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HEPATI TI'S C | NHI B TOR TRI - PEPTI DES FI ELD OF THE | NVENTI ON The pr esent
i nvention relates to conpounds, process for their synthesis, conpositions

and nethods for the treatnent of hepatitis C virus (HCVY) gm“mﬂw " ” 5
particular, the present invention provides novel peptide m Hl"um]
phar maceutical conpositions containing,such anal ogs and net hogg, fer using

t hese analogs in the treatnent of HCV tnfection. The present invention also
provi des processes and internediates for the synthesis of these peptide

anal ogs. BACKGROUND CF THiepP AW CONHIBITORPRILPESTIORS rus (HCV) is the

maj or eti ol ogi cal agent of post-transfusion and comunity-acquired non-A

non- B hepagigis oroTHEWVENTION | S estimated that over 150 million people
wor | dwi de are infected by the virus. A high percentage of carriers becone

chroni cal | yhi préenefvamtdnramieshé @%S%dsopﬁabéﬁ\ﬂoﬁtHeir‘é?ﬁth@éu%ease) so-cal | ed
chronic hepatitis C. This group is In turn at % ri Sk for serlousllver

di sease suEAMRasiteny ?’\F’e‘?‘e@PF? Wbﬁ"les"e%ﬁﬁtt%é‘éwtﬁ!s Vigugy E O rfection: t8r ni nal
liver dk Seéﬁﬁlchlﬁadhélﬁrefs@nld@éﬁnhen Em.de%baél Pémudyarvm hphlnnReldl | shes

viral persistence and causes a 9 rate of chronic liver di sease has not

been t hor o GERPHSHEPRRGATIAIRRIAY Spgh qr!sa 5N TBARCHDIRT HRWY thaseanalogs {i the and
evades t he trag@ienit GTHOY ifMEHEINTHe praskhit tnv@ﬁt)ont d1o prRvivies pfoceesdsdrl and

ESC‘Q;?% 't Gemadiaibs o By erﬁlﬁ“?ﬁﬁ{%é%&ﬁ% i 5 been ?EEL?&S”EOEO o sease
i : Ce

PL?%&ZQL%%%&W%@BWB&&@&? yv'r ccormend | nmihogl obulT hs. tr eat ment

harper g B0 GV ERV e TelBt R a s ot put o B o -

prophyl axi someasity-esquisd rion-A hen- B&mpatutisrwc)rl@ﬁdd)dpssesamte‘d that cwepnaned on

o one oG KRl SR e o8] Ryt el AR GRS 0

t [1 eating gﬁdcmmé ebtanmall)lr infeuied analt rpamyf ;blbgmsetb mrbhcmmrdm&ashamd:alteds C

T t Mo

These ot UOLRRrRGEAIEL YRR 45, U3FuR) of AUFRAFLP SRR Rer BONE A"

subst anfi alivenpinfwsisohepatecelslar cwpmmmemnalﬂlvsmmsedeamw death.api es,

and of those that do respond favorably, a large proportion were found to
rel apse af &g meahanisa owhish HOVeestahlighes viral persistancgang cagees hightrate

recently, ioRERoARNILE: diddaih HH@%ofﬂ?lf‘erﬁﬁbbbuﬁng'dlﬁma%& hes MY kidwiPhéw en benefi t
approved in the clinic for patients with ronic hepatitis C. However the

sust ai ned HEbhistRIaCts yitg and eIVB‘?@S tha doptimenersyster: éﬁ@ﬁﬂﬁ?”dﬁgfp ehatices

severe si d@emilérea‘rtdsm(nhoral mfnﬂ.tdeneﬂfanaés it Me@w égasastmv RidtabRBRAt I ti s,
depression)  t i mnis

treate pat I en
honent BY " ideass BRYIVALS s REBRIREn INRogiPsios heke REeT BeBREARr oved 1 or
Fg}u ients n@nopl"nlswaraltraﬁsm@aﬁhiabbwa:w@wraﬂmﬁm&ts hdmeﬁ,ltdg}oehfemm@@a@eddby
are not_ a | at W t this co L natl1 on tner r ore, a nee
ext sts 1 or GaNorRReR G RiHeEny eesmEent vBTunedoritEh Halimed Hrdb pinsRronc o
HCV i nf ect iThie 1kdiedt anvetfectivenroteltive immuira respunsefis Rampéringothp lievetagment cal 10
therapi es. of a vaccine or adequate post-exposure prophylaxis measures, so in the near-term,

25 hopes are firmly pinned on antiviral interventions.

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

30 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

L
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relapse after termination of treatment.



HCV is an envel oped positive strand RNA virus in the Flavil\dretdeary2a8| y.
The single strand HCV RNA genone is approximately 9500 nucl eotides in

| ength and has a single open reading frane (ORF) encoding a single |large
pol yprotein of about 3000 amino acids. In infected cells, this polyprotein
is cleaved at nultiple sites by cellular IS and viral proteases to produce
the structural and non-structural (NS) oteins. In the case of HCV, the
generation of rrature nonst ruct ur al prote ns (NS2, NS3, NS4A, NS4B, NSSA,
and NSSB) i ra ases rs one et poorly
characteri z@ﬂﬁ "E‘f Qgﬁ?rqrh@ '}{Bﬁa ‘]’U’n% %qu?eﬁép chmﬁe'BR%"‘?f% a serine
prot ease coappabvmﬂm\nhe bln’lc tdmpahbmemmmakorﬁce@emn@b NS&e(réletheshgtatrhdr eferred
to as 20 NS3 Brot ease) | % es aI It t he subseguent cl aegfest (10vvnstream
of NS3, bot Ff® ﬁ"scﬁré" 5t°‘?"haé‘ RENreqtmg)Leyeo LoH s%%"&’?ﬁ RS ¥br the
remai ni ng Netidepithyg, thxSidiBisNatAe phistréaitfshBepression) thaldiiNidgh theajualitp ofilifpear s

| e, f . f NS3 d
bosst bl v5 asSl e PHTEYs, RSearl e B S REFABh Wil Pag kBPR\ rar
repli case capgrovexhios pafidres no:méwon@ﬁeftmlﬁmalona bibweber, tig%ige effedtsr Wi t h NS4A

of 11ci oncy. Beuekrnd PN Brg har Y e PR R L7 < el cosi de
{11 phosphat gag g SNNBLLEIIAEELAbINER or MR vl AdiRSgr e e

pol yner ase t 1S 1 nvo t1 0 nér strat egy
for the dev tréatmeanof dEVanfection thiat ca\gpascmees thetlinifations ohaadsimmphatrhqceﬁﬁca!ncoded
enzynes Bha}h essentl al for the replication of the virus. In this vein,
pat ent appl I Cath on WO 971 06804 describes the (-) enantioner of the

nucl eosi de Y @I SribA8d BBy ARSI b M iR AR TR dact | e
agai nst HCV. "Thi's conp re or as safe In previ oUs I ni cal
trials agai ﬁts@nd-lﬂQVd"ﬂfdA lsmmna%awpxmt%e%m nudiegtides iy lengt anst haser agai nst
ricv and | US <8l Ehdihg ARHIEADRR) EiobaiRy H3inkie A orfstaleilbr At Modd!s has

yet to be rep I nt ehse ef scover co |b|t t he

NS3pr ot easeam'“OF@W%éﬂ infecded eplistbis privrotelds clpavad at Bl ﬂ@SdWé’@“l&%fur es:

US paten 5aRdviralPRoteeses tbpsalitRs QW&biaFaﬁdlﬁéﬁJsfrHétﬁﬁil W)b&ré@iﬂsd% tignd 5
anal ogues as being active against HCV. These conpounds are directed agai nst

the hel i cas&2%&Rfi "\%Yythﬁﬂet’ﬁ'@t'ﬂfsgf M’%l"ﬁ“?ﬂ’uqtﬁé' RrPteins (72, MS3nNSAA t est s

have not yeNshsenssﬂpaﬁd RES5B) A eI By IweVReHboRMBeSaTho ARN ohe R yeed by Chu
et al., (Tet. 229-723 0 have activi to)é/_.d 8 i.nst the HCV

NS3 prot eas&° ?h’ %‘3&'2@9 %@?‘(??e?‘ e Jisachen: dhe $¢f IB&%8MRs been
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ntir vir alr C a S ma a ntil vi earc
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tam y o« AXE NERATTRANIBRRES: The NApiar S0Pk AT ieT o

Roussel , 19%¥)ctionid)actmpas desiattarddmthe iNS3protease applpossibly assiating in the

i1 Torent 1 RS IORERAREh of ks A1R ARG AHRRIGHE coisSoBbiau S rtcinnlens 1 om

Vert ex PRhar fieroation ohthe N3® prodéis slithdNS4A séerhs hecassafy tedine procpssingeants,
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Dol ogues bSTATAT s alie ek B ALGRG pugk, R AT pRe R dudhultErnt | 0
tri pepti des nucleosite triphoephatase and RN#ewlcpsqaaq:tdmeanalSﬁ@Jea RiYAtdepandent
G ter mi nal Ag@gm%annmngmaﬁm.e@.canoﬁ%ﬁﬁev al feature. These

anal ogues were I've agal nst other serine protease
and are ther che has
a0 opor t cao e bHelcRTG g ebabpiatt AR RrA S5 s | RaluTRR, UR
antivirao ag@n@@d‘mzymee tlnateaae ieasentiaf fone nepl‘l@trpn@mhemwse Ipthis velRs contain

an a1 dehyde R aBICAAT WIS o iaok WSl Y Snardim P il cdRiaeet L and

I ngallinella et a ave publis
( Bi ocheni st rayta(oggasytos@e)1 3883thto® (also @9@6«'893329) asmtm egainstidCYephisdes
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advant age of hasiet o be ehmcallumverbactws agatast HGerdvlsda@crtamqnept iilQ!lQB that are



inhibitory to the NS3 protease of the hepatitis C virus. AGTghruany 2003
advant age of one aspect of the present invention resides in the fact that 5
t hese peptides specifically inhibit the NS3 protease and do not show
significant inhibitory activity at concentrations up to 300 pM agai nst

ot her serine proteases such as human | eukocyte el astase (HLE), porcine
pancreatic el astase (PPE)) or bovine pancreatic chynotrypsin) or cysteine
prot eases such as hunman |liver cathepsingB (Cat B). 10 A further advantage
of the present invention is that it provides small peptides of |ow

nol ecul ar welag‘%tt}h th I rﬁsgygﬁaggg%r@gof penetrating cell menmbranes and nay
cu

be active 99 w th good pharnmacokinetic profile.

SUWRRY P el BYERTICOL06) it LR BABEINSLroldbE T ER, o1 @

racemat es) di aSteréol sonmers an sorrers 0 nmpound of formla
(1): R2 R3 helibage ﬂHW@(@ﬁ)&@f@dWlﬁgdl@blb@reﬂs) wherein Bis H a C6 or

C o aryl, C _,s aralkyl; Het or {lower alkyl)-Het, alt of which optionally
subst i t ut ece wiltchpaient-5,683%388 daScribesdidtenyycliGsulsstilited oagtoxamides axy ;

cubst 1 1ot oo wilRiogued B G Hbiyg gk EYT o LRBRK e BfbcIER RBANAC ™, ¥
acyl derivati the lodlicage aciivily ﬁéthé:(\le)aprotammimmwws it clinicahtidsls RaveOhaEye) - ; an

am de of for 5)-C(O-; a thloamde of formula RA-N(R5)-C{S)-; or
a sul fonyl of F@n%o% 4- Sz wherein R4 is (i) C.,o0 alkyl optionally

subst 1 ut ed, WS AR huinme Ba b lbrecPER Y o276 Lan L HSBRY, o no

optionally roh st ower al kyl)
am de; 10 F&BRO-ARF2)20 D3V agtivity agdnst thwUCUﬂ&&bDOt@e In(vylcol dNd fuaksr, or

., 0 ajkylcy I d wi th hydroxy, carboxyl,
(CL.6 a*koxy) ?g?%%@{e?t@rhh'ﬁgﬁo tg?'?)&ng y rmng&Héoc? di -substituted with C . 6

| kyl ,
oyl A o, Kl e e Rk 0GR A BB 7
C,o aryl or CUfa‘@r&ﬁalFléWSh"'aﬁ\ IJaQ?ﬁ (1996) (Antivica) feseatchd(13P6h 3C, 1,823 ky| |

hydr oxy, am d wath or
di substi tut ed?ﬁ%ﬂlﬁ C . %égjl%é I; Of?cﬁne )Qénv%mékotocﬂég\?g?ﬁ‘% ﬁ?/ rl'Iq—)c|e\t( bot h

optional ly sulPée2sfted with C .6 aI kyl, hydroxy, 10 am do, (I ower al kyl)
am de) or am no SE)tlonally nono- or di- substltuted with C .6 alkyl; RS is H

or C, . 6l% K§everalistydiesoavs reranied compoungicinhiRiiondo siher sevne pioteasediYshi de, R4
l s not (ii)agh@ah Rakssgreelasase. Iﬁ\e\famﬂébf mlizs&‘camp@uﬂﬁéI ls ré&rtle& ifowe al kyl,

C3., cyclo al k clo ubstituted with
var oy & SaSaradipeche MsTor Hokitsay TEokh e pepioRe HodRRe PaliR o, | G or G o
aryl, or C7ap;ﬁicﬂttdn| dfy ImorptlingicdrbZnyRBenzdyi-péftide dnakidnesthabalstiructdraliyei n R20
is a satura é{ﬁ fro aet ur ted ﬁ% Zong. cloalkyl or C4.,0
(al kyl cycl o %&‘?Pg ByP \?ﬁf?, Bgﬁ"f& 'é FORE | y nono-, di or tri
substit tedvvl Q aly, al |
opti ona Ngg %76@”{'} ?e%%bﬁﬁ%s‘ﬁf%lﬂ'cmst Iéf"?oosles #%b'i%s Elleﬁe¥'8? (1 ower
al kyl) - Het b préteage, iparialibgly, Hepatitis diviruoNS8 proteavst Thaseddhibitdrh af@y

peptide analogues based on the NS5A/5B natural substrate. Although several
tripeptides are disclosed, all of these peptide analogues contain C-terminal
activated carbonyl function as an essential feature. These analogues were also

25 reported o be active against other serine protease and are therefore not specific
for HCV NS3 protease.

» Hoffman LaRoche has also reported hexapeptides that are proteinase inhibitors
useful as antiviral agents for the treatment of HCV infection. These peptides
contain an aldehyde or a boronic acid at the C-terminus.

30 e Steinkiihler et al. and Ingallinelia et al. have published on NS4A-4B product
inhibition (Biochemistry (1998), 37, 8899-8905 and 8906-8914). However, the
peptides and peptide analogues presented do not include nor do they lead to the



25 wherein each R2, is independently C,.6 alkyl; C-.s al ko9 ;Febouaesr 2003

t hi oal kyl ; sulfonyl; NO2; OH, SH, hal o; hal oal kyl; am no optionally nono-
or di substituted with C, .6 alkyl, C6 or C, o aryl, C,.,4 aral kyl, Het or

{I ower al kyl)-Het; am do optionally nono-substituted with C .6 alkyl) C6 or
C o aryl) C7.,4 aralkyl, 30 Het or (lower alkyl)-Het; 10 February 2003 6
carboxyl; carboxy(lower alkyl); Ca or C p aryl, C-.~4 aralkyi or Het, said
aryl, aral kyl or Het bei ng optionally substituted with Rte; wherein R~ is
C~.s al kyl; m no optionally nono- or

di - substitut ege%%%e '%e‘é'fjﬁﬁl"f thgmr?%ﬁwfnveﬁa‘ms\w al kyl )sul fonyl; 5 NO2; OH;
SH, hal o; f oal k Het t |
subst ?t 8t edawg gﬂv ta g€ §ﬁrtB§ P¥$§en?gwgpﬂoa is &V%lt ?wggatnge&y&s%t Op ional l'y

al kenyl , ormﬁiﬁuoryam Msa pedtbasepbfi the hbpatitis Woetust ut ed wi t h hal ogen or a
pharmaceutically acceptable salt or ester thereof. 10 included within the
scope of t hAsurthevedtvaniage sf engpaspechofabé pesentiongdntresidesioitpe faxt thgat an

o1t e Sl S AR VRN e,

phar maceut i inhibltyryaetidityt atltbacertations up re8dpMagamsk othensgriregqRoieasésisuch

Clviral 15 FHRUBET Bykors SoElasaiLE AR ReTTHS Se e Rt
ant i - hepat i pargrdatici chinbyrysdin, e lcysteinaprotehserf suchascumzruingr odthépgingl a |, or

a ther apeut@%@b y acceptabl e salt or ester thereof or a conposition as
descri bed Anot her inportant aspect involves a nethod of inhibiting

e Rl et bR b i P iR B Mchie o BERRS 51 .
t her apeut i cmblegulac wejghattiat meayite aapablstod petéteatipgice mentrrangoand map bas
nenat 1 re cRaVEn Sl e B RS holdYBlotBRo AR MBRecl LT R 100 @

hepatitis ViTal on I'n ring thereto an

ant i -hepati%uﬁwﬁﬁv t%"i'NEGiMIE ﬂ anount of a conbination of the conpound

of formula or a therapeuti ca y acceptabl e salt or 25 ester thereof.
Accor di ng t -AREY H‘iﬂ@@cﬁ&é‘hf thte*lﬁve‘?ﬁiéﬁgPé? géh%?és Gﬁgi’épéd.édrﬁéxlé {1 ?ﬁézﬁ
invention conprise an a I mmunonodul atofy agent anmp

addi t i ohal ispmﬁ{ﬁﬁfrﬁ)‘émnmwfé@@ﬂl%(') ncl ude but are not Ilmted to) a-, ~-,

and 8 interferons. 10 February 2003 6a Still another aspect of the
invention involves a use of an anti-hepati tll%z Cvirally effective anmount of
t he conpound of formula I, or a tlgtrap sal |y acceptable salt or ester

fQr the preparation of a
medi canment for treating a he§a~t~|Nt ifhf ection in a mamal . Still
anot her aspect of the inventionlinvdl vesja ChEh.a hepatitis C viral NS3
prot ease inhibiting amunt of tie ¢ ordnjl al, or a
therapeutically acceptable salt or ester tHere@f ©Or a conposition as
descri bed above for the preparation of a medi cment (yor inhibiting the
replication of hepatitis Cvirus. Still another aspect of the invention

invol ves a whéretf aa@Haabsﬂa@q?a? Eicar‘élk&laHbVoﬁ(ﬂcf\%‘rtdlM f@é‘toéll”'éf viictd
conmbi nation of the conpound or mu or a therapeuti cal |y accept abl e

salt or est @PUNARY SISttt WHR Shadtkvh G+ BMW Sgertkangyl byfoxs Bydipxxalyh of a
medi cament  haib; KdiSakyieitre; dyaRa! dylahsallylvarhidb dplibRallyl seBstithted WwIlNTR alky!;

20  amido; or (lower alkyl)amide;

t hereof or a conposition as descr}:}zb\j[% bov

or B is an acyl derivative of formula R4-C(O)-; a carboxy! of formula Rs-O-C(O)-; an
amide of formula R4-N(R;s)-C(O)-; a thioamide of formula Rs-N(R5)-C(S)-; or a
sulfonyl of formula R4-SO; wherein

R, is (i) Cs.10 alkyl optionally substituted with carboxyl, C,.s alkanoyl, hydroxy,
25 C1.s alkoxy, amino optionally mono- or di-substituted with C, alkyl, amido, or
(lower alkyl) amide;



Still another aspect of the invention involves a process flé+Felieary 2003
preparation of a peptide analog of forrmula (1) wherein P1 is a substituted
am nocycl opropyl carboxylic acid residue, conprising the step of:
coupling.a peptide selected fromthe group consisting of: APG P3-P2; or

APG P2; with a P1 internediate of formula: RRor SHN. OCPGR 0-CPGHN
CPG ~~f SCpPG" HZN. 02 O~-NR Il 0o ~ ~ or wherein R~ is C al kyl,

cycl oal kyl or C2.~ al kenyl, all opti on%I |y substituted with hal ogen) CPGis
a carboxyl protecting group and APG is an am no protecting group and P3 and
P2 are as defin St h t t i L on, A5 es a process
for the prepar a@?gﬁ” %’fé'dai@%é@g?l?%g&ﬁr 8€éﬁ§g&y‘ﬁw§%}§%’r&pd p'i{’ﬁ%l& anal og, or
2) a HCV NS3 prsubstitited with bydroxy, parbokyle(Cas alkory)carhosyl amioe ostiaradipr i si ng t he

step of: coupli 3 J t 1 N0 j t or peptide
fragnent with a’p'grfgi é\rts'grs %@%#'ﬁ?@“ﬁﬁ%a?ﬁ‘&ﬁ gmﬁioﬁﬁb‘ge@%@ldng@e’S HNCCPGN
R O CPG H2N CPdiilyamiro pptgpailymno- or di-substitwied withi€a s a@lkyl; Rmidas oClewdy | |

cycl oalskyl or Gig lgénlfiﬁé"yl , all optionallysubstituted with hal ogen, 0.nd CPG
is a carboxyl pr oV Eer ng group. 10 February 2003 6b Still another aspect
of the inventiogpidvglae (o]} LOO 0T~ a protease
i nhi bitor pepti @Q %ndglcé(é,éryg?mi)"s g%zkaé'%ﬁé’bg‘?”oa?gggg'g‘?%‘?gﬁ”ﬁﬁ“%g‘ﬁé'fi de anal og,
this process cofysirex agidon dowercgkylfamide @plaming eptiosalit mpng- qidbt ect ed) ami no

aci d, peptide ogHaeRkddRitd EAYIRA oW th an internediate of formula: w ;S
O CPG H2N O wherein CPGis a carboxyl protectin .tugédoup. DETAI LED
i

DESCRI PTI ON OF {viRHetpsiqwar ikuihiHetnpot petiqneily s Wil §+-halkel Aydrexye

fol | owjgng def i nihide fowerdinyl)Hmias Sordinhifs BhidhallPfRflo- or didub&aRiEaWith 2003 7
Wth reference to the instances where (R) or (S) is used to designate the

configuration o@1ﬂa'§¥|’bstituent) e.g. R of the conmpound of forrmula I, the
designation is done in_the context of the conpound and not in the context
of the substituBni® Pbles @lYlirhe natural amino acids, with exception of
glycine, contain a chiral carbon atom Unless otherw se specifically

i ndi cat ed, WHhIeRIRYER MR WRBR BaiSAmamide: Qi edhioamide, Rads R (ifia yctoglioxy;

L-confi gurgig on are preferred. However, applicants contenpl ate that when
specified, sonme am no acids of the fornmula | can be of either D0 or L

confi gy atY@H@F Osaaikgle m xtures of D- and L-isoners, including racemc

m xtures. 10 The designation "Pl, P2 and P3" as used herein refer to the
posi ti on oR® ki . saRyh Cacydoalie] sh@s, akaAcydicekyi, rafiroptibeallg substiuted svitand of t he

pepti de anal pques. and extendi.n owards, t he ermnus [L.e. Pl refers to
oot 1 on 1Y B Aotk S Mg ob BB NG RUDETBRE? Bt & ot et nus.
etc.) (seeafdtkyger A. & Schechter L) Transactions of the Royal Society

London series (1970), B257, 249-264]. 15 The abbreviations for the a-am no
aci ds usedR} is GHi-BoaNpl-Re a0 iRyn 0aB Rog athdrein Ry, isra Sediratedlor undBluEated Bg3 no

s VR PR OB S P EARGRR pepLsaeenet
cyci ohexy| sustitutechwitiiRehgG ut ani ¢ . .
acidG ul's %reﬁ-g'i&g HGG& W&é&@&%’f,’l‘&:‘%ﬂyﬁ laﬁ %bﬂ&%ﬂ? ﬁ\ro%lo'-, r&?—%rr(?ri-substituted with

H21|
or Ry is Het or (lower alkyl)-Het, both optionaily mono-, di- or tri-substituted with Ry,

25 wherein each Ry, is independently C,.s alkyl; Cy.s alkoxy; lower thioalkyl;
sulfonyl; NO,; OH; SH; halo; haloalkyl; amino optionally mono- or di-

substituted with C, atkyl, Cs or Cy, aryl, Cy.44 aralkyl, Het or (lower
alkyl)-Het;

amido optionally mono-substituted with C.¢ alkyl, Cs or Cyo aryl, C;.14 aralkyl,

30 Het or (lower alkyl)-Het;



10 February 2003 8 Am no Aci dSynbol Val i neval fert Butyl gl der’f@%’@WA%OQ?sed
herein the term "1-am nocycl opropyl - carboxylic acid" (Acca) refers to a
conmpound of forrmula: O H2ZN OH As used herein the term"tert-butyl gl yci ne"
refers to a conpound of fornula: 5 OH2N -OH/ _ The term"residue” with
reference to an am no acid or am no acidgderivative nmeans a radical derived
fromthe corresponding a-anmno acid by elimnating the hydroxyl of the

car boxy gr OUp anda@ﬁﬁyl*bﬁib@@@lbw@f alkﬁ)‘3 Cﬁoamm@rygmqparalﬁyroﬂ H@tt sa@arylt he
terms A n, Sar and Tyr

r epr esent the 10”4'@&?6'6'6%‘””89 OE“%aﬂl'ﬁﬁ'ﬁst%‘teq_wéWﬁﬂ#vne )gl yci ne,

L-isol eucine, L-arginine) L-aspartic acid, henyl al ani ne) L-serine,
L-1 euci ne, L-cystei neW"@f%{%}ﬁ;uﬁ&imea'kY§é?rsa0§Plﬁélkbi‘n 16_35(9?%3'4"9460 optionally

respectively. The ter o 8f deslibstiutedd \Wh Cf‘é &kﬂ“&ﬁfoh gwéﬂlﬂm@bﬁﬁor

am no aci d residue neans a roup attached e a-carbon ato

a- ani no%aci d. For exal'ﬂSP ; 1; thalps hglealky: satbexyiamide; dewen alieieanide; or

hydrogen, for al aniney Xgﬁﬁsmﬁt 6§ wtRic,Remlyl s isopropyl. For the
specific R-groups or si of the a-amno“acids reference i s nmade to

A L. Lehni ngeg's é,%@wgﬁrcﬁ'é% ChY e, GaRidd) ey BBl ubbRLEY, 2

used herein neans l'ogen su |tuent sel ect e r ono) oro fuoro
or iodo. 20withbalpgem) "C . ~ al kyI or "(lower)alkyl" as used herein, either
al one or in conmbination with another substituent, nmeans acyclic, straight

or branchedorcqﬂﬁfmcﬁwcﬂhi§§9$Rté@ﬁts§" or egfertbgrenir y 2003 9 contai ning from 1
to six carbon atons and includes, for exanple, neth et hyI propyl)

. butyl, ¥ertinglydgd withindhe SCQP%EW‘BYW‘P" Isya F?BPW}%?P%W [compos “0"

2- {rﬁt hyl lor Oédfﬂ\priblrﬂgjatﬁfahm)ﬁbtﬁéthWC vitm@ cifetive éao%nwtaloeaitdomhd oRforthvli, lber leL nI

ei ther alone_or in,conbina W stituent, nmeans a cycl oal ky

subst i t uent® HSRAREUNCH H*a((gllﬁ%%t ?rfsgeémeeér%ﬁéf“%%ﬁwtgﬁd i ncl udes

cycl opr opy mb&ﬁﬁaﬂyac@eméméeaml’meﬂm ohsxyilarpagertycl oheptyl . This term

h
al so incl ucP "spiro"'-cyclic group such as spiro-cycl opropyl or
Spi rocycl obArm inportant kapddtef they invéntioaddvohasedmethodad tieatirig a hepaiitissC viralr

exanpl Ccy, n I rein
XarD! s G Y it AT Rl 16 T HaiiA BRIt Bl € Uitally
: effective amount of the compound of formula |, or a therapeutically acceptable salt or
ester thereof or a composition as desctibed above.

Another important aspect involves a method of inhlbiting the replication of hepatitis C
virus by exposing the virus to a hepatitis C viral NS3 protease inhibiting amount of

20 the compound of formula 1, or a therapeutically acceptable salt or ester thereof or a
compasition as described above.

Still another aspect involves a method ot treating a hepatitis C viral infection in a
mammal by administering thereto an anti-hepatitis C virally effective amount of a
combination of the compound of formula |, or a therapeutically acceptable salt or

25 esterthereof. According to one embodiment, the pharmaceutical compositions of
this invention comprise an additional immunomodulatory agent. Examples of
additional immunomodulatory agents include but are not limited to, o-, -, and &-
interferons.



fromthree to seven carbon atons |inked to an al kyl radi cal, the Iinked
radi cal s containing up to ten carbon atons; for exa C cI opr opyl nmet hyl ,
cycl opent yI et hyl, cycl ohexyl met hyl , cycl ohexyl et hyI IFeE yl et hyl .
The term " C2.,0 al kenyl" as used hergain, either alone or in conbi nation

wi t h anot i cal ns an al k radi ¢ cont ai ni ng
from 2 togﬁ) '293}96 e%ltt‘gﬁ‘? '""gﬂtﬁmf"ﬁllpiéﬁ%? “%%?{ata&aﬂfh a& n(l?é'?z' Wedoubl e bond.
For exanplamoahtkefriyd cormmdund @ fomnlis |1, emaltherap,ehucal&Oa&'épﬁHﬂe shl@bmeﬁer ~ al kanoyh

d h i h I
o e "B, € R 8 Bt DR R L BB AR <2 e
and i ncl udrestingarhepatitis Eo@alyhfectibr meaparomgl ( pr opi onyl ), 2-net hyl - 1- oxopr opyl ,

1 oxohexyl and the like. The term"C, .~ al koxy" as used herein, eit her
al one or in conbination with another radical, means the radical -QC,.
al kyl) wh&tibampthgr gpect of thasindrition iavol¥ds®/esecd ﬁthﬁp@ﬂt'ﬁﬁ virpl N3 gypteasear bon at ons.

Al koxy T NGl a%hmmec% B of RERREA Yor althéfsﬁém&aqp Q%Mtabl@%h@&b’ and
1, 1-di et hyI et €/ radj cal known c nly Per t - but oxy.

10 Febr uaryteptherse QJa'Fﬁ@P?%thaségscﬂ %oﬁ%fok@ﬁyepé?“%‘éf@ 'ﬂ"é’r“@mﬁ’“ ei t her

al one or iférifkiiipg it reglidativhlobhepattisievirusadi cal ) neans a C3. ~ cycl oal kyl group
| inked to an oxygen atom such as, for exanple: O- 5 The term"Cs or C o
aryl" as used herein, either alone or in conbination w th another radical,
means ei t I8till amothed aspeat of thermveationdhvolves) b osgofanrantthepatits G vicaly bffecticet ons or an

aromatic ' . aryl

i ncl udes %h" &Idfgfg'hg'g%{oﬁ%&] P&bgﬂ‘gé% ﬁﬂfnﬁé’[}ﬁ%?\%ﬁa&e@% y?&gér%b%yl as used
herei n, eisaherestdr dreseawith ﬁthbﬂf@htirh'ﬂVcﬂgemi forthe peeparetiomal armetlicament neans a 06
or G, 0_ar ¥br @5uriel oBafhs EUtinbiBK fh em, al Kyl group, wherein alkyl is as

defined above coOntaining from1l to 6 carbon atons. C~.,s aral kyl includes
for exanple benzyl, butyl phenyl, and t-naphthylnethyl. The term "am no

aral kyl " asill Hidtgbr Iae;saa‘t S theinidilion AVENYE afrodeBs %ﬁmbipi’e’pbiaﬂdih L ;bspadwt her

radi cal , n_am ubst i fut ed Wt roup, such
as, for 1 3naR8 5hfa ”‘PRB iiereth P 'S 1BSH S“‘Yte? am4"°‘|"¥Fé°pf°é’?‘sn?a%( '{% cich) kyl ) ani de”
as used heaesidue, commlaleg the| stapeofogoupling careplideadelested iiomhthagotiheonsistimg cal , neans
an am de h as: 0 ~N~ H 20 The term
"car boxy(lrsg\r/)\)gr(ily?ﬁ qtr%%qbél%# %Pge;ftenmealgét&r%fro"ﬁ %ne or in conbination with
anot her radicaj! nmeans a carb >’<yI group ( | i nked through a

(I owner) al kyl up as defin abave and i udes for ex e\butyri c acid.
The term "het &-ePGor " " @cmeglg REt her oneq

conbi nat i orf wi.t hllanot her HeMdi"clff , nean vaI ent HynidF %"I‘I ved by
removal of a hyo?ogen from25 @ flve- SIX- 0:)r se}s n mentxer ed saturated or

unsat ur at e nat,i het cI e eto four
het er oat or’fg' geér] (‘,t%d&g %%Pnﬁyflf)aq%% eHyl 8 °§) '?nrau’f g?—su{? eﬁ'ﬂ‘or e) "Net"
as used hédwabbgen, GREAissa earbmwlavrqtegtmb@rm aﬂdeFﬁbﬁ an amino protecting group

and P3 and P2 are as defined.

Still another aspect of the invention involves a process for the preparation of: 1) a
serine protease inhibitor peptide analog, or 2) a HCV NS3 protease inhibitor peptide
analog, this process comprising the step of: coupling a (suitably protected) amino acid,
peptide or peptide fragment with a P1 intermediate of formula:

R, R, ~
’ Ror8&
O-CPG {_ _O-CPG
HN HNR H,N
o (o) o

wherein h1 is Cy¢ alkyl, cycloalkyl or C,¢ alkenyl, all optionall,substituted with
halogen,asd CPG is a carboxyl protecting group.



10 February 2003 indole, or the follow ng heterocycl es: abd¥debosayd20@3 one
or nore other cycle, be it a heterocycle or any other cycle. Exanples of

sui tabl e heterocycles include: pyrrolidine, tetrahydrofuran, thiazolidine,
pyrrol e) thiophene, diazepine, 7 Himdazole) isoxazole) thiazole,
tetrazoi e, piperidine, 1,4-dioxane, 4-norpholine, pyridine, pyrimdine,

thi azol o[ 4,5-b)-pyridine, guinoline) or 5 S, NN Sor <\ N, N The term
"(lower alkyl)-Het" as used herein) ®bans a heterocyclic radical as defined
above linked through a chain or branched al kyl group, wherein alkyl is as
defined above containing from1l to 6 carbon atons. Exanples of (I ower

al kyl ) - Het Stilhanathks aspert of thil inventidn inwol@sTehprotessifor’ thi prepacion io€ dl) by
accept abl e W th
anot her su gﬁ%ﬁégﬁﬁﬁoﬁéﬁﬁgggéab ?%Qﬁﬁm@hﬂﬁ%a%deﬂof&ﬂEH€@B#&?n whi ch any
of the car B@(?ﬂOC‘Pﬁfn@quSﬁE‘the tSh?@ efocedling a (@u'tabb/r ertacted) pmineeadidr boxy

term nus, % Sptid6 Rk a&;ﬁﬂe%g.ﬂen@mﬁ%marmm of fiilid:on: O ~OR 15 20 25 in

whi ch t he noiety of the ester is selected fromalkyl (e.g. nmethyl, ethyl)
n-propyl) t-butyl, n-butyl); alkox (e.g. methoxymet hyl); al koxyacyl
(e. 0. acetoxynethyl); aral kyl (eNgs Denzyl); aryloxyal kyl (e.g.

phenoxynet hyl); aryl (e.g. ph Ek@ﬂﬁlly substituted wi th hal ogen,

C, .~ alkyl or C .~ al koxy. O abl e prodrug esters can be found in
Desi gn of prodrugs, Bundgaard) H. E@® Elsevier (1985) incorporated herewth
by referen UShg ceptable esters are usually
hydrolyzedﬁﬁﬁeglvo e%*ﬁ%ﬁﬁﬁﬁégﬂﬁk*a mammal and transforned into the acid
formof the conmpound of formula 1. Wth regard to the esters descri bed
above, unl pesARERHESSRIFIICN IOF BREFERNES EMHOBINERTS Present advant ageously
contains 1 to 16 carbon atons, particularly 1 to 6 carbon atons. Any aryl
noi ety present in such esters advantageously conprises a phenyl group. 10
February 2pefinifiang n particular the esters may be a C .,s al kyl ester, an

unsubsti t uged S benz est er bstituted with at Least one
nal ogen, - ChS UsaiRgin. @8 ouR by e Bhets AbPRise by Tho 1 orm
"pharnaceutlcally acceptabl e salt",as used herein includes those derived
from pharmaceutical ly acceptabie.bases. Exanpl as of suitable bases include
chol i ne, ethanol am ne and et hyl enedi am ne. Na+, Ki, and Ca~* salts are al so
contenplated to be within the scope of the invention (also see

Phar maceutical salts, Barge, S M et al., J. Pharm Sci., (1977), 66, 1-19,
i ncorporated herein by reference). Preferred enbodi nents 10 I ncluded wthin
the scope of this invention are conpounds of fornula 1 wherein Preferably,
Bls aCsor Coaryl or C-_,s aralkyl, aU optionally substituted with d.s
al kyl, C,.s al koxy, C,.s atkanoyl, hydroxy, hydroxyal kyl) hal o, hai oal kyl,
vitro, cyano, cyanoal kyl, am do, (lower al kyl)am do, or am no optionally
substituted with C .s alkyl; or 15 B ls preferably Het or (I ower

al kyl)-Het, ail optionally substituted with C .s alkyl, C .s alkoxy, C .e
al kanoyl ) hydroxy) hydroxyal kyl) hal o, hal oal kyl, vitro, cyano, cyanoal kyl,
am do, (lower alkyl)am do, or amno optionally substituted with C .s alkyl.
Alternatively, Bis preferably R4-SO2 wherein R4 is preferably C .s al kyl;
am do; (lower alkyl)amde; Cs or C,o aryl) C, _,4 araikyl or Het, al
optionally substituted with C .s




20 alkyl. Alternatively, 8 !'s preferably an acyl derivati v Bébruaryrdd03
R4-C(O) - wherein R4 is preferably (i) C,.,0 alkyl optionally substituted

wi th carboxyl) hydroxy or C, .e al koxy, am do, (lower alkyl)am de, or am no
optionally nono- or di-substituted with C .s alkyl; 25 (ii) C3.~ cycl oal kyl
or C4.,0 al kylcycl oal kyl, both optionally substituted wi th hydroxy,
carboxyl) (C,.e al koxy)carbonyl) am do, (lower alkyl)am de, or am no
optionally nonoor di-substituted with .s al kyl; (iv) Cs or Coo aryl or
C-.,s aralkyl, all optionally substituted with C .s alkyl, hydroxy, am do,

(1 ower alk antde naI stituted W|thC s al kyl; 30 (v)
Het or (I o&/\é‘% réf?{ﬂ‘?e{qe‘ﬁe "ﬁgq’]’fg éﬁjp{/? ipused iQdegoRRtehe s al kyl)
hydroxy, ambRfgueaionastal dubstteat etguaedf the cBrmpound & tsbthula arméleemguhamr

al kyl ) am de. 10 February 2003 13 Alternat]vel S prefe

car boxyl of §fiefithe pentextef de compoupdiapd pat W‘éh%g‘@'ﬁ%’ﬂé’ﬂ@ ?‘-Ibﬁt'@entyo al kyl
optional ly gfgmastituted with carboxyl, C,.s al kanoyl, hydroxy, C, .6 al koxy,
am no optionally nmono- or di-substi tuted with C .~ al kyl, am do or (| ower

al kyl) agi dehenafura)arfido aciigcittebstegbtior{ . glyirdd, kmhtamca aatak&érbonhtonﬁzpti onal |y

substltute t h. car box car bon tionall mano- or
eubst ¢ s et SPegital et B SSnagmAs co R s ralre AR ooy C o
ar yl or C-.acidsavithlthy L-copfiguatdr arepudtetred.uHewevdr] dpplicarsts abitgmpldy tapxy,

am do, (I ower ) am do, or am no t|o bstltuted W th
& S kyt Wign Spgetdd St arpinp BUR B HRIGMIRL et B oreBlst PorblTy substi tut eq
with C .~ abhfigurationdsraay)beanixtueesopttD-amal L-igomer includirdi raserhitriktiresd Wi t h

C, .~ alkyl, amdo or (lower aikyl)amdo. Alternatively, Bis preferably an

am de ab f dhedesigRation( TR) P2(abd-P3lheer esed Hedein sefpr toftiee pbsitor( ofith€amimm al ky!

15" o do, ” CFAIER ALY SEiltbof e EbiningShp BhkApe g fedand 0, 7L ool
with C, .6 @xepdingtowardeike Netgrmninus el Pbrefes to positidy1 frpml tbalGeterminak)
opt 1 onal 1y ¢ BaddratickftioWitoh @rd;@f%lnus(&c 2oy Ma&gate/éhher mi do, (1 ower

al kyl') am do,” or "am™no optiona |tute '~ al kyl;
(iii) am an@ftﬂaiCmf@ <Pf9h¢rﬁﬁmal Society L@tﬁibgtsﬁtl%ﬁ 6@701 BRSC, 249-264ly| ; 20 (iv) C6
or C o aryl or 6 aralkyl) all optionally substituted with C 6 al kyl,
hydr oxy? arﬁhé@bb(qum@ﬁs énrnélq yAmige pcids used indhis gppinetiph aressa derth intT@dlen t h
C,_6 alkyl;poor {v) Het or (lower alkyl)-Het, both optionally substituted
with C, . éofkyl , hydroxy, am no optionally substituted with C .~ al kyl,

am do or (I ower al kyl)am de; and RS téﬁgggAerabl y Hor nmethyl. 25
Alternatively, Bis a preferably thi of fornmula R4-NH C(S)-; wherein
R4 is preferably (i) C o -alkyl J:mtlnngl |y substituted wt carboxyl, C, .~
al kanoyl or C|.=~ al koxy: Amjn@-Acigcl oal kyl or|Cc4Symbal/| clcloal kyl, all
optionally substituted with carboxyl, {C, .6 al kpxy)carbonyl,|am no or

am do. 30 I\/br«n1;§rghgéwyopﬁcar§0@u§:§c‘gr C 0 aryl pgpadtonal Ty substituted
wth C .~ alkyl, C .~ al koxy, C, .~ al kanoyl, hydroxy, hydroxyal kyl, hal o,
hal oal kyl ) ni mhn,,fé/ano cyanoal kyl, am do, (T o\wig al KyT )am fle, or am no

optionally nmopo- or di-substituted Wi th C, .~ alkyl) such that Bis for
exanpl e: 10[Taepatiaiaxid2003 Ia Me VT ~~ ~ZN ~flasp~ ~ ~ 7 V|\ HO\ O M .

Cysteine Cys

Cyclohexylglycine (also named: 2-amino-2- Chg

cyclohexylacetic acid)

Glutamic acid Glu

Isoleucine lle

Leucine Leu

Phenylalanine Phe

Proline Pro




>>NC~N/ | ~~/ H\ ~\ ~~\1\1si ~, NC~ F\10Fpbmary 2008 ~ |
~NC~~\~\ (ou~. . CF, M M\~ \ or 5~o0or Bis nore preferably Het
optionally substituted with C .~ alkyl, C .~ al koxy, C .6 al kanoyl,

hydr oxy, hal o, am do) (lower al kyl)am de, or ami no optionally nono- or

di substituted with C .~ alkyl, such that Bis for exanple: <o\ O
Alternatively, Bis nore preferably R4-S02 wherein R4 is preferably Cs or
Coo aryl, a 10 C~.,4 aral kyl or Het all %ptionally substituted with C .~

al kyl; amido) (tower alkyl)amide _such that BRis for exanple: ors N\ ~
O~ ,~ 00 ~S| ~ S O0s ~NAmind theidhti vely, B i $ mSymba¥erpably an acyl
derivative of fornmula RA-C(O) - wherein R4 is preterably 15 (|) C .,a alkyl
optionally subfyLRIEd W T carboxylr, Nydroxy or [Ga — & Koxy,jor (ii) C3_~
cycl oal kyl or [C4.,0 al kyl cycl oal kyl, both opti onal Fy substitutfed with

hydr oxy, car bofyg A RoxXy)ycarponyt—such B—Ts)—for] exanpl e: 10
February 2003 rtlaadg'%lya&% Is preferably 15 Ho~ ~~§b%~ or (iv)|Cs or Clo
aryl or C~.ie i ' ' ' 5 kyl , hydroxy,
5 such that Bis for exanple: HA or R4 |Is preferably I Ho i \ 1t or (v) Het
optionally | | " r ] ) ch that B
Is for exarn;})ﬁléltgf:§ qugltlegﬁgwﬁlé@ ﬁe%g.{oiq%?g/@%% @?"ﬁ%’?‘“‘?‘%ﬁ‘?g?@% f&?satc’(s:éz;r boxyl of
fornul a R4- compeyndoftpendain R4 is preferably (i) G .~o alkyl optionally
substituted with carboxyl, C~.~ al kanoyl, hydroxy, C,.~ al koxy or anido,

(I ower al kyl)am de) am no optionally nonoq or di-substituted with C .e

al kyl; (1l1) CG_~ cycloalkyl) Ca.,o aKyi c¥cioal kyi, all optionally
substituted with carboxyl, (C~.~ al koxy)car ®¥hyl, anmido, (I ower

ai kyl )am de, ami no optionally nono- or -substituted with G .~ al kyl, such

that B is Tols R¥3WBlM the term “tert-butylglycine” refers to a compound of formula:

0

H.N
2 OH

The term “residue” with reference to an amino acid or amino acid derivative means a
radical derived from the corresponding a-amino acid by eliminating the hydroxyl of
the carboxy group and one hydrogen of the a-amino group. For instance, the terms
Gin, Ala, Gly, lle, Arg, Asp, Phe, Ser, Leu, Cys, Asn, Sar and Tyr represent the

10 “residues” of L-glutamine, L-alanine, glycine, L-isoleucine, L-arginine, L.-aspartic
acid, L-phenylalanine, L-serine, L-leucine, L-cysteine, L-asparagine, sarcosine and
L-tyrosine, respectively.

The term “side chain” with reference to an amino acid or amino acid residue means
a group attached to the a-carbon atom of the a-amino acid. For example, the R-

15  group side chain for glycine is hydrogen, for alanine it is methyl, for valine it is
isopropyl. For the specific R-groups or side chains of the a-amino acids reference is
made to A.L. Lehninger’s text on Biochemistry (see chapter 4).

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

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



~j ol I~no~. ~o- ~0~ . 10 February 2003 16 0 HzNQ Fehroary 20030r R4
Is preferably (iv) 06 or C, o aryl or C?_,6 aralkyl) all optionally
substituted with C, _6 al kyl) hydroxy) am no optionally substituted with
C,_6 alkyl; or 5 (v) Het or (lower alkyl)-Het, both optionally substituted

with C .~ alkyl, hydroxy, am do, or am no optionally nono-substituted with
C, .~ alkyl, such that Bis for exanple: ,., J1 1 o~~ o~~or o
Alternatively, B is nore preferably an de of formula R4-N(R6)-C(O) -
wherein R4 is 10 preferably (i) C _,o al optionally substituted with

boxyl, C,. k d , ko d | d
i no ot canaigngdagY e %Féééﬁéfmm%r\aﬁﬁﬁs &7 S3plg, ey sty 2™ 9
cycl oal kyl @rbp%utsﬂ felriyutyt resxgia lt kdthyledhl, dmhéthyimiopy, mmwmwm with

car boxyl) ( xy) carbonyl, amido) (lower alkyl)anide) am no
optionally ?CFBWH‘J’?&P? substituted 15 with G, .~ al kyI and RS is H or

opt i ol |y TR S PP bl BheiBlopyh EafRabibihahafpl 0

exanpl e:5 0 gustitueht, meaﬁdaitslclpalk;llauabﬂltyerqncm)\ta@sngaﬁrorﬁ‘,tmeanqIsew.m darbors

opti onal 1 BB iRpegtRobIR, Bl epBgy cladhésliair b o 4

subst it ut edThis ttéTmcalso wckiges “dpird?-ayglic groumeuatrasaapirdayclopobyitdrapir® i s 10
Febr uary 20?@,010 tyjor exanple: o s ol~HN. NH; H;or H. .

Al ternative d%'s nore preferably a thioan de of forrrula R4-NH C(S) -
wherein R4 is preferably 5 R4 is (i) C _,o alkyl; or (ii) C3.~ cycl oal kyI,

such that Bis for exanmple: I | " ; or " -ferably, B is an am de of
formula RA&-NH-C(O - wherein R4 { s prgferal C, .,o0 alkyl optionally
substituted wth carboxyl, C, . arfoyl , hydrwxy) C, .~ al koxy am do,

(I ower al kyl)am de, am no option nono- di -substituted with C .6

al kyl; 10 (ii) C3.~ cycloal kyl or ., ooal kyl cycl oal kyi, all optionally

substituted with carboxyl, (C, .6 al koxy)carbonyl, am do) (| ower
al kyl ) atf deThetermdungatiratesl dygloatkyld included| fos exarnple,ayeldhexanyl:C, . ~ al kyl ; ~N-

H. HHH

The term “Ca.1¢ (alkylcycloalkyl) as used herein means a cycloalkyl radical containing

from three to seven carbon atoms linked to an alkyl radical, the linked radicals

containing up to ten carbon atoms; for example, cyclopropylmethyl, cyclopentylethyi,
15  cyclohexylmethyl, cyclohexylethyl or cycloheptylethyl.

The term “Ca.10 alkenyl” as used herein, either alone or in combination with another
radical, means an alkyl radical as defined above containing from 2 to 10 carbon
atoms, and further containing at least one double bond. For example alkenyl
includes allyl and vinyl.

20 The term “Cyg alkanoyl” as used herein, either alone or in combination with another
radical, means straight or branched 1-oxoalkyl radicals containing one to six carbon
atoms and inciudes formyl, acetyl, 1-oxopropy! (propionyl), 2-methyi-1-oxopropyl, 1-
oxohexyl and the like.

The term “C, alkoxy” as used herein, either alone or in combination with another

25 radical, means the radical —~O(C alkyl) wherein alkyl is as defined above containing
up to six carbon atoms. Alkoxy includes methoxy, ethoxy, propoxy, 1-methylethoxy,
butoxy and 1,1-dimethylethoxy. The latter radical is known commonly as tert-butoxy.



OiN~N~NH~H~H.'|H.Hi:,,|Ho~N~|veo~N~kw\FWNﬁfM2\Q0iﬂi,H
o;or , 15 ~~Hor R4 is preferably (iv) Cs or C o aryl or C .,s

ar al kyI optionally substituted with C .~ al kyl, hydroxy, am no or am do)

such that Bis for exanple: 0 N~H 10 February 2003 18 Even nopst

preferably, B is tent butoxycarbonyl (Boc) or Preferably, Y is Hor nethyl.

Mre .preferably, Y Is H Preferably, R3 is C.e aikyi, C.T cycloalkyl, ar

CA.io0 al kyl cyci aai kyi, all aptionail y slbstituted with hydroxy) Cl1.8

ai koxy, C,.e thioal ky |, acetani do, or Coo aryl, or C~.,B g aral kyl) such

that R3 is *&teesté‘\%ﬂ @cloplkoxyy as useg! h@fel'N eitger a*oee opreompingtionamtty, R3 i s

the side C@io‘fhé?“radn@él"m@éﬂé’é X@i/d?@all(yTB%}lg hhk@d 10\éH oxygRH afdm, such-asOor t O
Most preferably, R is he side chain of Chg or Val. Included wthin

the scope oAxafipie:| nventlon are conpounds of for mul a | wherein, preferably)
R2 is S Rzo or O Rzo wherein R~ is preferably a Ce or Coo aryI C-.,e

aral kyl, Het or -CHrHet, all option -, dt- or tri-~substituted wth
Rz,. 15 20 Preferably, Rs, Is C, .e l; C,.e al koxy; tower thloalkyl;

am no or am do optionally nono-or di bst(tuted with C-.e alkyl, Ce or Clo
aryl) C-.~e araikyl, Het or (lower alkyl)-Het; NO2; OH halo;

trifl UorsonEFrf&’t%?m @@{ S Y lairy & &&edcl:\e?elﬁréf Lher %né%r & @ddf&ihatlo‘ﬁrwutf'?énoﬂ?&' d

aryl, aral bei'ng optionally substituted
preferably, 'aR’EN meags egh%a@qrom@tlc FOAPRYSHY QV%PIQQBta"MFQ 5(9%?0%3"41'% PEAR no;

(I ower al kYArbﬁﬁll@|81c¥<§3@ upcédhtﬁﬁbﬁgwq,*aré'c’ﬁiatoﬁ@' ¢o?‘é¥ém;§lé é?‘gltlnélﬁdé!g
optionally substitu referably) R~ Is C, .

cycl oal kyl Pr@ny|B1?§'IaRBW| °fé’n'i'%R5't ¥onoor di- (I ower al kyl )am no; (Il ower
al kyl ) am de; sutfonyl al kyl OH; 10 February 2003 19 hal o;
trifl uoror nBie® aw@b%!%&' ?ﬁ“q%’the'%r%'ﬂ}?f g\ogpggp%om@n@tpndmhﬁrmtmn

cycl oaljyl ; ra@caﬁ m’ébK@é)Ce oaro,slam ag)a@nne@rauévé hﬁWtoainl@w gmua0whaﬂ§hd0
(1 ower al kyl hal.o: trifluoro

r ef e R~ is
6 °e Tl fyl ol LA ef59Y Sba contaAnggTas ot Rt mara{k%e%%st ut ed
w th | ower fal&xdmpleBeazyl, bubyiyreinyh sy 1)raphtgimeathyl.
The term "amino aralkyl" as used herein, either alone or in combination with another
radical, means an amino group substituted with a C;..¢ aralkyl group, such as, for

15 example, the amino aralkyl:
: —NH
A

The term “(lower alkyl)amide” as used herein, either alone or in combination with
another radical, means an amide mono-substituted with a C,5 alkyl, such as:

(@)

20  The term “carboxy(lower)alkyl” as used herein, either alone or in combination with
another radical, means a carboxyl group (COOH) linked through a (lower)alkyl group
as defined above and includes for example butyric acid.

The term "heterocycle" or "Het" as used herein, either alone or in combination with
another radical, means a monovalent radical derived by removal of a hydrogen from

25 afive-, six-, or seven-membered saturated or unsaturated (inciuding aromatic)
heterocycle containing from one to four heteroatoms selected from nitrogen, oxygen
and sulfur. Furthermore, "Het" as used herein, means a heterocycle as defined



Het. Even nost preferably, R- is nethyl; ethyl; isopropyl ;10tRabruasyggp3

met hoxy; chloro; am no optionally nono- or di-substituted with | ower alkyl;
am do) (tower alkyl)am de; or (lower alkyl) 2-thiazoie. Alternatively, R2
is preferably selected fromthe group consisting of: WI / %( \ ~ ~N1\
O NWWNN2I\V~N TV / 1T i N~IJN/ N/ N/ ON~IT NI i 10 0~ ; ~; ~
, and More preferably, R2 is 1-naphthyl nethoxy; 2-naphthyl nethoxy;

benzyl oxy, 1naphthyl oxy; 2-naphthyl oxy;1br quinolinoxy unsubstituted ,
nmono- or di-substituted with R2~ as defined above, Mst preferably, R2 is
1- napht yl rreabmoeypseﬁtoq:zmierm|rmm@mpeunmﬂmeiiita.nh@tarocmia@r agy otttier sydisst i t ut ed
wth R2, as | Cl
wih 22 \Egﬁrhblg?\gf %@gﬁ% he‘-Eé+8§y {e@%ﬁ% P?r/r&f?f nelf’etfa?ﬁ%‘ﬂa\‘@?n QFrazéudmeN

pr ef er abl y, pyewle,dhippheney diazeping 12tamnmﬁ29lepr8@kezcémmylazm. tptrazple: plperwineyl such

as isopropy b t hoxy,

o TS G AE, BrimiRe iz ot s B AR UeitofiRe OF
chioro: am ingolgper A delioyinghriereauplasi t uted with C, ~ aI kyI or C6 or C, o0
aryl) such that R2", |s for exarrple di et hyl am no, Ph- N( Me)-; 5

unsubstituted C6 or aryal, ar al Sucd exanpl e phenyl or
P~"~; or RR~A is m)re prefe abI 06221 mtuted wth R22
wherein R22 is C, .~ al kyl, do OWe | kyl ) am de) am no
optionally nono- or di- substltut ed W|th C~.~ al kyl, or such that R2~A

| TOr XA TRD eIt Sholdsbes as e hblain, g 3&9§?§{’Y‘3"§|’?d’6"dﬁs§ﬁ§1‘?‘§/

subst i tut edam\tehmmatraeugteé chmedrol oeltravehedsalioh gtdupt wRErefh alkylfias defineal e: ~ N

N N EIE\IMI\—I ﬁp&eﬁgﬁtaﬁ%frpmg to) /gg:b_% Ltg%si/E§§Eg|%|%5f\l(lc,§ﬂ%r4}{<yﬁ-lﬂet’ include:N ~ N =

~ 0
, S
. (e}

or

10  The term “pharmaceutically acceptable ester” as used herein, either alone orin
combination with another substituent, means esters of the compound of formula | in
which any of the carboxy! functions of the molecule, but preferably the carboxy
terminus, is replaced by an alkoxycarbonyl function:

0

Ao

15 in which the R moiety of the ester is selected from alkyl (e.g. methyl, ethyl, n-propyl,
t-butyl, n-butyl); atkoxyalkyl (e.g. methoxymethyl); alkoxyacyl (e.g. acetoxymethyl);
aralkyl (e.g. benzyl); aryloxyalkyl (e.g. phenoxymethyl); aryl (e.g. phenyl), optionally
substituted with halogen, C,.4 alkyl or C,4 alkoxy. Other suitable prodrug esters can
be found in Design of prodrugs, Bundgaard, H. Ed. Elsevier (1985) incorporated

20 herewith by reference. Such pharmaceuticaliy acceptable esters are usually
hydrolyzed in vivo when injected in a mammal and transformed into the acid form of
the compound of formula 1.

With regard to the esters described above, unless otherwise specified, any alkyl
moiety present advantageously contains 1 to 16 carbon atoms, particularly 1 to 6

25 carbon atoms. Any aryl moiety present in such esters advantageously comprises a
phenyl group.



Even nost preferably, R2 is: 10 February 2003 Rte, 21 RakeFehuay 2908 i N
~\ | /~R2~e or wherein Rte, is preferably C .~ alkyl (such as nethyl); C, .~
al koxy (such as nethoxy); or halo (such as chloro); R-8 is preferably C .6

al kyl, am no optionally nmono substituted with C .~ alkyl, amdo, or (lower

al kyl)am de; and R2,Bis preferably C .~ S alkyl) C .~ al koxy) am no,

di (1 ower al kyl)am no, (lower alkyl)am de, NO2, OH, halo, trifluoronethyl,

or carboxyl. More preferably, R28 is C,.~ al koxy, or di(lower alkyl)an no.
Most preferably, R21 is nethoxy. As described herei nabove the Pl segnent of
t he conpounds of formula | is a cyclobutyl or cyclopropyl ring, both

optionally substituted with R-. 10 Prefierably, R is H C .3 alkyl, C3.5
cycl oal kyl, or C2.~ al kenyl optionally substituted with halo. Mre
preferably R lru';mruemlamhe estem yriay be phayRikypaster, alnmsub_sutute@lrmmmgdteroral or 2

bromovi nyl . RGRF ﬁfb@ﬂbt¥d wﬁ» at'léasvbrfé&ﬂaiogwftm Brkyl .Jé% d}"RI%rB gen Pl is

preferably a Cé opropy systemof formula: R~ erein C, and
C2 each repre§ perometh¥sy met ri ¢ carbon atom at p03|t|ons 1 and 2 of the

ot her " seghent Thejem Aol eBheRblara Bk e AT, bibe GRAELS 1\,
asymet r i ¢ Scefromipharmeeausically aecepiable ©a8Rso EXeraPIBy °ffs@F’?ﬁﬂ %PSPS ’é’@lﬂdeem st as
racem c m xt UEWné)fetHéhélérhlﬁé afd &ﬁymfeaiamﬁ@ INat, s anatcct dalts él’@@lssx anpl es

her ei nafter, m I after
separat ed i nt 8 n mﬁ%%&e W&E‘Plﬂl ﬁ%og k Oﬁ'%qmpa%tlm @%gs? gg pﬁ?‘%@% ug?ai%%'r s can be
prepared by cBirgaS.Mehalhddiham. @hdé9771) rﬁé. béwmmremd hﬁ*ﬁ'm raferenc@ln exi st as

a racemc mxture of di astereoi soners at carbon 1 but wherein R, at carbon
2 is orientat Befeyad qppadiments 10 Fepryary 2003 22 carbonyl at position 1,

representqd by, 08 L tﬁchop&f this invention are compounds of formula | wherein

Preferably, B is a Cg or Cyo aryl or Cr.4s aralicyl, all optionally substituted with C1.s
alkyl, C1.s alkoxy, C1.g alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano,
cyanoalkyl, amido, (lower alkyl)amido, or amino optionally substituted with Cy. alkyl;
or

15 B s preferably Het or (lower alkyl)-Het, all optionally substituted with C1.s alkyl, C1.¢
alkoxy, C1.s alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl,
amido, (lower alkyl)amido, or amino optionally substituted with C.s alkyl.

Alternatively, B Is preferably Ry-SO2 Wherein R, is preferably C1.¢ alkyl; amido; (lower
alkyllamide; Cg or Cyo aryl, CGr.14 aralkyl or Het, all optionally substituted with C,.s
20  alkyl,

Alternatively, B Is preferably an acyl derivative of formula R4-C(O)- wherein R4 Is
praferably

(i) Cy.10 alkyl optionally substituted with carboxyl, hydroxy or C,.s alkoxy, amido,
(lower alkyl)amide, or amino optionally mono- or di-substituted with C.s alkyl;

25 (i) Car cycloalkyl or Cq.q0 alkylcycloalkyl, both optionally substituted with hydroxy,
carboxyl, (C+.s alkoxy)carbonyl, amido, (lower alkyl)amide, or amino optionally mono-
or di-substituted with C,.¢ alkyl;

(iv) Cs or Cyo aryl or C,.4s aralkyl, all optionaily substituted with C.s alkyl, hydroxy,
amido, (lower alkyl)amide, or amino optionaily substituted with C..¢ alkyl;

30  (v) Het or (lower alkyl)-Het, both optionally substituted with Cy. alkyl, hydroxy, amino

optionally substituted with C,4 alkyl, amido, (lower alkyl)amide.



~HOR- 0 .~.- HOR- and '"~ H O or the conpound of formil0Fabrésn2883 st as
a racem c mxture of diastereoisoners 5 wherein R~ at position 2 is
orientated anti to the carbonyl at position 1, represented by the radical:
R~or OR-r-HOR-and HsY |l IO 1In turn) the racem c m xtures can be
separated into individual optical isomers. A nost interesting finding of
this invention pertains to the addition of a R substituent 10 on the
carbon 2 as well as the spatial orientajzon of the Pl segnent. The finding
concerns the configuration of the asymretric carbon 1. A preferred

enbodi nent f nfi guration.
eibodi ment, Alger%ﬁreW‘Q @b@fé?auy% d&%oﬂvL @ﬂggﬁﬂé} g@amé}em%ﬁg exgl e

the i ntroduerefesblpf a substltuent (R~) at C2 has an i mpact on the potency
when R-is nfpré‘ @%&g%%ubﬁ'atg s‘ﬁﬁi’tltﬁtl%@tw&lca?@&g gﬁ Bﬁsﬁm MY @1 ankey, | 5

exanpl e conpound ‘activities of ~25 and

82 nMres pe%mnnvéapyonam &pneo pp Hirwiystiytacuith @ saalkyli aride @7 B9welkbiagide: onpound
111 (47055 “W:&C%@éﬁbﬁi@ﬂ ukﬁésyc%w Iof] B@érfamubs%mﬁ@&e«rtwesmog@r er, as

shown f ebr uar oun s 901" and when carbon has the
R confi gur a@lk@w)cmvmsmﬁ eptionally mﬁpb?ftQ"éhb$§UtﬁG With &1 ey ABNLP My t he
configurati Gﬁw&falﬂyhﬁmﬁiébs'f ituent RL (e.g) al kyl or aikylene) at carbon 2 of

t he cycl opropyl ring, t he conpound that possesses R~ to the
car boxyl hatV) &4 Cor a'ﬂb?’g?mya(a@g' epfjonatinsubstititechith Creallyit hS(S’?ﬁ/@W amgiglonn) . e

can see t he%@ﬁérwy |doh6r . opﬁoﬁa@fm@w &k Upéhb%htuféb With COITBIRY 619

ds 8 WA Eh
pot enct 5 o) Heh Gt 3o sl b B subbitaed W Eive 8k PER STW 1 oi al |

Ther ef or e acptRAkIYIHEHEdr &ils GEYTRASH Gith T, 2 AIKIR aidd or (fowWeR &l ?r:)amdg:the R,
substituent and the carbonyl In a syn orientation in the tollow ng absolute

confi gur at i AEmdtively; B-itiptefer@bly an amide of formula R,-N(Rg)-C(O)- wherein R, is

preferably
(i) C1.10 alkyl optionally substituted with carboxyl, C4.s alkanoyl, hydroxy, C.s alkoxy,

15  amido, (lower alkyl)amido, or amino optionally mono- or di-substituted with Cy.s alkyl;
(i) Cs7 cycloalkyl or Ca.10 alkylcycloalkyl, all optionally substituted with carboxyl, (C1.¢
alkoxy)carbonyl, amido, (lower alkyl)amido, or amino optionally mono- or di-
substituted with C1.s alkyl;
(iii) amino optionally mono- or di-substituted with C,.; alkyl;

20  (iv) Cg or Cqo aryl or Cy.4 aralkyl, all optionally substituted with C;.¢ alkyl, hydroxy,
amido, (lower alkyl)amide, or amino optionally substituted with C.s alkyl; or
{v) Het or (lower alkyl)-Het, both optionally substituted with C.¢ alkyl, hydroxy, amino
optionally substituted with C, alkyl, amido or (lower alkyl)amide; and
Rs is preferably H or methyl.

25  Alternatively, B is a preferably thioamide of formula Rs-NH-C(S)-; wherein Ry is
preferably

(i) C1.10 alkyl optionally substituted with carboxyl, C,¢ alkanoyl or Cy.¢ alkoxy;
(ii) Cs7 cycloalkyl or Cs.40 alkylcycloalkyl, all optionally substituted with carboxyl, {Ci.¢
alkoxy)carbonyl, amino or amido.

30  More preferably, B is a Cg or Cy aryl optionally substituted with Ci¢ alkyl, Ci6
alkoxy, Ci.s alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalky!,
amido, (lower alkyl)amide, or amino optionally mono- or di-substituted with C,.5 alkyi,
such that B is for example:



In the case where R, is ethyl) for exanple) the asymetri clOcketsdary 20095 at
pos(tions 1 and 2 have the R R configuration. Included within the scope of
this Invention are conpounds of fornmula | wherein Bls a Cs or C, o aryl or
C .,s aralkyl, all optionally substituted with C .s alkyl, C .s i5 al koxy,
C, . B al kanoyl, hydroxy, hydroxyal kyl, hal o, hal oal kyl) nitro, cyano,
cyanoal kyl , am do, (Il ower alkyl)am do, o4 am no optionally substituted with
C .s alkyl; or Het or (lower alkyl)-Het) ail optionally substituted with

C .s alkyl, C .s alkag G .s al kanoyl ) hydroxy, hydroxyal kyl, hal o,

hal oal kyl , nitro)ﬁ cyanol] cyangezbkyi ) ogig gq, (| 6wer~ql| kyi ) am dQ, or am no
optional |y substityted h Cal kyl , 20 B 4- SOn R4 is
preferably am do; (dower alNeyl Jamrde; gT™~Ci 0 aryyt’ NC-H%4 aeai yl or Het,

all optionally substitute,_d with C~.s alkyl, or Bis an acyl derivative of

formul a R4- C( ONC~yerrei n RS (i) €M Kyl ' Iy(os stitwted with
car boxyl, hydroxy @ ~.S @ Xy, anjdo, ower \=al k am de, m no
optionally nmono- or~di *subst{tuted wth .e al kyl; \Gii) C3™< cycl oal kyl

or C~.,0 alkyicycloal kyl) both optionally substituted wth, hydraxy,

carboxyl, (C, . ecdlkeXyy cardgpyl , j do, (| al k m de; i no
optionally nono- or subs ut@'rt Rc C, Kyl ) Cé 0 aryl or
C~-.,e aralkyl, all optionally stibstitutedwth €. s alkyl;,” 10 February

2003 24 hydroxy, am do, (|ower al kyke)am de, or am no optionally substituted
with C .s alkyl; (v) Het or (lowerial kyl) méde both optionally substituted
with C .s alkyl, hydroxy, am no dptijonally qubftituted with C .6 al kyl)

am do, (tower alkyl)am de, or 5 an¥nowgpti ona¥T W substituted with C .s

al kyl, or Bis a carboxyl of formula R4-OC(O-) wherein R4 is (i) C .,o0

a: tyl opts on&lB §Sr_adlhmlriatet§bﬁdei dmiogarymmyﬁtyteﬁ,wigr ca,_telwkyuh V& 16 dﬂw*yl : ,F(X,ye, _Ca_s
al koxy, am ng_optjon nQ-.or ,di-s tituted wit S, a , _amdo or
(1 over al kyl @%ﬁﬂ%éflegy‘i’&"%i'\gﬁ" ginido, é'%’FB%‘PﬁW'HM' agiing ‘R&F’Wl&’f W&%wa,ﬁm |
optional | y ssubstitutad with @4.4 dikyl ssunttiyat B [s@or examigie:xy) car bonyl , am no
optionally nono- or di-substituted with C ~ alkyl, am do or (I ower

al kyl )am de; (iv) Cs or C o0 arylo-Q ~ ,s aral optionally substituted
with C .s alkyl, hydroxy, amd al K mido) or ami no optionally
mono- or di-substituted with 159 5 amked ; or Nv)™Het or (I ower

al kyl)-Het, both opxionally substituted with C,.s al kyl) hydroxy, am no
optional | y niltevrativelydB-is oiose prefereblyR,30Qyvheraink3d is praterdblydds ariCyeryl, a

| kyl ido, ' i de. ~NCRS) - [ 4 15 20
o110 S o ot P el Bl SR B el IS o
hydr oxy) C, .suchithah® js, foriedamplet ower al kyl ) am do) or am no optionally nono-
or di-substituted with C, _s alkyl; (ii) C-.~ cycloalkyl or C4.,0

al kyl cycl oal kyl, all optional\l yosfbstituted with carboxyl, (C-. ~
al koxy) car bonyl, am do, (| owe\rﬁa?skyl )am @9, Qor anmino optionally 25 nono- or

di -substituted with C,_s al %s (iii) _opt i onaidyHono- or

di -substituted with C .3%Ql kyl; (iv) r ar S.,s aralkyl, all
optionally substituted V\n}' ,.S alk ydr oxy, @il o,(?lower al kyl ) am de,
or amino optionally substituted withh C~s al kyjor 30 (v) Het or (Iower

al kyl') - Het, ' ' ed By 3 NO
optionally sﬁ@ésrﬁlatﬁ}éyégqgmﬁoﬁe wé&gb’%&l e’ﬂ:y!’i\&nérggﬁ%er gf(@oﬁ‘lf) Ré%ép %‘?’ﬁ'&@gﬂhnd RS
i s preferabligpreforablet hyl ) or B is thioamde of formula R4-NHC(S}-;
wherein B4 1§ o 10uGrPEHALY stB8Ruted with carboxyl, hydroxy or Cy.s alkoxy: or

(ii) Ca7 cycloalkyl or C..10 alkylcycloalkyl, both optionally substituted with hydroxy,

carboxyl, (C1. alkoxy)carbonyl, such that B is, for example:



25 (i) C, .,o0 alkyl optionally substituted with carboxyl, &9 Febnerez(d or
C, ~ alkoxy; (ii) C3_, cycloal kyl or C4.,0 al kylcycloal kyl) all optionally
substituted with carboxyl, (C, ~ al koxy)carbonyl, amno or amido; Y is H or
methyl; 5 R3is C .e alkyl, C3_, cycloalkyl, or C4.,0 al kyl cycl oal kyl, all
optionally substituted with hydroxy, C ~ al koxy, C, .~ thioal kyl, acetam do,
Cs or C,o aryl, or C~.,6 aralkyi; R is S R2o0 or O R20 wherein R20 is
preferably a C6 or C,o aryl, C~.,6 aralkyl, Het or CH2-Het, all optionally
nono-, di- or tri-substituted with R2,, wherein R2, is C~-_6 alkyl; C, .~

al koxy; | ower thioalkyl; amno or am do optionally nono 10 or

di -substituted with C,.s alkyl, Cs or o aryl, C,_,6 aral kyl, Het or
(lower alkyl)-Het; NO2; OH, halo; trifluoronmethyl; carboxyl; C6 or C o

aryl, C _,s aralkyl, or Het, said aryl, gralkyl Het ing optionally
substituted with R22, wherein R~ is C,. kyd.; .ﬂoc&al kyl; C, .~

al koxy; am no; nono- di - (I ower_ 15 allkyl)am po; (Il ower alkyl)am de;

sul fonyl al kyl ; NOZ2; hal o; tridtluo t hyl rbo or Het; or R2 is
selected fromthe gra cOnNsHst i of ~ ~ N~ |l ~~21" "1 i ~
"N NN/ ~ 17T NE~T1 7 ~15; "and + ; 7or R2 i§ 1-napht hyl net hoxy;

2- napht hyl nmet hoxy; benzyl oxy, i-n@phthyl oxy; 220 pht hyl oxy; or

gui nol i noxy unsubstitut edHp )- dioﬁ‘l;;b{%ti tutgd with R2, as defined
above; the Pl segnment is ‘a cycl abutyl C ring, both optionally
substituted with R, whereirP N H C .3 al&ylA_C3.~ cycloal kyl, or C2.,
al kenyl optionally substitut e@h hal o, and s R~ at carbon 2 is
orientated syn to the carbonyl pospiion 1, 25-~represented by the

radi cal : 10 February 2003 26 RR RR R z and ~ HO O included within the
scope of thi S'RasSMRPBHNY are conpounds of fornula | wherein Bis a Cs or C o

aryl optional S t] d w ko, al kanoyl ,
hydr oxy) hydrdgig%#%f}? %&'h&g?ﬁ? %&P‘b@ @?rﬁ:ﬁllg%’%ﬁsgt&g?gﬁg:@% érqgae{?)ﬁlyi ) ami do,
(1 ower al Kyl )steh at B sforsxamplio optional |y nono- or di-substituted with C .s

alkyl; or Bis Het optionally syubstituted with C, .sgal kyl, C,.s al koxy,
dlyi do, (ljpwer @ kyl) ali de, or amino
t ,.S a ; B is R4S02 wherein

C .s al kanoyl, hydroxy, halo

optionally nono- or di-su

R4 is Cs or Co aryl, a C7TN&aral, or Het al ptionally substituted
with C .s alkyl; am do). (lower alkyl)anm de; or B is an acyl derivative of
formul a R4-C( in R4 is (i) C.,o alkyl optionally substituted
with car boxylo?hﬁ%%rr%%agr C, .s alkoxy; or (ii) C3.7 cycloalkyl or C4.,0

al kyl cycl oal ki Heteptibhampéibetnatbd witrsOfastikyt, bydzekywartito byamioo guchdiatBdxy| , (C, . s
al koxy) car bor}&'éxan%{;le:

0

DA

10 N

Alternatively, B is more preferably a carboxyl of formula Re-O-C(Q)-, whereln R, is
preferably
(i) C1.10 alkyl optionally substituted with carboxyl, Cy.s alkanoyl, hydroxy, Cs.¢ alkoxy or
amido, (lower alkyl)amide, amino optionally mono- or di-substituted with Cy.¢ alky!;

15 (i) Cay cycloalkyl, Cs.10 alkylcycloalkyl, all optionally substituted with carboxyl, (Ci.e
alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionaily mono- or di-substituted
with Cy.g alkyl, such that B Is for example:

A AN DR o O



(iv) Cs or C,o aryl or C _,6 aralkyl, all optionally substi® Gekrtani3093C, . s
al kyl, 15 hyd roxy; or (v) Het optionally substituted with C .s al kyl,
hydr oxy, am do or amino; or B is a carboxyl of fornmula R&-O-C(O -, wherein
R4 is (i) C.,o0 alkyl optionally substituted with carboxyl, C, .s al kanoyl)
hydr oxy, C,~ al koxy or am do) (lower alkyl)am de, am no optionally nono- or
di -substituted 20 with C .s alkyl; (ii) C3.7 cycloalkyl, C4.,0

al kyl cycl oal kyl, all optionally substi 8t ed with car boxyl , (C .s

al koxy) carbonyl, amido, (lower alkyl)anide, am no optionally nono- or

di -substituted with C .s alkyl; or p(,:!zV) Cs/|or C o aryl or Cr-,s aral kyl,
all optionally substituted wt h C . .25 hydroxy, amino optionally
substituted with C .s alkyl; or (o) t or (lower al kyl)-Het, both
optionally substituted with C ~ al kyl, hydroxy) am do, or am no optionally
nono- subst ior By iscPrefierabhC, . s al kyl ; 10 February 2003 27 or B is an anide of
formula RA-N(R5)-C(O - wherein R4 is (i) C .,o0 alkyl optionally substituted
wi t h car boxly) Gs @ C6 abll ReGey laralky, daﬂlc»pyipnﬂly stibatitatedywittaGi.galkyl( hysraxy,

al kyl)am d ‘,{,]E‘n]g -substituted with C .6 alkyl; 5
(i) C— cém% nggié%gﬁh{e\ﬁa csy@[%a kyl, all optionally substituted
wi t h caf boxg¥)Het dem@efaﬁ%@y@gtcmtb@nwnalhmhdsiltufehdvmceal Ay ) _ydraky, ammono

optionally nmet hyl ;
or R4 is (i |p|9 ﬁgrﬁ‘ﬁr{gﬁégrt I on aﬂt})‘/‘“'ﬁ%r?‘(l)\dy{t#c alk ﬁ%h%ﬂ haf‘Bg %%tekg'ab‘ 3 al kyl; or
(iv) Cs or Co aryl or < 6aralk|) aII optlgnally substituted W|thC 6
al kyl, 10 hydroxy, am i do/Opt i 1y bsitituyted with C, .~ al kyl;

or (v) Het optionally s ﬂgd h ~ al oXy, am no or am do;
or Bis a thioam de of formil 4- NH-C?S)- 3 Ofiher ei I° R4 s (i) C _,o alkyl;

or (ii) C3.~ cycloalkyl; or Bis an amde of formula R4A-NH-C(O) - wherein R4
is 15i) C .,0 alkyl optionally substituted with carboxyl, C, ~ al kanoyl)

hydroxy, CAltemah\}@wm @maafepréfé@waraéahwe)@%mla ﬂpmns)m)owaéﬂem RpO- or
-sub é'tUteﬁ %\fth C ~ alkyl; (ii) C.~ cycloalkyl or :
aI kyl cj | 0ROl | optional |y substituted with car boxyl (C s

Sl kox;t;) car ipoyl, aﬂ@rrmtwnau;(émuumﬂ WiH ¢@BbRR, lemmhy@mylm.s%@cmno- or
i -substit ut

optional ly2 sWP‘P’E'E%EY'm'%e ém'népﬁqﬁncﬁ)‘nm%x% 8r'a*}fi'|bﬁgtulﬁd ‘%'FH Glﬁ aa'w'l s H;

is the si d@l)@aacycl@élkyl encC,. #atamwiogblyakyleaﬂ dbgnally kabstivbd wih@arboxyl, (Gi.c 25 ;

i - Substit aﬂtg%?wﬁéfﬂ%nﬁéy@ 4 b il ino ' ieREhy g8 en P IBe 26
15 with Cy alkyl; an

Rs is H or methyl, such that B is for example:
o]
A
N
l

or R, is preferably

(iii} amino optionally mono- or di-substituted with C,.3 alkyl, such that B is for
20 example:

l
/N\”)\

or Ry is preferably

(iv) G or Cyo aryl or Cr.46 aralkyl, all optionally substituted with C,.¢ alkyl, hydroxy,
amino or amido optionally substituted with C, alkyl; or
25  (v) Het optionally substituted with C, alkyl, hydroxy, amino or amido, such that B is



Rz,n N\ Rz~s r~ 5 wherein R2~p IS C,~ al kyl; C, _s ai koxy;100&br@ary 28091 or
Het; | ower thioalkyl; halo; amno optionally nono-substituted with C .6

al kyl; or C6,C, 0 aryl) C,.,6 aralkyl or Het, optionally substituted with
Rzz wherein R~ is C ~ alkyl) C .6 al koxy, am do, (lower alkyl)am de, am no
optionally nmono- or di-substituted wwth C .6 alkyl, or Het; Pl is a

cycl opropyl ring wherein carbon 1 has the R configuration, R~. RorS ~H O =
either of R~ ~H~ 1~ OR~ ~-NH, Oapgd and R is ethyl, vinyl,
cyclopropyl, 1 or 2-brompbethyl or 1 or 2-bronovinyl. 10 R28 R2~B or 15
Further inglegffpien the scope of the invention are conpounds of formula I
wherein: 0 "N B is tert-butoxycarbonyl (Boc) or R3 is the side chain of
Tbhg, Chg or Val; R2 is: whereiq RzzA is C,.s alkyl {such as nmethyl); C, .~

al koxy (such as methoxy)] or 0 %h 3 chbor o) ; i® C .s alkyl,
am no optionally@}ﬁé i Dty ¢ allkyl, o (| over
al kyl ) am de; and is C .~ alkyl', C.s al Kbxy; . &M no, wdi-(1ower

al kyl )am no) (lower al kyl)airde, N02, ‘OH, halo, trifluoronethyl, or

car boxyl ; Alterné&egﬁbriﬁﬁfo\’e 8@9&&\&2 aatﬂﬂ)aﬁliddhéf:foi"n%li RN O8R! Whereih G igrded
within the scope of this invention I's eac corrpound of formula I as
present ed Preferalyes 7 to 10. 5 According to an alternate enbodi nent, the
phar maceutical conpositions of this invention nmay additionally conprise
anot her5 anBi iSHOE raaikil:. or il Lrsgicyeloaikylasiih thed\B injiehexamplel ude, a- or

~i-interferon, ribavirin and amant adi ne.
S s
i O
NI B

Most preferably, B is an amide of formula R4-NH-C(O)- wherein R, is preferably

(i) C1.10 alkyl optionally substituted with carboxyl, C,.¢ alkanoyl, hydroxy, C,.s alkoxy
amido, (lower alkyl)amide, amino optionally mono- or di-substituted with C..¢ alkyl;

10 (i) Cs.7 cycloalkyl or Cy4.10 alkylcycloalkyl, all optionally substituted with carboxyl, {C+.6
alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally mono- or di-substituted
with Cy.6 alkyl;

Qﬁ"ok . /\mj\ . )\uj\ . >LEJO\ .

HO\><{)" L. Meo\><ﬂ)‘o\~_ HZNWJ\L‘.JO\. +12N\!l><m )'O\.

or R, is preferably

15

(iv) Cs or Gy aryl or Cy.46 aralkyl optionally substituted with C,.¢ alkyl, hydroxy, amino
or amido, such that B is for example:

o



According to another alternate enbodi ment, the phar maceut il®dfebiers@@02i ons
of this invention may additionally conprise other inhibitors of HCV
protease. 10 According to yet another alternate enbodi nent) the

phar maceuti cal compositions of this invention may additionally conprise an
i nhibitor of other targets in the HCV |ife cycle, including but not limted
to, helicase, polynerase, netalloprotease or internal ribosone entry site
(I RES). The pharnmaceutical conpositions of this invention may be

adm nistered orally, 15 parenteralfy or via an inplanted reservoir. Oal
adrninisiration or admnistration by injection is preferred. The

phar maceut i cal conpositions of this invdhtion may contain any conventi onal
non-t oxi ¢ pharmaceuti cal |l y-acceptable carriers, adjuvants or vehicles. In
sone cases) the pH of the formul ati on may be adj ust mf%h pharmaceutical ly
accept abl e acids, bases or buffers to enhance th LJL%¥ of the 20

formul ated conpound or its deIiveré form The term parentéral as used
her ei n i ncl ud&¥enynest prefarkbu B is ferfbuioxysaRBY (BEC) oMt r avenous, i ntranuscul ar,

intra-articular, intgasynovial, intrasternal . intrathecal) and

i ntral esi onal Bfepﬁ'%brc] 'iﬁ’hM&FWﬁ'u@?@ﬁ'%@@ﬁﬁiqéﬁys. The phar maceuti cal

conposi tions Wa. the r hoe_d.ni |l e 25 eparation) for
exanpl e, as amsae?,eer%ﬁ)f’lle:| fsnj"ég{kgblsg %ﬁaé@fhg'r%’m%’“@é’g‘%‘%sﬁ%%g‘ sion. This
suspensi on ma§ubstiuted Wiy hydrad, Greaded Roe thisakd.asaiemisesCikerdanaryinortChe art usi ng
sui t abl e dispasakilingchthatRlis fongxamgent s (such as, for exanple Tween 80) and
suspendi ng agents. 10 February 2003 30 The pharmaceutical conpositions of

this invention may be orally admnistered in oral ly acceptabl e dosage
e aqueous

formincluding, but no Iirri[tedtq, cap S, ets)
suspensi ons and I.‘utiLQﬁl the g ofl tgbl ets ffor & USE, carriers

whi ch are commonl yy used § n¢l uge | actose an{ corn stgrch.~Lulgricating
agents, such as magnesi um stearate, @re also'typically added. For oral

adm nistration in a capsule form "gSeful diluents include | actose and dried
corn starch. When aqueous suspensiw®ns arefadm nistered orally, the active
ingredient is conbined with emul Ltéxi ng @ans-suspendi ng agents. ff desired,

certain sweetening andl or flavorf and/s coloring agents nmay be added. 10
Qt her suitable vehicles or carriers f.q tne above noted fornul ati ons and

"Rani ngt on' < PRAPHIGreH e I PehE el AR RE T R g of

Pharmacy, 19'" Ed. Mack Publishing Conpany) Easton, Penn., (1995y. Dosage
| evel s of between about 0.01 and &bowt 1Q0 ny/ kg body weight per day, 15
preferably between about 0.5 and abput 75 Y9/ kg body wei ght per day of the
prot ease i nhi bitor conpounds descri bed %erein ace useful in a nonotherapy
for the pievemdst priafesrattl, RY I &edrit chaih oHBY, Chgdoayed di sease. Typically, the
pharmaceutical conpositions of this invention will be adm nistered from
about 1 to abjocitded withinde oepe of de ioventidntase peropousds of fasula | ebakinnUOUS

i nfusion. Sucd?efa,q.my,ngg_ﬁ%@@_ﬁg@h%mqﬁﬁgg%%\ﬂ 9cg§f%5‘%@, ﬁr_{éacute t her apy.

The anmount of active ingredient that may be conbi ned W carrier
materials to PPOUd E°'écg¥‘H@ﬂ gl @Hg%glémf"i#rﬁ"vﬁrIt'f's‘ipé'l“yteﬁé'ﬁ'éﬁdi ng upon the host
treated and the p [ cul de_of ~adm nistration. A typical preparation
wilt contain fromafitféé%fy'gblgg“a%@bté@)%o c'f"f’%'é*"?:%%&ﬂwg’ YA~ Preferably,
such preph¥ at i onscrtignalimenpropdhstbiititedgih Gie aliiiote or SaQerd cCiwarakpnpound. 25
As the skilled arHetaQowbrlalkyRBBE ﬂ@'g;_fdl-_ﬁ,1haleMWord?ﬁeﬂ?l;QQr%xﬂ%§Gnsc$h?‘” those
recited above may bF rea‘té? rled. ipe%lflc Eﬂlg?g(s_f F treatment regi mens for
any particul ar pafYeRee &Y Al 89 a0k prall o et é)”%?pﬂf’%lﬁ’éﬁ‘%s,”tuie cluding the
activity of the splitRii Mowqrgenably, RunisiCay eldlyl; G1helkageamibadi(owsd ght, gener al
heal th status, se hofdas f1dl W St rabi (=) r.etion, drug
conbi nati gn) the glgﬂ)gfpﬁ?y(lég&ﬁgﬁé@fgﬂf% r?ﬁ"e "Oaim,r??’g%thlggﬁérﬁ e'??ati ent's

di sposi ti®h to thePtiopdlyskhsyiytedtnBae j udgnent of the treating physician.

Generally, treatnent is jnitiat with smal |l dosages substantially |ess
than the optimum dose %?#eiah&’ %@Etd%aa'?‘ﬁ'ﬁ?éf’ b 8‘%%"366%.‘@@‘?@% ncr eased
by small increments urerdi(lowaealgyiaininaniosef aiy)amidpsutfodymilglk NOy MR ances i s
reached. In general, the conmpound is nost desirably adm nistered at a
concentration |evel that wll 10 February 2003 31 generally afford

antivirally effective results wi thout causing any harnful or deleterious
side effects.



When the conpositions of this invention conprise a conbi ndidikabredry 2003
conpound of fornmula | and one or nore additional therapeutic or

prophyl actic agent, both the 5 conpound and the additional agent should be
present at dosage |evels of between about 10 to 100% and nore preferably
bet ween about 10 and 80% of the dosage normally adm nistered in a

nonot her apy regi men. When these conpounds or their pharmaceutically
acceptabl e salts are fornul ated toget heggwi th a pharmaceutically acceptable
carrier, the resulting conposition may 10 be adm nistered in vivo to
manmels, such as man, nhg, kiliGeuhEYahSERy S Mk ARBrobrelRali 4} s, PT Event
HCVV|rus infection. Such treatnent may a be ac eve S|ngt e
conpounds of this i nvalyl G eyFloaiviChaglkeny:amino;oener o dKIPWer i ncl ude) but
are not limted to: 'Hﬁf%fl g‘ﬁrﬁlher ovidt ElkyHamités ai%stnﬁuorombm;{l &H'Het.
y-interferons; other antiviral a s such’as ribavirin t adi ne; ot her
i nhi bitors of HCV NS3Mesberetesably. lsrﬂ%mﬁ'l()d'r% cslkaxy Hhalo; tamineertionalit he HCOV
life cygj e, which inchige. &La.-su%umtbmmowpamlz%rﬁ.aégo“@%wﬁrma@ or

met al | oprotease, or internal ribosone entry sit or conbi nati ons
thereof. The additi onket. &g@hmsmw%ebwoﬁmmmtw ethl; h@pmybéﬁmwylof this
nvention to creale amshiglCriths MfinkAplondlyrisa towaewbsﬁ:nea%msw onal
agents may be separately adm ni stere tiple
dosage form 20 Accor 8ikigamidoafiewersakbanide:; méﬂpwefalm %’fh'w%tl on provi des
met hods of inhibiting HCV NS3 protease activity in mammal s by adm ni stering
a conmpound Alfterpaiivelyp geieramhgelgq:tﬁd{rﬁ@ HgIeUR cansisingpt as defi ned above.
In a preferred embodi rrent) these nmet hods are useful in decreasing HCV NS3

prot ease acti in a I f the pffay maceutical co itionsconprises
only a 25 co 08_as\r ~conpoliedt , .S cHl et hods
may additionally e theN st of adm niss to safd an agent

sel ected from an i nonodul atpry afent, an antiviyal agent, HCV pr ot ease
inhibitgy, or an irhibitor of Dther targets/in the HQhdife chele such as
hel i case) pol ynerase, or netallo protéase or | RES. Such additional agent

may be adm giosd ;%Péia&l? rﬁ;_h@ 1rmlﬁﬁmylrﬂ%th@iy, §Q1atpﬂthyﬁﬁ’élﬁébfy‘ BéHAboxyiiLh, or

following the adm nistration he conpositions of this ipvention, In an

al t ernat e phRaRMEhyiRRY: %T‘FBBB?“M‘BH or ﬂH'é‘%n UnsHRstityied , Beper °'fd6§“t?sﬁ'ﬁ-|?ﬂ ting
viral repligm RONad defmetREBEV. - M Sﬁgheﬁﬁﬂﬂp¢§l@ﬁ&ﬁ%ﬁ@mﬁgﬁwiyEﬁdﬁﬁdfﬁk%ﬂ

preventing HCV 10 February 2003 32 disease. har maceut i cal

conposi ti on“WﬁFWS@s"@HPW%@"@HHﬁB@ﬁH with Res qeﬂﬂ)%‘h?‘?%ﬁ spchithat Reds fofe
conpone{d , skphpiget hods may additional Iy conprise the step of admnistering
to said mammal an agent selected from an i munonodul atory agent, an
antiviral agentN a CV prot ease inhibitor, or an chhi bhkor of otger targets

in5 the HCV Ifif q Pheg GBs beef ed to the
r follo 4;1 adm tion of the
to this |nv ntion. The cdnpounds set orth herein may

mammal prior toy

conposi tion accg@rding

al so be used qa’laborat fy reagepts. The conp nds af, thi's nventlon may
al so be used to treat 'or prevent viral corntam nation {0 of materials and
therefore reduce the risk of viral infection of |aboratory or nedical
personnel or patients who come in contact with such materials (e.g. blood,
tissue, surgi q+ é@ h§wand garnents, |aboratory instrunents and
garnents, tlon apparatuses and naterial s). The conpounds
set forth hereln nay also be used as rgsearch reagents. The 15 conpounds of
this invention may al so be used a8*pgsi qontrol to validate surrogate
cell -based assays or in vitro or in 'lgpf HZﬂﬁeplication assays. PROCESS
The conpounds of the present inventionywer& synthesized according to a
general process as illustrated in schege | (wherein CPGis a carboxyl
protecting group and 20 APG is an anmino protecting group) SCHEMEI a P1

"7 P57 Mord brétéraby; Rara is Cra alkyl sUth as [SOpTGRY, teri-bityl or oyciohexy

/’ /(o\ \/\K’orv/\o\;

C. alkoxy such as methoxy, M



| B-P3-P2-P1 APG P3-P2-P1-CPG Briefly, the P1, P2, and P3 t&helyuarni3fodd by
wel | known peptide coupling techniques. The Pl, P2, and P3 groups nay be
| i nked together in any order as |long as the final 10 February 2003 33
conpound corresponds to peptides of Forrmula |I. For exanple, P3 can be
linked to P2-P1 ; or Pl |inked to P3-P2. Generally, peptides are el ongated
by deprotecting the a-am no group of thg N term nal residue and coupling
the unprotected carboxyl group of the n Qt suitably N5 protected am no acid
t hrough a peptide |inkage using the nethods described. This deprotection
and coupling procedure is repegt ntil the desired sequence is obtained.
Thi s coupli mectmajeylpeches med th the constituent am no acids in stepw se
fashion, as depicted in Schene |, or by solid phase peptide synthesis
accordrng tbabheChESWb@Norrgrnally described in Merrifield, J. Am Chem
Soc., 10 (1963), 85, 2149-2154, the disclosure of which is hereby
i ncor por at edmin,@ Qmibaﬁ&hmeno-@duqﬂute@wﬁbtﬁmérkyt woCaoi Gio andi skch that Rupd iIso aci d
and a pe t| ' f s can be carried out using standard
Pep Fe“‘@mﬁ’ﬁﬁ;‘}rérﬂ{?ﬁ ﬁﬂgl{?}gr‘e% 9

coupl i ng pr oce s suc fret hod) m xed car boni c-carboxylic

d d d Ph
?g: cy?lno e;w&gggtﬁoéw%ére sop g@‘&éﬂﬁ'@aﬁ%eﬁ%&‘gg@rﬁdﬁ@&esm 15
car bodi i m de) Rxgishmdre pleteratuiy bist eptiohalynsubrstiptexhwith BgtvdrereiN-Ryy Br@xyedikid,.ci ni ¢
ot hod) - phoSiRareS PENE TEURE i EFREE; asind BhiiBtams fRipl? RUUESLEURBEI R e
met hods ( esfegsalayll gr Hak such thatiRi gisder exdariplel) can be enhanced by addi ng
1hydroxybenzotriazo|e These coupling reactions can be performed in either

sol ution 20 ( Lquid p r soJ;d\d ase. plicitl the coupling
step involve dehydrlati vle couply'nglof a fr e cqr box one reactant
with the fre me- gr o N{ he otlh@y eact ant Nghe p ce of a

coupl i ng agent to forma linking am de b nd Descrr ptr?i'ns of stieh coupl i ng
agents are found in general t ext books on peptr de chem stry, for exanple,

Bodanszky, 25g'Pe t| strry : ed. y~Spgi nger Nag, Berlin,
Ger many, (19@_)}/Ex bl e I i ng |age ts ar
N, N=di c | oh car boed ydrox ¥ tr| %&esence of N,

gltzﬁlyfyﬁ [?g)l%): Car?;gé‘btn:q:iedr )5”!5‘9(&' 'ti ogﬁ' él %rggﬁh{éﬁl 'ﬁﬂq lﬁeful
coupl i ng agent e’to ﬁp y~ avai ’a%q tonally Substit with Hz.

(benzot r i azdefiredydbmve) sudhshatRApisHot e@mpig:phosphoni um 30
hexaf | uor ophosphat e) either by itself or in the presence of

1- hydr oxybenzot ri azpt-e, Anot her ac and Nsef coupl i nt is
comercially ava TR en 2- ‘Hb%ég azoE N, M?,\N \
N=t et r anet hyl ur u@ te afI uoroboffate. Stil a|7( ther practicdl and useful

coupl i ng agent i ¥Tomer¢tially &vailable O (BazabenzotriabloT1-yl)-N, N N;
N=t et r anet hyfuro ium hexaf | uor ophosphate 10 Febr uary 2003 34 The

coupling reacti o Ris c'\onduct ed i ap_ | nert | vent, q& di @i or onet hane,
acetonltrlle or (!ﬂ ./ﬁz'é'xce;ﬁ erl‘| ) e.g.

di | sopropyl et hyl am rret hy nor i ne “or hyl pyrro | ne, is added
to maintain the react on mxtuPe at a pH of about 8., The r&action

t enper at ure usual | y ranges between 0C and,50C and the rebction time usually
ranges between m n and 24 - . \Wen oI id phase thetr c approach

is enployed, the ter,r;,n n oxXylic ac isatt che an i nsol ubl e
carrier (usually ene) Tr'é?/r' nsol d‘b E}F'rr er$ gr oup
that w ll# react wt h g car boxyl group to ond t ha stable 10

to the élongation conditions but readily cleaved Iater Exar npi es of whi ch

are: chIoro r 8Sis hydr oxynet hyl resin, trytil resin and

2- met hoxy- 4- aFE@@%ggﬁgg%QWcOhor resin. Many of these resins are
comercially available with the desired Cterm nal am no acid already

i ncorporated. Alternatively, the am no acid can be incorporated on the 15
solid support by known nethods (Wang, S.-S., J. Am Chem Soc., (1973)) 95)
1328; Atherton, E.; Shepard, R C. "Solid-phase peptide synthesis; a
practical approach"” IRL Press: Oxford, (1989); 131-148}. In addition to the
foregoi ng, other nethods of peptide synthesis are described In Stewart and
Young, "Solid Phase Peptide Synthesis") 2" ed., Pierce Chem cal Co.,
Rockford, IL (1984); G oss) Ml enhofer, 20 Udenfriend, Eds., 'The Peptides:
Anal ysis, Synthesis, Biology", Vol. 1, 2) 3, 5 and 9) Academ c Press,

New Yor k, (1980-1987); Bodansky et al., 'The Practice of Peptide Synthesis"
Springer-Verlag, New York (1984), the disclosures of which are hereby
Incorporated by reference The functronal ~groups of the constrtuent antno

o, T Y, | T o v o




groups that can be used are listed in Geene, "Protective 1@@%%3W30Q§gani o
Chem stry", John Wlley & Sons, New York (1981 ) and ' The Pepti des:

Anal ysi s, Synthesis, Biology", Vol. 3, Acaden(c Press, New York (1981 ),

t he di scl osures of which are hereby incorporated by reference. 30 The
a-carboxyl group of the CGtermnal residua !s usually protected as an ester
(CPG that can be cleaved to give the carboxylic acid. Protecting groups
that can be used include: i ) alkyl est@ls such as nethyl,
trimethylsliylethyl and t butyl, 2) aral kyl esters such as benzyl and
substituted benzyl, ) esters that can bB,gl eaved by 10 February 2003
35 m|ld base treg mld reductive neans chh as trichl oroethyl and
phenacyl esters. Fe 1 NONJF OUR ofaggch annojacid to be coupled to the
growi ng peptide chain e proteYt ed (APG) ARy prit ectinng group known
in the art cari be used. agp such groups in ‘I/uq racyl groups
such as formyl, trifluoroacetyT,~phthal yl, and p-tokyeps onf; 2)
aromati c carbanmate groups su as benzyl oxycarbonyl ({bz or Z) and
substituted benzyl oxycar bonyl and 9f | uor enyl net h)t/xlsggycar bonyl (Frnoc); 3)
al i phatic carbamate groups sucf* as tertbuelyl oxycar bfGnyl (Boc))

et hoxycar bo Al S 0 eTelgly 0 I N 4)
cyclic al kngéer'ﬂgﬁ%ﬁﬁ%%h%gagﬁéwlgé cycs|1 %%@2$yc%8xa3!gg¥ %’Eﬁﬁgéﬁé&%")’
adamant yl oxpt halodsydh; assohlerpk Pzasge preferabiy€hs alkyk amjsiocopjipnallymyoncand benzyl ;

6) trialkylg| s ' ; ' | t J c il roups
such as phe%&b%&t?tggg}ﬁgﬁﬁ}a‘%ﬁﬁﬁq' ?ﬁ} '%%?:rm Hﬁ?‘?\?d%ﬁ}égbf@%rr@ggé@?g no
protecti fig @ikyliesslkexy, Bmincaditlovrer aliyaming iipwanaliky)awidel NRy Drhthaloes

sui tably prog r | | B, 2kLc COREL Cdrddi vai |l abl e. The
a-am no pr o?@@% ?ﬁgetégb%p o%dx?ﬁeﬁ%gﬁ{ éﬁ%ﬁ%ﬁ”&r’r&f kv ’tsrrg'.ié(lk uég i s cleaved
prior to thakybampinondast preierablyxBRaisimethaxyi. d. When the Boc group is used,
t he net hods of choice are trifluoroacetic acid, neat or in dichloronethane)
or HCl in diAsxdeserikad heteipabgMe the £l egmemhef thexsempoungis shfesmularhisal t is t hen

neutralized gj rJ : i . j wi th basic solutions

such as aquggﬂéaﬁﬁf#g@ép%@y@g?ttl%zirr'§8ﬁ§rﬂah)égl$ﬁmdélh c‘m%ﬁljnpt hane or

L e e

di net hyl f or withifido. Mare reeferabibeBhiseatiyl,avinvh sydepropy, Lisetbromastiidor be8t i on i s

carried out ; 1. WC and roomtenperature (RT) usually
RomBubt S Fhetelol; R

20 25 22C. Ving side chain functionalities nust
be protecte RN i i J . of the

above- descr %Fe’%{ 5? %UI%EF" %@2?%%@?? ryi%%@%%tﬁbggg?@%i ate that the
sel ection and use of appropriate protecti ng gr oups for these side chain
functionalities depend upon the am no acid Idnd presence of other 30
protecting groups in the peptide. The se ion of such protecting groups
is inportant in that the group nust not NesT2enoved during the deprotection
and coupling of the a-am no group. Fo @pple” when Boc is used as the
a-anm no protecting group, the fol Iﬁ'vm—h'éf’;i df 10 February 2003 36 chain
protecting group are suitable: p-toluenesul fonyl (tosyi) noieties can be
used to protect the am no side chain of am no acids such as Lys and Arg;
acet anm donet hyl , . benr\él {Bn?‘, or t butylsuifonyl npieties can be uged to
prot ect Phe WRATeiN§u-208 F2R36N AEPreset 2R IR8YRMSHicSRERQn gfem A BRsilions BARD €t her s
can be used dfehdeicpedpyt M.W&Wﬁﬁaﬁdiﬁg{@ Bhat pbdibls hEAnRBRAE BEnefs avithéte,

t hreoni ne or hydroxyproline; and l?enr}ér (?_%t ers can l?_é used tcr)ggro,t ect the
car boxy contSgIMeRt &itkrCoRBIUNGS K forai ly the piesencs RhtngSe MARYIBRHC When
Fnoc i s chossmidre melahe thist 818 dtengoupbis 6f foRfulaUstakkizt dsvateridtriixtupeseid

protecting groyps are acc ﬁab}i. Fo‘; instancg, Bo Cﬂ?} be used. for |ysine
and ar gi ni nea§t 'ieP'S%‘eEﬁJt'%p' lustrated indhe exampies hergMadar fe aRemiIGaK roline,
and t ar tapbutedn mspreparb@and Haeafter separdteditoghdivianal @pasdl bombrs, Wi egsenet hy|
(Trityl) noiet be us he .t hi.ol containing side chain of

y gcan d to protect.
cyst ei ne. O%%?'H?éo"é?'éﬁ@ﬁﬁ?&ﬁeﬁe‘ghﬁc'ﬂ@gﬁm%ﬁ% conpl eted all of the
protecting groups are renpye \Wh a liquid phase synthesis is used, the
prot ecti ng gﬁﬂtF%s*“&Pé’mP@"Péﬁg(?é@“ﬁﬂ C\ﬂﬂ&f"gyﬁafﬁ?ﬂ'&? Xrgiolt at ed by the
c Ep: Icedoyc prﬂhgctdomgn@rs)ammo}'hesm WiedEif (R4 I@ Badba 28 blierkatedsyh to theose
skilled in the art.




Wien a solid phase synthesis fs used) the peptide is cleavEdFghroanyt2083r esi n
simul taneously with the renoval of the protecting groups. Wen the Boc
protection nmethod is used In the synthesis) treatnent with anhydrous HF
contai ning additives 20 such as dinethyl sulfide, anisole, thioanisole, or
p-cresol at OCis the preferred nethod for cleaving the peptide fromthe
resin. The cl eavage of the peptide canﬁg%so be acconplished by other acid
reagents such as trifluoronethanesul fo acldltrifluoroacetlc acid

m Xt ures. rqQtection sed, the Nterm nal Fnoc group
i s cleaved %W%W%@Q@WBE d?@&?ﬁeﬂﬁ?ﬁ@nﬁfelr@?ﬁlme other 25 protecting groups
and the peptide are cleaved fromthe resin using solution of
trifluoroacetic acid and variou dditives such as anlgple, #c. 1

Synt hesi s of cappi ng group BRpifif erent capping groups ABhare iptroduced in

the foll ow ng manner: | 2, When B ~an arvl arai = the prylated am no
aci ds were areoared by o e Q t e 30 t ree nmet hods beI . Di r ect

nucl eophi | i ¢ di spl llor r 10{ February 2003
37 Fae | ~ R s el CoodlF oot NoBRo2 B o I
4-fluoro-3-nitrobenzotriflQoridg (a) wasQeacted with L-amnofacid (b) in

the presence of a base such as assi um carbonate at 80C to—yield the
desired N-aryl amno acid (c); (a) (b) (c) 5 b) Copper catal yzed coupli ngs

accordl ng t e - 124 I

P o S riheding il sy 3 b midlls o SRRz ¢ (o
vvas react edwlwerelh R,-ad positiora 8 iisdorjem}ated antito thewdmnyl gtfpasitionsie representen
pot assi m gﬁ} &l and a catal ytic anount of copper iodide at 90C to yield
t he desire Iﬁ-ary amno acid (e); or c) Nucleophilic displacenent of a
triflate by an aniline: 15 WRa Ww il ~ NH + TfO-COOBn | ~ 1 ~ NCOOH ----~
~NCOOBn H,OOH~ ,0QC) ~ "hlBrielJy, o-anisidine (f) mﬂreacted wth
triflate (g) in t hBqp esence of ajlbase h as 2, 6848 di ne at |90C to give
benzyl ester (h). Hydr with 10 [ Cyi eI ded g desifled N-aryl
amno acid (i). 1.2~ am not M azg deri vat : 10 February
2003 ~—N =N ~—N" S
H IO and H

In turn, the racemic mixtures can be separated into individual optical isomers.

A most interesting finding of this invention pertains to the addition of a R, substituent
on the carbon 2 as well as the spatial orientation of the P1 segment. The finding

10  concerns the configuration of the asymmetric carbon 1. A preferred embodiment is
one wherein R, is not H and carbon 1 has the R configuration.

= either of and

More explicitly, the introduction of a substituent (R4) at C2 has an impact on the
potency when R; is introduced in a way that C1 has the R configuration. For

15 example compounds 901 (7R,2S) and 203 ( 7R,2R) have activities of 25 and 82 nM
respectively. When compared to the unsubstituted cyclopropyl compound 111 {475
nM), a substantial increase in potency is observed. Moreover, as shown for



38 a) Fnoc- N=C=S N2N- P3-[ P2 P~J- COOMe Fnoc- NH C(S) - HN- P3 [ PD FRehjrudp@0B3 R1
by bBU DW SOR~2 NNNHCS -HNP - P-P-COOM RL ~Br () - a[ z ,J -
| R2 ~OH a) The Fnoc-thi ocyanate prepared according to Kearney et al., 1998)
J. Og. Chem 63, i 96) was reacted with a protected P3 residue or the

whol e peptide or a peptide segnment to provide the thiourea. 5 b) The
thiourea derivative is reacted wth an appropriate bronoketone to provide
t he correspondi ng thiazole derivative. 1.3 Wien Bis Rte,-C(O-. Rg-S(O)g:
Protected P3 or the whole peptide or a peptide segnent is coupled to an
appropriate acyl chloride or sulfonyl chloride respectively, that is either
commercially avallable or I 0 for which®¥ he synthesis is well known in the
art. 1.4) Wen B is O-: Protected P3 or the whol e peptide or a
pepti de segrreﬁ?mf’%m%ﬁ?i'laéﬂz%wﬁ?f‘ SARANIgas e epnfigrighian HEVaSBipsatedss ei t her
commer ci al |y énhibition I8l fertier efit@ncestbyatie @h&gmmﬂhhﬁﬁb%ubsﬂtum|ﬁ1 ({g%‘ﬂ@ drn the art.

For Boc- deri exa

] - oot O RUpHeER g eyt it b 3 S KRR ik essesees Rt od wi t
phosgene to f Ui @W’qumﬂewﬂaﬁmmﬁj’%WMﬂmm'bnt/"la)maﬁt‘bmeqbbor of or mat e
i's treatedsw hia. W@caiﬁ%b&r@chff%d%fﬂaalm@ps'c&ﬁ.gu;@u&m o%ylasrﬁﬁaf}mge of a base

such as tri eth Iam ?1555&"@ %/Qc oﬁ% car bamat e 0 February 2003
39 1.5) Wien % 'S°°r66?5p HIng somerjphighdiayenptengesyr t he” whol e
peptide or a pﬁdeed sHuktrespectivdly, ediffecbnes dfrovphidsgene f ol | owed by am ne as
described in SynLett. Feb 1995; (2); 142-144 2. Synthesis of P2 noieties. 5
2.1 SynthesisT fefefeeecm%areéerreﬂ\)cowﬁ@sq@pﬁqbal Isaineshayingte i sebgliiehtv at | ves.
The prepar at i amd hé c&ra&@mﬁmybo&nwwmlmmudvh BSILE BRigh ﬁg—[ ding to the
procedure of K. N. Canpbell et al. ._Aner. em Soc. % 46), 68) 1844.
SCHEME Il i i, i i i i i w~N-aftw-~N--_R ~N~~--~WOO-|OhaIOO-I
halo 10 1la Ilb Ilc Ild Brlefly, - qui car boxylic acid Il a was
converted to the correspondi ng al ¢ohol y| reduction of the
correspondi ng acyl halide Ilb wth=e—Ne ngl agent such as lithium
al um ni um hydride. Treatnent of alcohdl b wth the

10

In the case where R, Is ethyl, for example, the asymmetric carbon atoms at positions
1 and 2 have the R,A configuration.

Included within the scope of this Invention are compounds of formula | wherein

B Is a Cg or Cyo aryl or Cy.1¢ aralkyl, all optionally substituted with Cy.4 alkyl, Ci.g

15  alkoxy, Ci.¢ alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl,
amido, {lower alkyl)amido, or amino optionally substituted with Cy.g alkyl; or
Het or (lower alkyl)-Het, all optionally substituted with C,.¢ alkyl, C,.4 alkoxy, Ci.q
alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyi, amido,
{lower alkyl)amido, or amino optionally substituted with C.. alkyl,. or

20 Bls RSO, whereln R, is preferably amido; (lower alkyl)amide; Cq or Cioaryl, Crya
aralkyl or Het, all optionally substituted with C,.5 alkyl, or
B is an acyl derivative of formula R¢-C(O)- wherein R, Is

(1) Cy.10 alkyl optionally substituted with carboxyl, hydroxy or C,.¢ alkoxy,

amido, (lower alkyl)amide, or amino optionally mono- or di-substituted with
25 Ci.g alkyl;

(i) Ca7 cycloalkyl or C4.10 alkylcycloalkyl, both optionally substituted with

hydroxy, carboxyl, (C1.¢ alkoxy)carbonyl, amido, (lower alkyl)amide, or amino

optionally mono- or di-substituted with C,.g alkyl;

(Iv) Cs or Gy aryl or ;.16 aralkyl, alt optionally substituted with C,.q alkyl,



15 appropriate hydrohal oacid gives the desired hal o derival tebruag. 2083
speci fic enbodi nents of this process is presented in Exanple 1. B)

Synt hesis of aryl al cohol derivatives: 2-phenyl -4-hydroxyqui noiine
derivatives 111c were prepared according to Gardina et al. (J. Med. Chem,
(1997), 40) 1794-1807). 20 SCHEME Il H2N Illb R2 Illa \ | NH2 PPA O O R2~
s R~ & R2,B = alkyl, OH SH, halo) NH2, 2j402. 10 February 2003 40
Briefly, benzoyl acetam de (11la) was condensed with the appropriate aniline

(111b) and the imd}sx,elahgd?@ir_éwégakg;uy&mbé,eqaw\ih?ogﬁiﬂcngénpmmﬁé&wmbg%to gi ve

t he correspondi ng 2-phen hydr oxyqui noline (1 .~ A specific enbodi nent
of this process #lYlpresented in Exanple 2. O alternatively, the process

can be carried oy Helt oP(16Wér fkyHMietBOREY; iior@ﬁ?%ﬂﬁétﬁﬁtgﬂl«vitﬁ@.‘éralk(yl,:j'\lyé%xy"as
condensed with the appropriate aniline (111b) in the presence acid and
the im ne obtai ne@ineeptiepally substityied with Cnygalkyl. amigoldovwes@tkyamigieyer t he

correspondi ng 2- phaéptionBSS RN 08, Ayt 1gr) - A speci fic enbodi ments of
this process is presented i'n Exanple 3 (conpound 3e). 2.2. Synthesis of P2:

A) The syntBesh safoxfi-di frdduld Ri-edcop] wideinflasein R2 is attached to the
ring via a carbon atom) (with the stereochem stry as shown): (,. R2 N Boc ~

by 3. Ezquerra op Al et e D e e cgal
et al. (Tetrahed?bRXy.&mnino optiaghy mogg- ordisybstifutey withGepikvi, emidqory | Rz N
--~. N ----~ N Bgswer &iRg)amifec ~
10 (if) Cs.7 cycloalkyl, C,.q alkylcycloalkyl, all optionally substituted with carboxyl,
(C16 alkoxy)carbonyl, amino optionally mono- or di-substituted with C1¢ alkyl,
amido or (lower alkyl)amide;
(iv) Cs or Cqo aryl or Cs.4¢ aralkyl optionally substituted with C,. alkyl, hydroxy,
amido, (lower alkyl)amido, or amino optionally mono- or di-substituted with
15 C. alkyl; or
(v) Het or (lower alkyl)-Het, both optionally substituted with C, alkyl, hydroxy,
amino optionally mono- or di-substituted with Cy¢ alkyl, amido or (lower
alkyl)amido, or

B is an amide of formula R;-N(Rs)-C(O)- wherein R, is

20 (i) C1.10 alky! optionally substituted with carboxyl, C4. alkanoyl, hydroxy, Ci¢
alkoxy, amido, (lower alkyl)amido, or amino optionaily mono- or di-substituted
with C.s alkyl;

(i) Cs.7 cycloalkyl or Ca.q0 alkylcycloalkyl, all optionally substituted with
carboxyl, (C+.s alkoxy)carbonyl, amido, (lower alkyl)amido, or amino optionally

25 mono- or di-substituted with C,.s alkyl;

(iiiy amino optionally mono- or di-substituted with C..; alkyl;

(iv) Ce or Cyo aryl or Cy.4¢ aralkyl, all optionally substituted with C,.¢ alkyl,
hydroxy, amido, (lower alkyl)amide, or amino optionally substituted with Ci¢
alkyl; or

30 (v) Het or (lower alkyl)-Het, both optionally substituted with Cy.s alkyl, hydroxy,
amino optionally substituted with C1.¢ alkyl, amido or (lower alkyl)amide; and
R;s is preferably H or methyl, or

B is thioamide of formula Rs-NH-C(S)-; wherein Ry is



COOH COOBn COOBn IVa IVb IVe (,, R ,,. R2 N--~ N Boc ~ H&debrannR0IooH
Ivd 1 Ve 20 Briefly, Boc-pyroglutamc acid is protected as a benzyl ester.
Treatment with 10 February 2003 41 a strong base such as |ithium

dl | sopropyl am de foll owed by addition of an al kyl atl ng agent (Br-R~ or

| -R2) gives the desired conpounds |Ve after reduction of the am de and
deprotection of the ester. B) The synthesis of

O substituted-4-(R)-hydroxyproline: ,". 20 - Rzo Boc ~ N COOH may be carried
out using the different processes described below 1 ) Wien RZ is aral kyi,

or (lower alkyl) {ifi€t..; 4@ opliGrefs Sulssttutdewittbcarbel, @4k aﬂ@ﬁwl@ir 09 hmoi;he

575005 | Br i of |y (DGmRPERNY G ruebalselgional WpahUBN /o i s

treated with a baatoxyic (Casaliendg)camonyldamithe op amiuet assi um fart but oxi de and
the resulting al koxide reacted with halo-R2 (Br-R~, I-RZO, etc..) to give
t he desi r ed Ycigmpeundihyl; Speci fi c enbodi nents of this process are presented
in Exanples 4, 5 and 7. 2) When R~ is aryl or Het, the conmpounds are

pr epar ecli 5 %g n?iFgcae Mylsoslp@tbldamqq be_OElw(dl}_l‘lyict?umb}ll, a(llb%&)auy?gggthmﬁh Svrl]thJE t
nuarv, no e e rcnnak e
al, (1995), TR e q“‘%‘é! é t?%ama%ef ldoF??:?f%P apf, o5 Cr1e graliyla) | Tet

Lett. 35 27 4706 vai

2D 2 gy S Y PPl s s SR sk G B oA iy e ary
al cohol or QW Het] &Il bftonaMEMONES diobr Qﬂsdblémpi&ﬁwﬂwmqwﬁréiﬁ and

df et hyl azodi carboxyl ate (DEAD) and the resulting ester is hydrolyzed to the

aci d. Specific emrypri OrNalkyloC,.d Akexyploweemalkyk apir@saEnsido bﬁtndaaavmioﬁs- 6 and
8. 10 _February N (

2003
P 5 0Wa vb Al CEPRAHTGE RS sk oo 20k Cror et Bt eLIMed out i n
sol i d phase (Scheatkyl)\ﬂet NDg; OF; hald; trifalovarkethyl; d¢anisoxyt @z lor Bbargly Ch-kesi zer

(Va) “and a var! ceyast- iR & Sp i of (i oonn e raled whithhn: o o o

added. After incwdmreion, each resin-bound product (Vb) is washed, dried,
and cleaved fromthe resin. A Suzuki reaction (Myaura et al., (1981 ),
Synth. Conm 11, 513; FatoCesalkyl,.Cs.-(che88kyl; Chyatkoxy,enting; ridiihs or dhfewarbe et

2201 Fignet 1o etal ) FEOERTE BN e iy ebGE oy o R | 00 o7
(1996), J. Og. Chem teflyoremethyt tarboxylonHetlbso be used to further

functionali ze the aryl substituent.
R; is selected from the group consisting of:

O\r K/ Y o< W
Y N | ) ” | N

; and

or R; is 1-naphthylmethoxy; 2-naphthyimethoxy; benzyloxy, 1-naphthyloxy; 2-
20 naphthyloxy; or quinolinoxy unsubstituted , mono- or di-substituted with R,4 as
defined above;

the P1 segment is a cyclobutyl or cyclopropyl ring, both optionally substituted with Ry,
wherein R' is H, Cy.3 alkyl, Ca.5 cycloalkyl, or C,. alkenyl optionaily substituted with
halo, and said R, at carbon 2 is orientated syn to the carbonyl at position 1,

25  represented by the radical:



3. Synthesis of Pl noieties. 3.1 Synthesis of the 4 possi bl®&Féekyoamr2008f
2-substituted 1-am nocyci oarouvl 15 carboxylic acid The synthesis was done
according to scheme VI. SCHEME VI P02C*"CO02P Ml a + halo~R~ halo VIb or R O~
O~ S-OO0OVic R a) P02C COzP VI d 10 February 2003 43 c) R O RO-H CO2P
vif R syn to ester R OP*COON VIi ORH anti to ester P b) d) or R
PPCOOVI9 OOP I e) R f) P*COO Vth OOH gé Briefly, di-protected mal onate
Vta and 1, 2-di hal oal kane VI b or cyclic | fate VI ¢ (synthesized according
to K. Burgess and Chun-Yen KE (Synthesis, (1996), 1463 5 R H02C ~CO2P MVl e
R is "syn" to the ester 1467) react ed under basic gcondi4+fons to give
the diester Vid. b) A regiosBlective hydrglRssis of the'tess h| ndered ester
is perforned to give th s acid Vte i ubjected to a
Curtius rearrangenent to m %t ure of
1-ami nocyci opr opyl carbQXyN Yves V| feewi-ND
carboxyl 10 group. A sgecilflic or taﬁ‘Ps syht he
Exanmpl e 9, 0]

aci bei hg syn to the
40-5 I B presented in

O

included within the scope of this invention are compounds of formuia | wherein B is a
Ce or Cy aryl optionally substituted with C, alkyl, C1.¢ alkoxy, Ci alkanoyl, hydroxy,
hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl, amido, (lower alkyl)amide, or
5  amino optionally mono- or di-substituted with C..s alkyl; or B is Het optionally

substituted with C. alkyl, C,.s alkoxy, C1.s alkanoyl, hydroxy, halo, amido, (lower
alkyl)amide, or amino optionally mono- or di-substituted with C, alkyl; or B is R,-
SO, wherein R4 is Cg or Cyp aryl, a Cy.44 aralkyl or Het all optionally substituted with
C..s alkyl; amido, (lower alkyl)amide; or B is an acyl derivative of formula R4-C(O)-

10 wherein Ry is

(i) C1.10 alkyl optionally substituted with carboxyl, hydroxy or C,¢ alkoxy; or

(ii) Cs.7 cycloalkyl or C4.10 alkylcycloalkyl, both optionally substituted with

hydroxy, carboxyl, (C,.¢ alkoxy)carbonyi; or

(iv) Cs or Cyp aryl or C;.4¢ aralkyl, all optionally substituted with C,.¢ alkyl,
15 hydroxy; or

(v) Het optionally substituted with C,¢ alkyl, hydroxy, amido or amino;

or B is a carboxyl of formula R;-O-C(O)-, wherein R, is

(i) C1.10 alkyl optionally substituted with carboxyl, C,.s alkanoyl, hydroxy, C.
alkoxy or amido, (lower alkyl)amide, amino optionally mono- or di-substituted
20 with Cy. alkyl;
(i) Ca.7 cycloalkyl, Ca.10 alkylcycloalkyl, all optionally substituted with carboxyt,
(C1.6 alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally mono- or
di-substituted with C,. alkyl; or
(iv) Ce or Co aryl or Cs.4¢ aralkyl, all optionally substituted with C,.5 alkyl,
25 hydroxy, amino optionally substituted with C.¢ alkyl; or
(v) Het or (lower alkyl)-Het, both optionally substituted with C,_s alkyl, hydroxy,
amido, or amino optionally mono-substituted with C.s alkyl;



d, e) Alternatively) selective ester formation fromthe aci@Febreanyid083an
appropriate halide (P*Cl) or alcohol (P*OH) forns diester VIg in which the
P* ester is conpatible with the selective hydrolysis of the P ester.

Hydrol ysis of P ester provides acid VIh. 15 f) A Curtius rearrangenent on
VIh gives a racem c m xture of lam nocycl opropyl carboxylic acid derivatives
VIi wwth R group being anti to the carboxyl group. A specific enbodi nent
for this synthesis is presented in Exanpgie 14. 10 February 2003 44 An
alternative synthesis for the preparation of derivatives VIIf (when R is

vinyl and Sb’FB'isOar{ ARideadt Ahnila ELN@%—d(@%%élhhﬁds bel ow. SCHEME VIl + halo
~ halo a_- N CO2P ~N CO P Vila VI1b vinyl syntotheesterR

= H, alkyl, aryl (PC:. ,g,ané?l éﬂﬁbﬁallﬁ%’NbgmgﬁdWﬁﬂhaandei CGi¥ Blk"aﬁo}l Ngarsdee

Tr eat ment of comer ci al avai l'abl e or easily o bt ai nabl e 1 m nes \a W th
1, 4 di hal obut enea'W¥Vma Qilewerglyemide, gaiee BF%@HEE’O"QT‘?@*‘SHWF‘HF?Q s of
the resul ti ng 1 MyeC V%la[ky! Vild haV| ng the aI | yl substituent syn to the
car boxyl group. 8?e0| i ¢ enbodi cess are presented in

Exanpl e 715 and 1%) Cresyiqakybar %10 §|ky'%‘?'°§'ﬁé %'&R)‘@”@WMF@H@PM thni xt ures at

carbon 1 (Ve andarvbkyﬂ)(cqaalkb@)&eb&@r lahfido quemeyl)émuheemma%bn@nam?par ation
(Exanples 13, 17 an stallization wth chiral acid (Exanple

18); or 3) cheni E‘ond%‘rcg'\?ﬁ?%tﬁ‘éﬁgﬁ’ﬁhgﬁé‘%'l and fy is 'F*(ﬂ'mﬁm%g?’r esol ution)

determ nation of Rj tse(maﬁmw;ﬂioﬁéwrrﬁ&fdﬂ@ﬁuﬁédaéum Wih CJ alkpdorl5 out as
presented in Examl e 11, Enantiorneric resol uti on and stereocheni st ry

determi nation cafiifes ¥4 A ere Aalkyh @l Opfienaliy sHestitdted WthC1e @Mk i oneri ¢

m xtureg at car bpyréxyMagiind ot dnfi€o spisially SeBHtinAéd WihiCS.,s alkyl; of O t he car boxyl
group (Mi). 3. 2%&%s| s.of i-am nog}(%l ob tvl car bofi Irkfyc acid 20 The
V.

synthesis of 1, 1( geyanaliyshbstituted WKL G4 @l )éfc'i‘ﬂ’r?’éy 253 ¥ PRHEP Accor di ng
to "Kavin podard Ronal d, Synth.
Commun. (19 5?&%@11{3&) °’%8$'§42'Qﬂaé( ?#gﬁﬁ%%‘szoos 45 SCHEME VIII N ~AO
(i) C1-10 alkyl; or (ii) Cs.7 cycloalkyl; or
B is an amide of formula R&-NH-C(O)- wherein R, is

15 i) C1.10 alkyl optionally substituted with carboxyl, C alkanoyl, hydroxy, Ci.
alkoxy amido, (lower alkyl)amide, amino optionally mono- or di-substituted
with C1 alkyl;

(i) Ca.7 cycloalkyl or C,.10 alkylcycloalkyl, all optionally substituted with
carboxyl, (C1.¢ alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally

20 mono- or di-substituted with C,.¢ alkyl;

(iv) Cs or Cyp aryl or C;.4¢ aralkyl optionally substituted with C,.¢ alkyl, hydroxy,
amino or amido;

Yis H,;

R? is the side chain of tert-butyiglycine (Tbg), lie, Val, Chg or:

R is 1-naphtylmethoxy; or quinolinoxy unsubstituted, mono- or di-substituted with
Ry, as defined above, or

Rz is



O~ X~-XMliaVIlIbX ~ halo Briefly) treatnent of conpound VI0 Februany2083base
in the presence of VII|Ib gives the correspondi ng cycl obutyl derivative
VIllc. Hydrolysis of the isocyanate and ester 5 groups of VIII|c under
acidic conditions (HCI) yields the hydrochloride salt of the

lam no-cycl obutyl carboxylic acid VIIId. The carboxylic acid is later
esterified under nethanol in HC. A spei |c enbodi nent of this
esterification is described in Nl NHz = B~O-.--~OHMIlc VIIld HG
salt Exanple 21. 3.3 Synthesis of 2-s stltut ed 1-am noc~obutvl carboxylic
acid 10 15 SCHEME | X / NvCOzR | X3 IXb I~ N COsR b) / N COZR 1.
deprotectton Y | 2. activation | / R¥sl. base ~zN CO2R d) H2 HzN
2. hydrolysis 3. neutralization I Xl | protected glycine ester
derivative such as imne I Xa is alkylated with an honoal lylic electrophile
| Xb using an appropriate base such metal hydride, hydroxide or

al koxi de. Useful | eaving rqgs in !'Xb include halogens (X =0, Br, I) or

sul fonat e S¥ReIRI8 RapiS\ifia < AKXE G Cra 3ryliosthisy:. 'OVYWéh'&PIky'F haloaprisieo|
functi onal 'ddﬁohélly' A{nd-SutBtiRihes WiK O%%lkyhﬁﬂé?é}’(ﬂ) rm)@; g%n&g ofHetps vel |

known in the art acetate, silyl, acet n a second step, the

hydroxyl f (RREPDlY %Pg%ﬁ@al’i" tV\‘-H?f o8 Rz i8tG walylk € 16 alkguy emide t(lowesnd

converted tudafiid, Aiso sbmhnp%hblSrci.lénshu@tad%nﬁltq 2, @pFief;i bed 20 above
for conpound 'I'Xb. c) Cyclization of to cyclobutane derivative IXe is

carried outppig ééﬁ&lﬁi@dﬂ rivg Wherin cérQoE@WaE%ﬁé/R%gﬁﬁgLﬁﬁld?\ase (metal hydrides,

al koxi des)) followed by hydrol ysis using aqueous m neral aci ds and
neutralization with a rnld base. At this sta e, syn and anti-isonmers of | Xe

can be separated by fl Sh chr omat ogr aphy. ti onaIIy,R{ e doubl e bond in
| Xe can al so be hydr n%mr§d under stan rd .

= either of ;
and R' is ethyl, vinyl, cyclopropyl, 1 or 2-bromoethyl or 1 or 2-bromovinyl.

Further included in the scope of the invention are compounds of formula | wherein:

SN

10 B is tert-butoxycarbonyl (Boc) or ;

R® is the side chain of Tbg, Chg or Val;

Ry is:
F{228
J=n
S - N
- | A
~ 21B

, or /0

wherein Ry, is Cy alkyl (such as methyl); Cy. alkoxy (such as methoxy); or halo

15 (such as chloro); Razg is C1.¢ alkyl, amino optionally mono-substituted with C,.¢ alkyl,
amido, or (lower alkyl)amide; and Rayg is C1¢ alkyl, C,.¢ alkoxy, amino, di(lower
alkyl)amino, (lower alkyl)amide, NO,, OH, halo, trifluoromethyl, or carboxy;



conditions to yield the correspondi ng saturated derivati velQ Kebruaiyg003

I nvention further conprises a process for the preparation of a peptide

anal og of forrmula (1) wherein P1 is a substituted am nocycf opropyl
carboxylic acid residue, conprising the step of: 10 coupling a peptide
selected fromthe group consisting of: APG P3-P2; or APGP2; wth a Pl
internediate of formula: R~ OCOCPGHZN OR~- RO S ' O CPG H2N O w CPG H2N
Oor 1 s OCPG HZN O wherein R, is Cl.~28l kyl) cycloal kyl or C2.~ al kenyl,
all optionally substituted with hal ogen, CPGis a carboxyl protecting group
and APG is gRg@qijg0 protecting group 15 and P3 and P2 are as defined above.
The invention further conprises a process for the preparation of: "1 )a
serine protease inhibitor peptidgamarog, or_2rja HCV NS3 protease

i nhi bitor peptide anal og, this prloces ™SI hg the step of: coupling a
(suitably protected) am no acid, |peptide peptide fragnmnent with a P1 20

I nternmedi ate of formula: R~ o-CPG H2N ~~1JC O CPG H2N O CPG H2N O or
1 OCPG H2ZN O wherein R~ is C~. ~ a‘r-ky” .~ cy¢loal kyl or C2.s al kenyl)

all optionally substituted with

Finally, included within the scope of this invention is each compound of formula | as
presented in Tables 1 to 10.

5  According to an alternate embodiment, the pharmaceutical compositions of this
invention may additionally comprise another anti-HCV agent. Examples of anti-HCV
agents include, a- or B-interferon, ribavirin and amantadine.

According to another alternate embodiment, the pharmaceutical compositions of this
invention may additionally comprise other inhibitors of HCV protease.

10 According to yet another alternate embodiment, the pharmaceutical compositions of
this invention may additionally comprise an inhibitor of other targets in the HCV life
cycle, including but not limited to, helicase, polymerase, metalloprotease or internal
ribosome entry site (IRES).

The pharmaceutical compositions of this invention may be administered orally,

15 parenterally or via an implanted reservoir. Oral administration or administration by
injection is preferred. The pharmaceutical compositions of this invention may
contain any conventional non-toxic pharmaceutically-acceptable carriers, adjuvants
or vehicles. In some cases, the pH of the formulation may be adjusted with
pharmaceutically acceptable acids, bases or buffers to enhance the stability of the

20 formulated compound or its delivery form. The term parenteral as used herein
includes subcutaneous, intracutaneous, intravenous, intramuscular, intra-articular,
intrasynovial, intrasternal, intrathecal, and intralesional injection or infusion
technigues.

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

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



hal ogen, and CPG is a carboxyl protecting group. The inventd kabreang2803r e
conprises a process for the preparation of: 1 ) a protease 10 February
2003 47 inhibitor peptide analog) or 2) a serine protease inhibitor peptide
anal og, this process conprising the step of: coupling a (suitably
protected) am no acid, peptide or peptide fragnment with an internedi ate of
formula: :s ~OCPG HZN R Il O wherein CP3C(-?} Is a carboxyl protecting group.
The invention al so conprises the use of @ Pl internediate of forrmula: 10 R~
O CPG H2N ORL .. R or .S O CPG HzN . CPG 2N O gr . S O CPG. H2N O wherein
R s C o6 ANeyhargatiuizeigmespiians gt Hsiavaion sy s AUGRFPILRL M H0k eq
wi t h hal ogerralfyacceptablprdegage tarmrincliiding, hua nselinitedl tpr cipsaies, tabletd)iahdr
pepti de anal g or 2 . - ot e i nhi bi.t or tide anal ag. The
rvent on albeedsiEbelbinatt saBHsCTF e Bt S B il Bl 20 oo
H2N O 15 wheshi¢mar€RGnimsordy usediaglyte actdsecndrprystargh,. Lubricating qyeatssath on
of:1 ) a_protease inhibitor p | Q r?ZTI{)asr.i ol ease
nii bl tor” pelsTagesi SioRi T RbERAaR 3ikel Ema RS REILENG 2 51
I nt er medi at ecap$ulé dorm, uaefuRiiluentSRicit@édiaCtlose And (drieRcom SaChCWthézddjueous
suspensions are administered orally, the active ingredient is combined with
emuisifying and suspending agents. {f desired, certain sweetening and/or flavoring

and/or coloring agents may be added.

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

Dosage levels of between about 0.01 and about 100 mg/kg body weight per day,

15  preferably between about 0.5 and about 75 mg/kg body weight per day of the
protease inhibitor compounds described herein are useful in a monotherapy for the
prevention and treatment of HCV mediated disease. Typically, the pharmaceutical
compositions of this invention will be administered from about 1 to about 5 times per
day or alternatively, as a continuous infusion. Such administration can be used as a

20 chronic or acute therapy. The amount of active ingredient that may be combined
with the carrier materials to produce a single dosage form will vary depending upon
the host treated and the patticular mode of administration. A typical preparation will
contain from about 5% to about 85% active compound (w/i). Preferably, such
preparations contain from about 20% to about 80% active compound.

25  As the skilled artisan will appreciate, lower or higher doses than those recited above
may be required. Specific dosage and treatment regimens for any particular patient
will depend upon a variety of factors, including the activity of the specific compound
employed, the age, body weight, general health status, sex, diet, time of
administration, rate of excretion, drug combination, the severity and course of the

30 infection, the patient’s disposition to the infection and the judgment of the treating
physician. Generally, treatment is initiated with small dosages substantially less than
the optimum dose of the peptide. Thereafter, the dosage is increased by smali
increments until the optimum effect under the circumstances is reached. In general,
the compound is most desirably administered at a concentration level that will



O CPG H2N or ,:S O CPG HZN o wherein R is C,~ al kyl) cycll@dfabjary20@d 6

al kenyl, ali optionally substituted with 10 February 2003 48 hal ogen, for
the preparation of a conpound of formula | as defined above. Finally) the

i nvention also conprises the use of a proline analog of fornmula: Nw R21 a O
HN OOH wherein R2,Ais C,.s alkyl; C .s al koxy; |ower thioalkyl; halo;

am no optionally m)n05 substltuted with C .6 alkyl; Cs, Co aryl C-,6
aral kyl or Het, said aryl, aral kyl or Hef optlonally substituted with Rzz

wherein Rzz is C .~ alkyl, C, .~ alkoxy, am do) (lower alkyl)am de, am no
optlonally s C ~
vt oc 'Eéﬁ@rall{/’éff&a}% aﬁtg@éﬁly %H%&mgcra‘f‘éaél{};s/%tg%uﬁégl&wn g&épﬁgﬁm{/ ﬁ’lﬂa né?;e;n&s

OH, hal o, tsideeffsEtset hyl , or carboxyl; 10 for the synthesis of 1) a

serine protease inhibitor peptide analog, 2) a HCV NS3 protease inhibitor
peptide anal¥gen the 095“9(95‘5@?)? pldhis dnvangign 6pmpEsehR FRMbINglioniela GRIAPQUAGRS .

EXAMPLES 15 idiuidl &RFéHe ¢m&@tddamoh§| théJaFéaﬁ@érqﬁopﬁwa‘cué h&@m sghaid by the
following non-limting exanple Tenperatures are given I n ogf:]rees Cel si us.

Sol ut i on2percBIPPYHEEN Q}?raé’@mﬁa'v&ﬂe@h?h‘t”@ Q%P[ﬁ%”‘r%tld&ﬁ%@w‘ﬁ BefwesB| ut i on

rati os expr ebdufio/iel 1008, taﬁdwsdry febRlbcdNSH Bhout I @HE B8BYAbIAHe BbSRYM S€.
Nucl ear magneti c resonance tgectra were recorded 20 on a Bruker 400

MHz spect r ofROfBallY adqinisiessd i zﬁm PRife@Py FoIRPR. reported in parts per
mllion. chr omat ogr rried ou ons ca.gel (Si02
accor di ng tgﬁg?'? fhese C‘nggw{gcl‘ g??é’t%&'ﬁ‘ﬁﬁ?}‘“{c@ 3h?‘ﬁ°&ﬂ agqfqrmu edy ., J.
O g. Chem) tédéliidwith’eBphatRiddsuticaitpacseptibledteiorn i resultiPcaingarlonsmayC| ude
Bn: ben2)6 B%Egd t]elnt cFE E}%{ 3; Icar bonyluc&WSrggé(ﬁo}ﬁ;lbt%ﬁgch%ﬁ? ser)n
al bum n0cnASEImIFREd e o MABRY! Suchess i proteass of o
(i“ gengL:mmgfgr%regﬁmpmgédsgmaﬂm Sy treatmﬁrz;trmay als% bz achieved using the
et hyl ane. cieDIPRHaeE A INERLSH BB mbindidp B R AR WitRgias, Birbie nol
(Cjil i sopr opy: amt d dwnhwqﬂammmdﬂnﬁbgedilsl Subr asy, g{, by {-imerferonddlofieAantiviral

i i sopropyl e anmi ne amno in
g byl oncagPERgr R Sads Hhetimiblds Aok eqpetease:
di met hyli5or rsinibitbes obotbbMBa&rgets m&lhélbibsuifé oxclel,emhldEhT'ﬁclude bhi matlimited ¢, or
threo-1, 4-di PLS i de; EDTA
et hyl enedi arﬂéﬁée%%té 'ﬁ%%sgu'gm E‘SB E{eas?ifhteﬂﬂ?@%%&@%ﬁﬁ &et hyl

acet at e; Et 2zomhifiatiphs/theegaf.eilhe pdditivnal agents may be combined with the compounds

[ O 7azabenzqy ;’tt#@ﬁ\%nt&)nytb kichtd a §W§o rrg%go ﬂy ! Hlk?gﬁ'étwmghﬁéﬁfé foﬂg{ﬁ@ﬁ@t el

HPLC. hi gh pertornance quid c spec
( MALDI - TOF: &y e separately admmlstered toa mammal as part of a multiple dosage form.

20  Accordingly, another embodiment of this invention provides methods of inhibiting
HCV NS3 protease activity in mammals by administering a compound of the formula
I, wherein the substituents are as defined above.

In a preferred embodiment, these methods are useful in decreasing HCV NS3
protease activity in a mammal. If the pharmaceutical composition comprises only a

25 compound of this invention as the active component, such methods may additionally
comprise the step of administering to said mammal an agent selected from an
immunomodulatory agent, an antiviral agent, a HCV protease inhibitor, or an inhibitor
of other targets in the HCV life cycle such as helicase, polymerase, or metallo
protease or IRES. Such additional agent may be administered to the mammal prior

30 to, concurrently with, or following the administration of the compositions of this
invention.

In an alternate preferred embodiment, these methods are useful for inhibiting viral
replication in a mammal. Such methods are useful in treating or preventing HCV



10 Assisted Laser Disorption lonization-Time of Flight, FAB FpbreryR2W3
Bombardnent); LAH. lithium alum num hydride; Me: nethyl; MeOH nethanol;
MES: (2-{Nnor phol i no}et hane-sul fonic acid); NaHVDS: sodi um

bi s(trinmethylsilyl)am de; NVM N nethyl nor phol i ne; NWVP:

N-net hyl pyrrolidine; Pr: propyl; Succ: 3 carboxypropanoyl; PNA:
4-nitrophenylam no or p-nitroanilide; TBAF: tetra-nl5 butyl anmoni um
fluoride; TBTU. 2-(1 H benzotriazol e- 1-yﬁ -1,1,3,3 tetranet hyl uroni um
tetrafl uoroborate; TCEP. tri sé 2- car boxyet hyl ) phosphi ne hydrochl ori de; TFA:
trifl uor oac8tseeseclf e grmacgyticahsIpRASHoAfoMRriges oplyaCMRAWAS! fife: TLC
thin layer glvenioh agtridttive ¢dabondrit) sm%hhﬁ(étﬁbdlé/ﬂnﬁgEMbitioﬁll{%ngHSe the step
tris(hydroxynpet h&%am nonemﬁge hydrochl ori de. 20 P2 BU LDl N %OOCKS
EXAMPLE 1 SPhedatysiedio 9,53 ap aganiReIgGiRd fram-animgunomoduigtory

commer ci al | wgamaah abtivrabagent @ HOVEprofiaBE NHibitor, 2t ibbitor®f ofer fargé@lin  Was
added 25 _neat t%g{ogéll éhl grl dgdbcélol‘ﬁr , 144 m"ml%.g, This m xture was heated
at 80C for IhaHL¥iEe eydsSushadditiongl agent may ke adminiztared i, e mammmat priqinder
reduced pr ess ébReurféntlyath! eSalidwing th fiinfiraBién bthbRempesiteh absording & Et OH

(15 nL) which was heated at 80C for 1 h before being concentrated 1 n vacuo.
The resi due WRYVEAYQM-ti oned bet ween Et QAc and sat urated aqueous NaHO03, and

br owni <h of TTAE 20BRGPNSS et dot Hereirnay aiso Be Urgd RERArRONyi598588: 104 mrol )
was added dicompbsedsfethisIavention rrayaildoAld (£bdid t@at d0préventiral dontininatigrensi on

whi ch I -60C.  Th ion m xt. I d -35C
over 1. 80n BErBresieh A Birslos el be skl uis frettbod: s R ST Had@hod wi « n
MyS04. 10H20 petsonhygl anpatiedte whorcoamelintdoatacvweith $tth materialsi (eigu bpodatissue,

titi d % NaH®03. Th ' h dried
(Noso4) 11 PEIah TR et el BBy dimests P E0enty 38 HER Gooc
over 2 st epspliention @pparatliseg and materias$)cohol . The al cohol (2.3 g, 11.44 mol)
was dissolved in AcOH HBr (20 nmL) 30% solution from Al drich) and heated at

70C for 2.5 Tie compoungs aetdortia bemimman alsatbedised asaesearchy rehgentss She

partitiqged A Ndc03 before
bei ng d?lged c?%éﬁﬁs’)i‘s Eﬂgﬁgﬁggg@cﬁcﬁ&r%ﬁe&dﬁﬁ%C\%@“?ﬁg%ae's|tred conmpound
(1) as a bisyrpgatr celiibageq aswys gr in\goodr inBiymaEreplisationiassays. of

2- phenyl - 4- hydr oxggui noline (2): i . OH(2) 15 Commercially avail abl e ethyl
benzoyl acet &AROCESE0 g, 31.2 mMml) was heated at 85C (seal ed tube) in 75 ni
of 30% NHaOd for 2 hours. The solid formed upon cooling was filtered and
refluxed i n WgGOMRAAYNAS ohthgRsesert inveption were syathesized ae¢AEINGRP 8@SPERs wi t h

CH2Cl 2. The rpscRBiae ilyaicd iMERerR®TRiHE?En PG Rt BXBbxy)VBRMBsting! dréy & and
concentrated. The yel |l ow residue was fl ash chromat ographed on silica gel,

20 el ut Plg AR ISERTTRPINGIIGISEINGIrPIP):t 0 gi ve the corresponding anide as a
white solid, 1.60 g, 31 %yield. This _am de &250 ng, 1.53 mMmmoi) was

refl uxed using a Dean-Stark apparat usS@HEMERi |ine (143 ng, i .53 mml) and
anilineHC (10 ng, 0.08 mml) in toluene (10 nL) for 16 h. The sol ution was
concentrated to afford a brown oil that was ra xed with 25 poi yphosphoric
acid (2 g) and heatPdd—at> 183CRGr+ 20\FAR2 The T @actaPeP2abxEEGe was pour ed

into water and adjusted to pH 8 with 5 M NaCOH The _gqueous suspensi on was
extracted twice with ethyl acetate. The organi ayers were conbi ned,
washed with brine, dried over MgS04) fil d and concentrated. The residue

was flash chromat ogragged on sili capge , eluting with 3% MeOH in ethyl

acetate, to give 2 -P1-CPG  + APG- c
—_—

APG-P3-P2-P1-CPG
‘d/
B-P3-P2-P1

Briefly, the P1, P2, and P3 can be linked by well known peptide coupling techniques.
The P1, P2, and P3 groups may be linked together in any order as long as the final



10 February 2003 51 phenyl - 4- hydr oxyqui nol i ne (2), 67 ng) 120%bywasy 4003 H NVR
(DVMBO-ds) 8 8.11 (d, J =7 Hz, 1 H, 7.86-7.83 (m 2 H), 7.77 (d) J = 8 Hz,
1 H, 7.68 (dd, J =8) 7 Hz, 1 H) 7.61-7.58 (m 3 H)) 7.35 (dd, J =8) 7
Hz, 1 H, 6.34 (s, 1 H. 5 EXAMPLE 3 Synt hesis of 4-hydroxy-2-phenyl

-7-met hoxyquinoline (3) OCEt i ~ OOtoluene + ~ Dea_ n-Sta ~ ~ + MO
NNZ Ph OEt MeO ~ NPh H3a 3b 3ci M ~ Ow C 3 ONHAr MeO-N Ph H 3d

260- 280C neat OH PCCI3 D MO ~ ~N Ph 3e3#- hydr oxy- 2- phenyl

- 7-met hoxyqui noline (e): A solution of ethyl benzoylacetate (b) (100.0 Q)

0.52 I : I /
di oxag %)5 %ﬁ%&idﬁﬂo{ﬁ%sﬁ@%ﬁé%@gﬂd& ovaai:g"ﬁg? l?gf;oé-ngé? iDBQQﬁblér'1'N<51é_éE)ie'9an St ark

appar at us. PBE1cssIPdinked tRhRd-P2ol uti on was successively washed with aqueous
10% HCl (2 x 300 ni), 1 N NaOH (2 x 300 nL), H20 (300 nL) and brine (150
m). The t ofeBealypaptidesare @longgtedNysspotedtingithe eraraine Juurcstha Mt ed under

reduced pregé,grn%n seg.o@b%d%o&p%ghhgunwé&& @Jr &@t §oyf ogtl?«@ r@maﬁx ly(:44. 6 9,

45% 1 38%c as a dark brown oil ed to 280

C for 805m ﬁmﬁﬁlecbarmn@tacvd mr@m@mp&tﬂéwﬁg@wmﬁe mmm d@éﬁn@@eTh@
obt ai ned Waae;SrBiekﬂ'é@&ﬁJicdudnhg %@Pée(@&%eme\j unThﬁe%é%Pé‘d“@édﬁ@ E@% filtered

andtheresultlng solid give a (22.6 g, 1/%from a)
as a bei ge SPRinge 'Tnsmmpbrm\m%ve@r@eew\dhe 90"55“9190" HE'"OPCHF inz, 81-7.82

(2 m2 2"2) 7H)§tép\ﬁts§9a§zﬁ°®n %E')depu?:t&ﬂn ©themhe T ot b soifid pladd) peplidddyrithishis J = 9. 0,

4- Chi or o- 2- PPROFING ?QWEtWRiED%BT'QiB%“VrF@)S%@)SU in Maydfieidh o} AM- Ghem. B8c.31 g) 33.1
nol ) i fo POEo83y, 88, 8149-2s4, Bradisslodute bElvhidk i KéreBy McorpdfatdtPby réfdr¥inct003 52

(clear solution obt ai ned upon heating). The reaction mxture was
concent r at edolfihgrbehesscd 4mine adide, anThminoeridiafl ABeptiiel b tWogepiddet ween 1

N NaCH fragments can be carried out using standard coupling procedures such as the azide
method, mixed carbonic-carboxylic acid anhydride (isobutyl chloroformate) method,
carbodiimide (dicyclohexylcarbodiimide, diisopropylcarbodiimide, or water-soluble

15 carbodiimide) method, active ester (p-nitrophenyl ester, N-hydroxysuccinic imido
ester) method, Woodward reagent K-method, carbonyldiimidazole method,
phosphorus reagents or oxidation-reduction methods. Some of these methods
(especially the carbodiimide method) can be enhanced by adding 1-
hydroxybenzotriazole. These coupling reactions can be performed in either solution

20 (liquid phase) or solid phase.

More explicitly, the coupling step involves the dehydrative coupling of a free carboxyl
of one reactant with the free amino group of the other reactant in the presence of a
coupling agent to form a linking amide bond. Descriptions of such coupling agents
are found in general textbooks on peptide chemistry, for example, M. Bodanszky,

25  “Peptide Chemistry”, 2™ rev ed., Springer-Verlag, Berlin, Germany, (1993).
Examples of suitable coupling agents are N,N*-dicyclohexylcarbodiimide, 1-
hydroxybenzotriazole in the presence of N,N*-dicyclohexylcarbodiimide or N-ethyl-N*
[(3-dimethylamino)propyl]lcarbodiimide. A practical and useful coupling agent is the
commercially available (benzotriazol-1-yloxy)tris-(dimethylamino)phosphonium

30 hexafluorophosphate, either by itself or in the presence of 1-hydroxybenzotriazole.
Another practical and useful coupling agent is commercially available 2-(1H-
benzotriazol-1-yl)-N, N, N', N-tetramethyluronium tetrafluoroborate. Still another
practical and useful coupling agent is commercially available O-(7-azabenzotriazol-
1-yl)-N,N,N’, N-tetramethyluronium hexafluorophosphate.



(exothermic, 10 N NaOH added to maintain high pH and Et OA® Febo@weH03 The
organic | ayer was washed with H20 (100 nL) and brine (100 nL) then was
dried 5 (MyS04), filtered and concentrated under reduced pressure to give 3
(8.60 g, 96% as a pale yellow solid:"H NVR {DMSO-ds) b 8.28-8.30 (m 2H),
8.20 (s, 1H), 8.10 (d, J =9.1 Hz) 1 H), 7.54-7.58 (m 3H), 7.52 (d, J =
2.5 H, 1 H, 7.38 (dd, J =9.1, 2.5 Hz) 1 H)) 3,98 (s, 3H. This reaction
was repeated three tinmes and gave al ways 96-98% yield which is
significantly higher that the 68%yield reported in J. Med. Chem 1997, 10
40, 1794. EXAMPLE 4 Synthesis of Boc-4(Rr(naphthafen-1 ylnmethoxy) profine
(4): i 1 ~~~0 N Boc~ COOH (a) Commerciady avail abl e Boc-4(Rrhydroxyproline
(5.00 g, 21.6 mmol) was dissolved 15 in THF (100 nL) and cooled to OC.

Sodi um hydr i d@h¢ eaintl repaios isendystegiin an lnegsplvent, a1g. dichieranpthenes added

portionw se O‘éeétormler&Bkﬁe@ﬁlfcﬁmdmtdbemumemsﬂalenw&m;éged at RT for 1 h.

Then, 1-(brompet hyl ht en pr d as descri bed
in E. A Dixon EE 'g@%"'"ﬂalv %M‘\{“%rp?\%g%f ' %%W%é%(e | gge)d%?/vas added and
the m xture werairteathedeastion mikiugaatedH of gbout 8THes wawtonmnMurpwa&d into
vat er (300 520 ygHghs E&Qséﬁ@@b%d‘&b‘td"arhﬁmﬁﬁctnoﬂ'bﬁe a?!rfﬂf%gésadéﬁﬁeeH’aQ miei di fied

y

with 10% aqueOlﬁ%!ﬁ and extracted twce wth e acetate. The organic
| ayers were cé PhBd and washed with brine, dried (MyS04), filtered and

concentrat ed. Wha & &&A%emeqya dﬁrbé%;ﬂ udﬁafnauéyaéhn&erté}mp&%pma&é9 49: 2

hexane: et hyl acet ate: acetlc N%IQ Eﬂ" Ei‘ ound as a

col orl ess oi | Igaftagheddy aEE‘@B'W%P?f ier(usHal nytmg% Pse "2“9'”? $RE8®ed t he
presence of t wontaintagrepshat iliGedrbwitmihe tarbhrylicigréup to figrmi tdndl that i@ Stakld, J=14 Hz,
1 H)) 7.55¢7. r d) J=J=8
) 1 H) jostggglfn%ng dﬁl@gémt re’amgn clé&ﬁla{ep Exaﬁvple§ omlécrfl?r&%hl%%l_b 1 36
(s, (319) 9H) OrEm@&me@V' rog byd@wet yiTg: F35 %Pdé’cfb%“%"@bm:w 5

Synt hesi s of Beczyb{dafel f&ingui nol i ne rret hoxy) protl ne (5: "J ON~O?> N~ O
H (5) Boc-4(§2 hydr oxyproline {1 in anhydrous THF (20 nl)
was added to Hagy 9&}5@#@@&*@@%@%@40'6&!azra'&b'eer@byothweairqdC@Am'ﬁ#@nym. n THF (100
nL). This ni Xiauil@ireway inebipbratd. A@ernativelpafiodrainb ackdrearetic iydordbreieti shahe ne from

Exampl e 7 2 n F i | on
m xpﬁr e was hgg] &Hp&%(b%(& 1“% h??wgeg i Jeag’egéég k) 19;33995r %b%
careful Iy w t Hthpgen. FShensd R- Q &VW%@G%Sﬁﬁyé‘maﬁ‘é'taeﬁa‘f“ﬁal\?B?,’B%P“and t he
resul ti ng nmat ¢RIl Plessv@xfoet, $188D) @8l -148). Bn@aditiartd tHe2Gregdify, bther rhatbods chqueous

phase uals SCORRAEA AN IR dhdlitl bl 830 ARG OSEId ko il S ! o1 ¢

bei ng extract ase was dried S04
fil tgr ed and @MWB%?ﬁvr?at% Pt"?f““g?%“'%?‘ BPoﬁﬂ?‘b‘iq éﬁg‘i)fé@a%u”lﬂ?"weff | gswﬁ .
chr omat ographwdérftieneinEds., X086 RépBHEsCAGB)S, gmlmslShBiolde,éNoed 23npandd, (5) as a

pal e yel | ow s QlhdlrkZpls, Hau¥BH) 10bF ot oty oty MR MR flpjpyafove

rotamer 15 popul ations 2 2 xd, J
4.14 and 4. 14 Sypihesis’ ﬁyﬂngsr-waezNee" 55“ ﬁ‘gg})a‘“ﬁ's&'ﬂé“r%s ‘ﬁ”f’hﬁ% arsfepgby 7 91 [d, J
=7.94 Hz, 1 IH)c):rpé’raVeEb&meerénca 7.0 Hz, 7.63-7.54 (m 2H), 5.14 (2 x s,
2H),432429(m1 4.14-4.07 (m H)352344(m2H) 2.43-2.27
(m 1 H), 2. 13hefungtiopahgroupsipt th&C%ﬂtaﬂH aT*ﬂMC‘(’%Q%G@"V gust bepsolaatade 6 20
Preparati a3 ofduiahelédipting feaibriato guibidiotnmatien 4 undegird bbidse Théprotstiing

groups that can be used are listed in Greene, “Protective Groups In Organic

Chemistry”, John Wiley & Sons, New York (1981) and “The Peptides: Analysis,

Synthesis, Biology”, Vol. 3, Academic Press, New York (1981), the disclosures of

which are hereby incorporated by reference.

30 The a-carboxyl group of the C-terminal residue Is usually protected as an ester
(CPG) that can be cleaved to give the carboxylic acid. Protecting groups that can bs
used include: 1) alkyl esters such as methyl, trimethylsiiylethyl and t-butyl, 2) aralkyl
esters such as benzyl and substituted benzyl, or 3) esters that can be cleaved by



| wN. 0 ~OfNOOON(6) 10 February 2003 54 Conmer ci &lQ Felavary 12883 e
Boc- 4(5~- hydr oxyproline nethyl ester (500 ng, 2.04 nmmol) and

7-chl or o- 4- hydr oxyqui nol i ne (440 ng) 2.45 nmmol) were placed in dry THF (10
m.) at OC. Triphenyl phvsphine (641 ng) 2.95 nmmol) was added, followed by
sl ow addition of DI AD (426 ng, 2.45 mmol). The m xture was stirred at RT
for 20 h. The 5 reaction m xture was then concentrated, taken up in ethyl
acetate and extracted three tines with Kl 1 N The aqueous phase was
basified with Na2CO3 and extracted twice with ethyl acetate. The organic
layers V‘erenﬁlarﬁgbé‘%atn@h‘t BFmiY e u eaﬁéé ra@‘i’nc?’z’lﬁoé‘tﬁ@%@d’h@ﬁﬁ&lto give a
yellow oil. The oll was purifie I ash chronmat ography to give the nethyl
ester as a ®Bf% solid, 498 ny, 58% y| eld. 10 This nethyl ester (400 ny,
0.986 mml ) was hydr ol yzed with 1 Maqgueous sodiumhydroxide (1.7 nL) 1.7
mol ) in neffhercaming greup, °f£t3°0@f“|ﬁ%$°'®t¢1be W‘@dpl!ﬂq gavingpepide shaiprat ed t o
remove the WiishaeBloigith POy AhasclekidLrdubAAR. Skan BESeayspens on
was concentrated to dryness an met anol e salts
were fil$er @amplesaaﬁauciwows 'Dﬁ'b!ﬂ%» U@@M'egﬂwm%h @8 formyk tﬂfh@fQ%QM ed
conmpound (6 y NVR ( DMSO- ds)
(ca. 1:1 ni phihlyfnd o i&‘%ﬁ?%“"“éﬁ 2)3“%'?5@ Cé}Hm&tﬁzgYé'%sq‘"?hgsls 8.00 (m 1
H), 7.99 angemzyimxyearbonyl @bzqr@@neéubgﬂtuieg bﬁﬁzylormrborwlaa@nea J=5H, 1

2') 12)5 585H§ﬂu¢5 |_b/lr'lnelri')yloxﬂcajrgﬁnyf’f(Ffﬁ?loc().lf}?)) digl'fﬁtlc c%rt%lﬁa?e é?oubglsuéh ’a‘Q éeorﬁ E>5<i IVI(DEE 73

Synt hesi s obUB@éyQ?(fP@M(%bWFWC%?%WQWVRBYWH@O&@M%|a6¢| ne (7): V
Boc- 4(Ryo (22 )ébrb?m _)W&Mkﬂ@éﬂbﬁﬁfa{’e Q%Qbs mdhl asr@cneaémynes&cfa&%rwm

tert - but oxi de % was added tions) over 15 25
nin to a s8N PB"HaB °B¥F@"2Rf\¥l~5h 'HY'&E?U%%!CPI%*’(F%‘eﬂﬁmﬁt“yb@mib EP)in DvBO
(83 L) i altylsgl sach EBt@ethuymanauu mldl@ﬁnﬁtriﬁgfg?du;ﬁs&ﬁa@ for 1.5 h.
Chl or o- 2- ph nethOXéqU|noI|ne 3.(8.61 g, 32.0

ol ) was aBgéW"Z‘l?cﬂ’bBBY'ﬁng iR BY Y. The isTenst o amBp PSTeRin GTPEP Brhe
react| on m eliNEBORST Fakdc. MéhyRimiAG a@dfdéﬁ'lvétﬂlebswﬂw profetdd BEpSHEENS| On was

poured in H20 5650 and t Wﬂ @ure was washed with Et20 (3 x 150 m.) to
renove &xceS¥MBRHSABLAMBRICIRLY pYaleRle- was later found to be m)re 5
efficient). _The aqueous er was, acidified with aqueous, 1 N 38 nL of
cal cul at ed TN8 %sging. Pf?‘sa‘u?@r%raup 9!3’%8 ”ﬁ’ﬁ';y gqge ﬁ"ﬁma T repfilve ji f @V PRY t hat

preci pi t at ego WRScoUPRTY/E tRsIndxt afmrhd a@a l Whenﬁh@ B6® gﬁiupss)hssh \WRsmethodd ofinder

0,
reduced pr essgr eﬁ(r)evt% |U£‘0(a)c59tlc &lcf%iI neat or m Qlchlororrlﬁett(\ja%\rel X?Hbl in dlox(a%g o? mg’ 9L %

contains 2. %
ethyl acetate. The resulting ammonium salt is then neutralized either prior to the
20 coupling or in situ with basic solutions such as aqueous buffers, or tertiary amines in
dichloromethane or acetonitrile or dimethyiformamide. When the Fmoc group is
used, the reagents of choice are piperidine or substituted piperidine in
dimethylformamide, but any secondary amine can be used. The deprotection is
carried out at a temperature between 0°C and room temperature (RT) usually 20 -

25 22°C.

Any of the amino acids having side chain functionalities must be protected during the
preparation of the peptide using any of the above-described groups. Those skilled in
the art will appreciate that the selection and use of appropriate protecting groups for
these side chain functionalities depend upon the amino acid and presence of other
30 protecting groups in the peptide. The selection of such protecting groups is
important in that the group must not be removed during the deprotection and
coupling of the a-amino group.
For example, when Boc is used as the a-amino protecting group, the following side



of DMSO) as a beige solid: 10 'H NVR (DMBO-ds) 8 (2:1 m xt 0 Eelrbaryd20dier s)
8.27 (d) J =7.0 H) 2H), 8.00, 7.98 (2d, J =9.2, --9.2 Hz, 1 H,
7.48-7.56 (m 3H), 7.45, 7.43 (2s, 1 H, 7.39 (d, J ~ 2.5 H, 1 H, 7.17
(dd) J = 9.2, 2.5 Hz, 1 H) 5.53-5.59 (m 1 H), 4.34-4.41 (m 1 H), 3.93
(s, 3H)) 3,76 (broad s) 2H)) 2,63-2.73 (m 1 H, 2.32-2.43 (m 1 H)) 1.36)
1,33 (2s) 9H). EXAMPLE 8 15 Synt hesis of

Boc- 4(i 3~. (2- phenyl - 6-ni t roqui nol i ne-4-o0xo0) proline (8): .o0. ono NOz BocN O
~ OH (8) Diethyl azodicarboxylate (0.77 m., 4.89 mmvl) was added dropw se
to a stirred solution of triphenyl phosphl ne (1.28 g, 4.88 mmol ) in 15 nL of
tetrahydrofuran at 0OC. After 30 mn. of3 stlrrlng under nitrogen a solution

of Boc-4(S)-hydroxyproline 20 meth ester & %‘ 08 nmol ) was added
in 5 ni of teshelNyRIPYRUSTAHP arelsplsﬁka@d anesy/fonyh Hesyh oisties. eamrhgrustdol y

avai | abl e 6- vjrbtesriie SRRNIUe dhathitt amiromokis §ich3B Lgs ard AF; asetamidonatry) m_ of the
same sol Ve“tTh%Té,g@g%rm@émfswﬁueﬁéé  doh 8 ub el to brudbh the sBiadfontiitha?t KT

over ni ght vacuo mal ni ng ol

diluted in et#igd chaipef %@'r@h@nm&m&tﬂeﬁ‘@@ bjuged @Gfﬂt%hﬁlh&,’@?’ﬁ)’onat e, once

¥V| It h waéI ers 35@%]@% dﬁbih&loflyeﬂrwethraamme@r pyRindgproiee and szl sterd c4Vh SOa) .
Iltered an eV

silica gel (7?? %&ﬂ Rf? °‘h‘é'§? c%§%&a&§ﬁ§%§sp§@5Qgﬁgﬁ@g@g{ﬂg e;)ver

affordl ng t headfksired rrethyl ester as a Ifght yellow solid (1.70 g, 85%) .
"H NMR(CDClI 3) rotaners = S 9.03:- (d = 2.5 Hz) 1 H), dad, J = 9,
2.5 Hz, 1 H),WaenEmegjs °t!°89" 5" o-gmipg §”°€°.°ﬂ%-' 85.”6‘% 'eﬁi)b"‘ma,sedzpfsec 50 (m
3H), 7.19 (s, grdugdare cceibbldOFdrinstahcd)Boc d4arbie sed fat lysing ahﬂarg(hinal-ten- 4.61 (t) J
= 8 Hz) 0.4H) 1 H,

2. 55- 3, 4719 m 24 NG e g, Brachily g niiyeione, 85 i ook Gipte ) e
met hyl ester fdsbendgtamic peid.Friphgnyirpetayl gir )lﬁ‘?°é°t¥)‘f’a sed BB the n) was
added i t hi unthibydniakingaideeramyftbysteige.( 85 ng, 2.05 mmol). 2 nL of MeCOH was
added in order to get an honobgeneous solution. A white precipitate resulted
within 30 ni nOncptee elengatian of gheRepiiiers pespPlatad alkefithe Rigteating @OUPHRrean addi t i onal
10 6 h. The rgarldd WHENd lquid pnass stnthedisld used, theaimtading groapssab ut i on of citric

ChuSosyy AR BrLAGh Rl hafihel)d q-&&@& B flo oic: AERARNALLBYRY THES 1T 2

desired aC| d Q'S?edU’BHaNI\YF@" (kR deop @@ 8‘ 87 (m 1 H), 8.47 (dd) J = 9,
3Hz, 1 , (s, 1 H),
e 7 o (m é’d%g;s:? s?é‘h SE')’S ';? ﬁ %eﬁt'f%i{@?%";d i éé
3.89-3.76 (m SfIZH)aFGtBJSHBWfQ thPZGPQ"PHa' af the P"°‘2°W -goups; W“ fretiioc PT‘@BO"( s 9H). P1
BUI LDI NG BLoqﬁah@%NEagﬁn thoAyntfosl, restinentalith abyidroue HFfcobtalring RYdi{veS, 28)
1-am no- th cl.opr.op 20 ¢
But OZC~CQ2 6 X ﬁéf‘ d'gﬁ{':‘?" %&Fe @GF@E gﬂi% Q(Igeuggb-grxg& §t 6"8!?@{5 Opﬁ?%rﬁggl benaene
b) ~BuCK, Hzomamed for-¢leiving the peplige-fren the pasing Tipe Clevagrp! fhe Peptive cawt Bu ~~H Cp
t E3u ethyl sygsd e 4csm@mikas byiephcid reagents such as trifluoromethanesulfonlc

acld/triflucroacetic acld mixtures. If the Fmoc protection method Is used, the N-

terminal Fmoc group is cleaved with reagents described earlier. The other

25 protecting groups and the peptide are cleaved from the resin using solution of
trifluoroacetic acid and various additives such as anisole, etc.

1. Synthesis of capping group B

Different capping groups B are introduced in the following mannet:

1.1) When B Is ap aryl, aralkyl: the arylated amino acids were prepared by one of the
30 hree methods b :

a) Direct nucleophilic displacement on a fluoro-nitro aryl moisty:



9e 10 February 2003 57 d) 1.0 M TBA THF H2N COZt Bu RT t10 Felirary 2003 et hy|
syn to ester mxture (RR)/(SS) a) To a suspension of benzyltriethylamoni um
chloride (21.0 g, 92.19 muvl) in a 50% aqueous NaOH solution (92.4 g in 185
mL H20) were successively added dl ten=butyi mal onate (20.0 g, 92.47 mol)
and 1, 2-di bronobutane (30.0 g, 138.93 5 mmol ). The reaction m xture was
vigorously stirred overnight at RT, a m xture of ice and water was then
added. The crude product was extracted whyth CH2Cl 2 (3x) and sequentially
washed with water (3x) and brine. The organic |ayer was dried (MS04})

filtered and concengrated. The residue was flash chrogat ggraphed (7 cm 2
to 4 Et20 in hexan%p? fford t he ded,red cycl opr opane i vabjve 9c (19.1
g, 70.7 mml, 10 76% Y g )g_ 1H NVR ’SQQ%Q 81.48-1»70 (g & é? (s,
OH), 1.46 (s, 9H), 1.441.35 (m 1 BN 1C88H 64 (m 3H), L oY (1599, J=
7.6 Hz). b) To a suspeM®on of potassiumtert-butoxl de (GN%L g) 59.7A mol ,
4.4 eq.) In dry ether (100 nmL) at OC V\f%i added H20 (270 pL, % .00 mol, 1.1
eq.). After 5 min diest 9c (3.675 ¢g,"13.59 mmol ) in ether 0 nmL) was
added to the suspensi Th 5. reaction mxture was stirred.overnjght at
AT then pour oo BAeD: el ErBroeRBRS R, & VaS ey AR 5,0
The aqueous | ayein ihepresende bf 2dase sicheaslPdtassjium eiatbonatesatiad G o yikidaime at 0C

and extracted with AcCEt (3x). Th onbi ned organi c | ayer was successively
washed with wat epef'%%éﬁ&agﬁq%%qg@t er the usual treatnent (NazS04)

vel |ow 28 01 1 ( 1 EhERRb gkl Rotiids stabititt Bl BPan e00R:PReRB"5 1 (i
1 H), 1.98 (dd, 3898.12D, P2459246F):H)) 1.81- 1.70 (m 1 H), 1.66 (dd, J=
3.0, J=8.2 H) 1 H) 1.63-1.56 (m 1 H), 1.51 (s) 9H)) 1.0 (t, J= 7.3 He,

3H). c) To the aci #90~(2.017 g) 9.414 mmol ) in dry Bepzege (32 nL) were
successi vel y added l@ 1.50+rrL, 10.6i6 mmol) 1.14 eq.) ) PA (2.20 nmi,
10.21 mmol, i.08 25 ey “gfhe reagf hotyur e Was™T ef 't \Orc8ol h then

2-trinethylsilylethanol (2.70 ni, f§.8 rr(?ml, 2.0 eq.) was dtided. The
reflux was mai ntai ned overni ght then the react(on mxture was diluted with
Et 20 and successively whshed with a 1f)aqueous citric acid ggj ution, water,
sat urated agueous NaHCO03, water (2x) and brine. After the usual treatnent

(MySCa~ filtrati Giieflf DRSHREUIRIOFSHEhZERE (d) s Bctd@ With L1dihe Reidabyin 23 58
purified by flash chromat ograé)ga/oé\gaS [ 10% AcCOEt - hexane) to affo:ﬂ% t he

desi red car banat ®"%RENFS Ok DS TRRIASSIWRRRATRCBAP angka catglficapaymtel, o | .
M5 (FAB)10330 ( Mitbpper iddiddvit é?)el@th‘é-cﬂes(r@&N-é{yi‘ﬁminéaéﬁ-(é);1;3 (m 2H),
1.68-1.38 (m 4H), 1.45 (s, 9H)) 1.24-1,.i 8 (m 1 H)) 1.00-0.96 (m 5H),
0.03 (s, 9H). 5 @) NlelespHilPdBhI8cétRertd?8 tiftate By 48anAWE] ) was added a 1.0 M
TBAF solution in THF (940 pL, 0.94 mmol,1.2 eq.). After 4.5 h an additional
amount of 1.0 M TBAEK was adde@, (626 pL) 0.63 nmmol) 0.8 eq. Thg reaction
m xture was stirrvern,igrht,?at RT, ref d Rpr 30 mn § theh d(luted
with AcCEt. The soiutNep wa'de s uteE s vel i.th wat ety (2X) "Goo bri ne.
After the usual treatnment (MyS04, filtratiion {.‘hn %ﬁa&memaaﬁ on) the
desired am ne 9f V\/ﬁ\;; i sol ated (§) 84 ny, 0453 nol , 58 % yi el d)(i)as a pale
yellow ilquid."H NVR (CDCl 3) 81.96 (bs, 2H), @#. 60-1.40 (m 2H), 1.47 (s)

0.2 1) 1 1. o, Sty -4usighg (ks ;BaciSp nithid T AR P ABRRRY on of ¢
b ;Jt yl - (1R 2R)/ (9Sugbps Qﬁalﬁii?iﬁe at 2040y focyivd bmzypyétgp(am.bawbgémﬁbh Mﬁtmc;lﬁganpl e
9); o~ s~ ~""0 8 LXE ur € IR RI(S,S). 10a .10b | soners separated by

col um chr onat ogfpigh%e?%ﬁ‘ﬁ%&ﬁé’#&'ﬁ@&?ﬁ?%ﬁ'ﬁé und 9e from Exanple 9 (8.50
g, 25.86 s.treated with 1 M TBAFI THF (26 nlL) at reflux for 45 mn.
The cool ed r B noiRIaz DARYIVE:




20 with tOAc, washed with water (3x) and brine (1 x)) then)0 Gebreery(20§804),
filtered and evaporated to provide the free amne as a light yellow oil.
The free am ne was di ssolved I n anhydrous CHeClz (124 nL) , NW (8.5 nL ,
77.57 mol ), conpound 4 (Exanple 4) (10.08 g, 27.15 mmol) and HATU (11.79 g
, 31.03 mmol ) were added successively. The reaction m xture was stirred at
RT overnight, then worked up as 25 descs#bed previously. The crude

di astereoneric m xture was separated by Tl ash 10 February 2003 59

chr omat ogr aphy (el uent - hexane,; Et,@%_' 25 : 75) to provide the dipeptide
10a (the less polar eluting s oat)fm%tcé FT=%hi t e foam (4.42 g ; 64% of the

t heoretical yiel df=NFhif-Tote e—Trore—potrafmetNt-CEyHNBolP)-P&608Me i vory f oam
(4 g., 57%of theoretical yield). At this tinme both isoners were separated
but the absolute stereochem stry pps still not known. EXAMPLE 17

Det ermi nati on of the ppbspbmte st &reochem stry of conpounds 10a and 10b by
correlation with knews—t—but-yd (18 am no- 2R- et hyl cycl opropyl carboxylate O
NH 1la published conpgun OBIF%O'EE2 NZ ¥ 0H-8(sf-H@rPfH -PédemP HCI . HH 2 O 11b O
Boc-N' / OH O 10a Dire ofpari son by (I'LC, HPEC and NMR 10 15 20 Prof

A. Charette , fromthe UniR&rsity of Montreal , provided conpound 1lla

havi ng the absol ute ste@bchenistry as shown) which was determined by X-ray
crystal |l ography (J. Am' Chem Soc., 1995, 117) 12721 ) . Conpound 11 a (
13.2 ng, 0.046 mmol) was dissolved in 1 MHCI/EtQAc (240 ~L) and stirred
appr oxi mat el y 48)hihe Emodthiogyianaterpzepared ascpdingtie Keamest ey ak,sk998p JpOmii de

di b | . .
COmOUN | o, b3g! et AN B ERg EURLAC, ban R 1, o
and HATU (21.1 ner g péptdieaegmen] toi prodse hethioikea. cr ude material was purified

by flash chromat ography ( eluent hexane : Et20 ; 50:50 ) to provide the
di pepti de 11 c & Ehe blaurgayderivigtive isTeackpd wity amapprogriate krachokeRne tnpari son

di peptide 11 c, Sidb N Bort& pBRdiheg Mbididbedivativde | ess pol ar conpound 10a
obtained in Exang[‘)}l%el 10, thus pigﬁe'ngi fying ?h‘;eé 'a sol ute 10 February 2003 60

st er eochem ﬁgl""h@f‘ BRRAS(IR gQ%E:EXANPLElz Preparation of (1R 2RI (IS, 29)
1- Boc- am no-Z-et hyT cycl opropyT carboxylic acid: (12a) .
Protected P3 or the whole peptide or a peptide segment is coupled to an appropriate
acyl chloride or sulfonyl chloride respectively, that is either commercially available or
10  for which the synthesis is well known in the art.

1.4) When B is R;0-C(O)-:

Protected P3 or the whole peptide or a peptide segment is coupled to an appropriate
chloroformate that is either commercially available or for which the synthesis is well
known in the art. For Boc- derivatives (Boc).0 is used.

15 For example:

a) o)
ELOH——— E:Lo’l(c‘ + H,N-P;-[P,-P,]-COOE
b)
EL 0 /
oA

HN-P,-[P,-PJ-COOQEt
a) Cyclobutanol is treated with phosgene to fumnish the corresponding

chloroformate.

b) The chloroformate is treated with the desired NH,-tripeptide in the
20 presence of a base such as triethylamine to atford the cyclobutylcarbamate.



1. TFA, 0 C O COztBu 2: agq. NaOH, THF ~ CO2H Me3Si~0 ~ ~O 1(Boehru@ryPe032a
The carbamate 9e from Exanple 9 (2.6 g, 7.88 mmol) was stirred for 40 mn
in TFA at 0 C. The mi xture was then concentrated and diluted with THF (10
m.). An aqueous NaOH solution (700 ng, 17.5 nmol In 8.8 nL of H20) was
added followed by a THF (13 nL) solution of (Boc)ZO (2,06 g, 9.44 mol) 1.2
eq.): The reaction 10 m xture was stirred overnight at RT(the pH was

mai ntai ned at 8 by adding a 10 aqueous HROH sol uti on when needed), then
diluted with H2O, washed with Et 20 (3X) and acidified at 0O Cwith a 10 %

. citri J | i I t i . 3X
and successt SRR AN RNEDY F RS, MR RHRT o whblebepttder | 10
(MyS04, fi la peptidersegment isrtteated with phosgehe fallewed bylaBine-gsragseritesdn 15 ami no

acid (12a) 1§%§_§ugp%%$a&gé%2}% %yield) was isolated."H NMR (CDClg) 8

5.18 (bs, 1.55-1.42 (m 2H), 1.45 (s, 9H),
1.32-1.25 ( : wgiadd, J= 7.3 Hz). Preparation of

(4R, 2R)/(1sé,n?§l'.t§gs§8%!%%i'ﬁ%@5-§t hyl cycl opr opyl carboxylic acid nmethyl ester:
(12b) O40 28, rkhsi thtgl. EtzO o ¢ O CO2Me 12b The Boc derivative 12a
(0.30 g,” 1. ved in Et20 (10 nm.) and treated with freshly
pr epar ed dlgazg;mﬁ & AdlodrtidStrah Gvatvbs! the yellow color of a slight
excess of dl‘azonet hane re ﬁner%.e feter stirring for 20 min at RT the

reaction m xtur eTHasrdpariiiBhof AaimMetRi-lolitBhite P was Yene 8Ltordi (%tg%@ar
colorless oil (D.32 g, 10 February 2003 61 100% ."'H NNRGS 13) 8 5.1
(bs, 1 H), 3.71 ppedpp of K.NLamppeliehal. 2-Amer. Grern.cSocg ) 946), 88318443 () 1
H) 1.28-1.21 (m 2H), 0.95 (t, J = 7.3 Hz, 3H). EXAMPLE13 Enzymatic
resolution of nethyl (1R 2R)I (1S, 2S)SeHEME Hni no-2 5 et hyl cycl opropyl
carboicylate: Oa) Alcalase OOOw ~0.11 ~~~ OH+ OA~ " Ow p NaCH O

3c (RR"" mxytupe of (S, 9)I b) CHsNz Qve O 13b
y HPlaC usin i ripl cel b017- ufm "' <t her {erfs al so
accept abl e ) ) The enaftm ®&dteriT m Xt ur &YOIN{ 1S, ZSI7TIRS

1- Boc- am no; hyl car boxyl i Co ‘f‘gorret hyl ester E’h Example 1 Q al ,
1.27 mmol ) was di ssolved in acetone (3 nL) and then diluted with water (7
nm.} whilee beind2rapidly stirred. "™he pH of the solluti on was 10 adjfusted to
7.5 w(th 0.05M aqueous NaOH before Al caiase [2.4L extract from Novo Nordi sk
| ndustrials] (300 n&a was added. During incubation d;;H was stabilized with
NaCH and a pH st Bietlya§-quinolipgycargoxdiniacisriia was eenyptiedie the cemespRB®iRGsol ut i on.
After 40 h the m bt ' SoRfn i sat .
NaHC03) and the”%ﬁg';*ﬁ?””s“éygg‘?{_’at‘Eﬁsﬂ‘{*ﬁe&ﬁc‘?ﬁ%ous bh 's'ggaggmféfhdai‘sfe?ggfﬁ%th 10%
aqueous HCl and agentsuekyas ithium aliminigndhydids. cbreatngst 2l alcghol flb mith thgd
concentyated to gi L ; M-St ry was
determ fnf’gld usi ngg? 'gp_@%%?’gﬁﬁ ?‘gﬁégéls\)grgi)(%eeﬁg%ﬁ_ab&gnﬁr iggwfgrdggg&s;éfmcg)

Treat nent of an amogdigents ofdkis grocess ig Rresented iRl n Et 20 to give the

met hyl ester followed by analysis by HPLC using a chirai columm [Chiralcel
OD-H, 2. 5% B) Synthesis of aryl alcohol derivatives:

2-phenyl-4-hydroxyquinoline derivatives lllc were prepared according to
Giardina et al. (J. Med. Chem., (1897), 40, 1794-1807).

20 ScHeME Il
H
: Nb Rz
Rz lia
Q{YNHz PPA
(o] 0

R22 & Rzqp = alkyl, OH, SH, halo, NH;, NO..



20 | sopropanol | hexane, isocratic] showed a 51:1 ratio of tHeFelsugyy 3008ner .
EXAMPLE14 Synthesis of (1R 2S)I (1S, 2R) 1-am no-2-ethyl cycl opropyi
carboxylic acid: 10 February 2003 62 c) DBU, erg HO2C CO02t Bu CHaCN 9d RT
ethyl syn to the ester w al 1y1l02C C02fBu i4a ' e) Et~ ~PPl~ beru9ne (~ TFA,
Cl ~ ~than 2-trlinmethyleilyletharid 2 RT allyi00C Cp "~~~ ~N~ 14b ~ 1~
~SiMe3 f)1.0 M TBAF THF RT to reflex al lyyl OOC NHa yad ethyl anti to the
acid (RS) / (SR) Starting fromacid 9d described in Exanple 9: 5 10 15 20

(860 L, 5. 75 nihefy. beoAlopuliles iR corfohs Tl MU A5 Sh 1 e 2

eq.). The r eact i dHbyrand the éminesobidined wals tywlized it polgphespthorib @iddo goent r at ed.

The residue was dil uted yccessiyve h i th % ag.
citrc actd sor ullesPriEsddily ephendahy RISl Ml b edispdkd et
brine. After theofthisgprotessds prsentebtkSBrampleld.r ati on and concentration) the
desired ester 14a was isolated (1.106 g, 3.35 mol, 91 %vyield) as a

col orl ess oil. NOr@R&BptiaERh tifd\ptopesstdi\ie ¢ACHE Bt iB a8xdiBérebt B@NOen 1 H),
5.37-5.22 (rn, 2H), 4.70-4.65 (m 1 H), 4.57-4.52 (m 1 H),1.871.79 (m 1
H, 1.47 (s, 9H) Bemzdyﬁetliylé@te(' (la)iwa$ contleBSedl wd tHenapr3bpriaté aBBing (ibYin7. 3 Hz,

Sed TEAS (e eebdnca e afid afia}6e g bl bads S g ol Retiire el "2

C(I\)/Ir-lli ent Ir_| a}\l E/g t (c):Dgfsom 1) gwﬁothé%#emndmg?mﬁhmmm hyaﬂaﬁyqymelmé (N&YS A FAB) 2199
(2H) ) 2.22-2. 0(() ( ﬁ?es‘)éﬁiﬁ e’"'1°‘§%‘el"%§g %ﬁ{’m@?ﬁ IS pfe%ed“ié) 5‘7"09(%‘6% |'=?)('3°’E?F’9)léa"cf3 ( 4

7.3 Hz,18H) . e) 3e).acid 14b (853 ng) 4.30 mmol ) in dry benzene (14.8 m_)
were successi vely added Et3N (684 p.L, 4.91 mol, 1.14 eq.) and DPPA (992
p,L, 4.60 nad. Syhtiesisss{.P2: The reaction m xture was refluxed for 4.5 h then
2-trinmethylsilylethanol (1.23 nL, 8.58 mmol, 2.0 eq.) was added. The reflex
was mai nt ai ATheegmthesisiof 4-sabstituted prdife Fetilereinr? i2 @G3c!ER tocthe ting viand xt ur e

was dil uted with a 10 aqueous citric acid
sol ution, %ng%n Eﬁh@ﬁﬁ%&%ﬁﬁ%ﬁ%ﬁ@?g’czx) and brine. After the
usual treatnment (MyS04, filtration) concentrahl on) the residue was flash
chromat ographed (5 cm 10 to 15 % AcOEt ank) to afford carbamate 14c 5
(1.212g, 3.866 mmol, 90 ! yield) a~s a,paler~yellow oil. M5 (FAB) 314 (MH);
"H NWVR (CDC13) & 5.93-5. 84 (m 1 Heoc3B. .20 (m 2H), 5.05 (bs, 1 H),
4.60-4.56 (m 2H), 4.20-4.11 (m 2H)) 1. 7rﬁ'7°%H60 (m 3H, 1.39-1.22 (m 1
H, 1.03 {t, J=7.6 Hz, 3H), 0.96-0.86 ( H))004(s 9H). f) To
carbamat e 14c (267 0.810 ol s added a i.0 TBAF sol ution ip 10
THE (1,83 nt, i s sngus BEOEmAY AEHBINGOR 1 RIGPRRS Sestiterdy
overni ght at RT, Elzﬁuerra et al. (Tetrahedron, (1993), 38, 8665-8678) and C. Pedregal et al.
(Tetrahedron Lett., (1994), 35, 2053-2056).

SCHEME IV
2
: : / _—_)
coon coosn COOBn
Ve
R? R’
— N : j T Boc” N
COOBn COOH
vd Ve

20 Briefly, Boc-pyroglutamic acid is protected as a benzyl ester. Treatment with



refluxed for 30 min and then diluted with AcCEt. The sol uti®ebsaary 2003
successively washed with water (2x) and brine. After the usual treatnent
(MgS04, filtration and concentration) the desired anm ne 14d was i sol ated
(122 ng) 0.721 mmot, 89 %yield) as a pale yellow Illquid."H NWVR (CDCl 3) &
5.94-5.86 (mi H), 5.31-5.22 (m 2H)) 4.58 (d, J= 5.7 Hz, 2H), 1.75 (bs,
2H), 1.61-1.53 (m 2H), 1.51-1.42 (m 2H), 1.00 (t) J= 7.3 Hz, 3H),
4.70-0.62 (m 1 H. EXAWMPLE1l5 Synthesis of ethyl-(1 R 29)I(1

S, 2R) - 1- am no- 2- vi nyl cycl opropyl carboxylate: 20 Ph ,+ ~Br a) ~BuOK ph Ph~
N ~CO2Et Br THF N CO Et z 15s 15b -7$ Cto O C Ph.i5c b)iN aq. HCO Et20 c)
NaHC03 d) 4N HCl/dl oxane HCl ~H2N C02Et 4%Bd vinyl syn to ester a) To a THF
solution (180 nL) of potassiumten butoxide (4.62 g) 41.17 mol) 1.1 eq.)
at-78C was added cagwencdags suehag fihiugsligenrepyigmidedaliowed bypadditospfam ol ) I n

THF (45 n). fThe4(r) &Rﬁétin@_? éﬁtwrweom#)mémddwreleega%@nﬁé ivwaﬁ%gtfthi sh
tenperature for m F m_xt ur ) ool.ed back to - or the
addi tion of 1 4-di BEETHSRG @ﬁéW%"?ﬁ%%%‘%%‘ﬁ%eﬁ%) and then stirred at
OC for 1 h an Risek to -78 C for the addition
of potassium :E%FP&%ﬂtﬁg%ggb%ﬂg%g&ﬁﬁﬁ@{%l) 1.1 eq.). The reaction

m xture was finally stirred one nore hour a-f€ and concentrated to yield
conpound 15c. b, ¢, d) 15c was taken i Et20 (265 nl) and treated with a
1 Nag. HC solution 5 (106 nL). Aften 3 h at RT, the |layers were
separated and the aqueous |ayer wWeef wasped with EtzO (2x) and basifled with
a saturated aqg. NaHCO3 sol ution. The dexokd am ne was extracted with Et20
(3x) and tHe conbi ned organi c extract was washed with brine. After the
usual treat nemay(bblga@idd ofit(uking sl differenhprocesnesduscritted dalpwt he resi due was
treated with a 4N HCl solution in dioxane (187 nL, 748 mmol), After 10
concentration, hydhodMhesrR Ui amsiivt oriBwenalkyitas) the pridcess can bz own sol i d (2. 467

%, H)1)2- 273r9”'ﬂ(3|d, ?ﬂ %{Nécﬁ‘éHdzﬂeco'rled tNMeBrdcmd ab;soﬁbéﬁ By E. Mbshit3dthi. %J.5- 75‘2 i ?% (m
2H)) 2.T7-2.70 (m ﬂ"f“'%“,e"fz.“égg}%%%%%‘ésé%i ﬁ’,‘@#@ﬂﬁ%@"{%ﬂ?mié é((:’g'd, J= 6.4,
8.3 Hz, 1 19, 1.33 hydroxgerolineds frgatedyith a haspRyshas padiym hpgridp o patasskimof
%&2%12, 22F<1-1 Egci Wb;&grx@eugmhb@@ltiﬁ@ﬁlmdde rsméanmmlriab-me(ainleﬂn g, ester: C
t ~ . n.to ester
The hydrochl ori de gigﬁtm g‘%%hf %Bg‘%ﬁ@%%@g%ﬁ%@@%%&%s Ef%é?ssa 7 mol )
wer e di ssol ved i n FepressotedinExamales fehdd-wi th DMAP (0.13 g) 1.04 mmol, 0.2
equiv.) and 20 dil sopr0 t hyl am n 2.8 15 6 i). The reaction
qutur)e was stirre) %heﬁ)‘%ﬁ?ﬂ%@rgﬁti'ﬁﬁgmqoﬂ%érwr?%re@om)c (40 nL) and washed
successi velsy wi t h sdan MitslridB0 Bsactian) (Mitasobiy (1881 sSyAiesis.aladuanatl-28bRanse.  The
orga]p! c Fhasebwafsl g d1.ed odsyDi4bit. deid2 ,@Zmaﬁutaﬂmﬁmk@m,?mé),fr&. Qégt\ée after
urification r P . ,
83% 'H NMR (C>[/)CI 2381 §P1§8rgggg%%%'%&%6%@%@'@%(‘8&?2@5& 17. g, 17.2
Hz, 1 H)) 5.24-5. i B(dfly, comméyclalp avayalle Boc-4(Sk:hgirgxyprolir® methyl asteis 4. 224. 13 (m
S::DD , i %g' Zi 04J( m t;éaéé‘&wlthltgﬁépplopﬁate(aké&alccﬂhofl)r,thl&léﬁﬁe %réﬁer(dﬁlolf_ é H) . 1. 49t (s,
, 1. : ~ 1. . [ nzymatic
resol uti onof et hyf”"'{'%&’?’&@f%ig{"&é%hﬂgzgﬁ#%ég’%% \gel @ﬁ§§%¥ @Béﬁ"gcar %oxyl at e:
~ OEt a~ Al cal asesterighydralyzeqid the @ids| Spegific emimgdiments of thes preeesea7a (S, R) 17c
RS presented in Examples 6 and 8.



vinyl syn to ester | . !' *Anatysis by HPLC using Chirel cel0 EBepripydd0Q8n | a
15 a) Racemc derivative 17a (0.29 g, 1.14 mmol) was dissolved in acetone
(5 nm) and diluted with HzO (10 nm.). The pH was adJusted with 0.2N agueous
NaOH to 7.2 before Al cal ase was added (300 ng). To keep the pH constant
during incubation, a NaOH solution was added by a pH stat tltrator over 9
days until the theoretical anpunt of baa had been added. Fol | ow ng

aci d/ base extraction as described in EX ﬁml e 13, the unhydrol yzed ester
(0.15 g, 100% and the hydrolyzed material (0.139 g, 95% were isol ated.
Anal ysi s of the unhydrolyzed ester bPCHEME ¥sing a chiral colum showed a
ratio of 43:1 of the desired conpound 17c that was. assigned the (R S)

st ereochem stry based on chem cal correlation cri bed i n Exanples 10
and 11. Conditions for HPLC@nal ysis: Chiral cel (4.8 nmmx 25 cm,

i socratic conditions using nobi |_eagiage of 5% [ SR panol / hexane.
EXAMPLE18 Resol ution of (1\R S)I(l 2R) 1- m 0- 2-Vr A | cycl opr opyl
carboxyl ate by crystalli 2ert"i 0 t h™ benzoyl - rtaric acid 20 Ot

HC1. H2N O (18) To a sol ution #f '‘crude racemc (f S, 2R and 1 R 2S) et hyl

1- am no- 2-vi nyl cycl opropyl carboxyl ate [obtained from

N- (di phenyl net hyl ene) gl ycl nevet hyl ester (25.0vig, 93.5 nol) as described in
Exanple 15] In EtOQAc (800 nL) was added di benzoyl-D-tartaric acid (33.5 g,
93.5 nol ). Alkgnativetythe Mitsunbba reattion caaﬂ:bu:amédafut wﬁﬁoluB'bh‘aéé (SéhemegV)t hen

The sof fd Wlie 10 1e8 PERR ofhaadcfack tsefiegilan ancro sherdl R bisstitiotho sol i o

was sus p&ndmth aquuatsatfmenin(b'ﬁﬁhdba)mpsom (\d) @eld anhribiyl dfar;&d!obﬁul}; oriias sol i d

was next re lilze e Ln ef.one (cro Ilquors
wer e concen a%pé) ORI ? epgs ?raﬁgg%sﬁge”gﬁlf ‘PB1%C£'§8$'P %g in hot
acet one (crMb) B)wasked, dred, andwieaved froen thevegihous white sol | ds of

di benzoyl -D-Tartaric acid salt were conbined (5.53 g) and suspended in a

m xture of EtzO AZBRukirg¢actiod (Miyauraetal., KESSTH By, @onam. {11, 5A3nSato efhh

i Virate wis di TUCED o e Hof DBy nefE ot o e oS, 287 SaliEe

reducedt®r essur eal THE3).0). &gy Chemi 88,2204 sFrenatie easie d1994) HTedlett. 36(48],f or d

ethyl 1 (R-~am n e t 40 nygy,
11 % yiel o) s o | EChUIEY B ah (PR il Khesh £ WESEI 1 PO RRdPY” (o
363 +88.5C (c 1. qs@d\ﬁ@@!}herlipmnelmsbﬁeadswswmt(br oad s) 2H), 5.64 {ddd,
J=17.2, 10.4, 8.7 Hz, 1 H, 5.36 (dd) J=i7.2,1.6 Hz, 1 H, 5.19 (dd,

J=10. 4) 1. 63-9¥nthesis of B1moieties. (m 2H), 2.51-2.45 (m peaks 15 hindered by
DVSO, 1 H), 184(dd J100)6 )164(dd)J83 6.0 Hz, 1 H),
1.23 (t J 1 S f-thed Sible is 50f Z-sybstituted, t-amingoyrloptop) pUI’I ty was
det er m eed ¢RbHRNIOAciH0 €€ by HPLC anal ysi s (CH RALPAK AS col umm, Hex:| PrOH)
of the Boc derivatrve. EXAMPLE 19 20 preparation of (1 R 28)|(1

S, 2R) - 1- an e {mithdtid WASHORS QW@T\?% B6herhd 1. aci d net hyl - ester

hydr ochl ori de (19~ H3N+"COzEt , HCI 19cCHO 18a ' ~N~CO2Et gr ~Br NazS04 /
TBMEL(O:Bu (2.1 equiv) Et 9N19Dbt ol uens§S E@q& H30+ t hen NaCOHHzN~Et Bo~
BocHN~Et Na~ ~BocHN~-MeTBME~ MeCH19t ! 19et reparation of imne 19b

Q ycine ethyl ester hydrochloride 19s (1519.2 g,10.88 nmole, 1.0 equiv) was
25 suspended in tart-butyl methyl egpet L). Benzal dehyde (1155 g) 10.88
nol e, 1 equiv) and anhydrous sodi um sul fat e (773 g, 5.44 nole, 05 equiv)
wer e added and 10 February 2003 67 the nmixture cool ed to S @in an

i ce-water bath. Trigthfhagjene (2275 m¥lb 16.32 mgle, 1.5 equyV) was added
dropw se over 15 m n (use 0.5 L of tart- butyl‘rrET{'rm-’et her r rinses) and
the mixture stirred fqp, 40 h at roo rature. The P@fcti®hP was then
guenched by addition 01J ice-cold wa@er (5 L) and the orgagjc |ayer was 5
separated. The aqueous phase was sa@t ed with tart-butyl methyl ether (1
L) and the conbi ned organi c phases wdshed with a mixture of saturated
NaHCO03 (400 nmL) and water (1.6 L)) gRpd then brine. The solution was dried
over MgS04) concentrated under reduced pressure and the residual yellow oil
dried to constant wei ght under vacuum (mne 19b was obtained as a thick
yellow oil that solidifies at -20 C (2001




10 g, 96%yield): "H NWR (CDCI 3, 400 MHz) b 8.30 (s) 1 H), 07Féb9ua(m120@3-|),
7.48-7.39 (m 3H), 4.40 (d, J =1.3 Hz, 2H), 4.24 (g, J = ,2H), 1.31 (t,
J ~ 7 Hz) 3H). Preparation of racemc N-Boc-(1 R 2S)/(1

S, 2R) - 1- am no- 2- vi nyl cycl opropane carboxylic acid ethyl-ester hydrochl oride
i9e: Lithiumtart-butoxide (4.203 g, 62.5 nmol, 2.1 equiv) was suspended in
dry toluene 15 (60 nL). Imne 19b (5.020 g, 26.3 mol, 1.05 equiv) and

di bromi de 19c (5,348 g) 25 nmmoi, 1 equiyy were dissolved In dry toluene (30
m.) and this solution added dropwl se over 30 mn to the stirred solution of

LI Bu at roomtenperature. After conpletion, the d red m xture was
stirred for an additional 10 min and quenchMi on of water (50 nlL)

and tart-butylnethyl ether [(TBVE, 50 nmi).] Th 0 aqueous phase was
separated and extracted a second tis with“BVE (50 nL). The organi c phases
were conbined) 1 N HC (60 |nL added pnd the m xture stirred at room
tenperature for 2 h. The or &gﬁ wap separated and extracted with

wat er (40 nmL). The aqueous 8&2@ e then conbi ned, saturated with salt
(35 g) and TBME (50 nl) was mgd to'ﬁbes@t rred m xture was then basified to
pH 25 13-14 by careful addiltion of 10 N NaOH The organic |ayer was
separated and the aqueous phase extracted with TBME (2 x 50 nL). The

organi c extracts containing free am e 19d r‘s conbi ned and

di tertbutyidicarbonate (5.46 g, v) was added. After .-stirring
overni ght at roamtenperature, C shomélﬂ sorre nreacted free am ne.

Addi tional ditertbutyl dicarbondteg!(1.09 g, 5 , 0,2 equiv) 30 was added
and the mixture refluxed f@r yl( at whi ch point C anal ysi s indicated
conpl ete conversion of 19d)Lo arbamate 19e. The)sol ution was cooled to
roomtenperature, dried gyer {jvg§@epand concercoa gm@mder reduced pressure.
The residue was purified by wash chromat ogr aphy Usi ng 10% t hen 20% Et OAc /
hexane as eluent. PurifiedRls9mtowses obt ai ned as alod)ear yel l ow oil which
slowy solidifies 1 68 under vaguum (4.014 g) 63%yield).
"H NVR (CDCI 3, 400 MHz (ddd} J =17, 10, , 1 H, 5.28 (dd, J =
17, 1.5 Hz, 1 H}, 5.18ébro sP1 Bll(dd 10, 1.5 Hz, 1 H),
4.24-4.09 (m 2H), 2. 13RO IN=8 5/Hz, T i)cod: @oéhroad m 1 H) 1.46 (m
1 H, 1.45 (s, 9H), 1.]26 (t,wJ =OR #z) 3H). 5 Pr¥paration of title conpound
19t via trans-esterifllcat fRosmtigfesterds | Bt hyl ester 19e (10.807 g, 42.35 mmol)
was dissolved in dry nethanol” (50 ni) and a solution of sodi um nethoxtde in

MeOH {25 % g(f gri fgf Z'éﬁi’otecﬁe% r\iﬁ%ﬁelﬂé’%& }I@ &‘HE% Ware W&dc cTé‘&lﬁlerHr € was

heated at 5 ol nt ana ysi s 1 ndi | ete

trans- est er (Synthesized acawding to K. BB’FGFS and Qhup-Yep K (%(Waeﬁ(ﬁ Et%ﬁbﬂ ane) .
The reacki 0"?4@? éé“i'é‘ad(’é’éuﬁd&bﬁﬁckendh@&@tb‘ﬂ%%@tdﬁﬁs?erqnd acidified to pH 4

usi ng 4N HC i oxane. Precipitated NaCl™ was renoved by filtration (use
tart-butyl mpy h%g@&él@étw%%d:‘@y%f&'d?@?@ le88 Hindeledl dséiSs pEridMRA th3flehnd Sddced
pressure. Tart-butyl methyl ether (100 nL) was added to the residue and
sol i ds renmoVéd by filtration. Evaporatlon of the filtrate under reduced
pressure and dryi ng under 15 vacuum gave pure net h}/ ester 19f (10.11 g,
99% vyi el d) . ) ThiReRId\dpds su bjegier M?“ ius reasranggment to-giyer g ragemio migyre pf 1)
5.28 (dd) J 1] \ddtb hé&&eém & viler'{}vR‘% s thel carbyi 1. 5,
AT moéyc\i%}o%l ox? lq.E vés i A élﬁg_/»dﬂ@brogd Sl
1.50 (briBad gmumAﬁpecmcwbeglmeMor WD@'?@ EQSQHQ?MWFP'%%I ution of
(1S, 2R ! (1R 2S)-1-am no-2-vi nyl cycl opropane carboxylic acid methyl-ester
hydr ochl or i deeBAdrmativetviselctva ester formation feerp the axic Vie with ap@pproptigies,  20a
4N HGi - di OX?'Bﬁ‘de (P'U or'ﬂ%h%“@H?%E'ﬁ%@?&fﬂhbngfch%fﬁl eétér is comgatlble

R, 2S) - 1- am no- propane carboxylic~acl ruary 2003
69 ester 2oavnhm@§ﬁlie@ﬂ\@shy@lrolmof(me Eomeg der@lysmﬁén’)eam@r@méw%wh n
acetone (3 nL) and water (7 nmL) was added. 0.05 M NaOH (1 drop) was added
to bring thd pCutivs rearreogementron Wh-gieszntacemimmixtwalohde 2. 4L (Novo Nor di sk
Bi ochemlls nﬂn&@c@?%&%‘caﬂ%x ta%fd)deﬁ'v\ﬁﬁ%sa\?ﬁﬁlﬁh RT:Q%@!%% t}"@% ét' rred
vigorously a e, el NEal i tiron at 8

usi ng an autcarmixylgroup. r.ﬁtspecmooemb@gmntﬁmgtmﬁ smlyesds amﬂe&rw&d iptExampleg at pH
8) addltlonall enzyne solution was added (2 x 0.3 g). After a total of 5
days) a tot aI of 8.3 nL of 0.05 M NaCH was consuned. The reaction m xture
was diluted with Et OAc and water and the organi c phase separated. After
washing with 10 brine, the organic extract was dried (MyS04) and
concentrated under vacuum Conpound 20a (0.059 g, 30%yield) was obtained
as a clear oil: "HNWR identical to that of conmpound 19f. HPLC (Chiral cel
ODH, 4.6 x 250 mm isocratic 1 % EtOH in hexane) 0.8 nUmn flowrate): (1
R, 2S) - 2 R 19 3 mn (970/() (1 S,2R)-2 R17.0 mn (30/() 15 Preparation of (1

™ NS\

.



hydr ochl ori de 20b: Conpound 20a (39.96 g, 165.7 mol) was di0Rahryay 2063

di oxane (25 nL) and the solution added dropwise with stirring to 4 NHCI in
di oxane (Al drich, 250 nL). After 45 mn, TLC analysis indicated conplete
deprotection. Volatiles were renmoved 20 under reduced pressure, and the
resi due co-evaporated twice wwth MeOH (2 x 100 nL). Ether (300 nL) and MeCH
(10 nL) were added to the brown, oily rggidue and the mxture stirred
overnight at roomtenperature resulting in the precipitation of a

sem -solid. L H (i i1 N GQRAL ) d for 6
h, at whi chAﬁgﬁ%'%‘ag%é‘f%%ﬂ%{?" 1R diparkfh & g.g?@%gig@ﬁ e v B
product wassymioibel catoxytgnodp) ivdestriveddelom: (50 nl} and ether (2 x 50 nl),
and dried in vacuo to give conmpound 20b as a yellow sh solid (22.60 g, 76%
yield). Filtrates (including washi nG3HEREA/HVvaporated in vacuumto give
addi tional 20b as a brown oil (7.82 g, 26%yield). Both fractions were pure
enough for use in the synthesis of HCV protease inhibitors: _JaJ]o25 +38.2 (c

1.0, MeOH). 30 'H N¥R (400 MHz, Q-ds) .15 (bropd HS 5.65 (ddd, J
=17) 10, 9 Hz, 1 k%g/%ge\&gg;nm%ﬁﬂg,—fﬂ—, g*l dd,_ J = 10, 1.5
Hz, 1 H), 3.74 (s)"3H, 2¥5¢ (q, overlap with DVBOpsi grth(,S%P= 9 Hz, 1 H),
1.86 (dd, J =10) 6 Hz,\} H) 1.64 (dd, J = 8, 6 Hz, XinjilhntomekBerFebruary
2003 70 EXAMPLE 2i Synthesis of 1-am | carboxylic acid methyl
ester 5 10 NH2 O ORHB ek 21a HCI / Hz | OV, Oy
1, 1- am nocycl obut anecar boxyl i ¢ aciid was \pr epar ed ac di ng to Kavin Dougl as
; Ramal i gam Kondar eddi ar ; Wbodar gy R co;:yntH. nmun. {1985), 15 (4) ,
26772 . The amino acid salt (21a) {(1. OVE;!. , 6.8 nmoles) was stirred in dry
met hanol (40 m) at -20C and mi xt §ir "YU EE Wi th dry hydrogen chlori de
to yield (21 b). Stirring of this mxture was continued for 4 h. The hot
sol utions “@‘#Lefakrhéﬁrcﬁ%oﬁﬂ%r&!a\h} éxﬁaﬁlﬁble%Péééi?BBlﬁr@z}tﬁéqﬁxg%@Vlla Witfr)g-t 0 leave a
u e atfforded a (

resi due whi c| on trituration in ethyl her L White powder
0.9p7 g. , g@afpgu@méﬂlbﬂnlptre&np@nfahasedprwu@es, Bifteqrydalgsispi the meguitihoCH3 0

(3H, s, 3.9 ; ; 7, : =2.53 ppm
and CH2 (2 H,Zmﬁ? m}"i‘z{@ai‘g ggéhr%g lly%%g%ﬁtgggﬁ%ezcg@g(@wg{ I’E%S giﬁc(‘ze ner al
procedur e f embedimsntsef thisrecass areipreseniad yoFxamplgdS@Nd. 19The synt hesi s was
done on a parallel synthesizer nodel ACT396 from Advanced Chenifech with the
96 wel | bl oBRrsolytien ekall af theabouernagtiemesia mixtyras pbearpen 1iMlemnd¥lidicansi ng

st andar g Sopk dafdaut iachni ques. The starting (Fnocam no)cycl opropane
(optionally substituted) carboxylic acid-Wang resin were prepared by the
DCC/ DVAP codbenagnatia srparqtian{Exaraples i3, 15 id) R C. Solid Phase Peptide

Synthesis, g Bg%t"é_lliz%%n ORR QML adidREXBRPRS18)f ord (1989); pp 131148). Each
well was | oaded with 1?‘(%3% of the starting resin (approximately 0.05

mol ). The PbShaRIGRLAS o ExrmpediWely with 1.5 nL portions of NWP (1
X) and DVF (3 X).. The Enbc protectin roup, was, renpved by treatnent with
5 e of - aFSUMNIDR ISSDHITGE: SHICTHNH 1 SREOINE HerSqg RS e e
resi ns 1\&r eoubwr@santed inEkarfpleparti ons of DMF (4 X), MeOH (3 X) and DWF (3
X). The coupling was done in DV

Enantiomeric resolution and stereochemistry determination can be carried out in the

same manner for the enantiomeric mixtures at carbon 1 wherein the substituent at
C2 is antito the carboxyl group (VIi).

3.2_Synthesis of 1-aminocyclobutyl carboxylic acid

20  The synthesis of 1,1-aminocyclobutanecarboxylic acid is carried out according to
“Kavin Douglas ; Ramaligam Kondareddiar ; Woodard Ronald, Synth. Commun.
(1985) , 15 (4) , 267-72.



10 February 2003 71 (350 ulL)) using 400 wL (0.2 nmol) of d0FebkuasyR0®3 on of
Frmoc-am no aci dl HOBt hydrate in DVF) 400 ~,L (0.4 mmol) of a 1 M solution
of DIPEA in DMF and 400 wL (0.2 nmoi) of a 0.5M solution of TBTU i n DW.
After shaking for 1 hour, the wells were drained, the resins were washed
with 1.5 nL of DV and the coupling was 5 repeated once nore under the sane
conditions. The resins were then washed as descri bed above and the cycle
was repeated with the next am no acid. g&he capping groups were introduced
in two ways: 1. In the formof a carboxylic acid using the protocol

descri bed above (for exanple aceti c%eﬁggk?” 10 2. As an acyl ating agent
such as an anhydride or an acid chl !e follow ng exanple illustrates
t he cappi ng with_succinic anhydride: After the Fnoc deprotection and

subsequent wa ’ng pr ot ocol DVF was added, (350 pL) foll owed by 400 ~L
each of a DWF)s Iut| ou_o.f__s.ucm,m Cc an MLO M 0.2 2and DI PEA
(.0M 0.4 Thexre ng were sti 2 B and a |ng step

was pertormnmed. At 15 the p of the synthesis The resin was tWas ed With i
.5 nL portionsVi¥ DCM 3)¥§ﬁ MeOH (3x), D@M (3x), and were wini edi@ader
vacuum for 2 h. The cl eévéye fromthe resin and conconitant side chain
deprotection was effected by the addition of 1.5 nL of a m xture of TFA)
H20, DTT an@rigflySr¢amebt ofompoRnd Vilia viijh a basecin thdplesencd aff VIHD gives thene resin

and_concent ool St aaimale yile, Sihoukibolthe bAIRREERToRBl oo 5,

pr epar ats vegmoepsok\itic pndsradidit Eonditiong (HC[)ill&ldsdhel rlydr()éﬁiomm $oit GfARe M) . The

Cpect romet rEaer PR SRS T e et abigsS e GETER Pt caur o
for coupli nlgiemaaoltmtb-l@ aapecifio eswbditrienhof{ this estdrificatien iKdesaribed iral .

Tetrahedron Jﬁﬁﬁ , (1989), 30,1927?.} The reactants, i.e. a free amne (1
eq.) (or its yéJrochI oride salt) and the free carboxylic acid (1 eq.) were

di ssol ved i g &ais AP ButddMam ctcfiflo(} lQniactlcgmsphere f our

equi val ents val ents of the 30 coupling
agent re added to the stirred sol @.s(ta 20 m n, one equival ent of
the secohd reactant, i.e. a free ca%ﬁ cid was added. (Practical and
efficient coupling reagents for this purpose are (benzotriazol-1-yloxy)tris

D

10 February 03 72 (di met hyl am no) pho oni um hexaf | uor opfidsphat e ( HOST)
or preferabl - (1 Hpgnzot ri azol 1-yl) W Do,r N=toet r amenk P4fm

t et rafi uor obof at’e (TBIU)_or &7 _1. deprotection

azabenzotri azo -yl) - N, Nxl~JJtgbr anet h on urmtaefvamcafl uor u@ atle (HATU).
The reaction nmoni tored by JJLC. After ion of the reaction, the

sol vent was 5 evw¥por ated under reduced pressxgre obhe residue wa®d di S30l ved
in EtOCAc. The gol ution was washed succe55| vely with 10% aqueous citric
aci d, sat urah.@se aqueousNNEPE03 amgl bF‘aN ®RThe organi ¢ phase was dried
(MyS04), fi IW C trated u duced pressure. Wien the residue
was puri fi edp. neutralizagws done by fl ash chrog@t ography as defined above. 10

EX'_A"_\/'_DE E r 2_4 §?’ R p@@@ygﬁgﬁgﬁﬁg%w%gye sucé'|4%s 'Q‘A’be (Ra\hlls élk@al\éc( wiEh én ~O-N'a ~O-N
homoallylic electrophile IXb using an appropriate base such as a metal hydride,
hydroxide or alkoxide. Useful leaving groups in IXb include halogens (X = Cl, Br, 1)
15  orsulfonate esters (mesylate, tosylate or triflate). The allylic alcohol functionality in
iXb is protected with hydroxyl protecting groups well known in the art (e.g. acetate,
silyl, acetals).

b) In a second step, the hydroxyl function of monoalkylated derivative Xc is de-
protected and converted to a suitable electrophilic function X such as described
20 above for compound IXb.

c¢) Cyclization of 1Xd to cyclobutane derivative IXe is carried out by treatment with a



ON/ ON/ O ~¢c) LIOHON ------~ ~ N OH O~ O MOH THe/fgboiaty BO@ OH O
N~~ O N 24c H O H 0 conpound 304 a) The (R R) isomer of Boc-Et-Acca-Ove 13c
(0.12 g, 0.49 mol) obtained fromenzymatic resolution (Exanple 13) was
treated with 4N HCUdi oxane (45 m n) before 15 being concentrated in vacuo
to give a white solid. To this HCl salt (ca. 0.49 mmol) was added TBTU
(0.17 g, 0.54 mmol), the Boc-4(R(8-qui E2I|ne met hyl oxy) proline 5 (from
Exanple 5) (0.18 g, O. 49 nm)l) and DI P (0 3nm, 1.7 mmol) in MeCN (10
m.). The m xture was stirre ef ore bein concentrated in

vacuo. The Pé%ﬁ"ﬂ?‘ﬁ\j‘yﬁ‘ﬁﬁ%sr |aéﬁ°x\$3§§) &"QE’SSPXBVQ"H'VEW%ﬁ &R4s faiperal acids

sequent i al | yngvhélitraARaticH wittpéa adld%@eonww&ﬁ?@ sYRGnardritRisorkEisedd IXdBaD4) |
filtered and concentrated to give 24b a white solid (0.122 g, 50%. b) 24b
(0.12 g, O. ?Ssﬁﬂi‘fﬁ)eWsﬂalsF‘é’Qf%‘éﬁtﬁgraR'Tywth 4N HO / di oxane (30 nin) before
10 February 2003 73 bei nguconcentrat ed in vacuo, The resulting

hydr ochl or i §Optignally.the dpublg bapgin antq@a%avwgw%‘éumw (75 ng,
0.27 nmok), chE’aTﬁér{s&Z Vg th@ c%?reé%ﬂﬂd)nd dhtdvefed delfatildxgnd finally at OC with

DI PEA (0.15 n, O. mrol ). The residue was diluted wth EtOAc,
sequenti al | anmﬁﬂomuhheﬁ@smwrebed ﬁ@é&@,%r thelﬁ%rawﬁoftu pépﬂnaefandrobeeﬂ
(MgSO4), filtered and concentrated give 24c as an off white sol 0.2

g). This nafdmulg (')(‘B)heIﬂ'“gW 'ﬁ/éi‘s‘s“Hﬁgtﬁfﬂd\ﬁéﬁ!n?WCBVBlBVéﬁ%FdeY'HCﬁCE’o"eWUG
preparati vecbilﬁgﬁ.‘s,ﬁ tHdistép éiC as a white solid after |yophilization (35 ng,
33% . HPLC (98% (FAB) mz: 637.3 (MH"); HRMS cal cd for C3gH48N4~7
(M) 637. 36015'buf e sEhedl frofth/GroupdoRksigfing 61 AMG-R3IF; JFRPG-
populatlon) 87'§ 81 (2¢X§I§FBJ = 4.1 angw M, 1091 H), 8.40- 8. 36 (m 2H))
7.90 (d)93 = P& Hz, 1 H) 7.77 (d) J = 7.0 Hz) 1 H)) 7.6-7.54 (m 2H),
6.80 (d, J = and516(2xs 2H), 4.40 (bs, 1 H, 4.31
(t, J = 8. 3'sz'ﬁhHﬁ)1"]“&'t'%i"'?‘8) formplE a4 e 1 H), 4.03 (t, J =7.9 Hz, 1
H) 378372(m 1 H), 3.56 (s, 3H)) 2.35-2.2T (m 1 H), 2.06-1.97 (m 1
H) 1.71-1.55 (M1 OH)) 1.53-1.38 (m 2H), 1.2 , 9H), 1.18-1.
2H)) 1.02-0.93 (@7 2H), 0.89 (&g=kors7.3 Hz, . 15 conpougd-A07: c) To
24¢c (30 ny) ca. N 047ommt) wasyaddeslcbaOH &Hz eﬂqc 1 i\ '
hydr oxi de rmomigiydrgfe (12 myN Dy ol ) ikNHz0 Y1 r sol ution
was stirred rapidlyfor 48 h befoge being concengrat ed |n vacug. The crude
pepti de was di ssol ved i n DMSO and pur| f| ed by prepar at Ple HPLC to gi ve
conpound 304 . as.2 e soI 21 HPLC
(99% : N5 (l‘—”&ée"?rﬁz’s‘\(m '5“6‘2’@ Bg' %?&@ﬂﬂﬂ%%ﬂ%@rﬁ%ﬁf 623. 34448,

found: 623. »4Bgen, mémdsa)otaumgsgraup endmé’ﬁ is@pLarainoqmotetting drou 8. 90
2 x d, Hz, 1 H). 8.26 1 7.89
Ed)XJ H 3336%3%2’i%azgpeff‘{e'"eégb° 7 Hz 1 H) |7_|)67 53 (gns)zH))H)Zs 88 and

6.79 (2
619 2, rod el Ay ocpbles h Shoodh bTrMoRur ot 3 1)2 derte bace
2 35-2. 27 ( inhititorpepttiedRalogdr 2ya HCVH)S3 pratease isBibitay paptigelanalbgsthisl . 44 ( )

2H) , 1.37-%3%&5%&&&3@&%%%% oft- 18-1.05 (m 3H), 1.0-0.94 (m1 H), 0.91

(t) J =7.3 ) Synt hesi s of conpound 301 10 February
2003 74 0 W.O-dd\fdhihg 2 (dABbiy-préteBted) amino acid, peptide or peptide fragment with a P1
20 intermediate of formula:
R1
0-CPG
HN H,N

wherein R, is Cy5 alkyl, Cs.7 cycloalkyl or Co¢ alkenyl, all optionally substituted with
halogen, and CPG is a carboxyl protecting group.

The invention therefore comprises a process for the preparation of: 1) a protease



doll i , a O0OH O 25b b conpound 301 a) Conpound 25a (=1Uhhelra®y 2063,
1.23 mmol ) was suspended in anhydrous CH3CN (6 niL). DBU (221 uL ,1.48 mol)
and benzyl bromide (161 ~L , 1.35 mol) were added successively and the
reaction mxture was stirred overnight at RT. The 5 m xture was
concentrated, the resulting oil was diluted with EtOAc and 10% aq. citric
acid and successively washed with 10%citric acid (2x) , saturated aq.
NaHCO3 (2x), water (2x) and brine (1 x}7. The EtOCAc | ayer was dried
(MgS04), filtered and evaporated to dryness. The crude col orless oil was
purified b 90 10
7o pr ovi HLEHBEPece RRIGROAD B e piREase NS/ Fortcb sliog, niriedss

93% . MS ( FeBprisingthe step o320. 2 M—I 342 2 (MtNa) + ' H NI\/R( CDCIS) 8
737728(m5 5.22-5.10 (m 1 H), 5,19 (d) J=12 Hz H, 5.16 (d, J=
12 Hz, 1 H}, cpugl g a fyitably szscteq) %9‘“?@“‘*9[31?9“ %PﬁPt'@erfﬂgﬂ"e"ﬂ“Fﬂ‘a"O 91 (t,
J= 7. 5 14. 5 ikiermédiate ckPoruldonpound 25b (368 ng , 1.15 nmol) was treated
with 4N HC|/dI oxane (6 nmL) as described previously. The crude hydrochl oride
salt was coupled to conmpound 4 (from Ex le 4) (470.8 ng , 1.27 mmol) wth
NWM (507wL, 4.61 mmol) arid HATU (i d of TBTU, 525.6 ng ,1.38 mml) in
CH2CI 2 (6 nlL) as described in Exarrpl ?o g el d the crude racemc

di peptide as an orange oil. The F 10 February 2003
75 purified by flash chronat ography ( uent - hexane : Et20 ; 50:50 ) to
provi dest he pure di peptide 25c (the le polar eluting spot) as a white
foam (223ny ; 68 % of the theoretical yield). M5 571.4 MH 573.3 M# 595.3
(M:Na) + 5 WHeNmCPGoeel@)’bO%Prgtefﬂmﬁ giokPe of rot aners, 8 8.03 (b d, J=8
Hz, 1 H, 7.8 (b .d, J=7.5 I—%782 J= 6.5 Hle))761(b
s) 0.5H), Thsﬂ\'?"nmﬂfoﬁpmpﬂsﬁsstﬁe yse of g A1 'Bﬁ?“e‘éiat?@f(f%"y'a 0.5H), 5.22-5.11
(m 1 H, 5.08-4.81 (m 3H)) 4%1374(m 3H), 3.49-3.18 (m 1 H),
2.76-1.90 (m 2K%) 1.69-1.48 (my*3H), 1.40 (s, , 1.40-1.23 (m 2H), 0.92
(t, J= 7.5, 15<k) 3H). 10 c) FHeodé peptide f5C (170.1 ny
treated with 4NMIC | digpgne (l) %ﬁscrl bad prL&PGusl y. Fhe q_cgge
hydrochl ori ¢gNSal irwas coupllnz A g-HMN (8411 ny , Oy A )W th NvM
(130.7 1zL , 1.19 gmol) and” HATU, (|nstead of TEAU, 135. 52ng 356 mMmmol) in
CH2Cl 2 (2nL) for 2 75 h at RT then wor ked up as descrbed previously to

rovi de the cr tide 25d as an or 5 foa : 10099 .
e FaD) | eI Re IS dyeBakyIdy Cenalkenyhial spicsaly sistiudi v 15, 4 oo
Q 022 nuol ha cisn dbsthe preshrationadis Dlaleting brassde inAibivey) peplide analeg,idrzpaed

anount (ti atul a) of. hoth % Pdl C catal yst 20 and ammoni um acet ate
wer e added @gﬁmpﬁ*ﬁ"f‘%e \?\/é'?'t{?fﬁﬁp&g%ﬁﬁ?gg overni ght under a hydrogen filled

Chr ough & Ona4nehyd AR3BRRpH{pEVRYLT ap ERAG TRAL® hor G ut ca w

Et OAc and 10% aqueous citric acid, and vvashed agai n wi th 10% aqueous citric
acid (1x), water (2x) and brine (1x). € organi c | ayer was dried 25
(MgS04), filtered, evaporated to dry g's§ and IGyophi |ized to provide the
tripeptide 301 HN~F O-CP

2

o

wherein CPG is a carboxyl protecting group, for the preparation of: 1) a protease
15 inhibitor peptide analog, or 2) a serine protease inhibitor peptide analog.

The invention also comprises the use of a P1 intermediate of formula:

H,N

wherein Ry is Cy.s alkyl, cycloalkyl or C,.¢ alkenyl, all optionally substituted with



as a white anorphous solid (11.0 ng ; 82% . MS (FAB) 622. 5I0Nfebray 2603
(MtNa)+ ' H NWR (DMSO), ca.1l:4 mxture of rotaners) 8 8.54 & 8.27 (s, 1
H,8.06-7.99 (m 1 H), 7.96-7.91 (m 1 H, 7.87 (d) J=8Hz, 1 H)) 7.57-7.42
(m 4H)) 6.81 (d, J=8Hz, 30 1 H), 4.99 (d, J=12Hz, 1 H, 4.88 (d, J=
|2Hz) 1 H), 4.46-4.19 (m 2H), 4.17-4.02 (m 2H)) 3.88-3.67 (M 1 H),
2.28-2.19 (m1 H) 2.05-1 (93 (M 1 H))ygl (73-1.43 (m 8H)) 1.32-1.07 (m
6H), 1.28 (s) 9H), 1.03-0.85 (m 2H), 0.91 (t) J= 7.5, 15Hz, 3H) 10

b1 P w 0 GRS B ISP Bobq iRl e fOrsebonle’)’ hoc. oo o
and the amiiilysSTiyertion oo oot & 3Bt Akdine helet g (105

0. 600 nmol ) and DI PEA (226 ny, ]F&?S mn)l) in CH2CI 2 (10 nlL) for 20 h. The

reacti on m xture was concentrat ei? i n ethyl acetate, washed tw ce
with sat. NaHCO3 and once with brine SIEAATS | ayer was dried on MgSO4,

filtered and concentrated to give 26cyas & brown oil, used wi thout
purification in the next step. 10 b) @ The crude conpound 26¢c (ca. 0.500
mmol) was stirred for 30 mn in HC di oxane (4 nL) and concentrated to
dryness. The solid was taken up inICHACI 2 (10 nL) and DI PEA (226 ng, 1.75
mmol ) was added fol | owed by Boc-CH nonohydrate (138 ng, 0.500 mml) and
TBTU (192 ng, 0.600 mmol ). The solutin was stirred at RT for 5 h. The
reaction m xture was concentr at ed, é@Hup in ethyl 15 acetate, washed

twce with sat. NaHCO3 and once with brine. The organic |ayer conpound 306
10 February 2003 77 was dried on MyS04, filtered and concentrated to give a
brown oi |, WReNReek '§3P1fsla§‘_§H Conrlieny: e shipatky!: hrlocamipg optionally amanew oi | |
204 ny, 564%UPERitedWAtEOLPAIkYRIS,, C1o aryl, Cy.16 aralkyl or Het, said aryl, aralkyl or Het

optionally substituted with R, wherein Ry, is Cy. alkyl, Cy.5 alkoxy, amido, (lower

alkyl)amide, amino optionally mono- or di-substituted with C,.¢ alkyl, or Het, and

R:p is Cis alkyl, Ci.s alkoxy, amino, di(lower alkyl)amino, (lower alkyl)amide, NO,,
OH, halo, trifluoromethyl, or carboxyl;

10  for the synthesis of 1) a serine protease inhibitor peptide analog, 2) a HCV NS3
protease inhibitor peptide analog, or 3) a peptide analog of formula | as defined
above.

EXAMPLES

15  The present invention is illustrated in further detail by the following non-limiting
examples.

Temperatures are given in degrees Celsius. Solution percentages express a weight
to volume relationship, and solution ratios express a volume to volume relationship,
unless stated otherwise. Nuclear magnetic resonance (NMR) spectra were recorded
20  on a Bruker 400 MHz spectrometer; the chemical shifts (8) are reported in parts per
million. Flash chromatography was carried out on silica gel (SiO,) according to Still's
flash chromatography technique (W.C. Still et al., J. Org. Chem., (1978), 43, 2923).

Abbreviations used in the examples include Bn: benzyl; Boc: tert-butyloxycarbonyl
{Mez;COC(0)}; BSA: bovine serum albumin; CHAPS; 3-{(3-cholamidopropyl)-
25  dimethylammoniol-1-propanesulfonate; DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene;



'"H NMR (CDCI3) 8 8.77-8.74 (m 1 H), 8.14 (d, J = 8 Hz, 11PFebmanp2QQ3 ;5 =
9 Hz, 1 H) 7.69 (dd, J =9, 7 Hz) 1 H, 7.52 (d, J =5 Hz, 1 H), 7.47 (dd,
J =8 7H, 1H, 6785101520(d,J:5Hz,1H),5805.70(m 1 H,
5.35-5.27 (m 2 H), 5.14-5.07 (m 2 H), 4.894.83 (m 1 H), 4.39-4.32 (m 1
H), 430424(m) 1 H, 4.20-4.07 (m 2 H), 4.00-3.92 (m 1 H), 3.04-2.92

(m 1 H, 2.39-2.29 (m 1 H), 2.16-2.04 (m 1 H), 1.91-1.83 (m 1 H),

1.82-1.62 (m 7H)) 1.45-1.35 (m 9 H),49.27-1.07 (m 8 H. d) 26d (136 ny,
0.214 mmle) was dissolved in THF (4 nm.) and MeOH (2 nL). An agueous

sol ution (2cHIQL=CDCM: RidtiyeHeadHoridé2DEBD: dieiry/lazositarbvmgatecDiad: and t he
reaction mxtu The s%éé%pn was concentrated

and purifi e‘EJ'SBBFOBY85@%&'?%%@0“‘%%@%‘8%@%’&9 the | ess pol ar
i somer) as disofriopglethylantng; TIMAR,) dimethylzoinshyafioe; DECFAB) 607.4 (M+) 'H NWR

m 35) Sadiel ot b obgete! Bl et sl 5 1,
7 Hz 1 $H) , DMISER d(rethylsutfoliidelz DTT: didhiotfre@d o thred-14-Gmidrcaplo-RB-butarkdids; ?6 (m
2,0 % 1 Sl luidSihglodag By erbstbis A B - 17,
1 , 2B 2fEho(; IBtOAcHthyl Ac8éte? ERLD: @rathylelﬂ)ar, HATAB [Oefd, J = 18, 9 Hz 1
i I‘Z’ £ Gl oedd 1t By P ihohilad ool 55 0,
0 BxN 27a +pedicbratceNiduicidomBtograpfBTMS: massigpedtiomeBy (MABDETORz MatrixR. T. N ~
CEL O N 2£Gio1od ol BuiiNorARBafsh-Find 5 Fhbhe FABS 81 ARsin Bofarierd ~

LAH: lithium aluminum hydride; Me: methyl; MeOH: methanol; MES: (2-{N-

morpholino}ethane-sulfonic acid); NaHMDS: sodium bis(trimethylsilyl)amide; NMM:

N-methylmorpholine; NMP: N-methyipyrrolidine; Pr: propyl; Succ: 3-

carboxypropanoyl; PNA: 4-nitrophenylamino or p-nitroanilide; TBAF: tetra-n-

‘15 butylammonium fluoride; TBTU: 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium tetrafiuoroborate; TCEP: tris(2-carboxyethyl) phosphine

3

hydrochloride; TFA: trifluoroacetic acid; THF: tetrahydrofuran; TIS: triisopropylsilane;
TLC: thin layer chromatography; TMSE: trimethyisilylethyl; Tris/HCI:
tris(hydroxymethyl)aminomethane hydrochloride.

20 P2 BUILDING BLOCKS
EXAMPLE 1

Synthesis of bromomethyl-8-quinoline (1):

To commercially available 8-quinoline carboxylic acid (2.5 g, 14.4 mmol) was added
25 neat thionyl chioride (10 mi, 144 mmol). This mixture was heated at 80°C for 1 h
before the excess thionyl chioride was distilied off under reduced pressure. To the
resulting brownish solid was added absolute EtOH (15 mL) which was heated at
80°C for 1 h before being concentrated in vacuo. The residue was partitioned
between EtOAc and saturated aqueous NaHCO;, and the organic phase dried
30 (MgSO0,), filtered and concentrated to give a brownish oil (2.8 g). This material (ca.



\ / NOs f) LIOH HzO THF: HSO MeOH N ~N ~ ~ R T. 27e el BocCHyEebrusm 20830,
NVW CH3CN, RT. / i \ NOs O ~~ OH O O conpound 30T c) A solution of the
acid (8) fromExanple 8 (505 ng, 105 mml) In 5 nL of dichl oronmethane was
treated with TBTU (376 ng, 1.17 mmol). The HCl salt of the 5 (R S) vlnyi
AccaCOEet (18) (from Exanple 18) (279 ng) 1.48 mml), in 7 nL of

di chi oronet hane containing (0.60 mi, S.él nmmol ) of N-nethyl norpholine, was
added to the previous solution of the attivated ester. The resulting

sol ution was stirred at RT overnight. The solvent was evaporated !n vacuo.

The resi dueldif MPeywas addedt ‘l’f§’PW'§€é’t"Sf ¥ Mipto AL 768 8- 2mMeNEFRRt ur at ed

sol ution ofg @hél&h RhiAMERTRbRAE —80C. OHearelibtidh rRikture wasifovdy dafhéd tayer
was dried ( %4%/\?fl | tered and evagorat ed I n vacuo. The residue was

chr omat ogr ap E1-5d) befare the reacipn wes cPmPlale,iiedeacian was guenches with

afford 173 ngsb%iw?_@tmwlwm semuhdﬁd%h wét, THE. meS;ﬁixu.tré%scﬁantthﬁeah pepti de
27c¢ (70 n)

114 ogen chloride 4.0 M solution in
o b ookbeEea ERO s 1Y Ryidays NaHCDaTRE raagia AEss ek AHSEAMASOr om t he
reaction af ﬁlﬁarredLBnddeﬁceanﬁl@dw@w&atyemlsﬁ eoRy 1' &, 8036 d0er I b@p@)m ne

hydr ochl ori de salt ted| of ac |tr|Ie was
ngut ralized %{FSBBB‘?'FQ %ntg’ﬁfa}cé’golmlfﬁ? G'CQgﬁ'( )1104?4 'Nm?gL fﬁﬁ{} Pi ne.
sol ution of Acoﬂime?e(bouﬁmom&naa fﬁoheABﬂeh)@r@deéa ét3ﬂ)°@for Qslréinamol) I n

1.5 nL of acetonitr ea h TBTU then
Fted i o MERhITE WesiroRed it Varte JiSrhgsse pattiendiaemipt ErGRR (a0gAL
stirredicat &fd éétOI’atéﬁ wlmea):s Nﬁhem,cﬂei@ebemsurreer(mgw.,) Mitgedind The resi due

diluted with eth et at S washe e Wt Iutlonof
Sodi um bi cavwaifeeﬁﬁmg'aﬁ?e it Epmaauict S s prinfien 3pl 158 o1

(MyS04) , ét er ed nd evaporated in vacuo. 86 ng {100% of tripepti de 27e
was obt ai ne crude conpound was used in the next reaction wthout

further purpfi th utian i peptide 27e (86 ng, 0.114

mmol) in 5 ﬁ’[ %‘F %&P%?’B’q‘f‘&lyq(z& ‘U"?‘g“%@ was added |ithium hydroxi de
nonohydrate (22 ng, 0.524 mol). An addltlonal 0.25 nL of MeCOH was added in
order to get an honobgeneous sol ution. Thegf&julting solution was stirred at

RT overni ght before the solvent wasg aporat2d in vacuo. The residue was
partitioned between water and Et 0@@
M HCI and then extracted tw ce w t1¥e

aqueous | ayer was acidified with 1
yl acetate. The 15 desired conpound
has been found in the ethyl acetate caggng fropthe first basic extraction.
This organic |ayer was dried (l\/gS04) flltereo( nd evaporated in vacuo to
afford of the crueac whi ch i fi by preparator LC. The
corrpoung59 wang"m"'ée:{%'?b"'eﬂ’ ﬁb'ﬁ/ﬁtﬂ\q’? '?c‘\ga‘? (igﬁoe%tagge E‘ﬁf‘g) ‘ﬁ%s 'Efﬂ??%f)gg ed W
hat man Part {sealedX0b&)578 n(120f230% MM, OH 16t 8 Hotive r Bite pdliiformead upah cdoting =

230nm 20 sgQ
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2.5 H20 1ekling WItBEtQEC hexarﬁ (aﬂ),,to&w@zthe sorré@sdifingganitie dd wt]nte=sc9|d5, 3 Hz,

3 8451 cb ~]o/ a 0.8H), 8.39-8.33 (m 2H), 8.20 (d) J = 9.5 Hz,
02H)) 818%@ j” °¥5g|—|z 08H) 7.81 (s, 0.2H), 7.78 (s) 0.8H),
5 82-5 a5 (st emg 3 yimdh, s et uafiy d hodhseplashylBys i) _ o
Hz, 0.2H), antige (1S mg,'1. 5:161)7107) a&de)nhr@-BEl} (104md. .28 Atndljrin tdluehe (Y0 ML) 3. 95
(2m 12 2’6 (ﬁ%%%ﬂargezscg@o?j&@dongen Zatgd ?0 aéon}:i a%rovl\_lpw oﬂ%haq mtxec(i %th0 8H).

25

polyphosphoric acid (2 g) and heated at 135°C for 20 min. The reaction mixture was
poured into water and adjusted to pH 8 with 5 M NaOH. The aqueous suspension
was extracted twice with ethyl acetate. The organic layers were combined, washed
with brine, dried over MgSQ,, filtered and concentrated. The residue was flash
chromatographed on silica gel, eluting with 3% MeOH in ethyl acetate, to give 2-



(M 1 H, 1.75-1.41 (m 7H)) 1.37 (s, 1.8H), 1.32-1.27 (nijOFepjuary2002. 0. 82
(m 5H)) 0.94 (s, 7.2H). 10 February 2003 80 EXAMPLE 28 Synt hesis of
conmpound 311 ~o~ conpound 311 Conpound 3i i was prepared using the process
described In Exanple 24 but using 5 the appropriate building bl ocks.
Conmpound 310'H NVR (DMSO-ds) 8 8.98 (d, J =6 Hz, 1 H, 8.52 (s, 1 H), 8.24

(d, J =9 Hz, 1 H, 8.08(d, J=2Hz, i H, 7.83(d, J =9 Hz, 1 H, 7.37
(d, J :6 Hz) 1 H), 698(d J =8 Hz, 81H), 5.75-5.66 (m 1 H), 5.57 (br
s) 1 H, 524519 (m 1 H), 508501 (n) 1 H), 4.57-4.40 (m 2 H),

4. 00- 3. 96 Sifle (3), 10 2.59-2.54 (m 1 H),
2.32-2.26 Eﬁqﬂ' n}lmydr%xﬁgmédde@ 67&’?)@%%?&3'&1 H, 1.74-1.55 (m( 8 H)H)1.37
(s, 1 H, 1yP

MR @S0V de)Ls B)1.1 (& JL4 7JH£38 ré)ﬂ‘y 88-783 (n1 20.2y 9. ﬁj(d(.!ifl: h)-
EXAMPLE 29 nt hesi s of conmpou H - 302 15 Conpound

302 was prephr’eRB @4 hg & ﬁ@%ﬁﬂd‘@e§§1ﬂ&%@“ lﬁe'd) 7@5I1Q§nﬂbi=§ @*f“zbhﬁ)@%@sthe
appropri ateqlpyfi df ng bl ocks. 'H NVR (DM5O-de) 8 8.34 (s, 1 H), 8.04-8.01
(m 1 H, 7.94-7.92 (m1 H), 7.87 (d, J:8Hz, 1 H, 7.54-7.50 (m 3 H),
7.45 (dds JgxAMpeS3Hz, 1 H, 7.22 (d, J =8 Hz, 1 H, 4.94 (dd) J = 55, 12
Hz, 2 H), 434(5)1H),42T(dd J =8) 8 Hz, 1 H), 4.16 (d, J =11 20 Hz)
1), 407 Shnedisofiiniiek zlp:lran ARt il (. 3 59-3.54 (m 1 H)
2.242. 18(n) 1 H, 2.02-1. g 2’ 1.70(m 1 H) 1.53-1.44 (m 2

H, 1.32-1.27 10 February 2003 81(m 1H,ol 21-1.17 (m &
0.96-0.85(m 10 by 0.80-0. %7 bm 5 ioduendd. 62<0 t‘m 1 E 30
Synt hesi s of co 308+| J A o DeapiStack (O3} b\ |
Ph OEt e NP
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MeO N”~Ph MeO
H
3a 3b 3c
260-280°C
neat
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N o
I \ Me  pocia Z
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MeO N~ Ph
ci 3e

4-hydroxy-2-phenyl -7-methoxyquinoline (e):

A solution of ethyl benzoylacetate (b) (100.0 g, 0.52 mol), m-anisidine (a) (128.1 g,

10 1.04 mol) and 4 N HCI / dioxane (5.2 mL) in toluene (1.0 L) was refluxed for 6.25 h in
a Dean-Stark apparatus. The cooled toluene solution was successively washed with
aqueous 10% HCI (2 x 300 mL), 1 N NaOH (2 x 300 mL), H.O (300 mL) and brine
(150 mL). The toluene phase was dried (MgSQ,}, fiitered and concentrated under
reduced pressure to give a 1.2:1.0 mixture of ester ¢ and amide d (144.6 g, 45% /

15  38% crude yield) as a dark brown oil. The crude oil was heated to 280 °C for 80 min
while distilling generated EtOH. The cooled dark solid obtained was triturated with
CH.Cl, (200 mL). The suspension was filtered and the resulting solid washed with
CH.Cl, to give e (22.6 g, 17% from a) as a beige solid: ‘H NMR (DMSOQ-dg) 5 8.00 (d,
J =9.0 Hz, 1H), 7.81-7.82 (m, 2H), 7.57-7.59 (m, 3H), 7.20 (d, J = 2.2 Hz, 1H), 6.94

20 (dd,J=19.0,2.2 Hz, 1H), 6.26 (s, 1H), 3.87 (s, 3H).

4-Chioro-2-phenyl-7-methoxyquinoline (3):

A suspension of e (8.31 g, 33.1 mmol) in POCI; (90 mL) was heated to reflux for2 h



308 Conpound 308 was prepared using the process descri bed 10FebraarpR8027 but
using the appropriate building blocks. "H NVR (DMSO-ds) rotanmers = 2:8 b
8.77 (s, 0.2H), 8.45 (s) 0.8H)) 8.13 (d, J =8.5 10 Hz, 0.8H), 8.03 (d, J =
8.5 Hz, 0.2H), 7.89-7.83 (m 1 H)) 7.55-7.37 (m 4H), 7.05-6.59 (m 1 H))
6.95 {d) J =8 Hz) 0.8H)) 6.26 (d, J = 8.5 Hz, 0.2H), 5.81-5.64 (m 1 H))
5.335.28 (m 1 H), 5.26-5.15 (m 1 H), 08-5.02 (m 1 H) 4.60 (t, J =
Hz, 0.2H), 4.384.27 (m 1.8H), 4.09-3. (m 1.8H), 3.74 (dd, J =12.5, 4

Hz) 0.2H), 2.69-2.60 . 0, 2H), 2.50-2_.40 1 2.36-2.28 0. 2H),

0o 1 (FeSthigen b Tast dRR nealingls HiesiapCior miire fipd Gonca ey 377 (5.

é- 8t|‘?]) 1. 29.}n6§r) reducdd pre&sg&_&- Ihé@esﬁ%ﬂe dﬂ;{aé—barﬂﬁod&lﬁc\]&t&%rﬁ MmN Egﬂo)H EXAI\/PLEd3%09
nt hesi s of conpou | ~ ~0x oun
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rotaners = 2: S . . S , . 89- 7.
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(1). |2-|) H)) 56.35 %SS(afli%alé g‘llogv &lib%’,ngNﬁ'OD5 r Mﬁo?dé)l § 56283525% gm,HtZH), ?2@1);,, 15 ﬁ)Hg.llog(d,gED (m

4,55 (1) 9 =BT a4 E 1o 8082 (dhy 228z, 10D 7R B R R SR
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usi ng tipe POQ¢PsE described in Exanple 27 but using the appropriate

bui l di ng blocks. ' H NVR (DVMSO-ds) rotanmers (1:9) 8 8.68 (s, 0.1 H), 8.43

(s, 0.9H), exapt8.00 (m) 1 H), 7.95-7.91 (m 1 H), 7.87 (d, J = 8.5 Hz, 1

H, 7.57-7.49 (m 3H), 7.47-7.42 {m 15 1 H), 6.82 (d, J = 8.5 Hz, 0.9H),
6.21 (d, J Syrihésisios Bdcl(R)-(naphitaienAdylfmathdxyprofin {4):

\\\o %
/N: j

COOH 4)

.5

Boc

Commercially available Boc-4(R)-hydroxyproline (5.00 g, 21.6 mmol) was dissolved

15  in THF (100 mL) and cooled to 0°C. Sodium hydride (60% dispersion in oil, 1.85 g,
45.4 mmol) was added portionwise over 10 minutes and the suspension was stirred
at RT for 1 h. Then, 1-(bromomethyl)naphthalene (8.00 g, 36.2 mmol) (prepared as
described in E.A. Dixon et al. Can. J. Chem., (1981), 59, 2629-2641) was added and
the mixture was heated at reflux for 18 h. The mixture was poured into water (300

20 mlL) and washed with hexane. The aqueous layer was acidified with 10% aqueous
HCl and extracted twice with ethyl acetate. The organic layers were combined and
washed with brine, dried (MgSQ,), filtered and concentrated. The residue was
purified by flash chromatography (49:49:2 hexane: ethyl acetate: acetic acid) to give
the title compound as a coloriess oil (4.51 g, 56% yield). 'H NMR (DMSO-ds)

25 indicated the presence of two rotamers: & 8.05 (m, 1H), 7.94 (m, 1H), 7.29 (d, J=14
Hz, 1H), 7.55-7.45 (m, 4H), 4.96 (m, 2H), 4.26 (br. s, 1H), 4.12 (dd, J=J=8 Hz, 1H),
3.54-3.42 (m, 2H), 2.45-2.34 (m, 1H), 2.07-1.98 (m, 1H) 1.36 (s, (3/9) 9H), 1.34 (s,
(6/9) 9H).



(dd) J = 17, 2 Hz, 0.1 H), 5.18 (dd, J = 17, 2 Hz, oH), ¥ Bebroany 2093 =
10.5, 2 Hz, |H),502-485{m 2H),4.43()J:7. Hz, 0.1 H)) 4.34 (br
s, 1 H, 423(t, J =8.5 Hz) 0.9H), 4.16-4.05 (m 1.8H), 3.89-3.82 (m
0.2H), 3.74 (dd, J =i 1, 3.5 Hz, 0.9H), 3.53 (dd, J = 12.5, 4 Hz, 0.1
2.30-2.21 (M 1 H), 2.02-1.94 (m 2H), 1.74-1.38 (m 7H), 20 1.36 (s) 09H)
) 1.28 (s, 8.1 H), 1.25-0.87 (m 6H). EXAMPLE 33 Synthesis of conmpound 303
10 February 2003 83 i i 0 0 OHO 'N N3 O O O 303 Compound 303 was
prepared using the process described in Exanple 27 but using the

appropri at eExamPLEiISNg bl ocks. 5 'H NWR (DIVBOds} 8 8.29 (s, 1 H, 8.04-8.01
(m1|—|),794792(m1|—|) 7.87 (d, J =8 Hz, 1 H) 7.56-7.52 (m 3 H,
7.46 (dd, JsyntRgsis oHBocM(H)-(S-ﬁ’u|h8l|(\d-;me'thaxﬂ ;Hblme (8. 5.01 (d, J =12 Hz, 1
H),486(d J:1 Hz, 1 H), A 34 (br. s, H, 4.24 (t, J =8 Hz, 1 H))
4.18-4.09 (m 2 H, 3.74-3.53 (m 3 H, 2.24:2.18 {m 1 H, 2.04-1.95 (m 1
H, 1.74-1.45 (m 10 H), 1.31-1.13 (m 4 .96-0.86 (m 7 H), 0.79-0.76
(m 5 H. 10 EXAMPLE 34 Synt hesi s of conp 3 00(34a) 1. LIOH q, ~
CH~OH, a", 2. TBTU DI EA (19e) ~NHr HCI =N~ ~0~i~0,.0\ 0o NON
H OO(34b) a) Coupling of P2 with P1 ThQ)ITE hyl ester derivative of 7
{34a) (170 ng , 0.355mmol e) vvas stlr 'in 50% 15 THF-net hanol {4 m ) and
aqueous LiOH{1 M 1 nl) at Nh _JThe solution was concentrated

(Rot avap, 30C) and residue ac |f|T€d tfo pH 6 and solution |yophilized. The
resul ting powder was sti rred dar@ in the presence of DI EA (0.4
m) followed by the successi ve addi t1on of 1 1- am@locycl obut yl car boxylic
acid nethyl ester hydrochloride (34b) (140 , 0.845 mmol e) and TBTU (134
ng, 0.417 rBas-H)-hydroxyrralinesli%6g, § marol)i lsanhmrowTHFt(% ) Yag egddegto

purified bya §lspahsi6h bPRBHQY 43P BEXOR oil, 3d-AntoHih T8FY(186 At) Sthis mixture was

stirred 30 min before bromomethyl-8-quinoline from Example 1 (2.54 g, 11.44 mmol)
was added in THF (30 mL). The reaction mixture was heated at 70°C (5 h) before
the excess NaH was destroyed carefully with wet THF. The reaction was
concentrated in vacuo and the resulting material was dissolved in EtOAc and H;0.

10  The basic aqueous phase was separated and acidified with 10% aqueous HCI to pH
~5 before being extracted with EtOAc (150 mL). The organic phase was dried
(MgSO0,), filtered and concentrated to give a brown oil. Purification by flash
chromatography (eluent: 10% MeOH/CHCI;) gave the desired compound (5) as a
pale yellow solid (2.73 g, 86%). HPLC (97.5%); 'H-NMR (DMSO-ds) shows rotamer

15 populations in a 6:4 ratio, § 12-11.4 (bs, 1H), 8.92 (2 x d, J = 4.14 and 4.14 Hz, 1H),
8.38 (2 x d, J =8.27 and 8.27 Hz, 1H), 7.91 (d, J =7.94 Hz, 1H), 7.77 (d, J= 7.0 Hz,
1H), 7.63-7.54 (m, 2H), 5.14 (2 x s, 2H), 4.32-4.29 (m, 1H), 4.14-4.07 (m, 1H), 3.52-
3.44 (m, 2H), 2.43-2.27 (m, 1H), 2.13-2.04 (m, 1H), 1.36 and 1.34 (2 x s, 9H).

EXAMPLE 6

20  Preparation of Boc-4(R)-(7-chloroquinoline-4-oxo)proline (6):



silica get (230-400 Mesh) using 1:2 ethyl acetate-hexane tt Bétiroary 28R3
orange oil (98 ng , 90% purity by HPLC). b) Coupling of P1-P2 with P3 O-N
~ol 0 ONHOJ1l HC | dioxane 2. 8oc-NH-CO2H TBTU |. D EAl DVF 3. KOW-ou.
CH-OH 4. TEA you, o/ /| OHNN~O-OONOHOIi HO(34b) 403 The di pepti de
34b (97 ng) 90% O0.155 nmole) was stirred in 4N HCl -di oxane (5 m) during 1
h at RT . The solution was then concentgat ed to dryness (Rotavap) high
vacuum) to afford a beige solid. This rMaterial was stirred in dry DVF (2
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15 as a white solid, 387 mg, quant. yield.

'H NMR (DMSO-dg) (ca. 1:1 mixture of rotamers) & 8.74 (d, J = 5 Hz, 1 H), 8.13-8.09
(m, 1H), 7.99 and 7.98 (s, 1 H), 7.58 (d, J =9 Hz, 1 H), 7.02 (d, J =5 Hz, 1 H), 5.26-
5.20 (m, 1 H), 4.10-4.01 (m, 1 H), 3.81-3.72 (m, 1 H), 3.59 (dd, J = 12, 10 Hz, 1 H),
2.41-2.31 (m, 2 H), 1.34 and 1.31 (s, 9H).

20 EXAMPLE 7

Synthesis of Boc-4(R)-(2-phenyl-7-methoxyquinoline-4-ox0) proline (7):

7
Boc-4(R)-(2-phenyl-7-methoxyquinoline-4-0xo0) proline (7):

Potassium tert-butoxide (8.16 g, 72.7 mmol) was added in small portions, over 15
25  min, to a solution of Boc-4(R)-hydroxy proline (6.73 g, 29.1 mmol) in DMSO (83 mL)
maintained at 25 °C. The mixture was stirred at 25 °C for 1.5 h. Chioro-2-phenyi-7-



(35a) (35b) (35c) A solution of manisidine (35a) (9.15 nl10 Babryarn2008s)
and di net hyl acetyl ene 5 di carboxylate (35b) (10.0 nlL, 81.3 mmoles) in 160
mL of nethanol is heated under reflux for 2 h. The solvent is renmoved in
vacuo and the residue purified by a flash colum chromat ography (90:10
hexanes- et hyl acetate). Conpound 35c (17.0 g, 79%yield) is obtained as an

orange oil. "H NWR (CDCI3) b 9.62 (broad s) 1 H, 7.17 (dd, J =7 and 8.5
Hz) 1 H, 6.66 - 6.62 10 (m 1 H), 6.49%®6.45 (m 2H), 5.38 (s, 1 H, 3.77
(s, 3H, 3.74 (s, 3H, 3.71 (s, 3H. O MO ~ ~ N~ Owe P H 240-260 MAO2C
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derivati ve gréSsire pver7R.Qy to §ive heprolimesderivativel? (13/6gi 8%k contains 2.8%¢ wive ( 35f)

(1.25 g) 5. Iﬂgﬁ r.Lphenyi phosphine (2.80 g, 10.68 mmoles) in 75
m. of THF iéq?:oo 595%0"3%%%’"% for the addition drop to drop (~ 1 h) of DEAD

Somby T r B5AMFLIMS o 51 ARRRe of Rodnb ey Bl 80 £ /0B PV EDR 8™ The”

sol vent i s ERdndweR,i~8.2He,ulH)and87LES (ne SH)LUZ24pUt.43 (asd 1HY, 789 {dad ke ZHHamM
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ot ! iy oD S0t o Ay S G g
tri phenyl phd3idpBaibdbroadde PH),2.63:2.28 md1H) 28248 éms i), d.36, H3ANEs, GEDC13)

rotaners (4:6) S8.04 (d, J =9 Hz, 1 H) 7.54 (d) J =2.5Hz) 1 H))
7.40-7.32 (BXAMRYE)87. 23 (dd, J = 9 and 2.5 Hz, 1 H), 5.33-5.13 (n) 3H)

4.66 (t, J =7.5Hz, 0.4 H, 4.54 (t, J =8 H) 0.6 H, 4.07 (s, 3H) 3.94
(s, 3H)15 4. Synibesio qffocx4{fi)-(2-phenyl-Baitiaquinolinerd-pxaypplivg B 1 H)) 1. 45
(s, 3.6H), 1.37 (s, 5.4H). 15 MeQZC ~ ~ Ove / / O H~; 10% PdI C BxN ----

oo

BocN

o OH

(8)

Diethyl azodicarboxylate (0.77 mL, 4.88 mmol) was added dropwise to a stirred
solution of triphenylphosphine (1.28 g, 4.88 mmol) in 15 mL of tetrahydrofuran at
0°C. After 30 min. of stirring under nitrogen a solution of Boc-4(S)-hydroxyproline

20 methyl ester (1.00 g, 4.08 mmol) was added in 5 mL of tetrahydrofuran followed by a
suspension of commercially available 6-nitro-2-phenyi-4-quinoiinol (1.30 g, 4.88
mmol) in 10 mL of the same solvent. The red mixture was stirred for 15 min, at 0°C
and at RT overnight. The solvent was evaporated in vacuo. The remaining oil was
diluted in ethyl acetate and washed twice with sodium bicarbonate, once with water

25 and once with brine. The organic layer was dried (MgSQ,), filtered and evaporated
in vacuo. The residue was chromatographed over silica gel (70:30 v/, hexanes-



MeOH AcOEt O"OBn (~9) Me02C ~ ~ OMe ( / / O BxN O OH (35h)10TRebpuasy 2A@3
benzyi ester derivative (35g) (0.70 g) 1.31 mmies) in solutionin a

m xture of nethanol -ethyl acetate (10 ni-10 nlL) is added 100 ng of 10%
Pd/ C. The resulting suspension is stirred at roomtenperature under

hydr ogen at nosphere for 1 '/z h. The catalyst is then filtered on a
MIlex-HVY MIlipore (0.45 umfilter unit) and 20 the solvents are
evaporated in vacuo. Quantitative yield of the desired acid 35h 10
February 2003 87 (0.59 g) is obtained. "H NVMR (CDC13) rotaners 70:30 b
8.06 (d, J = 9.5 H, 0.3 H, 801{d, J =9Hz, 0.7H, 7.5 (d, J = 2 Hz,
1 H, 7.44 (broad s, 0.7 H), 7.41 (broéﬁ s, 0.3 H, 7.24 (dd, J =9 5
and2. 5Hz, 1H),5.31 55(t,J=7.5Hz,0.3 H),

4.08 (s, 3H),styl %tag@%?fé’glﬂ’g %ﬁ%ﬁ'%.(ft@%iﬁl(?;ri*g'gﬁzﬁjaﬂfggt%ﬁé‘&w (4 9 85%)
2.71-2. 47 46 oM. ~E e B HZN Ove O OH
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35i (215 ng, TH), &8 b+ esle, TH), 8148.08{m.LERL7AE-T.50 (e 3H} 7t10datiel) 5@t h 0. 95 nlL
35h (590 g, A3 kATl k%“l”“’-%g‘“. o S, AT Ao IOl Ot T BN
the result hga'@o(ﬁ'tﬂ"f)tﬁ@qg;%?‘i"ﬁﬁg? ‘4% qﬂéﬂé@?ﬁﬁm 10%)6‘F'rﬁ' t. The

| i : . : . Ll hvl {at
and washed ¢ vl Sdlnbllotthé Hanpdgeh 480 P} B i 4 et R0 Sce i th

brine and dri(@@4slbwassded lithirpdydigkige menehydrata {85 B: 2.08 mEelo2 Bkaéf t he resi due
is purified hyedH ashadel vordekFo g6 an homoagenegrsaphiior. 7owRfe pfeddittehexanes) to

0% oy Tgbuigd wifirFadhin® Tn PRuflfg LsBehsnAGR G e BF)dran st (TDT1S) O
(dd, J = B arfth.2Ths regetiorymigure wassjiluted pith appaugoyy solufion gt atriogoid 18% 21H) ,
5.18-5. 12 ( mand ekfyacted wih ethyl atbtatemTha otdenic ayBrivesiried igSCR), BKbrddand3H) ,

> 303,05 | meyAidatediniolote et g mi Moot pllugdneapiafey (22 34 (M AL o
'H NMR (DMSO-de): 5 8.92-8.87 (m, 1H), 8.47 (dd, J = 9, 3Hz, 1H), 8.38-8.32 (m,
2H), 8.19 (d, J = 9 Hz, 1H), 7.77 (s, 1H), 7.62-7.55 (m, 3H), 5.73-6.66 (m, 1H), 4.41
15 (t, J =8 Hz, 1H), 3.89-3.76 (m, 2H), 2.83-2.72 (m, 1H), 2.47-2.35 (m, 1H), 1.38 (s,
OH).

P1 BUILDING BLOCKS
EXAMPLE 9

A) Synthesis of mixture of (1R,2R)/(1S,2S) 1-amino-2-ethylcyclopropyl
20 carboxylic acid

a) 50% aq. NaOH
Buto,c” CotBu  + Br Yy -

Br BE,NG! But0,C” 'CO,tBu
9a 8b
¢
¢) ELN, DPPA, benzene
b) 'BUOK, Hgo y/\ ﬂm@tﬂﬂﬂWMeﬂau O
———i N —
Ectfo o Hog” o el o~ N o
0°CtoRT ethyl sgln to the ester Me,Si ;



1 H) 1.44 {s, 9H). 10 February 2003 88 Me(zC °~ ~ Owve HOO kebruay2003/ ~ /
NaOH 1M e THF: MeOM ~ Soc ' Boc _\ O~ Ow O~ Owe O (351) (35k) The
diester 35 (716 ng, 1.25 mmles) in solution in a m xture of THF MeCH (1.5
m-1.5 n.} is cooled to O before being treated with an aqueous sol ution of
NaOH 1 M (1.25 nmL, 1.25 mmoles). After 1 h of stirring at 0, 3 drops of

gl acial acetic acid are added to neutralize the NaOH The solvents are
renoved in vacuo and the conpound fs dried on the punp for a few hours.
HpPC\ ~Ov ~N~~\ ~OW a~~~1 ~C OE~N THF, U2 CHaN-/ ethe |
'r Boc 0 - RT Boc O Ov O Owva U (35k) g361) 10 15 A solution of the acid
35k sodiumsalt (1.25 mol es) and Et3N'(D. 19 m) 1.36 nmoles) in 8 nL of
THF is cooled to O and Isobutyl chlorofornmate (D.18 ni, 1.39 nmoles) is

added. After 40 mn dl azorreta 2@ 'E%E& 8.3 s) is added and the
resulting solution (s stirr 30 mYy and at roomtenperature far 2
h. The solvents are renoved in Tafuo. Theyr ?(‘ﬁhud' luted with ethyl
acetate) is washed twi ce w t hRuteadfluxat ed %ol ®n of NaHCO3 once with
brine and dried over My504, the solvent is e®aporated under vacuo and the
residue I's purified by flash colum chromeihpgymapéyer(50: 50 Hexanes/ AcCEt) to
afford 378 ng (52%vyield) of the expected miuezrRivsspne 351. 'H NVR ( CDCl 3)
8800(d J=9H, 1H, 7.42(s, 1 H, 7.35(d, J =25H, 1H, 7.20
(dd, J = 9 alTe asume)wsnn et)benarltwhsﬂ%nmmqq) chlggidg 2150 g B2(1fhmnolHp & 5. 35- 5. 28

{m 31, 5 Tior dfhebaNigH dideRTsidom 168 i) vebosubodsdudy dlickiar, 1 . 397

1) 1. 0. . adophioigape too g pbes ey g nfetin N5l saRaie N - Gk |
/ HBr 48%3%0 Buodl). OhelreBnienimiguedms yviggropsly gtirred gpasnight/at RT, a mixture of ice

and water was then addqd . The crude product was extracted with CH,Cl; (3x) and

sequentlally washed with water (3x) and brine. The organic layer was dried (MgSQ,),

fitered and concentrated. The residue was flash chromatographed (7 cm, 210 4 %

Et;0 in hexane) to afford the desired cyclopropane derivative 9¢ (19.1 g, 70.7 mmol,

10 76% yleld). 'H NMR (CDCly) & 1.78-1.70 (m, 1H), 1.47 (s, OH), 1.48 (s, OH), 1.44-
1.39 (m, 1H), 1.26-1.64 (m, 3H), 1.02 {t, 3H, J= 7.6 H2).

b) To a suspension of potassium tert-butoxide (6.71g, 59.79 mmol, 4.4 eq.) In dry
ether (100 mL) at 0°C was added HO (270 plL, 15.00 mmol, 1.1 eq.). After 5 min
diester 9¢ (3.675 g, 13.59 mmol) in ether (10 mL) was added to the suspension. The

15 reaction mixture was stirred overnight at BT, then poured in a mixture of ice and
water and washed with ether (8x). The aquaous layer was acidified with a 10% aq.
citric acid solution at 0°C and extracted with AcOEt (3x). The combined organic layer
was successively washed with water (2x) and brine. After the usual treatment
(NazS0,, filtration, concentration), the desired acid 9d was Isolated as a pale ysllow

20  oll (1.86g, 8.68 mmol, 64% yield). 'H NMR (CDClg) § 2.09-2.01 (m, 1H), 1.98 (dd, J=
3.8, 8.2 Hz, 1H), 1.81- 1.70 (m, 1H), 1.66 (dd, J= 3.0, J= 8.2 Hz, 1H), 1.63-1.56 (m,
1H), 1.51 (s, OH), 1.0 (t, J= 7.3 Hz, 3H).

c) To the acid 9d (2.017 g, 9.414 mmol) in dry benzene (32 mL) were successively
added Et;N (1.50 mL, 10.76 mmol, 1.14 eq.) and DPPA (2.20 mL, 10.21 mmol, 1.08
25 eq.). The reactlon mixture was refluxed for 3.5 h then 2-trimethylsilylethanol (2.70
mL, 18.84 mmol, 2.0 eq.) was added. The reflux was maintalned overnight then the
reaction mixture was diluted with Et;O and successively washed with a 10 %
aqueous citric acld solution, water, saturated aqueous NaHCO,, water (2x) and
brine. After the usual treatment (MgSQ,, filtration, concentration) the residue was



O BocN OO N H O (35m) To a cooled (0) solution of the t0ERelykeryct®335]
(0.37 g, 0.642 mmoles) in 15 nL of 5 THF is added 0.25 nL of HBr 48% The
resulting yellow solution is stirred at O for 1 h. The reaction m xture is
partitioned between ethyl acetate and a saturated solution of NaHC03. The
organi ¢ phase is washed one nore tine with NaHCO3 and dried wth NaS04.
After evaporation of the solvents in vacuo, 0.36 g (90%vyield) of the a
bronoket one 35mis isolated. O Br © ~ OV 0o ~N~ O H i sopropanol BocN ~5° O
O NHOI Q(35m (35n) The a-bronoketone 35m (170 ny, 0.271 mmoles) in
10 nmL of isopropanol is treated with 1-acetyl-2-thiourea (64 ng) 0.542
mml es). The resulting solution is heat8d at 75 for 1 h. The solvent is
renoved in vacuo. The residue is diluted with ethyl acetate and washed
twice with a mufledtyttiash gudmatographyf(d NaHOIBACQHckexane)io dffardithedasked S dri ed

W th MySO4. Eéé?d&ﬂ{afbtée‘é@s@ fh@mmt w@%tyzeudslayaweyafowmg&ﬁﬂ@%ﬁ%a (> 1009 of

crude materi al Feb ruary 4M di oxane
RT BocN O\e chWb“Mé‘EIﬁPCb) mm"w A2 Bp 28 RS D, @) HBBHELHN OVe O
N H O (350) oH), 1.24-1.18 (m, 1H), 1.00-0.96 (m, 5H), 0.03 (s, 8H).

5 d) To carbamate 9e (258 mg, 0.783 mmol) was added a 1.0 M TBAF solution in THF
(940 piL, 0.94 mmol, 1.2 eq.). After 4.5 h an additional amount of 1.0 M TBAF was
added (626 pL, 0.63 mmol, 0.8 eq.). The reaction mixture was stirred overnight at
RT, refluxed for 30 min and then diluted with ACOE!. The solution was successively
washed with water (2x) and brine. After the usual treatment {(MgSO,, filtration and

10 concentration) the desired amine 9f was isolated ( 84 mg, 0.453 mmol, 58 % yield)
as a pale yellow liquid. ‘H NMR (CDCl3) 5 1.86 (bs, 2H), 1.60-1.40 (m, 2H), 1.47 (s,
9H), 1.31-1.20 {m, 1H), 1.14 (dd, J=4.1, 7.3 Hz, 1H), 1.02 (dd, J= 4.1, 9.2 Hz, 1H),
0.94 (t, J=7.3 Hz, 3H).

EXAMPLE 10

15 Chemical resolution of t-butyl-(71R,2R)/(1S,2S) 1-amino-2-ethylcyclopropyl

carboxylate (from Example 9):
\LI\/\oi %\\6 Boc-N Boc/ g QK \6

mlxture of
(R,RY/(S.S)
t0a

Isomers separated by column chromatography.
RR Isomer SS Isomer

Compound 9e from Example 9 (8.50 g , 25.86 mmol) was treated with 1M
TBAF/THF (26 mL) at reflux for 45 min. The cooled reaction mixture was diluted

20  with EtOAc, washed with water (3x) and brine (1x), then, dried (MgSQ,), filtered and
avaporatad to provide the free amine as a light yellow oll. The free amine was
dissolved In anhydrous CHCl (120 mL) , NMM (8.5 mL , 77.57 mmol), compound 4
(Example 4) (10.08 g, 27.15 mmol) and HATU (11.78 g, 31.03 mmol) were added
successively. The reaction mixture was stirred at RT overnight, then worked up as

25 described previously. The crude diastereomeric mixture was separated by flash



BXNH O O O N H (~P) O The di peptide 35n (145 ng, 0.223 rtidlebslary 8003 eat ed
with 3 nL of a 4Msolution of HCl in dioxane. The resulting solution is
stirred at roomtenperature for 1 h. The solvents are renoved in vacuo and
the residue is dried over the punp. 5 The salt of the amne 350 in 5 nL of
CH3CN is treated with 195 ~L (1,12 mmol es) of DIEA This solution is then
added to the solution of the Boc-Pert-butylglycine (103 ng, 0.446 mmol es)
and HATU (186 ng, 0.489 mmoles) in 3 mggof CH3CN. The reaction mxture is
stirred at roomtenperature overnight. The CH3CN is evaporated 10 in vacuo.

ol ut o o RARCBE AR I e #4028, PORO R R apblog10a e mL ol o

the sol ventessyriamgjutisig sped asreuitetfpampdhaR gs €35m0t the dhirozetivalyigld) arnoy
10 February NH~. HCI
The tr1 papticha s brelpdhly ditpGiepalis anvory foehf (. Pyvee Bt e %H)Z%‘of a

in di oxanethlszﬂn@tb‘ﬁh mnmrs wg@mepemmmtmmeeabmlute Stereonhenm\mststlll 8ot enoved
I'n vacug ang.lRe residue dried over the punp. 5 10 The salt of the ami ne
obtained is dissolved In 4 nL of CHzG 2 and treated with 0.13 nL of DI EA
(0.746 rrrrmlgé*!ﬁ gl bowed by 26 ng of triphosgene (0.0876 nmmoles). After 3 h
I ncubati on trimethyl propyl amne (20 ng, 0.146 mmot es) is added

<SyntheS'2 tgﬁaﬁ\%gsg.ld@ bsdiBR StbteocBitidthPor compbitidilth dndon BEP: ! 995

SynLett. he 1ce bath is reno dan m ture is
stirred at cogralatiampdthadinovwen bhetyhilfaminpnR-etiitwelopropybearbaxyate n vacuo.
The residua, diluted with ethyl acetate is washed twice with a saturated
sol ution of NaHZB) conce with brine and dried with MyS04 to afford 60 ng (~

100% of the deshped urea 35q. 10 February 2003 92 Hp ~N N~ OVB Ms p
.V LIOH HZzO N ~ "~ NHTHF HzO 0 ores MACH U A solution of nethyl
est er 359 (57 ny, les) fo,.a '|'N HF: HzO4(2. 5 nmLa nL) Is

treated with solid [+ H2 (25 mg, 0.595 mMolges)l and 1 nL of MeOH 5 is
added in order to-Clarefy the sol ution. After stirring for 4 h at room
t enper at ure, t heubtighedeompvnd s neutral i zed by A%l tfon of a 1 Msolution of

HCl . The solvents are renoy in vacuo and the residug—Rs puritied by a
preparative chromat ography! conmpound di ssol ved In NL of MeCH, is
tman Parttsil 10- GDS @ x 50 cm C-a

i catton program L

Injected into an equili brat
reverse phase col um. Pufi

Boc-N

S { o
H H
(o]

10a

Direct comparison by TLC, HPLC and
NMR

10 Prof. A. Charette , from the University of Montreal , provided compound 11a having
the absolute stereochemistry as shown, which was determined by X-ray
crystallography (J. Am. Chem. Soc., 1995, 117, 12721) . Compound 11a ( 13.2 mg,
0.046 mmol) was dissolved in 1M HCI/EtOAc (240 ul) and stirred approximately 48
hours. The mixture was evaporated to dryness to provide compound 11b as a light

15 yellow paste and was coupled to compound 4 (18 mg, 0.049 mmol) as described in
Example 10, using NMM (20.3 uL , 0.185 mmol) and HATU (21.1 mg , 0.056 mmol)
in CH,Cl,. The crude material was purified by flash chromatography ( eluent —
hexane : Et,0 ; 50:50 ) to provide the dipeptide 11¢ as an oil (7.7 mg ; 31%). By
TLC, HPLC and NMR compatrison , dipeptide 11¢, was found to be identical to the

20 less polar compound 10a obtained in Example 10, thus identifying the absolute



10 Linear Gradient at 20 mnm 7~ 22D nm inject at 10% AlQfebwsianodB0R | n 60
mn. A 0.06% TFA/ CH3CN;, B: 0.06% TFAM2O. Fractions were anal yzed by

anal ytical HPLC. The product collected was Iyophi lized to provide 15 ny of
conmpound 333 as an off white solid (27%yield). '"HNW (DVSO-de) S 8.88
(s, 0.2H), 8.84 (d) J=4.5 Hz, 0.2H), 8.68 (d J =B.5 Hz, 0. 15 H), 8.56
(s, 0.8H), 8.40-8.13 (m 1,5H), 7.96 (d, J = 9.0 Hz) 0. 2H)) 7.72-7.44 (m
2.4H), 7.35-7.09 (m 1.2H), 6.98 (d) J =9 Hz 0.2H), 6.15 (d) J = 9Hz,
0.2H), 6.06 (d, J = 9Hz, 0.8H), 5.93 (d, J 9. 5 Hz) 0.24H), 5,86 (d, J =
9Hz, 0.8H), 5.79-5.67 (m 1 H), 5.69-5.44 (m 1 H) b.24-5.14 (m 1 H),
5.09-5.01 (m 1 H), 4.50-4.35 (m 2H),%9.24 (d, J = 9.0, 0.2H), 4.20 (d,
J =9.0 Hz, 0.8H), 4.06- , 3.95 (s, 3H),20377360(m2|—|),
2.58-2.50 (mStireql‘P}‘)‘m@’B%”QEEBS’{%ﬁ'g)i H, 2.22 (s, 2.4H), 2.21 (s, 0.6H),
2.02 (q, J - ':9 M& 1_{1) 1.56-1.38 (m 1 H, 1.28-1.22 (n) 1 H, 0.97 (s,
9H)) 0.83 (d,=*MEsi$  3H), 0.72 (s, 9H). MS(FAB) 778.3 (m+ H)+) 776.3 (M
- H'. EXAWP i oRJlict he

recorrbl nant t%\ﬁ%géén Qd? '2558“1{3 %P i ?gghmﬁﬂgm{?‘éﬁg?'&gﬁ?ygg@B 93 Serum from an
HCV- i nf ect ed 8s4d:i(84® was obt ai ned 1 hrough an external collaboration
(Bernard Wllenms MD, Hopital St-Luc, Mntreal, Canada and Dr. Donal d

Mur phy, Laboratoire de iimg(z/ﬁﬁbl i ay 0(;}:llebec, St e- A e € Ievue
Canada). An engi neered | IX| engt h M&eupl_at.s’ genone was
constructed frow Hgnﬁ@a@UobtzaaqnudOHyTHl%ver? g\%rlqa‘tzﬂon PCR
{RT- PCR) of sk and’usi ng specifi(@o@y@ners s ed n the basis of
honol ogy bet ween ot her genotype 1 b strains. Fromthe detegrm nation of the
entire gendnic sequenceg% a genotype 1 b was assigned to tﬁ HCV i sol ate
according to obi ol .
(1993), 31, HA a%ga%éﬁ’m%’%ﬂ’p% ﬁ?c?'B;‘Z? g%"%)l}?ﬁgﬂ'wdm%d i "M%
structural reﬁjlooﬁ Thagpixinremss RcoasRmTAted and,diu P@QPJHFt(?Pa’HL)Qé% identical to
HCV genot ype dquBositaoHldonaioa (naing, $Tb ainesh 8ATdL. 88920)den htidead folloaretHCV

genotype 1 r@@é‘rg t rotein
precursor ( NS@%AVEI%%%@ 6 { grfg?'ggﬂd{ é]gq *nge Fab(r%%l)ﬁlﬂnt r oduced
into eukatyot MituEsRsStgpbeveyut 8r L (thﬂf’f" {maljiined #t 3oy a9ARGR19 Bn) t he

pol yprot ei n liguptwsddeOH sudutior dhert mabdbd), theredili@ed WS Bl QrvesbebwithBtsO denonst r at ed

by the pr esenag) ola dddfe B d“couiz1 4. A itlc 4 SR HrBlaBu fay By ST 5. The
mat ure NS3 pr

t I t
precursor co n‘?"éfgh?%ﬁuﬁ ﬂ@Aﬁlﬁ)g@p%ﬁucgi%glx\wa%dgﬁ}ﬁ "\gﬁﬁ% ¢a¢ E’éoneil r O"Ngls "
prot ease, conthé usdahtestrhent (MyEQ. tirtlon ayd eonceritetiddCtted8SradiBst pasested?0 The DNA
fragment enc nggaé@ﬁﬁéﬁ@;ﬁ@mmhmd%nems RhERSIEN ammq gé‘cscfriﬂ%OZ? to

1206) was cl on acteri al ressian

prot ease expret&bsrlHin @01 BB 2@[2155(1%Yb€§£$4% gﬁhdlﬁ@éd!stf?’ ifeubat i on
with 1 nM | PT6Rd praH3Jh7.8HzR2C. A typical fernentation (18 L) yiel ded
approxi mately 100 of wet cell paste. The cells were resuspended in lysis
buf fer (3.0 nPigparadensef{1R. 26T 28243 Betaptnaszgthyleygionropiiearoxyligacd 5. 10%
glycerol (VI Vihethj dshdrE@38), 0. 01 % NP-40 and stored at -80C. Cells were

t hawed and honogeni zed following the addition of 5 mM DTT. Magnesi um

chl ori de and DNase were n added to the honogenate at f I
concentrations of QO and 20 pCHNg/EY@specti vel yOAfWZS m n

i ncubati on at C, r’rﬂgenate soni cat ed and ri fuged at 15000 x
g for 30 nin . HMoH of t uper nat a he®*%MPusted to 6.5
using a 1 M sodi um phosphate sol uti®@@ An additi onal gel filtration

chr omat og|'2€phy step y@s added to the 2 step purificafawn procedure

descri bed®n WD 95122985 (incorporated herein by reference). Briefly, 10
February 2003TE¥Boc derivative 12a (0.30 g, 1.31 mmoal) was dissolved in Et,O (10 mL) and

treated with freshly prepared diazomethane In Et;O at 0 °C until the yellow color of a
slight excess of diazomethane remained. After stirring for 20 min at RT the reaction
mixture was concentrated to dryness to give 12b as a clear coloriess oil (0.32 g,




the supernatant fromthe bacterial extract was | oaded on d0&ebryary 29P%ol um
(Pharmacia) previously equilibrated at a flowrate of 2 mMnin in buffer A
(50 mM sodi um phosphate) pH 6.5, 10l glycerol) 1 nM EDTA, 5 nM DIT, 0.01 %
NP-40). The colum was then washed with buffer A containing 0.15 M NaCl and
the protease eluted by applying 10 col um volunes of a linear 0.15 to 0.3 M
NaCl gradient. NS3 protease-containing fractions were pooled and diluted to
a final NaCl concentration of 0.1 M The enzyne was further purified on a
Hi Trap Heparin colum (Pharmacia) equilibrated in buffer B (25 nM sodi um
phosphate, pH 7.5) 10% gl ycerol) 5 mM DJT, 0.01 % NP-40). The sanpl e was

| oaded at a flow rate of 3 nLlnmin. TheS%tol um was 10 then washed with

buf fer B cont ai ni 0.15 M NaCl at fl rat e of 5 i.n. Two step
washes were p‘@P?’%p%@ﬂ/’ﬁ‘ WE{%S5r1é€5eﬂ@é383\?/%8?6-&6%-%0%gHﬂ]ﬂﬁa ®Mor 1 M
NaCl . The pr of.55$.83 (S Hj,a@sviezicch, BH), D196 (DJ SWaNxCBHWash, diluted 3-fold with
buffer B, reapplied on the H Trap Heparin colum and eluted with buffer B
containing O.ExaMP&® . Finally, the NS3 protease-containing fractions were

applied on a Superdex 75 15 Hi Load 16| (Pharnmacia) equilibrated in
buffer B contﬁ'i"ﬂlm?ﬂ"OQSS'WWN&U“F‘WFHQ‘ws&%g‘gwﬁéﬂﬁﬂ?frﬁﬁ pr ot ease obt ai ned
from the pool @nyléyoispropysavasylatedged t o be greater than 95% by SDS- PAGE
fol l owed by densitonetry analysi's. The enzynme was stored at -80C and was

thawed on ice and diluted just prior to use—~EXAVPLE 37 2 i nant HCV
NS3 prot ease/ f or peRidedse r adi 0 7l C_assap £ was

cl oned) express oallhﬁE eMar-ed—acoor & pio OMeped in
Exanpl e 36. The enzyhe gvas stuedd at -80C™ tdawed o anel di futed j ust
prior to use in thg, y buffer contaiting@she NS4 ptide. The
substrate used fory ANS3 pr ot ease/ A cofactor | metric

assay, 25 DDl VPC- SM5YTW is cl eaved eVl t he cysteine and the serine
resi dues by the enryne. The sequen 1VPC- SMSYTW corresponds to the

C
NSSAlI NSSB nat ural cl eavage sinyg Pn@i&%the cysteine residue in P2 has
been substituted for a proiirne.o ept1 de substrate DDl VPC- SMSYTW and t he
tracer biotin-DDl VPC-SMS['251Y] TWar@ incubated with the reconbi nant NS3
prot ease and the NS4A pepti de 30" ¥ Hct or KKGSWWI VGRI | LSGRK (molar ratio
enzyne: cofactor 1: 1'008lysisly HREC vainghlrelcel® OHedlumBe of inhibitors. The

separation of substrAteher per? PrrserPte'ei®- Bhr t or med by addi ng avi di n- coat ed
owed by filtration. The anount of

agarose beads to the assay m xt (r foll The

SVE[ ' 251- Y] TV\?)pTQ?cﬁTETt'O?‘BTI')r/{HXtFrﬁ °? Hgﬂﬂf(ﬂ&?ﬁi tBag-araing-2ethyicarprxyliegFit ul at i on of
the 10 Febrmethy 2008 E3anple i & 61y .28 mmahiyss diseelvecun aegtenedd mibhantof t he

pg: cent gg;a Of thiiutaitiith Watef7 ,Rgmﬂ@bélingT@igalyaﬂ&dTTli%&pwgﬂ thd $diitbAWas €) \rl:ler ed

obt ai ne om CQ- ero r r ur chase
From S g TSR 7 5 Pt st NebhRet et 2l e it st BR " KO

f r om Anacheni Mordisistodystrizis] (380 mobgag afged:r Puringdicubgion pHvas sablizagiwith gl ycer ol |

1 lmgl L BSA, ﬂammbéﬁ% sadﬂﬂdl rionfdr thdddmorﬁOfthﬁﬁad)H;éBluﬁmlAMrSt ock
solution in er). . Substr ; n ration
(froma 2 nMV\@i'b@é "@glfrﬁfvf’%ﬂ}u = W&%&%Wﬁﬁiégs%%ngvgﬁg aﬁiﬁéat ion). 10
Tracer: reduckh@sesseparatsdi Fiba aqiecusphppeves asidiied withhPypauesvBHCPEE Vi TW (-1 nM
final congentgahdedith E1OXc, MRdd MBI AiRrdd/dR cdndantrated @ive fal 10350ncent ration
T NaG, 5 BRIl prsoapp aprccoResm ke e R R 6t uff e ganaeon ' YEST Ol 300
KKGSWI VGRI | LaGRtited i Exampled idahd toncentration (froma 2 nmM stock sol ution
in DMSO stored at -20C). B. Protocol The assay was Eperfor nmed in a 96-well
pol ystyrene phalreatmestpf epaliayet of aeld h3awith d'%ﬁ’?é?%’ﬁ: 8o glye Hye methyl

subst r at e/ t r agsidr tdlIBwaPISaMalkalé bERPLC Osinga éhiraindoiubrint[OhiraldalE2OBHNBEH assay
buffer; 190 WLIsygg’pé%&%eggnse,eis&crg{cl\g\%wgg fa%ﬁ;t1 %tiopo?ﬁ\te'(g,g) &BWL@V ratio 1:100).

EXAMPLE 14
Synthesis of (1R,25)/(15,2R) 1-amino-2-ethylcyclopropyl carboxylic acid:



Bl ank (no inhibitor and no enzynme) and control (no inhibitirFebneary 28030
prepared on the sanme assay plate. 25 The enzymatic reaction was initiated
by the addition of the enzyne/ NS4A peptide solution and the assay m xture
was incubated for 40 mn at 23C under gentle agitation. Ten (10) ~L of 0.5N
NaOH were added and 10 ~.L 1 M MES, pH 5.8 were added to quench the
enzymatic reaction. Twenty (20) ~L of avidin-coated agarose beads
(purchased from Pierce) were added 10 February 2003 96 in a MIIipore
MADP N65 filtration plate. The quenched assay m xture was transferred to
the filtration plate, and incubated for 60 mn at 23C under gentle
agitation. The plates were filtered usiﬁ?lg a MIlipore Miulti Screen Vacuum
Mani fold Filtration apparatus, and 40 pL of the filtrate was transferred in
an opaque 96-wel | plat tal ni Dg;,,l\/;f scintil O fluid per well.
The filtrates were countyd on a unt instyunment using
a'~l-liquid protoc f it e. THRCW i nhi by ulated with the
fol | owi ng equat i on?JI%O 1@50:35[”(]00unt S:AT thi6L CRE

", -countsb, ~~k) / (coushg syntomasgd~a" k) x 100] A non-|i¥8ar curve fit with
the H Il nodel was applied to the -inhibition-concentration data) and the

50% ef fective concentration (1CSQO s ER BUrEEred byt he use of SAS
sof t ware (StatiQTFAHALEsf t war e st em MSRS*YeEHt Fe, ol nc. Cary, N.C.).
EXAVPLE 38 15 Fu ength p eter @i mey o) e,ilg assay The

NS2- NS5B- 3' non codi ng regi’on wa oned by - N nt he,,RCR3 vect or
(I nvitrogen) using RNA extracted“romthe serum of ar4HCV genbtype 1 b

i nfected individual (provi deﬂ1.Q§gEAEBer nar d i , Hopital St-Luc,
Montreal , Quebec, Canada). A DNA regyf on was then subcl oned by
PCR into the 20 pFastBacT"" HTdHFacul oviatyeoexph@gsi on vector (G bcoBRL).
The vector sequence includes BT temgilon encodipg a 28-residue N-terninal

sequence whi ch contai ns a hexahi stidi ne tetg.antfibhte BC-t 0- BacT"" bacul ovi rus
expression system (G bcoBRL) was used to sdéare t he reconbi nant

bacul ovirus. The full | ength tyre NS nd NS4A heterodi ner protein

(Hi s- NS3- NM&&W"W%?‘E@?&@L%W E’ff'f"@’iet ‘ng 106 Sf21 25 celi s}orrL with the
reconbi na i [t hQlArCi i i -0.2 at 27C.
The Tt aha LI b2, 7 il bRCIP B hpleERbLRY Rluefpinl- 2 & 27
AC. The cel | @9 HLed.70menchdRogerngd atyl pramiiarf2ONdrD46 mmal, 1.5599.)40% gl ycer ol
(W V), 2V ~rseticrmix@es Weat Wlikrad fof4 RRERT BEEthOA cohceMiaiiddathe @EidRY wisease

S0 NP a0, e i Pl Al oAk faithivAli 6 ot & TrigShbondRa e “arfer
ui tracentri f 8t 9admated aguess NaHIGOxRQ (X} angdsineliAfigr e uapaf atmemd bound on a
Phar maci aigHi {Mig0,, Mtratoh@ha bbridgnte@ibi)Aie deEled ddter 14a Whs ERY 8. 3062003

3.35 mmol, 91 % yleld) as & colorless oll. MS (FAB) 255 (MH"); 'H NMR (CDClg) 8

5.96-5.86 (m, 1H), 5.37-5.22 (m, 2H), 4.70-4.65 (m, 1H), 4.57-4.52 (m, 1H), 1.87-

1.79 (m, 1H), 1.47 (s, 9H), 1.45-1.40 (m, 1H), 1.33-1.24 (m, 3H), 1.03 {1, J=7.3 Hz,

3H).

15  d) To ester 14a (1.106 g, 4.349 mmol) in dry CH.Cl, (6 mL) at RT was added TFA (5
mL). The reaction mixture was stirred for 1.5 h and then concentrated to afford 14b
(854 mg, 4.308 mmol, 99 % yield). MS (FAB) 198 (MH"); 'H NMR (CDCls) 5 5.99-
5.79 (m, 1H), 5.40-5.30 (m, 2H), 4.71-4.62 (m, 2H), 2.22-2.00 (m, 2H), 1.95-1.88 (m,
1H), 1.84-1.57 (m, 2H), 0.98 (t, J= 7.3 Hz, 3H).

20  e) To acid 14b (853 mg, 4.30 mmol) In dry benzene (14.8 mL) were successively
added EtsN (684 pL, 4.91 mmol, 1.14 eq.) and DPPA (992 uL, 4.60 mmol, 1.07 eq.).
The reaction mixture was refluxed for 4.5 h then 2-trimethylsilylethanol (1.23 mL,
8.58 mmol, 2.0 eq.) was added. The reflux was malintained overnight then the



97 NS3- NS4AFL was eluted in a >90% pure form (as judged byl (SBsbresx@2P03usi ng
a 50 to 400 mM i m dazol e gradi ent. The Hi s- NS3- NSAAFL was stored at -80C in
50 rnM sodi um phosphate, pH 7.5, 10% (wv) glycerol, 0.5 MNaCl, 0.25 M
imdazole) 0.1 % NP-40. It was thawed on ice and diluted just prior to use.
The protease activity of H s-NS3- NS4AFL was assayed in 50 mM Tris-HC , pH
8.0, 0.25 Msodiumcitrate, 0.01 % (wv) n-dodecyl-[i-D-maltoside, 1 mM
TCEP. Five (5) ~,Mof the internally quenched substrate

ant hrani | yl - DDI VPAbu[ C(O) - Q - AMY(3NO2) TWOH i n presence of various
concentrations of inhibitor were incubated with 1.5 nM of Hi s- NS3- NS4AFL
for 45 mn at 23C. The final DVSO conc®htration did 10 not exceed 5. 25%

The reaction vvaste mnatSnéj B%Q@aditi‘%@iﬁ 1 pH 5. 8.

FI uor escence "CIPHBIXIE WasHIHgH Whb Bld &Pd RS ﬁyt“@ﬁlé"d"’t‘m aa10|;8/er ki n- El mer
LS50B f | uor oreguenus eltrici gofdesdiution, vatar, 8&turatad| aqpNaii @Oy, wade@x)e@wdriteat i on
wavel engt h: ”Hﬁg @q%ﬁﬂnaﬂ éM@é@ | RiRgGbA: coﬂ«?e%trﬁmw) Y‘%%ld%éwaphﬂ'ht' on was

calculated w't q1uat| on:. 15
h- count sb, a, <SMomangrarsed-(5.BYy ?OSeAk\yQEtlb@]anﬁ) R SHic CaBaPate Mee it with the
Hi | | nodels was2myps eesimingi, b yigld)iab atpaleyekoonslieMB(PAB)@Y4 (g, 'HAIMR t he 50%

effective co AS sof tware
(Statisti cal Qé@ﬁ@\éﬁ,@é’ Fsl,% “ﬁ%é@sﬁﬁnﬁ" ?'!*fg%g ‘psymggeﬁe%%ézi ) EXAMPLE 39
20 NS3 Pr ot edk9-4CHl (m, BHS 8T 1L, JHi 53%§@aymm7d‘§ HehG Jwi7teHAHAH), 7 cel ls, a
human cel | | igy-ol8d ¢m 9H), bloa@, aHhepat oma, co-transfected with 2 DNA
constructs: one expressing a poiyprotein conprising the HCV non-structural
pr ot ei ns f usddrd earaimite tet(ReY hglolad dimmipliovesiaadded\S 3.0 NSHIEMANGABoMBSA- t TA

(cal I'ed NGB) 8% ep blics 85 i, 2% qgsmregga&déwmrxﬁ}?&&véﬁe@rrg& g@w aDRf" ot e

al kal i ne phosphat ase
pol yprotein e%@’%‘?’@@\?@ﬁt dfiied N@?cﬁ%ﬂyt é‘&é@ sy wasisacoeasN@e proteins to
be rel eased. wdsisan Wlfh|vMQ2>¢§nd trimeviterthe upuad treatmsnt (MpySOS filbatohered t hat t he

viral protei smc
Vet feul um v ieh eSS RInG fakhad BRa (R oo i) SOMAGZTL" e
SEAP gene. Tiq6 _PRIGVellow liskidc'H NMYR (3033 5;%05%("!/1”)05 AtBRY(PHMAR d | ead to
reduct i onysof (mat:lsweHi 2h), hw@isszmndm 150 (hedH)Lras 11.29 (s, 286, 1queng owi t ant
decrease in ?ﬁg'o%toys ontrol for other effects of the conmpounds, a
paral l el trans$ n - was ohe where a construct expressing t TA atone
(called tTA) Emch‘Eqstransfect ed with the SEAP construct such that SEAP
activity is independent of NS3 proteolytic activity. 5 Protocol of the
assay: Huh- 7sgithbsis oDdtRyMR,2S){HER2RFMamino-2.0fylkcgSopropiaiarboxyiateser um) , wer e
co-transfected with either NS3 and SEAP or tTA and SEAP, using the FuCene
prot ocol (Boehringer Mannhein. ter ;O h oR/ %5‘ wer e washed,
trypsini zed andP ed ﬁ t 880 964 we pl at es contai ni ng
a range of conc i GRE of t he, 5‘q;orrpoun%é e brs ST, C%ﬁtt er a 24-h
i ncubation peri od ‘&‘h 10 aliquot of the G UhCwas draj# and the SEAP
activity in this aI i quot was neasured with the Phos El‘ﬂﬁ?""ﬂt (Tropi x).
Anal ysis of the percent inhibition of SEAP act|V| cmag_l res t to
conpound concentration was perfornmed with the dg‘&}%@[l’e to obtain the
ECso. The toxicity of the conpound (TCSO t hen g26"Usi ng the MIT
assay as 15 follows: 20.L of a MIT soluti¥n (5my/ M medium was added per
wel | and incubated at 37 for 4 hrs; H¥&MedOFh was renoved and 50 ~I of
0.01 NHC + 10% Triton X-100 was added; ##ter shaking at RT for at least 1
hr) the OD of each well was read at S59%%wimmea®r wavel ength. The TC~o0 was
calculated in the_sane as the EC$o
20 a)ToaTHF solutlon (180 mL) of potassium tert-butoxide (4.62 g, 41.17 mmol, 1.1

eq.) at-78°C was added commercially avallable imine 15a (10.0 g, 37.41 mmol) In

THF (45 mL). The reaction mixture was warmed to 0°C and stirred at this

temperature for 40 min. The mixture was then cooled back to ~78°C for the addition

of 1,4-dibromobutens 15b (8.0 g, 37.40 mmol) and then stirred at 0°C for 1 h and




EXAMPLE 40 Specificity assays The specificity of the conpd@rfebruanyg 2003
determ ned agai nst a variety of serine 25 proteases: hunman | eukocyte

el astase, porcine pancreatic el astase and bovi ne pancreatic a-chynotrypsin
and one cysteine protease: human liver cathepsin B. In all cases a 96-wel |l
pl ate format protocol using a colorinetric p-nitroaniiine (pNA) substrate
specific for each enzyne was used. Each assay included a 1 h enzyne

i nhi bitor pre-incubation at 30C foll owed by addition of substrate and
hydrolysis to 30 @@B0% conversi on as measured on a UV Thernmomax m cropl ate
reader. Substrate concentrations were ggpt as | ow as possible conpared to
KMto reduce substrate 10 February 2003 99 conpetition. Conpound

concentrations vari f 00 t .06 ~ i nNg..0 ei otency. The
final condi ti@ﬁ@ggﬁ&q%éiqg@aégtgﬁa&%% 0230"%%%&%2%\‘%%8%-@%§5-1 | pH8, 0.5 M
Na2S04, 50 mnivhiNelCl.} e@). ThergaEinanixtansvawlicallystivedooneyporebeun ab@Cweindh; [ 100 WM
Succ- AAPF- pNAt:o‘ﬂE?utrg 81 AMIRcdhpotRd ¥8g0si n], [ 133 ~M Succ- AAA-pNA and 8 nM
por ci ne el ast ase uM Succ- AAV- pNA and 8 nM | eukocyte el astase]; or

[ 100 nmM NaHPQ, cjody ﬁcv&slak%/hﬁlamo 2856 PABD tleathWEERN 43 BCPeolieen | 0 20, 30
- MZFRp gé\ﬁoﬁﬁﬁn?r)cg% gsa#tb&%‘ the )/e];shﬁer§ L@ dnd e X@Eo&qéﬂey f£d in buffer

containin re use? representati ve 'S sumari zed
bel ow f or porwished witElQ 2x) @délaaﬂ@ch‘g‘@a%ﬁ‘"ateﬁéﬂ M&Q‘bﬁ@'uﬁ'qf‘aﬁ%ot tom 96- wel |

plate were adgiafedhiidwas diradBkwitt BLO (Bxhamithe tontdhaslominic exfiiet wad) WL of
e 8 kg Y e i, S
Tween- 20, 4D ﬂ"qusUm;wmetrmw?zﬁ‘r"bH@!S@M’%'@)d'ox%ﬂ?d"QDOLLMBGqul)nMQDl tor

sol ution ¢§0 JMéFﬁrh&hHQdmcﬁlbh& saﬁesms\eahmesabmwnaama 487 §2fghveen- 20,

300, mzvéopf o bl A D B 0o b S THPE S 0202t
NaCl, 0.1 m BCHA), 1855.2) (MJSI0RHXARMNAS-4(®, 2R W-2.30 Guh) @8 and t he
reaction was @4 IRed, 16, EFHW)@?@{MQP@J @13 188 14, N3 ft Ler7. oM, @h* tinme the

absorbance was read on the Ther nomax pl ate reader. Rows of wells were
allocated forexampig® s (no i nh| bitor) and for blanks (no inhibitor and no
enzynme). 25 The sequential 2-fold dilutions of the inhibitor solution were
per f or med1on Rrepaspionsof RASAS2R)-Bosaming2vigyisysienreny! carbegylisacidy Tri s- HO pH
8, 50 mM NaCl gin{d edtepM EDTA) 0. 02% Tween-20, 15% DMSO. Al l other specificity
assays were pertorned in a simlar fashion. The percentage of inhibition

was cal cul ated using th or mul a:
(Boc),O N
_ - 3,
Cl H N+ CO,Et DIPEA 9\ CO,Et
2 DMAP © H T
15d THF 16a

vinyl syn to ester

The hydrochioride salt 156d (1.0 g, 5.2 mmol) and (Boc)20 (1.2 g, 5.7 mmol) were
dissolved In THF (30 mL) and treated with DMAP (0.13 g, 1.04 mmol, 0.2 equiv.) and

20 dilsopropylethylamine (2.8 mL, 15.6 mmol). The reaction mixture was stirred 24 h
before being diluted with EtOAc (40 mL) and washed successively with sat. NaHCO;
(aq), 5% aqueous HC!, and sat. brine. The organic phase was dried (MgSQO,), filtered
and concentrated to give after purification by flash chromatography (15%
EtOAc/hexans), 16a (0.29 g, 23%). 'H NMR (CDCls) § 5.80-5.72 (m, 1H), 5.29-5.25

25 (dd, J = 17.2, 17.2 Hz, 1H), 5.24-5.1 (bs, 1H), 5.10 (dd, J = 9.2, 9.2 Hz, 1H), 4.22-
4,13 (m, 2H), 2.15-2.04 (m, 1H), 1.85-1.78 (bs, 1H), 1.55-1.5 (m, 1H), 1.49 (s, 9H),
1.26 (1, J = 7.3 Hz, 3H),
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non-linear curve fit with the H Il nodel was applied to the

i nhi bition-concentration data, and the 50% effective concentration (1C50)
was cal cul ated by the use of SAS software (Statistical Software System SAS
Institute) Inc., Cary, N.C.). 5 TABLES OF COMPOUNDS The fol |l owi ng tabl es

| i st conpounds representative of the invention. Conpounds of the invention
wer e assayed either in one or both of the assays of Exanples 37 and 38 and
were found to be active with ICS bel ow 50.M (A); below 5~M (B) or bel ow 10
0.5M (G~. Activity in cells and speci fd'sci ty: Representative conpounds of
the invention were also tested in the surrogate cell based assay of Exanple
39, and in Opg, g$pveral assays of Exanple 40. For exanple, conpound

601f rom Tabl € was found to have an 1C50 of 50 nMin the 15 assay of
Exampl e 37 aE&MMré%I&Bﬁ o@Sﬁ@b’ﬁﬁfzsﬁ(‘l@’ﬁﬂ)Q ariino-2RMyleitogropgiet er m ned by
the assay of Exanple 3 . he specificity assays of Exanple 40)
t he sane conﬁﬂB '%‘s found to have the following activity: HLE >75.M PPE
>75M a-Chym >75 ~-M Cat. B >75wM These results d-pdi-cate that this famly
of conpounds is hjghl ific for t r ot eglse an X gast certain
menbers of 20 th ha IpEiaré’Age' ve Hogat}l bas;ed assay. The
fol | owi ng abbrevi i thslare U Wi t hi n € preser §atﬁ e M5: Mass
spectronetric data; Aes acetyl Bn: benry. ert xycar bonyl ;
cHex: cycl ohexyl; CHY®™ S ohexyf gl yci ne J(aé §m no .Pf@/‘vysl -acetic
acid); iPr: isopropyl; OBn’MQWUM'H@WusInEBHmQ%BU—LIcoltxmrBu tent butyl; Tbg:
Pert-butylglycine; 1- or 2 25 Np: 1- or 2-naphthyl; 1- or 2-NpCH20: 1, or
2- napht hyk mekyruesmic defvativd—£aar (029, Qﬂ@r&imb@ﬁlaﬂ'ﬁﬁbo&ed !n aaetoﬁe (5 mLAng R2 M5

activity Cpd g O 110 ~Boc

oo ﬁl[ytedv(lth 1e0-1qB9Fnd HPwEE EhieteaitR 62N Siidads l\ﬁ\éorl\lg%z =
. _ . before Aainsg® wagadded (300img). Takaep e :ﬂ?cmtamduﬂnwnmmm o} p O

Table 2 B - 5 a NaOH solutidR was added by a pH st titrator over 9 day unifBhdGbér¥iday Cpd # anti

to range _ %m?@gﬁézoxg had bee%g%dé%o Eollowﬁggklg)ggg(%yéxtrac%ﬁﬂs desc”b%gr&hyl ~ ~ ethyl

622 ~A (on cycl ohexyl
- O CHz- 1Jﬁapﬁm3n|&1Srtheemﬁwolvzedesiﬁé 129 90M: £nd the hedrylyzed anateriaBoc 1 . . t

Bu_- O ~ Vi nylt30GBd5%).were olited~AddRisRI8t the unhydrolyzed ester by HPLC using a
chiral column showed & ratio of 43:1 of the desired compound 17¢ that was
assigned the (R,S) stereochemistry based on chemical correlation as described in
Examples 10 and 11.

15 Conditions for HPLC analysis: Chiralcel® OD-H (4.6 mm x 25 cm), isocratic
conditions using a mobile phase of 2.5% Isopropanocl/hexane.

EXAMPLE 18

Resolution of (1R,2S)/(18,2R) 1-amino-2-vinylcyclopropy! carboxylate by
crystallization with dibenzoyl-D-tartaric acld

20 o (18)

To a solution of crude racemic (1S,2R and 1R,2S) ethyl 1-amino-2-vinyicyclopropyl
carboxylate [obtained from N-(diphenyimethylene)glycine ethyl ester (25.0 g, 93.5
mol) as described in Example 15] in EtOAc (800 mL) was added dibenzoyl-D-tartaric
acld (83.5 g, 93.5 mol). The mixture was heated to refiux, left at RT for 15 min then



10 February 2003 103 TABLE 3 R2' R OHB.N N HR H O O O Tefdheuy 2083 -

-R3 -- ~RR ~R-- ~ M5 Activ. Cpd # syn to Range _ __ carbox _
_~ .._ 301 ~. ~ Boc cHex ~ -O CH2-1-naphthyl ethyl 622 ~-A 302 ' . ~~w
- iPr -OCH2-1-naphthyl - ethyl - ~ 582 A~ 0 303 ~~ ~ ~~ - - ~ "cHex

-0 CHzZ- 1- napht hyl - ethyl ~ ~ ~ 622 ~- A ~0 - 304 ~ Boc~~ ~- ~! cHex ~ ~ ~
~~~ethyl . 623 - » A~N ~0OCH2 305 .~Boc cHex - ~-O CH2-1-naphthyl . y~
vinyl 620 - ~ B - 306 Boc ~ -. cHex OO . vinyl 607 'B 307 Boc cHex - . O
vinyl -728 C N ~~NOz 308 Boc' . cHex OO vinyl ~ 606 ~ ~ B 309 - ~Boc '
cHex"OOvinyI-606-' VB 310 - .Boc .'" .- - - cHex .-. NOO.
~ vinyl 607 -. - B. 10 February 2‘603 104 Table 3 B RE R R, M Activ.
Cpd # syrr to 641 B, ~ '
312 - -. | 30cC OR%Q% 0°C. -ﬁ%lgaltesoﬁ(dywaéojbéln%(a%ftﬁrﬁ?@&??%ﬁ’llg) asmé% Boc cHex ~

.. . O O washed witt wlth EtOAC100 raagndralr-dned The Bolid wasGugienad®blp acetoridex M ~~ ~~
vinyl 683 ~ Cﬁ?b g\L%%&ﬁcéf&P&\d-ﬁlltereg (598 The‘s.o!rd Whd et ﬁgﬁstﬂhﬁd'twlbe Nﬂit F16 Acet yI

\(,:VHlex N~ H~ 3\{|8 nyaoepge @r@j A). Thp mefher liquors \mr?]%nc%xg@teg an& theyg'%dt%l was 10 a ©
February 2603ret@8ailzkdtiwedtimosBn RE degtofe-(cid Bic Mhe twoCpapsi#f the mmbphBange
carboxyl 319 gnifs solids'dPdibanzbylD-14HANE acitiBait Wefe cohbingd (5.53 g) and Mspanded
in a mixture of Et;O (250 mL) and saturated NaHCO; solution (150 mL), The
organic layer was washed with brine, dried (MgSO,) and filtered. The filtrate was
dlluted with 1 N HCIVEt,0 (100 mL) and concentrated under reduced pressure. The
10 olly residue was evaporated with CCl, to afford ethyl 1(R)-amino-2(S)-vinyl

cyclopropanecarboxylate hydrochloride (940 mg, 11% yleld) as a white hygroscopic
solid: [a]? +39.5°C (c 1.14 MeOH); [a] 3¢5 +88.5°C (¢ 1.14 MeOH); 'H NMR (DMSO-

de) & 9.07 (broad s, 2H), 5.64 (ddd, J=17.2, 10.4, 8.7 Hz, 1H), 5.36 (dd, J=17.2, 1.6
Hz, 1H), 5.19 (dd, J=10.4, 1.6 Hz, 1H), 4.24-4.16 (m, 2H), 2.51-2.45 (m, peaks

15 hindered by DMSO, 1H), 1.84 (dd, J=10.0, 6.0 Hz, 1H), 1.64 (dd, J=8.3, 6.0 Hz, 1H),
1.23 (t, J=7.1 Hz, 3H); MS (ESI) m/z 156 (MH)"; the enantiomeric purity was
determined to be 91% ee by HPLC analysis (CHIRALPAK AS® column, Hex:PrOH)
of the Boc derivative.

EXAMPLE 19

20  Preparation of (1R,28)/(1S,2R)-1-amino-2-vinylcyclopropane carboxylic acid
methyl-ester hydrochloride (19f)

19¢
CO,Et HCI P Br
O (e
Na,S0, / TBME LIOtBu (2.1 equiv)
Et,N foluene / RT
then H,0*, then NaOH
HNGCOEt  Bogo  BOHNN COEL ooy BOcHN.COMe
— Z/\ K/\
AN TBME “meoH

19d

Preparation of imine 19b
Glycine ethy! ester hydrochioride 19a (1519.2 g, 10.88 mole, 1.0 equiv) was

25 suspended In tert-butyimethyl ether (8 L). Benzaldehyde (1155 g, 10.88 mole, 1
equiv) and anhydrous sodium sulfate (773 g, 5.44 mole, 05 equiv) were added and



0~ 320 ~ cHex \ vinyl 704.3 ~B/ %\ f / N ~/ _. 321 '10Fgywary 2003 {-Bu
~ \' . . _ynyy .. 658.7~ . . CN/ ~O322 . Boc t Bu F~ vinyl

7176 B ' CF

~\V\ 1/ 323Boc ~~~ t-Bul \ ~~6T224B/ ~\ N1/

324 Boc ~t Bu a~ vinyl 727.5 C~N~N\ O TN\ ~/ _ v Q325 ~ Boc t-Bu I \
~~70y.4 ~~C/ i \ O\ | /| 0326 Boc t-Bu /=1 vinyl 708.3 C N~\N~-N\ O

N i/ O

10 February 2003 Tabl e 3BCpd #- 327 N328Boc 329 Boc 330 Boc t Bu

331- __ ~ ~N 106 ~-RB R f-BU~~Ow \ | /Ot Bu._ _ ~ i %~\ ~i ~ON

i Bu\ I NI

10

15

20

25

30

NI~
67

the mixture cooled to 5 °C In an ice-water bath. Triethylamine (2275 mL, 16.32
mols, 1.5 equiv) was added dropwise over 15 min (use 0.5 L of tert-butyimethyi sther
for rinses) and the mixture stirred for 40 h at room temperature. The reaction was
then quenched by addition of ice-cold water (5 L) and the organic layer was
separated. The aqueous phase was extracted with tert-butylmethyl ether (1 L) and
the combined organic ph‘,ases washed with a mixture of saturated NaHCO; (400 mL.)
and water (1.6 L), and then brine. Tha solution was dried over MgSQ,, concentrated
under reduced pressure and the residual ysllow oil dried to constant weight under
vacuum. Imine 19b was obtained as a thick yellow oil that solidifies at ~20 °C (2001
g, 96% yleld): 'H NMR (CDCls, 400 MHz) 5 8.30 (s, 1H), 7.79 (m, 2H), 7.48-7.39 (m,
3H), 4.40 (d, J = 1.3 Hz, 2H), 4.24 (q, J = 7Hz, 2H), 1.31 (t, J = 7 Hz, 3H).

Preparation of racemic N-Boc-(1R,2S)/(1S,2R)-1-amino-2-vinylcyclopropane
carboxylic acld ethyl-ester hydrochlotide 19e:

Lithium tert-butoxide (4.203 g, 62.5 mmol, 2.1 equiv) was suspended in dry toluene '
(60 mL). Imine 19b (5.020 g, 26.3 mmol, 1.05 equiv) and dibromide 19¢ (5.348 g,
25 mmol, 1 equiv) were dissolved In dry toluene (30 mL) and this solution added
dropwise over 30 min to the stirred solution of LIOtBu at room temperature. After
completion, the deep red mixture was stirred for an additional 10 min and quenched
by addition of water (50 mL) and tert-butylmethy! ether (TBME, 50 mL). The
aqueous phase was separated and exiracted a second time with TBME (50 mL.).
The organic phases were combined, 1 N HCI (60 mL) was added and the mixture
stirred at room temperature for 2 h. The organic phase was separated and extracted
with water (40 mL). The aqueous phases were then combined, saturated with salt
(35 g) and TBME (50 mL) was added. The stirred mixture wes then basified to pH
13-14 by careful addition of 10 N NaOH. The organic layer was separated and the
aqueous phase extracted with TBME (2 x 50 mL). The organic extracts containing
free amine 19d were combined and ditertbutyldicarbonate (5.46 g, 25 mmol, 1 equiv)
was added. After stirring overnight at room temperaturs, TLC showed some
unreacted free amine. Additional ditertbutyldicarbonate (1.09 g, 5§ mmol, 0.2 equiv)
was added and the mixture refiuxed for 2 h, at which point, TLC analysis indicated
complete conversion of 19d to carbamate 19e. The solution was cooled to room
temperature, dried over MgSO, and concentrated under reduced pressure. The
residue was purifled by flash chromatography using 10% then 20% EtOAc / hexane
as eluent. Purlfied 19e was obtained as a clear yellow oll which slowly solidifies
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under vacuum (4.014 g, 63% yleld).

'H NMR (CDCls, 400 MHz) § 5.77 (ddd, J =17, 10, 9 Hz, 1H), 5.28 (dd, J = 17, 1.5
Hz, 1H), 5.18 (broad s, 1H), 5.11 (dd J = 10, 1.5 Hz, 1H), 4.24-4.09 (m, 2H), 2.13 (q,
J = 8.5 Hz, 1H), 1.79 (broad m, 1H), 1.46 (m, 1H), 1.45 (s, 9H), 1.26 (1, J = 7 Hz, 3H).

Preparation of tifle comthnd 191 via trgns-estériﬂcaﬂon of 19e ;

Ethyl ester 19e (10.807 g, 42.35 mmol) was dissolved In dry methanol (50 mL) and a
solution of sodium methoxide in MeOH (25 % w/w, 9.7 mL, 42 mmol, 1 equivalent)
was added. The mixture was heated at 50 °C for 2 h, at which point TLC analysis
indicated complete trans-esterification (19e R;0.38, 19f R; 0.34 in 20%
EtOAc/hexane). The reaction mixture was cooled to room temperature and acldified
to pH 4 using 4N HCl in dioxane. Precipitated NaCi was removed by filtration (use
tert-butylmethyl ether for washings) and volatiles removed under reduced pressure.
Tert-butylmethy! ether (100 ml.) was added to the residue and solids removed by
filtration. Evaporation of the filtrate under reduced pressure and drying under
vacuum gave pure methyl ester 19f (10,11 g, 99% yield).

'H NMR (CDCly, 400 MHz) § 5.75 (ddd, J = 17, 10, 9 Hz, 1H), 5.28 (dd, J = 17, 1 Hz,
1H), 5.18 (broad s, 1H), 5.11 (ddd, J = 10, 1.5, 0.5 Hz, 1H), 8.71 (s, 3H), 2.14 (q, J =
9 Hz, 1H), 1.79 (broad m, 1H), 1.50 (broad m, 1H), 1.46 (s, 9H).

EXAMPLE 20

Enzymatic resolution of (1S,2R)/(1R,2S)-1-amino-2-vinylcyclopropane carboxyilic acid
methyl-ester hydrochloride

.
BocHN” “COMe Si/\
Alcalase 2.4L BocHN™ ~CO,Me
——
19f pH 8.2-8.5 20a

N
4N HCl-dioxane < .HCI

> | HN7 ~COMe

20b

Preparation of N-Boc-(1R,28)-1-amino-2-vinylcyclopropane carboxyiic acid methyl
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~ Racemic ester 19t (O 200 g, 0.83 mmol) was dissolved in acetone (3 mL) and water
(7 mL) was added. 0.05 M NaOH (1 drop) was added to bring the pH of the solution
to ~8 and then Alcalase® 2.4L. (Novo Nordisk Biochem, 0.3 g in one mL of water)
was added. The mixture was stirred vigorously at room temperature, maintaining the
pH of the solution at 8 using an automatic titrator. At beginning of day 4 and 5 of
stirring at pH 8, additional enzyme solution was added (2 x 0.3 g). After a total of 5
days, a total of 8.3 mL of 0.05 M NaOH was consumed. The reaction mixture was
diluted with EtOAc and watet and the organic phase separated. After washing with
brine, the organic extract was dried (MgSO,) and concentrated under vacuum.
Compound 20a (0.059 g, 30% yield) was obtained as a clear oil: 'H NMR identical to
that of compound 19f. HPLC (Chiralcel ODH, 4.6 x 250 mm, isocratic 1% EtOH in
hexane, 0.8 mL/min flow rate): (1R,2S)-2 R, 19.3 min (97%); (1S,2R)-2 R; 17.0 min
(3%).

Preparation of (1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid methyl ester
hydrochloride 20b:

Compound 20a (39.96 g, 165.7 mmol) was dissolved in dioxane (25 mL) and the
solution added dropwise with stirring to 4 N HCI in dioxane (Aldrich, 250 mL). After
45 min, TLC analysis indicated complete deprotection. Volatiles were removed
under reduced pressure, and the residue co-evaporated twice with MeOH (2 x 100
mL). Ether (300 mL) and MeOH (10 mL) were added to the brown, oily residue and
the mixture stirred overnight at room temperature resulting in the precipitation of a
semi-solid. Additional MeOH (15 mL) was added and stirring continued for 6 h, at
which point a yellowish solid was collected by filtration. The product was washed
with 5% MeOH in ether (50 mL) and ether (2 x 50 mL), and dried in vacuo to give
compound 20b as a yellowish solid (22.60 g, 76% vyield). Filtrates (including
washings) were evaporated in vacuum to give additional 20b as a brown oil (7.82 g,
26% yield). Both fractions were pure enough for use in the synthesis of HCV
protease inhibitors: [a]p® +38.2° (¢ 1.0, MeOH).

'H NMR (400 MHz, DMSO-dg) 6 9.15 (broad s, 3H), 5.65 (ddd, J = 17, 10, 9 Hz, 1H),
5.36 (dd, J = 17,1.5 Hz, 1H), 6.19 (dd, J = 10, 1.5 Hz, 1H), 3.74 (s, 3H), 2.50 (q,
overlap with DMSO signal, J = 9 Hz, 1H), 1.86 (dd, J = 10, 6 Hz, 1H), 1.64 (dd, J= 8,
6 Hz, 1H).

00 402 Boc ' ~~ f-Bu ~~ ~~~ ~ ~ ~ ~" 403 Boc t Bu 404 Boc 10 fabruarp2083c
f-Bu 406 Boc t-Bu R ~~ M5~ activ. range HY589.1AH~6036~~AH~~~
675.4 C 3-(=CH2) 687.1 Bi ~~oMwe "I / 2 ~inyl ~702.3 - ~~C
Ove | /Oi ~2-Et 703.3 ~COve | [/ r~ 10 February 2003 109 TABLE 5 0 o
R3 off Ol "NNHHOOOTable 5 ~~ R3 ~ NB~Act|V|tprd ~N -
_range 501 t-Bu 581.3 C502 H" 539.2 A._ _ -503 - ~ - g25. 3=
... _.B.__0' 5041 ~582.6 ~. B ®el,,,. 505 I 583.2 B 506 ~ ~ i -l .
- _-659.2Bo"' 507 -~. ~~ _.._ 670.2 B~Ns 508 ~- ~~~.~ . _ - 703.3
B s~ 10 Febfsyapy: 2003 110 Table 5 R3 M5 Cpd # _ , 509 581.3 ,,,. 581.2 -
- 511 - - .--S37.2 OH



Activity range C C ~B 10 February 2003 111 TABLE 6 R2~a,1ONWweBru2280® O R3
OH-O 'NNHHOOOTable 6 ~R3 T. RR~a' R2,s M5 Activity Cpd # , _
, range 601 ~Pr Ph 7-Owe 673.3 C602 . ~ .t-Bu .Ph . . 8-Ow, 717.2 . ~ C
7-OVe 603 i-Pr Ph 7-ethyl 671.2 C. . . 604 t-Bu - _~~-~~ . -- 7-Owe
611.2 ~. C__ .. 605~~~t-Bu. ~.~~Ph ~ 7-O~Pr 715.3 ~ C 606 t Bu
. «. .--._T7-C 615.2 ~.C607 "' ~Pr . -- 7-C 601.2 .C 608 CH2-~Pr --
7-Cl 615.3 B609t Buo~-- 680.2B. ~M 610t Bu ~C -- 613.3 ~C 611 t
Bu ..Ph 7-N(Me)2 700.5 C 612 - .-t Bu. o . -- 666.4 - .Csl13 ~t Bu~ ~
- 650.4 B BAAMPLER21BU ~ -- 664.5 B N~ s15 t Bu -- 7- N(Me)2 624.5 C 10
February 2003 112 Table 6 R3 ~. R2Z1IA . - - ' Rz,e M5 Activity Cpd #_ - -
, _ range 6SgntheSis MZII\hmmocyeldhil&léafbc()dyllbi)atuﬁﬁﬁthylBster _~~-- - 664.5C
~N-r618tBu-__ _--638.5. B Me-Nor si 9- . -t B~.

: .|n..NH_.----7005-.B. : -NH, 620 t-Bu -.
oo I\/E\N_. . 79.(2)5 C-- . 621 f Bu>Ne~ 678,3 C s
622' '~- t Bu - , - -- 625.4 623 ~ t Bu >
C624 f Bu ~ ~ _ (M) T 624.4 HCU/CHBH "y 7-S(Me) 703.7%
C626t Bu”™ ~Ph 7-BF 737.3 C 627 f Bu ~ Ph 7-F 675.3 C 628 ~ i Bu " /'o
.o~ T7T-N(Me)2 764.2 CH’CHNaIl 629 f-8u ~~ ~ 7 N(I\/?%e764. 3- C_ ~N
S630 T~ 't-Bu ~~- ~ 7-N(Et)2 792.3 C ~ON ~ ' bruary 2003
113 TABLE 7 RR~A N~ @ta OH/ -ON NH

1,1-aminocyclobutanecarboxylic acid was prepared according to Kavin Douglas ;
5 Ramaligam Kondareddiar ; Woodard Ronald, Synth. Commun. (1985), 15 (4) , 267-

72 . The amino acid salt (21a) (1.00 g. , 6.6 mmoles) was stirred in dry methanol (40
ml) at ~20°C and mixture saturated with dry hydrogen chioride to yield (21b). Stirring
of this mixture was continued for 4 h. The hot solution was filtered and filtrate
concentrated (Rotavap, 30°C ) to leave a residue which upon trituration in ethyl ether

10  afforded a white powder ( 0.907 g. , 83% ) after filtration and drying. 'H NMR
(400MHz, D2) & CH30 (3H, s, 3.97 ppm) ; CH. (2H, m, 2.70-2.77 ppm); CH; (2H, m,
2.45-2,53 ppm) and CHz (2H, m, 2.14-2.29 ppm).

TRIPEPTIDES
EXAMPLE 22

15 General procedure for coupling reactions done on solid support.

The synthesis was done on a parallel synthesizer model ACT396 from Advanced
ChemTech® with the 96 well block. Typically, 24 peptides were synthesized in
parallel using standard solid-phase techniques. The starting (Fmoc-
amino)cyclopropane (optionally substituted) carboxylic acid-Wang resin were

20 prepared by the DCC/DMAP coupling method (Atherton, E; Scheppard, R.C. Solid
Phase Peptide Synthesis, a Practical Approach; |RL Press: Oxford (1989); pp 131-
148).

Each well was loaded with 100 mg of the starting resin (approximately 0.05 mmol).
The resins were washed successively with 1.5 mL portions of NMP (1 X) and DMF (3
25 X). The Fmoc protecting group was removed by treatment with 1.5 mL of a 25% v/v
solution of piperidine in DMF for 20 minutes. The resins were washed with 1.5 mL
portions of DMF (4 X), MeOH (3 X) and DMF (3 X). The coupling was done in DMF
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(0.2 mmol) ofa 0.5M solution of TBTU'in After shaking for 1 hour, the wells
were drained, the resins were washed with 1.5 mL of DMF and the coupling was
5 repeated once more under the same conditions. The resins were then washed as

described above and the cycle was repeated with the next amino acid.
The capping groups were introduced in two ways:

1. In the form of a carboxylic acid using the protocol described above (for example
acetic acid) or,

10 2. As an acylating agent such as an anhydride or an acid chioride. The following
example illustrates the capping with succinic anhydride: After the Fmoc deprotection
and subsequent washing protocol, DMF was added (350 pL), foliowed by 400 pL
each of a DMF solution of succinic anhydride (0.5 M, 0.2 mmol) and DIPEA (1.0 M,
0.4 mmol). The resins were stirred for 2 h and a recoupling step was performed. At

15 the end of the synthesis the resin was washed with 1.5 mL portions of DCM (3x),
MeOH (3x), DCM (3x), and were dried under vacuum for 2 h. The cleavage from the
resin and concomitant side chain deprotection was effected by the addition of 1.5 mL
of a mixture of TFA, H,O, DTT and TIS (92.5: 2.5: 2.5: 2.5). After shaking for 2.5 h,
the resin was filtered and washed with 1.5 mL of DCM. The filtrates were combined

20 and concentrated by vacuum centrifugation. Each compound was purified by
preparative reversed phase HPLC using a C18 column (22 mm by 500 mm). The
product-containing fractions were identified by MALDI-TOF mass spectrometry,
combined and lyophilized.

EXAMPLE 23

25 General procedure for coupling reactions done in solution {See also R. Knorr
et al., Tetrahedron Letters, (1989), 30, 1927.}

The reactants, i.e. a free amine (1 eq.) (or its hydrochloride salt) and the free
carboxylic acid (1 eq.) were dissolved in CH,Cl,, CH;CN or DMF. Under a nitrogen
atmosphere, four equivalents of N-methylmorpholine and 1.05 equivalents of the

30 coupling agent were added to the stirred solution. After 20 min, one equivalent of the
second reactant, i.e. a free carboxylic acid was added. (Practical and efficient
coupling reagents for this purpose are (benzotriazol-1-yloxy)tris-
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t-Bu reaction was monitored by TLC. After completion of the reaction, the solvent was

5 evaporated under reduced pressure. The residue was dissolved in EtOAc. The
solution was washed successively with 10% aqueous citric acid, saturated aqueous
NaHCO; and brine. The organic phase was dried (MgSQ,), filtered and
concentrated under reduced pressure. When the residue was purified, it was done
by flash chromatography as defined above.

10 EXAMPLE 24

Synthesis of compound 304

Yo *r°"?;¢ —

0% on
(5) = 24a 24b
— —
N
o N
| fL * ¢) LIOH | J?\
N ———
° N l 7 MeOH/THF/H,0 0 ]
o, o.
N
2¢c H O

compound 304

a) The (R,R) isomer of Boc-Et-Acca-OMe 13¢ (0.12 g, 0.49 mmol) obtained from
enzymatic resolution (Example 13) was treated with 4N HCl/dioxane (45 min) before

15 being concentrated in vacuo to give a white solid. To this HCI salt (ca. 0.49 mmol)
was added TBTU (0.17 g, 0.54 mmol), the Boc-4(R)-(8-quinoline-methyloxy) proline
5 (from Example 5) (0.18 g, 0.49 mmol) and DIPEA (0.3 mL, 1.7 mmol) in MeCN (10
mL). The mixture was stirred at RT for 3.5 h before being concentrated in vacuo.
The resulting material was dissolved in EtOAc and washed sequentially with

20 saturated aqueous NaHCO; and brine. Dried (MgSO0,), filtered and concentrated to
give 24b a white solid (0.122 g, 50%).

b) 24b (0.12 g, 0.25 mmol) was treated at RT with 4N HCl/dioxane (30 min) before



807 ~ ~f Bu -- ~ 672.4 - CNB808 0O _t Bu-- 712.4 C1RFebrugsy B&%} uary

2003 117 Table 8 B R3 R~ M5 acfivify Cpd # - _, range 809 ~ i-Pr -- 649.3
C8lp™. -1 ~"tBu”"..--749.3~CO00 811 ~- Boc f Bu ~ 4-C- 721.3
~C812-\. . -.-tBu-". _-706.2-C_. ON a8l3 ~~1t Bu~ -
-- 702.2" CN814' ~ . Boc ~~ t Bu. 2-CI 721.3 ~ ~ C815 Boc ~ . f Bu .
~3-C0 721.3~C_ .-.816. ._ _ - i f Bu __ 658.3~ C_ .. ~N~817 - - .
~t Bu~--. 7202 - C- . N818 5 f Bg3-- 728.3 CN 819 o~Ni ~ i-Pr --
762.3 CcF, 820 HzN/ I i-Pr -- .732.2 - CcF, 821 oM ~ ... ~Pr 679.1 C

822 ""8 ~ -being coffentrated A ¥3ecth. ¢h82§sdﬂ?@ H dﬁsbhlonae @é:f?l(__alﬁ 28 mm&bﬁaé Boc ~-
e

oS ChS ek o el ek Aol s B 2
Bu- - 673 2 Meldn M@\B@Band fmally aw"c wilhi DIPEA (0.15 mf93.83 mmal). ThGIredme\»wew
_ Mﬁg%%wgh Eto,gc segggntlally waﬁ;éecj\l N%TQatu%gqp aqueous’ NaHﬁ?ﬁ @m E’B%EN | ~

~ CB32 _dried (MgS0,)] filtered and coricefated to give 24684 aR off white'daM (02 g).

This material (0.14 g) was dissolved in DMSO and purified by preparative HPLC to

give 24c¢ as a white solid after lyophilization (35 mg, 33%). HPLC (98%); MS (FAB)

m/z: 637.3 (MH*); HRMS calcd for CasHesN,O7 (MH*) 637.36011: found 637.36250;

'H-NMR (DMSO-dg) shows a rotamer population, § 8.91 (2 x d, J = 4.1 and 4.1 Hz,

10  1H), 8.40-8.36 (m, 2H), 7.90 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 7.0 Hz, 1H), 7.6-7.54

(m, 2H), 6.80 (d, J = 8.6 Hz, 1H), 5.18 and 5.16 (2 x s, 2H), 4.40 (bs, 1H), 4.31 (t, J =

8.3 Hz, 1H), 4.12 (d, J = 11.44 Hz, 1H), 4.03 (t, J = 7.9 Hz, 1H), 3.78-3.72 (m, 1H),

3.86 (s, 3H), 2.35-2.27 (m, 1H), 2.06-1.97 (m, 1H), 1.71-1.55 (m, 10H), 1.53-1.38 (m,

2H), 1.26 (s, 9H), 1.18-1.06 (m, 2H), 1.02-0.93 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H).

15 compound 304:

c) To 24c (30 mg, ca. 0.047 mmol) was added MeOH (1 mL), THF (1 mL), and
lithium hydroxide monohydrate (12 mg, 0.29 mmol) in H,O (1 mL). The clear solution
was stirred rapidly for 48 h before being concentrated in vacuo. The crude peptide
was dissolved in DMSO and purified by preparative HPLC to give compound 304 as

20  a white solid after lyophilization (21 mg, 72%). HPLC (99%); MS (FAB) m/z: (MH")
623.3; HRMS calcd for CasHeeN4O7 (MH') 623.34448, found: 623.34630, 'HNMR
(DMSO-ds) shows a rotamer population of 1:1, 3 8.90 (2 x d, J = 4.1 Hz, 1H), 8.37 (d,
J = 8.3 Hz, 1H), 8.26 (s, 1H), 7.89 (d, J = 8.3 Hz, 1H), 7.77 (d, J = 6.7 Hz, 1H), 7.6-
7.53 (m, 2H), 6.88 and 6.79 (2 x d, J = 8.6 and 7.9 Hz, 1H), 5.17 and 5.16 (2 x s,

25 2H), 4.43-4.35 (bs, 1H), 4.29 (t, J = 8.3 Hz, 1H), 3.82-3.71 (m, 1H), 2.35-2.27 (m,
1H), 2.06-1.97 (m, 1H), 1.72-1.53 (m, 10H), 1.52-1.44 (m, 2H), 1.37 and 1.29 (2 x s,
9H), 1.18-1.05 (m, 3H), 1.0-0.94 (m,1H), 0.91 (t, J = 7.3 Hz, 3H).

EXAMPLE 25

Synthesis of compound 301
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compound 301

a) Compound 25a (=12a) (282 mg, 1.23 mhol) was suspended in anhydrous
CH3CN (6 mL). DBU (221 pL , 1.48 mmol) and benzylbromide (161 uL , 1.35 mmol)
were added successively and the reaction mixture was stirred overnight at RT. The
mixture was concentrated, the resulting oil was diluted with EtOAc and 10% aq. citric
acid and successively washed with 10% citric acid (2x) , saturated aq. NaHCO; (2x),
water (2x) and brine (1x) . The EtOAc layer was dried (MgSO.), filtered and
evaporated to dryness. The crude colorless oil was purified by flash chromatography
( eluent — hexane : EtOAc ; 95:5 to 90:10 ) to provide the benzylated product 25b as
a colorless oil (368mg ; 93%).

MS (FAB) 318.2 MH 320.2 MH* 342.2 (M+Na)*

'H NMR ( CDCl3) & 7.37-7.28 (m, 5H), 5.22-5.10 (m, 1H), 5.19 (4, J= 12 Hz, 1H),
5.16 (d, J= 12 Hz, 1H), 1.60-1.40 (m, 4H), 1.39 (s, 9H), 1.31-1.22 (m, 1H), 0.91 (t, J=
7.5, 14,5 Hz, 3H).

b) Compound 25b (368 mg , 1.15 mmol) was treated with 4N HCl/dioxane (6 mL) as
described previously. The crude hydrochloride salt was coupled to compound 4
(from Example 4) (470.8 mg, 1.27 mmol) with NMM (507uL, 4.61 mmol) and HATU
(instead of TBTU , 525.6 mg , 1.38 mmol) in CH.Cl, (6 mL) as described in Example
22 to yield the crude racemic dipeptide as an orange oil. The crude material was
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o. 88~- __ _ 0~869~ -~ _ 0870 NS871 -". ~ ~ NB872 -y.
~_ ~N873 - ~---. N12l RB R- M5 activity range r-Bu -- 702.4 ¢ t Bu ~
~- ~701.3 ~~Ct Bu-- 713.3 Ct-Bu -- 699.4 ~~C 4 f Bu ~ ~-- 700.4
C" f B~s -~ -~ 714.3 ~_ G ~tBu ~ -- 714.4 Cf Bu -- e714.3 C 10
February 2003 122 TABLE 9 O CHB..NNH OO O Table 9 ~ ~. .B ~ M5 C_ pd
#r .. . _._ _ . 901 Boc 6853902~75~ ~--~.~8254o~~o~, 903 ~ . .

I ~ - 769.3 HO 0 904 -~_ ~ . _ _ _.j07.3 HO905 ~ i ~

685. 2 906 Opurlflé%%ygla@n chromatography ( eluent hexane Et,O ; 50:50 ) to provide the
pure dipeptide 25c¢ (the less polar eluting spot) as a white foam (223mg ; 68 % of the
theoretical yield).

MS 571.4 MH 573.3 MH" 595.3 (M+Na)* .

5 'HNMR (CDCly), ca.1:1 mixture of rotamers, & 8.03 (b d, J=8 Hz, 1H), 7.86 (b d,
J=7.5Hz, 1H), 7.82 (b d, J= 6.5 Hz, 1H), 7.61 (b s, 0.5H), 7.57-7.40(m, 4H), 7.31-
7.21 (m, 5H), 6.48 (b s, 0.5H), 5.22-5.11 (m, 1H), 5.08-4.81 (m, 3H), 4.41-3.74 (m,
3H), 3.49-3.18 (m, 1H), 2.76-1.90 (m, 2H), 1.69-1.48 (m, 3H), 1.40 (s, 9H), 1.40-1.23
(m, 2H), 0.92 (t, J= 7.5, 15 Hz, 3H).

10 c¢) The dipeptide 25¢ (170.1 mg , 0.297 mmol) was treated with 4N HCl/dioxane
(2mL) as described previously. The crude hydrochloride salt was coupled to Boc-
Chg-OH (84.1 mg ,0.327 mmoOl) with NMM (130.7 pL , 1.19 mmol) and HATU
(instead of TBTU, 135.5mg; 0.356 mmol) in CH.Cl, (2mL) for 2.75 h at RT then
worked up as described previously to provide the crude tripeptide 25d as an ivory

15 foam (ca. 211.4 mg ; 100%).

MS (FAB) 712.5 MH*

compound 301:
d) The crude tripeptide 25d (ca.15.4 mg, 0.022 mmol) was dissolved in absolute
ethanol (2 mL) and an estimated amount (tip of spatula) of both 10% Pd/C catalyst
20 and ammonium acetate were added. The mixture was hydrogenated overnight
under a hydrogen filled balicon at RT and atmospheric pressure. The reaction
mixture was filtered through a 0.45 um Millex® filter, evaporated to dryness then
diluted with EtOAc and 10% aqueous citric acid, and washed again with 10%
aqueous citric acid (1x), water (2x) and brine (1x). The organic layer was dried
25  (MgSQ,), filtered, evaporated to dryness and lyophilized to provide the tripeptide 301
as a white amorphous solid (11.0 mg ; 82%).
MS (FAB) 622.5 MH+ 644.5 (M+Na)+
'H NMR (DMSO0), ca.1:4 mixture of rotamers, & 8.54 & 8.27 (s, 1H),8.06-7.99 (m,
1H), 7.96-7.91 (m, 1H), 7.87 (d, J= 8Hz, 1H), 7.57-7.42 (m, 4H), 6.81 (d, J= 8Hz,
30 1H), 4.99 (d, J= 12Hz, 1H), 4.88 (d, J= 12Hz, 1H), 4.46-4.19 (m, 2H), 4.17-4.02 (m,
2H), 3.88-3.67 (m, 1H), 2.28-2.19 (m, 1H), 2.05-1.93 (m, 1H), 1.73-1.43 (m, 8H),
1.32-1.07 (m, 6H), 1.28 (s, 9H), 1.03-0.85 (m, 2H), 0.91 (, J=7.5, 15Hz, 3H)
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__C cC 10 February 2003 123 Table 9 B Cpd# _ . . _ 908 w . 909. .
_ . _o\wsyg9io. _-__ . __ _ __ _ o.._o~911~..._. Ho 912 '" 913/
-S-J_NN914~_~\SN ~S O, '~N915 __ ~S._ _N91s / ONH M
Activity range 691.2 C 727.2 . C715.3 ~C 721.3 = ~C733.2"' C713.3 C
805.3 C692.2 ,.- C.__. 680.3 C 76

EXAMPLE 26

Synthesis of compound 306

N

a) TBTU

}
== Q X
o * ==
o-.«@ron + HN ~~_DIPEA ! . o
< O O 0

26a 26b = 15d
26¢c

b) HCI 4N

¢) Boc-CHG-OH
TBTU
CH,Cl,

d) LiOH

2 Q,&§

a) The acid 26a (180 mg, 0.500 mmol) and the amine 15d (96 mg, 0.500 mmole)

5  were coupled using TBTU (192 mg, 0.600 mmol) and DIPEA (226 mg, 1.75 mmol) in
CHCl, (10 mL) for 20 h. The reaction mixture was concentrated, taken up in ethyl
acetate, washed twice with sat. NaHCO; and once with brine. The organic layer was

E;

Q
**[/Efqr
©C o

compound 306

dried on MgSQO,, filtered and concentrated to give 26¢ as a brown oil, used without
purification in the next step.

10 b, ¢) The crude compound 26¢ (ca. 0.500 mmol) was stirred for 30 min in HCI
4N/dioxane (4 mL) and concentrated to dryness. The solid was taken up in CH;Cl,
(10 mL) and DIPEA (226 mg, 1.75 mmol) was added followed by Boc-Chg-OH
monohydrate (138 mg, 0.500 mmol) and TBTU (192 mg, 0.600 mmol). The solution
was stirred at RT for 5 h. The reaction mixture was concentrated, taken up in ethyl
15 acetate, washed twice with sat. NaHCO; and once with brine. The organic layer



10 February 2003 124 TABLE 10 z R3 OH B~x N H O O O Tabl e 10FeiBuary 2003R3
~~ZR2,8 M5 ~ ~activityCpd # ~~ ~_ . range .1001Ph-N(Me)-i-PrOH 663.3 Ci 002
~Boc-NHt Bu ~SOwe 703. 4~ C1003~ ,» ~~ i-PrO~ ~ --- 663.3 ~~ CIN | M 10
February 2003 125 CLAIMS WHAT IS CLAIMED I S: 7. A conmpound of formula (1)
conprising the scope of the invention are racenmates, diastereoisoners and
optical isoners of RR RB NN (CHp~i-p YOONOHHO(l) wherein Bis H a
Cs or C,o aryl, C,.,6 aralkyl; Het or (Tbwer alkyl)-Het, all of which
optionally substituted with C ~ alkyl; C, .~ al koxy; C,~ al kanoyl; hydroxy;
hydr oxyal kywas driddoon MgE0a| filtgted anidtconcentyaemio giveradedvieybil, parifietbyofshonal |y

substituted with C . | kyl ,..gm do: or (]| r |)am de; or B is an acyl
derivative c&rorp%tiog{ﬂpiy?&gl& 6?-8,’335 yellp 8&3@9&19%4%8?'%'%3-@%2 ; an am de
o, oo POMRTRDE 957 8 g at o g W L o g
sul fonyl of_formula R4- erein | i . ..,,0.a i ona
Substi L ut o G 190 dar DGR 1 1 752uhchm s, tiPar 4790 =B PRk B8 no
opti onalsl y (@pmnes 19z, 10H), 518058.70 ther HY 8.86-6.27(makly)| 5.1a48.6/0(m, @ HY, Umeer al kyl )
am de; (ii)(C2., Io)rlkl) ~WI0I&§},EPC4 %naim%l(cxcf i kyl,
al1 opt i ond-Fy by TESi4-Ad2um i1, Ae052* €k 120487 tmeg kA &3 B0ny1
almknf)) opt i qrgltlhy), BIwaR.9P(mdi H;,tﬁmli-{z.tzet(mi1woi)m1€-_,2ﬂ @, kiy), 1@(}'&1133 go.g (|60vver
al kyl) am de; ,(j,i m 0, no-._Qr - tituted wit -
al kyl ; am 1%?t%%&@rpglﬂ’kﬁ%é)i%gdgygﬁvfz&lerjl"bsdgﬁ ryl or C~-.,s aralkyl,
all optionall).s tit with C .~ alkyl r DX am | ower
21 ky b} arn ae) 268X i3 bl s disBonte i B LETL MR EREE D 1 s o
f} vé Hetioor a_(démwf lselbtiqﬂ ozl-dl:bﬁlof LDk hydraite (M2arhgy1 .wbmdlx\r?sedddddénd%e~ al kyl ,
ydroxy, am [.a r no_.optiona nono- _or
& “subat i ¢ deeaanTiRAES was Hirgn 8RS Tor A SR Soi iRy g onkePASs afl
purified by preparative HPLC to give compound 306 (the less polar isomer) as a
white solid (25 mg).
compound 306: MS(FAB) 607.4 (MH+)
15  'HNMR (DMSO-dg) 6 9.16 (d, J = 6 Hz, 1 H), 8.55 (s, 1 H), 8.35 (d, J = 8 Hz, 1 H),
8.12(d,J=9Hz,1H),8.05(dd, J=8,7Hz,1H),7.76 (dd, J =8,7 Hz, 1 H), 7.59
(d, J=6Hz, 1H),7.02 (d, J =8 Hz, 1 H), 5.75-5.66 (m, 2 H), 5.19 (d, J = 18 Hz, 1
H), 5.07 (d, J = 10 Hz, 1 H), 4.55 (d, J = 12 Hz, 1 H), 4.43 (dd, J = 10, 8 Hz, 1 H),
4.03 (d, J = 10 Hz, 1 H), 3.87-3.83 (m, 1 H), 2.66-2.59 (m, 1 H), 2.36-2.30 (m, 1 H),
20 1.98(dd,J=18,9 Hz, 1 H), 1.75-1.56 (m, 8 H), 1.38-1.35 (m, 1 H), 1.25-1.22 (m, 1
H), 1.09 (s, 9 H), 1.12-0.95 (m, 3 H).

EXAMPLE 27

Synthesis of compound 307
/ ®)
e ©
NO,
+

S S oEt c) TBTU 3
BocN 27a HCLH,N | Cnxglz BocN g
Ao RT. A OFt




10 February 2003 126 with the proviso that when R4 is an at Bebroary2003
thioamde) R4 is not (ii) a cycloalkoxy; Yis Hor C _s alkyl; R3is C, _e
al kyl) C3., cycloalkyl, or Ca-,o0 al kylcycloal kyl, all optionally
substituted with hydroxy, C, ~ al koxy, C,.s thioal kyl, am do, (I|ower

al kyl)am do, Cs or C,o aryi, or C .,s aralkyl; R2 is CH2-R20, NH R20, O R20
or S-R20, wherein R20 is a saturated or unsaturated C3_, cycloal kyl or

~.,0 (al kylcycloalkyl)) all of which being optionally nono-) di- or
trisubstituted with R~,, or RRois a C or C, o aryl or C .,4 aral kyl, all
optionally nmono-, di- or tri-substituted with R21 ~ or R20 is Het or (I|ower
al kyl)-Het, both optionally nono-, di-7%r tri-substituted with R2,, wherein
each R2, is independently C,.s alkyl; C,.s al koxy; |ower thioalKkyl;

sul fonyl; NO2; OH SH;, halo; hal oal kyl  am no optionally nono- or

di substituted with C .s alkyl, Cs %r aryl, C-~.,4 aral kyl, Het or (I|ower
al kyl )-Het; am do optionally nono- ﬁg} ut ed mnth C .s aIkyI C6 or C a
aryl, C-.,4 aral kyl, Het or - Het; carboxyl; carboxy(lomer

al kyl); G or C o aryl, C7 or Het) said aryl, aral kyl or Het
bei ng optionally substltute wherein R~ is C ~ al kyl; C3.
cycl oal kyl ; C,.s al koxy; amino & @Al | y nmono- or di-substituted with C .s
al kyl ; sulfonyl; (1 ower al kyi)sduiff onyl; 2} g ;ﬂé hal o; hal oal kyl ;

car boxyl; am de; (Iower alkyl iYe; or Heﬁsqgﬁf@ﬂé |y substituted with

C -6 alkyl; R isH C.~a C3_, cycl oatdBy,ric2. s al kenyl, or C2.s
al kynyl, all optionally substiYut th hal ogen; or a pharmaceutically
acceptabl e salt or ester ther & conmpound of fornula | according to
claim~ , wherein Bis a C6 of Oﬂo ryl or C~.,s aralkyl, all optionally

substituted with C .s alkyl, C .szalkoxy, C ~ aI kanoyl ) hydr oxy)

hydr oxyal kyl , hal o) hal oali kyI vitro, cyano, cyanoal kyl, am do, (I ower

al kyl )am do, or am no _gpti onal |y substituted with C al kyl; or B is Het
or (lower alkyl)-Het, gptionally substituted wi » yl, C .s
af koxy, C,.s al kanoyl 0 w hydr oxyal kyl, hal o al i
cyano, cyanoal kyl, wet~ygl kyl) am do, or @ 0 opf[t ofalNoy
substituted with C 10 F’_Elit'_tkﬁ.r,y 200312 ~¢onpound of
formul a | acceaydi |m1 wher °B|§R 02 inR4is C 6

E C6 FOII’ co aryl Nc

al kyl ; ami do; Kyl or Het, all
opt i onal |y substitute 054 al kyl. 4. A corrpoundo la |
according to claim 1, V\/ﬁer ingdB is an acyl derivative of fopnula R4-C(O) -
wherein R4 is (i) C .,8 alkyl optionally substituted™W{H carboxyl, hydroxy

or G, ~ al koxyy 4 %Hhﬁd?vof (He%&ﬁ%ﬁ‘oﬂ’ékﬁn’ﬂe@&@ faﬂi‘s%&% Eafalel y nono- or
d

al Ky oyl onl Epnprasting es gaed WRTATL G0 b I pieoh, BratGrpebartity ) (c..

al koxy) cardong|s) vlaymdeaoa(tkm)vﬁroneﬁﬂewpmm {229 mgy 1.48inmol)opvimdutdl | y nono- or
di - substit ut eglpiitdn, e%orﬂ%llmg; (OEfdrHQ S%n’%d)%f% rﬁét)ﬂll n@thg e, Wa @a@r al kyl, all

optionally su stltut al kyl)amde

or anino opt iadfed tP)"’%ﬁ@Q“FF&'P@T Whﬁﬁy@ate SFRY| he('@”’)”'tmt”'@fm(“laémer
al kyl) - Het) Istitrddl s BiTi comdlghty Thelselvertt waeevapbiated Glvacual Ryel residuediiiatsy, ami no

optionally s , Lde, or am no
opt i onal 1y < SRR ek eEelhpquaned il R, sﬂ%@ﬁﬁ&%&%ﬁ%&%‘%
accor di ng o apf 8!‘%"1"“ bm@rmerpr@nfcgaygr vag Hiod \MoSip-) fitsren ang epaprorted /o) - |

wherei n R4 i yvatio) The ﬂasmuaknkybhrorpamgrapﬂeldpvmslmsa pélysmad wy, hbxamad-stapyl , C . ~

| k I, h ~ o |1 - di bstituted
uth G b al BRee e O FETARMERBIERR.  TP0S OC Cloaliyl oaco

| Kyl | oal
al d&{ﬁﬁ&gg Shleofl bl 2HOD G 044 M) O LOMUPORb

amido or (lo %ﬂ%?/MSQH’?Hé'" e q,%/xa@gwgsr stlétegatﬁﬁérw (acsrecinjiated same |
opti onal | 15 swasfdnt the eshctidrt dite) 0 infl Foelsplventame xemovadrindaud IToweminal kyl ) ami do,

or am no opt i GnaLdNTRAPs7d1b.1 74 iR Sk InSk WL blacktonimiwgy !+ OF

neutralized by addition of 65 pL (0.5691 mmol) of N-methyl morpholine. A solution of



(v) Het or (lower alkyl)-Het, both optionally substituted 1@ E¢brQary-208Bkyl ,
hydr oxy, am no optionally nono- or di-substituted with C .s alkyl, am do or
{I ower al kyl)am do. 6. A compound of forrmula | according to claim1,
wherein B is an anide of formula R4 N(RF)-C(O) - wherein R4 is 10 February
2003 128 (i) C,_,0 alkyl optionally substituted with carboxyl, C, .s

al kanoyi, hydroxy, C, .s al koxy) am do, (|ower alkyl)am do, or am no
optionally nono- or di-substituted witfC, s alkyl; (ii) C3_~ cycloal kyl or
C4.,0 al kylcycloafkyl, all optionally substituted with carboxyl) (C, _s

al koxy) car Yo C?%@ﬂmgd {3@%‘%5 o @ﬁw?r@g‘ itl95 AL oﬁﬂ%éi@mﬁ‘ii& Wa8abhisd RO~ Of

di -substituted w I11) amno optionally nono- or
di - subst i t dB3Y AF MG, @ 143 MR |and hemadded & the Rievieys selutiqn-of the amifieky| , al |

optional | YT%Hl?éédltHét&%t%W&s@méd al #YQN QYIQYQXY%e%@\\/@ﬁgwéé RMSverlif Y| ) ani de,

or amino optionally substituted wt ; (v or (tower
al kyl ) - Het vagist hT'wdieﬁGHa|dllyte§ufﬂ@tth9@@am Wﬁsevaseegww W'th)acﬁa&@tﬁdam no
opti onak| ysahm&{ bit dfin wcmoﬁate%naldﬁué w.tﬁrﬂr.ﬁ@ Phe OrUMR! lagérWdsd diBigde; and RS

is Hor methyl. 7. A conpound of formula according to claim1, wherein B

s a thi cafMEsOs f"fese%m%emomtpd:(@)acuo\Aﬁ@m (1088f) ok trippptide 27ewag ky |

optional | YOEtéﬂﬁd' tihisesudé E&nﬁ&frh%é’ use@ iR ﬂweﬂﬁé&@%hoﬁﬁwtﬁbuﬁuﬂéfoxy (i)
C3_~ cycl oal C4_,o0 afkylcycloal kyl, ail optionally substituted with

car boxyl , P@"y@“aﬂ‘ koxy)car bonyl amino or amdo. 8. A conpound of fornula |
according to claim?2, opti onal I substituted

with C .s H1Q7 S°'€“°’b°‘éf"k%§'9? 2@ ‘(Bsd'l"'ﬂaq’r&}‘lg mm@}hnpg@L a2 apitR, ﬁﬁl H20n3| o)

hal oal kgl ) (mstww)as@naéwmnmmw)éfdd amoﬁdnyaaate (é@mgrosbkmm@m Nﬁ) or am no
optionally bstituted wth A conpound of

o e | adaona frsrL of BebHwas frsbaiin ofdest Gt hosmRaeneais SO0t i ¢ ut ed
with C .s ghkyésulting soilibkaag, suﬁeciétmkaaémdm bEMEY Bre)solveat Was avdpdedted | ower

| kyl d t - subs | kyl .
2.7 A conpdtirgrus; B eRIbe Vos belidepepipe b A HAS, ARG acyt
de[) ivati veéaybr was auibgneﬁwwtﬁiﬁﬂ HCwret aen efdfadted Emde With emybédexéteop‘heonﬁl I Iyk I
Su Stlt teq wt calr po at X Cl Oa
or "o 18" qiteBlad et s pR¥ N el atoy eBhER Bk o heRuipasty O
car boxy! etractionl Rbisydrganid ayel Wasodried (MoSCh), ditexedarareMaporateéd-in, vacaw al kyl ,
211 0P 0758 B 43hy BBl o ol Bl b S gt onal 1
am no. 11. cmgu@wa@ldtsaolved mM%DPH (‘th(baUd injeated entgiam e3)uilirle@i n B is a

boxyl of : ' i i | | |
oo Y SRR Rl 6 SR 2SI ¥ oo coil 1 i) |
(1 ower 28l kysbvent Ale 0.C8% ﬁEAd-pﬂ soluentB=HNEs TEA/GH:CGNIb Ruirification nmgrhmc
Reyls (i | "
Subst | ut e RO T B S i 66 mif), BrahodSifio@Urkized By anAficAHPLLY
al kyl ) ani déAppeapriate foqmtlpmmeteycqllgmd am! Phlﬁzﬁﬁsfplmﬂ'@%ismgﬂ(ﬁg"ﬁ)ﬁ tiekyl ) or

(iv) C6 or s ionally substituted wwth C _s
al kyl , hydrogipeoa{r%énﬁ(yeo%&aosﬁaa y su%?thla%%?‘g W|th C .~ alkyl; or (v) Het or

Crder 8 ok 0 opt onal Iy n@g@bgu 62&3?%5?3”2@8‘# ég(&J ﬁglMHE) 88 0%y,

am do, or am tituted wt A" conpound
of form@il al(s QaZid)oBcﬁ4r(g Q&Hblﬁaﬂ&ﬁdeﬂ w8 8itiz, B.3H), &r’rSdﬂdi dle=842 Hz0dH)a R4

8.39-8.33 (m, 2H), 8.20 (d, J = 9.5 Hz, 0.2H), 8.18 (d, J = 9.5 Hz, 0.8H), 7.81 (s,
0.2H), 7.78 (s, 0.8H), 7.64-7.56 (m, 3H), 6.87 (d, J = 8 Hz, 0.8H), 6.36 (d, J = 9 Hz,
0.2H), 5.82-5.67 (m, 2H), 5.27-5.17 (m, 1H), 5.09-5.03 (m, 1H), 4.73 (t, J = 8 Hz,
0.2H), 4.55 (dd, J = 10, 7.5 Hz, 0.8H), 4.49-4.40 (m, 1H), 4.00-3.95 (m, 1H), 3.83-

30  3.76 (m, 1H), 2.87-2.80 (m, 0.2H), 2.69-2.62 (m, 0.8H), 2.39-2.26 (m, 1H), 2.08-2.00
(m, 1H), 1.75-1.41 (m, 7H), 1.37 (s, 1.8H), 1.32-1.27 (m, 1H), 1.17-0.82 (m, 5H), 0.94
(s, 7.2H).



N(R5)-C(O- wherein R4 is (i) C _, o alkyl optionally subsf®Fgpreaxsiis
carboxyl, C, s al kanoyl, hydroxy, C, ~ al koxy, am do, (lower alkyl)am de,
am no optionally nmono- or di-substituted with C .s alkyl; (ii) C3.,
cycl oal kyl or C4.,0 al kylcyclaal kyl, all optionally substituted with
carboxyl, (C,.~ al koxy)carbonyl, am do, (lower alkyl)am de, am no
optionally nono- or di-substituted with C,.~ alkyl; (iii) amno optionally
nono- or di-substituted with C,_3 alkyl, or (iv) C or C o aryl or C, .,s
aral kyl, all optionally substituted with C .6 al kyl, hydroxy, am no or
am do optionally substituted with C .~ alkyl; or (v) Het optionally
substituted with C, .6 alkyl, hydroxy, 8mno or anmido, and RSis H 13. A
conmpound of forrmula | according to claim7) wherein Bis a thioam de of
formul a R4- NEXKAMPEE28 wherein R4 is (i) C .,o0 alkyl; or (ii) C3.~
cycloal kyl. 14. A conmpound of Ior mula | according to claim 12, wherein Bis
an am de” of PWthesisokeemaQuPA! wherein R4 is (i) C .,o0 alkyl optionally
substituted with carboxyl, C, .~ al kanoylg hydroxy, C,.~ al koxy am do,
(1 ower al kyl)am de, am no optionally nmogQ- or di-substituted 10 February
2003 130 with C .s alkyl; {ii) C3..~ cy | kyl or C4.,0 al kyl cycl oal kyl
all optionally substituted wth carboxyl], FC,.s al koxy)carbonyl, am do,
(1 ower al kyl)am de, am no opti onal o or di-substituted with C .s

Q

b

al kyl; (iv) Cs or C o aryl or ral kyl ionally substituted with
gogpound of formula | according
oxyoar

C?4
C,.s alkyl, hydroxy, am no or/lgrgﬁ\d
to claim1, wherein Bis O'N t%rtf bt onyl (Boc) or 1fi. 17. 18. 19.
A compound of forrmula | according to cl & m 19 wherein Y is Hor nethyl. A
compound of formula I according JfQ.&kaiym 16) wherein Y is H A conmpound of
formula | according to claiml, wherein R3is C,.e alkyl, C-.~ cycloal kyl,
or C4-,0 al kgbmpolreh3idywae pedparedpising thel frgeessidrsciinedtimBrampleR4butiveingy, C, . s

al koxy, Cs. syfehbodbderd nui@rgblaisdo, Cs or C o aryl, or C-.,s aralkyl,. A
conpound of %h%rprua?g I auccogdi ng to claim18) wherein R3 is the side chain

of tent butykcgmpeimes0THNMR (DMSO-UE15)8.981d, Jo¥ 6 Hz, 1, H), 8162 301 HR B.244d,conpound of

formula t accgor,din | .ai m et gty R3 g J chai Thg, Chg
or val. A co?rﬁgﬂilzdggﬁ'%fogr(%l—aéﬁz’g\(lz@bifgé E’gdt g l-f:‘l LF‘&’%@%’@F@?‘%‘%’ is S-Rzo
or O R20 wher8{dRxo8 Ha 1B %568 Wiy B-p7 (&r 8, tHh F2H8y18)mHEl), 508~ CH2- Het |
al | optional byt RN0H)) 4.87-4.40(m{d H), 8.008t96t(mt £H), BisiddRd =)9, dhierfeH)n

10 2.59-2.54 (m, 1 H), 2.32-2.26 (m, 1 H), 1.99 (dd, J = 17, 9 Hz, 1 H), 1.74-1.55 (m, 8
H), 1.37 (s, 1 H), 1.26-1.22 (m, 1 H), 1.14-1.08 (m, 8 H), 1.02-0.91 (m, 3 H).

IR

15 Compound 302 was prepared using the process described in Example 27 but using

EXAMPLE 29
Synthesis of compound 302

the appropriate building blocks.

'H NMR (DMSO-ds) 5 8.34 (s, 1 H), 8.04-8.01 (m, 1 H), 7.94-7.92 (m, 1 H), 7.87 (d, J

=8 Hz, 1 H), 7.64-7.50 (m, 3 H), 7.45 (dd, = 17, 8 Hz, 1 H), 7.22 (d, J = 8 Hz, 1 H),

4.94 (dd, J = 55, 12 Hz, 2 H), 4.34 (s, 1 H), 4.27 (dd, J =8, 8 Hz, 1 H), 4.16 (d, J = 11
20 Hz, 1H),4.07 (dd, J = 8, 8 Hz, 1 H), 3.72-3.65 (m, 2 H), 3.50-3.564 (m, 1 H), 2.24-

2.18 (m, 1 H), 2.02-1.95 (m, 2 H), 1.75-1.70 (m, 1 H), 1.53-1.44 (m, 2 H), 1.32-1.27



R2~ is C,.s alkyl; C, ~ al koxy; |ower thioalkyl; am no or dgiRebrgpy RO%EI |y
nono or di-substituted with C .s alkyl, Cs or C, o aryl, C .,s aral kyl, Het
or (lower alkyl)-Het; NO2; OH, halo; trifluoronmethyl; carboxyl; C6 or C o
aryl) C~.is aralkyl, or Het, said aryl, aral kyl or Het being optionally
substituted wth Rzz, wherein Rzz is C .s alkyl; C-.~ cycloalkyl; C, .s
al koxy; am no; nono- or di- (Il ower 10 February 2003 131 al kyl)am no;
(1 ower al kyl)am de; sul fonylal kyl; NO281CH, halo; trifluoronethyl; carboxyl
or Het. 22. A conpound of formula | according to claim?2l, wherein R2, is
C .~ al kyl (m, G l-_i)ewmkmy (mamiH),00. 96850 1 0 Ky BR- BT @, 5(HR \0e82- mswh)am de;
C6 or or said aryl or Het being optionally substituted with
R22, vvhere R22 is C ~ al kyl; C3.~ cycloal kyl; C~_ s al koxy; am no; nono-
or d| (1 ovveé al k am no; am do; (1 ower al kyl)arri de; halo; trifluoronethyl
or Het. d%r#?ound of fornmula 1 according to claim 22, wherein R22 is
C .~ al kyI ox haI ~~@am no optionally nono- or di--substituted wth
| ower al ky"'lsyc@f’ﬁs ﬁ“&% ‘g??@l)am' de; or Het. 24. A conmpound of formula |
according to clai m 23, wherein R22 is nmethyl; ethyl; isopropyl; tent-butyl;
met hoxy; chloro; am no optionally nono- ubstituted with | ower alkyl;
am do, (lower alkyl)amde; or (tower al hi azol e. 25. A conpound of
formula |I accordi ng to claim 21, is selected fromthe group
consisting of: Ni \ i ~ C~ v i 2 NI MENNL1/ ~~/ ON-/ O
| 1 and 26. Acorrpound of fo ing\to glaim2l, wherein R2 is
1- napht hyi met hoxy; 2napht hy|$ YyI- napht hyl oxy;
2- napht hyl oxy; or qui nofi noxy st ijtut ed , no- or di-substituted with
R21 as defined in claim21. 27 A COfTBOUI’ldOOf formula | according to claim
26, wherein R2 is 1-naphtyl met hoxy; orgggui nolinoxy unsubstituted) nono- or
di -substituted with R2, as defined in claim26. 28. A conpound of formnula !
accor dIC ng &g u%tha&wa!ﬂ&rejsa@d%dg&hés}o%egéeaeécheea trmxgﬁ;gem%gmﬁg | ng gg
A corrpoundtthaPPEﬁH‘?‘ﬁﬁeab‘F“dM‘P‘ihsng to claim26) wherei n R2 is 10 February
2003 132 RPNRIR OMBS-E) Fbtﬁ%er%*‘éB@B??@' b)ﬁH& &45@5 @léﬂ)xy 13'62%1 8T5hl Oal kyl ;

halo am no optionally nmonosubstitute ¥
, 6 H} al Rg10-81), 83 (d. d 585 KizyP- 2H&r7a$$<%83dm ik 7@‘& @Mm- 9“291?1&%6 F%t ed

WI th Rez Mﬁrm)ns Bs (Hsy Qa ﬁz @Idf-w 6.26(d,Q 28 Isqxz/b 2’H)1 51@) dé@mﬁnml $<3$) am de,
am no optionally ﬁor}: bstltutgd W th % :

528 (m, 1 26515m1 ), 5.08-5.02 (m, 1H)460(tJ 75 Hz, 02H)438-

4.27 (m, 1.8H), 4.09-3.91 (m, 1.8H), 3.74 (dd, J = 12.5, 4 Hz, 0.2H), 2.69-2.60 (m,

0.2H), 2.50-2.40 (m, 1H), 2.36-2.28 (m, 0.2H), 2.23-2.14 (m, 0.8H), 2.05-1.97 (m,

15  0.8H), 1.76-1.44 (m, 7H), 1.37 (s, 1.8H), 1.29 (s, 7.2H), 1.28-1.20 (m, 1H), 1.16-0.88

(m, 5H).

EXAMPLE 31

Synthesis of compound 309

?\

20 309

Compound 309 was prepared using the process described in Example 27 but using
the appropriate building blocks.



R2,Bis C, .~ alkyl, C .6 al koxy, am no, di(lower alkyl)ami19debfliarn2003

al kyl )am de, NO2, OH, halo) trifluoronethyl) or carboxyl. 30. A conmpound of
formula | according to claim?29, wherein R2Z,Ais C6, C o aryl or Het, all
optionally substituted with R~ as defined in claim30. 31. A conpound of
formula | according to claim30) wherein R2,Ais selected fromthe group
consisting of: N M j Et NIVEN|~SS£\IHHNj N! N~HNj '"<~'~ S~ S
ONSNN-~N-=N-~N HN\N~—~ HN~~Nss§andv s~>>32 Acorrpound of
formula 1 according to claim?29, wherein R2 is: erein RzzA is C, .

al kyl; C,.'6MNM Qﬂewaraéneraw@&ﬁw& @ &2H) aﬁi‘i/(s 0@” ~ 8058 4m. 10
February 241937583, 3§<mam)n<7,42d7 82 EigﬁéH)aleﬂ@QQn‘ﬂcb al(lj ?bﬁh @3 ) 0.8ay,de, NOZ,

OH, halo, trifluoronmethyl’ or car ng)oun formula | accor di ng

to clai m Y9 (theredh Ha 0i8H), &33 (‘BJSﬂ Hys 0.258, 5.875. 6§8(m 340), HiR@Belhimme2B i s

C ~s al ky'zH)aQHOQs @:@tmOﬂ@i I4>ser1ma ?Bbﬁt btzw)wls tt.hl_@ HZ, BK), 4.1 RO, oOr

{I ower al k arnid nd 18 i am no, di (I ower
o o 0 a8 0§ et 2 4057 € LR ATT AP bS] 67 o

car boxyl . m)cepfmowv@l(rﬁfnﬁpﬁ@:l(@ 1aﬁyqozsiesng2H9 162 R0B83M, BH) 33, Wherein R2-B
is C .~ al koxy, or di (I ower al kyl)anino. A corrpound of fornula | accordi ng
to clai m3ExmpLed2 Wherein R2~B is methoxy. A compound of formula t
according to claim1, wherein Pi is a cyclobutyl or cyclopropyl ring, both
optional | ygwithesisioficothpddrd 85 wherein R is H C-_3 alkyl, G.5

cycloal kyl,” or C2~ al kenyl, all optionally substitut ted with halo. A
conpound of formul a | accordl ng to 36, wperein P1 is cycl opropyl and
R is ethyl, vinyl, cyclopropyl, 1 Br 1 or 2-bromovinyl. A
conpound of forrmula | according to is vinyl. A
conpound of forrmula f according to claim 37) \/\herel n R at carbon 2 is
orientated 822B

10 305

Compound 305 was prepared using the process described in Example 27 but using
" the appropriate building blocks.

'H NMR (DMSO-ds) rotamers (1:9) & 8.68 (s, 0.1H), 8.43 (s, 0.9H), 8.04-8.00 (m,

1H), 7.95-7.91 (m, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.57-7.49 (m, 3H), 7.47-7.42 (m,

15 1H), 6.82 (d, J = 8.5 Hz, 0.9H), 6.21 (d, J = 8.5 Hz, 0.1H), 5.80-5.64 (m, 1H), 5.21
(dd, =17, 2 Hz, 0.1H), 5.18 (dd, J = 17, 2 Hz, 0.9H), 5.06 (dd, J = 10.5, 2 Hz, 1H),
5.02-4.85 (m, 2H), 4.43 (t, ) = 7.5 Hz, 0.1H), 4.34 (br s, 1H), 4.23 (t, J = 8.5 Hz,
0.9H), 4.16-4.05 (m, 1.8H), 3.89-3.82 (m, 0.2H), 3.74 (dd, J = 11, 3.5 Hz, 0.9H), 3.53
(dd, J = 12.5, 4 Hz, 0.1H), 2.30-2.21 (m, 1H), 2.02-1.94 (m, 2H), 1.74-1.38 (m, 7H),

20 1.36(s, 0.9H), 1.28 (s, 8.1H), 1.25-0.87 (m, 6H).

EXAMPLE 33

Synthesis of compound 303



syn to the carbonyl at position 1, represented by the radil@&iebruaty 2008 ~H O
Rl ORL and ~ H O 40. A conpound of fornula 1 according to claim 37)
wherein RL at position 2 is 10 February 2003 134 41 42. 43. 44.
orientated anti to the carbonyl at position 1, represented by the radical:
R~ or ORy ~~-NHOR~- ~* Nand HO A conpound of fornula | according to
claim 37, wherein carbon 1 has the R configuration: R~. Ror S ~H O An
optical isomer of a conpound of fornmul %3! according to claim41l, wherein
said R substituent and the carbonyl in~a syn orientation in the follow ng
absol ute configuration: R~ ~H ~ I~ O A conpound of fornula i according to
claim42, wherein R, is ethyl, hence the @ ety i ¢ carbon atons at
positions 1 and 2 have the R R confi gurat onpound of fornula I
according to claim42, wherein R~ is vinyl,[ hence the asymetric carbon
atons at positions 1 and 2 have the pf i guration. 45. A conpound of

formula | according to claim1l, whe B:is a Cs C o aryl or C-.,s
aral kyl, all optionally substituted™w s ANXkyl,. C .s alkoxy, C .s
al kanoyl , hydroxy, hydroxyalkyl, Hal g al ~ Tt ro) cyano) cyanoal kyl

am do) (lower al kyi)am do, of arfi noV y sugstituted with C~.s al kyl;
or Het or (lower alkyl)-Het, "all optioRally Gubstituted with C,.s alkyl,
C .s alkoxy, C .s 303

Compound 303 was prepared using the process described in Example 27 but using
the appropriate building blocks. ‘

5 'H NMR (DMSO-dg) 8 8.29 (s, 1 H), 8.04-8.01 (m, 1 H), 7.94-7.92 (m, 1 H), 7.87 (d, J
=8 Hz, 1 H), 7.566-7.52 (m, 3H), 7.46 (dd, J=8,7 Hz, 1 H), 7.19 (d,J =9 Hz, 1 H),
5.01 (d,J=12Hz, 1 H), 4.86 (d,J=12 Hz, 1 H), 4.34 (br. s, 1 H), 4.24 (t, J= 8 Hz, 1
H), 4.18-4.09 (m, 2 H), 3.74-3.53 (m, 3 H), 2.24-2.18 (m, 1 H), 2.04-1.95 (m, 1 H),
1.74-1.45 (m, 10 H), 1.31-1.13 (m, 4 H), 0.96-0.86 (m, 7 H), 0.79-0.76 (m, 5 H).

10 EXAMPLE 34

Synthesis of compound 403

S
INO 1. LIOH,, O IN/\O\

2~
(o} o CH,0H,,,,
»_ N a P o " o
T -
2. TBTV (o]
o) o— DIEA (19e) o
N
(34a) NH Hel 4 Yo
CO,CH, o \
DMF {34b)

a) Coupling of P2 with P1
The methyl ester derivative of 7 (34a) (170 mg , 0.355mmole) was stirred in 50%
15 THF-methanol (4 ml) and aqueous LIOH (1M, 1 ml) at RT for 1h. The solution was
concentrated (Rotavap, 30°C) and residue acidified to pH 6 and solution lyophilized.
The resulting powder was stirred in dry DMF (3 ml) in the presence of DIEA (0.4 ml)
followed by the successive addition of 1,1-aminocyclobutyicarboxylic acid methyl
ester hydrochloride (34b) (140 mg, 0.845 mmole) and TBTU (134 mg, 0.417 mmole).
20  After stirring for 18 h at RT , the mixture was purified by flash chromatography on



10 February 2003 13S al kanoyl, hydroxy, hydroxyal kyl, hal 0)0 FebroaiyipD3
nitro, cyano, cyanoal kyl, am do, (lower alkyl)am do, or am no optionally
substituted with C .s alkyl,. or Bis R4-S02 wherein R4 is preferably

am do; (lower alkyl)amde; Cs or C,o aryl, C,.,4 aralkyl or Het, all
optionally substituted with C _s alkyl, or Bis an acyl derivative of
formula R4-C(O)- wherein R4 is (i) C _8 al kyl optionally substituted with
carboxyl, hydroxy or C, .s al koxy, am do) (lower alkyl)amde, or am no

optlonally < {i ] - N ~ cycl@al kyl or
o al oy PIRTEI 4P 790 SRR St 57 .ath decmetndaléle sl annipBeg SFE by

(C s al komg),Gafbpurity by BFLEY., (| ower al kyl )am de, or am no optionally nono-

or di-substituted with C .s alkyl; (iv) Cs or C,o aryl or C _,s aral kyl)

al | opti onb) Cyupingsf PitRaitwP8h C, . s al kyl) hydroxy, amido, (I|ower

al kyl )am de, or am no optionally substituted with C .s alkyl; (v) Het or

(I ower al kyI) Het , botﬁ—optl onally substituted with C .s al kyI
: tuted wi t hHe/diexapeky|  ami do,

ltuted witR8e-NH _gb@yl , or B i

, Y| ) am de, or
am no optio

R4-O C(O) - Rais(i) C, _,o0 al kyl optlonally e gted with
car boxyl , C s al kafoyl) hydr oxy, C,. koxy, am no o t/i onalby nono- or
di -substituteg wi C _s al kyl, AT DA/ !’"(')Wer al ky a d (| |) C3 ,
cycl oal kyl , CaY | cycl oal kyl3,K@4L opti onal ly

car boxyl , ( ] ear bonyl , acR,0® optionall y %gl t ut ed
wth C .s alkyl, nEdo or (Iower,,a{-;lgyll)amde (iv) OOa alry ot C-.
aral kyl opti onal | y ub3tituted with &"s al kyl , hydroxy, am d¥, @1 ower

al kyl )am do, or am®® optionally nono- or di- substltuted Wos h C, .s al kyl;
or (v) Het or (lower alkyl)-Het, both optionally substituted with C -s

al kyl, SWd"I'ﬂé)ﬁapeﬁﬂﬂé‘@MP(@?' rﬁﬁaéd% Wﬁ@mn%le)%assélpﬁd'xﬁ Wiadclgidxate (55mbl ky!
am do or (lower a is an am de of fornula R4- (RS% O -

wher ei n R4dP§“S(T')aU¥T Eh%PR'W'O’bW??m%q%ﬂcg'ﬂif?é?ﬁ’ tadryaess (Retavapplig) , C s
al kanoyl , Ryéliupyto aff‘ordSa @é@@w.d ¢msdﬁateﬁé|%stmebyﬂ: B?DNHP (2%1 am'nfn
optionally nono- or di-sub .~ al kyl;
(ii) 3.~ mrea?wwfs’ﬁw 46“'&1"!!9%99)’69@'!{% of 'aPPCJm(BMPQ Q%bstl t ut ed
W t h car POWhole)(a(ﬁd BED mwr)m atnbswhole mm,su(rlr@\aeaayaldmﬁ iﬁ'iﬁéiﬂutldh{ ami |n|0
optiona nmono- i ona
mono- 9P 4iveS DRuserin Pl %ﬁe?ﬂeio o&herile e ep prBe L¥iph 5o BudegiE mifagim " 'Y
alr Ei Ikg/l . glchrbopauao'nhd brganiciptiasé Waed\l/)oﬂt(édlu;tﬁcdgwabWIlow biwirresl iiyie. Tive do I(—Ile ;)wer
a am de) _.or ,am no.vpiionaliy substi e S : Y, or
(tonet al iegactaspas Pl ek dhgedhiae 85 sifeh defeqiimd 3308 Mebl) o1y

am no opti asaglie &3bsvivathydceiater héxarte tl dfford 46mgiof 207 oil, homegeaddusiByam de;
and R5 is methyl, or Bis thioam de of forrmula RA-NHC(S)-; wherein R4
is (i) C _,0 g] kyl optionally substituted with carboxyl) C,.~ al kanoyl or

C, ~ al k6xy Th(mm@thﬂ@ster Apohgpwvay finally s8ponitiecinkiN pytaksiatndyidroxide (2oph ironal | y
substitute s Hor
met hyl ; qu?és%éé%é? B%W"Ef?&%‘ @OE\M Gﬁ%ﬁﬂ%mo alc{%ﬂ?gﬂtr fhk) ?‘X‘da

opt i onal | y wt%)andamcbfcemmmh'l ﬁymh@kyhydnpcmrml acick \T, hlm!xturhlvml m-yifl@d anet am do,

pr e19(rar gb?y%éﬂ&atﬂg %LO & %ﬁﬁ'céﬂm%%n%?@dgﬁeo?b éabﬁ%ﬁﬁ&ﬁg& ali opt i onal |y

nono- , - (1% TFA)A) ng mnufl‘@g fraictionavere papdedk icancentrated to half volume and

20 lyophilized to afford 403 as a white fluffy solid (10 mg).
'H NMR (400 MHz, DMSO-ds) 8 Mixture of rotamers : NH+ (1H, s, 8.6 ppm), CH
(3H, m, 8.2 ppm), Ph (5H, broad s, 7.66 & 7.53 ppm), CH (1H, broad, 7.22ppm), NH
(1H, d, J= 7.6 Hz, 6.71 ppm), CHO (1H, broad s, 5.76 ppm), CH (2H, m, 4.58-4.49
ppm), CH (1H, m, 4.04 ppm), CH;0 (3H, s, 3.97 ppm), CH (1H, d, 3.86 ppm), CH

25  (7H, very broad, 1.8-2.6 ppm), Boc group (9H, s, 1.25 ppm) and t-butyl group (9H, s,
0.97 ppm).
MS. showed M+H + at m/e 675 ( 100% ).



R2, is C .~ alkyl; C,~ alkoxy; lower thioalkyl; amino or dififkbregyyi2003l |y
nonoor di-substituted with C .~ alkyl) Cs or C o aryl) C~.,s aral kyl, Het
or (lower alkyl)-Het; NO2; OH, halo; trifluoronmethyl; carboxyl; Cs or C a
aryl, C .,6 aralkyl, or Het) said aryl) aral kyl or Het being optionally
substituted with Rte, wherein R~ is C, _s alkyl; C3.~ cycloal kyl; C ~

al koxy; am no; nono- or di-(lower alkyl)am no; (lower alkyl)am de;

sul fonyl al kyl ; NO2; OH halo; trifluor@Sethyl; carboxyl or Het; or R2 is
sel ected fromthe group consisting of: 10 February 2003 137 NN\ ~ N\
O~ U ~N | HRIOC Ipeak 88% atNB.9Nnin. / ~ 1 ~ ON~-1 i and ~1 ; or R2is

1- napht hyl met hoxy; 2-napht hyl net hoxy; benzyl oxy, 1-naphthyl oxy;

2napht hyl o)BXAMPBLE 88i nol i noxy unsubstituted , nono- or di-substituted with
RZ~ as defined above; and the Pl segment is a cyclopropyl ring, both
optional | y Synfisddis of edmpouhdB33 (Vékde8)n R is C .3 al kyl, C3.5 cycloal kyl,
or C2~ al kenyl optionally substituted with halo, and said-R at carbon 2 is
orientated syn to the car bonyI at &fﬁ Jtion 1, represented by the radical:
R R R ~-N~o~Ngand - E-- " O Rko cally acceptable
salt or ester thereof: ‘ éorrpq nd ofgedror mu di rf¥et o cl ai m 45,
WnereinBisaCsor yl optl nal MefaaiDst i d with C .s alkyl, C.s
al koxy, C,.s al kanoyl) dr oxy, {yal kyl, ha Qo r& odl kyi, nitro,
cyano, cyanoal kyl, am do (1 ower a Ry

) am de) or AHo opti onaIIy nono- or
di -substituted with C, . 3%l kyl; or bl s Het optional I3§c)substituted with

G5y S Syl dne el KRNI oW RS BB dine@Dliayicpbone!

al kyl') am de, “of "am no “opt1ona nono- s al kyl;
or Bis 5R4-cﬁ3ﬁ@bwylal@(35me0 GmCs81B nBnoles) inl160anlCpf mdthanallik heated uhider al |

2oyl dor i vApitabhe W, 3elohiplts somdetinvallh i b rEike Rl fitn © 1 ° 20
optional ly Qeummcnrom_tbgmﬂy (8%  brydneskatbiyl @ggtatﬁ) mesomd@so/(mﬁrg (ii) Cc3_~
cycl oal kyl -, i}é\d) %(@tgﬁ)s{é& qugk‘;%b)o”bot h optionally substituted with

hydr oxy, carbo oxy)cdrbonyi; or (iv) Cs or C,o aryl or C, .,s

aral kyl, als ﬂ@ggéﬁﬁina‘)ﬁ o8B ddd s, Aty W 17 (da, v & PhiYed Y 492466 2'6.62 10

February 20
10 (m, 1H), 6.49-6.45 (m, 2H), 5.38 (s, 1H), 3.77 (s, 3H), 3.74 (s, 3H), 3.71 (s, 3H).

0
H
eO N
R 240 260°
MeQ,C

{35¢) (35d)

Diphenylether (50 mL) is heated in a sand bath up to an internal temperature of
~250°. Diester adduct (35¢) (7.5 g, 28.3 mmoles), dissoived in 5 mL of diphenyl
ether, is added within 2 min to the boiling solvent. The heating is maintained for 5

15 min and the reaction mixture is then allowed to cool down to room temperature.
Rapidly a beige solid precipitated out. The solid is filtered and then triturated with
methanol. To yield 4.1 g (62% yield) of the desired compound 35d.

'H NMR (DMSO-ds) 3 7.97 (d, J = 9 Hz, 1H), 7.40 (d, J = 2 Hz, 1H), 6.96 (dd, J =9
and 2Hz, 1H), 6.55 (s, 1H), 3.95 (s, 3H), 3.84 (s, 3H).



(v) Het optionally substituted with C .s alkyl) hydroxy, dfiRebruary389ho; or
B is a carboxyl of formula RA-O-C(O-) wherein R, is (i) C,.,o0 alkyl
optionally substituted with carboxyl, C, .s al kanoyl, hydroxy, C, _6 ai koxy
or am do) (lower alkyl)am de, am no optionally nono- or di-substituted with
C .s alkyl; (ii) C3., cycloalkyl, Ca.,o alkylcycloalkyl, all optionally
substituted wth carboxyl, (C .s al koxgacarbonyl am do) (| ower

al kyl )am de, am no aptlonally mono- or di-substituted with C .s alkyl; or
(iv) G or Co aryl or C7.,s aralkyl, all optiogaldy ,$ub titeseed With C .s
al kyl, hydroxy) am no optlonally substituted with CJ I; or (v) Het or
(Iovver al kyl')-Het, both optionally substituted wth<G 2 kyl , hydroxy,

am do, or am no optlonally nono-substituted with C .s al kyl; or Bis an

am de of fornula R4- ,g;éz ,Wnerelrwmls (i) C .9 oaIkyI optionally
substituted wthy car oxyI ¥ oyl hydro>§¥ , ~ al koxy, am do,
(1 oner alkyl)ama m no opti epngyd pno- or  di* tituted with C .s

al kyl; (ii) C3_, cycloal kyl or _, 0 alPR§IEAPc| oal kil , all optionally
subst i t ut ed wi th Tarbexyl, (C, .% al koxy) gdgponyl 9~ awkdo, (| ower

al kyl )am de, am no &p)tl onal |y n9no- or di-substituted,with C .s alkyl; and
RS is Hor nethyl; R4 is (ii am no optionally nono- or di-substituted

ith C,_3 : t |
Subst i t ot casauton &f Qééﬁbe@%for@a'%y@"ﬁﬁ'ﬁé (o8 (7 BB YK ol 211002 1 e
wWith C s idepyquioolifederivetiveridsf)dhablgy Safypriotes) end mphanwphosphinle;(a 80

%g;gf‘% RZ{;‘H&%BO&T?J&'%&?% 7§m§fﬁﬁs%ﬂb@8@% 8- Fo? ﬁ%jéchu &"@‘b%§ T

t he si de cdihp obDEAEX {1-40ul] 0.8 mnmi¢sibdhe réatﬂupnmkturemgs tbuen allowed Io or ; R2

i th Ry sNerEpr Ry BirodH ot Y sHERHE Pl hod hES bR ogémibit 18 ' oy 7

wher.ei n R2salvenSisCen®ved kryvgcugand the tesidue piifieChy adiagh caumiet ; | ower

LD 0n 1l iogbl 050 SRR R AMATE Ml BT ofo L) 0

R-is C, . 6cc&h;iqdnd 35g, andift leox ¥t coampoimd 3Sigmontanaihatet withi~80% afm no optional Iy
wnorei ) Bl EresbhaR Ml ey et s L3 30 R e Byl
of Tor &YS*@W@%@?@S g LAAPER Y101 = 8L PO Y QI 5 87t corPoune

R4- NH C( O 7. 4o,rresmm @), 7.23i()d, G, = 9 and 26/Hz,ofH)i, 6:33+5.13 GiBH)| 4.66dt] Jwi 7.5

am no opt i et EOEREY 8~ M By 307 (S Y 0. Sh 40480 2y 2 0

2.78-2. 65 (m, 1H), 2.47-2.34 (m, 1H), 1.45 (s, 3.6H), 1.37 (s, 5. 4H)
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15 (359) (35h)
To proline benzyl ester derivative (35g) (0.70 g, 1.31 mmoies) in solution in a mixture
of methanol-ethyl acetate (10 mL~10 mL) is added 100 mg of 10% Pd/C. The
resulting suspension is stirred at room temperature under hydrogen atmosphere for
1 %2 h. The catalyst is then filtered on a Millex-HV Millipore (0.45 um filter unit) and
20 the solvents are evaporated in vacuo. Quantitative yield of the desired acid 35h
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The salt of the amine 35i (215 mg, 1.21 mmoles) in 7 mL of acetonitrile is treated
with 0.95 mL of DIEA (5.45 mmoles). This solution is then added to a solution of

10 acid 35h (590 mg, 1.32 mmoles) and TBTU (389 mg, 1.21 mmoles) in 5 mL of
CH,CN the resulting solution is stirred at room temperature overnight. The solvent is
removed in vacuo and the residue is diluted with ethylacetate and washed twice with
a saturated solution of sodium bicarbonate once with brine and dried over MgSO,.
The solvent is removed in vacuo and the residue is purified by flash column

15  chromatography (75:25 AcOEt-hexanes) to afford 527 mg (70% yield) of the desired
dipeptide (35j).

"H NMR: (CDCly) § 8.01 (d, J = 8 Hz, 1H), 7.55 (d, J = 2.5 Hz, 1H), 7.45 (s, 1H), 7.22
(dd, J = 9 and 2.5 Hz, 1H), 5.81-5.71 (m, 1H), 5.36-5.28 (m, 2H), 5.18-5.12 (m, 1H),
4.61-4.45 (m, 1H), 4.07 (s, 3H), 3.94 (s, 3H), 3.91-3.74 (m, 2H), 3.72 (s, 3H), 2.99-

20 2.84 (m, 1H), 2.48-2.34 (m, 1H), 2.20-2.08 (M, 1H), 1.97-1.84 (m, 1H), 1.58-1.52 (m,
1H), 1.44 (s, OH).



N 00 NOz ~o0 109 ~ acetyl y ' _cHex N'NOz ~O 110 ~ . A8dwebruary 2003y
| .\ c~ : and ~ | 3oc - . t-Bu . \ . iil ~i 10 February
2003 i aa 49. Conpound # 111 according to claim48. 50. A conpound according
to claim45 represented by the formula: Rx R~ B- NN N-NOHH ~( ~ HOp O
wherein B, R3, R2, R are as defined below Table 2B R3R2ZR~-Cpd. #. ,

,anti to car boxy201 Boc cycl ohexyl - O CH2- 1- napht hyl et hyl (one i sonmer) 202Boc
cycl ohexyi ~- O CHzZ- 1- napht hyl ~ et hyl ~T~~, (other isoner)and ~Boc t BuO-
vinyl 203N o~ ,1 R, 2R 51. Conpound #203 according to claim49. 52. A
conpound according to claim45 represented by the formula: R2 R A3 R CH
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The diester 35j (716 mg, 1.25 mmoles) in solution in a mixture of THF:MeOH (1.5
mbL-1.5 mL) Is cooled to 0° before being treated with an aqueous solution of NaOH

1M (1.25 mL, 1.25 mmoles). After 1 h of stirring at 0°, 3 drops of glacial acetic acid
5 are added to neutralize the NaOH. The solvents are removed In vacuo and the
compound is dried on the pump for a few hours.

Naa Ny OMa
/”\ ~
1.
a /W/.Et,N THF, 0°

2 CH,N,/ ether

praS i

{3s5k) (38Y)

A solution of the acld 35k sodium salt (1.25 mmolas) and EtsN (0.19 mL, 1.36
mmoles) in 8 mL of THF Is cooled to 0° and Isobutyl chloroformate (0.18 mL, 1.38

10  mmoles) is added. After 40 min diazomethane (9 mL., .30 mmoles) Is added and
the resulting solution s stirred at 0° for 30 min and at room temperature for 2 h. The
solvents are removed in vacuo. The rasldus, diluted with ethyl acetate, Is washed
twice with a saturated solution of NaHCO; once with brine and drled over MgSQ,,
the solvent is evaporated under vacuo and the residue Is purified by flash column

15  chromatography (50:50 Hexanes/AcOE?) to afford 378 mg (52% yield) of the
expected diazoketone 35l.

'H NMR: (CDCls) § 8.00 (d, J = 9 Hz, 1H), 7.42 (s, 1H), 7.35 (d, J = 2.5 Hz, 1H), 7.20
(dd, J =9 and 2.5 Hz, 1H), 6.92 (s, 1H), 5.81-5.71 (m, 1H), 5.35-5.28 (m, 3H), 5.17-
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To a cooled (0°) solution of the diazoketone 35! (0.37 g, 0.642 mmoles) in 15 mL of
THF is added 0.25 mL of HBr 48%. The resulting yellow solution is stirred at 0° for 1
h. The reaction mixture is partitioned between ethyl acetate and a saturated solution
of NaHCO3. The organic phase is washed one more time with NaHCO; and dried
with NaSO,. After evaporation of the solvents in vacuo, 0.36 g (90% yield) of the a-
bromoketone 35m is isolated.
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The a-bromoketone 35m (170 mg, 0.271 mmoles) in 10 mL of isopropanol is treated
with 1-acetyl-2-thiourea (64 mg, 0.542 mmoles). The resulting solution is heated at
75° for 1 h. The solvent is removed in vacuo. The residue is diluted with ethyl
acetate and washed twice with a saturated solution of NaHCO3, once with brine and
15  dried with MgSO,. Evaporation of the solvent in vacuo afforded 182 mg (> 100%) of

crude material 35n.
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The dipeptide 35n (145 mg, 0.223 mmoles) is treated with 3 mL of a 4M solution of
HCl in dioxane. The resulting solution is stirred at room temperature for 1 h. The
solvents are removed in vacuo and the residue is dried over the pump.

5 The salt of the amine 350 in 5 mL of CH;CN is treated with 195 pL (1,12 mmoles) of
DIEA. This solution is then added to the solution of the Boc-tert-butylglycine (103
mg, 0.446 mmoles) and HATU (186 mg, 0.489 mmoles) in 3 mL of CH;CN. The

" reaction mixture is stirred at room temperature overnight. The CHiCN is evaporated
in vacuo. The residue diluted with ethyl acetate is washed twice with a saturated
10  solution of NaHCO3;, once with brine and dried with MgSQ,. After removal of the
solvent, 274 mg of the crude tripeptide 35p is obtained (> 100%).
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The tripeptide 35p (56 mg, 0.0733 mmoles), In 4 mL of a 4M solution of HCl in
dioxane, is stirred at room temperature for 2 h. The solvent is removed /n vacuo and

the residue dried over the pump.

5 The salt of the amine obtained is dissolved In 4 mL of CH;Cl; and treated with 0.13
mL. of DIEA (0.746 mmoles) followed by 26 mg of triphosgene (0.0876 mmoles).
After 3 h Incubation, 1,2,2-trimethylpropylamine (20 mg, 0.146 mmoles) is added
(synthesized as described in Moss N., Gauthier J., Ferland J.M., Feb. 1995, SynLett.
(2), 142-144). The ice bath is removed and the reaction mixture is stirred at room

10  temperature ovemight. The CH:Cl; is evaporated /n vacuo. The residus, diluted
with ethyl acetate Is washed twice with a saturated solution of NaHCO;, once with

brine and dried with MgSO, to afford 60 mg (= 100%) of the desired urea 35q.
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A solution of methyl ester 35q (57 mg, 0.0721 mmolas) in a mixture of THF:H,0 (2.5
mL:1mL) Is treated with solid LIOHeHzO (25 mg, 0.585 mmoles) and 1mL ot MeOH
5 Is added in order to clarify the solution. After stirring for 4 h at room temperature, the
reaction Is neutralized by addition of a 1M solution of HCI. The solvents are
removed In vacuo and the residue Is purified by a preparative chromatography, The
compound dissolved In 2.5 mL of MeOH, Is Injected into an equilibrated Whatman
Partisil 10-ODS-3 (2.2 x 50 cm) Cyg reverse phase column. Purlfication program:

10 Linear Gradient at 20 mL/nm, A 220 nm, Inject at 10% A up to 60% A in 60 min.
A:0.06% TFA/CH4CN; B:0.06%; TFA/H:0. Fractions were analyzed by analytical
HPLC. The product coliected was lyophllized to provide 15 mg of compound 333 as
an off white solld (27% yield).

'H NMR: (DMSO-d¢) 5 8.88 (s, 0.2H), 8.84 (d, J=4.5 Hz, 0.2H), 8.68 (d, J = 8.5 Hz, 0.

15  H), 8.56 (s, 0.8H), 8.40-8.13 (m, 1,5H), 7.96 (d, J = 8.0 Hz, 0.2H), 7.72-7.44 (m,
2.4H), 7.35-7.09 (m, 1.2H), 6.98 (d, J = 9 Hz, 0.2H), 6.15 (d, J = 9Hz, 0.2H), 6.06 (d,
J = BHz, 0.8H), 5.93 (d, J = 8.5 Hz, 0.24H), 5.86 (d, J = 8Hz, 0.8H), 5.79-5.67 (m,
1H), 5.69-5.44 (m, 1H), 5.24-5.14 (m, 1H), 5.09-5.01 (m, 1H), 4.50-4.35 (m, 2H),
4.24 (d, J = 8.0Hz, 0.2H), 4.20 (d, J = 9.0 Hz, 0.8H), 4.06-3.98 (m, 2H), 3.95 (s, 3H),

20  3.77-3.60 (m, 2H), 2.58-2.50 (m, 1H), 2.33-2.28 (m, 1H), 2.2 (s, 2.4H), 2.21 (s,
0.6H), 2,02 (q, J ~ 9Hz, 1H), 1.56-1.38 (m, 1H), 1.28-1.22 (m, 1H), 0.97 (s, OH), 0.83
(d, J = 8Hz, 3H), 0.72 (s, OH).

MS(FAB) 778.3 (m + H)*, 776.3 (M—H)"
EXAMPLE 36

25  Cloning, expression and purificatlon of the recombinant HCV NS3 protease
type 1b.
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according to claim58, selected fromthe group consisting of conpound #:
601, 602, 603, 604, 605, 606, 607, 610, 611, 612, 615, 616, 617, 620, 621,
622, 625, 626, 627, 628, 629, and 630. 60. A conpound according to claim46
represented by the formula: N\w\ O O ~ ~30~ OH-ON~- NHHII OOO
wherein R3 and R2,a are as defined bel ov3 Table 7TR3R2laCpd # _ _  t
BUM~N~ ; © j\ ~~ /] N 02 ~ -- f Bu - Ph.. —~ . - .03 L. -t
Bu ~~ Me j~~$erym_fron?@@fH%%Tn%?q{ﬁd7%tengwai8ma!qqu%rpugﬂgn?xgerqél colgordBPuar y
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I, ~S' ~ T1%rigieerdd full-lgrdin cDNABmplate of tHELIACY gddiomewas corlStriddledfrofd 8y ~~ t
Bu ~ Nz 5 ~Dl-\lA-fran;;mca'tntsE"t.%btlaiﬁed-by reverse transcription-PCR (RT-PCR) of serum RNA and
using specific primers selected on the basis of homology between other genotype 1b
strains. From the determination of the entire genomic sequence, a genotype 1b was
assigned to the HCV isolate according to the classification of Simmonds et al. (J.
Clin. Microbiol., (1993), 31, p.1493-1503). The amino acid sequence of the non-
10  structural region, NS2-NS4B, was shown to be greater than 93% identical to HCV
genotype 1b (BK, JK and 483 isolates) and 88% identical to HCV genotype 1a (HCV-
1 isolate). A DNA fragment encoding the polyprotein precursor
(NS3/NS4A/NS4B/NSSA/NS5B) was generated by PCR and introduced into
eukaryotic expression vectors. After transient transtection, the polyprotein
15  processing mediated by the HCV NS3 protease was demonstrated by the presence
of the mature NS3 protein using Western blot analysis. The mature NS3 protein was
not cbserved with expression of a polyprotein precursor containing the mutation
S1165A, which inactivates the NS3 protease, confirming the functionality of the HCV
NS3 protease.

20 The DNA fragment encoding the recombinant HCV NS3 protease (amino acid 1027
to 1206) was cloned in the pET11d bacterial expression vector. The NS3 protease
expression in E. coli BL21(DE3)pLysS was induced by incubation with 1 mM IPTG
for 3 h at 22°C. A typical fermentation (18 L) yielded approximately 100 g of wet cell
paste. The cells were resuspended in lysis buffer (3.0 mL/g) consisting of 25 mM

25 sodium phosphate, pH 7.5, 10% glycerol (v4), 1 mM EDTA, 0.01% NP-40 and
stored at -80°C. Cells were thawed and homogenized following the addition of 5 mM
DTT. Magnesium chioride and DNase were then added to the homogenate at final

concentrations of 20 mM and 20 pg/mL respectively. After a 25 min incubation at 4°

C, the homogenate was sonicated and centrifuged at 15000 x g for 30 min at 4°C.
30 The pH of the supernatant was then adjusted to 6.5 using a 1M sodium phosphate
solution.

An additionai gel filtration chromatography step was added to the 2 step purification
procedure described in WO 95/22985 (incorporated herein by reference). Briefly,
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sodium phosphate, pH 6.5, 10% glycerol, 1 mM EDTA, 5 mM DTT, 0.01% NP-40).
The column was then washed with buffer A containing 0.15 M NaCl and the protease
eluted by applying 10 column volumes of a linear 0.15 to 0.3 M NaCl gradient. NS3
protease-containing fractions were pooled and diluted to a final NaCl concentration
of 0.1 M. The enzyme was further purified on a HiTrap Heparin column (Pharmacia)
equilibrated in buffer B (25 mM sodium phosphate, pH 7.5, 10% giycerol, 5 mM DTT,
0.01% NP-40). The sample was loaded at a flow rate of 3 mL/min. The column was
then washed with buffer B containing 0.15 M NaCl at a flow rate of 1.5 mL/min. Two
step washes were performed in the presence of buffer B containing 0.3 or 1M NacCl.
The protease was recovered in the 0.3M NaCl wash, diluted 3-fold with buffer B,
reapplied on the HiTrap Heparin column and eluted with buffer B containing 0.4 M
NaCl. Finally, the NS3 protease-containing fractions were applied on a Superdex 75
HiLoad 16/60 column (Pharmacia) equilibrated in buffer B containing 0.3 M NaCl.
The purity of the HCV NS3 protease obtained from the pooled fractions was judged
to be greater than 95% by SDS-PAGE followed by densitometry analysis.

The enzyme was stored at -80°C and was thawed on ice and diluted just prior to use.

EXAMPLE 37
Recombinant HCV NS3 protease/NS4A cofactor peptide radiometric assay.

The enzyme was cloned, expressed and prepared according to the protocol
described in Example 36. The enzyme was stored at -80°C, thawed on ice and
diluted just prior to use in the assay buffer containing the NS4A cofactor peptide.

The substrate used for the NS3 protease/ NS4A cofactor peptide radiometric assay,
DDIVPC-SMSYTW, is cleaved between the cysteine and the serine residues by the
enzyme. The sequence DDIVPC-SMSYTW corresponds o the NS5A/NS5B natural
cleavage site in which the cysteine residue in P2 has been substituted for a proline.
The peptide substrate DDIVPC-SMSYTW and the tracer biotin-DDIVPC-SMS['#I-
Y]TW are incubated with the recombinant NS3 protease and the NS4A peptide
cofactor KKGSVVIVGRIILSGRK (molar ratio enzyme: cofactor 1:100) in the absence
or presence of inhibitors. The separation of substrate from products is performed by
adding avidin-coated agarose beads to the assay mixture followed by filtration. The
amount of SMS['?I-Y]TW product found in the filtrate aliows for the calculation of the
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Me it BUS ) from’AldncMEand NaOH from Anachemia.

Assay buffer: 50 mM Tris HCI, pH 7.5, 30% (w/v) glycerol, 1 mg/mL BSA, 1 mM
TCEP (TCEP added just prior to use from a 1 M stock solution in water).

Substrate: DDIVPCSMSYTW, 25 uM final concentration (from a 2 mM stock solution
in DMSO stored at -20°C to avoid oxidation).

10  Tracer: reduced mone iodinated substrate biotin DDIVPC SMS['®l YITW (~1 nM
final concentration).

HCV NS3 protease type 1b, 25 nM final concentration (from a stock solution in 50
mM sodium phosphate, pH 7.5, 10% glycerol, 300 mM NaCl, 5 mM DTT, 0.01% NP-
40).

15 NS4A Cofactor peptide: KKGSVVIVGRIILSGRK, 2.5 uM final concentration (from a
2 mM stock solution in DMSO stored at -20°C).

B. Protocol

The assay was performed in a 96-well polystyrene plate from Costar. Each well
contained:

20 20 pl substrate/ftracer in assay buffer,
10 pL + inhibitor in 20% DMSO/assay buffer;
10 ub. NS3 protease 1b/NS4 cofactor peptide (molar ratio 1:100).

Blank (no inhibitor and no enzyme) and control (no inhibitor) were also prepared on
the same assay plate.

25 The enzymatic reaction was initiated by the addition of the enzyme/NS4A peptide
solution and the assay mixture was incubated for 40 min at 23°C under gentle
agitation. Ten (10) uL of 0.5N NaOH were added and 10 uL. 1 M MES, pH 5.8 were
added to quench the enzymatic reaction.

Twenty (20) pl of avidin-coated agarose beads (purchased from Pierce) were added
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5 apparatus, and 40 pl of the filtrate was transferred in an opaque > 96-well plate

containing 60 ul of scintillation fluid per well.

The filtrates were counted on a Packard TopCount instrument using a '®I-liquid
protocol for 1 minute.

The % inhibition was calculated with the following equation:
10 100 - [{countsipr-countspiank)/(countsy~countsSpiank)x 100]

A non-linear curve fit with the Hill model was applied to the inhibition-concentration
data, and the 50% effective concentration (IC5) was calculated by the use of SAS
software (Statistical Software System; SAS Institute, Inc. Cary, N.C.).

EXAMPLE 38
15 Full-length NS3-NS4A heterodimer protein assay

The NS2-NS5B-3' non coding region was cloned by RT-PCR into the pCR®3 vector
(Invitrogen) using RNA extracted from the serum of an HCV genotype 1b infected
individual (provided by Dr. Bernard Willems, Hopital St-Luc, Montréal, Québec,
Canada). The NS3-NS4A DNA region was then subcloned by PCR into the

20 pFastBac™ HTa baculovirus expression vector (Gibco/BRL). The vector sequence
includes a region encoding a 28-residue N-terminal sequence which contains a
hexahistidine tag. The Bac-to-Bac™ baculovirus expression system (Gibco/BRL)
was used to produce the recombinant baculovirus. The full length mature NS3 and
NS4A heterodimer protein (His-NS3-NS4AFL) was expressed by infecting 10° S21

25 cells/mL with the recombinant baculovirus at a multiplicity of infection of 0.1-0.2 at
27°C. The infected culture was harvested 48 to 64 h later by centrifugation at 4°C.
The cell pellet was homogenized in 50mM NaPOQ,, pH 7.5, 40% glycerol (w/v), 2mM
p-mercaptoethanol, in presence of a cocktail of protease inhibitors. His-NS3-
NS4AFL was then extracted from the cell lysate with 1.5% NP-40, 0.5% Triton X-

30 100, 0.5M NaCl, and a DNase treatment. After ultracentrifugation, the soluble extract
was diluted 4-fold and bound on a Pharmacia Hi-Trap Ni-chelating column. The His-
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clai m 1 62, T selected fromthe group consisgyng of conpound #: 801 to 825, 827
to 858, and 860 to 873. 64. A compound according to claim45 represented by

the formla: Ng3Q&4AFL was eluted in a >90% pure form (as judged by SDS-PAGE), using a
50 to 400 mM imidazole gradient. The His-NS3-NS4AFL was stored at -80°C in 50
mM sodium phosphate, pH 7.5, 10% (w/V) glycerol, 0.5 M NaCl, 0.25 M imidazole,
0.1% NP-40. It was thawed on ice and diluted just prior to use.

5  The protease activity of His-NS3-NS4AFL was assayed in 50 mM Tris-HCl, pH 8.0,
0.25 M sodium citrate, 0.01% (w/v) n-dodecyl-p-D-maltoside, 1 mM TCEP. Five (5)
uM of the internally quenched substrate anthranilyl-DDIVPAbu[C(O)-O}-AMY (3-
NO,)TW-OH in presence of various concentrations of inhibitor were incubated with
1.5 nM of His-NS3-NS4AFL for 45 min at 23°C. The final DMSO concentration did

10 not exceed 5.25%. The reaction was terminated with the addition of 1M MES, pH

5.8. Fluorescence of the N-terminal product was monitored on a Perkin-Eimer LS-
50B fluorometer equipped with a 96-well plate reader (excitation wavelength: 325
nm; emission wavelength: 423 nm).

The % inhibition was calculated with the following equation:
15 100 - [(countsipn-countSpand)/(COUNts-couNtSpiank)x 100]

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

EXAMPLE 39
20 NS3 Protease Cell-based assay

This assay was done with Huh-7 cells, a human cell line derived from a hepatoma,
co-transfected with 2 DNA constructs:

- one expressing a polyprotein comprising the HCV non-structural proteins fused to
{TA in the following order; NS3-NS4A-NS4B-NS5A-tTA (called NS3);

25 - the other expressing the reporter protein, secreted alkaline phosphatase, under the
control of tTA (called SEAP).

The polyprotein must be cleaved by the NS3 protease for the mature proteins to be
released. Upon release of the mature proteins, it is believed that the viral proteins
will form a complex at the membrane of the endoplasmic reticulum while tTA will

30 migrate to the nucleus and transactivate the SEAP gene. Therefore, reduction of
NS3 proteolytic activity should iead to reduction of mature tTA levels and
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6S. A CONpPOWHEraE @anctrurtg eimeﬁénﬁg thEtohem:mse ltlm)duﬁa/cd-ttanéfedztau Ivmn the
SEAP construct such that SEAP activity is independent of NS3 proteolytic activity.

5  Protocol of the assay: Huh-7 cells, grown in CHO-SFMII + 10% FCS (fetal calf
serum), were co-transfected with either NS3 and SEAP or {TA and SEAP, using the
FuGene protocol (Boehringer Mannheim). After 5 h at 37°, the cells were washed,
trypsinized and plated (at 80 000 celis/well) in 96-well plates containing a range of
concentrations of the compounds to be tested. After a 24-h incubation period, an

10  aliquot of the medium was drawn and the SEAP activity in this aliquot was measured
with the Phospha-Light kit (Tropix).

Analysis of the percent inhibition of SEAP activity with respect to compound
concentration was performed with the SAS software to obtain the ECs,.

The toxicity of the compound (TCso) was then assessed using the MTT assay as
15 ftollows:

20ul of a MTT solution (5mg/ml medium) was added per well and incubated at 37°
for 4 hrs;

the medium was removed and 50 ul of 0.01N HCI + 10% Triton X-100 was added;

after shaking at RT for at least 1 hr, the OD of each well was read at 595 nm
20 wavelength.

The TCs was caiculated in the same way as the ECs.

EXAMPLE 40
Specificity assays

The specificity of the compounds was determined against a variety of serine

25 proteases: human leukocyte elastase, porcine pancreatic elastase and bovine
pancreatic a-chymotrypsin and one cysteine protease: human liver cathepsin B. In
all cases a 96-well plate format protoco! using a colorimetric p-nitroaniline (pNA)
substrate specific for each enzyme was used. Each assay included a 1 h enzyme-
inhibitor pre-incubation at 30°C followed by addition of substrate and hydrolysis to

30 =80% conversion as measured on a UV Thermomax® microplate reader. Substrate
concentrations were kept as low as possible compared to Ky to reduce substrate
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anti-hepatitis Cvirally effective anount of a conpound of fornula I
according to claim1l1, or a therapeuti cal &Sy acceptabl e salt or ester
thereof, in adm xture with a pharmaceutiTally acceptable carrier medi um or

auxiliary agent. .. 10 _February 2003 163 67. e of a ti-hepatitis C
virally gffg%‘IW‘RFé"'a’hDGHE"PBP“Q CEBtIRs vRERd gg%?% tHS’-Qa‘gHM‘QﬁPER)P BIPBr the

preparati on mbirpofErey.canent for treating a hepatitis Cviral infectionin a
manmal . 68. Use of an anti-hepatitis Cvirally effective anmount of a

conbi nat i on Pre filke condians1dr @dchfaasaypverd asfoeowsti ng to claim 1, or a
therapeutically acceptable salt or ester thereof wth another anti-HCV

agent for the BORMITAS-HDIpHI8, 8.5MNLSDEBO it NACEBL1 MW BDITAP2%IDMSOC Vi r al
infection in a ?qu. 6% 'I.'E‘t.e use according to claim68, wherein said

ot her antd -HCVOQ% Pl WeENLQWIMy o from the group consisting of: a- or
f3-interferon, ribavirin nt adine, 70, The us cording to claim68,
wherein sai d* ot[{‘éorFﬂﬂrﬁ‘ﬁcgﬁc’:ﬁ%?”a%%P%‘é‘é"hé'ﬁqnfﬂﬁ"ﬁi ﬁgp“MéB‘?WA’tp%et s

in the HCV Iifenasiim pofciiecibfitsd) 1983 LREShSARRY-p A8 dhFleukddyfl | Opr ot ease
or IRES. 71. A Process for the preparation of a peptide analog of fornula

(1) wherein P1eastagel @stituted am nocycl opropyl carboxylic acid residue,

conprising the step of: coupling a peptide selected fromthe group
Consi sting of : [HSMNaHPO, pHARBA M ERTACSHDNROTMATEER, 60THGIRSN: H or

s . OCPfg"" OygPsp (flZ-FR-sNAakE §n19_l catﬁbﬁsir@Bthe%t%l@ér?ﬂyﬁw_eR?}‘aé §citi€a‘te§ il kyl',

cycl oal kyl or C2_6 al kenyl, all optionally substituted w th hal ogen, CPGis
a carboxyl proteBer ¢ntajpipa F04n TAEE befowsed no prot ecting group and P3 and
P2 are as defined above. 72. A process for the preparation of: 1 ) a serine
prot ease i nhf\BERIEFERIYeiQX8MRIRIF SYPMArizey bglowdor peISiNgRANEERaEC pidgtase: or

peptide anal og, this process conprising the step of: cqupli a (sujtably
protected) af 50'\&%3/'889 8%';’)‘?9‘1?8‘ 'WﬁiBP?%e?er%f&?Qﬁ{s'%?ﬁ'%%ﬁ%ﬁ'}%r@t"ﬂ?ﬂi ate
of fornula: (Betkmbmjpruary 2003 164 73 R, OCPGH2ZN O R, (. HorS o-cPG H2N O

15 o 40 pL of assay buffer (50 mM Tris-HCI pH 8, 50 mM NaCl, 0.1 mM EDTA);

e 20 pL of enzyme solution (50 mM Tris-HCI pH 8, 50 mM NaCl, 0.1 mM EDTA,
0.02% Tween-20, 40 nM porcine pancreatic elastase); and

¢ 20 plL of inhibitor solution (50 mM Tris-HCI, pH 8, 50 mM NacCl, 0.1 mM EDTA,
0.02% Tween-20, 1.5 mM-0.3 uM inhibitor, 15% v/v DMSO).

20  After 60 min pre-incubation at 30°C, 20 uL of substrate solution (50 mM Tris-HC!, pH
8, 0.5 M Na;SO,, 50 mM NaCl, 0.1 mM EDTA, 665 uM Succ-AAA-pNA) were added
to each well and the reaction was further incubated at 30°C for 60 min after which
time the absorbance was read on the UV Thermomax® plate reader. Rows of wells
were allocated for controls (no inhibitor) and for blanks (no inhibitor and no enzyme).

25  The sequential 2-fold dilutions of the inhibitor solution were performed on a separate
plate by the liquid handler using 50 mM Tris-HCI pH 8, 50 mM NaCl, 0.1 mM EDTA,
0.02% Tween-20, 15% DMSO. All other specificity assays were performed in a
similar fashion.

The percentage of inhibition was calculated using the formula:
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TABLES OF COMPOUNDS

The following tables list compounds representative of the invention. Compounds of
the invention were assayed either in one or both of the assays of Examples 37 and

38 and

were found to be active with ICg below 50uM (A); below 5uM (B) or below

10 0.5uM (C).

Activity

in cells and specificity:

Representative compounds of the invention were also tested in the surrogate cell-
based assay of Example 39, and in one or several assays of Example 40. For
example, compound 601from Table 6 was found to have an ICsy of 50 NM in the

15 assay of Example 37 and 30nM in the assay of Example 38. The ECs, as determined
by the assay of Example 39 is 8.2 uM. In the specificity assays of Example 40, the
same compound was found to have the following activity: HLE >75uM; PPE >75uM;
a-Chym. >75 uM; Cat. B >75uM. These results indicate that this family of
compounds is highly specific for the NS3 protease and at least certain members of

20 this family are active in a surrogate cell-based assay.

The foliowing abbreviations are used within the present tables:

MS: Mass spectrometric data; Ac: acetyl; Bn: benzyl; Boc: tert-butyloxycarbonyl;

cHex: cyclohexyl; Chg: cyclohexylglycine (2-amino-2-cyclohexyl-acetic acid); iPr:

isopropyt; O-Bn: benzyloxy; Ph: phenyl: -Bu: tert-butyl; Tbg: tert-butylglycine; 1- or 2-
25  Np: 1- or 2-naphthyl; 1- or 2-NpCH,0: 1, or 2-naphthyimethoxy.
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al kyl) C .~ &#R¥ky) anido, (Iower. aikyi.)anide).anino.optionally™®fo- - or
di -substitutedOhith C, .Bo&I kyl, &Hemet; -Sh@H:-1-naphthyl 594 A

102 % " cHex -O-CHy-1-naphthyl 632 A
|
103 " cHex  -O-CHo-1-naphthyl 642 A
/\o)k@,

104 |0" ‘cHex ~ -O-CHy-1-naphthyl 728 A

105 0 " cHex  -O-CHy-1-naphthyl 619 A
(s

106 Boc cHex @ 702 B
O10)
O NO,
/0
107 \/ o  cHex -O-CHp-1-naphthyl 720 A
. °'>'><OJL. M+Na*
Cl &

‘408 2 Boc iPr @ 662 A
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10 10?M6pzXOmN/ , /T

10% o0& ()-g! SL#10%0z0& ()-!D L#lot%koko&id?) -1 @ L#10%g0go& () -! 1IL#L109XX&' () -
Y10% o0& ()-(rS410% & ()-10% & ()-3"10% & 10gogo 10gogo

10gogo! @, #10%gogo&' ()-!62, #10% ' & () rsaL10% & ()-! Z109%&' ()-S'Q 3"
109 ()- @ 3"10%606& ()- @10% & () - y1 g vAh. }A?r S49) MLO% b&' () - SF('! 10
% & ()-f#10% & ()-!6y G 10%& ()-S910% & () - @OY&' ()-bl ~PB4 10// 10//

10/ /1'S7"10% / & ()-L510% & ()-3 10% & () - O ()-T9,10%4 & ()-S* ¢

| dBPB4 10//!'M 10% & ()-f10% & ()- 10% & & ()-s10% & ()-"10% & () -
lall""#c#aBPB4 10//&10% & ()-3 10% & ()-T6 NFE ()- 10% & ()-S10% & () -
10% & () - c#####$$z[ <PB4 10/ S/ 10% & ()-* 106 & ()-! " ! 10%1& ()-SH="!
10% , & ()-S!'! 10%X& ()-S10% & () - $: BBG &K & &M&~&r dV7,13"10% & ()- 10
10" 10 "!L6"10% & ()-F4 100/‘&5) 2100/‘& -F1 “0) - ~&&e' ' { (+) B) A2dV7

O
Tables R, MS  Activity
Cpd# -~ ] range
501 t-Bu 581.3 C
502 ‘H 5392 A

503 \\/ 8253 B

504 | ) 5826 B

' 505 583.2 B

‘506 Q ' 659.2 B
O

507 a Yo 670.2 B

508 C/" 703.3 B



13 10% & ()-!"10% /& ()- Ss10% & ()-!f 110%/& ()-f 10 February 2003
10% & ()-S10% & ()-B)))w*(+>+dEdV7 1Y) 10% & ()-3(z 10% & ()- Y&g
10% & ()-F1 10% & ()-s10% & ()-F- 10% & ()-->+++,,:-WX-aB77 1

10/ ,59-10% & ()-Y 7@0% & ()-3 410% & ()-g!#,0 10%/ /& ()-zY.g

10% & ()-Y3+z 10% & ()-SX-Y-Z-k-m--=.nN7 1 10/,s 10%& ()- 109%& ()-

310%& ()-10%&' ()-!10%& ()- 10/ 10/=...2Z.h//0a?N7 1

10! Dyg#10%& () - @O0%& ()- @0%& ()-, M 10%11 9).-

LMLO%& ()-!L" 10%& ()- zOy122) 3HAAWUBNT  yHH10%&: () - | Xy ##10%& () -

N y##10%& () - ##1 f 1 B#100& () -NBDy#1048LYVHY @55 5! 5" 535655bC
Cy# 10%8& () - SFlO%D& (epebBhe ()- 10 10 10521 10%& ()ra0989%& () - 5;
606788. : dEbC " y#10%&' ( F09' 10%&|() - s10%& $§1.310%& O -

10% & ()-‘10%0&' ()-.:6:t:}: @<<| ]"wb.‘(;\

510 k( 581.2 c



| 6R +10%P&PE& () - +10%& ()- 10%& ()-!010%j & () - ! DO10Y6 bithsirdary 2003

10%&' () - <<<V=WEX=Y=j =rmrr S4 109%&' ()-"10%&' ()- 10bb 10bb 10bb! +10%b& ()-

1> +10%b& ()- 0+10%& () -

ME>>>>>27[ <r SAY&109%&' () - FL3109%&' ()-!  109XX& ()-!1010%& ()-!!c10%84& ()-Y 10
%R ()--2?f 2g?h?i 22?| 2@C10%&' ()-gt 109%& ()-F"10%& ()- 10 10

10YY10%&' () - YGLOY%&' ()- @ @\BCCC} [ <bC# 109%&' ()-!1f"109& ()--!#f!109%& () -

109 ()-!3!10%pé& ()-T 10% () -- CDDD/ D4RRip=DqY?CAFY0%& () - <4FYA0%&' () - 4F%d
0% () - <4F%A0%&' () - 4F9%d0%&' () - =DADBDPDTDUD" DbDx”?CAF%0%& () - AFYA0%& () - <4F
%0%& () - AFY0%& () - <4F%40%&' () - bm%ﬁ FOA 0% () - AFYA0%&R () - <4F%4.0%
& ()-4F%0% ()-4F9%d 0% () - <DDDDDDDD 0%& () - 4FYA09%& () - <4FY%d0%& () -

4F9%4.0%&' () - <DDDDDDDDDU] D9
104F% 0% () - <@&AFYA0% () -) 4F9d 0% ()2‘A<
gOB10% "f& ()-K<10% "f& ()-10%"f& ()- f§
10* E. E/ EAEEEFEGEES X73
S109% & ()-f10% "f& ()-KL10% "f& ()-10%"f& () -KL0% "f& ()- EEEFF FF|[: 73
1096 & ()- "10% & ()- Lt10% & ()- FLO%N & ()= 10% & ()= V10% & ()-Ff FF GG
HH[:73 ,f,@10% & ()- ,)10% & ()- 51&l %" £ 3 10% & () -

L #10% & ()- | 10% & ()-rHH ol 1J9I| R 'N89‘_| )-f @4 10%& ()-T
@2910% & ()- @ 10% & ()-_%/, M0% JIKLLbA310N'N N
1090L#MR' () - Sz 109viL#ME ()4 @09

3" 109ML#ME () - 10N' NLON' NLL8MVVb ; '()-S YWy
109L#ME () - F(109VIL#ME () - #f 109AVL#NE ()- 1O9VLHAME () -
109VL#ME' () - QzO OOO~PP|[ ; A310N'N 4@ 0%MVL#ME () - 1 1Q9MVIL#ME () -

SOL09MLHME () - Talge 6OML#IRE () - OLOBMANE () - RobOVMLAME () - spﬁmmm
109%#&' () - 3" 1®Rd# () - LOMLZMLOMI#MLOMLEM @ @ 109ML#ME. () - rapge

109VILH#ME () - s 6BQOMLAMEPY ) - QURRRPBSUT| [ : v34QBle @618% & () -G 910%#&' () - S

%9" 109Kk k#k &' () % SLOYK#E () - Y- 10%<#& () @g‘lowfﬁt& ()}~ uTUWUUUUOV] [ : vU410

3( 109K#& ()-S S08#1004bR ()- o#1G0& 109K 4% () -

D y" 109%#& () - @)VUVV\NVXV\Y/\PX|[ vUu410 X6 10%@&29()- 4 109%#& ()- 1

109%#& ()-f /1 1@u#& () £Pr10% W " @in() - S+10%th{ () 6PKIOOXXY,ZVUAL0 y

10% #: & ()-S 10% #: & ()- "10% #: & ()- 10k#10k#10k# : 10%K#& () -

\ " 6" 109%k#&' () - ZBBAZ[ [ | [+-BWA410 |10%# & ()-7-Qbfs #: 1{R-S f 1% #: & ()-
10%&() 109 ()-. s10% #: & () - LA\ [:vU410  F"10% #: &Qﬁsv

10% " 1: & ()-S 160f& () -t-Bipos #: & (%ﬂ n&3100F&P(Rr.  715.3

-) 4F%4.0%& () - DDDEEE" E#E* E
wof 1 "10%"F& ()- 10

08&310% : & ()-\\ U410 --6- 10% #: & () &S, 10% #: & £)---
‘910%#&() é/o# &fﬁ &*10%#&() é'o% 6164 ‘1
L& () - abv410 10% & () -L 10% &) - T3019% &
F'10% & () 10: #6?6 #:10: 1 910% #: & () - Sbb?)d eee| P$VU41O |c3%10%&' () -
3940% ! & ()- 66878 & dhis -:P& 1098 & £)-  YS109.8i () - 615.3 B
&10% & () - eFffgghhii|[: 210! L3710% & () - )rrfLO%& ()- #)nmovg & ()-
“)ML0% & ()-  BOPLOYREBY - o 680.2 B
l\/"\/
610 t-Bu T Cl - 613.3 c
611 tBu  Ph 7-N(Me),  700.5 c
612  tBu o/\ ) - 666.4 C
K/N\
613  tBu ) /: - 6504 B
MNa
614  tBu C T - 664.5 B
N il

615 +Bu - 7-N(Me), 624.5 [



Ymo%@ & ()- ii iiim*jjbA410! 18L"10%" & ()- 10% D# & 10 February 2003
T-10% DH & ()- YI0%D# & ()- "10% D# & ()-210!'10!'jKkPIlamnin|[: A q

;&3 10UK& ()- 1 "109DH& ()- 1"10% " & ()- 10% D# & ()-S "L"10% D# & () -

; L"109D#& () -1 nooo+p6pp|[: A410! 0@10% ( & ()- .10%D# & ()- -z
10% D#° & ()- |+ 10% D# & () - @&$"10%>#&()

“&$"10% ! & ()-pqr-r.r/rOrArDrvU410 910‘V - "10% & ()-10 D# 10" D# 10" D#’
3:F 10%D#‘&'() D5" 109D#& () 0@10(V[;£} () DrorrrvrrrrzY8vU410

f"10%!&'()-- %&()--lf 109 () - - 162 10% & () - - ‘f"10t@&)&

fr 100/@&()--” zY7vLﬁmol g 1Bow ()-y Raw0og & MS -1 1Aty ) -
f"109%8" & ()---! 0%@@()-- f"10% . &()--ttguu$v%/&v vev[enea 1o

110% "- & ()-101 1601 1 | " #BY1 | HNLQA'NL& () - Y~ & 106883 -y  6€'10%6"6& ()-Y

& 109%& ()-Y 8v2vSvwzv]vey| [: b4l Y/ 10% "- & () - Sh-HH9%-& ()-S

109" K& ()-S 10%"-& ()- *10%" -&% L10% & ()-cvvvvvwiw [ : bU410
#S10% " - & () - @ lg48@ 10%5, () - 0% "~ & () 7 .Sy10%g@a& ()-M o 10% "-&' () -
10% - & () - fwiw wownx Y[T: bUALE" "% 10% "-& () - ?3% & (5’ *10%

-& ()-' L&O0Y% 5& ()-M010% "- & Y10% "-& () - yyyyyyyyyvU410 fs10%#& () -
*fs109%6& ()- f1094& ()- Y"-10%#& () 10F10F10F vP

4109%& ()-oyyGzB8(| | 1: tBR10 1S 1Wee ()- : 5 100483BF. g yL1Bow! 9&' () -
110%" & ()9 534 &Wég ( 1°‘Vfi‘@é3§;”w3£ fayaeto \s 1lovae ()9 55
3%@L0%E () - }}D~~g~~~~ lﬂgo Wﬁﬁ‘ N) F" 10088 () 798R104104B £ 7" 10088 () -
@7"10%" & ()- 510%t& () - ~~~D|Z 1SY"10% & ()-! SY" 10%3@&()
f3"109& ()-: f3".LA%& f-3" I'L10%¢& v 0

0f 3( ! Y () - Df%?l Yon 3&‘3‘(‘) T e () ()15’79@1%%//#

1" SY"10%t& () - SY"10% & () -1 pst E\@31010e! 10eI 10e! | 7510%9' & ()

| 7s10% & () - 2292(1‘0cy#& ié Z!2-. 10996 %.& ()-Z 6f3(|(]§(%(é/é& ()- v| [ 9M@31010! 4
-109& ()- 109 &) g & (e & ()- -y10%

"109% & () - CKN{ ZOM@B1010 &Y10% & ()s—¥ 10% & ()- ¢ SH&I0W& () - L!&lO%& ()-!
-10%s& ()- 8 - -10%! ?& ()-y|{ | [NA41010! 10!.10! 3710% & () - @.9- g10% & () -
y510% & ()- . 10%%& () 84004 & > e07| [ NA4T010 ~628% Dyt & ©) -

623  t+Bu "MeO- T - 611.3 c
624  tBu  (Me)N- - 6244 B
625 tBu PR 7-S(Me)  703.4 c
626 tBu Ph 7-Br 737.3 o;
627 +Bu " Ph 7-F 675.3 c
628  tBu 0 7 TT7.N(Me), 764.2 c
HN- N
7
629 t-Bu \"‘ T 7-N(Me),  764.3 c
N
S
630  tBu >: T 7-N(Et), 792.3 c
(o]



C110%A" & () - 109% D# & ()- 10% D# & ()- YL0% D# & ()- 10 February 2003
"10% D# & ()-zE| [: NA41010 10% " & ()- OL!10% @& ()- L!109% D#l & ()- A

L! 109%.& ()- 10% D# & ()- 10% D# & ()-;Gp|[: NA41010 - 10% D# & ()- F %10%
| & ()- %10%>! d& ()- " W10% & ()- $10% D# & ()- "

109% D#" & () - ?@BS| obU410 | "10% #: & () - 10D#10D#10D# S96! 109DH& () - -

096! 10% D#, & ()-- 96!10% & ()-- 3/:10%! 6& ()- SVBFY{Z9bW410 &10%t& () -
&L0YXX&' () - % &' 10%#& ()- &' 10% " & ()-1fa%" 10%¢- #- & () -

10% #: & ()- Y| $36| [ 9bU410 ! ASI LOA{& () - (B! 109%Nb& ()- $!10% # & ()-

1 0$! 10% & ()- N 10%& ()- 0 10% gegq[’gzﬂumumo:#: 10: #: 10: #: , 4
10% #: & ()- $110%: & ()- \$!10% & () - 2& ()- 0$!1098& ()-|[: NA41010
A &LOWS Ug ()- 810%& ()- &LO% ()R, 10% & () -~ 31R%8 & () -
3"10%‘&'()-84|[:NA41010 T10% & ()- Lg*t 1098 & ()- 10% & ()-
109% & ()- “310% & ()-A iu|[:NAA1010 &109{K 041096 & ()- ,3"10% & () -
@1 109d}! T& ()- , 109% & ()-f 10%‘&'()-uwc| ; f &910% & () -
S3710% & ()- DF4!10% & ()-S @10% & ()- Y.!10% & ()-
&10%! & ()-, ./ 01BEyzY8101 10%Ml#|\/& )-- 1 GOMLHME: () -

F" 109VL#ME! () - - 10" 10" 10" LsG 10% s 1094 & () - .7Y8101 f
1090VML#ME () - D&S&LOYM M ( 0% : Ve () h@o0% & () -
1094.1#1& ()-Y_afh|[: zY8101 " 1004 & () -

1094P1& ()- 109VIL#ME' ()-f y @MW&
' 109VLANE ()- $ LO9VLAME ()- " 109/ #N&d)
v> 109%WE' () - 0B{Z9zY8101 &310%\/|1#|v& ()

f&10%vt" M8 () - S

Table 7 Rs Raa MS Activity
Cpd# “ ~ . range
701 Bu Me\N/E/ 691.3 c
\=
702 FBu P 7 7134 €

703 +Bu M N 655.3

704 t-Bu Ny '728.4 >
N
N

705 +-Bu o 696.4 c

" 706  tBu s 693.3 c
9

707 tBu 8 " 694.3 c
o

708 " tBu Ph-N(Me)}- 7164  C
- 709 t-Bu H N A 709.2 c
<X
710 t-Bu HOOC- 65563

B
711 tBU  Mew ,b/ T 708.2 c
\g/

712 +Bu (Me)N- ~ 6543 c



F+10% & ()- F+109M M& ()-! F+10%& ()- S F+109%& ()- S)looxg@# dedglo
10%@" @' ()- & S10%@" @& ()-( "10%B" @& ()- (101#101#101# ; 1094
4109MLHME ()-7|[:vU410 z10%@" @& ()-- . L10% n& ()-f 1L10%@" @ ()-f
10%3B" @& ()- glo%@" @& ()- @ 10%@e& ()-&7~P|[:vU410 " L$310%rxY& () -
CL$310%P$" P& () - T L$3109 T& ()- " L$310%3$" & ()- (L$310%hf h&' ()-

"> 10%G" @ ()-P 14vUA10 910% D# & ()- " /D# & ()-10t 10t 10t ‘0O 10%
& ()- "0 109"& ()- O 10%@|@ ()-4)\C ﬁ) vU4a10  #" 109DH&' () -

8&10% D & () - 310(VD# & 10‘VD# & ()- S10% D¢ & ()-S .S10%q" & ()-S
kW |[:vU410 D&, #1095abje 36& #1090 () - - &$SMBs D# AAglivity

F10% D# & ()- 10% D# &(#) 1ovuf¢ & ()-T"bc|[:-410° D# 9FamPR D# & ()-
96y10% D# & ()-g 4@ 10%8 D¢ &HBH- 1@ & () - TB9RB #10% &C() - -

Ng, #109& ()-- bA410"D# s10% & ()- 10% - &J( M ()-S 109 & () -
"10% & ()-10"D# 10" D# UE|[: A410°D# S A)&() Sg 10%"- & () - 5@0%&()
,10% & ()- , Z10% & () 'I10%B&() +P}| {1 A410° DH_ NS 109" R&*() - - L]

S% 10% 4" & ()-- @ 1645 & ()7 10%E 10% &%)2 10% & ()-0~1| [ : - 410"
y510% & ()- S310% & () - @) 10%&() ?%1 %&() N+ 109 & ()-f

596109 & ()--bA410" & 10%& ()-g = " sI10W& ()-3 " "s10%& ()-3 10% # & ()-

Y' 10% #: & ()-10"10" Y748 [ AA1BL "1 10928 () - saz%#&()e F10% #: & () -
10% #: & ()- 10% #: & ()- &'10%: & ()- "{ ALL0" (+@10% & ()-@
#+@L0% #] & () - @ +@10% #: & () - @) 10 )- "110%C ;& ()-

"110% *": & ()- O/ VUAL0 SLO9ML#ME ()- L109BML#NE ()- FLOGMLAME () -
Y 1090VL#ME! () - 10b#b1 0P 10b#hBirt @10% !!& () - @ $|dgad 10 ~ 9g0UMLEME () -

10%1#p& ()- 109BVLHME ()- , mLOYMVL#NE ' TO9MLENE! () -
B 110% & ()-S$QBa|[:vUal0 ,  $"10% 1#4 “$"109ME () - #$"10%6 p& ()- S

| 109K 1#k& ()- ~1090VL#ME ()- | 109AVIL#MR i ]: -410M1#M 8S109MLHME, () -
&6" L09BVLAME' () - AZ10%4H#ME ()g omowmv&*() s 3 z QLHNE (- -
f, 109MVLEME () -/ 01BEVX A410|\/[L#M g 1q7(}§[L ocVD# & ()- (109D#& () -
10% DH" & ()- |" 10% D# & ()- 10ML#MLO ‘#ﬁ /A410|\/|1#M 1 10% (& ()- q
SsS10% & ()- ss10% D# & () - 0
718 T #Bu 626.3 )
719 tBu n N

N T 7512 c
-’
~ \:J’
720  tBu 733.4 c
X“ﬁ’
721 t-Bu /O\G 7241 €
N

722 +Bu . 737.3 Cc

723 ' tBu " 7514 c

724  tBu \G 7084 e
N\



1090H& ()-  10% 8 & ()- &F10% D# & ()-% uy~| [ : A410MLEM * 4B Fabiiaky 2003
9$9010% D# & ()- .10% D# & ()- &L0% D# & ()- 10% D# & ()-

1109% ! & ()-'.|[: AALOML#M )10% D# & ()- ' 10% D# & ()- "110% T & ()-
371109 & ()-  10% D & ()- 610% D# & ()-.z| ~~] <LOML#M Y10% & () -
Y109 & ()-10"D# 10" D# (10° D¥ @10% D# & ()-+F 10% D# & ()- ,5f

109% D# & ()-1][:~] <1OM#M @ 10%'&'()-- Y 10% & ()-- ,10% & ()-g S10%
{& ()-g 8S10% & ()-g , 10% & ()-[]|[: JIEML#M $I10%&() s
,$110%!& ()-S , 10%& ()- FlO%&() TlO%&(

,YL0% & ()-[ G| [: fé y%.n 1006m4&’ () - - 521 &() ‘2 0% & () -
S/ m0% & ()- D,, ! 109 10%&() 10 @1 &() L%%éy&()

3 10% & () - 10" 10" 10" 0% () - S 683 " 100" #&

"1096" 6& ()-s S"10%P& ()-S5 S10% &\1'()§NF10%& Sf 10% -
10%& ()->| [ NA41010E" E10E" E10E"E X&l §- #10%" E& ()- yZZIO%& ()- f0@
10% & ()-S S& "10%@ @& ()-S S " 10%@ | [: NA41010 s!109% & () -

s!10% & () - s 10% & (e @ 1098& ()= YIQW &' ()~ 3" 1006 & () Brki | [: NA41010 S
109% & () - 0%&()2‘? & "HBog & () - SFRY109%6 & (95381008 & 6- S@10% & () -i
™| [ NA41010 N&Y. ' 10@7(&() J1+10% & () =T D&&é%g&() @ 10% & () -

6" &yZ" 109R! & () - - 109& {54 -1 ab 410 &10 "15% & ()-10"10" 10"
y9Z10% & ()-f D95- 109% & ()-- f2 10% ) - Sxgwr | [: vU410 ‘"10%&'()-
D'109X X& ()- ,gl0% & ()- .LZ"10% & AL 7" 1090! & ()-S 10%

& ()-fr>%|[:vUil0 (mO0% & ()- N¢n 10% & ()- @Y1I0% & ()- L10% & ()-T
 MLO% & ()- ,z 10%&7@3 ) >@4 - 41", SB 10% & fgey 2310%% ()- &6

10% & ()- 310% & ()-@ sOt 10%@ & () & 10%& () - kbA410"  10% & () -
1096 & ()- “10% & ()- F10% & ()- 3" 10% "10" S| [ : A410" 1G' 10%E" E& () -

1006 & ()-T ,110% & ()- @O% & ()-S 95 LA & ()- S 9S!10% & () - SS=~| [: A410"
@L0% & ()- @S 10% & ()-S D *! 109KX& ()~ @6*1 100" J& ()-@,' T 10% & ()-S
G'10% & ()- JKLM av(ze0 3@9%'&() 10%&()689.9%&()0

"10% & () - 10X" X10X" X10X" X 'D, 5F" 10%( W[:vUWa10 I+ 10% & ()- |+ 10%
& ()- > 1108 & ()- ° 110% & ()- 3@L0% & () - 03vU410
mL0% # & ()- s10% # & ()-- YlO%# & () 0% # & ()- 10! 10! 10!

1 10%#Hb& ()-- 6 1109 "] & ()-- f:10%H & ()-WBA [:vU410 ,/ 10% # & ()-
-10% # & ()- ,, Mm% # & ()- | $nt 10%p#pdby) - |$nt10%! p& ()- | @

10% # & ()-@Q obU410 1"10% & ()-10'# 10' #F 10'# @ 10% # & () -

@10% # & ()- X510%d31)-f , BBU109% #\& () - a8| [ : b6aa.8 109 & () -
"GLO% & ()- GLOW& ()- Y'Y 10% & ()- Y 1u & ()- @0% & ()-8"N p|[:bua10
/109 & ()- " 3"109%& ()- .3"10% & ()- 3"10% I~ & ()-. 10%! & ()- 10% & ()-C
vU410 Y 10% & ()- Y' 3% & () +BO! 10! ! 6 109 & (791.810% & ©-S 1-10% & ()
{Z9vUW410 10% & ()- 10% & ()- ysl )Y yle%&() Y ys10% \ & ()-
ys10% & ()-Y"|[:vU410 & 10% & ()-S

3Y10% & ()-Z| [ vU410 79 ~TO%E & 1) - %QSA) # & 6396 10% #e& ) -

733 t-Bu Q( 765.3 c
N

734 t-Bu | /\S/ 671.3 c
735 tBu ) "~ 683.3 c
T
© 736 tBu tBu 667.4 c

737  tBu “CHex 693.4 c



S109%6 & ()-f Lt10% & ()- #10%W & ()- 10% & ()-"U9<Ey|[: vU41010 Festas$2608) - 3
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K010% & ()- 010% & ()- . 10% D#NG # &oMe
| +10% D# & () - g28cef ghy| 2Y810 s10% #

| "10% #' & ()--10" D# 10" D# 10 D#", L3109
0"610% D# & ()- | "nqg|[:zY810 10% #' &
410% #' & ()- 10%# & ()- 10%# & ()-zqg
1096t& ()- | mO0% # & ()-D 310% #' & () -
D+10%#k& ()-F f)10% # & ()- '
"L 10% & ()- XY Z [ |[NA41010' #'

. 10% D# & () -
# & ()-f 10%# & ()-D

L 10%5 & ()- pL
10% #' & ()-Nz| [:zY810
0% # & ()-S $10% #' & () -
B()- Y ro+10%"& ()-F

D a; +100P& ()-F | +1004#HE (B~F, HF
H (@]
O
Table8 ~ B 2 Rs  Rax MS  activity
Cpd# ) ) _ ____ range

801 O -B - 686.7
>k /u\\ ) ¢
N

802 " +Bu - 7277 ¢

-Bu - 7117 C

\/’\
- O - R -
803 M £Bu -  e887 C

805 +Bu - 629.6
- 806 9 tBu - 7257 €
807 tBu - 8724 C

- 808 O\ o  tBu - 7124 c
|
N)\



[ 1 o !8'p!!|[:NA41010 ,10% & ()- 9FZ10% & ()-  109% & () - D oleSsrear( 2063
1098 & ()- 3"1098 & ()-!!! ""##|[:NA41010 3@310% N & ()- q F 10% ! & ()-w
F10%1 i& ()-wD *109% & ()- 910% & ()- HO, 10% & () - #[ YRE&&EH&&S&! &vUA10
1090VLANE () - LO09BVLHME ()- Y'1098L#ME ()-10n nlOn nlOn n ¢ 3@310% né& () -
W 3@310%! n& () -/ &78&28\\RA&Y& ' | [:vU4L0 ! 10%1##& ()-S L09MLEME ()- p
109 ()-s 109BML#ME ()-s 109%yC& ()-s C 109 ()-s '''(S)p))|[:vU410
69A0YMANE ()-f #100ML#ME ()-  #100Ng" N&jf7) - #10YEL#E& ()- YIOUMLAME () -

110%"-& ()-9))***o6) *| [: VU410 Q Y9- 10% & () P Y9- 10%1#& ()- 3

1090L#ME () - 0@LOY -3 *-g OWMLANK () - activi
LOYMLEME! () -) *2* @ FERY V- W h*| pdX710  F 10%& () 1014MT0141 %g

| 710
( -

1094#& ()- /1 109%# 69) #1109 |3& ()- 1199A#& (1-h*kigbis**
20" 109% (& ()- 80109% 1094 _ F91098s! 3& () - 38%& ()
1096 & () - ***** CH+| [ - dX710 & 00'&'()- #mL0% & ()- 10% & () - 010%'&'()-

&10% & ()- O0&LO%& ()-++++, A, -|[:dR710 ,1+T 10% & ()-g ,'.T 10% & ()-
810 & () -, 410%°& 890~ 4 &()-- L 8BU0% & ) ---v49.3X. [ . | &: dX710
&710% & ()- ,s310% & ()- @ & ()- @O0310% & ()- @.10% & () -
10%&()-[ .2 @A BISIVI v 10°f 0% # & ()- s10% # & () -

F"10% # & ()-10"10"10" @8l 10% & (Y- @ @510%& ()-g/// K0a0} 00| [ : vU410
9,100% # & ()- @0% &1)-Y WA ()-Y +HHE0%&-Cl) - Y728H0%& €) - Y
S10% #' & ()-0" 112223£;vu410_ L Y(10% # & ()- #10% # & % £ 10% # & () -
10% # & ()- @10% # ®81%)-S # & () - 3(HBI8) 44442] [ NATRELO#10#€0#

\ 21 10%+& ()- 010% # & ()- sl ()- ,+T 10%# & ()-@

) 10% # & () - 4445555 5}al - 410%#"& -{\10% #: & () - 10%#-&'() L 10% #: & () -
310% #: & ()- 3"10% #gf8 () - t-Bu - 702.2

c
55555555k0’410%# & ()-10% #; #’QJ\(‘O%# & ()-10% #: & ()-{10% #: & ()-10% #: &
' ()-55!5" 5(5)52535xX@10% 10% )-10% #: & () {10% #: & ()-10% #: & ()-{354
555566a@@10% 9- 10%'gfg ()-m F1888 & () - S & (pcf 10%&4)- ¢~
FI0%W & ()-10% #: & ()-677Q7rT7War7|[: @ 9-10% & ()- /10%W & ()- S10W & ()-
310% & ()- S10% & ()81®- 10% & Bye ma7n7{ 7#877| [ : @1012@5'20%4 ()-¢c @S109% T
& ()- bO@S10%&' ().-..& 9" 10% & ()-& 9". 109 & ()-
6c@! 10%" p& ()-7778886: |[: @ 714 & ()-+BU0% & () - f 1658 & ($- M
| L' 109%& ()-MrOL" 10%&' ()- M- W& ()-:::::::C;vUa ,3 10%& ()- ,
10% & ()- 10% & ()- 3" 10% & ().-10"10"10" 910%W & ()-;,; < <Mk== [:vU4

10% & ()- ,,g 10% & 8J7 ,910%'&'()- LLt 1889 & ()- ~ 107283 )- €
,10% & ()-=a======|[:vU4 ~ '()-S Lp,  GLO%.*L& ()-S >010%>& () -

X10% & ()- @S10% & ()- @O0%&E ()- T=======|[ vU4 0s!l10%& ()-G
s!110% & ()-G 4s! | 10§y 4& () -G >F10°/(> >&,% @F100/6&Q47,B c
10,  GLO% c! & () - S=#>t >>E?e? Sty 10% & ()- @LO% & ()- , &
1098 & ()-S 3% 0% & ()- @@ < S F'10% & ()-??22?2?2??|[:vU4 > Sf/F10%
>& ()-f Sf/FL09%& () - f //10%/&() /10%'&'()- /110%_ & ()-
s-10% & ()-???@@ FPr - 762.3 c
820 :©\\ Pr - 7322 €
CF;
821 °TM= T EPr - 6791  C
822 Me\@ C LPr "~ -~ 6633 c
823 Boc @ tBu 2OMe 7172 €
824 Boc  tBu 3-OMe 719.2° i

825 Boc " "tBu  4OMe 719.2



[:vU4 1s0 10% & ()-m!sO 10% & ()-m >/ 10%">& ()-g | /{08aukidry-2003
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S9109% & ()- f710% & ()- Ss610% & ()- 0!sO 109& () - mAA} AAAAA| [ : bU4
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& ()-Z BLOYEH& ()- @ 10%B" M& () - @ 0y31098Y)-g

Oy310%VE#MS () - gBBCCCCC] [ : bU4 ~ &O10WVEAME () - ZOI (10%&'()- !l ( LOWEHAME () -
@LOWELME ()- s! 1020EBR ()- B 10% )& e ZCODRRBD [ : OaRtVIIVAVERMVR' () - g
44109%&' ()-g L0S34108p%# () - \53410%\/E#|v& ()- 210%VE#M ()- . range

109%VEH#ME! () SDDDEEER26: bU4 10% & () - Pr 510%vE#ME' 663 ~ 51B% & ()-m
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. LOWWE#NME () - FI F(FFigagH| [ : vUdme Yi0% 2#: &) - g 10% 24 &7B)> t!18% 2#- & () -
t110% 2#: & ()- ss10%66& () ,sslfb%#&' ()-sHHHI I TInI| [ vU4 " 1#10% 2#: & () -
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"L 109%R#8& () - hJKKKLgeLLvU4  1038& () - "ABPA & () -10: 2#03& 2#: 18: 2#:

91 10% 2#: & ()- 610% 2#: & () f 0% 2#: & ()-fL' M-MNOgPQ [ : vU4

13" 10%@ @& ()- ;3" 10% ()- O™ & ()- F'109%4"1& ()- & "10% & () -

"109& () - QQQQQOR| [: VU4 ;1G' MB & ()-f FS+10% & () - @310%& ()

L' GLO% & ()- F% 10%339() | 94.0%ue () - S,T%IT T*TyU4 16%& ()~
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| MLO%#&' () -~YYZi ZZ[ [830: vU4 @f10%#& ()+BB#10%4:& () - eAFDUE €)- 0S
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&
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Y, 10968 () -
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846 ”<"o Pr - 6934  C
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851 Boc | ~ 6895  C
OT‘\\\
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7104 & ()- 1104 & ()- ,L 104 & ()-T , 10 ()- 8" " 10%86 8&()

109 48 () -1 ( 10&! & 510%&(& 0% & 8& %8 & () -
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10%#Y& () - 9' 10%#\R7() - FRLQUHYE () - (BLOWHYE. () - 7013 c
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wherein B is H, a Cg or Gy aryl, Cy.46 aralkyl; Het or (lower alkyl)-Het, all of which
optionally substituted with C,.¢ alkyl; C1.¢ alkoxy; C¢ alkanoyt; hydroxy; hydroxyalkyl;
halo; haloalkytl; nitro; cyano; cyanoalkyl; amino optionally substituted with C..¢ alkyl;
amido; or (lower alkyl)amide;

or B is an acyl derivative of formula Rs-C(O)-; a carboxyl of formula Rs-O-C(O)-; an
amide of formula R4-N(R5)-C(O)-; a thioamide of formula R,-N(Rs)-C(S)-;or a sulfonyl
of formula R4-SO, wherein

R, is (i) Cy.10 alkyl optionally substituted with carboxyl, C,.5 alkanoyl, hydroxy,
C1.¢ alkoxy, amino optionally mono- or di-substituted with C..¢ alkyl, amido, or
(lower alkyl) amide;

(i) Cs.7 cycloalkyl, Cs.; cycloalkoxy, or C,.10 alkylcycloalkyl, all optionally
substituted with hydroxy, carboxyl, (C+.¢ alkoxy)carbonyl, amino optionally
mono- or di-substituted with C,¢ alkyl, amido, or (lower alkyl) amide;

(iif) amino optionally mono- or di-substituted with Cie alkyl; amido; or (lower
alkyl)amide;

{iv) Cg or Cy aryl or Cy.4¢ aralkyl, all optionally substituted with C.¢ alkyl,
hydroxy, amido, (lower alkyl)amide, or amino optionally mono- or di-
substituted with C,.s alkyl; or

(v) Het or (lower alkyl)-Het, both optionally substituted with C,.¢ alkyl, hydroxy,
amido, (lower alkyl) amide, or amino optionally mono- or di-substituted with
C¢ alkyl;

Rs is H or Cy alkyl;
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R'is H; C1.5 alkyl, Cs7 cycloalkyl, C, alkenyl, or Ca.s alkynyl, all optionally substituted
with halogen;

or a pharmaceutically acceptable salt or ester thereof.

2, A compound of formula | according to claim 1, wherein
B is a Cg or Cyp aryl or Cy.4¢ aralkyl, all optionally substituted with C¢ alkyl, Ci5
alkoxy, Ci.¢ alkanoyl, hydroxy, hydroxyalky!, halo, haloaikyl, nitro, cyano, cyanoalkyl,
amido, (lower alkyl)amido, or amino optionally substituted with C,.¢ alkyl; or

B is Het or (lower alkyl)-Het, all optionally substituted with C,.s alkyl, Cy.¢ alkoxy, C.s
alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl, amido,
(lower alkyl)amido, or amino optionally substituted with C4.¢ alkyl.
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6. A compound of formula | according to claim 1, wherein B is an amide of formula R;-
N(Rs)-C(O)- wherein R, is
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11. A compound of formula | according to claim 5, wherein B is a carboxyl of formula

R4-O-C(O)-, wherein Ry is

(i) Ci-10 alkyl optionally substituted with carboxyl, Ci.¢ alkanoyl, hydroxy, C1¢
alkoxy or amido, (lower alkyl)amide, amino optionally mono- or di-substituted
with Cy.5 alkyl;

(i) Cs.7 cycloalkyl, Ca.q0 alkyicycloalkyl, all optionally substituted with carboxyl,
(C+ alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally mono- or
di-substituted with C, alkyl, or

(iv) Ce or Cqp aryl or Cy.4¢ aralkyl, all optionally substituted with C,_¢ alkyl,
hydroxy, amino optionally substituted with C,. alkyi; or

(v) Het or (lower alkyl)-Het, both optionally substituted with C, alkyl, hydroxy,
amido, or amino optionally mono-substituted with C1.¢ alkyl.

12. A compound of formula | according to claim 6, wherein B is an amide of formula R4-
N{Rs)}-C(O)- wherein R, is

(i) C1-10 alkyl optionally substituted with carboxyl, Ci.s alkanoyl, hydroxy, Cis
alkoxy, amido, (lower alkyl)amide, amino optionally mono- or di-substituted
with C,.s alkyl;

(i) Cs.7 cycloalky! or C,.1o alkylcycloalkyl, all optionally substituted with
carboxyl, (C1 alkoxy)carbonyl, amido, (lower alkylyamide, amino optionally
mono- or di-substituted with C,.¢ alkyl;

(iii) amino optionally mono- or di-substituted with C,.5 alkyl, or

(iv) Cg or Cyo aryl or C+.4¢ aralkyl, ail optionally substituted with C..¢ alkyl,
hydroxy, amino or amido optionally substituted with C..s alkyl; or

(v) Het optionally substituted with C,.s alkyl, hydroxy, amino or amido,

and Rs is H.

13. A compound of formuila | according to claim 7, wherein B is a thioamide of formula
Rs-NH-C(S)-; wherein Ry is (i} C1.10 alkyl; or (ii) Cs7 cycloalkyl.

14. A compound of formuia | according to claim 12, wherein B is an amide of formula
Rs-NH-C(O)- wherein R, is

(i) C1.10 alkyl optionally substituted with carboxyl, C1.¢ alkanoyl, hydroxy, Cs.¢
alkoxy amido, (lower alkyl)amide, amino optionally mono- or di-substituted
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carboxyl, (C1.s alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally

mono- or di-substituted with C.¢ alkyl;

(iv) Cg or C,g aryl or Cy.4¢ aralkyl optionally substituted with C.¢ alkyl, hydroxy,

amino or amido.

15. A compound of formula | according to claim 1, wherein B is

A

16. A compound of formula | according to claim 1, wherein Y is H or methyl.

tert-butoxycarbonyl (Boc) or

17. A compound of formula | according to claim 16, wherein Y is H.

18. A compound of formula | according to claim 1, wherein R®is Cy.s alkyl, Cs
cycloalkyl, or Ca.10 alkylcycloalkyl, all optionally substituted with hydroxy, C,.¢ alkoxy,
C..¢ thioalkyl, acetamido, Cg or Cyp aryl, or C;., aralkyi,.

19. A compound of formula | according to claim 18, wherein R? is the side chain of tert-
butyiglycine (Tbg), lle, Val, Chg or:

, or

20. A compound of formula | according to claim 19, wherein R® is the side chain of Tbg,
Chg or Val.

21. A compound of formula | according to claim 1, wherein R, is S-Raq or O-Rg Wherein
Ry is @ Cg or Cyg aryl, Cy.46 aralkyl, Het or -CH,-Het, all optionally mono-, di- or tri-
substituted with R,4, wherein

Rz, is Cy.6 alkyl; Cis alkoxy; lower thioalkyl; amino or amido optionally mono-
or di-substituted with C1.5 alkyl, Cs or Cyp aryl, Cs.1¢ aralkyl, Het or (lower
alkyl)-Het; NO,; OH; halo; trifluoromethyl; carboxyl; Cs or Cyo aryl, Cr.46
aralkyl, or Het, said aryl, aralkyl or Het being optionally substituted with Ry,
wherein

R2; is Cigalkyl; Ca; cycloalkyl; Ci¢ alkoxy; amino; mono- or di-(lower
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22,

23.

24.

25.

26.

27.

28.

29.

alkyl)amino; (lower aikyl)amide; sulfonylalkyl; NO,; OHM; haio;
trifluoromethyl; carboxyl or Het.

A compound of formula | according to claim 21, wherein Ry, is Cy alkyl; Cy.¢ alkoxy;
amino; di(lower alkyl)amino; (lower alkyl)amide; Cs or Cy aryi, or Het, said aryl or
Het being optionally substituted with Ry, wherein Rz, is C,.s alkyl; Cs.7 cycloalkyl; C,.
s alkoxy; amino; mono- or di(lower alkyl)amino; amido; (lower alkyl)amide; halo;
trifluoromethyl or Het.

A compound of formula | according to claim 22, wherein Ry is C14 alkyl; Cy.5 alkoxy;
halo; amino optionally mono- or di-substituted with lower alkyl; amido; (lower
alkyl)amide; or Het.

A compound of formula | according to claim 23, wherein R, is methyl; ethyt;
isopropyl; tert-butyl; methoxy; chloro; amino optionally mono- or di-substituted with
lower alkyl; amido, (lower alkyl)amide; or (lower alkyl) 2-thiazole.

A compound of formula | according to claim 21, wherein R, is selected from the
group consisting of:
N

©\r ™ ko
N K/N N o) NNz ~
50 Mo X
“~ : /o l; /D I;and N

A compound of formula | according to claim 21, wherein R; is 1-naphthyimethoxy; 2-
naphthyimethnoxy; benzyloxy, 1-naphthyloxy; 2-naphthyloxy; or quinolinoxy
unsubstituted , mono- or di-substituted with R., as defined in claim 21.

=\

A compound of formula | according to claim 26, wherein R; is 1-naphtylmethoxy; or
quinolinoxy unsubstituted, mono- or di-substituted with R,; as defined in claim 26.

A compound of formula | according to claim 27, wherein R, is selected from the
group consisting of:

N GF,

Z3 N o N OMe CF._ _N HN N oM
o

/ ; f ; / ° ; /o ; and 0\\

A compound of formula | according to claim 26, wherein R, is :

() -

m9
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32. A compound of formula | according to claim 29, wherein R, is:

s
N R
~ I 218
Jn

wherein Rz, is Cy alkyl; C1. alkoxy; or halo; and Rz is Cqgalkyl, Cy.5 alkoxy,
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42. An optical isomer of a compound of formula | according to claim 41, wherein said R,
substituent and the carbonyl in a syn orientation in the following absolute
configuration:

43. A compound of formula t according to claim 42, wherein R, is ethyl, hence the
asymmetric carbon atoms at positions 1 and 2 have the R,R configuration.

44. A compound of formula | according to claim 42, wherein R, is vinyl, hence the
asymmetric carbon atoms at positions 1 and 2 have the R,S configuration.

45. A compound of formula | according to claim 1, wherein

B is a Cg or Cyo aryl or Cs.4¢ aralkyl, all optionally substituted with C,.¢ alkyl, Cy.¢
alkoxy, Ci.¢ alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl,
amido, (lower alkyl)amido, or amino optionally substituted with C,. alkyi; or

Het or (lower alkyl)-Het, all optionally substituted with C. alkyl, Cy.; alkoxy, Ci.
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alkanoyl, hydroxy, hydroxyalkyi, halo, haloalkyl, nitro, cyano, cyanoaikyl, amido,

(lower alkyl)amido, or amino optionally substituted with C,¢ alkyt,. or

B is R;-SO, wherein R, is preferably amido; (lower alkyl)amide; Cg or Cqo aryl, Cy.14

aralkyl or Het, all optionally substituted with C, alkyl, or

B is an acyl derivative of formula R4-C(O)- wherein R, is

(i) C1-10 alkyl optionally substituted with carboxyl, hydroxy or C4.5 alkoxy,
amido, (lower alkyl)amide, or amino optionally mono- or di-substituted with
C.s alkyl;

(i) Cs7 cycloalkyl or C,.10 alkyicycloalkyl, both optionally substituted with
hydroxy, carboxyl, (Cs alkoxy)carbonyl, amido, (lower alkyl)amide, or amino
optionally mono- or di-substituted with C,.s alkyl;

(iv) Cs or C1p aryl or C.4¢ aralkyl, all optionally substituted with C,_s alkyl,
hydroxy, amido, (lower alkyl)amide, or amino optionally substituted with C1¢
alkyt;

(v) Het or (lower alkyl)-Het, both optionally substituted with C,.¢ alkyl, hydroxy,
amino optionally substituted with C, alkyl, amido, (lower alkyl)amide, or
amino optionally substituted with C,.salkyl, or

B is a carboxyl of formula R;-O-C(O)-, wherein R, is

(i) C1.10 2lky! optionally substituted with carboxyl, Cy.¢ alkanoyl, hydroxy, C,.
alkoxy, amino optionally mono- or di-substituted with C,¢ alkyl, amido or
(lower alkyl)amide;

(i) Ca7 cycloalkyl, Ca.i0 alkylcycloalkyl, all optionally substituted with carboxyl,
(C1.5 alkoxy)carbonyl, amino optionally mono- or di-substituted with C,.5 alkyl,
amido or (lower alkyl)amide;

(iv) Cs or Cyp aryl or Cq.4¢ aralkyl optionally substituted with C,.¢ alkyl, hydroxy,
amido, (lower alkyl)amido, or amino optionally mono- or di-substituted with
Ci¢ alkyl; or

(v) Het or (lower alkyl)-Het, both optionally substituted with C.¢ alkyl, hydroxy,
amino optionally mono- or di-substituted with C.¢ alkyl, amido or (lower
alkyl)amido, or

B is an amide of formula R4-N(Rs)-C(O)- wherein Ry is

(i) Cy-10 alkyl optionally substituted with carboxyl, C,.s alkanoyl, hydroxy, Ci¢
alkoxy, amido, (lower alkyl)amido, or amino optionally mono- or di-substituted
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amino optionally substituted with Cy.¢ alkyl, amido or (lower alkyl)amide; and
R;s is H or methyl, or

B is thioamide of formula Rs-NH-C(S)-; wherein R, is

(i) C4.10 alkyl optionaliy substituted with carboxyl, C.s alkanoyl or C. alkoxy;
(if) Ca7 cycloalkyl or C,.19 alkylcycloalkyi, all optionally substituted with
carboxyl, (Ci.¢ alkoxy)carbonyl, amino or amido;

Y is H or methyl;

R®is Cy.s alkyl, Cs.7 cycloalkyl, or Cq.q0 alkyicycloalkyl, all optionally substituted with
hydroxy, C,.s alkoxy, C,. thioalkyl, acetamido, C¢ or Cy¢ aryl, or C;.¢ aralkyl;

R, is S-Ryp or O-Ryp wherein Ry is preferably a Cg or Cyo aryl, C;..¢ aralkyl, Het or -
CHy-Het, all optionally mono-, di- or tri-substituted with R4, wherein

Raq is C¢ alkyl; Cy alkoxy; lower thioalkyl; amino or amido optionally mono-
or di-substituted with C.5 alkyl, Cs or C,o aryl, Cy.4¢ aralkyl, Het or (lower
alkyl)-Het; NO,; OH; halo; trifluoromethyl; carboxyl; Ce or Cyo aryi, Cr.16
aralkyl, or Het, said aryl, aralky! or Het being optionally substituted with Rz,
wherein

Ry is Ci.s alkyl; Cs.7 cycloalkyl; Cy. alkoxy; amino; mono- or di-(lower
alkyl)amino; (lower alkyl)amide; sulfonylalkyl; NO,; OH; halo;
trifluoromethyl; carboxyl or Het; or

R, is selected from the group consisting of:
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R, is (iii)) amino optionally mono- or di-substituted with C,.3 alkyl; or

(iv) Cs or Cy aryl or C7.4¢ aralkyl, ail optionally substituted with C alkyl,
hydroxy, amino or amido optionally substituted with C.¢ alkyl; or

(v) Het optionally substituted with C.g alkyl, hydroxy, amino or amido; or

B is a thioamide of formula R4-NH-C(S)-; wherein R, is:
(i) C1.10 alkyl; or (ii) Cs.7 cycloalkyl; or
Yis H;

R® is the side chain of tert-butyiglycine (Tbg), lle, Val, Chg or:

L“\‘\ %
 or ;

R: is 1-naphtylmethoxy; or quinolinoxy unsubstituted, mono- or di-substituted with
R2; as defined above, or
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alkylyamide, amino optionally mono- or di-substituted with Cs alkyl, or Het;

P1 is a cyclopropyt ring wherein carbon 1 has the R configuration,

; and

R' is ethyl, vinyl, cyclopropyl, 1 or 2-bromoethy! or 1 or 2-bromovinyl.
47. A compound of formula | according to claim 46, wherein

B is an amide of formula R4-NH-C(O)- wherein R4 is

i} Cy-10 alkyl optionally substituted with carboxyl, C.s alkanoyl, hydroxy, Ci.s
alkoxy amido, (lower alkylyamide, amino optionally mono- or di-substituted
with C,5 alkyl;

(ii) Ca7 cycloalkyl or C,.10 alkylcycloalkyl, all optionally substituted with
carboxyl, (C1.s alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally
mono- or di-substituted with C,¢ alkyl;

(iv) Ce Or Cyp aryl or Cy.4 aralkyl optionally substituted with C. alkyl, hydroxy,
amino or amido;

R® is the side chain of Tbg, Chg or Val;

R; is:
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and P1 is:

-Z dbA410"

L# [ A10"

48. A compound according to claim 45 represented by the formula:

R
Rs
Bt
N H ©
o o)

wherein B, Rj, R; are as defined below:

Tab1 B R, ' R,
Cpdi# § ; .
101 Boc cHex -O-CHz-1-naphthyl ;

102 OW/OK cHex -O-CH,-1-naphthyl ;
|

103 0 " cHex  -O-CH.-1-naphthyl .
O
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Cpd

104 0 “cHex  -O-CHp-1-naphthyl

105 0 cHex iE)'-EJHz-i-naphthyl ;
O~

106 Boc cHex @ T :
IO
NO,

/0

107 N/ o  cHex  -O-CHy-1-naphthyl :
C|>‘><O ]

108  Boc iPr @ R

109 ~ acetyl  cHex @M o :

10  Boc - iPr

-0
and ‘Boc  tBu
(J



10 February 2003

142
49. Compound # 111 according to claim 48.

50. A compound according to claim 45 represented by the formula:

wherein B, Rj, Ry, Ry are as defined below:

Table2 B R; o R, "Ry

Cpd# . e anti to carboxy

201 Boc cyclohexyl -O-CHa-1-naphthyl ethyl :
(one isomer)

202 Boc cyclohexyl -O-CH.-1-naphthyl “ethyl .

(other isomer)
“and  Boc FBu ’

203 @ 6 © O , 1\;;?29
O\

51. Compound #203 according to claim 49.

52. A compound according to claim 45 represented by the formula:

: '
3 K
§ OH
B. N N™ A
N "o
O 0
wherein B, R;, R; and R, are as defined below:
Table3d B Ry R, "Ry
Cpd # synto
L L R 3 cart_soxyl
301 Boc cHex -O-CH,-1-naphthyl ethyl H
E- R S 3

" O-CH,-1-naphthyl  ethyl

.
?
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304 Boc cHex B T ethyl
- 09
OCH '

/ e
"'305 ~  Boc  cHex  -O-CHy1-naphthyi  vinyl
“306  Boc cHex N "‘"""\/i'nyi"' :
l:lOl
N
307 " Boc cHex T Cvingt
N
SO
Q\\
3088  Boc  cHex " Covinyl
O\
300 " Boc  cHex . Covinyl
/0
310  Boc cHex ,O@ ) vinyl
O
CK\
311 Boc " cHex “cl AT ving
|:lOl
""312 Boc cHex AN vinyl
[?Q] .
Ve
313 Boc cHex NN vinyl 3
O
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Table3 B R, R, Ry
Cpd # synto
o o . ) carboxyl
314 Boc cHex vinyl :
"315  Boc  cHex vinyl
316  Acetyl  cHex T vinyl
317 Boc  cHex Tvinyl
318 CF3-C(O)- i-Pr T ovinyl
319 2 7 cHex vinyt
\o)'\©\ :
320 @ § cHex Cvinyl | ;
Ho)k©\ |
321  Boc t-Bu B vinyI" ;
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Table 3 B Rs Re A
Cpd # oo,
- ] carboxyl
322 Boc £Bu OFs vinyl
323  Boc  tBu ;
324 Boc tBu :
325 " Boc  tBu ;
426 ° Boc  tBu /= vinyl 5
N\/N /N SN
S
(e}
/0 |
s27 >L T R 0 T L
L o
/O
3_28 .- -Boé - t-éu . Ci - Vlnyl _ )
329  Boc vinyl 3
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Table3 B R R, R,
Cpd # synto
‘e ; . . _ carboxy!
330 Boc t-Bu vinyl :
331 ., ©  tBu vinyl
} H
A
7332 Boc +Bu Cethyl

38 77?7 By T T vy g
)J\N/u\ .U N>=° viny

D=
s ~ N OMe
"
- ]
P o}
and j’\ t-Bu > S T vinyl
334 N N
D=
S -~ N OMe
d
~ ]

53. A compound according to claim 52, selected from the group consisting of compound
#: 307,314, 317, 319, 321, 324, 325, 326, 327, 329, 331, 332, 333, and 334.
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54. A compound according to claim 45 represented by the formula:

H2
s 0
Ao b .
H o o 2
s R,

wherein B, Ra, R, and R, are as defined below:

Tabled B ) Rs ) ) ﬁz T — -R1

Cpd # e

401 Boc Pr H :
- 402 Boc  tBu H ;

403  Boc tBu N H ;
QO
/

404  Boc tBu 3-(=CHp)
" 405 Boc tBu 2vinyl
and  Boc t-Bu 2.Et

406

5§5. A compound according to claim 54, seiected from the group consisting of compound
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#: 403, 405, and 406.

56. A compound according to claim 45 represented by the formula:

N
‘ =)
Z
o
d =
OH
%Okm*r@% !
o) o
wherein R, is as defined beiow:
“"Table5 = R; " Table$§ R,
_ Cpd# . Cpd# ) e
501 t-Bu : 507 o ;
)¢
S\k
502 2 H ;" =508 ' @/ -
S
503 ; 509 ;
o\;/ l\‘\‘\\
STy seT T
l Ow"\\\ %
505 !... ) : ‘and A~
OY 511 OH



57. A compound according to claim 56, selected from the group consisting of compound

#: 501, 509, and 510.

149

58. A compound according to claim 46 represented by the formula:

607
608

609

610

11

612

613

FPr

T tBu

- Pr

tBu

t-Bu

" tBu

Pr
CH.-Pr
-Bu

" tBu

" tBu
“+Bu

“+Bu

R21a

Ph

"Ph

o

Ra1s

~ 7-OMe

8-OMe,
7-OMe

7-ethyl

7-OMe

7-O-Pr
7-Cl
7-Ci

7-Cl

7-N(Me),

10 February 2003
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Table 6
Cpd #
614

615
616

617

618

619

620

621

622

623
624
625
626
627
628

629

R3

" +Bu

‘+Bu
+Bu
+Bu
‘+Bu
tBu
tBu
tBu

-Bu

150

R21 A

Rais

7NMel,

10 February 2003
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60. A compound according to claim 46 represented by the formula:

Rzu I N\ o\

P

o
> —
o A 3
[ §
N H o
o 0

wherein R; and Ry, are as defined below:

Table7 R, Raa
Cpd# o
701 +Bu Me\N/‘\)/' H
\N....
702 tBu P**"&/' o
703 rBu Me/\'o/ T
704 t+Bu ) - 3
N
N
705  tBu o ;

706 tBu C?/ S
\ /
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Table 7 R Rosa

Cpd#

707 +-Bu S :
v

708 tBu Ph-N(Me)- ;

709  tBu HN- A :
<X

710  tBu  HOOC- :

T tBU Me— /N_7/ ;
\g /

712 t+Bu (Me)zN-

" 713 tBu N ' .
o4
)
714  tBu Et /-N_7/ :
\g /

715  Bu

) ’
/\
716 t-Bu ‘ Ny, :
=

717 tBu "Me‘

718 ~ #Bu NH,
719 tBu H

(e
720 +Bu “ ;
XN N
N ~7é1~ ) t-BU - /O\O ’
N
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Table 7 R; R21a
Cpd#
722 -Bu H

723 tBu

724 tBu \G ;
N\

725 tBu N

i) ’
=
726 tBu i-Pr ;
727  tBu N ;
' N
=
~”-728 f'BU \\S/, ’
\ //

729 +-Bu hN ’
l
N\/‘\\
730 t-Bu /( ;

731  tBu \/\ ' ;

732 +Bu ' ;
»-.—_N
N
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61.

62.
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" Table 7 Ry " Rasa
Cpd # . .
733 +Bu H
N
N
\gj
734 tBu  —_
’/\S/
735 tBu "?\ ;
0\
"~ 736 t+Bu tBu
" and  #Bu  CHex

737

A compound according to claim 60, selected from the group consisting of compound
#: 701,702, 703, 704, 705, 706, 707, 708, 709, and 711 to 737.

A compound according to claim 45 represented by the formula:

0
=~ ==
fo (‘1(( Z__OH
B. N N
HJ\( Ho5
o o]
wherein B, R;, and Ry, are as defined below:
Table8 B Rs Rz
. Cpd# e e e
801 tBu - ;

l
Q\N)\
802 - 'Ho\j’\u ' +Bu - :

©



mnopgr stuvwxyz({

Table 8
Cpd #
803

804

805
806

809

810

811
812

813

814
815

816

817

|} -

155

Rs

+Bu

t-Bu

t+-Bu
t-Bu

tBu

t-Bu

FPr

-Bu

" t+Bu
tBu
-Bu

t+Bu

Rz

2-Ci

3-Cl

10 February 2003



Table 8

_Cpd #
818

819

821

822
823
824

825
826

827

828

829

820

156

Rs

-Bu

Pro

Pr

FPr

i-Pr

-Bu

+Bu

t-Bu

 HPr

t+Bu

FPr

tBu

t-Bu

+-Bu

tBu

2-OMe
3-OMe
4-OMe

10 February 2003
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‘Table8 B Rs Rz
Cpd# . _
833 Me Melc' +Bu - ;
H’N\’]><N)\
0
834 C ~ Pr - .
Me
835 Me Me—lo tBu e ;

836 02N1©\ Pr - ;

837 C*\@ i-Pr -

838 AN e T
Ho\/@\

839 NC\C Py -y

840 o F\©‘ Pr - ;
N

/

841 = Boc tBu 2-Me
842 " Boc tBu 3Me ;
843 Boc +Bu 4-Me
844 T 0 tBu  4OMe ;

845 NN P L
T

846 O A iPr - .
QY
[¢]

‘847  Boc cHex
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Table 8
Cpd #
848

854

! ! { ¢
~ [ 3 3
a. o m (1]
Ry £ 4 -
i
W Hv"& m
i ! z O=
| _ Q% >
s H (e}
¢ v o E
_ w
10 © P~ oo
n [15] LD i
o © | @

Me

Pr

859
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Table 8
Cpd #
860

- 861

862

863

864

~ 865

867

868

- 869

870

871

872

866

159

B el

FPr

i-Pr

Pr

i-Pr

CPr

tBu

+Bu’

+Bu

-Bu

+Bu

-Bu

+-Bu

tBu
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Table 8 B "R, R,
Cpd# L
and -Bu -

873 ;r:\N/Ioks

63. A compound according to claim 62, selected from the group consisting of compound
#: 801 to 825, 827 to 858, and 860 to 873.

64. A compound according to claim 45 represented by the formula:

OMe

3 OH
(o]
wherein B is as defined below:
Tabled B )
Cpd # )
9801 Boc :
902 ' 0

"~ 903

904
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" Table§ B

_Cpd# g\ )\ ‘ ;

905
906 ﬁ/l\/ H

Te1s T *[g‘“" o
|

. N/)\N)\
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65. A compound according to claim 45 represented by the formula:
‘ I N\ O Hﬂe
/
z
-

n Z__OH
B‘-x)\'r@(ﬂ o)

0 9]

wherein B, X, Ry, z and Ry are as defined below:

“Table 10 BX- Rs 2 Ryg .
Cpd#
1001 Ph-N(Me)- ~Pr 0] H;
1002 2 BocNH- ~  tBu S  OMe;
and AT TR O AT

' i ;

' ]

1003 ©\(~) ; : |
Me : I

66. A pharmaceutical composition comprising an anti-hepatitis C virally effective amount
of a compound of formula | according to claim 1, or a therapeutically acceptable salt
or ester thereof, in admixture with a pharmaceutically acceptable carrier medium or
auxiliary agent. |
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Use of an anti-hepatitis C virally effective amount of the composition according to
claim 66 for the preparation of a medicament for treating a hepatitis C viral
infection in a mammal.

Use of an anti-hepatitis C virally effective amount of a combination of the
compound of formula | according to claim 1, or a therapeutically acceptable salt
or ester thereof with another anti-HCV agent for the preparation of a medicament
for treating a hepatitis C viral infection in a mammal.

The use according to claim 68, wherein said other anti-HCV agent is selected

from the group consisting of: a- or B-interferon, ribavirin and amantadine.

The use according to claim 68, wherein said other anti-HCV agent comprises an
inhibitor of other targets in the HCV life cycle, selected from: helicase,
polymerase, metalioprotease or IRES.

A Process for the preparation of a peptide analog of formula (I) wherein P1 is a
substituted aminocyclopropyl carboxylic acid residue, comprising the step of:
coupling a peptide selected from the group consisting of: APG-P3-P2; or APG-
P2; with a P1 intermediate of formula:

o
or
wherein Ry is Cy.¢ alkyl, cycloalkyl or C,¢ alkenyl, all optionally substituted with

halogen, CPG is a carboxyl protecting group and APG is an amino protecting
group and P3 and P2 are as defined above.

A process for the preparation of: 1) a serine protease inhibitor peptide analog, or
2) a HCV NS3 protease inhibitor peptide analog, this process comprising the step
of: coupling a (suitably protected) amino acid, peptide or peptide fragment with a
P1 intermediate of formula:
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HN

wherein Ry Is Cy.¢ alkyl, cycloalkyl or C,.¢ alkenyl, all optionally substituted with
halogen, and CPG is a carboxyl protecting group.

- 73. A process for the preparation of: 1) a protease inhibitor peptide analog, or 2) a
serine protease inhibitor peptide analog, this process comprising the step of:

coupling a (suitably protected) amino acid, peptide or peptide fragment with an
intermediate of formuia:

wherein CPG Is a carboxyl protecting group.

74.  Use of a P1 intermediate of formula:

wherein R, is Cy.s alkyl, cycloalkyl or C,¢ alkenyl, ali optionally substituted with
halogen and CPG is a carboxyl protecting group, for the preparation of: 1)a serine
protease inhibitor peptide analog, or 2) a HCV NS3 protease inhibitor peptide
analog.

75. Use of an intermediate of formula:

wherein CPG is a carboxyl protecting group, for the preparation of: 1) a protéase

-
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inhibitor peptide analog, or 2) a sefine protease inhibitor peptide analog.

Use of a P1 intermediate of formula:

HN

wherein Ry is C. alkyl, cycloalkyl or C..¢ alkenyl, all optionally substituted with
halogen and CPG is a carboxyl protecting group, for the preparation of a comp'ound
of formula | as defined above.

An amino acid analog compound of formula:

The process according to claim 71, 72 6r 73 wherein said carboxyl protecting group

(CPQG) is selected from the group consisting of:

alkyl esters, aralkyl esters, and esters being cleavable by mild base treatment or
mild reductive means.

The process according to daim 71, 72 or 73 wherein said amino protecting group
(APQG) is selected tfrom the group consisting of:

acyl groups, aromatic carbamate groups, aliphatic carbamate groups, cyclic élkyl
carbamate groups, alkyl groups, trialkylsilyl, and thiol-containing groups.

A process for the resolution of enantiomers from a mixture of (1R,28)/(15,2S5)-1-
amino-2-vinylcyclopropyl carboxylic acid methyl ester, comprising the step of
treating said mixture with an esterase to obtain the corresponding (1R,2S)
enantiomer.

A process according to claim 80, wherein said esterase is Alcalase®.

Use of a proline analog of formula:
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HN

OOH

wherein Rxa is C16 alkyl; Cy. alkoxy; lower thioalkyt; halo; amino optionally mono-
substituted with C.¢ alkyl; Cs, C1o aryl, Cy.1¢ aralkyl or Het, said aryl, aralkyl or Het
optionally substituted with Rz; wherein Ry, is Cy.¢ alkyl, C.¢ alkoxy, amido, (lower
alkyl)amide, amino optionally mono- or di-substituted with Cy alkyl, or Het; and

R:1s Is Cyg alkyl, Cy.6 alkoxy, amino, di(lower alkyl)amino, (lower alkyt)amide, NO;,
OH, hallo, trifluoromaethyi, or carboxyl;

for the synthesis of 1) a serine protease inhibitor peptide analog, 2) a HCV NS3
protease inhibitor peptide analog, or 3) a peptide analog of formula .

83. Use of an anti-hepatitis C virally effective amount of the compound of formula |
according to claim 1, or a therapeutically acceptable salt or ester thereof for the
preparation of a composition for treating a hepatitis C viral infection in & mammal.

84. Use of a hepatitis C viral NS3 protease inhibiting amount of the compound of
formula | according to claim 1, or a therapeutically acceptable salt or ester thereof
for the preparation of a composition for inhibiting the replication of hepatitis C virus.

85. Use of an anti-hepatitis C virally effective amount of a combination of the compound
of formula 1 according to claim 1, or a therapeutically acceptable salt or ester
thereof, and an interferon for the preparation of a compasition for treating & hepatitis
C viral infection in a mammal.



