| NHI Bl TORS OF | NTERLEUKI N-[err] CONVERTI NG ENZYME TECHI NCAL FI ELD OF THE

| NVENTI ON Tingp s%8308nt i nvention relates to novel 5 cl assepcafusIsRIw nds
which are inhibitors of interleukin-[err] converting enzyne ("ICE"). The
ICE inhibitors-of this invention are characterized by specific structural
and. physi cochem cal features. This invention also relates to

phar maceuti cal conpositions 10 conprising these conpounds. The
conmpounds and pharnmaceuti cal conpositions of this invention are
particularly well suited for inhibiting ICE activity and consequently, may
be advant ageously used as agents ‘agai nst intéerleukin-1 ("IL-1" ) nediated
di seases, 15 I ncl udi ng i nflammat ory di seases, autoi mune di seases and
neurodegeneratlve di seases. This invention also relates to methods for
inhibiting ICE activity and nethods f or treatlng 1ﬂterleuk|n 1 nedi at ed

di seases .

INHIBITORS OF INTERLEUKIN-1% CONVERTING ENZYME

The present 1nventzon relates to novel
5 classes of compounds wh:ch are znhzbltors of
interleukin-18 convertzng enzyme ("ICE") The ICE
inhibitors of this. 1nventlon are characterlzed by
-specific structural and phy31coche&&cal features. This
invention also relates tq.pharmaceutlcal compositions

10 comprising these'compounds._ The compounds and
pharmaceutical compositions of thls invention are
partlcularly well suited for . 1nh1b1t1ng ICE activity
and consequently, may be advantageously used as agents
against interleukin-1 ("IL-1") mediated diseases,

15 including inflammatory dlseases,_aut01mmune diseases
and neurodegenerat;ve diseases. THis invention also
relates to methoda for znhibiting ICE actlvity and
methods for treatlng 1nter1euk1n-1 mediated diseases
_us:ng the compounds and composztions of this inventien.

20 | WM‘ KGROUND OF THE .

_ Interleukln 1 ("IL- 1") is a major prc—
1nflammatory and 1mmunoregulatory protein that
stimulates flbroblast dlfferentlatlon and
proliferation, the product1on of prostaglandzns,'

25 ‘collagenase and phosphollpase by synov1a1 cells and
chondrocytes, bascphil and eosznople degranulatlon and



usi ng the conpounds and conpositions of this invention. 20

BACKGROUND OF THE | NVENTION Interleukin 1 (" IL-1") is a major pro-

i nf | amm¥YQPSB5398d i mrunor egul atory protein that stinul at epdiusosbisast
differentiation and proliferation, the production of prostaglandins, 25
col I agenase and phosphol i pase by synovial cells and chondrocytes, basophi
and eosi nophil degranul ation and - 22~ neutrophil activation. Oppenheim

J.H et al,

| munol ogy Today, 7, pp. 45-56 (1986). As such, it is involved

in the pathogene3|s of chronic and acute i nfl anmat ory and aut oi mmune

- di seases.
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| Lneutgophil pesdyation.| y Oppemhedah, by . 3br igthexlal bl ood nonocyt es
Immunology Today, 7, pp. 45-56 (1986). As such, it is

involved in the pathogenesis of chronic and acute
inflammatory and autoimmune diseases. IL-1 is
predominantly produced by peripheral blood monocytes as
part of the inflammatory response and exists in two
distinct agonist forms, IL-la and IL-18. Mosely, B.S.

et al. Bzocl_Nazl_Asad__SSL* 84, PP. 4572-4576
(1987), Lonnemann, G. et al., Eur.J. Immunol., 19,
pp. 1531-1536 (1989). R

IL-1R8 is synthesmzed as a blologlcally i
inactive precursor, pIL 13 pIL-18 lacks a
conventional leader sequence and is not processed by a
-signal pept;dase March c.d. Na;nze 315,
pp. 641-647 (1985) Instead, pIL-lE is cleaved by
interleukin-18 convertzng enzyme (“ICE") between Asp-
116 and Ala-117 to produce the blologlcally active
C-terminal fragment found in human serum and synovial
fluid. Sleath, P. R., et al. J*QB;QL*_Chem* 265,
pp. 14526-14528 (1992); A.D. Howard et al.,_i‘ -

- Immunol., 147, pp. 2964-2969 (1991). Processing by ICE
is also necessary ‘for the transport of mature IL 8
through the cell membrane . o o

ICE is a cysteine protease 1oca112ed
primarily in monoecytes. It converts precursor 1L-18 to
the mature form. Black, R.A. et al., FEBS Lett., 247,
Pp. 386-390 (1989); Kostura, M.J. et al., Proc. Natl.
Agad*_SQ;*_HSA 86, PP. 5227-5231 (1989). ICE, or its
homologues, also appears to be involved in the
regulation of cell death or apoptosis. Yuan, J.
et al., Cell, 75, pp. 641-652 (1993); Miura, M. et al.,
Cell, 75, pp. 653-660 (1993), Nett- Flordallsl, 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




part of the inflamuatory response and exists in two distinct agoni st forns,
| L-1a and Wer9sps3okbsel y, B.S. et al., Proc. Nat. Acad. Sci.PCBAS9H§y617
4572- 4576 (1987): Lonnemann, G et al., Eur.J. Imunol., 19, 10 ppl
1531-1536 (1989). [err] is synthesrzed as a biologically inactive

precursor, [err] lacks a conventionat 3eader sequence and is not processed
by a signal peptidase. March, C.J., Nature, 315, 15 pp. 641-647 (1985).
Instead, [err] is cleaved by [err] converting enzyne "ICE") bet ween Asp-

116 and Al a- 117neurpgenerativie 8iaeagesal BPchcapy @hFéF#FnélaPFagnent

found in human fl S R; .
Chem . 265, 20 §§fﬂfﬁ§8ﬂ5§%&g%%§se UMErx, Soeakha M. Bag?hg? SglgnEEQ|

| mmunol ., 147, #%9. ZBB4 %@%9763991§93?Pr968§§Pﬁ3189 IgE s éﬂso necessary
for the tranqusélgﬁggptmsg [ppt]826-828 (1994).

5 ICE has been previously descrxbed as a
heterodimer composed of two subunits, p20 and pl0
(20kDa and 10kDa molecular weight, respectively).

These subunits are derived from a 45kDa proenzyme (p45)
by way of a p30 form; tﬁrough an activation mechanism
10 that is autocatalytic. Thornberry, N.A. et al.,
Nature, 356, pp. 768- 774 (1992) . The ICE proenzyme has
been divided 1nto several functional domains: a
prodomain (pl4), a p22/20 subunit, a polypeptide linker
‘and a p10 subunlt Ehgrnhe::x_e;_alﬁ, snp:a Casano
15 et al., Genomics, 20, pp. 474-481 (1994).
. Full length p45 has been characterized by its
¢cDNA and amino acid sequences. PCT patent applications
WO 91/15577 and ‘WO '94/00154 The p20 and pl0 cDNA and
amino acid sequences are also known. Thornberry
20 et al., supra. Murine and rat ICE have also been
sequenced and cloned They have high amino acid and
nucleic acid sequence homology to human ICE. Miller,
D.K. et al. Ann_._u_.x._Agad_._Ss.:.... 696, PP 133-148
(1993); Mollneaux, s. M._et al. Bzgg*_ua;*_Agadﬁ_SQ;*,
25 90, pp. 1809-1813 (1993). Knowledge ‘of the primary
‘structure of'IcEi however, does not allow prediction of
its tertlary structure Nor does it afford an
understandzng of the structural, conformatlonal and
chemical 1nteract1ons of ICE and its substrate pIL-18
30 or other substrates or 1nh1b1tors.

ICE 1nh1b1tors represent a class of compounds
useful for the control of inflammation or apoptosis or
both. Peptlde and peptldyl inhibitors of ICE have been

_ described. PCT patent appllcatzons WO 91/15577; WO
35 93/05071, WO 93/09135 WO 93/14777 and WO 93/16710 and



through the cell menbrane. ICE is a cysteine protease |ocalized 25

primaril nmonocytes. It converts precursor [err] to the-mature form
Bl ack, F%&”’é% ., [err] 247, pp. 386-390 (1989): KosturBCT/REWNTEN al .
roc Natl. Acad, Sci, USA, 86, pp. 5227-5231 (1989). |ICE or its

honol ogues, al so appears to be involved in the 30 regul ation of cell

death or apoptosis. Yuan, J. et al.4 €ell, 75, pp. 641- 652 (1993); Mura,
M et al., Cell, 75, pp. 653-660 (1993); Nett-Fiordalisi, MA het ?I J.
Cel | Bi ochem,, 17B p. 117 (1993),. .I.n particular, |I.CE or |CE honol ogues
are thought . {:“.Hrgpeag patgasoapRidFafion t°n§4r7e@ﬂ9at| &PW%O&%l@l n

-3- their peptldlc nature,_such inhibitors are typlcally
characterized by unde51rable pharmacolog1c propertles,
such as poor oral absorptlon, poor stablllty and rapld

5 metabolism. Plattner, J. J. and D. W. Norbeck in D:ng
n;gggggzg_zeghnglggles C.R. Clark and W. H. Moos, Eds.
(Ellis Horwood, Chlchester, England 1990), pp 92-126.
This has hampered their development 1nto effective
drugs

10 Accordzngly, the need exists for compounds that
can effectlvely 1nh1b1t the action of ICE, for use as
agents for preventlng and treatlng chronlc and acute
forms of IL-1 medlated dlseases, including various
cancers, as well as inflammatory, auto;mmune or
15 neurodegeneratlve dlseaaes _
- SUMMARY OF THE INVENTION
The present invention prov;des novel classes
of compounds, and pharmaceutzcally acceptable
derivatives thereof, that are useful as inhlbztors of
20 ICE. These compounds can be used alone or in
combination with other therapeutzc or prophylactic
agents, such as antibiotics, 1mmunomodulators or other
anti- 1nflammatory agents, for the treatment or
prophylaxis of dzseases medlated by IL- 1 Accordlng to
25 a preferred embodlment, the compounds of thls invention
are capable of blndzng to the active slte of ICE and
1nh1b1t1ng the act1v1ty of that enzyme.
It is a pr1nc1pa1 obJect of thls 1nventlon to
- provide novel classes of inhibitors of ICE. These
30 novel classes of ICE 1nh1b1tors are characterlzed by
the followzng structural and phy51cochem1cal features:
~a) a first and a second hydrogen
bondlng molety, each of said m01et1es being capable of
forming a hydrogen bond with a different backbone atom



neur ogenerative di seases, such as Al zheiner's and Parkinson's di sease.

Marx, J. awiobs3Bes i nga, Science, 259, pp. 760-762 (1993); @RCH/USASWIONT, V.
et al., science, 263, pp. 826-828 (1994). 5 | CE has been .
previously described as a heterodi ner conposed of two subunits, p20 and pl0
(20kDa and 10kDa nol ecular. wei ght, resp®gctively). These subunits are
derived froma 45kDa proenzyme (p45) by way of a p30 form through an
activation mechani sm 10 that is autocatalytic. Thornberry, N A et al.
Nat ure, 356, ppof 7BEE774aidoBaskbofiecator bedbgzprderssdpéapmiitiieded i nt o

| f
several funct ! oggl,goNB BFey fnf! OEONRLNcARIARy120RI36A0 TN 5417 che

et al., Genonicamide,-F¥- quungqf(§§94§4géﬂpgg[gﬁg R 35°%§p sano 15
characterized byeit§3sDhiaatHe 2ainD8eacNH-sggoapces. SeEG'E3}9atent '
applicatians
5 b) a first and a second moderately
_ hydrophbbic moiety}“said moietiés each being capable of
associéting with a separate binding pocket of ICE when
the inhibitor is bound thereto, said binding pocket
being selected from the group consisting of the P2
10 binding pocket, the P3 blndlng pocket, the P4 blndlng
pocket and the P' binding pocket; and
_ c) an electronegatlve moiety
comprlslng one or more’ electronegatlve atoms, said
atoms belng attached to the same atom or to adjacent
15 atoms in the moiety and said moiety being capable -of
forming one or more hydrogen bonds or salt bridges with
residues in the Pl binding pocket of ICE.
It is also an object of this invention to
provide a method for identification, design or
20 prediction of ICE inhibitdrs comprising the steps of:

' a) selecting a candidate compound of
defined chemical structure comprising at least two
hydrogen bonding moiéties{ at least two moderately
hydrophobic moieties and one electronegative moiety

25 comprising one or more electronegative atoms attached
either to the same atém or to-adjacent atoms in the
electronegative moiety; '

b) determining a low-energy conformation
for binding of said compound to the active site of ICE;

30 c) evaluaﬁing the capability of said
compound in said conformation to form at least’ two
hydrogen bonds with the non-carbon backbone atoms of
Arg-341 and Ser-339 of ICE;

d) evaluating the capability of said
35 coﬁpound in said conformation to associate with at



WO 91/ 15577 and WD 94/ 00154. The p20 and pl0 cDNA and am no acid sequences
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e) eualuating'the capaBility of said

compound in said conformatzon to interact w1th the Pl
blndlng pocket of ICE, and

compound as an ICE inhibitor based on the

precedlng steps
It is a further object of this invention to
provide novel classes of ICE lnhlbltors represented by

formulas:

(CT;) u=T
R1l'NH‘X1
\

COxH

- £) accepting or rejectzng sazd candldate

.determlnatlons and evaluat;ons carrled out in the

i and




35 93/05071; WD 93/09135; WD 93/14777 and WO 93/16710; and -4-

Eur opean pX@9¥/35308pl i cati on 0 547 699. However, due to theiRCTREISNTRIE
nature, such inhibitors are typically characterized by undesirable

phar macol ogi ¢ properties, such as poor oral absorption, poor stability and
rapid 5 metabolism Plattner, J.J &md D.W Norbeck, in Drug Discovery
Technol ogues, C R dark and VVFI Moos, - Eds. (Ellis Fbrmnod Chi chester,
Engl and, 1990), pp. 92-126. ThIS has hanpered the|r developnent into
effective drugs. 10 or conpounds t hat
can effectively inhibit the & ts for preventing
and treating chronic and acute '

Deslgnanann EEESEDL_QI_EIESEEHL
Ala ) ‘alanine
S Arg _ ,arg;nlpe
 Asn asparagine
Asp | aspartic acid
Cys ' cysteine
Gln glutamine
10 Glu ~ glutamic acid
" Gly ' glycine
His ' histidine
Ile | ' isoleucine
Leu leucine
15 Lys 1ysine
Met methionine
Phe : phenylalanihe
" Pro  proline
Ser ‘serine
20 Thr ‘threcnine
Trp ' tryptophan
Tyr - tyrosine
Val ' valine.
e N
25 The following terms are .employed herein:

The term “actzve s;te" refers to any or all
of the follow;ng 51tes in ICE: ‘the substrate binding
site, the site where an inhibitor ‘binds and the site

_ where the cleavage of substrate occurs. The active
30 site is characterlzed by at least amlno acid residues:
173, 176, 177, 178, 179, 180, 236, 237, 238, 239, 244,
248, 283, 284, 285, 290. 338, 339,-340, 341, 342, 343,



forms of IL-1 nmediated di seases, including various cancers, as well as

I nfl ammat ory, autoi mmune or 15 neur odegener ati ve di seases. SUWRRY OF
THE | Nwigbi9s/88308 he present invention provides novel clasSREBSOHMPounds,
and pharmaceutically acceptable derivatives thereof, that are useful as

I nhibitors of 20 | CE. These compounds can be used al one or in

combi nation with other therapeutic o ‘brophylactic agents, such as
antibiotics, innunonndulators or ot her anti-inflannatory agents, for the

treat ment or_ prop axj se lated b According to 25
a preferred ¥ c#%%e’nxifﬁ %ﬁpﬁﬁﬂsﬁf t‘ﬁ?%nﬁ’n%ﬁtf%ﬁuﬁ?gecﬁﬁ bl e of
bi nding to trhemsexting stc¢arding Go diormibeinyieg ahe, agupraty of that

wof I
enzyme. It is a princigl Qigeted pilliind WEORLOR, { PPEQKbTEEROVRL ol asses

pocket", and the like, refer to blndlng subsites, or

5 portions of the substrate binding site on the ICE
molecule. The amino acid re51dues of the substrate are
given designations accordlng to their position relative
to the scissile bond, i.e. the bond which is broken by
the protease. The residues are designated P1, P2,

10 etc., for those extending toward the N-termiﬁus of the
substrate and P1','P2', ete., for those extending ' {
toward the C-terminus of the substrate. The portions
of an inhibitor which correspond to the P or P’
residues of the substrate are also labeled 21; P1',

15 etc., by analogy with the substrate. The binding
subsites of the ICE molecule which receive the residues
labeled P1, P1', etc., are designated S1, S1', etc., or .
may alternately be designated "the P1 binding'pocket",
"the P1' binding pocket", etc; [I. Schechter and A.

20 Berger, "On the Size of the Active Site in Proteases",
Biochem, Biophys. Res. Commun., vol. 27, pp. 157-162
(1967} .1

The terms "P2 binding pocket" or "S2 subsite®
of the ICE active site are equivalent and are defined
25 as the space surrounded by amino acid residues Pro-290,
Val-338 or Trp-340. |
The terms "P3 blndlng pocket" or "S3 subsite"
‘of the ICE active site are equlvalent and are defined
as the space surrounded by amino acid residues Pro-177,
30 Arg- 178 ‘Thr-180, Arg-341 or Pro-343.
_ The terms "P4 binding pocket" or "S4 subsite"
. of the ICE active site are equivalent and are defined
as the space surrounded by amino acid residues His-342,
Met-345, Val-348, Arg-352, Asp-381, Arg-383 or Trp-340.




30 novel classes of ICE inhibitors are characterized by the follow ng
struct ural vemes/3sdgesi cocheni cal features: a) a first and a REHEINOPEIAr ogen
bondi ng noi ety, each of said noieties being capable of form ng a hydrogen
bond with a different backbone atom -5- of ICE, said backbone at om bei ng
sel ected fromthe group consisting of -t ge-carbonyl oxygen of Arg-341, the
am de -NH group of Arg-341, the carbonyl oxygen of Ser-339 and the am de
-NH group of Ser-339; 5 b) a first and a second

noder at el y hydr ophobi ¢ noiTaey tesmisd "Pdi &tiinddngn @odketly axg@i sulisite”

associ ating Wit fea.hEp3cal e Ol B3eROGKR! oRfuilVei e aabd e | ©

bound thereto, Sai
as the space surrounded by amlno acid residues Arg- 179,

His- 237 Gln-283, or Arg -341.
5 The terms 3 blndlng pocket" or "S' subsite"
of the ICE active site are equlvalent and are defined
as the space surrounded by amlno acid res1dues Phe 173,
 Ile- 176, His-237, Gly- 238, Ile 239, Cys -244 or Hls 248.
The term “hydrophoblc" refers to a moiety
10 which tends not to dlssolve in water and is _
fat-soluble. Hydrophoblc mo:etles 1nc1ude, but are not
limited to, hydrocarbons, such as alkanes, alkenes,
alkynes, cycloalkanes, cycloalkenes, cycloalkynes and
aromatic compounds, such as aryls, certain saturated
15 and_unsaturated heterocycles and moieties that are
substantially similar:to the side chains of hydrophobic
natural and unnatural o-amino acids, including valine,
leucine, isoleucine, methionine, phenylanine, a-amino
isobutyric acid, alloisoleucine, tyrosine, and
20 tryptophan.

The term "moderately hydrophoblc" refers to a
hydrophobic moiety 1n_wh1ch one or two carbon atoms
have been replaced with more'polar atoms, such as
oxygen or nitrogen. | |

25 The term "heterocycle" or *heterocyclic"
refers to a stable mono-=or polycyclic compound which
may optionally contain one or two double bonds or may
optiocnally contain one or more aromatic'rings.' Each
heterocycle consists of carbon atoms and from one to

30 four heteroatoms 1ndependent1y selected from a group

" including nitrogen, oxygen, and sulfur. Aas used
herein, the terms "nitrogen hetercatoms" and "sulphur
‘heterocatoms" include any oxidized form of nitrogen or
sulfur and the quaternlzed form of any basic nitrogen.

35 Heterocycles defined above include, for example,



bei ng selected fromthe group consisting of the P2 10 bi ndi ng pocket,

the P3 blndlng pocket, the P4 binding pocket and the P binding pocket; and
negative noi ety conprising one or nore el PETASHHYHLT ve

atons said atons being attached to the sanme atomor to adjacent 15

atons in the noiety and said noiety being capable of form ng one or nore

hydrogen bonds or salt bridges w thlPesidues in the P12 bindi ng pocket of

ICE. It is also an object of this invention to provide a nmethod for

i dentification,, desjgn or 20 redi ction of 1CE inhibitors conprising the-

steps of : a)PY*RiddYhy tetEA AT ERABBnd of  defined chemical structure

conpr|5|ngzﬂeﬂraﬁydfdisdquknnnﬁnﬂynuhﬁmrimyp;|§§r1m1dy§ast two noderately
T oBob: ¢ AR S AL PSS SR VikPaaco B 0 07 O
. 1m1dazolld1nyl qulnolyl, 1soqu1nolyl 1ndolyl '
5 pyridyl,. pyrrolyl pyrrollnyl pyrazolyl pyrazinyl,
quinoxolyl, plperldlnyl morpholznyl thlamorphollnyl
furyl, thlenyl trzazolyl thlazolyl B-carbollnyl
tetrazolyl thlazolldznyl benzofuranoyl
thiamorpholinyl sulfone, benzoxazolyl oxop1per1d1nyl
10 oxopyrroldinyl, oxoazeplnyl, azepinyl, 1soxazolyl
tetrahydropyranyl tetrahydrofuranyl thiadiazolyl, 1
benzodloxolyl benzoth1eny1 tetrahydrothzophenyl and
sulfolanyl Further heterocycles are descrlbed in A.R.

Katrltzky and C.W. Rees, eds., ggmp:ghensizg

Sm:hss;s._and_ns.e_gf_ne:srmcl;gmnds Vol 1-8,

Pergamon Press, NY (1984).
The term "cycloalkyl" refers to a mono- or
polycyclic group which contains 3 to 15 carbons and may
20 optionally contain one or two double bonds. Examples
include cyclohexyl adamantyl and norbornyl
The term "aryl® refers to a mono- or
polycycllc group which contazns 6, 10, 12, or 14
carbons in which at least one ring is aromatic.
25 'Examples include phenyl, naphthyl and biphenyl.
'The term "heteroaromatic" refers to a mono-
or polycyslic group which contains 1 to 15'carbon'atoms
" and from 1 to 4 heterocatoms, each of which is selected
independently from a group including sulphur, nitrogen
30 and oxygen, and which additionally contains from 1 to 3
five or six.membered_rings;'at least one of which is

15

aromatic. _
The term "alpha-amino acid“ (¢-amino ac1df
‘refers to both the naturally occurrlng amino acids and
35 -other "non- proteln“ a-amino acids commonly utilized by




either to the sane atomor to adjacent atons in the electronﬁggtive noi ety;

b)  deter WHPHR4§3® | ow energy conformation for binding of sHTECEMWIAD to
the active site of ICE 30~ c) eval uating the capability of
said conpound in said conformation to format |east two hydrogen bonds with
t he non-carbon backbone atons of Arg-34# and Ser-339 of ICE, d)

evaluating the capability of said 35 conpound in said conformation to

associate with at -6- |east twq of _the binding pockets of |CE selected
fromthe group EBﬁ§PsFFn§h8fPFH§¥%§ SPEHFﬁ&IEb@EgFP PFERaTHIY pocket,

the P4 binding pogakRetagdahB®oBues of naturally occurring peptides,
including D and L forms. 'The'naturally'OCCurfing amino
'aéids are glycine, alanine, valine, leucine, iso-

5 leucine, serine, methionine, threonine, phenylalanine,
tyrosine, tryptophan, cysteine, proline, histidine,
aspartic acid, asparagine, glutamic acid, glutamine, Y-
carboxyglutamic_acid,.afginine, ornithine and lysine.
Examples of "non-prétein" alpha-amino acids include

10 hydroxylysine,'hbmoéerine, homotyrosine, homo- f
phenylalanine, citrulline,.kynurenine, 4-amino-
phenylalanine, 3-(2?naphthy11431ahine, 3- (1-naphthyl) -
alanine, methionine sulfone, t-butyl-alanine,
t-butylglycine, 4-hydroxyphenylg1ycine, aminoalanine,

15 phenylglycine, vinylélaﬁine,'propargyl-glycine,
1,2,4-triazolo-3-alanine, 4,4,4-trifluoro-threonine,
thyronine, 6-hydrdx§tryptophan,'S-hydro-thrth¢phan,
3-hydroxykynurenine, 3-aminotyrosine, trifuéromethyl-
alanine, 2-thienyla1anine, (24(45pyridyi)ethyl)-

20 cysteine, 3,4-dimethbxy-phenylalanine, 3-(2-thiazolyl) -
alanine, ibotenic acid;'i-amino-l-cyclopentane-
carboxylic acid, 1-amino-1-cyclohexanecarboxylic acid,

quisqualic acid,'3Jtfifuoromethylphenylalanine,
4-trifuoro-methylphéﬂ?lalanine, cYclohexylalanine,

25 cycio-hexylglyciné; thiohistidine, 3-methoxytyrosine,

'~ elastatinal, norleuciné;'ndfvaline, alloisoleucine,

:'homoarginine; thioproline; dehydroproline, hydroxy-
pfoline, isonipectotié acid,_hombproiine, cyclohexyl -

glycine, a-amino?n-butyfic acid, cyclohexylalanine,

30 aminophenylbutyfic ééid, pheﬁylalénines substituted at
the ortho, meta, 6r'paré position of the phenyl moiety
with one or two of the following: a (C1-C4) alkyl, a
(C1-C4) alkoxy, héldéén or'nitro groups or substituted
with a methyléhédioky group; £-2- and 3-thienyl-

35 alanine, B-Z-léhd 3-furanylalanine, B-2-, 3- and



bi ndi ng pocket; 5 e) evaluatlng the capability of said
conpound in- said conformation to interact with the P1 blndlng ocket of

| CE; anWO9s/3s308ccepting or rejecting said candi date conpBEHYSBI78Y | CE

i nhi bitor based on the 10 determ nations and evaluations carried out in
the preceding steps. It is a further object of this invention to provide
novel classes of ICE inhibitors reptésented by forrmulas: [err] -7-
ABBREVI ATI ONS AND DEFI NI TI ONS

4- pyrldylalanlne, B- (benzothlenyl 2 and 3- yl)alanlne,
8- (1- and 2- naphthyl)alanlne, 0- alkylated derivatives
of serlne, threon;ne or tyroslne, sS- alkylated cysteine,
S- alkylated homocystelne, O-sulfate, o- phosphate and O-
5 carboxylate esters of tyros1ne, 3- sulfo tyroslne, 3-
carboxy-tyroslne,' -phospho-tyros;ne, 4-methane
sulfonic acid ester of terSLne, 4-methane phosphonic
acid ester of tyroszne, 3,5- d110dotyros1ne, 3-nitro-
tyrosine, g-alkyl 1y31ne, and delta- alkyl ornithine.

10 Any of these a- am;no ‘acids may be substltuted w1th a
methyl group at the alpha posztlon, a halogen at any _ ‘
aromatic residue on the_a—amlno s;de_chaln, or an
appropriate protective group at the O, N, or- 8 atoms of
the side'chain residues Approprlate protectlve groups

is are dlsclosed in "Protectlve Groups In Organlc
Synthesis," T.W. Greene and P.G. M. Wuts. J. Wlley &
Sons, NY, NY, 1991

'~ The term "a-amino acid side chain res;due"
- refers to a chemzcal mo1ety wh;ch 1s attached to the a-

20  carbon of an alpha amino acid.

The term “blOlsosterzc replacement for -CO,H"
refers to group wh;ch may substltute for a carboxylic
acid group in bloactlve molecules _ Examples of such
groups are disclosed in Chrzstopher A. Llpznakl,

25 "BlOlsosteres in Drug Deslgn" Annnal_Rgpg:;g_In_Mgdigal'
chem;s;zg 21, pp. 286-88 (1986), and 1n C.W. Thornber,
"Isosterism and Molecular Modzfzcatlon in Drug Design"
S:hemcal_&cs:.s:x_zﬂma pp. 563- sao {1979) .

. ' ‘The term "association" is used in reference

30 toa condltlon of proxlmlty ‘between an 1nh1b1tor or
portions thereof to an ICE molecule or portions thereof
wherein the Juxtap081tlon is energetlcally favored by
electrostatic or van der Waals 1nteractlons

' The term "hydrogen bond" refers to a _

- 35 favorable interaction that occurs whenever a suitable




Abbrevi ations Designation Reagent or Fragnent Al a al anine 5

Arg WO 95/35308)i ni ne Asn ~asparagi ne Asp PCT/USOSAIPA t i C
acid Cys cystelne An gl utam ne 10 Gu
glutamc acid Ay glycine His histidine Ile

I sol euci ne Leu | €uci ne 15 - 13 - Lys - lysine Met
nmet hi oni ne Phe phenyl al ani.ne Pro proline

donor atom, X, bearing a proton, H, and a suitable
acceptor atom, Y, have a separation of between 2.5A and
3.5A and where the aﬁgle'xén -~ - - Y is greater than 90
degrees. Suitable donor and acceptor atoms are well

5 understood in medicinal chemistry (G.C. Pimentel and
A.L. Mcblellan, The Hydrogen Bond, Freeman, San
Francisco, 1960; R. Taylor'and 0. Kennard, "Hydrogen
Bond Geometry in Organic Crystals", Accounts of
Chemical Research, 17, pp. 320-326 (1984)).

10 The term "salt bridge" refers to the non-
covalent attractive interaction between a positively
cﬁarged moiety (P) and a negatively charged moiety (N)
when the distance between the centers of mass of P and
N is between 2 and 6 Angstroms. In calculating the

15 center of mass, a:ome which ﬁay_contain a formal charge
and atoms immediately:adjacent to these are included.
For example, a salt“bridge_may be formed between the
positively charged:guanidinium side chain of an
arginine residue_and_the negative charged carboxylate

20 side chain of a glutamate residue. Salt'bridges are
well understood in medicinal ohemistry (L. Stryer,
Biochemistry, Freeman, San'F;ancisco, (1975) ;

K.A. Dill, "Dominant Forces in Protein Folding",
Biochemistzy, 29, No. 31, pp. 7133-7155, (1990)).

25 _ The term “center of mass" refers to a point
1n three- dlmen51onal space which represents a weighted
average p031tlon qf the masses that make up an object.

The terﬁe'“backbone chain" and "backbone“
refer to the portlon of a polypeptlde which comprises

30 the repeatzng unit -CO CH NH-. .

The term "scaffold“ refers to a structural
~building block whlch forms the basis of an ICE
inhibitor accordzng to thls 1nventlon. Various
moieties and functional groups are 1ntended to be

35 appended to the scaffold. The scaffolds of this



Ser serine 20 Thr -~ threonine Trp
trypt ophan tyrosi ne Val valine. Definitions 25
The fol IWﬂ’ﬁés:{“érnB are enpl oyed herein: The term "acti vePETAU8IS/A76¥7ers t o
any or all 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 active 30 site is chiktacterized by at | east am no acid
resi dues: 173, 176, 177, 178, 179, 180, 236, 237, 238 239, 244, 248, 283,
284, 285, 290, 338, 339, 340, 341, 342, 343,

invention are thus deplcted having open ‘valences.

Various scaffolds of ICE 1nh1b1tors accordlng to this

invention 1nclude the portions:

5 | | \/\/
N C
||
H O

or
10 X
N/ \N/
N SO
|
H O
15 In those scaffolds, ‘the NH and . CO or soz moieties

lrepresent a flrst and a second hydrogen bonding moiety,
said moieties each belng capable of formzng a hydrogen
bond with a backbone atom of ICE, 'said backbone atom
being selected from the group con51st1ng of the

20 carbonyl oxygen of Arg-341, the amlde -NH- of Ar93341,
the carbonyl oxygen of Ser-339 and the amide -NH- of

Ser-339.
' The term "substitute" refers to the
replacement of a hYdrogen'atom'in a'compound with a
25 substituent group. In the present invention, those
hydrogen atoms which form a part of a hydrogen bondlng
molety which is capable of forming a hydrogen bond with
the carbonyl oxygen of Arg-341 of ICE or the carbonyl
oxygen of Ser-339 of ICE are excluded from
30  substitution. These excluded hydrogen atoms include
those which comprlse an -NH- group whlch is alpha to a
Z or a -CO- group and are deplcted as -NH- rather than
an X group or some other deslgnatzon 1n the follow1ng
_ dlagrams (a) through (€), (v) through (y), and’ (I)
35 through (VIID).



344, 345, 348, 352, 381, 383, using the sequence and nunbering according to
Thor nber ry wid 9535308 supra. The terns "P bi ndi ng pocket", "S spdIsusesiv7ery S
pocket”, and the like, refer to binding subsites, or 5 portions of the
~substrate binding site on the ICE nolecule. The am no acid residues of the
substrate are given designations accorggng to their position relative to
the scissile bond, i.e. the bond which is broken by the protease. The

resi dues are designated P1, P2, 10 etc., for those extending toward the
N-term nus of the substrafiee Ml"stfﬁ’:.ghetchalﬁbrreﬁese tet@ndi ng toward"

correspond fo. (RPN YRl "hil a8 el oSl SRy Bopll 1, o)

P1', 15 - etc.merbermalbgy. itdms hewkichtform a mastbPRdPigastbBBtes of

525. ﬁt gg' gi“'&%&‘a{ﬁf@'é@?airi‘eaﬁéstﬁé'eflﬁébéfedhféh PL' fohg. a are
part may be substituted, but these substituents are not
a part of the straight chain. _

- The term "K," refers to a numerical measure of
the effectiveness of a compound in inhibiting the
activity of a target enzyme such as ICE. Lower values

10 of K, reflect high_er effectiveness. The K; value is a
_ derived by fitting experimentally determined rate data
_to'standard,enzyme.kinetiq equations (see I. H. Segel,
'Enzyme Kipnetics, Wiley-Interscience, 1975). _
| " The term "minimize" refers to the systematic
15 altering of the atomic geometry of a molecule or
molecular complex so_that any further minor
perturbation of the atomic geometry would cause the
total energy of the system as measured by a molecular
mechanics force-field to increase. Minimization and
20 molecular mechanics force-fields are well understood in
computational chemistry [U. Burkert and N.L. Allinger,
Molecular Mechanics, ACS Monograph 177, American
Chemical Society, Washxngton, D.C. 1982 pages 59-78].
The term "strain energy" is used in this
25 appl;catlon to refer to the difference between the free
conformation. energy of a compound and the bound
conformation energy of that. compound when bound to ICE.
The strain energy can be determined by the following
steps: Evaluate the energy of the molecule when it has
30 the conformatibn necessary for binding to ICE. Then
minimize and reevaluate the energy -- this is the free
conformation energy.. The strain energy for binding of
a potential inhibitor to ICE is the difference between
the free coﬁforma:ipn_energy and the bound conformation
35 enérgy. In a preferred embodiment, the strain energy



. Site in

may alternately be designated "the P1 binding pocket”, "the P1' binding
pocket"_ € |. Schechter and A 20 Berger, "On the_Size of the Active
WB%’I%? es", Biochem Biophys. Res. Conmmun., voI.Pgi:f,éssﬁfW‘liS?- 162
(1967).] The terns "P2 binding pocket” or "S2 subsite" of the ICE active
site are equivalent and are defined 25 as the space surrounded by am no
aci d residues Pro-290, Val-338 or'1%$-340. The terns "P3 bindi ng pocket" or
"S3 subsite" of the ICE active site are equivalent and are defined as the

spece U1 ogatey BoguNe, S oo LR Gollle  1a i e 190,
| CE active abbatale kqaﬂVmbént'and are defined as the space surrounded by
?’Tp?g48?l d residues H'I'ﬁ‘éé%rynwb‘a%iént\‘{a|a“3341%ed°‘rigf 34 Asp-381, Arg-383 or |
application refers to any mammal, especially humans.
-5 . The term "pharmaceutically effective amount"
refers to an amount effective in treating or
ameliorating an IL-1 mediated disease in a patient.
The term "prophylactically effective amount" refers to
an amount effective in preventing or substantially
10 lessening IL-1 mediated disease in a patient,
The termf"pharmaCeutically'aCCeptable carrier {
or adjuvant" refers to a non-toxic'dérrier or adjuvant
that may be administered to a'patient;'tcgetper with a
- compound of this invention, and which does not destroy
15 the pharmacological activity thereof. '
, The term "pharmaceutically acceptable
derivative" means any pharmaceutically acceptable salt,
ester, or salt of such ester, of a compound of this
invention or any other compound which, upon
20 administration to é'fecipient, is capable of providing
(directly or indirectly) a compound of this invention
or an anti-ICE active metabolite or residue thereof.
Pharmaceutically acceptable salts of the
compounds of this invention include, for example, those
25 derived from pharmaceutically acceptable inorganic and
' organic acids and bases. Examples of suitable acids
‘include hydrochloric, hydrobromic, sulfuric, nitric,
perchloric, fumaric, maleic, phosphoric, glycolic,
lactic, salicylic, succinic, toluéne-p-Sulfonic,
30 tartaric, acetic, citric, methanesulfonic, formic,
benzoic, malonic, naphthalene-2-sulfonic and |
benzenesulfonic acids. Other acids, such as oxalic,
while not in themselves pharmaceutically acceptable,
‘may be employed in the preparation of salts useful as
35 ‘intermediates in obtaining the compounds of the



-9- The ternms "Pl binding pocket” or "S1 subsite" of the ICE active site
are equi valwans/as3o8 ar e defi ned as the space surrounded by anpCIyUsesiodé17

resi dues Arg-179, His-237, G n-283, or Arg-341. 5 The terns
"P' binding pocket" or "S' subsite" of the ICE active site are equival ent
and are defined as the space surrounded7by am no acid residues Phe-173,

IIe 176, Hi s-237, dy-238, Ile-239, Cys-244 or Hi s-248. The term

"hydr ophobi c” refers to a noi ety 10 whi ch tends not to dissolve in water
and is fat-sol uaesnt ymlrapdotheinophbairwacentiaadlybaccepsabde Bt ed to,

hydr ocar bons, S&&F&O %y'mé asiﬁ?ﬁ‘éSdef‘N«!&efroﬁySbﬁfbbi-%%e bases

cycloalkenes, cyc nes and
include "alkali metal (e g., sodzum), alkaline earth

metal (e.g., magneszum), ammonlum and N-(C3y_4 alky1)4
5 salts. '

This lnventlon also envisions the
"quaternlzatlon" of any basic nltrogen contalnlng |
groups of the compounds disclosed herein. The basic
nitrogen can be quaternlzed w1th any agents known to

10 those of ordinary sklll 1n the art 1nc1ud1ng, for
' example, lower alkyl hal;des, such as methyl, ethyl,
propyl and butyl chloride, bromides and iodides;
‘dialkyl sulfates including dimethyl, dlethyl dlbutyl
and diamyl sulfates; long chain halides such as decyl,
15 lauryl, myristyl and stcaryl chlorldes, bromides and
iodides; and aralkyl halides including benzyl and
phenethyl bromides. Water or oil-soluble or
dispersible products may be obtained by such
quaternization. _
20 . The ICE inhibitors of this invention may
~ contain one or more "asymmetric" carbon atoms and thus
may occur as racemates and racemic mixtures, single
enantiomers, diastereomeric mixtures and individual
diastereomers. . All_such isomeric forms of these
25 compounds are exprsssly included in the present
invention. Eacn_stereogenic carbon may be of the R or
S configuration._'Although specific compounds and
scaffolds exsmplified in this application may be
depicted in a particular'stereochemical configuration,
30 compounds and scaffolds having either the opposlte
stereochemistry at any given ch1ra1 center or mixtures
thereof are also env1sloned
" The ICE inhibitors of th1s 1nventlon may
comprlse ring structures whlch may optlonally be
35 substltuted at carbon, nltrogen or other atoms by



aromati ¢ compounds; such as aryls, certain saturated 15 and unsat ur at ed
het erocycl es .and noieties that are substantially simlar to.the side chains
of hydr%@ﬁﬁﬁ#@snatural and unnatural [err] acids, includPEHUSSHATEL,

| euci ne, isoleucine, nethionine, phenylanine, [err] I sobutyric acid,

al | oi sol euci ne, tyrosine, and 20 trypt ophan. The term "noderately

hydr ophobi c" refers to a hydrophobit8nmpiety in which one or two carbon
atons have been replaced with nore polar atonms, such as oxygen or nitrogen.
25 | - The term "heterocycle" or "heterocycllc" refers to a

st abl e nDNoYaFHLoNSl FRPSLiEUERRFounFUM SHASRPIOMIOHAT awR&i n one or two
doubl e bondsmgwabroﬁumri@uw swstta.lt:m;t@ae OlpyEF =16/ At He It . Each

het er ocycl e consi sts o and fr on 0 . four, heteroatons
i ndependent P r?&FEEF?dCPP%ﬁﬁg &F&H n'0 and’3 J%Stltuents When -

multiply substituted, each substltuent may be picked
5 independently of any other substituent as long as the
combination of substltuents results 1n the formation of
a stable compound '
COmblnatlons of substztuents and variables -
env1sloned by this 1nventlon are only those that result
10 in the formatlon of stable compounds The term :
“stable", as used herein, refers to compounds which {
possess stabllzty suff1c1ent to allow manufacture and
administration to a mammal by methods known in the art.
'Typlcally, such compounds are stable at a temperature
15 of 40°C or less, 1n the absence of molsture or other
chemically reactlve condltlons, for at least a week.

DETAILED DESCRIPTION OF THE INVENTION

In order that the invention herein described
may be more fully'understood, the following detailed

20 descrlptlon is set forth.

We have dlscovered that compounds possess;ng
the following novel combination of features are
surprisingly effective ICE inhibitors: '

a) a flrst and a second hydrogen bondlng

25 moiety, each of said moletles being capable of forming
a hydrogen bond with a dlfferent backbone atom of ICE,
said backbone atom'being selected'from the group
consisting of the carbonyl oxygen of Arg-341, the amide
-NH- group of Arg-341, the carbonyl oxygen of Ser-339

30 © and the amide -NH- group of Ser-339; “

b) a first and a second moderately
hydrophobiclmoiety,_said moieties each being capable of
associating with a separate binding pocket of ICE when
the inhibitor is bound thereto, said binding pocket



i ncludi ng nitrogen, oxygen, and sulfur. As used herein, the ternms "nitrogen
het er oat onsWoasas308 ul phur het eroat ons” include any oxidi zed POIHSW07617
nitrogen or sul fur and the quaternized formof any basic nitrogen. 35

Het er ocycl es defined above-include, for exanple, - 10 - pyrimdinyl,
t et rahydroqui nol yl, tetrahydroi soqui nend$nyl, purinyl, pyrimdyl,
I ndol i nyl, benzi m dazolyl, imdazolyl, imdazolinoyl, inidazolidinyl

qui nol-yl, isoquinolyl, |ndonI 5 pyr|dyl : pyrrolyl pyrrolin

pyrazol yl, pyrabedpg, sq&enmﬁdlfKOWNQhﬂwngHB configtcingyef the P

(hy oo Py Bl gt i oY ddasi kel o etanig! ).
pocket and the P' binding pocket; and

c) an electronegative moiety comprising one
5 or more electronegative atoms, said atoms being

attached to the same atom or to adjacent atoms in the
moiety and said moiety being capable of forming one or
more hydrogen bonds or salt bridges with residues in
the Pl binding pocket of ICE.

‘10 Preferably, any moderately hydrophobic moiety

' assoc1at1ng with the P2 blndlng pocket of ICE does so
in such a way that:
'a) the distance from the center of
mass of the moderately hydrophobic moiety in the P2

15 binding pocket to the carbonyl oxygen of Arg-341 of ICE
is between about 7.1& and about 12.54; |

b) the distance from the center of
mass of the moderately hydrophobic m01ety in the P2.
binding pocket to the amide nitrogen of Arg-341 of ICE

20 is between about 6. oA and about 12A; and |

¢) the distance from the center of
mass of the moderately hydrophoblc mo;ety in the P2
binding pocket to the carbonyl oxygen of Ser-339 of ICE
is between about 3.7A and about 9.5A.

25 Preferably, any moderately hydrophobic moiety
assocmatlng with the P3 blndlng pocket of ICE does so
in such a way that:

a) the distance from the center of
mass of the moderately hydrophobic moiety in the P3

30 binding pocket to the carbonyl oxygen of Aig-341 of ICE
is“between about 3.9 and about 9.5A4; '

b) the distance from the center of
mass of the moderately hydrophobic moiety in the P3
binding pocket to the emide'nitrogen of Arg-341 of ICE

35 is between about 5.4A and about 11A; and



t hi anor phol i nyl sul fone, benzoxazolyl, oxopiperidinyl, 10

oxopyrrol di nyl, oxoazepinyl, azepinyl, isoxazolyl, tetrahydropyranyl
‘tetrahydrofuranyl, thiadiazolyl, benzod|oxolyl benzot hi en

t et r ahyWOISRS¥Bhenyl and sul fol anyl. Further het er ocycl eg‘-‘é’;"é”ﬁﬂ@ét’ri bed in
AR Katritzky and C W Rees, eds., Conprehensive 15 Heterocylic

Chem stry: The Structure Reactiong. -Synthesis and Use of Heterocyclic
Compounds, Vol . 1-8, Perganon Press, NY (1984). The term "cycl oal kyl "
refers to a mono- or polycyclic group which contains 3 to 15 carbons._and
may 20 optionally contath oneherdisnadoebfeomonﬂe cefikanmpbEs include

cycl ohexyl  AdanmAt o At 0L DT DYy 2 HERLEL 0 At dky LT ERS bY @ mono:
¥ by B3

pol ycyclic group con al ns bons I'n ch at Ieast

one rlnglsbxﬂdﬁnglnpckgt tOE§@#ﬂﬁi§b¢mmluG§Y9h%n9f SﬁapﬁﬁﬁypfaNGEblphenyl.

is between about 7. 0A and about 13A. _

5 . Preferably, any moderately hydrophoblc moiety
assoc1at1ng with the P4 binding pocket of ICE does so
in such a way that. . o

a) the distance-frcm'the center of
mass of the moderately'hydrophobic Moiety'in the P4

10 b1nd1ng pocket to the carbonyl oxygen of Arg-341 of ICE
is between about 4.54 and about 7. 54;

b) the .distance from the center of
mass of the moderately hydrophobic. moiety in the P4
binding pocket to the amlde nitrogen of Arg-341 of ICE

15 is between about 5. s3 and about 8.53; and

c). the distance from the center of
mass of the moderately hydrophoblc moiety in the P4
blndlng pocket to the carbonyl oxygen of Ser-339 of ICE
is between about 8A and about 11A.

20 Preferably, any moderately hydrophoblc moiety
associating with the p' binding pocket of ICE does so
in such a way that: -

a) the distance from the center of
mass of the moderately hydrophobic moiety in the P'

25 binding.pocketlto the carbonyl oxygen of Arg-341 of ICE
is between about 11A and about 16A&;
b) the distance from the center of

mass of the moderately hydrophoblc molety in the P’
blndlng pocket to the amide nitrogen of Arg- 341 of ICE
30 is between about 104 and about ISA and
c¢)  the distance from the center of
mass of the moderately hydrophobic moiety in the P'
blndlng pocket to the carbonyl oxygen of Ser-339 of ICE
is between about 8A and about 12A.



The term "heteroaromatic" refers to a nono- or polycyclic group which
contai ns 1 wo943s3&r bon atons and from1 to 4 heteroatons, epelusysiosby7ch is
sel ected i ndependently froma group including sul phur, nitrogen 30 and
oxygen, and which additionally contains from1 to 3 five or six nenbered
rings, at |least one of which is aromatdicyl The term "al pha-am no acid" [err]
refers to both the naturally occurring am no acids and 35 ot her
"non-protein" a-amno acids commonly utilized by -11- those in the
peptide chemistry arts wheNomeeprefegabiw,helilc cfhalheysoved asdacidtive

occurring peptidggnglRihie 3¢eCmdtdih tHe ompEindiA WY Y de AR fih am no

- The pract;tloner skiligd in the art will

appreciate that there are a number of means to design

5 the inhibitors of the present invention. These same

means ﬁay be used to select a candidate compound for

screening as an ICE'inhibitor This design or

selection may begln ‘with select;on of the. varlous

moieties which £ill blnding pockets.

10 There are a number of ways to select moieties
to f111 1nd1v1dua1 binding pockets.,_These include
visual inspection of a physlcal model or computer model
of the active site and manual docking of models of
selected moieties into various binding pockets.

15 Modeling software that is well known and available in
the art may be used. : These include QUANTA [Molecular
Slmulatlons, Inc., Burllngton, MA, 1992], SYBYL
[Molecular Modeling. Software, Tripos Associates, Inc.,
St. Louis, MO, 1992], AMBER. [S.J. Weiner, P.A. Kollman,

20 - D.A. Case, U.C. Singh, C. Ghio, G. Alagona, and P.
Weiner, J. Am. Chem. Soc,., vol. 106, pp. 765-784
(1984)], or CHARMM [B.R. Brooks, R.E. Bruccoleri, B.D.

- Olafson, D_J States, S Swaminathan, and M. Karplus, J.
Comp. Chem., vol. 4, pp. 187-217 (1983)]. This

25 modelling step may be_followed by energy minimization
with standard molecﬁléxgmechanics forcefields such as
CHARMM and AMBER. ' In addition, there are a number of
more specialized computer programs to assist in the
process of selecting the binding moieties of this

30 invention. These include: |

1.  GRID (Goodford, P.J. A Computational
Procedure for Determining Energetically
Favorable Binding Sites on Blologzcally
Important Macronolecules.

35 28, pp. 849-857 (1985)). GRID is avallable
from Oxford University, Oxford, UK. -



acids are glycine, alanine, valine, |leucine, iso- 5 | euci ne, serine,

nmet hi oni oni ne, phenylal anine, tyrosine, tryptoph gﬁ

prol i ne‘oi‘:nss,:t‘éa‘(ij82 aspartic acid, asparagine, glutanic 3’21‘[6%‘\4 ‘(eftlém ne, y-
car boxygl utam c aC|d, arginine, ornithine and |ysine. Exanples of
"non-protein" al pha-am no acids incgﬁfe 10 hydr oxyl ysi ne, honDserlne,

honot yr osi ne, hono- phenyl al ani ne,” rul l'ine, kynurenine, 4-am no-
phenyl al ani ne, 3-(2-naphthyl)-al ani ne, 3-(I|-naphthyl)- al anine, nethjonlne

sul fone, t-butyl-agl.anj ychng, dzoxyphenyl gl yci ne,

am noal ani ne, 15 g ggggﬁ Qgéﬁégk Eh bgﬁérgi Slgrgpargyl gl yci ne,

1,2, 4-triazol o-3- @Eiﬁfe ﬁu\i uaeeuls agbﬂe elthyoni ne,

6- hydroxytryptoph >

3-am n@ yrosine, 11} 4 { MZsk ¥hailanie,

(2 (4-pyridyl) et hftem melecumazt sn.ﬁ\ﬁlaﬁaénél rrahhungabar)yml ani ne,
3-(2-thiazolyl)-

.3. - AUTODOCK . (Goodsell D.S.; olsen, A J.
Automated Docking of Substrates to Prote;ns
by Simmulated Annealing. PROTEINS: .
10 Strxucture, Function and Gepetics, 8, pp. 195-
o 202 (1990)). AUTODOCK is available from the
Scripps Research Institute, La Jolla, CA.

4. DOCK (Kuntz, I.D.; Blaney, J.M.; Oatley,
S.J.; Langridge, R.; Ferrin, T.E. A

15 : Geometric Approach to Macromolecule-Ligand
Interactzons J*_MQL‘_Bigl*, 161, pp. 269-
288 (1982)). DOCK is available from the
University of Californza, San. Franclsco,.CA.

Once su;table binding moieties: have been

20 selected, they can be assembled into 'a single
inhibitor. This assembly may be accomplished by
connecting the various moieties to a central scaffold.
The assembly process may, for'éxample; be done by -
visual inspection followed by manual model building,

25 again using software such as Quanta or Sybyl. A number
of other prograﬁs-may also be used to help select ways
to connect the various moieties. These include:

1. CAVEAT (Bartlett, P.A.; Shea, G.T.;
Telfer, S.J.; Waterman, S..  CAVEAT: A :

30 Program to Facilitate the Structure Derzved

~ Design of Biologically Active Molecules. In

"Molecular Recognition in Chemical and =
Biological Problems," Special Pub., Royal
Chem. Soc., 78, pp. 182-196 (1989)). CAVEAT

35 is available from the University of
California, Berkeley, CA.

2. 3D Database systems such as MACCS-3D (MDL
Informatlon Systems, San Leandro, CA). This
area has been recently reviewed by Martin

40 (Martin, Y.C. 3D Database Searching in Drug
Design. J. Med., Chem., 35, pp. 2145-2154
(1992)) .




al ani ne, ibotenic acid, 1-am no-1-cyclopentane- carboxylic acid,

1- am no- 1- c WO 88R@s3ethecar boxyli c acid, quisqualic acid, PCT/US95/07617
3-trifuoronet hyl phenyl al ani.-iie; 4- trifuoro- nethylphenylalanlne
cycl ohexyl al ani ne, 25 cycl o- hexyl gl yci ne, thiohistidine,

3- met hoxytyrosi ne, elastatinal, norleucizs,-norvaline, alloisoleucine,
honoar gi ni ne, thioproline, dehydroproline, hydroxy- proline, isonipectotic
aci d, honoproline, cyclohexyl- glycine, a-am no-n-butyric acid,

cycl ohexyl al ani ne, 303. HoOKodhsailaller ifocac iMbleshelay al ani nes
substituted at the orShmplaBuapsorBpaﬂaqgﬁgnn(thﬁ the phenyl moiety with
one or two of the follow n a [err] alkyl, a [err] al koxy, hal ogen or

nitro groups or substitut edPwREHiEigE: BE Shediabeyeyanputer r3setsced
3-thienyl- 35 pahanihg ofeinhhiditod omppurdsinitie iHidiCoreE this

5 invention may be constructed "de novo" using either an
empty active site or optionally 1nclud1ng some portions
of a known inhibitor. Such methods are well known in
the art.  They include, for example:

1. LUDI (Bohm, H.J. The Computer Program
10 LUDI: A New Method for the De Novo Design of
Enzyme Inhibitors. J._Comp. Aid. Molec,
Design., 6, 61-78 (1992)). LUDI is available
from Biosym Technologles, San Diego, CA.

‘2. LEGEND (lehlbata, Y., Itai, A.,

15 - Tetrahedron, 47, 8985 (1991)). LEGEND is
-available from Molecular Simultations,
Burlington,.MA,

3. LeapFrog (available from Trlpos
associates, St. Louis, MO).

20 A number of techniques commonly used for
modeling drugs may be employed (For a review, see:
Cohen, N.C.; Blaney, J.M.; Humblet, C.; Gund, P.;
‘Barry, D.C., "Molecular Modeling Software and Methods

- for Medicinal Chemistry", J. Med. Chem., 33, pp. 883-

25 894 (1990)). There are likewise a number of examples

in the chemical literature of technlques that can be

applied to specific drug design'projects. For a

review, see: Navia, M.A. and Murcko, M.A., "The Use of

Structural Information in Drug Design", Current .

ind i ] ral Bi , 2, PP. 202-210 (1992).
' Some examples of these specific applications include:
Baldwin, J.J. et al., "Thienothiopyran-2-sulfonamides:
Novel Topically Active Carbonic Anhydrase Inhibitors
- - for the Treatment of ‘Glaucoma", J, Med. Chem., 32, pp.

35 2510-2513 (1988); Appelt, K. et al., "Design of Enzyme
Inhibitors Using Iterative Protein Crystallographic
Analysis", J. Med. Chem., 34, pp. 1925-1934 (1991); and

30




- 12 - 4-pyridylalanine, [err] and 3-yl)alanine, [err] and

2- napht\@xl@ﬁgl ne,. O al kyl ated derivatives of serine, threonine. or
tyrosin yl ated cysteine, S-alkyl ated honDcyste|nePC?$§%W¥%&e,

O phosphate and 0- 5 carboxyl ate esters of tyrosine, 3-sulfo-tyrosine,
3- carboxy-tyrosine, 3-phospho-tyr03|ne 4- et hane sul fonic acid ester of
tyrosi ne, 4-nethane phosphonic acid ésfer of tyrosine, 3,5- diiodotyrosine,
3-nitro- tyrosine [err] lysine, and delta-al kyl ornithine. Any of

bosi tion. & B ST ok vt .%ﬁre"ﬁg%%ﬁéwiné‘fhéﬁsﬁif%%g?éa%“%hil P or

an appropr i s Mo:deiatng/édaﬁhnﬁs din tthe (Desd,gmr_OS Runimge olﬂuch.eos%de chain

E;ghgge?n d%%%ﬁﬂﬂ&fyf%é¥“¥ﬂﬂiﬁiﬁbﬁg@ _ . Iar  .sc ? A, Protective
Pp- 11540-11544 (1991) . :

5 . Using the novel combination of steps of the
present invention, the skilled artisan can
advantageously avoid time consuming and expensive .
experimentation to determine enzymatic inhibition
act1v1ty of partzcular compounds :Thé method also is

10 useful to facilltate rational des:gn of ICE inhibitors
and therapeutlc,and prophylactlc agents agalnst {
IL-1-mediated diseases. Accordingly, the present
invention relates to such 1nh1b1tors.:

A variety of conventional techn;ques may be

15 used to carry out each of the above evaluations as well

- as the evaluations necessary in screening a candidate
compound for ICE inhibiting activity. Generally, these
techniques involve determining the location andlbihding

. proximity of a given moiety, the occupied space of a

20 bound inhibitor, the deformation energy of binding of a
given compound and electrostatic interaction energies.
Examples of conventional techniques useful in the above
evaluations include: quantum mechanics, molecular

_ ' mechanics, molecular dynamics, Monte Carlo sampling,

25 systematic searches and distance geometry methods (G.R.

~ ‘Marshall, Ann. Ref, Pharmacol. Toxicol.,, 27, p. 193
(1987)). Specific computer software has been developed
for use in carrying out these methods. Examples of
programs designed for such uses include: Gaussian 92,

30 revision E.2 (M.J. Frisch, Gaussian, Inc., Pittsburgh,
PA ©1993); AMBER, version 4.0 (P.A. Kollman, University
of California at San Francisco, ©1993); QUANTA/CHARMM
[{Molecular Simulations, Inc., Burlington, MA ®1992];
and Insight II/Discover (Biosysm Technologies Inc., San

35 Diego, CA ©1992). These programs may be implemented,



Synthesis,”" T.W Geene and PP.GM Wits, J. Wley & Sons, NY, NY, 1991. The
term[err] WO%W35308e chain residue" refers to a chenical npi @CrUsasets1T s
attached to the a- 20 carbon of an al pha-am no acid. The term

"bi oi sosteric replacenent for [err] refers to group which nay substitute
for a carboxylic acid group in bioacti-vesml ecul es. Exanples of such
groups are disclosed in Christopher A Lipinski, 25 "Bi oi sosteres in
Drug Design" Annual Reports In Medical Chemistry, 21, pp. 286-88, (1986),
and in CW Thorfurerindtance crusimgna $ShlicohaGraphitscanddgo 2 Drug

Desi gn® _Chenm cal éﬂ?é@éé’lgi’?"éf‘“fsmP%sé?ég:ﬁﬁowé}ﬂéﬁ%mQHEF‘ES el s50.

"associ ati on" sed inrefer ty
bet ween an |nh|b$th#roha£QW4¥®n%Y%h%M%an@osaﬁtWEEensﬁebégesoWléérﬁﬁbns

thereof wherein khGumh AARPEOS| évOBeh€ SPSLICADERLLY tBVEhBHeP¥killed in
5 the art.

Different classes of active ICE inhibitors,
according to this invention, may interact in similar
ways with the various binding pockets of the ICE active
site. The spatial arrangement of these important

10 groups is often referred to as a pharmacophore. The
concept of the pharmacophore has been well described in
the literature (D. Mayer, C.B}_Naylor, I. Motoc, and
G.R. Marshall, J. Comp. Aided Molec. Design vol. 1, pp.
3-16 (1987); A. Hopfinger and B.J. Burke, in Concepts

15 and Applications of Molecular Similarity, M.A. Johnson
and G.M. Maggiora, ed.,'Wiley (1990)). _

Different classes of ICE inhibitors of this
invention may also use different scaffolds or core
structures, but all of these cores will allow the

20 necessary moieties to be placed in the active site such
that the specific interactions necessary for binding
may be obtained. These compounds are best defined in
terms of their ability to match the pharmacophore, '
i.e., their structural identity relative to the shape

25 and properties of the active site of ICE.

The ICE inhibitors of one embodiment of this
invention comprise a first and a second hydrogen
bonding moiety, a first and a second moderately
hydrophoblc moiety, and an electronegatlve moiety which

30 comprise or are covalently bound to one of the
following scaffolds:

(1) }M_

I\z/
H



el ectrostatic or van der Waals interactions. The term "hydrogen bond"
refers ﬁp.g@B - - favorable interaction that occurs whenever a suitable

- 13 - ¥&BP¥Bom X, bearing a proton, H and a suitabl BCXUSRWEL atom v,
have a separation of between [err] and 3.5A and where the angle X-H- - - Y
- is greater than 90 degrees. Suitable donor and acceptor atons are well 5
understood in medicinal chemistry (G286 -Pinentel and A L. Mcdellan, The
Hydr ogen Bond, Freeman, San Francisco, 1960; R Taylor and O Kennard,
"Hydrogen Bond Ceonetry in Organic Crystal s", Accounts of Chem ca

Research, 17, pp. 320-326 (1984)). 10 : The term "salt bridge"
refers to the non- Ws ' B S
v \'x :
a N,/ | o .
& _
5 (II1) w ’)l('t'ws\'iq ;
r r
N—X XT
~. .
H z

10 &

~e

15 (VI)

; and'

(VII) Wis
N
l!l""'x.‘z

l
H

20 .
The ICE inhibitors of another embodiment (A)
of this invention are those of formula g:

(CJz) m-T
| / .
25 o1 R,-NH-X, _
(CHZ)g-R3 ’




coval ent attractive interaction between a positively charged noiety (P) and
a negativehyoodpassged noiety (N) when the di stance between t IRCTESYSOTET Of
mass of P and N is between 2 and 6 Angstrons. In calculating the 15

center of mass, atons which may contain a formal charge and atons

I edi atel y adj acent to these are inckuged- For exanple, a salt bridge may
be forned between the positively charged guani dinium side chain of an

argi ni ne residue and the negative charged carboxyl ate 20 side chain of a
glutamate resi duwherddali bridges are well understood in nedicinal chenmistry
(L. Stryer, Biochem stry, Freeman, San Francisco, (1975); KA DI, '
" Dom nant Forces in Rotiei CHFolrdNzg", Bi ochemi stry, 29, No. 31, pp.
7133-7155, (1990)). 25 The term "center of mass" refers to a
poi nt in three-di mend okdl0 sPrack: whi ch represents a wei ghted aver age

iti f th h k ' : ' :
position of the rrasseésact:h a‘:tr irrsa ienélgpggdggéﬂ;tselected from the group

5 consisi:ing of -H, -OH, and -F, provided that when a
first and second J are bound to a C and said first J is
-OH, said second J is -H; '

mis 0, 1, or 2;

T is -Ar,, -OH, -CF,, -CO-COH, -CO,H or any
10 biocisosteric replacement for -CO.H;

R, is selected from the group consisting of the
following formulae, in which any ring may optionally be
singly or multiply substituted at any carbon by Q;, at
any nitrogen by R;, or at any atom by =0, -OH, -COH, or

15 halogen, and in which any saturated ring may optionally
be unsaturated at one or two bonds:

X et 4
X I—z—N-c—c—
N @
| . Ry O
H |
b) X '
D W .
- X T !
N Ry O
H
(c)
25 N R
R N—C—C—
N U ;
H o H O
(d)
x"x )\1 N
\ N—C—C—
, i
) H O ;



The terns "backbone chain" and "backbone" refer to the portion of a

pol ypept"hg%ﬁé?i ch conprises 30 the repeating unit [err]. The term
"scaf f ol Ps to a structural buil di ng bl ock whi ch f oPGHUS76Msi s of

an I CE inhibitor according to this invention. Various noieties and -

‘functional groups are intended to be .35 appended to the scaffold. The
scaffolds of this - 14 - inventroR8are thus depicted having open
val ences. Various scaffolds of ICE inhibitors according to this invention
i nclude the portions: [err] 15 In those scaffolds, the [err] and CO or
[err] noieties fcrb)d
(e) A X .
\
(:'Zh)ez (CHpd ' |
F?5\N/ \’r . ;
H 3 (CHo)a SO o
() e B
Re—N—(l:—f;—Rz,-—z—-
5 | )|<-| R76 ;
(g X~
il Z—Rap—Z—
x\,?_ R
. X -
X~ N .
H .
(CHd g
Ly e T
@ Y T (cHa
\ N\ .
15 : N,/ (e ;
o
(X7 (CHo)a
(3) @( N
N—?—E—- -
: — ]
(Crgga H
H ©O
)} ¥ ;
2w “eHag
.?s ',is
(CHz)a-Pll %—N-—ti:— -
H 0 Ry O
X
(1) CHd '
25 - (CHda—N ?I'—Rm—i— |

H
(m) )?/Wc'b)d



represent a first and a second hydrogen bonding noiety, said noieties each
bei ng capal¥@9¥3¥53%r mi ng a hydrogen bond with a backbone at REHPSISOE61Tsai d
backbone at om bei ng sel ected fromthe group consisting of the 20

car bonyl oxygen of Arg-341, the am de -NH of Arg-341, the carbonyl oxygen
of Ser-339 and the amide -NH of Ser-332@ The term"substitute" refers to
the repl acenent of a hydrogen atomin a conmpound with a 25 substi t uent
group. In the present invention, those hydrogen atoms which forma part of
a hydrogen bondi ng noi et i _h is capable of formng a hydr ogen bond with
t he carbonyl oxygen of “frg- Jof |'CE or the car bonyl oxygen of Ser-339 of
I-CE are excluded fro ag ubstitution. These excluded hydrogen atons

i nclude those which ¢ ﬁ Lgd—group which is al pha to aZzZor a-CO
group and are depict ed as rat her than

5 (o) : X2
(cr/,)e \(fliﬂz)d ke
Rs Xs - X -C=—C—
N Y-
o] H
(p) X
X ?cl:w)a Re
N X
H ' H O ;
10 O
~(CHod
(q) e X.ﬁ Rs
4
SN N l r ;
H & H
- (cid
() X\/ )'(:wu |
| !(
Rs—ng( N\(Cl'h)a ||
15 (© )a
(s) (CHz)d \( ﬂ"
(CHz)d
(cHz)e-N (CH 2). i
(C@d
X %
20 (t) A : (crh)d ;
N
| N croa]
o

(CHz)d CHoe }C@e

(v) crh)c_N/k\z/k )Y _ i



an X group or sone ot her designation in the follow ng diagrans: (a) through

(t) throu h [err], and (I) 35 t hrough (VIID). - 15 - The term
"st ral g (o éﬁa:f refers to a contiguous unbranching stri ﬁﬁ”&ﬁ”&?@ﬁl ently
bound nenbers, i.e. atons, which forma portion of a ring. The straight

chain and the ring of mhlch it forms a 5 part may be substituted, but

t hese substituents are not a part -of0t he straight chain. The ternl[err]
refers to a nunerical neasure of the effectiveness of a conpound in

hi bi t th t t t a L | 10
of Torr]) Tefacis rﬁféﬁ%%% Eroh eh 35595 ﬁﬁsgﬁéf??% REtisa

(aal)
/

@

5 .
(aa2) /NY(.CHZ)C o »

5 , g ,

e
(aa3) ”N\T/J | | | o
' L . {
(aa4) : /Xh '
(iﬂﬂc Z

_ (O)d | |
10 {aas) (S
N 7\ | | o
(bb) Q/ ._ o
/ ' :
15 (cc) :i: . :

/
(dd)

(F
N

(ee)

20 ) : : ;




derived by fitting experinentally determned rate data to standard enzyne
Kineti c equwioiasnsisgsee |. H Segel, Enzynme Kinetics, WIey-| pCenssseyece,
1975). The term"mnim ze" refers to the systematic 15 altering of the
atom c geonetry of a nol ecule or nolecular conplex so that any further

m nor perturbation of the atom c geonetmny woul d cause the total energy of
the system as neasured by a nol ecul ar nechanics force-field to increase.

M ni m zation and 20 nol ecul ar mechanics force-fields are well understood
i n conputati onal chenisg, {\U Burkert and N.L. Allinger, Mlecular
Mechani cs, ACS Monogr ap Anerican Chem cal Society, Washington, D.C
1982 pages 59-78]. The tarny"strain energy” is used in this 25

application to réffy t he\di f f erence between the free confornati on energy
of a conmpound and t he 4

to | CE

(gg)
. N '
5
(CHa)a
(gga)
AN _
| NH
(ggb) _
_ | .
10 ; and
(gge) H
O\T,ﬁ
15 wherein each ring C is independently chosen from
the group consisting of benzo, pyrido, thieno, pyrrolo,
furano, thiazolo, isothiazolo, oxazolo, isoxazolo,
pyrimido, imidazolo, cyclopentyl, and cyclohexyl;
'R3 is
20 . -CN, .
-CH=CH-R,,
-CH=N-O-R,,
- (CH;) 1-3-T1-Ro,
-CJZ-RSJ

25 -CO-Ry;, OF



The strain energy can be determ ned by the follow ng steps: Evaluate the
energy 9 | ecul e when it has 30 the conformati y for

bi ndi ng %g&?@g&n Then minimze and reeval uate thé energ?ﬂgﬁﬁﬁﬁﬁéaﬁs t he
free conformation energy. The strain energy for binding of a potenti al
inhibitor to ICE is the difference ggtmeen the free conformati on energy and
t he bound conformation 35 energy”© Tn a preferred enbodi nent, the strain
ener gy - 16 - of an inhibltor of the present invention is |less than

. about 10 kcal /nmol. The Ey; patlent as used in this application refers to

ns.

any manmmal , espemdaléb The term "pharmaceutically
effective anount’ " \Ryo:

each R; is lndependently selected from the group

5 consisting of:
-H'
-Ar,,
=Ry,
-T,-Ry, and
10 - (CHz) 1,2,3-T1~Ro.,

each T, is independently selected from the group
consisting of: '
-CH=CH- ?

15 -5-, .

20 ‘CO't

-CO-NRyo-,
-0-CO-NRyg-,
25 -NR;,-CO-0-,
=NR;0-CO-NRjo-,
-80,-NRyg-,
-NR,;0-S0,-, and
-NR;0-S0;~NRyo-,
30 |
each R; is independently selected from the group
consisting of:
-H,
-Ar,,




refers to an anount effective in treating or aneliorating an IL-1 nedi ated
di sease in WORABSWBt . The term "prophylactically effective aRCHMSISHISLEr S
to an anmount effective in preventing or substantially 10 | essening IL-1
medi ated disease in a patient. The term "pharmaceutically acceptabl e
carrier or adjuvant” refers to a non-to8Bc-carrier or adjuvant that may be
adm nistered to a patient, together with a conpound of this invention, and .
whi ch does not destroy 15 t he pharnacol ogi cal activity thereof. The term
"pharmaceutical | y accef@siae derivative" neans any pharnaceutically
acceptabl e salt, esterggQp,salt of such ester, of a conpound of this

i nvention or any ot her ébnpéhnd whi ch, upon 20 admnistration to a

reci pient, is capabl e®# providing (directly or indirectly) a conpound of
this invention or an amir/,CE active netabolite or residue thereof.

5 -CO-0-Rq,
"éOz‘Rg,

/Ar;
_-CO-N
\RIOI

10 /Ar,
- 802 -N
\Ryo,

/Rq
-CO-N o
15 \Ryo, and

/Ry

-S0,~-N
. \RIO ’

R¢ and R, taken together form a saturated 4-8
20 member carbocyclic ring or heterocyclic ring containing
--0-, -8-, or -NH-, oOr
R, is -H and R¢ is
-H
-Ar,,
25 -R,, OF
- (CH2) 1,2,3-T1-Re;

each Ry is a C;.¢ straight or branched alkyl group
optionally singly or multiply substituted by -OH, -F,
or =0 and optionally substituted with one or two Ar,
30 groups;

each R;, is independently selected from the group
consisting of ~H or a C;,. straight or branched alkyl
group;



Pharnaceutically acceptabl e salts of the compounds of this invention
include nple, t hose 25 derived from pharmaceuty y accept abl e
[ norganl C ggr? organi ¢ aci ds and bases. Exanpl es of sui ta&éﬂg‘?g’ﬂ@ﬁncl ude
hydrochloric, hydrobronmic, sulfuric, nitric, perchloric, fumaric, maleic,
phosphoric, glycolic, Iactic,_salic¥llc succi nic, toluene-p-sulfonic, 30

tartaric, acetic, citric, methaneSu #onlc formc, benzoic, nalonic,
napht hal ene- 2- sul f oni ¢ and benzenesul foni ¢ aci ds. O her acids, such as

[ whi | | b
ocal . 11 £, 10 WSS VR AUBRTREERY FETLLYSBEERLONLE, gl
obt ai ni ng tmmmnmsaﬁ)f~meand ~R17 - _

each Ar1 is a cyclic group independently selected

'from the set consisting of an aryl group which contains

5 6, 10, 12, or 14 carbon atoms and between 1 and 3
rings, a cycloalkyl group which contains between 3 and
15 carbon atoms and between 1 and 3 rings, said
cycloalkyl group being optionally benzofused, and a
heterocycle group containing between 5 and 15 ring

10 atoms and between 1 and 3 rings, said heterocycle group
cdntaining at least one heterocatom group selected from
-0-, -S8-, -80-, -80,;-, =N-, and -NH-, said heterocycle
group optionally containing one or more doubie bonds,
said heterocycle group optionally comprising one or

15 more aromatic rings, and said cyclic group optionally
being singly or multiply substituted by =0, -OH, :
perfluoro C,.; alkyl, or -Q;;

each Ar, is independently selected from thé

20 following group, in which any ring may optzonally be
substltuted by -Q;:
(hh) Y

25 ' x—X - ;

(33} N*j
_<#/Y " ; and

(ii)

 (kk)

A
L

30 .



I nvention and their pharmaceutically acceptable acid addition salts. Salts

derived frowomsgas3epri at e bases include alkali nmetal (e.qg. S§dymgymn5n
al kaline earth nmetal (e.g., magnesiun), anmmoni um and [err] 5 salts. This

i nvention al so envisions the "quaternization" of any basic

ni trogen-cont ai ni ng groups of the conpowwls- di scl osed herein. The basic
nitrogen can be quaternized with any agents known to 10 t hose of
ordinary skill in the art including, for exanple, |ower alkyl halides, such
as methyl, ethyl, propyl aRs,hisyd eyt¢hi¢ dgrolp cselesteddfrodi the; sdtal kyl

sul f at es includlg%n g§£H§|°fd§ebﬂ¥#31dkﬁﬂbﬁLr?§39?5§%§JSfu'fates | ong

chai n halides sucC earyl chlori des,
broni des and |otheroanqmataCkyLnga|aaésauﬁcmsmbﬁg ReyeresFomasiat hy|

brom des. \atery9hrg0i kasQl Het&r8aromatic rings comprlslng 1-3
5 heteroatom groups selected from -O-, -S-, -SO-, -SO,-,
~ =N-, aﬁd_-NH-,_said_cyclic group optionally being
singly or multiply substituted with =0, -OH, halogen,
perfluoro C,.; alkyl, or -COH;

‘each Q, is independently selected from the group
10 consisting of:

-TI-RQJ ) | and |
- (CHz)4,2,3=T1-Ro,

15 provided that when -Ar, is substituted with a Q,
| group which comprises one or more additional -Arn,
.groups, said additional -Ar, groups are not substituted
with Q,;

each X is independently selected from the group
20 consisting of =N-, and =CH-;

each X, is independently selected from the group
consisting of -0-, -CH,-, -NH-, -S-, -80-, and -S0,;
each X, is independently selected from the group
congisting of -CH,~, -S-, -SO-, and -S0,-;

25 each X4 is independently selected from the group
consisting of -CH,- and -NH-;

each X; is independently selected from the group
consisting of -CH- and -N-



dispersible products nmay be obtained by such quaternization. 20

The | CE £S of this invention may contain one or nore "asymetric"
car bon gom; a d thus may occur as racemates and raceni c RGHYSIPBISIT si ngl e
enantiomers, diastereoneric mxtures and individual diastereonmers. Al such
I someric fornms of these 25 conpounds are expressly included in the
present invention. Each stereogenrc3@arbon may be of the Ror S
configuration. AIthough speci fic conmpounds and scaffol ds exenplified in
this application A epicied . in rt.icul reochemni cal
configuration, OH!a g ﬁi’ 3&4&10"}%‘: t@?ﬁrh eittndl WhéhspFosite
st er eochem sgrquat lahglgdvéo) candaxs ClentCH and X, x tisr €H,t theepingrefal so
envi si oned %ﬂﬂﬁ ona %&)f(é)h'nﬁxét{“@é‘téxﬁfbt{%’u@é)m 553_. rlrng

structures |ch
benzofused;

5 each Y is 1ndependent1y selected from the group
' consisting of -O0- and -S-; :

each 2 ie independently Co_or S0,,
each a is independently 0 er 1, A
each ¢ is independently 1l or 2,
10 each d is independently 0, 1, or 2, and
eech e is independently o, 1, 2, or 3.

The ICE inhibitors of another embodlment (B)
of this invention are those of formula g:

(CJz) m'T
18
[o4 R;-NH-X,
\
,‘CI'Iz)g'Ra ’
20 wherein:
X1 is 'CH;

. g is 0 or 1;

each J isnindependently selected from the group
25 consisting of -H, -OH, and -F, provided that when a
first and second J are bound to a C and said first J is
~OH, said second J is -H;



35

substituted at carbon,

ni trogen or other atons by

18 - vari ous

substituent WO9SAS308 ring structures may be singly or nultipl ycavisssnieat ed.

Pref erably,
mul tiply substituted,

the ring structures contain between 0 and 3 substituents.
each substituent may be picked 5

When
i ndependent |y of

any ot her substituent as |long as the corB® nrati on of substituents results in
the formati on of a stable conpound. Conbi nations.of substituents and

vari abl es envisioned by this invention are only those that

the formation of stabheigso®polinder 27he term "stable",
refers to conpounds which possess stability suff|C|ent to aIIOM/nanufacture

and
T is

replacement

-OH,

-CO-CO,H,
for -CO,H;

result 10 in

as used herein,

-CO,H or any bioisosteric

R{ is selected from the group consisting of the

-y

5 following formulae, in which any ring may optionally be
singly or multiply substituted at any carbon by Q,, at
any nitrogen by R;, or at any atom by =0, -OH, -CO,H, or
halogen, any saturated ring may optionally be
ugsaturated at one or two bonds; and wherein R; (e} and

10 R, (y) are optionally benzofused;
@ WA NN |
X\N)L—Zr4+—?—ﬁ%—
| R7 O
H
(b)
éfi)KiEL-z—N—C%ﬁk-
15
(c)
Re
Rs —C'?—
N
a0l
(@ N 5
H 5 M o
20
CHQE
N\ L I
(e) (?HQGXL (CHa)d
stw/xh A
Y el ]

ld



adm nistration to a mammal by nethods known in the art. Typically, such
conpounds_.ar table at a tenperature 15 of [err] or Sl e
absencea'&ﬁﬁg?ﬂgt ure or other chemcally reactive conditi kﬁgﬁls?ggﬁﬁ% | east a
week. DETAI LED DESCRI PTI ON OF THE I NVENTION In order that the invention
herei n descri bed may be nore fully Snderstood, the foll ow ng .detailed 20

description is set forth. W have™d

8covered that conpounds possessing the-

foll owi ng novel conbination of features are surprisingly effective |ICE

i nhi bitors:

of said nnieég)
backbone at om of i%__ Qgggne at om bei ng sel ected fromthe group
banylj

consisting of the c
Arg-341, the carbonaﬂ

Ut

10

15

20

25

(g)

(h)

(i)

(3)

(k)

(1)

(m)

a first and a second hydrogen bondi ng 25 noi ety, each
es bei ngRsapabl e of form ng a hydrogen bond with a different

gén of Arg-341, the ami de -NH group of
&yQen of Ser-339 _




30 and the am de -NH group of Ser-339; b) a first and a second
noder at el ywo,as/3s38obi ¢ noi ety, said noieties each being capZ6TAS8 07617
associating with a separate binding pocket of 1 CE when the inhibitor is
bound thereto, said binding pocket - 19 - being selected fromthe group
consi sting of the P2 binding pocket, 4139 R3 bi nding pocket, the P4 binding
pocket and the P bindi ng pocket; and c) an el ectronegati ve noiety

conprising one 5 or nore el ectronegative atons, said atons being
attached to the(aanme [ to adjacent atons in the noiety and said
noi ety being capabl e fo one or nore hydrogen bonds or salt bridges

with residues in

o _
( Hz)gN C—Reg—7—

H & | ;
(o) e
°© (cru)c cHd Re
Roup % x‘ B ;
_ SO
5 . |
v X XZ?CHM
X 20 Re
\ N k_.___c
H ?
(q) /(Cl'b)d x\l '
10 l ﬁ i
(r) (3@5
X\( e
~(Choa ﬁ '
,(CHz)d x\/
(8) Ir (CHad
15 (Cl--b)(:—:tl| (C ;
(Cti)d

(t)

20 o ' i



t he P1 binding pocket .of ICE. 10 _ Preferably, any noderately
hydr ophobi ¢c..npi ety associating with the P2 binding pocket of .| CE-does so in
such a WABHI:. a) the distance fromthe center of naBET/YFISHIEL7
noder at el y hydrophobic noiety in the P2 15 bi ndi ng pocket to the
carbonyl oxygen of Arg-341 of ICE is between about 7.1A and about [err]; b)
the distance fromthe center of nas$%f the noderately hydrophobic noiety
in the P2. binding pocket to the am de nitrogen of Arg-341 of |ICE 20 is
bet ween about [err] and about [err]; and c) the distance fromthe center

- of mass of the noderately hydrophobic noiety in the P2 binding pocket to

t he carbonyl (exygen 4% r- edCHDEE i s bet ween about [err] and about
9.5A. 25 Ti Prefer y>ygny noder atel y hydrophobic noiety
Xs._ :
C
. H ¢ H»ao
5
(w) X, .
l'?s
Rs N=—C ==
N i
o H D ’

(x) (CH)
I

/
Ry—N’)\][’N Hae _
10 - H :;:f - ;

Ry is selected from the group consisting of:

faal) _
_ ./N
B

(aa2)

——

15 /N\r CHae ;
| (aaé ) l/\ .
NH

_N

20 -




associating with the P3 binding pocket of |ICE does so in such %Pat

a) the diV¥@3%380§ rom the center of nass of the noderately

noi ety in t hé “P3 30 bi ndi ng pocket to the carbonyl oxygen of Arg 341 of
| CE i s between about [err] and about [err]; b) t he distance fromthe
center of mass of the noderately hydrnpﬁbch moi ety in the P3 binding
pocket to the ami de nitrogen of Arg-341 of ICE 35 is between about [err]
and about [err]; and - 20 - ©) the distance fromthe center of nass of

the noderately H?éﬁdphoblcxgnlety in the P3 blndlng pocket to the carbonyl
oxygen of Ser-339 of IC% e

.
’

(O)d
(aa5) &

: S | .~
(bb) /Q/ | | ;

(ce)
/
10 (dd)
‘ _ (lc
N
(ee)
('(Cl'lz)d
N—>- '
15 /
(££)
- N ;
(gg)
/'N

20



is between about [err] and about [err]. 5 Preferably, any
noder at el y hydrophobi ¢ noi ety associating with the P4 binding pocket of |ICE
does sOVPAS3% a way that: a) the distance fromthe RGWEYSOT6IFass of

t he noderately hydrophobic noiety in the P4 10 bi ndi ng pocket to the
carbonyl oxygen of Arg-341 of ICE is between about [err] and about [err];
b) t he di stance fromthe center-o&2nass of the noderately hydrophobic
noiety in the P4 binding pocket to the am de nitrogen of Arg-341 of ICE 15
is between about [err] and about [err]; and c) t he di stance fromthe
center of neEgadf t hqCrgyder at el y hydrophobic nmoiety in the P4 binding
pocket to the carbopyl Bxygen of Ser-339 of ICE is between about [err] and
about [err]. 20 Preferably, any nodérately hydrophobic noiety

.
]

N

(ggb) N=\ |
_ \H _
_ N : _ '

5 - - ; and

(ggc) H '

QYN |
wherein each ring C is independently chosen from

10 the group consisting of benzo, pyr:_i.d_o,_ thieno, pyrrolo,

furano, thiazolo, isothiazolo,_ oxazolo, isoxazolo,
pyrimido, imidazolo, cyclopentyl, and cyclohexyl;

R; is
-CN,
15 -CH=CH-R,,
-CH=N-0-R,,
- (CHp) 1-3-T1-Ry,
-CJ,-R,,
-CO-R;;, or
20 - /Rs
-CO-CO-N

\Ryo;

each R, is independently selected from the group
consisting of:
25 -H,




associating with the P binding pocket of ICE does so in such a way that:

a) t he di e fromthe center of mass of the noderately h hobi c

moi ety in t N 13538 bi ndi ng pocket to the carbonyl oxygen Gﬂﬂﬁgﬁmﬁﬁl of -
| CE i s between about [err] and about 16A; b) the di stance fromthe center
of mass of the noderately hydrophobic nnlety in the P binding pocket to
the am de nitrogen of Arg-341 of |ICE 3043 s between about [err] and about
[err]; and c) t he distance fron1the center of nmass of the noderately

hydr ophobi c noiety in {g@ ing pocket to the carbonyl oxygen of
Ser-339 of ICE is betV )a56Ut1[ P¥] and about 12A .

each T, is independently selected from the group
consisting of: '

10 -NR,,-CO-,

-=0-CO-, -
-C0-0-,
=CO-NR;0-,

15 -0-CO-NR;o~,
~NR;,-CO-0-,
=NR;0-CO-NRy0-,
-S0,~NRyo-,

-NR;,-S0,-, and

20 -NR,9-S0,-NRyo- ’

each R; is independently selected from the group
consisting of:
-H' '
-Ar,,
25 -CO-Ar,,



- 21 - More preferably, all of the above associative conditions are net in
t he coq§o§a&% of this invention. The practitioner skilled in the art wll
appr eci i M8 there are a nunmber of nmeans to design 5 PCT/PEBO™6]T bi t or s
of the present invention. These same neans may be used to select a
candi dat e. conpound for screening as an |ICE inhibitor. This design or

sel ection may begin with sel ection 6f the various noieties which fil

bi ndi ng pockets. 10 : There are a nunber of ways to sel ect
noi eties to fill individual binding pockets. These include visual
I nspection of a p i A nodel or conmput er nodel of the active site and
manual docki ng of Tmoddls of selected noieties into various binding pockets.
15 Model i ng softwar& ®hat is well known arid available in the art may be
used. These include QUANE% [ Mol ecul ar
5 -S0,~N
- \RIO ’
_ /Re
-CO-N
\RIO ’ and
10 /Rq
'SOZ ‘N
\RIO '

R¢ and R, taken together form a saturated 4-8
member carbocyclic ring or heterocyclic ring containing

15 -0-, -S8-, or -NH-; or
'R, is -H and R; is:
—H,
-Ar;,
-Ry,

20 - (CHz)1,2,3-T1-Rg, OT

an a-amino acid side chain residue;

' each R, is a C;-s straight or branched alkyl group

optionally singly or multiply substituted by -OH, -F,

or =0 and optionally substituted with one or two Ar,
25 groups;

each Ry is independently selected from the group
consisting of -H or a C,¢ straight or branched alkyl
group;

_ each R,; is independently seleéted from the group
30 consisting of -Ar,, -R; and -N-OH

Rs :



gi ][rul ations, Inc., Burlington, MA 1992], SYBYL [ Mol ecul-ar Modeling
. Software, - ' sociates, Inc., St. Louis, MO 1992], AI\/BE_BI.

Vi ner, P. Aub&g’?‘?ﬁin 20 D.A Case, UC Singh, C &io, /k@aség%lg, and
P. Weiner, J. Am Chem Soc., vol. 106, pp. 765-784 (1984)], or CHARW
[B.R Brooks, R E. Bruccoleri, B.D G_aégon, D.J. States, S Swam nat han,

and M Karplus, J. Conp. Chem vol. 4, T187-217 (1983)]. This 25
nodel ling step nmay be foll owed by energy mnimzation with standard

mol ecul ar mechani cs forgefi el dg gug cgic ang nt1}, addiddan
ed cofput ' ' '

there are a nunber of noré s‘peC|a_I| ed iter -prograns to assist in the
process of sel editaw the ssth@onpiaking &f An (argl 3group; vk eARtaFhEse

izncl udte_: L GR::Q,( q%&:jfﬁgd’of-lh cha X0 U Bbrhe Nt Pb@eweleni e1 f andDst er i ni ng
nergeticaty az\'/i(izrgas, ea é;]cdllonaglksylrf egsrgt?p Bvlwl(x):l.gglggxlutl:gins between 3 and
5 15 carbon atdms and between 1 and 3 rings, said
cycloalkyl group being optionally benzofused, and a
heterocycle group containing between 5 and 15 ring
atoms and between 1 and 3 rings, said heterocycle group
containing at least one heteroatom group selected from
10 -0-, -8-, -S80-, -80,-, =N-, and -NH-, said heterocycle

group optionally containing one or more double bonds,
said heterocycle group optionally comprising one or
more aromatic rings, ‘and said cyclic group optionally
being singly or multiply substituted by -NH;, -COH,

15 -cl, -F, -Br, -I, -NO,, -CN,
=0, -OH, -perfluoro C,.; alkyl, /o-\
“ | | CH,, | or -Qy;
20 o)

each Ar, is independently selected from the
following group, in which any ring may optionally be
singly or multiply substituted by -Q; and -Q;:

25_.-(hh) —<(

(ii)

30 ' _.(xj - | ,.and
Y



| mportant Macronol ecules. J. Med.  Chem, 35 28, pp. 849-857
(1985)).  CRID is available from Oxford University, Oxford, UK - 22 -
2. MCSSWRPHISHMEr, A : Karplus, M Functionality Maps of HEITMNOSQ76Etes: A

Mul tiple Copy Sinultaneous Search Method. Proteins: Structure. Function and

CGenetics, 5 - 11, pp. 29-34 (1991)). MCSS is available from
Mol ecul ar Simul ations, Burlington,-~M& 3. AUTODOCK (CGoodsell, D.S.; d sen,
A.J. Automated Docking of Substrates to Proteins by Si mml ated Anneal i ng.

PROTEI NS: 10 Structure. Function and Genetics, pp, 195-
each Q; is :|.ndependent1y selected from the group

‘consisting of
..Ar1
_ -O-Ar,
5 . "RQ'I '
-T1-R,, - and
- (CHz)1,2,3-T1=Ry;

eéch Q; is independently selected from the group
consisting of -OH, -NH,, -COH, -Cl, -F, -Br, -I,

10 -NO;, -CN, -CF,, and- 0 Co {
- CHy;
0

15 provided that when -Ar, is sﬁb_stituted with a Q;

group which comprises one or more additional -Ar,
groups, said additional -Ar; groups are not substituted

each X is independently selected from the group
20 consisting of =N-, and =CH-;

each X, is independently selectﬁed from the group
consisting of -0-, -CH,-, -NH-, -S-, -S0-, and -SO,-;

each X; is independently selected from the group
consisting of -CH,-, -S-, -S0-, and -S0,-; '

25 each X, is independently selected from the group
consisting of -CH,- and -NH-;

each X; is independently selected from the group
consisting of -CH- and -N-; '



202 (1990)). AUTODOCK is available fromthe Scripps Research Institute, La

Jolla, CA 4. DOCK (Kuntz, 1.D.; Blaney, J.M; QCatley, S.J.; Langridge,

R ; FerrinWeoBs3 15 Geometric Approach to Macr oY% 0741gand
Interactions. J. M. Biol. , 161, pp. 269- 288 (1982)). DOCK is avail able
fromthe University of California, San Francisco, CA. Once suitable binding
noi eti es have been 20 sel ected, theyttan be assenmbled into a single

inhibitor. This assenbly may be acconplished by connecting the various
noieties to a central scaffold. The assenbly_process y,. f eX | be
done by visual inspeésib® FBIPHvid BYOKH ﬁgltﬁﬁﬁewﬁﬁﬁi Hiﬁ%?ﬁzﬁnaggﬁg%in
using software gwelapadaBededa (o) SyldyX, ié OHnand ¥f s h&H, mheyrdng ey
al so be used to fgl B Sgr8Gh 1E¥a1L8 8"fiike'BE ¥AbLRYEuERLCLYPY. dbese

benzofused;

5 each Y is independently selected from the group
consisting of -O- and -S-, and -NH;

each Z is independentl'y. CO or SO,,
each a is independently 0 or 1,
each c is indepeﬁdently 1l or 2,
10 each d is independently 0, 1, or 2,. and
each e is independently 0, .1, ”2, or 3,

provided that when
R, is (£f),
R¢ is an a-amino acid side chain residue, and
15 R, is -H, | |
then (aal) and (aa2) must be substituted with Q,;

also provided that when
R, is (o),
g is 0,
20 J is -H,
' m is 1, _
R¢ is an a-amino acid side chain residue,
R, is -H,
X, is -CH,-,
25 : X; is -CH- ,

X¢ is -N- , and



1. CAVEAT (Bartlett, P.A; Shea, GT.; Telfer, S.J.; Waterman, S. CAVEAT:
A 3 Programto Facr 1i tate the Structure Derr ved Design of

Bi oI ogi HP%35398 i ve Mol ecul es. In "Ml ecul ar Recogniti on PCI/USsserEIal and

Bi ol ogi cal Problens,"” Special Pub., Royal Chem Soc., 78, pp. 182-196
(1989)). CAVEAT 35 Is available fromthe University of California,
Ber kel ey, CA. 2. 3D Database system8 stuch as MACCS-3D (MDL I nformation
Systens, San Leandro, CA). This area has been recently reviewed by Martin

40 (Martin, Y.C 3D Database Searchrng in Drug Design. J. Med.
Chem, 35, pp 2145- 2184 18992)). R
10

-CO-N '
" \Ryp , or -CO-R;;, when

5 . : R13 is:
-CH,-0-CO-Ar;,
-CH,-S-CO-Ar,,

-CH,-0-Ar,,
_ -CH,-S-Ar,, or
10 -R, when -R, is -H;
then. the ring of the R;(o) group must be (

'substituted with O, or benzofused; and

providéd that when
' R, is (w),
15 g is 0,
' J is -H,
mis 1,
T is -COH or -CO-NH-OH,
X, is 0,
20 - Rs is benzyloxycarbonyl and
ring C is benzo,

then R; cannot be -CO-R;; when:
Ry3 is -CH,-0-Ar; and
Ar, is 1- phenyl -3-chloro- or
25 3- trlfluoromethyl-pyrazole -5-yl;
' or when
R,y is -CH,-0-CO-Ar, and
Ar, is 2,6 -dichlorophény_l.

Preferred forms of the R, group (a) for
30 embodiments A and B are: '



- 23 - 3. HOX (avail abl e from Ml ecul ar Si nul ati ons, Burlington, In

addi tion tQy ve conputer assisted nodeling of inhibit
t he inhi bi toégﬁsosﬁgfhl s 5 i nvention may be constructed dg‘ﬁi@%@’%@. ng

either ‘an enpty active site or optionally including sonme portions of a
known i nhi bitor. Such nethods are well known in the art. They include, for
exanple: 1. LUD (Bohm H.J. -The Cénﬁat'ér Program 10 LUDI: A New
Met hod for the De Novo Design of Enzyne Inhibitors. J, Conp, Aid, Mlec.
Design., 6, 61- (1992)). LUDI is available from Bi osym Technol ogi es, San
Di ego, CA 2. LEGEND (Nrghi ba?sa&Y ltai, A, 15 Tetrahedron, 47,
8985 (1991)). LEC;END@gX—
' '|q : ; and

s

preferred forms of the R; group (b) are:

(bl) Rs Rs :
| Q}—z—u—c‘:—ﬁ: | | ;
ld (b2) %—‘ : ;-i;s Re .
Z—N g

(b3)

; and

Preferred forms of the R; group (c) are:
15 (cl) Re
|
T
H O

H and
H

prov:Lded that when R, is (cl),
; 20 g is 0, '

| J is -H,
m is 1,
T is -CO;H,

_ X is N,

25 Rs is benzyloxycarbonyl, and

R¢ is -H,



avai |l abl e from Mol ecul ar Sinmultations, Burlington, MA. 3. LeapFrog
(availab%&ifron1Tripos associ ates, St. Louis, M). 20. A
nunber ol X8CMques commonly used for nodeling drugs mayPSEUEYM6Yed ( For
a review, see: Cohen, N.C.; Blaney, J.M; Hunblet, C; Gund, P.; Barry,
D.C., "Ml ecular Mdeling Software and Met hods for Medicinal Chem stry", J.
Med. Chem, 33, pp. 883- 25 894'(5990)). There are |ikew se a nunber of
exanples in the chemcal literature of techniques that can.be applied to :
specific drug design projects. For-a.reyiew, see: Navia, M A and Mircko,
M A, "The Use oft%FVﬁéguFapnPﬁfﬁFnﬁpbB 1iﬁﬂf?hg Design", Current 30
Opinions in Structural RjoegyCH20-x; &04- 210 (1992). Sone exanpl es of
these specific applicalgongsl BOEHIBrolRlitIcuted 18yl -3-

" Thi enot hi opyr an- 2- sul_f ornnam
trifluoromethyl-pyrazole-5-yl, or when

5 .
R13 is 'CHz'O'CO'.Ar]_ and
Ar, is 2,6-dichlorophenyl,
and when the 2-position of the scaffold ring is
substituted with para-fluoro-phenyl;
10 | |
Preferred forms of the R, group (d) are: : (
(d1) |
15 (d2)
(d3)
; and
(d4)
20

: Preferred forms of the R, group (e) are:
(el) (Crgde '

cHde N ]
R"".v/l\r
H O

N
0 g

25



Novel Topically Active Carbonic Anhydrase Inhibitors for the Tr eat nent of

d aucorra",&,Jo Chem, 32, pp. 35 2510- 2513 (1989); K761t

al ., "Desi 0 zynme | nhi bitors Usi ng lterative Protein Crysta ?fographlc
Anal ysis", J. Med. Chem, 34, pp. 1925-1934 (1991); and - 24 - Ealick,
S.E. et al., "Application of . Crystal |l ogyjaphi c and Model i ng Methods in the
Desi gn of Purine Nucl eoti de Phosphoryl ase Inhibitors" Proc. Nat, Acad. Sci.
USA, 88, pp. 11540-11544 (1991). 5 Usi ng the novel conbination-

of steps of the present invention, the skilled artisan can advantageously
avoi d tinme consum ng and expgnsive experlnentatlon to deternlne enzymatic
i nhibition (cﬂgc

) (e2) (CHa)e

MHY

(e3)
5 ;
(ed)
(e5)
10 ;
(e6)
(e7) (CHo)e
(GHIe \
N_
. YT
b o

which is optionally benzofused;
_(ea)

(Cl"h)c

Re~ )\[N—T

; and



activity of particular conpounds. The nethod also is 10 useful to
facilitagfe rational design of ICE inhibitors and therapeutic and
prophy| aCPPP 3 MEnt s agai nst | L-1-nedi ated di seases. AccRGHVHYSPT6IT he
present invention relates to such inhibitors. A variety of conventional
techni ques may be 15 used to carry out each of the above eval uations as
wel | as the eval uations necessary irP&creening a candi date conpound for |ICE
inhibiting activity. Generally, these techniques involve determning the
| ocation and binding proximty of a given noiety, the occupied space of a
20 bound ﬂﬁﬁ?bitor, t he (@HJer mati on energy of binding of a given
conpound and el ectr o4 eyl nt®racti on energi es. Exanples of conventi onal
t echni ques useful in the aPpove Jeval uati ons include: quantum mechanics,
mol ecul ar mechani &g eul ar nam cs, Monte Carlo sampling, 25
systemati c searches ﬁnd | stancepgeonetry nmethods (G R i
. . M . .
provided that when R; is (e4),
5 g is 0,
mis 1,
T is -CO.H,
. R is benzyloxycarbonyl, and | \
10 _ c is 1,

then R, cannot be -CO-R,; when
Ry is -CH,-O-Ar, and |
Ar, is 1-phenyl-3-trifluoromethyl-pyrazole-
5-yl, wherein the phenyl is optionally substituted with
15 a chlorine atom; or when : '
Ry; is -CH,-0-CO-Ar, and
Ar;, is 2,6-dichlorophenyl, _
and when the 2-position of the scaffold ring is
substituted with para-fluoro-phenyl; and

20 also provided that when
R; is (e7),
g is 0,
J is -H,
m is 1,
25 T is -CO,H or -CO-NH-OH,
T R; is a protective group for the N atom of an
amino acid .side chain fesidue, and
each ¢ is 1,

then R, cannot be -CO-R,, when
30 R13 is: .




Marshal |, Ann. Ref. Pharmacol. Toxicol., 27, p. 193 (1987)). Specific
conput er so; as been devel oped for use in carrying out l;tgﬂg; ods.
Exanpl es of%’%’?& desi gned for such uses include: Gaussian 92, glg%tl‘?
revision EE2 (MJ. Frisch, Gaussian, Inc., Pittsburgh, PA [err]); AMBER
version 4.0 (P.A Kollman, University of California at San Franci sco,
[err]); QUANTA/ CHARWM [ Mol ecul ar Si nulatddris, Inc., Burli ngton, MA [err]];
and I nsight I1/Discover (Biosysm Technologies Inc., San 35 D ego, CA
[err]). These prograns may Beén(?#%grent ed, - 25 - for instance, using a
Silicon Graphics Indigo 2 WOFK{H Yr 1 BM RI SC/ 6000 wor kst ati on nodel
550. Ot her hardware systensCHpeSsCO+A®my,e packages wll be

-CH,-0-Ar,, ©Or
-CHZ_S-Arlc

5 ' Preferred forms of the R, group (g) are:

(gl)
° U—Z—Rm—%—
N o
H _
(g2) [N-}—Z-Rzo—%—
H

; and

10 o
Preferred forms of the R; group (h) are:
(h1)
Q'S—Z—R:o—c—
N” 1l
| o -
15 ' H H
{h2) m
| 2 Re—G—
' 'il —Eoi ; and
H
(h3)
O
2—Rx—C—
Y :
H ' _
20 } Preferred forms of_the R, group (i) are:
(CI;h)g(Cl'b)c
(i1) N
N c’N
i
H o 0 i
(Cti)e
(i2) (j( N\
N c’N
H <Il> ;



known and of evident applicability to those skilled in 5 the art.
Differeg} %Igi es of active ICE inhibitors, according to_this invention,

may interda G598 si il ar ways with the various binding pogﬂ{l@ ¥¥6the 1 CE
active site. The spatial arrangenent of these inportant 10 groups is
often referred to as a pharnmacophore. The concept of the pharnmacophore has
been wel | described in the literatuP® (D. Mayer, C.B. Naylor, |. Mtoc, and
G R Marshall, J. Conp. Aided Ml ec. Design vol. 1, pp. 3-16 (1987); A
Hopf i nger an&i J. Burke, in Concepts 15 and Applications of Mol ecul ar
Simlarity, Johns(§ )and G M Maggiora, ed., Wley (1990)). Different

cl asses of ICE |n his invention may al so use different

scaffol ds or core st uct re but all of these cores wll aghgw the 20
necessary noi etle to ?e p in the actlve S|te such

(i4) ] (CHz)c(CHz)c
N c’N .
5 o6 o e

Preferred forms of the R, group (3) are:

' (51) . _ {

' N
. . { H i
10 H o - |
(32) | |
Re
N——C—

: i 'l' '

LYY

H o
(33) |.I.|
Re
N6~
| H O » and
15 H O
(j4) H
|
N
N
I H
H O
referred forms of the R; group (k) are
20 (k1)




that the specific interactions necessary for binding may be obtained. These
conpounds He3hg defined in terms of their ability to mat cﬂbﬂ,ﬁ?s,o-,ﬂ'-,
pharmacophggtg,9 |.6e8., their structural identity relative to the shape 25

and properties of the active site of ICE. The ICE inhibitors of one :
enbodi ment of this invention conprise aS%i_rst and a second hydrogen bondin
noiety, a first and a second noder at el y hydrophobi c noi ety, and an

el ectronegati ve noi ety which 30 conprise or are covalently bound to one
of the foll ow nqkigaff | ds; [err] - 26 - [err]
O pp
VTN | f
| H O RO .
(k3) |
R B
YoEN T ;
5 b RO
(k4)
fe e S ; and
' e :
H o] Ry O -

10 (k5) |
| § 2 Rs R
NN

Preferred forms of 'the" R, group (1) are:
(11) H

15 ;
HoO
(12)
e '
H O
20 (13)
N~ "C—Rao—Z—
N
(14)

N~ “C—Rp—Z— | . : and



- 27 - wherein: Xl is CHor N, gis 0 or 1; each J is independently
selected fromthe group 5 consisting of -H, -OH and -F, provided that
when a fWPB5P} second J are bound to a C and said firstPCIusssoEy said
~second Jis -H mis 0, 1, or 2; Tis [err] 10 bi oi sosteric repl acenent
-for -CO2H; [err] is sel ected fromthe group consisting of the foll ow ng
fornmulae, in which any ring may opti®hatly be singly or multiply
substituted at any carbon by [err], at

(15)
N —Rzo—Z—
5 : _
Preferred forms of the R, group (m) are:
(ml)
(:l )
g u i
mz) H O RO
HN
LA
, o= c | |
-~ 10 H R75 - :
| (m3)
SW: x
\ C—
H & ) S :
'
H t i
15 (m5) _ '
4 ?s Re ' _
I ; and
(mé) o
o
EE
Ry O
Preferred forms of the R1 group (n) are:
20 (n1) |

@c_n,,_,__



any nitrogen by R5, or at any atomby =0, -OH, [err], or 15 hal ogen, and

in which any saturated ring may optionally be unsaturated at o rt
bonds: _[er?‘Tl 8 - [err] - 29 - [err] tpcrﬂfsggmsly\o

- 57 -

(n2)
(n3)
5 (n4)

(I:ES) (

; and

10 (né) o=

Preferred forms of the R, group (o) are:

(o01) Re
(CHod ;s'.
Rs N/H(N_c"_cn:—'
— T ;
15 (o02) lh(((\)do °
S
| e
N—C—C—
Rs—! H
SRR '
(03) (Q)d
\
S
| Je
Rs—l H &

o
(04) (c"z);\‘ /R .

”
20 Rs= H oS | ; and



- 30 -
- [err]
group 5

[err]

5

10

15

20

f f -32 -
o éﬁ%"?stmg of :

is selected fromthe group .consisting of:

[err]

{o5)

- 58 -

(aal) [err]

PCT/US95/07617

A preferreci form of the R, group (o) of

embodiment B is

(o6)
&_ c—c—

where:.n X, is -0-, .

For embodiments A and B, preferred
the R; group (p) are:

(pl)

@i

-8-,

-80;~, or -NH-.

forms of

; and

each R4 is independently selected fromthe

31



[err] each [err]

[err] each
[err]

20 nenber carbocyclic ring or
[err] is a [err] straight or branched alsk I

rr;

I s i ndependently selected fromthe group consisting of:
|s I ndependently selected fromthe group conS|st|

] [err] and [err] taken together forma &

mul tiply substituted by -OH, -F,

10

15

20

(gl)

(gq2)

(g3)

(g4)

(g5)

(g6)

(rl)

(r2)

(r3)

Preferred forms of the R, group (q)

Y b b
Rs

Q@"@

H § H
o

HN N"sz
Re
N——C—

N _rhk
Re

N N_|—‘f.—

H § HO

Preferred forms of the R, group (r)

N v
I

Rs—|
H % 0
RF‘N/I:;EI::;lc//’
payy
X

are:

; and

are:

’&6’121 8

het erocyclic ring containing [err] each
group optionally singly or



or =0 and optionally substituted with one or two [err] 30 groups; each

[err] ndently selected fromthe group consistin -Hor a[err]
stralga?qgﬁggggnched alkyl group; - 34 - each R13 is ﬂﬁﬂg PR |y

sel ected fromthe group consisting of [err] and [err]; each [err] is a
cyclic group independently sel ected fron1the set consisting of an aryl
group which contains 5 6, 10, r280r 14 carbon atons and betvieen 1 and 3
rings, a cycloal kyl group which contains between 3 and 15 carbon atons and
between 1 and 3 rings, said cycloal kyl group being optionally benzof used,

and a- :
(r4) .\Q
. N |
RG"N c/
H n

(r5) N\T/
L‘/N L C/ o . |
5 (re) N\’j\ |
: . /(‘r c” | ;' and {

(r7)

N Preferred forms of the R, group (s) are:
10 (s1) o |

(s2)

(s3)

HN
(s4)
x O\r
H



het erocycl e group containing between 5 and 15 ring 10 atons and bet ween
1 and 3 rinp saj d heterocycle group containing at |east OQQa%ﬁk

group sel e&%?f @m -S-, -SO, -S2-, =N, and -NH, sai erocycl e
group optionally contalning one or nore double bonds, said heterocycle
group optionally conprising one or 15 nore aromatic rings, and said

cyclic group optionally being singly or JrruTtlpIy substituted by =0 -OH,
perfluoro [err] alkyl, or [err]; each Ar2 is independently selected from

by [arr]: (nhy o) O CUPerelled ke 19 oFRY :0PLEBAR! () PRrRubSt Lt od

(CHa)c
(1) - .
(e2)
N T
H
(CH)e
(£3) (NLN;/

(ta) (
N

10 (t5) NYS |
N‘%/

Iz

(CHo)c

; and

N
H. o
. Preferred forms of the R, group (v) are:
(vl1)
ol
. H o ’
(v2) o



- 35 - Ar3is a cyclic group selected fromthe set consisting of a phenyl
ring, aa$- nbered heteroaromatic ring, and a 6-nmenbered heteroaronatic
ring, s 9ﬁg?gﬁoaronatic rings conprising 1-3 5 het e RSAVERISBI6ATps
selected from-0-, -S-, -SO, [err], =N, and -NH, said cyclic group
optionally being singly or nmultiply substituted wwth =0, -0OH, hal ogen, :
perfluoro [err] alkyl, or -CO2H, ead®? [err] is independently selected from
the group 10 consisting of: [err] 15 provi ded that when [err] is
substituted with a [err] group which conprises one or nore additional [err]
groups, said additional®[err] groups are not substituted with [err]; each X
I S I ndependeirgy selectied fromthe group

N
, _
H 0 o) ) ; and
(va) 0 '
QHL
5 H O o

A preferred form of the Rl group (w) of
embodiment B is:
(wl)
_ }h?
Rs—! ]
10 - H é S,
H o | |

wherein X, is -0-, -8-, -S8S0,- or -NH-..
The preferred compounds of embodiments A and
B of this invention are those which employ formula «,
wherein:
15 X, is CH;

g is 0O;

J is -H;

mis 0 or 1 and T is -Ar;, -CO-COH, -COH or any
biocisosteric replacement for -COH, or

20 mis 1 or 2 and T is -OH, -CF,, or -COH;

" more preferably m is 1 and T is -CO.H;




20 consi st w?gw, and [err], each X2 is independently selected from
the group consi sti [err] and [err]; each X3 is independently sel ected
fromthe group consisting of [err] -and [err]; 25 ~.each Xé,F’jITS.._
i ndependently selected fromthe group consisting of [err] and [ f‘f”ﬁ’ﬂ'{'ﬂﬂ
[err] is independently selected fromthe group consisting of [err] and
[err]; - 36 - [err] is [err] or [errT,®Brovided that when X6 is Nin
the [err] group labeled (0) and [err] is [err] and [err] is [err] the ring
of the [err] group | abeRgdigo) nust be substituted by [err] or benzof used;

{c) ;
N -
Rs., -
(E) (c"b)d .

(r)

15

20 {aa2) /NY(CHz)c
o

(aa3) /N\r’



5 . each Y is independently selected fromthe group consisting of
[err] and -S-: each Z is independently CO or [err], each a is independently.
0 or 1, W0 03735308 o i ndependently 1 or 2, 10 each PORUSISEHIZNdent |y
0, 1, or 2, and each e is independently 0, 1, 2, or 3. The ICE inhibitors
of anot her enbodi ment (B) of this invention are those of fornula [err]:
[err] 20 wherein: [err] is 6@8H- g is 0 or 1; each J is '
i ndependent|y selected fromthe group 25 consisting of .-H, -OH and -F,
provi ded that when a first and second J are bound to a C and said first J
Is -OH, said second J i '

(ad)
(IC
N

wherein ring C is benzo;

] Rs is
5 -CO-R;3, oOr
_ /Rs o {
-CO~-CO-N '
\Ryo;

most preferably R, is any one of 1), 2) or 3) as
10 follows: 1) -CO-Ar,, 2) -CO-R, where R, is C,¢ alkyl
substituted with two Ar, groups or one Ar, group itself
substituted with an Ar, group, -C,,-Ar,, -Cl, -CH,, or
?CFa, or 3) -(CH;);,,-T:~R; where T, is -O- or -S- and R,
is C,.. alkyl substituted with two Ar, groups or one Ar,
15 grdup itself substituted with an Ar;, group, C,.,-Ar,,
-Cl, -CH,, or -CF,;

Ry is -H or -Ry;
T, is

20 'S',

when R, is (a), (b), (k), or (m), R; is preferably
25 -Ar1 or C1-4-Ar'1,'



- 37 - [err] Tis -OH [err] [err] or any bioisosteric replacenent for
[err]; [errd,, ected fromthe group consisting of the. 5 faollow ng
f ormul ae, ilrydvagf]g:ﬁ’kany ring may optionally be: singly or nu|tPEF9’S95m"‘“
substituted at any carbon by [err], at any nitrogen by [err], or at any
atom by [err]or hal ogen, any saturated ring may optionally be -unsaturated
at one or two bonds; and wherein [errT Eé) “and 10 [err] (y) are
optionally benzofused; [err] :

when R, is (¢), (e), (£), (o), or (r), Rs is
preferably -SO,-Ar,, -S0,-Ry, or -CO-C,.,-Ar;;

R, is -H and R; is C;.4-Ar;;

Ry is -H or a C,.; straight or branched alkyl
5 group; '

Ry; is -Ar;;

Ar, is phenyl, naphthyl, pyridyl, benzothiazolyl,
thienyl, benzothienyl, benzoxazolyl, 2-indanyl, or
indolyl; : '

10 Ar, is preferably substituted with -Ar;, or
-Ci-4-AT,;

Ar; is phenyl, thiophene, thiazole, pyridine, or
oxazole; and

. @, is -Ry OF "(CH:) 1,2-T1= (CH,;) j-3-Ar, where T, is -O-
15 or.-S-. B

In connection with this continuation-in-part,
we now prefer the compounds of embodiment B of this -
invention which employ formula g, wherein:

X1 is "CH"
20 g is 0O;
J is -H;

m is 0 or 1 and T is -CO-CO,H, or any bioisosteric
replacement for -COH; or



- 38 - [err] - 39 - [err] - 40 - [err] - 41 -
WO 9535308 | o PCT/US95/07617

- 66. -
m is 1 and T is -CO,H;

R, is selected from the group consisting of the
following formulae, in which any ring may optionally be
singly or multiply substituted at any carbon by Q., at

5 any nitrogen by Rs;, or at any atom by =0, -OH, :-CozH, or
halogen, and wherein (e) is optionally benzofused:

| r R e
(a) X J—2—N—C—C—

N [0
qu Ry O
(5) z . R“l?‘ .
AP
10 Y RO :
(c) xﬁ Re
R“N’“:rN E| Icl
. H & HO - ,
(e) : iCHz)\d
| A
(?'b)exlﬁ Cl'b)d
Rs\N/"s Xs_
H (CHa ) ,
15 . {£) : Re :
) AE - '
Rs'—N—(I;-—c'_.Rm_Z_ . ..
H Ry & | |
(g) X
X ‘}—z—am—z-— .
~N
20 (h) A X -
: | xO[ Y—z-Ro—z— :
N ' '
(o) (e (CHdd Re



[err] - 42 - [err] -43- [err] each [err] is independently sel ected
fromthe gr nsi sting of:
9" QiPostas 5o 9 - PCT/US95/07617
- 67 -
(C)d
(x) : X\/ )l(z
(CH)d
Re—N (CHp)a |
H (0]
. o] , Or
(w) Xy
R
5 Rewp- N—C—C— ;
H H O
. Ryo is
(aal)
N
/ , Or
(aa2) m
10 |
and ¢ is 1;
~ ring C is benzo optionally -substif_uted with
. =Cy-1 alkyl, -0-C,.; alkyl, -Cl, ~-F or -CF,;
R, is:
15 =-CO-R;;, OT.
: /Ry
-CO-CO-N
"~ \Ryo:
more preferabi‘? R; is any one of 1), 2) or 3) as .
20 follows: 1) -CO-Ar,; 2) ~-CO-Ry where Ry is C;.; alkyl

substituted with an Ar,; or 3) -CH,-T,-R, where T, is -O-

‘or -S- and Ry is C,.; alkyl substituted with one Ar,

group;

Ry, is -H or -Ry;



- 44 - [err] [err] and [err] taken together forma saturated 4-8 member
carbocyclic ring or heterocycllc ring containing 15 [err]; or [err] is
-H and [WPP$35388 [err] each [err] is a [err] straight or FOTUSHsavs1al kyl
group optionally singly or nultiply substituted by [err] or =0 and
optionally substituted with one or two [err] 25 groups; each [err] is
I ndependent|ly selected fromthe greup8censisting of -Hor a [err] straight
or branched al kyl group; each [err] is independently selected fromthe
group 30 consisting of [err] [err]

s:

1
-

when R, is (a) or (b), Rs is preferably -H, and
when R; is (c), (e), (£), (o), (r), (W), (x) or
(y), Ry is preferably:
10 -CO-Ar,
' -S0,-Ar,,
-CO-NH,,
-CO-NH-Ar,
-CO-R,,
15 -CO-0-R,,
-80,-R,;, or
-CO-NH-R,,

R, is -H and R, is
20 -H,
-Ry or
‘Arﬁ'

Ry is C,¢ straight or branched alkyl group
optionally substituted with =0 and optionally

25 substituted with -Ar,;

Rio is -H or a C;.; stralght or branched alkyl
group; '

R13. is H

30 . ~Ry,
"Arz, or



- 45 - each [err] is a cyclic group independently selected fromthe set
consisting of an aryl group which contains 6, 10, 12, or 14 carbon atons
and bet weenV9933WO8 i ngs, a cycl oal kyl group which cont ai nsPEEUSRT6YT and
5 15 carbon atons and between 1 and 3 rings, said cycloal kyl - group being
optionally benzofused, and a heterocycl e group containing between 5 and 15
ring atons and between 1 and 3 rings; 6&8i d¢ heterocycle group containing at

| east one heteroat om group selected from 10 [err] said heterocycle group
optional ly containing one or nore doubl e bonds, said heterocycle group
optional |y conprising one or rmffe~FnoRetic rings, and said cyclic group
optionally _ : -

more preferably where -Ar, is
(hh) and where (hh) is optionally substituted singly or
multiply with -C;.¢ alkyl, -0-C,.¢ alkyl,

5 -NH-C,.¢ alkyl, -N-(C;.¢ alkyl),, -S-C,.¢ alkyl, -Cl1,
-F, -CF,;, or '
o)
/ \
CH, ;
10 \ /
o

Ar, is phenyl, naphthyl, pyridyl, benzothiazolyl,
thienyl, benzothienyl, benzoxazolyl, 2-indanyl, or
indolyl substituted with -0-C,.; alkyl, -NH-C,., alkyl, -

15 N' (c1-3 alkYI)z, 'Cl, "F, '-CF3,
- -Ci-3 alky1, or 0O .
/ \
CH,
\ /
20 0

preferably where Ar, is:
{(ii)

| (33) N
25 —~

: O

each X is independently selected from the group
30 consisting of =N-, and =CH-; '



being singly or nultiply substituted by [err] [err] each Ar2 is
I ndependently selected fromthe followi ng group, in which any ring may
opt i onaMWQ %5388 ngly or nultiply substituted by [err] an®CqIéisepnT6i? - 46 -
each [err] is independently selected fromthe group consisting of [err]
each [err] is independently selected fromthe group [err]

' - 70 -

each X, is independently selected from the group _
consisting of -O0-, -CH,-, -NH-, -S-, -S0-, and -SO:-; '

each X; is independently selected from the group
consisting of -CH- and -N-;

5 | o I
X, is -CH- or -N-; and
Z is C=0;
. {
10 provided that when
R; is (f), _ _
R is an a- amJ.no acid side chain res:.due, and
R, is -H, _ ' _
then (aal) and (aa2) must be substituted with Q;
15 - |
also provided that when
R, is (o),
g is 0,
J is -H,
20 m is 1,
R¢ is an a-amino acid side chain residue,
R, is -H,
X, is -CH,-,
X's is -CH- ,
25 |
X¢ is -N- , and
|
30 R; is.
/R0
-CO-N
\Ryp , OF

'CO'R13 3 When
38




- 47 - [err] is CHor N, provided that when [err] is Nin the [err] group

| abel ed (O)vﬂi‘%&s’g&’] Is CHand [err] is [err] the ring of tt}%l{,l?srgglhygf]oup.
S e ' Y

| abel ed (0) mnu substituted by [err] or benzofused; 5
i's independently selected fromthe group consisting of -O and -S-, and
-NH, each Z is independently CO or [err] ,gjeach a is independently O or 1,
-each ¢ is independently 1 or 2, 10 each d is independently 0, 1,
or 2, and each e is independently 0, 1, 2, or 3, provided that when [err]
is (f), [err] is an a-RpJyi Ag:aci d side chain residue, and 15 :
err] is -H then (aal) and (ja be substituted with [err];
Lerr] i (aal) and_(gaz dgishybe substituted with [err]
-CH,-8-C0O-Ar,,
-CH,-0-Ar,,
5 . -CH,-S-Ar,, or
' -R, when -R, is -H;

then the ring of the R;(0) group must be
substituted with Q, or benzofused; and

provided that when
10 ) ‘R, is (w),
g is 0,
J is -H,
m is 1,
T is -CO;H,
15 X, is O,
Rs is benzyloxycarbonyl, and
ring C is benzo, _ '
then R, cannot be -CO-R,; when:
_ R;; is -CH,-0O-Ar; and
20 Ar, is 1-phenyl-3-trifluoromethyl-pytazole-s-yl,
wherein the phenyl is optionally substituted with a
chlorine atom; _
or when R;; is -CH,-0-CO-Ar, wherein
Ar, is 2,6-dichlorophenyl.

25 A preferred form of R;;; is -CH,-0-R,, wherein
R, is a C,.¢ straight or branched alkyl group optionally
substituted with =0 and optionally substituted with Ar,;

another preferred form of Ry is CH,-S-R,, wherein
R, is a C,¢ straight or branched alkyl group optionally
30 substituted with Ar,;



al so provided that when [err] is (0), gis 0, 20 Jis -H m
s 1, [err;sls an a-amno acid side chain residue, [err]_is -H {err] S
[err], [err] is -CH X6 is -N- , and PC'E@SS'ﬁIQgF '

- 72 -
another preferred form of R;; is CH;-0-R, wherein R,
is a C,.¢ straight or branched alkyl group optionally
substituted with Ar,;

another preferred form of R;; is H.

5 A more preferred form of the R, group (a) is:
(a2) o

[ )_Z_N_c_c_

R7O

optionally substituted with Q,;, wherein
Ry is -H; '

R, is -H; and
10 Zz is C=0;

a more preferred form of the R, group (b) :.s

(b) . (]’IK_Z_N_C_C_

opt:.onally substituted with Q,, wherein

Ry is -H;
15 R, is -H; and

Z is C=0;
more preferred forms of the R, group (c) are:
(cl) Nﬁ ' ' o

20 ., and



- 49 - [err]

- 50 - then [err] cannot be [err] when [err] is [err] and

err] is a | oro-substituted 1-phenyl-3- trifluoronethyl-pyrazol e-5-yl, or
[ ] %9%,3?@ p y yl -py ¥7

when 5 [err

r] and [err] is 2, 6-dichlorophenyl, and wE&ER/USAR076

2-position of the scaffold ring is substituted with para-fluore-phenyl; 10

10

15

20

25

- 73 -

(c2)

Row A, N—C—C— |
H O
H o

provided that when R, is (c1),
g is 0, : -
J is -H,
mis 1,
T is -CO.H,
X is N,
R; is benzyloxycarbonyl, and
R is -H,

then R, canhot be -CO-R;; when
- Ry3 is -CH,-0-Ar, and
Ar, is l-phenyl-3-trifluoromethyl-pyrazole-
5-yl wherein the phenyl is optionally substituted with

~a chlorine atom; or when

Ry; is -CH,~0-CO-Ar,, wherein

Ar, is 2,6-dichlorophenyl,
and wherein the 2-position of the scaffold ring is
substituted with para-flﬁoro-phenyl; :

more preferred forms of the R, group (e) are:

(el) (CHo)e
N\ /7
(GHc N j
T T e
H . o _
(e2) 0o
| (R
(Cta)e N
N
Resn | '
no© °

- wherein ¢ is 2; and



Preferred forns of the [err] group (d) are: [err] Preferred fornms of the

Lerr] gw&gm@s are. - 51 - ferr] -52- [err] i ?’%’T;US95.107517
- 74 -.
(ed) /\( | o
N)\(N-j\“/ - .I and
CHz)c

(e7)

«Q

which is optionally
benzofused,
wherein ¢ is 1 or 2;

provided that when R, is (e4),
10 g is 0, -
. .J is -H,
mis 1, |
T is -CO,H,
Rs is benzyloxycarbonyl, and
15 c is 1, _
then R; cannot be -CO-R;s when
R,; is -CH,-0-Ar; and
Ar, is l-phenyl-3- triflucromethyl-pyrazole-
5-vl wherein the phenyl is optionally substituted with
20 a chlorine atom; or when
Ry; is -CHZ -0-CO-Ar;, wherein
Ar, is 2,6-dichlorophenyl, _
and wherein the 2-position of the scaffold ring is
substituted with para-fluoro-phenyl; and

25 _ also provided that when
R; is (e7),
g is 0,
J is -H,
m is 1,




[err] 5 Preferred fornms of the [err] group (g) are: [err]
- 54 - [eridoosmszes® ~ L€ - 56 - PCT/US95/07617

- 75 -

T is -CO,H, -CO-NH-OH, or a bioisosteric
replacement for -CO.H,

_ R, is a protective group for the N atom of an
- a-amino acid side chain residue, and
5 - each ¢ is 1,

then R; cannot be -CO-R,; wﬁe'n
Ry; is: o
-CH,-0-CO-Ar,,
-CH,-S-CO-Ar,,
10 : -CH,-O-Ar,, or
-CH,-S-Ar,.

a more preferred form of the R, group (f) is

(£1)
Re— ;i- Rag-C
N— o~ —
| .
H R7E 6 ;
15 ' a more preferred form of the R; group (g) is:
(g2) _
Ol
t[l Ras i ; wherein
H

Ry is (aal) optionally substituted singly or
multiply with Q,; and '

20 2 is C=0;

~ a more preferred form of the R, group (h) is:

(h) X
Qe
X : i wherein



[err]

(o) of [‘grr

10

15

57 -
0 9&135308 i

- 76 -

Ry, is (aal) optionally substituted singly or

multiply with Q1, and

'Z is C=0;

more preferred forms of the R; group (o) are:

(o0l1)

N—c—c-—
Rs—N)\”/ H

wherein gi 1s 1 or 2; and

" (06)

Rs-flﬂl
H o

more preferred forms of the R, group (r) are:

(r3) ' | _
Rerﬁ/ | ;

(ra)

; and

optionally substituted with Q,;

[err] - 58 - [err] A preferred formof the [err]
PCT/US95/07617



Preferred forns of the [err] group (q) are: [err] - 60 - [err] -

Preferred W‘;%s%s_,the [err] group (t) are: [err] - 62 -

(wl)

PCT/US95/07617
- 77 -

a more preferred form of the R, group (w) is:

; wherein

-80,~;

optionally substituted with R; or Q; at X

10 when X, is -?N-; and

ring C is benzo substituted with -C,., alkyl,

-°-c1-3 alkYJ., "Cl, -F Or -CF3.

15 preferred compounds of this invention include but are
not limited to:

When R; is:

s

142 </‘?‘

; and

61 -



[err] - 63 - [err] - 64 - wherein ring Cis benzo;, [err] nost
preferably R3 is any one of 1), 2) or 3) as 10 follows: 1) [err], 2)
[err] V\H’é&g”fsé%] is [err] alkyl substituted with two [e®RqI/@R980T37or one

[err] group itself substituted with an [err] group, [err], [err], [err], or
[err] or -3) [err] where [err] is -0- 7%r -S-"and [err]

A preferred compound of embodiment B of this

invention employs formula q, wherein the R, is:

(c2) II?B
N—C—C—
Rosn T
H H O
5 Prefeﬁrred_ compounds of this embodiment

include but are not limited to:

10

15

20




Is [err] alkyl substituted with two [err] groups or one [err] 15 group

itself substituted with an [err] group, [err], [err]
66- [err] [Wﬁ’ﬁ“ﬁ@“sel ected fromthe group consisting of thel’fﬁ*’ﬁg\ld"ﬁg

formulae, in which any ring may optionally be singly or multiply

substituted at any carbon by [err], ‘at §-9 any nitrogen by [err], or at any
atomby [err] or - - :

10

15




hal ogen, and wherein (e) is optionally benzofused: [err] - 67 - [err]
- 68 - 06408 - 69 - [err] -  PCT/US95/07617

- 80 -

5 i
y {
10
; and
o]
15 OH
o -«
(e)
1,
20 - preferred compounds of thzs invention 1nclude but are

not limited to:

TIOMRE



nore preferably where [err] is (hh) and where (hh) is optionally
substituted singly or multiply with [err] alkyl, [err] alkyl r rr
i s phenyl, %ﬁ#ﬁ% pyridyl, benzothiazolyl, thienyl, . benz&#@?ﬁ)?&ﬁ
benzoxazol yl, 2-indanyl, or indolyl substituted with [err] alkyl, [err]

alkyl, - [err] preferably where [err] ig Jerr] each X is independently
selected fromthe group 30 consi st n%lof [err], and [err]; - 70 -
each X2 is independently selected fromthe group -

5
10
; and
15
A preferred compound of ‘embodiment B of this
invention émplc_:ys formula g, wherein:
20 _ R, is:
C
(e1) } Ha)o
’ or
25
(a2)

30 “mis 1;



consisting of -O, [err], -NH, -S, -SO, and [err]; each [err] is .
indepen&t;&hﬁi/ sel ected fromthe group consisting of [err] and -N-; [err] 10

provi de When [err] is (f), [err] is an a-am no aci PEVERISABIEAT n
residue, and [err] is -H, then (aal) and (aa2) nust be substltuted W th
Jerr]; 15 also provided that when [err] 71 - R13 is:

- 82 -

T is -CO,H; and
R, is -CO-R;3.

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

5
47a _
_ ' (o]
_ . _ N .
47b : _ : )
125b
15
135a .
135b H
20

136




[err] then the ring of the [err] group nmust be substituted with [err] or
benzof used; and provided that when 10 [err] is (W), | is
-H, mis 1yvq951'§gquOZH, 15 [err] [err] is benzyl oxy@g‘?lt%?g’f’?‘land
ring Cis benzo, then [err] cannot be [err] when: [err] is [err] and 20
[err] is 1-phenyl-3-trifluoromethyl-pyrgzol e-5-yl, wherein the phenyl is

optional ly substituted with a chlor ine m :
O : .
13 (o] gihf —OH cl
N N\ .
. | ’
@/\)’\H.. oo \ }Q
. . o H o cl .
5 _ | | |
o] ] Q
1] N
138 ct-h-ﬁ\N OH O ¢l
o
H  Og o

10 o '
139 CH3-§\ . OH
o .
H © N H
. H o)

o H o cl H and

When R; is:

Re
I%—N---?r—fl:—l?m'ﬁi-
H RO o)

15 (£1)

preferred compounds of this invention include but are
not limited to:

20 | . _;0
L0 _ - 0 .
o A0 b o
_ N
-~ H 9o I
O” °N (o} O—
; H o
.. . \ o
87 N OH _
L 0
_ o . P
: - 07 N7 (o) O



or when [err] is [err], wherein [err] is 2,6-dichlorophenyl. 25

A pref'eg&(g? formof R13 is [err], wherein [err] is a [err] straight or
branche 3%,y oup optional |y substituted with =O and GSTIVERISPT6}T
substituted with [err]; another preferred formof [err] is [err], wherein
[err] is a [err] straight or branched al kyl group optionally 30 '
substituted with [err]; - 72 - andther preferred formof [err] is [err]
wherein [err] is a [err] straight or branched al kyl group optionally '
substituted with [err]; another preferred formof [err] is H:,5

A nore preferred formof the [err] gr;@a) I S:
_ iy . _
158.)0L W | '
. u OH :
oo N’ H o ; and
. H o

10

When R, is :
[;K—z—nm—cnz—
| O

H

15 preferred compounds of this invention include but are
not limited to:

_ N (o}
21d O\/\/[?.

(g2)

H o o ;
20 CHy0 H
\O\/\[N i
21e :)\gr"g ~)¢:M
o ;



[err] optional Iy substituted with QL, wherein [err] is -H [err] is -H and

Z1s C=0O a nore preferred formof the [err] gro%Qnﬁ¥$ 7 (D)
[err] optr8ﬂ%¥$§m§ubstrtuted with [err], wherein [err] nore pre errea forns
of the [err] group (c) are: - 73 - (c2) [err]

‘- 85 -

H 0 N " (o}
’ ”\r"f
N7 N ' OH ; and
o H _ , _
_ c’o N H
_ . H o
N o) _
157 [::]\yzﬂ\,/4r~ oH Ci
H ' N
: _ 0% N o) .
i H cl
When R; is:

(crz)c (Cl'l'z)d
10 R5~‘,x&lrxr————c—c-. ,

preferred compounds of this invention include but are
not limited to:

(o)

o]
o] OH
92
15
H
A preferred compound of embodiment B of this
invention employs formula n,.wherein:
| R, is:
20
(06) :
| fﬁ ~
Rs—N
) "o



provi ded that when [err] is (cl), gis 0, 5
Tis -CRH,_Xis N, [err] is benzyl oxycarbonyl,

is -H MAMPRI8cannot be [err] when [err] is [err] and [ BFFPSp07617

and 10

Jis-H mis 1,

[err]

1-phenyl -3-trifluoronethyl-pyrazol e- 5-yl wherein the phenyl is optionally
- substituted with 15 a chlorine at or when [err]
[err] is 2,6-dichlorophenyl, and wherein the 2-position of the scaffold

ring is substituted with para-fl uoro-phenyl;
mis 1;
T is -CO,H;
- Ry ‘is -CO-R;a.

Is [err] wherein

Preferred compounds of this embodiment

5 include but are not limited to:

114a

10

121

When R, is:

(r3) Rs-N/ﬂ:%/N C’/’

(o]

OH

; and




20 more preferred forns of the [err] group (e) are: [err] - 74 -

[err] -{5- @5 [err] or a bioisosteric replacenent for - |S a
pr ot ectiveag)r% 5‘§or the N atomof an a-amno acid side chail’%g?'@gé, and .
5 each c is 1, then R3 cannot be [err] when '
| o - 87 - |
(xa) '\Q
_ N
Rs—: c/
. i
o o
) '3 or
(x5) : N\i/s
ay
RN e
H o 0
5 optionally substituted with Q,;

preferred compounds o_f embodiment B of this invention
include but are not limited to:

.
’

o)

0 N 0
| R LD
- ~" OH 0 ¢ -
. 102a _ , H :
10 0 o 07 N
| H o c ; -
o Ny 0 _
102b | ﬁ - N
° o” N 0  OCH, ; and
N H o

N

_ 9 N/E'( - H Cl
. N _
1020 ©/\)LH 3 N :
15 Y o o)
H
. . - o cl




R13 is: [err] a nore preferred formof the [err] group (f) is [err] 15

a nore fggét;@? formof the [err] group (g) is: (g2) [err] [err] is (aal)
opt i onal ? ‘ituted singly or multiply with [err]; andPQUDUS9507617 7 is

C=0 a nore preferred formof the [err] group (h) is: - 76 - RO is
(aal) optionally substituted singl y_ogarryltiply with [err]; and

When R, is:

(wl)
e
Rs—N T
| H §
H o) o
5 - preferred compounds of this invention include but are

not limited to:

- B

0 H
10 : @—\_«o
N ' T
106b o . O OH | ,
- _.N; N H .
H- Q H o] ’ ) f

15
O
106¢ N '
o] o] - OH
. N N
20 ' 0 .
: 108a o _
:O ' OH O ClI

108b

OH
NAGA AL
25 O/\)L’.: N %% ana



Zis CQ nore preferred.forms of the [err] group (0) are: [err] - 77 -
a more preferred formof the [err] group (w) is: (wl) [err]

pref erred %WHQF of enmbodiment B of this invention enpl oys"%'?s??ﬁ‘l"%ﬁlferr]
wherein the [err] is: (c2)

- 89 -

) 0
Q—\_( 0
108¢c N@ ° OH Ci
o] : N \
N |
5 ; N.S\‘( \/_U\N w
H 0 H O el

The ICE inhibitors of another embodiment (C)

of this invention are represented by the formula g:

10 g

wherein the ring is-opti'onally substituted with
one or more R groups, preferably 0, 1 or 2; and
wherein:

R1 is R5' (A) p=i

15 R; is selected f:’r:om' the group cohsisting of:

20 | ’R_Ql

25 o -~CO-N



5 | Preferred conpounds of this enbodi ment include but are not

limted to: Jerr - 79 - - - - -
WO 9545308 ] [ ert ] 80 [ err ] 8%(71‘[!1895/07617
- 90 -
/AT,
'SO;"N
\R101
/Rs
5 -CO-N _
\RIOI and
/Rg
‘SOz‘N
\Rm;
10

each A is independently selected from the group
consisiting of any a-amino acid;

pis 0, 1, 2)_3'or 4;

Y is:
15 . -0-,

-H,

20 _ -0-C;¢ alkyl,
-NH(C,¢ alk_yl) '
vN_'(_Cl-g .a.lkyl)z,'
-8-C;¢ alkyl,
-Cy.¢ alkyl, or

25 : -Qz; _

each R; is a C;.¢ straight or branched alkyl group
optionally singly or multiply substituted by -OH, -F,
or =0 and optionally substituted with one or two Ar,
groups; |

30 each R;p is independently selected from the group
' consisting of -H or a C;.¢ straight or branched alkyl
group;




[err] - 82 -

[err] Preferred'conpounds of this enbodi nent include but

are not |igited ta [err] - 83 - [err] PCT/US95/07617

10

15

20

25

30

-91 -

each T, is lndependently selected from the 'group
consisting of:
-CH=CH-,

-0-C0-,
-CO-0-,
~CO-NRyo-,
-0-CO-NR;yo-,
-NR,,-CO-0-,
-NR;0-CO-NR;yo-,
-S0;-NRyo~,
=NR;0-S0;-, o and
- -NRy0~S0,-NRyo-,

each Ar, ié a cyclic group independently selected
from the set consisting of an aryl group which contains
6, 10, 12, or 14 carbon atoms and between 1 and 3
rings, a cycloalkyl group which contalns between 3 and
15 carbon atoms and between 1 and 3 rings, said
cycloalkyl group belng optionally benzofused, and a

- heterocycle group containing between 5 and 15 ring

atoms and between 1 and 3 rings, said heterocycle group
containing at least one heteroatom group selected from
-0-, -8-, -80-, -S0,-, =N-, and -NH-, said heterocycle
group optionally containing one or more double bonds,
said heterocycle'gfoup optionally comprising one or
more aromatic rings, and said cycllc group optionally
being singly or multiply substituted by: -NH,, -CO,H,
-c1, -F, -Br, -I, -NO,, '



- 84 - [err]

enbodi nent 5
WO 95/35308

10

15

20

25

-CN, =0, -OH, -perfluorec C,, alkyl, / \

- 85 - [err] - 86 - [err] Preferred conpounds of this
I ncl ude but are not limted to: [err]
. : PCT/US95/07617

- 92 -

o)

CH,, or -Q;;
\/
(o]

each Q, is independently selected f:dm the group

consisting of:

-TI-RQ, . and
- (CHz) 1,2,3-T1-Ro;

each Q, is independently selected from the group
consisting of -OH, -NH,, -COH, -Cl, -F, -Br, -I, -NO,,
-CN, -CF,, and (o '
/ \
\ /
o

CH;;

provided that when -Ar;, is substituted with a Q,
group which comprises one or moré:additional -Ar,
groups, said additional -Ar, groups are not substituted
with Q,. '

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

OH



- 87 - [err] - 88 - [err] [err] 5 preferred conpounds of this
I nvention i, “C'&ég?;o ut are not limted to: [err] PCT/US95/07617

- 93 -

~CH3

S¥ose

H3C
o . ¥

H3 N.
5 (D) c\f

; and

H

v “3°\{"

10 | | -

Preferred compounds of embodiment C of this
invention are also those in which each A is
independently selected from the group consisting of the

15 = o-amino acids: |
alanine,

histidine,

lysine,

phenylalanine,

20 proline,
tyrosine,
valine,



.- 90 - Jerr] - 91 - each [err] is independently selected fromthe group
consistL&g - 20 each [err] i's a cyclic group independently
s3ef

sel ected

e set consisting of an aryl group which cBRVEPHO767 10, 12

or 14 carbon atonms and between 1 and 3 rings, a cycloal kyl group which
contai ns between 3 and 15 carbon atong,and between 1 and 3 rings, said 25

cycloal kyl group being optionally benzofused, and a heterocycle group-
cont ai ning between 5 and 15 ring atons and between 1 and 3 rings, said
het er ocycl e group leucine,
' isoleucine,
glutamine,
‘methionine,
5 homoproline,

10

15

20

25

3-(2-thienyl) alanine, and
3-(3-thienyl) alanine.

The ICE inhibitors of another embodiment (D)

of this invention are repreéented by the formula z:

CO2H

z RI—N Ro
H

wherein:
R, is Rs- (A),-;

each T, is independently selected from the group
consisting of:

- CH=CH' s

'CO’NR.\O' '
"0"C0'NR1°" ’
-NR;,-CO-0-,



cont ai ni ng at

optional ly_containing one or

optionally

optional |y being singly or
[err] each [err]

10

15

20

25

30

ng one or

| east one heteroatom group selected from[err] 30 gr oup
nore doubl e bonds, said heterog rou
nore aromatic rings, and said f/ 87662p
mul tiply substituted by: [err] [err] - 92 -

'. ~NR;0-50,-NRyo- ;

R is

-NR;0-CO-NRyo-,
-80;-NRyo-,
-NR;0-S0;-,

selected from
-H,

-Ar,,

-CO-Ar,,
-80,-Ar,,

-Rg,

-CO-Rs,
-CO-0-R,,
-S0,-R,,

/Axr,
-CO-N
\R;o,

/Ar,
-S0,-N
\Ryo,

/Rg
~«CO-N
\RID ’

/R
-S0,-N
\Ryo;

I s i ndependently select$ fron1the group consisting of:
[err] each @ is independently selected TTo

mt he group conS|st|ng of [err]

" and

the group consisting of:

and

each A is independently selec;ed from the group

consisiting of any a-amino acid;

p is 0, 1,

2, 3 or 4;

each Ry is a C;¢ straight or branched alkyl group
optionally singiy or multiply substituted by -OH, -F,

or =0 and optionally substituted with an Ar, group;

each R, is independently selected from the .group



20 provi ded that when [err] is substituted with a [err] group which
conprises one or nore additional [err] groups, said additional [err] groups
are not ¥0B¥IP¥ted with [err]. Preferred conpounds of erBSTWSIMTIGIT of this
25 i nvention include but are not limted to: -93- [err] - 94 -
[err] The I CE inhibitors of another %ﬂPodinent (D) '

consisting of -H or a C,¢ straight or branched alkyl
group;

Ar, is a cyclic group independently selected from-
the set consisting of an aryl group which contains 6,

5 10, 12, or 14 carbon atoms and between 1 and 3 rings, a
cycloalkyl group which contains between 3 and 15 carbon
atoms and between 1 and 3 rings, said cycloalkyl group
being optionally benzofused, and a heterocycle group
containing between 5 and 15 ring atoms and between 1

10 and 3 rings, said heterocycle group containing at least (
one heteroatom group selected from -0-; -8-, -80-, -80,-
, =N-, and -NH-, said heterocycle group optionally
containing one or more double bonds, said heterocycle
group optionally comprising one or more aromatic rings,
15 and said cyclic group optionally being'singly or
multiply substituted by -NH,, -CO.H, -Cl, -F, -Br, -I, -
NO,, -CH, =0, -OH, -perfluoro C,., alkyl, or
S
N
20 CH;, -Ry, or -T;-R,.
\ /
0
Preferred compounds of embodiment D of this
invention are those in which R, is a C,., straight or
25  branched alkyl substituted with Ar, when Ar; is phenyl.

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

()

30



of this invention are represented by the formula [err]: 10 [err] each [err]
I S i1 ndepen téﬂé glected fromthe group 15 consi sting of: err; - 95
- [err] 5 F?‘is sel ected fromthe group consisting of : PCEUSPSTSLH A

i's independently selected fromthe group consisiting of any a-am no acid; p

is 0, 1, 2, 3 or 4; 30 each [errk4is a [err] straight or branched
al kyl group ' '
() H":T
H
5 (X) _
1
(Z)
1
; and
89
10
Preferred compounds of embodiment D of this
invention are also those in which A is independently
selected from the group consisting of the a-amino
15 acids: '

alanine,
histidine,



optionally singly or nultiply substituted by -OH, -F, or [err] and
optionah&¥ %#gstituted with an [err] group; each [err] is independently
sel ecte PUmte group - 96 - consisting of -H or a [ROI/YSISHT&lght or
branched al kyl group; [err] is a cyclic group independently selected from
the set consisting of an aryl groUp_wggcp contains 6, 5 10, 12, or 14
carbon atons and between 1 and 3 ringsS, a cycloal kyl group which contains
between 3 and 15 carbon atons and between 1 and 3 rings, said cycloal kyl
group being optionally §9@§gggsed, and a heterocycle group containing
between 5 and 15 ring atﬁgs ig& between 1 10 and 3 rings, said
het erocycl e group cont aPRFERY+&t-andRE

proline, '

tyrosine,

5 ' ) valine,
leucine,
‘isoleucine,
glutamine,
methionine,

i0 homoproline,

3-(2-thieny1) alanine, and
3-(3-thienyl) alanine.

The ICE inhibitors of another embodiment (E)
of this invention are represented by formula y:

wherein:
mis 0, 1, or 2;

T is -CO,H, or any bioisosteric

20 - replacement for -CO,H,
R, is
-CN,
~COR,3, or
/Rs
25 ~-COCO-N
\R1°l

Ry is selected from the group consisting of :



one heteroatom group selected from-0-, -S-, -SO, [err] =N, and -NH,
sai d heterocycle group optionally contalnlng one or nore do 8@ sai d
het er ocycl ¥ ‘éF ﬂﬂoptlonally conpri sing one or nore aronati%g#ﬁﬁ' @ﬂi% '
and said cyclic group optionally being singly or nultiply substituted by
[err], -4, -F, -Br, -1, - [err]-perfluggo_[err] alkyl, or [err] Preferred
conpounds of enbodinent D of this invention are those in which [err] is a

[err] straight or 25 branched al kyl substituted with [err] when [err] is

phenyl. Preferred congpunds of enbodlnent D of this invention include but
are not limted to: 30 :
1¢

-Co-ar,,
-S0,-Ar,,
5 -Ry,
~CO-R,
-CO-0-R,,
-S0,-Ry,
/Ar,
\Rjo,
/Ar,
-80,-N
\Ryo,

15 /Rg
-CO-N

10 -CO-N

\Ryo,  and

/Ry
-S0,-N
20 \Ryo}

each A is lndependently selected from the group
cons;stlng of any o- amzno acid;

p is 2 or 3;

25 each Ry is a Cy¢ stralght or branched alkyl group
optionally singly or multlply substituted by -OH, -F,
or =0 and optlonally substltuted with one Ar, group;

each T, is independently selected from the'group
 consisting of:
30 -CH=CH-,



- 97 - [err]

- 98 - lysine, phenylalanine, proline, tyrosine, 5

val i ne, i sol euci ne, glutam ne, methionine, 10
P‘}‘h’g’% 5408 5 _

honDpro

10

15

20

25

30

t hi enyl) al ani ne, and . PCT/US95/07617

- 100 -

~CO-NR;o-,
-0-CO-NRy,-,
-NR,,-CO-O-,
=NRy0-CO~-NRyo-,
-S0,-NRyo-,
-NR;0-S0,-, and
-NR;0-S0;-NRyo- ; '

each R;, is independently selected from the group
consisting of -H or a -C;. stra;ght or branched alkyl
group; '

each R;; is independently selected from the group
consisting of H, R;, Ar,,. ar_id CH,T;R,;

each Ar, is a cycllc group 1ndependently selected
from the set cons;stzng of an aryl group which contains
6, 10, 12, or 14 carbon atoms and between 1 and 3
rings, a cycloalkyl group which contains between 3 and
15 carbon atoms and between 1 and 3 rihgs, said

cycloalkyl group being optionally benzofused, and a

heterocycle group containing between 5 and 15 ring
atoms and between 1 and 3 rings, said heterocYcle'group
containing at least one heteroatom group selected from

' -0-, -S-, -80-, -80,-, =N-, and -NH-, said heterocycle

group optionally contalnxng one or more double bonds,

~ said heterocycle group optlonally comprising one or

more aromatic rings, and said cyclic group optionally
being singly or multiply substituted by -NH;, -CO,H,

Y



3-(3-thienyl) alanine. The I CE inhibitors of another enbodinment (E) of this

I nvention are regresented by formula [err]: [err] - 99 - [err] each Ais
i ndependent WP %8@P8t ed from the group consisting of any a- anPR# ‘%WF"’p i s
2 or 3; 25 each [err] is a [err] straight or branched al kyl group

optionally singly or nultiply substituted by -OH -F, or =0 and optionally
substituted with one [err] group; each™] éPF'] “is independently selected from
t he group consisting of: :

-¢1, -¥, -Br, -I, -NO,, -CN, =0, -OH,
-perfluoro C;.; alkyl, /O\

' CH,, or -Q,; and
5 \ /
_ . L o

éach Ar, is independently selected from the
following group, in which any ring may optionally be
10 singly or multiply substituted by -Q; and -Q,:

(hh) ;Ym e ;
. S
EEY —(x;ﬂ: |
. | |
(33) _(kj | .
15 _ ~¥ _ ; and

(kk)

et )

._<N1 " ;

Y

each Q, is independently selected from the group
20 consisting of:
_ Az,
-O-Ar,
-Ry, : o
-T,-R,,, . .and
25 - (CHy)1,2,3-T1-Ro;

each Q, is independently selected from thé_ group
consisting of -OH, -NH,, -COH, -Cl, -F, -Br, -I,

’NOz, 'CN" 'CF3, and ) O
CH,;
\ /
o]

35 . provided that when -Ar; is substituted with a Q,



30 [err] - 100 - [err] 15 . each [err] is independently
sel ected fromthe group consisting of -H or a [err] straight or branched

al kyl gMOf535¥8ch R13 is i ndependently sel ected from t he PETESPNI6Hsi st i ng

of H [err] and [err]; 20 each [err] is a cyclic group

| ndependently selected fromthe set consisting of an aryl group which
contains 6, 10, 12, or 14 carbon atoh®? ahd between 1 and 3 rings, a

cycl oal kyl group which contains between 3 and 15 carbon atons and between 1 -

and 3 rings. oald Zhicn USHSALYL §018- 05500 SBhieRahLy bgpzofused. and a
groups, said additional -Ar; groups are not substituted
with Q,.

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

10

e




het erocycl e group containing between 5 and 15 ring atons and between 1 and
3 rings, sg ocycl e group containing at |east one het @ﬁ?gghg up
sel ected fron1i ﬁﬁ sai d heterocycle 30 group optlonallyq%on a|n|%8 one
or nore doubl e bonds, said heterocycle group optionally conprising one or
nore aromatic-rings, and said cyclic grqy aoptionally being singly or

multiply substituted by [err] - 101 - [err] each [err] is independently
selected fromthe follow ng group, in which any ring may optionally be 10
singly or multiply substltuted by [err] e@err] [err] .

5

Preferred compounds of embodiment E of this’
invention are also those in which A is independently
selected from the grbup consisting the a-amino acids:

10 alanine,

histidine,

lysine,

phen?lalanine,

proline,

15 - tyrosine,
vaiine,-
leucine,



each [err] is independently selected fromthe group 20 consi sting of:
[err] each I S independently selected fromthe group consisting of [err]
35 WO 953308 i ded that when [err] is substituted w th BCE@s9sp7617 - 102 -
group which conprises one or nore additional [err] groups, said additional
[err] groups are not substituted with [err]. Preferred conpounds of

enbodi nent E of this 5 I nventi oIT i- ude but are not |limted to: [err]

isoleucine,
glutamine,
methionine,
homoproline,

5 . 3-(2-thienyl) alanine, and
.3-(3-thienyl) alanine.

The ICE inhibitors of another embodiment (F)

of this invention are represented by formula §:
cozH '

ﬁ R'\N/;(N ) | o ' '
: H , .

°.
10 wherein:
R; is Rg- (A)p-,'

Rs; is selected from the group consisting of:

15 -CO-Ar,,

20 -S0;-R,,

25 -S0O,-N

30 /R



- 103 - [err] Preferred conpounds of enbodinment E of this invention are
al so those in which Ais independently selected fromthe group consisting

the a-am nov@@s/ss308 - 104 - isol euci ne, glutamine, nethi orPGRUSISNH7617
honmoproline, 5 3-(2-thienyl) alanine, and 3-(3-thienyl)
al ani ne. _ :

- 105 -

each A is independently selected from~the'group
- consisting of any a-amino acid;

pis 0, 1, 2, 3 or 4;

_ -each Ry, is a C,.¢ straight or branched-alkyl group
5 .-.optionally singly or multiply substituted by -OH, -F,
or =0 and optionally substituted with one Ar; group;

each R,, is independently selected from the group
consisting of -H or a C,¢ straight or branched alkyl
group;

10 each T, is independently selected from the group
consisting of:
- CHSCH' ’

15 -S0-,

each Ar, is a cyclic group independently selected

from the set consisting of an aryl group which contalns
6, 10, 12, or 14 carbon atoms and between 1 and 3
rings, a cycloalkyl group which contains between 3 and

20 15 carbon atoms and between 1 and 3 rings, said
cyeloalkyl group being optionally benzofused, and a
heterocycle group containing between 5 and 15 ring _
atoms and between 1 and 3 rings, said heterocycle group
'conta;nlng at least one heteroatom group gselected from

25 -0-, -8-, -80-, -80,-, =N-, and -NH-, said heterocycle
‘group optionally containing one or more double bonds,
said heterocycle group optionally comprising one or
more aromatic rings,'and said cyclic group optionally

- being singly or multiply substituted by -NH,, -CO:H,

30  -cl, -F, -Br, -I, -NO,, -CN, =0, -OH,



The ICE inhibitors of another enbodinment (F) of this invention are

repr esent ed bgsformjla [err]: [err] R5 is selected fromthe group

consi st i Q%8P5308 ¢ v - 105 - each A is independently SPCHUS®®76x70m t he
group consisting of any a-amno acid; pis 0, 1, 2, 3 or 4; each [err] is a
[err] straight or branched al kyl group 5 optionally singly or nmultiply
substituted by -OH, -F, or =0 and obtli%a‘lly substituted with one [err]
group; each [err] is independently selected fromthe group consisting of -H

or a ferr] stragl, gf, Pranchggal 1
| / \

\ /
5 , o)

CH;, or -Q,; and

- each Ar, is independently selected from the
following group, in which any ring may optionally be
singly or multiply substituted by -Q, and -Q,:

10 (ii)

A
b

; and

15 Y

e

each Q, is independently selected from the group
consisting of:

20 . °R91 ) ..
-TI-RQ' and
- (CHz) 1,2,3-T1-Ry;

-each Q, is independently selected froml the group
25 consisting of -OH, -NH,, -CO,H, -Cl, -F, -Br, -I,
.'NOZ, ‘CN, "CF;, and O .
' . / \
CH;;
\ /
30 o]
provided that when -Ar; is substituted with a Q,

group which comprises one or more additional -Ar,




group; 10 _ each [err] is independently selected fromthe group
consi-sting of:-leré4 each [err] is a cyclic group independently selected
fromthe setW® ing of an aryl group which contains 6, 10BCIIR§95876114
carbon atonms and between 1 and 3 rings, a cycloal kyl group which contains
between 3 and 20 15 carbon atons and between 1 and 3 rings, said
cycl oal kyl group being optionally benzdf#82d; and a het erocycl e group
cont ai ning between 5 and 15 ring atons and between 1 and 3 rings, said
het erocycl e group_contai ning.at .Least _one heteroatom group selected from 25
[err] and [err], %E?W%Et%?géy%‘? 1€+3ﬁﬁfob$'rbr%?‘§ﬁ’%o%%ilﬁ?ﬁgs %tb‘F“ﬁ‘Ba]e i
doubl e bonds, saiwlitiet@r;ocycle group optionally conprising one or nore
aromatic rings, and said cyclic group optionally

each X is independently selected from the group
consisting of =N-, and =CH-; and

5 each Y is :'_.n'dep'endéntly selected from the :group
consisting of -0-, -S-, and -NH.

Pi:'ef_e:re_d compounds of emvodiment F of this
invention include but are not limited to:

e

10

15

20




being singly or nultiply substituted by [err] [err] - 106 - -perfluoro
[err] alkyl, [err] each Ar2 i's independently selected fromthe follow ng
group, WOFES3MB.any ring may optionally be singly or nul teqrnysesmomsayi t ut ed
by [err] and [err]: consisting of: [err] each [err] is independently
'selected fromthe group 25 . consistbgg of [err] [err] provided that when

[err] is substituted with a [err]

and

-e

10

Preferred compounds of embodiment F of this

invention are also those in which A is independently

15 selected from the group consisting the a-amino acids:
alanine, '



group which conprises one or nore additional [err] --107 - groups, said
addi ti onal eggﬂﬁy(nmm are not .substituted with [err]; each X is

i ndependenM@2% cted fromthe group consisting of =N, and TEPINLY 5
each Y is independently selected fromthe group consisting of [err] [err]

Preferred conpounds of envodiment F of this invention include but are not
limted to: _ - 109 -

histidine,
lysine,
phenylalanine,
proline,
5 . tyrosine,
B valine,
leucine,
- isoleucine,
glutamine,

10 . methionine,
homoproline,
3-(2-thienyl) alanine, and
3-(3-thienyl) alanine.

The'compounds of this invention having a
15 molecular weight of less than or equal to about 700
' Daltons, and more preferably between about 400 and 600
Daltons, are preferred. These preferred compounds may
be readily absorbed by the bloodstream of patients upon
oral administration. This oral availability makes such
20 compounds excellent agents for orallyFadministered
" treatment and prevention regimens against IL-1 mediated
diseases.

The ICE inhibitors of this invention may be
synthesized using conventional techniques.
25 - Advantageously, these compounds are conveniently
'synthesized from readily available starting materials.
_ _ The compounds of this invention are among the
- most readily synthesized ICE inhibitors known.
Previously described ICE inhibitors often-contain four
30 or more chiral centers and numerous peptide linkages.
. The relative ‘ease with which the compounds of this
‘invention can be synthesized represents an enormous
advantage in the large scale production of these



- 108 - [err] Preferred conppurds_af enbodi nent F of this invention are
al so those in which Ais indpPeiSIBHEETYHAS BEEI¥ sel ected fromthe group
consi st i W@ IBBOB- ani no aci dsf al a'ﬂEPEACED q9 - hi sti di PET/USSOT613,

~ phenyl al ani ne, proline, 5 yw-os+-de, "val i ne, | eucine,

- 110 -

compounds. _ _ .
It should be understood that the compounds of

this invention may exist in various equilibrium forms,
depending on conditions including choice of solvent,

5 pH, and others known to the practitioner skilled in the

' art. ‘All such forms of these compounds are expressly

included in the present invention. 1In particular, many
of the compounds of this invention, especially those
which contain aldehyde or ketone groups in R, and

10  carboxylic acid groups in T, may take hemi-ketal (or
hemi-acetal) or hydrated forms, as depicted below:

/o H e TN
Rf_N"x1\ OH === R1—'3-X1\ | p— R,—N-x,\ o
GoofRe  ~  OegT (CHig—C—Rus
Hydrated Form:.. .- - - T . . Hemi-ketal or
: S Hemi-acetal For

Depending on the choice of solvent and other
conditions known to the practitioner skilled in the

15 art, compounds of this invention may also take acyloxy
ketal, acyloxy acetal, ketal or acetal form: '

(EQ2)
(CJ;)m— “ o (c.b)rn-@\ - Ch g\
"
Rr-N—X1 c\0= R1—N-X1/ o a:—=R1—N-X1/ OR
" e " “ewrgre H Nowie
Acyloxy Ketal or - o Ketal or Aceg For

Acyloxy Acetal Form _ |
In addition, it should be understood that the _
equilibrium forms of the compounds of this invention
20 may include tautomeric forms. All such forms of these
\
This Sheet Has B

I Iill




is?leucine gl utam ne, 10 met hi oni ne, honoproline,

3-(2-thien alanlne and 3-(3-thienyl) al anine.. The conpoup S
i nvention ﬁﬂé - nol-ecul ar wei ght of |ess than or (ﬂéﬁb$%m§53ut
700 Dal t ons, and nDre ‘preferably between about 400 and 600 Daltons, are

preferred. These preferred conpounds naﬁége readi | y absorbed by the
bl oodstream of patients upon oral adm n ration. This oral availability
makes such 20 conmpounds excel | ent agents for orally-adninistered

treatnment and pr g 12GHIRS Y ddiuhdB diftak Peensas. The | CE
I nhi bitors of thﬁsﬁ@hve%tlg%hggaibe syﬁsﬁgggéed using cogientlonal
techniques. =~ invention. :

It should be understood that the compounds of
this invention may be modified by appropriate
5 functionalities to enhance selective'biological.
properties. Such modifications are known in-the art’
and include those which increase biological :penetration
into a given biological system (e.g., blood,. lymphatic
system, central nervous system), increase oral -

10  availability, increase solubility to allow
administration by injection, alter metabolism and alter
rate of excretion. In addition, the compounds may be
altered to pro-drug form such that the desired compound
is created in the body of the patient as the result of

15 the action of metabolic or other biochemical processes
on the pro-drug.  Some examples of pro-drug forms
include ketal, acetal, oxime, and hydrazone forms of
compounds which contain ketone or aldehyde groups,
especially where they occur in the R; group of the

20 compounds of this invention.

The compounds of this invention are excellent : .

ligands for ICE. Accordingly, these compounds are:
capable of targeting:and inhibiting events in IL-1.
mediated diseases, such as the conversion of precursor
25 IL-18 to mature IL-1R and, thus, the ultimate activity
of that protein in inflammatory diseases, autoimmune
diseases and neurodegenerative diseases. For example,
the compounds of this invention inhibit the conversion
of precursor IL-1f to mature IL-18 by inhibiting ICE.
30 Because ICE is essential for the production of mature
IL-1, inhibition of: that enzyme effectively blocks '
initiation of IL-1 mediated physiological effects and
symptoms, such as inflammation, by inhibiting: the
. production of mature IL-1. Thus, by inhibiting. IL-18
35 precﬁrsor activity, the compounds of this invention



25 Advant ageously, these conpounds are conveniently synthesized from
readily avail able starting nmaterials. The conpounds of this invention are
anong t YEOP¥EB& eadi |y synt hesized | CE i nhibitors known. RGT&SIS0IY
“described I CE inhibitors often contain four 30 or nore chiral centers
and nunerous peptide |inkages. The relative ease with which the conpounds
of this invention can be synthesi zedt}#presents an enornous advantage in
the |l arge scal e production of these - 110 - conpounds. It should be

Under oL 000 1l L Ie OIROpcS: SLal Mo INCILhaR Y e ot 11 vari ous

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

5 treatment, their dosage levels and requirements may be
selected by those of ordinary skill in the art from
available methods and techniques. For example; a
compound of this invantion"may be combined with a
pharmaceutically acceptable adjuvant for administration

10 to a patient suffering from an IL-1 mediated disease in
a pharmaceutically acceptable manner and in an amount
effective to lessen the severity of that disease.

Alternatively, the compounds of this
invention may be used in compositions and methods for

15 treating or protecting individuals against IL-1 |
‘mediated diseases over extended peribds of time. The
compounds may: be employed in such compositions either
alone or together with other compounds of this
invention in a manner consistent with the conventional

20 utilization of ICE inhibitors in pharmaceutical

' ‘compositions. For example, a compound of this
invention may be combined with pharmaceutically
~acceptable adjuvants conventionally employed in
vaccines and administered in prophylactically.effective

25 amounts to protect individuals over an extended period
‘time against IL-1 mediated diseases. |

The compounds of this invention may also be
co-administered with other ICE inhibitofs to increase
the effect of therapy or prophylaxis against various

30~ IL-l-mediated diseases. ' -

. In addition, the compounds of this invention
may be used in combination either conventional anti-.
inflammatory agents or with matrix metalloprotease
inhibitors,. lipoxygenase inhibitors and antagonists of

35  cytokines other than IL-18. .



5 pH, and others known to the practitioner skilled in the art. Al such
forms. of these conpounds are expressly included in the present invention.
In particul WOSREI$ of the conpounds of this invention, espe®CEUS§5NGbEe -
whi ch contain al dehyde or ketone groups in [err] and 10 carboxylic acid
groups in T, may take hem -ketal (or henm -acetal) or hydrated forns, as
depi cted below. [err] Depending on the'cﬁﬁscé of sol vent and ot her
conditions known to the practitioner skilled in the 15 art, conpounds of
this invention may al so tak

form [err] In addition, itﬁgﬁg %%%355%313;5t%g‘)b{l?o?'%‘é%ﬁ%tﬁ?nequﬁt| lrsl%fjm gﬁ ?r!s'

of the conpounds afimihisteneénihogo@binatiep withudomunemednlasarg ns. All -

such forns of the%g.g.; bropirimine; anti-human alpha interferon
antibody, IL-2, GM-CSF, methionine enkephalin,-

5 interferon alpha, diethyldithiocarbamate, tumor
necrosis factor, naltrexone and rEPO) or with -
prostaglandins, to prevent or combat IL-l-mediated
disease symptoms such as inflammation.

When the compounds of this invention are
10 administered in combination therapies with other |
agents, they may be administered sequentially or
concurrently to the patient. Alternatively,
‘pharmaceutical or prophylactic compositions according
to this invention may be comprised of a combination 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'aéceptable salts thereof, with any

20 pharmaceutically acceptable carrier, adjuvant or
vehicle. PharmacéutiCally 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”mixturés 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

- glycel, sodium carboxymethylcellulose, polyacrylates,
35 waxes, polyethylene-polyoxypropylene-block polymers,



- 111- conpounds are expressly included in the present invention. It should
be understood that the conpounds of this invention may be nodified by

appr opr "4P&BS308 ¢ ynctionalities to enhance sel ective bi FOYPIA07617
properties. Such nodifications are known in-the art and include those which
I ncrease bi ol ogi cal penetration into gi ven bi ol ogical system(e.g.,

bl ood, | ynphati c system central nervbgé Systen), ‘increase oral 10
availability, increase solubility to allow adm nistration by injection,

iy be al tor cROLYEpPu ehE oT 8k RLohaR FREL BBt osTTod compound | o or eat ed

in the body of the pati e pbarmacestiralorompositions of this
invention may be administered orally, parenterally, by
'inhalationfspray, topically, rectally, nasally,

5  buccally, vaginally or via an implanted reservoir. We
prefer oral administration. The pharmaceutical
compbsitions,ofsthis invention may contain any
conventional non-toxic pharmaceutically-acceptable

~ carriers, adjuvants or vehicles. The term parénteral

10 as used herein includes subcutaneous, intracutaneous,
intravenoﬁs,.intramuscular, intra-a;;icular, (
intrasynovial, intrasternal, intrathecal, intralesional
and intracranial.injéétion or infusion techniques.

The pharmaéeutical.compositions méy be in the

15 . form of a sterile injectable preparation, for example,
as a sterile injectable aqueous or oleaginous
suspension. This suspension may-bé'fo:mulated
according to techniques known in the art using suitable
dispersing or wetting agents (such as, for example,

20 Tween 80) and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example, as a
solution in 1,3-butanediocl. Among the acceptable

25 vehicles and solvents that may be employed are.
mannitol, water, Ringer's solution and isotonic sodium
chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending
medium. For this purpose, any bland fixed oil may be

30 - employed including synthetic mono- or diglycerides.
FaEty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation'of
injectables; as are natural pharmaceutically-acceptable
oils, such as olive oil or castor oil, especially in |

35 their polyoxyethylated versions. These oil solutions



15 4 the action of nmetabolic or other biochemn cal processes on the

pr o-drug. ﬁ&gﬁ§g§@nples of pro-drug forms include ketal, gkﬁl 3%, and
hydrazone t0 conpounds’ ‘whi ch contain ketone or aldehy gﬁ%%ggﬁ?
especially where they occur 4 n the R3 group of the 20 conpounds of this
i nvention. The conpounds of this inventikqg are excellent |igands for ICE

Accordingly, these conpounds are capable of targeting and inhibiting events
in IL-1 medi ated di seases, such as the conversion of precursor 25 [err]

to mature [err] 6stu%5@%szblh% waly Elsd aWrtdiny 0fldpichin elcolol

I nfl ammat ory di seases, ~aut oi ymune di ease and ur, enerat iy eases.
For exanpl e, theSddNEBENGT GRSPRESANN r#h"olfétlﬁe 1gonvéerlglgénéof

precursor [err] wacehoare [err] by |nhib|t|ng | CE. 30 Because ICE is
essential for the production of mature 1L-1, inhibition of that enzyne
ef fectively bl ocks L

5 . The pharmaceutical compositions of this

invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, and aqueous suspensions and
solutions. 1In the case of tablets for oral use,

10 carriers which are commonly used include lactose and
corn starch. Lubricating agents, such as magnesium
stearate, are also typically added. For oral
administration in a capsule form, useful diluents
include lactose and dried corn starch. When aqueous

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

The pharmaceutical compositions of this

20 invention may also be administered in the form of
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

25 rectal temperature and therefore will melt in the
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

30 comp051tlons of this inventzon is especially useful
when the desired treatment involves areas or organs
readily accessible by topical. application. For
application topically to the skin, the pharmaceut1ca1
composition should be formulated with a suitable

35  ointment containing the active components suspended or



initiation of

- 112 - effectively function as IL-1 inhibitors.
I nvention may be enployed in a conyegagoqal manner for the treatnent of
di seases which are nediated by IL-1.

I L-1 nedi at ed physiol ogi cal effects and synptons, such as
infla I nhibiting the production of mature |IL-
|nh|b|t|ng&?gﬂgy 35 precursor activity, the conpounds*ﬁ?ﬁgﬁﬁgm?%vention

uch nmet hods of 5 treat nent,

The conpounds of ‘this

their

dosage | evel s and requirenents may be selected by those of ordinary skil.

in the art fra%@sﬁbhabhﬁ aewmeaﬂd cashiiedie Tor Yo ! €,

of this invention ma

adjuvant for

10

15

aéwgp.g%p:‘aﬁ:p.eﬁ olfn% ewcggp%u% H n%celﬂtllscailnl\)éntcz%%t able
include, but are not limited to, mineral oil, liquid
petroleum, white petroleum, propylene glycol, polyoxy-
ethylene polyoxypropylene compound,; emulsifying wax and
water. Alternatively, the pharmaceutical,composition
can be formulated with a suitable lotion or cream
containing the active compound suspended or dissolved
in a carrier. Suitable carriers include, but are not
limited to, mineral oil, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol,
2-octyldodecancl, benzyl alcohol and water. The
pharmaceutical compositions of this invention may also
be topically appliéd to the lower. intestinal tract by
rectal suppository formulation or in a suitable enema
formulation.”~TopiCally-transdermul patches ére also

. included in this inventionm.

20

25

30

35

The pharmaceutical compositions of this
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,
employing benzyl alcohol or other suitable
preservatives, absorption promoters to enhance.
biocavailability, fluorocarbons, and/or other .
solubilizing or dispersing agents known in the art.

The IL-1 mediated diseases which may be |
treated or prevented by the compounds of this invention

include, but are not limited to, inflammatory diseases,

autoimmune diseases and neurodegenerative diseases.
Inflammatory diseases which may be treated or
prevented include, for example, septic shock,
septicemia, and adult respiratory distress syndrome.
Target autoimmune diseases include, for example,
rheumatoid, arthritis, systemic lupus erythematosus,

a conpound




10 to a patient suffering froman IL-1 nediated disease in a
pharnaceutlcallé accept abl e ' unt effective to |lessen the

severity oWQMIS30R sease. Alt ¢THIS SHEEY HABHREENOhpounds of t RE/PISEMY on
may be used in compositions -apd metRERIACEDr 15 treating or protecting

i ndi vi dual s ‘agai nst IL-1 nedi ated drseases over extended periods of tine.
The conpounds nay be enployed in such é&ﬁbdéitions ei ther al one or together
wi th ot her conpounds of this invention in a manner consistent with the

compost 11 ons. - FAICKSERARTEM » ShARRAR FIrEYFRAE] o T ROBE ROTHERES, 1 e
mﬁth.pharnageuéanﬂd%mmuffxgaﬂﬁritﬁ#lﬁnﬂnkﬁmﬂdﬁpqmdﬁphIﬂ#aéﬁﬁﬁéyéd in
reStens s vy MM AL B AL xdBotmmarau Lo
di seases. neutropenia, thrombocytopenia, chroni S
5 hepatitis, myasthenia gravis and multiple sclerosis.
And target neurodegenerative diseases include, for
example, amyotrophic lateral sclerosis, Alzheimer's
disease, Parkinson's disease, and primary lateral
-sclerosis. .The ICE inhibitors of this invention may
10 “also be used to promote wound healing. And the ICE
inhibitors of this invention may be used to treat
infectious diseases. , _
Although this invention focuses on the use of
the compounds disclosed herein for preventing and
15 treating IL-l-mediated diseases, the compounds of this
invention can also be used as inhibitory agents for
other cysteine proteases. _ o '
The compounds of this invention are also
useful as commercial reagents which effectively bind to
20 "ICE or other cysteine proteases. As commercial
reagents, the compounds of this invention, and their
derivatives, may be used to block proteolysis of a
target peptide or may be derivatized to bind to a
stable resin as a tethered substrate for affinity
25 chromatography applitations; These and other uses
which characterize commercial cystine protease |

nic active

inhibitors will be evident to those of ordinary skill
in the art. ' '
'In order that this invention be more fully
30 understood, the following éxampies are set forth.
These examples are for the putpose of illustration only
and are not to be construed as limiting the scope of
the invention in any way. o

This Sheet Has Been Replaced
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The conpounds of- this invention nmay al so be co-adninistered with other |ICE
inhibi'tors to increase the effect of therapy or prophylaxis against various

30 | LWO-9sBstiosit ed di seases. |n addition, the conpounds PET/USSS®H76XTventi on
may he used in conbination either conventional anti- inflammtory agents or
with matrix metall oprotease inhibitors, |ipoxygenase inhibitors and

ant agoni sts of 35 cyt oki nes ot herll8an [err]. - 113 - The conpounds

of this.invention can also be administered in conbination with -
i munonmodul ators (e.g., bropirimne, anti-human al pha.interferon antibody,
| L-2, GW CSF, nethionine enkephalin, =

' ' The following example demonstrates a process

of drug design which embodiés-the-present invention:

Step 1) Pick 2 hydrdgen bonding moieties of ICE,
5 here, the backbone C=0 and N-H of Arg-341.

Step 2) ' Pick a scaffold, here, a pyridone

derivative, and confirm that the hydrogen bonding

‘moieties of the scaffold are capable of forming

satisfactory hydrogen bonds with the hydrogen {
10 bonding moieties selected in step 1. This

confirmation is performed by using molecular

mechanics téchniques to minimize the scaffold

fragment in the context of the active site of ICE.

@
°
Y
[Regaat ]

Step 3) Pick a hydrophobic pocket, here, S2, as

15 next target and a hydrophobic moiety, here,
benzene. Minimize the benzene group within the S2
pocket to assure that substantial hydrophobic
overlap is obtained.

=0--X~

@

Step 4) Pick another hydrophobic pocket, here,
20 S4, as the next target and a hydrophobic moiety;



5 interferon al pha, diethyldithiocarbamate, tunor necrosis factor,
naltrexone 5%# C» or with prostaglandins, to prevent or ﬁgﬁ?@%ﬂ

I L-1- medi at'ed Base synptonms such as inflamation. Wen t 8ifAls of
this invention are 10 adm ni stered in conbi nation therapies with other
agents, they may be adm nistered sequen%*glly or concurrently to the

patient. Alternatively, pharmaceutical prophyl actic conpositions
according to this invention nmay be conprised of a conbination of 15 an

| CE inhibitor of thlshéggenﬁéﬂgbﬁ@d aﬂg&fﬁ{zéhEﬁépﬁuhhSnQrFggﬁgg%ﬁ%ﬁ&h?

agent. Pharnmaceuti cal n§05|t|ons of I'S I nvention, co
conmpounds of the pres%h% VROEkSH, t%nﬁn§“§?nﬁ€éﬁt?BEFF?nEéééptable salts

thereof, with any 20 n df$ﬁﬁ5§£@u5v§ﬁ1§y fsceptabhedcarrier, adjuvant or
vehicle. Pharnaceutlcéle accept abl e carrlers _ -

4

2y Y

5 Step 5) Fill the S1 polar pocket with an
electrénegative_moiety, here, a carboxylate
sidechain provided by aspartic acid in which the
C-terminus has béen reduced to an aldehyde. |

Minimize to ensure that the carboxylate sidechain
10 retains a favorable electrostatic interaction with
the S1 polar pocket.

@ N oo

S1

Step 6) Link the scaffold with the moieties from
steps 3, 4, ahd 5, preferably using the minimum
number of bonds consistent with a chemically

15 reasonable structure. Minimize the entire
composite molecule in the active site of ICE.

(25)




adj uvants and vehicles that may be used in the pharmaceutical conpositions
of this invention include, but are not limted to, ion exchangers, .alum na,
25 aMMISPIM8st earate, lecithin, serum proteins, such RETRISAHI6EEr um

al bum n, buffer substances such as phosphates, glycine,sorbic acid,

‘pot assi um sorbate, partial glyceride m xtures of saturated vegetable fatty
acids, water, salts or electrolytesi28uch as protami ne 30 sul fate,

di sodi um hydr ogen phosphate pot assi um hydr ogen phosphate, sodi um chl ori de,

zing palis, collobgsl ol oy MRONeRLUTLLELSl bEoLEy, BRLLALAN! Ut O TC0ne,
car boxynet hyl cel | it dses thé yeonfoermatiolSnecessary, for binding to ;
pol yet hyl ene- pol ypey pr oyl £fi 01 RE5e PRhY "BbEvaluate the energy --
- this is the free éonformation'energy. The strain 5
5 energy for binding of the potential inhibitor to
ICE is the difference between the free
conformation energy and"the bound conformation
energy. The strain energy should be less than
about 10 kcal/mol. In this case the bound
10 . conformation energy is -1.6 kcal/mol and the free
conformation energy is -11.7 kcal/mol, for a (
strain energy of 10.1 kcal/mol.

Ste§ 8) The inhibitor designed_usingrtne above
steps has been made and has been show to have a K;
15 of 150 nM.

Example 2
We obtained inhibition constants (K;) and ICs,
values for aeverallcompounds of this invention using
the three methods described below:

20 1. Enzyme assay with UV-vigible substrate
This assay is run using an Suécinyl-Tyr-Val-
Ala-Asp-pNitroanilide substrate. Synthesis of
analogous substrates is described by L. A. Reiter (Int.
J. Peptide Protein Res. 43, 87-96 (199%4)).  The'assay
25 mixture contains: :

65 pl buffer (10mM Tris, 1 mM DTT, 0.1% CHAPS @pH 8.1)
10 ul ICE (50 nM final concentration to give a rate of ~1mOD/min)
5§ ul DMSO/Inhibitor mixture -
20 4l 400uM Substrate (80 uM final concentration)
30 1004l total reaction volume :

The v1slble ICE assay is run in a 96-well
microtiter plate. Buffer, ICE and DMSO (if inhibitor



- 114 - pol yethyl ene glygol and wool fat. The pharmaceutical conpositions
of this in y be adm nistered orally, parenterally, ' 5@2 I on
spray, topi CQH':& 8?th ally, nasally, 5. buccal 'y, vagi nal | 6¢§; | ﬁzn

i npl anted reservoir. W prefer oral adm nistration. The pharnaceuti cal
conpositions of this invention may cgn&g&n _any conventlonal non-t oxi c
phar maceuti cal | y-acceptabl e carriers, juvants or vehlcles The term

parenteral 10 as used herein includes subcutaneous, intracutaneous,
I ntravenous, ' ”E.Ea?%%léhﬁ'i alr  Hageat 't%“'t% viéltl'@%ct‘ﬂemordé?é r:l?:.sét'?éc!‘al
intrathecal, intrafesional and intracrani al ection or infusion

t echni ques. TheTbﬁaFﬁﬁEeﬂﬁpﬁélaEGnﬁG@‘tFGhé ate a3t Heom FemPEIRLHLR a
sterile injectabgbe psepanhateensthetifgadRl €heatimeSitdidat allnjcipdient s

agueous or Oleaglnopresent in all wells. The microtiter plate reader
5 is set to incubate at 37°C. After the 15 minute
incubation, substrate is added directly to the wells
and the reaction is monitored by following the release
of the chrémophore (pNA) at 405 - 603 nm at 37°C for 20
minutes. A linear fit of the data is performed and the
10 rate is calculated in mOD/min. DMSO is only present

during experiments involving inhibitors, buffer is used.
to make up the volume to 100 gl in the other
experiments. '

2. Enzvme Assay with Fluorescent Substrate _

15 This assay is run essentially according to
Thornberry et al. (Nature 356: 768-774 (1992)), using
substrate 17 referenced in that article. The substrate
is: Acetyl- Tyr-val Ala-Asp-amino-4-methylcoumarin
(AMC) . The following components are mixed:

20 65 ul buffer (10mM Tris,imM DTT, 0.1% CHAPS @pHS8.1)
10 ul ICE (2 - 10 nM final concent:rat:zon)
5 ul DMSO/inhibitor solution
20 yl 150 uM Substrate (30 uM final)
100u1 total reaction volume

25 - The assay is run in a 96 well microtiter
plate. Buffer and ICE are added to the wells. The
components are left to incubate at 37°C for 15 minutes"
in a temperature- controlled wellplate. After the 15
minute incubation, the reaction is started by adding

30 substrate directly to the wells and the reaction is _
monitored @37°C_for.30Hminutes by following the release
of the AMC fluorophé:e using an excitation wavelength
for 380 nm and an emission wavelength of 460 nm. A
linear fit of the data for each well is performed-ané a



suspensi on. This suspension may be fornul ated according to techniqueé known

in the |.Ng suitable dispersing or wetting agents (su as, _for
Whgtatsig ool o

exanpl e, ™ ween 80) and suspendi ng agents. The ster?

preparation may also be a sterile injectable solution or suspension in a
non-toxi c parenterally- acceptablq<yéémyn or solvent, for exanple, as a
solution in 1, 3-butanediol. Anong thé  acceptable 25 vehi cl es and
solvents that nay be enpl oyed are nmannitol, water, Ringer's solution and

| sotoni ¢ sodiype N Prdditertilndd ofh £1dbABLACE utiesiér Ledbuaoi|s are
conventional |y enployed as a solvent or suspending pedium ,h For this
purpose, any bland fix&PHidetAEMINALIPN Ok BAZYRY RRIRHFHGR synt heti ¢
mono- or di glasiydaifts (16)t praehes modeC bfasindlidiit ian | cwibdtiitigleyceri de
derivatives are useful in the Lrepar atti_ on, of) i nti-l_?ct abtl;es‘i S are natural
phar maceut | cHAGPIRARARAM ST doncompetitive), ‘the race datd

5 determined in the enzyme assays at varying inhibitor
concentrations are computer-fit to standard enzyme
kinetic equations (see I. H. Segel, Enzyme Kinetics,
Wiley-Interscience, 1975).

10 IL-1R Assay with a Mixed Population of Human (
Peripheral Blood Mononuclear Cells (PBMC)
or Enriched Adherent Mononuclear Cells

Processing of pre-IL-18 by ICE can be
measured in cell culture using a variety of cell

15 sources. Human PBMC obtained from healthy donors

provides a mixed population of lymphocyte subtypes and
mononuclear cells that produce a spectrum of
interleukins:and-Cytdkihes in response to many classes
of physiological stimulators. Adherent mononuclear

20 cells from PBMC provides an enriched source of normal
monocytes for selective studies of cytokine production
by activated cells. o .

Experimental Procedure:. _
An initial dilution series of test compound

25 in DMSO or ethanol is prepared, with'a subsequent
‘dilution into RPMI-10% FBS media (containing 2 mM
L-glutamine, 10 mM HEPES, 50 U and 50 ug/ml pen/strep)
réspectively to Yield'drugs at 4x the final test
concentration containing 0.4% DMSO or 0.4% ethanol.

30 The final concentration of DMSO is 0.1% for all drug
dilutions. A concentration titration which brackets
the apparént K, for a test compound determined in an ICE
inhibition assay is generally used for the primary
compound screen. - _

35 We generally test 5-6 compound dilutions and



oils, such as olive oil or castor oil, especially in 35 their

pol yoxyet hyl ated_versions. These oil solutions - 115 - or_suspensi ons
may al so cﬁ'ﬁ’t’é{sﬁ 30% | ong- chai- n al cohol diluent or dispersant PCRPOYW P'{err]
or a sim/lar alcohol. 5 . The pharnaceutical conpositions of

this invention may be orally adn1n|st in any orally acceptabl e dosage
formincluding, but not limted to, %g | es, tablets, and aqueous
suspensi ons and solutions In the case of tablets for oral use, 10

carriers which S e BLTRSL easeﬂe'egiw aLaE{gfaasnaﬂé @l Rpat aeh.

Lubri cati ng agen ne5|un1s eara so typi cal y add d.
For oral dupllcate, w1th dupllcate ELISA determlnatlons on” each

cell culture supernatant
PEMC Isolation and IL-1 Assay:

5 | . Buffy coat cells isolated from one pint human
blood ‘(yielding 40-45 ml final volume plasma plus
cells) are diluted with media to 80 ml and LeukoPREP
separation tubes (Becton Dickinson) are each overlaid
with 10 ml of cell suspension. After 15 min

10 centrifugation at 1500-1800 xg, the plasma/media layer
is aspirated and then the mononuclear cell layer is
collected with a-Paeteur'pipette and transferred to a
15 ml conical centrifuge tube (Corning). Media is
added to bring the volume to 15 ml, gently'mix the

15 cells by inversion and”centrifuge at 300 xg for 15 min.
Resuspend the PBMC pellet in a small volume of media,
count cells and adjust to 6 x 10° cells/ml. e

For the cellular assay, add 1.0 ml of-the
- cell suspension to each well of a 24-well flat bottom

20 tissue culture plate (Cornlng), 0.5 ml test compound
dilution and 0.5 ml LPS solution (Sigma #L-3012; 20
ng/ml solution prepared in complete RPMI media; final
LPS concentration 5 ng/ml) The 0.5 ml additions of
test compound and LPS are usually sufficient to mix the

25 contents of the wells. Three control mixtures are run
per experiment, with either LPS alone, solvent vehicle
control, and/or additional media to adjust the final
culture volume to 2.0 ml. The cell cultures are

incubated for 16-18 hr at 37°C in the presence of 5%

30 0. _. S e _

_ , At the end of the incubation period, cells
are harvested and transferred to 15 ml conical
centrifuge tubes. After centrifugation for 10 min at
200 xg, supernatants aretharvested'and'transferred_to

35 1.5 ml Eppendorf tubes. It may be noted that the cell



admnistration in a capsule form useful diluents include Iactose and dried
corn st gy@dsasyden aqueous 15 suspensions are adm ni st g ?/ the
active ingredient is conbined with emul sifying and suspen I'ng ageﬁ S.
desired, certain sweetening and/or flavoring and/ or coloring agents nay be

added. The pharmaceutical conpositipspg of this 20 i nvention may al so be
adm nistered in the formof suppositories for rectal adm nistration. These

conposi tions can be prepared by m xing a conpound of this invention with a
_suitable nonpéllét ahajﬂgbéxﬁtﬂlﬂﬂéd\/\hbﬁhalBlé@héﬂléhlr eoENLARBehAbYr e but

ngghglﬁg £g$@%5gb era%g%ﬁs Egﬁ%ﬁgéﬁ giﬁa&%kkﬁe udelnbLPeare
not limted ex;ra@msab&nwesmerbebknaklagdopoEyEshyWth pbpembslsToplcal
adn1n|stral|§Bbé§fiém%ﬁ%§gg@§eutlcaI _ _
5 _ Isolation of Adherent Mononuclear cells:
" PBMC are 1solated and prepared as described
above. Media (1 0 ml) is first added to wells followed
by 0.5 ml of the PBMC suspension. After a one hour
incubation, plates are gently shaken and nonadherent
10 cells aspirated from each well. Wells are then gently
washed three times with 1.0 ml of media and final q
resuspended in 1.0 ml media. ' The enrichment for
adherent cells generally yields 2.5-3.0 x 10° cells per
well. The addition of test compounds, LPS, cell

15 . incubation cqnditibns and processing of supernatants
proceeds as described above.
ELISA

We have used Quantlklne k1ts (R&D Systems)
for measurement of mature IL-18. Assays are performed
20 according to the manufacturer's directions. Maﬁure
IL-18 levels of about 1-3 ng/ml in both PBMC and
adherent mononuclear cell positive controls are
observed. ELISA assays are performed on 1:5, 1:10 and
1:20 dilutions of supernatants from LPS-positive
25 controls to select the optimal dilution for
'supernatants in the test panel.

The inhibitory potency of the compounds can
be represented by an ICg; value, which is the
concentfation of inhibitor at which 50% of mature IL-18

30 is detected in the supernatant as compared to the
positive controls. _
' The following K; and ICs; values were
determined for compounds A through N using the
indiéated assays. Structures for compounds A through N
35 follow this table.



30 conpositions of this invention is éspecially useful when the desired
treatnment involves areas or organs readily accessible by toQE}
appl i cati oWO B30, i cation topical |y to the skin, the phaf TAceots Ca

conposi tion should be fornulated with a suitable 35  ointnent containing
the active conponents suspended or - 116 - dissolved in a carrier. .
Carriers for topical adninistration,bflgﬁe'conpounds of this invention
include, but are not |limted to, mneral oil, liquid petroleum white
petrol eum propyl ene glycol, pglyoxys 5 .et.h I ypropyl-ene
compound, enul si fyi d : ) ar maceut i cal
conposition can be fornul ated Ytigibliet abl e BlRONRASIR/NCH ea
a 5.5 | - 25.0
5 B 8.6 . : 20.0
c 10 _ >30 .
D 4.7 |
E 3.2 _ :
F 0.15 2 -4
10 G 4.8 ‘
H 0.023 0.0047 6 - 11
I 0.0072 ~ 0.0052 2.6
oI 0.012 0.0039 5 -7
K 0.010 0.002 2 - 11
15 L 0.014
M - 0.15
N . 0.95

Structures of compounds A through N:

"o A

H 0 & H

FC



containing the active conpound suspended or dissolved in a carrier.
Suitable carriers include, but are not 10 limted to, _mneral oil,

sor bi t aWAASR§3Bear at e, pol ysorbate 60, cetyl esters wax, PEEUSEIIPIT| cohol
2-octyl dodecanol , benzyl al cohol and water. The pharmaceutical conpositions
of this invention may al so be topically applied to the |ower intestinal
tract by 15 rect al suppository'f%?ﬁuTation or in a suitable enenma

formul ation. Topically-transdermal patches are also included in this
invention. The pharnmaceutical conpositions of this invention nmay be
adm ni stered by nasal aerosol .or 20 i nhal ati on. Such conpositions are
prepared accordin tqunLques OMnown in the art of phar maceut i cal
formul ati on and pregparfed ap solutions in saline, enploying benzyl

al cohol " or hernizzggﬁré argMees, absorption pronoters to enhance

H O

Qn
a&




25 bi oavai l ability, fluorocarbons, and/or other solubilizing or -
di spersi ng . nown in the art. The IL-1 nedi ated di sea %@9@3 P y be
treated or ‘gggg\}%%f)ééd by the conpounds of this invention i nclsﬁ NS @Glg‘rie

not limted to, inflammatory diseases, 30 aut oi mune di seases and _
neur odegenerati ve di seases. Infl-arrmat_orl i_seases which may be treated or
prevented include, for exanple, septic shock, septicema, and adult
respiratory distress syndrone. Target autoi mmune di seases include, for
exanpl e, 35 gheunatoid, arthritis, systemic |upus erythenatosus, -
117 - scleroderma, clf Gt hyroiditis, Gaves' disease, autoinmmune

1di abet es '




mel i tus, aut oi mune: henol yti ¢ anem a, autoi mmune neutropeni a,
t hr onbo a, chronic active 5 hepatitis, mnyastheni and
nu|tip|§%i%#§&@%IS And target neurodegenerative dlseaseJC%ﬂg?ﬁﬁ@r7for
exanpl e, anyotrophic lateral sclerosis, Al zheiner's disease, Parkinson's:
di sease, and primary l.ateral scleroigﬁ._The |CE inhibitors of this

o]

I nvention may 10 al so be used to note wound healing. And the ICE
inhibitors of this invention may be used to treat infectious diseases.
Al t hough this invention focuses on f the conpounds discl osed
herein for preventing and 15 treatin - 1-medi at ed di seases, the

conpounds of -this i nGemPPURdEanEEXampae 3cHers PyREBEEdEdgents for ot her
cystei ne proggassgs: The conpounds of this invention are also useful as
commerci al reagents which effectively bind to

H.
5 '
Step A - (N- = =4-
Reaction of N-tert-butoxycarbonylpipecolic acid (
(460 mg, 2.0 mmol) and N-allyloxycarbonyl-4-amino-5- '
10 benzyloxy-z-oxotetrahydrofuran (530 mg, 1.82 mmol) was

carried out by a .method analogous to that reported by
Chapman (Biocorg. & Med. Chem. Lett. 1992, 2, 613-618.)
 to give 654 mg of the title compound.

H NMR (500 MHz, CDCl;I(existing as rotamers)) &
15 7.35 (m, SH), 6.88 (br. s, 1H), 4.9-4.45(m, 4H), 3.95
(br. m, 2H), 3.06 (m, 1H), 2.9 (m, 1H), 2.7 (br. m,
1H), 2.45 (m, 1H), 2.2 (m, 1H), 1.7-1.5 (m, 3H), 1.45
(two s, SH). ' '

Step B. -Pij yl-4-amino-5- =2-
20 exotetrahydrofuran.

N- (N-tert-Butoxycarbonylpipecolyl) -4-amino-5-
benzyloxy-2-oxo-tetrahydrofuran (654 mg) was dissolved
in 15 ml of 25% trifluorvacetic acid in dichloromethane
and stirred at room temperature. The mixture was

25 concentrated to give a gummy residue. The residue was
dissolved in dichloromethane and washed with 10% sodium
bicarbonate. The organic layer was dried over
anhydrous sodium sulfate, filtered, and concentrated to
give 422 mg of the title compound as a beige solid.



20 | CE or other cysteine proteases. As commercial reagents, the
conpounds @Qf this invention, and their derivatives, may be used to bl ock
pr ot eol ysi ?%saquarget pepti de or may be derivatized to bi RETUSOWE ) o

resin as a tethered substrate for affinity 25 chr omat ogr aphy

applications. These and other uses mh&ﬁ% characterize comercial cystine
protease inhibitors will be evident fo ose of ordinary skill in‘the art.
In order that this invention be nore fully 30 under st ood, the follow ng

exanpl es are set forth. ,These exanples are for ihe purpose of i]lustration
only and are not to be cBn¥RyEHOASMAZ i EPRYsk 75.&0%660% Etl'ﬁ)e' i+1v7e§1t{ nin

any way. 1H), 5.55 (d, 1H), 4.95-4.8 (m, 1H), '4.78 (m, 1H), 4.65
(d, 1H), 4.45 (m, 1H), 3.2 (m, 0.5H), 3.05 (m, 0.5H),
2.95 (m, 0.5H), 2.85 (m, 0:5H), 2.65 (m, 1H), 2.55-
5 2.38(m; 1K), 1.95 (m, 1H), 1.8 (m, 1H), 1.6 (m, 2H),
1.38 (m, 2H). o '

Step C.  N-(N- - inyl-valinyl-pi 1) -

N-Acetyl-tyrosinyl-valine (464 mg, 1.44 mmol)

10 and N-Pipecolyl-4-amino-5-benzyloxy-2-

' oxotetrahydrofuran (412 mg, 1.3 mmol) were dissolved in
5 ml each of dimethylformamide and dichloromethane and
cooled to 0°C. To the cooled solution was added
1-hydroxybenzotriazole (HOBT; 210 mg, 1.56 mmol)

15 followed by the addition of 1-(3-dimethylaminopropyl) -
3-ethyl carbodiimide hydrochloride (EDC; 326 mg{51.7
mmol). After stirring for 18 hours, the mixtureée was
diluted with ethyl acetate and washed with water, 10%
sodium hydrogen sulfate, 10% sodium bicarbonate, and

20 ‘water. The organic layer was concentrated to give a
crude solid that was purified by flash chromatography
(Si0;) eluting with 94:6:1 (dichloromethane:isopropanol:
pyridine) to give 370 mg of the title compound.

'H NMR (500 MHz, CD;OD (existing as

25 diastereomers as well as rotamers)) d 7.35 (m, S5H),
7.05 (m, 2H), 6.68 (m, 2H), 5.65 & 5.25 (m, 1H), 4.9-
3.95 (m, 8H), 3.4-2.6 (m, 4H), 2.5-2.1 (m, 1H), 1.98
(s; 1H), 1.9 (s, 1H), 1.85 (s, 1H), 1.8-1.6 (m, 2H),
1.55-1.3 (m, 4H), 0.95-0.85 (m, 6H). )



- 118 - Exanplec 1 The foll ow ng exanpl e denonstrates a process of drug
desi gn whi ch enbodi es the present invention: Step 1) Pick 2 hydrogen

bondi ng WBP¥8138% of I1CE 5 here, the backbone C=PCKIUSIHOV$13f
_Arg-341. Step 2) Pick a scaffold, here, a pyridone derivative, and confirm
that the hydrogen bonding noieties of the scaffold are capable of formng
sati sfactory hydrogen bonds with th&3fydrogen .10 " bondi ng nieties
selected in step 1. This confirmation is performed by using nol ecul ar

mechani cs ' techniques_to njinimze th caffold.fragnent in the cqntext of
the active site bfP|IRE Fh%#ﬁléﬁghngizﬁpéﬁnxlﬁ¥ﬂg&ﬂﬂhEPGQSSSQEaSJhere,'82,
as 15 -next target3aaginchidoxpbubanodwi atid.here, .
| To a solution of 100 mg of N- (N-Acetyl-
tyrosinyl-valinyl-pipecolyl)-4-amino-5—benzyloxy-2-
5 oxotetrahydrofuran in 10 ml of methanoliwas,addéd 60 mg
of PA(OH), on carbon and the mixture plaéed under an
atmosphere of hydrogen via a balloon. The mixture was
filtered througpicélite and concentrated providing a
- white solid. ,Thig,q:ﬁde solid was dissolved in 2 ml of
10 methanol and triturated with diethyl ether affording 26
mg of the title compound. ‘ _ {

'H NMR (500 MHz, CD,0D(existing as diastereomers
as well as rotamers)) 8 7.1 (m, 2H), 6.7 (m, 2H), 5.2
(br. m, 1H), 4.8-3.6 {(m, 6H), 3.2-2.5 (m, 4H), 2.5-2.1
15 (m, 1H), 1.95 (three s, 3H), 1.9-1.3 (m, 6H), 1.1-0.7
(m, 6H). : '
The following compounds were prepared by a
method analogous to that reported for H:

J. N-IN-Acetyl-tyrosinyl-valinyl- (4-hydroxyprolinyl)l-
20 3-amino-4-oxobutanoic acid = -

Substitute N-tert-butoxycarbonyl-4-
benzyloxyproline for N-tert-butoxycarbonylpipecolic
acid.

25 tetrahydroisoquincline-3-carbonyll -3-amino-

Substitute (S)-N-tért-butoxycarbonyl-l,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid for N-tert-
butoxycarbonylpipecolic acid.



benzene. Mnimze the benzene group within the S2 pocket to assure that

subst anti al 8 %pobl C overl ap Is obtained. [err] Step 4) ﬂ(ﬁﬁﬂﬁz‘ﬂgﬂ%ﬁr
a

.hydrophoblc po her e, S4, as the next target

hydr ophobi ¢ noi ety, - 119 - here, benzene. Mnimze the benzene group
within the S4 pocket to ensure that §u?§§agtial hydr ophobi ¢ overlap is
obtained. [err] 5 Step 5 Fil he S1 pol ar pocket with an

el ectronegative noiety, here, a car boxyl at e si dechai n provi ded by aspartic
aC|d in which the

I. u_iN_Ass:xl_:xz9s;n¥l_xal1nxl_JA_phgngxxnrgl;nleL_

Step A.. N- = ' =4-
methyl ester. '

5 - To a cooled solution (0° C) of N-tert-butoxy-

cis-4-hydroxyproline (2-0 g, 8.15 mmol), phenol (0.77
g, 8.15 mmol), and triphenylphosphine (2.14 g, 8.15
mmol) in 20 ml of tetrahydrofuran was added diethyl
azodicarboxylate (1.4 ml, 9 mmol) dropwise over 30

10 minutes. The reaction was stirred at room temperature
for 16 hrs. then concentrated to give a viscous
residue. The crude residue was purified by flash
chromatography (Si0,) eluting with 3:7 (ethyl
acetate:hexane) to give 1.89 g of the title compound.

15 - 'H NMR (500 MHz, CDCl;) & 7.3 (m, 2H), 6.95 (m,
1H), 6.85 (d, 2H), 4.9 (m br., 1H), 4.55-4.15 (m, 2H),
3.88-3.65 (m, 1H), 3.70 (s, 3H), 2.58 (m, 1H), 2.22 (m,
1H), 1.4 (3 x s, 9H). '

'Step B. 4-Phenoxyproline methyl estex
20 -~ hydrochloxride. -

To a cooled soclution (ice bath) of N-tert-
Butoxycarbonyl-4-phenoxyproline methyl ester (0.6 g) in
20 ml of ethyl acetate was bubbled anhydrous hydrogen
chloride until saturated. The mixture was warmed to
25 room temperature and stirred for 3 hrs. then
‘concentrated to‘give'480 mg of the title compound.

| 'y NMR (500 MHz, CDC1l;) & 7.22 (m,2H), 6.95 (m 1
H), 6.83 (m, 2H), 5.1 (br., 1H), 4.6 (br. m, 1H), 4.06



C-term nus has been reduced to an al dehyde. Mninmize to ensure that the
carboxyl ate sidechain 10 retains a favorable electrostatic
i nt er acY B3P the S1 pol ar pocket. [err] Step 6) Link PCRASI¥EIADBI d with
the noieties fromsteps 3, 4, and 5, preferably using the mninmum nunber of
bonds consistent with a chenically'é? _ ‘reasonabl e structure.

& n the

M nimze the entire conposite nol ec

- Step. 7)

active-site of |CE. - 120

‘Eval uate the energy of the nolecule when it has the conformation

necessary fonphingngho 5055 Tacna@ni 5.2 and rgevaat e e Gneroy --

10

15

20

25

30

2H) .

Step C. = - i - i - (4=

N-Acetyl-tyroéinyl-valine (0.524 g, 1.63 mmol)
and_4-phenoxyproline methyl'ester,(0.381-g, 1.48 mmol)
were dissolved in 4 ml each of dimethylformamide and
dichloromethane and cooled to 0° C. To the cooled
solution was added diisopropylgthylamine_(258 ul, 1.86 {
mmol), HOBT (0.24 g, 1.78 mmol), and EDC (0.37 g, 1.92
mmol) and the reaction was stirred for 18 hrs. The
mixture was diluted with 400 ml-of-ethyl.acétate and
washed with water, 10% sodium hydrogen sulfate, 10%
sodium bicarbonate, and water. The organic layer was
concentrated to give a residue that was purified by
flash chrbmatography (8i0;) eluting with 94:6:1
(CH,Cl,:i-PrOH:Pyridine) to afford 360 mg of the title

compound.

'H NMR (500 MHz, CDCl, (existing as rotamers)) &
7.3 (m, 2H), 7.05 (m, 1H), 6.95 (d, 2H), 6.9-6.2 (4 x
d, 4H), 5.05 (br. s, 1H), 4.7-3.94 (m,5H), 2.93 (m,
1H), 2.82(m, 1H), 2.65 (m, 1H), 2.2 (m, 1H), 2.05 (m,
1H), 1.95 (s, 3H), 1.86, (m, 1H), 0.98 (d, 3H), 0.88
(4, 3H). '

Step D. - - i - inv]-(4-
phenoxylproline..

_ - Lithium hydroxide (57 mg, 1.37 mmol) was added
to a solution of N-Acetyi-tyrosinyl-valinyl-(4- '
phenoxy)proline methyl ester (360 mg, 0.685 mmol)
dissclved in 8 ml of-tetrahydfofuran/water (1:1) and




this is the free conformation energy. The strain 5 energy for

bi ndi ng of the potential inhibitor to ICE is the difference | e
free conf orh@f? %nergy and the bound conformation energy. g&ﬁﬁg§RV§$

energy should be |ess than about 10 kcal/nol. In this case the bound 10
conformation energy is -1.6 kcal / nol the free conformation energy is
-11.7 kcal /mol, for a strain energy of .1 kcal/nol. Step 8) The inhibitor
desi gned usi ng the above steps has been nmade and has been show to have a
[err] 15 #X@%R{éér&ﬂ% 0?& 2e Lehi birheomiGRRTeant s -
(Xi) and [err] va}ues for severa ounes o ﬁg I nyenti on usi ng .t he
three methods ceasraeidibiedwith 10*1hYdrEﬁE}ﬁE1§s§§}deFN189 ¢ whgtte
substrate precipitate that was collected to give 175 mg of the
title compound.
5 'H NMR (500 MHz, DMSO-dé) & 9.2 (br. s, 1H),

'8.05-7.95 (m, 2H), 7.3 (m, 1H), 7.0-6.9 (m,4H), 6.65

(d, 2H), 4.42 (m, 1H), 4.35(m, 1H), 4.05-3.95 (m, 2H),

3.3 (br. s, 2H), 2.75 (m, 1H), 2.55-2.38 (m, 2H), 2.2

(m, 1H), 2.0 (m, 1H), 1.7 (s, 3H), 0.95 (d, 3H), 0.85
10 (d, 3H).

Step E. N;iﬁ;Ac=;zl::i:osinil;xalinxl;ig;
oxotetxahydrofuran.

The title- compound was prepared by the method
15 reported for compound H, step A, by reaction of N-
acetyl-tyrosinyl-valinyl- (4-phenoxy)proline and N-
allyloxycarbonyl-4-amino-5-benzyloxytetrahydrofuran.

H NMR (500 MHz, CDCl, (existing as a 1:1
diastereomer mixture of the hemiacetal)) & 7.8-6.3 (m,

20 17H), 5.6 (4, 1H), 5.1-4.15 (m, 5H), 4.15-3.75 (m, 2H),
2-95-2.15 (m' SH) I} 2-15—1-95 (m‘ 1H) ’ 1-9’1-85 (2 X S,
3H), 1.1-0.75 (m, 6H). '

Step F. = IN- = i = i - (4~
25 : acid. - : g
‘The title compound was prepared by the

hydrogenolysis procedure reported for compound H,
step D. ' ' ' '



This assay is run using an Succinyl-Tyr-Val - Al a-Asp-pN troanilide
substrate. Synthesis of anal ogous substrates is described by L. A Reiter
(Int. JVORAISM Protein Res. 43, 87-96 (1994)). The ass®BCTMSISOT6H xt ur e
contains: 65 [err] buffer [err] Tris, 1 mMDTT, 0.1% CHAPS [err] 8.1) 10
[err] ICE (50 nMfinal concentration_to give a rate of 1nOD/mn) 5 [err]
DMSQO' | nhi bitor m xture 20 [erfr] [érﬁP4SJbstrate (80 AMfinal concentration)
30 [err] total reaction volume The visible ICE assay is run in a 96-wel |

oresent) “ar6 added t ot N PPR iz hED R aTiR ae 2 2 TE T 1S
diastereomer mixture of the hemiacetal)) & 7.25 (m,
2H), 7.10-6.85 (m, SH), 6.65 (d, 2H), 5.1 (br. m, 1H),
' 4,65-4.05 (m, 5H), 4.0-3.40 (m, 2H), 2.95-2.35 (m, 5H),
5 2.25 (m, 1H), 2.05 (m, 1H), 1.85 (s, 3H), 1.0 (4, 3H),
0.95 (d, 3H). : '

K. N-[N-Acetyl-tvrosinyl-valinyl-(4- - | é

1 o : » ) - - ” - -

_ The title compound was prepared by the reaction
of N-allyloxycarbonyl-4-benzyloxyproline and 3-amino-4-
oxobutancic acid. tert-butyl ester semicarbazone (T.L.

15 Graybill et..al., Abstracts of papers, 206th National
Meeting of the American Chemical Society, Abstract
MEDI-235. Chicago, IL. (1993)) under similar peptide
coupling conditions as reported above (compound H; Step -
C).

20 'H NMR (500 MHz, CDCl;) & 9.05 (br. s, 1H), 7.85
(br. m, 1H), 7.4-7.2 (m, 5H), 7.15 (br. s, 1H), 6.55
(br. s, 1H), 5.9 (m, 1H), 5.1-4.9 (br. m, 2H), 4.65-4.4
(m, 4H), 4.2 (br. m, 1H), 3.75-3.5 (m, 2H), 2.75-2.55
(m, 2H), 2.5 (br. m, 1H), 2.25 (br. m, 1H) 1.4 (s, 9H).

25 Step B. N-(N- -tyrosinyl-valinyl- (4-

. 'The title compound was prepared by reaction of
N-acetyl-tyrosinyl-valine and N- (N-allyloxycarbonyl-4-



The conponents are left to incubate at roomtenperature for 15 m nutes
starting a §§3 that aII conponents are present in allﬁﬁ¥
m:crotiterRY)é eader 5  “is set to incubate at [err]. Afte’ﬁﬁgﬁm;gﬁ
m nut e |ncubat|on substrate is added directly to the wells and the

reaction is nDnltored by follow ng the %% ease of the chronophore (pNA) at
405 - 603 nmat [err] for 20 m nutes. & I near fit of the data is perforned
and the 10 rate is calculated in mMOD)mn. DMSOis only present during

experiments inve ﬁé@ié&iﬁg{g‘ﬂ) @Héﬂnd&l&&sbd@hﬂm aPid heeyol ume to
100 [err] in the ot er eri zyne Ass ngluorescent
Substrate 15  butyl ester-ﬁﬁmg ?%J P ng to

Thornberry et alregd¥tidd @@QOWQL( Jé)ﬁéb)A. usi ng subst rate 17
referenced in that article. The substrate is:

Acetyl - Tyr - Val - Al a- Asp-ani no-4-net hyl courmarin o '
| 'H NMR (500MHz, CD,OD) 8§ 7.35-7.2 (m, 6H), 7.0
5 (d, 2H), 6.65(d, 2H), 4.85 (m, 1H), 4.6-4.45 (m, 4H),
4.3 (br. m, 1H), 4.15 (m, 1H), 3.7 (m, 1H), 2.95 (m,
IH), 2.75-2.6 (m, 3H), 2.35 (m, 1H), 2.1 (m, 1H), 1.9
(s, 3H), 1.4 (s, 9H), 0.95 (4, 3H), 0.90 (s, 3H).

Step C.
10 i =3-amino-

N- (N-Acetyl-tyrosinyl-valinyl- (4-
benzyloxyprolinyl)) -3-amino-4-oxobutanocic acid tert-
butyl ester semicarbazone (270 mg) was dissolved into

15 10 ml of 25% trifluorocacetic acid in dichloromethane
and stirred at room temperature for 3 hours. The
mixture was concentrated to give a solid residue. The
residue was dissolved into a 10 ml mixture of
methanol :acetic acid:37% formaldehyde (3:1:1) and

20 stirred at room temperature for 1 hour. The mixture
was concentrated and the resulting residue purified by
flash chromatography-(SiOz) eluting with
dichloromethane/methanol/formic acid (100:5:0.5) to
give 37 mg of the title compound.

25 'H NMR (500 MHz, cn,ob (existing as a 1:1
mixture of diastereomers of the hemiacetal)) & 7.4-7.25
(m, SH), 7.0 (4, 2H), 6.65 (4, 2H), 4.65-4.05 (m, 7H),
3.75-3.4 (m, 2H), 3.05-2.3 (m, S5H), 2.2-1.95 (m, 2H),
1.90 (s, 3H), 1.0 (d, 3H), 0.95 (d, 3H).



(AMC). The follow ng conponents are m xed: 20 65 [err] buffer (10mM
Tris,1mM DTT, 0.1% CHAPS [err]) 10 [err] ICE (2 - 10 nMfina
concent 4@ P¥#P08 [err] DMSO/inhibitor solution 20 [err] INUPssSMI6SIBubstrat e
(30 [err] final) [err] total reaction volunme 25 The assay is
run in a 96 well mcrotiter plate. Buffer and ICE are added to the wells.
The conponents are left to incubateld® [err] for 15 nminutes in a
tenperature-controlled wellplate. After the 15 m nute incubation, the
reaction is started by adding 30 subsiraée_directly to the wells and
the reaction is nonitored [err] for S by follow ng the rel ease of
the AMC fl uorophore W2 optadnedciinhibdn iy donspantfor(K330and IQg, an
e o1 on aveRgiakn el 4806 AchipRiflas e Unid LA I By Vel s
enzyme assays with UV-visible substrate and cell assays

5 as described in Example 2. 'The following K; and ICs,
values were dgtermined for compounds 7a, 7b, 20a-d,
21c-f, 22e, 25, 28, 33a-c, 36a, 36b, 39, 43, 47a, 47b,
54a-1, 63, 69a, 69b, 84a and 84b using the indicated
assays. Correqunding lettered compound designations

10 are indicated parenthetically. The compound
structures are shown in Examples 2 and 5. ‘
Assay
Compound UV-visible - ' Cell
| K, (uM) | ICs, (uM)
15 7a : . 35 ,
'7b | 1.2
20a (= E) _ - 3.2 .
20b 0.85 - 16.4
| - 20c (= N) 0.95 _ |
20 20d o 0.1 . : 6.2
‘21c¢ | - 0.64 | -
21d o 0.24 . 4.8
21e | 0.22 2.9
21f 0.17 - 2.9
25 . 22e - . 0.19
25 | 6.2
28 ' 12.0
33a (= A) . 5.5 . 25.0
33b (= Q) 10.0 >30.0
30  33¢ (= B) 8.6 20.0
36a (= D) | 4.7
36b 0.8 : ' 17.0
39 | 2.5

43 20.0




- 122 - rate is determned in fluorescence units per second. For

determ nati“pn of _.enzynme inhibition constants [err] or the
i nhi bition. ?%@ti tive, unconpetitive or

nonconpetitive) ?‘i}qﬁ.ﬁ%’g@%ﬂaat ab

determ ned in the enzynme assays at varying inhibitor concentrations are
conputer-fit to standard enzynme ki net

Kinetics, WIley-Interscience,
with a M xed Popul ati on of Human Peri pheral

1975) .

3

uations (see I.
fiBgll assay 10

H. Segel, Enzyne
[err] Assay

Bl ood Mononucl ear Cells (PBM)

or Enriched Adherent zManonucl ear Cells Prqgepsd ng of [err] by I CGE gan be
measured in cell cul t4g7rbe using a variety __OJ ocze7l I

10

15

54a
54b
54c
54d
54e
54f
54g
54h
541
543
54k
541
63

695a
69b
84a

" 84b

E)
M)

G)

Q)
R)
S)

= ¥)

H)

0.15
0.15
1.2
1.0
3.5
0.9
4.8
0.97
0.054
0.28
0.085
0.215
0.85

0.011
0.050
0.100
0.019

1.8
2.7
9.1
>19.0

»>20.0

2.4

7.0
4.1
0.735
0.745
3.3
0.50



15 sources. Human PBMC obt ai ned from heal thy donors provides a m'xed
popul at i nphocyt e subtypes and nononucl ear cells té@t
spectrurﬁ@f’%#f’%rl euki ns and cytokines in response to nan ngg%gé

physi ol ogi cal stimulators. Adherent nononucl ear 20 cells from PBI\/C
provi des an enriched source of nor ma#_ 3gonocytes for sel ective studies of
cyt oki ne production by activated cel Experinental Procedure: An initial

dilution series of test conpound 25 in DMSO or ethanol is prepared, with
a subsequent dilution into RPM -10% ERQuiad & (cont ai ni ng 2 mM L-gl utam ne,

10 mM HEPES, 50 U and_50 u nistre respectivel |.d drugs at 4x
the final test concen??‘a??gﬁg%oﬁ?a#ﬁﬁﬂggé ﬁwaBﬁS é zétdﬁgﬁol 30
The final congshiewgion of DVMSO is 0.1%for all drug dilutions. A .

concentration titrati on which brackets
S
|

0 .

. : N I T
H,NL:)Nco,a + | e— O)\Nn%)rn Cone
HCl _ |

5 - ' 3

——-Oigr?@@ — OJLL"QL:’M '

B H,N&

— o*%‘?.f:“

H,N‘Lo

S o




the apparent [err] for a test conpound determined in an I CE inhibition

assay is
generally te

%ggﬁg&y used for the primary conpound screen. 3
st 5-6 compound dilutions and - 123 - have %g??g?ﬁ%7l7he

cel lul ar conmponent of the assay in duplicate, with duplicate ELISA

determ nations on each cell culture_sypgrpatant. PBMC Isolation and IL-1
Buffy coat cells i1solated fromone pint human bl ood
vol une plasma plus cells) are diluted with nedia

Assay: 5

(yielding 40-45 m final

Sus

to 80 m and LS“SQEBEiliﬂﬂﬁbahLeﬂotlb6$7(Betbeﬁaﬂydkbnpyﬁkoabdleash

overlaid with 1? n
a

10

15

20

25

30

b dggLLG 2cagboxylic ALLS miendi ester (3). A
mirture of (4S)-2-amino-l-pyrroline-5-carboxylic acid
ethyl ester'hydrOChloride (1, 0.44q, 2.38mmol; prepared
in an analogous fashlon as the methyl ester as
described by Lee and Lown, €. Org, Chem, , 52, 5717-21
(1987)), 4-ethoxymethylene-z-phenyl-2Foxazolinf5-one
(2, 0.50g, 2.31lmmol) and sodium methoxide (0.12g, '
2.22mmol) in ethanol (10ml) was refluxed for 2h. The
reaction was allowed to cool to room temperature and
concentrated in vacuo. The residue was suspended in
water and 1N sulfuric acid was added until pH 1 was
reached. The aqueous mlxture was extracted with
dichloromethane, the organlc layer was separated and
concentrated in vacuo to_y;eld 0.6g of a orange solid.
Chromatography,(flash,'Sioz, 60% ethyl acetate/hexane
increased to 100% ethyllaoetate atepwise gradient, then
10% methanol/dichloromethane) to give 0.5g of an orange
solid. A mixture of the orange solid and potassium
cyanzde (0.03g, 0.5mmol) in methanol (10ml) was
refluxed overnight. The cooled reaction was
concentrated in vacuo to give a yellow solid.
Chromatography (flash, 8102, 40% ethyl acetate/hexane to
100% ethyl acetate stepwzse gradient) afforded 0.22g
(31.6%) of the title compound: 'H NMR (d4,-DMSO) & 2.25

(m, 1H), 2.65 (m, 1H), 3.15 (m, 2H), 3.75 (s, 3H), 5.15

(éd, 1H), 7.5 (t, 2H), 7.6 (¢, 1H), 7.95 (d, 2H), 8.6
(s, 1H), 9.5 (s, 1H).

(38)-[(3-ben=oy1anino—4-oxo-4,6.7,B-totrahydro-
pyrfolo[1,2-a]pyrimidine-s-oarbonyl)-amino]-4-oxo4
butanoicfacid tert-bﬁtyl ester semicarbazone (5a and
5b) . A mixture of 3-benzoylamino-4-oxo-4,6,7, 8-
tetrahydro- pyrrolo[l 2- a]pyrlmzdlne -6-carboxylic acid
ethyl ester (3 0. 229 0. 70mmol) and lithium hydroxlde'_

e



10 centrifugation at 1500-1800 xg, the plasnma/nedia | ayer is aspirated

and then the nononuclear cell layer is collected with a Pasteur pipette and
transf erWe@s8%308 15 nl conical centrifuge tube (Corning).prttrdsesarsizadded to
bring the volune to 15 ml, gently mx the 15 cells by inversion and

centrifuge at 300 xg for 15 mn. Resuspend the PBMC pellet in a small

vol unme of nmedia, count cells and adpé4®t -to 6 x 106 cells/m . For the
cellular assay, add 1.0 m of the cell suspension to each well of a 24-well
flat bottom 20- tissue culture plate (Corning), 0.5 m test conpound

di | uti-on andhydzage KPS°§BBUtﬁoHGFQQ$hahﬂ;NQEHPRQQ)Gﬁﬂlﬁ apfl uti on prepared

an po_rrpl ete BB%aﬂ%&-éfu‘rhﬂa'(shES QAHRC Galg %tt'ﬁ're'ii nEH A r%'&no Sm
addi ti ons of test coggoundp nd LPS are usual suff|C|e t to mx the 25
Th

contents of FREPRERF & S8 i ment, with
ei ther LPS aBebenzsylamﬁhovahbabe4 6, 7 8- tetrahydro pyrrolol1l, 2-

5 alpryrimidine-6- carboxyllc acid lithium salt (4) as a
white'solid This was used without further '
.purlflcatlon in the subsequent reactlon.

A 0°C mixture of (38) -amino- 4-oxo butanocic acid
tert butyl ester semicarbazone (0. 1639, 0.71mmol;

10 Graybill et al. Intr_i*_Ezgtsln_Rﬂar 44, pp. 173-82
(1994)) and 3- benzoylamlno -4-ox0-4,6, 7 8- tetrahydro- _ ‘
pyrrolo[1,2- a]pyrlmldlne -6-carboxylic acid lithium salt
(4) in dlmethylformamlde (5ml) and dichloromethane
(Sml) was treated w:th hydroxybenzotrzazole (0.104g,

15 0.77mmol) and 1-(3- dimethylamznopropyl) 3-ethy1
carbodiimide hydrogen chloride (0.148g. 0.37mmol). The
reaction was allowed to.warm to room temperature and
stirred 18hr. The reaction was poured onto water
(S0ml) and extracted with ethyl acetate (2 x 50mL).

20 The combined organic layers were washed with aqueous M
sodium hydrogen sulfate solutlon, dilute aqueous sodium
hydrogen carbonate (50mL) and saturated aqueous sodium
chloride. The organic layer was concentrated in vacuo

* to yield 0.43g of a'yellow solid. Chromatography

25 (£lash, Sidz, ammonium hydroxide/methanol/di-
chloromethane (1:1:99 to 1:10:90 stepwise gradient))
gave 0.11g (30.9%) of the higher Rf diastereomer (5a):
'H NMR (CD,0D) & 1.45 (s, 9H), 2.29-2.35 (m, 1H), 2.6-
2.7 (m, 2H), 2.8 (4d, 1H), 3.1-3.15 (m, 1H), 3.2-3.3

30 (m, 1), 4.9-4.95 (m, 1H), 5.2 (dd, 1H), 7.25 (d, 1H),
7.5-7.55 (m,. ZH), 7.55-7.6 (m, IH), 7.95 (4, ZH), 8.9
(s, 1H) and 0.11g (30. 9%) of the lower Rf diastereomer

(5b): 'H NMR (CD,0D) & 1.45 (s,9H), 2.3-2.4 (m, 1H),
2.6-2.7 (m, 1H), 2.7-2.8 (m, 2H), 3.1-3.15 (m, 1H),

35  3.2-3.3 (m, 1H), 4.85-4.95 (m, 1H), 5.15 (dd, 1H), 7.25



control, and/or additional nedia to adjust the final culture volunme to 2.0

m . The ceyodsisigdr €s are incubated for 16-18 hr at [err] ipctRSesazeeence
of 5% 30 [err]. At the end of the incubation period, cells are harvested

and transferred to 15 m conical centrifuge tubes. After centrifugation for
10 mn at 200 xg, supernatants are haryggted and transferred to 35 1.5
m Eppendorf tubes. It nay be noted that the cell - 124 - pellet may be
utilized for a biochenical evaluation of [err] and/or mature [err] content

in cytosol extragts iy ,wesksr nehl ewhi,ng.er (LI 3w th gserid, Sci 8.0
antisera. - ' _ . R .
(s, 1H). Diastereomer 5a and diastereomer 5b were
taken on separately. '

(BS)-[(}-benzoylamino-4-6x0-4,5.7,B-tetrihydro-

5 pyrrololl,2-a]l pyrimidine-6-carbonyl) -amino] -4-oxo-
butanoic acid (7a). A éuSpension of (3s)-[(3-
benzoylamino-4-oxd44,6,7,B-tetrahydro-pyrroio[1,2-
a]pyrimidine-ﬁ-carbon?l)-amino]-4-oxo-butanoic acid
tert-butyl ester semicarbazone (5a, 0.11g, 0.22mmol) in

10 dichloromethane (7.5ml) and trifluoroacetic acid
(2.5ml) was stirred for Sh. The reaction was
concentrated in vacuo[ the residue was taken up in
dichloromethane, concentrated in vacuo, suspended in
toluene and concentrated in vacuo to give 0.07 g of

15 (38) - [ (3-benzoylamino-4-oxo-4,6,7,8-tetrahydro-

' pyrrolo(l,2-alpyrimidine-6-carbonyl) -amino] -4 -oxo-
butanoic acid semicarbazone (6a) as a white solid. The
solid was suspended in a mixture of 37% aqueous

' formaldehyde/acetic acid/methanol (1:1:5) and stirred

20 at room temperature for 18hr. The reaction was
concentrated in vacuo, the residue was suspended in
acetonitrile and concentrated in vacuo to give 0.1g of
a white solid. Chromatography (HPLC, reverse phase
C18, 1% to 75% acetonitrile/water (buffered with 0.1%

25 trifluoroacetic acid) gradient elution) to give 0.05g
(60%) of 7a as a white solid: RT = 7.9 min (HPLC, Cl8
reverse phase, 1 to 100% acetonitrile/water (0.1%
trifluoroacetic acid buffer); 20 min gradient elution);
4 NMR (CD,0D (existing as a 1:1 mixture of anomers of

30 the hemi-écyloxy acetal form)) & 2.25-2.4 (m, 1H),
2.45-2.8 (m, 4H), 3.05-3.15 (m, 1H), 4.25-4.35 (m, 1H),
4.55-4.6 (m, 1H), 5.1-5.2 (m, 1H), 7.45-7.65 (m, 3H),
7.9-8.0 (m, 2H), 8.9 (s, 1lH).



5 | sol ati on of Adherent Mnonuclear cells: PBMC are isol ated
and pre descri bed above. Media (1.0 M) is first wel | s
follomegﬁ%yﬁéfﬁ?lﬂ of the PBMC suspension. After a one hdﬁ?gﬂﬁgﬂbggion,
pl ates are gently shaken and nonadherent -10. cells aspirated from each
well. Wells are then gently washed gy ee tines with 1.0 ml of nedia and
final resuspended in 1.0 ml nedia. The enrichnment for adherent cells
generally yields 2.5-3.0 x 105 cells per well. The addition of test

_ conpounds, LRSS)O@ﬂ3-hinzoymlmﬂuuqknoxnﬂty6;1Ma>ﬁ:tbghgn=cs|ng of

super nat ant s S ?ﬁg %,@b QJantl Ki ne
kits  (R&D Sygﬁ ?% ag g#@h (ﬁgthe err¥ﬁm§§¥ays AT e performed 20

accor di ng t obutanedcumsdd.r(@b)s vais anapared amidesciibed fowel s of about
1-3 ng/ M i nghaihePBM¥me’Fa to give 0.03g (35%) of 7b as a white
5 solid: RT = 8.1 min (HPLC, Cl8 reverse phase, 1 to

100% acetonitrile/water (0.1% trifluorcacetic acid
buffer); 20 min gradient elution);'H NMR (d,-DMSO
(existing as a-lil mixtﬁre of anomers ¢f the hemi-
acyloxy acetal form)) & 2.1-2.2 (m, 1H), 2.4 (d, 1H),

10 2.7-2.8 (m, 1H), 3.0-3.2 (m, 3H), 5.0 (dd, 1H), 5.1-5.2
(m, 1H), 5.5 (s, 1H), 5.7-5.8 (m, 1H), 7.55 (t, 2H),
7.67 (t, 1H), 7.95 (d, 2H), 8.55 (s, 1H), 9.0-9.15 (m,
1H), 9.4-9.5 (m, 1H). |



adherent nononucl ear cell positive controls are observed. ELI SA assays are
performedwgg As308- 10 10 and 1:20 dilutions of supernatants g&QpidsigaeRositive

controFs to select the optimal dilution for supernatants in t]he test .
panel._The i nhi bitory potency of the conmpounds can be represented by an
[err] value, which is the concentratij@a-af inhibitor at which 50% of mature
[err] 30 s detected in the supernatant as conpared to the positive
controls. The following [err] and [err] val ues were determ ned for
conpounds A through N using the indicaté assays ‘Structures for conpounds
A through N 35 follow this table. g )\

13
" "o o] M’Q % Boc”™ o
B“-NE/‘LH - . o \H .n_: o !’: .
“ 15 T
l . o b
Ve ~ o
g L R4
ﬂou\!/“\’}g OBa ﬁl\a/oﬂ C:n l\g/oﬁ OBo
17 "i ll’
| o n,
Ol N Q
F e | ry, _E'(m Y EJZCHO
20 . _ .21 . | 2
a R=H
b R = PhCH,
c R = Ph(CH;),
d R = Ph(CH;),
5 e R = 4MeO-Ph(CH;),
: £ R=

4HO-Ph (CH;)

Imidazole-2-carboxylic acids 13 were prepared using
modifications of described procedures (Yamanaka et al.,
Chem. Pharm. Bull., 31, pp. 4549-53 (1983)); Suzuki et

10 al., J. Org. Chem., 38, pp. 3571-75 (1973)); and Oliver
et al. (J.Oxg. Chem., 38, pp. 1437-38 (1973)).
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Imidazole-2-carboxylic acid (13a) was prepared
according to Curtis and Brown, J. Org. Chem., 45, pp.
4038-40 (1980).

4-Benzy}imidaque-2-ca:boxylic acid (13b), was isolated

as an off-white solid: mp. 153-155°C; IR (KBr) 3026-
2624, 1630, 1515, 1498, 1438, 1405; 'H NMR(d,-DMSO) &
7.31 (5H, m), 7.14 (1H, s), 3.95 (2H, s).

4- (2-Phenylethyl) imidazole-2-carboxylic acid (13¢), was
isolated as a pale yellow solid: mp. 151-153°C; IR
(KBr) 3054-2617, 1637, 1497, 1376; 'H NMR(d,-DMSO) &
7.27 (5H, m), 7.11 (1H, s), 2.92 (4H, s).

4- (3-Phenylpropyl) imidazole-2-carboxylic acid (134),
was isolated as a pale yellow solid: mp. 148-150°C; IR
(KBr) 3020-2615, 1636, 1509, 1498, 1383; 1I-I.NMR(ds--
DMSO) & 7.35-7.22 (SH, m), 7.01 (1H, s), 2.62 (4H, m),

1.94 (2H, m).

4-[3-(4-Mathoxypheny1)propy1]imidazble-z-ca:boxylic
acid (l3e), was isolated as a white crystalline solid:
mp. 155-156°C (decomp.); IR (KBr) 3300-2300, 1633,
1513, 1376, 1244; 'H NMR(d¢-DMSO) & 9.50-7.50 (2H, bs),
7.15 (1H, s), 7.11 (2H, d, J=8.5), 6.84 (2H, d, J=8.5),
3.71 (3H, s), 2.60-2.50 (4H, m), 1.86 (2H, m). Anal.
Calcd for C,H;N,0,: C, 64.60; H, 6.20; N, 10.76.
Found: C, 64.45; H, 6.21; N, 10.70.

4- [3- (4-Hydroxyphenyl) propyl] imidazole-2-carboxylic
acid (13f). A solution of the ethyl ester of l3e
(1.15g, 4.0mmol) in dry dichloromethane (50ml) was
treated with boron tribromide (16ml, 1.0M solution in
CH,Cl,, 16.0mmol) at 0°C. After 15min at 0°C, the




Compounds of Exanple 2 were synthesized as follows: [err] Reaction of
N-tert- bu nyl pi pecolic acid (460 ng, 2.0 mml) and e i a

N-al |yl oxycar%ﬁnﬁo -am no-5- 10 benzyl oxy- 2- oxot et rahygﬂwa?%“”sso ny,
1.82 mml) was carrled out by a method anal ogous to that reported by
Chapman (Bioorg. & Med. Chem Lett._ ,_2, 613-618.) to give 654 ng of
the title compound. [err] N (N-tert-Butoxycarbonyl pi pecol yl)-4-am no-5-
benzyl oxy- 2- oxo-tetrahydrofuran (654 ng) was dissolved in 15 m of 25%
trifluoroacet 'ﬁlﬁeth'e'@agll Gaheé&r@éhﬁsmcaémssufﬁédafofopoht erpgeat ure.

The m xture was concentrated to resi The r S|due
was di ssol ved ?%aﬂF%ﬂPd$bﬁ§?ﬁ%ﬁ@a%nﬁ° % eﬂnmg?nn¥8tb§5g BRALAVERE ﬁgte
The organi c | aytthvasdtopwilsevaddition of water (20ml). The
resulting mixture was briefly stirred at 25°C then
5 filtered, The filtrate was carefully neutralised by
the addition of solid NaHCO; to afford 13f (700mg, 71%)
as a white solid: m.p. 186-187°C (decomp.)
(recrystallised from MeOH); IR (KBr) 3500-2400, 2935,
1640, 1516, 1396, 1232; 'H NMR(d,-DMSO) & 9.83 (3H, bs),
10 7.16 (1H, 8), 6.98 (2K, 4, U=8.2), 6.66 (2H, 4, J=8.2),
2.60-2.40 (4H, m), 1.84 (2H, m).  Anal. Calcd for
C,3H;N,05: C, 63.40; H, '5.73; N, 11.38. Found: C, 62.96;
' H, 5.70; N, 11.27. o '

(2R, S, 3S) N’-Tert-butoxycarbonyl-N- (tetrahydro-2-

15 benzyloxy-5-oxo-3f£uran§1)?L-allninanide (14) . Tri-n-
butyl tin hydride (4.0ml, 14.9mmol) was added dropwise
to a solution of (2R,S, 38) 3-(N-a11yldxycarbony1)’
amino-z—benzyloxy-sfoxotetrahydrofuran (Chapman,'aigxg*
Med. Chem, Lett., 2, pp. 613-18 (1992); (2.91g, '

20 i10mmol) ), N-tert-butoxycarbonyl-L-alanine (2.08g,

' llmmol) and'bis(triphenylphosphine)palladium (II)
chloride (150mg) in dichloromethane (75ml) until the
colour of the solution turned dark orange. - :
Hydroxybenzotriézole'(2;70g, 20mmol) was added, and the

25 ° mixture cooled to 0°C.  1-(3-dimethylamino-propyl)-3-
ethylcarbodiimide hydrochloride (2.30g, 12mmol) was
added then the mixture was allowed to warm slowly to
room temperature during 4h. The mixture was diluted
with ethyl acetate (250ml) and washed with 1IN

30 hydrbchloric acid (3 x 150ml), saturated agqueous sodium
bicarbonate (3 x 150ml) and brine (2 x 150ml), then
dried (MgsSO,), filtered and concentrated. The crude
product was purified by column chromatography (50-70%
ethyl acetate/hexane) to afford 3.17g (84%) of a



.,

anhydrous sodiumsulfate, filtered, and concentrated to give 422 ng of the

title composssioss a bei ge solid. - 129 - [err] - 13&0ﬂu§kﬁﬂg9' N-
(N-Acetyl -tyrosi nyl-valinyl-pipecol yl)- 3-am no-4-oxobutanoic acid. To a
-solution of 100 mg of N- (N Acetyl - : : _
- tyrosinyl-valinyl-pipecol yl)-4-an.ng4% henzyl oxy-2- 5 oxot et rahydr of ur an
in 10 M of nethanol was added 60 ng of Pd(OH)2 on carbon and the m xture
pl aced under an _ _

mixture of diastereomers. Recrystallization (ethyl

acetate-hexane) gave colorless crystals: mp. 132-145°C;

IR (KBr) 3357, 3345, 1781, 1688, 1661, 1535, 1517,

1165; 'H NMR(ds-DMSO) & 8.49 (d, J = 6.8), 8.23 (d, J =
5 7.4), 7.40 (5H, m), 7.01 (1H, m), 5.68 (d, J = 5.0),

4.75 (m), 4.31 (m), 3.97 (1H, m), 2.82 (m), 3.11 (m),

2.82 (m), 2.59 (m), 2.45 (m), 1.40 (9H, s), 1.20 (d, J

= 7.2), 1.16 (d, J = 7.2). Anal. Calcd for CyH,N,0: C,

~ 60.31; H, 6.92; N, 7.40. Found C, 60.30; H, 6.91; N,

10 7.38. | -

(2R,S, 38) tert-Butoxycarbonyl-N-(tetrahydro-2-
benzyloxy-5-oxo-3-£furanyl) -L-prolinamide (15), was
prepared by the méthod'described for 14 to afford 1.64g
(81%) of a colorless glass. IR (KBr) 3317, 2978, 1797,
15 1697, 1670, 1546, 1400, 1366, 1164, 1121; 'H NMR(CDCl,)
5 7.68 (1H, brm), 7.35 (SH, m); 5.53 (d, J=5.2), 5.43
(s), 4.93-4.61 (m), 4.44 (m), 4.25 (brm), 3.39 (2H,
brm), 3.10-2.81. (1H, m), 2.44 .(1H, m), 2.32 (brm), 1.88
(brm), 1.67 (brm), 1.42 (9H, s).

20 (2R,S, 3S) N-(N-tert-Butoxycarbonyl- (4 (R)-phenoxy-L-
prolinyl) -3-amino-2-benzyloxy-5-oxotetrahydrofuran (16)
was prepared by the method described for 14 to afford

- 530mg (84%) of a colorless amorphous solid: - H NMR
(cDC1,) & 7.65 (1H, m), 7.4-7.2 (7 H, m), 6.95 (1H, m),
- 25 6.85 (1H, m), 5.55(1H, 4), 4.95 (1H, d), 4.8-4.7 (1H,
brm), 4.65 (1H, d), 4.55-4.45 (1H, brm), 4.4-4.3 (0.5H,
brm), 3.95-3.85 (0.5H, brm), 3.75-3.58 (2H, m), 2.95-
2.8 (1H, m), 2.7-2.55 (1H, m), 2.54-2.4 (1H, m), 2.35-
2.2° (1H, m), 1.4 (SH,s).

30 (2R,S, 35) N*-[4-(3-Phenylpropyl)imidazole-2-carbonyl] -
N- (tetrahydro-2-benzyloxy-5-oxo-3-furanyl) -L-
alaninamide (17d). Trifluorocacetic acid (7ml) was



at nosphere of hydrogen via a balloon. The m xture was filtered through
Celite angy rated providing a white solid. This cru S

di ssol ved 1 nﬁgﬁﬁq&[ of 10 fret hanol and triturated with di g’?ﬁﬁ{%y ﬁ\gf
affording 26 ng of the title compound. [err] The follomnng conpounds wer e
prepared by a nethod anal ogous to thatjgqeported for H [err] Substitute
N-tert-but oxycar bonyl -4- benzyl oxyproline for

N-t ert-but oxycar bonyl pi pecolic acid. L. N r2-

(N-Acetyl -tyr oddada w Iando)lu(ts)onloz 2R, $538) N’-tert-

t et r ahydr oi soq ol.i ne- 3-car.b y obu C bstitute
(S)-N-tert-but %@m f :tr(ﬁ%ygﬁ%'rzo% Wh éj‘ céfgcar boxylic acid

for N-tert- furanyl) -L- alanlnamide (14) (1.00g, 2. 64mmol) in |
dichloromethane (7ml) at 0°C. The mixture was stirred
5 at 0°C for 75 min. The mixture was concentrated, and

the residue treated with diethyl ether then the ether
was removed under vacuum. This procedure was repeated
twice to yield a pale yellow glass. The solid was

_ dissolved in DMF (20ml).  Diisopropylethylamine

10 (1.38ml, -7.92mmol) followed by 4-(3-phenylpropyl)
imidazole-2-carboxylic acid (13d) (0.67g, 290mmol), 1-
(3-dimethylaminopropyl) -3-ethyl carbodiimide
hydrochloride (0.56g, 2.90mmol) and _
hydroxybenzotriazole (0.71g, 5.28mmol) were then added

15 to this solution. The mixture was stirred at room
temperature for 20h then pcured'into brine. The
mixture was extracted with ethyl acetate (3 x 50ml).
The combined organic extracts were washed with
saturated aqueous sodium bicarbonate (2 x 100ml) then

20 brine (2 x 100ml), dried (MgSO,), filtered and
concentrated. The residue was purified by column
chromatography (ethyl acetate) to afford 0.99g (76%) of
17d as a mixture of diastereomers: IR (KBr) 3293,
3064, 2937, 1793, 1650, 1530, 1451, 1446, 1119; 'H NMR

25 (CDCl;) & 7.96 (brm), 7.62 (bxrd), 7.36-7.10 (10H, m),
6.88 (s), 6.86 (s), 5.53 (d, J=5.2), 5.48 (s), 4.87-
4.52 (4H, m), 3.11-2.38 (2H, m), 2.65 (4H, m), 1.99
(2H, m), 1.47 (d, J=6.9), 1.46 (d, J=7.0).

The following compounds were prepared in a similar
30 manner: '

(2R,S, 3S) N°-(Imidazole-2-carbonyl)-N- (tetrahydro-2-
haazyloxy-s-oxo-S-fu:anyl)-L-alaninamide (17a), was



but oxycar bonyl pi pecol i ¢ aci d. - 131 - Ii - s . ot

N- (- Ac si nyl -val i nyl - (4- phenoxypr ol i ny am no- 4- oxobut anoi ¢
aC|(d gf"?’ﬂix"g N-%/ert But oxycar bonyl - 4- phenoxypr ol i ne mgf:ﬂ'ﬂﬂ WUWELT . 5

To a cooled solution [err] of Ntert-butoxy- cis-4-hydroxyproline (2-0 g,
8.15 mmmol ), phenol (0.77 g, 8.15 pmphga,_and triphenyl phosphine (2.14 g,
8.15 mmol) in 20 m~ of . tetrahydrofuran was added di et hyl azodi car boxyl ate
(1.4 M, 9 nmobl) dropwi se over 30 10 . m nutes. The reaction was stirred

at room tenppsstakeaf eyadf 86sa fJQ.‘?E 9@@369'[ E8Led .t o RBE)Vi32ERUS
residue. The glyde, {31 H9oyas B4 1855 1f5|28,h-:_l.453, 1440, 1124;
'H NMR (d,-DMSO) & 13.13 (1H, brs), 8.67 (d, J=7.0),
8.48 (4, J=7.8), 8.29 (d, J=6.8), 8.25 (d, J=7.6),
5 7.40-7.34 (6H, m), 7.11 (1H, s), 5.69 (d, J=5.0), 5.49
(d, J=0.8), 4.85-4.31 (4H, m), 3.19-2.42 (2H, m), 1.38

(d, J=7.4), 1.34 (d, J=7.4).

(2R,S, 35) N°-(4-Benzylimidazole-2-carbonyl)-N-
(tetrahydto-z-benzyloxy-s-oxo-s-furanyl)-L-alaninamide'
10 (17b), was isolated (75%) as a pale yellow glass: IR
(KBr) 3294, 3031, 2937, 1792, 1650, 1530, 1453, 1444,
1119; 'H NMR(CDCl,) & 7.99 (brm), 7.75 (brd), 7.36-7.11
(10K, m), 6.81 (1H, s), 5.51, 5.45 (d, s, J=5.3), 4.85-
' 4.47 (4H, m), 3.95 (2H, s), 3.04-2.72 (1K, m), 2.48-
15 2.35 (1H, m), 1.44 (4, JU=6.9), 1.43 (4, JU=7.1).

(2R, S, 3S) N°-[4-(2-Phenylethyl)imidazole-2-carbonyl] -N-
(tetrahydro-2-benzyloxy-5-0xo0-3-furanyl) -L-alaninamide
(17¢), was isolated (79%) as a pale yellow glass: IR
(KBr) 3292, 3029, 2936, 1793, 1650, 1530, 1453, 1444,

20 1119; 'H NMR(CDCl;) 3 8.06 (brm), 7.70 (brs), 7.39-7.15
(10K, m), 6.82 (s8), 6.81 (s), 5.53 (4, J=5.2), 5.48
(s), 4.87-4.53 (4H, m), 2.95 (4H, m), 3.11-2.37 (2H,
m), 1.48 (d, J=5.6), 1.45 (d, J=6.7). '

(2R,S, 35) 1-[4-(2-Phenylethyl)imidazole-2-carbonyl] -N-
25 (tetrahydro-2-benzyloxy-5-0x0-3-£furanyl) -L-prolinamide
(18c), was isolated (79%) as a pale yellow glass: IR
(CH,Cl,) 3422, 2959, 1795, 1685, 1611, 1497, 1116;
b - NMR (d,-DMSO) & 12.78-12.59 (1H, m), 8.61-8.34 (1H,
m), 7.39-7.22 (10H, m), 6.99-6.61 (1H, m), 5.71-5.26
30 (1H, m), 4.85-4.02 (4H m), 3.63 (1H, m), 3.18-1.74
(11H m) . '



chromat ography [err] eluting with 3:7 (ethyl acetate: hexane) to give 1.89

of the tiubgggggapund. [err] Step B. 4- Phenoxyprol i ne net _ 20
hydrochl oride. To a cool ed solution (ice bath) of Ntert- POAuSS 7

But oxycar bonyl - 4- phenoxyprol.ine nmethyl ester (0.6 g) in 20 nml of ethyl
acetate was bubbl ed anhydrous hydrogeggghloride until saturated. The

m xture was warned to 25 roomtenperature and stirred for 3 hrs. then
concentrated to give 480 ng of the title conpound. ‘[err] - 132 - Jerr]

(2R, S, 3S) 1-[4-(3-Phenylpropyl)imidazole-2-carbonyl]-
N- (tetrahydro-2-benzyl -oxy-5-oxo-3-£furanyl) -L- '
prolinamide (18d), was isolated (87%) as a colorless
glass: IR (CH,Cl,) 3422, 3214, 2945, 1794, 1685, 1604,
5 1496, 1117; 'H NMR(d,-DMSO) & 12.71 (1H, brm), B8.61-
8.34 (1H, m), 7.45-7.18 (10H, m), 7.05-6.64 (1H, m),
5.70-5.28 (1H, m), 4.85-4.02 (4H, m), 3.62 (1H, m)

(2R, S, 38) 1-{4-[3- (4-Methoxyphenyl)propyl] imidazole-2-
10 .carbonyl}-n-(tetra-hyd:o-2?benzyloxy-5-oxo-3-furanyl)-
' L-prolinamide (18e), was isolated (72%) as a white
glassy solid: mp. 62-65°C; IR (KBr) 3213, 2937, 1793,
1680, 1606, 1606, 1512, 1245; ‘H NMR(d,-DMSO) & 12.71,
12.67, 12.58 (1H, 3 x bs), 8.60-8.30 (1H, m), 7.40-7.20
15 (5H, m), 7.15-6.55 (5H, m), 5.66-5.20 (1H, m), 4.81-
' 4.59 (2H, m), 4.55-4.05 (2H, m), 3.71 (3H, 8), 3.65-
3.45 (1H, m), 3.15-1.50 (13H, m). FABSMS m/e 547 (M,
100%), 439, 412, 340,. 312, 243, 177, 154. |

(2R, S, 395) 1-{4-[3-(4-nydroxypheny1)propy1]1midazole-2-

20 carbonyl}-N- (tetra-hydro-2-benzyloxy-5-oxo-3-£furanyl) -
L-prolinamide (18f), was isolated (70%) as a light
vellow glassy solid: mp. 86-90°C; IR (KBr) 3298, 1790,
1669, 1606, 1515, 1242; b 24 NMR (d,-DMSO) & 12.66, 12.56
(1H, 2 x bs), 9.14 (1H, s8), 8.57-8.30 (1H, m), 7.36-

25 7.30 (5H, m), 7.02-6.83 (3H, m), 6.70-6.57 (2K, m),

' 5.65-5.28 (1H, m), 4.80-4.49 (2H, m), 4.50-4.05 (2H,

m), 3.65-3.45 (1H, m), 3.15-1.55 (13H, m). FABMS m/e
533 (M', 100%), 425, 298, 229, 176, 154.

1-{5-[3- (4-Methoxyphenyl)propyl] -1H-imidazole-2-

30 carbonyl}-4 (R) -phenoxypyrrolidine-2(S) -carbonyl-
(tetrahydro-2 (R, S) ~-benzyloxy-5-oxofuran-3 (S) -yl) amide
(19¢) was isolated (77%) as a clear colorless amorphous



5 a N—Acetyl-tyrosinyI-vaIine (0.524 g, 1.63 mmol ) and

4- pheno nmet hyl ester (0.381 g, 1.48 mmol) were ved in 4 n
each. of)%l Bng{ yl f or mam de and di chl-or onet hane and cool ed%ﬁ%ﬁ'f’?" To the

cool ed sol ution was added diisopropyl ethylam ne (258 ul, 1.86 10 ~mmol ),
HOBT (0.24 g, 1.78 mmol), and EDC (Pg@7.9, 1.92 nmol) and the reaction was
stirred for 18 hrs. The mixture was diluted with 400 ml of ethyl acetate
and washed with water, 10% sodi um hydrogen sul fate, 10% sodi um bi car bonat e,

and wat er. ngglpaganiiq.; INMEET (O 3;5 5 gcggcgntﬂgat(qql; tq,)gl v;e 9% r@st due that
was purifie sh chro tog y_[err] _elutin

(CH2d 2: i - Pr d?%e? % dPg 3602nf- 3P {ﬂg tW?Pescéﬁﬁéuﬁd<1Férﬂ
Li t hi um hydrmx; cE: 55—75@5 um? mpl §.3%5. 2d(EH, kP, a5sabubi.on (ak,

N-Acetyl-tyrpsingl sy} 49! ({#; m), 4.7-4.6 (1E, m), 4.5-4.4 (1H,
5 m), 4.35-4.4.25 (1H, m), 3.8 (3H, s), 3.05-1.75 (10H,
m). ' ' ’

(35) 3-{N-[4-(3-Phenylpropyl)imidazole-2-carbonyl] -L-
alaninyl}amino-4-oxo-butigoic acid (20d). A mixture of
(2R, S, 3S)-NF-[4—(3-Pheny1propy1)imidaZole-z-carbonyll-

10 N- (tetrahydro-2-benzyloxy-5-oxo-3-furanyl) -L-
alaninamide (0.93g, 1.90mmol) and 10% palladium on
activated carbon (0.93g) in methanol (100ml) was
stirred under a hydrogen atmosphere for 5h. The
resulting mixture was filtered and concentrated to

15 yield a colorless glass. Recrystallization from
methanol-diethyl ether afforded 401mg (53%) of 204 as a
colorless solid: mp. 94-96°C; [alp” +16.4° (c 0.5,
MeOH); IR .(KBr) 3300, 3287, 1786, 1732, 1659, 1651,

| 1532, 1451; 'H NMR(CD,OD) & 7.19 (5H, m), 6.91 (1H, s),

20 '4.60-4.46 (2H, m), 4.27 (1H, m), 2.63 (4H, m), 2.75-
2.40 (2H, m), 1.96 (2H, m), 1.44 (3H, 4, J=7.0).

The following compounds were prepared in a similar

- manner: o
(35) 3-[N-(Imidazole-2-carbonyl)-L-alaninyl]amino-4-

25 oxobutanoic acid (20a; E), was isolated (83%) as a

~ colorless solid: mp. 115°C; [alp®® +4.4° (c 0.5, MeOH);
IR (KBr) 3303, 1782, 1658, 1650, 1563, 1521, 1454; 1H
NMR (CD;OD) & 7.18 (2H, 8), 4.55 (2H, m), 4.27 (1H, m),
2.56 (2H, m), 1.45 (d, J=7.1), 1.44 (4, J=7.0).

30 (35)'3-[N-(4-Benzylimidazole-2-carbonyl)-L-'
alaninyl] amino-4-oxobutanoic acid (20b), was isolated
(56%) as a colorless solid: mp. 113-115°C; [a]p? +18.2°



phenoxy) prol i ne net hyl -ester (.360 ng, 0.685 mmol) 30 di ssolved in 8 m
of tetrah)@%#{gﬁplwater (1:1) and - 133 - stirred at rw,ﬁ%gnﬁrﬁture

for 1 hour. e mxture was. acidified with 10% hydrochloric acid giving a
white precipitate that was collected to give 175 ng of the title conpound.
[err] The title conpound was prepared llgi't_he met hod 15 reported for
conpound H, step A, by reaction of N _

acetyl -tyrosinyl -valinyl - (4-phenoxy) proline and N

al 1 yl oxycar bonie 4 vty Detie Vixsen! Sy el aved erydafihedds) e

conpound was pr%pared 5y the - _

1531, 1452; 'H NMR(CD,OD) & 7.25 (SH, m), 6.90 (1H, s),
4.59-4.45 (2H, m), 4.26 (1H, m), 3.95 (2H, s), 2.74-
2.39 (2H, m), 1.42 (3H, 4, J=7.0). BAnal. Calcd for

5  CypHp0,05: C, 56.69; H, 5.55; N, 14.69. Found: C, 57.06;

H, 5.54; N, 14.41.

(35) 3-{N-[4-(2-Phenylethyl)imidazole-2-carbonyl]-L-
alaninyl}amino-4-oxcbutanoic acid (20c; N), was
"isolated (53%) as a colorless solid: mp. 102-104°C;

10 (a)p?’ +13.7° (c 0.5, MeOH); IR (KBr) 3299, 3289, 1785,
1732, 1650, 1531, 1452; ‘H NMR(CD,OD) & 7.20 (5H, m),
'6.82 (1H, 8), 4.60-4.46 (2H, m), 4.29 (1H, m), 2.92
(4H, s), 2.76-2.41 (2H, m), 1.44 (3H, 2 x 4, J=7.1).
Anal. Caled for G, H,N,0s H,0: C, 56.43; H, 5.98; N,

15 13.85.. Found: C, 56.65; H, 5.84; N, 13.91. '

(35) 3{N-[4- (2-Phenylethyl) imidazole-2-carbonyl] -L-
prolinyl}amino-4-oxcbutanoic acid (2le), was isolated
(85%) as a colorless glass: mp. 101-103°C (methanol-
diethyl ether); [als”’ -63.8° (¢ 0.25, MeOH); IR (KBr)

20 3275, 1784, 1728, 1664, 1606, 1498, 1429; H NMR (CD,0OD)
& 7.24 (5H, m), 6.83 (8), 6.79 (s), 4.58-4.14 (3H, m),
3.69 (1H, m), 2.93 (4H, brs), 2.75-1.99 (6H, m). Anal.
Calcd for C,H,N,0s H,O0: C, 58.60; H, 6.09; N, 13.02.
Found: C, 58.34; H, 5.96; N, 12.67.

25 (38) 3-(N-[4-(3-Phenylpropyl) imidazole-2-carbonyl] -L-
prolinyl}amino-4-oxo-butanoic acid (21d), was
isolated(81%) as a colorless glass: mp. 91-94°C;
(methanol-diethyl ether); [aly®® -68° (c 0.25, MeOH); IR
(KBr) 3277, 2939, 1784, 1727, 1662, 1606, 1498, 1429;

30 H NMR(CD,OD) & 7.29-7.16 (SH, m), 6.92 (s), 6.86 (s),

' 4.58-4.16 (3K, m), 3.71 (1H, m), 2.75-1.92 (13H, m).
Anal. Calcd for C,,H,N,0s H,0: C, 59.45; H, 6.35; N,



hydr ogenol ysi s procedure reported for conpound H, step D - 134 - 1H NWR
(500 M—izy L)sbgsh (existing as a 1:1 diastereoner m xture of the hem acetal))
[err] 2 ®H), 7.10-6.85 (m 5H), 6.65 (d, 2H), 5.1 PEHUSIHO7aYE)
4.65-4.05 (m 5H) 4.0-3.40(m 2H), 2.95-2.35 (m 5H), 5 2.25 (m H),
2.05 (m 1H), 1.85 (s, 3H), 1.0 (d, 1%!3) 0.95 (d, 3H. K -

N-[N-Acetyl -tyrosinyl-valinyl-(4-

benzyl oxy)] proliny]]-3-am no-4-oxobutanoic acid. Step A

N-(N-AlTyl Oxmal’sléonylpbﬁndloc, 59.75; H, 6.21; N, 12.41
benzyl oxyprol inyl)-3-am no- 4 oxobut an0| c acid tert- butyl ester

sem car bazone.
(35) 3-{N-[4-[3- (4-uethcxypheny1)prcpy1] imidazole-2-

carbonyl] -L-prolinyl}amino-4-oxobutanoic acid (21e),
was isolated (65%) as a white glassy solid: mp. 101-
5 105°C; [aly?® -60.6 (c 0.05, MeOH); IR (KBr) 3231, 1784,

1726, 1611, 1512, 1245; ‘H NMR(CD,0D) & 7.09 (2H, 4,

J=8.6), 6.92, 6.85 (1H, 2 x 8), 6.81 (2H, d, J=8.6),

5.45-5.30 (1H, m), 4.64-4.46 (1H, m), 4.28-4.10 (2H,

m), 3.75 (3H, s), 3.74-3.66 (1H, m), 2.67-1.84 (13H,

10 m). Anal. Calecd for C;H,NOs H,0:.C, 58.22; H, 6.37; N, {

'11.81. Found: C, 58.39; H, 6.34; N, 11.45; FABMS m/e

457 (M), 405, 312, 243, 215, 176, 154 (100%).

- (35) 3-{N-[4-[3-(4-Eydroxyphenyl)propyl]imidazole-2-

carbonyl] -L-prolinyl }amino-4-oxcbutanoic acid (21f),

15 was isolated (43%) as a white gléss?"solid: mp. 114-

118°C; [a)p* -55.7° (c 0.05, MeOH); IR (KBr) 3288,

2935, 1780, 1715, 1662, 1610, 1515, 1441; 'H NMR (CD,0D)

5 6.99 (2H, d, J=8.5), 6.91, 6.85 (1H, 2 x s), 6.68

(2H, d, J=8.5), 5.45-5.30 (1H, m), 4.60-4.47 (1H, m),

20 4.30-4.10 (2H, m), 3.80-3.55 (1H, m), 2.70-1.80 (13H,
m). Anal. Calcd for C,H,N,0¢ H,0: C, 57.38; H, 6.13; N,
12.17. Found: C, 57.68; H, 6.25; N, 11.66. = FABMS m/e

443 (M'), 298, 229, 154 (100%).

3(8)-[(1-{5-[3- (4-Methoxyphenyl) propyl] -1B-imidazole-2-
25 carbonyl}-4 (R) -phenoxy pyrrolidine-2(8)-
ca:honyl) amino] -4-oxobutanoic acid (22e) was isolated
(43%) as a beige solid: 'H NMR (CD;OD) & 7.35-7.2
(3H,m), 7.15-7.0 (2H,m), 6.98-6.85 (3H, m), 6.83-6.77
(2H,d), 5.4-5.1 (1H,m), 4.65-4.5 (iH,m), 4.35-4.2
30 (2H,m) , 4.15-3.90 (1H,m), 3.78 (3H, s), 3.62-3.48 (1H,
m), 2.78-2.25 (8H, m), 2.02-1.9 (2H,m).




The title conmpound was prepared by the reaction of

N-al | yl ox -4-benzyl oxyprol i ne and 3-am no-4- oxobu L id.
tert-buty¥ﬁ§é$§£&£enicarbazone (T.L. 15 G aybill et. alﬁigﬁgé?ﬁg%?s of
papers, 206th National Meeting of the American Chem cal Society, Abstract
MEDI - 235. Chicago, IL. (1993)) under ;%giLar pepti de coupling conditions as
reported above (conpound H, Step O). -[err] NMR (500 MHz,
[err]) [err] 9.05 (br. s, 1H), 7.85 (br. m 1H), 7.4-7.2 (m 5H), 7.15 (br.
s, 1H), 6.55 (br. s, 1H), 5.9 (m.1H, 5.1-4.9 (br. m 2H), 4.65-4.4 (m
4H), 4.2 (br. m 1H), 3.75-3.5 (r 2 -2.55 (m 2H), 2.5 (br. m 1H,
2.25 (br. m 1H 1.4 (s, 9H). 25% : '
'N—(N—Acetyl-tyrosinyI-vaIinyI-(4:-benzyIQ
acid tert-butyl ester senicarbaiggg. The

pr.ol I nyl))-3- ani no- 4o0xobut anoi ¢

Tt(e conpound was prepared by
reaction of _ '




N-acetyl -tyrosinyl-valine and N-(N-allyl oxycarbonyl -4- - 135 -

benzyl o i¢?1)-3-anino-4-oxobutanoic acid tert- butyle o
o593 W%@%ﬂ-’A. [err]

sem car bazone by reaction conditions reported for conpoun

N-(N-Acetyl -tyrosinyl -valinyl-(4- benzyl oxyprolinyl))-3-am no-4-oxobutanoic
acid tert- butyl ester sem car bazo_lwel#] 70 ng) was dissolved into 15 10
m of 25%trifluoroacetic acid in dichloronethane and stirred at room
tenperature for 3 hours. The m xture was concentrated to give a solid

resi due. The {iFGddthypsisl 65 intpraidfastoraxsure of methanol : acetic
aci d: 37%]:0”{:%!: %@’Yc!ﬁ ag’inlo:}lgcqaé] c acid tert-butyl ester (23).

A 0°C solution of 4-(3-phenylpropyl)-imidazole-z-

carboxylic (13d) (150mg, 0.65mmol) and N-(2-

5 phenethyl)glycine tert-butyl ester (140 mg, 0.59 mmol)
in 5 ml.of anhydrous dimethylformamide was treated with
diisopropylethylamine (154xl1, 0.8%mmol), hydroxy-
benzotriazole (160 mg, 1.18 mmol), and 1-(3-
dimethylaminopropyl) -3-ethyl carbodiimide hydrochloride

10 (136 mg, 0.71 mmol). After stirring for 36 h, the
reaction was poured onto saturated aqueocus sodium ' {
chloride and extracted with ethyl acetate (3 x 50ml)
The combined organic extracts were washed twice with
saturated aqueous sodium bicarbonatél(zx) and saturated

15 aqueous sodium chloride (1x), dried (Nazso.)', filtered,
and concentrated in vacuo to give a brown oil.
Chromatography (flash, Si0,, 30% ethyl acetate/hexane)
to give 160mg (61%) of 23 as a white solid: H NMR
(CDC1l,) & 7.38-7.14 (10H, m), 6.85-6.8 (1H, m), 4.84-

20 4.76 (1H, d), 4.5-4.42 (1H, m), 4.07-4.0 (1H, 4), 3.78-
3.72 (1H, m), 3.12-2.94 (2H, 2 x m), 2.75-2.55 (4H, m),
2.1-1.95 (2H,m), 1.5-1.45 (9H, 3 x s). |

(38) - (2-Phenethyl- [5- (3-phenylpropyl) -1H-imidazole-2-
carbonyl]amino}acetyl amino) 4-oxobutanoic acid tert-
25 butyl ester semicarbazone (24). The ester 23 (160mg,
0.357mmol) was treated with 25% trifluoroacetic
acid/dichloromethane (7ml) for 4 h. The reaction was
concentrated in vacuo to afford 180mg of the acid. The
acid (180 mg, 0.357mmol) was coupled to (3S)-3-amino-4-
30 oxcbutanoic acid tert-butyl ester semicarbazone (161lmg,
0.357mmol) as describe for the preparation of 5a and Sb
to give 86 mg (33%) of 24 (one diastereomer) as a white
solid : 'H NMR (CDCl;) & 10.9-10.3 (1H, 2 d), 10.08-
9.78 (1H, 2 d), 9.25-9.15 (1H,m), 8.35-8.10 (1H, 2 m),



20 stirred at roomtenperature for 1 hour. The m xture was concentrated

and the ragusissspg resi due purified by flash chronat ographypéfﬁ_,%s,‘ﬁky,tl ng

wi t h di chl or onet hane/ met hanol /form ¢ acid (100:5:0.5) to give

title conpound. [err] ~136 - We obtained inhibition constants [err]

| C50 val ues for several conpounds of §gEs-invention using enzyme assays
with UV-visible substrate and cell assays 5 as described in Exanple 2.
and [err] values were determ ned for conpounds 7a, 7b,
229r72§s 18H, 33as¢, 9020-90bs 390HI3m)478.948h7554a-1, 63,

The following [err]

20a-d, 21c-f,

69a, 69b 84a ?Eﬂ 84 gssng Bh?lhndbcat?d 5.2-4.65 (2H,m), 4.35-3.5

10

15

20

25

30

(3H'm)' 3.25-3-0 (ZH' m), 209-2-45 (GH'm)' 2-05—1.8
(2H,m), 1.4 (SH,s). .

(38) - (2-{Phenethyl- [5- (3-phenylpropyl) -1H-imidazole-2-

carbonyl] amino}acetylamino) -4-oxobutanoic acid
trifluoroacetic acid salt (25) was prepared by the
method described for 7a to afford 32 mg (82%) as a
white solid: 'H NMR (CD,OD) & 7.05-7.35 (m, 11H), 4.65
(m, 1H), 4.4 (m, 1H), 4.3 (s, 2H), 3.6-4.0 (m, 2H),
2.5-2.95 (m, 8H), 2.05 (m, 2H).

7- [5- (3-Phenylpropyl) -1B-imidazole-2-carbonyl] -1, 4-
dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid
methyl ester (26). 4-(é-Phenylpropyl)imidazole-z-
carboxylic acid (13d) was coupled_tb 1,4-dithia-7-
azaspiro[4.4]lnonane-8(S) -carboxylic acid methyl ester
hydrobromide (Smith et. al., J. Med., Chem., 31, pp.
875-85 (1988)) by the method described for 23 to afford
140 mg (65%) as a yellow gum: 'H NMR (CDCl,;) & 7.34-
7.15 (SH, ﬁ), €.98-6.8 (1H, 3 s8), 5.7-5.65 (0.5 H, m),
5.2-5.1 (1H,m), 4.82-4.75 (0.5H, m), 4.4-4.35 (1H, m),
4.05 (1H,d), 3.75-3.7 (3H, 2 8), 3.4-3.3 (4H,m), 2.95-
2.45 (8H, m), 2.05-1.95 (2H,m) . '

(38) - ({7- [5- (3-Phenylpropyl) ~-1H-imidazole-2-carbonyl] -
1,4-dithia-7-azaspirol4.4]nonane-8(8) -carbonyl}-amino) -
4-oxobutanocic acid tert-butyl ester semicarbazone (27).
Following the procedure described for 4, the ester 26
was converted to its acid which was subsequently
coupled to (3S) -3-amino-4-oxobutanoic acid tert-butyl
ester semicarbazone as described for 24 to give 70 mg

- (33%) as a brown solid : 'H NMR (CD,OD) 5 7.28-7.10
(SH,m), 6.90 (1H, br s). 4.94 (1K, m), 3.96-3.86

f the

and



assays. Corresponding‘lettered conmpound designations 10 are indicated

par ent heig gsais308. The conpound structures are shown in Eﬁmgb?@(;% and 5.

[err] - 137 - [err] - 138 - Exanple 5 Conmpounds of Exanple 4 were

synt hesi zed as follows: [err] '
- 156 -

(2H,q), 3.35-3.25 (4H,d), 3.0 (2H, s), 2.73-2.59 (6H,
m), 2.0-1.92 (2H, m),1.44 (9H,s).

(38) - ({7-[5- (3-Phenylpropyl) -1H-imidazole-2-carbonyl] -
1,4-dithia-7-azaspiro[4.4]nonane-8(S)-carbonyl}-amino) -
5  4-oxobutanoic acid (28) was prepared by the method
described for 7a to afford 17 mg (26%) as a light brown
solid: 'H NMR (CDOD) & 7.4 (s, 1H), 7.1-7.25 (m, SH),
4.9 (m, 1H), 4.6 (m, 1H), 4.3 (m, 1H), 3.95 (s, 2H),
3.25-3.4 (m, 4H), 3.0 (d, 2H), 2.6-2.8 (m, 5H), 2.45
10 (m, 1H), 2.05 (m, 2H).

.—?;LM _ .-{}c;,m — ,-&':LW' |

— D —

a R = Ph(CB,);
b R = 4CF,-Ph(CH,),
-] R = PhCH,

15

4,5-Dihydroimidazole-4-carboxylic eitﬁri'(zs) were
prepared by a modification of the procedure described
by Jones et al., Tetrahedron Lett., 29, pp. 3853-56
(1988) . - | -

20 (4R,S) Methyl 2-(2-phenylethyl)-4,5-dihydroimidazole-4-

carboxylate (25a). Dry hydrogen chloride was bubbled



-|139 - g-BenzoyIanino-4-oxo-4, 6, 7, 8-tetrahydro-pyrrol o[ 1, 2-

al pyri mdine-6-carboxylic acid nethyl ester (3). A mxture of ._ __ .

(4S) - 2- am%gsf’-smrol i ne-5-carboxylic acid ethyl ester- hydrgzms&'?’?"&é’ (1,
0.44g, 2.38muol; prepared 5.  in_an anal ogous fashion as the nmethyl ester
as described by Lee and Lown, J. qg1 ghem , 52, 5717-21 (1987));
4-ethoxynethy|ene-2-pheny|-2-0xazo|in-g-one (2, -0.50g, 2.31mmvol) and sodi um
met hoxi de (0.12g, 2.22mmol) in ethanol (10m ) was refluxed for 2h. The 10

reaction was al tQer : ] n r at ' acuo.
The residue maéhgggge%gégeghnmgfe§9g%é§%ﬂﬁéSFPéﬁfgﬂgcsg'aggﬂé gggmﬁﬁ?YI gH
1 was reached. inTmethgnodud1@FRrdlr 8twASCekPFatbe@iffrh The solvents

were removed to give the imidate salt which was
' dissolved in methanol (125ml) along with methyl 2,3-

5 _ diaminoprbpionate'(zsﬁmcl) (Jones et al., supra). The
mixture was kept at roémftemperatufé for 2.5h, then
concentrated to a yelloﬁ.oil. The crude product was'
purified by column chromatography (10-20%
methanol/dichloromethane) to afford 3.52g (61%) of a

10  colorless glass:"iH NMR (CDC1l;) & 7.30-7.15 (SH, m),
4.63 (1H, t, J=9.7), 3.96 (2H, &, J=9.7), 3.72 (3H, s),
3.10 (4H, m), '°C NMR(CDCl,) & 171.3, 168.8, 138.3,
128.4, 128.2, 126.6, 57.3, 53.0, 47.7, 31.7, 27.9.

(4R, S) Methyl 2-[2-(4-trifluorcmethylphenyl)ethyl]-4,5-

15 dihydroimidazole?4-carboxylaﬁe (29b) , was prepared by
the method described for 29a to yield 6.80g (78%) of a
colorless solid: mp. 136-141°C; 'H NMR(CDCl;) 3 7.45
(4H, s), 4.71 (1H, dd, J=8.6,10.8), 4.02 (2H, m), 3.73
(3H, s), 3.19 (4H, m). | -

20 Imidazole-4-carboxylic esters 30 were prepared by ‘a
modification of the prOcedure'described'by Martin et

al., J. Org. Chem., 33, pp. 3758-61 (1968).

Methyl 2-(2-phenylethyl)imidazole-4-carboxylate (30a).
A mixture of (4R,S) methyl 2- (2-phenylethyl)-4,5-

25 dihydroimidazole-4-carboxylate (2%a) (3.40g,
14.64mmol), chloroform (75ml) and manganese (IV) oxide
(13.0g, 150mmol) was heated under reflux for 21h then
filtered hot. The solids were washed with chloroform
and methanol. The combined filtrates were concentrated

30 to leave a yellow-brown solid, which was purified by
column chromatography (2-5% methanol/dichloromethane)
to afford 1.46g (43%) of a pale yellow solid: mp. 151-



di chl oronet hane, the organic | ayer was separated and 15 concentrated in
vacuo thy'gg.J,s? . 6g of a orange solid. Chronatography (flmsg% " 60%
et hyl acetate %exane i ncreased to 100% et hyl acetate stepw se gradient,

t hen 10% net hanol / di chl oronet hane) to give 0.5g of an orange solid. A

m xture of the orange solid and pat asd wn 20 cyanide (0.03g, 0.5mml) in
nmet hanol (10m ) was ref |uxed overnight. The cool ed reacti on was :
concentrated in vacuo to give a yellow solid. Chromatography (flash, [err],

40% et hyl aceare;hgrankex 300%,cdws aqetzt,c 1IBFPWi s Y aligw)) af f orded

B0 5 (nelhey i 18 R EoRIIEY T ca 1A B, $5 e T
7.95 (d, 2H m)8. 8.62 (BH), =9.,53.03 144H, brs), C NMR(CDCl,) &

(38)-[ (> benigy am d&ctAxah. 5.7 0rd S, AWel; 2., HLIS) b4 8
pyri m di ne- 6-carbdnyl”)-"arfi no| - 4-‘oxo- -
5 ©30.4. Anal. Caled for C;:H;N,0, : C, 67.81; H, 6_.13; N,

12.16. Found: C, 67.70; H, 6.15; N, 12.16.

Methyl 2-[2-(4-trifluoromethylphenyl)ethyl)imidazole-4-
~carboxylate (30b), was prepared by.the.mgthod'described
for 30a. It was recrystallised from ethyl acetate to
10 afford 1.88g (33%) of cream crystals: mp. 225-26°C; IR
(KBr) 3239, 2951, 1715, 1532, 1331, 1158, 1105, 1068;
"lH NMR (CDCl,) & 7.61 (1H, s), 7.54 (2H, d, J = 8.1),
7.26 (2H, 4, J = 8.1), 3.89 (3H, s8), 3.10 (4H, m).
. Anal. Caled for C,;H,,F;N;0,: C, 56.38; H, 4.39; N, 9.39;
15 F, 19.11. Foﬁnd:-c, 56.23; H, 4.44; N, 9.33; F, 19.08.

2- (2-Phenylethyl) imidazole-4-carboxylic acid (31a). A
mixture of methyl 2-(2-pheny1ethyl)imidazole44-
carboxylate (3la) (1.38g, 6émmol), methanol (30ml) and
1M aqueous sodium hydroxide (30ml) was heated under

20 reflux for 16h. The methanol was removed under reduced
pressure, and the resulting agueous solution was
neutralized with 4M hydrochloric écid, whereupon a pale
yelldw solid precipitated. The precipitate was .
collected, washed with water, and dried to afford 1.189

25 (91%) of a pale yellow solid: mp. 117-120°C; IR (KBr)
3375, 3131, 2616, 2472, 1638, 1592, 1551, 1421, 1388, _
1360; 'H NMR(d,-DMSO) & 7.59 (1H, s), 7.26 (S5H, m), 2.99
(4H, m). Anal. Calcd for C,,H,,N,0, 0.25H,0: C, 65.29;
H, 5.71; N, 12.69. Found: C, €5.00; H, 5.64}_ N, 12.58.

30 2-[2-(4-T:ifluo:amethylphenyl)Cthyllimidazole-4-'-
carboxylic acid (31b), was prepared by the method
described for 31a to afford 1.09g (76%) of a pale




butanoic acid tert-butyl ester sem car bazone (5a and 5b). A m xture of
3-benzoyl & X0-4,6, 7, 8- s95/o 7

t etrahydro-pyrrol o[ 1, 2- a]pyr|n1d|ne 6- carboxylic acid ethyl zgl 0. 22¢g
0. 70mmol ) and Iithium hydroxi de - 140 - hydrate (0.032g, 0 76nnDI) in
met hanol (5m ) and tetrahydrofuran (9 ggand was stirred 18h at room
tenperature. The reaction was concentrated to give

3- benzoyl am no- 4- oxo- 4, 6, 7, 8-tetrahydro-pyrrol o[ 1,2- 5

a] payrl tmhdI tnef6 embaxgbn]gdacmﬁ Inbbt—msbsektzﬂ)(xss)aswbsl;ezsqbl-uﬁhl S was
used wi t hou ur, rifi
m xture of (38) gﬁgnoggagxoig%% 6:353 iaiger'%g@%fé%%& ésm% zfgoazone
(0.163g, 0.71mdRkH, d, J=8.0), 7.59 (1H s), 7.47 (2H, 4, J=8.0), 3.06

(4H, m). S ' - '

5 (2R, S, 3S) N-[2- (2-Phenylethyl)imidazole-4-carbonyl] -N-
(tetrahydrc-z-bénzyl-bxy¥5-oxo43ffﬁranyl)4L-alaninamide
(32a). To a solution of (2R,S, 3S) N’-tert-
butoxycarbonyl -N- (tetrahydro-2-benzyloxy-5-oxo-3-
furanyl) -L-alaninamide (14) (1.59g, 4.20mmol; Chapman,

10 Biorg. Med. Chem. Lett., 2, pp. 613-18 (1992)) in
dichloromethane (15ml), cooled to 0°C, was added
trifluorcacetic acid (15ml). The mixture was stirred
at 0°C for 1h and then concentrated. The residue was
treated with ether and then the ether was removed under

15  vacuum. This procedure was repeated twice to yield a
pale yellow glass. The solid was dissolved in DMF
(20ml), then diisopropylethylamine (2.19ml, 12.6miol),
2~(2-phenylethyl)imidazolg-4-carboxy1ic acid (31a)
(1.0g, 4.62mmol), 1-(3-dimethylaminopropyl)-3-ethyl

20 carbodiimide hydrochloride (0.89g, 4.62mmol) and
hydroxybenzotriazole (1.14g, 8.40mmol) were added to
the solution. The reaction mixture was stirred at room
temperéture for 20h then poured into brine. The

_ mixture was extracted with ethyl acetate (3 x 50ml).

25 The combined organic extracts were washed with
saturated aqueous sodium bicarbonate (3 x 100ml) then
brine (3 x 100ml), dried (MgsSo,) and concentrated. The
residue was purified by column chromatography (2-10%
isopropanol in dichloromethane then 0-6% isopropanocl in

30 ethyl acetate) to yield 1.10g (55%) of 32a as a mixture
of diastereomers: IR (KBr) 3278, 3065, 1790, 1641,
1577, 1545, 1499, 1454, 1120; H NMR(CDCl;) & 10.26 (1H,
s), 8.14 (1H, s), 7.66 (d, U=7.0), 7.56 (d, J=7.0),
7.43 (1H, 8), 7.31-7.11 (10H, m), 5.49 (d, J=5.6), 5.48



10 Gaybill et al., Int. J. Protein Res., 44, pp. 173-82 (1994)) .and

3-benzo - 0XO0- 4 6,7,8-tetrahydro- US95
pyrrol or’l 2-a] pyrim di ne-6-carboxylic acid lithium salt FA(I.)I i n"m"'

di et hyl f or mam de (5m ) and di chl oronet hane (5m ) was treated wi'th

hydr oxybenzotriazole (0.104g, 15 . g 7mol) and

1- ( 3-di met hyl am nopr opyl ) - 3- et hyl car bodi i nm de hydrogen chl oride (0.148g.
0.37mmol ). The reaction was allowed to warmto roomtenperature and
stirred 18hr.(ghhe 4 egEd4 ofn WesH pany 2B mmMIe(ZIQSOtM) 2n8%exéHacted wWith

et hyl acetate: (2 ne rgani c | ayers were washed
W th aqueous &’ %ﬁ%%%wd‘fog'ew 's[}e‘f ‘fe aé’ol%t'?ogfjl dilute aqueous sodi um
hydr ogen car bonate (50rr1_) and saturated aqueous SOdI um chI or| de. The

organic | ayerg/ﬂg . ?eq:f 41151@1‘!1%%& nyely ow solid.

Chr omat ogr aph anmoni um hydr oxi de/ thanol [ di -

chl or omet han M@?Tb‘q‘wﬂﬂ- %‘p@x’u’-%’é’-‘ﬁ ¢ jpenzyloxy-S-oxo-
5 - 3- furanyl) -L-alaninamide (32b), was prepared by the

method described for 32a to afford 1.08g (62%) of a
pale yellow glass: IR (KBr) 3376, 3284, 3070, 2938,
1791, 1642, 1578, 1546, 1327, 1165, 1122, 1068;

'y NMR(CDC1l;) & 7.95 (0.5H, m), 7.55-7.25 (11.5H, m),

10 5.53 (s), 5.49 (4, J=5 3), 4.88- 4. 48 (4H, m), 3.11-2.96 ‘
(4H, m), 2.91 (1H, m) ; 2.51 (1H, m), 1.47 (3H, d,
J=7.1). ‘

(2R,S, 3S) N'-(2-Benzylimidazole-4-carbonyl) -N-
: (tetrahydro-2-benzyloxy-5-oxo-3-furanyl) -L-alaninamide
15 (32¢c), was prepared by the method described for 32a
from 2-benzy11_mida__zole-_4-carb_oxy-lic acid (Ger. Offen.
DE 3427136)' to afford 1.13g (83%) of a yellow glass:
IR (CH,Cl,) 3433, 3062, 2990, 1803, 1693, 1584, 1504,
1429, 1285, 1258; 'H NMR(CDCl,) & 9.50 (s), 9.37 (s),
20 7.86 (0.5H, 4, J=6.1), 7.56-7.21 (10.5H, m), 7.48 (1H,
s), 5.51 (d, J=5.2), 5.48 (s), 4.87-4.41 (4H, m), 4.08
(s), 4.07 (8), 3.03-2.39 (2H, m), 1.46 (3H, 4, J=7.0).

(35) 3-{N-[2-(2-Phenylethyl)imidazole-4-carbonyl] -L-
‘alaninyl}amino-4-oxcbutanoic acid (33a; A). A mixture

25 of (2R,S, 35) N*-[2-(2-phenylethyl)imidazole-4-
carbonyl] -N- (tetrahydro-2-benzyloxy-5-oxo-3-furanyl) -L-
alaninamide (32a) (1.0g, 2.10mmol) and 10% palladium on
activated carbon (1.0g) in methanol (50ml) was stirred
under a hydrogen atmosphere for 4.5h. The resulting

30  mixture was filtered and concentrated to yield a
colorless glass. Recrystallization from_methanol-
diethyl ether afforded 510mg (63%) of a colorless




gave 0.11g (30.9% of the higher Rf diastereoner (5a): [err] NWVR [err]
1.45 (s, %55’% 9235(m 1H), 2.6- 2.7 (m 2H), 2.8(ddP 0 -3.15
(m 1H), (m 1H), 4.9-4.95 (m 1H), 5.2 (dd, SISEISE (q.
1H), 7.5-7.55 (m 2H), 7.55-7.6 (m 1H), 7.95 (d, 2H), 8.9 (s, 1H) and
0.11g (30.9% of the |lower Kf diaster§ (5b) [err] NVR [err] 6 1.45
(s,9H), 2.3-2.4 (m 1H), 2.6-2.7 (m E??Z 2.8 (m 2H), 3.1-3.15 (m
1H), 35 3.2-3.3 (m 1H), 485495(m1H) 515(dd 1H), 7.25

- (d, 19, 7. 5@0&&8 ZHg {26°€t . TRH\kB¥) 99360, 3bWs, 828845, 1761,

Di ast er eoner

5a an

t 5b k
(3S) - [ (3- benzo}&Rw né5$§@§gg§g‘6§r?58 \ti\l:tgaﬁﬁ%?gcg%ﬁe%ara;eg‘ly (1H, s),

10

15

20

25

30

7.29-7.12 (5H, m), 4.60-4.47 (2H, m), 4.28 (1H, m),

. 3.01 (4H, s), 2.76-2. 39 (2H, m), 1.43 (3H, 2 x d,

J=7.0, J=7.0), *C NMR (CD,0D) &.176.2, 176.0, 174.7,

174.6, 164.4, 164.3, 150.5, 141.9, 134.8, 129.5, 129.3,
127.3, 122.3, 98.8, 98.4, 52.3, 52.0, 50.3, 35.6, 31.2,
18.8, 18.7. Anal. Calcd for CyH,N,0s H,0: C, 56.43; H,

5.98; N, 13.85. Found: C, 56.78; H, 5.70; N, 13.77.

(35) 3-{N-[2-(2-[4-Trifluoromethylphenyl]ethyl)
imidazole-4-carbonyl] -L-alaninyl} amino-4-oxobutanoic
acid (33b; Q), was prepared by the method described for
33a to afford 612mg _(73’5) of a colorless solid: mp.
120-124°C; [a);?® +14.3° (c 0.5, MeOH); IR (KBr) 3287,
2985, 2937, 1782, 1732, 1646, 1579, 1547, 1327; 'H NMR
(cD,OD) & 7.56 (2H, d, J=8.0), 7.54 (1H, s), 7.36 (2H,

4, U=8.0), 4.60-4.48 (2H, m), 4.28 (1H, m), 3.08 {4H,

m), 2.75-2.41 (2H, m), 1.43 (3%, d, J=7.0). Anal.’
Calcd for CHnF:NOs. 0.5H,0 : C, 51.84; H, 4.78; N,
12.09; F, 12.30. Found: C, 51.83; H, 4.72; N, 12.14;
F, 12.36. "

(35) 3- tN-(2-Benzylinidazole-4-carbenyl)-I..-

alaninyl] amino-4-oxobutanoic acid (33c; B), was
prepared by the method described for 33a to afford
426mg (64%) of a colorless solid: [alp® +13.4° (c
0.407, MeOH) IR (KBr) 3260 3150, 2980, 1779, 1727,
1649, 1573, 1547; ‘H NMR (CD;OD) & 7.58 (14, s), 7.34-
7.22 (SH, m), 4 59- 4 47 (2H, m), 4.28 (1H, m), 4.07
(2H, s), 2.74-2.41 (2H, m), 1.42 (3H, 4, J=6.7); C NMR
(CD;OD) 5 175.6, 175 5 175.0, 164.6, 164 5 150.1,

138.7, 135. 3 130 0 129 9, 128.2, 122. 9, 98.9, 98.5,
:525 52.2, 355 35 1, 350 19.0, 189 Anal. Calcd

for CieH,oNOs HzO. C, 55 3'7 H, 5.68; N, 14.35. Found C,



5 pyrrol o[ 1, 2-a] pyri m di ne- 6- car bonyl) ‘am no] - 4- oxo- butanoic acid (7a).

A suspe (3S)-[(3-
benzoyl 2‘?7’1b(n}§@ = 0x0- 4,6, 7, 8-t et rahydro- pyrrol o[ 1, 2- PCT/US95/07617

al pyri m di ne- 6-car bonyl )-arri noj - 4- oxo- butanoic acid tert-butyl ester

sem car bazone (5a, 0.11g, 0.22mmol) 4igy 10 di chl oronet hane (7.5m ) and
trifluoroacetic acid (2.5m) was stirred for 5h. The reaction was
concentrated in vacuo, the residue was taken up in dichloronethane,

concentr at ed gsn aaa}cun s.uwEenNied 3 jpd ol wsFERd mopcent3as ed(Mn vacuo to
give 0.07 g 5 % ) - [ (3- benzoyl am no- 4- oxo- 4, 6, 7, 8-t etrahydr o-

pyrrol o[ 1, 2- rllr?i di "6- car bonyl ) - am no] - 4- oxo-  butanoic acid

sem car bazone (6a) as a white solid. . The solid was. suspended in a m xture
of 37% aqueous formnal dehyde/ acetic aci d/ met hanol (1:1:5) and stirred 20

at roomtenperature for 18hr. The reacti of was concentrated inrzatuo, t he

resi due was su nded in o T —— R
: n’@\coh — .-(JYMN o "-_(,1',":\11: cHo

34
3¢

(a) R =BEH
(b) R = CH,Ph

5 5- Benzylpyrrolo-z-carboxylic acid (34b) A mixture of
| Ethyl 5- benzylpyrrole -2- carboxylate (0.7g, 3 05mmol ;
Elder et al., Smtheu:_ccmmunicauona 19, 763-767
_(1989)), ethanol (20ml) and 1M sodlum hydroxlde {9.2ml,
© 9.2mmol) was stirred and heated under reflux for 3h.

10 The major part of the ethanol was removed and the
remalnlng 11qu1d was diluted with water, washed with
ether, cooled in ice and acldlfled'wzth concentrated

_hydrochlorzc acid. The mixture was extracted with
ether. The combined extracts were washed thh_brlne,

15 dried (Na,S0,) and concentrated to afford 0.567g (92%)
of an off white solid: mp. 130-134°C; 'H NMR(CDCl,) &
8.87 (1H, brs), 7. 37- 6 95 (SH, m). 6 97 (1H, m), 6.07
(1R, m), 4.00 (2H, s).

(2R, S, 35) N*- (Pyrrole-z-carbonyl) -N- (totra_hydro-:!-
20 benzyloxy-5-oxo-3-furanyl) -L-alaninamide (35a). A
solution of (2R,S, 35) N°- tert-butoxycarbonyl-N-
~ (tetrahydro-2-benzyloxy-5 -oxo-3- furanyl) L-alan:.nam:.de
(14). (756mg, 2. Ommol) in dry d;chloromethane (Sml) at
0°C was treated with tr:.fluo_roac_et:.c acid (8ml) for 1h
25 - and then evaporated to dryness Dr'y' ether was added to
the residue and the mixture concentrated to give a
" viscous. oil. The oil was dissolved in dry DMF (10ml).



acetonitrile and concentrated in vacuo to give 0.1g of a white solid.

Chr omat ogr, LC, .reverse phase Cl18, 1% to 75% acetonitllle

(buffered ‘?\ABP# . 1% 25 trifluoroacetic acid) gradient ell{#ﬂ(ﬁ#ﬁ%‘g;gi ve
0.05g (60% of 7a as a white solid: RT = 7.9 min (HPLC, Cl18 reverse phase,
1 to 100% acetonitril e/ water (0.196t£i{g$ogoacetic acid buffer); 20 mn

gradient elution); [err] NVR [err] (existing as a 1:1 m xture of anoners of
30 the hem -acyl oxy acetal form) 6 2.25-2.4 (m 1H), 2.45-2.8 (m 4H),

3.05-3.15 (m 1 rrél§524c§%ﬁé£¥1iébacﬂd5534a§-Qﬂl4é§&+252ﬁm§1¥ wes 1H)
745195 (m 3€g§¢7' 28 On o Tt dos és’ 152& in an'i%e bath before
(3S) - [ ( 3- benzoyR@Aed 02Rd okBe 1581HE OB VRENGAPLE
the addition of N,N-diisopropylamine (0.78g, 6.0mmol),
1-hydroxybenzotriazole (0.54g, 4.0mmol) and ethyl
5 ‘dimethylaminopropyl carbodiimide hydrochloride (0.42g,
2.2mmol). The resulting mixture was stirred at 25°C
for 17h and then saturated aqueous sodium chloride
(30ml) was added. The mixture was extracted with ethyl
acetate (3 x 20ml) and the combined organic extracts
10 were washed with 5% agqueous sodium bicarbonate (3 x
10ml) and brine (10ml), dried (MgSO,) and concentrated.
Flash chromatography (25% hexane-ethyl acetate)
afforded 557mg (75%) of a 1:1 mixture of diastereomers
as a white glassy solid: mp. 85-90°C; IR (KBr) 3288,
15 1789, 1665, 1629, 1557 and 1122; 'H NMR(d,-DMSO) & 11.46
(1H, bs), 8.55 (0.5H, d, J=7.0), 8.30 (0.5H, d, J=7.6),
8.06 (0.5H, d, J=7.0), 8.04 (0.5H, d, J=7.6), 7.36-7.30
(5H, m), 6.88-6.85 (2H, m), 6.10-6.07 (1H, m), 5.63
(0.5H, d, J=5.0), 5.42 (0.5H, s), 4.72 (2H, q, J=12.2),
20  4.74-4.25 (2H, m), 3.14-2.35 (2H, m), 1.29, 1.25 (3H, 2
. x d, J=7.2). S | |

(2R, S, 3S) N'-(5-Benzylpyrrole-2-carbonyl) -N-
(tetrahydro-2-benzyloxy-5-0x0-3-furanyl) -L-alaninamide
(35b), was prepared from 5-benzylpyrrole-2-carboxylic

25 acid (34b) by the method described for compound 35a
(65%). Data is given for a single diastereomer. 'H NMR
(d¢-DMSO) & 11.37 (1H, brs,), 8.27 (1H, 4, J=7.4), 7.93
(1H; d, J=7.6), 7.33-7.16 (10H, m), 6.76 (1H, m), 5.82
(1K, m), 5.62 (1H, 4, J=5.2), 4.76 (1H, 4, J=12.0),

30 4.65 (1H, m), 4.62 (1H, 4, J=12.2), 4.47 (1H, m), 3.88
(2H, s), 2.77 (1H, dd, J=9.0,18.0), 2.5 (dd), 1.23 (3H,
d, J=7.0). / - |



pyrrol o[ 1, 2- a]pyrinidine-6-éarbony|)-anino] 4- oxo- "butanoic acid (7b) was
pr epare rlbed for di astereoner 7a to give 0.03g (350 of 7b as a
white %ﬁ%ﬂfzﬁ& = 8.1 mn (HPLC, Cl18 reverse phase, PGT/UISIG6L7,

- acetonitril e/ water (0.1@6trif|uoroacetic acid buffer); 20 mn gradi-ent
elution) ;[err] NWR ([err]- DIVBO(eX|56t ng as a 1:1 mxture of anoners of
the hem - acyl oxy acetal form) [erﬁ .1-2.2 (m 1H), 2.4 (d, 1H), 10
2.7-2.8 (m 1H), 3.0-3.2 (m 3H), 50(dd 1H), '5.1-5.2 (m 1H), 5.5 (s,.

it{)‘) g g g ? 5((3@) %H%N-7(p§-'§=(éle-2ﬁ)ca{3cﬁ¥yi)t-n-]&%mi ;?f]j.ﬂxngﬂla 8.55 (s,
o butanoic acid (36:, D). A mixture of (35 (612mg;
1. 65mmol), methanol (40ml) and 10% palladium on carbon.
(500mg) was vigorously stirred under an atmosphere of
5 . hydrogen for 4h. ‘The mixture was filtered through a
0.2uM n&lon membrane then concentrated. The residue
was purified by flash_chromatography-(5-10% methanol in
methylene chloride) to afford the hemihydrate of (36a)
(223mg, 48%) as a white solid after precipitation from
10 an ethyl acetate-ether mixture. There were traces of
solvent in the product: mp. 96-100°C; IR (KBr) 3381,
1774, 1729 (EtOAc), 1632, 1558, 1523, 1123;
'H NMR(CD,OD) & 6.94-6.85 (2H, m), 6.17 (1H, dd, J=3.8
and 2.6), 4.58 (0.5H, d, J=3.94), 4.56 (0.5H, 4,
15 - J=4.24), 4.51 (1B, q, J=7.16), 4.35-4.20 (1H, m), 2.74-
2.40 (2H, m), 1.42 and 1.41 (3H, 2 x 4, J=7.13).

(35) 3-[N-(5-Benzylpyrrole-2-carbonyl)-L-
alaninyl] amino-4-oxobutanoic acid (36b), was prepared
- (41%) from 35b by the method described for compound

20 . 36a, to afford an off white solid: mp. 109-112°C; [a],?®
+6.3° (¢ 0.3; methanol); IR (KBr) 3368, 1724, 1le30,
1530, 1453, 1414, 1233, 1049; 'H NMR(d, methanol) &
7.25-7.11 (5H, m), 6.76 (1H, d, J=3.5), 5.84 (1H, d,
J=3.5), 4.51 (1H, m), 4.43 (1H, q,. J=7.1), 4.23 (1H,

25 m), 2.5 (2H, m),1.35 (3H, 4, J=7.0). Anal. Calcd for
CyoHzNyOs . 1.75 K,0: C, 56.64; H, 6.13; N, 10.43. Found:
C, 56.34; H, 5§.72; N, 10.00.

Qﬁﬁf QN‘Z

38 3



- 144 - |Im dazol e-2-carboxylic acid (13a) was prepared according to Curtis
and Brown Chem, 45, pp. 4038-40 (1980).

4- Benzyl i rr‘réaz%e 2-car boxyl ic acid (13b), was isolated 5 P“é'és’a’ﬂ"n
off-white solid: np. [err]; IR (KBr) 3026- 2624, 1630, 1515, 1498, 1438,
1405; [err] 7.31 (5H, m, 7 14 (1H _S9g53.95 (2H s).
4-(2-Pheny|ethy|)inidazole-z-carboxylic aci d (13c), was isolated as a pale
yellow solid: np. [err]; IR 10 (KBr) 3054-2617, 1637, 1497, 1376;

[err] 7.27 (5H (f)e,s, 38) (1H(153018- Q2c££1$b ?i)-ﬁ-QEaE’bsayhﬁaohyl)
I m dazol e- 2- carboxz |g agl_ 11_3 fuggg i?ng rol Be ?BX?||OMISO|Id np.
[err]; IR yloxy-5-oxo 4 P

Trifluorocacetic acid (4ml) was added to a solution of

(2R, S, 3S) l-tert-butoxycarbonyl-N- (tetrahydro-2-

5 .  benzyloxy-5-oxo-3-furanyl)-L-prolinamide (15) (0.607g,
1.5mmol) in dichloromethane (4ml) at 0°C. The mixture
was stirred at 0°C for 75 min. The mixture was
concentrated, and the residue treated with diethyl
ether, then the ether was removed under wvacuum. This

10 procedure was repeated twice to yield a yellow oil,
which was dissolved in DMF (12ml). Diisopropyl-
ethylamine (0.78ml, 4.5mmol) followed by 1ndole 2-
carboxylic acid (266mg, 1.65mmol), 1-(3- '
dimethylaminopropyl) -3-ethyl carbodiimide hfdrochloride

15 (316mg, 1.65mmol) and hydroxybenzotriazole (405mg, '
3mmol) were then added to the solution. The mixture
was stirred at room temperature for 20h then poured
into brine. The mixture was extracted with ethyl:
acetate (3 x 30ml). The combined organic extracts were

20 . washed with saturated aqueous sodium bicarbonate (2 x
60ml) then brine (2 x 60ml), dried (MgSO,), filtered and
concentrated. The residue was purified by column
chromatography (ethyl acetate) to afford 518mg (77%) of
a mixture of diastereomers: IR (KBr) 3314, 1780, 1677,

25 1609, 1524, 1435, 1406, 1344; 'H NMR (d¢,-DMSO), .5 11.58
(1H, m), 8.81-8.41 (1H, m), 7.71-6.67 (10H, m), 5.70
(d, J=5.2), 5.48 (s), 4 89-4.29 (4H, m), 3.99- 3 74 (2H,
m), 3.20-2.44 (2H, m), 2:.39-1.77 (4H, m).

(39) 3-[1-(Indole-2-carbony1)-L-prolinyl]amino-4-

30 oxcbutanoic acid (39). A mixture of (2R,S, 38) 1-
(indole-2-carbonyl) -N- (tetrahydro-2-benzyloxy-5-oxo-3-
furanyl) -L-prolinamide (38) (478mg, 1.07mmol) and 10% |
palladium on carbon (475mg) and methanol (150ml) was
stirred under a hydrogen atmosphere for 6h. The:



(KBr) 3020-2615, 1636, 1509, 1498, 1383; [err] NVR(d6- 15  DVBO) [err]
7.35-7. g,%;am 7.01 (1H, s), 2.62 (4H m, 1.94 (2H,
(6]

4-1 3- (4- xyphenyl ) propyl ]i m dazol e- 2-car boxylic acid 9?“%&3
isolated as a white crystalline solid: np. [err](deconp.); IR (KBr)
3300- 2300, 1633, 20 1513, 1376, %ﬁ?A; [err] 9.50-7.50 (2H, bs), 7.15
(1H, s), 7.11 (2H, d, J=8.5), 6.84 (2H, d, J=8.5), 3.71 (3H, s), 2.60-2.50

(4H, m, 1.86 (2H, m. Anal. Calcd for [err]: C, 64.60; H 6.20; N, 10.76.

Found: C, 64 /Apulbidy ixthred Wad- £ 2Prered ‘ahd- E4nklAt px¥EACEY! ) Propy!
|n1dazole-2-car%2{yllc acid ( Sf:. A solution o ester of 13e
r

1 %kthe et hyl
(1.15g, 4. On¥#i8ld @ ALK IERD FanREFFahbLZRELARHTRMt A bor on
tribrom de (Mindture @f swetHdrol iand edi¢tHyl Oethey afforded. 208kmgr 15mi n at

[err], the g35) of a colorless solid: mp. 135-138°C; [alp® -44° (c
5 0.25, CH,0H); IR (KBr) 3287, 2977, 2879, 1781, 1725,
' 1716, 1667, 1662, 1600, 1529, 1441, 1346; ‘H NMR(CD,OD)
5 7.65 (1H, 4, J=8.0), 7.44 (1H, d, J=8.4), 7.22 (1H,
m), 7.09-6.84 (2H, m), 4.62 (2H, m), 4.29 (1H, m),
4.15-3.73 (2H, m), 2.74-1.72 (6H, m).

o QO — Moo —

ﬁd'?"‘)‘:‘[‘g. D )IJJ\C'

Methyl 2-(3,5-dihydro-7-methyl-4-oxo-4H-pyrrolo
[3,2-d] pyrimidin-3-yl)acetate (40). Freshly prepared
methyl glycinate (1.25g, 14mmol) was added to a stirred:
15 = solution of ethyl 3-[N-(dimethylamino) methyléne}amino-
4-methylpyrrole-2-carboxylate (1.56g, 7.0mmol; Lim et
al., J. Org, Chem., 44, pp. 3826-29 (1979)) in dry
methanol (60ml). The resulting mixture was kept at
70°C. Two further batches of methyl glycinate (1.25,
20 14.0mmol) were added after 18h and 42h heating. The
mixture was cooled and filtered 24h'after the final
addition. The filtrate was concentrated and the
residue purified by flash chromatography (2-5%




-145- mxture was warned to 25 C and stirred for 16h. The reaction m xture

was cool eggligg3geggi c€ bath and quenched with a dropw se addjtioL . ter
(20m ). The resufti ng mxture was briefly stirred at [err]dlL(;_iﬁlie?%bs@fm1\9,a

filtered. The filtrate was carefully neutralised by the addition of solid
[err] to afford 13f (700ng, 71% as_a g@iLe solid: mp. [err] (deconp.)
(recrystallised fromMOH); IR (KBr) % 00- 2400, 2935, 1640, 1516, 1396,
1232; [err] 9.83 (3H, bs), 10 7.16 (1H, s), 6.98 (2H, d, J=8.2), 6.66
(2H, d, J=8.2)meeh&Hof/éR1646E0rh) '&o8éf£8kld-0154§nabs%$abfdaf @hilkerr]: C

63.400 H 5 73, Deedd198: o504QY nS. 8932835tk Trdliybtatlizda EELH
ethyl acetate); IR (KBr) 3135,-2958, 1745, 1675, 1254;
H NMR (d¢-DMSO) & 11.90 (1H, s), 8.07. (1H, s), 7.23

5 (1H, s), 4.83 (2H, s), 3.69 (3H, s), 2.16 (3H, s). .

Anal. Calcd for C,oHj)N;0; 0.1H,0: C, 53.85; H, 5.07; N,
18.84. Found: C, 53.85; H, 4.96; N, 18.81;
MS(70eVE.I.) m/e 222, 221 (M', 100%), 189, 162, 133,
105. o .

10 2-(3,5-Dihydro-7-methyl -4-oxo-4H-pyrrolo([3,2-
d]l pyrimidin-3-yl) acetic acid, sodium salt (41). A
suspension of 40 (354mg, l.6mmol) in methanol (15ml)
was treated with 0.5N sodium hydroxide (4.8m1) and the
resulting mixture was stirred at 25°C for 1h. The

15 reaction mixture was filtered to afford the hemihydrate
of 41 (354mg, 97%) as a white crystalline solid : mp.
>340°C (recrystallized from methanol); IR (KBr) 3461,
3143, 1676, 1666, 1605, 1415; ‘H NMR(d, DMSO) 5 11.63
(1H, s), 7.83 (1H, s), 7.11 (1H, 4, J=2.0), 4.24 (2H,_

20 s), 2.14 (3H, s). Anal. Calcd fo: CoHgN;ONa. 0.5H;0: C,
' 45.39; H, 3.81; N, 17.64. Found: C, 45.57; H, 4.05; N,
17.39. ' C

(2R,S, 38) 2-(3,5-Dihydro-7-methyl-4-oxo-4E-
pyrrolo[3,2-dlpyrimidin-3-yl) -N- (tetrahydro-2-

25 benzyloxy-5-oxo-3-furanyl) acetamide (42). A suspension
of the sodium salt 41 (344mg, 1.5mmol) in dry DMF
(15ml) was treated with ethyl dimethylaminopropyl
carbodiimide hydrochloride (373mg, 1.95mmol) and 1-
hydroxybenzo-triazole (405mg, 3.0mmol). The mixture

30 was kept at 25°C for 1h then (2R,S, 3S) N-
ailyloxycarbdny1-34amino-2-benzy10Xy-5-
oxotetrahydrofuran (437mg, 1.5mmol; Chapman, Biorg.

- Med. Chem, Lett., 2, pp. 613-18 (1992)) and (Ph,P),PdCl,



butyl tin hydride (4.0m, 14.9mvl) was added dropw se to a sol ution of

(2RS, 3§% p al I yl oxycar bonyl ) am no- 2-benzyl oxy-5-0x0 rof uran
( Chapnan, 93{3%% Med. Chem Lett., 2, pp. 613-18 (1992);¥%Q%0,q’6§70

10nmol7)), N-tert-butoxycarbonyl-L-alanine (2.08g; |imvol) and

bi s(triphenyl phosphi ne)pal | adi um (I §)xgchl oride (150ng) in dichloronmethane
(75m ) wuntil the colour of the salution turned dark orange. :
- Hydr oxybenzotri azole (2.70g, 20mmol) was added, and the 25 m xt ure

cool ed to [efpbmg) lwk3adaBREAY Fal1bBR=Rr BRY Efaﬁwﬂséﬂéaﬁﬂﬂﬂaﬂkbf

the3
hydrochl oride (2,30qg, .12 I S ded_.then_the mxture was allowed to
mgrn1slomﬁy PbébeﬁngﬁﬁgFgVéFggﬁu?Sngm;h.%Tﬁé ur e RS t h

et hyl acet atmiketdel yasnstiesbddasi 2E°CNESE 1h hhenowakexr (2@mld (3 X
15073 s u.gh oaae oLt Bl Gl e AWl L b1 e (2 >
5 acetate (3 x 15ml), and the combined organic extracts
were washed with water (5ml), dried (Mgso,), and
concentrated to affofd a mixture of diastereomers.
Evaporation of the aqueous phase_ahd purificationfof
- the residue by flash chromatography (5%
10 methanol/chloroform) gave an additional quantity
affording a total 182mg of 42 (31%) : m.p. 240-244°C;
IR (KBr) 3274, 1772, 1691, 1664, 1562; '‘H NMR (ds-DMSO)
5 11.81 (1H, s), 8.85 " (0.6H, d, J=6.6), 8.72 (0.4H, 4,
J=7.4), 7.98 (0.6H, 8), 7.95 (O.4H,:s); 7.40-7.30 (SH,

15 m), 7.20 (1H, 4, J=2.2), 5.61 (0.4H, 4, J=5.0), 5.46
(S) '] 4.85-40 60 (llI.) ’ 4.28 (m) ’ 3.20-2 -35 (2H' m) rs 2.16
(3H, s). '

(3S)-3-[2-(3,5-Dihydro-7-methyl-4-ox0o-4H-pyrrolo(3,2-
dlpyrimidin-3-yl) -1-oxo-ethylamino] -4-oxobutanoic acid
20 (43). A mixture of 42 (131mg, 0.33mmol), in methanol
(s0ml) and 10% palladium on carbon (100mg) was stirred
vigorously under an atmosphere of hydrogen for 2h. Aan
additional quantity of catalyst (100mg) was added and
“the mixture hydrogenated for a further 2h. The mixture
25 was filtered through a OQzuM nylon membrane, and
concentrated. The residue was recrystallized from
methanol/diethyl ether to afford 79mg (78%) of 43 as a
hygroscopic white solid: mp. 222-226°C; (decomp.); [alp®
+0.5 (c 0.02, MeOH); IR (KBr) 3282, 1680, 1558, 1425
30 1275; 'H NMR (CD;,OD) & 8.03 (1H, s), 7.18 (1H, 4,
J=0.7), 4.79-4.74 (2H, m), 4.63-4.59 (1H, 2 x d,
J=3.6), 4.36-4.25 (1H, m), 2.78-2.39 (2H, m), 2.24 (3H,
.4, J=0.7). Anal. Caled for C;,H;NOs . 1.4H,0: C, 47.10;
H, 5.12; N, 16.90. Found: C, 47}00; H, 4.79; N, 16.59.




product was purified by colum chromat ography (50-70% et hyl acetate/ hexane)
to afford 3.17 84@@ of a - 146 - mxture of diastereoners.

Recryst al | V&; 8 (et hyl acet at e-hexane) gave col orl ess cry§¥EP§5mWH

[err]; IR (KBr) 3357, 3345, <1781, 1688, 1661, 1535, 1517, [err] 60.31; H,
6.92; N, 7.40. Found C, 60.30; H 6.91; N, 10 7. 38. [err] prepared by

t he nethod described for 14 to afford } 4’ (819 of a colorless glass. IR
(KBr) 3317, 2978, 1797, 15 1697, 1670, 1546, 1400, 1366, 1164, 1121;

err] 200 (28,5, 38)eMs o b5t (Y O4ERT P2BY! - (867 1B9ENRXY- kioow,) .

gﬂf D — IR
gﬂd% g\*df

() X =0

(b) X =H
5  (15,95) t-Butyl 6,10-dioxo-octahydro-9-(3-

phenylpropicnylamine) -6H-pyridazino([1,2-a)
[1,2]diazepine-1- carhoxylate (44&) To a solution of
(15,98)t-butyl 9-amino-6,10- dloxo-octahydro-GH-
pyridazino [1,2-a) [1,2]diazepine-1-carboxylate (690mg;

10 2.32mmol; GB 2128984) in dioxane (16ml) and water (4ml)
at 0°C was added solid sodium bicarbonate (292mg;

" 3.48mmol) followed by dropwise addition of 3-
phenylproplonyl chloride (470mg; 2. 78mmol) - The
mixture was stlrred at room temperature for 2h then

15 more sodium bicarbonate (200mg; 2.38mmol) and 3-
phenylpropionyl chloride (100mg, 0. Gmmol) was added.
The mixture was stlrred for a further 2h at room
temperature, diluted with ethyl acetate (50ml), washed



prolinyl)-3-am no-2-benzyl oxy- 5- oxot et rahydrofuran (16) was prepared by the
nmet hod described for 14 to afford 530ng (84% of a col orl ess anorphous
solid: Y&¥PPS3®R (coc13) 6 7.65 (1H, n), 7.4-7.2 (7.H PRETUSISHI6ITLH, n),
25 6.85 (1H, m, 5.55(1H, d), 4.95 (1H, d), 4.8-4.7 (1H brn), 4.65
(1H, d), 4.55-4.45 (1H, brm, 4.4-4. % éo 5H, brn), 3.95-3.85 (0.5H, brm,
3.75-3.58 (2H, m, 2.95- 2.8 (1H, M), 7-2.55 (1H, m, 2.54-2.4 (1H m,
2.35- 2. 2 (1H, m , 1.4 (9H; s) . [err] = 147 - added to a solution of

(1. kA e Ry R B BURSRRBRNY 12550007tk B
(MgSO,) and concentrated. The residue was purified by
flash chromatography (0-50% ethyl acetate/chloroform)
and finally crystallized by trituration with ether to

5 afford 860mg (86%) of a white solid: mp. 137-138°C;
[a)p** -95.1° (c 0.549, CH,Cl,); IR (msr) 3327, 173s,
1677, 1664, 1536, 1422, 1156; 'H NMR (CDCl;) & 7.24 (SH,
m), 6.50 (1H, 4, J=7.5), 5.24 (1H, m), 4.90 (1H, m),

4.60 (1H, m), 3.44 (1H, m), 2.93 (2H, m), 2.84 (1H, m),

—

10 2.64 (1H, m), 2.54 (2H, m), 2.26 (2H, m), 1.70 (4H, m),
1.70 (9H, s). MS(FAB, m/z): 430 (M* + 1), 374, 242, '
105, 91.

(15,95) t-Butyl octahydro-10-oxo-9-(3-
phenylpropionylamino) -6H-pyridazino- [1,2-a]
15 - [1,2]}diazepine-1-carboxylate (44b), was prepared from
' (1S, 95)-t-butyl 9-amino-octahydro-10-oxo-6H-
pyridazino([l,2-a] [1,2])diazepine-1-carboxylate (Attwood
et al., J. Chem. Soc. Perkin 1, pp. 1011-19 (1986)) as
. for 44a, to afford 810mg (81%) of a colorless oil:
20 [a]p?® - 33.5° (c 0.545, CH,Cl,); IR (film) 3334, 2935,
1737, 1728, 1659, 1642; 'H NMR (CDCl;) & 7. 24 (SH, m),
€.75 (IH, d, J=6.7), 5.27 (1H, m), 4.92 (1H, m), 3.39
{(1H, m), 3.03 (4H m, 2.55 (3H, m), 2.33 (IH m), 2.17
(1H, m), 1.80 (5H, m), 1.47 (SH, s), 1.39 (1H, m).
25  MS(FAB, m/z): 416 (M '+ 1), 360, 211, 143, 97.

(15,95) 6, 10-Dioxo-bctahyd:o-9 (3-
phenylp:opianylamino) Gn-pyridazinoll z-a] _

(1, 2]diazepine-1-carboxylic acid (45a). To a solutlon
of '(18,9S) t-butyl 6,10- dioxo- -octahydro-9-(3-

30 ' phenylproplonylamzno) -6H-pyridazino(1,2-a]
[1,2]diazepine- -1- carboxylate (44a) (SOOmg, 1.863mmol)
in dry dlchloromethane (5ml) at 0°C was added
trlfluproacetic acid (Sml). The solution was stirred



di chl oronet hane (7m ) at [err]. The m xture was stirred 5 at [err]. for

75 mn.  Weosnsségir e was concentrated, and the residue tregicgfisdkbigrfi et hyl
ether then the ether was renoved under vacuum This procedure was repeated

"twice to yield a pale yell ow glass. The solid was dissolved in DVF (20m).
Di i sopropyl et hyl am ne 10 (1.38nk, 1%192mmol ) fol | owed by

4- ( 3- phenyl propyl ) im dazol e-2-carboxylic acid (13d) (0.67g, 290mmol), 1-
(3-di net hyl am nopropyl ) -3-ethyl carbodiim de hydrochl oride (0.56g,
2.90mmol ) and hydroopbeemperasnmiee £6&. 2hg then? somrentwated.he®xydded 15

Lo this, S0l uti gher Soh Y Yag UBRGR! b Elea-bdilel GHRE Siichdpr 200t hen

poured into bri ture.was extracted wt acetate (3 x 50m).
The conbi ned oﬂgdﬁrcveﬂuﬂmﬁtsThéPePW§§R§§ Wﬁﬁhrgﬁﬁﬁﬁ&@b Fhxese fdFesodium

bi carbonate (22¥£428Mh) ckP8Raifine 80118.(2Thel @11 wild editMISREA
filtered a nd with ether and filtered to afford 590mg (85%) of a
white crystalline solid: mp. 196-197.5°C; [alp?® -129.5°
(c 0.2, CHOH); IR (KBr) 3237, 1729, 1688, 1660, 1633,
1574, 1432, 1285, 1205; 'H NMR (CD,0D) & 8.28 (1H, d,
J=7.4), 7.22 (5H, m), 5.32 (1H, dd, J=5.9, 2.9}, 4.75
10 (1H, m), 4.51 (1H, wm), 3.50 (1H, m), 3.01 (1H, m), 2.91
(2H, m), 2.55 (2H, m), '2.29 (3H, m), 1.95 (2H, m), 1.71
' (2H, m). Anal. Calcd for CyH;N,0s: C, 61.12; H, 6.21;
N, 11.25. Found: C, 60.80; H, 6.28; N, 10.97. MS(FAB,
m/z) 374 (M + 1), 242, 105, 91. '

15 (1s, 99) Octahyd:o-lo-oxo-s-(3-pheny1prcpiany1aminb)-
6H-pyridazino[l,2-a)-[1,2]diazepine-1-carboxylic acid
(45b) , was prepared from (1S5, 9S) t-butyl octahydro-10-
oxo-9-(3-phenY1propionylamino)-GH-pyridazino[1,2-~
. a) [1,2)diazepine-1-carboxylate (44b) by the method
20 described for compound 45a to afford 657mg (96%) of 45b
as a crystalline solid: mp. 198-202°C; [al,*® -86.2° (c
0.5, CH,OH); IR (KBr) 3294, 2939, 1729, 1645, 1620,
1574, 1453, 1214; 'H NMR (CD,OD) & 7.92 (iH, 4, J=7.9),
7.20 (5H, m), 5.29 (1H, m), 4.90 (1H, m), 3.47 (1H, m),

25 3.08 (2H, m), 2.90 (2H, m), 2.55 (3H, m), 2.36 (1H, m),
| 1.81 (5H, m), 1.43 (2H, m). MS(FAB, m/z) 360 (M +1),

211,143,91.

[3S, 2R,S,(15,95)} N-(2-Benzyloxy-5-oxotetrahydrofuran-
3-yl)-6,10-dioxo-octahydro-9- (3-phenylpropionylamino) -
30 6H-pyridazino([l,2-2] [1,2)diazepine-1-carboxamide (46a).
T6 a solution of (18, 98) 6,10-dioxo-octahydro-9-(3-
phenyl-propionylaminb)-GH-pyridazino[l,z-a]
[1,2]diazepine-1-carboxylic acid (45a) (662mg;



concentrated. The residue was purified by colum chromatography (et hyl
acet at e)whd rd 0.99g (76% of 17d as a m xture of dia 5. IR
(KBr) 3293,5g%%g 2937, 1793, 1650, 1530, 1451, 1446, 1llg?ﬁPgﬁJFaﬁhR 25

[err] 7.96 (brm), 7.62 (brd), 7.36-7.10 (10H, m, 6.88 (s), 6.86 (s), 5.53

(d, J=5.2), 5.48 (s), 4.87- 4.52 (4H9s), 3.11-2.38 (2H, n), 2.65 (4H ),

1.99 (2H, m, 1.47 (d, J=6.9), 1.46 (d, J=7.0). The follow ng conpounds.

were prepared in a simlar 30 manner: [err] - 148 - isolated (74% as

a pal e yel |l owt sp¥3smol R {i{Bdry3@B8hlopbmetA8né, (9113, ah@dryl642, 1528,

1453, 1440, 1&3ééthyl formamide (3ml) at room temperature was added
,bis(triphenylphosphine)palladium chloride (30mg) and

(38, 2R,S)-3-allyloxycarbonylamino-2-benzyloxy-5-

5 oxotetrahydrofuran (Chapman, Bioxg. Med. Chem, Lett.,
2, pp. 613-18 (1992)) (568mg; 1.95mmol) followed by
dropwise addition of tri-n-butyltin hydride (1.199;
4.09mmol). 1l-Hydroxy-benzotriazole (479mg; 3.546mmol)
was added to the mixture and the mixture_was.cooled to

10 0°C before addition of 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (408mg; 2.128mmol).
The mixture was stirred at room.température for 3.25h {
then diluted with ethyl acetate (50ml), washed twice
with dilute hydrochloric acid (20ml), twice with

15 saturated sodium bicarbonate (20ml), once with brine
then dried (MgSO,) and concentrated. The resulting oil.
was purified by flash chromatography (0-100% ethyl
'acetate/chloroform) to afford 810mg (81%) of 46a as a
mixture of anomers: mp. 92-94°C; IR (KBr) 3311, 1791,

20 1659, 1651, 1536; 'H NMR(CDCl,) & 7.49, 6.56 (1H, 2d,
J=6.7, 7.8), 7.29 (10H, m), 6.37, 6.18 (1H, 24,
J=7.7,7.6), 5.56, 5.34 (1H, d, s, J=5.2), 5.08-4.47
(6H), 3.18-2.80 (S5H), 2.62-2.28”(5H); 2.04-1.53 (SH).
MS(FAB, m/z), 563 (M* + 1), 328, 149, 91.

25 [35, 2R,S, (1S, 95)] N-(2-Benzyloxy-5-.
oxotetrahydrofuran-3-yl) -octahydro-10-oxo-9- (3-
phenylpropionylamine) -6H-pyridazino[l,2-a]
[1,2]diazepino-l-cn:boxanidé (46b), was prepared from
45b by the method described for 46a to yield 790mg

3Q .- {(96%) of a glass: m.p. 58-60°C; IR (KBr) 3316, 2940,
1793, 1678, 1641, 1523, 1453, 1120; 'H NMR (CDC1,) &
7.28 (10H, m), 6.52, 6.42 (1H, 24, J=7.2, 7.1), 5.53,
5.44 (1H, 4, 8, J=5.2), 5.35 (1H, m), 4.6-4.9, 4.34
(4B, m), 3.1-2.8 (6H, m), 2.6-2.1 (7H), 1.95-1.05 (5H).



[err] NWR [err] 13.13 (1H, brs), 8.67 (d, J=7.0), 8 48 (d, J=7.8), 8.29
(d, J=6.8)y d, J=7.6), 5 7.40-7.34 (6H, , 7.11

(d. J=5.0) °%’%§°‘Ed J=0.8), 4.85-4.31 (4H, m, 3. 19 2.42 F%Fﬁ%“i'ﬁss (d,
J=7.4), 1 34 (d, J=7.4). [err] (tetrahydro-2

- benzyl oxy- 5- oxo- 3-furanyl }-L- alaninagyge 10 (17b), was isolated (75%
as a pale yellowglass: IR (KBr) 329 3031, 2937, 1792, 1650, 1530, 1453,
1444, 1119; J[err]7.99 (brm, 7.75 (brd), 7.36-7.11 (10H m, 6.81 (1H, s),

5.51, 5.45 (d, ﬁs(#-hg 3),,/24 85494(,4,7 44¢; oo 3. ;9;50,(&{798)913 04-2.72 (1H,
m, 2.48- 15 35 ( i, ,J693 1.43 (d, J=7.1). (2R'S, 39)

[err] [4-(2- PhenylethyL)|n1dazoIe 2 carbonyl]
(tetrahydro- 2- gaszylasy- 55@103313u1anpabxb-ahuhyav'ods-((32c), was i sol ated

(1312;/9 g Pal Er¥EL S¥olidRF1 ablinb Cbk- g2 aaslad 112338y 1793, 1650, 1530,
[1,2)diazepine-l-carboxamido) -4-oxobutanoic acid (47a).
5 A mixture of [3S, 2R,S, (1S, 9S)] N-(2-benzyloxy-5-
~ oxotetrahydrofuran-3-yl) -6,10-dioxo-octahydro-9- (3-
phenylpropionylamino) -6H-pyridazino[l, 2-a}
[1,2]diazepine-1l-carboxamide (46a) (205mg; 0.364mmol),
10% palladium on carbon (200mg) and methanol (20ml) was
10 stirred under hydrogen at atmospheric pressure for 5Sh.
The mixture was filtered then concentrated to yield
154mg (90%) of a glass{ mp. 116-118°C; [alp,?® -140° (c
0.1, CH,OH); IR (KBr) 3323 (br), 1783, 1731, 1658, 1539,
1455, 1425; 'H NMR (CD,OD) & 7.21 (5H, m), 5.17 (1H,
15 m), 4.73 (1H, m), 4.50 (2H, m), 4.23 (1H, m), 3.38 (1H,
m), 3.06 (1H, m), 2.91 (2H, m), 2.73-2.18 (6H, m) and
2.01-1.59 (54, m). Anal. Calcd for C;H;NO, + H,0: C, |
56.32; H, 6.16; N, 11.42. Fognd:-C, 56.29; H, 6.11; N,
11.25. MS(FAB, m/z) 473 (M' + 1), 176, 149, 105, 91.

20 (35, (18,95) 13- (Octahydro-10-oxo-9-(3-
phenylpropionylamino) -6H-pyridazino- [1,2-a)
- [1,2]diazepine-1-carboxamido) -4-oxobutanoic acid (47b),
was prepared from 46b by the method described for 47a.
The residue was purified by flash chromatography (0-10%
25 = methanol/chloroform) to afford 65mg (52%) of a glass;
m.p. 87-90°C; [alp?® -167.0° (c 0.1, methanol); IR (KBr)
3329, 2936, 1786, 1727, 1637; H NMR (CD,OD) & 7.23
(5H, m), 5.29 (1H, m), 4.83. (1H, m), 4.59 (1H, 4,
J=3.6), 4.29 (1H, m), 3.3-3.0 (3E, m), 2.91 (2H, m),
30 . 2.70-2.34 (5H, m), 2.19 (2H, m), 1.75 (4H, m), 1.36
(2H, m).  Anal. Calcd for CpHyNO + 0.5H,0: C, 59.09;
'H, 6.68; N, 11.98. Found: C, 58.97; 6.68; N, 11.73.
- MS(FAB, m/z) 459 (M + 1), 310, 149, 105, 91.



20 1119; [err] [err] 8.06 (brm, 7.70 (brs), 7.39-7.15 (10H, m, 6.82
(s), ( 53 (d, J=5.2), 5.48 (s), 4.87-4.53 (4H, m, 2.95 (4H,
31123°°§é5’° , 1.48 (d, J=5.6), 1.45 (d, J=6.7). (2RSCT@§9'5/0"6g
C1-[14-(2- Phenylethyl)|n1dazole 2-carbonyl]-N- .25

(tetrahydro-2-benzyl oxy-5-o0x0-3-fura y;% L- prol i nam de (18c) was i sol ated
(799 as a pale yellow glass: IR [erg] 422, 2959, 1795, 1685, 1611, 1497,
1116; [err] 12.78-12.59 (1H, m, 8.61-8.34 (1H m, 7.39-7.22 (10H, m,

6.99-6.61 (1H, ™, 571526 30 (1H m, 4.85-4.02 (4H ), 3.63 (1H
m, 3.18-1.74 (11H, %49 - [err] jL i
n,\ q o Nq\(cm- _
O Ry
- . . 9
R, Ry . R,
(a) PhCH,  H . (S)Me
(b) PhCH, - CH,Ph _ H
5 (c) . PhecH, : (CH,),Ph H
(d) - PhCH, - nBu H
(e) PhCH, . Me H
(£) PhCH, - Ph " H
(g9) PhCH, H - H
10 (h) PhCH, | CH,Ph | (S) -Me

(i) ) 'Ph(cnz)z : CH2Ph ' H

Pyridones 48 were prepared by the method described by

Damewood et al., J, Med. Chem., 37, pp. 3303-12
(1994)). Compound 48d is new.

15 3-Benzyloxycarbonylamino-6-butyl-pyrid-2-one (48d), was
isolated as a cream solid: mp. 158+166°C; IR (KBr)
3382, 2953, 2930, 2866, 1729, 1643, 1524, 1468, 1202,
1044; 'H NMR (d;-DMSO) & 8.26 (1H, s), 7.72 (1H, 4),

) 7.39 (5H, m), 6.00 (1H, d), 5.14 (2H, s), 2.41 (2H, t),

20 1.52 (2H, m), 1.24 (2H, m), 0.87 (3H, t). Anal. Calcd
for Cy;H,N,0;: C, 67.98; H, 6.71; N, 9.33. Found: C,
67.69; H, 6.68; N, 9.20. MS CI M" = 300 (m)) 28%.

(25) Methyl 2-[3-benzyoxycarbonylamino-1l,2-dihydro-2-

oxo-l-pyridyllpropionate (49a). Sodium hydride (80%
‘25 0il dispersion) (0.35g, 11.64mmole) was added to a

stirred mixture of 3- (benzyloxycarbonylamino)pyrid-2-



150 -

[err]

- 151 - [err] - 152 - [err]
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one (48a) (2.58g, 10.58mmol) and tetrahydrofuran
(100ml) at room temperature. The mixture was stirred
for 10 mins. The resulting soclution was added to a
solution of 2(R) methyl-2((trifluoromethane)
sulphonyloxy)propionate (2.5g, 10.58mmole; Feenstra et
al., Tetrahedron Lett., 28, pp. 1215-18 (1987)) in
tétrahydrofuran (Sml) at room temperature during 10
mins. The mixture was stirred at room temperature for
80 mins then poured into ethyl acetate. The mixture
was washed twice with 1M HCl, twice with aqueous sodium
bicarbonate then brine. It was dried (MgSO,) and
concentrated. The residue was purified by flash
chromatography (30% ethyl acetate/hexane) to afford
2.945g (84%) of a colorless solid: mp. 96-7°; [al,”® -

'71.36 (c 2.5, CHCl;); IR (KBr) 3370, 1764, 1729, 1648,

1602, 1564, 1523, 1515, 1503, 1449, 1359, 1203, 1064;

'l NMR(CDC1l,) & 8.04 (1H, d, J=7.2), 7.86 (1H, s), 7.36

(5H, m), 6.98 (1H, dd, J=7.1, J=1.7), 6.30 (1H, t,
J=7.2), 5.46 (1H, q, J=7.4), 5.20 (2H, s), 3.74 (3H,
s), 1.66 (3H, d, J=7.4). Anal. Calcd for C,;H;N,0s: C,
61.81; H, 5.49; N, 8.48. ‘Found: C, 61.49; H, 5.51; N,
8.41. MS(FAB, m/z) 331 (M" + 1), 299, 223, 196, 163,
91. ' : - :

Methyl [6-benzy1-3-beﬁzyloxyca:bonylamino-1,z-dihydro-
2-ox0-1-pyridyl] -acetate (49b). Sodium hydride (80%
oil dispersion) (0.65g, 26.2mmole) was added to a
stirred mixture of 6-benzyl-3(benzyloxycarbonylamino)
pyrid-2-one (48b) (7.3g, 2.18mmol) and tetrahydrofuran
(150ml) at room temperature. The mixture was stirred

.for’lomins,ztreated with methyl bromoacetate (2.5ml,
26.2mmol) and kept for 3h. The resulting mixture was
'poured onto a mixture of ice and 1M HCl. The resulting

solid was filtered off then dissolved in _
dichloromethane. The resulting solution was dried



153 -

[err] - 154 - Jerr] -155- [err] - 156 -
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(Mgs0,), decolourized with chércoal_and concentrated.

. The residue was purified by chromatog:aphy'(z-s% ethyl

acetate/dichloromethane) to afford 7.2g (81%) of
colorless crystals: mp. 117-9°; IR (KBr) 3375, 1753,
1730, 1651, 1605, 1513, 1384, 1223, 1185, 1071; 'H NMR
(cDCl,) & 8.02 (1H, 4, J=7.5), 7.78 .(1H, s), 7.31 (8H,
m), 7.10 (2H, m), 6.15 (1H, d, J=7.5), 5.20 (2K, s),
4.70 (2H, s), 3.88 (2H, s), 3.66 (3H, s).

.
il

The following compounds were prepared in a~similar
manner: ' '

Methyl [3-benzyloxycarbonylamino-1,2-dihydro-2-oxo-6-
phenethyl-1-pyridyl] -acetate (49¢). 97% yield: m.p.
102-4°C. IR (KBr) 3245, 3232, 1741, 1725, 1648, 1600,
1526, 1216; 'H NMR (d,-DMSO) & 8.45 (1H, s), 7.76 (1H,
d, J= 7.6), 7.35 (10H, m), 6.15 (1K, d, J = 7.6), 5.15
(2H, s), 4.85 (2K, s), 3.68 (3H, s), 2.86 (4H, s).

Methyl [3-benzylbxycarbauylmnino-G-hutyl-l)zadihydroez-.'
oxo-1-pyridyl] -acetate (49d). 90% yield: mp. 111-
112°C; IR (KBf-) 3393, 1738, 1731, 1645, 1598, 1517,
1225, 1208; 'H NMR (d,-DMSO) & 8.39 (1H, s), 7.78 (1H,
d, J=7.7), 7.35 (54, m), 6.17 (1H, 4, J = 7.7), 5.15
(24, s), 4.80 (2H, s), 3.67 (3H, s8), 1.38 (6H, m), 0.89
(3H, t). o

uethyl'[3-benzyloxycarhonylamino-1,2-dihydro-6-methy1-
2-ox0-1-pyridyl] -acetate (49e). 84% yield as a
colorless solid: mp. 115-6°C; IR (KBr) 3246, 1740,
1725, 1649, 1598, 1573, 1535, 1417, 1365, 1259, 1219,
1193, 1090, 1068, 1006; 'H NMR (d,-DMSO) 5 8.40 (1H, s),

-7.75 (1H, 4, J = 7.6), 7.38 (5H, m), 6.20 (1H, 4, J =

7.6), 5.15 (2H, s), 4.85 (2H, s8), 3.68 (3H, s8), 2.26
(3H, 8). S R



[err] 157 - into a solution of hydrocinnanonitrile (3.28nm, 25mmol) in

met hanol wigodrssesat [err] for 45 mns. The solvents were r egpxRosd7/g10 Ve
the imdate salt which was dissolved in methanol (125m ) along wth nethyl

2,3- 5 di am nopropi onate . (25mmol ) (Jones et al., supra). The mxture
was kept at roomtenperature for 2.5hg7Hhen concentrated to.a yellow oil.
The crude product was purified by colum chronat ography (10-20%

met hanol / di chl oronmet hane) to afford 3.52g (61% of a 10 col orl ess gl ass:

[err] 7.30-7. 1Methyl ri3-bénzylokycarbohylafing-19@ dydio-6-phenyD- 72
(3H s), 3.10 (légy:'pd'yl[]qraréetayel'(%’9{56.8' %7%1§ﬁ;é31:d as a colorless
oil: IR (KBr) 3266, 1739, 1727, 1646, 1606, 1566,
. 1517, 1490, 1365, 1213, 1163, 1075; 'H NMR (CDCl,) &
5 8.15 (iH, d), 7.85 (1H, s), 7.39 (10H, m), 6.22 (1H,
d), 5.22 (2H, s), 4.57 (2H, s), 3.74 (3H, s).

Methyl [3 -benzyioxyéarbonylﬁmino- 1,2-dihydro-2-o0oxo0-1-
pyridyl] -acetate (49g). B80% yield as a colorless
crystalline solid: m.p. 110-111°C. IR (KBr) 3385,

10 1745, 1726, 1650, 1601, 1512, 1502, 1378, 1369, 1358,
1215, 1195, 1162, 1067; 'H NMR (CDCl,) & 8.06 (1H, 4),
7.84 (1H, 8), 7.36 (SH, m), 6.88 (1H, d4d), 6.27 (1H,
t), 5.20 (2H, s), 4.68 (2H, s), 3.78 (3H, s). Anal.
Calcd for C;¢H;N,0s: C, 60.75; H, 5.10; N, 8.85. Found:

15 C, 60.65; H, 5.15; N, 8.85. 'MS FAB (+)M+ = 317 (M +
1. . | N |

2(5) Methyi 2-methyl- [6-benzyl- (3-benzyloxycarbonyl-
amino) -1,2-dihydro-2-oxo-1-pyridyl] -acetate (49h), was
prepared by the method used in the preparation of

20 compound 49a to afford (58%) an oil; [al;*® -25.0° (c 1,
CH,C1l,); IR (KBr) 3381, 1736, 1650, 1604, 1513, 1218,
1190, 1068; 'H NMR (CDCl,) & 7.97 (iH, d), 7.78 (1H, s),
7.4-7.14 (10H, m), 6.17 (1H, d), 5.19 (2H, s8), 4.64
(1, q), 3.98 (2H, s), 3.62 (3H, s), 1.31 (3H, 4).

25 Methyl [6-benzyl-1l,2-dihydro-2-oxo-3-(2-phenylethoxy) -
carbonylamino-1l-pyridyl]acetate (49i), was isolated_
(88%) as a colorless solid: mp. 130-133°C; IR (KBr)
3363, 1746, 1732, 1651, 1604, 1515, 1368, 1231, 1212,
'1185; 'H NMR (CDC1;) 5 8.00 (1H, d, J = 7.0), 7.68 (1H,

30 s), 7.36-7.10 (10H, m), 6.15 (1H, &, J = 7.6), 4.7 (2H,
'8), 4.38 (2H, t, J = 7.0), 3.88 (2H, s8), 3.67 (3H, s),
2.98 (2H, t, J=17).



128.4, 128.2, 126.6, 57.3, 53.0, 47.7, 31.7, 27.9. (4R S) Met hyl

2- [ 2- (4-woissmsssog onet hyl phenyl )ethyl]-4,5- 15 PCT/US95/07617

di hydr oi m dazol e- 4-carboxyl ate (29b), was prepared by the nethod descri bed
for 29a to yield 6.80g (78% of a-colorless solid: np. [err], [err] 7.45
(4H, s), 4.71 (1H, dd, J-8.6,10.8); 2782-(2H, m, 3.73 (3H, s), 3.19 (4H,
m. 20 | m dazol e-4-carboxylic esters 30 were prepared by a nodification
of the procedure described by Martin et al., J.Og.Chem, 33, pp. 3758-61
(1968). Methyl 2-(2-phenylethyl)im dazol e-4-carboxylate (30a). A m xture of

(4R,'S) methyl 2-(2- pﬁ;n‘ Pyl )-4,5- 25 di hydr gfw0hzol e- 4- car boxyl at e
(29a) (3.40g, 14. 84l A, schiepef or mtZhgl) and yansege( | V) oxide
(13.0g, 150nmol )™ Healfe un%gr reflux for 28 tWMenlfiltered hot. The

solids were washed with €hi%roformand nethanol. Tfe ¥bnbined filtrates

wer e concentr at ed _

2(S) Methyl 2[3-amino-1,2-dihydro-2-oxo-1--
pyridyl]lpropionate (50a). A mixture of 2(S) methyl-
5 2 [3-benzyloxycarbonylamino-1, 2-dihydro-2-oxo-1- |
- pyridyl)propionate (49a) (2.75g, 8.33mmol), methanol
(100ml), and 10% palladium on carbon (300mg) was.
stirred under an atmosphere of _.hydrqgen for 30min. The
mixture was filtered and concentrated to afford 1.63g
10 (100%) of a colorless solid: 'H NMR (d,-DMSO) & 8.35
(1H, brs), 7.46 (1H, 4), 7.22 (1H,d), 6.29 (1EH, t),
5.22 (1H, q), 3.63 (3H, s), 1.55 (3H, d).

The following compounds were prepared in a similar
manner:

15 Methyl [3-amino-6-benzyl-1l,2-dihydro-2-oxo-1-
pyridyl)acetate (50b). 100% yield as a grey solid: mp.
134-6°C; IR (KBr) 3418, 3312, 1723, 1658, 1596, 1548,
1435, 1290, 1245, 1011; 'H NMR (d¢-DMSO) & 7.25 (S5H, m),
6.45 (1H, 4, g = 7.4), 5.92 (1H, 4, J = 7.4), 5.00 (2H,

20 s), 4.63 (2H, s), 3.88 (2H, 8), 3.51 (3H, 8).

Methyl [3-amino-1,2-dihydro-2-oxo-6-phenethyl-1-
pyridyl] acetate (50c). 99% yield as a viscous oil: IR
- (KEr) 3456, 341, 2953, 1745, 1649, 1600, 1548, 1219;
'H.NMR (CDCl,) & 7.25 (5H, m), 6.51 (1H, d, J = 7.4),

25 5.92 (1H, 4, T = 7.4), 4.79 (2H, 8), 3.77 (3H, s), 2.80
(4H, m). -



30 to | eave

a yel | owbrown solid, which was purified by col um

chr omat ogrwploysafsgs 5% net hanol / di chl oronet hane) to afford 1.pkagudediddgr7zof a

pal e yel |l ow sol

id: np. 151- . - 158 - [err] - 159 - yellow solid:

[err]; IR (KBr) 3339, 2640-2467, 1638, 1589, 1545, 1383, 1323; [err]

(2H,d, J=8.0),

7.59 (1H, s), 7.47 (2H78,-J=8.0), 3.06 (4H, m. 5

S, 3S) [err]-[2-(2-Phenylethyl)im dazol e-4-carbonyl]-N

10

18

20
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Methyl [3-amino-6-butyl-1,2-dihydro-2-oxo-1-
pyridyl]acetate (50d). 97% as a brown solid: mp. 75-
7°C; IR (KBr) 3437, 3342, 2955, 1745, 1655, 1609,

mp.
7. 69
(2R,

1550, 1432, 1301, 1222, 1200; 'H NMR (CDCl;) 5 6.53 (1H,

d, J=6.8), 5.93 (1H, d, J = 6.8), 4.81 (2H, s), 3.77

(3H, s), 2.44 (2H, t), 1.45 (4H, m), 0.93 (3H, t).

Methyl [3-amino-1,2-dihydro-6-methyl-2-oxo-1-
pyridyl] acetate (50e), was isolated (100%) as a
colorless crystalline solid: mp. 87-9°C; . IR (KBr)

3442, 3326, 1735, 1647, 1600, 1549, 1434, 1407, 1383,

1366, 1225, 1209; 'H NMR (d,-DMSO) 5 6.40 (1H, 4,
J=7.3), 5.93 (1H, d, J = 7.3), 4.86 (2H, s8), 4.79
(2H, s), 3.67 (3H, 8), 2.15 (3H, s). )

Methyl [3-amino-1,2-dihydro-2-oxo~6-phenyl-1-
pyridyl] acetate (50f), was isolated (86%) as a grey
solid: mp. 207-9°C; IR (KBr) 3473, 3345, 1750, 1644,

1600, 1536, 1443, 1366, 1309, 1212, 1184, 1156; 'H NMR

(3,-DMSO) & 7.30 (S5H, m), 6.54 (1H, d), 6.03 (1H, d),
5.25 (2H, 8), 4.49 (2H, s), 3.61 (3H, s).

Methyl [3-amino-1,2-dihydro-2-oxo-l1l-pyridyl] acetate
(50g), was obtained as a colorless oil and used
immediately in the next step.

2(S) Methyl 2-methyl-[3-amino-6-benzyl-1,2-dihydro-2-
oxo-l-pyridyl]acetate (50h), was isolated (69%) as a

colorless oil: IR (film) 3354, 1743, 1646, 1600, 1548,
1494, 1455, 1309, 1268, 1227, 113; 'H NMR (CeD¢) & 7.29-

6.76 (5H, m), 5.86 (1H, 4, J = 7.2), 5.51 (1H, d, J =
7.2), 4.43 (1H, q, J = 6.7), 3.69 (2H, s), 3.41 (2H,
s), 3.36 (3H, 8), 1.43 (3H, 4, J = 6.7).



(tetrahydro-2-benzyl - oxy- 5- oxo- 3- furanyl) L- alanlnan1de (32a). To a

sol uti%ggj; RS 3S) [err] -

but oxycar -N-(tetrahydro- 2- benzyl oxy- 5- oxo- 3- furanyﬁmﬁgsﬂ"ﬁﬁl nam de
(14) (1.59q, 4 20mmol ; Chapman, 10 Biorg. Med. Chem Lett., 2, pp.
613-18 (1992)) in dichloronethane m), cooled to [err],.mas added
trifluoroacetic acid (15m ). The mXxture was stirred at [err] for 1h and
t hen concentrated. The residue was treated with ether and then the ether

was renoved under 15 . vacuum This procedure was repeated twice to yield
a pale yellow glass. 1soI|d was dlssolved (20m ), then

di i sopropyl et hyl am n - &0l ), P O;Me -

2- (2- phenyl et hyl ) it carboxyllc aC|c§( 1a (1.0g, 4.62mmol),

1- (3-di net hyl am noprop‘yl )s3 et hyl 20 car bodi% nitte ‘hydr ochl ori de (0. 89g,
4.62mmol ) and hydroxypenzotriazole (1.14g, 8.40mml) were added to the
sol ution. The reactioll mxture was stirred at fbom .

R, o R: R,
(a) Ph(CH,),CO H o (S)Me
(b) Ph(CH,),CO " CH,Ph H
5 (¢) Ph(CH,),CO ~ (CH;),Ph H
(d) Ph(CH,),CO nBu - H (
(e) Ph{(CH,;),CO ‘Me H
(£) Ph(CH;),CO —-Ph H
. (g) Ph(CH,),CO H - H
10  (h) Ph(CH,),CO CH,Ph - (S)-Me or
) ' (R, S8)-Me
(i) AcTyr CH,Ph . H R
(3) Ph(CH,),S0, " CH,Ph H
| (k) Ph(CH,),0CO0 CH,Ph - H
.15 (1) Ph(CH,;),CO ' -CH,Ph - H _

2(S) Methyl 2-[1.2-dihydro~2-oxo-3-(3¥phanylp:opiony1)
amino-1-pyridyl] - propionate (5la). 3-Phenylpropionyl -
chloride (1.5g, 9mmol) was added dropwise to a stirred
mixture of 2S methyl-2-[3-amino-1,2-dihydro-2-oxo-1-

20 pyridyl]lpropionate (50a) (1.63g; 8.33mmol), dioxane -

- (60ml), water (15ml) and sodium bicarbonate (1.54g,
16.7mmol) . The mixture was kept for 1h then extracted
with ethyl acetate. The extracts were washed with-
aqueous sodium bicarbonate, dried (MgsO,) and

25 concentrated. The resulting red oil was purified by
flash chromatography to afford 2.54g (93%) of an-oil:



tenperature for 20h then poured into brine. The m xture was extracted with

et hyl acegﬂ%ﬁé{s 50n1) 25 The conbi ned organi c extrag, ldﬁﬁ ,‘?7 ypashed
i ra a §

with satu gueous sodi um bi carbonate (3 x 100m ) then brine

100m ), dried (MgSO4) and concentrated. The residue was purified by col um
chromat ogr aphy ( 2- 10% i sopropanol in digghl or onet hane then 0-6% i sopropanol
in 30 ethyl acetate) to yield 1.10g (55@@ of 32a as a m xture of

di astereoners: IR (KBr) 3278, 3065, 1790, 1641, 1577, 1545, 1499, 1454,

1120; [err] 10, ?eﬁ tlHees (8., 1€miél)) ;) IR/- @H,C0,) B969) ,174F6 16190,)=7.0),
vas (o) Tl T 10 0 A o D, B e (cocSP 5 (9
| 8.41 (1H, 4d), 8.36 (1H, s), 7.24 (5H, m), 7.02 (1H,
ad), 6.32 (1H, t), 5.44 (1H, q), 3.75. (3H, s}, 3.03
5 (2H, t), 2.70 (2H, t), 1.66 (3H, d). FAB M+ = 329 (M +
1), 197, 165, 131, 110, 91.

The following éompounds were prepared in a similar
manner:

Methyl [6-benzyl-1, z-dihydro- -ox0-3~(3-

10 phenylpropionyl)amino-1 -pyridyl]-acetate (51b), was
isolated (93%) as crystals: mp. 95-7°C; IR (KBr) 3265,
1747, 1686, 1642, 1590, 1563, 1511, 1454, 1401, 1220,
1183, 1133; 'H NMR (CDCl,) 5 8.39 (1H, d, J = 7.7), 8.27

_ (1H, s), 7.21 (10H, m), 6.17 (1H, 4, T = 7.7), 4.70

15 (2H, s), 3.89 (2H, s), 3.67 (3H, s), 3.02 (2H, m), 2.70

(2H, m). :

Methyl [1,2-dihydro-2-oxo-6-phenethyl-3-(3-
phenylpropionyl)amino-l-pyridyl]-acetate (S1¢c), was
-isolated (81%) as colorless crystals: mp. 105-8°C; IR
20 (KBr) 3378, 1746, 1680, 1646, 1597, 1517, 1l221; 'H NMR
(cpcl,) 5 8.34 (1H, 4, J = 7.7), 8.25 (1H, 8), 7.23
(10H, m), 6.11 (1H, 4, J = 7.7), 4.77 (2H, s8), 3.78
(3H, s), 2.88 (8H, m). '

Methyl [6-butyl-1,2-dihydro-2-oxo-3-(3-
25 phenylpropion?l)anino?l-pyridyll-acetate (51d) , was
| isolated (88%) as colorless crystals: mp. 84-5°C; IR
{KBr) 3345, 2958, 2930, 1756, 1693, 1650, 1602, 1510,
- 1227, 1180, 1137; H NMR (CDCl,) 3 8.34 (1K, 4, J =
-~ 7.7), 8.22 (1H, s8), 7.26 (SH, m)_, 6.12 (18, 4, J =
30 7.7), 4.80 (2H, s), 3.79 (3H, s), 3.03 (2H, t), 2.68
‘(2H, t), 2.50 (2H, t), 1.46 (4H, m), 0.95 (3H, t).



s), 1.45 (d, J=7.0), 1.44 (d, J=7.0). (2R S, 39) [err]

I m daz -4- bonyl } - N- (t et rahydr o- 2- benzyl oxy- 5- oxo-

3- furaﬁ@ﬁféegﬂ+aninanide (32b), was prepared by the neth%ﬁ“&@?%??ﬂéd for
32a to afford 1.08g (62% of a pale yellow glass: IR (KBr) 3376, 3284,
3070, 2938, 1791, 1642, 1578, 1546, g327, 1165, 1122, 1068; [err] 7.95
(0.5H, m, 7.55-7.25 (11 5H, m, &' 5.53 (s), 5.49 (d, J=5.3), 4.88-4.48
(4H, m, 3.11-2.96 (44, m, 2.91 (1H, m, 2.51 (1H, m, 1.47 (3H d, :

J=7.1). [erHhthyr[iHELdiﬁyﬁédtsiﬁhtﬂfiliJoiéiékiﬁl 3360, 3279, 2981, 1781
' phenylpropionyl)amino-1-pyridyl] -acetate (5le), was.
isolated (100%) as a pale yellow oil: IR (£ilm) 3264,
1745, 1691, 1644, 1587, 1566, 1518, 1495, 1400, 1215,
5 1183, 1136; 'H NMR (CDCl;) & 8.33 (1H, d, J = 7.6), 7.26
| (SH, m), 6.13 (1H, d, J = 7.6), 4.83 (2H, s), 3. 79 (3H,
s), 3.03 (2K, m), 2.69 (zu, m), 2.28 (3H, s).

Methyl[1,2-dihydro-z-oxb-s-pheny1-3-(3-
phenylpropionyl) amino-1l-pyridyl] ~acetate (51f), was
10 isolated (99%) as a pale yellow oil: IR (film) 3365, ' (
3299, 1751, 1689, 1643, 1600, 1563, 1519, 1493, 1418,
1370, 1224; 'H NMR (CDCl,) & 8.46 (1H, d, J = 7,7), 8.32
(lH, s), 7.32 (IOH, ‘m), 6.2¢ (2H, 4, T = 7. 7)., 4.57 '
(2H, 8), 3.73 (3H, 8), 3.06 (2H, m), 2.72 (2H, m).

15 Methyl [1,2-dihydro-2-oxo-3-(3-phenylpropicnyl)amino-1-
pyridyl] -acetate (51g), was isolated (81%) as an oil:
IR (£ilm) 3330, 1753, 1689, 1650, 1600, 1560, 1517,
1374, 1225, 1208; 'H NMR (CDCl;) & 8.43 (1H, dd, J =
7.4, 1.7), 8.33 (1H, 8), 7.28 (5H, m), 6.92 (1H, 44, J
20 =6.9, 1.7, 6.29 (1K, t), 4.67 (2H, 8), 3.79 (3H, s8),
- 3.04 (2H, m), 2.70 (2H, m). MS FAB (+) M + = 315 (M +
1). '

2(S) Methyl 2-methyl-[6-benzyl-1l,2-dihydro-2-oxo0-3-(3-
phenylpropionyl) amino-1-pyridyl) -acetate (51h), was

25 isolated (93%) as a colorless oil; [al,” -19° (c 1,
CH,C1l,); IR (film) 3354, 3313, 3028, 2950, 1745, 1687,
1645, 1600, 1567, 1514, 1454, 1225; ‘H NMR (CDCl,;) &
8.35 (1H, 4, . J = 7.5), 8.26 (1H, 8), 7.27 (10H, m),
6.20 (1H, d, J = 7.5), 4.65 (1H, q, J = 6.8), 3.99 (2H,

30 s), 3.71 (3H, s8), 3.03 (2H, m), 2.68 (2H, m), 1.31 (3H,
d, J = 6.8). '



}172(2),412;16, 1577, 1547; [err] NWR [err] 7.54 (1H, s) , 7.29-7.12 (5H m,
. 60- 4. , 4.28 (1H, m, 3.01 (4H, s), 2.76-2.39 A3 (3H,
2 xd, 5 MJ}':‘?{'QG J=7.0), [err] NMR [err] 1)76.2, 176. 0, gé&"ﬁ"i"?ﬁ‘ (
164.4, 164.3, 150.5, 141.9,.134.8, 129.5, 129.3, 127.3, 122.3, 98.8, 98.4,
- 52.3, 52.0, 50.3, 35.6, 31.2, 18.8,_ %§3 Anal . Calcd for [err]: C, 56.43;
H 5.98; N 13.85. Found: C, 56. 78 5.70; N, 13.77. [err] - 162 -
55.83; H, 5.75; N, 13.96. MS(FAB, nmz) : 373 [err] 228, 185, 91. [err] 5
5- Benzylpyrrole 2-carboxylic acid (34b). - A-mxture of

Methyl [3- (N-acetyl-o-benzyl -L-tyrosine)amino-6 -benzyl-
. 1,2-dihydro-2 -oxo-pyridyl]acetate.(51;) A stirred
mixture of methyl [3-amino-6-benzyl-1,2—dihydro-2-oxo-
l—pyridy}]acetate.(100mg, 0.367mmol), Boc-Tyr(Bn)-OH
5 (136mg, 0.367mmol), dimethylformamide (1lml),
diisopropylethylamine (0.25ml, 1.468mmol) and 2- (1H-
benzotriazol-1-yl)-1,1;3,3-tetramethyluronium
hexafluorophosphate (118mg, 0.367mmol) was kept
overnight at room temperature. The mixture was diluted
10 with ethyl acetate, washed twice with 1M hydrochloric
' acid, twice with agueous sodium bicarbonate, once with
brine, then dried (MgSO,) and concentrated. The residue
was purified by flash. chromatography (10% ethyl
acetate/dichloromethane) to afford a 162mg (70%) of a
15 colorless oil. The oil (160mg, 0.255mmol) was
dissolved in dichloromethane (1ml) and treated with
trifluorocacetic acid (1ml) at 0°C. The resulting -
solution was allowed to reach room temperature during
40min then evaporatedlto dryness at 30°C. The residue
20 was dissolved in dichloromethane then evaporated to
dryness again. This procedure was repeated three
times. The residue was dissolved in pyridine (0.5ml)
and treated with acetic anhydride (0.03ml, 0.3mmol) at
0°C. The resulting mixture was allowed to reach room
25 "temperature and kept for 3.5h. It was diluted with
ethyl acetate, washed twice with 1M hydrochloric acid,
twice with aqueous sodium bicarbonate, dried (MgsSO,) and
concentrated to afford 128mg (86%) of a colorless oil:
IR (film) 3290, 1751, 1649, 1602, 1568, 1513, 1455,
30 1438, 1375, 1224, 1179; 'H NMR (CDCl;) & 8.78 (1H, s),
8.33 (1H, 4, J=17.6), 7.33 (8H, m), 7.11 (4H, m), 6.86
(2H, d, J = 8.5), 6.47 (1, d, J = 7.6), 6.12 (1H, &4, J
= 7.6), 4.99 (2H, s), 4.85 (1H, m), 4.69 (2H, s), 3.87
(2H, s), 3.62 (3H, s), 3.08 (2H, m), 1.96 (3H, s).



Et hyl 5-benzyl pyrrol e-2-carboxylate (0.7g, 3.05mmvl; Elder et -al.

synt het i ni cations, 19, 763-767 (1989)), ethanol (20m) and 1M sodi um
hydrOX|ag %@ﬁgu 9. 2nnDI) was stirred and heated under rRET/USISO36173h. 10

“The maj or part of the ethanol was removed and the remai ning |iquid was
diluted with water, washed.w th eth 5 cooled in ice and acidified with
concentrated hydrochl oric acid. ﬁ1xture was extracted with ether. The

- conbi ned extracts were washed mﬁth brlne 15 dried fthSCﬂ) -and
SR S et Rl e 2 1 T LG
s). [err] phenylethanesulphonyl) amino-1 -pyridyl]-aoetate (Slj) !
2-Phenylethanesulphonyl chloride (Zhong et al., J. Am. :
Chem. Soc., 113, pp. 2259-63 (1991)) was added to a
5. stirred mixture of methyl [3-amino-6-benzyl-2-oxo-1,2-
dihydro-1-pyridyl] -acetate (49b) (1.0g, 3.67mmol),
dichloromethane (15ml) and triethylamine (1.0ml,
7.34mmol) . The mixture was kept overnight then poured
into ethyl acetate. The resulting mixture was washed
10 twice with aqueous sodium bicarbonate, three times with _
1M hydrochloric acid, then brine. It was dried (Mgso,) (
and concentrated. The resulting pale brown solid was '
purified by flash chromatography (10% ethyl acetate/
dzchloromethane) to afford 1.25g9 (77%) of a pale yellow
15 solid: m.p. 92 4°C; IR (KBr) 3181, 1737, 164s, 159§,
' 1565, 1454,.1241, 1220, 1150; '‘H NMR (CDCl,) & 7.53 (1H,
d J=7.5), 7.29 (10H, m), 6.10 (1H, 4, J = 7.5), 4.75
(2H, s), 3.89 (2H, B8), 3.67 (3H, s8), 3.34 (2H, m), 3.14
(2H, m).

20 Methyl [6-benzyl-1,2-dihydro-2-oxo-3-(4-phenylbutyryl)
'amigo-l-pyridyll-aootato (511), was isolated (74%) as |
colorless crystals: mp. 93-95°C; IR (KBr) 3285, 1747,
1683, 1642, 1591, 1563, 1512, 1455, 1220, 1181; H NMR
(CDCl;) & 8.39 (1H, 4, J = 7.6), 8.24 (1H, 8), 7.2 (10H,

25 m), 6.18 (1H, d, J = 7.6), 4.7 (2H, 8), 3.90 (2H, s),

| 3.67 (3H, s), 2.69 (2H, t), 2.40 (2H, t), 2.04 (2H, m).

li- ; . .
INNQ" OyMe ‘l\gq\rcogn
H o 1 ° R

1 ' 5



- 163 - Pyrrole-2-carboxylic acid (34a) (244ng, 2.2nmmol) was added and the
sol ution of din an ice bath before the addition of

N, N—d||sopropy am ne (0.78g, 6.0mvl), 1- hydroxybenzotrlazdFE"FHﬂgﬂB7
4.0mvol ) and ethyl 5 di net hyl am nopropyl carbodii m de hydrochl ori de
(0.42g, -2.2mml ). The resulting n1xtu&§ was stirred at [err] for 17h and

t hen saturated agueous sodi um chl ori dé F30n1) was added. The m xture was
extracted with ethyl acetate (3 x 20m ) and the conbined organic extracts

%PCn1)mea$i2gS§qg%Wth chon F??ggﬁnEngh@%%?gzato %?d :?gggg.brlne
hexane- et hyl eméﬂvaﬂpapeéenésmgiﬁd%? f- alM §%l§«ﬂu3@y4ﬁ°x1de
di astereoners [(@smll, 15mmol) was added to a stirred solution of 2(S)
methyl 2-[1,2-dihydro-2-oxo-3 (3-phenylpropionyl)amino-
5 1-pyridyl]lpropionate (51a) (2.39g, 7.3mmol) in methanol
(30ml) at 0°C. The mixture was kept at this
temperature for 2h, acidified with 1M hydrochloric acid
(15.1ml) and extracted with ethyl acetate. The
| extracts were washed with brine, dried (Mgso,) and
10 concentrated to afford 1.98g (87%) of a colorless
solid: [a]p®® -75°% (1, CH,Cl,); IR (KBr) 3301, 1724,
1693, 1637, 1563, 1523, 1453, 1233, 1216, 765; 'H NMR
(CDCl,) & 8.47 (2H, m), 7.20 (5H, m), 7.03 (1H, d), 6.36
(1H, t), 5.35 (1H, q), 3 01 (2H, m), 2.70 (ZH, m), 1.69
15 (3H, m).

The following compounds were prepared in a similar
manner: '

[6-Benzyl-1,2-dihydro-2-oxo-3- (3-phenylpropionyl) amino-
_ l-pyridyllacetic acid (52b), was isolated (100%) as a
"20 pale amber oil: IR (film) 3291, 1738, 1686, 1644,
1591, 1554, 1519, 1496, 1454, 1403, 1215, 1182; 'H NMR
(CDCl,) 5 8.44 (1H, 4, J = 7.8), 8.4 (1H, s), 7.21 (10H,
m, 6.19 (1H, d, J = 7.8), 4.71 (2H, s), 3.90 (2H, s),
2.99 (2H, m), 2.71 (2H, m).

25 . . [1,2-Dihydro-2-oxo-6-phenethyl-3- (3-phenylpropionyl)
amino-1-pyridyllacetic acid (52c), was isolated (94%)
- as a beige solid: mp. 214-6°C; IR (KBr) 3289, 1740,
1680, 1640; 'H NMR (d,-DMSO) 5 9.24 (1H, s), 8.14 (1H,
d, J= 7 7)), 7.22 (10H, m), 6.11 (1K, 4@, J = 7.8), 4.78
30 (2H, g), 2.81 (8H, m).



- 164 - (3S) 3- [N (Pyrrol e-2-carbonyl)-L-alaninyl] am no-4- oxobutanoic
acid (3 m xture of (35a) (612ny; 1.65mvol), nethanol (40m ) and
10@6palﬁ§9?€#?@h carbon (500ng) was vigorously stirred untfeUs#$03¢ipspher e

of 5 hydrogen for 4h. The mixture was filtered through a [err] nylon
menbr ane then concentrated. The rezégﬁe was purified by flash

chromat ogr aphy (5-10% net hanol in ylene chloride) to afford the _
hem hydrate of (36a) (223ng, 48% as.a white solid after precipitation from

product - mp. SeReerer £ fiAfhyELs ¥ Gno, SASpHRRGIBERBIDAGT MIHEY 01T
1123; [err] 3-pyridybl acetia)acsd 152dl, was. isglstsdd (998) as 38 (0. 5d, |
J=3.94), 4.5631€ Brbwh. sdPid: mp~ 412é)44c51 fRH(kAr) J3286) . 14335-4. 20 (1H, |
m. 2 4. 1676, 1641, 1584, 1555, 1535, 1455, 1414, 1245, 1227, §
5 1204; 'H NMR (CDCl,) & 8.42 (1H, d, J'= 7.8), 8.37 (1H, |
s), 7.24 (5H, m), 6.19 (1H, d, J ='7.8), 4.82 (2H, s),
3.55 (1H, s), 3.00: (2H, t), 2.67 (2H, t), 2.53 (2H, t),
1.41 (4H, m), 0.94 (3H, t). ”

[1,2-Dibydro-6-methyl-2-ox0-3- (3-phenylpropionyl) amino-
10 l-pyridyl]acetic acid (52e), was isolated as a solid l
(100%) : mp. 159-61°C; IR (KBr) 3335, 1731, 1686, 1642,
1536, 1516, 1430, 1420, 1401, 1222, 1195; H NMR (d,-
DMSO) & 9.21 (1H, s), 8.13 (1H, d, J = 7.6), 7.20 (5H,
m), 6.15 (1H, d, T = 7.6), 4.77 (2H, s), 2.87 (2H, m),
15 2.70 (2H, m), 2.25 (3H, 8).

[1,2-Dihydro-2-oxo-6-phenyl-3-(3-phenylpropionyl)amino-
l-pyridyllacetic acid (52f), was isolated (100%) as a
pale yellow foam: IR (KBr) 3271, 1747, 1683, 1634,
1580, 1536, 1490, 1406, 1392, 1365, 1235, 1219; H NMR

20 (CDCl,) & 8.52 (1H, 4, J = 7.7), 7.31 (10H, m), 6.48
(2H, 8), 6.30 (1H, 4, J 7. 7), 4.60 (2H, s8), 3.03 (2H,
m), 2.71 (2H, m).

[1.2-Dihydro-2-cxo-3-(3-phény1propiony1)amino-l-'
pyridyllacetic acid (52g), was isoclated (94%) as a
25  colorless solid: mp. 195-7°C; IR (KBr) 3324, 1724,
1693, 1644, 1569, 1555, 1512, 1427, 1370, 1240; H NMR
(de-DMSO) & 9.31 (1H, s), 8.23 (1H, 4, J = 6.8), 7.36
. (1H, d4d, J = 6.8, 1.71), 7.25 (5H, m), 6.25 (1K, t),
4.66 (2H, s), 2.84 (4H, m).

30 2(R,S) 2-[6-Benzyl-l,2-dihydro-2-ox0-3-(3-
phenylpropionyl) amino-1-pyridyl] -propionic acid (52h),



2. 40 (2H , 1.42 and 1.41 (3H, 2 x d, J=7:13). [err] - 165 - (2R S,

3S5) 1- &&95% - car bonyl ) - N—(tetrahydro 2- o .
benzyl oxy- -furanyl)-L-prolinanmide (38). Trifluoroac®CTUSEN61T 4ni )
was added to a solution of (2R'S, 3S) : ' :
1-tert-butoxycarbonyl -N-(tetrahydro- é

benzyl oxy- 5- oxo- 3-furanyl ) -L-prolina %e (15) (0.607g, 1.5mmol) in

di chl or onet hane (4n1) at [err]. The mixture was stirred at [err] for 75

(rantpterThteh?nXE he et was re*r?rl\f%: ?}géeirécgfctrjﬁ‘?n'h arggi,e %'Eeg{d?teh%;s
repeat ed twi cé%@%ﬂ@@@lmhﬁg Shit e Qs Qﬂs%%f@%@i ( Pvag 12ni ) .
Diisopropyl - yellow oil: IR (£film) 3330, 1734, 1686, 1643, 1600,
1587, 1553, 1524, 1498, 1208; 'H NMR (d,-DMSO) & 9.29
5 (1H, &), 8.18 (1K, d, J = 7.6), 7.21 (10K, m), 6.22
' (1H, 4, J = 7.6), 4.82 (1H, g, J = 6.6), 4.08 (2H, m),
2.76 (4H, m), 1.05 (3H, 4, T = 6.6).

[3-(Acetyl-Tyr(Bn))amino-6 -benzyl -1,2-dihydro-2-oxo-1-
pyridyl]acetic acid (521), was isolated (93%) as a

10 foam: IR (KBr) 3302, 1731, 1646, 1603, 1562, 1512,
1454, 1428, 1379, 1231, 1178; 'H NMR (CDCl,) & 9.48 (1H,
s), 8.36 (14, 4, J = 7.6), 7.30 (8H, m), 7.10 (2H, m),
6.85 (2H, 4, J=8.3), 6.91 (2H, 4, J = 8.3), 6.71 (1H,
d, J7.6), 4.95 (1K, m), 4.90 (2H, s), 4.68 (2H, s),

15 3.92 (ZH, s), 3.17-2.83 (2H, m), 1.92 (3H, s8).

[6- Benzyl -1,2- dihydro- -oxo-3- (2~
phenylethanesulphonyl)amino-l-pyridyl]acetic acid
(52j), was isolated (100%) as a colorless solid: mp.
165-7°C; IR (KBr) 3174, 1760, 1646, 1593, 1567, 1497,
20 1453, 1424, 1326, 1225, 1140, 1127; 'H NMR (d,-DMSO) &
13.09 (1H, s), 9.08 (1H, s), 7.30 (11H, m), 6.02 (1H,
d), 4.68 (2H, s), 4.99 (2H, 8), 3.29 (2H, m), 3.03 (2H,
m) . '

[6-Benzyl-1,2-dihydro-2-oxo-3- (2-phenylethoxy)

25 carbonylamino-l-pyridyl] acetic acid (52k), was prepared
(70%) by hydrolysisl of compound 49i during 1h at 60°C:
IR (CH,Cl,) 1797, 1689,i1649, 1601, 1512, 734; H NMR
(cpcl;) & 8.39 (1H, s), 8.03 (1H, d), 7.81 (1H, s), _
7.33-7.07 (10H, m), 6.13 (1H, d, J = 7.8), 4.72 (2H,

30 s), 4.33 (2H, t, J=17.0), 3.86 (2H, 8), 2.93 (2K, t, J
= 7.0).



ethylam ne (0.78m , 4.5mmol) followed by indol e-2- carboxylic acid (266nyg,
1.65mmol ), 1-(3- dinmethylam nopropyl)-3-ethyl carbodiimde hydrochl oride 15
(316ny, WO EHEHME ) and hydroxybenzotriazol e (405ng, 3nmol PCwArsgsotesen added
to the solution. The mxture was stirred at roomtenperature for 20h then
poured into brine. The mixture was extracted with ethyl acetate (3 X
30m ). The conbined organic extract&were 20 washed with saturated
aqueous sodi um bi carbonate (2 x 60nl) then brine (2 X 60m ), dried (MgSO),

filtered and centra The_resjdue ur'fie by col.um
chronatographé € ?&i %cgr%}%¥d¥8 TPEPa 518 ' 1#F¥F&ﬂ§¥ﬁ
d|astereonpryridylrﬁbétﬁa1&:1&78921167ﬂas25501at§39(1b524 ak4a5, 1406,
1344; [err] ] (1H, 6 OH, r‘r)
5.70 (d, J= ’Efésf%“(%‘ '8y %5341§b8’%ﬂHf%7 %&53337%43%52 i?gj’s 20-
(2H, n) 2. J0126 ;771§ h§49. 1599, 1567, 1517, 1367, 1215; ‘H NMR
(cDCl,) & 8.43 (1H, &, J = 7.7), 8.25 (1H, s), 7.37-7.09
(10H, m), 6.21 (1H, 4, J = 7.7), 4.7_3 (2H, s), 4.15
(3H, s), 3.91 (2K, s), 2.67 (2H, t), 2.39 (2H, t), 2.02

(2H, m).
.I | n; | k1o J:(; '
"‘g?{”", - " J;;r | | {
5 o | s
10 2(S), N-3(S) 2-[1,2-Dihydro-2-0x0-3- (3~

phenylprepiényl)anino-l-pyridyl]-N-(z-benzyloxy-s-
oxotetrahydrofuran-3-yl)propionamide (53a). Tri-n-
butyltin hydride (1.7ml, 6.3mmol) was added dropwise to .
a stirred mixture of 2(8)-2-[1,2-dihydro-2-ox0-3(3-

15 phenylpropionyl) amino-1-pyridyl]l propionic acid (52a)
(1.1g, 3.49mmol), 3(S), 2(R,S) 3?a11y10xycarbony1amiho—
2-benzyloxy-5-oxotetrahydrofuran (1.02g, 3.49mmol;
Chapman, Biorg,. Med. Chem, Lett., 2, pp. 613-18
(1992)), bis (triphenylphosphine)palladium (II) chloride

20 (55mg) , dichloromethane (35ml) and dimethylformamide
(lml) . The resulting mixture was stirred for 5 min.
then 1-hydroxybenzotriazole (946mg, 7mmol) was added.
The mixture was cooled to 0°C before the addition of 1-
(3-dimethylaminopropyl) -2-ethylcarbodiimide

25 hydrochloride (740mg, 3.84mmol). The mixture was kept
overnight at room temperature then poured into ethyl
acetate. The mixture was washed twice with 1M
hydrochloric acid, twice with aqueous sodium
bicarbonate, then brine. The mixture was dried (Mgso,)




(39) 3-[1-(|ndoIe-2-carbony|)-L-proLinyl]anino-4- 30 oxobut anoi ¢ aci d

(39). A g f (2R'S, 3S) 1- T
(i ndol e- Z[G(,:g?%:(;)sﬁ?/f) -N- (t et rahydr o- 2- benzyl oxy- 5- oxo- 3 PCT/US95/07617

furanyl)-L-prolinamde (38):(478ng, 1.07mmvl) and 10% pal | adi um on car bon
(475mg) and net hanol (150mM ) was stLrigg under a hydrogen at nosphere for

6h. The - 166 - resulting mxture WaS filtered and concentrated to yield
a colorless glass. Recrystallization froma m xture of methanol and di et hyl

et her afforded_2@2 i@kqa Coh@r sl id: .. rlos Lear 5
0.25, [err]): a%%-%%E%?ﬁg%EngQ97??ng§§§d%%8??slgggfh%?fké %@%@J 1662,

1600, 1529, 14pentanes: [Ber Femaiping s9lid-wag pwxdfded Pwaflesh 4,
J=8.4), 7.22 (&tHromatography (40-60% ethyl acetate/hexane) to afford

1.28g (73%) of colorless solid: IR (KBr) 1796, 1692,
5 1647, 1595, 1557, 1512, 1119; 'H NMR (d,-DMSO) & 9.28,
9.26 (1H, 2 x s), 8.77, 8.69 (1H, 2 x d), 8.24, 8.20
(14, 2 x dd), 7.20 (11H, m), 6.31, 6.26 (1H, 2 x t),
5.65 (0.5H, d), 5.46 (0.5H, d), 5.41, 5.28 (1H, 2 x q),
4.7 (2.5, m), 4.24 (0.5H, t), 3.24 (2H, m), 2.80 (4H,
10 m), 1.51, 1.46 (3H, 2 x d).

The following compounds were prepared in a similar
manner: ' ' '

N(3(S)) 2[6-Benzyl-1,2-dihydro-2-oxo-3-(3-
phenylpropionyl) amino-1-pyridyl] -N- (2-benzyloxy-5-
15 oxotetrahydrofuran-3-yl)acetamide (sﬁb), was obtained
(86%) as a foam: IR (KBr) 3345, 3297, 1807, 1791,
1688, 1679, 1650, 1602, 1554, 1525, 1497, 1453, 1372,
1257, 1119; 'H NMR (d¢-DMSO) & 9.25 (0.5H, s), 9.23
(0.5H, s), 8.75 (0.5H, d, J = 6.5), 8.67 (0.5H, d, J =
20 7.4), 8.18 (1H, 2d), 7.21 (15H, m), 6.07 (1H, 2d), 5.65
(0.5H, 4, J = 5.0), 5.38 (0.5H, s), 4.83-4.45 (4.5H,
"m), 4.19 (0.5H, m), 3.94, 3.83 (2H, m), 3.10-2.31 (6H,
m) . - ' :

_ N(3(S)) 2[1,2-Dihydro-2-oxo-6-phenethyl-3-(3-

25 phenylpropionyl)amino-1-pyridyl] -N- (2-benzyloxy-5-
oxotetrahy&:ofuran-4-yl};cetaﬁide (53¢), was obtained
(74%) as a mixture of anomers: 'H NMR (d,-DMSO) & 9.71
(1H, d), 9.41 (0.5H, d), 9.25 (0.5H, d), 8.64 (1H, d, J
=7.7), 7.75 (15H, m), 6.61 (1H, 2d4), 6.11 (0.5H, d4),

30 5.93 (0.5H, s), 5.17 (S5H, m), 4.77 (0.5H, m), 3.68-2.94
(2H, m), 3.32 (8H, m). "



m, 7.09-6.84 (2H, nm), 4.62 (2H, m, 4.29 (1H n), 4.15-3.73 (2H, m,
2.74-1. m. [err] - 167 - nethanol/chl oroform 0. 549
(35% o%a;s%#ofe crystalline solid: nmp. [err] (recrystal Fﬁ’é’g&p% et hyl
acetate); IR (KBr) 3135, 2958, 1745, 1675 1254; [err] 11.90 (1H, s), 8.07
(1H, s), 7.23 5 (1H, s), 4.83, (f%b 3.69 (3H, s), 2.16 (3H, s).

07;

Anal . Calcd for [err]: C, -53.85; H N 18.84. Found: C, 53.85; H,
4.96; N, 18.81; M5(70eVE.l.) mle 222, 221 [err], 189, 162, 133, 105. 10

2-(3,5-D hyggps fsypiaps- ﬁuéyﬁ-ffhpaiﬁfa%-?’z%xo-s (3-
phenylpropionyl) amino-1-pyridyl) -N- (2-benzyloxy-5-
oxotetrahydrofuran-3-yl)acetamide (53d), was obtained -
(74%) as a mixture of anomers: IR (KBr) 3300, 1791,

5 1689, 1645, 1597, 1566, 1546, 1514, 1454, 1417, 1378;
' NMR (CDC1l,) & 8.38 (1H, d, J = 7.7), 8.13 (1K, s),
7.30 (10H, m), 6.18 (1H, t), 5.47 (0.5H, 4, J = 5.2),
5.43 (0.5H, s), 4.75 (4.5H, m), 4.38 (0.5H, m), 3.08-
2.35 (8H, m), 1.43 (4H, m), 0.95 (3H, t).

10  N(3(S)) 2[1,2-Dihydro-6-methyl-2-oxo-3-(3- | r
phenylpropionyl)amino-1-pyridyl] -N- (2-benzyloxy-5-
oxotetrahydrofuran-3-yl)acetamide (53e), was obtained
(67%) as a mixture of anomers: IR (KBr) 3282, 1774,

. | 1667, 1651, 1596, 1561, 1556, 1498, 1265, 1254, 1236,

15 1199, 1143; 'H NMR (d¢-DMSO) & 9.17 and 9.15 (1H, 2 x

s), 8.89 (0.5H, 4, J = 6.5), 8.73 (0.5H, d, J = 7.4),
7.25 (10H, m), 6.13 (1H, t), 5.64 (0.5H, 4, J = 5.0),
5.45 (0.5H, s), 4.89-4.61 (4.5H, m), 4.26 (0.5H, m),

3.17-2.36 (6K, m), 2.23 and 2.15 (3H, 28).

20 N(3(S)) 2-[1,2-Dihydro-2-oxo-6-phenyl-3(3-
Phenylpropionyl) amino-1-pyridyl] -N- (2-benzyloxy-5-
oxotetrahydrofuran-3-yl)acetamide (53f), was obtained
(73%) as a mixture of anomers: IR (KBr) 3296, 1792,
1691, 1643, 1595, 1561, 1514, 1489, 1453, 1420, 1373,

25 1230, 1118; 'H NMR (d,-DMSO) & 9.40, 9.36 (1H, 2s8), 8.70
(0.5, 4, J = 7.6), 8.52 (0.5H, 4, J = 7.5), B.29 (1H,
dd), 7.25 (15H, m), 6.20 (i1H, d, J = 7.6), 5.61 (0.5H,
d, J=5.0), 5.28 (0.5H, s8), 4.78-4.20 (5H, m), 3.12-
2.24 (6H, m).

30 N(3(S)) 2-[1,2-Dihydro-2-oxo-3- (3-phenylpropionyl)
amino-1-pyridyl] -N- (2-benzyloxy-5-oxotetrahydrofuran-3-
yl)acetamide (53g), was obtained (70%) as a mixture of



d] pyri mdin-3-yl)acetic acid, sodiumsalt (41). A suspension of 40 (354ng,
1. 6mol ) iwowowmiszegol (15mM ) was treated with 0.5N sodi um hyqepdessreis- 8 )
and the resulting mxture was stirred at [err] for 1h. The 15 reacti
m xture was filtered to afford the hem hydrate of 41 (354ngy, 97% as a
white crystalline solid : np. [err] -(nearystallized from nmethanol); I'R
(KBr) 3461, 3143, 1676, 1666, 1605, 1415; [err] NVR([err] DVSO) [err]

(1H, s), 7.83 (1H, s), 7.11 (1H, d, J=2.0), 4.24 (2H, 20 s), 2.14 (3H,

s). Anal.

H 4.05 N 17,33, [§45ls, 1518169454, 1376, 1351, 1150, 1122; 'H MR

10

15

20

25 .

30

. (ds-DMSO) 3 9.26 {(1H, 2s), 8.86 (0.5H, 4, J = 6.4), 8.67
‘(0.SH, 4, J = 7.5), 8.23 .(1H, m), 7.40-7.13 (11H, m),

6.24 (1H, 2t, J = 7.2), 5.61 (0.5H, d, J = 5.0), 5.44
(0.5H, s), 4.83-4.59 (2.5H, m), 4.25 (0.5H, m), 3.15-
2.34 (2H, m), 2.91-2.70 (4H, m). Anal. Calc. for

’ CZ-sz']N;os HZO: C,' 63.90,‘ H,‘_S.?G; N, 8.28. Found: C

63.70; H, 5.68; N, 8.22. MS FAB M' = 490 (M + 1).

2(R, 5), N(3(S)) 2-[6-Benzyl-1,2-dihydro-2-oxo-3-(3-
phenylpropionyl) amino-1-pyridyl] -N(2-benzyloxy-5-
oxotetrahydrofuran-3-yl)propionamide (53h), was
obtained (89%) as a mixture of diastereomers. Data is
given for a single diastereomer: IR (film) 3356, 1788,
1677, 1645, 1602, 1517, 1455, 1377, 1203, 1167, 1120;
'H NMR (CDCl,) & 8.34 (1H, 4, J = 7.6), 8.19 (1H, s),
7.38-7.13 (10H, m), 6.26 (1H, 4, J = 7.6), 5.58 (1H,
t), 5.31, 5.24 (1H, 2 x 8), 4.62 (2H, 2q), 4.60 (1H,

I on

11. 63

Cal aidmaxrd:er IR -{EBx45.3336,H3290831;1791 , 12600, Fadmd 188545.57;

m), 4.27 (1H, m), 2.98, 2.68 (4H, 2m), 3.0-2.0 (2H, m),

1.42 (3H, 4).

N(3(S), 2-[6-Benzyl-1,2-dihydro-2-o0x0-3~ (N-acetyl-O-
benzyltyrosinyl)amino-1l-pyridyl] -N- (2-benzyloxy-5-
oxotetrahydrofuran-3-yl)acetamide (53i), was obtained
(76%) as a mixture of anomers: IR (KBr) 1794, 1698,
1651, 1612, 1514, 1454, 1374, 1247, 1177, 1126; H NMR
(d¢-DMSO) & 9.34, 9.31 (2 x 0.5H, 28), 8.71 (1H, 24),
8.38 (1H, m), 8.17 (iH, ), 7.48-6.88.(19H, m), 6.08
(1H, 2d), 5.65 (0.5H, 4, J = 5.0), 5.40 (0.5H, s8), 5.04
(2H, s), 4.68 (5.5H, m), 4.15 (0.5H, m), 3.95, 3.84
(2H, s + abqg), 3.20-2.40 (4H, m), 1.78 (3H, s).



(25ng) were added foll owed by the dropwi se addition of n-tributyltin

hydri de 2.25mmol ). The resulting mxture was stirred at err] fdr
1h then ‘\‘lf\g?ggg]’%Orﬂ) was added. The mixture was extract PR &

acetate (3 x 15m ), and the conbi ned organic extracts were washed W|th
water (5m ), dried [err], and conce tgrated to afford a m xture of

di ast ereoners. Evaporatlon of the aqueous phase and purification of the
residue by flash chromatography (5% 10 - net hanol/chl oroforr’r) gave an

addi tional qpast ff 4ot ;ﬁm : lerr]; IR
(KBr) 3274, ??g 59?6%1 1%%%&’?5622a{3}r] [err] 11 81 1H, s) 8.85 (0.6H,

d, J=6.6), sPhenyiethangsulphopyl)amimq-3 -pyridyll-Ns(3Pensyloxy-. 40-7. 30
(5H, 15 WBro?:oEQtﬁriHydd'of&ranZB Yi)akbdtamdlde 453})5 Qas 5&&1&&1

4.85-4.60 (m(784)2§ rr)tu:.xt:ure (=) a(n nierrp %RlG( Bi'l_)l 35944 1792,
5 1691, 1647, 1599, 1566, 1454, 1365, 1150, 1121, 973;
'H NMR (d,-DMSO) & 9.02, 8.99 (1H, 2s), 8.80 (0.5H, d, J
= 6.4), 8.70 (0.5H, d, J = 7.4), 7.26 (15H, m), 6.00
(1H, 4d), 5.63 (0.5H, d, J = 5.0), 5.39 (0.5H, s), 4.68
| (4.5, m), 4.18 (0.5H, m), 3.90 (2H, m), 3.30-2.30 (6H,
10 m) . '

N(3(S)) 2-[6-Benzyl-1,2-dihydro-2-oxo0-3-(2-
phenylethoxy) carbonylamino-1-pyridyl] -N- (2-benzyloxy-5-
oxotetrahydrofuran-3-yl)acetamide (53k), was cbtained
(78%) as a mixture of anomers: IR .(KBr) 3386, 1794,

15 1726, 1650, 1603, 1518, 1366, 1214, 699; 'H NMR (CDCl,)
5 8.03 (1H, bd), 7.63, 7.61 (1H, 2 x s8), 7.34-7.04
(15H, m), 6.21, 6.18 (1H, 2d), 5.44 (0.5H, d, J = 5.4),
5.37 (0.5H, s), 4.85, 4.83 (1H, 24, J = 11.6, 11.5),
4.61-4.48, 4.32 (4H, 2m), 4.4 (2H, t), 4.08, 4.03 (2H,

20 2bs), 3.07-2.78 (3H, m), 2.47-2.30 (1H, m).

N(3(S)) 2-[6-Banzyl-1, 2-d:l.hydro-2 0x0-3= (4~
phenylbutyryl) amino-1 -pyridyl] -N- (2 -benzyloxy-s-
oxotetrahydrofuran-3-yl)acetamide (531), was obtained
(86%) as a colorless oil: IR (CH,Cl,) 1797, 1689, 1649,
25 1601, 1512, 734; '‘H NMR (CDCl,) & 8.42, 8.40 (1H, 2d, J
= 7.6), 7.35-7.07 (15H, m), 6.21, 6.19 (1H, 2d, J =
7.6), 5.44 (0.5H, d), 5.37 (0.5H, s), 4.84, 4.81 (1H,
2d, J = 11.7, 11.4), 4.73-4.48, 4.34 (4H, 2m), 4.05
(2H, m), 3.05-2.63, 2.46-2.30 (6H, 2m), 2.01 (2H, m).



(3S)-3-[2-(3,5-D hydro-7-nethyl -4-oxo0-4H pyrrol of 3, 2- :

d] pyri m di p = 1- 0x0- et hyl am nol - 4- oxobut anoi ¢ acid 20 ) A

m xture ofwggs%%img, 0.33mmol ), in nethanol (50m) and 10‘%?5#%3%9?@% on
carbon (100nmg) was stirred vigorously under an atnmosphere of hydrogen for
2h. An additional quantity of catal ysfgglQOng) was added and the mixture
hydrogenated for a further 2h. The m xture 25 was filtered through a
[err] nylon renbrane, and concentrated. The residue was recrystallized from
met hanol / di et hyl ether to afford 79nmg (78% of 43 as a hygroscopic white
solid: nmp. [err]; (deconp.); [err] +0.5 (c 0.02, MeOH); IR (KBr) 3282,

1680, 1558, 1425 30 1275; [errd - - 169 -
T — ol
ey "\}LN - : ‘NN‘Q"\(ILN CHO
Bog g, *oOm g4 " |
R, R; - - Ry
(a) Ph(CH,),CO H (S)Me
(b) Ph(CH;),CO -  CHPh H
(c) Ph(CH,),CO '(CH,) ,Ph H
5 . (d) Ph(CH,),CO : nBu H
(e) Ph(CH,),CO - Me H
(f£) Ph(CH,;).CO .. . Ph H
(g) Ph(CH;),CO H H
(h) Ph(CH,),CO . CHPh (R,S) -Me
10 (i) AcTyr . CHPh H |
' (3) Ph(CH,),S0, @~ = CH,Ph H
(k) Ph(CH,),0C0 CH,Ph H
- H

(1) Ph(CH,),CO . CH,Ph

3(s), N(2(s)) 3-(2-(1,2-Dihydro-2-0ox0-3-(3- _

15 phenylpropionylamino-1-pyridyl) -propionylamino) -4 -oxo-
butanoic acid (54a; E). A mixture of 2(S), N(3(S)) 2-
[1,2-dihydro-2-oxo-3- (3-phenylpropionyl)amino-1-
pyridyl] -N(2-benzyloxy-5-oxotetrahydro-£furan-3-
yl)propionamide 53a (1.28g, 2.5mmol), methanol (140ml)

20 “ethyl acetate (60ml) and 10% palladium on carbon (1.4gq)
was stirred under an atmosphere of hydrogen. After
2.5h more catalyst (300mg) was added and hydrogenation
continued for 1h. The mixture was filtered through
Celite™ and then refiltered through 0.2uM nylon filter



FABMS mfe 307, 306 [err], 244, 207, 190, 152, 115 (100% . [err] - 170 -

wth sagg&g%gg ﬁodrunrbrcarbonate (2 X 25m) then dried [err] and
concentr e residue was purified by flash chromat og? §95(03630% et hy!|
acetate/chlorofornm and finally crystallized by trituration with ether to 5

afford 860ng (86% of a white solid: gqp [err]; - 171 - at room
- tenperature for 3h then concentrate& Dry ether (10OM) was added to the

resi due then renoved _
and concentrated. The residual oil triturated with a
mixture of methanol and ether to afford 916mg (87%) of
colorless crystals: mp. 198-200°C; [al,”® -120° (0.1,
CH,OH) ; IR (KBr) 3330, 1794, 1688, 1644, 1583, 1556,
5 1515, 1427; 'H NMR (CD,OD) & 8.28 (1H, d), 7.35 (1H, d),
7.20 (5H, m), 6.36 (1H, t), 5.49 (1H, q), 4.59 (1H, t),
4.25 (1H, m), 2.98, 2.74 (2 x 2H, 2 x m), 2.59 (2H, m),
1.57 (3H, d). Anal. Calcd for CpH,N:;0¢ 0.75 H,0: C,
59.08; H, 5.78; N, 9.84. Found: C 59. 24; H, 5.96; N,
10  9.84. FAB M = 414 (M + 1), 297, 165, 91.

The following compounds were prepared in a similar
manner: '

3(S) 3-(6-Benzyl-1,2-dihydro-2-oxo-3-(3-
phenylpropionyl) amino-1-pyridyl) acetylamino-4-
15 oxobutanoic acid, (54b; M), was isolated (59%) as
colorless crystals: mp. 115°C (decomp);. IR (KBr)
3440, 3297, 1718, 1646, 1598, 1565, 1526, 1496, 1260;
'H NMR (CD,0D) 8.25 (1H, 4, J-7..7), 7.25 (10H, m), 6.15
. (1R, 24, each J=7.7), 4.73 (2H, 2q), 4.59 (1H, m), 4.30
20  (1H, m), 3.95 (2H, s), 2.98 (2H, m), 2.75 (2H, m), 2.8-
' 2.42 (2H, m). Anal. Caled for CyH9N3Og. 0.7 H,0: C,
64.58; H, 5.70; N, 8.37. Found: C, 64.51; H, 5.63; N,
8.38. MS FAB+ M+ = 490 (M + 1).

3(s) 3-(1,2-Dihydto-z-oxo-G-phenothyl-B(3-phenyl-

25 propionyl)amino-1-pyridyl)acetylamino-4-oxobutanoic
acid (54c), was isolated (46%) as a white solid: IR
(KBr) 3375, 1694, 1643, 1586, 1561, 1515, 1377, 1254,
1188, 1070; H NMR (CD,OD) 8.18 (1H, 4, J=7.8), 7.22 -
(10H, m), 6.15 (1H, 4, J=7.8), 4.75 (2H, s), 4.58 (1H,

30 m), 4.30 (IH, m), 3.01-2.28 (10H, m), MS FAB+ M+ = 504
(M + 1). '



under vacuum This process was repeated three tinmes to afford a crystalline

solid. T Ld was triturated 5 mWth ether and filte d
590ny (85 %ﬁ’é& | E.E‘Sln}_SBq%i-}_’f

white crystalline solid: np. [err]; [err]
1.773mmol) in dry dichloronmethane (9m ) and dry dinethyl formam de (3nl) at
room tenperature was added bis(triphgﬂy phosphi ne) pal | adi um chl-ori de (30ny)
and (3S, 2R, S)-3-allyl oxycarbonyl am no-2- benzyl oxy-5- 5
oxot et rahydrof uran (Chapman, Biorg. Med. Chem Lett., 2, pp. 613-18 (1992))

(SO L SSmEld LIy g s afassthlagg sl 041wty by de

_ . phenylpropionyl)amino-l-pyridyl)acetylamino-4-
oxobutanoic acid (54d), was isolated (90%) as colorless
crystals: m.p. 120-5°C; IR (KBr) 3315, 1784, 1679,

5 1644, 1589, 1561, 1556, 1520, 1415, 1379, 1186; 'H NMR
(cp,0D) 8.22 (1H, 4, J=7.8), 7.24 (5H, m), 6.22 (1H, 4,
J=7.8), 4.80 (2H, m), 4.60 (1H, s), 4.28 (1K, m), 2.98
(2H, m), 2.72 (2H, m), 2.58 (4H, m), 1.48 (4H, m), 0.97
(3H, t, J=7.1). BAnal. Calcd for C,HyNiOs 0.5 H,0. C,

10 62.06; H, 6.51; N, 9.05. Found: C, 62.08; H, 6.43; N,
9.01. MS FAB+ M+ = 456 (M'+ 1).

3(S) 3-(1,2-Dihydro-6-methyl-2-oxo-3-(3-
phenylp:opionyl)amino-l-pyridyl)aeetylamino-é-
oxocbutanoic acid (54e), was isolated (85%) as a

15 colorless solid: mp. 129-138°C; IR (KBr) 327, 3294,
1710, 1695, 1682, 1554, 1525, 1379, 1272, 1240; 'H NMR
(cD;0D) & 8.19 (1H, d, J=7.6), 7.19 (5H, m), 6.21 (1H,
4, J=7.6), 4.80 (2H, m), 4.59 (1H, m), 4.30 (1H, m),

~ 2.98 (2H, m), 2.72 (2H, m), 2.80-2.40 (2H, m), 2.30
20 (34, s). Anal. Calcd for CnH,NO¢. H,0: C, 58.46; H,
' 5.84; N, 9.74. Found C: 58.82; H, 60.5; N, 9.42."

3(S) 3-(1,2-Dihydro-2-oxo-6-phenyl-3- (3-phenyl-
propionyl) amino-1-pyridyl)acetylamino-4-oxocbutanoic

_ acid (54f), 73% as an off-white solid: m.p. 140°C

25 (decomp) . [a)p®* = -8.5° (c 0.1, MeOH). IR (KBr) 3302,
1796, 1726, 1679, 1643, 1590, 1560, 1516, 1490, 1449,
1420, 1398, 1376, 1231; 'H NMR. (CD,OD) & 8.36 (1H, d),
7.49-7.14 (10H, m), 6.27 (1H, 4d), 4.54 (3H, m), 4.30
(1, m), 3.0, 2.73 (2 x 2H, 2 x m), 2.7-2.29 (2H, m).

30 3(S)- 3- (1,2-Dihydro-2-0xo-3- (3-phenylpropionyl) amino-1-
pyridyl)acetylamino-4-oxobutanoic acid (54g; G), was
isolated (73%) as a foam: mp. 140-5°C (decomp); IR



was added to the mixture and the m xture was cooled to 10 [err] before
addi tion of 1-(3-dinethylam nopropyl)-3- ethylcarbodiimde hydrochl ori de
(408ny; WOISIA| ). The mixture was stirred at room t enp@CAVURISOT6AT 3. 25h
then diluted with ethyl acetate (50m ), washed twice with dilute
hydrochloric acid (20m ), twce with 15 saturated sodi um bi carbonat e
(20m ), once with brine then dried %%@Stn) and concentrated. The resulting
oil was purified by flash chromatography (0-100% et hyl acetate/chloroform

(2511918, 1988 %434a0" 308, *$aa" e 26e27245AS, Thagl o (K20
1514, 1379, 1261; 'H NMR (CD,OD) & 8.32 (1H, 4, J=7.5),
7.19 (6H, m), 6.34 (1H, t), 5.1-4.6 (3H, m), 4.32 (1H,
m), 2.7 (6H, m). Anal. Calecd for CpHxnN:Os. 0.6KH0: C,
5 58.50, H, 5.45, N, 10.24. Found: C, 58.43, H, 5.35, N.
'9.85. MS FAB+ M + = 400 (M + 1).

3(s), N(2(R,S)) 3-(2-(6-Benzyl-1,2-dihydro-2-oxo0-3-(3-
phenylpropionyl) amino-l1-pyridyl)propionylamino) -4-
~ oxobutanoic acid (54h), was obtained (69%) as a-
10 colorless foam: m.p. 120°C; [a)p®® -16.0° (e, 0.11,
CH,Cl,). IR (KBr) 3315, 1783, 1727, 1666, 1644, 1599, ‘
1564, 1517, 1454, 1379,; H NMR (CD,OD) & 8.23 (1H, m),
7.27 (10H, m), 6.28 (1H, m), 4.84 (1H, m), 4.53 (1H,
m), 4.22 (1H, m), 4.10 (2H, m), 2.96 (2H, m), 2.72 (2H,
15 m), 2.39 (2H, m), 1.21 (3H, m). Anal. Calcd for
'  CpHzoN;0¢. 1.25H,0: C, 63.93, H, 6.03, N, 7.99. Found:
' C, 63.98, H, 5.85, N, 7.86. MS FAB (+) M+ = 504 (M +
1). '

_ 3(S) 3-(3-(2-Acetyl-L-tyrosinyl)amino-6-benzyl-1,2-

20 dihydro-2-oxo-1-pyridyl) acetylamino-4-oxobutanoic acid
(54i), was isolated (79%) as colorless crystals: mp.
193-6°C (decomp.); IR (KBr) 3284, 1644, 1599, 1565,
1519, 1455, 1429, 1407, 1375, 1267, 1251; 'H NMR (d,-

| DMSO/CDC1,) & 8.16 (1H, d, J=7.7), 7.26 (5H, m), 7.03

25 - (2H, 4, J=8.4), 6.61 (2H, d, J=8.4), 6.03 (1H, d,
J=7.7), 4.58 (3K, m), 4.44 (1H, m), 4.13 (1H, m), 3.84
(2H, s), 3.07-2.30 (4H, m). Anal. Calcd for C,H;N,0,.
2H,0: C, 58.19; H, 5.72; N, 9.36. Found: C, 58.11; H,

. 5.63; N, 9.29. MS FAB+ M+ = 563 (M + 1). |

30 - 3(s) 3-(G-Benzyi-l.2-dihydro-2-oxo-3-(2-phenylethhne-
. sulphonyl)amino-1-pydridyl) acetylamino-4-oxobutanoic
~acid (54j), was isolated (85%) as a colorless solid:



- 174 - [err] - 175 - one (48a) (2.5'89, 10. 58mmmol ) and tetrahydrof uran

(100m ) atgg nperature. The m xture was stirred for 1 )
resul ting solgﬁl??l'agﬁ was added to a solution of 2(R) bcTrdsntelf

met hyl -2((trifluoronethane)::5  sul phonyl oxy) propi onate (2.5g, 10.58mmvl e;
Feenstra et al., Tetrahedron Lett., .2§g7pp. 1215-18 (1987)) in '
tetrahydrofuran (5m) at roomtenperature during 10 mns. The m xture was
stirred at roomtenperature for '

mp. 102-5°C; [&lp® -9.9° (c 0.1, MeOH); IR (KBr) 3452,
3328, 3155, 1719, 1679, 1645, 1594, 1567, 1453, 1425,
1357, 1307, 1225, 1148, 1132; 'H NMR (CD,0D) & 7.52 (1H,
d, J=7.6), 7.33 (10H, m), 6.12 (1H, 4, J=7.6), 4.73

5 (2H, m), 4.58 (1H, d, J=3.7), 4.34 (1H, m), 3.97 (2H,
s), 3.29 (2H, m), 3.08 (2H, m), 2.75-2.37 (2H, m).
Anal. Caled for C,H,N:0,S. 1.7H,0: C, 56.14; H, 5.51;
N, 7.55. FPound: C, 56.20; H, 5.49; N, 7.29. MS FAB+
M+ = 526 (M + 1). :

10  3(S) 3-(6-Benzyl-1,2-dihydro-2-oxo-3-(2-
phenylethoxy) carbonylamino-1-pyridyl) acetylamino-4-
oxobutanoic acid (54k), was isolated (54%) as an off-
white solid: mp. 84-86°C; IR (KBr) 3373-3310, 1787,
1726, 1691, 1649, 1599, 1567, 1517, 1367, 1215; 'H NMR

15 (cp,0D) & 7.93 (1H, bd, J=7.4), 7.37-7.18 (10H, m), 6.15
(1H, d, J=7.4), 4.77 (1H, 4, J=3.7), 4.67 and 4.58 (2H,
2m), 4.35 (2H, t, J=6.9), 4.35 (1H, w), 3.94 (2H, s),
2.98 (2H, t, J=6.9), 2.76-2.39 (2H, m).

3(S) 3-(6-Benzyl-1l,2-dihydro-2-oxo-3-(4-

20 phenylbutyryl) carbonylamino-1-pyridyl) acetylamino-4-
oxobutanoic acid (541), was isolated (50%) as a white
solid: mp. 89-9_3_"(_2,' IR (KBr) 3369-3302, 1678, 1645,
1594, 1565, 1517, 1379, 1258; H NMR (d,-methanol) &
8.25_(11-1, 4, J=7.6), 7.37-7.18 (10H, m), 6.15 (1H, 4,

25 J=7.4), 4.74 (2H, m), 4.60 (1H, m), 4.30 (1H, m), 3.97
(2H, s), 2.76-2.37 (2H, m), 2.67 (2H, t), 2.45 (2H, t),
1.98 (2H, m). Anal. Calcd for CpH,Ni0s. 1.5H,0: C,
63.39; H, 6.08; N, 7.92. Found C: 63.69; H, 5.74; N,
7.83. '



80 mns then poured into ethyl acetate. The m xture 10 was washed tw ce
with IMHCl, twice with aqueous sodi um bi carbonate then brine. It was dried
[err] WP WBFWENt r at ed. The residue was purified by flasRCERSEHESEr aphy
(30% et hyl acetate/ hexane) to afford 2.945g (84% of a colorless solid: :
[err]; [err] 15 71.36 (c 2.5, [err]); IR (KBr) 3370, 1764, 1729, 1648,
1602, 1564, 1523, 1515, 1503, 14492 59 1203, 1064; [err] 176 -
(MySO4), decolourized with charcoal and concentrated. The re5|due was
purlfled by chromat ography (2-5% et hyl acetate/dichl oronethane) to afford
7.29 (81% of colorless crystals: np. [err]; IR (KBr§ 3375, 1753,

e — NS

Ry R2 Rsy

a)rmcnro;i\ | H :

®) Ph-CRZ-CEzl" -CH2-Ph : §

t-Butyl N-2-(3-benzyloxycarbonylamino-1,2-dihydro-2-
oxo-1- pyridyl)acetyl-3-amino-5-(2,6-dichloro- '
benzoyloxy) -4-oxo-pentancate (56a). The acetic acid
(55a) (WO 93 21213) in THF (2ml) was stirred at room
5 temperature and treated with 1-hydroxybenzotriazole
(60mg, 0.448mmol) and dimethylaminopropyl-3-
ethylcarbodiimide hydrochloride (47mg, 0.246mmol).
After 5 mins water (2 drops) was added and stirring
continued for 20 minutes. Bis (triphenylphosphine)
10 palladium II chloride (6mg) was added followed by a
solution of t-butyl 3-(allyloxycarbonylamino)-4-oxo-5-
(2, 6-dichlorobenzoyl -okxy) pentanoate (WO 93 16710)
' (103mg, 0.224mmol) in THF (1ml). Tributyltin hydride
(0.09ml1, O. 336mmol) was added dropwise over 1 hour at
- 15 room temperature. The mixture was stirred for a
further 3 hours and poured onto ethyl acetate, washed
with 1M HC1, aquecus NaHCO,;, brine, dried over MgSO, and
concentrated in vacuo. The residue was triturated with
pentane and the supernatant discarded. The remaining
20 solid was purified by flash chromatography (50% ethyl
acetate/hexane) to afford the title compound 92mg (63%)



5 1730, 1651, 1605, 1513, 1384, 1223, 1185, 1071; [err] [err] The
f

ol | ow ng“;bcyg%%gds were prepared in a simlar 10 mnneﬁéﬂbgﬁ&sn'

[err]

10

15

[err]

- 199 -

as a colorless oil: [alp®® -29.6° (¢ 1.1, CH,Cl,;); IR
(film) 3377, 3365, 3332, 3312, 1733, 1691, 1650, 1599,
1515, 1366, 1261, 1153, 1068, 747; 'H NMR (CDCl,) & 6.09
(1H, d, J = 6.8), 7.84 (1H, s), 7.58 (1H, d, J = 8.3),
7.33 (8H, m), 7.02 (1H, dd, J = 6.9, 1.7), 6.33 (1H, t,
J=17.2), 5.20 (2H, s), 5.12 (2H, m), 4.89 (1H, dt),
4.65 (2H, m), 2.80 (2H, m), 1.38 (9H, s).

t-Butyl N-2-(6-benzyl-l,2-dihydro-2-oxo-3-(3-
phenylpropionyl)amino-1-pyridyl)acetyl-3-amino-5-(2,6-
dichlorobenzyloxy) -4-oxo-pentancate (56b), was prepared
by the method described for (56a) which afforded the
title compound (66%) as a colorless oil: IR (film)
3364, 3313, 1738, 1688, 1648, 1600, 1566, 1514, 1433,
1369, 1254, 1152; H NMR (CDCl,) & 8.40 (1H, d, J 7.6),
8.30 (1H, s), 7.28_(133, m), 6.20 (1K, 4, J = 7.6),
5.12 (2H, q), 4.86 (1H, m), 4.65 (2H, q), 4.06 (2H, s),
3.07-2.61 (6H, m), 1.39 (S9H, s8).

- o, | o | o
‘*NJ;;@%J; :ﬁ - Rzoﬁg?z%
LY

0 R3 o Cl_ . H o Rs
56 | C 57
g ) 3 g
B
(a) PhCHz H H
(o I
N

(b) PhCH,CH; -CHyPh H



- 179 - Methyl [ 3-am no-6-butyl -1, 2-di hydr o-2- oxo-1- pyridyllacetate (50d).
97% as a brown solid: np. 75- [err] - 180 - [err] - 181 - [err] The
fol | ow Wé’??@ﬁ?ﬂ?unds were prepared in a simlar manner: PCI/US95/07617

- 200 -

N-2 (3-Benzyloxycarbonylamino-1,2-dihydro-2-oxo-1- =
pyrid?l)acet?1-3-amino-5-(2,6-dichlorébenzayloxy)-4-
'oxo-pentanoic_acid (57a; Q). The ester (56a) (210mg,
0.356mmol) in dichloromethane (0.5ml) was cooled to 0°C
5 and treated with trifluorocacetic acid (0.5ml), stirred

and warmed to 20°C over 30 minutes. ‘The solution was
evaporated to dryness under reduced_pressure,'-
redissolved in dichloromethane and concentrated (x3).
The residue was triturated with ethyl acetate and

10  diluted with ether to afford the title compound 162mg
(85%) as a colorless solid: m.p. 165-8°C
(decomposition); [alp?® -38.8° (c 0.1, CH,OH); IR (KBr)
3332, 3275, 1723, :|.658',T 1649, 1597, 1581, 1562, 1526,
1432, 1385, 1258, 1218, 1206; H NMR (ds—DMSO.) o 8.96

15 (1H, 4, J = 7.3), 8.34 (1H, s8), 7.85 (1H, dd, J = 7.3),
'7.58 (3H, m), 7.35 (5H, m), 6.29 (1H, t, J = 7.3), 5.26
(2H, m), 5.15 (2H, 8), 4.69 (3H, m), 2.75 (2H, m).
Anal. Calecd. C,7H;3Ni0,Cl,: C, 53.66; H, 3.84; N, 6.95.
Found: C, 53.36; H, 3.90; N, 6.81. M.S. (+ FAB); 604

20 (M + 1), 285, 241, 195, 173, 149, 91.

N-z-(G-Benzyl-l,2-dihydro-2-oxo-3-(3-phenylpropiony1)
amino-l-pyridyl)acetyl-B—amino-S-(2,6-dichlorc-
benzoyloxy) -4-oxo-pentancic acid (57b; P), was prepared
by the method described for 57a which afforded the

25 title compound (78%) as colorless crystals: m.p. 116-

| 120°C (decomposition); [alp?® -41.1° (¢ 0.1, CH,0H); IR

(KBr) 3299, 1739, 1715, 1689, 1666, 1645, .1598, 1563,
1518, 1432, 1209, 1151;_ H NMR (d¢-DMSO) & 9.24 (1H, s),
8.88 (1H, d, J = 7.6), 8.18 (1H, 4, T = 7.7), 7.60 (3H,

30 m),:7.26 (10H, m), 6.06 (1H, 4, J = 7.7), 5.23 (2H,
ABq), 4.69 (3H, m), 3.93 (2H, s), 2.78 (6H, m). Anal.
Caled. for CHyN;0,Cl,. H,0: C, 59.16; H, 4.68; N,
5.91. Found: C, 59.38; H, 4.53; N, 5.84. M.S. (+ FAB);
694, (Cl=35, 37), (M' + 1); 692 (Cl=35, 35), (M + 1).



[err] - 182 - [err] -183- [err] mxture of nethyl _
13- am no- G -1, 2-di hydro- 2- oxo- 1-pyridyl]acetate (10 ).,
Boc- Tyr ( B%B%%?Ds (136ng, 0.367mml ), dinmethylformam de%ﬁ%},sﬁ%zm

di i sopropyl et hyl am ne (0.25m ; 1.468nmml) and 2-(1H
benzotr|azol-l-yI)-l,1,3,3-tetranethybyioniun1hexaf|uorophosphate (118mg,

0. 367mmol ) was kept
. '-;'. ._.:.:' : . . H
H
L H & — Q E;:S:::

COzBu - COzBu

(38, 4R,S) t-Butyl N-(benzyloxycarbonyl)-3-amino-4-(2-
benzoxazolyl) -4-hydroxy-butanocate (59). To a stirred
. solution of benzoxazole (250.2mg, 2.lmmol) in anhydrous
THF (10.5ml) at -78°C under N, was added 2.3M n-butyl
5 - lithium in hexanes (0.96ml, 2.2mmol) dropwise. After
' stirring at -78°C for 20min, dry MgBr,OEt, (594.0mg,
2.3mmol) was added as a solid. The resulting
heterogeneocus mixture was warmed to -45°C and stirred
- for 15min. The reaction mixture was then recooled to -
10  78°C and a solution of aldehyde 58 (Graybill et al.,
Int, J, Peptide Protein Res., 44, pp. 173-182 (1993))
(644.6mg, 2.1lmmol) in THF (10.5ml) was added dropwise.



overnight at roomtenperature. The mxture was diluted 10 with ethyl
-acet at e, twce with 1M hydrochloric acid, twce wth aqueous sodi um
bi car bony g, once with brine, then dried [err] and concenPEFHUSHNOT§ITe
residue was purified by flash chromatography (10% et hyl

acetat e/ di chl oronmet hane) to afford %QJ?San (70% of a 15 colorless oil.
The oil (160ngy, 0.255mmol) was diss d in dichloronmethane (1m) and '

treated with trifluoroacetic acid (1m) at [err] The resulting solution

was al | owed qgﬁjb ri
dryness at [tg‘rhr e Sg{;:d ue fg&\;va%jdligo n%hl%géhg%e t hen
evapor at ed t &G foFsdhggand th%%ﬁ%@‘@ﬂjraé: \mm mmtweefmr nmes. The

resi due vas_dievsol b ireddtiich Mad %\tﬂﬂéhé’d‘%ﬂl?aé@dsﬁ*ﬁhace“c anhydri de
In

0.03m , at [err res m xture was owed to reach room
(25 terrper beﬁ‘i’t?["'*&p‘]tz fOHBS S YRS JemPYed nin vacuo.
5 The resulting aqueous resuiue was extracted four times '

with methylene chloride. The combined extracts were
washed with brine, dried (MgsO,), filtered and reduced
in vacuo to give 880.0mg of crude product. Flash
_ chromatography (45:55 ethyl acgtate/hexane) afforded

10 567.2mg (63%) of the title compound, an oil, as a
mixture of diastereoisomers at C-4. IR (film) 3324, q
2976, 1726, 1517, 1455, 1368, 1243, 1159, 1048, 747;
'H NMR (CDCL,) & 7.71-7.64 (1E, m), 7.52-7.48 (1H, m),
7.37-7.20 (7H, m), 5.91 (1H, brd, J = 9.0), 5.79 (1H,

15 d, J=.9.0), 5.41-4.78 (4H, m), 4.75-4.54 (1H, m),
2.91-2.51 (2H, m), 1.42 (9H, s), 1.37 (9H'.5)'

(35, 4R,S) t-Butyl 3-amino-4- (2-benzoxazolyl) -4-
hydroxybutanocate (60). A solution of the ester 59
(189.0mg, 0.44mmol) in ethanol (5.0ml) was treated with
20 10% Pall;dium on carbon (20.5mg) and stirred under an
atmosphere of H, for 21h. The mixture was filtered
through Celite®, and the solvent was evaporated to
- afford 125.0mg (98%) of crude amine 60 as an oil. This
was used without further purification. 'H NMR (CDCl,)
25 5 7.73-7.64 (1H, m), 7.51-7.42 (1H, m), 7.35-7.22 (2H,
m), 6.48 (3H, brs), 5. 58 (1H, 4, J = 3.0), 5.27 (1H, 4,
J = 6.5), 4.23-4.05 (1H, m), 2.92-2.63 (2H, m), 1.36
(9H, s), 1.33 (9H 8). '

(35, 4R,S) t-Butyl N-(N-benzyloxycarbonyl- (S)-valinyl-
30 (S) -alaninyl) -3-amino-4- (2-benzoxazolyl) -4-
hydroxybutanoate (61). A solution of the amine 60
(261.4mg, 0.89mmol), Z-Val-Ala-OH (286.9mg, 0.89mmol)
~ (prepared by standard peptide synthetic -proéedureé) and



etgyl agetate, masheg twice with 1M hydrochloric acid, twice with aqueous
sodi um bi _ e dried (MgSO4) and concentrated to affor (B86% of
a colorl eg‘;gﬁa&ﬁ R (film 3290, 1751, 1649, 1602, 1568, 152’3?&?%@???&/%]
- 184 - [err] 2-Phenyl et hanesul phonyl chloride (Zhong et al., J. Am Chem
Soc., 113, pp. 2259-63 (1991)) was gdgﬁ toasb stirred m xture of

met hyl [ 3-am no-6-benzyl - 2-oxo-1, 2- dIhydro-1-pyridyl]-acetate (49b) (1.0g,
3.67mmol ), dichloronethane (15m ) and triethylamne (1.0, 7.34muol). The

i xture vas KeplooygtBabebhedcRau g0 A, Colebniea) ks CHEe (M g
at 0°C was treated with l-ethyl-3-[3-(dimethylamino)
propyl] carbodiimide hydrochloride (179.2mg, 0.33mmol).
The reaction was warmed to room temperature and stirred

5 ° for 16h, The reaction was diluted with ethyl acetate
and washed twice with 1M sodium hydrogensulphate, twice
‘with saturated sodium bicarbonate, then water, and
brine. The organic layer was dried (MgSO,), filtered
and reduced in vacuo to afford 494.8mg of crude

10 product. Flash chromatography (95:5 methylene
chloride/methanol) gave 480.9mg (91%) of the title
compound as a yellow solid: mp. 81-83°C; IR (KBr)

3312, 2974, 1723, 1709, 1529, 1455, 1368, 1243, 1156,
747; 'H NMR (CDCly) & 7.79 (0.5H, d, J = 8.0), 7.73-7.20

15 (9.5H, m), 6.15 (1H, t, J = 8.5), 5.74 (0.5H, brd, J =
5.5), 5.45 (1H, brd, J = 7.5), 5.28-5.20 (0.5H, m),
4.82-4.11 (3.5H, m), 4.78-4.55 (1H, m), 4.40-4.22 (1H,
m), 2.95-2.51 (2H, m), 2.12-1.95 (1H, m), 1.45-1.32
(12H, m), 1.11-0.81 (6H, m), °C NMR (CDCl;) & 173.14,

20 172.94, 171.82, 171.03, 170.78, 165.98, 165.45, 157.29,
157.17, 151.23, 151.10, 140.92, 140.82, 136.83, 136.79,
128.91, 128.52, 125.75, 124.97, 120.60, 120.40, 111.38,"
81.82, 8l1.68, 70.27, 68.97, 67;44,'60.43, 50.74, 50.55,
49.18, 49.07, 36.87, 36.57, 32.37, 28.51, 19.88, 19.80.

25 18.53.  Anal. Calcd. for C,;H,NOs. H0: C, 60.57; H,

-6.89; N, 9.11. Found: C, 60.84; H, 6.64; N, 9.09.
M.S. (+ FAB); 597 (M' + 1); 541, 91.

. (38) t-Butyl N-(N-banzyloxycarbonyl-(S)-v;linyl-(s)-
_ alaninyl)-3f;mino-4-(z-bcnzoxazolyl)-4-oxobutanoﬁte
30 (62) . The alcohol 61 (100.3mg, 0.17mmol) was dissolved
in methylene chloride (2.0ml) and Dess-Martin_reagént
(142.6mg,_0.34mmol)-wés added (Ireland et al., J.  Org.
Chem., 58, p. 2899 (1993); Dess et al., J. Org, Chem.,
48, pp. 4155-4156 (1983)). The resulting mixture was



10 twice with aqueous sodi um bi carbonate, three tinmes with 1M
hydrochl oric acid, then brine. It was dried (MgSO4) and concentrated. The
resul ti WO 95@5¥8br own sol i d was purified by flash chronat egrasbsesid et hyl
acetate/ dichloronethane) to afford 1.25g (77% of a pale yellow 15
solid: mp. [err]; IR (KBr) 3181, 1737, 1646, 1595, [err] 185 - 2(9S)
2-[ 1, 2- D hydr o- 2- oxo- 3- ( 3- phenyl pr @04omyl ) am no) - 1-pyridyl]propionic acid
(52a). 1M Sodi um hydroxide (15m , 15mmol) was added to a stirred sol ution
of 2(S) nethyl 2-[1,2-dihydro-2-0x0-3(3- phenylpro |onyl)an1no- 5
1- pyr.dy|]p|s§5rmét£oer523)np2a@§gthp!gm tienag thatireqBon ) at [err]
The m xturegW@araeld &bdifimS thiosulphate: sa;urated sodium
bicarbonate (1:1, 10ml), and ethyl acetate (10ml). The
| resulting organic phase was washed with saturated
5 sodium thiosulphate, saturated sodium- bicarbonate
(1 1), saturated sodium bicarbonate, and brine. The
organic phase was dried (Mgso4). filtered and reduced in
vacuo to give 111.3mg of crude product. Flash.
chromatography (95:5 methylene chloride/methanol)
10 afforded 97.3mg (96%) of the title compound as an oil:
[a]p® -11.74° (c 0.95, CH,Cl,); IR (CH,Cl,) 3419, 2974, (
1721, 1677, 1501, 1369, 1221, 1156; 'H NMR (CDCl;) &
7.89-7.84 (1H, m), 7.73-7.22 (10H, m), 5.98 (1H, &, J =
9.0), 5.72 (1H, m), 5.10 (2H, q, J = 12.5), 4.73 (2H,
15 m), 4.20 (1H, dd,J-7o,35),'3 30 (1H, 44, J = 5.0,
16.5), '3.03 (1H, dd, J = 5.5, 16. 5), 2. 18-1.97 (1H, m),
1.39 (3!-1 d, J=7.0), 1.34 (9H, B_), 0.93 (3H, 4, J =
6.0 ), 0.90 (3H, &, J = 6.0), “C NMR (CDCl,) & 186.46,
172.73, 171.%90, 170.13, 157.17, 156".23,' 151.16, 140.99,
20 '136.99, 129.39, 129.08, 128.66, 12'8.-59:,' 126.49, 123.06,
112.55, 82.73,_67.60, 60.84, 53.75, 49.41, 38.58,
32.05, 28.52, 19.85, 19.32, 18.51. M.S. (+ FAB); 595

(M + 1); 539, 91.

(3S) N- (N-Benzyloxyca:honyl (8) -valinyl- (S) -alaninyl) -
25 3-amino-4- (2-benzoxazolyl) -4-oxcbutanocate (63; Q). _A_
solution of the ester 62 (95.0mg, 0.16mmol) in a 1:1
mixture of methylene chloride and trifluoroacetic acid
(10.0ml) was stirred for 1h under a'dry'atmosphere of
N,. The solution was then reduced in vacuo, taken up in
30 ether and reduced again. This prbcess was repeated six
| times to afford the crude product as an off white
solid. Flash:chfomatography (95:5 methylene
chloride/methanpl) gave 60.0mg (69%) of the title
compound as a white solid. The product existed as a



tenperature for 2h, acidi'fied with.1M hydrochloric acid (15.1nm) and
extracted vmm$B£Mhyl acetate. The extracts were washed w t hpdfrbggrélni ed

(MySO™4)
[err] (1,

and 10
[err]);

1216, 765; [err]

simlar

manner :

concentrated to afford 1.98g (87% of a colorless solid:

| R (KBr) 3301, 1724,-1693, 1637, 1563, 1523, 1453, 1233,

NVR [err] The foH(anusconpounds were prepared in a
[err] - 186 --[err]

mixture of tliree isomers in CD,OD, consisting of the
ketone form (one isomer, c 44%), and its acycloxy ketal
form (two isomers at C-4, c. 56%): m.p. 156-159°C [x]p*®
-45.6° (c 0.13, methanol); IR (KBr) 3440, 2967, 1713,
5- 1703, 1638, 1531, 1427; 'H NMR (CD,OD) & 7.93-7.24 (9H,
m), 5.59 (1H, brt), 5.16-5.00 (2H, m), 5.0-4.78 (1H,
m), 4.50-4.22 (1H, m), 3.95-3.81 (1H, m), 3.11 (2H, 4,

J

= 6.5), 3.05-2.92 (1H, m), 2.70-2.39 (1H, m), 2.08-.

1.89 (1H, m), 1.19-0.78 (9H, m). Anal. Calcd. for

10 C,oHaoN,Os. 0.5H,0: C, 59.22; H, 5.71; N, 10.23. Found:
C, 59.48, H, 5.36, N, 10.17. M.S. (+ FAB); 539 (M +
1), 91. '



- 187 - was prepared by hydrolysis of conpound 51h in aquefrs - fR
tetrah - during 5h ; (959 as a yell ow oi
(fi|n)y§§§%#£§@§4, 1686, 1 1553, 1524, L@ﬁﬂ“%&@ﬁﬂ7[erﬂ
[err] - 188 - [err] 2 : . rated. The residue was
triturated with _ - 206 -

. H _
(+] 0 -
Be CO2%Be
: €7

Agfw\(kiﬁ

(a) R = OCH,, R* = H
(b) R' = H, R* = OCH,

7-Methoxybenzoxazole'(65&). A mixture of 2-nitro-6-
methoxyphenol (2.62g, 15.5mmol) (EP 333176) and 10%
5 Palladium on carbon (130mg) in ethanol (so.ohl) was
stirred under an atmbsphere of H, for 75min. The
mixture was filtered through Celite® then immediately
treated with p-toluenesulphonic acid (32.0mg) and
triethylorthoformate (6.45ml, 38.8mmol) then heated
10 under reflux under an atmosphere of N,. After 20h p-

This Sheet Has Been Reﬂlaced
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pent ane. %ﬁ nlng solid was purified by flash chronat &;2 60%
et hyl aceta érnexane) to afford 1.28g (73% of colorless soli ﬁ ? Br)

1796, 1692, 5 1647, 1595, 1557, 1512, -1119; [err] 9.28, 9. 26 (1H, 2 X
s), 8.77, 8.69 (1H, 2 x d), 8.24, 8.2 o?lH 2 x dd), 7.20 (11H m), 6.31,
6.26 (1H, 2 x t), 5.65 (0.5H, d), 5.46 (0.5H-d), 5.41, 5:28 (lH 2 X Q),

4.7 (2.5H, m, 4.24 (0.5H, t), 3.24 (2H, n), 2.80 (4H, 10 , 1.51, 1.46
(3H, 2 x d)193961ﬁehé9ﬁaﬁaoﬁgepaamas(!@remgoeaﬁaedruat Z&b&tbﬁfdﬁﬁﬂﬂyi
Lerr] ) (6.4 m& )58 meo S ere agdeédroA%tg§oa t %al of 44h

heating, the reaction was allowed to cool and reduced
in vacuo. The resulting residue was purified by flash
5 chromatography.(25:75 ethyl acétatq/hexane) to give

1.97g (85%) of the titlé compound as a yellow solid:

m. p. 28-31°C; IR (fllm) 1629 1497, 1434, 1285, 1097;

'H NMR (CDCl,) 5 8. 09 (1H, s), 7.40 (1H, d, J = 8.0),

7.28 (1H, t, J = 8. 0), 6.89 (1H, d, J=8.0), 4. 02 (3H,
10 s) ; 13C NMR (CDCl;) 6 152 84, 145 82 142.50, 139 99,

125. 75, 113.42, 108. 80 ' 56.97. Anal Caled. for CgH-N,0,.

0.1H,0: C, 63.65; H, 4.81; N, 9.29. PFound: C, 63.43, H,

4.88, N, 9.05. M.S. (+ FAB); 150 (M + 1).

4-Hcthoxyb§nioxizolé (65b). To a suspension of 4-

1s hydroxybenzoxazole'(2,00;}'14.8mm01) (Musser et al., J.
Med. Chem., 30, pp. 62-67 (1987)) ir acetone (80.0ml)
was added dried K,CO; (2.25g, 16.3mmol) followed by
iodomethane (1.38ml, 22.2mmol) . The reaction was
heated under reflux under N, for 4.5h, then filtered and

20 reduced in vacuo to afford the crude product The

~ resulting residue was purlfzed by flash chromatography

(25:75 ethyl acetate/hexane) to give 2.0g (91%) of the
title compound as a white crystalline solid: m.p. 72-
74°C; IR (KBr) 3089, 1619, 1615, 1503 1496, 1322,

25 1275, 1090, 1071, 780, 741, 'H NMR (CDCl;) & 8.02 (1H,
s), 7.32 (1H, t, J = 8.0), 7.18 (1H, 4, J= B.0), 6.81
(1H, 4, J = 8.0), 4.04 (3H, s). Anal. Caled. for
CeH.NO,: C, 64.42; H, 4.73; N, 9.39. Found: C, 64.40;
H, 4.84; N, 9. 31, m/z (EI) 149 (M + 1 100%) .

30 (35, 4R,5) t-Butyl N- (allyloxycarbonyl) -3-amino-4-
hydroxy-4-(2- (7-mnthoxybenzoxazoly1))butanoate (66a) .
To a stirred solut;on of 7-methoxybenzoxazole 65a
(548.6mg, 3.68mmol) in anhydrous THE (18.5ml) at -78°C



phenyl propi onyl ) am no- 1-pyri dyl |- N (2-benzyl oxy- 5-

oxot et r aFyspkspgan- 3- vl ) acet am de (53d), was obtai ned (740&"{@%83 xture of
anonmers: IR (KBr) 3300, 1791, 5 1689, 1645, 1597, 1566

1454, 1417, 1378; [err]8.38 (1H d, J = 7.7), 8.13 (1H s), 7.30 (10H nm,
6.18 (1H, t), 5.47 (0.5H d, J —523 5.43 (0.5H, s), 4.75 (4.5H, m, 4.38
(O.SH m, 3.08- 2.35 (8H, rr), 143(4H m, 0.95 (3H, t). [err] - 191 -
anoners: IR (KBr) 3336, 3290, 1791, 1691, 1646, 1595, 1582, 1556, 1518,

1454, 1376, igider Jhi25@aslaaaed[ Qar.’5leM n-butyl 11th:|.um in hexanes
| (2.47m1, 3. BSmmol) dropw:.se, to produce a yellow |
colored solut:.on. After stirr:.ng at 7s°c for 20 min,
dry MgBrzoEtz (1. 0459, 4.05mmol) was added as a solid.

5 The result:.ng heterogeneous mixture was warmed to -45°C
and stirred for 15min The reaction mixture was then
recooled to -78°C-and a solution of (S)-Alloc-Asp(t-
Bu)H™® (946. 4mg, 3.68mmol) in THF (18.5ml) was added
dropwise. 'I'he react:Lon was stirred at -78°C for 30min,

10 warmed to 0° C and st:.rred for 1h The resulting

. homogeneous reaction was warmed to room temperature and ‘
stirred for 16h. The reaction was quenched with 5%
sodium b:.carbonate (3.5ml) then THF was removed in

-~ vacuo. The result:.ng aqueous residue was extracted
15 with methylene chloride (xS ). The comb:.ned extracts
were washed with br:.ne, dried (Mgso.) , filtered and
reduced in vacuo to give 1.8g of.__c_rude_ product. Flash
chromatography (4‘_0:60 ethyl acetate/hexane), gave 1.21g
- (81%) of the title compound, an oil, as a mixture of
20 dJ.astereo:.somers at C-4: IR (CH,Cl,) 3425, 2983, 1725,
1504, 1250, 1157 1101,' 11-1 NMR (CDCl,) 6 7. 35 7.19 (2H,
m), 6. 89-6. 81 (IH, ‘m), 6. 00 5.57 (2H, m). 5.32-5.05
(3B, m), 4 .68 -4, 3_5. (3H, m),_4 01 (3_I-I, s). 2.86-2.59%9
(2H, m), 1.45 (9H, s), 1.41 (9K, 8); “C NMR (CDCl,) &
25 171.18__, ]_.71.0_9,._ 165_._80, 165.30, 156.71, 156.60, 145.65,
142.76, 142.71, 140.82, 140.72, 133.23, 125.81, 125.72,
118.41, 118.21, _113.07; 112.87, le_;_SS, 82.16, 70.28,
' 69.98, 66.52, 66.39, 57.03, 52.57, 52.29, 37.83, 36.86,
28.65. Anal. Calcd. for ChHuN,0;,. 0.6H,0: C, 57.57; H,
30 6.57; N, 6.72. Found: C, 57.49, H, 6.34, N, 6.60. M.S.
(+ FAB); 407 (M’ + 1); 351, 307, 154.

(3.9, 4R,S) t-Butyl N- (allyloxyoarbonyl) -3- amino-4-
hydroxy-4-(2- (4-mthoxybenzoxazoly1))butanoate (66b),
was prepared according to the method described for 66a



- 192 - N(3(S)) 2-[6-Benzyl -1, 2-di hydr o- 2- oxo- 3- ( 2- :
phenyl et hawaeesdsggsonyl ) ami no- 1- pyri dyl ] - N-(2- benzyl oxy- PCT/US95/07617

5- oxot et rahydrof uran-3-yl)acetam de (53j), was obtained (78% as a m xture
of anoners: IR (KBr) 3344,:1792, 5 1691, 1647, 1599, 1566, 1454, 1365,
1150, 1121, 973; [err] - 193 - [er2(08 - - 194 -

which afforded 1.29g (26%, 68% based on recovered

starting material) of the title compound as an oil and

as a mixture of diastereoisomers at C-4: IR (CH,Cl;)

3400, 1725, 1625, 1505, 1369, 1354, 1281, 1263, 1226,
5 1158, 1092, 1048; 'H NMR (CDCl;) & 7.34-7.24 (1K, m),

7.16 (1H, d, J = 8.2), 6.79 (1H, 4, J = 7.9), 6.00-5.50

(2H, m), 5.30-5.05 (3H, m), 4.70-4.35 (4H, m), 4.02

(3H, 8), 2.90-2.45 (2H, m), 1.45-1.41 (SH, 2 x 8).

- Anal. Calecd. for C,oH;¢N;0.. '0.‘=4H20': C, 58.07; H, 6.53;

10 N, 6.77. Found: C, 58.09; H, 6.41; N, 6.63. M.S.

(+ FAB); 407 (M' + 1, 88%); 351 (100).

(3S, 4R,S) t-Butyl N-(N-acetyl-(S)-(O-tert-butyl-
tyrosinyl) - (S) -valinyl- (S) ~alaninyl) -3 -amino-4-hydroxy-
4-(2- (7-methoxybenzoxazolyl) )butancate (67a). To a

15 = stirred solution of the benzoxazole 66a (481.95mg,
1.19mmol) and Ac-Tyr{*Bu)-Val-Ala-OH (586.3mg, 1.30mmol)
in methylene chloride (3.5ml) and DMF (3.5ml) was added
bis(triphenylphosphine) palladium (II) chloride
(18.0mg), followed by tributyltinhydride (0.80ml,

20 2.96mmol) dropwise. Hydroxybenzotriazole (320.4mg,
2.37mmol) was added and the mixture cooled to 0°C. 1-
Ethyl-3-[3- (dimethylamino) propyl] carbodiimide
hydrochloride (278.2mg, 1.42mmol) was added and the
mixture was allowed to warm to room temperature and

25 - stirred for 16.5h. The reaction was diluted with ethyl
acetate and washed twice with 1M sodium

- hydrogensulphate, twice with saturated sodium
bicarbonate, water, and brine. The organic layer was
dried (MgsSO,), filtered and reduced in vacuo to yield

30 2.0y of crude product. . Flash chromatography (95:5

~  methylene chloride/methanocl) gave 844.0mg (94%) of the
title compound as a white solid: m.p. 205°C; IR (KBr)
3399, 3304, 2977, 1729, 1643, 1566, 1367, 1290, 1161;
'H NMR (d,-DMSO) & 8.24-7.78 (4K, w), 7.43-7.32 (2K, m),



and concentrated. The residual oil triturated with a nixture of met hano

and et hewotogsgdpgord 916ngy (87% of colorless crystals: c#ﬁﬁ&#nsghe
follow-ng conpounds were prepared in a simlar manner: [err Yos -
[err] - 196 - (KBr) 3352, 3314, 1719, 1700, 1668, 1649, 1600, 1559,
1514, 1379, 1261; [err] .- 210 -

7.23 (2H, d, J = 8.5), 7.16-7.07 (1H, m), 6.93 (2H, d,
J = 8.5), 6.52, 6.40 (1H, 2 x d, J = 5.5, J= 5.0),
5.03, 4.78-4.49, 4.45-4.16 (5H, brt, 2 x m), 4.05, 4.04
(3H, 2 x ), 3.08-2.35 (14H, m), 2.11-1.89 (1H, m),

5 1.83 (3H, s), 1.49-1.32, 1.15, 1.0-0:81 (27H, s, 2 x m,
J = 7.0); *C NMR (d,-DMSO) 5 175.55, 175.18, 173.88,
173.75, 173.05, 169.23, 157.28, 148.55, 146.16, 143.21,
136.63, 133.55, 128.87, 127.17, 115.78, 111.92, 84.02,
81.50, 71.40, 61.15, 60.05, 57.79, 53.39, 51.62, 43.76,

10 40.52, 34.58, 32.52, 31.60, 26.35, 23.11, 22.71, 21.76.
Anal. Calcd. for CyHssNsOjp. O0.5H,0: C, 61.40; H, 7.40;
N, 9.18. Pound: C, 61.43; H, 7.31; N, 9.07. M.S.
(+ FAB); 754 (M" + 1); 698, 338, 267.

(35, 4R,S) t-Butyl N- (N-acetyl- (8)-(O-tert-butyl-

15 - tyrosinyl) - (S) -valinyl- (8) -alaninyl) -3-amino-4-hydroxy-
4-(2- (4-methoxybenzoxazolyl) )butancate (67b), was
prepared according to the method described for 67a
which afforded 1.05g (94%) of the title compound as a
fine white powder: m.p. 210-213°C (dec); IR (KBr) 3284,

20 2977, 1736, 1691, 1632, 1536, 1505, 1452, 1392, 1367,
1258, 1236, 1161, 1091; 'H NMR (d;-DMSO) & 8.20-7.75
(4H, m), 7.40-7.10 (4H, m), 7.00-6.80 (3H, m), 6.45,
6.34 (1H, 2 xd, J=5.3, J=5.0), 5.00-4.10 (5H, m),
4.00, 3.99 (3H, 2 x 8), 3.00-2.25 (4H, m), 1.95 (1H,

25 m), 1.78 (3H, s), 1.39-0.80 (27H, m). Anal. Calcd. for
CigHssNsOyo. 0.5H,0: C, 61.40; H, 7.40; N, 9.18. Found: C,
61.58; H, 7.38; N, 8.91. M.S. (+ FAB); 754 (M + 1,
30%); 72 (100).

_ _ (350 t-Butyl N-(N-acetyl-(S)- (O-tert-butyl-tyroainyl)-
30 (S8) -valinyl-(S)-alaninyl) -3-amino-4- (2-(7-

methoxybenzoxazolyl) ) -4-oxobutanocate (68a). The Dess-

Martin reagent (1.082g, 2.55mmol) (Ireland et al., JI.

org. Chem., 58, p. 2899 (1993); Dess et al., J. Org.



[err] -

197 - [err] - 198 - [err] - 199 - [err]
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Chem., 48, pp. 4155-4156 (1983)) was added to a stirred
suspension of the alcohol 67a (641 Omg, 0.85mmol) in
methylene chloride (46.0ml). The resulting mixture was
stirred for 1ih before being partltloned between
saturated scdium thlosulphate. saturated sodium
bicarboriate (1:1, 86.0ml) and ethyl acetate (86.0ml).
The resultant organic phase was washed in turn with
saturated sodium thiosulphate: saturated sodium
bicarbonate (1:1), saturated sodium bicarbonate, and

~brine. The organlc phase was dried (MgSOJ, filtered

and reduced in vacuo to glve 660. Omg of crude product.
Flash chromatography (94:6 methylene chloride/methanol)
gave 636.0mg (100%) of the title compound as a white

'solid: m.p. 209°C; [alp?* -21. 8° (c 0.16, methanol); IR

(KBr) 3395, 3294, 2977, 1722, 1641, 1535, 1505, 1161;
'Y NMR (CDC1l,) 5 8.43-8.16 (1H, m), 7.97-7.62 (2H, m),
7.49-7.14 (3H, m), 7.08-6.95 (3H, m), 6.89-6.73 (2H,
m), 5.81-5.68 (1H, m), 5.16-4.86 (2H, m), 4.53 (1H,
brt), 4.03 (3H, s), 3.16-2.84 (4H, m), 2.11-1.84 (4H,
m), 1.46-1.14 (21H, m), 0.92-0.78 (6H, m); °C NMR
(cpcl,) & 186.28, 173.39, 171.90, 171.19, 171.03,
169.89, 156.43, 154.75, 146.32, 142.88, 140.98, 132.31,

'130.54, 126.98, 124.73, 114.95, 111.42, 82.44, 78.71,

58.92, 57.20, 54.91, 53.47, 48.77, 39.43, 38.15, 32.79,

29.44, 28.60, 23.55, 20.27, 19.70, 19.34. M.S.

(+ FAB); 752 (M' + 1); 696, 336, 265.

(35) t-Butyl N-(N-acetyl (8) - (0) - tert-butyl tyrosinyl) -
(S)-valinyl (8) -alaninyl) -3-amino-4- (2- (4-
methoxybenzoxazolyl)) -4-oxobutancate (Gab), was
prepared according to the method descrlbed for the
ketone 68a which afforded 420mg (55%) of the title
compound as a white solid: m.p. 211-213°C (dec); [alp*

- -23.9° (c 0.82, methanol); IR (KBr) 3277, 3075, 1723,

1690, 1632, 1530, 1506, 1392, 1366, 1269, 1234, 1160,



- 200 - [err] - 201, - benzoxazol yl)-4-hydxoxy-butanoate (59). To a
stirred solution of benzoxazole (250.2ng, 2.1nmmol) in anhydrous THF

(.10. 5m Wa9SBE08] under N2 was added 2.3M n-butyl 5 | | p&T/USISIOT6ITEX Anes
(0.96m, 2.2mol) dropwise. After stirring at [err] for 20mn, dry [err]
(594.0ng, 2.3mvol) was added as a solid. The resulting heterogeneous

m xture was warned to [err] and stird3&d for 15nmi n. The reaction mxture was
.then recooled to - 10 [err] and a solution of aldehyde 58 (Graybill et

?l Y 1094; H NMR (CDCl,) & 8.15 (1H, brs), 7.7 (2H, brs),
7.46 (1H, t, J = 8.3), 7.24 (2H, d, J = 8.3), 7.10 (1H,
brs), 7.03 (2H, 4, J = 8.3), 6. 83 (3H, m), 5.74 (1H, q,
J = 6.9), 5.00 (2H, m), 4.51 (1H, t, J = 7.0), 4.07
5  (3H, s), 3.20-2.95 (4K, m), 2.00 (4H, m), 1.42 (3H, d,
J =6.8), 1.35 (9H, s), 1.23 (9H, s), 0.86 (6H, d, J =
6.7). M.S. (+ FAB); 752 (M' + 1, 7%)7 72 (100).

(35) N- (N-Acetyl- (8) 'tyros'inyl' I(s) -valinyl-(S)-
alaninyl) -3- a:n:l.no-4 (2- (7-nothoxybenzoxazoly1))-4-

10 oxobutancate (693; R). A solut:.on of the ester 68a : '
(600.0mg, O. 80mmol) in a 1: 1 m1xture of methylene
chloride and trifluoroacet:l.c acid (65.0ml) was stirred
for 1ih under a dry atmosphere of N,. The solution was
then. reduced J.n vacuo, taken up 1n ether and reduced

15 again. Th:.s proceso was repeated six times to afford
the crude product as an off white solid. Flash
'chromatography (grad:l.ent 95:5 to 80: 20 methylene
chlorlde/methanol) gave 420. 8mg (83%) of the title
compound as a hygroscop:Lc white sol:l.d The product

20 ex:.sted as a mixture of three isomers in CD,0D,
cons;st:.ng of the keto form (c 50%), and its acycloxy
keto form (two isomers at C- -4, ¢ 50%): m.p. decomposes
above 150°C; [a]p?-33.2° (¢ 0.17, methanol); IR (KBr)
3300, 1715, 1658, 1650, 1531, 1517, 1204; ‘H NMR (CD,OD)

25 5 7.46-7.19 (2H, m), 7.16-6.91 (3H, m), 6.70-6.59 (2H,
m), 5.62-5.49 (1H, m), 5.00-4.72 (1H, cbscurred m),
4.69-4. 51'(11-1, m), 4.49-4.08 (2H, m), 4.05-3. 89 (3H,
m), 3.16- 2 47 (4!-1, m), 2.05-1.78 (4H, m), 1. 41-1.11,
1.05-0.70 (91-1, 2 x m) “Anal. Calcd. for C31H3-,N501°_. _

30  3H0: C, 53.67; H,__s 25; N, 10.10. Found: C, 53.76; H,

' 5.56; N, 10.28. M.S. (+ FAB); 640 (M + 1); 435, 147.



Int. J. Peptide Protein Res., 44, pp. 173-182 (1993)) (644.6ng, 2.1mmol) in
THF (10. 5/WQ9s@ass0&.ndded dr opw se. - 202 - The reaction wagTAIssHRI7 at
[err] for 30min, warmed to [err] for 1h, and then stirred at room
tenperature for 16h. The reaction was quenched with 5% sodi um bi car bonat e
(2.0mM) and the THF was renoved i.n vaeupl3bs- The resul ti ng aqueous

resi due was extracted four tinmes with nethyl ene chloride. The conbi ned
extracts were washed with brine, dried (MgSO), filtered and reduced in
vacuo to give 88038hyteButylioN- (Neacetylr(ahtynesdnydgri8pnyalinyds (8)hyl

acetat e/ hexane) 24 aRifgs) 19-m1§§Z42@s Qﬁ%@}#ﬂ&&b&hmm@m an oil,

as a m xture of |ast eoi soners at
oxobutanocate (69b; 8), was prepared according to the

method described for the acid 69a which afforded the
5  hygroscopic title compound 252mg (96%). The product
_existea as a mixture of three isomers in CD;0D,
consisting of the keto form, and its acycloxy ketal
_ form (two isomers at C-4). The product existed as a
single isomer in d-6 DMSO: m.p. 200-203°C (dec.); [alp®*
10 -38.0° (c 0.23, methanol); ‘IR (KBr) 3289, 2968, 1718,
1713, 1658, 1634, 1548, 1517, 1506, 1461, 1453, 1393,
1369, 1268, 1228, 1174, 1092; 1I-I NMR (d,-DMSO) & 9.20
(1H, brs), 8.71 (1H, d, J = 6.2), 8.10 (2H, m), 7.83
_ (1HdJ=87),761(IH,t,J=82),746(1HdJ
15 = 8.2), 7.08 (3H, m), 6. 65 (2H, 4, J = 8.3), 5 50 (1H,
g, J = 6.5), 4.50 (1H m), 4.37 (1H, m), 4.20 (1H, m),
4.05 (3H, s), 3.09-2.77 (4H, m), 1.94 (1H, wm), 1.79
(3H, s), 1.23 (3H, d, J = 7.0), 0.82 (6H, m). Anal.
Caled. for CyHyNO,. 1.5H,0: C, 55.85; H, 6.05; N,
- 20 10.51. Found: C, 55.21; H, 5.69; N, 10.13. M.S.
(+ FAB); 640 _(M' + 1, 22%); 107 (100).




2976, 1726, 1517, 1455, 1368, 1243, 1159, 1048, 747; [err] - 203 -

hydr oxy lazole (120.3ng, 0.89mmol) in DVF (3.0m) at rr]_was
treatedgﬁ?éﬂhéﬁﬁthyl-3-[3-(dinethykanino) propyl]carbodiﬁ" FWIdchl ori de
(179.2ng, 0.93mmmol ). The reaction was warned to room tenperature and
stirred 5 for 16h, The reaction wag diluted with ethyl acetate and
washed twi ce with 1M sodi um hydrogenSil'phate, twice with saturated sodi um
bi carbonate, then water, and brine. The organic |ayer was dried [err],

filtered and reduced in vaguqg to afford 494.8nmy of crude 10° roduct.
yl ene ri de/ met hanol ) gav?/gygmgng (91%.

Fl ash chr omat ogr aphy,.(95:
of the title /t\
. ) '

N

3S) t-Butyl N-(allyloxycarbonyl)-3-amino-4-oxo-5-(1,2-
dioxo-2-phenylethyloxy) -pentancate (80). Potassium
fluoride (792mg, 13.6mmol) and then benzoyl formic acid
(1.02g, 6.82mmol) were added to a stirred solution of
10 (35) t-butyl N-(allyloxycarbonyl) -3-amino-5-bromo-4-
oxo-pentanoate (WO 93 16710) (2.17g, 6.20mmol) in
dimethylformamide (30ml). The mixture was stirred for
140 mins, quenched with water (50ml) and extracted with



conpound as a yellow solid: np. [err]; IR (KBr) 3312, 2974, 1723, 1709,

1529, 1455W0P88%081243, 1156, [err] (3S) t-Butyl PCT/US95/07617
N- ( N- benzyl oxycar bonyl - (S)-val i nyl -(S) -
al ani nyl ) - 3- am no- 4- (2- benzoxazol yl ) - 4- oxobut anoate 30 (62). The

al cohol 61 (100.3ng, 0.17nmmol) was di ss@lBed i n nethyl ene chloride (2.0n1)
and Dess-Mirtin reagent (142.6ng, 0.34mol) was added (lreland et al., J
Org. Chem, 58, p. 2899 (1993); Dess et al., J. Og. Chem, 48, pp.

4155- 4156 (1983) pthiie acetate g m Bomld .waThe conmmed QUGANE f or 22ni n

and then part'“@?&‘i‘é&@s"‘%&é@fé&ﬁdﬁ@r %qwaaéxh'asu& HUMES S ek
sodi um bi car bonateogn ). %my) were dz:[::.@g (%4%%06}3 anc} o:%centrated to
- afford an oil which was purified by flash
5 chromatography (20-45% ethyl.acetaté in hexane) to
afford 2.44g (94%) of a colorless oil: [al,®® -35.0° (c
'1.41, CHCl,); IR (film) 3359, 2981, 2938, 1752, 1740,
1726, 1712, 1512, 1369; 1285, 1177, 1053, 991, 939,
688; 'H NMR (CDCl,) & 8.15 (2H, m), 7.66 (1H, m), 7.53
10 (2H, m), 5.90 (2H, m), 5.33 (2H, m), 5.31 (1H, 4, J =
16.9), 5.18 (1H, d, J = 16.9), 4.63 (3H, m), 3.03 (1H,
dd, J = 17.3, 4.6), 2. 74 (1H, 44, J = 17.3, 4. 9), 1.44
(9H, s). MS (C.I.) 420 (M* + 1 20%); 364 (100)

(35) t-Butyl N-(allylaxycarbonyl)-3-amino-5-hydroxy-4-

15  oxo-pentancate (81). A mixture of the ester 80 (2.40g,
5.71mmol), tetrahydrofuran (200ml) and 1M aqueous
potassium bicarbonate (200ml) was vigorously stirred at
room temperature for 18h. The layers were separated
and the aqueous portion extracted with ethyl acetate

20 (100ml). The combined organic extracts were washed
with brine (100ml), dried (MgSO,) and concentrated. The
residue was purified by flash chromatography (10-60%
ethyl acetate in hexane) to afford 1.48g (90%) of pale
yellow oil: [al,®® -5.9° (c 1.06, CH,Cl,); IR (film)

25 3345, 2981, 2936, 1739, 1725, 1712, 1692, 1515, 1368,

1259, 1158, 1051; 'H NMR- (CDCl,;) 3 5.92 (2H, m), 5.30
(2H, m), 4.36-4.69 (5H, m), 3.05 (1H, 44, J = 17.4,
4.3), 2.93 (1H, t), 2.70 (1H, 44, J = 17.4, 4.9), 1.43
(SH, s). Anal. Calecd for C,¢H;N;0c. 0.25H,0: C, 53.51;

30 H, 7.43; N, 4.80. Found: C, 53.61; H, 7.18; N, 4.71.
MS (C.I.) 280 (M' + 1, 87%); 232 (100). -



resulting organi ¢ phase was washed with saturated 5 sodi um t hi osul phat e,

“sat ur at ;gﬂbagmbicarbonate (1:1), saturated sodiun1bic§g%@@§%ﬁ? gnd

bri ne. e organi c phase was dried [err], filtered and vacuo to
give 111.3ng of crude product. Flash chromatography (95:5 nethyl ene
chl ori de/ met hanol ) 10 af forded 97. (96% of the title conpound as an
oil: [err] (3S) N-(N-Benzyl oxycarbonyl-(S)-valinyl-(S)-alaninyl)- 25

3-am no-4-(2- benzoxazolyl) 4- oxobut anoate (63; Q. A solution of the ester

62 (95.0ng, O.dHeymi) N- {aliyiskfoiboRyly L $0gmehbosL e, 80d
trifluoroacetig, acid Bﬁ%?fi éa éystlr ed ?%* {h under 28g8y ahnnsphere of

N2. The soIanﬁﬁP¥&E9ﬂhﬁﬂV} h-4=0%0 PeakaRCRFe| et her and
reduced agai n.stibhted mitcanse WO abpolsdEd8Ei X1t44@s 500ahholdl,t Beeer ude

product as an pf [y Wl hGerf %odd @SN (R NRE OFE 2R1Y, (32 anlR! hKbEne
5 PP. 1605-1607 (1936)) (4.31g, 15.0mmol), silver oxide
(2. 329, 10.0mmol) and dichloromethane (25ml) was heated
under reflux for 45h. The mixture was allowed to cool
to room temperature then diluted with water (50ml) then
extracted with ethyl acetate (S50ml, 25ml). The organic
10 layer was washed with water (50ml) then brine (50ml),
dried (MgSO,), and concentrated. The residue was
purifed by flash chromatography (10-100% ethyl acetate ‘
in hexane) to afford 1.65g (74%) of a colorless oil:
[a)p?® +8.8° (c 1.13, CH,Cl,); IR (film) 3339, 2980,
15 2935, 1724, 1712, 1503, 1438, 1368, 1246, 1156, 1106,
770; ‘H NMR (CDCl,) & 7.33 (2H, m), 7.22 (1H, dd), 5.92
" (2H, m), 5.28 (2H, m), 4.87 (2H, m), 4.67 (1H, m), 4.58
- (2H, br d), 4.56 (1H, 4, J ='16.9), 4.31 (1H, d, J =
16.9), 3.04 (IH, dd, J = 16.7, 4.5), 2.77 (1H, dd, J =
20 16.7, 4.9), 1.40 (9H, s). Anal. Calecd. for CaoH5C1N106 -
0.25H,0: C, 53.28; H, 5.70; N, 3.11. Found: C, 53.15;
H, 5.52; N, 2.98. M.S. (C.I.); 446 (M, 27%); 390
(100). - ' '

(3R, S) t-Butyl R-[Néphenylmathyloxyearbonylvilaninyl-
25 alaninyl]-3&imino-5-(2.6-dichlorophenylﬂethyloxy)-4-

- oxo-pentanoate (83a). 1-(3-Dimethylamino-propyl)-3-
ethylcarbodiimide hydrochloride (379g, 1.98mmol) and 1-
hydroxybenzotriazole (486mg, 3.60mmol) were added to a
stirred solution of N-phenyl -methyloxycarbonylvalinyl-

30 alanine (637mg, 1.98mmol) in tetrahydrofuran (40ml) and
water (1ml). The mixture was stirred for 15mins and
then the ether 82 (802mg, 1.80mmol) and bis(triphenyl-
phosphine)palladium (II) chloride (ca 5m§) were added.




chl ori de/ met hanol ) gave 60.0ng (69% of the title conpound as a white

solid. THEOP¥¥JORt existed as a - 205 - mixture of thr @TVGSIHNOT6L7 i n
[err], consisting of the ketone form (one isomer, c 44%, and its acycl oxy
ketal form (two isonmers at G4, c. 56%: mp. [err] [err] (c 0.13,

met hanol ); IR (KBr) 3440, 2967 1713,-5217 -1703, 1638, 1531, 1427; .[err]
7.93-7.24 (9H, m, 5.59 (1H brt) 5.16-5.00 (2H, m, 5.0-4.78 (1H m,
90,122 U s sti bl e, 356 8 4. sy BeRigheR I
for [err] added dropwise during 20mins and the resulting solution
was stirred for 3.75h ‘and then quenched with 1M
hydrochloric acid (50ml). 'The mixture was extracted
5 tw1ce with ethyl acetate. The combined organlc
extracts were washed with 1M hydrochlorlc acid, twice
- with aqueous sodzum blcarbonate, water and then brine,
dried (Mgson and concentrated The residue was
purified by flash_chromatography {10-30% ethyl acetate
10 - dichloromethane) to afford 941lmg (79%) of pale yellow
solid: m.p. 148f52‘c; IR (KBr) 3287, 3070, 1730, 1691,
1641, 1536, 1369, 1289, 1247, 1156; 'H NMR (CDCl,) &
7.33 (8H, m), 7. 23 (1H, dd), 6.61 (1H, br, d), 5.42
(1H, br, d), 5.11 (2H, s), 4.85 (3H, m), 4.50 (1H, m),
15  4.40 (1H, d, J = 16.9), 4.26 (1H, d, J = 16.9), 4.02
' (1H, m), 2.99 (1H, 4d, J = 16.8, 4.7), 2.73 (1H, dd, J
= 16.8, 5.0), 2.09 (1H, m), 1.37 (i2H, m), 0.96 (3H, d,
J=6.9), 0.91 (3H, d, J = 6.8). Anal. Caled. for
Ca2HuCl,N:0p. 0.25H,0: C, 57.25; H, 6.23; Cl, 10.57; N,

20 6.26. Found: C, 57.18; H, 6.23; Cl, 10.58; N, 5.95.
M.S. (+ FAB); 667 (M' 1, 1%); 666 (3), 159 (25), 91
(100) . |

(3R,S) t-Butyl N-[(N-acetyl -0-t-butyltyrosinyl) -
valaninyl-alaninyl] -3-amino-5-(2,6-

25 dichlorophenylmethyloxy)-4-oxo-pentanoate (83b), was
prepared by the method descr;bed for 83a to afford
S54mg (64%) of colorless solid: m.p. 184- 6°C; IR (KBr)
3282, 3075, 1736, 1690 1633 1536, 1508, 1366 1236,
1161; 'H NMR (d,-DMSO) & 8.49 (1H, d), 8.14 (1H, d),

30 8.08 (1H, d), 7.84 (1H, d), 7.43 (3H, m), 7.14 (2H, d),

6.83 (2H, d), 4.71 (2H, s), 4.51 (2H, m), 4.36 (2H,
ad), 4.17 (2E, m), 2.93 (1H, m), 2.73 (1H, m), 1.94
(1H, m), 1.74 (3H, 8), 1.37 (9§, s), 1.23 (12H, m),



- 206 - [err] nethoxyphenol (2.62g, 15.5mmwl) (EP 333176) gnd éO@bS
Palladl bon (130ng) in ethanol (50.0mM) was stirred under an

at nospheregg,f)&ﬂé for 75min. The mixture was filtered throPGHUB®YUT$1% hen
"immedi ately treated with p-tol uenesul phoni.c acid (32.0ng) and
triethylorthoformate (6.45m, 38.8ngn5i then heated 10 under ref |ux under
an atnosphere of N2. After  20h p- 507 - tol uenesul phonic acid (30.0ny)
and triethylorthoformate (6.45n, 38.8mml) were added. After a total of

44h  0.83 (6H, m). M.S. (+ FAB); 793 (M 1, 4%); 737 (5),
| 681 (1), 178 (40), 159 (45), 136 (100), 107 (40). M.S.
(- FAB); 792 (20), 791 (40), 447 (100).

(R,S) N-[N-(Phenylmethyloxy)carbonyl-valinyl-alaninyl]-

5 3-amino-5- (2", 6 -dichloro’phenylhethjrio’i:y) -4-oxo-pentanocic
acid (B4a; ¥). Trifluoroacetic acid (5ml) was added to
a stirred solution of the ester 83a, (918mg, 1.38mmol)
in dichloremethane (20ml). The "mi:étﬁre was stirred for
2.5h then evapo'ratied to dryness. ' The residue was

10 treated with ether (25ml) and evaporated to dryness. ‘

This procedure was repeated three times. The resulting
product was triturated with ether (10ml) and then dried
to afford 730mg (87%) of l:l.ght brown powder: m. p. 156-
60°C; IR (KBr) 3282, 2965, 1702, 1694 1642, 1536,

15 1438, 1246, 1230; 11-1 NMR (de-DMSO) & 8.48 (1H, d), 8.09
(1H, 4), 7.47 (SH, m), 5.02 (2H, s), 4.70 (2H, s), 4.49
(1H, m), 4,37 (2H, dd), 4.27 (1R, m), 3.88 (1H, m),
2.75 (1H, 44), 2154 (1H, dﬂ),'l 96 (1H, m), 1.19 (3H,

_ s), 0.84 (6H, m). Anal. Calcd. for C2,H33c12N303 0.5H,0:

20 C, 54.27; H, 5.53; C1, 11. 45; N 6 78. Found: C,
54.49; H, 5.39; Cl, 11.33; N, 6.73. M.S. (+ FAB)} 610
(M" 1, 10%); 91 (100),

(R,S) N-I[N-(Acetyl) tﬁosinfl-ira’liﬁyiQalnninyi] 3-amino-
5-(2,6- dichlerophenylmethyloxy) -i-oxo-pentanoic acid
25 (84b; ¥), was obtained as a colorless powder (95%) by
the method used for 84a. m. p. 165-8°C: IR (KBr) 3295,
_2968, 1733, 1542 1517, 1438, 1231, 110S5; - | NMR (ds
DMSO) 9 2 (1H, br, s), 8.48 (1H, br, 4), 8.14 (1H,
br, 4), 8. 02 (1H, br, 4), 7.81 (1H, br, d), 7.45 (3H,
30 m), 7.02 (2H, d), 6.62 (2H, d), 4.70 (2H, s), 4.12-4.53
(3H, m), 3.60 (3H, m), 2.51-2.92 (4H, m), 1.96 (1H, m),
1.75 (3H, s), 1.21 (3H, d), 0.83 (6H, m). Anal. Calcd.



heating, the reaction was allowed to cool and reduced in vacuo. The

resul ti ngWa%¥33308 was purified by flash 5 chr omat ogr aphPCrABIVE6ET hy |
acet at e/ hexane) to give 1.97g (85% of the title conpound as a yell ow
solid: mp. [err]; IR (film. 1629,. 1497, 1434, 1285, 1097; [err]

4- Met hoxybenzoxazol e (65b). To a susp@a8ion of 4- 15 hydr oxybenzoxazol e
(2.00g, 14.8mml) (Musser et al., J. Med. Chem, 30, pp. 62-67 (1987)) in

acetone (80.0m ) was added dried [err] (2.250,.16_3mmol) _foll owed
i odomet hane (1. %9% CadhsGielePy- H:PpeCy e%ét?gﬁ ﬁasshgéﬁeglun&é’r\ﬁéf R?:ux

under N2 for 4.ghpot hepounkt:eredsandaz0n, sr.edycel,i nodyo N,0 &fg=xrd the

crude product. _The resulting resi due S i f] | ash,C t ogr aphy
(25:75 et hyl ac® 8re/ éx§§§9gt8%§i3§ .093€8a96é§£ ?E%Sfiigg géﬁgzund as a
white crystalline FaB)d: 68 {4572- 630 (1003S, 4R S) t-Butyl

N-(al I yl oxycar bonyl ) - 3-am no- 4-

We obtained inhibition constants (K;) and ICq
values for several compounds of this invention using
enzyme assays with UV-visible substrate, fluorescent
substrate, and cell assays as described in Example 2.

10 The following K; and IC,, values were determined for
compounds 22e, 54b, 54j, 54k, 57b, 85, 86, 87, 88, 89,
90, 91, 92, 98, 102a-c, l06a-c, l1l08a-c, 1ll4a, 114b,
115, 121, 125a, 125b, 126, 127, 128, 129, 130, 131,
132a, 132b, 133, 135a, 135b, 136, 137, 138, 139, 140,

15 141, 142, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 155, 156, 157, 158, 159, 160, 161, 162, and
163 using the indicated assayé.' The structures of
compounds 22e, 54b, 54j, 54k, and 57b are shown in

. Example 5. The other compound structures are shown in
20. Example 7.

Assay - -
K, (uM) ICso (M)
25 22e 0.19 >20
54b | 20
545 | 10
54k | 6.6
57b 2.2

30 85 0.0035 9.8



hydr oxy-4- (2- (7-mthoxybenzoxazolyl))butanoate (66a). To a stirred
solutio {eaet hoxybenzoxazol e 65a (548. 6ngy, 3.68mmwl) in anhydrous THF
(18.5m ;Wgtgs sg??] - 208 - under N2 was added 1.56M n- SI5{07¢47um i n
‘hexanes (2.47m , 3.86nmmol) dropw se, to produce a yell ow col ored sol ution.
After stirring at .[err] for 20 m'n,__d%?/ MyBr20Et 2 (1.045g, 4.05mmol) was
.added-as a solid. 5 The resul ting het erogeneous m xture was warned to
[err] and stirred for 15min. The reaction mxture was then recooled to
[err] and a solutiggof (S)-AlppsAsp(t- [err] (946.4np,p3.68mol) in THF
(18.5m ) was .added dropwi se. _The reaction was stirred_at [err] for 30mn,
10 warned to [e#] and stitr®d for 1h. The resul ti?g-0

8e 0.9
89 0.018
5 90 0.42 6.2
91 0.26 = >25
92 . 3.8
98 0.535 4.0
102a - o 4.0
10 1026 0.29 ; 1.75
” 102c = 0.68 |
106a 2.3 S 30.0
106b 0.2 ' 2.9
106c 3.8 j © 530.0
15 108a . o .' "~ 17.5
108b 0.4 o © 25.0
108c 0.43
li4a 0.12 : 3.8
114b 3.7 |
20 115 0.345 | . 6.0
121 4.3 ' |
125a -  0.39 >30.0
125b  0.060 0.30
126 0.45 1.5
25 127 0.39 . 8.0
128 0.04 - : 7.5
129  0.59 | 25.0
130 : - 1.20
131 12.0 30.0
30 - 132a 5.0 - >30.0
© 132b - 12.5 -
133 50.0 >30.0
135a 0.090 0.90

135b 0.32 | . 0.95



honbgeneous reaction was warned to roomtenperature and stirred for

16h.

The react YRR uenched with 5% sodi um bi car bonat e (3. 5 BCHUAOTHE was

renoved i n vacuo.’
met hyl ene chl ori de (x6).

dried [err],

Fl ash chromat ogr aphy (40: 60 et hyl
title conpound,

an oi

[err] 3425, 2983, 17283ferr]

10

15

20

25

30

138
139
140
141
142
144
145
146

147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

as a m xture of 20
209 -

0.350
0.87

0.670

0.32
0.34
0.16
0.26-
6.3
14.0 .

10.0

13.0
8.8

1 0.24

0.042
0.023

0.001

0.26
1.1
0.0017
0.145
0.011.
0.0025

. 0.0028

The resul ting aqueous residue was extracted 15

W th

The conbi ned extracts were washed wi th brine,
filtered and reduced in Va

to give 1.8g of crude product.

. |

acet at e/ hexane) gave 1.21g (81% of the
dlastere0|§pqgrs at CG4:. IR

whi ch af forded 1.2

based on recovered sta3i ng nat er.ioall) of the title conpouhdR&s an oil

g (26% 68%
and

0.375
2.0

 530.0

1.75

»20.0
8.5

3.8

8.5
30.0
>30.0
30.0
30.0

8.0
2.25

Compounds 126, 127, 128, 129, 135a, 135b, 137

144, 145, 148,

147, 148,

149, 150,

181,

152, 153, 154,

155, 156, 157, 159, 160, 162, and 163 were synthesized



as a m'xture of diastereoisoners at C4: IR [err] 3400, 1725, 1625 1505,
1369, 13y 1263, 1226, [err] - 210 - [err] (3S,_4R. SJ - Bu tyI
N-(N-acety? ié; (Otert-butyl- 15 'PCTIUS 5’07‘"
tyrosinyl)-(S)-valinyl-(S)-alaninyl)-3-am no-4-hydroxy-

4- (2- (4- met hoxybenzoxazol yl)) but anoat §5,667b), was prepared according to the
nmet hod descri bed for 67a which affordea 1.059 (94% of the title conpound
as a fine white powder: mp. [err] | R (KBr) 3284, 20 2977, 1736, 1691,

1632, 1536, 15 3 Ten1 0
1032, 1536, & Qfﬁ :%ﬁ%oé 82ni 136 ﬁ;:, €88, milh6d WLER 110%%e [s%dhéw'% ferr]

10

15




6.34 (1H, 2 x d, J =5.3, J =5.0), 5.00-4.10 (54, m, 4.00, 3.99 (3H 2 x
s), 3.00- MO9SR ), 1.95 (1H, 25 m, 1.78 (3H, s), 1.KS/898074127H,
m. Anal. Calcd. for [err]: C 61.40; H 7.40; N, 9.18. Found: C, 61.58; H,
7.38; N, 8.91. MS. (+ FAB); 754 [err] + 1, 30%; 72 (100). (3S) t-Butyl
N-(N-acetyl-(S)-(Otert-butyl-tyrosinyl $2336 (S :
-valinyl-(S)-al ani nyl)-3-am no-4-(2-(7-

met hoxybenzoxazol yl )) - 4- oxobut anoate (68a). The Dess- Martin reagent
(1.082g, 2.55mmwl) (lreland et al., J. g Chem, 58, p. 2899 (1993); Dess
et al., J. Og - 211 - Chem, 48, 5564156 (1983)) was added to a
stirred suspension of t3e al cohol 67 .(64&. Ony, i :

| H o cl
= o F F
o B o o F
: K N\
N. ]
5 @/\OJLD;\)LN °
H o) : H ’
s .
. _ ' o)
. e u ,\
145 ; (o)
YT T .
10
. ;.
. : cl
. : cl
]
SIS LDy
H o E'-Hoo
' H
T AN
15 148 0~ N TN s
: : H o ¢ H o ’
' o)
H
Q H Q N=\

(o] .
149 OJL \ . \ x
H .o : H .

20



nethylene chloride.(46.0n1). The resulting m xture was stirred for 1h
before- éﬁ titioned bet ween 5 saturated sodi um thi osul hate
saturated sodlum bi carbonate (1:1, 86.0nm ) and et hyl acetBHY %%

resul tant organi c phase was washed in turn with saturated sodlum

t hi osul phat e: saturated sodiuntbicanggﬁte (1:1), saturated sodium

bi car bonate, and 10 brine. The or I c phase was dried [err], filtered
and reduced in vacuo to give 660.0ngy of crude product. Flash chronatography
(94: 6 net hyl ene chl ori de/ net hanol) gave 636. Ong (100% of the title
conpound as a white solid: mp. [err]; [err] c 0.16, nethanol); IR 15
(KBr) 3395, 3294, 2977, 1722, If OH161: [err] (3S) t-Butyl
N-(N-acetyl-(S)-(O-tert- butyIJLy ;

The_

150
| j\ ' |
151 @Ao N N\/LN _ .
0
152 ©/\O)L ! (
. H o '
. , e
o

153 E::I/NTrﬂ\H I

10

~e

e




- 212 - [err;}smSS N-(N-Acetyl -(S)-tyrosinyl-(S)-valinyl-(S)-

al ani nyl ) W@ 4- (2-(7-met hoxybenzoxazol yl))-4- 10 oRCIMS9sMTa1E. (694,
R). A solution of the ester 68a (600.0ng, 0.80mml) in a 1:1 m xture of
met hyl ene chloride and trifluoroacetic acid (65.0mM) was stirred for 1h
under a dry atnosphere of N2. The sdl #3%m was then reduced in vacuo,

taken up in ether and reduced 15 again. This process was repeated siXx
times to afford the crude product as an off white solid. Flash '
chr omat ogr aphy (gradi ent to.80; ﬂ th I e@e chl ori de/ met hanol ) gave
420.8my (83% of the !$7tl cwt]lte SO|Id The
product 20 exi sted as a mxture

-e

.4 2 2

@
(=]
De
O
O
= o
o]
_z::'
o/
- Q

| noo .H }ﬂ ; and

10




consisting of the keto form (c 50%, and its acycl oxy keto form (two

| soners 03 c 50%: mp. deconposes above [err]; [er&%a‘c 0.17,"

met hanol ,9 Br) 3300, 1715, 1658, 1650, 1531, 1517, ISOP/BTSLT [err]
- 213 - (39) t-Butyl N(Nacetyl-(S)-tyrosinyl-(S)-valinyl-(S)-

.al ani nyl ) - 3-am no- 4- ( 2- (4- nmet hoxybenzgxazol yl ))-4- oxobutanoate (69b; S),
was prepared according to the method %¥&scribed for the acid 69a which

af forded the 5 "hygroscopic title compound 252ng (96% : The product

Form ‘and i s noycl oxy WSHEOPI ot Mo SReat 8T 0 ' Enltaedl (°CU ot oa

as a similar to the method used in the synthesis of (K).

cOmpound'130 was‘synthesized by a method ‘
similar to the method used in the synthesis of 56b.

5 - Compounds 131, 136, 138, and 142 were
synthesized by a method similar to the method used in
the synthesis of 57b. ' -

131

10




single isomer in d-6 DMBSO. mp. [err]. (dec.); [err] 10 [err] (c O.23,
met hanol ) ;WOBS/833B8 ) 3289, 2968, 1718, 1713, 1658, 1634, 1541387611506,
1461, 1453, 1393, 1369, 1268, 1228, 1174,, 1092; [J[err] [err] - 214 -
[err] fluoride (792ny, 13.6mmol) and then benzoyl formc acid (i.O02g,
6.82mml) were added to a stirred solut2adh of 10 (3S) .t-butyl
N (al | yl oxycar.bonyl ) - 3- am'no- 5- br onpo- 4- oxo- pentanoate (WO 93 16710)
(2.17g, -6.20mmol ) in dinmethylformam de (30m ). The m xture was stirred for
140 m ns, quenched with water (50m ) oand extracted with

N : o]

O
oOH O Cl

5‘: )\ “‘ | ; and

138 CHz—

Py

5 Compounds 132a, 132b, 139, 140, and 141 were
.- synthesized by a method similar to the method used in
the synthesis of 47a. The starting material for
compound 140 was obtained as described in: 'Robl, et
al., J. Am. Chem. Soc., 116, pp. 2348-2355 (1994). The
10 starting material for éompound 141 was obtained as

described in: Wyvratt, et al., Pept. Struct: Funct.
' , (1983) or USP 4415496.

- : N ¢ ,¢Pll _ 0 _
N
0% N
H o
o) ' _
. o ¢t;| o)
AN
N . OH
15 132 Q/\)L-H S H
o 0% ™N
H o

g { X
139 CHe—S., OH
OH 04 H



- 215 - ethyl acetate (2 x 50m ). The conbi ned organic extracts mere washed
wth wa 50m ) then brine (50m). They were dried

concenttr‘g?% tga afford an oil which was purified by flasf#(g‘%s” 7617

chr omat ogr aphy (20-45% et hyl acetate in hexane) to afford 2.44g (94% of a
colorless oil: [err] [err] (39 t- ;?g '
N- (al I yl oxycar bonyl ) - 3-am no- 5- hydro 4- 15 oxo-pentanoate (81). A

m xture of the ester 80 (2.40g, 5.71mmol), tetrahydrofuran (200nm) and 1M
aqueous potassi um bi carbonate (200m ) was yigorously stirred at room

tenperature for 18h. The layers were sepgfaljed and the aqueous portion
extracted with ethyl acetate 20 6The conbi ned organic extracts
wer e washed - 140 | o
_ y . _gH é
H ;
o™ N ; and |
. H 0 |
: . M ' |
. : o)
' -0 .
- "":Ii OH
141 ' H ©O0%™n H
| H ¢ )

" Compound 133 was synthesized by a method
5 similar to'the'method used in'the'synthesis"of 47b.

SRLecE

Compound 161 was synthesized by a method
similar to the method used.in the synthesis of 125a.

10

Compounds 22e, 54b, 54j, 54k, and 57b were
synthesized as déBCribed_in example 5.



with brine 8100n1 , dried (MgJS™4) and concentrated. The residue was
purified BYOP chromat ogr aphy (10-60% et hyl acetate in RGTARIPIOTET af f or d
1.48g (90% of pal e yellowoil: [err] - 216 - (3S) t-Butyl

N (al I yl oxycar bonyl ) - 3-am no-5- (2, 6-

di chl or ophenyl - not hoxy) - 4- oxo- pent ancat224 82). A stirred m xture of al cohol
81 (1.44qg, 5.01mmol), 2,6- dichlorobenzyl iodide (Abrahamet al. . Chem

S oimaly ol oot 00T (ARt 0 00 BTl g1 Vg, o5 sééh*?’@whe
m xture was all cm':‘zh,t @02l 10RQ,0@0E=E,TIE06H UrE0édienm 08a ut Be8hy t hosaf er
(50m) then extranied 14, 41y £ 4454 *a 7288 Jwedd s PhifR0LEzea

as follows.

5 N- (N-Acetyl-tyrosinyl-valinyl- (4 (R)-allyloxy
"~ prolinyl))-3(S)-amino-4-oxobutanoic acid (85).
Step A. N-tert-Butoxycarbonyl-4 (R) -
~ allyloxyproline. N-tert-Butoxycarbonyl (4R)-

hydroxyproline (9.25 g, 40 mmol) was added to a

10 soclution of 60% sodium hydride (3.36 g, 84 mmol) in
100 ml of anhydrous tetrahydrofuran and stirred for 2
hours at room temperature. Allyl bromide (6.9 ml, 80
mmol) was added to the mixture and refluxed for 6
hours. The mixture was quenched with the addition of

15 ~ ice chips, then additional water was added and the
mixture was washed with hexane. The aqueous layer
was acidified with 10% sodium hydrogen sulfate and
extracted with ethyl acetate (2 x 150 ml). The
‘combined extracts were dried over anhydrous sodium

- 20 sulfate, filtered and evaporated to give 5 g of the

title product with no further purification.
'H NMR (CDCl;; exist as rotamers) § 5.92-5.82 (1H,
m), 5.3-5.14 (2H, m) 4.5-4.31 (1H, m), 4.16-4.05 (1H,
m), 4.04-3.9 (1E, m), 3.79-3.5 (3H, m), 2.43-2.2

25 (1.5, m), 2.15-2.10 (0.5H, m), 1.45 (4.5H, S), 1.35
(4.5H, s8).



10 | ayer was washed with water (50m ) then brine (50mM), dried [err],
and concentrated. The residue was purifed by flash chromatography (10-100%
ethyl af¥Q %308, nexane) to afford 1.65g (74% of a col orRE@EESISRT6IT[err] (c
1.13, [err]); IR (film 3339, 2980, 15 2935, 1724, 1712, 1503, 1438,
1368, 1246, 1156, 1106, [err] - 217 - Tributyltin hydride (785ng, 725 1,
- 2.70mol ) was then added dropwi se dur#3@ 20nins and the resulting sol ution
was stirred for 3.75h and then quenched with 1M hydrochloric acid (50m).

organt o extradse Bt e wastbFATpRRretind methel Sararce O
hydrochloride. N-tert4Butoxycarbonyl-4(R)- _ '
allyloxyproline (5 g, 18.4 mmol) was refluxed in 50
ml of saturated methanolic hydrogen'chlbride for 6

5 hours. The mixture was evaporated in vacuo to give

3.78 g of a yellow gum as the title compound: 'H NMR
(CDCl;) & 5.83-5.72 (1H, m), 5.24-5;14 (14, d), 5.13-
5.08 (1H, d), 4.55-4.3 (3H, m), 4.25-4.15 (1H, m),
3.9 (1.5H, s), 3.78 (1.5H, s), 3.7-3.28 (3H, m),

10 2.45-2.32 (1H, m), 2.2-2.05 (1H, m).

Step C.  N-Acetyl-tyrosinyl-valinyl-(4(R)-
allyloxyproline) methyl ester. 4 (R)-Allyloxyproline
methyl ester,hydrochlbtide.(1.05-9, 4.75 mmol) and N-
acetyl-Tyr-Val-OH (1.68 g, 5.21 mmol) were dissolved
15 © in 10 ml of a 1:1 mixture of dichloromethane and
 dimethylformamide and cooled to 0 °C. )
Diisopropylethylamine (1 ml, 5.93 mmol) was added to
the cooled mixture followed by the addition of N-
' hydroxybenzotriazole (0.769 g, 5.69 mmol) and 1-(3-
20 Dimethylaminopropyl) -3-ethylcarbodiimide
hydrochloride (1.18 g, 6.2 mmol).  After stirring for
2 hours, the mixture was warmed to room temperature
and stirred for 16 hours. . The reaction was poured
into 150 ml of ethyl acetate and washed with 50ml
25 each of water, 10% sodium hydrogen sulfate, and 10%

: sodium bicarbonate. The organic layer was dried over.
sodium sulfate, filtered, and evaporated to give a
light yellow solid. This was purified by flash
chromatography eluting with ) o

30 dichloromethéne/methanol/pyridine (100:3:0.5) to give
780 mg of the title compound. ‘H NMR (CD;OD)& 7.02-
6.96 (2H, d), 6.67-6.63 (2H, d), 5.95-5.85 (1H, m),




wi th aqueous sodi um bi carbonate, water and then brine, dried [err] and
concent r aWQl95/3%308 r esi due was purified by flash chromat ogr 20Twses/07630%

ethyl acetate 10 - dichloronethane) to afford 941ng (79% of pale
yellow solid: mp. [err]; IR (KBr) 3287, 3070, 1730, 1691, 1641, 1536,
1369, 1289, 1247, 1156; [err] [err] = 23R¥ - [err] (RS N

[N-(Phenylnethyloxy)carbony{-valinyI alaninyl]- 5
3-am no-5-(2, 6- dlchlorophenylnethylox%%.4 0XO0- pent anoi ¢ aci d §84a '
Tri f1 uor oacet i c Sdidt T2 ) (3khs Hadd %6 % 16 i (Hbd Dol 1D 638 hB3Bst er

83a, (918ny, 1.3Fno )28J3 B 191,08t hane 20089 - (3dhan)y 3 182 er3 stirred
for (1, m), 3.72 (3H, s), 3.04-2.88 (2H, m), 2.85-2.72

(28, m), 2.45-2.34 (1H, m), 2.08-1.95 (2H, m), 1.92
5  (3H, s), 1.00-0.92 (6H, 2 x d).

'Step D. N-(N-Acetyl-tyrosinyl-vilinyl-(4(8)-
allyloxyprolinyl)) -3 (8) -amino-4-oxobutanocic acid

- tert- butyl ester semiearbazona.: N-Acetyl-tyrosinyl-
valinyl- (4- allyloxyprollne) methYl ester (770 mg,

10 1.57 mmol) was dissolved in 20 ml of tetrahydrofuran

and 4 ml of methanol. Lithium hydroxide (145 mg,
3.46 mmol) was added to the mixture and stirred at
room temperature. After two hours, 1 ml of 10%
hydrogen chloride was added and the mixture

15 evaporated in vacuo to give a solid residue then

- partitioned between Sml of water and 50 ml of ethyl
acetate and the organlc layer separated and
evaporated in vacuo to.glve 430 wmg of the acid that
waa used immediately in the next step.

20 N-Acetyl-tyrosinyl-valinyl-4-allyloxyproline (420
mg, 0.88 mmol) and 3-amino-4-oxobutyric acid tert-
butyl ester semicarbazone (184 mg, 0.8 mol, Graybill
et al., Int. J. Protein Res. , 44, pp. 173-82 (1994))
to give 100 mg (20%) of the title compound as a white

25 amorphous solid: 'H NMR (CD,OD) & 7.24-7.2 (1H, m),
7.04-6.97 (2H, d), 6.73-6.65 (2H, d), 5.98-5.86 (1H,
m), 5.35-5.24 (1H, d4), 5. 17 5.12 (1H, m), 4 12-3.98
(2H, m). 3.72- 3 67 (1H, m), 2. 98 2.92 (3H, m), 2.38-
2.32 (1H, m), 2. 1 2 02 (2H, m), 1 92 (3H, s), 0.98-

30 0.89 (6H, 2 x d)



2.5h then evaporated to dryness. The residue was 10 treated with ether
(25m) orated to dryness. This procedure was repeated.three tines.
The resu |5?13§9%r0duct was triturated with ether (10M) aféEHEENOWI7ed to
afford 730ng (87% of 1ight brovvn powder mp. 156- [err] - 219 - [err]
5 - obt ai ned i nhi bition constants
[err] and [err] val ues for several cdﬁ% unds of this invention using enzyne
assays with LthisibIe substrate, fluorescent substrate, and cell assays as

described in Eg@ég)lﬁ: N1N-acdtf1 L OF+o8iAG1 LEa11ng0d (kGR)L Vval ues vere
determ ned fC)allyloxyprolinyl)) 3(8) -amino-4- oxobutanoic acid '
(85) . N-(N-Acetyl tyrosinyl-valinyl- (4 (R) -
allyloxyprolinyl)) -3 (S) -amino-4-oxcbutanoic acid
5 tert-butyl ester semicarbazone (100 mg) was
deprotected as described (Example 3, compound K, Step
C) to give 44.2 mg (53%) of the title compound: 'H
NMR (CD,OD) & 7.04-6.97 (2H, d), 6.72-6.65 (2H, d),
5.97-5.86 (lH m), S. 32 5.25 (lH, d), 5.17-5.12 (1H,
10 d),462440 (3H, m), 4.30-4.13 (2H, m),412396
(3H, m), 3. 75-3.68 (1H, m), 2.99-2. 92 (1H, m), 2.78- _ ‘
2.70 (1H, m), 2.70- -2.48 (2H, m), 2 35 2.30 (1H, m),
2.17-1.95 (2K, m), 1.92 (3H, s), 0.98-0.88 (6H, 2 x
d).

15 .'Compounds 86 and 87 were prepared by a similar method
described for the synthes;s of 69a in example 5:

N-Acetyl- (S)-valinyl (4- (s)-phenoxy)prolinyl 3(s)-
amino-4- (7-mothoxybenzoxazol 2-y1) -4-oxo-butanoic
20 acid (86). N-Acetyl-(S)-valinyl-(S)-(4-(8)-
phenoxy) proline was converted to 86 as a white
- powder: 'H NMR (DMSO-d,) & 8.75(d, 1H), 7.6-7.2(m,
4H), 7.0-6.8(m, 4H), 5.5(m, 1H), 5.05(s, 1H), 4.5(t,




compounds 22e, 54b, 54j, 54k, 57b, 85, 86, 87, 88, 89, 90, 91, 92, 98,
102a-c,

[err]

10%@9%3534938a- c, 114a, 114b, 115, 121, 125a, 125b, PEI/USPN97617123
129, 130, 131, 132a, 132b, 133, 135a, 135b, 136, 137, 138, 139, 140, 15
141, 142,

144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, and 163-u8PBAg-the indicated assays. The
structures of conpounds 22e, 54b, 54j, 54k, and 57b are shown in Exanple 5.

The other compoun) ot Lugtyes,g5¢ 3913, 10 4.0-53W, %2l | 110

2.8(ad, 2H), 2.3(m, 1K), 2.09(m, 1H), 1.95-1.8(m,
2H), 1.78(s, 3H), 1-0.7(dd, 6H).

.Q?. |
il

- N-Acetyl (4- (R) -phenoxy) prolinyl-3(S) -amino-4-(7-

5 methoxybenzoxazol-2-yl) -4-oxo-butanoic acid (87): N-
Acetyl- (S) - (4- (S) -phenoxy) proline was converted.to 87
as a white powder: 'H NMR (DMSO-d;) & 9.1(d, 1H),
'8.76(d, 1H), 7.6-7.2(m, 4H), 7.0-6.9(m, 4H), 5.55(m,
1H), 5.45(m, 1H), 5.0(m, 2H), 4.56(t, 1H), 4.40(t,

10 1H), 4.0(s, 3H), 3.9(dd, 1H), 3.76(d, 1H), 3.64(d,
- 1H), 3.1-2.9(m, 1H), 2.8(m, 1H), 2.50(m, 1H), 2.3-
2.2(m, 1H), 2.09(m, 1), 1.95 and 1.75(2 x s, 3H,
rotamers) i ;

N-2- (6-Benzyl-1,2-dihydro-2-ox0o-3-(3-

15 phenylpropionyl) amino-1-pyridyl) acetyl-3(S)-amino-5-

hydroxy-4-oxo-pentanoic acid (88). N-2-(6-Benzyl-

220



- 221 - [err] 144 0.32 [ >20.0 145
0. 34 L - 8.5 - 222 - by a nmethod simlar to the
met hod YO2§35398t he synthesis of 69a. [err] - 223 - PCT/USISNT6NT

- 234 -

10

15

20

25

1.2-dihydro-zeoio-3-(3—phény1propiony1)amino-l-
pyridyl) acetyl-a(s)-aﬁinoés-hydroxyf4-oxo-pentanoic
acid tert-butyl ester was prepared from 52b and 81
following the method described for the synthesis of
83a ta give a white solid (45%): 'H NMR(CDCl,;) &
8.40(d, 1H), 8.20(s, 1H), 7.4-7.1(m, 11H), 6.18(s,

" 1H), 4.72(m, 1H), 4.65-4.5(g, 2H), 4.4-4.2(dd, 2H),

4.0{(s, 2H), 3.04(t, 2H), 2.9{(dd, 1H), 2.76(t, 2H),
2.55(dd, 1H), 1.39(s, SH).

The resulting product was converted to 88 by method
described in example 5, compound 84a to give the
title compound (42%) as a white solid: 'H NMR(CDCI,)
6 8.5(d4, 1H), 8.1(d, 1H), 8.0(m, 1H), 7.4-7.1(m,
11H), 6.3(d, 1H), 4.9-4.8{(m, 2H), 4.6-4.4(m, 2H),
4.3(dd, 1H), 4.1(s, 2H), 3.3(t, 1H), 3.05(t, 2H),
2.8-2.6(m, 3H)

Compounds 89 and 90 were prepared by a similar method
described for the preparation of 84a in example 5. '

A

N-Acetyl- (8) -tyrosinyl- (8) -valinyl- (8) -alaninyl-3(S) -
amino-5-( 2-chlorobenzyloxy) -4-oxo-pentanocic acid
(89)was prepared from Ac-Tyr-Val-Ala-OH and (3S) t-
butyl N-(allyloxycarbonyl)-3-amino-5-(2-chlorophenyl-
methoxyl) -4-oxo-pentanoate (prepared by a similar
method as 82) to give a white solid: 'H NMR (DMSO-



[err] - 224 - rr - 225 - [err] - 226 - Conpound 158 was
synthesizéﬂoﬁymﬁmﬁethod similar to the nethod used in the FFAURRINWILI (K)

- 235 -

de) 8 9.15(s, 1H), 8.5(d, 1H), 7.98(d, 1H), 7.75(d,

1H), 7.55-7.3(m, 4H), 7.0(d, 1H), 6.6(d, 2H), 4.6-

4.3(m, 6H), 4.3-4.1(m, 2H), 2.9(d, 1H), 2.76(dd, 1H),

2.7-2.5(m, 2H), 1.95(m, 1H), 1.75(s, 3H), 1.2(d, 3H),
5 0.9-0.7(dd, 6H).

N-2-(6-Benzyl-1,2-dihydro-2-oxo-3-(3- _
phenylpropionyl) amino-1l-pyridyl) acetyl-3-amino-5-(2-
chlorcbenzyloxy) -4-oxo-pentancic acid (90) was
10 prepared from 52b and (3S) t-butyl N-
(allyloxycarbonyl) -3-amino-5- (2-chlorophenyl -
methoxyl) -4-oxo-pentanoate (prepared by a similar
method as 82) to'give a white solid: 'H NMR (DMSO-d,)
8 9.2(s, 1H), 8.75(d, 1H), 7.7-7.1(m, 14H), 6.4(Q,
15 1H), 4.65(d, 6H), 4.56(s, 1H), 4.6-4.35(dd, 1H),
. 3.9(s, 2H), 2.9-2.6(m, 6H)

1
N-2- (6-Benzyl-1,2-dihydro-2-0ox0-3-(3-
phenylpropionyl)amino-1l-pyridyl) acetyl-3(S)-amino-5-
20 (5-(2,6-dichlorophenyl) thiazol-z-yl)-4-oxc-pentahoic



[err] Conmpound 130 was synthesized by a method simlar to the method used

in the syplbkssshg of 56b. 5 - Conpounds 131, 1 : nd 142
were synthesized by a method sinilar to the method used ?ﬁcyﬁg§§?ﬁ$hesis of
57b. - 227 - [err] the synthesis of 47a. The starting material for

conpound 140 was obtained as descrihegsign.. Robl, et al., J. Am Chem
Soc., 116, pp. 2348-2355 (1994). The 10 starting mat erial for conpound
141 was obtained as described in: Wvratt, et al., Pept. Struct: Funct.

Proc. (8th Am aBgat (9%ymwak (ePared \$30n4bH Una 3-
(Allyloxycarbonyl) -amino-4- [(2, 6-dichloro-phenyl) ~
thiazol- 2-y1]-4-hydroxy-butyric acid tert-butyl
ester (99) as described for the preparation of 69a to

5 give an off-white powder: 'H NMR(DMSO-d) § 9.32(s,
1H), 9.05(d, 1H), 8.27(d, 1H), 8.18(d, 1H), 7.7(d,
1H), 7.6(t, 1H), 7.4-7.1(m 11H), 6.1(d, 1H), 5.64(m,
1H), 4.8-4.6(dd4, 2H), 3.85(s, 2H), 3.02(m, 1H), 2.9-
2.7(m, 4H).

10

3-(8) - (2- (3[3-(8) - (4-Hydroxy-phenyl) -propionylamino] -
2-oxo-azepan- 1-yl) -acetylamino) - 4-oxo-butyric acid
(92) was prepared from 2-(3([3- (S)-(4-Hydroxy-phenyl)-
propionylamino] -2-oxo-azepan-1 -yl)-acetic acid and
15 . N-allyloxycarbonyl-4-amino-5-benzyloxy-2-
oxotetrahydrofuran (Chapman, Big:thmuL_JngmL;Lg;;*j
2, pp. 613-18 (1992)) by a similar method described
- for the synthesis of 54a to give the title compound
as a white solid: ’'H NMR (DMSO-d;) & 9.10-9. 20(s, 1H) ;
20 8.40(s, 1H), 7.88(d, 1H), 7.0(d, 2H), 6.64(d, 2H),
4.60(t, 1H), 4.10(g, 2H), 3.9-4.2(m, 2H), 3.6(m, 1H),
3.18(d, 2H), 2.70(t, 2H), 2.40(m, 2H), 1.85-1.40(m,
8H) . '



[err] - 228 - [err] Conpound 133 was synthesized by a method 5
simlar tWa%8s#st hod used in the synthesis of 47b. 133 CoRGBURSOIEL was
synt hesi zed by a nmethod simlar to the nethod used in the synthesis of-
125a. H O [err] Conpounds 22e, 54b, 54j, 54k, and 57b were synthesized as

descri bed in exanple 5. - 237 -
o EtO, - _ -
- I, | | o
wn‘QNCQEt + b L . O/\)L
HCI : (jjﬂ‘}- I - . _ " Ot
01 : . o4 . | 8

4- Ethoxymothylene-z styryl-4H-oxazol-5-one (94) was
prepared according to Cornforth Ihg_ghgm;s;xx_gi
Penicillin, Clarke, Johnson, Robinson, (eds.)

5  Princeton University Press, p. 804 (1949)

4-0x0-3- (3-phenyl-acryloylamino) -4,6,7,8-tetrahydro-
pyrrolo[1.2-a]pyrinidino-(68)-oarboxy1£c acid ethyl
ester (95) was prepared from 94 by the procedure in
~ example 5 for compound 3 to give 4.5g (30%) of the

10  title compound: 'H NMR (CD,OD) & 1.3 (t, 3H), 2.35
(m, 1H), 2.65 (m, 1H), 3.1 (m, 1H), 3.15 (m, 1H),
4.25 (g, 2H), 5.15 (dd, 1H), 6.95 (d, 1H), 7.4 (m,
3H), 7.6 (m, 2H), 7.65 (4, 1H), 8.95 (s, 1H).



229 - Compounds 85, 86, 87, 88, 89, 90, 91, 92, 98, 102a, 102b, 102c, 106a,
106b, %ggc -108a, 108b, 108c, 114a, 114b, 115, 121, 125a, and 125b were
synt hesVO&¥35%8+ o | ows. [err] allyloxyproline. N-tert- BREHUSSHI8Eny| (4R) -
hydr oxyproline (9.25 g, 40 mmol) was added to a 10 sol ution of 60%
sodi um hydride (3.36 g, 84 mmuol) in-lSO m of anhydrous tetrahydrofuran and
stirred for 2 hours at roon1tenperéta @.'Allyl brom de (6.9 m, 80 mmmol)
was added to the m xture and refl uxed for 6 hours. The m xture was quenched

the m xture wdsoRgenaddpbeeki A iR B e € 7 o N SaiRfe 1oL, P
10% sodi um hypyegedoddl, 2and pywdmidine- (6S) -carboxylic acid (96) A
' mixture of 4—0xo-3-(3-phenyl-acry1oylamino)—4,6,7,8-
tetrahydro-pyrrolol{ 1,2-a]pyrimidinei(GS)-carboxylic
5 acid ethyl eéter_(ss, 3.1g, 8.8mmol) and aqueous 1N
lithium hydroxide (8.8mL, 8.8mmol) in methanol (10mL)
was stirred 18h at room_tempe:ature.. The reaction
was diluted with{wgter and washed with ethyl ether (1
x 20mL). The aqueous layer was acidified with conc.
10 hydrochloric acid. The solid was collected by
filtration and washed with waterQ The solid was ‘
dried in a vacuum oven at 50 °C for 18h to give 2.2g
(75%) of the title cdmpound'as a tan solid: ‘"

NMR(CD,OD) & 2.4(m 1H), 2.7(m, 1H), 3.1(m, ;H),

1s 3.2(m, 1H), 5.15(dd, 1H), 7.0(d, 1H), 7.4(m, 3H),
7.6(m, 2H), 7.65(d, 1H), 8.95(s, 1H)

4-0x0-3- (3-phenyl-acryloylamino) -4, 6,7, 8- tetrahydro-
- pyrrolo(l ,2-alpyrimidine- (68) -carboxylic acid (2-
benzyloxy-5-oxo-tetrahydro-furan- (38) -yl) ~amide (97)

20 was prepared from 96 by the method described in
example 3 for compound E, step A to_givé 0.52g (75%)
of the title compound as a mixture of diastereomers:

'H NMR(CDCLy) & 2.3-2.7(m, 3H), 2.9(dd, 1H), 3.05(m,
1H) ’ 3-3 (m' 1H) ’ 4.4‘4-8(“‘, ZH) ’ 4-9(2 x d' lH) ’

25  5.05(m, 1H), 5.55(2 x s, 1H), 6.6(2 x d, 1H), 7.4(m,
6H), 7.55(m, 4H), 7'._65(2:: d, 1H), 8.0(m, 2H), 9.2(s
x 2, 1H). | ' '

4-0xo- (38) -{ [4-0x0-3- (3-phenyl-propionylamino) -
4,6,7,a-tétrahydro-pyrrolo[1,2-a]pyrimidine-(GS)-

30 carbonyl] -amino}-butyric acid (98) was prepared by
the proceduré in example 3 for compound H, step D to



extracted with ethyl acetate (2 x 150 nml). The conbined extracts were dried
over anhyWoA$8s¥8di um 20 sulfate, filtered and evapor at BETUSIMTGY 5 g of
the title product with no further purification. [err] =~ - 230 - Step B
4(R) - Al Iyl oxyproline nethyl ester hydrochl oride.

N-tert-Butoxycarbonyl -4(R) - allyl oxypro#3he (5 g, 18.4 nmol) was refl uxed

in 50 mM of saturated nethanollc hydr ogen chloride for 6 5 hours. The
m xture was evaporated |n vacuo to_give 3,7 of a | owg,gum as the title
conpound:. [err]9RFR § ¥y ©f t¥?ﬂ&%¥€? ?9?8@?%§f valt nyl - (4(R)-

NMR(CD;,OD) 5 2.35(m, 1H), '2.45-2.75(m, 3H), 2.8(t,

2H), 3.0(t, 2H), 3.1(m, 1H), 3.25(m, 1H), 4.3(m, 1H) ,
6.65(dd, 1H), 5.15(m, 1H), 7.15(m, 1H), 7.3 (m, 4H),

5 S.B(a,}H).
_ COs8u
' o
mBu . ¢ C — A el
V\OIU\N H on
cl
cl
s - 99

3(8) - ( Allyloxycarbonyl) -amino-4- [(2,6-dichloro-
phenyl)-exazoléz-yll-}(R.S)fhydroxy-butyric acid
tert-butyl ester'(99)' A solution of 5- (2,6-
chhlorophenyl)oxazole (2.71g, 12.7mmol; prepared by

10 a similar method descr;bed in Tet. Lett. 23, p2369
(1972)) in tetrahydrofuran (GSmL) was cooled to -78

°C under a nitrogen atmosphere To thle solution was:
added n- butyl lithium (1.5M solut;on in hexanes,
8.5mL, 13.3mmol) and stirred at -78 °C for 30min.

15 Magnesium bromide etherate (3.6g, 13.9mmol) was added
and the solution was allowed to warm to -45 °C for
15min. The reaction was cooled to -78 °C and
aldehyde 58 (3.26g, 12.7mmol; Graybill et al., Int.
J. Protein Res., 44, pp. 173-182 (1993)) in

20 tetrahydrofuran (65mL) was added dropwise. The
reaction was stirred for 25min., then allowed to warm
to -40 °C and stirred for 3h, and then at room
temperature for 1h. The reaction was quenched with
5% NaHCO, (12mL) and stirred for 3h. The

25 tetrahydrofuran was removed in vacuo and the
resulting residue was extracted with dichloromethane.
The organic layer was washed with saturated sodium
chloride solution and dried over magnesium sulfate,



allyl oxyproline) nmethyl ester. 4 (R)-Allyloxyproline nethyl ester
hydrochlﬁwj sfog- 05 9, 4.75 mmol) and N- acetyl-Tyr-Val - 1.68 5.21
Hpsiod aFERsPIRRIT,

_ wer e ssol ved 15 in 10 mM of a 1:1 mxture of d ane and
dlnethylfornan1de and cooled to [err]. Diisopropylethylamne (1 m, 5.93
mmol ) was added to the cool ed nixturﬁn%¥§lomed by the addition of N-

hydr oxybenzotri azole (0.769 g, 5.69 and 1-(3- 20

Di et hyl am nopropyl ) - 3- et hyl carbodi i mi de hydrochloride (1.18 g, 6.2 mmol).

Alter SULTTING £01cdrdpudna | Bondlolt #4€ed®80 \LET §2180BE! £RET atUTe and

stirred for 16 hours. The reaction was poure ethyl acetate
and washed wi t HFHoHg gﬁﬂpouQQKﬂlEﬁr¥§&%§t19@99%6€|uﬁ}ﬂ?Erégﬁh)sfoate and

10% sodi um bi cagdona h cPlga AY, S % [ sul f at e,
filtered, and g&ﬁporgfgyitg gera s |.gﬁ§§ g ool ot Ya e ngspurified by
fl ash 2.8(dd, 1H), 4.2, 4.4(2 x d, 1H), 4.7-4.5(m, 3H),
5 5,35-5.1(m, 2H), 5.6, 5.7(2 x 4, 1H), 6.0-5.8{(m, 1H),
7.2(d, 1H), 7.3(m, 1H), 7.4(m, 2H).

4-0xo-3- (3-phenyl-propionylamino) -4, 6,7, 8-tetrahydro-
pyrrolo [1.3-a]pyrimidine-(ss)-cerboxylic acid (100). . ‘
A mixture of 4-Oxo-3-(3-phenyl- acryloylamlno)-
10 4,6,7,8- tetrahydro-pyrrolo[ 1,2- a]pyrlmidzne (68) -
| carboxylic acid (96; 2.1g, 6. Smmol) and 20% palladium
hydroxide on carbon (0 5g) in methanol (50mL) was
'stirred under a hydrogen atmosphere for 4h. The
. resulting mixture was filtered and concentrated to
15 yield 2.1g (100%) of the title compound as a white

solid: ‘H NMR(CD,0D) & 2.35(m, 1H), 2.65(m, 1H),
'2.75(t, 2H), 3.0(t, 2H), 3.1(m, 1H), 3.15(m, 1H),
5.1(dd, 1H), 7.15(m, 1H), 7.25(m, 4H), 8.75(s, 1H)



chr omat ogr, uting wth 30 di chl. or onet hane/ net hanol / r|d|n
(100: 3: 0. 6?89§“§P ®e 780 mg of the title conpound. [err] ﬂ%& ? %rr]

roomtenperature. After two hours, 1 nl of 10% hydrogen chlorlde was added
and the m xture 15 evaporated in vagﬂﬁ*to give a solid residue then
partitioned between 5m of water and 5 of ethyl acetate and the organic
| ayer separated and evaporated in vacuo to give 430 ng of the acid that waa
used i mMmedi ately in the next step 20

N- Acet yl -t yrosi nyl - -val i ngl - yl oxyproline (420 ng, ) and
3- am no- 4- oxobut yrj

0
—‘O/\)LH

101

@ - b R= .,iZK;?
02 | c

2,6-Dichloro-benzoic acid 4-t§rt-butoxycarbony1-2-
oxo- (38) -{ [4-oxo-3- (3-phenyl-propionylamino) -4,6,7,8-
tetrahydro-pyrrolo[l,2-alpyrimidine- (6S) -carbonyl] -
amino}-butyl ester . (10la) was prepared by the
procedure in example 5 for compound 56a to give 0.1l6g
5  (20%) of the title:compound: 'H NMR(CD,OD) & 1.45(s,
"9H), 2.3(m, 1H), 2.6(m,1H), 2.7(m, 3H), 2.95(m, 3H),
4.8(m, 1H), 5.1(m, 1H), 5.2(g, 2H), 7.1(m, 1H).
7.2 (m, 4H). 7. 4(m, 3H), 8.75(s, 1H). '

4- (7-methoxy-benzoxazol-2-yl) -4-oxo- (38) -{ [4-oxo-3-
10 (3-pheny l-propionylamino)-4,6,7,8-tetrahydro-
pyrrololl,2-alpyrimidine- (6S) -carbonyl] -amino}-butric



butyl ester sem car bazone (184 ng, 0.8 mol, Graybill et al., Int. J.

Protein 4, pp. 173 82 (1994)) to give 100 ng (20% of the title
conpounﬁ S%mt “anor phous solid: [err] 30 FAPPE617 2 x ().

- 232 - Step EE N (N-Acetyl-tyrorri nyl -valinyl- (4(R -
al'lyloxyprolinyl))-3(S)-am no-4- oxob%&pm c acid (85). N

(N-Acetyl -tyrosinyl-valinyl-(4(R)- :
al Iyl oxyprolinyl))-3(S)-anm no-4-oxobutanoic acid 5 tert-butyl ester

e e oo A S EIENL ot bR II 0 oot ¢
methoxy-benzoxazol 2-yl)-(38)- oxo (3-phenyl-
prop:.onylam:.no) -4,6,7, B-tetrahydro-py_rrolo[l,z-
al pyrimidine- (6S) -carbonyl]) -é.mino}-butyric acid tert-

5 butyl ester was prepared' from 100 and 66a by the
- procedure in example 5 for compound 67a to give 0.95g
'(quantitative) of the product as a mixture of
diastereomers: ‘H NMR(CDiQD)? 8 1.45(2 x s, SH), 2.2(2
x m, 1H), 2.35-3.0(m, 9H), 4.0(m, 3H), 4.75(m,1H),
10 4.85(m, 1H), 5.05(2 x dd, 1H), 7.1(2 x dd, 1H), 7.15-
7.3(m, 4H), 7.5(2 x t, 1H), 7.8(2 x 4, 1H), B8.55(2 x (
dd, 1H), 8.7(2 x s, 1H).
The result:.ng product was converted to 101b by the
procedure in example 5 for compou_nd 68a to give
1s 0.36g (50%) of the title compound: 'H NMii(CD,OD) 8'
1.4(s, 9H), 2.35(m, 1H), 2.55(m, 1H), 2.75(t, 2H),
. 2.95(t, 2H), 3.00(m,1H), 3.1(4d4, 2H), 3.15(m, 1H),
5.15(ad, 1H), 5.65(t, 1H), 7.1(m, 2H), 7.2(m, 4H).
7.4(m, 2H), 8.7(s, 1H)

20 4-[5-(2,6-Dichloro-phenyl) -oxazol-2-yl] -4-oxo- (38) -

{ [4-ox0-3-(3- phenyl-propionylaminoc)-4,6,7,8-
tetrahydro-pyrrolo[l,2-a)lpyrimidine- (68) -carbonyl] -
amino}-butyric acid tert-butyl ester (10lc). - 4-[5-
(2,6-Dichloro-phenyl) -oxazol-2-yl] -4-hydroxy- (38) -

25  {[4-oxo-3-(3-phenyl-propionylamino)-4,6,7,8-
tetrahydro-pyrrolo(1 ,2-a]pyrimidine-(6$)-carbonyl]-
amino}-butyric acid tert-butyl ester from 100 and 99
using the method described in example 5, compound 67a
to give 0.099.(60%) of the product as a mixture of

30 diastereomers: 'H NMR(CD,OD)-.81.45(2 X s, 9H),
2.2(m, 1H), 2.5(m, 2H), 2.7(2 x- &4, 1H), 2.75(t, 2H),



15 Compounds 86 and 87 were prepared by é simlar nethod described for
t he synt h®¥Q 85/3580869a i n exanple 5: [err] N Acetyl-(S)-vali RgIUSHS07617.
(S) - phenoxy) prolinyl-3 (S) -

am no-4- ( 7- met hoxybenzoxazol - I) 4-oxo-butanoic 20  acid (86).
N-Acetyl - (S)-valinyl-(S)-(4- (S) phenu@@%wtﬂlne was converted to 86 as a
white powder: [err] - 233 - 4.29(t, 1H), 4.0(s, 3H), 4.0-3.8(m

2H. 3.0- 2"8(d.dé.92-@.’1(2m,3(4% .1@ 7gm091(1-:”)] j‘y)i(m. 9§H)1 8‘5”1(41”{3!),

7.1-7.25(m, 4H), 7.4(t, 1lH), 7.5(t lH), 8. 55(d 1H),
8.75(s, 1H). | |
The resulting product was converted to 101c by the

5 method described in example 5, compound 68a to give

0.04g (45%) of the title compound: 'H NMR(CD,OD) &

1.4(s, 9H), 2.3(m, 1H), 2.6(m, 1H), 2.75(t, 2H),

2.95(t, 2H), 2.9-3.2(m, 4H), 5.2(dd, 1H), 5.55(t,

1H), 7.1(m, 1H), 7.25(m, 4H), 7.55(m, 3H), 8.75(s,
10 1H) .

2,6-Dichloro-benzoic acid 4-carboxy-2-oxo-(38)-{[4-
oxo-s-(3-phenyl-propibnylaninq)-4,6,7;8-tetrahydro-
pyrrolo(l,2-alpyrimidine- (68) -carbonyl] -amino}-butyl
ester (102a) was prepared from 10la by the procedure
15 in example 5 for compound 57a to give 0.12g (80%) of

the title compound: 'H NMR(CD;OD) 52.35(m, 1H),

2.65(m, 1H), 2.75(m, 2H), 2.85(dd, 1H), 2.95(m, 2H),

3.0(dd, 1H), 3.15(m, 1H), 3.25(m, 1H), 4.55(dd, 1H),

5.15(m, 1H), 5.25(g, 2H), 7.15(m, 1H), 7.25(m, 4H),
20 7.45{(m, 1H), :8.8(s, 1H).

4- (7-methyoxy-benzoxazol-2-yl) -4-oxo- (38) -{ [4-ox0-3-(3-
phenyl-propionylamino)-4,6,7, 8-tetrahydro-pyrrolo [1,2-
_alpyrimidine- (6S) -carbonyl] -amino}-butric acid (102b) was
_ prepared from 101b by the procedure described in example 5
25 for compound 65a to give’o.lzg'(BS%) of the title

compound: ‘H NMR(DMSO-d¢) & 2.1(m, 1H), 2.55(m, 1H), 2.7-
3.1(m, 8H), 4.05(s, 3H), 5.1(dd, 1H), 5.55(t, 1H), 7.2(m,
1H), 7.25(m, SH), 7.5(t, 1H), 7.55(d, 1H), 8.7(s, 1H),
9.2(d, 1H), 9.4(s, 1H), 12.7(bxr, 1H).



. prepare

- 234'- 1,2-dihydro-2-oxo-3-(3-phenylpropionyl)anino-lb pyridyl)

acetyl - ' L&10- 5- hydr oxy- 4- oxo- pentanoi ¢ acid tert-but ester was
ﬁﬁﬁbs b and 81 follow ng the nethod descri bed f%#n?ﬂﬁ g At hesi s

of 5 83a to give a white solid (45%: [err] 8.40(d, 1H), 8. 20(s 1H),

7.4-7.1(m |IH, 6.18(s, 1H), 4-72(D12%$3; 4.65-4.5(q, 2H), 4.4-4.2(dd,
2H), 4.0(s, 2H), 3.04(t, 2H), 2.9(dd 2.76(t, 2H), 2.55(dd, 1H),
1.39(s, 9H). 10 The resulting product was converted to 88 by net hod

described in Gacar@l 2 %6 - SOORDURG-Plién} D) UoxBzbDE2LYLY E4CRREBAYRE)(42Y) as a
white solid: [fié-cro-s -(3-phenyl-propionylamino) -4,6,7,8-

tetrahydro-pyrrolo[1,2-&] pyrinidine-(Ss)-carbonyll-

amino}-butyric acid (102¢) was pfeparéd £rom 101c as

5 described in example 5 for compound 69a to give 0. Olg

(40%) of the title compound: 'H NMR(CD,OD) §2.35(m,

1H), 2. G(m, 1H), 2. 75(:, 2H), 2. 95(t 2H). 3. 05 (m,

1H), 3.15(m, 3H), 5.15(dd, 1H), 5.55(t, 1H), 7.15(m,

1H), 7.2(m, 4H), 7.55(m, 3H), 8.8(s, 1H)

10

(3-tert-Butoxycarbonylamino-2-ox0-2,3,4,5-tetrahydro-
benzo[b ] [1,4]diazepin-1l-yl)acetic acid methyl ester
(103).

Step A. 2(8)-tert-Butoxycarbonylamino-3-(2-

15 nitrophenyl-amino) -propionic acid. 2-tert-
Butoxycarbonylamino-3-aminoprbpionic acid (10 g, 49
mmol), -2-fluoronitrobenzene (5.7 ml, 54 mmol), and
sodium bicarbonate (8.25 g, 98 mmol) was taken into
130 ml of.dimeth?lformamide and heated at 80 °C for

20 18 hours. 'The_reactibn was evéporated in vacuo to
give a viscdus orangé residue thoi was dlssolved in
300 ml of water and extracted witix d1ethyl ether (3 x
150 ml). The aqueous solution was acidified to pH 5
with 10 ¥ sodium hydrogen sulfate and extracted with



- 235 - [err] - 236 - acid (91) was prepared from52b and 3-
(All'yl oxy % 9535908) - armi no- 4- [ (2, 6- di chl or o- phenyl ) - t hi azol PCT/USISN7617

2-yl]-4- hydroxy butyric acid tert-butyl ester (99) as described for the
preparation of 69a to [err] - 237 -2[err]
- 245 -

ethyl acetate (3 x 250 ml) - The combined extracts
were dried over anhydrous sodlum sulfate, filtered,
and evaporated to glve 12.64 g (83 %) of the title
compound as an orange amorphous solid. ‘H NMR (CD,OD)

5 & 8.15-8.10 (1H,d), 7.54-7.48 (1H,t), 7.13_—-7.08 (1H,

d), 6.73-6.65 (1H, t), 4.45-4.35 (1H, m), 3.9-3.8
(1H, dd), 3.65-3.55 (1H, dd), 1.45 (9H, s).

Step B. 2(S)-terreEutoxyoarbonylaninoe3-(2-
aminophenyl- anino)-propionio'acid. A mixture of 2-

10  tert-Butoxycarbonylamino-3-(2-
nltrophenylamlno)proplonlc acid (12 65 g, 40.5 mmol)
and 0.5 g of 10%¥ P4/C’'in 100 ml of methanol under
hydrogen at 1 atmosphere was stlrred for 4 hrs. The
solution was flltered through Cellte 545 and the

15 filtrate evaporated in vacuo to afford 11.95 g of the

~title compound in quantltatxve yleld as a dark brown

solid that was used w;thout pur;f;catlon. 'H NMR

(CDOD) & 6.75-6.70 (3H,m),,6.65 -6.58 (1H, m), 4.35-
4-3 1H' m) F] 3.6-3.38 (ZH, m) ’ 1.45 (SH' 5) .

20 Step C.  3(8)-tert-Butoxycarbonylamino-1,3,4,5-
tetrahydro-benzo[b] [1,4] diazepin-2-one. 1-(3-
Dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride
(8.54 g, 44.5 mmol) was added to a cooled (0 °C)
solutlon of 2-tert- butoxycarbonylamino -3-(2-

25 amlnophenylamlno)proplonlc acid (11.95 g, 40.5 mmol)
in 100 ml of dlmethylformamlde and stirred for 18
hours. The reaction was poured into 700 ml of ethyl
acetate and washed four times with 100 ml of water.
The organi¢ layer was dried over anhYdrous sodium

30 " sulfate, filtered, and evaporated to give a brown
solid that was purified by flash chromatography



- 238 - [err] was stirred 18h at roon1tenperatufe. The reaction was

diIute ter and washed with ethyl ether (1 x 20 eous
el it

| ayer mas ac fied with conc. 10 hydrochl ori ¢ acid

collected by filtration and washed with water. The solid was dried |n a
vacuum oven at 50 [err] for 18h to 953@ 2.29 (75% -of the title conpound as
a tan solid: [err] [err] - 239 -

~ eluting with 3:7 ethyl acetate/hexane to give 8 g
(71%) of the title compound: 'K NMR (CDCl;) §7.78 (1H,
's), 7.02-6.95 (1H, m), 6.88-6.82 (1H, m), 6.82-6.78
' (1H, m), 6.75-6.70 (1H, m), 5.8-5.7 (1H, d), 4.55-4.45
5 (1#, m), 3.95 (1H, s), 3.9-3.82 (1H, m), 3.48-3.40
(1H,m), 1.45 (9H,s). | '

Step D. (3(s)- tert-Butoxycarbonylamino-2 oxo-
2,3,4,5- tetrahydrobenzo[b]tl 4]diazep;n- -yl)aeetic
acid methyl ester (103). Al.O0M solutlon of lithium
10 b13(tr1methyls;lyl)am1de (3 4 ml, 3.4 mmol) in THF was ‘
added dropw;se to a -78 °C solution of 3-tert-
butoxycarbonylam;no-l 3,4,5- _
tetrahydrobenzo[b][1,4]d;azepin-2-pn§'(0.94 g, 3.38
mmol) in 20 ml of anhydrous tetrahydrofuran and
15 stirred for 30 minutes. 'MethYI bromoacetate (0.44 ml,
4 mmol) was added dropwise to the reaction mixture
then warmed to room temperature. The reacticn was
diluted with 100 ml of ethyl acetate and washed with
0.3N potassium hydrogen sulfate'(sp ml), water (2 x 50
20 ml), and brine. The combined organids were dried over
anhydrous sodium sulfate, filtered, and evaporated to
afford a gum that was purified by flash chromatography
eluting with 3:7 EtOAc/Hex. to give 0.98 g (83%) of
the title compound as a white solid. 'H NMR (CDCl,)
25 7.15-7.07 (2H, m), 6.98-6.94 (1H, m), 6.88-6.84 (1H,
d), 5.62-5.55 (1H, d), 4.71-4.65 (1H, d), 4.65-4.6
(1H, m), 4.33-4.27 (1H, d), 3.96-3.90 (1H, m), 3.78
(3, 8), 3.44-3.37 (1H, m), 1.4 (9H, 8).



give 0.13g (45% of the'title conpound: [err] [err] - 240 - filtered,
and concewbrossssgst o yield 6.14g of the title conpound. PurpdT/USHs/0R617gave

4.79g (80% of

pyrrolo [1,2-a]
4- Oxo- 3- ( 3- phen
1,2-a]lpyrimdin
pal | adi um hydro
hydr ogen at nosp
concentrated to

[err] 4-Oxo-3-(3-phenyl-propionylazino))-4,6,7,8-tetrahydro-

pyrim di ne-(6S)-carboxylic acid (1100). A m xture of
yl -acryl oyl am no)- 10- 2474-6, 7, 8-t etrahydr o- pyrrol of

e-(6S)- carboxylic acid (96; 2.1g, 6.5 L) and 20%
Xi de onHC on (O Sg) in nethanol (50 s stirred under
f

her e olhe resulting nixture cered and .
a>N§LE’ | | N N oen
_ H

104

108 :_ | _ 106
aR=H
b R = COCH,CH,Ph
¢ R = CH,Ph

[2- Oxo-3 (8) - (3-§hény1propidny1anino) -2,3,4,5-

tetrahyd:o-benzo[b] [1.4]d1nzepin- -yllacetic acid

methyl ester (104a). Anhydrous hydrogen chloride was
bubbled into a solution of (3(S)-tert-

'butoxycarbcnylamlno-z-oxo-2 3,4,5-tetrahydro-benzo [b]

10

15

20 -

(1, 4]d1azep1n -1- yl)acetlc acid methyl ester (103, 1qg,

- 2.86 mmol) in 25 ml cf ethyl acetate- for 2 minutes

then stirred for 1 hodr at room temperature. The
reaction was evapdrated to give 2-oxo-3(S)-amino-
2,3,4,5-tetrahydrobenzo [b] [1,4]diazepin-1-yl acetic
acid methyl ester hydrbchloride'as a white solid.

The hydrochloride salt and hydrocinnamic acid (0.47 g,
3.15 mmol) was dissolved into 20 ml of
dimethylformamide and cooled to 0 °C.
Dllsopropylethylamlne (1 ml, 5.72 mmol) was added to
the solution followed by the addition of N-
hydroxybenzotrlazole and 1-(3- dlmethylaminopropyl) -3-
ethylcarbodllmlde hydrochlorlde. After stirring for

a



15
[err]

_a] pyri m dine-(6S)- carbonyl] am no} - bupyei c acid tert- 5 but yl
prepared from 100 and 66a by the procedure in exanple 5 for conpound 67a to

yield 2.1g (100% of the title conpound as a white [err] -

- 241 -

woosikdes acid tert-butyl enter (101b). 4-Hydroxy
.met hoxy- benzoxazol - 2-yl)-(3S)-{[ 4- oxo- 3-(3- phenyl - Yerussorer:

pr opi onyl am no) -4, 6,7, 8-tetrahydro-pyrrolo[ 1, 2-

:glve 0. 95¢g

ester was

18 hours at room temperature, the mzxture was dlluted

with 150 ml of ethyl acetate and washed with 10%
- sodium hydrogen sulfate, 10% sodium bicarbonate,
brine. The organic layer was dried over anhydrous

and

5 = sodium sulfate, filtered, and evaporated to a crude

solid that was purified by flash chromatography

eluting with 7:3 ethyl acetate/dichloromethane to

afford 600 mg (55%)of the title eompdund as a white
~solid. 'H NMR (CDCl;) § 7.3-6.85 (9H,m), 6.55-6.0 (1H,

10 d), 4.88-4.82 (1H, m), 4.72-4.65 (1H, d), 4.28-4.22
(1H, m), 3.95-3.9 (1H, m), 3.78 (3H, s), 3.65 (1H, br.

s), 3.28-3.2 (1H, m), 2.95-2.84 (2H, m), 2.55-2.4 (2H,

m) .

(3 (8) - (3-Phenylpropionylamino) -2-0x0-2,3,4,5-tetra-

15 ° hydrobenzo[b] [1, 4]diazepin- -yl)aeetie acid (105s).

(3({8)-(3- Phenylprop;onylamzno) -2-0x0-2,3,4,5-

tetrahydro-benzo[b) [1,4]diazepin-1-yl)acetic acid
methyi ester (104a) was dissolved in 90% methanol.

Lithium hydroxlde hydrate was added to the reaction

20 and the reaction was stirred at room temperature for 4
h. The reaction was evaporated in vacuo to give a
white solid. Th;s was dissolved in 20 ml of water and
acidified to pH 5 and extracted with ethyl ‘acetate to
afford 304 mg (88%) of the title compound as a white

25 solid. 'H NMR (CDCly) § 7.5-6.9 (11H, m), 4.92-4.8

(1H, m), 4.7-4.58 (1H, d), 4.38-4.25 (1H, d4), 3.88-
3.78 (1H, m), 3 45-3.25 (1H, m), 3.05-2. 85 (2H, m),

2.55-2.45 (2H. m) .

4-Oxo-3(s) {2 [2-oxo-3(8) (3-pheny1prepionylamino)-

30 2,3,4,5- tet:ahydro-benzo[b][l 4)diazepin-1-

_ylacetylanino}butyric acid (106a). N-[1-(2-Benzyloxy-



(quantitative) of the product as a mixture of diastereoners: [err] The
resul ti ng wo 28135308 Was converted to 101b by the procedure i pcgxmsBdR1P fOr

conpound 68a to give [err]- - 243 - [err] The resulting product was
converted to 101c by the 5 . nethod described in exanple 5, conpound 68a
to give [err] - - 244 - ' - 249 -

5-oxotetrahydrofuran-3-ylcarbamoyl-methyl)- 2-oxo-
2,3,4,5-tetrahydro-1H-benzo[b] [1,4]diazepin-3-yl]-3-
phenylpropionamide was prepared from 105a by the
procedure in example 3, compound H (stepA) to afford

5 390 mg (93%) of the product as diastereomers. 'H NMR
(CD,OD) §7.58-7.22 (14H, m), 5.78-5.73 (0.5 H, d),
5.64 (0.5 H, s), 5.0-4.72 (4H, m), 4.54-4.42 (2H, m),
3.82-3.76 (0.5 H, m), 3.68-3.62 (0.5 H, m), 3.28-3.21
(0.5H, m), 3.19-3.12 (0.5H, m), 3.07-2.98 (2H, m),

10 2.78-2.48 (4H, m).
The resulting product was converted to 106a by the
method descrlbed in example 3, compound H (StepD) to
afford the title compound as a white solid (17%): 'H

NMR (CD,OD) 8 7.54-6.98 (9H, m), 5.58-5.44 (1K, m),

15 4-8-4-2 (4H' m)l 3-96-3 .3 (ZH' m) . 3.30-3.05 (lH' m) ’
2.98-2.25 (5H, m). '

[2-0x0-5-(3-phenylpropionyl) -3 (8) - (3-
phenylpropionylamino)-2,3,4,5-
tetrahydrobenzo [b] [1,4]diazepin-1 -yl]acetic acid
20 methyl ester (104b). Anhydrous hydrogen chlorlde was
bubbled into a solution of (3(S)-tert-
butoxycarbonylamino-2-oxo-2,3,4,5-tetrahydro-
benzo[b] [1,4]diazepin-1-yl)acetic acid methyl ester
(103, 1g, 2.86mmol) in 25 ml of ethyl acetate for 2
25 minutes then stirred for 1 hour at room temperature.
The reaction was evaporated to give 2-oxo-3(S)-amino-
2,3,4;5-tetrahydrobenzo[b][1,4]diazepin—1-yl acetic
acid methyl ester hydrochloride as a white solid.
The hydrochloride salt was suspended into 20 ml of
30 ~ dichloromethane and cooled to 0 °C. .Triethylamine
(1.6 ml, 11.5 mmol)_was added. to the suspension
" followed by the dropwige addition of dihydrocinnamoyl



[err]

245 - ethyl acetate (3 x 250 nl). The conbined extracts were

dried s drous sodiumsulfate, filtered, and evapo ive 12.64
83p6$@¥ ?é@%g%ﬁ?'ﬁ

g (839

e title conpound as an orange anDrphous o) err] [err]

- 246 - eluting with 3:7 ethyl acetate/hexane to give 8 g (71% of the
title conpound: [err] [err] . 280 - _

10

15

20

25

30

chloride (0.9 ml, 6 mmol). The mixture was warmed to
room temperature and stirred for 18 hours. The
mixture was diluted with 25 ml of dichloromethane and
washed twice with 50 ml of water and once with 50 ml
of brine. The organic layer was dried over anhydrous
sodium'sulfate,-filtered, and evaperéted to give a
viscous, yellow oil that was purified by flash
chromatography eluting with 1:1 ethyl
acetate/dichloromethane to afford 1.35 g (92%) of the
title product as a white solid.  'H NMR (CDCl;) & 7.45-
7.02 (14 H, m), 6.37-6.32 (1H, d), 4.78-4.72 (1H, m), |
4.52-4.3 (3H, m), 3.82-3.77 (1H,m), 3.74 (3H, s),
3.03-2.87 (4H, m), 2. 58 2.45 (2H, m), 2. 45 -2.35 (1H,
m), 2.25-2.16 (1H, m).

[2-Oxb-5-(3-phenylpropiony1)-3-(3(8)-
phenylpropionylamino)-2,3,4,5- |
tetrahydrobenzo [b] [1,4]diazepin-1-yl]lacetic acid
(105b). [2-Oxo0-5- (3-pheny1propionyl) -3-(3- '
phenylpropionylamino)-2,3,4,5-

tetrahydrobenzo[b] [1, 4]dlazep1n 1-y1]acet1c acid
methyl ester (104b; 680 mg, 1.32 mmol) was hydrolyzed
by the procedure in example 105a to afford 645 mg
(98%) of the title compound as a white solid. 'H NMR

(cpcl,) & 7.58 (1H, br. s), 7.5-7.42 (1H, m), 7.35-"
'6.95 (14H, m), 4.95-4.88 (1H, m), 4.64-4.55 (1H, d),
4.54-4.45 (1H, t), 4.15-4.05 (1H, d), 3.75 (1H, m),
3.05-2.75 (4H, m), 2.58-2.45 (2H, m), 2.45-2.28 (1H,
m), 2.25-2.14 (1H, m).

2- Oxo-3(8) {2-12-ox0-5- (3-pheny1propiony1)-3(8) (3-
phenyl -propionyl- -amino) -2,3,4,5-
tetrahydrobenzo[b][1,4]diazepin- -yl1]



- 247- Jerr - 248 - 18 hours at- roomtenperature, the mxture was
diluted. V\AW 9¥3%3081. of et hyl acetate and washed with.10% s ®ROVESISHWIDgen
sul f at e, 10@6sod|un1bicarbonate and brine. The organic |ayer was dried
over anhydrous 5 sodiumsulfate, filtered, and evaporated to a crude
solid that was purified by flash chronaﬂégraphy eluting with 7:3 ethyl-
acet at e/ di chl oronethane to afford 600 ng (55%of the title conpound as a

white acetylamino}butyric acid (106b). [2-Oxo-5-(3-
phenylpropionyl)'3 (3-phenylpropionylamino) -2,3,4,5-
tetrahydrobenzo [b] [1, 4]d1azep1n-1 yllacetic ac1d and
3-amino-4-oxobutyric acld tert- butylester _

5 semicarbazone were coupled by the procedure in example
3, compound K (step A) to give 350 mg (85%) of a white
solid. 'H NMR (cnc13) 59.05 (1H, br. s), 7.58-7.55
(1H,4), 7.5-7.35 (1H, m). 7.35-6.95 (14 H m), 6.75-
6.72 (lH,_d), 6.25 (1H, br. s). 5.25 (IH, br. s),

10 4.95-4.88 (1H, m), 4, 8- 4 . 72 (1H m, 4. 55-4.4 (2H,
m), 3.92-3.88 (1H, 4), 3. 73_3 68 (1H, m), 2.95-2.8
(4H, m), 2.8-2.72 (1H, m), 2.62-2.55 (1H, m), 2.55-
2.45 (2H, m), 2.4-2.32 (1H, m), 2.2-2.12 (a8, m, 1.45
(9H, s). |

15 4- Oxo 3-{2-[2- oxo-s (3-pheny1prop10nyl) -3-(3-phenyl-
propzonyl -amino) -2, 3,4,5-
tetrahydrobenzo [b] [1, 4]d1azep1n 1-y1]-acety1-
amzno}butyrzc ac1d tert- butyl ester semicarbazone was
deprotected as descrzbed in example 3, compound K

20 (step C) to give 118 mg (47%) of the title compound as

a white solid. 'H NMR (CD,OD) 57.48-6.95 (14 H, m),

4.65-4.15 (6H, m), 3.5-3.4 (1H, m), 2.85-2.72 (4H, m),
2-65-205 (1H' m) rs 2.5-2034 (BH' m) ’ 2.34-2015 (2H, m) .

[5-Benzyl-2-oxo-3(8) - (3-pheﬁy1p:epionf1amino) 2,3,4,5-
25 tetrahydro -benzo[b][l 4]diazepin- -yl]acetie acid
' methyl ester (104c)._ [2 Oxo-3 (3-
phenylproplonylamlno) 2 3 4,5- tetrahydrobenzo-
[b][l 4]d1azep1n-1 yl]acetlc acid methyl ester (104a;
500 mg, 1.31 mmol), calc;um ‘carbonate (155 mg, 1.58

30 mmol) , and benzyl bromlde (170 pl, 1.44 mmol) were

taken into 10 ml of dlmethylformamzde and heated to 80
°C for 8 hours. The mixture was diluted with 150 ml



[err] . - 249 - 5-oxotetrahydrofuran-3-yl carbanoyl - met hyl )- 2- oxo-
2,3, 4, 5-\wejgsplypgd’ 0- 1H benzo[b] [ 1, 4] di azepi n-3-yl]-3- phen¥F£roF|onan1de was
prepared from 10a by the procedure in exanple 3, conpound

afford 5 390 nmg (93% of the product as diastereoners. [err] The

resul ting product was converted to 10 by the nethod described in exanple

3, conmpound H (StepD) to afford the ti 2e “conpound as a white solid (17%:
[err] [err]

of ethyl acetate and washed 4 times with 50 ml of
water. The:organic'laYer was dried over anhydrous
‘sodium sulfate, letered and evaporated to give a
v1scous, yellow oil that was purified by flash
5 chromatography eluting with dlchloromethane/ethyl
'-_acetate (8:2) to give 460 mg (75%) of the title

compound as a white aolld. g NMR (CDCl,) & 7.34-7.05

(14 H, m), 6.32-6.28 (1H, d), 4.84-4.76 (1H, d), 4.76-
4.70 (1H, m), 4.43-4.37 (1H, d), 4.26-4.18 (1H, d),

10 4.06-4.00 (1H, d), 3.79 (3H, s), 3.45-3.37 (1H, m),
3.02-2.95 (1H, m), 2.90-2.82 (2H, m), 2.5-2.34 ( 2H,
m) . '

[5-Benzyl- -2-o0x0-3(8) - (3-phony1propiony1anino) -2,3,4,5-
tetrahydro -benzotb][l 4]diazepin-l-yl]acetic acid
15 (105¢) was prepared by the hydrolyais of the ester
(102¢) by the procedure reported in example 105a to
give 450 mg (98%) of the title compound as a white
solid: 'H NMR (CD,OD) §7.5-7.05 (14 H, m), 6.4 (1H,
br. s),485455 (2Hm).45421 (ZH, m, 4.12-3.92
20 _(1H,d).34533(1H,m).3128(3H,m),255228
( 3H, m). o
3(s)-{2-[5-Benzyl-2-0x0-3- (3(8)-phenylpropionylamino)-
2,3, 4,5- tetrahydrobenzo[b][l. 4}diazepin-l-yl]-
acetylanino} 4-oxobutyric acid (106¢). [S-Benzyl-2-
25 oxo- 3(S)-(3-pheny1propzonylam1no) 2,3,4,5-tetrahydro-
~benzo[bl1, 4]d1azep1n-1 yl]acet1c acid and 3(S)-amino-
 4-oxobutyric acid tert- butylester semicarbazone were
coupled by the procedure in example 3, compound K
(step A) and to afford 260 mg (85%) of a white solid:

30 'H NMR (CD,0D) § 7.35-7.0 (15 H, m), 4.94-4.88 (1H,
- m), 4.68-4.58 (1H, d), 4.57-4.52 (1H, m), 4.41-4.34



- 250 - chloride (0.9 m, 6 mml). The m xture was war
tenper at UNO¥YAI3t i rred for 18 hours. The nixture was
of dichl oronethane and washed twice with 50 ml of water
5 of brine. The organic . layer was dried over anhydr
filtered, and evaporated to give a vis&h&,- yel l ow oil

ned to room

di | BERYSHIQ761725 i
and once with 50 ni
ous sodi um sul f ate,
that was purified by

flash chronatography eluting with 1:1 ethyl acet at'e/ di chl oronet hane to

afford 1.35 g (92% of the 10 title product as a |
[err] - 251 -(1H, 4), 4.3-4.23 (1H, ), 4.1-4.

te ?Olﬁdie £e££]

(1K, m), 3. 09-2.98 (1H, m), 2. 78-2.72 (2H, t), 2.65-

2.57 (1H, m), 2.42-2.33 (3H, m) .

3(s)-{2-[5-Benzyl- 2 -ox0-3(8) - (3- phenylproplonylamlno)-
5 2,3,4,5- tetrahydrobenzo[b][l 4]diazepin-1-yl] -

acetylémino}-4-ox6buﬁyric acid tert-butyl ester

‘semicarbazone was déprotected as described in example

3, compound K (step C) to give 168 mg

(81%) of the

~ title compound as a white solid. 'H NMR (CD,0D) 5
10 7.37-7.0 (14H, m), 4.75-4. 62 (1H, m), 4.6-4. 45 (2H,

m), 4.4-4.21 (2H, m), 4. 15-3.95 (2H, m)

’ 3.15- 3.0 (2H,

m), 2.82-2.67 (2H, m), 2.65-2.52 (1H, m), 2.5-2.32

(3H, m).

108 107

2,6-Dichlorobenzoic acid 4-tert-butoxycarbonyl-2-oxo-
15 3(8) -{2- [2-0x0-5- (3-phenylpropionyl) -3(S) - (3- |

phenylpropionylamino) -2,3,4,5-tetrahydro-

benzo[b] [1, 4]diazepin-1-y1]acety1 -amino}butyl ester

(107a). The resulting semicarbazone was prepared by

the coupling of compound 105b and t- butyl 3-



acetylam no}butyric acid (106b). [2-Oxo-5-(3-

phenyl pwapesmsgeg) - 3- ( 3- phenyl propi onyl-am no) - 2, 3, 4, 5- . ) .
t et rahydrobenzo[ b] [ 1, 4] di azepi n-1-yl]acetic acid and 3- amGTEeASBI63 it yric
acid tert-butylester 5 sem car bazone were coupled by the procedure in

exanmpl e 3, conpound. K (step A) to gi 50 ng (85% of a white [err] -
252 - of ethyl acetate and washed 4 gﬁ%%s with 50 m of water. The organlc

Iayer was dried over anhydrous sodiumsulfate, filtered, and evaporated to

gi ve a Vi scous(a ey fbérfﬂatﬂﬁﬁ:)wiéi&%-b%féﬁéfcélor g@agg?siography
eluting with dic QIoronethane/ethyI acetate | ve
the title oxy) pentanoate (WO~ 93 16710) as descrlbed in

compound 56a to glve 256 mg (58%) of the title
compound as a white solld 'H NMR (cDCl,) & 7.45-
5 7.04 (17H, m), 6 45 6.34 (ZH, m), 5. 28-5.21 (lH, m),
 5.1-5.0 (1H, m), 4.95-4.90 (1H, m), 4.75-4.70 (1H, m),
4.55-4.44 (1H, m), 4.32-4.22 (lH dd), 3. 99 3.85 (1H,
ad), 3.85-3. 75 (1H, m), 3. 06-2.83 (SH m), 2 83-2.74
(1H m), 2.6-2.44 (2H, m), 2.43-2. 33 (1H, m), 2 24-
10 2.15 (1H, m), 1.45 (9H, s). o |

z,G-bichlorobhnzoic agid 4-cafboxy-2¥ox043(S)-{2-[2-
oxo-5- (3-phenylpropionyl) -3(8) - (3-
phenylpropionylamino)-2,3,4,5-
tetrahydrobenzo [b] [1,4]diazepin-1-yl] acetylamino}butyl
15 ester (108a) was prepared from 107a by the method
described for compound 57a which afforded 156 mg
(68%) of the title compound as a white solid. HNMR

(CD,0D) & 7.5-6.9 (17H, m), 5.16-5.02 (1H, dd), 4.88-
4.71 (2H, m), 4.62-4.44 (2H, m), 4.42-4.28 (2H, m),
.20 4.27-4.18 (1H, m), 3.47-3.41 (1H, m), 2.90-2.60 (sn,
' m), 2.46-2.4 (2H, m), 2.39-2.18 (2H, m) .

4- (7-Methoxybenzoxazol-2-yl) -4-oxo-3 (8) -{2- [2-0x0-5~
(3-phenylpropionyl) -3 (8) - (3-phenylpropionylamino) -
2,3,4,5-tetrahydrobenzo[b] [1,4]diazepin-1-yl]-

25 acetylamino} butyric acid tert-butyl ester (107b).
4(R,S)-Hydroxy-4-(7-methoxybenzoxazol-z-yl)-3(S)-{z-
[2-0ox0-5- (3-phenylpropionyl) -3(8) - (3-
phénylpropionylamino)-2,3,4,5-
tetrahydro[b][1,4]diazepin-l-yl-acetylamino} butyric

30 acid tert-butyl ester was prepared from 105b and 66a
by the method described in example 5, compound 67 to



[err] - 253 -

[err] - 254 - Jerr] - 255 - Jerr]
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give 56% of a white solid: 'H NMR (CDCl,;) §67.72-6.78
(194, m), 6.37-6.28 .(1H, m), 5.17-5.08 (0.5H, m),
4.92-4.82 (0.5H, m), 4.81-4.6 (1H, m), 4.6-4.35
((3H,m), 4.05-3.9 (1H, m), 3.95 (3H, s), 3.82-3.7 (1H,

‘m) , 2.96-2.05 (10H, m), 1.45 (4.5H, s), 1.38 (4.5H,

S)‘.,

The resulting product was converted to 107b by the
method described in example 5, compound 68a to give
the title compound (56%) as a white solid. 'H NMR

- (CD,0D) & 7.62-6.8 (17H, m), 5.64-5.58 (0.5H, t), 5.52-

5.46 (0.5H, t), 4.62-4.47 (2H, m), 4.40-4.32 (1H, m),
3.9 (1.5H, s), 3.88 (1.5 H, s), 3.43-3.37 (1H, m),
3.0-2.92 (1H, m), 2.90-2.62 (6H, m), 2.5-2.4 (2H, m),
2.28-2.15 (2H, m), 1.32 (4.5H, s), 1.25 (4.5H, s).

4- (7-Methoxybenzoxazol-2-yl) -4-oxo-3 (8) -{2- [2-oxo-5-
(3-phenylpropionyl) -3 (8) - (3-phenylpropionylamino) -
2,3,4,5-tetrahydrobenzo[b] [1,4]diazepin-1-yl] -
acetylﬁmino} butyric acid (108b) was prepared by the
method described in example 5, compound 69a to give
the title compound (50%) as a white solid. 'H NMR
(cD,0D) & 7.41-6.88 (17H, m), 5.6-5.55 (0.5H, t), 5.48-
5.43 (0.5H, t), 4.64-4.45 (2H, m), 4.45-4.30 (1H, m),
3.93 (1.54, s), 3.90 (1.5H, s), 3.47-3.34 (1H, m),
3.10-2.85 (2H, m), 2.84-2.63 (SH, m), 2.6-2.4 (2H, m),
2.3-2.1 (2H, m).

4-[5-(2,6-Dichlorophenyl) oxazol-2-yl] -4-oxo-3(S) -{2-

" [2-0x0-5- (3~ phenylpropionyl)-3(8)-(3-

phenylpropionylamdno) -2,3,4,5-

tetrahydrobenzo[b] [1,4]diazepin-1 -yl]-acetylamino}
butyric acid tert-butyl ester (107¢). 4-([5-(2,6-
Dichlorophenyl)oxazol-2-yl] -4 (R, S) -hydroxy-3(S) - {2- [2-



- 256 - [err] - 257 - [err] - 258 - mmol) and 4 A nol ecul ar sieves (1

g) in nevowsskseedS nl), was added sodiunlcyanoborohydride %@ g rﬁ
nmol ). The mi xture was stirred overnight at 25 [err] then erea hrough

Celite and concentrated under
- 256 -

oxo- 5-(3-phenylpropionyl)-3(S)-(3-
phenylpropionylamino) -2,3,4,5-
tetrahydrobenzo[b] [1,4]diazepin-1-yl] -acetylamino}
. butyric acid tert-butyl ester was prepared from 106c
5 and 99 by a similar method as described for compound
67a in example 5 to give 72% of a white solid. 'H NMR
(CDCl,) 67.71-7.64 (1H, m), 7.58-7.42 (2H, m), 7.42-
_6.92 (15H, m), 6.5-6.37 (2H, m), 5.15-5.04 (1H, m),
4.88-4.68 (2H, m), 4.57-4.37 (2H, m), 4.28-4.13 (1H,
10 m), 3.87-3.64 (2H, m), 3.04-2.80 (4H, m), 2.76-2.68
(1H, m), 2.67-2.42 (3H; m), 2.41-2.31 (1H, m), 2.22- ‘
2.12 (1H, m), 1.45 (9H, s).
The resulting product was converted to 107c by a
similar method as described for.compound 68a in
15 example 5 to give the title compound in quantitative
yield as a white solid. ‘H NMR (CDCl,) §7.47-6.98
(18H, m), 6.52-6.42 (1H, d), 5.6-5.52 (1H, m), 4.78-
4.71 (1H, m), 4.52-4.40 (2H, m), 4.03-3.94 (0.67H, m),
3.94-3.85 (0.33H, m), 3.85-3.75 (1H, m), 3.45-3.33
- 20 (1H, m), 3.08-2.98 (1H, m), 2.97-2.84 (4H, m), 2.55-
2.43 (2H, m), 2.43-2.32 (1H, m), 2.23-2.13 (1H, m),
1.35 (9H, s). |

4-[5- (2 S-Dichlorophenyl)oxazol 2-y1]-4-oxo-3(8) {2-
25 [2-0x0-5- (3- phenylpropionyl)-3(8S)- (3-
phenylpropionylamino)-2,3,4,5-
tetrahydrobenzo[b][1,4]diazepin-1-y1]-aeetylamino}
butyric acid (108c) was prepared from 107c by a
similar method as described for compound 69a in
30 example 5 to glve 72% the title compound as a white

‘solid. 1H NMR (cnaon) & 7.58-7.0 (18H, m), 5.62-5.53

(0.67H, m), 5.52-5.47 (0.33H, m), 4.68 (3H, m), 3.54-
3.42 (1H, m), 3.1-2.92 (2H, m), 2.88-2.68 (S5H, m),




5 reduced pressure. The residue was dissolved in 1 N NaCH and extracted
with ethyWas@s38e (3 x 40 nL). The organic |ayer was dri eBCT®S9¥07617 | t er ed
and evaporated to give an oil. Chromatography (silica- gel, 4:1 hexane:
ethyl acetate as eluent) gave 0.92 10 g (68%yield) of 11l1a as an oil.
-Step B. The above material was di ssolzsad-l n di chl oromethane (3 ni) cool ed
to [err] and treated with a 25% solution of trifluoroacetic acid in

di chl oromet hane (20 nL) then allowed to warmto 25 [err] 15 and stir
until the react2.63-Rad5 U@fod Wopl4dt-2 122 T(2H,( M1 hexane: ethyl acetate).
The sol vent was renoved under reduced pressure and the residue dried under

vacuum t hen di ssol vedd i n dichl orongthane (40 and h eated with
4- et hyl m)rphol iﬂﬁe."(/h 9 20 |) step 1 5 r’rm)g gand EDC
(0.61 g, 3.2 mmol) %Tﬁ%h? esulﬁtur‘e"m ' Q’

H COzBu.t _

. 109 .. 110
. : 111
. 0
P\ PM
C Hs
112 : 113
StepC ' | ' _ ' StepC

114
aR;=CH;
bR;=H

3(8)-{2(R,8) - [4- Benzyl -7-0x0-6 (S) - (N-
benzyloxycarbonylamino) -11, 4]diazepan- -yl] -

5 propionylamino}- 4- oxo-butyric acid trifluorcacetic
acid salt (1ll4a):
Step A. To a solution of tert-butyl-2-N-
benzyloxycarbonyl-3-N-benzyl- (S)-2,3-

_ diaminopropionate (110; 0.35'9;:2.2 mmol), 3-(N-

10 tert-butoxyéarbonYIfaminofz-méthYl?S-bxo-pentanoic
acid methyl ester (109a; 0.65 g, 2.7 mmol), acetic
acid (0.1 mL, 1.8 mmol), sodium acetate (0.36 g, 2



at 25 [err] then diluted with dichl oronethane and washed with water. The

or gani Cwaysiszosas dried (MgSOH), filtered and evapor at edﬂ&ng,@&p oil. 25
Chr omat ogr aphy (silica-gel, 3:2 hexane: ethyl acetate) gave g (74%

yield) of 112a as a viscous oil. Step C. A solution of

2(RS) - [ 4-benzyl - 7- 0x0- 6(S)- (N-benzy. ggycar bonyl am no) - [ 1, 4] di azepan- 1-yl|

- 30 propi-onic acid nmethyl ester (112a; 0.15 g, 0.32 muol) was di ssol ved
in methanol and treated with 1 MLIiOH (0.32 nL) and stirred 5.5 hours at 25

[err] then evgporptheh to ﬁrdélﬁééulii‘esi@@égu‘?ﬂ@ﬁ aAembERAABLVI(4B et hanol
(2 x 10 nt), ace’t Ov?alst réégeé od:l.um cgrénoborogygrlde (0.33 g, 5.3 '
mmol) . - The mixture was stirred ove:nlght at 25 °C
then filtered through Celite and con¢entrated under -
5 reduced pressufe; The residue was dissolved in 1 N

NaOH and extracted with ethyl acetate (3 x 40 mL).
The organic layer was dried (MgsO,), filtered and
evaporated to give an oil. Chromatography (silica-
gel, 4:1'hexane; ethyl acetate as eluent) gave 0.92

10 g (68% yield) of 1llla as an oil. -
Step B. The ‘above material was dissolved in (
dichloromethane (3 mL) cooled to 0 °C and treated
with a 25% solution of trifluorocacetic acid in
dichloromethane (20 mL) then allowed to warm to 25 °C

15 and stir until the reaction was judged complete by
TLC (4:1 hexane: ethyl acetate). The solvent was
removed under reduced pressure and the residue dried
under vacuum then dissolved in dichloromethane (40
mL) and treated with 4-methylmorpholine (1 mL, 9

20 mmol), HOBT (0.2g, 1.5 mmol) and EDC (0.61 g, 3.2
mmol) . The resulting mixture was stirred overnight
at 25 °C then diluted with dichloromethane and washed
with water. The organic layer was dried (Mgso,),
filtered and evaporated to give .an oil.

25 Chromatography (silica-gel, 3:2 hexane: ethyl
acetate) gave 0.49 g (74% yield) of 112a as a viscous
oil. | o

Step C. A solutlon of 2(R S)-[4- benzyl -7- -ox0- G(S)-
(N- benzyloxycarbonylamlno) [1, 4]diazepan 1-y1 1-

30 propionic acid methyl ester (1l2a; 0.15 g, 0. 32 mmol)
was dissolved in methanol and trgatéd with 1 M LiOH
(0.32 mL) and stirred 5.5 hours at 25 °C then
evaporated to dryness. The residue wés azeotroped
w1th ethanol (2 x 10 ml) , acetonitrile (2 x 10 mL),



benzene (2 x 10 nlL) then dried under vacuum The resulting residue was
converted WO9¥3¥58 by a nethod:similar to that described i n ECEUSISHIA7

conpound K (steps A, B, andC) and purified by reverse phase 5 (C18
colum) HPLC using 0. 1% FA: water 0.1%FA: acetonitrile as eluent. to give
17 mg (10%vyield) of a viscous oil: Lepgp - - 260 - residue dissolved in

di chl oronet hane (20 nL) then treated with triethylanmne (1 nL) and
di hydroci nnanoyl chloride (170 ng, 1 mmol). The resulting m xture was
al l oned to stirbenzenegh2 hao WmL) tHhenudeded underhwacmst.at Shend washed

with 1 N NaCH Fhe,9¢938 ¢esdbhe WS Yon%erkel ko hhlda®h3F 2AMbthod

similar to that described in example 3, comp_ox_ind K
(steps A, B, and IC). and purified by reverse phase

5 (C18 column) HPLC using 0.1%TFA:water/
0,.1%TF1-\':aceton_itril_<_a- as eluent. to give 17 mg (10%
yield) of a viscous oil: 'H NMR (500 MHz, CD,OD) &
1.15 (m, 3 H), 2.30- 2.70 (m, 6 H), 2.72- 2.95 (bm, 6
H), 3.30- 3.80 (m, 4 H), 4.10 (m, 1 H), 4.40 (m, 4

10 H), 4.95 (m, 1H) 6.95- 7.10 (bs, S H), and 7.12- 7.20
ppm (bs, 5 H). o

3(8) -{2- [4-Benzyl-7-0x0-6(8) - (N- |
benzyloxycarbonylamino) - [1,4]ldiazepan-1-yl] -
acetylamino}-4-oxo-butyric acid trifluorocacetic acid
15 salt (114b) was prepared from 109b by a similar
method described for the synthesis of ll4a to give
85 mg of viscous oil: 'H NMR (500 MHz, CD,OD) & 1.20
(d, J = 7 Hz, 3 H), 2.28 (m, 2 H), 2.60 (m, 2 H),
3.18 (bs, 6 H), 3.35- 3.45 (m, 2 H), 3.60- 3.95 (m, 2
20 H), 4.15 (m, 1 H), 4.22 (m, 1 H), 4.42 (m, 1 H), 5.00
(bm, 2 H), 7.20 (bs, 5 H), and 7.40 ppm (bs, 5 H); F

NMR (470 MHz, CD,OD) & -10.72 ppm (s, 3 F).

4-0x0-3(8)-{2(R,8)-[7-0ox0-4- (3-phenyl-propionyl) -
6(8)- (3-pheny1-propionylmino) -[1,4]diazepan-1-yl] -
25 propionylamino}-butyric acid (115):
Step D. A suspension of 2(R,S)-[4-benzyl-7-oxo-
6 (S) - (N-benzyloxycarbonylamino) - [1,4] diazepan-ll—yl 1-
pfapionic acid methyl ester (112b; 0.22 g, 0.49 mmol)
and 20% PA(OH), on carbon (50 mg) in ethanol was
30 stirred under hydrogen atmosphere for 7 hours. The
solvent was evporated under reduced pressure and the



evaporated to give an oil. Chromatography (silica- gel, 4:1 hexane: ethyl

. acetate) 175 g (75%yield). of 113 as an oil. 10 Step C. . AO0.15 g
sanpl e or ﬁé mol ) - was di ssol ved i n net hanol , t r eaPENUSIYUISIT M Li OH

(0.32 m), stlrred at 40 [err] overnight then evaporated to dryness. The

resi due was azeotroped with ethanol gé x 10 mL), acetonitrile (2 x 10 nl),
- benzene (2 x 10 15 m.) then driéd Qder vacuum  The resulting residue
was converted to 115 by a nethod simlar to that described in exanple 3,

compound K (stgpsafte Bi188d1%7ka 48 dichi3tbmethane (20 mL) then

treated with trzethylamlne (1 mL) and -
dihydrocinnamoyl chloride (170 mg, 1 mmol). The
resulting mixture was allowed to stir overnight then

5 diluted with ethyl acetate and washed with 1 N NaOH.
The o:ganic'léyer was dried (MgsO,), filtered and
evaporated to give an oil. Chromatography (silica-
gel, 4:1 hexane: ethyl acetate) gave 0.175 g (75%
yield) of 113 as an oil. :

10 Step C. A 0.15 g sample of 113 (0.32 mmol) was .

dissolved in methanol, treated with 1 M LiOH (0.32 ‘-

mL), stirred at 40 °C overnight then evaporated to
dryness. The residue.was azeotroped with ethanol (2
x 10 mL), acetonitrile (2 X 10 mL), benzene (2 x 10

15 mL) then dried under vacuum. The resulting residue
was converted to 115 by a method similar to that
described in example 3, compound K (steps A, B,and
c).

20



[err] - 262 - acetate) gave 1.34 g (43%yield) of 117 as a colorless

vi scous oi WOYISI8- . A 1.34 g sanple of 117 was di ssol ved POTUS9SN7617

di-chl oronet hane (3 nL) and treated with a 50%5 sol ution of
trifluoroacetic acid in dichloronmethane (20 m.). After 1.5 h, the sol vent
was renoved under reduced pressure and 2€3e +esi due dri ed under vacuumthen
di ssol ved i-n di chl oronet hane (50 nL) and conbi ned wi th 4-nethyl norphol i ne
(0.2 n, 2 nmol), 10 HOBT (0.27 g, 2 mmol) and EDC (0.8 g, 4 mmol ). The
m xture was stirred ov:jflght at 25 [err] t hen. dlhuﬁedﬁMMrldichlorOnethane

and washed with watgf. Jlhe StepE -
~ COH . D
FJ o comet uwi,&v/\r~ur
' H - . ' cO:!u-t
116 R 117
: 120 =
o _ l Step F

P 2 Ph 'S10p 8 - N AN
..»/ ) /P’l
H oS- - . ctﬁ’\&
129 118

o e P .OT,,..
| m”‘s..../_'-"' B jmﬂ
7 cugilr*v30ﬁ f“ﬁ~_ H g =~ § o
. _ . m
3-{2-12,4-Dibenzyl-3,7-dioxo-6- (N-
benzyloxycarbonylamino)-[1,4]¢iazepan-1-y1]-
acetylamino}-4-oxo-butyric acid (121): |
5 Step E. A solution of tert-butyl-2-N-carbobenzoxy-3-
N-benzyl- (S) -2, 3-diaminopropionate (110; 1.77 g, 4.6
mmol) , N-allyl-N¥tert-buﬁoxycarbqnyl-(S)e |
phenylalanine (116; 1.04 g, 4.8 mmol), HOBT (0.74 g,
5.5 mmol) and EDC (1.33 g, 6.9 mmol) in
10 dzchloromethane (50 mL} was allowed to stirr at 25 °C
for 16 h then dlluted with dzchloromethane (100 mL)
and washed with watexr. The organ;c layer was dried -
(Mgs0,) , filtered and evaporated to give an oil.
Chromatography_(szllca gel, 85: 15 hexane: ‘ethyl



orgénic | ayer was dried [err], filtered and evaporated to give an oi

Chr omat Qg silica- 15 gel, 7:3 hexane: ethyl ace ve 0. 8 g
(80% yi el d@?oo(lw as a viscous oil. Step G A 0.8 g sa#gré}s(g?’ 6178 was

di ssolved in methanol (40 nmi), cooled to -78 [err] and saturated with ozone
until the solution was blue in color The 20 excess ozone was renoved
by purging with argon then dlnethyTs%ﬁalde (5 m.) was added and the nixture
allowed to wvarmto 25 [err] and stir 3 h. Solvent renoval and

0
V) of TIGERTEOLYAR 1 58 ST ELIN) SECHECad TR O 0 o el) of
119 was di sscﬂ%l%%d@ﬁﬁ@l? ik ) cool ed to [err] and treated dropw se -
with a sol ut Ism; fp Jonesy rwgg?r&amélof heLPradged£oLoIvear shst ed.
2- Propanol ( cliloromethane (3 mL) and treated with a 50%
5 solution of trifluorcacetic acid in dlohloromethanei

(20 mL). After 1.5 h, the solvent was removed under

reduced pressure and the residue dried under vacuum

then dissolved in dichloromethane (50 mL) and

combined with 4-methylmorpholine (0.2 mL, 2 mmol),

10  HOBT (0.27 g, 2 mmol) and EDC (0.8 g, 4 mmol). The
mixture was stirred overnight at 25 °C then diluted ‘
with dichloromethane and washed with water. The
organic layer was dried (Mgso,), filtered and
evaporated to give an oil. Chromatography (silica-

15 gel, 7:3 hexane: ethyl acetate) gave 0;8'9 (80%
yield) of 118 as a viscous oil.

Step G.. A 0.8 g sample of 118 was dissolved in
methanol (40 mL); cooled to -78 °C and saturated with
ozone until the solution was blue in color The

20 excess ozone was removed by purging with argon then
dimethylsulfide (5 mL) was added and the mixture
allowed to warm to 25 °C and stir 3 h. Solvent
removal and chfomatography (silica-gel 1:1 hexane:
ethyl acetate ) gave 0.74 g (74% yzeld) of 119 as a

25 white soligd.

Step HE. A 0.2 g eample (0.4 mmol) of 119 was
dissolved in acetone (25 mL), cooled to”o °C and
treated dropwise with a solution of Jones reagent
until the orange:colo: persisted. '2?Propanol (5 mL)

30 was then added to the mixture and the resulting
soltuion filtered through Celite and washed with
acetone Solvent removal gave a green- whzte solid
that was drled under vacuum to give 120 The
resulting residue was converted to 121 by a method




30 was then added to the m xture and the resulting soltuion filtered

t hrough Cewotos/3saesl washed wi t:h acetone. Sol vent renoval gavecgusysResizWhite
solid that was dried under vacuumto give 120. The resulting resi due was
converted to 121 by a met hod - 263 - simlar to that described in
exanpl e 3, conpound K (steps A, B, apdsgy. -Chromatography [err] 95: 4.5:
0.5 di chol ornet hane: nethanol: acetic acid eluent) gave 85 ng (53%yiel d)
of creamcolored solid which 5 . was identified as

3-{2-[2, 4-di bengimi3a? dboxHie- Abscebed dnyexah@ly ani @empound K _
-[ 1, 4] di azepan- 25 %l - acetyl am aok- 4- O%R; butyric agl d (gl%l) gg_tlgespam s of
the fol | owi ng spBEEPE| AdaBa: 3pgr F) - . Chromatography (Si0;; 35: 4.5:
0.5 dicholormethane: methanol: acetic acid eluent)
gave 85 mg (53% yield) of cream coclored solid which
5 was identified as 3-{2-[2,4-dibenzyl-3,7-dioxo-6- (N-
benzyloxycarbonylamino) - [1,4]diazepan-1-yl-
acetylamino}-4-oxo-butyric acid (121) on the basis of
the following spectral data: 'H NMR (500 MHz, CD,OD)

8 2.38 (m' 1H)’ 2-45 (m' 1 H), 3.21 (bs' 2 H), 3-32-

10 3.39 (bm, 6 H), 3.85 (m, 1 H), 4.05 (m, 1 H), 4.21
(bm, 1 H), 4.31 (bs, 1 H), 4.45 (dm, J = 11 Hz, 1 H),
4.95 (bs, 4 H), 7.20 (bs, 5 H), and 7.33- 7.45 ppm
(m, 5 H); "F NMR (470 MHz, CD,OD) d -10.62 ppm (s, 3

F). | | o
o (™ | o " o«
L 2N e S _—
- H | H
o - 123 .
o & %R g
R, —_—
H o} s’\@ H s’\b
e s

15 t-Butyl (3S) N-(allyloxycarbonyl)-3-amino-5-(2-
‘chlorophenylmethylthio) -4-oxo-pentancate (123).
Potassium fluoride (273mg, 4.70mmol) and then 2~
chlorophenylmethyl thiocl (373mg, 2.35mmol) were added



- 264 - [err] - 265 - [err] - 266 - [err].
WO 95/35308 - ' " PCT/US95/07617

- 264 -

to a stirred sbiutlon'of (38) t-butyl N-
(allyloxycarbonyl) -3-amino-5-bromo-4-oxo- pentanoate'
(122; 749mg, 2. 14mmol; WO 93 16710) in
dimethylformamide (20ml). The mixture was stirred

5 for 3.5h, quenched with water (50ml) and extracted
with ethyl acetate 2 x 50ml) . The combined organ;c
extracts were washed with water (4 x 50m1) then brlne
(50ml) . They were dried (MgsO,) and concentrated to
afford an oil which was purified by flash

10 chromatography (10-35% ethyl acetate / hexane) to

afford 832 mg (91%) of a colourless solid: mp. 45-6

C; [_cq,,z° -19.0° (c 1.0, CH,Cl,); IR (£film) 3340,
2980, 2935, 1725, 1712, 1511, 1503, 1474, 1446, 1421,
1393, 1368, 1281, 1244, 1157, 1052, 1040, 995, 764,
15 739; H NMR (CDCl,) & 7.36 (2H, m), 7.21 (2H, m),
5.91 (2H, m), 5.27 (2H, m), 4.76 (1H, m), 4.59 (2H,
d), 3.78 (2H, s), 3.36 (2H, m), 2.91 (1H, &d), 2.74
(1H, dd), 1.43 (9H, s;. Anal. Calcd for C,,H,;ClNO:S:
C, 56.13; H, 6.12; N, 3.27; S, 7.49. Found: C,
20 56.08; H, 6.11; N, 3.26; S, 7.54. MS (C.I.) 430/28
(M + 1, 3%), 374/2 (100). |

t-Butyl (38) 3(2(6-benzy1 1,2-dihydro-2-oxo-3(3-
phenylpropionylamino) -1-pyridyl) acetylamino-5-(2-
chlorophenylmethylthio) -4-oxopentanocate (124a). 6-
25 Benzyi-l,2-dihydro-2-oxo-36(3-phenylpropionylamino)-
pyridyl acetic acid (52b; 300mg, 0.76mmol) in THF
(7ml) was stirred with l-hydro*ybenzotriazole_(205mg,
1.52mmol) and 1- (3-dimethylaminopropy-3- |
: ethiylcarbodiimide hydrochloride). After 3 min, water
30 (12 drops) was added and the mixture stirred 10min
then treated with t-butyl (3S) N-(allyloxycarbonyl)-
3-amino-5- (2-chlorophenylmethylthio) -4-oxopentanoate




- 267 - [err W claim 1. An I CE inhibitor conprising: a first and
a second NWRPYHEB 5 bondi ng noi ety, each of said noieti& 5@9%756'épabl e
of form ng a hydrogen bond with a different backbone at om of sai d

backbone at om bei ng sel ected fromthe group consisting of the carbonyl
oxygen of Arg-341, the amide -NH grou@é -Arg-341, the 10 car bonyl
oxygen of Ser-339 and the am de -NH group of Ser-339; (b) a first and a

second noder at el (¥l23)

10

15

20

25

30

(325mg130.76mmp1), bis (triphenylphosphine)
palladium II chloride (20mg) and tributyltin hydride
(0.6ml, 2.28mmol). The mixture was stirred for 5h at
room teﬁperature; pburgd into ethyl acetate and
washed with agqueous 1M HCl (x2), aqueous sodium
blcarbonate, brine, drled (MgsoO,) and concentrated.
The residue was trlturated with pentane and the
supernatant discarded. Chgomatography (silica gel,

-50% ethyl aceta:e/hexane) afforded a colourless foam

(439mg, B1%): [al,®* -18.3 ° (c 0.5, CH,Cl,); IR (KBr)
3356, 3311, 1722, 1689, 1646, 1599, 1567, 1513, 1367,
1154; 'H NMR (CDCl;) & 8.39 (1H, d), 8.23 (1H, s),
7.24 (14H, m), 6.16 (1H, d), 4.95 (1H, m), 4.63 (2H,
m), 4.02 (2H, s), 3.74 (2H, s), 3.27 (2H, s), 2.85
(6H, m), 1.40 (9H, s). Anal. Calcd for CsH,CIN,0,S:
C, 65.39; H, 5.91; N, 5.87. Found: C, 65.51; H,

- 5.99; N,5.77;

t-Butyl[35(15,95))-3-(6,10- dioxo-l 2,3,4,7,8,9,10-
octahydro) -9- {3-phenylpropionylanino) - 6H-
pyridazine[l,2-a] [1,2)diazepine-1-carboxamido-5-(2-
chlorophenylmethylthio) -4-oxopentancate (124b) was
prepared by a similar method as 1l24a from the
thiocether 123 and 35(1S5,98)-3-(6,10-dioxo~
1,2,3,4,7,8,9,10-octahydro) -9-(3-
phenylpropionylamino) -6H-pyridazino(1,2-

a) [1,2]diazepine-1l-carboxylic acid (45a) to afford
452mg (50%) of colourless foam: mp SS-7I°C; a)p?? -
94.0° (c 0.12, CH,Cl,); IR (KBr) 3288, 2934, 1741,
1722, 1686, 1666, 1644, 1523, 1433, 1260, 1225, 1146,
757; 'H NMR (CDCl,) § 7.35 (3H, m), 7.20 (7H, m), 6.46
(1H, d4), 5. 21 (1H, m), 4 97 (2H, m), 4.56 (1H, m),
3.75 (2H, s), 3.25 (3H, m), 2.93 (5H, m), 2.71 (1H,



hydr ophobi c noiety, said noieties each being capable of associating with a

separ at ewip 933538 pocket of |CE 15 when t he inhibitor ? 5%7%{% ereto,
sai d bindi ng. pocket being selected fromthe group consistIrng o e P2

bi ndi ng pocket, the P3 binding pocket, the P4 binding pocket and the P

bi ndi ng pocket; and (c) an electronggative noiety 20 conpri sing one or
more el ectronegative atons, said atons being attached to the sane atom or
to adjacent atons in the noiety and said noiety being capabl e of formng

one or rmre hagir ogersots, qx) s@g@uﬁgesmy\n t, g@swlyesm) n §hggPl binding
pocket of CEVH’E{ 2 ' [ nhlfééor accor di to claim1l,
wher ei n sai d Brrorl 142 c?ﬂﬁ'a(ﬁ)e'rl z@'&PJoy t¥QF GrsHy @t e ent hal pi ¢
contri buti on of. mzohec$um90f73al H,elee@Br;ogat isG 04Nt ar,ack.igws et ween the

i nhibitor ang IgeE wagddie ¢ "Pi49r 4 s bapyd éferftfo N, 7.79;

5 S, 4. 58 ' MS ( FAB) 697 (M-1, 100)

(38) 3(2(6-Benzyl-1,2- dihydro- -oxo-3 (3-
phenylp:opionylmino) 1~

pyridyl) acetylmino- 5-(2 -chlorphenylmethylthio) -4 -
oxopentanoic a.cid (125a). t-Butyl-3(2(6- benzyl -1,2-

10 dihydro-2-oxo0-3- (3-pheny1prop:|.ony1am1no) -1- ‘

pyridyl)acetyl-amino-5- (2-chlorophenylmethylthio) -4-
oxopentanoate .(124a) (400mg, O. Semmol) in
dichloromethane (3ml) at 0 °C was treated with
trifluorocacetic acid (3ml) and stirred at 0 °C for 1h

15 .= and room tempera:nre_for 0.5h. The solut;cn.was
concentrated then redissolved in diéhloromethane and
reconcentrated. This procedure was repeated three:.
times. The residue was stirred in ether for 1hr and
filtered to yield a colourless solid (364mg, 99%):

20 mp. 165-7 °C; {al?®> -27.7 ° (¢ 0.2, CH,Cl,); IR (KBr)
3289, 1712, i682,' 1657, 1645, 1593, 1562, 1527, 1497,
1416, 1203, 1182; 'H NMR (CDCl,) d 8.47 (1H, d), 8.21
(1H, s), 7.70 (1H, d), 7.22 (14H, m), 6.24 (1H, d),
5.03 (1K, m), 4.65 (2H, m), 4.06 (2H, s), 3.69 (2H,

25 m), 3.23 (2H, m), 2.88 (6H, m). o

[3s(1s, 95)]-3-(6,10-diox0-1,2,3,4,7,8,9,10-
octahydro) -9- (3-phenylpropi onyl-
amino) -6H-pyridazinell, 2-&] (1,2]diazepine-1-
carboxamido-5- (2- chlcrophenyl -methyl thio) -4

30 oxopentanoic acid (125b), was prepared by a s:Lm:Llar
method as 125a from the t-butyl ester 124b to afford




30 3. _The ICE inhibitor.according to claim1l, wherein said

i nhi bi t or WA ecul ar wei ght | ess than or equal to abo®CTHFISPIT ons.

- -269- 4. The ICE inhibitor according to claim 3, wherein said inhibitor
has a nol ecul ar wei ght between about~égg and ‘about 600 Daltons. 5. The ICE

i nhi bitor according. to claiml1, 5 ~. réin said inhibitor further

conprises less than two secondary am de bonds. 6. The I CE inhibitor

according to claim1, wherei.n said inhibitor, further conpriseia ess than

‘two groups sel 862BE f(P3W)t RE SeLouEAERS: PRYASK : 18P 765800nfar $*Api de groups
and carbamate gh8yPs. (¢ 0.10, MeOH); IR (KBr) 3309, 2935, 1725,

1658, 1528, 1445, 1417, 1277, 1219, 1175; 'H NMR (D;-

DMSO) 5 8.80 (1H, d), 8.19 (1H, d), 7.31 (9H, m),

5 5.09 (1§, m), 4.74 (1H, m), 4.63 (1H, m), 4.35 (1H,
my, 3.76 (2H, m), 3.28 (3H, m), 2.80 (5H, m), 2.52
(4H, m), 2.16 (2H, m), 1.90 (3H, m). Anal. Calecd for
CyHasCL,N,0.S. 0.25H,0: C, 57.49; H, 5.53; N, 8.65; S,
4.95. Found: C, 57.35; H, 5.43; N, 8.45; S, 4.88.

10 MS (-FAB) 641 (M-1, 100). - |

The data of the examples above demonstrate
that compounds acéording to this invention display
inhibitory activity towards IL-18 Converting Enzyme.

15 ' - Insofar as the compounds of this invention
are able to inhibit ICE in vitro and furthermore, may
be delivered orally. to mammals, they are of evident
clinical utility for the treatment of IL-1 mediated
diseases. These tests are predictive of the

20 - compounds ability to inhibit ICE in wivo.

While we have described a number of
embodiments of this invention, it is apparent'that
our basic constructions may be altered to provide
other embodiments which utilize the products and

25 processes of this invention. Therefore, it will be
appreciated that the scope of this invention is to be
~defined by the appended claims, rather than by the
- specific embodiments which have been presented by way
of éxample.



7. The ICE inhibitor accordighg-ta claiml., wherein said inhibitor further
conpri seé,ﬂe}glggg substituted c)ﬂ'(H!$Gl’ﬁE?)ll"MShBEEN1 between three and seven
t

substitue idcyclic group noﬁEp]_wmm si ng] 15 t he PEFESISH76Kecond

noder at el y hydr ophobi ¢ noi ety UI'LHU etectonepative noiety. 8. The ICE

I nhi bitor according to claim1 or erein said inhibitor is '

characterized by a strain energy of glndlng of said

|l ess than or equal to about 10 kcal/mole. 9. The |Cmmg"m(“mmu‘ﬂmldl ng

toclaim1l or 7, wherein when said i or i-'s bound*td | CE At fteast two
" of the follomnng four conditions 1) agh 4) are net: 25 1)

one of said WsdsiaaE|y hydr ophobi ¢ noi eti es associ at es Mﬁth t he P2 bi ndi ng
pocket of ICE, in SUQh a WRY rckdlinhibitor comprising: :

(a) a first and a second hydrogen

5 bonding‘mciety, each of said moieties being capable |
of forming a hydrogen bond with a different backbone
atom of ICE, said backbone atom being selected from
the group consisting of the carbonyl oxygen of
Arg-341, the amide -NH- group of Arg-341, the

10 carbonyl oxygen of Ser-339 and the amide -NH- group
of Ser-339; _

(b) a first and a second moderately
hydrophobic moiety, said moieties each being capable
of associating with a separate,binding'pockeﬁ of ICE

15 when the inhibitor is bound thereto, said binding. |
pocket being selected from the group consisting of
the P2 binding pocket, the P3 binding pocket, the P4
blndlng pocket and the P' binding pocket; and '

(c) an electronegative moiety

20 = comprising one or more electronegat:ve atoms, said
atoms being attached to the same atom or to adjacent
atoms in the'moiety'and said moiety being capable of
forming one or more hydrogen bonds or salt bridges
with residues in the Pl binding pocket of ICE.

25 2. - The ICE inhibitor according to claim 1,
wherein said inhibitor is characterized by a neutral
or favorable enthaipic contribution from the sum of
all ‘electrostatic interactions between the inhibitor
and ICE when the inhibitor is bound thereto. |

30 3. The ICE inhibitor according to claim 1,
wherein said inhibitor has a molecular weight less
than or equal to about 700 Daltons.

This Sheet Has Been Rei
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moi ety in tH@IPBI8 _ 570 pjndin
of ICE is between about [err]
center of mass of the noderately hydro hoblc TOTery in

a) the di_stance fromthe centeé.ﬁﬂg

pocket to the am de nitrogen of Arg-34 63f"I1CE i s betwe

Sy Fderately hydr ophobi c
Té””tsh@EEl\h bony|  oxyeEvVUSS07EIY- 341

about [efFT b) | the distance fromthe

LT

about [err]; and c) the di stance fromthe center of nass

Tocer el Y Y SLOPhO ¢ g7 Bl I%%?&ﬁ%ﬁgéﬁ%?gfggﬂﬁﬁﬁéstgf?‘iﬁe??]“y' 2)

one of said nodehereiy sgildophbibitor has a molecular weight between

about 400 and about 600 Daltons

5. The ICE lnhlbltor accordlng to claim 1,

5 whereln ‘'said inhibitor further comprises less: than

two secondary amzde bonds

6. The ICE inhibitor according to claim 1,
wherein said inhibitor further comprises less than
two groups'selectedlfrom the set consisting of

10 secondary amide groups and carbamate groups.

7. The ICE inhibitor according to claim 1,
wherein said inhibitor further comprises a
polysubstituted cyclzc group having between three and
seven substituents, said cyclic group not compr;szng
15 the first or second moderately hydrophobic moiety or

the electronegative moiety.

8. The ICE inhibitor according to claim 1
or 7, wherein said inhibitor is characterized by a
strain energy of binding of said inhibitor to ICE
20 less than or equal to'abont”io kcal/mole.

9. The ICE 1nh1b1tor accordlng to claim 1
or 7, wherein when said inhibitor is’ bound to ICE at
least two of the following four conditions 1) through

. 4) are met:

25 1) one of seid moderately hydrophobic
moieties assoczates with ‘the P2 blndlng ‘pocket of

ICE, in such a way ‘that:

a) the dzstance from the center of
mass of the moderately hydrophoblc molety in the P2

This Sheet Has Been Replaced .
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noi eti es associates with the P3-binding pocket offlfﬁ in Zuchtalmay t hat :
5 0 e noderately .
ﬁg/dr ot)ﬂgwcﬁ}smg):{a_ ?yf |r(rzmt Lgepg Sg‘%[;_g\ao?fbs BEE[NS t he car bo'nyﬂmsssyém‘lof
rom thentatie 12 betmeenfa?hgt rge ely h dropgogfe 2%|et;hﬁndiﬁéaggezo
Lrgg} hgfuﬁmmﬂ"“! l@r C)de mtrogegaéf Xr gy341 of ICE is between about
[err] and about [*err] and c) the di stance fromthe center of na;gngr t he
oxygen of s AAbA beRBt SHY the! Effgnﬁi”g%eﬁiﬁ?% TG 138 3)
one of said H%@e*%lb#?WQQGr%bﬂ%bla |§nde§bautoéﬁa5§s with the P4 binding
pocket of ICE in such a vgy thghe distance from the center of
mass of the moderately hydrophobic moiety in the P2
5 binding pocket to the amide nitrogen of Arg -341 of |
ICE is between about 6.0& and about 123; and
c) the distance from the center of’
- mass of the ‘moderately hydrophobic moiety in the P2
binding pocket to the carbonyl oxygen of Ser-339 of
10 = ICE is between about 3.7A and about 9.54;

2) one of said moderately hydrophobic ‘
moieties associates with the P3 binding pocket of ICE
in such a way that:

a) the distance from the center of
15 mass of the moderately hydrophobic mOiety in the P3
binding pocket to the carbonyl oxygen of Arg-341 of
ICE is between about 3.9A and about 9.54;
b) the distance from the center of
mass of the moderately hydrophobic mozety in the P3
20 binding pocket to the amide nitrogen of Arg-341 of
ICE is between about 5.44 and about 114; and
c) the distance from the center of
mass of the moderately hydrophobic mo;ety in the P3
binding pocket to the carbonyl oxygen of Ser-339 of
25 ICE is between about 7.04 and about 134;
' 3) one of said moderately hydrophobic
 moieties associates with the P4 binding pocket of ICE
in such a way that:
a) the distance from the center of
30 mass of the moderately hydrophobic moiety in the P4
binding pocket to the carbonyl oxygen of Arg -341 of
ICE is between about 4.5& and about 7. s4;
: b) the distance from the center of
- -mass of the moderately hydrophobic moiety in the P4

This Sheet Has Been Reilaced




a) t he q%ahgpéﬁ fromthe center of 30 of the noderately
hydr ophobi P §/ in the P4 mHlEiISME‘DMAISeBEEN) the car bonylP@S(VSﬁAO?&lf?
Arg-341 of ICE is between ab(ut [ epepLADED aboul [err]; “the distance

fromthe center of nmass of th phobi ¢ nD
-271- binding pocket to the am de ni t?aejen of Arg-341 of H"mmﬂ}mm“
about [err] and about [err]; and c) the di stance fronlt £ eent ert ofs mass
carbonyl oxygef 518, BESEs; t%"céﬁtyah@ poBiRpuse o A PORel 10 (e
and 4) one ofICEaie badweanehpohyd50§ land about 8.54; and
c) the dlstance from the center of
mass of the moderately hydrophob;c moiety in the P4
5 binding pocket to the carbonyl oxygen of Ser-339 of
ICE is Between about.éﬁ and_éb@ut 114; and
4) one of said moderately hydrophobic
moieties associates with the P' binding pocket of ICE
in such a way that: _
10 : a) the dlstance from ‘the center of
mass of the moderately hydrophob;c moiety in the P!
binding pocket to the carbonyl oxygen of Arg- 341 of
ICE is between about 114 and about 16A;
b) the dxstance from the center of
15 mass of the moderately hydrophob;c moiety in the P'
blndlng pocket to the amide nltrogen of Arg -341 of
ICE is between about loi_and about 15A; and
c) the distance from the center of
mass of the moderately hydrophobic moiety in the P!
20 binding pocket to the ca:bohyl oxygen'of Ser-339 of
ICE is between aboﬁt.si'and_about 12A. '

10. The ICE 1nh1b1tor accord;ng to c1a1m 1
or 7, wherein when said inhibxtor is bound to ICE,
_ sald moderately hydrophob;c moieties separately
25 associate with the P' binding pocket of ICE and the
P2 binding pocket of ICE and the distance from the
center of mass of the modérateiy hydrophobic moiety
in the P' binding pccket to the center of mass of the
 moderately hydrophoblc mozety in the P2 binding
30 pocket is between about 6. SA and about 134.

. .11. The ICE 1nh1b1tor accord;ng to claim 1
or 7, whereln when sald 1nhib1tor is bound to ICE,

/__,_
eet Has Been Reilaced
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noi eti es associates with the P._-hinding pocket of ICE in such a way that:

10 ' - a) the ¢iTHISIBEE enter of

noder at Jo ﬁ’sd’roohobl Cc _noi ety in th @Ef E‘Eﬂiﬁ'(ﬁ pocket to {Iﬁg&é&&ﬁ%nyl
gxygen of Arg-341 of ICE is be eA—aboLl err] jand about 16A; b) t he
|stance f 15 -n"ggs of t he noder at el y hydrophobi ¢ noi ety
in the [e'lm,mmﬁlmmugt to the am§de nitrogen of Arg-341 of ICE is

bet ween abbut® [érr]* ahd "mbout [err]; and c) the di stance fromthe center

of mass of tES;HD saa h&lg ﬁyaeb hbbi&ohcubﬂuaetseﬁaraﬂex¥> " bi ndi ng
pocket to the car en”of | 59&}9 of % q#)%t en [err] and
about 12A. 1635¢ﬁéaF€EWFﬁ Eheof ' aOLBRIRE PG ef ei n when
said Inh:bltps bsna@ﬂgdpbekéeEofsacn ﬁhﬂet&heﬂmehydﬂmpﬁmnm:whaet|es
separately center of mass of the moderately hydrophobic moiety
5 in the P' binding pocket to the center of mass of the
_moderately hydrophobzc moiety in the P3 binding
pocket is between about 6A and about 15A.

12. The ICE inhibitor according to claim 1-

or 7, wherein when said inhibitor“is bound to ICE,

10  said ‘moderately hydrophobic moieties separately - .
associate with the P' binding pocket of ICE and the ‘
P4 binding pocket of ICE and the distance from the
center of mass of the moderately hydrophob;c moiety
in the P' binding pocket to the center of mass of the

15 moderately hydrophobic moiety in the P4 binding

pocket is between about 14A and about 22A.

13. The ICE inhibitor according to claim-1
or 7, wherein when said inhibitor is bound to ICE,
said moderately hydrophobic moieties separately

20 associate with the P2 binding pocket of ICE and the
P3 binding pocket of ICE and the distance from the
center of mass of_the'mbderately hydrophobic moiety ;
in the P2 binding pocket to the center of mass of the
moderately hydrophobic moiety in the P3 binding ;

25 pocket is between about 5.5A and about 13A. |

' 14. The ICE inhibitor according to claim 1 -
or 7, wherein when said inhibitor is bound to ICE,
said moderately hydrophobic moieties separately
associate with the P2 binding pocket of ICE and the

30 P4 binding pocket of ICE and the distance from the
center of mass of the moderately hydrophobic moiety

/
et Has Been Re laced

\\ll\l\\ [




25 associate with the [err] binding pocket of | CE and the P2 binding

pocket of |'WR95RBBhe di st ance mass of t heCToshsnasigl y
hydr ophobi c noiety in the P"blrgng%@%“' H$= cent er of nass of the

nmoder at el y hydrophobic noiety i the nnh : poc .
about [err] and about [err]. 11. The R& i*nhi bi t or accor H‘ﬂamﬂmmm
7, wherein when said inhibitor is bound to ICE, -272-: saﬂ eratesy =«
hydrophoblc noi eti es separatel]y associate w t he P di ng po t of ICE
and the P3 bi ndilfy Hh&c l?p 3‘(% é%c‘egqtﬁfmq %t%ﬁ ® mass
of the noder ate%d%ml@o%@@}ﬁb&cﬁmomﬁ}r tire tile lpmch:m;;lmket to the
center of nass of 1;k
et is between about 94 and about 17A.

15. The ICE inhibitor according to claim 1

5 or 7, wherein when said znhxbltor is bound to ICE,
said moderately hydrophoblc moieties separately
associate with the P3 blndlng pocket of ICE and the
P4 binding pocket of ICE and the distance f£rom the
center of mass of the moderately hydrophobic moiety

10 in the P3 binding pocket to the center of mass of the
moderately hydrophobic moiety in the P4 binding '
pocket is between about 7.5A and about 17A.

16. The ICE inhibitor according to claim 1

or 7, wherein when said inhibitor is bound to ICE,
15 said first hydrogen bondzng molety forms a hydrogen

bond with the carbonyl oxygen of Ser-33% of ICE and

said second hydrogen bonding moiety forms a hydrogen

bond with the carbonyl oxygen of Arg-341 of ICE and

vherein the distenoe.betWeen'said hydrogen bonding
20 moieties is between about 54 and about 7.5&.

17. The ICE 1nh1b1tor according to claim 1
or 7, wherein when said 1nh1b1tor is bound to ICE,
said first hydrogen bondlng mo1ety forms a hydrogen

- 25 bond with the carbonyl oxygen of Ser-339 of ICE and
said second hydrogen bonding moiety forms a hydrogen
bond with the amide -NH- group of Arg-341 of ICE and
wherein the distance between said moieties is between
about 2.5A and about SA,

30 ' 18. The ICE 1nh1b1tor accordzng to claim 1-
or 7 whereln when sazd 1nh1b1tor is bound to ICE,
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moder at el y hydrophobic noiety_in the P23 binding pocket is between about

[err] [err]. 12. Tke“ms:lsHEEhil-tijtBEEl\a‘cordl ng to claiml or 7,
wher ei y&hg}% séu d inhibitor ijs bougepltAGEDCE, 1p sai d ReHERY0I6L]
hydr ophobi ¢ noi eti es separ at e=y—asseetate—wtir' t he P bi ndi ng pocket of ICE |

and t m m ket of | CE_ a?q the di stance fromthe center of nass
of t uﬂa J duﬂ ophoblc noi ety in the [err] binding pocket to the
cent er* of¢ mdss®ofsthe 15 noder at el y hydrophobic nmoiety in the P4 binding
pocket is bsa ef:.ébeu hy éagﬂdbéﬁa Mt{g[ %&bc vl Forhia® d Hydrdded tor

according to a|n1 ereLn n sai.d |nh|b|tor I's _bound .to | CE,
sai d nndera?%ﬁ? ﬂ?Ehth@bFérPBP¥§|8§YSSEaP§t@F9'@§1 of dSFiaR% with the P2

bi ndi ng pockgidobet&hdangats eB3bbnadn§gmaQek9tf@&thEenyﬁﬁdyenﬂstance
fromthe ceples 9 tHaéﬁeOfamig TREC 3k8up B¥INRNYRLC PR ang”
5 . wherein the distance between said hydrogen bondlng '
. moletles is between about 2. SA and about 4A

19. An ICE inhibitor comprising:
(a) a scaffold of formula I:

(I) LY
o /rr\th

10 wherein:
each X is independently C or N;
Z is CO or 80,;
W, is a straight chain comprising 1-3 |
covalently bound members independently selected from ;
15 the group consisting of C, N, S and O, sazd covalent
- bonds between said members be;ng lndependently ' _
- saturated or unsaturated and said chain comprising .
two ends which are covalently bound to two different S
X atoms through bonds r; o '
20 ' W, is a atralght chaln comprising 3-5
covalently bound members independently selected from
the group consisting of C, N, S and 0, said covalent
bonds between said members being independently
saturated or unsaturated and said chain comprising
25 two ends which are covalently bound to two different
X atoms through bonds r;
each bond labeled r is independently a
51ngle or a double bond;
H is a first hydrogen bonding moiety

30 and 2 is.a second hydrogen bonding moiety, each of
said moieties being capable of forming a hydrogen
Vi



in the P2 binding pocket t ﬁ@f Iss of the noderately
hydr ophob WO PRA5398, i n t he bt a@lfg ég pdocket is_bet we@CTAISISIO76R I ]
and about [err]. 14. The | EE_i Q according to claim1l or 7, wherein
when said inhibitor is bound to 1CE, said nnderatelycg ies
separately associate with the P2 bihd?hg pocket of m Ilﬁuﬂﬂ Im
bi ndi ng pocket of ICE and the distance fromthe center*of ¢ ness *of st he
noder at el y hydr ophobj c, no i n t [ ket to the
center of nasgbﬁggt“%thnﬂe&é¥§?§eﬂ§dpﬁﬁhBﬁPﬁ P@t?g 28# sgﬁgblndlng
pocket is betvieseckibdnetatenrbeing aeébectedr £romithe FhoupCE i nhi bitor
according to Cégﬁglétlng of the carbonyl oxygen of Arg-341, the
amide -NH- group of Arg-341, the carbonyl oxygen of
5 Ser-339 and the amide -NH- group of Ser-339;
' (b) a first and a second

moderately hydrophobic moiety, said moieties each
being covalently bound to said scaffold and each
being capable of associating with a separate binding

10 pocket of ICE when the inhibitor is bound thereto,
said binding pocket being selected from the group
consisting of the P2 binding pocket, the P3 binding
pocket, the P4 binding pocket and the P' binding
pocket; and :

15 : : (c¢) an electronegatlve moiety
comprising one or more electronegative atoms, said
atoms being attached to the same atom or to adjacent
atoms in the moiety and said moiety being covalently
bound to said scaffold and being capable of forming

20 one or more hydrogen bonds or salt bridges with
residues in the Pl binding pocket of ICE.

20. The ICE inhibitor according to claim 189,
wherein said scaffold has the formula:

(IA)
T
N{; N\/ rl‘

25 wherein:
' each X is independently C or N;
¥,. is a straight chain comprising 1-3 covalently
bound members independently selected from the group
consisting of C, N, S and O, said covalent bonds
30 between said members being independently saturated or
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e

5 or 7, wherein when said inhibitor is bound to |ICE, said noderately

hydrophomsr.lssostles separ at e the P3 bin of ICE
and the P4 binding pocket of YH@%& Tag?g:gSEF BRSPS

of the -noderately hydrophobi clreiety in_thh ocket to the
center ‘of mass of the noderately hydmsphobl C NDi ety I ,rﬁﬂ
pocket “i s between about [err] and about 17A. 16. Theg

according to claiml or 7, wherein when said inhibi tor S bound to ICE 15
said first hudsagurabeddand saiid whadmeompnidrione twwrehds twhidk car bonyl

oxygen of Se 3 e d 59%24}: ’#’::@95 forns a
hydr ogen bonérg gﬁqg%égg%%on%dggjgg?aogl# Q? a%ﬁue?el n the
di st ance bet ReBASsi:damddr ogen bondi ng 20 noi eties i s between about |

[err] and abgdknh7beAd labpeléler! €B 'lm&ﬁézﬁerﬁﬂ@ré“s”!ﬁuéfé ChAign 1
5 double bond

21. The ICE inhibitor according to claim 19,
wherein said ca'ffold has the formula: '

, wherein:
10 X is C or N;

' W,, is a straight chain comprising 1-3
covalently bound membérs independently selected from
the group consisting of C, N; S and O, said covalent
bonds between said members being independently

15 saturated or unsaturated and said chain cbmprisiné"
two ends which are covalently bound to two different
X atoms through bonds r;
W,, is a straight chain comprising 3-4
covalently bound members independently selected from
20 the group consisting of C, N, § and O, said chain
comprising two ends which are covalently bound to two
different atoms to form an aryl or heteroaromat;c )
ring therewith; and _
each bond labeled r is independently a
25 ° single or a double bond. )
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or 7, mher sai d inhibiger—is.bhound to ICE, said first hydrogen
P

bondi ng noi rms a hydr ogenTHIS SHEEthmBgE fp [t he carbonyP jercadad il
Ser - 339 of ICE and sai d second hydrgggn; I ng{noi ety forms a hydrogen
bond with the amde [err] grod

bet ween said noieties is between about 5T< aﬁld Eﬁgﬂ? mqﬁllmlnummnﬂllmmﬁ

18. The ICE inhibitor according to claim1 or 7, wherei n* wentsai*d 5 *

inhibitor is bound to I4¥F rhe2¥dE §ﬁh£‘b1t6§taB&df&ﬂﬁgM@n?lla%tEnmlisgty y
0 an sal

forms a hydrogen bond mnt the carbgn 0 e rg-
second hydrogeﬁ”@ﬁﬁﬁﬁ%gsiéﬂe$9a$%9%8 %aﬂyﬂzg gﬂrﬁﬁﬁé *with the amide [err]
group of Arg-34{ref | CE and

x/&T,Xt .

Jk“,N : ,Wuﬂ
N X

o,

wherein: |
5 each X is independently C or N;
| ' each X, is independently C, N, or O; and
Wy, is a straight chain comprising 1-3
covaléntly bound members independently selected from
the group consisting'OE C, N, S and 0, said covalent
10 bonds between said members being saturated or

unsaturated and said chain comprising two ends which
are covalently bound to two different X, atoms to
form a non- aromat;c rlng therewith.

23. An ICE inhibitor comprising:
15 a scaffold of formula II:

{I1) Pl
N,x “x

ll-l \Z/.
wherein:
each X is independently C or N;
Z is CO or SO,;

20 W, is a straight chain comprising 2-4
covalently bound members independently selected from
the group consisting of C, N, S and O, said covalent
bonds between said members being independéntly
saturated or unsaturated and said chain'comprising

25 “two ends which are covalently bound to two different

_ X atoms through bonds r;
' each bond labeled r is 1ndependent1y a
single or a double bond;
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5 wherein the distance hetween said.hydeogen bonding noi eties is between
about [ g¥d és about [ er rf] THIS SHEEAHASCBEEM hi bi t'or conprising: 10 -

wher ei n: easé%a@ i s indeperjdent | RERLABEDN; Z s CO or [ err [PCT/US9SP761% a -
strai ght chain conprisi ng ¥=38—ecovatentty-totnd nenbers i ndependently

iselected from15 .:the group consisidng of C, N, ﬂl ﬂm ﬂ “ al ent
"bonds bet ween sai d nenbers being iﬁgg%endently sad. ﬂl lllm Hﬂgrated and
said chain conprising two ends which.are coval ently* bdund t® two «different

X atoms through bonds r; 20 g isV® f§r§Fshga%g§Enchain
conprising 3-5 coval ently bound nenbers independently Seletted fromthe
group consi QANENG meiefy ang £ ois Shi LR RYATPIARPABEIBEN sai d nembers

bei ng i ndeped@ty,y each of said moieties being capable of '
forming a hydrogén bond with a different backbone
5 atom of ICE, said backbone atom being selected from |
the groub consisting of the carbonyl oxygen of Arg-
341, the amide -NH- group of Arg-341, the carbonyl
oxygen of Ser-339 and the amide -NH- group of Ser-
339; B -

10 _ (a) a first and a sgeénd moderately
hydrophobic moiéty, said moieties'eéch béing | P
covalently bound to said scaffold and each being
capable of assdciating With'a'éeparate binding pocket
of ICE when the inhibitor is bound thereto, said

15 binding pocket being“selected from the group
consisting of the P2 binding pocket, the P3 binding
pocket, the P4 binding pocket and the P' binding _
pocket; and | | o

_ (b) an electronegative moiety |
20 ' comprising one or more electronegative atoms, said
" atoms being attached to the same atom or to adjacent
atoms in the moiety and said moiety being covalently
bound to said scaffold and being_capabie'of forming
one or more hydrbgen bonds or salt bridges with
25 ‘residues in the Pl binding pockét of ICE.

24. The ICE inhibitor according to claim 23,
wherein said scaffold has the formula: '
(IIa) xf“{irs

: X
N 27
H w..arein: _ .
30 - each X-is independently C or N;

Z is CO or SO;;

[
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saturated or unsaturated and s ng 25 two ends which are
coval ent | WQ¥AsW8: o two di fferatxﬁ-l@wg&gg# r@gggr bonds _r | PERMISISION6ET
[

| abel ed r is independently a s ouble-dond; His a first hydrogen

bondi ng nmoi ety 30 and Z is a s6co ydrogen bondlng
sai d noi eties being-capable of form 'hydrogen - zglglmnullmﬁn'm"e”l.
S * bond with a different backbone atonlof sai d batklrone awonmsb

sel ected fromthe group coqﬁlst ng Qér%fﬁhea599§¥|cgﬁﬁggglﬁb ALg- 341, the

am de -NH group of [err] arbony
covalently bound members 1ndependently selected from

the group consisting of ¢, N, S and 0, said covalent
bonds between said members being independently

5 saturated or unsaturated and said chain comprising
two ends' which are covalently bound to two different

ale . .or

X atoms; and B
the bond labeled r is a single or a

double bond.

10
25. The ICE 1nh1b1tor according to claim 23,
wherein said scaffold has the formula:
(IIB) X,
) S
X, X
?’ ) \z/ :
15 - )
wherein: :
each X is. lndependently C or N; and
Z is CO or SO;.
_ - 26. The ICE inhibitor according to claim 23,
20 wherein said scaffold has the formula:
(I1IC) Fyﬂwe r
X X
'l( \z/
H _
wherein:

each X ié indepehdgntly C or N;
2 is CO or 80;;

25 _ Wu is a straight chain compris;ng 1-2
covalently bound members lndependently selected from
the group consisting of C, N, S and O, said covalent
bohds between said members being independently
saturated or unsaturated and said chain comprising

This Sheet Has Been R
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5 Ser-339 and the am de - 1339; (b) a first and a

second wWapsRR Y hydrophob E}) .'EE’T HAQIBEENDi et i es each s rRYA ently
bound to said scaffold and gac pm_gcgapabl of associ-

separate binding 10 . pocket - € i nhi bi reto
sai d bi ndi ng pocket:. bei ng sel ectedzfamomthe group c gilm Eﬂﬂl Ii
bi ndi. ng pocket, the P3 binding pocket, the P4 bi nd| [err]
bi ndi ng pocket; and 15 (c) an elect ronegat i ve npi ety

conpri sing awe endnsommieaneormgmlemla{ daung el tam)rﬁ%lf)&ngn'attached to

t he sane at o?fqu& e noiety and said noi ety being
covalently %ﬁ'g to sal Eésca old an%&égl ng capable of form ng 20 one or
nore hydrogen bonds or sﬂathth!’g’eé‘-%%%qf &l%@‘?ﬁ??ﬂéﬁq‘qllﬁl%dl ng pocket
of ICE .single or a double bond.

5 © 27. An ICE inhibitor comprising:
' (a) a scaffold of formula III:
(II1) ’

W rx‘;%\rx r

[

LIr q v

N—X__ XT L

-z . wherein: '

10 each X is independently C or N;

Z is CO orxr S0,;
W, is a straight chain compr;sxng 2-4
covalently bound members independently selected from
. the group consisting of C, N, S and O, said covalent
15 bonds between said members being independently
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
atoms;
W; is a direct bond or a straight chain
20 comprising 1-2 covalently bound members independently
selected from the group consisting of C, N, S and O,
said covalent bonds between said members being
independently saturated or unsaturated and said chain
comprising two ends which are covélently bound to two
25 different X atoms through bonds r;

' We is a straight chain comprising 3-5
covalently bound members independently selected from
the group consisting of c,_N. S and 0, said covalent
bonds between said members being independently

30 saturated or unsaturated and said chain comprising
two =nds which are covalently bound to two different
X atoms through bonds r; ' ' '

/
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20. The |1 CE inhi bitor accor di
formula: | B09SR538 HECT HAGIBEEN b ndependent PETESEIOIGT [ or 1 |
is a straight chain conprisihg 1: REPAABEBNt |y bound menbers i ndependent |y

sel ected fromthe group consisting of N~ S and 0, I 30
bet ween sai d nmenbers being mdependent?(%/1 saturated or (ﬂm"amuﬂ ”m m
unsaturated and said chain conprising two ends which are covalenfly bound

~to two different C atons th.r_.ouc%l lt:)é)zli] Slébefgg gagg ?ﬂﬁgpleﬁaﬁxegy al S

i ndependently a single or
single or a double bond

H is a flrst hydrogen bonding moiety
and Z is a second hydrogen bonding moiety, each of
5 said moieties being capable of forming a hydrogen
bond with a different backbone atom of ICE, sald
backbone atom being selected from the group
consisting of the carbonyl oxygen of Arg-341, the
amide -NH- group of Arg-341, the carbonyl oxygen of
10 Ser-339 and the amide -NH- group of Ser-339;
(b) a first and a second moderately
hydrophobic moiety, said moieties each being
covalently bound to said scaffold and each being

erein said scaffold has the

capable of associating with a eeparete binding pocket
15 of ICE when the 1nh1bitor is bound thereto, said
' binding pocket be;ng selected from the group
' consisting of the P2 binding pocket, the P3 binding
pocket, the P4 binding pocket and the P' binding
pocket; and
20 _ (c) an electronegative moiety
comprising one or more electronegative atoms, said
atoms being attached to the same atom or to adjacent
atoms in the moiety and said moiety being covalently
bound to said scaffold and being capable of forming
25 one or more hydrogen bonds or salt bridges with
residues in the Pl binding pocket of ICE.

28. The ICE inhibitor according to claim 27,
wherein said scaffold has ;he formula:

(IIIA) :]:TEFX,\VW7

30 wherezn-
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5 doubl e bond 21. .The I CE |nh|b|tor accordlng to claim19, wherein said

scaf f ol Qyd g
N, [err} ?s a straight chai
i ndependent |y sel ected fromjthe gﬁépukﬂggn3|st

10 .- Xis Cor
pval ent |y b EGTPSISAI6AT <

ng of C N, S and 0, said

formula: (IB)

HEST PASIBEEN:

(P

coval ent - honds between said pendentl
unsat urated and sai.d chai n conprising two ends which aﬂwm)mmﬂmlmﬂﬂ
to two different X atons through bonds r; [err] is a sttai ght" cfai i

conprising 3-4 coval ent| ygheurd l@mei:edmiid@tdﬂ el ected from 20
the group con5|st|ng of %,_N, and O, said chain

10

15

20

- 25

30

wherein: X r
qxzey ¥ ] T ;
' \N N/ .

is CO or 80;; N

W, is a direct bond or a straight chain
comprising 1- z'ooValently'bound members'independendly
selected from the group conslstlng of C, N, S and O,
sald covalent bonds between said members being
1ndependently saturated or unsaturated and said chain
comprzslng two ends whlch are covalently bound to two
different atoms; '

Wiy is a stralght chain comprlszng 1-3
covalently bound members independently selected from ‘
the group cons;stzng of C, N, 8 and O, sald covalent |
bonds between said members being 1ndependent1y
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
C atoms through bonds r; and '

each bond labeled r is zndependently a
single or a double bond. B

29. The ICE inhibitor according to claim 27,

wherein: :
each X is independently C or N;

Wy, is a straight chain comprising 1-3
covalently bound members independently selected from
the group consisting of C, N, S and 0, said covalent
bonds between said members being independently |
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
C atoms through bonds r; and ' o

~ each bond labeled r is independently a

\
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conprisinquwn ends which are covalent].y bound . to two different atons to

forman a Y5388t er oar omati ¢ THHQSHEHTHmsngN nd each boFSWUHNPEATr s
i ndependently a 25 single of ¢ . 22. The | CE |nh|b|tor

according to claim19, wherein—sa the formotra—wrerein—S5__—_
each X is independently:-C or N; each % IS |ndependent

r]

[err] is a straight chain conprising 1-3 coval ently bouhd]

or 0;..and
. LR
LBSZPEEE’Q%'V e f%aﬂ#@i‘) BB bers”bei ng sat ur at 6d or Il l””"'

30. An ICE inhibitor'comprising:.
(a) a scaffold of formula IV:

(IV) x_we

\!&

‘N’ Nz
H
5  wherein:
' each X is independently C or N;
Z is CO or SO;;
W, is a straight chain compr;szng 3-5
covalently bound members 1ndependent1y selected from

10 the group consisting of C, N, S and O, said covalent
bonds between said members being independently
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
X atoms through bonds r; '

15 Ws is a straight chain comprising 1-3
covalently bound members independently selected from
the group consisting of C, N, S and O, said covalent
bonds between said members being independently
saturated or unsaturated, and said chain comprising

20 two ends which are covalently bound to two different
X atoms through bonds r;

each bond labeled r 1: xndependently a s;ngle
or a double bond; o
 H 1s'a first hydrogen bonding moiety and 2 is

25 a second hydrogen bondlng molety, each of said
moieties belng capable of form;ng a hydrogen bond
with a different backbone atom of ICE, said backbone
‘atom being selected from the group con31st1ng of the
carbonyl oxygen of Arg- 341, the amlde -NH- group of

30 Arg-341, the carbonyl oxygen of Ser-339 and the amzde

-
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unsaturated and said Chaln_OO”ﬂSIr. Tt~ whi ch are coval ently bound
to two thggéggﬁ [err] atong to- fQLX A&)EEN.natlc ring therewith.: 23.

An | CE i WA conpri si ngludia ‘ ~a pcaffold of ?@’ﬁiﬂsmﬁlﬂ
wherein: each X is |ndepend.%--'7‘*“”' Nmgiegued CO or—ferr];

WB is-a straight chain conprising 2&é4covalently bound nenbers

‘i ndependent |y sel ected fromthe gro&g“consisting oi[lllv!"ﬂulnmuﬂlmmsal d

coval ent bonds betweén sai d nenbers bei ng i ndepend

unoalurates s sR A el ng 20 Lo enoe uh oh ehe olal ently

i ndependently a single or a(#ubl & fdast and a second moderately
hydrophobic moiety, said mo;et;es each being -
covalently bound to said scaffold and.each belng

5 capable of associating with a separate binding pocket

of ICE when the inhibitor is bound tbereto, said
binding pocket being selected from the group -
consisting of the P2 binding pocket, the P3 binding B
pocket, the P4 binding pocket and the P' binding

10 pocket; and
(¢) an electronegat;ve m01ety
comprising one or more electronegatzve atoms, said
atoms being attached to the same atom or to adjacent
atoms in the moiety and said moiety beinglcOvalently
15 bound to said scaffold and being capable of forming
one or more hydrogen bonds or'salt_bridges'with'
residues in the Pl binding pocket of ICE.
31. The ICE inhibitor according to claim 30,
wherein said scaffold has the formula: '

20 (IVA) :
W
Q’)\

wherein:
each X is independently C or N;
Z is CO or SO,; o
) _ W,y is a straight chain comprising 1-3
25 covalently bound members independently selected from
the group cons;stzng of C, N, S and 0, said covalent
bonds between said members being 1ndependent1y
satﬁrated or unsaturated and said chain comprising
two ends which are covalently bound to two dlfferent
30 C atoms through bonds r; and
each bond labeled r is independently a
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-278- His a first hydrogen bonp '
bondi ng noi WOPSREMB L of sai d moj. BFk e%"flﬂﬂ“hﬁ@gggﬁtl e of for ni POIASIISIIgEN -
bond with a different backbone [5 REBMCHD | CE, {sai d backbone at om bei ng

sel ected fromthe group consisting of tne cat-bony| oxygggggi_ALg;~34&7’TTﬁ?
am de -NH group of Arg-341, the carboﬁfl oxygen of Ser= and the a

-NH group of -Ser- "339; ‘16 (a) a fir “m “ﬁﬂ
noder at el y.hydro i c _npi_et ai j eties each being zﬂ‘m

said scaffold aﬁg DE4Eh Feitn F é‘fé&o%@% associating wt h a«seﬁoar‘ate bi nd| ng
pocket

Z is a second hydrogen

32. The ICE inhibitor according to claim 30,

wherein said scaffold has the formula:

(IVB) X=X '

| 4_2\,(

X N/k‘z

5 '1' wherein: _
each X is independently C or N; and
Z is CO or SO,.

33. The ICE inhibitor according to claim 30,
wherein said scaffold has the formula:
10 (IVC) X=X

War'e
NJ\Z |
wherexn _
each X is- ;ndependently C or N;
Z is CO or 80,;
Wg, is a straight chain comprising 1-3
15 covalently bound members independently selected from
the group consisting of C, N, S and O, said covalent
bonds between said members being independently
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
20 C atoms; and | |

the bond labeled r is a single or a
double bond.
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id 15 bi ndi ng pocket being

‘ndi ng .poc 3 bi ndi ng
pocket, the P4 binding pocket g pocket; th@s%%%ﬁ _

el ectronegative noiety 20 nore el ectronegative atons,
said atons being attached to 't e-samseﬁcwnor to adjacent atons in the

moi ety- and said noi ety being covalently bound to said scaffold and bei ng
capabl e of form ng one or nore hydrogen bonds or salt bridges with 25
residues in the Pl H4adi ithedtRtintiibidor accombing G i ababntd9, accor di ng

o claim 23, el T dséffééf& bl adesdamd 2 Lerr]

) whereln.
5 Z is CO or SO;;
| W,, is a straight chain comprising 1-3
covalently bound members: 1ndependently selected from
the group cons;stzng of C, N, S and O, said covalent
bonds between said members be;ng independently ‘
10 saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
C atoms through bonds r;
_ Wy is a straight chain comprising 1-3
covalently bound members independentiy selected from
15 the group consisting of C, N, S and O, said covalent
bonds between said members being independently
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different L
C atoms through bonds r; and |
20 ' each bond labeled r is 1ndependent1y a
single or a double bond.

~of ICE when the inhibitor is bound there
sel ect egyd §spixsgghe group consi \

35. The ICE inhibitor according to claim 30,
wherein said scaffold has the formula:

z

|
H
25 wherein:

2 is CO or SO;
Wy, is a straight chain comprising 1-3--
- covalently bound members independently selected from

.. This Sheet Has Been Re
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-279- [err trai ght chain b-Si- -2 coval ently bound nmenbers
i ndependen {Vpﬁlggﬁogct ed fromthe ?Q&pSHE%g;‘IWf C, N, SPERYSHNTEH d

coval ent bonds between sai d nenbers: béEﬁgAmmﬂepen ently § saturated or
unsaturated and said chain conprising

to two different X atons; and the bon& ‘abel ed r |ghaa;|eri§(rmﬂ“ﬂ"‘mﬂm I“i .f

bond. 10 25. The I CE |nh|b|tor according to claim23, whereim $ai 8 staf¥ol’d

has the forml Snel Sriour’%o El%fzo‘ﬁ%;d? &l bpr @%mcbngségdcé&mgﬁt 20

wherein said sc
bonds between gaid members be;ng independently

saturated or unsaturated and said chain comprising
two ends which are covalently_bouﬂd'to two different
5 C atoms; ' : ’ '
| 'Wh is a straight chain comprising 3
covalently'bound membere'independentiy selected from
the group cons;stxng of C, N, S and 0, said chain
comprlslng two ends which are covalently bound to two
10 different C atoms to form an aryl ring therewith; and
the bond labeled r is a single or a
double bond. |

36. An ICE inhibitor comprising:
a) a ecaffold of formula V:
15 W e | |

w-x, X

fk?}l’\/

wherein:
| each X is independently C or N,

Z is CO or SO,;

20 ' W, is a stralght chain comprising 1-3
covalently bound members independently selected from
the group consisting of C, N, S and O, said covalent
bonds between said members being independently
saturated or unsaturated and said chain comprising

25 two ends which are covalently bound te'two different
X atoms through bonds r; -

Wy is a straight chain comprising 1-3
covalently bound members independently selected from
the group consisting of C, N, S and O, said covalent

30 bonds between said members being independently

| saturated or unsaturated and said chain comprising



wherein: each X is independently Cor N, Zis COor SQ2; 25 _

[err] is a straight chaln.ﬁﬁg u valently bound nenbers

i ndepenY@RFP08e| ect ed frfo %ﬁiﬁg sting a 7 said
ei ng

coval ent bonds between s ndependent |y saturated or
unsaturated and said chaln conpr|5|n

coval ently bound to two different ?Ssgt ons thrzgggh bulmnmml‘muﬂmfbond

| abel ed r is independently a S|ngle or a double bond® & * An
| CE |nh|b|tg&°cgggrlshlgh are. covalently bound to two different
' X atoms through bonds r; :
each bond labeled r is lndependently a
slngle or a double bond;
5 . H is a first hydrogen bonding moiety and
Z is a second hydrogen bonding moiety, each of said
moieties being capable of formlng a hydrogen bond
with a different backbone atom of ICE, sald backbone
atom being selected from the group cons;stlng of the
10 carbonyl oxygen of Arg-341, the amide -NH- group of
' Arg-341, the carbonyl oxygen of Ser-339 and the amide (
-NH- group of Ser-339;
b) a flrst and a second moderately
hydrophoblc molety, said moieties each being
15 - covalently bound to said scaffold and,eaoh being _
capable of associating with a separate binding pocket
of ICE when the inhibitor is bound thereto, said
binding pocket being selected from the group t"
consisting of the P2 binding pocket, the P3 binding
20 pocket, the P4 binding pooket and the P' binding
pocket; and

¢) an electronegative moiety comprising
one or more electronegative atoms, said atoms being
attached to the same atom or to'adjacent atoms in the
25 moiety and said_moiety being oovalently-bound.to said
scaffold and being capable of forming one or more
hydrogen bonds or salt bridges with residues in the
Pl binding pocket of ICE.

37. The ICE 1nh1b1tor accordlng to claim 36,
30 wherein said scaffold has the formula
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(a) a scaffold of formula LI ;g erf‘ rr] is a straight chain
conpri si ng W9 éﬁgwgalently bound'ﬂﬂﬁﬁﬁﬁtlﬁﬁﬁbﬁaﬂhontly sel ecPETUSYIMTSIhe
group consisting of C, N, S and 0, sBREBLALRDAI ent 15 bonds between said

- menbers being i ndependently saturatea or_ unsarurat ed and sai d chain
conprising two ends which: are: covalén@?ﬁtﬁnmd to two different atons; W

is a direct bond or a straight chain 20 congg;;Lﬂgpl;z,govalently bound
menber s indepeBdﬁatly sel’ected fromthe iIsting of C, N, S and 0,

sai d coval ent i d nenbers bel Iy saturated or
unsaturated and said haln géﬁpr|5|ng tmo ovalently bound
to two 25 differen tgnt through bo is*a straight chain

conprising 3-5 |

H
wherein:
, each X is 1ndependently C or N; and
5 ' o Z is CO or SO0,.

: 38. The ICE inhibitor according to claim 36,
wherein said scaffold has the formula:

oa Xy

10 wherein:
each X is independently C or N;
4 1s CC or soz,
Wee is a stralght chain comprising 1-3
covalently bound members 1ndependently selected from
15 the group cons;stzng of C, N, S and 0, said covalent
bonds between said members being 1ndependently
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
C atoms; and o |
20 the bond labeled r is a single or a
double bond. ' | | '

39. The ICE inhibitor accordlng to claim 36,

wherein sald scaffold has the formula.
V%ul '

(ve) X

. )

25 wherein: _
each X is independently C or N;

N Thls Sheet Has Been Re‘p aced




covalently bound nenbers |ndependentLy~, : fromthe group con5|st|ng
of C ﬁ d 0, said covale S beti@eBEEN I d nenbers being - .
|ndepena% Pﬁ%”@b sat urat ed PHOngai sai d ch@OT/USIPT6LEI Ng t WO
ends whi ch .are coval ently boun -

ent . X atons_through bonds r;
- 281 - each bond labeled r is |ndeg§§dently a single or a double bond; H

Is a first hydrogen,bonding noiety Zis a seComllmmll E"mum i
moi ety, each of 5  said noieties being capableio ﬂﬂ' gen bond %
with a different backbone aiQ”beo¥QED said backboné at omt bei n§ sél ected

fromthe group
Wy, is a straight chain comprlslng 1-3

covalently'bound members independently selected from
the group consisting of C, N, S and O, said covalent
5 bonds between said members being 1ndependently '
saturated or unsaturated and said chazn comprising
' two ends which are covalently bound to two different
X atoms; and | o o
the bond labeled r is a single or a
10  double bond. S

40. An ICE inhibitor comprising: ‘
(a) a scaffold of formula VI:

r W2
W'\',\,x\z,_xor. -
_ | : wherein:
s ' H each X is 1ndependently C or N;

| Z is CO or S0,;

W, is a stra;ghtlchain Comprisiﬁ%:B 5
covalently bound members 1ndependently selected from
the group cons;stlng of C, N, 8 and’ 0, said covalent

20 bonds between sald members being independently -
saturated or unsaturated and said chain comprzs;ng”
two ends which are covalently bound to two different
atoms to form a ring which may opt;onally be
benzofused or pyridinofused; .

25 W,, is a straight chain comprising 4-6
covalently bound'members independently selected from
the group consisting of C, N, S and o, said covalent
bonds between said members being independently |
saturated or unsaturated and said chain comprising

30 two ends which are covalently bound to the indicated.
X atom through bonds r;

~ each bond labeled r is independently a
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consi sting_of the carbonyl oxygen of Arg-34] he am de -NH group of

Ar g- 341, tWé.’Wnyl oxygen qTHIQ(SHEETﬁWS BN Bnd the ani de PONAYS9§IBIAD oOf
Ser-339; (b) a first and a sgcond: RERICEDe! y hydrophobic noiety, said’
noi eti es each being coval ent Ily—bewre—to—=atd—staf f ol d and each being

capabl e of associating with a separét@%%rmhng pocket 1 t he
I nhi bitor is.bound thereto, sai'd binding pocket being s muﬁﬁmﬂlw
O oot M % 4 A EFE et and 20 “g °
el ectronegative noiety conpri # rig mefnsmdnedmm rmm@mgvraoaebms sal d
and a1 moi ot Enh A 2 HECHE i eln Modil ] Wi AP ekt OF ZS'pZLYe
of form ng said moieties bezng capable of forming a hydrogen
5 bond with a d;fferent backbone atom of ICE, said
backbone' atom being selected from the group
cohsisting of theocarbonyl_oxygeh of Arg-341, the
amide -NH- group of Arg-341, the carbonyl oxygen of
Ser-339 and the amide -NH- group of Ser-339;
10 (b) a first and a second moderately
hydrophobic moiety, said moieties each being
covalently bound to said scaffold and each being
capable of associating with e separate binding pocket
of ICE when the inhibitor is bound thereto, said
15 binding pocket being selected from the group
' consisting of the P2 binding pocket, the P3 binding
pocket, the P4 binding pocket and the P' binding
pocket; and o
_ (c¢) an electrohegative moiety comprising one
20 or more electronegatlve atoms, said atoms being
attached to the same atom or to adjacent atoms in the
moiety and said molety being covalently bound to sald
scaffold and be;ng capable of formlng one or more
hydrogen bonds or salt bridges with residues in the
25 Pl binding pocket_of ICE.

41. The ICE inhibitor accordlng to claim 40,
_whereln said scaffold has the formula: -
(VIA) _
x ("“HZa
N,l\z,Xb
30
where;n.' o _
each X and X, is independently C or N;
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r_salt bridges with residues in. the Pl
; —~qaccording to claim27, wherein

bi ndi n #ﬁkﬂ ICE. 28. } .
said sga?ﬂf as the fornmujfa: whePETYS95/076Wach X i s
i ndependently Cor N, Zis €5 . { a direct bhond or—a—st+aight
chain conprising 1-2 covalently bau 2nbers i ndependently 5 sel ect ed

from the group pons!:stl ng of C, N, and 0, said c mlnnnu“ﬂém ween
sai d nenbers bei ng i'ndependently saturated or unsa chain
2 is CO or SO;;
Wiza is'a straight chain comprising 4-6
covalently bound members 1ndependently selected from
the group cons;stlng of C, N, S.and 0, said covalent
5 bonds between said members belng 1ndependent1y
saturated or unsaturated and sazd chazn comprising
two ends whlch are covalently bound to the indicated
X, atom through bonds r; and
each bond labeled r 1s 1ndependently a single
10 or a double bond. '

25 one or nDre hydr ogen

42. The ICE inhibitor according to claim 40,
wherein said soaffold has the formula:

(VIB) <zl‘ " )N”

_ wherezn
15 each X is independently C or N;
Z is CO or 80,;
_ Wao 1s a stra;ght chain comprislng 1-3
covalently bound members Lndependently selected from
the group conszstzng of C, N, S and O, said covalent
20 bonds between said members ‘being 1ndependent1y
saturated or unsaturated'and said chain comprising
two ends which are covalently bound to two dszerent
C atoms through bonds r; -
W2, is a stralght chaln compr;slng 1-2
25 covalently bound members 1ndependent1y selected from
the group consisting of C, N, S and 0, said chain
comprising two ends which are covalently bound to two
different C atoms to form an aryl ring therewith; and
each bond labeled r is independently a
30 single or a double bond.
__;———————*~‘”—__~
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conprising two ends which are c to tw different atons; 10
[err] is awowsasaest chain conrpril g'ﬁgsﬂfﬁ HAS/BEEI'@' l'y bound npotressserer? .
i ndependently selected fromth r ouBEROAGHBt i ngjof C, N, S and O, said
coval ent bonds between sai d nenbers bermg—ndependent | y saturated or

unsaturated and said chain conprising288 - two ends which are covalently
bound to two different C atons through bonds r; and each
i ndependently a single or a double bgnd 29. - The | CE |nhtmml1lr"ﬂmmmmum,
to claim27, 20 whef8i-n: ApedfFE %ﬁ@ﬁbﬂﬁ°ré§@ﬁpx¥5§43hdependéntFy t:oﬁ N
[err] is a stralght chain CQEWVIEIBEaifald of formula VII:

(viny Wm

N

h

_whe:ein:' _
5 X is C or N;

Z is CO or SO,;

W is a stralght chain comprising 3-5
covalently bound members 1ndependently selected from
the group consisting of C, N, S and O, said covalent

10 bonds between said members being independently
saturated or unsaturated and said chain comprising
two ends which are covalently bound to two different
atomé; |

the bond labeled r is a single or a

15 double bond; | L

| _ H is a first hydrogen bonding moiety and
Z is a second hydrogen bonding moiety, each of said
moieties being capable of forming a hydrogen bond
with a different backbone atom of ICE, said backbone
20 atom being selected from the group consisting of the
carbonyl oxygen of Arg-341, the amide -NH- group of
Arg-341, the carbonyl oxygen of Ser-339 and the amide
-NH- group of Ser-339; :
(b) a first and a second moderately

- 25 hydrophobié moiety, said moieties each being '
covalently bound to said scaffold and each being
' capable of associating with a separate binding pocket

of ICE when the inhibitor is bound thereto, said
binding pocket being se;ected'from'the-group N

30 consisting of the P2 binding pocket, the P3 binding
pockét, the P4 binding pocket and the P' binding '
pocket; and |

This Sheet Has Been R
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25 covalently bound nenbers |ndepende

consi st N, S and
mdependg&%sg’&turat ed or WS

“which are covalently bound to t

selected fromthe group

BTEN ponds between sai d nenbers being
55#&% and $ai d chain co FT%$ﬂﬂnfﬁb ends
nr“.t 30 C atons throug

and each bond | abeled r |S"Tndepend 4 - 283-
bond. 30. An ICE inhibitor corrpnm%é (a) a scaffol dmﬁ mm ﬂerr]

5

10

15

20

25

wher ei n: each Xis |ndependently Cor N,

-(c) an electronegatzve molety
comprising one or more electronegatlve atoms, said
atoms being attached to the same atom or to adjacent
atoms in the moiety and said moiety being covalently
bound to said scaffold and being capable of forming
one or more hydrogen bonds or salt bridges with
residues in the P1 binding pocket of ICE.

44. The ICE 1nh1b1tor aocordlng to claim 43,

'whereln sald scaffold has the formula-'

N7
|

whé;ein:
each X is independently C or N; and
Z is CO or SO0,.

(VIIA) X=X ' ' o '
_ 4 : o

' 45. The ICE inhibitor according to claim 43,
wherein said scaffold has the formula: o
(VIIB) 2’“’” '

2
H
wherein:

X is C or N;

% is CO or SO,;

W, is a straight chaih'comprising 1-3
covalently bound members'independently selected from
the group consisting of C, N, S and O, said covalent
bonds between said members being independently"
saturated or unsaturated and said chain comprising -
two ends whlch are ¢covalently bound to two dszerent
atoms, and o
the bond labeled r is a single or a double
bond. ' -
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Zis COor [err]; [err] is a. ' rising 3-
menber s i nmmw ly sel ect & THFS) 1RET HAStBEﬁN roup cons
and 0, said coval ent bonds bejween RERLACEBNber s bei'ng in

5 coval ently bound

I st |ﬁ£§,§ﬁ,’ﬁ§| S

two ends which are

saturated or unsaturated and Saro-carmconprsi ng
coval ently bound to two different X atpgs through bohds r;
[err] is a straight chain conprising 1-3 coval ently bound

BRI ) |II|I | IIII

i ndependent|ly sel ected fromthe group. consisting of C, ‘N S "and O

coval ent bonds
unsaturated, a
bound to two d

i ndependently a{¥T&gle or

10

15

20

25

Whafeihehaig soup:

sai d
bet ween 46id TeebZCE bahibitattepecdeding st wladia 4.

Bihnﬁa O e Eggmg& S Which are covalently

roug r, eac ‘bond labeled r is

a W%ﬂ;{ e bond;
r .
(A,

H

X is C or N;

z 1s CO or S0,;

W;; is a straight chain compr1s1ng 1-3
covalently bound members independently selected from
the group consisting of C, N, § and O, said covalent
bonds between said members being independently _
saturated or unsaturated and said chain compfising
two ends which afe,covalently bound to two different
and

wherein:

atoms; _ o _
the bond labeled r is a single or a
double bond.

47. ThefICEninhibitor.according to claim 43,
wherein said scaffold has the formula:

N

.wherein: o
X is C or N;
Z is CO or S0,; _

: W22a is a straight éhain cdmprising 1-3
covalently bound members independently selected from
the group consisting of C, N, S and 0, said covalent
bonds between said members being 1ndependent1y
saturated or unsaturated and said chain comprlslng
two ends which are covalently bound to two d;fferent-
atoms through bonds r; and

l This Sheet Has Been Rei aced
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noiety and Zis 25 . a second hydrogen
capabl e of form ng a hydrogen
sai d backbonercarusssheéing

His a first hydrogen bondin
bondi ng pui et each of shIH)

bond w t%&gﬂﬁ”erent bac bonsre@H .
selected fromthe group Cens arbonyl oxygen of Arg-341, the

am de -NH group of 30 . ArQ 341, ghg arbonyl oxygen of _Ser-339 and the
. amide © -284- -NH .group of Ser-33 9 (B) a first and a second noderately

hydr ophobi ¢ noi ety, said noieties each being covalently bound to said

bi ndi
Docket of 1CE uhon  FBSPRPBAL Sﬁgeiesoana ﬁ%?%i’é%S&FEY 2 s e M ndng
or a double bond. :

48. An ICE 1nh1bitor comprzszng
a) a scaffold comprising any
S 'monocycllc. bicyclic or tricyclic system, wherein
" each ring of said system comprises 5-7 members, said
system comprzsxng C, N, O or S, said system being
aromatic or non- aromatlc and comprzszng a central
ring, wherein the ‘distance between the centroid of
10  said central ring and the alpha carbon of Cys-285 of
ICE is between about 5.0A and about 6.0A when the ' '
inhibitor is bound to ICE and the distance between
the centroid of said central ring and the alpha
carbon of His-237 of ICE is between about 5.5& and
15 about 6.54 when the inhibitor is bound to ICE;
b) a first hydrogen bonding moiety and
a second hydrogen bonding moiety, each of said ==
moieties being capable of forming a hydrogen bond.:
with a different backbone atom of ICE, said atoms
20 being selected from the group coneisting of the
carbonyl oxygen of Arg-341, the amide -NH- group of
Arg-341, the carbonyl oxygen of Ser-339 and the amide
-NH- group of Ser-339; :
c) a first and a second moderately
25 hydrophobic.moiety,'said moieties each being
covalently bound to said scaffold and each being
capable of associating with a separate binding pocket
of ICE when the inhibitor is bound thereto, said
bindiﬁg pocket being selected from the group
30 consisting of the P2'bindiﬂgﬁp6cket. the P3 binding
pocket, the P4 binding pocket and the P! bind;ng '
pocket; and C -
d) an electronegative moiety

,,'_',_,./
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pocket, t hWOMSA538di ng pocke pocket and t hecPusesiordimg 10
pocket; and (c) an el ectrdregal bty ¢ npri sing ome or nore -

el ectronegati ve atons, said atons- beln attached to the s
adj acent atons in the moiety and sard2®di &ty being coval ﬂmr“ﬁ “mmm
to said scaffold and being capable of forning one or nnre ogent oads*or

salt bridges with resi.dues in the P1 bi.ndin ocket | CE. 31..Jhe ICE
i nhi bi tor accoFAMREiEING e S5 TRFE: &1¢ ‘g‘é%d‘p cﬂ (ftrfg'és’t 3% mul a: 20

(IVA) [err] whatems: beisl ¥titdchedemenddet lsané artdy or to adjacent
atoms in the moiety and said moa.e__ty_ being covalently
bound to said scaffold and being.'capable of forming

5 one or more hydrogen bonds or salt bridges with
‘residues’ in the P1 binding pocket of ICE.

bi ndi ng pocket bei ng sel ect eﬁiér%geuﬁﬁ hillf-”rﬁ consi sting of the P2 binding

4. A compound represented by the formula:
(CJZ)Q’T

10 a Rl-m-l-xi\'

( mz ) g-R3
wher_ein:

X,isCHorN;
15 g is 0 or 1;

each J is independently selected from the group
consisting of -H, -OH, and -F, provided that when a
first and second J are bound to a C and said first J
is -OH, said second J is -H; -

20 mis 0, 1, or 2;

T is -Ar,, -OH, -CF,, -CO-CO,H, -CO,H or any
bioisosteric replacement for -CO,H;

R, is selected from the group consisting of the
following formulae, in which any ring may optionally
25 be singly or multiply substituted at any carbon by
Q,, at any nitrogen by R, or at any atom by =0, -OH,
-CO,H, or halogen, and in which any saturated ring
may optionally be unsat:urated'_at one or two bonds:
_
heet Has Been Rep|laced
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Zis COor SQ2; [err] is a strai ght chain.conprising 1-3 25 coval ently
bound nenbers- |ndependen edsfEepd f he group consisting of C, N S
and 0, ¥Q¥35¥Bal ent bon igmﬁq@@gl nehbers bei ng |n8€5’é’§g@7ﬂ7y

saturated or unsaturatedjand q C-GRai-Ar-conhpr i Si
coval ently bound to two ferent %8 at oms t hrough baonds , and ea
8 285 F

-
bond | abeled r is independently & - sing MMH Eﬁ mnd 32
t he
M

The | CE i nhi bltor accordl ng to claim 30, vvhereln
formul a: (IVB)’ X=X

x- N RoRe
X, &Z-N-C—C_"‘

—Z
o
O=

H § ’
X
(d) X x\l e
\N N -c'" i
o REL
. ’\;3.;' S |
(e) - (e % ' \(CHz)d -
"'*‘sv\,‘l/"6 A ' !
H o ( a :
(£) Re |
%-N—IC—%:—Rm—Z— ’
H RO
15 (@) ,“(\N>‘Z Rao _
H '
_ Z—Rp—Z—
(k) xQEN '
H
20
‘ “‘ﬁﬁ'iiﬁ fi‘i'i:ﬂﬂi":i‘ﬁil




5
[err].

| ~wherein: each XJW
33. WOBISBS308E i nhi bi t or acclor di ng
‘has the fornula: wherein: each X ls-in
[err] is a straight chain conprising 1-3 15

o

?:.I;‘; ﬁ.r\' 2 BREN
Epehdéht | y

of N, and Z is .err] or

wher ei RCEUSHTEL { o] d
or NJ, Zis COor [err];
| ently bound nenbers-

C
I ndependently sel ected from-the group 23AsT st ng of C N, Sand 0, said

coval ent bonds -between said nenbers being i ndependent | yig mnﬂmnum
unsaturated and said chain conprising.two ends which anmm)mu : nd

to two differenfiko
doubl e bond.

o2
¥ >|<s (CHp)d

(k) Xa

10 (1) Xa

15 (m)

: N
20 H b

(o)
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- 286- 34. The ICE inhi p,g Pk cl aim 30, wherein said scaffold
has the ?%@n (1 VD) ere| r& Zis COoor [er L"n [err]
is astra ai n conphsi nﬂ SLACERval enft | y bound nenbgf'?’qs;ﬂ‘gﬁ dently

sel ected fromthe group COI’ISI st| ng of C N, S and Q,_said covalent bonds

bet ween sai.d menbers bei ng i ndepen ly 10 saturated or unsaturated and
said chain conprising two ends which are coval ently Ewmmnﬁmwnmlerent
C atoms through bonds r; [err] is a straight chain c
(p)
x5
(CHad : .
X [ e '
N X—C=¢— S
H H O
(q) «I:l_h)c x\] Re
N ”‘I’ﬁi"
5 H 4§ HPO ;
(r) (Cl@d ‘
| /(CHyd
Re—N “(CHa | ;
(Ctpd
(s)- | : (C"h)d
' c— N
(Ce—N e :
0 (e

(t)

(v) X4/(CHZ)d Q}CHZ)G

15 (CHZ)"—N’XS\Z)\ )Y |
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ovalently bound nenbers |ndependently selected from 15
consi sti nywapds/3ssesN, 'S and 0, t—1

i ndependent |y saturated or un<§hk$§ﬁggtg
whi ch are covalently bound to
each bond | abeled r

L
1

i
two REFLACERt C a

the group

bet ween satdnnnﬂWEws bei
chai n conmp
ons through bonds r; and

I's i ndependently 3sIngle or a double bﬁun“mﬂ l“
| CE |nh|b|tor”accord|ng to claim 30, wherein sald scaffold

[err] 25 = . *if
conprising 1-3-

10

15

- (dd) (c
|

‘wherein:

(aal) .

N
(aa2) 7/

v/ \r(c"b)c

(aa3) (\NH
os

Xe

7/
(iHﬂc Z
(aad)

(O)d '

(aas) (1

{bb) Q/
-/
(ec) :z

s

A

Zis CO or
Ry, is selected from the gro p

,' This Sheet Has Been Replac
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- 287 - the group consistimg—e—G—N_S.and 0, said coval ent bonds between
sai d menbers bei ng independ§H8ﬁ¥ﬁ§5ﬂUﬁhﬁEﬁN r unsaturated and said chain
conpri si%g@9%AW0%knds whi ch [are cBYALAOED y bofind to two di fHoavesesel7 C-

atons; [err] is a straight™thmarnm Tomprist#gs 3 coval ently bound nenbers
I ndependent|ly sel ected fromthe groug consi sting of C~ N~——Sand—6,—sai-d
chai n conprising two ends which are3€%$

_ val ently bound ' di fferent
C atons to forman aryl ring therewith; and the bond)"@lgm “muﬂ"r ngl e
or a double bond. 36. An ICE inhibitor conprising:: a)sd g cofif or nul a

~V: [err] wherein: (—(cnz)d

(ee) _>_
N ;
() |
5 ~N ;
(gg) -
| ] |
10 (Ch)a

(gga)

_ NH
(ggb) - _
15 - : ;

N

(gge) °Y\N€ ; and

20 ' wherein each ring C is independently chosen from
the group consisting of benzo, pyrido, thieno,
pyrrolo, furano, thiazolo, isothiazolo, oxazolo,
isoxazolo, pyrimido, imidazolo, cyclopentyl, and
cyclohexyl;

-
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each X is independently C or bl S CO or [err]; : [err]
is a straléYﬂ9£¢fm3n conpri si ng BBy und menber s HATAERSNTENL | y
sel ected fromthe group consi $ SEENG K 0, said coval ent bonds

bet ween sai d nenbers bei ng i ndepen \7*
chain conprising 25 ~ two ends which % Tovalent!y bound to two different

X atonms through bonds..r;. [err] is a straight chain conprising 1-3
coval ently bound r%nbers i'ndependent|ly selected fromt ““)M\ l\ng
of C N S and 0, Barf coval ent 30 bonds bet ween sai m\mm
| ndependent |y sat weNed or unsaturat ed and said chain ccrrpm st ng®
-CH=CH-R,,
'CHSN-O‘RQ,
5 - (CH;) 1-3-T1-Ry,
-CJ.-Ry, .
-CO=-R,,, or

- /Rs
-CO-CO-N
10 . \Ryo;

each R, is :Lndependently selected from the

group consisting of:

15 -R,,
-T,-Ry,, and
= (CHZ) 102.3-T1-R9'

each T, is independently selected from the group
consisting of:

20 '-CH=CH",
25 ‘NRI.o'o

30 -CO-NRyp-,

‘This Sheet Has B
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- 288 - two ends which are cavalently botHe o.two different X atons

t hrough bonds r: each bond || THIHSISHEEF HQ§ Bﬁﬁﬂanendently a single or a double
bond; 5 WO 95135308 - Hifs a fi?‘f,s.tA[]ttinroge bondi ng. noi BCT/USSH7A7I s a
second hydrogen bondi ng noitety;—eactrof sal d noi eti es being capabl e of
forming a hydrogen bond with a di ffﬁrent backbaone atom of |CE, said

- backbone at om bei ng sel ected fromt &4 group consisting of the 10

car bonyl ‘oxygen of At g-341, the ami.de - NH grouﬂmumﬂﬂ;m"ﬂlll uﬂ[ car bonyl
oxygen of Ser - 33%“% 3;6 am de -NH group of 'S and a
second noderately Bt noiety, said noieti*es®eath beisng*15
covalently boundSD@-lmiod scaffol d and each being- capabl e of associ at i ng

with a separate ﬁhnd'é?ﬂ pocket and
=NR;0-S0;-NRyo-,

5 _ each Rs; is independently selected from the group
consisting of:

10 -S0,-Ar,,

15 | . /Ar,

/Ax,
20 -S0,-N
\Ryo,
: /Ry
-CO-N '
\Rjpp, and

25 /Rs
-80,-N
* \Ryo,

R and R, taken together form a saturated 4-8
mém_ber carbocyclic ring or heterocyclic ring

30 . containing -0-, -S-, or -NH-, or R, is -H and R is
-H
AT Sheet Has Btﬂ:ln‘ll{leﬁiced




of 1 CE when the inhibitor is:boynd thereto, said binding pocket being

sel ect ed fWORSESW8gr oup consi st i|MHIQTSHHrE 1HR QE%NJ ng pocket pcrivsosaiFeéis ndi ng
20 pocket, the P4 binding pogdket agqubajP' di ng pocket; and c) an

el ectronegative noi ety conpri si ng—ere—er—#bre—electronegative atons, said
atonms being attached to the same atom3®5 tv adjacent at
noi ety and said nnlety belng ‘coval ently bound to said scaffold and bein
capabl e of forn1ng one “or ‘nore hydrogen bonds or salt bri u ﬂ %“E]
in the PL binding PYekBF of ICE. 37. The ICE inhibitor Jmumum “ I“
36, 30 wher ei n -si@Ry) scaFTodRy,has the fornmul a:

each Ry; is a C,; strazght or branched alkyl group
optionally singly or multlply substituted by -OH, -F,
5 or =0 and optionally substituted w1th one or two Ar,
groups;

each R;; is independently selected from the group
consisting of -H or a C,.; straight or branched alkyl
group; '

10 ~each R;; is independently selected from the group
consisting of -Ar, and -R,,

each Ar, is a cyclic group indepéndently’sélected
from the set consistihg of an aryl gfoup which
contains 6, 10, 12; or 14 cafbon atoms and between 1

15 and 3 rings, a cycloalle,group which contains
between 3 and 15 carbon étoﬁszand between 1 and 3
rings, said cycloalkyl g:bup being optionally
benzofused, and a heterocycle Qroup containing
between 5 and 15 ring atoms and between 1 and 3.

20 rings, said heterodycle group containing at least one
hetercatom group selected from -O-, -S-, -SO-, -80,-,
=N-, and -NH-, said heterocycle group optiocnally
containing one or more double bonds, said hetefocycle
group optionally_comprisihg one or more aromatic

25 rings, and said cyclic group optionally being singly
or multiply substituted by =0, -OH, perfluoro C,,
alkyl, or -Qi; |

each'Arz'ié indepehdently'seleéted from the
following group, in which any ring may optionally be

This Sheet, Has Been Re lac
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endently Cor N, .and 5

-289- (VA) [err] H wherein e
cording to claim36, wherein said

Zis COor [err]. 38. Th TH@SH‘FETHP‘?D
scaf f ol WOP485308e f or nul a (VB)pi(e_vﬁxbﬁDlo wher ePOT/USSSIT6N | S

i ndependently Cor N, Z i = T err] [err] is a straight chain .
conprising 1-3 covalently bound menbers | ndependently sel ected from 15 .
t he group- consi stl ng of C, N, S and98, “sai d coval ent

subecsced by -0 T

_<va o : ’ and

X
(kk) N\I
<,,x |
10 Ar, is a cyclic group selected from the set

consisting of a phenyl ring, a S5-membered
hetercaromatic ring, and a 6-membered héte’roaromatic
ring, said heteroaromatic rings comprising 1-3
. heteroatom groups selected f'.rom -0-, -8-, -SO-, -S0,-
15 . =N-, and -NH-, said cyclic group optionally being
singly or mult:.ply subst:.tuted w:.th -O, -OH, halogen,
perfluoro C;., alkyl, or -COZH, '

each 'QI is ihdépe_ndently selecﬁed from the group
consisting of |

20 -Ar,

- (CH;) 4,2,3-T1-Rs, |

pi:ovided that when -Ar, is substituted with a Q,
25  group which comprises one or more additional -Ar,
groups, said additional -Ar, groups are not
substituted with Q;;
_ __’___’___.___________
eet Has Been RTlaced
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bonds between sai d nenbers bei.ng.independent|y saturated or unsaturated and
sai d chai n WOAHSEE ng two ends wWhiTHIS 8HEF‘pg)qnggENI bound. tcramsdmfdlerent

C atons; and 20 he bq‘g‘;_qblk‘? i's a
DN, 39 e, | CF L bitor accodny-Sgnetarmder wherel 1 i bl 1“\\1\““'\“\
independently‘ _lC'_:or N; =290 - Zis COor SOZ Cmmm PR s

~ each X is i:ﬁaép'endently selected from tne group
consisting of =N-, and =CH-;

each X, is independently selected from the group
consisting of -0-, -CH,-, -NH-, -8-, -S0-, and -SO,;-;

5  each X, is independently selected from the group
consisting of -CH,-, -S-, -S0-, and -850,-;

each X, is independently selected from the group
consisting of -CH,- and -NH-;

each X, is independ’exitly selected from the group
10 consisting of -CH- and -N-;

X¢ is CH or N, provided that when X; is N in the R,
group labeled (o) and X; is CH and X, is CH; the ring
of the R, group labeled (o) must be substituted by Q
15 or benzofused;

each Y is independently selected from the group
consisting of -O- and -S-;

each 2 is independently CO or S0,,
each a is independently 0 or 1,
20 each ¢ is independently 1 or 2,
each d is indepepdently_'o; .1} ‘or 2, and
each e is indépendéntiy' 0, 1, .2,. or 3.

- This Sheet Has Been R
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[err] is a straight chaip tt+-S+Rg—ta3 Povalently bound nenbers
indepenc@g%lgsjgéal ected f UE‘SI#JHH@E&JBEBM isting of C, N, nd 0. said
coval en onds bet wWeen satduigfitbers Bei ng | 8%t ed or
unsaturated and said chain conprrSTg-two-ends which are coval ently bound
to tw different X atons; and the_bggg Labeled r ﬂ n :
doubl e ‘bond. © 40. An | CE i nhi bitor conpri si ng: (a)” ,m(uﬂm 'mm”m)”m' a Vi:
(M) [err] [err] is a straight chain conprising 3-5 &ovhl eht!y bound

menbers i ndeperident | gpsel q%e@o&ip@mahac@ro&mngow wliaimsofaCoN, S and O,

I 2
sai d cova enig‘Q Owherl%grxlldsmbet ween said nenmbers being i ndependently

(a) % 3—2 c':—c
N ]

R O

|

M

'5-1. The compound according to claims 49 or
80, wherein R, is:

b) |
' ' Rs Re
(%3_2_&_&7_@_

10 52. The compound according to cla:.ms 49 or
80, wherein R1 :.s.

(c) _ :
Re
Resn N !f . |
H HO : .

53. The compound according to claims 49 or
15 80, wherein R, is:

(@ x\]

S4. The compound according to claims 49 or
80, wherein R, is: - c@

20 (e) A\ X
 GHeX o

‘ X
I
' Thls Sheet Has B 1 ced
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saturated or unsaturated and sgrg-cheir—conprising two ends which are

coval ent | y W% two differ nW'ﬁtd‘ffﬁTtHAS‘ BEEN & ring whi clPGRAESISATGIDNnal | v
be benzofused or pyridi nofused; 25 REPLACFD [err] is a strai ght

chain conprising 4-6 covalently bound bers i“'ependently '
the group consisting of C, N, S and 0, g‘éél d coval ent bonds m Hlm“““'
menbers being-i ndependent|y saturated or unsaturated and sai € chaitn "

atom thr ongh bonds- 1 eSen b3 PeREPAYE Secordal b Ridid W G CN O

doubl e bond; H B9, awhereinhRdrigen bonding noiety

(£) Re |
'%-N—é—ﬁ:—aa—z—'
H RO
5 ' 56. The compound according to claims 49 or
80, wherein R, is: -
(g) _X :
[ >—Z—Rm—z—
N
H-
§7. The compound according to claims 49 or
10 80, wherein R, is:
(h) X _
L~
x~ N
H .

58. The compound according to claims 49 or

80, where:m R, is: (frb,) |
15 FO I ‘CQ‘ Xz
e cHid
\N /N\
a
O
59. The compound according to claims 49 or
80, wherein R, is:

(j ) (&);"(Cl‘h).

’1&%@

20 G
. H

M

heet Has Been Reilaced
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i \

fand Zis a second hydr.

" capabl e Wi 5,3& ng a h
sai d f)ac one ato

carbonyl oxygen of Arg+ gr oup
oxygen of -Ser-339 and the ami de J\Ifjl(gr.oup of Ser -
first and a second noderately hydrophobic noiety,

Y

THIRBHEST HASIBHEN

i'th a differ
n bei ng: ;selegt ed flromthe group
~34ds— e

of
339
sai d

i

each of 'said noieties being

ent ' at om of
wﬁ%ﬁ@%’f—kﬁe—

t he carbonyl

L .,

covalently bound to said scaffold and each bei ng capabl e of associ ati ng
with a separate bindoyg privkeatompouridf adesrdimgindiblabmsi ¢9bonnd thereto,

said 15 bdd*ndl g&% b%l .ng selected fromthe group consisting of the
P2 bi ndi ng poc’k Brdi ng pocket, the P4 binding pocket and the P
bi ndi ng pockét); an el ectronegative noiety conprising one

(CHz)d

A
(CH)a—

MR GRS

5 . 61. The compound according to claims 49 or
80, wherein R, is:
(1) e
\jc\l-lz)d
(CHIa—N" G —Rar—2—
- n b

62. The compound according to claims 49 or

10 80, wherein R, is:

(m) “cH)d |
iy

o Ry O

&

63. The compound according to claims 49 or

80', wherein R, is:_
15 (n) ﬁz/\(cpb)d |
(CHac. J\ -

N C—Rxp—Z2—

. H (IB E

64. The compound according to claims 49 or

80, wherein R, is:

N

(Crz)c CH)g %
20 (o) Rg\N,Xs xe——c—c-—
T
" This Sheet Has Been R
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20 or nore el ectronegative 3t GHs, SHE@T

‘ re—bei ng attached to the sane
atom or t oWNSBSIEt atons in tlhe rmlﬁ.pr e §5EM noi ety bei RGTUSIIOTSIN | v

bound to said scaffold and bei ng . for ng one or nore hydrogen

bonds or salt bridges with residues in r# P1 bi ndin

41. The | CE inhibitor according to claPht40, wherein sai d ﬁm ﬁ“! gﬁ“!

formul a: wherein: each Xand [err]-is i ndependently C or N+ kS

CO or [err]; [err] is a ra 0 t und

menbers i ndependently sgﬁéctzggf &gbﬁrﬁ % Iogdq'glg o Qﬁ\ﬁ“@ 49 3}0
80, wherein R; is:

(p) _
X Bsrs
¥ (?Hz)d ik
N
H HO
5 66. The comp‘bund acéérding to claims 49 or

80, wherein R, is:
(q)

67. The compound according to claims 49 or
10 80, wherein R, is:
(x)

68. The compound according to claims 49 or
80, wherein R, is:

15 ~ (s) ,(CHg)d |

69. 'I‘he compound accord:.ng to clalms 49 or

8(2; wherein R1 :Ls. (C@d

’.i\‘j[":/\ 'md
: N
20 | (cr@clf
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ai d covalent 5 bonds betmeen

;the S L G.HIS\IS'—@E? " %ﬁl\b or unsaturated and said chain

d depend Y~
'(S:glﬁprl sa@(}rs{?’e@gleﬂgslcm? - er‘ﬁ ; bound to_the i nBEHEISHI6K, ] at om

t hrough bonds r; and each bond | abel edT—i s independently a single 10 or

L o Ul T S 2 R
i ndependently Cor N, Zis CO or S2; VQO |s a stralgﬁt thal'n %oﬁpr|5|ng

1-3 covalently boundoﬁemresmﬁ@%mada@dorﬁﬁge@oemfarm tdee ogf oup
~consi sting gf C,.N $ and O, said covalent 20  bonds betmeen sai d nenbers

bei ng i ndep Hder ezn R, 18:
| (v)

x{JCH»d (CHﬂe(CHﬂe

W.N,l;x &

71. A pharmaceutical composztlon for
treating or preventing an IL-1 medlated disease
comprising a pharmaceutically effective amount of an ‘
ICE inhibitor according to any one of claims 1-70 and '
10 80-124 and a pharmaceutically acceptable carrier.

72. A pharmaceutical composition for
treating or preventing an autoimmune disease
comprising a pharmaceutically effective amount of &n
ICE inhibitor according to any one of claims 1-70 ‘and

15 80-124 and a pharm:ceutically acceptable carrier.

73. A pharmaceutical composition for
treating or preventing an 1nflammatory disease
comprising a pharmaceutically effective amount of an
ICE inhibitor according to any one of 1-70 and 80-124

20 and a pharmaceutically'acceptable carrier.

74. A pharmaceutical composition for
treatzng of preventing a neurodegenerative disease
comprising a pharmaceutlcally effective amount of an
ICE inhibitor according to any one of claims 1-70 and

25 80-124 and a pharmaceuticélly acceptable carrier.

—_—
- This Sheet Has Bee enl
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saturated or unsaturated and. sal n_canprijsing two ends which are
coval ent | yMWR83080 two di f ferenftTHIS SHEAE HAS Brgh| bonds r;  PETAISISAT6HT.
strai ght chain conprising 1-2 2 CRERIAERDI'Y bopnd menbers indepe
sel ected fromthe group COHSIStITETTﬁ_Ti*++*4}ﬁH¥i , said
two ends whi.ch. are coval eritly bound T % different C at KB"ﬂ mmm"rﬁl
aryl ring therewith; and ‘each bond | abeled r is independent
single or:a doubl e bon c ri sing: [err]
is a straight chain cod7 |S|%§ga c%?/% %ﬁ%ﬂﬁbgﬁgéﬁegyl ndependent |y
sel ected from 1nh1b1t1ng an ICE-medlated functlon comprising a
pharmaceutically effective amount of an ICE inhibitor
according to any one_of claims 1-70 and 80-124 and a
5 pharmaceutically acceptable carrier.

76. A method for treating or preventing a
disease selected from the'groﬁp consisting of IL-1
mediated disease, autoimmune disease, inflammatory
10 disease and heurodegenerative disease in a patient
. comprising the step of administering to said patient
a pharmaceutical composition according to any one of
claims 71 to 75. | |

77. A method for selecting an ICE 1nh1b1tor

15 comprising the steps of: '

a) selecting a candidate compound of
defined chemical st:u:ture comprising at least two

'hydrogen'bohding'moiéties, at least two moderately
hydrophebic moieties and one electronegative moiety
20 comprising one or more electfonegative atoms attached
either to the same atom or to adjacent atoms in the
‘electronegative ﬁoiety;

b) determining a low-energy conformation
‘for binding of said compound to the active site of

25 ICE; ,

c) evaluating the capability of said
compound in said conformation to form at least two
hydrogen bonds with the non-carbon backbone atoms of
Arg-341 and Ser-339 of ICE; '

30 : d) evaluat;ng the capability of said
compound in said conformation to associate with at
least two of the binding pockets of ICE selected from
the group consisting of the P2 binding pocket, the P3

eet Has Béeir Replaced
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B
fhe group consisting of C, N, S and O,. said coval ent 10 bonds bet ween
sai d mengRy e BQfds' Nng i ndepend ofn unsaturated and said chain
iconprising two ends which aEﬂMgoﬁ)m ﬁﬁg@grd to_two di f PEF/EBISA36KIns; t he
‘bond labeled r is a single a B@PL ubl elbond; His a first hydrogen
:bonding noiety and Z is a second hy gen bondi ng: Em .
{ noi eties being capabl'e of forming ad'{h%drogen bond: \T\ﬂlmmwmn " Hlnackbone
i atomof |ICE, said backbone 20 aton1be|ng selected from't hd gfoup |
consi sting ofy t,;% éiq._hé\ll—i, group of
' Arg-341, the ca nﬁﬁl oxy%an §§g 5%% e an1 -NH group of
Ser-339; (b) bindd nEbE’ second nDderater 25 ‘hydr ophobi ¢ noi ety,
said noieties each b@)ng evaluating the capablllty of said
' compound in said conformation to lnteract with the Pl
5 binding pocket of ICE; and '
. - £) accepting or rejecting said candidate
compound as an ICE inhibitor based on the
determinations and evaluatzons carrled out in the

preceeding steps .

10 | _‘78. The method of claim 77 addltzonally
comprising the follow;ng steps which follow step e) ‘
and preceed step f): '
g) . evaluating the deformation energy of
blnding of sazd compound to ICE; and
15 h) evaluating the contributlon of the sum
of all electrostatic interactions between said
compound and ICE when said compound is bound thereto
in said conformatlon.

79. An ICE inhibitor selected by either of
20 the methods according to claims 77 or 78.

80. A compound represented by the formu]_.a:

(CJZ)‘-T
25 ' el R,;~-NH-X;
wherein: :
.’X1_ j;s. ‘CH;
30 g is 0 or 1;
Thllsllslliietliliillmlnlﬁi'la




oval ently bound to said scaffol d

ch belng capabl e of associ ating
with a sep¥O8S85¥8ndi ng pocket of

i tor i spPovwses/d7eer et o,
sai d bindi ng pocket being selecte conS|st|ng of the
P2 bi ndi ng pocket, the P3 binding

, | _ P4 bilndi ng w
[err] binding pocket; and - 294 -‘(%}Sah el ectronegati I ”!l!
conprising one or nore el ect ronegat ive atons, said atomns

t he sane at om or t dj acent , g é g sai m)l et bei ng
coval ently 5 £ %%lﬂn %B‘F’FGFH’:' d%6 Fﬁée apaBF-tBE £ ng one or
nor e hydr ogen b&rmis;@nﬁglcbfbmdgeenw ahd -F, provided that when a .

first and second J are bound to ‘a € and said first J
is -OH, said second J :.s -H;

A

5 m is'0, 1, or 2;

T is -OH,' '-co-cozn, -CO,H, or any bioisdsteric
. ~ !
replacement for -CO,H;

R; is selected from the group consisting gof the
following formulae, in which any ring may optionally
10 be singly or multiply substituted at any carbon by
Q,, at any nitrogen by Rs, or at any atom by =0, -OH,
-CO,H, or halogen; any saturated ring may optionally
be unsaturated at one or two bonds; and wherein R,
- (e) and R; (y) are optionally benzofused;

: X=X Rs Re
15 {(a) x” Z—hII-G—C—I .

20 (€)  ReL N—C—C—

25
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residues in the Pl bindin . The 1 CE inhibitor according
sc§$ E@éﬁ%ﬁy

to clai gg@er-ei n said f ormul a: wherein: each X is
[ ndepen(r?éé?f’:)‘/ or N, and Dr [erfr] 45. The | AETUIP BT Dr

according to claim43, 15 wher el n sai.d scaffold has the fornul a:
wherein: Xis Cor N, Zis COor [egf¢f; .20 W2 is a
straight -chai'n conpri S| ng 1-3 coval entl y bound nenbers i ndependenttly

sel ected from the -group consisting of C, N, S and bonds
bet ween sai d(gpnbers being i ndependently saturat ecl mﬂ gﬁ”ﬂ Walbnd sai d
chain conpri 5| ng 25 t wo 2 which are coval ent 1y boum I fferent
A %
GHeXs  crya

sza\l_g\”/

€ - R -
5 ' RG‘N—?,—%-R:J—Z— ;
HRo |
_X |
(g) ﬁ( }-—z—-Rm—z— ;
(h) (
Se
10 L
(1) /‘ "3&' T2
. | (CHa)d
/ \ (CH2)a _ ;
(3} (Xo—(cra
15 iy
N—C—C— .
I .
Ca ) ) :
(k) x‘\( Ha)g
S e
CHo)g = — (e e
(CH—N" "g—N—¢—¢
H o] Ry O i

20 (1) Xa
| Q’ “cHag

25
This S,

—
L



atons; and the bond | abéled r I_,p a~s+-agle or _a doubl e bond. THI S SHEET
HAS BEEN wcPss@s30846. The | CE |i THHS SHEGT HASCRERN g to cl ai mPEEUSIHEIEET n sai d
scaffold has the fornula: We3|is a BEfidicght chajn co

rising 1-3 covalently
bound nenbers independently sel ectéd fromtke—gl oup W
and O, said covalent 10 bonds bet w¥h said menbers endent | y
saturated or unsaturated and said chain conprising tmrmmw,ﬂmnﬁ
coval ently bound) to.:;two different atons; and "I
o (m

H)d -
' Rs Re
N C—N—+—C—-
H il

o
P

N
5 H ;
xz\
(o) (crﬁc fod
R T 1 '
N HO
(p)
ax (?"h)d ?5 i
10 N — ¢ . i
H o]

(r) (cl;@d
| (crwu

15

p\aced
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the bond labeled r is a s’T':“ ofa_15b doubl e bond. 47. The ICE

I nhibitor according to cl Hi&SHEE/mHAglggEﬁcl d scaffol d has the formula:
[err] i SVRQIGBW ght chai n| conpREBLAGE[L- 3 cqval ently boun&@CHERBH$17

i ndependent|ly selected from ‘consisting of C, N, S and O,
said coval ent bonds between said ne grs be|ng*rﬁdeﬁeﬂdenLLy_saLg_ated or
unsat-.ur at.ed ‘and.sai d' chain conpr|S| two ends which are covalently bou

S Todepensen 1 2 T e Gt sors. MNUHIRRID ol

X

‘ .
(t) E N (CHad
,.,” ll (cr/b)KaIK .
A o ;

3
|
7
>
S

H (o}
| X, | ¢
(w) . Re g
- R . | : | |
S\N N — e .
“ .
H H O i
10 (x) (CH)d
HN Re
Re, A -
I HO
H O d
(y) X~(QHye
(CH)Z C‘Ixﬁcgz)a
. 3 .
Rs—N)TN):(éHz)c
H . ;
15 Ry is selected from the group consisting of:
(aal) | |
/ H
(aa2) 7
- N ACHe | .
20 - g
(aa3) NH
/Nj/| E
\
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48. An I CE inhibitor conprising. a) . a scaffold conprising any 5

monocycl | owolgsgsaesi ¢ or tricycl lmlsysuﬂ%‘m»slsmtgu each ri ngPGHUSHHU6Hy st em
conprises 5-7 nenbers, said system cappfi (9 N, O or S, said system
bei ng aromati c or non-aronati c lard—eorprising entral ring, wherei

di stance between the centroid- of 10- 318ai-d central ring and the al pha
carbon of Cys-285 of I'CE j's between about [err] and abou ‘E‘“‘

i nhi bitor is bound to:ICE and the distance between the" ci “m “ “m
central ring and-the al ph%car bon of His-237 of ICE is betaween about Jerr]
and 15 about a[a”] whegn“whe inhibitor i's bound to ICE;, b) a first

hydr ogen” bondi ng noi et Hald second hydrogen bondi ng, noi ety, each of said
noi eti es being capable o ing a hydrogen bond with a different backbone
atom of ICE, said atons

(aas) (O)d
: 1

5 ' /gs_l . . _. ’.

) (bb) Q/
10 (ce) i }

(@) 5)
15

~e

{
_N
(ee) ((CHZ)d
N
20 (££) a o L

(gg)

~.

4//
Has Been Re(laced
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20 elng sel ected fromhe_group con5|st|ng of the carbonyl oxygen of
Arg- 341, de -NH ¢ Hdiﬁsﬂ : he car bonyl en of. Ser-339
and the am H group Jof Sep ; 4 first and a s SPSHFEAIr at el v
25 hydr ophob| C noiety, AR Des eafh bei ng covalently bound to said

scaffold and each being capabl e of ggﬁom ating with a separate binding
pocket of | CE when the inhibitor ound thereto sai d bi ndi ng pocket

bei ng selected fromthe -group 30 consi sti ngml,"m g--pocket , '
the P3 binding pocket, the P4 bi ndi ng pocket a I] ") g pocket; and

d) an el ect ronegat Y Pety
| (gga) _

(ggb)

5 . | -
’ ;and

e
- (ggce) H R

wherein each rz.ng C is J.ndependently chosen from
the group consist:.ng of benzo, yrid_o, thieno,
pyrrolo, furano, thiazolo, isothiazolo, oxazolo, -
isoxazolo, pyrimido, imidazolo, cyclopentyl and
15 cyclohexyl; :

Ry is:

. -CN,
-CH=CH-R,,
-CHaN-0O-R,,

20 - {CH;) ;-3-T;-Rs,
' -CJZ-R,,
' -CO-Ru', or

/Rs
: -CO-CO-N
25 . \Ryo;

‘each 'R‘ is independently selected from the group
consisting of: :

-H,
-Ar,,

Sheet Has Been Reﬁaced
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- 297-. ri sing one or nore,el ectr .]r
attached t ¥A98588e atomor to adj acent b HAS BEENE noi et PCTUSISETOLT

nmoi ety being coval ently bound.to s Lé\ICEDand bpi ng capabl e of form ng
5 one or. nore hydrogen bonds: or salyf,.bri dg€S wth residues in the P1

bi ndi ng pocket of ICE 49. A= corrpoun& epresent ed by the formula: [err
each J-is independently selected fromthe group consi stng"r—-_F!‘—-m’Ja_nH
-F, provided that- \wen a first and second J are bound to st
Jis -OH said secoi Jis -H 20 mis 0, 1, or Cﬂnmmglﬂﬂ“mw‘ .
-CF3, [err],[err] -Gh-Bswy andi sosteric replacement for

sel ected fromthe Ofcalp, ¢Quei sii;ng of the

e ok, said atons being

each T, is independently selected from .th'e' group
5 consisting of:

-S0-,
10 -S0,-,
~NRyo-,
=NR;,-CO~,
-co-,
-0-Co-,
15 -C0-0-,
-CO-NRyo-,
 -0-CO-NRyo-,
-NR,,-CO-0-,
-NR;o-CO-NRy,-,
20 -S0,-NR;o-,
~ =NRy0-80,-, and
=NR;0-S0,-NRyo- ;

each R is. 1ndependently selecte;l from the group
_ consist:.ng of:: ' "
25 __H'

30 -S0,~NH;,

Thls Sheet Has Been R
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foll owing formulae, in whi CTHiarBHEfE'rnrg)‘

mul tipl ygﬁg uted at aycar . at any nitro
at an;e g’f?)m 3b$err] - OH, )é , and in whi 'éﬂlrrated
ring may optionally be unsaturated at one or two bonds: [err]
[err] . - 322 - T —
oo, - Iy YO0 o
-80,-Rs, '
/Axr,
-CO-N
5 \R1°'
'/Ar,
- =80,-N
\Rxo:
/Ry
10 -CO-N _
\Ryo, and
/Ry
‘SOz"N
\Ryo¢
15 R¢ and R, taken together form a saturated 4-8
member carbocyclic ring or heterocyclic ring
containing -0-, -S-, or -NH-; or R, is -H and R, is
-H e
. "Ar1' |
20 -R,,
- (CH;) 4,2,3-T:-Re, oOF _
.an o-amino acid side chain residue;
each Ry is a C;.; straight or b:ancped alkyl group
optionally singly or multiply substituted by -OH, -F,
25 or =0 and optiocnally substituted with one or two Ar,
groups;
each Ry, is independently selected from the group
consisting of -H or a C,. straight or branched alkyl
- group;
30 each R;; is independently selected from the group -

“This Sheet Has BeenRTlaced ’

tionally 25 be singly or




[err]

[err]
WO 95/35308

10

15

20

25

30

' cShsiStiﬁg'df'—Arz, -R, and -N-OH

[err] _
PCT/US95/07617

* C L | -3 *

Rs;

each Ar, is a cyclic group independently selected
from the set consisting of an aryl gréup which
contains 6, 10, 12, or 14 carbon atoms and between 1
and 3 rings, a cycloalkyl group which contains
between 3 and 15 carbon atoms and between 1 and 3
rings, said cycloalkyl group being optionally
benzofused, and a heterocycle group containing
between 5 and 15 ring atoms and between 1 and 3

- rings, said heterocycle group containing at least_one

heteroatom group selected from -O-, -S-, -SO-, -SO;-,
=N-, and -NH-, said heterocycle group optionally
containing one or more double bonds, séid heterocycle
group optionally comprising one or more aromatic
rings, and said cyclic group optionally being singly
or multiply substituted by -NH,, -COH, -Cl, -F, -Br,
-1, -NO,, -CN, - ' o
o)
=0, -OH, -perfluoro C,.; alkyl, CH,, or -Q;
0

each Ar, is independently selected from the
following group, in which any ring may opt_ionally be

- singly or multiply substituted by -Q, and -Q,:

(hh) _<::O '

A
Ye!

This Sheet Has Been Reﬂlaced
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[err] -306- [err] . E8eh—X1-S undppendently sel ected fromtne group

consi st I‘gg

group [err

10

15

20

25

30

]99,353(,{\" and [ ETH’]S SfifaﬂH’IA& BEENifndependent |y sel ected.fromthe

REPLACED PCT/US95/07617

- 324 -

. ——

\ﬁ

e by iy ll!]l-[ll{l 0l

each O, is :.ndependently selected from the group
cons:Lst:Lng of:
-Ar,
-0-Ar,
-Rs,
-T,-Ro, .~ and .
- (CH) 1,2,3-T1-Ry; o ' ‘

each Q, is J.ndependently selected from the group
cons:.sting of -OH, -NH,, -cozr-z, -Cl, -F, -Br, -I,
-NO,, -CN, -CF,, and o - -
' / \
- . CHy;
\ /
o
provided that when -Ar, is substituted with a Q1
group which comprises one or more additional -Ar,
groups, said additional -Ar, groups are not
substituted with Q,; '

each X is independently selected from the group
consisting of =N-, and sCI-I- :

- each X, is independently selected from the group
consisting of -0-, -CH,-, -NH-, -S-, -SO-, and -S0,-;

each X; is independently selected from the group
consisting of -CH,-, -8-, -SO-, and. -S0,-;

each X, is independently selected from the .group

consisting of -CH,- and -NH-;

Sheet Hhs Been Reﬁaced
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308 50

. The conpound accordin wherein [err] is: [err]
51. The C\Y%Ggrﬁ?accordi ng t’og( L@'#%ﬁggfﬂr‘\% erein [erPtTms95/l(7bi7

55. The conpound according to
56. The conpound according to 9Ia|n53%9 or

10

15

20

25

D80 erein |

=S NN |

each xs is independently selected from the group
conszstzng of -CH- and ~N-;

'X¢ is -CH- or -N-;

each .Y is independently selected from the group
consisting of -0-, ~S-, and -NH;

each 2 is independently CO 5: SO, ;

each a is independentlf Q or 1;

each ¢ is independently 1 or 2;

each d is independently 0, 1, or 2; and
each e is independently 0, 1, 2, or.3;

provided that when _
R, is (f),
R is an a-amino acid side chain residue, and
R, is -R,
then (aal) and (aa2) must be substituted with Q,;

also provided that when
R, is (0), '
g is 0,
J is -H,
mis 1, _ .
R¢ is an a- am;no acid- szde chain residue,
R, is -H,
X, is -CH,-, .
Xs is -CH- ,

. This Sheet Has Been Replaced




80, wherein [err] is: (Q)

10 SOwoYagkgkn [err]

erern [err]

'or 80, _Whereln [err] is:

10

15

20

25

30

X¢ is -N- , and

i §: in&EHEETH}AS%ENThe conmpound accor di

i $: [ erREPLAGED The clonmpound accord?‘ﬁ’a“

) NG 5 1 ¥

gy

pound according to clainms 49 or

to clains
$1di ns 49

- 326 -

R; is /Ryo

Ry3 is:

-CO-N .
\R;y , or -CO-R,;, when

-CH,-0-CO-Ar,,

| -CH,-S-CO-aAr;,
-CH,~0-Ar,,
-CH,-S-Ar,, or

-R, when -R, is -H;

then the ring of the R, (o) group must be
substituted with Q; or benzofused; and '

prov:.ded that when
R, is (w) '

g is
J is

m is

T is

-CO.H,

Rs; is benzyloxycarbonyl, and

ring

C is benzo,

then R, cannot be -CO-R;; when:
Ry is -CH,-O-Ar;, and
'Ar, is 1l-phenyl-3-trifluoromethyl-
pyrazole 5-yl wherein the phenyl is optionally
substituted with a chlorine atom; :

or when

Ry is —CHz-O-CO'-Arl, wherein
Ar, is 2,6-dichlorophenyl.

Sheet Has Been Reﬂlaced
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60. * The conpound according to clains 49 or 80 wherein [err] is: [err] 5
61. The cwopsassssaccordi ng 10 (¢ erei n [ er PCT/US9S/MGB17 The
~conpound according to clains 49 HEET 84S in [err] is: [err] 63.

for 1 oot gcz'c,f;r‘;g“?ﬁi%?ﬁi%ssi S e
err - i ' * ¢ L M s % !

" 81. 'I‘he compound accord:.ng to claim 80,
where:.n R, is:

(w) X2 .
s NN
. H H O
' 82. The compound accord:.ng to claim 80,

whereln R, is: (CH)d
(x) CI-}, I'?e

I
| H O
H O

10 83. The compound according to claim 80,
wherein R; is: ' '
(y) X (QHe
(CH)E C‘x;“-’tl,a-
{
R5—N rénz)c
&) _ _
15 _ 84. The compound é.céording to claim 80,
wherein:
_X1 is ’CH;
g is 0;
20 J is -H;

mis 0 or 1 and T is -CO- COZI-I, or any bicisosteric
replacement for -CO,H, or
mis 1 and T is -CO;H;

R, is selected from the group consisting of the
25 following formulae, in which any ring may optionally
be singly or multiply substituted at any carbon by

Sheet Has Been Repl aced |
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-311- 65.

-312- [err]
| CE- ned ™R ¥858¢8nct i on ¢
1 CE inhibitor accordingft

Q,, at any nitrogen by R;, or at any atom by =0,

The conpound according to clains 49 or 80, wherein [err]
75: A pharmaceuti cal

conmposi tion for inhibiting:an.

fTPIlS SHE@Jr ﬂABrﬁrgﬂqb

ms 1-70 and 80-124 and a

-OH,

-CO,H, or halogen, and wherein (e) is optionally

benzofused:
X~ Rs Re
5 N | 1
] R7 O
H

(b)

(c)

(e)

(£) Re

Re '
y “‘“J? I

R» O

15 (g)

(h)

(o)

- 20

Sheet Has Béen. Rerlaced
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5 pharmaceutical |l y accept abl e B9 thod for treating or
prevent i ngW? ¥35¥8se sel ected frfo }‘%igrrd Bﬁﬁgl sting of PCTWSksAbsHt ed
di sease, autoi nmune di sease, inf di sease and '

neur odegener ative disease in a pat I ent corrprl SINg the-step—of administering
to said patient a pharnaceutical corrp %ion accor di ng to anmone of cl a| ms

71 to 75. 77. -A method for selecting an | CE inhibitor eﬁm)“u mu”ﬂll

steps of: a) sel ecting a candi date conmpound of defin ure
conprising at |least two hydro fBondi ng noi eties, at |east” two frodér af ely

hydr ophobi ¢ noifat)i es and I ecﬂ‘z onegative noiety 20 conpri sing one or

nore el ectronegative ato attachqdﬂguther to the sane atomor to adjacent
atons in the el ectr%QE% LV eNQDI

(CHpa '
, or
Xz
Res, N—G—C—
N
5 H_ |!,! 6 . H
Rzo is:
(aal)
N _
/ , or
(aa2) m
/'NY(cn,)c
10 and ¢ is 1;
- ring C is benzo optionally substituted with
-Cy-3 alkyl, -0-C;., alkyl, -Cl, -F or -CF,;
when R; is (a) or (b), R; is preferably -H, and
15 when R, is (c), (&), (£}, (o), (r), (W), (x) or
(y), Rs is preferably:
‘CO'Arl
-S0,-Ar,,
. ~CO-NH,,
20 ~ -CO-NH-Ar,
' - ~CO-Ry, _
"‘CO'O'RQ.

This Sheet Has Been Replaced 's
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b) determ ning a | ow energy..confornati for binding of said conpound to

the active site of 25 @tii ng the capability. of said :

conpoun(}v?ﬂsgsé% conforrthﬂlqig'nSWQET hggnggte lleast. two hydr oPEA/USSSHEIN t h t he

non- car bon backbone at onme—gf-CArgss4 Jer 339 of ICE;, 30 d)

eval uating the capability of said cgr’rﬁound I n Sa*l—d‘tOﬂ‘f‘OT‘ﬁ‘a't’l—m’l—t‘O

_ associate with at least two of thé BPRdF ng pock ed-fromthe
"group consisting of the P2 binding pocket, the guju ﬂll m mldl ng .
pocket, the P4 bindi ngoqugket and the P bindin

"CO NH Rg,

R, is -H and R; is: -H,
. . "RSI or
5 : -Ar,;

Rg‘ is a Cy¢ stfaight or branched alkyl group
optionally substituted with =0 and optionally
substituted with -Ar;;

R, is -H or a -C,.; straight or branched alkyl
10 group; ' '

_ Ar, is phenyl, naphthyl, pyridyl, benzothiazolyl,

 thienyl, benzothienyl, benzoxazolyl, 2- indanyl or
indolyl substituted with -0-C,.; alkyl, -NH-C,_; alkyl
-N-(Cy-; alkyl)z,- -Cl, -F, -CF,,

15 -C;-3; alkyl, or (o)
/ \
CH, ;
\/
0
20 Q; is Ry or - (CH;)q,1,2-T1= (CHz)o,1,2 -_Arl, wherein

T, is -0- or -8-;

each X is independently selected from the group
consisting of =N-, and =CH-;

each X, is independently selécted‘ from the group
25 consisting of -O-, -CH,-, -NH-, -S-, -SO-, and -S0,-;

. each X; is independently selected from the group
consisting of -CH- and -N-; '

Sheet Has Been Reﬁaced
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e) eval uating the capability said conformation to
i nteract wWWQ¥B0H) 5 bi ndi nlg! %ETOHAS EEENcmd f) acoM/US§0n617
rejecting said candi date compourid_as REPLABED nhi biit or based on the

determ nations and eval uations carri-ed. :? I The" preceedi ng steps. 10
78. The nethod of claim77, addltlona? # conprising the foll owi ng steps

whi ch foll ow step. e) and preceed step f): Q) evaLuaLLng_Lhe_deLoLnallon
ener gy of - bi ndi ng-

eval uating the con ‘r J‘but %Z(ér&omﬁg > :tsgml (C):F a?lndellgct rlmﬂlﬂ“mlmmuzﬂml onjs

bet ween sai d conmpound and said compound is I sai d

conformation. 79. An ICE inhibitor selected by either® of
' provided that when:

R, is R, (0),

5 Xz iS‘ -CI{Z-,
Xs is -C|I-I- , and

X; is -N- .,
10

then the ring of the R, (0) group must be
substituted with Q, or benzofused; and

Z is C=O.

85. The compound according to claim 84,
15 wherein the R, group is
(a2)

(
R7 O

_ '
optionally substituted with Ql,' wherein
‘Rg is -H} |
20 R, is -H; and
2 is C=0.

86. The compound ac:_:_ording_ to claim 84,
wherein the R; group J.S :

4} "“%"?

optionally substituted with Q;, wherein

25

Sheet Has Been Re laced
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20 the nethods according to clains 77 or 78. 80. A conpound represent ed

by the formula: wherein:|THIS SHEFT HAS BEEN [ - [err] X1 is -CH,

M SWOISBBMEH J is mEep (#EELM“!E? éct ed fromthe grnmwsem'su ng of
jd J are bound to a C and said

[err] T is [[err] or any bioisosteric

ted fromthe group consisting of the

[err] provided that when
first Jis -OH, said second J is -
. replacenent for--C2H, [err] is Se?%%

olforing formies, |1 wnleh sy fing my °p“°”a'H||l|||IHIHIIIIHIIIIHIlll

10

15

20

25

R, is -H;
R, is -H; and
2 is C=0.

87. The compound according to claim 84,
wherein the R, group is '

which is optionally substituted with Q,;

provided that when R1 is (c1),
is 0, -
is -H,
is 1,
is -CO.H,
is N, :
R; is benzyloxycarbonyl, and
R is -H, | -

X 3 3 qgua

then R; cannot be -CO-R,, when
R;; is -CH,-O-Ar, and
Ar, is 1-phenyl-3-trifluoromethyl-pyrazole-5-
yl, wherein the phenyl is optionally substituted with
a chlorine atom; or when

R,; is -CH,-0-CO-Ar,, wherein
Ar, is 2,6-dichlorophenyl,
and when the 2-position of the scaffold ring is
substituted with para-fluoro-phenyl. '
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be sin %;or multiply substituted at any carbon by [err], at any

n| t rogen WP

08 or at any atorhtys-SHEET®AS BERH, or hachgﬂlspslmgﬂ

saturated ring may optional I'y be junsat RERLAgEDAt ong or tW |

wherein [err] (e) and [err] (yl)

[err]

" A i

f;ﬁ#;fii‘fha The compound according to claim 84,
" wherein the R, group is:
(c2) Re
' _ |
'S Ol |
H H O S
5 O .
which is optionally substituted with Q,.
89. The compound according to claim B4,
wherein the R, group is:
el1) . . -
(e1) }Cﬂﬂcf
10 _ . OX
(e2) |
. ’
and c is 2; or
(e4) (cugh/ ]
15 ,-Or

(e7) (w/\((w" .
T \T

which is optionally benzofused,
and ¢ is 1 or 2;

provided that when R, is (e4') '

-\\',___‘
This Sheet Has Been R,
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[ er r-]

[err]  [err] [eﬂ-f_l SHEET HAS BEEN
WO 95/35308 REPLACED N ~ PCI/US95/07617

10

15

20

25

30

- 334 - —mmm—

e W

J is -H,

m is 1,

T is -CO.H, | |
. Rs is benzyloxycarbonyl, and

c is 1,

then R, cannot be -CO-R;; when
Ry; is -CHZ O-Ar1 and
Ar, is 1l-phenyl-3- t:rifluoromethyl~pyrazole-
-yl wherein the phenyl is optionally substituted
with a chlorine atom; or when

Ry, is -CH,-O-CO-Ar,, wherein
" ar, is 2,6-dichlorophenyl,
and when the 2-position of the scaffold r:l.ng is
substituted with para-fluoro-phenyl, and

also provided that when
R, is (e7),
g is 0,
J is -H,
m is 1,
T is -CO,H or -CO-NH-OH, .
R; is a protective group for the N atom of an
amino acid side chain residue, and |
each ¢ is 1,

then R; cannot be -CO-R;; when
Ry; is: |
' -CH,-0-CO-Ar;,
-CH,-S-CO-Ar,,
-CH,-0-Ar,, or
-CH,-S-Ar,.

\
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90. The compound according to claim 84,

‘wherein the R; group is

(£1) Re
] -
Re~N—C—C—Ras- G~
HRrRoOo O

91. The compound according to claim 84,
wherein the R, group is

(g2) N . -
Q—z—am—c,f—- |
| O
H , wherein

Ry is (aal) opt:.onally subst:.tuted s:.ngly or
multiply w:Lth Q;; and '

Z is C=0.

92. The compound according to claim 84,
wherein the R, group is

(h) XL:I'?_Z_RE_Z__

, wWherein
Ry is (aal) optionally substituted singly or
multiply with Q,; and
Z is C=0.

93. The compound according to claim 84,
wherein the R, group is:

Re—N . N—" .C/
H o il
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|

(r4) m -
(r5) i and
| RFML( \c/ . -

optionally substituted with Q,."

s 94. The compound accord:.ng to claim 84,
wherein the R; group is '
(wl)
i
T H | | |
- H o) © ' ; wherein
X, is:
10 -0- ,
. -s-
-S0,-, ©Or
-NH-;
15 optionally substituted with Rs; or Q; at x, when xz

is -NH-; and

ring C is benzo substituted with '-C1-3 alkyl,
-0-C;.3 alky1, ‘Clg -F or -CF,.

95 The compound _according to claim 84,

\\ll\l\\ \|ii\T \‘iﬁ‘\‘i\“ i
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'CO"R;;, or /‘l\‘

-co-dé-N{lizg | \\‘“\\\l\\\\\\\“\}\\\\!\\\“\

Ry is a C;.;, straight or branched alkyl group
optionally substituted with =0 and optiocnally
substituted with Ar,; and

_R13 is:

_ 96. The compound according to claim 95,
wherein -ar, is:

(hh) __*Q::E::]l

optionally substiﬁuted_singly or multiply with
-Ci-6 alkY]., -0~Cy6 alkYI . ~NH-C,_ alle, -N- (C;-;

alkYI)z, 'S'C1-5 alk}'l, ’Cl, -F" -CF3’ Or /o

CH, .
\/
_ | 0
97. The compound according to claim 95,
wherein -Arz is: '
(ii)

__<;

) ThIS Sheet Has Been’ Re lace
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98. The compound according to claim 95,
'wherein: o '
R;3 is -CH,-0-R,; wherein:

Ry is a C,.4 straight or branched alkyl group
10 optionally substituted with =0 and opt:.onally
substituted with Ar,

99. The compound according to claim 95,
- wherein: ' '

| R;; is -CH,-S-R,; wherein:.

.18 Ry is a C,.¢ straight or branched alkyl group
optionally substituted with Ar,.

100. The compound according to claim 98, l
wherein: a : ‘
R,; is -CH,-0O-R,;; wherein: : ;

20 Ry is a C, straight or branched alkyl group
_oth.onally substituted w:.th Ar1

101. The compound according to claim 95,
wherein: | |

Ry is H. |s Sh eet Has Been Reraced
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102. A compound represented by the formula:
.4
5 /R
CO2H
02 N
/ 6
g RI-N 7
H
wherein the ring is optionally substituted with
one or more R groups, preferably 0, 1 or 2; and
5 wherein:
R, is Ry~ (A)p-,’
R, is selected from the group consisting of:
-H, '
-Ar1’
10 -CO-Ar,,
-8S0,-Ar,,
-R’,
-CO-R,,
-CO-0-R,,
' /Ar,
-CO-N
: \Rjo,
20 /AT,
-S0,-N
' \Rm:
/Rs
25 -CO-N
\RIO; and
/Ry
-S0,-N
Ryoi
30 each A is independently selected from ‘the group

consisting of any a-amino acid;

ot HasBeen Replaced
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104. A conpound according t

in each A is independently

@ﬁmn HAﬁeB&"J\Ja' i ds: al anine; 10
selecteﬁKBQgééﬁge group congi m no aci ds: al ani ne,

hi sti di
| euci ne,

10

15

20

25

30

phenyl al &ni ne, CEBe, tyfosine, 15 PCI/US9S07617val i ne,

i sol euci ne, glutam ne, nethionine, 20 " honoproline,
3-(2-thienyl) alanine, and 3-(3-thi%Q%IL al ani ne-

O i

p is 0, 1, 2, 3 or 4;
Y is

-S- or
-NH; and _

R is:
=,
-0-C,.¢ alkyl,
-NH (C,¢ alkyl) ' :
-N(Cs allyl)y, (
-8-C,.¢ alkyl, '
-C;-¢ alkyl, or
C=Qa2; |

each R, is a C,¢ straight or branched alkyl group
optionally singly or multiply substituted by -OH, -F,
or =0 and optiocnally substituted with one Ar; group;

each Ry, is independently selected from the group
consisting of -H or a C,¢ straight or branched alkyl
group;

each T, is 1ndependently selected from the group
consisting of:

-CH=CH-,

Thls Sheet Has Beer Re‘liced
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344 105. A congggnd r epr esent ed
i ndependen™9 %Pt ed from t he

lerr] . 346 - REF‘L,ﬂCtD
- 341 -

\.

m o

-0-CO-NRyo-,
-NRy,-CO-0-,

5 -NRy0-CO-NRyo-,
-S0,-NR;p-,
-NR;,-S0,;-, and -
-NR;4-S0,-NR;0~,

each Ar1 'is a cyclic group inde'pendently selected

10 | from the set cons:tst:.ng of an aryl group which
contains 6, 10, 12, or 14 carbon atoms and between 1
and 3 rings, a cycloalkyl group which contains
between 3 and 15 carbon atoms and between 1 and 3
rings, said cyciloalky__'l group being optionally

15 benzofused, and a heterocycie group containing
between 5 and 15 ring atoms and between 1 and 3
rings, said heterocycle group containing at least one
hetercatom group selected from -O0-, -S-, -S80-, -SO,-,
=N-, and -NH-, said heterocycle group optionally

20 containing one or more double bonds, said heterocycle

group optionally comprising one or more e;'omatic .
rings, and said cycl'ic group optionally being singly
or multiply substituted by -NH,, -CO,H, -Cl, -F, -Br,
-I, -NO,, -CN, =0, -OH,

25 -perfluoro C,.; alkyl,-/o
CH;, or -Q;
\/
o
30 each Q, is :.ndependently selected from the group
consisting of:
-Ar,
-Ry,
-Ty-Ry, - o and
' Ths Sheet Has Bzen R
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. heterocycl e group cont ai ni ng—etae

-3 rings, said heterocycle g “&“@ 8k
sel ect e ¢Berr] 5 sa up opti onal PGTUSHYFH ng one -
or nore doubl e bonds, said ' . pjoptionally conprising one or -
nore aromatic rings, and said cycLigfgrQup opt.i orattyberng singly or

mul tiply substituted. by [err] 10 err] perfluor r ' rr] 106.
A cOnﬁound'aCQording:to claim 105 sel ected frothF“I H I i ﬂ& ﬁg of : -
[err] - (CHz) 1,2,3=T1-Re; _ e | L M s *

1 | east one het eroat om group

each Q, is independently selected from the group
consisting of -OH, -NH;, -COH, -Cl, -F, -Br, -I,
-N02' "CN, -chf- and o

5 . / \
. . CH;;
\ /
o)
provided that when -Ar, is substituted with a Q
10 group which comprises one or more additional -Ar,
groups, said-additional -Ar, groups are not
substituted with Q. ' ' ‘

103. A compoun§ according to claim 102

selected from the_group-consisting dfi
_ COH A~

15

20

H .
is Sheet Has Been _Rgplagsg ;
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:# wherein each Ais

tli ng- of t RETAISAINNL aci ds:
al ani ne, histidine, |ysine, phen proline, tyrosine,

val ine, |eucine, isoleucine, 15 - 343 - glutan1ne, HELDLQDLﬂg+_________

homopr ol ne, - | \\\ll\ -

2 | ; and
H3C

- 347- r] .107. ‘A conmpound accol
i ndependeHlQ%ﬁ%&sect ed fromthe - ?H@%}?'ﬂfl

EF

-

. H
H3 Ve
(T) 61

(3)

104. A compound according to claim 102
wherein each A is independently selected from the
group consisting of the a-amino acids:

alanine,

10 ' histidine,

lysine,

phenylalanine,

proline,

tyrosine,

15 ' valine,

leucine,

isoleucine,

glutamihe,

methionine,

20 | homoproline,

3-(2-thienyl) alanine, and

3-(3-thienyl) alanine.

//
et Has Been Re‘laced
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3-(2-thienyl) al anine, apr—S=—3-thienyl) alanine. 20 108. The conpound
-~ accordi i m 85, T’é@t%#ﬁhbﬁﬁ@ roup consisting of: [err]:
o i
348 %Fo % 9. The donpouRaPBAGRYY di ng to cI ai m 88, s&CTASAYOT6ID M t he

QVOUp consisting of [err]
e HIIIIIHHIIIIIIIHIIIIII|III

105. A compound represented by the formula:

COH
RI-N o
, H
wherein:
5 R, is' Rs- (A) p= i

each T, is independently se;l.écted from the group
consisting of:
-CH=CH',

10 'S',

1s -CO-,

-CO-NR;o-,
=-0-CO-NR;-,

20 -NR,,-CO-0-,
=NR;p-CO-NRy,-,
-S0;-NRyo-,
=NR;0-S0,~-, and

 =NR;o-80,-NR;o-;

25 .
R; is selected from the group consisting of:

30 ‘SOz'Arlg

ThlS Sheet Has Been RT
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WO 95/35308

MR . - [err]
5 SHEET HAS BEEN
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- 34s -

re - -HgmumylmmM

-S0;-R,,

/Ar,
5 - =CO-N
. \RIO [}

/Ar,
-S0,-N .
.\RID ’

10 /Rs
-CO-N _
\R;;, and

/Ry
~S0,-N _
15 \Ryp;

each A is independently selected £rom the group
consisting of any a-amino acid;

p is 0, 1, 2, 3 or 4;

each Ry is a .Cl"__s straig_ht: or.'branched alkyl group
20 optionally singly or multiply substituted by -OH, -F,
or =0 and optionally substituted with an Ar, group;

each Ry, is indepéndently selected from the group
consisting of -H or a C,.¢ straight or branched alkyl
group; .

25 Ar, is a cyclic group independently selected from
the set consisting of an 'axyl _group which contains 6,
10, 12, or 14 carbon atoms and between 1 and 3 rings,
a cycloalkyl group which contains between 3 and 15
, carbon atoms and between 1 and 3 rings, said
30 _ cycloalkyl group being opticnally benzofused, and a

hlS Sheet Has Been Replaced
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-353 - 112. The conpound accarding to claim90, selected fromthe group

consistin [err] 113.| THNE SKEFFoyMeIBEEgdr ding to claim 91, selected from
t he groﬁYﬂm $&ting of : [[err] REPLAGTH- [efr] ____PCT/US95/07617

ca || 11111/

heterocycle group containing between 5 and 15 ring .
" atoms and between 1 and 3 rings, said heterocycle
group containing at least one heteroatom group
selected from -O0-, -S-, -SO-, -SO,-, =N-, and -NH-,
5 said heterocycle group optionally containing one or
more double bonds, said heterocycle group optionally
comprising one or more aromatic rings, and said
cyclic group optionally being singly or '.multiply
substituted by -NH,, -CO,H, -Cl, -F, -Br, -I, -NO,,
10 -CH, =0, -OH, -perfluoro C,.; alkyl, /Q '

c.H2' -R9l or | ‘
\/ .
o)

15 -T,-Rg.

106. A compound 'a'c_c'érdin'g- to claim 105
selected from the group consisting of:

(W) o
. O
' "ClI

H3C |
(X) T -'
| HiC__ R . |

(x) C\f

25 ; and

This Sh
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consi sti ngw(9f95’3§¥!13r]

(2)

e

S  group consisting of the a-amino acids:

10

.15

20

115. The conpound aCjOTﬂ'ﬂs lmiEE‘P e

- 356

14,

e

H
N

sel ected fromthe group

PCT/US95/07617

e

(A

107. A compound according to claim 105
wherein each A is independently selected from the

alanine,

histidine,

lysine,

phenylaianine,
proline, '
tyrosine,

valine,

leucine,

isoleucine,
glutamine,

methionine,
homoproline,

3- (2-thienyl) alanine,
3-(3-thienyl) alanine.

and

108. The-compound according to claim 85,

sélected from the group consisting of:

20d

* ‘This-Sheet Has Been Re
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- 358 - [err] 359 [err] :q{] %}%i%lﬁfga al |y substituted with one [err]
Cy. Y

group; each Jerr]-is indep fromthe group consisting of:
[err] wQ 9 8 i ngs sa groyp - bei ng optl(?ﬁ'é.‘msysmélfkof used,

Hllllll Hllll T

© 109. The compound according to claim 88,
selected from the group cons:.st:.ng of

@A*Qwi

. | 0 _ '
10 0 l \)OLN¢:H .
. s4b @/\)L: ;
| o H o |
' . Q0 '

15
) ~,
54j
[
20 : : .o
54k \)LN
. OJLN :
H o H o
\\
' ThlsSheetH
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between 5 and 15 ring atons and betwee sai d heterocycle
group contwossssyemt | east one 5 TH&S*#%%B g&%ﬁﬂ sel ect mﬁﬂﬂ“ﬁé

=N-, and -NH, said heterocycl e gfoup ;ﬁF tl ly ntai ning one or m)re
doubl e bonds, said heterocycle group_ og%%onal |y conpri

aromatic rings, and said cyclic group i onal |y being sj

mul tiply substltut ed by [err] each Ar2 is independently} m’gﬂ"mmm rmml
fol | owi ng group, in which dny. ring may optignally be si n

substituted by [err] and [eer]: - -361- | each [err] is |ndependen’fly
sel ected fromthe group :

10

15
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iﬂegtidj?dl tional [err] groups, said

‘[err] group which conpris
CEDsubstfi tuted with [RCTPSISH2Q7 The

addi t i oWQI9538308] gr oups ak nn'r

5 consisting of [err] WYS E%F [err] is substituted with a

conmpound according to claim-119, s_el ected ftromthe group con3| sting. of:
- 350 -

[err] - 362 - [err] - 363 -

LT

5 . ;
127
128 - .
10
129 | , o
. : o .
_ ;
' 0
' . g\)LN .N\)LN 0
130 o : '
_ | _ H o ¢ H o ; and
0
OH
131 o
20

' “i?li’ii‘ﬂ‘:iii:ﬁﬂi"ﬂf ir
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[err] - 364 - [err] - 365-
opti onal | y V@#¥¥Bed, and a het ¢
ring atoms and between 1 and 3 r -
| east one 5 het er oat om gr oup selected from
het er ocycl e group optlonally cont ai nimg@®he or
heterocycle _

wherein:

t+oaf kyl group being
?EE'N'] ai ni ng batoresysirand 15

cl e group—contarm gy at
err

rore sount = (TFIRMETRIIN

-110.“Tﬁe compound according to claim 89,

(o
R; is: P 5 Halo
(CHa)e ?
R
(1) e~
N O
5 , or
 ad)
’
and c is 2;
10 '
mis 1;
T is -CO.H; and
R3 is -CO R13.
15 11i. The compoqnd aécording to claim 110,
selected from the group consisting of:
| 47a 0/\)\”
20 S

125b

Ci

e

is Sheet Has Been Re;ilaced
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group optional ly compri si NJHBNSHERT HRS BEajqmatic rings, and said cyclic
group o‘gt-i onal |y being sipngly Kgpracgsy nu tliply substituted by  [err] each
[err] i%OP¥#¥PRndent!y sehee{-ed—f-pe-m—t-he—dl | owi.ng gr ouPCHYSRPTMR any ring
may optionally be singly or nultiply substituted by [err] and [err] 20

(ii) each [err] is independently sgjﬁ:t_ed fromthe—g*r—ocrp—Cﬁﬁ%rsﬁ—ﬁg—of
[err] -366- [err] each Q is in ependently sel fromthe

Corelsnof (47 - ummun i

L M

10 i
e { X J U
138 CHy—5, OH 0 ¢
o] H oo o
H
15 . | ot | i and
20

et Has Been Reﬂaced
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5 [err] and [err] 10 pr-vmﬁagﬁg efr] IS substituted with
a [err] groNP MBI conprises onf or.-;-ﬁgp%:‘% "%’?Flgral [err] OPCIIPS9S/03647d

additional [err] groups are not err]; each—X+ts-
I ndependent|ly sel ected fromthe group 1% consisting of [
and each Y is independently selected Tr A7t Re group consi stj I M‘
-NH. 123. The corrpound according to claim 122, selected fro
consisting of:: [err] 11§G7The compound according to claim 90,

selected from the group consisting of:

o]
0 . O
5 86 )LN N - O::
H 0- : I
(o) N (o) O '
< > H 0o
10
; and
1s

113. The compound according to claim 91,
selected from the group consisting of:

- T ’*?.Ji
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N OH
o .
o H
HO | H o
\O\)JN 1
21t A~ Lo
. o ” “OH
o .
o H
. Ho o
5 .
22e rgc'o —N g
Y
: O
' ' H ; and
. B H o
157 w IOH cl
. N .
: H
(o] )
10 . oi N 1.@
H o cl

114. The compound according to claim 84,

wherein:
15 R, is: -
(06) '
| _ /Re
| o Rs-luQ_‘--‘"’-
H o o
X, is -NH-;
20 m is 1;

T is -COH;
R3 is ‘CO;R13.
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115 The compound accordlng to claim 114,

selected from the group conszstzng of:

; and

116. The compouﬁd éccording to claim 93,

selected from the group consisting of:

_ 0/\)‘%,(;'2: f};ﬂ

114a
5 .
114
118
10
121
15
20
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117. The compound accord:l.ng to cla:.m 94,
selected from the group consisting of:

108a

15 106¢c o Q—-\N‘Q |
| | -9 —0 OH
Nj_\‘( NN
. Y
_108a o |
' .0 :0 “NoH 0 ©
| | 0/\)\ N O 5@
H H
* : © ° o ;
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T

108b o o °:',Q |
N N |

| <\-_=;>'_\_<o

108¢ N@

; and

118. The compound according to claim 105:

10 o
1SS0 RS
h @ | T
OH
i5
119. A compound represented by the formula:
Qs
T
v ?e-(A)r‘Q N(/@r -
: o]
H
wherein:
mis 0, 1, or 2
20 T is -CO.H, or any bioisosteric replacement for
-COZH _ ’
\
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[T
-CNI L . b
-CO_-R13, oxr
- /Ry
5 -CO-CO-N
\Ryqo;

10

15

20

25

30

R; is selected from the group consisting of:
-H, ' ' '

-Arll

~-CO-Ar,,

-80,-Ar,,

-Rg, '

-CO-R,,

-CO-0-Ry,

-S0;-Ry,

/ar,
-CO-N
\RIO_v

/Ar,
-S0,-N
\Ryo,

/Rq
-CO-N
\RID ’ and

: /Ry
"SOz’N
\Ryo;

each A is independently sel_ected from the group

consisting of any a-amino acid;

p is 2 or 3;

) eé-ch Ry, is a C;¢ straight or branched 'aikyl group
optionally singly or multiply sqbs_tituted by -OH, -F,

This Sheet H eaii
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20

25

30
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“.or =0 and optionally substituted with one Ar; group;

each T, is independeﬁtly selected from the group
consisting of: ' '
~-CH=CH-,

=NR,,-S0,~, and

each R, is independently selected from the group
consisting of -H or a -C,. s straight or branched alkyl
group; '

each Ry; is independently selected from the group
consisting of H, R,, Ar,, and -CH,-T;-R,,

each Ar, is a cyclic group independently selected
from the set consisting of an aryl group which
contains 6, 10, 12, or 14 carbon atoms and between 1
and 3 rings, a cycloalkyl group which contains
between 3 and 15 carbon atoms and between 1 and 3

ThlS Sheet Has Been Re
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rings, sazd cycloalkyl group bezng optlonally
benzofused, and a heterocycle group contaznlng
between 5 and 15 ring atoms and between 1 and 3
rings, said heterocycle group contaznzng at least one
heteroatom group selected from -0-, -S-, -SO-, -SO,-,
=N-, and -NH-, said heterocycle group opt;onally
containing one or more double bonds, said heterocycle
group optionally comprising one or more aromatic
rings, and said cyclic group optionally being singly
or multiply substituted by -mna,-4cxbn,

-cl, -F, -Br, -I, -NO,, -CN, =0, -OH,

-perfluoro C,.; alkyl, /p

CH;, or -Q,; and
0
each Ar, is independently selected from the

following group, in which any rihg may optionally be
singly or multiply substituted by -0, and -Q,:

each Q1 is independently selected from the group

' cons;stlng -of:

\\\\\\\n\\i\ﬁﬁ \’if i
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~ (CH,) 1,2,3-T1-Re;

- 361 -

and

PCT/US95/07617 :
e

A g

each Q, is independently selected from the group

5 consisting of -OH, -NH,, -COH, -Cl,
~-NO,, -CN, 'CF;, and [}
CHZ;_
\/
10 o]

[} 'Br' 'Il

provided that when -Ar; is substituted with a Q,
group which comprises one or moie additional -Ar,
groups, said additional: -Ar, groups are not

15 substituted with Q. -

120. The compound according to claim 119,

selected from the group consisting of:

20

" This Sheet Has Been Re
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S,

gespcesy

121. The compound acording to claim 119,
wherein -:h A is independently selected from the
group cc. .sting of the a-amino acids:

15 a.anine, - '
~histidine,
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ayesas, AN A
phenyialanine, #ocoLoms
proline, '
tyrosine,

5 valine,

- leucine,’
isoleucine,.
glutamine,
methionine,

10 homoproline, .
3-(2-thienyl) alanine, and
3-(3-thienyl) alanine.

" 122. A compound represented by the formula:

. _ s0H
1s | 5 ' Ri\"/q,h, .

H o

R. is Rs-(A) p-..'_

.Ry is selected from the group consisting of:
-H'
-Ar,,
20 -CO~AxX,,
-80,-Ar,,
-Rs'
-CO-R,,
-CO-0-Rg,
25 -SOz-R_,,

. /Ar1
-CO-N
N '\Rmr
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s AR

-S0,-N o
\Ryq, ’

/Ry
~-CO-N
\Ryo, and

/R
-80,-N
\Rlo;

each A is independently selécted'frdm the group
consisting of any a-amino acid; '

pis 0, 1, 2, 3 or 4;

each R, is a C,¢ straight or branched alkyl group
optionally singly or multiply substituted by -OH, -F,
or =0 and opt-ionally_ substituted with one Ar, group;

. each R,y is independently selected from the gréi_xp
consisting of -H or a C,¢ straight or branched alkyl
group; '

' each T, is independently selected from the group
consisting of:

-CH-CH-'

'SO“ ’

each Ar; is a cyclic group independently selected

- from the set consisting of an aryl group which

contains 6, 10, 12, or 14 carbon atoms and between 1
and 3 rings, a cycloalkyl group which contains
between 3 ‘and 15 carbon atoms and between 1 and 3
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rings, said cycloalkyl group be;ng optionally
benzofused, and a heterocycle group containing
between 5 and 15 ring atoms and between 1 and 3
rings, said heterocycle group containing at least one
heterocatom group seleéted from -0-, -8-, -S0O-, -80,-,
=N-, arnd -NH-, said heterocycle Qroup optionally
containing one or more double bonds, said heterocycle
group optionally comprising one or more aromatic
rings, and said cyclic group optionally being singly
or multiply substituted by -NH,, -COH,

-1, -F, -Br, -I, -NO,, -CN, =0, -OH,

-perfluoro C,.; alkyl, ]p\

\/
0

CI-IZ, ér ‘Q1,‘ and l

each Ar, is independently selected from the

following group, in which any ring may optionally be
singly or multiply substituted by -0, and -Q,:

(ii v
)—(‘)x
(33) __<z.1

s 4
; and

:,X i

Y

(kk)

each Q, is zndependently selected from the group
consisting of:

-Ar1

-0-Ar, .

'Tx"Rs:. B ~ and
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- (an) 1.2.3'T1'_R.'9:'.-

each Q, is 1ndependent1y selected from the group
ccnszsting of -OH, -NH,, -CI&H, -Cl1, -F, -Br, -I,
-NOZI "CN_: -Cl;",;,._and o
| / \

CH;;

\ ./
0

provided that when -Ar, is substituted with a @,
group which cqmprises one or more additional -Ar,
groups, said additional -Ar, groups are not
substituted with Q;; |

each X is independently selected from the group
consisting of =N-, and =CH-; and '

each'Y is-indépendently selected from the group
consisting of -O-, -S-, and -NH. '

123. The cbmpound according to claim 122,
selected from the group consisting of:

Q F F
. W F
I8
. DAY
O Y 0
144 O/\ H ¢ ¢ H g
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_ OH ; and
o H
o i H o
Q.
124. The compound accord;ng to cla;m 122,
5 wherein each A is Lndependently selectgd from the

10

15

.20

group consisting of the a-amino acids:
alanine, ' ' |
histidine,
lysine,
phenylalanine,
proline,
tyrosine,
valine,
leucine,
isocleucine,
glutamine,
methionine,
homoproline,
3- (2-thienyl) alanine, and
© 3-(3-thienyl) alanine.
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