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The present i1nvention relates to a novel class of compounds that are
useful as protease inhibitors, particularly as serine protease
i'nhibitors, 'and nore 10 particularly as hepatitis C NS3 protease
inhibitors. . As ~ ‘“such, they act by interfering with the life cycle of

t he hepatitis C virus and are al so useful as antiviral agents.

This invention also relates to pharmaceutical 15 conpositions conprising

t hese conpounds. The conpounds and pharmaceutical conpositions of this
i nvention are particularly well suited for inhibiting HCV NS3 protease
activity and consequently, nmay be advantageously used as t herapeutic
agents against the hepatitis C virus and 20 other viruses that are

dependent upon a serine pr G d&br j f '% < Thi s invention
also relates to net hod ' — pr ot eases,
including hepatitis GANTICUINSS YO HEPRAITIENT MIRIS N3 PROTEASH Ot eases,
usi ng the compounds 6T this rnventron and 25 related compounds.

BACKGROUNE OF THE | NVENTI ON I nfection by hepatitis C virus

("HCV') is a conpellingEeHﬁfeAﬂegiﬁﬁﬁ @fo@ﬁgniNﬁﬁﬁ&iéNrecognized as

The present invention relates to a novel class

of compounds that are useful as protease inhibitors,
particularly as serine protease inhibitois, and more

10 'particulariy as hepatitis C NS3 protease inhibitors. As
such, they act by interfering with the life. cycle of the
hepatitis C virus and are also useful as antiviral
agents.

This invention also felates to pharmaceutical

15 compositions comprising these compounds. The compounds
and pharmaceutical compositions of this invention are
particularly well suited for inhibiting HCV NS3 protease
aCti@ity and consequently, may be advantageously used as
therapeutic agents against the hepatitis C virus and

20 other viruses that are dependent upon a serine protease -
for proliferation. This invention also relates to
methods for inhibiting the activity of proteases,
including hepatitis C virué NS3 protease and other serine
proteases, using the coﬁpounds of this invention and

25 relatéd compounds.

BACKGROUND OF THE INVENTION

Infection by hepatitis C virus (“HCV”) is a

compelling human medical problem. HCV is recognized as
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-2- the causative agent for npost cases of non-A, non-B

hepatitis | n estimated human seropreval ence of 1% Lly

[ Purcell ,wﬂ%?ﬁﬁmpat itis Cvirus: Hi stgrécgl per sp&ﬁl‘(@ﬁ'g%&& current
concepts”" FEMS Mcrobiology 5 Reviews 14,7 pp. 181-192 (1994); Van der
Poel, C L., "Hepatitis C Virus. Epidem ol ogy, Transm ssion and
Prevention in Hepatitis C Virus. Current Studies in Hemat ol ogy and

Bl ood Transf usiith CHRSAL L AIRDE Hpr most qages|of BaRydy) NRyB 137- 163
(1994)]. Four ydAdd+ 00 10 g W L dPe 8 ' ' ates
al one ' [N}%Heé%ﬁ%s.l' gf]ldtﬁi I\/\tgsx?%E E., #El%fé%ﬁ%&%&ﬁ%n% trcgld ¥
“Hepatitis in tdlohaiXed Bizgadsl, GadlrocHapaiiiti@ ith virus: NHtstoxhcad3, pp.

437-455 (1994)]. . Uoon first exposiy, n HCVY .only about 20%
of 15 infect dquﬁﬁ%]&ﬁaalagldde?}}ﬁlg S entey His ol crahigl g O
others appgar Heri&sd Ve, thie. ITH18QIDN(1994)S00MNMANRES IPbell,N st

i nstances, however, The virus establ i shes a chronic infection that
persists for dégmaitis ¢ |\Wigton, Bpidepiolegyr drapspission @mdbonic
Hepati tis” 20 o FENG,M 61 ol algat RaY eisysldsc PPl A0 A3 by This
usual |y resul t'sTTn recurrent” and progressively worsening | Ver

i nfl anmat i on, Hdématoldderadd@iodd Twares Bmsdere H.W.diRsesdmkst @ds such as

cirrhosis and hepatocel |l ul ar cargj no e MC._, "Hepatitis C and
Hepat ocel | ul ar (Basels, Rangsm Hﬂzw%ﬁ'grﬁl ‘chﬂ\%) ]ReyiF&H_i “@- 1ign 211- 220
(1994); Sgbto,ifddividudls mdP 'J']trif?e&e\é 45 dHY el istates AvIRCiated

wi th the Devel opnent of Hepatocell ul ar Carci noma" Proc. Natl. Acad.
Sci. USA 87, pAles47 519 and Mystoo®.E . UriTlve dipsitdeimio loigyr @ fae nad
broadly effect e 8% 4 "SRR B e R |4 0T RGN O

PCT/ US97/ 1896&iorth Am. 23, pp. 437-455 (1994)}.3- -~ The HCV

genone encodes a polyprotein of 3010-
Upon first exposure to HCV only about 20% of

- 15 infécted individuals develop acute clinical hepatitis
" while others appear to resolve the infection
spontaneously. In most instances, however, the virus
establishes a chronic infection that persists for decades
[Iwarson, S. “The Naturgl Course of Chronic Hepatitis”
20 FEMS-Microbiology Reviews 14, pp. 201-204 (1994)]. This

usually results in recurrent and progressively worsening
liver inflammation, which often leads to more severe
'disease states such as cirrhosis and hepatocellular
carcinoma [Kew; M.C., “Hepatitis C and Hepatocellular

25 Carcinoma”, FEMS Microbiology'Reviews, 14, pp. 211-220

(1994); Saito, I., et al. “Hepatitis C Virus Infection is
Associated with the Development of Hepatocellular
Carcinoma” Proc. Natl. Acad. Sci. USA 87, pp. 6547-6549

(1890)]. Unfortunately, there are no broadly effective
30 - treatments for the debilitating progression of chronic
HCV.



3033 am no acids [Choo, Q-L., et al. "Cenetic Organi zation and
Diversity of the Hepatitis C Virus", Proc. Natl. Acad. Sci. USA, 88,

pp. 2451%;&17(6%991); 5 Kato, N. et al., Ml ec_ul ar C in g%olﬂjsgt”l{%o uman

Hepatitis Virus Genone From Japanesg Patients with
Hepatitis", Proc. Natl. Acad. Sci. USA, 87, pp. 9524-9528 (1990);
Takam zawa, A. et al., "Structure and Crganization of the Hepatitis C

Virus CGenone | sol ated r.om Hunan Carri

V10511180 (16011 . ThreHEVeRBTRE, SRFRREF® prEpLaPsPERlL 2R, 010
presumed to pse¥rdamihe a&saatw@ho@atelytlg gechilnergehetic  viral
replication. The NS proteins are derived proteol ytic cl eavage of

t he poIyproteDng?B&ﬂﬁéh@@hBaéeplve¥§ltR Oéttéﬁ Heprgasisubt VEansProtein 3

of the Hepatitis C Eacode Saki n [ N quired for
O Lie bepat] bi3eC Nat1, YhEHY EREGICHSA, S86) Tp 1Y BYSTI048LN9380%1
3835- 3844 H 1983}0, Giqketi alA, Hblabular Cl ﬁhagaofethéaHumanOHephaltls

Hepatitis C Virus-Encoded Serine 20 Proteinase: Deternination of
Pr ot ei nase- DepeNd&HE GenomPoFﬁﬁmogépﬁneﬁéagéﬁéeBtFeylthJNOV‘AQINODG? pp.

2832- 2843 @ a t es n d enlyiebisCalkl-@n
o Ceatitis E&ég?%)ém y%seab._ﬁa . &kaa.E¥R5E @sﬁ,, 87 bge vPP?f‘. ;@%629, .
1385- 1395 (1993?90TonﬁakamizaWaalAv elS31.25"Stguatueei aadpr ot ease required

for processin of hepatitis rotein”, J. 7,

4017- 4026 ?T§§§$ ioh' 3¢ the fepat %ég EV9N§u5r§F39W33¥éﬂ%§fegonta|ns a
serine 10 prebfas@maat curiierBal gl psrprocess,tpp.mposi-tyigf the 30
viral enzynes, and is thus consi deréd €ssenti al for viral replication

and |nfect|V|K999ﬂ0]|s FhewHCVhaenghractysal (NS) proteins are
presumed to provide the essential catalytic machinery for

viral replication. The NS proteins are derived by.
proteolytic cleavage of the polyprotein [Bartenschlager,
15 R. et al., “Nonstructural Protein 3 of the Hépatitis o
Virus Encodes a Serine-Type Proteinase Required for
Cleavage at the NS3/4 and NS4/5 Junctions”, J. Virol.,
67, pp. 3835-3844 (1993); Grakoui, A. et al. '
“Characterization of the Hepatitis C Virus-Encoded Serine
20 Proteinase: Determination of Proteinase—Dependent
Polyprofein'Cléavage Sites”, J. Virol., 67, pp. 2832-2843
(1993); Grakoui, A. et al., Expression and Identification
of Hepatitis C Virus Polyprotein Cleavage Products”, J.
Virol., 67, pp. 1385-1395 (1993); Tomei, L. et al., “NS3
25 1is a serine protease required for processing of hepatitis
C virus polyprotein”, J. Virol., 67, pp. 4017—4026
(1803)].
' The HCV NS protein 3 (NS3) contains a serine
protease activity that helps process the majority of the
30 viral enzymes, and is thus considered essential for wviral

replication and infectivity. It is known that mutations
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-4- in the yellow fever virus NS3 protease decreases viral

infectivit K IChanbers T.J. et. al., "Evidence that the yﬁzg naI
. C?ﬂl 1

Dorai n of $Puctural Protein NS3 Fr om.4 _ Yellow Fevel
Serine Protease Responsible for 5 Site-Specific Ceavages in the V'raI

Pol yprotei n", Proc. Nat|. Acad. Sci. USA, 87, pp. 8898-8902 (1990)] 
.The first 181 aning.acids of NS3 (residues. 1027-1207 of the vi ral
pol ypr ot ei n) H§v§h§e¥ﬁ2§ eFGrCHHFB% §§ ePTerppge deCpeapess¥igehain of

NS3 that procesgesrabthoytndfisass] calyiOersl hes, ObpibEeh erbypEALein [C

Lin et al., pa It Virus NS3 Serine Proteinase: Trans- Cl eavage
Requi renent s N-teamdnﬁﬂobegsnngORlNenstsuptnraW'PcbtelBSNsﬁpFrem47 8157
(1994)]. 1 ' Thg.H E ne p otgase a§SOC|ated 15
cofactor, NsaRelh8WpEegrsc §§u5IFSoF F&Fr af 5R2§Ress Esbbits? 8 F8€% hus
consi dereos essepbighbetafivi Cakat8BkbkCahi €Re vlralTPb§ypf@@e§ﬁf'pgpaaaears to

be anal ogous to that carried out by the human i munodeficl ency Vi rus
aspartyl Nptdtredcad-whrdh USAal 83, RPel FBEBTAO02r 4198Rk) e Zhe

Processing H ¥y pLRt 9830 RILLLORS, ophEH (BB DLbe! {8b7-1 200" BECLAe

pr ocessi ng are ent "an I VIr I ndi ca

i nterrupting vhralspaggp@btéhﬁ)vhaab beésa shownytbecoﬁsuiﬁsthé serine
t herapeutically active agen Consequently it is_ an attractive target
for drug 25 EF?ES§§Pydom@HFonuﬂﬁgerattHEPEeéﬁﬁsnéléeFPﬂﬁ fevnehzeam

nhi b t oryy avaligll BrCURECRELYPBIVARbEREENIB0CINA ot ol Hepatitis

FurthernDre e current understandlng of as no to any other'
sati sfactory ﬁmrusHNSSagenuseoProtelnaeatneﬁrsnS?ﬁbe@mageeBeqbirsmedts

t herapy for HCV.disease 30 terf,er £ eat men _ rferons
have S|gﬁ??| 5ﬂFe§F88ge#?88£§changéeg—ggiaf.?81 ol : égégukgg§ WO
98/ 17679 (1994)7]. PCT/U897/18968 )

-5- and Fbofna l e, 1989) % anssen, H. A., et al. "Suicide
Associated with Alfa- In@beEFHnN ﬁe?ﬁﬁ}nFoPIQE?Bﬁ?caQ¢thS associated

15 cofactor, NS4A, helps process all of the viral enzymes,
and is thus considered essential for wviral replication.
This processing appears tb be analogous to that carried
out by the human imﬁunodeficiency virus aspartyl
protease, which is also involved in viral enzyme

20 proééssing HIV protease inhibitors, which inhibit viral
protein processing are potent antiviral agents in man,
1nd1cat1ng that interrupting this stage of the viral life
cycle results 1n therapeutlcally active agents. '
Consequently 1t is an attractive target for drug -

25 discovery. Unfortunately, there are no serine protease
inhibitors available currently as anti-HCV agents.

Furthermore, the current understénding of HCV
has not led to any other.satisfactory anti-HCV agents or
treatments. The only established therapy for HCV disease

30 is interferon treatment. However, interferons have

significant side effects (Janésen et al., 1994; Renault



Hepatitis" J. Hepatol., 21, pp. 241-243 (1994)]; Renault, P.F. and

Fbofnagle J.H, "Side effects of alpha 5 interferon. Sem nars in Liver
Di sease 998;@ 77. (1989)] and induce |ong term renpggiyReyisdeson! Y a
fraction {) g? of cases [Weil and, -Os ‘A nterferon Therapy 1n Chronic
Hepatitis C Virus Infection", FEMS M crobiol. Rev., 14, PP. 279-288

(1994)]. Moreover, the prospects for 10 effectlve antl-HCV vacci nes renmain
uncertain. h nged;fog no fea .anti -
89
HCV theraples gucﬂOfnﬁgﬁe o?g mou?g ﬂéégﬁfhgraLeu% ot Siote%# gﬁags
pr ot ease |nhlhssOC$atperLthlAlfg-ﬁnteefenen ThepapYeﬁee ChhohntoViraand

Compobnds. mayipRbtIEin! 7y HeapetBl D AT phc2ulohls, TRERAL ) hehanlts

agents. P.F. and Hoofnagl§UWWA§ CFSIHE ékWEEEECBE2Ql ha The

present "invention provides conpounds and -p arnaceutlcally accept abl e
derivativés thetepnferenat Seminars mgeLmveastsgaeas@,|aﬁ3b27ars(1989)]

fov nes o pfancsabifn pend, P ERTRehi S bhot o fRY AoEFaRR RO 55%)

i N conbi nat i oprwehbesMUBLIBAY) aDOr YIADERFeroaUTHe8Spy in @hroh@ér]
y-interferons; other antiviral agents such as ribavirin and anantadlne
ot her |nh|b|t%@BaﬁithépﬁtV%F%SCinfeCEFBFeaQFEMﬁnﬁiﬁfphlalafRﬁVher19argeps
.bg/agg7gcv 158, 279C¥§be(19§hPFL”QM&PSobék'Cégéj?€§§§§§§g6gor . VO

- 6- 10ﬁeteffeptmveaaatlﬂHCVnV&cnahes|bemamn enteytabn. conbi nati ons
t her eof . esent |nvent|8n also rovhges met hods ., f or

i nhi biting prdteases ng?§c5£5?F§ 18r #nRepfofeLspere spfitegtigpeanti-

particul arly #igy 9{)9é§aseSuch inhibitors wEﬁ@dpﬁsﬁS”{:héEé{ﬁEﬁtQE al so
provi des pharmaceuti cal conpositions conprising the conpounds of

this inventi apotastisl| aasproteaseoipbibhtorsnppartiontarly as serine
protease inhibitors, and more particularly as HCV NS3

15 protease'inhibitors. Specifically, such compounds may be
useful as antiviral agents, particularly as anti-HCV

agents.

SUMMARY OF THE INVENTION

20 L The present invention provides compounds, and
pharmacéutically acceptable derivatives thereof, that are
u$eful as protease inhibitors, particularly ‘as serine
"pfotease inhibitors, and more particularly as HCV NS3 )

__protease'inhibitors. These compounds can be used alone

25 or in combination with immunomodulatory agents, such as
o—, B- or y-interferons; other antiviral agents such as
ribavirin and amantadine; other inhibitors of hepatitic C
protease; inhibitors of otﬁer targets in the HCV life

cycle including the helicase, polymerase,



conprising additional inmunonodul atory agents, such as 10 [err]-,[err]-

or [err]-interferons; other antiviral agents such.as ribavirin and

anmant adi ne; other inhibitors of hepatitic C pr ot ease; |nh|b|tors of

ot her t NQMII6TH the HOV life cycl e including the hePSPYSTABBy ner ase

nmet al | opr ot ease or internal ribosone“entry; or conbinations thereof.

The 15 invention al so provides nethods of using the conpounds of this

i nvention, as well as other related conpounds, for the inhibition of

HCV. metalloprptgaseEDCDESTRe FIRR DN TFo SPIRe | @VERTT GME 20

In order tha ' [ I n descri bed may be nore fully

under st ood, %ﬁ%ﬁﬁnkﬁé§ﬁ%gggePSG? description is set forth. In the

description, the fmthptéSeﬁbbiﬁVéﬁti@msaB$@ pBedides method®epognati on
- Reagent or Fragnent 25 am nobutyric acid Ac

acet yl in 1Qé§}pg proteaseacepegtégpharly seringproteases, an%enzyl

Boc 5 morkephrBYEUh 8¥YFaHEPNNE3 Protease B2 benzoyl

WD 98/ 17679 _ PCT/U897/18968

-7- Cbz The presenarb@hemty¢qulso prov1de$I] '

carbonyld||n1gazol dlchloroethqg

DCM aapéﬁegtbﬁ%}hgﬂ@pogltlons fﬂ@g;lélng the compoun s of

di i sopropyl ethykaghoention, as wOMA as multi- coﬂbéﬁ%ﬂwwéﬁﬁﬁéﬁﬂtkbns
DIVAP di net hyl ami_nopyri di ne

di met hyI f or nE@EELsing additpppal 1munomod@l$w|§ﬁm@mr§/mezum 10
DVBO glneth g |de
EtCAc-' : A thiy:ébig erons; otheﬁmiﬁ%lv1ral agents sugh as
9- f|U0re”y|”Eib@*YEiﬁbQﬂM|amantadlne,Fﬁ%ﬁér inhibitors of hepatitic C
O benzotriazolyl-N,N, N , N -
protease, inhibitors of other targets in the HCV life
cycle including the helicase polymerase metalloprotease
| or internal ribosome entry; or combinations thereof. The
15 invention also provides methods of using the compounds of
this invention, as well as other related compounds, for

~the inhibition of HCV.

DETAILED DESCRIPTION OF THE INVENTION

20 "= . In order that the invention herein described
may be more fully understood, the following detailed
description is set forth. 1In the description, the

follow1ng abbreviations are used

- Designation Reagent or Fragment
25 Abu aminobutyric acid

Ac | acetyl

AcOH acetic acid

Bn benzyl

Boc tert—butyloxycarbonyl

30 Bz benzoyl



15 | ~ tetranet hyl uroni um

hexaf | uor ophosphat e HOBt : N- hydr oxybenzotri azol e
HPLC i gh performance |iquid PCT/USS7/18968
chronatang%%vwgo Me rethyl ' |w§ mass

~spectronetry : NVP N- et hyl pyrrolidinone ND
not determ ned Pip pi peri di ne 25 Prz
pi per azi ne PyBr op -ty 1Ss;pyrrolidi nophosphoni um
hexafluorophosphat%?Z Fyrcarﬁgﬁgﬁ&§id%§ridine THF _

. tetrahydrofuran 3QcDI TFA carbonyldiimidezobeeti c acid ' TFE
trifluoroethanol WO 98/ 17679, ..
PCT/ US97/ 18968  DCE Tol  1r2-dichiqrogthane The

. following terns argcused herein: djichloromethane Unl ess expressly stated to
the contrary, the terns "-S2-" and "-S(0) 2-" as used herein.refer to a
5 sul fone5or sul f dEERleri vati ve (dibsopiepyleiipeharineroups linked to
the S), and not a finate ester,, tami The term "substituted"
refers to the | acenment of %H%eEQY%Eﬁ%eQR&Q%gen radicals in a given
structure with a rgigal sel ect eddiiorh @l spesdpyefdioup. 10 Wien nore than
one hydrogen radical may be replaced with a substituent selected from

the sane specifiedfoup, the  dbnethyl{R¥manifg be either the sane or
different at every, position. 4 erein, the term
"am no" refers to %P% trival ent %}?}#%Ié%%?%?%rﬁ%%?%gd%rl mary or which may

be sabstitutedoMgdh 1-2 al kyldgnetipglsulfoxide The term "al kyl "
or "al kane", alone_or in conbi natjon with any other term refers to a
strai ght - ~chaift or branched-d%gkxisaturated al i phatic hydrocarbon 20
radi cal containi ngg¢dye- specified Q@Hpgra@@tggébon at ons,
FMOC 9-fluorenylmethoxycarbonyl
HbtU | O-benzotriazolyl-N,N,N’,N’-
15 tetramethyluronium
hexafluorophosphate
HOBt - N—hydroxybenzotriaiole
HPLC high performance liquid
chromatography
20 . Me methyl
MS~ méss spectrometry
NMP N-methyl pyrrolidinone
ND not determined
Pip ' pipefidine
25 Prz piperaiine
PyBrop bromo—tris—pyrrolidinophosphonium
' hexafluorophosphate _
Pyr pyridine
THF tetrahydrofuran
30 TFA _ trifluoroacetic acid

TFE trifluoroethanol



or where no nunber is specified, preferably from1-10 and nor e

preferably from1-5 carbon atoms. Exanples of alkyl r adi cal s incl ude,
but are %%dg Jted to, nethyl, ethyl, n-propyl, isopg 89 R|utyl,

I sobut yl tyI tert- 25 butyl, pentyl. isoanyl, n-hexy an t he Iike.
The term "al kenyl " or "al kene", alone or in co_nbi nation with any other
term refers to a straight- chain or branched-chai n nono- or

pol y-unsat ur at ed al i phatic hydrﬂﬁar bon radi cal containing the specified
30 number of car boh® ﬁtoms or wher®& W& unber i s speci fi ed, preferably

from 2-10 carbon atons ?}E\%ll ggifoﬁiﬁéf%%gbﬁe uéé&épfe?ﬁe%r?ar bon at ons.

Exanpl es of al kenyl rad are n I'Mted to, ethenyl,
E- and Z-- propenyl , Uﬂemde@r@mlﬂeﬂ;dtei-tmmhi -t By 4, _ﬂle and
WO 98/ 17679 TR "_ _n d. A S

-9- Eee%?\ I S%% %nd S(CI)E)2 as use hexadéilenggéé&g%

like. 5 sulfone’ qresebione aﬂlﬁk%‘ﬁm‘fﬁ (Ja+ %ymé@otlhlc‘tméera#eql rgroups
conbi nation wihkaaytotoee $gf fﬁnd&i@tfsatéhﬁfﬁiét@é ®¥ter 5 chain or

branched-chai n nono or on unsaf ur.at ed " hatlc dr ocarbon radical
contai ning the specifie term npbsiituts onr%f l'\’ﬁhere no nunber is
specified, reppacéﬁéﬁblyffdsmnarlzﬁbmrmmmadmbm eupraefgeiw&hi Y,
from2-5 carbg

I 10 ted
Al i phat i c. hycbESFBRRe rAhThat s EBHETT ctel et 11ty R s e o
al kynyl n&di céhenimoredehabutne hydregemwtradidalkdnayw, baetrf;pnyac;eqbrmmmyl :

i sobut ynyl, ?"SQB%‘E}_’E‘Menth%(i’ r%edhfi‘&@yﬂ’yé %@Q éag@‘: fiﬁ]&i TIHE

The term"ary oneé or in conbrnation with rel?ers to
a carbocycl | cSupoRhtRentadraYibe elbhel dihe ngpRe OB Wﬁl‘e%rlﬁ@&)eev%w
carbon at ons,p@&feion. Which may be optlonal |y fused, for exanple '

benzofused, -~ wth ong to three c cIo kyI arpmatic, heterocyclic or
het er oaromatic rings. PrEfRFeLPeF @i‘ﬁ) e 3R 6-LSEPTR ALL R bon
atons, ang mtfl@aeéﬁtrﬁﬂtm@emwﬁichmrﬁaﬁme prnmmromtvmrlsch mxayhes of

aryl radi cal Z %ﬂ'%#%g&tegu&rkéﬁel -2 afl?)tzl &’gﬁler% phenyl, napht hyI,

ant hr acenyl e term carbocycl e", al one or
in conbination 25 wi thTheytermetatkyh{ oxfrakkane’y sakine mrﬂ-raronat ic 3-

combination with any other term, refers to a stralght—
chain or branched-chain saturated aliphatic hydrocarbon

20 radical containing the specified number of carbon atoms,
or where no number is specified, preferably from 1-10 and
more;p;eferably from 1-5 carboh atoms. Examples of alkyl
radicals include, but are not limited to, methYl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-~butyl, tert-

25 butyl, pentyl, isoamyl, n-hexyl and the like. '

' The term “alkenyl” or “alkene”, alone or in

combination with any other term, refers to a straight-
chain or branched-chain mono- or poly—unsaturated'
aliphatic hydrocarbon radical containing the specified

30 number of carbon atoms, or where no number is specified,
preferably from 2-10 carbon atdéms and more preferably,
from 2-5 carbon atoms. Examples of alkenyl radicals
include, but are rnot limited to, ethenyl, E- and Z-
propenyl, E- and Z-isobutenyl, E- and Z-pentenyl, E- and



to 8-nmenbered carbon ring radi cal which may be saturated,

nmono- unsat urated or poly-unsaturated, and which may be optionally
fused, fqfoée@gpR € benzofused, with one to three cycl gl §€natic,
heterocycllc or 30 heteroaronatlc rings. g The carbocycl e may e attached
at any endocyclic carbon atomwhich results in a stable structure.
The térnms "cycl oal kyl" or "cycl oal kane", al one or in conbination with
any other term refers to a stable WO 98/ 17679

PCT/ US97/ 18968-hexenyl, E,E-, E,Z-, Z,E-, and.Zt@-hexadiengdnandoiheic 3-
to 8- nmenberedygrebon ring radi cal which I's saturated and whi ch may be

optionally fused, for g gﬁ genzofused with one to three cycloal kyl,
aromatic, heterocyclic GREhEEEROAPOR¥ERYL”  PRgSaLliRe" 5 a)eneapkyinnay be

attached at acymehratyochi withrinp ather termhi e8feesULbSai §t@a§fgﬁ§]-ef
structureg Pr e c ve 5 to 6 car es o
carbocycle éﬁf{ |§5Ibr?ﬁc$§§ gﬁ%ﬁﬁ %6 On3t PP t%ﬁs?gurﬁgxaopropyl,

cycl butyl, cy@l%ﬁh@?i? bydrobexhon rgdicakptyhtaifiingycthepspéepyied
cyclohexenyl | e on

The tern1"cy8?oai€ o c%rﬁﬁﬁgéﬁ%gfkeﬁgh&ﬂg%ﬁgﬁoaﬂﬂm$g ni%oﬁB?ﬁﬁF%sﬂ *With
any ot her terPfeferaplytbrams ab@ecarboky@t¢msh@@dd@@:@qmrefegabhg;ca
cont ai ni ng. at £ @ass- Sneaibon CREORYE! iSe£aNHOM CRERO douith The

car bocyc be attached at c |c carbon at om whi c results in a
stabl e sbﬁuct‘i}?%at%%ﬂi% n%f £ ohvan ofadicals cempprisesda a
cycloalkenyl'tfuplkubmm@ferm&&mplé@ 6f0mlﬁyﬂyl radf¢dps AlOIEde PXBaP! es of
cycl oal kenyl di C re not limted to, clopentenyl
cycl ohexenyl , b E@%c %%e%%ad?%h ?thYQXé;uﬁ Y %§q§ptyng " The
term"cycl oalp@nﬁmw "hEJGYIDWe, crexenynyl coarid nigié ahiké f h any other term
refers to a stable I hY b contajnln t | east
one 25 exocyclic carbon- %aﬁr \gélﬁsg?; g%ln#gﬁerel ncac%nllpelrt\, %Jr?% ih

hydr ocar b8n @0 ofdiehetempri oﬁ%\féﬂg/s fium erl, caxhoayeinist earomattnmznidlsmﬂ, Wi t h

one to three colOpdiyd 198 P CEied nidesF Wy dd AE&&‘% tic
rings. The car boq_}/cl e 4. tet acrhed at _any cfbc?}l{c car bon a om which

results in awh1 mayrggloptlonal y fused, for example benzofused,

- with one to three cycloalkyl, aromatic, heterocyclic or

heteroaromatic rings. Preferred aryl groups have from 6-
20 14 carbon atoms, and more preferred groups from 6-10

carbon atoms. Examples of aryl radicals include, but are

not'%imited to, phenyl,'naphthyl, anthracenyl and the

like.

_ The term “carbocycle”, alone or in combination
25 yith any other term, refers to a stable non-aromatic 3--

- to 8-membered carbon ring radical which may be saturated,
mono-unsaturated or poly-unsaturated, and which may be |
optionally fused, for example benzofused, with one to
three cycloalkyl, aromatic, heterocyclic or

30 heteroaromatic rings. The carbocycle may be attached at
any endocyclic carbon atom which results in a stable
structure. _ -

The terms “cycloalkyl” or “cycloalkane”, alone

or in combination with any other term, refers to a stable



30 stable structure. Were no nunber of carbon atons is specified, a

cycl oal kyl i denyl radical preferably has from WO 98/ 17679 -

PCT/ US97/ 18968 11 - 5-7 carbon

atons. EWAW1EF%f cycl oal kyl i denyl radi i ncl udPCTHYRI2$988 1ot
gﬁ%xyllden

limted to, cyclopentylidenyl, . cycl yl, cycl opentenyli denyl
and the |ike. The skilled practitioner would realize that 5
certain groups could be classified either as cycloal kanes or as aryl

gr oups. Exarrmm"@fo%ﬁlfp goups §rRenkrred Camwl%d?at@tqaelhme@Mapht hy

groups. rm.' Y/ ne or I n
conbi nati on vﬁ% hsaa%ur%E r%%r"sn% él}ﬁﬂ&;g%o% vm se ng%el rfe?Cherel n,
refers to a %ﬂaﬂi@l‘@%eﬁt&dfu&}ec&yﬁﬁh one to three cyclitallgfm "bi cycle" or

"bicyclic" alone or in conbi nation with any other term unless
ot herwi se defd%Rigatic, Hb?teﬁrrPCSfcelf’e? OF fefear Qﬁfpdé’r &5y P& em
The term gtri o I SR W ny
ot her term u%ycg:lsgsjb ]erva{%eﬁ/%e%‘?tnaeég{weaﬁ ey] refers %qe%dﬁ% nngnbered

ring system which results Ilfhea tsdratsl e m:tremmgtcd yI "Praferrest er ocycl e”,

alone or in co nat i.on y, ot her er unl ess af her eflned
herein, ref er%anqbo%ycslt%ﬁ) aspotong] ‘%Ptré’grme:‘y'@@%ﬁ? ftb VI\%’FS?C& €yclic,
het erocycl i ¢ Fdditals i’i’(&lﬁiﬁé S Wit hfe SHUNALEIG LT AN Tdy%ll zlag@at ur at ed,
but not aromatic, and whi‘ch may be optionally fused, for exanple

benzof used, vmtcﬁ'-kvﬁéﬂtro QW%W@JrO&GWOheXylramﬁ{ﬁ@Pm’er ocyclic or
het er oar ti h sts of one or nore carbon
G 6y 1 el et i) g

atons an ne to t dns sel'edted fromthe group
consisting<ﬁtehﬂah¥ﬁrnnapquhaienzi&ndfuhe MAkeaused herein, the terns

"nitrogen and sul fur t ong;' cIu g, any OXi forp1of ni trogen
and sul fur, and the 30%3&%@%‘@ n %asclyé: aﬁSﬁ%’@n algne '

heterocycle or in combination with any other term, refers to a stable

cyclic hydrocarbon ring radical containing at least one

15 eﬁdocyclic carbon-carbon double bond. The carbocycle may
be attached at any cyclic carbon atom which results in a
stable structure. Where no number of carbon atoms is
specified, a cycloalkenyl radical preferably has from 5-7
carbon atoms. Examples of cycloalkenyl radicals include,

20 but'are,not limited to, cyclopentenyl, cyclohexenyl,
cyclopentadienyl, indenyl and the like.

' The term “cycloalkylidenyl”, alone or in
bembination with any other term, refers to a stable
cyclic hydrocarbon ring radical containing at least one

25 exocyclic carbon-carbon double bond, wherein the cyclic
hydrocarbon ring may be optionally fused, for example
benzofused, with one to three cycloalkyl, aromatic,
heterocyclic or heteroaromatic rings. The carbocycle may
be attached at any cyclic carbon atom, which results in a

30 stable structure. Where no number of carbon atoms is

specified, a cycloalkylidenyl radical preferably has from.
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- 12-- may be attached at any endocyclic carbon or heteroatom
which r dsfii7é7e the creation of a stable structure.

Preferred heterocycl es defined above inclyde, for exa CT’PSWHS%S
i mi dazolidinyl, indazolinolyl, 5 perhydropyridazyl, pyrrol i nyl,
pyrrolidinyl, piperidinyl pyrazollnyl plpera2|nyl nDrphoIinyI

t hi anor phol i ny! gar t i di mor phol inyl

sul f one, r§10x70 caprek??%%l{# oxt(;’:(fél eds %/}1' a&%‘lxloaazlr]éé}lﬁyﬁ @Zerp‘_’f)%ﬁ 1d
furazanyl, tefxrf@nhm,omwrwe rea rnhmo&eﬁi tﬂcﬂmdycwbermsﬂltfue&iyl,, dithiolyl,
tetrahydrothlophenyl di oxanyl di oxol_an

t et r ahydr of urHekqhaRN e ICY‘31°PQI%"?§IW§H3F¥;(’B@\/ ditbttdie aﬂWﬁﬁof uranyl ,

t et r ahydr of ur odi hydr of Ve WY,

di hydropyranyl, 15 di ﬁf oéf]ﬁ'rlalrsyq ﬁlﬁ%ﬁ?& ur ot et r%r%cg]’f urany

di hydropybanataaltaaihycbnﬁupmrqdulcislhef (dlaaqdlﬁim'di tehd:Harkeas cycloalkanes The

terms "heteroaryl" an "heteroar al gne or i n conbipation with
any ot her terfh &l upd?'he%&ﬁﬂ (it?esflqﬂfe(f G5 YRS 43¢ a stable 3-

to 7- 20 neqbﬁ{agfylnmgpy@éﬂleaﬁwﬁ Qfa\tsﬂtlyg,lr ig¥pupy ch is aromatic, and

whi ch may be optionally fused, for exanple benzof used, with one to

t hree cycl oal kyl , arorm'Rhet: term ‘MTE?Q}@@I'? oror mmtalcorm mgs. Each
het er oar omati. ri A car bon ,at ons and from one
‘to four heterdats Oﬁ eé’f o(r)%nt Oté"regus: SS9 edﬁ‘wﬁ’ﬁet rogen,
oxygen anol smdﬂﬂne&memm reﬂmfseltm d Ite- 7t elefiberdid rAeR) syidesll fur

het er oat ons" i ncl ude any oxidized formof nitrogen and sul fur, and the
quat er ni zed form of anyBSadi&EThi BicyEE e"A Fet BiexCdHa"| @lode Omdnmy be

I%tCEI'?(L:Jgg(;/ i‘gg%%&kﬁ@m 'ﬁt@?‘%‘?ﬁf" dther term,V\Q_ng%/?%_? %?:%erw_lsﬁaetdeer 3 z?t d
whi ch resul t feneimhe nafens & @ 6rldt zigmbered riagomsyisitemst ruct ure.
| The term “triéycle” or “tricyclic” alone or in

15 combihation with any other term, unless otherwise defined
herein, refers to a 11-15 membered ring system.

The termé “heterocyclyl” and “heterocycle”,
alone or in combination with any other term, unless
otherwise defined herein, refers to a stable 5- to 15-

20 'membered mono-, bi-, or tricyclic, heterocyclic ring
which is either séturated or partially unsaturated, but
not aromatic, and which may be optionally fused, for
ékample benzofused, with one to three cycloalkyl,
aromatic, hetefocyclic or heterocaromatic rings. Each

25 heterocycle consists of one or more carbon atoms aﬁd from
one to four heterocatoms selected from the group
consisting of nitrogen, oxygen_aﬁd sulfur. As used

“herein, the terms “nitrogen and sulfur heteroatoms”

include any oxidized form of nitrogen and sulfur, and the

30 quaternized form of any basié nitrogen. .A heterocycle



Preferred heteroaromatics defined above I ncl ude, for exanple,
benzi m dazolyl, imdazolyl, 5 quinolyl, isoquinolyl, indolyl, indazolyl,

pyri dazyl yridyl, pyrrolyl, pyrazolyl, pyrazinyl, ' yb
pyranyl , W)?ﬂxﬂ?ﬁ?nyl , pyridazinyl, furyl, ﬁﬂ_enyl . t&%g XJ“
thiazolyl, tetrazolyl, benzofuranyl, oxazolyl, benzoxazol yl ,

isoxazolyl i 'sot hi azol yl , thiadiazolyl 10 thiophenyl, and the |ike.
The term™ halo refers to" a radj c | uori ne, chlorlne brom ne or

i odi ne. PreferPay Rl 8fkached aFaﬂPXa?%d?ﬁ¥¢ ??ERRWrR?eﬂﬁF%ﬁW%F?%e
In chem cal 1 ogguk SreBﬁiﬁﬁ‘t{‘ﬁsﬁﬁeaéfeén'ﬁ%’nléfh@@i’:ibié’ fHicaife 1) the

presence of nore than one atom or group bonded to the sane atom or
group; or 2) a branEheﬁgrpednhetﬁr@CEthﬂ @efznedt&hngp(ﬁnnludeu(nn
i mredi ately before the s bonded directly to the

t
group or atom: ﬂﬁeﬂ¥3?8?§ arggﬂ § *bs%ﬁp?%ﬁ%ﬁR?&¥%%) An” exanpl e of
the first wsse pérhydropyMEéﬁyll)lb ff&llﬂ% ptpyﬁrémﬂ{ﬂ; ]p%%@fmlﬁw nd to

t he nitrogen atom An exanp e second use .
denoti ng Pﬁﬁaéﬁyg@ﬁlaIBhP%ﬁ@anFQerm?rmhﬁ#kPY¥ytthiamﬂtnhp Qyﬂras in

the following structu " B"

ere n
i ndi cates a bof ovAEPB i yf thlaZOlldlnﬁ%ﬁaEﬁiﬂﬂﬁﬁpq li(ﬁ#%ﬁ%ﬁﬁﬁes
conpounds t hat oxo%:y.?éfﬁdi:'ﬁﬁi Ul o RSP PF P E@SRY1 NNk ALSin PR ta&é&w% §97/ 18068

serine
- 14 - pferazszeyinhtetrakydropyranyl, peetrahydrdfuranH GV NS3

protease h%hibé§g£ﬁ10f§l§u&fthigfyl?C£e£¥5ﬂ§%§géﬁ§$ﬂgknyl, dioxanyl,

' dioxolanyl, tetrahydrofurotetrahydrofuranyl,
tetrahydropyranotetrahydrofuranyl,
tetrahydrofurodihydrofuranyl, _
tetrahydropyranodihydrofuranyl, dihydropyranyl,

15 dihydrofuranyl, dihydrofurotetrahydrofuranyl,

| dihydropyranotetrahydrofuranyl, sulfolanyl and the like.

The terms “heterocaryl” and “heterocaromatic”
alone or in combination with any other term, unless
otherwise defined herein, refers to a stable 3- to 7-

20 membéred monocyclic heterocyclic ring which is aromatic,
and which may be optionally fused;'for example,
benzofused, with one to three cycloalkyl, aromatic,
heterocyclic or heteroaromatic rings. Each
heterocaromatic ring consists of one or more carbon atoms

25 and from one to four heterocatoms selected from the group
bonsisting of nitrogen, oxygen and sulfur. As used
herein, the terms “nitrogen and sulfur heteroétoms” _
include any oxidized form of nitrogen and sulfur, and the
quaternized form of any basic nitrogen. A hetéroaromatic

30 ring may be attached at any endocyclic carbon or



with the life cycle of the HCV virus and ot her viruses that are
dependent upon a serine protease for 5 proliferation. Therefore t hese

conmpounds fuI as antiviral agents. . in one

enbodlnenyﬁiﬁwe pr esent i nvention proviges a conpound d?b%ﬁ %ﬁﬁnﬂa

(r): U-E[err]-E7- E6-E[err]-E[ferr]-NCHW ..

HC-Jerr] ' H 10 wherein: _

~derr] is thio dr k I kypyl,

trifl uoromet hy*‘été°§%§?ﬁk”’h%}‘c¥§%pf&§| Bb ERY Freatlg{‘ X?Il-L‘BSEFE)]/'F,' wher ei n

the Clerr] al kgkrofie®de ssraptuesal |y substituted with thiol, hydroxyl,

t hi omet hyl, al kenyl, 15 alkynyl, trifluoronethyl, Cl-2 al koxy, or Cl-2

glkylthio. : W epPtkfesred heteroaBomatics defined abofe 0
ler

L 2 is_al kyl ryl.. atalkyl a nono-, bi-
_or.. tricycl?%cﬁgggfog§flSfagﬁg%bnéﬁPﬁléﬁBE?nggédlmﬂé%z?;gi gr oups
sel ected froom ghkpblydl késphpinbkyhyl indodikyl indazodkeoxpyrabheygdxy,

aryl oxy, heter8§¥§h¥hy pyrrolyl, pyrazolyl, pyrazinyl, quinoxolyl,
pyranyl, pyrimidinyl, pyridazinyl, furyl, thienyl,
triazolyl, thiazolyl, tetrazolyl, benzofuranyl, oxazolyl,
benzoxazolyl, isoxazolyl, isothiazolyl, thiadiazolyl,

10 thiophenyl, and the like. -
The term “halo” refers to a radical of

fluorine, chlorine, bromine or iodine.. Preferred halogen
radicals include fluorine and chlorine.
In chemical formulas, parentheses are used

15 herein to indicate 1) the presence of mofe than one atom
or group bonded to the same atom or group; or 2) a
branching point in a chain (i.e., the group or atom
immediately before the open parenthesis is bonded
directly to the group or atom immediately after the

20 closed parenthesis). An example of the first use is

“N(R1)»” denoting two Rl groups bound to the nitrogen

atom. An example of the second use is “~C(0)Rl” denoting

.an oxygen atom and a Rl bound to the carbon atom, as in
the following structure: | '
25
O

A,

As used herein, “B” indicates a boron atom.
The present invention provides compounds that

are useful as protease inhibitors, particularly as serine
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- 15 - het erocycl yl al kyl, aral koxy, heterocyclylalkoxy 0XO0,
hydroxy, am no al kanoyl am no, al koxycar bonyl ani no, r boxy,
het er ocyW W%I kyl, aryloxyal kyl, - _ Qet erocyclyl car SW Sgi”ﬂg&a

aryl sul fonyl het er ocycl yl sul fonyl , hétler ocycl yl sul fonyl am no,

aryl sul fonam do ar al kyl sul f onam do, _ het er ocyct yl al kanoyl ,

car boxyal kyl , car boxyam doal kyl , al kanesul f onyl ,. sul fonam do, hal o,

cyano, or halRE@igase inhibitors, and @QQ%%WCU%WnﬂS

cycl oal kyl , cy al I

ar al kenyl , h(]etiq:eér;%cyc?el M%ﬁk%éroscyc%ﬁo%% éhw rocycel fII%JIlEgnyI
hydr oxyal kyl ,wiaitk oxtyeal kiyfe cycle a:l:tkylih'mlm w.lrusaray:ldt ithalrk Wi ruses

het er ocycl yl t err] dr oxy, al koxy, or

| kyl . :
aryloxy, or At %/»e wrsndent BRARR ef’ﬁjrrﬁnfn o I‘?e Q% th the boron to
which 5 oy eehorivh. T oBrefore rr&m@;%ree%didﬁwmdmg&@ ﬁhste*ﬁl as ring

atons are carbon, nitrogen or oxygen. i s hydrogen,
®-J O -, (393&3{@1’131 agents.x®-C(O -C(O) - (G[e”])[e”] NC(O-O-

D) 2-'N- SO2-, €2}
gydz ogen, al kyI Qx#*ﬁﬁ zﬂ I?er?ylen%oglg?egtyl thgr gfa;;len ar al kenlylS
cycl oal kyl, cw@edi@ﬂ Protides a sk &ty lthehdoamagyc! () .:

het er ocycl yI al kyl , or het er o ycI yal kenyl optionally substituted with
1- 3 groups 25(1)sem-eet§el—E7-&nE 4k-e-ﬁu+—-ajp-a-l—kw al koxy, -al kenoxy,
aryl oxy, heterocyclyl, carboxyal kyI _car bdxyani [doal kyI

al kyl sul fonyl, or sul f onani do: or two & gr oupe—tglet her ~with the
nitrogen atomto which they are bound,.forma 4|- 10 nmenbered nitrogen
cont ai ni ng nonocyclic or bi cyclic WD 98/H7679

PCT/ US9718489Gtherein:

Gl is thiol, hydroxyl, thiomethyl, alkenyl,
alkynyl, trifluoromethyl, C1-2 alkoxry, Ci-2 alkylthio, or
C1-~3 alkyl, wherein the C1-3 alkyl group is optionally

. substituted with thiol, hydroxyl, thiomethyl, alkenyl,
15 alkynyl, trifluoromethyl, Cj-2 alkoxy, or C3-2 alkylthio.

Wl is:
o o 0
I i I, ]
TCOFpCHTN—U ; —C—H; —C—@® ; —C—OFpCRy ;
o G4 '
0 0 Q!
[ | R ol 2 /
e G- C—G G =00 ; or —_—B
\Q1
20 G2 is alkyl, aryl, aralkyl, or a mono-, bi- or

tricyclic heterocycle, optionally substituted with 1-3
groups selected from alkyl, alkenyl, alkynyl, aralkyl,
alkoxy, alkenoxy, aryloxy, heterocyclyl,



- 16 - saturated or partially unsaturated ring system wherein

1-2 of the atoms forming the ring are N, S, or O and the ot her atons
forming the ring are C. wherein the ring systemis optj

substltuW&P"fN ne or two groups 5 sel_efc‘éegl from al kyl ,ﬁé‘i}/&gﬁ#?“ar al kyl,
al koxy, al kenoxy, aryl oxy, aral koxy, terocyclyl, keto, hydroxy,

am no, al kanoyl anino _ carboxy, carboxyal kyl, carboxam doal kyl,

sul fonyl, or sul fonamd E4 is a bond

Gl3 [errPeterocygtyég}kyéygaralkoxy, heterocyclylalkoxy, oxo,

PCT/ US97/ 1896 08/ 17675
PCT/U897/1896§ydroxy' amino, alkan°Y13mln°r_ai§°¥§85£konylamlnwp _

ureido, carboxy, heterocyclyloxyalkyl, aryloxyalkyl,
hete;oqyclylcaronyl, aroyl, arylsulfonyl, |
5 heterocyclylsulfonyl, heterocyclylsulfonylamino,
arylsulfonamido, aralkylsulfonamido,
heterocyclylalkanoyl, carboxyalkyl, carboxyamidoalkyl,
alkanesulfonyl, sulfonamido, halo, cyano, or haloalkyl.
G4 is alkyl, alkenyl, alkynyl, cycloalkyl,

10 cycloalkylalkyl, cycloalkylalkenyl, aryl, aralkyl,
aralkehyl, heterocyclyl, heterocyclylalkyl,
heterocyclylélkenyl, hydroxyalkyl, alkoxyalkyl,
alkylthioalkyl, arylthioalkyl, or heterocyclylthioalkyl.

Each @l is hydroxy, alkoxy, or aryloxy, or each
i5 Q1 is an oxygen atom and together with the boron to which
they are bound, form a 5-7 membered ring, wherein the

ring atoms are carbon, nitrogen or oxygen.
U is hydrogen, G9-C(0)-, G9-SO2-,
G9-C(0)-C(0) =, (G9)2-N-C(0)-C(0)=-, (G)2-N-502-,
20 (G912N—C(0)-, or G2-0-C(0)-.

G2 is hydrogen, alkyl, carboxyalkyl, alkenYlf
aryl,'aralkyl;'aralkenyl, cycloalkyl, cycloalkylalkyl,
cycloalkenyl, heterocyclyl, heterocyclylalkyl, or
heterocyclyalkenyl optionally substituted with 1—3.groups

25 selected from alkyl, alkenyl, aralkyl, alkoxy, alkenoxy,
aryloxy, heterocyclyl, carboxyalkyl,.carboxyamidbalkyl,

alkylsulfonyl, or sulfonamido; or two G° groups, together
with the nitrogen atom to which they are bound, form a 4-

10 membered nitrogen containing monocyclic or bicyclic



[err] _ wher ei n: Gerr] is
cycl oal kyl al kyl , aral kyl het erocycyl al kyl , aral koxyal kyl ,

het er ocycyl al koxyal kyl , 10 aral kylthioal kyl, or heterocycyl al kyl t hi oal kyl ,
opt i onalWé’%’fﬁ?i tuted by 1-2 al kyl, al kﬁeyl , aral kyl , ¥C¥’U§PT(¥;‘>?§8

al kenoxy, aryl oxy, aral koxy, heterocycly 0Xxo0, hydr oxy, am no,
al kanoyl am no, carboxy, carboxyal kyl, car boxam doal kyl, sul fonyl, or
sul fonam do groups. 15 " Gl4 is hydrogen, al kyl, al kenyl, hydroxy,

al koxy, or - GECHteshereipartdald yappisatarategd ring systetocybeyeior
e opt | onal 1 -Eusd: itk arond Rl SR8 ripg Bebe BTt PhrPaRRel SRRl Komyl
aral kyl, 20 @thety atdnseTOening’ thexringeteeoCyChlierein the ring
B system is optionally substituted by one or two groups
5 selected from alkyl, alkenyl, aralkyl, alkoxy, alkenoxy,
aryloxy, aralkoxy, heterocyclyl, keto, hydroxy, amino,
alkanoyl amino, carboxy, carboxyaikyl, carboxamidoalkyl,

sulfonyl, or sulfonamido.

E4 is a bond;

e
R S
- 'lc;14 ; ﬂ
10 o
o]
g o | g™ e Ne—
BN NS o arh A
H‘E) 13 H IL H &/ > ’
~Z ° L
3 o S
. Qﬂ—o-i»/ o3
0 N o ckb__

15
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- 19 - het erocycl yl al kyl , aral koxy, heterocyclylalkoxy 0XO0,

hydr oxy, isf9s702! kanoyl am no, al koxycar bonyl amno, ngﬁﬁboxy,
car boxyal kyl ", carboxyanldoalkyl alkanesul f onyl , sulfonan|J

cyano, or hanaIkyI 5 or when E4 i s:

Gl3 [err] Gl3 and Gl4, together with the atons to which
t hey. are bound (carbon and nitrogen, respectively), form10 a

ni t rogen-contai ning heterocyclic ring system having 4-7 menbers, which
optionally contains one to two additional het er oat ons, wherein the

resulting ring systgmi gi3 optional |l y Ogésed with an addi t‘kqp_al
car bocyclic or

15 conprisiné—ﬂ
systemis option

ﬁ and waen-eury nocycl Lon@i cyeclic ring
tuted b@ one or two grmeyps I sed from
oxo, hydroxy, alk Bnyl , In=01al kyl , e /n=8dy| oxy,

aral kyl oxy, halo@ S¥ NGB tro. 20 Each B is hal ogen, nitro,
cyano, al kyl, ~al kenyl, aral kyl, al koxy, al kenoxy, aryloxy, aral koxy,
het erocycl yl, heterocyclylal kyl, hydroxy; am no, al kyl am no,
al kanoyl am no, carboxy, carboxyal kyl, car boxam doal kyl , al kyl sul fonyl
aryl sul fonyl, 25 aralkylsulfonyl, alkyl sul fonam do, arylsuifonanldo or
ar al kyl sul f onani do, owher% n any al kyl , el |, aryl, oro et er ocycl yl
groups is optlonall su stltuted W th Q:S éH Q; éH :
“N— H-C —N-CH N/ ~N~ .
k\\,;] ) n=0,1 H N\ o=,
5
o 0 Xg—
Y 13 0 Ng— I
T | bu
—N é\N—éH—C— _N_N/k ,!:H ——N l N’ ’
H Il H Hi )
Jn=0,1 Q3 n=0,1
ok
b <Aa
0 o
() VD 0 NC—
o ~C— 0
KA LA A
—N=C N H k H h .
H ) n=0,1 )"=°-1 n=0
o] o)
| 13 Xc— o c—

10

¥_|IC ring glyst n1to forma bid ycI%c ring system
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- 20 - groups selected fromketo, hydroxy, nitro, cyano, hal o,

am no, Jgégm_ﬂ,llzéoxy, or al kylthio; vvherei n B, when not E]CTIUQ%S& to a

specific y be bonded to any EPstltutable ato

A is independently al kyl, cycloal kyl, ary aral kyl, heterocyclyl,

het erocycl yl al kyl , al kanoyl , aryl car bonyl aralkylcarbonyl,

al koxycar bonyl , aryl oxycar bonyl, aral kyl oxycar bonyl, al kyl sul fonyl,
arylsul fonyl, aral kygsul f anyl, alkylanmnocqggonyl 10 ar Ian1QQcarbonyI

ar al kyl am nocar bonylll wh re|n any of é sgl d aIkyI cycl ®al kyl, aryl,

aral kyl , heteroey SN ups- +<¥ H- ubstf{ ed ™ Wi¢ or nore
groups |ndepe d ected ftt n1ke I o,

ydr oxy tro,
Q

hal o, ami no, .al &4\ , or al kyl t\gi is aryl or

an aromatic hetero dher ei n: 3 the ary¥ or tic

het erocycl e i s nofocyclic, bi cyclic, or tricyclic having 4 atons,
and is optionally substituted with 1-3 groups sel ected from

hydr oxy, nitro, cyano, halo, am no, alkyl, alkoxy, 20 al kanoyl,

al kyl am no, or alkyléin 0. . o E° is a bond or

Gl5 [err] Gt3 i » We¥rein GL5 is gfkyl gtal kenyl,
cycl oal kyl al kyl , ~&¥l&+hg1erocy_k 'le&+c—- car boxy b—éﬂ-—-
carboxan1doa|kyIH c thi ring of ugny 26 arl kyl or fgtero ycl¥kalkyl
group is optional ly ubstituted th -2 al kyl, alk I

al koxy, alkeno } oxy aralko procycl yl,

WD 98/ 17679 : . 57/ 18968

] c13 . Iz Py | gl3
—N \N—éﬂ—c— i —N \N—tlsH-C—— : or —N \N—J:H-c— ;
AL 8 TR
Qa Q3 Q3 N
5
wherein:

G13 is cycloalkylalkyl, aralkyl,

. heterocycylalkyl, aralkoxyalkyl, heterocycylalkoxyalkyl,

10 aralkylthloalkyl, or heterocycylalkylthioalkyl,
optionally substituted by 1-2 alkyl, alkenyl, aralkyl,
-aikoxy, alkenoxy, aryloxy, aralkoxy, heterocyclyl, oxo,.
hydroxy, amino, alkénoylamino, carboxy, carboxyalkyl, .
carboxamidoalkyl, sulfonyl, or sulfonamido groups.

15 - G14 is hydrogen, alkyl, alkenyl, hydroxy, -
alkoxy, or -CH2-GB, wherein G8 is aryl, aralkyl,
carbocyclyl or heterocyclyl, where the ring portion each
‘aryl, aralkyl, or heterocycle is optionally substituted
with 1-3 groups selected from alkyl, alkenyl, aralkyi,

20 alkoxy, alkenoxy, aryloxy, heterocyclyl,



- 21 - - am no, al kanoyl am no, carbdxy; car boxyal kyl,

car boxam doal kyl , sul fonyl, or sulfonam do groups. E6 is a bond or
[err] WO 98/176 , Wherein G16 is hydrogen, alkylpcrrbso7abdegny! .

aral kyl, or cyg?oalkylalkylyl; -EAg9 s a bond or [err]

, Wherein Gl7 is al kyl optionally substituted wth carboxy; wherein the
al kyl is preferably Cerr]-alkyl. 10 E8 is a bond or [err]

, Wherein Gl | 1 b é%ﬁ%ﬁ erein the
al kyl is pr egleért; fé@élf%i]&?? %ﬂa}koﬁ' Het 3’2{ davgendent |y
O or H2 proviltedrdshat amnndﬁialmnmnylamnnuw)élkuxjcqrhnnyﬂamnﬂd& in a given
conpound. Pref erred conpounds. of fqQrmula ( re, those in

whi ch at Ieas%r%’rf%psmk??’@é'ntcﬁ‘éo%;ﬂ%ﬂl'ascﬁ qwlégaﬂcyl, derr] is
vinyl, acetyl giWnes @ fonyFiur 260, haldHGmho, $FhardiiyGRSH or

-CH2CH;
5 or

when E4 is:

G13 and Gl4, together with the atoms to which
they. are bound (carbon and nitrogen, respectively), form
10 a nitrogen-containing heterocyclic rlng system having 4 -7
members, which optionally contains one to two addltlonal
heteroatoms, wherein the resulting ring system is
optionally fused with an additional carbocyclic or
heterocyclic ring system to form a bicyclic ring system
15 comprising 7-11 atoms; and wherein the monocyclic or
blcycllc ring system is optionally substituted by one or _
two groups selected from oxo, hydroxy, alkyl, alkenyl,
aryl,aralkyl, alkyl, alkenoxy, aryloxy, aralkyloxy, halo,
Qf nitro. - _ '
20 Each Q3 is halogen, nitro, cyano, alkyl,
alkenyl, aralkyl, alkoxy, alkenoxy, aryloxy, aralkoxy,
heterocyclyl, heterocyclylalkyl, hydroxy, amino,
alkylamino, alkanoylamino, carquy, carboxyalkyl,
'carboxaﬁidoalkyl, alkylsulfonyl; arylsulfonyl,
25 aralkylsulfonyl, alkylsulfonamido, arylsulfonamido, or
aralkylsulfonamido, wherein any alkyl, alkenyl, aryl, or

heterocyclyl groups is 6ptionally substituted with 1-3



WD 98/ 17679 PCT/ US97/ 18968

- 22 - Jerr]is (err] branched al kyl or. G13 and Gl4,
together with the atons to which they are bound (carbon rogen
respect i WEPP§1767r m a ni tr ogen- cont ai ni ng het er ocycl ng'%ﬁ'g‘sg st em
having 4-7 nmenbers, which 5 optionally ~c63tdins one to two additional

het er oat ons, - wherein the nonocyclic or bicyclic ring systemis
optionally substit ut ed by one or two groups selected from oxo, hydroxy,
al kyl, al kenylgroapd sedegitied fromcyketo, hY&irI@é‘Noxylltépyl @Wnoar alall-ylzoxy,

- hal o, or nitro; and

1
preferred conﬁ@ﬁﬁﬂb @ﬂhﬁ%ﬂﬂﬂ%¥%ﬁ$'z§£ alkylthﬂﬁosghﬁﬁéﬁél93G&WP§n BAt
-CH2SH, - CF3, finadd ¥ % specific atom, M3t Hef %B%G’é@dtﬁoﬁﬁ%nds of formula

(1) are those wherein Gerr] is -SH or - Accordi ng
to anot her enisodistdritutaiie gteoment |nvent|on prOV|des a conpound of
the formula (1), wherein err] is _as defined below for Wand the
ot her subsbituents ok dsad excendday alkyl, cycloalkylac@s¥ding to

?Q?LEF; ?FP??% Tkyfﬁ“ﬁéyé?ﬁéytryiﬂ @%&g&b%%Fﬁ§ﬁFé?§?, aﬁ%EBB§&9 of theln
these conpoun@xylcarbonyl, aralkWlickrbonyl, alkoxycarbonyl,
aryloxycarbonyl, aralkyloxycarbonyl, alkylsulfonyl,
arylsulfonyi, arallesulfonyl, alkylaminocarbonyl,
10 arylaminocarbonyl, aralkylaminocarbonyl, wherein any of
said alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl
groups is optionally substituted with one Oor more groups
independently selected from keto, hydroxy, nitro, cyano,

halo, amino, alkyl, alkoxy, or alkylthio.

15 ~Q° is aryl or an aromatic heterocycle, wherein:
the aryl or aromatic heterocycle is monocyclic,
bicyeclic, or tricyclic having 5-14 atoms, and is
optionally substituted with 1-3 groups selected from
hydrpxy, nitro, cyano, halo, amino, alkyl, alkoxy,

20 alkanoyl, alkylamino, or alkylthio.
E°® is a bond or

G5
H

———N——CL-—“———

Z' | wherein G15 is alkyl, alkenyl,
cycloalkylalkyl, aralkyl, heterocyclylalkyl,
carboxyalkyl, or carboxamidoalkyl, wheré'thg ring of any

25 aralkyl or heterocyclylalkyl group is optionally
substituted with 1-2 alkyl, alkenyl, aralkyl, alkoxy,

alkenoxy, aryloxy, aralkoxy, heterocyclyl, oxo, hydroxy,



WD 98/ 17679 PCT/ US97/ 18968

-23- [err] 5 . mis O or 1.

Each R e i-s _hydroxy, al koxy, or aryloxy, or each Rl is an-oxygen
aton1and“Fb§@t %8 with the boron, to =~ _ which they are eBEHUBYMY®E form a
5-7 nmenbered ring, wherein the ring aons are carbon, nitrogen, or
oxygen. 10 Each R2 is independently hydrogen, alkyl,

al kenyl, aryl, aralkyl, aral kenyl, cycl oal kyl, ﬁﬁloalkylalkyl
cycl oal kenyi a@y@PoaPkkﬁyP&iﬁ?Fnor Caﬁ%@%Yoc9%¥9¢XYﬁ ¥tocycl yl al kyl ,

heterocyclyl al Oun%amldOﬁlﬂgier9§1¥$n P! th§ﬁ9?6ﬁ$§¥oge %oﬁﬂ@ R2 groups,

whi ch are 15 tot anme n|tro eh atom Torm th that
nitrogen atom a 5g8 geNhergHgnepocyclic heterocyclic

Gi6

-——N——iH——C——-
H
_ O , wherein G1® is hydrogen, alkyl,
5 alkenyl, aralkyl, or cycloalkylalkylyl;
E7 is a bond or

B -gY7 _
| |
%—-ﬁ-—CH——H——-
Z' ', wherein 617 is alkyl optionally
substituted with carboxy; wherein the alkyl is preferably

C1-3 alkyl.
10 E8 is a bond or
G18
-——N——lH—4c——-

H
' O , wherein G18 is alkyl optidnally _
sgbstituted with carboxy; wherein the alkyl is preferably
‘C1-3 alkyl. |
Each zl is independently O or H2 provided that no

15 more than two 2zl groups is H2 in a given compound.
Preferred compounds of formula (I) are those in
which at least one substituent is defined as folldws:
Gl is vinyl, acetylenyl, -CH3, -CF3, -CH2CH3,
-CH2CF3, -SCH3, -SH, -CH2SH, or -CHyOH;



ring system wherein any R2 carbon atomis optionally substituted with
J.

WD 98/ 17679 ' PCT/ US97/ 18968
- 24 - J is alkyl, aryl, aral kyl, al koxy
ar al koxyWO§RT&3RI kyl , cycl oal koxy, heterogyclyl, hetgF%@¥%ﬂéﬁg§y,
het er ocycl yl al kyl , keto, hydroxy, am no, | al kyl am no, al kanoyl am no,
aroyl am no, aral kanoyl am no, 5 carboxy, carboxyal kyl, carboxam doal kyl,
hal o, cyano, nitro, fornyl, acyl, sulfonyl, or sulfonam do, and is
optional 'y substituted @3 hid-G3JEepranghredipslkyl or G13 and Glfjerr] is
al kyl, aryl, aral kyl, al koxy, aryl oxy, _ heterocyclyl, heterocyclyl oxy,
ket o, hydroxytogether wbtlhl khﬂo@%lm neo whrish e axsand GRREYal kyl ,

car boxam doal kyl., _halo, cy | r I - sud-f onam do.
L is alkyl, a?’%‘én?ﬁ‘er%?e% %%@?gé%‘g?gﬁ’ ?,h%/msél rLf;'{c}%goggeenn %oorgc%a t oﬁ% car bon
atons is optipeetiycEsl Subsing usestt st haviaheobt]  memberwy edlriany hydr ogen
or hal ogen at om bound to any term nal carggn at o optionally

substitut & vePhienalhydF9Rtainf,aRexyo two a 1tl°ngglﬁhﬁﬁ§?a'??%{bond,

[err] wherein the monocyclic or bicyclic ring system is
optionally substituted by one or two groups selected from
oxo, hydroxy, alkyl, alkenyl, aryl, araikyl, alkyl,
alkenoxy, aryloxy, aralkyloxy, halo, or nitro; and

10 z1 is oO. ,
More preferred compounds of formula (I) are
those wherein Gl is -SH, -CH2SH, —CF3, or —CFéCF3.
| Most'preférred compounds of formula (I) are
those wherein Gl is -SH or -CF3.
15 ' _ According.tO-another embodiment, the present
invention provides a compound of the formula (I), wherein
Wl is as defined below for W and the other substituents

are as defined above.
R .~ According to another embodiment, the present
20 | invention provides a compbund of the formula (II):
M
2 H

. 7~
L

_ 0
In these compounds:

W is:



20 R4 is al kyl, cycloal kyl, aryl, aralkyl, het er ocycl yl ,

heterocyclylalkyl heteroaryl, het er oar al kyl , car boxyal kyl, or

car boxanwgeghtgh, and is optionally substituted w t hpcrGsedngeesups.

WO 98/ 17679 - 23 - PCT/US97/ 18968

- 25 - Rlerr] and R6 are independently hydrogen, alkyl,
. al kenyl, aryl, aral kyl, aral kenyl, cycl oal kyl, cycl oal kyl al kyl ,

cycl oal kenyl , heterocyclyl
het er oar al kyl, a
X is a bond, -CX

het er ocycl yl al®yl, heteroaryl, or
nal ly substitute mﬁth 1-3 J groups.
-S-, or -N(Rlerr}j)- R2 R7 is
hydr ogen,. al kyl, aralkyl e , -
het er ocycl yl y y F.R?; :het erdar al k and ¥s-optional ly
substititued with 1-3 J 10 gr oups: i s hydrogen al kyl,
aryl, aral kyl; heterocyclyl, heterocyclylal i1, Fetergiryl,
het er oar al kyl , aral kanoyl heterocyclanoyl hetero ralkanoyl, -C(O R14,
-SJ err]R14, or ¥arboxanm do, a 15 is optionaDIy sulStititued with 1-3 J
groups; or R8 an Z, togethgr with the ato ich they are bound,
form antr ainin bi cycli stem optionally
substituted w al kytg? aryl, aral kyl,
het er ocycl yl , het er oar al kyl .

20 h terocyclyalkyl heferoaryl, or

Y is a bond, -CH2-,0-C(O-, -C(O0CO-, -S(O-, o -S(O,2-, or
-S(O (NR7)-, wherein R7 is as defined above. Zis alkyl,
aryl, aral kyl, |, cyclpalk | al kyl ., heterocyclyl,
heterocyclylalky , 25 heteroq{ het gt oaral kgl , -OR2, or -N(R2)2, wherein
any car bon Iy suhdtituted th J, yhereln R2 is as
defined above~ | A2 i's apond oT or P— 0_)
: 1
F F g R (O)R?
—p—@©LR2 © 0 NR?
AT . Vi e
2 ! —s—R? 7 —8—R® 7 OF §—R
(O)mR :
5 m is 0 or 1.

Each Rl is hydroxy, alkoxy, or aryloxy, or each.

Rl is an oxygen atom aqd together with the boron, to
which they are each bound, form a 5-7 membered ring,
wherein‘the ring atoms are carbon, nitrbgen, or oxygen.

10 . Each R2 is independently hydrogen, alkyl,

| 'élkenyl, aryl, aralkyl{ aralkenyl, cycloalkyl,
cycloalkylalk?l, cycloalkenyi, cyqloalkenylalkyl,
heterocyclyl, heterocyclylalkyl, heterocyclylalkenyl,
heteroaryl, or heterocaralkyl, or two R2 groups, which are

15 bound to the same nitrogen atom, form together with that

nitrogen atom, a 5-7 membered monocyclic heterocyclic

ring system; wherein any R2 carbon atom is optionally
substituted with J.



[err] WD 98/ 17679 _ PCT/ US97/ 18968

- 26 - RO is aIkyI,'cycIoaIkyI, aryl, aral kyl,

het er oci‘1 176 eterocyclylalkyl, heteroaryl, . heter oq;@f,bgg-” 18968

car boxy qgﬁ r carboxanrdoalkyl and. iz - optionally substituted with
1-3 J groups. : Mis al kyl, cycloal kyl, aryl, aral kyl,

het erocycl yl, heterocyclylalkyl het eroaryl, or heteroaralkyl and is

t |1 bstituted b 1- b t
opt 1 onal |y SUbst L tuted;by el B P 0 EEaL V! SAINGRY, il bon atom
- C(H) (R[errhfaikoﬁy? ?clo@lkyl, c&&fﬁ&lké#y, heterocyclyl, Rerr] is
hydrogen or (Jerr] al Is a bond, -Cxé%-,
-3(0 -, - qlgterocycéwlosyq bﬁﬂaéwwlyl%@b KEF rl}Y¢§°>é%f R

above. 15 | - ny. -
Rlerr], -CRl?}kYﬁ?ﬁfggt]§5?5E3¥%%§£§%rr{ggy%iﬁ*%g é err éﬂ?ﬂé,“

R15 5 carboxy, carboxyalkyl;Fbarbo*amx@oaIkyl, halo, cydaeh R12 is
hydr ogen, aryl, heteroar

cycl oal kyl i dEhi}FOrorformYX h@?@%ocgﬁggﬁi rr%ge‘ﬁf’%‘g‘%‘“ ‘i‘l’ Mokl 1y

oget her wi ¢ APEREPALLYoSERoFs R ViR, o7 éﬁﬁt%ﬁé‘ﬁﬂ?m‘a‘zée‘ﬁ”ﬂoﬁf’ or

bicyclic ring system oghi @abhy¥ysubatii Ut gabiryl, alkody,) &FPLERY,
heterocyclyl, heterocyclyloxy, keto, hydroxy, amino,

10 alkanoylamino, aroylamino, carboxy, carboxyalkyl,
carboxamidoalkyl, halo, cyano, nitro, formyl, sulfonyl,
or sulfonamido. '
| L is alkyl, alkenyl, or alkynyl, wherein any
hydrogen bound to a carbon atoms is optionally

15. éubstituted with halogen, and wherein any hydrogen or
halogen atom bound to any terminal carbon atom is

optionally substituted with sulfhydryl or hydroxy.

Al is a bond,

R* .
) S -

20 R4 is alkyl, cycloalkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl,
heteroaralkyl, carboxyalkyl, or carboxamidoalkyl, and is

optionally substituted with 1-3 J groups.



WD 98/ 17679 PCT/ US97/ 18968
- 27 - R10 is al kyl, cycloal kyl, aryl, aral kyl,

het er ocy, terocyclylalkyl heteroaryl . heteroar
car boxya‘ﬁ?yy#m%g car boxam doal kyI and i ? _ optionally %ﬁéﬁ’?fﬁ%d W th
1-3 hydrogens J groups. ' 5 I's al kyl, cycloal kyl, aryl,

ar al kyl , " heterocyclyl, heterocyclylal kyl, heteroaryl,

het er oar al kyl , carboxyalkyl or carboxanldoalkyl and is optionally
substituted with 1-3 J lgsrmmisR are 1ndependeliﬂtﬂy hyrdigegsn,alahky,l , aryl,

het er oaryl , é%%eﬁ§ﬁﬂ(§¥§@”’af§ Qy%ea(yggﬁéﬂyl, cycloalkyl, Preferably, VVIS
cycloalkylalkyl, cycloalkenyl, heterocyclyl, '
heterocyclylalkyl, heteroaryl, or heteroaralkyl, and is
5 optionally substituted with 1-3 J groups.
| X is a bond, -C(H) (R7)-, -0-, -5-, or -N(R8)-.
R’ is hydrogen, alkyl, alkenyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or
heteroaralkyl, and is optionally substititued with 1-3 J
10 groups. ) o
R8 is hydrogen alkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalle, hetefoaryl,
heteroaralkyl, aralkanoyl, heterocyclanoyl,
heteroaralkanoyl, -C(0)R4, -so0,Rl4, or carboxamido, and
15 is optionally substititued with 1-3 J groups; or R8 and
Z, together with the atoms to which they are bound, form
a nitrogen containing mono- or bicyclichring system
optionally substituted with 1-3 J groups.
- R is alkyl, aryl, aralkyl, heterocyclyl,
20 heterocyclyalkyl heteroaryl, or heteroaralkyl.
Y is a bond, -CH2-, -C(0)-, -Cc(o)c(o)y-, =-s(o)-,
-S(0)2-, or -5(0) (NR7)~, wherein R7 is as defined above.
'~z is alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl,
25 héteroéryl, hetercaralkyl, -ORZ2, or -N(R2)2, wherein any
carbon atom is.optiénally substituted with J) wherein R2
is as defined above.

A2 is a bond or
0

—NH Yc\
| R i



[err] Nbre_préferably, Wis WD 98/ 17679

PCT/ US97/ 18968 - 28- [err]

Most preferably, Wis err 5 wher ei n r S

ar al kSI ; “6?98’17%/'{9er r] QCaryl [ ! - Preferably, J i%CWWR{I,E%rﬁ} koxy,
aryl oxy, aryl, aral kyl , aral koxy, hé%o, het eroaryl, cyano, am no,
nitro, het erocycl yl, acyl, carboxy, carboxyal kyl, al kyl am no,

hydr oxy, heterocyclyl al kyl, aral kanoyl am no, aroylam no, 10 al kanoyl am no,
fornyl or keto. RO is Abkglprefeledlyyl,) asyl, btaralkyhet hyl,

trifluoronmethyl, nethoxy, ethoxy, trjfluoropethoxy, - car boxy, phenyl,
benzyl , pheno%9#959ﬁ29ﬂ8%y,hFFE%?GYClY alkyl, heégfoarylf

heteroaralkyl, carboxyalkyl, or carboxamidoalkyl, and is

optionally substituted with 1-3 J groups;

5 M is alkyl, cycloalkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or
heteroaralkyl, and is optionally substituted by 1-3 J
groups, wherein any alkyl carbon atom may be replaced by
‘a heteroatom. _

10 V is a bond, -CH2-, -C(H) (R11)-, -0-, -s-, or
-N(R11) -, ' '
Rl is hydrogen or Ci1-3 alkyl.
K is a bond, -0-, -5-, -C{0)-, -S(0)-, =S(0)2-,
or -S(0) (NR11)-, wherein Rl is as defined above.
15 T is -R12, -alkyl-Rlz, —alkenyl—Rlz, ~alkynyl-

R12, -or12, -N(R12),, -C(0)R12, -C(=NOalkyl)R12, or

R15
n .
\.Rjel/J(\\N \\T///
.RT N
5 RO
20 Each R12 is hydrogen, aryl, heteroaryl,

cycloalkyl, heferocyclyl,_cycloalkylidenyl, or
heterocycloalkylidenyl, and is optionally_substifuted
with 1-3 J groups, or a first R12 and a second R1Z,
- together with the nitrogen to which they are bound, form
25 a mono- or bicyclic ring system optionally substituted by
1-3 J groups.



chl oro, brono, isoxazolyl, pyridinyl, piperidinyl, 15 carboxynethyl,
car boxyet hyl ; di al kyl am no, nor phol i nyl net hyl, phenylacetylan1no

acyl am no. Preferably, J[err] is alkoxy, b r aryI.
More pref¥PITP 1 err] is err] al koxy, Fhloro, Qﬁ%ﬁ? ?968
phenyl . WD 98/ 17679

PCT/ US97/ 18968 - : - 29 - _
Preferably, L is alkyl, alkenyl, allyl, or propar gyl .
More preferably, L is trRHalisnhgyl, sey¢inalkiyl, arylor aatddkykubstituted

with trihalo sul f hydr . Preferably,
Ra'1's alkyl - dienaancveiyY, Heeetley A ANRAY neferoamvly kv More.
preferably, R%ét?eroaralWEﬁYéa’:\ﬂlfdiyﬁkﬁNﬂ&ﬁ' datboddistaduetyy Adna ¥

i sobutyl, cycl ohexyl al kyI or phenet.hy Preferably, R5 and

R6 are each. hyaptognally substituted WﬁléfJeT%lmxﬁir%erss bgmupsw(R[err])

Pref erably RB I s hydr.o Preferably, Y is - -, CXC)
O CO-% o gRe]'n‘s§(§))"”21kyl'15‘:ycl°a1]“yl' ¥k re i3 3%2 is H,

fluorine, tmfﬂ FEFEYY1, hetefg fg}@yleugggggoagyieroaralky

het er ocycl yl, or het er ocycl yl a { Preferably, Zis
al kyl, aryl, &reltdgdaralkyheteaneomnys/ kybycmoactac;hoxam@aﬂdcwl, imr

N(Reerr])Lerr ]dptlona §;es|1£b¥1ﬁuté)c§ evfrf‘ék?bi-y3 a4 xi%/up or al kenyl
Rl6 is hydrogen, alkyl, aryl, heteroaryl,
10 cycloalkyl, or heterocyclyl. |
Preferably, W is

o 0 0 |
o -~
)‘\RZ ; /“\CFzR2 ¢ T ;
F F R2
R? : OR® N
)l\n/ ; /”\”/ , . \R2 ;
| i I
o) o
R? ———— 2
L — PR, T Ok
. 2
F F ,Lz (O)mR? (OJmR
O 2
o 0O NR
| \/ \\//
15 ——S—R? ; ——\sé—-R2 i or —R?.

More preferably, W is



Nbre preferably, Z is phenyl, 1, 4- benzodi oxanyl, 1, 3-benzodi oxol yl,

benzothiazolyl napht hyl , benzyl, oxadi azolyl, isoxazolyl, quinolyl,
benzot hi o t hi azol yl, cycl ohexyl, butyl, naphthyl, nyl ,
benzyl, ﬂ@? , nmorpholinyl, Naniliny N—anlnobeﬁzg?%?gégha
N—aninobenzodloxole, N- am nonapt hyl efie,  N-benzyl ani ne,

N- am nopyri di ne, benzyl oxy, allyloxy, or phenethyl, and is optlonally
30 substituted with J. WD 98/ 17679

PCT/ US97/ 18968 - O 0 R? - 30 - Mbst

~preferably, Z is Raphtyl, 3, 4-
Preferably, R9 isjjal kyl. Nbre
preferably, R9

di chl orophenyl, 2-carjponet hoxyphenyl .
ef er ab y RO IS prd Nbst :
% Pr ef ggabl y—NH—s—

f

morpholinylmethyl, phenylacetylamino, or acylamino.
Preferably, J1 is alkoxy, alkyl, halo or aryl.
More preferably, J! is C3-3 alkoxy, chloro,

Cy-3alkyl, or phenyl.

25

apy
het er oar al kyl ,” aryl, ?gg cycloalkyl | kyl, afkyl or arPIkyI mhereln one
of the al kyl carbon atons is rgplaced by Oor S ) RZ Mor e
preferably Mis propyl, nethyl, O pyri dyl met hyl, benz ?,‘“ napht hyl net hyl ,
phenyl, 10 im dazolyl methyl, thiophenylnethyl, cyclohexyl nethyl,
phenet hyl, benzylthiomethyl, or benzyl oxyethyl. Preferably,
Vis -NRerr])- Most refeEraQ)flﬁ}'r,aW s Rlerr] is hydrogen. .
Preferably, K|s-qq or-(@[mﬂ 15 Preferably, Tis
-R12, -alkyl-R12,0-al kenyl - R12, -OR[epr], - N( R12) 2,
C( Noalkyl)REiiiﬂ\\?r ///u\\ ///u\\
CF§ CF}CFQ
o H
| o}
AN | ﬂ Oaryl
5 R®, wherein R2 is aralkyl; or | ant,
(o) : Oaryl
Preferably, J is alkyl, alkoxy, aryloxy, aryl,
aralkyl, aralkoxy, halo, heteroaryl, cyano, amino, nitro,
heterocyclyl, acyl, carbozxy, carboxyalkyl, alkylamino,
hydroxy, heterocyclylalkyl, aralkanoylamino, aroylamino,
10 alkanoylamino, formyl or keto.
' More preferably, J is t-butyl, methyl,
trifluoromethyl, methoxy, ethoxy, trifluoromethoxy,
-¢érboxy, phenyl, benzyl, phenoxy, benzyloxy, fluoro,
chloro, bromo, isoxazolyl, pyridinyl, piperidinyl,
15 carboxymethyl, carboxyethyl; dialkylamino,



[err] More preferably, Tis -Rerr] or -alkyl-R12. 20

Preferably, R12 is aryl or heteroaryl and is optionally substituted by
1-3 ¥ grpeBgie®r e preferably, R12 is 1-naphthyl, |W@9}w§68

i ndol yl, or. 2-al koxy- 1- _ naphthyl. - 29 - WD 98/17679

PCT/ US97/ 18968 : _ - 31 -

Preferably, R err] is alkyl substituted W th carboxy. More preferably,
New]isqew]aﬂwI$@%

Preferably, R15 is al kyl su stltlﬁt ed #Eﬁg car l all\}t%e poref erably,
R15 is ( errpmaigadgslubstit ut ed Wi th carboxy. In a

preferred embodi ment of Lormul g (1, ALl e rinalSmetny1, sulf£ydrlll

or alkyl substituted with trihalomethyl, sulfhydryl, or
5 hydroky. S |
Preferably, R4 is alkyl, aralkyl, or
cycloalkylalkyl, or.cycloalkyl. More preferably, R% is

phenylalkyl or cycloalkyl. Most preferably, R% is
isobutyl, cyclohexylalkyl, or phenethyl. '
10 Preferably, R and RS are each hydrogen.
Preferably, X is -0O- or —N(RB)—.
Preferably, R8 is hydrogen.
Preferably; Y is -CH2-, -C(0)-, -C(0O)C(0)-, or
-5 (0) 2-. | |

15 Preferably, R2 is H, fluorine, trifluoromethyl,
alkyl, aryl, aralkyl, heterocaralkyl, heterocyclyl, or
heterocyclylalkyl.

, Preferably, Z is alkyl, aryl, aralkyl,
heterocyclyl, cycloalkyl, heteroaryl, ORZ, or N(RZ)j,
- 20 wherein R2 is preferably aralkyl or alkenyi.

More preferably,.z is phenyl, 1,4-
benzodioxanyl,n1,3-benzodioxolyl, benzothiazolyl,
naphthyl, benzyl, oxadiazolyl, isoxazolyl, quinolyl,

25 benzothiophenyl, thiaquyl, cyclohexyl, butyl, naphthyl,
diogolanyl,.benzyl, pyridinyl, morpholinyl; N—énilinyl,
N—eminobénzothiazole, N-aminobenzodioxole, N-
aminonapthylene, N-benzylamine, N-aminopyridine,
benzyloxy, allyloxy, or phenethyl, and is optionally

30 substituted with J. |



10 _ A2 is a bond. Preferably, in this preferred
enbodi nent, Xis ~ O ' More preferably, Y is -CH2-.
Al terna Yis -C(O 15 Alternativ I.S.o- C(O) -
and Z |§’M§é’¥1H(R[err])[err] ' AIternativeIgj,:’}(ri"-‘ﬁaﬁ’1’4??6s8
preferred enbodi nent, X S -N(R[err]j3 Mor e

preferably, Y is -C(O) 20
Alternatively, Yis - - and Z -N(R2 Al ternatively,

inthis preferred enbo o,eé:mpre)ferabl,ys ZN('-RB}‘aPh\Eﬁ(ére?n‘lRB is -C(OR14 or
-S(0) 2Rl err] gichi heriyl Mebe thbglphabyy,. when R8 is -(OQRerr],
s 25 - Q) SLChloToPhemYl,, 2oC8s yphehy

PCT/ US97/ 18968 ' Preferably, R is alk$2.- More preferably, RZ
Alternatively, Y is-S(O2-. Al'ternati vel y, s -

and Z is 7 isNpRopyl].) [ Mosk. preferably, RRbis msebebpbﬂ.y, V\:hen R8
-S(Oferr]R14, Y is

pref er r ed® enbodi nent O]Prle%g)ably,l vaéﬁt P&ﬁ\?lgfiz EGﬁﬁBBﬁﬁ%k&l'fBijl'a (ry,

wher ei n
wher ei n,

Alternatively Yis -S(0)2-.

A0 -
is
nor e

Al er rc'ch'l%al glalkyﬁer%]ralkyl, or aralkylX whefein one of the

Xis™- 1S -CH2-; A2 [err]
alkyl carbon atoms is replaced by O or S.

More preferably M is propyl, methyl,
pyridylmethyl, benzyl, naphthylmethyl, phenyl,
10 imidazolylmethyl, thiophenylmethyl, cyclohexylmethyl,
' phenethyl, benzylthlomethyl, or benzyloxyethyl.
Preferably, V 1s -N(R11l)-,
Preferably, Rll is hydrogen.
Preferably, K is -C{0)- or -S5(0)o-.
15  Preferably, T is -R2, -alkyl-R12, -alkenyl-
R12, -orl2, -n(r12),, ;C(=N0alkyl)R12, or

R15

H
' K N
R15/ ™~ Y
10

O R

-4

More preferably, T is -R12 or -alkyl—Rlz.

20 Preferably, R12 is aryl or heteroaryl and is

optionally substituted by 1-3 J groups. More preferably,

R12 is 1-naphthyl, isoquinolyl, indolyl, or 2-alkoxy-1-
naphthyl.

Y

Y



Vis -(NRerr])-, and Kis -C(O-. I n anot her nore

preferred enbodi nent of this I nvention are conpounds of fornmula (I1),
wherein Al e S: [err] 15 Y ' Xis 0
and Y i sW éﬁ%ﬁkﬂ& WO 98/ 17679 A pciifsihibes

PCT/ US97/ 18968 - f% - , A2 is: [err]
Vis -NRerr])-, and Kis -S(O2- 5 I n anot her nore
preferred enbodi nent of this. |nveq}|on are conpounds of fornula (I1),
wherein Alerr] is: Preferably, R*Y is alkyl substituted with

carboxy. More preferably, R10 is Ci-3 alkyl substituted
with-carboxy; -
Preferably, R1S is alkyl substituted with
5 carboxy. More preferably, RIS is C3-3 alkyl substituted
with carboxy.

In a preferréd embodiment of formula (II), Al
is '

>y ; and
10 A2 is a bond.
Preferably, in this preferred embodiment, X is
0. '
e More preferably, Y is -CHop-.
' Alternatively, Y is -C(0)-.
15 Alternatively, Y is -C(0)- and Z is
rN(Rz)z. ,
Alternatively, in this preferred embodiment, X
is ~N{R8)-.

More preferably, Y is -C(0)-.
20 . . Alternatively, Y is -S(0)2-. :
- Alternatively, Y is ~C(0)- and Z is -N(R2),.
" Alternatively, in this preferred embodiment, X
~is -N(R8)-, wherein R8 is -C(0)R14 or -s(0)oR14.
More preferably, when R8 is -C(0)R14, Y is
25 -C(0)-.



[err] X z wherein, Xis Oand Yis a

-CHerr]-, A2 is a bond; Vis -N(Rerr])-, and 10 Kis
-C(O-. In anot her nore preferred enbodi mnent g

i nvent i JHO&6dnpounds of formula (11), suherein Alerr] FETi sf@pﬁ?

X z wherein, Xis Oand Y is -CH2-, 15 A2 is a
bond; Vis -NRerr])-, and WO 98/ 17679

PCT/ US97/ 18968 - 34 - Kis -S(O 2-

Preferably, in these nore pRaternedivedwholi iBntS,(OY s:
) Alternatively, Y is -C(0O)- and Z is
-N(R2)2. .
More preferably, when R® is -S(0)oRY, Y is
5 -C(0)- and 2 is -N(R?)p. |
' In a more preféfred embodiment of this

invention are compounds of formula (II), wherein Al is:

o
\
C——

Wherein, X is -0~ and Y is -CHp-:

10 R ;
¥ is - (NR1l)-, and
K is -C(0)-.
In another more preferred embodiment of this

invention are compounds of formula (II), wherein Al is:.

15 wherein, X is O and Y is CHp,



[err] More preferably, Wis [err] Most preferably,
Wis [err] WO 98/ 17679

PCT/ US9 %é 88167879 - 35 - - [err] pcrwsemsses
A2 is:
o
~—NH C
\\T// DY
R?
V is -N(R1l)-, and
K is -5(0)>- _ .
5 In another more preferred embodiment of this
. invention are compounds of formula (II), wherein Al is:
o)
\
N-
RG R5
SN , ,
Y wherein, X is O and Y is a -CHp-,

A2 is a bond;
Vv is -N(R11)-, and
10 K is -C(0)~.

In another more preferred embodiment of this
invention are compounds of formula (II), wherein Al is:

o

\
c——

N
R R°
L S .
Y wherein, X is O and Y is -CHy-,
15 A2 is a bond;

Vv is -N{Rl1l)-, and



wherein R2 is aral kyl; or [err] Preferably, in these

nore preferred enbodi nents, L is alkyl, alkenyl, allyl, or propargyl.

5 referably, L is trihalonmethyl, sulfhydry | kyl
substi tﬂgg/plé\ﬁ?ﬁ trihal omethyl, sulfhydryl, _or hydr Okg’_rmsﬁfw?s In
anot her preferred enbodi nent of formula (rr), Aerr] is [err]

10 A2 i's a bond. Preferred groups in this preferred enbodi nent
are as descri bed aboyve. I n anot her preferred enbodi ment of formula
(rr)y, Aerr] i%s 15 soh®) 2Pref erred groups in this preferred enbodi nent
15 are as described abg4&ferably, in the3e2RBtRELrRE ed enbodi nent of
formila (1), Alerr] Sierably, in thepelforehbr Bkeeh :

PCT/ US97/ 1896&bodiments, W is: - 36 -

o 0 |
/“\Rz ; /“\CFZRZ i
/u\“/RZ /U\ﬂ/OR2 /u\n/“’\ '

: ; ; RZ
5 . O o o

0
. /'Rz’; —P— (O, —P—(0),R?
FF ,Lz (O)R (OR?
O i p2
0 0 O NR
—Q—Rz ; ——\\s/L- 2 ; or -——\\S//—Rz.

More preferably, W is

0 2
L ﬁ
R2 ’ /u\r \R2 ;s O . —T__(O)mRz .
6 (O)mR?

10

Most preferably, W is

H /U\CF3 /lkcpzca, '



[err] A2 is [err] 5 The preferred, nore
preferred, and nost preferred groups of this preferred enbodi nent are
as Cl.I above. This invention anti ¢y t many
acti ve-d&%&é?%g directed inhibitors of_tfe NS3 prot ease%n(ggh%g’l&%@
peptidom netic in nature and thus may be designed from t he natural
substrate. Therefore, preferred substituents in peptidomnetic

i nhibitors of this inveption include - t hose which correspond to the
backbone or sidejpchai nsy of natural ly occurring substratep or synthetic

subtrates 15 wtf] high Bffinity for the enzynme (Il ow K[err])“ :

I n anot her pref d digrent of formula (rr)y, Aerr]lis bznd. The
preferred, nofe preljerred,Randihereims2 p_{@fﬁdneypprmouﬁfﬁpﬁf- AVe
preferred enbodi nentjj are as descri bed above. 20 I The skilled
practi'tioner would Kealize that some certain groups couPare classified
ei ther as WD 98/ 17679 _ _

PCT/ US97/ 18968 - 37 - het er ocycl es or

het eroaromatics, dependppgfenabbg, pohnthese mofeaprefdreed.
embodiments, L is alkyl, alkenyl, allyl, or propargyl.

5 More preferably, L is trihalomethyl, sulfhydryl
or alkyl substituted with trihalomethyl, sulfhydryl, or
hydroxy. - '

' In another preferred embodiment of formula
(1), Al is ' '
(o)
'
c._.._
~N
- S
10 Ve Y and

AZ is a bond. Preferred groups in this preferred
embodiment are as described above. _
~. In another preferred embodiment of formula (II), A;
is a bond. Preferred groups in this preferred embodiment
15 are as described above. '
In another preferred embodiment of formula
(11), Al is



 _this i nvention, which ar

The conpounds of this invention nmay contain one or nore asymetric
carbon atons and thus may occur as 5 racemates and racem c m xtures,
single t] rs, di astereoneric m xtures and indj )ﬂ
diastergﬁﬁﬁvggﬂp Al such isomeric joggs_of t hese coﬂ%%t @§h§¥8
expressly included in the present inhvention. Each stereogenic

carbon may be of the Ror S configuration. Conbinations 10 of substituents
and vari abl es envisioned by thjs invention are only those that result
in the formation of stabR% conpounds. The term "stable", as used

herein, refers to conpountds which possess stability sufficient to
al | ow manuf acture and which

ins the integrity of 15 the conpound for

a sufficient period of<{ine t6O be useful: for the purposes detail ed
herein (e.g., therapeuti prophyl actic adm nistration to a manmma
or for use in af fi pity chronat ography applications). Typically, such
conpounds are stablg atgre of 40 [err]C or less, in 20 the
absence of i sturf® or. of chemfcal |y reactive conditions, for at

"l east a week. _ The conpounds of this invention nay be
synt hesi zed usi ng conventibnal techniques. Advant ageousl y, these
conpounds are convenientlyxzé ‘§y3thesized.fron1readiIy avail abl e starting
materi al s. - As Xsed hergha, the compounds of this )
i'nvention, including the conpounds of fornulae (1) and (rr), are
defined to include pharnmaceutically acceptable ~derivatives or prodrugs
thereof. A "pharmaceutically 30 acceptable derivative or prodrug" neans
any phar maceut i capRyiacceptabl e salt, ester, salt of an - ester, or
ot her derivative of a conmpoupd of this i nvention which, upon
adm nistration to a recipienﬂ, IS WD 98/ 17679
PCT/ US97/ 18968 —NH c - 38 - capabl e of
providing (directly or ¥fecwly) a conpound of this invention.

.. Accordingly, this inventijon-al so provides prodrugs of the conpounds of

9 5 derivatives that are designed to enhance
bi ol ogi cal properti such as oral absorption, clearance, netabolism

-...or conpartmental distribution. Such derivations are well
5 The preferred, more preferred, and most

preferred groups of this preferred embodiment are as
described above.
This invention anticipates that many active-
site directed inhibitors of the NS3 protease may be
10 pepfidomimetic in nature and thus may be designed from
the natural substrate. Therefore, preferred substituents
in peptidomimetic inhibitors of this invention include
“those which correspond to the backbone or side chains of
naturally occurring substrates or synthetic subtrates
15 with high affinity for the enzyme (low Kp).
In another preferred embodiment of formula
(11), Al is a bond. The preferred, more preferred, and
most preferred compounds of this preferred embodiment are
as described above. ' _
20 The skilled practitioner would realize that
some certain groups could be classified either as



known in the art. As the skilled practitioner realizes, the

10 conpounds of this invention may be nodified by appendi ng

approprwa%g,1 f¢gpctionalities to enhance sel ective bi gcegisrhsdegoperties.
Such nodifications are known in t he srt- and i nclude those which

I ncrease bi ol ogi cal penetration into a given biol ogical conpartment

(e.g., 15 blood, lynphatic system central nervous systen), “increase

oral avail abil | ty, increase solubility to allow adm ni stration by

i nj ection, AERIAEYEbSFi S heberprEpnatics grdependiag 4n okhe point

The term "pr@ge@t@g hhe&hels to when the 20 designated functlonal group is

attached to a suitable chem c 0 protectjn ou I es of

sui tabl e ani no proT]%%t‘F?F@p%‘ﬂB‘gi g%l ée’pé ot REER ’gr‘gﬂ{) g%\'?

descri bed i rbfl' Wr& asyemetri . &ﬁbol\{\ﬂa’somﬂm&dhwg may éii@.htpSasn Organi c

Eiygtsg(ra?i i eSETC anadt?—‘gg%%dWé&{mf ea egﬁrggorﬁé;gam clj‘_@t}@tc%igp angIOth W | ey

and Sons dxameomermqnmxt@reedaninuy@immh d)iasﬁe@g@mmsm or
Qrgani ¢ Syntepi Sycd Offonl £ §06‘f £ %%)c@r;i]goﬁ{c?s are S&EPPLEEIGD TN

certain of the speciflc conpounds used In S 1 nvention.
Parti cul ar | yhaleded ierthatpPreserhoipyertier. Eachsherpegembe increase

the bioavai l@emﬁéﬁym@i: béeot %h@wwyr@%@ﬁficfnhﬁatwntlmm éﬁgll
8%”88?2?%7“% substﬂt?égtt.s?raendtw(r)agla es e1$v1glorp%¥/ gtgl}ll%gfsgn oratty.

- 39 - m-\aamtmﬁtaredonbyrpumsietm@e reselt em:llttrye afsxmaetion né H
the bl ood), bl € (of'5) - AC profiles,
or whi ch enha ce d {;&nvé&\.(x?ég eﬂ% %ﬁgar%{n@%o o%shdlsf &Tgﬁ%'b%ogl cal

conpart ment Xefexrs tchecoraowradm ‘dnld:lynmwaws:s sgdsalu’%ltr}elalff/mimt heo par ent
speci es. Pr ‘%{ﬂév?%#ﬁxgﬁfé@éré n&ﬁ&dﬁlﬂé}ﬁ'ﬁ{ﬂﬁﬁ’ffné’mﬁiéa 1\9%06'9 whi ch

enhances aqueous so active transport t roug

nenbr anéSi s Hip eFRmBRe fq%r a suffigent ep%lfl@‘ér%I@é“? 150 bR \m?ul 10
Phar maceut i ced# Ytli‘écﬁ\ﬁ)i'ﬁ@é@s sd¢tSiDédtherein (OPOMNESepdit Bcid¥ention

i nclude thosercgjp r}'/]\./éagtlc gg}mlnlstratlon to a mammal or for use in
affinity chromatography applications). Typically, such
compounds'are stable at a temperature of 40 °C or less, in

20 the absence of moisture or other chemically reactive
condltlons, for at least a week.

_ The compounds of this invention may be
synthésized using conventional techniques.
Advantageously, these compounds are conveniently

25 synthesized from readily available starting materials.
— As used herein, the compounds of this
invention, including the compounds of formulae (I) and
(I1), are defined to include pharmaceutically acceptabie_
derivatives or prodrugs thereof. A "pharmaceutically

30 acceptablé derivative or prodrﬁg" means any
pharmaceutically acceptable salt, ester, salt of an
ester, or other derivative of a compound of this
invention which, upon administration to a recipient, is



pharmaceutically acceptabl e inorganic and organic acids and bases.
Exanpl es of suitable acid salts include ace- tate, adi pate, alginate,
aspart at Q@ﬂg ate, benzene- 15 sul fonate, bisulfate, trate,
'canphorafg? pcanphorsulfonate cyclnggtaneproplonateghﬁhg'ﬁg%ﬁ%
dodecyl sul fate, ethanesul fonate, formate, fumarate, glucoheptanoate
gl ycerophosphate, gl ycol at e, hem sul f at e, heptanoate, hexanoat e,
hydrochl ori de, 20 hydrobroni de, hydroiodide, 2-hydroxyethanesulfonate,

| act at e, mal sapreblenlodhProviddngarddgetsdat or indapkchldy) a cbmpeanafonate
nicotinate, R AL 5 &i8n . paInDate pectinate, persulfate,

3- phenyl propi onat e, phosphat g, ¢rate, pival ate, propionate,

salicyl ate, succinate, Aggordingdy, F&Fﬁr&P@enﬁhpﬁc?&ﬁétErOVQQ?Sate and

undecanoat e. $rod£h§§roﬁctﬂé céﬂpauﬁésodﬂltﬁlswmh+éhfmsn'rwﬁiemﬁééaes '
pharnaceu$|c ¥ cg ﬁ%abg? qﬁ nﬁéo ed in the - preparatlon of
salts use BT +hE B R %E ¢t ?\% O eRhanGe RIRARELEAL t he

i nvention andptdsvpertbdaarmcletﬁs catay ﬁﬁ)s@memrablel@é&ah@éi,dlﬁéﬁbéﬁﬁxﬁ

Salts deri ved , a‘ﬁé? 1E198ﬁ{:§ dP@éze%%ltH{':fcl) ude Ya(}_rnfgat asLl (e, ¢ ]Zodl um

and pota55|u I ne ear

N-(Cerr] al kghoupein]the axtits. This |nvent|on al so envi si ons the
quat erni zati on YO 2861£68{91 {1 :

PCT/ US97/ 18968 >*okifled practitioney realizes, the . p.qic
ni t r ogentonEaMRPRGAgr 8épshéf iR¥eREAPBURAY be modifiedskr appendlngater or

oi | -sol ubl e appibgaeatbbEﬁnctlonanmduébStaaénhsneet§ém86tb¥eSUCh
guat er ni zat i ounds of forpulae (1) and

R e 2 Bipiamical, ProRertiRe - LT PHER, BodarLra N ang| ase kbown en)  can
be appr eci at elebgrthanskiiht2ddar thess hhiekeinthease bisysghesic schenes

311 means byPeRPtReEsBR' hebZE GEvER pigialPERY SRnBRFORRRE Thovhis o
appl i cation hhgode BymphathessystenFucehbrabenboususi sysbempyi dent to those
of ordinary skkkbakB BbﬁlaéﬁalfgﬁhihQQaliMcr%Q§evééiﬂHfllt gYNLPEL,C steps

descri bed above, may be perforned in an ate sequenhce or order to
give the desPPB4nistrafigpuhysinjection, alter\mehghelbshnandornhieby

theory, we behteveft BRtretion.
The term "protected" refers to when the

20 designated functional group is attached to a suitable
chemical group (protectihg group). Examples of suitable
amino_ protecting groups and protecting groups are
describéd in T.W. Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis, 2d. Ed., John Wiley and Sons

25 (¥991); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis, John Wiley and Sons
(1994); L. Paquette, ed. Encyclopedia of Reagents for
Organic Synthesis, John Wiley and Sons (1995) and are
exemplified in certain of the specific compounds used in

30 this invention. .

Particularly favored derivatives and prodrugs
are those that increase the biocavailability of the
compounds of this invention when such compounds are
administered to a mammal (e.g., by allowing an orally



t he conpounds of this invention interact either covalently or
noncoval ently with the active site of the HCV NS3 protease and ot her

serine pwologases. | nhibiting the ability of -such an epZyfEe7ngeds! cave
natural or 20 synthetic substrates. Noncoml-ent interactions are

advantageous in that they inpart relatively greater specificity of
inhibition and will not inhibit other undesirabl e targets, e.g.
cystei ne proteases, Thes ounds will therefore have a _greater

co
t herapeutic i¥BINISEGHRY GHAPPHRE bR P8 FHEemES2dt harpReREPedt 1BFBt ease
i nhi bitors, WhelbIesd) Ntigaestmoté hfavotslel ¢ adDeafdnce rPEoseapes and cause
undesi reabl e tQéiC fffecés .{n antrast hcovaj;q%.interaﬁt'ons are
advant ageous 2! ?%%.lc p ?%ﬁ e?hp%ft %%1%9 T 7S wﬁﬁ%t% c§h3Llomﬁng
| ower 30 dogssremly dCompolmditeezcdiobogital compaortmening(any. ) atke of
speci fici ¢ v 9. 3
PET/U897/ g92§9¥iﬁq§r lymphat Y0 P4 L) r?latlye4ﬁp_Fhe ?arent The.
novel conpourdRe®ies hePpeierred|predrigh includerderieatieas wh@reidors of

pfOteaSGS,FNﬁféﬁﬂ!@ﬁiah enha$€és NEqRé OL £ a8 Pub Bk P8¢ Hekfveul arly HCV
NS3 prot ease I nhi bitors. Accordingly, these,cqgg;unds are capabl e of
s §hed T

5 targeting arcRRFRPEF t FREPHIR Bhg cgut BRrarts o Ehet eases,

and nore partgethethye ¥ HSEmpl ¢ egBESand\s(II). such, these conmpounds
interfere with the |if Vi ruses

I f. . incl udj d th
useful as%nti viral epg%%&%%?tjr%ﬂwt?%‘ﬁe%%#g% %@%r% ﬁgva?irgus -
met hods 10 scmip@asndseofretinbslisimvetixboml tndlinde those derived fhemterm
"antiviral g - : i i ral
i bi tory iy Ene SOOI e jrofnlld il Gl BREe BEfg v T

inhibitors andbaesdi EranplesseBesuhkrnbn-ackd stnl e ralede)aced 15
protease 'nhb&ét@éﬁ-adf’ﬁ@é@,f@idiﬂé‘@eTjﬁfQéﬁ@s?&ﬁé‘,hlkpéﬂﬁaﬁé, benzéndlV

prot ease_inhibitor. . e term"treating"” as used herein
refers té° sulipnrafeehizibiett, Rwbyorkeofcitales GABPRAFRERder in a
patient or theamphdeselEsnaté, adybSpenttanedtspionate, digluconate,

dodecylsulfate, ethanesulfonate, formate, fumarate,
- glucoheptanoate, glycerophosphate, glycolate,
hemisulfate, heptanoate, hexanoate, hydrochloride,

20 hydrobromide, hydroiodide,.2-hydroxyethanesulfonate,
lactate, maleate, malonate, methanesulfonate, 2-naphtha-
lenesulfonate, nicotinate, nitrate, oxalate, palmoate,
pectihate, persulfate, 3—phenylpfopionate, phosphate,
picrate, pivalate, propionate, salicylate, succinate,

25 sulfate, tartrate, thiocyanate, tosylate and undecanoate.
Other acids, such as oxalic, while not in themselves
pharmaceutically acceptable, may be employed in the
preparation of salts useful as intermediates in obtaining
the compounds of the invention and their pharmaceutically

30 acceptable acid addition salts.

Salts derived from appropriate bases include
alkali metal (e.g., sodium and potassium), alkaline earth
metal (e.g., magnesium), ammonium and N-(Cj-4 alkyl)g*
salts. This invention also envisions the quaternization



20 nmeasurenment associated with a particular disorder. As used
herein, the term"patient" refers to a mamal , I ncl udi ng a human.
Thus, ac ' to anot her enbodi nent this i nventio '

phar- rraceﬁvﬁ%gr)&gorrposmlons conprising _ 2&3 a conpound: o&&ﬁ#&ﬂgﬁfl) .or
(1l') .or a pharmaceutically accept abl e sal t t hereof; an additional
agent sel ected from but not including, an i m"runom)dul atory agent,
such as [err]-, [err]-, or [err]-interferon; other antiviral agents,
such as efbanyrbasbe aktnogennepnbabeing ngrduperst othﬁ@bmﬁ&nds
protease; |nhuPLEobsel nakOsh !t ageLs bb SPP-SEMbid < SESFLpuich as
hel i case, pol ynerase, or tal | oprof ease; |nan? THhef eof and
any phar macedPFe@pPFls may ]a%c@%‘éﬁbllédclaYW‘é@h %szaﬁrl%hl cle. An
alternate WO 98/ i{6déneral, compounds of formulae (I) $&F (I1)

PCT/ US97/ 18968
provi des onp%g?t?}éﬁglléﬁ%Y+§lIﬁﬁtlao‘é%nb%‘hﬂt’ated in fEFaRpies 1 )-&r (45) or

a phar maceut i cah | ye aspeptabdted aby the skitledfartivhe Rbwevaecaid cal |y

acceptable ¢ a hi.cle.. Such co

optional ly ?%oﬁﬁp?tflsce anﬁ&gél Q t ﬁgkénkfeg%*ré&%%l 19 r% ?Fné]ega%

i munonodul ateemPRGSAta @mer%\tsel[lmve} ligterof -glbmeansitiey fwtiody the ot her
antiviral agegds wpoﬁﬂ&_b @éséfi)éé@réﬁa LBk hed 1n'1£ﬂ1§3t#§§r c?a{t;f'@/n&rft ease,

i nhi bltors of th hel | case; or co |nat|ons

The term¥ phﬁmﬁh%ﬁ?%ﬂacc@ﬁ%% refhods will dre &yidentt tadfhm=e to a

carrier or add»ilV@fkllﬁit@f} gylbein thadiil SEIBG A RAL X er
with a conpoun this |cse1ventj on nd whi ch does lﬁ’gt t'g’{gstvro Qﬁ_f]

phar macol ogi csaYn%b?FWti/t?%r CLiRed Shtr Ba% R &aerioTmad rﬁf‘staé”r ed in

doses sufficialitetmaiie| samrercd her apsddr cto giva by difsitderl conmpound.

Phar maceut i caéa tabl e carriers, adjuvants and vehicles that may
he IQ;‘lj%ar EC

be used ip t tlcal . osiftions.of this invention include,
lf‘igt 20 linited h‘?%be%&f}%:%%ﬂ‘} SREYaMfribfimediee dbate,

but are

| eci t hin, selﬁ‘hear&dxﬁ;b&uhdlg dkl&mllm%ﬁtl%tﬁtﬁﬁexfa%@@)t such as
da-t ocopherol, pol yethyl enegl ycol 1000 succi nat e, surfactrants used in

phar maceut i c Ol ¥ GPonRavakently iddn$her agttioe siitid axf bleymeri c
del i very mat &Nys3 protease and other serine proteases, 'inhibiting

the ability of such an enzyme to cleave natural or

20 synthetic substrates. Noncovalent interactions are
advantageous in that they impart relatively greater
speéifitity of inhibition and will not inhibit other
undesirable targets, e.g. cysteine proteases. These
compounds will therefore have a greater therapeutic index

25 when administered to mammals than covalent protease
inhibitors, which can 1nteract with a wide range of
proteases and cause undesireable toxic effects. In
contrast, covalent interactions are advantageous in that
they impart greater inhibitory potency allowing lower

30 doses may be administered and thus ameliorating any lack

of specificity problems.



25 serum proteins, such as human serum al bum n, buffer subst ances such
as phosphates, glycine, sorbic acid, pot assi um sorbate, parti al

gl yceri dgoWkitets €s of saturated vegetable fatty aci deCrmEssIngdssal ts or
el ectrol ytes, such as protam ne sul fate; 4ii soedi um 30 hydrogen phosphate,
pot assi um hydr ogen phosphate, sodi um chloride, zinc salts, coll oidal
silica,” magnesium trisilicate, polyvinyl pyrrolidone, cellul ose-based

- substances, polyethyl engnhgl Y561 é&@%&ﬁhds ofatRexypes Nt Cehtehesén
pol yacryl ates, waxes, WD 98/ 17679

PCT/ US97/ 1896&8re excellent inhibitors of proteasgsg,-particularly

pol yet hyl ene- pol yoxypr opyl ene- bl Y. I n " and
wool fat. Cyc %ﬁ%&?rﬁﬁggéﬁ% sasa88km8f%r§$£§if%%?f£§ %ﬁgh§$§y§F§E§§?%in, or
- chenical ly noghhisdtors. dertyetiyngl gcthase hycnpasynatikyaegctagaklei of,
including 5 2- and 3-hydr9€¥prpgyl-[err%-cyclodextrins o[ ot her

sol ubi | i z&l deargetingsandyinhibiping REA ﬁ@%%ﬁslQaEEéHU1aIlYt§¢€hﬂﬁnce

! BB oh8 kp phicstulbbly ot v ptenelde, 2

phar maceutic AposSIti ons tiron may be adm ni stered
orally, parensech}| yheby &6mpouhdsainberseraywitbptbel Lifereytdel 9f

nasal |y, buccally, .vaginally vig an _ipplanted_reservoir. We_prefer
or al adniﬁ%§??§§?thﬁguaﬁﬂ?n?§§ra?aoﬁrﬁygBHFeBﬁﬁgﬂi_?ﬁean%lVlraE

phar maceut i cal ;eQFROSI ThANEi €ichNkani P¥eRbaSir88BYbYOGERE Bus mebA¥ds
conventional non-toxic pharnmaceutical ly-acceptable 15 carriers, adjuvants

or vehicllds. suphsasetbaswetheods pf Examplet hé-fornul ati on nmay be adj usted

wi th pharmaceutically acceptgble.agids, bases or buffers to enhance the
stability of the fornul BhedtesBpoantisiratsageptiergfers £gr  CORBOEBAM

parenteral asgysgeufenRiBnhi pekydesedOvisabcihANBOUSryl AEEACHt@NEOBach
I ntravenous, | ntramuscu

_ har, |ntr€-articulgr, in%ﬁagigovial,

i ntrasternal , 289entpnipglhdeareveReeaFEePrsRarPLAGSi APPARHSRFS! i njection or
i nfusi on techpifggading nucleoside aienphanneteuotiidel anadpgsi)t aods nay be
in the 25 _formof a sterjle injec arati e | S a
sterile i ecPﬁBgﬁaﬁauéBEglgprsreaS?%%gggéggpéﬁéi§29FL8Ee #ﬂggbgﬁgge%glon

may be fornul at HGVaprotdarg tinhibihakques ~ known in the art using

sui tabl e dispersing or WabtikRgn rrradefhyr(a4clised nboeigxaapkes tween 80)

and Suspendln1g:he alleviation of symptoms of a particular disorder in a
patient or the improvement of an ascertainable

20 measurement associated with a particular disorder. As
used herein, the term "patientﬁ refers to a mammal,
including a human.

Thus, according to another embodiment this

invention provides pharmaceutical compositions comprisihg

25 a compound of formula (I) or (II) or a pharmaceutically

' acceptable salt thereof; an additional agent selected:
from, but not including, an immunomodulatory agent, such
as o—, P-, or y-interferon; other antiviral agents, such
as ribavarin or amantadine; other inhibitors of HCV

30. protease; inhibitors of other targets in the HCV life -
cycle such as helicase, polymerase, or metalloprotease;
or combinations thereof and any pharmacéutically
acceptable carrier, adjuvant or vehicle. An alternate



30 agents. The sterile injectable preparation may al so be a sterile

I njectabl e solution or suspension in a non-toxic

par ent ergly ogs, eptabl e diluent or solvent, for exanple, por g0l ution
ﬂ%ents

in 1,3-butanédiol. Anpng the acceptable 43 -vehicles and so t hat may
be enpl oyed are mannitol, WD 98/ 17679 _

PCT/ US97/ 18968. - 44 - water, Ringer's
sol ution and isotonic sodium chl oride solution. In addition, sterile,

fixed oils arenkegirent providsmlcomrasiiciens somprisingne @ompeswshdiing
medium For  gordli $ wnp@eemnyoﬂolaarﬂlaﬁmﬁﬂ la%c@%a@md salt

I ncl udi ng synt heti c_nono: cer.i des Fatty aC| such as oleic
acid and its t@ﬁ%&%‘?#'dea%rq \Poﬁar eptdcally l?scé?etﬂ g et & LFi&Far at i on of
i nj ectabl es, apjwanthasriradhicle:. pImIdemﬂpdﬁiJﬁl)b-rﬁma@pbW1©rﬁll|1§f such as

I I t | | t h thylated 10
ver 51 ons, S TIRAEPEATS it o IR Rt hie R BT YT

| ong- chai n alisuhoionbdulatony ajesper ssuth | io—, B—asorh'e)smtmsf)eidueﬂ in
Phar mecopel a il dietdo i3ty Hijohve, sudll o SiiBahaiial.cQtler

car boxynet hyl ose or spersing agents I%m ch are corrrmnl y
used in the IShiktagsialoddt Rﬁﬁ?ﬁmuﬂf&mﬁlﬁ%{@c@pﬁt &blee B§¥sage forms

such as emul ${ONSeA4u Qr %&ﬂgﬁﬁdﬂ%s Qeleggommonl y used surfact ants .
such as Tweens or Spans and/ or of her simltar emul sif | ents or

bi oavai | 4Bi ity enhancee termpRhpmmaceufitihly F&Eemta I‘Fe Fd&ct ure of
20 - phar macewr caljwvanrentafdrs s id, caImquaxd ,oxoradghhelht thado ;mage bleOr B

I b d for, th Th
phar mceut | cABESHIUTTbNS o HARAERt, tagRiRAmo il eogpauppt of
adm ni st er ed i saniyn el dlon 2 anda odeiptha iloe sd oedg @ efsdiroi ebleudi ng, but  not
jimted 10, o tg@@s@célataﬁsél%lﬂﬁ%r@%%%%wﬂ%ee%h%&:.%nemzﬂ' utions.

In the case oral use,” carriers nly used

i ncl ude LHact esmigrestaned sitndases sufifiisdiend: itey deddives, asibierapemtdtesi um

stearate, arenhit H¥ ﬁn@l&ﬁlﬂdﬁrﬁﬁded For oral admnistration in a
capsul e form useful dil uents | ude | act 3% and dried cor.n

starch. When aqueous sJdsfidié o RGeSt carrdexsyy adgNyants; ve
i ngredi ent | arrbrdEmien o8 tﬁh&mulaiy fbe used in the pharmaceutlcal

compositions of this invention include, but are not
20 limited to, ion exchangers, alumina, aluminum stearate,
lecithin, self-emulsifying drug delivery systems (SEDDS)
such as da-tocopherol, polyethyleneglycol 1000 succ1nate,
surfactrants used in pharmaceutical dosage forms such as
- Tweens or other similar polymeric delivery matrices,
25 serum proteins, such as human serum albumin, buffer
' substances such as phosphates, glycine, sorbic acid,
potassium sorbate, partial glyceride mixtures of
saturated vegetable fattyiacids, water, salts or
electrolytes, such as protamine sulfate, disodium
30 hydrogen phosphate,.potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes,



i ng and suspending agents. |If desired, certain. WD 98/ 17679

PCT/ US97/ 18968 , - 45 - sweet eni ng
and/ or fweawesiti6ry and/ or col ori ng agents may be adde®CT/US97/18968
The pharnaceutical conpositions of this 43 - invention may al so be
administered in the formof 5 suppositories for rectal adninistration.
These conposi tions can be prepared by m xing a conpound of this

: : Lid
- oom  enper aE Y SVRAE AR BRI o oo Cnrerore
will nelt inpoigetdulens glygolr einshawalhdadot | Gydodextains su@iclas

material s mc.l*_d gl an@?-é&@laeéxkkﬁht egrt Ehgﬁ%ﬁﬁl ”an&E:EJ.PﬁeSWaX and

pol yet hyl ene g mnjistratron o

phar maceuti c eer&%ﬂﬁﬁbﬁ“ﬁhm%?<hyqﬂﬂ%¥ﬁ¥¥M%ﬁMQ%P4%¥E%$%b dingiugdieraul when
éS tthe d|55| Qe?awde@t-mﬂaédx@?ﬁlloﬁ& -?’-Q@Q—;J_@I‘de&l‘tgﬁlifs lr%f[jldttylﬁr kaccesrsll bl e
y topical applicati.on or .a cation ica 0 the skin e
phar maceut i c&° 1(’:‘8??‘5‘6’% Vppcs‘ﬁ’(ﬁfl J‘ageaf]&%%p 3y eéi
oi nt nent conttai Rnhgnce detlevaazty of compoundss osﬂJsﬂmemdﬂ(i o(rI)dlo&so(IMe)d. in a
20 carrier. Carriers r 0f 1th conpounds of

. . ; ) T%% %@@dﬁ% &ﬁ*ﬂd%ﬁ%?ﬁ éﬂll°3%|§§nﬁh%§|

this invention include, PREENG liquid

petrol eum winvendiono maymbe adnpmmueemi ginaddly,, mll:;e@t;ee:taliwyen@y
| l4 |
ltooey0>5<yp{§py 1‘?1'?1%1&\1:10‘}10’%%%?;' tt‘?%}r%. %, NG 0, %.QP gﬁats"ar lyA‘I tb‘?fc’@atll

arnaceut cal can be for abIe
| otion or cr¥aGidedda rﬂ%@’%@%éﬂﬁl@%@p(ﬁmrvmr&us%mf&r (ﬂr§§ol ved

in a carrier gdadnid¥ratadn o Sdminilstdatden Byt g A, MRd to,
m neral oil, ;frbltan nonost egr.at e, pal ysarbate 60 cetyl esters wax,

cetearyl 30 PREEBRASUTECHL AORRRSIIHARS [9dn TP Sa LOTIRHT 18R &ontaige
phar maceut i cahuyc@amdﬁlmlobmmxmwammmamyeeccepﬁaWecal l'y

app! heg t%l :g:%lrgg\é%[gﬁ;m Stvan%ls torra(%}ehbl%lre%(:t alIn some u%%osselst,ort\ﬁ foer"l ation

of the formulation may be adjusted with pharmaceutically
acceptable acids, bases or buffers to enhance the
stability of the formulated compound or its delivery
form. The term'parenteral as used herein includes

20 subcutaneous, intracutaneous, intravenous, intramuscular,
intra-articular, intrasynovial, intrasternal,
intrathecal, intralesional and intracranial injection or
infusion techniques.
' The pharmaceutical compositions may be in the

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

30 agents. ' The sterile injectable preparation may also be a
sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example,
as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are mannitol,



WD 98/ 17679 . PCT/ US97/ 18968

- 46 - formul ation. Topically-transdernmal patches are al so

i ncl udeGypeghtehe | nventi on. The phar naceupcgaisofNoEESi ti ons
of this i nvention may be adm ni steread by nasal aerosol or 5

I nhal ati on. -Such conpositions are prepared according to t echni ques
wel | -known in the art of pharnmaceuti cal formul ati on and may be
prepared as solutions, in sallne ] enpl.oyin benzyl al cohol  or ot her
sui tabl e pred@tefi Fenger's spdidion &Hdpﬂéﬁﬁpgﬂ§ F8ddnRafRdoride |

bi oavai | abi | igolutlidd .| umm&adhm@n,aweaﬁlet,hﬁx&al Bhiki ar@gc@hvéhsr)ersi ng
agents known j.n _t evel bet.ween about 0.01

e mour " sl dmployad as: aneoTeRRagr SPEPERAIRY BEATE abon:

0.5 and aboutthis mpoyidppseodyrnyebdlandpdixedy odfl mhy b pmplieozed |nh|b|tor
dsg d L
compoundss des e bR Re SRt a8y or daglg,{:a!empteeera%tf&r abifs,

preventlon an antiviral arly ant
di sease. = SPA@H &8 lofeichacikaemscdfsi géwcc@mggsdemmtwesmge

| nventi on wi bisdi%adi b pregabhetoRbey! ihjketaBadt, Saglatbrracagaday or

al ternativel as a continyous i nfusi Such_ adfhinistration can be
used as a chPHFFRageUdGed ly-accrpts e PhdSansURR 8F aé%VﬁeOFﬁgPEdlent

that may be castwr‘rdmed esplele ke ycahr ltﬁem‘apenyakyetnyméeéuce a single
dosage fg%n1mnl ?ﬁ dependi n ost treate ﬁ? articul ar

mode of =lni NEEEAS “typi g&u%%QU%&PgﬁaPﬁtFBﬁPﬁPF}OgﬁnPQVn m about
5% to about e®Wtain acﬂnmg-chapuuadc@hb&bdlmuehérabl9;sperbaptepachtions

contain: fronbgb%%hs%P%ég%raggut §0%532&5E8p895pﬁgﬂéeglca ég—a Hely,Yhen the

conpositions of this invention Ise"a co nd of
formula (1) &F a 81m1|l)araﬁAC@h@l@roafnrsérbeayméhmt Fﬁélﬁb@é?l @ror

prophyl act i Csiﬁﬁfl'fa?r dﬁ%b'&rfsﬂﬁfgcﬁﬁﬁﬁ'éﬁdwﬁ@@ht Eﬁeaééﬁ\ﬂ\bﬂﬂ used #fe€fheshould
D e B a3 o8y Srooha-Rgpaticarly 2 d8025e 2:h °
prefera oPPgrBass WOPEEFRY B? g
PCT/U897/1896&ch as emulsions and/or suspensions47 ©ther commonly
used surfactants such as Tweens or Spans and/or other
similar emulsifying agents or bioavailability enhancers
- which are commonly used in the manufacture of
20 pharmaceutically acceptable solid, liquid, or other
dosage forms may also be used for the purposes of
formplation.
" .. The pharmaceutical compositions of this
invention may be orally administered in any orally
25 acceptable dosage form including, but not limited to,
| capsules, tablets, and aqueous suspensions and solutions.
In the case of tablets for oral use, carriers which are
COmmonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
30 typically added. For oral administration in a capsule
- form, useful diluents include lactose and dried corn
starch. When aqueous suspensions are administered
orally, the active ingredient is combined with emulsify-
ing and suspending agents. If desired, certain



of the dosage normally adm nistered in a nonot herapy regi men.
According to one enbodi nent, the pharnaceuti cal conpositions of this

i nvent i opooemysyese an additional 5 i munonodul atory agergerBiorfindegs Of
addi ti onal I mmunonodul at ory agents-igqglaude, but are not limted to,

[err]-, [err]-, and [err]-interferons. According to an
al ternate enbodi nent, the phar maceutical conpositions of this

i nvention may 10 addj tion é){; a’\%ﬂ)“ se an anti-viral agent. Exanples of
anti-viral agMREEFHAIAARPUGDHAAFTIFIRA PR BFHOring agents may be
According to addgder alternate enbodi ment, the phar maceut i cal

conposi tions of this i nﬁ?@tﬂkiagrmnaaé/eutlcafdd' ti onql J ;/ co%,rgé[é se ;)Lg(rar

i nhi bitors of HCV protease
al ternat e entigufendriton may aksp mmrarrhmxtstoea&ectom)dshd ISy F t hi s.

i nvent i ongMaygypy osiagﬁt nﬁ;h Ve RONPY | tor e oetrger targets in

the HCV |ife cycle, suc el't case, po yrrerase tal | oprot ease.
20 COBRAS | AR GRth b PzERRRed Y smwng ta mo,mppund oﬁnsuhntsenance

dose of a compaurtisOWA 'd Yhitfable ndior aﬁa& Plegdbp ddb/ S A0 ™
lency

be adm ni ster.ed, necessary. Subse uen

of adni H'lsstsroétllq)r?t FrOWD MR RRA T sl aty ltrhﬁt iTectafl 25 t he
synpt ons, tOt&IdeAﬁtlﬁte i e Hdye fory qu C‘n@ldi tllrpfthe redtin{ &gt ned when

t he synp. ve be al | watedtoth sire evel , treatnment
shoul d ¢ ase aﬁai eenetg'1 E:c 'i; retﬁ]‘lé’en}%ﬁﬂ ks dmcludent nent on

a | ong-term but alxaesummrimmmsﬁ rtm;urcro&mm mft tlirgedne sswuptaes. 30

As the skill reC| ate, | ower or higher doses than
those recite ﬂ)v%f\,&bé equi Sred. Speci fi c dosage and treat nent

regi mens for any partidigRdcal admimdisdmatiion odepdred phaamazevdricetly of

f act . d, th
agg, ors, incky itiond RF adtilsviitnreft idie 1@%‘%‘&&0&&9%%%@%&%. e/ 18963

-Tag - 15 %d# 17%% Ereatdient feyolves Aress o&x orgeas, neiadd Lyt
accessible by topical application. For application
topically to the skin, the pharmaceutical composition
should be formulated with a suitable ointment containing
the active components suspended or dissolved in a

20 carrier. Carriers for topical administration of the
compounds of this invention include, but are not limited
to,-pineral oil, liquid petroleum, white petroleum,
propyiehe glycol, polyoxyethylene polyoxypropylene
compound, emulsifying wax and water. Alternatively, the

25 pharmaceﬁtical composition can be formulated with a
suitable lotion or cream containing the active compound
suspended or dissolved in a carrier. Suitable carriers
include, but are not limited to, mineral oil, sorbitan

~monostearate, polysorbate 60, cetyl esters wax, cetearyl

30 alcohol, 2-octyldodecanol, benzyl alcohol and water. The
pﬁarmaceutical compositions of this invention may also be
topically applied to the lower intestinal tract by rectal
suppository formulation or in a suitable enema



adm nistration, rate of excretion, drug conbination, the severity and

course of the infection, the patient's di sposition to the infection and
t he | udowRyYsn9 ﬁgt he 5 treating physician. ' P%Fh e
conpounds or their pharmaceuti cal |y - ggceptable salts are formnul ated
together with a pharmaceutically acceptable carrier, the resulting
conposi tion nay be admnistered in vivo to mammals, such 10 as man, to
inhibit serine proteases, particul-arly HCV NS3 protease or to treat or

prevent viral formetatben. Topbeallyrtransdewmal matdhdedromlstuch

~treatnment mayjnclu@b80iReriRedi syechpsd g the conpounds of this invention in
conbi nation with agents_which include, but are not 15 I|limted to:

i mrunonodul at ory agent sTh%lRTFPQQa‘E%‘%’?JJQaJ[ &amposigiigns of tfihtser f er ons;

ot her anti vi rﬁhvag'emls mfbéISadmilﬁvsﬁefbd by radBHl adiriso0tdier inhi bi t or s
of HCV NS% pr I.bi tors of .other_ tar ets |n t he HC\/Ilfe cycle

such as If%g%%lo%ol yﬂécfkés%omr?%st%}]t%bﬁ' A hAGSAAIRY t%hosone
entry; or conttnc:iauqmsstvbmkbd{noﬁheﬂe the aaddidf (mﬁtinmﬁmﬁdmy be conbi ned

with the corrpg&ﬁg§ V. reat S|nle dosage form
Al ternatively these adocfltal%&]na g%eeﬁ{}&fe%értegi LS e%a?[aut §1°§lsg dﬂn Stered to
a manmal as RFR1Q¥ing keniyl alashoje @5 othemmsuitable preserw&tomeci;l,ngl Y,

another. enbodBiplod Homot erd M bl 108 13 t‘i}éo'rrgghﬁ'dt ing

serlnethe vity in mammal s mnistering a
formia ) ?lv(qmca %1 PR, e FOHDIdIE 1ag 96 @aEDess @sove.

Preferably, taduersssilkow dicdde Ia&tHCV . NS3. In an

al ternate enbodi nent, the inv nt| rovi des_ net hod i nhi biting HCV
or HCV NS3 activityinﬂ1 &ﬁ%@%&@#@%ﬁ%&w ¥tering to
sai d \BD@&dg‘J/ZﬁJ?QJody weight per day, preferably betweenP&boU$97/ 18968

- 49 - ).or. (L1), ;wherein the
substituents are as dﬂﬁ ne(r?%ggd(rﬁk%f bo(a'yrrWe"igsn Per| gla%ogl ltg'fanat e

enbodi nehP, tHcEgafeedmindpitor compeunds nletsmdbedf hererpasiregusefuie

prot ease actij¥ &/ momdtHetapy BHR I heO PRekveh?d ohhandl EReQtnadd Bistrating to

sai d antiviral, particularly anti-HCV mediated disease.
Typically, the. pharmaceutical compositions of this
invention will be administered from about 1 to about 5
20 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
comblned w1th the carrier materials to produce a single
dosage form will vary depending upon the host treated and
25 the particular mode of administration. A typical
_preparatlon will contain from about 5% to about 95%
active compound (w/w). Preferably, such preparations
contain from about 20% to about 80% active compound.
When the compositions of this invention
30 comprise a combination of a compound of formula (I) or
~ (II) and one or more additional therapeutic or
- prophylactic agents, both the compound and the additionalj
agent should be present at dosage levels of between about
10 to 100%, and more preferably between about 10 to 80%



mammal any of the pharmaceutical conpositions and conbi nati ons

descri bed above. |f the pharnaceuti cal conposition conprises only a
conpoundwefesfihé® | nventi on as the active conponent, por/iosswispesds nay
additionally 10 conprise the step of admgnistering to said mammal an
agent selected from an i munonodul atory agent, an . antiviral agent, a
HCV protease inhibitor, or an inhibitor of other targets in the HCV
life cycle. Sucgh addi ti onal ent naéﬁﬁe adm, ni st er ed éo t he manmal
prior 15 to, ©EohkEr ARARAG RPFﬂa ?QWFB §reRelBafi RPRPFAPFBRY of

the HCV i nhi br&gimefnposition. In a preferred enbodi nent ,

h hod f ul ' Iy '
mamal |1 the phar maccltreatBnbasPRRoRAIBHRRPRE. bAF,SESbRACEBkEERRa o

this inventi onomposhtiansi o€ thapomsmention cemphlaethndsddmyiaddltionalIy
conpri se tfe §ﬁﬁﬂn8£ogu}atagg‘ggéhﬁr'”ﬁx& fiogasdo ?Baaaitﬁanagfnt sel ect ed
from an I "MMuNonND at or an an Iviral agent

pr ot ease |nhrbmmenomgﬁu&ﬂtpﬁﬁrBB?@FSOFnﬁﬁﬁéﬁrt§E§e§§erﬂOtzglﬂhéeﬂcvobrfe

cycle such asghel pcosgnapsl ymeépteroRs. ~ netallo protease. Such
addi ti onal agent may be dnrnrstere to the nggng rror g
concurrently with, AGFOFGPPSMFHgaPhé Lerparste HBRty hE Gonposrtrons
of this %ﬁagmhbéﬁtlcQQ comp051tlonbnoﬁntnhbeiﬁﬁéﬁtﬂbﬁfmayed

enbodi nent ds_are useful .for i ng.viral replication
e ol adRstigeal T HoRSARE BBertrirRirplapPRgtormreRBlgb el O
for exanpl e, antatvdirasdasgenptsuthcawdelVribafririn anteapantadineti cal
conposi tion conprises o 0 n 6 .

BT LS9/ 18968 8E¥o§d§85p9§ gnother anéggéﬁé Zﬁbodlganhighe

i nvention as pharmacputicaipepmRpsisiensnefhtbis invenhjoRdBAYi onal |y

conprise the §&@Et98naﬂmynb§h§£rag beher 1nﬁ§b§t8§§“§f ﬁ@va 98£e§séected

from an |nnunonndulatoré 8 an antiviral ag r ot ease
i nhi bi t oL oo T REEPEELRET t6; HeF BRPEREE RAL ﬁear—e\/e Bepfe.
Such addltlonaheapﬁatmaaeubecadnbampbeﬁedohs bhethﬁﬁﬂﬁhventlonrmay to,

concurrently w,th

according to efftLC na&ﬁxvg 1gﬁsgean inn8ATLESLEaLERD-Of 4L §ELgOFROSI ti on

the HCV life cycle, such as helicase, polymerase, or

metalloprotease.

20 _ Upon improvement of a patient's condition, a
maintenance dose of a compound, composition or
combination of this invention may be administered, if
neceésary. Subsequently, the dosage or frequency of
administration, or both, may be reduced, as a function of

25 ' the symptoms, to.a level at which the improved condition

| 'is retained when the symptoms have been alleviated to the .
desired levelr treatment should cease. Patients may,
however, require intermittent treatment on a long-term
basis upon any recurrence of disease symptoms.

30 As the skilled artisan will appreciate, lower
or higher doses than those recited above may be required.
Specific dosage and treatment regimens for any particular
patient will depend upon a variety of factors, including
the activity of the specific compound employed, the age,



10 The conpounds set forth herein may al so be used - as

| aboratory reagents. The conpounds of this invention may al so be used
to trea gg, ent viral contam nation of mat eri al pcpidoiiasgsef or e
reduce t of viral infection g§ Laboratory or nedi cal personnel
or patlents 15 who cone in contact with such materials. These materials

I ncl ude, but are not |limted to, biological materials, such as bl ood,
tissue, etc; surgical instrunents and arnments; Iaboratory i nstrument s
and gar nent sbogydwelighy, genegsil| bepilsh éﬁégpét uSes, afdickmt timal ef 20

I n order thabdhﬁh%s't&\é%’ibh‘?“rE%e”BEEee&é!rbflon, dHﬁQeééﬁnBQHatiBﬁ fehéovv' ng
exanpl es are set forth es are fof_ the gose of -

|IIustratlonsﬁﬂﬁfléﬁdaaﬂecoursenBF FﬁeggnéﬁﬁgﬁPBedtﬁg PRRLEPRGSt he scope of

the - invedkpesitiocanyonghie 25fectlon ¥d98hé 7§dlgment of the

PCT/ US97/ 18968 - 51 - Gener al
Nhterlal§}angrﬁ§Fﬁgg physician. A general synthetic nethodol ogy for
prepari ng conmpoun¥benf these compptinds 05 pheirdebarma&sabptally

or e speci | o iiethadakoghts' Ot ePeapall 096 A08BAURAS: enSal i S [ IVenti on.

i ncl udi ng co are provi
The HPLC datR ﬂ§p§ﬁ?§&19ﬁ11XbE§§emtabl§ carrlexprébgenesultban of sol vent

gr adi ent ; rehéﬂ%bgﬂtﬁbﬁemay be aaﬂl%ieeét&a iRy 90bzed. M@ﬁﬁél&ﬁssﬂéﬁd in
each net hod he correct [o

ol ecul 9 25 PgRs FSrIHPFb&BnﬁSEﬁH§ REPgeéﬁ?érnE@rEycﬁi?ﬁ%Y ﬁﬁ%rN§3
assi sted | asprotieagepbirononezeatpeet peaveny kraloinféébion, I) or by

Bartl o S PalRiRuIRESY ARy ¥ LML TRYRERIGHTL "Buch trtttnent Box: nesi s

of peptidyl ahdopbpt adbieneti usingpthadsonporhids of thisvinvenhiomyibe
pur chased COEHEBEthHanQQEL LBEnts which include, but are not
15 1limited to: immunomodulatory agents, such as o—-, B-, or ¥-
interferons; other antiviral agents such as ribavirin,
amantadine; other inhibitors of HCV NS3 protease;
inhibitors of other targets in the HCV life cycle such as
helicase, polymerase, metalloprotease, or internal
20 ribosome entry; or combinations thereof. These
additional agents may be combined with the compounds of
this invention to create a single dosage form.
Altefhatively these additional agents may be separately
administered to a mammal as part of a multiple dosage
25 form. -
- Accordingly, another embodiment of this
invention provides methods of inhibiting serine protease
actiVity in mammals by administering a compound of the
formula (I) or (II), wherein the substituents are as
30 defined above. Preferably, the serine brotease is HCV
NS3. | ' ’
_ In an alternate embodiment, the invention
provides methods of inhibiting HCV or HCV NS3 activity in
a mammal comprising the step of administering to said



20 instance, Sigma Chem cal Conpany or Bachem Fei nchem kal i en AG
(Switzerland). Amno acids that are not conmmercially avail able can be
made by vaposmyesy nt heti c routes ("Kinetic Resol uti onpefrigowssses al and
Rarely Cccurring Am no Acids: Enanti #8etective Hydrolysis of N 25
Acyl Am no Acids Catal yzed by Acylase I", Chenault, H K et. al., J.
Am Chem Soc. 111, 6354-6364 (1989) and references cited therein;_

"Synthesis of _[err]-[err]-Unsatur n t he.Strecker
Reaction, G eB W@?l V?JCngound O%CﬁarmﬁﬁgnlQZQonggg?QGéH f?§§4§ge"Recent
Stereoselectlsabsﬁltﬁyntbeare Appdedfiched aboBeta-ani no Acids", Cole, D

. Tetrahedron 50: 9517 (1?34£n ngxgggg1a%hgdgﬁe£¥cl$é}§8}E¥§%8anln1no

Aci ds", ‘Mauger, A.B; Vo
pCT/U397/18963rov1des methods of decrea51ng serifge protease agfivity

Bi ocheni stg'y of AMnBRmAE] éémp?@@&h@e%heaggegr et:eaaﬁimstraty\ﬁgn%esamB
editor, Marcel Dekker (1 Receént rogress i n the Synthesis and

React i ons of @EE@F;tEP¥d° hePPBéFWBFﬁB§1caé}ﬁomPPEﬁthﬁécéHGre Int. 24,
585-621 S (&8#Binaglibnsf dé@behbaaeabae@r pomt @Hehphériﬁabb!utlcal

ref erence). n conpound rngmgpg &h éﬂnay be
synt hesi zed f?8WP3ﬁ+ﬁ6°ﬂcF8§pB§sﬁF088 r@scﬂﬂpeﬁn 8 s’ inve ORR in the
art of peptidasabbdeoaganve cbmpnnehthsushnmbenods mEyaauﬁEtlohaimyh

synt hese re :al.l e l Zky "The
Practlce§6? cgﬁggégki§%§s§ﬁ?ﬁegfsgﬁhgﬁ??ﬁ§993 F Sgﬂé Qicgrnany
(1984), "The a’epntdeslec@ds§ramdamnmﬂempdeastory agmademc Press,

1979, Vols. - rt "Solid Phase
Pepti de Synth%étiVlgggoﬁ SHE "2 ﬁdepegqe%gschCEgﬁ$ég o;gﬁgny, Rockf ord,

IL (1984); Bhéltﬂécﬁﬁt°¢B9§n§é§gﬁﬁsthE thacHaYi bhfefcxXBiecul dnch

Di VE/L 3! ty", | MegitVohhl &yent, m&yDoeaBdmPaYster®iReoi fhe mamﬁamulahaeports
In | CI a

Ch tr
rcaden o 1B esto, anipepantig withy; o858p11Quing tha ARLALSFRAbLART AT o

herei n by theeHeVemnhlbltor comp051t;oﬁyp|cally, for solution phase
e bt e bea U3 pLREeEELEba20hBRathah o oL08 Aglfoha brocou ed
useful in decreasing HCV NS3 protease act1v1ty in a
mammal. If the pharmaceutical composition comprises only
20 a compound of this invention as the active component,
such methods may additionally comprise the step of
administering to said mammal an agent selected from an
immﬁhomodulatory agent, an antiviral agent, a HCV
protease inhibitor, or an inhibitor of other targets in
25 the HCV life cycle such as helicose, polymerase, Or
‘metallo protease. Such additional agent may be
administered fo the mammal priot to, concurrently with,
or fbllowing the administration of the compositions of
this invention. |
30 In an alternate preferred embodiment, these
methods are useful for inhibiting viral replication in a
mammal. Such methods are useful in treating or
preventing, for example, viral diseases, such as HCV. 1If
the pharmaceutical composition comprises only a compound



while the free carboxyl is activated by reaction with a- car bodi i m de
such as DCC, EDC, or DIC, optionally in'the presence of a catal yst such
as HOBT, wigQf7676i0SuU, or DIVAP. Gt her net hods, which pregas@d7ideough the
internediacy of 30 activated esters, acigphalides, enzyne-activated am no
aci ds and anhydri des includi ng phosphoni um reagents such as BOP, o
Py- BOP, N-carboxy-anhydrides, symetri cal anhydri des, m xed carbonic

anhydri des, carbonic- phosphi ni ¢ and car boni c- phosphori ¢ anhydri des,
are al so ofibhdg/ ipyeption as the active component, such methods

PCT/ US97/ 1896@ay additionally comprise the step 82 administefihiabbe.

After the peptide gﬁgwggen f ormed, pﬁotgctlgg grougs ngé be renoved- by
met hods descr S5 | an ageptepghecter {rep apovEmuagRAdyLapery

hydr ogenat i onaigenithe an antivdésadcegehta paHC¥dprotepkat inhibotorhodirum
catalyst, .5 _trea n it i iLa.liqui g, s bydr.ochlori c,
hydrofluor?c,aﬁy&?@%ﬁ&%ﬁg Q?o?ﬁsggnkagge%gi#gugggﬁgFﬁa%ggglggﬁh , or
trifluoroacet Suchciadditionadeegertsr paynbresdministcededi bo, thei memhglsi |yl

hal i des pagkuing BoapldecaRdy gdke. oo" 8l KBlingAphgnation of 10 the

synthetic procCess, using techniques such as those set orth above, can
~be acconpl i shedmipigsagionopiretbracpyrositigpaprapreingsteu®isati on,
i ncl udi ng but jRQeniiignt.ed to t he Advanced Chentech 357 FBS and 496

G I W e AR LU -
upon the targets ¢abpeandrywrebgbats. Thppaompbuhdst 86sehski ihedntiiohhe
oLt Mo orRadn gtk pe uptfr R PRl BESPEEEAR FRPALSoBhebREALLTBR! 11 on
Exanple 2 = of materialsCengothdrefozé fedbre theweiskpofpuirdlas
‘described in $aReRRidn of laboratory or medical personnel or patients

15 who come in contact with such materials. These materials
include, but are not limited to, biological méterials,
such as blood, tissue, etc; surgical instruments and
garments; laboratory instruments and garments; and blood
collection apparatuses and materials.

20 . In order that this invention be more fully
understood, the following examples are set forth. These
examples are for the purpose of illustration only and are
not Eofbe construed as limiting the scope of the

invention in any way.
25



WD 98/ 17679

- PCT/ US97/ 18968 54 - SCHEME 1
[err] wo 98146798/ 17679 PCT/US97/18968
PCT/ US97/ 18968 - 51 ~- 55 - Synt hesi s of
301- 306 Step A. Synthesis of 301. 4-Methyl Benzhydryl am ne resin
(1.05 mmol /g, 20.0 g) was placed in a sintered gl ass funnel and washed

wi th di met hyl f v/ v) diisopropyl et hylam ne -
(DiEn) in o %% g ezt Ibs aéquétha&bg(and)flnalls wih

di et hyl formam de (4 X 78 generslf $ynthetic metmcﬂmlcbg/j'fmxmmmleamgadded
to the resin to obtain a oIIowed 8mm|

prepared from TH:’OWQ%? %f(YhJBEutwgg{}gh?%ohil% e%d?o%’?%‘%g%e accor di ng

to AM Mirphwéte gbecifidethcddlSLes fids, ﬁé&&rfﬁ@kom ountﬂ§9<9§))
1- hydr oxybenzot r | az%%e hydrate (HOBT, H2O, 3. 22p p

O benzot ri &zol this Nipwention, ineludimg Hsompeds 11'93(%3& L@?%mmwfé

(HBTU; 8.0 g, QUPI and DIEA (11.0 nmL, 63 mmol ). The reaction

‘m xture- vé% %ﬁ?‘ﬂé{'%d ov%r ni ght .at roomtenperature using a wi st
The HPLC data reported in Tables 1-7 is

expressed in terms of solvent gradient; retention time;

and % puri'ty. Deionized water was ﬁsed in each method.

10 _ The correct (M + H)* and/or (M + Na)* molecular
ions for all compounds were obtained by either matrix-
assisted laser desorption mass spectrometry (Kratos MALDI
I) or by electro spray mass spectromity (MICROMASS Quatro
I1). '

15
‘Example 1
Numerous amino acids for use in the synthesis

of peptidyl and peptidomimetic compounds of this
invention may be purchased commercially from, for

20 instance, Sigma Chemical Company or Bachem _
Feinéheﬁikalien AG (Switzerland). Amino acids that are
not commercially available can be made by known synthetic
routes (“Kinetic Resolution of Unnatural and Rarely '
-Occurring Amino Acids: Enantioselective Hydrolysis of 'N-

25 Acyl Amino Acids Catalyzed by Acylase I”, Chenault, H.K.
et. al., J. BAm. Chem..Soc. 111, 6354-6364 (1989) and
references cited therein; “Syhthesis of B~y-Unsaturated

Amino Acids by the Strecker Reaction, Greenlee, W.J., J.
Org. Chem. 49, 2632-2634 (1984); “Recent Stereoselective
30 Synthetic Approaches to Beta-amino Acids”, Cole, D.
Tetrahedron 50: 9517 (1994); ™“The Chemistry of Cyclic
Alpha Imino'Acids”, Mauger, A.B; Volume 4 of “Chemistry




arm shaker. The resin was isolated on a sintered gl ass funnel by
suction filtration and washed with di rrgtByIfo_rmam’ de (3 X 75 rrL)th ZO(V
Unr eact e 9roups 20 were then cappe y reacting Wi 0
(v/ V) e‘%ggﬂéetuc anhydr i de/ di met hy! f orxmegg de (2 X 50 rrLfkgl rsé?ﬁ’&

the funnel (10 m n/wash). The resin was washed with di met hylforma_m de
(3 X 75 nL) and dichl oromet hane (3 X 75 m.) prior to drying overnight
in vacuo to yield 300a 25 (26.3 g, 81%vyield). ' The t-Boc
protecting graup Béechembylry fedHrmino Aekds, IHptidis)g drde Pebissioes?,
ChenTech 396 W@iﬁé-@éﬁl B. g&peéfle Iﬁ/ﬁg SHAEE J‘_by(ltd@@”fol Igygaélkghﬁprocedure

Resin 300a (0. ol )~ was swe washi ng wi t'H or onet hane
(3 X 1 n) foﬁ’lf%%%l%ylru*e%ﬁlég@m%% and Reactians off Smmtituted

PCT/ US97/ 1896181per1d1nes", Org. Prep. Procedure 1ft. 24, SBSJ%%C protecting

d t for 10 mn (wth
g[]glli?n\ém)t ol | @%%é jr:j:/ch% Cr}’f&?e%ee?&nncﬂrﬁfﬁa(tfecﬂ }%};rﬁrh b¥rhe resin was

t hen washed refemnd:e)dJ chl oromethane (3 X1 m), followed by DVF (3 X 1

5 nL t hen .10% DI EA/ f Vd 2 and finally
Wi th ?\I— met hypyr r%l | dong&%% c%%?c{ﬂn%s (qf Bor(mullae](]ﬂt (II) may p B

Synt hesi s of g&hesiged mm@MSacmr@anedxomddnasmmﬁmm ar@l wel 105

nol ) usin é:fhezrgT I nt hesi zer.
Re3|)n 301 %g&ﬁiﬁgﬂ‘ a sollduet |a# Q%Jn%d:‘g’g% .4M HOBT in N
met hypyr £81 i Fom-Res s ﬂL)ExaansI@%tqforﬁuﬁh GYAhesRS |aﬂre|\|generally set

met hyl pyrrol lm (in EBdHa)n kP IBEd L5 Ay, 1- '@MeDbEv%dt'lcel%f

N- net hypyrr ol ne nmL i he reactlo ‘was _sh for 4 hr .
room t enper atéLﬁpgz % %lr?g r SREINGR LY erlag, ﬁ@ﬁé&f‘edGerﬁ@Wey n was

t hen washed wig84), "mmdpﬂﬁdymmaiimds(ss a)ﬁdlM??a.hhoff@H , 0\wRid ;by

di chl oronet h ( o] n

Synt hesi s_of ggg emlﬁ1eé§se§/§nt hreféglhsgt 0f |f g’ﬁ& nd SGSUﬁdﬁtCorquun&nﬂas
conpl et e¥PusiVeyngn Abvanc “@@m%e Pept’i% Blyintthelseé sPe geicdadsynt hesi zer .
Resin 303 wagd4ashefr, Pierce Chemical Company, Rockford, IL (1984);

-and “Recent Advances in the Generation of Molecular
Diversity”, Moos, W.H., Green, G.D. and Pavia, M.R. in
“Annual Reports in Medicinal Chemistry, Vol. 287 pp. 315-

20 324; Bristol, J.A., ed.; Academic Press, San Diego, CA
(1993), all of which are incorporated herein by
reference.

o Typically, for solution phase synthesis of
peptides, the a-amine of the amino acid to be coupled is

25 protected by a urethane such as Boc, -Cbz, Fmoc or Alloc

while the ffee carboxyl is activated by reaction with a
carbodiimide such as DCC, EDC, or DIC, optionally in the
presence of a catalyst such as HOBT, HOAt, HOSu, or DMAP.
Other methods, which proceed through the intermediacy of

30 activated esters, acid halides, enzyme-activated amino
acids and anhidrides including phosphonium reagents such
as BOP, Py-BOP, N-carboxy-anhydrides, symmetrical
anhydrides, mixed carbonic anhydrides, carbonic-~
phosphinic and carbonic-phosphoric anhydrides, are also



wi th dichloronethane (3 X 1 nL) followed by cleavage of 25 the t-Boc
protecting group with 50% (v/v) TFA/ di chl oronmet hane (1.0 nmL) for 10

mn (w twossakémo) foll owed by fresh reagent (1 nl) g@SFuSIngdes. The
resin was then washed with di chl orenmgBhane (3 X 1 m), followed

by DMF (3 X 1 nL), then 10% Dl EA/ di net hyl formam de (v/v) 30 (2 X1 nL),
and finally with N-nethypyrrolidone (3 X1 m) to yeild resin 304.

This resin was the% acyl th 3 sg utLon of 0. 4M Fnoc- Val i ne and
0. 4M HOBT in %%Fr GPFdBﬁ‘B‘:& e5hag) begns Spamegn BFOBEEMLABTU i n
N- WD 38bh§%7ﬂay be removed by methods described in P&E US97/18968
- 57 - r n and splution of ,1. 6M DI in
N- et hypyrrol i g gﬁgg%6g§5&%%§g§n§b§gg’rgggplSﬁ %K Rgﬁgggﬁnaglonf&p Egér at
room t enper at presenke odupl pPargledivm, opladsnun orr ehedtien. cikhelgstonat ed

cycles COQ?'SEEQaQﬁenel%lﬂh séﬁlgﬁih? ﬁ@?ﬂl&ﬁ%ﬂmghggthﬁbd EQEEBQQC(B X1

m); (2) deprotection w prperidine’in
d|nethylfornaﬁY§€°FiuﬁE}cfoFYQrﬁbﬁoméP}oﬁEdmbyrfresh reagent (1 nl)

for 10 mn. ﬁﬁifiub@éh@tﬂ@ﬁésﬂ&fbnlc, 09'E§5?¥hFQBHBQEQ £3i4 1 m) and

N—nethypyrrolldon rior to cou scrlbed above.

Fnoc- Val i ne ﬁﬂérﬁyPﬁipﬁﬁlzgtg?gbﬁ9lFEnacFﬁlmﬁF %%HbYédhﬁhl@ﬁBs
manner . inSledibg EWamhdelandf18&ﬁdePerralHaEi?aVﬁﬂ€om&H§oﬁe§En 15

h h / h h dried
' vacuo temetie aRofhERLe BPRLORET FEHRS "Cechiiahas  Foey erehbRen SaFin
ei t her 95@6TFﬁ¢r5h6&peve]chn/be accomplbshnéd Boruséd dfncamméﬁemhlly
tenperature évQ%lagafét fﬁﬁfrmnent?ﬂ:.{ teiﬁ Q{Ré“é\\ﬁ‘? xg&v{éhﬁ "“ &N Ha

9:1:1 (v:v:v) room ure Oresin
with cl eavage P%a@@ﬁ?n€§dnﬁbemtﬁ@hc%%% ﬁﬂdtﬂ%ﬁdﬁoﬁerﬁecan dlluted with,

wat er and Iyom«bmbued t@n@bﬂppnlsauﬂfo%&&ﬁs 433Aaaﬁ{‘5&'1% r. The
conmpound HPLC with ters | taPak 300

urifi
A C18 coﬂgﬁn % §+?1a5%§10§%f5gz%Bot%%ieém%¥b wWirRg BheiRear
acetonitrile ngﬂvehents, depenhding ngodn 1hd Ffatyét ) comssurd®, vdlat b0

m./mn. - apparent to those skilled in the art. Modifications of
chemical processes and choice of instrumentation is
within the skill of the ordinary practitioner.
20

, Example 2
Compounds 1-26 (Table 1) were prepared as

T

described in scheme 1.



Fractions containing the desired product were pool ed and

to provide 306. 30
Conpoun@godgnrde (Table 1) were prepared as

| yophi | i zed
Exanpl e 3 .
descri b?&rlu§9ﬁﬁb&rm 2.

WO 98/ 17679 - 54 -
PCTI US97/ 18968 _ - 58 -
SCHEME 1
H
X L mﬁ)gi
J(o NJ:,[ + NHz 1. HBIU, HOBt NH o
.iH N DIEA, DMF o*
o N 2. 25% TFA/DCM N
3. 10% DIEADMF - H..
o.H 0
300 301
. OCHeZ
CO.M HBtU, HOBt o
301 + ﬂ\oi 4 Z T
D DIEA, DMF O oty AH
O-cH,-2 NenH
302 303 o*n
Ec
o]
0+CHxZ
o) 1. Fmoc-Val, Hﬁ}}é
1, 25% TFA/DEM IrH 2. Z:%B::'lg}g:n%
o
2. 10% DIEA/DMF H N-NH 3. Fmoc-Val, HBTU
. A HOBt, DIEA,NMP
N 0 u—\ - 4, 25% pip/DMF
¥ HOB!,DIEA,NMP
o
: o-CHzZ .
_ . _ O-CHzZ
Prz-Val-Val M 95% TFA/5% M20 Prz-Val-Vah 9
o /(rH or ' /q,H
_ o
] N L THF/H,COMNHC NX
© 306

. ok, -
308 y Yz:srn-iiib



Terr] z
WD 98/ 17679

PCT/ USO7{ I8 - 59 - A.
Synt hesé&gﬁﬁgﬁf See Step A, Schene 1 matgg)d.ol ogy. P‘é?’é’S”?.ﬁ%mt hesi s

of 308. Resin 301 (6.0 g, 0.65.mmol /g, 3.9 mmol) was swelled in a
sintered gl ass funnel by washing wwth 5 dichloronethane (3 X 50 nL). The
Boc protecting group was then cl eaved with 50% (v/v)

TFA/ di chl or one3yrtizes 9 o )305r309 nin (intermittent stirring) and then

for 30 mn wtStépesh revmtmsiS0of 301 ). 4mtmgbisemw1sydnyhamm¢1ed wi th

di chl' or onet hane X Iforna de (2, X 50 pi

DI EAY di net hyl f%?é“?a‘?n 832 \'5;1/‘6'5‘ J(égrlowfégs%’ ‘ign%fm*/ sfhterad”

N-met hyl pyrr ol 4 gode f@nﬁ%ﬁoam)waslféd G\Xuth dirﬁéfﬁ;ffﬁféhﬁ'&ni@@ [#sxméo0 a 100
L flask, N—nethypyrrolldone was addéd to obtain a slurry foll owed by .

307 (2.83 § W miY, (v/v) HEBSepYoRYlebhylamgine m®IBA) HBTU (3.03 g, 8.0
nmol ) and DI { 1 I e was agitated
over)nl ght at E'ra%o %yl% ”pergélu??u%lz\gghg‘{wiﬁg g%%% The resin

wor k-up and  dimetiy o mhdn OHYE4 VX V)5 ank) | ¢ subFieigtet i n

di net hyl f or mam de were perfornmed as described for 301 to yiel'd 308
(6.86 g, cuuﬂnq¥%E¢Q¥;f°rm§m%9%bwas added to the resin to obtain a

slurry followed by 300 (8.0 g, 20.8 mmol, prepared from

10 (25) 2~ (t—Butyloxycarbonylamlno)—butyraldehyde according
to A.M., Murphy et. al. J. Am. Chem. Soc., 114, 3156-3157

(1992)), l-hydroxybenzotriazole hydrate (HOBT-H20; 3.22
g, 21.0 mmol), O—benzotriazolé-N,N,N,N’-
tetramethyluronium hexafluorophosphate (HBTU; 8.0 g, 21.0
.15 mmol), and DIEA (11.0 mL; 63 mmol). The reaction mixture
was agitated overnight at room temperatore using a wrist
arm shaker. The resin was isolated on a sintered glass
funnel by suction filtration and washed with
dimethylformamide (3 X 75 mL). Unreacted amine groups
"20 wefe-then capped by reacting the resin with 20% (v/v)
acetic anhydride/dimethylformamide (2 X 50 mL) directly
in the funnel (10 min/wash). The resin was washed with
:'dimethylformapide {3 X 75 mL) and dichloromethane (3 X 75
_ nl) prior to drying overnight in vacuo to yield 300a
25 (26.3 g, 81% yield). | |
The t~Boc protecting group was removed from
resin 300a using the Advanced ChemTech 396 Multiple
Peptide synthesizer by the following procedure. Resin
300a (0.05 mmol) was swelled by washing with _
30 dichloromethane (3 X 1 mL) followed by cleavage of the f—



20 Step C Synthesis of 309. This conpound was prepared fromresin
308 (0.15 mmol ) using a Tecan Conbi Tec synt hesi zer. Resin 308 (0.076

nmol ) was. wash with dinmethylformamde (3 X 2 nL), W th
25% (v/ v)”(b?szlgg'ﬁdi ne in di nethyl for mani de (2.5 n) for %nﬁﬁlrs?‘gl | owed
by fresh reagent (2 nL) for 20 mn . The 25 resin was washed with
dimethyl formam de (3 X 2.5 nlL) and N nmet hypyrrolidone (3 X 2.5 nlL)

prior to acylation with a solution . 0, 4M Fmme- Val ine and Q. 4M
in N met hypyr rRR¢ dFrt ?@tngzqngroup Wlat%gqﬁ'@rzwaf %ﬂaﬁ%‘%@ e chiar
N-met hyl pyrrol dij e:? P. §of’1-])05iﬂhgﬁ.a(w1th SHAMIR) Ho1hWddDISA firesh
N-met hypyrrolidone (0.6 nL) and the 30 reaction was shaken for 8 hr at

room t enper at ureagedhe(koupl i far 30 miguct iThe wesine pas etélenl'ﬁélsdkﬁﬂr otection

and coupling proceduyr refe d add | resi due
and to add theé"™ 23 #*%é]roﬁ;?%\,@? Pfg ELO |cc¥gjcl| gﬁrezigﬁ)gpu;b hejqﬁcesll n was
then —— washaghyj tinéh m@rmmﬁr@m&ﬁmde t@/xi)el @ nesi mI3gg.

WD 98/ 17679 PCT/ US97/.18968

- 60 - a:sﬂeﬁl@ally ayiith bime thymrolidene o X F0lladabi@ld - 1

pyri di ne/ di chl tggfe (v/v) (1 nL), 0.8Mdinethylam nopyridine in
dIfTEtthOI’WB.PédQﬂ? and a solution of 0.2M Z-COO in 5

di chl oronet hane (1.5 nl) and the reaction was shaken for 8 hr at room
t enper at ur e. The acyl ation reacti on was repeat ed. The resin s

washed with diStemrBret Syrthesds ofF 343, ThisyGRRRAANh MASRIEREF
L), dichher onpthignee$Sn X8@1 5(0705 sl ) usi‘nq\adﬂ WdMddteld ChemTech 396

Synthesi s of 3981 Tipre creRtide cmbRs iRy el SO RERATTH 1
di chl or onet hangi fiet agelut BoX df nQ. H0dBAemdird e HOBT rirvatuo. The

al dehyde was cIe ved fro P&lg tr agcgﬁig o]rgo d.h HBTUl

t et rahydrofurafﬁ? H'% &Fl c'acl )N I% ) EM I\%

hr at room tenpetwl@:errmix@mne\/a's%%g‘&hean%sﬁ rfolutign chlleaﬁ% a’dbnt

1), th gﬁd%ggﬁi &5n | tohp At mlmﬂlzed'
'Eo ob% ain cru 311 ﬁy}?é\%te éﬁl)\ﬁw 3 Mpdan%htﬂé rjﬁeL!lnLd l\?ians J)L%’J fied by
The coup c

seni - prep RP- HRX 4iRR %tvﬁ?@Pstemperature ion was
repeated. The resin was then washed with

dimethylformamide (3 X 1 ml), followed by dichloromethane
(3 X 1 mL) to yield resin 303.

ing re

20 _
Step C . Synthesis of 305. The synthesis of the resin-
bouna compound was completed using an Advanced ChemTech
396 Multiple Peptide synthesizer. Resin 303 was washed
_ with dichloromethane (3 X 1 mL) followed by cleavage of’
25 the t-Boc protecting group with 50% (v/v)
TFA/dichloromethane (1.0 mL) for 10 min (with shaking)
followed by fresh reagent (1 mL) for 30 min. The resin
' was then washed with dichloromethane (3 X 1 ml), followed
by DMF (3 X 1 mL), then 10% DIEA/dimethylformamide (v/v)
30 (2 X 1 mL), and finally with N-methypyrrolidone (3 X 1
mL) to yeild resin 304. This resin was then acylated
with a solution of 0.4M Fmoc-Valine and 0.4M HOBT in N-
methypyrrolidone (0.5 mL), a solution of 0.4M HBTU in N~-



20 DeltaPak 300 A C18 colum (15-[err], 30 X 300 nm) eluting wth a
linear acetonitrile gradient containing 0.1% TFA (v/v) over 45 mn at

20 L/ m o Jghd€ll ons contai ning the desired product ver e PODUSeY/18968 and
| yophilized to provide 311. 25 - 57 - Exanpl e 4
Conmpounds 30-56 (Table 1) were prepared as described in schene 3.
WD 98/ 17679

PCT/ US97/ 18968 L = 8 - . .
methylpyrrolidone (0.5 and a solution of 1.6M DIEA in

N-methypyrrolidone (0.35 mL) and the reaction was shaken
for 4 hr at room temperature. The coupling reaction was
repeated. The automated cycles consisted of: (1) a

5 resin wash with dimethylformamide (3 X l'mL); (2)
deprotection with 25% (v/v) piperidine in
dimethylformamide (1 mL) for 3 min followed by fresh
reagent (1 mL) for 10 min.; (3) a resin wash with
dimethylformamide (3 X 1 mL) and N-methypyrrolidone (3 X

10 1 mL) prior to coupling as described above. Fmoc-Valine
and Pyrazine-2-carboxylic acid were coupled in this

manner.

Step D. Synthesis of 306. Prior to cleavage, the resin

15 was washed with 1:1 dichloromethane/methancl (3 X 1 mL)
and then dried in vacuo. The aldehyde was cleaved from
the resin by treatment with either 95% TFA/ 5% H20 (v/v,
1.5 mL) for 30 min at room temperature or by treatment
with tetrahydrofuran/30% formalin/1N HCl 9:1:1 (viv:v)

20 for 1 hr at room temperature. After washing the resin
with cleavage reagent (1 mL), the combined filtrates were
diluted with water and lyophilized to obtain crude 306 as
a white powder. The compound was purified by semi-prep
RP-HPLC with a Waters DeltaPak 300 A C18 column (15 p, 30

25 X 300 mm) eluting with a linear acetonitrile gradient

" containing 0.1% TFA (v/v) over 45 min at 20 mL/min.
Fractions containing the desired product were pooled and
lyophilized to provide 306.

30 Example 3

Compounds 27-29 (Table 1) were prepared as

described in scheme 2.
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Synt hesiwwod%kn%34 -
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Synt hesis of 312.
nmol ) using a Tecan Conbi Tec

toluene (3 X 2.5 10 nlL) and then suspended in toluene (1.0 n).
: added either a solution of %E? [err]-isocyanate in
toluene (1.0 nmL) followed by 0.8M DI EA~I ol uene (1.0

)(Oiu’('{:n " N:.-l'z--

was

See Step A, Schene 1
Synthesis of 308. See Step B, Schenme 2 g¢ _ met hodol ogy.
Thi s conpound was prepared

synt hesi zer.

1. HBIU, HOBt

met hodol ogy.

Step A
p B.
PCT/US97/§§I§% C
fromresin 308 (0.15

Resin 308 was washed wi th
To this

- 62 -

e

N-NH

DIEA, DMF ‘L
oy~ 2, 25% TRA/ N
» DcM 4
q 3. 10% DIEADMF h
300 OpH 01 o
o N HBtU, HOBt, C& OH
'°2H : OTN
DIEA, NMP - .
K‘Z ] : OO N H
H : N-NH

301 + %‘c
307

1. Fmoe-Val, HBTU

. };oBt.DIE'IG.NMP OH
. 25% pip/DMF
PipD Prz-Val-Val- N
3. Fmoc-Val, HBTU : ( H
HOBY,DIEA,NMP o H .
5. Prz-OH, HBTU iy
HOBL,DIEA NMP o H'A.
: 309
o.{’
95% TFA/5% H20D
Prz-Val-Val- N? o —
o ”,(",H THFH,COMNHC

310

o _
308 é u’tqo—n..

Z-coc)
'DIEA, DMAP
DCM

“®
o]

L d
Prz-Val-Val-h’l?
fo) N/QH -



) or a solution of 0.8MR3 [err]-carboxylic acid with 0.8M  DIEAin
toluene (1.0 nL) foll owed by 0.8M 15 di phenyl phosphoryl azi de i n tol uene
(1.0 nlL)wod8e7679 reacti on was shaken for -8 hr at 55[enﬂé@m§hﬁ&“35|n wa;

t hen

washed with toluene (3 X 2.5 aggand di net hyl formam de (4

2.5 m) to yield resin 312. 20 Step D. Synthesis of 313. See Step D,
Schene 2 nethodology Step E. Synthesis of 314. See Step E,

Schene 2

Exanpl e 5

net odoI g
ConpoundSteR- 29 Fg f}sméﬁe394epa§§@ $§ep A, (Sshemped methotonooy .-
WO 98/ 17679

PCT/USQ?é%égGg
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15
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25

30

_ 63 SOUEME 4
. . Synthesis of 308. Resin 301 (6 O g, 0.65 mmol/g, 3

mmol) was sweélled in a sintered glass funnel by washing with
dichloromethane (3 X 50 mL). The Boc protecting group was then
cleaved with 50% (v/v) TFA/dichloromethane (50 mL) for 10 fin
(intermittent stirring) and then for 30 min with fresh reagent (50
ml). The resin was then washed with dichloromethane (3 X 50 ml),
dimethylformamide (2 X 50 mL), 10% DIEA/dimethylformamide (v/v) (2
X 50 mL), and finally N-methylpyrrolidone (3 X 50 mL)-. After
transferring the resin to a 100 mL flask, N-methypyrrolidone was
added to obtain a slurry followed by 307 (2.83 g, 8.0 mmol),
HOBT-H20 (1.22 g, 8.0 mmol), HBTU (3.03 g, 8.0 mmol) and DIEA (4.2
mL, 24 mmol). The reaction mixture was agitated overnight at room
temperature using a wrist arm shaker. The resin work-up and
capping with 20% (v/v) acetic anhydride in dlmethylformamlde were
performed as described for 301 to yield 308 (6.86 g, quantitative
yield).

Step C. Synthesis of 309. This compound was prepared from resin
308 (0.15 mmol) using a Tecan CombiTec synthesizer. Resin 308
(0.076 mmol) was washed with dimethylformamide (3 X 2 mL),
deprotected'with 25% (v/v) piperidine in dimethylformamide (2.5
mL) for 5 min followed by fresh reagent (2 mlL) for 20 min . The
resin Was.washed with dimethylformamide (3 X 2.5 mL) and N-
methypyrrolidone (3 X 2.5 mL) prior to acylation with a solution
of 0.4M Fmoc-Valine and 0.4M HOBT in N-methypyrrolidone (0.8 mL),
a solution of 0.4M HBTU in N-methylpyrrolidone (0.8 mlL) and a
solution of 1.6M DIEA in N-methypyrrolidone (0.6 mL) and the
reaction was shaken for 8 hr at room temperature. The coupling
reaction was repeated The deprotection and coupling procedures
were repeated to add the second Valine residue and to add the
final pyrazine-2-carboxylic acid residue. The resin was then
washed with dichloromethane (3 X 2.5 ml) to yield resin 309.
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- 64 - Step A. Synthesis of 301. See Step A, Schene 1
met hodol Step B. Synthesis of 316. This conqgﬂﬂgﬂﬁﬁgmgrepared
5 from rg'g)lygrﬁmgﬁ‘l’ (0.05 mol ) using an Advgqnced Chenifech 396 Mil tiple
Pepti de synthesizer. Resin 301 was acyl ated with a solution of 0.4M
315 and 0.4M HOBT in N met hypyrrolidone (0.5 nmL), a solution of 0.4M
HBTU in N met hyl pyrrolidone (0.5 nL) and a solution of 1.6M DI EA in
10 N-methypyrrolidone (0.35 nL) and the reaction was shaken for 4 hr
at room tur I reagges i r The resin
nE J1] T e 1R ¥A%00 was' REAKEY.: 1The res
was then wa gg W t %ﬁ’nt f%ﬁ)hylfornﬁm 13 n1a)s followed by

di chl or oRyEH&l@e/ dichlprrmetiane Tiyd VBodlpF“é{Seclol Y &F@Gﬁ%@-@-ﬁ@ﬁyé'll@&%d
15 wi th i30%;me/thly 1 FoMdingHeor @Tet &ane @hd0 amsblhctrlohoom 0.2M zZ-goch in

t ng, .and th f 30 th h T
e e e el aed The 22385 Lon vae) SHakedl ror B RECEh
é 2 X % Pfﬁaslo)n tb,gcfberaturlal EA/ ditvee talyyt lltamrlmn‘u:réec(t\i/on) wﬁ’é Xei:e?ﬁle‘d) (ga')lzel ;
i met or mam de | 0 ane
) tOny &3 18 Whshet &1?5) 81%% rﬁ?‘%&é’ e f(33%7% ﬁigen 316 was
acyl at ed thtelthylfomastdﬁl(@nXOTZ 6. MA)Z C@Z:ng)m‘@n@thﬁanCBfB Kn2NS 25), and
MERA AR <hCEER UL 5&”1%1)11 B ggt%%n%f/m%tﬁ%(hg@gy % .5 mL) to yield

met hyI pyrro e ( ution of _
N- et bypyresdn ddde (0. 35 nl) and the reaction was shaken - for 4 hr at
roomtenperature. The coupling reaction was repeated. The resin was

t hen vvashed wi_t h 30 di net hyIf mde. (3 X1 ) to yield resi,n 317a.
Step G StgpnBosBynihesi iy of Jda nTHiGRLS SLpRIEOR) The FesitovER - coo
in di met washesamatitde 101 dikchdrdohetMane /mebhAociln (¥ Kethphyr aok ¢hee (@i

m) for %Lpamﬁﬁunooq%e aldehyde was cleaved from the resin by treatment

15 with tetrahydrofuran/formalin/acetic acid/1N HCl 5:1:1:0.1
(viv:v:v) for 1 hr at room temperature. After washing the resin
with cleavage reagent (1 mL), the combined filtrates were diluted
with water and lyophilized to obtain crude 311 as a white powder.

. The compound was purified by semi-prep RP-HPLC with a Waters

20 DeltaPak 300 A C18 column (15 p, 30 X 300 mm) eluting with a
‘linear acetonitrile gradient containing 0.1% TFA (v/v) over 45 min
at 20 mL[@in. Fractions containing the desired product were pooled

and lyophilized to provide 311.

25 . : : Example 4
' ) Compounds 30-56 (Table 1) were prepared as described in

scheme .3.
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- 65 - - tenperature. The acylation step was repeated. The resin

was washegyowgriyesh met hyl formamde (3 X 2.5 nL)to yield Pcm,gwmgggb

5 Step C Synt hesi s of 317c. Resi n_31451 was reacted with

Z-sul fonyl chloride in dichloronmethane (0.5 nL) and IM pyri di ne [ n

di chl oronet hane (0.60 nL) for 4 hr at room t enperature The reaction
was repeated. The resin was washed with dichloronmethane (3 X 1.0 nl),
and then 10. dinmethylformamde (3 X 1.0 nL)to yield resin 317c.

Step C Synt hesi s of 317d. Resin 316 was reacted with 0. 5M
Z-isocyanate in dinethylformam de (1l.sguxglgsfor 8 hr - at room
tenperature The reaction was repeated. The 15 resin was_.washed with
di et hyl f orymag (3X10rrL yield resin 317df 3' Step C.

Synt hesi s Resi 1\ s re th NH, Z-CHO in
i rrgi Wl 2 L) l-é preg Hﬁb of acetl id (0.1 nm) and
t

sodi um cyanobor olgkdr i de (200 room ure. The
reaction was ~ rikpgayed.  The reS| %?@ﬁﬁed with dir i hde (3
x 1.0 nL) toyield re §zil|7e 25 tep Synt hesis of 31

synt hesi s of e resin- bound conpound was conpl et edwltim ng° an vanced
ChenTech 396 Multiple Peptide synthesizer. The auto ed cycl es
described in Step C, Schene 1, were used to add Fnoc- Val i ne, followed

by anot her Fnoc-Valine, and finall y 30 pyrazin - carboxylic acid.
Step E. Synt hesi s of 319 See Step E, Schene odol ogy.

c°e“ HBtU, Hoel,
“DIEA, NMP ° o H/Q,I
NH
308 “%Nn Reein

di met hyl f or ma

-H .
0-(0 _ 1. Fmog-Val, HBTU
. NGO Tolss"G HOBY,DIEA,NMP
| - nﬂ? 2.25% pp/DMF
- g 4 : 3. Fmoc-Val, HBTU
R? - CO2H/DPPA N X NH 4. Q‘%";;?)SQ? NP
DIEA/ToVS5°C. 5. Prz-OH, HBTU
HOB, DIEA,NMP
g T
R2 ’ . .
N-H ‘ﬁ-H
0-( o=
»
Prz-Val-Val- /(J 85% TFA%6% H20 Prz-Val-vat- ﬁ? '
. or . : o LH
N NH THE/H,COMNHE! N Y
: 314

Dﬂ@
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- 66 - Exanpl e 6 _ ~ Conpounds
31,100 Wi 2 ([abics 3 and &) vere prepared GonfiRgfidbed I
PCT/ US97/ 18968 - 67 -
SCHEME 5 .
Step A. Synthesis of 301. See Step A, Scheme 1
methodology.
Step B. Synthesis of 308, See Step B, Scheme 2
5 methodology.
Step C. Synthesis of 312. This compound was prepared
from resin 308 (0.15 mmol) ﬁsing a Tecan CombiTec
synthesizer. Resin 308 was washed with toluene (3 X 2.5
10 mlL) and then suspended in toluene (1.0 mL). To this was
added eithef a solution of 0.8M R3 d-isocyanate in
toluene (1.0 mL) followed by 0.8M DIEA in toluene (1.0
mL) or a solution of 0.8M R3 6~carboxylic acid with 0.8M
DIEA in toluene (1.0 mL) followed by 0.8M
15 diphenylphosphorylazide in toluene (1.0 mL). The
reaction was shaken for 8 hr at 55°C. The resin was then
washed with toluene (3 X 2.5 ml) and dimethylformamide (4
X 2.5 mL) to yield resin 312.
20 Step D. Synthesis of 313. See Step D, Scheme 2
methodology.
Step-E:‘ Synthesis of 314. See Step E, Scheme 2
methodology. ' :
25 '

Example 5
Compounds 57-70 (Table 1) were prepared as

described in scheme 4.
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PCT/ US97/ 18968 - 68 - Step A

Synt hesiwodgnsé¥. See Step A, Schene 1 met hodol 0gy. peruseo1$968P B-
Synt hesi s of 320. The synthesis of theé3esin- 5 bound conpound was
acconpl i shed usi ng an Advanced Chenifech 396 Multiple Peptide

synt hesi zer starting with resin 165 (0.05 mmol ). The automated cycl es
described in Step C, Schene 1, were used to add Fnoc-Alerr], followed
by Frnoc-valine and finally a term nal Fnoc-am no acid. The 10 Froc

group was renmoved as previously described with 25%
pi peri di ne/ di net hyl f or mam de. (Vv: V) tosc}gliagégl resin 166.

ke | NHE{(”
o™ +  NHg 1. HBWU, HoBt “NH
NIH DIEA, DMF O,Lu
&) ‘Q 2. 26% TFA/DCM ’Q’u
3. 10% DIEADMF —(Resin
_ OzH o

: § goH 1. Hew, HoBt CQ
301 + %o D DIEA, DMF
O 2. 25% TFADCM ,:5
HN<¢~ - 3 1o% DIEADMF NH
: -fy

<
"~ e
Z-COH/HBIU/HOBY HN-Y-2 1. Fmo-Val, HBTU
or . 4 0
Z-COCYDIEA/DMF Cr ? | 2.25%pipOMF
- - | 3. Fmoc+Val, HBTU
or - ' NH HOBt.DIEANMP
2-S0,CYPyIICM . : P4 Esu’fg,[l”,f,g‘.fu
?I;z)zNCOIDMF 317 Q'_ FOBLDIEANME
fi-e .
of ] N- Resin
Z-CHO/ NaGNBHa/DMF/HOAc
HN-Y-2 HN-Y-Z
Pre-VakVak ,9 swTFAG%HZO
N no THEH,COMNHC! o /q"" |
: N-NH z H o
' 31

31:*H’D‘_H;



Step C Synthesis of 321a. Resin 320 was acylated with a solution
of 0.4M T-CO2H and 0.4M HOBT in N- 15 nethypyrrolidone (0.5 nL), a

sol uti AM HBTU in N met hyl pyrrol i done (0.5 solution
cof 1. GBPB%E'A% N- et hypyrrolidone £§.35 nL) and tﬁ@rr ea%?q on was

shaken . for 4 hr at room tenperature. The coupling reaction was
repeated. The resin was then washed with 20 dlnethylfornan1de (3 X1nm),

di chl oronet hane (3 X 1.0 m.), and 1:1 dichl oronet hane/ net hanol (v/v)
(3 X1 ) tstep A.yi 8ydthesis 8£1301. See Step K, Sciggméhksis of 321b.
Resin 320 25 with 0.5MT-COO in dinethylformam de (1 nL) and
1.6M %§$h%§§§¥hypyrrolldone (0.35 nmL) for 2 hr at room
tenperature. The acylation step was repeated. The resin was t hen

washed with gdegpt Byl f gyAeALEEs(8£X316M ) This coflh @ﬂﬁ "edE PEFafeg X 1.0
m), and 1:1 30 di chl oronet han /nethgnol évéé% ég nL& ¥I6|d resin
320b S TRpmyresin an KBsPS BROSprBSiNG ek AduseredsChentien 496 h

1. OM T-sul f omyl tepler Pdptidedsohthesieebanerédih Bo) wasl acylatedO 98/ 17679
PCT/ US97/ 18968 1M pyridine in

dlCh|OFOﬁEthgﬁEh(6 581HE}0F09f4 Rr4gt3}8oﬁPd 0. 4$9%%% a}%r%‘The reaction
was repeat edmethgpyesohidese (0.5thbh, wazhsdlutitn dpfred M fBBTE N oeNt 3 X

élghrzzonethane%%g ﬁgggﬁ&?@gs Q§8§X$&p Q%%) aggl&t%%P of 1 GM DI%%

Step C. 10 Serm@§h§err921done sfh BDD apd tb%cf%%FWﬂQm was sha%mm

T-isocyanat efhp d'ﬂEtE£|EQéﬁaﬂbﬂﬁeééthEL) f@ﬁe8c$ﬁpﬂ£h aéeéeeﬂbﬁewagrature
The reaction was re eated The £S§'Qa§€ed w1€hmas ed with

di net hyl f or ThFPEBLES- XTheoresin was t
dlmEthylformamlde (3 X 1 ml), followed by dichloromethane

(3 X 1 mL). The Boc protecting group was then cleaved

- 15 with 50% (v/v) TFA/dichloromethane (1.0 mL) for 10 min
with vortexing and then for 30 min with fresh reagent
(1.0 ml). The resin was then washed with dichloromethane
(3 X 1.0 ml), dimethylformamide (2 X 1.0 mL), 10%
'DIEA/dimethylformamide (v/v) (2 X 1.0 mL),

20 dimethylformamide (3 X 1.0 ml), and finally

dichloromethane (3 X 1.0 mL) to yield 316.

Step#c.~~ Synthesis of 317a. Resin 316 was acylated with
a solution of 0.4M Z-CO2H and 0.4M HOBT in N-

25 methypyrrolidone (0.5 mL), a solution of 0.4M HBTU in N-
ﬁethylpyrrolidone (0.5 mL) and a solution of 1.6M DIEA in
N-methypyrrolidone (0.35 mL) and the reaction was shaken
for 4 hr at room temperature. The coupling reaction was
repeated. The resin was then washed with

30 dimethylformamide (3 X 1 ml) to yield resin 317a.

Step C. Synthesis of 317b. Resin 316 was acylated
with 0.5M Z-COCl in dimethylformamide (1 mL) and 1.6M
DIEA in N-methypyrrolidone (0.35 mL) for 2 hr at room



m ), dichloronethane (3 X 1.'0 m), and 1:1 di chl or onet hane/ met hanol
(viv) (3 X1.0n) to yield resin 321d. 15 Step D. Synthesis of
322. Th de was cl eaved from- the resin and glo Esot ect ed
by treatrg;gn %l\i\n%th 95% "TFA/ 5% H20 (W vws L 5 L) for 4gé#nb§9gft%9r oom

t'enper at ure. - After washing the resin with fresh cl eavage reagent (1 20
m.), the conbined filtrates were added to cold 1:1 et her: pentane (12
m.) and the resulting precipitate was i sol ated by centrifugation and

decant ati on. tEmperatuzs.yl tThey gaylatiomss b Ry atenea il adheomasin e/ 90%

H20/ 0. 1% TFA I pophi4 'éﬂﬂr U e C ; ite
powder . The“((:%érrpvg%gnh Wg"él%grﬁaiﬂéd byifsbem'- de grjgg %I—%ﬁé%ﬁ%%&]m&ters

Del t aPak 300 T8 FpiRwm (15 [err], 30 X 300 nmm eluting with a linear
acetonitrile gradi ent containing 0.1% TFA (v/v) over 45 mn at 20

m./ mn. Ffactjons contajni t.he |red prqduct re 30 ool ed. an,
| yophi | i z dtéﬂzeﬁ?cﬁ% de%sz.s odfe%1 c. ciles:.n vgalse was %ﬁ:ﬂ éfu%:h
Conpounds 143-.X87 Z-kaill forfi)l vehleoxirdep aire di ch 1 oromtetraridietd J 51 sohered 6.
\IQIC)T/Q?J/Sé;/GZ%gégI pyridine in dichloz:omfd:l}ane (0.60 mL) for 4 hr at O9VE 6
temperature The reaction was repeated. The resin was
washed with dichloromethane (3 X 1.0 mL), and then

10. dimethylformamide (3 X 1.0 mL)to yield resin 317c.

Step C. 'Synthesis of 317d. Resin 316 was reacted with .
0.5M Z-isocyana{:e in dimethylformamide (1.2 mL) for 8 hr
at room temperature The reaction was repeated. The

15 resin was washed with dimethylformamide (3 X 1.0 mL)to
yield resin 317d. :

Step C. Synthesis of 317e. Resin 316 was reacted with
0.5M Z-CHO in dimethylformamide (1.2 mL) in the presence
20 of acetic acid (0.1 mL) and sodium cyanoborohydride (200
mg) for 4 hr at room temperature. The reaction was
repeated. The resin was washed with dimethylformamide (3
x 1.0 mL) to yield resin 317e. '

25 Step D. Synthesis of 318. The synthesis of the resin-
bound compound was completed using an Advanced ChemTech
396 Multiple Peptide synthesizer. The automated cycles
described in Step C, Scheme 1, were used to add Fmoc-
Valine, followed by another Fmoc-Valine, and finally

30 pyrazine-2-carboxylic acid. '

Step E. Synthesis of 319. See Step E, Scheme 2
nethodeology.
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PCT/ US97/ 18968 _ | - 71 - . Step A

Synt hesi g _of . See Step A, Schene 1 nmet hodol ogy. tep B

Synt hesi@ooﬁmg%é. Thi s conmpound was pr epaéid_ 5 from resiPr?TgbngE@.ﬁéo ol )
usi ng an Applied Biosystens Model 43 Pepti de synt hesi zer.

N err] - Fnoc- protected am no aci ds were added sequentially to resin 301
W th standard coupling cycles using HBTU with HOBt as coupling agents
in"N-net hyl pyrrolidinone to yield reséﬁ%ﬁﬁigéﬁ) :

Compounds 81-100 and 127-142 (Tables 3 and 4)

were prepared as described in scheme 5.



Step C Synt hesis of 327a. The synthesis was conpl eted usi ng an
Advanced Chemlech 396 Multiple Peptide - Synt hesizer. Resin 326 (0.05
mol ) WeyodgRsgbected with 25% (v/v) piperidine in dpe@Et gy,}lj,%nam de
(1 n) for 3 15 .mn fol | oned by freshgseagent (1 ni) for 10 mn. The
resin was washed with dinmethylformamde (3 X 1 nL) and N _

met hypyrrolidone (3 X 1 nL). The resin was acylated with a solution of
0.4M T-CO2H and 0.4M HOBT in N met hypyrrolidone (0.5 nL), a solution
of 0.4AMHBTU in N 20 nethylpyrrolidone (0.5 nL) and a solution of 1.6M
DIEA in N- et hypyrrolidone (0:35 nL) and the reaction was shaken

for 4 hr at roomtenperature. The coupling reaction was repeated. The
resin was then washed with di rethyl formamde (3 X 1 nl),

di chl oronethane (3 X 1.0 25 nlL), and 1:1 dichl oronethane/ net hanol (v/v) (3
X1n) to yield resin 327a. Step C Synt hesi s of 327b. The
synt hesi s was conpl et ed usi ng an Advanced CheniTech 396 Miltiple
Peptide 30 Synthesizer. Resin 326 (0.05 nmol) was deprotected with

25% (v/v) piperidine in dinethylforscHemge (1 nL) for 3 mn foll owed by
fresh reagent (1 nL) for 10 mn. The - resin was washed with
dinmethylformamde (3 X 1 nL) and N met hypyrrolidone (3 X 1 nL). The
resin was acylated with 35 0.5M T-COCl in dinmethylfgrmam de (1 nL) and

1. 6M DI %H WO 98/ 17269 W H
PCT/ US97Fd NHz"" . Y :
N- et hypyr r ol i dgRe (6.35 mLy~$0r 21hBFE%'tg|a§moom tenﬂﬂrature. The

acyl ation stepo®gs,repeated. The resin Wwas t hen V\/aH Wi th .
di met hyl f or mani d 1nm), Rl thane (3 X 1. , 1:1 5
di chl or onet hane/ et H(v/iv) (3 X1'nl) to yield resin 3
Step C. &t hesi s of 327c. The synthesis was ceap! et &d using an
Advanced Chenifech 396 Multiple Peptide 10 Synthesizer. Resin 326 (0.05
mol ) was deprotected with 25% (v/v) piperidine in dinmethylformamde (1
m.) for 3
1. Fmoc-Al, HBTU
HOBt DIEANMP
2. 25% pip/DMF : :
3. Fmoc-Val, HBTU T-CO.H/HBIU/HOB!
HOBt,DIEANMP or
4. 25% pl/DMF '(rH T-COCUDIEADMF
HzN val-A'-NH
5, Fma:NH-rcozH M N-NH or '
HBTU, HOBX, X Oﬁ» or
DIEANMP 320 H. (R'2),NCODMF
o

6. 25% pip/OMF

) 95% TFA/5% H2O |
7T ONH T VAl H - . T’K'NH{?\ vakaLNH Y

N-NH THF/HCONNHCI M o
OJ\N

321ad q.ﬂ—@ 2



mn followed by fresh reagent (1 nL) for 10 m n. The resin was washed
with dinethylformamde (3 X 1 nL) and di chl oronethane (3 X 1 rrL) The
resin m%é?% dwith 15 1. OM T-sul fonyl chloride in dich ,ﬁ bgne (0.5
m.) and yridine in dichloronmethangg(Q 60 nL) for 4 hr at room
tenperature The reaction was repeated. The resin was t hen washed with
dinmethylformamde (3 X 1.0 m), di chl oronethane (3 X 1.0 nL), and 1:1
20 di chl oronet hane/ net hanol (v/v) (3 X 1.0 nL) to yield resin 327c.
Step C. SyntSiesp A of SavthesisTiE SQit-heSes dep A, Solemst dd using an
Advanced Chenle %?&%%tl ple Peptide 25 Synthesizer. Resin 326-(0.05
nmol ) was deprotée "25% (v/v) piperidine in dinethylformamde (1

m) for 3 mn followed by fresh reagent (1 nL) for 10 min. The

resin was washgdpigh %mﬂagﬂsordfarszbe (&r?é Js es“ﬂseof tHeei‘:dé%i\&@S
reacted with Q.5M T-i1socyanate in 30 th ar mam’'d for 8 hr
at room t eRperRRyRd comp M AP é“csé‘&lg e s t hen

washed W tdhehTedhy3 O MuEt s  Peptide rﬁmtrmsofﬂecrr@mtdtamm 8tk

1.0 m), and 1] d' %W&Iane/ WEt haﬁx a(u\‘c/o\fr?at(e% )éy]cl%s desrgt)lbe%%' eld

resin 327d. 35 ¢5iR
PCT/ US97/ 1896&tep C, Scheme 1, were used to add Fmoc-Al, follgmss by

Synthesi s of %cﬁ?ﬁ.rﬁ&%ﬁ g'fﬁ".lélja termifRINedR)LWino acid. The

Exanple 8 5 oun 80 and 101-123 (Tahles 2, .3 and 4)
wer e prepéped ggo@@@qqu Femawask as previously described with 25%

plperldlne/dlmethylformamlde (v:v) to yield resin 166.

Step C. Synthesis of 321a. Resin 320 was acylated with
| a solution of 0.4M T-CO2H and 0.4M HOBT in N-

15 methypyrrolidone (0.5 mLl), a solution of 0.4M HBTU in N-
methylpyrrolidone (0.5 mL) and a solution of 1.6M DIEA in
N-methypyrrolidone (0.35 mL) and the reaction was shaken
for 4 hr at room temperature. The coupling reaction was
repeated. The resin was then washed with

20 dimethylformamide (3 X 1 ml), dichloromethane (3 X 1.0
mL), and 1:1 dichloromethane/methanol (v/v) (3 X 1 mL) to

' yie;@ resin 321la. '

Step C. Synthesis of 321b. Resin 320 was acylated

25 with 0.5M T-COCl in dimethylformamide (1 mL) and 1.6M
' DIEA in N—méthypyrrolidone (0.35 mL) for 2 hr at room -
temperature. The acylation step was repeated. The resin -
was then washed with dimethylformamide (3 X 1 ml),
dichloromethane (3 X 1.0 mL), and 1:1

30 dichloromethane/methanol (v/v) (3 X 1 mL) to yield resin
321b. '

Step C. Syntheéis of 321c. Resin 320 was reacted with
1.0M T-sulfonyl chloride in dichloromethane (0.5 mL) and
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1M pyridine in dichloromethane (0.60 mL) for 4 hr at room
temperature The reaction was repeated. The resin was
then washed with dimethylformamide (3 X 1.0 ml),
dichloromethane (3 X 1.0 mL), and 1:1
dichloromethane/methanol . (v/v) (3 X 1.0 mL) to yield .
resin 303c.

Step C. Synthesis of 321d. Resin 320 was reacted with
0.5M T-isocyanate in dimethylformamide (1.2 mL) for 8 hr
at room temperature The reaction was repeated. The
resin was then washed with dimethylformamide (3 X 1.0
ml), dichloromethane (3 X 1.0 mL), and 1:1
dichloromethane/methanol (v/v) (3 X 1.0 mL) to yield
resin 321d.

Step D. Synthesis of 322. The aldehyde was cleaved from

. the resin and globally deprotected by treatment with 95%

20

25

30

TFA/5% H20 (v/v, 1.5 mL) for 45 min at room temperature.
After washing the resin with fresh cleavage reagent (1
mL), the combined filtrates were added to cold 1:1
ether:pentane (12 mL) and the resulting precipitate was
isolgted by centrifugation and decantation. The
resuiting pellet was dissolved in 10% acetonitrile/90%

_Hzo/o.l% TFA (15 mL) and lyophilized to obtain crude 322
'as a white powder. The compound was purified by semi- -

prep RP-HPLC with a Waters DeltaPak 300 A C18 column (15
B, 30 X 300 mm) eluting with a linear acetonitrile
gradient containing 0.1% TFA (v/v) over 45 min at 20
mL/min. Fractions containing the desired product were
pooled and lyophilized to provide 322.

Example 7

Compounds 143-197 (Table 6) were prepared as
described in scheme 6.



[err] WD 98/ 17679

PCT/ US97/ 18968 - 75 - ' Step A .

Synt hesi 2-Chl orochlorotrityl resin (2.2 g) was

reacted w tﬁ/ﬂ%%@ (0 385 g, 1.1 gy .. prepared accor d| ng ?mjsg&g

Har beson et. al. J. Med. Chem, 37, 2918 (1994)) in dichloronet hane_ in
_the 5 presence of DIEA (0.47 nmL, 2.7 mml) at room tenperature for 1

hour. The reaction was quenched by the addition of met hanol and t he

resin was isolated on a sintered gl ass funnel by suction filtration

and washed with di chl oronet hane (3 X 25 nlL)- The resin was dried 10

overnight in vacuo to yield 330 (1. 3@@530'49 meq/ g) . Step B.

Synt hesi s of 332 The synthesis of resi n- boynd conpound was

acconpl i sgrgcc% an Appl i eg Bi osyst ens I\/bde ﬁ Pepti de
synt hesi g WItINHz e5| . RS0, ke 74 mm automat ed cycl es

descri bed in ‘NHSt ep C, Scf 1, weis, bvred to add A[err], fol | owed
by Froc- AB noc- A3 . The “was rem) -

previ ously descri th 25% %ﬁg di et hyl for to

yield resin 3%8;2. ooH

301

SOo:H HBIU, HDBI CQ ?
Cg DIEA NMP Op «(r
Ny NH

- E STC
FmocVal,HBiU

25% plp/DMF HOBt,DIEANMP
HN /% Fmoc-NH ,%H
NH NH '
) ”@ 0 '“O»
)
1. 25% plp/DMF '
2 T-CCJgHIHBtUIHOBt g | ' P
or .
T.COCUDIEA/DMF 95% TFA/S% H20 2
or /(r THFIH,COMNHCI TK.N);:%,Q
COMNHC H
T-SO,CV 2
LCUPYrDCM T NH Y

or

(R'3),NCODMF 328

| azn-dl %ﬂ



Sfep C. Synthesis of 333. Prior to cleavage, the 20 resin was washed with

1: 1 dichl oronet hane/ net hanol (3 X 1 -~ nL) and then dried in vacuo. The
pepti de ed fromthe resin by treatnment with ﬂﬁﬁhl jod:
trifluoroet Sé}r%g‘f% di chl oronmet hane (1:1:3) fer_1 hr at roo?n&”ﬁ%8

tenperature. After washing the resin with 25 dichl oronet hane, the conbi ned
filtrates were concentrated I n vacuo to obtain crude 333 as a white
powder (0.48 g, 769 . Step D. Synthesis of 335. Conmpound
333 (0.05 g, Step)A058 symthesiss ofi 3643l.vedeien StiepefhySabemenilde (1 nl) and

30 to this wa L&A (0.17 mol ), the appropriate am ne (0.20
i e

nmol ), and PyBro | ). The reaction was stirred for 2 hr at
70[err] C. The reaction was then diluted WO 98/ 17679

PCT/ US97/ 18968gtep B. Synthesis of 326. This éBmpound was Prepgds@d nL)
foll owed by centrifu atlog Eo %b It ., precipitate that was dried in
vacuo to oft o Ao dess301” (825h Aol usias’ o5 ABPAded: PodeKs Leps
cogpound 335. Ebdé&h433A ¥eptide Giynthlesddern NN#EthbpperbbdFﬂea@&nﬁL)

an 5 reacted wt s- Martin riQdinane. (110 , 26 . t
Foom tenper at uPE FerentgRitet, peREELGIa1a0 5" g st 201" b shandars” s
m.) and 10% (weeppddogogdycdedi wsing HBIRI wdthf HOBt( Bsntpupdiagaddedtso t he -
reaction and stir LOR | t0Q,+ H .40 . The precipitate
was 10 isolatgg ggﬁfgﬁgﬁPﬁggg%ﬁg%ng% Fhe9§g Fd%%ggﬂd??gé in - vacuo.
When requi#%d, acid labile protecting groups were - renoved by treatnment

with 1:1 trifl geepagsti Cc syntheatisdod @2I7ar,0neheaggnthek?8MiaBMRmpllisted or
T T L gnclER e BA St AH0YATT e EEuis rorPound s, 15
colum (15 [erSkpt&QstSQO KRks&huBZBg(WLDB mmbﬁmeaas'dgp&b&b@gbﬁr?ﬁgfiOns
Sraent oo 22890050 bIER UKD DRy kRl B0 L0 g 301 o
335. 20 15 'min followed by fresh reggangl d19mL) for 10 @dmpouffke 71-78
gpgtégféézSegf?ggﬁheﬁé%e%aghgﬁ‘hﬁ%h dim@RBLRRbLALRI BEOYSCKed RERt kg fci ds.
_ methypyrrolidone (3 X 1 mL). The resin was acylated with
a solution of 0.4M T-CO2H and 0.4M HOBT in N-
methypyrrolidone (0.5 mL}), a solution of 0.4M HBTU in N-
20 methylpyrrolidone (0.5 mL) and a solution of 1.6M DIEA in
N-methypyrrolidone (0.35 mL) and the reaction was shaken
for‘g hr at room temperature. The coupling reaction was
repeéteﬁ. The resin was then washed with
dimethylformamide (3 X 1 ml), dichloromethane (3 X 1.0
25 mL), and 1:1 dichloromethane/methanol (v/v) (3 X 1 mL) to
yield resin 327a. .

Step C. Synthesis of 327b. The synfhesis was
completed using an Advanced ChemTech 396 Multiple Peptide
30 Synthesizer. Resin 326 (0.05 mmol) was deprotected with
25% (v/v) piperidine in dimethylformamide (1 mL) for 3
min followed by fresh reagent (1 mL) for 10 min. The
resin was washed with dimethylformamide (3 X 1 mL) and N-
methypyrrolidone (3 X 1 mL). The resin was acylated with
35 0.5M T-COCl in dimethylformamide (1 mL) and 1.6M DIEA in



acids were prepared as previously described in Scheme 7 25 using

2-Chloro-chlorotrityl resin. These peptide acids were then coupled to
one of thewddg@rdona group usi ng standard sol ution phas&f.%%hgﬁs
coupl i ng met hodol ogi'es. The references §pr-preparation of these groups
are also .given. [err] 30 J. O eksyszyn et. al., Synthesis,
985-986 (1979) WO 98/ 17679 :

PCT/ US97/ 18968 r S.

El gendy et . aI.N‘WSFhHﬁ¥HF8ﬁ?d°BG,(QSQQ-éngfor 2(&9%2& %oom OH
[err] 5 tVemBerABgebest rRechey@htionett@PORAONTESEd €8 SPhe resin
3265- 3268 (1992%as then washed with dimethylformamide (3 X 1 ml),
dichloromethane (3 X 1.0 mL), and 1:1
5 diéhloromethane/methanol (v/v) (3 X 1 mL) to yield resin
327b. :

Step C. Synthesis of 327c. The synthesis was
completed using an Advanced ChemTech 396 Multiple Peptide

10 Synthesizer. Resin 326 (0.05 mmol) was deprotected with
25% (v/v) piperidinq in dimethylformamide (1 mL) for 3
min followed by fresh reagent (1 mL) for 10 min. The
resin was washed with dimethylformamide (3 X1 mL) and
dichloromethane (3 X 1 mL). The resin was reacted with

15 1.0M T-sulfonyl chloride in dichloromethane (0.5 mL) and
1M pyridine in dichloromethane (0.60 mL) for 4 hr at room
temperature The reaction was repeated. The resin was
then washed with dimethylformamide (3 X 1.0 ml),
dichloromethane (3 X 1.0 mL),. and 1:1

20. dichloromethane/methanol (v/v) (3 X 1.0 mL) to yield
resin 327c.

Stepﬁc.* Synthesis of 327d. The synthesis was
completed using an Advanced ChemTech 396 Multiple Peptide

25 Synthesizer. Resin 326 (0.05 mmol) was deprotected with
25% (v/v) piperidine in dimethylformamide (1 mL) for 3 .
min followed by fresh reagent (1 mL) for 10 min. The
resin was washed with dimethylformamide (3 X 1 mL). The
resin was reacted with 0.5M T-isocyanate in

30 dimethylformamide (1.2 mL) for 8 hr at room température
The reaction was repeated. The resin was then washed
with dimethylformamide (3 X 1.0 ml), dichloromethane (3 X
1.0 mL), and 1:1 dichloromethane/methanol (v/v) (3 X 1.0
mL) to yield resin 327d.

35 '



[err] 10 T.T. Curran, J. Oganic Chem stry, 58, 6360-6363

(1993) CH HCl NH2 Het er oar yl

E. Edwardsy@bsnsghe » J. Medicinal Chemistry, 38, 15  3972- g@8ase#{¥06s .
When required, the products obtained were -oxixdized to the ketones using
Dess Martin Periodi nane as descri bed for Schene 7. When required, acid
labile protecting 20 groups were renoved by treatnent with 1:1
~trifluoroacetic ~ WD 98/ 17679

PCT/ US97/ 18968 Step D. Synthesis of 328. #{pe Step D, RGhEME chl or onet hane
at room tenper atmg@&dulé’@,m n. The sol vent was renoved in vacuo and

t he crude conpound was purified by sem-prep RP-HPLC with a Waters
Del t aPak 300 A C18 columm (15 [err],_30 X 300 mm) eluting with a |inear
5 acetonitrile gradient containing 0.19 ) over 45 mn at 20
mi/min. Fracki ons contai nidghddigdleSig-a5h and PI@EAUOS3 Wi naol £d anthy 4)

| yophilized to provide the final products 71-78 and 124- 126. ~ 10 ,
Exanpl e 10 were preaipediras 1B aeidogut eiparsehdme bdi fi cati on of t he
general nethodol ogy described in Exanple 1. 15 Table 1 Structures and
anal ytical data - compounds 1-70.
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330

1. Fmoc-A!, HBTU
HOBt, DIEA NMP

2. 25% pip/DMF

3, Fmoe-Val, HBTU
HOBt.DIEANMP

4, 25% pip/DMF

5. Fmoc-Val, HBTU
HOBt,DIEA NMP

6. 25% pip/DMF

7. Cap with T-CO,H

PyBrap

| o DIEA
. NHRZR?
T-CO-Val-Val-A*-HN oH -—

0 DMA/DCE

. 333 70C

' o}
T-CO-Val-Val-A‘-HNg’(N(Ha)g
0

335
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Step A. Synthesis of 330. 2-Chlorochlorotrityl
resin (2.2 mmol/g, 1.69 g) was reacted with 329 (0.385 g,
1.1 mmol, prepared according to S. L. Harbeson et. al. J.
Med. Chem., 37, 2918 (1994)) in dichloromethane in the

presence of DIEA (0.47 mL, 2.7 mmol) at room temperature

for 1 hour. The reaction was quenched by the addition of
methanol and the resin was isolated on a sintered glass
funnel by suction filtration and washed with
dichloromethane (3 X 25 ml). The resin was dried
overnight in vacuo to yield 330 (1.92 g, 0.49 meq/qg).
Step B. Synthesis of 332. The synthesis of the
resin-bound compound was accomplished using an Applied
Biosystems Model 433A Peptide synthesizer starting with

resin 330 (0.74 mmol). The automated cycles described in
Step C, Scheme 1, were used to add EmocfAl; followed by

Fmoc-A2 and Fmoc-A3 . The Fmoc group was removed as
previously described with 25% _
piperidine/dimethylformamide (v:v) to yield resin 332.
Step C. Synthesis of 333. Prior to cleavage, the
resin was washed with 1:1 dichloromethane/methanol (3 X 1

mL) and then dried in vacuo. The peptide was cleaved
from the resin by treatment with acetic acid:

- trifluoroethanol: dichloromethane (1:1:3) for 1 hr at

room temperature. After washing the resin with
dichloromethane, the combined filtrates were concentrated'
in vacuo to obtain crude 333 as a white powder (0.48 g,
76%) . . |
Step D. 'Synthesis of 335. Compound 333 (0.05 g,
0.058 mmol) was dissolved in dimethylacetamide (1 mL) and
to this was added DIEA (0.17 mmol), the appropriate amine
(0.20 mmol), and PyBrop (0.12 mmol). The reaction was
stirred for 2 hr at 700C. The reaction was then diluted
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into H20(8 mL) followed by centrifugation to obtain the
precipitate that was dried in vacuo to obtain crude 334h
which was then oxidized directly to compound 335. Crude
334 was dissolved in N-methylpyrrolidone (3 mL) and
reacted with Dess-Martin periodinane (110 mg, 0.26 mmol)
at room temperature over night. Saturated aqueous sodium
bicarbonate (5 mL) and 10% (w:Vv) aqueous sodium '
thiosulfate (5 mL) were added to the reaction and stirred
prior to addition of H20 (40 mL). The precipitate was
isolated by centrifugation and the solid was dried in
vacuo. When required, acid labile protecting groups were
removed by treatment with 1:1 trifluoroacetic
acid:dichloromethane at room temperature for 30 min. The
solvent was removed in vacuo and the crude comﬁound was
purified by semi-prep RP-HPLC with a Waters DeltaPak 300
A C18 column (15 p, 30 X 300 mm) eluting with a linear
acetonitrile gradient containing 0.1% TFA (v/v) over 45
nin at 20 mL/min. Fractions containing the desired

- product were pooled and lyophilized to provide 335.

Example 9

'=»Cqmpounds 71-78 and'124—126 were prepared from the
appropriate protected peptide acids. Protected peptide
acids were prepared as previously described in Scheme 7

- using 2-Chloro-chlorotrityl resin. These peptide acids

were then coupled tec one of the following group using
standard solution phése peptide coupling methodologies.
The references for preparation of these groups are also
given. , ' '
o _
HBr NH, i—or

OR

J. Oleksyszyn et. al., Synthesis, 985-886 (1979)
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HCI NH, B o\‘\

-S. Elgehdy et. al., Tetrahedron, 50, 3803-3812

(1994)
OH
HCI NH é |
2 \C/CF3
F2
5 .
M. R. Angelestro et. al., Tetrahedron Letters, 33,
3265-3268 (1992)
OH
HCI NH, C\C/COzCHcha
Fa
10 . T.T. Curran, J. Organic Chemistry, 58, 6360-6363
(1993) - '
OH
- HCI NH, c
g \‘Haemawl

E. Edwards, et. al., J. Medicinal Chemistry, 38,
15 3972-3982 (1995). o

When required, the products obtained were oxidized
to the ketones using Dess Martin Periodinane as described
for Scheme 7. When required, acid labile protecting

20 dgroups were removed by treatment with 1:1 trifluorocacetic
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acid:dichloromethéne at room temperature for 30 min. The
solvent was removed in vacuo and the crude compound was
purified by semi-prep RP-HPLC with a Waters DeltaPak 300

A €18 column (15 p, 30 X 300 mm) eluting with a linear

acetonitrile gradient contéining 0.1% TFA (v/v) over 45
min at 20 mL/min. Fractions containing the desired
product were pooled and lyophilized to provide the final
products 71-78 and 124-126.

Example 10

Compound 198 was prepared by modification.of
the general methodology described in Example 1.

Table 1 Structures and analytical data - compounds 1-70.

T40-80%8; 5.484
min.; 6.580 min; 75:25
fast:slow

CHZ (M+Na)=693.2 |40-80%B; 5.376 min;
95%




[err]
PCT/ US97/ 18968

WD 98/ 17679

WO 98/17679 PCT/US97/18968
- 7 9 -
N-0, O |CHp |(MFH)=664.0 |20-60%B; 8.527
,(N/)\Q (M+Na)=685.2 |min.; 100%
4 N—0 O |CHy |(M*Na)= 7143 |20-60%B; 8.885 min.; -
,QN/ 100% '
(o)
A
5 N—0O O |CHz |(M+H)=682.9, |20-60%B;7.541 min;
U A (M+Na)= 7040 [95.6%
NN
O
6 N—O O |CHg |(M+H)=644.0, |20-60%B; 7.822 min.,
,QN,>7L (M+Na)=8640 |100%
7 ci O |CHy [(M+H)=746.7, |40-80%B; 4.228 min.;
- N (M+Na)= 7657  |92% |
P F
N
ZF
8 : O |CHy |(M+H)=6715, |20-60%B;8.554 min.,
\ (M+Na)=694.0 |98%
<0 F
SN .
9 o+ |O |CHz |(M+Na)=700.8 |40-80%B; 4.688 min.
~ 100%
F
10 - o |0 [CHz |(M*Na)=6863 |40-80%B; 4.630 min;
~
(X 9“%
¢l ,
T . O |CHy |(M*H)=671.1, |40-80%B;
X : : (M+Na)=693.2 |5.323 min.; 6.435 min.;
88:12, fast:slow
12 O |CHp |(M*H)=613.7, |20-60%B; 5.696 min.;
S (M+Na)= 6362 |100%
—\ 2N




[err]

WO 98/17679 PCT/US97/18968
. - 80 -
a4 - THREG
13 CHy |(M+Na)=695.3 |20-60%B; 9.046 min.,
>~ °> 100%
14 - / CHo [(M+Na)=7149  |20-60%B; 7.729 min.;
N0 % 100%
/«N/
15 . : CHo |(M+Na)=642.72 |20-60%B; 7.133 min.;
\©\ 100%
' CN
16 F CHy [(M+Na)=685.6 |20-60%B; 10.177 °
- min.; 100%
F
F
17 . CHo [(M+Na)=6856 |20-60%B; 10.265
\@ min.; 100%
F
FF
18 CHy [(M+Na)=700.9 |20-60%B; 10.696
\O\ Fo. i min.; 100%
X
F .
19 ° CHy [(M+Na)=709.4 |30-70%B; 9.216 min.;
>~ D 100%
O
20 . CHo [(M+Na)=667.3 |20-60%B; 10.225 min;
\ _ 100% .
21 . oN CHo [(M+Na)=6418 |20-60%B; 7.15 min.;
\© 100% '
22 e CHo |(M+Na)=653.1 |20-60%B; 8.822 min.;
\(D: ; 100%
F




WO 98/ 17679 PCT/ US97/ 18968
- 84 - [err] WO 98/ 17679 :
PCT/ US97/ 189887670 - 85 - PCT/US97/18968
- 81 —
23 | O |CHy |(M*Na)=707.3 |20-80%B; 11.362
min.; 100%
24 O |CHp [(M+Na)=733.8 |20-60%B; 10.964
min.; 100%
25 O |CHo [(M+Na)=828.2 |40-80%B; 7.040 min.;
100%
26 O |CHy |(M+Na)=667.5 . |30-70%B,; 8.907 min.;
96%
27 O |C(O) [(M+H)=677.3 |10-60%B; 10.83 min;
_ . 80%
28 O [C(O) [(M+H)=609.3 |10-80%B; 9.65 min; 98%
29 O |C(O) |(M+H)=5896 |10-60%B; 9.52 min; 98%
30 . 0 [CO) |(M+H) = 6923 | 10-60% B; 11.52 min:
N 98% (slow RT); 10-
ol 160%B; 10.73 min; 90%
(fast RT)
cl




[err] WO 98/ 17679

PCT/ US97/ 18968

WO 98/17679

86 -

[er'r]

- 82 -

PCT/US97/18968

31 10 [C(O) |(W+H)=692.3  |10-60%E. 11.21 min;
N7 98% (slow RT); 10-
f ol |60%B; 10.23 min; 98%
Cl
32 5 0 |C(O) [M+H)=658.4  |10-60% B. 10.72 min;
N 98% -
@c,
33 ; O |C(O) |(M+H)=707.48 |10-60%B; 9.9 min;
N | 98%
N
34 : O |C(O) |(M+H)=752.6  |10-60%E; 10.37 min;
N 98% .
¢\i&"°
1]
O
35 — O [C(O) [M+H)=6815  [10-60%B; 8.40 mim; 98%
: N/
S
\=N
36 P O |CO) (M+*H)=6666  |10-60%B; 8.57 min; 86%
. _
()




PCT/ US97/ 18968

WO 98/ 17679 : _
- 87 - 69 O CH2 (MtH)=560.4 20-8098B; 8.062 min.;
100% Wey dshi7670 Table 2 Structures and anal ytical dg&gusemabggounds
71-79 . - 83 -
o, HREC .=
37 N 1O [C(O) [(M*H)=6666  |10-60%B: 8.70 min: 86%
N
o; ?
38 . O {C(O) |(M+H)=6496 10-60%; 9.44 min;
N/ - {98%
Cj\\
NN _ . '
39 | . O |C(O) |(M+H)=669.6 10-60%B; 10.06 min;
_ N 94%
,N:I
o~ Yo
40 . O [C(O) [(M+H)=669.6 10-60%B; 11.0 min; 96%
N (slow RT); 10-60%B;
10.12 min; 98% (fast RT)
+
N=0
/
o .
41 . O |ICO) |(M+H)=684.6 10-60%B; 9.81 min;
N7 ' 95%
- O\
\o .
42 . O |C(O) [(M+H)=654.6 10-60%B; 9.52 min;
N~ : - 98%
Q,
o
43 . O |C(O) {(M+H)=6546 |10-60%B; 9.73 min;
N~ 93%
<8




ferr] WO 98/ 17679
PCT/ US97/ 18968 - 88 - [err]

Tabl e 3 SWO%}I%?SS and anal ytical data - corrpounds 80- 88 PCT/USS7/18968
-— 84 -

1. MSData -
.(M+H) 566.56 '"10'-66%8;'8.35'min;
92%
25 . O [C(O) |(M*Na)=716.5 |10-60%E: 8.86 min;, _
N~ 1 80%

O [C(O) |(M+Na)=716.1 [10-60%B; 11.26/11.58

46
N  |min (1:7); 98%,; -
' : ' 10-60%8B; 11.27/11.56
_ min (2:1); 98%
Cl '
I : .
47 . O |C(O) {(M+Na)=678.1 [|10-60%B; 8.33 min;
N 96%
/ .
48 | . O |C(O) [(M+Na)=697.8 [10-60%B; 9.73 min;
e N7 90%
49 - — [0 |C(O) |(M*Na)=647.2 |10-60%B; 8.59 min;
N : © |90% '
50 O |C(O) |(M+Na)=660.6 |10-60%B; 8.36 min;

” . - |94%




5 [err] WO 98/ 17679
PCT/ US97/ 18968 - 89 -

WO 98/17679 - _ PCT/US97/18968

A 3} THPLE L
51 . O [C(O) |(M+H)=6933 |10-60%B;9.42
. N7 min/10.37 min; 85%
p _
“ l
Cl N Cl
52 « O |C(O) |(M+H)=7004 |10-60%B; 10.59 min;
98%
53 O |C(O) |[(M+H)=716.3 |10-60%B; 11.24/12.18
) min; 95% :
54 ' . O |C(O) |(M+H)=666.4 |10-60%B; 9.97 min;
N | 98%
55 | . O |C(O) |(M+H)=6823 [|10-60%B; 2.89 min;
-~ N” o 98%
O
. I
56 . O |C{O) [(M+H)=696.3  |10-60%B; 10.34 min;
NT 98% L
@TO
~N
57 . NH [C(O) [(M+H)= 20-60%B; 9.023 min.;
X  1676.31 100%
Ci Cl




[err] .
PCT/ US97/ 18968

WD 98/ 17679

anal yti cal wisbghg7gc0npounds 89-

-~ 90 -

126

Table 4

[err]

86 -

Structures and
PCT/US97/18968

58 | NH |[C(O) |(M+H)=6375  [20-80%B; 5.152 min.;_
~ 100%
59 = NH [C(O) |(M+H)=617.56  [20-B0%B; 3.216 min..
-—N O 100%
| \_/ .
60 - NH [C(O) |(M+H)= 6385  |20-80%B; 6.221 min..
\o/\© ) 100% -
|61 . NH |C(O) |(M+H)=588.4 _ |20-80%B: 4.503 min.;
o N\F : 100%
62 NH [C{O) [(M+H)=608.5  [20-80%B; 5.055 min..
\© . 100%
63 — |NH |C(O) |(W+*H)=636.5  |20-80%B; 5.697 min..
‘.\/\© 100%
64 NH |C(O) |(M+H)=6365  |20-BO%B; 5.548 min..
\© C(0) 100%
65 | .. - NH [S(O); |(M+H)=658.4  |20-80%B: 5.632 min..
Y 100%
6 - NH [C(O) |(M+H)=656.5  |[20-B0%B:; 6.690 min..
O N |
67 3 NH [CHp |(M+H)=594.5  |20-80%B; 5.114 min..
\@ 100%
68 3 NH |C(O) |(M+H)= 6145  |20-80%B; 5.559 min.;
\O 100%




[err] WD 98/ 17679 - PCT/ US97/ 18968
91 - 97 C(OH (MrH) = 538. 7 54598 9. 099

mn.; 100%yo 98117679 PCT/US97/18968
- 87 - .

[e8 . O |[CHy |(M+H)=560.4  [20-B0%B; B.062 min..

\© , 100%
70 v o O |CHy |(M+H)=628.3 20-80%B; 9.990 min.;
\@ 100%
cl .

Table 2 Structures and ané:lytical data - compounds 71-79

1iNMS'Bata: - “HPEC:
(M+H)= 40-80%B;
869.3 8.812:8.920 min.;
2:1 mix at Abu;
100%

(M+H)= 40-80%B;

849.4 8.380:8.539 min.;
2:1 mix at Abu;
100%

(M+H)= | 20-60%B; 12.519
799.5 min.; 95%




08 C(OH (MrH) = 588.6 5-459@; 10. 388

mn.; 95% 99 [err] ' C(OH ( M+H) =
541.1 5-459B. 8 326 | o in.:
100% %‘@68"8"%2 C(OH _ gg (MNa)= 35‘-’%5’/%?7"8?@63
587.3 mn.; 95% [err] 101 (MHH) =
729 10-80%B; 3. 0 mn; 95% - [err] 102

(M-H = 819; 20

i n.: QROA; . i '1CL’-?.

mn; 95% (M+H)- 15 62 mln >95°/o
PCT/ US97/ 18968} ' - 94716 104
M+-H) = 833 20- 709B; 7.3 [enrly _ i mn; 95%
75 o F (M+H)=7 | 13.47 min.
\@ % 13
~ F
N
76 . o O (M+H)=7 | 13.05 min.; >90%

|
' FOF

: . \‘ . (M+H)= | 10-90%B; 8.5
~ A o - {703 min.; 8.6 min (2:1);
O‘P’O\/ >85%

o)
78 . ' o (M+H)= | 8.7 min.; 10 min.
ha | 727 (2:1); 95%
Ve
X . .

(M+H)= | 10-80%B. 5.4

o
\ ,L“,N. ~ : 743 | min.; 85%
(o] -

Table 3 Structures and analytical daté -~ compounds 80-88

77 .

79 .

5




105 (MtH) =770; 20-7098B; 6.0 [err]

(MNa) =792 min; 95% 106 ( M-H) = 801;
20-70% S+Poosnrere L€ '] | (MrNa) = 822 ni g, nsoes 107
( M-H) =819;  20- 70%3 3.24 (MtNa) = 841gdrin; 95% err]
108 ( M-H) =812; 20- 7098B; 4.9 (M+Na) =834 min; 95%
109 (M+H) 798; 20-7098; 4.21 [err]
(M+Na) =820 i ez s T BT T TN " ..)_._.55 ___:O
V0 98] 17670 |80 - PCT/Tlggﬂ)Tw%%o' R ETS
- 93 - \/\© min.; 95%
81 . C(O)H (M+Na)="| 5-45%B; 11.699
cH. 553.60 | min.; 100%
3
|82 otz C(OH (M+H)= | 5-45%B; 11.083
. ~., ' 547.4 min.; 100%
83 . C(O)H (M+Na)= | 5-45%B; 12.258
(\N/ - |6253 min.; 100%
o
84| o ~ C(OH (M+Na)= | 5-45%B; 11.083
1]/\/ . 626.5 | min.; 100%
85 ne N~ C(OH (M+Na)= | 5-45%B; 11.606
2 * 569.5 min.; 100%
86 0 C(OH (M+Na)= [ 5-45%B; 7.942
lL i N 717.2 min.; 100%
O .~ ,
oo ' '
87 [ .. OO C(OH | M+H)= | 15-55%B; 10.735
- . 655.3 min.; 100%
N . _
88 COH (M+Na)= | 20-60%B; 11.360
@\/ ‘ ' 644.1 min.; 98%
O\ . _




111 (MrNa) = 886 10-509@; 7.5

[err] mn; 95% 112
MrH) = 638 1 %8, 6.5 .
(MBS G (meH) = BEEOS0 e, 5.7

mn; 95% WOo5

min: 95% 114 [err] (MH) = 669: 725-4098; 11.6

(MeNa) = 693 min; - 95% - 115 [err] (M+H) = 653
10- 809B; 6. 80 95% 16

(MrH) = 653 10-Tekke & 7 Btuctires gn a@éd/& ]allé‘?ta ~ compounds 89-
(MrH) - 653 10-8098; 6.7. 126 [err] | mn; 95%
118 [err] - (MeNa) = 611 10-809B; 5.[62

mn: 95% 119 H = 624 10- 806/ 0B;

12. 1 : [ er I’ ] O O i 95%
N
TJLN N
o) (0]
5.
: NS Data il L HPEG..
(M+H)= 555, 9545% B; 10.7_71
min.; 99%
190 - +« IC(O)H (M+H)= 556.05-45% B; 13.055
- /@/’ ' min.;95%
\N ) . |
|
[o1 ~  [C(OH (M+H)= 522.4/5-45%B; 9.485
| N " _ min.; 97%
e
92 » [C(OH (M+H)= 5-45%8; 9.072
i X7 ' ' 522.55 min.; 100%
-\o’N F
I3 . [C(OH (M+H)= 5-45%8; 11.775
Ny 1506.33 min.; 97%
® |
. ) N . i i
o4 . . [c(O)H (M+Na)= 5%B; 8.822
N 526.6 -~ |min.; 100%
I Z
la5 o~ COH (M+H)= 518. [5-45%B; 8.484
Q/ » min.; 100%
\N o
|96 0 ' COH (M+H)= 619.6/5-45%B; 9.944
[ j min.; 90%
N .
DO
0




WO 98/ 17679 PCT/ US97/ 18968
- 94 - 120 (M+H) = 667
10- 8098; lwglesnzere [err] 121 [US9L
(MrH) = 667 10- 809@: 13.3 Leon] - 2 cor
10-80%8; 11.0 mn; 95% [err] 123
(MtH) = 621 10-809B; 9.7 [err] mn; 95% 124 i L
(MeH) = 761 13. [0 T TEr TSR0~ T ins WL o, e Batas, L HPEG
(MH) = 727 NOg7 125 TR OH ~ |(M+H)= 538.75-45%B; 9099’
856 ND [fer ND min.; 100%
N~ .
[o8 C(O)H - (M+H)= 588.615-45%B:; 10.388
/ﬁ/ min.; 95%
s _ .
=N
(§
N _
s o C(OH (M+H)= 541.1/5-45%B; 8.326
/ﬁ ' min.; 100%
K/N\/ ~
100 o C(O)H (M+Na)=  [35-75%B; 6.763
N 1587.3 min.; 95%
N o
~o L~
101 o Ol (M+H)= 729 10_-80%8; 3.0
. /krro min; 95%
. N 4 0O O
o —\—<
>—N o o)
102 . o o (M+H)= 819; 20-70%B; 6.9
o= . N\/O (M+Na)= 840 |min; 95%
7 ~ |
N o * o)
>—N o o
103 o 1 (M+H)=848; [20-70%B; 6.3
-1 O . o o} (M+Na)= 870 min; 95% -
N / O] I N\m
o) _\—( |
o) R ©




WO 98/ 17679 PCT/ US97/ 18968

- 95 - Table 5 Structures and anal ytical data - conpounds 127-

142 err 127 [err] ( MtH)

15- 5598; 6‘."{5’89"(1%]’%"? Pc%%é%ﬁs

128 (MiH) = 681.3  20- 609 8.11 min;

100% 129 (MrH) = 750. 6 30- 709B; 6.99 nin:
- 100% [ere] . 1.'*“ ....... Tav: = £20 2
' 30-709B: 6. 71 [ C RN R s NS Data T T R
131 104 O (MNa) = 30 7098, 5. 64’(Mﬁ“h=833 20-70%B; 7.3
[err] | 10 13 (MeNa) = 7jr8n; 85%
© 30-7098; 5.58|nif;

. N (0]
0 _\—(
>—N o o
05| © Q) - (M+H)=770; [0-70%B; 6.0
o | /IHI/N\/\ (M+Na)=792 |min; 95%
N O (o]
o) _\—<
>—N o o
106 0. o) | (M+H)= 801; [20-70%; 5.9
o ,H,N 5 (M+Na)= 822 jmin; 95%
| N 0 o |
o) H
}—N o o
107 0 > (M+H)=819; [20-70%B; 3.24
| (M+Na)= 841 jmin; 95%
N
108 (M+H)=812; [20-70%B; 4.9
(M+Na)=834 |min; 95%
109 (M+H)=798; [20-70%B; 4.21
(M+Na)=820 min; 95%.
110 (M+H)= 550 [10-40%B; 7.0
min; 95%




133

[err]  (M+H) = 630.9 30- 7098; 3.78 min;
100% WO 98/17679
PCT/ US97/ 1G4 - - 96 - pcrwsymsses 134
[err] hH 634.0  15-5508; 5_9g3nin;
100% 135 [err] (MrH) = 691.60  30- 7098; 4. 22
- mn; 100%
136 — i
o mon; | Ny - *
- 138 [efr] | N (M
C[err] 120%
. 582.90 ° 40-8Q0uB] 2 34Ny n: 1
© 100% e N o . H) = 6qMMHH=6380|184%BxE.35
. mn; X7 | 10d0in; 95%
141 | ( M ME) ¢ Dl 40- 809, 3.93 mi;
100% 142 N ! (MNa) = [708. 80  40- 8098; 5. 398
mn 113 N (M+H)= 865" 40-80%B; 5.7
E \]/ \/@ min; 95%
| o
N/ .
_ f@EO/\Q
\(go
o | .
114 N o (M+H)= 669; [25-40%B; 11.6
™7 | (M+Na)= 693 jmin; 95%
® N
N
o] O
115 N o) (M+H)= 653 [10-80%B; 6.80
[ j/ ,LIrN min; 95%
| N> o \/\©
116 . o (M+H)= 653 [10-80%B; 6.7
e |y min; 95%
' o
117 A | (M+H)= 653 [10-80%B; 6.7
: Ny | \/@ min; 95%
N O PN
N i
o - .
118 T 0 (M+Na)= 611 [10-80%B; 5.62
: [j/ /'H]/N\/\ . Imin; 95%
N o
119] . o) (M+H)= 624 [10-80%B; 12.1
EN\]/ ,H,N min; 95%
*iliaee
N o}




WD 98/ 17679 PCT/ US97/ 18968
- 97 - Table 6 Structures and anal ytical data - conpounds 143-
197 r] 5 143 r])
( MeNa) = Wéb”gt[?gjé 94 PC%’%%.(’%’%
10. 186 mn.; >95% 144
S(:02) (M+Na)=  20-80%B; 9.985 :
552,26  ma-_—_o0 o OO
(MrNa) = 20-|siise: - HMERRtEn Tl piRREG Do
146 1 - (M+H)= 667 [10-8B0%B; 13.4
542. 37 10. migy¥%
(M:tNa) = 204 544} 42 10. 244
mn;, 95% o _ _
121 . o _ (M+H)= 667 |10-80%B; 13.3
Ny | N\/© min; 95%
SENP N
N o \
122 . (M+H)= 605 [10-80%B; 11.0
[N\j/ O"\n/ N( ~ |min; 95%
_ - _
P
| N I
123 . o o~ (M+H)= 621 [10-80%B; 9.7
N | min; 95%
[ /j /HrN\/‘\
N o .
124 Oy 0O : O| (M+H)= 761 [13.65 min.; 90%
/|\(
!
125 (M+H)= 727 |ND
126 (M+H)= 856 |ND




148 (O  (MNa)=  20-809@; 7.109

[err] 454, 26 mn; 95% 149

C(O (MtNa) = 0- 809B; 9.668

516. 05 W’ﬁ’;"’@é% 150 _ gslerr] PCTPIeoe8
(MtNa) = - 20-809%B; 9.880 ' 649. 17
mn; 95% . [err] WD 98/ 17679

PCT/ US97/ 18968 98 151
(O ( M+Na) -Tab}g. Boyg$tructures and analytical data - compounds 127-
648.45  10.030 nmin; 95%42 .- 152 C(O
(M:Na) = - 20- 80®B; 7.892 [err] 587.

mn; 95% 153 [err] M'rNa) 20- 809B;

8. 583 : ; Hin; 95%

154 [erT] O) Na

554. 96 10. 411 mn; 95% (O
(M:tNa)=  20-809B; 6. 737 '

551. 90 mn; 95% 1 6 err] ' c(O (I\/H\Ia) =.
20- 8098; 9. 227 566. 11 m n;
95% 157 [errr ' (MR 20-80% B; 7.
594. 59 mn; 95% :

127 N=\ (M+H)- 644 30 15-55%8 6 08 mln
Q—\ 100%

128 (M+H)= 6813 |20-60%B; 8.11 min;
0—@—\ 100%
(M+H)= 750.6 30-70%B; 6.99 min;

0—@—\ | " 1100%
130 ~ [(M+H)=720.2 30-70%B; 6.71 min;

-[131 - |{(M+Na)= 71564 30-70%B; 5.64 min;

129

100%

132 ' (M+Na)= 7152 |30-70%B; 5.58 min;
\ - [100%

133 ' (M+H)= 630.9 30-70%B; 3.78 min,
Q. '

100%




20- 809,

158 [err] C(O (MtNa) = C(O 567. 00
10. 409 min; 95% 159 (O (M+Na) =
20- 809B; : 566. 6 nin;
95% WO 98/17675 (e ( N&Na)jlgcmi%ﬂ%ﬁ
559. 27 10. 597 nin; 95% [err] VO 98/ 17679
PCT/ US97/ 18968 - 99 - 161
[err] | F_O\ [N = . 20 ROVE. R T FrYTE T
574. 66 mon: 95Pgeruil ATl Ve et ENISTRErET RS L (M+Na.)_:
20- 8098; 134 N\ e '] (M+H)= 634.807. ng‘»55°/ 15.99 79N h;
95% 163 <7 "\ C(O)  (MrH) =[100%0- 809B; 6. 1]70
[err] 514} 83 Win;  95%- 164
(O  (MrH) = DO- 80p@; 7.094 538.87  nmin
99% 135 o - [err] (M+H)=691.60  |30-20%804B2 nfin;/ 1P
mn; 99% 165 : ,N—'©—\ (O  (MHoORE  20- 809B;
8. 390 o _ . - 620. 77 mn; 99%
136 (M+H)=651.20  |40-80%B; 5.59 min;
137 - (M+H)=659.10  |40-80%B; 4.65 min;
d \ 100%
138 S (M+H)=651.70  [40-80%B; 3.83 min;
L. 100%
139 . (M+H)=582.80 |40-80%B; 2.34 min;
o 100%
3
140 _ (M+H)=690.70  [40-80%B; 5.15 min;
@—\ - 100%
s._
\
141 (M+Na)=664.80 |40-80%B; 3.93 min;
-[142 (M+Na)=708.80 |40-80%B; 5.398 min;
_/ 100%
°\




(O  (M+H) = 20- 809@; 7.787 166

536. 44 mn; 99% 167 ' [err]
20-8098; 7. 023

99% WO 98147639 A& - (MNa)=
[err] 582. 25 - mn; 98% 169 -
(O  (M:H)= - 20-8098; 6.410

552. 32 mn; 99%

20-809B; 6.663 Table 6

N—

(O
O

(MrH) =
i Y

170 e =
Structures and anal[ytrirc]al data - %%:opp%%%—

99% WD 98/ 17679 187
PCT/ US97/ 18968 - 100 - 171"
C(O ( MH) = 20- 8098B; 7.101 0O
538. 87 mn; 99% 172 [err] O M+-Na) =
20-8098; 7.011 - - (?s .ng?% ( )
é&zj 59 Lo 96% D ( i P

. m n; () 174 O M+H) =
20- 809B; 7.320 7Y N A0 (M-H)

et O JeMS:Data. HEEPEC e

20-80%5;

143 | " SO, | (MtNa)=
'@—\ 566.71 10.186 min.;
| . >95%

144 : S(O) | (M+Naj= | 20-80%B; 9.985

©’ | 552.26 inin.; 90%
145 N CO) | (MeNa)= | 20-80%B; 0.978

' * 531.60 min; 95%

146 | CO) | (WNa)= | 20-80%B:
| m 54237 | 10.404 min; 95%

T CO) | WNay
[j\; 544.42

20-80%B;
10.246 min; 95%

150 ° _~ | CO)

148 He” ™ C(0) (M+Na)= | 20-80%B; 7.109
2 o 454.26 min; 95%

1149 . C(0) (M+Na)= | 20-80%B; 9.668
©’ 516.05 min; 95%

(M+Na)= | 20-80%B; 9.880
649.17 min; 95%




549. 86 mn; 99% 175 (O (M:Na) = 20- 8098;
6. 413 [err] 554.79 mn; 99%
176 (O  (MH) = 20- 8098; 7. 065
555.05  WPS81%39, 177 _og - cPEUSSRA\p) =
20-80%B; 9.099 - 584. 55 mn,
99% (O  (MH) = 20- 8098; 8. 038
535. 23 m n; . 29 (O M:Na) =
 10-809B; 5. 885; 1 5 RO R A4, EiMSiBata FHPEG 07 - agos
WD 98/ 17679 C(0) (M+Na)=Pl\c/|/JL3$bW°é§968-
;- 101 - N C(|©48.45 ( \MHHQ:030 miry S8%o4 B:
' 548. 03 5.991; [ 99% ~, (0 ( M+Na) =
© 10- 809B; 7.237; 8 [err] 533.91 99%
182 lerr] oo Na) = 10- 8Q¥B: 9.382%
152 o ~ C(O) | (M+Na)= | 20-80%B;7.892
Pis /©/ . 587.08 min; 95%
7 N .
153 N . | C(O) |[(M+Na)= | 20-80%B; 8.583
- <\ /7’ 505.47 min; 95%
154 N C(O) |(M+Na)= |20-80%B;
Q_}’ 554.96 10.411 min; 95%
155 N N C(O) |(M+Na)= |20-80%B;6.737
\g’ TN, 155190 | min; 95%
156 o . C(O) | (M+Na= | 20-80%B; 9.227
D/ 566.11 min; 95%
O - _ -
157 N C(O) |(M+Na= |20-80% B; 7.567
N 594.59 min; 95%
\g / .
158 Z C(O) |(M+Naj= | 20-80%B;
. | 567.00 10.409 min; 95%
N
|
159 CO) | M+Na)= | 20-80%B; .
566.10 10.716 min; 95%
160 N C(O) |(M+Na)= |[20-80%B,
559.27 10.597 min; 95%
Z




630. 91 95% - [err] 183
(O (MH) = 10-80% B; 7.0 - 599. 4 mn: 99%
184 - (O (MrNa) = 10- 8098: 6. 89 :
545 27  WONIEH [ert] o9 - 1g5 . PCT/USS7/18968
(O (M+Na) = 10- 809%8; 10. 43
643. 91 mn; 99% [err] 186
err O I T T T T L
%64. ]696( ) m n; (99 iy @Jr] NS BatasidBlC: e 5 o
(O ( M-Na) = ) CO) ° | (MeNaf 20-80%B; 9.723..
595.53 nin; 99% 18 lerr] 4.66C( O)| min; PRAENA) =
10- 809B; 9.0 ™ . 596. 45 min: 92% WO 98/ 17p79
PCT/ US97/ 18968 L - 102- "M
yg"S-x Di;ata . PRIt -2 189 [err] ~ DO
(MtNa) =  10- 809 182 438; o . C(O) (M+Na)= | 20-80%B;
533. 73 99% ©/ \@’ 607.43 12.019 min; 95%
163 BN CO) | (M+H)= 20-80%B; 6.170
N 514.83 | min; 95%
164 v CO) | MtH)= | 20-80%B; 7.004
538.87 min; 99%;
~ . 20-80%B; 6.712
m_in; 99%
165 | C(O)- | (M*Na)= | 20-80%B; 8.390
O O 620.77 min; 99%
O
166 - CO) |M+H)= 20-80%B; 7.787
' ©/\/ 536.44 | min; 99%
[767 N CO) | M+H)= 20-80%B; 7.023
@—( 52558 | min; 99%
168 ' C(O) | (M+Na)= | 20-80%B; 7.220
Q o | 58225 | min; 98%
=~
169 CO) | (M+H)= 20-80%B; 6.410
<£L : 552.32 min; 99%
S
. 0
07 "H
170 ) CO) | (M+H)= 20-80%B; 6.663
©)\/\ 550.77 | min; 99%




190 [err] C(O  (MtNa)= 10- 80%B; 7.990;

554. 20 99% [err] 191
(O ( 10- 8098; 9. 06 5 n; 99%
167 My 9smi7670 <0 (MeNa) 30 10- 80%@; 10, i’{cﬂﬂssvmsi&

545. 70 mn; 99% [err] 193

(O  (M:Na)= 10-809@: 8. 41

"‘/f\\

544, 06 m n, > il T TR e - \ |Vl T
10_ 80(%8, 8 41 Ve RS MS%'ata C/IO MR 1 96%
forr] {og1 om0 Ml [OUETE 1 o
594.05  mn: 99% 196 - 7| 338, 6(’@) % (MrH)
10-809@8; 8.84 [ err] b74. 3 m 98%
197 (O  (MH)=[ 10-BowB; 9.3F
lerr] 588 4 mn: 99% WO i’/ 17679

PCT/ US97/ 18968 | 172 20-BgkHE: 7011
Structure and anal yt{cal min; 99%

173 C(O) (M+H)= 20-80%B; 8.029

551.59 min; 96%

| QL _
174 CO) | (M*H)= | 20-80%E; 7.320
| IQ 549.86 min; 99%
: \
: N
9,
\

175 C(O) (M+Na)= 20-80%B; 6.413

554.79 min; 99%

176 ' CO) | M#H)= | 20-80%B; 7.065
555.05 min; 99%
fo) “a,
. . I -
177 CO) | (M*Na)= | 20-80%E; 9.099
_ _ | 584.55 min; 99% _
178 TCO)  [+H)= | 20-80%B; 8.038
: ?\ 535,23 min; 99%
179 CO) | (M*Naj= | 10-80%B; 5.885;
% 560.07 | 98%
N Ny




[err]

>95% 5

198 (MeNa)= 7

02.4

10-6098; 4.2 mn.;

Exanple 11
10 able to inhi pgrdésdnssesi ne

as conpouvdgmmjornul a (I) or (Il1) are

pr ot ease,
viral di seases,

they are of evident

I ncluding HCV. These tests are predictive of the

conmpounds ablllty to |nh| b|t HCV|n Vi vo.

15 Peptldes and Assays

| nsof ar

clinicabiutility for the treatnent of

Pepti des EDVV apuCsy '”‘M‘S’@é&é” CRPEE 0)
DEMEECSQHLPYI , E d’uu AL o1t IIIBPIES% gvac
pur chased from 543%2 5.991: ‘fept I ¢le
content of puritied, pt | des {and’ 1 n- house pep \as
determ ned by anal ygi s and thg approprl at e
val ues wer pepti de sol uti ops - o
(Gal breath). pK erm ned by 25 Robertson Mcigolit
Laboratories, |Bsg | RLC cl S wer e
performed using ‘ o "0 [err]M%@yma (Nﬁ'Nﬂﬁ) [ 10-BP%R 1V 23s | at 30
C cont ai ni ng 50| MVl HEPESSKOH (pH 7.18), 10d 8%, | 99%: gl ycerol | 5 mv
DTIT and the apptopri hte a ‘c-f substrfate (i DVBO), WO 98/ 17679
PCT/ US97/ 18968 - |104 - with or wthout
NS4A pept i de, such that t hn final Cloncentrlation of BO._did not. . éexceed
4% Separ at e 182 C(O) (M+Na)= 10-80%B; 9.382; | -
- _ 630.91 95%
C 4
183 C(O) (M+H)= 10-80% B; 7.0
O—p 599.4 min; 99%
\
184 C(O) (M+Na)= 10-80%B; 6.89
545.27 min; 99%
~,
185 1 C(O) (M+Na)= 10-80%B; 10.43
: . @ 643.91 min; 99%
\
1788 N CO) | (M*Na)= | 10-80%B5; 9.95
664.69 min; 89% )
V
@ {
187 - N C(O) (M+Na)= * { 10-80%B; 8.61
@— ?/J 59553 | min; 99%
N
188 -0 C(O) (M+Na)= 10-80%B; 9.0
w 596.45 min; 92%




control experinents verified that this percentage of -DVSO di d not
effect enzymatic activity. C eavage reactions 5 were quenched by the

addi tion ual volune of a m xture of 10% TFA: iLtrile
(1:1) andwe?c |\7|&?y was assessed on_ajpeversed phase Iﬁ@%@h&%

(Rai nin C18 M crosorb-MW, 5mm 4.6 x 250mm 0-50% acetonitrile, 0.1%
TFA @3.33% mnmn) using a Hew ett Packard 1050 instrunment 10 wth

aut o-inj ection GRE Lo 04 o e 280-—nm-{wher e
appropriate). Pdpg RS T b agne Bala L HPLG ECES i ed
by mass spect1r88mbtry ma@w L@&@enc”&ﬁ\ﬂ?si ‘10'8ﬁ%§3|$é13§
identity and corcentyation was_#urther verifi ed W45 alPBénti c,

synt hesi zed products Initial rNates of bre determned at <
20% substrate cqgnver §i on - and* cat al ytr C par aneters were determn ne
assum ng Mrekagets—Mert-er—jd-reti-6S } y
Conputi ng, Canbi i188e WL W S9Wefe run
in a 96-well g%x 250 reager
(Mol ecul ar Devi ges, g ki net i pi lity. C eavage of
EDVWV AbuC-p-nitfoani|ide (5A- pNA) supst rat prmed wi th or

W t hout NS44 | n Zg—he—samre—burfer—usedrEkpr—Hr A3, C pNA
rel ease was . noni ?gpe SYATN g@)l on Z coef YT g@
p-nitroaniline iis i ndependen pH at by val |- % 5. EMM88¥above | Tuppy

WJ

H, et al. ppe- SeyNer "s+Z. Physiol . |Chem, 32P, pp. 278-28
(1962)] 30 Ra buck| and Luond, unpubli shed obdrvati ons) The

percent age of DIBERd| d not exgeed 4% i n: O@e gYvaNa)= 10-80%B; 10.11
Det erm nati on of the| pH dece of Vmax, K[ gr54p.70 pinth; Wb r] / K[ prr]

was performed ugsing p serie sonst ant{ i onic strepngth buffers
containing 50 nM MES§ 25 Nm Trd s, 25 mM|35 etHanol am nef and 0.1 M Na{l
[Nbrri son, J.F. | ahd-ISt ohe. WD 083/117679
PCT/ US97/ 18968 | 193 CO) |(MeNa}= |10-80%R;$41 |
Bi ochemistry, 2y, ppl 5499- i (1988)].| The |544i08f | ectM98%i nt fof |og

"V data was cal cpl ateld by er near |l east qquares figt of the datajto -

‘the equati on. | og = log[Vmax/ (1 + K/ Klerr])]
194 C(O) | (M+Na)= 10-80%B; 8.41
545.49 min; 96%
\ *
”
195 C(O) (M+Na)= 10-80%B; 8.3

N _ 594.05 min; 99%

r .
| 196 CO) | M+H)= 10-80%E; 8.84
| o\_ ._ 574.3 min; 98%
\ X
197 | —  |CO) | M+H)= | 10-80%B; 5.37
- 0 588.4 min; 99% .
\ | | |

Y/




5 [Dixon, M and Wbb, E. C Enzynes; Academ c Press: New York; Vol .,

pp. 138-164 (1979)]. The inflection points for log (VK data were
cal cul at egydrogrenl | near | east squares fit of the dat apCwusymaspeguat i on
10 log v =log[Vmex/ (1 + HKa + Kb/H)] 4 06&nn; M and Wbb, E. C
Enzymes;  Academi ¢ Press: New York; Vol., pp. 138- 164 (1979)). The
program Ki neTic (BioKin Ltd) was used “in both cases. )

Ki neti c const an for t ¥ Cohd i DR 15a1 adghes ed &mﬁp@mdalee
reacti on were c%ggﬁ%%% h§tr§#ﬁ€%le VS yﬁ% 4A], [ EDWV AbuC-pNA) data by
non-|inear |east squares fitting to equation 1 [Morrison, J.F.

Bi ochi m Bi ophys. ' Act a. , Y pp. 269-286 (1969)) as described in the

were determ ned 20
o the equation

t ext . Kii and Kis val ues f
fromrate vs [inhibitor], o[ su
s+ [S] (1 +

for m xed inhibition:
[1]/Kii)} The connergb& € PA) was
used for both procedures. Ki va ues_mer@ culfated frgm 2 rate vs

r peptidyl inhibitor
rate]od and fbtt

(inhibitor] plots by a nonlinear |ea square§’\\- fit of e data to the
equation of Morrison for tight ndlng conpetltlve |nh|b|t|on
[ Morrison, J.F. Biochim Bi-on —AC .

- (1969)]. The
Ki neTi ¢ program ( Bi ok al 30

The results are shown in [T&¥ ed in [err]M
Category "A" indicates < L[ ] 'B" indicates

1-100 [err]Minhibition; category "C' i ndi cates > 100 [err]M The

desi gnat i on5" ND" i ndi cates that the conpound was not tested.

WD 98/ 17679 PCT/ US97/ 18968

- 106 - Table 9. Enzynme inhibition data for conpounds 1-198.
Example 11

Insofar as compounds of formula (I)'or'(II) are
10 able to inhibit NS3 serine protease, they are of evident
clinical utility for the treatment of viral diseases,
including HCV. These tests are predictive of the
compounds ability to inhibit HCV in vivo.

15 Peptldes and Assays.

e Peptides EDVV abuCSMSY (Abu designates -
aminobutyric acid), DEMEECSQHLPYI, ECTTPCSGSWLRD and EDVV
AbuC-p-nitroanilide was purchased from AnaSpec Inc. (San
Jose, CA). _ .

20 Peptide content of purified, lyophilized
peptides and in-house peptides was determined by
quantitative nitrogen analysis and the appropriate values
were used in preparing stock peptide solutions
(Galbreath). pKa determinations were determined by

25 Robertson Microlit Laboratories, Inc. (Madison, NJ).

HPLC cleavage assays were performed using 25 nM
to 3.0 pM enzyme in 100 pL volumes at 30 C containing
50 mM HEPES-KOH (pH 7.8), 100 mM NaCl, 20% glycerol, 5 mM
'DTT and the appropriate amount of substrate (in DMSO),




Cpd.
No

42
84

46
88

50
92
12
54
96
16
58
100
20
62
104
24
66
108
28
70
112
32
74

116

36
78
120
40
82

Ki([err]M Cnpd. Ki([err]M Cnpd. Ki([err]M
No. No. 5 1 B

\g() 98/1767% B . : 44 B PCT@WIWSS
B 5

o w w w w
g >m@ UJUJmUJUJ Ww wWwW

@ awwwww>

@ WwWwO

N
o

25

30

35

' di%Snot 9e5ffeé:t enz%matics]a‘btivity .BCCleavage reg%?:tions

_and@ 280 mm (v§1ere approprﬁ.@ate) . PeStide elutiohd9
- 69 - B 110 B 29

83 B 2 B

45 B 10%6 B |

87 B 6 B ' 47

7 . B 48 B 89
with or 4#ithout NSAA peptide, Huch that Bhe firal

coriclentlga]tiog of ﬂ?aso -dic%gxot exce 4%. Separ%?}:e |

control Experiment® verified tdwat this pRrcentage of DMS®

w

: w
W WwWw wWwW

o W

were quepched by the addition ¢f an equag volumgyof a g
nixture ¥¥ 10% TFAB acetokitrile (B:1) and actidty was B
asslegssecgfn % reveésed ph%qse HE3S c%lunmA (Raini%aglcw BA
Microsod®MV, S5mm,A4.6 x 2Z50mm; 0-50% acetonitrGle, 0.1% B

Tr % 3,33% mn) ysing a %wlelt(}:G Pa%kardAloso i%:%scrumentBA

with autig7njectiom and ddgde arrayBdetection ad7210 nm C

vy}
uy]

fragments pere coldected gpd identjfied by massy
speditrometryBand N-terminédd sequend® analysis. l1¥%agment
identit;{?’fgld conce%tratio\;lZl wasljfétllr§her v%rified:;’%y
autdfentic, d¥nthesized pré@iucts. I@itial rateslbf
cleaveagZezdvere det%rmined?,gat <1%%% Igubst@ate co?lgrersion
and3aatalytiqgparameters ggre determined assumipgn
Michaeli®l-Menten Kdnetics usinjg2%he MultEFit pﬂﬂgram (Da§
Computing, Cambridge, MA).

OWmWwWO >

Spectrophotometric assays were run in a 96-well
microtiter plate at 30 C, using'a SpectraMax 250 reader
(Molecular Devices, Sunnyvale, CA) with kinetic
capability. Cleavage of EDVV AbuC-p-nitroanilide
(5A-pNA) substrate was performed with or without NS44 in
the same buffer used for HPLC assays at 30 C, and pNA
release was monitored at 405 nm. The extinction |
coefficient of p-nitroaniline is independent of pH at
values of 5.5. and above [Tuppy , H., et al., Hoppe-
Seyler’s Z. Physiol. Chem., 329, pp. 278-288 (1962}];
Raybuck and Luong, unpublished obervations). The ]
percentage of DMSO did not exceed 4% in these assays.

Determination of the pH dependence of Vmax, K

and V,.x/K, was performed using a series of constant ionic
strength buffers containing 50 mM MES, 25 Nm Tris, 25 mM

'ethanolamine and 0.1 M NaCl [Morrison, J.F. and Stone,



WD 98/ 17679 PCT/ US97/ 18968

- 107 - Cnpd. Ki ([err]M Cnpnd. Ki ([err]M Cnpnd
Ki ([err] No. No. . 123
B o 931 %79 B 174 _ 4 oeB. 104 PCHusymsses
150 B 175 - B 125 B 151 - C
176 C 126 C © 152 C 177 C
127 C 153 B 178 C 128 B
154 B R.F., BldBhemistr®, 27, pB9 5499-B506 (1988)].15Bhe B
ig? BC in%igct}gy gﬁint Eor log1§6dat§8§a§ caleylatedigé BC
158 B nonlineat83east sBuares £38 of thB data to thelgQuation.B
184 B 134 o C 6Q B 185 B
= 1 H/K
135 B logey © loglymax/ (19 H/Ky)) cC 136 - B.
162 B5 [Dixon, Mg7and Webb, E. €37Enzymeg; Academic Pxggs: New C
%gg CC Yo#R$ vol.,Bpp. 138-164 ¥§é79)i9 €he 1%Flectlo%8ﬁ01ntsB C
166 C for log igiK) date were gg}cnlateg by nonllnea£6$east C
192 C - sdddres £iB of the datal€8 the egBation 193 C
143 C 169 C- 194 C 144 C
170 . C 195 B 145 B 171 C
196 B10 1laég6v = loB[Vmax/ (1l + HIK2 + Ku/H)Q [Dlxon, M. Bxd Webb,B
147 C 1 1 g- C
VO 98/ 17676 E. C. Eézﬁggg, Acgﬂemlc Press: ﬁéw C%f 597?189 éﬁ. 13
- 108 - _ 164 (1979)]}. The program KineTic (BioKin Ltd) was used

in both cases.
Kinetic constants for the rapid equilibrium
15 ordered bisubstrate reaction were determined from rate vs
' [4A], [EDVV AbuC-pNA] data by non-linear least squares
fitting to equation 1 [Morrison, J.F. Biochim. Biophys.
.Acta.,-185, pp. 269-286 (1969)] as described in the text.
Ki; and Kjs values for peptidyl inhibitors were determined
20 from rate vs [inhibitor], [substrate] data and fitting to
the equation for mixed inhibition: '

".rate = Vmax[S]/{Km(1+[I)/Kis) + [S] (1 + [I]/Kii)}
The ‘commercial program KinetAsyst (StateCollege, PA) was

used for both procedures. Ki values were calculatéd from -
25 _iate vs [inhibitor] plots by a nonlinear least squares'
fit of the data to the equation of Morrison for tight
binding competitive inhibition [Morrison, J.F. Biochim.
Biophys. Acta., 185, pp. 269-286 (1969)]. The KineTic

program (BioKin Ltd) was used for this procedure. _
30 The results are shown in Table 9. K; values
are expressed in uM. Category “A” indicates < 1 uM
inhibition; category “B” indicates 1-100 pM inhibition;
category “C” indicates > 100 pM. The designation “ND”

indicates that the compound was not tested.



Wil e we have herei nbefore presented a nunber of enbodi ments of this

invenéion it is appﬁLegt t hat ny basi ¢ construction can be altered to
provi de other enmbodi nents which utilize the nethods of ntion.
5 * Theref %@98{1?67\% Il be appreciated that the scope of thi s?d‘l%ssw:ﬂr?éint i on
Is to be defined by the clains appended hereto rat her than the
speC|r|c enbodi nents whi ch have been present ed hereinbefore by way of
exanpl e
CLAFRB Whaeble 8Ia|ﬁEaYW§ lnhlbl%lon1dataAF%5n$RmﬁﬁP%ﬁst%el?o?nula
(rn): 5 [err] Wis: [err]
Cmpd. Ki (pM) Cmpd. Ki (M) Cmpd. Ki (M)
No. No. No.
5 _ .
1 B 42 B 83 B
2 B 43 B 84 B
3 B 44 B 85 B
4 B 45 B 86 B
5 B 46 B 87 B
6 B 47 B 88 B
7 B 48 B 89 . B
8 B 49 B 20 B
9 B 50 B 91 B
10 B 31 B %2 B
11 B 52 B 93 B
12 B 53 B 94 B
13 B 54 B 95 B
14 B 55 B 96 B
15 B 56 C 97 B
16 B 57 B 98 B
17 B 58 B 99 B
18 B 59 B 100 - B
19 B 60 C 101 A
20 B 6l C 102 A
21 B 62 B 103 A
22 B 63 B 104 A
23 - B 64 B 105 A
24 7 B 65 B 106 A
25 B 66 B 107 A
26 B 67 c 108 A
27 B 68 C 109 B
28 B 69 B 110 B
29 B 70 B 111 C
30 B 71 A S 112 B
31 B 72 B 113 B
32 B 73 B 114 C
33 C 74 B 115 B
34 B 75 B 116" B
.35 B 76 o 117 B
36 C 77 C 118 B
37 B 78 B 119 C
38 B 79 B 120 B
39 B 80 A 121 o
40 B 81 B 122 C
41 B 82 B



10 [err]
al koxy, or aryl oxy,

wherein the ring atons are carbon
each R2 is independently hydrogen,
ar al kenyl , ~cycl oal kyl

cycl oal kenyl al kyl,
het er ocycl yl al kenyl ,
whi ch are

nitrogen atom a 5-7 nenbered nonoc
wherein any R2 cBPPon at§ﬁﬂﬁy)optio
J is alkyl, arylNoaralkyl

mis O or
or each

het er ocycl yl ,
5 heteroaryl,

al koxy

1;

each R err]

i s hydroxy,

Rlerr] is an oxygen atom and together wth
the boronwdegqr6790hi ch they are each bound, forma 5-7 nmenpesaskormddes 15

or

g-

A9 oxy -

ni trogenpp70L oxygen;
al kyl ,.
cycl oal kyl al kyl ,

al kenyl ,

aryl,

cycl oal kenyl

het er ocycl yl al kyl ,
het er oar al kyl ,

Hﬁ%t i t ut SEPRE

ar al kyl ,

or two R2 groups,
bound to the sanme nitrogen atom formtogether with that
clic heteroc

Kié

ring_system

th JEi{gM)

-ryrlnalkyl

cycl oal koxy, heterocyclyl,

hydr oxy, am no,123
ar al kanoyl am no124

15 nitro, -formyss acyl,Bsul fonyl,
Substituted wtipg-3 J1 groups;

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

al kgl am no,

caBboxy,

oo aUOEwOWWAO

152
- 153
154
155
156
157
158
159
160

161

162
163
164

165

166
167
168
168
170
171
172
173

e NeNeReRe R ReReReReRe R  Hel: R R I Il I B I o

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

198

het er ocycl yl oxy, heterocyclyl al kyl, keto,
al Ked®yl ami ®, aroyl am 54 B

car boxyal kyl , Bar boxam dodlasyl ,
orssul fonagm do and is176 -

hal®, cyano,
optimnal |l y

SPmwwaaoooaoO0oo0Oumow oW an



J[err] is alkyl, aryl, aralkyl, alkoxy, aryloxy, het er ocycl yl ,

het erocycl yl oxy, keto, hydroxy, am no, al kanoyl am no, ar oyl am no,

car boxy, car box al kyl, 20 carboxam doal kyl, hal o,. cyano, |,

sul fonyl , %yl f onani do; is alkyl, al EIEIH{#W{SSW

al kynyl , V\,her e| n any hydrogen is optionally substituted with hal ogen,
and wher ei n any hydrogen or hal ogen atom bound to any 25 term nal
carbon atomis optionally substituted with sul f hydryl or hyd 0X

Alerr] is a bond,. While we haveE é}qqelnbefore presen qng?/egf] kyl ,
cycl oal kyl, ar yéf ey ents 0%1 Al}et g0 I ﬂ@)ﬂt’ tljlﬁtte ryI
het er oar al kyl , Tarboxya , or ca oxam 5 optional I y _

substituted w thadid domtmnstlon can be alteﬂdertro] pa‘rmdlm arther

i ndependent |y hydrogen, al kyl, | kenyl ral ar.al kenyl
cycl oal kyl , g’ﬁ‘%q? aﬁllk"ﬁh ‘b“;ﬁ?r é’tﬁ'g)[cgsr C'J\;%‘Ilk% ihvention.
het er ocycl ylsal Kyﬂer@fé@é oaitylmnr ﬁ@tﬁiﬁiﬂécﬁa{%d 2t ltihel(?sc@@id Qﬁal'dth

substituted W|th13Jgroups X is a bond, I;? (R7) -
-0-, -S-, or -Mwmtz}gn is to be deflnedMy.@my@}aggg;n apgg e

aryI, ar aI kyl, het er ocy, 5%4: ter ;

het er oar al kyl , ]%ﬁﬁtoh?]% 7 01?91% Isyp é‘@ dl% fﬁgcﬁl %%r‘)Q be%rn

presented herelnbefore by way of example.



15 groups; R8 is hydrogen al kyl, aryl, aral kyl,
het erocycl yl, heterocyclylal kyl, heteroaryl, het er oar al kyl , aral kanoyl

het er ocy ciyaisdvizero het er oar al kanoyl C(O)R[err] - 50[ er ¢ RUSYWIBY6SOr
car boxam do,—and 20 {s—epttonal |y substr—tnoaeel vvrth 1-3 J gr oups; or R8

and Z, together with the atons to whi ch they—are—bBotha—Fo+rm &t

ni trogen cont m‘ gﬂice icyclic ring syst ¢m RERJACBRSHEETS sG
substituted w —11 -
R14 is al kyl, m het er ocycl yICLAIMS escn@m? gf’%(edl """" %pageg k-
heteroaryl, or heteroaral kyl ; Y i ¢4 PR Cﬁﬁg ..C( DABEC orrrceens
O O-, -SO-, “5(0)2-, or -S(O) (NR[& Br“W‘“%larBF%Fde_ré piged e
defined above; wWlat is claimed is: al kyl, aryl, TE&I‘*@‘F“%ycP&%’I kyt -to paged ..........
cycl oal kyl al kyl , heterocyclyl, heterocyclylalkyr, teteroaryt

heteroaral kyl, -OR2,10r -A(EEZoundies i th&nformula cCéIbon atomis optionally
substituted with J, wherein R2 Is as defined above; 10 A2 is

a bond or [err] ' M RO is al kyl, cycloal kyl, aryl,

aral kyl , - het er ocycl yl , heterocyclylalkyl hetqqoaryl :

het er oar al kyl, car bo&/ﬁl kyI x_car 9&a Kyl , , Hod is W56 optionally
substituted with 1-3 \Mﬁps al cycl oal kyl, aryl,
ar al kyl , heterocyclyl heterocyclyl | .kyl et eroarlyl, or

het eroaral kyl, optionally substituted by 1-3 J groups, wher ei n any

~al kyl carbon atom may be replaced by a heteroatomL , wherein

5 W is:

o o | o
' 2
/“\ /“\ e
R? i CF,R® / . |
. F F R?

10 - mis 0 or 1;
each Rl is hydroxy, alkoxy, or aryloxy, or each
Rl is an oxygen atom and together with the boron, to
which they are each bound, form a 5-7 membered ring,

wherein the ring atoms are carbon, nitrogen, or oxygen;

* [4 L M $ *



Vis a bond, -CHerr]-, -C(H(Rerr])-, -0, -S, or -N(Rerr])-

Rl err] is hydrogen or (Jerr] alkyl; Kis a bond, -O, -&,
C(O S(O2-, 25 or -S(O(NR[err])- Mmmu1 eH sas

deflned“gﬁéa%wg Tis -R12, _yI-R12

“al kyny! - R12, -OR12, -N(R12)2, -c(ORI2, - hKthyI)RlZ or

[err] Rlerr] is hydrogen aryl, heteroaryl, cycloalkyl, 5

het er ocycl yl , cycloalkylideﬁ& het er ocycl oal kyl i denyl, and is
optional |y substitutedeach thslaﬁdépgndapslyohydrégen; Eakyhnd a second

, th th,th t h t d, f
Egﬁgr]or blcgg%38§ﬁlﬁ% ¥9$t§ﬁg %? gﬁgFP §H¥gt|Fﬁgiagg§y£8unl 3 3rg}oup2;'
Rlerr] is al kytloayxiyoakyh, ayﬁhoaakah§1 Ycloaﬁk@ﬁgfafkyk |
yl, or

het er ocycl yl al kyl , heteroaryl, heteroara kyl, car :
car boxam doaPRYRIOSYgLYS, hetGEPFMﬁ&Vﬂ§1EMbsth@b@é@CMFlh alkenydr ogens J

gr oups; s alk ycl oal kyl aryl ar al ky
heterocyé%ylheﬁ§F8P5¥§cl9Fa#ﬁ§?r°ﬁ5¥ik8§ryPr two R et%?%%?%#k?¥lcn are

gagngyalkylboahgcebbehéﬂbaﬁalhitroaeﬂ hfom, fSE&'Q&&ééﬂefubféhteﬁgé wi th
groups; an
nltrogen atom, a 5-7 membered monocyclic heterocyclic

ring system; wherein any RZ carbon atom is optionally
substituted with J;
10 _ J is alkyl, aryl, éralkyl, alkoxy, aryloxy,
| aralkoxy, cycloalkyl, cycloalkoxy, heterocyclyl,
heterocyclyloxy, heterocyclylalkyl, keto, hydroxy, amino,
alkylamino, alkanoylamino, aroylamino, aralkanoylamino,
- carboxy, carboxyalkyl, carboxamidoalkyl, halo, cyano,
15 nitro, formyl, acyl, sulfonyl, or sulfonamido and-is
optionally substituted with 1-3 J1 groups:
| J1 is alkyl, aryl, aralkyl, alkoxy, aryloxy,
heterocyclyl, heterocyclyloxy, keto, hydroxy, amino,
alkagoylamino, aroylamino, carboxy, carboxyalkyl,
20 carboxaﬁidoalkyl, halo, cyano, nitro, formyl, sulfonyl,
or sulfonamido;
| L is alkyl, alkenyl, or alkynyl, wherein any
hydrogen is optionally substltuted with halogen, and
‘wherein any hydrogen or halogen atom bound to any
25 terminal carbon atom is optionally substituted with
sulfhydryl or hydroxy: .
Al is a bond, -
Sheet Has Been R laced
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R16 ié hydr ogen, al kyl, aryl, heteroaryl, 20 cycloal kyl, or heterocyc{yl;

provi ded t hat when: L is alkyl; and _ Wis I
[err] ., Wherein Rerr] is hydrogen, neth ,
ANENDEDvgié¥HMW9 -114- _ 144 Lerr) $rdibridoly
T
]
—NH C
7N
. ’ H
R | X z
\\Y//

R4 is alkyl, cycloalkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl,
heteroaralkyl, carboxyalkyl, or carboxamidoalkyl, and is

5 optionally substituted with 1-3 J groups:;

RS and R6 are independently hydrogen, alkyl,
alkenyl, aryl, aralkyl, aralkenyl, cycloalkyl,
cycloalkylalkyl, cycloalkenyl, heterocyclyl,
heterocyclylalkyl, heteroaryl, or heteroaralkyl, and is

10 optionally substituted with 1-3 J groups;
X is a bond, -C(H) (R7)-, -0-, -5-, or -N(R8)-;
_ R7 is hydrogen, alkyl, alkenyl, aryl, aralkyl,
heté;odyclyl heterocyclylalkyl, heteroaryl, or
heteroaralkyl, and is optionally substititued with 1-3 J
15 groups: .

R8 is hydrogen alkyl, aryl, aralkyl,

heterocyclyl, heterocyclylalkyl, hetercaryl,

heteroaralkyl, aralkanoyl, heterocyclanoyl,

heteroaralkanoyl, -C(0)R4, -so,rl4, or carboxamido, and

20 is optionally substititued with 1-3 J groups; or R8 and
Z, together with the atoms to which they are bound, form
a nitrogen-containing mono- or bicyclic ring system

optionally substituted with 1-3 J groups:

A



, Wherein one Rerr] is hydro en and t he other Rlerr] is hydrogen,
phenyl , cyclohexyﬂthh dhyl, or benzyl, or

0 \J/(Fﬁélb ‘ vvherel nRis al kyl -, PC'i‘/'&ﬁPl/ﬁB&”]
be: ]6 B ih - 112 ~ -11 .
conpound accordlng to clalm wherein Al is:

10

15

20

25

R14 is alkyl, aryl, aralkyl, heterocyclyl,
heterocyclyalkyl, heteroaryl, or heteroaralkyl; '

al kyl ,

must
The

Y is a bond, -CHz-, -C(0)-, -C{0)C{0)-, ~S(O)-,

-5(0)2-, or -S(0) (NR7)-, wherein R’ is as defined ébove;
Z is alkyl, aryl, aralkyl, cycloalkyl,

cycloalkylalkyl, heterocyclyl, heterocyclylalkyl,'

heteroaryl, hetercaralkyl, -OR2, or -N(R2),, wherein any

carbon atom is optionally substituted with J, wherein R2

is as defined above;

AZ is a bond or

]
—NH C
Y\
R® .
RY is alkyl, cycloalkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl,
heteroaralkyl, carboxyalkyl, or carboxamidoalkyl, and is
optionally substituted with 1-3 J groups;
M is alkyl, cycloalkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heterocaryl, or

-Heteroaralkyl, optionally substituted by 1-3 J groups,

wherein any alkyl carbon atom may be replaced by a

heteroatom;
V is a bond, -CH2-, -C(H) (R11)-, -0-, -8-, or
-N(Rll)—;

anl is hydrogen or Ci-3 alkyl;

or —S(O)(NRll)—, wherein R1l is as defined above;

* [ L L $ *



[err] 3. The conpound accordlng to claim?2, wherein 5

Rlerr] and Rlerr] are hydrogen. 4. The conpound according to
claim 3 wobetere  Alerr] is: [err]  [rnds97nsessind
Rlerr] is alkyl. 10 5. The gao@peund according to claim4,

wher ein Rlerr] is isopropyl. 6. The conpound according to
claimbs, wherein 15 L is alkyl, alkenyl, or alkynyl, mherein any hydrogen
S optional ly substituted éh ha 18nd_ ere| g%dro en or
hal ogen at om-bound to, iyl?er nal %LE%@ER Y |0ﬂaT Tituted
with sul fhydryl2or_gpidydr 12 e HEET

7. The conpgﬁkd accord?n ﬁf% cf§|n1%( ere nc( NOalEyf§ rlha onet hyl ,

sul f hydryl, or al kyl substltuted W th trihal omethyl, sul fhydryl, or
hydr oxy. : '

| H ' . This Sheet Has Been Replaced
K "N . _ .
167 ™ Y |
R N
H .

R12 is hydrogen, aryl, heteroaryl, cycloalkyl,
heterocyclyl, cycloalkylidenyl, or
heterocycloalkylidenyl, and is optionally substituted

with 1-3 J groups, or a first R12 and a second R12,
10 together with the nitrogen to which they are bound, form
a mono-.or bicyclic ring system optionally substituted by
1-3 J groups;
R10 js alkyl, cycloalkyl, aryl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl,
15 heté:oaralkyl, carboxyalkyl, or carboxamidoalkyl, and is
optionaily substituted with 1-3 hydrogens J groups;
. R1S is alkyl, cycloalkyl, aryl, aralkyl,
'heterocyclyl, heterocyclylalkyl, heteroaryl,
heteroaralkyl, carboxyalkyl, or carboxamidoalkyl, and is

20 optionally substituted with 1-3 J groups; and

R16 js hydrogen, alkyl, aryl, heteroaryl,
cycloalkyl, - or heterocyclyl.

2. The compound according to claim 1,

wherein Al is:

A



5 : 8. The conpound according to claim7, “wher ei n

Xis -O or -N(H-; and Yis -CH-, -C(O-, or -5(0)2- 10

9. The compound according to claim8, wherein Vis_- - d Kis
(0 - oe¥HPerry-. 10, Jhe conpound a%g’yﬁgq"%’aﬁo claim
1, wherein 15 Alerr] is: [err] ' , and
Rlerr] and R err] are hydrogen; Alerr] is: [Jerr]

and R9 is isopropyl; 20 L is ethyl; - Xis -0- or
-N(H) - o |

- 117-

\
C—

" This Sheet Has Been Reﬂlaced

R

3. The compound according to claim 2, wherein

R® and R® are hydrogen.

5 4. The compound according to claim 3, wherein

QO=—=0

Y\

R® and R® is alkyl.

5. The compound according to claim 4, wherein

10 R? is isopropyl.

6. The compound according to claim 5, wherein
L is alkyl, alkenyl, or alkynyl, wherein any hydrogen is
optionally substituted with halogen, and wherein any
15 hydrogen or halogen atom bound to any terminal carbon
atom is optionally substituted with sulfhydryl or
hydroxy. |

_

LT



Yis -CHerr]-, -C(O-, or -S(Oferr]- Vis -N(H-; and
Kis -C(O-. 5 11. The conpound according to claim10,
wher ei nwd $s#76®OpPr opyl . 12. The conpounﬂc%gp,r,ﬂb&g to
claim 11, wherein Z is aryl or heteroapyk. he

conmpound according to claim12,
14. The conpound according to claim 13,

wherein T is aryl

or heteroaryl
wherein T is pyrazine.

15. The conpound accordyng &l &
- CH2-. ﬂhe (g%ﬁn%oun% aa%%oo%q{rgg t{bo cﬁazj‘lmm ’5%%rel\/ﬂ1er ein

Zis aryl or Iheltsarmatl;alomethyl
cl ai m 16,

re| Z |s
. accordi ng tottﬁ’%]

The conpound accordlng to cla|n118

-N(R[err]gz, or

sulfhydryli, Jithes ldoyipcuik thictatiat et

AR 9% SHRRAY -

18. The conpound
19.

wherein T is -Rerr], -ORerr],

according to claim 7,

=-S5 (0) o-.

according to claim 8, wherein

or -5(0)2~.

according to claim 1, wherein

This Sheet Has Been Re) 'i aced

AT

, and R® and R® are hydrogen;

and R® is isopropyl;

8. The compoﬁnd'
wherein:
X is -0- or -N(H)~; and
Y is -CHp-, -C(0)-, or
10 '
9. The compound
V is -N(H)- and K is -C{(0)~-
- 10. The compound
15 Al is:
ﬁ
—NH C
N
R®
20 L is ethyl:

* [ L M S *



AVENDED SHEET 20. The conpound

according to claim19, , wherein Mis al kyl, heteroaral kyl, aryl,

cycl oal , aral kyl, or aral kyl, wherein one | carbon
5 atOnM@'lir%qul aced by Oor S - 116 - 21. Th?%%’an%gﬁﬁiggaccordi ng
to claim 20, wherein said heteroatomis S or O 22

The conpound according to claim?21, wherein T is aryl or heteroaryl.

23. The conpound acco&?Ln to clai . wherein T is—pyrazihe:

24. The conpound accor. Hﬁgfé)cﬂﬁlﬁ “fer ein A kS Abgnd; 10

L is ethyl; -~ Y is -CHy-, -C(O)=, or =S(0)g=; . ymw ek verRe

ﬁlilced

i

I

V is -N(H)-; and
K is -C(0O)-.

11. The compound according to claim 10,

wherein M is isopropyl.

12. The compound according to claim 11,

wherein Z is aryl or heterocaryl.

13. The compouhd according to claim 12,

wherein T is aryl or heterocaryl.

14. The compound according to claim 13,

wherein T is pyrazine.

15. The compound according to claim 10,

wherein X is -0- and Y is —CHZ—.

16. The compound according to claim 15,

-wherein Z is aryl or heteroaryl.

17.. The compound according to claim 16,

wherein Z is aryl.

.10 ~ 18. The compound according to claim 10,

wherein M is isopropyl.

19. The compound according to claim 18,

wherein T is -R12, -0R12, -N(R12);,, or

I ——————

| A



Xis -0-; Yis -CHerr]-; Vis -N(H-; and Kis

-C (O - or -S(Oferr]- 15 25. The conpound according to
claim?2 og/17eMerein Mis isopropyl. 718968 119-
26. - Thé’v%orrpoﬁd according to claim2i, 197 - Wwherein Ecir{snsgryﬂ or
het er oaryl . 27. The conpound according to claim 26,
wherein Z is phenyl. 28. The conpound according to cl aim
27, wherein T is -R12, -ﬁl,kyl-R[err],--aI kenyl - rr], -OR12,
-N(Rerr])2, -C(=NCal kyl YR err]R "or 5 [€rr] his Sheet Has Been Replaced

' K i [T

R1s/’ '\\N .
I _ _
: o) _R1°

20. The compound according to claim 19;
wherein M is alkyl, heteroaralkyl, aryl, cycloalkylalkyl,
aralkyl, or aralkyl, wherein one of the alkyl carbon

5 atoms is replaced by O or S.

21. The compound according to claim 20,

wherein said heterocatom is S or 0.

22. The compound according to claim 21,

wherein T is aryl or heteroaryl.

23. The compound according to claim 22,

wherein T is pyrazine.

- 24. The compound according to claim 3, wherein

A2 is a bond;

10 L is ethyl;
X is -0-;
Y is —-CHp-;

V is -N(H)-:; and
K is —C(0)- or -S(0),-.
15

* C L M S *



30. The conpound according to claim 29, wherein Mis |sopropyl and
31.

Kis -C(O - -120- -

The conpound according to claim 30, wherein T is -Rerr], -alkyl-R12,

- al keny WORPBATPT® - OR[err], - - N( Rlerr])2, -C(=NCal kyl BCI/EFS7[1896§,

R15 [err] . K pht8nmceutically acceptable
conposition - conprising: a) a conpound according to clalns
1-31 in an amount effective to inhibit HCV NS3 protease; and 10 '

b) -a pharmaceutical |y b+t aflhe camupaund according to claim 24,

wherein M is isopropyl.

26. The compound according to claim 25,

wherein Z is aryl or heteroaryl.

27. The compound according to claim 26,

wherein Z is phenyl.

-5 28. The compound according to claim 27,
‘wherein T is -R12, -alkyl-R12, -alkenyl-R12, -QRr12,
- -N(R12),, -c(=Noalkyl)R12, or

15 . This Sheet Has Been Replaced
i [T
K N
R N
H
10 29. The compound' according to claim 1, wherein
I
NH_
Al is \'/ ; and
"Ry _
AZ is
]
—NH Cc
\l/ N
R?

AN 00 _f



33. The use of a conpound according to any one of clainms 1-31, in the
manuf acture of a nedi canent for i nhi biting serine protease activity.

34. TheyBédiegheaccording to claim33, wherein 15 the serppgrRéfissagse i s HCV
NS3 pr ot ease. 35. The use;p§ a conpound according to any one
of claims 1-31, in the nanufacture of a nedicament for for treating or
preventing a hepatitis Cviral infection In a patient. 20

36. The use according 3P CI@t | cgﬁpf% é"ﬁ"gd& Salt%r %ﬂ%ﬁ%u%,i s fornul at ed

together with a pharmace
wherein M is isopropyl and K is -C(0O)-.

31. The compound according'to claim 30,
wherein T is -R12, -alkyl-R12, -alkenyl-R12, -0Rr12,
5 -N(R12),, -C(=NOalkyl)R12, or

R15 :
: - "This Sheet Has Been Re
P HIIlIlHIIIlHllIlIHiIl
R16” K-\_N AN :
R H .
| o RO

32. The compound according to any one of

claims 1-31, wherein W is

0

o o
2
R? i CFR? o

10 N -~ F F R
o o o) 'I
2
/M\U/R2 JKH/OR Nz
- ; ; R ;
o ' o] |

- .
N, —P—(ORR, T (OmR

' 2
2T OmR® Ok

- O O 0]
| " \/ \/

—S— ; ——8—R* ; or -——-S-—-Rz.

LTI
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10

15

- 120 -

33. A pharmaceutically accébﬁable composition
comprising:

a) a compound according to claims 1-32 in an
amount effective to inhibit HCV NS3 p;otease; and '

b) a pharmaceutically suitable carrier.

34. A method for inhibiting serine protease
activity comprising the step of administering to said

patient a compound according to any one of claims 1-32.

35. The method accordihg to claim 34, wherein

the serine protease is HCV NS3 protease.

36. A method for treating or preventing a
hepatitis C viral infection in a patient comprising the
step of administering to said patient/mammal a compound

according to any one of claims 1-32.

37. The method according to claim 36, wherein
saidncompound is administered to a patient and is
formulated together with a pharmaceutically suitable

carrier into a pharmaceutically acceptable composition.

Sheet Has Bezn Re laced
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