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4 May 2006 WO 03/064456 PCT/ CA403/00090 TRI PEPTI DES HAVI NG A

HYDROXYPROLI NE ETHER OF A SUBSTI TUTED QUI NOLI NE FOR THE | NHI4BVay B0COF NS3
(HEPATITIS C) FIELD OF THE | NVENTI ON The present invention relates to
conmpounds, processes for their synthesis, 5 conpositions and nethods for

t he treat n¥aw3/edd4deepatitis C virus (HCV) infection. |In BEICAOEeMosr , t he

" present invention provides novel peptide anal ogs, pharnaceuti cal :
-conposi tions containing such anal ogs and nethods for using these analogs in
the treaigresiTroks HEM s ammmmmmmmﬂiﬂm NyESLiNrdiepat i tis C
virus (HCV) is the ngjor etang Oﬁ nt of \%,O t- transfusmn and

~_ comuni ty-acquired non- A HBAE %ﬁgtlﬁ?’ HERB M Wi de. Is estimted that
over 200 mllion people worldw de are infected by the virus. A high
‘percentage of carriers beconme chronically infected and nany progress to
chronic |liver qfﬁrsfg led 15 chronic hepatitis C This group is in
turn at high r']qé% seri oﬁ'Ls | iver disease such as liver cirrhosis,,

hepat ocel | ul arThedreseRbirventionietalasip AAPPQUNGS Progesses & ‘ﬂ‘%’eﬁ!l‘tﬁgs'% death. The

nmechani sm by vddhipBsiting aaahﬁmougimme\uewenp@mbﬁﬁt@@mamb &naihi gh rate
20 of chronic Ilve{El ipfsease as ..not bgen thorog at eﬁl lt i S not
b ﬁ-é’ é&ﬂﬁ“&

known how HCV Reficdian depregenhinigrorupydes qaye! Reg
addi ti on, the compesitiof containinglsach anahbghamﬂamaihodsﬂnuuﬂmgtbeqmnbgs inrther ot ect i on

agai nst HCV i Qeﬁﬁﬁén?[}%ﬁ&?mfe%&?ase have yet to be established.
I munogl obul i ns”have "been reported for prophylaxis of

transfusion-associ ated viral hepatitis, however, the Center for 25 D sease

-Control dogs 'HXckBREGRIBF MeiierhoRend i mmnogl obulins treatnent for this
-purpose. The lack of an effective protective inmrmune response is hanperi ng
BheqBRe R i

the devel opneffPatifs %\’/&Eé'i*ﬁ@ (Fiplaciny agend ohrstitansisiRidf axi s
neasures, so idemniunity-aeired BIrA ndi‘rea espaitiewbidwidey itis pstiehtanthariver200al

| nterventions: lﬁg é@oﬂl Hérld%de reg iﬁ Fl%ﬁ%glr{%ﬁnrn@vf {& Qﬁp&ﬁ?&u&tcg%e th the

goal of ident |'? Shar eceuti ca s ca a ectivély treating
HCV i nf ect i on tiepompechrenically infected and many progress to chromc liver dl_sease so-called

15 chronic hepatitis C. This group.is in'turn at high risk for serious liver disease such
as liver cirrthosis, 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 tiver disease has not been thoroughly elucidatéd. Itis not known how
' HCV interacts with and evades the host immurie systém. In addition, the roles of
cellular and humoral immune responses in protection against-HCVf infection and
- disease have yet to be established. immunoglobulins have been reported for
o prophylaxis of transf@sion-associated viral hepatitis, however, ‘the Center for
25 ;'Dis,ease Controf does not presehtly recommé_nd immunoglobulins treatment for this
‘purpose: The lack of an'efféct'we‘pkotéctive immune response is hampering the
E de've;dbment of a-vaccine or adequate post-exposure prophylaxis measures, so in
the near-term, hopes are firmly pinned on antiviral intetventions.

30 Vé'ridus.‘c}inicai studies have been conductéd‘with the goal of identifying
' pharmaceutical agents Vcapable of effectivély treating HCV infection in patients
: afflicted with chronic hepatitls C. These studies have involved the use of znterferon-
“alpha, alone and in combmatlon with other antiviral agents Such studies have
- shown that a subs!antnal number of the partlc:pants do not respond to these
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‘afflicted with chronic hepatitis C. These studi es have involved the use of
“interferon- alpha, alone and in conbination with other antiVviMay28@fents.
Such studi es have shown that a substantial nunber of the participants do
not respond to these -1 4 May 2006 WD 03/ 064456 PCT/ CA03/ 00090 t herapi es,
and of th®&xI3eEs6 do respond favorably, a | arge propor tHGHCARAWI ound t o
rel apse after termnation of treatnment: Until recently, interferon (IFN)
was the only avail abl e therapy of proven benefit 5 approved in the clinic
for patients with chronic hepatitis C. However the sustained response rate
‘is low, and interferon treatnent al so induces severe side-effects (i.e.
reti-nopat hy, . t Myarapiedi anckof these thet garesparaitiavorably, déépgegepation wératoudd ti ni sh t he

qual ity of 1if geafb ahéQatithtiBRbi & ?,ﬁ ntRecently, interferon in conbination
wi-th ribavirin has been appr ove pati ents non-responsive to |FN al one.

However, the side effects 10, caused by IFN are not alleviated with this
conbi nation t he!napycenﬂgwér@r@mﬁmmtlﬁﬁonw ﬂbﬁbfe&h&ﬂpﬁé{(ﬂfbv@ﬁ bétieit | ntron(r)

and Pegasys(r) ca t. g 4‘1y res del eteri.ou

'si de-ef f ect bﬁ?prg W&F’"ﬂ%ﬂﬁ%‘e& ré’ﬁ’éflhﬁp @%‘ﬁ‘ﬂ’@ B SUHANE £ or

oral treatnent r@bond@vate wowrmldaitermqn teeatmaed aloo mucsasfseveré Side-efaced (ppnent  of
ffect t t f t

ef fective anti i, gggﬁupfoﬁmi‘s icg;%ga%%m ?e%sﬁlgié thél a‘ﬁ%ﬁ@@ qggﬁ%&‘i?é come

the limtations o I ng ceutica envel oped

posi tive stran8f fegdpapens.i lﬂeqen@y Itesteragin P@&éﬂﬂﬂawﬂyﬂb@h@hﬁ hegre 20 strand
HCV. RNA, genorrappr&eawrpaxémaﬁ&i Msfale RUENRNE dﬁ&wé\}ér lisngiddetfeod has a

B singl e oper readi n | ar | ypr ot ei n of
- ‘about 3000 ar’rf"ﬂi?e‘ga @"re? h%%‘@%?‘g‘ﬂﬂb@glcgmg'f'ﬁ %“%P@%F’BEV@ ‘?ppiogmt? feaved at
f-irruljt i ple tSI te;sldhqéféemeblsudt‘eas PEGthtron® ahd PegabpsEses dpparpnmaﬁiaﬂ;tétm&t;r uct ur a:c
and non-struc jon o
mat ure nonstr ug{ urd &%%Ggfglfdﬁsﬁ%uﬂégutaﬂ@?@}?ﬁ?@%@%mﬁgﬁ SSB) S
“effected by. t@Eieamentgtide¥ases. The first one, as yet poorly

‘characterized,.cleaves at the NS2-NS3 junction (henceforth referred to as

NS213 prot egse t he secopd. one erine protease contained within the
N terminal® gi‘%ﬁ o+ @ e("l\‘?@?@b?‘Sfjé‘éé@f"e&h?f offedive paiiviral jagents, for subsequent
cl eavages dovxneatmerarof Hcvm&:nobmahowmomesne inbitatitves diSdstigphaeicamiagie site,

and in-trans, {h%FapFeQe

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. Ininfected cells, this polyprotein is cleaved at multiple sites by celiular
) -' ; and viral proteases to produce the structural and non-structural (NS}, proteins. In the
: o case of HCV, the generation of matuse nonstructural proteins (NS2, NS3, NS4A,
25 -NS4B, NS5A, and NS5B) is effected by two viral proteases The first: one, asyet
- .poorly characterized, cleaves at the N52-N83 junctlon {henceforth referred fo as
- NS2/3 protease), the second one is a serine protease contained within the N-
; _-temlinal region of NS3(NS3 protease) and mediates all the subsequent cleavages
downstream of. NS3 both in cis, at the NS3-NS4A cleavage site, and j m trans, for the
_30 " remaining NS4A-NS4B, NS4B-NS5A, NSSA—NSSB sites.. The NS4A protein
- 'appears to serve multnple functxons ‘acting as a cofactor for the NS3 protease and
| . ': possibly assisting in the membrane localization of NS3 and other viral replncase
‘ _components The complex formahon of the NS3 protease with NS4A seems
necessafy to the processtng events, enhancing the proteolytic efficiency at all of the
-2.




, 30 remai ni ng NS4A- NS48, NS4B- NS5A, NSSA- NS5B sites. The NS4A protein
appears to serve nultiple functions, acting as a cofactor ferMap0MsS3

.protease and possibly assisting in the nmenbrane |ocalization of NS3 and

ot her viral replicase conponents. The conplex formation of the NS3 protease

" with NS4A saeispcascessary to the processing events, enhaagidagsédis

proteolytic efficiency at all of the -2 4 May 2006 WD 03/ 064456

. PCT/ CA03/ 00090 sites. The NS3 protein al so exhibits nucl eoside

tri phosphatase and RNA helicase activities. NS5B is a RNA-dependent RNA
pol ymerase that is involved in the replication of HCV. A general strategy

for the devel og&gni oltH ?nt i viral ents,is to, Lna tivate virally encoded
enzymes that arsSedBeNP? gotartlsq fvaits piiqiosp BIRRRPhatse Ind RNA helisass o] | owi ng
i's a |list of padiieities. dWGHA is atAiNAdepentdnt BNA golymetabethiatis invblesd inetar s t hat

“di scl-ose HCV' NS3: pf: 3j8& 1 nhi bitor peptide analogs that are structurally
-different. 10 ?@g%&%ﬁ*&

e conpounds of the present invention: GB 2,337, 262;
JP10298151;. JP 11126861; JP 11292840; JP 2001-103993; US 6, 159,938; US

6,187, 905; MO R/?;én@ﬁ%@éts%‘?o%é URASD MmN AR ivirardBnts isWQin%@M@ﬁ%ag WO
08/ 46630: WD 99/ 38888: l89/ 50230: . 99/;@44_ T 15 WD 99/07733; WD
99/ 07734: WO 0 LeRzyR)gs Bl a5 essentiahsr g/ rerygaign of eV 50929: WO 00/ 31129:

WO 01/02424; WO 01/07407;. WD 01/16357; WO 01/32691; WO 01/ 40262; WO
01/58929; WO O/ B4A78: WO: - 7113 [ 81325 VIO 02/ 08187;
VO 02/ 08198; 3@?8%‘%@94%%%%?%@@%@%@%@5@&a msRERALS: W

02/ 60926- and \isaze HEYNS3 protgag@iehibithy aentide enaidgstthas apr swictutally diffeneti on i s

that it preyi q%?n;hgicg,ﬁp&jn%ogggﬂgg&g%vgm& are inhibitory to the NS3
protease; an enzyne essential for the replication of the hepatitis C

virus. Furthernore, the conpounds are able to inhibit HCV RNA replication
in the replicomBeasy,2emdeio298%1AJPuN 140861, adviaptzage; JW 200nq0aggmect of the.

present inventjop ESSisI6S o 87905, W78 wo ss/17679; wo 9sro2496;
WO 88/46597; WO 98/46630; WO 99/38888; WO 99/50230; WO 99/64442;
15 ‘WO 99/07733; WO 99/07734; WO 00/69543; 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 01/77118; 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 édi/antage 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

Co) o " hepatitis C.virus. Furthermore, the compounds are able to inhibit HCV RNA

- .. replication in the replicon cell model.
‘ . Afurther.advantage of one aspect of the present iﬁvéntion resides in the fact that
S the compounds speéifit;ally inhibit the NS3 protease and do not show significant
'ir‘zhibitofy‘activity'agains‘t' other serine proteases such as human leukocyte elastase
. {HLE), porcine pancreatic elastase (PPE), or bovine pancreatic chymotrypsin, or
) 30 chiéiné.protea’s’es such as human liver cathepsin B (Cat B); '

" “SUMMARY OF THE INVENTION _
" Inafirst aspect of the present invention, there is provided a compound of formula (1)

-3-




t he conpounds specifically inhibit the NS3 protease and do not show
signiftcant inhibitory activity against other serine proteakkay20@h as
human | eukocyte el astase ("LE), porcine pancreatic el astase (PPE), or
bovi ne pancreatic chynotrypsin, or 30 cysteine proteases such as human
l'iver cat hgpab@esss(Cat B). SUMVARY OF THE | NVENTI ON I n gckichgdnegseprect of
the present invention, there is provided a conpound of formula (1) -3 4 My
2006 WO 03/ 064456 PCT/ CA03/00040 o (1) wherein R is hydroxy or NHSCZR A
wherein RAis (CL. 8)al kyl, (C3.&ycloal kyl or
{(Cl.6)al kyl -(C3.7)cycl oal kyl}, which are all optionally substituted from
.1to 3 tinmes wth halo, cyano, nitro, C>(C1.6)a|ky|, am do, am no or
phenyl, or RAis Cs or C16 aryl 5 which is optflogally substituted from1
to 3 tines with halo, cyano, nitro, (Cl. 6)al kyl{, O (Cl-6)al kyi, am do,
am no or phenyl; R2 is (CAG)cydoalﬁgg R3 {-®tuyl or (Css) cycloal kyl
and Ra is (C4-6)cycoal kyl; or a pharngcey y acceptable salt thereof.
10 I n a second aspect of t he present - there is provided a
pharmaceutical conposition conprising an antl-hepatltls Cvirally
effective amount of a conpound ofy Hﬁr a 1, or a therapeutically
acceptabl e salt thereof, in &4t u jth a harnaceutical ly acceptable
carri-er nmedi um or aUX|I|ary agedt . N1 207 Aogorgli ng to one enbodi ment, the
phar maceuti cal . conposition of thls i N urther conpri ses |nterferon
(pegyl ated or not), or ribavirin, or one &t ‘more ot pgr anti- HCV agents, or
any conbinatio 4%&of the above. scl gsed hergin is a nethod of treatlng a

_hepatitis C vif§ren Rrisbydrery qwfb‘?%mvﬁnemﬂyﬂ S kY eGengrdYRE manmal  an
anti-hepatiti s{(ozs)wkqucmcyelbamm iHigh arslidhlichallybsubEiaiiee traﬁla 10b Fmigzul a 1, a

pharnaceutlcall tab reof. oF 2. co s descri bed
above, al one or't)4 k) '%8 Hé&i’ W)?Fﬁ F"é""fﬁ?F Bhe ésr?‘ia‘f‘r?)“ﬂ Eegyl at ed
or not), o rl\ntblwhllarmnﬁonédv sulpstitutad fmbt@thmsmmﬂﬁbkmne.gmm §C1spediyl.ni st er ed
t oget her or S@@,@Eﬁh}’amdé amino or phenyl; R%is (C4.s)cycloatkyl; R® is t-btuyl or (Cs.)

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

10 ~ In a second aspect of the present invention, there is provided a pharmaceutical
composition comprising an anti-hepatitis C virally effective amount of a compound of
formula 1, or a therapeutically acceptable salt thereof, in admixture with a

- pharmaceutically acceptable carrier medium or auxiliary agent.

) . 15 According to one embodiment, the pharmaceutical composition of this invention
P ' further comprises interferon (pegylated or not), or ribavirin, or one or more other anti-

HCV agents, or any combination of the above.

Disclosed herein is a method of freating a hépatitis C viral infection in 2 mammal by
26 administering to the mammal an anti-hepatitis C virally effective amount of a
. compound of formula 1, 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 o




4 May 2006 5 10 15 20 25 Disclosed herein is a nethod of preventing a
hepatitis Cviral infection in a manmal by adm nistering td Mae2006mal an
anti-hepatitis Cvirally effective anount of a conpound of forrmula 1, a
pharmaceutically 4 acceptable salt thereof, or a conposition as described
above, alone or in conbination with one ore nore of: interferon (pegylated
or not), or ribavirin, or one or nore other anti-HCV agent, all of which
adm ni stered together or separately. In a third aspect of the present

i nvention, therggd NQW: f conpound of fornula 1, as

descri bed herei I%:séh?s&ﬁ _ h?" %érg%ganﬁlpgggéf%&é?n%ag ﬁ'g%f)%tgl'ﬁ'éﬁ\"@ 6’?‘9“5'%'" 3 M@@Meknt or
prevention of H¥padministeria ¢e the maminet eihomti-Hepaiitist @ wWirtlly effqeat abuithd a
present inventi®mpoliftLd® fofmdts OVI g€ i, C ition _.as defined above L
for the manufact mp(e) of a medi _cgyr're%t algrﬁg%e%gc@}’eg%%tygg sall é’\?@% i 8h %f a
hepatitis C vi FMPPHIALEF dRscrippd gbpye @ipngsereipt capbinatien with st orieremt éfon,

there is provi deerfarse (fbylated @FRONNA riBhvirid, OF Bk érrﬁor@%tf%‘?fahﬁﬁ% ME alt B
conbi nation w m}i]c(%ne or. tm)r? oi her anti-HCV agent for the man acfure of a
medi canent for ‘F1e TPRUHHEA o95IepPERFBARION of a hepatitis C viral

infection. The present description refers to a nunber of docunments, the

.cont ent of whi i e r par at ed ref erence, DETAI LED DESCRI PTI ON
OF PREFERRED Eﬁg%gﬁrl(\j/é%ﬁ% oo res ﬁ@ﬁ\’senggn’ﬁieé% 'SrPé?"é‘{]eﬁ’,tﬁ? HRe 93 qogaeHRd of
definitions apfﬂ"?‘}'léinl‘egs deseribedi lsareino faxdhe ihaufaotdre r afing enédicanteit iGiStrances
where (R or (Bhabrentisofbiofudlhanaiccliia aasghute configuration of a,

0

substituent or asymretric center a conpound of fornula 1, the.
desi gnat i ol is done in the context of the whole conpound and not in the

context of ~ the substituent or asymmetric center alone. 30
: In a fourth aspect of the present invention, there is provided use of a composition

as defined above for the manufacture of a medicament for the treatment or
prevention of a hepatitis C viral infection.

1{5 In a fifth aspect of the present invention, there is provided use of a compound of

formula 1 as defined above in combination with one or more other anti-HCV agent

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

20.

The present deseription refers to a number of documents, the content of which is
hert_ain incorporated by reference.

- DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
- . Definitions
25 ,
- As used herein, the following definitions apply unless otherwise noted:
w -refer.ence to the instances where (R)or (S)is used to designate the absb’lute
| cop_ﬁguratron of a substituent 6{ asymmelric center of a compound of formula 1, the
. @esrgnation is done in the context of the whole com |

| ‘ pound and not in the context of
..the substituent or asymmetric center alone. '

80 .




-5 4 May 2006 The designation "Pl1, P2; and P3" as used herein refer to the

position of the amno acid residues starting fromthe GCtedmnaysomnd of

t he peptide anal ogs and extending towards the N-termnus (i.e. Pl refers

to position 1 fromthe Ctermnus, P2: second position fromthe

Ctermnus, etc.) (see Berger A & Schechter |I., Transactions of the Royal

Soci ety London series 8257,.249-264 (1970)). As used herein the term

“"Vinyl - ACCA" refers to a conpound of fornmula: S O nanely, (1R, 25)

1- am no- 2- et henyl cycl opropyl carboxylic acid. The term "(Cl 8) al kyl " as used

herein, eith aphqN i3 n vvlth anot her 4 2006 WO 03/064456

PCT/ c:AosloooS]g1 sugg'%i"%emf ?E%Eﬂgr@ é%@c §0iherely relar i eBPS"Eﬂ"é’tﬁE'ﬁém%ﬂ kyl

subst i t uent s aigHesifuss flgrting from the)C-teminusiead otathermptﬁiﬁdnalagd Mﬂ%ﬁenﬁ@: exanpl e,

nmet hyl, et hyltowazdmbmg,hﬁmél , octyl. 5
G P st BESDN e b Sognii P2 %Fceeﬁm

Theterm"( O’{Pﬁé 'ﬁﬁl as used he i nation
with anot he BBEI9M e te"mgcé(%?@emky&mmu‘Bansactinﬁsaifmeng from 3
to 7 carbon - Mmaapdondmlsum_gzpémmgyém )cycoobutyl, cyclopentyl,

cycl ohexyl and cycl oheptyl. The term"((Cl s}al kyl - (C) cycl oal kyl }" as used
herei n neans -a cycl oal kyl radical 10 containing from3 to 6 carbon atons
directly |i nReysadhesain thiegrindviayHAQMIAC adters adh Bbiipdi@id bf fom@a-car bon atons; for
exanpl e, cyclopropyl nethyl, cyclopentylethyl, cyclohexyl nethyl, and

cycl ohexylethyl. In the instance whereSRIRi s a {(C, .9g)al kyl - '
(C3.6)cycloal kyl}, this group is attadedgyo the SO2 group via the

(C .6)alkyl (i.e. the alkylene poMni’ on 15 The term"C6 or G o aryl" as
used herein, either alone or In conbi naU on with another radical, neans
ei ther an ar clic oup containing 6 carbon atons or. an
aromatic bi c@rcﬁfaﬁyc?ﬁfggbfg él“‘%ﬁ" cydoprenvirerboaylioresid. For exanpl e, aryl

i ncl udes phenyl, 1-naphthyl or 2-naphthyl. 20

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

\—5a-'




The term"O (Cry) al kyl" as used herein, either alone or in conbination
with another radical, nmeans the radical -O (C")al kyl whereiqMabRgdsis as
defi ned above containing up to six carbon atons, and includes nethoxy,

et hoxy, propoxy, 1 -methylethoxy, butoxy and 1, 1-dinethyl ethoxy. The

| att er radW@eicstsaown commonly as tart 25 butoxy. The tecwCAésoed as used
herei n means a hal ogen substituent selected frombrono, chloro, fluoro or
i odo. 30 The term "pharmaceutically acceptable salt” neans a salt of a
conmpound of forrmula (1) which is, within the scope of sound nedi cal
judgment, suitable for use in contact wth the tissues of humans and | ower

ke commensaratbenl kel seyisiabhio Biaodhra it eB-PUnE SSRGIREI RS Lo e

or- oi | - sol ubl & carbod npersd idides fior extimplet metbyli ethyli Bimethyibexybrided use. -6 4
May 2006 VO O30 X 99090 The term i ncl udes ' :
phar maceut i ca’lﬁ{ y-é’@g’ﬁ?‘% (Ea;@g%f‘d addition salts and :
pharmaceuti cal | y-accept abl e base addition salts. Lists of suitable salts

are found ign, The tdim“(C3,)McidRikyDas sedterein, bith&i@dn@or BdombinkBdwitf6, pp.. 1-19.

whi ch i s hereb i ncorporated by reference.in.its .entjirety._5 The term
" phar maceut | cAMeteroRelienh meansH ydoalvfsibstiualt pontsiaing koM Z28%RN s i ch
retain the bi etcogiapelincktibeciclopapgls syclobdiyh cyjirpettyk sycivhexyhend cyelhbptges and.

which are not biologically or otherw se undesirable, formed wi.th inorganic
aci ds such as hydrochloric acid, hydrobrom c acid, hydroiodic acid,

~sul furic aci dTheterm i e)aliyl-Es)cidoativlt acused ihgreingReansigoyrlealiad ratlicabnd t he-

- i ke, and 4gr ggdlitsiniag irekd 338 8lkadsn afRls dire@fliflked th bh &I/ AGIRE conBFing
“tricuoroaceti c acl

= d, adipic acid, alginic acid, ascorbj cid, aspartic
aci d, benzened® ¥ &P %ie'}%ai,fmb%ﬁﬁ'aleccs%bptﬂw'ﬂ H%ﬂfi‘i%@ﬁ%ﬁ]y acid, butyric

Sp_i F , canphor bp:émkﬂnedeqmmlemyadh the instarcamiherecR™ & a {tﬁ;{,d)ziuql-gag id,
i gluconic. a ' e iC i i d,
G Scor ophosph il diali€ affentls (She SOTeuB T the @il BT o o

form c acid, ~ikemndportiam).d, 2- hydroxyet hanesul fonic acid (isethionic acid),
- l.actic aciyg, maleic acid, hydroxymaleic acid, malic acid, nalonic acid,
~mandel i ¢ aci d,_ nesi tﬂgl enesul foni c acid

The term “Cg of C;o aryl” as used herein, either alone or in combination with another
radical, means either an aromatic monocyclic grodp 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,g)alkyl wherein alkyl is as defined above containing
i ? N | _ . up to six carbon atoms, and inciudes methoxy, ethoxy, propoxy, 1-methylethoxy,
' .+ . butoxyand1 ,1-dimethylethoxy. The fatter radicalis known commonly as fert-
25 . butoxy. '

The-term'“hato” as used herein means a halogen substituent selected from bromo,
" chloro, fluoro or iodo. '

 ’ 36 The term “pharmaceutically acceptable salt” means a salt of a compound of formula
- (1) which is, within the scope of sound medicat judgment, suitable for use.in contact
with the tissués of humans and lower animals without undue toxicity, irritation,
allergic response, and the like, commensurate with a reasonabie benefit/risk ratio,
generally water of oil-soluble or di‘spersible; and effective for their intended use.
-6-




met hanesul oni ¢ aci d, napht hal enesul fonic acid, nicotinic acid, 2-

napht hal enesul foni c acid, oxalic acid, panmpic acid, pectinic¥ayd006

phenyt acetic acid, 20 3-phenylpropionic acid, picric acid, pivalic acid,
propi onic acid, pyruvic acid, salicylic acid, stearic acid, succinic acid,
_sulfanlIldwaﬁﬁm¢56artar|c aC|d p- toluenesulfonlca0|d PCIFICLAA009D C aci d,
~and the like. The term' pharnaceutlcally accept abl e base addition salt"
means -those salts which 25 retain the biological effectiveness and
properties of the free acids and which are not biologically or otherw se
~undesirable, fornmed with inorganic bases such as ammonia or hydroxide,

car bonat . of 1hb SRk pRimABRO IR T Aladhoh kR soh 25 sodi um

potassium |lit manganese,
al um num - andPhdreareytieallypgeeptablg lbaswdq!ﬁmr%m e'dstapéswtn@e saftsce formd Wot assi um

30 sodi um cabkgl @wm. aﬂ;@ STBGNEPhANN 8@, 1977, 86/ppS1-48nidds héren)
phar maceuti cal | | e or 3§n| ¢ nontoxi ¢ bases include salts of

primary, secoﬁ'ﬁérl"?rat ’?'gﬁ“F%'f‘ eq¥ifes, quaternary ami ne conpounds,

substituted am nes including naturally occurri ng substituted am nes,

| ' i - | am
i et hy | am ne T0e ErmapamacRli AR RHRyE Sol daud i ASand RhPERMIB s v
03/ 064456 PCTretA0 8redtdaical effectvepessrnd @ropediep obiby frarrbares and wWhiclhpreinetri ne,
Lri butyl am netiopbieaRl aifbfss ufdbiaBRNGIAS o ndudisBidb@ALgOCt hanol

2-di et hyl am npet hanal HJC oh e(bé?am ne, ysi ne, .argi ni ne, hist'idine,
- caffeine, hyd Pyisechiqris acidifydropeomi ddlhﬁq{ow@f:ﬁ?fjeﬂ@m'%ﬂq‘]éu' a“'tﬂ b sani ne,
“met hyl gl uaan sigic a‘cmeﬂbfspmriaemdmwltmme mmgaim avids satipas addtiegcid,N 5

Somsornier " oy PRelBbAR IR M ATERAlC AL RRC B Sy i SHR bR BEN |
N- et hyl nor phwnan@ aciddbwemﬁhwm h@zomalgldnaﬂymtmh@zom acid, butyric
N, N- di benzyl pQ&&‘%ﬂ%h&f@d&% c&n;ﬁﬂ&ﬁmm cmh\!arhic a@nh%ﬂé%@@fﬁ(da%@d' am ne,

pol yam ne resi-ns, and [T ke. Particularly preferred organic nontoxic
bases are i soﬁ?'@r;ﬁ’;‘/ﬂ"é}ﬁ?w&"'c aridtaARinafid, shcelitgrid: QWF?fBPhOth‘{"PF‘ﬁ'ﬁ’t hyl ani ne
di cycl ohexy! anrgrmisulficdon, hamanovmbnd;aéiaabnecsdwﬁ&mb acig) fimarid add; @1 agent "

used herein nd. or .0 t hat. i.s effectlveto
BT Che [t BatR finid SRS AP At ndeie hOR kiR diE L Ve
i ncl udes agentsid,mhalic acidt malbric acidhimandeictaeidh misitylenesulfonie atid,mechani sns
necessary 15 Fnefhah&%n&%a@aInashnw{eemfohﬁaum&dtﬁma% A virus in a manmmal .

Ant i vir aI agents I nclud
naphthalenesuifomc 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-tolueﬂesulfonic acid,

undecanoic acid, and the like.

The term “pharmaceutically-acceptable base addition sait" means those salts whlch
26 retain the bielogicat effectiveness and propertles of the free acids and which are not
biclogically or otherwise undeswable, formed with i 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, cobpér, manganese,
~ aluminum, and the like. Particularly preferred are the ammonium, potassium,

30 . -sodium, calcium, and magnesium salts. Salts derived from pharmaceutically-
‘acceptable organic nontoxic bases include salts of primary, secondary, and tertiary -
‘amines, quatemary amine compounds, substituted amines including. naturally

occurring substituted amines, cyclic amines and basic ion-exchange resins, such as
‘methylamine, dimethylamine, tﬁmethyle_xmine. ethylamine, diethylar_nine.
-7




- asi al o- |nterfe

for exanple, ribavirin, amantadine, VX-497 (nerimepodib, Vertex

- Pharmaceuticals), VX-498 (Vertex Pharmaceuticals), LevovirisMayoasr di ne
.Cepl ene (nmaxam ne), XTL- 001 and XTL-002 (XTL Bi opharnaceuticals). 20 The
term ot her anti-HCV agent as used herein neans those agents that are

ef f ecti ve wops/glisgsioni shing or preventing the progressi onpof/Chematsoti s C
"related synptons of disease. Such agents can be selected from anti-vi raI
©agents, inmunonodul atory agents, inhibitors of HCV NS3 protease,

i nhi bitors of HCV polynerase or inhibitors of another target in the HCV
life cycle. 25 The term "i munonodul atory agent" as used herein neans those

agents (conpqy oy hi ol o al S are ffectlve t o, enhance or
potentiate t hgn‘?{ﬁﬁ&m@e’ '§‘§P§?p Eﬁ? ylapmyne, ti e, §RARIAIMAS Ul at ory agent s
i ncl ude, for eMmiotamlne: Eainaethy!amhaethambr%:he{ﬂw!mﬂnn@hmel dicy:ichaxylmiineg a
interferons, ine é?rtgﬁm rﬁlglgierlgaf@%s rﬂr[ét @f]oﬁlr% %Qt%m@ncgh enedié ine

nt ef f'er on I nterferons) and
pegyl at ed i nt &ifcesasmine, w@hsﬂséwmmmmeblpmweomuma/pms@zwmlmg@e, Ms used

Pﬁr e:cn rrfanss aéfaa aanéqeﬁaﬁémﬂar%ommﬁloeﬂbgtgm téthilh g’a@@%@?}a | ve CtA 83388581;
e function o s
in a manmmal . ICHHPB'I'ngS@'"E'Pe'I-@ ‘ﬁ@%‘gﬂ%@hﬁ@@%‘w'mm%%mew & hose

~ conmpounds des alidybieikxylamii®, SiBéyiatie, W—&Béﬂ?ﬁ%eﬂwﬁr@fﬂ 92phdhami®, 00/ 09543,

WD 00/ 59929 did
dent1 11ed as MICPSERERYE adilRe, B6A0IRRRS ARG Bl el B0 000
5 identified ®gayicropxisbates Bqisenopyl@pine, deihamige, etenglamings # 2, 3, 5, 6,

8, 10, 11,40 18mdtfylarde, AcloRebeyladfine, BRoling find 3fteire>, 59, 71, 91, 103,104,
‘105 112,113, 114;° 115, 16, 20, 122 123 124, 125, 126 and 127 di scl osed

in the tabl e of pages 224-226 in WO 02/ 060926, can be used in conbination
with the Corrpdhﬁtlh?nﬂ’&nttvhﬁ apeMs enlisedihBieihiar3.an Bgerttieonipdund oribidagidaf)or  of  HCV

crtective o (AR CRALPRENR RO BRER G Bl Shar ) TRt TS
: _ _ This mcludes agents that :nterfere with either host or viral mechamsrns necessary
15  for the formation and/or replication of a virus in a mammal. Antiviral agents include,
_ for example, ribavirin, amantadine, VX-497 (merimepodib, Vertex Pharmaceuticals),
© VX-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
(compbunds or biologicals) that are effective to enhance or potentiate the immune
- system response in a mammal, lmmunom.oddiatOry agents include, for éxamp!e,
-class | interferons (such as -, B- and omega interferons, tau-interferons,
30  consensus interferons and asialo-interferons), class il mterferons (such as ¥
"mterferons) and pegylated interferons.

-The term “inhibitor of HCV NS3 protease” as used herein means an agent ,
(cornpound or biological) that is effective to inhibit the function of HCV N83 protease‘ ‘
-8-




mammal . This includes, for exanple, inhibitors of HCV NS5B. pol ynerase.

I nhi bitors of HCV pol ynerase include non-nucl eosi des, for exeapbeosthose

conmpounds 15 described in: US Application No. 10/198,680; which corresponds

t o PCT/ CA02/ 01127, both filed 18 July 2002 (Boehringer Ingelheim, US

~ Applicati WO 0964430/ 198, 384, which corresponds to PCT/ CASA/@PL¥9®I pot h
“filed 18.July 2002 (Boehringer Ingelhein), 20 - US Application No.

10/ 198, 259, which corresponds to PCT/ CA02/ 01129, both filed 18 July 2002

‘(Boehringer Ingelheim, - WO 02/100846 Al and WO 02/100851 A2 (both Shire),

- WQA1/ 85172 Al and WD 02/098424 Al (both GSK), - WD 00/ 06529 and WO

0206246 Al (g kb s of ﬁééﬂ%&%geaaqdme%mm%e(both Japan

Tobacco) and. EP 1 ouron Furthernore ot’her i nhibitors of

HCV pol yner as@"&ﬂ'%@ ﬂ%ﬂcﬂw 'H %968334 P 0RREEH WO t hose
conpounds desom/om wmoorSﬂQz@béW@oe@@z& ltisteBdehjinged hgelhdif diAcd169903 A2

Bi t Ph | 7A2 dV\DOZ 425 A2
E bl)t?ﬁr?\//Zrck/ ?éﬁ{%)cd% %ﬁ'?q %Sngk‘(ﬁrﬁf)’?gaé‘d% \9% '%?'t ygr a Qﬁﬁo rase,
i ncl ude JTE- omgpm@ﬂsmsamdwmoa_mmrﬁmh cooipauns)# 2, 395 ﬁ,wp P06 WD
03/064456 PCT4§4@3éd&%99:9| ﬁ%até’f @b'éﬁ‘b@'ﬁ% %3 %E’Hggrnbaﬁ@ehd g he HCV

life cycle" as use neans

: cﬁ'% bio cal’) that is
Y T a1 S0 H AR, 5 apAT 5 disciised P bl OLAMORERIA-EoR or

ot her than byiniwbio2ios09s, tarebd usedlin SmbiHatibmwit Ry coigountld GTtiRAsiEsent Ni S
I ncl udes agenis that interfere with either host or HCV viral 5 nechani sns

necessary f or MYHWOR 5t i on and/ or replication of HCV in a manmal .
. I'nhibitorgoof another target in the HCV life cycle include, for exanple,

“agents that ipnhihi t.%iﬂb.{o§59|$év ﬁ@kr na & o5 R ﬁHegﬁ’ssﬁ agf?eﬂt Msﬁali

protease and an In ri bosoma entr
speci fic exanff kiolegicallthatiis eftactivede inkibi thedhinction of an ey polymerase ina

mammal. This includes, for example, inhibitors of HCV NS58 polymerase. Inhibitors
of HCV polymerase include non-nucleosides, for example. those compounds

15 describedin: '

- 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/CAQ2/011 29,
both filed 18 July 2002 (Boehringer Ingelheim),

B - WO 02/100846 A1-and WO-02/100851 A2 {both Shire),

iy ‘ - . WQ01/85172 At and WO 02/098424 A1 (both GSK),

B - WO 00/06529 and WO 02/06246 At (both Merck),

25 - WO O01/47883 and WO 03/000254 (both Japan Tobacco) and.
- - - EP 1256 628 A2 (Agouron). '
Furthermore other inhibitors of HCV polym'eré‘ee'aisO ieciude nucleoside analogs,
for example, those compounds described in:

- . WO01/90121 A2 (Idenix), ' :

30 - WO 02/069903 A2 (Biocryst Pharmaceuticals Inc.), and
- WOO02/057287 A2and WO 02/057425 A2 (both Mercklsis). .
Specific exampies of inhibitors of an Hcv polymerase include JTK-002, JT K—003 B
and JTK-109 (Japan Tobacco). :




target in the HCV Iife cycle include |1SIS-14803 (1SI'S Pharnmaceuticals). 10
The term"H V inhibitor" as used herein nmeans an agents (comiadndocs
biological) that is effective to inhibit the formation and/or replication
of HV in a manmal . This includes agents that interfere with either host
or viral wendsamd4sars necessary for the formation and/ orpeBphdzeedson of H V
~inammmal. HV inhibitors include, for 15 exanpl e, nucl eosidic.

‘i nhi bitors, non-nucl eosidic inhibitors, protease inhibitors, fusion
~inhibitors and. integrase inhibitors. The term"HAV inhibitor" as. used
herei n neans an agent (conpound or biological) that is effective to

inmhibit the f tign and/ or replication HAV in a nral . This 20
i ncl udes agen?égéﬁ'ﬁt*“ﬁ"ﬁpoéﬁ@?oéh%?ﬂ&@ @ﬁé&(’r'lgg%w%ra%ﬁﬁg&“?'emwiagm
necessary - f or agdnt{cofmpourat ordivlayicil)dnat issgiflettiva ta iohibibfhe iAation andeammal . HAV

Drteth . Lo ! . ;
o (i FRUEY VBl AR BT RSN ) o
The term "HBWPiolgas®; Thip inclides agentsiteat énterferpuitseitaar RastenHE Wirmbound or

b} ohgg/ icaly HaatanisthsebeshiyME: the idrBidAldndlohRpRctio e Y ARdharmaiep! | cation
(0} In a

|. This incluydes ts that jnferfere with either host
or viral machiiRlers of aotes igetib e HEY g Srcledtause. B @i SRR BE o of LBV
Jin a mammal . - inBivit asdrpdtiselettad froo aiskticasepan HEWX BNISRI3@rotagaserdnd ahlirmibitordii bi t HBV
~viral DNA pol \ i ) LT e f.. HBV
i bi tor s | T ngossnal By K6 BRESE. rﬁ-ﬁ%%ﬁ#f oo ARl aflind’)
Ent ecavir, FT@rgetimnthe HEVlitergyple imphp [$154@B03 (SIE Mikarmiagestiaal$)-ne(r) ), AMB65

. (.Anr ad) , kgt (Tel b.ivudine), nonoval -LdC(Val torcitabine), ACH 1 26, 443

(L-Fd4C) (Achillion), MCCA78 a%El i Lill Eﬂ(? Raci vir %FI uoro-L and O
nucl eosi des, RY¥HEER ANV LT ap uredhriain Tlepna agenis{rompaysd onpidlegical)  xTL- 001
(éT L), | ;n na—e HBugs effediNoyhhitiiNdg forttioh diior %%ti&ﬂfﬂﬁﬂ%é#ﬁ&lwact ThﬁAOSlOOPgﬁ
ner : ; . nterferon al pha
50" V00D ( rBRrE qaaRha FRARACRAN SRp sl GG PReessMBL bRy,
Thynosi n al phigrmatioRadd(ri replicalion ¢iBUV bNtmampel. 8V (nkididesridelede) for HBV DNA :

vaccine  def beniib fidddidio infilbithré Moh A8dedsidicifitiors, BRERR ifRlbidrs ((BaYET ) -
Nabi - HB' ( Nab] %'i__and 5 Anti-hepatitis B (Cangene); and HBV vaccl ne products

suc h as the fBhiPigaks ﬁ@j_.‘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®
ey . (Aventis Pasteur). -

26 The term “HBV inhibitor” as used herein means an é‘geht (compound or biological)
‘ that-is effective to inhibit the formation and/or replication of HBY in a mammal. This
includes agents that interfére with either host or virél*mechanisms necessary for the
. formation and/or replication of HBV ina s’hémmal. HBYV inhibitors include, for
example, agents that inhibit HBV viral DNA polymerase or HBV vaccines. Specific -
30 eka'mples of HBYV inhibitors include Lamivudine (Epivir-HBV®), Adefovir Dipivoxil,
~ Entecavit, F'I’C:(Coviracﬂ@). DAPD (DXG), L-FMAU (Clevudine®), ‘AM365 (Am'rad)-,:
Ldt (Telbivadine), monoval-LdC (Valtorcitabine), ACH-126,443 (L-Fd4C) (Achillion),
" MCC478 (EH Lilly), Racivir (RCV), Fluoro-L and D nucleesides, Robustaflavone, ICN
2001-3 {(ICN), Bam 205 (Now)e!os), XTL-001 (XTL), Imino-Sugars (Nonyl-DNJ)
. -10- .




Engerix B, Reconbivax HB, GenHevac B, Hepacare, Bio-Hep B, Tw nRi x, Convax,
Hexavac. The term"class | interferon" as used herein neans 4MayR0& f er on
selected froma 10 group of interferon that all bind to receptor type I.
‘Thi s i-ncludes both naturally and synthetically produced cl ass |
‘interferoms0odeatspl es of class | interferon include a- =aeT/Camageo
interferons, tau-interferons, consensus interferon, asialo-interferons. The
term"class Il interferon” as used herein nmeans an interferon selected from
a 15 group of interferons.that all bind to receptor type It. Exanples of
class Il interferons include y-interferons. The pharnmaceuti cal

conposi tions the,i nti.on contatn,one nor,e diti | active

agents sel ect g%yne]rgm F@fgﬁy&'e arﬂgaxﬁmug?ﬂ'?‘%ﬂk}l%{lpmag'gﬁtsg‘m%'"gﬁdﬁ{?ﬁgﬁaul atory

agents, other 2bHESI00 GHeliEdHEV hriBligpy EpEasene), EHIBEY (knze erchomv

pol ymerase, i Rj ty \ﬁ%ffﬂl

~inhibitors, I—&@bmb&lrﬂglgﬁ)g Bﬂ'_‘%@@bgﬁ Q%“@%ye& suc agent s are
provi ded in t lidsffeaiGanter), HB&! asmu(@ra@amwwesa%memmmphe? @Vabdanexanpl es

~of some of ¢t hegg. h@ﬂﬁlﬂé B r(rgéﬁqehbﬁtaﬁé HBVV3Ykine ;rro@tﬂ:tté éﬂcﬁ%&ﬂ%ﬁr&%ﬁr ribavirin

and amant adi ne; nuno atorl)(%/ ents: ass I nt erferon, cI ass 11
i nterferons ar?&gﬁ'@‘g%ﬂw*"?’ﬂﬂ Hg¥RS B, Hopasare, RieHep B, EWBB'H-&O“BV&Fget in

the HCV | ife ¢prbwcthat inhibits a target selected 30 from NS3 helicase,
HCV NS2/ 3 protease or internal ribosome entry site (IRES);. H V inhibitors:
- nucl eosidic inhibitors, non-nucleosidic inhibitors, protease inhibitors,
- fusi on inhi bi fToe ermriclasstirderfeasrd as nbadierein syeans an HEVeronhielai:tewfrem aagent s that

inhibit H

030064456 Wy Ps ST RSHBRNLIES PGPt rbopf HHEY, YREREHfes buliiurd

~ cont enpl at ed mwrpaflya)rwm@lmlmteﬂqrwxamp@; of qﬁssézrq&r@mawhrﬂe e!al |y
accept abl e sal B- biegLterfetons, G- REMeidnS [ ohSshsiid i‘rﬂerf@rton% &gﬁﬁmt@’ﬁ@mﬁgd' tional

agent selected front an antiviral agent, an | nmunonodul atory agent,
anot her inhibitor of HCV NS3 protease, an inhibitor of HCV polynerase, an 5

i nhi bi tor of Fnetdnarciasybferferant sk Nereinlrfedii Gh oo delciedlioli 4 or, an HAV
! nhi bl t or 15 group of interferons. that all bind to receptor type Il Examples of class I inte_rferons

include v-interferons.

The pharmaceutical compositions of the invention may contain one or more
additional active agents selected, for example, from antiviral agents,
20 ,irnmunomodulatory agents, other inhibitors of HCV NS3 protease, inhibitors of HCV
pdlymerase, inhibitors of another target in the HCV life cycie, 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 fisted below:
» _anfiviral agents ribavirin and amantadine; . B '
] :rnmunomodulatory agents: class l interferons, class Il interferons and pegylated
interferons; '
. » inhibitor of another target in the HCV Irfe cycle that inhibits a target selected
30 from: ‘NS3 heficase, HCV NS2/3 protease or internal nbosome entry site (!RES);
= HIV inhibitors: nucleosidic lnhlbltOI’S non-nucleosrdrc mhlbrtors protease
' inhlbrtors fusron mhibltors and mtegrase mhrbrtors or .
- ‘HBV inhibitors: agents that mhrbrt HBV vu'al DNA polymerase or rs an HBV

vaccrne . e
. _.~11--
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and an HBV inhibitor. Exanples of such agents are provided in the
Definitions section above. These additional agents nmay be cpwayre06w th

t he conpounds of this invention to create a single pharnmaceutical dosage
form Aternatively these additional agents. nay be separately

adm ni st emaobsteetashe patient as part of a nmultiple 10 domemesdsooew for
‘exanpl e, using a kit. Such additional agents may be admi nistered to the
patient prior to, concurrently with, or followi ng the adm nistration of
wherein a conpound of fornmula (1), or a pharmaceutically acceptable salt
t hereof. -As used herein, the term"treatnent"” neans the adm nistration of a
- conmpound or 15 conposition according to the present invention to alleviate
or elimnate synptons of the hepatitis C disease and/or to reduce viral
~load i n a pat Asdiscusfed atwwd, dombimation thérapy isrcomtépplated mthiersint' a camapaaind e

adm ni strati og, Qf.. @nC ; ik | | : ent

i nvention pos@@%ﬁ@hﬁ%ﬁ nﬁ?gﬁtfcﬁlclf%@g*léts %%ﬁggg%%%rgﬁi&é%tg‘?‘gef %?e t he
appear ance of leastane aeditional ageat selesteddom: an gptiyiralgpedy an ipmynemogddatadyt  on of
the virus in hét hene: inhibhieh 6rHeW NeBpasie 458 MrSintibitr 61 ROV polyheame ands. of

formula 1 as defjned ahov erein R ..is hydroxy....25 N .
NHSC2cyct opro L‘Wl"ﬂ?@g@ﬁiﬁ&% 'Be il 5‘6’%3" W’PE‘*"M‘%{?’E‘PB% opyl or
NHSO2Ph. = Al t eantban KBV inhibitws Exgmpiéofslokly agdiits are proviied inthe Peffitnabl vy,
conpounds of . " i 0. i or
oyl onoxyl - nELTOTaTuE, TSl QMG Sbiisg i i SRSk O
 1-butyl or cytisierention toresie yieglephasmaceiical dosagpdenp Altesnalivelvabese, conpounds -
~of formula 1 Q&dit%ﬁﬁl'aggggﬁ%?g.@g%gﬁ?@ %d@édifer@?’ﬁtﬁé’%%?éhtd%gaﬁowgmﬁfgﬁgnyp
. S , | yi.

Vor o pr of 40 sbGRa0% B IALRNaAPPlsy Sl 1 S achipanaotts by be lmEIA Rl | o
hydr oxy, | sz withe pilieageior loscangatanty Ml or folldwiRg thesadmirtisitadion ctn;‘l\?releairpa eR; erably,
a conpound o ef, ei _ / utyl, is
‘t-butyl and chrﬁéoggégﬁfé%@gh{}ﬁ? P r%héfg%ﬁgélg%p%@c%ﬁpﬁﬁeﬁﬁ of formula 1
‘Wherein R is hydroxy, R2 is cyclohexyl, 10 R3. is t-butyl and R4 is

cycopentyi.  Asused herein, the term “treatment” means the administration of a compound or
"~ 15 composition according to the present invention to alleviate or eliminate symptoms of
the hepatitis C disease and/or to reduce viral foad in a patient.

As useci hereiri, the term “prevention” means the administration of a compound or .
composition according to the present' invention post-exposure of the individuat to the

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

P'refe,rred‘ embodiments _
F’refefably; compounds.of formuia 1 as defined above wherein R'is hydroxy,
" 25 NHSOMe, NHSO.cyclopropyt or NHSO,Ph. More preferably, R' is NHSO,-
' cyclopropyl or NH_SOQPh. Alternatively, most préfe'rabiy, R'is hydroky. '

Preferably, compounds of formula 1 as defined above wherein R? is cyclopentyl or
cyclohexyl. Most préfékably. R?is cyclopentyl. - '

30 ' | ) ; SR

Preferably, Ris t-butyl or cyclohexyl. Most preferét_bly,ha_ is tbutyl.

"ﬁreferably, compounds of formuta 1 as defined above wherein R* is t_:yclqbutyl‘or"

-12-




More preferably R is NHSO2Ph, R2 and R4 each is cycopentyl and R3 t-butyl.
More preferably, a conpound of fornmula 1 wherein R is hydradyay B¥®6 s
cyclopentyl, 15 R3 is t-butyl and R is cyclobutyl. Mre preferably, a
- conmpound of fornmula 1 wherein R is hydroxy, R2 is cyclopentyl, A3 is

- t-butyl awed@®bedsss cycohexyi. 20 More preferably, a conpetmdaafoedoor nul a 1

~~wherein RL is hydroxy, R2 and R each is cyclopentyl and R3 is cycl ohexyl.
- 'More preferably, -a conpound of formula 1 wherein R . is hydroxy, W R3 and

= anot her i nhi bi

"R4. each is cycopentyl. 25 According to an alternate enbodinent, the
phar maceutical conposition of this invention nmay additionally conprise

" anoth t cv t | ud - | ph
) S?O(bg[ a;i,n ;. %@%ﬁ% os}%xa?ém?%?ﬁﬁbé? mega?gleﬂtZr:‘g(r:oﬁ = r?ba\(/?rf)na?and

“amant adi ne. 30 Accor d| ng to anot her alternate enbodi nent, the
phar maceut i C%o&%@éb&/&’ébn?ouﬁ&‘bﬁondu&vﬁﬁg aaaﬂe@a%vam;é.@ﬁaislhyd@mr ise

rot eas According to another alteéernate

~embodi ment , tﬁ@%rﬁ?ﬁ'&b“tﬁ”’%ﬁ"%ﬁ’ﬁ’p@s’?“’% of this - 13 4 May 2006 WO
03/ 064456 #£CT/ CA03/ 00090 i nvention nmay addl tionally conprise an inhibitor

of HCV pol yne ase. ordin a r al tier S nt. the
pharmaceuti ca &ﬂ‘rﬂA '?ﬁlﬁ'i %?10"%’}0""‘{ %ﬁém]u ?rS'H '#Té?/ﬁy%aog‘yt 'ﬁ%r%g’(ﬁn% nprise an
‘i nhi bi t or -of . Blis¢butyizang®*ss dydlopdrdl.HCV | i fe 5 cycle, including but not

limted to, helicase, NS2/3 protease or internal ribosone entry site

(1 RES). The pharnaceutical conposition of this invention,
admi ni st er ed. Meregreforably meompoundefiformyla 1 whergiq R' r'l“b'l‘yélfﬂ"éfonr'%gﬁﬁ'%i‘)f’ O al

- adm ni stragi oR®iet-o@ENAIRY T tlopehnly 10 injection is preferred. The
' phar maceutical conposition of this invention may contain any conventi onal

-non-toxi c pharmaceutically-acceptable carriers, adjuvants or
More preferably A'is NHSO,Ph, R? and R* each is cyclopentyt 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
| eachis cyclopentyl. ' ' ‘

' According 1o an aiternate embodiment, the ‘phanhaceuticat composition of this
invention may additionally comprise another anti-HCV agent. Examples of anti-HCV
agents include, o (alpha), -‘[5- (beta), - (della),'.'y- '(gammé) or - (omega) interferon,

ribavirin and amantadine. - * -
s o
According to another alternate embodiment. the pharmaceutlcal compaosition of this
* invention may addmonally oompnse another mh:bltor of HCV NSB protease

_Adcording to 'anothé_r altei*haté;_ér_:iibodiment, the pharmaceutical composition of this
S8




vehicles. In sone cases, the pH of the fornmulation may be adjusted with.
pharmaceutical ly acceptable acids, bases or buffers to enhancefayheos
stability of the fornulated conmpound or its delivery form The term
parenteral as used herein 15 includes subcutaneous, intracutaneous,
i ntravenos® osiepdds@nuscul ar, intra-articular, intrasynom@taoesionios ast er nal ,
intrathecal, and intral esional injection or infusion techniques. The
. pharmaceutical conposition nay be in the formof a sterile injectable 20
.preparation, for exanple, as a sterile injectable agueous or ol eagi nous

. suspension. This suspension may be fornul ated according to techniques

‘known in the art usin Ui tabl e di spersipg or wetting agents (such as, for
_ exanpl e 'Tmeen_'“gﬂ")t'oﬁﬁﬁg agélg‘fﬂé‘ﬁ’(ﬁq‘fﬁ’"ﬁ%‘)g'hf’s’?’" D HeYpolymerasgceut i cal
- conposition of this invention may be orally adm nistered in any orally
. acceptabl e do . m.J | limted to. .cagpsules, tablets,
and aqueous g‘g%g%@gﬁis%%h§pé%att$%g%%rltt'ﬁ%ap %Swwc’%}gW%‘%S@b?(? or al
- use, carri er sthisipvestioranay adsitionallyrompeag anruhibite of eiberdargetaimdhe BBV ditear ch.
Lubri cating ageid fmeludiHg But rﬁﬁumam&%ﬁt%é,tm@é&eagéﬁi@_kﬁﬁu db¥Béri&! |y added.

u [

_For oral admnistration in a so capsule form’ use uents 1 ncl ude

| act ose and dfTF®REFRSYarch. Wen agueous suspensions are adm ni stered
orally, the active ingredient is conbined with emnulsifying .and suspending
agents. |f degir rEain s eni.ng. and/ or flavoring and/ or coloring
~agents may bgi?%eo@%ﬂ? ggﬁ%&fl""ﬁgﬁaﬁlﬁtﬂgm HRBELe ?fﬁ%@’@ﬁb her suitable
‘vehi cl es or ceareitenelly drevia antimplabted eesaobie.dOfab administratiomsor addinistratigadyi t | ons can

De found i ShRERACRRACHDFRHIHeR ool Rk Sompbsfion bfinis FREMM TR cSnt

Phar.nmaceut i cal  Sci ences', » 'Scl ence an ctice o armacy, Tigt h Ed.
Mack - Publ i s ForsRfiena) nonHqye phampesiticallyaeoepigble canisss, adisvands@ s of bet ween
agout 8'21 ag&bh?h@uinmo A g%mq;wd ofw'r-]femulmgtﬁhwz}ead cRbaabl y bet \Aﬁeg_
~about 0.1 and_,about wei ght r.day of the protease inhibitor
conpound -des'c?naﬁrg%ceﬁgﬁaﬂ? ﬁoc_%?[gaﬁé‘é'\fq%lbg?‘ﬁ CE%H{S%&%}“EB%F '%‘%?‘a'?'\t'féflg? evention

- and tr eat mentfomhuldidicomptived edtsdiebeasierm. g eah pyrentehtapbsedeiut i cal 10

- conposi ti.qf Gheibdbs Sub@FRbILRtrsidnebss, AEVHoAL SiRFhERLD APLUkicdad © about 5

times per . ,
intrasynovial, intrastemal, 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 kriown in the art using
suitable dispersing or wetting agents (such as, for example Tween 80) and
suspending agents.

: 25 - The pharmaceuticat composition of this invention may be orally administered in any
_ - orally acceptable dosage form including, but not limited to, capsules, tablets, and
agqueous suspensions and solutions. In the case of tablets for oral use, Abarriers
which are commonly used include Jactose and com starch. Lubricating agents, such
- as magnesium stearate, are also typically added. For orai administration in a
30 "capsule form, useful diluents ihclude lactose and dried corn starch. When aqueous
- suspensions are administered orally, the active ingredient is combined with 7'
- emulsifying and suspending agents. If desired, certain sweetening and/or flavoring
“and/or coloring agents may be added.. | '

o -14-




i speC| fic corrp

. are not

day or alternatively, as a continuous infusion. Such adm nistration can be
used as a chronic or acute therapy The anount of active |rtgmgirzgo<§ t hat
may be conbined wth the carrier materials to produce a single dosage form

wi Il vary dependi ng upon the host treated and the particul ar node of

adm ni st r a0 @resddde t ypi cal preparation will 15 contain fremcsboedse 5% t o
about 95% active conmpound (W w). Preferably, such preparations contain

~from about 20% to about 80% active conpound. As the skilled artisan wll
. appreci ate, |ower or higher doses than those recited above . may be

required. Specific dosage and treatment regimens for any particular patient

20w || depen |et of f I ncl udi n activity of the
DR ShaRic v Blic b e o B 3o AR UARE AP hea | 1 st at us.

sex, diet, ti mmismoasjcanhts‘bmmtm siandardplsarebcatical Exispag. id fRegniogtoiss nat i on,

' the severity PRATEBUIER Slonbld® b BLBALY 8 prbli BSERLGS M BPRRCKT On Lo the

I nf-ecti on and ‘the treat General Iy, treatnent
is initiated WQ'H“‘Q%&PWPQBS%@%"@G%tﬁﬁ?ﬁ)al ly I ess 25 than the optimum dose

- of the pepgide. Thereafter the dosage is increased by small increments

until the ot nder .t he tances i s reached. I n general,
t he corrpoung gs"’WB Eé’ip B?'}/ h‘?ﬁt cg‘g%’tft %E%Wf’ﬁrgﬂebﬂaﬂ gvel t hat

will, gener abdegeratﬂjmnt\demnhoutohhrhcyatmhfmg/kga)duewighsnenndamtﬁte causing any
' _har f u! or d of‘etagé inﬂﬂﬁor%oﬂtg?lﬂdfcﬁgérﬁed ﬁQreM?&éé 'ﬂ?r etrApgrQ% n this

sinvention conprise a conbin

a co one or
nmor e addi t i onefevertien apbireatmenof HEY mediatas lsﬁaa‘gewplcalbbtﬂ? pharmacediggound and:

; the -addi t kenatordsBiibn SMAM e MIRRImIRe 4a53fanbaMab bl sihRledpep  about
10 to 100% and 6&23‘; erabl y bet vveg@‘ln about 10 and 80% of the dosage -15

4 May 2006 WY I4SHE BESIRS, FRIF gdmibiFiaion cait Reused as a
nmonot her apy regonieor. acmenemdsgesmemmmmmdaweﬁng‘rémnt thahaayroeuibireal | y

acceptabl e Sa\lvjtl‘?thgrcgmhpr[n%hﬂ% @%rodu%é)ggﬁxglgtdf) rgteqorﬁn @Pgiergggpm“ﬁil{‘é%ér ed in vivo

acceptabl e carrier
to mammel s, stiehostdrented and merpﬁnptﬂanmwe\pfm'nﬁmtoeaédymwl preparatierowill or

~ prevent Hgy Vi Gt 8654t 8% to BSUR o5 ABERBImpBE (WA@OPrQ&a@ﬁ@uaYed using a

conmpound of this invention.in conbination wth ents whjch include, but

preparations contain from about 20% to about 80% actrve compound.

As the skilled artisan wilt 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 vartety of factors, including the activity of the specific compound
employed, the age, body weight, general heaith status, sex, diet, time of
administration, rate of excretion, drug combination, the severity and course of the

e B - infection, the patient’s disposition to the infection and the judgment of the treating

- . physician. Generally, treatment is initiated with small do_sages substantially less
25 than itheoptimum- dose of the neptide. Thereafter, the d'osage'is increased by small
- i'ncrement_s until the optimum effect under the circumstances is reached. In general,
‘the cotnpoun'd is most desirably administered at a concentration level that will
_ 'gene'raily afford _antivira!ly effective results without causing any harmfut or
_ deleterious side effects.

I _
| -When the composition of this invention cor'nnrise a combination of a compound of
- :formula 1 and one or more additional therapeutrc or prophylactic agent, both the
R compound and-the addmonal agent should be present at dosage levels of between
L y -_about 10to 10{_)%, and more preferably between about 10 and 80% of the dosage

' . =15~




limted to: a-, D, 6-, 0)--, tau, or yinterferon, ribavirin, amantadine;
other inhibitors of HCV NS3 protease; inhibitors of HCV polyneiases
i nhi bitors of other targets in the 10 HCV Iife cycle, which include but not
~limted to, helicase, NS213 protease, or internal ribosone entry site

- (1RES); owamwibissat i ons thereof. The additional agents weEycimioomenbi ned
with conpounds of this invention to create a single dosage form
- Alternatively these additional agents nay be separately adninistered to a

.mammal  as part of a nmultiple dosage form 15 Accordingly, another

enbodi nent of this invention provides a method of inhibiting HCV NS3
prot ease activit b n{aﬂm nistering a conpound of the formla

[ - |
1. 20 1n a prg?gﬁ)légd'%ﬂ'ﬁn%gaﬁ'éﬁf‘?g PEPHEEINSE- s useful in decreasing the

NS3 protease activity of the hepatitis Cvirus infecting a marmal. |If the

phar maceut i CalypRas %ﬁ&@nﬁ??ﬂﬁ%ﬁ&%ﬁ%eﬁﬂ I %Bflﬂ‘fiﬂg s ér@#o?m{ﬂﬁréﬁ”t 'on as

.the active conponent, I ona e step of 25
“admi ni st er i ngtagstheewith amaceamaagemepeblpeemerdtmﬁaﬁww compesiinmgeRY at ory

agent,  ansanbé YihiisteR@in vivo f hbmbia3sueh a8 RaR %o inhibitMA\ORS3 C@aéaaérbbl tor of
"HCV pol yrrerase or an mhr%rtor of ot her targmts i n f”i’& I|fe cycle such

.as helicase, "reMentdGV vigss infeghien. suchreaipsrt Mgy 3 Enfieyag\p
adm ni stered hmomh@mﬂmmmmlzmqemumrmbanbmamnwh egeritd which lnbrudenrbufarb hotvvr ng the

: admnrstratro osi.tion of this of , formul a
T get forih hapfao BapE s ah B aderdehe bl L e SRT AN R L olnd. o
t hi s i nvent i oHCN&NBS3girgleadeeinhibitats OITHEY palymaasepinbibiters of/othed targetstimtiienat i on of

- material s gndyEhef E‘c&%%r&ﬁH& ﬁ]&f?n& lifitedlo, Nditile N§§/§%§dt@é§e°$r intgigF at ory or

nedi cal personnel pat I ent o come I n contact such materitals -16 4
~May 2006 WO 085paewe satnpeite/ (G o gombingtiony therpob othe additignal agents gy be

i nstruments aeams;zwarmmtcampbamroamnwehrtﬁﬂé a@aratasmymidosa feRAt s, and bl ood

col | ecti on apparat.u teri ound .of . for la 1 sef forth
rorern oy o BE RGN heSa aodinglaghn iy ba SERteD oRini 8PP Bbr il a1
may al so be uaephrwapmﬂnﬁiedcsag@mmol to validate surrogate

15

Aécordingly, another embodiment of this invention provides a method of inhibiting
 HCV NS3 protease activity in a marmmal by a'dminis!ering a compound of the
formula 1. -

20 Ina preferred embodiment, this method is useful in decreasing the NS3 protease
- ‘activity of the hepatilis C virus infecting a mammal. '

If the pharmaceutical composition comprises only a compound of this invention as
_ the active component, such me‘thod.may additionally comprise the step of
: 25 : admrnEStering, to said mammal an agént selected from an immunomodulatory agent,
- an -an’ﬁvrral agent, a HCV NS3 preiease inhibitor, an inhibiter of HCV polymerase or
an inhibitor of other targe.ts in the HCV life cycle such as helicase, N$2/3 protease
~ . or IRES. Such additional agent may be administered to the mammal prior to,
-+ concurrently with, or foliowing the administration of the composition of this invention.
;30[ | ' _ ‘
‘ A oempound of formuta 1 set ferth herein may also be used as a laboratory reagent.
e A compound of this invention may also be used to treat or prevent viral
o . - contamination of materials and therefore reduce the risk of viral infection of
= . :-.laboralory or medical personnel or patients who come in contact with such matenals
-16-"




cel |l -based assays or in vitro or in vivo viral replication assays. Further
details of the invention are illustrated in the follow ng exavp)esoswhi ch
are understood to be non-limting with respect to the appended cl ai ns.
Met hodol ogy I n general, the conpounds of formula 1, and internedi ates
t her ef or ewams@egasepar ed 10 by known net hods using reactrccsvoneidos i ons whi ch
~are known to be suitable for the reactants. Several such nethods are
- di'sclosed in WO 00/ 09543, WO 00/09558 and US Pat No. 6,323, 180,
i ncorporated herein by reference. Conpounds of fornmula.l wherein R is
NHSO2R A as defi ned herei n are prepar ed by 15 coupling the corresponding
“acid of formula | r oxy) th a te sul fgnam de of
R W Sl e, FralcB e e Rl BRBRRA AR i
condi tions. Abtieugharsiblexdablletonappaatussedndmatelially agents can be
- ‘enpl oyed, TBTU and HATU have been found to be practical. The sul fonam des
- are available commercially or can be prepared by known methods. 20 The
~fol l owi ng schArrespeund famgila Tsgforivhereinimayalsorecised as a resepreh r9ageMtn et hods

for prepagi ng chaso&ﬁrapmdawﬁa afgd’ﬂéh@eaaa\b@'hvacomﬁﬁ Q‘\l'alnfaté\/&)hoéQQG WO

-03/ 064456 Scherﬂzb IJ 4. 0. H3, I;)q O+ X=0O NH 40r5 3 0 H 7a
'13a Schere ased assayso in wtm or in vivo viral replication assays.

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

Methodology

In general, the compounds of formula 1, and intermediates therefore, are prepared .
10 by known methods using reaction conditions which are known to be suitabe for the

‘reactants. Several such methods are disclosed in WO 00/0954'3, WO 00/09558 and

US Pat. No. 6,323,180, incorporated herein by reference.

Compounds of formula | wherein R' is NHSO,R' as defined herein are prepared by

15  coupling the corresponding acid of formula i.(i.e. R' is hydroxy) with an appropriate

' sulfonamide of formuia R" SO,NH, in the presence of a coupling agent under

standard conditions. Although several co:ﬁmonly used cbupling agents can be
-émployed, 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 itlustrate two convenient processes.using known methods for
preparing the compounds of formula 1 when R' is OH. '

-17-




0 OH_a O 9 R XAH 10a 0 PCT/ CA03/ 00090 H O Conpounds of formula I when R
is OH W O Conpounds of formula I when Rl is OH -18 4 May 200fay @006
031064456 PCTI CA03/ 00090 EXAMPLES - Tenperatures are gi ven in degrees.

-"Cel sius. Solution percentages express a weight to volunme rel ationship, and
sol uti on rwoboss+4s8press a vol une to vol une rel ati onshi pecreadzampemest at ed
ot-herw se. Nucl ear magnetic resonance (NMR) spectra were recorded on a
Bruker 400 MHz spectrometer; the chemcal shifts (8) are reported in parts
per mllion. Flash chromatography was carried out on silica gel (Si02)
according to Still's flash chromatography technique (WC Still et at., J.
Org Chem (4%%7“‘) 43, 2923). 10 Abbreviations used in the exanples ‘
i nclude: 8MEi1az abi cycl o[ 5. 4. 0] undec-7-ene; DCM di chl or onet hane;

D AD:" dii sopr opyl azodi cagbgxyl ate; DI EA: diisopropyl et hyI arri ne; DI PEA

di i sopropyl et hyl arﬁﬂ?@ﬁ% N. N-dinethylfg ok ie;

4( di nmet hyl am no péll’ésdl ne; OAC 15 ety acet HATU
[ O 7- azabenzot R)\ifv.) Low! bl 3t et ramet by *ﬂ ir
hexaf | uor ophosph HHLC &Y or mance i'] @Mgr aphy;
Mass X=0, NH

: 4or5 3 '

Fo) MeQ,

M N\. TOMe N O

OH i = G .

: o R OH H OMe
— + o R ,

) ' “‘x’a‘yﬂrg{ ﬁm S anJLN)\[rq\ SC :
P . H O N 5 A OMe
. . O H 9  H o 4N .
' 7a 10

0a
‘MeO
: _ Ma0,
-_—_--b o Ra P Br =(H-R2
R AN ~ + ¥ M —
_ N - OMe g J—— Ay JL )\n,
H O ‘0 H g . OH
13a Compounds of formula i
when R!js OH

H ¢
15 18 - 21
| - N .’4F-a=
: N== . N
/R N AP MeO N Ar®
R L X on G 2
X N ,
;I' o g ¥ OH T
- : o R
X=0.H A%, N’k“"? ~ "!‘oJ‘N N'E ~
H , H
40r5 0 oM | NY;;
N
o H
~ Compounds of formula |
~ when R'is OH
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T 2- (1H benmmm@@de 1- yI) 1,1, 3,3-tetranet hyl uroni umgm@aicsakhesos obor at e;

- 244mol, 1 2eqU| v.) was then added dropwi se over 45

spectronetry (MALDI -TOF: Matrix Assisted Laser Disorption |lonization-Tine
of Flight, FAB: Fast Atom Bonbardnent); Me: nethyl; MOH nemMagnods Ph:

- phenyl; R T.: roomtenperature (18 to 22); tert-butyl or t-butyl: 1,1
-di net hyl et hyl; Tbg: tert 20 butyl glycine: tert-I|eucine; TBTU:

"TFA: trifluoroacetic acid; and THF: tetrahydrofuran. Synthesis of conpounds
~of formula (1): The di peptide i ntermedi ate 15 (Schenme 2) and

2- car bonet hoxy- 4- hydr oxy-7- 25 met hoxyqui noline 9 (Schenme 1) were

synt hesi zed according to the nmethods described in WO 00109543. Synt hesi s
of dipeotide 1 P1 30 A m xture of Boc-hydroxyproline (50.0gy, 216mol),

vi nyl - ACCA nmet hyl ester -19-. 4 May 2006 WD 03/ 064456 PCT/ CA03/ 00090

- (42.25g, 238mol, 1.lequiv.), TBTU (Em9g53238mm1 1. quuiv ) and DI PEA

- (113mL, 649 e n
Lt ogen ot nienRaRitesyd afeh W ieorbes Ol Soluih REbEad forkss L HEGH 5
‘resi due extr atdwiime relatiorShigrand shhulorerationerpresas vwamné@vmmmmrqmammﬂ oric
acid (109 S QhbideAd: ' eﬁ(‘*’hﬁ ani c. phase was
t hen <(1Ir| e/?zlsongr'l ﬁgqs?ﬁ%nwsgg} ?’g?g%%al&t%e% evapor at e ?o affgrd an :
oil. After drWcﬁ@‘egvéﬂﬂ%t“wSnﬁcyﬁnetabmﬁrﬁ’em@?'ﬁéﬁﬁ(@@rﬁlf%fbbt ai ned as

ayellowfoanké Hepe miitiond #14sh BAYombiography wWhY cdiitldQut o 5iffdaad; eﬁ{s jy of dipeptide
30 a 10 HUH

(63 949, 243. 8?&?&'"%0%8&‘?'&\?“?“'0&9 h¥{203% %té@fégae'( A1 éﬁhr'z?é. emol
- 1. 2equi v) \A/erelgda)ssmlzemj in dry THE (1.4L) The stirred soI ution was cool ed
to oC und% a nitrogen atnmosphere. Diethyl azodicarboxylate (38.4ni,
Abbreviations used in the examples include:
DBU: 1,8-diazabicyclo[5.4.0jundec-7-ene; DCM: dichloromethane; DIAD:
diisopropylazodicarboxylate; DIEA: diisopropylethylamine; DIPEA: diisopropyiethyl
amine; DMF: N, N-dimethyiformamide; 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; MeOlf: methanol; Ph: phenyl;

~ R.T.: room temperature (18 to 222); tert-butyl or t-butyi: 1, 1-dimethylethyl; Thg: tert-
20 butyl glycine: fertleucine; TBTU: 2-(1H-benzotiazole-1-yl)-1,1,3,3-tetramethyl
-uronium tetrafiuoroborate; TFA: trifluorcacetic acid; and THF: tetrahydrofuran,

N Syrithesis of compounds of formuta (I): :

‘ .The dipeptide intermediate 15 (Sc_heme 2) and 2-carb'omefhoxy-4-hydroxy-7—

- methoxyquinofine 9 (Scheme 1) were synthesized dccording to the methods
described in WO 00/09543.

Synthesis of dipeptide 1

N
’ + = OMe ———
HNT >|/
0

P P2P1

=

30 A mixture of Boc-hydroxypro!me {50.0g, 216mmoal), vinyi-ACCA methyl ester
=19~



15 min and the reaction allowed to warmto R T. After 4h, the solvent was
-evaporated. The residue was divided into four portions. Eachyvai2ttese was
purified by chromatography over fine silica gel (10-40m nmesh,. colum

di aneter 12cm colum |ength 16¢cm using a gradient of 2 :1 hexane/ Et OAc
to. 1:1 hexan®ddris@Ac to pure FEtOAc. In thi's manner, thpcﬁ@goﬁ]iomptid’e

- ester 2 was obtained as an anor phous 20 white solid after evaporation of

t he solvents and drying of the residues under high vacuumat 70C for 1h -
(108.1 g, quantitative-105%. A solution of 4N hydrogen chloride in

di oxane wasadded to the Boc-di peptide ester 2 (108g, 243mm|) resulti ng in
a colorless solution. The solution stirred at RT

Sl vent . - vas 4 2 ARRO e TBLY fiociop| S dieniubey v O%EAum for 3h
af f or di ng -t he (2EBaity d4sredbipBaqiiy.)3aDMF ¢dooenypasistilcd s8R TaOndeiB hifbgers sol i d.

Th lid 0644 h f
ca?bzga!t eswfllS %ﬁg%a%%t ?gt(ré]'}bo d (t:haer%&ﬁét%g vgp%gaq%% gf'ﬁf%&g Wit ! ,SAt C)OC
“was added to &8¢ Jiheentrast waswashedwith hydrgahlonie agidi(107%), wweted@dl@ng
3.25mml ) g5 Iu‘barddﬁa&%ﬂabménﬁw&@n&rpﬂwmtﬁeﬁ BricdVhbr m& mgb&at@nd

triethylam ne 5m_, 8. 25mmol)". t enper at ure_was torise to
R T. The sol utf @ﬁdaﬁ%ewsafeéfdo affoyd aﬂ&f’l AW@WQYPW’?WW&'E’%MP‘F‘M ed and

‘the residue didipeplideth wis ARG asWRIokidaAc(72.01d) DA% puligs-9sesthiatPa)t h a 10%
aqueous solution of citric acid (2x), a saturated aqueous sol ution of

NaHCO3 (2x) and brine, dried and concentrated to 10 yield the correspondi ng

vi nyl car banatieegafigng] dipeptide 8ol orl ess oil. The oil was dissolved in DCM
(4nL), cool ed at 0C, and di i odonet hane (. 15nm., t_86n7 nol and di et hyl zi nc
(95L, O. 93mm|) wer enadded. A white SO|I eared at fi g t tNo
@9 *8\ g\ HOEM| ﬁ\\\
OMe OMe
"N
H o

10 1 3
‘Di‘peptide 1(72.0g, 203mmol), triphenylphosphine (63.94g, 243.8mmof, 1.2equiv.)
and 4-nitrobenzoic acid (41.089, 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 evapdrated.
‘The residue was divided into four portions. Each of these was purified by
chromatography over fine silica get (10-40pum 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 manher, the Boc-dipeptide ester 2 was obtained as an amorphous
20 white solid after évaporation of the solvents and drying of the residues under high
'vacuum at 70°C for 1h (108.1g, quantitativeéi 05%). A solution of 4N hydrogen
_ chloride in dioxane was. added to the Boc-dupeptlde ester 2 (108g, 243mmol)
resuiting in a-colorless solution. The solution was stirred at 8.T. for 1h. The solveni. :
was evapo_rated and the residue placed under htgh vacuum for 3h affording the
25 hydrochloride sait ofborhpound 3 as an amorphous solid. The soiid was used as

such.
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- ol ) in THE (5nmL), MeOH (1 nlL) and an aqueous sol ution of LiOH (45ny

di ssolved with tinme (- 1h). The suspension/solution was stirred at R T. for
5h. A saturated solution of amnium chl oride was added and gihe2ead uti on
extracted with 15 Et QAc (2x). The organic extract was dried (MJSO4) and
concentrated. The residue was purified by flash columm chronmat ography.

El uti on wwdushemsne: Et OAc 95;5 gave the correspondi ng waEbdyobomsd er as - a
colorless oil (96nmg, 90%yield). A solution the nethyl ester (93ng; O0.41

;1.81 mmol) in water (2nL) was stirred for 4h. The 20 solution is dilute
wi th water and extract ed with Et QAc (2x). The aqueous sol ution was
‘acidified by - éhe‘haddl ﬁﬂ N HCl,. and the acidic solution was extracted
with EtOAc (2¥YNesRe e V’ﬁ?& organi c extracts were dried (MySO4),
filtered and Pepaptombdfadriamatiani n t he desired carbanmate 4a as a white - :
solid (53ny; 60ﬁ| el d) 25 Preparation of carbargate 4b H 0. 4b THE (350nL)

was added to a™ftf"askSedngdinin rbon| C aCi | openty 2, 5-
M| _est er=td: @L&%ﬁ mﬁyﬁ @i ne

di oxo- pyrrofi dj
(6.24g; -21 4 May 2006 Prepar at worb of Ureas 5 WD%03/ 064456 P&T/&A03/ 00090
47.5mmol ) resulting in a suspension. Distilled water (100nlL).4as added with

vi gorous stirgj ma w.es. mh Ito &e&w&r&h o?ferﬁd&h)l Qlyﬂﬁé‘i%ﬂﬂﬁ%sﬂé?éb&ﬁﬁﬂs%%mol}

Triethyl am ne 6mi; 119nmol ) was resu om)genous
sol ution whi cf s(B"‘H |‘f"?yéct5"°5’(f°'ﬁa'le (oﬁfsf“érsfrﬁ'ﬁ"‘) ?'H’é”th%Ea'Wﬁ% eP3er at ed and
t he aqueous rszss:dmel)dnheweﬁﬂeﬁmwsmma tc(ridéQﬁHﬁ The@oliimaidseires I ender ed

" basic by the addi N NaOH he.sol ut i
ached v the Pos 1 Bl b Gntbnad g ing b Moo BORECTRG, 1 0N T
Ve
“(ca. 70mil- fi&ESAcBlution) wasTashed with d 18%| aquéemis soltion @ xilricacidd@k)ym t h Et OAc (200
+ 150m). Thesa%%a%humg se\u&.%f &%{Qé@‘l 2x?£'.4hb )éad?@& aﬁ&@lmk&uq&e\a%car barmat e
'ﬁ .

4b as a mhlte solid g Prep aration car banat es
- yield the correspon ing vmyl 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
dissofved 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
15 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 LIOH (45mg ; 1.81mmiol) in water (2mL) was stirred for 4h. The

T _ 20 solution is dilute with water and extracted with EXOAc (2x). The aqueous solution
was acidified by the addition of 1N HC}, and the acidic solution was extracted with
EtOAc (2x). The combined organic extracts were dried (MQSO4)", filtered and.

" evaporated to obtain the deéired’ carbarnate 4a as a white solid (53mg; 60% yield)

25 Pre arat:on of carbamate 4b

AL+ e —+<m;

THF (350mL) was_added to a flask containing carbonicraqid cyclopentyl ester 2,5- |
dioxo-pyrrolidin-1-yl ester (9.00g; 39.6mmol) and tert-butyl glycine (6.24g;
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Usi ng the procedure descri bed above and usi ng appropriate conbi nati ons of
tert- butyl glycine, cyclopentyl glycine, or cyclohexyl gl y i MRy 206k
carboni c acid.cyclobutyl, cyclopentyl, or cyclohexyl ester

2, 5-di oxo-pyrrolidin-1-yl ester, carbamates of the 15 follow ng formul as _
wer e prepaveosiosessbor of ormate (1.30nt.; 10.19mmol) was aﬁ@gdA@rgmwi se to the
cool ed solution. The resulting suspension was stirred for 5mn at 0C, then
at RT. for 1.5h. The reaction THE (20nL) and pyridine (2.0n; 24;73muol)
was cooled to OC. Phenyl R= Q OxN 1fOCH . R QJLNAeOH HO R= H O 20 A
sol-ution of tent-butyl glycine benzyl ester hydrochloride salt (2.55g;

9.89mml ) in 006 WO 03/ Q64 090 ure was dil uted
wi th By Onc ARl B g0 & PRSI e Boreld e a0k e NaHODS
(2x), water ( igproassitirbng. nesrfidikgroat blesablid ieyEoe) undusdotveu e'&mmhmnm/apor ated to -

galn the or YOI ERRRAYRHNRS vBs DR T e BbRLSDR nahbochdhs Bon G0NAG assure

9. 89mMmo1) ¢rude act
(6.5mL) and cytreskadit 1| Aftgr 2&hyile T, d@%ﬂ%@%@dﬂmmmuﬂeﬁ@wmuﬁdne was

stirred at sR ith ivater ¢0inD). ifﬂbereaﬁ.aﬁwamnabréaH&sﬁ“cmﬁegadman%@hwmatbrEt QAc. The
organi c phasi%&s_ washed washed with loo%m tri c aC| d (2x) water (2x)

saturated Na figgh pH 310 effh‘(ﬁ‘}mﬁr‘i‘ﬁsﬁ’ﬁﬁww € filtered
and evapor at edquedus ghase dclhified witkl ¢ mHCII(weahyl-ﬁnal pia-:e)'l'hg\e(iﬁndpbluﬁhmt as a

near |y col or| 688 ofldacallifi AL ABAEL e alfty BHE bidGflgBt g he" coLum

chr omat ography wth STlicC hexane: e |l ess polar
inpurities anGV@O@lQQiOQFVGtCefb@h@iepﬂhasfa'&tjtesp!id)(ﬂﬁﬂg) as a thick colourless oil
-(:936nmg; 95%) . The ester benzyl ester product (936ng; 2.82mvol) was '

deprotected under a hydr ogen filled balloon at R T. in absolute ethanol
(15nL) soluu&rﬁﬂs@eﬁ@&ﬁMmtuon Wi th 10% Pd/ C (93.6ng) for 15
5.5h. The reatsihgthepradedore dssaibbil hb@readdukm@mmaﬁ cOmBingucPB of tektt er and

evaporat ed to V. urea, it olid 8 ;989
EHERVR (300 NPEAHREE el Br g thgRe L Scheif ot picFoahibs sptiftlofigy © 57,
(d, J cyclopentyl, or cyclohexyl ester 2,5-dioxe-pyrrolidin-1-yl ester, carbamates of the:

' 15 followmg formulas were prepared:

ftﬁ She %

R R-.-_-

Ly LL

RSN <1 | Q.
Preparatlon of Ureas 5

ﬁ:, - AL -CULXWOBH -Q ,.LI(

20 A solution of fert-butyl glycine benzyl ester hydrochlonde salt (2. 55g; 9.89mmol}in - -

THE {20mL) and pyridine (2.0mL; 24.73mmol) was cooled to0°C. Phenyl _ A
chloroformate {1.30mL; 10.1 Smmol) was added dropwise to-the cooied solutaon The R

3 ' resultmg suspensnon was stirred for Smin at 0°C then atR.T. fort 5h The react:on "
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- reaction. The resulting yellow 30 solution was allowed to stir for 14h. The

= 9.4 H, 1 H, 390 (d, J =9.4H, 1H, 3.87-3.77 (m | H, 1.84-1.72 (m
2H); 1.63-1.42 (m 4H), 1.30-1.19 (m 2H), 0.89 (s, 9H). 2Q May 2006

M S. (el ectrospray) : 241.0 (MH- 243.0 (MtH) +. Reverse Phase HPLC

" Honogeneity (0.06% TFA; CH3CN : HZO).: 99% Synthesis of tipeptide 6 415 OH

" 0H362 r te 4b (6.15g, 22.5mml) and TBTU (7. lztg]i, 1) were -
-'suspended@{&r{ﬁ and the suspension was stirred rapidly ?‘%@ Eg 92m.,
22.5mol )was- added at R T. and after 10 min, the reaction was nearly

honmobgeneous. Asol ution di peptide 3 (10.39g, 23.6mmol) in anhydrous DCM
(100nmL) containing DIPEA (4.11 nlL, 23.62mmol) was then poured into the

‘sol vent was t hﬂanure\vmpdﬂtae@ﬂiﬂylﬁﬁ]ﬁ@i wigshad witts 10% klirjc RBOBMM@IOID0644% 5 6 OH .
" The tripeptidg,f.f ﬁt ettt X %(Q@Swgblséf?jla‘hﬁ%dhé‘g;gﬁné@@@@s)Qﬁﬂgeé“@hc?r (30n) was

added. The resu n was coo olutron of lithium

“hydroxi de 10 mmfatgem(tne qrgde compoundhahd Neafly Solgaers oilB R 3> W% wi t h
vi gorous stir gidighe 9°é§n%oa -3he Bfud® prodbdi €1 etgqessmh@qo;awescﬁlmtum pMsted with IN

HCL(fi nal nd . the THE eva ted
Nqusous: suépeﬁi‘%ﬁ)a(\?mfwammﬁﬁ%ﬁﬁpﬂ% ho eadPabui e & onc (2 x
200nmL) and wastirext avRt T far A5 mina Thel reblefidB@Bxt(r2 wasIiduted yith Ef0Ae. Jbebrgasid extract s

vere dried 0@@%@@9& FHARRAEA ity ieﬁ,quféa%.ﬂzﬂgtag&ge&yeh};@% foam Flash

chr omat ograph m over uent afforded

7 as a white HabbPnx; wabari(?x eod W\g (1)9-1 Jied (ﬂg%gg}s titerestandrevanprded las 8
-give the crude cyclopentyl urea -Thg-OBn product as a nearly colorless oil. The

P 10 crude material was purified by flash column chromatography with silica using

| hexane:EtQAc 9:1 to remove the less potar impurities and 7:3 to elute the purified
‘product as a thick colourless cil (936mq; 95%). The ester benzyl ester product
(936mg; 2.82mmol) was deprotected under a hydrogen filled balloon at R.T. in
absolute ethanol (15mL) solution by stitring the solution.wiﬂ1 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-d.): 8§ 12.39 (s, TH), 6_.09 (d,J=7.4Hz, 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; CHsCN : H20).: 99%.

o Synthesis of trigegtides

R o,N@
Q’Lm Q&\ﬁ\mf’“—"ai @@\m

25 Carbamate 4b (6.159, 22. Smmoi) and TBTU (7. 729, 24, 7m'mol) were suspended in
'DCM and the suspensxon was stirred rapidly. DiPEA (3 22mL, 22. Smmol) was .
added at R.T. and after 10 min, the reaction was nearly homogeneous A solution of_ oy
'dlpepttde 3 (10 399, 23. Gmmo!) in anhydrous DCM (100mL) contalnmg DIPEA - ‘ G
{4-11mL, 23.62mmol) was then poured into the reactlon The resultmg yellow
30  solution was allowed to stir for 14h. The solvent was then evaporated yueldmg e s
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Synthesis of thiourea 8a: 20 N--OS1 \~OANHG6 HZNH 8a To a ‘
solution of tert butyl isothiocyanate (5.01; 39.4mol) in QGMa{20651L) was

.. added eycl opentyl am ne (4.67n; 47.3moL) followed by DI EA and the reaction

m xture was stirred at. R T. for 2h. The m xture was diluted wi.th Et QAc,

- washed wi tWp 03med80 aqueous sol ution of citric acid (2x)pcEahesfeassed NaHCO3

(2x), H20 (2x) and 25 PCT/ CA031 00090 yel | ow syrup which was extracted with

" ~“Et OAc (300 + 1501L) and washed with 0.05N HO (2 x 200ml), saturated

Na2CO3 (300nmL) and brine (1501m). The conbined extracts were dried over
MySO4 and evaporated to yield the tripeptide 6 as a pale yellow foam _
(15.68g, quantitiative). Synthesis of tripeptide 7: brine (i )S‘} The organic
layer was dri delomayrupighgras rtragesbaith FtOACP QA Infintd pag wpshied o yi el d
N-tert-butyl NosshiHtiepepdomL) Litrated Nag04300mlt) and blina(166mij0The - 24 4 May

2006 WO, 03/064456 P 3/.0009Q0 47% vi.el d). The . N
- Ntert-butyl - IQO'P%%&%%?V/ Ppet ’f"'gl? Yea é{%?‘f&éf"@é’%ﬁ? tsosyc'ﬁhi’/teh(‘:? tri'pﬁ ptl(g:eosncent rat ed
HCl (46nl). Tlaeagalekelon foany (8684, Auantititive). heat ed at a gentle reflux. After

~40m n the eaction mixture was allowed to cool to R T. and thereafter
cooled in ice and rendered basic to pH 9.5 with solid and a saturated

- aqueous sol ut Syphegis of peplids”: The product was extracted into Et OAc (3x).
. The conbi ned Et OAc extragt So
0,
| exi -
o , 0 .
'O‘O‘Ll:l q @e — 'O‘oki;h’q\ @&
i H O 0O ﬁ o ' €4 O Q H 5
6 7

' The tripeptide 6 (15.68g) was dissoived in THF {200mL) and water (30ml.) was
added. The resulting solution was cooled to 0°C and a solution of lithium hydroxide
10 . ‘monchydrate (1..1 8g; 28.12mmol) was added over 3 min with vigorous stirri,ng. After
-3hat 0°C, the excess base was neutralized with 1N HCI (final pH ca. 6) and the THF
evaporated, resulting in an aqueous'suspension {yeflow 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 yeliow foam. Flash chromatography of the foam over silica gel using EtOAc as-
, eluént afforded 7 as a white amorphous solid {9.77g, 91%).

Preparation of Thioureas 8

Synthesis of thic_iurea 8a:

SI’A - S D _,.. quih,/o

w | 8

' To a solution of tert-butyl isothiocyanate (5.0mL; 39.4mmol.) in 'DVCM (200mL) was

added eyclopentylamine (4.67mL; 47.3mmoL) followed by DIEA and the reaction

mixture ﬁas stirred at R.T. for 2h. The mixture was diluted with EtOAc."washed with

_ a10% édueous solution of 6itric_ acid (2x), saturated NaHng ’(ﬁx), H20(2x) and '

25 brine (1x). The organic layer was dried over anhydrous MgSOy, fieredand -
 evaporatedto yield N-fert-butyl ~ | ‘-cyddpéntyl thiourea as a \in('h'i'te solid (3.70g; . -

-24-




"HHBHN H Sb Preparation of thiourea 8c %
“above and usi A§%yisiRtelke 'ﬁ1‘?’§7b‘§30é\‘1°%‘|’@“%wmﬁ‘é§§? asdlisspleebg of
~cycl opent yl ancéiedtrédied ad;m UTiRBdIE yelioN solufibrPwaplvatdd ana gehtid deflvur ea 8d

were washed with H20 (2x) and brine (1x). The organic |ayer was. dried"
(MySO4), filtered and concentrated to yield a beige solid (£2v4$g0eg ude) .
Trituration of the crude material in hexane/ EtQAc 95 / 5 provided, after
filtration, the N-cyclopentythiourea 8a as a white solid (2.38; 90%

“yield). 1o d3obivg (400 MHz, DMSO-d6): 87.58 (bs, 1 H), 7pdBcAdmoeesd H), 6.76

(bs, 1 H), 4.34 (bs, 1 H , 1.92-1.79 (m2H), 1.66-1.55 (m 2H), 1.55-1.30

(m4H). Ms; es' 144.9(M+ H)', es: 142.8 (M- H)'. Preparation of thiourea

8b 15 Using the procedure descrlbe above and u5|ng commercial ly avail abl e.
cycl obutyl ami ne instead of cycl opentyl am ne ylelded thiourea 8b: N~-O HZN A
t he procedure describe

a2 Ve 2000 g 2hgesisn, ROLCOP 00080 168 ) i il LB

(4.60g; 47.33 rropw se

~ benzoyl chl ori weaoardmtredh&nﬂ@mhﬁ!& Wltﬁkm"hdmhd(qsaimawﬂiaGMGM§0|umn ofred in an

ice bath for G RBo. HAG qudﬁ&%a%&f?&’&é&iﬂlo@gﬁ? 8&YLThe4Qn%€H§B|E}oK@é¢ra@t§ded

dropwi se. The reaction'm xture was stirre h at 0C, then, nore 5

cycl opr opy| anivae washeshyth H:0 @xhand hingdLx) atieasoaricdaen was gagd (M xt Ur e

stirred at Riilered &id o%ﬁce’mélea tyial aVeigesolid {20165 %ﬁﬁé} Thiturbtisd oirthe waide pour ed

i ered | wauhinaltYoek SERLA P e 0 g oipsyiusied ¢ v

N-benzyl oxy- NBaageM@sqhglzamBﬂW)( 6.62g). This thiourea was suspended

“corut on' Vs daNMElREE RSy SRS RE, B, Zag B it Aol e B "

Et CAc (3x). Tibs, tdnbi Wett?E(m}KB).ekﬁﬁ-&éﬁimv@ﬂ)e IWigshanwiti)a Mﬁﬂ@sz 2x) and
‘ 144 9(M + H)* es™ 142.8 (M — H).

- Preparation of thlourea 8b

15 Using the procedure describe above and using commercially available.
_cyclobutylamine instead of cyclopentylaminé yielded thiourea 8b:

/D ->|/N T >|\Nj\ﬁ/@ THzNjL/D

HN A N
8b
i Preparation of thiourea 8¢
ERRATAN . )
S .20 Using the procedure describe above and using commercially available

cyclohexylamine instead of cyclopentylamine yielded thiourea 8c.

»e ﬁ'/:—::o >L,;J.SL',4/O - i HN/O

8c

Preparation of thiourea 8d




brine (1 x), dried (MgS™4), filtered and evaporated to give the crude
product as an off-white solid. The solid was triturated in 4msaneddEt OAc
5/5 to provide the N- cyclopropyl thiourea 8d as a white crystalline solid

' (2.5g ; 50%yield). 15 "H NVR (400 MHz, DVBO-d6): 87.92 (bs, 1H), 7.61 (bs,

1H), 7'13“@:\,3 641‘5-‘9 2.39 (bs,1H) , 0.67-0.63 (m 2H), fds@odde (M 2H).
VS, es' 116.9(MtH) ', es: 114. (M H EXAMPLE 1 20 Preparation of Compound 100

"~ Step 1: Synthe5|s of tripeptide 10: o . 0 10 To tripeptide 1 (1.0g;

2.09mmol ) dissolved in THE (35rrL), hydr oxyqui noline 9 (729ng; 3.13mmol)
and triphenyl phosphine (1.1g ; 4.2mmol) were added. The 25 yellow

- suspension was cooled in an ice bath and D AD (821L , 4. 2m°m|) was added
- dropwi'se.  TheTealsolutianpf ed<SON ¢:609; 41:33neracly i srefonmibmaldat@°¢.0vas30 i n, and

at RT.. for 19&edmw'§seluehid}@hm&a&e @/@;aer@t@ﬁnﬁdm dﬁi@‘tﬁ‘ﬁ@s@lﬂﬁbr{\h@s resi due was
di ssolved in EtQAc, bi_ car bgﬂat e solution

u
(2x), water (3usedimap 'OBP?tHéO' (Hﬁ?)theﬂ'r‘iygﬂ"?mg%ﬂﬁ? WT‘ A808oLh Yoy apor at ed to
obtain a yeIdI atdedidropWitieC The 26acon/alxiR6 Gas ¥@rdd3o00SHE®° G AidrCARS 00090 ‘
preci pitat on, st andi o | t he
“insoluble E }0% wﬁ's"%f or‘j’tag'rl' g‘;dﬁgﬁ ?gﬂﬂa%a%?diﬁﬁg\%%gﬁio&'ﬁcen rt%?gd and the
resi due puri fatdmwpraﬁacbiwnnajlaﬂthBgarrepmmmwurpmaneured iaeegH:8: 5 to

remove al | | eapoRp), 8indd1aH s sha mea@qt JolloW 585 3o G , Rl sbickdy al | the
Ph3P=0 has el ut ed. desired c und was el ute ?I 3: Et OAc; 65:35

as a white solmes ‘("ﬂ“@o Wf?ﬁgﬂ?v‘d%mﬁe('%’f% '6‘5’!51953?}" th'OB’QQ 8628k 1) - 695: 4
(MeH) + 717. 4 (il idutea wasRevsinded ﬁmuuPbQNﬂmg@mmmﬂ Reddéat Féfiix; CH3CN :

ﬁZO) : 979%10 St'%p 1gmi:n. %l s%ﬁ:‘iclaﬁ/ Was COofR @i holl sa %atgj wity Sl NB81 arifbxtracted
. with EtOAC (3x). The combined EtOAc extracts were washed with H;0 (2x) and
brine (1x), dried (MgSO.,) filtered and evaporated to give the crude product as an
. off-white solid. The solid was triturated in hexanefEtOAc 5/5 to provide the N-
. ‘cyciopropyl thiourea 8d as a white crystalline solid (2.5g ; 50% yield).
15 ’H NMR (400 MHz,DMSO-dg): 57.92 (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

R Step 1: Synthesis of tripeptide 10; -
. s . i ' - Meowﬁxom
quMe :

Totripeptide 1 (1.0g; 2.09mmol) dissolved in THF (35mL), hydroxyquinolsne 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 dropw:se The solutqon was stlrred atice bath tempefature for 30 min, and at
" "‘R T..for 16h. The so!ution was evaporated to. dlyness and the residue was dissolved
in EtOAG; washed wnh a saturated soduum bicarbonate solution {2x), water {2x) and

- _'brme {1x), dned (MgSO4) f ltered and evaporated to obtaln a yellow oil which
: B T




Tripeptide 10 (1g; 1.44mol) was dissolved in THE (10m) and MeCH (5niL),
~water (5rmL) and a 1 N NaOH aqueous sol ution (1.5n) were addgdyaous t he
solution stirred at RT. for 2h. The m xture was evaporated to dryness
~and' then co- evaporating with MeOH: toluene (1:1; 4x), toluene (2x) and _
- diethyl. QidW8ledadx) to 15 obtain the product (water-fregy@ssadedhite flaky
- 'solid (1.04g9; 100%yield) MS. (electrospray) : 679.3 (MH- 681.3 (MH)+

.703.3:(M:Na) + . Reverse Phase HPLC Honobgeneity (0.06% TFA ; CH3CN : H20)
95% Step 3 : Synthesis of diazoketone 12: 0 Sodiumsalt 11 (assune .

1. 44mmol ) was dissolved in THE (16nL), triethylamne (3014; 2.16mvol) was

o added and the solution cooled.to OC . |sobutyichl oroformate (2804,

© 2.16mol ) wasPrdiaitaiedprnganding. Theicrudesaliwag sugpepdasin BEMang the sollde at  OC f or
: gg /mog 441‘3 gl IPovxﬁ%tAdgw/v%algqmadd oft] P c‘t.B;l]ut@n sﬁbo H%ﬁ;!&ﬂréiéddar@ﬁhé‘re%u% &Qﬁs@ci gﬁ
me in di er
- 6ammol ). TIPSR P IanS AR § CatoreRows Aess PaBFTPUeS T and
~ evapor at ed toarpmn‘ﬂrtmg EtOnh) 82l pbthelmstdmsseiutedJQ'peuasnmu compowtidssol ved i n

Et OAc and t turated NaHCO3
(2x), wat egva %éeilﬁgu@ﬁ@@@la j%gg% g’f%ﬂy‘iﬁeﬁd and evaporated
to give the d tshastrospeay) S M-Hi ﬁ%ﬁ\ﬂd#'ﬂ%d’ﬂ?d(wt’ﬂ%}de mat eri-al used for
next step;. asawa?sémfh@ammomo&&éaymmwnam CN7ﬂ§>&43§%ﬁl-l) 705.3 ‘
(MeH) +. Reverse Phase HPLC Honbgeneity (0. 06% T : H20) : 91% 10
Step 4 : Synthesis of bronoketone 13: 0 0 0 12 13 At 0C, to a solution of
di azoket one 18tep 2:: Séteoie)minohyidrilysiPdfesier wts added dropwi se an HBr sol ution
 (1.0m) and the mixture was stjrred for 1 h. The solution was diluted with
. Et OAc, vvashed with a sab j,\}pHCO?, sol utlon(2x) A

10 .
' ‘Tripeptide 10 (1g; 1.44mmol) was dissolved in THF (10mL) and MeOH (5mL), water
- {6mb) and a 1N NaOH aqueous solution (1.5mL) were added and the solution
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 diethyi. 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 H_orﬁogeneity (0.06% TFA ; CHyCN : Ha0) 95%.

' ‘Sté > 3 : Synthesis of diazoketone 12:

' 0
MeO N, Na -
: o A MeO N I 2N,

. 2 o o
. : . _ o

o

O;fd;r? * - Y A
L ™ g y N O‘j\n
"o @ ° jﬁ("?gq?}m
y 0 Py :
| o Py

.- Sodium salt 11 (assume 1 44mmo!) was dlssolved in THF (16mL), tnethylamlne
D (301 pl; 2 16mmo|) was added and the solutlon cooled to 0°C .
SR lsobutyldllorofonnate (280uL 2, 16mmoi) was added dropwise and the white

B . ': suspensuon was stlrred at 0°C for 75min, followed by the addition of a solution of
: B -27-

.20




15 and brine (1x), dry (MgSO4), filtered and evaporated to give the desired
bronpket one as an ivory-beige solid (1.1g; assume 1.44mmol) .4 May 2006

M S. (el ectrospray) : 757.3 (M 759.3(Mt2) Step 5: Synthesis thiazolyl
tripeptide 14: 0 Q 0 13 14 a-Bronoketone 13 (0.40mmol) and

N-cycl opeglovslobisgur ea (68.5nmg; 0.48mmmol ) were di ssol vagridnossdeps opanol (1

- 5m.) and the-yellow solution was heated at 70C for 75m n. The sol ution was
allowed to cool to R T., and evaporated to dryness. The residue was

"~ dissolved in EtQAc. The sol ution was washed with saturated NaHCO3 -28 4

May 2006 WO 03/064456 PCT/ CA03/ 00090 (2x), water (2x) and brine (ix), dried
(MyS™), filtered and concentrated to 8| ve the gr oduct _as an orange-brown

foam Flash céipzamethanedpsit™in diphy etherHambi64mmpl The repcion fRRAMEE Fess pol ar
i-mpurities: an@hn@d 14 2t 610, usvimct hve attesiapoicdai PRNIE a Micksuspengidh. THRd | ow f oam

(218ng; 699 MS (elect M+Na) +.
Revepge th?;e SYSppRe! (‘T‘Rﬁj@ ‘C‘)’f’@ %bﬁ%af'dlﬁgée'( I\%ﬁ?@ﬂn‘cs b‘% %ﬁe‘gt ((ap 6: :
Hydrol ysis. of wittséaturatbd NaHC O (24), ovatdEd2) @od Uririe0(0x)] Griedl (MgSQ%)L fiteresf andet hyl
ester 14 (145gRnofiehfid giEHe) diddketbie fradlict as Ay Cdiiatbrhde Altdrial used

for next step; assume.1.44mmol}.

‘M. (electrospray) : 703.3 (M-H)- 705.3 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06% TFA ; CH;CN : H:0) : 91%. .

.10 Step 4 : Synthesis of bromoketone 13:
]

<10;§’ s | aﬁ,qr? o

| At 0°C, to a solution of diazoketone 12 (1.44mmol) in THF (24mL) was added
'dropwise an HBr solution (1.0mlL.) and the mixture was stirred for 1h. The solution
- was diluted with EtOAc, washed with a saturated NaHCOa solution(2x}, water (2x)
15  and brine (1x), dry (MgSO4), 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)

b ?@

. :oa~Bromoketone 13 (0. 40mmol) and N-cyclopentylmlourea (68. 5mg. ©.48mmol) were
o _ f',;dtssolved in |50propan0! {1 SmL) and the.yellow solittion was heated at 70°C for
7_ ‘ 75mm, The solutlon was allowed to cool to R.T., and evaporated to dryness. The

"- "'reSIdue was dlssolved in EtOAc. The so!utlon was washed with saturated NaHCO;3

-28-




an aqueous solution of LiOH (75.8ng; 1.81 mmol) in water (1.5nlL) was
stirred for 18h. The organic solution was concentrated to priodydeoan
~of f-white suspension which was diluted with Et QAc and brine to obtain a
total solution. The pH was adjusted to 6 by the addition of 1 N HCl and
t he or ganiyg dsm¥fke Wwas extracted further 15 with Et OAc (gogycaekhgosonbi ned
organi c extracts were washed with water (2x), brine (1x), dried (MSH),
filtered and evaporated to give the desired conpound as a vyellow solid
(1382ng; 97%yield). Conversion to Na Salt: 20 Conpound 100 (138. 2ny;
0.175mml ) was dissolved in I\/EO—l (3011_) and 1 equivalent 0.0IN NaCH (1
7.5nm) was added. The cl ear w.sol ution was concentrated to renove

MeOH and . di | uf “lﬁi‘%’rﬁzﬂ/&ﬂ‘émﬂeﬂi‘Hz‘é’ﬁdéwﬁsp§bﬂfﬁ’?q Jrdgnegptraigd fogive Re producf
(Na:sal t) - as - groeétiadwn arangp-BRMWR f6ah.i Fihsh b3RA®;chichReigRiphg il hexthed:BtOAc 142nT;

e e T bt iehme S SR i It Fhae A o)

98% ' H NVR ( tigid ydtdw, iRMVBGR186Y; 68%). 5: 1 m xture of rotaners ; SD 8. 14 (bs, 1

H , 8.02 ~(d . 7.49-7.36 (m
2H). 7.27 (bs M%%Te"?"’%’égﬁ W%S@ %33@7‘6%'5*45%25&”*?%3/ 00090 7. 06-6. 96
~(m 2H), 6. 10Psveee PhaseHALS @lossnf'y(oﬂﬁﬁﬂ)TFAs% dH9 :99%6.8 Hz, 1 H),

4.84 (d, J =10.6 Hz, 1 H), 4.79-4.65 (m 1 H), 4.47-4.40 (m 1 H), 4.30
(d, J =°11.5 Hy, . d, J =88H, 1H, 4.00-3.85 (m 2H),

3.90 (s, 3H), = + 2.15-1.91 (m 2H), 1.80-1.23 (m. 18H),
0.96 & 0.86 (2x s, B E Preparation of Corrpoun,ﬂ;g Usi ng the

oH) .

same procedure descr i 'rﬁ R 1 and using N" Nt urea 8b
. ihstead of using N-cycl Gpe th rea 8a in step 5 esul in
compound 10 101 as t eTFA sal t: Conpound 101 H VHz, DVBO- d6) :  ca,
90: 10 m xture oO\oEﬁz\i jOI’ | SOmel—m
) 6

Com pound 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
, adjus‘te'd to 6 by the addition of 1N HC1 and the organic Iéyer was extracted further
15  with EtQAc (2x). The combined organic extracts were washed with water (2x}, brine
(1x), dried {(MgS0©4), filtered and evaporated to give the desired compound as a
yellow solid {138.2mg; 97% yield).

Conversion fo Na Saf: |
26 Compourid 100 (138.2mg; 0.175mmol) was dissolved in MeOH (SOmL) and 1
' .equi,.\'lalenl 0.01tN NaOH (17.5mL) was added. The clear yeilow solution was
' concentfated to remove MeOH and diluted with water, frozen and lyophililzed to
obtain the product (Na salt ) as a yellow amorphous solid (1 39mg. theoretical yield :
142mg, MW Na salt : 810.95) :
26  M:S.(electrospray) : 787.2 (M-H)- 789.3 (M+H)+ 811.3 (M+Na)+ . Reverse
| " Phase HPLC Homogeneity (0. 06% TFA CH5CN ; H,0) : 98%.
| _ _:':.’H NMR {400 MHz,DMSO-dg): ca 5:1 mlxture of rotamers ;60 8.14 (bs, 1H) 8.02
r(d J=93Hz, 1H) 7.89(d,J=6.7 Hz, 1H}, 7.49-7. 36 (m, 2H), 7.27 (bs, 1H),

. ~29-




.description; 808.59 (s, 1 H, 8.45-8.39 (m 1 H), 8.25(bs 1 H, 8.20 (d,
J=9.2H, 1H, 7.84 (bs, 1 H, 7.74 (s, 1 H, 7.32-7.26.40ay20¢d, 7.01
(d, J —83Hz, 1 H, 5.78 15 5.66 (m 2H), 520(dd J —170 16Hz 1

.H, 5.09-5.04 (m 1 H, 4.53-4.36 (m 4H), 4.05-3 92(m 2H) , 397(s

- 3H), 2.63“205,@644% 1 H, 2.44-2.29 (m 3H), 2.

07-1.95 ngj)omg 79-1.23

. (m 12H), 0.96 (s, 9H). M S. (electrospray) : 773.4 (MH) 775.4 (M+H) +

Reverse Phase HPLC Honpgeneity (0.06% TFA; CH3CN : H20) : 98% 20 EXAMPLE3-
. Preparation of Conpound 102 Using the sane procedure described in exanple 1
and using. N-cyclohexyl thiourea Sc instead of using N-cyclopentyl
~thiourea 8a in steps and resulted in conpound 25 102 as the TFA salt: -30 4
~ May 2006 WO 030664658, 2XOTLIASI0000 IS5 Mpﬁdﬁné%dﬂ.JHWWZ(ﬂﬂO‘im
Mz, DVBO- d6) : (&@:1%%4@1% thwssgf(mrm)amvmm Qf-l) é -Gle%w ptlon
5861(5 1H)% I;%‘ ? g}_l é H, 7.73
(bs, 1 H), 7.3Bb ‘bhf‘(q-n’ Pr%“ 7 74%33% m,%‘)-23ﬂ9(5» P-|)23?52? Ifs'%ﬁ (m 2H)
- 5.23-5.15 5 (@154.91(m, 2409:86-103 (orsHitD.g96 4.(bds @x 4390 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. (el ectr osBXePLE2801. 4 (M H)- 803.4 (M+H) +. Reverse Phase HPLC

Honogenei ty (ﬁ,ég@,,{q,J,Fﬁcﬁb'gg}b‘mHZO) : 99% 10 EXAMPLE 4 Pr epar ation of

- conpound 103 © ,sue © o~Yrs Conpound 100 O 0"o
Usmg the'same procedure described in example 1 and using N- cyclobutyl thiourea

8b instead of using N-cyclopenty! thiourea 8a in step 5 and resulted in compound
10 101 as theTFA sait:

5. H
M Nay ‘r{}_nb
~
_ o
O -
AL AD
ol @
N

Compon..md 101
TH NMR (400 MHz,DMSO-dg): ca, 90:10 mixture of rotamers, major isomer
: déscrigti_on; 508.59 (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; CH,CN : Hzo) : 98%

e

Cw
' EXAMPLE3
Preparation of Compound 102
. Using the same procedure described in example 1 and using. N-cyclohexy! thiourea
- 8cinstead of using N-cyclopentyl thiourea 8a in step 5 and resulted in compound
25 102as the TFA salt:

-30-




Conmpound 103 Conpound 100 (30ny,  0.038nmol) was conbined with HATU (17ng,
0.045mml ) 15 and dissolved in anhydrous DMF (4m). The sol4if4,9R086S
stirred at R T. before DI PEA (26L, 0.15mvl) was added dropw se over ca. 1
mn. The mxture was stirred for60mn. at R T. and anal yzed by anal ytical-

. HPLC for tfgodweisamti on of the activated ester. Foll ow pgrikRéseeesd SO ution

of benzenesul f onam de (23ng, 0. 15mvol), DVAP (17ng, 0. 14mvl) and DBU
(22L, 0.15mmol) was added in DVF (1nlL). 20 The reaction m xture was stirred
24h at RT. before being, poured into EtOAc (50nL) and washed with sat.
NaHCO3, and sat, brine solutions. The organi c phase was 31 4 May 2006 WO

© 03/ 064456 PCT/ CA03/ 00090 dried over MpSH4, filtered and concentrated. The
resi due was reconstituted in DMSO and puri fli - preparative HPLC.

Lyophi li zation gave the final prodwe Na as a pale yellow -

anor phous solid. 'H NWR (400MHz, DMSO 1 H, 884 (s, 1H),
8.20 (d, J 8.8 Hz, 1 H, 5 8.18-8.08 (d, J= 7.6 Hz, 2H),

m .

7.70 (dd, J= 7.6, 7.6 Hz, 2 7. S=7.7, 7.7 Hz, 2H), 7.28 (bs, 1

H, 7.11 (d, J = 6.6 Hz, | %\ 5.37-5.25 (m 1 H), 5.12

(d. J= 17 Hz, 1 H), 4.92 (d,“J=0 AN58-4.42 (m 3H), 4.24 (bs,
‘1 H), 4.05(d, J=7.8 Hz, 1 H), s H o3 (d J=7.8H, 1H,
2.69-2.61 (m 1H), 2.35-2.21 (m . 1H, 2. 78-198 (m 3H), 1.78-1 68 (m

" 4H), 1.68-1.51 (m 8H),. 10 1.50- 1.cbdpds@iodH), 1.29-1.22 (m 1H), 0.99 (s,

9H) . I\/B(elec; : A+ H+ and 926. M- . RP-HPLC. Rt =
7.3 nminutes (%ﬁ@&émwza@év&gﬁd“m urg f%[‘é’ﬁ shown in

- Schenme 2 the Hedclistiony&8.63(sbi) BI26-887 (m, 215, 1B, 1HXABPUS, BH)Srep 1
amneels o Qs ain, aliot 10 P R Ersokfn s SR e
: 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; CHyCN : £1,0} : 99%
10
EXAMPLE 4
‘Preparation of compound 103

B Ceags o o

o

| el o Higge

-’l\

Compound 100 _ Compound 103
Compound 100 (30mg, 0.038mmoi) was combined with HATU (17mg, 0.045mmol)
:1_5 and dissolved in anhydrous DMF (4mL). The sofuﬁbn was stirred at R.T. before
DIPEA_ (26pL, 0.15mmol) was added dropwise over ¢a. Tmin. The mixture was
stirred for 60min. at R.T. and analyzed by analytical HPLC for the formation of the
act_ivated ester. Following this, a solution of benzenesulfonamide (23mg, 0.15mmol),
_ DMAP (17mg, 0.14mmol} and DBU (22ul, 0.15mmol) was added in DMF (1mL).
206 The reaction mixture was stirred 24h at R.T. before being poured into .EIOAc (50mL)
' and washed with sat. NaHCO3; and sat. brine solutions. The organic phase was
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water (1OrnL) and a 1 N NaOH aqueous solution (1.05 equivalents; 7.4nlL) was
added. The solution stirred at R T. for 2.75h. The m xture v@agagye@prat ed
to dryness. The residue was diluted with water, frozen and |yophilized to
provide sodiumsalt 16 as. a white anorphous soI id (4.288). 25

- MS. (el ecwosmpsag) :554.2 (MH) - 556.3 (MrH) + 5782 ( M-Negricaoseli®wer se Phase

the white

n
'di_.azoket oné 1@‘%5 a

HPLC Honobgeneity (0.06% TFA ; CH3CN : H20):96% -32 0 0" 0 4 May 2006 WO
03/ 064456 Step 2: synthesis of dipeptide diazoketone 17: 0 16
PCT/ CA0O3/ 00090 0 Sodium salt 16 (assunme 7.02mml) was dissolved in THE

(78nmL); triethylamne (1.37nL; 9.83mmol) was added and the sol ution cool ed

to 0OC.. 5 Isob chloroformate (1 _28nm; 9.83muvl) was .added dropw se and
B%KQ’PUHQ%ﬂ?[?q?@dmafe"&'@!eﬂo?heiﬁs'd”e was) EeRnstiulegl in he addi tion

of a-soluti onDMso ﬂd@ﬁmuyma(a@w@ﬂManybpamfaﬁbn gaathe fifd Blodud A 3mol ) .

The reaction mx% )a eh r%ﬁr éousﬁayé 0C, 1.25h at R T.. and evaporated
to provide a B Esaﬂ)é’}?sy HY ARRP ensi on was di ssolved in Et OAc and
wat er. The or Y&NMR (300MHZ, OMSQad6)aiolesds, 1) v8.8h(ss HiLB.20 ¢d] MNeBIDHR, (H)X) , water

(22) and e g glotrlines s WISOWs whidkhor AR 7 BUZBIEARC L Ve L e

%‘g used nex sStep
assune 7.02méEY.7. K7 $iz )eZ?ﬁ&f’pi'dL/Y”(‘5718=126(‘MW)r5B@03531*GMHY-525Reverse

PhaSﬁ HPLC flfpﬁrq@ﬁ@iémb.ﬁﬂﬁ)ﬁl%ﬁﬂ 92 @'90‘112 HzHﬂﬁh)ws-QQf@(mléHﬁh% 3:
synthesis o ?b' ‘?Bt 35% VLA ?H) 397(s 391) 3.93 (d, J=7.8 Hz, 1H), 2.69-2.61

(m; 1H), 2.35-2.21 (m, TH), 2.13-1.98 (m, 3H), 1.78-1.68 (m, 4H), 1.68-1.51 (m, 8H),

B 10 1.50-1.41 (m, 4H), 1.29-1.22 (m, 1H), 0.99 (s, OH).

o, N Q. N
T igpe e
B . o N .O . .
B 15

MS (electrospray): 928.5 (M + H)+, and 926.5 (M — H)-.
RP-HPLC: Rt=7.3 minutes {(homogeneity = 99%).

. Using the synthetic séquence shown in Scheme 2 the following compounds were
15 prepared: '

EXAMPLES
Step 1: synthesis of dipeptide 16:
. o o
Med N oMe MsO. Ny Ang-Na
=2 =
- ) - s

. 16
Véo 1 Dipeptide. 15 (4.0g ; 7.02mmol) was dis‘solved.i'r_i THF (20mL) and MeOH (10mL),
' water (10mL) aﬁd a 1N NaOH aqueous solution (1.05 equivale_rits; 7.4m L) was
added. The solution stired at R.T. for 2.75h. The mixture was evaporated to
dryness. The reS|due was diluted with water, frozen and Iyophlhzed 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)+.
Beverse',Phas_e HPLC Homogeneity (0.06% TFA ; CHsCN : H,0) : 96%.
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At 0C, to a solution of diazoketone (assume 1.44nmol) in THE (116nL) was
added dropw se a 48% aqueous HBr solution (5.1 nmi) and the gm{ o6 was
~stirred for 2h. 20 The solution was diluted with Et OAc, washed with a

" saturated NaHOO3 sol ution(2x), water (2x) and brine (1x), dry:(MySO4),

filtered grepRyaporated to give the desired bronoket onep@sciusgbge solid
(4.25g; 6.72mmol). MS. (electrospray) : 632 (M 634.2 (Mt2) -33 4 May 2006

. WD 03/064456 Step 4: synthesis of dipeptide 19: 0 i S 18 PCT/ CA03/ 00090 19

a- Bronoket one 18 (512ng; 0.81mmol) and N-cycl opentylthiourea (128.4ng; 5
0.89nmol ) were dissolved in isopropanol (20r.). The resulting yellow
solution was heated at 70C for 1.5h. The _solution was allowed to cool to
R T., and evapispat authesis ofidipentide diazpketoneddi due was diluted with EtOQAc. The
Et OAc sol ution was washed gith saturated NaHCOB (2x), watep .(2x) and brine
(1x), dried (MySO4meoL4 Nand  concentrated to P product as an

- orange-brown foam Fl ol um 10 chromat ography in ~EtOAc 7:3
renoved | ess pol ar |rrpur|ot| es and 6: 4 retrieved the desg red conmpound as a

| ight yellow solid (4 © 75% . MS. (el ectrospray) \676.3 (M H- 678.3
(MrH) + Reverse Ph genelty (0.06% TFA M : 99% 15
Step 5: syntheS|s f Pfe 20: R T. for 3h. Th mxture was
diluted with EtOAc, washéd ®ith saturated . HATU coupl i n ag’ent (21.90ng ;

'0.058mMmml ). The reacti d§ mixture was stirred at DI EA (3 ; 0.192mmol ),

was added Ureéocﬁu&%ét P@(ég?umeor ﬁéﬁ@ﬂ%&m&é&n&&%#’&g@&u %ﬁﬂmwa?ﬂ.ﬁéﬂ to high

vacuum for 30m n utio m”) and stirred at

R T. After 2h{1.37mL: P@%F‘PBM’BWQQ%%“%%%@P'i‘i’ﬁoeﬁevaporat| ng to
'g’T yness. The debutpididroforiiiie PIEMLI ©®3MMoR Wb blidettirbfvisdridine Whie HCl sal t was

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 th at 0°C, 1.25h at R.T. and evaporated to provide a thick suspension. This
: ‘:éuspen_sion was dissolved in EtOAc and water. The organic solution was washed
: 16 with saturated NaHCOj3 (2x), water {2x) and brine (1x), dried (MgSO04), filtered and -
évaporated 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 ; CH;CN : Hz0) : 90%. '
15 : |
Steb 3: synthesis of dipeptide bromoketone 18:

RSN O M
R A MaO N\ _N2 MGOI ) N\— Br

. 0 N 3 . - . . 0 N. - . ) .
Ry g -
' I wc‘r ; X OMa ‘ . >‘r \o]r : OMa
(o) ¢}
o : (o]

18

. 17
At 6°C; to a solution of diazoketone (assume 1.44mmol) in THF (11 Gnil.')‘was' added
 dropwise a 48% aqueous HBr solution (5.1mL) and the mixture was stirred for 2h.
20 The solution was diluted with EXOAG, washed with a saturated NaHCO; solution(2x),
water (2x) and brine (1x), dry (MgS04), filtered and evaporated to guve the desured
bromoketone as a beige solid (4.25g; 6.72mmol). :
" "M.S.(electrospray) : 632 (M) 634.2 (M+2)
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0 20 19 The Boc-dipeptide (32.6g 0.048mml) was di ssol ved i n 4N HCVdi oxane
(3m) and -34 4 May 2006 WO 031064456 PCT/ CA03/ 00090 NaHCOB 4 ¥4y 2086t er
(2x) and brine (1 x), dried (MgS™4), filtered and evaporated to give the

- crude product as a thick yellow oil (assune 0.048muvol). M S. (el ectrospray)
- :800.4 (Mwd)o3n88%3s 4 (MrH) + . Reverse Phase HPLC Honogen@idaosoeie®6% TFA ;
CH3CN : H20) : 95% Step 6: Hydrolysis of tripeptide nethyl ester 20: 0 A
"solution of nethyl ester 20(77.80ng; 0.097mml) in THE (2m), and MeOH (1
m.), and an aqueous solution of LiCOH (40.7ng; 0.97nmml) in water (1 ni),
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 Conbi screen ODS-AQ 50 x20mm 10 S-5micron, 120A ; ).=220nm using -

a’'linear -gradiepn spitbs.oPEieptidd18H3CN / H20. The pure fractions. were
conbi ned, concentrated and_.converted t.o the sodi um sal t 15 Conver si on to

Na Salt The concentyat d,@‘roc gons were diluted g W@-&S a few ms' of
brine, (bamﬂedto‘@ﬁth 5N fNa t hen, ne pH 5.5 - 6.0
vvitthHCI) The prdct was €y wi th Et OA hed with ‘
~water (2x) and brine (J,? 20 drled ("VpSOss , fllter ,da; and evaporated to

dryness to provides prod as a ye 52.7mg ; 70% .
The neutr al produc MeO 0627 1) was dcOH (1 Onl) and

1. equivalent 0.01 N 7rrL) was added. The cloea'ﬂ | | ow sol ution was

concentrated to renove I\/@p—l and diluted with water, fro;gen and |yophililzed

to give the product SNa sa as a vyell ow am)rphous SO :
a-Bromoketone 18 (51 mg; 0. 81mmol) and N-cyc!opentylthuourea (1 28 4mg;

§ .. 0.89mmol) were dissolved in isopropanol (20mL). The resulting yellow solution was
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 (MgS04), filtered and
concentrated to give the product as an orange-brown fdam. Flash column

10 chromatography in hexane:EtOAc 7:3 removed less polér impurities and 6 : 4
retrieved the desired compound as a light yellow solid (411.5mg; 75%).
_M.S.(efectrospray) : 676.3 (M-H)- 678.3 (M+H)+
F{evérse Phase HPLC Homogeneity (0.06% TFA ; CH3;CN : H0) : 99%.

- 15 Step 5: synthesis of tripeptide 20:

Meoqnji}}] ji( MBDW@H}]
Arwr"fa@e a Qiir'iz;;m

 The Boc-dapeptlde {32:6g ; 0.048mmol) was dissolved in'iiN HGVdidxane (3mL) and
stirred at R.T. After 2h, the reaction mikture was worked~i1p by e\}aporaﬁng o
- dryness The HCI salt thus obtained as an off-white solid. The HCI salt was _
20 subjected to high vacuum for 30min. Toa solution of the HCI saltin DCM (2rnL) and
 'DIEA(33pL ;0. 192mmol), was added urea 5 (13.96mg ; 0.058mmol), followed by - ‘
‘HATU coupllng agent {21.90mg ; 0.058mmoi). The reaction mixture was sttrre_d _at:
R.T. for 3h. The reaction mixture was diluted with EtOAc, washed with saturatéd " B L

YWa

e
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1 H), 7.40%s. 1 H, 7.28 (d, J = 23Hz,1H) 7.16-7.08 (m 1 H).

~MS. (el ect rosp 775. 4 (M+H) Rey

~ 25 (50.8ng; theoretical yield : 50.8nmgy; MWNa salt.. 809.75) 'H NNR(400'
Mz, DMSO-d6) : ca, 8:1 mixture of rotaners ;8 8.20 (bs,1H) , #M362006 J =
_88Hz,1H),7.86(d,J5.7Hz,1H),751747(m2H) 726(5 1H,
'6.97 (d; J 8.6 Hz, 1 H, 6.19-6.02 (m 1 H), 5.33 (bs,1 H, 4.99 (d, J
16.8 Hz, qu-,p_,,oﬁﬁsﬁﬁ (d J =10.0 Hz, 1 H, 4.52-4.41 (rpordddesedbosd4 (d, J =
©11.0 Hz, 1 , ), 4.04-3.96 -35 4 I\/ay 2006 WO 03/ 064456 PCT/ CA03100090 (m
- 2H), 3.89 (s 3H) 3.793.68 (m 1 H), 3.68-3.15 (under water peak, 2H),
2.45- 2.36 (m 1 H, 2.05-1.92 (m 2H), 1.82-1.35 (m 16H),1.35-1.12 (m
2H), ‘0.91 & 0.84 (2x s, 9H. M S.(electrospray) :786.4 (MH- 788.3 (MtH) +
810 (M+rNa) +. Reverse Phase 5 HPLC Honogeneity (0.06% TFA, CH3CN :
- H20) 1 99% EXANRHEOS (2x),@igs 6 @nd bripe: (wsgrgddw @@n@terﬁdcﬂf'éwff‘l@f%tgd@escrl bed

S in e?arrpllse 6 ?ﬂgéﬂ&]ﬁcfﬁ% r@cﬁ:gpﬁ§gw9&lowéﬁ(a§§!n@6@?hﬁh i Lert but yl glyﬂ ne
in step 5 instead of ure an | e crude car ylic acid after
- step 6 by prelhPdeieciespsy %%9&5& Pﬁ%“%}"ﬂ% t'%?’(ﬁﬁﬁr?g‘a%f‘sﬁééTFA sal t:
conpered 104 HHanRuthﬂﬁDOMFDW)HzmsQSW 1 mxture of rotaners ;S 8.09
(bs, 1 H 5 8.02 1s (d, J 9.0Hz, 1 H , 7.88 (d,.J 6.5 Hz, 1 H), 7.45 (s, -
7.07-7.00 (m SweH)6: Hedrelysis ogpeptide mehykest220hs, | H), 5.00 (d, J =17.2 Hz, 1
H, 4.82 (d, J =11.4 Hz,1 H), 4 4452(m1H), 4.48- 4.41s(m 1 H, 4.29
(d, J 11,7 Hz, 1 H) med. 8.6 Hz, 1H),m R 2H), 3.91
(s, 3H), 236-2.27 (m 2. 18 04 (m 2H). 2. ( L 1.77- 20
1. 3(m 9H) 141134 mJ 1H) 096&085(2xs

{ Ho nmogenei ty (0 }-; H20) = 99% ° HP&‘F}L ~
° oy S o
20 '
A solution of methyl ester 20 {77.80mg; 0.097mmol) in THF (2mL), and MeOH
(1mL), and an aqueous solution of LIOH (40.7m§; 0.97mmol) in water (1rL), was
10 stirred for 16h. 'Ihé organic solution was concentrated to provide an off-white
suspension. The crude material was purified by preparatdry HPLC (YMC
Combiécteen ODS-AQ, 50 x20mm. 1D S-S5micron, 120A ; A=220nm) using a linear
- gradient and 0.06% TFA CH,CN/HO . The 'pure fracticns were combined,
-concentrated and converted to the sodium salt.

i5 .
Conversion to Na Salt:
The concentrated fractions were diluted with EtOAc and a few mis of brine,
- {basified to pH -13 with 5N NaOH, then, neutralized to pH 5.5 — 6.0 with 1IN HCI). -
' The product was extracted with EtOAc (3x), washed with water (2x) and brine (1x),
20  dried (MgSO,), 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 ) asa yélldw aﬁiorpﬁous 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 ] a 20 (bs 1H),7.96
(d,J=88Hz, iH),7.86 (d,J=5.7 Hz, 1H) 7.51-7 47 (m 2H), 726 (s, 1H) 6 97 :
(d; J = 8.6 Hz, 1H), 6.19-6.02 (m, 1H), 5.33 (bs 1H), 4. 99 (d d= 16 8 Hz, 1H)

(477(9,d=100Hz, TH), 452441 (m, 2H), 4.34(d, J_ﬁ OHz 1H) ) 404-396 o
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25 Conpound 105: Using the sane procedure as described in exanple 6-and
usi ng the cycl ohexyt carbamate of terEbutyl glycine in step zﬁMagQO@@d of
~urea 5 afforded the title 4 May 2006 WD 03/ 064456 . PCT/ CA03/ 00090 conpound
as the sodiumsalt Conpound 105 'H NWR (400 M—Iz DI\/SOdG) ca, 5:1 mxture
of rotanme 9 (bs, 1 H , 802 (d, J = OHz, 1 (d, J =
6.5 Hz, 1 ?3%%‘%3%(3, 1H), 7.40 (s, 1 H, 7. > (d. 5 #rrgaogodth (9 1H)

7.05 (d, J =86 H, 1 H, 7.00 (dd, J =2.0, 9.0 Hz, 1 H), 5.89 (_bs 1H),
'5.34 (s, 1 H, 508 (d, J =17.0 Hz, 1 H), 4.91 (d, J = 9.4 Hz, 1 H), 4.43
(dd, J =8.4, 16.8 Hz, 1 H), 4.36-4.24 (m 1 H, 4.14 (d, J = 8.6 Hz, 1
~~H, ), 4.00-3.86 (m 3H), 3.89 (8,31-i), 2.35-2.23 (m 1H), 2.04-1.91 (m
- SH) - 1.79- 1. 4fm, (), &ﬁtﬂs,seu) 307913.68 (m( ti), B6-3.15 @Rded WateBHediQ2HE 2.48H) . 10

"M S. (el ect 0 C
Homoenar by cBoB Uy, Aok o i o b SR fm RN 3F OARGORTCoe. s
~Using the san&%(&;@e@bﬂe as described in exanpl e 6 and using the
cyclopentyl gaf @@ﬁ&s?, W@ﬁlﬁﬁywﬂhmmﬁ Imos(mena)ﬁ n@ﬁ@m&a urea 5

afforded the tit conpound_as_t he_sodi um sal MR (400 MHz, DVSO- d6) :
ca, 1 4 ﬁxtUPbCHPmP%%r%@sOﬁfs"é“z‘é L0 16:0) (8% 1 H) 20, 8.00 (d, J =
9. 2Hz, 7.91 (d, J = 6.5 Hz, 1H),746(sl|—|) 7.41 (s, 1 H, 7.27

-37 4 lvay 202§ \‘g%g/oeMse PCT/ CA03/ 00090 (d, J = 2.4 Hz, 1 H), 7.20 (d, J
= 8.4 Hz, (dd, J = 2.4, 9.0 Hz,1 H), 6.09- 5.98 (m 1H), 5.34
(s,lH) 4. 9Qorpbind104: 1.6, 17.4 Hz, 1 H), 4.80 (d, J =11.9 Hz, 1 H),

o ﬁi) 73-4.67 (M ydingthe samé Brotedite e ift ekdipke §2nd WBing?hd eycdbiiyr 3.84 (m 1
R ’ 10  carbamate of tert-butyi glycine in step 5 instead of urea 5 and purifying the crude

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

TFA salt:

Compound 104

, 'H NMA (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 (4, = 6.5 Hz, TH), 7.45 (s, 1H), 7.40 (s, 1H),7.28(d, J =

o | 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-172Hz,1H} 4.82(d, J = 114 Hz, 1H), ‘464-452(m'- 1H), 4.48-
441 (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, TH), 096&085(2)(5 oH):
' M.S.(electrospray) : 773.3 (M-H)- 775. 4 (M+H)+ Reverse Phase HPLC

- Homogeneity (0. 06% TFA; CH;;CN HgO) 99%. - '

 EXAMPLE7
- 25 Compound 105: . . T
| Using the same procedure as descnbed in example 6. and usmg the cyclohexyl
'carbamate of tert-butyl glycme in step 5 lnstead of urea 5 afforded the tltle

. | 1-36-




3.90 (s, 3H), 2.38-2.29 (m 1 H, 2.03-1.92 (m 2H), 1.83-1.21 (m 24H),
1.21-0.83 5 (m5H MS. (electrospray) : 813.4 (MH) - 815. 4 4\ktddos Rever se
Phase HPLC Honopgeneity (0.06% TFA;, CH3CN : H20). : 99% EXAVMPLE 9 10
Conpound 107: Using the sanme procedure as described in exanple 6 and using
the cycl opaygsyksssear bamat e of cycl opentyl glycine instegéy@fosiéosq 5 i n step
.. 5, afforded the title conpound which was converted to its correspondi ng Na
- salt. 15 EXAMPLE 10 NS3- NS4A prot ease assay The enzymatic assay used to
~eval uate the present conpound is described in WD 00/09543 and WO 00/ 59929.
20 EXAMPLE11l Cell Based HCV RNA Replication Assay Céll Culture Huh7 cells
~that stably maintain a subgenom cHCV replicon were established as
~previously desmipdaadag tbelsodiomabit:al ., 1999. Science 285: 110-113) and
deS|gnated 25 as the S22.3 cell-line. 522.3 cgllg are maintained i n Dul bec
co"s Modified Earle Medium ( DVEM suppl ement el p-th 10% FBS and 1 ng/ nL
neomycin (Standard Medium. Duri i§° e $ N]\/Emedi um suppl enent ed
with 10% FBS, containing 0.5% DMSO an ki ng ne cin was used (Assay
~~Medium). 16 hours prior to conpound addition, 822.3 cells are trypsinized
and diluted to 50 000 cells/ 30, ~jn- St an%lard Medi um 200pL (10.000 cells)
~are distributed into each _ofda 6-IveNl plate. The plate was then.
i ncubated at 37 with 5% CO2 ol i >4 May 2006 WD 03/ 064456
PCT/ CA03/ 00090 Reagents and Materi Hiso P 5 npanyCat al og #St or age -
DVEMW sest | nc. 10013CVAC DVBCSI gmaD- 2659RTH - §

Compound- 105
"H NMR (400 MHz,DMSO’-ds): ca, 5:1 mixture of rota'mers; 58.29 (bs, 1H), 8.02
(d, J = 9.0Hz, 1H) , 7.89 (d, J = 6.5 Hz, 1H), 7.45 (s, TH), 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, 8.0 Hz, 1H), 5.89 (bs, 1H),
534 (s, 1H), 5.08(d,J =17.0 Hz, 1H), 4.91 (d, J=9.4 Hz, 1H), 443 (dd, J=84,
16.8 Hz, 1H), 4.36-4.24 (m, 1H), 4.14(d, J = 8.6 Hz, 1H), ), 4.00-3.86 (m, 3H),
3.80 (s, 3H), 2.36-2.23 (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, SH). _ :
10 - M.S.{electrospray). 1 8014 (M—H)- 803.4 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06% TFA; CH;CN : H.0) : 98%.

EXAMPLE 8
- Compound 106:

15 ‘ . :
Using 'thé same procedure as described in e‘xamplé 6 and using the cyclopentyl
‘carbamate of cyclohexyl glycine in step 5 mstead of urea 5 aﬁorded the tﬁle
compound as the sodlum salt: e S

* "H NMR (400 MHz DMSO-ds) ca, 1 4 mixture of rotamers 5 8.22 & 8.04 (2xs 1H) o

20,800 (d,J=9.2Hz, 1H) 7.91 (d J= 6.5 Hz, 1H) 746(3,1H) 741 (s 1H) 7.27 |
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Dul becco's PBSG bco- BRL14190- 136RT Fetal Bovi ne

Ser unBi o- Whi tt aker 14- 901F- 20C/ 4C Neonyci n ((418) G bco- BRL101${/923020C 4C
Trypsi n- EDTAG bco- BRL25300- 054- 20C/ 4C 96-wel | pl at esCost ar 3997 PVDF
0.22pm Filter UnitMIIiporeSLGVO25LSRT Deep-Well Titer Plate

‘Beckman26 BE4459! ypropyl ene Preparation of Test ConpopPgcAdsiaboss Of test.

..conpound (in 100% DMSO) was added to 2 ml of Assay Mediumfor a final DVSO

~concentration of 0.5% and the solution was sonicated for 15 mn and

- filtered through a 0.22pM M Ilipore Filter Unit. 900pl was transfered into

-row A of a Polypropyl ene Deep-Well| Titer Plate. Rows B to H, contain 400pL
~aliquots of Assay Medium (containing 0.5%DMSO), and are used to prepare
~cserial diluti@ns=2 a3, 1bY, 7.20 art$£6r¢lﬂz)gfl%(}mtl(dﬂ,rm2 A Q@ OtHy, Iﬂd)A/G(Gﬁo conmpound
- was included I f6 4 Cﬂﬁp(&% dloe ks Cel

cul ture nedi u?ng s ag%srség%ﬁﬁf 4@{ g fETHZ te ﬂt ‘al n?ﬁg the 522.3

~cells. 175VLHdE 43807 (me i) rh-454-Bi @h@H&pﬁP%ar%éme-?H)dﬁ%r?r #hinyf1H)

t est. conmpounds ¥ggs, 3?1; p154-8p5 Gf, 11H)cm3°-ﬂgtl(m@tt) 183-1 PE (h Py UEh @h:ate to the
correspondl ng wel| of the 15 cell culture plate. (row H was used as the "No

i nhi bition® coWEr%ﬁ" . The cell culture . plate was incubated at 37 with 5%
CO2f or 72h. EMtS@ats‘ctrasprm Faiv-kdel Bts.aiMRNA . RelérsePhapetHRLC72h | ncubati on

period, the t | Ak thaesegd fromthe 20 522.3 cells of
the 96-wel | ﬁ&?égeﬁ'gﬂtgﬁot%#e CWaéNQQC{z té?Q agen(r), RNeasy Handbook.

1999.). Briefly, assay nediumwas conpletely renoved fromcells and 100 pL
-of RLT bufferE{(Q,,,@ggn(r)) contai ning 143 nmM fl - mer capt oet hanol was added
-39 4 May 2006 WO 03/.064456 PCT/ CA03/ 00090 to each well of the 96-well
. cel I -cul tG?e Sompound#0Z i cropl ate was gently shaken for

: 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 Culture
) ' : Huh? cells that stably maintain a subgenomic HCV replicon were established as
| pre\tieusly' described (Lohman et el 1999. Science 285: 110-113) and designated
25 _asthe S22.3 cell-line, 522, 3 cefls are. maintained in Dulbecco's Modified Earle
,Medlum (DMEM) supplemented with 10% FBS and tmg!mL neomycm {Standard
'-Medlum) Durmg the assay, DMEM mediurn supptemented with 10% FBS, '
- containing 0.5% DMSO and lackmg neomycin was used (Assay Medium). 16 hours
_ Jprior to .compound addmon 822 3 cells are trypsmlzed and diluted to 50 000 cells/ml
30, in Standard Medium. 200pL (1 0000 cells) are dlstnbuted into each well ofa 96-weil
' plate The plate was then mcubated at 37" with 5% 002 until the next day

o -38-




20 sec. 100 pL of 70% et hanol was then added to each mcroplate well, and

m xed by pipetting. The |ysate was renoved and applied to t4ymapebds of a

RNeasy 96 (Qagen(r)) plate that was placed on top of a Q agen(r)

Square-Wel |l Block. The 5 RNeasy 96 plate was sealed with tape and the

~ Squar e- ko Bk Wi th the RNeasy 96 plate was | oaded p@t@adsigusdiol der and
‘placed in a rotor bucket of a 4K15C centrifuge. The sanple was centrifuged

-~ at 6000 rpm (-5600 x g) for 4 mn at room tenperature. The tape was

- renoved fromthe plate and 0.8 ml of Buffer R\ (Q agen(r) RNeasy 96 kit)
- was added to each well of the RNeasy 96 plate. The 10 RNeasy 96 plate was
sealed with a new piece of tape and centrifuged at 6000 rpm for 4 min at

. .room t enper at Beagenﬁmldmgs 96 pl ate was pl aced on. top of another clean
- Square- Wl | ne—tape ey g—0-8 y agen(r)
"RNeasy 96 kit w\?gugc%dded 1o each |l|f t he ?ﬂe'oglf E‘fra§e The RNeasy 96

pl ate was seajBMEMI th a new pi eq 0 unem:Vlfugﬂd at 60)0 rpmfor 4
mn at 15 roo . s
Buf fer RPE ( n(r)_ RNeasy 96 I

her—0-—8 m  of
t he RNeasy

- 96 plate. Th DWyPBS pI at e W&lib®diRled wi | 14180188y pRdce of tape and

centrlfuged of) or 10, ONTEED, att s WS renoved,
the RNeasy 96 pla é"%"'hggé"‘ T oq | BRIk (T gont T%?.%% 2l

“collection m dﬂms(ﬁﬂﬂ)ie RNA \dibeaeBrl ut ed WI3E8E ng -290C/A1C of | RNase-f r ee

- water to eachybdin-eSERI I MY Pt at g,wgm_a TeW 55366684 O -doaae@nd] i ncubat ed
for 1 mn at. roomtenperature Late. wasl t hen ("p‘]TI’I umnd At 6000 rpm

“for 4 min at rBoRRHPRr at ure. “ﬁ@s’é‘futlon Jt¥87was [ Bfeated wth a second
:volunme of 50 magﬁm@;mt er Miﬂ,ﬂﬁem crotjufiesvossid{ Rpt al  cell ul ar RNA
are stored at dti-on—o ot —Cel-l-ulat —RNA-RNA-Was
quantified on ¢ Bk cul ar &M CS[RY) using|the

Ri boG een(r) RPMyp@ml&hefl cation Klt Mol ecdl ar Probe>(r)) Brigfly, the

- 'Ri boGr een re&g’eﬁ't_\?‘bﬁamllutcu 200=fotd—in |E(10i"|"|\v'=| s=Hc} pH =7.5, 1nM
EDTA). .30 Cenerally, 50pL of reagent was diluted in 1 OnL TEA Standard
~Curve of ri boBpatatioraiAestgompoind ed in TE to 2pg/ nL and pre-determn ned

~amount s (100, 1§R. of 2t compourddin 100% DMSO) was added to 2 ml of Assay Medium for a
' 5 final DMSO concentration of 0.5% and the solution was sonicated for 15 min and

Fys)

_‘flltered through a 0.22pM Millipore Filter Unit. 900yl 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% DMSQO), and are used to prepare serial dilutions (1/2) by
transferring 400pt from row to row (no compound was included in row H).
10
_ Application of test compound to cells
.‘Celi culture medium was aspifatéd from the 96-welt plate containing the $22.3 cells.
1 75pL of assay medium with the appropria.te.diidﬁon of test compound was .
- transterred from each well of the compound plate to the oorrespond‘ing‘wellr of the
15 cell culture platé.(row H waé used as the "No inhibition control”). The cell culture
- plate was ircubated at 37° with 5% COzfor 72h.

- Extraction of Tdtal Cellufar RNA
Foi!owmg the 72h mcubation penod the total celtular RNA was extracted from the
' 20 8223 cells of the 96~wel| plate usmg the RNeasy 96 kit (Qlagen@ RNeasy
| ' _'Handbook. _1999.). Bneﬂy, assay_ me_dlu_m was completely removed from cells and
© 100 pL of RLT buffer {Qiath@) coﬂtain'ing 143 mM B-mercaptoethanol was added
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5,2 and OpL) of the ribosomal RNA solution are then transferred in a new
. 96-wel |l plate (COSTAR # 3997) and the volume was conpl eted tonEOOpts W th
TE. CGenerally, columm 1 of the 96-well plate was used for the standard

curve and the -40 4 May 2006 WD 031064456 PCT/ CA03/00090. other wells are

~used for {Hesibissanpl es to be quantified. 10PL of eachpdiAossanpl e t hat

- known quant [ t I es

was to be quantified, was transferred to the corresponding well of the

< 96-wel | pl ate and 90pL of TE was added. One vol une (100ppL) of diluted

Ri boGreen reagent was added to each well of the 96-well plate and
incubated for 2 to 5 mnutes 5 at roomtenperature, protected fromlight (a
10 L RNA sanple in a 200 uL final volune generates a 20 X dilution). The

f I uor escence tragneelt of thef 9@ welhcellsbituroplgte. Teamigraptatewas grAUGTERRL fof syst em

- (Mol ecul ar Dy Ofdo’% of 7 %mé%twmemacﬁmsﬁaemuuehemls of the

I ool RNA & he resulting__fluorescent
intensities. bRipeilios. Eombeate vas Teﬂ??"?ﬁa'iq‘@%%'@rth%ﬂ{sé’f aBNgaIe® was 10
det ermi ned f r@iageh®) pihensaids glaeeworaaplormoragsﬁ@eqdm-weheloaﬂm| | ution.

TR oS Ry o R Sl PR B AR >0

- Col | ecti on Tudfpi8e miap dd@ided intoltBs BAEEF aRd plagedioa rRMbl@emﬁaﬂKtﬁQ)n Ki t Mol ecul ar
Pr 0beRI1490- 206, RagaSe Sonih ) BHRARMAR BI0GTHALSo0l § ol Spagen1957SRT

Real -Time RT The Real or ne he ABI Prism
7700 Sequencdemesiaie-Jhe Gipsmanremevsy f’PWéhWaW&‘Hd B reip! Peffer RM £ r om
- (Perkin-El mer h@‘F{NeaBjr Qemqbeaaédeh)to e&thr i wasmaaky 96 med fier the
- quantificatio E Wg% tEC,\/ RNA b using Eﬁ t echnol ogy
(Roche. Mof %cﬁﬁ?asng iR e Wb e o 1S o ek RSOy vt ouol y
.des cri bed ( Vit €hiin atroanh iempb8d@e. The RBdany 98pletectzsplaced on top of ancther
‘ . clean Square-Well Block, the tape removed and 0.8 mi 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 spm for 4 min at
15 room temperature. The tape was removed and another 0.8 ml of Buffer RPE
(Qiagen® RNeasy 36 kit) was added to each well of the RNeasy 96 plate. The
FlNeasy 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 pt 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
5 centrifuged at 6000 rpm for 4 min at room temperature. The elution step was
) o ~ repeated with a second volume of 50 yl RNase-free water. The microtubes with total
: cellular RNA are stored at-70°. | | |
25
Quantlﬁcatlon of Total Cellular RNA
. .BNA was quantmed on the STORM® system (Molecular Dynamncs@) using the
- , RiboGreen® RNA Quantification Kit (Moiecular Probes®). Briefly, the RlboGreen
- reagent was dituted 200-fold in TE {10mM Tris-HCI pH =7.5; 1mM EDTA).
30 'Generally, 50pL of reegent was diluted in 10mL TE. A Standard Curve of ribosomal
RBNA ‘was dtluted |n TEt 2ngmL and pre-determmed amounts (100 50 40, 20, 10,
5, 2 and OpL) of the ribosomat RNA solution are then transferred in a new 96-weli
plate (COSTAR # 3997) and the volume was completed to 100pL with TE.
| jGeneralIy, oolumn 1 of the 96-well plate was used for the standard curve and the
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20 37: 327-332). The systemexploits the 5 -3" nucleolytic activity of
Anpl i Tag DNA pol ynerase. Briefly, the nmethod utilizes a dualshmbebes
fl uorogeni c hybridization probe (PUTR Probe) that specifically anneals to
~the tenplate between the PCR priners (priners 8125 and 7028). The 5 end of
- the probewgnniogdss a fluorescent reporter (6-carboxyfl| remasweoned FAM ) and
'the 3' end contains a fluorescent -41 4 May 2006 WO 03/064456
..PCT/ CA03/ 00090 quencher (6-carboxytetranethyl rhodam ne [ TAMRA]). The FAM
‘reporter's em ssion spectrumwas suppressed by the quencher on the intact.
hybri di zati on probe. Nuclease degradation of the hybridization probe
- releases the reporter, resulting in an increase in fluorescence eni ssi.on.
- The ABI Pri snoth@0gells arpused for ther it samplesiiode quanifieh dOplnefraagh BNAn
I 'hUOV es f???ea&{n‘;ﬁg itﬁ;f‘w%tbg !?;Uél@lled( way 'irhﬁ‘;ﬁ?r}éﬂﬁo tﬁ’@%tog@émmiﬁg W&Iﬁéﬂtﬁé‘l such that
e anmplifie roduct was dir roportio L.gnal ... e
" anplification%el P'W&é“ﬁﬁgﬂ"y%‘sg %ﬁQQ‘?ﬁWP{@“W&Z&@P@ﬁ?S@@ 'B@P%feaf‘hat
represents thagkmgasatidsd to epdtaed of fhe@6ariiiqlataarclincubated 6 2 tASpunutes
“representing defined detectio hr.eshol f.he iner i he
fluorescent sPYRAT HURESAHS Fé'a‘e%e{’]ﬁs?'rﬁ‘gﬁtgﬁ 1@%@%‘#@&? f"g{éq'bgggfﬁl‘g?é't he PCR
product for theursegeremdes a2 ¥diwionwdbe Befrésvencedstendity of eaghwWell was eshol d (Cr).
Crval ues are | | il he RNA; such
t hat under i d@%%‘l&%gf&ﬁgg%ggﬁm%%b , E"?ﬂée&@é?é@érmﬁ% §t§tg*rl(¥h?ﬁ8urv%scent ration
of HCV RNA, t ereatedwe thethasis ofitha kaawirfitaptities of the rikpsomal BYA apd thejesiigi cal |y by
tpe dABI dP(rj ! fﬁ:&&wem&%ﬂwﬂh‘émﬁe@“{m Bé’nuﬁh?i hj[tﬁt{kxb&ﬁn}ﬁfal agap !6§¢va:il_5 ea;:h .
- standar i I'ution of, kno concentration. rence sanples for e
standard dfr v@etﬁwnqdrfﬁq"hwgﬁtag%rgﬁ%e ﬁ‘\‘f‘ﬁﬁﬁc'ﬁf’é‘f’ g’.e Qgg\ﬁ“tﬁ@pl i con RNA was
synt hesi zed (by T7 transcription) in vitro, purified and quantified by
OD2m Consi depl of this RNA = 2.15 X 10" RNA copies, dilutions
are 20 nade i'ﬁeég%gies:.h%t%o 't%{%'es' 108, 10r, 106, 105, io 163 or 102 genom c

RNA copi es / 5pProdugbtal cel | ul ar HYCOMPaRY was hfalglogdton S&agedi with each
dilution (50ng-§—ﬁgi_). Sp—ut— : P55 e ton +
Huh-7 RNA) was 5 ined with 45p1 Reagent M k. —and used 1n the

Real - Ti ne RT- POEDiT&action. 25 The Rebiganme RT- POR¥dacti gflwas set-up for

t he experi nent e sangEiEs that—were .Ré\ll.kéi e O sy 96 e T pl ates by

conbining 5pt of each total cellularg.
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 Qiégen - 19573 RT

: ‘Redl-Time RT-PCR
" 15 The Real-Time RT-PCR was performed on the ABI Prism 7700 Sequence Detection
Sysiem using the TagMan EZ R'T-PCR_Kit' from (Perkin-Elmer Applied
Bi()'systems@)., RT-PCR was optimized for the qtjanﬁﬁcation of the Sf,lRES of HCV
“RNA by using the Tagman techrology (Roche Molecular Diagnostics Systems)
simitar to the technique préviousiy descriﬁed-(Martell etal., 1999. J. Clin. Microbiol.
‘20 37: 827-332). The system exploits the 53" nucleolytic activity of AmpiiTaq DNA
' ‘polymerase. Briefly, the method utilizes a dual-abeled fluorogenic hybridization
- _;iﬁro_b'e (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
n frep_dr:tar (ﬁ-carﬁoxyﬂuorescEein [FAM]) and the 3' end contains a fluorescent
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sanple with 45tiL of Reagent M x. Reagents and Material s:

Product COVPANYCat al og. #St orage Tagvan EZ RT- PCR Ki t PE Appl i efvay 2006

- Bi osyst ensN808- 0236-20C M cr oAnmp Opti cal CapsPE Appl i ed

Bi osyst ensN801- 0935RT M croAnp Optical 96- PE Applied Bi osystemsN801 0560RT
Vel | Reacwico®dnbiagad € -42 4 May 2006 WO 03/ 064. 456 Reagengciddaos@soepar ati on:
PCT/ CA03100090 Vol une for Vol ume for One Plate Final Conponentone sanple
~(pL) (91 sanples + conc. (PL)Dead Vol une) Rnase-free water16.51617 5X
TagMan EZ buffer109801X Mh(OAc)2 (25nm\) 65883nmM dATP (10m\) 1. 5147300pM dCTP
(10m\V) 1. 5147300NM dGTP (10mW) 1. 5147300pM dUTP (20mM) 1. 5147600pM For war d

- Primer (10pM 198200nM Reverse Priner (10pM 198200nM PUTR probe

~(5pM 2 196200 niybenthér (Bhibpylejmmetiyihodanne [TAMRAI). The FAM reporter’s emission

spectrum was suppressed by the quencher on the intact hyhridization probe
Nuclease degradation of the hybridization probe releases the reporter, resulting in-an
increase in flucrescence emission. The ABI Prism 7700 sequence detector
5 measures the increase in fluorescence emission continuously during the PCR
amplification such that the amplified product was directly proportion' to the signal.
The ampiificationplot was analysed early in the reaction at a point that represents
the logarithmic phase of product accumulation. A point representing a defined '
~ detection threshold of the increase in the fiuorescent signal associated with the

10 exponential growth of the PCR pi'oduct for the sequence detector wés defined as the
cycle threshold {C7). 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
autoimatically by the ABI Prism 7700 detection systemn 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 franscription) in vitro, putified and quantified
by OD. Considering that 1ug of this RNA = 2.15 X 10" RNA copies, dilutions are
20  made in order to have 10°, 107, 105, 10°, 10%, 10° or 102 genoriic RNA copies / 5pL.

Total cellular Huh-7 RNA was also incorporated with each dilution (50ng / SuL). SpL
of each reference standard (HCV Replicon + Huh-7 RNA) was combined with 45pt
e 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 5l of each total celiular RNA.
sample with 45pL of Reagent Mix.

- Reagenfs and Materials: _
Product “COMPANY Catalog # | Storage
“TaqMan EZRT.PCR Kit | PE Applied Biosystems _ N808-0236 | -20°C |
MicroAmp Optical Caps | PE Applied Biosystéms N801-0935 | RT
_' MicroAmp Optical 96- | ' '
Well Reaction Piate

PE Applied Biosystems = | N801-0560 | AT
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(2.5 U pL) AnpErase ‘UNG 0.5490.0111/pL (1 U pL) Total
Sequence (SEQ ID. 1):
Reverse Priner Sequence (SEQ ID NO 2): 5

Pri ner
- 3'

CAC CCT ATC AGG -

" within thegwseseats ansl at ed
GIG AGT ACA CC AM F1 A 6FAM -

May 2006 PCT/ CA03/ 00090 No Tenpl ate Controls (NTC):

NO. 3):

3' Note:

5|

- ACG CAG AAA GCG TCT AGG CAMa{30h
- TCC CGG GGC ACT CGC AAG
Those prinmers anplify a region of 256-nt present

to region of HCV. PUIR Prohathequemse ( SEQ | D
TGG TCT GCG GAA CCG WD 03/ 064456 4

On each pl ate,

Vol une454410 Forward

aGTT AGT

4 wells

are used as NTC. For these <controls, 5pl of water. are added to the well in
‘place of RNA. Thermal Cycling Conditions: 5 50C 2 mn 60C 30 mn 95C5
‘mn. 95C 15 sec 1 Jr 60C 1 min for 2 cycles 10 90C 15 sec 60C | min for
40. cycl es Fol ReagengMik peepastion:nat i on. of the RT-PCR reaction the data
anal ysi s requi fes—setting—of tiv&aj‘ﬁif& bﬂliﬁl@h?&hgpwtg Tat—for—the PCR
pl ate and a stpgndard curve was Final
_ | Component one sample | (uL) (91 samples + cone
{uL) Dead Volume) )
Rnase-free water 165 1617
| 5X TagMan EZ buffer 10 980 11X
Mn{OAc); (25mM) 6 588 3mM
[ dATP (10mM) 1.5 147 ~{ 300uM
o dCTP (10mM) 15 147 300pM
L L [ dGTP (10mM) 1.5 147 300pM:
| dUTP (20mM) 15 147 600pM
Forward Primer (10uM) | 1 98 -200nM
Reverse Primer (10uM) | 1 98 | 200nM
| PUTR probe (5uM) 2 196 200nM
Tth DNA polymerase .
‘ ROy 2 196 o1 usL
(2.5 UfpL)
- AmpE UNG E
AmpErase 0.5 49 0.61 Ul
1 (umby _ ._ :
Total Volume 45 4410

N Forward Prim'er Sequence (SEQ ID. 1): 5' - ACG CAG AAA GCG TCT AGC CAT
foy GGC GTT AGT -3 |

5 L

Reverse Primer Sequence (SEQ ID NO. 2): 5'- TCC CGG GGC ACT CGC AAG
. CACCCTATCAGG-3 '
_ Note: Those primers amplify a region of 256-nt -prese'ntl within the 5' untransfated

10  regionof HCV. ‘
PUTR Probe Sequence (SEQ ID NO. 3): [6FAM]- TGG TCT GCG GAA CCG
GTG AGT ACA CC -[TAMRA
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formula 1 were f ouget 0 1hginSE!
--knhibition in the Human Ledkocyte El astase and Cat hepsin B assays. EXAMPLE

13 Phar ndBoki nef i ¥°Gr dﬁé&g'fi?{]ﬂg’cwlgs present conpounds al so show good
S

15 constructed by plotting the C val ue versus RNA copy nunber used in each
reference reaction. The Ct values obtained for the assay sanphry280¢ used
to interpolate an RNA copy nunber based on the standard curve. Finally,

t he RNA copy nunber was normelized (based on the R boG een RNA 20

quanti fi cefd Peplst he total RNA extracted fromthe cell pepthésimesse! | ) and
expressed as genone equivalents / pg of total RNA [ge/pg]. The RNA copy
nunber [ g.eJpg] fromeach well of the cell culture plate was a neasure of

~the anpbunt of replicating HCV RNA in the presence of various 25

concentrations of inhibitor. The % inhibition was calculated with the
following equation: 100 - [(geJNg inh)/(g.eJpg ctl)x 100]. A non-linear
curve: fit w t NolTempldtd CommtsqNTOR Onapph platk, # ovelldiare iuadad 46 “NTGN—Famiseset r at i on

30 data, and 0%.ef f ' J Q) was cal cul ated by the
use of SAS: sw(ﬁgsr Zﬁ"?&‘f‘%‘ﬁé’%%@%‘ggﬁ‘\F’Agﬂé?’%?és emA'SAS Institute, Inc.
Cary, N.C.). Wen the conmpounds of this invention were evaluated in the
precedi ng enzyﬁa},{apcy@ﬁ@cgﬁd;dongased assays, the conpounds were found to be
highly active. Mre -44 4 May 2006 WO 03/064456 PCTI CA03/ 00090
speci fical Py, the ®fpoffB® had 1CS s below 0.1 pMin the NS3-NS4A protease
assay, and ECm s bggegw d@.thinpM i n the cell based HCV RNA replication assay.
EXAMPLE 12 Speci f%&bt ysarﬁﬁays The specificity assays used-to eval uate the
selectivity of this Conpound are described in WO 00/09543. Wen the -
conpounds wer e eva$aiét el sen t}e s‘g(eci fity assays, the conpounds of 10
Y&DGESi n that they do not show significant

phar macoki neti c prepert i166inS

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 thé Ct value versus RNA copy number used in each
" reference reaction. The Gt values obtained for the assay sampies are used to
interpolate an RNA copy number based on the standard curve.

'Finéliy, the RNA copy number was nommalized (based on the RiboGreen RNA
20 quantification of the total RNA extracted from the cell cultuse well) and expressed as
genome equivalents / ug of total RNA [ge/ug].

ry The RNA copy number [g.e./ug] from each well of the cell culture plate was a

measure of the amount of replicating HGCV 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 ct)x 100].

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

When the corﬁpounds of this invention were evaluated in the preceding enzymatic
and cell based assays, the compounds were found to be highly active. More -
, .. . _




significant plasma levels in the rat at 1 hour and 2h after an oral dose of
Ssng/kg.. Mre explicitly, the follow ng assay, an in vivo orgMaghegs ption
screen, was- used to determne plasma |evels of test conpounds In a rat
after oral administration: 20 Materials and Methods: 1. Method used to pool
conpoundswig'Basasi t e sel ection"): The sel ection of conpecwidsestoeese pool ed
into a. "cassette" was based on their structural simlarity and

"physi cochem cal properties. A solid phase extraction 25 nethod applicable
to all the selected conmpounds was established. Based on the initial _
testing. where each conmpound was spiked into rat plasma and run through
HPLC or HPLC/ M5 at a concentration of O. the retention tinme, ionic .

mass, and t hepesisalyphe cerepespds hasHC m%@wmm NSB-NEAAPRIREF®r HPLC VB

vere used. as BagySnlECAAdWES5 BMin GRTRABASH HOV RNARGlicatRASEsdye” . 30 2.
Oral vehicle and conpound preparation: Each "cassette" contains 3-4

conpounds at 5 or 4ng/ kg for each conpound. The cassettes were prepared as
~an oral suspebBzanmeid® 0. 5% aqueous mnet hyl cel | ul ose and 0. 3% of

pol yoxyet hgl eq ecgﬂ% s%gréol ton nonooteate (Tween-80). The dosing vol une was
10m kg vi a” or -45 4 May 2006 WD 031064456 PCTI CA03/ 00090 3.

Dosi ng and pl Kemspesifieitylassays used to evpualg the sslasiidly of Biscomppendalet ed over ni ght
i n i ndivi dual g&ae6sin Wo bo/éress to aqueous 10% dextrose. Two rats were
dosed with each "cassette". Plasma sanples (-1 ml) were collected at 1 and
2h post-dosing fromthe 2 rats and pooled 5 for extraction and anal ysis.
4. Conpound emmiaaﬂ{eioﬁmmmdsm&igx&izﬂtedﬁirtbﬂlspﬁhyammtﬂeecorrmoammtsarrpl es at

-1 and 2h. bl a L< Bb §WE toliht 'ﬁaegraa[&gmé@{th%ﬂd%mlg hiREFRABAL

0.5, pM of _ rac ase ract I on et '
Sanpl es were &nﬁmdeWE@S&ﬁdaMmﬂBﬁS%ﬁparl son 10 purpose. Pl asma
concentrations are estinated based on the single concentration of 0.5 pM

st andar d.
EXAMPLE 13

Pharmacokinetic propesties
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 foliowing assay, an in vivo oral absorption screen, was used to
determine plasma levels of test compounds in a rat after oral administration:
20
I 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 physiédchemical properties " A solid phaée extraction
: 25 method applicable to all the selected compounds was established. Based on the
mltnal testing where each compound was spiked into rat plasma and fin through 7
" 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 pooliﬁg 3-4 compounds-into one “cassette”.
30 2.  Oral vehicle and compound preparation:’
Each “cassette” contains 3-4 cdmpounds at 5 or 4mg/kg for each compound. The
cassettes were prepared as an oral suspension in 0.5% aqueous methyicellulose
and 0.3% of polyoxyethylene (20) sorbiton menooleate (Tween-80). The dosing
volume was 10mlkg via oral gavage. ' -
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When assayed in the preceding screen the conpounds of exanples t to 9 of
this invention were found to present in significant |evels 4Ma} b8l asm
at the 1 hour and 15 2 hour intervals follow ng oral admnistration,
averagi ng bl ood plasma levels of 1.23 pMand 1.16 pMrespectively. This

denmonst ragjPinedssei gni ficant in vivo oral absorption fpeybk@ee@ypounds 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 conpounds useful for treating of HCV infection. 20 The

follow ng table lists conpounds representative of the invention. Further in
keeping with the present disclosure, the conpound all had IICd s below 0.1

- pM.in the NS3- NSogngamdplasmasampliaggd ECG s below 0.5 pMin the. cell.

Bt T T
tell- 1010HBRAqUePFH10Ps dextrosg. Two rats were dosed with each “cassette”. Plasma
. samples (~1 mi) were collected at 1 and 2h post-dosing from the 2 rats and pooled
s for extraction and analysis.
4. Compound extraction and analysis:
- From each cassette, plasma samples.at 1 and 2h, blank plasma, blank plasma

spiked with all the compounds at 0.5 pM of each, are extracted by the solid phase

extraction method. Samples were analyzed by HPLC and HPLC/MS for comparison
:  ,,\.\ _ : 10 bdrpose. Plasma concentrations are estimated based on the single concenration of
' 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 leveis of 1.23
pM 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 HGV infection.
- 20
The following table lists compounds representative of the invention. Furtherin
L keeping with the present disclosure, the compound all had ICsy’s below 0.1 uM in-
o fhe NS3-NS4A protease assay, and ECsy’s below 0.5 uM in the cell based HCV
' RNA‘rrerp!ication assay. | '
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4 May 2006 WO 03/064456 CLAIM5 1. A conpound of formula (1):

uty\ 1030test-928.5 s -bButyl
1060H815. 4 10§

WO 03/064456 PCT/CA03/00090
TABLE 1
W
N—R
n={
MeO._a Ny Ao’
P
. ’ O
e d -9 Ra .‘:
R\OJLNJ\TQ "";
H R
R '
H%g . ()
’ 4 ) . . cpd No. R‘l RZV ) RS - “4 m’z
(MB)*
100 OH tert- ) CI\ 789.3
[ fan |
101 CH A tert- ! O\ 775.4
, Butyl | ©
402 | OH tert- <:l§ 803.4
103 0@ tert- O\ 9285
“#. -\[:> AButyt |} -
. 0 l
) 164 | OH | [terr D\ 7754
b Butyl | .
1705 joH , Tort 8034
\[:>. Butyi . | [::L\
106 | OH ~ A(:;J ' <::L\_at54
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wherein R is hydroxy or NHSQZR " wherein R" is (C $)al kyi, (C

. 7)cycloal kyl or {(C, .6)alkyl-(C37)cycloalkyl}, which are o Mappbog®nal l'y
Substituted from1l1l to 3 tines wth halo, cyano, nitro, O4C, . 4)al kyl,

~ami do, amino or phenyl, or R" is 06 or ClO aryl which is optlonally

substitut e dsiemsd to 3 times with hal o, cyano, nitro, p&csysabdey!

O (Cs)al kyl, am do, am no or phenyl; R2 is (C )cycloalkyl; R3'is t-butyl or
(CC). cycloalkyl and R4 is (CA.6)cycloal kyl; or a pharmaceutically
acceptabl e salt thereof. 2. The conpound of fornmula | according to claim1,
wherein R is hydroxy, NHSOZMe, NHSQ2cycl opropyl or NHSO2Ph. 3. The
- conpound of formula | according to claim2,.wherein R is NHSQ2cycl opropyl
-or . NHSO2Ph. 4. The corrpound of fornul &UAIMScording to claim 2. wherein R'
S hydroxx 5. 33;&,039 ‘f' formula | according to any one of clainsl
4, wherein R2 |s cycl opentyl “or cycl ohexyl. 6. The conpound of fornula I
] accordl ng to claim5b5, wherein R2 is cycl opentyIN,_pi‘ The conmpound of formula
| according to any one of dains.| to 6, whergi R3 is t butyl or
cycl ohexyl. 8. The conpound of foggylal #f#ng to claim7, wherein R
Is t-butyl. 9. The conpound of forrru' agcording to any one of clains 1.
“to .8, wherein R4 is cyclobutyl or c . 2yl . 10. The conpound of fornul a
| “according to claim9, wherein R is popentyl. 11. The compound of

formula | according to claim 1 @\/n e| i's hydroxy, H2 and R each is
. 'cycopentyl and R3 is t-butylpg ou of forrrul a |l according to
claiml1l, wherein R is hydroxy C cI Is t-butyl and R is
.cyclopentyl. -48 4 May 2006 WO 03/ 06’ T—" CAOS/ 00090 . 13. The conpound
of formula I according to claim1l, where| RO is hygiroxy, R2 is

roloneK B R AW S RPEA G i LSRR
cycl opentyl af(G.dEkyl4Cd4;)dpcloalkyl}, dbich dieall optipalynslibstitutbd fromi 1o 3 tawsor di ng to
' Cl aim1, wher Wtﬁ'hﬁ) c,ﬁ(§nch¥ﬁjt5 &G-ﬁ%ﬁl Smido, amino or. phenyl, or R is Cg or Cyo aryl
| which is optionally substituted from 1-to 3 times with hal_o, cyano, nitro, (Cq.g)atkyl,
-O-C.5)alkyl, amido, amino or phenyl; R%is (C“)cycloélkyl; R?is t-butyl or (Css)

Cycloélky! and R*is (C4g)cycloatkyl; or a pharmaceuﬂcally 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,cyclopropy!
or NHSO,Ph.
4.  The compound of formula | according to claim 2, wherein R is hydroxy.
5. The compound of formula | according to any one of cia:ms‘l to 4, wherein R®is
_ _ cyclopentyl or cyclohexyl. _
'6.  The compound of ‘_for‘m_ula [ according to claim 5, wherein R? is cyclopentyl.
- 7 The cofnpound'of formul_é | according to any one:of claims 1 t0:6, wherein .R’lj's t-
butyl or cyclohexyl. - | |
8. The oompound of formula | according to claim 7, wherein R’ is t-butyl.
The compound of formula l-according to any one of clalms 1 to 8, wherein R“ is =
cyclobutyl or cyctopentyl
10. The compound of formula | according to claim 9, wherein R".is cyclo‘pentyl
11.  The compound of formula | according to clalm 1, wherem R‘ is hydroxy, R* and R" sk

each is cyclopéntyl and R® is t-butyl. [
12. . The compound of formula I according to clafm 1 whereln I‘l1 ts hydroxy. l'-i2 |s
: cyclobutyl Riis t-butyl and R'is cyclopentyl. '
-48-




cyclopentyl, R3 is t-butyl and Ris cyclobutyl. 16. The conpound of formula
| according to claim1, wherein R is hydroxy, R2 is cyclopehyboos f is
t-butyl and R4 is cyclohexyl. 17. The conpound of forrmula | according to

claim 1, wt p R is hydroxy, R2 and R4 each is cyclopentyl and R3 is
cycl ohexyl™ @Qa“%e conpound of forrmula | according to 'E$ F‘?H%?"’%erei n R
I's hydroxy, R2, R3 and R4 each is cyclopentyl. 19. A pharmaceuti cal
conposition conprising an anti-hepatitis Cvirally effective anount of a
conmpound of forrmula 1 according to any one of claiml to 18 or a

" pharmaceutically acceptable salt thereof, in adm xture with a

“phar maceutys caking coRRARABIRLIE PddoRling T il WhetdiX R istyMioRgl@Rts 20. The

‘phar maceut’i cal conposition according to claim19, further conprising a

t her apeut i cal IS i"*éé‘b‘ﬁ%ﬂaﬁ lﬁ‘g’ﬁ'ﬁ%er@f" nore other anti-HCV agent. 21.
The phar mageutrihe abmpaung @slotnein | acorlingito glaind1,6hidin R0is NMSD,Eh,/R?3aH ®° ot her
anti- HCV agent .l fraon, a-interferon .or pegylated a-interferon.
22. The phar n%%%hu?gl&:i%p%ﬁgﬁ%&lfﬁéﬂa% ccording to claim 20 or 21, wherein

sai d ot hels. afhp ceianouad ehfomga t adsasdingite claipst, wheeeipRhistediowy, Réid  conposi ti on

according to el@hdihwldr® &t-oliyl 2% RVEE)RIbOyEal d other anti-HCV agent is
sel ected frominhibitors of " helicase, NS213 protease and injernal

ri bosome dft r he ceraPqupsketfprmuy! aqgeidingflo gaipuhudbgrein Bris byt B™ 8 according to
any one of cl eydapedty B® E&bigrandr? is opivkbaet ure of a nedi canent for the

t t t , ti f h titi I, I nf ect.i 25 _, Us f
e T B SRR ARk bshef L S S R AR O o
. & nedi canent eagh it hyslapeetitand i issyclohegyknt i on of a hepatitis C viral
“infectiongg4 'Wc&%l tgn%gff?ﬁﬁﬁ% gincg(l’s’nﬁﬁn R’&)&&Hldl.%enfeﬂ{ﬁ%-?ﬁ%&roﬂcﬁ%ﬁ'aﬂé’ to

anyone of cl ai| ) 7 ation w th one or nbre otHer anti-HCV
agent for thePnBeRiigecloPe™f a nedicanent for the treatment or prevention

of a hepatgt i & ghavidcabtichltb@pbsifin co_alz)risiﬂ_éf"&l AfEhePERRClliRdly kel M 26,
wherein-'said ot her anti-HCV agent is selected fro a-i.nterferon or
pegylated a - ARPUIPLY Someosd ShiRunyia XeGeomtiialp Agy oo o '8 189727, wher e n
sai d ot her anphari@séuticalipecdeptable salt thereof, in admixture with a phamaceutically
' : 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.  Thepharmaceutical composition according to claim 20, wherein said other anti-
HCV agent is selected from: a-interferon or pegylated asinterferon.
22. The pharmaceutical composition according to claim 20 or 21, wherein sald other

) anti-HCV agent i ribavirin. '_

- :',_":f-‘-' ' ., 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. 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.

25. Use of a composition according to any one of claims 19 to 23 for the manufacture of

a medicament for the -treatment or prevention of a hepatitis C viral infection.
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ribavirin. 29. The use according to claim26, 27 or 28, wherein said other
anti-HCV agent is selected frominhibitors of. helicase, NI2(i3vpogg ease
and internal ribosone entry site (IRES). 30. The pharnaceutica
conposition according to claim20, 21 or 22, wherein said other anti-HCV
agent is an inhibitor of HCV polynerase. 31. The use according to claim 26,
27 or 28, wherein said other anti-HCV agent is an inhibitor of HCV

pol yner agé. 4Urgef 2008mryond 3 deumdss 1Pesrrdimsicoangoe SEQIFNER 1ol 8TIING <110>
BOEHRI NGER | NerhbiEatin! WIFERNMAT! AL off8b bhii-Fid 2 0ehERATHeT nsin@adidiel & T OR

TRI - PEPTI DES <130>13/106, "<150>2, 370, 396 <151>2002-08-01 <160>3 <170>

Fast SEQ for WRHEARERIdPING eaimpntos prevention 053 hepajifs CopaliafegyqR. <213>

Artifi caR7.Sequrauee s2ahding t02a3m B rwwdiéin paidnotdr antiHIDP aferd ¢ sagaASR]
cgtctagcca tg&gﬂtta t,<210> 2 Iatég%]-iﬁteﬁ’groanb DNA <213> Artifical Sequence

<220> <223> [ROVeF LT PedY :

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

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

31. The use according to claim 26, 27 or 28, wherein said other anti-HCV agent is an
inhibitor of HCV polymerase.
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<400> 2 tcccggggca ctcgcaagca ccctatcagg <210> 3 <211> 26 <212> DNA <213>
Artifical Sequence <220> <223> PUTR probe <400> 3 tggtctgcgog: ®ageee gag
tacacec 30

WO 03/064456 ' PCT/CA03/00090

SEQUENCE LISTING

<110> BOEHRINGER INGELHEIM INTERNATIONAL Gmbi

<120> HEPATITIS ¢ INHIBITOR TRI-PEPTIDES

<130> 13/106

<150> 2,370,396
_<151> 2002-08-01

| <160> 3
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 30

<212> DNA

<213> Artifical Sequence

<220>
<223> Forward primier

<400> 1
acgcagaaag cgtctagcca tggcgttagt 30

<210> 2

<211> 30

<212> DNA

<213> Artifical Sequence

<22p>
<223> Reverse Primer

<400> 2 _ : ,
teccgggygca ctcgcgagca ccctateagg - 30

T <210> 3
<211> 26
<212> DNA
<213> Artifical Seguence

<220>
.<223? PUTR probe

<q00> 3 | \
tggtetgegg aaccggtgag tacacc ::;f&{ﬂ._i;’. ST 7 -25
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