;e3el 1<z : 6p T M6 March 2003 HEPATTIS C I NH Bl TOR PEPTIDES FIELD OF THE
| NVENTI ON The present invention relates to conpounds, corrposiqt]Mon%lfdbg

nmet hods for the treatnment of hepatitis C virus (HCV) infectio

particular, the present invention provides novel peptides) anal ogs and

I nternmedi ates thereof, pharmaceutical conpositions containing such peptides
and net hods for using these peptides infghe treatnment of HCV infection.
BACKGROUND OF THE | NVENTI ON Hepatitis C virus (HCV) is the ngj \\ “\w\‘m‘m
eti ol ogi cal agent of post-t n y acqw r mm B
hepatitis worldwide. It is @gpmé% \"ﬁ'gg Té?}%%% I on peome wor

are infected by the virus. A high percentage of carri ers becone Chlgg)nl cal I y
i nf ect ed anglBDDNGF MHEDNMENTIONChronic |iver disease, so called chronic
hepatitis C. This group is in turn at high risk for serious liver disease
such as |iVv®&he pielserlitoa\'ymuo:h\e@atbewbémbmmd@awhmnaraddtn&atrﬁﬂd@abrthéver

di sease | eadi t 5 Th by h HCV establishes viral
per o1 st encenenirepbeidEBaliag Jirs GEVORRRIST PPty the DisettRatiG: peen

t hor oughby ﬁiou'mi'esiabm:lpepﬁdessamtagskmwummmwid@é thexieef, pnmnaueuﬂbaand evades

t he host i mune St?/ n addlht on, the }‘ f cel l.ul ar g hunor al

i mmune respSHER 'OHSF?PB?@(':'?Q off a&fz?t'ﬁ%st afﬁt&?e ?r US‘WQ %sed?egg e2HRS e yet

t o be est abtrestmedt oflHOW Idgdtidbul i Ns have been reported for 20 prophyl axis of
transfusi on-associ ated viral hepatitis. However, the Center for D sease
Control doeBACKGROUNPIOF THEAINVENTION nmunogl obul ins for this purpose. The
| ack of an effective protective inmune response i s hanpering the

devel opnment Hepatilis \Cavicisr(ECY) isatthe anabreetjpietica agers wf pogitapblykianiasd measur es, so

1 e Rgar chhhyPRRTeAREN T ATLH LIS, A Vi Rbb SRS 00, 20

Various clinica ave been C uct e h th
phar maceut i oullioreroptesweridydte erevinfesteosuyt the elrys.t A dighi pegeertgei of icetieron i n

PaLl ents of bbb AAERRLoRSRE dbfs (RS R Rkl cRsb Syl ved

t he use of eron antiviral
agents. Suc nhrgﬂn@eeetlthaﬁ/eTbln@mun inan tusn etinigh aais toalsenrnmﬁleer diseashsuch as

partici pant g,djey mBE:srﬁe}%%u&iQr Eé}%Sn%Oaer'}SfrﬁﬁHél cﬂ%s%eﬂ@?@ defi@gt do

respond favorab rge proportion were foun el apse ter

term natisonTRE nekRAISR My - wHitH HEV &esHshys vufd‘b@fsfs%rfé@ ahb %%sé%aashlbih‘?até’m y

avai | abl e therapy of proven benefit 6 2003 2 approved in the
clinic for Baghree gv%dﬁ?aéﬁf‘éﬁf‘et ‘Pﬁ?@a‘f‘f"ﬁoiugh'&’:e'%éﬁf’er“'ﬁﬁ‘@t KesndiNed

response raHew .atekaw withl Eind BU&ddsah8 Robt ifmiuRNHys@hs OniaRdiie s 3hs RI&Y &

side-effects ful

cellular and humoral immune responses in protection against HCV infection and
disease have yet to be established. Immunoglobulins have been reported for

20  prophylaxis of transfusion-associated viral hepatitis. However, the Center for

Disease Control does not presently recommend immunoglobulins for this purpose.

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

25  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 involved the use of interferon-
alpha, alone and in combination with other antiviral agents. Such studies have
shown that a substantial number of the participants do not respond to these

30 therapies, and of those that do respond favorably, a large proportion were found to
relapse after termination of treatment.

Until recently, interferon (IFN) was the only available therapy of proven benefit
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retingpathy, thyroiditis, acute pancreatitis, depression) that dimnish the
quality of life of treated patients. Recently) interferon in fe:anbihr}ghri‘on
with ribavirin has been 5 approved for patients non-responsi I

al one. However, the side effects caused by IFN are not alleviated with this
conbi nati on therapy. Therefore, a need exists for the devel opnent of
effective antiviral agents for treatnmenf of HCV infection that overcones
the limtations of existing pharnmaceutical therapies. 10 HCV is an

envel oped pQsi.tLi Ve 'RI\@ o El.avi\ nd ' . The single
strand HCV %ﬁé&&\éeeoﬁlgﬁréé ?@% a|8p c}'\éh{r?g'tﬁ'g éﬁ/hré@ggeh%mse%ﬁo&gege{ ﬁgISg%tSInggand has a
si ngl e openrespaniiengtd isdove ahORFriene ddaimerd atsongdueeb apyrre soleygiieotsdie of
about 3000 ' [ ki I ' o] ¢ W 4 SpG! ed at
mul 1 ple.si (AROERAg firoplep, delleTorBlhaifs, hpresalon B MRARMTIS dbuGb YT

and non- st r ofdtaated pzth®)s. dleseaininterferon irecarBbivatiom wifh fi@virinthae bgemer at i on of
mat ure ngons I : I NS I&@% R4 AR SSB) is

ef f ect efbygé%&%ﬁépg%%ﬁégﬁrgé IveeNEﬁIF_rgtu oné_,Has ﬁém%éé??@&é\l

char act er i zealsedlbydTHsrepotiatievinigg witB3hip gaobination thesamecond one is a serine
protease contained within the N-term nal region of NS3 (henceforth referred
to as NS3 prhgretese)a perfl exsls tor the davelopment obeftaplivnmentiirakagggisdodownst r eam of
NS3, ‘both 20cdimeqt 8 HAY ribGiohTRn Ndrof] itohe of BN brbfARRuicRr the
remai ni ng N@%%A ISI%EIB, NSZIIB- N'§SA, NE%A-ONgggwgﬂ?g%!o %?eéﬂN%TRrbg%E)t el H'aégpears
to serve nulhergsies.f uncti ons, acting as a cofactor for the NS3 protease and

possi bly assisting in the menbrane | ocalization of NS3 and other viral
replicase cbfydaentenvelvped eesityr sirand Al Yius inthe HaviKgdagiastlei Thegingle NS4A

Seems necessdng HeVIRgA @é@&ﬁé@i@gr&%&wgs& rRASBIAGA 1driadh MPARY Yti C
efficiency at all of the sites. The NS3 protein also exhi'bits nucl eoside

t ri phosphat segleapgnrRpding{rame aRELenGPOiNgas singledmop SOlPIAGID AEFRWHBMO RNA

pol ynerase hio ddidd. Wkated dells, ithie poRBldté&intd Bawld dd\itighe sigR@yenghr at egy
for the devel ppnent of antiviral agents is to inacti valte virally encoded
enzymes t hafnGVIEA SEERRESHP PRGHCS e SRSl anEdIPnEIChEANNBLRIOEINS. IR fHE vei n,
30 Ioat e_mzI apadd aaacbv»,nh&\@e@&éﬁkﬁ&ﬁ? gnatefem;]cirislﬂacmm plfotéinem,img%h, the
nucl eosi de 0 cyt - -oxat hi ol ane (al so known as as active
Roai net kB3R BEEA AT B8 era By Bpdrderigeced: Wi Bde: et o1 i i cal
trial sdagai pmrlylﬁﬂﬁérm@Iijde,\bledWas ay thle Nsrz-hlsﬁqhmioaaﬂhﬁ;semwm iﬁgtsiemea agai Sst
HCV and its chani sm.of . action ai nst the vir as t to r eported.
6 Warch 200B0ERq e et fiin B8 RIS ST ARSI PR B the. NS3
pr ot ease or NBRproebse)ase odédidicd/ahtnessubsequent cleaviges| dominsgeah 9ENB8Satis: US
pat ent 633, L [ I.C- It : 1 de d

anal ogugg agﬁ ‘ggﬁaﬁg%;@??@ é\gciéaﬁlgggé@,@%ﬁiﬁr‘é’?@%é&%@%ﬁ%@élﬁﬁé |4r%e§§2%' agai nst
t he hel i casbiS4BtNSHAYNDPA-NSEBINEEs.pF o NiSdAgifrotelreappeatsstotngrveghiltipleal tests

h t i ; ok d by Ch
et a1 "Cret it LA E canBREE R NES BRI AR ARBIRAEISAPRIAEC Y Res
pr ot ease i nmgnihrane Koalizatiomer NS@ ard ofhwe viral seplicase coopeantad Thescopmiax

ted. 1 1 j
At vi raj REAERERET RIREgbeh By haRateBhls Adteerdgld ABBIocsRIFERMES oar ch,
30, 1, 299eenparwinmibstpreieelytionficiengysted of iecsitehi dhedlSEarrpeindlseexhititshe
I nhi bi tory BGclE?ﬁg?%hBEﬂa‘?ﬁs%eandWR%@Iica%%‘é%’éi@iﬁeéf‘%%é %@ﬁ@dﬁ%e@@mnds

inhibitory to o erine proteases, such uman l'eukocyte el astase. One
fam |y of tRHepelymptasadRatisinydyrstindae replipmionsofdii\83764 (Hoechst Mari on
Roussel , 1995). The peptides disclosed in that application are
mor phol i nyl dedaneralistBiagy éy/1thgégualapanant af aoiirg! agrits isrteingetivate virdly | y
different feREBIFemiRicsUeR aff edsBRtATESRB TepIRUEEH Qe virus. In this vein,
30 patent application WO 97/06804 describes the (-) enantiomer of the nucleoside

analogue cytosine-1,3-oxathiolane (also known as 3TC) as active against HCV. This

compound, although reported as safe in previous clinical trials against HIV and HBV,

has yet to be clinically proven active against HCV and its mechanism of action

against the virus has yet to be reported.



WO 98/ 17679 from Vertex Pharmaceuticals Inc. discloses inhibitors of serine
protease, particularly, Hepatitis C virus NS3 protease. These jnhibitors
are peptide 20 anal ogues based on the NS5A/ 5B natur al substréclg{]am,hlqoo%f

t hese peptides contain C-term nal activated carbonyl function as an
essential feature. These peptides were also reported to be active agai nst
ot her serine protease and are therefore hot specific for HCV NS3 protease.
Hof f man LaRoche has al so reported hexapepti des that are proteinase

i nhibitors VAN . f
i nfection. %ﬁtg %fg%qsatgg% %é\éeﬁtc %ho%ﬂ:esgf/ @ hgﬁtgﬁe Pﬁ‘%%gbﬁggigéce éa)trcFi‘'\I(j}ealt t he
C-term nus. hetieasekaiiGf hate led to tha(bllbwgwldmainslulres:et al . have published on N

term nal cl eavage product inhibition (Biochem stry (1998), 37, 8899-8905
and 8906- 891/ pateot 683,388 tiescpegr helewcyalid-spegititdd carrakamyides apd esent ed do

resent 1 nvahElshEs hponn SRs et ED. FRbRRoRbai b Bkt dEiatlng M.
pr ot ease 5i nhielicaserastivifyat thiechS3 projeirioptinei virus b@ G)hroalsteptsmaeaset yehbéerof t he

conpounds dirﬁﬁé d are structurally different 6 March 2003 4 fromthe
pepti des of e present invention. WD 98/46630 from Pepti de Therapeutics

Ltd. di scl oses ienfhbidabitGnbds Boe %gaﬁea BPChLRLATRURY Plagef19880.0f ¢ he

pepti des di sclosed are ated to t es o he T nvention. JP10298151
from Japan HiR8Rplp rayepctivity sgpiostdhe NC(VZNS ardigareciytion Nsyutherubst i t ut ed

serine deri Vo%%l\‘)ﬁﬁwﬁﬂ?%@ﬂs'd&ﬁ\p%ﬁﬁ& ﬁ%ﬁeémﬁhghé&” s, specifically as hepatitis

C viral protease tors. These conpounds do not contain any structural

St 1 arifoy {0pkhe dRehidden SRARBINRIdIAARIGRERNo! B AR} AR R AV ANt age

of the present T1nvention is g)row des that are inhibitory

10 to the N3¥abansabdakygima h@Pﬁ@bﬁgﬁ (%"“@"Q)ﬁel%?afch Qi1 A6 AdB4PhAiget of one

aspect of t he)reps@dihidzBNciY d&Hvaliesite 88 inrioildpPiol tAe HOBltdabese pepti des
specifically inhibit the NS3 protease and do not show significant

i nhlt bitory @dh\fevalbbr?ditls r@?@e@ahéabbm suntie ihfibi . t&%@g@érmatpr&édfué@ S§RNi ne

prot eases sucn as uman | e ase or.Ccl ne ncr e

el ast ase (PRE)human IgEkaoxle BT%S??.%? gf‘@é"t"f‘ y?fﬁg}éﬁﬁ?@‘b‘é‘{pﬁds b?‘r'ee H@bprot eases
such as 1l5unm5/337wser(HeedH3epﬁndsn Boldsat, 18D5). $WMéR\6e@Hus‘BﬁEehMbﬂl ON I ncl uded
in the SCope. o the inventi ﬁ)n ar e I‘?CEI’YH'[ | ast EI‘EOI oner s ptl cal

d
omers of | RRUFEN A BRSPSy SeEavensfe ASaBRiR Rarme ke o R
N N R B _H ditdesnt@rdrd tHe fephitids d¢flthe fregbntitvangion. ai sOor | ; bi sOorl ;
Yi sHor C, . 6al kyl; B-is H, an acyl derivative of formula R~-C(O- or a
sul fonyl of WO/l Z67R-rdBd ¥ endrePrarmaceuticals Inc. discloses inhibitors of serine

protease, particularly, Hepatitis C virus NS3 protease. These inhibitors are peptide

20 analogues based on the NS5A/5B natural substrate. All of these peptides contain
C-terminal activated carbonyl! function as an essential feature. These peptides were
also reported to 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
25  useful as antiviral agents for the treatment of HCV infection. These peptides contain
an aldehyde or a boronic acid at the C-terminus.

Steinklhler et al. and Ingallinella et al, have published on N terminal cleavage

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
30 design of the peptides of the present invention.

WO 98/46597 from Emory University discloses serine protease inhibitors, particularly
Hepatitis C virus protease. All of the compounds disclosed are structurally different



R-is (i) C.,o0 alkyl optionally substituted wth carboxyl) C, .~

al kanoyl oxy or 25 C,.6 al koxy; 6 March 2003 5 (ii) C3.7 cycl,qal 5%03
optionally substituted with carboxyl, (C, .6 al koxy)carbonyl arc
phenyl met hoxycar bonyl or hydroxy; (iii) C6 or C,o aryl or C7.,6 aralkyl
optionally substituted with C .6 al kyl, hydroxy, or am no optionally
substituted with CL.6 alkyl; (iv) Het optionally substituted with C, .6
al kyl , hydroxy, am no optionally substituted with C .6 al kyl, or am do

optional ly E&Pqﬁg ﬁﬁiﬂgs ﬁ’g“%ﬁeseﬁf Al&¥don. or (vl am do opti onal |y substituted

with C-~ al resent, is C .6 alkyl substituted with

car boxyl ; th

car boxy! Eﬁ"? B3t W%F““%@Pé oAy AR REESS Attt 11
R3is C,. omalbiégns P@wevercsp@me)aﬂ tﬁylpeghd@adls@oqegla{grei@ted@atneweptldmofutee

CH2- R20) N ORZO or S-R2o0, wherein R20 is a saturated or unsaturated
C3_7 cycloa kyI ,0 (al kyl cycloal kyl) being optionally nono-, di- or
tri-substit K y ar al kyl

opt i onal Ty ”n%ﬁ%??““.‘t'ma R TR e s fyerdfodgont 7L W

(1 over al kysybstistedsering ariyativasas sering proggase inhiljiors specifieally ap hapadtis C

wher ein eachrﬁﬁrotéa%e'lmﬁﬁé"dﬂ%éeycognpcﬁmﬁg léi)éln:ot &mtﬁn %hggﬁﬂetur@nﬁlmaﬁ%?id onal I'y
nono- or di stituted with C . fonyl

hal oal kyl ; @mm&t'%@ﬂ%|quh%ﬁeéeatun\sqntlpnt ed vvlth C .s alkyl, Cs or Co
aryl, Cr7.,6 aral kyl, 20 Het or (lower alkyl) car boxyl ; carboxy(lower
al kyl); Co Gpeedwiniggn of theypregentinyqiionds thqétt Pr%fea Papqes thatarg nhitseyHet

bei ng OIP(IH Ot@ahéwsetﬂa@:baééléﬂﬁle%m.t%wwerel n R~is C-.s alkyl; C.s

al koxy; am no optionally nono- or di substituted with C .6 al kyI sul fonyl ;

NO2; OH, SHa nhﬂ%e@admhagai d‘f)dne azseéacafyrhe plﬁ;@bﬁiﬁnvé?ﬁlorﬁ mv&rs .ﬁtkr{@wb&taﬁatde 25 R~

C2.6 al k | | 0
IN—Ssubstl ? ut gﬁgﬁﬁ?ﬁ@egg&% @H?i&ﬂ Prfteéégég QBmgt ggiqvg Slgpm%%troxy or a

thereof . | nphipies a\Ml\hlblalﬂcéﬂi‘t%n&ﬁﬁm% @ tot F00SM ra\gguﬂgtl dMeri serifle pRASATRE QUEN cal
conpositi onaggﬁr};ﬁﬁ E" ch an anti-hepatitis C vi effective anount of a

conmpound of Y& elaptage t“ﬂ'e@aﬁ@[ﬁ'?ec%ﬁrlcfaélﬁ @@ﬁfaéﬁl(gpgblof bgyin@st er
t her eof 35 i npasbidatic thgmvinigdirg of bdtéine prdétbasdsl Such@as pimahklliveCauttidpgein Bredi um or
auxi liary a%r%ltl? 6 6 March 2003 An inportant aspect of the invention
i nvol ves a 8d of treating a hepatitis Cviral infection in a manmal by

adm ni steri hepatitis Cvirally effective anount of
t he conpounggwlf%{ﬁfﬂ*%%?ngmerapeut| cally accept abl e salt or ester

t hereof or S as, .descri pbed_above. ortant aspect
nvol ves o MEERBRTEHE ST STV EREST e Redress SR AR R br RaE Sy
exposi ng t hisomersuef aewmpduedaf farmsiladl)i ral NS3 prot ease i nhi biting anount of
t he conpound of fornula I, or a therapeutically acceptable salt or ester

t hereof or a conpositiorPéas deds i bedPhbove.P3Stil | Panot RIr aspect invol ves

a method of treating a hepatitis Cviral infection in aplo manmal by
adm ni stering theretofan a IY'[IS & Vi h§.||y tth ve anount of a

conbi nati on of the congoun f Ne%’a\g‘l,(u\or t her ap uhl cally acceptabl e
. st
effecti ae a

salt or ester thereg er taspect invol ves a
use of an anti-hepa®®tfis|C yiHal l e conpound of
formula |, or a therageuRscdlly a@g¢eptBbl e sal © Weof or a 15
conposition as descri bed abd&ve in Tthe manuf act ure” of medy canent for
treatin%Oa hepatitis C viral infectiominarramml. o

wherein
aisOor1;bisOor1;Yis HorCgalkyl
B is H, an acyl derivative of formula R;-C(O)- or a sulfonyl of formula R;-SO, wherein

R; is (i) C1.10 alkyl optionally substituted with carboxyl, C,.¢ alkanoyloxy or
25 C,.¢ alkoxy;



Still ,anot her aspect involves a use of a hepatitis C viral NS3 protease

i nhi biting amount of the conmpound of fornula I, or a therapeuyti.c
acceptabl e salt or ester thereof or a conposition as descri bgé'd%f?(‘)ééo% n the

manuf acture of a nmedi canent for 20 inhibiting the replication of hepatitis
Cvirus. Still another aspect involves use of an anti-hepatitis Cvirally
effective anount of a conbination of the conpound of fornmula I, or a

therapeutical |y &t Cgpopdibaiksapionally sstistitutbdedtaebrboxpid(Gyn aiktixgichoan i n t he
manuf acture of a ﬁ@gjlrﬁ a?fb%'h ItJr%?&rioQQ a hepatitis Cviral infectionin a
ma on% i

manmal . 25 A phaP eutical ¢ osi tron’'conprising the conbination in

admi xture wth a(ipheyoraEguiyl eat).y¥ attias pptdratly eapstiteted RREICIa0I, Akoky,ar y
agent is also within . the sc E,e gf this {9? ention. Still another aspect

i nvol ves a proce8521E° 9%’8”% SHRPYpteg i @a&'@gti de analog of fornula (1),
Conpr1 SiRg the siam ol ool L og o hept e Jer Sotay GrAng optoeRy -
consi sting of: Aﬁgﬁg{tﬁw&%ﬁ“gﬂ: or/&%@‘g.g_qg Q'ﬁ@ly@'?)smpﬁdﬂﬁﬂﬁghﬁlﬂg‘,y'?ﬂp(} P3- P2;
and APG P2; wi tév)amitp éptioeallystibatitutedfwithdemalleyl orRHeg5 O CPG H2N O wherei n

Rl is C~ akk r = e j NP ptuted with hal ogen, CPGis
a car boxyl EF’&hee@ter%né'r%Ebﬁ g%@' S%ggftltg@gz\'l"g]r%ggi%efi ned. 6a 6 March 2003

G 'S BT RELTRR od) RRTAR ) LL
i - i | . DETAI LED
St B Pl S AR B RS  RBEL T 2 T
Cof 1 Ly papek Rl S, AN SEcnelablidiererorce Lo Lhe Instances
R O b CHIREEACh N Iy e, Ak OR3HL P, L0l Qutlifegitent o

t he conpoun I'n tile cAAt ext one. e natural
am no aci ds cyaallyl esx@ep(@liih cydloajkydieaing oplinmally moao ki- o tri-suhrstittechwitm

Unl ess ot heh\ﬂi se specifically indicated, the conmpounds containing natural
amino acids Wth the L-configuration are preferred. However, applicants
cont enpl at et Ratis afke®r Speaiyfords;« sy eptianellnaions-. ¢i- or iesykstiiedewith can be
of eithgg DR1or L- configuration or can be m xtures of D and L-isoners,

i ncludi ng ra&énmic nixtures. 20 The designation "P1, P2, P3 etc." as used

e et R O S A BB o sy om (e

gues” and extendl ng towar

N-term nus (i.e. q t i1 I t pe gy P2.-nsecond
bostt1on from ¢ nengeiEeactea % HREbadu} b Ay Bo Sighg: ErittopuBaiy®

Transactions of MeaOoRByMitsubsiitpiedywilt ekﬁik\déﬁq?fégyila‘!@z,odnwmo;(@m%i. 25

The abbrevi ati ongmid oftidRaly ABhS-LuBStitatad Wi S&lalbtyPd brid), d8P\Cs. lkyl6 March
2003 7 TABLE A AM |'\10°A‘SC| DOYNBOL Al an neAl aAs a'%ta' c"p riClo AR G5 fhralky

i
aci dAsp@)st ei ne Y eEPCINRNAMYYrHRY srIbEaiGar gweralikyly s o1 CooYlotatey| aceti ¢

aci d) ChgQd ut am c aralkyl or Het, said al%l, aralkyl or Het being optionally substituted with Rap;
aci dd ul sol euci nel | eLeuci neLeuPhenyl ai ani nePheProl i neProVal i neval tert-Butyl

gl yci neThg wherein Ry, Is Cy.¢alkyl; C1.¢ alkoxy; amino optionally mono- or di-
substituted with Cy¢ alkyl; sulfonyl; NO,; OH; SH; halo; haloalkyl;
carboxyl; amide; or (lower alkyl)amide;

25 Ryis C..s alkenyl optionally substituted with halogen; and
W is hydroxy or a N-substituted amino;
or a pharmaceutically acceptabie salt or ester thereof.

Included within the scope of this invention is a pharmaceutical composition
comprising an anti-hepatitis C virally effective amount of a compound of formula |, or

30 atherapeutically acceptable salt or ester thereof, in admixture with a
pharmaceutically acceptable carrier medium or auxiliary agent.



As used herein the term"1-am nocycl opropyl -carboxylic acid" (Acca) refers
to a conmpound of forrrula: O HZN OH 5 As used herein the ter
“fert-butylglycine" (Thg) refers to a conpound of fornula: gkl%?ﬁcu%]qml'h

e
t d h f d ) J |
reans b r adhadmPaL FERSG T, e R B thre ot oo, Al hRtndd, Pefpilis EHRLT g
}: he hyd{ oXxYinfertioh he a:mdmnm) wAladmrﬁstdnmglﬁieo Iﬂ)eimmnAzloénthm rm;S)athﬁmE: graﬂyp.

or instance n a e Phe, Ser eu :
Asn, Sar anﬁﬁ‘ﬁ?}'P’ @Hﬁ“gggf%etcﬁ@pou%deﬁg‘?ogﬁmﬁdog%thelr%rgquaﬁ%@"ac(??p%blﬁl o fle,
I|:- alhanl neI gét;cthaﬁeofbrasahpusnj'imeas dieangemam/,e L-aspartic acid,

- phen anin ser - ci ne,
and Loty oo RBer B! Sinest nvhites & methed L PbRina B BT ABaT edRiECn

am no aci d Gfusatsy ébqbo@ihgdhé ensuﬁtuea lﬁaﬁ»ﬂﬁs e \@I’aDNBBEpfrcbtaadeeldhbnmg encamt ef then
atom of the a-am no chai,n for I%/cmels

yarogen. | BAMBPUTET il g neregpulafly ARboRiBE A8 ot Byt ke
specific R gémp@g;t|dwa§d¢j;@r|§é‘caameof the a-am no acids reference is nade to

A L. Lehnin ext on Bi ochem str ter he, t er hal 0" as
used her ei ngﬂiéﬁgﬁ‘ﬁr RSPy RVOIVES; %énetg‘éé Qg‘t?r&ap'?@f qﬂ‘%%-& X'ﬁaldﬂ{nS?%‘ % Buoro
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C viral infection in a mammal.
25 A pharmaceutical composition comprising the combination in admixture with a
pharmaceutically acceptable carrier medium or auxiliary agent is also within the scope
of this invention.
Still another aspect involves a process for the preparation of a peptide analog of
formula (1), wherein P1 is a substituted aminocyclopropyl carboxylic acid residue,
30 comprising the step of:
= coupling a peptide selected from the group consisting of: APG-P6-P5-P4-P3-P2; APG-
P5-P4-P3-P2; APG-P4-P3-P2; APG-P3-P2; and APG-P2;
» with a P1 intermediate of formula:
I:11

35 0-CPG
H,N

(o)
wherein Ry is Cy4 alkyl or C,¢ alkenyl optionally substituted with halogen, CPG is a

carboxyl protecting group and P6 to P2 are as defined.



6 March 2003 9 oxohexyl and the like. The term"C, _s al koxy" as used
herein, either alone or in conbination with another radical, neans the
radical -Q(C, _s alkyl) wherein alkyl is & defined above con® Mashg03p to
si x carbon atoms. Al koxy includes nethoxy, ethoxy, propoxy, 1-nethylethoxy,
5 butoxy and 1, 1-di net hyl ethoxy. The latter radical ~s known commonly as

f en- but oxy. Sthanatkaraspes involwes laossielad an'amino acie dnaleg of formulat her al one or in
conbi nation with another radical, neafs a C3., cycloal kyl group linked to
an oxygen atom such as, for exanple: The term"Cs or C, 0 aryl" as used
herein, either alone or in conbinati w_tdH anot her radi cal, neans either
an aromatic monocyclic group cont &Ni ng carbon atons or an aronmatic

bi cyclic group containing 10 carbon atofs. For exanple, aryl includes
phenyl , 5L- napérety Ry ds CasraiWhtdnﬁz.s Jikenyl eptionally substitutedkyitht hatogas.etdr Hee ei n,
ei ther al on other I Sradical, nmeans a Cs or C o0
aryl as def ﬁrﬁz‘géraltl rc])\(égg? Of%ml? group, wherein alkyl is as defined
above containing from1 to 6 car bon atom; C, _,s Aral kyl includes for

exanpl e ben thyI The term "am no aral kyl "
as used herégkm%‘épgrgw Ig"g@eﬁ'l %Eﬁb ron with another radical, nmeans
an am no group substituted wwth a C~_, 6 aral kyI group, such as, for 20
exanpl €t hﬁ ﬁmépp. aral kyl: / \ NH The term "car boxy( | ower) al kyI as used
herein, ®eit &r GRe or in conbination with another radi cal, neans a

car boxyl gr Aapsc@c()iéﬂelm therfblkdvun@defugﬂona a@bky\nmte)salomelmgemmdas defi ned above
and i ncl ude t
as used herz\{é?% egﬁgetgélr:e%\ﬁl%rg I{rb)zér (Eh?s Js%d dggéﬁé{g(fﬁé:bﬁwﬂga{atloﬁngan
a nonoval enof aareldlca!l ecgerRNeﬁtHeycormmmdlofdbrmulaydttwgdeslgmamnnasfdome in thé x-,

or seven-ne tur OITB.tI c) heter ocycl e
cont ai ni ng Eprg%qﬁ%ﬁgr%téénfp[oﬁﬁd%Egé?@g?%ﬁngéng%t(o\‘&%JH&'P%'I%Im % rogen, oxygen and
sul f ur . 15ur Thematural, arhidet dcids withe éxdeptien rof glycines cantain er chysat Icartms alefri. ned

6 March 200 - r ycl e
or any ot hegn%g%ﬁa%@iég‘%‘lg%sctag)f ﬁlgﬁ?%gb[ﬁé ”fbtolrﬂ g{i:s C @é.ﬁﬁnﬁ‘?\ah}é%@anﬁiﬁé ?%ﬁlgdl ne,
t et r ahydr of withthe ﬂ_moaﬁgtllriatibmabe prefercade, HDWBwhenﬁlcadismm@atelthat when

H i m dazol e , :

- ror phol | niP KT g el 86 B b UAAE | Fay B BB Ponk SogitiRRer,
or indole, ocan benm:ﬂuﬂesm\Dngnd\éﬂmnwyundsdmmnacermq migturesor Q. N-N N/ The

BZ}[ Im di@mﬁ'héldﬁglbhatmt P1aPUERGIDCT B [hed TRAGH rarel %8 HPFIGHidrCof Rl ffho 2S

acid residues starting from the C-terminus end of the peptide analogues and
extending towards the N-terminus (i.e. P1 refers to position 1 from the C-terminus, P2:
second position from the C-terminus, etc.) (see Berger A. & Schechter |., Transactions
of the Royal Society London series B257, 249-264 (1970)).

25 The abbreviations for the a-amino acids are set forth in Table A.
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atons, particularily 1 to 6 carbon atons. Any aryl |nDiety present in such
esters advant ageo@cyor@(,}ﬁgm,ﬁ@%@ néa,egrgem{,hogr Oup.[Chgé March 2003 11 In
particul ar the edt ., 6 alkyl ester, [an unsubstituted benzyl
ester or a benzyl‘¥99@¥wgﬂﬁEFWQUted with at |east |one hal oggn, C,.6 alkyl,
C, .6 al koxy, nitrije—ef—t+iftuererethyt—5—Fhe—termr—pharmraceyitical ly
acceptabl e salt" QlURIGakidr i n i ncl udes those deri%¥%d from
pharmaceuti cal | y jgeceptable—bases +able—bases i ncl ude

I:vawr\l as of..c1u
\-’\-’\/ V AY A |

LA = = = U

GO T C Tt

chol i ne, et hanol dnFAEISIRG ethyl enedi ani ne. Na+, K+'and Ca+} salts are al so
contenplated to ﬂe W--H-A—t-he—scope—of—t-he—tnventHon—{alse—see

Phar maceuti cal sal teUCINg; rge, S.M et al.) J. Pharm Lo (1977), 66, 1-19,

i ncor por at ed her ei-a—by-—+eference)—pRrefer+red—enrbodienrts—36-H I ncl uded w t hin
the scope of this ﬁhﬁf@l‘?ﬁw are corrpounds of form|IFe V\,herei nBis
preferably R, -S02-wheretr—R—s—preferably—Ce—er—& p.UJ,., @ C .,6 aral kyl
or Het all optionaﬁ$ﬁn%ubst|tuted with C,.6 aIkyI 18 Aiternpatively, Bis
preferably H or . nR is
preferably C .6 |y substituted
w th hydroxy; am e r Het; C6 or
Coaryl, C _,6 ilth C,_fi alkyl
or hydroxy More | P =S nore
preferably C a al kyl or Fbterocycles such as: N~/ ~i N~N, ~, N~ HO ~
I N, N~/ N

compound of formula:

o
H,N
OH

0O

H,N

OH

As'us&d hé're%n the term “1-aminocyclopropyl-carboxylic acid” (Acca) refers to a

As used herein the term “tert-butylglycine” (Tbg) refers to a compound of formula:

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



NI wN/ Nwi i NNi~ Mst preferably, Bis H acetyl; ; ; or 20 Even
nost preferably, B is acetyl. Included within the scope of t:gj\ﬂl nvga@i

are conpounds of formula | wherein R6 when present) is prefe P";‘;h si de
chain of Asp or Gu. Mst preferably, R6, when present, is the side chain
of Asp. Alternatively, preferably, ais 0 and then R6 is 6 March 2003 12
absent. Included within the scope of thg invention are conpounds of fornula
| wherein, preferably, R5, when present, is the si de chain of an amino acid
sel ected fromthe group consisting of: D Asp DDd@u, L-Au, DVal,

L- Val , DtefQSJClH?ﬁfod-r 9'61%&"%‘-(%@5“3 giYFqu_LT%QJeUWé%TQEW@ﬁ&tﬁSPamRS when

present, i Sad‘rd"@. ;ﬁie‘ﬁ?laféhﬁ\lenL Qérirle, ASBhciky, Yatystedie, P-4dpdradiis saRbsheaall V. RS,

when present the side chain of DDA u. ‘Alternati veI y, preferably ais O
and b is 0, Qﬁ%"ﬁ%é‘r‘?pﬁet!"ﬁy% and R5 are absent. Included within the scope
of the invention a referably, R4 is the

conpounds, of fornula | wherein
si de chain b ‘ﬁﬁnaﬁg‘?ﬂ‘a}g|Vﬂths’§feé%’f°€d°farncﬂﬁ"f‘ﬁé°6r%ﬁﬁ‘ %‘gﬁg'ijé?sr'ﬁii-{f 2% - val ,

cycl ohexy! g4 ?jr%hﬁ%ttégﬂlﬂ)to thd@ caltlof d¥mlofthe MBRfNPEEE SR RxMhpR4tHesRt he side
chain of Chgor lle st preferably, R4 is the side chain of Chg. Included

within the @@%é‘dgph@‘ﬁéoﬁwlﬁ @Md@géndgh"ﬁ@’ﬂl‘ﬁ9§ imethyt. o valine {tfer ei n,
preferably,;sq rb@re 1HFoPthe gﬁecrﬁ@ﬁ r rﬁf@rr féharn\é 6f§hé’|a ajnﬁ\ﬁb 'égﬁg éé%re%é‘ |st he

scope of the'invention e Cco orrmula 1 whereln preferably,
R3 is the shade MLnLQimmﬁr%ﬂﬁxhgn&mmewt@dﬁ%cﬁmﬁﬂhe group consi sting
of : Ile, ? Val or Thg. More preferably) R3 is the side chain of Val) Chg
or Thg. Mbsthepleenéhalelas used hpgelmﬁ@agﬁééﬁq{q&nrragtpal\ﬁ@!eqﬁdmbrcprn@| uded
within {he sfaBERlo bligdd.nventi on are conmpounds of fornula i wherein,
preferably, R2 1s SSRzo or O R20 wherein R20 is preferably a C6 or C 0

aryl, Sn?é)teﬂhad:kyé Rzyrﬂﬁt"u&renéﬁtﬂ dﬁsed&ielrelﬁpélih‘éﬂéﬂohﬁ orarm@bmbu%tronor

tri- substltuted W th Prefera . S al kox am no;
nmono- or di¥ih mr‘era{ﬁ@'(}?')'Qﬁ?’?ﬁ)s“%\w?tcf@a@rﬂrlb@féﬂne? aﬂ’ﬂh@-dgii‘lﬁs‘iqnfq}‘ﬂ'%“ ¢h C .s

al kyl', Cs ogix GaroRBidns £ﬁd m&u@é@'fdfr}éxarﬂd?é nrmmérlewﬁrprabiﬂybatf/r i, NUZ OH
hal o; trifluoronethyl; ara

said aryl, By drmﬂer'm@r'na FB%‘PY'BF?QM 3 12@*?35@(‘“3{'&? gdteﬁrtl“FY‘)RZZ I\/br e
prefera a nm no n no;
(1 over B Ky ThSrBecsigtpRke 8¢ 4eog el alier 4E0diip Spmpfhaibe S inb A
radical, means a cycloalkyl radical containing from three to seven carbon atoms and
includes cyclopropyt, cyclobutyl, cyclopentyl, cyciohexyl and cycloheptyl.

The term "unsaturated cycloalkyl" includes, for example, the cyclohexenyl:

o

20 The term “Ca.10 (alkylcycloalkyl) as used herein means a cycloalkyt 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, cyclopentylethyl,
cyclohexylmethyl, cyclohexylethyl or cycloheptylethyl.

The term “Ca.1 alkenyl” as used herein, either alone or in combination with another

25 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.

The term “C,.¢ alkanoy!” as used herein, either alone or in combination with another
radical, means straight or branched 1-oxoalkyl radicals containing one to six carbon
30 atoms and includes formyl, acetyl, 1-oxopropyl (propionyl), 2-methyl-1-oxopropyl, 1-



bei ng optionally substituted with R22. Preferably, R22 is C .s aI kyI

al koxy; am no; nono- or di-(lower alkyl)amno; (lower alkyl)am l&é

hal o; trifluoronethyl; or 30 carboxyl. Morre preferably, R22 i 1162 ?koxy
am no; di (lower alkyl)am no; (lower alkyl)amde; halo; or trifl uor onet hyl .
More preferably, R2 is 1-naphthyl net hoxy; 2-naphthyl met hoxy; benzyl oxy, 1
6 March 2003 13 napht hyl oxy; 2-naphthyl qxy; ar quinolinoxy unsubstituted ,
nono- or di-substituted with R2, as defi'ned above. Mst preferably, R2 is
1- napht yl net hoxy; or qui nolinoxy unsubstituted, nono- or di-substituted
with R2, asoddfaxplenddbeiie. Still, nost preferably, R2 is Rz~A NW~ Rz~e
More preferably, R2~A is am do optionally nono-substituted with C .6 al kyl,
C6 or C, o arpelerd-"Cisalpxy’ lagusedt hetein, efhercaors orGn gombifation witk engipel onal | y
Subst i t Ut ed il dh. figes WD Suidal SHRE ARk wiiferdin afio/(B alucfind Aol ceﬁtalfmg al
optional ly substituted w prefera is amno; di(I"owner
al kyl ) am noupde six|cathen a&?’k%/lﬁ'&?ﬁyd@c‘uﬁ,%'ﬁ‘emy QI%OWH@’PEP%IW“G*F@%“P’SV am no;

di met hyl gm 'BQtox?én@"Fqt@lﬂbfﬁ?leth@?anEQﬁﬁerﬁ'é@?ch1§'Rhan EQmﬁso'nFil a@@eﬁ-bul@x@ aryl

or Het, all unsubstituted. Preferably) R2,Bis C .6 a C, .6 al koxy;
.am no; di (hﬂ%érnﬁ*dsyk}c%ﬂlmy 4d %rh@é|KYé&@ﬂa%e Wcomamlv@m
tr| fluoronet hyl; or carboxyl preferably IS C, .6 al koxy; or

di (1 ower al RPPYGHEaHisal. M?@f‘sﬁtcef?é’k'%{%?'yy‘ w@'n@dﬁ%@%e%xgenﬁomnwcnéédfow thin
t he scope ofexé,h@el nvention are conpounds of fornmula | wherein, preferably,
R is nethyl hyl) propyl, vinyl all of which optionally substituted with
hal o. More preferably, R 1is ethyl, yvkoylosg bronovinyl. Mst preferably,

R, is vinyl. Included within the scf the invention are conpounds of
formula | wherein, preferably) Wis df oxy or a pharmaceutically

acceptabl e salt or ester thereof; or 20 (lower alkyl )am’ no, di (I ower
alkyl)amno or am no aral kyl] . I\/bre r ef er abl Wi s drox or N(R~-3,)R 3b
wher ei n 'R-3d "gARIMR %ﬁt?ré;r‘%a 'n@%B%%gfﬁlweWerg‘gﬂe ‘b’r‘”@f’ B'”QT' YVt 3AQURTal | v

substi t ut ed radiéd, MysHs@ithePdn Moaiarit m&focaclmfm@w@wémmgld oér@&c@t@mam ansal t
t her eof . Most Ph. Still nost

orof or abl y) HETR FleLap! Grop o aiiEnts) SHER B1oMs ot SPAROLETET | suon

ester is prehenabl-yaphethye ot Beaptayn C, . ~al koxy, phenoxy, or aryl (C-.s

al koxy). More preferably such ester is nethoxy, ethoxy, phenoxy, benzyl oxy,

or PhCH( Me) -TBe terAs“Gesamlkpeds heeccheralm eihérteoriélorsie gombinatién ik acathgrounds  of

formil a 1'5 ' ?acﬂcal. means a Cg or Cyp aryl as defined above linked to an alkyl group, wherein
alkyl is as defined above containing from 1 to 6 carbon atoms. Cy.is Aralkyl includes

for exampie benzyl, butylphenyl, and 1-naphthylmethyl.

The term "amino aralkyl" as used herein, either alone or in combination with another
radical, means an amino group substituted with a C,.¢ aralky! group, such as, for

O

Y

20 example, the amino aralkyl:

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.

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



6 March 2003 14 cyclopropyl ring systemof formula: R~ 1 C~NHS' O
wherein ClL and C2 each represent an asymmetric carbon atom at posjtions 1
and 2 of the cyclopropyl ring. Notw thstandi ng other possibl él\é{?}‘f' 03 ¢

centers at other segments of the conpounds of fornula I, the presence of
these two asymretric centers neans that the conpound of fornula |I can exi st
as racem c m xtures of diastereoisonersl10As illustrated in the exanples

herei nafter, the racem c m xtures can be prepared and thereafter separated

i nto individual \ cal i soner r.t.h ' | [ n be prepared
by chi ra: Vlsﬁﬁ‘s\f?e@lgésd %1W%-érﬁe%rfsqt'he CX@%%%ﬁh%Rge%?kcr%éF%& &g%ﬁcygl% slto ag a
racem c m xExamples oflsaithbéy @m@aymessinmlmdee;bylroRdinattelpam/idtdfmn.Zhiiazolhﬂiﬁeent at ed
SR o it PR Mopflnd BbbAR. {hBBEIEIRER e VS MIEEE oxi s as &
raceni ¢ m;jxpipe_eiaioé, tié aibeneot swrEoind Dykiechuirinathpesolt et gridee,
orienta 10 a A | , represente e radical:
Rl ~HO R~ %Q'tnb“'ﬁ ﬁ]; @(raoﬁ‘ BP%%¥@H%n£ﬁ%E%cﬁﬂe%urn, IOt he racem'%:/ m xtures can
be separated into indivi duasl_optic | isongrs. 6 March 2003 15 A nost

I nteresting finding of thi nveRy p \aj'ns 28 he~ypatial orientation
of the Pl K / \}\:/71 \_Jfor \

The term "(lower alkyl)-Het" as used herein, means a heterocyclic radical as defined
above linked through a chain or branched alkyl group, wherein alkyl is as defined
above containing from 1 to 6 carbon atoms. Examples of (lower alkyl)-Het include:

= 0
NS o .
or

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

I
/‘\ OR
in which the R moiety of the ester is selected from alkyl (e.g. methyl, ethyl, n-propyl,
15 t-butyl, n-butyl); alkoxyalkyl (e.g. methoxymethyl); alkoxyacy! (e.g. acetoxymethyl);
aralkyl (e.g. benzyl); aryloxyalkyl (e.g. phenoxymethyl); aryl (e.g. phenyl), optionally
substituted with halogen, Cq.4 alkyl or Cy.4 alkoxy. Other suitable prodrug esters can
be found in Design of prodrugs, Bundgaard, H. Ed. Eisevier (1985) incorporated
herewith by reference. Such pharmaceutically acceptable esters are usually
20 hydrolyzed in vivo when injected in a mammal and transformed into the acid form of
the compound of formula I.

With regard to the esters described above, unless otherwise specified, any alky!

moiety present advantageously contains 1 to 16 carbon atoms, particularly 1 to 6

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



segnent. The finding concerns the configuration of the asymmetric carbon at
position 1. A preferred enbodinent is one wherein asymetric rbﬁgpﬂ’%
position 1 has the R configuration. R~. RorS ~Hn 11 --_ m 1 ~N
H'1l and More explicitly, when carbon 1 has the R configuration, HCV NS3
protease inhibition is further enhanced by the position of the substituent
R (e.g. alkyl or alkylene) at carbon 21¢f the cyclopropyl ring. A nost
preferred conpound is an optical isomer 10 15 20 having the R substituent
and the carbonyl in a syn orientation in the follow ng absol ute

confi gur at i dhparicularihe epterggmaybera) Gy AlkYi@stas, hwnstibplitiied bepzy estes ¢yra

exanmpl e, thgeasy BvEE éﬁﬂétlﬁﬁé&ﬁlﬂ\ a1848% ofb hﬁ%bh'@nﬁau&l @ga&o’isﬁ\‘\ﬂrotd?e R R
configuration. By way illustrating the role of the absolU

confi gur atldrr'f'UGfo"t’?{EWsubstltuent on the level of potency of the conpound,
conpound 112 TabI el hayi ng the absol yte con ation as i R 2R has an
| CSO of 1.6 MitGALPES %%é't'%'e/raég%ﬂa% st s, L?SW“@?FHR&WC'C"E ehihesmEetves) has an

| CSO of 327. 5roHMhaTh@é&ftQﬁW adcptablefbadBs.| E%Trﬁfﬂe‘s%f itabRltasediheIuget ent t han
the corresponding S,2S isonmer. Furfher inc of t he

he scop
i nventi on ar°§°'&9mﬁ%‘ﬁﬂﬁ'§mme anstsibylenqdianiing: Nary %A &al |56\k§e?'e£ Y1 -C(O) -
Het - C(O) -; B@nteﬂm'ied)foel@mﬁm e éd@@e %t ﬂh@ sﬁh&mBn Qﬁlso“@éé Hiarﬁableutleél sa‘ﬁ@en

resent, is the
ehos ' BB M GbSh Ik Pram Sci 1ot b 3his. fcgtpolales he&e@bﬁfsbeferrqeé or
Leu; RB is the side chain of Ile, Chg, Val or Thg; R2 is 1-naphthyl nethoxy,
2- naphthym&’ﬁ(&‘k&? %T‘B?F'“N"fsl NN AT - N v

-0 C?O5 W Iuded wuthln t\we scope of this invention are compounds of formula | wherein

B is preferably R;-SO, wherein Ry is preferably Cg or Cy aryl, a Cy.4¢ aralkyl or Het all
optionally substituted with C.¢ alkyl.

Alternatively, B is preferably H or an acyl derivative of formula R,C(O)- wherein Ry is
preferably C1.¢ alkyl; Cy.s alkoxy; Cs.7 cycloalkyl optionally substituted with hydroxy;

15 amido optionally substituted with C,.¢alkyl or Het; Cs or Cyo aryl, C7.4¢ aralkyl or Het
all optionally substituted with C.5 alkyl or hydroxy. More preferably, B is H or
R,C(O)- wherein Ry is more preferably C1.¢ alkyl or Heterocycles such as:

S0 "o, a0

N
N N
NN @\ [
e
N N N
o . O :or o

20  Even most preferably, B is acetyl.

Most preferably, B is H; acetyl;

Included within the scope of the invention are compounds of formula | wherein Re
when present, is preferably the side chain of Asp or Glu. Most preferably, Re, when
present, is the side chain of Asp. Alternatively, preferably, a is 0 and then Rg is



Rz2; /i I\ \ OCFA/ \I NHCOCH3, halo, NHz, NO2, alkoxy Het N~ Rzz~ |
NHCOCH~, hal o, NH2, NO2, al koxy / % O~ , and R22 is am no; 0

al kyl )yam no; (Il ower al kyl)am de; NO2; OH, halo; CF3; or carng§ WE209% a
cycl opropyl ring systemof formula 10 R~ ~HIl OR~ n Hor wherein R is
ethyl) vinyl or bronovinyl; and Wis hydroxy or N(R-3,)R 3b wherein R, 3a
and R 3b are independently H aryl or Cj26 6 Maxch 2003 17 al kyl
optionally substituted with hydroxy or phenyl; or a pharnaceutically

accept abl e s |t or ester thereof. A further preferred group of conpounds is
represent ed? ®Mormula | wherein B is H, acetyl or Het-C(O-: R6) when
present, is the esent | de chain of

S chai n of - R$, when pr is th

D ren b o deosd i1 sLasy of R invenanAre LB BRET o P e TR R i o
Zhe Si Ide Ch@kéfel@fblyVRL,,wr@lﬁgarﬁenﬂ'bgthelﬁ?dézaﬁaln ﬂ@f&rﬁgmgmjmehtedafmym@x?/, _
qui nol i noxy, or w ~ ~ is a cyc ropyl ring
syst em of f@f‘?ﬂﬂ%?"ﬁ's’t"?@v‘f %W\Eg}s@r I\& #?"E&%XF"-L&E@QE’BP%Y@K@QEQ and W
i s hydroxy qTbg)Nehd STEH( MBkRheteriblya RINAdraeeséntCialthey/ sids cagih@ab Deagabt or
ester ther e(v. . . ,

al, or D-Glu. Most preferably, Rs, when present, is the side chain of D-Glu.

Alternatively, preferably a is 0 and b is 0, and then both Rs and Rs are absent.

Included within the scope of the invention are compounds of formula | wherein,
preferably, R, is the side chain of an amino acid selected from the group consisting

10  of: Val, cyclohexyiglycine (Chg), Tbg, lle or Leu. More preferably, R, is the side chain
of Chg or lle. Most preferably, R, is the side chain of Chg.

Included within the scope of the invention are compounds of formula | wherein,
preferably, Y is H, or Me. Most preferably, Y is H.

Included within the scope of the invention are compounds of formula | wherein,

15 preferably, R, is the side chain of an amino acid selected from the group consisting
of: lle, Chg, Val or Thbg. More preferably, R; is the side chain of Val, Chg or Tbg.
Most preferably, R; is the side chain of Val or Tbg.

Included within the scope of the invention are compounds of formula | wherein,
preferably, R; is S-Ryo or O-Ryo wherein Ry is preferably a Cg or Gy aryl, Cr.16
20 aralkyl, Het or -CH,-Het, all optionally mono-, di- or tri-substituted with R,;.

Preferably, Ry is C1¢ alkyl; Cy.¢ alkoxy, amino; mono- or di-(lower
alkylyamino; amido optionally mono-substituted with C. alkyl, C¢ or Cy aryl,
Cr.16 aralkyl, Het or (lower alkyl)-Het; NO,; OH; halo; trifluoromethyl; carboxyl;
Cs or Cy aryl, Cy.46 aralkyl, or Het, said aryl, aralkyl or Het being optionally

25 substituted with R, More preferably, Rz is C1.6 alkyl; Cy.¢ alkoxy; amino,
di(lower alkyl)amino; (lower alkyl)amide; Cg or Cyo aryl, or Het, said aryl or Het
being optionally substituted with Rz,.

Preferably, Ry, is Ci.s alkyl; Cy.¢ alkoxy; amino; mono- or di-(lower

alkyh)amino; (lower alkyl)amide; NO,; OH; halo; trifluoromethyl; or
30 carboxyl. More preferably, Ry, is Ci.¢ alkoxy; amino; di(lower

alkyl)amino; (lower alkyl)amide; halo; or trifluoromethyl.

More preferably, R; is 1-naphthylmethoxy; 2-naphthylmethoxy; benzyloxy, 1-



An even further preferred group of conpounds is represented by formula I
wherein B 15 is acetyl; R6, when present, is the side chain gf B 52?":
when present, is the side chain of DQu; Yis H R4 is the l\é Rg of
Chg; R3 is the side chain of Val or Thg; R2isi O i i r0 Pl is:

March 2003 18 \w H and Wis hydroxy) or a pharnmaceutically acceptable salt
or ester thereof. Finally, included in §fie scope of the invention is each
conmpound of forrmula | presented in Tables 1 to 5. According to an alternate
enbodi ment, the pharnmaceutical conpositions of this invention na

addi t i onal | yaRiBAYPxRYs 8-narhyiexy: anawinelnexy gesibstitmsagnneno- o digsbist agents

i ncl ude a- Qi &3: waé}rnteﬁrae e, rm@agﬁf}eggﬁnﬂzwnsaﬂynn@m@wﬁrﬂm&w@ anot her

alternate errbodl hent ar nac ositions i's 1 nvention may
addi tional | ynmiuteﬁemnmr di-auhiituted w1tb1ﬁa+@/d¢imﬂ@@9tae 10 According to yet
anot her alternate enbodi nent) the pharnmaceutical conpositions of this

i nventi on m&yill, aniekt prederablyyR09npri se an i nhibitor of other targets in the
HCV Iife cycle, including but not limted to, such as helicase, polynerase,
nmet al | oprotease or internal ribagg jtPawe(| RES). The pharnmaceuti cal
conpositions of this invention nmay stered orally, 15 parenterally
or via an inplanted reservoir. Oal ¢;71 tration or adm nistration by
injection is preferred. The pharmaceutli cal conpositions of this invention
may contgin any conventional non-tox-® pharmaceutically-acceptable
carriers) adjuvants or vehicles. In sone cases, the pH of the fornul ation

may be adj UM&@BMérbblme%ﬂwd @aldnh||>aﬁféﬁaisabétma@»«ﬁitﬁotg%a@scgbr@wffers to
enhance the stabilit the 20 faornul ated conpound or its delivery form

The ter m pafBhtCenapraliyl Qe an&sdr i 3l dda °§H%V§H%Med with Raz Mosheous,

i ntravenous réfé}hbgnnaml@sror o} {Tér'yﬁora-‘iét' aué@ronawwbaﬁmmwwgﬁ{ R..| Mb§tast ernal ,
intrathecal, and intral esional injection or infusion techniques. The

phar maceut i ®iferabipBzilt 2BiR; %Wﬁ@'*%aw Phfaveralisyamide. Evep mastt abl e 25

pr epar atyponhrdiabf XA @mm@sdlﬁ‘we%{ﬁrhlhg driicefahlid e aqueous or ol eagi nous
suspensi on. This Suspension may be fornul ated according to techni ques known

in the art ySbRehostiblefdrarly,H, ﬂ@b%'oﬂ@moéryl"@tﬂétnegl (HiBPSfute@uch as, for
exanpl e Tween 80) and suspending agents. The phar maceut i cal conpositions of

this invent ippdterm®l, RGs & @.dakyR @1l Bikekg 0iné; diRWer alk)fmeh(1AR3 19
alkyl)amide; NO,; OH; halo; trifluoromethyl; or carboxyl. More preferably, Raigis Ci

alkoxy; or di(lower alkyl)amino. Most preferably, Ry is methoxy.

15  Included within the scope of the invention are compounds of formula | wherein,
preferably, Ry is methyl, ethyl, propyl, vinyl all of which optionally substituted with
halo. More preferably, R, is ethyl, vinyl or bromovinyl. Most preferably, R, is vinyl.

Included within the scope of the invention are compounds of formula | wherein,
preferably, W is hydroxy or a pharmaceutically acceptable salt or ester thereof; or

20  (lower alkyl)amino, di(lower alkyl)amino or amino aralkyl. More preferably, W is
hydroxy, or N(Ry3a)R13p Wherein R,3, and Ry, are independently H, aryl or Cy.salkyl
optionally substituted with hydroxy or phenyl; or a pharmaceutically acceptable salt
thereof. Most preferably, W is -OH, -NH-benzyl or -NH-CH(Me)Ph. Still most
preferably, W is -OH or -NH-(S)CH(Me)-phenyl.

25 When W is an ester, such ester is preferably selected from C,¢alkoxy, phenoxy, or
aryl(Cq.s alkoxy). More preferably such ester is methoxy, ethoxy, phenoxy, benzyloxy,
or PhCH(Me)-O-.

As described hereinabove the P1 segment of the compounds of formula | is a



orally acceptable dosage formincluding, but not imted to, capsules

tabl ets) and aqueous suspensions and solutions. In the case gf &%ﬁb@b? for
oral use, carriers which are commonly used include | actose an corn starch
Lubricating agents, such as magnesium stearate, are also typically added.
For oral adm nistration in a 5 capsule form wuseful diluents include

| act ose and dried corn starch. When aqudédus suspensi ons are adni ni stered
oral ly, the active ingredient is conbined with enul sifying and suspendi ng
agents. §ﬁ§ éﬁ? ning and/or flavoring and/or coloring
agents nay éﬁi dnﬁ§§%er éﬁpﬁg% vehicles or carriers for the above
noted fornul ati ons and 10 conp05|t|ons cangbe found in standard
pharmaceutical texts, e.g, in "Rem ngton' sl har maceuti cal Sci ences", The

Sci ence and Practice of Pharmacy, i 9" Mack Publ i shing Corrpany,
Easton, Penn., (1995). Dosage |evels of E{\&een about 0.01 and about 100
ng/ kg body wei ght per day) preferably bet bout 0.5 and about 75 ny/kg

body wei ght per day of the 15 proteashHi nhi itor conpounds descri bed herein
are useful in a nonotherapy for the prevention and treatnent of HCV

nmedi at ed di sease. Typically, the pharnmaceutical conpositions of this
invention will be adm nistered fromabout 1 to about 5 tinmes per day or

al t er nat i veiperesCaandfe Pacibippresentian asymmselkia camen Htaw pbpesdiene A& used as
a chroni c_ofs g \thoblopliams: NUGinRRHg SheAfdssith ddadlicaindibal oy be
conmbi ned 20 w the carrier produce a single dosage formw ||
vary depéndsﬁ@nem@ af tmecomunﬂﬁs ehfpéﬁularhdhe ﬁé%ﬁaeq pfctnewwmmme ric

admi ni strat b@rﬁlers%éa\/r@ tﬁét' th@rc@ Béﬁd Qf%Whulla | 6N bRbhsl aCEMid pAktlires%r t 0 about
95% acti ve con&)un . Prefterably, such preparations contain from about

20%t o aboufliag /soa%,qm% %Mﬂﬁ@d imBier ¢r@maley W‘Qéﬂ'“ﬂ'ﬂﬁtﬁ B hachnic midWeeci at e,
| ower or hi ghgbe 6%&.& wtnremm@réaﬂr&@d uﬂ@mdancaél HRtabi8omedUbrtRese Speci fi c

dosage and treatnent reginens for an rpartl cular patient will depend upon a
vari ety of PREGISEMErHedn R RPPRIY RYGrgl $XMNSSISt he speci fic conpound

enpl oyed, the a bod eneral .health status, se diet, tinme of
admi ni stPat ﬂ?ﬂcg%&? 80@\910%735}0%39 "E}ﬁ? P‘&?rhﬁx'ﬁcﬁ?tﬁ RN XU20% everity and
course of t QARstoréasdrhen . wHehin Fatat poditich Blissqrasitdte®syri 1 thdrearberiyest i on and t he
j udgnment of the treati ng 38@!} Si %lé%g Generally, treatnent is initiated
with smal | G8SHYLL TERISFARE; 4 than the optimum dose of the peptide.
Thereafter, the dosage is increased by small increnents until the optinum
effect under the circunstances ig—reached. In general , F’ihe C'Uf'rpound i s nost
desirably administered at a_ddncentrati on tByel that 1 generally afford
antivirally effective r ts w tthout Qausi ng any har Gl or el eterious

6 March 2003 20 side eff o \When the sitions of Xhi & iphvention
conpri se a conbi nat<esh Nf cor‘rBqu-d-r@ rrmlﬁ.| <iarrrﬁLon or pofe

addi ti onal therapeutic bbr ophyljactitd ag| nt oth oupd and the
addi ti onal agent shoul d be ®resent at dos@ge |evels of befweeph about 10 to
100% and nore preferably betweerrabout 10 and 80% of the doS: Ege normal | y
adm ni stered in a nonot herapy regi mren. \Wen these conpounds or their

phar maceut %@ltr}eyc rd?rrrﬁﬁel Féanaé)@s.tfa@rar?él:@rh%qn&tg%eéfhtﬁést&’e&@orﬂers

phar maceut i cal accep tab e carrier, the resulting conposition may be

admi ni stlér emhemelvﬂvat P@S*mﬁ‘rﬁ @)eniﬁi@h agktonfha cataenylrgh ppsitiorHoyeMsseedt ease
or tolo ”bﬁ%e diddi-event HCV virus infection. Such treatnment may al so be
achi eved usi e conpounds of this invention in conmbination with agents
whi ch i ncl ude) but are not limted to: immunonodul atory agents, such as a-,
p-, or y-interferong; other antivifal agents such a]_s‘ rlbavirin',j amant adi ne;
ot her inhibitors of NS3 prot ease; i f er targets in the
HCV Iife cycle, which i 3

N

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



15 helicase, polynerase, netall oprotease, or internal ribosone entry site
(I'RES); or conbinations thereof. The additional agents may b$$ﬁoanB&? wth
t he conpounds of this invention to create a single dosage fo are
Alternatively these additional agents may be separately admnistered to a
manmal as part of a nultiple dosage form Accordingly) another enbodi nent
of this invention provides nethods of inphibiting 20 H/C NS3 pr ot ease

activity in manmal s by admi nistering a conpound of the fornula |, wherein
the substityents are as defined above, In a preferred enmhodi nen t hese
et hods. ar e AfBBRe (e R g o S AeriamPefaite ode Seata Pramatons! ekl - 1 1

the Ehar NBC gdyment. mﬁmﬁﬁlbtcbﬂébrﬁQEﬁlé(rjdoﬁﬂguI@ﬂd()j%pﬁh@@ lM@gicharBdnia? i nVﬁnti on
as the active conpopent, suc t hods may, additional|. conpri.se the step
0F admi i 5t GOPHIG Do BRI S G YLBIETR PR P Ao ARBPRIIAUL ot ory
agent, an amakd Alconfitfirdtiona HCV protease inhibitor, or an inhibitor of
other targets in the HCV |ife cycle such as helicase, polynerase,

met al | oprotease or | RE®, Such additional agent_may be admdnistered to the
manmal prior to, concurfrently with, or f i'tlg the adm'hinstration of the

conpositions of this Amgention. In an Rliernate prefer\ed enbodi nent,

t hese net hods are usekul A or inhibiting vi’sal # eplication’ Wm"ral . Such
nmet hods are usefs—Nn eating or prevemNingl HCV di sEasi. ['f )t he

phar maceut i cal conpbsi tll on conpri ses onl"i/ a'tonmpound of Mt hi sI 6 March 2003

21 invension as the actPve eoniparessit , such et hodsd may addi tponal,l y
conprise the step of admnistering to said mammal an agent selected from an
i Mmmunonodul Mare exggitinl whancaalbdri ¥ hasithea edbhfigunatidByHEOVONSA potédsliinHibitgn or an

i nhibitor of pther targets jn the HCV life cycl Such addi tional agent may
bo. mam ni s &% CNELeRRCHLGKEP PR Tt ke suBeBHEThdRG: SRt ANYBROXI T ot ng
the ad m;jni Stcé&:}oh@‘%f@f?}e tyutopespypPare]. 1A mastemetmgdh rmglntpgundmssari dptiesitisommer Thﬁ
conmpounds set fort erei.n nma so_be used as |.aborator agents. The
comounds of ALY RuSHEIBERTRIF GBI a s snERalEh B e IIGERE vi

cont am riat i eabsolfiteramnhéigurafich: and t heref ore reduce the risk of viral infection
of laboratory or nedical 10 personnel or patients who cone in contact with
such materials (e.g. blood, tissue, surgical instrunents and garnents,

| aboratory instruments and garnments, and bl ood coll ecti on apparatuses and
materi al s). The conpounds set fortih herein al so be used as research
reagents. The conpounds of this inventi y 4l so be used as positive
control to validate 15 surrogate del | - badg¢d gays or in vitro or in vivo
viral replication assays. PROCESS |The ndg of the present invention
wer e synt hesi zed according to the |process §s illlustrated in schene |

(wherein CPGis a carboxyl protectfing grou®andg APGis an am no protecting
group): 6 March 2003 P1 ----f- PI=(Wor CPG + APG P2 22 SCHEMEI

In the case where R; is ethyl, for example, the asymmetric carbon atoms at positions

1 and 2 have the R,R configuration.

15 By way of illustrating the role of the absolute configuration of the substituent on the
level of potency of the compound, compound 112 (Table 1) having the absolute
configuration as 7R,2R, has an IC¢ of 1.6 uM whereas the corresponding 15,25
isomer (compound 113) has an ICs, of 27.5 uM. Therefore, the 71R,2R isomer is 25
fold more potent than the corresponding 715,25 isomer.

20  Further included in the scope of the invention are compounds of formula |, wherein B
is H, lower alkyl-C(O)- or Het-C(0)-;

Re, when present, is the side chain of Asp or Glu;
Rs, when present, is the side chain of D- or L-: Asp, Glu, Val, or Tbg;

Y is H or methyl;



a APG P2-P1-(w or CPG P2-Pl-(wor CPG + APGP3~ b c + APG P4

APG P3-P2-Pi - (w or CPG APG P3-P2-Pi-(w or CPG + APG P5 6 arh2003
APG P5- P4-P3-P2-Pi-( w or CPG a + APG P6 APG P6- P5- P4- P3- P2- Fl\f (cw

B- P6- P5- P4- P3- P2-P1-W Fornmula | Briefly, the P1 ( P2, P3, P4, and
optionally P5 and P6 can be |linked by well known peptide coupling
techni ques. The Pl, P2, P3, P4, and P5 agd P6 groups nmay be 5 |inked
together in any or der as Iong as the final conmpound corresponds to peptides
of formula I %?exa linked to P5 to give P5-P6 that is

linked to PAbdSBg§idec ad?ob%a” ghﬂe % Ye BELEY-P3-P2 then |inked to an
appropriately C-term nal ed P1._ Generally, peptides are elongated by
depr ot ect i ndfaiRNeSidqe r‘??d”g @%g: 9?5’%‘ 9910 term nal residue and coupl i ng

t he unprotected carbox ‘gr oug of the next suitably Nprotected am no acid
through a pef'td e‘alpf‘WP(%eé o AGAPRBYMAMIUsOd¥scri bed. Thi's deprotection

and coupling procedure is repeated until the desired sequence is obtained.

CPQ

Thi s coupl i ng cansbepexforne he consA -- am pe~a in stepw se
fashi on, as depid Sche or|by co at |Non .of fr ts (two or
15 several am no agidsy, or co i on of buf hYr ocesses: by solid

phase peptide synthesig accordi ng o the method aogﬁgl nally d
Merrifield, J. Am Chem™ Soc. (1%63), 85, 2149-21 t he digcl osure of
which is her eby i ncor por at ed by ref er ence. Coupl i ng between two am no

aci ds, an amino aci thaaQd nt i de, pept i decF, 2003 23
fragrrents can be carri ed fi ng; st Yeduf es such as the
azi de nmethod, m xed car beyg ar boxyl anhydrl d ghut yl

chlorofornate) nmet hod, carbodrrnlde (drcyq;ohexyfcarbodr
di i sopro Icarbodiinide or er sol ubl e carbodiini de) metod, active
ester (p-nitrophenyl ester, N hydroxysuccinic imdo ester) nethod, Wodward
reagent K-method, carbonyl diim dazol e net hod, phosphorus reagents or

oxi dat i on-reducti on nmet hed Some of these nethods (especially the

car bodi i m de net hod) ean enhagced_by adding 1lhydroxybenzotriazole. These
coupling reactions can be™ger Pgf mag either solution (liquid phase) or
sol i d phase. 10 Mre explicitl gUBIG Qg astelop NSl a¥ext he dehydrat i ve
coupling of a free carboxyl of dctant with the free am no group of
the other reactant in the presenge of a coupling agent to forma linking
am de bond. Descriptions of such coupling agents are found in general

t ext books on peptide chemistry, far ex3nple, M Bodanszky, "Peptide

Chem stry", 2nd rev ed.,H&Rri nger-\erl ag, BerIin Ger many, (1993). 15

Exanpl es of suitable ppeu/pl i NG a\ga@_@’dg pl) rQrYCrLIBherFé’l carbodiimde, 1

hydr oxybenzotri azol e i'n the Bresk cychhe%y ¢ar bodi i mi de or

N- et hyl - N= [ (3-di met hyl am no) py opy carbodllnlde A very practical and
useful coupling agent is the cgmercially avail able

(benzotriazol - 1-yl oxy) tris- (di mag hyl am no) phosphoni um hexaf | uor ophosphat e,
either by itself or in the presence of 1-hydroxybenzotriazole. 20 Another
very practi cald nmb %F%Udr(ISQHPaIkﬁﬁnﬁg@QFOWe? akQVEMREE] MOl O RId; 88l 6r2- (1
Hbenzotri azol - 1-yl) - , hhtetranethyluronrunrtetrafluoroborate Stil
anot her verym%P@@ircal and useful coupling agent is commercially avail able
O (7- azabenzotrlazoll yl } N, N, N, N=t et r amet hyl ur oni um hexaf | uor ophosphat e.
The coupl i ngP t SAENCKRIRY! HRhEYRLBA! fHM4IR i nert sol vent) e.g.

di chl oronet hane, 25 acetonitrile or dinmethylfornmam de. An excess of a
tertiary amne, e.g. diisopropylethytBrine, N nBghyl norpholine or

N-rmet hyl pyrrolidine, is added to\maintain the r xion mxture at a pH of

about 8. The reaction tenperatur |1y ranges n 0C and 50C and the
reaction tinme usually rangesebef 15 ma—a-rﬁ 2
10 % or O

wherein R, is ethyl, vinyl or bromovinyl; and

W is hydroxy or N(R13a)R435 Wherein Ry3, and Ryap are independently H, aryl or Cyg



30 When a solid phase synthetic approach is enployed, the Cterm nal
carboxylic acid is attached to an insoluble carrier (usually6g@%¥ﬁ556§ne)
These insoluble carriers contain a.-group that will react with

carboxylic group to forma bond that is stable to the el ongation conditions
but readily cleaved |ater. Exanples of which are: chloro or brononethyl
resin) hydroxynethyl resin, and aninone?ﬁyl resin. Many of these 6 March
2003 24 resins are comercially available with the desired C-term nal am no
acid already incorporated. Alternatively, the am no acid can be

i ncor por at edlkg@ptiorally subsfitatag withthyeiexk ﬁbﬂ\h‘ﬁ%?h@ﬂgam@gwc@"&t aceptablepm

Chem Soc., ¢{il@edler tereofl 328; Atherton, E.; Shepard, R C. "Solid-phase
pepti de synthe3|s a practi cal approach | RL Press: Oxford, (1989);

131-148. | naq@ihdr ipPatef8d bmf‘ﬂpfd%gﬂﬁblﬁ}%s @Fégﬁéselﬁ%tdngggmqna PR RS Ryt hes:js

are described in Stewart "and Young Solid Phase ti de Synthesis", 2"

ed., Pierceacaigr Elgt-CEa)-; RR@&I@DM@SGHF lis thfé%iﬁ)ﬁha@@fﬁ}? Reiwhen eresent, is

Udenfri e d, S 0 1, 2
3, 5, and ‘“E%Edaed%“r%“ﬁ@fp[?’?‘%? RO~ T s e SRt or ks 1 2
Practice of lsnb@slda@hsgnmfwatmg ad bspRt ﬁgbmanv@mira@thomtAﬁWMY (41984) , "the

di scl osures '§ ,are hereby incorporated by reference. The functional
groups of tAe eonstituent amino acids general ly nust be protected during
the coupling reactions to avoid formati on of undesired bonds. The
protecting groups that cgfT he used are listed in G eene, Protective G oups
in Oganic 15 Chem stry" & Sons, New York (1981 ) and ' The
Pepti des: Anal ysis, Synthesis, oM. wihC c Press, New York
(1981 ), the disclosures of wh 4 hgpg ha@kxﬁ%@ﬁﬁ?éd by reference. The
a-carboxyl group of the Gtermn residue is usually protected as an ester
(CPG that can be cl eaved to‘g’xy the carboxylic acid. Protecting groups
that can be 20 used i ncl ude: ) al kyl esters such as nethyl,
trimethylsilylethyl and t butyl, 2) aral kyl esters such as benzyl and
substitutedpﬁéh%9WﬂWUPPﬁ7m§§V@?§”¥N@F“@%n be cl eaved by mild base treatnent
or mld reductive neans such as trlchloroethé and phenacyl esters. The
a-am no group of each am no acid to be cou d to the growi ng peptide chain
25 nust be protected {APG. Any protectN\ag group known in the art can be
used. Exanpl es of such groups include: groups such as fornyl,
trifluoroacetyl, phthalyl, and p- t6lu4ﬁesul onyl; 2) aromatic carbamate
groups i ch as benzyloxycarbonyl (Cbz or Zp and substituted

benzyl o @carbonyls and 9f | uor enyl net hyl oxycar bonyl (Fnoc); 3) aliphatic

car banat e ggmg q% ?ﬁnbkﬁgr Mi@éyﬁﬁ bonyl (Boc), ethoxycarbonyl,
d||sopropylnet oxy ar bony an I onxycar onyl; 4) cyclic alkyl carbamate

groups suchyas ﬁ&JgB@QQMR ﬁﬁ%ﬂkﬁpﬁyl and adanantyloxycarbonyl 5) al kyl

groups such as triphenyl net d benzyl; 6) trialkylsilyl such as

trimet hyl si bb’é hmc&h&mg é‘rﬁgb&@lsgh ggegé,omg,%o{such as phenyl t hi ocar bonyl

and dit hi asucci noyl erre a-am no protecting group is 6 March

2003 25 eit her, ect ed
For pont | de SievBf furler Eﬁgﬁewgﬁ’%%pi‘% 4 RiprsRhiodcy i PhiorRind 5°

group ofl5t hés arelylyRawbeu psasend intbiedidecaiaiue’ Asp; Br.ethpadressndiis the sidee

coupl ing of a C CR t hods
of choice ar g&ﬁ u'é‘r?é%@tﬁ ‘Scah(??g\{d%neah%&% fsq S@Eﬁgéﬁgﬁ\e/ykgrr Cl in
di oxane orlﬂa&ﬂhyl acetate. The resulting annonlunlsalt is then
neutralized either prior to the coupling or in situ with basic solutions
such as aqueous buffers) or tertigry am nes in dichloronethane or
acetonitrile or dinethylfornmam de e _bmec group is used, the
reagents of choice are piperidine Or 3 uted piperidine in 10

di net hyl f or mam de, but any secondary ang ¢an be used. The deprotection is

P1is:



carried out at a tenperature between 0C and roomtenperature (RT), usually
2022C. Any of the am no acids having side chain functionalit%qﬂmgﬁ§b0?e
protected during the preparation of the peptide using any of

above-descri bed groups. Those skilled in 15 the art will appreciate that
the sel ection and use of appropriate protecting groups for these side chain
functionalities depend upon the am no ggi d and presence of other protecting
groups in the peptide. The selection of such protecting groups is inportant
in that the group nust not be renoved during the deprotection and coupling
of the a-am no group. ., 20 For exa en Boc is used as the a-am no
protecting group, the foll ow ng side chaln rotecting group are suitable:
p-tol uenesul fonyl (tosyl) noieties c ed to protect the am no side
chain of am no acids such as L ; acet am donet hyl , benzyl (Bn), or
t-butyl sui fonyl noieties can be us to~protect the sulflde cont ai ni ng side
chain of cysteine; benzyl (Bn) ethers can be ugtl to protect the hydroxy 25
cont ai ni ng side chains of serine, threonine or hydroxyproline; and benzyl
esters can Wds btsexy @r@pb@rer@pemtwellxcmqsea@lecwt@n%ﬁefgh@e@lfe chai ns of
aspartic acid and glutami c acid. Wien Fnoc is chosen for the a-am ne
protection Flmﬁudnplyd%mttb%mqpp o sV ionde pAACAMRANRS chfemaleclept abl e, For
instance) BQgsdmdh Reravped her |ysine and arginine, tert30 butyl ether for
serine, threonine and hydroxyproline, and Pert-butyl ester for aspartic

aci d and gl Adcapdikg @@nohnte?rﬁdt@&ﬂaa&.mhhme Merrmtaxéoucapbc%;yosﬁ%s%ﬁhﬁgsed to

protect the sul fide contai ning side chain of §ste|ne Wis an am de
(W), Plis 'emrwp%a\%v@dawoa%ﬁempm angiheintiiAt¥agent t%"@ﬁﬁﬁp‘l’flaﬁ‘@ C¥ March
2003 26 10 f2ntsIHANMER G1F-inRieldr, hbg\‘f’mr‘i 8R4 b¥nlagfRONI zed by persons skilled
in the art. Once the elongation of the peptide is conpleted all of the

protecting LdcaHHy @r&of&WN&ﬂate%dﬁnéﬁtq%Cbhﬁhﬁé&U%X&tc'ag'?ﬁltl s 1Sk, the

protecting groups are renoved what ever manner y the choice
of protectiAEYPBMFY. adﬂ*ﬁ@@@'%%‘@éﬂ%%‘@' Ihibitees of HNGRFPtease: hose skilled in
the art., When a solid ghase synthesis is used, the peptide is cleaved from

the resih sAGrardingieoespyctipraemate smhedimenhing Pl'éa'maﬁ?%‘!ﬁaf FRIMRHIPPE °F W hen

the Boc prahiGhvedfiomBiah@dditisnaig edmphsd bnemmfohesdtaertbfg%@émm HoM life
anhydr ous HF

ont aini It es such . n
b sol dey MePalby Aektnied £ <HHE %5 PRI sPerphibe REe HORHRTOERERE! ng « he
pepti de fr danetriatribesime enthyssite (¥B&)ge of the peptide can al so be
acconpl i shed by other acid reagents such as trifl uoromethanesul fonic acid/
trifl uor oacHte phaamadceuticaltaomessitibfhs bhbnsFﬁmmtlpn otaydiel auministenedioiatly,used, t he
N-term pal he ot her
pr of cct | 'ng 8T E 8hb Ra THEREY ¥lerot TBRT B RSRNON P SuBPlevelonny oor i o
of trifl uoricjgckan i pa&femiechnﬂwelmwamacelu@amumeMems ol tiis taseralmnsrm;e, etc.
?ﬁg;?ﬁ;l Zr géjopr)‘s Bh gor?’%ﬁmgﬁced oGp&rag'? {lfehg{aj' gcgé &y ‘jo\)‘ag%ent
pepti de seg?feﬁhlohst fn W@pﬁ@p@&"bomwfm@mlaﬁoﬁd@awe leh$tedwlthchl ori de that

i's either 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
techniques.

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.

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



commercially available or for which the synthesis is well known in the art.
20 Different P6 to P3 noieties are available comercially 0r6%ﬂ%nﬁ&%b$95is
is well known in the art. |.Synthesis of P2 noieties. 1.1 Synthesis o
precursors: A) Synthesis of hal oaryl net hane derivatives. 25 The preparation
of hal omet hyl -8-quinoline |Iid was done according to the procedure of K N
Campbel | et al., J. Amer. Chem Soc., (1946), 68, 1844. 6 March 2003 27
SCHEME 11 i i i i i i T wW~N~w N Dbw N ~w-~NOOCHOhalo OH halo
lia llb llc |ld Br

i
12 corcona PRSP RO MBREEHER e B R,
alide | \aquéows sushensiong aageotutions hindbe base oftablstsdbuoranisencaryidrsi de.
et T R SbriAhybl el TRaE RIS AT aRElh Sloree s
presented i rasixagmebiemistearsle, Spreistetypisalbf addeyl Far owhetpintnatiominiases:
G ar i aSet SHoo T 1oty DS B ARG bR 13ose i AR GBBST WEEFEAEE, %1 &
H2N 111b R2 sbbpensiir? aRPadriiniSteRa oflfz2he activel ikgredie@Hs coipiredivith NH2) NOz.
R22_ 1Uc \ /

appropriate egﬁ'ﬂﬁ% iyﬁg a? %%ﬁ%’é@ﬁ@%@%gﬁgﬁ ﬁ}én%%ﬁé %%@gf%g%?%@g&%‘&g{;ﬂ%a&gﬁ% th

pol yphos phorand/oacoldringaggmsemankee addekspondi ng 2 phenyl - 4- hydr oxyqui nol i ne
(111c). A specific enbodinent of this process is presented in Exanple 1 B
and 1 C. 1. Dthgyavithkigivehioles Ppcarriers for the above noted formulations and

10 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,
preferably between about 0.5 and about 75 mg/kg body weight per day of the

15  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
chronic or acute therapy. The amount of active ingredient that may be combined

20  with the carrier materials to produce a single dosage form will vary depending upon
the host treated and the particular mode of administration. A typical preparation will
contain from about 5% to about 95% active compound (w/A). Preferably, such
preparations contain from about 20% to about 80% active compound.

As the skilled artisan will appreciate, lower or higher doses than those recited above

25 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
infection, the patient’s disposition to the infection and the judgment of the treating

30 physician. Generally, treatment is initiated with small dosages substantially fess than
the optimum dose of the peptide. Thereafter, the dosage is increased by small
increments until the optimum effect under the circumstances is reached. In general,
the compound is most desirably administered at a concentration level that will
generally afford antivirally effective results without causing any harmful or deleterious



A) The synthesis of 4-substituted proline (wherein R2 is attached to the
ring via a 20 carbon atom) (with the stereochem stry as showg)arch 8odfr ch
2003 28 ,,. Rz NBoc ~ COOH is done as shown in Schenme IV according to the
procedures described by J. Ezquerra et al. (Tetrahedron) (1993), 38,
8665-8678) and C. Pedregal et al. (Tetrahedron Lett., (1994), 35,
2053-2056). SCHEME IV O OO") Rz N--~28 ~ N Boc ~ Boc ~ Boc ~ COOH COOBn
cooBn IVa lVb IVc Rz ,,, Rz ---~ N _ --~ NBoc ~ Boc ~ COOBn COOH | Vd | Ve
10 Briefly, ?8% gégogl utanmic acid is protected as a benzyl ester. Treatnent
with a strof g 'such as lithiumdiisopropylamde followed by addition of

| kyl at ft
o oo o PRIRE Lo BEa 0l s Pk P b B FERMAAREIRRIADSANS o1
O ar al kyl at édmala(iRndloperooxyge @dditienal ther@p@utis dlpBhylacBORenteth the i s aryl ,
Het , | k L
accor di ng 1 TR e Buona by MUl BrRRRn f BopiBi Bbeieny
( 1988) 15 3boutgpio 886%., am meie ptefefah!w@ebmeﬂri gboaity 40 hathBe% of the dosage

Boc-4(R) - hy e such as sodi um hydr| de or
K-t BuO and ﬂ{%@ﬁrﬂ gﬁ t'dl?ﬁgegjl {lom J%qreaéyfeeg“ﬂn&t%h an hal o-R2 (Br-R2,

t t
are bt esent afer{Agd En g R BtpumEEigienh facEBRH B éfeéﬁemm@dpr"““
Al t er nat i velogethginwith Rzohasmacqutlceﬂy aqgseptableccagierphe nesultvwrronipositiemay epar ed

i M t Ra
ot ab, (10058 20phFREiDIR i SRS (SRl o mar IO AR oV KRS isadiste o
Lett. 36805 reaorprwwnoBCVRikistifecton. Fuch tlepyoant mapealso beaehiev®d using the
4705-4706) . Bhb&idds, of%ﬂmﬁﬁhtﬂ lh%oﬁm\bﬂﬁajtlaﬁ|vsﬁth%‘éné(v§)|cml}ﬁghg%qﬂafE’vje'n'a? met hyl

ester is treated wth the appropriate aryl al cohol or thi In the presence
of tri pheny liphesshimmeuasrmodilatonyagentslisoeh Bewy | fat @ v(IDEAG)PNSMIharastiviigs ul t i ng

ester 115 Yabghuaeth LoybhfchinRRREiohid THRA ARty Misdt ibBagéiocess 1 s

pr esent ed
|nh|b|tors of other targets in the HCV life cycle, which include but not limited to,

15 helicase, polymerase, metalloprotease, or internal ribosome entry site (IRES); or
combinations thereof. The additional agents may be combined with the compounds
of this invention to create a single dosage form. Alternatively these additional agents

may be separately administered to a mammal as part of a multiple dosage form.

Accordingly, another embodiment of this invention provides methods of inhibiting
20 HVC NS3 protease activity in mammals by administering a compound of the formula
|, 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
compound of this invention as the active component, such methods may additionally

25 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, metalloprotease
or IRES. Such additional agent may be administered to the mammal prior to,
concurrently with, or following the administration of the compositions of this

30 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
disease. If the pharmaceutical composition comprises only a compound of this



OHA-CH~o ~~ N~ A-SHOA X X=0CorS .~ NO VWb Va Alternatively, the
Mt sunobu reaction can be produced in solid phase (Scheme V) g} %‘%%5903"’8”
bl ock of the Model 396 synthesizer (advanced Chenifech) is provi

al i quots of resin-bound conmpound (Va) and a variety of aryl alcohols or
thiols and appropriate reagents are added. After incubation, each

resi n-bound product 15 20 (Vb) is washe2l dried, and cl eaved fromthe
resin. A Suzuki reaction (Myaura et al., (1981 ), Synth. Comm 11, 513;

Sato et al 14 lett.,
207 TakayulreREhHs thé R aofironeng Sk ebaERAT s5lyuBhaty ok ue BEP'
( 1994) Tet of administeBBg 49said mmammgemjaselwe@tromlan)mmteﬁl)adulaton(} g. Chem
61, 5169-51 |
substi t uent Z&iﬂt g %tﬁlrgloag% ﬁ% lé%i(‘dvnkpot #esm?é't U(%Cattn 'ﬁmﬁ 'iéfzo‘iogrgnﬁr? IInopr opyl
car boxyl i c thei KV TeccyshentSueb iagdditiasal dgemrt raaycior ddmlglsnejeetdwthmavfhmal priér Mar ch
2003 30 ~ , . . r R +
nal o hal 3 b e N ey B o tolaygRp S gy RepY ouPos s B €' 5 e
ester R a) this invention.

The compounds set forth herein may also be used as laboratory reagents. The

compounds of this invention may also be used to treat or prevent viral contamination

of materials and therefore reduce the risk of viral infection of laboratory or medical

10  personnel or patients who come in contact with such materials (e.g. biood, tissue,
surgical instruments and garments, laboratory instruments and garments, and blood
collection apparatuses and materials).

The compounds set forth herein may also be used as research reagents. The
compounds of this invention may also be used as positive control to validate
15  surrogate cell-based assays or in vitro or in vivo viral replication assays.

PROCESS

The compounds of the present invention were synthesized according to the process
as illustrated in scheme | (wherein CPG is a carboxyl protecting group and APG is
an amino protecting group):



PO2C COZP VId b) or R P*COOvlig OOP e) R P COOV h OCOHR O f) P*COO --..
NRWI R anti to ester P 5 a) Briefly, di-protected nal On‘?SH\ﬂar\éhQOG d

1, 2-di hal oal kane VI b or cyclic sulfate VMic (synthesized according to K

Bur gess and Chun-Yen KE (Synthesis, (1996), 14631467) are reacted under
basic conditions to give the diester VId, b) A regioselective hydrol ysis of
the I ess hindered ester is perforned tozéi ve the acid Vie. 10 ¢) This acid
Vie is subjected to a Curtius rearrangenent to give a racem c m xture of

1- am nocycl opropyl carboxylic acid degq/l_zéhkéﬁs VIf with R being syn to the
car boxyl group. A specific enbodi nent is synthesis is presented in
Exanple 5. d, e) Alternatively, selective ester formation fromthe acid Vle

W th an apprgprial 6.8 Mch 2QP3ps1 hal-i—dér—(aP*C}\g%_g%_ﬁg_lwch%}_(P*C]—I) forms

diester Vig in which the P* ester is conpatible wt selective

hydrol ysis of the P ester. Hydrolysis of P est provides acid VIh. f) A
Curtius rearrangenent on Vlh gives a Mre of

lam nocycl opropyl carboxylic acid deri¥atives VIi with R group being anti
to the 5 carboxyl RpRIup.or B pecida-k3 enboditment, for this synthesis is
presented in Exanple 10. An alternative synthesig.fQr LRe oreparation of
derivatives VIf (when R is vinyl, syn to the carBoxyI r6u°) I'S descri bed
bel ow. SCHEME VII Ph ~ halo a Ph N"W"'~"~\ Ph 02 ~N CO2P VIl Db
Ph Mlc Vila vinyl syn to the ester BT, 4 HC ~ H2ZN CO2P V I 1d vinyl syn
to the ester 10 Treatnent of commrercially available imne Vila with

1, 4- di hal obut ene VAPE&PR-R2-Bt-esfB@ of a basg produces, after hydrol ysis of
the resulting imne Vilc, VI|ld having Tthe altyr substituent syn to the
carboxyl group This process is present edPiPsExafpPESPHPIPE-PREVSI RGP on of

all of the above enantioneric mxtures at carbon 1 (M e and VIId) can be
carried out via: °
+ APG-P6

APG-P6-P5-P4-P3-P2-P1-(w or CPG) .

—————>  B-P6-P5-P4-P3-P2-P1-W

Formula |

Briefly, the P1, P2, P3, P4, and optionally P5 and P6 can be linked by well known
peptide coupling techniques. The P1, P2, P3, P4, and P5 and P6 groups may be

5 linked together in any order as iong as the final compound corresponds to peptides
of formula 1. For example, P6 can be linked to P5 to give P5-P6 that is linked to P4-
P3-P2-P1 ; or P6 linked to P5-P4-P3-P2 then linked to an appropriately C-terminal
protected P1.

Generally, peptides are elongated by deprotecting the a-amino group of the N-

10 terminal residue and coupling the unprotected carboxyl group of the next suitably N-
protected amino acid through a peptide linkage using the methods described. This
deprotection and coupling procedure is repeated until the desired sequence is
obtained. This coupling can be performed with the constituent amino acids in
stepwise fashion, as depicted in Scheme |, or by condensation of fragments (two or

15  several amino acids), or combination of both processes, or by solid phase peptide
synthesis according to the method originally described in Metrifield, J. Am. Chem.
Soc. (1963), 85, 2149-2154, the disclosure of which is hereby incorporated by
reference.

Coupling between two amino acids, an amino acid and a peptide, or two peptide



1) enzymatic separation (Exanples 9 and 13); 2) crystallization with a
chiral acid (Exanple 14); or 3) chem cal derivatization (ExagaligcRr00%0
Fol |l owi ng resol ution, determ nation of the absolute stereochem stry can be
carried out as presented in Exanple 7. Resolution and stereochem stry
determ nation can be carried out in the same manner for the enantioneric
m xtures at carbon 1 wherein the substitygent at C2 is anti to the carboxyl
group (Mi). 25 Accordingly) the invention further conprises a process for

the preparatjon of a 6 Maxch 2003 32 peptide anal og of fornmula (I
wher o1 e el G b rTR G TS RIS IRah G ias BracpHES SUFEY eidne
conpri tS! ng tiﬂ@th&d,&ﬁixéé carboniplcam@xyicreRf artgdaed gsshat)i thiomtdriatd) ntivod,
consisting oOf.

APG:. P8~ P5- P4- P3- P2; . APG- P5- P4- P3- P2; . APG- P4- P3- P2;

APG P3-P2; & b%ﬁ@%@'%‘&ﬁ‘%Wﬁéa’q@?"mﬁ?e?"ﬁeaf%@a@PdF'B%dﬁu‘P’d’?’a‘%ﬁ@%G H2N O
R, R or S O é&adiididR nfRtodDabiRe dstt (phitfaphbeyl ebter, Rhid@okysubcinit kiidoor C2. 6
al kenyl optionally, substituted with, hal n, CPG i.s.a carboxyl protecting
group an AF?ft?ri "é‘f‘%nﬂ%%’?[ﬁf’&é@?’ﬂéé? @Fﬁ%ﬁ; é%{H%f‘Y#S%'"%@azﬁ 'Q?é%g's def i ned
above. 10 Fipradsplorus heagientsan biidation-eductiomomeéethods.t Beme ethebe aethorser nedi at e
of formila: égpcg}da%?%eHga'\rlo%ii%?deng{hog) c%n%é:epr%aq%yd Qy 1adg‘mg 1-

hydroxybenzotriazole. These coupling reactions can be performed in either solution

(liquid phase) or solid phase.

10 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,
"Peptide Chemistry", 2nd rev ed., Springer-Verlag, Berlin, Germany, (1993).

15 Examples of suitable coupling agents are N,N-dicyclohexylcarbodiimide, 1-
hydroxybenzotriazole in the presence of N,N-dicyclohexylcarbodiimide or N-ethyl-N*-
[(3-dimethylamino)propyljcarbodiimide. A very practical and useful coupling agent is
the commercially available (benzotriazol-1-yloxy)tris-(dimethylamino)phosphonium
hexafluorophosphate, either by itself or in the presence of 1-hydroxybenzotriazole.

20  Another very practical and useful coupling agent is commercially available 2-(1H-
benzotriazol-1-yl)-N, N, N', N-tetramethyluronium tetrafluoroborate. Still another very
practical and useful coupling agent is commercially available O-(7-azabenzotriazol-
1-yl)-N,N,N’,N*-tetramethyluronium hexafiuorophosphate.

The coupling reaction is conducted in an inert solvent, e.g. dichloromethane,

25  acetonitrile or dimethylformamide. An excess of a tertiary amine, e.g.
diisopropylethylamine, N-methylmorpholine or N-methylpyrrolidine, is added to
maintain the reaction mixture at a pH of about 8. The reaction temperature usually
ranges between 0°C and 50°C and the reaction time usually ranges between 15 min
and 24 h.

30  When a solid phase synthetic approach is employed, the C-terminal carboxylic acid
is attached to an insoluble carrier (usually polystyrene). These insoluble carriers
contain a group that will react with the carboxylic group to form a bond that is stable
to the elongation conditions but readily cleaved later. Examples of which are: chloro-
or bromomethy! resin, hydroxymethyl resin, and aminomethyl resin. Many of these



O CPG H2N or O wherein R~ is C-_6 alkyl or C2.6 al kenyl optionally
substituted with hal ogen, for the preparation of a conmpound (BfoaR:(ﬂ}rE(')W | as
defi ned above. EXAMPLES 15 20 The present invention is illustrate

further detail by the following non-limting exanples. Tenperatures are
given in degrees Cel sius. Solution percentages express a weight to volune
rel ati onship, and solution ratios expreg2d a volune to volune rel ati onship)
unl ess stated otherw se. Nucl ear nmagnetic resonance (NVR) spectra were
recorded on er are
reported |nré§"%%comﬁeq W v%ﬁ%ﬁégvﬂmtﬁﬁé%sd{e@e(ﬁ gg?ﬁma\ﬁagﬂg'n§%°rc{%§(a§%t on
silica gel (rSogRyratadcditerinatiyvelyotHetarhinosacid mrbezlhcmpaltatgyhapﬂny sbic$uppgae (W C.
Still et al

t he exanpl esylk'r]}8Y”93gé t@%%’%ﬁ 'E'QoAﬁt%'%?# géu o@@%q#?%ﬁ%f%%ﬁ i2803

33 ( Me3COC( GhppalSR.C.56vlidyghase peptidd syntias;s; @mmsxcm approach” IRL Press:

1 5 i ardbi O] Soolol Rt b UERRR G BRUBRE Sl ORI crRbupe .

di et hyl azodisgrthbgis preadascriiidiD.Stelvars epd dpym@z'smmbammmmm SymhPEs, 2"

di i sopropyl gih a

1, 3-dicycl O%BX&%Q% %ﬁafn?ﬁ%e EB{%@BWHIZWSB%X{&%XW@%%&“ lﬁ{ﬁﬂfnend, Eds.,

di met hyl f or (fBimg Béptldbmallﬁl%b'h@nbsal Biokigde VOD'ITTQ 3i5% BhdBhAeideoiic Bress,
threo-1, 4-di t t zi de; EDTA
et hyl enedi ar’r\{%gg’?r QgégﬁPgﬂégp& SE& ot QP% ﬁﬂ%@g %gﬁglrg%ﬁ et hyl
acet at e;10Et ZpringereYeriag, Newefork HABY), "ﬂ@l$C|9§la'B§ﬁtwhlph aze)merebmn):ormpmt@i 3 10
t et r amet hyl %54 }I\ggcgexafl uor ophosphat eJ; HPLC. hi gh performance liquid

chr omat ogr ap mass spectronetry (MALDI - TOF: Matrix Assisted Laser

Di sorption h‘ﬁ@'f&ﬁéti'oﬁé‘l gdeB% mhe%drﬁhfuen%}ﬁmo%ﬂs g%efanmgawaﬁm&ed LAH:

l'ithium al um num hydri'd
(2- (N-nor ph@w'n@}'@tm%meﬁ@tmné tcaemsi fornstinmof uadasiradbonds. The protecting

bis(trinet h)glr&lds)/th&tadih% usBWMe ﬁ%té@fn"dllééﬁé p*P%tb&ﬁ/e dr'éuN,VP Or amc

N- net hyl pyrrol idine; Succ; 3-car boxypropano
4ni t ropHényl%‘?ﬁ}%rJ%"er‘Wogépm ew \‘B’Aﬁw@@ta}“& Fﬁt‘%ﬁﬁﬁ%ﬁhﬁﬂ?'l{ﬁﬁ fluori de;
TBTU: 2(1 Hgyatheels! B vevbr gl Acédelmap?eésewrew%rhw 9819 hélHisclosures of

tetrafl uor ob L tris et hyl ) phosphi ne hydrochl ori de; TFA:
trifluoroacd %r&'}?%%f’ﬁf‘—cmﬁ% teg ﬁ*)’ ®NC%n; TIS: triisopropylsilane; TLC

thin | t I\/BE 20 t Tris/HC :

L1 by TRl IR b b b G bfoudiads cxmvee 1
A Sylnt BFSi g(opdwlmmaﬁbbwea%?wgm theecaldoylic Atidr P(oléﬁtmg@drupsqwmd hcb'ealt Iy
avail a ui,nol i pe.c iC ed nea
Ehronyl Dni SEEHERI A atkr Baréra i 2 T Gyt fpeide ustVR add BRFwE SERIcy
before the @&tmssucbmas)mﬁzyldﬂdwubdmﬁmamggt ot 8)asbtar that vaebe cleevabioly 15 )

r r t wn ol 1 was

bt o was. ndulebpoRagyetay RSN regle % BREERFRRY 4 il 5.
resi due was gsgarsi ti oned 30 bet ween Et OAc and sat urated agueous NaHCO03, and

t he organi c phase dried 6 March 2003 34
The a-amino group of each amino acid to be coupled to the growing peptide chain

25 must be protected (APG). Any protecting group known in the art can be used.
Examples of such groups include: 1) acyl groups such as formyl, trifluoroacetyl,
phthalyl, and p-toluenesulfonyl; 2) aromatic carbamate groups such as
benzyloxycarbonyl (Cbz or Z) and substituted benzyloxycarbonyls, and 9-
fluorenylmethyloxycarbonyi (Fmoc); 3) aliphatic carbamate groups such as tert-

30  butyloxycarbonyl (Boc), ethoxycarbonyl, diisopropyimethoxycarbonyl, and
allyloxycarbonyl, 4) cyclic alkyl carbamate groups such as cyclopentyloxycarbonyt
and adamantyloxycarbonyl; 5) alkyl groups such as triphenylmethyl and benzyl; 6)
trialkylsilyl such as trimethylsilyl; and 7) thiol containing groups such as

phenylthiocarbonyl and dithiasuccinoyl. The preferred a-amino protecting group is



(MgS04), filtered and concentrated to give a browish oil (2.8 g). This
material (ca. 14.4 mmol) was added dropw se over 35 mn to a d#tEhdh®008 9.
20.2 mmol )| Et zO suspensi on which was cooled to -60C. The reaction m xture
was slowy warnmed to -35C over 1.5 h before the reaction was conpl ete. The
reacti on was quenched with 5 MgS04. 10H20 slowy over 30 m n and then wet
THF. The m xture was partitioned betweeggEt20 and 10% aqueous NaHC03. The
organi ¢ phase was dried (MyS04), filtered and concentrated to give a
yellowi sh solid (2.31 g, 80% over 2 steps) corresponding to the al cohol.
The al cohol eiter$og or fmogq Mﬁi’dlajm%§0'6|d§§%ﬁt\yeaSﬁ“Fﬁbg(dmeFBF’ feragride  30%

sol ution fromitdsl aebonnétcafphnflage. 70C for 2.5 h. The 10 m xture was
concentrated ~n vacuo to dryness, partitioned between Et OAc {100 ni) and
sat urat ed awg%%l%%@é"ctm@fd?&@p mhélge\wy'a%ge& m%md tsldugti€eARE prior
concentrated to give the desire oun as a brownish solid (2.54 g,
1009 . EXANFq_EePO@'@)@erNé%n@d@fm@%ﬂgnWheﬂ e BP© AKpyRiihesednthemayodsiof 15 ~H
(1 B) Cogmergiigd b tﬁmrb&%@a@ﬁdhb{émlaemarh%ﬁwﬁ\egér Q8 @dm%ane’-orrmml) was
heated at 85C (seal ed_tube) in 75 of 30% NH40 2 hours. The solid
for med upon SBWLAGERIC WA Ee reutis adnraenium Salt ifdban nAUlkized ety pioreies. The
sol uti on wago@ihga¢ tregrmfh%std dBRfioNs gncm%oulf&affwsgmbﬁah%ﬁﬁe% .wer e
conbi ned, dried over MyS04) filtered 20 and concentrated ye

resi due was dichipErmetharmer ¥GiAPRIEP simethyfamagide. \élha@m?g“wwom @Ac hexane

(3:7), to giyey, tnkbere@géﬁ@%p@mé@gre%é#@.r@%r%u\s@ma@diﬁaéname1n 60 g, 31 %
yield. This am de | ) was refluxed using a Dean-Stark

appar at 48 mﬂtnpﬁt%)ﬁﬁormﬁr@'d@m@wseiorsi@wmﬁ CRAPedtser ﬁ@ﬂéﬁpf@mt‘?ﬁjs 0.08
nmmol ) in tolygps oﬁtl& %hp%?atu@fbéﬁeého f‘h@nosr%'ontt'e%e%ére‘}ﬂ‘ﬂ?%@&éll?b@d to
afford a brown oil that was m xed w th pol yphosphoric acid (2 g) and heated
at 135C for 28%-ni n. The reaction mxture was poured into water and adj ust ed
to pH 8 with 5 M NaOH. The aqueous susRenS| on was extracted tw c

ethyl acet a8y ofiie BBHGAAFES P%‘{/@Q gldgepainduimicnalies fishBg Pwtﬁ%edoﬁiqf'ﬁg thE‘dr i ed

over MySQu, pldpationds &mbema@aam ahpef th@%ob@aew@ehs@solfpbashofe()skmed in
chronatqgragnftrado silica ting with 3% MeOH in eth acet a

give 2 S GRrosiats e S ey 300 s ALAITERae BP\oibe BGUPSY, yi ol d.
' H NI\/R (DIVS@:eis)suﬁ dhainlfufetiondlitres deblénd Lipdh thebr&ﬁoﬁcﬂ%nﬁmreéénbﬁ of ofhet7 (d, J

7.68 (dd, J.= 8, 7 1 7.61-7.5 J 3 . (.35 (dd, J
8 7 Hz) H%Pq_ﬁctmg g%gypisgn the Q%Qt'd%'k‘éﬁwgéq% %fHFﬂBE‘ﬁ%&'g% gfﬁulrﬁ%bsr oXy- 2S phenyl
- ’7 met hoxqumannmthaﬁhe QrdipGnastinot e reendvi@dAturiNg the-ddpeatpetisinadmd/ | | + Ph

OEtI\/EONHZI\/Eq I?h”\/bOvPhHade
coupling of the a-amino group.

20  For example, when Boc is used as the a-amino protecting group, the following side
chain protecting group are suitable: p-toluenesulfonyl (tosyl) moieties can be used to
protect the amino side chain of amino acids such as Lys and Arg; acetamidomethyl,
benzyl (Bn), or t-butylsuifonyl moieties can be used to protect the sulfide containing
side chain of cysteine; benzyl (Bn) ethers can be used to protect the hydroxy

25  containing side chains of serine, threonine or hydroxyproline; and benzyl esters can
be used to protect the carboxy containing side chains of aspartic acid and glutamic
acid.

When Fmoc is chosen for the a-amine protection, usually tert-butyl based protecting

groups are acceptable. For instance, Boc can be used for lysine and arginine, tert-
30  butyl ether for serine, threonine and hydroxyproline, and tert-buty! ester for aspartic

acid and glutamic acid. Triphenylmethyl (Trityl) moiety can be used to protect the

sulfide containing side chain of cysteine.

When W is an amide (w), P1 is coupled to an appropriate amine prior to the coupling



/" N\~ Owe / C 1C 260-280C neat OH PCCI3 Q/ / MeO ~ ~N Ph a
4- hydr oxy- 2- phenyl -7-methoxyquinoline (e): A solution of etlgWiarch 2003
benzoyl acetate (b) (100.0 g, 0.52 nol), manisidine (a) (128.1 g, 1.04 nol)
and 4N HCl / dioxane (5,2 nL) in toluene (1.0 L) was refluxed for 6.25 h in
10 a Dean- Stark apparatus. The cool ed tol uene solution was successively
washed wi th aqueous 10% HCl (2 x 300 mi26 1 N NaOH (2 x 300 nl), H20 (300
m.) and brine (150 nmL). The tol uene phase was dried (MySQq), filtered and
concentrate d f ester c
d, pRdegch Qﬁ#ﬁ%ﬁﬁ? R/gl S 5 é@glclgj&Y%d%gipegsoéﬂg%Eﬂ%&(WB@ aft

and am de d (144.6 g, rown ol l. The crude
oil was hea Et OH. The
cool ed dar kt(gnf)éf @egﬁﬁ %\aﬁ?tqu% tréopétarhla% ﬂsr5c a(.)t st QLéfﬂh%gr&E tﬁ’\ggﬁ 5 Sfaéjr'el'he
suspensi on vemoved. t\Wherla sadd phase ametﬂsng U§@1 itie miﬁféldg eiauRserCl 2 to gl ve

a (22 6 9’ ;%n{wéog?%e%gmah@é g§d§%gégod?ymtﬁegw& 7@@@1&3)\9 ?rcﬁ:pgoﬂ\gse J = 9 0
6 94 (dd5 J procgdgresare wei knawrHp, thasezwltegi intheryt. 3. 87 (s 3H). 20

4- Chl or o- 2- phenyl - 7- met hoxy ’ﬂw nol i ne C): A suspension of a (8.31 g, 33.1
mol ) in Poc\z“ieer(@eolfﬁshaﬁaw Begieis ttsedrfeﬁlpemlqeuﬁ cieaped Fp@dhe &sinut i on

obt ai ned upQmhiRABLINY) with th ré%oénlo@nmerﬂras{eeﬁrﬂg YBEpE ONGRRAHABESprotébtibRr ch
2003 36 under reduced pressure. The residue was partitioned between 1 N

NaCH ( exot hdReHied istsRe mamSwa@%is-tt@aﬁmemtwaﬁh@nﬁvgm%h)‘ ORI ARAITES0 i) .
The organi ¢ sluéwsé dffsinhasgs! aidolt, RChrfskAO FblorédflabEiong el BididHel then vas

dried (MyS04), filtered and 'concentrated under reduced pressure to give 1 C
(8.60 g)1OQG%BtBO%@TQIGQQPQtWQPMﬁQthbe resiry NigRcle@wage-af $he Bemidegas. 30 (m
?H): 2852&( Sa)so%é’&ocoﬁ‘rgﬁ&gg%y olhét i dlrelégenté stidh a{ﬁrlﬁéorzné%%%uIMG ac?d/52 {d,
reaction vvas!"fﬁ@ﬁ@&f?%a@qguﬂ%uﬁﬁnﬁéh%ﬁﬂ\oﬁlpﬁﬁ9@'%mh%ls%i%iyﬂ“éINj e\mlr@h is
signi ficant Ipmdy egslstcf@atveamw%ém@a&chméérﬁ& Ime%tnév%te% ﬁc;, 4897, 40,

1794. 10 EXAI\/PL %nt esi s of Fﬂ ht hal en I met roline

(2): i ,~~ @&dfp elogvasifera the &6 nwsmﬂaﬁq'%n@f 35@0@@%“ proline
(5.00 g,1521.\/§r.m§)éad|wa§ sdtrpaohniesle) dtc.THF (100 nL) and cooled to O0C. Sodi um
hydri de (60% di spersion in oil, 1. 85 g, 15 45.4 mmol ) was added portionw se

over 10 m nigynthedisl of bepsit§ peosp Brankble, 5, PacandP3Mioleties 1 h. Then)
1- (br onmonet hyl ) napht hal ene (8.00 g, 36.2 mmol ) (prepared as described in

E. A D xon dagifférent éappinghrodgieBare h&@&ice)i toﬁﬁatecﬂ@c?%ﬂ@@r&r p6ve® @gded and the
m xt ure was heéed at refhuxfor 18 h. gﬁ? ﬁ%ﬁ Bﬁ&leﬁajnttafmte
(300 i) andSRALHERPTIR WIth &R ARerorrale %ﬁé{h Qf el?ifé' o ghigedeythat s eMPt h 10%
aqueous 20 Homneeriafyxavaisabie dr toMwiichthé Bysthégis isaesit iaddotn id e at.gani c | ayers
wer e conbi ned and washed with brine, dried (MJS04)) filtered and

concent rat edifidieat P& & PlRimoiies pry available lmpminteasibiycdrtberayralpesipisywe]i4doda: 2

hexane: et hyI cetate: acetic acid) to give the title conpound as a
col orl ess oﬂ”% 1 g) 56%yield). "H NWR (DVSO ds)

1.Synthesis of P2 moieties.

1.1 Synthesis of precursors:

A) Synthesis of haloaryimethane derivatives.

25  The preparation of halomethyl-8-quinoline lld was done according to the procedure
of K.N. Campbell et al., J. Amer. Chem. Soc., (1946), 68, 1844,



i ndi cated the presence of two rotaners: 8 805 (m 1 H), 7.949 (m 1 H),
7.29 (d, J=14 25 Hz, 1 H), 7.55-7.45 (m 4H), 4.96 (m 2H), 4 Mérchh003s, 1
H, 4.12 (dd, J=J=8 Hz, 1 H), 3.54-3.42 (m 2H), 2.45-2.34 (m 1 H,
2.07-1.98 (m 1 H 1.36 (s, (319) 9H), 1.34 (s, (6/9) 9H). 6 March 2003
37 EXAVPLE 3 Synt hesis of Boc-4(R(8-quinoline-nethoxy) proline (3): "J ON
~'01~-N O O OH (3) Boc-4(f~-hydroxyproliye (i .96 g, 8.5 mmmol) in anhydrous
THF (20 nL) was added to 5 a suspension of NaH (1.4 g, 60%in oil, 34 nmol)
in THF (100 mL). This mxture was stirred 30 m n before

br onomet hyl - 8- qui nol i ne from Exanpl S8GHBMEAI 54 g, 11.44 mol) was added in
THF (30 nL). The reaction m xture was heated at 70C (5 h) before the excess
NaH was destrg ed careful ly wi aet THF. The tion was conge ated in
vacuo and th ‘ ) The
basi ¢ aqueou : L EUN h 16%agqueoys gCl to pH
--5 before bejng extracted with) Et OAc (150 nk).( The organic phdse was dried
(MyS04), filQe¥ and concent®@athap t o give a br&bh oil. Purificdden by

fl ash chromat ogaphy (el uent: 10f% MeOHI CHC 3) ga\(lﬁ_the desired cgmound as
a pale yellow sol i d (2.73 g, 86% . HPLC (97.5% NVR (DMSO-ds) shows

%4° 14 ana 51 ElRBing hefb B e s ohdefegio fud Hiresfordng §'°§§°'I'§ 51 (d

= 7.94 Hzby ﬂedbbt;onbf e ﬂéaiges;)onvdlr?g acyHhalide 1B Wittva @uﬁmﬁzag(em sdbhl)a)s .14 (2 x

3
m 2 ’H)5,4 St WI!”I‘II‘.‘ il ISIf4TI éyitefof eoghi 'I—IIZW'"IS”‘%%S’RII"I’” \PLE 4i 20 2T

Prepar at i onhyﬂrot&dmac(t(ﬁee(tﬁe@bbmdjmm deiivatiee idoRcppcitit embodim@nt ofdhisl w N. 0
~d>NOO O—Ié % I\/ﬁéﬁ2r9101312$ Commerci al ly avail abl e

Boc-4(S) - hyBIQS W BI9SHE' R W Bt (500 ng, 2.04 mmol) and

7-chl 4- 45 I I d d THF (10
iy ar oc. BY PSR bBe onet RaTves 5”05 mb ) “was' added, fol | owed by

I ddi ti | , t RT
s Ny R TR R

acet at elandalekt Medt €bemh(t397),i402379-180MICI 1 N. The aqueous phase was
basified with Na2C03 and extracted twice with ethyl acetate. The organic

| ayers were conbined, dried over MySEHEKE Hler ed and concentrated to give a
yellow oil. The oil was purified by flash chromatography to gi ve conpound
4A methyl ester as a white solid, 498 _ng, 58% 10 yield. This nethyl ester
(400 ny, 0.986 mmol) was hydrol yzeh 1 M aqueous sodi um hydroxide (1.7
m., 1.7 mmol) in nmethanol (4 n), af0Q Rggr 3 h. The solution was
concentrated to renove the netf aTd neutgalized with 1 M aqueous HCl .
The suspension was concentrated to dfjjness anek l en up.in nethanol (20

m.), the R, lia

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

Benzoylacetamide (llla) was condensed with the appropriate aniline (llib) and the
15 imine obtained was cyclized with polyphosphoric acid to give the corresponding 2-
phenyl-4-hydroxyquinoline (}ic). A specific embodiment of this process is presented

in Example 1B and 1C.

1.2. Synthesis of P2:

A) The synthesis of 4-substituted proline (wherein R? is attached to the ring via a
20 carbon atom) (with the stereochemistry as shown):



15 salts were filtered off and the filtrate concentrated to give the
desired conpound 4A as a white solid, 387 ng, quant. yield. '6Hd¥R2003
{DMBO-ds) (ca. 1:1 mxture of rotaners) 8 8.74 (d, J =5 Hz, 1 H),
8.13-8.09 (rn, 1 H, 7.99 and 7.98 (s, 1 H, 7.58 (d, J =9 Hz, 1 H), 7.02
(d, J =5 Hz, 1 H, 5265.20 (mM 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), 20 2281-2.31 (m 2 H), 1.34 and 1.31 (s,
9H). EXAMPLE 4B Synt hesi s of Boc-4(R)-(2-phenyl-7-methoxyqui nol i ne-4-0x0)
proline (4B): MO ~ N~i O~O-N/~ O OH (4B

1-[ (1, 1- D et hyl et hoxy) car bonyl ] - 4(R) - = oxy- 2- phenyl - 4- qui nol i nyl ) oxy
]-Lproline (4B): 25 Pot assi umtert but xide (8.16 g, 72.7 mmol) was added
in small portions) over 15 nin, % on of comrercially avail able
4-(S)- hydroxyproline (6.73 g) 29. 1 fmol) 6 Maxch 2003 39 5 10 in DWVSO (83
m.) maintained at 25C. The mi xture was s€PPHed at 25C for 1.5 h.

Chl or o- 2- phenyl - 7- met hoxyquinoline 1 C (8.61 g, 32.0 mml) was added in 4
portions over 15isgione & showen in@atte’rleraocbtding to'lthepr-eduieerdeatndedtbwvvas

stirred at 25C f T e (650
m.) and the mxt%%%uqa?ra%tal Ql%tr%ﬁéb' Eg,ggy(a_g é‘éﬁ@e@%n@%‘fg‘) é(;%gess

chf or oqui nol i ne (TEtraredrombett. at1084Y, 86n205320%5) nmor e effl cient). The aqueous

| ayer was acidified with aqueous 1 N HCl (38 nL of calculated 1.5 equiv.
requireds 43.6 nmL) to pH 4 - 5. TheSgHgmedWl i d that precipitated was
recovered by filtration. The noist solid was dried under reduced pressure
over P205 to give theoprollne derlvM:?ve 4B (12.6 g, 91 %; contains 2. 3%
w w of DMSO as a bei d: "HN ds) S(21m ol' rotaners)
8.27 (d, J = 7.0 Hz, )8.00 98 (24, -9.2 H) ,
7.48-7.56 (m 3H), o . . BodT, 39 (a _—>J 2 305%:; . 7.17
(dd, J = 9.2, 2.5 Hz, 53 5.59 (m , 4.34-4.41 ( 3.93
(s, 3H), 3.76 (broad s, '52 63-2. 73 CE’T . 2.32-2.43 m)wq’fkb . 1. 36)
1.33 (2s, 9H). 15 Pi BU 'BI NG BLOCKS EXAI\/Fl’KtE 5 Synthesis of o ture of (i R
2R)1 (1S, 2R) 1-am no- 2-ethyl cycl opropyl ,carboxylic acid But02C*C02t Bu 5a +
Br~ Br 5b o) Et3N, DPPA be~~er-~e then. Bt d~ ~r,str,~lsilyletr,end, B0 N
CQZt Bu Me3Si ~ H 20 a) 50% aq. Na BnEt 3NCl d) 1.0 M TBA= TFE to refl ux

But 02C C02t Bu 5c¢ —_— Boc/ e BOC/N

COOBn COOH
vd Ve

Briefly, Boc-pyroglutamic acid is protected as a benzyl ester. Treatment with
a strong base such as lithium diisopropylamide followed by addition of an
alkylating agent (Br-R?® or I-R®) gives the desired compounds IVe after

10 reduction of the amide and deprotection of the ester.

B) The synthesis of O-aralkylated 4-(R)-hydroxyproline:

O_RZO

N
Boc” ;

COOH

When R% is aryl, Het, aralkyl, or (lower alkyl)-Het, the process can be carried out
according to the procedure described by E.M. Smith et al. (J. Med. Chem. (1988),

15 31, 875-885). Briefly, commercially available Boc-4 (R)-hydroxyproline is treated with
a base such as sodium hydride or K-BuO and the resulting alkoxide reacted with an
halo-R*® (Br-R?, I-R?, etc..) to give the desired compounds. Specific embodiments
of this process are presented in Examples 2, 3 and 4B.



H2N CO2t Bu 5f ethyl syn to ester mxture (RR)/(SR) a) To a suspension of
benzyl tri et hyl ammoni um chloride (21.0 g, 92.19 mmol) in a 50% REreows3NaOH
solution (92.4 g in 185 nL H20) were successively added ditert

butyl mal onate (20.0 g) 92.47 mmol) and 1, 2-di bromobutane (30.0 g) 138.93
mol ). The reaction m xture was vigorously stirred overnight at RT, a

m xture of ice 25 and water was then ad2®d. The crude product was extracted
with CH2CI 2 (3x) and 6 March 2003 40 sequentially washed with water (3x)

The resi dueChRuC PR vhHRE, KBRASELEF i Eiodinch oo EbSheTbhai s 10 ¢

afford t he Witsumabo regatioo Magpenobu €38 1y aByniteests; Jad@ary, 1528; Rand ermnI(JQQE&%

120" 1. 50 thel SR b sy &1 Thopgh (6. 5y aBlpabedfyéer, 7

suspensi on &ichpertea sk (U984) ¥dt bueto 6@F), (457 03U 7G6). SBrielly, wnmhercmjmamjamm n dry

et her (100 fter

i ndi est or PB4 RS G OB BRI Al Reabr ot S ofiBbraid oy Boe o e

sus pensi on thidt én thegeedenne of xipereyipk@spine ranédledeﬁmdghtboaylamDEABéanq)our ed
in a mxtur h | ueous

| ayer was ag}egg?ulﬁrﬁ; @Q?rﬁéﬂy%&/? < qu??@l’ac crd "]%top ﬁ)er? 8 }]6'(8-[ gxtract ed
with AcOEt p@epnteTlieExampledédd organic | ayer was successi veI y vvashed W th
wat er (2x) and brine. After the usual treatnment (Na2S04, filtration,
concentration), the desired acid 5d SeHEM®Nated as a pale yellow oil
(1.86g, 8.68 mvl) 64%yield). "H NVR (CDC13) 8 2.09-2.01 (m 1 H), 1.98
(dd, J=15 3.8, 9.2 Hz, 1 H, 1.81- 1.70 (m 1 H), 66 (dd, J= 3.0, J= 8.2
Hz, 1 H) 1.63-1.56 (m 1 H), 1.51 (s, 9H), 1.0 (;/)‘7.3 Hz, 3H). ¢) To
the acid 5d (2.017 g, 9qgHl4d Mol ) in dry benzeng-{3%_n¥) were successively
added Et3N (1.50 niL, 10.4/6 nmmol, 1.14 eq.) and BPPA (2.20 ni, 10.21 mmol,
1.08 eq.). The reactiop/xj xt ur e_wA&sOHef) uxed f 3.5 hythgn.s
2-trinmethylsilylethan .70 20 nfor 18.84 .0 eq.) waS added. The
reflux was maintai ned. ht t AERHE he reey;t’i' mixture was diluted with
Et 20 and successivel y was Icvacid solution, water,
sat urat ed agueous NaHCO3,powater (2x) and brine. Abter the usual treatnent
(MgS04, filtration, concentration) the residue was purified by flash

chr omat ography (5 cm 10 cOEt - hexane) to affoyg the desired 25 carbamate
5e (2.6 g, 7.88 mmol, oyield) as a pale yellow oil. M5 (FAB) 330 (MH);

(s U Offehalighy @ﬁmn%blf%%cf%a?«ggﬁp%% oot gt Byl 145
cgz1 8arrEt e05é' he Bsareﬂﬂa)loom.am Mn@élﬁgﬁ/swznmaledr (adiat@gmcmm@b) iﬂwmeidnoTl\HﬂF
{BAE wos 30%’4‘9%?%%%%5@%%?8?{’%}’@ el a@gﬁa‘?aqifh’ 33 afRBRAELr fioid O M.
stirred ovemlnd ghprogtiaiRTyagestd anecaddeds Ager intybatiod, eav@rre@lmmuedipwduﬁ Ac OFt .

The sol yti om%%,‘%g@%ﬁ%ﬁ%aeénﬁ éf@a%@@‘?r ﬁﬂhlé aher (2x) and brine. After the

usual treat iI'I'tration concentration) the desired am ne 5f

was isolated ( 84 %uk%ﬁé%n%auréét &P, YA8419)Synth. Comm. 11, 513; Sato et al.,
(1989), Chem. Lett., 1405; Watanabe et al., (1992), Synlett., 207; Takayuki et
al., (1993), J. Org. Chem. 58, 2201; Frenette et al., (1994), Tet. Lett. 35(49),
9177-9180; Guiles et al., (1996), J. Org. Chem. 61, 5169-5171) can also be
20 used to further functionalize the aryl substituent.

ni

2. Synthesis of P1 moieties (2-substituted 1-aminocyclopropyl carboxylic acid)

The synthesis was done according to scheme VI.



6 March 2003 41 as a pale yellow liquid. "H NVR (CDC13) b 1.96 (bs) 2H),
1.60-1.40 (m 2H), 1.47 (s, 9H), 1 (31-1.20 (m 1 H), 1.14 (ddMartE200%, 7.3
Hz, 1 H, 1.02 (dd, J=4.1, 9.2 Hz) 1 H), 0.94 (t, J= 7.3 Hz, 3H). EXAMPLE
6 5 Chem cal resolution of t butyl-(1R 2R I(iS, 2R

1- am no- 2- et hyl cycl opropyl carboxylate (from Exanple 5): 0 Boc- N Boc~N
/ISAOH ~.~ ~p +~05e ON~ Onixturdlof HO O (RR/(S, R 6a 6b .

| somers separated by colum chronat ography. RR |Isoner SR | sonmer Conpound 5e
from Exanple 5 (8.50 g, 25.86 nmol) {éﬁgmrted with 1 M TBAF/ THF (26 nl)
at reflux for 45 mn. The cool ed re% ture was diluted 10 with

Et OAc, washed with water (3x) and brine (1 x), then, dried (MyS04),

filtered and , evaporated to provui& fee amne as a light yellow oil.
The free am ne was di ssolved in an ro CH2C12 (120 mL) , NWM (8.5 niL ,
77.57 mmol)) conpound 2 (Exanple 2) (16168 g, 27.15 mmol) angl HATU (11.79 ¢

, 31.03 mmpl) were ,a;glgeﬂ\gélscesm vel yVibThe reachi on m xt was stirred at
RT overni ght, then wor ked up as 1 5ordescr| bEd'jTr‘EV‘I’ousl The crude
di astereoneric m xture yas separ at ed ‘ash chromat B@Papt?;?zp(el uent -

hexane : Et20 ; 25 : 75) to provideQthg dipeptide 6a (theggdl ess polar
eluting spot) as a white foam (4.42=9 64% of the theoretical yield) and
6b (the nore polar eluting spot) as %’1 ivory foam (4 g., 57% of theoretical
yield). At this tinme both isonmers were separated but the absol ute
stereochem stry was still not 20 known. EXAMPLE 7 Determ nation of the
absol ute stereochem stry of-wmgum&aa_ﬁnd b by rrelation with known
t-butyl (1 R-am no-2R-ethyllcycl opropyt car poxyl ate 6 Maxch 2003 NH R
...,~R O~ ---7a published g¢onpou 8oc- N ROHO7¢c :ROHC . Hz O
7b Ooc-NO'O
HO,C” CO,P

Vie
R, is "syn" to the ester

c) d)
/ or \
R 1

3 X
RO)\\u CO.P

2 P*COO COOP
Vig

R1

R' A 7’40

R! synto ester J e)

— | P*COO N

P*COO  COOH i OR
Vih R' antito ester P*

5  a) Briefly, di-protected malonate Vla and 1,2-dihaloalkane VIb or cyclic sulfate Vic
(synthesized according to K. Burgess and Chun-Yen KE (Synthesis, (1996), 1463-
1467) are reacted under basic conditions to give the diester Vid.

b) A regioselective hydrolysis of the less hindered ester is performed to give the acid
Vie.

10 c) This acid Vle is subjected to a Curtius rearrangement to give a racemic mixture of
1-aminocyclopropylcarboxylic acid derivatives VIf with R' being syn to the carboxyl
group. A specific embodiment for this synthesis is presented in Example 5.

d, e) Alternatively, selective ester formation from the acid Vle with an appropriate



6a Direct conparison by TIC) HPLC and NVMR 10 IS Prof . A Charette , from
the University of Montreal , provided conmpound 7a havi ng the gagRhWoe3
stereochem stry as shown, which was determ ned by X-ray crystall ography (J.
Am Chem Soc., 1995, 117, 12721 ) . Conpound 7a {13.2 ng , 0. Q46 mml) was
dissolved in 1 MHCI I EtOAc (240 pL) and stirred approxi mately 48 hours. The
m xture was evaporated to dryness to prdvide conpound 7b as a |ight yellow
paste and was coupled to conpound 2 {18 ng , 0.049 nmol) as described in

oo iR G ot &Rt Bt St PRBRVIE R I B Bstbr BRpmpRIPR el Lent
- hexane Et ¥@h thebdkl&dlivg hydrolpsiowt the P bsteeliHyepdlysikeof Reesisr mavioed aqidVih. ng ; 31

%9 . By TLC) HPLC and NMR conparison , dipeptide 7c) was found to be
i dentical t¢ AlGuriwssapaigemenoop¥indives aochteminedxture dlanpl e 6, thus

i dentifyi th | ut ter .St ) iR 2R). LE 8
:Dr 2Balr a%/: (r)]gawn%(ai'g{sgrﬁgéﬂ%r%@?’ng%ﬁg%QE}SS%[%%VH&@-%S%{}‘:’&@P%BP %ar boxylic
acid (8ay: caBoxgfdipt Buspdeibiembddimtert 2orlthiEFsntoesid is mrgseriedOn,Exahible( Boc) 20 O

CO2H 8a 61Barch 2003 43 The carbamate 5e fromexanmple 5 (2.6 g, 7.88
mmol ) was stifrred for 40 min in TFA at 0OC. The m xture was then

concentrateq and di.luted with THE (10 nl).. An 5 agueou ©H solution (700
mo 17 5 mdn g gl gne prtoatatirl ot BBV R AR B g

sol uti on of tHcBeeha drdudbs gescdibddbarml., 1.2 eq.). The reaction m xture was
stirred overnight at RT (the pH was nmaintained at 8 by adding a 10 agueous
NaCH sol uti on when needed)) then dilgggemeiyh H20, washed with Et20 (3X)

and acidified at OCwith a 10 % aqg. citric acid solution. The aqueous | ayer
was extracted with Et OAc (3X) and successively washed with H2Q (2X) and

brine. After 10 tH® usual treaw,ﬁgg, filtrati orphamnt ration)
t he desired Boc: Cngéﬁrﬁaho aci d"(8a) —t788—yg; 8. 44 44 % yi el d)
vvasisolated.'l—(J VR ( 8 5.18 (bs, 1 H), 1.64-1. éﬁdf 1.55-1.42

(m 2H), 1.45 (s, 9Hjua 1.32-1.25¥n 1 H), 0.99 (t, 3H, vidhsyid eki) .
Preparation of (iR 2R~(1S, 2R); ' - et hyl cycl opropyl car boxylic

acid nethyl ester (8b): 15 O "X+ CH2 O b,cH £02H Et 20 O _H CO2Me O
C 8a 8b The Boc derivative 8a (0.30 g,X1.31 I s dissolved in Et20 (10
m.) and treated with freshly prépartgtd dcazo ane in Et20 at OC until the

yel low color of a slight excess|of,digdorBLibane remained. After stirring
for 20 qpn at RT the reaction

Treatment of commercially available imine Vlla with 1,4-dihalobutene Viib in
presence of a base produces, after hydrolysis of the resulting imine Vlic, Vild having
the allyl substituent syn to the carboxyl group This process is presented in Example
1.

15  Resolution of all of the above enantiomeric mixtures at carbon 1 (Vie and VIid) can
be carried out via:
1) enzymatic separation (Examples 9 and 13);
2) crystallization with a chiral acid (Example 14); or
3) chemical derivatization (Example 6).

20  Following resolution, determination of the absolute stereochemistry can be carried
out as presented in Example 7.

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).

25  Accordingly, the invention further comprises a process for the preparation of a



20 m xture was concentrated to dryness to give 8b as a clear colorless oil
(0.32 g, 100%."'H NWR (CDC13) 8 5.1 (bs, 1 H, 3.71 (s, 3H), ¢v@h20b7 (M
2H), 1.55 (s, 9H), 1.53-1.43 (m 1 H), 1.28-1.21 (m 2H), 0.95 (t, J =7.3
Hz, 3H). EXAVMPLE 9 Enzymatic resolution of methyl (1R 2R~(iS, 2R

Boc- 1-am no-2 et hyl cycl opropyi carboxyl at e: 6 March 2003 44 H p NaOH 8b
m xture of (S, RI(R RJ O\ a) Al cal as®2 ~O-N Ove ~O-N'. OH + O-N Ove H O H
O9a (SSR 9¢ (R R b) CHZN2 O~ N~ Owe 9b ((S,F~" iAnalysis by HPLC using
Chiral cel Chygide @hbiog o;j 'f'on?isjfée(y vAr&h $ 134 8 QUBSRARA aﬂhirﬁ)cg@&aro |cafbxyiie

enantiomeric m xture of ( R I (iR 2R) 1-Boc-am no-2-ethyl carboxylic

aci d met hyl 3@d {&sidug; CeBIFNGINE StP &1 g) 1.27 nmol ) was di ssol ved in acet one
(3 nm) and then diluted with water (7 nL) while bej rapidly sgtirred. The
pH of the sBMAINDA Rﬁﬁ%deaﬁﬁ'%?‘éﬁo’ﬂqdhéiQ?URACPHS@F@Q?A%%%@&?ES'%Q@?'%T ore

Al cal ase [ 2apbG-Fecbaad phrApG Navps-Nor Apskrd-pausidrArd $; (300 ng) was added.
During incubation pH was stabilized with NaOH and a pH stat was set up to
noni t or % hewalrldiftiiig@rpédibtae Nafddigol ution. After 40 h the m xture was
diluted with EtOAc and H20 (with 5 nL sat. NaHC03) and the phases
separated. The aqueous, phase was acidi Ried with 10% aqueous HCl and 10
extracted with Et OAc, |dried (MyS04), fijltered and conce ted to give acid
9a (48.5 ngy). The ab ute stereocheyizfrys was det er xf@ed using t he

correl ation descri be Ges 6 aNd 7.0-tBGb) TreadNgenio@pan al i quot of
acid 9a with diazidfthadf in Et 20N §iYe the netMyN~ &sYEr fol | owed by

anal ysis by HPLC using @ chiral colum oChiralcel O OD-Hp 2. 5%

i sopropanol / hexane, isocratic] showed a 51:1 rafio of the ( iS, 2R isoner.

a' ) The organjc se was drie S04) . filtered and.concentr d to give
Ehb unhyas oPpSiEl B she ol 9 v onalvsr Gl M RRERAN EbBs fo Phe
above enzyneapbal patdctingigrdupt drei pPGHeaRBMaD EbRbirg drddp,ahd PE foer2 anst ract i on
as before) O.é4f_6 r‘rgabgloo% of unhydrolyzed ester was recovered. Analysis by
HPLC using 2% 8RMES1aB5¥e ol um showed a ratio of >50:1 in favor of the (1
R 2R) isgner. b'). The eous phase s aci.di f.i i t.h % aqueous HCl and
eXtI’ZiC![ Zg \Ah”ﬁ‘}?ﬁ*@&{:‘,ve'ﬁ@?‘ uo( 'lf'fs\ﬂ% ﬁeeéfgh:'tﬁgné%aﬁ%gﬁ%(rgy 3 tg gi ve the

acid analog (82 ng). A portion of this terial was treated with

di azonet hane and thenfanal yzed by HPLC|ising a chiral co as before
whi ch showed a ratio 65: 1 of the 3 [ 1
0-CPG 0O-CPG
H,N H,N

O

wherein R, is Cy.¢ alkyl or Ca.¢ alkenyl optionally substituted with halogen, for the

preparation of a compound 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 ona Bfuker 400 MHz spectrometer; the chemical shifts (5) are reported in parts per
million. Flash chromatography was carried out on silica gel (SiO2) according to
Still's flash chromatography technique (W.C. Still et al., J. Org. Chem. (1978), 43,
2923).

ey

Abbreviations used in the examples include Bn: benzyl; Boc: tert-butyloxycarbonyl



6 March 2003 EXAMPLE10 45 Synthesis of ()R 2S)/()S, 29

1- am no- 2- et hyl cycl opropyl carboxylic acid: c) DBU, er”~ " H@Xga/ch20B
CH3CN al 1y102C C02tBu 5d RT 10a ethyl syn to the ester 5 e) Et~N. DPPA
benzene d) TFA, CH2CI2 ° then 2-tnnethyl s~lytethand rell~nc ~ RT allyl OCC
002H al lyl OOC Hf ~O 10b 10c ~' SiMe3 f)1.0 M TBAF THF RT to reflux allyl OOC
NH2 10d ethyl anti to the acid (RS) 1 (8% Starting fromacid 5d descri bed
in Exanple 5: 10 15 20 ¢) To 5d (1.023 g, 4.77 mol) in CH3CN (25 nL) were

successi vel y adde 60 ~L, 5.75 mmpl and allyl brom de (620
16, mmMBSGOS(QG BEA pruine sacim shummCHAES; Sdderorradondva b ¢ RT and

t hen Concentcﬁrﬂétﬁﬂamﬁ%ﬂld]ﬂsﬂrépkﬂ\e\é@ﬁorﬂté mﬂ 1va ﬂtﬁzﬁ@@loWO}iﬁ@@@$%n\ée| y
washed with q_@){]:? % aq. Citr acid solu >§| , égwat ed aqueous
NaHC03, H20 (&Y= HF‘FW@!'e"%FF'QF'd‘% I%ﬂ%d%ﬁt ?Zé’gicﬁ@‘?f‘ylf filtration
ggd /concle3§ rcﬂtcbmmylatzbeucdmyl@t@ BN diskibramgethyiahia coMAR; 10? CgD,CI g) Sg mol ,
% vyie colorle
5. 96. 5. 86 (rﬂamitﬁﬂ’)‘m'r@PWf%e %Q ni'\/? E{%'O X?’gai‘P%W'%’ﬁquEﬁ 4.57-4.52 (m 1
lii)2)31(?71J7$ilrﬁémyd><yb’t)1ané.dBMF(@met ormhn«ﬂ?el : DMSO{ dimethylshilfoxlde3 BT 23 (mCI-lglg)lz
. , J=7,3. . st er r
(5m) at reGigkaliphitiniddy ¢ imeiaptorsed pitioediohBRPA: dRetRbotehdyed  or 1.5
?Fig;j a ggn(ﬁmﬁﬂbrm @tdylbﬁecﬁéﬁumététréﬁébtlb&'&ﬁ By eth; E&XﬁHmﬁhnol‘%@z/ﬁc}/egwg. VS
4.71-4. 62 (rﬁce% Et%f(‘% e% rFan-h)?g 1368 gn}%%az%-yﬁ ’H)3 1841 57 (m
ﬁH) 0. 91?)12 tteitr;};e%;ﬁyl&ohmm Wlu&bpf&&;t@@mﬁﬁ&hﬁﬁ@cgﬁ ﬁ;;?rmdn@gﬂlml ) | |) nldrl Z
enzene wer & cessive o
eq.) and DPRRIEYSIEDRY: Mg gnsssApsctiors BRI B e 1 eact
m'qx% ure was DtedrbuoreldnlfzamorATuﬁwemftthlm BABnifat Wydrs Bbsnbetdmeemd), LAG: lBBluﬁL,reg?Sgon
nmmol, 2.0 th
reactl on mex %HP@@T% hggg&?ut egﬁ %ﬁ)‘ﬁ @E\éﬁ glﬂﬁﬁ?gggéj{/lﬂﬁ% ﬁée)gfh\l/a\nﬁ?h aelo 5
agueous ci t rdufforic acidy NaitMDS:, sodamebls(tmaetnylali)@drrmqa Nmmﬂ}metmmpholﬂ)e) and
bri t t t th
Fesi due Jins WO HHIMDIIAINER ploi Sl ReitiinGREItLll OV "
afford car bmmenﬂ@m(@ @ pPnjirodnildes TBAD] tetra - mmremaynuasﬂ@npa,@wm ow oil .

g/SO(SF'(A\E)s 314(|_&-| %t 65543% yz) A= %te@arﬁel%%’uﬁ)nﬁﬂn {dhatidorbborate; FEEP: #f3(2-M 2H)

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

P2 BUILDING BLOCKS

EXAMPLE 1A

Synthesis of bromomethyl-8-quinoline (1A):

(1A)

25 To commercially available 8-quinoline carboxylic acid (2.5 g, 14.4 mmol) was added
neat thionyl chloride (10 ml, 144 mmol). This mixture was heated at 80°C for 1 h
before the excess thionyl chloride was distilled 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

30 between EtOAc and saturated aqueous NaHCOj3, and the organic phase dried



4.20-4.11 (m 2H), 1.71-1.60 (m 3H), 1.39-1.22 (m 1 H, 1.03 (t, J=17.6
Hz, 3H), 10 0.96-0.86 (m 1 H), 0.04 (s, 9H). f) To carbamat ¢ MRfh(0d07 nU,
0.810 mml) was added a 1.0 M TBAF solution in THF (1.62 nL, 1.62 muol, 2.0
eq.). The reaction mxture was stirred overnight at RT, refluxed for 30 mn
and then diluted with AcCEt. The solution was successively washed with

wat er (2x) and brine. After the usual tH#eat ment (MgSO4, filtration and 15
concentration) the desired am ne 10d was isolated (122 ng, 0.721 mmol, 89 %
s 32 (T o S B0 9, e e, .
m : , . J= b. S, m
2H), 1.51- 11.4442“"?‘% m?dfﬁegc?éor(w'e”e Q\Aerﬂ%m@t? as%'?@?%@ﬂémqw%om .
EXAMPLE 11 gii@pésisrenics wak cebdibi ho LA0RC2 Fhé (dastdB mirtlitd WasBwi aEmed &pr opyi
car boxyl ate:__Br~Br da% %%Ph Ph N CO2Et THF ~N_CO2Et 1la 11b -78 Ct0 0 C
Ph 11c b)1 1@5aé.°"ﬂ -5 E\DERYREIPIEREY WS ARNPIE]S: dNEXSRRIORMAS QUORFNed X 11d

\(/i4n3éI2 sym4tMgs$@;.em|—|@ siIEWIyEbVIHEO i a;td m@n(ﬂe&ggﬁa)rh@fmimtmﬁ panitm_@la- Ert oxi de
. g, . . q.) at - added. commer cl al. v abl e

(i 1 netbedfTBbO g pTaddPlus NAHGS T id HERnic BRESS bis fried (VR o vers
war med to Ofeanichriitdontentraaéd folgive 253I1cﬁvme$caidq261fg)lﬁo%ov’érQ.ste'ﬂfé)é m xture was
t hen cool ed back tp -78C for t addi ti rc 003 47 of ..

e br onstesredng 6 1 eBonet T REONIIRS sata RO HER cisoRed e for 1
and cool ed AsGHYHB® (2078 L 30% solubien &dehi Albach) aihdpehasisit 7or Cesrto-HritTowi de (4. 62
g, 41.17 mmuol eaction m xture was finall

1.1 ). T ti d
Pour ot T e Bt whe S denralEh Vasid § Hedlaso marite g begvgen ESAg 1GEmEN o o' ©
t aken up i nardts20ureé26aankdusiaHCOg dtRee Beinh diied (Mg8Q.), titdregahdait i on (106 ni).

After 3.5 h at RT e |l ayers were separ and_the aque | ayer, was
anshed w t IBPo oA BB s L b &R Aot s RS B el on.
The 10 desié%ﬁgi ge was extracted with Et20 (3x) and the conbi ned organic
extract was (] wWith brine. After the usual treatnent (MgS04, filtration
and concentgat,j e.residue was treated with a 4N HCI solution in

di oxane {18 y"r%h?é]%z?ggfﬁmhﬁ")y!'g'i'fyf’é?xy%'&%mergg)bn) hydrochl oride salt 11d was
isolated as a brown solid (2.467 g, 12.87 mmol, 34 %yield). 'H NVR (CDC13)
8 9.17 (bs, 3H), 5.75-5.66 (m 1 H), 5.3 , J=17.2 Hz, 1 H), 5.21 (d, J=
10.2 Hz, 1 H), 4.35-4.21 (m 2H)) ¥F(m 1 H), 2.05 {dd, J= 6.4)

10.2 Hz, 1 H), 1.75 (dd, J= 6.4, . 1 H),1.33 (t) J= 7.0 Hz, 3H). 15
EXAVPLE 12

15 OH (1B)

Commerciaily available ethyl benzoylacetate (6.00 g, 31.2 mmol) was heated at 85°C
(sealed tube) in 75 mL of 30% NH4OH for 2 hours. The solid formed upon cooling
was filtered and refluxed in water for 2 hours. The solution was extracted three
times with CH,Cl,. The organic layers were combined, dried over MgSO,, filtered

20 and concentrated. The yellow residue was flash chromatographed on silica gel,
eluting with EtOAc:hexane (3:7), to give the corresponding amide as a white solid,
1.60 g, 31% yield.

This amide (250 mg, 1.53 mmol) was refluxed using a Dean-Stark apparatus with
aniline (143 mg, 1.563 mmol) and anilineeHCI (10 mg, 0.08 mmol) in toluene (10 mL)

25 for16 h The solution was concentrated to afford a brown oil that was mixed with
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 MgSOy, filtered and concentrated. The residue was flash

30 chromatographed on silica gel, eluting with 3% MeOH in ethyl acetate, to give 2-



Preparation of (if?,2S/ 1S, 2S)-1-Boc-am no-2-vinyl cycl opropyl carboxylic
acid ethyl ester: C H3N+ CO Et z (Boc)20 DI PEA DVMAP THF O HeGAgkh 20081 12a
vinyl syn to ester The hydrochloride salt 1 id (1.0 g, 5.2 nmol) and
(Boc)20 (1.2 g, 5.7 nmmol) were 20 dissolved in THF (30 nL) and treated with
DVAP (0.13 g, 1.04 nmmol, 0.2 equiv.) and diisopropyl ethylamne (2.8 nlL)
15.6 mmol ). The reaction m xture was st@sred 24 h before being diluted with
Et OAc (40 nmL) and washed successively with sat. NaHC03 (aq)) 5% agueous

T R e
Et OCA 39 ' 7
= O i bl 1y £ =7y 1 SEAR A )

9 2, 9.2 Hzh) bﬁﬁ(dd4.1228473l$zﬁfﬂ) ?'6)|JF?8§-5:?HP‘73’EMdd1JHB,,7HzE|‘)5H1 67§4(sbs 1

, 15513% 1 H) 1.49 (s, Mar ch
2003 EXAMPL 48 Enzymatl c resolution of ethyl (1R 2SI (1S, 2S)
1- am no- 2- VlEélﬁly ropyI carboxylate: O~ a) Alcalase O~ O ~QJLN Cet ~
~QILN' O t HONaOH H O H O 12a vinyl syn to ester 13a (S, S)

13c (R S~ "An HPLC u iral cel lum 5 a) Racemic
derivative ﬂﬁt '52@f ‘BXVﬁf%x'%%?'ﬂ"% "‘g’é)(ﬂ"\}'é?f"?er{qggetone (5 m.) and
diluted with H20 (10 nlL). The pH was adj usted with 0.2N agueoys NaOH to 7.2

before Al cal ase was_ added (300 Tq Iuen%p t g H const andg ring

i ncubati on, aNa Iutlon% Edd eﬁ.s @rk titrat ver 9 days
until the theomb 15p nt 0 ény ki OW ng
aci d/ base extraction as descrl ged in Exarrp e 9, Hhe unhydroly ed ester
(0.15 g, 100% and fhe hydrol yZed material (0. f39 g, 95% wlre isol at ed.
Anal ysi s of the unhydrolyzed ester by HPLC using a chiiral columm showed a
ratio of 43:1 of the desired conpound 13c. Conpound 236 Eyifbréel nNR is
vinyl, Table 2) was hydrogenated (10.8 ngy, 0.015 mol of EtOH with
about 1 nmL of 20% Pd(OH) nder 1 atmof H2 for 45 mnN) to yield conpound
214 (wherein R, is ethyl abke 2) . ofompound 214 had be§H assigned the
(iR, 2R) stereochemstry b -"n fhem cal Pe@y 4 el atl escribed in
Exanples 6 and 7 indicating it onpounnd 206 ( Rx as the sane
absol ute configuration as repgesented by 13c (al Dt 1 because
R~=vinyl). Conditions for HPLC anal ysis: Chiralcel OD-H (4 6 nmmx 25 cm,

i socratic conditions using al%obi | e phase of 2.5% i sopropanol / hexane.

EXAMPLEL4  Rasfkikdy @pidny( Y- ,ﬁgtgg)%pnoﬁ,,g@) 1- am no- 2-vi nyl cycl opr opyl

carboxyl ate by crystallization di benzoyl -D-tartaric ac
A solutuon of ethyl benzoylacetate (b) (100.0 g, 0 52 mol), m-anisidine (a) (128.1 g,

1.04 mol) and 4N HCI / dioxane (5.2 mL) in toluene (1.0 L) was refluxed for 6.25 h in
10 aDean-Stark apparatus. The cooled toluene solution was successively washed with

aqueous 10% HCI (2 x 300 mL), 1N NaOH (2 x 300 mL}), H.O (300 mL) and brine

(150 mL). The toluene phase was dried (MgSQ,), filtered and concentrated under

reduced pressure to give a 1.2:1.0 mixture of ester ¢ and amide d (144.6 g, 45% /
38% crude yield) as a dark brown oil. The crude oil was heated to 280 °C for 80 min

15  while distiling 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 (DMSO-ds) & 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
(dd, J = 9.0, 2.2 Hz, 1H), 6.26 (s, 1H), 3.87 (s, 3H).

20  4-Chloro-2-phenyl-7-methoxyquinoline (1C):

A suspension of e (8.31 g, 33.1 mmol) in POClI; (90 mL) was heated to reflux for 2 h
(clear solution obtained upon heating). The reaction mixture was concentrated



OCE t HCLH2N O (14) 6 March 2003 49 To a solution of crude racemc (1 S, 2S
and 1 R 2S) ethyl 1-am no-2-vinylcyclopropyl carboxyl ate [obtMarBa0063 om
N- (di phenyl net hyl ene) gl ycine ethyl ester (25.0 g, 93.5 nol) as described in
Exanple 13J in EtOQAc (800 nL) was added di benzoyl-D-tartaric acid (33.5 g,
93.5 nol). The m xture was heated to re qu left at RT for 15 mn then 5
cooled to OC. A white solid was obtaine after 30 mn. The solid was
filtered, washed with Et OAc (100 nmL) and air-dried. The solid was suspended
in acetolnle (lﬁf%)emtc)uceﬂmnésr?atesdT Wsﬁhb&@@@dﬁ(’t@ﬁédhbemee?wiNiaCM»ias next
recrystallized.twice,in acetaone (crop.A uars were
concent r at eée SRE" ’I‘He‘?%&ﬁag’&baﬂi@ t?é’@ﬁ"}'}@'ﬂ"ﬁ]' rf%@ “ﬁrﬁ@é ﬁ(?de@ﬂ} O-ﬂf’laot acet one
Ei clr3 op B) I Theyahistayer ogs wc?‘shédmantalmorlhlwnguﬁnmbmme(1SKDMqume(mfwas dried

i benzoyl - Dt r idsalt were c i ned (5.53 in a
mxture)of NESOTMEEL pit ihobnlied pBleERss iR B e D AT & Y

organi c bayes awase yeNEWGIidM ' HINMIRI(DRISClE) 8, :(MS@% 28 f20l(& erHads 18he,
filtrate Wasgug’r{e ﬂ'é th 1 N HCI/Et20 éloo n1;_)[‘ Hg}lconcentrated under
reduced pred i PRETARID 42¢ Evhpérdied hit 3P €81 =t%! 3 BFd et hyl
(}/ (_R)l-g;n' no- Ay, 3)9a/¢sn3|l+) 1ﬁ1i§p@3alcﬁ@fwaggb?s@ardaqmeleamgfay&drawévs@ravdes(hg%w ng, 11
oyie as a ros ic soli . reoc stry
was assi gnedf® 5{)\/(”}8 flcéﬁt%'gﬂeré%tﬁ%ﬁ /°1V3%g E%‘gl?p'fgﬂ heRy 192439, 5C
(c 1.14 MeOud;179a); bs +88.5C (c 1.14 MeOH): 'H NMR (DVBO-ds) 8 9.07 (broad
s, 2H), 5.64 (ddd, J=17.2, 10.4) 8.7 Hz, 1 H), 5.36 (dd) J=17.2, 1.6 Hz, 20
1 H, 5149 €sampE20.4, 1.6 Hz, 1 H), 4.24-4.16 (m 2H), 2.51-2.45 (m
peaks hindered by DMSO, 1 H), 1.84 (dd, J=10.0, 6.0 Hz, 1 H), 1.64 (dd,
J=8.3, 6.0 Bynthksidof Bo3(R)}(naghthafen-E-yimdthoxMprofsd 2)n1 z 156 (MH) +; the
enantionmeric purity was determned to be 91% ee by HPLC anal ysis ( CHf RALPAK
AS col um, Hex:i-PrCOH) of the Boc derivative Exanpl e 13) 25 P4-P2

BUI LDI NG BLOCKS Exanpl e 15 Synt hesi s of segpe Ac- Chg- Chg-Pro
M ~ 00350/\OBocNOO—I

Described in exarrpl e 2 15a / \ 0 g-

N
Boc”

COOH 2)

Commercially available Boc-4 (R)-hydroxyproline (5.00 g, 21.6 mmol) was dissolved
in THF (100 mL) and cooled to 0°C. Sodium hydride (60% dispersion in oil, 1.85 g,

15 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
mL) and washed with hexane. The aqueous layer was acidified with 10% aqueous

20 HCland 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 colorless oil (4.51 g, 56% yield). 'H NMR (DMSO-d¢)
indicated the presence of two rotamers: § 8.05 (m, 1H), 7.94 (m, 1H), 7.29 (d, J=14

25 Hz, 1H), 7.565-7.45 (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) 8H).



Boc- N O O 15b 15¢c / \ 0 Boc-Chg-Chg-N-'"" OO/ \ 0 Ac-Chg-Chg- N O O 15f
15g Conpound 15a (same as conpound 2 from Exanple 2)(4.45 g) 61¥afsh 20081 )
was 10 dissolved in anhydrous CH3CN (60 nmiL), DBU (2.2 nL) 14.38 mml) and
allyl bromde (1.1 nL, 13.18 mml) were added successively and the reaction
m xture was stirred 24 h at RT. The m xture was concentrated, the resulting
oil was diluted with Et CAc and water angly successively washed with water
(2x) and brine (1 x). The EtQAc |ayer was dried (MyS04), filtered and
evaporated to dryness. The yellow oil was purified by flash chronatography
(el uent: hex EXAMBREh: 90 10 to 85 15 ) to provide the product 15b as a
yel | ow oi | %2 4. 17 85%yield ). M5 (FAB) 412 M+ 'H NWVR (CDC13),

ni xture of MPH\?EF%° fz4(ﬁHBﬂU(rt9hns-ms xyhprafine{3)g7 (d, J= BHz, 1 H),
7.82 (d, J=8Hz, 1 H), 7.55-7.41 (m 4H), 5.95-5.85 (m 1 H), 5. 34-5. 21 (m
2H), 5.034.88 (m 2H), 4.70-4.56 (M) 2H), A48 & 4.39 (t, J=8, 1 SHz, 1
H, 4.28-4.23 (m 1 H), 15e / \ 0 Ac-Chg- O OH 3.81-3.55 (m 2H))
2.46-2.36 (m 1 H), 2.13-2.05 (m 1 H, 1 \&1. 1 (s, 9H). 6 March 2003
51 Conpound 15b (2.08 g ( 5.05 mol ) was trepged for 30 min at RT with 4N
HCl / dioxane. Evaporation to dryness r i ded the correspondi ng ami ne- HCl

as an oil. The am ne-HCl 15c d| s olved in anhydrous DCM (25 nL) and NW
(2.2 nm., 20.22 mmol ), Boc- Chg .53 g, 5.56 mmol) and TBTU (1.95 g,
6.07 nmol ) 5 were added successw he reaction mxture was stirred at
RT overnight, then, diluted with succes veI y washed with 10%

aqueous citric aC|d (2x)) saturat ed aqueous NaHCI) (2x), wat er (2x), and

dryness 1o BPBaALMERRL Bt 167 .8 bzl ol SR R wB¥ ABRTHCS 277
g, 1(;008A)6$7i( gb@pspmnc(mm)at-sen g 60PE-in SilBANRALIN (BRI B rﬂ.)BTMQ(mk(;uré%vﬁgzl_D 1

5 2. 5. 85 (A7) RirEbEgretydhoménie Fingina R Examlls 14 PS4 d, 4 ™

Hy) 5.17 (dmrded) @k addedHn THE. (B8 nfld, Thie-redgtion miktusp wasg heategdt 70“-6 (52'le 1 H)

3‘_62 416150 Hg Bbtoifé")he &cé%s lé}al% é% @3&%& c‘éreggly(»htw%r]mﬁ}rh'é'zréadéxgk%ag 7% (dED

1.44-1.40 ( ﬁpnc@npqptedlm 3/30L(osandgp9 resyling megeral G@S(C#'ﬁSOEY!PB’ in ﬁﬂ%C@f@d‘dﬁQil pepti de
15d (ca.p- OFnewRbit a4Bsods Jﬁ%"s@ Wa‘é‘s%ﬁarﬁ%dﬂd éﬂld?mm( % @que(ﬁ& H&ss pHbed for
the synthesi I-g b%];org %elng uer)lttracte5c(i: with E?Oﬁé ?1 5% mel) 'rl'ﬁg orgcétrn:cdpehazg1 wtasvéllﬁgd

(MgSO0,), filtered and concentrated to give a brown oil. Purification by flash

chromatography (eluent: 10% MeOH/CHCI3) gave the desired compound as a pale

yellow solid (2.73 g, 86%). HPLC (97.5%); 'H-NMR (DMSO-de) shows rotamer

15 populations in a 6:4 ratio, 5§ 12-11.4 (bs, 1H), 8.92 (2 xd, J=4.14 and 4.14 Hz, 1H),
8.38 (2 xd, J =8.27 and 8.27 Hz, 1H), 7.91 (d, J = 7.94 Hz, 1H), 7.77 (d, = 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 4A

20 Preparation of Boc-4(R)-(7-chloroquinoline-4-oxo)proline (4A):



coupled to Boc-Chg-OH H20 (1.53 g, 5.55 mml) with NW (2.22 nL, 20.22
mol ) and TBTU (1.95 g, 6.07 mmol) in DCM (25 nlL) as descri begvbfh Johs
synt hesi s of 20 conmpound 15d to yield crude tripeptide 15e as a yel |l ow oil
foam The crude material was purified by flash chronat ography

(el uent: hexane: Et CAc; 80: 20 to 75:25) to provide the tripeptide 15e as a
white foam (2.75 g; 79%yield over 2 st8ps). M5 (FAB) 690.5 M+. "H NWR
(CbCl'3), nainly one rotamer, 8 8.06 (d) J=8Hz, 1 H), 7.87 (b d, J= 8.5Hz,
é gi)z c 81812(é6inmérl_t|:)|aﬁll?|%valﬂab'@ Boc74(55%?df!>9¥ér81mé1tbﬂathyﬁes@f (é&)mb 2%45:'#%1)222 1H),
H, 5.04 (da“dJLC‘l'Q'iQZ“ hidfpﬁvqum%@e (440dng, f——457|1w)0' Welp P'a@egm (Jra)THf iPHz, 1 H)
4,634, 58 () 4. 4dhedicipspiihe (m 1
.3 7 (din 428 flé cla_ré'ﬁ'és %6 %Q{rﬂna wﬁbdd‘eﬁollﬁv%g(gg{%o%
1.83-1.55 (@ddltlonmPlAQ 412§3v{n§,2951)nmql) 2§3®n8@uremasmwpd aBlTT¢re20trr|m¢>t| de

15e (2.75 ¢ qas

descri bejg fgﬁcﬁﬁgg'émr?hégy@o%&a%tﬁag%né&{lbg &?@gﬁg?ﬁ%e hygr?eggﬁ%torl de salt
was di ssol viBeesi tWWWHGUEND@W @Q@Q@)phawwa(sba%ewlth N0, amdb| ) and
acetic anh eaction
m xture vvagg{st'lta?frésgx ég\yv;trh neitgyl %Z&%R?'H@Q{]Qnrﬁgﬁ?g{s%&%%té ﬁllbé%g{dne%e%rgam c
ayer was ¢ ogdivec@ ¥el | ety IEmpHGiaeowsawi tri c

I wWMghed filtergd andgenogiataspt llopeily Wetail tiae by §agh

acid (2x)) b oX), dried
(NgS0d) ) 11T eraRbRangR FRL SoRBOGRPAA G 88iep B siliAa) 1oe g oot

tripept i%e ¥¥€. as a white foam (2.489g) 98%y| eld). M5 (FAB) 632.4 MHl. 'H
NVMR (CDClI 3), mainly one rotaner, b 8.06(b d, J= 8Hz, 51 H, 7.87 (b d, J=
8Hz, 1 H), Thigmethyl ester @0p mg, 0,86 mmel wasdwydayzed mjth 181 aguqays sodiugry, 1 H),

?m()ll(ﬂ) 35 yggg)«(dglﬁ\}]‘})_mll_? 9%50?& r('ngihaﬂtol(wg ml§ g’fb"é I%gf(ﬂTﬂef_C%iloﬁ v@a’% 5. 21
4H), 4. 30- 4corgentratediq) rempve theimgthana| and m@utra@zeptswwmw agiweaus HEI. Ehe 1 H) 'y
£39°% 07 (vl ks Singrbbedfls obyihs oha Bl fp gyt 1L

di ssol v&d i wlﬁweaﬁHi\W%eg anﬁimwlbaf@fcoapmted thgwe( the deﬁyred compound 4

Tri phenyl phasplhpeséiRBsB7 W, qlardOfemol ) and
tetraki s(tri phenyl phosphi ne -pal | adium (0) catalyst (117.9 ng, 0.102 mmol)

vere added S{QRIBSEMWSD ) (ch|‘| @\ﬁﬁﬂum/ofmsfah@rs)ch @?4 (03%3- 8wzl Hf; 82143 gl ). The

reaction m xture was st|rre h. hereafter, t he”'sol vent was

evapor at ed. (M1 B-98es1d ;28 %‘aé "Bb §§§I th" i9rHZfEt1 7 8Add 1bob Atruddlled-261r i ¢
acid, and fS‘Q@ k\ﬁ” W@Shﬂﬂ 4(9‘1 &R, 11AS, % 8- 2 kR Q'ﬁui?gy?dd:'dt-rﬂé: 18041 yyat er

(2x), and bri 3&1 organi c er was dried flltered and
evapora@%d 2‘?’?1@ UH@ "ﬂ))r'é(ﬂﬂ' Andppd! {é‘p %I"Q:rat ed in EtzO DCM (85:15) to
provide after filtration the tripeptide 159 as a white solid (2.09 g, 90%
yield). Vs FHARLEAS 4 M+ 614 3 (M+Na)+ H NVR (CDCI3) 20 mainly one

t 8 7.93 J= 88 (b d, J=
boe "0y ® Eintheiy of Booskl)-d-pikivir-ger omwmhnﬂa&-oxe) Bhoting @8y 8 Sip 1
H))505(d J= 12.5Hz) 1 H), 4.94 (d, J= 12.5Hz, 4.73 (t, J= 9.5,

19Hz, 1 H), 4.44-4.35 (m 2H), 4.26 (b s,
3.75 (dd, J=4, 11 Hz, 1 H), 2.féo(bddn_J

(m 1 H) 2.04 (s, 3H), 1.88-1.41 (f1|
2003 53 EXAMPLE16 Synt hesis of segnemn
Ac- Chg- Val - Pro( 4(f ~-napht hal en- 1-yl net hgxy) - OH (16e) ----~ Boc-Val a ~

O_ _N
T I?
OH
0 (4B)

1-[(1,1-Dimethylethoxy)carbonyl}-4(R)-[{(7-methoxy-2-phenyl-4-quinolinyl)oxy]-L -
proline (4B):
25  Potassium tert-butoxide (8.16 g, 72.7 mmol) was added in small portions, over 15

,419(d J= 11.SHz, 1 H),
5, 13.5Hz, 1 H), 2.20-2.11
1.30-0.80 (11 H). 6 March

min, to a solution of commercially available 4-(S)-hydroxyproline (6.73 g, 29.1 mmol)



16a Boc-Chg-Val V 16¢c a 16b ----~ Ac-Chg-Val 16d Ac-Chg-Val 16e 5 Conpound
16a (2.89 g, 7.02 nmmol) was treated with 4N HC | di oxane (30 @iNar@h 2003
described for the synthesis of conmpound 15c. The crude hydrochl oride salt
was coupled to Boc-Val-OH (1.53 g, 7.73 mmol) with NMM ( 3.1 nL, 28.09
mmol ) and TBTU (2.71 g, 8.43 mmol) in DCM (35 nL) for 3 112 h as descri bed
for the synthesis of conpound 15d to pr3gvi de the crude di peptide 16b as an
ivory oi | -foam (ca. 3. 60 g) 10 100%yield). M5 (FAB) 509.3 M+ 511.3 M+

5 (2 B S oy e ) 7

5.34-5. 28 (Onlorb-2Pheriyl- 24n&hd>@q(uﬁblu%l"00 (5604, $210 mimol) Wik addedhi 4 pbridas(d,

370 (aa, Jorens i (A58 i By, The Temcicn Tyt wgg srtesbadiec B "

1.44-1. 36 (1 THe ddsultidg 8ispension wa@ prareshin 4303658 nily and tje mikidd wasl, J= 7Hz)

TT o i (SR B R 5 480 Gy 19 s RER b S hiorBEhBihie (EBTAC RS e

conmpound 15(0undﬂcodoecrnumeefﬂr;lehtpc‘nhe)a ubous dyier was acidifiptl adthtaquéns-1GhgeOH H20

o) ' GERTT Qs T e fasllite. o5 S TR g s M et S i o

provi de t heprecipitided wap egrovered bydiltessioan The ongistfsobiarwés drigd Gndpr reldeed yi el d) .

MBS ( FAB) 648. 'H NVR 1

P (5 o HessEoyd) Faot id e proyla ddRsbidg 2, oo, 43?@84%3%” v
6. 46 (bia, d:DMSG)-ksabeig)esoEd94 5.84 (m 1 H), 5.31 (dd, J= 1, 17Hz, 1 H),
5.23 (dd, J= 1, 10.5Hz, 10 1 H), 5.03 (d, J= 12Hz) 1 H). 5.00-4.97 (m 1

H, 4.93 (d'HNMR (n)mg -dj) 3Hp; 1 rhixiire 4f Earhigrs) 8147, (dAJ 29-04H2 2H)8.00, 798

4.10-4.07 ( (

2.48-2. 41 (@ % ng 2%%2 %"867 %%5%(&? 3”% %5 ﬂg%(% ﬁ%ﬁojsjg . J43£(s Z.9H)
1.20-0.92 (1h), BHY (dd,.J099.L202 5Hz, 7II-I2;,,53:B=|)55Q)(n93H)d4 344 .41Hem, 18}),)3.931(se crude
a6 doscr i bedlt 37 otnEad 52l B 7o KB HhbR 2 8o B 1ML e BBt B or e ©
salt was. further treated with agat 1.33 nmL, 14.05 nmmol) and
NIVM (3.?5 m., 28.09 mol) in CH2 él?':‘f?’%déLa& g’scrl bed for the synthesis
of conmpound 15d. The crude product was flash purified (el uent:hexane: Et OAc;
30:70) to pEXANRIESt he acetyl ated protected tripeptide 16d as a white foam

(3.39 g, 81 %yield over 3 steps). 20 M5 (FAB) 590.3 M+ 592.4 M+ 614.4
( M+Na) + Synthesis of mixture of (1R, 2R)/(1S, 2R) 1-amino-2-ethylcyclopropyl carboxylic

acid

a) 50% aq. NaOH
Buto,C”” “COBu  + B Y Y -
Br BnEt,NCI ButOZC COztBu

ba 5b

5¢

d) 1.0 M TBAF
¢) E,N, DPPA, berzene —

then 2-trimethyisitytethanal o THF H,N CO,tBu
—— RT to reflux
: W »
) 0 N CO,jBu
MeSSI\/\ H ethyl syn to ester
20 56 mixture (RR)/(SR)

a) To a suspension of benzyltriethylammonium chloride (21.0 g, 92.19 mmol) in a
50% aqueous NaOH solution (92.4 g in 185 mL H,0) were successively added di-
tert-butylmalonate (20.0 g, 92.47 mmol) and 1,2-dibromobutane (30.0 g, 138.93
mmol). The reaction mixture was vigorously stirred overnight at RT, a mixture of ice
25 and water was then added. The crude product was extracted with CH,Cl, (3x) and



" HNWR (CDCI3)) mainly one rotaner, 8 8.06 (d, J= 8Hz, 1 H), 7.88 (b d, J=
BHz, 1 H), 7.83 (d, J=8Hz, 1 H), 7.58-7.41 (m 4H), 6.37 (dgMarcQp031 H,
5.97 (d, J= 8.5 Hz, 1 H) 5.94-5.84 (m 1 H), 5.31 (dd, J=1, 17Hz, 1 H),
5.24 (dd, J= 1, 10.5 Hz, i H), 5.05 (d, J= 12Hz, 1 H), 4.94 (d, J= 12Hz, 1
H, 4.66-4.57 (m 4H), 4.31-4.22 (m 2H), 4.1125 4.05 (m 1 H), 3.73 (dd)
J=4.5, 11 Hz, 1 H), 2.50-2.43 (m 1 H), 2.09-2.01 (m 2H), 2.00 (s, 3H,
1.68-1.55 (m 5H), 1.15-0.89 (m 6H), 0.99 (d, J= 7Hz, 3H), 0.9i (d, J=
7Hz) 3H). Téemuaotallylvetsbed with pajri(8d ab8drip8. Be ggafic k¥enwad Jrieda®1g$€n), ot ect ed

by tetrakisfiri ' - ' . o, 0. 149

Dy Lot 2k i PRI ARRLL ol YN Bl Bl (05 200, 140,
~L, 6.19 mBLY in hexark) o afford theedesired ohgiobropaneCigighlive FoQVB (131) 7617) mas!,

d i bed for, th j f d 1 T de Ligh | f

or oduct s CF VAt AN GRG R e 189, v Bl deouf e Fit e on
Vield) VB (FAD) BB A M 1 NE (CBOIS) "6 B 08 (d. = 8kp. 1 H)) 8.04 (b
yi el d). : : , J= : :

d, J= 9Hz, B)H) a sdsiihsioh ofl potdssidmdER-buloxtde, (6.7.18254. 70 mdmel, 3 eq L intdry

7.58-7.37 ( 5 5.05 (d, J=|2Hz) 1 , 4,94 (d, J= 12 1 H, 4.61 (t,
J= 9.5, 19. g‘}ﬁﬁf, mﬁoﬂﬂk) ai?zfg-vﬁﬁ%afjd(eﬁj’%%% &.LQBE?%S‘QNT-W?-%‘??E’ h 3= 5 11
Hz, 1 H), 3didéef 8€l(3.675 ¢ 13150 midol)lin Biher 21049L[ WaslsddedTo thedsuspahdion. Irnkl) ,
2.17-2.09 (m 1 , . 2.04 %S%é“'?/ 2.03-1.94 (m 1 H, 1.79 (b d, J= 12.5Hz,
1 H), 1.62-Fagon mxtgppas pligad gvessiophyt Blyhen peieq i a qixtusgipticgignd o 9o (d,
J= 7Hfz’ 18 E? walOROWIBS it T&BLESx]. THO a«hu@wway&wasmicgmmm $o%faqcorrpoEnd
%8330 56Ta Stri]é a\c/:idosoqzjtl%)lr_wI a?oJE%nJ egt?acj[gc? W%258E¥(3%(Zcfh%7c:omjf>l7need organic Igye'\{a re

was successively washed with water (2x) and brine. After the usual treatment

(NazSQ,, filtration, concentration}, the desired acid 5d was isolated as a pale yellow

oil (1.86g, 8.68 mmol, 64% yield). 'H NMR (CDCl3) § 2.09-2.01 (m, 1H), 1.98 (dd, J=

15 3.8,9.2 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, 9H), 1.0 (i, J= 7.3 Hz, 3H).

c) To the acid 5d (2.017 g, 9.414 mmol) in dry benzene (32 mL) were successively
added Et3N (1.50 mL, 10.76 mmol, 1.14 eq.) and DPPA (2.20 mL, 10.21 mmol, 1.08
eq.). The reaction mixture was refluxed for 3.5 h then 2-trimethylsilylethanol (2.70

20 mlL, 18.84 mmol, 2.0 eq.) was added. The reflux was maintained overnight then the
reaction mixture was diluted with Et,O and successively washed with a 10 %
aqueous citric acid solution, water, saturated aqueous NaHCO3, water (2x) and
brine. After the usual treatment (MgSO,, filtration, concentration) the residue was
purified by flash chromatography (5 cm, 10% AcOEt- hexane) to afford the desired

25  carbamate 5e (2.60 g, 7.88 mmol, 84% yield) as a pale yellow oil. MS (FAB) 330
(MH*); "H NMR (CDCl3) § 5.1 (bs, 1H), 4.18-4.13 (m, 2H), 1.68-1.38 (m, 4H), 1.45 (s,
9H), 1.24-1.18 (m, 1H), 1.00-0.96 (m, 5H), 0.03 (s, SH).

d) To carbamate 5e (258 mg, 0.783 mmol) 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 TBAF was
30 added (626 plL, 0.63 mmol, 0.8 eq.). The reaction mixture was stirred overnight at
RT, refluxed for 30 min and then diluted with ACOEt. The solution was successively
washed with water (2x) and brine. After the usual treatment (MgSOy, filtration and
concentration) the desired amine 5f was isolated ( 84 mg, 0.453 mmol, 58 % yield)



/"N / VYV \0O0J ----~Ac-Chg-Chg-N9 O- OHOH O OH O 17f compound 104
Conmpound 17a (4.27 g, 7.93 mmol, described as conpound 6a i n¢Barchl2008) was
treated with 4N HC | di oxane (40 nL) for 5 h as described for conpound 15c.
The crude hydrochloride salt was dissolved in THF (10 nL) and a sol ution of
NaOH 5 (348.7 ng, 8.72 mmol) in H20 (5 nL) was added, followed by a

dropwi se addition of (Boc)20 (1.73 g, 41©3 mol) dissolved in THF (13 ni).
The pH was maintained at 8 by the addition of 10% agqueous NaOH as required.

The reaction mxtur t 0 and H20
and ext ract ¥4 BAE VFF%\A?%‘? I'W'ﬁﬂ (ép% 8#?3%1%5 ]gélé%o\iﬂk%fzqdﬁged to pH
3 with 10% afn)uecmsﬂ 20 (m) tH)ati1d (dd e 411 X7 .3rHz, whll 1102 (@dtJ=o4:1 6332 Wzl THYt OAc
(3x). The c JE:%BAC xtracts were washed with H20 (2x)) brine(l x),
dried (I\/gSO Ft'e d evaporated to dryness to pr ovi de crude conpound
17b as an |%)?é“xp&%%am (ca.7.93mvol ). MS (FAB) 481. 3 M—l— H NVR (CDdO 3),

ca.1l:1 m xt rotamers, 8 8.04 (bd, J= 7.5Hz, 7.87 (b d, J=

A 3?% s ¥ cndufta (sl o iRl 2af 28 i%‘*%"%koz- DoisteStdns 2

3.78-3.75 (carbOxyible (fbr®8Rampld s 0. 5H), 3.61-3.42 (m 1 H), 2.55-2.41 (m
1 H, 2.22-2.11 (m 1 H), 1.61-1.52 {m 3H), 1.43 (s, 9H), 1.40-1.31 (m 1

H, 1.25-1.19 (m 1 H, 0.99 (t, J= 7.5, 14. 3H). Conpoyrg 17b (ca.7.93
mmol) was treated with DBU (1.18 ni) 93 mol 20 aIIbe (4.12 ni,
47.61 mol) in anhydrous CH3CN (40 nlL) for 4 descri beg @ onpound
15b to provide the allylated di peptide 17€7as an ivory fo%m(3 54 ¢g; 86%
yi el d over 25t‘eps) 213M—I— 552(I\/HrNa)+ ' NI\/R(CDCIS)
ca.1:1 m xtur &af .05 (B 2 1 M} b>d, J= 7.5Hz,
1 H, 7.82 (d,” J= 8Hz, 7.55°7. 40 ‘i\(é; 5.27 (b
d, J= 25 17, 5Hz, 1H))mﬁ,5i%,(bd J=1 H 1OH) 5034& 2H) ,

4.63-4.50 (m 2H), 4. 4diSRy(m 2H), 4.00-3.40 (m 2H), 2.70- 2 02 (m 2H),
1.66-1.35 (m 5H), 1.44 (s, 9H), 0.95 (t, J&7.5) 14.5Hz, 3f). 6 March
2003 57 The crude dipeptide 17c (1. E8mgrs sep@@tetpcdlumashrometaraghym t h 4N

HC / di oxane (35 nl) as described for corrmul’%?;]éc The c ochl ori de
salt was coupled to Boc-Chg-OH H20 (684 48 mmol ) ﬁﬁsm(%?) ~L,

compound 15450Bgbe fiEMERmefe.s 1o 588, septnﬁ?@?'é/b horg o8k nIBE Y 1 oam (1. 41
%) . NVETBARBHFG@6.mL) 1hBCtoB45/hhin. Thertouva réEIich 3)i ad dilutete
g; 959 M5 Mat-re 0B eHCosida r ixtuneaw u rot arrer,
7 oy 38 (i EIhC webpbl wid witerBojgha gy, heddied dids bR pitredpied © 0
(dd, J= 1. 5evap@r$e¢to Arovigle e fige gminelasfp light \@low o Therfieearyine wag24. 59 (m 1
H)) 4.57-4. 48 41fBd @ alg%y réus4% ﬁ%gédf&;% ,ga{w 5?’»%#17?95%%01% ngp f)ncPE 3 90
(2n)121(23 éz?(ﬁxim%m (10:08- 91211&;%{%0&@!491 HATT, Lnﬁ]ﬂ&m %QS mmj) were asd% 9H))
1.25-1.01 (Q&cic'éls'givelyo T rehe c}loﬂﬂlﬁ@rﬁ\l&vé%égirrgﬂ'grR'H-Q\?eéﬁlﬁti?ﬁehw l!l gs 17d (265

ng, 0.400 treate di oxane escribed for
conpound’ 15€escnhed pfqywswy'&m)@wpg ﬂia@éergwenmgt% Wb égpqr@tegabyﬁe@h Chg- OH

0. 451 mrol ) L e 2 7o) B e B R e
t et rapept i d@sgpelaagluang Bmi) 98 & ovinite feam (4480 ; ﬁﬁ%:l of: theltba%etlcavwe@ABy 6b
(the more polar eluting spot) as an ivory foam (4 g., 57% of theoretical yield). At this
time both isomers were separated but the absolute stereochemistry was still not
20  known.

EXAMPLE 7

Determination of the absolute stereochemistry of compounds 6a and 6b by

correlation with known t-butyl (1R-amino-2R-ethylcyclopropyl carboxylate



799.5 M+ 801.5 M+ 823 (MeNa)+. 'H NMR ( CDCI3), ca. 1 : 1 mixture of
rotamers, 8 8.05 (b d, J= 8.5Hz, 1 H), 7.87 (b d, J= 7.5Hz, Jéml,chbogg (d)
J= 8.5Hz) 20 1 H), 7.55-7.40 (m 4H)) 7.37 (s, 1 H), 6.58-6.41 (m 1 H),
5.89-5.78 (m 1 H), 526(b dd, J= 1.5, I7Hz, 1 H), 5.16 (b dd, J—15
10.5Hz, 1 H), 5.20-4.92 (m 3H)) 468458(m 2H) , 457447(m) 1 H,
4.43-4.26 (m 1 H), 3.99-3.81 (m 2H), 43.78-3.60 (m 2H), 2.67-2.60 (m 1
H, 2. 11202(r‘r) 1 H, 1.78-1.42 (m 14H), 1.44 &1.43 (s, 9H), 1.250.91

(m 13H), 0.95 J= 7.5, |SHz, 3H). 25 The crude tetrapeptide 17e
(ca. 0.400 mmol) sot eat ed W|th AN HC / di oxane (3 nL) as described for
conpound 15c. TheOc(/r>< e hydrochl oride salt further treated with acetic

descri bed for conpddp P t oprovite tReNcr etylated 't etrapeptl de 17f
as an ivory foam a. 00400 mmol ). 30 M5 (E%\B)O 741.5 MH~ 743.4 M+ 765.4
(MtNa) ' " . b(.s or?ilou 8.05 (b d, J=8.5M&, 1 H), 7.87 (b d, J= 7.5Hz,
1 H, 7.82(d H) , 755741(m 4H), 7.39 (s) 1 H) 6.63-6.48
(m 1 H, 601(d J— 590579(m 1 Hy 27 (b dd, J= 1.5,
17Hz, 1 d 0 6 March 2003 H, 5.01 (d) J=
12Hz, 1 ,469448(m G 4.37 (m 1 H,
4.36-4.22(m 1 : 39 (dd J=4, 11 Hz, 1 H), 78360(m 2H) ,
2.67-2.59 (m 1 2 2.00 (m 1 H,_ 2.01 (8,43 ). 178148(m 13H),

145135(m1H) 13H) .= 95 (t, 3 H23H) S 10 The
acetyl ated tetrapeptidesl 400 mmol ) was

tetrakis(triphenyl phogthne;- ﬁl adium (0) cata ysﬁ (31. 3& ) 0.010 nmol)
with triphenyl phosphine (5. P2 , 0.020 mmol) and pyrrolidine (34 pL,

0.406 mmol ) in a 1:1 mxture of anhydrous CH3CN : DCM& 2 nli) as descri bed

for conmpound 15g. The crude product was purifi egecl¥mfatisasdh ner@beiiogr aphy
(eluent - 1 S EtQAc, then, 2d 1.92% HOAc, 3.8®3®MOH in DCM to provide,
after lyophilization, the tetrapeptide conpound 104 of Table 1 as an
of f-white aftef ph d@:@arsﬁﬂafepm tredUnivergity giddentres! dpiovided Bompeprd 7a NaviGd-AB)

otaners, BB By e egocheeiis'snoh, whiohiss dlfgniedy oy 71 1 10° 5L
7.5Hz, 1 H)crystalmra(ni\y (Jﬂm;m‘zhenl&a)c TBO83LIZ, 1872 . Cmn)pounda’sm%@ gy 4H),
359 (s 3 s 0ot nolEtie, Gaph dndgutegrahprigelya’ %),
% gl f‘415ﬁ24““‘“‘°* T:ﬂd)mlxmrQWaie\LBZpo(atad Ibéyness RProvidAtcempouririh a@agght(t/ K]_o
Ac- Chg- Chgl\yeggﬂ)f ﬁs%%e%g%ug%g?g\ém@ﬁ%%&yéjﬁ]gp(jg%@&%g) fé’é%%g"unﬁ ]"1

Conmpound 185xample6 gsing ummmg_tmesmﬂmdmﬂsﬂmu @tampy eOED,BGmaon:mupl ed

to the pref i i 18a descrihbe eviou Mor e
speci 11 car | jgest i el Aes B3heg g y-Rnateatbtbly LEBRR. Shedea 160
(323.6 My, :EtO;50:50)to provide the dipeptide 7¢c as an oil (7.7 mg ; 31%). By TLC, HPLC

and NMR comparison , dipeptide 7¢, was found to be identical to the less polar

anhydride (83 pL, 0.884 _muol) and NMM (194 \s ,0&[47 mmol) in DCM (3 L) as

4L

compound 6a obtained in Example 6, thus identifying the absolute stereochemistry
of 6a as (1R,2R).

EXAMPLE 8

15  Preparation of (1R, 2R)I/(1S, 2R) 1-Boc-amino-2-ethylcyciopropylcarboxylic acid
(8a):

0 Y/\ 1. TFA, 0°C Y/\
IS =~ )L
N CO,tBu 2, aq. NaOH, THF N CO-H

(0]
Messl\/\ (Boc)20

be 8a



6 March 2003 59 0.547 nmol) in DCM (3 nL) and NW (172 f~L, 1.562 nmol),
foll owed by the addition of HATU (237.6 ng, 0.625 mmol). The g'¥afkchi2003

m xture was stirred at RT for 18 h, after which it was worked up as

descri bed for conpound 15d to give the crude tetrapeptide as a racenic

m xture at P1. Both isoners were partially 5 separated by flash

chromat ography (eluent- toluene : EtQAcq43 40:60). Conbination of the first
eluting fractions gave a 9:1 mixture in which analogous tert butyl ester of
17f was the_pmj or corrp nent The ddI fractio nt ai i fferent
ot o0 of ¢ RBSEOPRBRIRRITND emplam(3A Ock b Mg was fiisddor ShpBIngFRos ¢

butyl ester af 363 Thethixturtgad tﬁbh@bn@énuhtelamra‘dromgteuwm mrowodﬁ Ahe

1g) . The. | apfurods eI oiuon708 Fism 38 SRS ik ol E5PY Hes AREGOMISR oxane

(2 m)) stipyadHr(1&8ML)oIEoR oh(Bde Eo @\0BR o4 edmion 1 §q R Thelr@acione an oi l .

Purlflcatlonb flas then 2°d 1.92%
HOAc, 3. 8594TNE Waisr?“tﬁejg/f"’?m&%gégg dp é’}" W%’Bﬁi“gﬁ"}%ﬂ%ﬁ%’ h‘g 2105 as a
whi t e- armr phqwouswalcm 6&8tioh WHen A&eo@@?/otmrednm)ted Mﬂﬂ;@ws}ﬁau with Eiccat ed a 3

- 1 ratio of dco data for conpound
105: MS (FA§)>87"’6 a%'gﬁiﬁg’ 3?8%8&“% @%C' fM%%BSP%WHN%R% %ye[;\g{ . 2.5
m xture of egfamerwith BtOA/@X&ald dcdessivdly iWashéd Wit B, (2X}and.brihe., Affer) 7.94

vy 490 (Gie Gpuehinalmert (s sty ek begratgife dySled Sttty 51y

3. 82-3. 66 (@hinb ddid (83) &882md,13.44nrdol H)4, %AidldyaDi8olatdd. H KMR CIE,) & 1 84 (s,

BXpLE 10 8RS Lhradigu et 155" o2 hir el Pl L8 0 bkt o

descri bed f orogthgHsyavIBsz)s of conpound 104 of Exanple 25 17, the mi xtures
of 1 (R, 2(R and 1 (R),2(5 isoners of internediate corrpound 10d, prepared
i n Exanpl e PPepardtich 6DIR, QRWNY $,'2R)ANPOcHathiRo2cetiyI¢gclopropylcarboxyliciatdrer i C

i ntermedi ate co oung 19a and 19b 6 March 2003 19a 60 ea~ 19b Fol | owi ng
the procedum&thyesisy ﬁm e 18, isoneric conpounds 19a and 19b were separ at ed
and transfornmed into their correspondi ng corrpound of fornula 1; to isolate

t he correspondi ng conp 3 of Té}%lﬁ %t Spectr al data und 103:
Rot anmer popul at i on %Z (1.8 2i 20 - )\\
%o N COZH Et,0 ﬁ\ CO,Me

0°C
15 8a 8b

The Boc derivative 8a (0.30 g, 1.31 mmol) 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 8b as a clear colorless oil (0.32 g,

20 100%). 'H NMR (CDCly) & 5.1 (bs, 1H), 3.71 (s, 3H), 1.62-1.57 (m, 2H), 1.55 (s, 9H),
1.53-1.43 (m, 1H), 1.28-1,21 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H).

EXAMPLE 9

Enzymatic resolution of methyl (1R, 2R)/(1S, 2R) Boc-1-amino-2-
ethyicyclopropyl carboxylate:



M5 (FAB) mz: 703 (MH); '"H NVR (DVMSO-dfi) 88.21-8.09 (bs, 1 H), 8.05 (bd)
J=7.63 Hz, 1 H, 7.94 (bd, J =7.0 Hz, 1 H), 7.91-7.83 (m 62M)1rchb0§§ 7.76
(m 1 H, 7.597.5 (m 3H), 7.5-7.43 (m 1 H), 4.99 (d, J =11.8 Hz, 1 H),
4.89 (d, J =11.8 Hz, 1 H), 4.43-4.30 (m 3H)) 4.23-4.16 (m 1 H), 4.13
(bd, J =10.8 Hz, 1 H, 3.71 (dd) J 3#‘ 4 Hz, 1 H), 2.2-2.02 (m 2H},
1.87 and 1.84 (2 x s, 3H), 181171( 1.70-1.40 (m 12H), 1.26-1.06
(m 4H), 1.04-0.83 (m 11 H) 0.59 (m 1H) ' EXAMPLE 20 Synt hesi s of
conmpound 108 of Table 1 -auyl Boc-Chg-Chg-N~ --~ Bo@-({DQ U- mg- g-NOHO
Np HO1 20b 2@0 M ooa o-allyﬁlcho ) @ u- Chg- Chg
61 Ac-Asp-(Dd ?:Hk}q 5!»“?& onpd Crude
tetrapeptide 17e fradin arrpl enabf (ca. 0. 96 1) was treaﬁie with 4N HC

/ di oxane solution (58nl) as described f ré ound 15c. Tgpi &J;ud
hydrochl ori de sal tm' ,%oupl ed to Boc-¢D) (G allyly G%fu%+.9 , 1.155
nmmol) 5 with NM\/I( 3.850 mmol ) /aneH,BBTU (370.8 ng, 1.155 nmol) in
DCM (5 nL) for 3 h at RT as described for conpound 15d. The crude

pent apepti de 20b was obt ai ned as oar—vo y foam (ca. 933.9 ng, 0.963 mmol).
M5 (FAB) 968.6 M+ 9706M—|"ﬂ9 "H NWR (CDCI3), ca.1l : 4

m xture of rotaners, 8 8.05 (d, J:HS 5Hz 1 H) 7.87 (b d, J= 10 15 20
7.5Hz, 1 H), 781(d J~85Hz Bb k9,5 758734(m5H) 6.77-6.25 (m 2H))
5.98-5.77 (m 2H), 5,3 (lg?lJ—15 10.5Hz, 1 H),

5.06-4.89 (m) 2H)) 4~ zi's E‘f‘q{l?}fﬁﬁ%';:?é Y 4H), 2.69-2.38 (m 3H),

2.23-1.87 (m 2H, 1. & 1.44 (s, 9H), 1.22-0.87 (m
ot} was R 7BAS ‘éa"a?&wcmk\ﬁtﬁ o o2 2L SRR SRR et iTady °f or
conpound. 15cethyiilester oliBirarhyid 8qOl81q, i1dY melot) wessdissmivelddol atetone (3 mL) and
Boc- Asp( O gfdvihitéd Wk date? (7'HL) Jvhﬂégeiméaidl%ﬁﬁeyWe(pﬁé thd soldtichivas
5 adjusted to 7.5 with 0.05M aqueous NaOH before Alcalase® [2.4L extract from Novo
Nordisk Industrials] (300 mg) was added. During incubation pH was stabilized with
NaOH and a pH stat was set up to monitor the addition of the NaOH solution. After
40 h the mixture was diluted with EtOAc and H,O (with 5 mL sat. NaHCO3) and the
phases separated. The aqueous phase was acidified with 10% aqueous HC| and
10  extracted with EtOAc, dried (MgSQ,), filtered and concentrated to give acid 9a (48.5
mg). The absolute stereochemistry was determined using the correlation described

D

in Examples 6 and 7.

b) Treatment of an aliquot of acid 9a with diazomethane in Et,O to give the methyl
ester foliowed by analysis by HPLC using a chiral column [Chiralcel® OD-H, 2.5%
15 Isopropanol/hexane, isocratic] showed a 51:1 ratio of the (1S,2R) isomer.

a")The organic phase was dried (MgSQ,), filtered and concentrated to give the
unhydrolyzed esters (0.248 g). This material was re-subjected to the above enzyme
protocol until the pH remained stable (98 h). After extraction as before, 0.146 mg
(100%) of unhydrolyzed ester was recovered. Analysis by HPLC using a chiral

20 column showed a ratio of >50:1 in favor of the (1R,2R) isomer.

b') The aqueous phase was acidified with 10% aqueous HCI and extracted with
EtOAc, dried (MgSOQ,), filtered and concentrated to give the acid analog (82 mg). A
portion of this material was treated with diazomethane and then analyzed by HPLC
using a chiral column as before which showed a ratio of 65:1 of the (15,2R)

25 derivative.



mol ) and TBTU (370.8 ng, 1.155 mmol) in DCM (5 nL) as described for
conpound 15d. The crude hexapeptlde 20c was obtained as an i OB
(ca.1.083 g, 0.963 mml). M5 (FAB) 1147.6 (MtNa)+. 'H NVR ( CDCl 3) ca.l:1
m xture of rotamers, 8 8.06 (b d, J=BHz, 1 H, 7.86 (d, J= SHz, 1 H, 7.81
(d, J=8Hz, 1 H, 7.59-7.39 (m 5H), 7.39-6.34 (m 4H), 5.98-5.76 (m 3H),
5.38-5.10 (m 6H), 5.10-4.89 (m 2H), #4%£%6-4.05 (m 10H), 3.87-3.58 (m
4H), 3.30-2.65 (m 2H), 2.651.89 (m3H)) 1.79-1.33 {m) 19H), 1.47 & 1.45
(s, 9H), 1.33-0.86 (m 14H). The crude hexapepti de 20c (ca.0.963 mml) was
treated wi tEXAMBLEAL / di oxane 25 solution (5 nL) as described for conmpound
15c. The crude hydrochl oride was acetylated with acetic anhydride (182 W,
1.193 mol) a%wth(041!36525){(,13,32%)506mm#ﬁﬁ}VMCMSPMaMV}'CiWM (5 )
as described for conpound 15f to provide the crude acetyl
The foam residue was pyryfi bycjmnephmat ogr aphy
; EtOAc 20:80 to 10:90 ¥nd 2"d pute—Et+©QAc)—t® provi de e acetyl ated
hexapeptide 20d agiguct v thgam (528HgGN 51 % wigbdcsvecotisi eps) . MS
(FAB) 5 1067.6 (MH+)?1089. 62(M:Na). ThgTtacetyl at ed ﬁexaﬁept"’i de 20d (528 ny,
0.495 mmol ) was di sselhyiegntothdke{ 3 nL) and treated wi t'he a prem xed, 15 mn
stirred solution of tetrakis(triphenyl phosphine)-palladium (0) catal yst (90
ng, 0.078 mmol) and pyrrolidine (134 ~Lgeloe@3edwieol ) in DCM (3 nlL). The

ed tetrapeptide.
ue : 1S hexane

reaction m xtuy‘ep,a('va;ﬂz@rzi rred at T 1K 2-trfhéihyidtetidolt tch the sol vent was
evapor at ed. -Fhe—e+ude—r oduct puri t-ed—partal |y by trituration in

Et 20: DCM (85: 15)RT t hen, gOCdG edohiy t wo "Hat chgmob aratory HPLC. Half
of the partially purified materig[ fas dissolved in 4l ﬁocéq/eﬂ\,l’m (5 ),
filtered through a M11li poreO: | ex- HV 0.45pmfilter—and injected onto

an equilibrated Watman PartfygolmIBADS-3 (2.2 o C18 reverse phase 15
colum. Purification program—-—-rearwgradi ent 15 mUm n, 230um injected
at 5% A; once all HOAc had el uflétF t he prg%@ SNpegun - at 5% A for 10
mn, 5-58% A in 70 nin; A 0.@%% Felux CH3CN, B4: 0. G69FA / H20. Fractions
were anal yzed by anal ytical HPLC, appropri ﬁanﬂ{oq,qggcgns fromboth HPLC
purifications were collected and |yophili zgs)/tss)provi de the desired
hexapepti de conpound 108, as a white 20 anorphous solid (218.3 ng, 47%

yield). M5 &bl b abid¥d dedérbetl iMExaRp® § (MrNa) + 985. 4 (M+K) +. ' H NWVR
(DMSO)) ca.1:9 mxture of rotaners, 8 8.55 & 8.31 (s, 1 H, 8.16 (d, J=

ZH)SHZ,7 E138H% ?j) 1&3 8d g(.%lzﬁz é,al.ﬁﬂaﬁno;) i;ﬂ)gHsghDé‘?S(rng_)lz whte 8uéiﬁis7ivelyé hi;de?tﬂDBlZ- 7.4&;)5 (m
, 7. = 8, , , 7. , J= .59-7. m ,
2 b (a0 s ltesiuk, 73 imol 1 g andalbbromsin 660 uky T 6 ST PAITE Tabe, 1
;%, 5I£E|.z 08;L 4. fb'_ac(zidﬁ4r§f§<l’ﬂ)re :\LA%is7s_t'irr§Q e gdgﬂﬂgni%é(dzoonéseﬁﬁaﬁezcﬁggé ééﬁm)sez\ﬂa_s ;5 gH)
2.04-1. 88 W’H“‘M‘,‘h é?eécﬁ'ﬁn%@%?kﬁp'veiw&s,shef.@%—%%é "{'anm"i%%"? sqlupn @é",' J= 7.5,
14. 5Hz, 3H) H,0, sativatedraqtedds N3HERAMRIGE (2} aby b difter 1k uscapeatmerd01 of
Table 3 O ~(l\%§'&, ‘fyiltr(a]t_ilorll_| ar% IcorTcelF\i%(rgtién)Itheodgsi>ed5a]eF1 a w'éls &so{atel_clj 8 .1086 g,

3.35 mmol, 91 % vield) as a colorless oil. MS (FAB) 255 (MH"*); 'H NMR (CDCl,) &

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-

15 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).

d) To ester 10a (1.106 g, 4.349 mmol) in dry CH,Cl, (5 mL) at RT was added TFA (5
mL). The reaction mixture was stirred for 1.5 h and then concentrated to afford 10b
(854 mg, 4.308 mmol, 99 % yield). MS (FAB) 199 (MH*); 'H NMR (CDCl,) & 5.99-

20 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).

e) To acid 10b (853 mg, 4.30 mmol) in dry benzene (14.8 mL) were successively
added Et3N (684 puL, 4.91 mmol, 1.14 eq.) and DPPA (992 pL, 4.60 mmol, 1.07 eq.).



21a=9c 21b ®Bn OOONHNHN~O~-OO0O=H~-a~ ONOHOBn O_ 21c OOH O
OOHNNN\ HO~O~0O0O0~",.-/ OHOH O Conpound 301 % Maial2abson of
| it hi um hydr oxi de nonohydrate (23 ng, 0.56 muol) in H20 (4 nL) was added to
a solution of the ester conpound 21 a (45 ng, 0.185 mol, described 10
previously as the (R F~ isoner 9¢) in MeOH (3.5 nL) and THF (3.5 nL). The
resulting solution was stirred vigorous4ey for 16 h and then partitioned

bet ween Et QAc (60 m_) and 10% aqueous HCI (20 ni). The organic phase was

d, i d I
cepar o . i o hanbh BRGS0 BT Al Bt B
W<'7a§ conbi)ng%ismrilml(ggﬁg )S;agauaemynrteenam gmé gmlr(téi?fedi&rf]errgl);hﬂharﬂthe;ml ?A\ftle—brATgo
LT oS e BEaghiTay bl B iR e bar A B0 % and the
sol ution wamueaes]eithmmmmtloal WytevvistalturamquaNeblcmgu@amg Z)d;ahﬁm)srmel?%a aqugous
HC 04 t ncen e
ver ch- 2005, AT LTS oS Al B0 JconkeriaRb Srtnd SRR A eme - sno
Et OAc/ hexanehromatographedtf B899 toofs %hhaacmte‘lupémhepromﬁmdi c2rbathateltocs nat eri al
11 , 0.0 t th 4
Feact Lon mincIee 2 hey Bind R S ep bl o Vi frAda il Do M
hydr ochl orl(tdmcsglstsgﬁsmhqmcmmr ssgzoﬂdom@ an) meos he) h@btess praHICt was

L)

o) Cor enst 2 T S TRL S N BHbUS ﬁ%ﬁ iHb g%%*rg( ") Pagu

(14 g, 10. 0R66-0mES (m,aky, COPLEAGHN. 116 ml, 0.02 mmol) in DVF {4 nl). After
the reaction m xture has been stlrred 16 h, the m xture was concentrat ed.

The f) To carbamate 10¢ (267 mg, 0.810 mmol) was added a 1.0 M TBAF solution in
THF (1.62 mL, 1.62 mmol, 2.0 eq.). The reaction mixture was stirred overnight at RT,
refluxed for 30 min and then diluted with AcOEt. The solution was successively
washed with water (2x) and brine. After the usual treatment (MgSQ,, filtration and

15 concentration) the desired amine 10d was isolated (122 mg, 0.721 mmol, 89 % yield)
as a pale yellow liquid. 'H NMR (CDCla) § 5.94-5.86 (m,1H), 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), 0.70-0.62 (m, 1H).

EXAMPLE 11

20  Synthesis of ethyl-(1R,2S)/(1S,2S)-1-amino-2-vinylcyclopropyl carboxylate:

Ph N
~ B a) BuOK
X~ + Br/\/‘\‘“/ r -—-_)____—_» PB\
Ph” "N “CO,Et THF =N~ CO,Et
118 11b 78°Cto0°c Fh 11c

b)1N aq. HCI
Et,O
¢} NaHCO,

d) 4N HCl/dioxane
AN

HCI-H,N~ CO,Et
11d
vinyl syn to ester
a) To a THF solution (180 mL) of potassium tert-butoxide (4.62 g, 41.17 mmol, 1.1
eq.) at —-78°C was added commercially available imine 11a (10.0 g, 37.41 mmol) in
THF (45 mL). The reaction mixture was warmed to 0°C and stirred at this
25 temperature for 40 min. The mixture was then cooled back to ~78°C for the addition



10 residue was dissolved in EtOAc. The sol ution was washed sequentially
W th saturated aqueous NaHC03, 10% aqueous HCI and brine, drigEadatdN2S08),
filtered and concentrated in vacuo to give a white solid. This nmateri al
(ca. 0.033) was dissolved in EtOH (6 nL} and treated with amoni um acet ate
(7 my, 0.09 mml) and 10% Pd/ C (10 ng) under an atnosphere of hydrogen gas.
After 3 h) the reaction 15 m xture was 47 | tered through di at omaceous earth.
The filtrate was concentrated to dryness. The resi due was t hen di ssolved in

DMVSO and purlfledb aratlve HPLC to give a white solid aft
[ yophi | | zat8!dhf-Bibrergotiieriestih (e F7etm "Qtt%‘sf)t'"eéﬁégtqté’r'1@aﬁrﬁj VB (FAB)

ES  932. 6 (ddddd back 2é-78 tddrane addﬂ%f%léé@uuﬁpfen%fdiﬁmhh@aé

934. 49261, found 934 49010; ' H NWR (DVSO, ds) 8 8. I-&E 20 8.24 (d,
J = 7.95 HgMmel iy e@). The gaction mistugsavag,finajly rredﬂ@emz’r@ oyt at Qg0 1 1
7.79 (d) 3 wr@eu@lrdt@dtolyléihcor?\;l)aéwdﬁcJ =8.26 Hz, 1 H)) 7.42-7.17 (m 10 H),
5.00 (quintet, J = 7 H, 47 {m 1H, 452 (d, J = 11.76 Hz, 1

H, 4.43% (Cb,onFﬂ&w‘és'TBkenlud‘#\Etg@ @84 na_)(armhn@aie,d vﬁth7ep1l(ld  HEl sonulﬂan4 and

11.1 Hz, and 5.7 Hz, @3) = 7.95 and
7.95 Hz, 1%6"} Zﬁer%.qh@WTSW laysreyyers, sg?a a_l.ndl-‘f'? aﬂ S{aygswes () 2H),
1.81 (s, 3|'ﬂlashbd?/8th1Et§(3 (a‘ﬂﬁanabihsméd 5i4h&sétllrét€ﬁi aaH‘)aHdO:?&)llﬁt%n ﬂhe— 7.0 Hz,

3H), 1.29 = 94 and ng ui nt et 1H)
1.05 (m 1 %swe@agwetwas gxtrac@dglgutn_gt'zog% )ang t@%c tggec{%garilclq)(traqgwpf (m OH) .
EXAVPLE 22 Gsreauiith bkhé. theﬂfﬁ@hﬁ:altré@tﬁwe?ﬂ/ 5@@4 nRdtidcasy sbreanttfiohie

prot ocol describ 2003 65 Rot aner 1gopul ation

d
D AR 0L R yesiie WaToaiEs AR BN HEkSOIEM D ARETEIED TG 48 MEneib AR o ( b,

1H, 804 édiwceﬂtra?ﬂoﬁ %rb‘&mlonﬂe'ﬂhltﬁd%sﬁ%ﬂated as a brawn $8lid (2413*7 g, ‘72 g8 (d, J =
8.27 Hz, 1 = 7. 95,

O oe 1 1 o @4%@) 2t e s o1 T s, 3 535966 (1, 01858 W= 1 1)

4.40-4.34 (. 21=|zH) 4.32d( b1§1oé|-li)m)442§s 422/@111(2111) i7|7')z7o4n22u—ﬁ} dos(m 1 H),
409(dJ 0-2.12 (m 1

2\ 05.1 6 eln%i@zﬂz'%w 075 ehy 3= 6378 3H 198 Thy= 70030015 (o 1l )
108087(% 13 0.85 (d, J =6.68 Hz, 6H. EXAWPLE 23 1 o Conpound 114
of Tabl &1 ﬁ'lzhe5| zed according to t he prot ocol described in Exanple

(VB %P%.P%"t%tf'za (B2SNE g} Boaminert My Slgpronyiatbomic seld 1 1y -

7.87 (d J —efhyPéstels, 1 H), 7.85-7.78 (m 2H) 7.58-7.49 15 (m 3H), 7.46

(dd) J = 7.95, 7.95 Hz, 1 H), 7.30-7.21 (m 4H), 7.20-7.14 (m 1 H), 4.98
(dy J =11.8 Hz, 1 H), 489 (d, J = 11.8 Hz, 1 ,440434 1 H)),
4.34-4.29 (m 1 H), 0-F 25 (m (Bo 0 4. 22415(m1 d, J =
11.8 Hz, 1 H), 3.74 pQd, J = 1114 Bz, 1H\..2 2.21-2.11

(m 1 H. 2. 0B MCGHL L 89 DIBBACZ x o, oo M),
1.38-1.30 (m) 1 H), 1.27-1.22 (m QMAP11209 OsH)Hzo 3 (d 3 =

6.4 Hz, 3H), 0.84 (dy44 = 6.4 Hz, £ EXAVPLE 24 12a

vinyl syn to ester

The hydrochloride salt 11d (1.0 g, 5.2 mmol) and (Boc).O (1.2 g, 5.7 mmol) were

20 dissolved in THF (30 mL) and treated with DMAP (0.13 g, 1.04 mmol, 0.2 equiv.) and
diisopropylethylamine (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 HCI, and sat. brine. The organic phase was dried (MgS0O,), filtered
and concentrated to give after purification by flash chromatography (15%

25 EtOAc/hexane), 12a (0.29 g, 23%). 'H NMR (CDCl) § 5.80-5.72 (m, 1H), 5.29-5.25
(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), 1.85-1.73 (bs, 1H), 1.55-1.5 (m, 1H), 1.49 (s, 9H),
1.26 (t, J = 7.3 Hz, 3H).



Compound 118 of Table 1 was synthesized according to the protocol described
in Exanple 17. Rotaner popul ation by NVR ca. (1:6.3): 25 M5 (6RiBch™003
677.4 (MH); '"HNWR (DMSO-ds) 8 8.58 and 8.38 (2 x bs, 1 H, 8.04 (d, J =
7.63 Hz) 1 H), 7.93 (d, J =7.63 Hz, 1 H, 7.91-7.81 (m 3H), 7.59-7.49 (m
3H)) 7.49-7.43 (m 1 H), 4.98 (d, J =12,1 Hz, 1 H), 4.89 (d, J = 12.1 Hz,
1 H, 4.41-4.29 (m 2H), 4.29-4.14 (m , 4.1 (d, J =10.8 Hz, 1 H, 3.74
(bd, J =7.63 Hz, 1 H, 2.212.12 (m 1 H), 2.04-1.92 (m 2H)) 1.90 and 1.84
(2 x s, 3H) ExAm@®E18 41 (m 9H), 1.39 30 1.26 (m 3H), 1.21-1.15 {m 1 H),
1.06-0.92 (m 5H), 0.92-0.80 (m 9H) 6 March 2003 66 EXAMPLE 25 Conpound
116 of Tabl Endyimatic fsoIUtRM GRANAYIAY, M%bf&t%@b@ﬂﬁqlcydm%pwed in

Exanple 17. 'H NVR ( DMSO- ds) 8836(s (d : 1H) 8.04
(d, J = 8 Hsarbexppte:s’ 7 99 (d, J 9Hz 1H, 7.79 (d, J =9 Hz, 1 H),
7.33726(m5H),454442(m3 ,430421(m5H) 406( J =11
Hz, 1 H, 3.69 (dd, J = : 262(dd =16, 10 Hz, 0. 47-2. 42
(m 1 H, 2.i8- 14°( n;,a)mca&el 1. ?%(g 174-1.66
(m 2 H, 1. 54 U H,
0.97-0.85 (m 11 H) o 30-0. 70apty 7 H). 1 E(XAIVPLE D6 Cor’r"pound 121 of
Tabie 1 was synt he%gj% to?egtgrordl ng to the praaigspol descri bage dryprExfanpl e 17.
2

"H NVR (DVSO-ds) b J =6 H, 1 H, 864 (s, TH, 830(d, J=28
Hz, 1 H, 8.12 (d, J 9 Hz, Aﬂalﬁd}sbygwﬂ5u£lﬁbj¢hlr]alcil®am Hebldmn 1 H), 7.97 (d, J
=8 Hz, 1 H, 780(dd J15—8 7 H, 1 H, 7.66 (d, J =9 Hz) 1 H, 7.54

gd,_ i , HS Hé) Récéﬁ)lc d5r|\7a(ﬁv51§é-(dﬁg [g_f? h ml_rﬁol)?@aﬁ Gvssélved Wadél?&ne](S IFBL) aﬁd07) (d,
4.23-4.12 ( ﬁ*}ut%d Mth H40 @ng h(erﬁH waﬂ?dﬂuzteeew@ i3 N(aﬂvequsri)laou t@,zzz 28 (m 1

HZSS i 912 g %ﬂefoﬂe Rlcgliilsé@ wiag adéled‘QSOO I—@l To l&%p(tﬁb 8I1I ddhstaht &ﬁlr\bﬁncu%aWn i

H))
01. 05-0, 78 ?maoﬁ W“Of’z‘wwm‘z az?”éiﬂ&ﬂﬁ%ﬁﬁaow§ éﬁvsmmteeﬁma@ceynt hesi zed
accordi ng t amblist dtbat®rad besadddae dolidwifx aciBibasd éxtradlohNMR deElBeddi i) 8 9. 14

d J = 8.6 14- 8. 06 2
by 7. o8 aExamuely) 1 dnpiplvago gbeer it g fhoge) andipb yopibematercl 315 o5
: 1 H, 7(GBq gl 95%)wde iddlatdd. H)«nalﬁngHEe@6h(/dfbly2ed-§este5b32!2P(.¢d).|sdm a 17 Hz,

! H) 5 07 gly?l golagm(sit}l'ow?]i ﬁ)kgﬁozo%gi kgg@e(dﬁsurtid gsmp%r?@:’zc Zéog éﬁd Cpf Zibfz % 9
a20411H§9)7 (() (WhereihlR, islvifiy, Table 2) Whs h{ldr6§éna4€d (1r08 ﬁ'\gl‘b 31? ﬁﬂol(ndd n;)hlJof—15 4

: Wn e 1 was
synt hes| zedEﬁ%ﬂ‘é&?t&aﬁéﬂwm@%Wf 08ET PR AR EHEE G N ch
2003 67 15 H b&ﬂ%ém&)\emﬁRS& dthyl, Tatd 2). &oh?po(udd 214+a8 biden adsibhed Be09 (d,
,: 7! ( %ZRgsteﬁaoE}q@nﬁgy biseﬁ on q?énbay! c&)gretax“on As &?%crfpegéh Féamgleg_glz‘] H; 8

H), 4 89 Gk 7Jnd1callag|tl7at cémpbundi268 (K,ddvinyl) Faglthe santdzabsbiutd configbratidn 12 (m
H, 3.78- 2.47-2.42 (m 1

2.22-2. i’%’?ﬂésrgé“%w?%(&ﬁ’f"ég??ﬁf’e%%f R*rv@!')(l 53H)H§ 1.771. 71 (m 1
Ty, 1 Chodlbaio HpLosts R bRk it s mim Kizg it Bo58 M ompound 120

f Tabl eol mmmnstdsmazmdbmwwmg 5% iddpeoganol/ieexainedescri bed in

o
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e

o

EXAMPLE 14

Resolution of (1R,28)/(1S,2S) 1-amino-2-vinylcyclopropyl carboxylate by
crystallization with dibenzoyl-D-tartaric acid




10 Exanmple 20. 'H
8.05 (d, J = 8 Hz,
7.64-7.52 (m 4 H)

NVR (DMBO-ds) 8 8.34 (s) 1 H), 8.12 (d, J = 8 Hz, 1 H),

H)795787(m3|'|)71(0I J—9|62Maﬂch|ﬂb03

, 7.46 (dd, J =8, 7 Hz, 1 H, 4.99 (d, J =12 Hz, 1 H),

4.89 (d, J =12 Hz, 1 H), 4.63 (dd, J = 14) 7 Hz, 1 H), 4.37-4.14 (m 4 H),
3.74 (dd, J =11, 4 Hz, 1 H), 3.41-3.35 (m) 2 H), 2.61 (dd, J = 16, 15 7

Hz, 1 H), 2.44 (dd, J = 16, 8 Hz, 1 H))49.20-2.15 (m 1 H), 2.04-1.96 (m 3
H, 1.82 (s, 3 H), 1.70-1.64 (m 1 H), 1.56-1.43 (m 7 H, 1.30 (quint.) J

= 8 Hz, 1 Hy,akopflod 8fc duc}e rac?mlcs(g Sé?cﬂﬁ 95980 1 mi ﬁ?z@%glg MPLE 30

CI oni ng, expression an r'econbi nan tease 20
type 1 b. searquwat@mbmqmmm@m@aylmhm)mnaﬁmm(%eau San

t | | ,
Canada and. B0 23eREHBRANPEIAIAEE 14 in OB FEF a8 anihg E*“@'"Z(’Xp%ﬁﬁk
St e- Anne deadidl(3%yae93. @amb)déme naituen s beated tg tﬂﬂuxuefhgtfﬁ A ristiemt e of
the HCV g f

€ e”gﬁ@%@% %Q@@;&%@G S\.«La;sgﬁt% I@%fﬁed JARERHS s %Qﬁ@eréé( reverse

transcripti usi ng specl priners sel ected
on the basi wamedrwmtéw (He8 mbeAnd pirsiriedehbe ppld wasaswaﬂe%m FeLtPmet he
determ nat| ssi gned
to the tov PR, eHiedisd b nRFERIT TREB s fol Rllfec mIcEATHaS 15,
din. M crob¢epne (C(opg@)s)Thesmothgr linwoss wereToncameatethpnbthedpeidéewagnce of the
non 30 str UFéch?allhzé@G’lrQé‘ﬂm@@% ??é%@eto\“@?céﬁ?g’g The t\p&'cﬂ)g@%? fle dnfitiBndlz%0

identical to enot I sol at and 88% i denti cal
to HCV g@now\ﬁ%sqldaotﬂ zpyl- @dw&qr@)acmsqﬂl\mefﬁrf@mw & iafg suprended
pol ypr ot el nypx %&Uré%f EQU%QéM%%h@Q&uWNHﬁ&@a MR MLedrdy PCR and

i ntroduced into 8 eukaryotic _expressi on vectors. After

transi ent tpmgncéﬂer Wﬁs “@ﬁaecbmt%m éﬁr'ﬁd;ﬁ'vlsé@s)sanﬁ’d"tﬁfﬁﬂ aheditsgle Was Hov NS3

prot ease Waamﬂ@dmmﬁ 'Nilt-IGﬂEQM (ﬁé@mﬂhﬁﬁ@@&%eﬂfrafeﬁ%nﬂ&i #éﬁi@cé\dﬁ?re%tﬁéelfﬁe usi ng
West ern bl ot anal éSIS in was rve wth

expr 6551 on_ 61 oHLE Yas GRRQIEH AL LU G URRTBRIIN 5 51165,
whi ch inact bV@é;ﬁ&pdnb@aﬂNSﬁymé@&@t@&ﬁlonﬁ@(Morrﬁg o1 % bietd) ua@twmaiygtoyscmct he HCV

NS3 pr ot ease. encodi,ng the reco I nan r ot ease
arm ho act dSais9r voh a6es Aatererieauetwes S Ir P Y opimiatin v caBPaad on
vector. The 1B53f pxapi@ss. expression in E. coli BL21 (DE3)plLysS was induced
by incubation with 1 MMIPTG 1 d for 3 h at 22C. A typical fernentation (18
L) yielded gper | Wel ag 8 (PR €115 RIMFS (ASO-d;) 5
resuspended‘i’({a ﬁ/@é‘?%ﬁ}ﬁ?@dﬁﬂh&ﬁ%gn@;@fl ﬁg‘egm" 25 mvi ss)dl um 6 osphat e,
pH 7.5, 10%ogi7viberdls, £M), 6}64 (Bdcﬂ\d:&lzmnoa eﬂ%wﬁmps a6ddd; et 2d, 6 Hz280C.

E/glgans:Aﬁ ¥ hF@ %(%gﬂdn eé]b\'é )tﬁ Wgﬂ%@? %ﬁ%@aeﬁ ?e atdgéggnal

concentrati @mQMSO 201) MvBa i, 2161991&’0 HZeSlblé:.Ct 64 @ddy J= &Bt@ﬂ He, 28),i.28 (t,

i ncubation at ; 000 x g
For 30 mn 3r74c JHE MPERAF A Fo Pl ckRorighe R e HAGRALL RS g
a 1 M sodi uibetsehioy IdPlsOIauﬂalysls (CHIRALRAK iASTadolupen, Hext/tl?r@H) ohthe Boc

chr omat ogr ap Wﬁ Q @ ﬁd to the 2 step purification 20 procedure
descri bed i FENE"Y% Eé@'ﬁ% corporated herein by reference). Briefly, the
super natgnt fromthe bact erl al I on a SP Hi Trap col um
(Pharmaci’a) previously equili br§¥§é@‘L§W?§v@§@% of 2 mmn in buffer A
(50 mM sodi um phosphate, pH 6.5, 10% gl ycerol, 1 nM EDTA, 5 nM DIT, 0.01 %
NP-40). The Examplnisas t hen washed with buffer A containing 0.15 M NaCl and
the protease 25 eluted by applying 10 colum volunmes of a linear 0.15 to
0.3 M NaCl @ynthesid of $égnemto heCleg-CivgtRiion(4(/8)-haphthalenst-yimethoxy)t@d and
diluted to atgl nal NaCl concentration of 0.1 M The enzynme was further
purified on é i Trap Heparin colum (Pharmacia) equilibrated in buffer B
(25 nM sodi um phosphate, pH 7.5, 10%glycerol) 5 nM DTT, 0.01 % NP-40). The
sanple was |oaded at a flowrate of 3 nUmn. The colum was 30 then washed
with buffer B containing 0.15 M NaCl at a flowrate of 1.5 nrin. Two step
washes were performed in the presence of buffer B containing 0.3 or 1 M
NaCl . The protease was recovered in the 0.3M NaCl wash, diluted 3-fold with
buffer B, reapplied on the H Trap Heparin colum and eluted with buffer B
containing 0.4 MNaCl. Finally, the NS3 protease-containing fractions were
applied on a Superdex 75

1
7.
1



6 March 2003 69 Hi Load 16160 colum (Pharmacia) equilibrated in buffer B
containing 0.3 MNaCl. The purity of the HCV NS3 protease obtgimed Jopem t he
pool ed fractions was judged to be greater than 95% by SDS-PAGE fol |l owed by
densitonmetry analysis. The enzynme was stored at -80C and was thawed on ice
and diluted just prior to use. EXAMPLE 31 Reconbi nant HCV NS3 pr ot ease/ NS4A
cof actor peptide radionetric assay. The5Qanzyme was cl oned, expressed and
prepared according to the protocol described in Exanple 30. The enzynme was
stored at -80C, thawed ice and diluted just—prior to use in the assay
buffer containing the of act or pepti de. he substrate used for the
NS3 protease/ NS4A cof epti de radionetr y, DDI VPC- SMSYTW is

cl eaved between the and the seri ng—¢ t#s by the enzyne. The
sequence DDI VPC- W corresponds to theNSSA/ NSSB natural cleavage site
in which the GYS ei je residue in PZBha bgen substituted for a proline. The
pepti de subst Fat e | VPC- SMBYTW and “th acer biotin- DOPOPC SI\/B| 'z51 15

Y] TWare incubatediwi th the reconbi nant AS3_prgfease and the NS4A peptide
cof act or KKGSWI UGRIPHLSGRK (nol ar rati @enPyne: cofactor 1:100) in the
absence or pregestedofexampdbi t ors. The separati on of substrate from
products is performsls?y addi ng avi di n-coaige agarose beads to the assay

m xture followed by filtration. The anmount of SMS[' 25I-Y] TW product found
inthe filtrate allows for
substrate conversion and o
and Tris-HClI (U traPure) qi ned from G bco- BR
(UtraPure), MES and BS 7 hased from Si g 2
Pierce) DVMBO from Al dri eh and NaCH from Anachem as™ 25 Assay buffer: 50 nmM
Tris HCl, pH 7.5, 30% (\wW~ glycerol, 1 ng/nL BSA\ 1 nmM TCEP (TCEP added
just prior to uB¥-Ghed 1 M 5tock™sol B SherNwaler). Substrat e:

DDl VPCSMSYTW 25 pM fi nal /cﬂyentration (froma ch solution in DVBO
stored at -20C to avayd "oxi dation). Tracer: re d” nono i odi nat ed
substrate biotin DD VPC SM5[' 251 Y]TW (-1 nM 30 final concentration). HCV
NS3 protease type 1 b, 26dnM final concentration (15&m a stock solution in
50 6 March 2003 70 nM sodi um phosphate, pH 7.5, 10% gl ycerol, 300 mM
NaCl, 5 mM DTT, 0.01 % NP40). sNAA Cof actor peptide: KKGp¥yl VGRIILSGRK, 2.5
~M final concentration (from stock solution in DMSO stqred at -200).
5 B. Protocol The assay was pgr & in a 96-well polg/p 0 e plate from
Costar. Each well contai ned

Ac-Chg-Chg- N —*  Ac-Chg-Chg-N
A~

0“ O o~ ~OH

per cent age of
A. Reagents Tris

he cal cul ation of the 20
Ne_percentage of i nhi bi

\ Va

15¢f 15g
Compound 15a (same as compound 2 from Example 2)(4.45 g, 11.98 mmol) was
dissolved in anhydrous CH3CN (60 mL), DBU (2.2 mL, 14.38 mmol) and allyl
5 bromide (1.1 mL, 13.18 mmol) were added successively and the reaction mixture

was stirred 24 h at RT. The mixture was concentrated, the resulting oil was diluted
with EtOAc and water and successively washed with water (2x) and brine (1x). The
EtOAc layer was dried (MgSQ.,), filtered and evaporated to dryness. The yellow oil
was purified by flash chromatography (eluent:hexane:EtOAc;90:10 to 85:15) to

10 provide the product 15b as a yellow oil (2, 4.17 g; 85% yield ). MS (FAB) 412 MH*

'H NMR (CDCls), mixture of rotamers ca.1:2, 8 (d, J= 8Hz, 1H), 7.87 (d, J= 8Hz, 1H),
7.82 (d, J= 8Hz, 1H), 7.565-7.41 (m, 4H), 5.95-5.85 (m, 1H), 5.34-5.21 {m, 2H), 5.03-
4.88 (m, 2H), 4.70-4.56 (m, 2H), 4.48 & 4.39 (t, J= 8, 15Hz, 1H), 4.28-4.23 (m, 1H),
3.81-3.55 (m, 2H), 2.46-2.36 (m, 1H), 2.13-2.05 (m, 1H), 1.44 &1.41 (s, 9H).



20 ~L substrate/tracer in assay buffer; 10 ~L inhibitor in 20% DVSQ assay
buffer; 10 10 pL NS3 protease | b/ NS4 cofactor peptide (nol arg Match@0d3 100} .
Bl ank (no inhibitor and no enzyne) and control {no inhibitor) were al so
prepared on the sane assay plate. The enzymatic reaction was initiated by
the addition of the enzynme/ NS4A peptide solution and the assay m xture was
i ncubated for 40 mn at 23C under gentl|l 8115 agitation. Ten (10) uL of 0.5N
NaOH were added and 10 uL 1 M MES, pH 5.8 were added to quench the

oy o ved ERinoRRy 1SBTE K ot St mtnof ived Hiskhdy B AR AT BRTNFRIL | on
SR i pinmemegbat-t bl ooty fgeegmd?‘g oo b b'g? oo oer)
P ered ag he'Rting PiTsBe b AR50 W BlartGiohs RERA R O Al 230

appar atus, 2o0@24Amol), Béc-CheOH 4 HIG{E53@s5 semﬁélﬁéﬁﬁmm(ﬁ% gragr e wel |
pl at e cont ai ni ngﬂGO ~L of scintillation fluid per well. The filtrates were

counted on Yer2EHARHSUESERH A Thﬂﬁarcﬂ%m"‘tﬁ@l"l‘ﬂf%'"?gfiBT(?UF@'QE‘S”?ﬁ’bt ocol for

1 minute. Thgude iwihi élohbgﬂd\éﬁéceﬁﬁl/élylhéhﬁéh With Hlo%fh%uéél!lsl &ivit Reidggwyat i on: 100
- ~(Cunt S~" h- CClJnt Shl ank)/ (COUnt Si |1 - C(?J A _non-1|inear curve

00
ot R e A AT AR AN Mo W ro AV el
and the 50%qgkd aa 5@)9 mm&ﬁéﬁdaﬁa Bratéd foiynewaso pRivie!tRé @n@dbbrddh@t 15ge of SAS

30 sof t fi t i N. C.
6 I\/Z?Ch\,\g{)géa Tz\lyeh!g& "'@'tg oﬁmgqe@&l\étqu@sg'e@mﬁby&gﬁ r?E'\IZH gﬁ&’"ﬁ‘ assay)
The NS2- USS%QCI:@Q'BFW'JQQHZGWPV 869(8 OCUQ'E@-IZbYHRV dﬂQB J:rlst tﬂ"‘ﬁ 8423 vect or

(I'nvit rogen)7 usi n extracted enot elb
[

infected 5 rﬂﬂ(\mtﬂ'ﬁﬁ?%‘ﬁ&ﬁ(ﬂbd%)ﬁﬁ ddB\é'r ﬂaﬂi"WWe%%% i 1al0Ha: - Luc,

Montreal , Qiefyes 47 raacmz 1H)76.05%4; J\leléHPNA r4a91 JUasHE wmls@ned by
PCR into theﬂgF h dy&“( | ovi rus ) ssw(;n vec o), bco/ BRL) The

vect or sequé’ﬁ‘c@“? rﬁ‘(ﬁh‘&@g (R, ?@gﬁdﬁ (Bdcdail ﬁBZ' “'983 784 ds 4N]1'%7r thad4%sequence

whi ch cont aiggs @n"‘l‘?-g lostigdl (RE1HR9.851163 BACSH)01 BaciTid (mhary] P36 [sU8H),
co/ BRL) 10 was used to produce the reconbi nant

expressiQn sy,

bacul ovi! (r?’us %ﬂi%& lI"length mat ure NS3 and NS4A heterodiner protein
(Hi s- NS3- N L |nfet|n S l.s/ L th.the

r econbi nant Q&&ﬁ?%@?f’@% 1%3?%%)?[5“7‘8 gﬁeafjqu"@%ﬁ]'%ﬁgw'of?nf (g’é kit 27¢
The i nf ect ecs@gktiitie fopthe Bgntnesis eﬂbodrﬂpdumdﬁlzsch Tihatcewdelhydeehiorité ugaWason at

Cwiv) 2 £80180 TR PTG ARG (123 o F et avin s de3mi 36 28l

i nhi bitors. ddusrﬂWBuwg\l%nmdl)hﬁmwtmepde feserbédfr ane byt & Wi t h
1. 5% NP-40, 0.5% Tri tment. After

ul tracerftri fCBB}QPPBﬂ"g‘?I‘FéV'E'SICﬂ{ﬂee" '%‘?&'\ﬁﬁclﬁe\ﬁésa ¥ﬁ"PWt°é|E°§f“f gp?jc?fﬂa MR on a
Phar maci a Hiwab'mpifibl ’oSi h@étﬁéhr&ga@g}apm (ell&&: HaixaNSBIOWIgT20 was: ) ed in a

>90% pure f %rrcwnée ﬁwejtnpegp ide qge gsD g_me\G%émL@ '7299 %% yield over 2 steps). MS
(FAB) 690.5 MH*. '*H NMR (CDCIs), mainly one rotamer, 5 8.06 (d, J= 8Hz, 1H),
7.87 (b d, J=8.5Hz, 1H), 7.82 (d, J= 8Hz, 1H), 7.57-7.40 (m, 4H), 6.41 (d, J= 8.5Hz,

25  1H), 5.92-5.84 (m, 1H), 5.31 (dd, J= 1, 17Hz, 1H), 5.23 (dd, J= 1, 10.5Hz, 1H), 5.04

(d, J= 12Hz, 1H), 4.98 (b d, J= 7Hz, 1H), 4.93 (d, J=12Hz, 1H), 4.63-4.58 (m, 4H),
4.29-4.25 (m, 1H), 4.10-4.07 (m, 1H), 3.90-3.84 (m, 1H), 3.72 (dd, J= 4, 11Hz, 1H),
2.48-2.40 (m, 1H), 2.07-1.99 (m, 1H), 1.83-1.55 (m, 12H), 1.43 (s, 9H), 1.23-0.89 (m,
10H).

30  The tripeptide 15e (2.75 g, 3.99 mmol) was treated with 4N HCl/dioxane (20 mL) as
described for the synthesis of compound 15¢. The crude hydrochloride salt was
dissolved in anhydrous DCM (20 mL). NMM (1.75 mL, 15.94 mmol) and acetic
anhydride (752 pl, 7.97mmol) were added successively. The reaction mixture was
stirred overnight at RT, then diluted with EtOAc. The organic layer was washed



20 50 to 400 mM i m dazol e gradient. The Hi s- NS3- NSAAFL was stored at -80C
in 50 mM sodi um phosphate, pH 7.5, 10% (wv) glycerol, 0.5 M{gflon $H3> M
i mdazole, 0.1 % NP-40. It was thawed on ice and di | ut ed just prior to use.
The protease activity of H s-NS3-NS4AFL was assayed in 50 nmM Tris-HCl, pH
8.0, 0.25 Msodiumcitrate, 0.01 % (wv) n-dodecyl-[i-D-nmaltoside, 1 Y
TCEP. Five (5) 25 pMof the internally enched substrate

ant hrani |yl - DDl VPAbu[ C(O) - O - AMY(3NO2) TWOH in presence of various

concent r at | gngeevely Wit} sRaquBE R dific B2, Ythihudy SutMeiNaHon, YB3, NS4ATL

for 45 mn at final O concentration did not excee 25% The

reacti on wa¥aiee(dn ard Banstxh dried (MRP4)i idigrest and pvarasategip grygesHouor escence

of the N-tepliaaknedérade flpepfice fE?%'slaQ&rﬁfé 188ma2 Aep kg, Hlemgr LS 30 50B
fluoroneter equipped with a 96-well plate reader (excitation wavel ength:

325 nm e g PﬂBY‘@ﬂ?hWIWHﬁ% (UﬂCh)AnﬁﬂWJ)hé‘ﬁﬁém&UB‘BQ)egth .PSSF?Q the H T

nodel vvasthena plied to the % i nhi biti on-concentration data and

ef fective chbéIWr Bt dn 8HECYY), 083 (b al-BHzai By %-PB-64§HM: HE). s 6 JSﬂ'SZ
(Statisticaky @fowar@- B U 5. §A§ 83 ( e @‘3429%1(‘1{?1%‘% 34. ytzﬁ (#n”‘FH Cary,

N.C.). EXAMPL Prot ease ased assa I's dssa one with

Huh-7 cel | s5. Oé(qhu!ﬁd@*-lzel"rl) |4r34e(ddér12féli1f'|ﬁo‘h$%r4k’f¥?dm.éh& 4. 4t2|84ﬁsf2@bt ed with
2 DNA const g 461408 gmeﬁﬁg :?nggﬁﬁwﬁﬁ-lzoqué%éﬁﬁ(ﬁPfTPf)'éb@@ d1hm, HEY

non-structural pro

NS3- NS4A- NSA8INESH1 TraS (1 & (med 1h3)35-0.88 . bier expressing the reporter
protein, secreted al kal i ne_phosphat ase, under the control of tTA gcal | ed
SEAP). 10 Thee pyds birspkife1 §t43t9e3@l3éﬁméﬁl“@§ disreiveddn pp snbyeus Bixiurae

mat ure prot gi MG @emebm%eﬁnpﬂéaﬂphés@h%s@s@mgF@z@@hwicﬁa dHoteins, it is

bel i eved that the viral grotel ns w rma r;r/;pgh x at the rrenbrane of the

endopl asmi c'et'8kiF¢inRheRyiRRpsRbinerRalgdym () gatahst {Hl theanldod mmelhyere
transacti vaaedetd@ce?&s%ﬁe@ﬁmow!@sy swﬁ@mer(géy@ 1gn_oa 2@me§§ THOgoAt i C

activity should | ead to reduction of A level s and 15 conconitant
decrease i nMituie waststiyed gt RT dorcid. rUTefﬁ@ﬁefo‘Pﬁé*PWéﬂf‘é%Q gvaporated Thenpounds, a

paral | ehst r?ﬁ%ﬁﬁ@%ds%é&@%d@?ﬂ&)ﬁ(@ﬂﬁ(ﬁ%“a@[]éédéJ&fnc%W 8a¢ kuMhek WAsELONe
(called tTA) was co-transfected with t SEAP construct such that SEAP

activity i sMISRIBBEHENT 06rRINEaUS e éG!dy‘("?Q?' fepi ndRrinedd gk JBBOIENIG he assay:

Huh-7 cel | sjaygrveaddried (ﬂd@@ﬁ%tbreﬁ aﬂa@%\/E@a(efdeTﬁé cﬁ.@bf 8&1103 gﬁﬁg}tl{:rﬁﬂﬁeene
&

co-transf ec%ch_l} eit her
pr ot ocol ?&r%&}" (%ﬂﬁh'@lpr’f?‘"d%?ffeérf"t@t'ﬂn éﬁe t:gf?)?ptf%é Rapg olthshed
trypsini zed(zammg rdost gidicf aMSB@A@%ngtI MH/‘ weh-h)s (MINRG* Wed NMH @Dsig)cont ai ni ng

a range_of concentrations_aqf ds to be tested. After a 24-h

i ncubat PBn PFEMNYEANE RPRMEN aﬁ&@ (S'f"=t r?ﬁ'éhzj%a\%g ¥ Wie i 7880 AP activity
in this aligHet1Hes.soRasM 84b, 3B),W.8717 uhemPhny B4y Id, ghig At 1Y, 15008 ) J=

12.5Hz, 1H), 4.94 (d, J= 12.5Hz, 1H), 4.73 (t, J= 9.5, 19Hz, 1H), 4.44-4.35 (m, 2H),
4.26 (b s, 1H), 4.19 (d, J= 11.5Hz, 1H), 3.75 (dd, J= 4, 11Hz, 1H), 2.47 (b dd, J=7.5,
13.5Hz, 1H), 2.20-2.11 (m, 1H), 2.04 (s, 3H), 1.88-1.41 (m, 11H), 1.30-0.80 (11H).



Anal ysis of the percent inhibition of SEAP activity with respect to
conpound concentration was performed with the SAS software t g @hiciZnoshe
ECSO. The toxicity of the conmpound (TCso) was then assessed using the MIT
assay as follows: 30 20L of a MIT solution (5nglmM mediun) was added per
wel | and incubated at 37 for 4 hrs; 6 March 2003 73 the nedi um was
removed and 50 ~.) of 0.01 N HCl + 10%gskriton X-100 was added; after
shaking at RT for at least 1 hr, the OD of each well was read at 595 nm
wavel ength. The TCso was calculated in the same way as the ECso. 5 EXAVPLE
34 Speci fi cEXAMRLEIBys The specificity of the conpounds was determi ned
against a variety of serine proteases: human | eukocyte el astase, porcine
pancreati c Syntbesisof sagment AeChaaYalrire(4(8H)-naphthairn-§yimethaxy)-QHd1€8)st ei ne
protease: human |iver cathepsin B. In 10 all cases a 96-well plate format

protocol using a coloringtiic p-nitroaniline (pNA) /sypstrate specific for
each enzyne was used. Ea ay included a 1 h e @ Nnhi bi t or
pre-incubation at SOCOf of | owed by addition of s%bs r @ hydrolysis to

@B0% conversion as neasured on a W Thernonmax nFcropl ate reader. Substrate
concentrations re kept as | ow as possible donpared to KMto reduce
substrate 15 co\;%’%'y' ' on. Conpound concéRtYilinehs vari edTrom 300 to 0.06
pM dependi ng on t hej cy. The final condijiions_for each assay were as
follows: 50 mM Tri &HC pH 8, 0.5 M Na2S04) "M NaCl) 0.1 nM EDTA, 3%
DMSO, 0.01 % Tween-20 with; [100 pM Succ- AAPF-pNA and 250 pM
a-chynotrypsin], [1331g# Succ- AAA-pNA and 20 ~86khM porci ne el astase], [133
~M Succ- AAV- pNA and 8 nM | eukocyte el astase]; or [100 nM NaHPO4 pH 6, 0.1
mV EDTA, 3% DMSO, 1nM TCEP, 0,.01% Tween-20, 30 pM Z- ER.pNA and 5 nM

cathepsin B (the stock enz @—- activated in buffe¢ »-\ ning 20 mM TCEP
before use)]. A representat) 6 e is sumari zed b5¥ for porcine
pancreatic el astase: 25 |on’a psFystyrene fl at-bot (@ el | plate were
added using a Bionek |iquid handl er (Beckman): pL of assay buffer (50
mM Tris- HCl pHe&-chdd@i- Cl, 0. I MEDPAFhe-VaRO.p 2L of enzyne—sotution (50
M Tri s-HC pH 8, 50 Na/%o. 1 nmM EDTA, 0.02% Twe/@%zo, 40 nM porci ne
pancreatic el astase); o~ ©

16¢ 16d
Bas
Ac-Chg-Val- N: E
OH

(o)

16e

5 Compound 16a (2.89 g, 7.02 mmol) was treated with 4N HCl/dioxane (30 mL) as
described for the synthesis of compound 15¢. The crude hydrochioride salt was
coupled to Boc-Val-OH (1.53 g, 7.73 mmol) with NMM ( 3.1 mL, 28.09 mmol) and
TBTU (2.71 g, 8.43 mmol) in DCM (35 mL) for 3 1/2 h as described for the synthesis
of compound 15d to provide the crude dipeptide 16b as an ivory oil-foam (ca.3.60 g,

10 100% yield). MS (FAB) 509.3 MH 511.3 MH* 533.2 (M+Na)". '"H NMR (CDCls) 5
8.04 (b d, J= 8Hz, 1H), 7.87 (b d, J= 7Hz, 1H), 7.82 (d, J= 8Hz, 1H), 7.56-7.40 (m,
4H), 5.93-5.85 (m, 1H), 5.34-5.28 (m, 1H), 5.24-5.19 (m, 2H), 5.04 (d, J= 12Hz, 1H),
4.92 (d, J= 12Hz, 1H), 4.67-4.60 (m, 3H), 4.31-4.26 (m, 2H), 4.11-4.09 (m, 1H), 3.72
(dd, J=4, 11Hz, 1H), 2.48-2.41 (m, 1H), 2.07-1.99 (m, 1H), 1.44-1.36 (m, 1H), 1.37



30 20 pL of inhibitor solution (50 MM Tris-HCI) pH 8, 50 mM NaCl, 0.1 nM
EDTA, 6 March 2003 74 0.02% Tween-20, 1.5 mM 0.3 ~M i nhi bi tWfarch2oy/ v
DMSO). After 60 mn pre-incubation at 30C, 20 ~L of substrate solution (50
mM Tris/HCI) pH 8, 0.5 M NazS04, 50 mM NaCl, 0.1 nM EDTA, 665 ~M

Succ- AAA- pNA) were added to each well ap the reaction was further

I ncubated at 30C for 60 min after which time the absorbance was read on
the W Thernmomax plate reader. Rows of wells were allocated for controls
(no i nhi bi t @ PHRND T @ JHIERKIH)( 003i(hhi=brHnBHANd no enzyne). The sequenti al
2-fold dilutions of the inhibitor solution were perfornmed on a separate

pl at e by t h€hé ciyde digeptide ¢8b (cai 02 bOnoMvds treateiTivith INSHCEdoxave N&@hL) 3. 1 M
EDTA, 0.02%,Twe

- 0 ) | | h i fi f d
Th e 10 o) iSRRG fitne SRR o cOnpihd The RS histo TG RE Sl B8 Be Lol e
the f o][ mul acodpled toUB0¢- Chgltm‘bl leyx 2. {3)ycr .73 thﬁ@cbliavrf]vkr) NMrI]\:t &O?woLﬁzgoeéﬂén:]er: on
i i n
g;'[ \ellfa an% tﬂ'é E%ﬁlﬁéabé@r g:%g Vﬁ@h@ﬁé@?@#’(’ﬁ&ée%ge% riNG sy B)sﬁt he use

(é; SASNI CS e@ﬁpmdels(dSb%%\gde;gachngfégp%mmtawn l%fémk%dl%?, 100% . ,
ry, X ounds of the
i nvgnt i on \/\Aé'?'é‘ a'¥;’§a({]-§§) d81veMH n &I N+M%NM%C%§§&% 0B1(b Extifples 31

and 32 and w\ﬁ/{ea‘mruhm Rz, aH)i ygz\obah JEGHR, bﬁj @VSﬁﬁ)%Qrﬁ 4HYelaeVib @, SpPM ( B)
or bel ow O. spe Represent ati ve

conpounds of= i('rfEle Wéﬁtq X?N@F'é ) §@1t 99t4§d1 =|1r7”'lzhéHgl§r2r3o(Sﬁt~é' te0tHHEsed
assay ofo Exanplbe3ia, J:amngz NHYS 004 F7eme M), 498 &y, 9=01 2tk amy] £634 50fpr 10

CXATDI ©) CORPUI €37 M RARLEE (AT B4 B Y8, Al 8 sty 1,
5.4 pM wher ela)s 204872 A1 @inf eid), 2.10t .69 (Metig), nate-TleT eaf 6, @.43t(s CIHC eaDI0E ons  up
was det er ni B! B0 (G Bathts ST hdPCd B HEndlEat i ng that & his compound i
ron {01 ey IR S PRES s S, o
>75pM PPE a9 Ogddribad (&mm syntiresidbf doaipound 15¢. The crude hydrochloride salt was

further treated with acetic anhydride (1.33 mL, 14.05 mmol) and NMM (3.1 mL, 28.09

mmol) in CH,Cl, (35 mL) as described for the synthesis of compound 15d. The

crude product was flash purified (eluent:hexane:EtOAc;30:70) to provide the

acetylated protected tripeptide 16d as a white foam (3.39 g, 81% yield over 3 steps).

20 MS (FAB) 590.3 MH 592.4 MH* 614.4 (M+Na)’

'H NMR (CDCl3), mainly one rotamer, & 8.06 (d, J= 8Hz, 1H), 7.88 (b d, J= 8Hz, 1H),
7.83 (d, J= 8Hz, 1H), 7.58-7.41 (m, 4H), 6.37 (d, J= 9Hz, 1H), 5.97 (d, J= 8.5 Hz,
1H), 5.94-5.84 (m, 1H), 5.31 (dd, J= 1, 17Hz, 1H), 5.24 (dd, J= 1, 10.5 Hz, 1H), 5.05
(d, J= 12Hz, 1H), 4.94 (d, J= 12Hz, 1H), 4.66-4.57 (m, 4H), 4.31-4.22 (m, 2H), 4.11-

25  4.05(m, 1H), 3.73 (dd, J= 4.5, 11Hz, 1H), 2.50-2.43 (m, 1H), 2.09-2.01 (m, 2H), 2.00
(s, 3H), 1.68-1.55 (m, 5H), 1.15-0.89 (m, 6H), 0.99 (d, J= 7Hz, 3H), 0.91 (d, J= 7THz,
3H).

The acetylated tripeptide 16d (3.39 g, 5.73 mmol) was deprotected by
tetrakis(triphenylphosphine)- palladium (0) catalyst (172.1 mg, 0.149 mmol) with

30 triphenylphosphine (78.1 mg, 0.298 mmol) and pyrrolidine (516 plL, 6.19 mmol) in a
1:1 mixture of anhydrous CH;CN : DCM (30 mL) as described for the synthesis of
compound 15g. The crude light yellow foam product was triturated in Et,0 : DCM
(85:15) to provide after filtration the tripeptide 16e as an off-white solid (3.0g ; 95%



B >75pM These results indicate that this famly of conpounds is highly
specific for the NS3 protease. 20 The followi ng tables |ist rEpLhRRSHRLI ve
of the invention. he foll ow ng abbreviations are used: M. Mass
spectrometric data; Ac: acetyl; Bn: benzyl; Chg: cycl ohexyl glycine

(2-am no- 2-cycl ohexyl -acetic acid); Dnl: Dansyl; O Bn: benzyl oxy; Pip:

pi pecolic acid; Tbhg: Pert butylglycine.ss 6 March 2003 76 TABLE 1 P6 , P5 .
P4 . P3 . P2R20~RS HO R~ RBINH-N-HN1z RS . O R~, O CO~~ (H.

O P1 Tab. | BP6 3RzR Pl - GM5 (MH)activity
range101Ac- e g(gégbsfﬁn’tﬁ%&/' 2R613. 4A102AC- - - - - - ChgVal OBnEt lR
272613. 4A103Ac ------ CH Ot R 29703Bl 04Ac- .- - - - NpCH, CEtIR
SR703. 4B105ALNMR (cqgn@@rége éﬁadgtw 04'(b'd; J= 9Hz, 1H), 7861 bd 158
g%gg giiggﬁqr 7-82(d®t9¥ﬁ1z1 g. 5H), 5.05 (d, J= 12Hz, 1H), 4.94 (d, J=
C ______
6995108AcAsb%5j@1l‘jtbh‘§;§:ﬂ§zLJﬁ\BéH19 et éé@zf‘?wlz\{&i‘l(?éfhc“ 27 (b s. YA 17 (d, J=

al 1- NpCH-OCHHGY, GHE Phiv 4 Rid, 9= AMHNaz, A Y, 246 104, -J=-7-5, 1@hﬂvﬁh)12Np@Jomri~OCI+

52'12113}1”“ Zéég@;ﬁl%%@@q %P}Q@Rﬁ,mgbd 53(9+2+z T 62343 (n, 5H),

685B113Ac- - 1.08-0CH@ | 5H) Np.ObHAEE 18122 SN o (5@5 4 TAAGH): - - - ChgVal | - NoCH, OBnl R,
2?MrNa 747A115Ac- - - - - - ChgVal 1- NoCH-OBn1R, 2?MrNaA '6 March 2003 77

COMPOUNDS OF TABLES 1 TO 4

EXAMPLE 17

10  Synthesis of compound 104 of Table 1

Eas

17a = 6a

0 F\\om—j .
Boc-N _— Boc-N ——
o” N o7 N
H o H o

17b 17¢c

p
&
Boc-Chg-N ——> Boc-Chg-Chg-N
F
H o

17d



Tab.l B P6 ps P4 P3 RZ R, P1 M5 activity Cod C1- CZ (M-1+) range 747 116
Ac Asp D-AQu Ile Val OBn Et IR 2R C 117 Ac Asp D-Au Chg Val ghyhREHoos Et

IR 2R MrNa C 929.4 118 Ac --- --- Chg Val 1-NpCH-OPr IR 2 %677.4 B 119
AC --- --- Chg Val 1-NpCH-O Pr IR 2 %677.4 A 120 Ac Asp D-Val Chg Val
1-NpCH-O Et IR 2R MrNa C 899.5 121 Ac --- --- Chg Val N1 ~ vinyl 1S, 2R
648.3 Bi 122 AC --- --- Chg Val ~ ~ etSyl 1R 2S 726.6 C |~ 123 AC --- ---
Chg Val | ~ propyl IR 2R 740.3 C I~ 6 March 2003 78 TAB LE 2 P6 , P5 ,
PA, P3, P2O. R, HO. RA~N-H-NHNO. Rs . O OL_N,HO P1L M act.
Tab 2 P6 P5 P4 P3 R2 R, Cpd# ~MY¥-= range 201 --- --- @ OBn CH=CH,
611.3 B 202 --- --- Chg Chg 1)¥CHYO CHECH, 701.3 C 203 Q _ Chg Val

1- NpCH-O CHECH, 661.1 C 208~-- =/ Chg Val CBn GO 6y7/4 B 205 - -
C.- Chg Val . N ~ CH=CH, 6

|~/ 207 --- --- GRhcTiog

8.4 CO206 --- --- ~~CH=CH 724.4 C
7384¢€ 203%9@9 ~ ~ CH=CH,
758.5 C/ N~C | [ 209 £-o0.Chg Val ~ ~ CH:CH §” 6 March
2003 79 Tab 2 P6 P5 P4 M5 act. Cpd# {MH lo a e2 --- --- Chg

Val \ CH=CH~ 754.3 C | / N\ /°~j 211 --- --- Chg Val ~ € o/ CH=CH~ 754.3 C

I~ \ i 212 Asp D-Au Chg Vajyf \ CH=CH, 968.4 - . ong val
CHECH~ 719.3 B I\ | %mpooﬁ%%m

Compound 17a (4.27 g, 7.93 mmol, described as compound 6a in Example 6) was
treated with 4N HCl/dioxane (40 mL) for 5 h as described for compound 15¢. The
crude hydrochloride salt was dissolved in THF (10 mL) and a solution of NaOH
5 (348.7 mg, 8.72 mmol) in H,O (5 mL) was added, followed by a dropwise addition of

(Bob)zo (1.73 g, 7.93 mmol) dissolved in THF (13 mL). The pH was maintained at 8
by the addition of 10% aqueous NaOH as required. The reaction mixture was stirred
vigorously, then diluted with Et,O and H,O and extracted one time more with Et,O.
The water layer was acidified to pH 3 with 10% aqueous citric acid. The mixture was

10  extracted with EtOAc (3x). The combined EtOAc extracts were washed with H,O
(2x), brine(1x), dried (MgSQ,), filtered and evaporated to dryness to provide crude
compound 17b as an ivory foam (ca.7.93mmol). MS (FAB) 481.3 MH" 'H NMR
(CDCly), ca.1:1 mixture of rotamers, 6 8.04 (bd, J= 7.5Hz, 1H), 7.87 (b d, J= 7.5Hz,
1H), 7.82 (d, J= 7.5Hz, 1H), 7.56-7.40 (m, 5H), 4.96 (b s, 2H), 4.33 (t, J=7.5,

15 14.5Hz, 1H), 4.21-4.09 (m, 0.5H), 3.99-3.84 (m, 0.5H), 3.78-3.75 (m, 0.5H), 3.68-
3.62 (m, 0.5H), 3.61-3.42 (m, 1H), 2.65-2.41 (m, 1H), 2.22-2.11 (m, 1H), 1.61-1.52
{m, 3H), 1.43 (s, 9H), 1.40-1.31 (m, 1H), 1.25-1.19 (m, 1H), 0.99 (t, J= 7.5, 14.5Hz,
3H).

Compound 17b (ca.7.93 mmol) was treated with DBU (1.18 mL, 938 mmol) and

20  allylbromide (4.12 mL, 47.61 mmol) in anhydrous CH;CN (40 mL) for 48 h as
described for compound 15b to provide the allylated dipeptide 17¢ as an ivory foam
(3.54 g; 86% vield over 2 steps). MS (FAB) 521.3 MH 545.2 (M+Na)*. 'H NMR
(CDCls), ca.1:1 mixture of rotamers, & 8.05 (b d, J= 8Hz, 1H), 7.86 (b d, J= 7.5Hz,
1H), 7.82 (d, J= 8Hz, 1H), 7.55-7.40 (m, 5H), 5.88-5.79 (m, 1H), 5.27 (b d, J=

25  17.5Hz, 1H), 5.18 (b d, J= 10Hz, 1H), 5.03-4.89 (m, 2H), 4.63-4.50 (m, 2H), 4.44-
4.19 (m, 2H), 4.00-3.40 (m, 2H), 2.70-2.02 (m, 2H), 1.66-1.35 (m, 5H), 1.44 (s, 9H),
0.95 (t, J=7.5, 14.5Hz, 3H).



024 --- --- Chg Val | ~ ethyl 726.4 C1 \ i o~ 215 --- --- Val Chg ~ I \

CH=CH- 648.3 C. \ 0 216 --- --- Chg Val | ~ CH=CH- 781.6 C @ jafdh20b3~ O
217 --- --- Chg Val N~ CH=CH 690.6 B O 6 March 2003 $0 Tab 2 P6 P5 P4
P3 R2 R~ 1~'is act. Cpd# i M-+1 range 218 --- --- Chg Val o~ o CH=CH~ 776.4
C~-NHi I\ 0219 --- --- Chg Val ,"-NIl o CH=CH~ 759.3 C NN-H i I \ \ /
0220 --- --- Chg Val | \ CH=CH- 79S.3/ o " \ | [/ 0~ 221 --- --- Chg Val
/ No CH=CH- 796.3 C\ | \ | / 0 222 Asp DA u Chg Thg \ CH=CH, 982.4 C | ~
~1 \\ i o~ 223 --- --- Chg Val o CH=CHi 825.3 CI O\ I O 224 --- --- Chg

Tt~g \ o~ Crescripdedipeptide 17C/ (148\g, 2126|mmop was teeatag with 4N diCIgIoxane {35 acr. Tab
0 226 --- D) & a8 Epad oo ) The pradnvR@nigRte SaTweEebled 6 2 © 1
CH=CH, 715. EOCBChg}OtN e H,0 (684 mg, 2.48 mmol) with NMM (993 pL, 9.03 mmol) and TBTU
(870 mg, 2.71 mmol) in DCM (11 mL) as described for compound 15d to provide the
5 crude tripeptide 17d as an ivory foam (1.41 g; 95%). MS (FAB) 660.4 MH 662.3
MH*. 'H NMR (CDCly), mainly one rotamer, & 8.03 (b d, J=8Hz, 1H), 7.85 (b d, J=
8Hz, 1H), 7.81 (d, J= 8Hz, 1H), 7.56-7.39 (m, 5H), 5.88-5.77 (m, 1H), 5.26 (dd, J=
1.5, 17Hz, 1H), 5.15 (dd, J= 1.5, 10.5Hz, 1H), 5.12 (s, 1H), 5.02-4.92 (m, 2H), 4.72-
4.59 (m, 1H), 4.57-4.46 (m, 1H), 4.42-4.35 (m, 1H), 4.33-4.20 (m, 1H), 4.02-3.90 (m,
10  1H), 3.78-3.70 (m, 1H), 3.67-3.51 (m, 1H), 2.71-2.61 (m, 1H), 2.12-2.02 (m, 1H),
1.79-1.48 (m, 10H), 1.45-1.39 (m, 1H), 1.38 (s, 9H), 1.25-1.01 (m, 5H), 0.94 {t,
J=7.5, 14Hz, 3H).

The crude tripeptide 17d (265 mg, 0.400 mmol) was treated with 4N HCl/dioxane (3
mL) as described for compound 15¢. The crude hydrochloride salt was coupled to

15  Boc-Chg-OH e H,O (143.3 mg, 0.521 mmol) with NMM (176 uL, 1.60 mmol) and
TBTU (154.3 mg, 0.481 mmol) in DCM (8 mL) as described for compound 15d to
provide crude tetrapeptide 17e as an ivory foam (ca.0.400 mmol ; 100%). MS (FAB)

799.5 MH" 801.5 MH* 823 (M+Na)*. 'H NMR ( CDCly), ca. 1 : 1 mixture of

rotamers, § 8.05 (b d, J=8.5Hz, 1H), 7.87 (b d, J= 7.5Hz, 1H), 7.81 (d, J= 8.5Hz,

20 1H), 7.55-7.40 (m, 4H), 7.37 (s, 1H), 6.58-6.41 (m, 1H), 5.89-5.78 (m, 1H), 5.26 (b
dd, J= 1.5, 17Hz, 1H), 5.16 (b dd, J= 1.5, 10.5Hz, 1H), 5.20-4.92 (m, 3H), 4.68-4.58
(m, 2H), 4.57-4.47 (m, 1H), 4.43-4.26 (m, 1H), 3.99-3.81 (m, 2H), 3.78-3.60 (m, 2H),
2.67-2.60 (m, 1H), 2.11-2.02 (m, 1H), 1.78-1.42 (m, 14H), 1.44 &1.43 (s, 9H), 1.25-
0.91 (m, 13H), 0.95 (t, J= 7.5, 15Hz, 3H).

25 The crude tetrapeptide 17e (ca.0.400 mmol) was treated with 4N HCl/dioxane (3 mL)
as described for compound 15¢. The crude hydrochloride salt was further treated
with acetic anhydride (83 pL, 0.884 mmol) and NMM (194 ulL, 1.77 mmot) in DCM (3
mL) as described for compound 15f to provide the crude acetylated tetrapeptide 17f
as an ivory foam (ca.0.400 mmol).

30 MS(FAB) 7415 MH 743.4 MH* 765.4 (M+Na)".

'H NMR (CDCl3) & 8.05 (b d, J= 8.5Hz, 1H), 7.87 (b d, J= 7.5Hz, 1H), 7.82 (d, J=
8.5Hz, 1H), 7.55-7.41 (m, 4H), 7.39 (s, 1H), 6.63-6.48 (m, 1H), 6.01 (d, J= 8.5Hz,
1H), 5.90-5.79 (m, 1H), 5.27 (b dd, J= 1.5, 17Hz, 1H), 5.16 (b dd, J= 1.5, 10.5Hz,



Nr~~ 1 i ' INO228 --- --- Chg Thg ~ ~ ~ CH=CH~ 692.2 C I/ 0 229 --- --- Chg
Val C~ ~~~CHCH 743.2 C~1 / ool 230 --- --- Chg Val

716.3 Cl WO 231 --- --- Chg Thg ~ CH=CH~ 738.3 C 0O 6 March 2003 82 M
act. Tab 2 P6 P5 P4 P3 RZ R, Cpd# | M+> range 232 --- --- Chg Thg | \
CH=CH, 796.4 C I~ 0 233 --- --- Chg Thg_ \ CH=CH 768.3 CI / ~\ \ 0 234
--- --- Chg Thg ~ CH=CH~ 739.4 C/ N\ M1/ 0235 --- --- Chg Val cF~
vinyl 782.2 CCF3 N\ I/ 0236 Asp DbQu Ile Val OBn vinyI 829.3 C 237 ---

--- Chg Val = 2 n '
01n 69C \ 1I-T)* 5'@1 a Ju ‘md-llz iﬁﬁ% Agéigd\u 12Nz ﬂ?)cm%% %4%9; é7@ y

P4 - P3 - p'QH 436,:&22 r@ 1H Rgge (fd.g=14, |:1§H2H1H ), 3.78- 3ﬁp1,rm 2h), &
R Rs 1 QHfRa.10Q.0dYr 1), 2.01 (s, 3H), 1.78-1.48 (m, 13H), 1.45-1.35 (m, 1H), 1.26-
0.89 (m, 13H), 0.95 (t, J= 7.5, 15Hz, 3H).

5 The acetylated tetrapeptide 17f (ca.0.400 mmol) was deprotected by
tetrakis(triphenylphosphine)- palladium (0) catalyst (11.3 mg, 0.010 mmol) with
triphenylphosphine (5.12 mg , 0.020 mmol) and pyrrolidine (34 uL, 0.406 mmol) in a
1:1 mixture of anhydrous CH3;CN : DCM (2 mL) as described for compound 15g. The
crude product was purified by flash chromatography (eluent — 1 EtOAc, then, 2™

10 1.92% HOACc, 3.85% MeOH in DCM) to provide, after lyophilization, the tetrapeptide
compound 104 of Table 1 as an off-white amorphous solid (193.1 mg; 73% vyield
over 5 steps).

MS (FAB) 701.4 MH 703.4 MH* 725.4 (M+Na)*.

'H NMR (DMSO), ca.1 : 5 mixture of rotamers, § 8.57 & 8.32 (s, 1H), 8.04 (d, J=

15 7.5Hz, 1H), 7.94 (b d, J= 7.5Hz, 1H), 7.88 (d, J= 8Hz, 1H), 7.83-7.78 (m, 2H), 7.58-
7.30 (m, 4H), 4.99 (d, J= 12Hz, 1H), 4.90 (d, J= 12Hz, 1H), 4.44-4.29 (m, 2H), 4.29-
4,05 (m, 3H), 3.87-3.73 (m, 1H), 2.23-2.13 (m, 1H), 2.05-1.95 (m, 1H), 1.91 & 1.84
(s, 3H), 1.75-1.40 (m, 15H), 1.29-0.84 (m, 12H), 0.91 (t, J= 7.5, 14.5Hz, 3H).

EXAMPLE 18

20  Synthesis of compound 105 of Table 1
Ac-Chg-ChgN
———» Ac-Chg-Chg- N? g\

18a 18b
compound 105

Compound 18b, i.e. corresponding to compound 5f of Example 5, was coupled to
the preformed tripeptide 18a described previously in Example 15. More specifically,
compound 18b (ca.0.521 mmol) was combined with compound 18a (323.6 mg,



Tab. 3 Cpd#BP6P5P4P3RZR, W5 (M H) activity

range301AcAspD G ul | eVal OBnEt NH- (s) - 932. 6CCHVEPh302Dnl AspD- Ggidagchkgogi nyl O
H1203.5C. v TABLE 4 Pa Ps ., Rx YOR3 ,NNBNHRSI OOOHNH O Tab
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506 H~ 696, 3 C i
0.547 mlmol) in DCM (3 mL) and NMM (172 uL, 1.562 mmol), followed by the

addition of HATU (237.6 mg, 0.625 mmol). The reaction mixture was stirred at RT
for 18 h, after which it was worked up as described for compound 15d to give the
crude tetrapeptide as a racemic mixture at P1. Both isomers were partially

5 separated by flash chromatography (eluent- toluene : EtOAc ; 40:60). Combination of
the first eluting fractions gave a 9:1 mixture in which analogous tert-butyl ester of 17f
was the major component (58 mg). The middle fractions contain different ratios of
the corresponding tert-butyl esters of 17f and compound 105 t-butyl ester (163 mg).
The latter eluting fractions provided the corresponding tert-butyl ester of compound

10 105 as the major isomer (75.8 mg).

The latter ester (74 mg, 0.0975 mmol) was dissolved in 4N HCl/dioxane (2 mL),
stirred at RT for 5.5 h then evaporated to dryness to give an oil. Purification by flash
chromatography (eluent— 1% EtOAc, then 2™ 1.92% HOAc, 3.85% MeOH, in DCM)
yielded, after lyophilization, compound 105 as a white-amorphous solid (38.7 mg,

15 56% yield). HPLC analysis indicated a 3 : 1 ratio of compound 105 and compound
104. MS and NMR data for compound 105: MS (FAB) 701.5 MH 703.5 MH"'
725.6 (M+Na)*. 'H NMR (DMSO), ca.1 : 2.5 mixture of rotamers, 5 8.76 & 8.34 (s,
1H), 8.05(b d, J=7.5Hz, 1H), 7.94 (b d, J= 8Hz, 1H), 7.88 (d, J=8.5Hz, 1H), 7.85-
7.78 (m, 2H), 7.59-7.43 (m, 4H), 4.99 (d, J= 12Hz, 1H), 4.89 (d, J= 12Hz, 1H), 4.41-

20 4.05 (m, 5H), 3.82-3.66 (m, 1H), 2.25-2.11 (m, 1H), 2.11-1.98 (m, 1H), 1.90 & 1.84
(s, 3H), 1.78-1.40 (m, 15H), 1.39-0.82 (m, 12H), 0.90 (t, J= 7, 14Hz, 3H).

EXAMPLE 19
Synthesis of compounds 103 of Table 1

Following the procedure described for the synthesis of compound 104 of Example

25 17, the mixtures of 1(R), 2(R) and 1(R),2(S) isomers of intermediate compound 10d,
prepared in Example 10, were coupled with compound 2 to give a mixture of
isomeric intermediate compounds 19a and 19b
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86 CLAIM5S WHAT IS CLAIMED I'S: 1. A conpound of formula (1), including
racemat es, di astereoi soners and optical isoners: P6 P5 P4 P3 P2 P1 ~R2 O R5
Y OR3 NHR60R4 OO~/~ ab (1) ®Wherein aisOorl;bisOorl;

Yi sHorC, .oal kyl; Bis H an acyl derivative of fornula R C(O- or a

sul fonyl of formul a R -S02 wherein R, is (i) C .,0 IkyI optionally
substituted wth carboxyl, C @; anoyl oxy or @ oxy; (li) Ca.~

cycl oal kyl optionally substlt th carboxyl aI koxy)carbonyl

phenyl met hoxycar bonyl or roxy (iii) Cs or <0 aryI or , s aral kyl
optional |y substituted gy s al kyI hychrD or am no opt i onal |y
substituted with C, .s aIk
N 0
19b

Following the procedures of Example 18, isomeric compounds 18a and 19b were
separated and transformed into their corresponding compound of formula 1; to
isolate the corresponding compound 103 of Table 1.

5  Spectral data:
Compound 103: Rotamer population by NMR ca. (1:8.7).

MS (FAB) m/z: 703 (MH+); "H-NMR (DMSO-de) 58.21-8.09 (bs, 1H), 8.05 (bd, J =
7.63 Hz, 1H), 7.94 (bd, J = 7.0 Hz, 1H), 7.91-7.83 (m, 2H), 7.83-7.76 (m, 1H), 7.59-
7.5 (m, 3H), 7.5-7.43 (m, 1H), 4.99 (d, J = 11.8 Hz, 1H), 4.89 (d, J = 11.8 Hz, 1H),

10 4.43-4.30 (m, 3H), 4.23-4.16 (m, 1H), 4.13 (bd, J = 10.8 Hz, 1H), 3.71 (dd, J = 11.1,
4 Hz, 1H), 2.2-2.02 (m, 2H), 1.87 and 1.84 (2 x s, 3H), 1.81-1.71 (m, 2H), 1.70-1.40
(m, 12H), 1.26-1.06 (m, 4H), 1.04-0.83 (m, 11H), 0.59 (m, 1H).

EXAMPLE 20

Synthesis of compound 108 of Table 1

allyl

Boc-Chg-Chg-N ~———— Boc- (D)Glu Chg-Chg-N
ﬁ 57\?\\/\
17¢ 20b

O allyl -allyl

— Boc- Asp (D)Glu Chg-Chg-N
gb\

15



(iv) Het optionally substituted with Cl~ alkyl) hydroxy, am no optionally
substituted with C-~ alkyl) or am do optionally substituted Wl\%kcﬁ320§3

al kyl; ~r fv) amdo optionally substituted with C-.~ alkyl or Het; R6, when
present, is C ~ alkyl substituted with carboxyl; R5, when present, is C .o
al kyl optionally substituted with carboxyl; R4 i s C_,a alkyl, C-.,

cycloal kyl or C4.10 (al kylcycloalkyl); 8 is C .,0 alkyl) C3., cycloal kyl
or C4.,0 (alkylcycloalkyl); R2 is CH2-R2a, NH-R20, O R20 or S-R20, wherein
R20 is a saturated or unsaturated C3a cycloal kyl or C4.,0 (alkyl

cycl oal kyl) being optionally nopgo di- or tri-substituted R2>> 6
March 2003 87 or R0 is a C6 or ryI or C.,6 aral kyI oY) IIy nmono- ,
di- or tri-substituted with R2i Pa is Het or (1 oner qalkylN=>He

optional ly nono@aépba,,ypr tri w%ubstltut ed with R2,, wher n each R21 is

i ndependently C| 6 al koxy, a
di - substi t ut eAdAW?)ﬁ'“&"Q/%‘g K@A&Bgﬂﬂéh%@H

am do optionally nono-subst} %mc 6 al kyl, C6

aral kyl, Het or (lower al k9 car boxyl ; car boxy(l owe*ﬂ albkyl);

C o aryI C .,6 aral kyl or sal d aryl, aral kyl or Het being optionally
substituted with R22; V\/nereln is C salkyl C~a|¢g

optionally nono- or di - substltut ed with C .6 al kyl; sul fonylﬁmNg%) OH, SH;
hal o; hal box | k I
opt 1 onal 1y J0BEHOBIRERbeR o, R Sn EamaRal WieR 0 SRAIPE s A TR ut e
ani no; gr agH@ﬂg{dﬂﬁﬁéubluﬁ? Ir(ns'nmwsédegllaﬁmadstai tompoLit 18, Thetrob. (Zjer 3va:1i. Vghe
oo 2 BRSO o iS85t gl O b e e MY 2 o

optional by whmmmzﬂmm 850 hirsbiycand; Tsmuctematmgmaisswnﬁmm ptwt Tsdnw th CL.6
al kyl or af kKy)_.or Het all gt | onal

substi t ut edf%3tn1at@T gs QPW¥eéforﬁ9H‘P8 eT'&%ﬁ’b‘gﬁﬁﬂn@E’E 96 2P WES ¢l ai m 2,
wherein R~ batarned@sadrhyérywanmta gs’s'fgerngomrpswm@pqawmm ¢68.6 MM OV8.6 Wherein

sai d Het IS%S%% omthe group consisting of: NNN, NHO/ I or ~ |
I ~ N~ N5 e accordlngto claim 2, WnereinBis sel ected from

the group 1, \MR (CDGI), ca.1 : 4 mixture of rotamers,  8.05 (d, J= 8.5Hz, 1H), 7.87 (b d, J=

10 7.5Hz, 1H), 7.81 (d, J= 8.5Hz, 1H), 7.58-7.34 (m, 5H), 6.77-6.25 (m, 2H), 5.98-5.77
(m, 2H), 5.38-5.21 (m, 4H), 5.16 (dd, J= 1.5, 10.5Hz, 1H), 5.06-4.89 (m, 2H), 4.68-
4.13 (m, 7H), 3.96-3.52 (m, 4H), 2.69-2.38 (m, 3H), 2.23-1.87 (m, 2H), 1.78-1.37 (m,

17H), 1.46 & 1.44 (s, 9H), 1.22-0.87 (m, 11H), 0.95 (t, J= 7, 14.5Hz, 3H).

The crude pentapeptide 20b (ca.0.963 mmol) was treated with 4N HCI /dioxane

15 solution (5 mL) as described for compound 15¢. The crude hydrochloride salt was
coupled to Boc-Asp(O-allyl)-OH (315.6 mg, 1.1565 mmol) with NMM (423 pi, 3.85
mmol) and TBTU (370.8 mg, 1.155 mmotl) in DCM (5 mL) as described for
compound 15d. The crude hexapeptide 20¢c was obtained as an ivory foam
(ca.1.083 g, 0.963 mmol). MS (FAB) 1147.6 (M+Na)*. 'H NMR (CDCly), ca.1:1

20  mixture of rotamers, & 8.06 (b d, J= 8Hz, 1H), 7.86 (d, J= 8Hz, 1H), 7.81 (d, J= 8Hz,
1H), 7.59-7.39 (m, 5H), 7.39-6.34 (m, 4H), 5.98-5.76 (m, 3H), 5.38-5.10 (m, 6H),
5.10-4.89 (m, 2H), 4.66-4.05 (m, 10H), 3.87-3.58 (m, 4H), 3.30-2.65 (m, 2H), 2.65-
1.89 (m 3H), 1.79-1.33 {m, 19H), 1.47 & 1.45 (s, OH), 1.33-0.86 (m, 14H).

The crude hexapeptide 20¢ (ca.0.963 mmol) was treated with 4N HCI /dioxane
25  solution (5 mL) as described for compound 15¢. The crude hydrochloride was
acetylated with acetic anhydride (182 pl, 1.193 mmol) and NMM (423.5 uL, 3.850



6 March 2003 88 Ni ~ N~ NI " a N. Nconsisting of: H acetyl; ; ; or
6. The conpound according to claim5, wherein B is acetyl. 7. ound

according to claiml1l, wherein Bis R-S02 and R, is C6 or C o aryl, a C-.,6
aral kyl or Het, all optionally substituted with C .6 alkyl. 8. The conpound
according to cIa|n11 wherein R6 when present, is the side chain of Asp or

A u. 9. The conpound according to clai 8, wherein R6, when present, is the
side chain of Asp. 10. The conpound according to claim1l, wherein ais O

and then RGning)) ﬁm@m(s i asTA&cﬁwmeumna&mmfm&pm.d@hﬁé Hude a&éﬂﬁé@ﬂ” R5)

when present, |s he_side chain of an amno acid selected fromt group

consi sti ng tgtrapegtht%p'j'hq_to,quresg@elyvaslpug‘l@p byYlagt) chremgtgpraphy {elsant biit yi gl yci ne

(Tbg) . and HexdRg: EFac A0 foowa@@@@\daeﬂ@nem@/x&ﬂofdr&haa t%é’ac@(gl‘ﬁfe%' n R5, when
present, is the side chain of , e conpound

accordi ng thexapegtiae 29d aﬁﬁé‘r'é@m fommn (Sﬂﬁéﬁg driés wietd oves 4strpsi ME (EAR) n of
D-Au. X4. {Hae ngtoclalml wherein ais 0 and b is O,
and t hen both Iggﬂ@% B% ent. 15. The conpound according to claim 1,

wher ei n R4 1* écggla?é&’ﬁeﬁgég ?&‘@\2 %‘8}?&3@! ﬂ@g'v@stcﬁ&o Vel E)Bfi/l (‘ér OUp

consisting o |'e or Leu
conpound adﬁle)r&ndﬁ@aﬁ wu@ammxewémmtmd selutioreolsi de chai n of Chg or lie.

17. The conpeandiRReisidignhe) @nﬁélé'dm'rﬂ-&)) cﬂ%ﬁfs m}ﬂ%rﬁﬁd@émﬁ\oﬁ'agrﬁ chain of

Chg. 18. The compound accor di Me. 19. The
conmpound advgeliding (134 ndl, élﬁ@ﬁmowli\é?@i\/‘rﬁ‘mhs The re@cnommxtgmwmmrea@éor di ng

0r oup. chonsi o 8 HFRiE whitn e <O At v BeBiadt) TR HladfigHug i pfied o e
conpound ad@cﬁtx&aﬂvhgtrtt@raboralmlitz@ DGMB&i1A) men @Utlfn@ ipiteie belehesbyof Val , Chg or
Thg. 22. T bgﬁﬁ%ﬁ%&ﬁﬁ@%éﬁéﬁﬂg pERlaﬁ*ﬁuﬁﬁe%]rnat@ﬁﬁrﬁsrﬂl%v'ea u¥§]\§ il dg chai n

of Val or . e conpound accardi n S-R20
O R20 wher dit@QAREomL} fitberedithrough alillipore®: Millexﬂ‘th{\MD A5pmtfilter andipjectedt , al |

optionall'y S8R quﬂiiﬁra%rd Wﬁgtrr?al%\béé[r{iéif@ %jdﬁég (B%jx'smm) C18 reverse phase
15  column. Purification program : linear gradient at 15 mL/min, 230um, injected at 5%
A; once all HOAc had eluted the program was begun — at 5% A for 10 min, 5-58% A
in 70 min; A: 0.06%TFA / CH;CN; B : 0.06%TFA / H,O. Fractions were analyzed by
analytical HPLC, appropriate fractions from both HPLC purifications were collected
and lyophilized to provide the desired hexapeptide compound 108, as a white
20  amorphous solid (218.3 mg, 47% yield).

MS (FAB) 945.5 MH- 947.4 MH+ 969.5 (M+Na)+ 985.4 (M+K)+. 'H NMR
(DMSO0), ca.1:9 mixture of rotamers, § 8.55 & 8.31 (s, 1H), 8.16 (d, J= 7.5Hz, 1H),
8.11 (d, J= 8Hz, 1H), 8.05 (d, J= 8.5Hz, 1H), 7.97-7.85 (m, 2H), 7.88 (d, J= 8.5Hz,
1H), 7.75 (d, J= 9Hz, 1H), 7.59-7.39 (m, 4H), 4.99 (d, J= 12Hz, 1H), 4.89 (d, J=

25 12Hz, 1H), 4.53 (dd, J= 7, 14Hz, 1H), 4.08-4.45 (m, 6H), 3.77 (b dd, J= 4, 11Hz, 1H),
2.64 (dd, J= 6.5, 16.5Hz, 1H), 2.48-2.41 (m, 1H), 2.25-2.12 (m, 3H), 2.07 & 1.82 (s,
3H), 2.04-1.86 (m, 2H), 1.80-1.35 (m, 14H), 1.32-0.80 (m, 14H), 0.91 (t, J=7.5,
14.5Hz, 3H).



wherein R2, is C .6 alkyl, C, _6 al koxy; am no, nono- or di-(l|ower

al kyl ) am no; am do optionally nono-substituted with C .6 al kglMmarfehs 2003 C, 0
aryl, C~.,6 aralkyl, Het or (lower alkyl)-Het; NO2; OH hal o;
trifluoronethyl; carboxyl; Ce or C o aryl, C .,s aralkyl, or Het, said aryl
aral kyl or Het being optionally substituted wth R22; wherein R22 is C,.s
al kyl; C,.6 al koxy; am no; nono- or di-¢3 ower al kyl)am no; (| ower

al kyl )am de; NO2; OH, halo; trifluoronmethyl; or carboxyl. 24. The conpound
accor di ng tE cl élTﬁn#ZB wherein R2~ is C .6 alkyl; C .6 al koxy; am no;

di (I owner al (lower alkyl)amde; C6 or C,o aryl, or Het, said aryl
or Het opti stltute 2, Wherein R22 is C,.s al koxy; am no;
di (I owner al M Mk?’hr)aﬁ’ e; halo or trifluoromethyl. 25. The
conmpound accor di ng to cI aim 23, wherein R2 is i -naphthyl nethoxy; 2

napht hyl met hoxy; benzyl , 1-nap oxy; 2- n%Pht I ;o gui nol i noxy
unsubsti t ut ed, np- \Q subgt i Wi t R2 ST efin '@ s as defined
in claim23. > ofhgy Hund acgor di-fg=t 0-T Whe i

1- napht yl met hoxy; oM qyj nol i noxy unsubsti t ut ed Hong- of di-substituted
with R2~ wherein R2~ is as defined in claim23. 27. The conpound accordi ng

to claim26, wherein2®x8cRz,n ~ ~ Rz, e 6 March 20B3 90 wherein R2yA is
am do optionally substituted with C .6 alkyl or Co aryl, C .,6 aralkyl
or Het; C6 or C o aryl or ltlonally sub;@.tted with R22, and R22 is
am no, di (I ower aIkyI)amno (Iovver al kwlyam de; and R2,8 is C, .6 al kyl;
C, _sal koxy; am no; di (.J fal Ig,y no { ower af kyl)am de; NO2; OH, hal o;
trifluoronmethyl; or ga %(:6 ound—accor di ng to
claim 27, wherein RZeA or . & ar @#@Eptl onal l'y substituted
with R22 and R22 is amnmB di rreth | am ne {} ce¥antdo. The conpound

according to claim 27, wherein RR18 is C, .6 aPkoxy or di(lower alkyl)am no.
The conpound according to claim29, a2vherein R2,g i s methoxy. The conpound
according to claim1l, wherein the asymetric carbon at position 1 has the

F3 configuration, represented by the foll ow ng absol yte, configurations; R,
R I ~r ~HRI 10 I 0O whereig R;_l’Hls as defined |nm1 32.
Yoy *Ir‘fsﬁp
OH
Compound 301

5 A solution of lithium hydroxide monohydrate (23 mg, 0.56 mmol) in H.O (4 mL) was
added to a solution of the ester compound 21a (45 mg, 0.185 mmol, described
previously as the (R,R) isomer 9¢) in MeOH (3.5 mL) and THF (3.5 mL). The
resulting solution was stirred vigorously for 16 h and then partitioned between EtOAc
(60 tnL) and 10% aqueous HCI (20 mL). The organic phase was separated, dried

10  (MgSO0.,), filtered and concentrated to give the corresponding acid in quantitative
yield.

This material (ca. 0.185 mmol) was combined with (S)-(-)-a-methylbenzylamine (27
mg, 0.22 mmol), HATU (77 mg, 0.20 mmol), and DIPEA (0.11 mL, 0.65 mmol) in
DMF (5 mL). After 20 h, the reaction was concentrated. The residue dissolved in

15 EtOAc and the solution was washed sequentially with saturated aqueous NaHCO3,
10% aqueous HCI, and brine before being dried (MgS0,), filtered and concentrated



The conpound according to claim31, wherein the R substituent on Pl is
oriented syn to the carbonyl group as represented by the fol lgovips ®p3ol ute
configuration: R~ ~O wherein R~ is nethyl, ethyl) propyl, vinyl, all of

whi ch optionally substituted with halo. 33. 34. 35. The conpound accordi ng
to claim32, wherein R is ethyl, vinyl or bronovinyl. The conpound
according to claim33) wherein R~ is vifi§l. The conpound according to claim
1, wherein Wis hydroxy or a pharnaceutically acceptable salt or ester

t hereof; or ,Méwsrpmfiexi.a@m%h dﬂ.kc(rh&m&rfaph @uu'\é!{w VZQR?AéﬁexaﬁZ)ga?o@ 139. 40.

4i al kyI )am no or am no aral onpound accord to claim3
wherein Wi @%?ﬁ?@ﬁilthecﬂouRl@RMLRngM@?W”R‘-@é n&h@ Jamgh was

| ndependent kaldly VAN AEYGoxneoldb nfiR ! RS RlaNorPHikaIG trtrsthaplial hydroxy or
phenyl ; or a pharnmaceuti cal accept abl e sal ereo conmpound

accor di ng t 6ortentraieddo dm@s% agive the hYd}QChLONF*Bl%'hQSAheG@"eWOW@)TM? The
conpoundsac§Rk Hiad pidiued ﬁé%éﬁbed’\'ﬁiﬁ’f ein Wis -0OH or -NH(S)CH(Me)phenyl .
The conpound according to clarm35 , wherein when Wis an ester, said ester
is selected fromthe group consisting of: C, -sal koxdgmﬁbhenoxy, or

aryl (C~~al koxy). The conpound according to claim39 erein said ester is
nmet hoxy, ethoxy, phenoxy, benzyloxy, or PhCH(Meg)-O;. The conpound of
formula | according to cRaiAsP(OBn)}ERGIUERBNBIerVaIN. L ower al kyl C(O) -
Het-C(O-; R6, when present, is the side chain off Asp or G u; R5, when
present, is the side chain of D0 or L-: Asp, QucC®®mH or Thg; Y is Hor
nmethyl; R4 is the side chain of Val) Chg, Tbg, Ile or Leu; R3 is hydrogen

or the side@hagho oias hirol, &Bgarewy prédedliRE; an@fogosis to thBaPbt ERAnd 19 ¥d

2-na hthlrretho Bn, 91
phthy 2y (F45ng, 0636 mmol) and DIPEA (0.116 mL, 0.02 mmol) in DMF (4 mL).

After the reaction mixture has been stirred 16 h, the mixture was concentrated. The

10 residue was dissolved in EtOAc. The solution was washed sequentially with
saturated aqueous NaHCO3;, 10% aqueous HCI and brine, dried (MgSQ,), filtered
and concentrated in vacuo to give a white solid. This material (ca. 0.033) was
dissolved in EtOH (6 mL) and treated with ammonium acetate (7 mg, 0.09 mmol)
and 10% Pd/C (10 mg) under an atmosphere of hydrogen gas. After 3 h, the reaction

15 mixture was filtered through diatomaceous earth. The filtrate was concentrated to
dryness. The residue was then dissolved in DMSO and purified by preparative HPLC
to give a white solid after lyophilization (17.6 mg, 57% yield over two steps).

Spectral data: MS (FAB) ES” 932.6 (M-H)’, 954.5 (M-Na)’; HRMS calcd for
CasHe7N7O12 (MH*) 934.49261, found: 934.49010; 'H-NMR (DMSO,ds) 6 8.90 (s, 1H),

20 8.24(d,J=7.95Hz, 1H),8.14 (d, J=7.63 Hz, 1H), 7.99 (d, J = 8.26 Hz, 1H), 7.79
(d, d =8.9 Hz, 1H), 7.75 (d, J = 8.26 Hz, 1H), 7.42-7.17 (m, 10 H), 5.00 (quintet, J =
7.63 Hz, 1H), 4.7 (m, 1H), 4.52 (d, J = 11.76 Hz, 1H), 4.43 (d, J = 11.4 Hz, 1H), 4.33-
4.2 (m, 6H), 3.70 (dd, J = 11.4 and 11.1 Hz, 2H), 2.63 (dd, J = 5.7 and 5.7 Hz, 1H),
2.45 (dd, J = 7.95 and 7.95 Hz, 1H), 2.21-2.11 (m, 3H), 2.07-1.97 (m, 1H), 1.93-1.83

25  (m, 2H), 1.81 (s, 3H), 1.78-1.63 (m, 2H), 1.54-1.41 (m, 2H), 1.39 (d, J = 7.0 Hz, 3H),
1.29 (dd, J =7.94 and 7.63 Hz, 1H), 1.15 (quintet, J = 7.0 Hz, 1H), 1.05 (m, 1H), 0.90
(d, J = 6.36 Hz, 6H), 0.88-0.83 (m, 1H), 0.71 (m, 9H).

EXAMPLE 22

Compound 107 of Table 1 was synthesized according to the protocol described in
30 Example 17.



[ i/ [/ N/ [ 4N / VNV \A~"\VVN" VN, O, ~OO-, /Ohalo / j \
\'1/ A\ \ CFA/ 6 March 2003 92 / N NHCOCH3, hal o, NHz, NOZ\alkovys/ /
or Het N~ NHCOCH3, hal o, NH2, NOz, al koxy / / O wherein Rzz is am no,

di (I ower al kyl)am no, (lower alkyl)am de, NO2, OH, halo, CF3, or COOH, P1
Is a cyclopropyl ring systemof formula R RR r ~ HR 1 10 Owherein R, is
ethyl, vinyl or bronovinyl; and Wis hygh oxy or N(R-3a) R~-3b wherein R-3a
and R 3b are independently H aryl or C .6 alkyl optionally substituted

wi th hydrox P enyl; or ghar maceutical ly acceptable salt or ester
thereof. 4 OfF'F\‘é B l?r’?cpyd‘fM dthfla | accordi ng to cIa|m1 whereln B i s
H, acetyl or resent, is th

when preserS (F@B)c 'Pi‘é2 §?@W6h)al1ﬁ" (D50 @)@%3%13 15(%I1H)\3 (?”s d|--IJ R4 is the

side chain pf3 QEQWY 7|d35(bd|38~'7%1tl-ll”he 1ﬂ)dﬂ8§k'tﬁ'dn- @§7M%|1H07@6W79T , R2is
1- napht hyl met hox 2003 93 N. Owe,

P | T neXey 5 hevaum Y 46 4 5.9Po5 0 Hor 1. Sy ef’ﬁ ol 1 ctamibh R1 . - . -
N"IH Os 489(d,J=11.8Hz 1H), 4.40-4.34 (m, 1H), 4.32 (bs, 1H), 4.29-4.24 (m, 1H), 4.22-

4.15 (m, 1H), 4.09 (d, J = 11.8 Hz, 1H), 8.74 (dd, J = 11.1, 4 Hz, 1H), 2.20-2.12 (m,
1H), 2.05-1.94 (m, 2H), 1.84 (s, 3H), 1.72-1.42 (m, 7H), 1.20-1.13 (m, 1H), 1.08-0.87
(m, 13H), 0.85 (d, J = 6.68 Hz, 6H).

EXAMPLE 23

10 Compound 114 of Table 1 was synthesized according to the protocol described in
Example 17.

Rotamer population by NMR (1:7.5):

MS (FAB) m/z: 747 (M+Na*): 'H-NMR (DMSO-ds) 5 8.40-8.24 (bs, 1H), 8.07-8.01
(m, 1H), 7.96-7.91 (m, 1H), 7.87 (d J = 8.26 Hz, 1H), 7.85-7.78 (m, 2H), 7.58-7.49

15 (m, 8H), 7.46 (dd, J = 7.95, 7.95 Hz, 1H), 7.30-7.21 (m, 4H), 7.20-7.14 (m, 1H), 4.98
(d, J = 11.8 Hz, 1H), 4.89 (d, J = 11.8 Hz, 1H), 4.40-4.34 (m, 1H), 4.34-4.29 (m, 1H),
4.29-4.25 (m, 1H), 4.22-4.15 (m,1H), 4.09 (d, J = 11.8 Hz, 1H), 3.74 (dd, J = 11.1, 4
Hz, 1H), 2.95-2.79 (m, 2H), 2.21-2.11 (m, 1H), 2.05-1.94 (m, 2H), 1.89-1.83 (2 X s,
3H), 1.63-1.41 (m, 7H), 1.38-1.30 (m, 1H), 1.27-1.22 (m, 1H), 1.12-0.94 (m, 5H),

20 0.89(d, J = 6.4 Hz, 3H), 0.84 (d, J = 6.4 Hz, 3H).

EXAMPLE 24

Compound 118 of Table 1 was synthesized according to the protocol described in
Example 17.

Rotamer population by NMR ca. (1:6.3):

25 MS (FAB) m/z: 677.4 (MH*); 'H-NMR (DMSO-d¢) § 8.58 and 8.38 (2 x bs, 1H), 8.04
(d, J = 7.63 Hz, 1H), 7.93 (d, J = 7.63 Hz, 1H), 7.91-7.81 (m, 3H), 7.59-7.49 (m, 3H),
7.49-7.43 (m, 1H), 4.98 (d, J = 12.1 Hz, 1H), 4.89 (d, J = 12.1 Hz, 1H), 4.41-4.29 (m,
2H), 4.29-4.14 (m, 2H), 4.1 (d, J = 10.8 Hz, 1H), 3.74 (bd, J = 7.63 Hz, 1H), 2.21-
2.12 (m, 1H), 2.04-1.92 (m, 2H), 1.90 and 1.84 (2 x s, 3H), 1.63-1.41 (m, 9H), 1.39-

30 1.26 (m, 3H), 1.21-1.15 (m, 1H), 1.06-0.92 (m, 5H), 0.92-0.80 (m, 9H).



wherein R, is Et or CH=CH2 or CH=CHBr; and Wis hydroxy or NH (S~- CHWVePh,
or a pharmaceutically acceptable salt thereof. 43. The conpogndaeh 2003 nul a
| according to claiml1, wherein Bis acetyl; R6, when present, is the side
chain of Asp; Rs, when present, is the side chain of DAu; Yis H R4 is
the side chain of Chg; R3 is the side c&;gin of Val or Thg; R2 is: NOw i /
~OPlis: .E-. RHOand Wis hydroxy,vor a pharnaceutically acceptable
salt or ester thereof. 44. The conmpound according to claim1 represented by
formul a: ExmchEhz§00394P6;P5,P4.P3,P2R20~R6.HO'R3'

‘N~ ~N~H~ Q . Re. O, R4, O, ' ,ONOH.HO, . P1L' wherein B, P6,
P5, P4, P3, c%foaﬁ&ims ofT£bl&$ wﬁi@fs?llﬁlﬂds&&i &ord r@%o'th@pl‘%@od&_)dgébnegdw R Pl
CPd C~ _ Ox 10l Ac _--- --- Chg Val OBn Et iR 2R 102 Ac --- --- Val OBn
Et IR 27 16%Rele.17. ___ cng Chg 1-NpCH-O Et 1R 2? 104 Ac --- --- Chg Chg

1- NpCH, O Et 2R | Ac Chg Chg CH20 Et IS, 25106 Ac --- ---
G Va1 NHEMES (RMPR-4s55 8.5t Bt (e Sritliasc iy st L2 8o IR 27 108
éC_I~gsPRD5<234 vﬂa VCE?HZ MoGHy Po e, JLRQH%R1 H?97Né’@726‘(m‘ 50&H~54\4842 T, ?ﬁcﬁ? N
o R R T g S0 A B k95 1.1 Tobiz i Pl OO, T = 5 g saam HRPCH, O
Et NI EHZS él?’?ﬁfo Hg.) 1 H 2@32@142/% ﬂHﬁé}Mﬁ(m' §H’e;52 ézH %gm 2H); 182&?@ Val

n - - - - - -
D Oy e R 86 BRe 164 1&3%%@@3@ L2°7dq@ 20 12K B0 BH R 3R 6
March 2003 © --120 Ac Asp 121 Ac -- P5 D Vval
o5 P4 Chg cﬁﬁb&?@g‘%’j&z@@%@&m 20 val 1- NpCHEO Val 1 NE)CHZO Val R?
Pr Pr Etovi exAmPlleds - Cz 1R, 2?7 1 R 2 ?1R2R IS, 2R

Compound 121 of Table 1 was synthesized according to the protocol described in
Example 17.

"H NMR (DMSO-dg) 5 9.12 (d, J = 6 Hz, 1 H), 8.64 (s, 1 H), 8.30 (d, J = 8 Hz, 1 H),
8.12(d, J = 9 Hz, 1 H), 8.05 (dd, J = 8, 7 Hz, 1 H), 7.97 (d, J = 8 Hz, 1 H), 7.80 (dd, J

15 =8,7Hz, 1H),7.66 (d,J =9 Hz, 1 H), 7.54 (d, J = 6 Hz, 1 H), 5.70-5.61 (m, 2 H),
5.26 (d, J = 17 Hz, 1 H), 5.07 (d, J = 12 Hz, 1 H), 4.52 (d, J = 12 Hz, 1 H), 4.39 (dd, J
=9, 8 Hz, 1 H), 4.23-4.12 (m, 2 H), 4.03-3.99 (m, 1 H), 2.66-2.54 (m, 1 H), 2.35-2.28
(m, 1 H), 2.08 (dd, J = 9, 17 Hz, 1 H), 2.01-1.93 (m, 1 H), 1.83 (s, 3 H), 1.65-1.46 (m,
5 H), 1.41-1.38 (m, 1 H), 1.24-1.20 (dd, J = 9, 5 Hz, 1 H), 01.05-0.78 (m, 12 H).

20 EXAMPLE 27

Compound 205 of Table 2 was synthesized according to the protocol described in
Example 17.

"H NMR (DMSO-dg) § 9.14 (d, J = 6 Hz, 1 H), 8.60 (s, 1 H), 8.32 (d, J = 8 Hz, 1 H),
8.14-8.06 (m, 2 H), 7.98 (d, J =8 Hz, 1 H), 7.82 (dd, J = 8, 7 Hz, 1 H), 7.66 (d, J = 9

25 Hz, 1H),7.55(d,J=8Hz 1H), 575-5.66 (m, 2 H), 5.22 (d, J = 17 Hz, 1 H), 5.07 (d,
J =10 Hz, 1 H), 4.50 (d, J = 12 Hz, 1 H), 4.39 (dd, J = 9, 9 Hz, 1 H), 4.23-4.08 (m, 3
H), 2.56-2.50 (m, 1 H), 2.36-2.28 (m, 1 H), 2.04-1.97 (m, 1 H), 1.82 (s, 3 H), 1.62-
1.41 (m, 7 H), 1.24 (dd, J = 5, 4 Hz, 1 H), 0.94-0.75 (m, 12 H).

EXAMPLE 28

30 Compound 117 of Table 1 was synthesized according to the protocol described in
Example 20.



122 Ac --- --- Chg Val | ~ ethyl 1R 251 ~ 123 Ac --- --- Chg Vval | ~

propyl IR 2R L ~ i 45. The conpound according to claim ~ rewﬁgﬁ,ﬁtzgg:;by
formula: P6, P5, P4 . P3. P2, ; RO. Rg. HO, Ra' 0]
R~. O ; 0;~0O4 O; P11, wierein P6, P5 P4, P3, R2, andeareas
defined below. Tab 2 P6 P5 ~ P4 P3 R2 Cpd# 201 ~ --- --- Chg Val OBn 202
--- --- Chg Chg 1-NpCHZO 203 ~--- ;~ -7 ~. ~ Chg Val 1-NpCHzO 204 --- -~
--- ~Chg Vai CBn R CH=CH CH=CH2 CH=CH, ' CH=CHBr* 6 March 2003 96 Tab 2
P6 P5 P4 P3 Rx Cpd# 205 --- --- Chg Val 0 206 Chg Val I \ Ni \ I /
207 --- ---H@MRTBMSQ)es)B&Sﬁ(SJd)agBVéKd M +8Hz-TH), 8.00 @hd =8 Hz, 1H),Chg Val |

E)—Gzll,lOCI’] % 8k, 1) 7/9&@ 82 tm, 2 H).7 &1 (]dR‘l-ﬁ_Eﬁl %ﬁéﬁifj tF@d'c'-)% 212 Asp

CH=CHI C|—|=(]H1-I) THBECHAS ( rm-g:emgg(d J_12Hz 1H), 4.89 (d, J = 12 Hz, 1 H), 4.52 (dd,
J =14, 7 Hz, 1 H), 4.37-4.12 (m, 6 H), 3.78-3.73 (m, 1 H), 2.63 (dd, J = 17, 6 Hz, 1
5 H),2.47-2.42 (m, 1 H), 2.22-2.16 (M, 3 H), 2.04-1.86 (m, 2 H), 1.82 (s, 3 H), 1.77-
1.71 (m, 1 H), 1.69-1.42 (m, 8 H), 1.30 (quint., J = 8 Hz, 1 H), 1.20 (dd, J = 12, 8 Hz,
1 H), 1.10-0.85 (m, 15 H), 0.76-0.72 (m, 1 H).

EXAMPLE 29

Compound 120 of Table 1 was synthesized according to the protocol described in
10  Example 20.

'H NMR (DMSO-dg) & 8.34 (s, 1 H), 8.12 (d, J = 8 Hz, 1 H), 8.05 (d, J = 8 Hz, 1 H),
7.95-7.87 (m, 3 H), 7.81 (d, J = 9 Hz, 1 H), 7.64-7.52 (m, 4 H), 7.46 (dd, J = 8, 7 Hz,
1H), 4.99 (d, J = 12 Hz, 1 H), 4.89 (d, J = 12 Hz, 1 H), 4.63 (dd, J = 14, 7 Hz, 1 H),
4.37-4.14 (M, 4 H), 3.74 (dd, J = 11, 4 Hz, 1 H), 3.41-3.35 (m, 2 H), 2.61 (dd, J = 16,

15 7 Hz, 1H),2.44 (dd, J = 16, 8 Hz, 1 H), 2.20-2.15 (m, 1 H), 2.04-1.96 (m, 3 H), 1.82
(s, 3 H), 1.70-1.64 (m, 1 H), 1.56-1.43 (m, 7 H), 1.30 (quint., J = 8 Hz, 1 H), 1.20 (dd,
J =8, 5 Hz, 1 H), 0.99-0.72 (m, 21 H).

EXAMPLE 30

Cloning, expression and purification of the recombinant HCV NS3 protease
20 type 1b.

Serum from an HCV-infected patient was obtained through an external collaboration
(Bernard Willems MD, Hépital St-Luc, Montréal, Canada and Dr. Donald Murphy,
Laboratoire de Santé Publique du Québec, Ste-Anne de Bellevue, Canada). An
engineered full-length cDNA template of the HCV genome was constructed from

25  DNA tfragments obtained 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 defermination 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-

30  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/NS5A/NS5B) was generated by PCR and introduced into



CH=CH, 6 March 2003 97 Tab 2 P6 P5 P4 P3 Cpd# 214 --- --- Chg V al 215
--- --- Val Chg 216 --- --- Chg Val R I\ I~ 0 R ethyl CH=CidlMm&icrGob3 217
--- --- Chg val N\ CHCH, | 0o~ 28 --- --- Chg Val o~ p CH=CH, NHi | \ \
[/ 219 --- --- Chg Val /"-N CH=CHI N~N~N %\ H\ O 220 --- --- Chg V al
CH=CH2 221 --- --- Chg Val / No CH=CH \ I N~ 1 \ \ / 6 March 2003 98
Tab 2 P6 P5 p4 p3 Cpd# 222 Asp DQu Cf§ Thg | ~ CH=CH, / N\ / O 223 ---
--- Chg val o CH=CH 0O

10

15

20

25

30

eukaryotic expression vectors. After transient transfection, the polyprotein
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 observed with expression of a polyprotein precursor containing the mutation
S1165A, which inactivates the NS3 protease, confirming the functionality of the HCV
NS3 protease.

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
sodium phosphate, pH 7.5, 10% glycerol (v/v}, 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 chloride 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.
The pH of the supernatant was then adjusted to 6.5 using a 1M sodium phosphate
solution.

An additional gel filtration chromatography step was added to the 2 step purification
procedure described in WO 95/22985 (incorporated herein by reference). Briefly,

the supernatant from the bacterial extract was loaded on a SP HiTrap column
(Pharmacia) previously equilibrated at a flow rate of 2 ml/min in buffer A (50 mM
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% glycerol, 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 NaCl.
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



224 --- --- Chg Thg ~ 0" CH=CH, I i ~1 ~ o~ 0o~ 225 --- --- Chg Va! | ~

o0 CHCH i ~1 ~ o0~ 0~ 226 --- --- Chg Val ~ CH=CH N ~ / Ogiarch 2003 -
Chb Val ~ CHCH N~NO 228 -_ __ Chg Thg ~ I \ o~ CH=CH \ / 6 March
2003 99 Tab 2 P6 P5 P4 P3 R2 R, Cpd# 229 --- --- Chg Val ~~ ~ ~ ~ CH=CH ~
l i ooi 230 --- --- Chg Val NNNN CH=CH i 0 231 --- --- Chg Thg w CH=CH,
li 0 232 --- --- Chg Tbg | ~ CH=CHl i ¢ i 0~ 0233 --- --- Chg Thg | w
CH=CHl i 0 234 --- --- Chg ' Thg 235 --- --- Chg Val 236 Asp DQu ~ Ile
Val F3 CFAj 0\ OB ~n CH=CHz vinyl vinyl 6 March 2003 100 Tab 2 P6 P5

P4 P3 Rz RHigpatk16/8Q column-(PharmiagiaygQuilibrated ipjbyifer 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.

5 EXAMPLE 31

Recombinant HCV NS3 protease/NS4A cofactor peptide radiometric assay.

The enzyme was cloned, expressed and prepared according to the protocol
described in Example 30. 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.

10 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 to 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['?l-

15 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 allows for the calculation of the

20  percentage of substrate conversion and of the percentage of inhibition.

A. Reagents

Tris and Tris-HCI (UltraPure) were obtained from Gibco-BRL. Glycerol (UltraPure),
MES and BSA were purchased from Sigma. TCEP was obtained from Pierce, DMSO
from Aldrich and NaOH from Anachemia.

25  Assay buffer: 50 mM Tris HC|, 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).

Tracer: reduced mono iodinated substrate biotin DDIVPC SMS['%| Y]TW (~1 nM
30 final concentration).

HCV NS3 protease type 1b, 25 nM final concentration (from a stock solution in 50
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40).
NS4A Cofactor peptide: KKGSVVIVGRIILSGRK, 2.5 uM final concentration (from a
2 mM stock solution in DMSO stored at -20°C).

5 B.Protocol

The assay was performed in a 96-well polypropylene plate from Costar. Each well
contained:

» 20 pl substrate/tracer in assay buffer;
* 10 pL xinhibitor in 20% DMSO/assay buffer;
10 = 10 pL 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.

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

15 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) ulL of avidin-coated agarose beads (purchased from Pierce) were added
in a Millipore MADP NBS5 filtration plate. The quenched assay mixture was
transferred to the filtration plate, and incubated for 60 min at 23°C under gentle

20  agitation.

The plates were filtered using a Millipore MultiScreen Vacuum Manifold Filtration
apparatus, and 40 pl of the filtrate was transterred in an opaque 96-well plate
containing 60 pL of scintillation fluid per well.

The filtrates were counted on a Packard TopCount instrument using a *#I-liquid
25  protocol for 1 minute.

The % inhibition was calculated with the following equation:

100 - [(countsim-countspank)/(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 (ICso) was calculated by the use of SAS
30 software (Statistical Software System; SAS Institute, Inc. Cary, N.C.).
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hexapepti de of formula | according to claim44, selected fromthe group
consi sting of compound #:108; 116; 117; and 120. A hexapeptide of fornula I
according to claim45, selected fromthe group consisting of conpound #:
212; 222; 236; and 238. A hexapeptide of formula | according to claim 46,
selected fromthe group consisting of compound #: 301 and 302. A
tetrapeptide of fornmula | according to claim44 selected fromthe group
consi st i ngE¥AM Eﬁﬁﬁ%und # 122; and 123. A tetrapeptide of formula |

according to cla | ect ed fromthe group consisting of conmpound #:
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221; 223; 224; 225: 226; 228; 229; 230; 231; 232: 233; 234; 235. A
t et r apept i dBe HSBABI3ANeN seding @oley Was Qanedry Rif-PCR iatorthel PERSR vastor gr oup

(Invitrogen) using RNA extracted from the serum of an HCV genotype 1b infected
5 individual (provided by Dr. Bernard Willems, Hopital St-Luc, Montréal, Québec,
Canada). The NS3-NS4A DNA region was then subcloned by PCR into the
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)

10 was used to produce the recombinant baculovirus. The full fength mature NS3 and
NS4A heterodimer protein (His-NS3-NS4AFL) was expressed by infecting 10° Sf21
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 NaPO,, pH 7.5, 40% glycerol (w/v), 2mM

15  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-
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-
NS3-NS4AFL was seluted in a >80% pure form (as judged by SDS-PAGE), using a

20 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.

The protease activity of His-NS3-NS4AFL was assayed in 50 mM Tris-HCI, pH 8.0,
0.25 M sodium citrate, 0.01% (w/v) n-dodecyl-B-D-maltoside, 1 mM TCEP. Five (5)
25  pM of the internally quenched substrate anthranilyl-DDIVPAbu[C(0)-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
not exceed 5.25%. The reaction was terminated with the addition of 1M MES, pH
5.8. Fluorescence ot the N-terminal product was monitored on a Perkin-Eimer LS-
30  50B fluorometer equipped with a 96-well plate reader (excitation wavelength: 325
nm; emission wavelength: 423 nm). A non-linear curve fit using the Hill model was
then applied to the % inhibition-concentration data and 50% effective concentration
(ICs0) was calculated through the use of SAS (Statistical Software System, SAS
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SEAP construct such that SEAP activity is independent of NS3 proteolytic activity.
Protocol of the assay: Huh-7 cells, grown in CHO-SFMIl + 10% FCS (fetal calf

20  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
aliquot of the medium was drawn and the SEAP activity in this aliquot was measured

25  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 ECsg.

The toxicity of the compound (TCs) was then assessed using the MTT assay as
follows:

30  20pL of a MTT solution (5mg/ml medium) was added per well and incubated at 37°
for 4 hrs;
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proteases: human leukocyte elastase, porcine pancreatic elastase and bovine
pancreatic a-chymotrypsin and one cysteine protease: human liver cathepsin B. In

10 all cases a 96-well plate format protocol 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% conversion as measured on a UV Thermomax® microplate reader. Substrate
concentrations were kept as low as possible compared to Ky to reduce substrate

15 competition. Compound concentrations varied from 300 to 0.06 uM depending on
their potency. The final conditions for each assay were as follows:

50 mM Tris-HCI pH 8, 0.5 M Na,SO4, 50 mM NaCl, 0.1 mM EDTA, 3% DMSO,
0.01% Tween-20 with;

[100 pM Succ-AAPF-pNA and 250 pM a-chymotrypsin}, [133 uM Succ-AAA-pNA and
20 8 nM porcine elastase], [133 uM Succ-AAV-pNA and 8 nM leukocyte elastase]; or

{100 mM NaHPO, pH 6, 0.1 mM EDTA, 3% DMSO, 1mM TCEP, 0.01% Tween-20,
30 uM Z-FR-pNA and 5 nM cathepsin B (the stock enzyme was activated in buffer
containing 20 mM TCEP before use)).

A representative example is summarized below for porcine pancreatic elastase:

25 Ina polystyrene flat-bottom 96-well plate were added using a Biomek liquid handler
(Beckman):

» 40 pL of assay buffer (50 mM Tris-HCI pH 8, 50 mM NaCl, 0.1 mM EDTA),

* 20 ul 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

30 = 20 ulL of inhibitor solution (50 mM Tris-HCI, pH 8, 50 mM NaCl, 0.1 mM EDTA,
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substituted with C1. alkyl, or amido optionally substituted with Cy.¢ alkyl; or

(v} amido optionally substituted with Cy alkyl or Het;
R, when present, is C,5 alkyl substituted with carboxyl;

Rs, when present, is Cy5 alkyl optionally substituted with carboxyl;
R4 is Cy.10 alkyl, Cs7 cycloalkyl or Ca.10 (alkylcycloalkyl);
R3 is C1.10 alkyl, Cs.7 cycloalkyl or Cq.1o (alkylcycloalkyl);

Rz is CH2-Rgg, NH-R20, O-Ryg Or S-Rzg, Wherein Ry is & saturated or unsaturated Ca
cycloalkyl or C4.40 (alkyl cycloalkyl) being optionally mono-, di- or tri-substituted with
R21s
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Ry ls Ca- alkeny! optionally substituted with halogen; and
W is hydroxy or a N-substituted amino;
or a pharmaceutically acceptable salt or ester thereof.

2. The compound according to claim 1, wherein, when B is H or an acyl derivative
of formula R,C(0)-, wherein Ry is C,.¢ alkyl; C15 alkoxy; Cs.7 cycloalkyl optionally
substituted with hydroxy; amido optionally substituted with C.¢ alkyl or Het; Cg or
C1o aryl, Cy.46 aralkyl or Het all optionally substituted with C,.¢ alkyl or hydroxy.

3. The compound according to claim 2, wherein Ry is Cy.¢ alkyl or Het.

4, The compound according to claim 3, wherein said Het is selected from the
group consisting of:

5. The compound according to claim 2, wherein B is selected from the group
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consisting of: H. acetyl; ° © or o
6. The compound according to claim 5, wherein B is acetyl.

7. The compound according to claim 1, wherein B is R;-SO, and R; is Cg or Cyg

aryl, a C;.1¢ aralkyl or Het, all optionally substituted with C.s alkyl.

8. The compound according to claim 1, wherein Rg when present, is the side chain
of Asp or Glu.

9. The compound according to claim 8, wherein Rg, when present, is the side
chain of Asp.

10. The compound according to claim 1, wherein a is 0 and then R is absent.

11. The compound according to claim 1, wherein Rg, when present, is the side

chain of an amino acid selected from the group consisting of: D-Asp, L-Asp, D-
Glu, L-Glu, D-Val, L-Val, D-tert-butylglycine (Tbg), and L-Tbg.

12. The compound according to claim 11, wherein Rs, when present, is the side
chain of D-Asp, D-Val, or D-Glu.

13. The compound according to claim 12, wherein Rs, when present, is the side
chain of D-Glu.
14. The compound according to claim 1, wherein ais 0 and b is 0, and then both Re

and R; are absent.

15. The compound according to claim 1, wherein R, is the side chain of an amino

acid selected from the group consisting of: Val, cyclohexylglycine (Chg), Tbg, lle

or Leu.
16. The compound according to claim 15, wherein R, is the side chain of Chg or lle.
17. The compound according to claim 16, wherein R, is the side chain of Chg.
18. The compound according to claim 1, wherein Y is H, or Me.
19. The compound according to claim 18, wherein Y is H.
20. The compound according to claim 1, wherein R; is the side chain of an amino

acid selected from the group consisting of: lle, Chg, Val or Thg.
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wherein Ry is Cy.g alkyl, Cy.¢ alkoxy; amino, mono- or di-(lower alkyl)amino;
amido optionally mono-substituted with C,.¢ alkyl, Cg or C1o aryl, Cy.1¢ aralkyi,
Het or (lower alkyl)-Het; NO,; OH; halo; trifluoromethyl; carboxyl; Cg or Cio
aryl, Cs.1¢ aralkyl, or Het, said aryl aralkyl or Het being optionally substituted
with Ray;

wherein Ry, is Cy.galkyl; Cq.¢ alkoxy; amino; mono- or di-(lower
alkyl)amino; (lower alkylyamide; NO,; OH; halo; trifluoromethyl; or
carboxyl.

24, The compound according to claim 23, wherein Ry, is Cy.¢ alkyl; Cy.¢ alkoxy;
amino; di(lower alkyl)amino; (lower alkyl)amide; Cg or Cyq aryl, or Het, said aryl
or Het optionally substituted with Rz;, wherein Ry, is Cy.g alkoxy; amino; di(lower
alkyl)amino; (lower alkyl)amide; halo or trifluoromethyl.

25. The compound according to claim 23, wherein R, is 1-naphthylmethoxy; 2-
naphthylmethoxy; benzyloxy, 1-naphthyloxy; 2-naphtyloxy; or quinolinoxy
unsubstituted, mono- or di-substituted with R,y wherein Ry, is as defined in
claim 23.

26. The compound according to claim 23, wherein R; is 1-naphtylmethoxy; or
quinolinoxy unsubstituted, mono- or di-substituted with Ry wherein Ry is as
defined in claim 23.

27. The compound according to claim 26, wherein R, is :
R,a N\ Rae
| =
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35. The compound according to claim 1, wherein W is hydroxy or a

pharmaceutically acceptable salt or ester thereof; or (lower alkyl)amino, di(lower
»
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38. The compound according to claim 37, wherein W is -OH or -NH-(S)CH{(Me)-
phenyl.
39. The compound according to claim 35 , wherein when W is an ester, said ester is
selected from the group consisting of: Cy.¢ alkoxy, phenoxy, or aryl(C. alkoxy).
40. The compound according to claim 39, wherein said ester is methoxy, ethoxy,
phenoxy, benzyloxy, or PhCH(Me)-O-.
41. The compound of formula | according to claim 1, wherein B is H, lower alkyl-

C(O)- or Het-C(O)-;

Rs, when present, is the side chain of Asp or Glu;

Rs, when present, is the side chain of D- or L-: Asp, Glu, Val, or Tbg;
Y is H or methyl;

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

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

R is 1-naphthyimethoxy, 2-naphthylmethoxy, O-Bn,

/N ~~ N = ‘ N/
) ) ol I
o] o]
o - ~ /o
halo N N | CF, Na
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NHCOCH,, halo, NH,, NO,, alkoxy

A

s
Ry | NHCOCH,, halo, NH,, NO,,, alkoxy

wherein Ry, is amino, di(lower alkyl)amino, (lower alkyl)amide, NO,, OH, halo, CF,,
or COOH;

P1 is a cyclopropyl ring system of formula

wherein R; is ethyl, vinyl or bromovinyl; and

W is hydroxy or N(Rq3a) R13p Wherein Ry3, and Ry3p are independently H, aryl or Cy.g

alkyl optionally substituted with hydroxy or phenyl; or a pharmaceutically acceptable
salt or ester thereof.

42. The compound of formula | according to claim 1, wherein B is H, acetyl or
Het-C(O)-; Re, when present, is the side chain of Asp; Rs, when present, is the
side chain of D-Asp, D-Glu or D-Val; Y is H; R, is the side chain of Chg or lle; R,
is the side chain of Val, Chg or Tbg; R, is 1-naphthyimethoxy, benzyloxy, 4-
quinolinoxy, or
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OMe, halo, NH, or NO,

wherein R, is Et or CH=CH; or CH=CHBr; and
W is hydroxy or NH-(S)-CHMePh, or a pharmaceutically acceptable salt thereof.

43. The compound of formula | according to claim 1, wherein B is acetyl; Rs, when
present, is the side chain of Asp; Rs, when present, is the side chain of D-Glu; Y
is H; R, is the side chain of Chg; R, is the side chain of Val or Tbg; R, is:

OMe

Pilis:

s and

W is hydroxy, or a pharmaceutically acceptable salt or ester thereof.

44. The compound according to claim 1 represented by formula:

1098
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wherein B, P6, P5, P4, P3, R,, and R, are as defined below:

Tabl B P6 P5 P4 P3 R, R, P1
Cpd C-C
101 Ac - -~ Chg Val OBn Et 1R, 2R
102 Ac - -~ Chg Val OBn Et IR, 2?7
103 Ac -~ - Chg Chg 1-NpCH,O Et IR, 27
104 Ac - -~ Chg Chg 1-NpCH.\0 Et IR, 2R
105 Ac - ---  Chg Chg 1-NpCH,O Et 1S, 28
106 Ac - ---  Chg Val 1-NpCH,O Me IR, 2?
107 Ac - -=--  Chg Val I-NpCH,O CHMe, IR, 2?

108 Ac Asp D-Glu Chg Chg 1-NpCH,O Et IR, 2R

109 Ac -~ -~ Chg Val 1-NpCH,0 CH,O IR 2?
CH,Ph
110 Ac -~ -~ Chg Val [I-NpCH,0 CH,OCH, IR, 2?
Ph
111 Ac - -~ Chg Val 1-NpCH,0 (CH,, IR 2?
Ph
112 Ac -~ - Chg Val 1-NpCH,0 Et IR2R
113 Ac -- - Chg Val 1-NpCH,0 Et 15,28
114 Ac - - Chg Val 1-NpCH,0  Bn IR, 27
115 Ac -~ -~ Chg Val I-NpCH,0  Bn IR, 2?
116 Ac Asp D-Glu Ile Val OBn Et  JR2R

117 Ac Asp D-Glu' Chg Val 1-NpCH,O Et IR,2R
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10% : ~ & ()-".Aoy . . 10%
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Tab.l B P6 P5 P4 P3 R: R, Pl
Cpd C-C
118 Ac -~ - Chg Val 1-NpCH,0 Pr IR, 27
119 Ac -~ - Chg Val 1-NpCH,0 Pr IR, 2?
120 Ac Asp .D-val Chg Val 1-NpCH,0 Et IR,2R
121 Ac - -~ Chg Val AN vinyl  IS,2R
O
0\
122 Ac -~ - Chg Val O ethyl  IR2S
/N
1D
\
123 Ac - -~ Chg Val O propyl IR, 2R
N
2
C\
45. The compound according to claim 1 represented by formula:

wherein P6, P5, P4, P3, R,, and Ry are as defined below:

Tab2 P6 P5 ' P4 P3 R, R,
Cpd# ,

2010 - - Chg Val OBn 'CH=CH,
202 — = Chg Chg 1-NpCH,0 'CH=CH,
203 - == "Chg Val I-NpCH,0 = CH=CH,

‘204  — - Chg Val OBn  'CH=CHBr*
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Tab 2 Pé P5 P4 P3 R, R,
Cpd#
205 - Chg Val N CH=CH,
0
O
N
206 - --- Chg Val O CH=CH,
N
X
Q\
2407 - --- Chg Tbg O CH=CH,
N
99
K
208 -- --- Ch Val CH=CH,
g a O /N Cl B
90
K
209 =~ == Chg Val ® CH=CH.,
SO h
(\
210 ~ - Chg Val ® CH=CH,
211 — - Chg Val CH=CH,
212 Asp D-Glu Chg Vval O CH=CH,

213 - - Chg | Val CH=CH,
Y N
’ x
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Tab 2 P6 PS5 P4 PI R: 1
Cpd#
214 — - Chg Val O ethyl

N
—~
90
N
215 — == Val Chg N CH=CH,
[
N
216 --- == Chg Val (E
o
N

CH=CHa-

N =
H
S
o]
N
217 — == Chg Val NS CH=CH,
l/ N
"
AN
218 — == Chg Val o o CH=CH,
N cad
H
™
Q
N
219 -~ = Chg Val N CH=CH,
N -
~NJ\N N
H
\
Q
N
220 -~ == Chg Val CH=CH,
f | . .
N
N z
H
N
[o]
N
221 - == Chg Val o~y 0 CH=CH,
\I H /N
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1 CH=CH,
O
N

CH=CH,

N =~

224 -~ -~ Chg Tbg

2 - Che Val CH=CH,

26 = = Chg Va CH=CH,
L -
2 - - Chg Va ? CH=CH,

28— - Chg Ty [/ND/O\ CH=CH,
Y



10% & ()-S 10% & ()- fLI1I0% & ()-Sv p @1l0%W"v& ()-f v f9l10%W"v& ()-g
ys1l0% & ()-QOOOC>PPP/ Q [: b4l { k! ' T10%[!{& ()-S s10% & () ?1%(}%§L O)-
10% & ()- MOWE& ()- 10%W"& ()-S/QQ RRRR|[: bWl  9F. 10%‘<Q—IYI -
S,s10% & ()- f)I10W& ()-S & 10% & ()- %0W & () -

SEMLOY & () - RABSSSSSSSvWUAL  y10% & () - #@O0% & ()-10"10"10" S5s10% & () -
9L310% & ()- /10% & ()-@ TdT VU U [: vl  310% & ()- 10% & ()-

310% & ()- ,10% & ()-g @L0%W& ()- ,T 10% & ()-UWNVWWW[:vUu4l  $Y
10% & ()- . GLO% p& ()- S10%W& ()-S 10%W& ()- 109 & ()-

&10% & () -. VeWWGEX: XTak| 2 : vUsel P5631896 &'RY) - 943100R& ()- 2- 1ML & ()-

=+ 10% & ()- &10% & ((E%d# &&310% & () - >XBXXXYYYZY[ Y\ Y| [ NA41 10" 10" 10"
F:r10% & ()- 8MLO%W & ()- 610% & ()- 410% & ()-

L8410% & ()-\Yi YnmYqY22RY| Y| {: NA41 10ChgA1004 & (> D GHRA%P& () -CB4T4 &' () -
9F310% & ()- &F10% & ()- #f @0% & ()-| YYYY0ZZZ| [ 0 3109 & () -
10% & ()-- Syl0%w & ()- 10%& ()- 10% & ()- L10% ()-Za%[ NV ] [:NA4L 10
| @O & ()- 1@AO% & ()- |1 @0% ()- 310%!'& ()- 310@4;‘&' ()- 3109 & ()-
I1SIT1117[:NA4L 10 "* 10% & ()- * 10% & ()- * 10%R & ()- S10% & () -

| @O%&' ()- | @O%& () 230"" N-A"ANA2MvEKel Wal0% &NEN- #@L0% & (GHAGAP10
s010%& ()-y Y010% & ()- HOs109%!" & ()-2/47Z ] A 3F10%& ()-S O
3F10% & ()-S 3F10%WK. ()-S @109%& ()-3 @10%‘&1l OF

@10%&' ()-3"" (V" " |[:vUl ,310% & ()- © 109 & ()N W& ()- . m0%
& ()- @O0%W& ()- 10% & ()-S eafagahauaxaaavl4l [10680& ()- NIOWK" & () -
10%eK"e&' ()- #S@O0%K"e&' ()-10"10"10" s, 10% & () - aaaa\dalvb| [:vW4l |
@o%eK'e& ()-N, 10‘Ve|§'}'ﬁ:&' () - 310 Eé‘h;/éz) 3109 1 & () - 310%/@'_"@?1'{1()- @
@0%K"e& ()-M@MTE cdee| [T vUdl [ y2S109%K" e& ()-N 1098 ()-y 4+
10%' ()-y f)-10%K'e& ()- Q 10%K"& ()-s ]sl Y FOK™S -cccccceced' dvT2l
{0 Y10%&' ()-1'Y10%=& ()-1 10% & ()- #@L0% & ()™10eK"elOeK"elOeK"e
610%K"e& ()-'dNdYddCf {fggzY8+210 { Y10% & ()-1 ¥10% & ()-1 pY10%

& ()- 1! (Y10985& ()-1!i=Y10%z& ()-1 k Y10%& ()-1g39ggggghA210 { y10% & ()-
A 10% & ()- >}10% & (282 >} 109 &-()- ¢€h p& ( 0 10 ghAhMhSopbol] : A210 {

“109% & ()- $10% & ()- H 10% & ()- H 10% & ()- ~ o
ATLO% & () -hhhi'i Ai di {Z9A210 {  9#mlO%T H& ()- Y %l & ()-
O#MLOYRORS () - HO! L10% & ()-!q 10988& () -

p 109 & ()-diiiAjDjdjejfjgj|[NA010"10"10" $y210% &\()-M % /10% & () -
yO#MLO%@ @& () - 9#%0&()- +OHMLOW.L () A& () - 44!

"10%t & ()- 441 h ' 1094TR ()-F4! T109&-(E - 4
$- 109 () - j KOkokkkkwU4NAAD $109& ()-)!0

234 - -~ Chg ' Tbg ©Y CH=CH,

235 -- =  Chg Val Fa vinyl

236 Asp D-Glu Hle Val O-Bn vinyl



'109& ()-441i ' 109& ()-441° ' 109& ()-44! X0 ' 10%yé& () - 44!
' 109 () - 44kkkKKKK| [ NA4D  9$* 109%& ()- L$%O%& ()- L$s!" 10‘V&'6(1\)1arcﬁ%83/&' ()-
$10%&' ()- $' 10%&' () - Kkkkkkkkl vU40 | S10%&' ()-s S109R%R& () -
#@L0%R%RE& ()-101010 $5&10% ()- &$LO&LOYE ()-1#1 71 IBIKIR|[: CVUAO |

109R9R& () - $109R%R& ()- ZOglO%@& ()-100L09R9%R& ()-  109R9%R& () -
109P9%R& ()-RYIzI} 1 11yWsvU40 |/ @O% % 9%& ()-'30 @0%]& ()-'P

09O &' ()-! 0%©0 0% 0% 10%7%7&' )-1111T1 %) nyWevU40 | F
B0k ()- or ?ﬁ@@a@/& ? % et g Bopops O R @006
& ()-! @0% & ()-)rmpam m mOm=mAMxmM40 plO%&' () 95' 10% k& ()-g5
$@O0%& ()-- 10r r 1053{ 10r r

- -—-- Chg Val )\ f \ f J\ vinyl
N - N

x

N
238 Asp D-Glu Chg Tbg vinyl
Ol s
0
46. The compound according to claim 1 represented by formula:

P6 © P5 : P4 ° P3

P T B E
B/H\KU\ )YN\])LN/H]/'N
: IN : ‘H .
R °r R °0

P1
wherein B, P86, P5, P4, P3, R,, Ry and W are as defined below:
Tab3 B P6 P5 P4 P3 R; R, W
Cpd#
301 Ac Asp DGlu Jle Val OBn Et  NH«S)-

CHMePh

302 Dnl Asp D-Glu Chg Tbg ® vinyl OH
/N O\
JC
N

47. The compound according to claim 1 represented by formula:
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Tab 4 B Y P4 P3 R; R,
Cpd#
401 Ac Me Chg Tbg vinyl

48. The compound according to claim 1 represented by formula:

o R
@ "o u?’ i

wherein B, and Ry , are as defined below: /

Tab 5
cpd#

F or O
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54. A tetrapeptide of formula | according to claim, 47 selected from the group
consisting of compound #: 401.

55. A tetrapeptide of formula | according to claim 48, selected from the group
consisting of compound #: 501; 502; 503; 504; 505; 506; 507; 508, 509; 510;
and 511.

56. A pharmaceutical composition combrising 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.

57. 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 or a
composition as described above in the manufacture of a medicament for treating

a hepatitis C viral infection in a mammal.
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medicament for inhibiting the replication of hepatitis C virus.

59. 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, and an interferon in the manufacture of a medicament for
treating a hepatitis C viral infection in a mammal.

60. The pharmaceutical composition according to claim 56, further comprising a
second antiviral agent.

61. The pharmaceutical composition according to claim 60, wherein said second
antiviral agent is ribavirin or amantadine.

62. The pharmaceutical composition according to claim 56, further comprising
other inhibitors of HCV protease.

63. The pharmaceutical composition according to claim 56, further comprising an
inhibitor of other targets in the HCV life cycle, selected from: helicase,
polymerase, metalloptrotease or IRES.

64. A process for the preparation of a peptide analog of formula (l) according to
claim 1, wherein P1 is a substituted aminocyclopropyl carboxylic acid residue,
comprising the step of:

* coupling a peptide selected from the group consisting of: APG-P6-P5-P4-P3-P2;
APG-P5-P4-P3-P2; APG-P4-P3-P2; APG-P3-P2; and APG-P2,

» with a P1 intermediate of formula:
R

,
0-CPG
HN

o)

wherein R; is Cy. alkyl or C.. alkenyl optionally substituted with halogen, CPG is a
carboxyl protecting group and P6 to P2 are as defined in claim 1.

65. A process for the preparation of a peptide analog of formula () according to
claim 1, wherein P1 is a substituted aminocyclopropyl carboxylic acid residue,



66.

67.

68.
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comprising the step of:

= coupling a peptide selected from the group consisting of: APG-P6-P5-P4-P3-P2;
APG-P5-P4-P3-P2; APG-P4-P3-P2; APG-P3-P2; and APG-P2;

* with a P1 intermediate of formula:

wherein Ry is ethyl, vinyl or bromovinyl, CPG is a carboxyl protecting and P6 to P2
are as defined in claim 1.

A process for the preparation of a peptide analog of formula () according to
claim 1, wherein P1 is a substituted aminocyclopropyl carboxylic acid residue,
comprising the step of:

» coupling a peptide selected from the group consisting of: APG-P6-P5-P4-P3-P2;
APG-P5-P4-P3-P2; APG-P4-P3-P2; APG-P3-P2; and APG-P2;

« with a P1 intermediate of formula:

wherein CPG is a carboxyl protecting group and P6 to P2 are as defined in
claim 1.
The process according to claim 64, 65 or 66 wherein said carboxyl protecting

group (CPG) is selected from the group consisting of:

alkyl esters, aralkyl esters, and esters being cleavable by mild base treatment or
mild reductive means.

Use of an amino acid analog of formula:
R‘l

OH
H,N
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wherein Ry is Cy¢ alkyl or C,.¢ alkenyl optionally substituted with halogen, for the
preparation of a compound of formula | according to claim 1.

69. Use of an amino acid analog of formula:

wherein Ry is ethyl, vinyl or bromovinyl, for the preparation of a compound of formula

| according to claim 1.

70. Use of an amino acid analog of formula:

for the preparation of a compound of formula | according to claim 1.



