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FOR THE INHI BI- TION OF NS3 (HEPATITIS C) [err] Abstract: 4MsyRo¥ed

herein are conmpounds of fornmula (1), wherein Rerr] is hydoxy or

NHSO err] Rl err] wherein Rerr] is (C(Jerr])alkyl, ((err])cycloalkyl or

[ (Cerr]) awvRybeqa@ieerr] ) cycl oal kyl ], which are all opti oeadags/enedst it ut ed

“from1l to 3 times with halo, cyano, ni tro, O ((err])slkyl, amdo, am no

~or- phenyl, or Rerr] is (err] or (JQerr] aryl which is optionally

sul(aa i t'u}:u)adlpil;ﬁl&ﬁnsl utﬂ;ma A HPR®XWROBINAEGHER 0 KaSBSTITORED culioLeve Forimiy |

0- err])al kyl, am do, amn s (Cferr])cycloal kyl;

~Rlerr] is t-btuyl or (quf%“ﬁe‘Fo%ﬂé{ﬂ “gﬁR%TIﬁ[I%r is (derr])cycl oaI kyl ;
or a pharmaceutically acceptable salt thereof. The conpounds ate useful as
inhibitors of HCV NS3 protease for the treatment of Hepatitis C

FIELD OF THE INVENTION
The present invention relates to compounds, processes for their synthesis,

5 compositions and methods for the treatment of hepatitis C virus (HCV) infection. In
_particular, tﬁe present invention.provides novel peptide énalogs, pharmaceutical
compositions containing such analogs and methods for using these analogs in the
~ treatment of HCV infection. ‘

S 10  BACKGROUND OF THE INVENTION
/ Hepatitis C virus (HCV) is the major etiological agent of post-transfusion and

. community-acquired non-A non-B hepatitis woridwide. Itis estimated that over 200
‘million people worldwide are infected by the virus. A high percentage of carriers
‘become chronically infected and many progress to chronic liver diseasé, so-called

15 chronic hepatitis C. This group.is intumn at high risk for serious Iivér 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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‘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 | NH4BviZy @ROGOF 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 WMEM3/06f45hepatitis C virus (HCV) infection. |n PGIAA0BRWMEr, the
present invention provides novel peptide anal ogs, pharnmaceuti cal
conpositions containing such anal ogs and net hods for using these anal ogs in
the treatnent of HCV infection. 10 BACKGROUND OF THE | NVENTI ON Hepatitis C
‘virus (HCV) is the major etiological agent of post-transfusion and

comuni t y- acquitrespiasoandof those Biahdo respariddaveesblyd aiatiee proporiion west foved &d t hat

over 200 mll 'r&&bs@%ﬁ&'t&ﬂﬁ%uhﬁﬂ#t%%trﬁén‘? infected by the virus. A high
per cent age of carriers becone chronically infected and many progress to

chronic liver disease, so-called 15 chronie hepatitis C. This group is in
turn at high rmmfé@mmeﬂém (hﬁme:asdimammheraﬁy J;flpv&enSéﬁéﬁhOSI S, ,

hepat ocel | ul_ar carci,n term eadi ath. The
Treehant sm by wAPARAUR IS fof BAELR i ahionls rep ooy B audandt i gh ¢ ot o
20 of chronic Féspensedats édow, dnddnterterorbiematmdrit elso indindes sevaie sidabiétis (lé. i s not

known how HCV. kélfrz aﬂ@i ihyth tﬁ% f&‘ﬂe %\rﬁ'g'%ﬁ éb?@%&%%&%ﬁeﬁ Hal %Qﬁ%mlfe

addition, the ro Ne Tesponses protection

agai nst HCV i nPE%ﬁan?rPaa?mS Recsaths interie(ne iy eqmiinatipe witls tiayiindne leen

| mrunogl obul i NGpR&Na BgRRMENH-EGSbNERE to IPNARAY! AXWEveRfthe side effects
nter for 25 Disease

ot f |
Gontrol dode” nitiept BN Roralhied iy B SRS Pepe o Ches
“-purpose. The | itddemihs awchefsiREG-Intren® and Bajasys® dantapparentygaaiafcaddiessanper i ng
the devel omemes@{% BENE T . eﬂsc.gemme Lt ng?z&?,%%n% Jn%%h% UeSor

measur es, e near-t are on- antiviral
“interventions. OGUTW?'BGEH@H ni cal studies have been conduct ed with the
‘goal of identifying pharnaceutical agents capabl e of effecti veI y treating

HCV i nfection atients, -aff t ed th ¢ nic hepatitis C. These
b udl o6 a8 Hoaoteus Pee bls tot b euatnaibor el cReeuiis A Rges 7
combi nation wi tréatobitef Hamnfmtubathaage.mome tisnhitationscht esisting\pBarmaceutical

therapies.

HCV is an enveloped positive strand RNA virus in the Flaviviridae family. The single
20  strand HCV RNA genome is approximately 9500 nucleotides in length and has a
| _single open reading frame (ORF) encoding a single large polyprotein of about 3000
amino acids. 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 mature 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.




for the NS3 pr¥Pos

shown that a substahti al nunber of the participants do not respond to these
-1 4 May 2006 WO 03/ 064456 PCT/ CA03/ 00090 therapies, and of 4Megl0tthat do

.respond favorably, a |large proportion were found to relapse after

termnation of treatnment. Until recently, interferon (IFN) was the only

. avail abl e weeosapysof proven benefit 5 approved in the clecricaodeiepat i ents

with chronic hepatitis C. However the sustained response rate is |ow, and

.interferon treatnent also induces severe side-effects (i.e

retinopathy,.thyroiditis, acute pancreatitis, depression) that dimnish the
quality of life of treated patients. Recently, interferon in conbination

wth ribavirin has_pe roved tor tients. non-responsive to | FN al one.
However, the sF'{}‘@ EF? @g?gr %‘gﬁ‘f@gﬂsﬂ qoeide fiphospbatase snsl A Beficaa h ¢ hi s

conbi nat i on t hactisitigs. NB&P/is aRNA-dapengendBNApnlyaefaes that is invbivedsinBEG- | ntron(r)

and Pegasys(r) .f P@&ug}p&q&pt ly partially address these del eterious
-side-effects bu

antiviral drugs still remain the avenue of choice for
oral treatnent of HCV. 15 Therefore, a need exists for the devel opnent of

ef fective a@tlx@éﬁém@&aegysfofeé de&ét@%téﬁmtanmraﬁgé’ne@tevﬁabmﬁtém over come
the limtations of existin lﬂﬁtpatrarrrac %lcal therapies, HCV is an envel oped

posi tive strantloRAgd qrEyQes % essentia) fop fhejrepiigation ‘ihﬁ"’“’ﬁ'ue single 20 strand
HCV. RNA genone is approximately 9500 nucl eoti des |n Iength and has a

singl e open r i |, tein of
about 3000 a%ﬁ%c;&%é 1'&%%%"&% ?Eutﬁ‘fne%"? fgf ygﬁﬁ% cl eaved at
mul tiple si tesd!WSGéIQVLN%ﬁPrOf&ﬁQF iphibitglr P?mlde eodlegs thal ap?rsitdlub@lly Hiferetr uct ur al

and non- stwctwna{he%@ounggQﬁtﬁéﬂgseﬂtr},‘,&gﬁn case of HCV, the generation of
mat ure nonstructural proteins , NS4A, 25 NS4B, NS5A, and NS5B) is

effected by.. two viral proteases. The first one, as yet poorly
char act eri zed, GB b@aw,262; 3P10296813NS3P NP R6s6NUPI 1apogdae uretoon tipagek erred to as

NS213 pr ot easal o e BIIRI8s Bo B AR BRSO Mg - subsequent
cl eavages doWOIIBHERTHWINIB466301 WO 99/38B85; \M@%IE@WQWMQ eavage site,
and in trajs, Werggma%é@@?ﬂsalwewwnw A WeRRyohSp>A- NS5B si tes.

The NS4A protein appears serv actl ng as a cofactor
Esgg%wo 00/31129; WO 01/02324; 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

R l_’e'plicatipn'in the repliconrceii madel.
‘ A funher advantage of one aspect of the. present lnvent:on resides in the fact that
C the compounds specrﬂcally inhibit the NS3 protease and do not show significant
'mhlbltory actlvuty against other serine proteases such as human leukocyte elastase
. (HLE), porcme pancreatic elastase (PPE); or bovine pancreatlc chymotrypsm or
) 30 cysteme proteases such as human liver cathepsin B (Cat B).

o ’ ",SUMMARY OF THE INVENTION
" na f' rst aspect of the present invention, there is provided a compound of formula (1)
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possi bly assisting in the nmenbrane | ocalization of NS3 and ot her viral
replicase conponents. The conplex formation of the NS3 prot edslay @@ NS4A
seens necessary to the processing events, enhancing the proteolytic
efficiency at all of the -2 4 May 2006 WD 03/ 064456 PCT/ CA03/ 00090 sites.
The NS3 pr@besmcsdss0o exhi bits nucl eosi de triphosphat ase papghaModael i case
activities. NS5B is a RNA-dependent RNA pol ynerase that is involved in the
replication of HCV. A general strategy for the devel opnment of antiviral
agents is to inactivate virally encoded enzynes that are essential for the
replication of the virus. The following is a |list of patent applications
publiished in the last few years that disclose HCV NS3 protease inhibitor
peptide anal ogs that are structurally differentfd1g2fromthe conmpounds of
the present invention: GB 2,337, 262; JP10298%. JP.11126861; JP 11292840;
JP 2001-103993; US 6, 159, 938 US 0,187, 935 97/ 43310; WD 98117679; WO
98/ 22496; WD 98146597; WD 98/ 4663 8888; WD 99/50230; WD 99/ 64442,
15 WD 99/07733; WD 99/07734; WO 00/ Om/ 09558; WD 00/20400; WO
00/ 59929; WD 00/31129; WD 01/ 02424; V\DOl/ 07407;. WD 01/16357; WO '
01/ 32691; WD 01/40262; WO 01/ 589%9 64678 V\D 01174768; WD 01/77113;
WO 01/ 81325; V\002/08187 WORd2/ §ig1 2/ WO 02108251; WO
02108256; WO 02/ 18369; VO 02/ 60@26“an 20 One advant age of
the present invention is that it prov‘P pt| de conpounds that are
inhibitory to the NS3 protease, an enzyne ‘”\essceml al 1f or the replication of
the hepatitis C virus. Furthernore, the coppounds are able to inhibit HCV

CRNA “repl i cat "SRR Bydrom or NP GR1 Wi’ 'Q@'ﬂa'f(ﬂr@éf’ymm’age of one
aspect of t he {Qpak@dC;Heyeakylp Whick aietfiSplidhalijsubbmeted o1 totdt@nééorrpounds

f |1 t th 3 d d t. show sia
TP bi tory actTrds: abls e oREeD TR AR pBe BEbud Ve R He R b ukocyt e
el'astase @ LE)\JchthIDMYpmuwtﬁom ‘lodktingesovith PRB) t;yaoo,rhiml(@ue;)qﬂa{hcr eatic
chymot I ypsi n, .(R(c, 3RyiCabie] difind s PheRR 88 iSS ool R istiok§l org@LyePsi n B

Cat B
( _ ) 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.

) i5 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.
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SUVMMARY CF THE I NVENTION In a first aspect of the present invention, there
is provided a conmpound of formula (1) -3 4 May 2006 WO 03/ 064va$2006

PCT/ CA03/ 00040 o (1) wherein R is hydroxy or NHSCZR A wherein R A is
(Cl.8)al kyl, (C3.&ycloalkyl or {(Cl.6)alkyl-(C3.7)cycloalkyl}, which are
all optionally substituted from.1 to 3 times wth halo, cyano, nitro,

O (Cl.6)al kyl, am do, am no or phenyl, or RAis Cs or Cl6 aryl 5 which is
optionally substituted from1 to 3 tinmes with halo, cyano, nitro,

(C1. 6) al kyl, LG = 8) | o ) 1 nQ _or phenyl . R2 i s (C46)cydoal kyl ;
R3 is t-btuyl %‘éﬁﬁ?)@%‘éﬁo@%ﬁﬁ’%ﬁ%@%ws eatﬂ%)ccv?imsyén ingt mgmmal

phar maceuti cal IRy adeigistednd o e maminel eofantid@pétitisaC seralyneifesne atnoait ¢ihe
present inventi®mpoliftLd® fofmdts OVI g€ JURGept | oRosi tion

conpri sing an an?}p?he atitis _Cot//'i ?aﬁa@mg@g@hg %’%ﬁ?lgoﬁaﬁ}%‘ﬁ%ﬁh@ of
formula 1, or CMREPUPEAT destripgd abewstaktsecorsial qomblinationwith aneaatsi morarda: Wi t h
a pharmaceut i datbifgtonqrepbREloR N6 Idr iBAVIRFE S BRE & thelr AR %@%&e 0
According to o iC(%rraté)iodi.rpent, tﬁ_t%@gﬁgr n\g([: uti cal ngg'%n)p?(t)ﬁse:r'?lh%# of Pltl éﬁo?

i nvention gLurther CONPRFEaLogens 'f%pa'ﬁ‘t‘%begyl ated or not), or ribavirin,

or one or nore other anti- HCV agents, or any conbination of the above.

Di scl osed her ejn., i at i hepatitis C viral infection in a
manmal by ad m'lmn? g‘?gﬁsﬁg& tg gﬁi'? %tées%éﬁ%ﬁn&grh%ﬁ? f%ﬂﬁ%"b ithe usecoh\ Gogpnoynd of

ef fective amouftimgla 3, agclegoihed kereihofaruthe manuaghhvarofes anddiealdny f@carpt abl e

salt Uhereol . GeaioheipRNE{dLInesaiEBbad@Rove, al one of in combination
h .

with one ore nore of. interfero pegyl ated or not), or ribavirin, or one
or nore ot{‘ber anti-HCV agents, adm nistered together or separately. -4 4
May 2006 5 10 15 20

) : 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
configuration of a substituent 6r asymmelric center of a compound of formula 1. the

. | @signation s done in the context of the whole compound and not in the context of
..the substituent or asymmetric center alone. | -

80 .




25 Disclosed herein is a nethod of preventing a hepatitis Cviral infection
ina mnmmal by admnistering to the manmal an anti - hepati ti4svgy 2006l | y
effective amount of a conpound of fornmula 1, a pharmaceutically 4
acceptabl e salt thereof, or a conposition as descri bed 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 nistered
together or separately. In a third aspect of the present invention, there
is provided the use of a conpound of forrmula 1, as described herein, for

t he manuf act iafat e g 4C or th treatment or prevention of
hepatitis C \ljl:gr? zglQ %igﬁt'gﬁﬁiéﬁ%hﬂg ?%ﬂ%eﬁﬂleéeérbr@ t?)ﬁhef’ﬂ%&fﬂr‘%@@rﬁ‘"iﬁlmventi on,
there i s proAHdEsidies srting fremtheGiterminus ead ottaé pagtidle ahavgs drdf extd@ing
manuf act ur e adwadsmel NGamBRtls (O P t A t gvention of ahepatitis
Cviral infegtion. In afi £ aéE§§? %ﬁggt“ﬁgqﬂ?c’gﬁsg'ﬁg it Prsecottr o s
provi ded use PO TEOBHBS Grigmaaus, et fase Betgend. & Sechenbter AbTramsactionsatrttienat i on
with one or -iﬁbv&j&)ﬁé@ﬂ_ommiseﬁ@g&gﬁg.gehmigw manuf acture of a medi canent
for the treatnent or prevention of a hepatiti's Cviral infection. The
present description refers to a nunber of docunments, the .contentof which
I's herein i Agésgstesainetie term eing AR refEIs T beRhdIRSSRORTIEN OF PREFERRED
EMBODI MENTS Definitions As used hereig,,the foll owi ng. definitions apply
unl ess otherw se noted: Wth referen Ohe instances where (R) or (S) is
used to designate the absolute confi§iratggon of a, substituent or
asymmetric center of a conpound ofHNOn al, the. designation is done in
the context of the whole conmpound and ngt in the context of the
substituent gor as ric.center alone. 30 -5 4 May 2006 The designation
"P1, P2; andr(') 855&%"gﬁ%&éﬁaW@Pﬁ‘ﬂhwoﬁf@qua@%ﬂbiaﬁdon of the amino acid
residues starting fromthe Cterm nus end of the peptide anal ogs and

extending .t ) h W1 ious .(i.e. Pl refers to position 1 fromthe
C-t erni nus, Pg: ‘ﬂ@é%ﬁ%"%sgpﬁﬁwwé-ﬁfwﬁ@nm isrcemiingtionawith anotheee Ber ger A

& Schechter 1., Transactions of the
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~ used herein, dhelesn oy
the radicap - edtsmihglrbmis theRaMbR anedirettfy idkedts hih RikgleAd ARG NY U

- to six carbon_atons, and includes nethoxy, ethoxy, propgxy, 1
et hyl ot hoxy ! © BERBR AGRY 13 FERP e EIPPEPHEEI HRORRIVREN | adi cai | sknown

Royal Society London series 8257,.249-264 (1970)). As used herein the term
“Vinyl -ACCA" refers to a conpound of fornula: S 0 nanely, (4Ray26)6

1- am no- 2- et henyl cycl opropyl carboxylic acid. The term"(Cl-8)al kyl" as used
herein, either alone or in conbination with another 4 May 2006 WO 03/ 064456
PCT/ CAO3100D@Mesabst i t uent, nmeans acyclic strai ght or branchexboedokyl
substituents containing for I to 8 carbon atonms and i-ncludes, for exanple,
met hyl , ethyl, 2-methyl hexyl, 1.,1- dinethylhexyl (or t-butyl) and octyl. 5
The term " (C3. 7)cycl oal kyl" as used herein, either alone or in combination
wi-t h anot her substituent, neans a cycl oal kyl substituent containing from3

cyel ohoxyl ana EyRenERES VR TR BeRE LB PR AR T ot useo

her ei n neans & caspoh attiisydnd irgtiidesifor ekdmplenmathyli eibylf 2-methgthexyl,d,.car bon at ons
directly link Y ical containing 1 to 6 carbon atomns; for
exanpl e, cyclgg’r%@;ﬁggt rl;I ,6’@5’8?2%3my| ethyl, cycl ohexyl net hyl, and :
cycl ohexyl ethyl. In the instance where Rln is a {(C, .g)alkyl-
EgB gg c?/ﬁl iaal( H’Hé}ermtl‘@a.% dawl "hgugéd;ﬁ#é]@cbnh%mdg@osm?mm aoﬁ/wig t he 5

, . 6) al ky i.e t ) ene _porti.o e term"Cq .0 o aryl" as
Used her o) n, \ anghensubstifnt Yeanna BtRaEspsfitent comaifbd hem 3 B 2grbdn  eans
ei t her an ar oawhisandinchdys tycbpapeh pycobotyh cydlapgnil, cyaidhexyl abdeglobeptylan
aromatic bicyclic group containing 10 carbon atons. For exanple, aryl
i ncl.udes phenyl, 1-napht hgl_ or 2-naphthyl. 20 The term” o‘qécr(& al kyl" as

{Caielgy Frag ¢sed bafeirmeansaryeloallkdpdical | neans

commonl y as t aydoh2gylihethyixand cybiehdxglethyl: Hatie'instance svadrel R & an{(@pgalieyl-a hal ogen

substituent sgbectad f KOO QMRs auddbfiodne 5bYGHap 95 1led@2:)alkyi .e. the

alkytene portion). -

i5
The term “Cg or 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 ‘ o

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

Vg ' _ . up to six carbon atoms, and includes methoxy, ethoxy, propoxy, 1-methylethoxy,

.+ . butoxyand1 ,1-dimethylethoxy. The fatter radical-is known commonly as fert-
25 butoxy.

The term“halo” 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-




30 The term "pharnmaceutically acceptable salt" neans a salt of a conpound
of formula (1) which is, within the scope of sound nedi cal 4Mdgpesd ,
suitable for use in contact wth the tissues of humans and | ower animals
wi t hout undue toxicity, irritation, allergic response, and the |ike,

- commensur A@03M6¢436 a r easonabl e benef it/risk ratio, geneCBCAGOMBer or

~0i |l -soluble or dispersible, and effective for their intended use. -6 4 My
2006 WD 03/ 064456 PCT/ CA03/ 00090 The term i ncl udes .
pharmaceutical |l y-acceptable acid addition salts and

~phar maceuti cal | y-acceptabl e base addition salts. Lists of suitable salts
are found in, , P 77, 66, pp. 1-19.
which is hereghgtelg‘né%c@d% ngg%uﬁéall? L?ceeﬁéble Ma{asmgﬁ |’l'F¢"e4.lg 5 The term
"phar maceut i cazarwaa@t@e@lym@t@éﬁ hasg gehiiandaits olists ofuitpble Mt?@ée found I8, whi ch

retain the bi gl maé.rg%feftsncw PﬁiﬁssmaMYPFs@g)@ri#QWhléh@rew ee bases and.
whi ch are not . bi ol %I cal erwi se undesirable, formed with inorganic

acids such as™G9@P Wﬁ?@@ﬁ?'ﬂ‘tsﬁg’tﬁ?%‘orom c acid, hydroiodic acid,
sulfuric asid, sulfamc acid, 10 nitric acid, phosphorl c acid, and t he
l'i ke, and org G [ t
tricuoroaceti ?n%%fﬁ bh%?fngééﬁ&a@?%&(égﬁmg afd ""g‘gllud',E éa{zlalg@or qugsgcslags "%as partic
aci d, benzenemkin WWIWﬁWBWS@HQ@FQPEH@S gtibe drg besegand whichare nighit yri ¢

aci d, canphor bﬁloaﬁbﬂor%mtﬁﬂéﬁﬁb@ @Fnhéh witH iNOERIE adidd ébchﬁbt ric acid,
di gluconic acid, ethanesul fonic acid g utam.c aci d, cgg,l ycolic_acid,

- glycer ophosphB¥q’?,°héRE'F6°‘d-lf5¥df?8Fﬂ"§%??q bidipiogic apidulfirs 3oidy siifgmiaacida i ¢ aci d,
- formc acind, hiHesiciospassphbric Acidyhdrtexike] draneganid sidseuatiCagladetis adidi oni ¢ aci d)

“lacti.c acid, e roxvual ei ¢, .aci nall aCld mal,oni ¢ aci d,
‘mandel i ¢ aci d{}%h!@ma S 'Fé‘g'g f"ﬁ'@ i dad""ﬁé‘?’ﬁ ar%%%' it ancorhic gid,
napht hal enes uamamcmcalcb@zemﬂsuquac@. berizdic agid, &apmwyatbrezn@@elﬂfmr@ aci d,

oxal i c acid, paIRLmpRGHchcidPEmbdhistiidfd 4bid, BRRAMI 26! diffic 2G4, JighBnic
3- phenylproplonlc acid, picric acid, pivalic acid, prop |on|c acid, pyruvic

aci d, salicyl Aeid, esangsuitihie afid.gliamig ac'gtﬂi!(ﬁ"?‘ﬁ %C"hﬁyaef%'lﬂsp%ﬂﬁ'ﬂaf”é acid,

tartaric asi dherﬁlsttllﬁ& amasmh«ﬁmmmﬁeﬁnoucuaﬁmmewd BGmakic aRkl2t Ee i keI The
t hose salts

term " phar nac l e, base i ogn,salt.

B e Lt S ARSI Rt R 2

~-aci ds and whi eﬁd.amaiwmﬂ rballmuogmtbatdngleltyracw mesiesesulforiesdidabl e, fornmed with
I nor ganl C basggimaHedindic AT RBHtnalenesulfonic acid, nicotinic acid, 2-

naphthalenesulfonic acid, oxalic acid, pamoic acid, pectinic acid, phenylacetic acid,

20 3-phenylpropionic acid, picric acid, pivalic acid, propionic acid, pyruvic acid, salicylic
acid, stearic acid, succinic acid,_ sulfanilic acid, tartaric acid, _p-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




or hydroxi de, carbonate, or bicarbonate of ammonium or a netal cation such
~as  sodium potassium lithium calcium magnesium iron, zi4kaycopper,
.manganese, alumnum and the like. Particularly preferred are the

amoni um potassi um 30 sodium cal cium and nmagnesium salts. Salts derived
f rom phar na@etieés¢sal | y- accept abl e organi ¢ nont oxi ¢ basescraadumiesosal t s of

" primary, secondary, and tertiary am nes, quaternary am ne conpounds,

~ substituted ami nes including naturally occurring substituted am nes,

cyclic am nes and basic ion-exchange resins, such as nethyl am ne,

di et hyl am ne, trinmethylam ne, ethylam ne, diethylamne, 4 May 2006 WO

03/ 064456 PCT/ /00090 triethylamne, isopropylam ne, tripropylan ne,
tributyl ani ne,‘gé‘%ﬁ%{ﬁ'a?’d?ﬂpﬁ@y%"mge 'W&%?Bﬁag'fﬂen@?”@-g@l"ﬁeﬁwogw oet hanol ,
2- di et hyl ani natithaokbmine 2aijmétbylenipbethanok 2-didtydamisgettangl, dicyviohexyilstingi ne,
caf f ei ne, hydr, ) . ChQd i De aj =) h.aqi.ne ' m ne,
- met hyl gl ucam r%g,ﬂ%?h%gg‘rebﬁgahdg,{b’ ﬁ@ﬁﬁégﬁﬁﬁaﬁﬁéﬁgg bg@ﬁgf ?tﬁ‘fk%lg%}q\] ’

et hyl pi peri di riducosanine,feathyalugaming. thepkreminsuptinioes, pperagaepipeddinei-um

TR, ) b Mot S
N, N-di %enzyl pﬁ@ﬁ‘@?wsa‘?ﬁﬁﬁi@?' '\i'g'xé%'ﬁ%ﬁﬂ?ﬁ'ﬂ@: h‘"ﬂf‘ PiRgrgBRNmetwimomiclifean ne,

- pol yam ne r esidityclobexglaimire, Hibkrerylaie, NiNiibedzylpheretigiamied, 1@plgmaiminenont oxi c

. bases are iso ) ' ) n ey m ne,
di iyil ohexlyisaﬂ’ﬂ%ﬁg{%%%‘ggﬁﬁx%%%%ﬁﬁg?é%ég @Hém%ar'ﬁl‘ ﬁ'\‘/’l&%"g?{ﬁé%}e%i as
used her ei n megagicnenteyic basgscserisopnopylaning, distiydhrdae, pthapdlamings ef f ective to

~iphibit they f efmBhjRRine & RlnégRhlifa thdife Uhdatiidells i N a mammal . This
‘i'ncl udes agents that interfere’with either host or viral nechanisns

‘necessary 15 for the formation and/or replication of a virus in a manmal .
Antiviral agerhe térmChntilieal aghatr aicRdberin mbdr\anagent (@fpdlndiorbilogitsn 497

(meri nmepodi b, Vert ti -498 (Vertex Pharmceutical s),
Levovirin, Vi g%asnfsaeﬁfégtgg&gﬁéﬁé e((%gnl)?g "'ﬁ%‘?@g "SP?‘%‘{"Bgﬁa F G '@ﬂf’%&‘fﬂ( XTL
- Bi- ophar maceut itbiglingudeg @gamtethatinigifercivdth eitherihos\Ouvisal mchanismsoeceshanyei n neans

those agenfss thiahe RiRatior the6H defiRali of AviFudth Sthdhemar AH(WXF%%E&Q%H&S,
progression of hepatitis C related %tom; of di sease. Such agents can be

sel ected fr omfOr&emplg; foavingpmpniading 6 faRiimerpdipyVesigs Rhamaceitdlsh or s of
"HCV NS3 pr ot e 5498 (WadtdX Phakmaditiddsy, LepolisH)Wirahiding, Cdplhk imibanfing)fXAAOL her

target in the poV L H‘ Eob &T‘E'Bio?pgarmaceuticals).

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 a-, B- and omega interferons, tau-interferons,
30  consensus interferons and asialo-interferons), class 1l interferons (such as y-
‘interferons) and pegylated interferons. | '

-'Thé‘ term “inhibitor of HCV NS3 protease” as used herein means anagent _ ,
(compound or biological) that is effective to inhibit the function of HCV NS3 proteasé‘ ‘
o 8. : o




The term "i mmunonodul atory agent"™ as used herein neans those agents
(conpounds or biologicals) that are effective to enhance or 4odaenod,mt e the
i mMmune systemresponse in a manmal . | mmunonodul atory agents include, for
- exanple, class | interferons (such as a-, (3 and onega interferons,
“tau-inter WER64430 consensus interferons and asi al o- i NtRGTY@YOSBGPe class 11
“interferon (such as y interferons) and pegylated interferon. The term :
"“inhibitor of HCV NS3 protease" as used herein neans an agent (conpound or -
‘biological) that is effective to inhibit the function of HCV NS3 protease
-8 4 May 2006 WO 03/064456 PCT/ CA03100090 in a mamal .. | nhibitors of HCV

NS3 prot ease jLhbdRal. f:m.b.faf@&mnﬁ; Né%ﬁ%as&ﬂﬂiﬁ@&?& &lthdagd in WO
99/ 07733, WD 99/07734, WO 00/0 9543, WO 0/ '59929 or WO

02/ 060926, t hEOTRRAYAAS ﬂ@@ﬁbqwéﬁ%ﬁ”ﬁ?@ﬁ: Wﬁzgo?("??%’r%@&%’%ﬁﬁﬁd\é’& ified as BILN-
2061 and the wmsavs(ﬁoodlsédzy oP WO OB 0ET026) IR BoehAfdy thaklReim disleat i fi ed as

VX- 950 or LY-570 P

19, 29, Ogo, chia "g’%% '3%"% é@f" zéga C'(‘Sj'gﬁ 0‘2"1'%'@ ”%!B?*‘fﬁ‘ippri‘ﬁgbaﬁdz’“ﬁlls 114
115, 116, 512@entligd as YXB5024 | Y-5763101 P ticutatly 1@Mmpdinsdsi# 805,i6n8,110e11, abl e of
pages 224- 2263?1(31@ é’@s@%@@&%%%? %@%Sbﬁ%%e& héa qembﬁaﬁboﬂiiwl f4hﬁg}

- conpounds of esent .1 nvent
“pol yner ase as‘lﬁaégo HePel2d W h25, 436 agd g/ Tﬁﬂﬂ?ﬁ%lﬂﬁ'ﬁ? table ofpageddRL &S that is

effective to inf\fﬂolwzloeb@r_fs Eaingd 508 iPéonfihaon/willOlny eBHSadd of e pragumeal . Thi s
I ncl udes, for, rﬁgF i nhi bitors of HCV NS5B pol ymerase. Inhibitors of
ude

HCV pol yrreras'é‘? non- nucl eosi des, for exanple, those compounds 15
. described1on: US Application No. 10/198,680; which corresponds to

T A 1o o ORI Wl S,
filed 18. Jul yO’ZMQQ'@dB‘ﬁr'S ﬁfj@?'vel ta g@lbﬁé?erf)’"WQ@Of-aW\MﬁﬂYm%fﬁq BA No.
107198, 259, Wnafrthat This@$RRE Jort ckalBib] Bk sV NSERbElyrherb&d Inkibitdigl Y 2002
(Boehringer | &%&v polmlérase 1\1/1\Qu3e non—nucleosnc'?\les o?gxavrﬁ\%t? /o%g (c)c?fg;}ou s (both Shire),

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),
(Y ‘ - . WQ01/85172 At and WO 02/098424 A1 (both GSK),
B - WO00/06529 and WO 02/06246 A1 (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‘ée'aisO ihdude nucleoside analogs,
for example, those compounds described in:
- . WO01/90121 A2 (Idenix), ' :
30 - WO 02/069903 A2 (Biocryst Pharmaceuticéls Inc.), and
- WO 02/057287 A2 and WO 02/057425 A2 (both Merckllsns) _
Specific exampies of inhibitors of an Hcv polymerase include JTK-002, JT K—003 o
and JTK-109 (Japan Tobacco). :




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

02/ 06246 Al (both Merck), 25 - WO 01/47883 and WO 03/ 000254 4 ¥ay hodkmpan
Tobacco) and. EP 1 256 628 A2 (Agouron). Furthernore other inhibitors of
HCV pol ynerase al so i nclude nucl eosi de anal ogs, for exanple, those
conpoundswaesmedsbed in: WO 01/90121 A2 (ldenix), 30 - WE/OR:060803 A2

- (Biocryst Pharmaceuticals Inc.), and WD 02/057287 A2 and WD 02/ 057425 A2
‘(both Merck/Isis). Specific exanples of inhibitors of an HCV pol ynerase,
_include JTK-002, JTK-003 and JTK-109 (Japan Tobacco). -9 4 May 2006 WO
03/ 064456 PCT/ CA03/ 00090 The term i nhi bitor of another target in the HCV

l'ife cycle” used he n, means.an .. age conmpound or oI0|caI) that is
effective to i %teBPt*“*EﬁEW W&qrﬁgﬁﬂﬁﬂﬁﬂbvﬁ'&p‘f 'Ea"[’?‘bﬁ‘i"d&f’ 4% 28 nanmal
ot her than byageﬂh(dontpomghtrtb@lcﬁgmd}tﬁha&rseﬁbcth:hmthtNSBornwlmtmﬁm Thi s

-ncl udes age”Ie?;héaQ@g of \‘?fnfa%ﬁrg Or&h@r‘ {)J?PJ mﬁﬁﬁnglﬂﬁ?_onWo'tﬁ% ré\/ﬁ’&i‘a”' SMe

necessary for I on an
I'nhi bitors of P@Fﬂ%"%e"fh'% inclydes ﬁgﬁﬂtsﬁbatwq‘?w@%‘?él Rost eydi@\idral f or exarrpl e,

age tnt s thag | mamahﬁftnsa}eb&sqgfoﬁtﬁé matbnfagam @pﬁ&hﬂ)zﬁéﬁﬁw ?% rl(thAiS2 13
rot ease an i nhi bitor internal  ri Q e site
‘ gpem fic exarr@"F'ls’t"(‘ﬁS "i’ﬂﬂ“lﬁ"ttﬁgps“ \?‘ 'ﬁ%?VCFeﬂ'ﬁ‘tj’@tp anple. P@,"’\??Rﬁlﬁf‘ze cycle

include |SIS Ihﬂﬁmata(rgéilsaeaeaﬂmmhmtcmlar)HC‘lGlSﬂm:rd)teasuétﬂlanriﬁtto:boft or" as

- used herel N Rgns, ARLROEN iy CHOTRENDh Slochl BB il ahding! fective to
a[ orlyre I'’cCat1on o |narrarrrrafi.tﬁt

nhibit the formation an i ncl udes
agent s that ilargst indheHGViife eyclelialudedSIE-19B03/(191GPhamadrgniicalsl necessary for
.the formggion and/ or repllcat|on of HV in a mammal . HIV inhibitors
~i'nclude, for 15- exanple, nucleosidic. inhibitors, non-nucleosidic

i nhi bi tors, prytEER é*"t’r‘ﬂﬂ'tb‘f’f"é‘rsé'se‘? bRIpig feansan agentsy(comprynd PHRiRlegicade
i nhi bitors. Tinatit effeotiv d—te\ihhumttmbrdrmaﬁonamdlou&ﬁnbahatalmvmnﬁm&rat Jgisnt

(compound or e i.on and/ or
replication o?aﬁé%%g%ﬁtlsxmt n@&feré %hth L'Ih%ﬁqsﬁ‘%l u eré&g eg'PS }'?ﬁ%ﬂ%ﬁ ﬁ?@'? fere with
ei t her host  olomptionland/aerehticaliomef Hil¥ dgesmampat. dilViidtiitors include, for 7 :

' 15 example, nucleosidic inhibitors, non-nucleosidic inhibitors, protease inhibitors, fusion -

inhibitors and integrase inhibitors.

- The term “HAV inhibitor” as used herein means an agent (compound or biological)
that is effective to inhibit the formation and/or replication of HAV in a mammal. This
20 includes agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of HAV in a mammal. HAV inhibitors include Hepatitis'A
. vaccines, for example, Havrix® (GlaxoSmithKline), VAQTA® (Merck) and Avaxim®
ey . (Aventis Pasteur). -

25 The term “HBV inhibitor” as used herein means an agent (compound or biological)
‘ that is effective to inhibit the formation and/or fepllcatlon of HBV in a mammal, This
includes agents that mterfere with either host or viral 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 -
36 - eka'mples of HBYV inhibitors include Lamivudine (Epivir-HBV®), Adefovir Dipivoxil,
- Entecavit, FTC (Covnracd@) DAPD (DXG), L-FMAU (Clevudme ) AM365 (Amrad)
Ldt (Felbivudine), monoval-LdC (Valtorcntabme) ACH 126, 443 (L—Fd4C) (Achilhon)
- MCC478 (Ei Lilly), Racivir {RCV), Fluoro-L and D nucleosides, Robustaﬂavone ICN

2001-3 {(ICN), Bam 205 (Nove!os) XTL-001 (XTL), Imino-Sugars (Nonyl DNJ)
-10-




formation and/or replication of HAV in a manmal . HAV inhi bitors include
Hepatiti sA vaccines, for exanple, Havrix(r) (G axoSm thKl i neyay YOGITA(r)
(Merck) and Avaxim(r) (Aventis Pasteur). 25 The term "HBV inhibitor" as
used herein neans an agent (conpound or biological) that is effective to
‘inhibit tMeo6éxssaéi on and/ or replication of HBV in a napomcAesieds i ncl udes
agents that interfere with either host or viral mechani snms necessary for
the formation and/or replication of HBV in a mammal. HBV inhibitors
include, for exanple, agents that inhibit HBV viral DNA pol ynerase or HBV
vacci nes. Specific 30 exanpl es of HBV i nhibitors include Lam vudi ne

(Epi vi r - HBV| Di Co | DAPD
(55, 1 P e e P B Pt i
monoval - LdC( V@bxldEzﬁoodmkeewenAGHe@dm EpBrnunel, d=HIBIP fEaizp Biachem)), I\/CC478 (Eli

S0 (1o Tl pndy (R By BNA R Qﬁ%fﬂg&ﬁ%@ﬂ By
10 4 May zoo@errooo@emmssvraommomwyﬂ f@wo Na@pea (Nabi) and|

- i mmunonodulgat Ea&ﬁi% WRV&A mg

(Hol l'i s- Eden) n !I"ﬁeradl g}c‘ﬁ e)amn?gg EH%’%%S' 2 Enzo Bl oc ghyrmm n
al pha- 1 ( ZadaEPagioE. Re ’E}W%m%'lﬁ@q%rmr%&wemﬁvﬁomx VeRTRYaNe
(Jefferon Cenu-@s(;)gacHBV antigen (OraGen), BayHep B(r) (Bayer), Nabi-HB
(Nabi) and 5 Anti-hepatitis B (Cangene); and HBV vacci ne products such as
. the follow ng: Engerix B, Reconbivax HB, GenHevac B, Hepacare, "Bi o-Hep B,
- Twi nRi x, Convdke terolassd interidren” taeuaed'hﬂreismehnsmmteﬁemoméleeted frge@ herein -

e t Il bind |
b recopt o ¢ gl Bnbafhl B AR @ rekthpLR, e LS UIGd  01C
“class | int erﬂﬂﬁhﬁﬁ'ﬁa"ymﬁ‘é@aﬁﬁ' interisens; Examples eer!ﬂ‘ﬁSl' mmswdude o- orega

interferons, 3%&@5@&%5&9@ ta&fﬂeﬂzggﬁﬁg%oh&}n%é ﬁ{eﬂgmné%ﬁtﬁntbﬁér&‘i{ erons. The

term"class If"interferon” as us erein neans an Interferon selected from
a 15 group of interferons.that all bind to receptor type It. Exanples of

cl ass IL i nt eﬂﬁlegégﬂscladsﬂﬁtr!éﬁ&oﬁ"dsmsﬁﬂ Eaaemﬁeanmﬁ .Mmg&g%ha y
conpositions o ven contajn, on O] active
Ggents selBer SipubplpledRy HEC B BaRPLT bF T Sores SRR NN ERES a1 ory

agents, ot her irclude pirtefesorsf HCV NS3 protease, inhibitors of HCV

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

polymerase, inhibitors of another target in the HCV life 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--



pol ymerase, inhibitors of another target in the HCV life cycle, HV
i nhibitors, HAV inhibitors and HBV inhibitors. Exanples of sgMeah2egents are
provided in the Definitions section above. 25 Specific preferred exanpl es
of some of these agents are listed below. " antiviral agents: ribavirin
and amant s 3®54456 Mmmunonodul atory agents: class | interfemoamsiooddass 11
‘interferons and pegylated interterons;. inhibitor of another target in
the HCV | ife cycle that inhibits a target selected 30 from NS3 helicase,
HCV NS2/ 3 protease or internal ribosone entry site (IRES); HV inhibitors:
nucl eosi di ¢ inhibitors, non-nucleosidic inhibitors, protease inhibitors,
- fusion inhibitors and integrase inhibitors; or HBV inhibitors: agents that
i'nhi bit HBV Viral DNA pol ynerase or is an-HBV vaccine. 4 May 2006 WO
,031064456‘PCTA€B@@kﬁ@ﬂﬂﬁwAsmmbme&wdbdaabbmememmabﬂmdmkﬂnauhmxmpyOf
cont enpl at ed. Iy
Wﬂﬁﬁlﬁ w &fa%l%%s X g&ggfm ac Sé b egallti"éneopis o@aBHﬂ{ RRES Wit 52

accept abl e sa | east one additional
agent sel ect elgastgapdditionghagert selactesfiom: an anivirahagaRnIHIMMmUnempdulatgent |

anot her i nhi bagepk, AAbthEGMiIDIBS ofHOV KBS roté@dte] A ThiNbitopbf EV pEmpraby, @ar ase, an 5

I nhi bitor of a fher t Itor, an HAV
i nhi bitor San® 'E(FP Hé@“qw?%ﬁl?tﬂ}ﬁ‘e%@%?@é G fil éﬁ} ’Hh'Bg)é'rﬂ"s'Y% n{B{I)%'rw ded in
the Defi niti oard arsiéBY inbibitarb Gxampidhelsechdgerts ar provalgd irt the Pefjnidmasconbi ned

with the Corrp%m?a&fve s%taﬁgagg{% h@%t{rﬂgf m.@ed%dnn%eec&@@nm%ut i cal

- dosage form ternative agents Separately
~adnini stered- themmuwplcmte aa%nqbeplsar@ﬂcwﬁammspéorme P@@%‘é@@'ﬁ‘hﬁﬁ for

- ~exanpl e, usi nﬂd(ﬁmhhltageﬁg%yBdgbﬁdrﬁl@@'admrﬁdWe ﬁﬂne éﬂw ginRftiple 0 the
' ,patlent pr| or .to, concurrent I stration of

- wherein a'%c ofigsats B¢ iof SrRmRIea u?@ak%%"ﬁh ﬁ‘ilflétf"ﬁﬁé’%ﬁ?‘? i E‘E‘bpt"é‘f)l e salt
thereof . As umdahle paticat plior foheontaraently ith,adr faloihg nma!dmlmé,tmhadmﬂwhes&:m ation of a

conpound of 18R b AGSPL hOf: Subl LEEREM Ry on Lo allevi ate

.or-elimnate sy tons se an to reduce viral
load in a patient. As used herein, the term"preventlon" nmeans t he

. admini strati ofg eéeaamemm% %aune@.?maasme%m&eﬁw &9 dofmpblivd g esent’
i nventiaon Eost exposure o i ndi vi dual tI bef ore t he

 appear ancdbof CAgHBHOREEANGE FrteRtLnva R BRI Pr g mptare o

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

Preferred embod‘ ments
F’refefably, compaunds.of formuia 1 as defined above wherein R'is hydroxy,
25  NHSO:Me, NHSO,cyclopropy! or NHSO,Ph. More preferably, R' is NHSO,-
' cyclopropyl or NH_SOQPh. Alternatively, most préferabiy, R'is hydroky. '

Preferably, compounds of formula 1 as defined above wherein R? is cyclopentyl or
cyclohexyl. Most preferably. 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 eyclebutyl‘or"

-12-




detection of the virus in the blood. Preferred enbodi nents Preferably,

conpounds. of forrmula 1 as defined above wherein R is hydreXyiay 2%

NHSO2Me, NHSQ2cyct opr opyl or NHSO2Ph. More preferably, R is NHSOz-

- cyclopropyl or NHSO2Ph. Alternatively, nost preferably, R is hydroxy.
- Pr ef er abl wo wespsunds of forrmula 1 as defined above wherei/aBDoios

~+cyclopentyl or cyclohexyl. Mdst preferably, R2 is cyclopentyl. 30
- ‘Preferably, R is 1-butyl or cycl ohexyl. Mst preferably, R3 is t-butyl.

"Preferably, conpounds of formula 1 as defined above wherein R is cyclobutyl
or 4 May 2006 WO 03/ 064456 PCTI CA03/ 00090 cycl opentyl. Most preferably, R

" is -cyclopentyi, r ferahly, d of formula 1 as defined above
“wherein R i s© Vg/grbtﬁy@;& f‘g%%%&%e%@%‘s{ﬂbycl opentyl and R3 is t-butyl.
‘More preferably, a conpound of fornmula 1 wherein R is hydroxy, R2 is

- cyclobutyl,  fi3re FetbeaBiy! & borfidindof tofuly CAORGNY bbovieredl RT Bhpdbyy, 2
~conpound of formulag 1 wherein R is is cyclohexyl, 1I0 R3. is

- J nydroxy, R2
t-butyl and B #W R\raghisiaygppenihand %r'éf‘@ﬁ“&%l y R is NHSC2Ph, R2 and R4 each
is cycopentyl and R3 t-butyl. Mre preferably, a conpound of formula 1

wherein R is, hydragx R2 is cycl n 15 R3 is. t-bui.yl d IS
cycl obutyl . I\MP% pﬁ?’ 3'%3'?’3%%"?"%@%@%%@%4 g?erf" (4 rﬁ*‘f gydié%gi%%c(f%unﬁs

“hydr oxy, R2 i sRtigtbapeandyR*is cyd@péndylt - butyl and R is cycohexyi. 20 Mre
preferably, a conpound of fornmula 1 wherein Rl is hydroxy, R2 and R each

-is cyclopentyl and R3 is cyclohexyl. Mre preferably, a, compound of
formul a 1 wheMpiepriterably<a ¢pmpoynd of fgfmulast whgreliRR' iRty SRdg evgbsil . 25
; “Accor di ngi$ 0 ATsabltpraaadire isoybiegdntgnt , the pharmaceutical conposition of
“this invention may additionally conprise another anti-HCV agent. Exanples
-of anti-HCV -agents include, a- (aI&ha), p- (beta), 8- (delta),.?- (ganm)
or ar (onega)Mortpeeférablg ' is NHS:Phs RTandiRf eadhmistcyclomeatyl 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* eachis
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 altem@ate gmbo_diment. the pharmaceut_icai compaosition of this
* invention may addmonaliyoompnse another inhibitor of HGV NS3 protease.

~ According to another altei*haté;_ér_:iibodiment, the pharmaceutical composition of this
S8




30 According to another alternate embodinent, the pharmaceuti cal

conposition of this invention nay additi onal |y conprise anotimy 2006 bi tor

of HCV NS3 protease. According to another alternate enbodi nent, the

phar maceuti cal conposition of this - 13 4 May 2006 WO 03/ 064456

PCT/ CA03/ 8@0B@sd4ns/enti on nmay additionally conprise an iptbAdspiosef HCV

pol ynmerase. According to yet another alternate enbodi nent, the

- pharmaceutical conposition of this invention may additionally conprise an
.inhibitor of other targets in the HCV Iife 5 cycle, including but not
llimted to, helicase, NS2/3 protease or internal ribosonme entry site

(I RES). The phar nmaceut i c&l_ SI tion ng;) this invention may be
~ admi.ni stered. "5?’5'PP§7"aVaB gl H"?eﬁ'? torgh HOYRolymeeaser eservoir. O al
admi ni stration or admini strat| on by 10 injection is preferred. The

- phar e S0 SRRl o VG AN RRL A co BRI T o

non-toxi ¢ pharnace g carriers I n
. sonme cases, tWisipgntion mhseacfdmomllya;pmmﬁemynmmOadj th@réai'gmiri‘lhe RCV life

phar maceut scawdé RAERERY B@dn%t fsited o, BRSSS, wafé).s%fes&émt. ﬁr@hﬁ’)ﬂ%ﬁné he

stability of the _fornulated corrpound or its delivery orm e term
parenteral as efyse iBF8) n 15 i ncl udes subcut aneous, i ntracut aneous,
-intravenous, intranuscular, int ra articular, int rasynovi al, intrasternal,

intrath I I [ tech Th
phar mceuti cal e RIBRUE! kot Fif Rienp e e rdoefl. oot abi e 20
- preparation, masentemmlva aneimpan&d essetveir Ofad adrinistatigoe administratitinesygi nous
~-suspensi ofg  ihiakfonidSRRRARY, %J@éngé‘cenﬁ}faﬂwngﬁoﬁﬁkoﬁSFzﬂwv@ﬂwBﬁ i,%%ﬁgfnques

‘Known in the art using suitab I spersin such as, for

exanmpl e Tweena'HCPP"‘éﬁﬁW"%G%’b'@HEPP@m&@%HF%’Y'a%BPGHWW el
conposi ti on ofehichiss Iri mgwtw&%abﬂzhdmoﬂ%ymefddﬁ:&ﬁdmm any orally

and " aqueous ORI, ASRHSE Brips Brest dr puleis Wsntein B BARBY B w6, or ot
use, carri er sformuiatethcamppucdaritsielvensiedn.i Tind tede phrantect as ased hemin St ar ch.
Lubricating agaMes subdftdheous, intracutaneous, intravenous, intramuscular, intra-articular,
' intrasynovial, intrasternal, intrathecal, and intralesional injection or infusion
techniques. |

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

20 preparation, for example, as a sterile injectable aqueous or oleaginous suspension.
This suspension may be formulated according to techniques kriown in the art using
suitable dispersing or wetting agents (such as, for example Tween 80) and
suspending agents.

_A 25 - The pharmacedtical composition of this invention may be orally administered in any
A orally acceptab!e dosage form mciudlng, but not limited to, capsules, tablets and
agqueous suspensions and solutions. In the case of tablets for oral use, carriers
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 mclude lactose and dried corn starch. When aqueous
S ‘suspensions are administered orally, the active ingredient is combined with
' émuls:fymg and suspendmg agents If desired, certain sweetenmg and/or ﬂavonng
' andlor colonng agents may be added. '

o -14-




as magnesium stearate, are also typically added. For oral administration in
a so capsule form useful diluents include |actose and dri ed;;mg,agg@rch
When aqueous suspensions are administered orally, the active ingredient is

conbined with enulsifying .and suspending agents. |f desired, certain

sweet eni nyvastbass f | avori ng and/ or col ori ng agents may M/adldﬂd)so 4 Nay
2006 WD 03/ 064456 PCT/ CA03/ 00090 O her suitable vehicles or carriers for

~the above noted fornul ations and conposi tions can be found in standard
- pharmaceutical texts, e.g. in "Rem ngton's Pharmaceutical Sciences', The

Sci ence and Practice of Pharmacy, 19th Ed. Mack Publishing Conpany,

East Penn 199 01 and about

- Doomg/ kg body OHier SpbisBhEEs o Splely Bt B Ao RREBOGE 91 and anout

., 50ny/ kg -body mgisthopmardagﬁomfd ib Slandaud pharmacetiticdi tdxts, eg. io Repdogtdn’slescri bed
herein are USPﬁé&’rna#éhﬁ@al@%f’éﬂ&é&erﬁ%cfeﬂée APrablich s drrﬂ%%/gmi‘ &4, fakRent of HCV

nmedi at ed di sease EP har naceut | ca sition o th| S
i nventi on wi | Puljishigg WP@Q%E@‘&O'MPGW 8% 1 to about 5 tinmes per day or

~alternatively, as a continuous infusion. Such admi nistration can be used as

: h te t . T t . of t ' di ent t hat b
Conbi ned w1 ROTE wP A BPvaen s ER G s Ayl lomelkalior FEoRBRE R 1 or mwi |1

-vary dependi ngretapaitly bmmutuTammmglk@qdamigumauamm of
~administrati Oﬁoté?a‘sé ¥Rb&! o?n mﬁlﬂ}%ro%éérfﬁ?d }%ljgin a}ésu&ﬂﬁﬁlad rﬂorﬁc[ﬂ%’?% Qihe 070 L O

about 95% act

Ve~ compoun repar atPons cont ai n
f rom about 209%91!@”9%@@“%%"&@{ HG¥ WWS%TMPWG lssﬂlelm@maaﬁlﬁﬂcg'an will

; appreci at g | @gosRibn b 18 ivestRn W Mm.ﬁ.aer%a nﬁ%%&&dn BRABMR 5 iTRY pBe
‘required. Specific dosage and treatnent %ﬁlmsns for ancggartlcul ar patient

20 will depen VLFH@Hera Wr%ﬁ?"@f""f"éﬁﬁmﬂo € BATIRGaYeR cLhe YsadPSE t he
speci fic conpehuorc oreatpleahiedpy. tThe a&@entdﬁedwewr@“ﬁnnrganeywdcdnaﬁie‘dh st at us,

, diet, t ‘ tj f t
the sever| ty Uityfie coP&ibidn, Boallpe & Bhie Bor R Lo BAAERTRNT DL 0 1
i nfecti on andthehestjtigaigehand ih@ipatt'h@aftmmofﬁgmmﬁhmnc MWICMGPEWQMWWIIH r eat nent

Cis initiayed auniatmﬁambboae%easoﬁgbﬂﬁtaeﬁua&hwlpxmldqmg%réé\ﬁa [siep.opt i mum dose

f
of the peptide. Thereafter e IS increase small  increnents

~until the opt‘?rﬁﬁﬁ?‘&“f"ée'ﬂta’ﬂﬂ&@ra@‘l‘f@O& P@Bﬂ‘gtsg/f@é?’ével‘?"}p@a%ed In general,

the conmpound is nost desirably adm nistered at a concentration |evel that

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

20 will depend upon a vaﬁety 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

W 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 ﬁeptide. Thereafter, the d'osage'is increased by small
- i'ncn"ement_s until the optimum effect under the circumstances is reached. In general,
. the corhpound 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'nbrise a combination of a compound of
- :formula 1 and one or more additional therapeut#c or prophylactic agent, both the
S compound and-the addmonal agent should be present at dosage levels of between
L y -_aboul 10to 10{_)%, and more preferably between about 10 and 80% of the dosage
' . =15~




generally afford antivirally effective results w thout causing any harnful
or deleterious side effects. 30 Wen the conposition of thisMagpeodion
conpri se a conbination of a conpound of formula 1 and one or nore
~additional therapeutic or prophylactic.agent, both. the conmpound and: the

- addi t i onawametssehoul d be present at dosage |evel s of meEvevsmo@bout 10 to
100% and nore preferably between about 10 and 80% of the dosage -15 4 May
. 2006 WD 03/ 064456 PCT/ CA03100090 nornml |y adninistered in a nonot her apy

- .regi-nen. \When these conpounds or their pharnmaceutically acceptable salts

are formul ated. together with a pharmaceutically acceptable carrier, the
resul ting co Si.tio e admnistered in vivo to mammal s, such as
man, to inhibl? WWF&"&%@% CrapHENERt or prevent HCV virus

i nfection. Such treatment may al so. be achi eved using a conpound of this

I nvention in 9\%’%@@& %&Nn&?oﬂﬂ&{‘;ﬁ eﬁ&allﬁ%éc%ﬁbie%ﬁs a%foa@%ted' i m ted

.to: a-, D, eron avirin, anan ot her

inhibitors of tOQPW\NS(? W%@S‘éﬁaﬂy aereptablg carign thacesultingyempasition Mavhi bi t or s
of other tgrggs adhifistes i YivbtemhmmaisCach ﬁs m\éﬁ“t@ hibRHOVIRSHprotddgd of 1 M t ed

'to, helicase, NS213 nt er na bosone site (]RES); or

.conbi nati ons f‘?fﬁaéﬁrf‘})evﬁﬁbﬁégaﬁ"ﬁ B'Jﬁ%ﬂo“aaléﬂ‘(t? RNt may a@ﬁ&’ﬁ%ﬁ'@ﬁ"%‘éﬁgco%pounds

of this invenaicompdundot m&tzmeatum mgbmmdﬂbagﬂh Bgats whidd hetuoamut/a‘fbyiolt hese

~-addi tional ni s, A rate tere rt of a
mul tiple dosagrgllerdo?n% ES ‘ﬂlcﬁé" ri’e eé?fbf' e %[Bé'ﬁf‘%’é?!t ;%anpﬁqgsgﬁvent I on

provi des a rreHﬁUcNSSfpmtmebmh'ngs oHEW pigngrase, mhibitora of othert tyrgets imtheanmal by

- admi ni St erhnGyByGRIBAKHG indili bek R&rﬁﬁh% hehCadeINBoRRIES6 G .ﬁtg.?ad' ment,

this method is usefdl in. decreasln prot ease act|V|
_hepatitis C vipapemp ﬁf“éb%'iedﬁ"'?a?)-rﬁdmp'"atloﬁs F‘H@Obhﬁ}e@é’é’@t}'ﬂﬁ“é‘a‘i’"t%@ﬁbb%l tion

conprises onl Morﬁb.ﬁéarmmwadzpeundsmﬁnsnméamrit@erea@ adir’fg?e dédaby prioTPoOnent , such
nmet hod. may aggltlp p of 2 to, said

t h
Tarmal an agentoraasfaRnefe A ialtet ebing RerarnEh gdiierso fia MamiRL
agent, a HCV ais_&rpmfatrmdmdoslag@fqtmr, an inhibitor of HCV pol ymer ase or

15
Accordingly, 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 compi'ise the step of
: 25 : admanStering, to said maminal an agént selected from an immunomodulatory agent,
- an -an’ﬁviral agent, a HCV NS3 prbiease inhibitor, an inhibiter of HCV polymerase or
an inhibitor of other targé.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 odmpound of formuta 1 set f_i}rth herein may also be used as a laboratory reagent.
.' " :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-"




an inhibitor of other targets in the HCV |ife cycle such as helicase, NS213
protease or |RES. Such additional agent may be adni ni stered Mayos® nmanmal
prior to, concurrently with, or following the adm nistration of the
conposition of this invention. A conpound of fornula 1 set forth herein my
al so be uswesamssss | aboratory reagent. A conpound of t hicx/éAvseebs on may

al so be used to treat or prevent viral contam nation of materials and

- therefore reduce the risk of viral infection of |aboratory or nedical

personnel or patients who cone in contact with such materials -16 4 May
2006 WO 03/ 064456 PCT/ CA03/ 00090 (e.g. blood, tissue, surgical instrunents

“and garrrent_s, tor i‘nstruments and n nd. bl ood, col | ecti on
- -appar at uses a-, f“‘g' ‘d?”ﬁr%ﬁ'ﬁﬂta ?‘9?'8}9%’1 %%gra @f'“?tﬂﬂeﬁ' $89ei n may
.al so be used gsrrr&mseamiaﬂmldqomagm;xparﬁxsésemgwnalspf formula 1 nmay al so be
~‘used as positive control to validate surrogate cell-based assays or in

- vitro or in vivo viral replication assays. Further details of the invention
~are il ustr at Agompoundof fagnuladisgtforlx berpin dayaisodie used as g refeprsh segepto be

non-1imtiBg Wcbh mlamﬁmmg1%M%wa§b@dmmﬁ(ﬁﬁMMMyunobaegener al,
‘'t he conpounds therefore, are prepared 10 by

ormul a
"known net hodscﬁg? ?%ﬁ?rdﬂ‘”%ﬂ'd'f't”f"ﬁ ? o0 ASSAYFrown to be suitable for
the reactants. Several such net hods are d| scl osed in WO 00/09543, WO

gglrrggﬁﬁgsagg Famel, ePﬁéta'P%\Abh% lﬁ%ﬁ“‘éaa% '“bﬂﬁgﬁﬁh%t as “@ﬁl neBB %"é’?@f’ﬁ SP ge
prepared by Umlegsiendltp kg nemimigng wikopenedi tagheapenddd dampul a | (i.e. R is
hydroxy) with an appropriate sul fonam de of formula WA SO2NH2 in the
“presence of a_cqupling agent under standard conditions. Although several
comonl y usedMeBiegriog agents can be enployed, TBTU and HATU have been

-found to be phaghéesithe chimpounds bbiommilal ¢ andlierntediatdsahdreforpamatpireiatdd y or can

_be prepargd by M&%éii?odﬁ ?Ssﬁg( re%&oﬁ%ﬁﬁdns%cﬂ%réﬁ&wc§ bk I\Slftt%&%rf&tlﬁe tvwo
conveni ent pr esses. usin repar € ‘conpounds of
formul a 1 whereaglanipsSeygral sutmqyetm}i;@re disclosed in WO 00/09543 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-




WO 03/ 064456 Schene 1. 2N-,\] "OR4A 0 H3 AHOHHO+ X=0O NH 4or5 3 0 OH
7a 13a Scheme 2: 0 OH _a O 9 R XAH 10a 0 PCT/ CA03/ 00090 H @ Kiagpoomds of
formula |l when R is OH W O Conpounds of formula I - when RI is OH -18 4
-"May 2006 WD 031064456 PCTI CA0O3/ 00090 EXAMPLES Tenperatures are given in
degr ees Cavobums445801 uti on percent ages express a wei ght pCT/CA63/00090

.Scheme 1:
=g on-{ %
o R® — g —
. R.‘\.XJL )YOH HCllb-'l s R‘ e B N .
3 | SRR OMe Ry ’.‘*ﬂ’ ﬁ“ﬁ .
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4or5 3 ' 6a
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ot | + . o B ,
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: : @ K o . B o gH 3
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Q& T |
| N ©
‘ : N-R
p———r 4 0 s
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Compounds of formula |
when R!js OH
Scheme 2
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~ Compounds of formula |
" when Rlis OH
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o hexafluoropho hat e

to volune rel ationship, and solution ratios express a volune to vol une

rel ationship, unless stated otherw se. Nuclear magnetic resprancesd NVR)

- spectra were recorded on a Bruker 400 MHz spectrometer; the chem cal

. shifts (8) are reported in parts per million. Flash chromatography was _
carried owlo®medubd | ca gel (Si02) according to Still's dgdiasdesséweonmat ogr aphy

‘technique (WC. Still et at., J. Og. Chem, (1978), 43, 2923). 10

. Abbreviations used in the exanples include: DBU:

1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene; DCM di chl oronet hane; DI AD:

di-i sopropyl azodi car boxyl ate; DI EA: dii sopropyl et hyl am ne; D PEA:

dii sopropyl ethyl -amne; DVMF: N N-di nethyl formam de; DVAP:

4(di met hyl am no) pyridine; EtQAc: 15 ethyl acetate; HATU:

[ O 7-azabenzotriazol -1-yl)-1, 1 3, 3- tempeESyl-uroni um

. : HPLC: [.nma liqui 0
nexaf | uor 0phoghek Shisa it Sl Hgb G AU Sk Be S PR ot Vo

"l oni zat i on- T| tevoliime relatigriship, antiBolubiors atidg w@eaﬁalnaqulumwaﬂmﬂwl M OH;

“net hanol ; t butyI or
t-butyl: 1, 1 @I rret%%ecf tﬁ%';ulse 88&# ter e{' dFe]&lll\'{;ff:’l néemtvsee?%-l euci ne;
TBTU: ~ 2- ( 1H- bEasoeied paz@r@eudqw asmcgomet@eﬁhe WISh'ﬂE (D@refeported in

Synt hesi o of Rt Flash chtaaRGRpnF ‘%‘ﬁﬁ"ﬁ"‘emﬂm{%g deplet dyg{ o 15"
si's ip i
(Schene 2) ana°°2 tB§H'Eﬂ'ﬂ§9§h'2 t@“"'%‘ﬁ@%ﬁ&fﬁ%rﬁ fnEh™s Schene 1)

. were synthesi pmdsjss,@ogiing to the nethods described in WO 00109543.

_ ynt hesi 518f di peotide 1 P1 30 A m xture of Boc-hydroxyproline (50.Qg,
- 216mmol ), vinyl - ACCA nmet hyl ester -19-. 4 May 2006 WO 03/ 064456
PCT/ CA03/ 0009 8biraviatpbg usepIBtihgekampledingiudes. ), TBTU (76. 36g, 238mmmo1,

~1.lequiv.) anggpl RAtasbit s 4 SRR} -enc SOM: ‘idhidréinind; BORTL) vas sti rred

at R T. under a nlfro en " at nosphere, 5h, the solvent was

~ evapor at ed anEl"SPWQPYJ@F'B%féo’@JH‘?*R%d"@ﬁpwpy'eﬁiywe ?W@%H'?%prm' washed
Wi th hydrochl amine; DXaFN, M@ﬁﬁathymmumveﬁmgeﬁuwmsthhambpmamg ROdchri ne. The

_ organi c. pQgseet\(\@ acetgt%, HR{' U: ?8 y A ean% 11981! -yer 1S H‘l E%tramethyluromum
i 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: tertleucine; TBTU: 2-(1H-benzofriazole-1-yi)-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~




filtered and evaporated to afford an oil. After drying overnight under high
-vacuum dipeptide 1 was obtained as a yellow foam (72.0 g, Py 2p06ity
>95% by HPLC). Preparation of dipeptide 3 0 a 10 HUH1 2 3 Dipeptide 1
(72.0g, 203mmol ), triphenyl phosphine (63.94g, 243.8muol, 1. 2equiv.) and
4-ni tr obenzobgosasssd (41. 08g, 245.emmol, 1.2equiv) were gcpebpehei n dry THE
- (1.4L) The stirred solution was cooled to OC under a nitrogén atnosphere.

Di et hyl azodi carboxyl ate (38.4n, 244mmol,. 1.2equiv.) was then added
dropwi se over 45 15 min and the reaction allowed to warmto R T. After 4h,
t he sol vent was evaporated. The residue was divided into four portions.

Each- of these was purified by _chr ography. over fine silica gel (10-40m
mosh, _col um Ao ERemepEt VO Ty URE SO Js1ovA ag BERN: of 2 - 1

hex an_e/ Et OAC {0130k, B4$lﬂnanaécﬁtv@’mDM6 (B0oert) whs Sided ak R.TL Bhder ARiBgén  t he
Boc- di pept i.de a?lﬁéls%heu% \ﬁﬁgr QI ﬁlé; ?ﬂe&%a@%r%&tgg grliJ tae ées\z%}ﬁ 8§Facﬁeddﬁthaf ter

evapor ati on of SOl vent's™ an € resl vacuum
~at- 70C f'or 1h K@8g megﬂr@muﬁ%w{iﬂt&d\v\@h bM%thnAaSIdl(lﬁ%)oaatwwedNomVMrogen

chloride i digpsaRRatdand dass ﬁﬁ&ﬁ%zc‘%ﬂﬁs&%&%&d SfadovbBhadhe JM%Q@QBW' )

resulting in a _colorless solutign. The solution was stirTte

h. The sol ventiilteregigad exapgrtecte afford an l"f'lef“i'eé aningevemightendgnbigh vagugm. vacuu m

for 3h af f or didif@plidect was ditslhardy Dydlicke i (72.0fg, oanpPRUGA-gB%asy HIFLGOT phous
solid. The solid was used as such. . -20 4 May 2006 WO 03/064456 Synthesis

of carbamates .4 Preparation of carbamate 4a: 0 HO
Preparation of dipeptide 3 :

Ty ' . '
» . oj\Q—N o

. 1 3

10 .
Dipeptide 1 (72.0g, 203mmol), triphenylphosphine (63.94g, 243.8mmo, 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 evaporated.
‘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 evaporation 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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PCT/ CA0O3/ 00090 4a At 0C, was added to a solution of tert-butyl glycine

met hyl ester (590mg, 3.25mmol) 5 in THE (8nl). vinyl chl or of4savapbgod 0. 55nL,
6.47mmol ) and triethylam ne (1.15nm, 8.25mmol). The tenperature was

allowed to rise to RT. The solution was stirred for 16h. The sol ution was
concent r aexbhsmadsd he resi due disolved in EtOAc. The Etr¥¢hecsobosbe on was
washed with 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 corresponding vinyl carbamate (608ng) as a colorless oil. The oil
was dissolved in DCM (4m_), cooled at 0C, and dii odonet hane (0. 15ndL,

't _86nrnol) g%lﬂ eth (951, 0.93mml) were added. A white solid
appeared at fFPY eﬂﬁt" c?ﬁ 32‘8 d with time (- 1h). The suspension/sol ution
was stirred aPreRafftiod gircaBlamatk 4asat ur at ed sol uti on of ammoni um chl ori de was -
added and the sqlution extracted wth 15 Et OAc ((2x). The organi c extract
was dried (MS ani~& Eentr tgd. The regi was purjfi y flash

col um chr omaf, Py . O¥texané:. ' S_Qﬁé‘eoiu

correspondi ng netayl ester as awcororless oil &9 90% yi ekd)a A sol ution
the methyl ester (93ng; 0.41 mmol) in THE (5m), MeOH (1 nlL) @nd an

| ut df
I The 50" A bak by ff uich o i sl Bl Rmspida o] | O

The aqueou® sBITHH (BWL?Na‘Q"VéFG""Eﬂf‘P'W@EF (Byﬁsf"ﬁeﬁ ﬁﬁﬂ'ﬂ?‘?ﬂﬁ’ tgethyaming (1 15ming t he
- acidic sol utl&?Mﬂ)exméamed%ur?Wbsasﬁwﬁ: ﬁs%X&RTTh@ne@antmnwaﬂsﬁfr&ﬂﬂl Cd e
extracts were iltere evapo to.obtain the desire
- car bamat e 4a fgsié’f mg%égd’??‘ %@Wa%gﬁﬁgmeéfaﬂ "’Zg“% gﬂhﬁ:’ Fojr';n%f car banat e
‘4o HoO. 4b THRAC38BIib) weswashed with a d0% aquemis solufieredf sittiegredd®t).omi ¢ aci d
cyclopentyl eghgbieda gue&bg&erowcgmﬁb thgal?:'g] brffL difed b %%té%aﬁgm') and
I eas

tent-butyl glycine reparation
03/ 064456“PCT¥'@53\§1?/Q9UB§1‘9“¢7‘9 Blﬁﬂﬁﬁ'Pamé?dﬁQWﬂg aﬁﬁca'f’ﬁféﬁﬁéﬁé‘ie@ﬁwaﬂ stilled

wat er * ( 100nL) digwsred diBOMWitbD), cooled at 0°C, and dilodomethane (0.15mL, 1.86mmol)
‘ and diethylzinc (95uL, 0.93mmol) were added. A white solid appeared at first but

dissolved with time (~ 1h). The suspension/solution was stirred at R.T. for 5h. A
_ - saturated solution of ammonium chloride was added and the solution extracted with
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 (émL) 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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vigorous stirring. A small anmount of solid remai ned undi ssol ved.
Triethylamne (16.6mn;119mvol) was then added resulting in 4AMAPOGENOUS
solution which was stirred at R T. After 2.5h, the THE was evaporated and

t he aqueous residue diluted 5 with water (100nL). The reaction was rendered
basi ¢ by teomsaissi on of 1 N NaOH (25nL - final pH >10pcr/dkBos@buti on was
washed with Et OAc (2 x 200nmL) and the aqueous phase acidified with 1 N HC
(ca. 70mi- final pH <2). The turbid solution was extracted with EtQAc (200
+ 150nl). The extract was dried (MgSO4) and evaporated to give carbamate .
4b as a white solid (8.68g). 10 Preparation of other carbamates Using the

procedure descri bed, above and using appr i ate conhi nations of tert- butyl

gl ycine, cycl '(‘)‘BQHW') 'ﬁ?%pﬂé?sﬁpee%'gﬁﬂﬁ%w%ﬁ/gﬁ%mm agg B¢ acid

cycl obutyl, wigotoopstirting., A smaltarodusin ebeplid eatatned Bndisssived.oTiphyianlinedi n- 1- y[ :

~ester,- carba af. QW 4] r . r of or mat e
(L. Somt - 1o, Tram1biol et e AaAebing'h RRoieholl SRR FUhGFisD

resul ting susplfetadf. ledftes2idhy e THEwasevapomtedad the aquegus Rsiflue died] . 5h. The
reaction THE it Waier (08mRY." 11 BSction waS tenderdd BAEBY the WadiionRk RtNdaH OC.

Phenyl R= Q Ngﬂ? i R.%LNAeO—l HOR=HOQ?2 soj ution of tent-butyl

gl yci ne benzy(#%88t-dinatitiy thniThg peiion wap washeguyy: W pmlhandihe 4 \vay” 2006

WO 03/ 064456 RGlidoGAPRdsaRiMiedwith & INEHOI 6. d0omi t fiehl pH (<B). Bhekabideelatived Wi th 10%

citric acid ( ter, (.2 r ter X)..and brine
(1x); dried (%%8&?3"%9.%@%6‘?@%9 ﬁté@%%?(%"{%%é%?%&t(ﬁgséa&hg conpound as
~a nearly col oevapomtes o give cadgmatexaboeoa whittsolid8.88889mo1) . The crude . product

(1. 01g; 2.4g7mmol ) was dissolved in DMSO 5 (6.5nL) and cycl opentyl ani ne was
added dropwi se. The rea(%rt‘i on m xture was stirred at RT. for 45mn. The

Brepagplien of qther carbgmales

reaction mixt arguan o WSEt OAc. The organic phase was washed with
washed wi th 10%ngtHe précedaiediebetivid WBdv@rand 2¥ing sirpriateadmbiNatdnedf foAx) , wat er

(2x) and b r : nSut&l' dﬁ)clne?&c%ﬁer(%ﬁ%)e,’ orfc%icgh%gcﬁ %lygiﬁg ar?cy & Oorn%ta%l cgraobutyl.
cyclopentyl, or cyclohexyl ester 2,5—dioxo-pyrrolidin¥1 -yl ester, carbamates of the.
15 following formulas were prepared: '

A. Oiﬁxfm R‘DJOLE/OH R‘°j\'.‘9!r°"
H [a] A= H O

R= H 6 R =
L

0
A Q. a
Q QL

.
@

Preparation of Ureas 5 . o
' s oy - | o N - o g
.'Héj:(m" - ,@O/u.-.bj;roan “"'*'CL“JLBX',OBn *O"n’lkxw
PEAN | _ Ho 1 Hoa oW o8

- - s

20 A-so!ution of fert-butyl glycine benzyt ester'hydrochldride -'s'alt'(:2.559; 9.89mmol}in - - -
‘THF (20mL) and pyridine (2.0mL; 24:73mmol) was cdoled to 0°C. Phenyl _ S
chioroformate (1.30mL; 10.19mmol) was added dropwise to the cooled solution. The
.  resulting suspension was stirred for Smin at 0°C, then at RT.fort .5h; The reacti_on -

.-22._ |




give the crude cycl opentyl urea -Tbhg-OBn product as a nearly colorless oil.
The 10 crude material was purified by flash colum chromat ogriam{yood t h
silica using hexane:EtOAc 9:1 to renove the less polar inpurities and 7:3

" to elute the purified product as a thick colourless oil (936ny; 95% The

- ester ben product (936ng; 2.82mmol) was depr
~hydr ogen M?sglghgél |l oon at R T. in absolute ethanol 0%@3? SOWI on by
stirring the solution. with 10% Pd/C (93.6ng) for 15 5 5h. The reaction

m xture was filtered through a 0.45micron filter and evaporated to dryness
to.provide urea 5 as a white solid (668.8ng ; 98% 'H NWVR (400 :

" MHz, DVBO-de): 812.39 (s, 1H), 6.09 (d, J = 7.4 Hz, 1 H , 593 (d, J =9.4

Hz, 1 H), 3.90iae whsdilGedwitzEIONe) wasBedWitlB10% citin acid (), waterg2d 1. 72 (m  2H);
1.63-1.42 (m Eégpabedlwﬁ%éa(%% delfer G4 nd%rtﬁ@&&?dn&]’%ﬂgs&) Mté% ghaECt rospray)

241.0 (MH) ever se P 0. 06% TFA,
"CH3CN : HZO) . evm%tecepmwéae gudg campeund eﬂen@ﬂxmiomsoow 2803 bamat e 4b

(6.15g, 22. 5n‘a§éu%ne6mebnT|BJ}JTﬁZcma%rrgaact Mhsmmz)wsmedﬁam gdm@\/ld ?ng tThe
suspensi on _wa irr a s added a

and after %o %“L)taﬁ‘ W@%@Pg’%“%‘ga 9’09‘5%9 ‘Z?gg'%"ﬂ\ﬁ@'l"ﬁﬂ 3n di pepti de
3 (10. 39g, 23sﬂrmmmm* for @ mjrd Thel eaBXSk nfidi0RNMas ditvted witn EIQACDITREArgati¢. 11 ni,
23. 62mmol ) was;.tJ N i ! (e [ | ow 30

sol uti on was gﬁ‘ Q\&%Hs 'k &h&qglhﬁ ?%}Htﬁyﬁc{?e(%ﬂﬁa‘?e? egr%g’e%/fg%or at ed

yi el ding a Zﬁaﬂc%gﬂ"m@&*r\i@) and rine4dx)drsd (MISEH. ﬁ'ﬁ%’é}ﬂdleﬂ@%ﬂ%qg’ 688) was

di ssol ved in Eﬁﬁr@%ﬁé‘-%cléﬁ@u LTHG3OBH JoroMast asattit@fly colbifess &E ghéi ng

_--'solutlon was coqgled to 0OC a lution of lithiu dr.oxi d
S 10  crude material was pun uedaby ﬂ%sh column chromatograpll;g w&i] s1l|ca usmg

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
=9.4Hz, 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

4p

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 92mL, 22. Smmol) was . . ..
added at R.T. and after 10 min, the reaction was nearly homogeneous A solution of
'dlpepttde 3 (10 39g, 23.6mmol) i in anhydrous DCM (100mL) contalnmg DIPEA - ‘ S
{4.11mL, 23.62mmol) was then poured into the reactlon The resulting yellow i

30  solution was allowed to stir for 14h. The solvent was then evaporated yueldmg a i
923




10 nonohydrate (1.18g; 28.12mmol) was added over 3 mn with vigorous
~stirring. After 3h at 0C, the excess base was neutralized viNbybdb6

. HC1(final pH ca. 6) and the THE evaporated, resulting in an -
aqueous-suspension (yellow gum. The m xture was extracted with EtOAc (2 x

- 200m) andyowsrdaeds Wi th saturated NaHCO3 (2 x 30onl). Thereseed extracts

were dried over MgSO4 and evaporated to yield a pale 15 yellow foam Flash

~~chronat ography of the foam over silica gel using EtOAc as eluent afforded

7 as a white anorphous solid (9.77g, 91% . Preparation of Thioureas 8
Synthesis of thiourea 8a: 20 N--OS1 \~OANHG6 HZNH 8a To a _
solution of tert butyl isothiocyanate (5.01L; 39.4mmolL) in DCI}/L(ZOOrrL) was
~added eycl opededPWAURAIGh virmAXiragied W ¢ %QQ*OW'@)‘?"‘E)Y"E?Q%M the reaction
m xture was SiosSNMEIE x 200niL), $aturatdll NaZi®, (800skL) mad bease dB0rib)edha t h Et OAc,

washed with a 10% ol Ut.i farCl L i NaHCC3
(2x), H20 (2x)w'gn'ﬂe‘g%al’%%%?’&?@%ﬁééé‘gg’d‘?%se% %‘%egﬁﬁ%‘g%@%{d uR e, TP
Et OAc (300 + a5@phle veliny inam {3689, quentilat9eN HCl (2 x 200ml), saturated

- Na2CO8 (30@QnmL) and brine (1507L). The conbined extracts were dried over
MySO4 and evaporated to yield the tripeptide 6 as a pale yellow foam

(15. 68g, quant¥bthesis.oldnipeotiat:nesis of tripeptide 7: brine (ix). The organic
- layer was dried over anhydreus MgSO4, filtered and evaporated to yield
N-tert-butyl N -cycl®d (thiourea as a white solid (3,70g; -24
o , 0 .
_O\O-JLQ‘ q @ . — .O\O)L;E,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:

DA D — 1D

A3 ) ’ H H‘ B

. 8a
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; . -

20
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4 May 2006 WO 03/064456 PCT/ CA03/ 00090 47% yield). The

N-tert-butyl-N -cyclopentyl thiourea (3.70g) was dissol ved ignmagopggent rat ed
HCl (46nlL). The dark yellow solution was. heated at a gentle reflux. After
40m n the reaction mxture was allowed to cool to RT. and thereafter

"~ cool ed i nwg @resasg rendered basic to pH 9.5 with solid prgcsosmadonr at ed

aqueous solution of 5 NaHCO3. The product was extracted into Et QAc (3x).

- The conbi ned Et OAc extracts were washed with H20 (2x) and brine (1x). The

organic |ayer was. dried (MyS®4), filtered and concentrated to yield a
bei ge solid (2. 469 cr ude) Trituration of the crude material in hexane/

~EtCAc 95 / 5 provid after filtration, the Mclopentythl ourea 8a as a
‘white solid (27?38"9"@0%%/?‘&’59“ tyl-N-eyqipRend thisysa
H), 7.19 (bs, é¢dncehitratéd HE (4416L.). thd-Dark Jelidd so(ubﬁn wés tdated alaQﬁntle réfux( m 2H) ,

lvedip 538 (bs, 1

- pr opar at A B s Bt bas MRirefTocophB T b btrer GRealy L ® 1

usi ng conmer cicalang rewleret bisdieto pl-tgcﬁmmﬂow ard a eatimted @queays sojtidrogfent yl ami ne

yi el ded thiouggach: Jhrg” ea%ms/éxhng% Vela;ér}gwc 3P THERRbMeBI0AL ediabQur ea 8c

20 Using. the pr oce scrib | nhg commercially available

cycl ohexyl ani Were washedawith:Qu (2] aipsthiving (ko The ojgamicdaer was gigd@iasOs). N -- 0

Preparation ofitdréd i daceralsS@Nidd Mbgid @afid (M6G 3ABY FiGrdR6T HARO3BO090 To a

~ 2dded dropwi 25%@5’%94@%’35%%3? 25 Bivokd, iR s RS Ao GIER {'on was

stirred in an8aasalkhitdisdid(2.38; 90% yididdn, cycl opropyl am-ne (3.2nL; 46.0mMmolL)

. dd d h hen,
ore 5 cydPoprSNMFEHd AR BRERH oSS fi Tkl g s 1) Bl O 11T

m xt ure stirr &g, 1H), 1.92-1.79 (m,2H)}, 166155(m,2H) 1.55-1 30(m4H) MS es

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

kh | | H H - B
' 8¢
Preparation of thiourea 8d
p E)\ e
H,N — %




at RT. for an additional 30m n. The reaction m xture was pour'ed into
i ce/H20 (300m_y, stirred for 5mn. and the |ight yeI | ow sol4 Kiaypagod i | tered
, washed several tinmes with H20 and dried to provide

“N-benzyl oxy-N -cycl opropyl thiourea (.6.62g). This thiourea was suspended

in a sol uicRnediseN NaOH (501) and heated at refl ux 10pdiatacdfasiod). The
solution was cooled to R T., saturated with solid NaC and extracted with

~ BEtQAc (3x). The conbined Et OAc extracts were washed with H2O (2x) and

brine (1 x), dried (MgSO4), filtered and evaporated to give the crude

product as an off-white solid. The solid was triturated in hexane/ Et OAc

- 5/5 to: pI’OVI de the N- cyclopropyl thiourea 8d as a white crystalline solid
: (2 59 ;- '50% yiehgplutionsf the KHAN (AA9g; 44-Bermeldirgeeiong BIML)(B'C. M3, 7. 61. (bs,
1H), 7. 13 (bSgq Jeﬁhropansg%enﬁ%{%hﬁhﬂe 5@m§743Q)3ﬁ§ncﬁ_§rth?e|'ﬁl kyQoRiloPwdsd (M 2H) .

M5, es' 116. 9( M+ es:114. 8 ratlon of . Conpound 100
Step 1: Syn'g h%‘g?eé’ "b?"'P?PﬂBBQ % ign, cgléloprow%zﬂo’ é?’?"r dagmmeL) ‘.’t’a‘?}i 0g;

2.09mmol ) di ssadedeﬁbpm*seTmEe (r@&tiby) miayrd wax ptrtddiad 1.5eat@°C (@D mgye 3. 13mmol )
- and triphepyl ph h|n

- suspensi ongwa gg’ Px‘ar?“" n | ceﬁﬁﬁggwc?%dﬁff% g@ﬁe_re@ﬁo@mﬁ%éuﬁg added
dropwi se. TheatRlIuor anadditional BPmine dThe reaction inixtire waspewrad inteice¢/bkO30 ni n, and
at RT. for 1@60&}*&«%&%&#9"% a\ﬁ%e%ﬁﬂena& Sisklvas HitafBE Swashad sbiafall esi due was

di'ssolved in a sat ur at ed _sodi um bl car bonat e sol uti on

(2x), water (@'R?S %Hﬁ"z%?"ldr%""é E’XB’W‘ Nanpigrwsdrsycloprapyidhigwrea §§-629apor at ed to

obtain a yel Imsm.duredwmusﬁe&déd Naysoaﬁe@om R3O @il aRCfféa@mmm%o
pr eci pi tat

d | i n The cru t he :
“‘insol uble? ma{%éﬁ'a'f‘ SS%F"“?'? e gﬁ‘%f ﬁ'ﬂlh'esag'a? eiw@ﬁsov\gmg!)%cen ‘gd and the
T esi due puri f WilEQ)AC (83) dBte combiprd EYagtracts werelishewith By@ERx) arsi 5to
~remove all | egg, WSO, iRSredBd eldbofdikd 13 'gRe @iCerudOpréluctbd bn @l | the
Ph3P=0 has ellat gg?*)‘al'%e gngér“e)d ol our? fbo 9 oeEe "
- off-white solid. The solid was tnturated 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




was. el uted wth CHCI 3: Et OAc; 65:35 as a white solid (1 g; 70%vyield).
- M S. (electrospray) @ 693.3 (MH- 6954 (MH) + 717.4 (M-Na) 4 May BBoger se
Phase HPLC Honogeneity (0.06% TFA ; CH3CN : H20): 99% Step 2 : Selective

- nmonohydrol ysis of ester 10: 10 Tri peptlde 10 (1g; 1.44mol) was dissol ved
i THE (1Q@osmpdask MBOH (5nm), water (5nL) and a 1 N Nat‘?ﬁl/ﬁ{b%@% sol uti on
- (1.5nm) were added and the solution stirred at RT. for 2 The m xture
-was - evaporated to dryness and' then co- evaporating with MeOH: tol uene (1:1;
4x), toluene (2x) and diethyl. ether (2x) to 15 obtain the product

(vvater free) as a white flaky solid (1.04g; 100%yield) MS. (electrospray)
' 679.3 (MH- 681.3 (MtH+ 703.3 (MrNa)+ .- Reverse Phase HPLC Honbgeneity
; (o 06% TFA ; Piagigitated pipgiandingyThe cragepplid was syspepdast is DEM gnddbokeaidie 12: 0

- Sodi um sal't 1&.a(eﬁ§mu§&u:éreéémmkasm§n %§§&+c\émehtédwan‘&lﬂlfe fe}.ﬁa@bunrba bgt hyl am ne

(3014; 2.16 de al ution cool ed t
| sobut yi chl or IFHEEKEEEON M BexeR HECy <5 I IABEN AR FORT BRI whi t e
- suspensi on wasndsiniQHGhEI@RACOED: 2@)!1" @Mbihie PhyP-ad haxedated) he esi@d dompamdof a

sol ution og Zs éu{}(gw@%g@gﬁggleg%gggvﬁﬁ'g@g@ﬁéﬁ%@ﬁﬁ 9; | azomet hane (0. -67M

i n diethyl 58 'eact! on stirred 1 h at
0C, 45mn at Mﬁ(el%@ﬁpéﬂv&pﬁﬂ%% i-039$6WHQM7t1ﬁﬂdM+@@$penS| on.: This

suspensi on. WagerssHas6 HIPLO HelrfoAendh) (0.0 GFA ; ERECIOE DL 69950 Ut i on was
washed w th saturated NaHCO3 (2x), water (2x) and brine (1 x), dried
(MgS™), filtered and evaporated to give the di azoketone product as an
ivory solid (Stepde Setivemdnotigialysid gflesiee®d; st ep; assune. 1. 44mmol ) .

. MS. (electrospray) : 703.3 (MM - 705.3 (MH) +. Reverse Phage HPLC |

. Hormogeneity (0.06% TFAwo GHRCM. H20) @ 91% 10 Stepo4 th,esis of
br onoketone 13: 0 0 O i ,

- Q@;?z? T Qirfgszﬁe

‘Tripeptide 10 (1g; 1.44mmol) was dissolved in THF (10mL) and MeOH (5mL), water
(6mt) 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 dissolved in THF (16mL}), tnethylamlne
. o (301 ul; 2 16mmo|) was added and the solutlon cooled to 0°G .
e 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




12 13 At 0C, to a solution of diazoketone 12 (1:44mml) in THE (24nL) was
added dropwi se an HBr solution (1.0O1l) and the m xture was $ifaf0006 for 1
h. The solution was diluted with Et OAc, washed with a saturated NaHCO3
solution(2x), water (2x) 15 and brine (1x), dry (MgSO™4), filtered and

evapor at egiglgfis¥e the desired bronoketone as an ivor \ediftAdsnded i d (1. 19;
~assune -1.44mmol). - M S. (el ectrospray) : 757.3 (M 759.3(M2) Step 5:

Synthesis thiazolyl tripeptide 14: 0 Q 0 13 14 a-Bronpketone 13

"~ (0.40nmml ) and N-cycl opentyl thiourea (68.5ng; 0.48mmmol) were dissolved in
isopropanol” (1 5nL) 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

resi due was ddigzomelanei(.6EM apdicthytiethes d Bot SR4ATMSY-ThE FRAGHQR RN ur at ed
NaHCOB © - 28 . dgtiam 13@95"(1’@.3@:3/39@4!45@ Eapbatialb BRNRE a(tlaék)susmtsﬁh. Thix) and

brine (ix), dried SHA con ntrate i ve the roduct
as an orange- ’EJPBWF‘? 3'@&@%'“3%&8%“%‘” Sé’f%?ﬁ'l‘ffo\t ﬁorﬁ'é%?a%;lﬁ OF&C 7:3
Irem)ved | ess with satummpmmmﬁnwmt@(2x4anébnn&a(ﬂg)ddlidddeaéi)rﬂttrextnmiound as a
i ght yel | pw 9 803 4
( MkH) + 8259( h};@@a@%ﬁ@ﬂ Ve @e%ﬁéﬁﬁf@%n%’%@%%@@%%@##% o
H20) : 99% SloepextstepiassungdiddmaPlester 14: 14 S
- M.S.(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
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N o Conpound 100 10 A solution of nethyl ester 14 (145ng; 0.181 mmol) in
THE (3nL), McOH (1.5nmL) and an aqueous solution of LiOH (75 Bay200s 81
~mol ) in water (1.5nL) was stirred for 18h. The organic sol ution was
concentrated to provide an off-white suspension which was diluted with

Et OAc' andwhy d3essb® obtain a total solution. The pH was p@giABidot 0 6 by
the addition of 1 N HCl and the organic | ayer was extracted further 15 with
Et.OAc (2x). The conbined organic extracts were washed with water (2x),
brine (1x), dried (MySOX), filtered and evaporated to give the desired
conpound as a yellow sol i d (1382ng, 97% yield). Conversi on to Na Salt: 20
Conpound. 100 &‘NS“Y%&F ssolved in 301L) and 1

equi val ent 0. "()fﬂcfb‘gm_()"‘)x/\%f?dé%@@” fl"FF’é“"‘H’E'ﬁ“?@FP'@W%@JY%WPon was
-concentr at ed - pdi&8 %A obdrgEbaad féhrii I colubln mmgrafgjwmxﬁlﬁ&iEmphl lilzed

to "obtain th roduc sa t e haus 39ng,

t heoreti cal Hzmo L?%ﬁﬁc'afm Iqé/ Aﬂ%"@%ﬁ' %gs'%ldgg% &eing'gar]sospray)
787.2 (MH)- H@ﬂy@!o@vl\ihéd)l{-zwm!}. BQ‘(BMIrNa)+ . Reverse Phase HPLC Honopbgeneity
(0. 06% TFAg; anH @yﬁgdG) ca, 5:1 mxture
of rot arrers gE@@}g %lﬁ E] ﬁ)@%\ Hé 8@%@(&49&“@5& , 7.89 (d, J =
6.7 Hz, 1 H), RewmsgPhaseHRLCHymogeneity (0.86% THA): CHON : W5 P9%006 WO 03/ 064456
PCT/CA03/00090706696(m 2H), 6.10-5.90 (m 1 H), 5.33 (s, 1 H), 5.01
(d, J ='16.8 Hz, . qi_J=10.6Hz,1H),479465(m1H)

4. 47-4. 40 (m St I8 11,5 H, 1 H, ), 4.15(d, J = 8.8 Hz, 1

H, 4.00-3.85 (m 2H), 3.90 (sy%3f). 2.37-2.26 (m 1 H), a)_191(m
2H), 1.80-1.23 (m 18 0 (2x s, 9H). % aration of
. Conpound 101 Using the roce e described in e using

- N-cyclobutyl thioureay 8b isstead of using N-cycl o en y|°th| ourea 8ain
. step 5 and resu@d X’ und 10 101-as t tH
. OMe @

Compound 100

10 A solution of methyl ester 14 (145mg; 0.181mmol) in THF (3mL}), MeOH (1.5mL) and
‘an aqueous solution of LIOH (75.8mg; 1.81mmol) in water (1.5mL) was stirred for

18h. The organic solution was concentrated to provide an off-white suspension
which was diluted with EtOAc and brine to obtain a total solution. The pH was
, 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: |
20 _Compouhd 100 (138.2mg; 0.175mmol) was dissolved in MeOH (SOmL) and 1
~ equivalent 0.0tN NaOH (17.5mL) was added. The clear yellow solution was

* concentrated to remove MeOH and diluted with water, frozen and lyophifilzed 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=92Hz, 1H) 7.89(d,J=6.7 Hz, 1H}, 7.49-7. 36 (m, 2H), 7.27 (bs, 1H),

. ~29-




.Compound 101 'H NMR (400 WMHz, DMSO-d6): ca, 90: 10 m xture of rotanmers, major
i somer description; 808.59 (s, 1 H, 8.45-8.39 (m 1 H), 8.£2Hafbeos 1 H,
8.20 (d, J =9.2 Hz, 1 H, 7.84 (bs, 1 H, 7.74 (s, 1 H, 7.32-7.26.(m 1
.H, 7.01 (d, J =83 Hz, 1 H, 578 15 5.66 (m 2H), 5.20 (dd, J =17.0, 1.6

CHz, 1H, wofRhisf4 (m 1 H), 4.53-4.36 (m 4H), 4.05- MA@&MH) 3.97
(s, 3H), 2.63-2.55 (m 1 H), 2.44-2.29 (m 3H), .2.07-1.95

1.79-1.23 (m 12H), 0.96 (s, 9H). MS.(eIectrospray) : 7734(MH) 775. 4

- (MtH) + . Reverse Phase HPLC Honpgeneity (0.06% TFA; CH3CN : H20) : 98% 20
EXAMPLE3- Preparation of Conpound 102 Using the sane procedure descri bed in
~exanple 1 and using. N-cyclohexyl thiourea Sc instead of using

N cycl opent yl 7t06i688r{ma2i8h 6i18-530ps 1P -3B6ulile $-01{dobrioa i, 1), 332 as t he

" TEA salt: --30 P 0 02 'H NW\R
(4OOS§/HZ v c}(&é%ﬁﬁ%@ﬁ@ﬂmwﬁﬁéﬁgﬁ? Q;EZ?;%%@QQ? 4%@9@%%%1

description; 38 3514 E%td ‘(i =58 Hy 12% 4007385 (/. Sy 39@ (5_‘:5‘{"3. %5@7'?#? (’E' W, 7.81
~(bs, 1 H), 7.23s1(d19m, 2H)%N.804.Bm( 184, 0.96 81086 (2Xs0BHL.d, J = 8.2 Hz, 1 H),
5.78-5.65 (m 2H), 5.23-5.15 5 (m 1.H), 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), 2.05-1.9ExAMPLEZH), 1.79-1.71 (m 2H), 1.66-1.19 (m 16H), 0.96 (s,
9H). M S. (el ep}ggg,%%,ﬁsf)cg%&mﬁd‘lwl—l) 803.4 (MtH)+. Reverse Phase HPLC

"~ Honogeneity ( O : 99% 10 EXAMPLE 4 Preparation of.
co rrpou nd 103 Ygingthe samg @@wdgeqﬁgcnwmmplgd@nd using N-cyclobutyl thiourea

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

S, H
| N
M hk N>— b
P
. o
W '
S8 TSNS
13 N_ _OH
N
S
Compound 101

TH NMR (400 MHz,DMSO-dg): ca, 90:10 mixture of rotamers, major isomer

: déscrip,ti_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

o
' 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:
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0 0"o .. o 00 Conpound 103 Conpound 100 (30ng, 0.038mml) was conbined with
HATU (17ng, 0.045mml) 15 and dissol ved in anhydrous DMF (4fighy 286k
solution was stirred at R T. before DI PEA (26L, 0.15mvl) was added

dropwi se over ca. 1 mn. The mxture was stirred for60mn. at RT. and

. anal yzed Ryoanrkigsi cal HPLC for the formation of the aggivaiadedgst er-
Follow ng this, a solution of benzenesul fonam de (23ng, 0.15mmol), DVAP
(17ng, 0. 14mol) and DBU (22L, 0.15mol) was added in DMF (1nli). 20 The
reaction mxture was stirred 24h at RT. before being, poured into EtQAc
(50nm.) and washed with sat. NaHCO3, and sat, brine solutions. The organic
" phase was 31 4 May 2006 WD 03/ 064456 PCT/ CA03/ 00090 dried over MgSO4,

- filtered and concentrated. The residue was I g ituted in DWVSO and
purified by preparative HPLC. Lyopt] e final product (17

ng, 48% as a pale yeI | ow anor phous sd¢ NV OMHz, DMSO-d6), 510.89
(s, 1 H, 8:84 (s, 1 , 8.20 (d;, J 8. H) 8.18-8.08 (m 2H),

7.89 (d, J= 7.6 Hz, 2H) 770(d —76,-°76Hz 2H), 7.58 (dd, J= 7.7,
7.7 Hz, 2H), 7.28 (bs, 1H) I Hz, | H,. 5.75 (bs, 1 H),
5.37-5.25  (m 1 H), 512(d 92(d J= 12 Hz, 1 H),
4.58-4.42 (m 3H), 4.24 (bs, 1 460 7.8 Hz, 1 H, 3.97 (s, 3H),

3.93 (d, J= 7.8 Hz, 1 H), 269261 (m 1H—I) 35221(m 1H), 2.13-1.98
(m 3H), 1.78-1.68 (m 4H), 1.68- 1.dokpds@ioBH),. 10 1.50-1.41 (m 4H),

.129' 1.22 (m Ietro ra 928.5 (M + H)+, and
1926.5 (M- H) it DRgs 26l o B0y urery Ffﬁijé én!%‘—a@é!&% . Using the
. synthetic seqmmm (5, rik&cﬂzmn(mmmmh:b-emmg, tHnpeuidsiMeres 15
o prepared: . t
Di pepti de %PL@% %?%ﬁiwbﬁ-}sn%\/\g??dl 586 85’3'?'8 é%&‘%%%@]é%égﬂfém (10m),
. 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; CHCN : £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
HPLC Honogeneity (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
(78nL); triethyl arri ne (1.37nL; 9.83mmmpl) was added and the sol ution cool ed

"~ to OC.. 5 Isobutylchloroformate (1_28nl; 9.83muvl) was added dropw se and
the white suf prg%flgemqqqu:oa?er@y@feﬂo}‘hegﬁmduewqﬂ TEERNSERUISH I he addi ti on
01;] a sol uti onpafso ﬂd@ﬁmuyma(a@w@ﬂMan%bgamfaﬁgn g&\hﬁhe fﬁa?ﬁtoda:étf(wleml )d
The reaction nix a 1.25h at R T.. and evaporate
to provide a WI%&’?&?}:”@WS‘?‘*@?‘W ﬁ%ripéoussﬁyg ensi on was di ssolved in Et OAc and
wat er. The or §&NMR (00NMHZ, OMSOaLE)NIOLESs, 110H)v8.84(s5 HE)B.20 ¢d) MNeBIEBR, (H)X), water

(2x) and bgi 2@1%3@3 éH)eF'aégéfﬁO“?)e Higl-beff(p@dan.fj 7878 zaél%d-ﬂ.s@l(&:l ve the

'di azoket one a %‘g used next step
assune 7. 02de|=)77 A7 iz )eZ?ﬁ&f’pi'dL/Y”(‘5718=126(‘MW)r5B@03531*GMHY-525Reverse

Phasﬁ HPLC ! Beeid o b.ﬁﬂﬁ)ﬁl% Hy /.92 @GO Hz"'ﬂ@45830f@(m151|1)5ﬁ% 3: f
e o T Sk e ool e s L B0
{m, 1H), 2.35-2.21 (m, 1H), 2.13-1.98 (m, 3H), 1.78-1.68 (m, 4H), 1.68-1.51 (m, 8H), -
B 10 1.50-1.41 (m, 4H), 1.29-1.22 (m, 1H), 0.99 (s, OH). -
‘ 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: '

EXAMPLE 5
Step 1: synthesis of dipeptide 16:
. 0 o
MeO Nar” ~ome MeO N e
=2 =
i o -~ o
o. N O._N _
Ty T
- . ° o
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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B evaporated to give the desired bronpketone as a beige solid (4.25g;

- . a-Bronoketone 18 (512ng; 0.81mmol) and N-cycl opentylthiourea (128.4ng; 5

- dropwi se a 48% aqueous HBr solution (5.1 mL) and the mixture was stirred
for 2h. 20 The solution was diluted with Et OAc, washed w t h-avpaboosat ed
“NaHCO3 sol ution(2x), water (2x) and brine (1x), dry (MgSO™4), filtered and .

6. 72mol ) wo Meswb€! ectrospray) @ 632 (M 634.2 (M2) - 3vicAB¥oed$06 WO
03/ 064456 Step 4: synthesis of dipeptide 19; 0 i S 18 PCT/ CA03/ 00090 19

0.89mmol ) were dissolved in isopropanol (201). The resulting yellow 7
solution was heated at 70C for 1.5h. The solution was allowed to cool to
R T., and evaporated to dryness. The. residue was diluted with EtOAc. The
Et OAc sol uti oRteRdssynthenis of dipgrtie giazekeianed 7NaHCO3 (2x), water (2x) and brine
(1x); dried (MgSOH4), fl_Iterced and concentrated to give theoproduct as an .

or ange- brown foam g s 10 chromat ogr aphy i#© SetNOAC 7 3
- renoved | ess polar i ies and 6: 4 retrieved the i#ed conpound as a
light yellow solid (411. %mg; 75%. MS(eIectrospray) 76.3 (MH- 678.3
(M+H) + Reverse Phase H Honogeneity (0.06% TFA ": ~H20) @ 99% 15
Step 5: synthems-‘qﬁ e 20: RT. for 3h. ' mxture was
diluted w th EtQAc, h saturated . HATU c ua (21.90ng ;

0. 058mml ). The reactlon"m?ture was stirred at DIEA (339 °0 192mmol ),
was added urea 5 (13.96#6y ; 0.058mml), followed by 20 débjected to high

vacuum f or - 30ghdm Iox gém'.&aac)azmousnssa@omammmm&&aﬂ)anam stirred at

R T. After e reaction m xture was wor -u evaporatlngto
- dryness. The H€§7“§a9-§3mﬁegwé§ﬁé‘?%d§§’SQW“B‘\‘PQ%#?Q Golid. The HO salt was

-0 020 5 Isobutylchioroformate (1.28mL; 9.83mmol} was added dropwise and the white
suspension was stirred at 0°C for 2h, , folldwed 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 . N . . 0 N. R . ) .
- g Ry
' I wc‘r ; ) OMa ‘ - >‘r \o]r . OMa
[s) [#]
[ . ]

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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" theoretical yfdiremokeigpedsi

19 The Boc-di peptide (32.6g 0.048mmol ) was di ssolved in 4N HCVdi oxane (3nl)
and -34 4 May 2006 WD 031064456 PCT/ CA03/ 00090 NaHCOB (2x), Awfagpod@x) and
brine (1 x), dried (MgS™4), filtered and evaporated to give the crude

- product as a thick yellow oil (assunme 0.048mmol). MS. (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-5mi cron, 120A ; ).=220nm using
a linear -gradiept syittbs3.oP8ieptidd16H3CN / H20. The pure fractions. were

conbi ned, concentrated and converted to the sodiumsalt 15 Conversion to

Na Salt The concentgat d,@‘roc gons were diluted yth L—‘,f\ nd a few m s’ of
bri ne, - (basifiedto‘@}fﬁtth 5N Na t hen, ne al] z&d pH. 5.5 - 6.0
with 1 NHC). The prodldct was exly wi th Et OA X) hed with ‘
~water (2x) and brine ( c',' 20 dried (WgSO8y, filtered® and evaporated to
dryness to provi d_eif,ds-i,n ut Ll prod as a yellewnsglig(52.7ng ; 70%.
The neutral productt (89 4@@.0627 was di SEN e omdtOH (1 Or) and
1. equivalent 0.01 N (827nL) was added. The cl%all wel | ow sol ution was

concentrated to renove MpgpOH and diluted with water, frogen and |yophilil zed
to give the product (Na salt; as a vyell ow anorphous solid 25 (50.8ny;

tf 848 Tmp) and NrsyclonentyitiowRA 128 4/OM-1z, DVO. d6) -

sca, 8:1 m ¥t U .8omimol) Weri thistiveSindsoprbpahsl (A0ML). THe BSullird vellowrsdutdnas 1 H)
7.86 (d, J 5. rZealf'ezd at]70@ for I .Bﬁ.li'lze' éo?uta mtvag lz;ndweZi 't02 goo{ (%fR.‘?‘., ala_Rd e\trﬁ)eipgéted '

o | 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 fda}m. Flash column

10 chromatography in hexane:EtOAc 7:3 removed less polar impurities and 6 : 4

retrieved the desired compound as a light yellow solid (411.5mg; 75%).
_M.S.(electrospray) : 676.3 (M-H)- 678.3 (M+H)+
Reverse Phase HPLC Homogeneily (0.06% TFA ; CH3CN : H;0) : 99%.

- 15 Step 5: synthesis of tripeptide 20:

MeO._x, Ny f:}‘ MoD._y, s ':’>‘ 1
> o PO
S K QLA on | F :
Vs I AR ENcUS S I
. Ar \f‘f §Me- 5 - HoH .%O\Me
R : N2 '
: 19

* The Boc-dipeptide {32:6g : 0.048mmol) was dissolved in 4N HCY/dioxane (3mL) and
stirred at R.T. After 2h, the reaction mixture was workedfup-by e\}aporaﬁng o
| '.drYness. The HCl salt thus obtained as an off-white solid. The HC! 'salt was _
20  subjected to high vacuum for 30min. Toa solution of the HCI saltin DCM (2mL) and
~ 'DIEA (33uL ; 0.192mmol), was added urea 5 (13.96mg ; 0.058mmol), followedby o
'HATU coupling égent {21.90mg ; 0.058mmol). The reaction mixture was stiri-‘é_d at e
R.T. for 3h. The reaction mixture was diluted with EtOAc, washed with saturatéd " g _-1 o

0 .
2
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.6 Hz, 1 H, 6.19-6.02 (m 1 H), 5.33 (bs,1 H, 4.99 (d, J 16.8 -
: 4.77 (d, J =10.0 Hz, 1 H, 4.52-4.41 (m 2H), 4.3edo0ds= 11.0
: ), 4.04-3.96 -35 4 May 2006 WD 03/ 064456 PCT/ CA03100090 (m 2H),
.89 (s, 3H), 3.793.68 (m 1 H), 3.68-3.15 (under water peak, 2H), 2.45-

. 36 (m Jvd'é)sms&séﬁ 1.92 (m 2H), 1.82-1.35 (m 16H), 1.p&8uckeddoohdn 2H),

- 0.91 .84 (2x s, 9H). M S.(electrospray) :786.4 (MH)- 788.3 (MtH) + 810
- ( l\/HrNa)+. Reverse Phase 5 HPLC Honogenei ty (0.06% TFA; CH3CN : H20):99%
EXAMPLE 6. Conpound 104: Using the sanme procedure as described in exanple
.6 and using the cyclobutyl 10 carbarnate of tert-butyl glycine in step 5
I nstead of urea 5 and purifying the crude carboxylic acid after step 6 by
~_preparative HNaHCE:(20.cater (2 and biine (@¥nisdiMoSQ4)afitetedang svaporatetier ed 104

"H NMR (400 Mgke @#\ﬁ%d@mdtﬁﬁas&ﬁcl{?eu&wb g@éuﬂéﬁmﬁms 8.09. (bs 1 H .

- ?sozllio(d7 %é" %de'egtmpfaz) 33‘?%4(“‘? b "%‘i ';)’foé:“i"ﬁ{sefh d&%? 7.00 ’( [ 40

1H), 6.10-5. 9E|o(msgeﬂdimcﬁossewms¢mcwn205 @%.(d, J =17.2 Hz, 1 H), 4.82 (d,
J—114Hz 4.64-4.52 (M1 H), 4.48- 4.41 (m 1 H), 4.29 (d. J 11.7
 He, ? 412 (d, J = 8.6 Hz, 1H), 3.97-3.85 (m 2H), 3.91 (s, 3H),
236- 2 27 (m  Steg)6: Hydrogsie oirpepiide meghyl eten20:1, 81 (m 6H), 1. 77- 20 1.43 (m
9H),1.41-1.34 (m 1H), 0.96 &-8.85 (2x s, 9H. MS. (electr pray):773.3
(M H- 775.4 (MH) +meiRe ,ﬁa%HPLC Honogeneiusy. & :
h

H20) : 99% EXAMPLE 7 05: Using the sa rgcedurf las
~described in exanpl e 6-and, using e cycl ohexyt car bama e of terEbutyl

: :__ ,g| yCI ne in ste@ lon a,?f urea 5 afforde he) ?4 May 2006
' =%
. 8]

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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WO 03/ 064456 . PCT/ CA03/ 00090 conpound as the sodiumsalt Conmpound 105 'H
NVR (400 MHz, DMSO-d6): ca, 5:1 mxture of rotaners; 8 8.29 (DPBtay 2obd . 8.02
(d,J =9.0H, 1 H , 7.8 (d, J =6.5 Hz, 1 H), 745(s 1 H, 7.40 (s, 1
7.27 (d, J = 5 2.2 H,1H), 7.05 (d, J =8.6 Hz, 1 H), 7.00 (dd, J=
, 9.0 5.89 (bs, 1H), 5.34 (s, 1 H, 508( Hz,
1 (d, %:03?90.6{1&%, 1 H), 4.43 (dd. J = 8.4, 16.8 Hz &T@B‘m}‘ﬁ’gga 24 (m
H, 4.124 (d, J =8.6 Hz, 1 H, ), 4.00-3.8 (m 3H), 3.89 (8,31-i),
35-2.23 (m 1H), 2.04-1.91 (m 5H), 1.79-1.41 (m 1CH), 1.39-1.08 (m
~7H), 0.97 & 0.86 (2x s, 9H).. 10 M S. (el ectrospray)::801. 4 (MH)- 803. 4

- (MtH) +. Reverse Phase HPLC Honogeneity (0.06% TFA; CH3CN : H20) : 98%
- EXAWPLE 8  Cogim@#),d3.89 (s, 365 wm@ t(ing 119)A 18688, U @Addur avaks pekas eHj, 8- i n

" exanpl e 6-and t 0 I e cine in
step 5 instea %‘Hgf( ?e)gg’g af ded t1h%£féfmﬁ13$p%%¥gégn' ?')I*‘?éogl' lum sal t:
"H NVR (400 N84 (BSOS : ca 1 :4 mxture of rotarrers 'S 8.22 & 8.04

(2xs,1 H 20 Msg(ei%‘étr&éi'xayg 78&94@14) is%&ml%ﬁl é1@ + 6 Bvdio P, 7. 46
(s, 1 H: 7.41 06 456 PCT/ CAO3/ 00090 (d,
J = 2.4 Hb 1!(35‘3”%299'16&3’(0?%?& 9P61(dd J=2.4, 9.0 H,1

b, 6.00- 5.98 (m 1, 534(s 1H),498(dd J =16 17.4 H, 1 H),
4.80 (d, J =119 bz 4.73-4.67 (m 1 H), 4.43-4.31 (m 2H), -
4.05-3.95 (m §95384(m 1 H, 3.90 (s, 3H, 2.38-2.29 (m 1 H),

203192(m_@n99.m119£121(m 24H), 1.21-0.83 5 (m5H)

- -MS. (el ectros Mh'l'& 8]3@ HPLC
Hom)éenel t (g&%% ?aﬁééréeé% 2 de § .ddm g% E%(AR/PL 3%\9 Bl
S 13/ carbamate of tert-butyi glycme 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, tH),7.88 (d, d = 6.5 Hz, 1H), 7.45 (s, 1H), 7.40 (s, 1H),7.28(d,J =
o | 2.3 Hz, 1H), 7.16-7.08 (m, TH), 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-
4.41 (m, 1H), 4.29(d, J=11.7 Hz, 1H),), 4. 12(d J =8.6 Hz, 1H); 3.97-3.85 (m,
| 2H), 3.91 (s, 3H), 2.36-2.27 (m, 1H), 2.18- 2,04 (m, 2H), 2.03-1.81 (m, 6H), 1 77-
20 1.43(m, 9H), 1:41-1.34 (m, 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
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10 Conpound 107: Using the sane procedure as described in exanple 6 and
using the cycl opentyl carbamate of cyclopentyl glycine insteqdyofogirea 5
in step 5, afforded the title conpound which was converted to 1ts
corresponding Na salt. 15 EXAMPLE 10 NS3- NS4A protease assay The enzymatic
assay usegyd @giad uat e. the present- conpound is descri begl1iduosfae 0/ 09543
~and WD 00/59929. 20 EXAMPLE1l Cel | - Based HCV RNA Replication Assay Cell
~Culture Huh7 cells that stably maintain a subgenom cHCV replicon were
“established as previously described (Lohman at al., 1999. Science 285:
110-113) and designated 25 as the S22.3 cell-line. 522.3 cells are
~maintained in Dul bec co's Mdified Earle Medium (DVEM suppl enented with
- 10% FBS and lcompoohd astesodiom@s®:andard Mediunm). During the assay, DVEM
medi um suppl enented with 10% FBS, containing @ 5% DVSO and | acki ng
neonyci n was used (Assay Medium. 16 hours p |,}a1=-Nto conpound addi ti on,
822.3 cells are trypsinized and di¥® . 0 I s/m 30, in St andard
Medi um 200pL (10.000 cells) are dist into ®ach wel| of a 96-well
~plate. The plate was then. incubated at 37iwith 5% CO2 until the next day.
4 NMay 2006 WO 03/064456 PCT/ 03/ Oﬁi;Rea%ents and Materi al s:
S

- Product ConpanyCat al og #St or I nc. 10013Cv4C DIVBQOSI gmaD 2650RT
Dul becco' s PBSG bco- BRL1419

Ser unBi o- Wi tt aker 14- 901F- 20C/ 4C onym G bco- BRL10131-027-20C/ 4C
Trypsi n- EDTAG bco- BRL25300- 054- 20C/ 4C 98- V\B| I &pl at esCostar 3997RT PVDF

“0.22pm Filter UnitM Il iporeSLGVO25LSRT
: 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: AT AR S

~ 'THNMR (400 MHz DMSO-ds) ca, 1: 4 mixture of rotamers 5 a 22 & a 04 (2xs 1H)

20,800 (d,J= 92Hz 1H) 791 (d J= 6.5 Hz, 1H) 746(3,1H) 741 (s 1H) 727
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Deep-Well Titer Plate Becknman267007RT Pol ypropyl ene Preparation of Test
‘Conmpound 1Opt. of test. conpound (in 100% DVSO) was added t of RIagrk00d Assay
Medium for a final DMSO concentration of 0.5% and the solution was
sonicated for 15 min and filtered through a 0.22pM M Ilipore Filter Unit.

900pl " wasyid @meissé ed into row A of a Polypropyl ene Deep-Véldsnddober Pl ate.

“Rows B to H, contain 400pL aliquots of Assay Medium (containing 0.5%

DI\/BO) and are used to prepare serial dilutions (1/2) by transferring

~ 40011 fromrow to row (no conmpound was included in row H). 10 Application

-of test conpound to cells Cell culture nediumwas aspirated fromthe
-96-wel |l plate containing the 522.3 cells. 175VL of assay mediumw th the
. cappropriate. (@ Usttionz,al)t 2280 (CoaBoudd 1HWhT 01t (ddrf 241, 80 Hz, o), 689h wel | of
" the conpound e 9 ejl ure plate.
Qg@g ?ﬁ)é%%%ég%?] AEQQPQ i1 1‘%’9'&4z {'J%’h X9 (FJ GG

(row H was use on contr ture . plate

-~ was i ncubat edHdk 433-447t(m. B9 ActxH31 (M RH).E40P-390i(ONn21% 313§r3a$4@3bl1ﬁbl ar

Fol | owi ng t hes 48 bﬂp@@é&@@(rﬁem-g@bs -1.b2 rh )| 1.884 by(mr24R)A . aee.eext r act ed
fromthe 20 522.3 cells of the 96-well plate using the RNeasy 96 kit

(Q agen(r)® Fﬂééﬂt Handbook. 1999.). Briefly, assay nediumwas conpletely
Tenmoved from Wi {efechospray) 08 134 M-HRL 8154 {Ne)+(. GeagrsaPhase HRLGE ai ni ng 143 nM
fl-mer capt oet 2 WD 03/ 064456 PCT/ CA03/ 00090 to
each wel | of B%Q@%ﬁoﬂ%&_cu ?’d X",&rg e. The nmicroplate was gently
shaken for 20 sec. 100 pL of 70% et hanol was then added to each mcroplate
- wel |, and m Xggampp¥gPi petting. The lysate was renoved and applied to the

~wel I's of RNeasy 96 Q agen(r)) plate that was placed on top of a
. Q agen(r) 1%qu§4!@9ﬂ!ﬂc—'l——élm ock. The 5 RNeasy 96 plate was sealed with tape and

t he Squar e- eUkingptheckmeiptdeediie akiNaasiyed if 6xqrhpid & andussigihe eytidpebtyl t he hol der

and placed 0 and SAshe QBEh Bhafs AKAEor ENb 1 duoe andlic BATHL © was

centrifuged at? enperature. The
t ape was r enosahoundwhich waptonverteghid itg c@rasponsiinghisf salty R\

15 EXAMPLE 10
NS3-NS4A protease assa |
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\tidusly' described (Lohman et él 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
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(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 angiageots i fuged

at 6000 rpm for 4 .mn at roomtenperature. The RNeasy 96 pl ate was pl aced

on. top of another clean Square-Wll Block, the tape renoved and 0.8 m of

- Buffer APkyd&@eed(r) RNeasy 96 kit) was added to eachpWeblosfbesd N RNeasy
‘96 plate. The RNeasy 96 plate was sealed with a new pi ece of tape and

-~ centrifuged at 6000 rpmfor 4 mn at 15 roomtenperature. The tape was

- renoved and another 0.8 nl of Buffer RPE (Q agen(r) RNeasy 96 kit) was

- added to each well of the RNeasy 96 plate. The RNeasy 96 plate was seal ed
W th a new piece of tape and centrifuged at 6000 rpm for 10 mn at room

. tenperature. ma@genmdmmtsd t he RNeasy 96 pI ate vvas pI aced on top of a

- rack ‘containij 2 t—cottecttqt tubesy . 0, | 1t ed by
“addi ng 50 pL I’t* se-fr rctdgﬂ'ﬁdggnz well —sedling (e wi th a new

pi ece of tapel DMEM ncubat ed for Wmmtr&t roo ‘dDeBtWrat gre. The plate was

then centri fpgegat—66060—+pmifgr="4mn—at at-tre—Fhe el ution

- step was repgglﬁgg with a second S\'/Q)Fv%rre of SBﬂgf"s(FeNasr Tr ee wat er. The

- microtubes wifDulbescals PB8el | ul ar |RiibcoeBR. st or eth18¢-13®0| RZ5 Quant{fi cati on of
Total Cell ul RN RINAC urantisE T gRk W S TSEseaE (! ecul ar '

Dynam cs(r)) - u';‘{t%]yg?o_ \be\SéYara‘lhoG een B?d If1cati ?barlt?b( | ecul ar

" Probes(r)). Brileamygin (GAS)Ri bo(}re@r\bcorﬁiﬂgent 3HPRUL ¢cROXDBG ol (i in TE

(10nM Tri s- HORimEDPA 1TV EDTAY GibostBREENET df 35800-06P L[ BoeEAaTEN Was
diluted in 1_‘ _JTEA Standard CQlrve of ri hnqnmal BNAlvwas dilutéd in TE to

“2pg/ mL and pri&eeiRidehed anoung £OF00, 50, 9720, 1pRT 5 2 and OpL) of
:the ribosomal W@Qk;ﬂﬁ m&mﬂe lmnpd,é anst erfreidsvaases Ny 96- wel'l pl ate
(COSTAR # 399% \re 2d-t6-100ptt—wi-t-h—FE- Ceneral |y,
colum 1 of t for tihey T?Gﬁnda'ﬁ-rcurve ahd the -40 4
May 2006 WO O ot her s arejused for fhe RNA
- sanples to be e ch—RNA—sanpte—that—was—to—be
quantified, was transferred to the correspondr ng well of the
Preparation of Test Compound _

- 10pL of test compound (in 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
_‘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 aspifated from the 96-welt plate containing the $22.3 cells.
1 75pL of assay medium with the appropriate_diitrﬁon of test compound was .
- transterred from each well of the compound plate to the eorrespond‘ing‘wellr of the
15 cell culture plate.(row H waé used as the "No inhibition control”). The cell culture
- plate was ircubated at 37° with 5% COzfor 72h.

- Extraction of Tetal 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.). Brreﬂy, aesay_ me_dru_m _was completely removed from cells and
© 100 pL of RLT buffer {Qiath@) corttein'ing 143 mM B-mercaptoethanol was added
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96-wel | plate and 9OpL of TE was added. One vol une (100ppL) of diluted

- RiboGreen reagent was added to each wel|l of the 96-well platRaandos

i ncubated for 2 to 5 mnutes 5 at roomtenperature, protected fromlight (a
10 L RNA sanple in a 200 uL final volunme generates a 20 X dilution). The

~ fluorescepgasioplsgnsity of each well was nmeasured on theraebhdesy System

" ProbeR11490-
. Real - Ti me RT-Ipip

(Mol ecul ar Dynam cs(r)). A standard curve was created on the basis of the
- known quantities of the ribosomal RNA and the resulting fluorescent
intensities. The RNA concentration in the experinental sanples was 10
determ ned fromthe standard curve and corrected for the 20X dilution.
Reagents and Materials: Product ConpanyCat al og #St or age DEPCSi gmaD57584C
EDTASI gna. - - ESb24etTwall ¢finm9BaelbSilgHitTe plaleRThenmicroplate-Gh Syanptin Frkan o

- Collection T t r&% aﬁﬁ%éﬂaﬁ& t Mol ecul ar
' L%?segn’gdggﬁ_%:gfgﬁ% tQ g@gﬁ;ﬁi@%&@ are-\\e| | B%gf:akk@%'{aggenl%mm

Ieeate was fepongd andrenpied t9dhg wellsohia BNeaPoABl Pri sm
7700 Sequence(CigieA®f plate 1Tt Was Plabs digop b QRGN SquarEePBRcKIThef r om

- (Perk El lied B RT; P th
'((:]ug;\t:Pl ca?rr:s{) ﬁ%? @’%e'!”os 2l 5%&%’) aﬂRIAm%gR'ﬂﬁf’%&%ngg%e eé’ﬁﬁol ogy
~(Roche Mol ecmaaplatamgﬂmdedmtﬁyb@lé&mhdpbcm inarrotoobucket of adkiH@ue previ ousl y
‘descr i bed (('\)/btgetnﬁ#% etTh§§amﬁle c?nhfu&dd?eoé\d I?an%@bxgﬁ%r mun§?r30rﬁ32) The

syst em expl tiC activi DNA pol yner ase.
Briefly, the tﬁ@PﬁGﬁ’@t“Pl‘%ﬁ“'a& r%lwedlfra@éheeiaﬁauépég@mf E“WWBW*dl zation

probe (PUTR Rﬁi&g@h@ﬁ%sﬁmmwﬁa&deﬁt@mﬁcometmaaakmmblareenﬁet ween the

t
Tuor escell. 1RV S PRie Wa Holefin 0 e biion o BANPS. sl S0 Lot o ns
fluorescent -f6d4 muri\&tyoétﬁ) Gnpeifiure. Ve GINERSY mem/me@m tspp@hemmer

(6= carboxyt et & aRi{Natd WA BIBE thel 5 Bhbled AP S ANEERE HIE (cRagBi®SS! ON
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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.spectrum was suppressed by the quencher on the intact. hybridization probe.
Nucl ease degradation of the hybridization probe releases theskRpOLLS! ,
resulting in an increase in fluorescence emi ssion. The ABI Prism 7700

~ sequence detector 5 neasures the increase in fluorescence em ssion

~cont i nuougigsmsdaberg the PCR anplif ication such that thga/ewpbicbo ed product
was directly proportion to the signal. The anplification plot was anal ysed

.early in the reaction at a point that represents the |logarithm c phase of

' ‘product accunul ation. A point representing a defined detection threshold
of the increase in the fluorescent signal associated with the 10
exponenti al growt h of the PCR product for the sequence detector was def.ined

~as the cycl eothireelhereusedior thediNA prarlesiodeiqyartf %I‘W'p?fd?ﬂé‘f‘ BNénal to the
‘quantity of i gile e Nadie qahittifed, %&tﬁmedtamtdoﬁéépomfmmtﬁé ons, the

| arger the starting con centr on Q A standard
curve was cre8¢wal PlateEsElIl Y| h}” pg@%vo eépﬂ%'?#)d@g@ﬁ?cggfbocéﬁ *ey st em by

plotting the @Bgagmassﬂde]ﬁoemeﬂtoanﬂaedvemdtam arefinabated OR2 tHIEVhIRMSs
~concentration,, Ref qrenc sa &3 %'&ﬂ 6 E‘ I Iuded on

each RT-PCR pfdPem ralE R tgﬁﬁd ’ g 3 a{j sa'i'ﬁe\({'b 9{]ﬁml'ranscrl pti on)
in vitro, purvdhimee garttezia@ Kidikgidn). Be Meacemnstem phepchweiwas\Vg of this

RNA = 2.15 X 1Q | e 108,
TOr: 106, 105 orsuPRERB STORME biehd ol for Bndte)! Rolidiil ol WY P, D5,
Fhs 7 RA viaserapiod on uschesis obihe et suapiten ofihe dbrsmel B gnd I sesuingpL  of
e ?Cg ref e: e nMCﬁxo?ééé@ﬁtaﬁt%sfaddWhBﬂNA &omBerttratibiin 't’hd:ﬁ%énmmal eafpleseds Wi th 45pl
-of Reagen

sed in the Rea ction. 25 The Real - Ti e
" RT- PCR redti é‘?feﬁﬂ%{%ed;%ﬂ"‘.'i‘ﬁsiaﬂ?’ar? ﬁ@%%‘tﬂ%&%ﬁiﬁ%@%@%ﬁ hat were purified
on RNeasy 96 -well pI ates by conbi ning 5pt of each total cellular RNA
sanple with 4 I\ﬁ%ﬁe M X. Reagents and Material s:
al

Pr oduct COVPA raae TagMan EZ RT-PCR Kit PE_Appl i ed

Bi osyst ensN808 BEEBELOC M or oA QOpt| CempapsPE heplplogd | Storage

Bi osyst ensN801 WWNL 0560RT

Wl | Reaction -42 4 NMay 2006 § ~

: EDTA ' Sigma : E5134 RT

“Trizma-Base 'Sigma T8524 RT
Trizma-HCI Sigma -T7149 RT
Collection Tube Strips Qiagen . 19562 RT
Ribogreen RNA Quantitation Kit | Molecular Probe | R11490 -20°C
Rneasy 96 Kit Qiagen 74183 RT
Square Well Blocks Qiagen - 19573 RT

: ‘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
Bio'sjstems@) RT-PCH was optimized for the quénﬁf cation of the 5. IRES of HCV
- '-RNA by using the Taqman technoiogy (Roche Molecular Diagnostics Systems)
simitar to the technique prevuously described {Martell et al., 1999. J. Chn Microbiol.
‘20" 37:327-332). The system exploits the 53" nucleolytic activity of AmpliTaq DNA
' ‘polymerase. Briefly, the method utilizes a dual-labeled fluorogenic hybridization
o .fprobe (PUTR Probe) that specifically anneals to the template between the PCR
i . primers (primers 8125 and 7028). The 5' end of the probe contains a fluorescent
n frep_or.tar (6-carboxyﬂuoresce|n [FAM]) and the 3' end c_ontasns a fluorescent
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WO 03/ 064. 456 Reagent M x preparation: PCT/ CA03100090 Vol ume for Vol ume for
One Plate Final Conponentone sanple (pL) (91 sanples + conc.4 N 2dgad

- Vol une) Rnase-free water16.51617 5X TagMan EZ buf f er 109801X M(OAc) 2.

(25mV) 65883nmM dATP (10m\V) 1. 5147300pM dCTP (10m\M) 1. 5147300NM dGTP

(10mM 1. Sdvasdeqadd dUTP (207 1. 5147600pM Forwar d Pri merpdrl€iabhdds8200nM
Reverse Priner (10pM 198200nM PUTR probe (5pM 2196200nM r Tt h DNA pol yner ase

©21960.1 UpL (2.5 UpL) AnpErase UNG 0.5490.0111/pL (1 U pL) Total

Vol une454410 Forward Prinmer Sequence (SEQ ID. 1): 5 - ACG CAG AAA CCG TCT
AGG CAT GGC GIT AGT - 3' Reverse Primer Sequence (SEQID NO 2): 5 - TCC
- CGG GGC ACT CGC AAG CAC CCT ATC AGG - 3' Note: Those prinmers anplify a
~region of 256qmmcmfé&e¢rbowethhmﬂwlﬂwd5mmeﬁf&h&ilﬁ) dhe AMtrepartegs emiseipn HCV.

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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PUTR Probe Sequence (SEQ ID NO. 3): GIG AGT ACA CC AM F1 A 6FAM - TGG TCT
GCG GAA CCG WO 03/ 064456 4 May 2006 PCT/ CA03/ 00090 No Tenpl4tiay @004 r ol s
(NTC): On each plate, 4 wells are used as NTC. For these controls, 5pl of
~ water are added to the well in place of RNA. Thermal Cycling Conditions: 5
50C 2 m nw@lkmadsen 95C 5 mn 95C 15 sec 1 Jr 60C lpgfiidnobmdor® cycl es
10 90C 15 sec 60C | min for 40 cycles Following the term nation of the
RT-PCR reaction the data analysis requires setting of threshold
fluorescence signal for the PCR plate and a standard curve was 15
‘constructed by plotting the C value versus RNA copy nunber used in each
‘reference reaction. The & values obtained for the assay sanples are used
to. interpol aBagemNWArepamyomunber based on the standard curve. Finally,

[l ya |

t he RNA ‘copy npfber—was—nor-mat ulsdor .Iv itmd Yo 858‘5 & FN RNA AU
quantification} of the total extract ed 8f"rom he ce CHinalire wel | ) and
. expressed as. peemrenadui val entjsone samrle | (183 A1 W‘ﬁ;‘b/p;]mn The RNA copy
nunber [g.eJpg] fromeach well beﬁaﬂﬂ)m&ﬁ)m atejwas a ngasure of
t he anpbunt of nce of yvard e 20
concent r at i ons| Boaserfteematas: . . #6Yh was cal cul ated withithe
fol |l owi ng equmgiﬂﬁ buflek 9EPTd 1 Nh)7{ge@Jpg CtT)X I10Pkx A nontlinear
curve fit w thithhe nmode S app! i D‘l to_the-inhibition=concentrati on
_ S Mn(OAc); (25mM) 6 588 3mM :
[ daTP (10mM) 15 "t 47 | '300uMm
o dCTP (10mM) 15 147 300uM
L L [daTP (iomM) |15 147 ' 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 :
‘ polym 2 196 0.1 upL
(2.5 UruL)
" AmpErase UNG -
AmpErase 0.5 - | 49 0.01 Ul
1 (Wt _ . '
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 |

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

15



30 data, and the 50% effective concentration (EC50) was cal cul ated by the
use of SAS software (Statistical Software System SAS Insti4Nag2006C.

Cary, N.C.). Wen the compounds of this invention were evaluated in the
precedi ng enzymatic and cell based assays, the conpounds were found to be
hi ghly actgy/@osiMite -44 4 May 2006 WO 03/ 064456 PCTI CAOZLBRRAEDeo00
specifically, the conmpounds had ICS s below 0.1 pMin the NS3- NS4A pr.ot ease
assay, and ECris below 0.5 pMin the cell based HCV RNA replication assay.

- EXAMPLE 12 Specificity assays The specificity assays used to evaluate the

selectivity of this conpound are described in WO 00/09543. Wen the
conmpounds were evaluated in the specifity assays, the conpounds of 10 .
formula 1 wer dlofTemptitd CorvelsINITOF Dineach platd) dwelldiary uded NTEhoFordhasei f i cant
inhibition in na at hepsin B assays. EXAMPLE
13 Phar mcokﬁ&é@c%%@%ﬁ%%%@?ﬁg&%@g’ﬁ‘tgggfo&rr‘lg%unds al so show good ‘
phar macoki netic properties such as significant. plasma levels in the rat at .
1 hour and Zhtaéh@i cpitn@Calatdnse of Sno/kg.. Mre explicitly, the fol I ow ng
assay, an in vivo oral absorption screen, was used to determ ne plasna

|l evel s of Pest conpdtndL™hR a rat after oral adnministration: 20 Materials
and Methods: 1. Meggrad 3osesl t o pool conpounds ("cassette selection"): The
sel ection of conpo es Lo ge pooled into a. "cassette" was based on their
structural simlarity and“physi cochem cal properties. A solid phase
extraction .25 et fCapidisecapl e to all the sel ected conpounds was

establ i shed. Basedg@p t hgyini PiicZE8sting. where each conmpound was spi ked

. -knto rat ggasma anéjqoégnmt hrdugh HPLC or HPLC/ M5 at a concentration of 0.5
“pM the réfention , I S5hi s, .and the possible separation anobng
REORPES s e

conpounds by HPLC gmnd/ o rhifL
conpounds into one "cassette".

d as basis for pooling 3-4
) 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 -
, 4. . _




30.2. Oral vehicle and conpound preparation: Each "cassette" contains 3-4
compounds at 5 or 4ng/kg for each conpound. The cassettes wekmypogpared as
an oral suspension in 0.5% aqueous nethyl cel |l ul ose and 0. 3% of _

pol yoxyet hyl ene (20) sorbiton nonooteate (Tween-80). The dosing vol unme was
10m kg vi woasmbsaglavage. -45 4 May 2006 WO 031064456 PCTREROS3H00H080 3. : '
Dosi ng and plasma sanpling: Ml e Sprague Dawl ey rats were fasted overni ght
“inindividual cages, with access 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 extraction and anal ysis: From each cassettedﬁ%&ﬂ asma sanpl es at

1 and 2h, bl asnecifralynthe compayrdpactfer's elawd d 1l ip fhedyS3-NHdA poigsBRINds at

0.5.pM of - eacggsa?,raﬁ.d EOXP RAdveols P ih e 0 baghdHTAE RNA e¢flieatidhiagsayret hod.
Sampl es were anal yzed by HPLC and HPLC/ MS for conparison 10 purpose. Plasna

concentrations are estimted based on the single concentration of 0.5 pM .
- standard. \WhebBxassay2d in the preceding screen the conpounds of exanples t

to 9 of this %Qﬁ%@?ésgg were found to present in significant levels in the

pl asma at 15 2 hour intervals follow ng oral adm nistration,
aver agi ng bI 0'6&!9 sregieity aseaye usedip eyalgage thelagtivity of bisgompedkrei vel y. This
denonst r at i ongQkrisddINW 6@ds4n vivo oral absorption for the conpounds of
this invention is unexpected, in view of the |ower -oral absorption
generally attributed to this class of peptides. The ready oral absorption
“renders the cwmpothedsmpsdids wefeosvaluatalin thy spécifiiCassapd, thet compoud® 6fhe

.- f.ol'l ow ng abl e | C : rther in
Kaepi ng wif h tointin weuf BURRUBH3ekARE GFAR Bl dfndipd BoRiehpiyBllon B'C| 10"
pMin " the N%emnﬁ-ﬁ@mﬂsélaé§§a?nd§ﬁmemg5%$ow 0.5 pM in the. cell
based HCV RNA replication assay. -46 4 May 2006

EXAMPLE 13
Pharmacokinetic properties

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

-More explicitly, the 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
g 25 method applicable to all the selected compounds was esiablished. 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 10mlikg via oral gavage.
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WD 03/ 064456 PCT/ CA03/ 00090 TABLE 1 Cpd No. RRRRRm z MH 1000H\ _tent-~ 789.3
| UButyl~ \ tell- 10108 A775.41 t ul . , y terE 102Q48y £606803.4 |
uty\ 1030test-928.5 s -bButyl 0 104C0Htell-775.4

WO 03/064456 _ PCT/CA03/008690

3. Dosing and plasma sampling:

‘Male Sprague Dawley rats were fasted overnight in individual cages, with access to

aqueous 10% dextrose. 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 tor comparison

: ‘:f.\ _ : 10 pdrpose. 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 the NS3-NS4A protease assay, and ECss's below 0.5 M in the.cell based HCV
' RNA‘rrerp!ication assay. | '
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bButyl 1050Hbtert 803.4 Butyl 1060H815.4 1070H801.4 -47-. 4 May 2006 WO

03/ 064456 CLAIMs 1. A conpound of formula (1): PCT/ CA03100090M@y 2046 )

wherein R is hydroxy or NHSOZR " wherein R" is (C $)alkyi, (C .

. 7)cycl oal kyl or {(C,.6)al kyl-(C37)cycloal kyl}, which are all optionally

substi t ut to 3 times wth halo, cyano, nitro,p@i& kyl ,

am do, amﬁ%oofz‘[g%%enyl , or R" is C6 or CIO aryl whi ch‘P 'S gf)@og&nal |y

substituted from1 to 3 tinmes with halo, cyano, nitro, (C, .e)alkyl,

O (Cs)al kyl, am do, am no or phenyl; R2 is (C )cycloalkyl; R3 is t-butyl or

. (CO) cycloalkyl and R4 is (C4.6)cycloal kyl; or a pharmaceutically '

. ~acceptable salt thereof. 2. The conpound of formula | according to claim 1,
wherein R is hydroxy, NHSOZMe, NHASBREc| opropyl or NHSO2Ph. 3. The .
conpound of fornula | according to claim?2,.whegrein R is NHSQ2cycl opropyl

.or NHSQ2Ph. 4. The conpound of formula | accor@ﬂ'ﬂg,to claim2. wherein R

" is hydroxy. 5. The conpound of forrmula |I accfting to any one of clainsl to

4, wherein R2 is cyclopentyl or c¥e? s 7 The conmpound of formula |

according to claim5, wherein RZ is ¢ tyl. 7. The conpound of fornula

| according to any one of dains.]| t036, erein R3is t butyl or

cycl ohexyl . o R $ ,
Rt J\',rN , ==

(XY : )

| R

L : C Cpd No. i

T ®r R poye
(Me)y*
100 | OH tert: | Cl\ 7803
[ o |4
101 OH - N tert | O\ 775.4
, Butyl | ©
02 |OH et <:l§ 803.4
103 o@ lert- O\ 0285
.“‘% . - b AButyt |} 3
| 0 :
: j04 OH | [ tert- D\ 7754
b Butyl | .
1105 Ton , ot (8034
' b Butyl O\
06 | OH N A(:;J '<::L\_ai54
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8. The compound of formula | according to claim7, wherein R is t-butyl.
9. The conpound of formula | according to any one of clains 4Mal 06
“wherein R4 is cycl obutyl or cycopentyl. 10. The conpound of fornula I
~according to claim9, wherein-R is cyclopentyl. 11. The conpound of

- formul a | waseakfsig to claim 1, wherein R is hydroxy, HcaoshsReeseach i s

adm xture with a pharmaceutlca yNa c

~cycopentyl and R3 is t-butyl. 12. The conpound of fornula |I according to
‘claiml, wherein R is hydroxy, R2 is cyclobutyl, R is t-butyl and R is
cyclopentyl. -48 4 May 2006 WO 03/ 064456 PCT/ CA0O3/00090-.13. The conpound
of formula | according to claim1l1l, wherein R is hydroxy, R2 is
- cyclohexyl, If is t-butyl and R4 is cyclopentyl. 14. The conpound of :
formula | according to claimi1, wherelCGhAISi s NHSC2Ph, R2 and R4 each is
cycl opentyl a 15. The conpound of forrmula | according to .
‘claim1, ahergg‘:d%o“ﬁd&”%dﬂm, R2 is cyclopentyl, R3is t-butyl and Ris
~cycl obutyl 16. The conpound of fornula I accor’ﬂdtpi?g to claim1, wherein R
is.hydroxy, R2 is «cyclopentyl, If is t- buty}\,—-énd R4 is cyclohexyl. 17. The
conpound of formula | according tg.gl ai le, ferein R is hydroxy, R2 and
R4 each is cyclopentyl and R3 is cy' Flexil . 18. The conpound of fornula I
according to claiml, wherein R is , ¥, R2, R3 and R4 each is
cycl opentyl. 19. A pharnaceuti cal co;rp05| &1 on conprising an anti-hepatitis

Cvirally effective anount of agc of formula 1 according to any one
e ta

of claimlto 18 or a pharnnﬁ;eul_lc | | ce ble salt thereof, in

_ %Faarrier medi um or auxiliary
~agent. 20. The pharnaceuti cal conposi% Nagyording to claim 19, further
“conprising a ther apeutl cally effecti ve aHou®t of ome or nore other

~-anti - HCV agent The phar cgor.di o cl a| m 20,
‘wherein said 8%‘?(81" %m?ydpqwngglgﬁg é"hg‘?l' f’%ﬂ&b@ﬁ%@ G288 B’%{k!
pegyl ated a-i {(Ceg)élbﬁ-()@m)e&ﬁoal@l}ewhﬂaammﬂ(apnonaw swautptedirbmdrtoadmmsdl ng to:

~claim20 or 2dy, MG Ghib, it Jo9E iy, 2Ride, o 30BRUnyt, Sr B RAY! &r'c); aryt
| 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 to'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. '
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23. The pharmaceuti cal conposition according to claim20,.21 or 22, wherein
said other anti-HCV agent is selected frominhibitors of. hkalthgasw NS213
protease and internal ribosone entry site (IRES). 24. Use of a compound of
formula | _gccarding to any one of clains 1 to 18 for the  manufacture of a
medi carren%‘a}oé}ra‘;@#; treatnment or prevention of hepatiti sPEAPI nfection.
25. Use of a conposition according to any one of clains 19 to 23 for the
manuf acture of a nedicanent for the treatnent or prevention of a hepatitis
Cviral infection. 4 May 2006 26. Use of a conpound of fornula 1 according
“to anyone of clains 1 to 18 in conbination with one or nore other anti-HCV

-agent 'for-ib.h?m@%ﬁ&hﬂbﬁfoﬁﬁm&l adBRiirfgAT BRI 1, Whetdi® R! [SSRERNIRY Prevention
-of a hepatitis C viral,.infecti aﬁﬁ‘iqztg/blg-rhe use according to claim 26,

wherei n sai d GYSexY s Heuwi gy 2¢Wted from a-interferon or
pegyl at ed 14. - iThe eschpound of BEnuld haccosiingas elaintll, hetdin BF BINHSZEPR,R22%d RMher ei n

sai d other anti.- Nk 1Sy patid pﬁ ?fi!_ri n. 29. The use according to claim 26,
27 or 28, v\heregcl:hrljg\s/ ﬁcg:%g{yhég?j%ﬁ I-HCV agent is selected frominhibitors
of . hel i cd8e, TReeeBPownd phiameulahabcprdingrte glhiny 1,ivdweseRbisthygroxsiRP is (| RES) . 30.

The phar maceut|Gédeny? KPR bhiyPAhdAGOEfIdRENE O Cl ai m 20, 21 or 22, wherein
said -other a%ﬁi‘?HHC@ agent s an inhibitor of HCV Ep_l nmerase, 31. The use
I

accor di ng 180 dharemeeynd stiogpulskacepidiods Faign], whsteinR ig ydronyety’ ifgent is an
i nhi bitor of ciEbgentyy Rbisadatyl ahdNetis ke 03/ 064456 PCT/ CAO3/ 00090

e o o RN A LR D

. £151>2002- 08- each<ig eyHispentyzOn R2imty8BENybr W ndows Version 4.0

. 18. The compound of formula | according to claim 1, wherein R! is hydroxy, R%, R® and

. R* each is cyclopentyl.

~ 19. A pharmaceutical composition comprising an anti-hepatitis C virally effective

~amount of a compound of forrula 1 according to any one of claim 1 to 18 or a

pharmaceutically acceptable 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 is ribavirin. '_

- _',_'ff-‘-' 23, The phammaceutical 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.

8-




<210> 1 <211> 30 <212> DNA <213> Artifical Sequence <220> <223> Forward

primer . <400>

acgcagaaag cgtctagcca tggcgttagt <210> 2 <@y 286s <212>

DNA <213> Artifical Sequence <220> <223> Reverse Prinmer <400> 2 tcccggggca
ctcgcaagca ccctatcagg <210> 3 <211> 26 <212> DNA <213> Artifi cal
<220> <223> PUTR probe <400> 3 tggtctgcgg aaccggtgag tacacc 30

26.

27.
- 28.

29.

30.

31.

Use of a compound of formula 1 according to anyone of claims 1 to 18 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.

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

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

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).

The pharmaceutical composition according to claim 20, 21 or 22, wherein said

other anti-HCV agent is an inhibitor of HCV polymerase.

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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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

<210> 3

<211> 26

<212> DNA

<213> Artifical Seguence

<220>
.<223? PUTR probe

tggtetgegg aaccggtgag tacacc ::;f&{ﬂ._i;’. ST 7 -25






