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5 Field of the Invention

This invention is in the field of medicinal
chemistry and relates to novel compounds, and
pharmaceutical compositions thereof, that inhibit
caspases that mediate cell apoptosis and inflammation.

10 The invention also relates to methods of using the
compounds and pharmaceutical compositions of this
invention to treat diseases where caspase activity is

implicated.

Background of the Invention

15 Apoptosis, or programmed cell death, is a
principal mechanism by which organisms eliminate unwanted
cells. The deregulation of apoptosis, eilther excessive
apoptosis or the failure to undergo it, has been
implicated in a number of diseases such as cancer, acute

20 inflammatory and autoimmune disorders, ischemic diseases
and certain neurodegenerative disorders (see generally
Science, 1998, 281, 1283-1312; Ellis et al., Ann. Rev.
Cell. Biol., 1991, 7, 663).

Caspases are a family of cysteine protease

25 enzymes that are key mediators in the sgignaling pathways
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pat hways appear to converge at a common effector pathway 5 |leading to
proteolysis of key proteins. Caspases are involved in both the effector
phase of waexs2ghal i ng pathway and further upstream at iPET/HURII47648i on. The
upstream caspases involved in initiation events becone activated and in
turn activate other caspases that are 10 involved in the |ater phases of
apoptosis. Caspase-1, the first identified caspase, is also known as

i nterleukin converting enzyne or "ICE." Caspase-1 converts precursor
interleukin-13 ("plL-1(3") to the pro-inflammtory active form by specific
cl eavage of L?5 BPPPICSi5e sk FeAdp M FR SHrgbAYa- IRPriRe es i¥pase- 1

there are apsgsel eyergot er R@wm&%{nﬁ@kfé%%o%%%al@ﬂg Par A A save

specifically at aspartyl residues. They are al'so observed to have
stringent rdgpendivgt onf eeldt tUypestand cipimandiusg doitd aldsiapmstasig he
N-term nal gsi of the 20 cl eavage site. The caspases. have been .cl assified
into three P g@ws¥sd888ﬁ&1rn&°oﬁ°?w§r% RS &ci® d’ueerfd{;ecﬁ% 1?ars‘s:h"balﬂéferred
or prineilyenaeagniczeerotle1gaup oFf KE3spasReindhi chdgiddalas-caspases 1,
4, and 5, has been shown to 25 prefer hydrophobic aromatic anino acids at
position 4 &AVOLNedNifebeithalthe @& feicticdte Pilossy &fe Bia eigumteg group

whi ch inclu p S , ogni z rtyl.. . resi s at both
positions 18 §§8@§o%ﬁ§h§%ﬁt§ ee?ﬂ]%ﬁétrge%@e%%é ettsﬁzglg'ltééslv%géerﬁsiﬂ&e{a,e and

pref er abl y apseqeeanceashaidesAdpvdlved Asp.inA tiikitricbrgreotgm t sMbbesdonmenc| udes
caspases 6, % 9 and 1%, ,tolerate mgny am no acids in the rimarg/ -2 WO
02/ 42278 PCIFOSYFFEF688Y rEc SYrTY | ! ,erblﬂa%ﬁ%dﬂg?rtefae‘? resi dues

with branchado1dkiphal itheSiide ehPsSUF a$ofrlddig and
Caspase-1, the first identified caspase, is

also known as interleukin converting enzyme or “ICE.”

Caspase-1 converts precursor interleukin-1f (“pIL-1B”) to

the pro-inflammatory active form by specific cleavage of

15 pIL-1B between Asgp-116 and Ala-117. Besides caspase-1
there are also eleven other known human caspases, all of
which cleave specifically at aspartyl residues. They are
also observed to have stringent requirements for at least
four amino acid residues on the N-terminal side of the

20 cleavage site.

The caspases have been classified into three
groups depending on the amino acid sequence that is
preferred or primarily recognized. The group of caspases,
which includes caspases 1, 4, and 5, has been shown to

25 prefer hydrophobic aromatic amino acids at position 4 on
the N-terminal side of the cleavage site. Another group
which includes caspases 2, 3 and 7, recognize aspartyl
residues at both positions 1 and 4 on the N-terminal side
of the cleavage site, and preferably a sequence of

30 Asp-Glu-X-Asp. A third group, which includes caspases 6,

8, 9 and 10, tolerate many amino acids in the primary
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| euci ne at position 4. The caspases have al so been grouped according 5 to
their putative function. The first subfamly consists of caspases-1
(ICE),, dyoane23 These caspases have been shown to be | PeDUS@E7HSS
pro-inflammtory cytoki ne processing and therefore play an inportant role
in inflammation. Caspase-l, the nost studied enzyne of this 10 class,
activates the IL-1(3 precursor by proteolytic cleavage. This enzyne
therefore plays a key role in the inflamatory response. Caspase-1 is also
involved in the prqcessin rferon gamma i nduci ng, factor, (I G F or

of inte
| L-18) whi cFeSCORdItaCls e&”@dué"rtor?e@fmi S on B dneR, Yitkey

i unor egul gtghchbal, ERJWHAIES: IO a RILSRIMAL] OR5 T168l Angctivation and
cel |l adhesion. The renmai ni ng caspases nake up the second and third

subfani | i esleTigdne eftzpwsstacs &.- central inportance in the intracellular
si gnal i ng pat hways 20} eadj nsg)to aﬁ}oafs)t 0SI-S; %ne subf am | consigts of the
enzynes involved in ini S &9 ﬁ‘sﬁfe 'S r‘ii]tsr?e zfpe&bt%]f?%pe%a?(ﬁ%,l?%cl udi ng
transducs i omoofthehgn s aftie e cdilcas Mrhee minaite . s UEIel By dorddt Sts

subfam ly include caspases-2, 8, 9 and 10. The other subfam |y, consisting
25 of the ePfecpsPrasgssdsddCE). .6 an@B Sar e THRRS VERPREFehHhaYe gen

downst eam cheauage eents ibaly 15 Yl | h e SUSLE TR . rgakdown and

death of the ce by apoptosis. pases 1 nvol v e upstream si gnal
t ransduct i oproaesisviage atilde theuesicoreamleas pas dsypordtiaatt tdwhe dirsabl e DNA 30
repair nmechani

finally fradﬁéﬁrgsm{“ﬁyiagr?htc-a%%ﬁza tl%ﬁtér%? @%8%1@%&15%%5& Q’ijg?%f t he
four am o %ﬁﬁgs§eggﬁﬁ%%tes the IL-1P precursor by proteolytic
cleavage. This enzyme therefore plays a key role in the
inflammatory response. Caspase-1l is also involved in the
processing of interferon gamma inducing factor (IGIF or
IL-18) which stimulates the production of interferon
15 gamma, a key immunoregulator that modulates antigen
presentation, T-cell activation and cell adhesion.

The remaining caspases make up the second and
third subfamilies. These enzymes are of central
importance in the intracellular signaling pathways

- 20 leading to apoptosis. One subfamily consists of the
enzymes involved in initiating events in the apoptotic
pathway, including transduction of signals from the
plasma membrane. Members of this subfamily include
caspases-2, 8, 9 and 10. The other subfamily, consisting

25 of the effector capsases 3, 6 and 7, are involved in the
final downstream cleavage events that result in the
systematic breakdown and death of the cell by apoptosis.
Caspases involved in the upstream signal transduction
activate the downstream caspases, which then disable DNA
30 repair mechanisms, fragment DNA, dismantle the cell

cytoskeleton and finally fragment the cell.
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primarily recogni zed by the caspases has been used to design caspase
inhibitors. Reversible tetrapeptide inhibitors have been prepared having

t he strusv@o®4B7€CH3CO- [P4] - [P3] - [P2] -CH (R CH2CO2Hr@hEse /47888t 0 P4
represent an optinmal am no acid recognition sequence and Ris an

al dehyde, nitrile or ketone capable of binding to the caspase cysteine

sul fhydryl. Rano and Thornberry, Chem Biol. 4, 149-155 (1997); Malli, et
al., Bioorg. Med. 10 Chem Lett. 3, 2689-2692 (1993); N cholson et al.
Nature 376, 37-43 (1995). Irreversible inhibitors based on the anal ogous
tetrapeptide recognit FEPYEEHTENQE Hdife 88 M HEF VIRAETES s an

acyl oxynet hybkelone - CEEREIR G bRl Bxmldd ek Wean Qald 06@' ly
substitutedﬁphenyl XE such as 2, 6}5;chlorobenzoyloxy £%d wher e is COCHz2X

where X isdaSﬁeavpa@p@rS@mrﬂumma: oRe@ersﬁﬂﬂrmbmtrlyamp’@ide

Bi ochem str 3, .3934 994 37, 563-564
C1064 " ThelnRIpLES e HedekesT mHas B e drS For el cy of

manmal i afn dCSI@@@e[34PL¢§3§iS$QQ|]atﬁﬁdRWCt—IEC@ﬂ{ WHEHELASE td Beltappodsapopt osi s
has been denonstrated wusing peptidic caspase inhibitors. For exanple, in
rodent nodeP8, cPidpade AR HRBARITHEEPTS IFRManSe ralflide Infan ct 5| ze

and i nhi bi t ‘iﬁ%ﬂw@yo@i erl‘"’l%"%%ioogl 0&1% g:fa{tpl%.c' resukfftr?dlﬂ fag giyon,

reduce | esion volunme an neu I'ng ron1s roke to
reduce post:aspaseat:iytstapmm w]ilqnﬁ:y’ieur MNeogi Gald deidxberry, tCaemnati c

brain injury,, fectlve in.fre , fulm ant I|ver d truction, and
to i nprove é&f’é gl' %arter (é'r?ggozt Joxi 3 k Sby &b %‘cmul ation,

97, 27y (1998, E@@rtes 3¢t 2@Jgo- 2k der@hysal) ; Blm%diéwaéw aI4 ViR 02442278
PCT/USOl/47688

376, 37-43 (1995). Irreversible inhibitors based on the
analogous tetrapeptide recognition sequence have been
prepared where R is an acyloxymethylketone -COCH,OCOR’.
R’ is exemplified by an optionally substituted phenyl

15 such as 2,6-dichlorobenzoyloxy and where R is COCHX where
X is a leaving group such as F or Cl. Thornberry et al.,
Biochemistry 33, 3934 (1994); Dolle et al., J Med. Chem.
37, 563-564 (199%4).

The utility of caspase inhibitors to treat a

20 variety of mammalian disease states associated with an
increase in cellular apoptosis has been demonstrated
using peptidic caspase inhibitors. For example, in
rodent models, caspase inhibitors have been shown to
reduce infarct size and inhibit cardiomyocyte apoptosis

25 after myocardial infarction, to reduce lesion volume and
neurological deficit resulting from stroke, to reduce
post-traumatic apoptosis and neurological deficit in
traumatic brain injury, to be effective in treating
fulminant liver destruction, and to improve survival

30 after endotoxic shock. Yaoita et al., Circulation, 97,

276 (1998); Endres et al., J Cerebral Blood Flow and
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Met abolism 18, 238, (1998); Cheng et al., J. din. Invest., 101, 1992
(1998); Yakovlev et al., J Neuroscience, 17, 7415 (1997); Rodriquez et
al ., J. Bx@o24dekl., 184, 2067 (1996); G obmyer et al., MPCTNB@/4768, 5 585
(1999). In general, the peptidic inhibitors described above are very

pot ent agai nst sone of the caspase enzynes. However, this potency has not
al ways been reflected in cellular nodels of apoptosis. In addition 10
peptide inhibitors are typically characterized by undesirable

phar macol ogi cal properties such as poor oral absorption, d&@fr stability

and rapi d miMedigdaldsm, F"|3at t2r$e3r 4i® Aribéhend e toraly Dikc
Technol ogi eg,,+, tark riH d %%8 (Elga{k%dﬁymog lCh| cjlester Engl and,
t He née

15 1990). Recognl zi'ng rove the . pharacol ogi cal properties
of the pept Murczasgare, iIThi lmmsr s(lsmevptl dmﬁmi&;ue;z astd ailbon- nat uE=b. am no
acid pepti ded nhi_bi tors have beS rted. 20 WD 95/ 35308 di scl oses

i nhi bitors 8% intdd-eidat- 13996 S Amé s nelff nd’ednt e ali a,

conmpounds ogggh; gzul ae: CO2ZHCR2H X X R5 R6 X XRS5 R6 X--CNGC-CGH
RI3\CNGCCH 13 XOROOXORR/ 0 OH and H wherein X is

i ndependent |y sel ect ednf ggmexisl ,ortheCilep tREli @5 nhnid ildess Wekagdred R7 i s
hydr ogen and, R6 includes a m_no .aci.d side g]%]}‘l and R13 includes

hydrogen, arC XForat ¢ <6 ﬁ’é:’t%- aPSREESE ARE TR YNt or
branched al kylzygieeup sicighierOr thdld bRitereRt ieraldot always been

reflected in cellular models of apoptosgis. 1In addition
10 peptide inhibitors are typically characterized by

undesirable pharmacological properties such as poor oral

absorption, poor stability and rapid metaboligm.

Plattner and Norbeck, in Drug Discovery Technologies,

Clark and Moos, Eds. (Ellis Horwood, Chichester, England,
15 1990).

Recognizing the need to improve the
pharmacological properties of the peptidic caspase
inhibitérs, peptidomimetic and non-natural amino acid
peptide inhibitors have been reported.

20 WO 95/35308 discloses inhibitors of

interleukin-1B converting enzyme including, inter alia,

compounds of the formulae:

COH CO,H
X Rs Re AN\ X Rs Rs
X
i \)—-C-N—C—C—N Ria XCI S—C—N—G—C-N" N T3
X-N S N 1] TN
N XN 6 RO o)

wherein X is independently selected from =N- or =CH-; Rs
25 includes hydrogen; R; is hydrogen and R¢ includes an o-

amino acid side chain; and R;; includes hydrogen, an

aromatic or heteroaromatic ring, a C;-C¢ straight or

branched alkyl group singly or multiply optionally
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-5 WD 02/ 42278 PCT/USO1/ 47688 substituted by F. WO 95/ 35308 reports those
conpounds to be active against |CE and does not report activity against
ot her caspasm$2278N0 98/ 10778 di scl oses inhibition of apoptPEeT/AS&H/47688nQ

i nterl eukin-1(3-converting enzynme (I CE)/CED-3 famly inhibitors of

formula: X CO2R3 r.~ R CCHIi n B YNANRL OHOwereinnis 1 or 2;
Rl1, R2, and R3 are various groups; A 10 is a natural or unnatural am no
acid; Bincludes, inter alia, a halonethyl group; and X and Y are vari ous
substituents. WO 00/061542 discl oses di peptide apoptosis inhibitors having
the formul aSubshibutgfyby R2 01 95R3 5EPERT apnstes Rihose arorapunial ty
SUbSt! tut edbgl E¥:1t19r$ g.%;%'ﬁ?l%%n I QYR é@zeé %oq:yq:re eJ.q: Oarcto.fotgFal ! y .
substi tuted al kyl; ’s a residue of @ natural” or non-nat ur am no acid
and R3 20 i sgannaltkylthesalogsabeedscar bocyclic, partially saturated
carbocyclic, aryl, saturated heterocyclic, partially saturated

het erocyclic or heter 8% vi8/d0dUS, Saw&rlasess dnpibgidian iaf ARoRRE1s
bstit d: I.S. ; 4 CRARS)." wh R4 t h
coour rente. sann dlreyclitln 3 IR po M (R Redl i AT

inhibitors of formula:

X , CO.R®
e
YA N A_N/L\\W,/B
gt o H 0O

wherein n is 1 or 2; R', R?, and R® are various groups; A
10 1is a natural or unnatural amino acid; B includes, inter
alia, a halomethyl group; and X and Y are various
substituents.
WO 00/061542 discloses dipeptide apoptosis
inhibitors having the formula:
0 H ©

XJL _N

XY Ro
15 Rs COZR;

where R; is an optionally substituted alkyl or hydrogen
group; R, is hydrogen or optionally substituted alkyl; Y
is a residue of a natural or non-natural amino acid and R;

20 is an alkyl, saturated carbocyclic, partially saturated
carbocyclic, aryl, saturated heterocyclic, partially
saturated heterocyclic or heterocaryl group, wherein said
group is optionally substituted; X is 0, S, NR,, or
(CR4Rs5)n where R, and Rs are, at each occurrence,

25 independently gelected from the group consisting of

hydrogen, alkyl and cycloalkyl, and n is 0, 1, 2, or 3;
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hydr ogen, al kyl and cycloalkyl, and nis 0, 1, 2, or 3; -6 WD 02/42278
PCT/ US01/ 47688 or X is NR4, and R3 and R4 are taken together with the

ni t rogen vad omx2a whi ch they are attached to forma saturpCPUSHet7es80cycli c,
partially, saturated heterocyclic or heteroaryl group, wherein said group
is optionally 5 substituted or X is CR4R5, and R3 and R4 are taken together
with the carbon atomto which they are attached to forma saturated
carbocyclic, partially saturated carbocyclic, aryl, saturated

het er ocyclic, %gr,ti ally saturated_ heterocyclic or oxygen-caontai ning

het eroaryl §fo ,lslé]Rﬂ%eFEﬁnRéa‘?‘%ngm?E% SHHRT rRIFYISO0E FR Uk, and
provi ded that; ¢ X dtdnl .t d RER I3 ﬂk?exﬁ‘%rél ndated £§epzyl or t-butyl;

and when X is CHZ, then R3 is not H. e a nunber of caspase inhibitors
have been mseporeéedd inetegramteldearpastistadiely tdmyupossd@sisetéecodpelic

appropri ate pharnmacol gi.cal. properties, to be. therapeuticall ef ul .

Ther ef or e, Pﬁe?‘gtﬁegogrg’&ntglrr?pﬁjé)d GRS S A NG ejc%l%p?a% ase? i nhibitors
that ares peu@Rtitsitald or and PURGRL At EnAERDIANER ! Qi Adikde RIfRddwe

i nhibition of apoptosis in vivo. Such 20 conmpounds woul d be extrenely

useful in tMe&t fge werbaroaEREhtti ed i st Pk ed e 2ekpseo efeymes pl ay
DS B b n SRS, L OBRL Ol reouncs
parti cul ar | preflf,echitveraasd hatesrcarys:lafc ,c aspases] hndsaoetdtedr apopt osi s.
These COﬁpO%g %r%%%%i&qgo e%%;genjéggggfaiﬁg_ﬁ;teroaryi group,
10 wherein said group is optionally substituted; and
provided that when X is O, then R; is not unsubstituted
benzyl or t-butyl; and when X is CH,, then R; is not H.
While a number of caspase inhibitors have been
reported, it is not clear whether they possess the
15 appropriate pharmacological properties to be
therapeutically useful. Therefore, there is a continued
need for small molecule caspase inhibitors that are
potent, stable, and penetrate membranes to provide
effective inhibition of apoptosis in vivo. Such
20 compounds would be extremely useful in treating the

aforementioned diseases where caspase enzymes play a

role.

Summary of the Invention

25 It has now been found that compounds of this
invention and pharmaceutical compositions thereof are
particularly effective as inhibitors of caspases and
cellular apoptosis. These compounds have the general

formula I:



WO 02/ 42278 PCT/ US01/47688 R4 NR3 ORL RHOR2HO wherein: R is CO2H,
CH2CO2H, or esters, am des or isosteres 5 thereof; R2 is hydrogen or an
opti onal Iwosulergdtuted C1-C6 aliphatic group; R3 is hydr PORPUSOIr47688
optionally substituted C1-C6 aliphatic group; and 10 R4 and R5 are each
i ndependently sel ected from hydrogen, an optionally substituted Cl-C6
aliphatic group, or R4 and R5 taken together with the ring to which they
are attached forman optionally substituted bicyclic ring, said bicyclic
ring selected fromthe following:. 15\~ NNN NN H; H; H; or H (a)
(b) (c) (d). The conpounds of tR[s inve@tion hayg potent inhibition
properties across a range of cas téﬁge S ith good efficacy in

ti conmpounds are expected

cel lul ar nodel s of apoptosis.Rt dL%%ﬂ

to have inproved cell penetratioklan phar naco i nefic properties and, as a
consequence of their potency, have idﬁro&bd efbeacy agai nst di seases
where caspases are inplicated. -8 WO 02/42278 PCT/ US01/ 47688 Detail ed
EEscriptiongﬁf the Invention This invention provides novel conpounds, and

phar maceut i &arf-y dcécept abl e derivatives thereof, that are
R' is CO.H, CH,COH, or esters, amides or isosteres
5 thereof;

R®> is hydrogen or an optionally substituted C;-Cg
aliphatic group;

R® is hydrogen or an optionally substituted C;-Cg
aliphatic group; and

10 R* and R® are each independently selected from hydrogen,

an optionally substituted C;-C¢ aliphatic group, or R*
and R° taken together with the ring to which they are
attached form an optionally substituted bicyclic ring,
said bicyclic ring selected from the following: -

15

N NEN N = NN N
Cry. o Qe O
N N7™N N7T™N N

(a) (b) (c) (4a) .

The compounds of this invention have potent
inhibition properties across a range of caspase targets
with good efficacy in cellular models of apoptosis. 1In

20 addition, these compounds are expected to have improved
cell penetration and pharmacokinetic properties and, as a
consequence of their potency, have improved efficacy

against diseases where caspases are implicated.



particularly effective as caspase inhibitors. The 5 invention al so provides
nmet hods for using the conpounds to treat caspase-nedi ated di sease states

i n manmralveo X278 conpounds have the general formula |: RAPEI/URDAY6R3 O NN N
F HOR2 HO 10 wherein: R is CO2H, CH2CO2H, or esters, am des or
isosteres thereof; R2 is hydrogen or an optionally substituted Cl-C6
aliphatic group; 15 R3 is hydrogen or an optionally substituted Cl1-C6

al i phatic group; and R4 and R5 are each independently selected from
hydrogen, an optionally substituted C1-C6 aliphatic group, or R4 and R5
taken together with tHetahbed Deddetpthey af et Znvashédnf orm an

optionally substitute icyclic.ring, said bicyclic, ring selected fromthe
following: N- ~ N - %kﬁﬁ‘%ﬁvﬁnﬁlﬁngﬁﬁgvl—lffesorn e]( acion(%%rt CS)' (a(tﬁc.g The term
“al i phatic" pagsruseedultdieilyweritep tib 18 IR ghiatchadd), c e paehed gt cyedi
Cl1-C12 hydrocarbons -9 WO 02/42278 PCT/ US01/ 47688 . which are conpletely
saturated oP3fficHlegHvaiafiarEiore aforc@anAas BhihisR%f at iBH but which are

not ar ongt i §pyeh@h oBX AR pr il GdlHdiatd & PLURP 1€ M ounds

to treat caspase-mediated disease states in mammals. The

compounds have the general formula I:

Rr? 1
58
5 \
FAN AN
H o0 R H ¢

I
10 wherein:
R' is CO,H, CH,CO,H, or esters, amides or isosteres
thereof;
R? is hydrogen or an optionally substituted Ci-Cg
aliphatic group;
15 R?® is hydrogen or an optionally substituted Ci-Cg
aliphatic group; and
R* and R® are each independently selected from hydrogen,
an optionally substituted C;-Cs aliphatic group, or R*
and R® taken together with the ring to which they are
20 attached form an optionally substituted bicyclic ring,

said bicyclic ring selected from the following:

N NN N =N N NN N
Cry. Sy Sy S
N N>y NT™N N

(a) (b) (c) (d) .

The term “aliphatic” as used herein means

25 straight-chain, branched or cyclic C;-Ci;» hydrocarbons
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substituted or unsubstituted |linear, branched or cyclic 5 al kyl, al kenyl,
al kynyl groups and hybrids thereof such as (cycloal kyl)al kyl,
(cycl oal meaytyalkyl or (cycloal kyl)al kenyl. The ternms "aP&pUSQr/47ed8koxy" ,
"hydroxyal kyl ", ™"al koxyal kyl ", and "al koxycarbonyl", used alone or as part
of a larger noiety includes both 10 straight and branched chai ns contai ni ng
one to twelve carbon atons. The terns "al kenyl" and "al kynyl" used al one
or as part of a larger noiety shall include both straight and branched

two to twelve carbon ons. The term "cycl oal kyl" used

chai ns cont ai g a
al one or as %fggpéFF SR IehSer SRTEtF %ﬁwﬂq TG PR HE RS- 4 2
hydrocarbonﬁdwal%&1%@@cﬁOmﬁéaéﬂﬂééﬁHﬂ”BﬁéH%HECHWBf%Iné%ﬁﬁf% ma O\ or nore

units of unsaturation, but which are not aromatic. The terns "hal oal kyl"
"haloalkenyEbraﬁﬁampléuﬂsnﬂﬂabéﬁ aﬁxphahﬂdqgrOQQSQﬁ@¢lwdeaIkoxy, as the
case may b re. hal og Qns The

d h
"hal ogen” r]?é:’Lé tl t%%rr VI\%{qu% tuﬁee l%%%re’rﬁ%‘f E?quacﬁg ?ﬁ’?ﬁ) en,

oxygen, sor a&&tlyﬂ.ur addniyic| udes ey gpdube ethd Q{ﬁbﬁfd@l t i OBEHE agech 25
sul fur, and the quaternized formof any basic nitro Al so the term

"mtrogen" ﬁﬁcl(ﬁéré%-%léi}ﬂs)ﬁ]t]iﬁlabl@Y%Q%]dwjdfa]d{ t@?ocycl ic ring. As an
exanpl e, 1N @yc§3L453h80 1 RA I iy LSAT WALEH S | NG,

heteroatons sg ecte%g?fonloggaén sul fur or nltrogen fﬂg¥%%gnltrogen may
be N (as |n“&yﬁKOMWpdeQZH-mwmkﬁ&yalkym4465nd ﬂdﬂkﬂkﬁﬁﬁﬁﬁ@ﬁ&ﬂ used

T USOL 47988, 1 Py L ), 90 (g8 L N stod L e,

10 straight and branched chains containing one to twelve
carbon atoms. The terms “alkenyl” and “alkynyl” used
alone or as part of a larger moiety shall include both
straight and branched chains containing two to twelve
carbon atoms. The term “cycloalkyl” used alone or as

15 part of a larger moiety shall include cyclic C3-Ci,
hydrocarbons which are completely saturated or which
contain one or more units of unsaturation, but which are
not aromatic.

The terms “haloalkyl”, “haloalkenyl” and

20 “haloalkoxy” means alkyl, alkenyl or alkoxy, as the case
may be, substituted with one or more halogen atoms. The
term “*halogen” means F, Cl, Br, or I.

The term “heterocatom” means nitrogen, oxygen,
or sulfur and includes any oxidized form of nitrogen and

25 sulfur, and the quaternized form of any basic nitrogen.
Also the term “nitrogen” includes a substitutable
nitrogen of a heterocyclic ring. As an example, in a
saturated or partially unsaturated ring having 0-3
heterocatoms selected from oxygen, sulfur or nitrogen, the

30 nitrogen may be N (as in 3,4-dihydro-2H-pyrrolyl), NH (as
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"carbocycl 0", or "carbocyclic" as used herein neans an 5 aliphatic ring
system having three to fourteen nenbers. The terns "carbocycle",

"car bocyov@b/4227€ar bocycl 0", or "carbocyclic" whether saPOT/@te&d:i7683
partially unsaturated, also refers to rings that are optionally
substituted. The terns "carbocycle", "carbocyclyl", "carbocyclo”, or 10
"carbocyclic" also include aliphatic rings that are fused to one or nore
aromatic or nonaromatic rings, such as in a decahydronaphthyl,
tetrahydronapht hyl, or indanyl where the radical or point of attachnent IS
on the aI|pﬁétPUrQQLﬂﬁlnuifﬂﬂgtﬁﬁnﬂﬁérymVNU§@@&§M&W§@# as part of a

| ar ger noi e IkyI" "aral koxy", or "aryloxyalkyl", refers to
aromatic rlhé groups a ing five to fourteen menbers, such as phenyl,

benzyl, phenethyl, 1-maphtdnis &baﬁﬂﬂﬁynme"J_Eﬁ&fbdwy&lﬁﬂd 2 20 anthracyl .
The tern1"ary|" also refers to rings that are optionally substituted. The

term "aryl " "REFOREVEIE - i e ATRITEAbI IS Wiah uaRd tkéﬁ”FﬁllarT?‘FalF’Fn‘@n "Aryl"
al'so 1 ng! Udes hu3ad: RAINE K} dierf OIELLS x{ﬂf@e Sead a&ﬁb%y aromati ¢

ring is fused one or Moreé rings. 25 1 nc ude 1-n
2- napht hyl , Theamehm&chamhbdkaﬁﬂJwanMbodye&yquﬂtmhxbmwyéﬂmw herscope of

the term as .i,t Jis.u herein, ,is.a grou aro tlc
ring is fuse&g‘ffgogﬁ’ézl&rc St ag:r%a}tc €4 %?alp%{MSU?%aaﬁlﬁr ,
phenant hri diangb, reffe3@ e rabdy Wt@é ,opiei 1Ne & ask€atuesy poi nt Of
attachnment is on the aromatic ring. -11 WD 02/42278 PCT/US01/ 47688 The

t erm " het er 88fclterms' Neraaaualag™, ‘srarbnawdlocycl i tcarkoegekloheref n

i ncl udegy NORALPIRLIE 1ML 50 include aliphatic rings that are fused
to one or more aromatic or nonaromatic rings, such as in
a decahydronaphthyl, tetrahydronaphthyl, or indanyl where
the radical or point of attachment is on the aliphatic
ring.

15 The term “aryl” used alone or as part of a
larger moiety as in “aralkyl”, “aralkoxy”, or
“aryloxyalkyl”, refers to aromatic ring groups having
five to fourteen members, such as phenyl, benzyl,
phenethyl, 1l-naphthyl, 2-naphthyl, l-anthracyl and 2-

20 anthracyl. The term “aryl” also refers to rings that are
optionally substituted. The term “aryl” may be used
interchangeably with the term “aryl ring”. “Aryl” also
includes fused polycyclic aromatic ring systems in which
an aromatic ring is fused to one or more rings. Examples

25 include 1l-naphthyl, 2-naphthyl, l-anthracyl and 2-
anthracyl. Also included within the scope of the term
“aryl”, as it is used herein, is a group in which an
aromatic ring is fused to one or more non-aromatic rings,
such as in an indanyl, phenanthridinyl, or

30 tetrahydronaphthyl, where the radical or poiﬁt of

attachment is on the aromatic ring.
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systens having five to fourteen nenbers, preferably five to ten, in which
one or nore ring carbons, preferably one 5 to four, are each replaced by a
het er oat wmosuez7as N, 0, or S. Exanpl es of heterocyclic pCVgso4168sude
3-1H benzi m dazol - 2-one, (1-substituted)-2-o0xo0-benzimdazol-3- yl,
2-tetrahydrofuranyl, 3-tetrahydrofuranyl, 2- tetrahydropyranyl,
3-tetrahydropyranyl, 4 10 tetrahydropyranyl, [1, 3]-dioxal anyl,
[1,3]-dithiolanyl, [41,3]-dioxanyl, 2-tetrahydrothiophenyl, 3-

t et rahydr ot hi ophenyl , 2-norpholinyl, 3-norpholinyl, 4- nDnPhoIinyI,

2-t hi onor phol i nyl , 3- ffificomshoHaparodchei ondrgrrieews Lyt pyar ol i di nyl ,
2-pyrrolidi pyl r 1,0l di nyl - pi.per.azi - i iyl o,

1- pi peri di ny}get5§8%§gra?i§{ nya]sd L%%&’ %rr%&%nyﬁq@l%epsl [Zjﬂe%'ga?fn&%éwé tihg

4-t hi azol i deggtendi hzeliowny |f i sidbHodnters it on\drefleyddhal £iwei nyl
benzoxanyl, = benzopyrrolidinyl, benzopiper,idinyl, benzoxol anyl, 20

benzot hi ol ah§l FeBnd1Be WA SRR CTAMSE S AN EF IR n PEHERRBE Fe t he

term "hef ergeyebyl’ Qfe' REIA QYAldLd 1yAS HetdSrdbiadn NAI&E Ny 1§, B group in

whi ch a non-aromatic heteroatomcontaining ring 1s fused to one or nore
aronati c or omos-ar Emampd e gs hedweatoazeliie anirgaldlnaiplde 25 5y omanyl

phenant hridinyl .. tetrahydroquinolinyl, ar tefrahydroisoquinolin ere
t he radicalbg¥zﬁgﬁﬁﬁzgﬁ gﬁfﬁﬁ%hﬁéﬁéﬁgfﬁﬁFW %{#&%ﬁ?ﬁﬁﬁé%}ml azgﬁ—¥w
het er oat om ¢Ont ai-RekgahkidA®rukkentier 8- hatensmd Rivanyiet erocycl yl ", or

"het erocyclic" whether saturated or partially 30 unsaturated, also refers
to rings thietapeveperyramyl, Sutstnakveronyranyd 02442278 PCT/ USOL/ 47688

The teryg " hekeraAl¥ropy4389 13 A€ AT ABLAA, [1,3]-dithiolanyl,
[1,3]-dioxanyl, 2-tetrahydrothiophenyl, 3-
tetrahydrothiophenyl, 2-morpholinyl, 3-morpholinyl, 4-
morpholinyl, 2-thiomorpholinyl, B—Ehiomorpholinyl, 4-
thiomorpholinyl, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-

15 pyrrolidinyl, 1l-piperazinyl, 2-piperazinyl,
l-piperidinyl, 2-piperidinyl, 3-piperidinyl,
4—piperidinyl, 4-thiazolidinyl, diazolonyl, N-substituted
diazolonyl, 1-phthalimidinyl, benzoxanyl,
benzopyrrolidinyl, benzopiperidinyl, benzoxolanyl,

20 benzothiolanyl, and benzothianyl. Also included within
the scope of the term “heterocyclyl” or “heterocyclic”,
as it is used herein, is a group in which a non-aromatic
heterocatom-containing ring is fused to one or more
aromatic or non-aromatic rings, such as in an indolinyl,

25 chromanyl, phenanthridinyl, tetrahydroquinolinyl, or
tetrahydroisoquinolinyl where the radical or point of
attachment is on the non-aromatic heteroatom-containing
ring. The term “heterocycle”, “heterocyclyl”, or
“heterocyclic” whether saturated or partially

30 unsaturated, also refers to rings that are optionally

substituted.
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a larger noiety as in "heteroaral kyl" or "heteroarylal koxy", refers to

het eroaromatic ring groups having five to fourteen nenbers. Exanpl es of

het er oar WO 0B4m2is1gs i ncl ude 2-furanyl, 3-furanyl, N i m dapoTtAykso1/€2688

i m dazolyl, 4-imdazolyl, 5-imdazolyl, 3-furazanyl, 3- isoxazolyl,
4-isoxazolyl, 5-isoxazolyl, 2-oxadiazolyl, 5- oxadiazolyl, 2-oxazolyl,

4- oxazol yl, 5-oxazolyl, 1- pyrronI, 2-pyrrolyl, 3-pyrrolyl, 1-pyrazolyl, 3

10 pyrazolyl, 4-pyrazolyl, 2-pyridyl, 3- pyridyl, 4-pyridyl, 2-pyrimdyl,
4-pyrimdyl, 5- pyrlﬁldﬁ 3- yr|da2|nyl - thiazolyl, 4-thiazolyl,
5-thiazolyl, 5-tet r azéRgl teZm t“i’lieé,@épﬁlrfyl&t MS@éola}lonezqmuaén)ﬂarts-qﬁn enyl ,

carbazolyl,a 939 g]ﬂg§gk¥136en§é$ %gg Fagﬁgaqf%&anyl i ndolyl, 15

qui nol i nyl , benz ri azo I'azo énzooxazol yl, benzi m dazol yl,
|squ|noI|nyhetendakyualkbxgwmdmbfbrsaCblﬁEM¢kpaMbdmmmnnsnxﬁ;abﬂps/Mso

i ncl uded m$th|n t he scope of the tern1"heteroar¥Eé- is used _ herein,
is a group ﬂvﬁﬂgcﬁlgehEPeFS&FEE?E PERGSES -f uEsd Q§JQ§1 deenaY lar omat i ¢

or nonarpmal-ikfgki DES VAR © Eﬂﬁan&éd'§aku9%n9Q'nh—@%fﬁ&é&ﬂyﬂﬂﬂst on the
heteroaromati ¢ ring. Exanpies include tetrahydroquinolinyl,

tetrahydrousquanolvhylﬂ amddpypﬂdé[3541mp§yzp&wdhn¢|fufﬁnaﬂM&JnB—

torm - et er bAPYR2okEY b8 - BeB2RTY Yy ChatgoARRy M & R ABARC A e ar y1

ring" or tbralieapvibet epoakagslliye’,. sABxaRWLY,NG 'ebﬁida%l arigl kyl , aral koxy,
aryl oxyal kyl and_the |ike) or heteroaryl (including 30 heteroaralkyl and
het er oar yl aP¥6X91¥hd BheYErReYlgr §upyYraRy YéontlaPy re#© 13 e substituents.

Exa”p|Q% Ofpyré§0Y§h92h4§§Z§zB€§&VSQl£§}§§§1, 3-pyridyl, 4-pyridyl,
2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridazinyl, 2-
thiazolyl, 4-thiazolyl, 5-thiazolyl, 5-tetrazolyl, 2-
triazolyl, 5-triazolyl, 2-thienyl, 3-thienyl, carbazolyl,
benzimidazolyl, benzothienyl, benzofuranyl, indolyl,

15 quinolinyl, benzotriazolyl, benzothiazolyl,
benzooxazolyl, benzimidazolyl, isoquinolinyl, indolyl,
isoindolyl, acridinyl, or benzoisoxazolyl. Also included
within the scope of the term “heterocaryl”, as it is used
herein, is a group in which a heterocatomic ring is fused

20 to one or more aromatic or nonaromatic rings where the
radical or point of attachment is on the heteroaromatic
ring. Examples include tetrahydrogquinolinyl,
tetrahydroisogquinolinyl, and pyrido[3,4—d]pyrimidiny1.
The term “heteroaryl” also refers to rings that are

25 optionally substituted. The term “heteroaryl” may be
used interchangeably with the term “heterocaryl ring” or
the term “heteroaromatic”.

An aryl (including aralkyl, aralkoxy,
aryloxyalkyl and the like) or heteroaryl (including

30 heterocaralkyl and heteroarylalkoxy and the like) group

may contain one or more substituents. Exampleg of
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sui tabl e substituents on the unsaturated carbon atomof an aryl,
heteroaryl, aral kyl, or heteroaral kyl group include a halogen, -R -OR
-SR, 1, 2webhylzehe- di oxy, 1, 2-ethyl enedi oxy, protected CPLTIECIM7688

acyl oxy), phenyl 5 (Ph), substituted Ph, -Q(Ph), substituted -Q(Ph),
-CH2(Ph), substituted -CH2(Ph), -CH2CH2(Ph), substituted -CH2CH2 (Ph) ,
-N®2, -CN, -N (R 2, -NRC (O R -NRC (O N (R 2, -NRC2R -NRNRC (O R
- NRNRC (O N(R) 2, -NRNRCO2R, -C(OC(OR -C(O CH2C (0) R -CO2R,
-C(OR -C (0) &lR) 2, 10 -OC (O N (R 2, -s(O2R, -S02N (R) 2, -S(OR,
-NRSO2N (R) spitab ngzthst—l@ueas)s Nn(m ezuns@t(tmed NegIyorp atorn GH'Q) yNHC

guoz)s'ltqltljt (egggla ¥§ i'ltgx’l)cteugﬁtgeg al'i ah(I% r(;%{}elﬂé@foﬁansu]ggs\fﬂeg{}f l%’heteroaryl

or heterocyghb¢ubend, hBNSEn, 15R(oPh)@Rsubs§Rct utledan{bthngIl;@ d;_Sé},bj;tl tuted
-Q(Ph), -CH2(Ph), or substituted - -CH2(Ph); y is 0-6; and Vis 11 nker

group. Exanﬁ;l,ése@hYQ@D@ﬂlme’nt QI@metdt@daqubh(amqh & agy bexhe Lpilrﬂmyl ring

a1yl |30 QBT anCHBRATBORTE Hal SF Dm0 ARON A nocar bony! oxy.

di al kyl am necag bery | O%Mbsaikﬂxéd -0h} (Bh) cymc@a@hqus@sltq&m@rdoonyl :
al kyl carbonyl, hydroxy, hal oal koxy, or hal oal kyl. An ali phati C group or a

non- ar omat i ¢ CEECHetRIT)ocy N6 g rEy(RCDAL at MR EHE )G, meNR° € (0N (RUent s.
Exanpl es of suitable substituents on the saturated carbon of an aliphatic

group or of ~HRAEPRRr omiR ER%f%%oycNRcNRr¢ i ¥ hRT)ude -NROYR° R ed above
Fol 1owi ng: 35 (20c O nppe PR fh, SeaRt” SRl R Kigilece
(alkyl)1p ¢ (MQ%"?‘ZN% FGTRYSOLILAA0BS) . -S(0)R°, -NR°SO,N(R%),,
-NR®°SO;R®, -C(=S)N(R°),, ~C(=NH)-N(R°),, —(CHZ)YNHC(O)R°,
- (CHy) yNHC (O) CH(V-R®) (R°) ; wherein R° is hydrogen, a
substituted or unsubstituted aliphatic group, an
unsubstituted heterocaryl or heterocyclic ring, phenyl

15 (Ph), substituted Ph, -0(Ph), substituted -0 (Ph),

-CH, (Ph), or substituted -CH;(Ph); vy is 0-6; and V is a
linker group. Examples of substituents on the aliphatic
group or the phenyl ring of R° include amino, alkylamino,
dialkylamino, aminocarbonyl, halogen, alkyl,

20 alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, haloalkoxy, or haloalkyl.

An aliphatic group or a non-aromatic

25 heterocyclic ring may contain one or more substituents.
Examples of suitable substituents on the saturated carbon
of an aliphatic group or of a non-aromatic heterocyclic
ring include those listed above for the unsaturated
carbon of an aryl or heteroaryl group and the following:

30 =0, =8, =NNHR", =NN(R"),, =N-, =NNHC(O)R", =NNHCO,(alkyl),
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=NNHS02( al kyl ), or =NR*, where each R* is independently selected from
hydr ogen, an unsubstituted aliphatic group or a substituted aliphatic
group. Eweoptex7®©f substituents on the aliphatic group ipPCTUde/4I688n0, 5

al kyl am no, di al kyl am no, am nocarbonyl, hal ogen, al kyl,

al kyl am nocar bonyl , di al kyl am nocar bonyl, al kyl am nocar bonyl oxy,

di al kyl am nocar bonyl oxy, al koxy, nitro, cyano, carboxy, alkoxycarbonyl,

al kyl carbonyl, hydroxy, hal oal koxy, or hal oal kyl. 10 Suitable substituents
on the nitrogen of a non- aromatic heterocyclic ring include -R+, -N(R)2,
-C(O R+, - CDRHSEO:(elkyd] O) R¥, =NR ( yherRaCh R+, is Sopdepen®m@NLYR+y) 2, -C
(=S) N (R+) 2, -C(= - - NR+SQ2 R+ er.el +. 1.S_, hydrogen, an

al i phatic grsé&g,c%—qls\ll%ﬁwf %er ag%q}’p%é'f i%s%%%)%%? p%le}*r?/]ilaf%)g,rgup

substi t ut ed oPha Q) tudidds td et +O (dup CH2Binplssbsti t ut ed CH2( Ph),
or an unsubstituted heteroaryl or heterocyclic ring._ Exanples of

subst i t uent SV LA CRGSH IR iTHg PRt ihSpiEnine Tide #REPude ami no,

al kyl am wo, _di 2 Noy. ] rhonyl ,

al kyl ani %ocggﬁr}aﬂﬁg 'afq(lyal(‘jl ;H i %@ﬁ'on%%%&a%%@ﬁho%ﬁ%%% o‘%/]?yl’

di al kyl am ned&yleminmosriairiyaxy ,dialikylenioyera;baayboxy, al koxycar bonyl

al kyl car bonyl hydr oxy, .hal aal koxy,. ar. hal oal kyl .. A conbi natj.on of

substi t uent él&ylgﬁﬁnéﬁ/agéaqrgﬁc?@',péirnrﬁcﬁgy%nélrb%c}/@rp?n%ﬁwa ke Hhat i on
results in aitsablsra@io,Chemivatty d18ashia wapouns k41 &4 80b:8,1 compound or

chem cal ly feasible conpound is one in which the chemcal structure is not

subst ant i al hydapeenedaliead kaxept ot hekasideilat ure of 40 Cor less, in the
absence, of 30 1mi st ur g, A QNETs GIRT G o6 TGRA LY & FOPYLLL O0F . 5 T 08, at

| east a week. -15
aromatic heterocyclic ring include -R*, -N(R"),, -C(O)R%,

-COR*, -C(O)C(O)R*, -C(O)CH,C(O)R*, -SOzR*, -SO;N(R")j,
~-C(=8)N(R%),, -C(=NH)-N(R"),, and -NR'SO;R*; wherein R* is
hydrogen, an aliphatic group, a substituted aliphatic

15 group, phenyl (Ph), substituted Ph, -0O(Ph), substituted
-O0(Ph), CH,(Ph), substituted CH,{(Ph), or an unsubstituted
heteroaryl or heterocyclic ring. Examples of
substituents on the aliphatic group or the phenyl ring
include amino, alkylamino, dialkylamino, aminocarbonyl,

20 halogen, alkyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, haloalkoxy, or haloalkyl.

A combination of substituents or variables is

25 permissible only if such a combination results in a
stable or chemically feasible compound. A stable
compound or chemically feasible compound is one in which

the chemical structure is not substantially altered when

kept at a temperature of 40 °C or less, in the absence of
30 moisture or other chemically reactive conditions, for at

least a week.
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WO 02/ 42278 PCT/ USOL/ 47688 When the RL group is in the formof an ester or
am de, the present conpounds undergo netabolic cleavage in a manmal to the
correspomdd nz422% boxyl i ¢ acids, which are the active caspab®@SomTndsi t ors.
Because they undergo 5 netabolic cleavage, the precise nature of the ester
or amde group is not critical to the working of this invention. The
structure of the RL group may range from the relatively sinple diethyl

am de to a steroidal ester. Exanples of esters of Rl carboxylic acids
include, but are 10 not limted to, Cl 12 aliphatic, such as Cl 6 al kyl or
C3 10 cycloal kyl, aryihensihie & PHERPI isai@l kjie, LOFEh Ofs WeRPFET GF

phenet hyl , Locygl Q@ﬁ@l ar al kyl .
Exanpl es of letﬁlgt éblhégle}?/{? e%%t er ocy &qﬁirél(ﬁignsdel%q% enqd %‘Jﬂl’tlépéejlér;%%ﬁél)m t ed
to, 5-6 15 denbemedmadt oty |c©memﬂaﬁ\ﬁgwg:arm>quimdmi£r odiioris  such

as piperidin perazi nyl, or norphalin | es of suitable Rl
het er oaryl )ll/”rerg§%|ené‘|c§&éf Et?tSpérs@ IRgEhg 1%E'tard t%anép ¥ il B 2r oar vl

rings hayi nge@Rgo18k Tc%ah}%%"é’ IS GRS M FYd s o iddudinydy, furanyl
20 and thienyl. Anmdes of RI carboxylic acids may be primary, secondary or

tertiary. Semntiglel groupstist m:eqtt szmrt:tdeé- tanitde orkigen 9hdihidge, but are not
limted to, e t WO _gr ou depen el ected from.the aliphatic,
PO RB o GO L ROTR ooy Iy & ki OuonBe Y, GAPVE 3

25 aryl, ara terocycl ) erocyc

het er oar al kychegmuml@@iq;r lsﬁ@@al@@ﬁ%ﬂ@l dniiRiRt & est st il .edideen se,
ot her prodrugs are included within the scope of this invention. See
Bradl ey D. EXR8@l&6n O I@r%rl?géﬁf(ﬁf FRpPEYFEd 1ENg cdlsi vacyuden BtadF shced

Drug Dej g venytReyhged( 1236k, 1%14dHa02; siadf as Ci-s alkyl or Cs.ao
cycloalkyl, aryl, such as phenyl, aralkyl, such as benzyl
or phenethyl, heterocyclyl, heterocyclylalkyl,
heteroaryl, and heteroaralkyl. Examples of suitable R*
heterocyclyl rings include, but are not limited to, 5-6

15 membered heterocyclic rings having one or two heteroatoms
such as piperidinyl, piperazinyl, or morpholinyl.
Examples of suitable R! heteroaryl rings include, but are
not limited to, 5-6 membered heteroaryl rings having one
or two heterocatoms such as pyridyl, pyrimidinyl, furanyl

20 and thienyl.

Amides of R' carboxylic acids may be primary,
secondary or tertiary. Suitable substituents on the
amide nitrogen include, but are not limited to, one or
two groups independently selected from the aliphatic,

25 aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

' heteroaryl and heteroaralkyl groups described above for
the R' ester alcohol. Likewise, other prodrugs are
included within the scope of this invention. See Bradley
D. Anderson, "Prodrugs for Improved CNS Delivery" in

30 Advanced Drug Delivery Reviews (1996), 19, 171-202.
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WO 02/ 42278 PCT/ US01/ 47688 |sosteres or bioisosteres of Rl carboxylic
acids, esters and am des result fromthe exchange of an atom or group of
atons towoeatr7a new conpound with simlar biological prPoOp®Estl/4ssst o the
parent carboxylic 5 acid or ester. The bioisosteric replacenment nay be
physi cochem cally or topol ogically based. An exanple of an isosteric

repl acenment for a carboxylic acid is CONHSO2(al kyl) such as CONHSO2Me.
Conmpounds of this invention where Rl is CO2H or 10 CH2CO2H, y-ketoacids or
8-ketoaci ds respectively may exist in solution as either the open form (a)
or the cyclized hem RECALSGEIMOLhPIQIEPHHRTSE IRk JHcicegboywdifcor 8-

b ude the 0tRE! - CESSRANRS O bR N DO BE KO N £
F H O R2 HaBohl 06rRgrdudOdfaltdns t20 drdesd Saerietwwidrﬁupdﬁm&lpfpaﬂent to one

skilled in the_art that certain conpounds of this inventiqgn ma exist in
taut oneric FoMAL3Er PR grogtlé’&lf SEAPeriess fh thoMAr it tFRF ds bei ng

wi thin the gegpeqef efseer | NveRt 1Al JJYRSS LG SR n%%{ bsﬁﬁructures
depicted 25 herein are also neant to include all stereoch forns

the struct upeysncechemheaﬂelarn@rst@@m:fhcgmaethbnsbafmd edoh exsymoiies ro L
center. Therefore Si n

refo Sin ;Lear eochem i 39 rsl}?fsd:swel Idas enanti oneric
and di ast er 88méFe r’ﬁ &reé) R AL rogs@n E%BEY HE T hin the scope
of CONHSO, (alkyl) such as CONHSO,Me.
Compounds of this invention where R' is CO.H or
10 CHCOzH, Y-ketoacids or O-ketoacids respectively may exist
in solution as either the open form (a) or the cyclized
hemiketal form (b) (y=1 for y-ketoacids, y=2 for §-
ketoacids). The representation herein of either isomeric

form is meant to include the other.

15
CO.H
RS/ZU\( j)L ﬂr\ — Rsl_)\[r W)L JK/JL
o] H HO
(a) (b)
20 Likewise it will be apparent to one skilled in

the art that certain compounds of this invention may
exist in tautomeric forms or hydrated forms, all such
forms of the compounds being within the scope of the
invention. Unless otherwise stated, structures depicted
25 herein are also meant to include all stereochemical forms
of the structure; i.e., the R and S configurations for
each asymmetric center. Therefore, single stereochemical
isomers as well as enantiomeric and diastereomeric

mixtures of the present compounds are within the scope of
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-17 WO 02/ 42278 PCT/ USO1/ 47688 the invention. Unless otherw se stated,
structures depicted herein are also neant to include conpounds that

di ffer owe@oru2the presence of one or nore isotopically PariUshiedesst ons.
For exanpl e, conpounds having the 5 present structures except for the

repl acenent of a hydrogen by a deuteriumor tritium or the replacenent of
a carbon by a 13C or 14Cenriched carbon are within the scope of this

i nvention. A nunber of dipeptidic | CE/caspase inhibitors 10 that were
generically described in WO 95/35308 have now been tested for activity
agai nst caspiSednVEAONenz PraEise Stddlish et ebs St wesereded bel ow.

Atong | the gappauads pkested. the e camounds oy [ Bl Judl endound to
have unexpect y good activity agal nst a nunber 0 aspase enzynes.
Wien R4 anddREfareochdlerint abpet haedemdeoral and iy naisedidacdpiccai@azol e,
the follow ng enbodi nents of this invention are providedi: 1 R NN3 OR

RNN N O R1 SHtigbef Rtops . Foroega@rder GOmMRPURLIS Ry I EN¢ N3 0 R R N N
N3 0 N YN Frisghi %trﬂé%?%é&*é%ééﬂ@I%%ﬂ*éﬂeIféﬁﬂéé%ﬂgﬁﬁfbfua R2 and R3

are as descri bed above an
hydrogen by a deuterium or tritium, or the replacement of

a carbon by a ¥C- or '™C-enriched carbon are within the
scope of this invention.

A number of dipeptidic ICE/caspase inhibitors

10 that were generically described in WO 95/35308 have now
been tested for activity against caspases in the
enzymatic and cell-based assays described below. Among
the compounds tested, the new compounds of formula I were
found to have unexpectedly good activity against a number

15 of caspase enzymés.

When R! and R’ are taken together to form a ring
fused to the imidazole, the following embodiments of this
invention are provided:

R‘Q—N R o R{E“l—m R oo
RS e LS AT LA
H O R® H O H O R® H O
20 I-A I-B

— 1 = 1
R N R o (P R-NN R o (P
}1/ \ N WA N
N)\n’ j)LN F N N F
H O RE H O

I-C I-D
where RY, R? and R® are as described above and R
25 represents one or more optional substituents. Examples
of R groups, when attached to a position nonadjacent to a

ring nitrogen, include C;.¢ alkyl, Ci.¢ alkoxy, halo,
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25 represents one or nore optional substituents. Exanples of R groups,
when attached to a position nonadjacent to a ring nitrogen, include Cl1_6
al kyl, Cwe@ozkioxy, halo, -18 WO 02/42278 PCT/ US01/ 47688 Par/Kpd1a415830,

di al kyl am no, al kyl am nocar bonyl, dial kyl am nocar bonyl, and al kyl carbonyl .
Exanpl es of R groups, when attached to a position adjacent to a ring
nitrogen, include Cl -6 al kyl, alkylam no, and dialkylamno. 5 Preferred
conmpounds of this invention are conpounds of formula |I that have one or
more of the follow ng features and nore preferably all_ of the follow ng
features: (&!k¥ilangngopdigrllagkamino amHeslanineestleerslt hereof; 10 (b) R2

is a Cl-C6 st.rai nali nc, - ( i s_hydrggen; and
(d) R4 and aggltgggﬁﬁ% rooglg{lf’ oér}? 4%]%1%%%% he(r:ﬁxgm%t)lilé?hée@r?ng to
whi ch t hey agreusts,actiedh faartached S denzpod tiazah eadd agenthes K2risg

substituted, .preferred substituent i_ncl ude _hydroxy, thio, am.no or
hal ogen. Sp@difhiYS eprdteiftaf i Sres éié‘r?ﬁ-lfeéﬂ@fy]@g%n(ﬁﬁd HALFGEAAR DO ar e

shown insTable 1. 20 Rlef3d dompdidhid of 2 H Qdne fold 8gRL R RS 1
| m dazol -2-yl CO2H CH3- H
compounds of formula I that have one or more of the

following features and more preferably all of the
following features:
(a) R is CO,H or esters, amides or isosteres thereof;
10 (b) R?® is a C;-C¢ straight chain or branched alkyl
group;
(¢) R® is hydrogen; and
(d) R* and R® are each hydrogen, or R* and R® together
with the ring to which they are attached form a
15 benzimidazole ring.
When R® is substituted, preferred substituents
iﬁclude hydroxy, thio, amino or halogen.
Specific representative examples of compounds

of formula I are shown in Table 1.

20
o "
O

rZ H 0O
No. A Ring R* R? R®
1 Imidazol-2-yl CO.H CH5- H
2 Benzimidazol-2-yl CO.H CH;- H
3 Imidazol-2-yl CO.H CH;CH, - H
4 Imidazol-2-yl CO.H (CH3) ,CH- H
5 Benzimidazol-2-yl CO,H (CH,) ,CH- H
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2 Benzim dazol -2-yl CO2H CH3- H 3 Im dazol-2-yl CO2H CH3CH2- H 4

| m dazol -2-yl CO2H (CH3) 2CH H 5 Benzim dazol-2-yl CO2H (CH3)2CH H -19
WO 02/ 422V@ oP@B/8)S01/ 47688 No. A Ring R R2 R3 6 9H Puri PeBUR01/4T6%8H ( CH3)
2CH H 7 3HInmidazo [4, 5-b] pyridin- CO2H (CH3) 2CH H 2-yl The
conpounds of this invention may be prepared in general by nethods known to

those skilled in the art for anal ogous conpounds, as illustrated by the
general 5 Schene | bel ow and by the preparative exanples that follow.
Schenre | RANRA R3I RS /N-COPH a R5 N N 2R HR2 HORY 1 R~NJi, CO2R
3, R=alkylNoH 2 b ~4, RAGERRy C 2N F| OR'5 R4 N RR*0 d R4 &R3 0 ~7F
RS~ NR5-" LN - 1K NNO2RENNHQR HMOHOBHMC7 B=alkyl 6 b

~i, RH 10 Reagents: (aﬁHE@GridLBSQpropyléthgbgnire,(Eﬁiﬂzcﬁk -2

7 3H-Imidazol[4,5-b]pyridin- CO.H (CH;) ,CH- H
2-yl1

The compounds of this invention may be prepared
in general by methods known to those skilled in the art
for analogous compounds, as illustrated by the general

5 Scheme I below and by the preparative examples that
follow.

Scheme T
4

R R 3
N R
\!
R® N~ “CO.H R® N)\n,N\rCOQR
2
H O R

H R2
1 RS\ J\
N COR 3, R = alkyl
2 b Q 4, R=H
CO.R
© HQNQ/\F
OH
5
,Z— CO.R CO.R
— .
5 \l)L i s )\n,N\HLNJ;/\
H R2 H H OH
7, R =alkyl 6
b QY I,R=H

10
Reagents: (a) EDC, diisopropylethylamine, HOBt, 2;
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WD 02/ 42278 PCT/ US01/ 47688 (b) hydrolysis or TFADCM (c) DVAP, EDC,

di i sopropyl ethyl am ne, HOBt, 4; (d) Dess-Martin periodinane 5 Schene |
shows a geoerad27$ oute to prepare the present conpounds. FOEUS@I47688 ng
abbrevi ations are used: EDCis

1- (3-di net hyl am nopr opyl ) - 3-et hyl carbodiim de; HOBT is

1- hydr oxybenzotriazole; TFA is trifluoroacetic acid; DCMis

di chl oronet hane; and DVAP is 4 10 di net hyl am nopyridi ne. Reaction of the
known i m dazol e- 2-carboxylic acid or the known benzi m dazol e-2-car boxylic
aci d (repredbht Bydpplysier ox FEAUOCHre (£) WMAP.aBl¢d ester derivative 2

provi des am I i tert-hyt 5t TFA in DCMis used
to providen?ﬁgsg F§£¥Eg§?§ﬁ%$ug%he%0 tgr%dpé?Hstéﬁﬁiﬁghﬁ?'rolysis may be
used. The perdlodinsnthen coupled with the am no alcohol 5 to provide 6.
Dependi ng on the nature of R an am no ketone nay be used, in place of the

am no al cohol 5, which avoids the subsequent oxidation step. In the case

of 20 flgioronet hyl Kekopgseieks HLR ig%ng%tlB%o&{éFt%ﬁ p%ézoch% 5 may

be obtai ned according to the nethod of © Revesz et al., Tetrahedron Lett.,
1994, 35, 9pg8senki rahppunds .hydhex o lilowdomp el <87 iiat ioxisliazes wawll t he

exanpl o, i 12D Red Br Gauas T PRRPBL AP Y oY 6 b SIS S F hen R 1 n
7 is preferabby aB 1esieiocayehiethiiBabolet;erra idha Siaheim - dedtyidi ol ysis.
30 -21 WD 02/42278 PCT/US01/ 47688 Experinental Example 1

acid; DCM is dichloromethane; and DMAP is 4-

10 dimethylaminopyridine. Reaction of the known imidazole-
2-carboxylic acid or the known benzimidazole-2-carboxylic
acid (represented by generic structure 1) with amino
ester derivative 2 provides amide 3. If the ester 3 is a
tert-butyl ester, TFA in DCM is used to provide the acid

15 4. For other R groups, standard hydrolysis may be used.

The acid 4 is then coupled with the amino alcohol 5 to
provide 6. Depending on the nature of R an amino ketone
may be used, in place of the amino alcohol 5, which
avoids the subsequent oxidation step. In the case of

20 fluoromethyl ketones where CO,R is CO,tBu, the amino
alcohol 5 may be obtained according to the method of
Revesz et al., Tetrahedron Lett., 1994, 35, 9693.

Finally the hydroxyl in compound 6 is oxidized and the
compound then treated appropriately according to the

25 nature of R'. For example, if the product I requires R!

to be a carboxylic acid, then R! in 7 is preferably an

ester and the final step in the scheme is hydrolysis.

30
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[3S/R, (2S)]-5-Fluoro-3-{2-[ (1H i m dazol e- 2-car bonyl ) -

am no] - propi onyl am no} - 4- oxo- pentanoi c acid, trifluoroacetate salt
(Conpounev@2/@2@H N NQH=HNF OO Mthod A PCT/US01/47688
(2S)-2-[(1H 1 m dazol e- 2-car bonyl )-am no] -propionic acid 10 tert-butyl
ester ~ycJ< O To a solution of 1H i m dazole-2-carboxylic acid (0.17g) in
N, N- di net hyl f ormam de (DMF) (3nlL) was added al anine tert-butyl ester

hydr ochl ori de(0. 22g), diisopropylethyl 15 am ne (0.27nL) and HOST (0.41q)
before cooling to 00 C and reaction mxture treated with EDC HC1 (0. 32g).
The cooling g%ﬂﬂiﬁagﬁﬁEﬁﬁved and the reaction mxture stirred at ambient
tenperature for 18 hrs before being diluted wth ethyl acetate and washed
with water and brine, dried 20 (MgSO) and concentrated at reduced
pressure. Tﬁaam@éﬁdae was purlfled by silica gel chromatography (30% ethyl
acetate in coloyrless oi
(0.263g, 73% 2EY 4 3 7.2),

SN D 0 . =~ o) e
3.70 (1K mMhamiAcid8 1éﬁiﬁ6'ﬂﬁxéH¢- nﬁbﬂbfﬁ,aéﬂd49 (1H br s). -22
WO 02/ 42278
(2S)]-5-Fl u&EMM&éﬁg@aﬁﬂmMompound 1)

i m dazol e- 2- car bonyl ) - am no] - pr opi onyl am no} - pgnt anoi ¢

a7

O 0]

Method A:

(28) ~2-[(1H-Imidazole-2-carbonyl) -amino] -propionic acid

ALk

To a solution of 1H-imidazole-2-carboxylic acid (0.17g)

10 tert-butyl ester

in N,N-dimethylformamide (DMF) (3mL) was added alanine
tert-butyl ester hydrochloride(0.22g), diisopropylethyl
15 amine (0.27mL) and HOBT (0.41g) before cooling to 0° C
and reaction mixture treated with EDC.HCl1 (0.32g). The
cooling bath was removed and the reaction mixture stirred
at ambient temperature for 18 hrs before being diluted
with ethyl acetate and washed with water and brine, dried
20 (Mgs0O,) and concentrated at reduced pressure. The residue
was purified by silica gel chromatography (30% ethyl
acetate in hexanes) to afford the sub-title compound as a
colourless oil (0.263g, 73%): 'H NMR 400 MHz CDCl3 1.50
(9H, s), 1.51 (3H, d, J 7.2), 3.70 (1H, m), 7.28 (2H, s),
25 7.78 (1H, d, J 7.6), 11.49 (1H, br s).
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acid tert-butyl ester < NN)~HHF 5 O OH A solution of

(2S)-2-[ (1H i m dazol e- 2-carbonyl )-am no]- propionic acid tert-butyl ester
(0. 257g) waoz/¢hizehl or onet hane (2nmL) was cooled to 00 C bef P€EUSs10{688S €
addition of trifluoroacetic acid and reaction m xture 10 warned to room
tenperature and stirred for 2hr before evaporation under reduced pressure.
The residue was co- evaporated wth dichl oronethane (twi ce) and tol uene
(twice) to leave the required (2S)-2-[(1H i m dazol e- 2-

car bonyl ) -am no] -propionic acid that was used wi thout 15 further

purificati oMe(tgl%?o&)i A sol ution of (2S)-2-[(1Hi ni dazol e-2-
carbonyl ) - anbROk-, Pa@YRONI (©A9i-& a1G, 3 R Prd:kHos Of 4= [ hygr oxy- pent anoi ¢
acid tert-butyl ester . C before
addi ti on of 1DMERz2( o-@-tErprnyvdi)i-sepmedyistdyioram awi (@} Gemtand4CBT (0. 169)
and EDC. HC1 E062g%%t—lh% geacﬁ%pn m xture stirred at anbient tenperature
for 18 hrs ted at reduced pressure. The residue was
purified by silica gel chromatography (5% hanol in dichloromethane) to
25 afford the sub-title compound as a col our| sglﬁ?lid (0.386g, 97%: ''H
NVR 400MHz CDC13/ CD3COD 1. 40 (1%,?@@92 (18 m, 4.20-4.55 (4H, m,
7.11 (2H, d, J 15) '9F NMR . 29.84 (m, -230.54 (m,

- 230. 87 5(n). -23 WD 02/ 42278 PET/ USOLE47688 o

H
A solution of (2S8)-2-[(1H-imidazole-2-carbonyl)-amino] -
propionic acid tert-butyl ester (0.257g) in
dichloromethane (2mL) was cooled to 0° C before dropwise
addition of trifluoroacetic acid and reaction mixture

10 warmed to room temperature and stirred for 2hr before
evaporation under reduced pressure. The residue was co-
evaporated with dichloromethane (twice) and toluene
(twice) to leave the reguired (28)-2-[(lH-imidazole-2-
carbonyl) -amino] -propionic acid that was used without

15 further purification (0.40g).

A solution of (28)-2-[(1H-imidazole-2-
carbonyl) ~amino] -propionic acid and 3-amino-5-fluoro-4-
hydroxy-pentanoic acid tert-butyl ester (0.254g) in THF
(7mL) was cooled to 0° C before addition of DMAP

20 (0.151g), diisopropylethyl amine (0.56mL), HOBT (0.169)
and EDC.HCl1 (0.23g). The reaction mixture stirred at
ambient temperature for 18 hrs before being concentrated
at reduced pressure. The residue was purified by silica
gel chromatography (5% methanol in dichloromethane) to

25 afford the sub-title compound as a colourless solid
(0.386g, 97%): 'H NMR 400MHz CDC13/CD30D 1.40 (12H, m),
3.92 (1H, m), 4.20-4.55 (4H, m), 7.11 (2H, d, J 15) *F
NMR CDCl; -229.74 (m), -229.84 (m), -230.54 (m), -230.87

(m) .
-23-



Method C. [3S/R (2S)]-5-Fluoro-3-{2-[(1H i m dazol e- 2- car bonyl ) -

am no] - propi onyl am no} - 4- oxo-pentanoic acid tert-butyl 5 ester CV, Oj<

NN F N eop42780l ution of [3S/R, (2S) ] -5-fluoro-4-hydrOrys@/47as8 [ ( 1H

i m dazol e- 2- carbonyl ) - am no] - pr opi onyl am no}-pentanoic acid tert-butyl
ester (0.381g) in dichloronmethane was 10 cool ed to OC before addition of
1,1,1 triacetoxy-1,1- dihydro-1, 2-benzi odoxol -3(1H)-one (0.476g). The

m xture was stirred at roomtenperature for 2h before addition of an
additional portion of 1,1,1 triacetoxy-I,!|-dihydro-

1, 2- benzi odoxol - 3(1H)-one (0.05g) and reaction m xture 15 stirred for 90

m n before plglcgﬁ geencentrat ed at reduced pressure. The residue was

di ssolved in"et'hyl "acetate and washed with a 1:1 m xture of agueous NaHSO4
and aqueous [3NARS208) ] Fise FIf@ai-G - {@y-gr(1weg nidld =elleed - dHdrsh(INgSO4)  and
concentr at ed. Te re5| due was pur| fred by flash 20 chr omat ogr apWy (5%

met hanol i n2H ¥, F A

col ourl ass ggggk(319ng, 840) 1H NVR 400M—Iz CDC13 1. 37+1 43 (9H 2Xs),
1.54 (3H, m7—2.85 (1H, m, 3.03 (1H, n), 4.85-5.30 (4H, m, 7.18 (2H, d,
J 16), 7.90 (1H, m, 7.98 (1H m, 11 37+11 (1H 25 2xs); 19F NWR 376
MHz CDC13 -231.85 (t, J 48), 2 <24 WD 02/ 42278

PCT/ USOL/ 47688 Met hod D /Lj(

A solution of [3S/R,(28)]-5—f1uoro—4—hydroxy-3—{2—[(1H—
imidazole-2-carbonyl) -aminol] -propionylamino}-pentanoic
acid tert-butyl ester (0.381g) in dichloromethane was

10 cooled to 0°C before addition of 1,1,1 triacetoxy-1,1-
dihydro-1,2-benziodoxol-3(1H) -one (0.476g). The mixture
was stirred at room temperature for 2h before addition of
an additional portion of 1,1,1 triacetoxy-1,1-dihydro-
1,2-benziodoxol-3 (1H)-one (0.05g) and reaction mixture

15 stirred for 90 min before being concentrated at reduced
pressure. The residue was dissolved in ethyl acetate and
washed with a 1:1 mixture of aqueous NaHSO, and agueous
Na,S;0;. The organic layer was collected, dried (MgSO,)
and concentrated. The residue was purified by flash

20 chromatography (5% methanol in dichloromethane) to give
the sub-title compound as a colourless foam (319mg, 84%):
'H NMR 400MHz CDCl; 1.37+1.43 (9H, 2xs), 1.54 (3H, m),
2.85 (1H, m), 3.03 (1H, m), 4.85-5.30 (4H, m), 7.18 (2H,
d, J 16), 7.90 (1H, m), 7.98 (1H, m), 11.37+11.45 (1H,

25 2xs); '°F NMR 376 MHz CDCl; -231.85 (t, J 48), -232.12 (t,
J 48).

-24 -



Compound 1 CVJ H )10H NNH=HF 0 0 A solution of

[3S/R, (2S)]-5-Fluoro-3-{2-[ (1Him dazole-2- 5

car bonyl \want/#x2y8 pr opi onyl am no} - 4- oxo- pentanoi ¢ acid tePCFOEMY47688St er
(0.31g) in dichloromethane (2nL) was cooled to 00 C before dropw se
addition of trifluoroacetic acid and reaction m xture warnmed to room
tenperature and stirred for 2hr before evaporation under 10 reduced
pressure. The residue was co-evaporated w th dichl oronethane (tw ce) and
triturated under ether to give the title conpound as a colourless solid
(0.35g): | RMethgsl P:1730.1, 1653.7, 1538.1, 1458.2, 1384.2, 1268.7, 1188.4,
1150.9, 105 99% 13 931. 8, 867. 9, 847.0, 15 768.5 cm ; '"H NVR 400MHz
DMSO D6 1.3 . 2.40- 2.85(2H, masp CH2);

4.34-4. 75(2 5H, m 2xCH+0. 5CH2F) : 5. 13- 5. 41 (1.GH, m CH2F) :
7.50(2H, s, i m dazol e CHs); 8.58- 9(2 3C NWVR 100 MHz DMSO D6

18. 13, 18.85(ala CH3); 33.13, QFT;S(a;Eth . 68,52.41(CHs); 83.46, 20
85. 21(CH2F); 123.67(CH i m dazol gl72.35(m) (C=0s);

202. 70(5 peaks ketone); 19F NWR'37¢, ME& DHBO decoupl ed

-75.19(3F, s, CF3COH) ; - (226.89, 226.96, 230. 80, 231. 59, 232.95, 233.06

(1F, 6xs, CEDCH@FEurtllwgl @[ferié@/éinerS)ﬁ(}SC-IRiSEdf)Q 3262 WD T4 URR¥Bz0le-2-

PCT/ USO 476 'lef%: .

pentanoic acid

(29)] - 3-
propi onyl amte@}t 5uﬁ:|y'10re@‘t431:0x(@- ga_rg)arl@i Qil&\ﬂild:;rorﬁéﬂl{alrkl@r oaget ates sal t
(Conmpound 2)

cooled to 0° C before dropwise addition of
trifluorocacetic acid and reaction mixture warmed to room
temperature and stirred for 2hr before evaporation under

10 reduced pressure. The residue was co-evaporated with
dichloromethane (twice) and triturated under ether to
give the title compound as a colourless solid (0.35g): IR
1785.7,1730.1,1653.7, 1538.1, 1458.2, 1384.2, 1268.7,
1188.4, 1150.9, 1053.3, 9$92.13, 931.8, 867.9, 847.0,

15 768.5 cmd7 H NMR 400MHz DMSO D¢ 1.37 (3H, d4), 2.40-
2.85(2H, m,asp CH2); 4.34-4.75(2.5H,m,2xCH+0.5CH2F) ; 5.13-
5.41 (1.5H,m,CH2F); 7.50(2H,s,imidazole CHs); 8.58-
8,79(2H,m,NHe) ; '*C NMR 100 MHz DMSO D¢ 18.13, 18.85(ala
CH;); 33.13, 34.75(asp CH;); 48.68,52.41(CHs); 83.46,

20 85.21 (CH2F) ; 123.67(CH imidazole);
139.57,158.86,172.35(m) (C=0s); 202.70(5 peaks ketone) ;
PF NMR 376 MHz DMSO D¢ decoupled  -75.19(3F,s,CF3COOH) ;
-(226.89, 226.96,230.80,231.59, 232.95, 233.06 (lF,6xs,
COCH,F ring opened and ring closed).
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0O HQOH NNF N5O0 O This was prepared from

1H benzoi m dazol e- 2-carboxylic acid using procedures simlar to those
descri beavd n2/4292% hods A-D above (142 ng, 90% for final steEy/US§EORgsound
isolated as the TFA salt) Of-white solid; IR (solid, cm) 10 3277.9,
1654. 6, 1526.6, 1188.6, 1142.5, 1050.4, 927.5, 748.2, 712.4; '"H NWR
(DVSO-D6) 1.42 (3H, d) , 2.51-2.95 (2H, m, 4.21-4.75(2H, m, 4.76-5.60
(3H, brm, 7.41 (2H, m, 7.65 (2H, m, 8.21-9.05 (2H, m ; '3C NWR
(DVsO-D6) 18.0, _18. 7 18.8 (Ala CH3), 37.2, 34.6, 34.7 (Asp CH2), 15 47.6,
48. 8, 48. 85EX@9l E( p CH, 52.0, 52.5 (Ala cH), 83.5, 85.2, 85.3, 103.8,
106. 0 (CH2F) : 3. : LAY

158. 7, 158.
202. 6, 202. p;rQQZm&iathd§{K?ﬂ)uoﬂﬁnﬂKbﬁﬁ»ﬁ%ﬁkéﬁﬂfc &@1&16FZ7FN4C5

M- 364.1183 (1.8 ppm
Egg;“Rr (29)] & _&é&tﬂﬁéwﬁ% Fothaind 2 bonyl ) -

am no] - but yryl am no} - 4- oxo- pentan0|c acid, 25 tpifluoroacetate salt

(Conpound 3) ~HQOH NNF {“_26 WO 02/ 41278 PCT/ US01/ 47688 This
d

was prepared from 1H benzoi m gf ef)2- car bgxylfic Oci d using procedures
simlar to those described in N/Ler E

H
5 (0] (@]

This was prepared from 1H-benzoimidazole-2-carboxylic
acid using procedures similar to those described in
Methods A-D above (142 mg, 90% for final step): (compound
isolated as the TFA salt) Off-white solid; IR (solid, cm?)

10 3277.9, 1654.6, 1526.6, 1188.6, 1142.5, 1050.4, 927.5,
748.2, 712.4; H NMR (DMSO—DG) 1.42 (3H, 4d), 2.51-2.95
(2H, m), 4.21-4.75(2H, m), 4.76-5.60 (3H, brm), 7.41 (2H,
m), 7.65 (2H, m), 8.21-9.05 (2H, m); >C NMR (DMSO-D°)
18.0, 18.7, 18.8 (Ala CH3), 37.2, 34.6, 34.7 (Asp CH2),

15 47.6, 48.8, 48.85, 49.1 (Asp CH), 52.0, 52.5 (Ala CH),
83.5, 85.2, 85.3, 103.8, 106.0 (CH2F), 116.6, 123.9
(Aryl CH), 145.3, 145.4, (Aryl C), 158.4, 158.7, 158.8,
i72.1, 172.2, 172.4, 172.5, 172.6, 172.7, 173.2 (NC=0),
202.6, 202.7, 202.8, 202.9 (C=0); Found M*' 364.1177.

20  Cy6H37FN4Os requires M™ 364.1183 (1.8 ppm).

Example 3
[3S/R, (28)]1-5-Fluoro-3-{2- [ (1H-imidazole-2-carbonyl) -

amino] ~butyrylamino}-4-oxo-pentanoic acid,

25 trifluorocacetate salt (Compound 3)

o 7 0
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Met hods A-D above (147 ng, 64%for final step): IR 3280.0, 1659.5, 157.9,
1192. 5, 1141.6, 784.7, 721.1 cm1l; 5 1H NWMR 400MHz DVsO D6 0.95 (3H, m,
1.78 (2HWOP2/427%68- 2.98 (2H, n), 4.30-4.78 (2.5H, m), 5.ROF/BSE27688. 5H, ),
7.41 (2H, s), 8.44+8.75 (2H, 2xn); 13C NWVR 100 MHz DVMSO D6 10.19, 10.29,
15.52 (CH3), 25.42, 25.49, 26.03, 33.06, 33.13, 34.65, 34.80 (CH2), 47.45,
47.53, 52.0, 53.96, 10 54.13 (CH) 65.27 (CH2), 84.36 (d, J 177, CH2F),
103.81, 104.00 (C), 123.89 (CH), 139.74 (C=0O), 156.90, 158.39, 158. 74,
171.51, 171.80, 171.83, 172.02, 173.11 (C=O, _202.51, 202.66, 202.76,

202. 90 (CH2FbEE) wappUWRIFh e R inxa B2l €12 -Rumxyldee6. 84 (t, J
?f)’ 323%6 i{gﬁjsgné Poceded Tl dr 4 tndS8 d&sdbindatp) . 232 82

[ 3S/ R, (2S) ] MetHoder 63 EbdelH147 darolar2-fimr hidwd ) -s28p) : IR

am no] - 3- met_hyl but yryl am no} - 4- oxo- pent anoi ¢ aci d qupound 4) ~jY Fi QCOH
H1 NF O &ZRfi-9 wdSS5-eparef 4om34 tenZotht dazof ¥ 27 caf bboxlyI §8 “iaci d
usi ng procedyr RSk oAk bﬁsbh%eosi%cggﬁedmw ﬁ%“@&ﬁodaﬁ B ahove (80g,
85% for final step): white powder, TR (solid, 'cm1) 1736, 1649 ~1557, 1511,
1455, 14342 .P3932HLHMIVR 4 -BNG@-TFA) (0. 32~ )95 F6H)-5)42 2(DEH2.Mb, (1H, n),

2.56-2.90 (2H,.n),..4. 33-5.36 (4H, .79 (2Hs_s). 8. 58- 8,90 LM
19FNMVR (Dl\/Bé'F'ﬁ:—LA)(Z-HZZé 8 (%‘)4,4+-Ad;77%26;/4?2’§“7)' PCT/ 1}386@52 P%Q Bs(t),
-231.0 (t) 10.232. 50(o, -133ZH6 (dH3);, 1BC ANVR 2 DMSOHIEA)3 1834/d8, 4 (CH3),
19.2/19.3 (CH3), 34.5/34.8
33.13, 34.65, 34.80 (CH2), 47.45, 47.53, 52.0, 53.96,
10 54.13 (CH) 65.27 (CH2), 84.36 (4, J 177, CH2F), 103.81,
104.00 (C), 123.89 (CH), 139.74 (C=0), 156.90, 158.39,
158.74, 171.51, 171.80, 171.83, 172.02, 173.11 (C=0),
202.51, 202.66, 202.76, 202.90 (CH2FC=0); °F NMR 376 MHz
DMSO D¢ -226.82 (t, J 45), -226.84 (t, J 45), -230.67 (t,
15 J 45), -231.43 (t, J 45), -232.79 (t, J 45), -232.82 (t,

J 45).

Example 4
[38/R, (28)]-5-Fluoro-3-{2-[ (1H-imidazole-2-carbonyl) -

20 amino] -3-methylbutyrylamino}-4-oxo-pentanoic acid

0 _AL o

This was prepared from 1lH-benzoimidazole-2-carboxylic

(Compound 4)

acid using procedures similar to those described in

25 Methods A-~D above (80g, 85% for final step): white
powder, IR (solid, cm™t) 1736, 1649, 1557, 1511, 1455,
1434, 1393; 1H NMR (DMSO+TFA) 0.92-0.95 (6H, m), 2.06-
2.15 (1H, m), 2.56-2.90 (2H, m), 4.33-5.36 (4H, m), 7.79

(2H, s), 8.58-8.90 (2H, m); ‘°FNMR (DMSO+TFA) -226.8 (t),
-27-



(CH2), 51.9/52.2 (CH), 58.5/58.8 (CH), 84.3/84.4 (2d, J 178.7/178.7,

CH2F), 122.0 (CH), 137.5 (O, 153.7 (C, 5 170.6 (O, 171.9/172.0 (O,
202.5/202v@ot/2xt78 J 14.6/14.6, CO. Exanple 5 [3S/ R, (2S)PCEBSqI247648

(1H Benzoi m dazol e- 2-carbonyl) -am no] - 10

3- et hyl but yryl am no} - 5-f | uor o- 4- oxo- pentanoic acid (Conpound 5) 0 QjV H
OH I HN- F OO This was prepared from 1H benzoi m dazol e- 2-carboxylic
acid using procedures simlar to those described in 15 Methods A-D above
(90ny, 87% for final step): white powder, IR (solid, cn}l) %237 1665,

1527, 1373,-23946 (§137- 233'_LH0N|\0R) 'DVBAR -6. d0)0. 92 326K, GoNMR18 (1H,

0. 7 o6 7 8ueSreel) 1f-3¢8 4 <?~’%%>5 ' %ﬁ%mﬂ&%&%ﬁi’?‘l 0.7 (1),

-226.9 (t), (eg32, 45(j.t)9/52- 232(C@I)(,t E38. B3'@8N|‘BR ((dﬁ\)/SO)8418&/33(4l8§, 41/21<:B 5418.7

(CH3), 19.4/109. 2 (CH3 /31.1/31.6 () 7@ 51.8/52.1
(CH), 57.9/5883/5878- (7@H)<3H2§ 3828 (5F) ] 13177§ 78. ﬁ 1 124.0
(CH), 145. 2&%562(622) 1%51.13?%7%/ 1—35&@ 15857/512%8 Qg 170 19;/ 167/1141/6171 2
(C), 172.07172.0 (C, "173717(0 97, '202.°06/202. 6 (2d, '3 13.8,

CO) . The cofipounds of this invention are designed to i nhibit caspases.
Therefore, the conpounds of this -28 WO 02/ 42278 PCT/ US01/ 47688

Example 5
[38/R, (28)]1-3-{2-[(1H-Benzoimidazole-2-carbonyl)-amino] -

10 3-methylbutyrylamino}-5-fluoro-4-oxo-pentanoic acid

P

This was prepared from 1H-benzoimidazole-2-carboxylic

(Compound 5)

acid using procedures similar to those described in

15 Methods A-D above (90mg, 87% for final step): white
powder, IR (solid, cm-') 1737, 1665, 1527, 1373, 1194,
1137 ; 1H NMR (DMSO) 0.90-0.95 (6H, m), 2.15-2.18 (1H,
m) , 2.59;2.92 (2H, m), 4.33-4.76 and 5.12-5.38 (4H, 2m),
7.31-7.35 (2H, m), 7.66-7.68 (2H, m), 8.36-8.82 (2H, m);

20 '"FNMR (DMSO+TFA) -226.7 (t), -226.9 (t), -232.4 (t),
-232.6 (t); *C NMR (DMSO) 18.3/18.4/18.5/18.7 (CH3),
19.4/19.5 (CH3), 31.0/31.1/31.6 (CH), 34.7/34.8 (CH2),
51.8/52.1 (CH), 57.9/58.3/58.6 (CH), 84.3/84.4 (24, J
178.7/178.7, CHyF), 124.0 (CH), 145.2/145.2 (C),

25 158.4/158.5/158.7/158.8 (C), 170.9/171.1/171.2 (C),
172.0/172.0 (C), 173.1 (C), 173.9 (C), 202.06/202.6 (24,
J 13.8, CO).

The compounds of this invention are designed to

inhibit caspases. Therefore, the compounds of this
-28~



invention can be assayed for their ability to inhibit apoptosis, the

rel ease of I1L-10 or caspase activity directly. Assays for each of the
activiti esoare2khown in the art and are described bel ow PoT/A81Ai7688 N t he
Testing 5 section. According to another enbodi nent, the invention

provi des a conposition conprising a conpound of this invention or a

phar maceutically acceptable salt thereof, as described above, and a
pharmaceutically acceptable 10 carrier. If pharmaceutically acceptable
salts of the conpounds of this invention are utilized in these

conposi t i onsNLVERBS NS glfls bgr asgearer APty thadiny e ilrid GhorgE €Lt or organi c
aci ds and bases, Included anqn 15 such acid salts are the f.allow ng:

acet at e, ad?BQPE?Slingﬁgtgﬁ &gﬁ&rP 3}"&@hfﬁéf@?3ﬁﬁﬁi S Fonat e,

bisul fate, Bui¥Ealg. Cialkale reRMRReAlE RV viHdPNAE known in

cycl opent anepr opi onat e, di gl uconate, dodecylsulfate, ethanesulfonate,
fumar at e, 20hgl arbheparcat desghibedopedsphdine dateiils Uit dilee Taripingoat e,
hexanoa%g, hédéochloride, hydr obr om de, hydroi odi de,

2- hydro yetﬁ fisdbfffonate, lactate, maleate, nethanesul fonate,

2- napht hal enesul f onat acddire@hignabe anctkiratenbdaiaie, fectimaie;ion

persul fate, 25 3-phenyl -propionate, picrate, pivalate, propionate,
succi nat e, PHEPVLELE, 2t KICIPPEAELEN COTPTAEd ighd qu%ﬁﬁﬁgéf.th%%e salts

L]0 PITRRLUTLIB B o Kflina R abls sl ol gt e
salts with asgdescribeds abeoweh anddiacypdilactexadiemigeel 1y 200 PO U278
PCTTUSQY 47888 s er.

If pharmaceutically acceptable salts of the
compounds of this invention are utilized in these
compositions, those salts are preferably derived from
inorganic or organic acids and bases. Included among

15 such acid salts are the following: acetate, adipate,
alginate, aspartate, benzoate, benzene sulfonate)
bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate,

20 glucoheptanocate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate,

25 3-phenyl-propionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
undecanoate. Base salts include ammonium salts, alkali
metal salts, such as sodium and potassium salts, alkaline

earth metal salts, such as calcium and magnesium salts,

30 salts with organic bases, such asg dicyclohexylamine

-29-



salts, N-nmethyl-D-glucam ne, and salts with am no acids such as arginine,

| ysine, and so forth. Al so, the basic nitrogen-containing groups can be
guat er ni a0 oxar2m8 such agents as | ower al kyl halides, 5 shCchussl/4messhyl ,

et hyl, propyl, and butyl chloride, brom des and iodides; dialkyl sulfates,
such as dinethyl, diethyl, dibutyl and dianyl sulfates, |ong chain halides
such as decyl, lauryl, nyristyl and stearyl chlorides, brom des and

i odi des, aral kyl halides, such as benzyl and 10 phenet hyl brom des and
others. Water or oil-soluble or dispersible products are thereby obtained.
The conpoung&ldsi:| iNaetihy e dlorgrosing ormndigb L hetwbds ahingiacidwenti on

may al so be i fLie . _.appending appr.opriate functionalities to enhance
15 sel ecti vesg%%olagg%c%lnpﬁgeg’e&%%%%e’Suac CPH%%if?lE:% fons are known in the
art and include those Aich tincrneasie: mittaghcatopentt{ad | @hobpé Ocangi ven
bi ol ogi cal system (e.g.,_ blood, |ynphatic system central nervous systen),
i ncrease or 8¢ S¥&HSEBIZad Wit rakde aganis 139 VL e¥eRI 3 bR Dohabie e st r at i on

by injecdion, & tLer mB4apol ism.and r CLe] |

Phar maceut i cal | y accept abl'e car@l ’e%c%gﬁélt' rray& et}ﬁis(e%ﬁ#r)l]?? ese

conposi t i onbriomdidgde arfuticatiglarmgt didifitledsulfatam, excdiangerdimatipi pa,

al um num stearate,. 25 .l ecithin,. serumproteins, such as hupan serym

al buni n, b(éﬁF%ﬁjYéubg%l%%é’& %ﬁ%fﬁﬂaﬁ%‘%‘?&m Lo skt Teet- LYY

pot assi um serkat &s RRIdVIA 1HWMEAN, A6/ kT esndfst SAET adietb¥eget abl e fatty
acids, water, salts or electrolytes, such as protam ne sulfate, disodium 30

hydr ogen ph&¥pRéLEs pachsdimaydrggaiaphdvphidas, svatiuins cherzyHeandi nc
Salts’Zﬁ?ll8hg%gﬁﬂfﬂ(Ekmﬂﬁﬂﬁ?%ﬂﬁndé%%rs. Water or oil-soluble or

dispersible products are thereby obtained.

The compounds utilized in the compositions and
methods of this invention may also be modified by
appending appropriate functionalities to enhance

15 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 availability, increase solubility to allow

20 administration by injection, alter metabolism and alter
rate of excretion. ‘

Pharmaceutically acceptable carriers that may
be used in these compositions include, but are not
limited to, ilon exchangers, alumina, aluminum stearate,

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

30 hydrogen phosphate, potassium hydrogen phosphate, sodium

chloride, zinc salts, colloidal silica, magnesium
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WO 02/ 42278 PCT/ US01/ 47688 trisilicate, polyvinyl pyrrolidone,

cel | ul ose-based substances, polyethylene glycol, sodium

car boxynmavdyt/exrs ul ose, pol yacryl ates, waxes, PCT/US01/47688

pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, 5 pol yethylene glycol and
wool fat. According to a preferred enbodi nent, the conpositions of this
invention are fornmul ated for pharnmaceutical admnistration to a patient,

preferably a hunman being. One aspect of this invention rel
met hod of treating a caspase-related disease in a patient

ates to a 10
in need thereof,

whi ch net hodrdeipdicass amalyivsmerli mynel idenpat¢ehtulosadagrditi cal |y
effective a%?%tta%ch%’Tﬁ%%lrt%q‘lgﬁer g]]t } & I ol iqmﬁhar maceut i cal

conposi tion ereo I'Mcl udes

subj ects. Suelrbekgmertslideddluleposdivenxyifatdre, present
adm ni stered qgrally, parenterally,

uman and 15 veterinary

i nventi on may be

i nhal ation spray, topically,

by
rectal |y, nESAYRFIYHEECIRQLYOXREFHWHAIGFOPIAHE HPTMAEM ed reservoir. The

term 20 5 papeAtekal) «ae _;ég%%cjlera@j&w wddgl ydgs subcut aneous,

i ntravenous,

intranuscul ar, “intra-articdalar, i1ntra-synovial, intrasternal, intrathecal
intrahepatic, intral @ésiconalinandao rt recrfarrad ienestimentor dhe usi on

t echni . Preferably, t it 25. adninistered orall
i1 avanous FyTCSRAFAOES oAt & TOPIEC it EOMIA oDl this

inventi on Npyakea2eueads 10k ieAGIIRHS TUSRENS it iedtheSsr

Fons nmay

be fornul ated according to techniques known in the art using suitable

di spersi ng &MY ReiNcng LFentsrasd QfspdHdE ngvadntan mhataerie e

injectap] e PLeRRHALIFOR L IBY 459 R SlLhidgddy etall & 1n

a patient

in need thereof, which method comprises administering to

the patient a therapeutically effective amount of a

compound of formula I or a pharmaceutical composition

thereof. The term "patient" includes human and

15 veterinary subjects.

Such pharmaceutical compositions of the present

invention may be administered orally, parenterally, by

inhalation spray, topically, rectally, nasally,

buccally,

vaginally or via an implanted reservoir. The term

20 ‘“parenteral” as used herein includes subcutaneous,

intravenous, intramuscular, intra-articular,

intra-synovial, intrasternal, intrathecal, intrahepatic,

intralesional and intracranial injection or infusion

techniques. Preferably, the compositions are

25 administered orally or intravenously.

Sterile injectable forms of the compositions of

this invention may be aqueous or oleaginous suspension.

These suspensions may be formulated according to

30

techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile

injectable preparation may also be a sterile injectable

-31-



-31 WO 02/ 42278 PCT/ US01/ 47688 solution or suspension in a non-toxic
parenterally acceptable diluent or solvent, for exanple as a solution in
1, 3- but avedbpi227Anong t he accept abl e vehicl es and sol venp€TAUR@47688y be
enpl oyed are water, Ringer's 5 solution and isotonic sodium chloride
solution. in addition, sterile, fixed oils are conventionally enployed as
a, sol vent or suspending nedium For this purpose, any bland fixed oil may
be enpl oyed including synthetic nono- or di-glycerides. Fatty acids, such
as oleic acid_and 10 its glyceride derivatives are useful in the
preparat|onsoéﬂtFﬁFe@FaﬁPé@enﬁéoﬁrénnét@Pﬂ GerariRPERT (ALY accept abl e

0il's, such 28.0bEYe10l bi9het@SLY dOlren:eSEG! Ablohdl LIS so1urio

polyoxyethy ated versi ons ese SO dt|ons or suspensi ons nay al so
contain a ImngicBabntamédabdohommdmbuemb arcchpdadrlsantehisticds amd
carboxynet hyl - cel |l ul ose or sgﬁllar dlsper5|n agents which are comonly

used in t he®PoVRIESL F8A LoMegh RENSRRICYES BF S Tab B HIsde for ms

incl uding eguhgieBs apd %%%E%&%bo%%d19%h%&1d¥¥8§”§d&d€¥3hSUﬁ&@CtantS such
as Tweens, Spans and 20 ot her emul sifying agents or bioavailability

enhancers whHdéhiane stemidky ddeed mlﬂﬁeamanﬂqnmanﬁiqﬁalkﬁuﬁmR&QX@dcaIIy
accept abl e SO|Id uid, _or _other.. dosa for ed i@r t he
iy 5

pur poses of & fgrﬁﬁhggpgn §Ufﬁ§n€ﬁ§ﬁ et cal conposﬁil t hi

invention nBYaha @hgkhy ocadmnaiysier ethplidyamy 1@fcﬂ.|dd&ngic‘sy&m1'ﬁiﬂ1€b dasege form
including, but not limted to, capsules, tablets, aqueous suspen5|ons or
sol utions. PH 9EhglygesisestabFatsyl aCisieal Sl amiehs adidd and 3

commonly, usedgl gelude; backess and Ly B ¥Ldkul in the preparation

of injectables, as are natural pharmaceutically-
acceptable oils, such as olive oil or castor oil,
especially in theilr polyoxyethylated versions. These oil
solutions or suspensions may also contain a long-chain

15 alcohol diluent or dispersant, such as carboxymethyl
cellulose or similar dispersing agents which are commonly
used in the formulation of pharmaceutically acceptable
dosage forms including emulsions and suspensions. Other
commonly used surfactants, such as Tweens, Spans and

20 other emulsifying agents or biocavailability enhancers
which are commonly used in the manufacture of
pharmaceutically acceptable solid, liquid, or other
dosage forms may also be used for the purposes of
formulation.

25 The pharmaceutical composgitions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, agqueous suspensions or solutions. In
the case of tablets for oral use, carriers that are

30 commonly used include lactose and corn starch.

Lubricating agents, such as magnesium stearate, are also
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Lubricating agents, such as magnesium stearate, are also -32 WD 02/42278
PCT/ US01/ 47688 typically added. For oral admnistration in a capsule
form usef@ab2/dizrgients i nclude | actose and dried cornstar POT/USI&T688qUEOUS
suspensions are required for oral use, the active ingredient is conbined
with 5 emul sifying and suspending agents. |f desired, certain sweetening,
flavoring or coloring agents nay al so be added. Alternatively, the
pharmaceutical conpositions of this invention may be adm nistered in the

formof 10 suppositori for rectal adm pistration, These can be. prepared
by 1 i ng t R PAGRA IWPER S Ui B In TS G Pt (7 GAP TR | o
solid at rog@rmt enBeralue IREndd G Rle Nedddsd eameratikg and therefore
will nmelt inthe rectumto release the drug. 15 Such materials include

cocoa butt e€OTPEESNER - anHhgsv|agRIaRse maparstlans Tee phegwicedt feal
conposition .S .hnv I ; | s0 _he .adm ni.stered topically,
especially %\f/%gnh?ﬁé Fglr%gg"t%ttéfqpet %rﬁeed?ﬁerfbtncjlsuace%m%%%% ‘%Jf&grgans 20

readi | y miccessilbli€éyvhygt epicc dusappidies] isandac! udf nges tisgasesreodithe eye,
the skin, or the lower intestinal tract. Suitable topical_ fornulations are
readi |y pr EPEFEETEDH /e dd RV I & LT 161 AGRIMHES TRIPi BT APl i cati on
for the | owgygkptestinal 25 tract can be effected in a rectal suppository
formul ation (see above) or in a suitable enema fornulation.

Topi cal | y-transder nal Apaecihes ivigl val sthebehssmhcdioridapioapeppticas i ons,

the phar mac%l‘rlt It:(ﬁ‘:?'Llls 1698 %Siiotni ?ngsy rir;aey a%?nifn%.rs elraetcfdixi ntl?e S#ézgn?béf of ntment

10 suppositories for rectal administration. These can be
prepared by mixing the agent with a suitable
non-irritating excipient which is solid at room
temperature but liquid at rectal temperature and
therefore will melt in the rectum to release the drug.

15 Such materials include cocoa butter, beeswax and
polyethylene glycols.

The pharmaceutical compositions of this
invention may also be administered topically, especially
when the target of treatment includes areas or organs

20 readily accessible by topical application, including
diseases of the eye, the skin, or the lower intestinal
tract. Suitable topical formulations are readily
prepared for each of these areas or organs.

Topical application for the lower intestinal

25 tract can be effected in a rectal suppository formulation
(see above) or in a suitable enema formulation.
Topically-transdermal patches may also be used.

For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment

30 containing the active component suspended or dissolved in

one or more carriers. Carriers for topical

-33-



30 containing the active conponent suspended or dissolved in one or nore
carriers. Carriers for topical -33 WO 02/42278 PCT/ USO1/ 47688

adm ni st va® bp#20§ t he conpounds of this invention i ncludkCTEM/4688 not
limted to, mneral oil, liquid petrolatum white petrolatum propylene

gl ycol, polyoxyethyl ene, pol yoxypropyl ene conpound, enulsifying 5 wax and
water. Alternatively, the pharnmaceutical conpositions can be formulated in
a suitable lotion or creamcontaining the active conponents suspended or

di ssolved in one or nore pharmaceutically acceptable carriers. Suitable
carriers inéfndaiskiatdon it Hheriqeeportids,ofmtieislimrdnt o bi t an

nonost ear at ol.ysorbate 60, .cetyl..esters wax, cetearyl alcohol,
2-octyl dodeggﬁgﬁgé’bﬁeoﬁl%ylaraﬁ ¢o toﬁ%rhld:ev%?ceor’. ‘Etﬂe%‘%ht%a m fcil(%}%]e(? t he

phar maceut i pakrotampesi Wibdne HRt g famiulpigd amdngrppzed suspensi ons
15 in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
i sotoni c, pROAUPHYEERYIEES | @FMTHPronyikang sauRewid, bt fxing

preservai i ve such ja%5:ReNZYIalkan] l.ori spta% , for _
opht hal m ¢ f—jlses,H theat%har mceu%ﬂgﬁggﬁosﬁ% ogﬁisatxﬁrﬁay deell'fe‘%)z%llrrul ated 20 in
an oi nt ment cempbsas ipets aaat b fEhrenyilzarathceutd caliwasfposidiions af this
i nvention may. al so _be admi ni (s}__gfe(rjgd bx/_ nasal aerosol or iphalation. Such

conposi ti onSTSPE FPEFArET e LG FRBGHUSS SRS Tnthe art of

phar maceut i gaksd2vbar i oAb i@ HRE-RIRRAR &hBaS, Sddds1d n sal ine,
enpl oyi ng benzyl al cohol or other suitable preservatives, absorption

pronot ers t 6askhalee biStdalebidanyiersf [iystlordy bdny:, arwl/mrt otieited

Convenhkpna£o§ohgggggﬂilegrsorbitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
benzyl alcohol and water.

For ophthalmic use, the pharmaceutical
compositions may be formulated as micronized suspensions

15 in isotonic, pH adjusted sterile saline, or, preferably,
as solutions in isotonic, pH adjusted sterile saline,
either with our without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic
uses, the pharmaceutical compositions may be formulated

20 in an ointment such as petrolatum.

The pharmaceutical compositions of this
invention may also be administered by nasal aerosol or
inhalation. Such compositions are prepared according to
techniques well known in the art of pharmaceutical

25 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 conventional solubilizing or
dispersing agents.

30 The above-described compositions are

particularly useful for treating caspase-related
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di spersing agents. 30 The above-descri bed conpositions are particularly
useful for treating caspase-related -34 WO 02/42278 PCT/ USO1/ 47688

di seases wOhy422e8 m "caspase-rel ated di sease" refers to arCT/sd/4Tess at ed
di sease, an apoptosis nedi ated di sease, an inflammtory di sease, an

aut oi nmune di sease, a destructive bone disorder, a proliferative disorder,
an 5 infectious disease, a degenerative disease, a disease associated
with cell death, an excess dietary alcohol intake disease, a vira

medi at ed di sease, uveitis, inflammatory peritonitis, osteoarthritis,
pancreati ti Siseaselsm, Tagultenessiasmese ufilatask diggnrefmrefiegrs to

gl onerul onephritis, . r (¥e]l rthritis, system ! ryi osus,
scl er oder magplc %trLo%i RhNi ;%E% di#’lsge,a%'avaen sap%)ﬁ:f:sg}ssg,deﬁ%§enﬁué/n%&8%%%?i tis,
di abet es, aahoiimflaematerst Wiseaamsnad Aldcinmiane dieiddopemn a,

t hronbocyt openi a, chronic actjve hepatitis, nyasthenia 15 gravis,

i nf | anmat or {EEGRECEdVSe e Gisnrde i Sedel 1issmG g J1isARe RP matiti s,

scarrings hgkbaed digsa dl8ease dUARANPlANedAl ecl | Bbedst copor osi s

| eukem as and rel ated di sorder el odysplastic syndrone, multiple
myel oma- r el asegciatedivsdidarel lacisad 20 ary elxwgerso i ¢ muke m bgoledik oni ¢

nyel ogenous .| eukem.a, _netastat.i c .nmel anona, posi's sarcoma, nultiple
el o hABTOAgre TRk sl St CRRHES b Lt N gel | b1 5,
Al zhei mer' s idifseag@r o ?e&s_&rasnitci@,emméﬂtrﬂﬁingit@n'gsa@:%ﬁuiéﬂ,ennedy' S

di sease, prion_disease, 25 cerebral ischem a,epil epsy, myocardial ischem a,
acute and eRithFite Redlt diesPdgatanyochrdingsy Quwsh, congestive heart

failure g at ReLAsGl8LAR S 14 LN ¥bumatoid arthritis, systemic lupus

erythematosus, scleroderma, chronic thyroiditis, Grave’s
disease, autoimmune gastritis, diabetes, autoimmune
hemolytic anemia, autoimmune neutropenia,
thrombocytopenia, chronic active hepatitis, myasthenia

15 gravis, inflammatory bowel disease, Crohn’s disease,
psoriasis, atopic dermatitis, scarring, graft vs host
disease, organ transplant rejection, osteoporosis,
leukemias and related disorders, myelodysplastic
syndrome, multiple myeloma-related bone disorder, acute

20  myelogenous leukemia, chronic myelogenous leukemia,
metastatic melanoma, Kaposi’s sarcoma, multiple myeloma,
haemorrhagic shock, sepsis, septic shock, burns,
Shigellosis, Alzheimer’s disease, Parkinson’s disease,
Huntington's disease, Kennedy's disease, prion disease,

25 cerebral ischemia,epilepsy, myocardial ischemia, acute
and chronic heart disease, myocardial infarction,
congestive heart failure, atherosclerosis, coronary
artery bypass graft, spinal muscular atrophy, amyotrophic
lateral sclerosis, multiple gclerosis, HIV-related

30 encephalitis, aging, alopecia, neurological damage due to

stroke, ulcerative colitis, traumatic brain injury,
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artery bypass graft, spinal nuscul ar atrophy, amyotrophic |ateral
sclerosis, nultiple sclerosis, H V-related 30 encephalitis, aging,

al opeci awaermsnrvgi cal danage due to stroke, ulcerative POTUBIHAT688r aumat i C
brain injury, -35 WD 02/42278 PCT/US01/ 47688 spinal cord injury,
hepatitis-B, hepatitis-C, hepatitis-G vyellow fever, dengue fever, or
Japanese encephalitis, various forns of |iver disease,- renal disease,

pol yapti c kidney di sease, H pylori-associated 5 gastric and duodenal ul cer
di sease, H V infection, tuberculosis, and neningitis. Preferred uses of

t he presentSEéﬁﬁésFPF@nénJPﬁYhuhépéﬁlFEEIBne@ﬁ i tdiss€ase, an apoptosis

mediated,  dhsgaser NGl L LITHR Sy odi SaRsG AR el BREdaRAse, 10 o

destructive |sorde an |n cti'ous di sease ative di sease,
a di sease as&oephaedtmsthvaehbusdé@&hs af éivess disetsarey, ateadiol i ntake

di sease, a viral nedi ated disea uveitis, infla tory peritonitis,
osteoarthrlgFgeaﬁﬁncPQAV?PFéc gPFYfééﬁﬁP§F0r§ difst 3 4% ,

gl omer ulsonephritis, aﬁEeHGBH@hﬁlahHQEEIU%sea@bab@ﬁﬁﬁuiﬁﬂﬁﬁﬂPﬁPytOpenla
inflanmat ory bowel disease, Crohn's disease, psoriasis, scarring, organ

t ranspl ant tubﬁecuioﬁlSosaedpmeosmglth&ennrrhag|c shock, sepsis, septic

shock, burns, ShlgeIIB %ﬁg&ﬁé usg. 8% %EFe%&%ﬁﬁé% Q%%¥Qﬂ§ﬂﬂxb :sease
S ra

Hunt i ngton's di sease, 1 seas cere

i schem a, epihepsye aﬁum 1afmede e alf@,@arsta ,diaseagpepteayionaiedaiiel y bypass
graft, anyotrophic |lateral sclerosis, nultlple sclerosis, alopecia,
Ul cerative GHPERFS, PRaHALPETBLSTY ChEeAPe 280 FUTALimBIe [ HiTR3SS vari ous

forms gig | iyesedL36a8%ve" B8R ad8238%, Hn AW Y AlLkgasiric and

duodena ul cer
degenerative disease, a disease associated with cell

death, an excess dietary alcohol intake disease, a viral
mediated disease, uveitis, inflammatory peritonitis,
ostecarthritis, pancreatitis, adult respiratory distress

15 syndrome, glomerulonephritis, rheumatoild arthritis,
diabetes, thrombocytopenia, inflammatory bowel disease,'
Crohn’s disease, psoriasis, scarring, organ transplant
rejection, osteoporosis, haemorrhagic shock, sepsis,
gseptic shock, burns, Shigellosis, Alzheimer’s disease,

20 Parkinson’s disease, Huntington's disease, Kennedy's
disease, prion disease, cerebral ischemia,epilepsy, acute
and chronic heart disease, coronary artery bypass graft,
amyotrophic lateral sclerosis, multiple sclerosis,
alopecia, ulcerative colitis, traumatic brain injury,

25 spinal cord injury, various forms of liver disease, renal
disease, H. pylori-associated gastric and duodenal ulcer
disease, and meningitis.

The compounds and compositions are also useful
in treating complications associated with coronary artery

30 Dbypass grafts. The compounds and compositions are also

particularly useful for treating cancer, either alone or
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di sease, and neningitis. The conmpounds and conpositions are also useful in
treating conplications associated wth coronary artery 30 bypass grafts.
The conpovedy422msl conpositions are al so particul arly usef BCTASK1/47688at | ng
cancer, either alone or -36 WD 02/42278 PCT/US01/ 47688 in conbination

wi th anot her therapy such as chenotherapy or radiotherapy. The conpounds
and conpositions also nay be used as a conponent of imunotherapy for the
treatment of various forns of cancer. 5 The anmount of conpound present in

t he above- descri bed caonpositions should be sufficient to cause a
det ect abl e d8cFOESTRH 1 e ANQF I (e e D2 s rchelRRRERYt i vi ty

and/ or ceIIo@pg@ﬁgg&gef@%yqeaqﬁkgqgﬁﬁgﬁﬁﬁ%%gﬁuihﬁxﬁ§§§¥§iéﬁ§céiggqnégi;he

exanpl es. 10 Accordi ng to "anot her the “conpositions of t

i nvention nmeg wethes eompmipEeerdnatthdmnturertEdpaape aopenthe Sucde agent s
i nclude, but _.are_.not limted 9, t hronbol ytic agents such as tissue
pl asni nogen LcVAVALEE &8 FdptPHSTHse. Wien a second 15 agent is used

the second agent may hecaddiirt e on)d i forBe PR atige dose@e- f orm or
as part of a single dosage formw th the conpounds or conpositions of this

i nvention. Pesskabed soswdsd timder sthood & et sarfiplecidnte teocalssage and
treat nent reaqi r rti r ti . i e vari ety of
factors, i ngghg??@%?ﬁe%%g%%v% &ﬁoﬁhteﬁ%esv%g}cll I cgéco%?ﬁ%u%%ée@n%%]o@red,ﬁ{t he
age, body weisghte gendndltyheald/or seXl dipeiptddine, s mebgutsd riagi on, rate
of excretion, drug onbinatioréI and 25 the judgnment of the treating

physi ci an afdYt RE & e PSERYS escribed in the ‘examples.

10 According to another embodiment, the
compositions of this invention may further comprise
another therapeutic agent. Such agents include, but are
not limited to, thrombolytic agents such as tissue
plasminogen activator and streptokinase. When a second

15 agent is used, the second agent may be administered
either as a separate dosage form or as part of a single
dosage form with the compounds or compositions of this
invention.

It should also be understood that a specific

20 dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the
activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and

25 the judgment of the treating physician and the severity
of the particular disease being treated. The amount of
active ingredients will also depend upon the particular
compound and other therapeutic agent, if present, in the
composgition.

30 In a preferred embodiment, the invention

provides a method of treating a mammal, having one of the

-37-



of the particular disease being treated. The anount of active ingredients
w Il al so depend upon the particular conpound and other therapeutic agent,
i f presemQorm2the conposition. 30 In a preferred enbodi PEMUSO4T688
invention provides a nethod of treating a mammal, having one of the -37
WO 02/ 42278 PCT/ US01/ 47688 af orenenti oned di seases, conprising the step of
adm nistering to said mammal a pharnmaceutically acceptable conposition
descri bed above. In this enbodinent, if the patient is also adm nistered
anot her 5 therapeutic agent or caspase inhibitor, it may be delivered

t oget her w BiorRBesSHiePDGId ddfseplsies i wpamrisrino the sittep eoflosage form or,
as a separa S f.orm_ Wien adm ni_stered as a separat.e dosage form the
ot her caspéggqgﬁ%i%%lrtl&g &P fﬁéﬁfw e % %arﬁ“éatceer%dlcpaji r to, 10 at the
sane tine ascceptbbllleowongozdriidns dedidrabed sdphar magewHical |y acceptabl e
conposi tion conprising a _conpound of this_invention. In order that this

i nventi on b&MRpFeMERt]y 1fyider PeSdentt He rII0WNY Hredirtiad iaROERE t est i ng

15 exanp es.gre set fiar h |.e .6, 4f t e of
illustration onfagb an&%atrag’er%t %tsiﬁc%é?)cg%ﬁs?rng{ggntg%’l rl% t“l%% the scope of the
i nvention i dednyeway. toBedielre wl t20 thez yrompassey so fTheh ias sipserftarorc agpase

i nhibition are.baﬁed on th% cl eavage of a fluoraq erH'c substrate by
reconbi nant & SpUeF E45FSTa Edsp&Ses P51 2 SEPHA, Gﬁ‘?egeas‘!é]ﬁ‘é' are run in
essenti al | yyhBe sameniRRRGAS deS GliRed Ha AN Ffim 25 HOmawes 1-5

each possess a kinact val ue greater .
caspase inhibitor or agent may be administered prior to,

10 at the same time as, or following administration of a
pharmaceutically acceptable composition comprising a
compound of this invention.

In order that this invention be more fully
understood, the following preparative and testing

15 examples are set forth. These examples are for the
purpose of illustration only and are not to be construed

as limiting the scope of the invention in any way.

Example 6
20 Enzyme Assays

The assays for caspase inhibition are based on
the cleavage of a fluorogenic substrate by recombinant,
purified human Caspases -1, -3, or -8. The assays are run
in essentially the same manner as described in WO0142216.

25 Compounds 1-5 each possess a Kinaet value greater
than 20000 M™'s™ against each of caspase-1, caspase-3 and

caspase-8.
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than 20000 M's-' agai nst each of caspase-1, caspase-3 and caspase-8. -38
WO 02/ 42278 PCT/ USOL/ 47688 Exanple 7 Inhibition of IL-1(3 secretion from
M xed Popud ar/sxams of Peri pheral Bl ood Mononucl ear Cells (PBMCp01R7688essi ng
of pre-1L-1(3 by caspase-1 may be 5 neasured in cell culture using a
variety of cell sources. Human PBMC obtai ned from heal thy donors provides
a mxed population of |ynphocyte and nononucl ear cells that produce a
spectrum of interleukins and cytokines in response to many cl asses of
physi ol ogi cal stinulators. 10 The assay conditions used for inhibition of

| L-10 secr &degplier dm i xed popul ation of peripheral blood nononuclear
cells may be fqund . in WO0142216. The inhibitory potency of the conpounds
can be represeftiéd By %n ILd® ¢ etign fromn Mized BrRinkaEem L 15 of

i nhi bitor aﬁ?ip?ltyoéa!r;?c(é’li'ss geiigeted in the supernatant

as conpared—to the positrve contrors. fhe conpounds-tested were found to
provide an | G50 val ue pdeesdiman cEMdres- 11nhi iy b Hadd--1l(ndaysass eti on from
PBMC EXAMPLE 8 Antj-Fas | nduced Apoptosis say Cellul ar apoptosis may be

i nduced by MResPFes Adi F§ldf adduregasd nGFas 1Yaxie iy oF oToUICESS. ( Fas).
Condi ti ons N RA%RA . f t 0

i nhibition %%BF%E caspé%%i ?ﬁ%ﬁ#ﬁ?ﬁ%@Eﬁﬁg%ﬁgﬁ?ﬁﬁﬁgfﬁ%gﬁHﬁ%%S52‘ﬁ%ﬁ%% in
W0142216. CGoppdendenldf dzaiphwere e el tonqruoviater are1X50chaS val ue | ess

than 200nM for the activity in the FAS_.induced apoptosis assay.
produce a specé&um of %nterleukins ané) vtokines ig

response to many classes of physiological stimulators.

10 The assay conditiong used for inhibition of IL-1f3
secretion from mixed population of peripheral blood
mononuclear cells may be found in WO0142216.

The inhibitory potency of the compounds can be
represented by an ICsy value, which is the concentration

15 of inhibitor at which 50% of the mature IL-1B is detected
in the supernatant as compared to the positive controls.

The compounds tested were found to provide an ICsy, value

less than 1pM for inhibition of IL-1P secretion from PBMC

EXAMPLE 8
Anti-Fas Induced Apoptosis Assay

Cellular apoptosis may be induced by the
20 binding of Fas ligand (FasL) to its receptor, CD95 (Fas).
Conditions for an assay to measure the effect of
compounds on the inhibition of the caspase-8-mediated
apoptotic pathway may be found in W00142216.
Compounds 1-5 each were found to provide an ICsg
25 wvalue less than 200nM for the activity in the FAS induced
apoptosis assay.
While we have described a number of embodiments
of this invention, it is apparent that our basic examples
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Whi |l e we have described a nunber of enbodinents of this invention, it is
apparent that our basic exanples -39 WO 02/42278 PCT/ USOL/ 47688 may be
al tered twoOpr/eergle ot her enbodi ments, which utilize the poOWpsunisssand

met hods of this invention. Therefore, it will be appreciated that the
scope of this invention is to be defined by the appended clains rather 5
than by the specific enbodi nents, which have been represented by way of
exanple. -40 WO 02/42278 PCT/ US01/ 47688 What is claimed is: 1. A conpound
of formulal: AR ~-NREORS NNNF HOR2 HO wherein: Rl is CO2H,
CH2CORH, or Méat des alimingss ter Awpsids exthehgdeddiments, hyldiegen or an

optionally Jd_tu - I p i r oup; i s hydrogen or an
optionally ?Eﬁéﬁizteu%g% %@ungél pa%g% i@e%}%&u%;oandhﬁ %Iﬁ\ée “3re each
i ndependent ITheselfeated ify amily GO ghredin g | tHwt | yhe ubsdhé ub£dekls Co

al i phatic group, or R4 and_R5 taken together with the ring to which they
are attachddVEatHCEn Gptios 1Idesinad iRtEr PrERRERA r¢hyyims skrEhercycl i c

ring selgcted b o9 the HJOWiND etdbMNiments, which have been

represented by way of example.
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NV NNH; HH,; or H (a) (b) (c) (d). 2. The conmpound of claim1l where
R2 is an optionally substituted C1L 6 straight or branched al kyl group. 3.
The conpovend2/ef27g¢l ai m 1 having one or nore features sel erCEUSIVLORSS he
group consisting of: -41 WO 02/42278 PCT/ US01/ 47688 a) Rl is CO2H or
esters, amdes or isosteres thereof; b) R2 is a Cl-C6 straight chain or
branched al kyl group; <c¢) R3 is hydrogen; and d) R4 and R5 are each
hydrogen, or R4 and R5 together wth the ring to which they are attached
forma benzimdazole ring. 4. The conpound of claim3 having the follow ng
features: aJ/bREt is cdeHimed dstzers, amides or isosteres thereof; b) R is a
Cl-C6 straight chain or branched al ky group; c¢) R3 is hydrogen; and d) R4
and R5 are each hydrogen, or R4 and R5 together wth the ring to which
they are attached.f ar mompdienryicl dazodda ilg. 5. A conpound sel ected from
the group consisting of: [3S/R (2S)]-5-Fluoro-3-{2-[(1H i m dazol e- 2-

car bonyl ) - am no] - pr opi onyl am no} - 4- oxo- pentanoic acid; 5

[3S/R, (2S)}-5-Fluoro-3-{2-[ (1H Lm dazol e-2 ]
car bonyl ) - am no] - pr opi onyl am nob PXOo-gFenpanoic’ acid tert-butyl ester,;

[3S/ R, (28)]-3-{2-[(1I—|—BenzoiH1dz e- 2y cajibonyl) -

o
I

wherein:

R' is CO,H, CH,CO.H, or esters, amides or isosteres
thereof;

R? is hydrogen or an optionally substituted C;-Cg
aliphatic group;

R?® is hydrogen or an optionally substituted C;-Cg
aliphatic group; and

R* and R® are each independently selected from hydrogen,
an optionally substituted C;-Cg¢ aliphatic group, or R*
and R® taken together with the ring to which they are
attached form an optionally substituted bicyclic ring,

said bicyclic ring selected from the following:

N= — N=
Cry. (e . O
N)\ NT™N N™™N N

(a) (b) (c) (d) .

2. The compound of claim 1 where R® is an optionally

substituted C;.¢ straight or branched alkyl group.

3. The compound of claim 1 having one or more

features selected from the group consisting of:
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am no] - pr opi onyl am no} - 5- f | uor o- 4- oxo- pent anoi ¢ acid; 10

[3S/R, (2S)]-5-Fluoro-3-{2-[ (1H i m dazol e- 2

car bonyl \want/#x2y8 but yr yl am no} - 4- oxo- pent anoi ¢ aci d; PCT/US01/47688

[3S/R, (2S)]-5-Fluoro-3-{2-[ (1H i m dazol e- 2-

car bonyl ) - am no] - 3- net hyl but yryl am no} - 4- oxo- pentanoi ¢ acid; -42 WO

02/ 42278 PCT/ US01/ 47688 [3S/R, (25)]-3-{2-[ (| H Benzoi m dazol e- 2- car bonyl )
am no] - 3- net hyl but yryl am no}-5-fl uor o- 4- oxo-pentanoic acid; or an addition
salt thereof. 6. A pharnmaceutical conposition conprising a conmpound

accor di ng té})anyRonlaSOGOP;HI abpreatsranceldphaereteetieses ythereptabl e

carrier. ,f\ me Iz1ojc_iso<t;l g?ﬂ%} |Sr%g:aqr$g%[sp%[ relratb%:darféhsee Sglrka}i)e&f‘&%' ent,

whi ch net hog conprises a steri at1en

effective agpunt rdfig hytmaged ghdformula I: RA RL N R3 OR5 NN N F Hp
R2 Hp whereln RL is CPH, CH2CO2H, or esters,_ am des .or isosteres
thereof: RRYs hﬁdr%’@‘énRora% AR IETORUbSPT tRit @RCR ChoggthsHat i ¢

group; R3is g@rg?o eptiRnal ! ynsybsiit Ut ed£lgChoral Lphatic group;
and R4 and R5 are eac JJ:ﬁllgtgpendent y se%gct ed romcﬁ gr oagn,
benzimidazole ring. '

4. The compound of claim 3 having the following
features:
a) R' is CO,H or esters, amides or isosteres thereof;
b) R® is a C;-C¢ straight chain or branched alky group;
c) R?® is hydrogen; and
d) R* and R® are each hydrogen, or R* and R®> together
with the ring to which they are attached form a

benzimidazole ring.

5. A compound selected from the group consisting
of:
[3S/R, (28)]-5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -amino] -propionylamino}-4-oxo-pentanoic acid;
5 [3S/R, (28)]1-5-Fluoro-3-{2-[(1H-imidazole-2-
carbonyl) -amino] -propionylamino}-4-oxo-pentanoic acid
tert-butyl ester;
[38/R, (2S)]—3—{2—[(1H—Benzoimidazole—2—carbonyl)—
amino] -propionylamino}-5-fluoro-4-oxo-pentanoic acid;
10 [3S8/R, (28)1-5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -amino] -butyrylamino}-4-oxo-pentanoic acid;
[3S/R, (28)]-5-Fluoro-3-{2-[ (1H-imidazole-2-
carbonyl) -amino] -3-methylbutyrylamino}-4-oxo-pentanoic

acid;
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an optionally substituted Cl-C6 aliphatic group, or R4 and R5 taken
together with the ring to which they are attached forman optionally
substitutveadobixyelic ring, said bicyclic ring selected fprPomustiet768sl | owi ng:
-43 WD 02/ 42278 PCT/US01/ 47688 N 7N NN NNNN H; H; H; or H(a) (b)
(c) (d). 8. The nmethod according to claim7 wherein the disease or
treatnent is selected froman IL-1 nediated disease, an apoptosis nedi ated
di sease, an inflammtory disease, an autoi mmune di sease, a destructive
bone disorder, a proliferative disorder, an infectious disease

degenerative di sd@3$¢R.a @Sdase @ssb@:lifé‘[%'lz%‘ﬂfi%ﬁjred%a‘t’%?b%y%kgess
dietary al cofal, QEEiﬁ%thg)l%qﬁ:%&gé%r%ﬂx{c?}!—é@i@éf@—ﬂ&%—sﬁen %ﬁ%ﬂb&

i nflammatory “peritonitl ost'e ritis, pancreatitis,” ast adul t
respiratory adiist;r ess syndrone, glonerul onephritis, rheumatoid arthritis,
system c |l upus erythematosus, scleroderma,_chronic thyroiditis, Gave's

di sease, autoi rrﬂ%némgééitdr“itﬁ%? hidbdthEedut oi mune hgm)l ytic anem a,

aut oi nmune neut ropeni a, thronbocytopenia, chronic active hepatitis,

nyast heni a gravis, inflammtory bowel disease, Crohn's di sease, psoriasis,
atopic dermatiti$,. gcahampcaytbicaly cduyes it seaseompr §aingranspl ant

rejection, osteoporpsi S, I .ukerqoas ando reel a%edldirﬁgrflg Sand el odyspl astic
syndr one, nﬁofqpﬁruéldﬁfﬁ SHe- T atedhond™s ff sof €r, acute nyel ogenous
| eukenm a, R dBR] REENOH S cdeitedilied, caet Bst at i ¢ nmel anoma, Kaposi's
sarcoma, nultiple
7. A method of treating a caspase-related disease
in a patient, which method comprises administering to the
patient a therapeutically effective amount of a compound

of formula I:

R* R!
L3S
5 \
F NN
H o0 R H 0o

I

wherein:

R is CO,H, CH,CO,H, or esters, amides or isosteres
thereof;

R?* is hydrogen or an optionally substituted C;-Cs
aliphatic group;

R® is hydrogen or an optionally substituted C;-Cs
aliphatic group; and

R* and R® are each independently selected from hydrogen,
an optionally substituted C;-Cg aliphatic group, or R*
and R®° taken together with the ring to which they are
attached form an optionally substituted bicyclic ring,

said bicyclic ring selected from the following:
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nyel oma, haenorrhagi ¢ shock, sepsis, septic shock, burns, Shigellosis,

Al zhei mer' s di sease, Parkinson's disease, Huntington's disease, Kennedy's
di sease, wo bpm2d$ sease, cerebral ischem a, epilepsy, nyoraras@l47bsschem a,
acute and chronic heart disease, nyocardial infarction, -44 WO 02/42278
PCT/ USOL/ 47688 congestive heart failure, atherosclerosis, coronary artery
bypass graft, spinal muscul ar atrophy, anyotrophic |ateral sclerosis,
multiple sclerosis, H V-related encephalitis, aging, alopecia,

neur ol ogi cal damage due to stroke, ulcerative colitis, traumatic brain
injury, spinal ceFNiRjury, Li s-B, ti,\t]is-C, R ihi s-G yellow
fever, dengue fe or\ Japan&e/ efcephal ti g, yarious fiQr f liver

di sease, renal diSeay pol yapt N’%‘dney dNSegge ~H. pyl orT >gsSsoci at ed
gastric and duodenal u cer; diseaseil H'V infectiton, .tgpercul oHis,
meningitis, a treatnment for conplications associated with coronary artery
bypass grafts, or anf{@ nmunother@ly for the {féatment of vafdlous forns of
cancer. 9. The nethod of claim8 wherein the disease is selected fromlIL-1
medi at ed di sease, an apoptosis nediated di sease, an inflammatory di sease,
an autoi mune dissed8%e meetdesl ractiand dapne dilsaimler , wiaare b etché ous

di sease, a e%enerati ve di sease, a %Zleea%e ssociated._with cell death, an

excess di et eFFCoRd SLRARE s rEfOTed at ot dPeEREeuveiti s,

i nfl ammat or ¥ sRRIE!, ORI ispotLRAMdYiddy PRI @t i 4k S;nftithhacbpppiratory
di stress syndrone, glonmerulonephritis, rheumatoid arthritis, diabetes,
t hr onbocyt ogésiease i @il awmstiomprisovllsadismase, dohncsidve sease, psoriasis,

disorder, a proliferative disorder, an infectious

disease, a degenerative disease, a disease associated
with cell death, an excess dietary alcohol intake
disease, a viral mediated disease, uveitis, inflammatory
peritonitis, osteocarthritis, pancreatitis, asthma, adult
respiratory distress syndrome, glomerulonephritis,
rheumatoid arthritis, systemic lupus erythematosus,
scleroderma, chronic thyroiditis, Grave’'s disease,
autoimmune gastritis, diabetesg, autoimmune hemolytic
anemia, autoimmune neutropenia, thrombocytopenia, chronic
active hepatitis, myasthenia gravis, inflammatory bowel
disease, Crohn’s disease, psoriasis, atopic dermatitis,
scarring, graft vs host disease, organ transplant
rejection, osteoporosisg, leukemias and related disorders,
myelodysplastic syndrome, multiple myeloma-related bone
disorder, acute myelogenous leukemia, chronic myelogenous
leukemia, metastatic melanoma, Kaposi’s sarcoma, multiple
myeloma, haemorrhagic shock, sepsis, septic shock, burns,
Shigellosis, Alzheimer’s disease, Parkinson’s disease,
Huntington's disease, Kennedy's disease, prion disease,
cerebral ischemia, epilepsy, myocardial ischemia, acute

and chronic heart disease, myocardial infarction,
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scarring, organ transplant rejection, osteoporosis, haenorrhagic shock,
sepsi s, septic shock, burns, Shigellosis, Al zheiner's disease, Parkinson's
di sease, wolngaiznmyt on' s di sease, Kennedy's di sease, prion BCB®sseL7688cer ebr al
i schem a, epi | epsy, acute and chronic heart -45 WD 02/42278 PCT/ USO1/ 47688
di sease, coronary artery bypass graft, amyotrophic |ateral sclerosis,
multiple sclerosis, alopecia, wulcerative colitis, traumatic brain injury,
spinal cord injury, various forns of |iver disease, renal disease, H.

pyl ori-associ ated gastric and duodenal ulcer disease, and neningitis. 10.
The nethod GPREESTHVE WRSTE Faidelnd s sdde s c kiR 15 o rfQECRREdNDl i cat i on

| ated w A e im?7
Wherel n ¢ he Bt eidouiiiet, At Y pPRARE i i TR Lo B
method is Usedral coilenesiison mulith odiee nmilherapnys oriNadraldesdpy. 13. The

met hod of claim 11 wherein the conpound is a conponent_ of i nmunotherapy for
t he treat neﬁpc@P}’é’alW.' agANITh & laRaod aé’t%%lﬂ?%lt%%rﬂﬁrﬁg%l%‘?%t‘?- 13

wher ei n t he s¢oaRRUNE 1RAS QNG LTINS f SAM G SRE asteth £4Am he group
consisting of: (a) Rl is CO2H or esters, am des or isosteres  thereof; (b)
R2 is a Cl- €pisdaicgnd dimgiuryor hereartciied -8 kyhegptoupis{(¢) R3 is hydrogen;
and (d) R4 and RS are achlg drqogen, or,. R4 and. RS together wth the ring
to which thglgggrtététst aczghé/& %)rwm ver, dengue dfever, i r.beapanese
encephalitis, various forms of 1liver disease, renal
disease, polyaptic kidney disease, H. pylori-associated
gastric and duodenal ulcer disease, HIV infection,
tuberculosis, meningitis, a treatment for complications
associated with coronary artery bypass grafts, or an
immunotherapy for the treatment of various forms of

cancer.

9. The method of claim 8 wherein the disease is
selected from IL-1 mediated disease, an apoptosis
mediated disease, an inflammatory disease, an autoimmune
diseage, a destructive bone disorder, an infectious
disease, a degenerative disease, a disease associated
with cell death, an excess dietary alcohol intake
disease, a viral mediated disease, uveitis, inflammatory
peritonitis, osteocarthritis, pancreatitis, adult
respiratory distress syndrome, glomerulonephritis,
rheumatoid arthritig, diabetes, thrombocytopenia,
inflammatory bowel disease, Crohn’s disease, psoriasis,
scarring, organ transplant rejection, osteoporosis,
haemorrhagic shock, sepsis, septic shock, burns,
Shigellosis, Alzheimer’s disease, Parkinson’s disease,
Huntington's disease, Kennedy's digease, prion disease,

cerebral ischemia,epilepsy, acute and chronic heart
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benzi m dazol e ring. -46 WO 02/42278 PCT/US01/ 47688 15. The net hod
according to any of clains 7-13 wherein the conpound has the foll ow ng
featureswoa)22R is CO2H or esters, am des or isosteres PChEsenf7p88(b) R2
is a Cl1-C6 straight chain or branched alky group; (c) R3 is hydrogen; and
(d) R4 and R5 are each hydrogen, or R4 and R5 together wth the ring to
whi ch they are attached forma benzim dazole ring. 16. The net hod
according to any of clains 7-13 wherein the conpound is selected fromthe
group consisting of: [3S/R (2S)]-S-Fluoro-3-{2-[(.1H i m dazol e- 2-

car bony! ) - aff-FEPSEr o SICBIAEM a1 40 Ry AP SHALE ag@rotrophic

[3S/R, (29)] 1§’c|~:e]1’éqr %c?ler%is[l(sl lﬁ.‘ cé &Aerosis, alppgeia, o o yl ester:

car bonyl ) - am noJ - pr opi onyl'am'no xo pent anol ¢ ‘acl

[3S/R, (29) }Jl&e{tﬁt-t[l(v]al-l-cﬁénztmsm Ctazmin@ctﬁccé:rﬂmnyla)njury, spinal cord
ami no] - pr opi, onéram no} -,5- yor o- 4- g]&pent oi ¢ aci d;
[3S/ R (25)] 15 é(orgagl{:zls[ ( _ﬂq_n}sm Ve disease, renal disease, H.

car bonyl ) - a@g&@kubaggeﬂravéaJ L @Qr RETY AR LBl di1cdP disease, and
[3S/ R, (29)] Fl uoro-3-{2-[(1H i m dazol e- 2-

car bonyl ) - afemdnadtmst-hy| but yryl am no} - 4- oxo- pentanoic acid; [3S/R (29 ]
-3-{2- [ (1H Benzoi m dazol e-2-carbonyl) -

am no] - 3- et hyl but yryl am no}-5-fl uor o- 4- oxo-pentanoic acid; or an addition
salt thereof. 10. The method of claim 7 wherein the disease or

condition is a complication associated with coronary

artery bypass grafts.

11. The method of claim 7 wherein the disease is

cancer.

12. The method of claim 11 wherein the method is

used in combination with chemotherapy or radiotherapy.

13. The method of claim 11 wherein the compound is

a component of immunotherapy for the treatment of cancer.

14. The method according to any of claims 7-13
wherein the compound has one or more features selected
from the group consisting of:

(a) R' is CO,H or esters, amides or isosteres
thereof;

(b) R® is a C;-C¢ straight chain or branched alky
group;

(c¢) R?® is hydrogen; and

(d) R* and R® are each hydrogen, or R* and R® together
with the ring to which they are attached form a

benzimidazole ring.
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15. The method according toany of claims 7-13
wherein the compound has the following features:

(a) R' is CO,H or esters, amides or isosteres
thereof;

(b) R® is a C;-C¢ straight chain or branched alky
group;

(¢) R® is hydrogen; and

(d) R* and R® are each hydrogen, or R* and R® together
with the ring to which they are attached form a

benzimidazole ring.

16. The method according to any of claims 7-13
wherein the compound is selected from the group
consisting of:

[38/R, (28)] -5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -~amino] -propionylamino}-4-oxo-pentanoic acid;

[3S/R, (28)] -5-Fluoro-3-{2~[(1H-imidazole-2-
carbonyl) -amino] -propionylamino}-4-oxo-pentanoic acid
tert-butyl ester;

[38/R, (28)]1-3-{2-[(1H-Benzoimidazole-2-carbonyl) -
amino] -propionylamino}-5-£fluoro-4-oxo-pentanoic acid;

[3S/R, (28)]-5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -amino] -butyrylamino}-4-oxo-pentanoic acid;

[38/R, (28)]-5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -amino] -3-methylbutyrylamino}-4-oxo-pentanoic
acid;

[38/R, (28)]1-3-{2-[(1H-Benzoimidazole-2-carbonyl) -
amino] -3-methylbutyrylamino}-5-fluoro-4-oxo-pentanoic
acid;

or an addition salt thereof.
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