tion apc%rnthgabgntg f}ﬁ,apﬁlﬁﬁﬁ@l’an{amé%mel onto alleviate or elimnate
synptoms of the hepatit di sease and/or to reduce viral load in a

patient. As uSede@Pémﬁdm?Wé’ aganis: clgpe |/ Biariesens. plagnml interéeranmnang ragyigtedon of
a conpound or q,qgﬁ%hgl on according to the present invention post-exposure
of the individual to the 35 virus but before the a%gearance of synpt ons of

the disease, AndPhipitasof gpothey tangat in the ARVdis exshthet ipeipteatpeisstestedferect i on
of the vifjgs in NSEhdlicass! HcRr ﬂéslsrpﬁ@lteag@@ﬂhmw.bs’é&ﬁ@érﬂ ite éozsgarmound of

formula | is as defined above wherein Rl is droxy . or " wherein
R" is (Cl_6)4al KV inhilkiprs:nuclepgidic ighibitogs, ”P(‘@YC'G?%{P'PEW"R@? ?S%Weoal kyl)
which are all Oﬁrﬁhuﬂfbaé |fNSI@UhﬁibIt<§r§Taﬂd iftegrdsé inftsto; bh hal o, nitro or

o R b, oy BB Ao Cpat PR R ol pRAS Yt pl b B 0 %'

conpound of formakéing. i s as defi ned above wherein Rl i s hydroxy or
NHSO2R' " y{\?erei n R" is nethyl, ethyl, cyclopropyl, cyclobutyl,

cycl openty cycl opropyl net hyl, cycl ohexyl ethyl, CCI3i CF3, phenyl,
2-f1 uor ophenyhs drscuébedrabbbqlcphxbnmhon fHerddyds coniteiplasdal wheram(anmmmdd of

R 1 et hyt V0 B PRa el OfaR) Recprofe ol iRt o, pipityeg WRERE'
cycl opropyl . Mastoneraiddioadll agenRelactedhiyamoaryantiviral agent, an |mmunomodulatory
agent, another inhibitor of HCV NS3 protease, an inhibitor of HCV polymerase, an
20 inhibitor of another target in the HCV life cycle, an HIV inhibitor, an HAV inhibitor and
an HBV inhibitor. Examples of such agents are provided in the Definitions section
above. These additional agents may be combined with the compounds of this
invention to create a single pharmaceutical dosage form. Alternatively these
additional agents may be separately administered to the patient as part of a multiple
25 dosage form, for example, using a kit. Such additional agents may be administered
to the patient prior to, concurrently with, or following the administration of wherein a
compound of formula (1), or a pharmaceutically acceptable salt thereof.

As used herein, the term “treatment” means the administration of a compound or
30 composition according to the present invention to alleviate or eliminate symptoms of

the hepatitis C disease and/or to reduce viral load in a patient.

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

-11-



20 Most preferably, R2 is cyclopentyl. Included wthin the preferred

enbodi nents of this invention are all conpounds of formula | as presented
i n Tabl e WO 03864468 0rdi ng to an alternate enbodi nent, the plaranasosdcal
conposition of this invention nmay additionally conprise another anti-HCV
agent. Exanples of anti-HCV agents include, a- (alpha), D (beta), S
(delta), y- (gamma) or co- (onega) interferon, ribavirin and amantadi ne.
30 According to another alternate enbodi nent, the pharnmaceuti cal
conposition of this invention may additionally conprise another inhibitor
of HCV NS3 prdeteetion. of thec\iwisdn thg klepdanot her al t ernate enbodi nent, the

phar maceuti cal conposition of this 35 invention may additionally conprise
an inhibitor of HCV polynerase. -12 WO 03/064455 PCT/ CA03/00089 According
to yet anot hePreferred embodimertisi nent, the pharmaceutical conposition of

this inventio Lt I I Welp? T\l - At ts in
the HCV life ﬁ[:éﬁ%g@d?%%}u |Hg&éﬁﬁﬁ%&@??%Qttniaegmtdgyégﬁfﬁ%ge?m%%? ggrot ease
or interna rNHSSaRY wheseinR)* isi (Ceo)aIKRES)s. 7 cYelealjsrl corrite)lalkyt €ls syeipalyll i on of
this inventio Y rqal : j

i npl anted r esgpf&g?érré.)abgﬂ{&%ﬁ ﬁ%@g[ re gt1i odnyne)?s g@mﬁﬁ?ﬁlﬁg% ?’836@&@?}&60“ on is
preferred. Thehgtyhwhial isantioadllysohpideted from bio 3 tings with Balei wikonfys)abwiaii n 10
any conventi oba(b1_g59m-|'g oxi ¢ pharmaceutically-acceptable carriers, adjuvants
or vehicles. In sorr% cases, the pH of the formnulation may be adjusted with
pharmaceutically acceptabl e acids, bases or buffers to enhance the

stabi i ty,0f i r()fe rABH, 3 QfngoRRR R REMAIE 1id 85 48iineY BbY¥ve Rh&ReiniH18s hidrBky
parenteral as use erein in ‘{_udes subcut aneous, i ntracutaneous,

i ntravenous, PHNH&RLRCwherein Rt isanethyli ety agyclopmpyin eyaiebyhhavelppentyl,

i ntrasternal, | , i | €8i | ~hdEHE Gl i i on

t echni ques. Tﬁ%d%@éﬁ ma%te Ii?@%ﬁ%@rﬁ%@sﬁ%’%ﬁ%@&gg@i le'B'Eb r@b? %I?&nﬁf a sterile
injectable pMepwirkendn, for exanple, as a sterile injectable aqueous or

ol eagi nous suspension. 20 This suspension nmay be formul ated according to

techni ques known in the art using suitable dispersing or wetting agents
(such as, 1% or Megtirplecabinaempoyndatforaya pisms ¢riingd ey wherein R' is'hydroxy

or NHSO,R' wherein R is methyl, cyclopropyl, CF; or phenyl. Again most
preferably, R" is cyclopropyl.

Most preferably, R' is hydroxy.

20
Most preferably, R? is cyclopentyl.
Included within the preferred embodiments of this invention are all compounds of
formula | as presented in Table 1.

25
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), 8- (delta), y- (gamma) or - (omega) interferon,
ribavirin and amantadine.

30

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

35 invention may additionally comprise an inhibitor of HCV polymerase.
-12-



The pharmaceutical conposition of this invention may be orally adm ni stered
in any 25 orally acceptable dosage formincluding, but not limted to,
capsul es,wpabloet4s; and aqueous suspensions and sol uti onsPCIIrCAoB@oSasSe of
tablets for oral use, carriers which are comonly used include |actose and
corn starch. Lubricating agents, such as magnesium stearate, are al so
typically added. For oral admnistration in a capsule form useful

di luents include |actose and dried corn starch. Wen aqueous 30 suspensions
are adm nistered orally, the active ingredient is conbined with
enulsifying and suspendi ng agents. |If desired, certain sweetening and/or

flavoring é&frdl @bée)yrert]%?%lggfme?‘naf@\én@sdt%‘?\?QI%%ﬁﬁﬁtacé&lcﬁﬁmn?po\éﬁ%%t es or

carriers for t ornul at’ions and ositrons ‘can be fou
in standard pihisrimeendionimsyladdgizoglly comprise ﬁntrm@mongftqiherslargetssnm ld@)t/(btm455
PCT/ CA03/ 0008 kgﬁﬁﬁﬂﬁ i y

Phar macy, 19t% ":éo% 'ngﬁlml ?ﬁg ?r%sgnyiﬁg@%%%ggggﬁ%rﬁél?@% Dosage
| evel s of bet ortersitgdtRRS)0. 01 and about 100nmgy/ kg body wei ght per day, 5
preferably between about 0.1 and about 50ny/ kg body weight per day of the
prot ease inhi bitor conpound described herein are useful in a nonotherapy
for the prevEhg PRATMaReuticabeamRAsitioprf IiinHicateay kA akaisisteraypiabial |y, the

phar maceut i caparefRRFENY Dt LiaAn .ablahtvdsfegéwant@&namhlntsnlaﬁo@smdmﬁt@ém by om
about 1 to about 5 tines per ')r‘/por alternatively, as a continuous

i nfusion. Suchiegter ﬁlps?fPHF‘i’ oﬁh%a paceical %“%si@"@ﬁthﬂﬁﬁ‘&e'ﬁto"a@yt@"f%r apy.

The anpunyg of aw:édnvenﬂdhgrmﬂ esat: phBffhadBBicaNf-aeESPraKIE Barridhs! ijb\hafhts?&f rier
materials to produce a sin

e formw || vary depending upon the
et t ot o RIH.On Same s e a6 B ot Hlosuma Pe ABUSER B oo
FFJ)F e]par a; : on \Apthalrmaeamcailytadctepﬁb@mws baéds®r dhfiers 1O Bfiharkithestabifpotma (W w) .
rerera Y, S

reparati ons, c ta| fro out 20% about. 8Q% active
Conmound. 15" REnuaBeRiitund &7 i aiEutorm.oThd B meienterg et nerdias  doses
t han t hose remtludés atbweaneaw uhecuequowgdwtrasamst inrachosadaer, mtrd-atticakr,ment

ol nai ng " et koot el HieSerbR ol ang R L RRRaGLI Rl age, Boay

wei ght, genermbhlhtemias.h stat us, sex, diet, time of 20 adm nistration, rate
of excretion, drug conbination, the severity and course of the inf ecti on,
the patient's disposition to the infection and the judgnent of the treating
physi ci an. Gefke alharmacewt'e:at crpmposition inmayt beaihdiole foirmiof arstdrile uhiestaples

subst ant | a!'y;r; eg ME're)Iaf}f‘pleoBE'a@féH@f?\?e%téHle LR REBE bRGqindMEERPEAGSN. the

dosage is inc
20 This suspensnon may be formulated according to techniques known in the art using

—

suitable dispersing or wetting agents (such as, for example Tween 80) and
suspending agents.

The pharmaceutical composition of this invention may be orally administered in any

25  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
capsule form, useful diluents include lactose and dried corn starch. When aqueous

30 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.

Other suitable vehicles or carriers for the above noted formulations and
35 compositions can be found in standard pharmaceutical texts, e.g. in “Remington’s

-13-



increments until the optinmum effect under the circunstances is reached. In
general, 25 the conpound is nost desirably adm nistered at a concentration
| evel thawowBlob44senerally afford antivirally effective r@esula®3mpashout
causing any harnful or deleterious side effects. Wien the conposition of
this invention conprise a conbination of a conpound of 30 formula I and
one or nore additional therapeutic or prophylactic agent, both the
conpound and the additional agent should be present at dosage |evels of
between about 10 to 100% and nore preferably between about 10 and 80% of
the dosage nBharalacguticahBeipreast,dieiSrienceagnd Piatisppf Poarmesy. 195 dnvackt hese

conpounds or u I C ble salts are fornmulated -14 WD
03/ 064455 PCT?@SQPQ o%é‘eéti erF’)é\?mﬁt @thar maceutical ly acceptable

carrier, the resultlng conposition may be administered in vivo to mamal s,

such as man, pHPsddanbRiid or@(wwawu@b%a%d%omooﬁﬂgwb&fy WH@%%BFdaNCV virus

i nfection. Such treatnent may al so be achi eved using npound this

i nvention $n er@fﬁ@ambewewapﬁutébbaﬂ%amtéﬂmpﬁsmeé Weﬂﬁjhlt pgrcgayr%fhes I i mited

to: a-, (3- &otea%@mhlﬁll%\ﬂ'corﬂboMTd' dtlsBifed Heitein ra?@@é’éful'nﬁ‘a nidHatHePeby6r thet her
|nh|b|tors of HCV. NS3 protease; inhibitors_ of ynerase; inhibjtors

of other targefe¥entionand treﬂ@ﬁnt iof EC&/yE?‘BateMiS@ﬁs‘? nT‘)fHR?&y Bk Phasapeyicaby t o,

hel i case, NS2¢chpdsitioRas this RiventitinavimBé admlm@moﬁmfcwtsud 8odut Bies por
conbi nati ons thereof. The additi gnal ned with co ounds

T O e Aginavsly o carignersddian. PachacTipSRATe sl e ke A

addi ti onaho agentbsic rasaacdxe sy, atrel ammlﬂtrbnam/e ir@@ed.«mtahmmvade coRsbine t of a
mul tiple dosaﬂ,ef\ré or m ceut i.C

| t | es only a
conpound of t '\erﬁ?e'r‘ﬁr ”(‘me%é)gt?@ YW ?)%ga'%’ gﬂ fq%f a'(ﬁ‘gr’t’gf?"
addi tional |y themost teeatédand thepaeticulad rrmdmomadmmrstnagom OA $ypiich! prepamtioawillagent

sel ected froman . an _anti a. HCV NS3
pr ot ease i nhi 5‘?"{%{‘%&%ﬂg@%@?’ggﬁﬁﬁwtb’&cﬂ%ﬂg‘ﬁ@ é’%%frﬂ%' B

ot her t ar get spiepataltienddntain ffrencatmiue26%d b abeutiBebs active coBaUrRI. pr ot ease or
| RES. Such_additional agent nay be adm nistered to the manmmal prior to,

concurrenl]?y with, or followng the adm nnistration of the conposition of
this inventi oAs theZQ(illad(arﬁqaomﬂdapﬁrecﬁaterﬂDWar or ligherfdoseshthhe thaise rmitjededbgme be

used as a | abREOHATIRAMke o SRR aRlerk Hoimb Y RO ParBalaind

used to treat tam nat | on materi a &r ef ore
reduce the riwh debemd umn & nératy DbfnC@fS inchiginghe agtivity Ohﬁelseaclflq)eqremn@ or

patients who gapRy LA 15025 BoayWbRInE YENerIReRiith Rlatus, sex, diet, time of

20 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 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,

25 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.

When the composition of this invention comprise a combination of a compound of

30 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
normally administered in a monotherapy regimen.

35 When these compounds or their pharmaceutically acceptable salts are formulated

-14-



25 (e.g. blood, tissue, surgical instrunents and garnents, |aboratory

I nstrunents and garnents, and bl ood col |l ecti on apparatuses and materials).
A conpournwoaB/obasiul a | set forth herein nay al so be usedPa3/@oseamsar ch
reagent. A conpound of fornula | may al so be used as positive control to
val i date surrogate 30 cell-based assays or in vitro or in vivo viral
replication assays. Further details of the invention are illustrated in the
foll owi ng exanpl es which are wunderstood to be non-limting with respect to
t he appended clains. -15 WD 03/ 064455 PCT/ CA03/00089 Met hodol ogy In
general , the togapeuwth aphawmrasgitically apepptatieearter Kedesylling eqropasitiopenayr epar ed

by known et POd&minstéted 'ir?ﬂ% io%arﬁﬁ‘ﬁ%' Eu&{hfs rWth Qb irfMish HOOWEI Rofk@ss b foabl e
for the reactants. Several such nethods are di'sclosed in WD 00/ 09543 and

VD 00/ 09558. treatrnarevent i Niusbieelien.i Pygisteaiment mavalae BaREReVs $Ea usi ng

known net hodsc&ﬁﬂsourﬂr&nﬁéinoawt@nkﬁzoms.wmkraég@n@ whieh HelieButfar®Rptacycl i c
i nt er medi at es Hfl PLOOOP2O

1c la 1b B imited g ¢ 34 0y Y- OFy-itertgyony rigayin, Wf\?@dmﬁ) otheninbipitors 1 | 53
P2-P1 3a D Hyck Ns3 protease; inhibitors of HCV polymerase; inhibitors of other targets in the

HCYV life cycle, which include but not limited to, helicase, NS2/3 protease, or internal
ribosome entry site (IRES); or combinations thereof. The additional agents may be
combined with compounds of this invention to create a single dosage form.

10  Alternatively these additional agents may be separately administered to a mammal
as part of a multiple dosage form.

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

15 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.

20
A compound of formula | 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

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

A compound of formula | set forth herein may also be used as a research reagent. A
compound of formula | may also be used as positive control to validate surrogate

30 cell-based assays or in vitro or in vivo viral replication assays.

Further details of the invention are illustrated in the following examples which are
understood to be non-limiting with respect to the appended claims.

-15-



HHO OON' WENN,, Ok a OO0 ROH O ~-NR3 OH P3-P2-P1 5b 6a
10 Schenme |: Steps A, C, D. Briefly, the P1, P2, and P3 noieties can be

| i nked byweaBlosdandpwn peptide coupling techni ques general lPgTdi®shased i n WO
00/ 09543 & WD 00/09558. Step B: This step involves the inversion of
configuration of the 4-hydroxy -16 WO 03/064455 PCT/ CA03/ 00089
substituent. There are several ways in which this can be acconplished as
will be recognized by persons skilled in . the art. One exanple of a
convenient nmethod is the well known M tsunobu reaction (M tsunobu

Synt hesi s 198Methpsielegyy, 1-28; Rano et al. Tet Lett. 1994, 36, 3779-3792;
Krchnak et aly ?’331% i : on of
t he macrocycl e E‘?\Er gﬁ%g?T OJ?&\Wl%lg%ogﬁl%ﬁ% ednéte@tﬁﬁ?%fgresg@?réﬁréﬁiw

Ru- based cat akr}oytn relbpdsidsing eeashen eensiions avhigh ave kpewn tosoelswtaBIeat@mell

HE. @ Ubbsreaaa'ﬁ'ts ‘bev@l@l suﬂh%thg%are]@%se&wmgﬁmgﬁié(aﬁ% whi d@ﬂﬁg%)’
J.S.; Harrity, .P. A ; Bonitatebus, P.J.; Hoveyda, A . Am Chem

1999, 121,5791- 799 (b) and Huang, J.; St evens, E. D.; NoI an S.P.;

Petersen, J.Llyp fbllovﬁﬂg s@ﬁ@rﬁ% |II§9l?ate§-Q%8mve1a§bn18rjoce§§J£n ﬁ?cﬁvr(ﬁ)&th@ﬂsﬂ)?

described in V\D 00/ 59 al so be recogni zed that catalysts
cont ai ni ng ot R@Pa'ﬂﬂgaﬁ%%t'mﬁﬁmﬁﬁ'ﬁﬂ%”@mﬁ Gafropp agyaicitermadiptesr this

reaction. PCy3 ~~ ORu Ru Ru C P%ﬁé Eq,ls H C~PCy3 (a) (b) (O

G ubbs' catal yst Horeyda's catal yst NO @ cat al yst Subsequent conversion
of the key internediate of fornmula 6a to the conpounds of od5 formula I of
this invention is dls@H'osed in detapl in the exanples hereiknafter.
Conpounds of for | a A _wher ei nHRX., j NHSOZR’ AAas def i ned e el,q a
prepared by c pl i he com espoudi Jf’ﬁe
hydroxy) with sul Nonam de of formul a R‘ SO H2 e
presence of a c up |n ent undef P20 standard condi tions. Alth gh several
comonl y used coupllﬁ agents can be1b

3
° —
P3 P2- P1 g\
5a P2-P1
D
H OH
o N
(0] " OMe E
Ri. J\ . o >
o~ N
H
3
R—O0 P3-P2-P1
N
10 Schemel:

Steps A, C, D: Briefly, the P1, P2, and P3 moieties can be linked by well known
peptide coupling techniques generally disclosed in WO 00/09543 & WO 00/09558.

Step B: This step involves the inversion of configuration of the 4-hydroxy
-16-



enpl oyed, TBTU and HATU have been found to be practical. The sul fonam des
are available commercially or can be prepared by known nethods. EXAMPLES
25 The prweaniedssvention is illustrated in further detail Pof/aAve06i8d| ow ng
non-limting exanples. Qher specific ways of synthesis or resolution can
be found in WO 00/09543; WD 00/ 09558 & WD 00/ 59929. Tenperatures are given
in degrees Cel sius. Solution percentages express a weight -17 WO 03/064455
PCT/ CA03/ 00089 to volune relationship, and solution rati os express a
volunme to volume rel ationship, unless stated otherw se. Nucl ear nagnetic
resonance (NMVRybsiiuest Mhetgeare searakwirys in wihich this gre be socomplishepag wildiret er ;

the cherm cal ahbbhised ) pisbnd SRAIFth dht Rl SkaRBle ofH ddnkEfloTetbdis he

referenced to thé 1 nternal deuterated sol vent unless otherw se 5 indi cated.
The NMR spect wall spovgn Mitsynegy f%‘iﬁﬂﬁ@(M@“@P% Iﬁyﬁihﬁﬁﬁé?shla@”‘#%o“a%aqﬁﬂ? et
DVBO-d6. Fl ash, 40 UBR. 1804 09 5P 3P0 K’l‘@'ﬁwa‘kaertfal 781 08k 1895554, 6355.8%be)( Si 02)
according to Stil l'ash” ¢hr omat ogr aphy t echni (W

Org. Chem? S$tepsE: WB%fOHQQl@P of e ma@rpeml%@@roh%cargédjoutrwq ﬁ@o@fdamﬂt@Q%'ﬁCI ude
Boc: tert-but ( egym CHAPS:
3-[(3-chol am% 9( g %fg%r%m%%g ong%ongg‘ék;ﬂ@lllj f%gat%&bé%}lzgg DCMm
met hyl ene chl Qlﬂlltd?é, IbEA(D‘\m @hemh§pcazl@a chih8 &' (ab) ipgsbury, J.S.; Harrity,

diii sopr opyl azggh £ BNy DHRAYda, '[ug SLRRRRYeAF Bk ABa0CI2 DYER799 (b)

di met hyl ami nopyri dr ne; or mani de;

di met hyl sul foﬁn@é-lua@ss) Steverlyuﬁ%\lmhn(@aaﬂmrser( L1 AmpiGEher S0651999,

2, 5-di et hy)} ph r i

CH 1 Uor oret hanpeel oty BIREER Boe QU RPN BhARERo. LRl Aot rdanizeg et

el ectrospr ay c:mtgygts§p@@tmr¢g@heryran|smwmetals such as Mo can be used for this reaction.

O (7-azabenzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um hexafl uorophosphat e;
HPLC. hi gh performance |i qui d chromat ography; Ms: _Hesg— 0 ctrometry,

MALDI - TOF: Matrix Assisted Laser Disprp n loni @) Fl i ght,
FAB: Fast Atom Bonbardngnt ; rret o OH  net .. room
temperature (18 -22)p. %“U -(1 a.

H- benzotri azol e- 1- yI /1““ 3, 3- tetraneu uroni um tet;’)@'l' orate; TFA:

trifluoroacetic acid, Thdy tetrahyﬂro':fcy;rdh TLC: thi%h
chr omat ogr aphy; Tri s/ HOL: ) tr| s( hydr ox(g)mst hyl ) am nonet he?cr}e hydr ochl ori de. 25

EXAMPLE 1 Synt hesi s of tide 1c:
Grubbs cata yst Horeyda's catalyst Nolan's catalyst

Subsequent conversion of the key intermediate of formula 6a to the compounds of
15 formula | of this invention is disclosed in detail in the examples hereinafter.

Compounds of formula | wherein R' is NHSO,R' as defined herein are prepared by
coupling the corresponding acid of formula | (i.e. R' is hydroxy) with an appropriate
sulfonamide of formula R SO,NH, in the presence of a coupling agent under

20 standard conditions. Although several commonly used coupling agents can be
employed, TBTU and HATU have been found to be practical. The sulfonamides are
available commercially or can be prepared by known methods.

EXAMPLES
25 The present invention is illustrated in further detail by the following non-limiting
examples. Other specific ways of synthesis or resolution can be found in WO
00/09543; WO 00/09558 & WO 00/59929.

Temperatures are given in degrees Celsius. Solution percentages express a weight
17-



OHOH H2NO, W H OUNOH + >0YNN,, v W /) PLOOOP2 OP2-P1 1a 1b
1c A mxture of Boc-hydroxyproline 1 a (50.0g, 216nmmol), (1

R, 2S) - vi myD-08@63A530 hydrochl oride 1b (42.25g, 238mml), TBTWGANS/0G@BY,
238mmol ) and DI PEA (113ni, -18 WO 03/064455 PCT/ CA03/00089 649mmol) in
DMF (800mL) was stirred at R T. under a nitrogen atnosphere. After 3.5h,
the solvent was evaporated and the residue extracted with Et OAc and washed
with hydrochloric acid (109, saturated sodium bicarbonate and brine. The
organi c phase was then dried over magnesiumsulfate, filtered and

evapor at ed t otoafolumneireiatiogship,|andrsojutiag raties %P'Ieséﬂé’PWmetP volugne relatigashimi gh

vacuum gave tfQeogli %B'o@ﬁénﬁlsés N%cleé(teﬂnh&r‘ﬂétlfcc@éﬂr(azge ENI\QH'\? s%bétramérré Fééoﬁn%'é% by
HPLC). EXAMPLE 2 Synthesis of dipeptid

2a The di pep®h adraker 450 Mblz. spegmgnﬁ@r,)the F'Fefp'ﬁ%'rﬁhifﬁﬂ@sﬁsﬁ r&p@ﬂeem gargs per
243. 8mo , 1mﬁﬁ’<ﬂ+‘dn‘6 dre "i‘é?greﬂcéﬁ for tﬂ@%éﬁh%ﬁérﬁeﬁ%&v@ﬁ&nl&%@t%b

1. 2equiv) were dissolved E (1.4L) and the stirred solution cool ed

to 00 unde? a'”ﬁ!cﬁeégé'ﬁezi‘{%§9%‘éﬁae°f allm@lmomuawmw@ﬁ%@s recopdedinv. ) was

then added dr ppdcRg,. F&h éo'ﬁjﬁumcﬁfeﬁwaw&aﬁrwé%a&atméab@loh%mg bp(sv@z?m to RT.
After 4h, the solvent was evaporated and 't he esi due d o four

| Vi
portions. Eacfcwfdingoslillglask shromategipripriesh W@r(w Cnetil @43ly dOgeChes- 40 pm
mesh, col um dgnma@eggg@; cm colum length 16¢cm using a gradient of 2 :1
hexane/ EtOAc to 1:1 hexane/ EtOAc to pure Et OAc. Ester 2a was obtained as
an anor phous white SO|Id after evaporation of the solvents and drying 20

under hi gho vaspbraviationsQisk@lin thelexmpfes indudedBEd tertRity1¥g citRh{)Me,COC(O)];

BSA: bovine serum albumin; CHAPS: 3-[(3-cholamidopropyl)-dimethylammonio}-1-
propanesulfonate; CH,Cl,= DCM: methylene chloride; DEAD:
diethylazodicarboxylate; DIAD: diisopropylazodicarboxylate; DIPEA:
diisopropylethylamine; DMAP: dimethylaminopyridine; DMF: N, N-dimethylformamide;

15 DMSO: dimethylsuifoxide; (S,S)- Et-DUPHOS Rh (COD)OTf: (+)-1,2-bis (25,55)-
2,5-diethylphospholano) benzene (cyctooctadiene) rhodinium (1)
trifluoromethanesuifonate; EtOH: ethanol; EtOAc: ethyl acetate; ESMS: electrospray
mass spectrometry; HATU: O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate; HPLC: high performance liquid chromatography; MS: mass

20 spectrometry; MALDI-TOF: Matrix Assisted Laser Disorption lonization-Time of
Flight, FAB: Fast Atom Bombardment; Me: methyl; MeOH: methanol; R.T.: room
temperature (18° -22°); TBTU: 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate; TFA: trifluoroacetic acid; THF: tetrahydrofuran; TLC: thin layer
chromatography; Tris/HCI: tris(hydroxymethyl)aminomethane hydrochloride.

25
EXAMPLE 1
Synthesis of dipeptide 1¢:

Q
Ty fi — >r°wr0‘f
O P20 P2-P1
1a 1c

A mixture of Boc-hydroxyproline 1a (50.0g, 216mmol), (1R,2S)-vinyl-ACCA
30 hydrochloride 1b (42.25g, 238mmol), TBTU (76.36g, 238mmol) and DIPEA (113mL,

-18-



EXAMPLE 3 Synt hesis of al cohol dipeptide 3a: o H N2 H N Ow ~( N, Ow
OO O2a 3a 25 The nitrobenzoyl ester 2a (108.1 g, 203.1 mmol) was

di ssol vedwpor3dHESg 1. OL) and the resulting sol ution cool e®CraAd3/040830l uti on
of |ithium hydroxide nonohydrate (10.66g, -19 WO 03/064455 PCT/ CA0O3/ 00089
253.9mmmol ) in water (225nm) was then added rapidly and the reaction stirred
at 0 for 30mn after which tinme the remai ni ng base was neutralized with
hydrochloric acid (1 N, 50.8nlL). Additional acid was slowy added until
the yell ow color dissipated (7nL). The resulting m xture was then

evapor at ed an@*drieol) insbMid8eAml)avasedirgH @hRYT . Bndrca Nigogen@nipspherghaftext r act

was washed W%Hhstﬂé%l%ﬁqu% gma?éoca{dﬂtﬂ@%s?due(éé%meh m«ncttbmaﬁd %595&)

The organl C phase was drie nesi um sul fate- char coal ere

t hr ough di at oiile Bysirechieria w%w/éva%uaéﬁdewdﬂmEhcmb@natecﬁny.bfﬁ'@eoifhe PFQé‘”ICeS| due

under hi gh Vaﬁﬁ&é@st%é’ﬁGruéd‘@vé|n¢é}i3@élun%%uﬁﬁteamfé?é@éh@éﬁado%& foldktotd 8n  98%
purity >99% by HPLC) hesi s of

(2S) - N- Boc® am)'hd:’fr){tﬁ‘ﬁ-ﬂse eheyenight GBng)dethﬂh vergHmgave edipapidade axdEt  1: 1

Et OOC NHAC Ay c94%4 ritg 489% by FiERlc)Et - DUPHOS Rh( COD) OTf (1 1/ 500)
C (4b) NHAcF~ (30 PSI) HAc ddne, "Ac O/ (4Q COCEt D. (4Q COCEt B
Nal0 >99% ee (GC) 4

EXAMPLE 2

Svnthesis of dipeptide 2a

n" OMe H
>|/ —_— >r OMe
1c

10 2a

The dipeptide 1¢ (72.0g, 203mmol), triphenylphosphine (63.94g, 243.8mmol,
1.2equiv.) and 4-nitrobenzoic acid (41.08g, 245.8mmol, 1.2equiv) were dissolved in
dry THF (1.4L) and the stirred solution cooled to 0° under a nitrogen atmosphere.
DEAD (38.4mL, 244mmol, 1.2equiv.) was then added dropwise over 45min and the
15  reaction allowed to warm to R.T. After 4h, the solvent was evaporated and the
residue divided into four portions. Each of these was chromatographed over fine
silica gel (10-40 um mesh, column diameter 12 cm, column length 16cm) using a
gradient of 2 :1 hexane/EtOAc to 1:1 hexane/EtOAc to pure EtOAc. Ester 2a was
obtained as an amorphous white solid after evaporation of the solvents and drying

20 under high vacuum at 70° for 1h (108.1g, quantitative yield).

EXAMPLE 3

Svynthesis of alcohol dipeptide 3a:
0

H —_— N
Ng\oMe >ro\Ior 0 Lo
0
2a 3a

25 The nitrobenzoyl ester 2a (108.1g, 203.1mmol) was dissolved in THF (1.0L) and the

resulting solution cooled to 0°. A solution of lithium hydroxide monohydrate (10.66g,
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H20 E 1) BOC20, DVAP, THE 2) UGH, H20 OH @tOOH P3 15 Step A. To a
solution of commercially avail abl e di ethyl 2-acetam domal onate 4a (100 g,
0. 46nol e)wonsdsaazane (500nL) was added aqueous sodi um hydPeTiC@30d08M
leq., 460nL) dropwi se over 30 to 45min The resulting mxture was left to
stir for 16.5h, then di oxane was evaporated in vacuo. The resulting
aqueous solution was extracted with three portions of 300nL of EtQOAc and
acidified to pH 1 with 20 concentrated HCl. This solution was left to
crystallize in an ice-water bath. After the appearance of a few crystals,
t he m xture was3.8mmiot)dn wetes (RR5m\) sas ttkmaddedaapigly teatidhe egapticiy icredRit Dt r at i on
and drying un C e 9 j : a
Wi te sol ta. & ag ARG ARE e SR hash yssTeutalten G hydcthiEle 2ha7
avai |l abl e 7- o(:ﬂNarSéBmLa AdﬂmorWDaOE/va@mﬂy PAi¥dOADIBINe e BOW calpodissipatéd5g,

ol 1 on bf - SURTm Der Tty das s pai i Mg baGIETURY )
added oveF aE¥hd Gk tHOnH)niThe Extragymaswashed wisth satuyatedrsediyre digathongteni xt ur e
was stirred a r,:,pj(?a

reacti on conf rnehg'?gh&w%ﬁ%gﬂﬁefﬁné%%gpg%&géé ?Eéhnédeg\ée(rn E@ihhoégjggtfgr atory
funnel and t h@aaqwdutgr wughdiatorsegesua eadh are AYaneated.gQMemighbgwing ofhe
aqueous sol ut rh"f’gthQ% i £ omthe
organic fractthgﬁe%\ﬁg%aﬁrjb#e me or gatn?g%???gﬁéons V\r/e%rgg con‘gﬂn{e% dried
wi th sodi um sB¥Papeitan@%eibyt#iléd. over a cotton plug (in a Pasteur pipette)
to give cggpound 4d (15.135g, colorless oil, 78%yield). The 10 aqueous
solution was extracted with CH2Cl 2, dried with anhydrous MgSO™4, and
concentrated GBXAMPLEAuUum (without heating, i.e. 6-heptanal b.p.153C) to

obtain an adé#;ﬁth%@bf ggwr@o@;mﬁgmggmgﬁ}gaé,a‘%yg, colorless oil, 10%
yield). Tot 0 soll 2-acet am domal onate 4b
(7.57g, 40mml) was added 6- 1 dxept 8@&?“94({?‘3@&(%9, ¢OoEDl ) in solution in
pyridine (32m., 10eq) over 1 mAh. g sol/d\l on was cooled in a

100 bath. Acetic anhydri ddEt@QQnL,N%‘\CZeq.)A.was HOPEd oWBEAC 4mi n The
resul ting orange solution was smaayred for 3h at R T.(A&hd another portion

of ethyl 2-acetam domal onate 4b (2. 27g) Sgs%'lég@o esulting mxture
was stirred at roomtenperature for an e 60nL) was then

7 2O e oo P A D -7 000kt

| o >99% ee (GC)
H0 g | 1)BOC,0, DMAP, THF
2) LiOH, H,0
Zo J U
4¢ V4
(4c) o (49) o COOH

15  Step A. To a solution of commercially available diethyl 2-acetamidomalonate 4a
(100 g, 0.46mole) in dioxane (500mL) was added aqueous sodium hydroxide (1M,
1eq., 460mL) dropwise over 30 to 45min The resulting mixture was left to stir for
16.5h, then dioxane was evaporated in vacuo. The resulting aqueous solution was
extracted with three portions of 300mL of EtOAc and acidified to pH 1 with

20 concentrated HCI. This solution was left to crystallize in an ice-water bath. After the
appearance of a few crystals, the mixture was sonicated and an abundant precipitate
appeared. Filtration and drying under vacuum afforded compound 4b, (62.52g, 72%
yield) as a white solid.
Step B. To a magnetically stirred emulsion of commercially available 7-octene-1,2-

-20-



20 added and the solution was stirred for 1.5h, then the m xture was
diluted with 250nL of water and extracted with two portions of diethyl

et her. ThwoeBlenss sol ution was washed with 1 N HCl, sat PCHalAG®800sdri ed
Na2SO4, concentrated and purified by flash chromatography (Et OQAc 40% /
hexane) to give conpound 4e (4.8g, 50%yield) as a pale yellowoil. 25
Step D. To a degassed (argon bubbling for 30m n) solution of Z-ethyl
2-acet am do- 2, 8-nonadi enoate 4e (8.38g, 35mml) in dry et hanol (70m.) was
added (S, S)-Et- DUPHOS Rh(COD) OTf (51 ng, (substrate/catalyst = 496). The
m xture was pégipl 4a\28g:0.8BMIE) ayid *Hzﬂlﬂ@@@\h) (rp tlbround ajtenmilask, %’yéql@}lsand

stirred on a fatfontft &l Rt o(ﬁél_ 78,5, P0mIe 1. %h W7 BmIAROPYAR Bl d 1 O

dryness to obtaln was used
subsequent st @yerainered of %lenf(slmtly @xpthgnurﬁ Ehe Tesulfinggnigtureowagstirtadidle

S)-ethyl 2- Hﬁ%
(Boz:zg ({3 Zgaﬁ)%eq ) g?]aguraqu@a&ﬂg' {ﬂ(fgﬁfle\ﬂeg'ggﬁmaandédwl!ﬁg&r%%%%Z\

m xture wa® hE&be eixtye waéfthmd%nt B, seea'@&nﬂmﬂ 3nd the SEURAUS IRYeE WRRIE

sol vent was ey@d&%té& f6m th@@rg%hl&@yé?‘ T4 e%§s@|uﬂ|dﬁ\ﬁ@h wt&H&te@H@ﬂ Ma@nd 35
washed with 1 HCl in order to renove t DVAP. The or anlc I%)éer was

further -21 V@%W@Qaw@Ué?%@@ﬁ@"”'@?tﬂqna‘c‘f’tcéd“‘&(ﬁt he WQ.PHRBI¢ aqueous

NaHCOB, dri edfridtiohs wefw&tfnwﬁed\l@am.tn@dd.um@w@tetarnatfmdreurw@r a ¥ataHplug (ihe
crude product was then dil ut ed with T }y@g& L1 OH. H20
P

(2.54g, 2eq. )a@a§teaameﬁteaﬁ<agve/ﬁ§°meemq% 5rﬁ%§9u‘?‘é°’4ﬁ§§ °"s?q al"R T. for
25ht (conpheti chue@t;? tsatat.d(ijwwégbmac&mﬁn ?amu B! witly aﬁh@rousTm§sé4, raaaclt i ont
m xture was concentrated under v umto reno sol ven
Tha i 1 ut od wWPReTFBEN SnodrEcu IO NG o B B ALR RS oRieR
dried w th anhydiicPdparhaRiiof camorNIE1l 957 ebIoHRE bil VEISA igld).| Tota yider to
renove mnor inpurities and excess Boc2O, the crude product was purified

by flash chroﬁ%f’ography (using a solvent gradient from 100% hexane - 100%
Et OAc as the sip @l veBbid ethfie- &de&érﬁ.domam@tum (wmmom»hbmw@edduéum gh

DY o2 8 B 405 sBs 4paie Sofon 4 ool B0 SRR 9%, ), °
5.00 (nd, Jd pesiiingsltionlwid codlePB o 10¢, bat}d A‘celu@ athdriZle @2y, 3. Ee@§3wé§1 1 H) :
éH)O 0 (12 E‘)](AK/PE@%@ %ﬁﬁ%ﬁ?—% Tée 6§suéltpp§i%lqeoelé_>m%|8n was s |rréd ?OH)3h a} R3|5 an% 21 (m
another portion of ethyl 2-acetamidomalonate 4b (2.27g) was added. The resulting
mixture was stirred at room temperature for an extra 11h. Ice (60mL) was then
20 added and the solution was stirred for 1.5h, then the mixture was diluted with 250mL
of water and extracted with two portions of diethyl ether. The etheral solution was
washed with 1N HCI, sat. NaHCO;, dried Na,SO,, concentrated and purified by flash
chromatography (EtOAc 40% / hexane) to give compound 4e (4.8g, 50% yield) as a
pale yellow oil.
25 Step D. To a degassed (argon bubbling for 30min) solution of Z-ethyl 2-acetamido-
2,8-nonadienoate 4e (8.38g, 35mmol) in dry ethanol (70mL) was added (S, S)-Et-
DUPHOS Rh(COD)OTf (51mg, (substrate/catalyst = 496). The mixture was put
under 30 psi of hydrogen (after 4 vacuum-H; cycles) and stirred on a Parr shaker for
2h. The resulting mixture was evaporated to dryness to obtain the crude compound
30 4f, which was used in the subsequent step without purification.
Step E. To a solution of crude (S)-ethyl 2-acetamido-8-nonenoate 4f (7.3g,
30.3mmol) in THF (100mL), Boc,O (13.2g, 2eq.) and DMAP (740mg, 0.2eq) were
added. The reaction mixture was heated at reflux for 2.5h. Subsequently, most of
the THF solvent was evaporated, the crude mixture was diluted with CH,Cl, and

35 washed with 1 N HCI in order to remove the DMAP. The organic layer was further
-21-



HHOO HO04 NN\OH OW Step 1 HHN., O H >0 3 P2-P1 H P2-P10 P3 3a
H5a 49 ON, e Step 2 H5b _ P3-P2-P Step 1 : A solution of hydrogen

chl ori de wo odioemane (4N) was added to the Boc P2- 20 Pl f pagrexes/o@so (5. 329,
15.0mol ) resulting in a colorless solution. After 1 h of stirring at room
tenperature, the solvent was evaporated and the residue placed wunder high
vacuum for 3h which afforded the hydrochloride salt of conpound 5a as an
anor phous solid which was used as such. Step 2: DI PEA (2.6nL, 15mvol) was
added to a m xture of the above prepared P1- 25 P2 hydrochloride (15mmol)
in dry DCM ( 1egraciedrwithusatunated anugonoNeldeReslied with anhydraus Negidandl y, TBTU

(5.30g, 16. 5n8aicen tle&‘&H é(r\)acM‘@rﬁ ﬁﬁ’é’&ddé Bro@u&tvl/a[srtﬁgn dmwmteﬁmﬁfés&%n J i nker
49 (4.07g, Ommo ( resul ting

03/ 064455 PCT#I@Awaveo(ﬁm-) épéls'ddchta q-} was a@%ﬁgieand tR@lrmAmezmstﬁte wasmpl )

was added resghridaug AT, fanzsrﬁgématelnaﬂ. bﬁ’th@ﬂ?@fﬁ%@i@% &ptitddsy, Afd)errhéOm n To
this was then added th sol uti on and added unt’i | the reaction

was basi c § pHeactionymixjige Wastcaegntrajgdiunder wqquum tagemarmogt ¢fithe Higkn

at nospher e f0§ol5éht éﬂﬁllﬁféd\&ﬂﬂicwg a%n@mﬁﬁgis@urt%ntm WadhRaiwitHa 19HQ, act ed
with EtOAc (2 x ghand washed with dllutgueédrochl oric acid '%“H\ée
|

400nL), wat erdrc%‘ﬁ’m_? ngséﬁﬁzﬁpa?%c%ﬁphﬂt!a FTHGRYYE: IeiERitp re

combi ned or gamlr%rnhp\ﬁméswa exddieBodj0, atk @MGé pratgeewasIpuriiet batigsn fil t ered
and evaporated to a

over silica G¥PMEIY %I(”i"% éﬁ@e?‘m%qz%ﬁ W %‘:"’L‘%ﬂ%@@"%@ﬁg ﬁ%ﬁhl ch
af forded tpe dlaamy evihd ftidd dopiRuhd ag wais el ma@rapmw 4€a paieiyeliow 889, 82%
purity >95% b?’s 82g,7 %% yield). '"H NMR (DMSO, 400 MHz): § 7.01 (d, J = 8 Hz, 1H), 5.79 (tdd, Jt

=6.7 Hz, Jd = 17.0, 10.2 Hz, 1H), 5.00 (md, Jd = 17.0 Hz, 1H), 4.93 (md, Jd = 10.2

Hz, 1H), 3.83 (m, 1H), 2.00 (q, J = 6.9 Hz, 2H), 1.65-1.5 (m, 2H), 1.38 (s, 9H), 1.35-

1.21 (m, 6H). ‘

15
EXAMPLE 5

Svnthesis of tripeptide 5b

H
A( 0 0
OH
0
Oif  — &Y o
H ‘ OMe + H 5
P2-P1 p2-p1° P3
H Sa 49
o) j’ N ~ome \

o

Step 2 0 H /
—_—
5b '~

P3-P2-P1
Step 1: A solution of hydrogen chloride in dioxane (4N) was added to the Boc P2-

20 P1 fragment 3a (5.32g, 15.0mmol) resulting in a colorless solution. After 1h of
stirring at room temperature, the solvent was evaporated and the residue placed
under high vacuum for 3h which afforded the hydrochloride salt of compound5a as
an amorphous solid which was used as such.
Step 2 : DIPEA (2.6mL, 15mmol) was added to a mixture of the above prepared P1-

25 P2 hydrochloride (15mmol) in dry DCM (100mL) resulting in a homogeneous
solution. Separately, TBTU (5.30g, 16.5mmol, 1.1equiv.) was added to a stirred

solution of C9-linker 4g (4.07g, 15.0mmol) in dry DCM (130mL) resulting in partial
-22-



EXAMPLE 6 Synthesis of macrocyclic internediate 6a: HOH HON, W O O
Wy, Il ONOH- OM O ~ -OH5b 6a 15 A solution of diene 5b (4.0g,
7. 88mmol )Wore3me445DCM (800nL) was deoxygenat ed by bubbl i n@CACA0G00@BH.
Hoveyda' s catal yst (262ng, 0.434mvol, 5.5mol % was then added as a solid
and the reaction was refluxed under an Ar balloon. After 28h, the

red- orange sol ution was evaporated to an anorphous solid and then purified
by flash colum chromatography over silica gel. The initial solvent system
was 10% Et OAc 20 in CH2CI 2. Once the catal yst was eluted fromthe col um,

t he sol vent wdisselutiongatthe neagenir OIREASEME u:'zmrml) whs apded egsHiting in @ om t he
colum was evpdentialf mmo:g&ﬁe&fgls%f onzhgr mhwyfh&g ﬁa@fh@ﬁ‘é@&e@%e"lﬂsPQSOl at ed

as a colorless foam |sso hexane (-1:2

Evapor at i on ofolulips ang| QIBEA Wﬁ@ﬂd@dh%r‘iﬁﬁiqubwﬁ%bﬁ%‘? (p'-t%S@szget litgmus) y ABerd) . 25

I'H NVR (CDCI 3 J =
o 5 g 5( 4 btﬁf{:@&umh nltﬁa(?%n?a@més&ﬁré Or Sﬁ "ﬂwe sovérit wds ev%bibwatéd_ ag{%iz 63( - 4H)

d, 35 = negidye extragted wigh %/bg 2 )3}290mlg) apg V(qgshe(eg with li_iDiutg hyéropbwlorlcgacg@ (dd,

(
1.1 & 4. B.osN, dbomd), et (5@orﬁlnjl aaﬂaturafecié‘bdﬁlﬂn bitarboRafe (460rhil 1fhe86 (bd,

2.
J=1
J =098, 1H), 52052é( 2H) , dt .32 (bs,
1

h

45
) 2230 Bmbibas isae PhestRNSIRS! SIAST magh B SH AP IHEEY 19 bur cas 7
Synthesis of bldperdtedto/Ryellow$yrug® THENradd\broBudt wastthrdin&iddtaphed over silica

gel using 6 :1 EtOAc / hexane to pure EtOAc as eluent, which afforded the desired
10 tripeptide, diene 5b, as a white foam (5.88g, 82%, purity >95% by HPLC).

EXAMPLE 6

Svnthesis of macrocyclic intermediate 6a:

OH

15 A solution of diene 5b (4.0g, 7.88mmol) in dry DCM (800mL) was deoxygenated by
bubbling Ar for 2h. Hoveyda’s catalyst (262mg, 0.434mmol, 5.5mol %) was then
added as a solid and the reaction was refluxed under an Ar balloon. After 28h, the
red-orange solution was evaporated to an amorphous solid and then purified by flash
column chromatography over silica gel. The initial solvent system was 10% EtOAc

20 in CH;Cl,. Once the catalyst was eluted from the column, the solvent was changed
to pure EtOAc. Elution of the catalyst from the column was evident from its color.
The macrocyclic product 6a was isolated as a colorless foam which was re-dissolved
in CH,Cly,/hexane (~1:2). Evaporation of the solvent afforded a white powder
(3.362g, 89% yield).

25 'H NMR (CDCl3, 400 MHz): § 1.20-1.50 (m, 6H), 1.43 (s, 9H), 1.53 (dd, J = 9.5 & 5.4,
1H), 1.61-1.70 (m, 1H), 1.76-1.90 (m, 2H), 2.05-2.26 (m, 4H), 2.45 (d, J = 14.3, 1H),
3.67 (s, 3H), 3.71 (d, J = 11.1, 1H), 3.90 (dd, J = 11.1 & 4.3, 1H), 4.43-4.53 (m, 2H),
4.76 (d, J = 8.6, 1H), 4.86 (bd, J = 9.8, 1H), 5.20-5.23 (m, 2H), 5.57 (dt, J =7.0 &

9.8, 1H), 7.32 (bs, 1H).
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5 7a To a solution of tent-butyl isothiocyanate (5.0r; 39.4mvol) in DCM
(200m.) was added cycl opentylam ne (4.67nm.; 47.3mmol) foll owed by DI EA and
t he reactwor3/om4zt ure was stirred at R T. for 2h. The m xtParacAssow | ut ed
with Et OAc, washed with a 10% aqueous solution of citric acid (2x),
saturated NaHCO3 (2x), H20 (2x) and 10 brine (1 x). The organic |ayer was
dried over anhydrous MySO4, filtered and evaporated to yield Ntert-butyl
- N -cyclopentyl thiourea as a white solid (3.70g; 47% vyield). The
N-tert-butyl-N -cyclopentyl thiourea (3.70g) was dissolved in concentrated
HCl (46nlL). The dark yellow solution was set to a gentle reflux. After
40m n the reags(gm, Lgxture was allowed to cool to RT. and then cooled in
ice and basifre 15 pH 9.5 with solid and a saturated aqueous sol ution
of NaHCC3. ThErgparationiof Faisureagf’r acted i nto Et OAc (3x), the conbined Et OAc
extracts weregwas 90 fot]r 22.(2x) and brine (1x). The organic |ayer was

dried (MgSQX4) bncentrated to obtain a beige solid (2.46g
crude). Trituration of t ¥uege=Paterial in hexane/ EtOAc 95/ 5

provi ded, after fi ation, the N-cyclppertythioyrea7a as a ite lid
(2.38; 90 20 %vyi : IFI—NIVR’_(TUO ‘9 57.58 (% 9 (bs,
1 H, 6.76 (bsHNH),"4.34 (bs, ﬁ921.|1 79 (m BH), ¥e6- 55(m 2H) ,

1.55-1.30 (m4H). M5, es+ 144. 9(M + H)+ es-: 142.8 (M- H'
Preparati om of thiourea 7b Using the procedure described above7énd usi ng

comercially e écﬂuﬁlidﬁ oné/ﬁ‘»b awhlaﬁ)anate((srmﬁe@d mm@nyw mn@mbm%aé
yi el ded thiourea 7b ' - 24

03/ 064455 PC'I'?@Q.‘)’E‘?VG'QBW'E‘ 16ZTH- ézraméﬁﬂg"m%ﬁw MOLEARIOD o4 t ~N

O/ e 400 H gixtlye was3tifvkd at R.T. for 2h. The mixture was diluted with EtOAc, washed with

a 10% aqueous solution of citric acid (2x), saturated NaHCO; (2x), H,O (2x) and

10  brine (1x). The organic layer was dried over anhydrous MgSQO;, filtered and
evaporated to yield N-tfert-butyl — N'-cyclopentyl thioureé as a white solid (3.70g; 47%
yield). The N-tert-butyl-N’-cyclopentyl thiourea (3.70g) was dissolved in concentrated
HCI (46mL). The dark yellow solution was set to a gentle reflux. After 40min the
reaction mixture was allowed to cool to R.T. and then cooled in ice and basified to

15 pH 9.5 with solid and a saturated aqueous solution of NaHCOs. The product was
extracted into EtOAc (3x), the combined EtOAc extracts were washed with H;O (2x)
and brine (1x). The organic layer was dried (MgSQ,), filtered and concentrated to
obtain a beige solid (2.46g crude). Trituration of the crude material in hexane/ EtOAc
95 / 5 provided, after filtration, the N-cyclopentythiourea7a as a white solid (2.38; 90

20 % yield).
'H NMR (400 MHz,DMSO-dg): §7.58 (bs, 1H), 7.19 (bs, 1H), 6.76 (bs, 1H), 4.34
(bs, 1H) , 1.92-1.79 (m,2H), 1.66-1.55 (m, 2H), 1.55-1.30 (m,4H). MS; es* 144.9(M
+H)* es:142.8 (M- H).

25 Preparation of thiourea 7b

Using the procedure described above and using commercially available
cyclohexylamine (instead of cyclopentylamine) yielded thiourea 7b

H2N/© ;rA __‘ >LNj\NJij . HzNjJ\N/O

H H B

-24-



O O OOTHAB :11COw Ow O 6a ~-H HCI.HZN1 8a 8b Crci O
/ ONONO NZONaYOB OOHEH. H ON'" Ow Il N Ow

Il O~~ -N* 0-0 O 8e 8d 8¢c F MO MO ~HCWHERAO0BI00GY O N |

OO0 GoO ONOw OIl NOWw --~ON'" ™H 00O ~-H I
-0 8f 8a 101 Step A. To a solution of the macrocyclic

I n terrredl ate 6a (1 3.05¢g, 27.2mmol, 5 1.0Ceq.), Ph3P (14.28g, 54.4mmmol,

2. Ceqg) and 2-car boxynet hoxy- 4- hydroxy- 7- et hoxyqui nol i ne (WO 00/ 09543; WO

00/ 09558 & WD 00/59929) (6.67g, 28.6mmbl, 1.05eq) in THE (450nL) at 00,

DI AD (10. 75nLEXBMIPEE®| , 2. Ceq) was added dropw se over a period of 15m n

The ice bath V. and the reaction mxture was stirred at RT.
for 3h. After %héS'seo#’n deﬂ” ersion of starting material 10 to products,

t he sol vent was evaporated under ¥&g¢uum the renmini m xture
N O
OH N\ N P
0 =/ OMe =/ oMe
o]
K OMe F 9

l
I
o~
OO

OMe

MeO MeO MeO

MeO. MeO MeO

8t 8a 101
Step A. To a solution of the macrocyclic intermediate 6a (13.05g, 27.2mmol,

5 1.0eq.), PhsP (14.28g, 54.4mmol, 2.0eq) and 2-carboxymethoxy-4-hydroxy-7-
methoxyquinoline (WO 00/09543; WO 00/09558 & WO 00/59929) (6.679g, 28.6mmol,
1.05eq) in THF (450mL) at 0°, DIAD (10.75mL, 54.6mmol, 2.0eq) was added
dropwise over a period of 15min The ice bath was then removed and the reaction

mixture was stirred at R.T. for 3h. After the complete conversion of starting material

10 to products, the solvent was evaporated under vacuum, the remaining mixture
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-25 WO 03/ 064455 PCT/ CA03/00089 diluted with Et OAc, washed wi th saturated
NaHCO3 (2x) and brine (1x), the organic |ayer was dried over anhydrous
MySO4, fiwDesmedt4ahd evaporated to dryness. Pure conpound PTa/caasg/oals? ai ned
after flash columm chronmat ography; the colum was eluted first with
hexane/ Et OAc (50:50), followed by CHCl 3/Et OAc (95:5) to renove 5 Ph3PO and
DI AD byproducts and elution of the inpurities was nonitored by TLC.

Finally, the desired product 8a was eluted fromthe colum with CHC 3/ Et OAc

(70:30). Usually, the chromatography step had to be repeated 2-3 tinges
before conpodiidedyitie BIAL: Mashebyih safuraechNgiCRa X 9"@8”%\9 (). tee @rgRNig Wi t h

an overal |l yigherpfs dr@%%v@?—gnl%ro&%ég@@qﬂtéreWaﬂdp oraié?j tSldAebs. P@red

solution of the Boc-protected’internediate 8a ( 2Cl 2 (15nl),
4N HCl in di oReReRoYnt:Viavyasphiaiggdiatier ffﬁﬁecw@mqug@ahﬁ ﬂv%%ol%mnwaéd at

RT. for 1 h. el ffrmvnﬁmhné/hﬁiA@ﬁsblyogfmmWed\@?tdnblt,/emél@isfs)wsérﬁd%ough

the reaction ?GI’IO an additio was a

conpl et i onS of PEHE a@cﬂ)%ﬁ%eynrewct% frd elgtiqneefitae m%'t'é%&§6m%’ep@yg%ess to

obtain a yell piafmptieicditdd Frdmtt& Wakeluiba 1o flel AlumnTWih CHOLIEOARRS
redi ssol ved in Zﬁgﬁmm mat e % MeCH in CH2Cl 2 and re- evaporated to

dryness under (RPahuklsyd va?@m%waewt% had tobg eapeaifd<o? FRes baleren was

used in the neaﬁa &In% avudum :salatédnh'hl fn'p@ﬂg/'éyhwﬁﬂ@@ol@w:mrﬁo@%ll%él@af of
cycl opent anol in THE solution of phosgene in

tol uene (1.93 %51%89{1_995é99@2%|°)-0i~as added dropwi se 20 and the mixture

was stirreg abtdpB. TB%rsoﬂhlth)ffHérBBcT-ﬂﬂﬁte@bé@'IQEﬁﬁéd{éte@W(OBQ‘f@"ﬁY@H@CIEeagent
(z). After that period yroxi mately half of _the sol vent was renoved by

evapor ati on uh@@?‘-)ﬂfd\&ﬁﬂr\" ”Péh%?ﬁl"ﬁ?j 3qdgAt Tpsuﬁewgmvﬂwedvﬁwgee.a! ut ed
by the addit Ron &1 hChidGhe e(zémaat@rtﬂ.cra gBaIGRsUlld fr@thalfavdyahough tHetréaétfohgl nal

volunme, in order to assure val .l excess hos The above
sol ution of tRe&ad,anapdieral 193‘&9{{%&? df%rarf{ﬁiﬁg R@Lo el f APFRNed
wi t Ih gHE (1 Sfﬁe)soa/@dtsa@tﬁe@vé;ﬁbrhtl@e t@myhess tgl'd@talﬁawbll&bsomw\da pagte Bkenas
cooled to 00 in, an e usted . to %ﬁ -9
cadi 1 on 3t e e G wes esdemol e R SR R Srs e Mk e s
00 for 1 h. Abtapordtédto drgnésacindeneactitio bbtaiveSonibduntdd asi 4 Yellbiv@éid, washed
with water (I % hsat ur at edth H(%%%Z@% H20 %&) i and brine (1x). The
organi c | ayer W3NS UsPH LHNGEK VB 8NYBEBFAR | t er ed and evapor at ed
under vacuum Sfepod! Tba sdlutipalof ewmbmholf(eawu:ds m&tnhwl) ueS’HEr(mﬁL)was obt ai ned
as a white foam after urifi t|o %ée{{) h.c chr.onat o p&éusmga
sol vent gradi gﬂ]ythnrtﬁrﬂhgggoneﬁg (3 A5??§%81%§EMC Wasd ‘@’ﬁg%&f ) in
80% yi el d2¢ 1. and)dheanisturdRes stlrred at R.T. for 2h to form the cyclopentyl chloroformate
reagent (z). After that period, approximately half of the solvent was removed by
evaporation under vacuum. The remaining light yellow solution was diluted by the
addition of CH,Cl, (5mL) and concentrated to half of its original volume, in order to
assure the removal of all excess phosgene. The above solution of the cyclopenty!
25 chloroformate reagent was further diluted with THF (15mL) and added to the amine-
2HCI salt 8b. The mixture was cooled to 0° in an ice bath, the pH was adjusted to
~8.5-9 with the addition of Et;N (added dropwise) and the reaction mixture was
stirred at 0° for 1h. After that period, the mixture was diluted with EtOAc, washed
with water (1x), saturated NaHCO; (2x), H,O (2x) and brine (1x). The organic layer
30 was dried over anhydrous MgSO,, filtered and evaporated under vacuum to obtain a
yellow-amber foam. Dimethyl ester 8¢ was obtained as a white foam after
purification by flash column chromatography (using a solvent gradient from 30%
hexane to 20% hexane in EtOAc as the eluent) in 80% yield (1.27g) and >93%
purity.
35 Step D. The dimethyl ester 8¢ (1.17g) was dissolved in a mixture of
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purity. 35 Step D. The dinethyl ester 8c (1.1 7g) was dissolved in a

m xture of -26 WD 03/064455 PCT/ CA03/00089 THF/ MeOH H20 (20nmL, 2:1:1

rati o), awo oaneagueous solution of NaOH (1.8nL, 1 N, 1 eaCr/csas/oadded. The
reaction mxture was stirred at R T. for 1 h before it was evaporated to
dryness to obtain the sodiumsalt 8d as a white solid (-1.66mmol).

Compound 8d was used in the next step without purification. 5 Step E. The
crude sodiumsalt 8d (1.66mmol) was dissolved in THE (17nlL), Et3N was
added and the m xture was cooled to O in an ice bath. Isobutl_a/l chl orof ormat e

(322 pl, 2.5nhdFMaRiyHaAdeeMI2shhiralio).and amrauerys soletiansef NaGH (le8mkt 1N f or
75min After | P wREhARS: ﬁb@émhmﬁﬁre@a&&hkmﬁ ﬁ%lﬁfh @aareswagl ng was

continued at O for 30mn and then at R T. for an additi onal . Most of
the sol vent weMapeEigbioAnspssdo pliatirthe sedjum gl 8d\asaivie said (Tb%{ﬂﬁ'ioﬂg

mxture was dcbq\ksww& Wagg%m tﬁ@ﬁéﬁgteg‘ygmaugﬁjﬂ%é‘ﬁo%d NaHCCB (2x), H2O

(2x) and brine , dried over anh filtered and evaporated
to dryness5 t oSteptEi ﬁh@@wgggﬂ@iumesaa:?deﬁﬁﬁgmolWQ dopaheghin THE.(3gmL), Ebgbmml ).
The di azoket O\WE &d h@trﬁxtﬁf'e wWitSc é‘fé}ﬁcE%ﬁh 5!&559 IdMJr&QHﬁate

A solution o | azoket one ( 29, 1. 66mmol)

purification.
di ssol ved i n qs@z L LA ias 2686 @PiseENAHinG Mxtes VSIS SLE 10t TSN
aqueous HBr (AfiSpthdr &ﬂa&)d.metmq%ﬂmm §@dea%dtslﬁenrrga@a“4¢dmnm@a<éwe was

stirred at O for 1 m xture was luted with Et QAc, washed with
sat ur at ed Nal—f@(ﬁowmnd tPE'U”(Q)T) fosAR aB?'F'W@' ('.hL MOSt qfiiae solvpniinas exgrerateds

dried ovejg anfaydiyrnuss uNBS Yhcutir! merraqam rﬁi)(t@?é)waé anhté@wnﬁgt@m/ RR8hRed O
obtain the a-bronoketone internediate %ﬁ;el | ow f oam

(-1.657mmD1) . W éﬁiu@tedr'ﬂa'ac%ﬂ%ﬁ-ﬁbﬁ’ ) awebrtnedmkew evesanhysireus MgSQs, 57
mrol ) in isopfipedand evabSriidd to d:yﬁés@n@abmlriéumuﬂaazas@5§Eﬂmoﬁ f&@dfmol ) was

added and the reaction m xtur | aced in a preheated oil bath at 70
where it was 6t3% rd@6msmoly. 'lg}@dqupget@ge indefsrestinip 88 WRs &1sed iBrthe BREWERP under

vacuum and t hgiisu@Buéfcatibssol ved in Et OAc. The soI utlon was washed wth
saturated NaHCO3, water and brine, the oraanl C was dried over

anhydr ous 10y SBteP F.i Asglutien aiihe Sipzpisntanete ozgaﬂf Q'h@siqj‘(ﬁﬂ’é“ THFddd®h) sg

(1.359) as a Wwhgbsol¥&td ®Wh &R ldethathl NAR sBiltiSieoPdRBBGS Hmagsml i é4nag vmé flash

of 1 whi 16 30 SleapRESS LI roadioB e es MEtar oLl ah. 5o Filisguas

2.2mol ) was gheh @Nlited ith FtOAS0Vashb@Withfsaturated NaHCO; (2x), H,O (2x) and brine

(1x). The organic layer was dried over anhydrous MgSQ, filtered and evaporated to

20 dryness to obtain the a-bromoketone intermediate 8f as a light yellow foam
(~1.657mmol).
Step G. To a solution of the bromoketone 8f (2.51g, 3.27 mmol) in isopropanol
(105mL), cyclopentyithiourea 7a (565mg, 3.92mmol) was added and the reaction
mixture was placed in a preheated oil bath at 70° where it was stirred for 1.5h. The

25 isopropanol was then removed under vacuum and the product dissolved in EtOAc.
The solution was washed with saturated NaHCO;, water and brine, the organic layer
was dried over anhydrous MgSQ,, filtered and evaporated to afford the crude
product 8g (1.35g) as a light yellow solid. The crude product was purified by flash
chromatography in silica gel (1:1hexane/EtOAc) to afford 2.12mg of an off-white

30 solid (80% yield).
Step H. The methyl ester 8g (1.82g, 2.2mmol) was dissolved in a solution of
THF/MeOH/H,0(38/20/18mL) and saponified with LiOH. H,O(935mg, 22.3mmol).
The hydrolysis reaction was carried out over 18h at R.T. Thereafter, the solution
was evaporated to dryness to give an off-white paste. The paste was diluted with

35 EtOAc and brine. The mixture was adjusted to pH 6 with 1N HC|. The EtOAc layer
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THE/ MeOH H20( 38/ 20/ 18nL) and saponified with Li OH H20(935ng, 22.3muol).
The hydrolysis reaction was carried out over 18h at R T. Thereafter, the
sol uti on waas/emaporated to dryness to give an of f-white pPaTt@03/06189past e
was diluted with 35 EtOAc and brine. The m xture was adjusted to pH 6 with
1 NHC. The EtOAc | ayer -27 WD 03/064455 PCT/ CA0O3/ 00089 was separ at ed
and the aqueous | ayer was extracted twice with Et OAc. The conbi ned Et OQAc
extracts were washed with deionized water (2X) and brine (1X), dried
(MyS™4), and evaporated to afford the cyclic tripeptide conpound 101 as a
yel | ow sol i d was Fepprated @ng ithe agueoss Byanwassexiracted tage SAINEIOB8enIbend 8h (1
06ng; 0. 132m@3$biﬁ@§gﬁd§é%éé%% W&e%%d@%%ioﬁ?@d fafdr ) MnatRhetHgn of
ed. ye

NaOH (13.2nlL) was ad e clear ow solution was dilluted wth water,
frozen and | ydijss (MaB&H) tandgvaparateshiodiia e crelic dineptide cerspeundstOl@gahi t e
amor phous sol | 4.{18 764 oo Nighd) - 10 M S. (el ectrospray) : 799.3 (MH)-
801. 4 (MtH) Riévgrse_ as%g’Hglf&éhﬁbﬁDgeneity (0.06 % TFA : CH3CN : H20) : 99
%' H NVR (Z00Cmpyersigbdodds Sak 8. 02 (d, J= 9.2 Hz, 1 H , 7.90 (d, J = 6.4

H, 1 H, 7. , , 4 = 7.11
(d. J Dy Hé,gmkéwf’?ﬁ“}'?wgkg( g',1§?&?°§%a8|§?%§’eéoq? N%%sé?%?%ﬁdéoiwgm, 9.9
Hz, 1 H), 5. 4solytien of NagH (13.2raL)vehs, adgled Tie cearysliow sgulign was gijutedwittp (bs, 1
H, 4.49-4.34 = b : " 9-3. 86
(m1'h. 3. 50" Eh b afa BeriR) 1 iciedoufa B g S5 s 2 eyl 3 07
(m 4H), 1.83amorphoysisol@AMpemy; Ia%yield. (m 1 H). EXAMPLE 9 20 Using the
sane procegur e d-¢ anpl gn18 ; i ;

oycl ohex ﬁ"?md %ﬂ@%ﬁ%ﬁpﬁg%ﬁﬁ%g?%m A U e CIINEY
Oll N OH ). UpldG 2HQ) 1NORe( 400 MHz, DMBO-d6): 58.02 (d, J = 9.2
Hz, 1 H), 7.88 (R (4bo MHz,BMED-49: 58.02 (d, J=9.2 Hz, 1H), 7.90 (d, J = 6.4 Hz, 1H),

7.76 (s, 1H), 7.44 (bs, 2H), 7.27 (d,J = 1.9 Hz, 1H), 7.11 (d, J = 7.0 Hz, 1H), 7.03
(d, J = 9.2 Hz, 1H), 5.48 (dd, J = 18.4, 9.9 Hz, 1H), 5.43 (bs, 1H), 5.15 (dt, J = 17.8,

15 7.63 Hz, 1H), 4.70 (bs, 1H), 4.49-4.34 (m, 2H), 4.34-4.25 (m, 1H), 4.13-4.03 (m,
1H), 3.99-3.86 (m,1H), 3.90 (s, 3H), 2.58-2.44 (m, 1H), 2.42-2.32 (m, 1H), 2.15-
1.93 (m, 4H), 1.83-1.14 (m, 24H), 1.14-1.12 (m, 1H).

EXAMPLE 9
20 Using the same procedure as described in Example 8 but, in step G, using N-
cyclohexylthiourea 7b, gave the sodium salt of compound 102.

Compound 102
'H NMR (400 MHz,DMSO-dg): $8.02 (d, J = 9.2 Hz, 1H), 7.86 (bs, 1H), 7.78 (d, J =
7.3 Hz, 1H), 7.43 (s, 2H), 7.27 (d,J =2.2 Hz, 1H), 7.12 (d,J =6.9 Hz,1H), 7.03 (
25 dd,J= 9.2,1.9Hz, 1H), 5.57-5.40 (m, 1H), 5.40 (s, 1H), 5.26-5.17 (m, 1H), 4.70
(bs, 1H), 4.52-4.35 (m, 2H), 4.29-4.23 (m, 1H), 4.18-4.00 (m, 1H), 3.90 (s, 3H),
3.87-3.65 (m,1H), 2.42-2.32 (m, 1H), 2.19-2.10 (m, 1H), 2.07-1.96 (m, 3H), 1.82-
0.95 (m, 28H). MS; es™ 815.4(M + H)* es 813.4 (M — H).
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7.3 Hz, 1 H), 7.43(s, 2H), 7.27 (d, J = 2.2 Hz, 1H, 7.12 (d, J = 6.9 Hz, 1
H, 7.03 ( 25dd, J =09.2, 1.9 H, 1 H), 55 40 (m 1 H), 5.40 (s, 1
H, 5.26-80b306ass1 H), 4.70 (bs, 1 H), 4.52-4.35 (m 2H) PCAQO3M0@BS (m 1
H, 4.18-4.00 (m 1 H), 3.90 (s, 3H), 387365(m1 H, 2.42-2.32 (m 1
H, 2.19-2.10 (m 1 H), 2.07-1.96 (m 3H), 1.82- 0.95 (m 28H). MS;, es+.

815.4(M + H+, es : 813.4 (M- H) -28 WO 03/064455 PCT/ CA0O3/ 00089 EXAMPLE
10 NS3- NS4A protease assay The enzynmatic assay used to eval uate the present
conpound is described in WO 00/09543 and WO 00/59929. 5 EXAWPLE 11 Cel |
Based HCV RNAERAMPILEStG on Assay Cell Culture: Huh7 cells that stably

mai ntain a S“IQ§§'N§HAC @ ggggfl con were established as 10 previously
described (L Sci ence 285: 110-113) and designated as
the S22.3 celThe enmymaiOassay0BRA 1GpvalGie i@ present campowd indgseried;in WO

Dul becco' s (DVEM suppl enented with 10% FBS and 1
ng/ mL  neonycin %St anrgdEl f%??ﬁ%m During the assay, DVEM nedi um

suppl enent®ed with 10% FBS, containing 0.5% DMSO and | acki ng neonyci n was
used (Assay AMPLE {4° 16 hours prior to conpound addition, S22.3 cells
are trypsinized and diluted to 50 000 cells/m in Standard Medi um 200pL
(10 000 cel | s@ehBaset HEY ANA Beplication Assaly wel| of a 96-wel | plate. The

pl ate was thepgl Bghhated at 37 with 5% COZ until the next day. 20 Reagents
and Materials: Product Conpany Catal og # Stora DVEM W sent | nc. 10013CV
AC DVBO Si gndulty eedisdhat stably ’Dﬁ'ﬂ@ét%é"@qﬂB@'@'lﬁgdeBRE” yeipestadished ¥ Fet al

Bovi ne Sejgim ﬁ’eQuoW]i{_Héé’éfi%d bnifah ot ar. 2YgoAEcieNePsBs: i g4 $hldhk c@sl%are%RL
10131- 027 - 20T/ rypsin- EDIA G bco- BRL 25300- 054 - 200 4C _96-wel | plates

Cost ar 3997 Rasrthe celiding MG P2/852Q35)1S39-3 reliscrre maintajoed indytbecco’s
Modified Earle Medium (DMEM) supplemented with 10% FBS and 1mg/mL

neomycin (Standard Medium). During the assay, DMEM medium supplemented with
10% FBS, containing 0.5% DMSO and lacking neomycin was used (Assay Medium).

15 16 hours prior to compound addition, S22.3 cells are trypsinized and diluted to 50
000 cells/ml in Standard Medium. 200uL (10 000 cells) are distributed into each well
of a 96-well plate. The plate was then incubated at 37° with 5% CO, until the next
day.

20 Reagents and Materials:

Product Company Catalog # Storage
DMEM Wisent Inc. 10013CV 4°C
DMSO Sigma D-2650 R.T.
Dulbecco's PBS Gibco-BRL 14190-136 R.T.

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 R.T.
PVDF 0.22um Filter Unit Millipore SLGV025LS | R.T.
gg;‘;}\é\ﬁl e‘:;i;er Plate Beckman 267007 R.T.

Preparation of Test Compound
10pL 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 15min and
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Deep-Wel |l Titer Plate Beckman 267007 R T. - Pol ypropyl ene Preparation of
Test Conmpound 1 OpL of test conpound (in 100% DVSO) was added to 2 ml of
Assay Medwormshesssm final DMSO concentration of 0.5% and trloa/ceBoodseon was
sonicated for 15mn and -29 WO 03/064455 PCT/ CA0O3/00089 filtered through
a 0.22pMMIlipore Filter Unit. 900pl1 was transferred into row A of a

Pol ypropyl ene Deep-Well Titer Plate. Rows B to H, contain 400pL aliquots of
Assay Medium (containing 0.5% DVSO), and are used to prepare seri al
dilutions (1/2) by transferring 400p1 fromrow to row (no conpound was

i ncl uded i n r titered thraughppl.2eaiiMitipore Riltes UngoP@iiiwds trangfetred intetow Aof aur e

rodi um was 25 BhiBibBflets BEkbMel st Blde Mol SN Al odyloaidgl i ASLS .

175pL of assa ropriate d of t'est oun
transferred fMediugachniaining @5%%%&@@@5@1umthtoaore@arewen@lcwlumdwa)h)g vveII

of the 10 cel {rargslﬁr{nHéﬁ?@pl%ﬁ'n (oDl 6l YRS eSS Suds i A B 1 O

control"). The ture | ate was | ncubated at 37 wt A)COZ for 72h.
Extracti on5of Total Cellular RNA Fol l owi ng the 72h incubation period, the

total cellulap m,m@g{td’oﬁ%@ﬂdfd’%t he 15 S22.3 cells of the 96-well
pl ate using the RNeasy 96 kit (Q@(F;en r), RNeas Handbook. 1999.

Briefly, assa?e%‘dimﬁl%wmbﬁw' gl froshriieeep- Y"P%H‘@Iﬂe@qrga’%!ﬁl therBRP-3eellsy RLT
buffer (Q agemfsooofvaggéyameu.ngw mh%b%pmmm&e&fh@mbmwﬁn@m@d to each

well of the 96-well cell-culture pla The mcro}g)qate was gent]y shaken

for 20 sec. E@‘Eﬁfﬁfte%ffm‘?@%'ét"'ﬁ&ﬁb he\ﬁa@pw&qp@@d@a BOrERRPAN %WB&BP%H‘@ wel |,
and m xed1py &8l dwtpfétﬁlatawovﬁrhwdsmaaasw"Noeiﬁmmdneaﬁtrcﬂppfheaséntcunmrbe wel |'s

of a RNeasy 96 ( t aced on top of a Q agen(r)
Squar e- Wl | BP'B@KV%SFﬁB‘%ﬁ%%ﬁ&f%th#ﬁbQ\A?%QB ealed with tape and the
Squar e-\Wel | Bl ock with the RNeasy 96 plate was | oaded into the hol der and

pl aced in a r buct C centrifuge. The sanpl e was
centrifuged a %8“9 ﬁ?tepé%lgﬂ)a for 4nin at room 25 tenperature. The

t ape was reerFeltbmfrlig)ﬂhietma u}idtmhﬁorﬁpmiloﬂ tBe mdtaidellBaf RNA iddlextraQed@en(thg RNeasy

wes sehl edw PRA RP e st u dalp LB e A¥eRr U ullceoBBoENBR Tor amin
at room t enpeHahdbomk. 1I9&9 RBeeflyy aSyphetiion was cpinptedaly camaved foin calletandr

E:Iqegg eﬁ??? re- Y% LL g} IQE‘F buﬁgreiQtla%%ﬁ f %gﬁt\é%clingaqgs mlv?B mercaptoe%anol wgg Ig«dded

to each well of the 96-well cell-culture plate. The microplate was gently shaken for 20
sec. 100 pL of 70% ethanol was then added to each microplate well, and mixed by
20 pipetting. The lysate was removed and applied to the wells of a RNeasy 96
(Qiagen®) plate that was placed on top of a Qiagen® Square-Well Block. The
RNeasy 96 plate was sealed with tape and the Square-Well Block with the RNeasy
96 plate was loaded into the holder and placed in a rotor bucket of a 4K15C
centrifuge. The sample was centrifuged at 6000 rpm (~5600 x g) for 4min at room
25 temperature. The tape was removed from the plate and 0.8 ml of Buffer RW1
(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 4min at room temperature. The RNeasy 96 plate was placed on top of another
clean Square-Well Block, the tape removed and 0.8 ml of Buffer RPE (Qiagen®
30 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 4min 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
35 for 10min at room temperature. Tape was removed, the RNeasy 96 plate was placed
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30 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 4m n WD 0306”5 t enper at ure. The tape was renoved and ameTex0300B9M of
Buffer RPE (Q agen(r) 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 35 for 10m n at roomtenperature. Tape was renoved,
the RNeasy 96 plate was placed -30 WO 03/064455 PCT/ CA03/00089 on top of
a rack containing 1.2-nL collection mcrotubes. The RNA was el uted

addi ng 50 pL @7 toRid agack eantaiping 1.2+ L salactiqpMmicrotbgs.i The wéms\mthay new

pi ece of tap@dcﬁ{bdsd ﬂEHPﬁNS& fr O\;v;téf“t@eé’éh WA T4 IRERRA A 8 nelfedd Gt & Was

then centrifuged Tat roomtenperature. The el ution
step was repe@p@enmlrtcnb@ieg f@ré@mat KpgMulgEpgratee. e prteswas hee copftiiged the

m crotubes w édbdrﬁﬁﬁf'or @rﬁ'nlaﬂlr&fm %erﬁt’h% %@re‘ﬁ.ﬂloﬁtst 7\9& re&‘é‘t@& With@at i on of

Total Cellular RNA RNA was quantified on th r) stem 'i Mol ecul ar

Dynani cs(ry) SRSOAE velyme Oiéoﬂi'? Bblese-fae Mﬁat@hﬂﬁhw&ﬁ?tl’?ﬁ’%‘%n (9??' RPHUIZNENRCul ar
Probes(r)). Bijeakdr¥d at bR boG een reagent was diluted 200-fold in TE
(10mMM Tris-HCl pH =7.5, 1 nM EDTA). Cenerally, 50pL of reagent was dil uted
in 10m. TE. A Standard Curve of ribosomal RNA was diluted in TE to 2pg/nL

and pr e- det er guasficatenwitratd t@@ulaﬁl@NA40 20, 10, 5, 2 and OpL) of the
ri bosomal RNA_s Iutlon re t erred 96vve ae15
( COSTAR # 399'?5\' AP Q%Qaf!ﬁsﬁ ‘ﬁh‘E \ﬁé@a@@%ﬁ M@&%%%”WP eral ly,
colum 1 of tRBoBeeers RNAImtaenﬁmmKﬁwbmbumherosbe@ﬂandfm tHe\/IElbaGt‘behhe ot her
wells are used for th . e fie ch RNA
Samle that  viseoitvaseylen popARByT Ty tonfiHerRc A r s, TRB=EACERBr@
wel | of the %Gmai»flreadmt Waanmte@mplonﬂ.f THEEA Sthdadideutve 6hébosomanBNAL@EpL) of
dllutedeboGr e s_2 ad d to gac |..0f . the —Wel ate
and i ncubat eddl e'% %t”ﬁzlr\ﬁu?ré‘gprgt %B}Wecfﬂ'ﬂglg]\fsgbgpeéoﬁpogigp\é\%%?@ | i ght
(a 10 L RNA s@mploethemtms@ﬂﬁl RNA isolatiorvadeuthen traresfierent ies reev2@6-Xelliplatg i on) . The
fl uorescepce d}ﬁfﬁ ﬁﬁﬁ gg;ﬁlﬁ t %gy[ system
(Mol ecul a?gDyLa Clé'% yj)Q%A St gﬁ Iuh'e\(,ﬁ%sve \/vaél{eg?%g@é’& ﬁ 5gsulys of the
known quant i t ¢cademofl df the 96-wels plate wi\dsemifdr thestandaid Qurvegaﬁd the otwr evells 25
intensities. t p hﬁiwg
determ ned f%-%%st e rgﬁgﬁﬁg‘r%ﬁ@&r Ve b%r%’gggﬁﬁeﬁ ngf][btg? t he %ﬁﬁ%}‘\?%ﬁagn. -31
WO 03/ 064455 POR quanitfies) 9@sg transferred to the corresponding well of the 96-well plate and

90uL of TE was added. One volume (100pL) of diluted RiboGreen reagent was

20 added to each well of the 96-well plate and incubated for 2 to 5 minutes at room

temperature, protected from light (a 10 uL RNA sample in a 200 pL final volume

generates a 20 X dilution). The fluorescence intensity of each well was measured on

the STORM® system (Molecular Dynamics®). A standard curve was created on the

basis of the known quantities of the ribosomal RNA and the resulting fluorescent

25 intensities. The RNA concentration in the experimental samples was determined
from the standard curve and corrected for the 20X dilution.

-31-



Reagents and Materials: Product Conpany - Catalog # Storage DEPC Signma
D5758 4C EDTA Signma E5134 R T. Trizma-Base Signma 18524 R T. Trizma-HC

Si gma T71W0 0R0d4455 Col | ection Tube Strips Q agen 19562 R TPCTRiAwegomsen RNA
Quantitation Kit Ml ecul ar Probe R11490 -20C RNeasy 96 Kit Q agen 74183

R T. Square-Well Blocks Q agen 19573 R T. Real-Tine RT.-PCR The

Real -Time R T.-PCR was performed on the ABI Prism 7700 Sequence 5 Detection
System using the TagMan EZ R T.-PCR Kit from (Perkin-El mer Applied

Bi osystensO). R T.-PCR was optim zed for the quantification of the 5 IRES
of HCV RNA bﬁea@ewamm@lat@qﬁan technol ogy (Roche Ml ecul ar Di agnosti cs

Systens) sim fr e technique pr desTTTdHEio G (e l .,
1999. J. din. ﬁAro Siol 37, 327 332} Iiﬁe'wsyst em exgﬂ gl LS t_"}gr@‘e- a
nucl eol ytic ac DEPLy of AnpliTagq DNA 1@igma ynerase.| B37sef |y, [t43€¢ net hod

utl | | Zes a dua | qhnl nrl 'Fl Hor ngarn o h\ hri di zattoen nraohao /DI AR Pt nhn\ that

A=

specifically a1ﬁQ§?s‘s to the tenplate bé‘f%%n t he P()E515r| ner s rinmerfs 8125

and 7028) . The| FrizreaBasé the probe contsygms a Tl uor{epseat rem)Trter
(6_ car boxyf| uo‘nehnl n [ EANM anrl fhn 3! nnrl —cont al ds—a—f1 vorascent ru nncher

(6- carboxytetr Iﬁ%’ﬂ?ﬁqﬁodam ne [ TAVRA] )S'Q’W‘ﬁe FAM r 6 cﬂf‘@'r s amf-$sion

spectrum 15 wa@owgﬁqras@gtrtp)g the quermé‘gﬁ'n on the mggggt hyQrR. zat1jon
pr Obe_ Nuc| ease dear adat i on n'F 1 hn h\ bridization rnhn reledcec fhg

oC o

reporter, resu| RioRgraen RNA Quapigion Kif '\4‘?'??6'1‘%&%%6 R1349Qi on.| 4% ABI| Prism

7700 sequence (RNEaEPI6 RRASUres the I magomse | N T1yangscency gm ssign

conti nuously diingthe PCR anplificafig g i fied prioduct
was directly pfopédeiW¥eal Beckhe signal | #Manplifi 3a1t9|53?\ pl ot| B0 was | -
anal ysed early 1Tn The reaction at a pornt thatrepresents the Togarithmc
phase of proguct accunu g lon. A point representing a defined detection
threshol d of PRE-TMER-EaBERin the fluorescent si gnal associated with the

exponenti al grReRBaCTimeRTRPEBR v@ds)phmméwbnmewwmszmois&@aneé was

B

condi ti ons, tBbsysaérgaD) RTE.-BCR Mais optinized tortthatyianificationoV tHe\ IRES of Hcmer t he

g; e cf\i g;agsgﬁgﬁ&ur V¥ﬁe T%Er%%%?d h%gltogy oc%alI\ch}fecplXarchagnosg|cspéys§ems;700

similar to the technique previously described (Martell et al., 1999. J. Clin. Microbiol.
37: 327-332). The system exploits the 5'-3' nucleolytic activity of AmpliTaqg DNA
10  polymerase. Briefly, the method utilizes a dual-labeled fluorogenic hybridization

probe (PUTR Probe) that specifically anneals to the template between the PCR
primers (primers 8125 and 7028). The 5' end of the probe contains a fluorescent
reporter (6-carboxyfluorescein [FAM]) and the 3' end contains a fluorescent quencher
(6-carboxytetramethylrhodamine [TAMRA}). The FAM reporter’s emission spectrum
15  was suppressed by the quencher on the intact hybridization probe. Nuclease
degradation of the hybridization probe releases the reporter, resuiting in an increase
in fluorescence emission. The ABI Prism 7700 sequence detector measures the
increase in fluorescence emission continuously during the PCR amplification such
that the amplified product was directly proportion to the signal. The amplification plot
20 was analysed early in the reaction at a point thatrepresents the logarithmic phase of
product accumulation. A point representing a defined detection threshold of the
increase in the fluorescent signal associated with the exponential growth of the PCR
product for the sequence detector was defined as the cycle threshold (C7). Crvalues
are inversely proportional to the quantity of input HCV RNA; such that under identical
25 PCRconditions, 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
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WO 03/ 064455 PCT/ CA03/00089 by plotting the CT agai nst each standard
dilution of known HCV RNA concentration. Reference sanples for the

st andar d worsesas® i ncl uded on each R T.-PCR plate. HCV RepIGAD30MBNA was
synt hesi zed (by T7 transcription) in vitro, purified and 5 quantified by
0D260. Considering that 1 pg of this RNA = 2.15 X 1011 RNA copi es,
dilutions were made in order to have 108, 107, 106, 105, 104, 103 or 102
genom ¢ RNA copies / 5pL. Total cellular Huh-7 RNA was al so incorporated
with each dilution (50ng / 5pL). 5pL of each reference standard (HCV
Repl i con + Hutby momm)ha/\ﬁsagamﬁﬁam@tamarﬁdmspn oh knaerneNtRNA goncentratiored i n
the Real -Tine R T.-PCR reaction. 10 The Real-Tine R T.-PCR reaction was
set-up for the experinental sanples that were purified on RNeasy 96 -well

pl at es by conBelerengespmpiss ferdbe stagdand qievg arednciyrien oneaep IR TUPER PR of
Reagent M x. ﬁévﬁ?&ﬁl@&ﬁ ﬁNﬂ%s’@h%bé@@ (by'T7 transcnption) in vitro, purified and

SRR - . dilutions were made in- orde.l:_to ha.ve 1()‘_3 105 106‘ 10°, ‘|0‘L 1O‘P<!Sr0ﬂ13 &QE%W
Cat al og # Storage I ed Bi os stems N808- 0236

It PE
-20C M cr oAnfPRgs/ } T@&’Me'ﬁ?r/&bﬁ‘l‘? BB'AB?"E%?@?AE&%'W d Wiz sa¢h dilution) ¢y o ANp
Optical 96 PE(56a§VseLcs &D§N@cﬁmem&s%@9rﬂHﬁv RY¥Mcbn Reast7 anAYhake

Reagent M x pre a,ra I on for PI e Fi onent
one sanpl e (p‘FS Rigg E’ﬁ'?rﬁ’l-’@sm%’g@ﬁet 'V“"(i'J"L‘iTe r‘i?orﬁ m?{ﬁ‘atzﬁ ¢Ré%a‘¥%9er
16.5 16171 X Tagvan EZ buffer 10 980 ix I\/h(OAc)Z (25nM 6 588 3n1\/| dATP

00 P B ST A e e ATk ” 00"

were purified on RNeasy 96 —well plates by combining 5pl of each total cellular RNA
sample with 45pL of Reagent Mix.

15 Reagents and Materials:

Catalog #

Product COMPANY Storage
TaqMan EZ R.T.-PCR Kit | PE Applied Biosystems | N808-0236 | -20°C
MicroAmp Optical Caps | PE Applied Biosystems .N801-0935 R.T.
MicroAmp Optical 96- ) )
Well Reaction Plate PE Applied Biosystems N801-0560 | R.T.
Reagent Mix preparation:
Volume for | Volume for One Plate |
Component one sample | (pL) (91 samples + Final
(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) 1.5 147 300uM
dCTP (10mM) 1.5 147 300uM
dGTP (10mM) 1.5 147 300puM
dUTP (20mM) 1.5 147 600uM
Forward Primer (10pM) | 1 98 200nM
Reverse Primer (10pM) | 1 98 200nM
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Reverse Primer (10pM 1 98 200nM -33 WO 03/ 064455 PCT/ CA0O3/ 00089 PUTR
probe (5pM 2 196 200nM rTth DNA polynerase 2 196 0.1 UpL (2.5 U plL)
AnpEr ase WN@3/(04446% pL) 0.5 49 0.01 U pL Total Volune 45 42Ce/eswensd Pri nmer
Sequence (SEQ ID. 1): 5 - ACG CAG AAA GCG TCT AGC CAT GGC GIT AGT - 3
Reverse Priner Sequence (SEQ ID NO 2): 5 - TCC CGG GEC ACT CGC AAG 5 CAC
CCT ATC AGG - 3' Note: Those priners anplify a region of 256-nt present
within the 5 untranslated region of HCV. PUTR Probe Sequence (SEQ I D NO
3): 6FAM 1 - TGG TCT GCG GAA CCG GIG AGT ACA CC - AMRA 10 No Tenplate
Control s (NTC) ] POTReercbe (HudM)e, 4| Rells are|d8&d as "NTC'. FpROQMdse
controls, 5pl ¢ t jgedTto the—welt—Tm praceof RNA—Thermat
Oycling Condit oIT&is: O R ertE T 5/ 60C 30ni n| 186C 5m n 95C 15| eaay/uL60¢ 1 min
for 2 cycles 9(K§lJBJI-S)ec 20 60C 1 nmin for #0 cycles Follow hg the
term nation of Erask UN’GT"PE?% pgT thed ihg. aral ysis TEqUp@
threshol d fluofescence Sian e and a 1nda
constructed by[F LidRhel T Va 54l COpy num
reference reaction. The ‘a vaI ues obtainedlifor the assay sanples arelused
to interpolate an RNA copy nunber based on the standard curve. Finally,

quanti 1 cat | op B Ao A dTRacE B aIBr B T AnCirac 2t 885 TEF %P and
expressed as GGC GTT AGT - 3
Reverse Primer Sequence (SEQ ID NO. 2): 5'- TCC CGG GGC ACT CGC AAG
5 CACCCTATC AGG - 3'
Note: Those primers amplify a region of 256-nt present within the 5' untranslated

region of HCV.
PUTR Probe Sequence (SEQ ID NO. 3): -TGG TCT GCG GAA CCG GTG
AGT ACA CC -
10
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.
Thermal Cycling Conditions:
50°C 2min
15 60°C 30min
95°C 5min

95°C 15sec
. for 2 cycles
60°C 1min

©90°C 15sec
20  60°C  1min for 40 cycles

Following the termination of the R.T.-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

25 reference reaction. The Ct values obtained for the assay samples are used to
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
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-34 WO 03/ 064455 PCT/ CA03/ 00089 genone equivalents / pg of total RNA
[ge/ pg]. The RNA copy nunber [g.e./pg] fromeach well of the cell culture
pl at e waswae o3feasiire of the amount of replicating HCV RNAPCA/GAv/omsesence
of various 5 concentrations of inhibitor. The % i nhibition was cal cul ated
with the following equation: 100 - [(g. e./Ng inh)/( g. e./pg ctl)x 100].
A non-linear curve fit with the H Il nodel was applied to the

i nhi bition-concentration 10 data, and the 50% effective concentration
(EC50) was cal cul ated by the use of SAS software (Statistical Software
System SAS | aenareqieeuivalents / mapltota\RNA[9e/EJIVPLE 12 Specificity assays 15
The specificity assays used to evaluate the selectivity of this conpound
are described in WO 00/09543. EXAMPLE 13 Pharnacokinetic properties 20
The present coip&MNdeEPYINYBLERISE-HebiopIsachwebRrf hetcel cyiuspeletg Was duch as

detect abl e pl ﬁr%%@urle%‘(ﬁ{e?adwéhrﬁ B?reFﬁéatlﬂb HEV'RNR iR FrBsécb®f vaibuar al  dose of
5mg/ kg. More explicitly, th | om ng assay, an in vivo oral absorption

screen, wa3 ug%ra:entsaﬂqmétoémmmér phaseht {Pé‘l"éastﬁa'oc”é@?d v HeURbRviIng a rat
after oral adghuMtehration: 25 Materials and Methods: 1. Method used to pool
corrpounds ("cassette sel ecti On"o)g The sel e tion of conpounds to be pool ed

into a "cassette" was based oA? h@??/"%’f’P Gkl X i4larity and
physi cochem cal properties. A solid phase extraction 30 nethod applicable
to all the selected conpou abl i shed the init
testing. wher eAQRCHINESHIBEA Witane HTEEe! Heg Spatedtp Hia Bhihanoancdnsedoyn
HPLC or HbC/ titapéndithe Goecettactive eohcehtrition (BBL,) ae caletiatedibynhé Useof SASI C
mass, and the 0ssi i 0 S and/ or HPLC/ M5
were used as Y ($t8ﬁ5t 'pﬁ‘aqfﬁ‘@r QMS"’} n%éﬁﬁﬁ@?‘ﬁﬁﬂ Cg%éy '\tgs?set te". 35 -35
WO 03/ 064455 PCT/ CA03/ 00089 . Oral vehicle and conpound preparation:

EXAMPLE 12

Specificity assays

15  The specificity assays used to evaluate the selectivity of this compound are
described in WO 00/09543.

EXAMPLE 13
Pharmacokinetic properties

20 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 5mg/kg.

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

25
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
structural similarity and physicochemical properties. A solid phase extraction

30 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 as
basis for pooling 3-4 compounds into one “cassette”.

35
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Each "cassette" contains 3-4 conpounds at 5 or 4ng/kg for each conpound.
The cassettes were prepared as an oral suspension in 0.5% aqueous

met hyl celwolodset4sand 0. 3% of pol yoxyet hyl ene (20) sorbi t oRCrENOERD €
(Tween-80). The dosing 5 volune was 1 Orl/kg via oral gavage. 3. Dosing
and plasma sanpling: Mal e Sprague Dawl ey rats were fasted overnight in

i ndi vidual cages, with access to aqueous 10% dextrose. Two rats were dosed
with each "cassette". Plasna 10 sanples (--1 m) were collected at 1 and 2h
post-dosing fromthe 2 rats and pooled for extraction and analysis. 4.
Conpound ext r ct i oRrairnw¢higie andicompounchprepdratiansset t e, pl asma sanples at 1

and 2, b ank egbRaBsodth A5ifai 35/ T, Ak PElor bl R SARBRHIIRA! -5

pM of each are extrac he so ase on rret npl es
wer e anal yzedcagﬁemuemmeweo:/awsnfoml su@mﬁmmsmﬁ 5% aayresis. mqﬁn)é@#ulose

concentration ° s SbR&Y ba8 5 pM
ctandard. 20 DEPET o RERGTnIERFROpSbRT AR EATRERRSE) o Rk &

R R2 R3 M55 ( Npleine weg110mike yigl @splegavage.cycl opentyl 799.3 102 OH cycl ohexyl
cycl opentyl 813.4 103 NH SQ2- cycl opentyl cyclopentyl ¢ cloro | -36 WO

03/ 064455 PCT/ CA03/ 00089 When the conpounds of this invention were
eval uat ed t he3pr ecPasing andplasmasamplingee| | based assays, the conpounds

vere found topag §HEfle DaGley s Wik RistdeikfrigRlid Mdividual cages, with access to
aqueous 10% dextrose. Two rats were dosed with each “cassette”. Plasma
10  samples (~1 ml) were collected at 1 and 2h post-dosing from the 2 rats and pooled

for extraction and analysis.

4. Compound extraction and analysis:
From each cassette, plasma samples at 1 and 2h, blank plasma, blank plasma

15  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
0.5 uM standard.

20 TABLE 1
MeO

Cpd # R® MS
(M-H)-
101 OH cyclopentyl cyclopentyl 799.3
102 OH cyclohexyl cyclopentyl 8134
103 NH-SO,- cyclopentyl cyclopentyl
cyclopropyl
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t he conpounds had 1C50 s below 0.01 pMin the NS3- NS4A protease assay, and
EC50's below 0.01 pMin the cell based HCV RNA replication assay. 5 Wen

t he conpowopds/oews® eval uated in the specificity assays, treTavpoesds of
formula | were found to be selective in that they do not show significant
inhibition in the Human Leukocyte El astase and Cat hepsin B assays. 10 Wen
t he conpounds were eval uated in pharmacokinetic assay in the rat, a dose of
5 nmg/ kg in Methocel : Tween20(r) (0.5% 0.3% gave unexpectedly good pl asma
concentration. Conpounds 101 and 102 gave area under the curve (AUC) of 16
and 18 pM hrvwresmmmmwds@bﬂmﬁanwtmwar\%eval@at@@mpram'mzmahmamﬁhd AUC
ranging fro t%gkaaésagspt mggna ev;m@mﬁfatts%emwsw.%fMa?@&péawrcsﬁase in

conpound upt inr hese conpounds particularl

oo eeti nn! e sompaung has Gats el O G Buhadi TSR Pesegseas 087 o

03/ 064455 PCTE@%M&% ﬂ-ﬁ'tﬁ@celﬂbasédWRWAQeBﬁcafl&iaéﬂ l: MO/ NNH
O\ S NRz HN5 5 O (1) wher ei n i s hydroxy or

NHSC2RI A wherein Rl A | s (C1_ 8) al kyI (C3 7) cycI oal kyl or
{(C. 6) al kyl - Wedn ID&¥SrhSRINGY Were mme@rrﬂhalsbe&mw@@@Aylsythalebﬁipbymse@t from1

to 3 tinmes with halo, cyano, nit phenyl

or RIAis cesfogpuledweks fﬂunm %W'@Wﬁt‘ﬁ' H\%W%ey dé’dl?%?“‘l"h?'@ﬁ'f'??%'ﬂ?ﬁ "EQS‘ 8 tinmes

with halo, cyaMumal LeukocytSEIdblaaklnd,Cakdpkirtd abdars. ani do, anino or
phenyl; R2 is (C5.6) 10 cycloal kyl and R3 is cyclopentyl; or a

pharmaceutically acceptable salt thereof. 2. The corrpound according to
claim1l wier ewheRthé Sorhwunaxyveaé eMﬂ,mlRinbpha\Mneccﬂdm"enRﬁéseinnQ@haﬁ)aaddsselaf

(G_7)cycloal g ¥rlg/l?grin e(t\'%oce} ‘?we n20 %%SZ/O) (S: gg/:ol) (g)]gvekél/néxbeé:’\,n edly good plasma
concentration. Compounds 101 and 102 gave area under the curve (AUC) of 16 and
18 uM-hr respectively, compared to their closest analogs which had AUC ranging
from 0.8 to 4.5 pM-hr. This unexpected and significant increase in compound uptake
15  in rat plasma makes these compounds particularly interesting as potential drugs that
may be administered orally.
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are all optionally substituted from1l to 3 tines with halo, nitro or
Q(Cl_6)al kyl, 15 or phenyl which is optionally substituted from1l to 3

ti mes w twohaloesshitro, (CL_6)al kyl or Q(CL.6)al kyl. 3. Pea/@opasnd
according to claim2 wherein RL is NHSO2RI A wherein RIAis nethyl, ethyl,
cycl opropyl, cyclobutyl, cyclopentyl, cyclopropylnmethyl, cyclohexylethyl,
CC 3i CF3r phenyl, 2-fluorophenyl, or 4-nethyl phenyl. 20 4. The conpound
according to claim3 wherein RLA is cyclopropyl. 5. The conpound accordi ng
toclaiml1l or 2, wherein R is hydroxy. 6. The conpound according to any
one of clains 1 to 5 wherein R2 is cycCloAMB8yl. 7. The conpound accordi ng
to claiml1, having the follow ng formula 101: -38 WD 03/064455

PCT/ CAO3/00089 MeOH/ \ NN_O OHO NN OH OO ~~H O0O(101). 8.
The conpound #ccor Aicogmppond biformdla I:havi ng the foll owi ng of fornmula 102:
MOH'O NNNS OHO ~ NN,, Oge_0O (102).

)
[

N H

D

U
5 wherein R' is hydroxy or NHSO,R'" wherein R is (C.g)alkyl, (Cs.7)cycloalkyl

or {(C1.s)alkyl-(C3.7)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
Cs or Cyo aryl which is optionally substituted from 1 to 3 times with halo,
cyano, nitro, (Cy.s)alkyl, O(C1.¢)alkyl, amido, amino or phenyl; R? is (Cs.)

10 cycloalkyl and R? is cyclopentyl; or a pharmaceutically acceptable salt
thereof.

2. The compound according to claim 1 wherein R' is hydroxy or NHSO,R'
wherein R" is (C..6)alkyl, (Cs.7)cycloalkyl or {(C,.¢)alkyl-(Cs7)cycloalkyl}, which
are all optionally substituted from 1 to 3 times with halo, nitro or O(C,¢)alkyl,

15 or phenyl which is optionally substituted from 1 to 3 times with halo, nitro,
(C1-6)alkyl or O(Cy¢)alkyl.

3. The compound according to claim 2 wherein R' is NHSO,R' wherein R is
methyl, ethyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclopropylmethyl,
cyclohexylethyl, CCls, CF3, phenyl, 2-fluorophenyl, or 4-methylphenyl.

20 4. The compound according to claim 3 wherein R'* is cyclopropyl.
The compound according to claim 1‘or 2, wherein R' is hydroxy.
The compound according to any one of claims 1 to 5 whereinR? is
cyclopentyl.

7. The compound according to claim 1, having the following formula 101:
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9. The conpound according to claim1, having the follow ng fornula 103:
MOHNN O Or 5NN S H O-.:" O~-H5 _ (103). 10. A

phar maceuwDaaloeassrposi tion conprising an anti-hepatitis CPeirrcioBgpomsdf ecti ve
anount of a conpound of fornmula | according to any one of clains 1 to 9, or
a pharmaceutically acceptable salt thereof, in adm xture with a

phar maceutically acceptable carrier nmediumor auxiliary agent. 10 11. The
phar maceuti cal conposition according to claim 10, further conprising a
therapeutically effective amount of one or nore other anti-HCV agent. 12.
The pharnaceutical conposition a®arding to clyim 11, wherein said other
anti-HCV agent is selected from ( ﬁrfeL\ egyl ated (x-interferon.
13. The pharnmaceutical conposition ‘ee Rg.st O aim1l or 12, wherein
said -39 WO 03/064455 PCT/ CA03/ 00089 other anti-HCV agent is ribavirin.
14. The pharmaceutical conposition ackording to claim1l, 12 or 13, wherein
said other anti-HCV agent is sel ect raom ionhi bitors of: helicase, NS2/3
protease and internal ribosome entryn N ). 5 15. A nethod for the
treatment or prevention of a hepa infection in a nmanmal by
admnistering to the mammal an a §~- S Cvirally effective anount
of a conpound of fornula I a one of clains 1 to 9, or a
pharmaceutically acceptabl e t thereof 16. A netggﬂ for the treatment or
prevention of a hepatitis Cviral infectionina 1 n&

adnmi ni st eri ng8t o t hike pempaundaaccanding-thef@imilt having erallqwngaefffemula/é()?armunt

of the conposition accordi ng anywane of clalns 10 to 14. 17. A nethod for
the treatnment or prevention of a he |£|SNC infection in a nmanmal
by adm nistering thereto an anti-h & Vi |y effective amount of a
conpound of forrmula | according to an of claims 1 to 9, or a

O>'H
O
C (102).

9. The compound according to claim 1, having the following formula 103:
MeO

)
O_O " (103).

5
10. A pharmaceutical composition comprising an anti-hepatitis C virally effective
amount of a compound of formula | according to any one of claims 1to 9, or
a pharmaceutically acceptable salt thereof, in admixture with a
pharmaceutically acceptable carrier medium or auxiliary agent.
10 11.  The pharmaceutical composition according to claim 10, further comprising a

therapeutically effective amount of one or more other anti-HCV agent.
12.  The pharmaceutical composition according to claim 11, wherein said other
anti-HCV agent is selected from: a-interferon or pegylated a-interferon.

13. The pharmaceutical composition according to claim 11 or 12, wherein said
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15 therapeutically acceptable salt thereof in conbination with one or nore
other anti-HCV agent. 18. The nethod according to claim17, wherein said
ot her antwolGNeagent is selected from a-interferon or pegylGtosdooss
a-interferon. 19. The method according to claim17 or 18, wherein said
other anti-HCV agent 20 is ribavirin. 20. The nmethod according to claim
17, 18 or 19, wherein said other anti-HCV agent is selected from
inhibitors of: helicase, NS2/3 protease and internal ribosonme entry site
(IRES). 21. Use of a conpound of forrmula | according to any one of clains 1
to 9 for the 25 nethafandtidE¥ agentds rieaNidanent for the treatnent or

prevention of (hepatit i i | Ayl ; : r tJ o
conposi tion a!:‘g'or d?‘h%bt?aorﬁ‘ig F%‘ft%]glllcﬂnmfgﬁ%b %?goraﬁﬂéar_g?wﬁﬂ?g;{%ﬁgté hJ/err%é]Jae'r?t i - HCV
agent is an inhi bi sad otifer BIAHEY agent igselected. fronhimhibitotscd: heticesedN$G/2 o cl ai m

17, 18 or 19, merﬁﬂofba%é‘iaqd%&‘ﬁﬁl %tsbm'é@r{try§9e aggg;_ is an inhibitor of HCV

pol ynerase. -40 _
5 15. 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 1 to 9, or
a pharmaceutically acceptable salt thereof.
16. A method for the treatment or prevention of a hepatitis C viral infection in a
10 mammal by administering to the mammal an anti-hepatitis C virally effective
amount of the composition according any one of claims 10 to 14.

17. 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 of formula | according to any one of claims 1t0 9, or a

15 therapeutically acceptable salt thereof in combination with one or more other
anti-HCV agent.

18. The method according to claim 17, wherein said other anti-HCV agent is
selected from: a-interferon or pegylated o-interferon.

19.  The method according to claim 17 or 18, wherein said other anti-HCV agent

20 is ribavirin.

20. The method according to claim 17, 18 or 19, wherein said other anti-HCV
agent is selected from inhibitors of: helicase, NS2/3 protease and internal
ribosome entry site (IRES).

21. Use of a compound of formula | according to any one of claims 1 to 9 for the

25 manufacture of a medicament for the treatment or prevention of hepatitis C
viral infection.

22.  The pharmaceutical composition according to claim 11, 12 or 13, wherein
said other anti-HCV agent is an inhibitor of HCV polymerase.

23. The method according to claim 17, 18 or 19, wherein said other anti-HCV

30 agent is an inhibitor of HCV polymerase.
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