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1 August 2006 HETEROCYCLI C TRI PEPTI DES AS HEPATITI'S C | NHAeusiR8S F| ELD OF
THE | NVENTI ON The present invention relates to conpounds, processes for
their synthesis, 5 conpositions and nmethods for the treatnment of hepatitis
"Cuwvirus (HCV) infection. In particular, the present invention provides
novel peptide anal ogs, pharmaceutical conpositions containing such anal ogs
and net hods for using these analogs in the treatnent of HGV infection. 10
BACKGROUND OF THE | NVENTI ON Hepatitis C virus (HCV) is the najor
etiol ogi cal agent of post-transfusion and conmunity-acquired non-A non-B

hepatitis worldw de. kkrdrSc@Bid FRESSTINAL ADUBIAT2HE ¢ Ninhidi®sespeopl e
wor | dwi de are infected by the virus. A high percentage of carriers becone

chronically infected and many progress to chronic |iver disease, so-called
15 chronic hepatitis C. This group is in turn at high risk for serious

i ver di sease_such _as liver cirrhosis, hepatocellular carcinoma and
termnal |iveFELPCBIHEINYENIIGN o t o death. The mechani sm by whi ch HCV _
est abli shes vrl‘habremswsrttbncaatasttb oapsasdsaplotahes fat their fhthadsisc hr oni c liver

di sease hag ng‘g %%on ﬁ\?ﬂ%{ﬁoés\forelbgﬁegﬁlteﬁpof hle;%ahhéc OfRds Wf&ﬂ

Interacts Wt the roles of
- cellular and hantiesar the preserd lnvestmrps@@dasmomloemﬁﬁﬁnﬂogﬁgahmc%mmh nf ecti on

and disease B&Kﬁosﬁﬁﬁséd?até%ﬁngesﬁfcﬁlahﬁ%%drhm&@@&'t@ﬁﬁ'tﬂéaéa iRgRN reported
for prophylaxis of transfusion-associated viral hepatitis, however, the

‘Center for 25Ues@eaHEYHIPEIONdoes not presently recommend i munogl| obul i ns
treatnment for this purpose. The lack of an effective protective imune

.response i.s h ring the dey ment of a vaccine or adequate |
- post - expoéﬁr eag&gWﬁQQFg"wg‘?ﬁ S, soin the near-term hopes are firmy
: pi nned -on. ant Hepatifi$ Civivee{Hdh is tbenmajdisetimctad)awntﬁlmstdmnswslgdaeﬁ; have been
conduct ed wi tt@o.tuttsmgw bHAMNohY bR AFHARECH d iR aR Sys3pa0! € of
e .

effectlvelytreatln ectl-on patients w th chronic

hepatitis C. mﬂ'@@@egw'awpé%w'%%«re infecied Dicte vifes- lﬁ‘smgfbﬂ’eftqﬁaaetoé%ﬂefsm pha,

al one and in Séﬁmlerbmdni%allwmfe&e@hﬁ&haﬁf\fsmyieﬁﬁio oﬁgmtliser dﬁmh\e sbudlieds have

r.t.i ant res d to these
e I?OI‘ sesstous wer ISease. Qucﬂ

211 Aug 8¢ SypRc ne ﬁ atltls cis groupfis ih Izjaf'hlgh risk
as liver cirrhosis, hepatocellular carcinoma and terminal liver disease leading to

death.

The mechanism by which HCV establishes viral persistence and causes a high rate
20 o chronic liver disease has not been thordughly elucidated. Itis not known how
HCYV interacts with and evades the host immune system. In addition, the roles of
celluiar and humoral immune responses in protection against HCV infection and
) _ 7 ~ .disease have yet to be established. Immunocglobulins have been reported for
' ' prophylaxis of transfusion-associatéd viral hepatitis, however, the Center for
: '_ ‘2‘5 ~ Disease Control does not presently _recommend immunoglobulins treatment for this
 purpdse. The lack of an etfective' protective immune response is hampering the
development of a vaccine or adequate post-exposure prophylaxis measures, so in
the near-term, hopes are firmly pirned on antiviral interventions.

30  Various clinical studies have been conducted with the goal of identifying
pharmaceuticat agents capable of eﬁéctivelyftreéting HCYV infection in patients
: afflicted with chronic hepatitis C. These studies have involved the use of interferon-
~ alpha, alone and in combination with other antiviral agénts. Such studies have
.s,_hown that a substantial number of the participants do not respond to these
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t herapi es, and of those that do respond favorably, a |argeAysueidP® i on were
. found to relapse after termnation of treatnment. Until recently,
interferon (IFN) was the only avail able therapy of proven benefit 5
approved in the clinic for patients with chronic hepatitis C. However the
sustained response rate is low, and interferon treatnent also induces
severe side-effects (i.e. retinopathy, thyroiditis, acute pancreatitis,
depression) that dimnish the quality of life ~of treated patients.
Recently, interferon in conbination with ribavirin has been approved for
patients non-responsive to I FN al one. However, the side effects 0O caused by
| FN are not alleviated with this conbination therapy. Pegylated fornms of -

interferons stierRries aodaf ihpse hatdodRrsPopd fayetrbly & RroespRartianese fospd foal |y -
address theselsped after tdrrinaticil sl@esthieatt s but antiviral drugs still remain
t he avenue of choice for oral treatnment of HCV. 15 Therefore, a need
-exists for the devel opnent of effective antiviral agents for treatnent of
HCV i nf ect i onUnth recentlyeintedfemnt(ifly) Wasihe anlyenailable tieerapytof pepvpinbensfiteut i cal

therapies. g H%{;g'r@eaﬂ\ :ﬁﬁ)ﬁl%'ic% HBAS With Yok halid M dvESthb Qudiifed

Fl avi vi ri dae mly. The single 20 strand HC genone 1S approxi mately

9500 nucl eot i §ERONSH rateisdew, apd interigtondreatmentaleo ipducgs seuem fide-eifastsd ¢ ORF)

enlc?)di 'n?ha si ﬂ&lﬁh@aﬂ?,rt_ﬁﬁoi_ﬂiﬂl_s,)ﬁlém@b@g&e?ﬁis.&ilé?té%lsi&g%t dmgmmalqhalay ofliife | gf ect efl
cells, isp rotein. i s cleaved at nulti sites by celJular and vira

protenses to dibRGEestens. hepaibyRtrSiond samieon el banio RS OBO! ei o I n

- the case of #iPved foe palintsrronhiresponsite Wit plene Odatavar therside gifeotsei Ns ( NS2,

"~ . NS3, NS4A;, 25 : gi%ﬁm L. : J ' t eases.

.-The first 1%nefawas @e‘f Nggég%ort?@g& ar actt'é';g F%%ﬁ&@ﬁ&a%g gggyﬁgéeﬂﬁ@ﬁ%

junction ( heriblefferenssychpe PE&dInten@and Regasye®mnas mepatently parialsaddnss one is a

serine prot eapgseCiticols SidéVefidtts but BRtivithl drRjsBiN@inalnafé Aentk olNShbide Y
pr ot ease) and nedlgjt'es %t he subsequent cl eavages downstream of NS3,

both in cis, H&%H A cleavage site, and in trans, for the 30

- .remai ni ng NS4A- NSAB, NS4B- NS5A, NSH5A- NS5B sites. The NS4A protein appears

“to serve | 4l | : ' f . Or pr ot ease and

possi bly ggsjsiL@}‘eﬁ%{%%n&%eﬁceg@ngm%g&le(;?oi’gﬂgpgog'? ﬁ%ﬁ&%ﬁ‘uﬁ@%ﬁ% 0? her viral
‘replicase cdrRsbmem pEHCY inectiombhtcovercomadhe lisitalignsioh exislig phamiasadticalni t h NS4A
‘'Seens necesSBéMpib® the processing events, enhancing the proteolytic
efficiency at al? of the -2 1 August 2006 :

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 farge polyprotein of about 3000
‘ C amino acids. In infected cells, this pol_yprbtein is cleaved at multiple sites by cellular
”;fi) : © and viral proteases to produce the structural and non-structural (NS) proteins. In the
| P ' case of HCV, the generation of mature nonstructural proteins (NS2; NS3, NS4A,
- 25 NS4B, NS5A, and NS5B) is effected by two viral proteases. The first one, as yet
poorily characterized, cleaves at the NS2-NS3 junction (henceforth referred to as
NS_2)3 protease); the second one is a serine protease contained within the N-
terminal region of NS3 (NS3 protease) and mediates all the subsequent cleavages
. downstream of NS3, both in cis, at the NS3-NS4A cleavage site, and in trans, for the
30 remaining NS4A-NS4B, NS4B-NS5A, NSSA-NSS5B sites. The NS4A protein
' appears to serve multiple functions, acting as a cofactor for the NS3 protease and
possibly assisting in the membrane localization of NS3 and other viral replicase
- components. The complex formation of the NS3 protease with NS4A seems
nécesséry to the processing events, enhancing the proteolytic efficiency at all of the
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sites. The NS3 protein also exhibits nucl eoside triphosphbfegyet 2886 RNA
helicase activities. NS5B is a RNA-dependent RNA polynerase that is

i nvolved in the replication of HCV. 5 A general strategy for the

-devel opnent of antiviral agents is to inactivate virally encoded enzynes
that are essential for the replication of the virus. The foll-ow-ng is a
list of patent applications published in the |ast few years that disclose
HCV NS3 protease inhibitor peptide anal ogs that are structurally different
10. from t he conpounds of the present invention: GB 2,337,262; JPI 0298151;
JP 11126861; JP 11292840; JP 2001-103993; US 6, 159,938; US 6, 187, 905; WO
97/ 43310; WD 98/ 17679; WD 98(22496; WD 98/ 4659T WD 9a(46630; WO 99/38888;
WO 99/ 50230; A0 TheNSB2yrotdib alA®eRlghiB A8 osidOripiyspiatast and@NAOeliosse3; WO -

00/ 09558; WO O oR:; QA5 R0 R DldiRAR e VO 01/ 07407;
WO 01/ 1635 .7%@ ?’glpﬁ%gﬁﬁ% 01/48262; %i@éﬂ%ﬁs’ﬁzg; WO 01/ 64678; WO
01/ 74768;  \Orepiicatipn pBHCWO 01/ 81325, WD 0008187; WO 02108198; WO 02( 08244;

WD 02(08251; WD 02(08256; WD 02t-18369; WD 02(60926 and WD 02179234. One

advantage of the present invention is that it provides tripeptide conpounds
Chat | are PnniAserBe) Sy e e aPapinisl S albs e beblye IO, Che
replication ofentdued ehypeassithat are@ssentiabfor A6 repli¢atiph bithe vidisant age of one aspect
of the present invention resides in the fact that the conpounds
specifically inhibit the NS3 protease and do not show significant

i nhi bi tory aciThefaligwiag isi alist of petest applieatipes prblished dethe lastlewyearsdialn f eukocyte

el astase (H. GiscloBPHEV NS3RAAELR AHitlitoFppilidaaidgRiiiat aredstnBRIINiffBRACT eat i C
chynot rypsin cystein rot eases, such as hunman |iver cathepsin B (Cat

) , or .
" 13) . Furt H&r mP® the Frmpgyn gReLIMENER:i ve in cell culture and have good
phar macoki netic profile in vivo. A further advantage of the present

ent L %, ot ORI sy sttt oger sl L1
t he i nvent i on US&ta9%03BsUP 6J67.80% VHO SaMPBNnW 98/ ti7RMVE 98122496, H Rz
. WO 98/46597; WO 98/46630; WO 99/38888; WO 89/50230; WO 99/64442;
15 WO 99/07733; WO 99/07734; WO 00/09543; WO 00/09558; WO 00/20400;
WO 00/59929; WO 00/31129; WO 01/02424; WO 01/07407; WO 01/16357;
wo 01/32691; WO 01/40262; WO 01/58929; WO 01/64678; WO 01/74768;
- WO 01/77113; WO 01/81325; WO 02/08187; WO 02/08198; WO 02/08244;
WO 02/08251; WO 02/08256; WO 02/18369; WO 02/60926 and WO 02/79234.
20
One advantage of the present invention is that it provides tripeptide compounds that
* are inhibitory to the NS3 protease, an enzyme essential for the replication of the
o " hepatitis C virus.

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

- . -cysteine proteases such as human liver cathepsin B (Cat B). Furthermore, the
| 30- compounds are active in cell culture and have good pharmacokinetic profile in vivo.

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

orally bioavailable in mammals.




N neo',( 0O 0OR4 00, Owerein Wis hydroxy or NHSO2R hAugMEEi08fn R 1A is
(Ad-8)al kyl, (C3.7)cycloal kyl or {(d- 6)alky-(C_, 7)cycloa] kA, which are
all optionally substituted froml to 3 times Wth halo, cyano, nitro,
0-(d-6)al kyl, am do, am no or phenyl, or R1Ais C6 or Clo aryl which is
optionally substituted froml to 3 tinmes with halo, cyano, nitro,
(d-6)alkyl, O(g-6)alV, amdo, am no or phenyl; Wis t-butyl,

-CH2-C(CH3) 3, or -CH2- cyclopentyl; R 3 is t-butyl or cyclohexyl and Wis
cycl obutyl, cyclopentyl, or cyclohexyl; or a pharmaceutically acceptable
sal t ther sBJMMARY:0EdtiGriNVENDIIN of the invention, there is provided a
phar maceut,), Gl GopReS St thb %em%g”{ﬂ[ete% pbvited %”Eém&%ét tjotrﬁu:% yirally

ef fective anount 0 armacetitical ly
acceptabl e salt ther eof in adm xture Wth a pharmaceutically acceptable
carrier mediumor auxiliary agent Accofidihg to one embodi nment, the

phar maceuti cal conpositi on of this i Qx_eentt? on further conprises interferon

(pegl ylated or not), or |r Na QfsfMe or nore other anti-HCV agents,
or any conbi nation of the D| 5cl osed herein is a nethod of treating a
hepatiffis C viral |nfect|on| ammal by administering to the manmal an
anti-hepatitis Cvirally effegtlvé’ anount of a conpound of formula 1, a

pharmaceutical Iy acceptablj I hey , Or a conposition as described
above, alone or in confiMe rior Hﬁg ore more of- interferon (pegylated
or not), or, ribavirin, or oné’g wene ot her anti-HCV agent, adni nistered
t oget her or separately. -4 1 August 2006 ¥ sclosed herein is a nethod of
preventing a hepatitis Cviral infection in a mammal by admnistering to
the mammal an anti-hepatitis Cyirally effective amunt of a conpound of
fornul a 1Wh§retfH’ér*§b\§iRFWQENH§0d%ce’fhe@m %“%(lctm)@'hlé.r(@eﬂcycbﬂlkﬂOt{ﬁﬁpos| tion as
descri bed Ja&b@&@,}cy@ibﬂl%@} @hich BreG BBlichaly SUbsikded frOMel 1813 ik Yitkhalo] Nt er f eron

(pegylate cyano, AEs o, bo- (& 5)alkyl, amido, amino or phenyl, or R* is Cg or Cyq aryl which is
optionally substituted from 1 to 3 times with halo, cyano, nitro, {C,¢)alkyl, O-(C,.)alkyl,
amido, amino or phenyl; R? is t-butyl, -CH,-C(CH;)s, or -CH,- cyclopentyl; R® is t-butyl or
cyclohexyl and R* is cyclobutyl, cyclopentyl, or cyclohexyl; or a pharmaceutically |
acceptable salt thereof.

In a second aspect of the invention, there is provided a pharmaceutical composition
comprising an anti-hepatitis C virally effective amount of a compound of-formula |, or a
pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically acceptable
carrier medium or auxiliary agent

According to one embodiment, the pharmaceutical composition of this invention further
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 ef treating a hepatitis C. viral infection in 2 mammal by
administering fo the mammal an anti-hepatitis C virally effective amount of a compound of
formula |, a pharmaceutically acceptable salt thereof, or a composition as described
above, alone or in combination with one ore more of: interferon (pegylated or not), or
Tibavirin, or one or more other anti-HCV agent, administered together or separately.
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ribavirin, or one or nore other anti-HCV agent, all of whi4gusidi®P®hi st ered

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 manufacture of a nedicanent for the treatnment or prevention of
hepatitis Cviral infection. In a fourth aspect of the present invention,

there is provided a use of a conposition as defined above for the

manuf acture of. a medi cament for the treatnent or prevention of a hepatitis
Cviral infection. In a fifth aspect of the present invention, there is
provi ded a Dislosest hosein [ paiind Qb prevensinga ihapatitiss visd fifastien IBBAREMH bk onbi nat i on

}M th ﬁne Oldmibistering tvafie Mamhmalda\éntgepdtits €eirally BReciRIaMARt tbfl’aQ:oﬁﬁ;:) O%EdgeCdR: g%rreGrllt
or the tr V,

o PREFERRED? %ﬁﬁl}g&%ﬁ@%&ﬁ%@é@ﬁ%m&éghg ﬁ‘gerP‘%e)"u%ﬁ"’P%mdAés#quldow ng

def i ni t i ongbeyspaignaAineembipetiRawi oae Aumer of Vtarisrondmasyiaied er nat). ehe i nst ances

where (R) @bavrid) oriofe bisRte bfe@lilHMAL gt B ol ddbfhistérédobatHérddr i on of a
substituen symmetric Centre of a compound of formula 1, the

designati o%eﬁaéatgﬁne in the context of the whole conpound and not in the
context of the substituent or asymmetric Centre al one. The designation

- "Pl, P2, aﬂﬂalﬁ@da@%cﬂé?ﬁg Jfé@érmnoeﬁﬁsﬁ%erégp}me@%'u&é%datn fyg am no acid
resi dues stﬁ%tl n gjgf anal ogs and

ext ending Ry sas[q%écr}q_&E?rﬁprfangth%maguﬂ%irelog@ E‘Fg' % on 1 fromthe
Cterm nustremBnmp@mttorpdﬁepatmawaralnmﬂadtllen C-termnus, etc.) (see Berger A
& Schechter 1., Transactl ons of the Royal Society London series B257

249- 264 (1970 ust 2006, As used herein the term"(1 R

2S) - vi nyl - l&@%@' ftb%prss%w%tweffsamﬂ%a uss of pEpMBOSHighel y, (IR 2S)
1 - am no- 2aetidfaayhieyé fpthe mancfactrexy b ndzameht fof e teatment'¢rCl - 6) al ky" as used

her ei n, eibr@%nﬁﬁﬁ%%eBétitiEﬁvﬁﬁﬁmééﬂ&Ji.i on with another 5a 1 August 2006

-In a fifth aspect of the present invention, there is provided a use of a compound of
formula | as defined above in combination with one or more other anti-HCV agent
for the manufacture of a medicament for the treatment of a hepatitis C viral
‘infection.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Definitions

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

With reference to the instances where (R) or (S) is used to designate the absolute
configuration of a substituent or asymmetric centre of a compound of formula 1, the
designation is done in the context of the whole compound and not in the context of
the substituent or asymmetric centre alone.

The designation "P1, P2, and P3" as used herein refer to the position of the amino acid
residues starting from the C-terminus end of the peptide analogs and extending
towards the N-terminus (i.e. P1 refers to position 1 from the C-terminus, P2: second
position from the C-terminus, etc.) (see Berger A. & Schechter I., Transactions of the
Royal Society London series B257, 249-264 (1970)).
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substituent, neans acyclic, straight or branched chain al k§¥9usiA98€i t uent s
containing froml to 6 carbon atons and includes, for exanple, nethyl,

et hyl, propyl, butyl, | -nethylethyl, | -nethylpropyl, 2-nethylpropyl, 1, 1
-dinmethyl ethyl and hexyl. Simlarly, the term"(Cl-8)al kyl" means acyclic,
straight of branched chain alkyl 5 containing | to 8 carbon atons, e.g.
octyl. The term " (C3-7)cydoal kyras used herein, either alone or in

conbi nat i oRs\Wsddheran Pk e "B 98] \Llh&ﬂiﬂCCAW%?é?sgto% @Hpb@RI dt¥dmabst i t uent
containing from3 to 7 carbon atons and includes cycl opropyl, cyclobutyt
cycl opentyl, cycl ohexyl and cycl ohept S The term
"[(d.6)al kyl -(C3-7)cycl oal ky" as use henﬁin means a cycl oal kyl radi cal
containing from3 to 7 carbon atonmdi i geftly |linked to an al kyl ene radi cal
containing 1 to 6 carbon atons; for exapple, cyclopropyl nethyl,
cycfopentylethél, ‘éclohex Inethy cycl ohexyl et hyl and cycloheptylpropy
I'n the insfamek WRe? 1F@wnoi§ﬂ1ergcﬂogremea@9cwmcld( C3. 6) cycl oal kyl), this
group is attached to the S02 group via the (C 6)al kyl (i.e. the alkylene

P ombl ot on et Gy 36 usddhdldit cind ot o g hBinfon i Bbét One O 1 0

. group containing 6 carbon atons or 20 an aromatic bicyclic group

containing 10 carbon atons. For exanple, aryl includes phenyl, 1 -naphthyl
or 2-naphthyl. The term~'0-(d-Jalkyl" as used herein, either alone or in
conmbination wth another radical, means the radical -0-(Cl-6)al kyl wherein
al kyl is as defined above containing 25 up to six carbon atons, and

i ncl udes net hoxy, ethoxy, propoxy, 1 -nethylethoxy, butoxy and 1,1

-di net hyl et hoxy. The latter radical is known commonly as fert- butoxy. The
term "hal d* as used herein nmeans a hal ogen substituent sel ected from brono,
30 chloro, fluoto or iodo. The term "pharnmaceutically acceptable salt”
nmeans a salt of a conpound of fornmula (1) which is, within the scope of
sound nedi cal - judgnent, suitable for use in contact wth the tissues of
humans and | ower animals w thout undue toxicity, irritation, -6 | August
2006 ,allergic response, and the |ike, commensurate with a reasonabl e
benefit/risk ratio, generally water or oil-soluble or dispersible, and
effective for their intended use.
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The termincl udes pharmaceutically-acceptable acid additi &Augis 4086 and
phar maceuti cal | y-accept abl e base addition salts. Usts of suitable salts are
found in, 5e.9., S M Birge at al., J. Pharm Sci., 1977, 96, pp. 1-19,
which is hereby incorporated by referenda in its entirely. The term
"pharmaceutical | y-acceptabl e acid addition salt” means those salts which
retain the biological effectiveness and properties of the free bases and
~which are not 10 biologically or otherw se undesirable, fornmed with :
i norgani ¢ acids such as hydrochloric acid, hydrobrom c acid, sulfuric acid,
sulfamc: acid, nitric acid, phosphoric acid, and the I|i ke, and organic
. acids such as acetic acid, trifluoroacetic acid, adipic acid, ascorbic
-acid, asparti substitiedt meemzaoydisystiaight or brenched bbaia alky saMtUJentsmuntyining aci d,

canphori c aci g,mcABRhE
di glpuconl c; aci r&' et ha%%gui@mn%ﬁél&gscmfmm&fe %t@' é e‘loﬁ!fll C aC| d
gl ycer ophosphdr‘?“i‘?hlf'%l%!("d“mﬁ@b@sqwlf ?‘(E"WRHOPYH(!)J&‘H@P@V’& ndthgxyi ¢ aci d,

fumaric acid, sanuahy,dﬁ@véuﬁt‘(mg)aﬁw .fneauscac@aicdst(aigw&fmf&mhéd adlirfaikyl | actic acid,
mal oni. ¢: acid, nandelic acid,

hyd | )
rr)ésr?ygﬁeghffgﬁf“@hgg?‘ﬂb c‘?‘r@f’?\ﬁwg’?u?'%‘?ﬁty acid, naphthal enesul fonic acid,

- nicotinic acid, 2- naphthalenesuffonlc aci d, oxalic acid, 20 panpic acid,

‘pectinio aci dmetaw{gﬁc)s; hGarPhsl e%mfhmiumrgrahgemcaﬁbﬂat.o@w@.' i ¢ acid,

.'pFODIOHIC ste acl succinic aC|d
sulfanilic aciadﬂthertsabftt@ﬁ"b meanga %‘?Qﬂ%ﬁé@ﬂ?ﬁtﬁﬁﬂt@ﬂ%lﬁém 3iad<eweBi ¢ aci d,

and the like. aﬁh@.atnamadae@gy : th it %?&zﬁﬂh Ab cfoidtasq aadejddnepyis af f
r et ai n e |

means those salts which 2 ol ogi cal effectiveness and
' properti ed® of the free acids and which are not biologically or otherw se-
undesi r abl e frhe read “{L L falky(C.grpclcallbdiaisad béreinsnmenmya tycloaliky radigalr oxi de,

carbonat e, Fﬁdt&%&%ﬁtﬁoc} ﬁJEHEEHMn%EﬂﬂnH@&t%‘anCaWeRQ re?dué%l‘co%%um di um

pot assi um rum - cal Ci u stum rron . manganese,
al um num and1tt¢160¢fbkleal°ma:rfpt @@Wﬂ yvq!npeqwkneélwl &v@onqnyleé!mmm um potassi um

30 sodium ‘ca Idﬁ@kyhﬁé\ﬂyln&&l&ﬁéiﬂ%y?%d @cloﬁ@ﬂt}lﬁmﬂﬁr e lrfsfa‘ﬁaé where R*
phar maceut i Cald% acang organi ¢ nont.oxic bases include salts, of
D ey dBcol PGB e T SR LiNGHAR S Btacbes Ridhy Sanpives v8 HscsGinds,
- Substituted apakggid. telaldieng ppaibby.al | y occurring substituted am nes,
cyclic am nes and basic iOn-exchange resins, such as nethyl am ne,

di net hyl am ne, trinethylan ne, ethylam ne, diethylanmne, -7 1 August2006
triethyl am neThe toup Gy ICasriand, asme@herp'w qﬂmh@onetqrmbemwmnmth aadikaiol ani ne,

radical, means either an aromatlc monocyclic group containing 6 carbon atoms or
20 anaromatic bicyclic group containing 10 carbon atoms. For example, aryl includes

phenyl, 1-naphthyl or 2-naphthyl.

- The term-“O-(C, g)alkyl” as used heréin, either alone or in combination with another
, radical, means the radical -O-(C,.s)alkyl wherein alkyl is as defined above containing
25 up to six carbon atoms, and ihcludes methoxy, ethoxy, propoxy, 1-methylethoxy,
: butoxy_and 1,1 -'dimetl'lylethoxy. The latter radical is known commoniy as feri-
. butoxy. |

~ The term “halo” as used herein means a halogen substituent selected from bromo,
30 chloro, fluoro or iodo. '

The term “pharmaceutically acceptable salt” means a saltof a cempound' of formula
- (1} which is, within the scope of sound medical judgment, suitable for use in contact
 with the tissues of humans and fower animals without undue toxicity, irritation,

G-




"~ _HCV NS3 prote

di et hanol am ne, 2-di net hyl am noet hanol , 2-di et hyi am noet hhfwdust 2006

di cycl ohexyl ami ne, 1ysine, arginine, histidine, caffeine, hydrabam ne,

. choline, betaine, ethylenediamne, glucosan ne, nethyl glucam ne,

t heobr om ne, pudnes, piperazine, pipendine, N 5 ethyl piperidine,

t et ranmet hyl ammoni urn conpounds, tetraethyl anmoni urn conpounds, pyridine,
N, N-di net hyl ani | i ne, N-nethyl pi peridi ne, N-nethyl nor pholi ne,

di cycl ohexyl am ne, di benzylam ne, N, N-di benzyl phenet hyl am ne, 1-ephenam ne,
N, N 4i benzyl et hyl enedi am ne, pol yam ne resins, and the |ike. Particularly

. preferred organic nontoxic bases are isopropylam ne, diethylam ne,

- ~ethanol am ne, 10 tri et hyl am ne, dicycl ohexyl am ne, choline, and caffeine.
. ‘The term " ant.aligrgiatespereat dnddhe lie donreensuraiawiting reasorsplertenéitiosipatind or
biological) gdiatall R PR & diplishid, ahdEndcAidTBl hOPRAGLPYed eP! | cat i on

of a virus in_a mammmal hi s 1 ncl udes af%entst inferfere wth either

" host or viral Vel iclrdes Pﬂé’é@é%e&%a"!ﬁc‘fe& bleracidagditign pals a8 d/ or repl i cati on
of a vnd rus i npmmfmméaslyéaéepvaueaﬁ\?sagamﬁ@ dali€.| LSS of sJitlelﬁle exRHp fiag%d izagavi rin,
.amantalne (6] e X C I cals - ertex

Phar maceut P caf* g)’ (é{Fee 5‘ i %‘a}"&wf’ ﬂﬁé‘;ﬂpeﬁ'gg'(%?a{%{‘ﬂﬁw XTL- 001 ‘and
. XTL-002 ( XTL Bcwptbratemwmleoe& v)ts e@iBelyhe term "ot her anti-HCV agent" as

‘used herein neans those agents that are effective for dimnishing or
preventing the progression of hepatitis Crelated synptons of disease.

Such agents cHif tgEn Pbperacedticalisacceplable arid additionesaltsmeansithase satrovieh or y
agents, inhi blle'tzﬁﬁ fhe ﬂfoldd@s{l é‘ﬂ%&lﬂéﬁégs%ﬂ ropbﬁ@!s Bi th@ 'fr@e Béseﬂ% whRigh ¥igglofse or

: |nh|b|tor cy 3 The term
ey m‘runorm B at? ceg'ﬁgﬁ? '@8 ﬁ'@ 8T"i‘Fdln‘§'§H§ 'Q?RS%%C’ A & (conpounds or
bi-ol ogi cal s) hMchbrzea@d fhgdttobmmnm::celstlmncacld,rstherabzuammcbbte, | une system

response in %Wlﬁ; acil f‘%ﬂ&ﬂﬂé‘ﬁ&“&@& &éﬁ' |t?ﬂ:?&},ts§|cl’1 Q& %&%@ acnfi %ﬂu%)%%n%}er fer ¢l ass

1 interferon ons,
~ 30 consensus 9 éﬁ*ﬂ@@éﬁsascam Qfﬁi amamorw@r b@}zemsylform m barezoicracig f er ons
(such as T- ¥ fa@m%mﬂpnansiam@x&aﬁ&&mﬁb%ﬁ%mc adRE citiR'4dd, | nhi bi tor of

ound or bi ol ogical)

that is ef? ec U‘é’"lcc?cld?lﬁﬁg’ﬁn ?‘H‘é: ﬁﬁjﬁé{'}mﬂc 6‘?"9 W’Nﬁ'dg&&e@?@s@"mgust 2006
-i-n a mammal . daid himisolfis acd, He@nokdSRidy forrmieasie, funaticided, 2f or exanpl e, those

conpounds’ de SyatRGnd 2 s MBnR YR EdhioniRcdy 126d 38, h\ogo%aﬁgé 284, i
acid, malonic acid, mandelic acid, mesityienesulfonic acid, methanesulfonic acid,
‘naphthalenesu!fomc acid, nicotinic acid, 2-naphthalenesulfonic acid, oxalic acid,

26 pamoic acid, pectinic acid, phenylacetic acid, 3-phenylpropionic acid, pivélic acid,
propionic acid, pyruvic acid, salicylic acid, steatic acid, syccinic acid, suifanilic acid,

tartaric acid, p-toluenesulfonic acid, undecanoic acid, and the like.

The term “pharmaceutically-acceptable base addition salt” means those salts which
25 retain the biological effectiveness and properties of the free acids and which are not

biclogically or otherwise undesirable, formed with inorganic bases such as ammonia
or hydroxide, carbonate, or bicarbonate of ammomum or a metal cation such as
-sodium, potass:um lithium, calcium, magnesium, iron, zinc, copper, manganese,
aluminum, and the like. Particularly preferred are the ammonium, potassium,

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

-methylamine, dimethylamine, trimethylamine, ethylamine, dzethylamme.
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o (both Japan Tobacco) and  EP 1256

00/ 09543, WO 0069929 or WD 021060926, the Boehringer | nféudwei3i6cl i ni cal
candi date Identified as BILN 2061 and the Vertex/Eli Lilly pre-devel opnent
candi date 5 identified as VX-950 or LY-57031 0. Particularly, conpounds #
2, 3, 5 6, 8, 10, 11, 18, 19, 29, 30, 31, 32, 33, 37, 38, 55, 59, 71, 91,
103, 104, 105, 112, 113, 114, 115, 116, 120,122,123, 124,125,126 and 127
disclosed in the table of pages 224-226 in WO 021060926, can be used in
. conbination with the conpounds of the present invention . 10 The term
‘I nhi bi tor of HOV pol ymerase" . as used herein neans an agent (conpound or
biological) that is effective to inhibit the function of an HCV pol ynerase
-in a mamual. This includes, for exanple, inhibitors of HCV NS5B
" “pol yner ase. Itﬂfﬁﬂmameslsofefﬂpm‘b@@f?ﬂ'%@e-|tﬁwmmnmewah@€m@@s| des, for
%amﬁl e, thosa.eg@n?%g%% a.ﬁ.eﬁk ﬁ.rlriggmdnm rmh&ﬁ,n&ﬂgabéltgargdr,ﬁﬁbygig%ez QH&B 680,
i ch corresponds to | e u oebri nger
I ngel hei ), USSRGAgigige. "éﬁ‘ld'ﬂﬁy"a W%@W@W’“W@Wec‘?ﬁ‘?% ﬁgmge 'éf"‘"e
PCT/ CA02101128lucosasiire, fiethgidluddnidelltiyechfdiing, Botries| pysmeazing) gipbhidmerN- 20 - US

i cat /1 1129, both
fAPFe:jCisl 3 5| Ng%%@e 5 e?’?ﬁ&%#n“‘&@ﬁ‘h‘;‘%ﬁﬁgn% {?87“’1%%%\ W'gand YO 02/ 100851
A2 (both Shi 1 edmpoungs, puibEL NN-dimethylaniies, Obmebgrpaicile, WioethySIRNolneND
00/ 06529 2N W dHkfifo Hohbinlnd N ioon AR A EE Socifalifo03( 000254

our on Furt hernore ot her

i nhi bitors of NE bﬁﬁ%ﬁe&%a@mg&mﬁ&"ﬁd@s'%éﬂ%8‘&"B% Gartisusly preferd exanpl e,
t hose corrpound@aﬁteaermbasbswaremp%byaﬁar%ldsé&ylédndﬁmtnanolaaﬁné(\o 021069903 A2

- (Biocryst t| caI S 287 A2 and WD 02t 67425 A2
~ (‘both I\/Erégl L‘""%eih Wcéog ar{%'f‘%' ﬁ?ﬂoﬁ}?'B?-s of an HCV pol ymer ase,
I ncl ude JTK-002, JTK— 003 and JTK-109 (Japan Tobacco). -9 1 August 2006
- The term “antiviral agent” as used herein means an agent {compound or biological)

that is effective fo inhibit the formation and/or replication of a virus. in a mammal.
This includes agents that interfere with either host or viral mechanisms necessary
15 for the formation and/or replication of a virus in a mammal. Antiviral agents include,
- for example, ribavirin, amantadine, VX-497 (merimepodib, Vertex Pharmaceuticals},
. VX-498 (Vertex Pharmaceuticals), Levovirin, Viramidine, Ceplene (maxamine), XTL-
001 and XTL-002 (XTL Biopharmaceuticals). '

20  The term “other anti-HCV agent® as used herein means those agénts that are
effective for diminishing or preventing the progression of hepatitis C related
symptoms of disease. Such agents can be selected from: antiviral agents,
‘:immunomodulatow agents, inhibitors of HCV NS3 protease, inhibitors of HCV

. polymerase or inhibit_ors of another target in the HCV life cycle.

25

The term “immunomodulatory - agent” as used herein means those agents
{compounds or biologicais) that are effective to enhance or potentiate the immune

~ system response in a mammal, hﬁmunomodula;ory agents include, for example,
.class | interferons (such as o, B-, 8 and omega interferons, tau—interfefons.

30 consensus intetferons and asialo-interferons), class Il intesferons (such as ¥
interferons) and -pegylafed interferons. o

The term “inhibitor of HCV NS3 protease” as used herein méans an agent _
{compound or biological) that is effective to inhibit the function of HCV NS3 protease :

-8-




- The term"inhibitor of another target in the HCV life cycl@ugugi?00&ed herein
. nmeans an agent (conpound or biological) that is effective to inhibit the
formation and/or Treplication of HCV in a mammal other than by inhibiting

the function of the HCV NS3 5 protease. This includes agents that interfere
vidth either host or HCV viral nechanisms necessary for the formation
and/or replication of HCV in a mammal . Inhibitors of another target in the
HOV fife cycle include, for exanple, agents that inhibit a target selected
froma helicase, an HGY NS2/ 3 protease and an internal ribosoneal entry
site (IRES). A specific exanple of inhibitors of another target in .10 the
~ HCV- Ile cycle include 1SIS-14803 (I SIS Pharnmaceuticals). The term"H V
“inhibitor” asinmsmemmel dahbitesaoefHICMNIYRMIessy indwdso lonéxamplitrssgi cal )  t hat

s, effecti Ve obipduRl Blsrifddin WS 8167738, WOBRITTAEING Balobsss o HI V i n 2
mamal . This es 9entst hat interfere Wth either hgst or viral

nmechani'sns ne&8%343y 39929 eEWQHI/RE0PEH theReebringep inapbeiM diRiCYf HIV in a
manmmal . H Vi Bﬁhdilia’td)&énhféd?dtdﬂ&N 2betand theNaMeR/Eli Dﬂly:bﬁ%vdbﬁnemhaﬂmﬂa@é s,

non- nucl eosi di , i phi bitors rs and

i nt egrase ?nhf‘%f‘éff@p ?095%%&€‘&©'e'i)ar{ﬁ‘i”kﬁb'¥o‘iompggncﬁ?e%%h%'r ern rri{a)tns an

. agent - (conpound, 1(9:29330.!3193%@3)37 38, 85h38, 71.91e18% 404,165 U2 HtY, h14, 11he
(formation andgé 1bERbboRs £, 9&5.Waadnz%d@m@d.n%gfeotaﬁee@@@-z@@ents t hat

interfere wt h ei t ‘host viral mechanisns necessary for the forinaVon
andfor repli cmwgr?momww&waeﬂmmbwﬁmwﬂﬁh%wwnﬂ%ﬂm@%at|t|s A
vacci nes; foriggagple, Havrix: 0 (daxoSm thKline); -VAQT9 (Merck) and

- Avaxi nf (1Avent is Pasteur). The term"FIBV inhibitor" as used herein neans
- -an agent orrpound or biological) that is effective to inhibit the

f or mat i on andfhe terre fibhikitot OICHIC'O poliiBifasal aa usahheedin mehnsan agent (contpsundgent s

that interfer Iy Lhal ' for t he
formation and r%B@cﬂ?)l %%ged%tﬁlwﬂﬂ% mﬁE‘ﬂSﬁ‘éf'};{nﬁw&ﬂﬁé@%%ﬂrs i ncl ude,
for 30 exanpl é‘aﬂ‘ﬂ'géﬂ'hﬁ 'ﬂ%@s-lf?nﬁxﬁmp'eHEﬂvb'ﬂﬂfﬁ@!IHW%PQWP@§% Ighibitogsy/
vacci nes. - Spegj ¥ polfaraR Rdludd ndiRdciebsiddal io%:&:rﬂ - kibde chpaundsli ne

(Epivir- HBV ~ Adefovir Dipivoxil, Entecavir, TC (Coviracil o), DAPD
(DXG), L+NAU gesciRedtiPnee), AMB65 (AnTad), Ldt ( Tel bi vudi ne), nonoval - LdC
(val t or CI t abi ne), W&‘ﬁ;oﬁ% (0/198)680) whidtc tortespard} to POVDCADS/OIE7, |1-111y),
Raci vir (RCV) # a&% ﬁfﬁ' Robust afl avone, ICN -10 | :
August 2006 %tg H&% ﬁogwg?ﬂoge o))' XTL-001 (XTL), | m no-Sugars
( Nony! - - uUs Appllcatlon No. 10/198,384, which corresponds toP TICA02101128
both filed 18 July 2002 (Boghringer Ingeiheim),
20 - US Application No. 10/198,259, which corresponds to PCT/CA02/01129,

both filed 18 July 2002 {Boehringer Ingelheim),
- WO 02/100846 A1 and WO 02/100851 A2 (both Shire),
-t WQ0.01/85172 A1 and WO 02/098424 A1 (both GSK),
- WO 00/06529 and WO 02/06246 A1 (both Merck),
2% - WO 01/47883 and WO 03/000254 (both Japan Tobacco) and
' - EP 1256 628 A2 (Agouron).
E Furthermore other inhibitors-of HCV polymerase also include nucleoside analogs
for example, those compounds described in: '
- WOO0#/90121 A2 (idenix),
3 - WO 02/069903 A2 (Biocryst Pharmaceuticals Inc.), and
- WO02/057287 A2 and WO 02/057425 A2 {both Merck/lsis).
Specnflc examples of inhibitors of an HCV polymerase mclude JTK 002 JTK-003 ‘
and JTK-109 (Japan Tobaoco) | '




(Synergy), HepBzyne; and i munonodul ator products such as! AvgEd0P@ron al pha
2b, HE2000 (Hollis-Eden), Theradi gm (Epi mmune), EHT899 (Enzo Bi ochem,

?_.Thym)S| n al pha-1 (Zadaxi no), HBV DNA vacci ne (PowderJect), HBV DNA vaccine

5 (Jefferon Center), HBV antigen (CraGen), BayHop B (Bayer), Nabi-HB
(Nabi) and Anti-hepatitis B. (Gangene); and H 3V vacci ne products such as
the follow ng: Engerix B, Recombivax HB, CenHevac B, Hepacare, Blo-Hep B,
~TwlnRi x, ‘Conmvax, Hexavac. 10 The term"class | interferon" -as used herein
means an interferon selected froma group of interferons that all bind to
"~ receptor type 1. This includes both naturally and synthetically produced
cl_ ass |. interferons. Exanples of class | interferons include a onega
interferons, tau-interferons, consensus interferons, asialo-interferons. 15

The term "cl aps, d b oﬁ&raﬂgihﬁﬁﬁrgﬂﬁﬁﬁhh—ﬂi\?ﬁf@ @138 sl ﬂé?éu?ﬁ\f ?ﬁ& sel ected.

froma group of ‘Interferons ce tor anpl es of

cl ass 11 i nt e?geet (spmpounder biglegicalhthatis effeshive tOSMH’PQ f@"@?‘@f' é?‘qV@fd exanpl es of
sone of t heserepRaidofMOY ih aThfimAolherthan Byoanh:bﬁﬂé tngifitioP@erd eV NisBavi rin

and anmant adi ne; no ul a ferons class It
"t er for ons. aaeRty R adudcs perts WaCeHers wiitis ot oD HEU MERMhor ¢ ar get i n
the HCV life mycﬁaeusﬂalaaécesmymrmm farmtatiorgarid/as eéplicatiad of FICWin a M3@iinahel | case,

HCV NS2/3 profa iirs (¥ nb{i'\bﬁthﬂ;%} in tﬁé’ﬁé\?lﬁ@ §aal i, e&irﬁ’ﬁ?%a{'gtené%a"i‘ H Vv

i nhi bi-tors: nuc ors, nu eosi'dic 1 ors, protease
i nhi bitors, fiokbibmtargat peedtes komp aelron% gn h@é’ NS@/3 potegsesancan inteml/

~.i nhi bi tor s a&%@&rﬁezﬁ Bady snefamss k'Bbéciﬁb @ﬁém;m.-\l@f IRIbAGRRI aRGth&H tarkyst igN  HBY
vacci ne. tion therap 'él:l s contenpl ated wherein

S a corrpoun&” of‘heﬁgglﬁ‘tlﬁ‘ac%i')"”d&rlsﬁ 1&%@@@&?*’“@&91’%3 ceptabl e salt thereof,

Is co-adm nistered with. at |east one additional agent selected frorn: an

o vane, 2B HPWARARCL Ao 08RG y BHE oA} bBlogBha Y, o0,
in the HCV | ithatigsftective tamhlhitvtq fntmabom andforgeplisitigniohtiMin emamimalthis t 2006  and
an' HBV i nhi biQfdes Eé@r@{h%ﬁn&keé%h ek Rbsi o%l%l %&ﬂnﬁﬁfé rlebe téo3hd Ni Li oOns

section above. Thesé additional agents may be conbined wt he conpounds
o L' T dematan sestenriiosion of AV & mai o H O Ao f58uas fF or

Al ternativel yexkpleenucleosidic inhibitors, non-nucleosidic inhibitors, protease inhibitors, fusion
B inhibitors and integrase inhibitors.

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

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

The term “HBV inhibitor” as used herein means an agent (compoudd or biclogical)
thats effective to inhibit the formation and/or replication of HBY in a mammal. This
includes agents that interfere with either host or viral mechanisms necessary for the
formation-and/or replication of HBV in a mammal. HBV inhibitors include, for
30 examble, agents that inhibit HBYV viral DNA polymerase or HBV vaccines. Specific
~ examples of HBV inhibitors include Lamivudine (Epivir-HBV®), Adefovir Dipivoxil,
 Entecavir, FTC (Coviracil®), DAPD (DXG), L-FMAU (Clevudine®), AM365 (Amrad),
' Ldt (Telbivudine), monoval-LdC (Valtorcitabine), AGH-126,443 (L-Fd4G) (Achiliion),
" MCC478 (Eli Lilty), Rachvir (RCV), Fluoro-L and D nucleosides, Robustaflavone, ICN

-10- .




addj ti onal agents may be separately adnministered to the phfi¥@st2088 part of
a nultiple 5 dosage form for exanple, using a kit. Such additional agents
may be administered to the patient prior to, concurrently with, or
~ following the adm nistration of wherein a conpound of forrmula (1), or a
-,pharnaceutlcally acceptable salt thereof. As used herein, the term
“"treatnent neans the adm nistration of a conpound or 10 conposition
..according, to the present invention-to alleviate or elimnate synptons of
t'he hepatitis C disease and/or to reduce Viral load in a patient. As used
~herein, the term"prevention" neans the adm nistration of a conpound or

3gconp05|t|on according.to the present invention post-exposure of the

.‘ a:j ndi vi dual fj ;)2mches (1CH), Eamwﬁsmavebe)‘ mremhe(mphpmmbangasqworﬁynm)ons of the
.di sease, an the detec us in.the
B oo oo Bk el nd Pl SuBlor B8l S5 abibiarb BB o cnove
wherein R |s2mytﬁ2@QQ(Hole€EdRHSMEQWkB®2m9@l BT e89y(Enzodiiodtie®D2Ph. Mor e
~preferably, N—ﬁ@\ b%iﬁ‘ OXY.
Preferred are, corrpoun s? P{ Kﬁﬁ%%t % \}jr)heul\%a%‘lr%r
t-butyl or$ cHEﬁ@()EQSI)tSf) W@tlperem@m)ﬁa!%m@(W)w&w (Naig) @ldsferabl y
- R3 i's t- bUty'AntPﬁ«fbf ﬁﬁﬁ danPEr%?pQT&N@vPJcc%Q BEu@ﬁasQﬁéfoﬂﬁﬁn bove wherein
ohex

R 4 is cycl openty cyc IS cycl opentyl. 30
" More pref er abFjgery B G?'ﬂﬁYPﬁal @saca@f ﬁ'ﬁéﬁpﬁaa\‘?@%@?@i"?ﬂ? is
hydr oxy, R 2Hésavad2- C(CHB)B, F!3 Is t-butyl and F14 is cyclopentyi. Mre
preferably, a conpound of fornula | wherein R is bydroxy, F12 and R each
is -12 1 August 2006 t-butyl and R 4 is cyclopentyl. Mre preferably, a
- conmpound ¢ f Thetefra “dassihinteferonRis tsed hg@inorgansBb InterierHdlecBA®d8) 8, Wi s

cycl ohexyl ang.f e _ f formul a
Y here u R gﬁiig]éi d@g@xﬁdﬂg%p E%MF&%%W € Rl 3 des Both AR dnd
o synthetically produced class 1 interferons. Examples of class I interferons include o-

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

15 The term “class Il interferon” as used herein means an interferon selected from a
" group of interferons that all bind to receptor type ll. Examples of class Il intetferons
include y-interferons,

Specific preferred examples of some of these agents are listed below:
20 = antiviral agents: ribavirin and amantadine;
_ = immunomodulatory agents: class | interferons, class ll-interferons and pegylated
S o interferons;’
' = inhibitor of another target in the HCV life cycle that inhibits a target selected
7 | ‘from NSS helicase, HCV NS2/3 prolease or internal ribosome entry site (IRES);
25 = HIV inhibitors: nucleosidic inhibitors, non-nucleosidic inhibitors, protease
inhibitors, fusion inhibitors and integrase inhibitors; or
= 'HBV lnhtbitors agents that inhibit HBYV wral DNA polymerase.or is an HBV

vaccine.

30 As discussed above; combination therapy is contemplated wherein a compound of
| . formula (1), ora phannacéutiéglly ac‘ceptable salt thereof, is co-administered with at
least one additional agent sélegi_ted from: an antiviral'l agent, én immunomodhlatory
ageént, another inhibitor of HCV NS3 pr_ote'ase',_ _e_in inhibitor of HCV polymerase, an

' inhibitor of another farget in the HCV life cycle, an HIV inhibitor, an HAYV inhibitor

-11-




C(CH3)a, and R and R each is cyclohexyl. Mre preferably,!Auasidddtind of
formula 1 wherein RL is hydroxy, R2is 3 4 10 cyclopentylnmethyl, Ris
~I-butyl, and R is cyclobutyl. Mre preferably, a conpound of formula 1
- wherein R is hydroXY, R2 is CH2- C(CH3)3, Wis t-butyl and R4 is
- cyclobutyl. ,15 More preferably, a conpound of formula | wherein R is
NHSO02Me, R2 Is CH2-- C(CH3)3 R3 is t-butyl and R4 is cyclopentyl. Mre
preferably, a conpound of fornula | wherein R is NHS02Ph, R2 is CH2-
C(CH3)3, R is t-butyl and Wis cyclopentyl. 20 According to an alternate
enbodi ment, the pharrmaceutical conposition of this invention nmay
addi ti onal I y conprise anot her .anfl-HCV agent Exanples of anti-HCV agents
~include, a--(@ndamHBVARhipitas: aﬁxanmlesm!eﬁlmh)agents (aga prosided timthe Defin{tions (omega)
Lnerferon. il o THoATRRHBHA ondSREY Bl BN ETcoRbbHEDR! ©

~enbodi nent, the pharnaceuti cal I nvent |

addi ti onal |y BtSifentien to gesiea ?'Fﬂl? @P?'H}acﬂ#"cﬂd?%foﬂﬁot’ﬁ’&é’@“veWA@é‘éﬁ di ng to
anot her al t eradktonst ra‘gads ﬂ‘iai}’be sbiratelyummiRstd @ahe FRBAPSS 'SdrlQ'B aQﬁulﬁdlE S

t t f HCV
mverson SR RRTE) Db TS i A St R
conposi ti on o the prtient priveiet Consumently add) d:rlfdlwwlnlgyhe:adrpmistrmoamf whéreinid or of
ot her target Seoniboliitfor rMulal (15 or & Yldrfacd Igg&&gta?% Ja_ﬁ'gt pmted to,

hel i case, NS2/ 3 protease or 1nterna gust 2006 entry
~site (HFIES). The phar maceutlcal corrp05|t|on of this invention may be

admi ni st er ed Ay wel Merelnpmé%}hﬁ"trééthhénﬁ he&h@thé@dhﬁ@irﬁﬁﬁrﬂ alcB@pbomior - O al

-adm ni stration or_.adm ni 0 ect referred. The
" phar rraceuﬁ ca°"¥8 %‘sﬂcf?ﬁ g‘?h"f’ #PHV/"@HF‘#"&H ahﬁ%(ﬁ"c%’r??‘ﬁﬁ"ﬁ“’a?’l?‘p&’&?%nt i onal
non-t oxi ¢ phaherbepatitis € diséaseapdieptoabliee vinal loadirsa patifptivant s or  vehicles. In
- sone cases, the pH of the fornulation nay be adjusted with
phar maceut i cal | y acceptabl e acids, bases or buffers to enhance the
stability of Asisedhejeimthgtasm e@ﬁﬁﬁ@nd“@ansmesawt'&tmpyofammpomo:t erm

par ent er al aS::oHﬁa@ﬁdec@érﬂmé% ihB ﬁkédﬁtﬁnv%ﬁm%ﬁpé@ldﬁ)re bithé MENBASOBR
|ntraven0'Hss Lntge} 's utL I ntra-articul ar
virus but before the appearance o symptoms of the disease, and/or prior to the
' detection of the virus in the blood.

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

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

25
Preferably R is t-butyt.
Preferébly, compounds of formula 1 as defined above wherein R* is cyclopentyl or
cyclohexyt. More preferably R*is cyclopentyl.

30

More preferably a oompound of formula 1 as defined above wherein R‘ is hydroxy,
 Ris CHZ-C{CH3)3, R" is t-buty! and R*is eyclopentyl.

R More préfefé@ly.'a mmpbund of_fonnulai 1 wherein R' is hydroxy, R? and R® each is

.12~




intrasynoviial, intrastemal, intrathecal, and intral esi onbffugusj29€€i on or

i nfusion techniques. The pharnaceutical. conposition may. be in the form of
a sterile injectable 15 preparation, for exanple, as a sterile injectable
aqueous or ol eagi nous suspension. This suspension nmay be fornul at ed
according to techniques known in the art using suitable _dispersing or
wetting agents (such as, for exanple Tween 80) and -suspending agents. 20
The phar maceutical conposition of this invention may be orally adm nistered

- in any orally acceptable dosage formincluding, but not limted to,

‘capsul es, tablets, and aqueous suspensions and solutions. In the case of
- tablets for oral use, .carriers which are com"rbnly used include | actose ‘and
...corn starch.. BB and i’ iyovelpeartd. such as ‘magnesi um stearate, are also
~typically added. For oral administration in a 25 capsule form useful -
di l uents incl e _and dri e corn_ starch . \Wen -aqueo suspen5| ons
are admi ni st elrl{g’(ﬁe %rlg%'c@’ atcﬂg'pg?ﬂdlc{/@ Tﬂ@l’é‘ﬁ\eﬁlﬂ R} is hudrop: ﬁgﬁﬁh
emul si fyi ng alﬁlﬂcﬁn@ﬂémdghaqudsﬂ‘ls@cuamtyied certain sweetening andtor
flavoring gandtor coloring agents may be added. 30 Qther suitable vehicles
or carriers for the above noted formul ations and conpositions can be found
~in standard pMergereletabily: gicompsung of formula it whemimRhHighwdroxy, BE is Gbhar maceut i cal

" Sciences", The(€ia)saeeRal RV qaeh isc§adiexfthar racy, 19 Ed. Mack Publi shing

. Conpany, Easton Penn., (1995). -14 | August 2006 Dosage |evels of between

about 0.01 and about 100ng/ kg body wei ght per day, preferably between
" about 0.1 andMsxoprefetbiyyhlcgmpasiy oieirglis 1 pdereitel’ i hydrbgy, RPiot ease i nhi bitor

conpound sc k f j therapy for the prevention
“and. trea%mnﬁ@gﬁwem%tséwggggé&%g|'c!§1 |y, the pharmaceutical 5

conposition of this invention will be adm nistered from about I to about 5
- tinmes per damfapraﬂeta@rynat:wsémd oﬁf%nﬁjl&i’%hr%ms hfﬁr&a; ﬁﬂisdsﬁ
The amount of

‘adm nistratio onic or acute herapy
active ingr edE&cﬁ??‘tﬁ 'FL{%H‘}" Fi’d?rf)“i"(?@l{fy with the carrier materials to

- . produce a single dosage formvvl |1 vary dependi ng upon the host treat ed and

Contain | ﬁ%ha%%ﬂﬂgfg%w? kit B8l By sn BHEBRHAR ¥ Bt v .

~ suech C(CHa)s R® is t-butyl and R* is cyclopentyl.

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

20
- According to'an alternate embodiment, the pharmaceutical composition of this
invention may additionally comprise another anti-HCV agent. Examples of anti-HCV
agents include, - (alpha), 8- (beta), 5- (delta), y- (gamma), tau- or & {omega)
- interferon, fibavirin and amantadine.
25

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

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

: 'Act:ording fo y'et“ another attemate embadiment, the pharmaceutical composition of
. this invention may additionally comprise an inhibitor of other targets in the HCV life
. cycle, inc_:luding but not limited to, helicase, NS2/3 protease or internal ribosome
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preparations contain from about 20%to about 80% active cloMsgsh?l98 As t he
skilled artisan will appreciate, |ower or higher doses than those recited
above may be required. Specific dosage and treatnent regi nens for any
particular patent 19 will depend upon a variety of factors, including the
~activity of the specific conpound enployed, the age, body weight, general

. ‘health status, sex, diet, tinme of admnistration, rate of excretion, drug
~ -, conbination, the severity and course. of the infection, the patients

di sposition to the infection and the judgnent of the treating physician.
Generally, treatnent is initiated with small dosages substantially |ess 20

.‘ '--_t han the optimum dose of the peptide. Thereafter, the dosage is i ncreased

by small incerdrysite§iRER).i | the optinum ef fect under the circumstances is
reached. In general, the conpound is nost desirably adnministered at a
concentration:level that wll enerally afford antivirally effective
results w tholie M?W@"WWFP&P'E?VU‘W tUF‘"VﬂélﬂélebG@gmml&Me‘é@ﬁ%t s. 25 Wen

]g he CFWFSI t 11 getetbralbrsvid amag&?@a r@sfamfrrl Ofal adrgﬁﬁlﬁbéﬁbﬁtdr aanm}‘strax{o@:%}poun? of
formul a nd_one ar i tiona eutic or. pro actlc agen
both the %on‘B’S’ﬁ'r’Pd‘ Ll effﬁ%aﬁaeoﬁ’lam%f' ‘?E%’?P%W%?fdh'ﬁg‘ s'?t@ém cgptallosage

| evel s of betamyeonventions ndrOlokio piidiftigeudicallynbeaptyhliecdagicrd) ladjutsritaeen about 10

and 80% of t NRhRRS A HEsonte ‘%gémeﬁ&%f’a ﬁfﬁ%dg@gggﬁgﬁﬁwrapy regi men.

When t hese corrpounds or t maceu e salts are

~formul ated tRhgEDRREUticGRlY apcaptpwaaﬁﬁ%@ammmwerammmt@e tabikty ofthe t he

resul ting COWBQM!&té@Goded&QtsQﬂWe??ﬁﬁr%ifﬂg géﬁéﬂeiapaéf@srmﬁlleﬁu such as man,
ugus (0] rea Qr - preven

-to’inhibit HQV udSS gﬁctease or g

Virus i nf &t iBrudegsuhcuangalsypiipeuianeous, stayrnoys intefuacyias; inka-adicddfrpound of
“this i-nventi datrasgnedatiktraterrel) inMathecal genatistralsionll injagibot deinfueigh ar e not
limted to: Qb Hﬁe tau- or y-interferon, ribavirin, amantadi ne; other

i nhibitors of rﬂ Nis3 prot ease; inhibitors of HCV polynerase, inhibitors
.of other targets in the 5 HCV |ife cycle, which include but not limted to,
hel i case, NS2fn3 ghaRb8ial c%.pbaa&ma}be ih RS ATEY aeé?érl’lé/: %bbfaﬁle(l RES) ; or

conbi natigns thereof. The additional” agents nmay Il ned Wth conpounds

of this i WvereRARYS f8'? %"éf"@’e ag? plgfilg "?R?éa&&’eaq‘-'ﬁ?‘l'ﬁ or oﬁaﬂ@P‘i‘%‘i‘{sﬂ%ﬂs?“t hese

~additional - agamsmspmsndnm@mpammwtedadﬁmmgsde&mﬁ@ekmmmanmgoart of a

rrul tiple dos asgﬁaglgﬁlgﬁersmg or wetling agents (such as, for example Tween 80) and
' suspending agents.

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

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

30  Other suitable vehicles or carriers for the above noted formulations and
' compositions can be found in standard pharmaceutical texts, e.g. in “Remington’s
_Pharmaceutical Sciences”, The Science and Practice of Pharmacy, 19" Ed. Mack
Publishing Company, Easton, Penn., (1995).

-14-




10 Accordlngly, anot her enbodi nent of this invention provl fdemse208et hod of
inhibiting HCV NS3 protease activity in a mammal by administering a
cconpound of the fornula 1. 15 In a preferred enbodinent, this nethod is
useful in decreasing the NS3 protease activity of the hepatitis C virus
Infecting a mammal . If the pharnmaceutical conposition conprises only a
compound of this invention as the active conmponent, such nmethod may _
additionally conprise the step of 20 adnm nistering to said mamual an agent-
sel ected from an i munonodul atory agent, an antiviral agent, a HCV NS3
protease inhibitor, an inhibitor of HCV pol ynerase or an inhibitor of
other targets in the HCV life cycle such.as helicase, NS2/3 protease or

| RES. Such adDogdge texbls aissiveareaboid. Grandabetiettechglkg bbineweightpet day, i.or t o,

.concurrently | | n. osition ofr
this inventio éebafgq{,&@é%nagﬁgﬁz)g'oérnforgnﬁdgrlg?ﬁgrb%wﬁepﬁ%ekere| (r%{gr)ray al so be-
used as a | abpfoteass nyhlbléag@npound;iesmmman@fe ysgfubiniaeeniiempydenthal so be

used to treat .@oermbﬁymeam.ﬁbf H@omeaméaaﬁgeasb Ofypi&aﬁyeme%me&ﬁc&er efore
reduce the rlsk of ., Viral. infecti l.a or?tor or nme |caI‘6%grsonnel or:

patients who CUBRosiion of dhjs inuentign H’"Hﬁ‘?’é? ranabeyl 1tg agout B tigeg Pet | ssue,
sur gi cal i nst dayeeat@natively garadontirfuous Aslod! Suyh adhtihiskHlioN tan Badsed@eranent s,

.”and bl ood col u t formula 1
set forth herJéh%&'é&%&Eg%r r%é[ 3@ ﬁ@gma@ %‘gﬁ&ég} %ﬂepﬁk&éﬂﬂ?fﬁ’e% C(')nr?gound of

formula 1 naywit tb@careem@eﬁa@stopcosfuce ¥ eingle dosage form wilhvary dependingupgat e - 16 |

August 2006 ﬁ@hbsth@él@&'a&ﬁﬁé Srti@liar bdé! df 5&}nﬂfstrét nV'A‘ifbu&h 5.%ha@ﬁm yiffation

assays. Further detal l e invention-are 1llustrated i fol |l ow ng

 exanpl es i C?P“éﬂ“bf"'-‘“ﬂlﬂ%'l‘ §‘¥’d%ﬁb‘¥‘69% aplyg-cPmrednd{y i Preferalipesteht o t he

appended cl ai greparationxédithif-from EBSRQO% 8 GBSuUt BOR agiive@dmbBuriegdr ees Cel si us.

Sol ution percentages express a weight to volune relationship, and sol ution
rati os express a volume to volune relationship, unless stated otherw se.
Nucl ear magneAs e sidisdrmetsan WiNpRecae biveaonkigher d@es duotisd rapitechaBveker 400

Mz s pect r OMB{8¥ be feliiredh SPLGHRY dosidd dmdt theBiméit Pegfn?e‘?@ k4rGHly biticutar patient
15 wili depend upon a-variety of factors, including the activity of the specific compound
employed, the age, body weight, general health status, sex, diet, time of
“administration, rate of excretion, drug combination, the severity and course.of the
infection, the patient’s disposition to the infection and the judgment of the treating
physician. Generally, treatment is initiated with small dosages sﬂbstantially‘}es's
20 than the optimum dose of the peptide. Thereafter, the dosage is increased by small
increments until the optimum effect under the circumstances is reached. In generat,
_ the compound is most desirably administered at a concentration level that will
B : generally afford antivirally effective results without causing any harmiul or
deleterious side effects. |

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

formula | and one or more additional therapeutic or prophylactic agent, both the

compound and the additional agent should be present at dosage levels of between

about 10 to 100%, and more preferably betwé‘en about 10'and 80% of the dosage
30 h_ormally’administered in a monotherapy regimen.

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

.15~




parts per mllion. Flash chromatography was carried out ohAudusiZ2986 gel

(Si®) according to Still's flash chronmatography technique (WC. Still et

al., J. Og. Chem, (1978),43, 2923). 15 Abbreviations used in the LT

exanpl es i nclude: DBU 1, 8-diazabicycl o[5.4.0]undec-7- ene; DCM .

di chl oronet hane; DI EA: diisopropyl et hyl am ne; D PEA: "

~dii sopropyl et hyl ani ne; DVMR N, N-di net hyKor mani de; DVAP; 4- AR

(di met hyl ami no) pyridine; EtQAc: ethyl acetate; HATU..[O0-7-azabenzotriazol -1

-yi)- 1,1, 3,8-tetranet hyl uroni um hexaf | uorophosphate]; HPLC. high o

performance |iquid 20 chromat ography; Ms: nmass spectronetry (MAUD - TOF: -

Matrix Assisted Laser Disorption |lonization-Tine of Flight, FAB: Fast Atom

Bonbar dnent ) ( toltfeat drgtdgyht; HC%Qg:infmfibh.aS(wh;trerMﬁnphﬁﬁ wiso bRaaimiévelﬁ Qsiny '| Co b S

t enperature t O . tert-but or t- butvl: 1.1 -dimethylethyl; Tbg:

ort-butyl gty erng aisiEbioRdt Lo wi bz tich SlEEPRarShd T

t et r ahydr of urlamited 5. Syfr Hreoi, tawbr ciotegewndibavifin,farantadine( diher inhibigedr al ; t he

conpounds of ' e ‘ by known
Hey Wéh%r&eas@ﬁﬂtiu@%se&f% @é{ﬁger .e&k %ﬁ%?& of %fel& Stgrp?tg gr{ e |

met hods using reaction cohditions cf 0 ol e for the
react ant s. 5 Sen@Y e cyelewhinhiinalule byt eot dimiled toshalicase. NE2/B oraemse.r infendo/ 09558

and 30 US Pajpobline @nt%%?t’e USES); oPESHBINARhS thelbBf. CTHd AMitibdl 8§MRCRay bel 7 -
--------- 1 Au%1 st .2006 Prelglgrg{\llth%q of Thi oureas . Preparati on of Thiourea

2a S0 S0 4copiedpRcRippq nygntipn_to cieatexa pingle 9a5age{4Moyr ea (5.0 gm
66mol ) was diieamtiveyithese ddufitioalagéid may be acgshritelp idiinisyerédeinidmibaic hl or i de

(8.88 gm 66%}( o‘fvgﬁwuﬂl‘af@e&&agﬁgnﬁﬁ xture was heated at reflux for 14h to
10 '
- Accordingly, another embadiment of this invention provides a method of inhibiting
HCV NS3 protease activity in a mammal by administering a compound of the
formula 1. "

15 ‘Ina preferred embodiment, this method is useful in decreasirig the NS3 protease
activity of the hepatitis C virus infecting.a mammal.

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

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

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

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

. A compound of formula 1 set forth herein may also be used as a research reagent.
A compound of formula 1 may also be used as positive control 1o validate surrogate

18-




give a yellow solution. The mixture was concentrated to dt#§wms200@nd t he
resi due partitioned between Et OAc and sat. NaHCO3. The yel | ow organic
phase was dried over MgSO4, filtered and concentrated to give a yell ow
solid. The solid was dissolved into a m ni mum anmount of EtQAc and
~triturated vkrith hexane to give 2a as 10 a white solid (8.52g; 75%. MS.
(el ectrospray): 173 (MH- 175 (MtH)+. Reverse Phase HPLC Honobgeneity =
(0.06 % TFA; CH3CN. H20):99 % Preparation of Thiourea 2b H cl"'r~ HZN Y .
NH2 H2N Y N,,Ir,--n 0 S S 0O (2b) 15 Using the procedure described above -
and using commercially avail able cycl opentyl acetyl chloride instead of
‘tert-butylacetyl chloride yielded thiourea 2b. Synthesis of internediates 3

P epar ati on ofelldbasdshassayscor Favithe or B vivoGralireplidation assay®T OH a 0 'N- Y 0.0 H O -

20 (3a) Tetrahydrofuran (350ni-) was added to a flask containing carbonic
acid cyclopentyl ester 2.5-dioxo-pyrrolidin-1 -yl ester (9.00g; 39.6mol)
. and tert - | eudidieq delails of the investinnsirg lipgatadip e folowinasxamelss wbish argi stil led

wat er (| OOmndersooadsisnok-infitingAvithivespist tlihe appedded’eisimel | amount of solid
remai ned Lg1d| ssolved. Triethylamne 25 (16.6nmL; 119mmvl) was then added

~resulting 1n a honobgenous sol ution which was stirred at R T.. After 2.5h,
- the TH F was evaporated and t he aqueEX#MPERS due diluted | August 2006 wth

-vvater | - OO , Lon , | | 110 I N NaCH
(36nt * 't nal cp AR algtiVebinp e SRR, Skt farob iy Rirb e 1 20
the aqueous PMeld@ereaionship.dingiselytion fales expresen volume to@ieme felatignship <2) . The

turbid sol utinfids WRkedDMdwiss.ClludbdrimaghidGesdndR&: (aMH) Spbda wbRE extract was

dried (MJSO™) 5 and evaporated to %I ve conmpound 3a as a white solid (8.68
; 10 - “recorded on a Bruker 400 MHz spectrometer; the chemical shifts (8) are reported in

L 9). | .
parts per million. Flash chromatography was carried out on silica gel (SiO,)
: according to Still's flash chromatography technique (W.C. Still et al., J. Org. Chem.,

- (1978), 43, 2923).

15  Abbreviations used in the examples include: DBU: 1 ,&diazabicyclo[s.r%.O]'unde.c-?-'-
-ene; DCM: dichloromethane; DIEA: diisopropylethylamine; DIPEA:
fdiisopropylethyiamine; DMF: N, N-dimethylformamide; DMAP: 4-
(dimethylamino)pyridine; EtOAc: ethyl acetate; HATU: .[0-7-azabe'nzotriazol-1 yi)-
1 ,1,3,3-tetramethyluronium hexafluorophosphate]; HPLC: high performance liquid

20 chromatography; MS: mass spectrometry (MALDI-TOF: Matrix Assisted Laser
Disorption lonization-Time of Flighi. FAB: Fast Atom Bombardment); Me: methyt;

. MeGOH: methanol; Ph: phenyl; R.T.: rcom temperature (18 to 222); tert-butyl or t-

Pl o butyk 1,1 -dimethylethyl; Tbg: tert-butyl glycine: tert-leucine; TFA: tifiuoroacetic

 acid; and THF: tetrahydrofuran.

25
Synthesis of compounds of formula (I):

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

30 US Pat. No. 6,323,180, incorporated herein by reference.
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Preparati on of carbamates 3b, 3c, and 3d Using the procediufeguge®fi bed
above and using appropriate conbi nations of Wt- butyl gtycine, or

cycl ohexyl glycine and carbonic acid cycl obutyl, cyclopentyl, or 10

cycl ohexyl ester 2,5-dioxo-pyffolidin-1 -yl ester, the follow ng carbamates
were prepared: '"kOH O, OH01l. al. HOHO HO 3b 3c 3d Preparation of
internediate 5 15 Preparation of internediate 5a: S noo K-1 Br Mao til If.
H 10 .00 (28) ~y O0)r NY ~q 0 OM -)-Oy NOYNNr;~OMDO NAe HO OHHO
(4) (sa) a-Bronoketone 4 (3.61 g 5.71 mmol) was conbined with thiourea 2a
(1.09g 6.28mml) in isopropanol (140m) and the yell ow solution was pl aced
.into a pre- heated oil bath of 70GC for 1.5h. The solution was cooled to

R T. and evapRieparation of Phlodregsess. The resi due was di ssolved in EtOAc. The

- Et OAc sol uti qReNask Redureliahh saturated NaHCO8 (2x), water (2x) and brine
(1 x), driedT . a vaporated to give the product as an
or ange- brown foam Iji?sh col um$§ chir omat ogr aphy i ngT3 hgxane : Et OAc

renoved the |ess I, mpuri L, 6: 4—hexane Et Offc pfavi ded pure
product as a IighﬁgJyelﬁq% soI(F'd (3.05g ; 769% .H NM

‘M S. (el ectrospray): 706. 3( M H)- 708. 4(MrH) +. Reverse Phase HPLC 1 August
. 2006 - ' (2a)
' Thiourea (5.0 gm, 66mmol) was dissolved in toluene (50ml.) and tert-butylacetyl
5 chloride (8.88 gm, 66mmol) was added. The mixiure was heated at reflux for 14hto -
_ g give a yellow solution. The mixture was concentrated to dryneés, and the residue
v - partitioned between EtOAc and sat. NaHCO,_ The yellow organic phase was dried
- over MgSO,, filtered and concentrated to give a yellow solid. The solid was
dissolved intoe a minimum amount of EtOAc and triturated with hexane to give 2a as
- 10  awhite solid (8.52 g; 75%). M.S. {electrospray): 173 (M-H)- 175 (M+H)+. Reverse
Phase HPLC Homogeneity (0.06 % TFA ; CHaCN : H0) : 99 %.

Preparation of Thiourea 2b

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

-~

nthesis of intermediates 3 °

Pre| aratién of carbamate 3a .

O, o ‘
O+ Lo — R
B ORI QA o
4] o H o -

20 | _ (3a)
Tetrahydrofuran (350mL) was added to a flask containing carbonic acid cyclopentyl
ester 2,5-dioxo-pyrrolidin-1-yl ester (9.00g; 39.6mmol) and fert-leucine (6.24g;

47 .5mmol) resulting in a suspension. Distilled water (100mL) was added with

vigorous stirring. A small amount of solid remained undissolved. Triethylamine
‘25 (16.6mL; 119mmol) was then added resulting in a homogenous solution which was
stirred at R.T.. After 2.5h, the THF was evaporated and the agueous residue diluted '




" Honogeneity (0.06 % TFk, CH3CN H20): 99 Preparation of i ntéugyei08¢e 5Sb:

Usi ng the procedure descri bed above and using thiourea 2b instead of

thiourea 2a, 5 the corresponding internediate 5b is obtained: IS H Mo N

er MO, 0% 'ICO HN (2b) 'YOYNY "YOYN e M 0 - . 40MO ON Y HOO"

"0 N14 O (4) (5b) Preparation of internmediate 5c: Using the procedure
descri bed above and using commercially available thiourea 10 instead of

~thiourea 2a, the- correspondi ng internmediate 5c is obtained: s Br

Meo',:W--NH~ N HN)'NH2 .0 O 0YINY4O tm OMOO Y-Y* OHO

: 014 0 (4) (SC) EXAMPLEL '

with water (100mL) and the reactlon rendered basic by the addition of 1 N NaOH

(25mi - final pH >10). The solution was washed with E{OAc (2 x 200mL) and the

aqueous phase then acidified with 1 N HCI (ca. 70mL - final pH <2). Thé turbid

solution was extracted with EtOAc (200 + 150mL). The extract was dried (MgSOy)
5 and év_aporated'to give compound 3a as a white solid (8.68 g).

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

Using-the procedure described aboVe and using abpropriate combinations of fert-
_ butyl glycine, or cyclohexy! glycine and carbonic acid eyciobutyl, cyclopentyl, or
i 1 : -10 - cyclohexyl ester 2,5-dioxo-pyrrolidin-1-yl ester, the following carbamates were

| 7 .prepared:

m\fd; Cumzﬂ gL

Preparation of in‘tennediétes
15  Preparation of intermediate 5a:

a | Br . | -S}__H‘
M owj\/ 7 i j\k Me0 N; N :}_>?
0 N )

Tz

o

RO . (2a)
d L N g "~ : - o._N
| | E?N@e Y | \g’ b BMe

. a«Bromoketone 4 (3.61g ; 5.71mmol) was combined with thiourea 2a (1 .OQg ;
6.28mmol} in isopropanot {140mL) and the yellow solution was placed into a pre-
heated oil bath of 70°C for 1.5h. The solution was cooled to R.T. and-evaporated to

20 dryness. The residue was dissolved in EtOAc. The EtOAc solution was washed
with saturated NaHCO3 (2x), water (2x) and brine (1x), dried (MgSO,), and
‘evaporated-to give the product as an orange—brownA foam. Flash column
-chromatdgraphy in 7:3 hexane : E1OAc removed the less polar inipuri'ties and 64 |
hexane : EtOAc provided pure product as a light yellow solid (3.05g ; 76%). "

25  M.S.(electrospray) : 706.3 (M-H)- 708.4 (M+H)+ . Reverse Phase HPLC
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Synt hesis of Conpound 10 s nmoo eo-~04 N O O,, X fyOH M -NAudust20Bf- 0 0 0 O
(3a) NN-- --- - 0-01lk TH5z; &kl Y O 'gqYx.%9% 0 M 0 " 0 0 0 15 (5a)
(6a) Step 1: Prevaration of internediate 6a Boc-Di peptide Sa (3.05g ; 4.31
“mmol ) was dissolved in 4N HCVdi oxane (22nm.). After stirring at RT. for 30
mn., the HCl salt precipitated. MeOH (2nlL) was added to dissolve the
precipitate. After 2h, the reaction m xture was evaporated to -20 1 August
2006 -dryness. The resulting HCl salt was dissolved in DCM (22nlL) and DI EA
(3. or; 17. 24mmol ); carbamate 3a (1.15g; 4.47mmol) and HATU (1. 72g;.
4., 516mm|) were added. The solution was stirred at RT. for 6h. The
“mxture was then diluted with Et OAc and the sol ution washed with saturated
- NaHCGB (2x), hemagendigX§.0afdTRAKHAN :H).98M.ed (MgSO4), filtered and
_evaporated to obtain conpound 6a as a yellow solid. Flash colum
- chr omat ogr aphy - el Utlﬂ? first Wth hexane : EtOAc 7:3 and then 6:4 afforded
pure Me- est efrgearation ot ipfermediate by (3 259 : 900%9. M S. (el ectrospray~ : 831. 4

(M H) - 833. 4 Usighe pidb&uufe GddthibddaboResie) Binghilarea 2biRisi@adathiparaizay (0. 06 %
' TFA CHBC'\é I_tﬁe cr}rreggon]dmg telpnedlatel_ytgfs%k)t\émeg of Estess | H N

Ma0 N Br : MeO. 7 oM l {)‘H
. $ . p
O WA ¢ ™
o (2b) N
O, N . .
LY S ~ YL S
N o OH N o
) (5b)

Preparation of intermediate Sc:

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

Meowizm TI?I P=NH,
¢ Hz“j'\m“z

| O N > - o
Ar \g’o N OMe Y >r ‘(l)rN? @Me
B o OH o o
’ (4) . (56) . .

EXAMPLE1
Synthesis of Compound 100

Uilfmx Qoi,xron LY H‘”}
N@“e - OJLIrri Sggm |
(33) . .

15. (Sa}
' Step 1: Preparation of intermediate 6a
' Boc—Dlpeptlde 5a (3. 05g ; 4.31 mmol) was dissolved in 4N HCildloxane (22mL) S
After stirring at R.T. for 30 min., the HCl salt precapﬁated MeOH (2mL) was added '
' to dissolve the precipitate. After 2h, the reactlon mixture was evaporated to
-20-




Mo NMON | :0) 0 00 LIOH<a' 0 X NI OM <aoj( ~y NAugmsiNoge 0 0

- '52~0 HH HO HO 6a Conpound 100 Methyl ester 6a (3.24ng, 3.89mmol) was
. diissolved in THF (40n.) and MeOH (20nQ, and an aqueous sol ution of UCH
(1.63mg; 38.9mmol in 25nL) was added. 15 The yell ow reaction m xture was

. stirred for 5.5h and then concentrated to provide an of f-white suspension.

‘-,The suspensi on was dissolved in EtOQAc and brine, prepared wth deionized

- ~wat-er.. The pH of the resulting solution was adjusted to 6 by the addition

~of 1'NHCI. The layers were separated and the aqueous |ayer further
- extracted with EtOAc (2x) . The conbi ned Et OAc extracts were washed with 20

- dei oni zed water (2x), deionized water prepared brine (1 X), dried (MSOH4),

| filtered anddrmessoThe esulting HOLsalt was disgobieddn DO® (@8mb) gyl DIEA .00k Whi t e

- solid (3.02g; Y i ' : I I d
300 (192, 911ﬁ%ﬁmﬁg%é%éma?%‘%f-&%%%*"@a%aigbh&iﬁ-ﬁ%‘%ﬁ% ent 0.01 N
NaCH (14. 85nmWergadded dé solufion wasodired abRdc f95i6haThe mixture wag thea dilutgd| | ow

sol ution was wRIEONCAY B sofftibiiBsheliviin sslerafidl NASLORDA! watbr (@9eiRdand

SOTa (1 Saghnedidy redigSodtipredrid erbnnndindbelrarnaihbesen |

. C42H53N609 SNayeliBsoliel. eFtish@oipmachroBhibg@phy fitingXirst withexdne : BOAAT:BHNa) +.

. : 0 \ "oa0n !
o g0 ) - 2 FRIRRIAL e elRa 26 A Dz S o 7155 (g
| H) ; 7.18- clepirgspray? §31.46(0M0)- 65884 (MaH)t BHS.4 Moa)5 . Bevarsy Phiase)) , 4. 98 (d,

J HPLC Homogeneity (0.06 % TFA ; CHiCN : H;0) : 98 %. o

Sy 10 |

B Step 2: Hydrolysis.of Ester

S ]
MoO Ng | N/)~ MeO N | l'“/)~H
' o 0 ’ 5 }},
‘ o LiOH £
AR & AL s
8] o N OMe O o N"
. H ) b H Q
6a

Compound 100
Methyl ester 6a (3.24mg; 3.89mmol) was dissolved in THF (40mL) and MeOH
~(20mL), andan aqueous solution of LIOH (1.63mg ; 38.9mmol in 25mL} was added.
- 15 The yellow reaction mixture was stirred for 5.5h and then concentrated o provide an
off-white suspensibn. The suspension was dissolved in EtOAc¢ and brine, prepared
with deionized water. The pH of the resulting solution was adjusted to 6 by the
addition of 1N HCL The layers were separated and the aqueous layer further
“extracted with EtOAc' ). The combined EtOAc extracts were washed with
20 deionized water (2x), deionized water prepared brine (1x), dried (MgSOy), filtered
 and evaporated to obtain compound 100 as a pale yellow-white solid (3.02g; 95%
- yield). -

- Conversion to Na Sait: ‘
- 25 The neutrat-compound 100 (1.22g; 1.49mmof) was dissolved in MeOH (30mL) and 1
A * equivalent 0.01N NaOH (14.85mL) was added — no product precipitation. The cl‘e"air' :.__;-_ﬁ S
yellow solution was concent_rated. di_luied with detonized water, frozen and | " "
-'lyophiiized to obtain the product (Na'salt ) as a yellow-white amorphous sofid S
(1.24g; 99 % yield ) Sl 3
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~18.0 Hz, 1 H), 4.85 (bs, 1 H, 4.80 (d, J = 10.4 Hz, 1 H 1AugwB02M641 (m 1

- H), 4.22- 402 (m 21-1), 3.92 (a, 3H), 2.72-2.45 (in, 1 H), 2.50 (under
“DMBO, a, 2H), 2.40- 2.26 (m 1 H), 1.89-1.43 (m 9H), 1.37-1.30 (in, | H),
1.30-1.12 (m | H, 1.03 &0.90 (2x s, 91-1), 0.98 & 0.94 (2x s, 9H). 10
- EXAMPLE2 Synt hesis of Conpound 101 s MDON O O (6b) (60 By follow ng

- t'he same procedure as described in the first step of exanple and 15 using

: - Boc- di pepfide 5c instead of 5a, conmpound 6b was obtai ned. Conpound 6b .
(70my, 0.095nmol ) was dissolved in 2nL of DCM and successively treated

~with DIEA (0.045nm, 0.26mml) and pival oyl chloride (0.01 5m, 0. 1 2nmol).

"‘_,ATter stirring for I'h at 402 an additional pivaloyl chloride (0.015ni,

4 0..22mol ) - was NaBaltd Y : 8198t | CHalGsNacont i nued for an additional 2h.

e ot oo M OBl AN, o e g5 MRl SRk, £L OO
dri ed WS04) HMHSW@WW@&%JF&.%@N g9 %. cr ude conpound 6¢ whi ch

‘was used Mthmmnqao&mnﬁﬁmgo-dﬁybémh rﬁ%ﬁerofs’&amé@tw%% s 4pydrol yzed as
~in step 2 of exa uri IH)garatlve HPLC usi rlég a YMC

| |
Conbi - Prep® CfﬁsZ% dd) uiif-e- 6('%2?@11% 6@3@' fioe1ools (m Aa4-98dd Ja | i near
- gradi ent progs a8 HzOTH)2 4188 (b0H4) A2 8Dl (4,val 1.4 (2. 106 Ya.50 kAN (! aA), i were

Auguet o008 hB 10 b 9ot B 16, e T DI & BB Ly 167 as
“the trifluor a2ematie), 1894 m, B), 1.37-1 30 (m, 1H). 1.30-1.12 (m, 1H), 1.03 £ 0.90
o . (2xs, 9H), 0.98&0.94 (2xs, OH).
Ty 10
EXAMPLE 2
Synthesis of Compound 101

s R
M ‘ by i N/>—NHa ' M0 N, !,{>'—
SRS & g

O\Oﬁ\;\q{g = O\J’L:Q(i =

{6b}

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

o ~ Compound 6b (70mg, 0.095mmol) was dissolved in 2mL of DCM and successively
- treated with DIEA (0.045mL, 0.26mmol) and pivaloyl chloride {0.015mL, 0.12mmol).

~_ After stirring for 1h at 40° an additional pivéldyl chioride (0.015mL, 0.12mmol} was

20 - added and stiring was continued for an additional 2h. After the solution was
qoncehtrated, the residue was dissolved in E2OAc. - The solution was washed with a
saturated solution of NaHCO; and brine, dried (MgSO,) and concentrated to afford
~.82mg of crude compound 6¢ which was used without purification.

_ - Methyl ester derivative 6¢ was hydrolyiedas in step 2 of example 1 and purified by
25 preparative HPLC using & YMC Gombi-Prep. ODS-AQ column, 50 x 20mm. ID, S -
| ~ Bmicron, 120 A, and a llnear gradlent program irom 2 to 100% AcGN I\rvater {0 06%
TFA). _ - _
Fractions were analyzed by analyt:cal HPLC, and the pure fracﬂons were combmed

_22-




MN, NOH+ NO OO Gonpound 101 1H NVR (400 M-z, DVSO- dsj Augsst2086: 15

- m xture of rotaners, maj or isoner 5 description 8 8.56 (s, 1 H), 8.40-8.22

(m 1H), 817(d J =8 Hz, 1 H. 7.67 (bs, 1 H, 7.52 (bs, 1 H,

. 7.24-7.15 (m | H, 7.03 (d, J =83 H, | H, 578-5.67 (m L H, 5 6L -

5.53°(m | H), 5.19 (dd, J = 17.2. 1.6 Hz, 1 H), 5.09-5.03 (m 1 H).
4.63-4.55 (m 1 H), 4.49-4.39 (m 2H), 4.11-3.92 (m 2H), 3.95 (s, 3H),

©?-62~2.53 (m 1 H), 2.33-2.25 (m H, 2.06-1.98 (m 1 H. 1.72-1.25 (m

10H), 1.30 (s, 941), 0.97 (s, 9H). 10 M S.(electrospray) : 803.3 (MH)-

1 805.3 (MrH) + . Reverse Phase HPLC Honpgeneity (0.06 % TFA; CH30ON: HA): 97
.%EXAI_\/PLE3_ Preparal ti on of conpound 1.15 By follovving the procedure

- ~descri bed" i n'c@n@amphtedercaeniaMqunzedtnmﬂi@rﬁibuhd net ssitle tiiliordacetatid usi ng

" preparative I—iPh:C to purify the final conmpound as described in exanple 2,
corrpound 102. was obtained as the trifluoroacet ate salt: M OX HO Cw= nd
102 'H NMR (400 MHz, DMSO-d6): ca. 90: 10 mxti rotamers, maior isonme 20
‘descriptio 812.37 (s, 1 H, 8.54 ¥s . I > (m 2H), 7.67-7.40
(m 2H), 7.26 (d, J =8.0 Hz, 1 H, 613 (cm H, 5.77-5.65 (m 1
H),!5.62-5.49 (m 1H) 5.23- 516(m 1 , 5.10-5.03 (m | H), 4.57-4.37
(m'3H),'4.03-3 88 (m 2H), 3.94 (‘D;rH)" Mi-2.54 (in, | H, 2-41 (s, ?H,

2.37-2.22 (m_ |1 ‘H, 2 04- J*( 1.79-1.21 (m -23 | August 2006
~16H), 1.17-0.85 (m 5H), 07 ctrospray) 843.5(MH)- 845.4
(MtH) +. Reverse Phase HPLC

Compound 101
'H NMR (400 MHz,DMSO-dq): ca, 85:15 mixture of rotamers, major isomer
5 - description; 5 8.56 (s, 1H), 8.40-8.22 (m, TH), 8.17 (d, J = 8.9 Hz, 1H), 7.67 (bs, 1H),

7.52 (bs, 1H), 7.24-7.15 (m, 1H), 7.03 (d, J = 8.3 Hz, 1H), 5.78-5.67 (m, 1H), 5.61-

553 (m, 1H); 5.19 {dd, J = 17.2, 1.6 Hz, TH), 5.09-5.03 (m, 1H), 4.63-4.55 (m, 1H),
4.49-4.39 (m, 2H), 4.11-3.92 (m, 2H), 3.95 (s, 3H), 2.62-2.63 (m, 1H), 2.33-2.25 (m,
1H), 2.06-1.98 (m, 1H), 1.72-1.25 (m, 10H), 1.30 (s, 9H), 0.97 (s, OH).

10 - M.S.(electrospray) : 803.3 {(M-H)- 805.3 (M+H)+ . Reverse Phase HPLC

Homogeneity (0.06 % TFA; CH;CN : H:0) : 97 %

EXAMPLE 3
 Preparation df compound 102
_ _ 15 By following the procedure described in example 1 and using carbamate 3d instead
Fed ' of3aand using preparative HPLC to purify the final compound as described in
' . example 2, compound 102 was obtained as tlu_a trifluoroacetate salt:

Compoundwz _
- H NMR (400 MHz DMSO-dG) ca, 90: 10 mlxture of rotamers, major isomer
20 _ description; $12.37 (s, 1H), 8.54 (s 1H), 840-8 06 (m, 2H), 7.67-7.40 (m, 2H), 7.26
' (d, J = 8.0 Hz, 1H), 7.26-7.13 (m; 1H), 577-565(m 1H), 6.62-5.49 (m, 1H), 5.23-
. 5.16(m, 1H), 5.10-5.03 (m, H), 4.57-4.37 (m, 3H), 4.03-3.88 (m, 2H), 3.94 (s, 3H),
2.64-254 (m, 1H), 2.41 (s, 2H),237—222(m 1H), 2.04-1.95 (m, 1H), 1.79-1.21 (m,
R 28




Hormogeneity (0.06 % W CH3CN: H20) :

~conpound 103 Me le, O

99 % 5 EXAMPLE 4 PrepaPugusbifopf

s 0 a0Ol, N? 0 0 Conpound 103 By follow ng the

- using preparative HPLC to purify the final

procedure described in exanple 1 but using carbamate 3c instead of 3a and
conpound as described in 10

exanpl e 2, conpound 103 was obtained as the trifluoroacetate salt: 'H NWR
- (400 N+EDWBC>d6) ca, 85:15 mxture of rotamers, mmjor isonmer descrir)tion
- 812.35 (s. 1H), 8.52 (m 1H), 8.43-8.06 (m 2H), 7.67-7.41 (m 2H), 7.26
(d, J = 7. 8 Hz, 1 H, 7.24-7.11 (m 1 H), 5.77-5.65 (m | H), 5.62-5.48 (m
1 H, 523 5-15(m 1 H), 5.10-5.03. (m 1 H), 4.52-4.38 (m 21-1),
4.15-4.05 (m | -H). 4.03-3.89 (m 15 2H) 3.94 (s, 3H), 2.63-2.52 (m 1 H),
2.41 (s, 2H), 16}-1)3542-033 (hpsH)11.68 (s, 8HP5-1.96 (m 1 H), 1.81-1.41 (m 11 H),
1. 38086(m C&&F%&rkoh %ﬁﬁgﬁ'r (MH)- 859.4 -
(MFH) +. Rever %8 Steeuasti ] ’eng% 24 g”ﬁé‘ﬁ%‘%@‘ (220) 99 % 20
"EXAMPLES  Pr epHemegensitol0.065ap601e aQM *&0) M9AN, 0 A H~ q 0 Conpound
104
" 5 EXAMPLE 4
Preparation of compound 103
-5,
M Ng, 1@#H .
T )
Gompound 103
By following the procedure described in example 1 but using carbamate 3¢ instead
of 3a and using preparative HPLC to purify the final compound as described in
10 example 2, compound 103 was obtained as the trifluoroacetate salt:
H NMR (400 MHz,DMSO-d;): ca, 85:15 mixture of rotamers, major isomer
description; 512.35 (s, 1H), 8.52 (m, 1H), 8.43-8.06 (m, 2H), 7.67-7.41 (m, 2H), 7.26
“{d, J = 7.8 Hz, 1H), 7.24-7.11 (m, tH), 5.77-5.65 (m, 1H), 5.62-5.48 (m, 1H), 5.23-
5.15 (m, 1H), 5.10-5.03.(m, 1H), 4.52-4.38 (m, 2H), 4.15-4.05 {m, 1H), 4.03-3.89 (m,
15 2H), 3.94 (s, 3H), 2.63-2.52 (m, 1H), 2.41 (s, 2H), 2.35-2.23 (m, 1H), 2.05-1.96 (m,
1H), 1.81-1.41.(m, 11H), 1.38-0.86 (m, 12H), 1.04 (s, SH).
M.S.(electrospray) : 857.5 (M-H)- 859.4 (M+H)+ . Reverse Phase HPLG
Homogeneity (0.06 % TFA; CH;CN : H;0) : 99 %
‘20 EXAMPLES
Preparation of compound 104 7
' ’ -8 .
" ‘&\‘Fi*ﬁ
/
X&"
Conmound 104

_ By followmg the procedure descnbed in example 1 but usmg carbamate 3b mstead :

-24 -




By following the procedure described in exanple 1 but usih§uasi¥fnate 3b
instead -24 1 August 2006 of 3a and Boc-di peptide 5b instead of Sa and
using preparative HPLG to purify the final conpound as described in
~exanple 2, conpound 104 was obtained as the trifluoroacetate salt: 'H NWR

" (400 WVH7,DMSO-dr):: ca, 3:1 mixture of rotaners ; 38.02 (s, 1 H , 7.90 (s,

) '_51H),, 7.84 (d, J.=7.0z, 1 H , 7.70 (s, 1 H . 7.33 (d, J = 2.2 H, 1
H). 7.14 (dd, J 2.5, 8.2 Hz, | H), 7.09 (dd, J = 2.2, 9.2 Hz,” 1 H),
6. 29- 6.08(m | H, 5.54-5.32 (m 1 H), 4.99 (d, J = 15.9Hz, | H), 4.80 (d,
"J = 10.0. IH),476464(m1H) 4.46 (dd J:67 139Hz,1H),
419408( -2.61 2 37-2.09 (m 4H),
2.03-1. 82 (mO‘faﬁs‘d 8‘1‘3'%'88!{“53 5"2151}93"1?‘ §and ‘APAPQ(R'F?PWG HE'—@EP Ruppteo (m 1

. H), 129-1. 15 fina ooﬁiﬂbuncﬂas&&s&ntﬁd%e%aﬁipldsa cBinbound 104 was obtained as the
M S. (el eCtrOStBﬂ%@a@%?é&%ﬁ - 817.3 (MrH) +. Reverse Phase HPLC
. Honogeneity ( 'CH3CN. H~O): 98 EXAMPLEI S 15 Preparation of
~ conpourid 105 '8 NMR K00:MH,DMSO-dp da;-®1 Mikiu@ of rdamé@s ; ; 88.0HsP1H)Cargeqsnd 105 By
- following th r r{hes 4 r te 3b
instead o eﬂe %gg(gl'ﬁ'gygﬁgpia atlvg ﬁé’i?%’ |burL%2 H? Tfﬁ(paggrrpound as
. described in 2%)8@31‘1:&1 dHp 7.09ddh 2188 H@aéHbﬁﬁatﬁr@dﬁaﬁﬁh R&45:32A(Mor oacet at e
- -rsa|8t 191HdN'VR 1000 y IALIGY, 480 (o9 L 10}0HANR), A 76 LEA(HE P, £3658 (s, 1H)
- ( (dd, J =67, 13.9 Hz, 1H), 4.19-4.08 (m, 3H), 3.92 (s, 3H), 2.70-2.61 (m, 2H),
2.37-2.09 (m, 4H), 2.03-1.82 (m, 1H), 1.85 (bs, 2H), 1.77-1.44 (m, 8H), 1.35-1.29
10 (m, 1H), 1.29-1.15 (m, 4H), 0.98 & 0.90 (2x 5, 9H).
- M.S.(electrospray) : 815.3 (M-H)- 817.3 (M+H)+ . Reverse Phase HPLC
Homogeneity (0.06 % TFA; CH;CN : H:0) : 98 %. -

‘EXAMPLE 6
15  Preparation of compound 105

‘ Compound 105
_ By followmg the procedure described in example 1 but usmg carbamate 3b mstead :
“of 3a and using prepara_twe HPLC to purify the final compound as described in
~ example 2.‘.compouﬁd 105 was obtained as the trifluoroacétate salt: |
© .20 o NMR (400 MHz, DMSO-d;): ca, 7:1 mixture of rotamers ; $8.58 (s. 1H) , 8.19 (d,
J= 8.0Hz, 1H) , 7.76-7.50 {m, 2H), 7.35-7.20 (m, 1H), 7.19 (d, J = 8.0 Hz, tH),
5.78-5.67 (m, 1H), 5.65-5.50 (m, 1H), 5.19 (d, J = 17.0 Hz, TH), 5.07 (d, J = 10.2
. Hz, tH), 4.51 -4.42_(m, 2H), 4.42:4.31 (m, 1H), 4.02 (d, J = 7.4 Hz, 1H), 4.02-3.93
. " (m, 1H), 3.97 (s, 3H), 2.63-2.52 (m, 1H), 2.42 (s, 2H), 2.35-2.25 (m, 1H), 2.07-1.95
e 25 (m, 3H), 1.90-1.76 (m, 1H), 1.70-1.41 (m, 3H), 1.30-1.23 (m, 1H), 1.04 (s, OH), 0.96
©* 8087 (2xs, 9H), -
M S. (electrospray) - 803. 4 (M—H)— 805.4 (M+H)+ . Reverse Phase HPLC
-25-




Iz

=8.0HZ, | H L 7.76-7.50 (m 2H), 7.35-7.20 (m | H), TAums{(3§063 = 8.0

, 1 H. 5.78-5.67 (m | H, 565550 (m 1H), 519 (d, J =17.0 Hz, 1

. 5.07 (d, J =10.2 Hz, | H), 4.51-4.42 (m 2H), 4.424.31 (m 1 H), 4.02
(d, J =7.4H, | H, 4.02-3.93 .(m 1H), 3.97 is, 3H), 2.63-2.52 (m 1 -
H. 2.42 (s, 2H), 2.35-72-25 (m 1 H), 2:07-1.95 25 (m 3H), 1.90-1.76 (m |
‘H). 1.70-1.41 (m 3H), 1.30-1.23 (m 1 H, 1.04 (s, 9H), 0.96 & 0.87 (2xs,

- 9H), M S. (efectrGCspray):803.4(MH)- 805.4 (MtH)+. Reverse Phase HPLC -25 1

August 2006 Horpgeneity (0.06 % TFA; CH3CN H20): 98 % EXAMPLE7

Preparation of compound 106 s 1~1 14; 0 0 "MSC YO~ 0 0-01 W ~ql _ 0
~000HOO.00 CGonmp~d 106 Conpound 100 of exanple 1 (29.8ng, 0.036mvl)

- was “conbi ned Hofhogeneky D106 G4 TRA; GHGN:.H0):8826y, 0. 052nmol ) and di ssol ved in
-anhydrous DMF (4nL). The solution was stirred at R T. and DI PEA (5 equiv.,

31. 4pL, 0.18mmpl ) was added dropwi se over ca. | mn.. The m xture was

- stirred for 2 PLEB# R 7. and anal yzed by 10 anal ytlcal HPLC for the
formation of p,lg aratdd ofabmeonglies. A sol ution of et hanesul f onam de

(5.8equiv., 1 no, nmo DVAP (5. 4equiv., 23.5ng, 0.193mmol) and

DBU ( 4- 8eqU|v 25.8 L 0,17 r))mEOwas added i n DVF (Inm).{ Mg reaction
" mixture was stirred SR b_%}gre bei ng conte Mn faguo. The
residue was reconstitt £ n D Vi and purified b arati ve'\HPLC.
0 o
). . o ™ &
AL g ,CLOJQ;& .
B i+ n o

5 Compound 106

| Compound 100 of example 1 (29.8mg, 0.036mmol) was combined with HATU (1.2
equiv., 19.7mg, 0.052mmol) and dissolved in anhydrous DMF (4mL). The solution
was stirred at R.T. and DIPEA (5 equiv., 31.4uL, 0.18mmol) was added dropwise
over ca. 1 min.. The mixture was stirred for 20min. at R.T. and analyzed by

.' 30 ' analyﬁcai HPLC for the formation of the activated ester. A solution of
méthanesulfon_amide (5.8equiv., 19.7mg, 0.207mmol), DMAP (5.4equiv., 23.5mg,
0.193mmol) and DBU (4.8equiv., 25.8pL, 0.172mmol) was added in DMF {1mL). .
The reaction mixture was stirred 16h at R.T. before being concentrated in vacuo.
The residue was reconstituted in DMSQO and purified by preparative HPLC. '
15 Lyophilization gave the final product (23mg, 71 .3%) as an off-white amorphous
solid. |
TH-NMR (400MHz, DMSO-d6), §12.35 (s, 1H), 10.53 (s, 1H), 8.87 (s, 1H), 8.40-8.20
'(m. 1H), 8.17 (d, J= 8.8 Hz, 1H), 7.61 (bs, 1H), 7.51 {bs, 1H), 5.67-5.55 (m, 2H),
5.23-5.18 (m, 1H}, 5.10{d, J= 12 Hz, 1H), 4.68-4.57 (m, 1H), 4.50 (bd, J=12 Hz,
20 1H), 4.46-4.37 (m, 1H), 4.07 (d, J= 8.0 Hz, 1H), 3.95 (s. 3H), 3.17 (s, 3H), 2.78-2.58.

' (m, 1H), 2.42 (s, 2H), 2.29-2.19 (m, 1H), 2.19-2.09 {m; 1H), 1.71 (dd, J=7.8,7.6

Hz, 1H}, 1.67-1.55 (m, 4H), 1.55-1 .37 (m, 4H), 1.04 (s, 9H), 0.98 (s, 9H), 0.97-0.87 -
~{m, 2H).
_ MS (electrospray): 896.5 (M + H)+, and 894.5 (M — H})-.
25 -RP:-HPLC:Rt=6.7 minutes (homogeneity = 100%).
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15 Lyophilization gave the final product (23ng, 71.3% as'A¥eUsta00Ghi e
anor phous solid. '"H NWR (400vHz, DVBSC-d6), 812.35 (s, 1 H), 10.53 (s, |

H, 8.87 (s, | H, 8.40-8.20 (m 1 H), 8.17 (d, J = 8.8 Hz, 1 H, 7.61
(bs, 1 H, 7.51 (bs, 1 H, 567-5.55 (m 2H), 5.23-5.18 (m 1 H, 5.10 (d,
J =12 Hz, | H), 4.68-4.57 (m | H, 4.50 (bd, J = 12 Hz, 20 1 H), '
4.46-4.37 (m 1 H, 4.07 (d, J =8.0 Hz, 1 H), 3.95 (s, 3H), 3.17 (s, 311),
Z78-2.58 - (m | H, 2.42 (s, 2H), 2.29-L 19 (m 1 H), 2.19-2.09 (m 1 H),
©1.71 (dd, J = 7.8, 7.6 Hz, 1 H, 1.67-1.55 (m 4H), 1.55-1.37 (m 414),
+1.04 (s, 9H), 0.98 (s, 9H), 0.97-0.87 (m 2H). M (electrospray): 896.5 (M

-+ H)+, and 894.5 é’ - H-. 25 RP~HPLC. Rt 6.7 m nutes (honbgeneity 1009%.
-26 1 August BBOMPLEXAVPLES Preparation of conpound 107 0 MO 0 H 00 00
conmpound 107 mb@n@wc&mﬂgedure described in Exanple 7 and using :
benzenesut fonam de 5 instead of nethyl suffopani de gave conpound 107 as a
= VIR (DVBO-d6) 812.39 (s, 1
H, 818 (d, J =28.4
.3m 1 H), 7.63-7.54 (M
H, 7.10 (d, J =7.8 Hz, | H),

- pal e yel |l ow anor phous solid in 54%y| eId
H) , 10.89(3, 1H, 883(s | H),
Hz, 1 Hj 7.90 (s, IH), 7.88 (s, ,
3H) 7.54- 745(m1 ,730715(m
562551(m10||—|) 538@@/@] ‘-516508(m1|—|) 4.93 (d, J=
10.4 Hz, 1H), 4.70-4.58 (m 5

~4.09 (d, J= 7.8 Hz, IH) 3.95 (S, "Ms

: 448439 (m 1H),
2.41 (s, 2H),
2.28-2.16 (m | H, 2.14-2.04 (m 1 H? £\;,52 (m 4H) 1.51-1.37 (m

4H), 1.29-1.22 (m | H), 1.03 (s, 9H), 100(s 9H), 0.99-0.92~(m I|H).
Compo nd 107 - .
)

Using the same procedure described in' Example 7 and using benzenesuifonamide
5 mstead of methylsulfonamlde gave compound 107 as a pale yellow amorphous solid
in 54% yield.
'H NMR (DMSO-d6) 512.39 (s, 1H), 10.89 (s, 1H), 8.83 (s, 1H), 8.40-8.22 (m, 1H),
8.18 (d, J= 8.4 Hz, 1H), 7.90 (s, 1H), 7.88 (s, 1H), 7.67-7.63 (m, 1H), 7.63-7.54 (m,
T “3H'),.7.54— 7.45 (m, 1H), 7.30-7.15 (m, 1H), 7.10 (d, J=7.8 Hz, 1H), 5.62-5.51 (m,
10 1H), 5.38-5.26 (m, 1H), 5.16-5.08 {m, 1H), 4.93 (d, J= 10.4 Hz, 1H), 4.70-4.58 (m,
‘1H), 4.57-4.49 (m, 1H), 4.48-4.39 (m, 1H), 4.09 (d, J=7.8 Hz, 1H), 3.95 (s, 3H),
2.69-2.59 (m, 1H), 2.41 (s, 2H), 2.28-2.16 (m, 1H), 2.14-2.04 (m, 1H), 1.72-1.52 (m,
4H), 1.61-1.37 (m, 4H},-1.28-1.22 (m, 1H), 1.03 (s, 9H), 1.00 (s, 9H), 0.99-0.92 (m,
1H). '
15 MS (electrospray); 958.5 (M + H)+, and 956.5 (M — H)-.
RP-HPLC: Rt = 7.2 minutes (homogeneity = 95%).

 EXAMPLE 9 o
NS3-NS4A grdtease assay
20 The enzymatic assay used to evaluate the present compound is described in WO
00/09543 and WO 00/59929.

EXAmMPLE 10
_ | . :Cell Based HCV RNA Rep_llcatlon Assay
.25 Cell Culture
_ Huh.'i cells that stably maintain a subgenomic HCV replicon were established as
previously described (Lohman et al., 1999. Science 285; 110-1 13) and designated
-as the 522.3 cel-line. S22.3 cells are maintéined in Dulbecco's Modified Earle
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- 15 IVIS (electrospray); 958.5 (M+ H+, and 956.5 (M- H)*1AuguRROBPLC. Rt =
7.2 mnutes (honogeneity 959% . EXAnMPLE9 NS3- NS4A Prot ease assay 20 The
~enzymatic assay used to evaluate the present compound is described in WO
00/ 09543 and WD 00/59929. EXANPLEI O Cell Based HCV RNA Replication Assay
Cell Culture Huh7 cells that stably maintain a subgenom c HCV replicon were’
established as previously described (Lohman at a[., 1999. Science 285:

- 110-113) and designated as the S22.3 cell-line. S22.3 cells are maintained
i n Dul becods Modified Earle -27 | August 2006 Medium (DMEM suppl enent ed
with 10% FIBS and | ng/nlL neonycin (Standard Medium). During the assay,
DVEM nmedi um suppl enented with 10% FBS, containing 0.5% DVSO and- | acki ng

gggngm n yas MﬁﬁgrnQﬁﬂEWs&ﬂgﬁméﬁkdwﬁtﬁgb?lﬁBSaSrﬂﬁl Omme / ngﬂdéirdgj[tlgn .
cells are tr Si,ni zed an ut e 0 C In andaar

Nea < boovi Mdin) BRrife e a5 DI el Sep e B SR AOHRES. of ' oo o |

pl ate. The pl antainiag0.5%OMISO antbiatidrd; rebmaio wat Used(Hesa) Madivin)l 16 heuraext day.
~Reagents and t nt | nc.
10013CV 40C. m&d@’@"“ﬁﬁ%@ S%@%%r% Qo188 5 oI AE T L
Fetal Bovife B&tandari Mediym. 20810 980 orlis) are dpbibaled ity eachore)l of 8 9¢-well 8) '

~ G bco- BRL 10154020 gAY 4 incoias b e7EWiA 5% O anfifhe AR 054 - 20001 40C
- 96-wel |- plates Costalr 3997 0.22pmFilter Unit MIIipore SLGVO25LS

RT Deep-Well Titer Plate Beckman 267007 RT Pol ypropyl ene
: : ~ Reagents and Materials:

Product Company . | Catalog# | Storage
‘DMEM ‘Wisent Inc. 110013CV | 4°C -
DMSO | Sigma D-2650 | RT
Dulbecco’s PBS ‘1 Gibco-BRL - 14190-136 | RT

| Fetal Bovine Serum - | Bio-Whittaker 14-901F -20°C/4°C
Neomycin (G418) | Gibco-BRL | 10181-027 | 20°C/4°C

" | Trypsin-EDTA * 1 Gibco-BRL 25300-054 | -20°C/4°C
96-well plates Costar 3997 RT

1 PVDF 0.22um Filter Unit Millipore SLGVO25LS | RT

| Deep-Well Titer Plate _

‘ Polypropylene Beckman .26'7007 RT

10  Preparation of Test Compound
ey -10pL. of test compound (in 100% DMSO) was added to 2 il of Assay Medium for a
- ' final DMSO concentration of 0.5% and the solution was 'sonic_ated for 15 min and
filtered through a 0.22uM Millipore Filter Unit. 900p! was transfered into row A of a
Polypropylene Deé&Wel_l.Tﬁer Plate. Rows B to H, contain 400pt_ aliquots of Assay
15 Medium (containing 0.5% DMSO), and are used to pfepare sérial-di!utions (1/2) by
transferring 400pi from row 10 row {no compound was included in row H).

' Appllcatton of test compound to cells
~ Cell culture medium was aspirated from the 96-well plate oontamlng the $22.3 cells.
i 20 175 of assay medium with the appropriate dilution of test compound was
transferred from each well of the compound plate to‘the corresponding well of the
- cell culture plate (row'H was used as the "No inhibition control®). The cell culture
plate was incubated at 37° with 5% CO, for 72h.
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10 Preparation of Test Conpound | O L of test conpound (inAUWOEHPRE0) was
~added to 2 m of Assay Mediumfor a final DVSO concentration of 0.5% and

t he solufion was sonicated for 15 min and filtered through a 0.22pM ,
- MIlipore Filter Unit. 900pi was transfered into row A of a Pol ypropyl ene
‘Deep-Well Titer Plate. Rows B to H, contain 400pl- aliquots of Assay 15
Medi um (containing 0.5% DVSO, and are used to prepare serial dilutions

- (1/2) by transferring 400pl fromrowto row (no conmpound was ‘i ncluded in

-row H). Application of test conpound to cells Cell culture nmedi-um was :
aspirated fromthe 96-well plate containing the S22.3 cells. 20 1751j1- of
assay nediumw th the appropriate dilution of test conpound was
transferred fromeach well of the conpound plate to the corresponding well

of the cell was used as the nNo inhibition control*).
‘The cell cultu Ja&wn%f%tgi&el&ﬁpﬁ“ﬁat ed at 370 with 5% Q02 for 72h. | August

2006 Ext. ractlFQHnW‘Oﬂ thipoich incgbatiop pariodris teta] qeliianfiNA wes edpcted #0md88 on peri od,

~the total celgsy @éellgbﬁhé\@@wﬁK%lﬁﬁ%ﬁgtﬁdmé@@B k@@ag%n@ehﬂﬁaé?f the 96-wel |
pl'ate, using the RNeas 999,)

RNe
B Per Ty R ook 5o Busth 7SR SR 1o S P S B TS B L of RLT
- buffer. . (Q agefﬁ@)pL@HL’ﬂbﬁ!dﬁ@c&ée%@)MoﬁtaimfgCam mmmmmh;htomoaﬁaheaudeuo each

wel | of the 96- L -eul t e e e shaken

for 20 see. (?mgb‘ffe"gc? 'ﬁcgﬁﬁﬁl aﬁehﬁh '33(5’3%%‘@ Se%?\éﬁf%%g%iﬁ ate well,

and m xed - by2QuepetOiphof 70%etﬁayslavtw thesaddeditoveadh ambpigipwelbdnd oiele wel | s of
a Fl Neasy 96 d@a‘%g agen@

- Squar e- Wl | B%é(e%# %e gélg%‘wﬁlt S segﬁ$ sBﬂPHﬂBaﬁggnd t he

-$quar e- Wene Hmﬂﬂ'ﬁemwﬁwt%dm@F@ﬁ%%qqa@a‘ﬁ’@lwpﬁ'fJ €he hol der and

~placed in a rpt&sybs iéétwé%fsea!e&lﬁhhﬁ@e ah8 thé sémewﬂbmsamptm PhMRAASY -

trif d at t Th
ape was 1 o t?rva%foeﬂéd'51045?%%%‘?%3638'%?4" f B tfelita S (G'agene
P e e el
daflrd ' The' tefpe Wad'r rgm t e3fid'o B qé
e a

-~ for 4 mn at era ure. ace on top of

" anot her 3 eat®iasg0@® Rblepy 96 1) wakaddeddo ?Qféé"@'éﬁb‘@&ﬁ‘eaﬁtﬁ igenfheof Buffer RPE
(ai agen(D R'\ﬁﬁédéy @é Fiétet\ﬂra%ﬁ!eadﬂﬁd kW pRRE lbf 14Bé hndéentriftzeRbiesuy rid pl at e. '

| ;['eﬁgygafgmgﬁgfﬁ’@ i o Brmperaurs, T Finbady 88 Wl w28 Biodba 705 oPRbutef "t 11 T uged

clean Square-Well Block, the tape removed and 0.8 ml of Buffer RPE (Qiagen®
RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The RNeasy 96

20 | plate was sealed with a new piece of tape and eentrifuged at 60600 rpm for 4 min at
room temperature. The tape was removed and ancther 0.8 ml of Buffer RPE '

_ (Qiagen® RiNeasy 96 kit) was added to each well of the RNeasy 96 plate. The

‘ ” - - RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000 rpm
for 10 min at room tempefature. Tape was removed, the RNeasy 96 plate was

25  placed onopof a rack containing 1.2-mL collection microtubes. The RNA was
eluted by adding 50 pL of RNase-free water to each well, sealing plate with a riew

‘piece of tape aﬁd incubated for 1 min at room temperéture. The plate was then

centrifuged at 6000 rpm for 4 min at room temperature. The elution step was
repeated with a second.volume of 50 pl HNése—free water. The microtubes with total

30  cellular RNA are stored at—70°. '

Quantification of Total Cellular RNA
RNA was quantified on the STORM® system (Molecular Dynamics®) using the
RiboGreen® RNA Quantification Kit (Molecular Probes®). Briefly, the RiboGreen
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roomtenperature. The tape was renoved and another 0.8 nf16p0uBid0Per RPE

(G agen@ RNeasy 96 kit), was added to each well of the RNeasy 96 plate. The
RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000
-rpm for 10 mn at roomtenperature. Tape was renoved, the RNeasy 96 plate
was 25 placed on top of a rack containing 1.2-nL ColleCti on m crotubes.
The RNA was el uted by adding 50 VL of RNase-free water.to each well,
sealing plate with a new piece of tape and incubated for 1 min at room
tenperature. The plate was then centrifuged at 6000 rpmfor 4 min-at room
tenperature. ‘The elution step was repeated with a second volunme of 50 pl
RNase-free water. The m crotubes with total 30 cellular RNA are stored at
<700. Quant i freagent was dilited@0e ol TE (1amMRNA-HRMAHWETS, qmdnEDTA)led on the STORM@

~ system (Mol Kit

el ol o B RlopSORTE B et BBl B 9T %%Q@Wu%%%% B8 gent. vas
di | uted 200- fmw waﬁdmﬂemmzvmmlpr@#etammd amogvs §0 2@l |y, 50pL
of reagent wasaghl EEISQ)f {8 angﬂmaTﬁNA&ofﬁhangt@mn@ahysn&fm@b@&@m{«eu RNA was

diluted in TE to pre-determ ned anounts 40, 20, 10,
5,2 and péﬁte{Q&FA%%§%P"WVQUWM%WEP'@W’% Fé{‘f‘@ﬁ rred in a new
- 96-well 5 pI ﬂ@e(aﬂiﬁﬁlﬁﬁn#l U6 welthlath evay 0badTor i@ stacdanpbgtveshdtbe | OOpL Wit h

TE o Lo SR yboor b A0SR BhabG Y3AC At 4R Standard

curve and the er we Hre VLT 0 be quantified.
~10pL of each smmetba:tmqaseobmmam&@ was tansiamred ta the ecerresperdingwelsfthered to the

corr espondi ”%"W‘du fla@é? é:L%ﬁTE‘WaL— aBdédt BnéPsluicRboR) of GuRRiBsEIesh One

- volune (1 OOV G een 10 reagent was added to each wel | of
~ the 96-weld ﬁ?%ﬁeétwqdﬁétﬂﬁpba'eﬂ 8?"‘29{5&'3%9'%9@&9@?"'3%?6#06%?{%ftB'f%'@sat ure,
protected fr %rdohgtb?mpé@tui? pﬂt?ld@@fr@ﬂ@it & 100eRRBRamplefit aabo ul}/ﬁ'latmﬁ
generates a i lutjon escence in ch well was
"measured on t'R @W s%oég?ﬁ'%'pu@m@f’mﬁﬁ‘ﬁ'ﬁﬁ{"ie %Ofﬁag?wg‘}glrd curve was
created on t meedsared on die STRRMAoystemuiMitachiiacByramics®p A styslashaurvelR% and t he
resul ting 15 ciédt@{ cﬁﬁﬁ@ﬂésué (gtﬂ%‘ﬁioWnQ:@l EQ@O%I&Q%QrﬁmﬁSﬁMe rdultiRg

experi ment al eterm ne romt standard curve and corrected

for the 21X (!'PP’G??%h'"te"ﬂB%Fg@h‘f BNAfaneguiratiandn he expesingatal ﬁ%ﬂ%ﬁﬁ%t al og #

St orage determined from the standard curve and corrected for the 20X difution.
Reagents and Materials:
[ Product | Company Catalog# | Storage
DEPC | sigma ‘D5758 . | 4°C
EDTA ‘Sigma E5134 RT
; Trizma-Base _ .Sigma T8524 'RT -
! Trizma-HCI ' Sigma T7149 RT
. § Coltection Tube Strips . - Qiagen 19562 RT
| Ribogreen RNA Quantitation Kit | Molecular Probe | R11490 ~20°G
| Rneasy 96 Kit | Qiagen - 74183 - RT
[ Square-Well Biocks  Qiagen 19573 RT

20 Real-Time RT-PCR
The Real-Time RT-PCR was performed on the ABI Prism 7700 Sequence Detection
System using the TagMan EZ RT-PCR Kit from (Perkin-Elmer Applied
Biosystems®). RT-PCR was optimized for the quantification of the 5’ IRES of HCV
_ RNA by using the Tagman iechno!pgy (Roche Molecular Diagnostics Systems)
25 - similar to the technique previously described (Martell et al., 1999. J. Clin. Microbiol.
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DEPC Si gma D5758 4*C EDTA Sigma E5134 RT Triznma-Base Sigiwoudigeos RT
T(izma-HCI Signma T7149 RT Collection Tube Strips Q agen 19562, RT

Ri bogreen RNA Quantitation Kit Ml ecular Probe RI 1490 -200C Rneasy 96 Kit
ai agen 74183 RT Square-Wel| Bl ocks Q agen 19573 RT 20 Real - Ti ne RT- PCR The
Real - Time RT-PCR was perfornmed on the ABI Prism 7700 Sequence Detection
System using the TagMan EZ RT-PCR Kit from (Perkin-El mer Applied

Bi osystems@. RT-PCR was optim zed for the quantification of the 5 |RES of
HCV  RNA by using the Tagman technol ogy (Roche Ml ecul ar Di agnostics
Systems) 25 sinmilar to the technique previously described (Martell at al.,
1999. J. din. Mcrobiol. -30 1 August 2006 37:327-332). The system

exploi ts the d7: 355 92 |1¢\@|sy§té|€| efplbitsthé 5 mﬁuo@@qwtm’éwmmqunmase

Briefly, th t hod t
o obe. {PUTR. wPaBaRee en B8 rerel lieds el L ARSPUT B Eh heen t he
PCR priners p('cmel(ﬁtﬂ'l %di%ttmnsbe?&lﬁ@ﬂly anfigads 9 thanigmplate betweendbeePERNt ai ns a

fl uorescent ?) Fn%%o( Ers EFUFHQE%%G%& {he[pF&N}élcbntﬁﬂgaTﬂD@reé’cemend cont ai ns
a fluorescen que tetranmethy[rhodarrfine | TAMRAI). The FAM
reporter' & erf?l@gfﬁbﬁ(i'caﬂ%tﬂqoiﬁ%% AMilanddhe 2 engdigontaias g fleqiestest on the intact

| hylbr i di zai Ih thu@ﬁdhﬁf(s-cam&h@fi?ﬂetﬂﬂﬂibadﬁhé AMHAJY lTRe hmhrrepmm éissigar Obe

rel eases the reporter, resu r e, i nce emi-ssion.
The ABI PrisiP #&Vgﬁ? S‘Fe"&?‘féé’gﬁl?ee'g %@gﬂﬂ%‘# gégign f| uor escence
em ssion- conmmbesaiegraubatimm thenlyybRdiEation probie fréleases the repmter, résatting in@nanpl i fi ed
product was qlr\creea%%rﬁ itBFe%BQéée'e?rﬂssEo?i fﬁ'@Aél'Fg{%ﬁJ Woogg%eﬂﬂ@&étédt&at ion plot was

anal ysed earl e reaction a oi nt sents the |ogarithmc
phase of wrodnngsura@mmnraaae@mﬂumeﬁsgnwwweww@wﬁr@ﬁhw&ﬁ det ecti on

“threshol.d of ffifidatié Si%hdt Ehetmnﬁédtwmmﬁ duﬁsbﬂﬂﬁbpcﬁﬁ@ﬂ@ mtsega.aw th the 15
exponential grow h_of the PCR Rase\';lm for the gll,ij t ett ect or. was defi ned
~as the. cycllbeempiicaipplotwas a setheio the Eeathﬂ'}' EBP'{’ ?(Sffgﬁtem?nal to the
quantity of  itigiugaritkevc Bhifse of prddutthaatumutation. A paintrereseniigra defined t | ons, t he
! arger the -St_d%{ekiié?ﬂhreshold of the increase inthe fluorescent signal associated with the
15 exponential growth of the PCR product for the sequénce‘ detector was defined as the.
cycle threshold (Cy). Crvalues are inversely proportional to the quantity of input
HCV RNA; such that under identical PCR conditions, the larger the starting
concentration of HCV F-.!NA, the lower the Cr. A standard curve was created
automatically by the ABI Prism 7700 detection system by plotting the Cr against
20 each standard dilution of known HCV RNA concentration.

: . . Reference samples for the standard curve are included on each RT-PCR plate. HCV
’ ' _ 3 Replicon RNA was synthesized (by T7 transcription) in vitro, purified and quantified -'
- by OD2s0. Considering that 1pg of this RNA = 2.15 X 10" RNA copies, dilutions are
25 -rhade in order to have 10°, 107, 10°, 10%, 10", 10° or 10? genomic RNA copies / 5pL.
" Total cellular Huh-7 RNA was also incorporated with each dilution (50ng / 5pL). 5L
of each reference standard (HCV: Replicon + Huh-7 RNA} was combined with.45p1.
of Reagent Mix, and used in the Real-Time RT-PCR reaction.

30 The Real-Time AT-PCR reaction was set-up for the experimental samples that were
" purified on RNeasy 96 —weil plates by combining 5pl of each total cellufar FINA
sample with 45pL of Reagent Mix.
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. copi es,

concentration of HCV RNA,
automatically by the ABI

agai nst 20 each standard dilution of known HCV RNA concentration.
sanples for the standard curve are included on each RT-PCR pl ate.
Replicon RNA was synthesized (by T7 transcription)
quantified by OD2w. Consi dering that
dilutions are 25 nmade in order to have 10",
Tot al
I ncorporated with each dilution (50ng / 5pQ 5tilL
standard (HCV Replicon + Huh-7 RNA) was conbined Wth 45jil -

103 or 102 genom ¢ RNA copies |

51 L.

in vit

cel | ul ar

1 13-,

ro,

| pg of this RNA = 2. 15 X 10"
106, 105, 16',
Huh-7 RNA was al so
of each reference

the | ower the CT. A standard cult4ufedd08r eat ed
Prism 7700 detection systemby plotting the CT

Ref er ence
HCV

purified and

RNA

of Reagent

M x, and used?eagemhanmaieﬂalszne RT- PCR reaction. The Real -Time RT-PCR
reaction was g i v ; SJIET P d?gée"ied on
RNeasy 96 -we ijni ng QI of each tlotal el ajar sanpl e
with 450L of Mptﬂbaaﬂﬁyst €04 Ngos-o2a6 Maoeri al s: Product
COVPANY Cat al By I —PORA (1P AnaLi-bd-_Btosyst ens
N808- 0236 - 20D E@B‘@Bﬁsﬁﬂ?ec “EP’E‘Q%% b NB0Y- 0935 RT
McroAmp Opti uicrmonGpm:ptﬂa-ed B| os stems N801- 036 || Reag¢tion Plate
Reagent M X p @@g?g%u@g Iayec’l e i P&f%y%t@PSOmNBﬂ]ﬁ%@ Rhal  fonponent
one sanpl e sarm + C nc (PL) Dead Vollune) Rnakedree water 16.5

1617 5X Taql\/an EZ buffer

(1om\/p 1.5 14%a3650Mk pdpdiBidnl O 1.5 147 300PM

10 980 1 X Mi(QAc)2 (25mM) 6 588 .3mM dATP

Volume for | Volume for One Plate Final
Y Component one sample ; (pL) (91 samples +
1 (uL) Dead Volume)- cone:
Rnase-free water 16.5 1617
5X TagMan EZ buffer 10 | 980 1X
Mn{OAc), (@5mM) | 6 588 13mm
dATP (10mM) 15 147 300uM
dCTP (10mM) 15 | 147 300pM
[ dGTP (10mM) i5 147 300pM
dUTP (20mM) 15 147 600pM
| Forward Primer (10uM) | 1 98 200nM
_ Rev_ersé Primer (10pM) | 1 98 200nM
PUTR probe (5pM) z 196 200nM -
| rTth DNA polymerase 12 196 0.4 UL
(25upt)
AmpErase UNG - . "
o - 0.5 49 0.01 U/pL
1 (UL ' : _ _
Total Volume 45 4410

5
. GGC GTTAGT -3

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

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

CAC CCTATCAGG -3
10
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. dGTP (10mVW) 1.5 147 300pm dUTP (20m\M) 1.5 147 600VM For Wawahs0P6rer (|
oM 1 98 200nM Reverse Priner (1 OopM 1 98 200nM PUTR probe (5pM 2 196
200nM rTth DNA polynmerase 2 196 0.1 Upl- (2-5 UyljL) ArmpErase UNG 0.5 49
0.61 Upl. OUPL) Total Volume 145 1 4410 5 Forward Priner Sequence (SEQ
~ID. 1): 6 - ACG CAG AAA GCG TCT AGG CAT GG&C GIT AGT - & Reverse Priner

. Sequence (SEQ ID.NO. 2): 5 -. TCC CGG GGC ACT CGC AAG CAC CCT ATC AGG - 3!
10 -32 1 August 2006 Note. Those priners anplify a region of 256-nt

. present Wthin the 5 wuntranslated region of HCV. PUTR Probe Sequence (SEQ

~.Cycling Conditions;

- ID NO 3): F6FAM TGG TCT GCG GAA CCG 5 GIG AGI ACA CC - FAVM No Tenol ate
. Controls (NTC): On each plate, 4 wells are used as 'NTC . For these

- controls, 5plngb: MR8 primeR AMIF reiol IE25681 brebéht IAtAA thed' uiifislaidd Ther mal
" 0*C2 mn 60°C30 mMmn 950C5 mn 15 950C 15 sec for
2 cycles 60089 REHCY00C 15 sac

. PUTR Probe Sequence (SEQ ID NO. 3): - TGG TCT GCG GAA CCG
5 GTGAGT ACA CC - TAMRA

‘No Template Controls (NTC): On each plate, 4 wells are used as "NTC*. For these
controls, 5pi of water are added to the well in place of RNA.

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

15 95°C 15sec)
60°C 1 min } for 2 cycles
- 90°C 15 sec
60°C 1 min } for 40 cycles

20 |
Following the termination of the RT-PCR reaction the data analysis requirés setting
of threshold flucrescence signal for the PCR plate anda standard curve was
constructed by plotting the Gt value versus RNA copy number used in each

' réfe(ence reaction. The Ct values obtained for the assay samples are used to

25 interpolate an RNA cbpy number-based on the standard curve.

. Finally, the RNA copy number was norr_nélize,d (based on the 'Bi-bo(:‘;‘reen RNA
quantification of the total RNA extracted from the cell culture well)y and expressed as
genome equivalents / g of total RNA [ge/ug].

.30~ The RNA copy number [g.e./ug] from each well of the cell culture plate was a
~ measure of the amount of replicating HCV RNA in the preSemé of various -

ibition was calculated with the following -~ -
equation: o el
100- f(g.efug inh)( g.efug ctx 100].
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for 40 cycles 60*C | min 20 Follow ng the ternination of 1AHESRAOPCR
reaction the data analysis reqUires setting of threshold fluorescence
'signal for the PCR plate and a standard curve was constructed by plotting
the Ct value versus RNA copy nunber used in each reference reaction. The
Ct val ues obtained for the assay sanples are used to 25 interpolate an RNA
. copy -nunber - based on the standard curve. Finally, the RNA copy nunber was
normal i zed (based on the R boGreen RNA quantification of the total RNA
extiacted fromthe cell culture well) and expressed as genone equival ents
| pg of total RNA [gelVgj. The RNA copy nunber [g.e./pgl fromeach well of
“the cell culture plate was a neasure of the amount of replicating HCV RNA-
in the presence of various concentrations of inhibitor. The @6inhibition

| cul I Jl hf f J
TS A B T o B g B gl %,
~appl i ed to thdaty,@ing liet508nefteoivesnnceatration (Eda) was caleliatértby30euised dISAS ve
concent rat i oNgdieRbt at@&apodnouteaéfftnbms%uw i c%@su cs)ﬁlf e ihe

(Statistical Software System SAS Institute
conpounds ®f this invention were evaluated in the preced| ng enzymatic and

cel | ?aseﬁ asmyrs:hetcbepmﬂpd omganlvecgroﬁ g\felwaﬁmatbdhﬁtﬂelgﬁ&t{eﬁmgeh gszr e t
speci fical ly, ounds .ha s.bel o n_the pr ot ease
assay, and Ec%"‘dh"%ﬁﬁt‘%"at%‘f? PR %%F%”B%%'Eé)%ﬂ}y &lﬁﬁ cation assay.
10 ExAnPLE11 s;@pl&callf.ltm ctqrmmmdojtad‘l%s bplowilf 1 gV inthea bIS3NSIAgeclesse eval uat e
e sel ect i vi dobapanh Bl SIS o oHASSE BEY iy WOIQAUOSEED. 15 When e

conmpounds were € uate |n t 1€ specl assa ounds of formula
1 were folfd to be selective in that they do not show S|gn|f|cant
inhibition i rEpreEi-urran Leukocyte EI astase and Cat hepsin B assays. EXAnPLE

12 Specificity assays
. The specificity assays used to evaluate the selectivity of this compound are
‘described in WO 00/09543. |
: 1_'5 When the compounds were evaluated in jthe- specifily assays, the compounds of
formula 1 were found to be selective in that they do not show significant inhibition in .
the Human Leukocyte Efastase and Cathepsin B assays, ‘

. EXAMPLE 12
20 Pharmacokinetic properties

The present compounds also show good pharmacokinetic properties such as

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

5mg/kg. |

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

~ Materials and Methods:

1. Method used to pool compounds (“cassette selection™):
The selection of compounds to be pooled into e “cassette” was based on their

30  structural similarity and physicochemical properties. A solid phase extraction

method applicable to all the selected compounds was established. Based on the

nitial testmg where each compound was splked into rat p!asma and run through
HPLC or HPLC/MS at a concentration of 0.5 uM, the retentlon tlme lOﬂIG mass and'
the. possrble separatuon among compounds by HPLC andlor HPLC!MS were used
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20 Phar macoki netic properties The present conpounds al so BAwNsF988

pharmacol dnetic properties such as detectable plasma levels in the rat at

- I hour and 2h after an oral dose of 4 or 5ng/kg. More explicitly, the
~foll'om ng assay, an in vivo oral absorption screen, was used to 25

~ determine plasma | evels of test conmpounds in a rat after oral

.adm nistration: Materials and Methods: 11. Method used to pool conpounds
("cassette selection"): The sel ection of conpounds to be pooled into a
“cassette"” was based on their 30 structural simlarity and physi cochem cal
.properties. A solid phase extraction nethod applicable to all the selected -
~.conmpounds was established. Based on the initial testing where each

‘conpound was asyliakisdoripoblingidet cquippunds isia@ne (passdtebugh HPLC or HPLCIMS at a
concentration of 0.5 pM the retention tine, ionic nass, and the possible
separation anong conpounds by HPLC andfor HPLUMS were used -34 1 August

2006 = as basi® f orOrgbhiciganscompausdpiRParaioNione "cassette". 2. Oral

vehi cl e and ogyERGsHgetr B@MIR 3-0 BomPaRls ABESRIdNR foddch chfipaind. TRepounds at
5 or 4ngt kég for §%gh co ou%g. The . s ceas.se_tt o Wer e gre a{ &3 an oral .
suspensi or® i FA5S8ES W RRTRA IS AM A SPRAHER" ey FIL B el BT hyl ene
- (20) sor bi t orandd8% balyexfchiwtean (81 sorbiidremdumlaate (Treleni$6). \iBe dbéintli/ kg vi a
- oral gavage. é'umiﬁpﬁﬂgﬁgbﬁ%gﬁgnpl ing: 10 Male Sprague Dawl ey rats

were fasted overnig VI cages, with access to aqueous 10%
dextrose. Two rats were dosed with each "cassette". Plasnma sanples (-1 nml)
were col |l ectes] at poshiythndpiitatd sdamilingd fromthe 2 rats and pooled for

- ext ti |l ysis. 15 4. Co d act | d is. .F h
Gassot t e, Mo Jdafa Sermbe Daway i e R PR Byl RO A PEReHE S opi kod
“-with all the mpepesurtdsdatross. Twolvhs weenddsed witle eacht“cassetid. Bipsthlie sol i d phase
-ext ti L . I )| -} 3
compari son  OrBss (TP YR Mk R pt SRR T kol |

si ngl e concerferetradiongnd aglysiy. 5 pM st andar d.

15 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 yM of each, are extracted by the solid phase
extraction method. Samples were analyzed by-HPLC and HPLC/MS for comparison
purpose. Plasma concentrations are estimated based on the single concentration of
20 0.5 yM standard.

Reéults
‘When assayed in the preceding screen the compounds of examples 1 to 8 of this
| invention were found to present in significant levels in the plasma at the 1 hour and
| 25 ' 2 hour intervals following oral administration, averaging blood plésma levels of
0.83 uM and 0.75 M respectively.

This demonstration of i vive oral absorption for the tripeptide compounds of this
invention in noteworthy, in view of the poor oral absortion generally attributed to this

30 class of peptides. The ready oral absorption renders the cofnpo‘unds useful for -
treating of HCV infection. ' '




Results When assayed in the preceding screen the conpounti8uast 20&npl es 1
to.8 of this invention were found to present in significant levels in the
‘plasma at the 1 hour and 25 2 hour intervals follow ng oral admnistration,
. averagi ng bl ood plasnma levels of 0.83 pMand 0.75 pMrespectively. This
~denonstration of .in idvo oral absorption for the tripeptide conpounds of

~“this invention in noteworthy, in view of the poor oral absortion generally

attributed to this. 30 class of peptides~ The ready oral absorption renders
~* the conpounds useful for treating of HCV infection. -35 1 August 2006
-.CLAIMS A conpound of formula (1): HR2 NO Liao Ns R3R4HNR 0
"H O wherein R is hydroxy or NHSQR 1A wherein WA is (Cl.8)al kyl,
(C3- 7)cyc|oal kyl or f(CI-6)aI kyl - (Cramgdoal kyl ), which are all
optlonall?/ su stltut é to 3 times wth halo, cyano, nitro,
.0-(d -6)al’kyl cg'H?%l'@ )r phenyl. or WAis C6 O Co aryl whichis
optionally substltuted froml to 3 times with, haf o, ‘cyano, nitro,
(d-s)al kyl, 0-(Cl-6)al kyl, amdo, amno or nyl; R2 is I-butyll,

-CH27C(CH3) 3, or -CH2- cyclopentyl; s tN t)ﬂ or cyclohoxyl and R is
~cyclobutyl, cyclopentyl, or cycl N pharmaceutically acceptabl e
- salt thereof. 2. The conpound of for accordi ng to claim1, wherein R _
i s hydroxy, NHSQMO,, NHS02-cycl opropyl, NHSO02Ph. 3. The conpound of

formula | according to claim 2, f a%€i i's NHSO2Me or hydroxy. 4. The
' corrpound of fornula I accordlntg ﬁﬁmerel n R is hydroxy.

wherein R'is hydroxy or NHSOR'* whereln R%is (C,‘s)alkyl (03.7)cycloa!kyi or
. -{(Cpa)alkyHCy)cyc!oalkyI }, which are all optionally substituted from 1 to 3 times
with hato, cyano, nitro, O-(C{ds)alkyl, arnido, amino or phenyl, or R is Cg or.Cyo aryl
which is optionally substituted from. 1 to 3 times with halo, cyano, nitro, (Cg)alkyl,
O-{Cj¢)alkyl, amido, amino or phenyl; R? is t-butyl, -CH,-C(CHs)s, or -CH;—
6yclopentyl; H"_is t-butyl or cyclohexyl and R* is cyclobuty}, cyclopentyl, or
cyclohexyl; or a pharmaceutically acceptable sait thereof. :
2. The compound of formula | according to claim 1, wherein R' is hydroxy, NHSOMe,
NHSO,-cyclopropyl, or NHSO,Ph. '
: 3. The compound of formula 1 according to claim 2, wherein R? is NHSO,Me or
| _hydroxy. | _
4,  The compound of formqla'l according to claim 3, wherein R' is hydroxy.
L 5. The compound of formula | according to-any one of claims 1 to 4, wherein R%is t-
| " butytor CHy-C(CHg)s. - | -
6. The compound of formula | according to claim 5, wherein Ry is CHxC{CHa)s.
7. The compound of formula | according to any one of claims 1 1o 6, wherein Riist-
butyl. - '
8. The compound of formula | according to any ane of cialms 107, wherem R'is
. cyclopentyl or cyclohexyl.
"9, The compound of formula 1 according to claim 8, wherein R‘t is cyclopentyl. _
o '10. - The. compound of formula | as deﬁned inclaim 1, whefem R'i is hydroxy, 2is CHo-
 C(CHa)s, R®is thutyl and R* s cyclopentyl. :
S The compound of formula ! as defined in claim 1 wherein H‘ is hydroxy, R2and R®
' _ each is butyl and R'is cyclopentyl ‘
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The conpound of formula | according to any one of clainms MA¥yst#00&herein R2
Is t- butyl or CH2-C(CH3)3. 6. The conpound of fornula | according to claim
5. wherein R is CHrC(CH3)3. 7. The conpound of formula, | according to any
one of clains 1 to 6, wherein R3 is t- butyl. & The conmpound of fornula I
according to anyone of clains 1 to 7, wherein R4 is cyclopentyll or
cydohexyl . The conpound of fornula | according to claim8, wherein R4 is
~cyclopentyl. 1G The compound of formula. | as defined in claim1l, wherein
Rl is hydroxy, F12 is CHz- C(CH3)3, R 3 is t-butyl and R 4i S cycl opentyi.
11. The conmpound of fornmula | as defined in claim1, wherein R is hydroxy,
R2 and F132 edwvompotndmifoyhulzahat definddsn dyilipgresnginyR is hy3oxy, RRisgCH+ 2006 12.

The conpound gfcf QIR G yhl @i ml, vvherei n R is hydroxy, R2
is CH2 C(CHBh QI S ﬁ%ﬁj"eﬁ% ﬁlfﬁ §@&b&| cyclopentyl . 13, The conpound of
d¥

formul a 1 T3s H@fqoweauﬂ 1of oyl afde‘@n?émeq'%fﬂﬁalwflegew joxy, @ i GHacrp- o oHB) 3,
and R3and R4 é@th);iand Riand Rheadilis cydidhexyfThe conpound of fornula | as defined

in claim] V\T\%{ r R3 is t-butyl,
and R4 is cyc C%hg?ﬁdf?%nﬁ%ﬁ a@&gﬁne%cfﬁ a?rW%%ereu %N@m%l ned in claiml,
wherein R i sOYRY thyk R |'%tb€NZa“ GHIYPBbUE3 s t-butyl and R4 is

cycl obut yts. 1ﬁ1eoomﬂ;b\m<wmmcbs@érﬁeerﬂadm1Iwr@&eirde'fiéﬁwﬂaxy,mz@mzm 1, wherein

R is NHSO2Meg, | is t-butyl and R4 is cyclopentyl. 17.
Bl R Bl ol RE R bitioBih!

The conpound o 3r as de in claiml, where| n R |s NHSO2Ph, R2
i s CH2- c(m?@wmeoqngoffpmmlﬁsdafmdmmmmrats]d%mwsoi\@e RAis@her maceut i cal
conposition C(o(mg Rﬁ;ggg(_@nar@rm.g @@@h #ptis Cvirally effective amount of a
conmpound ne, of cl 1 a

phar maceu ca-ﬁ]e m@@%“@ﬂtog% aslfigfje’f”ﬁglr'é%fmtlvﬂ‘e ﬁﬂ#ﬁ Né’%b%lht% '%18{;'

phar maceut i caP(Cl), RtiedputhishéRb aWCbB&ﬂtyiredl um or auxiliary agent 19. The

- phar maceudd caA Iﬁéﬁﬂ?&‘éhéﬂl éH?np%QlﬁtSH sitParFar@ingbakits Cfvlﬂéllﬂ(léﬁéctt@mmﬁ' ng a
t her apeuti cal I anti-HCV agent. 20.

t
The phar maceuft %88'?’ 05 Igfemﬁr'%r?"%@’?ﬂ@laﬂbo'led’qg'ﬁ'gisﬁtﬁg; Hferei n sai d ot her

anti - HCV pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically
acceptable carrier medium or auxiliary agent
19, The phamaceutical composition according to claim 18, further comprising a
therapeutically effective amount of one or more other anti-HCV égent.

20.  The pharmaceutical composition according to claim 19, wherein said other anti-HCV
agent is selected from: a-interferon or pegylated a-interferon.

21.  The phamaceutical composition according o claim 19 or 20, wherein said other
anti-HCV agent is ribavirin.

- 22. The phammaceutical composition according to claim 19, 20 or 21, wherein said
' other anti-HCV agent is selected from inhibitors of: helicase, NS2/3 protease and
intemal ribosome entry site (IRES). .

23. Use of a compound of formula | according to any one of claims 1 to 17 for the
manufacture of a medicament for the treatment or prevention of hepatitis C viral
infection.

24.  Use of a composition according to any one of claims 18 to 22 for the manufacture
of a medicament for the treatment or prevention of a hepatitis C viral infection.

25. -Use of a compound of formula | according to any one of claims 1 to 17 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.
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agent is selected from a-interferon or pegylated a-interfRygypt2008  The
phar maceuti cal conposition according to claim19 or 20, wherein said other
anti-HCV agent is ribavirin. 22. The pharmaceutical conposition according
to claim19, 20 or 21, wherein said other anti-HCV agent is selected from
inhibitors of. helicase, NS2/3 protease and internal ribosone entry site
(IRES). 23. Use of a conmpound of formula | according to any one of clains 1
to 17 for the manufacture of a nedicanent for the treatnment or prevention
of hepatitis Cviral infection. 24. Use of a conposition according to any
one of clains 18 to 22 for the manufacture of a nedicanent for the
treat nent 2er Wh@u@w&n@ﬂb cRirh 25 dhbreinSald oter Ati- H(t\f@ga‘nhggelec’t’e‘é frokse of a
conmpound of forrmula | accordin any one of clains to 17 in
conbi nati on \AFt'rI"ie"fﬁﬁ%“Hrpe%t%d%&%fﬁmﬁntl -HCV agent for the manuf acture of a
medi carrenmf orrhéh@atcwangmmtamzs P28 Waitieinsaiddther arbpgViabergisC vi r al
i nfection. ? gust 2006 26. The use according to claim?25, wherein
sai d ot her gent is selected from a-interferon or pegyl ated
a-int erfe?%n Q@YUSWOC@@ g ctelp db i @7 cyvbgrrinasidpthergintiditas agent §ai d ot her
anti- HCV agentele&ed fromanitiiiors of 28licddReNBSS pstesetaritiniethaClitisbndS, 26 or 27,
- wherein said étﬁ%ute"%més' HCV agent is selected frominhibitors of:

hel i case, NS2 easeI and internal ribosone entry site (IRES). 29. The

phar maceu®9-cal h%m@ﬁwml@'rpoa@@%ﬁ%aﬁ@?r@m@Icﬁirﬂm%@omﬁ"o\ﬂm@qns%@m@’ n said
other ant- H%tﬂm%\germs@nmHH'tbrtufH@vnefynié@éepol ynmerase. 30. The use

accordi ng ai m25. .26, or .2 said agent is an
bt oy T ThsisRscdinged e 25 %Aégd‘gle St i B A B 03100001
SEQUENCE LI STmN@twmﬂP@GleEmamER | NGELHEI M | NTERNATI ONAL GvbH  <120>
HEPATI TI'S C | NHI BI TOR TRI - PEPTI DES
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<130> 13/ 107 <150> 2,369, 970 <151> 2002-02-01 <160> 3 <17BsusRP9BSEQ f or

W ndows version 4.0 .<210> 1 <211> 30 <212> DNA <213> Artificial Sequence
<223> Forward priner <400> 1 acgcagaaag cgtctagcca tggcgttagt 30 <210> 2
<211> 30 <212> DNA <213> Artificial Sequence <220> <223> Reverse pri ner

-<400>.2 t@@gg&g%ga ctcgcaagca ccctatcagg 30 <210> 3 <3ktkcasfeces212> DNA
<213> Artificial Sequence <220> PUTR probe <400> 3 tgjtctgcgg aaccggtgag
tacacc: 26 : : S - S

SEQUENCE LISTING
;110> BOEHRINGER INGELHEIM‘INTERNATIOﬂAL émbH

<120> HEPATITIS ¢ INHIBITOR TRI-PEPTIDES

<130> 13/107

<150> 2,369,970
<1351> 2002-02-01

<160> 3

) <170> FastSEQ for Windows Version 4.0

.<210> 1

<211> 30

<212> DNa

<213> Artificial Sequence
<220>

“<223> Forward primer

<400> 1
acgcagaaag cgtctagcca tggegttaght 30

<210> 2

<211> 30

<212> DNA

«213> Artificial Sequence

| <220>
<223> Reverse primer

<400> 2 ,
tcceggggea ctegcaagca coctatcagg 30

<210> 3

C<211i> 26

© <212> DNA

- <213> Artificial Sequence
<220>

-=<223> PUTR probe

-<4Q00> 3 7
tggtetgegy aaccggtgag tacacc o 26
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