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This appWe(42218 cl ains priority to US Provisional PatentP@HBESEE6880N

60/ 252, 252 fil ed Novenber 21, 2000. 5 Field of the Invention This invention

is in the field of meghgisnal chem stry and relates to novel conpounds, and
phar maceuti cal conpositions thereof, that inhibit c es that nediate

cell apoptosis a m ' yon. 10 The inv M\\NWW@WH ates to nethods

of using the conﬂ “mmmmmmmmmkarnaceutical c3ﬂ& *of this invention to
treat di seases where caspase activity is inplicaheds Background of the

I nvention Z5 Apoptosis, or programed cell death, is a principal nechani sm

by whi ch organi sns elimnate unwanted cells. The deregul ati on of anptosis,
ei t her excesIMIDAZARE: AND; RENZTMIDAZQLE LASPATE FNAIBITORE SANRHSES
inplicated in a nunber of diseases sughm@sygancer, acute 20 inflammatory

and aut oi mmune di sorders, ischem c diseases and certain neurodegenerative

di sorders (see generally Science, 1998, 281, 1283-1312; Ellis et al., Ann.

Rev. Cell. Biol., 1991, 7, 663). Caspases are a famly_ of gsteine pr ot ease
25 enzynes that are ' ; iﬁhﬁﬁﬁ%@iﬁﬁ%@ﬁ— -

This application claims priority to US Provisional Patent

Application 60/252,252 filed November 21, 2000.

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, either 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).

Caspages are a family of cysteine protease

25 enzymes that are key mediators in the signaling pathways

-1-



WO 02L12278 PCT/ US01L17688 for apoptosis and cell disassenbly (Thornberry,
Chem Biol., 1998, 5, R97-R103). These signaling pathways vary dependi ng on
cel | typwoag2d#2278i mul us, but all apoptosis pat hways appearP€HUBUM/EE8ge at a
common effector pathway 5 leading to proteolysis of key proteins. Caspases
are involved in both the effector phase of the signaling pathway and
further upstreamat its initiation. The upstream caspases involved in
initiation events becone activated and in turn activate other caspases that
are 10 involved in the.later phases,of apoptosi Caspase-1, the first

i dentified cEpERAPLPELY) sh0y Re - 24 SpsERmPLd: (Thog L% e or
"ICE." Caspgssyl, COBYEI LS, PREGURIAR) I NrekkLBUKLEBNE(d g gﬂatt 79 b he
pro-inflammtory active form by specific cleavage of 15 plL-I(3 between
Asp- 116 andiependifig Svscdéd typpasvdl sthewdus:, e balts@ldl epmptngdics known
human caspaseﬁg all of mhicp cleave_s eckficalmé at %Q?arkyl resi dues. They
are al so olRRYVERYT o RBYET sEPi HGBNPTEE T EneIe o £ R s PF G %N no
aci d resi dupsa@ngheoNotetBblgkisi 8¢ Rbyt Beol@islcavagides e caspases
have been classjified into three groups depending on_the am no acid sequence
that is prefeyekvedriprbabhi ther e€fgriogdphipe @fofReofsiGnddddes, which

i ncludes caspases. 1 , o] t 22 ref qu%ophobic
aromatic aﬁ?no a%Yd%nétf%ggpgfogﬁ%t%%gﬁhégN&?gr%Pﬁgﬁegﬁég{bf the cl eavage
site. Anot hepsgreap wshsphsepclingdeivedspasdsi?ialiamd eferntec dgreane aspartyl
residues at both positions 1 and 4 on the N-term nal side of the cleavage
site, and FeFErabey %néeaHeHEénoPc§6Vﬂ§6-@F99X-R§§P%§%qﬂéhﬁﬁﬂ%ﬁﬁn whi ch
incl udey caspasesed ifl theafdtdd, phakekabe ERBKLIPiRO acids in the primary
-2 WO U2/.12278 PCT/USOL/. 17688 recognition Sequence, but seemto prefer
resi dues with branchedasphéephati thei férshaiidensidheds azainase anids | euci ne at

iti 4. _Th b | sp.b d di '
utative { TS R OMCSF FCF SEABRRITI SORIRELere o vlth e iCh1CE) . 4

and 5. The Ses e 0 ; I i Oyl 1 - ory
cyt oki ne p?%%%@%?%gfaﬁgﬁyﬁgggfgfgenggka%B?ﬁggﬁggﬁ?'ﬁg?épﬁﬁlrﬁﬁ%ggﬁg%ion.
Caspase-1, the postisflidmpdtenyymetatret fiogmlByclspesi fdat idlatzamgeeot

| L-1(err) precursor by proteolytic cleavage. This enzyne therefore plays a
key rofé irpﬂaelfgnwam{lo%\?priéﬁoﬁglé Ataspade- 1Besisieso GafrASRd i n the

processing ofe}at grLer 900087ERhNAALAO KRGO hubkH Gapddestatfidh

stinul at es € produaction o eron
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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15 gamma, a key i munoregul ator that nodul ates antigen presentation, T-cel
activation and cell adhesion. The renai ni ng caspases nake up the second and
third subfaeR22ms. These enzynes are of central inportancRCT/HSR1HE688
intracel lular signaling pathways 20 | eading to apoptosis. One subfamly
consists of the enzynmes involved in initiating events in the apoptotic

pat hway, including transduction of signals fromthe plasma nenbrane.
Menbers of this subfamly include caspases-2, 8, 9 and 10. The ot her

subfam |y, consist%mg 25 of the e%&'ctor C psasgﬁi%f 6 and 7 arﬁ%involved
in the finaf®d8%AStBRNPEREETSGe nEEThAC PESHET iHPTHIIES et i ¢
breakdown apgdafeatd, oh1tBRac8k! shieaRORlOE BuchCasPasesiddvalyed in the

- upstream si gnal transduction activate the downstream caspases, which then
di sabl e DNALg@Ocinpast pesh&Acsnd,. fragment DNA, dismantle the cel

cyt oskel eton and fina fragnent the cell.. 7 1/.17688
Know edge of the fourjrgéi ﬁgsgg?sgssbaﬁgngésﬁrib%aeﬂ ?%%or ce(%%n%%é:(g%ﬁhe
caspases hagoberaiyspdrheidesifghcta®nas ThienlfilistorstibfRanvielyiddesists
tetrapeptide inhibitors have been prepared having the structure 5 CH3CO-
[P4] - [P3]of e¢popases-iR(ICEICOE ARE § -P2 ThesPs GaERaAsHthaye dprePml

am no acid NLLI d i ﬂh% Qﬁﬁe, i 4 d or ketone
capabl e of %ﬁ%@?nggtggtagggggggsg%b ?FL?ﬁgﬂgu %y yf?ﬂ%g%%&ﬁnd Thor nberry,
Chem Bi ol . p#océd8ing5an@o8herejcald plagt aal impBimie: Mvebe i® Chem Lett.
3, 2689-2692 993); .Nicholson et al., Nature 376, .37-43 (1995 .
IrreversibIén%iﬂWB%FBP§°bagéﬁpéﬁerﬂe &HE 86 s%9Hq%ﬁﬂﬂﬁqéﬁpﬁé%%gﬁ?%?on
sequen ha en re.R,ips I . - COCH2OCOR
R e et (FPEA ByCLalser SAS) B e T R

2, 6-di chl or eheazaykoxyhasdenagme RhexeEOTH? ¥ leler & Xkeas wolealm nghgr oup
such as F or Cl. Thornberry et al., Biochem stry 33, 39341é%ggﬁ%; Dol | e et
al., J Med. iBheMMBROrEeIESPANSEIOSRSPARS Ut LS AL IHEPLE i Hhi BRfors to
treat a 20 ﬁ%bééMiﬁé g@mﬁgue.a& e 3Gl gh%aw%ﬁﬁswmﬁnofncrease
in cellular”apoptosi as been denonStrated using peptidic caspase

i nhi bi tors. IEel8exuhpkl, stimudadss mbdepsoduatiase ahhintienferdrave been
shown tq reduce_infarct size and inhibit cardio cyte apoptosis 25 after
nyocar&&%l PRSP et Po ?YtémPQ&SEEQdiﬁqﬂ¥\ﬁhﬁiﬂ?ﬁgﬁ} %ﬁﬁ(ﬁ%ﬁﬁé&ﬁ deficit
resul ting fppasehtakeont OT-edUde RS vAIANTRINE AIAPtaMmes 2. neur ol ogi cal
deficit in traumatic brain injury, to be effective in treating ful m nant

liver destruction, an@ReorPRBLeNE% FAFPPAC3HR &P diPIFHFECLIRRR. Yaoita
and -2 woEHPY ngaeiRER, | FCEE, RS, Birelog, S!S Cheng o
al., J. dinmmportance 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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I nvest., 101, 1992 {1998); Yakovlev et al., J Neuroscience, 17, 7415
(1997); Rodriquez et al., J. Exp. Med., 184, 2067 (1996); G obnyer et al.,
Mol . Medwo 2/42278585 (1999) . In general, the peptidic i nhPGTAUSKIETdSscri bed
above are very potent agai nst sone of the caspase enzynes. However, this
pot ency has not always 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, poor stability and
rapid nmetabolism Plattner and Norbeck, in Drug Di scovery Technol ogi es,

Clark and Mbos, Eds. KRPWleddsr Riodheciiotfesmeno mic " TYHNABI0)
R i Zi f th
ecognt Zi ngg%grgei]?%% %’%Fggﬁrl%\é% e dHea, as%% Gls Baperis&s @b the

- peptidic c pepti"dom net | non-natural am no acid
pepti de inhdbsignschapasbeamhu&pﬂxuﬁd RevAD=03/13530F theptobds | nhi bitors

: The' T or mul abihEBSFPEl AKX RS TP TR R red g e Sihyghud, PP1R T O
~~CN_~<C_ I-bﬁ?cd( B R &9 X(rR- @{@Raeﬁzd@q qiHe e i | gilepe dyesel ected

from=N or = RS 25 includes hydrogen; R, is hydrogen and R6 incl udes
an a am no anldp§LMelchmnm0 amddRE@ngﬂhﬁﬁﬁﬁ BEfruRFTe %nﬂeﬁcﬂﬁua% or

het er oar onat 1- str ht or che gly or

mul tiply opﬂ%ﬁ%ﬁ’ag glg \’\860 Gf‘%ﬂ%@)ﬁ %%‘Eﬁﬁslu egd by F. WO

95/ 35308 re@@épaséh@%tmmotsmiﬂy@r@q .aciRarR agal rmo:h%eﬂqd dazeemnot

report act|V|t¥ agai nst ot her caspases. WD 98/10778 di scl oses i nhibition of
ng

apopt osi s 5BUSi i nL&Or&Gi H1PEINr) Micidrt sty a8nzy L PXE) /HeD:- 3 fanily
i nhibi 4gys phefor puka: X 32y _sxdF2 1993)GwilchHolson et al., Nature

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.,
Biochemigtry 33, 3934 (1994); Dolle et al., J Med. Chem.
37, 563-564 (1994).

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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- at each occurrénce

Y ~-N~ANRL OHOwereinnis 1or 2; Rl, R, and R3 are various groups;
A 10 is a natural or unnatural amno acid; B includes, inter alia, a

hal onet hWO @4ae18; and X and Y are various substituents. VECDUOSOGTEIS2

di scl oses di peptide apoptosis inhibitors having the formula: OH O X~Y ~N
R2 1 ~5 R3 CO2R where R1L is an optionally substituted al kyl or hydrogen
group; R2 is hydrogen or optionally substituted alkyl; Y is a residue of a
natural or non-natural am no acid and R3 20 is an al kyl, saturated

car bocycli c, Eal‘tl ally saturated carbocyclic, aryl, saturated heterocyclic,
partial ly sMetirhpddsmet dBocyaBic (3998t efband efr &lp, wher@ii said group is

optionally prégktUt;glfnébgén en?FwB4 Bvﬁggﬁggaﬁphé gre R4 and RS are,

Pecte oup consi sting of
hydr ogen, aNéquoaadenyfel oabkybﬁlandlwns ;ORcBriZued e alb, JTWELH212278
PCT/USO1 /7688 or_ X is and R4 are taken to ether with the

* nitrogen at¥&ft o %ﬁf}cthﬁgy(élggsétrt§€ﬁ§ﬂ‘yf36 £6r Ala s MUr-atlRf hetr ocycl i c,

partial lgy sgégrgigg heterocyclic or heteroaryl group, mhereln said group is
optionally 5 substi tut ed or Xis CRAR5, and R3 and R4 are taken together

wi th the carbon atom Tn ghnelkalheyhar pe@tualarmedrﬂnh‘m:ronsa G an dbesi

car bocyclic artlalléFsaturgted carbocgcllc sat urat ed heterocyclic,

partially s%?§Y§t§5eh &Y oRPEPPL BPRIRFGe DG ﬁ Mfy FRERASaryl group, 10

wher ei n sai&h g Q4B .| Suehbi-apal EM1§UE§EbhE§e@1asa%tpraQWaq%i gd@t when X is
O, then R3 is not unsubstituted benzyl or “t-butyl; and when X is CH2, then

R3 is not Hrefhetted hunbellularampdedsi pifi Bpoptodisve tieemdtia:pbmred it is
not cI V? E t 9 ess_the _15.a at e harnac Qgi cal
proper |es %B fé?hggéfdg ?? % F)’feuggqugREf'Hg éfa bé"ga conti nued
need for snahdesbiabléephaspaseloshichit 95_"8)pb|i&tle@’ %Lﬁﬂi %ﬂi pcdiildeal and
penetrate nmenbranes to provide effective inhibition of apoptosis in vivo.
Such . absorption, poor stability and rapid metabolism.

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
inhibitors, peptidomimetic and non-natural amino acid

peptide inhibitors have been reported.

20 WO 95/35308 discloses inhibitors of

interleukin-1f converting enzyme including, inter alia,

compounds of the formulae:

COzH COzH
))'((' »—c -N—c--c—N/(,(H13 /I ‘)—-g—N—é—c—NJ;(R”

H
wherein X is independently selected from =N- or =CH-; R;s
25 includes hydrogen; Ry is hydrogen and R¢ includes an o-
amino acid side chain; and R;3; includes hydrogen, an
aromatic or heteroaromatic ring, a C;-C¢ straight or

branched alkyl group singly or multiply optionally
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20 conpounds woul d be extrenely useful in treating the aforenentioned

di seases where caspase enzynes play a role. Sunmary of the Invention 25 It
has now aeer/£2018nd t hat conpounds of this invention and phEF/baEIAT688Cal
conpositions thereof are particularly effective as inhibitors of caspases
and cel lul ar apoptosis. These conpounds have the general fornula I: WO
021.42278 RA RL ~NR3 OR5 NNPFNF HO R2 HO i PCT/USQOL/-17688 wherein: Rl
is CO2H, CH2C02H, or esters, am des or isosteres 5 thereof; R2 is hydrogen
or an optionally substituted Cl-C6 aliphatic group; R3 is hydrogen or an
optional | y s@bstituted by- 8 alPpRayYBé3@Boreprostd Ihawe LrMIBIEGe ach

i ndependent e . h 0 , opti.onall j d Cl-C6

- aliphatic gﬂr)%u%,%g{r;éR%gé%g\g}%xt@gkggﬁt (()i%%t %Ptm%%éléfﬁig‘}’gfm ch they
are attachesghonstaothpeii eagbhgesubstituted bicyclic ring, said bicyclic
ring selected fromthe following:. 15 N~ ~ NNNNNNNH; H; H; or H
(a) (b) (c) (d). The U@nﬁédﬂreygf digicd os@e ATINGR IR Rt SROREPF T ti on

properti-es across.a,range, of spase _targets W th ef ficacy-in cellular
odol 5 o aoreger Bt PRESK2haBeRERTerRats Eatiit 4 Y BE A B have

i nproved ceihnpeinebrat b@nrapfluphar mcoki netic properties and, as a
consequence of their potency, have inproved efficacg agai nst di seases where

caspases are inplicated. _g_ x . COsR
S
[ n
e A Y B
Y N A—N
gt 0 H 0

wherein n is 1 or 2; R', R?, and R® are various groups; A
10 is 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 ©
X

IJLY/N A,

15 Rs COLR;

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 heteroaryl group, wherein said
group is optionally substituted; X is 0, S, NR,;, or
(CR4Rs)n where R, and Rs are, at each occurrence,

25 independently selected from the group consisting of

hydrogen, alkyl and cycloalkyl, and n is 0, 1, 2, or 3;
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WO 02/ 2278 PCT/ USO11. 17688 Detail ed Description of the Invention 5 This

I nvention provides novel conpounds, and pharmaceutically acceptable :
deri vat i wes02(82218eof , that are particularly effective as cRSHHSH/{7688i bi t ors.
The invention al so provides nethods for using the conpounds to treat
caspase-nedi ated di sease states in mammal s. The conpounds have the general
formulal: RARRL~-NR3ORS NNFNF HOR2 HO z 10 15 20 wherein: R is
CO2H, CH2CO2H, or esters, am des or isosteres thereof ; R2 is hydrogen or

an optional | ubstj.futed - C6 i phatic oup;. R3 .i.s hydraqgen or an
optional |y g%bgt?'?u]%]%ﬂ' (ﬁ@‘gGthlq 4§ @G &%‘éf,engﬁ@%% "ﬁstq'gr@‘eeach

i ndependent hyr 584841 8ol €8 ANEERIeMheyaR r@PHItARRIHAE S Stdtmted Cl- C6
-aliphatic group, or R4 and RS taken tdgether with the ring to which they

are attachedateratred bpteveayryisubpeirtiedd yoisqysitated gtexpeydityclic
ring sel ect or (a) (b)

“(c) (d). t 5t %gg%é?ﬁyig%g:r%‘#g??yhbggiggggi%:ggqﬁ%ﬁﬁﬁ%%zChai n,
branched orseyetitu€ddCd2 RydeocRiRYNSand R; and R, are taken together
with the carbon atom to which they are attached to form a
saturated carbocyclic, partially saturated carbocyclic,
aryl, saturated heterocyclic, partially saturated
heterocyclic or oxygen-containing heteroaryl 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/ 2278 PCT/USQOL/ -t 7688 which are conpletely saturated or which contain
one or nore units of unsaturation but which are not aromatic. For exanple,
sui t abl ewa 02pf2218i ¢ groups i ncl ude substituted or unsubstiPCESON4768ar
branched or cyclic 5 al kyl, al kenyl, alkynyl groups and hybrids thereof
such as (cycloal kyl)al kyl, (cycloal kenyl)al kyl or (cycloal kyl)al kenyl. The
ternms "al kyl", "al koxy", "hydroxyal kyl", "al koxyal kyl", and
"al koxycarbonyl ", used alone or as part of a |arger noiety includes both 10
strai ght and branched chai ns containing one to twelve carbon atons. The
terns "al kenyl" and "al kynyl " uB®d alone or as part of a larger noiety
shal | include both strai ght and ch cHains containing two to twel ve
- carbon atons. The term "cycl g&f P 15 part of a larger
moi ety shall include cyclic C3-Clg hyitr odar hgns lwhi ch are conpl etely
saturated or which contain one or nor® uffits of Qunsaturation, but which are
" not aromatic. The ternms "hal oal kyl", "hatoal kenyl" and 20 "hal oal koxy"
means al kyl, ., al kenyl or al koxy, as the case may be, substituted with one or
more hal ogeWPSESHE! The term "hal ogen” nmeans F, Cl, Br, or I|. The term
“het er oat onk* neaNSo M, t [eged,HOX¥ge8st8ksSUbhiBegndr AelouderTeany oxi di zed
formof nitrogen and 25 sultur, and the quaternized form of any basic
ni trogerd. Al sé&hareafer m "nitrogen" includes a substitutable nitrogen of a
het er ocycl i Gz ri ng. ex le, LE ur . rt4 ally unsat urat ed
ring havi ngﬁO-Ja"5 %@f@f%i%%n%gg%let@?légog?gi&oféggg,ﬁgﬁg uidlorEG ni trogen, the
30 nitrogen mayliyhdti@sgtdud; 4- di hydro-2Hpyrrolyl), NH (as -10 WO
02/ 2278 PCT/USA 1 -17688 in pyrroldenyI{ or NR+ (as in N-substituted
pyrrol sdi nyR) . 1oy 4epden "e&r 8Bc R éonal dy; gyegtifrted Grbocycl 0", or
"car bocyclic" -Pﬁgg5£ I.0- [TE an 5 aliphatic ring system having three
to fourteen meﬁl rs. ?ﬁ%ﬂ; %ggr bocycl e", "carbocyclyl", "carbocyclo",
or "carltocyRf jarid \itfetdrer esathurimdspendeatrly abéleanedt firanetydapgeniefers to
rings that are optionally substituted. .The ter car.bocycl e", 4
"car bocycl yl " 3™ &R W,S‘ipéﬁbtugﬁ?bgt’y iag%pi}ag:&cf r%ﬁﬁ?é 8% phati ¢
rings that areddsedthRkedNedfetHtE WtHBIRE SIndoparWiiBEh Ctiiépgaresuch as
in

attached form an optionally substituted bicyclic ring,

said bicyclic ring selected from the following: -

15

N= = N= )

. S Qe (I
N N7\ NT™N N
(a) (b) (e) (ay.

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

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.



a decahydronapht hyl, tetrahydronaphthyl, or indanyl where the radical or
point of attachment is on the aliphatic ring. 15 The term"aryl" used al one
or as pamoO @f42a78 arger noiety as in "aral kyl", "aral koxy"PCBHiUS01/47688
"aryloxyal kyl", refers to aromatic ring groups having five to fourteen
menbers, such as phenyl, benzyl, phenethyl, 1-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 aronatic
ring systems in whichREEaEA 1N { Rk g ien et ORore rings.
Exanpl es 25 include 1; ht.hyl . .2-pnapht byl. 1- r a acyl .
- Al'so included within Fﬁg%gég}érgngﬁoghgrto&%%e arn?/aq"t'etl chcxéqoq‘lﬂgd%(sgéﬁierei n, is
a group in phhghasaubiesaliyc adcegtiad llelsed itve tdR Ot Haafen 1o e e o Nt é C
rings, such as in an indanyl, phenanthridinyl, or 30 tetrahydronaphthyl,
wher e the rRareaFubprpyi pELertiveadpnsierasoi i mt i 8 ng. -11° WO
02/ 2278 PCTLHEERE 1 08 o INB 55 MesNRERHAMKC o GNSILTRY Ueflouls

het erocycli1¢c” as use Rer &R includes non- ar omati ing systens having
five to foutbetneaenhespaspreaiedialley diseadse tstatdsn iwhintdmnoks or Tiee ring
carbons, preferably ope 5 four, are each _repl aced by a heteroatom such
as N, O orcgﬁpﬁ&ﬁﬁﬁlB§V8f3ﬁ§t§F8€§@ﬂiéOFFW&§'ﬁ#clude
3- 1Hbenzi m dazol - 2-one, (1-subsgd tuted)-2-oxo-bepzi m dazol -3yl ,
2-tetrahydrofuranyl, 3-tetrahy rzfyranyﬁ, @t etgdhydr opyr anyl ,
3-tetrahydropyranyl, 4 10 tetrahydnppypanyll, [l1, 3]-di oxal anyl,
[1,3]-dithiolanyl, [1,3]-dioxanyl'N 23} et yyahyNir oyhi dphenyl ,
3t et rahydr ot hi ophenyl, 2-norphol i Hyl ,0 3- gbr ghol Onyl, 4nor phol i nyl
2-t hi onor phol i nyl, 3-thionorpholinyl, 4thionorpholinyl, 1-pyrrolsdinyl,
2-pyrrol sdinyl, 3 15 pyrrolsdinyl, 1-piperazinyl, 2-piperazinyl,

1- pi perlicdi nyher@ipt peri di nyl, 3-piperidinyl, 4-piperidinyl,
4-t hi azol i dipy| i azol gnyl, N-substjtuted digzol onyl,, 1-phthalim dinyl,
benzoxanyl , Rber Aol SHHERST: BENSBRTPEr | BIHOES BENISRBEEISE, 20
benzot hi ol anylghetenzot hi anyl . Al'so included within the scope of the
term"heterogyclyl™ or "heterocyclic", as it is used herein, is a group in
whi ch a nonRarighetydrederroht o ephianalhy prhgtisuLgdef1t6s one or nore
aromatic or n%132ﬁ1 Qaﬁ%#g s, such as in an indolinyl, 25 chromanyl,
phenant hri di ny tetra roqui nolinyl, or tetrahydroi soquinolinyl where the
radi callsor pobiid pfdedden hoenani spohohaklposubsodaticed Ci-Cs

het er oat orn-cont,ai ning ring. The term "heterocycle", "heterocyclyl", or
"het erocyclic'® C SHiWRL &Pdr partially 30 unsaturated, also refers

to rings that a{e BPEHRNadah Sifdddnidtt1y Ielected from hydrogen,
an optionally substituted C;-Cs aliphatic group, or R*

[
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
Coy. (e Qe S
N NN N"™y N

(a) (b) (c) (da) .

The term “aliphatic” as used herein means

25 straight-chain, branched or cyclic C;-C;2 hydrocarbons
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WO 02/-t12278 PCT/US011~7688 The term heteroaryl"”, used alone or as part of
a larger noiety as in "heteroaral kyl" or "heteroaryl al koxy", refers to

het er oar woae2/42278 Nng groups having five to fourteen nenber BCT/EX@MITbESs of
heteroaryl 5 rings include 2-furanyl, 3-furanyl, Nimdazolyl, 2imdazolyl,
4-im dazolyl, 5-imdazolyl, 3-furazanyl, 3isoxazolyl, 4-isoxazolyl,
5-isoxazol yl, 2-oxadi azolyl, 5oxadi azolyl, 2-oxazolyl, 4-oxazolyl,

5- oxazol yl, 1pyrro|y| 2- pyrronI 3- pyrronI 1- pyrazonI 3 10 pyrazol yl,

4-pyr azol I yridyl, i rim . rlmdl
5- le’l m d);ilW chy?-?fﬁafpﬁ‘ﬂl )‘é?tlﬁya"‘f&ﬂf’lpg ezfrid d‘%b’ip ce "‘H% | O d
5-t et r azol Yo 2t 1828l We, WSk @%@idn et WA 1a:k thbenytons@Lbazol vl ,

- benzi m dazol yl, benzot hi enyl, benzofuranyl, indolyl, 15 quinolinyl,
benzot ri azoFgt, eksempdehi &mltyaﬂoleb@iz@d)mm gromzlmli&@ yl,

i soqui nolinyl. jndolyl, isoi cr or. ben oxazol
*included w gﬂpﬁkiﬁ3£é808§ Hpstu%’g:tl&fﬁ dng“tjlﬁﬁle'cﬁeistrr’yIb' ‘?5 ?1%%{1 ‘ﬁerel n,
is a graup hAnkyhi Chigehgtier @akemva Igriihgss afﬂtsqq/&old@ ﬂﬁ@r@cﬁf N®aEhar omat i c
or nonaronatic rings whére the radical or poi nt of attachment is on the

het er oar ona@fc (eva OaEisé{ﬁfplaé#ﬂnpl (gves iast kel )b | qﬂﬁyl
tetrahydroi ?82&88&!{?% 1?'%91 AR 3t‘}equs°y{$ellrﬂrfll'nyl“ ,erm

heteroaryl so re ings at_ are 2 dnalT stltut ed. The
term “het er Bhy&i:oxya)‘[kly&"use@mdab@raih@ﬂlgﬁalﬂnd vmat]tkcb:hpcaﬂsmyh'et eusady|
ring" or the term "heteroaromatic”. An aryl, (inc]uding aral kyl, aral koxy,

aryl oxyal kyRPlaR8 PKeapi PaFtorthé deFash NI Al yde® BR%Rr oar al kyl and

het er oaryyl a da r tituents.
el o A B o v L ot he

unsat ur at edcgabbnnaabms.of Tm: auqﬂms Hetldreoarly! , arai atadkynpl” hesedoar al kyl
group inclu a halo en SR 1, 2- h dio

B byl enBuPBRy O At BT Bo SRITR TRAR DL T bhator Lide hgth
SUbStltUted559algﬁEpahd %&Q@Hﬂé&‘ﬁﬁaﬁﬂéwaontéﬂﬂiﬁﬁﬁtwéU@étt%@lﬁ@ CH2( Ph),
- CH2CH2(Ph), substituted -CH2CH2 (Ph) , -NO2, -ON -N (R 2, -NRC (O R
“NRC (O N ¢®&rben agRmS2R Theniwer (‘av 1qalk¥3NRNF§§—-Q Y gngy <erR'=1§2 :

(Ro e et ok frreress TSty gi%%ﬁ( Cuag? lJRé:é KON (R
-NRSO2R, - ChyaBdchirbBha, whici=hte denR)etely (GH)rated ¢O)wiRich (CH2) yNHC

(O CH (V- wherein R is hydrogen, asubstltute or unsubstituted
al i phatic g%B’éBglﬁnoGﬁsﬁﬁsf‘ﬂr&éﬂy It & FHrH W o SEF | TR Shenyl

15 (Ph), sufstit¥brdeRl.. - A Ph), substltuted qph) -CH2( Ph), or
substituted - CH2(Ph); is 0-6; and Vis a linker group. Exanples of

substituents on the afhgh&ermsgram aalinle’ phdmdoalkrnet” RRBAcl ude ami no,

| Kyl - |
T R T e

di al kyl am nmagrbenylsabwtlah;k@dy wirgd rcme A re didlngen adkomy car thayl |
al kyl car bongl , _hydroxy, hal oal kox or hal oal kyl. An aliphatic group or a
non- ar onat i E€%8 hEtaéPS@?cl meartn g méyt ¢ ffai ohe or nore substituents.

Exanpl es of suitable %%@Eb%“%&%é&%ﬁat&HQ{@%P@f%Ofo &hiphatic
group or of a non-aromatic heterocyclic ring include those |isted above for

t he unsat uraredutfnboandf iacladds enhersidiaed fpouprhmitheden| apdi ng: 3

0 _52’255 su y an&NNh% ué%%fnfggd’fé%%ﬂg%(any)béglc nf@%gxgn( al kyl

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
heteroatoms selected from oxygen, sulfur or nitrogen, the

30 nitrogen may be N (as in 3,4-dihydro-2H-pyrrolyl), NH (as

-10-




WO 02/t2278 PCT/ USO1 /7688 =NNHSOz(al kyl ), or =NR*, where each R* is

i ndependently sel ected from hydrogen, an unsubstituted aliphatic group or a
subst i t unaxo2ad2eshat i ¢ group. Exanpl es of substituents on PEEUSH{IORSt | C
group include am no, 5 al kyl am no, dial kyl am no, am nocar bonyl, 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, al koxycarbonyl,

al kyl carbonyl, hydroxy, hal oal koxy, or haloal kyl. 10 Suitable substituents
on the nitrogen of a nonaromatic heterocyclic ring include -R+, -N (Rt)2,
-C (O R+, 1mﬂrrol¢d@@yl¢ 00 NRF, (ag (0) Neppbstdrured - SRR+, - SO2N

(R+) 2. -C % N&E%ﬁ 1 C {=NH) -N (R+)2, and -NR+SO2R+; wherein Rt is

* hydr ogen, YA Pphate &r’oup, a substituted aliphatic 15 group, phenyl
(Ph), substl tuted Ph, The( BelrmsS Weslridodyed e Q Fidarddddhy1 substi t ut ed
CH2(Ph), or an unsubstltut ed heteroaryl or heterocyclic ring. Exanples of
* substi t uent $c8rPPREFCAP! pheti ¢ C@rr&%%’rl!{cd’e ashaiad MeipimdPerRRS o no,

al kyl amgno, a

al kyl amsnoc%jr?ggny%gdl gﬁﬁy% r?lr&%g‘cggb t%qie%al am nocarét%ny‘?emberS

di al kyl am nohar bapyisoxyarbolkexie ni t“rcmrchqnﬂ,y]c'a,r bearbadkokycardonyl ,
al kyl carbonyl , hydroxy, hal oal koxy, or hal oal kyl. A caonbi nati on of

substi t uent scﬁFbﬂ?&VF&BF s whether, safuratad %Iﬁﬁxitflaoidéh U A8t on
results in Qlé&agla@e% EBeEFl?@' | ¥ HRasiA & chQL d, Ausd@dlec&gnmpound or
chem cal |y feasi ble conpound I's one I n whi t he chem cal structure is not
substantl aI T]yeateemsd“whe'bolcgptledt, a‘daerrbpmmwthﬂé’ oftcExioeyclels,orn t he

absenc isture ther aI I actl ve condi tions

onet & teekaEBeBYElEel’ p50 s R i R o B TR L he
form of an Eét @heobraﬂib% alrbmaies it r@iﬂi@t@i&&&d’@{@, nBiEwohs cigl eavage
in a mnmal to the corresgéndl ng carboxylic acids, which are the active

caspase i nh@bﬂ@@ﬁb}’dB@@éﬁ hylley t@t@ayslmonaatiinil ¢ oF ckndaeyl tWeekeeci se
nature of t 0 I e g.of this
i nvention. %‘?38 Er gg'no %I%rt %% Sr%ct):%g‘}hrr“geryﬂé élgsge r% ?Coﬁn%]t%f@é%% atrvely
sinple di eth;(hgam de to a steroidal ester. Exanples of esters of Rl

car box I|c acids include, but are ]]2{ notéS ted to, C1 12 alf;(phatlc such
as ClL @5l kyl or C3-|BReyEtRIm K@ArYLar yAse rﬁf‘s%éarﬁ/lpa’é L such as

benzyl or phgpgbbyhoiBelenacyel Wardighamocyalidiaidayn, het er oar yl and
het er oar al kyl . "Exanpl es” of suitable het erocycl yl r ngs i ncl ude but are
not |imi ted“auylaxsalsy&émbeve@@nsem Gaypslatel o iMig [eRouRe JFRV G t WO

het er oat ons_such, as per nyI r phol i Exanpl es of
sui tabl e leﬁ ?eF%aF@P% ﬁgs“é Clt arse p% n% erﬁi 5-6 nenbered

heteroaryl phagethgling- ﬁaphazhyuvm 2he:tag:m:a1ydrrs mmitmmllaiyd,z—
pyrim di nyI furanyl 20 _and thieny B of R1 carbox I|c ci ds may be
pri mar ¢0 se%%ﬁﬁﬁ??yér t dPE &FyM étﬁrtY&bl @ s’ﬁ”qft%ttso @?ﬁﬁeaﬁ?t rogen

I ncl ude, %e&&aﬂ? 'sﬁbts.%qth%edone e CMImONQURS m@%@%éa sel ect ed
fromthe aliphatic , aral kyl, heterocyclyl, heterocyclylalkyl,

het er oar yl anuehehengaabzﬂkywwhodl:@@ ct@sm‘r i'way laboiegfor YAy R abser

al cohol . Li ke pr.o are included wthi n.Jd cope hi s

i nvention. 5%& %‘y‘sﬁd 20t é’lg lq =l L*: 15 ford rﬁ%oveagdﬁg ‘fﬁh%ery in
30 Advancedaﬁ)r agoﬂatwewngewsems(el-ﬁ&@ ,onJEE orl?xﬂon’é)asmg.@ M1 2278
PCTI USOL/ . 17688 | sosteres or _bioisosteres of Rl carbox fll e aC| ds, esters
and an2fes +BSnfef Loprphthelehargenifthyd, 1-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 poiht of

attachment is on the aromatic ring.

-11-



atomor group of atonms to create a new conpound with - simlar biological
properties to the parent carboxylic 5 acid or ester. The bioisosteric

r epl acemaat 02mey78be physi cochem cal ly or topol ogically basedr/use/&gsssnpl e of
an isosteric replacenment for a carboxylic acid is CONHSO2(al kyl) such as
CONHSO2Me. Conpounds of this invention where RL is CO2H or 10 CH2CO2H,

y- ket oaci ds or 8-ketoacids respectively may exist in solution as either the
open form (a) or the .cyclized hem ketal form(b) (y=1 for (err)-ketoacids,
y=2 for (err) ketoacids). The representation herein of either isomeric form
is nmeant to include tBbeothem “hetrRroNyRIed,( “pedAFoCYRAW'R3 @'y O Rs~~ N

-r- Rs~1 N { ~NF N- sH F HO.RHO.H QR b)_ 20 Likew i il
bt appar ent POCBRECERILFL02Fn UERS BPFSiRarne e Rt e ¢
invention neysexhsSthafihgUEerer ke foufteeh el frdFeradlly stidbe f or ms

of the conpounds being wthin the scope of the invention. Unless otherw se
“ stated, striettels #BprBich 2behereMergr &iAks Sarhens + PreguARl viane

stereochem £al (LorMEa0l LOSKSLLHILWR by & ndRER AR sudprUd gur i ons for
each asymmefric cehter. erefore, singlke stereochemcal 1soners as well as
enanti oneriorasd dERampleenefi heffexodyed ief rtibeyspriasdnide GRIHMAS are
wthin the scope 0o WO 02/,.12278 PCT/ U 11 -t 7688 the | npve jop.

f -1 -
Unl ess ot hePai émééﬁF8£72§PPﬁctdﬂé§u@@§P5P§§ ST URELA Lt 1o

i ncl ude CO”?PP”Q'?té{?i‘&h?'a%%hraﬂw,i R -£Re RSB U_1YnyPNe or nore
i sotopically enriched atons. For “exanpl e, cofpounds having the 5 present

struct ures eeteahyfivopyhenyédpl dectetmahylrapyydmygen 9y a deut eri um or

tritiu or_the repl acenent .of rhan_by a_13C-..or .14C-enriched carbon

are mﬁﬁhin ?ﬁ€r§%%§£°8¥rﬁﬁvéliA@eﬁ?rQHPXRﬁ érgﬁ’%ﬁléiﬁh%ﬁtéq caspase

inhibitors @Q,ghaai&géﬁngnQLE@@&bﬁw@Q@QhﬁB@ﬁéﬂyﬂMX£5/35308 have now been

tested for activitéﬁagalnst caspases in_the enzymatic and cel] -based assays
A

descri bed beebrahyasaghiRphesrBourddoricdd nyithe IrVPIRARbARL: of-fornul a |
e o e SRR OB OSCL et Sl T 45
t he i m dazotkionhbepholl liawilng lepyadioldkinydf, Lhipyrroledimgnl ar®- provi ded:

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 Dbenzothiolanyl, 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
heteroatom-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 heterocatom-containing
ring. The term “heterocycle”, “heterocyclyl”, or
“heterocyeclic” whether saturated or partially

30 unsaturated, also refers to rings that are optionally

substituted.

-12-



* one or nore O

3 RLRN 3RILNRO-

R ~ | ~NRO~N N~ N-NII 12 HFHII 12 HFHOR

OORO201-A1-B1 R~-NR3 OR
C
r

1" ~-N/ N“NNFH" '"ZHORORN_1 ~
N R3 O Rwmo 24208812 HF O R O 1-C I-D where R1, R2 and R3 BEHU&S/41688cr i bed
above and R 25 represents one or nore optional substituents. Exanples of R
groups, when attached to a position nonadjacent to a ring nitrogen, include
Cl 6 alkyl, C1 6 al koxy, halo, 18 WD 02L12278 al kyl am no, di al kyl am no,
al kyl am nocar bonyl, PCT/USOL/-t 7688 di al kyl am nocar bonyl, and
al kyl carbonyl . Exanpl es of R groups, when attached_to a position adjacent
to a ring nitrogen, iFRepuHErT; ‘_‘Beg¢R9FFY&f’kypﬁﬁ*ﬁné,1°§ﬁd°d-"| Ayt RE 5
Preferred c bl s_Lnyenty wn of formula | that have
i £”ﬁ£ﬁﬂ%§f@%%%g nagfégtu#ggegégrﬁggggprg erably all of the
foll owi ng fasteesarydxlRdxys, CcREeos est Beseraardastdic irSioRf ermsgser eof ;

10 (b) R2 is a Cl1-Cb strakght chai n or_ branched al kyl %&pup; c) R3is

* hydrogen; aViRg RvanHorEourEesacHeRY8r§gen EXgRPRES, Iﬁ?qéiﬁﬁﬁﬁﬁ with
the ring t I ch. re_ d ko benzim g ri-ng. When R2
i s subsgit8%%@%§p%%?ggggdgsggg?ﬁ?gén§sE?%%P%éé ﬁyérgiy, thio, %5% no or

hal ogen. Sphmidazolpbresemmadazelgiaonémidhzodyﬂouﬁdiumbﬁanyﬁﬂa£4 are

Ri ngR! RORS AFERET Yho y FCOSMEPRO L BenSi HPAAZEPL ¥y ACSPEEE ba sl - 2. i C

02HCH3CH2- Hekad faZ 8l 92, Yh CoRbREY ) , ZeHokaBenzin dazglazé1w1Q02H( CH3) 2CH-H
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 1l-pyrazolyl, 3-

10 pyrazolyl, 4-pyrazolyl, 2-pyridyl, 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, isoguinolinyl, indolyl,
isoindolyl, acridinyl, or benzoisoxazolyl. Also included
within the scope of the term “heteroaryl”, as it is used
herein, is a group in which a heteroatomic 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 tetrahydroquinolinyl,
tetrahydroisoguinolinyl, and pyrido[3,4-dlpyrimidinyl.

The term “heteroaryl” also refers to rings that are

25 optionally substituted. The term “heterocaryl” 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 heteroaralkyl and heteroarylalkoxy and the like) group

may contain one or more substituents. Examples of

-13-
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WO 02/ .

gener al

Ri ngRl R2CW36®R2P$ri n- 8 -yl CO2H( CH3 ) 2CH H3H- | mi dazo [ 4, PEI/EROI7A88di n-

by met hods known to those skilled in the art No . A

2-yl CO2H(CH3) 2CH H 5 for anal ogous compounds, as illustrated by the
gener al

PCT/ US01/d7@G88 Ra_. R3 RS~N N CO2R H~ R 3, R = alkyl b ~4, R=H 7, R = al kyl

~

-.t-, e.

Schene |

| 2278 The conpounds of this invention may be prepared in

bel ow and by the preparative exanples that follow a

, ar RARR-NOC2HH1 a R 3 R~N~CO2ZRH 2 CO2ZRH2NF CH 5 R4 N
R3OCO2ZRd R4 NRBE OC2RRE Y NRS Yy FHNHFOROOR CH

R=H 10 $uitable substituents on the unsaturated carbon atom of

10

15

20

25

30

an aryl, heteroaryl, aralkyl, or heteroaralkyl group
include a halogen, -R°, -OR°, -SR°, 1,2-methylene-dioxy,
1,2-ethylenedioxy, protected OH (such as acyloxy), phenyl
(Ph), substituted Ph, -0(Ph), substituted -0(Ph),

-CH, (Ph), substituted -CH,(Ph), -CH,CH,(Ph), substituted
-CH,CH, (Ph), -NO;, -CN, -N(R%),, -NR°C(O)R°, -NR°C(O)N(R%),,
-NR°CO,R°, -NR°NR°C(O)R®°, -NR°NR°C(O)N(R°),, -NR°NR°CO,R°,
-C(0)C(O)R°, -C(O)CH,C(O)R®, -COzR°, -C(O)R°, -C(O)N(R°),,
-OC(O)N(R®)2, -S(0)2R°, -SON(R°),, -S(O)R°, -NR°SO,N(R°),,
-NR°SO,R°, -C(=8S)N(R°);, -C(=NH)-N(R°),, -(CHz)yNHC(O)R°,

- (CH;) {NHC (O) CH(V-R®°) (R°) ; wherein R° is hydrogen, a
substituted or unsubstituted aliphatic group, an
unsubstituted heteroaryl or heterocyclic ring, phenyl
(Ph), substituted Ph, -0(Ph), substituted -0(Ph),

-CH, (Ph), or substituted -CH,(Ph); y 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,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, haloalkoxy, or haloalkyl.

An aliphatic group or a non-aromatic
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:

=0, =8, =NNHR", =NN(R"),, =N-, =NNHC(O)R", =NNHCO,(alkyl),

-14 -
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Reagents: (a) EDC, diisopropylethylamne, HOBt, 2; -20 WO 02/.12278
PCT/ US011. 17688 (b) hydrolysis or TFA/DCM (c) DVAP, EDC,

di i sopr om0 e42918am ne, HOBt, 4; (d) Dess-Martin peri odi naPET/HSBT68e
shows a general route to prepare the present conpounds. The foll ow ng
abbrevi ations are used: EDC is

1- ( 3-di nmet hyl am nopropyl ) - 3-et hyl carbodi i m de; HOBT is

1- hydroxybenzotri azole; TFA is trifluoroacetic acid; DCMi s

di chl oronet hane; and DVAP is 4 10 _di met hyl am nopyridine. Reaction of the
known i nmi dazBNHIOg gabox¥) i corcFNRor wherdneagh bBnzi #n tedeprendertlBoxyl ic

acid (represente y -genetic structure 1 i t.h.am erivative 2
- provi des an?ﬁieggeaf f%ﬁ’gl é‘é’t%érrog?q’s%gl te u%u‘ilyﬁ%mé%?eérﬁ?{%g}% Ps used
to provide bhegasuiBstdthtedomldidieit iR Yrais., Steaaslss hydrolysis may be

used. The acid 4 is then coupled wth the amno alcohol 5 to provide 6.
* Dependi ng ofiuPEEiRHENES 6 Rhgn sdiihetda greumyitelydRBMiRrPpl ace of the

am no algoh ; L.eh i b i i I case of
20 fIuo;gne§%§?lﬁggg%és%%%gﬁiqéggﬁ i's @%gtij tﬁgﬁghﬂﬁ%ﬁgﬁggho?l%Pgéy be
obt ai ned acatkgiagihochirdomgtl)od il kRdsasinatardonyTet rahedron Lett., 1994,
35, 9693. FiTglgg theggég%px | in cQ und 6 is oxidi zed and fhe conpound
then treat eB-&¥prEPFL I%ééﬁwaiﬂ&% HHEHTP TREUPRY oP* R 3 FET*¥xanpl e, i f
the pr OdUCtnl‘LtiﬂégubﬂrﬁioﬁléaQH&y% QAL dNep Blrbdn/Li s
preferably an ester "and the final step i'n the schene i's hydrolysis. 30 -21

WO 02/ a2278hPaToxBO1 halGas kexyar iove dtadloakanipl e 1

[3S/R, (,2S)] - 5- Fl uoro- 3-[.2- (i H-i ni dazol e-2-carhagnyl). 5

o] T bp1 onyl an nop o CRRd ShEbrt g O Y b Creara et i pom-
(Conpound 1xrBm&xiEHhetdrOcyRiletdiedy Anclude -R*, -N(R*),, -C(O)R*,
(28)-2-[(1FLIn1d@zole-2-carbqpyl)-an1nok-proglonlc acid 10 tert-butyl ester
To a sol uti 0RO 114G (R IaFII R-2--ClDSH (O Bei d-8@eR 7g)" SN (R7) 2,

N, N- di met hy| ot i,dey ( DMV ) ad ahami f.erhs . st.aer

hydr ochl or i dé?a.g'g%g T s%ﬁ%%%ﬁ?ﬁ'lgﬁgm ?@ %g" 7m‘ﬁhég‘tngdl)ﬂHc§TE%o. 41g)

bef or e cool hgdrbgefl, Caand liedettiian grnoupyr & tswestettwied £DPROGI1€¢ 0. 329} .
The 15 group, phenyl (Ph), substituted Ph, -O(Ph), substituted

-0O(Ph), CH,(Ph), substituted CH,(Ph), or an unsubsgtituted
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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cooling bath was renoved and the reaction mxture stirred at amnbi ent
tenperature for 18 hrs before being diluted with ethyl acetate and washed
wi th wat WO @/4d218ri ne, dried 20 (MyS04) and concentrat ed aRCTESUCEEBS
pressure. The residue was purified by silica gel chronmatography (30% et hyl
acetate in hexanes) to afford the sub-title conmpound as a col ourless oil
(0.263g, 73% : 1H NWMR 400 MHz CDC13 7..50 (9H, s) , Z.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).
-22 WD 02/ 2278 Method B: PCT/ US01L17688 [BS/R 4S/ R,
(28)]-5-FIuoro-4-hydr@¥?n31P2 F%I%Fﬂ?ﬂa%%lénzteﬁr58ﬁylPfaﬁPnSFtEFbﬁanylam
no} - pent anoL ¢ 3¢i d ri- | 4td A5y

: (28)-2-[(1&@%71&%&2%{‘%%?%5% ?{.\Eg%ﬂgos ugrdgglégﬁlmgtag(éd? t%grdtiIL ﬁgester
(0.257g) i nini & hhamoakt hanEheZn:b):maponduhgd caor b=y 1hef cacadtr,opmm
addition of trif]luoroacetic acid and r%actlon m xture 10 warned,to room

‘ terrperatureaﬁ‘ﬁdt]é?l??EHVPoFaQHF‘SSefLBPé & QEEr at BSFANRFe R EE T s sur e.

The res'sduemé\éébGPfc\faE%%SSeW EBedE%QEQ%%”%taQ%% (éf\Mth‘é ikt dpiene
(twice) to leave the requiréed 1H i m dazol e-2

car bonyl ) - aamhdé - proppofEcnati druhatca\ha§0u§é1@ wickimg K fulritsher

purification (0,40 olutio (29) [ CIH-i mi da

car bonyl) - ahtt %Ttb&épl éﬁf‘ %F&%H&e § tﬁ‘g §f968}‘18 ﬁ‘%&dran?epen anoi c

aci d tert-bgh¥l resaeivey284aplien dibehiyImamidrs t0Q etdrpildl kaftue.

addi tion of DVAP 20 (0Q.151g), diisopro gl et hyl am ne (0.56nL), HOBT (0.169)

and EDC. HC1EX@mples ofhestexst PénRii @E QXXiFFréﬁléﬁ ARGILERE / t BMSeP&er e
ek
25 afford tbapgckoblkyl| eacgiposndhassaphengdr, essa]ﬂqﬂj d s(LG:rB&&-g @yl 1H
7. 10 (2r1 OB, PHeTSYAYbE ReReEREYSIY3o0heF SEACY SRR R iy, - 230,50 (n) .
-230. 87 (njhetéggaryl, and heteroaralkyl. Examples of sultable 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 heteroatoms 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,
' heterocaryl 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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WD 02/ -L2278 PCT/ USOL/ - 47688 Met hod C:

[3S/R, (2S)]-5-Fluoro-3-{2-[(1H i m dazol e- 2- car bonyl ) am no] - pr opi onyl am no} -
4- oxo- pewtnoi2e78aci d tert-butyl 5 ester o' \ N F H O A soPGUE/USH/ATHSS 3S/ R,
(2S) ] -5-fluoro-4-hydroxy-3- f 2- [

(1H m dazol e- 2- car bonyl ) - am no] - pr opi onyl am no~- pentanoi c acid tert-butyl
ester (0.381g) in dichloronethane was 10 cooled to OC before addition of
1,1,1 triacetoxy-1, 1di hydro- 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 triaéépekgresiofi Meisoskaras,icdddorazperyldsge (0. 0509)
and reactio Lxtu Sstikred.far 1 i L0 d at

* reduced pre%cs:gzriééf %’%gé?gs%géeg&égg iégcggﬁg\}gdﬁl&[e&h%e e’%%e aaiggl%%mrgshed
with a 1.1 stahuoe groagueduathaESE4 anedarqueourwWaSRitind heitdigani c | ayer
was col |l ected,  dri ed,%NgSOfl) and concentrated. The residue Wasl(/&”i fied by
" flash 20 chPyfatdhr BpRYOT5CRePRIRSK tile Sditch It Mt RIHe )CA P YK ¢ he

b-titl | | : 840 OMHz CDC13
13741 45 (SFPRLTE) E858r30 GHe' Bisi5RRRS Mot erte Y . 550
(4H, m, 7.9Byé$Rebcdemicably dro@opbliogicallydda=kd. mAn kxawdd. dab (1H,
25 2xs); 19F NMR 376 Mz 13 -231.85 (t, J 48), -232. 12 (t, J 48) . -24
V0 BT 1228 MOORBHSBL COBRBUBRETEIt EoR & SaSHRMIILHCIY S A cof uiion of
[3S/ R (2S) | cONESOP(LLISr I - st dint 481 dORREO:;MS.

car bonyl ) - am no] - propi onyl am no} - 4- oxo- pentanoi ¢ acid tert-butyl ester
(0.31g) in dichl or one€amreupds pLnddicodieents a oy éﬁoﬁy«ﬂzﬁeoéiddi tion

of trifluorgacetic acjd _and,reacti@n m xture warnmed ta_rqomtenperature and
sti1red % or BHOHer 3t 5EGAGAS: Pon OuKGEP£d OFe dSERR Tt B=¥TIE 1si due
was co-evapphakSthyMibh H5CBHeharethan@penMeiin ) tdd ttLH@tcgﬂcuml@d et her
to give the title conpound as a colourless solid (0.35qg): |

| 785. 7, 1730hdnmikeB8aZ, £&5Rd8.(b) 14#58. Forl§8keRpat268.,7y=2l &dx4pH-1l 50. 9,

| 053.3, 992.13, 931.S, 867.9, 847.0, 15 768.5 cm 1; 1H NVR 400MHz DMSO D6
1.37 (3H, d}fe‘,x’?‘?%@i) 85FDf, FFE§SS€H’E)‘3‘;‘:J-QIBA‘-€2E€F§{ E%R%WW) ;
5.135.41 (1 ~+ 7806 2H; $ g ); 8.58 8, 79 (2H, m NHs)
13C NWR 100f%n£%g%g%)%tl 551%%H%g§b8m§%%ﬂ§%5?§)s; 33.13, 34.75(asp CH2);

48. 68, 33 41(CHs); 83.46, 20 85.21(CH2F); 123.67(CH i m dazol e);

139. 57, 158.86,172. 35(m) (C=0s); 202.70(5 peaks ketpne); 19F NWR 3760M-|z
DVBO D6 decouB e -732319 3F,;5.0CRBICOOH) ; - (226. 89, Re2 96g§30080, 3Y. 59,
232. 95, 233.96,(\,6N, ¥ ring opesed—end rg'n osN). -2 Yy
AR N F RN \,)LN F
(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

-17-



WO 02/ 2278 PCT/ USQOL/.t7688 Exanple 2 [3S/R

(29)]-3-{2-[{1H Benzoi m dazol e- 2- car bonyl ) - am no] pr opi onyl am no}-5-fl uoro-4
- 0X0- penwana22mci d, trifluoroacetate salt (Conpound 2) \PCT/BSH/HGEY H F 5
This was prepared from 1H benzoi m dazol e- 2- carboxylic acid using procedures
simlar to those described in Methods A-D above {142 ng, 90% for final
step): (conpound isolated as the TFA salt) Of-white solid; IR (solid, cml)
10 3277.9, 1654.6, 1526.6, 1188.6, 1142.5, 1050.4, 927.5, 748.2, 712 .4; 1H
NMR (DMSO-D6) 1.42 (3H, d) , 2. 51-2. 95 (2H, m 421475(2Hrr),
4.76-5.60 (e bevgntigndl Poless) othprwgse( Ziltlatﬁi)d sgEracoiregs (2H, n)

15 ar e, aepiatedshdyeid ﬁég&%&(ﬁ“&%ﬂ?ﬁgg hifededfide GBR.02)

103.8, 106.@iffEPFpnl{lénbthé28r8skAtyl oEHbnel 4 &or@&s@tdpﬁrqdlrg 158. 4,
158.7, 158.8, 172.1, 172.2, 172.4, 772.5, Z72.6, 172.7, 173.2 (NC=O),
© 202.6, 202.enrieped abgmsg (Fob) eXPHRAG  MPONSOUREET. a2’1619c1t6|%7FN405

require 1

[3S/ R (%S) ]p}:é %%%r%ggu{:‘é&f?%—#gg&agzol wg&%a%begnﬁc)eénnﬁnr?o]o%ut yryl am no}- 4-
0X0- pent andhgdecgen Bp &r déliterdamebpat €ridglitum,Corpdined XBplRceddnt @E O - 26
WO 02/ -t12278 PCT, USO/ ~7688. Thi s ;yas reﬁr d from e

1H benzoi mi YaZd¥FR2B- B¥r Box i O%a aci - 8 Es Eéﬁgf’ﬁsaﬂenf“’IlgrPlPO Hose
descri bed |§c({§§éhggstﬁ19 gﬁggﬁtgg,y mg, 64%for final step): IR 3280.0,
1659. 5, 157. 1192.5, 1141.6, 784.7, 721.1 cm1; 5 1H NVR 400MH&z DMSO D6
0. 95 (3H rr) I 78 (2M, nuipbeg, sszdggepzmdlm) I%/@@s@ame (nlspitgrs

5.10- 7.41 (2 ) 5.8.443+8. 75 ( X MHz
s DA 010t ufbe deddcs Bl aedetiflaydn 50 B de pldE Ay

34. 65, 34 &@eéfﬂ'ﬂésté& #6r 4at561t52agala&t9@as&@s Kh (B9 65 27 (CH2),
84.36 (d, J 177, CH2F), 103,81, 104.00 (C), 123.89 (CH),. 139.74 (C=O),

156. 90, 158emBYmatbcr7and)gelirbased ggsaye dt?ﬁfcrfﬁf%ioelﬂfs 1AReRg) |
202.51, 20 2 CB%E) & Mdz-dMe0 6. 82
(t, J 45),2'5}%6.%@3?13%5‘ ngggdg 30. ggn?t” 553 -231 43 (1, P?w%:%@,
-232.79 (t,fdudd)to-R32e8Anekpedtébly En@@pb@tiv1ty against a number

[3S/R, 28)] E Fl uor o- 3- fZX{9 1H i m dazol e- 2- carbonyl) 20

am no] me?hyFaeR Py GHFHUFS4- oxo- pent anoi c acid (Conpound 4) Q ~OH ~IIN F

O When R*! and R® are taken together to form a ring
fused to the imidazole, the following embodiments of this

invention are provided:

IS IEEL G
N
20 I-A I-B
R~ R’
(s G5 W ‘\} Lr
I-C I-D

where R!, 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,

-18-



This was prepared from 1H benzoi m dazol e- 2- carboxylic acid using procedures
simlar to those described in 25 Methods A-D above (80g, 850 for final
step): wwae/4eiwder, IR (solid, cm1) 1736, 1649, 1557, 1BCW/USKW4EE88 1434,
1393; 1H NWR (DMSO+TFA) 0.92-0.95 (6H, m, 2.062.15 (1H m, 2.56-2.90 (2H,
m, 4.33-5,36 (4H, n), 7.79 (2H, s) , 8.58-8.90 (2H, M ; 19FNVR ( DVBO+TFA)
-226. 8 (t) , -27 WD 02/2278 PCT/USU | /.17688 -230.6 (t), -231.0 {t),
-232.5 (t), -232.6 (t); 13C NWR (DWVSO+TFA) 18.1/18.4 (CH3), 19.2/19.3
(CH3), 34.5/34.8 (CH2), 51.9/52.2 (CH),_58.5/58.8 (CH),_ 84.3/84.4 {2d, J

| 78. 7/ 178. 72lkpdepingy ) dd aldmlamisye 5 gy Lasmaeayonyl 770. 6 (O,

TR OGRS, bl BT fndR  BHaplEa ok R (29

3- nethylbutgrphpsunwhe&vaummuhe&(bd)angﬁsﬂuﬁ@neaujbééhmp@und bijng ~ H ~CH
F H O This was pregsred from 1H benzoi m dazol_e- 2- carbrfillc aci_d u5|ng

" procedures BtRFPIRIY 0 1PFISESIEscr PEEYL vnaﬂ§y IRWAFLO 879%
for fin step): whit @ RePWIelg ! 7 7, 1373
1194, 1?37; 1H NI\/R{%I\/BO oeéioa(?’ 5 (6H ,%%%5%"?%@? &%, 2.59-2.92

(2H, ), 4.8emporedsndfs fo2EIlzs I 4hathave. Gl RBINGOH, Ofr)t;hé' 66- 7. 68

oH, 8. 36- 2 20 19FNMR ( DVBQHTFEA t). -226.9 (t),
E232 ?(t) }iﬁ“’én{?? a%‘% “(‘%Me( % Qifﬁgazglrl%‘g %1? 19 4/ 19.5
(CHB), 31.0f8h1dkBhab reGluredt. 7/34.8 (CH2), 51.8/52.1 (CH), 57 9/ 5S. 3/ 58, 6

(CH), 84.3/84.4 (2d J 178.7/178.7, CH2F), 124.0 (CH), 145.2/145. 2é
158. 4/ 158. 5/ 15@)7/ B8 is %H oF0 egitiers. 1/amides (g) isopteyey Xtiereyt 173 1

(9, 1859 (0420209202 & (20 J13uf 0O, INepoampaUI3 90t s

i nvention are hi caspases. ounds of
this -28 WO 02L12£ﬁ&h§IHYUSC1/ 7GB8 invention can be assayed for their
ability to inhjhbhit apoptosis, the rel ease of IL-1(err) or caspase activity
directly. Assab% fdt dachYsEasRr ac@®dities are known in ' the art and are

described bel oy n geladid HSNabe eLRS HADREL! I RAGHA HNgohar ARt her
enbodi nent, the |nvent|on
with the ring to which they are attached form a
15 benzimidazole ring.
When R? is substituted, preferred substituents
include hydroxy, thio, amino or halogen.
Specific representative examples of compounds

of formula I are shown in Table 1.

20
N
No. A Ring R* R? R?
1 Imidazol-2-yl CO.H CHa - H
2 Benzimidazol-2-yl CO,H CH; - H
3 Imidazol-2-y1l CO.H CH,CH, - H
4 Imidazol-2-yl CO.H (CH3) 2CH- H
5 Benzimidazol-2-yl COzH (CH3) 2CH- H

-19-




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

phar maceutical ly acceptable salt thereof, as described above, and a

phar macewa @aR?27 acceptable 10 carrier. |f pharnaceuti cal PGT/HEUEFEED| e
salts of the conpounds of this invention are utilized in these
conpositions, those salts are preferably derived frominorganic or organic
aci ds and bases. Included anong 1.5 such acid salts are the follow ng:
acetate, adipate, alginate, aspartate, benzoate, benzene sul fonate,

bisulfate, ~hutyrate citrate canphorate__canphor sulfonate,
cycl opent i onat e, dod¢ 3 f ®iatie,
fumarate, RO-glucohenta 1050 herd sulfate leptadoat e,
* hexanoat e, H
2- hydr oxyet-hanes ;
2- napht hal enesul f citatinidarod 6t 3 il PEridiral e, H
" persul fate, 25 3-phenyl - propiygnate, picr at e,
succinate, . tartriate thiocyanate - tosylate and umdecancate.—Base-sdlts

i ncl ude anmonium salts, alkali netal salts, such as sodi um and potassi um
salts, alkaline earthpggt alibhse S¥CkRnds sakehd AN JrEesAdBRsAld s, 30
salts with organic baggg,ééﬁéh assdicych%exylaEine -Zgﬂp V[ﬁ%%%%42278
PCT/ USQ | - #768énsabl sbyNmaehbyls- Bnghuc & hbosancksidlltesd wiirt Elemiaxdt aci ds .

such as argpnine, sine, and so forth. ,Also, the pasic.nitrogen-containing
groups can t rq%%?i%ﬂ??ﬁdcﬂppﬁuggfh Qﬁeﬁﬁéu§§xﬁﬁﬁ§E%§T%ﬂetﬂﬂﬁ%ﬁﬁ% 5 such
as nethyl , ethyhe BrefYbw afd Byt ¥heCphaphéar ikeod:demplan dipdi des; dial kyl
sul fates, such as dinethyl, diefthyl, dibutyl and dianyl sulfates, |ong
chai n hal i dé®lye€h 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

t hereby obtgthede The conpounds utilized in the conpositions and net hods of

this invention may al so be nodified by appending appropriate
a

functionalitiesHh hance 15 sel ective biol ogifQal pregerties. Such

nodi fications aré}fﬁgn? in the agt and include t e vWhi ch increase

bi ol ogi cal pen’é’tS N’OTCOB 0 a—given hiyl ogi cdl™ S N( .CCQB, bl ood,

| ynphatic system dentral nervous gystem, increase r;E;availability,
increase solubility to allow 28 adginistration by injection, alter

met abol i sm and alter rate of excEetP@dﬁ Phar maceut 3, el bigylaccept abl e
carriers that may be used in theSe2conposition® tnq#uda, but are not
limted to, ion exchangers, alum na, alum num stearate, 25 lecithin, serum
proteins, such as human serum al bum n, buffer substanges such as
phosphat es, glycine, sorbic acid, potassium sorbate, partialcC@Ryceride

m xtures of saturated vegetable fatty acids, water, s@lts ¢r electrolytes,
such as protami ne sul fate, disodium 30 hydrogen phosphaism sium

hydr ogen phosphate, sodiumchloride, zinc salts, coll ¢pidal PHIca,
magnesi um - 30

5
4 4
R 3
5 B e 5
AR PN . LI N Ay -
H O R2 H H O R* H OH
7, R = alkyl 6
ng,R:H

10
Reagents: (a) EDC, diisopropylethylamine, HOBt, 2;

-20-



- t her eof. The

WO 02J-12278 PCTJUSO J~t 7688 trisilicate, polyvinyl pyrrolidone,

cel | ul ose- based substances, pol yethyl ene glycol, sodium

car boxynwiohezisezisl 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 ment, the conpositions of this
invention are fornmul ated for pharmaceutical adm nistration to a patient,
preferably a human being. One aspect of this invention relates to a 10

met hod of treating a caspase-related disease in a patient in need thereof,
whi ch et hotbk rolyshandri TFR/PAY: t dcd hBMPELi &DC.a t herapeutical ly

effective qﬂp Rﬁg%g}ggﬁ?fgagn LdﬁBﬁ Lghl 8& %ggga@g&& yjical conposition

I'nc veterinary subjects. Such
pharnaceutlpéﬁlddﬁmmmetlons of the present invention nmay be adm nistered
orally, parenterally, by inhalation spray, topically, rectally, nasally,
" buccally, vaginally or via an inplanted reservoir. The term 20 "parenteral"

as usedgherein |nclud§éhéHQc§t%Hgggsa éghg@g NQYStd RJ

intra- artlcular intra-synovial, Intra terna i ntrathecCa |ntrahepat|c
i ntral esi oratesatt | admponadsal Thﬁefblmnwdnglabhmem1&ﬁmdnacnn&;used

Pref erably, e, Co Lons, are 25 adnin rall i ntravenously.
Srerti o i hERG o oL T b raL B ErRLSmEROBE Y 3s SRt Sk iy be
agueous or ﬁb@@giQ095h§&§829ﬁéﬁﬂotfhgﬁeléuS@@@§h%ﬂ%ﬂﬂ@&d&k6é&éﬂ&éﬂed
according to techniques known in the art using suitable dispersing or 30

wetti ng agemeid arCMuspediichdorguatbangheasde PMA® iLg dct abl e preparati on

Ty 2l 39 Do L Le hORSELAPLE - oo o002 42218 REILUSQ IR0, ol ut on

or suspensi on I n I'C paréntera accept a or SO vent,

for exanpl e2-aSaxbseyLitoacia &rSthatnﬁednobenémmﬂmddvieyzxnaﬁﬁﬁxybf&ncles
and sol vents tha be egglo ed are water, 5 sol utj on and

ma
i sotonic scﬁﬁ{ﬁniﬁWE¥?63n§ uPY ogenerigqai FPGﬁur éﬁlW@- iFDi s are

conventi 0naééa/eler@éeyegt%eazsgksemaeer aaaaee@d' NG fMegidiBstef IS a
pur pose, any bland fixed oil be enpl oyed including synthetic nonoor

di - glycer|desrthmtylaesuer,smEA as DCHi ¢ savisédantd 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, 95693.
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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10 its glyceride derivatives are useful in the preparation of injectables,
as are natural pharnmaceuticall yacceptable oils, such as olive oil or castor
oi |, espw® ®42978i n t heir pol yoxyet hyl ated versions. ThesePGI/ISHHTM8I ons or
suspensi ons may al so contain a |long-chain 15 al cohol diluent or dispersant,
such as carboxynethyl cellulose or simlar dispersing agents which are
comonly used in the fornul ati on of pharnaceutically acceptabl e dosage
forms including enul sions and suspensions. Other commonly used surfactants,
such as Tweensi Sgans ang 20 ot her emnul sifying agents or bioavailability
enhancer s whi |y used in the manufacture of pharmaceutically
acceptable solid, liquid, or other dosage forns may al so be used for the

- purposes of fornulation. 25 The pharmaceutical conpositions of this

i nvention néyatmelerally adm nistered in any orally acceptabl e dosage form
i ncl udi ng, o] imted.to, capsul es abl.et s, _agueous .,suspensi ons or

" sol utions. e bet 3 d g L AZ0le % e 30
commonl ¥ usg@ihoTl pdeph aaiaaainnd -a0okoshantndiWrddatj ng agents, such as
magnesi um stearate, are also -3Z2Z W 02/ NZ2Z78 PCITUSOL/ N7688 typically
added. For erifludanearetphei §alin (§ompeymde orm useful diluents include

| act ose and dried cornstarch. When aqueous sugpensions are required for

oral use, the active ingredient is conbined wjth 5 enul sifying and
suspendi ng agents. |If desired, {@Wtaiﬂ¥iﬁﬁet niAd, flavoring or coloring
agents may al so be added. Alter ﬁdkﬁﬁ E paceutical conposi tions of
this invention may be adm nisterigd itin the Hormy of 7.0 suppositories for
rectal adm nistration. These can becbrébared B nmixing the agent with a
sui tabl e nogeik&ELALI Ng excipient which is solid at roomtenperature but
liquid at rectal tenperature and therefore will nelt in the rectumto

rel ease the(2a8ug2-1%518udnidarel eaks cembonysd ) cavdaddutpron i dwies vaagd dind

pol yet %IenE g!yéo!sl Th% gharnaceutical conpositions of this invention may
al so bé ad |1y, especially when the target of treatnent

i ncl udes areas or organs 20 readhzy accesspbl g by topical application,
i ncl udi ng di seases of the eye, t i 0 é;E;Iomer intestinal tract.
Suitabl e topical fornulations areﬂiiiﬁﬁﬁfg% pated for each of these areas
or organs. Topical application for the [ dwer intestinal 25 tract can be
effected i e I pagi tary f.ar ti,0 Q of | ui tabl e
cnem f or mFatt oo tEaaPr, 1 ARERRaE sa e A il oy

topi cal appimcH} Nedsmethelfbanamddeat i(DMF)CAIMIdi WaENadded keldroimel ated in
a suitable ointnent 30 containing t he active conponent suspended or

di ssol ved i hebhePBEYiopatesr Pyerochérring  -239) oS icioRE2PY Leid b - t 2278

PCT/ USGl/ ~70fEhadth nbohLd! bR BTN 0caTRUBLE dile (s dxdy s i@ ¢ nol ude,

but are not limted to, mneral oil, Iiqudid petrolatunllﬁzite petrol at um
propyl ene @yécteapbigpxpdkhyprensrepsiedosnisho BPCemE e oifbaidad, . eisi fying 5

For mal at oa Fe0 504 PBRc R rehReR ARETERE rakarit MALHE S8k hon: <

suspended o4t damisDéNEdteRpenatQkemEbe pBahiac dficial heiacsepiaiteicarriers.

Suitable carriers include, but are not |imted . ,
with ethyl acetate and washed with water and brine, dried

20 (MgS0,) 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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10 to, mneral oil, sorbitan nonostearate, polysorbate 60, cetyl esters
wax, cetearyl alcohol, 2-octyl dodecanol, benzyl al cohol and water. For

opht hal mv© a2s278t he phar maceuti cal conpositions may be f oPGTIDSM16d688s

m croni zed 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 benzyl al koni um chl ori de.

Al ternatively, for ophthal m c uses, the pharmaceutical conpositions may be
formul ated 20 jn_an ointnment such as petrolatum The pharnmaceuti cal
conpositi orf4eBROEHBS i nventi on may al so be adm nistered by nasal aerosol or

i nhal ati on. [ $4¢R, CREPRSI (LaNS _gtglﬁlbecgar‘leql%%@{%ﬁ%%gp[ {eghni ques wel |
“known int i i prepared as

sol uti ons iim$dhzade-2nrpavbpnylbeaminod |-paiepiony lemtigro sipamtisnmic

preservati vesidagsor Eltoi Enapgoggt ers to enhance bioavailability,
" fluorocarb = ntional solubilizing or dispersing agents.
30 The above-described conpositions are partigul arly useful for treating
caspase-related -34 WD 02/2278 PCT/ USQOL/ ~7388 #f’'seases. The term
"caspase-rel ated disease" refegsfo an If-1{me® at’ed di sease, an apoptosis
medi at ed di sease, an inflammat Ogy ~di-S'sg toi mmune di sease, a
destructive bone disorder, a prBlifleraiiv isprder, an 5 infectious
di sease? a degenerative di sease, a di sease associated with cell death, an
excess di etmargodhedbal oEni(ake -di-J€ase imid Quzcidle 1mpdiaxitesh i )seasimoluvei ti s,
inflammatory peritonitis, osteoarthritis, pancreatitis, asthma, adult
respir at or yPEPREPRES 3Gher 56T -PYtIoRELE oI 19)s 1% heunat oi d arthritis,
system c | Upiisn eb¥bRERBLASUonEY! HallecBRed UPNido (NI S Idnodi e’ S
di sease, autolnmune gastritis, diabetes, autol mune henol ytic anem a,
aut oi mmune additbprnod, trhfdnbropcetdni acichro cresxtti van hepdiine s,
nyast henia 15 gravjs, inflamuatory bowel disease ohn!.s di sease,
oo | ads GREHPE s FRPM FENBELRFIRR 7 SO AR A (Db RREORR gan
transpl ant &@hp6theion06hEEROHREUSed RHeRBIR ANdrHe| Ll SRfdlass,
myel odyspl astic syndrone, mnultiple nyel ona-rel ated bone disorder, acute 20
myel ogenouseYepReatad t’!thnfiéchﬁé’Pf@g@ﬁ@%el divdified, and dsehisne nel anons,
Kaposi's sa ti 0 re-RadiL£ K, fé’éd _septic
shock, bur ng?‘ggﬁ%g}*og?é{se%g e?%@qu%?s(g@e,fégﬁnﬁs%ﬁ S dllsesezzse,
Hunt i ngt on' sagbergl -akéno¢dprepdiosdas ecigr itdra tdiveeasee® Swvicheeitr al

i schem_a, epil epsy, ocardi al ischem a, acute and chronic heart disease,
myocar dival ‘ﬁF‘éﬁ@%/i BWF/lgbﬁaE%PPVéohé‘?lgt? ‘failure, atherosclerosis, coronary
artery bypass g_raft, ﬁpbaah;%ac%ar(z@t)r-prtymmmaa%n&-iat eral

sclerosis, nmultiple sclerosis, H V-related 30 encephalitis, aging,
al opeci a, nearbpoyltapminahgprepd ong csacdikde angd deraning Tofiudrme-4Taumati c

] gy ARGALEET IR M SO OB

Japanese en¢ephil wasscovaetdous 00Or 05 beff dvevaidditsieasegf oMt di sease,

pol yaptic ki dney disease, H. ori-associated S gastric and duodenal ul cer
di seasé? H Wrﬁgéﬁkioﬁ}lFGBéPgébﬁéﬁ’i &H‘&%n(i%gﬁ‘i%?ls).' Iﬁ%ﬁ%r?%&@es of the
present conpogi EheNAciN¢budgqdn | bnk nRAi-Atiesd Hisaane i ARQPLASIS
nedi at ed di sease, an inflamatory di sease, an autoi nmune di sease,

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) 1op
NMR CDCl; -229.74 (m), -229.84 (m), -230.54 (m), -230.87

(m) .
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10 a destructive bone disorder, an infectious disease, a degenerative

di sease, a disease associated with cell death, an excess dietary al coho

i nt ake dmaeese?7ga viral medi ated di sease, uveitis, inflanPEl/or§1/47688

peritonitis, osteoarthritis, pancreatitis, adult respiratory distress 1S

syndrone, glonerul onephritis, rheumatoid arthritis, diabetes,

t hronbocyt openi a, inflammtory bowel disease, Crohn's disease, psoriasis,

scarring, organ transplant rejection, osteoporosis, haenorrhagi c shock,

sepsis, septic shock, burns, Shigellosis, Al zheiner's disease, 20

Par ki nson' s di sease, Huntington's disease, Kennedy's disease, prion

di sease, cq¥e€§a% i, schem a, epilepsy, acute and chronic heart disease,

* coronary ar ry° ypass graft, amyotrophic lateral sclerosis, multiple

sclerosis, ptoprrias) Vleseratiore-golti[1H-AalRizdl Al daddynyf ), - 25 spi nal

cord injury,” varrous forns_of ITyer disease, renal di Sease, H

" pyl ori - assa@thied-PHePL PRYA AN 1880 dAn KO PEAC AFio3«Eh S 1 G fef 3
compoun npositions are also useful in treating conplications

associagid%£§¥§£coronary artery 30 bypass grafts. The conpounds and

conpositions are also particularly useful forQtreating cancer, either alone

or -36 WO 02/-12278 PCT/ USOL/-~L7688 in co on with anot her therapy
such as chenot herapy or radiot@g? pyphlﬁﬁ cpnpounds and conpositions al so
o

may be used as a component of i v ﬂ Ehe treatnent of various
forms of cancer. 5 The amount of ouindMprgsent in the abovedescri bed
conpositions should be sufficient to cause a detectable decrease in the
severity ofAtseldtsenasefon3B8Red2pa3 e Sadilnviroy 4aiyidaroxyeld - {@poptidsi s, as

measured by, apny of. the assays scri,bed in the examl es. 10 According to
another enbURTARAPLET A CBERYBYLY L GMLRE ~BReD IRV OH IRPA TS conpr se
anot her thejepgutberapaiyyl seebraqentsignclindeidmllordnttiind iwdd ed to,

t hronmbol ytic agents such as_tissue plasm nogen activator and streptokinase.

When aldecorroledabend®¢ sbefere additbennef ayehi Inhyipeesornisier ed either
as a separqﬁf%ggéggf EgﬁghgﬁogﬁxBiiﬁég%'Qoﬁ%nQbQ Qg%ﬁge tfHé“d%ﬁéﬁ#

e
conpounds or npost{Tons o Is’in ion.” It s d al’'so be~“un é?stood
t hat a specwdscsR0rredage abdmt keapsratutegifivan 2o befiorepardditiilar it i ent
wi || depend upon_a variety of factars, _including the activjty of the
specific cdﬁbdﬂ%@l%hﬁ?@geé?rFﬁgnaﬁ , 1bddy RRHLGEEFiTer - HeHdUP -~ sex,

diet, Ui of;a00hpish6R5108 (1EALEn8! (BX05E)] Qd HeibGUPiald il and 25

t he judgnent of the treatin ysician and"the severity of the particul ar

di seasd5beisigixredt or YRemanpbefose hedhge congeadiratesl Wl Iredusediepend
upon the paILIcy AL compgund and OLer ok NELaneYl & aqsRh, ddedliesenlq (N

t he conposiiion. a prererred enbodi e hée imv ion provides a
met hod of tweshéedowhthuamal]l haxtogeodE abiukbes- JAHSONO20d/ adid2dbs

PCT/USC&/~%§§%;8forq¥§2tggned,diieases, conp&&sing t he St%P of
28203 ganic 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, wm), 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).
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adm nistering to said mammal a pharnmaceutically acceptabl e conposition
descri bed above. In this enbodinent, if the patient is also adm nistered
anot her Waésnrameuti c agent or caspase inhibitor, it rmay PET/H80I/47638%d
together with the conpound of this invention in a single dosage form or,
as a separate dosage form Wen adm nistered as a separate dosage form the
ot her caspase inhibitor or agent may be adm nistered prior to, 10 at the
sane time as, or follow ng adm nistration of a pharnaceutically acceptable
conposition conprising a conpound of this invention. In order that this
i nvention b¥ewbed Pul |y understood, the follow ng preparative and testing
15 exanpl es.are Sk orth. These exanples are for the purpose of
'iIIustratio%ggﬁgggaﬁg are not to be construed as Iimting the scope of the
invention in any way. Exanple 6 . 20 Enzyne
inhibition are based on the cleggige of a flu
a

ays The assays for caspase
%%enic substrate by

s w1, F3,|or =8. The assays are run in
essentially the sane manner as &gbmk ¢ 2216. 25 Conpounds 1-5
each possess a ki nact val ue grea?erc;hah 2800Q, M| s-1 agai nst each of
caspase-1, caspase-3 and caspase-8. -38 WO 02/-12278 Exanmple 7

PCT/ US01/ ~7&88o1uhiibit bdn (66 /RL.-(26e 1 )5 -Fdareetad @t §2-obhi M xii Ropolet2en of
Peri pheral Bl ood onucl ear Cel PBMC) Rrocessing of pre-1L-1(3 by
Caspase-l :!‘_ AMINON -Propio =] 4 O-=P€ a1e aC

sources. Hupapt E‘Bh@y@bb@iteeg (or.amgfyeah
of T'ynphocyte an

: JAF S 1o &le B2, 1 el

popul ati on nononucl ear cells that produce a spectrum of
i nterl euki ngcahddcypoRi’n€s befores dapparitse walditclearsses of physi ol ogi cal
stimulators,_10-Th condistions used .for j.nhibition of . IL-1(err)
secretion f?%ﬁ?%??gag%%%éFa?Fgg 8%pgﬁﬁ$$r%a Wﬁ%&) ?ﬁﬁ%ﬁmﬁﬂeﬁﬁ %%?Ts may
be found intcdpd4aLhee Tha krbrbiedofprpeanbeftrd hevassmotisis wadebe
represented by an | C50 val ue, which is the concentration 15_of inhibitor at
whi ch 300 oFedveerdaPiresirer(3The Feedciusd Wad (IR SRR TRk tWHEE conpar ed

to the posigi¥R16PBhERhSne (twice) and triturated under ether to

" reconbinant, purified human Cas

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, 992.13, 931.8, 867.9, 847.0,

15 768.5 cm™'; 'H NMR 400MHz DMSO D¢ 1.37 (3H, d), 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,NHs) ; >*C NMR 100 MHz DMSO D 18.13, 18.85(ala
CH3) ; 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) ;
F NMR 376 MHz DMSO Dg decoupled -75.19(3F,s,CF3COOH) ;
-(226.89, 226.96,230.80,231.59, 232.95, 233.06 (1F,6xs,
COCH,F ring opened and ring closed).
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The conpounds tested were found to provide an | C50 value | ess than 1UM for

i nhibition of I1L-1(3 secretion from PBMC EXAMPLE 8 Anti -Fas | nduced

Apopt osi woresRy7sCel | ul ar apoptosis may be i nduced by the POT/bBodi7eg$ of Fas
ligand (FasL) to its receptor, CDO5 (Fas). Conditions for an assay to
measure the effect of conpounds on the inhibition of the caspase-8-nedi ated
apoptotic pathway may be found in WO0142216. Conpounds 1-5 each were found
to provide an 1 C50 25 value | ess than 200nM for the activity in the FAS

i nduced apoptosis assay. Wiile we have descri bed a nunber of enbodi nents of
t hi s i nvent Esample s apparent that our basic exanples -39 WO 02L12278
PCT/ USOL/ . 1 §§ ' Hoytlllze
" the conpounds H Ft-S—Hve v
appreCIatedptbp&oh@eamﬁﬂnq-GLﬂderd4nuﬂﬁa4ﬁentaﬁ@némaé&d;ned by the
appended clains_rather 5 than by the specific enbodi nents, which have been
" repr esent edtE}fhHQrEACREARS SaltolComgownd - 42278 Wiat is clained is: 1. A
conmpound of forrmula I: RA RL >-NRZB3OR~3$ “\NgNF HOR2 HO z

e

This was prepared from lH-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, 1le654.6, 1526.6, 1188.6, 1142.5, 1050.4, 927.5,
748.2, 712.4; 'H NMR (DMSO-DS) 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); **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, B5.2, 85.3, 103.8, 106.0 (CH2F), 1ll6.6, 123.9
(Aryl CH), 145.3, 145.4, (Aryl C), 158.4, 158.7, 158.8,
172.1, 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  C36H;7FN4,Os requires M' 364.1183 (1.8 ppm).

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

aminol -butyrylamino}-4-oxo-pentanoic acid,

25 trifluorocacetate salt (Compound 3)
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PCT/ USOL/ - L7688 wherein: Rl is CO2H, CH2CO2H, or esters, am des or

i sosteres thereof; R2 is hydrogen or an optionally substituted Cl-C6

al i phat i wogreap’s R3 is hydrogen or an optionally substit uR@HUSIIAHDEBS

ali phatic group; and R4 and R5 are each independently selected 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 foll ow ng:
NNNNNNH; H; or (c) (d). 2. Thecorrpoundof claim1l where
R2 is an opfiéRaVas EEBE’ﬁifﬁdt aoml@- p@} M dgrz remictiar ke w{lcgroup 3.

The conpoun omthe group
- consi st ng Br 0. §1Eh, priBbangs iR Y B B RN A T

PCT/ USQL/ - 1&BRodls KORHabbvest(@rnyg, mapyi (d;ass dox fdsiaﬂr@ﬂ:éﬁ‘befem is a Cl-C6
straight chain or branched al kyl group; is hydro and and R5 areg each

" hydrogen, of2#-8nd* &8t 8getRdr v hd1PPng 1t & 1A t% ar &/ Ht tlackediform a
i m dazolse rignGavet-4oldiBs oBmedIng, of . o4 aj 8 3 MAViNg74 h@zﬁéol ,EBWI fggpgeatures:

a) RL is CO2H or esters, am des’ or |sosteres t her eof a Cl-Co6
strai ght chai 88of2By amthed . abky¢ . gBoUp;. SH), A S mml-ﬁcxgié?n (JarEH,d)m)R4 and R5

are each hy,?ir en ﬁ}? ? R? h g é h tl_h {) % W%ﬁ}e are
attached fo n?g t()%lﬁm da§0 &+ g 1 2x}5\‘t)(10np @ isﬁ
group COHSI§©Iﬂg 10.298, 15.52 (CH3) 25.42, 25.49, 26 03, 33.06,
[3S/R, (2S)] -5-Fl uor o- 3- {2- [ ( 1H i m dazol e- 2car bonyl )-am no] pr opi onyI am no} -
4- ox0- pent ahdi E3acd4: 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) 1 -5-Fluoro-3-{2-[(1H-imidazole-2-carbonyl) -

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

Aty

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™) 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),
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5
[3S/R, (2S)] -5-Fluoro-3-{2-[ (1H i m dazol e- 2car bonyl ) - am no] - pr opi onyl am no} -
4- ox0- pewtaosi2e78aci d tert-butyl ester; [3S/ R PCT/US01/47688
(2S)]-3-{2-[ (1H Benzoi m dazol e- 2- car bonyl ) am no] - pr opi onyl am no}-5-fl uoro-4
- 0x0-pentanoic acid; 10 [3S/R (2S)]-5-Fluoro-3-{2-[(1H i m dazol e-2
car bonyl ) -am no] - but yryl am no} - 4- oxo- pent anoi ¢ aci d;
[3S/R, (2S)]-5-Fluoro-3-{2-[ (1H i m dazol e- 2car bonyl ) - am no] - 3- et hyl butyryl a
m no} - 4- oxo- pent anoi ¢ acid; -42 WO 02/.12278 PCT/USO 1/.17b88 [3S/ R,
(29)] - 3-f 2-143%+ Behlzbi nir dazePe{P) carBaRyP) di#) no7232mét Hy but V¥ yA"™Ri no} - 5-f
uor o- 4- oxo- Ley achd; n At hereafy. 5. phargraceuti ca
'conpositionH%@%%Pﬁggkgig'%6%%6%née§gzbrg?ﬁg??%'gnﬁcgﬁg’o?%ﬁgirm'ﬁ?S and a
phar maceuti ¢y, asTepyabl.e deH)i, es8.8,/5A. . 8et(lotd ,of84t.Rgdd4 .Ag @4, J
caspase-rel ated ?isease in a patient, which_nethod Sonprises m ni stering
"to the pati®h®- & 1 herApeGHPEAN| 26 PedfMe dduit & raiCGourtd of formul a
| R4 1ol NFS & RRS-1hhNg/1haFoH (©) R2 26205y 2Wherei g, Ry 1% @A . £H2C02H,
or esters, amdes or'isostefes thereof; R2 TS5 hydrogen or an optionally
substitutedc@l-C6 aliphatic group; R3 is hydrogen or an optionally
substituted Cl-C6 aliphatic group; and R4 and R5 are each i ndependently
sel ected from hydrogen, an optionally substituted Cl-C6 aliphatic group, or
R4 and RS tpkefpi@osther with the ring to which they are

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

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

Bt

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, CH;F), 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 (2d,
J 13.8, CO).

The compounds of this invention are designed to

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



attached forman optionally substituted bicyclic ring, said bicyclic ring
selected fromthe follow ng: -43 WO 0212278 \/ ~ ~/ ~v / NNNNNH
H; H,; Wo@ae28b) (c) PCT/US01/.17688 N~ N H (d) . 8. TheCHEBHAI688ccor di ng
to claim7 wherein the disease or treatnment is selected froman IL-1
medi at ed di sease, an apoptosis nedi ated di sease, an inflanmmtory disease,
an aut oi mune di sease, a destructive bone disorder, a proliferative

di sorder, an infectious disease, a degenerative disease, a disease
aSSOC|ated with cell death, an excess dietary alcqohol intake disease, a
viral nedi ai'tfé‘de%l"rls‘é‘asﬁanubél FF§aYPﬁf FEQMPGH? FEAlEEY (5, “g’s‘g?e’cfart hritis,
pancreatitis st hma, gﬂ |ra%o#¥ stress s %dro Qv

- gl oner ul onePHIRTPELS ﬁaF8 ?tﬁ S Psydt & s erﬁﬁ enat osus,

scl er oder megi gV C t AKERLEI EbE, e%ﬁvafs thieS @R&G v idiiled AR GgREd rini s,

di abet es, autoi mmune henol ytic anem a, autoi nmune neutropeni a,
'thronbocytd@@ml@rtchndnateadesvﬁlhééabeﬂpg'l@yé@ﬁ@@%a%%yﬁhﬁs?eﬁﬁﬁm%nnatory
bowel di sease, Crohn's di sease, psoriasis, atopic dermatitis, scarring,
graft v host %ﬂ%%ase organ transplant rejection, osteoporosis, |euken as
and rel ated di sor der sacayetioflgs pbaahbe heynedimboe i, M nyeteameiore! at ed
bone di sorder, acute nyel ogenous | eukem a, chronic nyel ogenous, | eukem a,

met ast at | ¢ PEPEHORS, aKﬁﬁBEPSétéQFCSﬁE‘Prﬁﬁllﬁgplae SHRBHRE Hadibrs hagi ¢

shock, seps g, 3EPLLC §h9C§haPHEBéHF§E'aQ§E)%% dtér?l@'srﬁt SHESESEE,

Par ki nson’ s di sease, Huntington's ease, Kenn s di sease, prion

di sease, ceambdaécr$bbdnhhpvep|hadsy phﬁmmauﬁuﬂlq&iﬂxﬁaqgepuahbeand
chroni¢c heart djsease, nyocardial infarction, -44 WD 02/2278

PCT/ US&C) . fﬁﬁﬁ?%ﬁngestlve heart failure, atherosclerosis, coronary artery

bypass graft, spinal jﬁ.‘EsﬁHh%aééﬁQ%HM?’fm e@i%l'é!lﬂé alaral ¢eleesi s,
mul tiple sclerosis, HV-Trelated encephalit gi ng, alopecia, neurol ogical

danmage due conpovnde, Oﬁlébnativ&eﬁbﬂpn|§TQf4§HﬁﬂﬂQ§tﬂQHQhﬁﬁﬁury, splna
d t
cord | ngfrg%%%ggitioggphgﬁggg Lhh$5Ca1eRd) ornslrsa;& YRl Qe d e85, dengue

f ever, €se €en vari ous |ver di sease, rena

di sease, poiyepyasiki dmeysrgaaeasaclﬂs ayﬂdohasm.om]aicﬂdxyaitmm@nd
duodenal ul cer. disease, _HV infecti t uher cul osi s, %Btls

t r eat mRt f%&C%oﬂﬁFﬂcﬁﬁﬂéﬁsaé@s&@?ageaLHWH?Qbo Eﬂyiass grafts,
or an i munof henapy, f QEphPEatECabERRbaRk v Medthd cgdusfd}{a@@ncer

bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate,

20 glucoheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesul fonate, 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 as dicyclohexylamine

-29~



9. The nethod of claim8 wherein the disease is selected fromlL-1 nedi ated
di sease, an apoptosis nedi ated di sease, an inflammtory di sease, an

aut oi mmuw® @iemse, a destructive bone disorder, an infecPCHUSOITEBase, a
degenerative di sease, a disease associated with cell death, an excess

di etary al cohol intake disease, a viral nedi ated di sease, uveitis,
inflammatory peritonitis, osteoarthritis, pancreatitis, adult respiratory
di stress syndrone, gl omerul onephritis, rheumatoid arthritis, diabetes,

t hrombocyt openi a, inflammatory _bowel disease, Crohn's disease, psoriasis,
scarring, of@ahstr Hn@ptant -PePdticia8iineps ttehdraddi s Wi iz @ €1dfock,
sepsi s, septi.G..shqc r:0S, i.gel | osj iyer's di sease, Parkinson's
- di sease, Hu%??%g?%nEgggﬁgg%éeigkg%ﬁgd%ugid#%égggg?brion di sease, cerebral

i schem a, epilepsy, aalke,antecbaeiicc Migardgertoontd@ Mg | @2Bs can

PCTI USULl/ -t 7688 di sease, coronary artery bypass graft,_ anyotrophic |ateral

" sclerosis, BRIl ErpFeradredodish sughe@GEntH Gt hIWRE c%llfﬁ/ shalidedmti c
brain injury,~§pL5Ra TRV jqou I f i . 8l sease, rena

di sease?}>| H. g%?ﬁo??‘- glseggié,iqét g&%’gét ifgy nld ?J{)(gena }plul%lléjf/&d}(gééhse, and

meni ngi ti s. btOmidike aethddddidesl;aidhalkwlersilfates disecscasrdimathylon is a

| i cati on, i at i th t b fts, 11.. T t hod
o0 Rl B R ERRPT f Re ot end DBt STt Tt i A g
wherei n t hegfiBhhgd gecyaed 1ialreQTbinatigtiy W dnl chedtPer aRYoPides,

radi ot herapy. 13. The nethod of claim 11 wherein the conpound is_ a
conponent obromidast Radagpdidest harsléatindlisiesameeh as bameyvheandd

accordi;ng t clai -1 e he _ e

f eat ur elsrb se&égﬁéiéﬂ&rlom“f ”Edgeﬁog‘ﬁl\gg%ﬁgﬁers]istihg vgafq{:g)’?;%&:dﬁsg%%rg%ster s,
am des or i898pereibleepeolductlbhdd therelyl -dBsined ght chain or branched
al ky group; ' ( ¢ ) R3 is hydrogen ; and &%%'R4 and RS are, each hydrogen,
or R4 and RS toget her Thiet Foppeundsy Utd ldrach ihdyhenrermRestheens ofRda
benzi m daz LG 746114 1.5, met hod
accordi ng %égfr}gagf OEI gﬁlr}ssvgp%%&\%ﬁé?le;nﬁgg %gc%-ﬁﬁ%ﬁﬁ%i%e%@f ol I owi ng
features: (appidisgCaphropristter Sunamtidemnlotiesostereshameeeof; (b) R2 is

a CI_CQSStrgéQQEth%Igi%&o%ﬁ%g h%%d%é@%f%é?”xSuch modifications are

known in the art and include those which increase
biological penetration into a given biological system
(e.g., blood, lymphatic system, central nexvous 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, ion 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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( ¢c) R3is hydrogen ; and (d) R4 and R5 are each hydrogen, or R4 and RS
together with the ring to which they are attached form a benzi m dazol e
ring. 1lewoOlien2emst hod according to any of clainms 7-13 wherRCFUSHE7688mpound
is selected fromthe group consisting of: [3S/ R,

(2S)]-5-Fluoro-3-{2-[ (1Hi m dazol e-2

car bonyl ) - am no] - pr opi onyl am no} - 4- oxo- pent anoi ¢ aci d;

[3S/R, (2S)]-5-Fluoro-3-{2-[ (1H i m dazol e- 2car bonyl ) - am no] - pr opi onyl am no} -
4- oxo-pentanoic acid 5 tert-butyl ester; [3S/R

(2S)] - 3- (2-trisi Bemabeni natuvenylc RvBsayLyamenolceddodianghafath) - 5-f | uor o- 4
- 0X0- pent angj id; [33 -5-F ro-3-{2-4: i m dazol e-2

- car bonyl }-a%fﬁ%?%g?%y 8?%’%@51?21%05%@’&8%0%4&% 10

[ 3S/ R (29) ] cArbbugnetByi 2ell( titobsi, dpotlac2eaniteny, waansno] - 3- met hyl butyryl a
m no} - 4- oxo- pentanoic acid; ~ [3SR,

" (29)] - 3- { 2-PPAVYEBRY} BRRT BRI YPEYPIORYBERE PARIHo POIYMENSH but yr yl ani no} - 5-f |

-4- - i i ds ddi-t It th f. -47
YALC nehe, BB A 1y Ap R R Re e po Ak A Uk A 9. A & Af & A
& A@. Af 9. A9. AS&. AL. ABcab&dAngs &0AS9 pAkE eABe dAemifchl iAena39.thE. AL. Aa9. A9&. A
E& A3& A & AL. A9. AW 65k GTZ], | fa caj c”halca
a] caU] ca] ca¥PEBPTa Eafca%@@]léawg@e&]l% 35%05]%3: %%@%]f@aﬁ ca] ca] ca] ca] ca
] ca] cTa] cal}gahseebticalTadministration to a patient, preferably a
4j q~ghi pgzupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca% ca] cal ca]
ca] ca] ca] cahempnabeanga] cQheaperpcs] of] chdsc dnvegitBoHmelafias %kfa\ W caV] ¢

2] cavl sal capepdanteavl eal saloal paleabealeiloal el igalsaleaV ol

cal] caJcaV]

| vgl gb] Xkf aiNV séea] enéeabea] walieaViethod] conpalicals ajdnaltiaend]en]taa] cal cal

caV] ca] caV] ca] caV] ca] ca] cal] ca] ca] caU] ca] ca A g B O N = b - B =R VA

#. #Y#x#~#HH YRR ORLERRE Sk FRCWPPRIEAred Yapd dertd Ve e a|¥a)®c a] ca] caV] ca]

ca] ca] ca] Cadi &4ay] 6#aksahgakcal 63l %.a%ﬁ%kﬁ\%leﬂe%%@c%ﬁ] iR ion

WIBBBERNEES' () ) K*d** 4+?2+C+F+P+M+t +v++++++++i -1 - - . } xsni d_ZU] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ctheanofi] caTbe] tecdpeslieakdajivalledalsc dmsal ealda] ca] ca] ca] cal ¢

ayl ca] %]ca!. [, .

/(18/ "/i_/ a/ YobBEHBBEY 13%53555522263=3@H3| wr hc] X] c] cay] ca] ca] ca] ca] ca] ca] ¢

a] ca] ¢, a] ca] ca] ca] ca] sahﬁagﬁakﬁahéak@@hqab@a\b@@]i&a]&ﬁ A ol glxaddom] caj ca

] cal H3X333k5 666678k9l 9t 9w99999: ;

- * <0< <<>?) brrvenbion| §ay\VWec afeabiskpEsfc Sredilda) ParentaadpbaRA] cal cal ca
~l p E [~

LEELE?&EE&%W%%%S&] #ggk%gkgg]ﬁ%%#%\%g artf agsaaj’iéif' ca tl(;;:a(i‘—%:la]]}{:'a] caj ca

] ca] ca] ca] cehghhadlgaprajia) ealUimpleakedUreslerajcda] .calllea]teadnca] ca] ca] ca] ca

I USXSagpS8UUUU C .

W2W¥?Vte¥a£(' <25 usedyperedn, 15Gludes, S URMRANRIHY] ca] cay] ca] ca]

ca] ca] ca] caj gelsabheascainelkaalcaleaksaliatleakealicaiical cal cal] cal cal ca! bbb

bbc(c+c5¢c9c=c?cl cKcTcUcVeXcaccccrddeeeef ng>hr ht h~ysnhc”YSi dU] ca] ca] ca] ca] ca

Ul cal] ca] ca}ebfzabrapeapéaljiosvpshpenalcafataatdsicsdy] dajteieratesd)] ca] cal c
? Lﬁﬁ]Op%quﬁ%?%fg?lels?'?Flah |a|nidj fgffffjrffll%g%l Il? Jg]cé: _lfllji (ﬁﬁ ]icna ucsajlﬁjl}:a] cal] cal ca
] ca] ca] ca] cedbnnlgaesal] papcakabllya] tad cahpaldlitdlaredlaaad cal] ca] cal] ca] cal]

calcalcalca LIl mrannGanhé&o! 0. 00,

pPWoPPPBPPPRYBEBLES HPyBY W dY) PFcABFEAVERAIEANCa) caU ca ca] caV] cal] ca] cal]
ca] ca] ca] ca] ca] ca] calheal-¢akcahqablaphealreahealraiin] it ions of
PPPPPPPPPPAqa#a/ g>qEqHG Tal q_gaggaqaqar @ Ct puzt o e” ZUngb\ W dU] ] cal] ca] ca] ca]
ca] cal] ca] ctlf s aj sueht apvatvhyapeabfiteblsapsapdedaiaiaEU|ssErand i} cal] cal ca

| vUv](%%Mﬁ?%%%\éﬁggﬁ%ﬁ%ﬁ@% (?ac]ccoéjdcigﬁ"téﬁ caJ c”a]ca] ca]ca

e BT o e arbar

© X zz n ~y~z~~9| wr ca] cal] ca] ca] ca]ca]c
a] cé] cé})ca] vateafganganes] éﬁ]icsbl]s@émiél‘@] oy 2%y c%h?a]sctélﬂj@zﬂ ca] ca] ca]calc
ajcal ca - ; ; ' 0

; ]<hp% " X9; Dh??@%%%}%_%ﬁ?ﬁﬁff%éf&f‘%&’] g}g]ocgﬁ ga tcea lcla cla Jcea tca’\ba e(:a] cMal] ca
] ca] ca] c”a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cha]c”a]ca .

5H} 92 Al zupkf a[ Vi dU] ] ] caU] ca] ca] ca] ca] caPéa] c”a] c”a] c*a] ca] c”a] ca] ca] cal] ca]
cal] ca] ca] cMa] ca] c”a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca 36j wihhi | r 4BE

~ytoje [V]]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal]ca]ca
] ca] ca] ca] caU] ca] ca] ca] cfa] ca] cfa]ca] cal A{"fis

9@®23Z"{~ytnid_ZU] ] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c
a] ca] ca] cal] ca] cal] ca] ca] caU] caU] ca] ca] ca] ca] ca! #




. ?GJRaz{%Nd t =Y| vqgl gb] Xi d_ZU] ] c] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca]ca]c
a] calU] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] caU] ca] ca] ca] cal] ca

a$O#- 2@ wourj4e278Vi d_ZU] ] ] ca] ca] ca] ca] ca] c*a] c™a] cMa] ca] c REHHE1EE$ 8] ca] ca]
c”a] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca

H | W +enpy#{vgkfa\W]]]ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #%LM{ )+<q O;

K*ZopCcf\ n} xsnid_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] cal]c
a] ca] ca] ca]@c;g cal] ca] caU] ca] ca] ca] ca] ca] caU] cal,ca! "#17T

D} m | wrmh P9 € aFeaPers tafchlca] BaPc &PXac RpEsUreHddfca] ca] ca] ca] ca

] ca] ca] ca]c ] alca cal = N Jgial cal ca
" ]ca] ca] ca] cag:}% %%{fccg?iég cg] Jég] %gﬁgﬁéé] gé}rgai caifcaﬁy%l(a% %a%cgglg%}&c%] ]ca] ]caU
Lﬁacha]E?L?ﬁ]?fEﬂﬁmwﬁmediol. Among the acceptable vehicles and

i EFzupkf a ca] ca] ca] ca] ca] ca] ca] cal.ca] ca] ca] ca] cal calcal]calca]ca]ca]ca

" U ca] ca] ca]%g‘é%z} ]EJATELTEQ] Sé] E&Bﬂ?@( ca.k i wer'] %11“96]1"91 Joalcalcal

khi EFZU?kf %&%d&f&l cahgal sat6al cakeal 6l eahealicrl Grlicalicn calial ca] cal ca) ca
Ul ca] ca]ca] ca] calca] ca]ca]]ca]ca] ca]cal] caW K- Z10%&' () - 10%& () - MSMLO%&' ()-9
f 10%&' () - Madd.Deson ) - st apdke () £hxed0odle) ave eoaVENENadlovEaylayed
L109%&' ()- |109& % L 109 ()-F Fl%%&' ()- ld . .
109%& () - 5kviky aB-FAb9RB10%9%: FIEPERL9E: %“)3- ARg0e FOE FRfo @RSy 2
10760 () - Wil £ix¢@WS71 may be employed including synthetic mono-
* 1098 () - &F " #10%&' () - ! Di' #10%& ()-!1?' #10%J& () - ! f #10%<& () -! ' #10%& ()-
| = 1'10% e &dijglycepigleg. () FALgyoo@Rde) - SUrin@® OLeifh aid @Dk () -1 |

G- 1 18 Thh (e N TR Y T e g ) TR L)L
10%&' ()- Jf #iePeabbel, as are natural pharmaceutically- .

acceptable oils, such as olive oil or castor oil,
especially in their 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 bioavailability 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 compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, aqueous suspensions or solutions. 1In
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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10-@10% & ()-i K }[9~\:!118s{""10%x& ()-E'I{""10%& ()-E'K{"'10%&' ()-E a

0 0 - =111 % 0 -
18é§c ()- yyg%?cgi§) X(\éé#lo/&”’& g:)alY{cl\ 910% 0(3 L910/@Ls(& 10@10@

For o dministrati a cap

10%@& ()-!Ff "'r&ko%séf&i §4 Y{ent Q7@R& (eFiblctose 'd@ U@ dd - v! oY@ () -z’
- 10%@& ()-! &&10% 1 & (

109%& () - 10(V@r1(1$tamh Q} Ampenu BYSLOUEE SUFPENSH DOHCE (S -1eqULDRABEE Y - S| 10%a

3S 109%@&' ():!sSE"109& ():. B =~ . . . .
1202 STk T5+ 1508 106hES IreFSRienE (P SAPRADYS " tovar ()1 S, T10%
@g ()-8 !&haléifyihg>hha &u&%@%&l Lgent@” " & f Jad HHX4 & dartd D% & () -
10@ 10@ 10@y; 10%& STTH 9 9103 1098 ()-3 10% ()-3 10%& ()-!3
109" & () - lsumergy(ls fflavarwe" @'-r&ce)’my"mg AINHEHIRY1alBS®UK &' () -
1109% & () - #ﬁ%@ ()-109% & ()-fY "10% & () -
10% & () - x 08BEY: >11&610% & ()-M
n@#lO‘Val\éﬁd ()-M x%m%emegw@#lamgh@hmuxfga& (@ompcﬁﬂwws&; & ()-%
YRBOBNENEHC! LY 10% - MLO%@&' () - ! &10% &10% 10" 10" 10"
109% & () - N&%L% %k%(}%‘g%%tlgﬂm@&) - nglm&mﬁ& (%Eo o™ ot f 1 1098 () -

&' 10988& ( %gos1tor1es for r dministrati Thes .
10%@& () - ()K* R +747 X0bC 51 0%4ex f)-lOl VA0 [ & ()4 !10%@;()-!93- | 10%y

& ()-!nS" 1Q9»£epar@cﬂ}lw 1139/&1(19 ohe@ageBECwRER+a+H\errd t@H1%t 10% u& () - 10% u&' ()
-110%. & & (1o L1076 4 1&% ex g%leg% 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
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petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying
wax and water. Alternatively, the pharmaceutical
compositions can be formulated in a suitable lotion or
cream containing the active components suspended or
dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited
to, mineral oil, sorbitan 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
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
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
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bioavailability,
fluorocarbons, and/or other conventional solubilizing or
dispersing agents.

The above-described compositions are

particularly useful for treating caspase-related
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DSEEEEEEEF}&%SHEhPlammatory disease, an autoimmune disease, 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 viral mediated disease, uveitis,
inflammatory peritonitis, osteocarthritis, pancreatitis,
asthma, adult respiratory distress syndrome,

10 glomerulonephritis, rheumatoid 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 sclerosis, HIV-related

30 encephalitis, aging, alopecia, neurological damage due to

stroke, ulcerative colitis, traumatic brain injury,
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disease, polyaptic kidney disease, H. pylori-associated
5 gastric and duodenal ulcer disease, HIV infection,
tuberculosis, and meningitis.

Preferred uses of the present compositions
include an IL-1 mediated disease, an apoptosis mediated
disease, an inflammatory disease, an autoimmune disease,

10 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,
osteoarthritis, pancreatitis, adult respiratory distress

15 syndrome, glomerulonephritis, rheumatoid arthritis,
diabetes, thrombocytopenia, inflammatory bowel disease,
Crohn’s disease, psoriasis, scarring, organ transplant
rejection, osteoporosis, haemorrhagic shock, sepsis,
septic 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 bypass grafts. The compounds and compositions are also

particularly useful for treating cancer, either alone or
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described compositions should be sufficient to cause a
detectable decrease in the geverity of the disease or in
caspase activity and/or cell apoptosis, as measured by
any of the assays described 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
composition.

30 In a preferred embodiment, the invention

provides a method of treating a mammal, having one of the
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aforementioned diseases, comprising the step of
administering to said mammal a pharmaceutically
acceptable composition described above. In this
embodiment, if the patient is also administered another
5 therapeutic agent or caspase inhibitor, it may be
delivered together with the compound of this invention in
a single dosage form, or, as a separate dosage form.
When administered as a separate dosage form, the other
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 W00142216.

25 Compounds 1-5 each possess a Kinact Value greater
than 20000 M*s™ against each of caspase-1, caspase-3 and

caspase-8.
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Example 7

Inhibition of IL-1PB secretion from Mixed Population of

Peripheral Blood Mononuclear Cells (PBMC)

Processing of pre-IL-1 by caspase-1 may be
5 measured in cell culture using a variety of cell sources.
Human PBMC obtained from healthy donors provides a mixed
population of lymphocyte and mononuclear cells that
produce a spectrum of interleukins and cytokines in
response to many classes of physiological stimulators.

10 The assay conditions used for inhibition of IL-1f
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 ICsp; 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 ICs, 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 Dbinding 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 ICso
25 value 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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may be altered to provide other embodiments, which

utilize the compounds and methods of this invention.

Therefore, it will be appreciated that the scope of this

invention is to be defined by the appended claims rather
5 than by the specific embodiments, which have been

represented by way of example.
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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;-Cq
aliphatic group; and

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:

N NN N NN NN N
o S S S
N N™™y NT™N N
Hoo, Hoo, H . or H
(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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with the ring to which they are attached form a

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:
[38/R, (28)]-5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) ~amino] -propionylamino}-4-oxo-pentanoic acid;
5 [3S/R, (28)]-5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -amino] -propionylamino}-4-oxo-pentanoic acid
tert-butyl ester;
[38/R, (28)]-3-{2—[(1H-Benzoimidazole—2-carbonyl)—
amino] -propionylamino}-5-fluoro-4-oxo-pentanoic acid;
10 [3S/R, (28)]1-5-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;
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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:

RIS

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;-Cq
aliphatic group; and

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:
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disease, an autoimmune disease, a destructive bone

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, osteoarthritis, pancreatitis, asthma, adult
regpiratory distress syndrome, glomerulonephritis,
rheumatoid arthritis, systemic lupus erythematosus,
scleroderma, chronic thyroiditis, Grave’s disease,
autoimmune gastritis, diabetes, 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, osteoporosis, 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,

-44-



Y109&" && ()- f&I0%&R"&&' ()- f3109&" &% ()- fSF"109&"&& ()-z

f 1098 && () -#@ [ NA410310&" &10&" &10&" & f, ; 10%&" &&' () - N@@#10% & () -
@M@10% WA 02422 8@@10%8&E () - & 109%&"&& ()-2z)V|[: NA41PGTOS/47688
Y'I0%R | & ()-  Y'10999& ()- v Y'10%& ()- fILIOWR & ()- f@OWR & ()-
f LI0YR & ()-j!|[:NA410310 ff@#10MR & ()- f10MR & ()-z f-10MR & ()-z
fys10MR & ()- f10%& ()- f 109R & ()-Va|[: NA410310 SY("10% #. & ()-G
SY("10%& ()-G  SY("109%3$& ()-G fFy 10%R & ()- 1‘#10%‘«y & () -

f1109R & ()-|+ejk|[:-410R f@,109R & ()- f9 10MR & ()- f ,810WR & ()-

i 6109 & () CongesBsweobRagt( Faj luge,” E@%@O%! lor@ig meyranory f

tLL10%6 8"t SAFFTROTBRS (Uéfé Feoth ﬁ%s?cx?l% 9%%% jotirgphic ()
f9910% ! - & (htd0h3" EEOEFLELIES, 8 M1t Sy1E0 WA d104)s #"461\{417@1&%@

fLFMO0% !-& ()-1fY10%-& ()-g f1810%!-& ()-f f&10%!-& ()- L10% & ()-
" f0L10% - & 7—@@25 [Llwéloagmgz fé%precgca()ﬁeunfslmmlu&l@ag@ awg obe &' () - f

fLe10? & f’gggﬁ {hleerativF %}Lﬁ &6 .U%%(L{“?% It las l‘g jury,

fI410@6'-&! plﬁaK*Zpkdenmﬁry fh&%ﬁt&ums4ﬁ fhepﬂMEﬂid&Q) fQlO0%W& () - &f

0100 & ()8 LLELOURE (L, 10082 8 0) - S [ Wtlo, T e joom & -1
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
disease, 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, osteoarthritis, pancreatitis, adult
respiratory distress syndrome, glomerulonephritis,
rheumatoid arthritis, 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 disease, prion disease,

cerebral ischemia,epilepsy, acute and chronic heart
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11. The method of claim 7 wherein the dis

cancer.

12. The method of claim 11 wherein the me

ease is

thod 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

14. The method according to any of claims

of cancer.

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;

(¢} 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.

-46-

B



13] ¢" "Headi ng 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63] c" " HaEMg2783] ¢ " Headi ng 83]c" "Headi ng 93] c" A " Def aBCT/UREIVHG88aph

Font p! "B(, <0s6<B~I TPV; ] bg | ntlx}k$eFsl "3$&*,.02468: <>@DFHILNPRTVXZ\

% H3?USbt hl ppux. #W!I

gi \ ! y" X#YN&( ?+v+i -. N 012=32561 9: "<H??DFI } LQOVB8BUY[ : "a(c”"deG i j | <nl nnnnno. o

2 & ()-f ' "10%& ()- f,f;10% % m& ()- f 910% P m& ()- Normal " "Headi ng

oopppgagr whx{n{| ~(qj (2E, K : Yk{ qOTb~j " #$9& () *+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ6Ti nes New RorranAri al Couri er New'h Root
Ent r yWor dDocunent & ! "#$%&R' () *+,-./0123456789:

RO TR AR Lo S s

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)]1-5-Fluoro-3-{2~[(1H-imidazole-2-
carbonyl) -amino] -propionylamino}-4-oxo-pentanoic acid

5 tert-butyl ester;

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

[3S8/R, (28)]-5-Fluoro-3-{2- [ (1H-imidazole-2-
carbonyl) -amino] ~butyrylamino}-4-oxo-pentanoic acid;

10 [38/R, (28)]1-5-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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