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AGAI NST THE HEPATITI'S C VIRUS FIELD OF THE | NVENTI ON The pr eser [ nvention

relates t nds, processes for their synthesis, 5 cg |ons and
met hods f ?%?H;g‘?#r eatnent of hepatitis C virus (HCV) inf éﬂ?‘g AR10093,

particular, the present invention provides novel peptide analogs,
pharmaceuti cal conpositions containing such anal ogs and net hods for using
these analogs in the treatnment of HCV infection. 10 BACKGROUND OF THE

| NVENTI ON Hepatitis Cvirus (HCV) is the nmajor etiological agent of

post - transf usi onyadgo m@p@y@ggzﬁge%ugﬁggm mséﬁ ugr | dw de.

It is estimated that over e|n ected by the
virus. A high percentage of carriers becone chronically infected and many

progress to c#]gL%FcT,JEqmﬂgNsease so-called 15 chronic hepatitis C. This
group is in t rn at hi risk for serious |liver disease such as |iver

cirrhosis, Rsesant 'Ug%ﬂt'%&?'%‘feﬁ@n"é’"’éﬂ%i" % PIRCREHes|fPRIReIr Hyines§e | eading to
death. The mhmﬁslﬁmstahd\métﬁdmsffﬁmhesrbahiensmpxmmi w@:@r(acv; Wh@@orﬁﬂd causes

a high rate of C nic liver disease has r hi C|dat ed.
2 ot kndthrichiBr Boireednt ive R eogt vl Rap B AhelooB egagenf

system In actninipmtrpnstdmetarrﬂ)’nmcbfanaiogs &nd methadsifoh using mlesemmmlnﬂmponses I n
protection agalpsdnt YU Mis&hhon and di sease have yet to be established.

| mmunogl obul i ns have been reported for prophylaxis of
transfusion-associ ated viral hepatitis, however, the Center for Disease

Control dges gRkcROGIEGE tiE IvRNTIBRENd | MMunogl obulins treatment for this

purpose. 25 The | ack of an effective E@otectlve | mmune response is
hanperi ng thé"%ém@l%b'ﬁﬂé’r(ﬁcvbfs the (raior plidogieal agem ehpest-yarsfustismaylr e

prophyl axi s reaﬁ}wnﬁ@accﬁmea Hoﬁ RA&oREticphfts WorldARiREe $t idE&indtédiingt RchbBesl on
antiviral int e@ventl i ous cli nbcal st udi es have been_conducted with

‘the goal of i} ?I'EP?%%UN%V'MPHME@%@ ¥4 ViR SI90DSEASNIR08 O €ATHRIB | vel y
treati ng HCVbeoéree throniclly wﬁe:ttedaamcsmaai fulogfdsetb sMrbric eF disksse) epadliedi s C.

h ' I th I d.i
comi nat i B S REeRAE.ChE s Db Rjnfira SPGh K BhenrBL Iy Pl onr o
subst anti al - riversrhosif, hdpatosealiuarcainom all'd terniinal e disdagelesding to deatrer api es,

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

35 rel apse after termnation of treatnent.
The mechanism by which HCV establishes viral persistence and causes a high rate

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

20 HCVinteracts with and evades the host immune system. In addition, the roles of
cellular and humoral immune responses in protection against HCV infection and
disease have yet to be established. Immunoglobulins have been reported for
prophylaxis of transfusion-associated viral hepatitis, however, the Center for Disease
Control does not presently recommend immunoglobulins treatment for this purpose.

25 The lack of an effective protective immune response is hampering the development
of a vaccine or adequate post-exposure prophylaxis measures, so in the near-term,
hopes are firmly pinned on antiviral interventions.

Various clinical studies have been conducted with the goal of identifying
30 pharmaceutical agents capable of effectively treating HCV infection in patients
affficted with chronic hepatitis C. These studies have involved the use of interferon-
alpha, alone and in combination with other antiviral agents. Such studies have
shown that a substantial number of the participants do not respond to these
therapies, and of those that do respond favorably, a large proportion were found to
35 relapse after termination of treatment. .
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-1 19 July 2006 WO 03/064455 PCT/ CA03/00089 Until recently, iLghgys@eon
(I'FN) was the only avail able therapy of proven benefit approved In the
clinic fq& B@tl ents with chronic hepatitis C. However the sustained
response TaC¥%* ow, and interferon treatment al so i ndfEELARIUBY
side-effects (i.e. 5 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 caused by
| FN are not alleviated with this conbination therapy. Pegylated forns of

I nterferons EGIntro a Pega can pparently partially
address 10 tﬁ@'@émﬁgmgt@treffﬁ{?g (g;(t{j aépl?ee?:’ﬁ‘g ‘@ﬁ?é’% TRAYr Ip’QYFl}ng%'fl Il remain
t he avenue ofapphoed i theclinioioapatientsatitheshirontd hdpgeltis THésvadver e sastained exi sts

for the develrgmgé ra?é is r{v?f:aﬁb |ﬁ’tSrfé3 Mrt\-.{étmgpt %%ei @L?cr?a% Ylea{% ﬁga eeﬁe %}% 810 f

i nfection that rcone mta I ONS
t her api es.5 chﬂﬂogafam lamgiditiamsdiermsicteatitis, depressibnRidat diminish tha qudity of life

Fl d t el
9533' XLEI egtelcggrg&tlla%patm% %é&g}a@ m?érfe?d]ﬁn'é%b:%ngﬁth{ﬂélwhg hDBES '( ggF)e y

has a single open re
encodi ng-a siargroveq tor a@‘eﬁéﬁ RARIEERANSIVE o EB&I?"GSGMEZ@ Hieisde eftectss. I n
i nfected cel |@usdcfbyﬂFlﬂ@|*é’Mt@Il@héledj With krﬁ’@&ﬁﬁbuﬁnoﬁf}ﬂe?ap?l@eg%laie@ﬁorbr}é gel lul ar

and viral prqteases to, pr st ructur and non-structural (NS)
ot ei no. | n IiRRSo s EN B PRECDHE a5 keG4 rerb fonalY BerBIAdARS I o

prot ei ns (ONSZheshiS%lethSéMsldeNﬁéﬂe biNSInlvirahtdigd\ B miam thé besHue df Enoidevier vi r al
pr ot eases. Tra(?afpe nf)&?lc s yet poorly characterized, cleaves at the
NS2- NS3 j unction % enceforth referred to as 25 NS2/3 protease); the second
one is a serine protease contained wwthin the N- term nal region of NS3

(NS3 prot easq)ne%me egt&%?afk]l gfﬂi%@ﬁm‘*p’%%}f“%% @%ﬁ%geﬂ?%ﬁ r eam of

-NS3, both in cis, rans, for the
remai ni ng NSA’AEWB) H@a@eqsgmthak@&m eémtt@t@nsvﬁexrmmhpnmﬁceutwabppear s
to serve gul ihgphgied. Unctions, acting as a cofactor for the NS3 protease and
possi bly 30 assisting in the nmenbrane |ocalization of NS3 and ot her viral
replicase conponents. The conplex formation of the NS3 protease wth. NS4A

seens necess#OV is an eh@logeiQoeiiss SgartVENA Girusan IaFavigriddedamny TRE kivile C
Y eoenes o eV eh e ol e, 08 BlpiRes h B 2 g eos ce
single open reading frame (ORF) encoding a single large polyprotein of about 3000
20 amino acids. In infected cells, this polyprotein is cleaved at multiple sites by cellular
and viral proteases to produce the structural and non-structural (NS) proteins. In the
case of HCV, the generation of mature nonstructural proteins (NS2, NS3, NS4A,
NS4B, NS5A, and NS5B) is effected by two viral proteases. The first one, as yet
poorly characterized, cleaves at the NS2-NS3 junction (henceforth referred to as
25 NS2/3 protease); the second one is a serine protease contained within the N-
terminal region of NS3 (NS3 protease) and mediates all the subsequent cleavages
downstream of NS3, both in cis, at the NS3-NS4A cleavage site, and in trans, for the
remaining NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A protein appears
to serve multiple functions, acting as a cofactor for the NS3 protease and possibly
30 assisting in the membrane locaiization of NS3 and other viral replicase components.

. The complex formation of the NS3 protease with NS4A seems necessary to the
processing events, enhancing the proteolytic efficiency at all of the sites. The NS3
protein also exhibits nucleoside triphosphatase and RNA helicase activities. NS5B
is a RNA-dependent RNA polymerase that is involved in the replication of HCV.

35
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i s a RNA-dependent RNA pol ymerase that is involved in the repdigpsdogn of
HCV. 35 19 July 2006 WO 03/064455 PCT/ CA03/00089 A general strategy for the

devel op tiviral agents is to inactivate virally encoded enzynes
t hat arg%gégghi for the replication of the virus. Th&FGAYWEY is a
i st of patent applications published in the |last few years that 5 disclose
HCV NS3 protease inhibitor peptide analogs that are structurally different
fromthe conpounds of the present invention: GB 2,337,262; JP10298151; JP
11126861; JP 11292840; JP 2001-103993; US 6, 159,938; US 6, 187, 905 WO

97/ 43310; VD Qgérefhi Sftate %o?ﬁ(e%%‘@&@ pméf o%t%él“%’é%u t‘é@]a%%(:ﬁéﬁi
99/ 38888; WD 99/ 50230; 99/ 64442 WD 99/ 07734; 00/ 09543;

WD 00/ 09558 SREPERS SENHeSs thalgre geanyalfor theysnieation phthe Wigs-01/ 02424: WO
01/ 07407: WD 01116357: WO 01/32691: WD 01/ 40262: WO 01/58929: WD 01/ 64678:

WO 01/ 74768; 1/ 77113. 1/ 81 02/ 08

02/ 08244; 15 \WB 8'%"6%92'%f%'s\/%gégﬂg%i’fé%g'bmb‘g')sﬁ%gég“ BEFER B8t andt WO

02/ 79234. ST heilsmnwﬁmdNSBbrdtmepﬂwenpeptidaammgmhahese singiirglly diffezersel ves by

havi ng a di ff f% co@gm&ﬂgﬁt@l}\p&g rﬁlBﬂl by the surprising finding that
y in

they specifi ca pro ease while show ng insignificant
I nhibitory activity against other serine 20 prot eases. Furthernore, the

conpounds ar %@2%!37962 mpq@édmswwfﬁz@m bﬁ‘i?zgz%!dbpjlﬂ ﬁoﬁgﬂoigﬁmd
phar macoki net i rofile in INVENTI ON T ncl'uded in the

- scope of the Q%Qgﬁ? Pe %%1%%%%?7/6?3%%95“?67%\@@ﬁ8/2?\fl% 0 N25 R3-OH
(f) whereion RVOIgB/4B5dT,0¥D 9Br46BBGVIE 9b/38B88;080 J8/50286; WS oofakky!

(G3.7) cycl oalykylooii7755 We g0/07734; 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;
15 WO 02/08251; WO 02/08256; WO 02/18369; WO 02/60926 and WO 02/79234.

The compounds of the present invention distinguish themselves by having a different
chemical structure and by the surprising finding that they specifically inhibit HCV
N83 protease while showing insignificant inhibitory activity against other serine

20 proteases. Furthermore, the compounds are active in cell culture and have
surprisingly good pharmacokinetic profile in vivo.

SUMMARY OF THE INVENTION
Included in the scope of the invention are compounds of formula i

25 R—0 )
wherein R’ is hydroxy or NHSO,R' wherein R" is (C, g)alkyl, (Ca-)cycloalkyl or {(C.
. ajalkyl-{Cjz7)cycloalkyl}, which are all optionally substituted from 1 to 3 times with
e




e)al kyl - (C3-7)cycl oal kyl}, which are all optionally substi tuﬁ@ﬂﬂﬁogén l1to3
times with -3 19 July 2006 hal o, cyano, nitro, O (Cl6)al kyl, am'do, am no
or phenyl, or R" is C6 or Cl10 aryl which is optionally substituted from 1
to 3 times with halo, cyano, nitro, (Cl-6)alkyl, O (Cl-6)al kyl, am do,

am no or phenyl; R2 is (C5-6)cycloalkyl and R3 is cyclopentyl; or a
pharmaceutical |y accept abl e sal t thereof. Included within the scope of
this invention is ut| tion GEOPLI Si g n,., .

anti - hepg ygnctr\}m %ﬁf@‘f’f eraqﬂj e'?)‘fj %'fof?p%?fag@ﬁﬂﬁ?%ﬁhﬂ% I, or a
t -Eer apeuoptmahllyys@stnteteﬁ etllmhei 1 $caB ttlm‘ela avithdfalo, icparal nitrst L?g)awy[ ID-EC4 6)alky, g

phar mace | Wm or, auxiliary agen ccordi ng
o one. cbigt wotle BFOREVERE cedibedly RO RS bbbty Ainbettomyceles

i nt erfermepﬁablg;sbmtmcbo@r not), or ribavirin, or one or nore other anti-HCV
agent, or any conbination of the above. Anot her enbodi ment involves a

net hod of treating a hepatitis Cviral infection in a mnmal by

admi ni st iveluded withio e seopesl thimineerttion lirep phamace@ical campogitief temprisimg anount  of

2 SO Bl BHVER da ACHINEORMIT A X BEEERRADLE GALE ANSFSRT. O 2

conposi tion as one i W She or more
of . i nt ethtrapeuticalhcanceptabld salt theregif,)in admixturb awithrd pharroacentieallp accaptableot her

anti - HCV, AT oY) dmni stered together or separately. Another
enbodi nen @ nv&'%ér%ﬂ#e ﬁgg tgf preventing a hepatitis Cviral infection in

a mamal by adm nistering to the manmal an anti-hepatitis Cvirally

ef fect V@c&mﬁ‘o% ane @mﬁQ&manQhé)fphéﬂﬁéﬂéhgcé G @gk&ﬁ&ﬁ%&ﬁe} C@hipfis@ccept abl e

salt thereo osition as escri al one or 1'n conbination
with oneln@rf@rorrdp%gwﬂled prhnas}; foe ribavininp ey pheoe thoss othapeanti-HGY agentaot amh, or one
or nore ataéﬂbftpé" vagent, adm nistered together or separately. Al so
within the scope o I's invention is the use of a conpound of formula I,
~as described herein, for the manufacture of a nedicanent for the treat ment

or pr evﬁﬁﬂthé?rbrﬁ’(‘jodﬂﬁé}ﬁtrh\fo'lv%s% Wiekk b &kl Whe Jgtlﬁé) Mt ﬂfeétlBﬁ ,ﬁcaope of

this |nvent|on is the use of a conposition as fined above, for
pr oduct i BAMBE By ?ﬁ!ﬂﬂ'é@ﬁ%to the mapmal ap api-hepatiin€ viselediaetivesmsunt @fé’pat itis C

\_/' ral i ndgpgdouRd of ftmdidl Y a4R&8peutically acceptable salt thereof, or a composition as
~ described above, alone or in combination with one or more of: interferon (pegylated or
not), or ribavirin, or one or more other anti-HCV agent, all of which administered

together or separately.

Another embodiment involves a method of preventing a hepatitis C viral infection in a
mammal by administering to the mammal an anti-hepatitis C virally effective amount of
a compound of formula |, a therapeutically acceptable salt thereof, or a composition as
described above, alone or in combination with one ore more of: interferon (pegylated or
not), or ribavirin, or one or more other anti-HCV agent, administered together or
separately.

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

Also within the scope of this invention is the use of a composition as defined
above, for the production of a medicament for the treatment or prevention of
hepatitis C viral infection. ' '




DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Definitions As mmg% gerein
the followi ng definitions apply unless otherw se noted: 19 JLﬁy 2 8 WO

03/ 064455 PCT/ CA03/ 00089 Wth reference to the instances where (R) or (S)
is used to designate the absolute configuration of an asymmetric center,

t he designation is done in the context of the whole conpound and not in
the context of the substituent alone. 5 The designation "P1l, P2, and P3" as
used herein refer to the position of the amno acid residues starting from
t he C-t eDETAILEDEDESORIATION GFPREEERREDEMBODMENTSNdi ng towards the
N-termnus (i.e. Pl refers to position 1 fromthe Cterm nus, P2: second
posi ti onDéfinitiohdie C-term nus, etc.) (see Berger A & Schechter |.
Transactions of the 10 Royal Society London series B257,249-264 (1970)).
As used Asusadhdréin, the folfowihd Befirdttins\dpplyl unkeEAtheri$ensted:0 a conpound of
formula: 0 nanely, (1R 2S) 1-am no-2-ethenyl cycl opropyl carboxylic acid. 15
The term "hal 0" as used herein neans a hal ogen substituent selected from
brono, chloro, fluoro or iodo. The term"(C, .6)alkyl" or "(lower)al kyl" as
used herein, either alone or in conbination 20 with another substituent,
means acyclic, straight or branched chain al kyl substituents containing
froml to 6 carbon atons and includes, for exanple, nethyl, ethyl, propyl,
butyl, hexyl, 1-nethylethyl, 1-nethylpropyl, 2-nethylpropyl and
1,1-dimethylethyl. The term"(Ci .e)al kyl" as used herein, either alone or
in conbination wth another 25 substituent, means acyclic, straight or
branched chain al kyl substituents containing 1 to 8 carbon atons and

i ncl udes, for exanple, nethyl, ethyl, 2,2-dinmethylbutyl, hexyl, 1
-nmet hyl hexyl, heptyl and octyl. The term " (C3.7)cycl oal kyl" ‘as used herein,
either alone or in conbination with 30 another substituent, neans a
cycl oal kyl substituent containing fromthree to seven carbon atons and

i ncl udes cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycl oheptyl.
-5




19 July 2006 WD 03/064455 PCT/ CA03/ 00089 The term 19 July 2006

“{(C .6)alkyl-(C3.7)cycloal kyl}" as used herein means a cycloal Kyl radical
cont ai ni to 7 carbon atons directly I| nked to ene radi cal
cont ai ni 3800%9{‘?5%6 carbon atons; for exanple, cyclopr opa{l‘f@wf’wsg

cycl opentyl ethyl, 5 cyclohexylnethyl cyclohexylethyl and

cycl ohept yl propyl . I'n the instance Wnere R3A is a

{(Cl.6)al kyl-(C3.7)cycloalkyl}, this group is attached to the SO2 group via
the (C .6)alkyl (i.e. the alkylene portion). The term"O (CL.6)al kyl" as
used herein, either al one or in conbination wth another 10 substituent,
nmeans the su tlt ent -0 (Cl.6)al kyl wherein alkyl is as defined above

cont ai ni ng upVt rﬁ”‘i?af?ﬁ'%‘"é‘?ﬁ??é wherq (51 06§51 isyaed;te designade the@hepiyte et hoxy,
propoxy, 1 -cvefidudtidhiodxy asyrmthendy cériél, the Hesipmarionys @indai Yhe cbhexi citheer

bsti Kk 15 T
fgh; Irr:aggml q'%/ngm&gﬁgﬂamy%ﬁ%Otoﬁtr&tétr?gﬂfoss“\éﬂm%ma %E:Jre}}r:)(r)nund of fornmula I

which is, SMthin the scope of sound nedi cal judgnent, suitable for use in
contact with hterb‘:‘es%hétﬂ’{ef‘[ q;2 QH%Q‘Sasa&g.d hg}/&ﬂ{ reﬂ%}l'tgﬁ’ll ﬁ)o@fti&pmﬁe Hﬂﬂge
toxicity, irritati r esponse, { omMmensurate with a
r easonabl e begiskrpsidygssttarting r@'n thecrigrainug endvat e peptidsi anaingk atd extending

di spersi bl e, taigtaefbaiarmimut @le. Ph‘?éférs'td‘b@ﬂ%‘ﬁq 1518 the O ferinfius) P20 sb@pliudes
phar maceut i cal :§1¥ accept abl e aci d addition salts and pharnmaceutically-

accept abl e b2BHAHHET theCLeminus, @F%f%egﬁrgﬁﬂf\t &isichediuerls Tingadtignmef théy e, g. |
S.M Birgm doyalSociely Ldriaah Beries@257, 19564 (PSro)pp. 1-19, which is her eby
incorporated by reference in its entirety. 25 The term

"pharmaceuti cal | y-acceptable acid addition salt” neans those salts which
retain the biAslusgi bereinghé tarini ‘Y @ShviayhdCOASO pefersite a compbinel df femulaases and
which are not biologically or otherw se undesirable, forned with inorganic
~acids such as hydrochloric acid, hydr acid, hydroiodic acid,

sul furic acid, sulfamc acid, nitric i d,ogphosphoric acid, and the |ike,
and organi c aci ds such as acetic acHgN® "R3Y trichloroacetic acid,
trifluoroacetic acid, adipic acid, alginig acid, ascorbic acid, aspartic
aci d, benzenesul f oni ¢ aci d, benzoi ¢ acid, 2- acetoxyben20|c aC|d butyric
aci d, canphomR&elci’#, 2€)ah9mm093;ethmwwclanrpwlca¢bwm<ud acid, citric acid,

di gl'uconu(g acid, ethanesulfonic acid, glutamc acid, gl ycoI ic acid,

gl ycerophoqu_grl c acid hem sulfic acid, heptanoic acid, hexanoic acid,
formc acid, 1GRIM Ralgagused r@?'%?ﬂ?’&ﬁ@/@@l%ﬁﬁb‘%{?ﬁmﬁ?ﬂt@elﬁﬁﬁeﬂ fromd®eme.oni ¢

aci d), |acti eham fkioreetieds. aci d, hydroxymnal ei c

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

containing from 1 to 6 carbon atoms and includes, for exampie, methyl, ethyl, propyl,

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

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

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

The term “(Cs7)cycloalkyl” as used herein, either alone or in combination with

30 .another substituent, means a cycloalkyl substituent containing from three to seven
carbon atoms and inciudes cyclopropyl, cyclobutyl, cyclopenty!, cyclohexyl and
cycioheptyl. '

-5-




-6 19 July 2006 WO 03/064455 PCT/ CA03/ 00089 acid, malic acidsg g #o6C acid,

mandel i ¢ aci d, nesityl enesul fonic acid, nethanesulfonic aci d,

napht hal ic acid, nicotinic aC|d 2- naphthalenesulfonic aci d,

oxal i c aS’?‘Sﬁ%ﬁfé% c acid, pectinic acid, phenylacetic acic/CA00089

3- phenyl propionic acid, picric acid, pivalic acid, propionic acid, pyruvic

acid, salicylic 5 acid, stearic acid, succinic acid, sulfanilic acid,

tartaric acid, p-toluenesul fonic acid, wundecanoic acid, and the |ike. The

term "pharnmaceuti cal | y-accept abl e base addition salt” neans those salts

which retain the biological effectiveness and properties of the free acids
ot herwi se undesirable, formed with

and which are_ not 10 biolog |

i norgani c bagr@g(%grm:'&(é;,g)a PrT)‘aVC}éaﬁ‘V'iifdr”é‘?ij8@’“%’&1"%‘53’@["3[’5)" rgfiealy bonat e of
armoni um or  &ontainirlg fearh Ban7 sardbn mms&mdcuymnk@mtoa@mwmelmdi&r?i bulsmakiﬁiag ci um
nmagnesi um iron.. zi g e |like.
Particularly 18trggfcéarr$ogioa t&ﬁg‘q? xa'gﬁ@b @H{dpii'gi%'y cﬁﬁﬁ’%"égg’iy m cal cium and
magnesi um53aIwdohﬁlm&th)di@wlvlwylémylnmdw/clmhewprop;ii lryth Snstemce phatel R or gani ¢

nont oxi ¢ bas??a é(ﬁgggﬁi@ L}é lg&y%logtgglfﬁli'g?t; gp Issﬁfaengcﬁo)ﬁpe gad%rrb% {rla?ﬁay | yam nes,

quaternary amn am nes ara
“occurring suif@ta)%'lsulé@ mﬁaii@bneegr@on)c ani nes and basic ion-exchange resins,
such as nethylam ne, dimethylamne, trinethylanine, ethylam ne,

di et hyl am ne triet ?/I am ne, isopropylam ne, tripropylam ne

tributyl am nde&ALIICieial” aspsedihergidRiiharalone orin E‘P’H@E‘ﬁ?i‘a‘ﬂi‘h@a@‘!‘ﬁhnol

2- ]‘3'} et hylwﬂi gosstmwmlmeaﬁsme:dmmmwt Y OE)alky! w&ei@m au@i @ialidBfnedtibdle di ne,
caf f ei ne Yy

anm ne,, choli.ne,  bet m ne, | ucosam ne,
ot Pyl g1 i anEROSPGEHP S AL BT, Crsteot s Res mepes PHpHe PRDD:
et hyl pi per i dilreethylethosyybutoyy avimphiinmatiedetipoyntiss Iattatsluaauimntarlmmh um

conpounds, thyI ani i ne, N-nethyl pi peridine,
-N- et hyl nor p%éﬁlnﬁiﬁgﬁrafg‘e@ﬂbgg "ohexyl am ne, di benzyl am ne,

N, N-di benzyl phenet hyl anmi ne, 1-ephenam ne, N, N -dibenzyl et hyl enedi an ne,

pol yam ngsreghg ?ernﬁ'ﬂﬂaﬁﬂ%@elgicglﬁr a @;ﬂéﬁl@ Héi?‘rn]iééng E’:\esfaﬁ E)f & E’om&{uﬂa %F}fbrrﬂ@iﬂtl oxi ¢

bases are isopropyl am ne hyl a
di cycl ohexy| ¥RiHéS: WHhi ti‘?iécoi’&r‘i’ds%’a‘fjﬂ@%' lUQQmWieS'-i'@Wﬁiforaﬁ? |'ﬂ/$qft§ﬂ0t Blé'ént " as

used herei n IRARSUGH OfGURTNs éﬁ@féﬂ@ﬂﬂﬁnﬁl& uhinehﬂﬂws@io)acw I‘iafamirs aﬁér@i@ct ive to
inhibit the fornation avirus inp Thi s
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necessary f owatener oil-soluble or dispersible, and effective for their intended use. The term
' 20 includes pharmaceutically-acceptable acid addition salts and pharmaceutically-
acceptable base addition salts. Lists of suitable salts are found in, e.g., .M. Birge
et al., J. Pharm, Sci., 1977, 66, pp. 1-19, which is hereby mcorporated by reference
in its entirety.

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

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

35  hydroxyethanesulfonic acid (isethionic acid), lactic acid, maleic acid, hydroxymaleic
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formati on and/or replication of a virus in a mamal . Antww@(iﬁgg
i nclude, for exanple, ribavirin, anmantadine, VX-497 (merimepodi'b ertex

Phar mace%bﬁ& %5 VX 35 498 (Vertex Pharmaceutical s), Levovirin
Vi ram din Bne (maxanmine), XTL-001 -7 19 July 2008CHS49¥P8%455

PCT/ CA03/ 00089 and XTL-002 ( XTL Bi opharmaceuticals). The term ot her
anti-HCV agent as used herein neans those agents that are effective for
di m ni shing or preventing the progression of hepatitis C related synptons
of disease. Such agents can be selected from irmunonodul atory agents,

i nhibitors Ofamd"ﬁ‘a(hd\ﬁ:ﬁi H{a%ﬁ.aa'iﬁ‘d rﬁdﬁhél@écﬁf feShyide¥uiRml4ERf, ase or i nhibitors

of another tar in the li'fe cycl The term "1 mmunonodul at ory agent"
as used herei P@fﬁ%"ol"%@ BW%Q@GU'(WHGQ“’B?E"W@ ogicals) that are

ef fective to naphaaerestfori®idddxalicacid) pambianm, p@dﬂﬁ’b@fmr mﬂa&ﬂ.claeuda( rramp]ral
nt e sucn as

I dul at t
R aF.Toc Bl Bk P e S B oo
and asi al & i rackl $tearere)d, sudcirdsacid, sulfenilicfaeidptagtalicacid) petsipenasolfanié asidns) and

pegyl ated i ntuﬂﬁé&'h&@%mdléld g kee” M "i nhibitor of HCV NS3 protease" as used
herei n neans an agen ond or biological) that is effective to
I nhibit the functlon of HCV NS3 protease in a manmal. I'nhibitors of HCV

ggfog;gg ea\sMe)vgg %rwgharﬁﬁﬁeﬁéﬁgmcﬁegptétfw%@se é&&%ﬁ‘éﬁﬁ'ﬁné’a‘?ﬁ%ds@%ﬁlté wmmp
02/ 060926, t faiBdRivlgiesl effpcienrss #nd PT‘WPB'&F of @ari@ﬁeatdé af‘@lléfh'tchﬁr%@fas BI LN

2061 and 1phe bwwgtoaxy & dthdnwrsb ans&aﬁteweinmammm Aol daded sublﬂ%‘hﬂfgioﬂi%las 18

VX- 950 LY-570310 P | ag) 3, 5 8, ,
19 29, 30, SN des%*% 16, g8 bicagorialg °P"‘FT"‘°§'E"" df@s","i‘é'zf’,aﬁ%?“"flaf, 113, 114,
115, 116, 126dnurﬂ12ﬂqta$ﬂﬁy Ilthimn, cal2itm, fridgneshg,lidon, Zihg cbppeednangankse, t abl e of
pages 224-22 6 th the
. conmpounds ofgtﬁ%dﬁgﬁgﬁr&% ?nggﬁ'?u W @ﬁe&?ﬁeﬁ#}éﬁ ﬁﬁ’ﬁ@l@@%ﬁ@#\uéﬂ
pol yner ase” gdlwge@lqm gind magassiumsalig) ePalts Gedvesdraml phaymapéuticallyt cal ) that i s
ef fectivqst Oabéﬂﬁtéﬁletor A¥fic hoHIGid %e@incﬁ:ﬂe@g\é d?fCHn @é&nl:l&yaarﬁ(}& : Thi's

I ncl udes, for exanple; inhibitors o er ase
amines, quaternary amine compounds, substltuted amlnes including naturally

occurring substituted amines, cyclic amines and basic ion-exchange resins, such as
methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine,
triethylamine, isopropylamine,‘-triprdpylamine, tributylamine, ethanclamine,

20 diethanolamine, 2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine,
lysine, arginine, histidine, caffeine, hydrabamine, choline, betaine, ethylenediamine,
glucosamine, methylglucamine, theobromine, purines, piperazine, piperidine, N-
ethylpiperidine, tetramethylammonium compounds, tetraethylammonium
compounds, pyridine, N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine,

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

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

35 498 (Vertex Pharmaceuticals), Levovirin, Viramidine, Ceplene (maxamine}, XTL-001
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of HCV pol ymerase include non-nucl eosi des, for exanple, thosg gRHagsinds
described in: US Application No. 10/198, 680, which corresponds to

- PCT/ CAD2/d g oot h ] ed 18 July 2002 (Boehri nger %?%%00338 10" July

Appl i cation /198, 384, which corresponds to PCT/ CA

2006 WO 03/ 064455 PCT/ CA03/ 00089 both filed 18 July 2002 (Boehri nger

I ngel heinm), US Application No. 10/198, 259, which corresponds to '

PCT/ CA02/ 01129, both filed 18 July 2002 (Boehringer Ingelheinm, - WO

02/ 100846 Al and WO 02/ 100851 A2 (both Shire), 5 - WD 01/85172 All and WO

02/098424 Al 4rotth-deBKXTL BiopRaRicBtR4R).and WO 02/ 06246 Al (both Mer ck),
WO 01/ 47883 and WO 03/000254 (both Japan Tobacco) and - EP 1 256 628 A2

(Agouron). Furthernore other inhibitors of HCV pol ynerase al so include
nucl eosi de arraiea@m othér antiHC\L ¥ G610 be usdd 1f6in ERANSHIES agHfis thab@rd eltéctivé\O

01/90121 A2 02/ 069 ocy.yst uticals nc and
WD 02/ 057287('5&%fl Py (ﬂé"éﬁfed%?‘i{ﬁz'(‘)‘?@’"?ﬁ%?'ﬂ" Meeavqsi? 59)'”% @b‘é‘a‘?ﬁ?mﬁ exarriol es of
i nhi bi t or $ ofdigeaséiSuchapgniecarsies selemtddiitem Jﬂitﬁuﬁ&ﬁodu]éitﬁy(ﬁ@;%ntsmﬁhlalms dfTK- 109

(Japan TObaCC@éY}NEQ%r&t@Js@ mh:Bﬁ'érpb ﬁév%%igﬁm@%tsget%r ll%h%l arllloﬁ'ngtfla[ l | Tg

cycle" as used herei og ca

ef fective to theHENilife qvale. f or nat i on and/or repli cat | on of HCV in a manmmal
other than by inhibiting the function of the HCV NS3 20 protease. This

i ncl udes agents that interfere with either host or HCV viral mechanisns

necessary f orl EARIMY BpmERqreRdulately eenteds ysed hewin weansdioseagenisanmal .

| nhi bi t OL 0 of(ccmmh@g oﬂl:?dl@&s;ls)ﬂhétb%t éifjé\dwd tf:%nﬁ%rﬁ:b%r poehtiste theflmfnufsig ;igpl e,
agents that a tar sel ecte a helicase,

prot ease and Saﬂe'?’ﬁ??loﬂ%ﬁ na fJ'Bg'BlT@“@H?W@HI%W pgggsinciuge, Bre??ﬁampg exanpl e of
i nhi bi t ors ofclaasbinteferdna{@eh asio- tEheS- aB&oH@Qﬁ inltérféra'uss:ﬂa&-lmtéﬁérblﬁk? | SI S- 14803
(I'SI'S Pharnaceutical s i tor" e?s herei n nmeans an

nh
_agent (conpo GHBSGHFUSO'PG%@P% 3p§ as;alo-lnterferons), c!ass li mterferons uch as y-
interferons) and pegylated interferons.

15
The term “inhibitor of HCV NS3 protease” as used herein means an agent
(compound or biological) that is effective to inhibit the function of HCV NS3 protease
ina mammal. [nhibitors of HCV NS3 protease include, for example, those
compounds described in WO 99/07733, WO 99/07734, WO 00/09558, WO

20 00/09543, WO 00/59929 or WO 02/060926, the Boehringer Ingelheim clinical

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

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

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

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

3B - US Application No. 10/198,384, which corresponds to PCT/CA02/01128,

S _




that is effective to inhibit the formation and/or replicatiofffyddby in a
mammal . This includes agents that interfere with either host or viral

mechani s ary for the 30 formation and/or replic Vin a
manmal . ﬁﬁ@ﬂlﬁﬁ%%itors i nclude, for exanple, nucleosidﬁ%hﬁ%w%@pggrs,
non-nucl eosidic inhibitors, protease inhibitors, fusion inhibitors and
I ntegrase inhibitors. The term"HAV inhibitor" as used herein neans an

agent (compound or biological) 35 that is effective to inhibit the
formation and/or replication of HAV in a manmal . This 19 July 2006 WO

03/ 064455 PCHotiffiled I00mp20020BYsiemgadagdireinflat interfere with either host or
i ral h f d/ f HAV

2 . HA | il ARG R T et bRl RMegitons nACTPRPERRR, e, T 1
Il;lavii x(;) (SG'II'ﬁmt wﬂﬂtygyﬂgz SE.{V? ﬂﬁg(allrllhg({uh&m]:k) and Avaxi m(r) (Avetnt IS

ast eur e tgy B‘ﬁ i ?P%%?éh%q Bﬁ'lhé}b ans an agen

(conpound or bi ol ogi cal ctive the formati on and/ or
replicatidn of HB wwsmmandwwzmswwb@oﬁg@ﬁ& that interfere with

ei ther host ar vi momgmm@g%mrm {b@fh Mérek), f ormation and/ or
replication of HBV in ors include,  for 10 exanple,

b
agents that i"nhi bWoﬂW_’%G’r%ﬂ'd WO%B@%% ket JapanfobageR} @nfles. Specific
exanpl es of HBV i Ehlmm;mA ga@en).am vudi ne (Epivir-HBV(r)), Adefovir

[ evudi ne( r FRHSRSEosy %\*& oo 'E‘?Ve%'g%%.aeﬁa RUrFTUaE s galoss, for

(Vval torcHthbmwmhpleAﬁ?bée]:ibﬁ)p@aﬁds(dlesEmm)m(Achl l1ion), MCC478 (Eli Lilly),

Raci vir (RCV), d eosi des, Robust afl avone, ICN 15 2001-3
(ICN), Barn 205 (@/gﬂggfﬂ ég{% (XTL), Imno-Sugars (Nonyl-DNJ)

(Synergy), HeszyMéOOglﬁﬁga%ﬁ?r@ﬁfﬁd@talnamamuﬁdﬂe!@)sm as: interferon al pha
2b, HE2000 (Hol Wsogggg)aa T @'WO@B@?&W@%{)@%%&( yEnzo Bi ocherr)
Po

- Thynosin al pha-1 (Zadaxin r) vacci ne erJect), HBV DNA
vacci ne (Jef SBpeiic Sx@mmies,of Inhiorsp{en ity paymrass, 082 JT K@er),

Nabi - HB( ri (Iﬁa@u'}K.aogI§ Fam Tebhdaepatitis B (Cangene) and HBV vacci ne
products such as the follow ng: Engerix B, Reconbivax HB, CGenHevac B,

Hepacare, Bio-Hep B, Twi nRi x, Convax, Hexavac. The term "cl ass |
i nterferon” Thetsadinhibiteiof anethastagyet intteHCYNitecysiel asusal Heraimm@angaoup of

and 25 synt he0a (Hpolbdfy fiBabERERRAR R fouplit e BiibEESY 0, D2 T2 1Y
i nt erferons irepitatign ofHCV in a mammal other than by inhibiting the functlon of the HCV NS3
20 protease. This includes agents that interfere with either host or HCV viral
mechanisms necessary for the formation and/or replication of HCV in a mammal.
Inhibitors of another target in the HCV life cycle include, for example, agents that
inhibit a target selected from a helicase, an HCV NS2/3 protease and an internal
ribosome entry site (IRES). A specific example of inhibitors of another target in the

25 HCV life cycle include ISIS-14803 (ISIS Pharmaceuticals).

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

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

The term “HAV inhibitor” as used herein means an agent {compound or biological)
35 thatis effective to inhibit the formation and/or replication of HAV in a mammal. This
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a-, onega interferons, tau-interferons, consensus interferongg yuly2006
asialo-interferons. The term"class Il interferon" as used herein neans an

interfer ‘gstéed froma group of interferon that all R,ng é ecept or
type I1. %iﬁ‘k)ﬁﬁ of class Il interferons 30 include yPC ?""?08 . The
phar maceutical conpositions of the invention may contain one or nore
addi tional active agents selected, for exanple, fromantiviral agents,

i mmunonodul at ory agents, other inhibitors of HCV NS3 protease, inhibitors
of HCV -10 19 July 2006 WO 03/ 064455 PCT/ CA03/ 00089 pol ynerase, inhibitors

of another t %&ﬁes'a@eﬁt@%dﬁﬁ%de&é ﬁlﬂ?éﬁme?hoéﬁb}/wfd‘me%érﬁhrn%’ nédéééan} fahini tors

and HBV i nhi bitors. such agents are provid

Defi ni tions sf%r('f‘iqt'%a&‘?ﬁ'\fép"‘@t'@b%ww ¥ qpranegt ééﬁ‘ésv&#ﬁ?fég‘%deét%m@fﬁ\ t hese

agents are | ivakeifled)fdr@ample aMdvix? (RdxoBeftAKArie), VAGIFAY Merdki ndAvaxingtli ne;
I mmunonodul at&@/ %ents class | interferons, class Il interferon and
pegyl ated i dO¥FTHE 8R€UN- i nhi bitor of another target in the HCV life cycle
that inhilsts a target selected from 10 NS3 helicase, HCV NS2/3 protease

i | L
i bi tore, MR L FERAPAYH arssegiad meps el &FlckRbgindY Bioreon
i nhi bitors aﬁhiatlfmf@ttmte inhilif thé fopmatjonand/drBxplicationtof HBV dn a agpeoal. Thiait
i nhi bit HBV \idhales %t?ﬂaymfd’r@%ewﬂ{edhﬁrm '5'5}\]( ral ?ﬁ@&%n&ﬁls r?e%eé%%qdﬂp frgssed

above, conbi nation era I'S conte erern ormul a
(1), or a phé@fﬁﬁ@%@nd&%mwcﬁw‘e@ﬂ‘w ] asraammhéﬁbmhlblt@'swh@anfphu stered with

at | eastyp0ngxampie! ageng! thﬁtmlt 18V 0d DA ﬁ&%erﬁéb &MBW\I!&[c%ineéiQSﬁEomcan
i mmunonodul atory  agent, .anot her inhibitor of pr ot ease,

inhibitor of erfmpsﬁpW%Yawﬂor&ﬂnwelh@m'mdmrtﬁew*r hé\fﬂeioalrawtvowh the HCV
life cycle, @mé-dla\wr PR Botifici®) a0A }mehmimm QBFLdirR™), 'ﬂ)réesrthh%d)or

Exarrpl es of such agents are I’OVI I nitions _section

_These addi ti éHhﬂTe%?@fé!Hm) mowefaMwwawwpw@méuﬁagc)dﬁcwmp@
invention to ME@WBQE&LW)”E#@WMF@VYH‘IWE}JLC@H Bl AgcdtRides, Mabublati@ronal ICKe | Y

these 241t LBBRL (A Main BY (RSeREPRTENE: YRS Tob Siar oyl P2t  ent. @
(Synergy), HepBzyme; and immunormodulator products such as: interferon alpha 2b,
HE2000 (Hollis-Eden), Theradigm (Epimmune), EHT893 (Enzo Biochem), Thymosin
alpha-1 (Zadaxin®), HBV DNA vaccine (PowderJect), HBV DNA vaccine (Jefferon
Center), HBV antigen (OraGen}, BayHep B® (Bayer), Nabi-HB® (Nabi) and Anti-
20 hepatitis B (Cangene), and HBV vaccine products such as the foliowing: Engerix B,

Recombivax HB, GenHevac B, Hepacare, Bio-Hep B, TwinRix, Comvax, Hexavac.

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

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

The term “class Il interferon” as used herein means an interferon selected from a
group of interferons that all bind to receptor type . Examples of class |l interferons
30 include y-interferons.

‘The pharmaceutical compositions of the invention may contain one or more
additional active agents selected, for example, from antiviral agents,
~ immunomodulatory agents, other inhibitors of HCV NS3 protease, inhibitors of HCV
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25 dosage form for exanple, using a kit. Such additional aggnis Jgay be
adm ni stered to the patient prior to, concurrently with, or fol'low ng the

adm ni str, wherein a compound of fornula (1), or ceutically
accept abl 6E‘%[shereof. As used herein, the term"treat"ﬁ@‘ﬁ‘?‘"?]@ns t he

adm ni stratlon of a conmpound or 30 corrp05|t|on according to the present
invention to alleviate or elimnate synptons of the hepatitis C di sease
and/or to reduce viral load in a patient. As used herein, the term
"prevention” nmeans the admi nistration of a conpound or conposition

accor di ng, 1 0 dolynabices ARbidO YRR LG REPRAME ol WEkibilb] Ag!, Lo the

35 virus but ore earance o ons 0 di sease, and/or prior
To he 10" bl e BB RPREY] D 95608 MBS B of |t ho Vi1 s
i n the bl ood.pdfin@bey sceforesfingl ments Preferably, a conpound of formula I is
as defined above wherein R is hydroxy or 5 NHSOZR1 wherein RLA is

(C1.6)al kyl, (C3_7)cycloal kyl, or ((Cl.6)al kyl-(C3_7)cycloalkyl} which are
al | opti omal ISpesitibptefdretiedarhpleSotdomasofthdde dyehs ardlistedbetow: O- (C1. 6) al kyl , or

phenyl which s % mlto 3 times with halo, nitro,
(C1. 6)al kyl or a@{(%%g tgxﬁ?g#%%'ﬁ%ﬂgﬂa%'?%ferabl y, a conpound of fornula I
is as defined apowmomoeduleiory genissclasadintzierons, clisiSDifReferowsaandipegyiitedi s

nmet hyl, ethyl, ﬁ*@%ﬁ@gopyl cycl obutyl, cyclopentyl cycl opropyl et hyl ,
cyclohexylethyl phenyl , 2- quoro heny or 4- nethyl phenyl. 15

Nbst pr ef er ali yinhiBiter Shppatey t%fﬂetﬂ’bﬂ\?d‘ﬁcév jife |°¥C|‘ét§1aé|@hibﬁ%él taa@es@elem@ e R1L is
hydroxy qor NHS@R&R&cHES 'l-@VrNﬁIS fﬁeé@@?ﬂt&m@lﬁﬁb&ﬁﬁ@&ﬂy siteXiResy; phenyl .

a0, o5 B il ot bR e b b e o LS
enbodi ment s of ihhibitors, Mvsion inkibitors endiintegeasamshiiides; 0f formula | as presented
in Table 1., HBYV inhibitors: agents that inhibit HBY viral DNA polymerase or is an HBV
vaccine.
i5 )
- As discussed above, combination therapy is contemplated wherein a compound of
formula (1), or a pharmaceutically acceptab[e salt thereof, is co-administered with at '
least one additional agent selected from: an antiviral agent, an immunomodulatory
agent, another inhibitor of HCV NS3 protease, an inhibitor of HCV polymerase, an
20  inhibitor of another target in the HCYV life cycle, an HIV inhibitor, an HAV inhibitor and
an HBV inhibitor. Examples of such agents are provided in the Definitions section
above. These additional agents may be combined with the compounds of this
invention to create a single pharmaceutical dosage form. Alternatively these
additional agents may be separately administered to the patient as part of a multiple
25 dosage form, for example, using a kit. Such additional agents may be administered
to the patient prior to, concurrently with, or following the administration of wherein a
compound of formula (1), or a pharmaceutically acceptable salt thereof.

As used herein, the term “treatment” means the administration of a compound or
30 composition according to the present invention to alleviate or eliminate symptoms of
the hepatitis C disease and/or to reduce viral load in a patient.

‘As used herein, the term *prevention® means the administration of a compound or
composition according to the present invention post-exposure of the individual to the
35  virus but before the appearance of symptoms of the disease, and/or prior to the
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According to an alternate enbodi nent, the pharmaceuti cal cor’%)m)} @
this invention may additionally conprise another anti-HCV agent anpl es

of anti- ts include, a- (alpha), O0- (beta), ganmma)
or w (0@33’&? erferon, ribavirin and amant adi ne. Acz(fgfr i{b‘{"ﬁ“' anot her
al ternate enbodi nent, the pharmaceutical conposition of this invention may
additionally conprise another inhibitor of HCV NS3 protease. According to
anot her alternate enbodi nent, the pharnaceutical conposition of this 35
invention may additionally conprise an inhibitor of HCV pol ynerase. -12 19
Jul'y 2006 WO Riihbddtan Wadif 83088089 According to yet another alternate
enbodi ment, the pharmaceutical conposition of this invention may

addi ti onal | y conprise an inhibitor of other targets in the HCV |ife cycle,
i ncl udi ng butpréetreteMblo@imémts hel i case, NS2/ 3 prot ease or internal ribosone
5 entry site (I.RES). The pharppce tlcal sition of |nvent|on may
be adni ni stelpi E 1?90"19‘@538% F‘I'ifq?r‘fe\/F%P%ﬁ?vFH’ﬁ'P%‘ﬂ i r . oal
aﬁm ni strati NHSDaﬁéﬁiﬂheﬁlelﬁWﬁisl(Oﬁ)éIWI (cm)mtoemvl or(PleRilgI- chg)cychmyl}
parrraceutlca this. in C

convent i onal bcﬁ’ n'gﬁif tBH&y Bsé\ﬁ%‘?%ér@ 3"3558%1 @P%ggbqgl’@a'%'éd’ruvant s or

vehi cl es. | npbemwbial Exptiodedly p&bsmfutedfeorﬁ ortorB kises with haly, Mito,d4;. d)aik;dzdr Wi th
phar maceut i cgy. Lcy )%F(glept abl e acids, bases or buffers to enhance the
stability of t rmul at ed corrpound or its delivery form The term
parenteral as used herein includes subcutaneous, intracutaneous,

I ntravenqys, Mdi'é {)@EBHW 'a%mpbﬁ'r‘ic{ 6t férrn{dtePHl‘, ak defi’n’éd 'aBB\F@ﬁNJ}QWRahs hydroxy

i ntrasternal, r at hecal i ntral esional J@eC Ion or infusion

t echni ques. vn@Hﬁﬁaﬁ rrwétﬂn Baus etybsthy ewlqmpy gyglabutyh syglenemybf a sterile
injectable - g &dﬁé@iﬂx&ﬁw Jy@lbhé&l%ﬂﬂi €ClI8F2 pﬁérﬁ/f ipliRioldphsyl,aklye aqueous or

ol eagi nous sus enS|on Thi s “suspensi on may be for mul at ed according to
_techni ques k IRngNY- he art using suitable dispersing or wetting agents
(such as, for exanple Tween 80) and suspendi ng agents. The pharnmaceuti cal

iti hi i ti t d 25 [
commoe. & 8" sl ebrh SR Y i oA By Bk 012
and aqueous suNHSOsH'dnsemivdRY'dd mbthghsycidpnopyh €Fg aissheafl. tAghinebastf or oral use,

carriers preferably, R'* is cyclopropyl.

Most preferably, R' is hydroxy.

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

25
According to an alternate embodiment, the pharmaceutica! composition of this
invention may additionally comprise another anti-HCV agent. Examples of anti-HCV
agents include, a- (alpha), - (beta), é- (delta), y- (Jamma) or - (omega) interferon,
ribavirin and amantadine. '

30

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

According to anather alternate embodime'nt the pharmaceutical composition of this

35 invention may additionally comprise an inhibitor of HCV polymerase.
‘ -1 2-




whi ch are commonly used include |actose and corn starch. Lubjg _g@t
agents, such as magnesiumstearate, are also typically added. For oral

admi ni st r‘ﬁb ?Q ‘&% a capsule form useful diluents include |actose and
dried corh® V% When agueous 30 suspensions are adm ACS{¥ Bt al iy, the
active ingredient is conbined with enulsifying and suspendi ng agents. |f
desired, certain sweetening and/or flavoring and/or coloring agents may be
added. Ot her suitable vehicles or carriers for the above noted formul ations
and 35 conpositions can be found in standard pharnmaceutical texts, e.g. in
"Rem ngton s -13 19 July 2006 WD 03/ 064455 PCT/ CA0O3/ 00089 Phar maceuti cal
Sci ences", The Science and Practice of Pharnmacy, 19'h Ed. Mack Publishing
Conpany, EastASROrding ip yet anathengliteraie aigbodinent) e phawmacutical campesiten ¢f1 and
agoui égorr};{( s blgﬂr}tlohﬁhéﬂ‘éddﬂi@ﬁ%lﬁ%ﬁm nst’ehaifuﬁﬁusifoalat Mth@ﬁtﬁ @n&#wttv ﬁ}eldand
abou ny 0 e ein i tQr. conpoun

descri bed he%&?q?r @'ﬁ’l&%‘ftﬂgﬁ tea){?rg‘%“taﬁ%r'%%? equ(grmEﬁrng?qo and

t reat ment s0f enBysitee{tlRES)ed di sease. Typically, the pharmaceuti cal
conposition of this invention will be adm nistered fromabout 1 to about 5
times per day or al ternatively, as a continuous infusion. Such

admi ni st r at i dhe pharmsseuticaticamposition otthis inviestiarmacie edministesgroraliphe am)unt of

active -ingr e%hﬁa’ﬂfer&l %‘i— wﬁ%\‘: |ﬁ?laﬁﬁéﬁ?é§%%lr Wréi@ mﬁstFa%u‘i b%%ﬁﬁ%}t?aﬁub@b

produce a single vary dep en Ing u ost t at ed and
the particul énie%'a@ RS?feé(ﬁ‘i‘n Hhesphagmacst cal\cweﬁ%tmn %ﬁ'&?)'éi’%rtﬁp@ magcpmtainc ont ai n

from aboufo 5%ny BorvBRtEnaPRBGE bH&nﬁ@éﬂ?@b!%cf:éMt&ﬂIe chirigfsCadiiats cpuCh
preparations tain from abog_@ p%_%/%o about 80% active coppound. 15 As the

skilled arti é"é’ﬂ%\?l I sgi5caEe s ‘?f"HF""'ﬁ fsveaY Bpadiusteduth ¢ hose recited

above nmay bpharemuemtﬁ:dﬂy aﬁpepta!blem;d@&ag@ abiiffersaa enRdrice tepitaptinsofftes  any
of fac or.s ludlngthe

ticul i et
. gg[i {/ﬂj ya(r)f ﬁ@ﬁgpeedccw Pc?”%oﬁfp%ﬁ?ﬁpe?@??%’l‘\@éé?ef%r{’é’%{a%’a %olifﬁd"v'\'gfﬁht gener al
heal t h st at uéncludex sulgiutingous, magitaIMus.dmtraveetbuealmrempsmﬂaranhﬁ-armmret i on,
drug comysnairuaunol B Y, Ym.gﬂgcao déﬁtréfé?uérﬂ:fln{dﬁﬂ&f&tlhfggo the patient’s

di sposition to t ectlon and the' reating physician.
General |y, tiesBPiA®eR is initiated wit h srral | dosages substantially |ess
than the optimum dose of the peptide. Thereafter, the dosage is increased

by smal | . . . I
The pharmaceutical composition may be in the form of a sterile injectable

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

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

25 orally acceptable dosage form including, but not limited to, capsules, tablets, and
aqueous suspensions and solutions. In the case of tablets for oral use, carriers
which are commonly used include lactose and corn starch. Lubricating agents, such
as magnesium stearate, are also typically added. For oral administration in a
capsule form, useful diluents include lactose and dried corn starch. When agueous

80 suspensions are administered orally, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain sweetening and/or flavoring
and/or coloring agents may be added.

Other suitable vehicles or carriers for the above noted formulations and
35  compositions can be found in standard pharmaceutical texts, e.g. in “Remington’s
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increments until the optinmumeffect under the circumstances gydiemsbed. In
general 25 the conmpound is nost desirably adm nistered at a concentration

| evel generally afford antivirally effectlve r t hout
causi ng §ﬁ9w%%%ﬁ? or deleterious side effects. ?ﬁiﬁ%%%@%ﬁﬁtion of
this invention conprise a conbination of a conpound of 30 formula I and
one or nore additional therapeutic or prophylactic agent, both the conpound

and the additional agent should be present at dosage | evels of between
about 10 to 100% and nore preferably between about 10 and 80% of the

dosage nor NMiphahmadditicl SEBRGE", The BcRRELAREPRBCe! & PhiRkrhcy, 3" BacRatibes e

conpounds or t eir armaceutica table salts are formulated -14 19
Jul'y 2006 WoFHSH éﬂﬁ%}‘b@é’!}dﬁ%et her with a pharmaceutically

accept abl e carr| er, the resul ting conposition may be administered in vivo
to mammal s, a t | r t reat or
prevent HCV VI eén#%c? ?%ﬁeén;ﬂ:@ é?ﬁ%?rael%:%t %@@?@?ﬁoc‘g’g"e&%ﬁpé\/@g’ using a
conpound &f tohéferabinbetwaenmbout Ocbarisl abett SImekg odyyeaight pevdayief thecl ude, but

are not 5 i g}:ﬁéﬁget IQ‘H)IE)I’ corﬁg’oun]g%'eﬁfé@ng?\lg%;e%re%efﬁl’xh Q%ntaﬂe@lﬁg Sl V' rin,

amant adi ne; tease; 1 nhibit
pol ymer ase; PrYERlQnaang treptragri ef HEY mesiaded ¢15Qﬁ§€ T!‘H(’R?"Yu“‘l‘&ephﬁyfeﬁ%eu"%h ch

i ncl ude but I&@ﬁmgbéumnt&%.& Pwerltigh WiBseSadniisteradRFom SERE 1 t@ébduns B8 per I'i bosone
entry site (|IRE or conblnatlonstw?r eof . The ,addi ti onal qﬁnts may be

conbi ned wit Ha%%iﬁ?m?&ge'bfastarﬁ°§t"?%% YSEA- t%‘CEPQ%\’i'\éWa“% 910 4564258 form
10 Al ternati mﬂowctdneememhﬂaﬁyl cmahmgmﬁfacmyndrednsmpmmaqlbp oadmneustered to
a mamual as e, fp cﬂ)] the “ohar maceéj

compos ti on ABfile S st BrEe A dPeace R RRR SBERHNLERN .
conponent, sthethaskirérted amiﬁha@dmculmnad:deyofcadnmﬂstwom ha& typicappreparation will

adm ni sterin erggggn ul at ory
~agent, an a% '?tglprqgrpagen g aﬁ?(@gﬁ%fcpro‘?%ﬁg %‘ﬁ’%ﬁf}%‘r hgl?aﬂl bitor of
HCV pol yner apepsratiogmcaniain BPm@bof208: h@boubﬁﬂé’ea@tweﬁomn@nqcv life cycle such

as helicage, NS2/3 protease or |RES. Such additional agent nay be
adm ni stered to the manmal 5PI or to, concurrently with, or follow ng the

admi ni st rati 68 05 sKiied adisap di appessiats lawer ot highenslosenthan oge ssHpd abeyeor
formul a | semay®etréguiet eSpedfydodhgarirdaatichtasgifiehafdPaml Sercul® pgadt .
will depend upon a variety of factors, including the activity of the specific compound
employed, the age, body weight, general health status, sex, diet, time of
20 administration, rate of excretion, drug combination, the severity and course of the
infection, the patient’s disposition to the infection and the judgment of the treating
physician. Generally, ireatment is initlated with small dosages substantially less than
the optimum dose of the peptide. Thereafter, the dosage is increased by small
increments until the optimum effect under the circumstances is reached. 1n general,
25 the compound is most desirably administered at a concentration leve! that will
generally afford antivirally effective results without causing any harmful or deleterious
side effects.

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

30 formula | and one or more additional therapeutic or prophylactic agent, both the
compound and the additional agent should be present at dosage levels of between
about 10 to 100%, and more preferably between about 10 and 80% of the dosage
normally administered in a monotherapy regimen.

35 When these compounds or their pharmaceutically acceptable salts are formulated
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A conpound of this invention may also be used to treat or preygfoodé’al
contam nation of materials and therefore reduce the risk of viral infection
of Iaboré,%g{é6 medi cal personnel or patients who come in contact wth
such mat 498 (e.g. blood, tissue, surgical instrun®RrTEARHYFar nent s,

- laboratory instrunments and garnents, and bl ood col |l ecti on apparat uses and
materials). A conpound of fornmula | set forth herein may al so be used as a
research reagent. A conpound of forrmula | may al so be used as positive
control to validate surrogate 30 cell-based assays or in vitro or in vivo

viral -replicabdanbr dis ﬁbﬁarnl:déé&tﬁ%ﬂy Akplab® afrief, fﬂﬁa .@QMﬁ‘ﬁg d:d?ﬁbo@.ftn@n ayustrat ed
in the follown are under st ood imtin vmth

exanpl es
respect to t i€ ag‘mﬂgéﬁ inyq tﬂé“am’ﬂé's'l%'ch af 9‘5‘20'66"*\5% ‘6%39 8@@4‘5 ease
PCT/ CA03/ 0005&ai\drtphevdnt OV virdsinfgetiody. Buch tre&tmeatiayialdo bé atigevead uging aand

I ntermedi ates_therefore are prepared KNown hods I.ng_reaction

condi {1 ona. whPRROWRLO i Ake 8 BEGitiealin ot BN R KRS RSB, o <
nmet hods arse dimited! tws @d, ﬂ ,rE-VMQ 20/ 6oBidRfard, MWAVIHH/ 080 Hading offieeinhibltdbrewf ng
Koy 1 nt er mit 50 BroRR it BHRGE BIRIRE W S Mot 1S
1b OH 10 Schéislite @@pyhmh :r(G!udDbuBnmtéjm:tw tog h@lcme NS2/3 pmttafg ofintattdles can

be Iinked b I d
W0 00/ 09543 5T Y 3e IREY) 9%%““%‘1"29&*%??[“5@%?%@% e oo
confi-gurati oﬁownﬁwﬁmcmmségfo this inventien tp cyaatsa vinglesloaaamignn.PCT/ CA03/ 00089

substi t uet . AkBRafveRitReseRBliBhal WB¥Rs hidy WaiseParhidlySadhifisiBfodas edamhahed as

will be
as part of a multiple dosage form.

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

15  administering to said mammal an'agent selected from an immunomodulatory agent,
an antiviral agent, a HCV NS3 protease inhibitor, an inhibitor of HCV polymerase or
an inhibitor of other targets in the HCV life cycle such as helicase, NS2/3 protease or
IRES. Such additional agent may be administered to the mammal prior to,

_ concurrently with, or following the administration of the composition of this invention.

20
A compound of formula | set forth herein may also be used as a laboratory reagent.
A compound of this invention may also be used to treat or prevent viral
contamination of materials and therefore reduce the risk of viral infection of
laboratory or medical personnel or patients who come in contact with such materials

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

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

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

Further details of the invention are illustrated in the following examples which are
understood to be non-limiting with respect to the appended claims.
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recogni zed by persons skilled in the art. One exanple of a copygeat
nmethod is the well known M tsunobu reaction (M tsunobu Synt hesis 1981,
January, no et at. Tot Lett. 1994, 36, 3779- 379 k et al.
Tel . Let t‘%@%ﬁ% 6193-6196). 5 Step E: The formati off Ef(lg" raﬁl{acr ocycl e
can be carried out vi a an olefin netathesis using a Ru-based catal yst such
as the one reported by Mller, S.J.; Blackwell, HE.; Gubbs, RH J. Am
Chem Soc. 1996, 118, 9606-9614 (a); Kingsbury, J.S.; Harrity, J.P.A;
Bonit at ebus, P.J.; Hoveyda, A.H J. Am Chem Soc. 1999, 121, 791-799 (b)
and Huang, J.pje ﬁ,@dq ) E D NoI an, S.P.; Petersen, J.L.; J. Am Chem
Soc. 1999, 10 121, 2 or as descrl bed in WO 00/ 59929. It wll

al so be recod’r‘ngﬁ'l?ﬂahttﬁ%tfmm%!{rﬁll%fi‘%rg‘”@dﬁ‘f‘ﬁl"}tﬁrﬁ’@d@?ﬁé‘f‘erﬁo&h%'ieﬁ%r%’éiyaI s such

as M can be knsws meBodé h$|ﬁg FeRRGAI &vi\dmathwhnﬂLar@ﬁnowh to bPEdIBbISY the - PLY. (a)

(b) G ubbs' catal a St G wage - Cl O (c)

ol an' s cat al"Atans) sevBRL Ren nsloaRue HRgesad o we pobesaf anwo bBke, ) -
6a to thesconpounds of 15 forrmula | of this invention is disclosed in
detail in th i n R is
NHSO2R1A as ?h? i ng@inﬁgg Eﬁggpg atté'sra co%gﬂgﬁ{’b%egé Félﬁ%Me %%t}q@‘ggstgtndl ng acid
of fornul a | Pfdpaeng Rkey istelﬂyeldlebeﬁ fthu!asarfroamw@pnmtamdmesfonam de of
formula R A SO2NH2 in the presence °§<>§l§§lﬁ=”f' i ng agent under 20 standard
conditions. Although several conmmonl oupl ing agents can be

enpl oyed, TBTU and HATU have been found to be practical .gifhe sul fonam des

are available come@itially or cam be prepared by known hods EXAMPLES
25 The present inve on is |HJNL4 8t ed in Aurther det t fol |l owi ng
non-1imti ng Me ._.,_..._...._,..
ia 1b
Ha\ @N @@q
P2-P1 g Eﬁ\
P2-P1
\ D
H OH
o H
0 & OMe E OMe
. L O -
(®) N
H
3
R—0 P3-P2-P1
5b 6a
Y

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

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




exanpl es. Qther specific ways of synthesis or resolution canydg Jr;_@y@d in WO
00/ 09543; WD 00/ 09558 & WO 00/59929. Tenperatures are given in degrees

Cel si us. . per cent ages express a weight -17 19 J 2006 WO

03/ 06445@@%6&83100089 to volune rel ati onshi p, and SOP%{[%Z‘&HSI?OQ@I 0s
express a volume to volune rel ationship, unless stated otherw se. Nucl ear
magneti c resonance (NVR) spectra were recorded on a Bruker 400 Mz
spectroneter; the chem cal shifts (6) are reported in parts per mllion
and are referenced to the internal deuterated sol vent unless otherwise 5

i ndi cat ed. ThebdiMRnt PRl #o Qévé!‘él'wa% MAkhiGPIRRUAR R debdtipliRhéddswilpas recor ded
in. DMSO d6. Fl ash ggl umm ¢ ra h%was carried out on siljica gel

T et LN SR SRR of 4 CUNPRIET etREcs ey | | et
al., J. Og. vidnaaown Mit&idbu @ctu&%ﬁﬁsunaﬂ SYrlricelsi1981,anualpIRs; Mahbet exanpl es

Craps: 3 ( 318t TSRl BrrERe: Kokena bt e fSon el el “roa 2-

DCM net hyl ersteps Bt Dlrie henatiohAbtheth#drdoyclazadibe gahied vhadiean Ibianetathesm

ey SR e AR e s BRI ST A R e

~ di met hyl sul f Gk, R(I-SS) AMECHh@QIRS$0S1986, (| CEXIBQE-D614 (a);- Kingsthin J2 $i68Y,

2,5-d hyl h [ '

1171 uor onet Aanke opRidhuE ¥ RBy Gt A RCY P GREL SoPohS. T irontey g

el ect r ospr ay anddduangpbrbtevanst E2.; NoMUS.P.; Petersen, J.L.; J. Am. Chem. Soc. 1999,

Ol G 2£a08N2 00y 47alants ) be ds decirted (TG TR BNbA! PRI AR, cTEAKHHEA BROSPNal e

HPLC. hi or mance romat o ectronetry,
MALDI - TOF Nﬁ@ﬁalyﬁtsA@@ﬁaw@@tmérénsmr@aetﬁl&Syﬁh o MoLan be ysed fee mﬁreaqn‘tong ht ,

FAB: Fast Atom Bonbardnent; Me: nethyl; MeOH net hanol R T.: room

tenperature (18 -22); TBTU: 2-(1

H benzot (azol e-1-yl)-1,1, 3,3-tetranfet hyhur oni et borate; TFA:
LC yer

trifluoroacetic acid, et r ahydwe an; T
chromat ogr aphy; Tri §V HC ris(hyalr ¢xyjret hyI ) am na hane hydr ochl ori de. 25
EXAVPLE || Synt hesi s,,fo'ﬁ"‘ d| pept i d%I,J:QE"-— G o |

. r-cy3

(a) {b) {c)
Grubbs’ catalyst Horeyda's catalyst Nolan's catalyst

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

Compounds of formula | wherein R' is NHSO,R** as defined herein are prepared by
- coupling the corresponding acid of formula 1 (i.e. R' is hydroxy) with an appropriate
sulfonamide of formula R' SO,NH; in the presence of a coupling agent under
20 standard conditions. Although several commonly used coupling agents can be
employed, TBTU and HATU have been found to be practical. The sulfonamides are
available commercially or can be prepared by known methods.

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

Temperatures are given in degrees Celsius. Solution percentages express a weight
7=




OyNOH + - ~~~ OO P1 OHe r4 P2-P1 1la 1b 1c A m xture of Boct ¥y prol i ne
la (50.0g, 216mol), (1 R 2S)-vinyl-ACCA 30 hydrochloride 1b (42. 25¢,

238mmo1l) TU ((6.36g, 238nmol) and DI PEA (113nl, -18 I 06 WO
03/ 06445%"1’@@6&%3/ 00059 649mmol) in DVF (800nL) was st %’EF’%‘%(?“%% T. under
a nitrogen atnosphere. After 3.5h, the solvent was evaporated and the
residue extracted with Et OAc and washed w th hydrochloric acid (10%,

saturated sodi um bi carbonate and brine. The organic phase was then dried
over magnesium sul fate, filtered and evaporated to afford an 5 oil. Drying

the oi |l over nb ghilimé FéHtlonsigl@ingRblibory REHS BXHE VolendioReRivictelalisnshp, a

yel l ow foam (72. 0 t% 94% purjty >95% by HPLC). @MLEF Synt hesi s of

A pent | de. o eSS st tpRwiss oM eaTdnagustio sBirios CUHLIRSCle MERHBRTER oS phi ne

g- 62- 949, ) 243-o&lﬁdmh_ ker|4b03ﬂﬂ:u§_ 'p\éct}orﬁé_?_jd_ll'; Mrﬁhﬁwm@ (ﬁ)@@i’é_ﬁboﬁé%ir%tsl pah5. 8m‘rFI :

.2equi v) were,.dissolved in_ dr . n e stirred solution cool e

Lo 00" urder - TS 3Dk FelpteResshlihe asial geinbeetdifsoh B s ioHentiSe i o) Cons

t hen addeé dirmujicatest TinedtMR Speatraahdl! tired cdrbpourds (inlubitosd) maweebordediar mto R T.

After 4h, th vien \ ' 0l V] {nto four
Ea&ﬁéc}#) \ﬁf. hﬁia%lﬂr?ﬂ?%ﬁ&t?ggﬁgg Hlég Garrib& 31{;&“%1!:%5 wa!ﬂ%g)z u

portions. ese was chroma over Tin el (10-40 pm
mesh, col urm ageeding & Stills flash cliremategrapby trchnigee (W .Gy Stithef ak. J. Prade-kem. of 2 : 1
hexane/ Et CAc 19 lislodpyane/ Et OAc to pure Et CAc. Ester 2a was obtained as
an anor phous white solid after evaporation of the solvents and drying

10  Abbreviations used in the examples include Boc: tert-butyloxycarbonyl [Me;COC(O));
BSA: bovine serum albumin; CHAPS: 3-[(3-cholamidopropyl)-dimethylammonio]-1-
propanesulfonate; CH,Cl.= DCM: methylene chloride; DEAD:
diethylazodicarboxylate; DIAD: diisopropylazodicarboxylate; DIPEA.
diisopropylethylamine; DMAP: dimethylaminopyridine; DMF: N,N-dimethylformamide;
15  DMSO: dimethylsuifoxide; (S,S)- Et-DUPHOS Rh {COD)OTT: (+}-1,2-bis (25,55)-
2,5-diethylphospholano) benzene (cyctooctadiene) rhodinium (1)
trifluoromethanesulfonate; EtOH: ethanol; EtOAc: ethyl acetate; ESMS: electrospray
mass spectromelry; HATU: O-(7-azabenzotriazol-1-yl)-1,1 ,3,3—tetramethyluroni{|m
hexafluorophosphate; HPLC::high performance liquid chromatography; MS: mass
20 spectrometry; MALDI-TOF: Matrix Assisted Laser Disorption lonization-Time of
Flight, FAB: Fast Atom Bormbardment; Me: methyl; MeOH: methanol; R.T.: room
-temperature (18° -22°); TBTU: 2-(1H-benzotriazole-1-yi)-1,1,3,3-tetramethyluronium
tetrafluoroborate; TFA: trifluoroacetic acid; THF: tetrahydrofuran; TLC: thin tayer
chromatography; Tris/HCI: tris(hydroxymethyi)aminomethane hydrochloride.

25

EXAMPLE 1
Synthesis of dipeptide 1¢:

OH OH

AU H,N.,

+ OMe H
>r0\",N OH _ = >r°j-( & “OMe
0 PO P1 ? p2pr
1a 1b B [ :

A mixture of Boc-hydroxyproline 1a (50.0g, 216mmol), (1R,25)-vinyl-ACCA
30  hydrochloride 1b {42.25¢g, 238mmol}, TBTU (76.36g, 238mmol) and DIPEA (113mL,
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20 under high vacuumat 70 for 1 h (108.1 g, quantitative yi¢d gy 205AVMPLE 3
Synthesi s of al cohol dipeptide 3a: 25 The nitrobenzoyl ester 2a (108 1 g,

203.1 m‘rq| issolved in THE (1.0OL) and the resulti on cool ed
to 00. A %EOW&?J% | i t hi um hydr oxi de nonohydrate (10. 6’@3{&%{‘@@5&9 July
2006 WO 03/ 064455 PCT/ CA03/ 00089 253.9mml ) in water (225nm) was then added
rapidly and the reaction stirred at 0 for 30mn after which tine the

remai ni ng base was neutralized with hydrochloric acid (1 N, 50.8nl).
Addi tional acid was slowly added until the yellow col or dissipated (7nl).

The resul ti nqs@mﬁdar'nenma@mﬁg v@é%ﬂﬁédiéﬁ@'TauﬂfbePElﬂmbgém msﬁa@ré aAﬂ@d with 5

Et CAc (3 x 150 extract was th sat odi ar bonat e
(150mt) “and BrThiriesphemtyes SHRpoBR At e feade Rudiad i Eloare
sul f at e- chaw«imaiydrobh!bﬁcea@di(mm)ps@haﬁdabd:rrmqmm&mﬂwaﬁd tmine. Ew@gam ed

s col or | cetofe g phRtzé Sl HRohEh LA SRR IR B oA e daRlE S

Synt hesi s 50f o@l29)ylrls}tﬁeou avarnight{d8h)3inderdiigh waoudm(géug tHEtdijeptiddtatas § 4a) A
HOGOC NHAc t.tp% /500) EtOH M Ac C (4b) NRAc
(3 DH O PSI "(4@8%%% g’ LF 5%309’&' Ii4' ?’1100 COOEt D. (40 Et

EXAMPLE 2
Svynthesis of di eptide 2a

;L@_Noa

H
OMe .

)
=X

OMe

X
&3
\

1c 2a

10
The dipeptide 1¢ (72.0g, 203mmol), triphenylphosphine (63.949, 243.8mmol,

1.2equiv.) and 4-nitrobenzoic acid (41.08g, 245.8mmol, 1.2equiv) were dissolved in
dry THF (1.4L) and the stirred solution cooled to 0° under a nitrogen atmosphere.
DEAD (38.4mL, 244mmol, 1.2equiv.) was then added dropwise over 45min and the
15 reaction allowed to warm to R.T. After 4h, the solvent was evaporated and the
residue divided into four portions. Each of these was chromatographed over fine
silica gel (10-40 um mesh, column diameter 12 cm, column length 16cm) using a
gradient of 2 :1 hexane/EtOAc to 1:1 hexane/EtOAc to pure EtOAc. Ester 2a was
obtained as an amorphous white solid after evaporation of the solvents and drying
20  under high vacuum at 70° for 1h (108.1g, quantitative yield).

EXAMPLE 3
Synthesis of alcohol dipeptide 3a:

&ONOE H

H ——

OMo

2a 3a

25 The nitrobenzoyl ester 2a (108.1g, 203.1mmol) was dissolved in THF (1.0L) and the
resulting solution cooled to 0°. A solution of lithium hydroxide monohydrate {10.66g,
-19- '




f1~Nal 04 NO >99%e (GC) E. 1) BOCzO, DMAP, THE 2) UGH H2Qg) jy,aP1- 1
(49) P3 15 Step A To a solution of comrercially avail abl e diethyl

2-acet am te 4a (100 g, 0.46nvole) in dioxane (5 added
aqueousms"g(gpﬂ%gﬁgdr oxide (1 M 1leq., 460nL) dropw se oggW§sg45m n The
resulting mxture was left to stir for 16.5h, then di oxane was evapor at ed
in vacuo. The resulting aqueous solution was extracted with three portions
of 300m. of EtOAc and acidified to pH 1 with 20 concentrated HCI. This
solution was left to crystallize in an ice-water bath. After the

appearance 0f25§.9f1ﬁ¥8é)§ﬁ @f@k@sﬂpﬁaﬂhﬁﬁ g&&ed’ﬂﬁideQHé RAcHINdiREd 3dyndant

preci pitate appear | tration and drying u ~vacuum aff orded conpound
4b, (62.52¢g, farBfminalarahichdime thpremainieg bape vaisdpuialized with fydjaehiqricacidy

stirred emul qir@,rsoqs‘mngpmaamsﬁaahémwayabtvgudaeauﬁmm fidw Eolor didsi t Di oxane
: 006 WO 03/ 064455 PCT/ CAO édgvgi 89 diol 4c

- NaOH (1 N) OOkt _/T\ 1:1 19 Jul
(259, 0. 173né{Bh)- ThE repsiing rosHiewas fienevaporatis AnCBS esinle eXEae queous
sol ution &f SWAL(BPESFONIJATRe deachgas Wash0nith @atuiatddspdium bicdrbbimdte H20) was

added over eriod, pf 20Q0.n. (ski ghtl xotherm.c). The r |t m xture
Nas stirred AR Bine Bt medbantc G DR Bifd ovel Mchin bl
- reacti on confchamweal, fikeretiltDpugthdiFtoactousigash and evipmmatdd c@veraightdiying efepar at or y

funnel and t # ; I t r. The
aqueous sol u?rfe O%&ﬁ%H@dﬁr&Yggtvg% ,pﬁlaE@@a%%aélgﬁse%&éﬂgggfggg(zg.gg, fromthe
organi ¢ fracOPtnpwilye99ebeHPERE two organic fractions were conbined, dried
wi th sodiqgm sul fate and filtered over a cotton plug (in a Pasteur pipette)
to gi ve conpound 4d %15. 1359, colorless oil, 78%yield). The 10 agueous

sol ution was FEAMPA&®d with CH2C12, dried with anhydrous MySO4, and
concent rat ed gynfiedis ¥A@EHMHM iR tho@BhbiBGeid My) 6- heptanal Db.p.153C) to

obtai n an ]
fOEt Dloxan-le::QaOH {1N) iOOEt
Et0OC” “NHAc A HOOC” “NHAc
(4a) {4b)
(5,5)-Et-DUPHOS Fh(COD)OT
| 5P
—————
g Pridne 0 Py “coom B 7 oom
>09% ee (GG
5 | reo, ee (GG}
HO g | 1BOC0, DMAP, THF
: 2) LiOH, H,0
4c] # COOH
“a OH L

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

20 concentrated HCI. This solution was left to crystallize in an ice-water bath. After the
appearance of a few crystals, the mixture was sonicated and an abundant precipitate
-appeared. Filtration and drying under vacuum afforded compound 4b, (62.62g, 72%
yield) as a white solid. o
Step B. To a magnetically stirred emulsion of commercially available 7-octene-1,2-

-20-




addi tional anount of conpound 4d (1.957g, colorless oil, 10%yi® fhe Total
yield 88% Step C. To solid ethyl 2-acetam donmal onate 4b (7.57g, 40nmol)

was addeg‘!ggsllrélﬁﬁfégeptenal 4d (4.48g, 40mml) in sol Utionng@é%%ﬂj_‘ye (32m.,

10eq) ov The resulting solution was cooled in Aceti c
anhydride (12nL, 3.2eq.) was added over 4mn The resulting orange sol ution
was stirred for 3h at R T. and another portion of ethyl '
2-acet am donal onate 4b (2.27g) was added. The resulting m xture was
stirred at roomtenperature for an extra 11 h. Ice (60nL) was then 20 added

228 rrtL he fsol U:d'idi’ﬁc (53, §.?'7:§rﬁctﬂéb afr@_erﬁ-(?ﬁDmll)hiﬂ'a ii.h@uﬂﬂ;lc K%ttbrnﬁfrl]e\&ﬁ,sarﬁdudé@?_hw th

of water and extracted w wo porfions of die et her. e
ether al ol uePbHoelsed el (40 7 Briebmole, TendndR L dko e aibies,

concent r at ed oaihda mrgro'dfo'r emini(E}XSIfghiﬂSéxotmhhioymtr}mg’eaptlh}g riikiufeAeasdivted ah e>|:<) an _el_) to

i ve conpoun . 84, 0 Vi £l W Oi |, . To a
gegasse(r:lrp (ar g%ﬁi?ﬁfb“r??%qwsi??’oaﬂ‘y %@W\g%lqgé‘%’mﬁ%ﬁﬁg R"’Z‘-" e?%iﬂnhrf]eéc%é'ﬁg‘ ‘do-

2, 8- nonadisendhe eixtere(vas38en d¥Bnedlin a sepadatgrydunnehand $hZ @augouadayenaied

(S, S)-Et- DU rm ; . = ) he m xture
was put undgrgﬁg%t%%gi 0 %{ggﬁigéaggp('I'QFt%g?é}js%g@ﬁﬁ%@&gpgﬁﬁgﬁgtstI rred on
‘a Parr shaketesanted g seppsteddsam therpiganiodragtien QRee naYrep dPaarrgaNitir yness to
obtain the Chielons WEROEUMbIRLE, tied With SdAIUMRSUItdfSthd fitefedOVELDERIBH Pl (At €P

wi thout purification. Step E. To a solution of crude, (%— et h)yl

2- acet am do- 8-fgisuniRete) ko give somppund 44 (. d3A9) colprieprell 7Edoye!f): Wsc20 (13. 29,
2eq. ) f findofDNBEuze(ogléQﬂlﬂti%lﬁwié%Mra\la@H wam@ﬂe?,.drﬁhm?egﬁﬁdr?m My asd was heat gd
at reflux for 2. .5h. Subsequently, t of .t ol vy evapor at ed,
The oruds m EomeBtad i feapmainoRRsehs. it b hebnalhndShe) bR AR
order to remauditidnatarbii®of ddnepound 4di(T.957ay esloness ollLtihgeld). Tathl yi@ldJul y 2006
WO 03/ 0644558 §3T/ CA03/ 00089 extracted with saturated aqueous NaHCCB3, dried

‘wi th anhydrouS™Na2SO4 and concentrated under vacuum The crude product was
t hen di |l ut edStep® ToiBolicbdingti P-acetachidemaimatedting?)57g] 4MMhinelp@ag addedd®: 2eq.) was

added and.th lagyd ' . .Sty T, ; | etion of
he. nydr aPys FehEH 'S edTablohich itBauchlsh biihesaml tooGPove i, THEP

concent r at edrasuting solaéanuvas epoledrima dOhiath. Ateticlaphydidde (d3inlkahdeq.)awas di | ut ed

with CH2C 2. jddiey dveplivnin' e RiLIMAY SBnYRSoINRARGE sitrbdfol 3NatH&T. and

another portion of ethyl 2-acetamidomalonate 4b (2.27g) was added. The resulting
mixture was stirred at room temperature for an extra 1th. lce (60mL) was then

20 added and the solution was stirred for 1.5h, then the mixture was diluted with 250mL
of water and extracted with two portions of diethyl ether. The etheral solution was
washed with 1N HCI, sat. NaHCO,, dried Na;S0,, concentrated and purified by flash
chromatography (EtOAc 40% / hexane) to give compound 4e (4.8g, 50% vield) as a
pale yeliow oil. :

25 Step D. To a degassed {argon bubbling for 30min) solution of Z-ethyl 2-acetamido-
2,8-nonadienoate 4e (8.38¢, 35mmol) in dry ethanol (70mL) was added (S, S}-Et-
DUPHOS Rh(COD)OTf {(51mg, (substrate/catalyst = 496). The mixture was put
under 30 psi of hydrogen (after 4 vacuum-H, cycles) and stirred on a Patr shaker for
2h. The resulting mixture was evaporated to dryness to obtain the crude compound

30  4f, which was used in the subsequent step without purification.

Step E. To a solution of crude {S)-ethyl 2-acetamido-8-nonenoate 4f (7.39,
30.3mmol) in THF (100mL), Boc:O (13.2g, 2eq.) and DMAP (740mg, 0.2eq) were
added. The reaction mixture was heated at reflux for 2.5h. Subsequentily, most of
the THF solvent was evaporated, the crude mixture was diluted with CH,Cl, and

35 washed with T N HCl in order to remove the DMAP. The organic layer was further
-21- '




dried with anhydrous Na2SO4 and concentrated under vacuum |4y Rfd86et O
renmove mnor inpurities and excess Boc20O, the crude product was purified
by flash__ chromatography (using a sol vent gradl ent from 100% hexane - 100%

- Et 0Ac as WREASE| uent). The titled conpound " 4g was obPSFGABAMSh g

purity as a pale yellowoil (5.82g, 71%vyield). 'H NWVR (DVSO 400 M—lz): S
7.01(d, 3 =8 Hz, 1K), 579 (1dd, It =67 He Jd = 17.0,10.2 H. 1T H),
5.00(rm|,Jd:170Hz 1H), 493 (md, Jd = 10.2 Hz, 1 H. 3.83 (m 1 H),
200 (g, J = 6.9 H, 1.65-1.5 (m 2H), 1.38 (s, OH), 1.35- 1.21 (m

6H). 15 EXANPekFac‘ied'ﬁMﬁH érbt%d%ﬁuééds%@idcsled@a Mn%hhﬁjoﬁéw%ophn&t ep 1 : A

sol ution of hydro en chloride 1 n di oxane to the Boc P2- 20
P1 fragnent :‘3?8“‘(35' rateg undey vephm. )T he SEigedr °$ Viagthee diftedwith TAF (RO, After 1

h Ofd sti lrrl raﬁdwaterrmu)qrmar}gbqemQ,tdeq r)\ﬁﬁh‘é@ﬂéd ?\?ﬁh@VéﬁDmh trfaahramrs”t he .
resi due pl ace vac Ich arrto ydr oc ori de
salt of corrp&ﬂ’ﬁ‘ff}%}g:‘et °r%E' LPgt ydff"WW%& gé)éfq?r?? ﬁ'&eh Step 2 :
DI PEA (256mrea1::{iomb¢urwatasadwhedtrated andar vacuuen ofretbee mbstwodtheridffar ed P1- 25
P2 hydr ochl OorL neous

ol 11 on. " sesalf A Wish i ity rhe lebl bol it b e TTREETCC,
stirred sol dri¢dwitihanigdrdus NasSOand(concsniratedTindenrmacyun. nlrmrqermrsQOL@OnL)
resulting in rr%rttrhﬁ“ntleggnd-gxcékg Boc%@%e%d@?r%ﬁﬁés Btk sR0089

di ssol uti on of reagent was added resulting in an

essentially ﬁB’ﬁB\j‘&géﬁﬁJhﬂ (‘ésdmﬁ $q5\r¢nhsrtae&em1fmﬁ' h0G%% h?!‘ﬁ".? W% BIGACASIBe t he P1
- P2 sol upi oRwaAY ﬂh@ﬁl@d%@ﬁ‘@guﬂﬂg Waé&ﬁaah&ﬁhtﬁléﬁbdﬁﬁﬁas@ﬁdlé‘ diBW o 8 on wet

litmus). After stirri n(g under a njt ro&en at mosp t he sol vent

was evapor at &i8%thd1terield). (HNMB(EMSG, AQ B’%B)\MCH @tm@ F(Z21ké) 598rdd. dnd
washed wi th diduke Jaxwlfmhh@rmz:mylscbur , 06 N.17400i4 M), 43t (B, §449G0%2) , and

(saturated sog, “{H)bﬁggr(nqoﬂ%tgo“q%mgg HES54), 1.65-1.5 (m, 24, .38 (s, OH), 1.35-
| 1.21 (m, 6H), -
15
EXAMPLE 5

Synthesis of tripeptide 5b
H

>r H,‘ ove _ Step1 &YN . o—‘( —?—OH
F2-/1 p2-p1Y f
Sl ,lL

Step 2

P3-P2 P1

Step 1: A solution of hydrogen chloride in dioxane (4N) was added to the Boc P2-
20 P1fragment 3a (5.329, 15.0mmol) resulting in a colorless solution. After th of

stirring at room temperature, the solvent was evaporated and the residue placed

under high vacuum for 3h which afforded the hydrochloride salt of compound 5a as

an amorphous solid which was used as such.

Step 2 : DIPEA (2.6mL, 15mmol) was added to a mixture of the above prepared P1-
25 P2 hydrochloride (15mmol) in dry DCM (100mL) resulting in a homogeneous

solution. Separately, TBTU (5.30g, 16.5mmol, 1.1equiv.) was added to a stirred

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




conbi ned organi c phases were then dried over magnesium sul f ajefdobé er ed
and evaporated to a yellow syrup. The crude product was chromatographed
over sil I‘f‘% 3/%2 5'u5| ng 6 :1 EtQAc / hexane to pure Et OAc _as el uent, which
af f or ded BB&Ered 10 tri pepti de, diene 5b, as a mté’cﬂ%‘ﬁ’?@*‘%sg, 82%
purity >95% by HPLC). EXAMPLE6 Synthesis of macrocyclic internediate 6a: H
Ove 6a 15 A solution of diene 5b (4.0g, 7.88mml) in dry DCM (800nL) was
deoxygenat ed by bubbling Ar for 2h. Hoveyda's catal yst (262ng, 0.434nmpl,
5.5mol - %9 was then added as a solid and the reaction was refluxed under an

Ar bal | oon. "Nzés%runm,théHéﬁgeﬁteﬁilﬁﬁﬁﬁ%nl.s%H\Hoﬁ'%a‘é’%%ld@d’?é%ﬂﬁaﬁé ﬁ%to an
anor phous solid and t purified by flash _colum ch ronato%ﬁfgréover

silica gel. éerlt'ﬁﬁmflogpgg'i')?%ﬁf"ug%P@?ﬁ"\%@ Tothiswventnen gdded Once the
cat al yst was selutibreahd DIPEALdided Ot ik rebdtion W@k VESIE (PMIS aeinammhus) OAfRr €

Et OAc. El ut f 1 | t |
The macr ocycrEng b A iRl atm Rt Beeth e F o T SR B TR e v
re- di ssol \ged residue@xBEaitad witkx BIOAQ (2 Z0mLbaapwashicd avithalilute Hngdmdhlwactchf f or ded

whi t wd 3 295 l\d
1.20- 16580( 0 8?—6’ s0BfiES wae (%?%"ﬁha@f%?ﬁ%f@d%'é%?@%@ﬁ? ™61 1. 70
(m 1H), 1. momb@ed empn@nﬁase@ wge thepglrigdpveriHjagnesiym setﬂatedﬂltere;d@ng 1H)

367 (3,531 evicldied Ba votbwjrub: Thelduae htlol b onfotatbdraind drefsich 1)

(bd H .
5. 20- 5. 23 ( mIebygyng %‘ﬁ%ﬁlf he@"et"rpwe&to@ﬁse‘ﬁentl)wh'qh %'@f?%is‘he ﬂeﬁfll)ed 23 19
tJﬁl y 20061;)\/\&@%%&46%5% Wﬁh:?e Bam5.884,i82%, plirity BOSMULRMPLE). Synt hesi s of
lourea 7a: 'y - -

EXAMPLE 6
Synthesis of macrocyclic intermediate Ga:

OMe

15 A solution of diene 5b (4.0g, 7.88mmol) in dry DCM (B00mL) was deoxygenated by
bubbling Ar for 2h. Hoveyda's catalyst (262mg, 0.434mmol, 5.5mol %) was then
added as a solid and the reaction was refluxed under an Ar balloon. After 28h, the
red-orange solution was evaporated to an amorphous solid and then purified by flash
column chromatography over silica gel. The initial solvent system was 10% EtOAc

20 in CHCl,. Once the catalyst was eluted from the column, the solvent was changed
to pure EtOAc. Elution of the catalyst from the column was evident from its color.
The macrocyclic product 6a was isolated as a colorless foam which was re-dissolved
in CHCly/hexane (~1:2). Evaporation of the solvent afforded a white powder
(3.3629, 89% yield).

25 'HNMR (CDCls, 400 MHz): 5 1.20-1.50 {m, 6H), 1.43 (s, 9H), 1.53 (dd, J = 9.5 & 5.4,
1H), 1.61-1.70 (m, 1H), 1.76-1.90 (m, 2H), 2.05-2.26 (m, 4H), 2.45 (d, J = 14.3, 1H),

3.67 (s, 3H), 3.71 (d, J = 1.1, 1H), 3.90 (dd, J = 11.1 & 4.3, 1H), 4.43-4.53 (m, 2H),
4.76 (d, J = 8.6, 1H), 4.86 (bd, J = 9.8, 1H), 5.20-5.23 (m, 2H), 5.57 (dt, J =7.0 &

9.8, 1H), 7.32 (bs, 1H).
-23-




PCT/ CAO3/ 00089 5 7a To a solution of tent-butyl isothiocyang g e,
39.4mmol ) in DCM (200nL) was added cycl opentylam ne (4.67nL; 47.3muol)

f ol | owed and the reaction mxture was stirred at 2h. The
m xture v@éogﬁg‘l%ed with Et OAc, washed with a 10% aque%&ér%?"ﬁ‘{“ %n of
citric acid (2x), saturated NaHCO3 (2x), H20 (2x) and 10 brine (1 x). The
organic layer was dried over anhydrous MgSO4, filtered and evaporated to
yield N-tert-butyl - N -cyclopentyl thiourea as a white solid (3.709; 47%
yield). The N-tert-butyl-N -cyclopentyl thiourea (3.70g) was dissolved in
concentrated HC (46nlL). The dark yell ow solution was set to a gentle
reflux. After_40mn the reaction mxture was allowed to cool to R T. and
t hen cool ed i%ﬁ@é—%ﬁd basified to 15 pH 9.5 with solid and a saturated
aqueous sol utgrearafoniifbiddreadlre product was extracted into EtOAc (3x), the
conmbi ned Et OAc extra S wer washed with HZO (2x) and brine (1x). The

- organic |aye PRSSia Rl puraa@i)  filtered and concentrated to obtain a
bei ge solid (2.46g crude Nr=twpoat i on of the crude mat er i aI in hexane/

EtOAc 95/ 5 pro ed af ter flltratlon cyclopent 7a as a
V\:hItESO|Id(23 8(bs

1H), 7.19 (bs,HH 676(b& H)a 1%’91
1.66-1.55 (m 2H), 155130(m4|—|) I\/IS es 144, 9(M + H*, es- 1428(M
- H'. 258%Preparation of thiourea 7b Using the procedure des@®i bed above

‘and using contes §¢|ad.drw°faa@butﬁbéoano@yﬁét9taedmLesy mms? RBER 2ocim|_) was

‘(J:ﬁf:lyoggggyl a adgec} c%lope%lgmgnre (2 %]}mﬁ 4;bsmmo!5\|followe§ by D EAA\ an’gl the reaclt_ijor? "24 19

“mixture was stirred at R.T. for 2h. The mixture was diluted with EtOAc, washed with
. a 10% aqueous solution of citric acid {2x), saturated NaHCO; (2x), H2O (2x} and
10 brine {1x}. The organic layer was dried over anhydrous MgSQy, filtered and
- evaporated to yield N-fert-butyl — N'-cyclopentyl thiouree as a white solid {3.70g; 47%
yield). The N-tert-butyl-N'-cyclopentyl thiourea (3.70g) was dissolved in concentrated
HCI (46mL). The dark yellow'solution was set to a gentle reflux. After 40min the
reaction mixture was ellowed to cool to R.T. and then cooled in ice and basified to
15 pH 9.5 with solid and a saturated aqueous solution of NaHCOs. The product was
extracted into EtOAc (3x), the combined EtOAc extracts were washed with H,O (2x)
and brine (1x). The organic layer was dried (MgSQx), filtered and concentrated to
obtain a beige solid {2.46g crude). Trituration of the crude material in hexane/ EtOAc
. 95/5 provided, after filtration, the N-cyclopentythiourea7a as a white solid (2.38; 90
20 % yield). :
H NMR (400 MHz,DMSO- de) 57.58 (bs, 1H), 7.19 (bs, 1H), 6.76 (bs, 1H), 4.34
(bs, 1H), 1.92-1.79 (m,2H), 1.66-1.55 (m, 2H), 1.55-1.30 (m,4H). MS; es* 144.9(M
+H)* es: 142.8 (M~ H). '

25  Preparation of thiourea 7b

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

HEN/O jTi; %ﬁiﬁ/o T quj\N/O

H
7b
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WO 03/ 064455 PCT/ CA03/ 00089 EXAMPLE B Synt hesis Conpound 1019 §d¥pro86 8a 101
Step A. To a solution of the macrocyclic internediate 6a (13.05g, 27.2mmmol,
5 1. Ceq.. {14.28g, 54.4mmol, 2.Ceq) and 2-carboxynet hoxy-4- hydr oxy- 7-
met hoxth‘(%ﬁ??ﬁ@‘s(m 00/ 09543; WD 00/ 09558 & WD 00/ 59923’?“?%"%’ 89°28. 6nmol |
1.05eq) in THE (450nL) at O, DI AD (10.75nL, 54.6mmol, 2.C0Ceq) was added
dropwi se over a period of 15m n The ice bath was then renoved and the
reaction mxture was stirred at RT. for 3h. After the conplete conversion
of starting material 10 to products, the sol vent was evaporated under
vacuum the g@Bimppliglg M xture -25 19 July 2006 WO 03/ 064455 PCT/ CA03/ 00089
diluted with Et OAc, washed with saturated NaHCO8 (2x) and brine (Ix), the
organi ¢ | ay&ynihasis Gompaung: anhydr ous MySO4, filtered and evaporated to
dryness. Pure conpound 7a was okbai ned after flasf,col um chronatography;
the colum was eluted first with @ elgEt OAc (50: 5 1\]‘olol owed by
CHClI 3/ Et OAc (95:5) tﬁ;m)ve 5 *-e@- Pl AD bypro syafid el ution of the
d

inmpurities was nonit@rgduyby TLC. Figally, the desired ofet 8a was
eluted fromthe col, ) @Cl 3/ ELQAC  (70:30). Usually, the
chr omat ogr aphy stg be—+epea g-3J tres—befof € gofpound 8a coul d
it e Kol t B an, Myavel d of  68%
= a solution Boc- prot ect ed

be isol at ed in_%i_ Mpou

(12.8g, 99.5% pdre ?é HPLC). 10 &t & )\
i nternediate 8a (1.587g) in ﬁq B ( , AN HCHoUiM
added. The reaction m xture S‘stirred at R T. for 1

I n_the event

that a thick gel would formhalf way tArough the reacti gh ef’l od, an
additional 1 OnL CH2A 2 was added.] Upon conpl etion of t& py St ecti on
the solvents were gyaporated to drypess to obtain g,yellow solfd and a
paste |ike 15 mat en@. The m xture redi ssol ve approxi mately 5%
MOH in Aid2 and r orated to S under v u 0 obtain
conpound Sb as a yell oQ olFtNd, whi ch W¥ed in the y t ¥ep wthout any

o

purification.
E

MeD MeO, n H
N
o]
o, Qo0 Lo O
= Br L —

8f 8a 101
Step A. To a solution of the macrocyclic intermediate 6a (13.059, 27.2mmol,
5 1.0eq.), PhsP (14.28¢g, 54.4mmol, 2.0eq) and 2-carboxymethoxy-4-hydroxy-7-
methoxyquinoline (WO 00/09543; WO 00/09558 & WO 00/59929) (6.67g, 28.6mmol,
- 1.05eq) in THF (450mL) at 0°, DIAD (10.75mL, 54.6mmol, 2.0eq) was added
-dropwise over a period of 15min The ice bath was then removed and the reaction
mixture was stirred at R.T. for 3h. After the complete conversion of starting material
10 to products, t_he solvent was evaporated under vacuum, the remaining mixture
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Step C. To a solution of cyclopentanol (614 pL, 6.76muol) in1gTJd§2()gﬁ'3nL), a
sol ution of phosgene in toluene (1.93M 5.96nL, 11.502mml) was "added

dr opwi se the m xture was stirred at RT. for 2h_to e
cyclopent“ﬁ%f‘%? oformate reagent (z). After that perio&, Tﬁ{?ﬁ#"@?&%&tely
hal f of the solvent was renoved by evaporation under vacuum The renaining
“light yellow solution was diluted by the addition of CH2CI2 (5nL) and

concentrated to half of its original volune, in order to assure the
renoval of all excess phosgene. The above solution of the cyclopentyl 25

chl or of or mat ejiiea 9RA EIORS wadhidd\ith shitbretie@ MaMad) (Dhiané brikak), aebrgatied to the
2] Ust ed to 1ovr yRgatRAQYer RAMimle MESHD o MR A SMBEEB HONSS P Che
adjusted to ™8 8¢ e
reaction m xtosmpoivits7a wad cbt&idedaftdd ik colurin chitbinatogtaphy; tipecdiuran whdle m xture
(2 “and bri rgir wineEiE s bbe) Righed iy oS SRS R DRI Voson,
filtered @nd RivR®andDKD hymleductscandiatatioo obthedinpurities yek Imowiterath by TEGam

D net hyl est e ' | : { fd ion by flash
col urmychr orrg-rtmc?g}ié%%es?g&s P'ﬁ?gﬁg %y%eemé%ﬁ%@Wrﬁrﬁ%tgg&b\;{]ﬂg%e to )210%
hexane in Et @A&3%s Ushallyethashomalayraitysiepdiad t¢ be repgpted @B trogsbelgigrity. 35
Step D. The %gﬁsm Sa%hﬁfbégﬁolét%g%@gh %@/Qé §am|tygalizjlzwg@nrag_é§ay?@ep&. -26 19

064455 PCT/ CAO MeOH/ H2 ratio), and
an aqueous sE&BH (13899 Naorrey MG i N, 1eq.) was added. The reaction

m xture Was Sép BEFoalsoldtidn of 16 BbB-pRAEMEEintermi@iate 88 RBSTRIrEdHI, dryness to
obtain the sodiumsalt 8 e solid (- ound 8d was

8d as a whit 1.66n_m)lT3. Conpg
used in the ABRLstNFSndipiare famy wesafdgd. THedpacormixiyig was sty um sal t
8d (1. 6|6rrgol R.Wasr 1h. IRahey edbnk Lmaim&mi%klg‘émhl bﬂ? Erﬂ\::ﬁlalf\m t@dd@dhamfhaim m xlt ;Jr e
was cooled tg O [n an.jce t | sobut or of or mat e, 2 2. 5Mmo
was. added r 8pUyesEn BilieL Tt phedk R Hadednr epriiom i o7 R Roroer gl T
period, di azdmeddh@nts Weléeidporated tchifgrebsa tlotstbin aryietigw velisl andrat pastediteat 0 f or
30m 1 andiet Nebida), Frnk mie Qs AARLLLANR apbrolmdti? b Qhebil i ERICKEN: s
evaporated 1 0 dryness under vacuum the remaining mxture was diluted
Wi th Et OAc, wuanesaied (g drynesaunderivecluaiaCbmain exmpound @b(eeya) yelem sedidi ne (1x),
dried over ammr“%q]sg@ﬁpﬁ nedt! {eg%itﬁgutad?ﬂ poNfaRsRt ed to dryness to obtain
conpound 8e as a |1 ght ?/e ?ow fs'o m
Step C. To a solution of cyclopentanol (614 uL, 6.76mmol) in THF (15mL), a
solution of phosgene in toluehe (1.93M, 5.96mL, 11.502mmol) was added dropwise
20 and the mixture was stirred at R.T. for 2h to form the cyclopenty! chloroformate
reagent (z). After that period, approximately half of the solvent was removed by
evaporation under vacuum. The remaining light yellow solution was diluted by the
-addition of CH,Cl, (5mL) and concentrated to half of its original volume, in order to
assure the removal of all excess phosgene. The above solution of the cyclopentyl
25 chloroformate reagent was further diluted with THF {15mL.) and added to the amine-
2HCI salt 8b. The mixture was cooled to 0° in an ice bath, the pH was adjusted to
~8.5-9 with the addition of Et;N (added dropwise) and the reaction mixture was
stirred at 0° for 1h. After that period, the mixture was diluted with EtOAc, washed
with water (1x), saturated NaHCO; (2x), H2O (2x) and brine (1x). The organic layer
30 was dried over anhydrous MgSQ;, filtered and evaporated under vacuum to obtain a
yellow-amber foam. Dimethyl ester 8¢ was obtained as a white foam after
purification by flash column chromatography (using a solvent gradient from 30%
‘hexane to 20% hexane in EtOAc as the eluent) in 80% yield (1.27g) and >93%
purity. '
35 Step D. The dimethyl ester 8c (1.17g) was dissolved in a mixture of
- -26-




(1.29, -1.66mmmol). The di azoketone intermedi ate 8e was used | é}ya%next
‘step wthout purification. 15 Step F. A solution of the di az tone 8
(1.29, 1.66mmol) dissolved in THE (17nm.) was cooled to 00 in an ice bath.
A sol uti OFO8¥4tiieous HBr (48% 1.24nl) was added dr opRCTEARHII0F e
reaction mxture was stirred at 0 for 1 h. The m xture was then diluted
with Et OAc, washed with saturated NaHCO3 (2x), H20 (2x) and brine (1x).
The organic | ayer was dried over anhydrous MgSO4, filtered and evaporated
to 20 dryness to obtain the a-bronoketone internediate 8f as a |light yellow

foam (-1. 657TWWQOH@EQR2@|1LEOI ﬁra'iaei 'alhdi Qﬁaﬁ\ieohgéolhﬁ&m‘#‘afd?ﬂ S%iL 4®; 51 9,
3.27 mol ) in 1sopropanol_ (105nL)," cycl oen%?/%daslourea 7a

3.92mmol ) wadeadwas agdrg.- t’he r?@&@ﬁ! F'Hiﬁ”’e MHaR Sl TophttheleR 'teY"’f’&r eheat ed oi |
bath at 70 Weeagvratbd W&yﬁs»s té Ststaih e Jodnih salheRl &8 wampmamerwm{ t hen

renoved under_ vacuum roduct di ssol ved.jn. Et OAc The sol uti on was

washed with Wﬁ?@ﬁ%ﬂw 'R\N/}’ﬁ'(‘-ﬁm StaR WUk RUAACRUONy r gani ¢ | ayer was dri ed
over anhy@r oigtepVBSe crfuué%@cﬂue:d samdd eNeGInAl Res diesdfddan THFIe7mINUERN product

8g (1.35 d. T d f d by flash
-cﬂrgmat ogz agsl’ﬂ?s Hd‘g‘r‘i“ld\c/tﬁ Sg%ltv”%%‘alf cﬂglﬁaﬁé&gfji'ﬁ@ bf“g" j?qug’!?fhgu“ I of )a/m =
(2)ff2 V\/n: ;e 30 (322 il .groded was kdded dsbpyisdandithe m’mudeydrasesﬂzred a8y fgr 7561y, |
mol ) was oan
saponi fi ed ﬁﬂhﬁgd\éﬁgﬁ%@ma% &%%F}E@%%‘ %@‘%&@%Q@%l on was
carried out &réomirgandtherratR.T.Taeareadditional thhMosbofiihe efpivenwgs evappmted ed to

dryness_ (4§ OidyfftethierRbisin ARSHnairiAEmBRHE Rab Bfieh Wit EOAY hirea Bt OAc and
brine. The m x he Et OAc | ayer -27

re was uste .
T oy | 2000 SR NS PeEr HS (0 800 DU D HER SR AR MES s

layer was eXh!Eér‘édQﬁHéMp@&té’M tbhu b% obHWcorﬁ;mm‘ﬂuaeésEtn@ﬁCyew foaft S were
washed with dei oni zed wa rine é%l\/gedds , and

evapor at ed t &2 r&ﬁémmpé) Jﬁ‘@ldi'aémf‘?‘?'??elbtlefrﬂ%d @6%&9’%&3&‘5@‘ Bl low solid
(1.769; 99% witedd puriffeafi@mversion to Na Salt: Conpound 8h (106ng; 0.132nmmol)

Added. “THE ' cPieR FyRoiforichte ABreHginge F (e d RameY clsonsdm rie ity ) 14
was cooled to 0% in an ice bath. A solution of aqueous HBr (48%, 1.24mL) was
added dropwise and the reaction mixture was stirred at 0° for 1h. The mixture was
then diluted with EtOAc, washed with saturated NaHCO; (2x), H.O (2x) and brine
{1x). The organic layer was dried over anhydrous MgSQO, filtered and evaporated to

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

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

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

35 EtOAc and brine. The mixture was adjusted to pH 6 with TN HCI. The EtOAc layer
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water, frozen and |yophilized to yield conpound 8h Na salt ofg 06

yel | ow-white anorphous solid (106ng; 97 %ield). 10 MS. (el ectrospray)

799 3 (MI—% 801. 4 (l\/HrH) Rever se Phase HPLC Honpbgeneity 0.06 % TFA ;
3/0644% o6 ' H NVR (400 MHz, DVBO-d6): 6 8.02 (d PCTCAI3088 1 1y

7.90(d J=6.4H, 1H, 7.76 (s, 1 H, 7.44 (bs, 2H), 7.27 (d, J = 1.9
He, 1 H), 7.11 (d, J = 7.0 Hz, 1 M), 7.03 (d, J = 9.2 Hz, 1H), 5 48 (dd.
*J =18.4, 9.9 Hz, 1H), 5.43 (bs, 1H), 5.15 (dt, J = 17.8, 15 7.63 Hz, 1 H),
4.70(bs 1 H, 4.49-4.34 (m 2H), 4.34-4.25 (m 1 H), 4.13-4.03 (m 1 H),
3.99-3.86 (m 2782 (M 1 H),

2 15.1.93 ( nﬁas%&ar%te%oarﬁsthe §&'@eou§!ai%)v?as%tr§&bd f\wn(':@wm'?%% TEXAI\/PLE 9 50
Usi ng the sar@"ﬁﬂ@é@d@ﬁ%eﬁ@m?wﬁ@@qmt@@ﬁﬂﬁeé@?Id@x)qrﬁ bgipe X5, using N
cycl ohexyl t hidida aag?@«;), ﬁﬁd/&/atpb%téiﬂd lafBAd RS bychd tng@;maetéeﬁhp&% 104 as@ - -~ ~N

0 N Corrpound 1@) M3 (49 DIVBOdG) 58. 0 HZ, 1 H), 7.86
(bs, 1 H), 7.Yphowsplidf1.z6 ?Q%Wd 7.43 (s, 2H) 7.27 (d J = 2.2 H, 1
H , 7.12 (5d Corivefsidn HzNa Shit; 7 03 25 dd, J = 9.2, 1.9 Hz, 5.57-5. 40

m 1 7 . 7 4,35 (m
(2,1 5 B oftongat 2 fob Hes Bephnedingipcdieogty gp‘dééé’%s 55 (1
I(—|), 2. ﬁl)Z 2. 32olutipn 4f NMJOH 2131 Eml) Wi added. ThelcleaPydiéw boRbor was dildled with82- 0. 95

m 28H). M5 - “ - 2006 WO
03) obaass potriBlo 0B als Velniase o e i st ares OB itel 20 1
assay used t @ameveionaselid (186mpg.yhayiethnpound i s described in WO 00/ 09543
and WO 00{p5993 % (eRckrdéRy E7ddls (M-H)- 801.4 (M+H) Reverse Phase HPLC Homogeneity

(0.06 % TFA ; GH:CN : H.0) : 99 %.

'H NMR {400 MHz,DMSO-ds): & 8.02 (d, J=9.2 Hz, 1H}, 7.90 (d, J = 6.4 Hz, 1H),

7.76 (s, 1H), 7.4 (bs, 2H), 7.27 (d,J = 1.9 Hz, 1H), 7.1 (d, J = 7.0 Hz, 1H), 7.03

(d, J = 9.2 Hz, 1H), 5.48 (dd, ‘J = 18.4, 9.9 Hz, 1H), 5.43 (bs, 1H), 5.15 (dt, J = 17.8,
15 7.63 Hz, 1H), 4.70 (bs, 1H), 4.49-4.34 (m, 2H), 4.34-4.25 (m, 1H), 4.13-4.03 {m,

1H), 3.99-3.86 (m,1H), 3.90 (s, 3H), 2.58-2.44 (m, 1H), 2.42-2.32 (m, 1H), 2.15-

1.93 (m, 4H), 1.83-1.14 (m, 24H), 1.14-1.12 (m, 1H).

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

MeO |
N

eae
%—g

G,
O“?-ﬁ
Compound 102

'H NMR (400 MHz,DMSO-dg): 88.02 (d, J = 9.2 Hz, 1H), 7.86 (bs, 1H), 7.78 (d, J =
7.3 Hz, 1H), 7.43 (s, 2H), 7.27 (d, J = 2.2 Hz, 1H), 7.12 (d, J = 6.9 Hz,1H), 7.03(

25 dd,J= 9.2, 1.9 Hz, 1H), 5.57-5.40 (m, 1H), 5.40 (s, 1H), 5.26-5.17 (m, 1H), 4.70
(bs, 1H), 4.52-4.35 (m, 2H), 4.29-4.23 (m, 1H), 4.18-4.00 {m, 1H), 3.90 (s, 3H),
3.87-3.65 (m,1H), 2.42-2.32 (m, 1H), 2.19-2.10 (m, 1H), 2.07-1.96 (m, 3H), 1.82-
0.95 (m, 28H).  MS; es* 815.4(M + H)*, es” 813.4 (M- H)"
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Cell Based HCV RNA Replication Assay Cell Culture: Huh7 cel I@JM% stably
mai ntai n a subgenom ¢ HCV replicon were established as 10 previ ous?y
descri be%’ébo et at, 1999. Science 285: 110-113) and designat ed as the
s22. 3 celMePY&™0Wo 02/ 052015). S22.3 cells are mai nt ai REFAEPbecco’ s
Modi fied Earle Medi um (DVEM suppl enented with 10% FBS and 1ng/ nL neonycin
(Standard Medium) . During the assay, DVEM nmedi um supplenented with 10%
FBS, containing 0.5% DVBO and | acki ng neonyci n was used (Assay Medium. 15
16 hours prior to conpound addition, S22.3 cells are trypsinized and
diluted to Sy gEf)! s/ M in Standard Medium 200pL (10 000 cells) are
distributed into each well of a 96-well plate. The plate was then

i ncubat ed at NS3-NE4Aproteasepssayit i | the next ‘'day. 20 Reagents and Materials:

Product Co Wpamﬁ@%hﬁhﬂﬁcﬁ%a?%gﬁto%weﬂﬁébrdsﬂﬁt-c}a%é@r%@e%%iirﬁl\m‘P 2650R. T.

Dul becco's P i bco- BRL14190- 136R. T. Fetal Bovine SerunBi o-Wittaker14-901
F- 20/ 4C Neoﬁ&glggg @&&Qﬁ’%@%’? 10131- 027- 20C/ 4C

Trypsi n- EBTAG bco- BRL25300- 054- 20C/ 4C 96-wel | pl at esCost ar 3997R T. PVDF

0. 22pm Fi | teW&%H/i por eSLGVO25LSR. T. Deep-Well Titer Plate
Beckman267007RT. propyl ene Preparation of Test Conpound 1 OpL of test
conmpound (i nC&0 ANfAsRepticibntAss@y M1 of Assay Mediumfor a final DMSO
concentratiog g}; g%g.% and the solution was sonicated for 15m n and -29 19
July 2006 WO 03884455 PCT/ CA03/ 00059 filtered through a 0.22pM M | 1i pore
Filter Unit. HubDpellsthat stablynedintain @dsubgerpmioWCX replican wetst ssirkliphiadase Deep- Vel |

Titer Plagpe. pRRINBsIPdb&ribed E8Rh&H Bt 409849, BcleAts8s: 910-4PHRNd designated
as the S22.3 cell-line (WO 02/052015). S22.3 cells are maintained in Dulbecco's
Modified Earie Medium (DMEM} supplemented with 10% FBS and 1mg/mL
neomycin (Standard Medium). During the assay, DMEM medium supplemented with
10% FBS, containing 0.5% DMSOQ and lacking neomycin was used (Assay Medium).

15 16 hours prior to compound addition, $22.3 cells are trypsinized and diluted to 50

.000 cells/ml in Standard Medium. 200pL (10 000 cells) are distributed into each well
of a 96-well plate. The plate was then incubated at 37° with 5% CGO, until the next
-day.

20 Reagents and Materials:

Product Company Catalog # Storage
DMEM Wisent Inc. 10013CV | 4°C O
DMSO Sigma D-2650 R.T.
Dulbecco's PBS Gibco-BRL 14180-136 | R.T.

{ Fetal Bovine Serum Bio-Whittaker 14-901F -20°C/4°C
Neomycin {(G418) Gibco-BRL 10131-027 | -20°C/4°C
Trypsin-EDTA Gibco-BRL 25300-054 | -20°CH4°C
96-well plates Costar 3997 R.T.

I PVDF 0.22pum Filter Unit Millipore SLGV025LS | R.T.

: gsﬁg;mﬁle-;i;er Plate Beckman 267007 R.T.

Preparation of Test Compound
10uL of test compound {in 100% DMSQ) was added to 2 mi of Assay Medium for a
final DMSO concentration of 0.56% and the solution was sonicated for 15min and '
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Medi um (contai ning 0.5% DMSO), and are used to prepare seriajg fliyJabé ons
(1/2) by transferring 400pl fromrowto row (no conpound was included in

row H). i cation of test conpound to cells Cell culture medi um was
aspi r at eg’v@ﬁz‘iﬁ“‘&%e 96-wel | plate containing the S22.3 c&FLEASMIPEL  of

assay nediumw th the appropriate dilution of test conpound was
transferred fromeach well of the conpound plate to the correspondi ng wel l
of the 10 cell culture plate (row H was used as the "No inhibition

control ™). The cell culture plate was incubated at 37 with 5% C2 for 72h.

Extraction ofgydaldlrofdh 4 828/im Bmgpd: re 'FIIIQWJHQ 9@ wé@ l&ahQSHé'@HoorBwWéf'aOd the

total cellular RNA wdas _extract fromt ) I's of the 96-well

pl at e using tfolyPrRKIgas Deep-yall Titey @@@nf‘?‘)’s BI*!P\IE'&%%’““'F-I&M‘H”“&QWS?Y

Er:c fefly,(Qassax'eormﬁi {CoRtalirey @smtbms@ ), ¥ind gﬂm}é@dtcfﬂtir@ﬁ%rﬁ%bhelﬂ dﬂuﬂ@nsggé)d Lt of RLE
uf fer a n mer c oe was, adde 0 eac
wel | of t hegg@gﬁé'}"ﬂggﬁﬁﬁ ffé’m 'gWr%r%Ynglf’ ?,sr'Bﬁ\“qus F'|bent | y shaken

for 20 se&c. 100 pL of 70% et hanol was then added to each mcroplate well,

and m xed bygﬁéglu%tb&%fttb%l%)owwﬁnc{%%3&6 was renoved and applied to the wells

of a RNeasy at was placed on top of a Q agen(r)
Squar e- Wl |  Bied elliurg mediurNeasgspdated iiramahe86-welk alatedcantaining thedS22ridcelihie

~Squar e- Vel | Brggh kof"éisﬁ%}/ ?Bl\ﬁﬁﬁf){e %%@oﬂ’a?é@iuﬁ@?of't@ﬁ@@ﬁlgblﬂmﬂ&he hol der and

placed in a rotor centrif . nJ)ewas centrifuged
at 6000 rpm (tapgemeddrem eﬁ@ﬂ walhefrihexgoreroyRd E@tqféﬁ*iﬁ?%[f%P inchwelt e was

renmoved ffoomcbmamme?ﬁlﬁeqm 19 wds bedPds tBe i€ nnhiBiibn cér@‘o@%e%rcbll Rheasy 96 kit)

was added to te. The asy 96 pl ate was
sealed wth &%W%lﬂ@%bé'?‘%ﬁa@p&hﬁ% %@ﬁ? uged at 6000 rpm for 4nin at

room tenperature. The RNeasy 96 plate was placed on top of another clean

Squar e- Wl | e ed and 0.8 ml of Buffer RIDE (aiagene 30
RNeasy 96 Ki Efpgcifmngpﬁotaﬂg&lufarﬁﬁl\ﬂv\e” of the RNeasy 96 plate. The RNeasy 96

pl at e was sediokawing thh 72h ineubgdios peried, ttteapel calidlac BNAwasieytracted frd0@® r pm f or
4mn at =00 t y p@ﬂa t R 8 m of

Buf f er E é@'&ﬁéffgth%ﬁlewghﬁgg E t dgé; to €eac vveFT&of t he RNeasy
96 plate. Th 3"1’@@&5 g- Bried eaaﬁa:emg@amwmwleaelh@m%eé@mcﬁe"%m and

centrifuged gy FQQPRE‘PB@:f?e? (éﬁger@%dﬁta?ﬁmd QAT \rinG PRGIr&d i EhanbPREs ¥ffeqdr enoved,
t he RNeasy 96 ate was pl ace
T to each well of the 96—well cell-culture plate. The microplate was gently shaken for 20

sec. 100 pL of 70% ethanol was then added to each microplate well, and mixed by
20 pipetting. The lysate was removed and applied to the wells of a RNeasy 96
{Qiagen®) plate that was placed on top of a Qiagen® Square-Well Block. The
RNeasy 96 plate was sealed with tape and the Square-Well Block with the RNeasy
96 plate was loaded into the holder and placed in a rotor bucket of a 4K15C
centrifuge. The sample was centrifuged at 6000 rpm (~5600 x g) for 4min at room
25 temperature. The tape was removed from the plate and 0.8 ml of Buffer RW1
(Qiagen® RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The
RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000 rpm
for 4min at room temperature. The RNeasy 96 plate was placed on top of another
clean Square-Well Block, the tape removed and 0.8 ml of Buffer RPE (Qiagen®
30 RNeasy 96 kit) was added to each well of the RNeasy 26 plate. The RNeasy 96
plate was sealed with a new piece of tape and centrifuged at 6000 rpm for 4min at
room temperature, The tape was removed and another 0.8 ml of Buffer RPE
(Qiagen® RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The
RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000 rpm
35 for 10min at room temperature. Tape was rermoved, the RNeasy 96 plate was placed
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19 July 2006 WO 03/ 064455 PCT/ CA0O3/ 00089 on top of a rack coxd gjyvopg 1.2-nL
collection mcrotubes. The RNA was eluted by adding 50 pL of se-free
wat er toﬁ@ﬁq wel |, sealing plate with a new pi ece of Ee and i ncubat ed
for 364t terrper ature. The plate was then CentI‘IP]C 5@83’50[089 6000 rpm
for 4m n at roomtenperature. The elution step was repeated with a 5 second
vol ume of 50 pi RNase-free water. The microtubes with total cellular RNA
are stored at -70. Quantification of Total Cellular RNA RNA was quantified
on the STORMO system (Mol ecul ar Dynamics(r)) using the 10 Ri boGeen(r) RNA

Quant i ficati Qf i & a(ﬂé{elk %uﬁﬁ% E’b%@é&nre);ﬂon rﬁiuo%jdexe TﬂJﬁNMQ@u&%rb reagent

was diluted 200-fold in rns- vl Generally
S0pL of  oag @ABnRER Mol BVGEe 196 WalRL tomach welisaalra B0 & Ho RSOl RUA

was dil ut egtap@ ahd |ﬁdf@:b3!§@/f6ﬂ4gﬁdﬂdt lﬁblﬁ-t&ﬁﬁ@émwﬂ'de@Méﬂhéd@éhtnfﬁ?hd aﬁOa 20,
10, 5, 2 an L t he ri bosonal olution are the nsferred in a
now 96- vel | GPAY I B atica koo LT, o siltercriemi S o8 Re iRed t o 100p1
with TE Geneeadndywolumeodf G0l BNase-fréeewStSr. Wbk Imigbtubes wills toted eeliufan RNAh e
standard cur%geﬁggptape? ther wells are used for the RNA sanples to be

p

quantifi ed. each”  RNA sanple that was to be quantified, was
transferred to the corresponding well of the 96-well plate and 90pL of TE

was added. O@ﬁ,aﬁmcgfm,&]ﬂ%@bg"@grm,i uted R boG een reagent was 20 added to
each well of the 96-we | ate and incubated for 2 to 5 mnutes at room

t enper at ur e, Fﬁ’)‘{ﬁo‘t’%'i:‘ﬂq?@t"f the RPRMP system iglecuanlveamigs®) using the 1 | nal
vol une  geneRmoetedh@ANK Gliahtifidatidh Kit (Mitedular Prae®)) Brielly) tRRibdGre@n each wel |

v Teaer e et i e Lot ok KEHE b DY BTGt bl ¢
RNA and t he seglubftreagent wasdiksatbint 0@h TIENAdsStandareSurvd bénmémalcfmk nasation in
corrected oA ANl ardBrE Rtelon B LR SGAPTR, 18,8 ¥r "
PCT/ CA03/ 00089L)Ré@l@ermosoraald?bwas@utloalase then (trausfem@mﬁ@eﬁfawwlmst or age
15 (COSTAR # 3997) and the volume was completed to 100plL with TE. Generally,
column 1 of the 96-well plate was used for the standard curve and the other wells
are used for the RNA samples tc be quantified. 10pL of. each RNA sample that was
to be quantified, was transferred to the corresponding well of the 96-well plate and
S0pL of TE was added. One volume (100pL) of diluted RiboGreen reagent was
20 added to each well of the 96-\ivelf plate and incubated for 2 fo 5 minutes at room
temperature, protected from light (a 10 pL RNA sample in a 200 pL final volume
generates a 20 X dilution). The flucrescence intensity of each well was measured on
the STORM® system (Molecular Dynamics®). A standard curve was created on the
basis of the known quantities 'of the ribosomal RNA and the resulting fluorescent
25 intensities. The RNA concentration in the experimental samples was determined
. from the standard curve and corrected for the 20X dilution.
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representing a defined detection threshold of the 1ncrease rn the
fluorescent gj I ociated with the exponential growth of the PCR
product for ﬁ?g%ﬂﬁﬂiﬁéébﬁet ector was defined as the cycle threshold (CT).
"Crval ues ar &hemeelTime\R ]ﬁr-lecpﬂmabpaddwn’ted dnithe gBBPtidnt Y70 Sequendée HCV RNA; such

Egﬁéeﬁtn?g{ [ gﬁ%ﬁc"%ﬁﬂﬁ%&% Maﬂﬁ? Rt(’:ir]sc;hi{ﬂ? hbe?laﬁtgﬁrp%re s created
aut omat i cal | )Bmysterrne(@)ﬁlﬁ W%W§mmlmf9cﬂm ouantifisatomof th@s' IRES of HCV

-RNA by using the Taqman technology (Roche Molecular Diagnostics Systems)

similar to the technique previously described (Martell et al., 1999. J. Clin. Microbiol.

37: 327-332). The system exploits the 5'-3' nucleolytic activity of AmpliTaq DNA

polymerase. Briefly, the method utilizes a dual-labeled fluorogenic hybridization

probe (PUTR Probe) that specifically anneals to the template between the PCR

primers {primers 8125 and 7028). The 5' end of the probe contains a flucrescent

reporter (6-carboxyfluorescein [FAM]) and the 3' end contains a fluorescent quencher
(6-carboxytetramethyirhodamine [TAMRAY)). The FAM reporter's emission spectrum

was suppressed by the quencher on the intact hybridization probe. Nuclease

Sl A poi nt

10

15
degradation of the hybridization probe releases the reporter, resulting in an increase
in fluorescence emission. The ABI Prism 7700 sequence detector measures the
increase in fluorescence emission continuously during the PCR amplification such
that the ampilified product was directly proportion to the signal. The amplificationplot
was analysed early in the reaction at a point thatrepresents the logarithmic phase of
product accumulation. A point representing a defined detection threshold of the

20

increase in the fluorescent signal associated with the exponential growthof the PCR
product for the sequence detector was defined as the cycle threshold (C;). Crvalues
are inversely proportional to the quantity of input HCV RNA; such that under identical
PCR conditions, the larger the starting concentration of HCV RNA, the lower the Cr.

A standard curve was created automatically by the ABI Prism 7700 detectlon system
- 82—

25




19 July 2006 WO 03/064455 PCT/ CA03/00089 by plotting the O agalwbseach
standard dilution of known HCV RNA concentration. Reference sanples for the
standard%i(grve are included on each R T.-PCR plate. HCV Replicon RNA was
synt hesi 2E4%Y¥*%7 transcription) in vitro, purified andEGRM%% i ed by
OD260. Considering that 1 pg of this RNA = 2.15 X 10" RNA copi es,
dilutions were made in order to have 108, 107, 106, 105, 104, 103 or 102
genom ¢ RNA copies / 5pL. Total cellular Huh-7 RNA was al so incorporated
with each dilution (50ng / 5pL). 5pL of each reference standard (HCV
Replicon + HufpibniRhithe BPsyairsPeiin@shdatd dhutiorids kRbwRABYHNA Maten@dtdnused in
the Real -Tine ﬁ T."PCR reaction. 10 The Real-Tinme R T.-PCR reaction was
set-up for the experinental sanples that were purified on RNeasy 96 -well
% | at est b?\//I COMfdibrite sambleeﬁorgmgtahaﬁ_r@buﬁs hréjgancfe'al% eAa%agtr.aTm btatset‘}SpL of
eagen X. eagen an er.i . Produc, \ or age
Taquan £7 R HERseen BIA RS s BhS a6 1 £ reREG B s R PuieB Ay ot cal
CapsPE Appl i gdarmifies pp OB NROidOARPRaT ughdf thioRNP =Ch15 Xab'' FRINA &ipiedppl | ed
Bi osyst ensN8Q} ] - I | Pliat g .R 3 ral ke Vol une
for Vol une fgﬂu%ag&%e-a%%{}%bﬁgg?%gﬁréﬁlgﬁgﬁt@ﬁgosgan%ﬁg{E%AL(%? 1?9?%5‘%':@5 + conc.
(NI L) Dead Vokceopies / frhadetal eelidianhiubr7INA vas 2lsgjocTmgied With eadhfdibtic@@Og801 X

M(QAC) 2 (2547 8R3MALIAERCH fdtstivhde AMERPEII Replicon + Huh-7 RNA) was

combined with 45pL of Reagent Mix, and used in the Real-Time R.T.-PCR reaction.

10 ;
The Real-Time R.T.-PCR reaction was set-up for the experimental samples that
were purified on RNeasy 96 —well plates by combining 5pt of each total celiular RNA
sample with 45ul of Reagent Mix.
15 Reagents and Materials: _
Product COMPANY Catalog # | Storage
[ TagMan EZ R.T.-PCR Kit | PE Applied Biosystems | N808-0236 | -20°C
MicroAmp Optical Caps - | PE Applied Biosystems ‘N801-0935 R.T.
MicroAmp Optical 96- :
) PE Applied Biosystems | N801-0560 | R.T.
Well Reaction Plate
-Reagent Mix preparation:
Volume for | Volume for One Plate Final
Component ‘one sample | (pL) (91 samples +
(pL) Dead Volume) eone.
Rnase-free water 16.5 1617
5X TagMan EZ huffer 10 980 1X
Mn(OAc). (25mM) 6 588 3mM
dATP (10mM) 1.5 147 300uM
dCTP (10mM) 1.5 147 300pM
dGTP (10mM) 1.5 147 300uM
dUTP (20mM) |15 147 600uM
Forward Primer (10pM) | 1 98 200nM
[ Reverse Primer (1opM) |1 98 200nM
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dCTP (10m\W) 1. 5147300pM dGTP (10mM 1. 5147300pM dUTP (20m\) 1. Si4 1 RPRBM
Forward Prinmer (10pM 198200nM Reverse Priner (10pM 198200nM -33 19 July

2006 WO
pol ymer a

64 PCT/ CA03/ 00089 PUTR probe (5pM 2196200nM r Tt h DNA
3o B

1 UpL (2.5 U pL) AnpErase UNG (1U pL) EBASBBI8y oL Tot al

Vol une454410 Forward Prinmer Sequence (SEQID. 1): 5 - ACG CAG AAA GCG TCT
AGDO CAT GGC GIT AGT - 3' Reverse Priner Sequence (SEQ ID NO 2): 5 - TCC
CGG GGC ACT CGC AAG 5 CAC OCT ATC AGG - 3' Note: Those primers anplify a
regi on of 256-nt present within the 5 untranslated region of HCV. PUTR

Probe Sequenc m,bb)e M)d). -FA-WTIT19§GG TCT GCG GA GG AGT ACA
CC 10 AMRA NdTenplate Contrals (NTCQ - (n each plate 4 | s are| used as
"NTC".

Ther nal
1 mn

Cycl i rjgzgapEiiyt i ons: 50QF 2min 15

10

15

20

25

cont r dI7&th B pelym@reser are added t@ the well in p gqgg f RNA
6 n 15
49

& 30min 95C 5m sec 60C

0.01 UL

AmpErase UNG (1U/L) [ 0.5

Total Volume 45 4410

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

GGC GTT AGT- &

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

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

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

AGT ACA CC -[TAMRA

No Template Controls (NTC): On each plate, 4 wells are used as "NTC". For these
controls, 5ul of water are added to the well in place of RNA.
Thermal Cyciing Conditions:
50°C 2min
60°C 30min
95°C 5min
95°C 15sec

for 2 cycles
60°C  1min } 4

" 90°C 15sec
60°C  1min } for 40 cycles

Following the termination of the R.T.-PCR reaction the data analysis requires setting
of threshold fluorescence signal for the PCR plate and a standard curve was
constructed by plotting the Ct value versus RNA copy number used in each
reference reaction. The Ct values obtained for the assay samples are used to
interpolate an RNA copy number based on the standard curve.

Finally, the RNA copy number was normalized (based on the RiboGreen RNA
quantification of the total RNA extracted from the celi culture well) and expressed as

-34-




90C 15 sec 20 60C 1min for 2 cycles for 40 cycles For these.§ql)sosng the
termnation of the RT.-PCR reaction the data analysis requires setting of
t hreshol d (&Iagorescence signal for the PCR plate and a standard curve was
const r uct'eg? ?f“‘bﬁsotti ng the C val ue versus RNA copy nub&CARYRNW® 1 each 25
reference reaction. The C values obtained for the assay sanples are used
to interpolate an RNA copy nunber based on the standard curve. Finally,

t he RNA copy nunber was normalized (based on the R boG een RNA
quantification of the total RNA extracted fromthe cell culture well) and
expressed as g-ea&ng%qgi%ymggﬁiof\egapﬁﬁﬂ  PCT/ CAO3/ 00089 genone

equi val ents /7 pg of total [ ge/ pg] .  The RNA copy nunber [g.e./pg] from
each well of the cell culture plate was a neasure of the anmount of

replicating H&d A¥MAcopy riuibePloRyREIdRNPéachaldlidl theloal @GRS platiwae  Of
inhibitor. The %in itbi tion S ca&.cuhgg%lg tg t he fol Ifowi ng equat i on:
100 - f(g.e. /MGRFUISH )')e(%l?%qnf\ﬁ@eelﬁa g REY RN PIEPRNCR O XRIIVR fit with the
Hi || nodels wasnegndatiarg df mhibiter. Théfdinkibition was caodlated wiimtheQloskitign, and t he
50% effectiveéqﬁg.)i entration (ECG was cal cul ated by the use of SAS
-software (Stathstical Software System SAS Institute, Inc. Cary, N C.).
EXAMPLE 12 Specificity assa{@ -1@.evg ifpégiciigrdy 18@says used to eval uate

‘the selectivity of this conpound are described in WO 00/09543. EXAMPLE 13
Phar macoki netic properties 20 The present conpounds al so show good
phar macoki neth ROMINGAEFUYESE vwilf) the Hil mogakvwas appfied E?Itﬁ%Wﬁ’blt'B(}'éP@eﬂﬁa‘ﬂoﬁ‘e rat at
1 hour and 2kja@, hed thers00d étecB@SRnedntRBH {ET.,) Maisar Hiated Bl theyusel dISAO! | owi ng

assay. an In g e 6 RlistRR Wit Syshih S1E ndiSe RE LA, N.C).

EXAMPLE 12
Specificity assays

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

EXAMPLE 13
Pharmacokinetic properties -

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

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

25
Materials and Methods:
1. Method used to pool compounds (“cassette selection™):
The selection of compounds to be pooled into a “cassette” was based on their
structural similarity and physicochemical properties. A solid phase extraction

30 method applicable to all the selected compounds was established. Based on the
initial testing where each compound was spiked into rat plasma and run through

- HPLC or HPLC/MS at a concentration of 0.5 pM, the retention time, ionic mass, and

the possible separation among compounds by HPLC and/or HPLC/MS were used as
basis for pooling 3-4 compounds into one “cassette”.

35 ' _
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determ ne plasma |evels of test conpounds in a rat after orakg yyy 2006
admnistration: 25 Materials and Methods: 1. Method used to pool” conpounds
("casset iﬁ ion"): The selection of conmpounds to b ol & into a
"cassettéﬁoa?z g‘l%sed on their structural simlarity an%cgﬁi‘ﬂ?" Bheni cal
properties. A solid phase extraction 30 nmethod applicable to all the

- sel ected conpounds was established. Based on the initial testing where
each conmpound was spiked into rat plasnma and run through HPLC or HPLC/ MS
at a concentration of 0.5 NM the retention tine, ionic mass, and the

possi bl e sepay at i Qj}ammegmrggmggﬁn@&égg;a@oﬁnd/ or HPLC/ M5 were used as
basis for poolin ounds 1 nto on cassette". 35 -35 19 July 2006 WO

03/ 064455 Pcﬁaet\g@ﬁeﬁtﬂigo'ﬁaln@élcoo@ﬁPMSeatém 4pefgderrrch cepreund: dWe” Each
"cassteite" C QAbSHHBS wiredprESHIB@HOENS ordl siispehsidhEokeds he%%?@amtwmw The
cassettes were prepa as _.an or sSpensi on

ot byl col | ut GOE0hal Esmaser GO, ETRD Mnaoras) (gptBlld HoeBR eat o
(Tween- 80)s. WolsmiosdsPmifg vialorhgavege. 10m / kg. vi a oraI gavage. 3. Dosing and
pl asma sanpling: Male Sprague Dawl ey rats were fasted overnight in

i ndi vi dual . cages, with access to aqueous 10% dextrose. Two rats were dosed
with each "cdsset DosingRiraiplasmdsampiihgss (-1 nl) were collected at 1 and 2h

post - dosi ng r.\géggsbﬁasuggmbg ﬁ@ge@qgtggovérﬁhhﬁ% @Bh% ﬁé‘%tﬁ’é%é‘s%'té 4.

Conpound ext on~an A l'es at 1
and 2h, bl anledpeisi@’% daxipge. memﬁ \wegpsmﬂh/ﬁqch @ﬁssettmel’@@mgounds at 0.5

PM of eacts, 3hfp %é ﬁ(ﬁt)%réﬂe{oubasd a0] btk BNESR do SN fr&ﬁttn&@ran@arthqsbole%arml es

were anal yzed b HPLC and HPLC/ MS for comparison” purpose. Plasna
concentrati o %Ct'égtap‘i‘rﬁ‘ﬂaéﬁ'%ased on the single concentratl on of 0.5 pM
standard. 20 TABLE | Cpd #RR2R3M5

4. Compound extraction and aﬁalysis:
From each cassette, plasma samples at 1 and 2h, blank plasma, blank plasma
15 . spiked with all the compounds at 0.5 pM of each, are extracted by the solid phase
extraction method. Samples were analyzed by HPLC and HPLC/MS for comparison
. purpose. Plasma concentrations are estimated based on the single concentration of

0.5 uM standard.
20 ' TABLE 1
MeO
Cpd # R® MS

(M-H)-

101 OH cyclopentyl cyclopentyl 799.3

102 OH cyclohexyl cyclopenty! 8134

103 NH-SO,- cyclopentyl cyclopentyl

cyclopropyl
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(M H- 1010Hcycl opentyl cycl opentyl 799. 3 1020Hcycl ohexyl cycl opgpiydedd 3- 4
103NH SO2- cycl opentyl cycl opentyl cycl opropyl -36 19 July 2006 03/ 064455
PCT/ CA03/.00059 When the conpounds of this invention were eval uated the
precedi ngv@A¥YMEPi ¢ and cell based assays, the conpoun&STHEPHEMNOBUND to be
highly active. Mre specifically, the conmpounds had I s below 0.01 pMin
t he NS3- NS4A protease assay, and ECG s below 0.01 pMin the cell based HCV
RNA replication assay. 5 Wien the conpounds were evaluated in the
specificity assays t he conpounds of fornmula | were found to be sel ective

in that they rﬂtfe'léc&h %unabgmns;ﬁ\m.\w@e%m&@d& rEE%V{E% %chte

El ast ase and sin assays he co re eva uat ed in
phar nacoki netqe&b%ﬁsﬂﬁl@,fisﬁwﬁ: thﬁéoma@unda weistougd to be rﬁ@'ﬁﬁk@“ﬁ"ﬁ Metepesificatifeen20(r)

(1 825%0 3% gﬁé/&mwwmseﬁéoqéws ERAF0.DY PRI theQRSERIBHA Fdﬁéﬁ%ea@@a'wt@hmdls 101 and

gave are er r respectively,
conmpared to t b%}?%gg’gﬂl%ﬁgh%%? H&Hﬁ%@e}f@aﬁ@ﬁﬁﬁy from0.8 to 4.5
pM hr. Thiss unexpected and si gnlfl cant |ncrease in conpound uptake 15 in
rat plasma es .fhese co n ti.c nt tial
drugs that 'i'/erbthe gﬂ"nﬁ)%ul”gg g’%’é V@ﬁ%ﬁ dl'n ekllgc’ty a?sa%%otbg%@g@%% 62’?1455
PCT/ CA03/ 0008@mBlaAIwdie found tollfe stlectige in that they do not show significant inhibition in

the Human Leukocyte Elastase and Cathepsin B assays.

10 When the compounds were evaluated in pharmacokinetic assay in the rat, a dose of
5 mg/kg in Methocel:Tween20® (0.5%:0.3%) gave unexpectedly good plasma
‘concentration. Compounds 101 and 102 gave area under the curve (AUC) of 16 and

- 18 pM-hr respectively, compared to their closest analogs which had AUC ranging
from 0.8 to 4.5 pM-hr. This unexpected and significant increase in compound uptake

15 in rat plasma makes these compounds particularly interesting as potential drugs that
may be administered orally.
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3. 204. 5. 6. 7. A compound of formula l: O R - (1) wherei qbﬁ,]yiogshydroxy
or NHSO2R1A wherein R1A is (Cl.8)al kyl, (C3.7)cycloal kyl or
{(C1. 6)ahgé e{ﬁc:% 7)cycl oal kyl}, which are all optionally substituted from1
to 3 B4 hal 0, cyano, nitro, O(C,.B)alkyl, am dFCT4H¥8Y8} phenyl
or RAis C6 or Cl10 aryl which is optionally substituted from1 to 3 tines
with halo, cyano, nitro, (Cl.6)alkyl, OC, .6)alkyl, am do, am no or '
phenyl; R2 is (C5.6) «cycloalkyl and R3 is cyclopentyl; or a
pharmaceutically acceptable salt ther eof The conpound according to claim
1 wherein R is hydroxy or NHSOZR‘A Fn RAis (Cl1.5)al kyl,
(C3.7)cycl oal kyl or {(C1.6)alkyl - cyc oal kyl}, which are all
optionally substituted from1l to 3 t| mes with halo, nitro or QQCl.6)al kyl,
or phenyl whigch i s\ aphpRRabE Wt ptltuted froml to 3 tinmes with halo,
nitro, (C, .6)alkyl or Q(CL.6)al The conpound according to claim 2
wherein R is NHSO2R A wherein R A nmet hyl, ethyl, cycl opropyl,
cycl obutyl, cyclopentyl, cycl opropyl yl, cycl ohexyl et hyl, CC 3 CF3,
phenyl, 2-fluorophenyl, or 4-nethylp n The conpound according to claim
3 wherein R Ais cyclopropyl. The co ¢yding to claim11 or 2,
wherein R is hydroxy. The conpound g’qqzany one of clains 1 to 5
di

wherein R2 is cyclopentyl. The conpguynd accoPding to claim 1, having the
following fornmula 101: r H ' -38 Q/”

: R
O\ _ o
R*—0 (l)
5 : wherein R is hydroxy or NHSO,R'* wherein R is (C1.s)alkyl, (Csz)cycloalkyl

-or {{C1.g)alkyl-(Caz)cycloalkyl}, which are all optionally substituted from 1 to 3
times with halo, cyano, nitro, O{C;.c)alkyl, amido, amino or phenyl, or R"* is
:Cg or Cyp aryl which is opticnally substituted from 1 o 3 times with halo,
cyano, nitro, (Ci.g)alkyl, O(C1.¢)alkyl, amido, amino or phenyl; R? is (Cs.c)
- 10 cycloalkyl and R? is cyclopentyl; or a pharmaceutically acceptable salt
thereof. f
2. The compound according to claim 1 wherein R' is hydroxy or NHSO,R'A
wherein R' is (C.g)alkyl, {Cs7)cycloalkyl or {{C1.c)alkyl-(Ca.r)cycloalkyl}, which
are all optionally substituted from 1 to 3 times with halo, nitro or O(C;¢)alkyl,
15 or phenyl which is optionally substituted from 1 to 3 times with halo, nitro,
(Crs)alkyl or O(C1.g)alkyl.
3. The compound according to claim 2 wherein R' is NHSO,R" wherein R is
methyl, ethyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclopropylmethyl,
cyclohexylethyl, CCls, CF;, phenyl, 2-fluorophenyl, or 4-methyiphenyl.

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

7. The compound according to claim 1, having the following formula 101:
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19 July 2006 WO 03/064455 PCT/ CA0O3/00089 (101). 8. The conpo%@gggg@@rdlng
to claiml1, having the follow ng of formula 102: Mao (102) 10. 1011.
12. 13. und according to claim1, having the f rmul a
103: (15&?0&&%E%harnaceutical conposition conprising a%chﬁ$$nﬁ@6§titis C
virally effective anount of a conpound of fornula | according to any one
of claims 1 to 9, or a pharmaceutically acceptable salt thereof, in

adm xture with a pharmaceutically acceptable carrier nedium or aUX|I|ary
agent. The pharmaceutical conposition according to claim 10, further
conprising a therapeutically etkdbective anmount of one or nore other
anti-HCV agent. The pharnmaceuti cal h\lnn(zfcordlng to claim11,
wherein said other anti-HCV agen 2 ﬂged om a-interferon or

pegyl ated a-interferon. The pharnacesti conposition according to claim
11 or 12, wherein said -39 19 July @006 other anti-HCV agent is ribavirin.
14. The pharnaceutical conposition é:i:zfdlgg to claim11,12 or 13, wherein

said other anti-HCV agent is sel ect f fondli nhibitors of., helicase, NS2/3
protease and internal ribosonme ep{y s IPRES) . 15. The phar maceuti cal
conposition according to claimgl, , Wherein said other anti-HCV

agent is an inhibitor or H ol r . Use of a conpound of fornula I
according to any one of clai to 9 for the (101).
8. The compotnd according to claim 1, having the following of formula 102:

MeO. H

) N
ag¥eae

Y

0>’E
Q
C (102).

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

(103).
10. A pharmaceutical composition comprising an anti-hepatitis C virally effective
amount of a compound of formula 1 according to any one of claims 110 9, or
a pharmaceuticaily acceptable salt thereof, in admixture with a
pharmaceutically acceptable carrier medium or auxiliary agent.
10 11.  The pharmaceutical cormnposition according to claim 10, further comprising a
therapeutically effective amount of one or more other anti-HCV agent.
-12.  The pharmaceutical composition according to claim 11, wherein said other
anti-HCV agent is selected from: o-interferon or pegylated o-interferon.
- 13.  The pharmaceutical composition according fo claim 11 or 12, wherein said
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manufacture of a medicament for the treatment or prevention of ,fleRasitis C
viral infection. 17. Use according to claim 16, wherein the nedi'canent is
adapted for admnistration to said mammal in conbination with one or nore
ot her = anti-HCV agent. 18. Use according to claim17, wherein said other
anti-HCV agent is selected from a-interferon or pegylated a-interferon.
19. Use according to claim17 or 18, wherein said other anti-HCV agent is
ribavirin. 20. Use according to any one of clainms 17,18 or 19, wherein said
ot her anti- HCV agent is selected fron1inhibitors of . helicase, NS2/3

protease and int k site (IRES). 21. Use according to any
one of clains 17 @E&%ﬂ H\@Da?g‘él h° sal bt her anti-HCV agent is an inhibitor
of HCV pol y”%aserhe?p% miRButithi r@ggng?ééob% El&HiH“ﬁz 8rQ33er@Re of clains

10 to 15 for the pro duction o | Canent or reat ment or
prevention of hep$itq ether apti-His\ agent ig selegted fiom inbibitars of hiplcase WSXRD 03/ 064455

SEQUENCE LI STI NG prétse dafiRinhiehBsdGEltipstdIREBYINADA) LTD. <120>
S150-2, 369, 711 <1 BB g t%%;aﬂé'ﬁé’é\% b TP RuBGer oi on 4. 0
<210> 1 <211> 30saicothecartiNAC\2gent issan inhibitdradr HEd/prlReerase.
16. Use of a compound of formula | according to any one of claims 1 to 9 for the
manufacture of a medicament for the treatment or prevention of hepatitis C
viral infection. '
17.  Use according to claim'16, wherein the medicament is adapted for
administration to said mammal in combination with one or more other
anti-HCV agent.
18.  Use according to claim 17, wherein said other anti-HCV agent is selected
from: o-interferon or pegylated o-interferon.
19.  Use according to claim 17 or 18, wherein said other anti-HCV agent is
ribavirin.
20.  Use according to any one of claims 17,18 or 19, wherein said other anti-
HCV agent is selected from inhibitors of: helicase, NS2/3 protease and
internal ribosome entry site (IRES).
21.  Use according to any oﬁe of claims 17 to 19, wherein said other anti-HCV
agent is an inhibitor of HCV polymerase.
22.  Use of a composition according to any one of claims 10 to 15 for the
production of a medicament for the treatment or prevention of hepatitis C

viral infection.
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<220> <223> Forward primer <400> 1 acgcagaaag cgtctagcca t ggsfif e <210>
2 <211> 30 <212> DNA <213> Artificial Sequence <220> <223> Reverse

prinmer < > ccggggca ctcgcaagca ccctatcagg <210> 3 _ < >‘é§{ <212>
DNA <213§9§f?%¥% i al Sequence <220> <223> PUTR probe <$€6§%éy9 ctgcgg
aaccggtgag tacacc PCT/ CA0O3/00089 30 30 26 -1/ 1

SEQUENCE LISTING

<110> BOEHRINGER INGELHEIM (CANADA) LID.

<120> MARCROCYCLIC PEPTIDES ACTIVE AGAINST THE
HEPATITIS C VIRUS

<130> 13/092

<150> 2,369,711
<151> 2002-01-30

<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 tggegttagt 30

<210> 2

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Reverse primer

<400> 2
tcccggggca ctocgcaagca cectatcagyg 30

<210> 3

<211> 26

<212> DNA
<213> Artificial Secuence

<220>
<223> PUTR probe

<400> 3
tggtcebgcgg aaccggtgag tacace 26

-1/ 1-




