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| NHI BI TORS OF | NTERLEUKI N-1[ err] CONVERTI NG ENZYME

TECHNI CAL FI ELD OF THE | NVENTI ON The present invention
relates to novel 5 cl asses of conpounds which are inhibitors of
interleukin-1[err] converting enzynme ("ICE"). This I nvention al so
rel ates to phgygwaesiki cal conpositions conpri si ng t heseCtwspsResis.
The conpounds and pharmaceutical conpositions of this invention are
10 particularly well suited for inhibiting ICE activity and
consequently, may be advantageously used as agents agai nst
Interleukin-l- ("IL-1") and apoptosi s-nedi at ed di seases, i ncluding
i nfl ammat ory di seases, autoi nmune di seases, proliferative disorders,
i nfecti ous di seases, 15 and degenerative diseases. This invention also
rel ates to methods for inhibiting ICE activity and net hods for
treating interl eukin-1- and apoptosi s-nedi at ed di seases using the
conmpounds and conpositions of this invention.

BACKGROUND OF THE | NVENTI ON 20 Interleukin 1 ("IL-1") is a
maj or pro- I nfl ammat ory and i mmunoregul atory protein that

stinul ates fibroblast differentiation and ' proliferation, the
production of prostagl andins, col | agenase and phosphol i pase by
synovial cells and

IECHNICAL EIELD OF THE INVENTION
The present invention relates to novel
5 classes of compounds which are inhibitors of
interleukin-1B converting enzyme ("ICE"). This

invention also relates to pharmaceutical compositions
comprising these compounds. The compounds and
pharmaceutical compositions of this invention are

10 particularly well suited for inhibiting ICE activity
and consequently, méy be advantageously used as agents
against interleukin-i- ("IL-1") and apoptosis-mediated
diseases, including inflammatory diseases, autoimmune
diseases, preoliferative disorders, infectious diseases,

15 and degenerative diseases. This invention also relates
to methods for inhibiting ICE activity and methods for
treating interleukin-1- and apoptosis-mediated diseases
using the compounds and compositions of this invention.

BACKGROUND OF THE INVENTION

20 Interleukin 1 ("IL-1") is a major pro-
inflammatory.and immunoregulatory protein that
stimulates fibroblast differentiation and
proliferation, the production of rrostaglandins,
coilagenase and phospholipase by synovial cells and
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-2- : chondrocytes, basophil and eosi nophhil degranul ati on and
neutrophil activation. Cppenheim J.H et al, | mmunol ogy Today, 7,
pp. 45-56 (1986). As such, it is i nvol ved in the pathogenesis of

chronic and acute 5 I nfl ammat ory and aut oi nmune di seases.
I n rheug%t bgsgrthrltls IL-1 is both a nediator

i nfl amrat ory synptons and of the destruction of the

of
ca

For exanpl e,

I’ IPS96/20370

proteoglycan in afflicted joints. IL-11is al so a highly potent bone
resorption agent. It is 10 alternatiwvly_referred to as "osteocl ast
activating factor"” in destructive bone di seases such as

osteoarthritis and nultiple nyeloma. Bataille, R et

a

., Int. J.

din. Lab. Res., Zhonglro2®8eE198230phil and eosénbphnlpde@ﬁénuﬂﬂﬂlma and
di sorders, such a;é%qu;h}§ act??g{gg@no§§ %Hgﬁﬂ1a aﬁd @@ J_|ple nyel oma,
unor h “&Rd e&i on. tth

IL-1 can pronot e

di sorders, IL-1 a@@ﬂﬂﬂﬁﬂﬂﬂﬂaﬂﬂﬂﬁ¥rdaud&1oﬁ5oﬁ50ﬁh886)

dse

As @gnabki aésisuch as
|L-6, which can nmugioaked! 4RDEhe pathd&@ﬂ@é&@”%@tchraﬁﬂé(Hﬂd‘atd%g Cancer

Res. 54, 6243 20 IL-11is predon1nant|y,

produced by er|pH@F&%mmat%ryb?B%dP?ﬁﬂﬁﬂﬂHﬂ? disepsps - of PSP 8mmhPor y

response and-hevansteidnaknbr i k4, Mat-1agenbsthf @rm&diddorllogrr] and I L-

(1587} " Lomnermann s Smpdtpry Efordfl a8, 5€ pesblicdinn offiperofs o7

(1989). cartilage| protepglydan dynalifdicted abontys ol dgi-daliby

i nactive precursoraispl b~ highiy- po@éxlf ls[o%{er ]reEBSEiSEJ,é‘n gent tcog\éens' 0%' "
pept i dase rc

| eader sequence an not processed by a 30 gha
C.J., Naturé? 3152 ternatlﬁg

Y BaieRer (tross) “°FH§?%%\%IS': ;ﬂq_tlf[aérmp i s

cl eaved by fiantterl etk dedf puidtivoboakt digegsay dudh |4E") bet ween Asp-
Bataille, R. et

osteoarthritis and multiple myeloma.
al.,

r 21, p. 283 (1992). 1In

certain proliferative disorders, such as acute

15 myelogenous leukemia and multiple myeloma,
promcte tumor cell growth and adhesion.

IL-1 can
In these

disorders, IL-1 also stimulates production of other

cytokines such as IL-6, which can modulate tumor
development. Tartour et al., Cancer Res. 54,

20 (1994).

6243

IL-1 is predominantly produced by peripheral

blood monocytes as part of the inflammatory response

ard exists in two distinct agonist forms, IL-

laa and IL-

1B. Mosely, B.S. et al., Proc., Nat. Acad. Sci., 84,
25 pp. 4572-4576 (1987); Lonnemann, G. et al., Eur.J.

Jmmunol., 19, pp. 1531-1536 (1989).

IL-1B is synthesized as a biologically

inactive precursor, pIL-1B. pIL-18 lacks a

conventional leader sequence and is not processed by a
30 signal peptidase. March, C.J., Nature, 315,

pp. 641-647 (1985). Instead, pIL-1B is cleaved by

interleukin-1f converting enzyme ("ICE") between Asp-
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- 3- 116 and Al a-117 to produce the biologically active

C-terminal fragment found in human serum and synovi al fluid. Sleath,
PR, et al., J. Biol. Chem, 265, pp. 14526-14528 (1992); A D.
Howard et al., J. 5 | munol ., 147, pp. 2964-2969 (1991).

ICE is a cyst evi,gg.”ﬂF t ease | ocali zed primarily in nongeyhsserzostd
converts precursor -1[err] to the mature form Black, R A et al.,
FEBS Lett., 247, pp. 386-390 (1989); Kostura, MJ. et al., Proc.
Natl. 10 Acad. Sci. USA, 86, pp. 5227-%231 (1989). Processing by
|CE is al so necessary for the transport of mature | L-1[err] through
the cell nmenbrane. ICE, or its honol ogues, al so appears to be

involved in the 116 apdAkaildiy 6P PEPRuGRAENE Sricokegicadily. aEiye J. 15

et al., Cell, 75, @pte%inﬁﬁzfx(ajgﬂr%%): £Mid ain Munin &erum and sﬁ%\hal75 Pp.
653- 660 (1993) hbtt FlordaI|S| a |1 Bi 17B,
p. 117 (1993). In fiuid. o Sieatfjof. RI'CEeBra)rCE%Qj‘gﬁggg%‘ ?ﬁ ught to be
associated with thppregm52m+xnﬁzﬂ:(apepb03|5 Dn Rivard mturdgendrati ve

di seases, suc n P. di sease. Marx, J. and
M Barlnga Slgélencéiﬁnl}gﬁjﬂ;ei 2%5? Sﬁ’ %884 %§§%1§§%3§ ‘Gagliardini, V. et al.
Sci ence, 263, pp. 826-828 (1MP4)is a cysteine proteasgkE lggelheeqd denonst r at ed
to nmedi ate 25 a ( I cel in rtaLn.tiss

types. Steller, H Bgs%:llgg%;f: B'Qg‘gm%m%i% %ﬁg %J;Qrﬂs p%%g%g,r #\7[' :ﬁcFOEvan,
G, Nature, 376, pthé?méﬂ@:%)form Blbbkt iR,AS.ek and (EEBB.nL.eﬂ:R ,203II

82, p. 349 (1995); i B | p.
4312 30  (1995)° p%asssﬁﬁwﬁlr%%asmséﬁ “T] eJEEI7(‘)"1" 1995) .
Ther apeuti c &dpl i cRERSnsSEbe UsShi 1§6 i BR- 09227~ 523%ukﬁ%¥ﬁrs Ragcenzingle
treatment of Al zheppetcs dé SEBSE necessarPafdd NGO tratispo@s o £ Sthé Okt

nycar di al |nfarct|on .
IL-1B through the cell membrane. ICE, or its.

homologues, also appears to be involved in the

requlation of cell death or apoptosis. Yuan, J.

15 et al., Cell, 75, pp. 641-652 (1993); Miura, M. et al.,
Cell, 75, pp. 653-660 (1993); Nett-Fiordalisi, M.A.
et al., J. Cell Biochem., 17B, p. 117 (1993). 1In
particular, ICE or ICE homologues are thought to be
associated with the regulation of apoptosis in

20 neurogenerative diseases, such as Alzheimer's and
Parkinson's disease. Marx, J. and M. Baringa, Science,
259, pp. 760-762 (1993); Gagliardini, V. et al.,
Science, 263, pp. 826-828 (199%4).

ICE has been demonstrated to mediate

25 apoptosis (programmed cell death) in certain tissue
‘types. Steller, H., Science, 267, p. 1445 (1995);
Whyte, M. and Evan, G., Nature, 376, p. 17 (1995};
Martin, S.J. and Green, D.R., Cell, 82, p. 349 (1995);
Alnemri, E.S., et al., J. Biol. Chem., 270, p. 4312

30 (1985); Yuan, J. Curr. Opin. Cell Biol., 7, p. 211
{1995). Therapeutic applications for inhibition of
apoptosis may include'treatment of Alzheimer’s disease,
Parkinson’s disease, stroke, mycardial infarction,
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-4- spi nal atrophy, and aging. A transgenic nouse with a

di sruption of the ICE gene is deficient in Fas-nedi ated apopt osi s.
Kuida, et al. (1995). This activity - of |ICE is distinct fromits role
as the processing enzyne for 5 pro-1L-1[err]. It is conceivable that
in certain tissue types, inhibition of ICE may not affect secrg}ion
of mat %ﬂ%“f[err] but may inhibit apoptosis. PCT/US96/20370
has been previously descrlbed as a het er odi mer conposed of two
subunits, p20 and pl10 10 (20kDa and. 19kDa nol ecul ar wei ght,
respectively). These subunits are derived froma 45kDa proenzyne
(p45) by way of a p30 form through an activation nmechani sm

that is autocatal yspinaThorrmdpduy,y an. Agisg. aU\transgenN&tmbese35ﬂﬂlpp

768-774 (1992). Thgﬁ%ﬁr %E%nygg hilEElg_eszj ee&eﬁf\éﬁnsﬂbhg%% Y& Aea

functi onal domai ns:
pol ypepti de |InkeraP°Pt°5¥§Nj &upﬁe.ssbuhlt (HﬂﬂﬁdnbeﬂhyseacaiV4t$LqﬂeiCE

Casano et alj5 GLNHHGS fréfh iRR- réf§0§§1tﬂé§€%6 asiﬁg enzyme, for FUll

| engt h p45 has been characterized by it no acid
sequences. FCT pareotllapif.i cdti dsconceival@ OThBEE5TIR aadtaDr M NOE54. The

p20 and pl0 cDNA a gpes' nﬂyng%Egcbg §eﬁ Q%Q§n9%&f%£§os§Q9¥@io qgnberry

et al., supra. NUrlne and have Genced and
cl oned. They have hagirearilidpacbdtamdy2bnhibituapeptoatsd sequence honol ogy

to human ICE. Ml ler, 696, pp.
133-148 (1993); Nbllneaux§a§ kFen pEﬁVqu%igbdeﬁﬁflbﬂgaﬁﬁ Bci .
90, pp. 1809-1813 be!Em9d1E$ﬁeCDNP9§edlnénSWQNEubunlts. pEe uandirgl ®of | CE has

been determiated at (268 et 10kRCRBL UL DU Mgl ggigfgg%w%aphy

Wl son, K P., et Nat ur e e active
enzyme exists as a ?%ﬁ?eﬁﬂﬁuq&FStﬁﬁepgeréﬁﬂdtﬁﬁmbf045k 2 PEQBRATIS . (P45)

by way of a p30 form, through an activation mechanism
that is autocatalytic. Thornberry, N.A. et al.,
Nature, 356, pp. 768-774 (1992). The ICE proenzyme has
1s: been divided into several functional domains: a
prodomain (pl4), a p22/20 subunit, a polypeptide linker
and a pl0 subunit. TIhornberry et al., supra; Casano
et al., Genomics, 20, pp. 474-481 (1994).
Full length p45 has been characterized by its
20 ¢DNA and amino acid sequences. PCT patent applications
WO 91/15577 and WO 94/C0154. The p20 and pl0 cDNA and
aminc acid sequences are also known. Thornberry
et al., supra. Murine and rat ICE have also keen
sequenced and cloned. They have high amino acid and
25 nucleic acid sequence homology toc human ICE. Miller,

D.X. et al., Ann. N,.Y. Acad, Sci.,, 696, pp. 133-148
(1893); Molineaux, S.M. et al., Proc, Nat., Acad. Sci.,
90, pp. 1809-1813 (1993). The three-dimensional
structure of ICE has been determined at atomic

30 resolution by X-ray crystallography. Wilson, K.P., et
al., Nature, 370, pp. 270-275 (1995). The active
enzyme exists as a tetramer of two p20 and two pl0
subunits.
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-5- Additionally, there exist human honol ogs of
|CE with sequence simlarities in the active site regi ons of the
enzynmes. Such honol ogs include TX (or | CE[err] or |ICH 2) (Faucheu,

et al., ENBO J., 14, p. 5 1914 (1995); Kamens J., et al., J. Biol.
Chem, 270, p. 2618t2250; N cholson et al., J. Biol. Chem,pcq/isobR63%6
TY (or I él'—_[fer C,gh ,

(1995)), r]) (Nicholson et al. J. Biol. , p.
15870 (1995)), ICH 1 (or Nedd-2) (Wang, L. et al., Cell, 78, p. 739
(1994)), MCH 2, (Fernandes- 10 Al nenti, 5T~ et al., Cancer Res., 55, p.
2737 (1995), CPP32 (or YAMA or apopain) (Fernandes-Alnenri, T. et
al., J. Biol. Chem, 269, p. 30761 (1994); Nichol son, DW et al.
Nat ure, 376, p. 37 (1995)), ahddidMenellyn there eRaHE Juman perelogs af . 3.
Biol Chem, (1996); 1tg witkes s AliR@Mhlri tTes€in atj.he eRNGR" e

(1995)). Each of these [ CE honol ogs, as well | CE itself | S

capabl e of inducing re9dpP8sPE %r‘?’tﬂ’é}eéxprég%dh?wmgs inclugdgsTéc{®E cel |
lines. Inhibition oficEpg, oy Ber &CR#2) (FaucHdigsethann) omm\uh tig pepti dyl
| CE i nhibitor dyr- Vallgl42(?1995)Aj aKa@i?e% ctbl orggeglfyl ket lts i g% 0.
L .7 ot

I nhi bition of tosis in mary ‘c
al., Nature, 371, p15346 (Iimlsonﬂeet @dnpo cﬂﬁbedlSBéﬁeln are

al so capabl e of inhifhigbkng, ope iy ICE. r%ées hsaqehggéorpfed% (Sw' €.

Therefore, one can 25 enV| sage _us s to 1nhi

i
apoptosis in £08Be £{DePt Ha")(87(90r{t1§Pﬁ) I CEIH&)HDI%S Negdr2ihhil Bando
not contain active ILCEearaprodusld ,metsyr .1 Izaa[ewézm, MCH-2, (FernandiéE

I nhi bitors repgesen ss., of _.conpounds usef for
i nfl anmat i on gé apo&\[lgglﬁls-?o?r?:oet r]E ﬁ?%%e’ a‘hyd Eépt”é? (?ﬁﬁ% 1tors

of | CE have been CPP3geser | YRMA OF!CEppmaém dbetnaaiesoAd n@@r9l/ 1559¢7; WO

93/05071; WD 93/091 93,16
pat ent application 3554\7/@58%&%%@9%%)»[??9 I{) 36761 aﬁ\%\g%’/ hégi&i)g&@

PCT/ US96/ 20370 D.W. et al., Nature, 376 , P. 37 (1995)), and CMH-1 (or
MCH-3) (Lippke, et al., . (1996} ;
15 Fernandes-Alnemri, T. et al., Cancer Res., (1995)).

Each of these ICE homologs, as well as ICE itself, is
capable of inducing apoptosis when overexpressed in
transfected cell lines. 1Inhibition of one or more of
these homologs with the peptidyl ICE inhibitor Tyr-Val-
20 Ala-Asp-chloromethylketone results in inhibition of
apoptosis in primary cells or cell lines. Lazebnik et
al., Nature, 371, p. 346 (1994). The compounds
described herein are also capable of inhibiting one or
more homologs of ICE (see example). Therefore, one can
25 envisage using these compounds to inhibit apoptosis in
tissue types that contain ICE homologs, but which do
not contain active ICE or produce mature IL-1 B.
ICE inhibitors represent a class of compounds
useful for the control of inflammation or apoptosis or
30 both. Peptide and peptidyl inhibitors of ICE have been
described. PCT patent applications WO 91/15577; WO
93/05071; WO 93/09135; WO 93/14777 and WO 93/16710; and
European patent application 0 547 699. Such peptidyl



- 6- I nhi bitors of I CE have been observed to bl ock the

production of mature IL-1[err] in a nouse nodel of I nfl ammati on (Ku,
et al. or vide infra) and to suppress grow h of |eukema cells in
vitro (Estrov, et al., 5 Bl ood, 84, p. 380a (1994)).

Accordi ngly, the need exists for conpounds that can effectively

I nhibit the f ICE in vivo, for use as agents ting
and treati ng%d7§2{f'8 and acute forms of |L-1-nediat edpgflgg%gzé%?
apopt osi s- nmedi at ed di seases, as well as inflammtory, autoi mmune,
bone-destructlve proliferative, |nfec1upus, degenerative, or
necrotic di seases. SUMVARY OF THE | NVENTI ON

The present invention provides novel classes 15 of conpounds, and
pharmaceuti cal | y twtidpttaddse of ICE hl&vé vaddrny edstelteedotp bbatk drte usef ul as

I nhibitors of These co ds can be used alogne or in

combi nation with QE?éﬁIi eﬂﬁl P53HbH§1§cPPBSE mode ebdfthts, such as
aﬂti biotics, i mrummuiuﬁsﬂiwns (&0, Oé’ﬂ]?ilZQJr v idfet lmlf@fabdamb 1820 nymrétsbs, for
the treatnment or axi.s o seases ate -1 or by

apopt 0si s. Accord??ﬁVEQ) gﬁ%ﬁgpﬁﬁdc +i%xﬂ4m¥ﬁtr° ﬂg 320 %ﬁnﬁﬁjUnds of this
I nvention arse cap@lbed,of8di rpdl B§O0a0(1994)) the active site of I CE and
inhibiting the activity of y rdiﬁgﬁ% NG Weed eXés+s fo ?%FJJhd S a

principal object of this |nvent| provi de nove ses of
i nhi bitors of ICI?h%%rQﬁEnﬂﬁﬁ@CtlvelYt%nﬁthhﬂﬁnﬁ action ¢Er¥gE in vivo, VO
97/ 22618 for use as agents for prevenﬂ%gg/g§%6£29§€£kg chronic

-7- err
[ ] and acute forms of IL-l1-mediated diseases, apoptosis-

10 mediated diseases, as well as inflammatory, autoimmune,
bone~destructive, prcliferative, infectious,

degenerative, or necrotic diseases.

SUMMARY OF THE INVENTION

The present invention provides novel classes
i5 of compounds, and pharmaceutically acceptable
derivatives thereof, that are useful as inkibitors of
ICE. These compounds can be used alone or in
combination with other therapeutic or prophylactic
agents, such as antibiotics, immunomodulators or other
20 anti-inflammatory agents, for the treatment or
prophylaxis of diseases mediated by IL-1 or by
apoptosis. According to a preferred embodiment, the
compounds of this invention are capable of binding to
the active site of ICE and inhibiting the activity of
25 that enzyme.
It is a principal object of this invention to
provide novel classes of inhibitors of ICE represented

by formulas: : ]

Re |Rs O
- i
RS\L'&T,N\)]\N/Rﬁ
K |
i H %)
L ! In . and




wherein the vari ous substituents are descri bed herein.

ABBREVI ATI ONS AND DEFI NI TI ONS

Desi gnati on Reagent or Fraanent

Arg ar gi ni ne
aspartic acid Cys
gl utam ne wo 9712264 U

gl ycine 15 Hi's

i sol euci ne Leu
Met met hi oni ne 20
Pro proline

t hr eoni ne Trp
tyrosi ne WO 97/ 22618
PCT/ US96/ 20370

val i ne

wherein the various substituents are described herein.

Abbr evi ati ons
Al a al ani ne

Asn asparagi ne 10
- cysteine An
glutam c acid
hi sti di ne Ile
| euci ne Lys
Phe - 7 - phenyl al ani ne
Ser serine
trypt ophan 25 Tyr

.- 8-

'N\)L /km

| N
| I
H

NI~
5 Abbreviations

Designation = Reagent or Fragment
Ala alanine
Arg arginine
Asn asparagine

10 Asp aspartic acid
Cys cysteine
Gln glutamine
Glu glutamic acid
Gly glycine

is5 His histidine
Ile isoleucine
Leu leucine
Lys lysine
Met methionine

20 Phe phenylalanine
Pro proline
Ser serine
Thr threonine
Trp tryptophan

25 Tyr tyrosine

G pETrUS96/20370



Ac20 acetic anhydride n- Bu nor mal - but yl

DIVF _ dinmethylformam de 5 Dl EA

N, N- di i sopropyl et hyl am ne ' EDC

1- ( 3- Di net hyl am nopr opyl ) - 3- et hyl car bodi i m de
hydr ochl ori de Et 20 di et hyl ether Et OAc
ethyl acetatg, 1 Fnoc 9-fl uor enyl net hyox

HBTU VORRBIR, o1 11 avol - 1- yl-N,N,N , N - ¥ERRBRAE
tetramet hyl uroni um hexaf | uor ophosphat e

HOBT 1- hydr oxybenzotri azol e -hydr-ate 15 MeOH

met hanol TFA trifluoroacetic acid

Definitions The followi ng terns are enpl oyed herein: 20
The term "active siteValefers to anyvakirs | of the following sites in
| CE: the substrate bindipg Sit : ' re an inhibitor binds
and the site mhggiathe cIeavagi?%ﬁﬂgéﬁgyﬁg?ggoccurs.

The term "al kenyl ", alPo®® or in conbReERdlohutys refers to a
strai ght-chain or brangfred-chain al keiwdthyl formgagieal containing from2 to

10, carbon atons. anpl es of such. radical s_inclyde, but are not
limted ° to, eth . E- and Z-%W&&ﬁ%hﬁQprPEBbFBB%#@T%“?E- and Z-
butenyl, E- and Z- isdanatenyl, E ant- B-Emierhyl am3fopropelietrBd and t he
i ke. The term "al kynwyl.",...akone .ot .in L,0at.i.on,
refers to a straight-chain or branck@xﬁ%ﬁﬁﬁﬁ?°§§%§ﬁ§? hf&%@%ﬁf%*%%% 97/ 22618
PCT/ US96/ 20370 Et,0 diethyl etherg- radi cal
containing from2 to Kioagarbon atongenyy acetEt@mpl es of such radicals
i nclude, but are not |limted to, ‘et hynyl (acet¥len¥Ig, propynyl ,
propar gyl , ¥utynyl, FmOC pexynyl, deciiiArenydrefBypfyearbonyl
HBTU O-benzotriazol~1-yl-N,N, N’ , N’ -
tetramethyluronium
hexafluorophosphate
HOBT l-hydroxvbenzotriazole hydrate
15 MeOH nethanol
TFA trifluoroacetic acid
Definiti

The following terms are employed herein:

20 The term "active site” refers to any or ail
of the following sites in ICE: the substrate binding
site, the site where an inhibitor binds and the site
where the cleavage of substrate occurs.

The term “alkenyl”, alone or in combination,

25 refers to a straight-chain or branched-chain alkenyl
radical containing from 2 to 10, carbon atoms.
Examples of such radicals include, but are not limited
to, ethenyl, E- and Z-propenyl, isopropenyl, E- and Z-
butenyl, E- and Z- isobutenyl, E- and Z-pentenyl,

30 decenyl and the like.

The term “alkynyl”, alone or in combination,
refers to a straight-chain or branched-chain alkynyl



5 The term "substitute” refers to the repl acenent of a

hydrogen atomin a conpound with a substituent group.

The term"K[err]" refers to a nunerical neasure of the effectiveness
of a compound in inhibiting the 10 activity of a target enzyne such as
| CE. Lower val ues of Klerr] reflect higher effectiveness. The Klerr]
value is a in‘ﬁed by fitting experinmental |y determ ned ppghRodlab

to standard enzyne Kinetic equations (see |I. H Segel, Enzyne
Kinetics, WIley-Interscience, 1975). 15 The term "patient” as
used in this application refers to-afy-nmammal, especially humans.
The term "pharmaceutically effective amount” refers to an anount
effective in treating or aneliorating an IL-1- or apoptosis-nediated
di sease in 20 a padieal. Coﬂﬁ?elftléﬁgmfrsmogh‘f/@ab‘h PPN ALEEE! ve

anount” refers to apxappues &f fRLH vRJiRaRECYRAIIY] Put are naubﬂxﬂﬂ&é@' l'y
| essening |IL-1- or apoptosis-nedi a

The term "phar naceuttPCaFFg}Y‘a%]ceﬁ%YgeBXHrePr‘Q%Yny 'orprgé’jaﬁgé{ﬁt DYl o
a non-toxic carrier hekyngl,luvmynyl andt Itata byebe administered to a
patient, together with a * eﬂpo whi ch does
not destroy E t he phar rracor]‘ ogi ca ac IVI Fﬁé? & to @Hg The
term "phar maceut i calkleplacerentasife 3dydrogeni a‘a@_mvm ansampoung with a

phar maceutical |y acgeBkabtges@!droup. ester, or salt of such ester, of a
conpound of this |nvent|on or an gt her conpound whi ch, on

adm nistration to a recipi entT2§ $&&Fabie B?f?ﬁ%v'i%ané‘umerlcal casyys

97/ 22618 of the effectlveness of a EEHPIBRE/iA03AAibiting the

- 10 - o (A1 EEetbY: 0o NGy L3 ROMOUNA Ofr Bl S LhIYENbA ks

or an anti-| act ive metabolite oOr du reof.

Phar maceuti cal | y ac@&pKabrefleay §l§heﬁhéffectlvmﬂ§oun@§eoﬁlthiL‘uq! rivierdt i on

include, for exanpl %er&b@éeoy 5f1tt1(i'ﬁf 'e‘k%@rifn@ﬂtzpfw ReeYhiaahl ¥atscepiabl e
i norgani c and ani ¢ ‘aci ds and _bases. | es of suitable_ acids

i ncl ude hydrochl ori (1?° FERdbrd Rz YIS (KipeEic ‘ﬁ‘F‘E ions (see JerEn| 79l
fumaric, maleic, ph@aphkmeiKinetivenl Wiley-Intets€idme,salreylic, succinic,

tol uene- p- sulignlc The term "patient" as used in this
application refers to any mammal, especially humans.
The term "pharmaceutically effective amount”
refers to an amount effective in treating or
ameliorating.an IL-1- or apoptosis-mediated disease in
20 a patient. The term "prophylactically effective
amount” refers to an amount effective in preventing or
substantially lessening IL-1- or apoptosis-mediated
disease in a patient. |
The term "pharmaceutically accepﬁable carrier
25 or adjuvant" refers to a non-toxic carrier or adjuvant
that may be administered to a patient, together with a
compound of this invention, and which does not destroy
the pharmacological activity thereof.
The term "pharmaceutically acceptable
30 derivative” means any pharmaceutically acceptable salt,
ester, or salt of such ester, of a compound of this
invention or any other compound which, upon
administration to a recipient, is capable of providing



10 tartaric, acetic, citric, nmethanesulfonic, formc, benzoi c,

mal oni ¢, napht hal ene-2-sul foni ¢ and benzenesul foni ¢ acids. O her

aci ds, such as oxalic, while not in thensel ves pharnaceutically
accept abl e, may be enployed in the preparation of salts useful as 15
i nternedi ates in obtaining the conmpounds of the invention and their
pharnaceuticqgé ept abl e acid addition salts. Salt j rom
appropriate b g@%& i nclude al kali metal (e.g., sodi ur’r),SPa a '?dr%g{ earth
metal (e.g., magnesium), amoniumand N-(Cferr] alkyl)[err] 20 salts.
This invention al so envisions the - 1pquat erni zation" of any basic

ni trogen-cont ai ni ng groups of the conpounds disclosed herein. The
basi c nitrogen can be quaternized with any agents known to 25

t hose of ordi narytdkrédtin denadirecntda ngomgaamd of théxanpventiaower

al kyl halides, sugh a3 £E?Eihiﬁcﬁi:afatﬁt%bguﬁn?g?boﬂ@eoyér %giglﬁr&%#%%@&fi de,

brom des and i odi des; _ es 1ncludin ., diethyl,
di but yl and di anyl sBharmaseutsnaltnaacecentiatdes sedeh af theyl, 30

lauryl, nyristyl agfoshsdd e &HiQr iHeent PERM efudNd for exahfth doSoand
aral kyl halides including benz;% and i henet hyl hrom des. Water or
oi | -solubl e dr  deriyed fram pharpaggytica HeE lgednpyI’nts and
WD 97/ 22618 organic acids and bases. ExamplesPGH W5964B0374cids

guat erni zation. h he | pablbitors Qf. this [ hvention nmay
contain one or no%%cl%%%/m%cﬁchl%—é?bo%%_ %F%soq%lncd ﬁgﬁiguwc, mn%%%ccur as
racemat es and r ace@frehldxidr daimagiiggl Balsic, wphmpthcsher sglitabier eoneric

m xtures and indi yagug, sa1icydi@St SheOTRIS, WlucHicl-is39eBRiE, forms of

t hese . compounds are expressly_included in the present )
i nvention. Thch steFeditt @CtionChbyite Brthapeseldonic, fommic,
configuration. Albéezghc,spedidnie,caaphtindbemeel-Idhil fondicabhal ds exenplifi ed

in this applicati . icted Jdn a particular_stereochem cal
configuration, 8&%%%%&%‘51%3 ?ggéf f%f%és]r haac\?ll nsg esluf:ﬁe?gt%’éa%pér}osi te
st ereochem stry avhbhg rpt/dm dhemselyent phaxmagiultinaddy acceptaipkeaof are

al so envisioned. pay be employed in the preparation of salts useful as
15 intermediates in obtaining the compounds of the
invention and their pharmaceutically acceptable acid
addition salts. Salts derived from appropriate bases
include alkali metal (e.g., sodium), alkaline earth
metal (e.g., magnesium), ammonium and N-(Cj_g4 alkyl)4+
20 salts. .

This invention also envisions the
"quaternization" of any basic nitrogen-containing
groups of the compounds disclosed herein. The basic
nitrogen can be quaternized with any agents known to

25 those of ordinary skill in the art including, for
example, lower alkyl halides, such as methyl, ethyl,
propyl and butyl chloride, bromides and iodides:
dialkyl sulfates including dimethyl, diethyl, dibutyl
and diamyl sulfates; long chain halides such as decyl,

30 lauryl, myristyl and stearyl chlorides, bromides and
iodides; and aralkyl halides including benzyl and
phenethyl bromides. Water or oil-socluble or
dispersible products may be obtained by such



15 The ICE inhibitors of this invention may conpri se
structures which nmay optionally be substituted at carbon, nitrogen or
ot her atons by vari ous substituents. Such structures may be singly or
multiply substituted. Preferably, the structures 20 contain between O
and 3 substituents. Wen nmultiply substituted, each substituent may
be pi cked wo #gepgndent |y of any other substituent as | ongcamssenssro
conmbi nation of substituents results in the formation of a stable
conmpound. 25 Conbi nati ons of substituents and vari abl es
envisioned by this invention are only thosa that result in the
formation of stable conpounds. The term "stabl e", as used herein,
refers to conmpounds which possess stability sufficient to allow
manuf act ure and 30 duafgri?at¥qdiy on to a manmal by met hods known in the

art. Typi call'y, such coppoumgs iahebstabs Cofiltia ¢ aFReh8iyf tmay of
40[err]C or less, in the absence of noisture or. ofher b . chem’{gatltln}/
reactive conditionsCOPbP AtOReAET MR ReeRSYMREtr-ct carbofinagohs i S

PCT/ US96/ 20370 may occur as racemates and-rdZemic mixtures, sing.e

DETAI LED DES PTI I %ﬁ!l X . ‘der.. t he
I nvention hefﬁ%n dg%%%§5é§ﬁ§4£9/ Sﬁg§eggeﬁ5%é@%ﬁﬁ%ﬁ?ﬁJﬁﬁgr§§§58}&$ﬁ%
fol |l owi ng detail ed diastereemaxs. pttildnshishsisomeyic forms5of these The

| CE inhibitors of opgmgslRss B durelbly included NirS thRvVepkseRrare those

of formula ([err]): . Lerr] wher ei n:
invention. Each stereogenic carbon may be of the R or

S configuration. Although specific compounds and

10 scaffolds exemplified in this applicatioh'may be
depicted in a particular stereochemical configuration,
compounds and scaffolds having either the opposite
stereochemistry at any given chiral center or mixtures
thereof are also envisioned.

15 The ICE inhibitors of this invention may
comprise structures which may optionally be substituted
at carbon, nitrogen or other atoms by various
substituents. Such structures may be singly or
multiply substituted. Preferably, the structures

20 centain between 0 and 3 substituents. When multiply
substituted, each substituent may be picked
independently of any other substituent as long as the
combination of substituents results in the formation of
a stable compound.

25 Combinations of substituents and variables
envisioned by this invention are only those that result
in the formation of stable compounds. The term
"stable", as used herein, refers to compounds which
possess stability sufficient to allow manufacture and

30 administration to a mammal by methods known in the art.
Typically, such compounds are stable at a temperature
of 40°C or less, in the absence of moisture or other
chemically reactive conditions, for at least a week.



n =20, 1, or 2; 10 R11 is: [err] ' mis 1 or 2;

R12 and R13 are independently selected fromthe group consi sting of
-R7, -C(O-R7, and -C(O-N(H)-R7, or 15 R12 and R13 taken together form
a 4-8-nenbered saturated cyclic group; R2is -Hor a
-CJerr] straight or branched al kyl group optionally substituted
with Ar, -CH,__- -C(O-0H C(O-NH2, or -OR5;

97/ 22618 wo'Sikzets " PCT/ US96/ 2037'EFT’”59°’2£%

- 13 - R7 is selected fromthe group consisting of -Ar, a
-Clerr] straight or branched al kyl groupipptionally substituted with
-Ar, a -(err] straight or branched al kenyl group optionally
substituted with Ar, and a 5 -Clerr] straight or branched al kynyl group
optionally substituted with Ar; R5 is selected fromthe
group consisting of: DLLEDCDESCR I F 1 INVENTION OR9, 10
-C(O-NR9) (R10), -S (O 2-R7, -C(O C (O -Rv,
-R7, and In order that the invention herein described

may be more fully understood, the following detailed
description is set forth.
5 The ICE inhibitors of one embodiment (A} of

this invention are those of formula (a):

Re |Rs O

o %\~”)\[(—rl'\)]\N/R11
| i I

H (o H

wherein:
n=20, 1, or 2;
10 Rll is:

o
m(CH, )’(o

¢ O {b) ‘
)\FO /'\<0R13
Re
H . _ OR,

mis 1 or 2;

(a)

Rlzland Rj3 are independently selected from the _

group consisting of -R;, -C(0O)-Ry, and -C(0O)-N(H)-Ry, or

15 Rys and Ry3 taken together form a 4-8-membered saturated
cyclic group;

Ry, is ~H or a -Cj.g straight or branched alkyl
group optionally substituted with Ar, -OH, -OR,
~-C(0)-OH, C(O)-NHy, or -ORg;



- H; 15 each Ar is a cyclic group independently sel ected

fromthe set consisting of phenyl, 1-naphthyl, 2- napht hyl , indenyl,
azul enyl, fluorenyl and ant hracenyl and a heterocyclic aromatic group
selected fromthe group consisting of 2-furyl, 3-furyl, 2-thienyl, 3-
20 thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazol yl ,
thiazolyl, im W}zﬂ yraxol yl, 2- pyrazolinyl, pyrazgdydé9sbizo

i soxazol yl |sotr|azo?yl 1 2, 3-oxadi azolyl, 1,2,3-triazolyl,

1, 3, 4-t hi adi azol yI, pyridazinyl, pyrimdinyl, pyrazinyl,
1,3,5-triazinyl, 25 1,3, 5-trithianyk,13ndolizinyl, indolyl, isoindolyl,
3H i ndol yl', indolinyl, benzo[b] furanyl, benzo[ b] t hi ophenyl ,
1H i ndazol yl , benzi m dazol yl, benzthlazolyl purinyl,

4H qui nol i zi nyl, qui nol iRyyKis SeleCtaﬁ:IIPm4IbetgaﬁyﬂrQﬁ%ﬁkﬁF%ﬂﬂ PRyFAL, 2

i soqui nol i nyl, 30 -cl 25&41&1% r&hwawca@euwpbi rtﬂouy:lmthaz y
pht hal azi nyl, qui naz QU|noxa i nyl, ﬁ
PCT/ US96/ 20370 substltute with -Ar, -dl ¢ §hraight or rﬁaﬁ 2 yrldlnyl

peridinyl, carbazolylkerdQr ig#blj! optional Phendsiciylitedheiit Hmziamdl aand

h I, dt t I tipl
CUbst | ut od wikh - Fee SCrRfent ! Sudpgila By RRhy Ranh BptEpkeflyny) ' MY
“QLON(R9) (R10), sWistiteepd with AN(R9) (R10), -N(R9) (R10), -C(O)-CRO,

-CF3, -OCF3, a (err] straight or branched al kyl group,
1, 2- met hyl enedi oxy, or <£ C(NR9) N(R9) (R10); each
Rl4 is -Hor a Cerr] sﬁhaﬁﬁh?eb?cEﬁ E%%Eut§ﬁk9F°EB congjishipg of:
each RO and R10 is independgrRhy selected fromthe group consi sting
of -H -Ar, and a C[err]cﬁ%ral ht or branched al kyl group optionally
substituted with -Ar;
10 -C(O)-N(Rg) (Ryg) »
-S$(0) 5-Rq,
~C{0)C(0)~Rq,
~-R7, and
-H;
is each Ar is a cyclic group independently selected

from the set consisting of phenyl, l-naphthyl, 2-
naphthyl, indenyl, azulenyl, fluorenyl and anthracenyl
and a heterocyclic aromatic group selected from the
group consisting of 2-furyl, 3-furyl, 2-thienyl, 3-

20 thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyraxolyl, Z-
pyrazolinyl, pyrazolidinyl, isoxazolyl, isotriazolyl,
1,2, 3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,

25 ~+,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo[b]furanyl, '
benzo[b] thiophenyl, lH-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, isoquinolinyl,

30 1,2,3,4-tetrahydroisoquinolinyl, cinnolinyl,
phthalazinyl, quinazolinyl, gquinoxalinyl, 1, 8-



each R4 is a -(Jerr] straight or branched al kyl group 15 optionally

substituted with -Ar or -W Wis -0OR9, -SRI, -N(H) C(NR9)NR9)
(R10), -C(O -0OR9, or -N(R9) (R10); R3is -CH2Ar or a 5
to 15-nenbered non-aromatic cyclic group which contains between 1 and
3 rings, and 20 whi ch optionally contains between 0 and 2 endocyclic
oxygen atons, _ sulfur atons, or nitrogen atons, and wher ej yclic
group is opt i‘B%W’;?"’r used with Ar; provi ded tha%%gﬁg‘ﬁﬂf S
substituted with a group containing RO or RLO which conprises one or
nore 25 adddi tional -Ar groups, the_-Af groups are not substituted
with a group containing RO or R10; WO 97/ 22618

PCT/ US96/ 20370 - 15 -

Preferred conpoundsaphithytiisiiagbpdbsedirgarle carbazbhose sbeidinyl, _
or branched al kyl TS0 PBERPBHAATYPBER PEBG Aty anc the & Ot
mis 1; aromatiic group is optionalR¥ isdngCyler multiply
substituted with -F, -Cl, -Br, -I, -ORj4, -NO3,
5 =8 (021 -N(Rg) (R3g), =C{(O)-N(Rg) (R1g}, -N(H)-C(O)-
N({Rg) (Ryg9), -N(Rg) (R1g}, -C(0)-ORg, -CF3, -OCF3, a Cj_g
straight or branched alkyl group, 1,2-methylenedioxy,
~CN, or =-N(H)C(NRg)N(Rg) (Ryq);

each Ryj4 is -H or a Cy_g straight or branched alkyl
10 group;

each Rg and Ry is independently se.ected from the
group consisting of -H, -Ar, and a C,_g5 straight or
branched alky. group optionally substituted with -Ar:

each Ry is a -Cy_g straight or branched alkyl group
15 optionally substituted with -Ar or -W;

W is ~ORg, -SRg, -N(H)C(NRg}N(Rg) (Ryp}, -C(0)-ORg,
or "N(Rg) (Rlo)i

R3 is -CHpAr or a 5 to l5-membered non-aromatic
cyclic group which contains between 1 and 3 rings, and
20 which optionally contains between 0 and 2 endocyclic
oxXygen atoms, sulfur atoms, or nitrogen atoms, and
wherein the cyclic group is optionally fused with Ar:;

provided that when -Ar is substituted with a group
containing Rg or Ryp which comprises one or more
25 addditional -Ar groups, thé -Ar groups are not
substituted with a group containing Rg cr Rjg;



Eis CHor N 10 each D is independently Nor C, wherein Cis

optionally substituted with -OR14, -F, -d, -Br, -I, - NQ2,

-S(0Q 2-N(R9) (R10) , -C(O-N(R9) (R10) -N(H-CO)- N(R9) (R10),
-N(R9) (R10), -C(O-0OR9, -CF3, -QOCF3, a (err] strai ght or branched
al kyl group, 1,2-nethylenedioxy, 15  -CN, or -N(H) (NR9)N(Rg) (R10);
each R9 and R1QAS.Ladependently selected fromthe grou irfakdgng
of -H, -Ar, angv%gs'{zg[]grr] strai ght or branched al kyl grgﬁgﬂgf)dti onal ly
substituted with -Ar. WO 97/ 22618

PCT/ US96/ 20370 - 15 16 - The | CE
i nhi bitors of another enbodi nent of this invention are those of
formula ([err]): [err] 5 wher ei n: mis 1 or 2;

nis 0, 1, or 2; Preferred compounds of this embodiment are

thoée wherein:
Rg is —C(O)—R7 or -C(O)C(O)-Rqy;

each Ry is a Cj.5 straight or branched alkyi group
5 optionally substituted with Ar;

mis 1;

n is 1;
D”'D
R3 is -CHAr or -—EC:]: ,6
D

E is CH or N;

10 each D is independently N or C, wherein C is
optionally substituted with -OR;4, -F, -Cl, -Br, -I,
~NOy, -S({0)>~N{(Rg) (R1g), —C(O)-N(Rg} (Ryp), -N{H)-C(O)~-
N(Rg) (Ryg), -N(Rg) (Rig), -C(0)=ORg, -CF3, -OCF3, & Cj_g
straight or branched alkyl group, 1,2-methylenedioxy,

15 —CN, or -N(H)C{(NRg)N{Rg} (R1g):

each Rg and Ryg is independently selected from the
group consisting of ~H, -Ar, and a -C;.5 straight or
branched alkyl group optionally substituted with -Ar.



Rl is selected fromthe group consisting of: 10 - CN, -C

(O -H, -C (O -CH2XRSG, -C (O -CH2F,
-C=NOR7, and 15 -C(O-R8; X is selected fromthe group
consisting of O S, S(O, and S(O 2; R6 is independently
sel ected fromthe group consisting of: 20 - H,
-(CH2) p-Ar, and -C(O-Ar; pis O 1, 2 r
R7 is sel ect P PVBAI8 he group consisting of -Ar, a Ptv%sg%uﬂ)fsw
PCT/ US96/ 20370 - 17 - -Cerr]
straight or branched al kyl group optiqngly substituted with -Ar, a
-Cerr] straight or branched al kenyl group optionally substituted
with Ar, and a - -(err] straight or branched al kynyl group optionally
5 substituted with Ar; The ICE inhibfR&is$ c¥elaokadrf émvddiedwldzow ng
group, in which . any ring may ogélonall be singly or multiply
substituted by - NHPLs _ Jxugptd@n age thpse @ onmplacmﬁi= -NO2, -CN,
-perfluoroal kyl Cerr] alkyl, -R5, -0OR5, -OR7, 10 -N(H)-R5, -N(H)-R7,
1, 2- met hyl enedi oxy, and - SR7:

m R o ctm

H m

NP NP
8 l YR
H o] H
5 wherein: l n

m is 1 or 2;
n is 0, 1, or 2:

Ry is selected from the group consisting of:
10 -CN,

-C({0O)-H,

-C (0) -CH,XRg,

-C(0) -CH,F,

-C=N-0-R4, and
15 -C(0)-Rg; |

X is selected from the group consisting of O, S,
$(0), and S(0)jy;

Rg is independently selected from the group
consisting of:
20 -H,
- (CHj) p-Ar, and
~C{0)~-Ar;

p is 0, 1, 2, or 3;

R is selected from the group consisting of -Ar, a



(hh)[err] (1) wherein Y is independently

sel ected fromthe group 15 consisting of O and S each Ar
is a cyclic group independently sel ected fromthe set consisting of a
car bocyclic aromatic group selected fromthe group consisting of
phenyl, 1- napht hyl , 2-naphthyl, indenyl, azulenyl, fluorenyl and 20
ant hr acenyl ang,oz;.”gﬁ?gocycl ic aromatic group sel ected P1OU8ok @ 7@ oup
consisting of 2-furyl, 3-furyl, 2- thienyl, 3-thienyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl, thiazolyl, imdazolyl,

pyr axol yl , 2-pyrazolinyl, pyrazol4dimy, isoxazolyl, isotriazolyl, 25
1,2, 3-oxadiazolyl, 1,2,3-triazolyl, 1,3, 4-thiadiazolyl, pyri dazi nyl ,
pyrimdinyl, pyrazinyl, 1,3,5-triazinyl, 1,3,5-trithianyl,

i ndol i zi nyl, indol yiCi-gsetraighfl or3pranched ahb} yrovpngstiayplily
benzo[ b] furanyl,  substituted WA /24618 -c,_ 4 straight or branched

PCT/ US96/ 20370 , P - .

benzo[ b] t hi ophenyl 21¥AnYAqg501y | oPHanAL LY SRBFY i tuted with ArenpRYoRy| |
purinyl, 4H- qui nol i-Ti,0y! stfridi iortybranched alkynyl group optionally

1,2, 3,4-tetrahydroi I, LRyl , . sQqui nol i nyl,
1,2,3,4-tetra%ydrof§%%§#gg %%yT%t%?ﬁﬁolinyl, 5 pht hal azi nyl

qui nazol i nyl, quinoxalinyl, 1,8- ~~ naphthyridinyl, peridinyl, _
carbazolyl, acridinyl, py, is PEIAZED¥romPRRBOES] BHkiNg @RApPheROxRZENY!
and the cyclic group is optionally being singly or. nmultiply

substituted with - GRY¥Aring mayyoptignally benepnglg g muligrly N Ro) (RL0),
- 8:(? - N(OE%( Rloa -%Hk?%&%{\léf@m(ﬁlgh(m -01;11, d—lNl( EQ?L( RER),, -1 C( PHORI,
- , - , a err stral.gnt_or rangne oup, -

1,2-nethy|enedioxy,&b@N, g&’ perf%ﬂﬁfﬁféggN I ky%ng 5, ~ORss, —OR7,

10 -N(H)-Rg, -N(H)-R4, 1,2-methylenedioxy, and -SRq:

{hh) Y. ; and
~ -
{ii) Y.
—~ ] ;

wherein Y is independently selected from the group
15 consisting of O and S:

each Ar is a cyclic group independently selected

from the set consisting of a carbocyclic aromatic group
selected from the group consisting of phenyl, 1-
naphthyl, 2-naphthyl, ihdenyl, azulenyl, fluorenyl and

20 anthracenyl and a heterocyclic aromatic group selected
from the group consisting of 2-furyl, 3-furyl, 2-
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyraxolyl,
2-pyrazolinyl, pyrazolidinyl, isoxazolyl, isotriazolyl,

25 1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl, isocindolyl, 3H-
indolyl, indolinyl, benzo[b]furanyl,



each RO and R10 are independently selected fromthe 15 group consi sting

of -H -Ar, and a -(Jerr] straight or branched al kyl group optionally
substituted with Ar; each R14 is -Hor a (err] straight or
branched al kyl group; R5 is selected fromthe group
consisting of: 20 -C(O-R7, -C(O -0OR9,

-C( 0 - N(R9) -S(0 2-R7, ) C
(0 R 2% Wa'261s _R7. and , " PCTASI620370) g i s
a C[err] straight or branched al kyl group optionally substituted
with Ar or W WD 97/ 22618 . 18 -

PCT/ US96/ 20370 ' - 19 - Wis
-OR9, -SR9, -N(H) C(NR9)N(R9)(R10), -C(O -0OR9, and -NR9, (R10);

R3 is -CH2Ar or »enziodblshiepbhesyd rmn—muazan'ym, benzintiydaziod yg, oup whi ch
cont ai ns bet weenblengrgglgzghggsnp J_5 4H-ﬁﬁ589%£’£’iﬁ§’”a'4n&in%‘i@g ins bet ween

0 and 2 endocycli tro atoms, and
wherein the cyclile 29r3oﬂptﬁ§rélfbyqiwqqyd1ﬂ9ééﬁywthSNulmlmylr _ R2
is -H or a C[erﬁ]ZsbrQLGEErQﬁy§¥6¥HHHﬁQn%hKM&I, cinnd¥iQ4R,, wherein the

al kyl group S opthl nal 9 substituted with Ar . -OR7, -C(0O -0CH,
C( O - NH2, or gz1ny quinazolinyl, qulnoxallnyl 1,8-

naphthyridinyl, peridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl and phenoxazinyl, and the
cyclic group is optionally being singly or multiply
substituted with -OR;4, -F, -Cl, -Br, -I, -NOy, -S(0)p-
10 N(Rg) (Ryp}, -C{O)=-N(Rg) {(Rypg), -N(H)-C(O)=-N(Rg) (Ryp),
-N(Rg) (Ryg9), -C(0)-ORy, ~CF3, -OCF3, a Cj;.g straight or
branched alkyl group, 1,2-methylenedioxy, -CN, or
-N(H} C(NRg)N(Rg) (R1g) ;

each Rg and Rjp are independently selected Zrom the
15 group consisting of -H, -Ar, and a -Cj_g straight or
branched alkyl group optionally substituted with Ar;

each R4 is -H or a Cy_g straight or branched alkyl
group;

Rg is selected from the group consisting of:

20 -C(0)-Ry,

-C(0) -ORg,

~C(0)-N(Rg) (Ryq)

-S5{0}2-Ry,

~C(0)C(0) -Ry,
25 -Ry, and

-H;

R4 is a -Cj.g5 straight or branched alkyl group
optionally substituted with Ar or W;



provi ded that when -Ar is substituted with a group containing RO or

R10 whi ch conprises one or nore adddi ti onal -Ar groups, the -Ar
groups are not 15 substituted with a group containing RO or R10;
Preferred conpounds of this enbodi nent are t hose wherein:

Rl is -C(O-H R5is -C(O-R7 or -C(OC(O-R7; 20

R4 is a-Cer rslloi';/ffb‘itght or branched al kyl group opt i orptrhs96/20370
substituted by -Ar; mis 1, nis 1,

97/ 22618 PCT/ US96/ 20370

- 20 - R3 is -CH2Ar, or {1er9 - Eis CHor N

W is -ORg, -SRg, -N{(H)C(NRg)N(Rg) (Ryg), ~C(O)=ORq,

Ry is -CHzAr or a 5 to 15-membered non-aromatic
cyclic group which contains between 1 and 3 rings, and
5 which optionally contains between 0 and 2 endocyclic
oxygen atoms, sulfur atoms, or nitrogen atoms, and
wherein the cyclic group is optionally fused with Ar;

Ry is -H, or a Cj_g straight or branched alkyl
group, wherein the alkyl group is optionally
10 substituted with Ar, -OH, -OR;, -C{O)-OH, C({O)-NH,;, or
-0ORg;
provided that when -Ar is substituted with a group
containing Rg or Ryg which comprises one or more

addditional -Ar groups, the -Ar groups are not
15 substituted with a group containing Rg or Rjg;

Preferred compounds of this embodiment.are

those wherein:
R; is ~C(O)-H;
Rg is -C({0)~Ry oxr -C(0)C(0O)}-Ry;

20 Ry is a -Cy_5 straight or branched alkyl group
optionally substituted by -Ar;

mis 1;

n is 1;



each D is independently Nor C, wherein Cis optionally substituted
with -OR14, -F, -d, -Br, -1, 5 -NO2 -S(0O 2-N(R9) (R10),

-C(O-N(R9) (R10), -N(H-CO - N(R9) (R10), -N(R9) (RLO), -C(O-OR9,
-CF3, -OCF3, a (err] straight or branched al kyl group,

1, 2- met hyl enedi oxy, -CN, or -N(H C (NR9)N(R9) (R10);

each R9 and | s. I ndependently selected fromthe 10 gro nsi.gti ng
of -H, -Ar, 5&89{’:(?2-63 err] straight or branched al kyl g";tgfd'ﬁs%?{g‘i’?‘%nm |y
substituted with -Ar. Preferred conpounds of this
enbodi ment i nclude but are not liniged to: 706
[err] 15 737 [err] WO 97/ 22618

PCT/ US96/ 20370 - 21 - 739 [err]

D
Ry is ~CHyAr, or __é::IE ?
D;D

E is CH or N;

each D is independently N or C, wherein C is
optionally substituted with -OR;4, -F, -Cl, -Br, -I,

5 -NOy, -S(0)2-N(Rg) (R1g}s -C(0O)-N(Rg) (Ryg), =N(H)-C(O)-
N(Rg) {Ryg}, -N(Rg) (Ryg}, -C(O)-ORg, -CF3, -OCF3, a Cy_g
straight or branched alkyl group, 1,2-methylenedioxy,
~CN, or -N{H)C(NRg)N(Rg) {Ryg);

each Rg and Rjg is independently selected from the
10 group consisting of -H, -Ar, and a -C;_g5 straight or
branched alkyl group optionally substituted with -Ar.

Preferred compounds of this embodiment
include but are not limited to:

706

e

15 737 -
° Ir ° COzH
" "\)kNJ;fH
SRR NS

[«



741 [err]
746

WO 97/22618 .
739
741
743
745
5 746

743 [err] 745 [err]
PCT/US96/20370
- 21 -

NH
Ve NH

NH
o L oo
©*~TM: L

H 0 H o



WD 97/ 22618
PCT/ US96/ 20370

- 22 - 747
[err] 748 [err] 749
[err] 750 [err]
WO 97/22618 PCT/US96/20370
- 22 -
| AL
'.N H © H o

748
o o CO2H
N ,[ _H
1 N
N H B H ©

749



5 751 [err] WO 97/ 22618

PCT/ US96/ 20370 - 23 - 752 [err]
[err] 754 [err]

753

WO 97/22618 PCT/US96/20370

- 23 -
CHs0
752 CHs0 ’ o Q COaH
oo A A LA
0O H o H o

753

754 COsH
o] o )
. i
o

755 ' COH
0 ;o A

5 756
? COzH
o N o]



755 [err] 756 [err] WO 97/ 22618

PCT/ US96/ 20370 - 24 -
757 [err] Q her preferred conpounds of this
enbodi nent 5 are those wherein: Rl is -C(O-RS;
RS is -C(O-R7 or -C(OC(O -Rv; R4 is a-Cerr] straight
branched al kwogg}'nosl{ optionally substituted by -Ar; PCT/US96/20370
- 24 -
157

coM
ojL;j[;("\/j;nb
[::r’\ H o

Other preferred compounds of this embodiment
5 are those wherein:

Ry, is -C(O)-Rg;
Rg is -C(0)~Ry or ~C(0)C(0)-Rq;

Ry is a ~C1-5 straight .or branched alkyl group
optionally substituted by -Ar;

10 m is 1:

n is 1;
D.\ .
Ry is -CHAr, or __E<::E: p
i

E is CH or N;

each D is independently N or C, wherein C is
15 optionally substituted with -ORy4, -F, -Cl, -Br, -I,
-NOy, -S(0)5-N{Rg) (Ryp}, -C(O)-N{(Rg) (Ryg), -N(H)-C{O)-
N(Rg) (R1g), -N(Rg) (Rqp), -C(O)=-ORg, -CF3, -OCF3, a Cj_g
straight or branched alkyl group, 1,2-methylenedioxy,
-CN, or -N(H)C(NRg)N(Rg) (R1g);:

or



10 mis 1; nis 1; , R3 is -CH2Ar, or
[err] , Eis CHor N ~each D is independently N
or C, wherein Cis 15 optionally substituted with -OR14, -F, -d, -Br,
-1, -NQ@2, -S(0 2-N(R9) (R10), -(O-N(R9) (R10), -N(H-CO -

N(R9) (R10), -N(R9) (R10), -C(O-0OR9, -CF3, -OCF3, a (err] strai ght
or branched al kyb ofsgHP. 1, 2- net hyl enedi oxy, -CN, or - Npkhrrisbérye RO)
(R10); V\é 97/ 22618 PCT/ US96/ 20370
- 25 - each RO and R10 is independently selected fromthe

group consisting of -H, -Ar, and a -(er¥]25%t+vai ght or branched al kyl
group optionally substituted with -Ar. Pref erred conpounds
of this enbodi ment 5 include but are not limted to: 710
[err] each Rg and Rjp 1s independently selected from the -

group consisting of -H, -Ar, and a -C;_g straight or
branched alkyl group optionally substituted with -Ar.

Preferred compounds of this embodiment
5 include but are not limited to:

_ o [s) (o]
X i

719
o' COM
o] N I3
©«"~uj:vr"‘)" ;_@»
H ['s H.
[« ]
720
/"N
= COzH
Gy
WA 2
SRRt 0)
[+]
725



719 [err] 720 [err] 725 [err]
97/ 22618 _ PCT/ US96/ 20370

- 26 - 726 [err]

WO 97/22618 PCT/US96/20370

- 26 -

726
COzH

X g
e G

<

5@

731 63
COaH
CH'OD/K Ir"\)k l
CH40
OCHs
5 733 COaM
0 o N
NN ] @
ci H [+ H (o]

Other preferred compounds of this embodiment
are those wherein Ry is -C(0O)-CH,XRg.



727 [err] 729 [err] 731 [err] 731

[err] 5 733 [err] O her preferred
conpounds of this enbodi ment are those wherein RL is -C(O - CH2XR6.
WD 97/ 22618 ' PCT/ US96/ 20370
- 27 -
WO 97/22618 PCT/US96/20370
- 27 -

The ICE inhibitors of this invention may be
synthesized using conventional techniques.
Advantageously, these compounds are convenien:tly
synthesized from readily available starting materials.

S The compounds of this invention are amorg the
most readily synthesized ICE inhibitors knowr.
Previously described ICE inhibitors often contain four
or more chiral centers and numerous peptide linkages.
The relative ease with which the compounds of this

10 invention can be synthesized represernts an advantage in
the large scale production of these compounds.

It should be understood that the compounds of
this invention may exist in various equilibrium forms,
depending on conditions including choice of solvent,

15 pH, and others known to the practitioner skilled in the
art. All such forms of these compounds are expressly
included in the present invention. In particular, many
of the compounds of this invention, especially those
which contain aldehyde or ketone groups in R; and

20 carboxylic acid groups (Ry=H}, may take hemi-ketal (or
hemi-acetal) or hydrated forms. For example, when R,
is -(CO)-H and Ry is -H compounds of this invention may

take the forms depicted below:



The I CE inhibitors of this invention may be synt hesi zed usi ng
conventional techniques. Advant ageousl y, these conpounds are
conveniently . synthesized fromreadily available starting materi al s.
5 The conpounds of this invention are anong the nost
readily synthesized | CE inhibitors known. Previously described I CE
inhibitors o tain four or nore chiral centers us
pepti de llnkgéngﬁﬁg The rel ative ease with which the co%%gﬁﬁ g@ this
10 i nvention can be synthesized represents an advantage in t he

| arge scal e production of these conpounds. - It should be
under st ood that the conpounds of this invention may exist in various
equi li brium fornms, dependi ng on conditions including choice of

sol vent, 15 pH, and others knowngto the prac;;%kﬁﬂgr skilled in the

art. Al such forg@? Pt 41§38 cOMPOU dsR,,a Ie3e>q0 included in the
n

present invention particul ar, ,iggéﬁpnpounds of this
i nvention, especially those ontal al yde or ketone groups

in Rl and 20 carboxylic acid gro mayPH ake hemi -ketal (or
hem -acetal) or hydrated forns. Forlexa he when RL is -(CO-H and
R2 is -H conmpounds of this invention may take the forns depicted
bel ow WD 97/ 22618 PCT/ US96/ 20370
- 28 - COH COI_'drated Form [err]
COOH Ry ,RB o) (Cﬁz)m
Rs N\)J\N/Hrri
H o H o
|
O
Rs O (CH»{)
Hemi-ketal or Rs N ° ®
Hemi-acetal N N
Form ' H o H H OH
n
5 Depending on the choice of solvent and other

conditions known to the practitioner skilled in the
art, compounds of this invention may also take acyloxy
ketal, acyloxy acetal, ketal or acetal form:



Hem - ketal or

t he choi ce of solvent and ot her

skilled in the

ketal, acyl oxy acetal, ketal or acetal form WO 97/ 22618
PCT/ US96/ 20370 - 29 - Acyl oxy Ket al
[err] AG¥b9¥reficet al PCT/US96/20370
- 29 -
O
Acyloxy Ketal or R; [Ry © (CH;)
Acyloxy Acetal ﬁiv/[\ "o
Form N
H H OR
OOH
@ 2m
H
COOH
Rs O (CH)m
Ketal or /L\fﬁfa
5 Acetal Form OR

10

15

20

In addition, it should be understood that the
equilibrium forms of the compounds of this invention
may include tautomeric forms. 2All such forms of these
compounds are expresély included in tke present
invention.

It should be understood that the compounds of
this invention may be modified by appropriate
functionalities to enhance selective biological
properties. Such modifications are known in the art
and include those which increase bioclogical penetration
into a given biological system {(e.g., blood, lymphatic
system, central nervous system), increase oral
availability, increase solubility to allow
administration by injection, alter metabolism and alter

rate of excretion. In addition, the compounds may be

[err] Hem - acet al Form 5 Dependi ng on
condi tions known to the practitioner
art, conmpounds of this invention may al so take acyl oxy

or



In addition, it should be understood that the equi libriumfornms of

t he conpounds of this invention may include tautoneric fornms. Al

- such fornms of these conpounds are expressly included in the present
10 i nvention. It should be wunderstood that the
conpounds of this invention may be nodified by appropriate
functionaliti gnhhance sel ective biol ogi cal pr opeplirRZos209HC h
nodi fications are &nomm in the art 15 and include those which increase
bi ol ogi cal penetration into a given biological system(e.g., blood,

- l'ynmphatic system central nervous3gystemn), increase oral
availability, increase solubility to allow adm ni stration by
injection, alter metabolismand alter 20 rate of excretion. In

addi tion, the conpbteded nMay fi@-drug form SO HNERG18e desired compound

PCT/ US96/ 20370 - [

pro-drug form suchs fﬁatﬁnd lc?e5| reHOd% oounde Dascqerﬁtsacrteg%egé%%the body
of the patient astPﬁeaGQ%ﬂRtoﬂJWEtabo*lfh%ra%ﬁhQﬁthﬂocﬁE@aﬁéi|E¥Qﬁeﬁﬁﬁ§er

bi ochem cal procesgeshe pro-dtu gthESﬁEQ SFOHHruR Ed R0t ¢pgaf DF MB typlcally
5 denonstrate little or ﬁéﬁ%é ity 1nin vitro assa Y3

exanpl es of Pro- dPEGCFIFIALS g RELZP agidstify in in 6§Fﬂfﬁséﬁﬁf
hydrazone forns oSon@n@wtmmfcbreeafm nforms inkauaseketan) dedwerda ,gr oups,
especi al ly mhere ocg h f the npou ds of this
i nventi on. é#ﬁe?' exrgérrp Yggagphﬁr%)o #@’ REPLEE ?lh err‘-%l-n

ketal, hemi- acetaketQQWIQ§qﬂHd§haﬁe acgumay qgnﬂqyally wherfethgy cgamnracet al

fornms that are de§ﬁrtﬁﬁﬂh"bﬂ33k 3fdthe comgeidhrds of thlS lnventléEhe
conpounds of this i nvention .are excellent 15 n%an S

Accor di ngl y+© t hesBERBhpBtAIR <& €T Pro- dE‘é‘ba"fﬂré“%fl 2Rget Fhﬁ %?RP' i nhi biting
events in IL-1- akdtal, hendipojtiedails- sedickekaliadcagseyland, atésl, the

ultimate ac y rqQte |nfla RLQL i se

aut oi rmune dlseasgégéitéﬁhte?g%Fge% k% %éé °r1¥e§t.03§ dlseases
and degenerative EQ%eases For _ exanple, the conmpounds of this
invention inhibit the The® UIHBbahas Of tHECUNSRhthbnlhes rdxdd r@eur e

IL-1[err] b
[ ] %% ligands for ICE. Accordingly, these compounds are

capable of targeting and inhibiting events in IL-~1- and
apoptcsis-mediated diseases and, thus, the ultimate
activity of that protein in inflammatory diseases,
autoimmune diseases, proliferative disorders,

20 infectious diseases, and degenerative'diseases. Fcr
example, the compounds of this invention inhibit the
conversion of precursor IL-1B to mature IL-1B by
inhibiting ICE. Because ICE is essential for the
production of mature IL-1B, inhibition of that enzyme

25 effectively blocks initiaticn of IL-1 mediated
physiological effects and symptoms, such as
inflammation, by inhibiting the production of mature
IL-1. Thus, by inhibiting IL-1B precursor activity,
the compounds of this invention effectively function as

30 IL-1 inhibitors.

The compounds of this invention may be
employed in a conventional manner for the treatment of
diseases which are mediated by IL-1 or apoptosis. Such



inhibiting | CE. Because ICE is essential for the producti on of

mature I L-1[err], inhibition of that enzyne 25 effectively bl ocks
initiation of IL-1 mediated physi ol ogi cal effects and synptons, such
as i nflammati on, by inhibiting the production of mature I L-1.
Thus, by inhibiting IL-1[err] precursor activity, t he conpounds of
this inventionygfépséigvel y function as 30 I L-1 inhibitors. pCTAS6/20370
The conpounds of this invention nay be enpl oyed in a conventi onal
manner for the treatnent of di seases which are nediated by IL-1 or
apoptosis. Such WO 97/ 22618 -~ 31 -

PCT/ US96/ 20370 - 31 - met hods of
treatnment, their dosage | evels and requi renents nay be sel ected by

those of ordinary skefhods of tneatenty t thebm dREa9aBEY oSt ABGs and
t echni ques. For req@XP&iEItss dagOoBROEBUeted M5 thdseNbifobrdiyabe arhi ned

5 ith a ph tjcall tabl ' t dni ni st rat
Lo a patient suffor RGERS G f R 2vapranie Rethods pna, crenfisfade o e o

a pharnmaceutical | y exampleccepaipoandanfiethiasndinverdrioanmayt bef ¢swtinesd t o

| essen t@e SEM?EhtX ﬂﬁafﬂEQEEQEégfi . ééé t%?le ad'uvanélfgfnatiV6|y’
t he conpounds of this I nvention nma Pe Use I'n canp03|t|og§ and
met hods for t peminkgteatinrotec i RGLLIARE VW kA ngg drABt 2R LIY=1 50T

apopt osi s- nedi at ed gh680885s-AMaT1iaeHeAI88aHEriNAS pHarmaceutitdEry The

conpounds may be e oyed in such 15 conpositions either alone or
Logether wi th of her ScCebtale BANMEE Apd; i <ok ARSI o FEACEL Rantar L osen
consistent with thet sevexitwertfi thak diseéagation of ICE inhibitors in
phar maceutic conpositions. qgggg .Lhis
I nvention na?i%e conbined,mdt:ﬂ%ﬁgé%ggégffggﬁ?y . _%ndgcggp?g e aQéuvants
conventional Iy enpl ép¥ention may beauspdein FrRRRRFM Hichsepbgd Rathods for

prophyl actically efteeht¥V€y or prod@ednhy ifaPFhen!s aRdinsduat,sioveF an
ext ended peri od tinme against Il-1- or apo tosig; di,at ed. di seases.
The conpounds of t hPEOPFREHT THRA Ay P E5eRReSEOVr (LR RESHEF W h
ot her | CE i nhibitor&ime. i ntheasmpounds may be employed in such
15 compositions either alone or together with other
compounds of this invention in a manner consistent with
the conventional utilization of ICE inhibitors ir
pharmaceutical compositions. For example, a compound
of this invention may be combined with pharmaceutically
20 acceptable adjuvants conventionally employed in
vaccines and administered in prophylactically effective
amounts to protect individuals over an extended period
time against IL-1l- or apoptosis-mediated diseases.
The compounds of this invention may also be
25 co-administered with other ICE inhibitors to increase
the effect of therapy or prophvlaxis against various
IL-1- or apoptosis-mediated diseases.
In addition, the compounds of this invention
may be used in combination either conventional anti-
30 inflammatory agents or with matrix metalloprotease

inhibitors, lipoxygenase inhibitors and antagonists of
cytokines other than IL-18.

The compounds of this invention can also be



the effect of therapy or prophylaxis agai nst various I L-1- or

apopt osi s- nedi at ed di seases. In addition, the conpounds of
this invention may be used in conbination either conventional anti-
30 inflanmat ory agents or with matri x netal | opr ot ease i nhi bitors,
| i poxygenase inhi bitors and antagoni sts of cyt oki nes ot her than
IL-1[err]. The conpounds of this invention I e
WO 97/ 22618 YOI722618 pCT] so6! 20 st

- 32 - adm ni stered in conbination with i munonodul ators

(e.g., bropirimne, anti-human al pha integpgferon anti body, IL-2,

GWt CSF, net hi oni ne enkephal i n, I nterferon al pha,

di et hyl di t hi ocarbamate, tunmor 5 necrosi s factor, naltrexone and r EPO
or with pr osadmgirdisdiered in pomviEmtion edrbatmhirdmodulators

apopt osi s- nedi at ed;gisea s%qgm | nf

V@eg t he corrpounds(%fgst h%‘%o?)rggg{rr{t??%n are an ac]iﬁ\hﬁl %t eredg I n conbi nati on

therapi es with ot HRtIbody, IhaRr SCMTERE, maFhieniani arkerhakinequential Iy or

concurrently to thﬂxmﬂ:tﬁe&'l&h aAbher r@iéﬁ@})ﬁlthlocaraﬁuaéfr@,cewm&xal or
prophylactic COWDOSICIIJOS i s_javention may be

N,
conprised of “a conbinat |13n ‘ig' ga]atffﬁxﬁ?q ﬁ‘Fﬁg FFBS) AL W i nvention and
anot her therrmwualgdanmpsopbqlpmetvemw@entombat IL-1- or

Phar maceuti cal corg%%trolsqgsmg&lgpéé diventd g&thoms g&)&?l‘l Se any of the

conmpounds of the present 1nvent harmaceutical |y acceptabl e
salts thereof, w tipfdapmagion. phar maceut ically acceptable carrier, adjuvant

or vehicl e. Phar maceuttheal tie W@@seoqagmgrﬁventlon %(yeuvant s and
vehi cl es theito may IS eutical conpositions of this

i nvention incl ude,? lms%ﬁﬁfdaf"é ?\‘B‘Eblt’}aprﬁlpé‘d tg‘Sran?ls S RfdeE,  al uni na,
25 al um num st egeaits, teeithan, bsardministeekedSseguaitidtlly or hunman

serumal burin, bUldaic340Rt300E BHEMASenc, | aBDRBRIEL G5y, 0l YOI nE, Sorbic

aci d, potassium so ycerl Ures “0f saturated
vegetable fatty pharmaceutical or prophylactlc comp051tlons according

to this invention may be comprised of a comkination of

15 an ICE inhibitor of this invention and another
therapeutic or prophylactic agent.

Pharmaceutical compositions of this invention
comprise any of the compounds of the present invention,
and pharmaceutically acceptable salts thereof, with any

20 pharmaceutically acceptable carrier, adjuvant cr
vehicle. Pharmaceutically acceptable carriers,
adjuvants and vehicles that may be used in the
pharmaceutical compositions of this invention include,
but are not limited to, ion exchangers, alumina,

25 aluminum stearate, lecithin, serum proteins, such as
human serum albumin, buffer substances such as
phosphates; glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine

30 sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene



acids, water, salts or electrolytes, such as protam ne 30 sul f at e,

di sodi um hydr ogen phosphate, potassium hydr ogen phosphate, sodi um
chloride, zinc salts, colloidal silica, magnesiumtrisilicate,

pol yvi nyl pyrrolidone, cellulose based substances, pol yethyl ene

WO 97/ 22618 PCT/ US96/ 20370

- 33 - waleqk, sodi um car boxynet hyl cel | ul ose, pol yacsgtessrosro
waxes, pol yethyl ene-pol yoxypropyl ene-bl ock pol yners, pol yet hyl ene
gl ycol and wool fat. The pharmaceutical conpositions of
this 5 i nvention nmay be adnministered 33 atly, parenterally, by

I nhal ation spray, topically, rectally nasally buccal ly, vaginally

or via an inplanted reserv0| prefer oral adm nistration. The
phar naceut i cal g YQ9&wp5§¢%P%n%aEP°%¥ﬂ%§hyﬁ§éﬁ%?%ﬁﬁ?nnPQﬁMﬂ9§W3a5ﬁ§ 10

conventi onal non- t(Nﬁxésphgbmyseuy1éﬁé4gbxy@&9ptaby£ene ~-blodiAfpoil§mers,

adj uvants or- vehlcleag,}ge tgrn1 r%P w atas used herein includes
subcut aneous, i nt r &Y 3&5 € g gﬁ&ug [ nt ranmuscul ar,
!ntra-ar;icular, |ntraﬁyaqphaﬁmaceunmmsﬂe:nmpqsltuamﬁImébah;s

intral esional 515 ;Ashcls BRI AGY aDé aécgﬂfﬂl%"‘cfe&% 8£aii"§? U%ﬁ%r&%@ﬁigueﬁy

The pharmaceuti cal conpositions ma mof a steril
i nj ectabl e prepafeu%QH?laﬁéPneiﬁﬁ%We topicallyg £e§Fé%lY%34%ﬁ%%%Mable aqueous

or ol eagi nous budeENeRsi 08giddl By VISRARSkANifABYakted tieBdrdoad. 20we
according to techni u;grkggmg I n the art .using EU|tabIe | spersing or

wetting agents (su PLeSERpestration. 1, dhg pharmaceutics gndlng
agents. The steril eeompositinpectfbthel prieyenstibomanycaitsdnbany steril e

injectable 44 SQ!dﬁVe?x‘hBﬁaf“?&?ﬂ?d:&% 'p'?la@mgegulQé(éflyp-aﬁrc%%)%%ﬁhhy 25

acceptabl e diluent or solvent
1, 3- but anedi ol . ANGRFTLRE SacBBPHE S OF VEhﬁéhﬁékesTQﬁuf%ﬁﬂ vagesteratl nay

be enployed are  as u¥e@Nhktin EHEuddR @ﬂﬁbuﬁaﬁ%&ﬁlqmm@altéﬁbeﬁbp _
sodi um chlor|d3 solution..ln addition, d oils 30 are

conventional Iy enmpl% 55V§§°353cﬂ?ﬁﬁﬁm9ﬁ5?53§peﬁﬂgﬁ% Seeddd di um For this
pur pose, any bl and intredyooiriahy retrasternedpl dyerathexdaidi nigtephthiédnel

”anér?&ed'ghﬁcer'%ﬁ@.1ntracr£ﬁ§$ﬁ’fﬂﬁéyiioﬁusp fﬁf&gfgﬂ:ﬁggﬂgi@ﬂgs[ts
gy The pharmaceutical compositions may be in the

form of a sterile injectable preparation, for example,
as a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated

20 according to techniques known in the art using suitable
dispersing or wetting agents (such as, for example,
Tween 80) and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally-

25 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, water, Ringer's solution and isotonic sodium
chloride solution. 1In addition, sterile, fixed oils

30 are conventionally employed as a solvent or suspending
medium. For this purpose, any bland fixed oil may be
employed including synthetic mono~ or diglycerides.
Fatty acids, such as oleic acid and its glyceride
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- 34 - derivatives are useful in the preparation of

i nj ectabl es, as are natural pharmaceutically-acceptable oils, such as
olive oil or castor oil, especially in t heir pol yoxyet hyl at ed
versions. These oil solutions 5 or suspensions may al so contain a

| ong- chai n al\ﬁ?m:ﬂls di luent or dispersant such as Ph. '#%Lr)bs%/zoﬁ'lo
simlar The pharnaceuti cal conpositions of
this 10 i nvention may be orally adm nistered in any orally

accept abl e dosage formincluding, but ngig Linmted to, capsul es,

tabl ets, and aqueous suspensi ons and solutions. In the case of
tablets for oral use, carriers which are commonly used incl ude

| act ose and 15 degimativeshare lusefudatnnghegeremaraicn a$ magnesi um

oA e o Sk gally, Wke Sttt parmecd gl

capsule form usefu uent actose an n starch.
Wen agueous 0idfspERSh A% Arigea@minPst erePorald .y espreiadly v 20

i ngredi ent i s conghaed g%i%mﬂr@ﬁaﬂagvaasl&a@penﬂw& 0il soGefdss |f
- desired, certain sweetenin avorin and§i coI?rln agents

my be added? or suspenghonsﬂﬁ§ﬁﬂﬁéﬁﬁaﬁgﬁF?E%Ja iBnaleen
i nvention may al sdibeeatnoni dispeatant shehfas npiof HAv o*SHpBQﬁil@fleS for

rectal adninistraghﬁ Jhese conpositions can be prepared by m xing a
conmpound of I'S |nvent|on with a suitable non-irritating excipient
which is solid at roomtenperature but liquid at the rectal

temperature and theref or e wid ilruaotut heaBOcompsitiiuis! s ehegse t he
active conpggents | s i.n¢cl ude, but, are not Iin1ted to,

cocoa utteF‘nvﬁﬁiéé%)f“%%(?ep&r?éiﬁyf’g’ﬂ%nb?%% in any oral
Topi cal adm ni str atceptablé¢ hhdogdwe facautinchbding, but not limited to,

capsules, tablets, and aqueous suspensions and
solutions. In the case of tablets for cral use,
carriers which are commonly used include lactose and

15 corn starch. Lubricating agents, such as magnesium
stearate, are also typically added. For oral
administration in a capsule form, useful diluents
include lactose and dried corn starch. When agueous
suspensions are administered orally, the active

20  ingredient is combined with emulsifying and suspendihg
agents. If desired, certain sweetening and/or
flavoring and/or coloring agents may be added.

The pharmaceutical compositions of this

invention may also be administered in the form of

25 = suppositories for rectal administration.. These
compositions can be prepared by mixing a compound of
this invention with a suitable non-irritating excipient
which is solid at room temperature but liquid at the
rectal temperature and therefore will melt in the

30 rectum to release the active components. Such
materials include, but are not limited to, cocoa
butter, beeswax and polyethylene glycols.

Topical administration of the pharmaceutical



WD 97/ 22618 | PCT/ US96/ 20370

- 35 - conpositions of this invention is especially useful

when the desired treatnent involves areas or organs readily

accessi bl e by topical application. For application topically to the
skin, the pharmaceutical 5 conposi tion should be fornulated wth a

sui tabl e wWo Bt containing the active conponents suspeggftee10370
dissolved in a carrier. Carriers for topical adm ni stration of the
conpounds of this invention i nclude, but are not limted to, mneral
oil, liquid 10 petrol eum white petrol 8enr propyl ene glycol, polyoxy-

et hyl ene pol yoxypropyl ene conpound, emul sifying wax and wat er .

Al ternatively, the pharnmaceutical_ conposition can ornmul ated with

a suitable | otion of°®PeShyions ofcShigi APHEPEIRN A Ie\?é’366ﬁ]5531‘(ll’]‘ds% Kpended
or dissolved 15 wHefl €id rde¥iredSttirbabhent ainveEln s Ia(rbadeorbtmtqa‘f$ not

limted to, mneral _oil,,sorbitan n ar at sor e 60, cetyl
esters wax, cetear yF ‘1"ij0¥| arccessmrI% 830 ?/?Jcﬁ) ec aé’r?o]llca gﬁ}zéyl p‘?%:ohol and
wat er. The phapphieat igaltapdepddivt tonthefskin,s theypherpacenticdlso 20
be topically appl i edohod e dip WMo B8! EOBLILEE Wkh a suitsbidl
suppository fornmulation or I1n a suitable enenmmn ormJI ation.

Topi cal | y- t r ansder nAiNFAERR O3 NdRgothe actiyR | GRIGPNER LEhSYSPRRASH iUn.
The phar naceuti cal ﬁﬂgﬁ@&kéd Qit Ofcalchtier?S cartivm@ntioentépyche admi nistered

by nasal aerosol or al ati Such conmposi t S _are_prepared
accor di ng to ?%Hﬂﬁ r}”\ﬁé\ - kﬁBﬁnc?xﬁp?‘?fg&ar : g:rlﬁhéflyrg%'éﬁ?rf cal
formul ati on and nayibelwdepdrdd aae sokulimiked ntsalnimeral oil, ehipdwid ng

benzyl al cohojqor of,ggfofé{gﬁ amrﬁtgo etrB‘ on‘?daéa}?o Bi?%gﬁ_l O PFSURE er s

to enhance bi oaval lity, Paor ocar
sol ubi lizing or di spERY WWWBQM £Re t fRMpgynd, emulsifying wax Bhge

|l evel s of between abatér(. Gl tyrhadliedly, the pharmaceutical composition
can be formulated with a suitable lotion or cream
containing the active compound suspended or dissolved
15 in a carrier. Suitable carriers include, but are not
limited to, mineral oil, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcochol,
2-octyldodecanol, benzyl alcohol and water. The
pharmaceutical compositions of this invention may also
20 be topically applied to the lower intestinal tract by
rectal suppository formulation or in a suitable enema
formulation. Topically-transdermal patches are also
included in this invention.
The pharmaceutical compositions of this
25 invention may be administered by nasal aerosol or
inhalation. Such compositions are prepared according
to techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employving benzyl alcohol or other suitable
30 preservatives, absorption promoters to enhance
bioavailability, fluorocarbons, and/or other
solubilizing or dispersing agents known in the art.
Dosage levels of between about 0.01 and about
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- 36 - 100 ny/ kg body wei ght per day, preferably between about

1 and 50 ny/ kg body wei ght per day of the active i ngredi ent conpound
are useful in the prevention and treatment of IL-1- and
apopt osi s- nedi ated di seases, 5 I ncluding inflammatory di seases,

aut oi mune d'@S@?}?ﬁ destructive bone disorders, prol 'ltcelrn‘?ék/‘i&m

di sorders, Ictious di seases, degenerative dlseases
osteoarthritis, pancreatitis, asthma, adult respiratory di stress
syndrone, gl oneral onephritis, rheunmatokd3g0- arthritis, system c |upus
eryt hemat osus, scl er oderm, chronic thyroiditis, Gaves' disease,

aut oi nmune gastritis, insulin-dependent diabetes nellitus (Type

I), autoi nmmune henidi0y g kgnkniiy, wailglot ramelay, prefievablpdrataeen about
thrombocyt openi a, f*&rn%ﬂ's‘é ﬂxﬁ?k&%&% we:,*lg‘?ﬁab'etr' SayYASEAEU& i3edV S,

I nfl ammat ory bowe ohn'’s |sease ﬁsor|a5|s graft vs.
host d|sease#nQ£9§é8ﬁ6rSQEBOU%EH§FQHW§QﬁH§I6ﬁat 2| RS and

di sorder, acute rrycﬁﬂe@@tﬁiéﬁ»:Sotemisem aand:farpwt@sm-medf@@é@gﬂwselseukem a,
netastatlc n@lano 05|

sep5|s
septic shock, C§ﬁ’i g&F 65!"‘@“"5?5?{%\’ e?%ﬁ%ﬁﬁt"”% 5ﬁ'a§ear sease,
cerebral |schen151deqnnumudwalboaermunqmdeqm,n@kommﬁenétave disoralersphy,

mul tiple sclerosi %nf@%%o‘hgl éﬁsgagé‘ﬁp&ﬁén g,%t;ve dlsé'g%! 42l at ed

encephalitis, and neuro I cal damage to str ypically, the
phar naceuti cal corffsiogrdhsitis, P%ﬂ¢¥¢ﬂ%§ﬁlﬁveﬁ§FBHEMA¢¢u%kaEﬁﬁﬂlﬁﬁ§Péyed

fromabout 1 to distresls @ﬁd?@:ﬁeﬂadmﬁe:aﬂwéaﬁnwéy riddunth t@A | nUous
I nf usi on. g%h adn1 |strat|on o or, acute

Lher oo ThaB o Rt 1hdsy o BvE Ranbe LAY v tugnatlnts, metartienh v  n

the carrier materidionic ghydatditis, GravasngHasdasageaﬂtnnmmudd vary

dependi ng upon tr“%iygyltls, 1n ﬁfﬁﬂﬁﬁkﬁﬂﬁéé%Eedﬁﬁﬁatgy'ﬁgl'?%H% T

adm ni strati on. Ere aration contaln ron1abgﬁt 5% to
about \Ng)g7ﬁ@g9}gmune emolytic anemia, autoimmune

PCT/ US96/ 20370 neutropenia, thrombocytopenia; 2hronic active

15 hepatitis, myasthenia gravis, inflammatory bowel
disease, Crohn’s disease, psoriasis, graft vs. host
disease, osteoporosis, multiple myeloma-related bone
disorder, acute myelogenous leukemia, chronic
myelogenous leukemia, metastatic melanoma, Kaposi’s

20 sarcoma, multiple myeloma sepsis, septic shock,
Shigellosis, Alzheimer’s disease, Parkinson’s disease,
cerebral ischemia, myocardial ischemia, spinal muscular
atrophy, multiple sclerosis, AIDS-related encephalitis,
HIV-related encephalitis, and neurological damage due

25 to stroke. Typically, the pharmaceutical compositions
of this invention will be administered from about 1 to
5 times per day or alternatively, as a continuous
infusion. Such administration can be used as a chronic
or acute therapy. The amount of active ingredient that

30 may be combined with the carrier materials to produce a
single dosage form will vary depending upon the host
treated and the particular mode of administration. A '
typical preparation will contain from about 5% to about



95% active conmpound (ww) . Preferably, such preparations contain from
about 20%to about 80% active conpound. Upon

i nprovenent of a patient's condition, a 5 mai nt enance dose of a
conmpound, conposition or conbi nation of this invention my be

adm nistered, if necessary. Subsequently, the dosage or frequency o
adm ni strati onwgyrbagh, may be reduced, as a function pETABIE/20370
synptonms, to a level at which the inproved 10 condition is retai ned when
t he synptons have been alleviated to the desired | evel, treatnent
shoul d cease. Patients may, however37require intermttent

treatnent on a |ong-term basis upon any recurrence or di sease

synptonms. 15 As the skill an Wil] appregiate, |ower
or higher doses tha%S%Hﬁ§€vFeEPP88uﬁﬁo§%/ %EeferaLl¥edﬂﬁﬁed Speci fic

dosage and treat menpremayateonst abntain ffmm/qhmun COEaro patbewent80d ldctdepend
upon a variety of - J&ytors including the activity of the specific 20
conmpound enpl oyed, ?%éba body wei ght, general health status, sex,
diet, tinme of admnistr atl onUpeat émpfovement @fc eePbhentt & CUBHTI 49Ri 6n,

the severlty and copiSor&Hance doskh8sdi S€fSOurd)d chhBo Pt i StorS d'SPOS't'On
to the di sease and the judgnent of the treating physician. 25

The IL-1 or apoptos??@?&ﬂﬁ?ﬁ9€d°3l§Eb§e§“¥ﬁﬂ§ﬂ?n may bgy ystenssy o
prevented by the conpoeseiryof Shbsequentlynusiat idesagecbrideredudnar @ not

limted to, infl a:“r‘]?z(ﬁa:g{%str J.Og S§856Sen A4l ’HZ“QSdQ&é&asaeéoa{ Wu%&l%y'latl ve

di sorders, 1 ouUs |se sés, degenerattvé, and hec
di seases. of the sympltamsat '9<Pya diexsds@d whiich beg imenavest ed or

prevented inglgide, befha A RSrek L.-behiﬁéd%en the 85kBO&HS Mddd Headfut e
pancreatitis, chronic WO 9

PCT/ US96/ 20370 allev:l.ated to the des:l.red leveég treatment Wat| tis
asthma, and adult resfsdat Payidnssresg, howevedyndeqitre Plefermiltitentt he

i nflammat ory diseas@&éé&ment onoétf8€5l€££$‘§%é¥s %EHBea ﬁ”@géﬁggéﬂé% or
disease symptoms.

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

20 compound employed, the age, body weight, general health
status, sex, diet, time of administration, rate of
excretion, drug combination, the severity and course of
the disease, and the patient’s disposition to the
disease and the judgment of the treating physician.

25 The IL-1 or apoptosis-mediated diseases which
may be treated or prevented by the compounds of this
invention include, but are not limited to, inflammatory
diseases, autoimmune diseases, proliferative disorders,
infectious diseases, degenerative, and necrotic

30 diseases.

Inflammatory diseases which may be treated or
prevented include, but are not limited to
osteoarthritis, acute pancreatitis, chronic



Aut oi mune di seases which may be treated or 5 prevent ed include, but

are not limted to, gl oneral onephritis, rheumatoid arthritis,

systeni c | upus eryt hemat osus, scleroderma, chronic thyroiditis,
Graves' disease, autoirmrune gastritis, insulin- dependent di abetes
mellitus (Type 1), autoinmune 10 = henolytic anem a, autoi nmune

neut r openi a, WO 97 26ltahronbocyt openi a, chronic active hepatitipgry@YdabhRen a
gravis, inflamatory bowel disease, Crohn's disease, psoriasis, and
graft vs. host disease. Preferably, the aut oi nmune di sease i s
rheumatoid arthritis, 15 i nfl ammat er ggbowel di sease, Crohn's di sease, or
psori asi s. Bone destructive di sorders which nay be

treated or prevented include, but are not limted to, ost eopor osi s

and rmul tipl e nmyel pamcred tittdds ,besthRd, andliaivlderespiratory distress
Proliferative di sggo@si] cfpemrgslyrea&@qnﬂama%rgr gyeeisd igc! ude, but

are not linmted to, acute %gnous eu em a, - chroni ¢ nyel ogenous
| eukeni a, n%ﬁ%@ﬂ%ﬁqQFHﬁﬂsaﬁénﬁcu pAereadditd§na, and nultiple 25
nyel oma. | heolinpufe dd soasnss WHith may be treatad car

prevented include, but ar limte septic shock, and
Shi gel | osi srlsc “prevented i #H&‘er L{"ign‘?e’iﬁ aﬂcg'gﬁd‘é‘déﬁgr 5Prve or necrotic 30
di seases whi ch meyldreetaleatepthrdtip; evbetreabdid trehritis, cogpoemits of this

{nvention i ncl ude; Qi & fhtosus, SEMIGLLG, SheBelIetho.diasase

Par ki nson' s di sease regra i schem a, and nyocar di a em a.

WO 97/ 22618 Graves dlsease, autoimmune gasyrlpg$ﬁugg§u2937o

- 39 - Preéseraiint dif®edegenel af tye @hygﬁa&@ ) sufbZfphier' s

di sease. 0 ti The apopt05|s nmedi at degﬁneratlve di seases

whi ch may Bt tredRRL OIS AREREEd BYCT HEHRS SRS ag this invention

|nclude but are thmodhanyﬁubdnma, chronﬁ&z&umnuy'h9p6t$easg,m§ksﬂhen§an's
dhscase.  coreb ol pravis, |SHISNALTYORAL B JRUISTCEnBPLT  fRigel
psor1a51s, and graft vs. host dlsease Preferably, the
autoimmune disease is rheumatoid arthritis,
15 inflammatory bowel disease, Crohn’s disease, or
psoriasis.

' Bone destructive disorders which may be
treated or prevented include, but are not limited to,
osteoporosis and multiple myeloma-related bone

20 disorder.

Proliferative diseases which may be treated
or prevented include, but are not limited to, acute
myelogenous leukemia, chronic myelogenous leukemia,
metastatic melanoma, Kaposi’s sarcoma, and multiple

25 nyeloma.

Infectious diseases which may be treated or
prevented include, but are not limited to, sepsis,
septic shock, and Shigellosis.

The IlL-l1-mediated degenerative or necrotic

30 diseases which may be treated or prevented by the
compounds of this invention include, but are not
limited to, Alzheimer’'s disease, Parkinson’s disease,
cerebral ischemia, and myocardial ischemia.



rel ated encephalitis, aging, alopecia, and neurol ogical 10 damage due to

st roke. Al t hough this invention focuses on the use of

t he conpounds di scl osed herein for preventing and treating IL-1 and
apopt osi s- nedi at ed di seases, the conpounds of this invention can al so
be used as 15 i nhibitory agents for other cysteine proteases.

The conpounds @fp d7Rbgigi Nvention are al so useful as comMPpefUeds20370
reagents which effectlvely bind to | CE or other cysteine proteases. :
As commer ci al reagents, the conpounds of this invention, and their 20
derivatives, may be used to bl ock proteel3%is of a . target peptide in
bi ochem cal or cellular assays for | CE and | CE honol ogs or may be
derivatized to bind to a stable resin as a tethered substrate for
affinity chr Arafegiakpby hppl deganisdivehdiceand bt Helzhed@eros

whi ch characteri ze f@EsRECi al cystine protease inhibitors wll be

evident to those of ordinary kil l g g
order that this invention bel r?P?Rﬁ?ifs'medla RdePETERVF 2 TiYE FOFFSﬁfﬁg
exanpl es are set foutich 88y beThesztekanppeevantefiobyt tiee momposedsf of

illustration @nly n e n u a [ t he scope
of t he :%nvent |h(%ﬁe> liqrgn@ign Pﬁcf\fhéj ba¢ %& S?EZJZTENE& &9
PCT/ US96/ 20370 Alzhelmer s dlsease, Parkinson's dpsease, cerebral

Exanpl e 1 |nh'ﬁ§dﬂéﬁﬁa9fm§655rdlal ischemi¥é Qpiﬁéfmﬁhédﬂﬂéy bic@Bphy,
constants (Klerr]) and ues for several ounds of thls

I
i nvention using 5W%Hﬁ§pﬁ%r§€lﬁ§?ﬁbﬁs‘ﬁﬁﬂ? Fﬁ@HeBeFEﬁf alitis, HIV-ph yne
assay with Uv- vi Si Med ageisenatphalitis, aging, albGpschssaand meurnlogiogl an

Succi nyl - Tyr 4 P AN; L 99EI|Ide substrate. Synthesis of
anal ogous substrates |?Idg§§r|§ed % A Reiter (Int. 10 J. Peptide

Protein Res. 43, 87-96 (1994§}thoqgk3Qﬂgﬁaynventlon focuses on the use of
the compounds disclosed herein for preventing and

treating I1-1 and apoptosis-mediated diseases, the
compounds of this invention can also be used as

15 inhibitory agents for other cysteine proteases.

The compounds of this invention are also

useful as commercial reagents which effectively bind to
ICE or other cysteine proteases. As commercial
reagents, the compounds of this invention, and their

20 derivatives, may be used to block proteclysis of a
target peptide in biochemical or cellular assays for
ICE and ICE homologs or may be derivatized to bind to a
stable resin as a tethered substrate for affinity
chromatography applications. These and other uses

25 which characterize commercial cystine protease
inhibitors will be evident to those of ordinary skill
in the art.

In order that this invention be more fully

understood, the following examples are set forth.

30 These examples are for the purpose of illustration only
and are not to be construed as limiting the scope of
the invention in any way.



m xture contai ns: 65 [err]l buffer (10mM Tris, 1 nmM DIT, 0.1% CHAPS @H
8.1) 10 [err]l I1CE (50 nMfinal concentration to give a rate of '
[err] 1mOD/ mi n) 15 5 [err]l DVBQ I nhibitor mxture 20 [err]l

400[ err] M Substrate (80 [err]Mfinal concentration) 100[err]l total
reaction vol unme The visible ICE assay is run in a 96-well
mcrotiter p ffer, 1CE and DVBO (if inhibitor 20 is re
added to theh&gﬁp #n the order |isted. The conponents are ﬂ&?fﬁ

i ncubate at roomtenperature for 15 mnutes starting at the tinme that
al | conponents are present in all well4® -The mcrotiter plate reader
Is set to incubate at 37 [err]C. After the 15 mnute 25 incubation,
substrate is added directly to the wells and the reaction is nonitored .
by followi ng the rel ease of the chEsamphdrk (pNA) at 405 - 603 nm at
37 [err]C for +nﬁg§¥ﬂﬂﬁﬁ%%érlﬁﬂlinear fit of the data is perfornmed and
the rate is calculated I n mn. DMSO is only 30 present during
experiments involving inhibitors, buffer WO 97/ 22618
PCT/ESQG/EOB?O We oﬁtalnedhlnhlbltlon cons¢dnts (K;) drid UsRg to nake
up the volune to 10 eri

Exanple 2 Pué 0\% %’é ?{%m}drs] °vf:ﬁ-‘ ﬁ‘r’%n%le?pérurﬁlﬁgd for
conpounds’ 706,57lﬂbe7dh£ee7meth¢ﬂs de§¢rib§§ b3 Dw : 733, 743, 745, and
747-757 using the assay described in Exanple 1. The structures of the
conmpounds of ExanPIe 2 are shown in the follow ng Table and in Exanple
3. [err] =44

5

This assay is run using an Succinyl-Tyr-val-
Ala-Asp-pNitroanilide substrate. Synthesis of
analogous substrates is described by L. A. Reiter (Int.

10 J. Peptide Protein Res. 43, 87-96 (1994)). The assay
mixture contains:
65 pl buffer {10mM Tris, 1 mM DTT, 0.1% CHAPS @pH 8.1)
10 pl ICE (50 mM final concentration to give a rate of
~1lmOD/min)

15 5 pl DMSO/Inhibitor mixture
20 ul 400uM Substrate (80 uM final concentratiorn)
100ul total reaction volume

The visible ICE assay is run in a 96-well

microtiter plate. Buffer, ICE and DMSO (if inhibitor

20 is present) are added to the wells in the order listed.
The components are left to incubate at room temperature
for 15 minutes starting at the time that all components
are present in all wells. The microtiter plate reader
is set to incubate at 37 °C. After the 15 minute

25 incubation, substrate is added directly to the wells
and the reaction is monitored by following the release
of the chromophore (pNA) at 405 - 603 nm at 37 °C for
20 minutes. A linear fit of the data is performed and
the rate is calculated in mOD/min. DMSO is only

30 present during experiments involving inhibitors, buffer
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B

i - Pr
[err]
20

725 1
[err]

C
[err]
20
720 1
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[err]
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10

15

D

Type 2 10 Cpd Type A

Klerr] 706 1 H [err]
69 710 1 [err] [err] i - Pr
719 1 [err] [err] I - Pr lerr]
[err] . lerr] I - Pr [err] 33

i - Pr [err] 1.9 PCT/USOH720378
I - Pr [err] 15 WO 97/ 22618
- 42 -
— 41 -

is used to make up the volume to 100 u. in the other

experiments.

Example 2

The following K; values were determined for
compounds 706, 710, 719, 720, 725-—727, 729, 731, 733,
743, 745, and 747-757 using the assay described in
Example 1.
2 are shown in the following Table and in Example 3.

The structures of the compounds of Example

15

COM
COzH
o c B O o ¢c B o /'
ALA A I A
H H N "
Type 1 Type 2
Cpd | Type K:
A B c D
(nM)
CHz
706 | 1 H @’ i-Pr @ 69
Cl cH
Q
710 1 T/ ©/ i-Pr © 20
Ci
F CHz
719 1 ©/ i-Pr @ 20
Cl
< CH2
720 1 |. ;I i-Pr @ 33
[~]
Ci
725 [ 1 *::@ Co- i-Pr @ 1.9
[~ ]
N, F
726 | 1 “‘QIP, (D:}— i-Pr © 15




727
[err]
[err]
I - Pr
[err]
741
[err]

746

[err]

1

1

[err] [err] I - Pr [err] 9.0 729
[err] I - Pr [err] 4.7 731 1 [err]
i -Pr [err] 26 733 1 [err] [err]

[err] 7.5 5 737 1 H [err] i - Pr
739 1 H [err] I - Pr [err]
1 [err] I - Pr [err] 7
i - pvo 9‘}3[1@,8” 60 %%'rmsgmasmi _p
745 1 H [err] I - Pr [err] 45
H [err] t-Bu - gperr] 747 1
[err] t-Bu [err] 24 748 1 H
i -Pr [ err 6
o Ci
727 1 ) @:}— i-Pr @ 9.0
<l
o (o]
729 | 1 4 @[)— i-Pr <ZI:I/ 4.7
[~}
- Gl
Q (:H;Oc"ho
731 | 1 ¥ (I)— i-Pr 26
Ll CH
o [&]
C
733 1 P @:}— i-Pr k@\ 7.5
<l
5 |737] 1 H "ﬁ@m i-Pr ©
Nh
73| 1 H H,c'©\~/'-u, i-px @
H
Q
741 1 H vu:’@“lw*m, 'i-Pr @
A4 &
743 | 1 H i-pr 60
H; z CHa
745 | 1 H e N‘."s‘f’c,ﬁ i-pr © 45
CHz
10 746 1 H (:r t-Bu ©
CHz2 <
747 | 1 H @’ t-Bu (j:r} 24
CHz >
748 | 1 H @” i-pr ©;;« 6
CH2
749 | 1 H ©/ i-px 7
CHe
750 | 1 H (:r i-Px c\©\ 20

1

H
r

10



749
H

[err]

PCT/ US96/ 20370

[err]
[err]
754 2
[err]
[err]

H [err] I - Pr [err] 7 750 1
I - Pr [err] 90 WO 97/ 22618
- 43 - 751 1
i-Pr [err] 71 752 i H [err] i - Pr
62 753 1 H [err] I -Pr [err]
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i - Pr [err 390 756 1 H [err]
757 [err] i-Pr [err] 170
- 43 - .
_ CHz o
751} 1 H @’ i-Pr ,.,ciu@/ 71
CHz -9
CH)O,
752 | 1 H @’ i-pr mﬁn{ 62
CHz
753 | 1 H @’ i-Pr 53
CHe
754 | 2 H ©/ i-Pr © 2500
CHz
5 |7s5) 2 H ©’ i-Pr m 390
756 1 H ©:)~l— i-Pr ©
rd
757 1 H m i-pr @Ao 170
Example 3
Compounds of Example 2 were synthesized as
10 follows:
o]
HCI
H” OEt
701
N-Benzylglycine Ethyl Ester (701): To a solution of
benzaldehyde (14.0 g, 0.132 mol) in absolute EtOH (500
mL) was added glycine ethyl ester hydrochlcride (37.0
g, 0.256 mol), NaOAc (32.5 g, 0.396 mol) and sodium
15 cyanoborohydride (9.8 g, 0.158 mol), and the resulzing

mixture heated to reflux. After 1 hr at reflux, the



Exanpl e 3 Compounds of Exanple 2 were synthesized as 10

follows: [err] N- Benzyl gl yci ne Ethyl Ester (701): To a solution
of benzal dehyde (14.0 g, 0.132 nol) in absolute Et OH (500 m.) was
added gl ycine ethyl ester hydrochloride (37.0 g, 0.256 nol), NaOAc

(32.5 g, 0.396 nol) and sodium 15 cyanoborohydride (9.8 g, 0.158 nol), and
the resulti ngwogmmgaure heated to reflux. After 1 hr at r 6!1%(596/3&%

WD 97/ 22618 PCT/ US96/ 203

- 44 - reacti on was cool ed and concentrated in vacuo. The resi due
was taken up into 1IN NaCOH and Et QAc. The | ayers were separated and the
organi ¢ phase was washed with 1IN NaoH, $time, dried over MySO4,

filtered and 5 concentrated in vacuo. The residue was taken up into
o o5 Tl et ERF L LIRS (Hheotlien GELLTD BALLC ves
as the Hd sargsid?erqu taken up into 1N NaOH and EtOAc. The

layers were separated and the organic phase was washed

with 1N NaOH, brine, dried over MgSQO4, filtered and

5 concentrated in vacuo. The residue was taken up into

EtOAc (150 mL) and treated with gaseous HCl. The

resulting solid was collected, washed with Et,0 and

dried to provide 23.4 g of compound 701 as the HCl

salt.

0
Boc
-~ OEt
H

702

10  ({2(S)-tert-Butoxycarbonylamino-3-methylbutyryl)benzyl-
arino) acetic Acid Ethyl Ester (702): To a solution of
N-Boc~valine (2.18 g, 10 mmol) and DIEA (4.4 mL, 25.3
mmol) in CH,Cl, (20 mL) at -20 °C was added
trimethylacetyl chloride (1.2 mL, 9.7 mmol). RAfter

15 stirring for 30 min, compound 701 (2.18 g, 10 mmol) was
added and the reaction allowed to warm to rt and stir
for 5 hr. The reaction was concentrated in vacvo and
the residue taken up into EtOAc and H30. The layers
were separated and the organic phase washed with sat.

20 aq. NaHCOj3, sat. aq. KHSO4, brine, dried over MgSOy,
filtered and concentrated in vacuo to provide 3.45 g of
compound 702.



10 ((2(S)-tert-Butoxycarbonyl am no-3-net hyl butyryl ) benzyl -

am no)acetic Acid Ethyl Ester (702): To a solution of N- Boc-val i ne
(2.18 g, 10 mmol) and DIEA (4.4 i, 25.3 mmol) in CH2A 2 (20 nlL) at -20
[err] C was added trimethylacetyl chloride (1.2 nL, 9.7 mol ). After 15
stirring for 30 mn, conpound 701 (2.18 g, 10 mmol) was added and the
reaction all owgghdrgrstgr mto rt and stir for 5 hr. The reaettrospenesso
concentrated in vacuo and the residue taken up into Et OAc and H20. The
| ayers wer e separated and the organi c phase washed with sat. 20 ag.
NaHCO3, sat. agq. KHSO4, brine, dried over My, - filtered and
concentrated in vacuo to provide 3.45 g of conpound 702. WO
97/ 22618 PCT/ US96/ 20370

- 45 - [err]

((2(S)-Benzoyl am no- 3- et hyl but yryl ) benzyl am noyageti c Aci d Et hyl

Ester (703): To a solution of conpound 702 .45 g, 8.8 mol) in EtQAc

at 0 [err]C was bubbled in gaseous H tf| O saturated. The reaction
was war nmed 5 tort and stirred for ~N" W n was bubbl ed
t hrough the reaction to renpve excess , Fold owed by

703

{{2(S)-Benzoylamino-3-methylbutyryl)benzylamino)acetic
Acid Ethyl Ester (703): To a solution of compound 702
(3.45 g, 8.8 mmol) in EtOAc at O °C was bubbled in
gaseous HCl1l until saturated. The reaction was warmed

5 tc rt and stirred for 3 hr. Nitrogen was bubbled
through the reaction to remove excess HCl, followed by
concentration in vacuo. The residue suspended in
CHyCly (50 mlL), treated with DIEA (3.4 mL, 19.5 mmol)
followed by benzoyl chloride (1.2 mL, 10.3 mmol) and

10 the reaction allowed to stir overnight. The reaction
was concentrated in vacvo and the residue taken up into
EtOAc and Hy0. The layers were separated and the
organic phase washed with sat. aq. NaHCO3, sat. aqg.
KHSQ4, brine, dried over MgSQO,, filtered ard

15 concentrated in vacuo to provide 3.45 g of compound
703.



concentration in vacuo. The residue suspended in CcH2A 2 (50 nl),
treated with DIEA (3.4 nL, 19.5 nmmol) fol |l owed by benzoyl chloride (1.2
m., 10.3 nmmol) and 10 the reaction allowed to stir overnight. The
reaction was concentrated in vacuo and the residue taken up into

Et OAc and H2O. The | ayers were separated and the or gani ¢ phase washed
wth sat. aq sat. ag. KHSO4, brine, dried over il tered
and 15 concé’ﬁ??&z@d‘ in vacuo to provide 3.45 g of conpound %ﬁfg@&&‘f&

WD 97/ 22618 PCT/ US96/ 20370

- 46 - [err] 46

((2(S)-Benzoyl am no- 3- nethylbutyryl)benzylanlno)acetlc Acid (704): To a
sol ution of conpound 703 (3.45 g, 8.8 mmol) in MeOH (9 nL) was added 1N
LiOH (9 nL) and the reaction allowed to stir over night. The reaction
5 was concentrated in vacuo and the residue t nup into Et OAc and

H2O. The |l ayers were separated and the a ous phase was acidified
with 1IN HO . The product was extracte Ytk Et OAc (2x). The extracts
wer e conbi ned, washed with brine, oMgSH, filtered 10 and
concentrated in vacuo to provide 3.0 ound 704. J[err]

({2 (S)~-Benzoylamino-3-methylbutyryl)benzylamino)acetic
Acid (704): To a solution of compound 703 (3.45 g, 8.8
mmol) in MeOE (9 mL) was added 1N LiOH (9 mL) and
the reaction allowed to stir over night. The reaction
5 was concentrated in vacuo and the residue taken up into
EtOAc and H,0. The lavers were separated and the
aqueous phase was acidified with 1IN HCl. The product
was extracted with EtOAc (2x). The extracts were
combined, washed with brine, dried over MgSQ4, filtered
10 and concentrated in vacuo to provide 3.0 g of compound
704.

1;8 core

NHz

3(8)-(2-((2(S)-Benzoylamino-3-methylbutyryl}benzyl-
amino)acetylamino)44—oxo—butyric Acid tert-Butyl Ester
Semicarbazone {(705): To a solution of 3(8)-

15 (l1-fluorenylmethyloxycarbonylamine)-4-oxobutyric acid
tert-butyl ester semicarbazone (678 mg, 1.5 mmol;
Prepared in a similar manner to the benzyloxycarbonyl
analog in Graybill et al., Ipnt, J, Protein Res. , 44,
pp. 173-82 (1994)) in acetonitrile (5.0 mL} was added

20 diethylamine (780 uL, 7.5 mmol) and the reaction



3(S)-(2-((2(S)-Benzoyl am no- 3- net hyl butyryl ) benzyl -

am no) acetyl am no) - 4- oxo-butyric Acid tert-Butyl Ester Sem car bazone
(705): To a solution of 3(S)- 15

(1-f 1 uorenyl met hyl oxycar bonyl am no) - 4- oxobutyric acid tert-butyl ester
sem car bazone (678 ng, 1.5 nmol; Prepared in a simlar manner to the
benzyl oxycar boglgsazgiganal og in Graybill et al., Int. J. Protgcruserere 44,
pp. 173-82 (1994)) |n acetonltrlle (5.0 nl) was added 20 di et hyl am ne
(780 [err]L, 7.5 mmol) and the reaction WD 97/ 22618

PCT/ US96/ 20370 - 47 A7 - allowed to stir
at rt for 1 hr. The reaction was concentrated in vacuo and the residue
co-concentrat ed mnth toluene (3x) in vacuo. To a suspension of the

resi due, conpound 7 QWEES tRyStirsatmblt )fomd BERT FRO4Xe& IR “ESe6 mol )
in 1:1 CH2d 2: DVF (é&udadtx&ttea iar vh&uo Viid the adﬁedug%(&;&ém,rate%
nmol ). The reaction mas to rt and stirred over night, The

reaction was dil ut &§th t%“FHeEf(éﬂ: V3PS THE EajBFRERRIA %&P&t ed and
t he organic phaﬁe&;mﬁjedompbhnaa?oa apﬁssl\la.ldcos 5Stdo 1 R0and HoBEHIO2 4

brine, dried ove Iter ntr d in vacuq

Chr omat ogr aphy o 'It\{?fé'oﬁesqf dﬂ'ﬂ“’& s]r |q}{2§ @e ﬁj&l’?ﬁ‘? \/ﬁtt?? 2Cgonas
MeOH: CH2C 2) provi dedbeaDEDC (30§ m&,cbnﬁbum@lﬁOS Ther t¢action was warmed
3(S) - (2-((2(S) - Benzt?é/lx%n 2)% %t&*g}?&'@&éﬁ”x% (t7 51‘he xl“_cce)actlon was diluted

benzyl ani no) acet yl am no) - 4- oxo- ric Acl a suspensi on of
conpound 705 (600 rﬂf*h[ﬂ;@AﬁnﬂP? Hmo The layers were separated and the

organic phase washed with sat. aqg. NaHCO3, sat. agq.

10 KHSO4, brine, dried over MgSQ4, filtered and
concentrated in vacuo. Chromatography of the residue on
silica gel (elution with 2-6% MeOH:CH,Cl,} provided 600
mg of compound 705.

hdete

3{S)-(2-((2(S)-Benzoylamino-3-methylbutyryl)

15 benzylanino)acetyiamino)-4-oxo-butyric Acid (706): To
a suspension of compound 705 (600 mg, 1.04 mmol) in
CHpCl3 (10 mL) was added TFA (4.0 mL) and the reaction
allowed to stir for 4 hr. The reaction was
concentrated in vacuo and the residue co-concentrated

20 with toluene (3x}). The residue was dissolved in MeOH
(10 mL} and treated with HOAc (2.0 mL) followed by
formaldehyde (2.0 mL). After stirring for 3 hr at rt,
the reaction was concentrated in vacuo. Prep-HPLC
provided 89 mg of compound 706: lH NMR (500 MHz,

25 CD30D) 68.34 - 8.21 (m), 7.80 -~ 7.69 (m}), 7.51 - 7.02
(m), 4.99 - 4.81 (m), 4.73 - 4.59 (m), 4.57 - 4.56 (m),



CH2C 2(10 nmL) was added TFA (4.0 nL) and the reaction allowed to stir

for 4 hr. The reaction was concentrated in vacuo and the residue
co-concentrated 20 with toluene (3x). The residue was dissolved in MCH

(10 m.) and treated with HOAc (2.0 nL) foll owed by f or mal dehyde (2.0
m.). After stirring for 3 hr at rt, the reaction was concentrated in
vacuo. Prep-HP provi ded 89 ng of conpound 706: [err] VHz,
25 me)[eﬁéig?’?ﬁ's- 8.21 (m), 7.80 - 7.69 (m, 7.51 - 7.0?&‘%@%/?39?0 4.99
- 4.81 (m, 4.73 - 4.59 (n), 4.57 - 4.56 (m, WO 97/ 22618

PCT/ US96/ 20370 _ - 48 = 48 - 4.35 - 4.12 (m,
4.07 - 3.96 (m, 3.93 - 3.84 (m, 2.64 - 251 (m,.2.49 - 2.31 (m, :
2.29 - 2.13 (m, 1.02 - 0.80 (m. [err]

3(S)- (Al yl oxycar @qngl }- avi oty ( (£.,05- di ghber gmpheydd — 3.84 (m), 2.64

oxazol -2-yl)-4-hydrgxys;b ri id. tert-Buty ter é?OZ) A sol ution
of 5-(2,6-[1chloro-%hé%ykéﬁkdgﬁﬁg 2'%1(ém¥19%'%§.7%ﬁ%%;““repaP%d by a

simlar nethod 0.8@ed®iibed in Tet. Lett. 2369 (1972)) in THF (65 nlL) was
cooled to -78 [err] C under a nitrogen atnosphere. To this 10 solution was

added n- butyl lithium (1.5M solution in hexane, 8.5 nL, 13.3 mol).
After 30 mn. Magnesium brom de et her £Q3.g g, 13.9 mol) was added
and the solution was allowed to warm tjo y [err]C for 15 min. The
reaction was cooled to -78 [err] C andAt4d
(S)-(l-alIonxycarbonyIanino)-4-oxobutyrﬁc [ tert-butyl ester
(3.26g, 12.7 mmol; Gaybill et al., | nt g9¢). Protein Res., 44, 173-182
(1993)) in THF (65 m.) was added dropwi se. The reaction was stirred for

3({S)-(Allyloxycarbonyl)-amino-4-((2, 6-dichloro-phenyl) -

5 oxazol-2-yl)-4-hydroxy-butyric Acid tert-Butyl Ester
{707). A solution c¢f 5-{2,6-Dichloro-pheny.)oxazole
(2.71g, 12.7 mmol; prepared by a similar method
described in Iet, Lett. 2369 (1972)) in THF (65 mL) was

_ cooled to -78 °C under a nitrogen atmosphere. To this

10 solution was added n- butyl lithium (1.5M solution in
hexane, 8.5 mL, 13.3 mmol). After 30 min. Magnesium
bromide etherate (3.6 g, 13.9 mmol) was added and the
solution was allowed to warm to -45 °C for 15 min. The
reaction was cooled to =78 °C and

15 3(S)-{l-allyloxycarbonylamino)-4-oxobutyric acid
tert-butyl ester (3.26g, 12.7 mmol:; Graybill et al.,
Int. J. Protein Res., 44, 173-182 (1993)) in THF (65
mL) was added dropwise. The reaction was stirred for
25 min., then allowed to warm to -40 °C and stirred for

20 3h, and then at rt for 1lh. The reaction was quenched
with 5% NaHCO3; (12 mL) and stirred for 3h. The THF was
removed in vacuo and the resulting residue was
extracted with CH,Cl,. The organic layer was washed
with brine and dried over MgSQ,, filtered, and

25 concentrated in vacuo to yield 6.14 g. Purification

gave 4.79 g of compound 707.



25 min., then allowed to warmto -40 C and stirred for 20 3h, and then at
rt for Ih. The reaction was quenched wth 5% NaHCO3 (12 nlL) and stirred
for 3h. The THF was renoved in vacuo and the resulting residue was
extracted with CH2C 2. The organic | ayer was washed with brine and
dried over MgSHA4, filtered, and 25 concentrated in vacuo to yield 6.14 g.
Purification woda¥§igd- 79 g of conpound 707. WO 97p@pt$4320370
PCT/ US96/ 20370 - 49 - Jerr]

3(5)- (2- ((2(S) -Benzoyl am no- 3-net hyl butyryl ) benzyl -

am no) acet yl am no) - 4- (4- (2, 6-di chl or ophenyF) 4Bxazol - 2-y

1)-4- hydroxybutyric Acid tert-Butyl Ester (708): To a suspensi on of
conpound 704 (318 ng, 0.86 nmml) and 5 conpound 707 (370 ng, 0.78 mmuol)
inl:1 CHd 2:DW (8.0 nm.) was added bi s(triphenyl phosphi ne) pall adi um
dichloride (10 ng), followed by the dropw ddition of tri-n-butyl
tin hydride (320 [err]L, 1.19 mmol). Afte o LR®Baddition was conplete,
HOBT (212 ng, 1.57 mmol) was 10 added jang t r agi honl was cooled to O
[err] C. added EDC (180 ny, 0.9 , S gtﬁg‘ 3 the reaction

al | oned to warmto rt and stir erni ght. The reacti on was
concentrated in vacuo and the residue taken aminto Et OAc and sat. agq.

KHSO4. The | ayers were separated 15 and the organi c phase was washed with

sat. ag. K2CGB, 3(@)LHQ;—_(@Zi9ﬂ-%o%ﬁ_@ﬂo—fi@-hé@iﬂinﬁ'ﬁy@B@ﬁﬂglat ed in
vacuo. Chromatography on silica qsl (elutlgn w th 2% NﬁCH:CH Cizg
provi ded 150 ng of oBRECYHAmL 0)-4-{4~ (2, 6~dichlcrophenyl)-oxazol-2-y

1) -4-hydroxybutyric Acid tert-Butyl Ester (708): To a
suspension of compound 704 (318 mg, 0.86 mmol} and

5 compound 707 (370 mg, 0.78 mmol) in 1:1 CHyCi,:DMF (8.0
mL) was added bis{triphenylphosphine) palladium
dichloride (10 mg), followed by the dropwise addition
of tri-n-butyl tin hydride (320 pL, 1.19 mmol). After
the addition was complete, HOBT (212 mg, 1.57 mmol) was

10 added and the reaction was cooled to 0 °C. added EDC
{180 mg, 0.94 mmol) was added and the reaction allowed
to warm to rt and stir overnight. The reaction was
concentrated in vacuo and the residue taken up into
EtOAc and sat. agq. KHSO4. The layers were separated

15 and the organic phase was washed with sat. ag. K,COj3,
brine, dried over MgSO4, filtered and concentrated in
vacuo. Chromatography on silica gel {(elution with 2%
MeOH:CH5;Cl;) provided 150 mg of compound 708.



WD 97/ 22618 : PCT/ US96/ 20370

- 50 - [Jerr] 3(S)-(2-((2(S)-Benzoyl am no- 3- net hyl butyryl)
benzyl am no) acetylam no) -4- (4- (2, 6-

di chl orophenyl ) - oxazol - 2-yl ) - 4- oxobutyric Acid tert-Butyl Ester (709):
To a suspension of Dessmarten 5 (259 ng, 0.61 mml) in CH2A 2 (4.0 nl)

was added se a solution of conmpound 708 (150 ny,
in CH2A 2 (2. ﬁ@ﬁx%After stirring at rt for 1hr. the rgg@@ﬁ%ﬁﬁ§g

concentrated in vacuo. The residue was di ssol ved into Et OAc and washed
with 1:1 sat. ag. 10 Na2S203:sat. aq. NaHE@,.- sat. ag. NaHCCO3, brine,
dried over MgSH, filtered and concentrated in vacuo.

Chr omat ogr aphy on silica gel (elution witn 2 5% MeOH: CH2d 2) provided

74 ng of conmpound 709. [err] (2 ((2 (S
- Benzoyl am no- 3- net hyl butyryl) 15
oy oph

benzylan1no)acety|an1no) 4- (4- (2, 6-dioC
-2-yl)-4-oxobutyric Acid (710) conpound 709 in
CHZO 2 (4.0 nL) was added TFA (2. w o he, tion stirred at rt

for 1 hr. The reaction was concentrated |n vacto and the residue 20
co-concentrated with toluene. Prep- HPLC proWeded 35

3(S)-(2~((2(S)-Benzoylamino-3-methylbutyryl)
benzylamino)acetylamino}=~4-(4-(2, 6~
dichlorophenyl) -oxazol-2-yl)-4-oxobutyric Acid
tert-Butyl Ester (709): To a suspension of Dessmarten
5 (259 mg, 0.61 mmol) in CH,Cl, (4.0 mL) was added
dropwise a solution of compound 708 (150 mg, 0.20 mmol)
in CHyCl, (2.0 mL). After stirring at rt for lhr. the
reaction was concentrated in vacuo. The residue was
dissolved into EtOAc and washed with 1l:1 sat. aqg.

10 NayS;03:sat. aq. NaHCO;, sat. aq. NaHCO3, brine, dried
over MgS0,, filtered and concentrated in vacuo.
Chromatography on silica gel (elution with 2-5% MeOH:
CH5;Cl,) provided 74 mg of compound 7089.

Taleis

3(S)-(2-((2{S)~-Benzoylamino-3-methylbutyryl)
15 benzylamino)acetylamino)-~4-(4~{2, 6-dichlorophenyl)-oxaz

CQH

0l-2-yl)-4~-oxobutyric Acid (710): To a solution of
compound 709 in CHyCl, (4.0 mL) was added TFA (2.0 mL}
and the reaction stirred at rt for 1 hr. The reaction
was concentrated in vacuo and the residue

20 co-concentrated with toluene. Prep- HPLC provided 35



WO 97/ 22618 PCT/ US96/ 20370

51 - nmg of conmpound 710: [err]H NMR (500 MHz, CD3QOD) [err] 8.90

: 8.52 (m, 835 (m, 7.83 (mM, 7.62 - 7.39 (m, 7.38 - 7.16

, 5.52 (m, 5.01 (m, 5.01 (m, 4.99 - 4.53 (m, 4.42 (n), 4.33 -
3.82 (m, 3.16 - 2.93 (m, 2.91 - 5 2.48 (m, 2.24 (m, 1.09 - 0.85 (M.
[err] wo 9722é8! or o- 4-fl uoro-6-nitrophenol (711): To apttasssresrof
2- Chl or o-4-fl uorophenol (25 g, 0.171 nol) in H20O (100 m.) and Et20 (300
m) at O [err]C was added dropw se concentrated nitric acid (25 nL).
After the addition 10 was conplete the reaetbdn-was warned to rt and
stirred for 3 hr. The |ayers were separated and the organic phase
washed with 1:1 brine: H2O, bri ne, drieqTﬁver MSH, filtered and
concentrated i n vacmm ofo campbundy710: MMB| 4PPY l\ﬂé%, DD A3 £ 30 heXane
and the yellow soli cted d drg-ed. to proyid 6,4 of npound
711. [err] éjsjzsz(?“%ﬁl 8 5§ “ﬁ] 'Pls'3 qm 9 %noﬁ&r(gghl or?ge (712):
A m xture of C(?rrﬂ(ﬁm@)71§ é?s(m)g 5 071123)13705)0%6“) r 4%8%¢t0 AufBoxi de

(2.3 g) in absol utenﬁtOhi (4%2Qm5rt)4\@§ - 3.8pl aged yngder- o adm @h ,hydpegen

and stirred until 20 c reductl on had qccurred. The hydrogen was
replaced with nlﬁréb zﬁeéﬂkﬂdhiﬁbs 8‘§geﬁﬁh
OH
°2N,; CI
M

2-Chloro-4-fluoro-é6-nizrophenol (711): To a mixture of
2-Chloro-4-fluorophenol (25 g, 0.171 mel) in HyO0 (200
mL) and Et,0 (300 mL) at 0 °C was added dropwise
concentrated nitric acid (25 mL). After the addition
10 was complete the reaction was warmed to rt and stirred
for 3 hr. The layers were separated and the organic
phase washed with 1:1 brine:H,0, brine, dried over
MgSQ,, filtered and concentrated in vacuo to a slurry.
The slurry was diluted with hexane and the yellow solid
15 collected and dried to provide 23.6 g of compound 711.

OH
HCleHaN ; Ci

712

2-Chloro-4-fluoro-6-aminophenol Hydrochloride (712): A
mixture of compound 711 (23.4 g, 0.122 mol) and
-platinum oxide (2.3 g) in absolute EtOH (120 mL) was
placed under 1 atm of hydrogen and stirred until

20 complete reduction had occurred. The hydrogen was
replaced with nitrogen and the reaction was filtered
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- 52 - through Celite. The filtrate was diluted with Et20 (300
nm.) and gaseous hydrochl oric acid was bubbl ed t hrough the solution to
provide a white precipitate. The solid was collected and dried under

vacuumto 5 provide 17.1 g of conpound 712 as a white solid.
713 6- or.Q-4-fl uor obenzoxazole (713): A m xture of %ggg nd 712
(17.0 g, 86ngﬁﬁ§?ésand trimethylorthoformate (18.9 ni, PS“? ﬂﬁ in

absol ute MeOH (90 nlL) was heated to reflux upon which a solution 10
formed. After stirring at reflux for 24_hgp the reacti on was cool ed
and concentrated to provide an orange solid. The solid was dissol ved
into Et20 washed with 1IN NaOH, brine, dried over MgSH4, filtered

and concentrated thrqmghviaééiaeyel Tioev Dirlange esehisddi 1ot &b oyt Aty0zat i on
from hot aqueous t api r ded 10.0 g
of conpound 713 E%a_'m% Q{,é ﬁ %gﬁgﬁg?gp%%l{%n‘gﬁs%hn |%\§ I n

aqueous Et OH cau§§§xﬂﬁ@bﬁﬁés§Plbthﬂ tomremide7a3white rprecipitate.

3(9) - (Al|y|0XycafﬁKHUth1@HhE9 éciﬁeéf%é”éhdﬂdr%@d under vacuum tc
fl uor obenzoxazol - 2-yl)-4 hydroxy butyric Acid
5 provide 1 g 0f compound 712 as a white solid.

%m

713

6~-Chloro-4~fluorobenzoxazole (713}: A mixture of
compound 712 (17.0 g, 86.3 mmol) and
- trimethylorthoformate (18.9 mL, 0.173 mol) in absolute
MeOH {90 mL) was heated to reflux upon which a solution
10 formed. After stirring at reflux for 24 hr, the
reaction was cooled and concéntrated to provide an
orange solid. The solid was dissolved intc Et,C,
washed with 1IN NaOH, brine, dried over MgSQy, filtered
and concentrated to provide a yellow orange solid.
15 Recyrstallization from hot aqueous EtOH with rapid
cooling and filtration provided 10.0 g of compound 713
as white needles. Note that preclong standing in

aqueous EtOH causes decomposition of compound 713.

COxt-Bu

Gy

3({S)-{Allyloxycarbonyl)~amino-4- {6-chloro-4-~
20 fluorobenzoxazol-2-~yl)-4-hydroxy-butyric Acid
tert-Butyl Ester (714). To a solution compound 713



tert-Butyl Ester (714). To a solution conpound 713 WO 97/ 22618
PCT/ US96/ 20370 - 53 - (2.06 g, 12.0
mmol) in THF (24 nL) at -78 [err] C was added dropwi se butyl lithium
(1.6 Min hexane, 7.0 n, 12.1 mmol ) and the reaction allowed to stir
for 1 hr. The reaction was treated with solution of nmagnesi um brom de
5 (1IMin benzeag:g%%g 1:4, 13.2 nlL) and the reaction war neriishezéddo
[err]C. After stirring for 1 hr, the reaction was cooled to -78 [err]C
and treated with a solution of 3(S)-

(1-al l yl oxycar bonyl am no) - 4- oxobutyric acid 88 -tert-butyl ester (2.57 g,
10 mml) in THF (12 nl). The reaction was allowed to sIovay vvarmto rt
and stir overnight. The reaction was guenched with sat. HACI
diluted wi.th Et OAc g%rcpseﬁouéﬁ Porsolided (IHE (24nRke 2he %u&ouéspﬁa%d

clear. The |ayers vfcpwhize HERRIALBhi A 1.16h® 1Ar Haxake PhAE mivaghed with
oncentr at ed |p v

bri ne, dried over S Iltered and

Chr omat ogr aphy of tH®Y §|’q§ §L8nr§‘?cfr13t9§’ FEHoVE U%Poﬁt tthl!‘fS 4898
Et OAc: hexane) provimettiod gasf treatpmslindth solk&loﬁemf]magne51um P@omide
U el T T e e .
met hod as 711 exce[ﬂarmed tepraBi e 22dkesr StArringr elné’lrrvmt B

2, 4-di f| uor ophenol )reytdt ib3% B3| £S6l atNtQN Car beNafs. Orébiteddb wilth gbsol ute

I\/EO—l (120 nL) was pl aced under 1 atmof H2 and stirred until conplete
reduction had occur§¥dtiPRe°t 3{&b- was replaced with nitrogen and the
reacti on was (l-allyloxycarbonylamino) -4-oxobutyric acid

10 tert-butyl ester (2.57 g, 10 mmol) in THF (12 mL).
The reaction was allowed to slowly warm to rt and
stir overnight. The reaction was gquenched with sat.
aqg. NH4Cl, diluted with EtOAc and enough Hy0 added to
make the aqueous phase clear. The layers were

15 separated and the organic phase washed with brine,
dried over MgSOy4, filtered and concentrated in vacuo.
Chromatography of the residue on silica gel {elution
with 15-45% EtOAc:hexane) provided 2.0 g of compound
714.

OH

HCisH,N . ; £

715

20 2,4-Difluoro-6-aminophenol Hydrochloride (715): A
mixture of 2,4-Difluoro-6-nitrophenol (28.4 g, 0.162
mol; prepared by a similar method as 711 except
replacing 2-chloro-4-fluorophencl with
2,4-difluorophenol} and 10% palladium on carbon (3.5 g)

25 1in absolute MeOH (120 mL) was placed under 1 atm of H,
and stirred until complete reduction had occurred. The
H;, was replaced with nitrogen and the reaction was
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- 54 - filtered through Celite. Gaseous HCO was bubbl ed t hr ough
the filtrate and the resulting solution concentrated. The residue was
taken up into H20 washed with Et20 (2x), neutralized with solid NaHCO3
5 and the product extracted with Et20. The extracts were conbi ned dried
over MgSH4 a filtered. The filtrate was treated with JRASRGS and
resul ting prrelgPB{"%zﬁ coll ected and dried under vacuumto proél'gg% 12.9
g of conpound 715 as a beige solid. [err] 10

4,6-Di flucrobenzoxazole (716): A m xture_okgconpound 715 (12.8 g, 70.7
nmmol ) and trinmethylorthofornmate (23 m., 0.212 nol) in absolute MeCH (90
m.) was heated to reflux upon which a solution formed. After stirring
at reflux for 24 dered hbroeghtCalntwas Gaclkeedsandl vds daibdetr at ed. The

resi due was di ssolt\h%‘#'ggtsgagt fﬁ.%rate V@\%‘%@e‘”&%@#%%@@%@ﬂ% roxi de,

brine, dried over ered and concen Distillation under
reduced pressure &HomGepdgased.g Bre cnRiswed wAB6taken up indicedpOti qui d,
whi ch solidified up@hed @A€hNBE,0 (2x), neut®aP{2Ed6fh solid NaHCO;
PCT/ US96/ 20370 ,
5 and the product extracted with Et;0. The extracts were
combined dried over MgSQO4 and filtered. The filtrate
was treated with gaseous HCl and resulting precipitate
collected and dried under vacuum to provide 12.9 g of
compound 715 as a beige solid.

718

10 4,6-Diflucrobenzoxazole (716): A mixture of compound
715 (12.8 g, 70.7 mmol) and trimethylorthoformate (23
mL, 0.212 mol) in absoclute MeOH (90 mL) was heated tc
reflux upon which a solution formed. After stirring at
reflux for 24 hr, the reaction was cooled and

15 concentrated. The residue was dissolved intc Et,C,
washed with 1IN sodium hydroxide, brine, dried over
MgS0Q,4, filtered and concentrated. Distillation under
reduced pressure afforded 5.0 g of compound 716 as a

clear liquid, which solidified upon standing.



- 55 - Jerr]
3(S)- (Al yl oxycar bonyl ) -am no-4-(4, 6-di fl uor obenzoxazol

-2-yl)-4-hydroxy-butyric Acid tert-Butyl Ester (717). conmpound 717 was
prepared as described for conpound 714, except conpound 713 was
replaced with conpound 5 716. [err]

3(S)- (Al yl oxywalehoiys ) - am no- 4- (4, 6-di chor obenzoxazol - PCT/US96/20370
2-yl)-4-hydroxy-butyric Acid tert-Butyl Ester (718). conmpound 718 was
prepared by a simlar method as that used for conpound 714, except

conpound 711 was replaced 10 with 2, 4-di chtob®-6-nitrophenol. [err]
3(S) -(2- ((2 (S) -Benzoyl am no- 3-nethyl butyryl)benzyl -
am no) acet yl am no) - 4- (6-chl oro- 4-f | uor obenzoxazol - 2-yl) - 4- oxobutyric

Acid (719): Conpound 719 was prepared by gmn;thod simlar to the nethod

used to prepare conpound 15 710, except: cozf;i?ﬁ 701 was replaced with
s
H

conpound 714 AllooN
H

M7

3{S)-(Allyloxycarbonyl)-amino-4- (4, 6-difluorobenzoxazol
-2-yl)i-4-hydroxy-butyric Acid tert-Butyl Ester (717).
compcund 717 was prepared as described for compound
714, except compound 713 was replaced with compound

5 716.

CO.t-Bu

Lo
Alloc—N g
H H
|
718

3(8)-{Allyloxycarbonyl)-amino-4~(4, 6-~dichorobenzoxazol-

2—y1)44-hydroxy-butyric Acid tert-Butyl Ester (718).

compound 718 was prepared by a similar methed as that

used for compound 714, except compound 711 was replaced
10 with 2,4~dichloro-6-nitrophenol.

3({8)-(2-({2({S)~-Benzoylamino-3-methylbutyryl)benzyl-

amino) acetylamino)-4-(6~-chloro-4~fluorobenzoxazol-2-yl)
-4-oxobutyric Acid (719): Compound 719 was preparec by
a method similar to the method used to prepare compound

15 710, excep:z compound 707 was replaced with compound 714
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- 56 - in the preparation of 708: [err]H NWR (500 MHz, CD3QD) [err]
8.70 - 8.54 (m), 8.48 - 8.35 (n), 8.34 - 8.08 (), 7.98 - 7.87 (m, 7
.75 - 7.67 (m, 7.63 (m, 7.58 (nm, 7.51 - 7.44 (m), 7.43 - 7.29 (m,

7.28 - 7.03 (), 6.97 (m, 5 5.51 (nm), 4.99 - 4.66 (m), 4.65 - 4.26 (M),

4.25 - 3.61 3.42 (m, 3.13 - 2.83 (m, 2.68 - 2.42 -
2.00 (M), 1.0&"99’8‘%‘@ (m. [err] 3(S) - (2- (F‘ZF}’%M
- Benzoyl am no- 3- net hyl butyryl) - 3-

pi col yl am no) acetyl - am no) - 4- (4, 6-di chl or obeggzaxazol -2- 10

yl ) -4-oxobutyric Acid (720): Conpound 720 was prepared by a net hod
simlar to the nmethod used to prepare conmpound 710, except replacing

benzal dehyde with in tRe prdpdiraegarbexatoehyde: Nmrt heoprepay atpmp)Iob 701
and repl aci ng goggound 707 with conmpound 718 in the 15 preparation of
708:  [err]H NVR (800° M2 - ¥p3ay Peff]~g8ak° -(m). 8g344-(By08g(my 7.98>0
(m, 7.91 - 7.58 (M) 7.915&m)-, 7.305 - 7(6}, (1. 57.@3 .(m#, 72.584 ()L, (7951 3. 92

- 3.52 (m), 3.26 -_ 192 (M) 22,72 52.51 (W), 2.32 ».1.91 (Ma, 1 46 -

1.21 (m, 1. 11-076%‘?( . Pas®T5.28 Py ) epe->7 . 03t aal, (897 Tl

PCT/ US96/ 20370 5 5.51 {(m), 4.99 - 4.66 {(m), 4.65 - 4.26 (m), 4.25 - 3.61
{m}, 3.42 (m), 3.13 - 2.83 (m), 2.68 - 2.42 (m), 2.23 -

2.00 (m), 1.02 - 0.69 (m).

/ A)
= COzH
dL N N\)L <
H O H ° ;:
cl
720
3(S)-(2-((2(S)~-Benzoylamino-3-methylbutyryl)-3-
picolylamino)acetyl-amino)-4- (4, 6-dichlorobenzoxazol-2-
10 yl)-4-oxobutyric Acid (720): Compound 720 was prepared
by a method similar to the method used to prepare
compound 710, except replacing benzaldehyde with

3-pyridinecarboxaldehyde in the preparation of 701 and
replacing compound 707 with compound 718 in the

15 preparation of 708: 'H NMR (500 MHz, CD3OD) § 8.88 -
8.44 (m), 8.42 - 8.20 (m), 7.91 - 7.58 (m), 7.55 - 7.30
(m), 5.5 (m), 4.72 - 4.11 (m), 3.92 - 3.52 (m), 3.26 -

2.92 (m), 2.72 -2.51 (m), 2.32 - 1.91 (m}), 1.46 - 1.21
(m), 1.11-0.68 (m).



- 57 - [err] NI ndan-2-yl glycine t-Butyl Ester (721): To a

suspensi on of 2-am noi ndane hydrochl oride (5.0g, 29.5 nmol ) and
powdered K2CO3 (8.3 g, 60.0 mmol) in absolute EtOH (30 nlL) was added
tert-butyl bronmpacetate (4.4 nL, 5 29.5 muol). After stirring for 10 mn
at rt the reaction was heated to 45 [err]C and stirred for 2 hr. The
reacti on was ce@legdéip rt, diluted with EtOAc, filtered aPErrUS96/20370
concentrat ed. Chronmat ography of the residue on silica gel (elution with
20% Et CAc: hexane) provided 10 4.7g of conpound 721 as a white crystalline
solid. [err] - 57 -

((2(S) - Fl uorenyl net hyl oxycar bonyl am no- 3- et hyl but yryl)

i ndan- 2-yl am no)acetic Acid t-Butyl Ester (722): To a partial solution
of N-Fnoc-valine (9.08 g, 26.8 mol) in 2C1 2 (50 nlL) containing DV
(100u) was slowy 15 added oxalyl chlori .5 L, 40.2 mol) upon which
an evol ution of gas occurred and a yel sol ution forned. Af ter
stirring for 30 mn, the reaction was w shtrated in vacuo. The

resi due was dissolved in - CH2A 2 (25 nL) and treated with DIEA (2.3 ni,
13.4 20 mol) followed by a solution of cor@und 721 (3.31 g, 13.4

mml) in CH2A 2. After stirring overnight, the
N-Indan—-2-ylglycine t-Butyl Ester (721): To a

suspension of 2-aminoindane hydrochloride (5.0g, 29.5
mmol) and powdered K;CO3 (8.3 g, 60.0 mmol) in absolute
EtOH (30 mL) was added tert-butyl bromoacetate (4.4 mL,

5 29.5 mmel). After stirring for 10 min at rt the
reaction was heated to 45 °C and stirred for 2 hr. The
reaction was cooled to rt, diluted'with EtOAc, filtered
and concentrated. Chromatography of the residue on
silica gel (elution with 20% ZtOAc:hexane) provided

10 4.7g of compound 721 as a white crystalline solid.

o]
Fmoc—N O-{Bu
H

722

{(2(S) -Fluorenylmethyloxycarbonylamino-3-methylbutyryl)
indan-2-ylamino)acetic Acid t-Butyl Ester {722): To a
partial solution of N-Fmoc-~valine (9.08 g, 26.8 mmol)
in CHpCl; (50 mL) containing DMF (100u) was slowly

15 added oxalyl chloride (3.5 mL, 40.2 mmol) upon which an
evolution of gas occurred and a yellow solution formed.
After stirring for 30 min, the reaction was
concentrated in vacuo. The residue was dissolved in
CHaCl, (25 mL) and treated with DIEA (2.3 mL, 13.4

20 mmol) followed by a solution of compound 721 (3.31 g,
13.4 mmol) ir CH,Cl,. After stirring overnight, the
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- 58 - reaction was diluted wth Et OAc, washed w th 5% NaHCGCS,:
brine, dried over MgSO4, filtered and concentrated in vacuo.
Chr omat ogr aphy of the residue on silica gel (elution with 10-20%

Et OAc: hexane) provided 7.2 g of 5 conpound 722. [err]

((2(S)-Benzoyl am no- 3- net hyl but yryl )i ndan- 2- yl am no) a i ]

t - But yl Este&hig%gﬁ? To a solution of conpound 722 (5088t%§N€ﬁ§@ nmol )
in CH3CN (6.0 nl) was added di et hyl am ne (455[err], 4.4 mmol) and the
10 reaction allowed to stir for 2 hr. The-rggmcti on was concentrated and
the residue co-concentrated with tol uene (2x) to provide a viscous oil.
The resi due was di ssolved in CH2A 2 (5 nL) containing DMF (2 nl), -
treated wi th benzoeachion Was6didgted. 82tmBtJAd olWamhed wifh by MENTER252 ny,
1.32 mol ) and th ct I : g rnkgh tion
was diluted wth BFeke SEfeEoyRicligbls o1 thide B ELIbne el B
re-extracted wthvEc@pe. TNromatogaepbyvwef etkortsisighe on shdsprdi th 5%

KHSO4, filtered ang)e0sentid a@-bBs BLoadatioane )C-8FaLeg" aphyy ofs t he

resi due on silica gel elution wth 10% Et OAc’hexane) provided 240 ng
of conpouRd @9mpound 722.  \\p 97/22618
PCT/ US96/ 20370 - 59 - Jerr]

@) o]
dL O+{Bu
H
723

{(2(S)-Benzoylamino—-3-methylbutyryl) indan-2-
ylamino}acetic Acid t-Butyl Ester (723): To a solution
of compound 722 (500 mg, 0.88 mmol) in CH3CN {6.0 mL)
was added diethylamine (455u, 4.4 mmol) and the

10 reaction allowed to stir for 2 hr. The reaction was
concentrated and the residue co-concentrated with
toluene (2x)} to provide a viscous o0il. The residue was
dissolved in CHyCl,; (5 mL) containing DMF (2 mL),
treated with benzoic acid (161 mg, 1.32 mmol) followed

15 by EDC (252 mg, 1.32 mmol) and the reaction allowed to
stir overnight. The reaction was diluted with EtOAc
and washed with H,O. The aqueous layer was
re-extracted with EtOAc. The extracts were combined
washed with 5% KHSO4, filtered and concentrated in

20 wvacuo. Chromatography of the residue on silica gel
(elution with 10% EtOAc:hexane) provided 240 mg of
compound 723.



((2(S)-Benzoyl am no- 3- net hyl but yryl )i ndan- 2- yl am no)acetic Acid (24):

To a solution of conpound 723 (240 ng, 0.53 mmol) in CH2A 2 (4.0 nl)
was added TFA (2.0 nmL) and the reaction stirred at rt for 1 hr. 5 The
reacti on was concentrated in vacuo and the residue co-concentrated with
tol uene. The material was used directly in the next reaction wthout
further puwbleheikig on. [err] 10 3(S)- (2- ((2 K3yus9e20370

- Benzoyl am no- 3- net hyl but yryl )i ndan- 2-

yl am no) acet yl am no) - 4- (4, 6-di chl or obenzoxazol - 2-yl ) - 4- oxobutyric Acid
(725): Conpound 725 was prepared by a Tetthad sinilar to the method used
to prepare conpound 710, except conpound 704 was replaced with conpound
724 15 and conpound 707 was replaced with conpound 718 in the

preparation of conpound 708: [err]H NMR (500 CD30OD) [err] 8.7-8.6
(m, 8.6-8.4 (m, 81 (d, 80-7.8(mM, 7.6-7. (m, 7.5-7.4 (m,
7.2-7.0 (m, 7.0-6.9 (M, 5.5-5.3 (Mo ¥335992 (M, 4.6-4.5 (m,
4.5-4.3 (m, 4.2-4.0 WO 97/ 2 OH

PCT/ US96/ 20370 H

724

({2(S)~Benzoylamino-3-methylbutyryl)indan-2-
ylamino)acetic Acid (24): To a solution of compound
723 (240 mg, 0.53 mmol) in CHpCl, (4.0 mL) was added
TFA (2.0 mlL) and the reaction stirred at rt fcr 1 hr.

5 The reaction was concentrated in vacuo and the residue
co-concentrated with toluene. The material was used
directly in the next reaction without further
purification.

COzH

e

10 3(S)-(2-{(2(S)-Benzoylamino-3-methylbutyryl) indan-2-
ylamino)acetylamino)~-4-(4, 6~dichlorobenzoxazol-2-yl)-4-
oxobutyric Acid (725): Compound 725 was prepared by a
method similar to the method used to prepare compound
710, except compound 704 was replaced with compound 724

15 and compound 707 was replaced with compound 718 in the
preparation of compound 708: 'H NMR {500 MHz, CD,0D) &
8,7-8.6 (m), 8.6~8.4 (m), 8.1 (d), 8.0-7.8 (m), 7.6~7.5
(m), 7.5-7.4 (m), 7.2-7.0 (m), 7.0-6.9 (m), 5.5-5.3
(m), 5.3-5.2 (m), 4.6-4.5 (m), 4.5-4.3 (m), 4.2-4.0



m,

- 60 - (m, 3.8-3.6 3 (s), 3. 31(m) 3.1-3.0 (m,
6 4- (

8- (
3.0-2.8 (m, 2.7-2.6 (m, 2.4-2. m, 1.2-0.6 (M. [err]
3(S)-(2-(2(S)-Benzoyl am no- 3- ne beutyryI)lndan 2-
yl am no) acet yl am no) - 4- (4, 6-di f| uor obenzoxazol - 2-yl) - 4- 5 oxobutyric Acid
(726): Conpound 726 was prepared by a method simlar to the nmethod used
to prepare c 710, except conmpound 704 is repl ace 1 ound
724 and conpouna 707 is replaced with conpound 717 in tﬁC¥h$&mﬁﬂﬁp
preparation of conmpound 708: J[err]H NVR (500 MHz, CD3CD) [err] 10 8.7-8.6
(m, 86-84 (mM, 81(d), 80-7.8 (mM, 7-66F.5 (m, 7.5-7.4 (m,
7.2-7.0 (m, 7.0-6.9 (M, 5.5-5.3 (m, 5.3-5.2 (m, 4.6-4.5 (m,
4.5-4.3 (m, 4.2-4.0 (m, 3.8-3.6 (mM, 3.3 (s), 3.2-3.1 (m, 3.1-3.0
(m, 3.0-2. 8 (f), 328-73266(1()rr) 3.2 482,03(293-1.@)0. B.Qnp. O] émY]
15 3(9) -(2-((2(9), Ngo m thy! byt yryl an-;2
ylamno)acetylamﬁo?B§ %4*%2 épgfc Fﬁ#g%ﬁe%y¥)%£%z@ﬁ 2? $270.6 {m).
yl)-4-oxobutyric Acid (727): Conpound 727 was prepared by a net hod
simlar to the nethod use to prepare (ﬁound 710 , except compound 704

is replaced with
o Ix”‘r«%i;r

3(8)-(2-(2(85)-Benzoylamino-3-methylbutyryl)indan-2-
ylamino)acetylamino)-4-(4, 6-difluorobenzoxazol-2-yl)~4-

3.
0
th

5 oxobutyric Acid (726): Compound 726 was prepared by a
method similar to the method used to prepare compound
710, except compound 704 is replaced with compound 724

and compound 707 is replaced with compound 717 in the

preparation of compound 708: H NMR (500 MHz, CD,0D) &
10 8.7-8.6 (m), 8.6-8.4 (m), 8.1 (d), 8.0-7.8 (m}, 7.6-7.5
(m}), 7.5-7.4 (m}, 7.2-7.0 (m), 7.0-6.9 (m), 5.5-5.3
(m), 5.3-5.2 (m), 4.6-4.5 (m), 4.5-4.3 (m), 4.2-4.0
(m), 3.8-3.6 (m), 3.3 (s), 3.2-3.1 (m), 3.1-3.0 !m),
3.0-2.8 (m), 2.7-2.6 (m), 2.4-2.0 (m), 1.2-0.6 (m).

COzH

E

15 3(8)-(2-((2(S)-Benzoylamino-3-methylbutyryl) indan-2-
ylamino)acetylamino) -4~ (4~ (3, 5-dichlorophenyl)oxazol-2~
yl)-4-oxobutyric Acid (727): Compound 727 was prepared
by a method similar to the method use to prepare
compound 710 , except compound 704 is replaced with
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- 61 - conpound 724 in the preparation of conpound 708: [err]H
NVR (500 MHz, CD30D) [err] 8.73 (d), 8.38 - 8.21 (m, 8.20 - 8.11 (m,
7.81 - 7.72 (m, 7.50 - 7.32 (m, 7.14 - 6.93 (m, 5.52 - 5.40 (m,

5.22 - 5.13 (m, 5.08 (m), 4.96 5 (d), 4.56 (d), 4.48 - 4.37 (m), 4. 21 -

4.10 (N, 3.98woombdk, 382 (d), 3.26 - 3.11 (m), 3.10 - 2. 8fck03send@5 -
2.12 (m), 1.04 - 0.83 (M. [err]

((2(S)-Benzo(1, 3)di oxol e-5-car bonyl am no- 3-

met hyl but yryl )i ndan-2-yl am no)acetic Acid ¢738)= 10 Conpound 728 was
prepared by a nethod simlar to the nmet hod used to prepare conpound
724, except benzoic acid is reglaoed Wi th piperonylic acid in

preparati on of conpRRRPUNE3724[ ¢Ryfhe preparation of 3¢dgppoynsd 708 (Sﬁ
i o) acet 1 am no) SR 40y, Be) EbIoHr & 5372 (B S ot BB M8
Acid (729): Corﬁ3dt1ndm7297wa$ prepdd edhlby 7a SAethdd3zi mil.ar! .24 the.93
(m), 5.52 - 5.40 (m), 5.22 - 5.13 (m), 5.08 (m}, 4.96
5 (d), 4.56 (d), 4.48 - 4.37 (m), 4.21 - 4.10 {(m), 3.98
(t), 3.82 (d), 3.26 - 3.11 (m), 3.10 - 2.88 (m), 2.25 -

2.12 (m), 1.04 - 0.83 (m),.

b

({(2(S)-Benzo (1, 3)dioxole-5~carbonylamino-3-
methylbutyryl) indan-2-ylamino)acetic Acid (728):

10 Compound 728 was prepared by a method similar to the
method used to prepare compound 724, except benzoic
acid is replaced with piperonylic acid in the
preparation cf compound 723.

3(5)-{2-{{2(S)-{{Benzo(1l,3)dioxole~5-carbonyl}amino)-3-
15 methylbutyryl)indan-2-yl amino)acetylamino)-4-(4-(3,5-
dichlorophenyl)oxazol-2-yl)-4-oxobutyric Acid (729):

Compound 729 was prepared by a method similar to the
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- 62 - nmet hod used to prepare conpound 710, except conpound 704
is replaced with conpound 728 in the preparation of 708: [err]H NWR
(500 MHz, CD3OD) [err] 8.36 (m, 8.22 - 8.03 (m, 7.58 - 7.37 (m, 7.36

- 7.23 (m, 7.22 - 7.00 (m, 5 6.89.(nm, 6.00 (s), 5.51 (mM, 5.29 - 5.04
(m, 4.97 d, 4.61 - 4.49 (m, 4.48 - 4.31 (nm), 4.27 - 4,

4.09 - 3.78 (‘H{’ )’é" 3.19 (n), 3.18 - 2.93 (m), 2.90 "-“%?%@?’8,
2.51. (m, 2.22 (m, 1. 12 - 0.83 (M. [err]
((2(S)-(3,4,5-Tri met hoxybenzoyl am no) - 3- netdpyl-but yryl ) 10

I ndan-2-yl am no)acetic Acid (730): Conpound 730 was prepared by a
method simlar to the nethod used to prepare conpound 724, except
benzoic acid is reptiesedised toi bbeﬁaﬁe&dmﬁdrﬁima&pbeazcépt acortbdund he

preparation of
(2(S)-(3,4,5-Trintf o%&b%ﬂ?%&%ﬁ&n?’h&‘ §°’“p°“n %gBu&?yﬂ?%%ra%deIOf |
am no) acet yl am noyod: (4 dmR- (500 Migh! € daem‘)elayb)%aml - %.pl2) ~480Bgbut yric
Acid (731): Cbnpound 731 _was prepare y a method sinmlar_to the

(m), 7.58 - 7.37 (m), 7. .23 (m), 7.22 - 7.01 (m),

5 6.69 (m), 6.00 (s), 5.51 (m), 5.29 - 5.04 (m), 4.97
(d), 4.61 - 4.49 (m), 4.48 ~ 4.31 (m), 4.27 - 4.19 (m),
4,09 -~ 3.78 {(m), 3.28 - 3,19 (m), 3.18 - 2.93 (m), 2.90

- 2.59 (m), 2.51 (m), 2.22 (m), 1.12 - 0.83 (m).

CH:O :(%

CH:O
CH3O

({2(5)-(3,4,5-Trimethoxybenzoylamino)-3-methylbuctyryl)

10 indan-2-ylamino)acetic Acid (730): Compound 730 was
prepared by a method similar to the method used to
prepare compound 724, except benzoic acid is replaced
with 3,4,5-trimethoxybenzoic acid in the preparation of
723.

| o]
CHz:gkN
H
CH
Ha
15 3(8)-(2-((2(5)-(3,4,5-Trimethoxybenzoylamino)-3-
nethylbutyryl) indan-2-yl amino)acetylamino)-4-{4-{3, 5-

dichlorophenyl)oxazol-2~-yl)-4-oxobutyric Acid (731):
Compound 731 was prepared by a method similar tc the



WO 97/ 22618 PCT/ US96/ 20370
- 63 - nmet hod used to prepare conpound 710, except
is replaced with compound 730 in the preparation of

conpound

704

708: [err]H NWR

(500 MHz, CD3OD) [err] 8.51 - 8.32 (m, 8.31 - 8.22 (m, 7.60 -

(m, 5.62 - 5.49 (m), 5.32 - 5.02 5 (nm), 4.97 (), 4.64 - 4.53 (n),

7.03
4.48

2. APOFMSSETITG

- 4.21 (), 498972618 3.72 (M), 3.28 - 2.89 (), 2.85 -
1.2

(m,

1.38 -

4 (m, 1.11 - 0.83 (m. [err]

((2(S)-(3,4,5-Tri met hoxybenzoyl am no) - 3- net hyl butyryl)
i ndan- 2-yl ami no) acetic Acid (732): Conpourd 682 was 10 prepared by a met hod
simlar to the nmethod used to prepare conpound 724, except benzoic acid

is replaced

3 (9

-(2-((2(9) -

wi th 4-chl orpbenzoic acid in the reparatlon cf 723. [err]

E‘ﬁt’@ﬂﬁq’di%%ﬁ?oﬁréﬁﬁﬁ%)c%‘“ﬁféﬂﬂ/l B‘L?t’yreﬁfFfp CSTRRENE 2- v

am no) acet yl am no) 744 (#s Adp1dcedwiktBhbemepienyid0xazehe2pyepadai@mbuatfyri c

Aci d

5

1¢

15

708: 'H NMR (500 MHz, CD30D) & 8.51 - 8.32 (m., 8.31 -
8.22 (m), 7.60 - 7.03 (m), 5.62 - 5.49 (m), 5.32 - 5.02
(m), 4.97 (m), 4.64 - 4.53 (m), 4.48 - 4.21 (=i, 4.09 -
3.72 (m), 3.28 - 2.89 (m), 2.85 - 2.42 (m), 2.25 (m),
1.38 - 1.24 (m), 1.11 - 0.83 (m).

o) o]
Ies 3
H
Gl
732

((2(S)-1{3,4,5-Trimethoxybenzoylamino)~3-methyibutyryl)
indan-2-ylamino)acetic Acid (732)}: Compound 732 was
prepared by a method similar to the method used to
prepare compound 724, except benzoic acid is replaced

with 4-chlorobenzoic acid in the preparation cZ 723.

Ig

3(8)-(2-((2(S5)-(4-Chlorobenzoylamino)-3~-methylbutyryl)

CO;H

indan-2-yl amino}acetylamino)-4-(4-
(3,5—dichlofophenyl)oxazol—z—yl)—4-oxobutyric Acic
(733): Compound 33 was prepared by a method similar to
the method used to prepare compound 710, except

compound 704 is replaced with compound 732 in the



(733): Conpound 33 was prepared by a nethod simlar to t he met hod used

to prepare conpound 710, except conpound 704 is replaced with conpound
732 in the WD 97/ 22618

PCT/ US96/ 20370 - 64 - preparation of 708:
[err]H NVR (500 MHz, CIB(I» [err] 8.99, 6.4 -6.2(mM, 58- 6.0 (m,
5.7 - 5,4 (n) 4.0 - 9 (m, 3.7 - 3.6 (m, 3.6 - 3.5 ( an 3. 4
(m, 3.4 - °”’m’("n) 3.0 (M, 2.8 (M, 2.7 (M, 2.5 - 2.%5,3@35"-
1.6 (m, 1. 3 - 6 (M, 1.2 (M, 0.6 (M [err]

((2(9S)- Benzoylan1no-3 met hyl butyryl)-(3- - g4 nitrobenzyl)am no)acetic Acid

Et hyl Ester (734): Conmpound 734 was prepared by a nethod simlar to the
nmet hod used to prepare conpound 703 except benzal dehdye 10 was repl aced

Wi th 3-nitrobenzabdghyee:idh e 7os: p*#&m@tdm Ptz /0&p,01y 1d 8.99, 6.4
((2(9) -Benzoylanlno 3-met hyl butyryl)-(3 ani nobenz3 I)anlno)acetlc Aci d

Et hyl Ester (735)7 6. (m), rﬁ -8 trré 8f (%bnpf'bu'hd‘ 734 ((m1,5490 3.3 Sy and
10% Pd/ C 15 (1503 )~ ix, dve@hl,(3%6nL) 3ves(mwl aced undern kid) (13adm 3.2

(m), 3.0 (m), 2.8 (m), 2.7 (m}, 2.5 - 2.3 (m}, 1.8 ~
S 1.6 {m), 1.3 - 1.6 (m), 1.2 {m}, 0.6 (m).

éziij
o [o]
E:])L;]gg OE!
H
734

({2 (S)-Benzoylamino-3-methyibutyryl)-(3-
nitrobenzyl)amino)acetic Acid Ethyl Ester (734):
Compound 734 was prepared by a method similar to the
method used to prepare compound 703 except benzaldehdye

10 was replaced with 3-nitrobenzaldehyde in the
preparation of 701.

({2 (5)-Benzoylamino~3-methylbutyryl)-({3-
aminobenzyl)amino) acetic Acid Ethyl Ester (735): A
mixture of compound 734 { 1.5 g, 3.4 mmol) and 10% Pd/C

15 (150 mg) in MeOH (35 nlL} was placed under Hy (1 atm)
and stirred until the reduction was complete. The H,
was replaced with nitrogen and the reactionn fiitered.
The filtrate was concentrated to provide 1.38 g of
compound 735.



and stirred until the reduction was conplete. The H2 was replaced with

nitrogen and the reaction filtered. The filtrate was concentrated to
provi de 1.38 g of conmpound 735. WO 97/ 22618

PCT/ US96/ 20370 - 65 - [err]

((2(S)-Benzoyl am no- 3- et hyl butyryl ) - (3- Bocam nobenzyl ) am no) acetic
Acid Ethyl Estgbebdfdds: TO a solution of conpound 735 (1.¢crngs9620350
nmol ) and DI EA (740 [err]l, 4.25 nmmol) in CH2C 2 (7.0 nL) containing a
5 catal ytic anmount of N, N-di nmet hyl am nopyri di ne, was added

di -tert-butyl di carbonate (850 ng, 3.9 mmol ». 65 - After 1 hr, the reaction
was diluted with Et OAc, washed wth HO sat. agq. KHSO4, brine, dried
over MgSO4, filtered and concentrated in vacuo to provide 1.78 g of 10
conmpound 736. [err] 3(9S) -

(2-((2(S)-Benzoyl am no- 3- nethylbutyryl) (3- NHmm

am nobenzyl ) am no) acet yl am no) - 4- oxo- butgr (737): Conmpound 737

was prepared by a nmethod simlar to "

736

({2 (S)-Benzoylamino-3-methylbutyryl)}-(3-
Bocaminobenzyl)amino)acetic Acid Ethyl Ester (703): To
a solution of compouﬁd 735 (1.45 g, 3.5 mmol) and DIEA
(740 ul, 4.25 mmol) in CH»Cl, (7.0 mL) containing a

5 catalytic amount of N,N-dimethylaminopyridine, was
added di-tert-butyldicarbonate (850 mg, 3.9 mmol).
After 1 hr, the reaction was diluted with EtOAc, washed
with Hp0, sat. aq. KHSO4, brine, dried over MgSQy,
filtered and concentrated in vacuo to provide 1.78 g of

10 compound 736.

NH2
o o COzH
N “Vﬂ\uj%g"
] H
737

3(S)-!2-((2(5)-Benzoylamino-3-methylbutyryl)-{3-
aminobenzyl)amino)acetylamino}-4-oxo~butyric Acid
{737) : Compound 737 was prepared by a method similar tc
the method used to prepare compound 706, except

15 compound 703 was replaced with compound 736.



the nethod used to prepare conpound 706, except 15 conpound 703 was

repl aced with conpound 736. WO 97/ 22618

PCT/ US96/ 20370 - 66 - [err]

((2(S)-Benzoyl am no- 3- et hyl butyryl) - ( 3- guani di onbenzyl ) am no) acetic
Acid Ethyl Ester (738): Compound 738 was prepared by a nethod simlar
to the sed to prepare conpound 742. [err]

3(S)-(2- ((Z(gﬁgggﬂyéylanino-3-nethy|butyryl)-(3- guanldlonbgﬂgvf?anino)
acet yl am no) - 4- oxo-butyric Acid (739): Conpound 739 was prepared by a
met hod sim | ar to the nmethod used to- pgepare conpound 706, except

-conmpound 703 was replaced with conmpound 738.

NH
’?—Nﬂz
H

({2 (S)-Benzoylamino-3-methylbutyryl) - (3-
guanidionbenzyl)amino)acetic Acid Ethyl Ester {738):
Compound 738 was prepared by a method similar tc the

method used to preparc compound 742.

r?—NM:

xg COzH

5 3(S)-(2-((2(S)-Benzoylamino—3-methylbutyryl)-(3—
guanidiorbenzyl) amino) acetylamino)-4-oxo-butyric Acid
(739): Compound 739 was prepared by a method similar
to the method used to prepare compound 706, except
compound 703 was replaced with compound 738.

}unm

Sa8 00

10 ((2(S)~Benzoylamino—3-methylbutyryl)-(3-
ureidobenzyl)amino)acetic Acid Ethyl Ester (740):



[err] 10 ((2(S)-Benzoyl am no- 3- net hyl butyryl) - (3-

ur ei dobenzyl )am no)acetic Acid Ethyl Ester (740): WO 97/ 22618
PCT/ US96/ 20370 - 67 - Conpound 740 was
prepared by nethod simlar to the met hod used to prepare conpound 742.
[err] 3(S)-(2-((2(S)-Benzoyl am no- 3- net hyl butyryl )-(3-
ur ei dobenzyl ) anyg9yaead Yl am no) - 4- oxo-butyric Acid 5 (741): Gerassathsdl
was prepared by a nmethod simlar to the method used to prepare conpound
706, except conmpound 703 was replaced with compound 740. [err]

- 67 -

Compound 740 was prepared by method similar tc the

method used to prepare compound 742.

o
suum
H
o']%f o) COH
) E iN%H
©)\H N
741

3(8)~(2-((2(S)-Benzoylamino-3-methylbutyryl)-(3-
ureidobenzyl)aminc)acetylamino)-4-oxo-butyric Acid

5 (741): Compound 741 was prepared by a method similar
to the method used to prepare compound 706, except
compound 703 was replaced with compound 740.

o
b
H
o> o
N OEt
H
742

{3-Acetylaminobenzyl- (2 (S)~-benzoylamino~3-
methylbutyryl)-amino)acetic Acid Ethyl Ester (742): To

10 a solution of 735 (435.0 mg, 1.06 mmol) in pyridine
(3.0 ml) was added acetic anhydride (50 puL, 1.59 mmoi)
and the reaction allowed to stir overnight. The
reaction was diluted with EtOAc and 1N Hcl. The layers
were separated and the organic phase washed with brine,

15 dried over MgSO,, filtered and concentrated to dryness
to provide 480 mg of 742,



(3- Acetyl am nobenzyl - (2(S) - benzoyl am no- 3- met hyl but yryl ) - am no) acetic
Acid Ethyl Ester (742): To 10 a solution of 735 (435.0 ng, 1.06 nmmol) in

pyri di ne (3.0 M) was added acetic anhydride (50 [err]L, 1.59 mmol)
and the reaction allowed to stir overnight. The reaction was dil uted
with Et OAc and 1N Hcl. The | ayers wer e separated and the organic phase
washed with Ioh) 5 dried over \gSH, filtered and conce

dryness ‘gbpr’gvl e 480 ng of 742. WO 97/22612561%5%9,263%
PCT/ US96/ 20370 - 68 - [err]
3(S)-(2-((3-Acetyl am nobenzyl)-(2(S)-benzogkam no- 3-

nmet hyl but yryl ) am no) acetyl am no) -4-oxo-butyric Acid (743): Conpound
743 was prepared by a nethod simlar to the method used to prepare
conpound 706, except 5 conpound 703 was replaced with conpound 742.
[err]H NMR (CD3OD) [err] 8.31 - 8.27 W—c&z- 7.73 (m, 7.51 -
7. 36 (m, 7.28 - 7.13 (M, 6.99 (d), §%§;; %m 4.96 - 4.69 (m,
4.66 - 4.46 (m, 4.37 - 4.28 (m, 4.1llo- 8 qt 3.97 - 3.89 (m,
3.31 - 3.19 (M, 2.67 - 2.52 (n), jg%g H'm, 2.0 (d), 1.01 -
0.86 (M.

3(S)-(2-((3-Acetylaminobenzyl}~-(2(S5)-benzoylamino-3-
'methylbutyryl)amino)acetyl amino)-4-oxo~butyric Acid
(743): Compound 743 was prepared by a method similar
to the method used to prepare compound 706, except
$ compound 703 was replaced with compound 742. 1H NMR
(CD3OD) & 8.31 - 8.27 (m), 7.82 - 7.73 (m), 7.51 - 7.36
{m), 7.28 - 7,13 {(m), 6.99 (d), 6.91 (d), 4.96 - 4.69
(m), 4.66 - 4,46 (m), 4.37 - 4.28 (m), 4.11 - 3.98 (t),
3.97 - 3.89 (m), 3.31 - 3.19 (m}, 2.67 - 2.52 (m), 2.48
10 - 2.32 {m), 2.0 (d), 1.01 - 0.86 (m).

o O
\Y /4

N’&\Cm
o]
o
H .

{(2({S)-Benzoylamino-3-methylbutyryl)-(3-

methanesul fonylbenzyl)amino)acetic Acid Ethyl Ester

(744): To a solution of 735 (476.0 mg, 1.16 mmol) in

pyridine (3.0 mL) was added methanesulfonyl chlioride
15 (135 pL, 1.75 mmol), and the reaction allowed to stir

overnight. The reaction was diluted with EtOAc and 1N

Hcl. The layers were separated and the organic phase



[err] ((2(S)-Benzoyl am no- 3- met hyl butyryl ) - (3-

nmet hanesul f onyl benzyl ) am no)acetic Acid Ethyl Ester (744): To a
solution of 735 (476.0 ny, 1.16 mmol) in pyridine (3.0 nL) was added
met hanesul fonyl chl ori de 15 (135 [err]L, 1.75 mol ), and the reaction
allowed to stir overnight. The reaction was diluted with Et OAc and 1N
Hcl . The | ayerwowsassigepar ated and t he organi ¢ phase PCTVI398/290320618
PCT/ US96/ 20370 - 69 - washed with
brine, dried over MySHA4, filtered and concentrated to provide 550 ng of
744. [err] 3(S)-(2-((2(S)-Ben®8yram no- met hyl butyryl)-(3-

nmet hanesul f onyl benzyl ) am no) acet yl am no) - 4- oxo- butyric

washed with brine, dried over MgSO,, filtered and

concentrated to provide 550 mg of 744.

N~ ~CHa
SRR San's
H H
745
3(S)-(2-({(2(S)-Benzoylamino-methylbutyryl) - (3-
methanesulfonylbenzyl) amino)acetylamino)}-4-oxo-butyric
S Acid (745): Compound 745 was prepared by a method
similar to the method used to prepare compound 706,

except compound 703 was replaced with compound 744. 1H

NMR (CD30D) & 8.29 (m), 8.02 (m), 7.82 - 7.69 (m), 7.51
- 7.32 (m), 7.29 - 7.01 (m), 6.98 (d), 4.%4 - 4.38 (m),
10 4.36 (d), 4.34 (d), 4.30 - 4.13 (m), 4.04 (d), 3.31 -

3.19 (m), 2.88 - 2.77 (m), 2.64 - 2.48 (m), 2.44 - 2.32
(m), 2.21 (m), 1.00 - 0.83 (m).



5 Acid (745): Conpound 745 was prepared by a nethod simlar to the

nmet hod used to prepare conpound 706, except conpound 703 was repl aced
wi th conmpound 744. J[err]H NVR (CD3CD) [err] 8.29 (m, 8.02 (m, 7.82
- 7.69 (m, 7.51 - 7.32'(n), 7.29 - 7.01 (m, 6.98 (d), 4.94 - 4.38
(m, 10 4.36 (d), 4.34 (d), 4.30 - 4.13 (m, 4.04 (d), 3.31 - 3.19

2.88 - 2.64 - 2.48 2.44 - 2.32 , 1. 00
(M) g3 0o whbnddlls W)97/22618(”) _ (M. geradsobBdamo

PCT/ US96/ 20370 - 70 - Jerr]
400a n=1 * = S 40la v=ip ¥ = S 400b n=2 * = R
401b n=2 * = R [err] Step B
76la/b, RL = i-Pr 762a, Rl = t-Bu
COp-t-Bu
CO2-t-Bu R ﬁjz
iw‘@“z NH!W o Fmoc—Na“y
O OJ\N—\.
N—-m Step A H q’
: q )
OH o]
400a n=1 * = § 40l1a n=1 * = §
400b n=2 * = R 401b n=2 * = R
o R '
. o) N%(OH COz-t-Bu
< ‘\g"V‘kN
760
o~ N—
Step B <:2#—
, 761a/b, R; =
762a, R; =
| COx-t-Bu COzH
Step C o (e R o (mET2
-_— RecO-N__I[ L _H —— cho—lr}_ PN,
"R H o Ny Ry H ©
N—.. 746-755

Y@

Step A. Synthesis of 401 a/b. TentaGel S® NE,
resin (0.16 mmol/g, 10.0 g) was placed in a sintered
glass funnel and washed with DMF (3 X 50 mL), 10% (v/v)
DIEA in DMF (2 X 50 mL) and finally with DMF

5 (4 X 50 mL). Sufficient DMF was added to the resin to
obtain a slurry followed by 713a (1.42 g, 2.4 mmol,



Step C J[err] Step A Synthesis of 401 a/b. TentaCel S
NH2 resin (0.16 nmol /g, 10.0 g) was placed in a sintered gl ass
funnel and washed with DMVF (3 X 50 mL), 10% (v/v) DEA in DMF (2 X 50
m.) and finally with DMV 5 (4 X 50 nL). Sufficient DM was added to the
resinto obtain a slurry followed by 713a (1.42 g, 2.4 mmol,

WO 97/ 22618  wo 122618 PCT/ US96/ 203¢®rns96/20370

- 71 - prepared fromeither (3S) 3-

(fl uorenyl nmet hyl oxycar bonyl ) - 4- oxobutryi ¢ acid t-butyl ester according
to AM Mirphy et al. J. Am Chem Soc-, 7114, 3156-3157 (1992)) or 713b
(1.42 g, 2.4 mol, 5 prepared from (3R) 3-(fluorenyl net hyl oxycarbonyl) - 4-
oxopentanoi c acid t-butyl ester according to A M Mur phy et al. J. Am
Chem Soc., 114, 3F36P31s¢ from(qigjpern | ?-(HOBTH2O, 0.367 g 2.4 mol),
o benzot ri azol @1NoNehyNne t hpld:arEirtonyl pRi uexddut hexafddier epbasphat e

(HBTU, 0.91 g 2'4"22¥é%’a%29:5§§%\to A.M. Murphy et al. J, Am. Chem.

Soc,, 114, 3156-3157 (1992)) or 713b (1.42 g, 2.4 mmol,

5 prepared from (3R) 3-(fluorenylmethylcxycarbonyl)-4-
oxopentancic acid t-butyl ester according to A.M.
Murphy et al. J,_Am,. Chem, Soc,, 114, 3156-3157
{1992)), HOBT (HOBT'H,O0; 0.367 g 2.4 mmol), O-
benzotriazole-N,N,N,N’~ tetramethyluronium

10 hexafluorophosphate (HBTU; 0.91 g 2.4 mmol), and DIEA
(0.55 mL, 3.2 mmol). The reaction mixture was agitated
overnight at rt using a wrist arm shaker. The resin
was isolated on a sintered glass funnel by suction
filtration and washed with DMF (3 X 50 mL). Unreacted

15 amine groups were then capped by reacting the resin
with 20% (v/v) acetic anhydride/DMF (2 X 25 mL)
directly in the funnel (10 min/wash). The resin was
washed with DMF (3 X 50 mL) and CH,Cl; (3 X 50 mL)

.prior to drying overnight in vacuo.

20 Step B. Method 1: sSynthesis of 76la/b and 762a.
- Resins 761a and 762a were prepared from resin 401l1a

(0.24 g, 0.038 mmol) and Fmoc-Valine or Fmoc-t-Leucine,
respectively, while resin 761b was prepared from resin
401b and Fmoc-Valine using an Advanced ChemTech 396

25 Multiple Peptide synthesizer. The automated cycles
consisted of a resin wash with DMF (3 X 1 mL),
deprotection with 25% (v/v) piperidine in DMF (1 mL)
for 3 min followed by fresh reagent (1 mL) for 10 min.
The resin was washed with DMF (3 X 1 mL} and N-

30 methypyrrolidone (3 X 1 mL). The resin was then
acylated with a solution of either C.4M Fmoc-1-Valine
or Fmoc-t-Leucine and 0.4M HOBT in N-methypyrrolidone



(0.55 m_, 3.2 mmol). The reaction nixture was agitated overnight at rt

using a wist arm shaker. The resin was isolated on a sintered gl ass
funnel by suction filtration and washed with DMF (3 X 50 ni).
Unreacted 15 am ne groups were then capped by reacting the resin W th
20% (v/v) acetic anhydride/DVF (2 X 25 nl) directly in the funnel (10
m n/wash). The resin was washed with DMF (3 X 50 nlL) an X 50
L) pri orwf’awfﬁ‘% ng overni ght in vacuo. 20 St ep %’cqj%g?%mgé :
Synt hesis of 76la/b and 762a. Resins 76la and 762a were prepared from
resin 401a (0.24 g, 0.038 mmol ) and Foogz Val i ne or Fnoc-t-Leuci ne,
respectively, while resin 761b was prepared fromresin 401b and

Frnoc- Val i ne using an Advanced Chenifech 396 25 Miltiple Peptide
synt hesi zer. The (aumbnat&dso:ly.tﬂi@m of OCOMSHBT@di roN-srethypyrnadbdond h DVF

3 X L ) ) 0uJGBL8 REL 8l W LR RRIVLY) 1 PP N, i) DM (1 )

for 3 mn followe res reagen The resin was
washed with DVF (EeXhIPWU)OaHPI’N— @0 35nmEhypyd rdle deestignxwasnghakemhe

resin was then  goac¥l gt ege Wi h arh'ieolae?wﬂl&ﬁ Aldhefa0 r&MebrBg: 1- Val i ne
or Fnoc-t-Leucine_and 9 4M HOBT in N-ne h%gz (?Il n% WO 97/22618
PCT/ U896/ 203705 Final Y the resins were 2: ME (3 X 1 IHE) a

sol ution of 0.4M HBTU in N-nethypyrrolidone (0.5 ni) and a solution of

1.6MDEA iIin N rr Q (0. and re io s shaken
for 2 hr at rt. The acyf:%%:oéc()n S tg‘v%g% reg%%ﬁ%sm é’ft E%r?al f}%g’ ﬂyé%\l’?em ns
were washed with DBB,(38nX 45511) .The appropriatst earbhoxyitikodcid Y4 hesi s of

747, 748, 752, 753 Th ' ig.acid (0.4 M
'm0, 4 M HCBt ! P PuBet SBTE ey RB<TEBLAREY X R FRMH BeTT G L0 B " The

al dehyde was cl eaﬁéécﬂbﬁﬁitm Sier &si nThAda fiehide Wwase sleayetdefrery the
treatment withoe95%sin dfdYgRB41AY ép¥otdebedldy ftHeattheMtNwathl b5 Af ter

TFA/ 5% H,0 (v/v, 1.5 mL) for 30 min at rt. After
washing the resin with cleavage reagent (1 mlL), the
combined filtrates were added to cold 1:1 Ety0:pentane
(12 mL) and the resulting precipitate was isolated by

15 centrifugation and decantation. The resulting pellet
was dissolved in 1C% CH3CN/90% Hp0/0.1% TFA (15 mL) and
lyophilized to obtain the crude product as a white
powder. The compound was purified by semi-prep RP-HPLC
with a Rainin Microsorb™ C18 column (5 u, 21.4 X 250

20 mm) eluting with a linear CH3CN gradient (10% - 60%)
containing 0.1% TFA (v/v) over 45 min at 12 mL/min.
Fractions containing the desired product were pocled
and lyophilized.

Step C. Methed 1lA. Synthesis of 751. Following
25 a simila: procedure as method 1, resin 76la was
acvlated with 4-(1-
fluorenylmethoxycarbonylamino)benzoic acid and
repeated. The Fmoc group was removed as described in
Step C and the free aminé was acetylated with 20% (v/v)
30 acetic anhydride in DMF (1 mlL) and 1.6M DIEA in N-
methylpyrrolidone (0.35 mL) for 2 hr at rt. The



washing the resin with cl eavage reagent (1 nL), the conbined filtrates

were added to cold 1:1 Et2Q pent ane (12 nm.) and the resulting
precipitate was isolated by 15 centrifugati on and decantation. The
resulting pellet was di ssolved in 10% CH3CN 90% H20/ 0. 1% TFA (15 nl)
and | yophilized to obtain the crude product as a white powder. The
conpound was pwoisiesis by sem -prep RP-HPLC wi th a Rainin pdrusssacdrperr]
C18 colum (5 u, 21.4 X 250 20 nm eluting with a |linear CH3CN gradi ent
(10% - 60% containing 0.1% TFA (v/v) over 45 min at 12 nL/mn.
Fractions containing the desired product weré3pool ed and | yophilized.

Step C. Method 1A Synthesis of 751. Following 25 a simlar procedure as
method 1, resin 76 . acylated with 4-(1-

f 1 uor enyl net hoxycar %oe\r/@ﬁgr%lﬁg) Bé?‘&o‘"(%s arﬁpcfagr‘?&‘ Cleayras &f e Fnoc group
was renoved as des@ldedydenfrom Sieprdsiandatiec760ee am ne was acetyl ated
wth 20% (v/v) 30 acetic anhydride in DM (1 nL) and 1.6M DI EA in N

met hyl pyrrolidone (0.35 nL) for 2 hr at rt. The WO 97/ 22618

PCT/ US96/ 20370 Analytical HPLC methods: - 73 - acetylation step was

repeated. C eavage gf for 0 e Si 51
Anal ytical HPLC rret‘%&d??’%ers K%E%_tﬁe?zslerbe?totggalsg & B30ATE 3 o X 150
m). 5 Linear GH3ENT§REdCEEN (RTsALengo%kl O%ont PRI meprdhalivsingAC. 1% THAV)
over 14 min at 1 nmysrivd. over 14 G ANAS mI#RiAD5 were prepared fromthe
fol |l ow ng conbi natori al nethods. [err]

Compounds 746-755 were prepared from the following
combinatorial methods.

SXG

748

3(5)-(2-((2({S)~-Benzoylamino-3, 3-
10 dimethylbutyryl)benzylamino]acetylamino)-4-oxo-butyric
Acid (746): 0.7 mg {4%) as a white solid: Rt{l) =

11.14 min (87%); (M+H)+ = 482 (CygH31N30g requires
481.6).

G
N M(g“
SR .

747

3(S)-(2(S5)~(Benzyl-(2-{( (isoquinoline-l-carbonyl)amino) -
15 3,3-dimethylbutyryl) amino) acetylamino) -4-oxo-butyric
Acid (747): 2.0 mg (8%) as a white solid: Rt (1) =



3(S)-(2-((2(S)-Benzoyl am no- 3, 3- 10

di met hyl but yryl ) benzyl am no) acet yl am no) - 4- oxo-butyric Acid (746): 0.7
ng (4% as a white solid: Rt(1) = 11.14 min (87%; (MH)+ = 482
(C26H31N3C6 requires 481.6). [err]

3(S)-(2(S)-(Benzyl -(2-((isoquinoline-1-carbonyl)amno)- 15

3, 3-di net hyl b%éﬂﬁ%}f?m no) acet yl am no) - 4- oxo- butyric Aci q>c(r/7ugg/2'03?u 0 ny

(8% as a white SO Rt (1) = WO 97/ 22618
PCT/ US96/ 20370 - 74 - 12.27 min (98%;
(MtH) + = 533 (C29H32N4C6 requires 532_6)4 [err]

12.27 min (98%); (M+H)+ = 533 (C,gH3,N4Cq requires
532.6).

§ e
. H H
748

3{8)-(2(5)-(Benzyl-(2-({isoquinoline-1l-carbonyi)amino}~

3-methylbutyryl] amino)acetylamino)-4-oxo-butyric Acid
5 (748); 9.2 mg (38%) as a white solid: Rt(l} = 11,05

min (98%); (M+H)+ = 519 (C,gH3gN40 requires 518.6).

¥eieke

3(S)-(2(S)-(Benzyl-(2-( (napthalene-1l-carbonyl)amino)-3-

methylbutyryl) amino)acetylamino)-4-oxo-butyric Acid

(749): 7.9 mg (40%) as a white solid: Rt(l) = 11.78
10  min (98%); (M+H)+ = 518 (C,9H3;N30¢ requires 517.6).



3(S)-(2(S)-(Benzyl -(2-((isoquinoline-1-carbonyl)am no)-
3-net hyl butyryl) am no)acetyl am no) -4-oxo-butyric Acid 5 (748): 9.2 ng

(38% as a white solid: R(1) = 11.05 mn (98%; (MH)+ = 519
(C28H30N4O6 requires 518.6). [err]

3(S)-(2(S)-(Benzyl -(2-((napt hal ene-1-carbonyl ) am no) - 3- met hyl butyryl)
am no) acet yl amwipddegx0- butyric Acid (749): 7.9 ng (40%cpmsss20bmet e
solid: Rt(1) = 11.78 10 mn (98%; (MH)+ = 518 (C29H31N3C6 requires
517.6). WD 97/ 22618

PCT/ US96/ 20370 -75- [err] -376Sy - (2-((2 (9S)-

(4- Chl or obenzoyl ) am no- 3-
nmet hyl but yryl ) benzyl am no) acet yl anm no) - 4- oxo0- butyric

° jqﬁ o}
H
Isgaee
H H
Cl
750

3(S)-(2-((2(S)-{4-Chlorobenzoyl) amino-3-

methylbutyryl)benzylamino)acetylamino)~4-cxo-butyric

Acid (750): 5.9 mg (3.% as a white solid: Rt({l) =

11.63 min (98%); (M+H)+ = 502 (Cy5H,gC3N30¢ requires
5 501.95).

.
H
HaC)kN H . H
M
751

3(5)-(2-{(2(8)~(4-Acetylaminobenzoyl)amino-3-
methylbutyryl)benzylamino) acetylamino)-4-oxo-butyric
Acid (751): 3.8 mg (19%) as a white solid: Rt(1l) =
8.50 min (98%); (M+H)+ = 525 (C,y7H3,;N407 requires

10 524.6).



Acid (750): 5.9 ng (31%as a white solid: Rt(1) = 11.63 mn (98%;

(MtH) + = 502 (C25H28CIN3C6 requires 5 501.5). [err] 3(S)-(2-
((2(S)- (4-Acetyl am nobenzoyl)am no- 3- met hyl but yryl ) benzyl am no)

acet yl am no) - 4- oxo- butyric Acid (751): 3.8 nmg (1999 as a white solid:

Rt (1) = 8.50 mn (98%; (MtH)+ = 525 (C27H32NAO7 requires 10 524.6).
WD 97/ 22618 PCT/ U

- 76 - [errNOY7R2618 3 (S) -(2(S)- (Benzyl (3-nethyl -2- /6%86%’ (3, 4, 5-
tri met hoxyacet yl am no) butyryl ) am no) acet yl am no) - 4- oxo- butyric Acid

(752): 5.0 ng (22% as a white solid: Rl = 11.09 mn (97%; (MNa)+
608 (C29H35N3010 5 requires 585.6). [err]

CH30
CHO o o COzH
CH3O N N H
H H
752

3(8)-(2({S)-(Benzyl (3-methyl~2-(2-ox0-2-(3,4,5~
trimethoxvyacetylamino}butyryl)amino)acetylamino}-4-oxo-
butyric Acid (752): 5.0 mg (22%) as a white solid:
Rt (1) = 11.09 min (97%); (M+Na)+ = 608 (C,g9H35N30;p

5 requires 585.6).

83T

3(8)~(2(5)-(Benzyl{3-methyl-2-({2-oxo-2-phenylacetylamin
o)butyryl)amino} acetylamino)-4-oxo~-butyric Acid (753):
3.0 mg (16%) as a white solid: Rt(l) = 11.02 min
(96%); (M+Na)+ = 518 (CyogHpgN30y requires 495.5).

COH

=<

10 4(R)-{2(S)-({2-Benzoylamino-3-methylbutyryl)benzyl-
amino)acetylamino) ~5-oxopentanoic Acid (754): 3.5 mg
(19%) as a white solid: Rt(l) = 9.56 min (94%); (M+H)+
= 482 (C,ygH31N30g requires 481.6).



3(S)-(2(S)-(Benzyl (3-net hyl - 2- (2- oxo- 2- phenyl acetyl am n 0) but yryl ) am no)

acetyl am no) - 4- oxo-butyric Acid (753): 3.0 ng (1699 as a white solid:
Rt(1) = 11.02 mn (969 ; (MtNa)+ = 518 (C26H29N3O7 requires 495.5).
[err] ' 10 4(R)-(2(S)-((2-Benzoyl am no- 3-net hyl but yryl ) benzyl -

am no) acet yl am no) - 5- oxopentanoi c Acid (754): 3.5 ng (1999 as a white
solid: R (1) =vwobfmmish (94%; (M+H)+ = 482 (C26H31N3C6 r equirnusss268Dh. 6) .
WD 97/ 22618 PCT/ US96/ 20370

- 77 - [err]

4(R) - (2(S)-(Benzyl - (2-((isoquinoline-1-carborylyamn no)-
3-net hyl butyryl )am no) acetyl am no) - 5- oxopent anoi ¢ Aci d

H
H

CO

o o ¢

e Ra AR
755

4(R)-(2(5)-(Benzyl-(2-{(isoquinoline~li-carbonyl)amino) -

3-methylbutyryl) amino) acetylamino)-5-oxopentanoic Acid
(755): 6.0 mg (24%) as a white solid: Rt(l;} = 10.53
min (93%); (M+H)+ = 533 (CpgH3,N405 requires 532.6).

P

5 3(8)-(2-((2({S)-(Benzoyl)amino-3-methylbutyryl)-(1,3-
dihydroisoindol-2-yl) amino) acetylamino)~-4-oxo-butyric
Acid (756): Compound 756 was prepared by a method
similar to the method used to prepare compound 724 and
compound 706, except 2-aminoindane was replaced with

10 2-aminoisoindoline (prepared as described in Eloy, F.,
Moussebois, C., i B , 68, pp. 409-421
(1959)).

O C
E:j’\o N N CHO
H

757



(755) : 6.0 ng (24% as a white solid: Rt(1) = 10.53 mn (93%; (MH)+ =
533 (C29H32N4O6 requires 532.6). [err] 5
3(S)-(2-((2(S)-(Benzoyl ) am no- 3-net hyl butyryl)-(1, 3- '

di hydr oi soi ndol - 2-yl ) am no) acet yl am no) - 4- oxo- butyric Acid (756):
Conmpound 756 was prepared by a net hod simlar to the nethod used to
prepare conp and conpound 706, except 2-arrinoindg|&_ﬁU pl aced
with 10 2-an1n0|so?ndoline (prepared as described in El oy, -,&ﬁﬁmbﬁ
Moussebois, C., Bull. Soc. Chim Belg., 68, pp. 409-421 (1959)).

757 WD 97/ 22618 - 78 -
PCT/ US96/ 20370 - 78 - 3(S) - (2-
((2 (S)- (Benzyl oxycarbonyl am no- 3- met hyl but yryl ) -i ndan- 2-

yl ) ami no) acet yl ard (f))-(2-dX8lG1 y i BenAciakYCAS Ppnyleméno-3-

methylbutyryl)-indan-2-
yl)amino)acetylamino)~-4-oxobutyric aAcid (757): was
prepared from ({(2{(S)- benzyloxycarbonyl-3-

5 methylbutyryl) indan-2-yl)amino) acetic acid by a
method similar to the preparation of 706: lH NMR
(CD30D) & 7.4 - 7.5 (m), 7.1 - 7.2 {m), 5.0 - 5.2 (m),
4.8 - 4.95 (dd), 4.5 - 4.7 (m), 3.8 - 4.4 (m), 3.5 (m),
2.9 ~3.4 (m), 2.4 -2.8 (m), 2.0 - 2.2 (m), 0.90 ~

10 .15 (m).



prepared from ((2(S)- benzyl oxycarbonyl-3- 5 nethyl butyryl)
I ndan-2-yl)am no) acetic acid by a——mnethod—sim+ar to the preparati on of

706: [err]H NVR (CD3CD) Lers 7.1 - 7.2 (m, 50 - 5.2
e E e S o

3.4 (m,
97/ 22618 WO 97/22618 PCT/ US96/ 20370 " PCT/US96/20370
- 79 - CLAI V5 W claim
1. A conpound represented by the formula: J[err] 5 wherein
n=20, 1, or 2; R11 is: [err]- 79 -
CLAIMS
We claim:

1. A compound represented by the formula:

Th 0
o Re._ hrN\/U\ T/Rﬂ
H

n=20, 1, or 2;

5 wherein:

Rll is:

o]
"y

(a) r OF (b) ;
OR
).\ﬁoan )\F "
H ORy

m is 1 or 2;

10 Ry, and R;3 are independently selected from the
group consisting of -Ry, -C(0)~R4, and -C(O)-N{(H)-R;, or
R1, and Rj3 taken together form a 4~8-membered saturated
cyclic group:

Ry is ~H or a -C;.g straight or branched alkyl
15 group optionally substituted with Ar, -OH, -OR7,
-C(0)-0OH, C(O)-NH,, or -ORg;

Ry is selected from the group consisting of -Ar, a
-C;.¢ straight or branched alkyl group optionally



mis 1 or

2; 10

R12 and R13 are independently selected fromthe

group consisting of -R7, -C(O —R+—=and-C(Q-NH)-R7, or R12 and

taken together forma 4-8-nenbered saturated cyclic group;

St oo Wi A o R mnmmngummq v %oy o

R7 i s sel ected,.f

he group consi §tih

R13

- QA epitnsdsngiAgnt or

branched al ky 0'grouﬁ optionally WO 97/ 22618

PCT/ US96/ 20370 . - 80 - substituted
wth -Ar, a -Cerr] straight or brancheggy - al kenyl group optionally
substituted with Ar, and a -Cerr] straight or branched al kynyl group
optionally substituted with Ar; 5 R5 is selected fromthe

group consisting sfhbstituted with ~Bf(Q) aRYG,_ ¢ straight or GfYndbRAH
-0(O-N(R9) (R10)

-R7, and

alke?¥1 group 5§tQG%a¥lE% &gékltuted w1tg(£%CX§%cF§

|ndependently selE@i{ﬂiStra19h$r9ﬁ1bh@n@hﬁd(ﬁﬁﬁﬂnyﬂlHQOBP ?Fﬂ#gﬂally napht hyl ,

2- 15

het erocyclic aromatic group selected fromthe

2-furyl,

4- pyri dyl,

napht hyl

3-furyl,
pyrr ol

10

15

20

25

subSEened azWeAy,, fluorenyl and anthracenyl
2-thienyl, 3- thienyl, 2-pyridyl, 3-pyr dyl,

yl, Rs is selected from the group consisting of:

~C(0)-Rq,

-C (0} -ORgy,

-C (0} -N(Rg) (R1g),

-5 (0) 2~R+,

-C(0)C (0} -Rq,

-R, and

-H;

each Ar is a cyclic group independently selected
from the set consisting of phenyl, l-naphthyl, 2-
naphthyl, indenyl, azulenyl, fluorenyl and anthracenyl
and a heterocyclic aromatic group selected from the
group consisting of 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyraxolyl, 2-
pyrazolinyl, pyrazolidinyl, isoxazolyl, isotriazolyl,
1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazoly’,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo{b]furanyl,
benzo[blthiophenyl, lH-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,

-1,2,3,4-tetrahydroisoquinolinyl, isoquinolinyl,

30

1,2,3,4-tetrahydroisoquinolinyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 1,8-
naphthyridinyl, peridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl and phenoxazinyl, and the

and a

group consi sting of



oxazolyl, thiazolyl, imdazolyl, pyraxolyl, 2- 20 pyrazol i nyl,
pyrazolidinyl, isoxazolyl, isot H—az.oj_yl\,\%az 3- oxadi azol yl ,
1,2,3-triazolyl, 1,3, 4-thiadiazolyl pyrl z+ny| , pyrimdinyl,

pyrazinyl, 1,3,5-triazinyl, ”mmﬂ i ndol i zi nyl, indolyl,
i soi ndol yl, 3H i ndol yI, "" i ]fur anyl, 25
benzo[ b] t h| oph@ddr26abt | ndazol yI *behzitm dazel'y benzt pepresdenrbs7o
purinyl, 4H quinoli zinyl, quinolinyl,

1, 2,3, 4- tetrahydr0|squ|noI|nyI |soquinolinyl,

1, 2, 3, 4-t et r ahydr oi soqui nol i nyl, ci nnolt 83 ,- pht hal azi nyl ,

qui nazol i nyl, quinoxalinyl, 1,8- 30 napht hyridinyl, peridinyl,
carbazolyl, acridinyl, phenazi nyl, phenot hi azi ngll arld ,%henoxazi nyl ,
and t he Vq;qyﬁmZQGngup is optionally singly or mu

PCT/ US96/ 20370 substituted with -F, -Cl, -Br,821I; -ORyg4, —Nagomatl c gr oup

Gl L " Sl SRR ED il o8
N(R9) (R10), -N( R9)N(R§10)Rlo¥c(@)m§m§kmu=3-umsra CFer rioCly, a §t¥al ght

or branched alskyl iU .gnk 3r”§£5ﬂ@ﬁ¥&“¥ﬁﬁ¥% group IC§¢méthlenedxoxy,
-N(H)C(NR9)N(R9)(R10 i's -H or a (err] straight or
branched al kyl I‘br@ﬁ‘p_N(H)c(NRQ)N(RQ)é§E@I) R9 and R10 is independently
selected fromthe 10 group consisting of -H, -Ar, and a C[err] strai ght
or branched al kyl optlo IIy bstltuted

each R4 is a -Clerr] stra gh?l‘br Soranch gi‘-kﬁ/l YA 5195* bl br%rb?l?eodnaaﬁk)yl
substituted with - Arawp;- W Wis -OR9, -SRI,

- N(H) C( NR9) N( R9) (R10), -C(O) OR9, 15 or -N(R9) (R10);
each Rg and Rjp is independently selected from the
10 group consisting of -H, -Ar, and a C;_g straight or
branched alkyl group optionally substituted with -Ar;

each R4 is a -C;.5 straight or branched alkyl group
optionally substituted with -Ar or -W;

W is =ORg, -SRg, ~N{H)C(NRg)N(Rg)} (R1g), -C(O)-CRg,
15 or -N(Rg) (Ryqg);

Ry is =-CHpAr or a 5 to l5-membered non-arocmatic
cyclic group which contains between 1 and 3 rings, and
which optionally contains between 0 and 2 endocyclic
oxygen atoms, sulfur atoms, or nitrogen atoms, and

20 wherein the cyclic group is optionally fused with Ar;

provided that when -Ar is substituted with a group
containing Rg or Rjp which comprises one or more
addditional -Ar groups, the -Ar groups are not
substituted with a group containing Rg or Ryg;



R3 is -CH2Ar or a 5 to 15-nenbered non-aromatic cyclic group which
contains between 1 and 3 ri ngs_—and—f————wm—cﬁ‘btional | y contains between
0 and 2 endocyclic oxygen at ons or nitrogen atomns, and
20 wherein the cyclic group | ﬂ\l “g! g d with Ar:

provi ded that when -Ar is substl cont aining RO or

R10 whi ch COW{S&'ﬁﬁﬁmone or nore adddltlonal - Ar groupﬁgﬁl&% 36370
. . ' ?f

groups are no substituted with a group containing RO

WD 97/ 22618 PCT/ US96/ 20370

- 82 - 2. A conpoundgaceording to claim1,

wher ei n: RS is -C(O-R7 or -C(OC(O -R7; each R4
is a (Jerr] straight or branched al kyl group 5 optionally substituted
with Ar; mis2k A compound agedmlihg to claim 1, R3 is

- CH2Ar or whereinE IS CHor N 10 each D is independently
N or C wherein Ci1s optionally substituted with -OR14, -F, -d, -Br,

-1, -N®2, -S(02-N(R9) (R10), -C(O-N(R9) (R10), -N(H-C(O-
Rg is -C(0)~Ry or -C(O)C(0)-Ry;

each Ry is a Cj.5 straight or branched alkyl group

5 optionally substituted with Ar;
m is 1;
n is 1;
. D"‘D
R3 is -CHsAr or — ,ﬁ

E is CH or N:

10 each D is independently N or C, wherein C is
cptionally substituted with -ORy4, -F, -Cl, -Br, -I,
-NO5, =S(0)5-N(Rg) (Ryg), —~C(O)-N(Rg) (R1g9), -N(H)-C(O)-
N(Rg) (R1g9), ~N(Rg) (R3g), ~C{O);~ORg, -CF3, -OCF3, a Cji._g¢
straight or branched alkyl group, 1l,2-methylenedioxy,
15 ~CN, or -N(H)C(NRg)N(Rg) {(Ryp):

each Rg and R;p is independently selected from the
group consisting of -H, -Ar, and a -C;_g straight or
branched alkyl group optionally substituted with -Ar,

3. A compound represented by the formula:

20 C ]
Ry (cHz/)c
RS‘NN)jr—N \/lLN
| |
H




N(R9) (R10), -N(R9) (R10), -C(O-0OR9, -CF3, -OCF3, a (err] strai ght
or branched al kyl group, 1,2-nefhyfenegiexy, 15 __ -CN or
- N(H) C( NR9) N( R9) (R10) ; ach R9 and R10 is independently

e
selected fromthe group co l! "Mﬂ” and a -(err] straight
or branched al kyl group op mjt ed with -Ar.

3. A conpound pepsRsaRt ed by the f or mul ‘a: 20 Ferr] V\e-Prik9k0 3%
PCT/ US96/ 20370 - 83 - wher ei n:
mis 1 or 2; nis 0, 1, or 2 5 Rl is selected
fromthe group consisting of: - 83CN, -C(O-H,

-C (O -CH2XRSG, -C (O -CH2F, 10 -C=N-O-R7, and
-C(O-R8; X is selected fromthe group consisting of O S,
S(O, and S(O 2; wherein: R6 is independently selected fromthe group
15 consi sting of: - H, -(CH2) p- Ar, and

m is 1 or 2;
nis 0, 1, or 2;

5 Ry is selected from the group consisting of:
~-CN,
-C(0)-H,
—-C(0) ~CHyXRg,
-C(0) -CH,F,
10 ~-C=N-0-R7, and
-C(0O)-Rg;

X is selected from the group consisting of 0, S,
S(0), and S(0)j:

Rg is independently selected from the group
15 consisting of:

-H,

- (CHp) p-Ar, and

~-C(0Q)~Ar;

p is 0, 1, 2, or 3;

20 Ry is selected from the group consisting of -Ar, a
-Cq-¢ straight or branched alkyl group optionally
substituted with -Ar, a -Cy_g straight or branched
alkenyl group optionally substituted with Ar, and a
-Co.5 straight or branched alkynyl group optionally

25 substituted with Ar;



-C(O-Ar; pis 0, 1, 2, or 3; 20 R7 is selected

fromthe group consisting of -Ar, a -Cerr] straight or branched

al kyl group optionally suBEFTTEFEH‘m#th-ALF~a -Clerr] straight or
branched al kenyl group opti I stituted with Ar, and a

-Clerr] straight or branched al ki mﬁﬂ)mﬂmn”mal ly 25 substituted
with Ar; 97/ 22618 ST

PCT] USos/ 20370 7aelh Y PCTIUSIEPT
selected fromthe foll ow ng group, in which any ring may optionally
be singly or multiply substituted By =NH2, -C(O-OH, -F, -d, -Br,
-1, -OH, -N®2, -CN, -perfluoroalkyl Cferr] alkyl, -R5, -OR5, -OR7, 5
-N(H)-R5, -N(H)-R7, 1, 2-nethyl enedi oxy, and - SR7: (hh) [err]
(ii) [err] Rg Wheseilacled sfxomlemendentbyisel @ocdwge, fimomhtibe gr oup

10 consisting o ; . . e i | & group
I ndependently sel e;crfygcfai%% §"an Pg%l?ﬁ%hs%tbec%%rs}lldsﬁ\ i ﬁg %ngféggbocycl I C
aromati c group substd|taxtedd biyr ot he-@rUmPHeongi stEhg OB pheny [-OH1 -

naphthyl, 2-napht hyg, i n¢RNYLpeazth&ryd 1kl @qrenyl xgnd 55, -oRp! heaegny!

and a heterocyclic aromatic group_sel ected fromthe group consisting
of 2-furyl, 2 furyN{H-Rs, ‘g‘{ihr%hyll,'z -“teﬁ?’é(ﬁw?di%%i%ﬁfﬂ‘sﬁgpyri dyl ,
4- pyri dyl, pyrrolyl, oxazolyl, thiazolyl, imdazolyl, pyraxolyl,

{hh) Y ; and
~ 1

(ii) Y
3 ,.

whexrein ¥ is independently selected from the group
10 consisting ¢f O and S;

each Ar is a cyclic group independently selected
from the set consisting of a carbocyclic aromatic group
selected from the group consisting of phenyl, 1-
naphthyl, 2-naphthyl, indenyl, azulenyl, fluorenyl and

15 anthracenyl and a heterocyclic aromatic group selected
from the group consisting of 2-furyl, 3-furyl, 2-
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyraxolyl,
2-pyrazolinyl, pyrazolidinyl, isoxazolyl, isotriazolyl,

20 1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5~trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzolb])furanyl,
benzo{b]thiophenyl, 1H-indazolyl, benzimidazolyl,

25 benzthiazolyl, purinyl, 4H-quineolizinyl, quinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, isoquinolinyl,
1,2,3,4~-tetrahydroisoquinolinyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 1,8~
naphthyridinyl, peridinyl, carbazolyl, acridinyl,



2-pyrazolinyl, pyrazolidinyl, isoxazolyl, isotriazolyl, 20
1,2, 3-oxadi azolyl, 1,2,3-triazolyl, 1,3, 4-thiadiazolyl, pyri dazi nyl
pyrimdinyl, pyrazinyl, 1,3, 5_LLLaanyF—*~—'—"I 3 5-;rithiany|,

i ndoli zi nyl, indolyl, |50|ndolyl , 1 ndolinyl,
benzo[ b] f ur anyl , benzo[ b m‘mm W ndazol yl', benzimidazolyl, 25
benzt hi azol yl ,w@y{m@yg 4H qU| ,“ inyl, PCT/US96/20370
1,2,3,4- tetrahydr0|squ|noI|nyI* i Soqui nol i nyl ,

1, 2, 3, 4-tetrahydroi soqui nol i nyl, cinnolinyl, pht hal azi nyl ,
quinazolinyl, qui noxal i nyl, 1,8- -ﬂaﬁhbhyridinyl, peridi nyl,

car bazol yl, acridinyl, WO 97/ 22618

PCT/ US96/ 20370 - 85 - phenazi nyl ,
phenot hi azi nyl andPBisaaskayl nyphenpthiggdnyl andc®Q§QQ¥a§ﬂ6U6'|§“6p¥?%nalIy
bﬁ&g SIS?%l)g or W'cty'cﬂ% grou%)ﬁévlbgtt)llwh‘(ﬂ \)Nbl(ahn Nl(_ y br m@l)lthi : Z_:?lO)
5  -N(R9) (RL0), s“g%é)l)‘b%ﬁ %@F R‘? Strgi)'g&‘ IUR

branched al kyl grownkgltngmniﬂﬂ(Qmeuuhyy{RIdﬂﬂ -NNH) -C(0) N(Rg)(ng).
- N(H) CUNR9) N(B9) (RLY)g ) (Riadgo <S40 ORET T &P, 20bcFy0 & rPd-s”%%F'feﬁ?tM

selected fromthe consi s
straight or 10 Bﬂ@ﬁ@héd a}kxﬂ Frasclog ép?r@ﬁ&?yyeﬁﬁﬂﬁﬂﬁYbur§§:mPFh Ar;

each R14 is -H or ay@hgenhrsin PR, ?y ; branched al kyl group;

R5 is selected fromthe group consi Sting of: -C (O -R7,
15 - O - -0 -N(R9) (R10),

-S(O 2-R7, each Rg G0 B;g) ak¥, independently select&¥, framd the

; group consisting of -H, -Ar, and a -Cj_g straight or
10 branched alkyl group coptionally substituted with Ar;

each R4 is -H or a Cj_g straight or branched alkyl
group; '

Ry is selected from the group consisting of:
-C(0) =R+,
15 ~C (0) -ORg,
-C(0})-N{Rg) (R1g),
-S(0) ,-Ry,
-C(0)C(0)-Ry,
-R,7, and
20 ~-H;

Rgq is a -Cj.5 straight or branched alkyl group
optionally substituted with Ar or W:

W is -ORg, -SRg, -N(H)C(NRg)N(Rg) (Rig), -C(O)-ORg,
and -NRg, (Rlo);

25 R3 is -CHyAr or a 5 to l5-membered non-aromatic
cyclic group which contains between 1 and 3 rings, and
which optionally contains between 0 and 2 endocyclic



R4is a -CJerr] straight or branched al kyl group optionally
substituted with Ar or W o Wis—0ORS, -SRI, -N(H) C(NR9)N(R9)

(R10), -C(O) - OR9,

and - NR9, (R10); 25 R3is -CH2Ar or a 5

to 15-nenbered non-aromatic ml\u“w H!“hl ch contains between 1 and
3 rings, and whi ch opti on m\m ween 0 and 2 endocyclic

WO 97/ 22618 WO 97722618 — PCT/ US96/ 2 Q_..ﬁgdmo”o

- 86 - oxygen atons, sulfur atoms or nitrogen atons

wherein the cyclic group is optionally fused wth Ar; R2
is -H or a (Jerr] straight or branchedgsgl kyl group, wherein the

al kyl group is optionally 5 substituted with Ar, -OH, -OR7, -C(O-0H,

C(O-NH2, or
with a group

- OR5; provi ded that when -Ar is substituted .
oXyoen adtinsg RAldnr RAtomdi oir gorpogsssaboms oramdr e

addditional - AT OLBUPSinl{Ife He19EOUPSA" £ Wt Hhal) ySURSLA L GF M L @

group cont ai ni ng RO

claim 3,

-C(O-R7 or
5
10
i5
20

onpound according to

vvhereln Rlis -C(O-H; R5 is
-AOCO-R7; Ry is -H, or a Cy_¢ straight or branched alkyl

group, wherein the alkyl group is optionally
substituted with Ar, -OH, -OR;, -C(0)-OH, C(0O)-NH,, or
-ORg;

provided that when -Ar is substituted with a group
containing Rg or Rjp which comprises one or more
addditional -Ar groups, the -Ar grcups are not

substituted with a group containing Rg or Rjg;

4. A compound according to claim 3,

wherein:
Ry is -C(O}~H:
Rg is -C(0)-Rgy or -C(O)}C(O)~-Ry;

Rq is a -Cy.g straight or branched alkyl grcup
optionally substituted by =-Ar:

m is 1;

n is 1:

D
Ry is -CHpAr, or _EC[ P
D‘/D

E is CH or N;



15 R4 is a-Cerr] str ght or branched al kyl group
optionally substituted by -Ar; mis 1; nis 1;
R3 is -CH2Ar, or [err] 20 ” WO

97/ 22618 ” ![ lm U896/ 20370
- 87 - each D|S|nblepen C wherein Cis

.optionally subsidémhgad W th - OR14, - NpBrusssdosdh 2- N
(R9) (R10) , -C (O -N(R9) (R10) , -N (H) .C (C» - N(R9) (R10),
-N(R9) (R10), -C(O-0OR9, -CF3, -OCF3, a (err] 5 strai ght or branched
al kyl group, 1, 2-nethyl enedi oxy, -G\ -or -N(H) C(NR9) N(R9) (R10);
each R9 and R10 is independently selected fromthe group consi sting
of -H -Ar, and a -C[err] straight or branched al kyl group optionally
substituted with -Ar. €ggh D is indepemglentiyeNcorpouritheeidt i d§ to clai m
4 sel ected fropaildi1dK08BLEONERELd REtOf ~OR,,, -F, -C1, -Br, -I,

-NOz, -S(0)3-N(Rg) (R1g)s =-C{O)-N(Rg) (Ryg), -N(H)-C(O)-
N(Rg) (Ryg), -N{Rg) (Ryp), -C(O)-ORg, -CF3, -OCF3, a Cj_g

5 straight or branched alkyl group, 1,2-methylenedioxy,
~CN, or -N(H)C(NRg)N(Rg) (Rig);

each Rg and Rj3p is independently selected Zrom the
group consisting of -H, -Ar, and a -Cj.g straight or
branched alkyl group optionally substituted with -Ar.

10 5. The compound according to claim 4
selected from the group consisting of:

706 ©)L Irg COH ;

737 9_ | H
@)L Ir,,\,u\ COzH

739 ,2.!—""2 ;
(o] 0 CoH
oy
H o H o



706 [err] 737 J[err]
NH

739 [err] WS
88 741 [err]

PCT US96/ 20370 RNy oy i I"I

-WO 97/22618 PCT/US96/20370

- 88 ~
o
741 -
NH
xG.
743 J-cHs
° o COaH
745 N ~CHy
o o H  cowm
H
746 o Q COzH
X R
SRR RSS:
o

748 o Co COH
A ;qr"\)'\u H
H g H ©



743
5

[err]

747 Jerr]

WO 97/22618

749

750

751

752

753
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[err]
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[err]
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[err]
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PCT/ US96/ 20370 . 89 - 749 [err]
750 [err] 75r—fer+p— 752 [err] 5
753 J[err] :
: RN A A
WO 97/22618 * c L M s * PCT/US96/20370
- 90 -

754 coH ;
N N
o]

COzH
755 §:> ;
o o 7
N N

756 ; and
COsH
0 N— ©

757
LI
E:j/\OJkN N CHO-
H o
5 6.7 A compound according to claim 3,
wherein:

Ry is -C(O)-Rg;

Rg is -C(0)~Rq or -C(0)C(0)-Ry;



WO 97/ 22618 PCT/ US96/ 20370
- 90 - - 754 [err] 55— err]

oo G g

WO 9722618 - PCTAUS96/20370

- 91 -

Ry is a -Cj_g5 straight or branched aiky. grour

cpticnally substituted by -Ar;

Ds
5 R3 is ~CH,Ar, or __é::I[ ?
~D

D

Z is CE or N;

each D is independently N or C, wherein C :is
cpticnally substituted with -OR,4, -F, -Cl, -Br, -I,
-NOy, =-S{0),-N(Rg} (R1g9}, =C(0O)-N(Rg) (Ryg), -N(HI-C!2)-
10 N{Rg) {R19), -N(Rg} (R39), =-C(O)-ORg, -CF3, ~OCF3, a Cj_g
straight or branched alkyl group, 1,2-methylenedioxy,
-CN, cr -N(H}C(NRgIN(Rg) (Ryg);

each Rg and Ry is independently selected Zrcm the

greur consisting of -KE, -Ar, and a -C;.g Straight cr

=3
(8, ]

tranched alkyl group optionally substituted with -Ar.

SUBSTITUTE SHEET (RULE 26)



5 6. A conpound accor di'ng to cI aim 3, wher ei n:

RlLis -C(O-Rs; R5is -C (O -R7 (O C(O -R7;
- 91 - R4 is a=C[err] straight or: branched al kyI group

o e I o

h Dis i |y IC s t | ted
e Cor, g9 1 N N 502 R (a0 RS
(R10) -N(H-C(O- 10 N(R9) (R10), -N(R9) (R10), -C(O-0R9, -CF3, -

a Cerr] straight or branched alkw2 group, 1, 2-nethyl enedi oxy,

-CN, or -N(H) C(NR9) N(R9) (R10):

7. The compound according to claim 6
selected from the group consisting of:

720 p o :
. [+ [+ Cl
\
If

719

7N
5 720 = CO2H ;
i I'r OW(ﬁN °
N wL G
sahaniatts

725

oy



each RO and R10 is independently selected fromthe group consi sting

of -H -Ar, and a -(err] strarght—er—35———branched al kyl group optionally

substituted with -Ar. WD 97/ 22618

PCT/ US96/ 20370 IIUI JI u ﬂ“m . The

conmpound according to claim®6 “II, m[J ﬂ , the group con5| sting o

710 [err] WO 97722618 719" [err] 72&7.{089«7:]0370
- 93 -

727 @ comH ;
[ o]
Irr"\)"hf(r( ¢
[o]
729 é) co,u g

731 éj cou i and
cu,oﬁl\
CH0 l 7
OCHs

733 & o3
o :);r"‘i"%"‘ §

5 8. A compound according to claim 3, wherein
Rl is “C(O)“Cﬂszs.

9. A pharmaceutical composition comprising
an ICE inhibitor according to any one of claims 1-8 in
an amount effective for treating or preventing an IL-1-



725 J[err]

PCT/ US96/ 20370

729 [err]

726 [err] WO 97/ 22618
- 93 - 727 Jerr]

* c L M S *

WO 97/22618 PCT/US96/20370

10

15

20

25

- 94 -

mediated disease and a pharmaceutically acceptable

carrier.

10. A pharmaceutical composition comprising
an ICE inhibitor according to any one of claims 1-8 in
an amount effective for treating or preventing én
apoptosis-mediated disease and a pharmaceutically
acceptable carrier.

11. The pharmaceutical composition according
to claim 9, wherein the IL-l-mediated disease is an
inflammatory disease selected from the group consisting
of osteoarthritis, pancreatitis, asthma, ard adult
respiratory distress syndrome.

12, The pharmaceutical composition according
to claim 11, wherein the inflammatory disease is
osteocarthritis or acute pancreatitis.

13. The pharmaceutical composition according
to claim 9, wherein the IL-l1-mediated disease is an
autoimmune disease selected from the group consisting
of glomeralonephritis, rheumatoid arthritis, systemic
lupus erythematosus, scleroderma, chronic thyroiditis,
Grave’s disease, autoimmune gastritis, insulin-
dependent diabetes mellitus (Type 1), autoimmune
hemolytic anemia, autoimmune neutropenia,
thrombocytopenia, chronic active hepatitis, myasthenia
gravis, inflammatory bowel disease, Crohn’s disease,
psoriasis, and graft vs host disease.

14. The pharmaceutical composition according
to claim 13, wherein the autoimmune disease is



731 [err] 733 [err] 8. A conpound

according to claim3, wherein '_‘F&“S——Gte%—GHQXRB 9. A
pharmaceutical conposition co | CEi nhi bitor according to any
one of clainms 1-8 in an agammﬁ#m”"""ﬁ”’ treating or preventing an
I L-1- WO 97/ 22618 PCT/ US96/ 20370
- 94 - Wwodhaigrgl di sease and a phar maceutlcal | y accept apdtPus9620370
carrier. 10. A pharmaceutical conposition conprising
an | CE inhibitor according to any one of clainms 1-8 in 5 an anount
effective for treating or preventing an - 95 - apoptosi s-nedi ated di sease
and a pharnmaceutically acceptabl e carrier.

rheumatoid arthritis, inflammatory bowel disease,

Crohn’s disease, or psoriasis.

15. The pharmaceutical composition according
to claim 9, wherein the IL-l-mediated disease is a bone
5 destructive disorder, wherein the disorder is
osteoporosis or a multiple myeloma-related bone
disorder.

1l6. The pharmaceutical composition according
to claim 2, wherein the IL-l-mediated disease is a
10 proliferative disorder selected from the group
consisting of acute myelogenous leukemia, chronic
myelogenous leukemia, metastatic melanoma, Kaposi’s

sarcoma, and multiple myeloma.

17. The pharmaceutical composition according
15 to claim 9, wherein the IL-l-mediated disease is an
irfectious disease, selected from the group consisting
of sepsis, septic shock, and Shigellosis.

18. The pharmaceutical composition according
to claim 9, wherein the IL-l-mediated disease is a
20 degenerative or necrotic disease, selected from the
group consisting of Alzheimer’s disease, Parkinson’s
disease, cerebral ischemia, and myocardial ischemia.

19. The pharmaceutical composition according
to claim 18, wherein the degenerative disease is
25 Alzheimer’s disease.

20. The pharmaceutical composition according
to claim 10, wherein the apoptosis-mediated disease is



11. The pharnmaceutical conposition according to claim9, wherein the

| L- 1- medi ated di sease is an’ Inf ammat ory di sease selected fromthe
group consi sting of ost@farthrltls reatitis, asthma, and adult

respiratory distress syndro 12. The pharnmaceuti cal

conposi tion according 15 ﬂ’#ﬂgblh the inflamuatory di sease
is oste rJvBE&B' s or acute® pa‘ncrne

he
phar maceuti cal’ “conmpaosi ti on accordlng : to claim?9, mhererﬁnyﬁé§Mﬁx
| L- 1- nedi at ed di sease is an aut oi mune di sease sel ected fromthe
group consi sting 20 of gl oneral onephrddis, rheumatoid arthritis,
system c | upus eryt hemat osus, scleroderma, chronic thyroiditis,
Grave' s di sease, autoinmune gastritis, insulin- dependent di abetes

nellitus (Type 1) a deyehspbteve dlseats@mlsmé@te@ef&can tatet@lrlasnmne _
neutropenia, 25 throggocyt é chroni,c acti 3, %P ngasthenla
gravis, inflammt &PPSH5 ?gd? EESh A 81 8?2%%5 ar 1nsonp§Op §#%% and
graft vs host di sesgebral 1schem1a, myocariidal Thechrmiraracginiadamusonpasi t i on

accor di ng € QeebBhy) Tha1 PHST 1 L 110 2UL OAFHING. i 38R eBhalicis,

WO 97/ 22618 bl / _
- 95 - > rhédiaretatedtenarhalitis, apginer 2 lnRediadi gedse,

Crohn's disease, @leuRs0byd8s5 damage due to strokel5. The pharnaceuti cal
conposi tion according to claim9, wherein the IL-1-nediated di sease

is a bone 5 destructive disorder, wherein the disorder is
osteoporosis or a nultiple hyeldhaﬁmamamedtbomb compos idiioar det:.

inhibiting an ICE-mediated function comprising an ICE
inhibitor according to any one of claims 1-8 and a
10 pharmaceutically acceptable carrier.

22. A method for treating or preventing a

disease selected from the group consisting of an IL-1
mediated disease, an apoptosis mediated disease, an
inflammatory disease, an autoimmune disease, a

15 proliferative disorder, an infectious disease, a
degenerative disease, a necrotic disease,
osteoarthritis, pancreatitis, asthma, adult respiratory
distress syndrome, glomeralonephritis, rheumatoid
arthritis, systemic lupus erythematosus, scleroderma,

20 chronic thyroiditis, Grave’s disease, autoimmune
gastritis, insulin-dependent diabetes mellitus (Type
I), autoimmune hemolytic anemia, autoimmune
neutropenia, thrombocytopenia, chronic active
hepatitis, myasthenia gravis, inflammatory bowel

25 disease, Crohn’s disease, psoriasis, graft vs host
disease, osteoporosis, multiple myeloma-related bone
disorder, acute myelogenous leukemia, chronic
myelogenous leukemia, metastatic melanoma, Kaposi’s
sarcoma, multiple myeloma, sepsis, septic shock,

30 Shigellosis, Alzheimer’s disease, Parkinson’s disease,
cerebral ischemia, myocardial ischemia, spinal muscular



16. The pharnaceutical conposition according to claim9, wherein the
| L- 1- medi ated di sease is a 10 proliferative disorder selected fromthe
group consi sting of acut‘e*nyﬁ—crgenvu"s—l_e,‘trkém a, chronic

nyel ogenous | eukem a, netast atl sarconmm, and
| iﬂﬂﬂ ITB.CEUtI cal conposition
i at ed di sease p@-mmog-m

mul ti pl e nyel ona.

according 15 wboygdetd M 9, whe

i nfectious di sease, selected fromthe group consisting of sepsis,
septic shock, and Shigellosis. 18. The pharnaceuti cal
conposition according toclaim9, wexein the IL-1-nedi ated di sease
is a 20 degenerative or necrotic disease, selected fromthe group
consi sting of Al zheinmer's disease, Parkinson's di sease, cerebral

i schemi a, and nyocaPdFaPh¥scRehtiple sclerosis, AIDS-relgtethengrEPAhLELEA cal

conposi tion accordi mIv-relaté® é:ﬂ@pﬂal&,tlmeagmg; hﬂdim&er ahive di sease
is 25 Al zheinmer's di s eutical

conposi tion accor di R&uroiogli:%l c‘?a&‘farﬂelﬁluev\ﬁ&EFﬁmf?le”hﬁo&a%éFE nedi at ed

di sease i s compri¥h 7t Etep of administering to said patient a

PCT/ US96/ 20370g : geperative
h t 1 &
di sease, sel ect ed fP armﬁceu %)cua composégrl]gfls??n(gr%#ngAl fhgfwecgg %?sease

Par ki nson' s di seaseclaims 9ck®ebkal ischenmia, nyocardial ischenia, spinal

muscul ar atrophy, multiple sclerosis, AIDS-rel ated encephalitis, 5
H V-rel ated encephalitis, aging, alopecia, and neur ol ogi cal danmage
due to stroke. 21. A pharnmaceutical conposition for

inhibiting an | CE-nedi ated function conprising an | CE



i nhi bi tor according to any one of clai ms 1- ﬁir rraceﬁ?icb%(ﬂﬂo’5
st

acceptabl e carri et. I ng or
preventing a di sease sel ected fron1the gr oup con5| g of an IL-1
nmedi at ed «di sease, an apoptosis nedi ated di sease, an _ |nf|ﬁ¢¥§tory

di sease, an autoi mune di sease, a 15 proliferative disordeghitgy
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(54) Title: INHIBITORS OF INTERLEUKIN-18 CONVERTING ENZYME v
(57) Abstract btfa.

The present invention relates to novel classes of compounds which are inhibitors of interleukin-18 converting enzyme. This invention
also relates to pharmacentical compositions comprising these compounds. The compounds and pharmaceutical composmons of this invention
are particularly well suited for inhibiting ICE activity and consequently, may be advantageously used as agents against interleukin-1 and
apoptosis-mediated diseases, including infltammatory diseases, autoimmune diseases, proliferative, infectious, and dcgcneratwc diseases. This
invention also relates to methods for inhibiting ICE activity and methods for treating interleukin-1 mediated diseases using the compounds
and compositions of this invention.




