WO 03/ 064456 PCT/ CA03/ 00090 TRI PEPTI DES HAVI NG A HYDROXYPROLI NE ETHER OF A
SUBSTI TUTED QUI NOLI NE FOR THE | NHI BI TION OF NS3 (HEPATITIS C) FIELD OF THE
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synthesis, 5 conpositions and nethods for the treatnment of hepatitis C
virus (HCV) infection. In particular, the present invention provides novel
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met hods usi ng these ana treatment of HCV infection.
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as liver cirrhosis, hepatocellular carcinoma and terminal liver disease leading to
death.

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

20 of chronic liver disease has not been thoroughly elucidated. Itis not known how
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

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

30 Various clinical studies have been conducted with the goal of identifying
pharmaceutical agents capable of effectively treating HCV infection in patients
afflicted with chronic hepatitis C. These studies have involved the use of interferon-
alpha, alone and in combination with other antiviral agents. Such studies have

shown that a substantial number of the participants do not respond to these
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shown that a substantial nunber of the participants do not respond to these
-1 WO 03/ 064456 PCT/ CA03/ 00090 therapies, and of those that do respond

f avor abl ywoasloetsge proportion were found to rel apse afterCraraumaemdon of
treatment. Until recently, interferon (IFN) was the only avail abl e t herapy
of proven benefit 5 approved in the clinic for patients with chronic
hepatitis C. However the sustained response rate is low, and interferon
treatment al so induces severe side-effects (i.e. retinopathy, thyroiditis,

acut e panct Cal idrpied] SR 5P MHoBB indh BB vedhofik PvaRanly) & 158 ot dpbrfin Wérk fourlfio

treated patients. Recently, Interferon In co nat i h ribavirin

been appr oved "§lansesiter tarminatiom ot eegi®art ve to | FN al one. However, the side
effects 10 caused by IFN are not alleviated with this conbination therapy.
Pegyl ated fornms of interferons such as PEG I n_tronéé) and Pegasys(r) can
appar ent | y par Untlregendlydintesteron (f\ewasathe oalyiayaitabls eraptyfob prayeh benefitt i vi r al
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Therefore, a need exists for the devel opnent of effective antiviral agents
for treatnent IHPOREBVatGISdRW. a5 intaHerop lreptmant alsaindures seueroside-effedx(ist i ng
phar maceut i cal [ i | N $HaY BinSiki k 4dS 1N
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appr oxi mat el y 9bteatedipatients. fdecenfly, lintagenan dheprakisatipnsyiigikavisipdias beadli ng
frame (ORF) ensg&w&d for PhRHSndRIBBoRN/BNAN GldheOHoMREE 1RPGe effdBid0 aci ds.
In infected cells, this polyprotein is cleaved at nultiple sites by

cel lular dfd ¢rysgd by lbNags et allgvigied dtibdhis sembinatien thesapyaRegyiwead farmgef ur al

(NS) proteins.; Medn ' ; tural
brot el ns. (N2, RS R e er e B P

prot eases. Thelliese delelghious giderefiects hybantyiralithivgecstd remain the peenpesof ghoice for
NS2- NS3 juncti gp frbfhest ridyreferred to as NS2/3 protease); the second
one is a serine protease contained within the N term nal region of NS3
(NS3 protease) and nediates all the subsequent cl eavages downstream of

NS3, both kg CirRerefire,ldeeddSidiSbiid @é%ﬁ%ﬁwe%i bfofiediVé drtivirdl 2dentsfigr the 30
5 The NS4A

remai ni ng NS4A- NSAB, NS4B- NS5A, NSH5A- NSHB sites. protein appears

to serve nulti BrameghelhiGWinfectiopitha) oyercamedhe imigations of exigtingghapnegestiesd and

therapies.

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

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

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

30 remaining NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A protein
appears to serve multiple functions, acting as a cofactor for the NS3 protease and
possibly assisting in the membrane localization of NS3 and other viral replicase
components. The complex formation of the NS3 protease with NS4A seems
necessary to the processing events, enhancing the proteolytic efficiency at all of the
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possi bly assisting in the nmenbrane | ocalization of NS3 and ot her viral
replicase conponents. The conplex formati on of the NS3 protease with NS4A
seens newedsA6445¢ 0 t he processi ng events, enhanci ng the pCat@OBYOGIC
efficiency at all of the -2 WO 03/064456 PCT/ CA0O3/ 00090 sites. The NS3
protein al so exhibits nucl eoside triphosphatase and RNA hel i case
activities. NS5B is a RNA-dependent RNA pol ynerase that is involved in the
replication of HCV. 5 A general strategy for the devel opnent of antiviral
agents is to inactivate virally encoded enzymes that are essential for the
replication ositeshd helNS)%proanealﬁ@eXluwsngJCISQSlde tiphospiatase antt RMA plelicasei ons
publ i shed in S nhi bi t or
pepti de anal ogésmltt'hgt Ngﬁsg%s ruc Jﬁ?wﬁenlﬂ#l?&k@@ﬁte%t om tﬁ&sézlg]qr]%unds of

t he present |rwé¢&tlpo|®fHGH 2, 337 262; JP10298151; JP 11126861; JP 11292840;
JP 2001-103993; US 6, 159, 938; US 6, 187, 905; WD 97/43310; WD 98/17679; WO
98/ 22496; WD 98/46597; WD 98/ 46630; WD 99/ 38888; WO 99/50230; WD 99/ 64442;
15 WD 99/ 05738 gen@absirayagydar the@egeloposatyf aWlyighag8S8; to \Wachitevialig: WO

w0 01/ 0262 Y517 8500 U B8 FaderyEr e bt Moy 70037 vo 7
01/81325; WD 02/08187; WO 02/08198; WD 02/ 08244; WO 02/ 08251; WD 02/ 08256;
WO 02/18369; m%mg%ﬁa %f BQeR%péﬁ@azﬂns ngIQHQd ﬁﬂt\ﬁ@rﬁs’t‘% fdark fifae Pr esent

invention is that It provides tri ounds that are In ltoryto
t he NS3 pr ot edis@oselriC ﬁi@ﬂr@fo@@%ﬂﬂ\'bﬂpf pentldpw@alosﬁrtha’sam @ifw‘@#faﬂmffefﬁ@tpatl tis

C virus. 'lzd”tn&ﬁw&mé&ﬁmdg%gﬁﬁélﬁgén@{n%ﬂ%e to inhibit HCV RNA

replication in the replicon node 25 A further advantage of one
aspect of the present invention resides in the fact that the conpounds

specifically g iz zééﬂ@p%@@g@%@tﬁﬁwm&dﬂ: PP392BABVFS bEY - § hFvat

inhibitory activit ai nst serine proteases such as human | eukocyte

el astase (HLE$S Qﬁ H%i&?%@ﬁ |V$O§Vf£§§é%éNPFﬂﬂE)7678rWSb%/ﬁ%4%§ancr eatic
chynot rypsi n, we 98/46597; WO 98/46630; WO 99/38888; WO 99/50230; WO 99/64442;

15 WO 99/07733; WO 99/07734; WO 00/09543; WO 00/09558; WO 00/20400;
WO 00/59929; WO 00/31129; WO 01/02424; WO 01/07407; WO 01/16357;
WO 01/32691; WO 01/40262; WO 01/58929; WO 01/64678; WO 01/74768;
WO 01/77113; WO 01/81325; WO 02/08187; WO 02/08198; WO 02/08244;
WO 02/08251; WO 02/08256; WO 02/18369; WO 02/60926 and WO 02/79234.

20
One advantage of the present invention is that it provides tripeptide compounds that
are inhibitory to the NS3 protease, an enzyme essential for the replication of the
hepatitis C virus. Furthermore, the compounds are able to inhibit HCV RNA
replication in the replicon cell model.

25

A further advantage of one aspect of the present invention resides in the fact that

the compounds specifically inhibit the NS3 protease and do not show significant

inhibitory activity against other serine proteases such as human leukocyte elastase

(HLE), porcine pancreatic elastase (PPE), or bovine pancreatic chymotrypsin, or
30 cysteine proteases such as human liver cathepsin B (Cat B).

SUMMARY OF THE INVENTION
Included in the scope of the invention is a compound of formula (1):
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30 cysteine proteases such as human |iver cathepsin B (Cat B). SUMVARY OF
THE | NVENTI ON I ncluded in the scope of the invention is a conpound of
formul a (WP:0386M& 03/ 064456 PCT/ CA03/ 00090 o (1) wherein RCTIGABgpEMOXY oOr
NHSOQR A wherein R Ais (Cl_8)al kyl, (C3-,)cycloal kyl or
{(CL1_6)al kyl -(C3.7)cycl oal kyl}, which are all optionally substituted froml1l
to 3times wth halo, cyano, nitro, O (Cl-6)al kyl, am do, am no or phenyl,
or RAis C6 or C10 aryl 5 which is optionally substituted from1l to 3
times with halo, cyano, nitro, (Cl_6)alkyl, O (Cl-6)alkyl, am do, am no or
phenyl; R2 is (C4_6)cycloalkyl; R3 is t-btuyl or [{G8 6) cycloalkyl and R4
is (C4_6)cycloal kyl; or a pharmaceutically acceg{abl e salt thereof.
I ncluded within the scope of this invention i sNa $har maceuti cal conposition
10 conprising an anti-hepatitis C WMePaltry e ve anount of a conpound of
formula I, or a therapeutically accep galt thereof, in adm xture with
a pharmaceutically acceptable carrier ium or auxiliary agent. According
to one enbodi nent, the pharmaceuticalsconp@dition of this invention 15
further conprises interferon Ié’doeg | ayyed not), or ribavirin, or one or

™~

nore other anti-HCV agents, N tigh of the above. Another
i nportant aspect of the invention ilvojveg ay Rlod of treating a hepatitis
Nim

C viral infection in a mammal by adm nigte to the mammal an
anti-hepatitis C 20 virally effective amount of¥ a comppund of fornula I, a

phar maceuti cal acgeptable s areof . Qad comppsi tion as _gpescri bed
above, al one B’L‘Xﬁewc'@o'%?’a’z%\’ 8hﬁl7\'n%tc?‘iﬁon‘@1er%'f:'$ ﬁﬁr@“@?&‘y" L"?@??y&'%Sﬁ(y(odegyl at ed
or not), or r{(BayakylrCsfcycoatkytly which aredlheptioaalty subdENfuteaideoms ¢ to 8dimesi st er ed
t oget her or se tely. 25 A er_jnhportant a o] j_nventd on

ol ves a metlouAR: eyt GC = kiR AmBB8F Bherdh of BE: o3 40 8 e e
by adm ni s$ er whigh isoopitioealiyesubalituizd feon i to 8 dmes iwithhald, eyarel, hijroe(G @ik e

gg‘%}l 23:[0\08; ogogéw'ﬁ gﬂyl?fam?c%r, anlm% c;r’ph%nﬂ,h - .@‘%&?53%?0%‘1@)’ R'34|'s t\lgugl)lsc!r?éﬁe 56

cycloalkyl and R* is (C,.6)cycloalkyl; or a pharmaceutically acceptable salt thereof.

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

acceptable carrier medium or auxiliary agent.

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

Another important aspect of the invention involves a method of treating a hepatitis C
viral infection in a mammal by administering to the mammal an anti-hepatitis C

20 virally effective amount of a compound of formula |, a pharmaceutically 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
agents, administered together or separately.

25  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 I, a pharmaceutically
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acceptabl e salt thereof, or a conposition as described above, alone or in
conbi nation with one ore nore of: interferon (pegylated or not), or

ri baviri mvoams/oode6 or nore ot her anti-HCV agent, all of wrCTrCcAndovne st er ed
toget her or separately. 5 Also within the scope of this invention is the
use of a conmpound of formula I, as described herein, for the manufacture
of a nedicanent for the treatnent or prevention of hepatitis C viral
infection. The present description refers to a nunber of docunents, the
content of which is 10 herein incorporated by reference. DETAILED

DESCRI PTI ON CECqRRIBbiERFRitth &rREIODr AEMTIBOSiA 36 deserilediZOoNs, lsaeiohigr ei n, t he
fol | ow ng def b&ht? é&ib%@?ﬂ%rﬁé ABlnfcte oﬁnmsﬁavoﬁ%pébgra%h orWott)hoFﬁSa‘?/FrﬁunSreoﬁé) the

i nstances where I S used desi absolute configuration
of a substi t uehmowrotheantdlGY ageninalof Mﬁcfha%nﬁwmt%ﬁthpbpmﬁp@@elyt he
designation is done in the context of the whole conpound and not in the
context of the substituent or asymretric center alone. 20. The designation
"P1, P2, ahd ABo wilbinibe gconsr &ithis invpation i thenesesd g aompeued ot ieemdail. g8 aci d

residues star aégbgbéa ﬁéPetnh?or%é mamfaaéree&% rﬁédn%&?ﬁerﬁ?&lthgﬂ'eaﬁ@én@gﬁ and

extending to termnus (I.e refers to position 1 fromthe
C-term nus, QTGVQ@mrﬂﬂhe%@SﬁWWWQﬂﬂpﬂhe C-termnus, etc.) (see Berger A
& Schecht er | ., Transactions of the 25 Royal Society London series B257,
249- 264 (1970%_% As used herein the term"vinyl-ACCA" refers to a corrpound
of formula: OThep@syt desetiptioRyeferstgg wbsretmm%ﬁmwt@hwwsm ic

acid. 30 The ﬁ@r@mlﬁéﬁarggealdgyrgfer% egused herein, either alone or in
conbi nation with ano “5 WD 03/ 064456 PCT/ CA03/ 00090 substituent, means

acyclic straight or branched al kyl substituents containing for 1 to 8

carbon atons BE?‘AILEEH:éééﬁﬁ»mdeF ﬁi@ﬁﬁ’ﬂuﬁ) ENBYOMENTSEt hyl, 2-nethyl hexyl, 1,1-
di met hyl hexyl D(?r tt -butyl) and octyl.
efinitions

15  As used herein, the following definitions apply unless otherwise noted:
With reference to the instances where (R) or (S) is used to designate the absolute
configuration of a substituent or asymmetric center of a compound of formula 1, the
designation is done in the context of the whole compound and not in the context of
the substituent or asymmetric center alone.

20.
The designation “P1, P2, and P3” as used herein refer to the position of the amino
acid residues starting from the C-terminus end of the peptide analogs and extending
towards the N-terminus (i.e. P1 refers to position 1 from the C-terminus, P2: second
position from the C-terminus, etc.) (see Berger A. & Schechter |., Transactions of the

25 Royal Society London series B257, 249-264 (1970)).

As used herein the term “vinyl-ACCA" refers to a compound of formula:

S
OH

HN"R

o)

namely, (1R, 25) 1-amino-2-ethenylcyclopropylcarboxylic acid.
30
The term “(C,.g)alkyl” as used herein, either alone or in combination with another
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5 The term " (C3_7)cycl oal kyl" as used herein, either alone or in

conbi nation with another substituent, nmeans a cycl oal kyl substituent

cont ai ni ngofwsom436t 0 7 carbon atons and incl udes cycl opr @ayiCAcspaioobut yl ,
cycl opentyl, cycl ohexyl and cycl oheptyl. The term

"((C1_6)al kyl -(C3.6)cycloal kyl}" as used herein neans a cycloalkyl radi cal
10 containing from3 to 6 carbon atons directly |inked to an al kyl ene
radical containing 1 to 6 carbon atons; for exanple, cyclopropyl nethyl,
cycl opentyl ethyl, cycl ohexyl methyl, and cycl ohexylethyl. In the instance
where R1A is an{S(imanahycho@icstr@ylct;mlbmcmdplkyltsubstitgerMapomginmgtfachéu to
the SO2 group )4 415 The term
"C6 or Cl10 ar BFéI%OEQ?or‘esg&Hﬁg%QLQA éért%g?npyg]ﬁé@yﬁﬁ:“ﬁ co |yLHae§2 \?]o1n1vv|th

anot her rad|@HwﬂWﬁEaWdoePMHﬂ)amhodWonat|c nmonocyclic group containing 6
carbon atons or an aromatic bicyclic group containing 10 carbon atons. For
exanpl e, aryl includes phenyl, 1-naphthyl or 2-naphthyl. 20 The term

"O (C1_6) @l kyhe tesrn “(Greltyblealsyihas esadareial eifer slong or thorenibiration withi t h

anot her  radi gﬁdther%ag'tﬁuémemﬁﬁﬁg &@icloa ){)Q}bsﬁ?ﬁhkéﬂntﬂl@ﬁ? @{cnk'ﬂ:arb n s

defi ned above contarning up to si on atomns des net hoxy,

et hoxy, pr opomms@ndrmlmswnlgwpyl exslabxyl, aqydlomemyldcmmyylanﬁ@xylohw
latter radical- is known comonly as tert 25 butoxy. The term "hal 0" as

used herein neans a hal ogen substituent selected from bronmo, chloro,
fluoro or i odbhe BoMTHEHalkyr(Coiayaediedlt Ia%aasecyh%r@@ermamaecs@ma!kyl rdigAk a sal t

of a conmpgyind, ?lhﬂ?%h%to(é):ar%hﬁi?arﬁssdlre%*nﬁl{%dtt@ﬁn% @ﬁegé%éﬂuaﬂa cal

judgrrent suita use I n contact t1ssu unans an | ower
ani mal s wi t holito @n@r@@n@&m&mrwxamph cyalonsepylmethily gyatopeatyirthde, and t he

like, Comnsw wnfethflahemmw%t NG thd {rstahke WhkIPR™ .933@1&- %w wat e

or oil-soluble g bl'e] "and effective for their inten
03/ 064456 PCWQaAmclgei 212 thrﬁsrqueﬁwﬁt-mpd@@ﬁ\ep‘-‘r@wrawéwalﬂ@%l(%s)a&%@1@: Hsl e aC| d

addition saltg ? &,{]?ﬁ maceutl cal | y-acceptabl e base addition salts. Lists
of sui tabl e sar ? ound in,

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

20
The term “O-(C,.¢) alkyl” as used herein, either alone or in combination with another
radical, means the radical -O-(C;.¢)alkyl wherein alkyl is as defined above containing
up to six carbon atoms, and includes methoxy, ethoxy, propoxy, 1-methylethoxy,
butoxy and 1,1-dimethylethoxy. The latter radical-is known commonly as tert-

25  butoxy.

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

chloro, fluoro or iodo.

30 The term “pharmaceutically acceptable salt” means a salt of a compound of formula
(1) which is, within the scope of sound medical judgment, suitable for use in contact
with the tissues of humans and lower animals without undue toxicity, irritation,
allergic response, and the like, commensurate with a reasonable benefit/risk ratio,
generally water or oil-soluble or dispersible, and effective for their intended use.
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e.g., SSM Birge et al., J. Pharm Sci., 1977, 66, pp. 1-19, which is
hereby incorporated by reference in its entirety. 5 The term

" phar macewDiosab44y6 accept abl e acid addition salt” means these/GaBoednhi ch
retain the biological effectiveness and properties of the free bases and
whi ch are not biologically or otherw se undesirable, forned with inorganic
aci ds such as hydrochloric acid, hydrobrom c acid, hydroiodic acid,

sul furic acid, sulfamc acid, 10 nitric acid, phosphoric acid, and the

i ke, and organic acids such as acetic acid, trichloroacetic acid,
trifluoroacetThe @cmmclmsmhgrrmeutlca&vgpeﬁnia%le peid agditionsalts ard d,  aspartic

acid, benzenesyy, &Qeae&.ca@ Q%ep cua%e%eaﬂon galﬁc%élé%%ﬂ%&’gcsaﬂ& L tolihe w Ic

aci d, carrphorl c acid fonic acid, cinnam c acl citric acid

di gl uconi ¢ a@&BdS-Mt lﬁlégﬁe%ttﬂlfd)rﬁf@”acs@l 187?}@..%{3@ hdP.avhieh '?d"@lﬁhy acid,
gl ycerophpsph}q[:?]@o,%qéodby %@rgﬁé@,ﬁ%ghgm@p hept anoi ¢ aci d, hexanoic acid,
unar

formc acid, I ¢ acl hydr oxyet hanesul fonic acid (| set hi oni ¢ aci d)
| actic acid, maleic acid, hydroxymaleic acid, malic acid, nmalonic acid,

mandel i ¢ aci S‘,‘?é@ﬁht“%ﬁ SelticAy-SccRplaBle aﬁéwa bfs B Qsalts which

napht hal enesul foni c aC| , nicotinic acid nesul oni c acid,
oxal i ¢ acid, fﬁéﬁﬂbﬂ@ bi@lpﬁ!calﬁgéﬁtlvﬁnﬁssa@ldopfomféﬁ?Patb@tfl’le@ baéqs@landzmch are not

3- phenyl propi aelbg.caw &k otmrwrs'e%nasé.fabueow%leu@,v.m%&gam& QBHe”L& &¢i d, pyruvic

acid, salicylic ~aci'd, stearic acid, succinicC aci fanilic aC|d
tartaric aci dhydsoahdriceasiss ydrabromicasid, hydinierie asigi suilfud ac'd Swfamisadd, ke. The

term phaidmcﬁﬂfc'a‘éﬁnl bHo%Sﬁ@&é@'eﬁmdtIﬁéﬁk@@ﬂhto\'é%ﬂncsé’éu& dURA'RS aTcBﬁLsﬁméa' ts

which 25 retain the biol og’I fectiveness and properties of the free
aci ds and whi teishlafaacefin aqig If&'@m@sem@aqﬁ agliniendid.ainis @eisl agaorkic agigy ned with

i nor gani c bas&s’baﬁ%mﬁ%eﬁi@ﬁé@ulﬁ;méﬁmd‘36%961& ded, @ﬁ&&@%ﬁeﬁzm@éen@'&ﬁﬁrl&onat e of
ammoni um or a metal cation such as sodium potassium_|ithi cal ci um

nmagnesi um i r @d, Cﬁmwor'%éﬁj%é?amﬁ?ﬁfﬁg‘ﬁﬁ'é@éc'd einnamic @sid, eiiie %Cmsd| gluegnic

Particularly ph@fahdR4uifsr 448 GRITERR 48, g%élﬁ:ﬁ:&@ycé&pﬁ@é{ih‘é% a6igl cium and
magnesi um salts. Salts deri ved from phar maceut i cal’l'y- acceptabl e organic

nont oxi ¢ Has elRemisulfig aeidshaptanoisradig inguanpic a@d.JawmRis peideivmanie 2eidafy  ani nes,

quat ernary anhmoﬁ@m%mmc%taﬁ(@emrﬁ&aam RREC hoia! meieltthdtd hyddkinfaleic
occurring substituted am nes, l'ic am nes and basic ion- exchange resins,

such as met h§dignalic acid, malaria 30 Raandelig agidnpeaiiienesulioniaaditi ne

di et hyl am ne, methanesulfonic acid, naphthalenesulfonic acid, nicotinic acid, 2-
naphthalenesulfonic acid, oxalic acid, pamoic acid, pectinic acid, phenylacetic acid,
20 3-phenylpropionic acid, picric acid, pivalic acid, propionic acid, pyruvic acid, salicylic
acid, stearic acid, succinic acid, sulfanilic acid, tartaric acid, p-toluenesulfonic acid,
undecanoic acid, and the like.

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

25 retain the biological effectiveness and properties of the free acids and which are not
biologically or otherwise undesirable, formed with inorganic bases such as ammonia
or hydroxide, carbonate, or bicarbonate of ammonium or a metal cation such as
sodium, potassium, lithium, calcium, magnesium, iron, zinc, copper, manganese,
aluminum, and the like. Particularly preferred are the ammonium, potassium,

30 sodium, calcium, and magnesium saits. Salts derived from pharmaceutically-
acceptable organic nontoxic bases include salts of primary, secondary, and tertiary
amines, quaternary amine compounds, substituted amines including naturally
occurring substituted amines, cyclic amines and basic ion-exchange resins, such as

methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine,

-7-



-7 WD 03/ 064456 PCT/ CA03/00090 triethyl am ne, isopropylam ne,

tripropylam ne, tributylam ne, ethanolam ne, diethanol am ne,

2- di met hywarmsfegshanol , 2-di et hyl am noet hanol , di cycl ohexplCaniAve/0009ysi ne,
argi nine, histidine, caffeine, hydrabam ne, choline, betaine,

et hyl enedi am ne, gl ucosam ne, nethyl gl ucam ne, theobrom ne, purines,

pi perazi ne, piperidine, N5 ethylpiperidine, tetranethylamoni um conpounds,
t etraet hyl ammoni um conpounds, pyridine, N, N-di nethyl aniline,

N- et hyl pi peri di ne, N-nethyl norpholine, dicyclohexylam ne, dibenzyl am ne,
N, N- di benzyl| phietretanyiha isopeopylaraipbetripropylemineNtritutyifirhioazsthatdiarhiseedi ani ne,
pol yam ne resj; . Il A r | 0Xi C
Pases are i sdPisyPahine.2 dinsfysiicdrifolia e Ehidefing Wi gHb R RRRE
di cycl ohexyl alysine, argingie, histidine.ccatfeint diyideabantine, tcbpline; hetaing; ethyleagdamnineas
used herein ' Leal ). L - ive to
inhibit the F@'@ﬁiﬁaﬁﬁ%&gﬁ%gg’ﬁ?%@ﬁ%@?%ﬁ%@' gg@@ué'p?%gg’teh@ﬁ%ﬁ"ﬁee’%hi S

i ncl udes agenethylpipatidinas tetramethylaimnhondirn kemphwds, tetraethymmaedtrani sns
necessary 15 f i K enl NCALIOR:Qf: 48~ Vi | | .
Antiviral agejr:\ spéJr?\]? é, f@p\l g)@gértr@flaer,mﬁ% Eg’ﬁ%ﬂrh ?’ﬁ!"%@‘r’r‘@ﬁt’géﬂi@n@m?&“w
(mer i mepodi b, divgalehexyRivinerdibenzylamine) N,N-vikengdphevethyamimh drepheramineal s) ,

L irin. Vi L . , ] q h
51 ophar maceut LIy a R e AL rodiigond e L PEHefg rdfbhren
those agents ofganicaoptoxisfliases aredsoryopyiamingi dipihyigmine, sthanelaming t he

progressi ?61 Of”rm%’“}‘b'S‘F‘%‘%@ﬁ?@?ﬁi"ﬂem‘hﬁbn%}ﬂoéa{@'“%?ase' Such agents can be

selected from anti-vira atory agents, inhibitors of
HCV NS3 protease, inhibitors of HCV polynerase or inhibitors of another

target in the lof, O £ . ] used
herei n nmeans Iﬁ%é%aé@w )SSPJ\%&B’%a%ou&%ggbgeﬁ%iegﬁggﬁgg%g;{&ﬁ%@ﬁg%gﬁghgé%tﬁ ilve to
enhance or pothehisieffeetivette inhiritthe formadior and/esisplication af 2 virkming mammal.

| munomodul at gpy irﬁcﬂf‘d&%%{gbﬂ@'tﬁﬁ‘?’nteﬁ% Wih&RRL Enost gl AR mechaMishd REQR ar&s uch as

a-, P- and onega Interférons, tau-interferons, 30 consensus interferons and
asi al o-i nier f tor hesfprmatioasand/ar replicatidneaf @ndrug due magyngl- Antivieal Agents inclugad

pegyl at ed i nt gy L@LARS: ribavirin, amantadine, VX-497 (merimepodib, Vertex Pharmaceuticals),
VX-498 (Vertex Pharmaceuticals), Levovirin, Viramidine, Ceplene (maxamine), XTL-
001 and XTL-002 (XTL Biopharmaceuticals).

20 The term other anti-HCV agent as used herein means those agents that are
effective for diminishing or preventing the progression of hepatitis C related
symptoms of disease. Such agents can be selected from: anti-viral agents,
immunomodulatory agents, inhibitors of HCV NS3 protease, inhibitors of HCV
polymerase or inhibitors of another target in the HCV life cycle.

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

30 consensus interferons and asialo-interferons), class Il interferons (such as y-

interferons) and pegylated interferons.

The term “inhibitor of HCV NS3 protease” as used herein means an agent
(compound or biological) that is effective to inhibit the function of HCV NS3 protease
-8-



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 pr ot eaea3/081490 03/ 064456 PCT/ CA03/ 00090 in a nmanmmal . ParidNoBoe®0 of HCV
NS3 protease include, for exanple, those conpounds described in WO

99/ 07733, WD 99/07734, WD 00/09558, WO 00/09543, WO 00/59929 or WO

02/ 060926, the Boehringer Ingelheimclinical candidate identified as BILN
2061 and the Vertex/Eli Lilly pre-devel opnment candidate 5 identified as
VX-950 or LY-570310. Particularly, conpounds # 2, 3, 5, 6, 8 10, 11, 18,
19, 29, 30, 3inamamm Ingibitogssf HEB/ N&§ protgasegncludgy dor epmpleyse112, 113,

114, 115, 1160mdqfhas Ledribdh Whederod s, WaBsm9ad criddsdaenia 0 the tabl e

of pages 224 926, can be used in conmblnation wth the

conpounds of @W@QQ)‘I%M@O/SQQQ% At Wish02/06Q926h thetBaskhringeringsiheim chnicalcy _
pol yner ase” a;éarﬁﬁ%@e ﬁfie'@l 458N 2@615’:%% \/e‘?t@%‘ﬁlll_ﬂg pr@ﬁe\mI@dn%t E%%ndét@at I's

effective to efunctlon | ymerase in

i ncl udes, $or'démﬁ|¢9|3§ VX-250 Br ¥\515§0@)T0 H@WCNQEJB qenPPHBESE 8, ,Iﬁaﬁ» $itlid, of
HCV pol yrrerasqaeq@,cby% @9%2“3@' §P3IES 5of P AX39P) 194, 16¥)992C0BPPIMIGS515

described in: US Applicéation No. '10/ 198, 680, which correésponds to

PCT/ CA02/ 0112‘716 589h12fa 188 1@ 32p, 922@09 1R Beissloseg sy the taple plnagps 286226

lication ol§8H Qngﬁm gg;n%g th
PPLeCls S 5‘“ 20%);3(803%8?‘??5&8 ‘ﬁ?&gﬁ“fﬁ%ﬁ ol S Appl fdeth biprectiy

10/ 198, 259, wRVeMiofer r esponds to PCT/ CA02/01129 both filed 18 July 2002
(Boehringgg Ingelheim, WO 02/100846 Al and WO 02/ 100851 A2 (both Shire),

WO 01/85172 Al and WD 02/098424 Al (both GSK) WO 00/ 06529 and WD 02/ 06246
Al (both Mer ckhe tepm “inhiaitonal/HG aglyastRserR® BsEhTrSn MernsRNRYeAK(COBRAELD)

and. EP 1 25§ §di8qife)) {HA0 R eBlve tEhﬂtﬁﬁlﬁhmrﬁmQﬁ BE&N HBW Rlyridrasedih 4HCV

pol ynerase al so i nClude nucl eosi de anal ogs,
mammal. This includes, for example, inhibitors of HCV NS5B polymerase. Inhibitors

of HCV polymerase include non-nucleosides, for example, those compounds
15 described in:
- US Application No. 10/198,680, which corresponds to PCT/CA02/01127,
~ both filed 18 July 2002 (Boehringer Ingelheim),
- US Application No. 10/198,384, which corresponds to PCT/CA02/01128,
both filed 18 July 2002 (Boehringer Ingelheim),
20 - US Application No. 10/198,259, which corresponds to PCT/CA02/01129,
both filed 18 July 2002 (Boehringer Ingelheim),
- WO 02/100846 A1 and WO 02/100851 A2 (both Shire),
- WO 01/85172 A1 and WO 02/098424 A1 (both GSK),
- WO 00/06529 and WO 02/06246 A1 (both Merck),
25 - WO 01/47883 and WO 03/000254 (both Japan Tobacco) and.
- EP 1 256 628 A2 (Agouron).
Furthermore other inhibitors of HCV polymerase also include nucleoside analogs,
for example, those compounds described in:
- WO 01/90121 A2 (Idenix),
30 - WO 02/069903 A2 (Biocryst Pharmaceuticals Inc.), and
- WO 02/057287 A2 and WO 02/057425 A2 (both Merck/Isis).
Specific examples of inhibitors of an HCV polymerase, include JTK-002, JTK-003
and JTK-109 (Japan Tobacco).



for exanple, those conpounds described in: - WO 01/90121 A2 (Idenix), 30 -
WO 02/ 069903 A2 (Biocryst Pharmaceuticals Inc.), and WD 02/057287 A2 and WD
02/ 057425wR3(0baskh Merck/ 1 sis). Specific exanpl es of i nhi pcrarasmnéosan HCV
pol ynmerase, include JTK-002, JTK-003 and JTK-109 (Japan Tobacco). 9 WO
03/ 064456 PCT/ CA03/ 00090 The term "inhibitor of another target in the HCV
life cycle" as used herein neans an agent (conpound or biological) that is
effective to inhibit the formation and/or replication of HCV in a nanmal

ot her than by inhibiting the function of the HCV NS3 protease. This

i ncl udes agenThe telvat inhibiter sfenether taigetiin therHR\ tife yeleHay/used harelp neansani sns
necessary for | | o b | ioPesaR -

I nhibitors of aé\%ﬁl{%ogr?@h?gg%)ﬁllbgﬁc%héﬁﬂ%}fft&{%&%@@}}@ﬁl%ﬁﬁ%&)ﬂg@o for gxa | e,
agents that teph¢ation ohHCYrIgatmaametetber thao by inhikitingdhe éunctien eidhe NSY NS3

pr ot ease and AR B | Rl 4k ; ' 4 S). A

speci fi c exanpl (taéagP ' ?h%%ﬁllﬁ;a? sdg(% géﬁ%t'?]%bg%?g{mgéétp SPﬁés;{ﬁZHEHJWrFFFe cycle

i ncl ude | Sb S- megiEBigMBNeTepsriy ierdbe farmatien) andior replicatien af MEVn pmanynalor " as
used herein : o\l b el [ ive to
i nhibit the F@?@?%&ﬁagﬁﬁ%ﬁtﬁgﬁwggﬁ\gﬁe%}'%ﬁ%‘@%’ for skaifiblel ayerid et | VS O
agents that iinhibitiadagetwalected framra hrlisase; amHG\ANSREHatlepserandhae insiuteroff or
the formatio / | ' P b Yak RBL Bt Qr S

el ude, for TEHElBEodr e pLho D). h KpRCoERBIE L inhbjors 3R

i nhi bitors, plesgetéseiHhV lifetcyels indugsi I615-14803 (1B dtharaaeeutindlelyr ase

i nhi bitorgg The term "HAV inhibitor" as used herein neans an agent

(compound or biological) that is effective to inhibit the formation and/or
replication ofhedsymi“H\ainhidiamias used bered mernsaTeagenifeieomPEHad orbielegicall e wi t h
either hoSt OfnaliclefbotV G fMsHThe REFARSRANEepfidiion bOABEHIRAARM This
replication of HAV in a manmal . HAV inhibitors include Hepatitis A
vacci nes, for'nébédﬁﬁ)ﬁgﬁntmf inferieye with Q&Q%ﬂﬁpﬁtrﬂ(lvlfﬁé??CWA@Fﬁ(ﬁe)ceﬁ%Y f?k}h%l_nd
Avaxi m(r)  ( AgeRhiich driFdrGbplicaticmof % ih 8'RmARY HIDNARbILRS incRRieoed herein
means an agent (conpound or bi ol ogical) o o .

15  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)
that is effective to inhibit the formation and/or replication of HAV in a mammal. This

20 includes agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of HAV in a mammal. HAV inhibitors include Hepatitis A
vaccines, for example, Havrix® (GlaxoSmithKline), VAQTA® (Merck) and Avaxim®
(Aventis Pasteur).

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

30 examples of HBV inhibitors include Lamivudine (Epivir-HBV®), Adefovir Dipivoxil,
Entecavir, FTC (Coviracil®), DAPD (DXG), L-FMAU (Clevudine®), AM365 (Amrad),
Ldt (Telbivudine), monoval-LdC (Valtorcitabine), ACH-126,443 (L-Fd4C) (Achillion),
MCC478 (Eli Lilly), Racivir (RCV),' Fluoro-L and D nucleosides, Robustaflavone, ICN

2001-3 (ICN), Bam 205 (Novelos), XTL-001 (XTL), Imino-Sugars (Nonyl-DNJ)
-10 -



that is effective to inhibit the formation and/or replication of HBVin a
mammal . This includes agents that interfere with either host or viral
mechani sreoraoesisary for the formation and/ or replicati oRCafCABVOGIN a
mammal . HBV inhi bitors include, for exanple, agents that inhibit HBV viral
DNA pol ynmerase or HBV vaccines. Specific 30 exanples of HBV inhibitors

i ncl ude Lam vudi ne (Epivir-HBV(r)), Adefovir D pivoxil, Entecavir, FTC
(Coviracil(r)), DAPD (DXG, L-FMAU (d evudine(r)), AM365 (Anrad), Ldt
(Tel bi vudi ne), nonoval -LdC (Val torcitabine), ACH 126,443 (L-Fd4Q)
(Achillion), (9vperwyB HepBzyme! gy imRueeroequigtRaypdudts gughoas: inderteron alpha

I i des, I 1 - & , XTL-001
(XTL) 1 m mo- g AA0R0 BN e he B e, PR P U P UG8 sy ner ay)
HepBzyne; andThymesimalptaiiadZadaxin®o.diRY ONAneciae (Powderdées), biB\aDiAaaccihe
HE2000 (Hol Ii s; Ed h ' Epj E i .
ol b B ponl Y AR e PR R 0l P e
Klgg_ci ag( §.=J(ef Agﬂ-hapdfmage(g)a{wgéi&\)’; and FWVa@?Maﬁmmetsm:yng ﬂ@vfo(lcﬁa'y_gcr) ,

i- r i) . nt i - itis ngenek..  an yaccl ne
products susheauerprts RetpBiven S Yenkiebac By EREER B A% A atfifiE iRy
Hepacar e, Bi oHekgvaB, Twi nRi x, Convax, Hexavac. The term "cl ass |
interferon' as used herein neans an interferon selected froma 10 group of

interferons that all bind to receptor type |I. This includes both naturally
and synt het i Thé teympclaskiCietdrietans as usedbaeinenears. arbrenietassetdctar] fass al

interferons include. a- R, _.0 i n f.er.ons au- i ansensus
interfer oﬂ.@, IR0 Ln?qﬁeggr}setp%tnmfg r%gprlrﬁ? {‘X‘?]ea"s-s‘t’]'#'“?@%’% F@b%ﬁﬁ"‘%{@ alr}sed
herei n means sgynthaticaityf producesialiasstl aderferoms. aExabiples ofiugtasafl intatfervheinolusge hat
all bind to regeEt or %\ﬁ){&él | . Exanp)es of class Il .interferons .include
y-int erferons: PTRAR®HH W NSNS s $RNSERRUSIRter REONS AR TNERTERTS cont ai n
one or nore additional active agents selected, for exanple, fromantiviral
agents, 20 imFunormql‘uI at or %rgeg;er;,ts, other inhibitors of HCV ng r ot ease,

i nhibitors of MpelasHE ! ,°'i‘rﬂﬁL!ﬁef’&‘reée"bf“ea%?ﬂé?e"?ea{?'gé‘?'e"r‘tﬁ MA@ acv life
cycle, H Ysi ngichplopinferferié thatdli bimd @recepist tysMill BRarhpled bbclagednimprisorkf such

agents are provided in the Definitions section above.
include y-interferons.

The pharmaceutical compositions of the invention may contain one or more
additional active agents selected, for example, from antiviral agents,

20 immunomodulatory agents, other inhibitors of HCV NS3 protease, inhibitors of HCV
polymerase, inhibitors of another target in the HCV life cycle, HIV inhibitors, HAV
inhibitors and HBV inhibitors. Examples of such agents are provided in the
Definitions section above.

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

vaccine.
-11-



25 Specific preferred exanples of sone of these agents are |listed below ~*
antiviral agents: ribavirin and amantadi ne; ” inmunonodul atory agents:
class | iwoDapienusns, class Il interferons and pegyl ated ipararAognenys; ~

i nhi bitor of another target in the HCV life cycle that inhibits a target
selected 30 from NS3 helicase, HCV NS2/3 protease or internal ribosone
entry site (IRES); ™ HV inhibitors: nucleosidic inhibitors,

non- nucl eosidic inhibitors, protease inhibitors, fusion inhibitors and
integrase inhibitors; or »~ HBV inhibitors: agents that inhibit HBV viral
DNA pol ynmerase or is an HBV vaccine. -11 WO 03/064456 PCT/ CA03/ 00090 As

Formila (1), o dseanar agokt Eo g efgy 3phaah B NG R chdcaraernd of

formula (1) t hereo
co- adni ni st erf@d“wﬁt(h) ara ph@ra@pewmlhaa@nepta@mﬁaltéb@rﬁpf iseqodraifistereshvith at

antiviral age@}‘aﬁ (ﬁ{é ﬁ&ﬁg\/ s%ﬁé?:ﬁéﬁ fréHHEH antl@ﬁ& a{%@ﬁt hl‘?hhll?& h&ho@llatblyy NS3

pl’ otease, an In YNEer ase, anot her °“tar get
in the HCV | |a@erttﬁﬂo§1ermlhﬂpw H@.Vbi%cnroteaﬁe mwhlhlmr@f H@N qumeraﬁﬁ 1By

| nhi bitor. g@ltgﬁof% m\ém@a%ﬂﬁ@ HEPife" &ubdﬁﬂm\ﬁmh#sﬁopsﬁ 'Hw.hﬁmﬁor section

above. These addi ti ona agen |ne e conBoun s of this
i nvention to akan HBY '@h'bﬁ@feEWHP'%@&WQ“@&W"MQ@@WW@ th] Pefintignsvel y

these addi “Qéa}m 386N, STHIRY apemér%n%gaﬁtgln%mdmbﬁwm the cbhagoeﬁag &nt as

part of a nultiple dosage form r exa usin
addi ti onal ag@m@vemﬂyn Eﬁecraamarﬁl@qlepéarmemuvcwéd@ageéw pNFQif‘attvéw these

concurrently &,ﬁbnapé ‘{] Jngy\bégeﬁé}ﬁteﬂﬁiﬂnﬁihéwr@d {0%Re Piatnéﬁ-fﬂﬁé%hﬂ ofia nﬁmmwund

of formula (1), or ar maceut i cal accept abl e sa hereof . As used
herein, the t@QS@Qethéhth?mpkﬁeaﬁﬁgﬁﬂfé ek aflditiopakaasntsgpaybe adpmisteredr 15

conposi tion HoRe ghmu bﬁorttb ecdw’c@ﬁ@rmy withy 8Pl WG %é‘édrﬁmsﬁ‘él%nodf vmérém pat e
synptons of the hepatit di seasé and/or to reduce viral in a

patient. As ue¥aPHadLf fPrmPWeUi OF mpPhafreacerticayi acerpighle Fﬁbthﬁtﬁ?f ni st ration of
a conpound or conposition according to the present invention post-exposure
of the individual to the 20 virus but before the appearance of synptons of
the di sease, AnHsesthereinptheterm H@atfﬂ@tfe‘@ﬁﬁ'b?]théfadf'}'féStW'PD§f?ﬁO’F‘H@“’Eﬂ ®od.

15  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

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

Preferred embodiments

Preferably, compounds of formula 1 as defined above wherein R' is hydroxy,
25 NHSO;Me, NHSO,cyclopropyl dr NHSO,Ph. More preferably, R' is NHSO,-

cyclopropyl or NHSO,Ph. Alternatively, most preferably, R' is hydroxy.

Preferably, compounds of formula 1 as defined above wherein R? is cyclopenty! or
cyclohexyl. Most preferably, R? is cyclopentyl.

30
Preferably, R® is t-butyl or cyclohexyl. Most preferably,R? is t-butyl.

Preferably, compounds of formula 1 as defined above wherein R* is cyclobutyl or

-12 -



Preferred enbodi nents Preferably, conpounds of fornmula 1 as defined above
wherein Rl is hydroxy, 25 NHSO2Me, NHSQ2cycl opropyl or NHSO2Ph. More

pr ef er ablwp 0®064486 NHSO2- cycl opropyl or NHSO2Ph. Al t er nat iPC&lGA03 /0@
preferably, Rl is hydroxy. Preferably, conpounds of formula 1 as defi ned
above wherein R2 is cyclopentyl or cyclohexyl. Mst preferably, R2 is
cyclopentyl. 30 Preferably, R3 is t-butyl or cycl ohexyl. Mst preferably, R3
is t-butyl. Preferably, compounds of fornula 1 as defined above wherein R4
is cyclobutyl or -12 WO 03/064456, PCT/ CAO3/ 00090 cycl opentyl. Mbst
preferably, RZVCiQﬁeﬂWbIWémeiﬂfabWtﬁéSBY‘é‘?@%I y, a conpound of formula 1 as
defined above wherein Rl is hydroxy, R2 and R4 each is cyclopentyl and R3
is t-butyl. 5 More preferably, a conpound of formula 1 wherein R is
hydroxy, R2 i Mowgﬁhwla cormun% ot folnla N agrrefingd aeovw&h%ﬁl@rﬁ y# hydyere
preferably, aR"Qrﬁ@ﬁ“Q&’cfﬂEc?&éﬁHﬁ'tﬁaﬂdhh%rt%di [RL is hydroxy, R2 is _
cyclohexyl, 10 R3is t-bu and R4 is cchopentyI. More preferably Rl is
NHSQO2Ph, F® and R4 each is cyclopentyl and R3 t-butyl. Mre preferably, a
conpound of f Qbrah rafelawg%r&mbomd bftofMElh AWherEA n*ssﬁy&bapwwéycnob&@u% is
t-butyl and R4, 1S cyc More preferably, a compound of formula
wherein R1 isR b‘idTb@};‘J/a"(I'?B Iscyelgpe®yentyl, R3 is t-butyl and R4 is

cycl ohexyl. 20 Mre preferably, a corrpound of formula 1 wherein Rl is
hydroxy, R2 and R4 each is cyclopentyl and R3 is cyclohexyl. More
preferably, aMemnpysefampbhsa qomnwn%Oﬁfovm@aéumhq:&'nu% inpyarexy, R ipcyckbexd R4
each is cygl ogegiutyl dRd A HA g'bﬁéhﬁ"o an al ternate enbodi rrent t he

phar maceut i cal corrp05| tion oP/ i nvention may additi onal I y conprise
anot her anti-HCV agent. Exanples of anti-HCV

More preferably R'is NHSO,Ph, R? and R* each is cyclopentyl and R® t-butyl.

More preferably, a compound of formula 1 wherein R' is hydroxy, R? is cyclopentyl,
15 R%is t-butyl and R*is cyclobutyl.

More preferably, a compound of formula 1 wherein R’ is hydroxy, R?is cyclopentyl,
R? is t-butyl and R* is cyclohexyl.

20  More preferably, a compound of formula 1 wherein R'is hydroxy, R? and R* each is
cyclopentyl and R® is cyclohexyl.

More preferably, a compound of formula 1 wherein R' is hydroxy, R? R® and R*

each is cyclopentyl.

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, o- (alpha), B- (beta), 8- (delta), y- (gamma) or o (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
-13-



agents include, a- (alpha), (3- (beta), S (delta), y- (ganma) or co-
(onmega) interferon, ribavirin and amantadi ne. 30 According to anot her

al t er nat ewermbodi4sent , t he pharnmaceuti cal conposition of tIRCI/CABMEII ON Mmay
additionally conprise another inhibitor of HCV NS3 protease. According to
anot her alternate enbodi nent, the pharmaceutical conposition of this -13
WO 03/ 064456 PCT/ CA03/ 00090 i nvention nmay additionally conprise an

i nhi bitor of HCV pol ynmerase. According to yet another alternate enbodi nent,
t he pharnmaceutical conposition of this invention nay additionally conprise
an i nhi bi t or ioferdiohenay aiditenally eonoprise ldoNNhibifas obHEYcpadymérasé.udi ng but not
limted to, helicase, NS2/3 protease or internal ribosome entry site

(I RES). The pharnaceutical conposition of this invention may be

admi ni st ered Aecairdipg to yetrapnther altdryate empiodimant,i the PanmegevtisabeanpasitioQrod|

adm ni strat! ofichyeteh el dddfiiofomiist Bh BHBIRR of SNBF BIHL Rine HEY it

phar maceut i cal conposi t venti on may any convent i onal
non-t oxi ¢ phaeyeies neludirg but-natlireifsddb] kelicage, NS243 pr@taase@ntrseroal ribpedmel es. In
sone cases, t%ﬁ $ile ](RI% e fornmulation nmay be adjusted with

phar maceuti ca Qpaccep bl e acids, bases or buffers to enhance the
stability of the fornulated conpound or its delivery form The term

parent eral astieBtbERElRal ARG IRLRGUBAG e AdhPRRIFORRSS.

i nt ravenous anuscu a articu I nt'rasynovi
i ntrathecal, parenterallysr wuamnaﬂplantqderesewr oPral ﬁﬂmmlsmtlon echdmw@gtlonrhse

phar maceuty Cal#\g%ﬂéﬂo@?p fbﬂ@cé.g?b{e Eﬁarh{% bitRal &rn%c%ft:oﬂ of s |hl/§ntfoﬂjn?a§fc%ma¢n 20

preparatlon ter e I Nj ect € aqueous or agl nous
suspensi on.  dmy @wa@tmﬁbmmtomphgénawumlIw@depi@@@ucan‘rngs adjiuvandsial ques

Known 0. he et AorRibablihe Hh SPRICToAYMoriRht bedqageRln (such as, for

exanpl e Tween _ suspendi n ents ceutical conposition

of this invenphasmapeuticaly agcgpiapl Snb%ﬁeér%@Uﬁwséﬁ?nhmalth%lsta@h@mfthﬂ e

dosage formify thH| Ln{i‘ght aéﬁvérg r'n? I‘?%Fﬁr’ﬂ entb@PASLsed H¥Rdn aqueous

suspen5|ons an utlo e ca et or oral use, carriers
includes subcutaneous, intracutaneous, lntravenous intramuscular, intra- artlcular
intrasynovial, intrasternal, intrathecal, and intralesional injection or infusion

techniques.

The pharmaceutical composition may be in the form of a sterile injectable

20 preparation, for example, as a sterile injectable aqueous or oleaginous suspension.
This suspension 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.

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

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

-14 -



whi ch are commonly used include | actose and corn starch. Lubricating
agents, such as nmagnesium stearate, are also typically added. For oral

adm ni st reDios64486 a 30 capsul e form wuseful diluents incl eda/dsaasvane and
dried corn starch. Wen aqueous suspensions are administered orally, the
active ingredient is conbined with enulsifying and suspendi ng agents. |f
desired, certain sweetening and/or flavoring and/or coloring agents may be
added.. -14 WD 03/064456 PCT/ CA03/ 00090 O her suitable vehicles or carriers
for the above noted fornul ati ons and conpositions can be found in standard
phar maceut i caPtheesuitableveiclesor@eitrnior 8¢ aboveinatasiowmlations a8di ences”, The

Sci ence and P, I /Yo @ F@?'ﬂﬁ

East on, Penn. é&? dQSBE))n.gfcgEggsféﬁgMTgt\%gfmdg‘“a[)et V\eg(r:lﬁg%!tut X an étagout 1
00ng/ kg body Reargtaceytioal eigncespridpe&ciancy anéﬁm@ﬁeabamrn@cm B Edhask
50ny/ kg body Jgpi%ﬁﬁg;mmt ﬁgstéﬁqbenﬁr@{g%?e i nhi bitor conpound descri bed

herein are use erapy for the' prevention and treatment of HCV
medi at ed d® sease. Typically, the pharnaceutical 10 conposition of this

i nvention wil bo%eﬁ%lé’bﬁﬁe‘%@& 56&1%@'?%3 a]aohﬁ kg éo%t't \P%%ht@@d glay or

alternatively, as conti nuous I nfusion. Such admnistr e used as

a chronic orpfgtﬁlﬂ@@y beiwegppboqtHy 1 ansh abeut $SOMadtd Raslyiwrigd deeday efie may be
conmbi ned Wi t hofdige ?rﬁ'ﬁtf]ﬂo%orﬁ?&ﬁ{d d’ésénséa rwraﬁﬁﬁ@u&fal.@gln%%w thPihe Wi | |

vary dependi ng upon treated and particul ar
adm ni strati owethtop;ﬁnééteaﬁwmf HCVonedipted disgageynT wrieally mphgyaiacestical o

about 95% ACt &affodsRIBAU Bls ndeition viik 64 ﬁﬂrﬂmus)ferea %ﬁw atﬂﬁﬁ@% 8bdR Bty PR N

from about 20%to aEgaut 80% active conpound he skilled artisan wl|

appreci ate, |@aeer afermatiyehsrasfoeadinueusniugege SU% aﬂ@wlsi@@% carplag ugRd as a
required. Speedrahle oFSRE eRBSY. ITHRAIHBRM of %Na‘ﬁ{b?e&é’rﬁt RMBASE bdrhiAéd pat i ent

20 w Il depend ug]on a variety of factors, including the activity of the
speci fic conptifhine capiarsyaterials ippragice aPiagle fesaga formp wilkyay dﬁlﬁlﬂdﬂﬂ YRRt us,

sex, diet, ti{g Habt &N AhPihbPahRllar FRHE oPhdBirfst@alibeNA tﬂ:ﬁ&ﬂ pfepaRIIBAWIIPN
t he severlty and course of the infection, the patient's di sglosmlon to the

i nf ect i ontandcaian fraAFRAM 5%ft°taH@Utt95e/a?‘i’tW@ comgn%(vg{m @éﬂ'ﬁ%fﬁ Vi SHCht r eat ment
is initiated WephrafoRd torfiR #ORSabMPE6BRS hBdUt BobESdtive compound.

As the skilled artisan will appreciate, lower or higher doses than those recited above
may be required. Specific dosage and treatment regimens for any particular patient

20 will depend upon a variety of factors, including the activity of the specific compound
employed, the age, body weight, general health status, sex, diet, time of
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

25 than the optimum dose of the peptide. Thereafter, the dosage is increased by small
increments until the optimum effect under the circumstances is reached. In general,
the compound is most desirably administered at a concentration level that will
generally afford antivirally effective results without causing any harmful or
deleterious side effects.

30
When the composition of this invention comprise a combination of a compound of
formula 1 and one or more additional therapeutic or prophylactic agent, both the
compound and the additional agent should be present at dosage levels of between
about 10 to 100%, and more preferably between about 10 and 80% of the dosage
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25 than the opti num dose of the peptide. Thereafter, the dosage is

I ncreased by small increnments until the optinum effect under the
ci rcunst awoas/06&156 eached. I n general, the conpound is noPCTARYBOEIN Y
adm nistered at a concentration level that will generally afford

antivirally effective results wi thout causing any harnful or deleterious
side effects. 30 Wien the conposition of this invention conprise a

conbi nati on of a conpound of fornmula 1 and one or nore additional

t herapeutic or prophylactic agent, both the conmpound and the additional
agent shoul d bermatlesdminisiered s agwnotheedpy regimest ween about 10 to 100% and
nore preferably between about 10 and 80% of the dosage -15 WO 03/ 064456
PCT/ CA03/ 00090 normal ly admi ni stered in a nonot herapy regi nen. Wen these
conpounds or Whehithgsikezoompounds erdheiy pharowgestisally acgeptable saltsarerormvlated

together with | ' b
conposi tion n’txg e@@ﬁ@ﬁ@%%ﬂ%#rﬁﬁg%ﬁ?%@%@%&I?ggﬂn&m rses B@ﬁ %8@@6%%%?%

i nhi bit HCV NSSagmipisterse irovivo toomameals, suctpaseweani to iihibit HEN NS hpreteasenr Such
treat ment may [ - LS iorf SRR f L1Sn | ' '

conbi nati on Moﬁh&gggﬁﬁeg&&hﬁ%ﬁ'r%g@but a%ﬂﬂ%r? m%){]érﬁ? ggxt@@{wegﬁfsh@_, S,
co-, tau, or gcpmpeurideefdiis invieptien inicambination wilh agents whioh ingludey bubare net  HCV
NS3 protease; Lahjhitors of HCEV paly. » ok A DI . sin
the 0 Hov 11 RIS 56 Ot PR RHBRE, b ahidnface; BeF kAR
prot ease, or HRVNSEprotaaskdphibitoreof HEVsidwmegragREB)hibitors ofathérangetsris thener eof .

The additipna [rpx- ' - W C 1.S..1 Qv |.on to
Ccreate a g‘?nghg%g@é;éécle’ o}érPr']anIiﬁrﬁe{?tr%gg ll'ﬁ\l}\%%cj;tot @@g&%g@%}:‘ﬁ. BhJ;%a%gggrr{ﬁ {sémr?gy be
separ at el y adribosiogtecardny site (IBRESnorelombimatipas theodfof.a The hdditidral dgerdgmaydem 15
Accordi ngly, ; Ny 2 0L SaH | i t hod of
I nhi biting I—&}Rt}\'@% \gr 'g?(grgée actot?&/hllstf @\/;ér}]tlog‘fﬁg%@"nagl{‘a g®8raédd}%%%9§{°g@ ing a
conpound of t Akernativeintheseladditipnahagents may be sdpaatehdadrainisteredhtosa matmimal i s
useful in decéﬁ@@ﬂa%ﬁﬁip%s%@?&%?e activity of the hepatitis C virus
infecting a ma )
15
Accordingly, another embodiment of this invention provides a method of inhibiting
HCV NS3 protease activity in a mammal by administering a compound of the

formula 1.

20 In a preferred embodiment, this method is useful in decreasing the NS3 protease
activity of the hepatitis C virus infecting a mammal.

If the pharmaceutical composition comprises only a compound of this invention as
the active component, such method may additionally comprise the step of
25 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.
30
A compound of formula 1 set forth herein may also be used as a laboratory reagent.
A compound of this invention may also be used to treat or prevent viral
contamination of materials and therefore reduce the risk of viral infection of
laboratory or medical personnel or patients who come in contact with such materials
-16-



I f the pharmaceutical conposition conprises only a conpound of this
invention as the active conponent, such nethod nmay additionally conprise
the step wbD03H64d6mi ni stering to said mammal an agent sel e®cadAosomoan

i mrmunonodul atory agent, an antiviral agent, a HCV NS3 protease inhibitor,
an inhibitor of HCV polynerase or an inhibitor of other targets in the HCV
life cycle such as helicase, NS2/3 protease or |IRES. Such additional agent
may be adm nistered to the mammal prior to, concurrently with, or follow ng
the admi nistration of the conposition of this invention. 30 A conpound of
formul a 1 set (d.@mhidodntisssiensurgigalinsicunientsigrdigarments, iaporatoyrinstiumegéisand A
conmpound of t v or prevent viral
contam nati onBé'?nelrrr%t’ gﬁ{j gﬁgdgﬁecﬁh@?%‘?ﬁ?fﬁ% udgrgrageﬁgfs | sk of viral infection
of laboratory or nedical personnel or patients who cone in contact with
such material g o1 8o4 Qf(?/o%élqﬁse Eﬁf‘u‘?@%’fr‘n %9%%0(5% lgsedbisoé)%se%fcﬁ ent.

surgi cal instrunents and garnments oratory I nstruments an

and bl ood %ol A@ompouncapfﬁamwlaéesamiao heveed as Bysitiva asotrpldavalidste sturqgalea 1
set forth her 2 i : . 5 A conpound of
formula 1 rraygg agga:‘gadqg’%v’g’ggf?m@o‘éﬁm Itog%\%'g date surrogate

cel | -based assays or invitro or in vivo viral replication assays. Further
details of th ich
are under st ond 1op SRS Bt B ettt el Rialdd 1o oo R R P .

Met hodol ogy  vrdegetped tdl be @%llm@n@wﬁhmﬁ%ﬁt tpéherﬁmnﬂedsmn$ nt er medi at es
therefore, are prepared 10 by known net hods using reaction conditions which
are known to be suitable for the reactants. Several such nethods are

di scl osed i n Metlosiabeaw3, WO 00/ 09558 and US Pat. No. 6, 323,180,

I ncor por at ed ewe |tme%8rfnsam%ffo%mw%a .r%nﬁ&r.méﬁ\e'refmewm pRred S

NHSO2RI A as def ‘herein are prepared by coupl i ng the correspondi ng

acid of fa® nubhkfFOV(ﬂ methops Upigg feantien 9ndiiions vetvpfaq;rs KEPWN 4 ke sujigbledaeiiede of
formula RIA S Nﬂ?\té sdvBRal Q?&?ﬁ@ﬁ%d@&r@du%b%’d'|HW@@@!@§5&‘§"‘W® @?@@Q@%ﬁd

condi ti ons. gm‘msevera commonl y used coupling agent’'s can
enpl oyed, TBTUSaﬁ?d B.833a189, ineemporatehberety yaefarenasi cal . The suI fonam des
are

Compounds of formula | wherein R' is NHSO,R** as defined herein are prepared by
15  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
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.
20
The following schemes illustrate two convenient processes using known methods for

preparing the compounds of formula 1 when R’ is OH.
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avail abl e commercially or can be prepared by known net hods.

20 The

follow ng schenes illustrate two conveni ent processes using known net hods

for prepaoinage44se conpounds of fornmula 1 when
Schene 1: OH O OH 9 7a 13a Schene 2: MO 4 or

MO O R3 0 R3 R XJIN
formula | when Rl is OH Conpounds of fornula I

Scheme 1:

PCT/COAD30@9064456
NN HMO

Rl is OH
5 0 X=O NH R, 0JI,

IOH H OO0 Ow PCT/ CA03/ 00090 O H p Conpounds of

o]
0
4 o} R3 N 0 R3
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X r;l)ﬁr A N OMe N’H(N OMe
H o + 0O H g H o N
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4or5 3 6a
[e) MeO V
MeO N ~ome QN)—«Q
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Compounds of formula |
when R is OH
Scheme 2:
H 2
N-R
n=
MeO N\ ~°
H o2
N-R P
s=<
e ——— NH2 p
BocN S BocN 8
OMe @e BocN S
OMe
o) N
H o
15 18, LI
N-R N-R
N‘<S n=
MeO UGz MeO NASS
Rt i T : )
=
Ny ’:‘)\H/OH
H O o R3 50 3 #O
O R |
X=0,NH
R\OJLH)\WQ:% N JLN)ﬁrN ~
4or5 o} OMe H o OH
o} H o N
(o] H fo)
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when R is OH -18 WO 03/064456 PCT/ CA03/ 00090 EXAMPLES Tenperatures are
given in degrees Celsius. Solution percentages express a weight to volune
rel at i onsWiDm3/oed3dé sol ution rati os express a volunme to vol eeg/qaBaeioonshi p,
5 unl ess stated otherw se. Nucl ear magnetic resonance (NVR) spectra were
recorded on a Bruker 400 Mz spectroneter; the chem cal shifts (8) are
reported in parts per mllion. Flash chromatography was carried out on
silica gel (Si02) according to Still's flash chromatography techni que
(WC still et al., J. Og. Chem, (1978), 43, 2923). 10 Abbreviations
used in the exanples include: DBU. 1, 8-diazabicyclo[5.4.0]undec-7-ene; DCM
di chl oronmet hane; DI AD:  dii sopropyl azqgi yl ate; DI EA:

di i sopropyl et hyl am ne; DI PEA: dii sopropyl ethy am ne; DVF:. N,

N- di net hyl f or remperaturensne: given(inidaarery IC&isiuso Saobition gereentageerspressid weidhy |

acetate; HATY 5 0t 1 =1 - e P |

hexaf | uor oph(l;tsop*?%ré ?&%@ﬁgﬁahﬁ{d&ﬁ% glet'P ?’ 6%%&%8%3?330@%%%%%%%9%:
mass spec$ r onelessstatediotierwisr: Nvelear nagesficsesananes (NMB) spagiaiware

| oni zat i on-Ti = : méb(%r rent.).: : 4 M OH:
met hanol ; Ph: F%ﬁg%;glo;nd%]u%?r: fo;bggﬁnggéérr%@ra u'Jr?e ( §%I 5@% %taéé:?- Eﬁ%cﬂn or
t-butyl: 1, 1-pamsepdrymitiphy Flasiblromategra@y was ¢drried gutionssilica@et (Si@i)ci ne; TBTU:

2-(1 Hb tpi s ol - 1, - " t bor at e;
TEA trit1 uor BACEAng ot sh choratodr EpAAREAIGe (GOSN 1S Ol ERER D e
of formula (I§1978hd3d2928pti de i nternediate 15 (Schene 2) and

2-car bometnl)mxy-4- hydr oxy-7- 25 met hoxyqui noline 9 (Schene 1) were

synt hesi zed according to the nmethods described in WO 00/ 09543. Synt hesi s
of di peptide Ablieviakiprigusediin the examples include:

DBU: 1,8-diazabicyclo[5.4.0]lundec-7-ene; DCM: dichloromethane; DIAD:
diisopropylazodicarboxylate; DIEA: diisopropylethylamine; DIPEA: diisopropylethyl
amine; DMF: N, N-dimethylformamide; DMAP: 4-(dimethylamino) pyridine; EtOAc:
15  ethyl acetate; HATU: [O-7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate]; HPLC: high performance liquid chromatography; MS: mass
spectrometry (MALDI-TOF: Matrix Assisted Laser Disorption lonization-Time of
Flight, FAB: Fast Atom Bombardment); Me: methyl; MeOH: methanol; Ph: phenyl;
R.T.: room temperature (18 to 222); tert-butyl or t-butyl: 1,1-dimethylethyl; Tbg: tert-
20 butyl glycine: tert-leucine; TBTU: 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyl
uronium tetrafluoroborate; TFA: trifluoroacetic acid; and THF: tetrahydrofuran.

Synthesis of compounds of formula (l):
The dipeptide intermediate 15 (Scheme 2) and 2-carbomethoxy-4-hydroxy-7-
25  methoxyquinoline 9 (Scheme 1) were synthesized according to the methods

described in WO 00/09543.

Synthesis of dipeptide 1

oH OH
X
OMe
O._N o T oHNT - >r0\ﬂ/ @ .
X A o I "
ol o) O H
P2 P1

P2P1

30 A mixture of Boc-hydroxyproline (50.0g, 216mmol), vinyl-ACCA methyl ester
: -19-



30 A m xture of Boc-hydroxyproline (50.0g, 216mmol ), vinyl-ACCA net hyl

ester -19 WD 03/064456 PCT/ CA03/ 00090 (42.25g, 238mmol, 1.1 equiv.), TBTU
(76.36g, wBBmed456 1. 1 equiv.) and DI PEA (113nL, 649mmol1PCIarpo3m0000i n DVF
(800mL) was stirred at R T. under a nitrogen atnosphere. After 3.5h, the
sol vent was evaporated and the residue extracted with EtQAc. The extract
was washed with hydrochloric acid (10%, saturated sodium5 bicarbonate and
brine. The organic phase was then dried over magnesiumsulfate, filtered
and evaporated to afford an oil. After over ni ght under hi gh vacuum
di pepti de 1 wek2.25gt &%reahohd. 1&qyul)lfﬁw (7&1%/ g%mgrol d4enuiydrang\PIBBAY, by
HPLC) . Preparat (7

tri phenyl phosgﬁl?ﬁ‘g ?%%@QP@E%&%)@M%&%@%% rgaaiﬁ T4%P1|9ét}raorﬁfepn ol c aci d
(41.08g, 245. Mpher@ 2\3@355\ theus@lventg%layéaornate ngd tieiresique extractedavitdt i r r ed
sol ution was

azodi car boxyl at eAd(aggB%nEgﬂ e@%ﬁtﬁ@%ﬁ?gﬁ&ﬁ@&&@ (g/ﬁ) %ﬁ@éﬂ SFO(S’L')W se over
45 15 ni n andbicadonateanddiing) Fbmtgan@ n)mﬁwaé thrndriedfqver magnesiure syléate.ent
was evapor at e@tereJﬁﬁd bFsHoitEd &agh%ﬁdm@mﬁg%em&tun&m.dﬁ@%{;u% these

was purified romat'ography over fine sil e col um
di ameter 12c nﬂlpél@iid@rﬂwwafﬁ ebigined as @rjellow iforin &30 Qd?‘g'ﬁtpltwy 295% by EIPAEY/ Et OAC
to 1:1 hexane/ EtQAc to pure EtQAc. In this manner, the Boc-di peptide ester
2 was obtained as an anorphous 20 white solid after evaporation of the

sol vents and Breparationfof dipeptidesd dues under high vacuumat 70C for 1 h
(108.1 g, quantitative-105%. A solution ef 4N hydrogen chlgoride in
di oxane was added t@uthe Boc-dipeptide es e (108g, 243 esul t| ng

in a colorless solugion. The solution ezat R T. or

sol vent was evaporat/ed the_r_.95| du aced unde.t__hl gh cuumfor 3h
af fordi ng the?fb‘ ydrych Mede sa as anc. oI id.
The solid was used a§ Hsukh. 456 3/ 00090

1
10
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) The stirred solution was cooled to 0°C under a nitrogen atmosphere. Diethyl
azodicarboxylate (38.4mL, 244mmol, 1.2equiv.) was then added dropwise over 45

15  min and the reaction allowed to warm to R.T. After 4h, the solvent was evaporated.
The residue was divided into four portions. Each of these was purified by
chromatography over fine silica gel (10-40um mesh, column diameter 12cm, column
length 16cm) using a gradient of 2 :1 hexane/EtOAc to 1:1 hexane/EtOAc to pure
EtOAc. In this manner, the Boc-dipeptide ester 2 was obtained as an amorphous

20 white solid after evaporation of the solvents and drying of the residues under high
vacuum at 70°C for 1h (108.1g, quantitative-105%). A solution of 4N hydrogen
chloride in dioxane was added to the Boc-dipeptide ester 2 (108g, 243mmol)
resulting in a colorless solution. The solution was stirred at R.T. for 1Th. The solvent
was evaporated and the residue placed under high vacuum for 3h affording the

25 hydrochloride salt of compound 3 as an amorphous solid. The solid was used as

such.
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Synt hesi s of
O-NOHTTH

carbamates 4 Preparation of carbamate 4a: i ~OLN Ove ON

Oove

NOw \/OOYC T z-i Il I I I OHOHOHO 4a At 0C, was

added t o wogloetss®n of tent-butyl glycine nmethyl ester (59CmGA3O@BATD

in THE (8nL).

vinyl chl oroformate (0.55nL, 6.47mmol) and triethylam ne

(1.15nm, 8.25mmmol). The tenperature was allowed to rise to RT. The

sol uti on was
resi due di sol

stirred for 16h. The sol ution was concentrated and the
ved in EtOAc. The EtOAc solution was washed with a 10%

aqueous solution of citric acid (2x), a saturated aqueous sol ution of
NaHCC3 (2x) afiwntbesiscof carbamatgdd concentrated to 10 yield the correspondi ng

vinyl car bamepgaRRA8AY Rafeaerl ess oil. The oil was dissolved in
(4mL), cool ed atp JJU an(@%t hane (0.15nL, 1.86mml) and di et hyl

(95L, 0.93mmol )\t&:re Qdsledi A whi solid appeay at first buf } SSO
: r

with tinme (-
sat ur at ed sol

1

o o€ sispensin/lsobys i on Pas Btilrrgg at R\T. Jf o 2h.
| O

of—arreni urfl clil of i de—wlis adde d ttre™sol Ut iYon

extracted with 15° Et OAc (2x). Thé ofganic extract was dried (MyS4Y an

concentrat ed.

The residue was purified by flash colum chromat ogtaphy

1) 5

DCM

zi nc
| ved
A

d

El ution with Aed‘@neaklGded @5a Solgtonef tembutyloglyaspmethyhesterd689mg cs28mmal a

col orl ess
nmol ) in E

o B A B 0,

1. 81 nmol ) i n8.2amerol) Ane)temperatiré wasdlidwed tbhrise TO&.T.20hes sdlutianovas iretd| ut e

with water an

acidified by

B 3eh e Bt oS and 8 ARG HRQUS M R The,

with EtOAc (BtQAc Sdiationovesi westied mithrai 10% atueteis solutior oficiirie chcidNBH (4 ) |

filtered and
solid (53ny;
10

15

20

25

YRR Y304l R RsorSoR LR ARG AP A L
yield the corresponding vinyl carbamate (608mg) as a colorless oil. The oil was
dissolved in DCM (4mL), cooled at 0°C, and diiodomethane (0.15mL, 1.86mmol)
and diethylzinc (95uL, 0.93mmol) were added. A white solid appeared at first but
dissolved with time (~ 1h). The suspension/solution was stirred at R.T. for 5h. A
saturated solution of ammonium chloride was added and the solution extracted with
EtOAc (2x). The organic extract was dried (MgSO,) and concentrated. The residue
was purified by flash column chromatography. Elution with hexane:EtOAc 95:5 gave
the corresponding methyl ester as a colorless oil (96mg, 90% yield).

A solution the methyl ester (93mg; 0.41mmol) in THF (5mL), MeOH (1mL) and an
aqueous solution of LiIOH (45mg ; 1.81mmol) in water (2mL) was stirred for 4h. The
solution is dilute with water and extracted with EtOAc (2x). The aqueous solution
was acidified by the addition of 1N HCI, and the acidic solution was extracted with
EtOAc (2x). The combined organic extracts were dried (MgS04), filtered and
evaporated to obtain the desired carbamate 4a as a white solid (53mg; 60% yield)

Preparation of carbamate 4b

0 o)
(o]
QAT+ on ——= LA Lo
0" o~ H,N 07N
0 (o] 0

H
4b

THF (350mL) was added to a flask containing carbonic acid cyclopentyl ester 2,5-

dioxo-pyrrolidin-1-yl ester (9.00g; 39.6mmol) and tert-butyl glycine (6.24g;

-21-
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zZ --Y1 HO 4b THE (350nL) was added to a flask containing carbonic acid
cycl opentyl ester 2,5- dioxo-pyrrolidin-1-yl ester (9.00g; 39.6mmopl) and
tent but yWogByeidne (6.24g; -21 WO 03/064456 PCT/ CA03/ 0009@CATC ADnmaaioy
resulting in a suspension. Distilled water (100m.) was added with vigorous
stirring. A small anount of solid remained undissol ved. Triethyl am ne
(16.6m; 119mvol) was then added resulting in a honobgenous sol ution which
was stirred at R T. After 2.5h, the THE was evaporated and the aqueous
residue diluted 5 with water (100n1_) The reaction was rendered basic by
the addition #f.5mmaql)NesHting ipsauspensiona| Disfilied water (10RMELyaR addedwith washed
with EtOAc (2 n i? hasSnas W l (ca.
vngiorg%)%}lﬂ% ﬂshi)bﬁﬁ nARESEDlidP br‘fﬁliéo@%d Ttrl@thélah‘n r‘&(

70mL - final tur soI ution was extract 200 +

150mL) . The eX6oas MAMa)ivap thep adsed rasidtingip Ahnraeaenonpsejutien whishhwaat e 4b
as a white SOl;ﬂrféd(eﬁ#318g)merlé)sﬁ’rtﬁ@qtﬂﬁtwa@rbvaﬁoraiéae;ndqﬁé RATBSRTesiBINGIEE

procedure described above and using appropriate conmbinations of tern butyl

gl yci ne, cycl wiewater (0iind] heé‘?“@?’él’v@ﬁé@(ﬂe"e& Basicy a@ddiipnehl N NaQH
cyclobutyl,  pygiLerpatyh >1@)r mécsl,dahr%ﬁwas%tsﬁéd %itR EHORX @ pzbérﬁty éhdrtné yl

ester, car bamites of the 15 fol |l ow ornmul as were prepared: R R O
Preparation ofdugoeaghaseracidfigawith Q'\Qg@iﬁa O sfinal pH <2).” The turbid solution

was extracted with EtOAc (200 + 150mL). The extract was dried (MgSO,) and
evaporated to give carbamate 4b as a white solid (8.68g).
10

Preparation of other carbamates

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

15 following formulas were prepared:

i 0O (o]
FLOJLbll OH R. OJL,Iq oH
= H H [0}

R

Preparation of Ureas 5

[e] (o] (o}
HIK - QA = O A o =2
H 5 H H o H H 0
5

o
X

0. 0
CL CL
L L

CH

20 A solution of tert-butyl glycine benzyl ester hydrochloride salt (2.55g; 9.89mmol) in
THF (20mL) and pyridine (2.0mL; 24.73mmol) was cooled to 0°C. Phenyl
chloroformate (1.30mL; 10.19mmol) was added dropwise to the cooled solution. The
resulting suspension was stirred for 5min at 0°C, then at R.T. for 1.5h. The reaction

-22-



20 A solution of tert-butyl glycine benzyl ester hydrochloride salt (2.55g;
9.89mmol ) in THE (20nm.) and pyridine (2.Q0rm; 24.73mmol) was cooled to 00 C
Phenyl cWwbasobasérate (1.30nm; 10.19mmol) was added dr opwpsa/tAm306m00 cool ed
solution. The resulting suspension was stirred for 5mn at 00 C, then at
R T. for 1.5h. The reaction Q OH -22 WO 03/ 064456 PCT/ CA03/ 00090 m xture
was diluted with Et OAc, washed with 10%citric acid (2x) water (2x)
saturated NaHCO3 (2x), water (2x) and brine (1x), dried (MgSO), filtered
and evaporated to gain the crude conpound as a nearly colorless oil (3.73g
;. >100%  assonirdure vESrditoted withifgOAcuashed odinct0% gitriviagid (2x) 9aiemi2Y) was

di ssolved in . l.am ; d Th
reacti on i xt (G AEANRCEs o UG o RE e T By BB AP . o s
diluted with evaDamtedtocgain ermrade garapaindas areshi ¢olariess wih$hedp Vit H0R%E0%
citric acid [

(le)l, dri lad g%ﬁ@fé'g??‘%ghﬁ'ﬁg@é%%ﬁtquZQ%)" e tsﬁcgségr%)é e cytﬁe%lpgﬁtyl
urea - Thg- ©Bn(Gfroluand eyslopeniglamine was addedgisoptise. repgtiorr madureegr i al  was
puri 1 ed by Lialy A% 5TBr S8R ORBAN mityrB vas difRa W OABC B BigBhfoC 9: 1

to remove the I'ess polar inpurities an ute e puri product
as a thick cophﬂﬁelveaﬁswaﬂﬂed(vgmmhe@m107¢1@trl§§pt§1r(2b)e\mt9l‘ (2xk saturgiedduct

(936ny; 2. 82npy )dgaref ﬁaibhﬂbd §) gr.mw@@mﬁ.h&g qnéabééa%ﬁa&oR T.

in absolute et an8| ution t e so utiton wth 10% Pd/ C
(93.6ng) for gi8e hestiu erh\eclcmaty! Hiea ﬁbgcﬂmnepmgctfasa eeasly colorlgsgyeil- I he

goﬁf?g* ?gggoflkrfueé Wna@%ﬁ@%ﬁ?&%gﬁsh%mw §rﬂa@§%\ehgwrs,ﬁiea§s.ﬁ§ ggw?ijt eJ

= 7.4 Hz, 1 Hpexans:EQAC@;1 tp remowe theplpss polan)impgrites and, 7: gto;elgtezaq.ﬁurlflpdpb

g I—|§37 8 gg gm pl%dh@t as]a tﬁﬂ:k%z)e%%gé{% %Ig(g‘?%nﬁ ]956/% L h‘éQes(éF‘beﬂﬂ)l est%r §r@d&ct19 (m

Rever se Phase(%’%pmg QHBWWM& genretectedgimesg a UCBQE@” f"HQ@P”GO”QQ%T S&nt hesi s
of tipeptide g Qjute ethanol (15mL) solution by stirring the solution with 10% Pd/C (93.6mg) for

15  5.5h. The reaction mixture was filtered through a 0.45micron filter and evaporated to
dryness to provide urea 5 as a white solid (668.8mg ; 98%)
'H NMR (400 MHz,DMSO-dg): & 12.39 (s, 1H),6.09 (d, J =7.4 Hz, 1H), 5.93 (d, J
= 9.4 Hz, 1H), 3.90 (d,J =9.4 Hz, 1H), 3.87-3.77 (m, 1H), 1.84-1.72 (m, 2H),
1.63-1.42 (m, 4H), 1.30-1.19 (m, 2H), 0.89 (s, 9H).

20 M.S.(electrospray) : 241.0 (M-H)- 243.0 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06% TFA; CH3;CN : H20) : 99%.

Synthesis of tripeptide 6

& *t @ O U;@ pe

25 Carbamate 4b (6.15¢g, 22.5mmol) and TBTU (7.72g, 24.7mmol) were suspended in
DCM and the suspension was stirred rapidly. DIPEA (3.92mL, 22.5mmol) was

added at R.T. and after 10 min, the reaction was nearly homogeneous. A solution of
dipeptide 3 (10.39g, 23.6mmol) in anhydrous DCM (100mL) containing DIPEA
(4.11mL, 23.62mmol) was then poured into the reaction. The resulting yellow
30 solution was allowed to stir for 14h. The solvent was then evaporated yielding a
-23-



OXN OH H O 4b 30 6 25 Carbamate 4b (6.15g, 22.5mmmpl) and TBTU (7. 72g,

24. 7mmol ) were suspended in DCM and the suspension was stirred rapidly.

Dl PEA (3.9DmB/064A2 5nmol ) was added at R T. and after 10 mcCm/CAoB@oa9eacti on
was nearly honbgeneous. A solution of dipeptide 3 (10.39g, 23.6mmol) in
anhydrous DCM (100nL) containing DI PEA (4.11 nL, 23.62mvl) was then poured
into the reaction. The resulting yellow 30 solution was allowed to stir
for 14h. The sol vent was then evaporated yielding a -23 WO 03/064456 5
PCT/ CA03/ 00090 yel l ow syrup which was extracted with Et OAc (300 + 150nmni)
and washed wi Y¢1|0WCSVOBNVMGI! wag extragewith E{AG (@80 ed! S0aio@sd vesbed yitind bri ne

) e 1 QBN (PbhS 538 NEEEH AARY ) RSO aNBoy ADPhet od Lo
yleldthetrlpeptl as a’ pa uant tlatlv‘z/
Synt hesi s of €empieed px@act wee d6le¢ I@éeﬁMG%@pﬁﬁ@@V@O(aﬁgg BBY§ldukestrigerids & ed in

THE (200nL) agd,VWaieSlenéw F58m #85aq geagativEne resulting sol ution was cool ed
to OC and a so ‘ff?oﬁsfeé I|th|(um hygr oxﬁgév 0 nonohydrate (1.18g, 28.12mmol)

was added @Dver 3 min with vigorous stirring. After 3h at 0OC, the excess
base was neut é#thé&é’oﬁ%éﬁbtl@le"i HCI (final pHca. 6) and the THE evaporated,
resulting in aqueous suspension (yellow gum). The m xture was extracted
with EtOAc (2 X 200”17)1 shed with saturated NaHCO3 (2 x 300nL). The

conbi ned extracts were over MgSO4 and evapor at ed tooyield a pale 15
yel | ow f oam Fl ash chro @\phy of the foam over SI algel using Et OAc

as el uent afford Qﬁﬁmr phous sol SO|I 9JL7 @%\%\
OMe

The tripeptide 6 (15.68g) was dissolved in THF (200mL) and water (30mL) was
added. The resulting solution was cooled to 0°C and a solution of lithium hydroxide

10  monohydrate (1.18g, 28.12mmol) was added over 3 min with vigorous stirring. After
3h at 0°C, the excess base was neutralized with 1N HCI (final pH ca. 6) and the THF
evaporated, resuiting in an aqueoussuspension (yellow gum). The mixture was
extracted with EtOAc (2 x 200mL) and washed with saturated NaHCO; (2 x 300mL).
The combined extracts were dried over MgSO, and evaporated to yield a pale

15  yellow foam. Flash chromatography of the foam over silica gel using EtOAc as
eluent afforded 7 as a white amorphous solid (9.77g, 91%).

Preparation of Thioureas 8
Synthesis of thiourea 8a:

O T— A D - L0

H,N

20
To a solution of tert-butyl isothiocyanate (5.0mL; 39.4mmoL) in DCM (200mL) was

added cyclopentylamine (4.67mL; 47.3mmoL) followed by DIEA and the reaction
mixture was stirred 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

25 brine (1x). The organic layer was dried over anhydrous MgSQ.,, filtered and
evaporated to yield N-tert-butyl — N'-cyclopentyl thiourea as a white solid (3.70g;

-24-



Preparation of Thioureas 8 Synthesis of thiourea 8a: -, -N--==020 AHH
7S B AN'4D H 8a To a solution of tert-butyl isothiocyanate (5. Or;

39. 4nmoL)wor3Dasg 200mL) was added cycl opentyl am ne (4. 6 Pai;CAN3/0@90OL)
followed by DI EA and the reaction mxture was stirred at R T. for 2h. The
m xture was diluted with Et OAc, washed with a 10% aqueous sol ution of
citric acid (2x), saturated NaHCO3 (2x), H20 (2x) and 25 brine (1x). The
organi c | ayer was dried over anhydrous MgSO4, filtered and evaporated to
yield Ntert-butyl - N -cyclopentyl thiourea as a white solid (3.70g; -24
WD 03/ 064456 #Ub/yEM)3/The 0B eridnsylyN wyelppentyl dhipinea (3.78a) was gissaivediibpent y|
thiourea (3.7 i ! %ﬂt) yel | ow
sol uti on was ﬁ@gf ﬁ@égg"-?g{ee\‘nﬁqét&e %Qgﬁ&%?g@ig% rrlle(a;i e raeg%-r?reorgmr# xture
was al | owed t &fterotfimin theReactioarnaixtune waa tiawedtesreldoiFhT. ansttheiieafteraogaddel
basic 10 PH ic ol hhdefld shet ¥l oy 881w a&@ RPLOATRR o0l SiufonHOCE.

The product was extracted 1 nto EtOAc (3X e conbi ned Et OAc extracts
wer e washe®d wNaHCE2Jhemrpdugtwasextiacted jnfo EYPAC GxhaRhecqralined REAcxtagrs
(MSs), fil : ' ' | : ude) .
Trituration o#f/g{eﬁgas@re gé\@ﬂ Wﬁa%??% ?ﬁnr%h(g&gb{g 6@@&3%@%&%&@%\%3@ after
filtration, tfitered aydeassentrateditoyielda bege salidd2.q4hg ceided| Triguratorsef;the guide
yield). 10 1 ; EOg : ki . 6. 76
(bs, 1 H), 4@%?@@% ) 1. 9%%.”5%’?%%{’33& ,"tﬁ'&@tﬁ&é’%}#ﬂég%ﬁo%%- 1.30
(m 4H). MS; e8aas aavhitg sphid{(2438; S0%syieldp. 8 (M - H)

10 '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).

Preparation of thiourea 8b

15  Using the procedure describe above and using commercially available
cyclobutylamine instead of cyclopentylamine yielded thiourea 8b:

e S A I U

A B HNT N

8b

Preparation of thiourea 8¢

20 Using the procedure describe above and using commercially available
cyclohexylamine instead of cyclopentylamine yielded thiourea 8c.

SO LT— i 0~ 1.0

2 B

Preparation of thiourea 8d

P PSS W PN

N
H

Iz
I
n
pd
Iz

KSCN
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Preparation of thiourea 8b 15 Using the procedure describe above and using
commercially avail able cyclobutylam ne instead of cycl opentyl am ne yiel ded
t hi our ea BD:03M64456 O HZN S S A ~N-N'O - B H 2 N J~N3 H H HC8lcAds/mop@0 at i on
of thiourea 8c 20 Using the procedure descri be above and using comercially
avai l abl e cycl ohexyl am ne i nstead of cycl opentyl am ne yiel ded thiourea 8c.
N- -OSAHHB Preparation of thiourea 8d KSCN ci 8d 0 -25 WD 03/064456
PCT/ CA03/ 00090 To a solution of the KSCN (4.60g; 47.33mmopL) in acetone
(35nL), at 0C, was added dropw se benzoyl chloride (5.0r; 43.03mmoL) . The
m | Ky sol uti ohowaaslution of thedSGN &60: 47 83mmdly in dcefdne (Bhmh), at PUT,opasopy! ani ne

V5h st 0C, Aol Y8ysEBERH KRBAM XG rit @ RBEANS " TRL SR Bl o 103 and
the reaction stiredin@nded batleéor 1e8h, Rem, cyataprepylamide (3.8mél 480mMoL) Whe react i on
Vel | ow o1 " aoeiitrbliBe, e esbuoh g wes it | 8h PRt mdibdhe'cy (o
provi de N-Beneydaprgpyiimiog dDSOMbpYL22mmabymes added and)jhe regdtios nikiuraistseednas
suspended in g 89! {4 LR%dBiorAN 30/ RO MactiBh thilteRa Furdfhitdiéem,o0
(300mL), stirred for 5min. and the light yellow solid was filtered , washed several
times with H,O and dried to provide N-benzyloxy-N’-cyclopropyl thiourea ( 6.62g).
This thiourea was suspended in a solution of 2N NaOH (50mL) and heated at reflux
10  for 15min. The solution was cooled to R.T., saturated with solid NaCl and extracted
with EtOAc (3x). The combined EtOAc extracts were washed with H,O (2x) and
brine (1x), dried (MgSQ,), filtered and evaporated to give the crude product as an
off-white solid. The solid was triturated in hexane/EtOAc 5/5 to provide the N-
cyclopropyl thiourea 8d as a white crystalline solid (2.5g ; 50% yield).
15 'H NMR (400 MHz,DMSO-dg): §7.92 (bs, 1H), 7.61 (bs, 1H), 7.13 (bs, 1H), 2.39
(bs, 1H), 0.67-0.63 (m, 2H), 0.51-0.44 (m, 2H). ‘
MS; es*116.9 (M + H)" es” 114.8 (M- H)

EXAMPLE 1
20 Preparation of Compound 100

Step 1: Synthesis of tripeptide 10:

MeO Nar” “ome
OH >
AL e :
WYL L T
OMe j\
°0 g" OH 0" N N X
o] H
7 9 oA N X OMe
H o

(o}
10
To tripeptide 1 (1.0g; 2.09mmol) dissolved in THF (35mL), hydroxyquinoline 9
(729mg; 3.13mmol) and triphenylphosphine (1.1g ; 4.2mmol) were added. The
25  yellow suspension was cooled in an ice bath and DIAD (821pL , 4.2mmol) was
added dropwise. The solution was stirred at ice bath temperature for 30 min, and at
R.T. for 16h. The solution was evaporated to dryness and the residue was dissolved
in EtOAc, washed With a saturated sodium bicarbonate solution (2x), water (2x) and

brine (1x), dried (MgS04), filtered and evaporated to obtain a yellow oil which
-26 -



10 for 15m n. The solution was cooled to R T., saturated with solid NaC
and extracted wth EtQAc (3x). The conbi ned Et OAc extracts were washed

wi th H2O wDxp/oesade brine (1x), dried (MgSH), filtered anecCawaponaved to
give the crude product as an off-white solid. The solid was triturated in
hexane/ Et OAc 5/5 to provide the N- cyclopropyl thiourea 8d as a white
crystalline solid (2.59 ; 50%yvyield). 15 'H NVR (400 WHz, DMSO-d6): 87.92
(bs, 1 H, 7.61 (bs, 1 H, 7.13 (bs, 1 H, 2.39 (bs, 1H , 0.67-0.63 (m
2H), 0.51-0.44 (m 2H). MS; es+ 116.9 (M+ H)+, es : 114.8 (M- H EXAWVPLE
11 20 Prepar aplegipitated oprstanding- Im)crusséphdlwaswﬁmé@e%mcﬁCMranéé'?ﬁ ingelulle: 0 0
10 To tripepte; ﬂw%%fllyedgﬁ(}?ﬁg@él% |cﬁl1'v§ t‘reﬁeﬁT b &%55&31% purified by

hydr oxyqui nol | ne 8 S tr| hosphi ne

4.2mol) wer eﬂmwomafngrapsyywéﬂw@nes&@éw @tovfﬁ@%‘@éll @gs Pﬁ'aé'lmn%'gefbath and
DIAD (821 L , 2y pBHRE £YOAC é’@ﬁ'@ﬁ'ﬂ %nw»%ﬁ:_omgs aedeat*rmmd%anbsm at ice

bat h terrperature for for 16h. The sol ution was

evapor at eds t owas 9W€®5W'%@H9h@t@é§1%%5%§ V‘dﬁ't§§©|'d/@@, 70% YeldAc, washed with
a saturated s [ r nd brine (Ix),
dried (MyS04). (e Qﬁ‘ﬁsﬁe’a@@r LA Mot ARKaR0T DS R o
03/ 064456 PCTB@M&'IQ‘? BbasroHBLE tHopiaganeily G063 ARk dtClid1L} 10l i d was
suspended in DCM and the insoluble naterial was filtered off. The sol ution
was concentrated and the resi due purlfl ed by flash chromatography in

Hexane : Et OABtep=2 : Sedectiye manghydralysispbegtenM:ar i npurities and in

CHCl 3: Et OAc; 80:20 till all theoPh3P O has eluted. The desired ocorrpound 5
was eluted with CHCl 3: B# » as a white solid (1veg, Led) .

M S. (el ectrospray) : 693. - 695.4 (MtH) + 717.4 (Mt ‘Rever se

Phase HPLC Honpgeneity (0.06% TFA ; CH3CN : H20) : 99% Stepl2 : Selective

monohydr ol ysi s of @fﬁi@(? @ I(E ¢

Tripeptide 10 (1g; 1.44mmol) was dissolved in THF (10mL) and MeOH (5mL), water
(5mL) and a 1N NaOH aqueous solution (1.5mL) were added and the solution

10

stirred at R.T. for 2h. The mixture was evaporated to dryness and then co-

evaporating with MeOH:toluene (1:1; 4x), toluene (2x) and diethyl ether (2x) to
15  obtain the product (water-free) as a white flaky solid (1.04g; 100% yield)

M.S.(electrospray) : 679.3 (M-H)- 681.3 (M+H)+ 703.3 (M+Na)+.

Reverse Phase HPLC Homogeneity (0.06% TFA ; CH;CN : H,0) 95%.

Step 3 : Synthesis of diazoketone 12:

o}

MeO N ~Na [o]
Y ° MeO Ny N,
P
2
0
o { . D
e N - AR
wol \__oMe 0" N NN N
o N H N, OMe
H o N
o o
H o
1

Sodium salt 11 (assume 1.44mmol) was dissolved in THF (16mL), triethylamine

20

(301uL; 2.16mmol) was added and the solution cooled to 0°C .
Isobutylchloroformate (280uL; 2.16mmol) was added dropwise and the white

suspension was stirred at 0°C for 75min, followed by the addition of a solution of
-27-



O 10 Tripeptide 10 (1g; 1.44mml) was dissolved in THE (I Ol) and MeCH
(5m.), water (5nL) and a 1 N NaOH aqueous solution (1.5nm) were added and
t he sol utworns/et4s6 red at R T. for 2h. The m xture was evapeTatA®d/000dryness
and then co- evaporating with MeOH toluene (1:1; 4x), toluene (2x) and

di ethyl ether (2x) to 15 obtain the product (water-free) as a white flaky
solid (1.04g; 100%yield) MS. (electrospray) : 679.3 (MH- 681.3 (MH)+
703.3 (MtNa) +. Reverse Phase HPLC Honpbgeneity (0.06% TFA ; CH3CN : H20) :
95% Step 3 : Synthesis of diazoketone 12: 20 11 W Sodi umsalt 11 (assune
1. 44mmol ) wasdidzasetharel(0.67 M isliethyi@ter; 13mi;& ¢dmmal) nthe reactionimixtare nmol )
yas sadded andylrhe APAE ORriAgh AT bha Sanorab D Bl AIRIsaLRLA PROL,

2.16muol ) was a ropw se a ensi on red at
for 75min, fo$usmesiorbyfa5|d@saldem nEﬁﬁA@fanéwrutTMrormmc sqtutign sy Washed 6

PCT/ CAD3/ 000900l 5 %! Néﬂégg?zﬁﬂbétéﬂcﬁj &hd¥iine ﬁbgaﬁle&%og fifrEPh) The

reaction mxture Is stirre 45mn a aporate
provi de a % hi e\mp@cas%wsglmthewﬁzgketgn@p@dyctcﬂs apdvonlisolic(anede materalgsed and

wat er. The org,gm?gt Eélﬁﬁ'e ’\%ﬁhed wi th saturated NaHCO3 (2x), water

(2x) and brine ( r|e filtered and 5 evaporated to give the
di azoket one pMo‘éi(ﬁiQCthf@M)imﬂj( )i FO5eF (M )mtRaveese Rhvee HALGr next st ep;

assunme 1.44 t o( MH) - 705.3 (M+tH) + . Reverse
Phase HPLC %%8 dne, 8/36?8‘70%@?%”2‘\9@” Chg%\'lg%(Hzo) . 91 %18 StH)ep 4

Synt hesi s of bronoketone 13: At 0C, to a solution of diazoketone 12
(1. 44mmol )o i ngiEbf (\‘?nﬂm‘fﬂe)slsvﬁ%mr” desbnedf#PW se an HBr solution (1.0r) and

the m xture was stirred Tor . 1he solution was diluted with Et QAc,

washed with a sat ur at ed NaH soI ution(2x), water (2x) 15 and b ine (1x)
dry (MgSOH4), filter&d ea Brated to gi ve the deswe?ﬁle
O\JLj:r O\JLI(

At 0°C, to a solution of diazoketone 12 (1.44mmol) in THF (24mL) was added
dropwise an HBr solution (1.0mL) and the mixture was stirred for 1h. The solution

was diluted with EtOAc, washed with a saturated NaHCOj; solution(2x), water (2x)

15  and brine (1x), dry (MgS04), filtered and evaporated to give the desired
bromoketone as an ivory-beige solid (1.1g; assume 1.44mmol).
M.S.(electrospray) : 757.3 (M) 759.3 (M+2)

Step 5 : Synthesis thiazolyl tripeptide 14:

0 S
H
7 DAL 70
(8] (o]

8a

< ] o] 3 H - <j 0 &
OJ\N N ~ \|/ OJL” " o
5 M OMe OH Ho 8 Y OMs
o} H 0 ”
° 14 °

o-Bromoketone 13 (0.40mmol) and N-cyclopentylthiourea (68.5mg; 0.48mmol) were

20

dissolved in isopropanol (15mL) and the yellow solution was heated at 70°C for
75min. The solution was allowed to cool to R.T., and evaporated to dryness. The
residue was dissolved in EtOAc. The solution was washed with saturated NaHCO;
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br onoket one as an ivory-beige solid (1.1 g; assune 1.44mmmol).

M S. (el ectrospray) : 757.3 (M 759.3 (Mt2) Step 5 : Synthesis thiazolyl
tripepti dwobd/06286 13 a- Bronoket one 13 (0. 40nmol ) and N-cy®@Capaxespdwnhi our ea
(68.5ny; 0.48mmvl) were dissolved in isopropanol (15nL) and the yell ow
solution was heated at 70C for 75mn. The solution was allowed to cool to
R T., and evaporated to dryness. The residue was dissolved in EtQAc. The
solution was washed wi th saturated NaHCO3 -28 WD 03/ 064456 PCT/ CA03/ 00090
(2x), water (2x) and brine (1x), dried I\/gSO4_, filtered and concentrated
to give the {(Rxpdater (as)awilmﬂ&r@]@ o gShith 'Ier%ttand:@ngﬁmratedwv%@ﬁaphy

i n hexane: Et I wed the
desired conp cﬁ%guésa%aa{ r\g{jiéjb Oﬁ’ﬁﬁ%@vﬂf@gﬁ : 218MCh ‘?}M@ ect rospr ay)
. 801.4 (M H)7 38wmwe@MHS|)polaszspl(rlvﬁNam6 4 rﬁé@é@%@e sised Wﬂ@undrﬂsg?eneu ty

-(0 06% TFA ; 24 % ep 6: Hydrolysis of ester 14: 14
Conpound 100 @t%ﬁ%% 8'?8 (6 % ester 14 (14&rl 181 mmol) in THE
+(N€E)

(3nm.), MeCH (M%tﬁ_qct@sgray)ar&aqﬁ 3 (MrH)sf 82 +8ngy; 1.81 mml) in
water (1.5m)g g,iéﬂﬁhééeeﬂP[@fHon)o?ane%@ dé%l?ﬁACo?PbMt i) %VW/ concentrat ed

to provide an o I'te suspensi ch ‘was dildted h Et OAc and brine
to obtain a total solution. The pH was adjusted to 6 by the addition of 1

N HCl and thegu9aNyvErdl f 00RP 18Xtracted further 15 with EtOAc (2x). The
conbi ned or gaﬁ%—%shed with water (2x), brine (1x) dried

(MSH™), filtered and evapor at ,>Lg give the desired corrpound ,a g yel | ow
solid (1 38.2my; 97% %P on to Na Salt: 2?;\
(138.2ng; 0.175mmol) was Ived MeOH (30nL) and 1 vaI e 0.01 N

NaOH (1 7.5nl) was add d. The clear yellow solution

32@ A S

Compound 100

10 A solution of methyl ester 14 (145mg; 0.181mmol) in THF (3mL), MeOH (1.5mL) and
an aqueous solution of LIOH (75.8mg; 1.81mmol) in water (1.5mL) was stirred for
18h. The organic solution was concentrated to provide an off-white suspension
which was diluted with EtOAc and brine to obtain a total solution. The pH was
adjusted to 6 by the addition of 1N HCI and the organic layer was extracted further

15  with EtOAc (2x). The combined organic extracts were washed with water (2x), brine
(1x), dried (MgSO4), filtered and evaporated to give the desired compound as a
yellow solid (138.2mg; 97% yield).

Conversion to Na Salt:
20 Compound 100 (138.2mg; 0.175mmol) was dissolved in MeOH (30mL) and 1
equivalent 0.01N NaOH (17.5mL) was added. The clear yellow solution was

concentrated to remove MeOH and diluted with water, frozen and Iyophililzed to
obtain the product (Na salt ) as a yellow amorphous solid (139mg; theoretical yield :
142mg; MW Na salt : 810.95)

25 M.S.(electrospray) : 787.2 (M-H)- 789.3 (M+H)+ 811.3 (M+Na)+ . Reverse
Phase HPLC Homogeneity (0.06% TFA ; CH;CN : H,0) : 98%.
'H NMR (400 MHz,DMSO-dg): ca, 5:1 mixture of rotamers ;50 8.14 (bs, 1H) , 8.02
(d,J=9.2 Hi, 1H), 7.89 (d, J = 6.7 Hz, 1H), 7.49-7.36 (m, 2H), 7.27 (bs, 1H),
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concentrated to renove MeOH and diluted wth water, frozen and |yophililzed
to obtain the product (Na salt) as a yell ow anorphous solid (1 39ny;

t heor eti cab ogioed4ds :  142ng; MW Na salt : 810.95) 25 M S. ( eCaatarespmay)
787.2 (MH- 789.3 (MtH) + 811.3 (M+Na) + . Reverse: Phase HPLC Honobgeneity
(0.06% TFA ; CH3CN : H20) : 98% 'H NMR (400 MHz, DMSO-d6): ca, 5:1 mxture
of rotanmers ;50 8.14 (bs, 1 H , 802 (d, J =9.2 H, 1 H , 7.89 (d, J =
6.7 Hz, 1 H, 7.49-7.36 (m 2H), 7.27 (bs, 1 H, -29 W 03/064456

PCT/ CAO3/ 00090 7.06-6.96 (m 2H), 6.10-5.90 (m 1 H, 5.33 (s, 1 H, 5.01
(d, J = 16.8 HOE-6196Hm, 2H) 361 10-680 (I, =1H)0583 Kk, 1H), F)O1 (4, ¥9-16,834z,(1id), 4.84)
4.47-4.40 (m H). 04,(\d\4 oz 5 : H) 1 _ 14 8.8 Hz,
2. 00- 3, 850 i B oo 4 T E G A 47 0 i, 1l 23Ry STy 34, (T

2H), 1.80-1.28H], 0 4.18K).,J H88Hz% 161).9600-2:85dm, @H),. 3.80 XA B.37-3R@fraridd)i on of
Conpound 101 ' t I . s€ le 1 and using

N- cycl obut yl ?’rﬁn 28‘?2@? %grqla%@g?ﬁ 13H2?’?\%€%§I—chchpe)§ﬁ§P thiourea 8a in
step 5 anddresulted i'n conpound 10 101 as theTFA salt: Conpound 101 1H NWMR
(400 M—IzDI\/SOEg@ GA, 90 10 m xture of rotamers, major isoner

descri ption; 56 s 8.45-8.39 (m lH), 8.25 (bs, 1 H), 8.20 (d,
J = 9.2 Hz, W&Mﬂﬂl?M (s, H, 7.32-7.26 (m 1 H), 701

(d, J = 8.3 Hggp tt@ n$egl% 2 dBEcrfoBY irfElam gq\l-cy R
gi)Hi , 52023520255 ?riteaﬁﬂyang%&w{@%ggiy wo{ﬁ%%ﬁggr awtec}%%mméjp%:?@ﬁ 23

(m 12H), %ﬁsth%WAthS (electrospray) : 773.4 (MH)- 775.4 (M+tH) + .
Rever se Phase Honogeneity (0.06% TFA; CHSCN H20) : 98% 20 EXAMPLE 3

Preparati on of Conpound 102 ‘ />,_

N
x

cxoij(& .

Compound 101
'H NMR (400 MHz,DMSO-dg): ca, 90:10 mixture of rotamers, major isomer
description; 3(18.59 (s, 1H), 8.45-8.39 (m, 1H), 8.25 (bs, 1H), 8.20 (d, J = 9.2 Hz,
1H), 7.84 (bs, 1H), 7.74 (s, 1H), 7.32-7.26 (m, 1H), 7.01 (d, J = 8.3 Hz, 1H), 5.78-
15 5.66 (m, 2H), 5.20 (dd, J = 17.0, 1.6 Hz, 1H), 5.09-5.04 (m, 1H), 4.53-4.36 (m, 4H),
4.05-3.92 (m, 2H), 3.97 (s, 3H), 2.63-2.55 (m, 1H), 2.44-2.29 (m, 3H), 2.07-1.95 (m,
3H), 1.79-1.23 (m, 12H), 0.96 (s, 9H).
M.S.(electrospray) : 773.4 (M-H)- 775.4 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06% TFA; CH3CN : H0) : 98%
20
EXAMPLE 3
Preparation of Compound 102

Using the same procedure described in example 1 and using N-cyclohexyl thiourea
8c instead of using N-cyclopentyl thiourea 8a in step 5 and resulted in compound
25 102 as the TFA salt:

-30-



Usi ng the sane procedure described in exanple 1 and using N-cycl ohexyl
thiourea 8c instead of using N-cyclopentyl thiourea 8a in step 5 and
resul ted wp ososmasand 25 102 as the TFA salt: -30 WO 03/ 0®€4EBA03/00090

PCT/ CA03/ 00090 Conpound 102 1H NMR (400 MHz, DMSO-d6): ca, 90: 10 m xture of
rotaners, major isomer description; 58.61 (s, 1 H), 8.26-8.17 (m 2H),
8.13-8.04 (m 1 H, 7.81 (bs, 1 H, 7.73 (bs, 1 H, 7.32-7.24 (m 1 H),
7.07 (d, J =82 Hz, 1 H, 578-5.65(m 2H), 523-5.155 (m 1 H,
5.09-5.03 (m 1 H), 4.51-4.43 (m 3H), 4.05-3. 77 (m 3H), 3.97 (s, 3H),
2.64- 2.55 (m 1 H, 2.38-2.27 (m 1 H, 2. Q5/(m 3H), 1.79-1.71 (m

oH), 1.66-1.19 (m  16H), 0.96 (s, tr aray) : 801.4 (MH)-
. FA; CH3CN : H20) :
Corrpou ¢~100 Conpound 103

803.4 (MrH)+ . Reverse Phase HPLC Hom
Conmpound 100 (30ngy, 0.038mmmol) was c nbi nedowi th HATU (17ng, 0.045mml) 15
and di ssol ved in anhydrous i; olution was stirred at R T.

99% 10 EXAMPLE 4 Preparation of conpoun

before DI PEA (26L, 0.15nmmol) ver ca. lmin. The mxture
was stirred for 60nin. at R T. andhan Iy edqQ alytical HPLC for the
formation of the activated ester. Follo is, a solution of

benzenesul f onam de (23ny, 0.15mvl), DMAP (171?9 0. 14mmvol ) and DBU (22L,
0. 15mmol ) was added in DVF (1 nl). 2pmphiedi@action nmixture was stirred 24h

at R T. beforgy nmwo@wze@ Ist.8,) EEOAD: {mre oﬁ%%@%hﬁglo\‘"lsbﬁe?at NaHCCs,

and sat. brine so I ons e organi ¢ phase was -
PCT/ CA03/ 0009desgtiption; 68.61 (vt BIB.26-BI17dmedHaBd! T804 émt 1kl BT (Phect)edi7@ue was

ggggnf}]iet ut ﬁgﬁbis&r@%?-ﬂg(rﬁ,uml)f 789 (8 PEORY aH) e74 5166 (- ¥AR'E 34 8351 on

5 (m, 1H), 5.09-5.03 (m, 1H), 4.51-4.43 (m, 3H), 4.05-3.77 (m, 3H), 3.97 (s, 3H), 2.64-
2.55 (m, 1H), 2.38-2.27 (m, 1H), 2.05-1.95 (m, 3H), 1.79-1.71 (m, 2H), 1.66-1.19 (m,
16H), 0.96 (s, 9H).
M.S.(electrospray) : 801.4 (M-H)- 803.4 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06% TFA; CH3CN : H20) : 99%

10
EXAMPLE 4

Preparation of compound 103

o N A
peeale oy o

Qd«?@ 5 S g g

X

R
2 . \//S\\
/\ O 00O

Compound 103

Compound 100

Compound 100 (30mg, 0.038mmol) was combined with HATU (17mg, 0.045mmol)

15 and dissolved in anhydrous DMF (4mL). The solution was stirred at R.T. before
DIPEA (26uL, 0.15mmol) was added dropwise over ca. 1min. The mixture was
stirred for 60min. at R.T. and analyzed by analytical HPLC for the formation of the
activated ester. Following this, a solution of benzenesulfonamide (23mg, 0.15mmol),
DMAP (17mg, 0.14mmol) and DBU (22uL, 0.15mmol) was added in DMF (1mL).

20  The reaction mixture was stirred 24h at R.T. before being poured into EtOAc (50mL)
and washed with sat. NaHCO3, and sat. brine solutions. The organic phase was
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ngy, 48% as a pale yell ow anorphous solid. 1H NVR (400MHz, DVSO d6), 510. 89
1 H, 884 (s, 1H), 8.20 (d, J= 8.8 Hz, 1H), 5 8.18-8.08 (m 2H), 7.89
J = WO oBle443¢), 7.70 (dd, J = 7.6, 7.6 Hz, 2H), 7.58PCaA;A03000907. 7,
Hz, 2H), 7.28 (bs, 1 H, 7.11 (d, J = 6.6 Hz, 1 H), 5.75 (bs, 1 H),
7-5.25 (m 1 H), 512 (d, J =17 Hz, 1 H, 4.92 (d, J =12 Hz, 1 H),
8-4.42 (m 3H), 4.24 (bs, 1 H, 4.05 (d, J =7.8 Hz, 1 H), 3.97 (s,
H, 3.93 (d, J =7.8 H, 1 H, 2.69-2.61 (m 1H), 2.35-2.21 (m 1 H),
2.13-1.98 (m 3H), 1.78-1.68 (m 4H), 1.68-1.51 (m 8H), 10 1.50-1.41 (m
4H), 1.29- 1. 2@riqdqvel MgBO.filteged and @ircentiied.dihegesidepway yecogStButed (M + H) +,

and 926.5 (M S . : = 7. ' o | = 09, I ng
the syntheti cbyg)qouaenndcgﬁ@E@\kﬂg p{%&fﬁé#ﬁ’ L?{‘Wé’ﬁﬁ '8%%‘@6\%8@@?%@%%? l{Q\XéF'}:S 15
prepar ed: EXANBLE8%) 8t @pale yeboymamerihouskoligl. peptide 160 0 15 0 MO -N
-.Na 20 Di pept,| Ol | ed (;2 MeOH
(10m), wat eﬁ'ﬁ?"%%ﬁd‘g"a&iy WQ@P%&%?%{%? ﬁ%%‘%ﬁo% -32%?*63 Mt s:
7.4nmL) wass aglded.08Ting 28] 189 (xh Jt 7.6 Hzg 2H]), 7HON(ddf &+ 78, 79hHz, 128, nbRt(dd,e was
evaporated to,_ . [ d | | ut | [0
| yophi | i zed té"%%?reﬁéz’ AT DM AN Tl & gﬂgr%ﬁ@g iy ?’%9‘5%89) .
25 M S. (el ect (msipt)ay.) 2 (d, 5541 2HEMHY) 4.9258, B= (1RHH) +HE A 824.4RKNaJH), 4.24Rever se
Phase HPLC Hopngenei 0,06% ; ; . 969, 1.3 4456
o] GAOS/ 0000BSS R 495 (éy%f B, %F%g;t?’ﬁ&'?‘% (S ol BHE @)’\90&%%? N
| k_, Na 16 (m, 1H), 2.35-2.21 (m, 1H), 2.13-1.98 (m, 3H), 1.78-1.68 (m, 4H), 1.68-1.51 (m, 8H),
10 1.50-1.41 (m, 4H), 1.29-1.22 (m, 1H), 0.99 (s, 9H).
MS (electrospray): 928.5 (M + H)+, and 926.5 (M — H)-.
RP-HPLC: Rt = 7.3 minutes (homogeneity = 99%).

Using the synthetic sequence shown in Scheme 2 the following compounds were
15  prepared:

EXAMPLE 5

Step 1: synthesis of dipeptide 16:
o o}

MeO N\ OMe MeO N\ o” Na
Z S
- Jel
» > " o
M OMe 0 X OMe
0 N
o) H o
16

20 Dipeptide 15 (4.0g ; 7.02mmol) was dissolved in THF (20mL) and MeOH (10mL),
water (10mL) and a 1N NaOH aqueous solution (1.05 equivalents; 7.4mL) was

added. The solution stirred at R.T. for 2.75h. The mixture was evaporated to
dryness. The residue was diluted with water, frozen and lyophilized to provide
sodium salt 16 as a white amorphous solid (4.28g).

25  M.S.(electrospray) : 554.2 (M-H)- 556.3 (M+H)+ 578.2 (M+Na)+ .
Reverse Phase HPLC Homogeneity (0.06% TFA ; CH3;CN : H,0) : 96%.
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0 Sodiumsalt 16 (assune 7.02mmol) was dissolved in THE (78nlL);
triethylamne (1.37nL; 9.83mvl) was added and the solution cooled to 0OC .
5 | sobut ywolhBosafeor mte (1.28nL; 9.83mml) was added dropwcsasndowhe white
suspension was stirred at OC for 2h, , followed by the addition of a
solution of diazonethane (0.67Min diethyl ether; 63nL; 42.13mmol). The
reaction mxture was stirred 1 h at 0C, 1.25h at R T. and evaporated to
provi de a thick suspension. This suspension was dissolved in Et OAc and

wat er. The organic solution was washed 10 with saturated NaHCO3 (2x), water
(2x) and bri n8tepB pyntoesisef dipgpdda diazpketorg 8% and evaporated to give the

di azoketone 17 as an beige splid (crude material used for next step;

assune 7.02mol ). Me& (gl eg pray) : 578.2 (MH - 586 tHl4n, Reverse
Phase HPLC Honpgenei o 06% TFA . CHBON - F20) . 90% @@ 3:

synt hesi s of dipeptide noket one 18 0 17 At 0C, to a sol uion of

di azoket one (assune 1 4 I) i n THE (II6nmt) was added dr V\,i se a 48%
aqueous HBr sol ut| ~and the mxture was sti cQﬁi 20 The
solution was dil ut washed with a saturaift OMe

sol ution(2x), water (29() Nan¥l brine (1x), dry (MySO4), £11of eﬂ and
evaporated to give the SI red bronoketone as a beige sol j4g (4.25g;

6. 72mmol ). M S. (el ectro ray) : 632 (M 634.2 (M2) -33 WO 03/ 064456
PCT/ CA03/ 000980dtisatt 16 3ysHunesT. esznot)iwnspiiésde/ed% THF (T\BraI:)Btrremylafm:me 18

(s12m: 0 BT [Tl Aot g he B bR R Ao e, O P5mL) VBLe
at 70C f ors 1. Bbbutylocrlogddritate (1.28nsL ;2. 83mvadl) tvas adadd dropwisé.andamelwhiteapor at ed
suspension was stirred at 0°C for 2h, , followed by the addition of a solution of
diazomethane (0.67M in diethyl ether; 63mL; 42.13mmol). The reaction mixture was
stirred 1h at 0°C, 1.25h at R.T. and evaporated to provide a thick suspension. This
suspension was dissolved in EtOAc and water. The organic solution was washed
10  with saturated NaHCO3; (2x), water (2x) and brine (1x), dried (MgSO4), filtered and
evaporated to give the diazoketone 17 as an beige solid (crude material used for
next step; assume 7.02mmol).
M.S.(electrospray) : 578.2 (M-H)- 580.3 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06% TFA ; CHsCN : Hy0) : 90%.

15
Step 3: synthesis of dipeptide bromoketone 18:
(o} (o}
MeO Na N, MeO Na Br
Z Z

A >r°\n/N A
X OMe o M OMe
o” N 0% N
H o
18

At 0°C, to a solution of diazoketone (assume 1.44mmol) in THF (116mL) was added

dropwise a 48% aqueous HBr solution (5.1mL) and the mixture was stirred for 2h.
20 The solution was diluted with EtOAc, washed with a saturated NaHCO; solution(2x),

water (2x) and brine (1x), dry (MgS0O4), filtered and evaporated to give the desired

bromoketone as a beige solid (4.25g; 6.72mmol).

M.S.(electrospray) : 632 (M) 634.2 (M+2)
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to dryness. The residue was diluted with Et OAc. The Et OAc sol ution was
washed w th saturated NaHCO3 (2x), water (2x) and brine (1x), dried
(MS™M) , Wolsesads and concentrated to give the product agcarcavsmasige- br own
foam Flash colum 10 chromatography in hexane: EtQAc 7:3 renoved | ess pol ar
inmpurities and 6 : 4 retrieved the desired conpound as a |ight yellow
solid (411.5ng; 75%9. MS. (electrospray) : 676.3 (MH)- 678.3 (M+H) +
Rever se Phase HPLC Honogeneity (0.06% TFA ; CH3CN : H20) : 99% 15 Step 5:
synthesis of tripeptide 20: The Boc-di peptide (32.6g ; 0.048nmmpl) was

di ssolved in 4N HCl/di oxane (3nlL) and stirred at R T. After 2h, the

reaction mxtg{ 4\1\@%%%4\(,\?%%“3? gyaporati ng to dryness. The HCl salt

t hus obtained as an’ o e so The HCI salt was 20 subj ected to high

vacuum for 30mn. To a sol uti on of the HCI salt |n DCI\/I(2rrL )lmd Dl EA
(331 _; 0.192mmol ), M8 drea 5 (;3 ; M d by

HATU coupl i ng agent ( 0. 058yl The reactl xtur s stirred
at R T. for 3h. ThereaC|on m xt #e Was Eluted with EpOAc, washed with
saturated -34 WO 03/ 064 6 PCT/ (2x), ter (2x) and brine
(I'x), dried (MS and eva\ﬁat ed to qr“E e product as
a thick yellow oil n’m)l)o*MS (el ect O%00.4 (M H) -

802.4 (M+H) + . Reverse hdseOHPLC Honogeneity (0. 06% FA’ OCH3CN : H20)
95% 5 Step 6: Hydrol ysi sigof tri peptlde met hyl ester 20: 39H "> NN b 20

(LnL), and” af embessie B (£1Pmw G Tl auvrrgoreneinnism (s or (1 ).
was 10 stgr r@.egihafol)me ditBeived mamp}oﬁmiw(zoam W Re £530RIBY yeRsvwesoltivonpiay i de
an of f-white heated at 70°C for 1.5h. The solution was allowed to cool to-R.T., and evaporated
to dryness. The residue was diluted with EtOAc. The EtOAc solution was washed
with saturated NaHCO; (2x), water (2x) and brine (1x), dried (MgSO4), filtered and
concentrated to give the product as an orange-brown foam. Flash column
10  chromatography in hexane:EtOAc 7:3 removed less polar impurities and 6 : 4
retrieved the desired compound as a light yellow solid (411.5mg; 75%).
M.S.(electrospray) : 676.3 (M-H)- 678.3 (M+H)+

Reverse Phase HPLC Homogeneity (0.06% TFA ; CH3CN : H,0) : 99%.

15  Step 5: synthesis of tripeptide 20:

S,
MeO ’>‘” MeO Ne iN/>~H
2 Z O
o]
N N
;folfa @M - : J\j;r 2 QM
oy 1 oo NN
20

The Boc-dipeptide (32.6g ; 0.048mmol) was dissolved in 4N HCl/dioxane (3mL) and
stirred at R.T. After 2h, the reaction mixture was worked-up by evaporating to

dryness. The HCI salt thus obtained as an off-white solid. The HCI salt was

20 subjected to high vacuum for 30min. To a solution of the HCI salt in DCM (2mL) and
DIEA (33uL ; 0.192mmol), was added urea 5 (13.96mg ; 0.058mmol), followed by
HATU coupling agent (21.90mg ; 0.058mmol). The reaction mixture was stirred at
R.T. for 3h. The reaction mixture was diluted with EtOAc, washed with saturated
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suspensi on. The crude material was purified by preparatory HPLC (YMC

Conbi screen ODS- AQ 50 x20mm I D S-5m cron, 120A ; a.=220nm using a |inear
gr adi ent wod30643606 TFA CH3CN / H2O . The pure fracti ons wecs/ @oabiced,
concentrated and converted to the sodiumsalt. 15 Conversion to Na Salt:
The concentrated fractions were diluted wwth EtQAc and a few mis of brine,
(basified to pH -13 with 5N NaCH, then, neutralized to pH5.5 - 6.0 with 1
N HCl). The product was extracted with Et OAc (3x), washed with water (2x)
and brine (Ix), 20 dried (MgSO™), filtered and evaporated to dryness to
provi de the nbatC&s (Pr)odatet (2xy anchbird (1w dsied (Mg$62), filkered and®yaporatedeut r al

auival ent 0. Dot RertEE PG ay Bl R s FOboRT ) 20Tt on was
concentrat ed MeSr(elestrespv@H 800 dM-HHIt 8020 (Nh+Hiat elaeverser Blza;m? aRC

| yophilil zed by t S s a yel | ow anor phous solid 25
(50. 8ny: theolﬁg{r?) gﬁe'@/. 6,08 gﬁ'\é‘N fli(?Qa)gssg/‘ft :7809. 75) 1H NMR (400

MHz, DMBO- d%): ca, 8:1 mxture of rotaners ;S 8.20 (bs, 1 H , 7.96 (d, J =

8 Hz, 1 1.7, 47 oH), 7.26 (s, 1 H),
97 (d, ?) Séez’agﬁy%iyﬁm@“@ 6%"%“972 5 33(Enbs i H . 4. 05 (d, "

16.8 Hz, : 477(d J 0HOHz 1 H, 4.52-4.41 (m 2§ H.34 (d, J
11.0 Hz, : 03/ 064456 PCT/ ¢m , 3.89
(s, 3H), 3 79 68 (m 7 3 68 15 (under water pe , 2. 2. 36

I 1 o oo

(m 1 H ,205192 m2H)0182135(m16H) 1. 35- 112o(rn2H) 0.91 &
0.84 (2x s, MOS, eI rospray) . 186.4 ( -07 \M+H) + 810
( M+Na) +. Rever m)genelty (0. N H20) : 99%
EXAVPLE 6 Conpoufd '10 e same procedur é' a§ de ofin exarrpl e 6
and using the cycl obut 1'® dar bamate of tent-butyl glyci He Pn step 5

instead of urea 5 and r|fy| ng the crude carboxylic acid after step 6 by
preparative HRItibh of shethyl e 20 (72.80615) 0109¢ma®I)an THF (2mL), and MeOH

(1mL), and an aqueous solution of LiOH (40.7mg; 0.97mmol) in water (1mL), was
10  stirred for 16h. The organic solution was concentrated to provide an off-white
suspension. The crude material was purified by preparatory HPLC (YMC
Combiscreen ODS-AQ, 50 x20mm ID S-5micron,120A ; A=220nm) using a linear
gradient and 0.06% TFA CH3;CN/ H,O . The pure fractions were combined,
concentrated and converted to the sodium salt.
15
Conversion to Na Salt:
The concentrated fractions were diluted with EtOAc and a few mils of brine,
(basified to pH ~13 with 5N NaOH, then, neutralized to pH 5.5 — 6.0 with 1N HCI).
The product was extracted with EtOAc (3x), washed with water (2x) and brine (1x),
20 dried (MgSOQ,), filtered and evaporated to dryness to provide the neutral product as
a yellow solid (52.7mg ; 70%). The neutral product (49.4mg ; 0.0627mmol) was
dissolved in MeOH (10mL) and 1 equivalent 0.01N NaOH (6.27mL) was added.
The clear yellow solution was concentrated to remove MeOH and diluted with water,
frozen and lyophiliized to give the product (Na salt ) as a yellow amorphous solid
25 (50.8mg; theoretical yield : 50.8mg; MW Na salt : 809.75)
'H NMR (400 MHz,DMSO-dg): ca, 8:1 mixture of rotamers ;5 8.20 (bs, 1H) , 7.96
(d, J=8.8Hz, 1H), 7.86 (d, J =5.7 Hz, 1H), 7.51-7.47 (m, 2H), 7.26 (s, 1H), 6.97
(d, J=8.6 Hz, 1H), 6.19-6.02 (m, 1H), 5.33 (bs, 1H), 4.99 (d, J = 16.8 Hz, 1H),

4.77 (d, J = 10.0 Hz, 1H), 4.52-4.41 (m, 2H), 4.34 (d,J = 11.0 Hz, 1H), ), 4.04-3.96
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TFA salt: Conpound 104 'H NMR (400 MHz, DMSO-d6): ca, 7:1 m xture of
rotaners ;S 8.09 (bs, 1H) , 8.02 15 (d, J = 9. 0Hz, 1H) , 7.88 (d, J =6.5
Hz, 1 H),wo.08b644s¢ 1 H), 7.40 (s, 1 H), 7.28 (d, J = . 3 PET/CAD3/61)090
7.16-7.08 (m 1 H), 707700(m 1 H, 6.10-5.95 (m 1 H), 5.32 (bs, 1 H,
5.00 (d, J = 17.2 Hz, 1 H, 4.82 (d, J = 11.4 Hz, 1 H, 4.64-4.52 (m 1 H),
4.48- 4.41 (m 1 H, 4.29 (d, J =11.7 H, 1 H, ), 4.12 (d, J =8.6 Hz, 1
H, 3.97-3.85 (m 2H), 3.91 (s, 3H), 2.36-2.27 (m 1 H), 2.18-2.04 (m

2H) , 2.03-181(m 6H), 1.77- 20 1.43 (m 9H), 1.41-1.34 (m 1H), 0.96 &
0.85 (2x s, 9,.2HY! S.80qk3H); BSTE-B83 (M, AP, 3.68M. H) (undeSwdte( padK) 2H), 2REBser se

e o os PR TH 2 60 38, PR, P B A% i
tPfeO(rzyéggoPﬁéy? |84(;2xrsbagm)te of tent-butyl egC|/ ggol n step 5 instead of gr ea 5
2al t: CorrpounM %G%ci ‘N\é\g O’?&f‘ﬁﬂr@%ﬁ%"'ﬁ@@"éa 89@ @Pﬂja;’ %\?i§e Fﬁ Z?relr gm 8

8.29 (bs, sl H)PLCBidBibgeheity (0.0879TBAZ CHICN): H0V: ®86.(d, J = 6.5 Hz, 1 H),

7.45 (s, 1 H, 7.40 (s, 1 H, 7.27 (d, J = 52.2 H, 1H, 7.05 (d, J =
8.6 Hz, 1 H, 7.00 (dd, J = 2.0, 9.0 Hz, 1 H), 5.89 (bs, 1 H), 5.34 (s, 1
H, 5.08 (d, BxamPLE6O Hz, 1 H), 4.91 (d, J = 9.4 Hz, 1 H), 4.43 (dd, J =

4 00- 3. 85 (m Catpobrasfgr - 25 1 )ty o5 T by 2 04 1ol (m B
%/l 29( él gg ( g]sufmg}rlbe, sahaéﬁoﬂ:ecr\]fe a$ describipd irDeX@mple Gaﬁs uéifig the, cyeldputyll O
Honogenei i({/ % @%ﬁ/atﬁgi? gqu@%jggép%g%%%weé %{dgﬁ'ﬁmtge?g@% 15

carboxyhc acid after step 6 by preparative HPLC afforded the title compound as a

TFA salt:
S. H
N
MeO: Ny ‘,\f>’b
S
o
od \
S
\(  OH
o] PN
H o

Compound 104

'H NMR (400 MHz,DMSO-dg): ca, 7:1 mixture of rotamers ;5 8.09 (bs, 1H) , 8.02
15 (d,J =9.0Hz, 1H),7.88 (d, J =6.5Hz, 1H), 7.45 (s, 1H), 7.40 (s, 1H),7.28 (d,J =
2.3 Hz, 1H), 7.16-7.08 (m, 1H), 7.07-7.00 (m, 1H), 6.10-5.95 (m, 1H), 5.32 (bs,
1H), 5.00(d, J = 17.2 Hz, 1H), 4.82 (d, J = 11.4 Hz, 1H), 4.64-4.52 (m, 1H), 4.48-
4.41 (m, 1H), 4.29 (d, J = 11.7 Hz, 1H), ), 4.12(d, J = 8.6 Hz, 1H), 3.97-3.85 (m,
2H), 3.91 (s, 3H), 2.36-2.27 (m, 1H), 2.18-2.04 (m, 2H), 2.03-1.81 (m, 6H), 1.77-
20 1.43 (m, 9H), 1.41-1.34 (m, 1H), 0.96 & 0.85 (2x s, 9H).
M.S.(electrospray) : 773.3 (M-H)- 775.4 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06% TFA; CH3;CN : H20) : 99%.

EXAMPLE 7
25 Compound 105:

Using the same procedure as described in example 6 and using the cyclohexyl
carbamate of tert-butyl glycine in step 5 instead of urea 5 afforded the title
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Usi ng the sane procedure as described in exanple 6 and using the

cycl opentyl carbamate of cycl ohexyl glycine in step 5 instead of urea 5
af f orded wbe3s445€ conpound as the sodiumsalt: 1H NVR (200/04d3/0@9B0 d6) :
ca, 1 : 4 mxture of rotaners ;S 8.22 & 8.04 (2xs, 1 H 20, 8.00 (d, J =
9.2Hz, 1 H , 7.91 (d, J =6.5H, 1 H), 7.46 (s, 1 H, 7.41 (s, 1 H, 7.27
-37 WD 03/ 064456 PCT/ CA03/00090 (d, J = 2.4 Hz, 1 H, 7.20 (d, J = 8.4 Hz,
1H, 7.01 (dd, J = 2.4, 9.0 Hz, 1 H), 6.09- 598 (m 1 H), 534 (s, 1 H
4.98 (dd, J = 1.6, 17.4 Hz, 1 H, 4.80 (d, J =11.9 Hz, 1 H), 4.73-4.67
(m 1 H, 4. 4brdpchd@ethesddiudsah-3.95 (m 2H), 3.95-3.84 (m 1 H), 3.90
(s, 3H, 2.38-2.29 (m 1H), 2.03-1.92 (m 2H) 1 83-1.21 (m 24H),
1.21-0.83 5 (m 5H) MS. (electrospray) : ML H) - 815.4 (M+H) + .
Reverse Phase HPLC Honogeneity (0.\388 T M26

10 Conpound 107: Using the sane proced
using the cycl opentyl carbamate of cyclhégpen yI glycine instead of urea 5
in step 5, afforded the title conpoind vvh|©h was converted to its

corresponding Na salt. 15 EXAVRLE d.O pr otease assay The enzymatic
scribed in WD 00/09543
d

assay used to evaluate the o den

and WO 00/59929. 20 EXAMPLE 11 @I I HBa HRepl ication Assay Cell
Culture Huh7 cells that stably maintairP omc HCV replicon were
established as previously described (Lohrrarf* et oal ., 1999. Science 285:
110-113) and designated 25 as the S22.3 cel|-line. S22.3 cells are

mai ntai ned in Dul becco's Modified Ear FEPREE{8m (DVEM) suppl emented with 10%

FBS and 1 ng/ "H—NWQDOIMHiISMS@@BI)dca 1 irlibtlire dPvathmers; §8.2as®ay+H)Digdd medi um
suppl emrented with 10% FBS,
(d, J=9.0Hz, 1H), 7.89 (d, J = 6.5 Hz, 1H), 7.45 (s, 1H), 7.40(s, 1H), 7.27 (d,J =
5 2.2Hz, 1H), 7.05(d, J = 8.6 Hz, 1H), 7.00 (dd, J = 2.0, 9.0 Hz, 1H), 5.89 (bs, 1H),
5.34 (s, 1H), 5.08 (d, J = 17.0 Hz, 1H), 4.91 (d, J = 9.4 Hz, 1H), 4.43 (dd, J = 8.4,
16.8 Hz, 1H), 4.36-4.24 (m, 1H), 4.14 (d, J = 8.6 Hz, 1H), ), 4.00-3.86 (m, 3H),
3.89 (s, 3H), 2.35-2.23 (m, 1H), 2.04-1.91 (m, 5H), 1.79-1.41 (m, 10H), 1.39-1.08
. (m, 7H), 0.97 & 0.86 (2x s, 9H).
10  M.S.(electrospray) : 801.4 (M-H)- 803.4 (M+H)+ . Reverse Phase HPLC

Homogeneity (0.06% TFA; CH3CN : H0) : 98%.

EXAMPLE 8
Compound 106:

o
Qs
PN
o N
H

15 0
Using the same procedure as described in example 6 and using the cyclopentyl
carbamate of cyclohexyl glycine in step 5 instead of urea 5 afforded the title
compound as the sodium sait:
'H NMR (400 MHz,DMSO-dg): ca, 1 : 4 mixture of rotamers ;5 8.22 & 8.04 (2xs, 1H)
20 ,8.00 (d,J=9.2Hz, 1H),7.91 (d, J =6.5 Hz, 1H), 7.46 (s, 1H), 7.41 (s, 1H), 7.27
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cont ai ni ng 0.5% DVSO and | acki ng neonycin was used (Assay Medium. 16 hours
prior to conpound addition, S22.3 cells are trypsinized and diluted to 50
000 cel | swol0o3®84456 St andard Medi um 200pL (10 000 cel | s) @Ca&/@Nospoddbut ed
into each well of a 96-well plate. The plate was then incubated at 370
with 5% CO2 until the next day. -38 WO 03/064456 Reagents and Materi al s:
PCT/ CA03/ 00090 Product ConpanyCat al og #St orage DMEMAN sent [ nc. 1001 3Cv4C
DVBOSI gmaD- 2650RT Dul becco' s PBSG bco- BRL14190- 136RT Fetal Bovi ne

Ser unBi o- Wi tt aker 14- 901 F-20C/ 4C Neomycin ((418) G bco- BRL10131-027-20C/ 4C
Trypsi n- EDTAGAPS e-2B8RH2 590 -70204d20 €/844°HA 6 HYe 7101 Hdt os Cals,tsat B9 9THRT 6 R9DF

Beckan26700 710 KDY JEhHl Bnd b SREFA font B e BIhERE: 3 <2 B ¢ est

conmpound (i n THN¥7BMSEY (myatH)addesed. 86 (18, 2H), of. 03 SaYmiVEH), UBBS-B84a(m, 3 H),i nal

i tered thr Gagha B0 95Ras (M obped BertesaruArg: E5ua @he e 47 Eh8a™ i o

r?)yv A of &'} F(ni,)spf)opyldene Deep-Well Titer Plate. Rows B to H, contain 400pL
t Medi i Ol D O

eri'al i1 utiDaceleEsrE 3Bk g A Fofre s FERE no compound

was included Homogemeity (0.067AfFA; CtBCNoM,0f : 9936t conpound to cells Cel |

culture nediumwas aspirated fromthe 96-well plate containing the S22.3

cells. 175pL of assay nediumwi th the appropriate dilution of test
conmpound was EXAMPLE 9

10 'Compound 107:
Using the same procedure as described in example 6 and using the cyclopentyl

carbamate of cyclopentyl! glycine instead of urea 5 in step 5, afforded the title

compound which was converted to its corresponding Na salt.

15 EXAMPLE 10
NS3-NS4A protease assay

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

20 EXAMPLE 11
Cell Based HCV RNA Replication Assay
Cell Cuiture
Huh7 cells that stably maintain a subgenomic HCV replicon were established as

previously described (Lohman et al., 1999. Science 285: 110-113) and designated

25 as the $22.3 cell-line. S22.3 cells are maintained in Dulbecco'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). 16 hours
prior to compound addition, $22.3 cells are trypsinized and diluted to 50 000 cells/mi

30 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.
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transferred f
of the 15 cel

rom each wel |
I

control ")woThmessd | cul ture
Extracti on of Total Cellul ar
total cellular RNA was extracted

fromthe

RNA Fol | owi ng the 72h i ncubation peri od,
20 S22.3 cells of the 96-wel |
pl ate using the RNeasy 96 kit (Q agen(D, RNeasy Handbook.

of the compound plate to the correspondi ng wel |
culture plate (row H was used as the "No inhibition
pl ate was i ncubated at 37 w PRTEA@OM or 72h.

t he

1999.). Briefly,

assay nmedi um was conpletely renoved fromcells and 100 pL of RLT buffer

(Q agen(r)) containing 143 nM P-ner capt oet hanol

was added -39 WO 03/ 064456

PCT/ CA03/ OOOQQeégbn@@n’m Meletialef the 96-wel | cell -cuI ture plate. The

m cropl ate HP ent-l-y—shaken—+or-—20-sec: ”‘0 pi D%-et-hanel—wnas t hen
added to each #@PS&)I ate wel |, and9MREW b ‘E%t?hgn’g 'I%té’"l'%ate was
renoved and 3§ W iSBNtTE. 00 that was
pl aced on topof a Q agen(r) Squdre-\\el| Bl ock. The 5 R at e was
sealed with taQMS@nd t he Square WEigmBl ock wi t|HP1#2680 RNeaslT 96 pl atje was

| oaded into tft RToEeTd pHacey tor uup{ng—gw it ri fuge.
The sanpl e wgs ce%trl fu%ged at 6000 G'BC&B ?-5600 X Q) ! 4 mn at rgom

t enper at ur e. |THedalBoyime@sumenoved Bthhlltai@rpl at #- %tF 0 g ’D°@h°Q@uf fler RWM
(Q agen(r) RNWW’ Wﬁfw wet e RW‘G_F" at e.
The 10 RNeasy <4 vbag seal ed Wlb Ba new p||1ece of tape an/ cent|ri fuged
at 6000 rpm [floypsin-EDTAat room t gMibc@aBRLe. The2FIWOLHY 96-2pt@UeC wag pl aced
on top of ang & n cqpe—r—eawd—aﬁd—&B m  of
Buffer RPE (Q "%t’??esRNeasy 96 qs)arwas adde To each | of the RNeasy
96 plate. Theg meee;zzaﬁn Fllﬂéralrﬁt vveleﬂuaaieed wi t hl SL&¥ORUSecRT of t ape |and
centrifuged i —4—1 15—+eomtenperature—hre—tapewas
renoved and ar%%err?“‘?"eﬂ ée'nqﬂat(‘?f Buf|fegy, Fqlg (Q domsyopy RNelagy 96 kit)l was
added to each Pamy;jro@jlertdﬁe RNeasy 96 plate. Thel RNeasy 96 pl ate wag seal ed
wi th a new pilece—oftape—and—ecent-fuged—at—6 } room

t enper at ure.

Tape was renoved,

rack cont ai ni p@paraliofof TedtiGRedpoand m cr ot ubes.

addi ng 50 pL
pi ece of tape
t hen 5

free

Fprpriag

SRy T 190 R oD

final DMSO concentration of 0.5% and the solution was sonicated for 15 min and

wel |

t he RNeasy 96 pl ate was

pl aced on top of a

The RNA was 20 el uted by

¥E a2 2 mehiA

ate w.t h

Sy MEMPE A s

filtered through a 0.22uM Millipore Filter Unit. 900pl was transfered into row A of a

Polypropylene Deep-Well Titer Plate. Rows B to H, contain 400pL aliquots of Assay

Medium (containing 0.5% DMSQ), and are used to prepare serial dilutions (1/2) by

transferring 400pl from row to row (no compound was included in row H).

10

Application of test compound to cells

Cell culture medium was aspirated from the 96-well plate containing the S22.3 cells.

1754L of assay medium with the appropriate dilution of test compound was

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

15

plate was incubated at 37° with 5% CO0, for 72h.

20

Extraction of Total Cellular RNA
Following the 72h incubation period, the total cellular RNA was extracted from the
S22.3 cells of the 96-well plate using the RNeasy 96 kit (Qiagen®, RNeasy

Handbook. 1999.). Briefly, assay medium was completely removed from cells and

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

100 pL of RLT buffer (Qiagen®) containing 143 mM B-mercaptoethanol was added
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centrifuged at 6000 rpmfor 4 mn at roomtenperature. The elution step was
repeated with a second volune of 50 pl RNase-free water. The m crot ubes

Wi th totawoOosmb44aé ar RNA are stored at -70. 25 Quanti fi catPcarcAnB/ oo al
Cellul ar RNA RNA was quantified on the STORMr) system (Ml ecul ar

Dynam cs(r)) using the Ri boGeen(r) RNA Quantification Kit (Ml ecul ar
Probes(r)). Briefly, the RiboGeen reagent was diluted 200-fold in TE
(20nMM Tris-HCl pH =7.5, 1 mM EDTA). 30 Cenerally, 50pL of reagent was
diluted in 1 OrL TE. A Standard Curve of ribosomal RNA was diluted in TE

to 2pg/ nL andopaeh del of thergdvelngallnuiture lde. T mﬂiﬁoplél@,wa‘sfgentlﬁsh&eam OplL)
(et S5 LR o A Vel )
colum 1 of thyepiféting Thepysatewnaemmaed ahdapple tottha dalislofclRMeasyn@b t he - 40
0D O 0 s e i A SRR
transferred tRNédsy ge0platesiarsdialed withithp@and hise S§GareaNell Ploak witiatid BIQ@é.syof TE
e e O HSloUrT A b P b A LR el SRR gt 208 Lo
t enper at ure, quhbifegd.eThd samplé wglaberﬁtafubéd |at EOMRNANSEBPOE x igh for 4268 atitoom nal
e e e s et eV B R R ) g ooch !
curve was Cr(€adgeth@RNedsy gmsu) Waehdddsretol@mmweumme RNessyd6 plate. Thédosonal
e o o o b e LR Bl BB AB SRR SR
corrected forfot heniz2@rodim tetrperaturBetigreRNsasyn@b patecwasyplaced on top of another
i; e '_' :;clﬁsn;)%%e{rmra @@m téaé L%?%v;egéagd'd.a iril of Buffer RPE (Qiagen®
RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The RNeasy 96
plate was sealed with a new piece of tape and centrifuged at 6000 rpm for 4 min at
15  room temperature. The tape was removed and another 0.8 ml of Buffer RPE
(Qiagen® RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The
RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000 rpm
for 10 min at room temperature. Tape was removed, the RNeasy 96 plate was
placed on top of a rack containing 1.2-mL collection microtubes. The RNA was
20 eluted by adding 50 pL of RNase-free water to each well, sealing plate with a new
piece of tape and incubated for 1 min at room temperature. The plate was then
centrifuged at 6000 rpm for 4 min at room temperature. The elution step was
repeated with a second volume of 50 ul RNase-free water. The microtubes with total
cellular RNA are stored at —70°.
25
Quantification of Total Cellular RNA
RNA was quantified on the STORM® system (Molecular Dynamics®) using the
RiboGreen® RNA Quantification Kit (Molecular Probes®). Briefly, the RiboGreen
reagent was diluted 200-fold in TE (10mM Tris-HCI pH =7.5, imM EDTA).
30 Generally, 50pL of reégent was diluted in 10mL TE. A Standard Curve of ribosomal
RNA was diluted in TE to 2ug/mL and pre-determined amounts (100, 50, 40, 20, 10,
5, 2 and OpL) of the ribosomal RNA solution are then transferred in a new 96-well
plate (COSTAR # 3997) and the volume was completed to 100uL with TE.
Generally, column 1 of the 96-well plate was used for the standard curve and the
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DEPCSi gnaD57584C EDTASI gmaE5134RT Tri zma- BaseSi gnaT8524RT

Tri zma- HCl Si gmaT7149RT Col | ection Tube StripsQ agenl9562RT Ri bogreen RNA
Quant i t atworv3ks44h®!| ecul ar Probe811490- 20C Rneasy 96 Kit Q 2gerCAdI8QRT

Squar e- Wl | Bl ocksQ agen19573RT Real - Ti ne RT-PCR 15 The Real - Ti ne RT- PCR
was perfornmed on the ABI Prism 7700 Sequence Detection Systemusing the
TagMan EZ RT-PCR Kit from (Perkin-El mer Applied Biosystens(r)). RT-PCR was
optim zed for the quantification of the 5 IRES of HCV RNA by using the
Taqman technol ogy (Roche Mol ecul ar Di agnostics Systens) simlar to the

t echni que pr estheuwélls ate siséd foe the( RHA tsainpleatto dk quad@8. 10uL ¢fleéanh RMACT obi ol .

20 37: 327-332). .The .systemexplaits the 5'-3" nucleolvtic,actiyvi of
Aol | Tan a5 A 636 Bp Bl arbisitpa Pt SteshOMIRT el blhe
f1 uorogeni ¢ hgbwel platd archooylr odTE WA HdeleBr Ohe oluheet (18{ g of ditddd Riba@reen s t o

of the brobe PaRbaiRs e o rediefte e BEl P aas il e (il pie cdintiosany )
and the 3's engt reemttampsraturé,| protecteddoin light (AMD NBHMM<mipIE@T4 CA®EL 6K90
guencher (6-carboxytetranet h(ilér hoda 'I{F%LfTANRA%%@riThe

.FA%/I re orier' S

eni ssi on  spefAHMEIRAAES AL Slion lUQTRSS NEFRSH elaﬁﬁgglwas

hy:ﬂri di zat ihonmléwhed on N\&SH?Bmmtemda(Mmu@f Whanhycg{. iAditaaddroBue ale

rel eases the reporter esu ng in an_j.ncrease.in rescence enj.ssion.
The ABI Pri srip86 CGdhebARE otbe depen Shansues of B8 Fonsomel A SR TeStiling

f Ihuor es?:_e ppeeré%deaﬂinmemgg l]'(huiFlkNA doridengratidiein BtdRexpimipriental Iearhb?ﬁ wagch t hat
the anplifie roduct ,was, directly propartion tq the_signal. e

anpl i ficaff ond‘g‘%‘e'“&%@@ﬁ%‘? ?QB@”@&FF’? nd c[ngctregg%rttF%ﬁg)égll '9%oi nt t hat
represents the logarithm c phase of product accunul ation. A point

representing ﬁ defi ned det.elc_tion threshold of the increase in the
fl uorescent shERMNSAUMALIRAIS with the 10 exponential growth of the PCR

product for thepesdiiegnce det ector was|Qompwsy as theCatalog # | Storage

DEPC Sigma D5758 2C
EDTA Sigma ‘ E5134 RT
Trizma-Base Sigma T8524 RT
Trizma-HCI Sigma T7149 RT
Collection Tube Strips Qiagen 19562 RT
Ribogreen RNA Quantitation Kit | Molecular Probe | R11490 -20°C
Rneasy 96 Kit Qiagen 74183 RT
Square-Well Blocks Qiagen 19573 RT

Real-Time RT-PCR

15  The Real-Time RT-PCR was performed on the ABI Prism 7700 Sequence Detection
System using the TagMan EZ RT-PCR Kit from (Perkin-Elmer Applied
Biosystems®). RT-PCR was optimized for the quantification of the 5' IRES of HCV
RNA by using the Tagman technology (Roche Molecular Diagnostics Systems)
similar to the technique previously described (Martell et al., 1999. J. Clin. Microbiol.

20 37: 327-332). The system exploits the 5'-3' nucleolytic activity of AmpliTaq DNA
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
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cycle threshold (CT). CT values are inversely proportional to the quantity
of input HCV RNA; such that under identical PCR conditions, the |arger the
starti ng womwoenss ati on of HCV RNA, the |ower the CT. A stramdawdoe9ove was
created automatically by the ABI Prism 7700 detection system by plotting
the CT against 15 each standard dilution of known HCV RNA concentration.

Ref erence sanples for the standard curve are included on each RT-PCR pl ate.
HCV Replicon RNA was synthesized (by T7 transcription) in vitro, purified
and quantified by OD260. Considering that 1 pg of this RNA = 2.15 X 10"

?Blé COpilgz ckqdenbhéxf(RﬁA o&f@xaﬁtranfémylrhbdundee[wmyerhm&m mnewsmusm;a 104,
or enonj ¢ co was
i ncor por at eg SReCHUR AP %HPB[PFF%%W E@r%’epq%eﬁ o;ﬁﬁggﬁac?hybr%ﬂo? BP@Fencg >°
Stgndarg (H%Rﬂ%de@é@radahbﬂﬂofﬁh&h%nd!ﬂ&onpl‘dblerreléamslthmﬂ&m:ter (Désdpﬂiaggeah M x,
and used in the Rea r eact
was set-up foPCEARe WE@F‘?%W%‘?'“@%[%I At‘b{zf r's\%??o FIHPRTS nget?)Rc-rEorRNeassaSGI o
-}NE|R| pl atﬁiﬂ hﬁaﬁﬁﬁbih&ltml@e&ﬂ |r|\1/g|Porea©dlfhcb@hﬁésclidre¢drmth§YNnnlgalimIZeSRWi th 45pL
of Reagen ent’s eri.als uc tal.o t or age
S B Ry SopiA T It abF ErRlBY PiorkkBHAS AR Bheonicn, 6 foe el o
CB:gaps PEt App:\jiggﬁ@gggm&b&w@tﬁ%w MW?: Mau;ty mAIE r%tlbrg/aﬂoafgﬁnt Gtﬁlﬁ réppberasl

i osyst ems a en
o T o BIRHAT Pher b ot eqrumatbl A PAn, FesReOt SR el 5 (L)

(91 sanpl es +datedtion threshold of the increase in the fluorescent signal associated with the
10  exponential growth of the PCR product for the sequence detector was defined as the
cycle threshold (Cy). Crvalues are inversely proportional to the quantity of input
HCV RNA; such that under identical PCR conditions, the larger the starting
concentration of HCV RNA, the lower the Cr. A standard curve was created
automatically by the ABI Prism 7700 detection system by plotting the Cragainst
15 each standard dilution of known HCV RNA concentration.

Reference samples for the standard curve are included on each RT-PCR plate. HCV
Replicon RNA was synthesized (by T7 transcription) in vitro, purified and quantified
by OD,e0. Considering that 1ug of this RNA = 2.15 X 10'' RNA copies, dilutions are

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

25 The Real-Time RT-PCR reaction was set-up for the experimental samples that were
purified on RNeasy 96 —well plates by combining 5pl of each total cellular RNA
sample with 45L of Reagent Mix.

Reagents and Materials:
Product COMPANY Catalog # | Storage

I R
TagMan EZ RT-PCR Kit | PE Applied Biosystems N808-0236 | -20°C
MicroAmp Optical Caps | PE Applied Biosystems N801-0935 | RT
MicroAmp Optical 96-

PE Applied Biosystems N801-0560 | RT
Well Reaction Plate
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(NL) Dead Vol une) Rnase-free water16.51617 5X TagMan EZ buffer 109801X

Mh( OAc) 2 (25nm\V) 65883mM dATP (10m\V) 1. 5147300pM dCTP (10nm\) 1. 5147300pM dGTP
(10mV) 1. 5w0 03068486 dUTP (20mV) 1. 5147600pM Forward Pri mer ( POpMADSSAOONM
Reverse Priner (10pM 198200nM PUTR probe (5pM 2196200nM r Tt h DNA pol yner ase
21960.1 Up L (2.5 Up L) AnpErase UNG 0.5490.01 U pL (1 U pL) Total

Vol ume454410 Forward Prinmer Sequence (SEQ ID. 1): 5 .- ACG CAG AAA GCG TCT
AGC CAT GGC GIT AGT - 3' 5 Reverse Priner Sequence (SEQID NO 2): 5 - TCC
CGG GEC ACT CCC AAG CAC CCT ATC AGG - 3' Note: Those priners anplify a
regi on of 256Ré&dgdpt RpEprepavatibri:n the 5 untranslated PCT/ CA03/ 00090 |o

(20 O O O (PUER-Brobo—Seent ol ahar T Vil for Sre et o7 O

Component one sample | (pL) (91 samples +

(uL) Dead Volume) eone.
Rnase-free water 16.5 1617
5X TagMan EZ buffer 10 980 1X
Mn(OAc), (25mM) 6 588 3mM
dATP (10mM) 1.5 147 300pM
dCTP (10mM) 15 147 300pM
dGTP (10mM) 15 147 300pM
dUTP (20mM) 15 147 600puM
Forward Primer (10pM) | 1 98 200nM
Reverse Primer (10pM) | 1 98 200nM
PUTR probe (5pM) 2 196 200nM
rTth DNA polymerase
(2.5 UL) 2 196 0.1 U/uL
AmpErase UNG
UL 0.5 49 0.01 U/uL
Total Volume 45 4410

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

Reverse Primer Sequence (SEQ ID NO. 2): 5'- TCC CGG GGC ACT CGC AAG
CAC CCT ATCAGG -3

Note: Those primers amplify a region of 256-nt present within the 5' untranslated
10  region of HCV.

PUTR Probe Sequence (SEQ ID NO. 3): |6FAM|- TGG TCT GCG GAA CCG

GTG AGT ACA CC -

15
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15 -43 WO 03/064456 PCT/ CA03/ 00090 No Tenpl ate Controls (NTC): On each
plate, 4 wells are used as "NTC'. For these <controls, 5pl of water are
added to wbasmedsse i n pl ace of RNA. Thermal Cycling Condit PCAEA0380BOC 2 mi n
60C 30 min 95C 5 mn 95C 15 sec 60C 1 mn for 2 cycles 10 90C 15 sec 60C
1 mn for 40 cycles Followi ng the term nation of the RT-PCR reaction the
data analysis requires setting of threshold fluorescence signal for the
PCR plate and a standard curve was 15 constructed by plotting the C val ue
versus RNA copy nunber used in each reference reaction. The O val ues

obt ai ned for NEFempay COAMGIS ASTCY OnlsneH ptame 4 WélRr oLssRasNTRNA Rop fhesaurtber

based on the stan urve. Final copy. nber was nornalized
(based on theC%tngégléﬁ“ﬁW&aﬁaMit??Wﬂ |”o%a9ﬁé}m\ékt otal RNA extracted
fromthe cell culture well) and expressed as genone equivalents / pg of
total RNA [g nunber [g.e./pg] fromeach well of the cell
culture pl ate lg\ahgy %éﬁlg%/sthe anmount of replicating HCV RNA in the
presence of vari ouspg5 capmmentrations of inhibitor. The %inhibition was
calculated with th&?foI{3 WI ng equation: 100 - ((g. e./Ng inh)/( g. e./Ng

ct1)x 100]. A non-$9TearOBWtve fit with the H 1l nodel was applied to the
i nhi bition-concentgstti o mg® data, and the 50% ef fecti ve concentrati on

(EC50) was cal cul a %ﬁg by the use of SAS software (Statistical Software
System SAS Instit hee %ra éyc When t he conpounds of this
tlhe pr cealng

i nvention were evasorat edi iriin enzymatic and cell based assays,
t he corrpo%JOnds vvereg(;o%un%ggc j}e hi ghly active. Mre

60°C 1 min for 40 cycles

Following the termination of the RT-PCR reaction the data analysis requires setting
of threshold fluorescence signal for the PCR plate and a standard curve was

15  constructed by plotting the Ct value versus RNA copy number used in each
reference reaction. The Ct values obtained for the assay samples are used to

interpolate an RNA copy number based on the standard curve.

Finally, the RNA copy number was normalized (based on the RiboGreen RNA
20 quantification of the total RNA extracted from the cell culture well) and expressed as
genome equivalents / pug of total RNA [ge/ug].

The RNA copy number [g.e./ug] from each well of the cell culture plate was a
measure of the amount of replicating HCV RNA in the presence of various
25 concentrations of inhibitor. The % inhibition was calculated with the following
equation:
100 - [(g.e./ug inh)/( g.e./ug ctl)x 100].

A non-linear curve fit with the Hill model was applied to the inhibition-concentration
30 data, and the 50% effective concentration (ECsy) was calculated by the use of SAS
software (Statistical Software System; SAS Institute, Inc. Cary, N.C.).

When the compounds of this invention were evaluated in the preceding enzymatic
and cell based assays, the compounds were found to be highly active. More
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-44 WD 03/ 064456 PCT/ CA03/ 00090 specifically, the conpounds had 1C50's
below 0.1 pMin the NS3-NS4A protease assay, and EC50's below 0.5 pMin
the cell weavsde+4d/ RNA replication assay. EXAVMPLE 12 5 SpeciTfGAaBogoIassays
The specificity assays used to evaluate the selectivity of this conpound
are described in WO 00/09543. Wen the conpounds were evaluated in the
specifity assays, the conmpounds of 10 fornmula 1 were found to be sel ective
in that they do not show significant inhibition in the Human Leukocyte

El astase and Cat hepsin B assays. EXAMPLE 13 Pharnmacoki netic properties 15
The present cspueticaits trel @mpphne igaDIC:p below@ok ukieh the NSDPISIA @eteaseh as

significant plasna | hour after. an oral dose of
5ng/ kg. More BYi %]‘f‘%’@sostbﬁ@"”r‘gﬁ“mm@e 8%‘5 diﬂé\fﬁg‘&’%"c& Qoln BB Yor pti on
screen, was used to determ ne plasma Ievel s of test conpounds in a rat
after oral g%%ﬁ% atl on: 20 Materials and Methods: 1. Method used to pool
corrpounds ("c t e sel ection"): The selection of conpounds to be pool ed

into a caasse_panflomméwsed on their structural simlarity and

physi cochem c ertl es ) S ctl 25 et hqd applicabl e
Do al |t ne so b SREGElY peatoalle YePlR e REGe Ak i oroma ard o
testing \/\heredmabecl:mrwmﬂmd)%as spi ked into rat plasma and run through
HPLC or HPLC/ M5 at a concentration of 0.5 NM the retention tine, ionic
mass, and the possible separation anong conpounds by HPLC and/or HPLC/ M5

were used asWbhasitiee éamnmpqunds werp Sraluatedipdbe disedifity assays, the asmpotreds.of 30 2.

Oral vehigle and ¢ ound I sset

corrpounds%at @”BP'a%@?’QEW’@ §§5‘%ecp%pmgﬁi ghhethgo g F'(g gglc\%'!‘etﬂ@h %F'%rbér ed as
an oral suspethsitbmamLdukbépta Elastass amﬁthyfhepslrﬂBJlas&ags. and 0. 3% of

pol yoxyet hyl ene (20) sorbiton nonool eate (Tween-80). The dosing

EXAMPLE 13
Pharmacokinetic properties

15  The present compounds also show good pharmacokinetic properties such as
significant plasma levels in the rat at 1 hour and 2h after an oral dose of 5Smg/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:

20
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

25 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”.

30 2. Oral vehicle and compound preparation:
Each “cassette” contains 3-4 compounds at 5 or 4mg/kg for each compound. The
cassettes were prepared as an oral suspension in 0.5% aqueous methylcellulose
and 0.3% of polyoxyethylene (20) sorbiton monooleate (Tween-80). The dosing

volume was 10ml/kg via oral gavage.
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vol unme was 10m / kg via oral gavage. -45 WO 03/064456 PCT/ CA03/ 00090 3.

Dosi ng and pl asna sanpling: Mal e Sprague Dawl ey rats were fasted overni ght
i n indiviwoaBoeages, with access to aqueous 10% dextr osePCTYEAIBAOHO Wer €
dosed with each "cassette". Plasma sanples (-1 m) were collected at 1 and
2h post-dosing fromthe 2 rats and pooled 5 for extraction and anal ysis.
4. Conpound extraction and anal ysis: From each cassette, plasma sanples at
1 and 2h, blank plasma, blank plasma spiked with all the conpounds at 0.5
pM of each, are extracted by the solid phase extraction nmethod. Sanples
wer e anal yzed3.by Hbb<€ingandifPhsehd/Bainplingonpari son 10 purpose. Pl asna

concentratio are estinmated hased on the single concentration of 0.5 pM
standar d . voHBRSPIgRE PRMENEtS MetaRIRY Vet RV EGR st B teestiey ob 1
to 9 of this aquevestoBrieneose.  Duochtd wer desed withreash GaséétieanPlaseael s in the
plasma at the 1 hour .and 15 2 hour, nteryals follow ng oral admnistration,
aver agi ng bl o??(ﬁ“pg?saéﬂs{m?@’\%q %0"8?‘ei?§§a”%éﬁgﬂﬁt'§9 wb%ﬁ}r&%%aﬁ ?r{'}}eﬁ’?fﬁe#hi s
denonst r atg onfopéxticgom bhd amdlydis) vi vo oral absorption for the conpounds of
this inventiop i s ynexpecte view of the |ower oral absorption

d, 10 €
general |y attFi but GMPRUPH extraction and alalypisies  The ready oral  absorption
renders the ceopoedtticassdtfelplabma samphisiatd antl 2HCblahk plasmapiiankpladine

fol |l ow ble | d i f the, i [ Furth [
ceepi ng it TEPCafiBe RRERhTsd D Wl Rsnt sl enrtanh esBuotdtbon 0. 1"
pMin the NS3daitdoh methiodaSanpissayere andyidcbby HPb6land HPLE/MB! foncdneariseh |

?i)s e(gpgc?\/ﬂ)o % l. ilglgstr%g Qonac%%f’%gtion-s%?e X‘s‘Bn%?féé’ gélséle%BonPt%/smg e%ogggr%%tigﬁ‘%“f 1
0.5 uM standard.

When assayed in the preceding screen the compounds of examples 1 to 9 of this
invention were found to present in significant levels in the plasma at the 1 hour and
15 2 hour intervals following oral administration, averaging blood plasma levels of 1.23
HM and 1.16 UM respectively. This demonstration of significant in vivo oral
absorption for the compounds of this invention is unexpected, in view of the lower
oral absorption generally attributed to this class of peptides. The ready oral
absorption renders the compounds useful for treating of HCV infection.
20
The following table lists compounds representative of the invention. Further in
keeping with the present disclosure, the compound all had ICs’s below 0.1 uM in
the NS3-NS4A protease assay, and ECsq's below 0.5 pM in the cell based HCV
RNA replication assay.
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IMH 1000Ht ent-Cl 789. 3 Butyl " tent-

Butyl 1, 103tert-928.5 ~s \ Butyl

But yl
compound of formula (1):
R1A is (C1_8)al kyl,
whi ch are all
nitro, O (Cl_6)alkyl,

(Cl_6)al kyl ,

am do,

(C3.7)cycl oal kyl

o B
Ra\ Jl\ JYN —
O N 1
H (o] w R
0” N'R
(0]
R

1010HB O 775.4 |
n 0 1040Ht ent 775. 4 Butyl
106WB@a/08WLS56 4 1070H3801. 4 -47 WD 03/ 064456 PCT/ CAO3/ @C@ao®sids 1. A
0 (1) wherein R1 is hydroxy or
or {(Cl1_6)alkyl-(C3_7)cycloal kyl},
optionally substituted from1l to 3 tines
am no or phenyl, or
which is optionally substituted from1 to 3 tinmes with hal o,

N—-R

TABLE 1
n=
MeO N A S
/
s 0

R

H

uty,

1020Ht art 0803. 4
105CHt ert -803. 4

NHSC2R 1A wherein
wi th hal o,

Rli4 is'C6 or Cl0 aryl
cyano,

Cpd No. R RZ 3 R* m/z
(MH)"

100 OH tert- O\ 789.3
b Butyl

101 OH N\ tert- q 775.4
Butyl

102 OH tert- O\ 803.4
b Butyl

103 0/@ tert- O\ 928.5
\:S% \O Butyl

o]

104 OH tert- D\ 775.4
b Butyl

105 OH tert- 803.4

b Butyl O\
106 OH \ O\ 815.4
107 OH N\ Q q 801.4
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O (Cl_6)al kyl, am do, am no or phenyl; R2 is (C4.6)cycloalkyl; R3 is
t-butyl or (C5.6) «cycloalkyl and R4 is (C4_6)cycloal kyl; or a
phar maceuwpDaalob4as@ccept abl e salt thereof. 2. The conpound Pefi/davsiuioa |
according to claiml1l, wherein Rl is hydroxy, NHSO2Me, NHSQ2cycl opropyl or
NHSO2Ph. 3. The conpound of formula | according to claim2, wherein Rl is
NHSQ2cycl opropyl or NHSQ2Ph. 4. The conpound of formula | according to
claim2, wherein Rl is hydroxy. 5. The conpound of fornula | according to
any one of clainmsl to 4, wherein R2 is cyclopentyl or cyclohexyl. 6. The
conmpound of for mula | according to cl aichAIMS\Werein R2 is cycl opentyl. 7.
The corrpoij g formu acco ding to any one of clains 1 to 6, wherein R3
ist_ Hé’ﬂﬂrm @”The conmpound of forrmula | according to claim
7, wherein R3 is t- butyI 9. The conpound of for mlll% according to any one
of claims 1 to 8, wherein Rd is cyclobutyl or cyclopentyl. 10. The
compound of formula I according to claim9, ETRI N R4 is cyclopentyl. 11.
The conpound of fornmula | accordi nifePq erein RL is hydroxy, R2
and R4 each is cyclopentyl and R3 is 12, The conpound of fornula
| according to claiml1, wherein RL is hydrgXxy, R2 is cyclobutyl, R3 is
t-butyl and R4 is cyclopentyl. -48 03/ 084456 PCT/ CA03/ 00090 13 The

c ai

w%

conmpound of forrmula | accordi n vvherel n RL is hydroxy, R2 is
cycl ohexyl, R3 is t-butyl anoR ~—~14. The conpound of

NIpBCJZPh R2 and R4 each is

of forrrula | according to

formula | accor di ng to cIa|m1

cyclopentyl and R3 is t-butyl. 15. The

claim1l1, wherein Rl is hydroxy, R2 is cycl'?)peﬁtyl yis t-butyl and R4 is
cyclobutyl. 16, The_ gconpound of for gRrdin év ere| n Rl
T2 hyaroxy, ROheEn BYSIUERY 9 NHEGHEE phaseiyd aﬁm@%&%? MEREHe 37 The
gzrmound of fgenyhRyll(canewisHigg, Wﬁlcﬁlaaéandpt.owa@rstjbamaﬂedlfﬁorﬂﬂydéexrfnesRZ and

with halo, cyano, nitro, O-(C1.g)alkyl, amido, amino or phenyl, or R'* is ‘Cg or Cyo aryl
which is optionally substituted from 1 to 3 times with halo, cyano, nitro, (C.)alkyl,
O-(Cy.¢)alkyl, amido, amino or phenyl; R? is (C4s)cycloalkyl; R® is t-butyl or (Cs.)
cycloalkyl and R* is (C4.6)cycloalkyl; or a pharmaceutically acceptable salt thereof.

2. The compound of formula | according to claim 1, wherein R' is hydroxy, NHSO;Me,
NHSO,cyclopropyl or NHSO,Ph.

3. The compound of formula | according to claim 2, wherein R' is NHSO,cyclopropyl
or NHSO,Ph.
The compound of formula | according to claim 2, wherein R' is hydroxy.
The compound of formula | according to any one of claims1 to 4, wherein R? is
cyclopentyl or cyclohexyl.

6. The compound of formula | according to claim 5, wherein R? is cyclopentyl.
The compound of formula | according to any one of claims 1 to 6, wherein R*is t-
butyl or cyclohexyl.

8. The compound of formula | according to claim 7, wherein R? is t-buty!.
The compound of formula | according to any one of claims 1 to 8, wherein R*is
cyclobutyl or cyclopentyl.

10. The compound of formula | according to claim 9, wherein R*is cyclopentyl.

11.  The compound of formula | according to claim 1, wherein R’ is hydroxy, R? and R*
each is cyclopentyl and R® is t-butyl.

12. The compound of formula | according to claim 1, wherein R' is hydroxy, R? is

cyclobutyl, R® is t-butyl and R* is cyclopentyl.
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each is cyclopentyl and R3 is cycl ohexyl. 18. The conpound of formula I

according to claiml1, wherein RL is hydroxy, R2, R3 and R4 each is

cycl opentwD.0308445A phar maceuti cal conposition conprising RWTaBAOMEpatitis

Cvirally effective anmount of a conpound of formula 1 according to any one

of claiml1l to 18 or a pharnmaceutically acceptable salt thereof, in

adm xture with a pharmaceutically acceptable carrier nmediumor auxiliary

agent. 20. The pharnmaceutical conposition according to claim19, further

conprising a therapeutically effective amunt of one or nore other

anti - HCV @gientThe2bmpobed pitaimnaa Eatdoedihg toctpios, whaneia & i lofrdnoxyt, 82 & ai m 20,

wherein said other antjs- a 1s selected from a-interferon or

pegyl ated a-i ﬁyg??e&ygﬁ '%@%ﬁggﬁ:é? %ioeoﬁpfyial conposi tion according to

cl ai m 20 4. 2Thewbmpeurd stfbanua haccording to ¢ Badrtrein R’ is MIdSOpfPh) . R?28d Rthe

phar maceuti cal _conposi ti on accar.di o claim?20, 21 or 22, wherein said
3 TS da Py

other anti-HEF° EeCP(PIIOPg"% I nhibitors of: helicase, NS2/3
prot ease #d iTheeompbund blfosmuiz | acdording td daifl REBjereid R’ isthydetyo &2 fsor t he

treatnment or preventi of a hepatitil viral infection in a mammal by
adm ni stering cyﬁoeq@lﬁ&%]buyﬂargqﬁﬁ '—Shczﬁlgwty{'s Cvirally effective anmount of
a conpoumél ofThbeompband offormaulall accordingitoyclaimel,afhecéimiRtis Hydraxy1R? isor a
pharmaceutical | y ac abl hereaf, 25. A nmethod for the treatnment or
prevention of Cﬁ'ﬂ%‘ﬂﬁﬁ%i '3 t%”@f%’iﬂ iE*i ﬁfcgglpp%wﬁi n a mammal by administerin

g
to the manmml The canipouhapifbinils | S&coording to/claifrf & athevein &tisunyidrady, Rhand R
conposi tion accordi ng _any. .on f. ¢l aj 19 to 23. 26. A nethod for the
treatment or ﬁlagblgn(iyl‘gl(gﬂe%tw aé]%h@dﬁgﬁq(#@&vi ral infection in a mamal by
admi ni st e18.ng Theeoaipours obfntruldé &pedoirding talainT tiwheraih R is hydeoenBIR® afd a

conmpound -49 1 064 CT/ CA03/ 00090 of formula I according to any one
of clains 1 tcﬁ%,gﬁbsr&g%?g%@apeut ically acceptable salt thereof in

conbi nat | O% WA ﬂshamecemi_camomposilﬁem ce_ampiisilhg}m agtehepatiiy C vilally effedtivel accor di ng
L0, ot 21 T2, LB PR chpll RERSRSl &) A Gk 1 58
pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically
acceptable carrier medium or auxiliary agent.

20. The pharmaceutical composition according to claim 19, further comprising a
therapeutically effective amount of one or more other anti-HCV agent.

21. The pharmaceutical composition according to claim 20, wherein said other anti-
HCV agent is selected from: a-interferon or pegylated o-interferon.

22. The pharmaceutical composition according to claim 20 or 21, wherein said other
anti-HCV agent is ribavirin.

23. The pharmaceutical composition according to claim 20, 21 or 22, wherein said other
anti-HCV agent is selected from inhibitors of: helicase, NS2/3 protease and internal
ribosome entry site (IRES).

24. A method for the treatment or prevention of a hepatitis C viral infection in a mammal
by administering to the mammal an anti-hepatitis C virally effective amount of a
compound of formula | according to any one of claims 1 to 18, ora
pharmacedutically acceptable salt thereof.

25. A method for the treatment or prevention of a hepatitis C viral infection in a mammal
by administering to the mammal an anti-hepatitis C virally effective amount of the
composition according any one of claims 19 to 23.

26. A method for the treatment or prevention of a hepatitis C viral infection in a mammal
by administering thereto an anti-hepatitis C virally effective amount of a compound
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28. The nethod according to claim 26 or 27, wherein said other anti-HCV
agent is ribavirin. 29. The nethod according to claim26, 27 or 28,

wher ei n swDM3064366 anti - HCV agent is sel ected from i nhi biPCaréA06/£00090

hel i case,” NS2/ 3 protease and internal ribosone entry site (IRES). 30. Use
of a compound of formula | according to any one of clains 1 to 18 for the .
manuf acture of a nedi canent for the treatnent or prevention of hepatitis C
viral infection. 31. The pharnaceutical conposition according to claim 20,
21 or 22, wherein said other anti-HCV agent is an inhibitor of HCV

pol ynmer ase. 32f fofalaneicbardingte anglomgot daimisai tt1860r 2heeapedficalipaeceptablsai d

other anti- HC\éaf?(1.E]r1(:f'-;r|];[>ofiinS com nmét%rr]\i vmhtgnre oq'fmcg?'g\c/)tr%?lamﬂcﬂls ggent.

27. The method according to claim 26, wherein said other anti-HCV agent is selected
from: a-interferon or pegylated o-interferon.

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

29. The method according to claim 26, 27 or 28, wherein said other anti-HCV agent is
selected from inhibitors of: helicase, NS2/3 protease and internal ribosome entry
site (IRES).

30. Use of a compound of formula | according to any one of claims 1 to 18 for the .
manufacture of a medicament for the treatment or prevention of hepatitis C viral
infection.

31. The pharmaceutical composition according to claim 20, 21 or 22, wherein said other
anti-HCV agent is an inhibitor of HCV polymerase.

32. The method according to claim 26, 27 or 28, wherein said other anti-HCV agent is
an inhibitor of HCV polymerase.
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