WO 01/ 16093 PCT1US00/ 23566 Substituted a-Hydroxy Acid Caspase Inhibitors
and t hewgmengéwer eof 5 Background of the Invention Field BETURWA Nt i on )Z
This inventionis in the field of nedicinal chem stry. In particular, the

10 invention relates to sybstjtuted a-hydroxy aci that are_inhibitors of
caspases. The i%ﬂé‘?ﬁ‘i‘ﬁ#e | G HySraxy AL ﬂoiwms ﬂﬁ‘ taxs anddhe; ¢ o

a- hydroxy acids for reducing or tr¥tseiTheppoptotic cell death and/or
reducing interleukin | -~ production. 15 PriorArt Organisns elimnate
unwanted cells by a process variously known as regulated cell death,

programmed cell death or apoptosis. Such cell death occurs as a nornal
aspect of ani mal devel opnent as well as in tissue 20 honeostasis and agi ng
(d ucksmann, A, Biol. Rev. grosadonf tiee Invgrtionys: 5986 (1951);

d ucksmann, A., Archives de Biologie 76:419-437 (1965); Ellis et al., Dev.
112:591-603 (1991); Vaux et al., Cell 76:777-779 (1994)). Apoptosis

regul ates cell ’Mﬂ?? ;b t at es nor phogenesi s, renoves harnful or

ot herw se abng?gal cé$P%%§ﬁb elimnates cells that have al ready perforned
25 their function. Additionally, apoptosis occurs in response to various

physi ol ogi cal stresses, such as h i,a or jschem a_ (PCT publishe

appl i cati on W96/ 2 i)“."eﬂ*l‘@’rﬁlﬁr‘%epﬁéﬁ l‘éiﬁgrﬁrgF o ghicRart %ané’s shar ed
by ¢ S expegd i | : 4 i NG ucl ear
menbrihe 30" G LENSA Mlalel B S Ay A deidk TN DL BB T
cytopl asm, orgeriavémionedlacrldtesaiol the vse df delp scbstiuted elkiydraky acideferensat i on
and WO 01/16093 PCT/ US00123566 -2 production of apoptotic bodies %menbrane
encl osed par t ireducing @nt B9aking gapoptaticaeell 1depthy and(pe reducing dptedavkis, 16,

| nternal Medi ¢j n&cgﬁ{z: 529-536 (1995)). Apoptosis is achieved through an
endogenous medh&mt ‘of cellular suicide (Wllie, A. H, in Cell Death in
Bi ol ogy and Pat hol ogy, Bowen and

15 Prior Art

Organisms elifninate unwanted cells by a process variously known as
regulated cell death, programmed cell death or apoptosis. Such cell death
occurs as a normal aspect of animal development as well as in tissue

20 homeostasis and aging (Glucksmann, A., Biol. Rev. Cambridge Philos. Soc.
26:59-86 (1951); Glucksmann, A., Archives de Biologie 76:419-437 (1965);
Ellis et al., Dev. 112:591-603 (1991); Vaux et al., Cell 76:777-779 (1994)).
Apoptosis regulates cell number, facilitates morphogenesis, removc;s harmful
or otherwise abnormal cells and eliminates cells that have already performed

25 their function. Additionally, apoptosis occurs in response to various
physiological stresses, such as hypoxia or ischemia (PCT published
application W096/20721).

There are a number of morphological changes shared by cells
experiencing regulated cell death, including plasma and nuclear membrane

30 blebbing, cell shrinkage (condensation of nucleoplasm and cytoplasm),

organelle relocalization and compaction, chromatin condensation and



5 Lockshin, eds., Chapman and Hall (1981), pp. 9-34). A cell activates its
i nt er naiviowiaseyaded suici de program as a result of either PCH{USPIZIS6Qr
external signals. The suicide programis executed through the activation
of a carefully regulated genetic program (Wlie et al., Int. Rev. Cyt.
"68: 251 (1980); Ellis et al., Ann. Rev2Cell Bio. 7:663 (1991)). Apoptotic

N d bodi ] |1y 10 i zed and d_by nei ghbor | N
o1 macr ophage 2 purbre S SpeplonpdiR imAe “oflosih reendlet ramrame |
inflanmati on iigrReflulbidbead) Oehibs, §.1e Im@hﬁz@Me‘Mn&iﬁ%BﬁS%)%l?bﬁaﬁ of

cells (Orenius, S, J. Internal Mdicine 237:529-536 (1995 mral i an
i nterl euki n-113 (| |Apbplosisl iayeshigved Hpowghnan enddgenous mechanism of Selulahol ogi ¢

i scascs ( cppatstemeglierd B RAF Betin 1 BPER cud phoroas Heiwery 1)
i seases p nat. il <1 o . Rl - :
IL-1 3 is synlbReif esa<Citphfh! ar@SERRI @980, %Eﬁg%@?rApQID’ R&Rkatedeitd Pr o-

I L-1p) that is unabl'e to bind I'L-1 receptors biologically I nactive
(Mosl ey et al interhallBientodeGhmimide fidiglair s 20rbéulf DI ther inByrnalndn &xteimal 20
conversion of precursor JL-113 to yjature JI|-1B, the activity of

Chter! ouki n- 1 SERal. TbeisHirs iragram eernissProughdhe arpetion o agREflyY (1CE) is
a protease r ' ; bVt ;0 ' r ' L - 1B)

(Thor nberry, ﬁéﬁ@aéipé&glt%%a%u%@l!%%#62"’?%6%;;9 éfgjkag(nf n?%ﬁ eféﬂlgft.l, Cel |
75: 641 (1993) ul., Kk Res. Gell Dikast:668 @99 C iApoptaticsielts aed boditcasaistdlipt cl eaves

the inactive prointerleuykin-1 25 tq produce the mature IL-1. The genes that
encod¥ for | CEEcRgBizedRad deased hynprighbosingt ¢rllsnemmariophagesthefng- Bsiani | y of

enes whi ch pn I L t, ESq .
Cpp2) Yo/ ApEiaiire of hig et mBltanii ind Rl A et heoniip e
FLI CE/ MACH MCldfeardncé-dfARfeat anchbefsEof , dellk . (Oth@ivg] 8.8 YiniepndlC Medicive of this

famly of cysteine proteases, 30 whose active site (a cysteine residue) is
essential for 2PCR2AS40 41 W apopt osi s, appears critical in mediating cell

death (Mura et al. l]. 75:653;66 9 . WO 01/ 16093 ,PCT/ US00/ 23566
-3 Thi g gene fam | ;M ﬁ%‘a#)%%glﬁ?rfeyukglé@nEli‘éﬁé?)&@gs%g&m%ﬂ?ﬁc& AP VAIRSS 5 et
al. O |, 87 pathblogicl 9otessey)dintheim eéhrdnicN-and- ablite FhflardmatiirP! andChem

272, 17907-17911 (1997)) and divided into three groups according to its
known funct i onutoifmiyne diseases (Oppenheim, J. H. et. al. Immunology Today, 7, 45-56

(1986)). IL-1B is synthesized as a cell associated precursor polypeptide (pro-
IL-1B) that is unable to bind IL-1 receptors and is biologically inactive
(Mosley et al, J Biol. Chem. 262:2941-2944 (1987)). By inhibiting
20 conversion of precursor IL-18 to mature IL-18, the activity of interleukin-1
can be inhibited. Interleukin-18 conveﬁing enzyme (ICE) is a protease
responsible for the activation of interleukin-18 (IL-1B) (Thornberry, N.A., et
al., Nature 356:768 (1992); Yuan, J., et al., Cell 75:641 (1993)). ICE is a
substrate-specific cysteine protease that cleaves the inactive prointerleukin-1
25 to produce the mature IL-1. The genes that encode for ICE and CPP32 are
members of the mammalian ICE/Ced-3 family of genes which presently
includes at least twelve members: ICE, CPP32/Yama/Apopain, mICE2, ICE4,
ICH1, TX/ICH-2, MCH2, MCH3, MCH4, FLICE/MACH/MCHS, ICE-LAP6
and ICE_IIl. The proteolytic activity of this family of cysteine proteases,
30 whose active site (a cysteine residue) is essential for ICE-mediated apoptosis,

appears critical in mediating cell death (Miura et al., Cell 75:653-660 (1993)).



1 sunmmari zes these known caspases. 5 Table 1 Enzyme* Goup |: nediators of

I nfl am,' Q7 spase-1 (I CE) Caspase-4 (ICE.,-I11, TX | CHQyruswgassease- 5
(ICE-, -1 P ng& Goup Il: effectors of a o tosis Caspase-2 (ICH 1,
MNEDD2) Caspase-3 a o ain CPP-32, YAMA) Caspase-7 (Mh-3, |CE LAP3,
CM+1) Goup Il1l: activators of a o tosks Cas ase-6 ch2 Caspase-8 (MACH,

FLI CE Mch5) Caspase-9 (] CE- LAP6 h6 s ase-10 1L-1 Ls.als t oki ne

i n}/f)l ved in ne@h@tgeﬂ@faﬁnwlﬁ‘ér?%ﬁﬁggﬁn 3%%1 GepeEe &lggﬂﬂnge% qt’rf’g'l éf&f%g

i nfl ammati on, | o gﬁ\%ntg,e AN 3 1785 owt h of ~
certain | eukem§Z’§lt7l(lg|1%§aB§’e+§1dom A ’Ell' éégt' %%f@?&%@%?i%?ﬁmg?g ovi ne
et al., |muno(®99y))kaddivided ihfd thi2Royps avbordingad distknownfasationahilableor s have
been prepared based on the peptide substrate structures of caspases.
However, in cphtsmgtaﬂ?@tb%imowﬂtcémes-i nvitro, there are few inhibitors
wth ggod efficacy (ICso <1 M in whole 15 cell nodels of apoptosis have
been reported (Thornberry, N. A. Chem Biol. 5:R97-103 (1998)). Therefore
t he need exists for cell death inhibitpihslethat are efficacious in

whol e-cel |l nodels of apoptosis and active in aninmnal mdel of _apoptosis.
These inhi bit pEszyme$ can be enployed as therapeutic agents to {reat

di sease st at e Groupthmediaterg of nflaphmation deat h and the cytokine agtivity of
IL-1 20 play|Easpase] MIE)93/ 05071 discloses peptide I CE inhibitprs with the
formul a: Dili | Caspase-4 (ICE.-II, TX, ICH-2)
Caspase-5 (ICE_-III, TY)

Group II: effectors of apoptosis
Caspase-2 (ICH-1, mNEDD?2)
Caspase-3 (apopain, CPP-32, YAMA)
Caspase-7 (Mch-3, ICE-LAP3, CMH-1)

" Group II: activators of apoptosis
Caspase-6 (Mch2)
Caspase-8 (MACH, FLICE, Mch$)
Caspase-9 (ICE-LAP6, Mch6)

Caspase-10

IL-1 is also a cytokine involved in mediating a wide range of

biological responses including inflammation, septic shock, wound healing,

10 hematopoiesis and growth of certain leukemias (Dinarello, C.A., Blood
77:1627-1652 (1991); diGiovine et al., Immunology Today 11:13 (1990)).

Many potent caspase inhibitors have been prepared based on the

peptide substrate structures of caspases. However, in contrast to their potency

in vitro, there are few inhibitors with good efficacy (ICs, < 1 pM) in whole-

15 - cell models of apoptosis have been reported (Thomberry, N. A. Chem. Biol.

5:R97-103 (1998)). Therefore the need exisi:s for cell death inhibitors that are

efficacious in whole-cell models of apoptosis and active in animal model of

apoptosis. These inhibitors thus can be employed as therapeutic agents to treat

disease states in which regulated cell death and the cytokine activity of IL-1

20 play a role.
WO 93/05071 discloses peptide ICE inhibitors with the formula:



WO 01/ 16093 PCT/ USOQQ 23566 -4 Z-QR-Asp-QL wherein Z is an N term nal

prot ecty,ggr/tdead'p; Q@ is 0 to 4 am no acids such that 5 peEUSEsEAsGece 2- Asp
corresponds to at least a portion of the sequence Al a-Tyr- Val-Hi s-Asp; Q
conprises an el ectronegative | eaving group. WO 96/03982 di scl oses aspartic
"acid analogs as ICE inhibitors with tHe formula: .CO2R2 H 10 R--N-N

CO CH2-R3 wherein R is Hor alkyl; R3 is a leaving group such as hal ogen;
R, is heteroaryl-CO or an amno acid residue. U S. patent 5,585,357

-di scl oses peptidic ketones as | CE<i_nRi i with 15 the fornmula: CO2H RI O
RO R -(AAN-NOORs wherein n isz_(r)ﬂ-j%; Até'gc:L;QhA i s independently L-valine
or L-alanine; R 1is selected fromthe group consisting of

N-benzyl oxycar bonyl and other groups; 20 R8, R9, R 0 _are each

i ndependent | ywherginog isran N-demeinal Iprgtectingronmh &, igP duh sming adidy sush that

(Bi oorg. Med. ,Chem

Lett ., 3, 2689:269 993) .. t th ti f

pepti ae phenyﬁhﬁlsﬁ%enﬁeg{zﬁﬁ‘ég chgespg{}%ﬁ,zt iag}eggti arﬁ#rgﬁrnfe gﬁi’e S?qul%&?:e?gﬁlé rg :ag:n \C/)\D
01/ 16093 PCT/ Yi50Ris2REH®), coRpriedd dn cluBnSeativt leablingrdbh = H = 1Y
WO 96/03982 discloses aspartic acid analogs as ICE inhibitors with

the formula:

CO,R,
H
10 R1_N_N_—'CO-CH2—R3

wherein R, is H or alkyl; R, is a leaving group such as halogen; R, is
heteroaryl-CO or an amino acid residue.

U.S. patent 5,585,357 discloses peptidic ketones as ICE inhibitors with

15 the formula:
R
co,H Rio < i
[ N
R1-—(AA)n—u o N
o] Re
wherein n is 0-2; each AA is independently L-valine or L-alanine; R, is
selected from the group consisting of N-benzyloxycarbonyl and other groups;
20 ' Rg, Ry, Ry, are each independently hydrogen, lower alkyl and other groups.
Mjalli et al. (Bioorg. Med. Chem. Lett., 3, 2689-2692, 1993) report the

preparation of peptide phenylalkyl ketones as reversible inhibitors of ICE,

such as:



O O CO2H Thornberry et al.

N N~~ HWQO

5 wherein Ar is COPh-2, 6-(CF3)2, COPh-2,

and other groups. Dolle et al. (J. Med. Chem 37, 563-564, 1994) re
the preparation of P, aspartate-based pegtide

a-((2,6-dichlo
i nhi bitors of
Malli et al.
preparation of
( HO 1110 XPh
ot her groups.
15 preparatlon
ketones as irr
PCT/ USOQO 23566

10

15

robenzoyl ) oxy) net hyl ketones as potent ti ne-dependent

| CE, such as: / O,6H J~ Noml NY =HOO0O", COHOO 210
(Bioorg. Med. LAgm Lett., 4, 1965-1968, 1994) report the
activated ke as potent reversible inhibitors of ICE /
H - 0,0 CgptTwhergin X is NH(CI—|2)2 . S(CH2) 3 and
Dol le eff al§ (JuMedjf Chgm 37, 38 report the
of ak{l’i ey N ' D 0 71 ) oxy) met hyl

VO 017 16093

ever si bl eH| nhitbi t &r 033I | CE, suéch as:

6p 0ONVAN-—p? |y‘~k1cogﬂo

Thomberry et al. (Biochemistry, 33, 3934-3940, 1994) report the

irreversible inactivation of ICE by peptide acyloxymethyl ketones:

O

wherein Ar is COPh-2,6-(CF;),, COPh-2,6-(CH,),, Ph-F; and other groups.
Dolle ef al. (J. Med. Chem. 37, 563-564, 1994) report the preparation
of P, aspartate-based peptide o-((2,6-dichlorobenzoyl)oxy)methyl ketones as

co,H

potent time-dependent inhibitors of ICE, such as:

QVJLJjr

A 2 C1
co,H

Mjalli et al. (Bioorg. Med. Chem. Lett., 4, 1965-1968, 1994) report the

preparation of activated ketones as potent reversible inhibitors of ICE:

i

co,H

wherein X is NH(CH,),, OCO(CH,),, S(CH,), and other groups.
Dolle et al. (J. Med. Chem. 37, 3863-3866, 1994) report the

preparation of  a-((1-phenyl-3-(trifluoromethyl)-pyrazol-5-yl)oxy)methyl

ketones as irreversible inhibitor of ICE, such as:

(Bi ochem stry, 33, 3934-3940, 1994) report the
Irreversi ble inactivation of | CE by peptide acyl oxynet hyI é@%‘;ﬁ 00 N

Ph- F5
port



CO2H CF3 Malli et at (Bioorg. Med. Chem Lett., 5, 1405-1408, 1995)
report wonkiiéposi on of | CE by N-acyl - Aspartic aci d ketoneBC'l'/US‘m@:"FF6 XR2 11
CO2H 5 wherein XR2 is NH(CH2)2Ph, OCQ(CH2)2cycl ohexyl and ot her groups.
Malli et at (Bioorg. Med. Chem Lett., 5, 1409-1414, 1995) report
-inhibition of I1CE by N acyl -aspartyl aréyl oxynet hyl ketones such as: HN /N
0 400-0 NF"~O O Y CO2H Dolle et al. (J Med. Chem 38, 220-222, 1995)
report the preparation 10 of aspartyl a-((diphenyl phos %l )oxy) nmet hyl
-ketones as irreversig LOOQ OHO

i nhi bltors of | CE, such as: cLQ

CO2H 6 G aybill et ' Bi oorg. HNEd Ch m Lett.Q 7 41 ‘.. 1997) report the
preparation of a-((tLFeQoy NY: g tr poxyynet hyl ket ones as
15 inhibitors of ICE, such as V\D:Oll 609 P 23 66/‘N 70 Ph O NN

N~pp YH o] =\

Mjalli et al. (Bioorg. Med. Chem. Lett., 5, 1405-1408, 1995) report
inhibition of ICE by N-acyl-Aspartic acid ketones:
o]

H
e O\lr N\)l\/ xRy
0
CO,H
5 wherein XR, is NH(CH,),Ph, OCO(CH,),cyclohexyl and other groups.

Mjalli et al. (Bioorg. Med. Chem. Lett, 5, 1409-1414, 1995) report
inhibition of ICE by N-acyl-aspartyl aryloxymethyl ketones, such as:

/lll-

Dolle ef al. (J. Med. Chem. 38, 220-222, 1995) report the preparation
10 of aspartyl o-((diphenylphosphinyl)oxy)methyl ketones as irreversible
inhibitors of ICE, such as:

Graybill et al. (Bioorg. Med. Chem. Lett., 7, 41-46, 1997) report the
preparation of o-((tetronoyl)oxy)- and a-((tetramoyl)oxy)methyl ketones as
15 inhibitors of ICE, such as:



OOC®2HO O O01'~o Ph HNH 1, J OO 0 O N11 CO2H NH Senple et al.

(Bioorg. Med. Chem Lett., 8, 959 964, 1998) report the of
pept i donMAAI16993 i nonet hyI ene ketones as inhibitors of %%Blﬁ%g&n
O16' 1C 5 CO2H kanoto et al. (Chem Pharm Bull. 47, 11 21 1999) report

the preparation of peptide based ICE i |b|tors W|th t he P1 car boxyl group
converted to an amde, such as: / \ p NvII Y NCHO 0 0 = NSOzve ~~f O
10 EP618223 patent appiN.cation discl gsed |nh| b| tor of IggE as anti -

i nfl amrat ory agents:-A2 X—Aﬁ\éﬁfre n Rl;iz;)otect ng group or
optional |y substitut&d berzy 0X -am no acid
residue or a radical of formul fh: CERa- H15 0L 16093 23566 -8
wherein ring Ais optionally sbbstNuted b® hydoxy or . al koxy and R8

is COor CS; A is an a-hydroxy or a-am no aci dA®Bi due Sr A, and A2 form

Qe X

co,H

o
Iu-

Semple et al. (Bioorg. Med. Chem. Lett., 8, 959-964, 1998) report the

preparation of peptidomimetic aminomethylene ketones as inhibitors of ICE,

such as:
Me
" fm)jﬁr JV'
N
5 COZH
Okamoto et al. (Chem. Pharm. Bull. 47, 11-21, 1999) report the
preparation of peptide based ICE inhibitors with the P1 carboxyl group
converted to an amide, such as:
OO ;
\/u\ Q”/N\/CHO
SO2Me
O
10 EP618223 patent application disclosed inhibitor of ICE as anti-

inflammatory agents:
R-A-A,-X-A,
Wherein R is a protecting group or optionally substituted benzyloxy; A, is an

o-hydroxy or o.-amino acid residue or a radical of formula:

Ra_

15

I



t oget her a pseudo-di peptide or a dipeptide mnetic residue; X is a residue
derivedwbroq p; A3 is -CH2-X,-COY" -CH2-O Y2, -CH S-¥aerushmzseer X, 5 is
O or S; Y1, Y2 or Y3 is cycloaliphatic residue, and optionally substituted
aryl. W99/18781 di scl oses di peptides of formula: CO2R3 RI-AAHR2 O 10
"wherein R, is an N-term nal protectingggroup; AAis a residue of any
natural or non-natural a-am no acid, R-am no acid, derivatives of an

a- am no aci d wherdigringniris optipuhllyRsubstitutdddyy hydaty et a alikbxyandrR, is

‘el ect ti I I g, d R3is alk H, | ded that AA i
not H s, Tyr COE Y bnis S RS of Bebin oSl reids o P ROy f98Bene

caspase inhi %%éﬂiére? sERBRLASRIe £ Blpeptids BflmehY SeditBe; XNRSE r&afROUNdS are
systemcally active in vivo and are potent 1nhibitors of antiFas-induced

l ethality in derivedifrerd Aspr AapotsKs-Qpde) -GidO-Yig vEH, b s twheesin 3fyr ot ect i ve
effects in a rat d I sghem c_ st.roke. 99/ 47154 discl oses. di pepti des
of fornula: ‘233 Gg%l'?\)gh gz_ﬁﬂsdﬁhai@ﬁ%ﬂ?e?éﬁ eang gpy t TAORHY

protecting group; AAis a residue of a non-natural a-amno acid or
f3-amino acid;”R2 is an optionally substituted alkyl or H 25 WD 00/ 01666
di scl oses c-term nWIO99B781 dikclvsesdipeptideepf fodmalaas i nhi bitors of the
| CE/ced-3 famly of cysteine proteases: WO 01/16093 PCT/ US00/ 23566 -9
CO2R2 0O RL ANHB 0O

' CO,R4

R
Ri—AA—N 2
H

0]
10

wherein R, is an N-terminal protecting group; AA is a residue of any natural or
non-natural a-amino acid, B-amino acid, derivatives of an a-amino acid or B-
amino acid; R, is H or CH,R, where R, is an electronegative leaving group,
and R, is alkyl or H, provided that AA is not His, Tyr, Pro or Phe. These
15 dipeptides are surprisingly potent caspase inhibitors of apoptosis in cell based
systems. These compounds are systemically active in vivo and are potent
inhibitors of antiFas-induced lethality in a mouse liver apoptosis model and
have robust neuroprotective effects in a rat model of ischemic stroke.
WO 99/47154 discloses dipeptides of formula:
20
CO,R,
R—AA—N CH,F
H
0
wherein R, is an N-terminal protecting group; AA is a residue of a non-natural
o-amino acid or B-amino acid; R, is an optionally substituted alkyl or H.
25 WO 00/01666 discloses c-terminal modified oxamyl dipeptides as
inhibitors of the ICE/ced-3 family of cysteine proteases:



wherein Ais a natural or unnatural amino acid; Bis a hydrogen atom a

deut eri WL R8des @l kyl , cycloal kyl and other groups; R, i speistozsssgcl oal kyl
and other groups, R2 is hydrogen, |ower alkyl and other groups. 5 WO

00/ 23421 di scl oses (substituted)acyl dipeptidyl inhibitors of the .
| CE/ ced-3 fam |y of cysteine proteases:-%C02R3 R2 (CH2) g B R X-(CH2n
A--NH O O wherein Ais a natural or unnatural am no acid; B is a hydrogen
atom a deuteriumatom alkyl, cycloal kyl apd®82Fer groups; X is CH2, C—O
0, S, NH, 10 C=ONH or CH2OC=ONH, n§s 0, 1,Jor 2; gis 1 or 2; R is
optionally substituted aryl and he oarxl iB hydrogen, al kyl and ot her
groups; R3 is hydrogen, alkyl Ran ;N . WD 00/ 32620 di scl oses
gama- ket oaci d tetrapepti des as inh| bICt ors of Othe caspase-3: R2 X3 0 R4 0

H Ri Ni NN)~f.Ry X2 0 X4 0 1 and COR ; R, is
hydr ogen, al koRYe™EHd othd P u?fs"“qﬂg“ Wd?cb‘éjeh 1sd_|§y%?§erbﬁ9é9 %roups

R3 i s hydrogenge 1@#?1?@ HRSE arfdoth I ROBhIkyPH chyatk

groups; R5 is C -6a %np?rk? c?él@ il andecrogtnmeﬁra groups X2, ))(% and X4 are

i ndependent |y Mhetrgrmpsaﬁgi1sR2';lrogandndreF8kplranﬁzbﬂmgro®e R4 may together form
a saturated nonocyc

Summary of the Inv “{ H/zgg%ledis.ﬁﬂ?é?ﬁ {s\&/}\ﬁs"rgét? 3 PM&%H@ 5?%&‘%I al:

ICE/ced-3 family of cysteine proteases:

~CO3R;
(CH,)q

R;y™X—{ CHz)n)\”—A—NH/H‘/

wherein A is a natural or unnatural amino acid; B is a hydrogen atom, a
deuterium atom, alkyl, cycloalkyl and other groups; X is CH,, C=0, O, S, NH,
10  C=ONH or CH,OC=ONH; nis 0, 1, or 2; q is 1 or 2; R, is optionally
substituted aryl and heteroaryl; R, is hydrogen, alkyl and other groups; R, is
hydrogen, alkyl and other groups. '
WO 00732620 discloses gamma-ketoacid tetrapeptides as inhibitors of

P

CO,H

the caspase-3:

15
wherein R is H and COR,; R, is hydrogen, alkoxy and other groups; R, is

hydrogen, CH, and other groups; R, is hydrogen, CH, and other groups; R, is
hydrogen, CH; and other groups; R; is C, alkyl, arylC, alkyl and other
groups; X,, X, and X, are independently H or X, and R,, X, and R; or X, and

20 R, may together form a saturated monocyclic ring.



OO0OOH "OR5', N ZXR(l) R4 R35CO2RL or pharmaceutical
accept ajpbo1/a6dos s or prodrugs thereof, wherein R is an B@T’%‘P%Hi‘ﬁgjls
substituted al kyl or hydrogen; Rz is hydrogen or optionally substituted

al kyl; 10 R and R4 independently are hydrogen, optionally substituted
‘aryl, optionally substituted heterocy@ ic, optionally substituted
carbocyclic, optionally subsgituted heterqar . optionally substituted

al kyl, optionally substitute "Q??@ﬁ&?,ﬂg? BEERBARI | y substituted al kynyl :
'R5 is optionally substituted al kyl, optionally substituted carbocyclic,
optionally 15 substituted heterocyclic, optionally substituted aryl or
optional 'y substit ThethveRdrereRidsitb compbndbf Formbi23: or (CR R a)n, where RS,
R9 and Ri o i ndependently are hydrogen, alkyl or cycloalkyl, and nis 0, 1,
2, or 3; and X is a peptide of 1-2 am no acids or a bond. 20 The present

I nvention provides pharnmaceut Pcal co sitio conprising a conmpound of
Formula | in an effectivg gngﬁgt/kp r optotic cell death in an
animal. The invention relatés t& thedi scovgry Rpat t({re conpounds
represented by Fornula | are inhRpitmys ofl  .caspases. The invention al so
relatgs to the use 25 of the conpounds of t jJmyvention for reducing,
preventing or treating maladies in which apoptotic cell death is either a
causative fac : :present invention

i nclude treat |Bl(r)1 hag@age#éﬁém%ﬁpﬁg&ggﬁseéggﬁrﬁ | ne{eﬁfé V%He%ﬁetlﬁal or peri pheral

nervous syst eRy isratidptishalhesubstitatedaditydionhydropear| e or i mune systemcel I's of

an aninmal; treating or preventing polycystic WO 01/16093 PCT/ US00/ 23566
-11 R, 1s hydrogen or optionally substituted alkyl;

10 R, and R, independently are hydrogen, optionally substituted aryl, optionally
substituted heterocyclic, optionally substituted carbocyclic, optionally
substituted heteroaryl, optionally substituted alkyl, optionally substituted

| alkenyl, or optionally substituted alkynyl;
R; is optionally substituted alkyl, optionally sﬁbstituted carbocyclic, optionally

15 substituted heterocyclic, optionally substituted aryl or optionally substituted
heteroaryl;

Zis O, S, NR,, or (CR,R,(),, where R, Ry and.R,o independently are hydrogen,
alkyl or cycloalkyl,andnis 0, 1, 2, or 3; and
X is a peptide of 1-2 amino acids or a bond.
20 The present invention provides pharmaceutical compositions
' comprisihg a compound of Formula I in an effective amount to reduce
apoptotic cell death in an animal.
The invention relates to the discovery that the compounds represented
‘by Formula 1 are inhibitors of caspases. The invention also relates to the use

25 of the compounds of the invention for reducing, preventing or treating
maladies in which apoptotic cell death is either a causative factor or a result.
Examples of uses for the present invention include treating or ameliorating cell
death in the central or peripheral nervous system, retinal neurons, cardiac

muscle or immune system cells of an animal; treating or preventing polycystic



ki dney di sease, renal anyloidosis, acute renal failure, cyclosporine A
induced nurin tubular epithelial cell death, H V-inducedppppRi@iasés"y Or
aneni a/ eMANA8P3i esis in an aninal; protecting a mammalian organ or tissue
fromcell death due to deprivation of normal blood supply; reducing or 5
preventing cell death in a donor organ gg.tissue after it has been
transplanted into a host due to the effects of host immune cells; reducing

or preventing kidheydisease, fefnahanynaidomls e renalr fatl s cyzﬂm;bo'nne Anindidedo
fertilization procedures endi ng th life n or yeast -
cell line; tre@yrify Hibul aém';qpi eliali 5lna ‘Faﬂhoséf)@'lm‘g‘\cé‘irat’ﬁgg‘a |n‘§ of t he
hair in a m F@“ r Sﬁﬁblhp H’énﬂﬁm due
to exposure to |gﬂ{?|; ve gle(g)glﬁanlal ﬁ%h or c emca?lg treatlng or

anel i orating Se¢ps well ndeath daé ral deprivatiad |oﬁgmmwrmmouosmpmgreaamgmn s in an
animal ; treating or anmeliorating_ hereditary tyrosinema type 1 in an

ani mal ;5 treat i Peventingeali deagh img dergragan ony %@Bﬁéﬁeﬁ it has beghtransplaated buccal
mucosa cel |l death i t ath in
plante or 11 owgtt 2 pEle i AEreded A ufiund Copf e i Bevifiting B2
ultraviolet-ir H@ﬁh&if lrﬂﬁnmaﬁwﬁ%nﬁ%ﬂ eg@@&iséd imiravinenfertilizatibn adcedi@rer

anel iorating apoptotic death of bone marrow cells in nyel odysplastic
syndromes ( NDSpxtendiaat thaglifespanef | %)rlamhalpd-'ﬁt yeast cell] linge deptingy Agcut e

pancreatitis; tre reventl t he i.n e._lLn. psoriasis
or 20 infl amafBF o%g&%gala- éa?§é’re’?$'ér§tgr%n%ro?%q?o¥‘a% ""ﬁ’g%%anélgopt osi s
after jgourn i nJoH 'ébﬁeh&{aﬁﬁé ki d&fnag%kla%mgdw&i éxﬂb@ﬁ&%'tothlgtﬁ levelsmyfury -
after intestinal ischema-reperfusion; and treating, aneliorating or
preventing or akradiatioos iheatspr chemicals] treating amlameliersting |S§P51bllla@@e$mm1303| tis,
proctitis, bone marrow cel.l dea Kin cel| .deat [ hair sultlng
f rom chenot heri"ﬁ?ﬁr& OF Afneliorgine %gpa[tﬁ L Q?a ng gh agﬁ" %altm tail ed
Descri ption of h&ﬂa&d:pwgfusireﬂuéf Bfpel N Eﬂxtaﬁfxﬁaloﬁeﬁﬁa%pﬁsﬁﬁelﬁﬂﬂnfgpé}ﬁbﬂbl c cell
death of the present 0 invention are conpound aving the general Fornula
l: i ill, WO 0alcbbolasgsvh ishoed daeml m@gsaOce@l ¢geath in an ammal treating or

15 ameliorating cell death in plants or flowers; treating or ameliorating radiation

or ultraviolet-irradiation induced cell death in an animal; treating or
ameliorating apoptotic death of bone marrow cells in myelodysplastic
syndromes (MDS); treating or ameliorating apoptotic cell death in acute
pancreatitis; treating or preventing the inflammatory response in psoriasis or
20 inflammatory bowel disease; treating or ameliorating organ apoptosis after
burn injury; treating or ameliorating small bowel tissue injury after intestinal
ischemia-reperfusion; and treating, ameliorating or preventing oral mucositis,
gastrointestinal mucositis, bladder mucositis, proctitis, bone marrow cell
death, skin cell death or hair loss resulting from chemotherapy or radiation

25 therapy of cancer in an animal

Detailed Description of the Invention

The inhibitors of caspases and apoptotic cell death of the present

30 invention are compounds having the general Formula I:




H RS., ZX,0NR2Cl) Rg R3 CO2R1 or pharnmaceutically acceptable salts
or proc{&agaiagdggreof, wherein 5 R, is an optionally subspctasemkiséskyl or
hydr ogen, 'S hydrogen or optionally substituted alkyl; R3 and R4

i ndependent|ly are hydrogen, optionally substituted aryl, optionally
"substituted heterocyclic, optionally sibstituted carbocyclic, optionally
substituted heteroaryl, optionally substituted al kyl, optionally
substituted 10 al kenyl, or optionally substituted alkynyl; R5 is an
coptionally substituted al kyl ,Qoptionaldy subsituted carbocyclic,
optionally substituted hgter clLbg, 'f\bnal substituted aryl or
optionally substituted heTZaroaxyI ; is 0YS MRS, qr)(CROR 0)., where R8i
RO and Rio independently are hydrRgerr; 15 fal kyl or cycloalkyl, and n is O,
1, 2, or 3; and X is a peptide of 1-2 am no ] or a bond. Were X is one
amno acid, it may be any one of the commobn 20 am no acids e.g., Ala, Val,
Leu, Ile, Pro . -Asp, Asn, QJu, Asn,
Lys, Arg and ﬁ%faﬂﬁﬁﬁé%ﬂ%%é&pﬁ 6%‘&“?&@ ?m;ggﬁ%@%%ﬁ %%Ee&fﬁ, Asp- Al a,

Asp- Phe, Val -Fj is.anloptionally substitutd alkil or hydregent u, Tyr-Au, and Trp-Gu. Wth
respect to R, preferred al kyl groups are C,.6 alkyl groups, e.g. nethyl,
et hyl , propylRzISSIWBY’QSSI}P{OP"SQSIBUY?FI’,StlBE‘Pﬁ%lkyland hexyl groups; and

R2 are 8l kyl B BERCHseBrRily oft Mool bRo@N0 b ! fomally Tl 7T o

group, i ncl uddgtifutedor eA@bepdiic, CHRIMEARY h¥libstitdtkd X xambeydlic, albt)'/drﬁli?’rm‘t hyl,
het er oaryl oxynet hyl , al kyl thi onethyl, arylthionethyl, am nonethyl,

acyl oxymet hyl substiigtedr Biptgtoardx yoptionglly. substigited xalkyl) eaptionally, pubstituted
substituents that ,ma esent. at, the R2 al kyl group include, w thout
i m E‘Qt i on, 3%‘Eﬁf}Yéz°5|y0yF’l§%§fyo%§%‘8H%ﬁ|39‘Y§21‘§§t ituted at the 2, 4 and
S-positions 3R, Viktdh lopwBhalB! Kibstituted alkyl, optionally substituted carbocyclic

3- (I - phenyl - 3-trifl uor onet hyl ) pyrazol yl'oxy, 2,6 WO 01/16093 PCTI US00/ 23566
optionally substituted heterocyclic, optionally substituted aryl or optionally

substituted heteroaryl;

Zis O, S, NR,, or (CRyR,,),, where R,, R, and R, independently are hydrogen,
15 alky! or cycloalkyl, and nis 0, 1, 2, or 3; and

X is a peptide of 1-2 amino acids or a bond. Where X is one amino acid, it

may be any one of the common 20 amino acids e.g., Ala, Val, Leu, Ile, Pro,

Phe, Trp, Met, Gly, Ser, Thr, Cys, Tyr, Asp, Asn, Glu, Asn, Lys, Arg and His.

Where X is a peptide, it may be Asp-Glu, Asp-Ala, Asp-Phe, Val-Glu, Leu-
20 Glu, Thr-Glu, lle-Glu, Tyr-Glu, and Trp-Glu.

With respect to R,, preferred alkyl groups are C, alkyl groups, e.g.
methyl, ethyl, propyl, isopropyl, isobutyl, pentyl and hexyl groups; and
substituted C, ;alkyl groups, e.g. CH,0OCH;, and CH,0COCH, (AM).

Preferred R, are alkyl group substituted by electronegative group or

25 leaving group, including fluoromethyl, chloromethyl, alkoxymethyl,
aryloxymethyl, heteroaryloxymethyl, alkylthiomethyl, arylthiomethyl,
aminomethyl, acyloxymethyl, and arylacyloxymethyl. Other examples of
optional substituents that may be present at the R, alkyl group include, without
limitation, 3-pyrazolyloxy optionally substituted at the 2, 4 and 5-positions

30 with lower alkyl; 3-(1-phenyl-3-trifluoromethyl)pyrazolyloxy; 2,6-



-13 di(trifIuoronethyl)benzoyloxy; 2, 6- di met hyl benzoyl oxy, pentafl uoro-

phenoxy; ﬁ9§h| or obenzoyl oxy; 2- (3 (2-1 m dazol yl ) napht E&-},}]gb'ﬂyns“
di phenle’ o“slﬂ yl oxy; tetronyl oxy; and tetranoyl oxy. Wth respect to R3

and R4, preferred groups are those that will match 5 the side chain of
natural am no acids or non-natural am ngg-acids. In one enbodi nment,
preferred R3 is hydrogen, preferred R4 is straight-chained or branched
C, 6 al kyl i nodi(tdﬂngomethyjr)bpnmwlwdy i s@,ﬁrcﬁmthyﬂwwzcb)dmbut y| penteaflugroef er r ed

R4 is cycl oal kyl, re red R4 str t- chai ned
or branched C, n%’ﬁkyl o%ﬁrbg‘rﬁ Blé’f‘y’t 5t eé (éﬁ pﬂ?@%g?%'x
hal ogen, car bodﬁidhe gihﬁgphﬁﬁbﬁﬁre@o%‘yfdxghmﬁ%ﬂﬁ oxy.Ni oI al kyl thi ol aryl

het er ocyclic or groups respect” to R5, preferred al kyI are
met hyl , et hyl, |sopWathy'bspect mohyang..rpreﬂemd gtbups last those thas voll mdtely|l are

hydr ox car bo en - cycl oal k sat urat ed angd, ungat ur at ed
het erogycl ic, 'ggﬂ eo?ha%éf’grnéﬁl am e“?‘é‘ﬁ‘r %%n%newlc?grmgﬂa%se fﬁ/ﬁ?‘bpent yl
and cycl ohexyl r at: | roups
are piperidi ny &{t ﬁefﬁdgﬁ 1?418@['1%e ai’ eIS %ﬁgﬁ&ﬁ&%ﬁ#&cggpht hyl ;
preferred het elrramhyd sC@sr allqyyrmdyaﬂmgl Agkcyy,| ,eﬂiyur wopmpgll tandeizpbutyl; poef err ed
substituents on the aryl and heteroaryl are et hyl de)% chl oro fl uoro,

br ono, ][lrl fl u@%ﬂ?ﬁ?‘l’r% 15@%56’ H@ﬁr?fxpete@&r%o?&}’r‘if% nig $iraighs: 20
E t |%ﬁ,ﬂy
hzltog(r:egr y?/ prg‘{hg ngggrgﬁnb?e g’r“lr g@gp}/‘o %Bﬁﬂg&ﬁﬂl%ﬁ(ﬁ 1‘Jﬁe | nvgh{w‘%’n reI at es

to thepdi scovarayog*ehataﬂbbﬁy,cammdmdé e péte&rs gitfafistind)y thisl| ralikydthiol Afagyl,

i nhi bitors of caspases. These inhibitors slow or block cell death in a

variety of cl ihﬂqsgnycaenahqtrrewlampsndustri al applications in which the 25

| oss of cells, tis t|r T f OLE ention is
Bl b Rer RETARAL TR fue TARRAE, G, Bl

also related to ne g, Ppreventing or tions in

whi ch apopt oss&uwlgyﬁfciremhssm{fmgl alkpDarei Hydfox§) CarbBitys hmgéry cleseri bed
bel ow. The met hods conprise adm nistering to an aninmal in need of such

treat ment an igyRiopikybsatyratedandymsaturated hﬂ!@'ﬁ@){cbﬁb arghorzhefsmeanibpraferedal 1y 30
accepyabl e sa\ L Ranb] 2d'cyeloby Rl cycl%hé&l,aﬁ@fé%d Sirdd M JrQarkdiaP! t

apopt cel¥°
heterocyclic groups are piperidinyl and morpholinyl; preferred aryls are phenyl

and naphthyl; preferred heteroaryls are pyridyl, indolyl, furyl and thienyl;
preferred substituents on the aryl and heteroaryl are methyl, ethyl, chloro,
fluoro, bromo, trifluoromethyl, methoxy, hydroxy, carboxy, cyano and nitro.

20 Especially preferred R, is optionally substituted phenyl, naphthyl, heteroaryl,
or benzyl. Preferred Z is O, NH, or CH,.

The invention relates to the discovery that the compounds represented
by Formula I are inhibitors of caspases. These inhibitors slow or block cell
death in a variety of clinical conditions and industrial applications in which the

25 loss of cells, tissues or entire organs occurs. Therefore, the invention is also
related to methods of treating, preventing or reducing conditions in which
apoptosis plays a role. These conditions are more fully described below.

The methods comprise administering to an animal in need of such
treatment an inhibitor of the present invention, or a pharmaceutically

30 acceptable salt or prodrug thereof, in an amount effective to inhibit apoptotic
cell death.




“il 1 WD 01/16093 PCT/ US00/ 23566 -14 Preferred enbodi ments of the
conpouRdso@feedzor mul a | that may be enployed as inhibit®@cI/G80023856ases are

represented by Formula Il: OOO H R6.. ONR2 (I 1) R7 R4 R3 CO2R1 5
or pharmaceutically acceptable salts or prodrugs thereof wherein R -R4 are
"as defined previously with respect tol4ornula |I. R and R7 independently

are hydrogen, alkyl, optiqnglly supstituted al kyl., CA- cycl oal kyl ,
saturated or uns%ﬁ?&?gd’ E?%E?&P%‘Fc%{?mﬁﬁé%eﬁ%ﬁﬁuﬁqtﬁw fid R are
“conbi ned tog -\l s | ycle. Preferred R
o e, B e e O o e O A ) Foxyret Pyl
aryl acyl oxynet hyl, aryl oxynet hyl, heteroaryl oxynethyl and am nonethyl .
Wth respect to R6 and R, preferredgal kyl are nethyl, ethyl, isopropyl,

i sobutyl; preferred subsjitu Lsy0n Ikgl afjle hydroxy, carboxy, 15
carbanyl, carboxy ester, faybgen; -C, 2kyI, (@) ur at ed and
unsaturated heterocyclic, lryl ef, Reterogryl; preferred cycloal kyl are
cycl opentyl and cycl ohexyIP,"’ preférréd sat t@%gg and unsat ur at ed
hetergcyclic groups are piperidinyl and norpholfinyl; preferred aryls are
pheny

and napht hyl ; referred heteroaryls ar riqyl,. i lyl, furyl and
t hi enyl ; pref‘g'rl?thé'én%ug??glé'tqcf & Sy IHEo ?sﬁ%’fﬁg{e@ﬂﬁé{:% %F@S met hyl ,
et hyl, chlor : | I 0 Yare Car bOXy,
. cyano and ni ?dregg)kgﬁg%?‘ggg%e&eeé%g%/%P{e)@ﬁc?% r(yn %"o | E\é??(%eﬁg % o ag%d R7
t oget her w t hhyidhegen] alkyheoptianally pulsatited akyl,nOp@oicycloalkgl)Gatmrgied ari ne. Wth

respect to R3 and R4, preferred ES I s hydrogen, .and prefe,rréed R4 25 are
those that wisatatechbetpracysligearyhdicterearyh of Be #nd Kride corebiasd HEEHSH- nat ur al

am n?oaci ds. éﬁﬁﬁ{efﬂiﬁgée!n%o f&&r?éﬁét&%@y&g. and R4, together with the attached

Preferred R, is H, Me, Et, t-Bu or AM. Preferred R, is fluoromethyl,
acyloxymethyl, arylacyloxymethyl, aryloxymethyl, heteroaryloxymethyl and
aminomethyl. With respect to R, and R,, preferred alkyl are methyl, ethyl,
isopropyl, isobutyl; preferred substituents on alkyl are hydroxy, carboxy,
15 carbamyl, carboxy ester, halogen, C,-C, cyc]oaikyl, saturated and unsaturated
heterocyclic, aryl or heteroaryl; preferred cycloalkyl are cyclopentyl and
cyclohexyl; preferred saturated and unsaturated heterocyclic groups are
piperidinyl and morpholinyl; preferred aryls are phenyl and naphthyl;
preferred heteroaryls are pyridyl, indolyl, furyl and thienyl; preferred
20 substituents on the aryl and heteroary! are methyl, ethyl, chloro, fluoro, bromo,
trifluoromethyl, methoxy, hydroxy, carboxy, cyano and nitro. Preferred
heterocycles from combination of Ry and R, together with the nitrogen are

piperidine, mopholine, and piperazine.
With respect to R; and R,, preferred R, is hydrogen, and preferred R,
25 are those that will match the side chain of natural amino acids or non-natural
amino acids. Specifically, preferred R, and R,, together with the attached
carbon, oxygen and carbonyl group are a residue of an a-hydroxy acid. These
o-hydroxy acids include, but are not limited to 3-methoxymandelic acid, 4-
methoxymandelic acid, 2-methoxymandelic acid, 4-bromomandelic acid, 4-

30 methylmandelic acid, 2,5-dimethylmandelic acid, 4-methylthiomandelic acid,



car bon, oxygen and carbonyl group are a residue of an a-hydroxy acid. These
a- hydro>r% gﬂ g3 include, but are not linited to 3-nethoxyoavulsbeIseac d, 4-
nmet hoxy I'C acid, 2-nethoxymandelic acid, 4-brononandelic acid, 4 30
met hyl mandel i ¢ aci d, 2,5-di nethyl mandelic aC|d 4- nethylthlonandellc aci d,
VO 01/ 16093 PCT/ USOQ 23566 - 15 4-chl oetandel i c acid, 3-chloromandelic
acid, 2-chloromandelic acid, 4- fluoromandelic acid, 2,3-difluoronmandelic

acid. 2, 4-difl4schloremendelicc agig; B-chlpromandelic, seishasrgbloromandelic acid, 4-

3, 5- dlfluoro dell C I omandel i ¢
acid, 2,3,5-tr ﬁaaé’f‘f f % %“org&gﬁ%“g %él&’ %odrlgtrlr%%ggfl?% agsi

3, 4- met hy| enedi, %M&ﬂd&h@%ﬂ 3 5-diftadrbmandeket hold WBﬂd@lﬂluﬁromundehc
3-nitromandel i ¢ acid, 4- ni t romandel i c acid, nmndelic acid,

hexahydr omandeiclcb aZ;Gd;ﬂlmrmmdwky Fcicht h3BiSciriflupromasdelic 0 acid, 2,3,6-
hydr oxy- 3, 3- d| Ibu rlc aci h XY - hen tyric acid, ,2-
h§drox?%//butyr|(,trl Bprgmasnc Vdroﬁﬂﬂtyngr% @'P’Xe %‘8 g‘?)c@} X % 4
(et hyl thio)b %ﬂﬁbﬁg{%ﬁiﬂlﬁa@demﬁdﬁ&&,y ‘3311&8&1&15&11@ §&Hd4-rﬁtr3ﬁﬂdﬁdélﬁé dcid,

net hyl pent anoi ¢ aci droxy- 4-net hyl pent anoi ¢ acid, 3- phenyllactlc
acid, |actic mmdalic2erlh Illexaiiydanandalm doid 32 hyilvhecy 3-methyttivgyriec acid, 2-

3 a ] vor o RS adBReeRy g SiTaiot  ARAIRIERY )iy 5. ool ¢
3, 3-di fl uoro- W@k@mphe%{d} | achiyydphiyutyders 15 #id,! uorzoh)air&.tyam.yl |l actic

acid, 3-(1-napht actic acrd, leudcic acird, glycolic acid

2- hydn@xycapr dinetlaydthib)bdytiy dr aoa;lvalZehydrowﬁdqut@oiwdrm@octbhmrw)ab d, and

i ndol e-3-lactic acjd. These a: oxy acjids are .co vallale from

Al drich, Si grrefne"b)ilﬁ’é%@?‘éi‘ aﬂ%&%@@%—“amaﬁlx{%ﬁ@f'ﬂ%ls ﬁgﬁe B be Aty

preferred i nhi i oaagof(q SHIBAEES Kgﬁv' niGRidRib A hm&”@S'j-tnﬁ’&rélQ@tidee
rbonyl -

wthout limta PF) et hyl N phenyl¢ar banat e,
1- ( Car bonyl - Asgeid H2 F}Bﬁtdiﬂhoxﬂ-b@qﬂyémphdml)tmmc acid, 3,3-difluoro-3- (4—

e A RE o] BIeE SRR S s, 3.
IR (o B e A e i an e
acid, 2-hydroxycaproic acid, 2-hydroxyvaleric acid, 2-hydroxyoctanoic acid,
and indole-3-lactic acid. These a-hydroxy acids are commercial available
from Aldrich, Sigma, Lancaster, Maybridge and other companies.
Exemplary preferred inhibitors of caspases having Formular I and II

20 include, without limitation:
1-(Carbonyl-Asp-CH,F)ethyl N-phenylcarbamate,
1-(Carbonyl-Asp-CH,F)ethyl N-benzylcarbamate,
2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-phenylcarbamate,
2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-benzylcarbamate,

25 2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(2,6-dichlorophenyl)carbamate,
2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(2,5-dichlorophenyl)-carbamate,
2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(2,4-dichlorophenyl)-carbamate,
2-Methyl-1-(carbonyl-Asp-CH,DCB)propyl N-phenylcarbamate,
2-Methyl-1-(carbonyl-Asp-CH,DCB)propyl N-(2,6-dichlorophenyl)-

30 carbamate,
2-Methyl-1-(carbonyl-Asp-CH,PTP)propyl N-phenylcarbamate,




2- Met hyl - | - (car bonyl - Asp- CH2F) propyl N-(2, 4-di chl orophenyl ) - car bamat e,
2- Met h)ck h bonyl Asp- CH2DCB) pr opyl N-phenyl car bamat epcRuiorisds- |
-(car bo p CH2DCB) propyl N-(2, 6-di chl orophenyl)- 30 carbamat e,

2- Met hyl - | - (car bonyl - Asp- CH2PTP) pr opyl N-phenyl carbamate, ! it | WO

01/ 16093 PCT/ US00/ 23566 -16 2- Met hyl =j6-( car bonyl - Asp- CH2PTP) pr opy!
N- (2, 6-di chl orophenyl ) -carbamate, 2-Methyl-I-(carbonyl -Asp- CH2DPP) pr opyl
N- phenyl car ba@siethyl-1-(vtbonyl-Asp-CH,PTP)propyl N-(2,6-dichlorophenyl)-carbamate,

e oy R N oA e e o, 2 Vet

propyl)carb a@M’eﬂ; CaﬁmhylLAéﬁ@fptﬁﬁﬂer% aleﬁlg%en 1)-carbamate,

N- ( 3-fl uor ophenyl amat’e - (car bonyl 2F ) pr opyl

N-(4-fl uor opmaMdﬂ))daF@omhnﬂ-As;QCH;F)‘pydpyﬂ (cM@mymym-pnéﬂﬂﬁﬁ):mbopyll-
N (3, 4 di fluoro n I )car bamate, 2-Methyl-1 -(carbonyl - Asp- CH2F) pr opyl

N-(4- henoxy[iﬁ' te 10 1-(Carbonyl - Asp- CH2F) pr opy!l

N- phenyl carb 1l 0 Okt mat e,
1- (Car bonyl - zm @—Bﬂ ﬁ)l("é‘%g?gp‘g# thﬁpﬁ%‘f&g %ﬁor&?@ﬁ?ﬁ&rﬁ%&@
2-(4-1m dazoIzLMa}bd(lc@WﬂylLAé)scmFom N,t(4-ﬂh¢rbplmnbrl)aarbaﬂab;a,

2- Phenyl - | - (car bonyl - Asp- CH2F) et h N- phenyl car bamat e,

> Nbt hyl - | - ( CaMsSRH L (eaponyhsm, r)mmahé EaifbarmnhenyDeashpmatey| - |

Egg; Bgm A*N%F)lﬁééﬁop'y\f,-\{?%ﬁg S}S' ephe%\ofﬁ%@}ﬂ'l)éarbamate

1- (236Nl orophp(@/dﬂ,oﬁlyl.(x@r@p m 2iy16@biwate - phenyl car bamat e, |
- (4- Chl orophenyl) -(car bg% mﬁ? ggl-g: met hyl N phenyl carbamate, 20

1- Cycl ohexyl II(CQmeWrCH@gMN)MﬂﬂyﬂbmphenyI car banat e,

” car bonyl - AcpICRBSMARG CRENEN P R SRRIERE U, 0= = T e

%P get hyl -1 - (C@mﬁﬁdhzﬁm%lﬁbgfrmyﬂ -CEGE Rthy] WosHeRyéaibamaNzy| oxycar bonyl ,

s d pheng/ Pﬁgn(;'iri h(lcgr){)lor?})'(l-Asp-CHzF)ethyl N-phenylcarbamate,

15 2-Methyl-1-(carbonyl-Asp-CH,F)butyl N-phenylcarbamate,
3-Methyl-1-(carbonyl-Asp-CH,F)butyl N-phenylcarbamate,
1-Phenyl-1-(carbonyl-Asp-CH,F)methyl N-phenylcarbamate,
1-(2-Chlorophenyl)-1-(carbonyl-Asp-CH,F)methyl N-phenylcarbamate,
1-(4-Chloropheny!)-1-(carbonyl-Asp-CH,F)methyl N-phenylcarbamate,

20 1-Cyclohexyl-1-(carbonyl-Asp-CH,F)methyl N-phenylcarbamate,
2-Chloro-1-(carbonyl-Asp-CH,F)ethyl N-phenylcarbamate,

2,2 2-Trifluoro-1-(carbonyl-Asp-CH,F)ethyl N-phenylcarbamate, and
Z-Valine 2-methyl-1-(carbonyl-Asp-CH,F)propyl ester.
where Z is benzyloxycarbonyl, DPP is diphenylphosphinyloxy, PTP is 1-

25 phenyl-3-(trifluoromethyl)pyrazol-5-yloxy and DCB is 2,6-
dichlorobenzoyloxy.

Useful aryl groups are C,_,, aryl, especially C,,,aryl. Typical Cq,, aryl
groups include phenyl, naphthyl, phenanthrenyl, anthracenyl, indenyl,
azulenyl, biphenyl, biphenylenyl and fluorenyl groups.



25 phenyl -3-(trifluoromethyl)pyrazol -5-yloxy and DCB is 2, 6-

di chl oromﬂg%gxy. Useful aryl groups are C6.14 aryl, espetisddassés. 10
aryl. Typica _t4 aryl groups include phenyl, naphthyl, phenanthrenyl,
ant hracenyl, indenyl, azulenyl, biphenyl, biphenylenyl and fluorenyl
groups. WO 01/16093 PCT/ US00/ 23566 -1¢#7Zsseful cycl oal kyl groups are C3.8
cycl oal kyl . Typical cycloal kyl groups include cyclopropyl, cyclobutyl,
cycl opentyl, cycl oHdsefel aymloalkylc Ersmpptaye . Cius eyaloalkyls o Ryipigab rysloaial t i al | y

saturated carbocycligc groups ,are cvalpal kyl gr a [ aed ove, as '’
wel | as cycl oaR |m§ﬂé¥ﬁp§?"lg¥?f&’ﬁy‘gs °¥§9€&steﬁyglﬁﬁ%i‘?ﬁ6y§y%§fé%&gn?ﬁ&) and
cycl ooct enyl . ffhdbtyal o or hal ogen groups include fluorine, chlorine,

brom ne and iodine. "Useful alkyl groups include straight-chained and
branched C1.10 al kyUsefalo sgtuatpd | onopastiglhef saturpled  carbecygliey | grgipsuse Typi cal

C,_10 al kyl groups..incl ude h et hyl ropyl ., L,sopyopyl ,

sec- budyl | ter‘fy-c&ﬂk}' gf%“%éﬁ@%mé% © X%H’&Hc?ét‘é'lcm@p%ﬂ gl%ﬁ?%c?géﬁ)é% enpl at ed
is a trinethyl feh, SytistepletiBAd ¥ clob¥iBny@d] Oi ni ng posi tions on the E
benzene ring o ?ﬁgﬁc%oundsbof}the IS}?r?vent}iélon. 15 Useful al kenyl groups

i ncl ude straight chdsefalchalmdr balegarhgrdupintlide fluoring,| chipringpbronnine and

preferably C2.6 al kenyl groups. Typical C2_10 al kenyl groups include
et henyl , propef§i® i sopropenyl, butenyl, pentenyl, hexenyl and octenyl

groups. Useful al ky Pérol StrathSMiainddPadiCErafeltdlC ¢ g C2_10
20 al kynyl groups, {r)r%érﬁélg%iregf Pgﬁwﬁcg% aI%kynyaI1 groups. Typi clgFﬁjg. 10

al kyny0  gr oupgroyps; mute petferbly| C, sl \gnoups. ypjeay C,..opdistl yargups iheugay | and
G110l ky1 " Gt <itihsBropHk dtoPESP S LRGR SEarBuah JPRRHEH PARBRT AT aryl
groups. Useful,, 25.Vidbiss. | RfoUsdnitdiiad is RRERehIcne Frshp aittitvdass hy! - -
two adjoining positions on the benzene ring of the compounds of the
invention.
15 Useful alkenyl groups include straight chained and branched C,,,
alkenyl groups, more preferably C,, alkenyl groups. Typical C,,, alkenyl
groups include ethenyl, propenyl, isopropgnyl, butenyl, pentenyl, hexenyl and
octenyl groups.
Useful alkynyl groups include straight chained and branched C,,,
20 alkynyl groups, more preferably C, alkynyl groups. Typical C,,, alkynyl
groups include ethynyl, propynyl, butynyl, pentynyl, hexynyl and octynyl
groups.
Useful arylalkyl groups include any of the above-mentioned C, , alkyl
groups substituted by any of the above-mentioned Cg,, aryl groups. Useful
25 values include benzyl, phenethyl and naphthylmethyl.
Useful haloalkyl groups include C, ,, alkyl groups substituted by one or
more fluorine, chlorine, bromine or iodine atoms, e.g. fluoromethyl,
difluoromethyl,  trifluoromethyl,  pentafluoroethyl,  1,1-difluoroethyl,
chloromethyl, chlorofluoromethyl and trichloromethy! groups.
30 Useful alkoxy groups include oxygen substituted by one of the C,,,

alkyl groups mentioned above.

T



Usef ul hal oal kyl groups include C, _10 al kyl groups substituted by one or
nmore flW@bi/fdes Chl orine, brom ne or iodine atons, e.g. fpPonusewtssbss ,

di fl uoronet y?, trifluoronethyl, pentafluoroethyl, 1, 1 -difluoroethyl,
choronet hyl, chl orofluoronethyl and trichloronethyl groups. 30 Useful

al koxy groups include oxygen substitutkd by one of the C,_10 al kyl groups
ment i oned above. WD Q1/ 16093 PCT/ US00/ 23566 -18 Useful al kyl thjio groups

i ncl ude sul phur sdésstyl plkyddig,groypg inglude sulphur sypstityted by gre,gbtherfert i oned
-above. Also i : 00Xy} | thio
groups. Usefu :}1 ﬁ%‘“&’?@%g@"fgr ?%ﬁ?’ %‘H%%cgﬁ%?‘gff’ﬁ%%gﬁ ggf]dtng%:/hed to an
5 am no nitr efench dkgthiegriupsd do, propi onam do, but anoyl am do, -
pent anoyl am do, hexanoyl am do as well as aryl-substituted C2-6 substituted

acyl groups. Usef IWseitlyacylaming grgips Are agn\Cig, acpl alkanoyh) attaghsd 1o att ached to

an o (-0-) Up,.:+E: fo | o to D Opi ONoy noyl oxy,
10 pent anoyl oagg?ghe%gﬁoéﬁoxyé’%d %%tea"ﬁl&ge. )%g%"gﬂ%gigrgyl aé@%%% o] dgﬂps

i nclude any Qfentafi6ylamido, HeRatids 1606 a8 el a2 REGY-BulsstaEd Uﬁ;f_gdu&dﬁt‘ﬁ@d’ of the
acyl oxy groups nentioned above, e.g. 2,6- dichlorobenzoyl oxy,

2, 6-di f1 uor obepgwhgsxy and 2, 6-di-(trifluoronethyl)- benzoyl oxy groups. 15
Useful am no groups include -NH2, NHR ,, and NR11R12, wherein R, and R12
are C 1-10 al kyl d/sefglacploxk groups auip 8ni €,.daey! felifangyd)attachedta,an 6¥Y ur at ed or

partially sat ted heterocyglic.groups. include . tetrahydrof uranyl,
Dy anyl | pi pdrod Py SRy BResb rippoiohiibRly chafsBRY.
i m dggol i nyl ,pehtad8yloRy, hexafoldx§Andid likgqui nucl i di nyl, 20 nor phol i nyl,

i sochromanyl, chromanyl, ﬁyrazol i dinyl pyrazolinyl, tetronoyl and
tetromoyl groups. WUssésliarylaeylexy graups gnelugdss am of theearah granpe mentioned

e

2Hpyrrol yl, dichlorobenzoyloxy, 2,6-difluorobenzoyloxy and 2,6-di-(trifluoromethyl)-

benzoyloxy groups.

15 Useful amino groups include -NH,, -NHR,,, and -NR,;R,,, wherein
R,, and R, are C1.1 alkyl or cycloalkyl groups as defined above.

Useful saturated or partially saturated heterocyclic groups include
tetrahydrofuranyl,  pyranyl, piperidinyl,  piperizinyl, pyrrolidinyl,
imidazolidinyl, imidazolinyl, indolinyl, isoindolinyl, quinuclidinyl,

20 morpholinyl, isochromanyl, chromanyl, pyrazolidiny! pyrazolinyl, tetronoyl
and tetramoyl groups.

Useful heteroaryl groups include any one of the following: thienyl,
benzo[b]thienyl, naphtho[2,3-b]Jthieny], thianthrenyl, furyl, pyranyl,
isobenzofuranyl, chromenyl, xanthenyl, phenoxanthiinyl, 2H-pyrrolyl,

25 pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
indolizinyl, isoindolyl, = 3H-indolyl, indolyl, indazolyl, purinyl,
4H-quinolizinyl, isoquinolyl, quinolyl, phthalzinyl, naphthyridinyl,
quinozalinyl, cinnolinyl, pteridinyl, carbazolyl, B-carbolinyl, phenanthridinyl,
acrindinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl,

30 phenothiazinyl, isoxazolyl, furazanyl, phenoxazinyl,

1,4-dihydroquinoxaline-2,3-dione, 7-aminoisocoumarin, pyrido[1,2-



25 pyrrolyl, imdazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimdinyl,

pyri dazwghwsa{}ndol I zinyl, isoindolyl, 3Hindolyl, indol ycrusoezsses vl ,
|

purinyl, nol i zinyl, isoquinolyl, quinolyl, phthalzinyl,
napht hyri di nyl, quinozalinyl, cinnolinyl, pteridinyl, carbazolyl, .
(3-carbolinyl, phenanthridinyl, acrinddnyl, perimdinyl, phenanthrolinyl,
phenazi nyl, isothiazolyl, 30 phenothiazinyl, isoxazolyl, furazanyl,

phenoxazi nyl , alpyrithidinHiyone qu2-henzsisonazod-33yld benrimidazely], n&roxindelyheandn,

pyrido[ 1,2 WD 01/16093. PCT/ USOO/ 2356 -19,a rimdin-4-one .

1, 2- benzoi spx%‘i’&l"-%“—zwl,da%ﬁlzi 8‘53@? t‘?m?'-ybﬁ\ld%(ﬁogﬁangr?amtmgeﬁ atom in _
2- oxobenzi m dgzpbyluch Wikigen altin bkl Ve the forthGfan MBkide/Gg. 2 Pyridy?BRN atom in
a ring, such nitrogen atomnay be“in the formof an N-oxide, e.g. a pyridyl

N- oxi de, pyr agideypyrasinpdiNtexidpypyrimidingl/ N-otideanddghelibe.t he |i ke. 5 Optional
substituents include .one or nore al kyl.; hal o; hal oal kyl. ., cycl oal kyl; aryl
optioRal |y substi tg’npélan% f‘ﬂ’%ﬂ@“’ﬁrmﬁ%‘% ?’WV\B‘F rﬁ‘i’rﬁy%!,ky%a}tl‘%?’ ﬁlg%@% ’iyl ory
het eroaryl grﬁﬁgﬂaﬁ( )E/ﬂﬁ%tﬁﬂéllf@ﬁ%shﬁnéd*bﬁ&' o ijlx(ﬂ&!'r& howaealkil, Haps,e | ower

al kyl, hal o, I “or "het eroaryl groups; aral kyl; heteroaryl

optional | y suhslbalkykdr \lieteroanylegronpsyoargloky vantioahlky Isubstialted with oaeiddrar y|
groups; 10 heteroaryl oxy optjonall ubstitued with one,or pore | qwer

al kyl , hal oal Kapre lower ﬁl}éﬁﬁﬁl‘bﬂ}i’i",aﬁ%ﬂ? K8 xReteranmy), grgHps; 2atioyly H?tsl:oag i no;
acyl oxy; aryl ' ] Lot Al hQIRSIK far[IPir?l . al kyl,
hal o al kyl angi;%&rr%ﬁygs}lgﬁ%%eg%ﬁ%ﬂ%ﬁ%ﬁc}ggﬁf%?éxy opt1 onal yélgu stituted
with i@ne or nheerdapiexy aptiotally shbstituedr withlomal deythomgr lowps alkybtlelaatind | o

optionally substitued with one or more 15 |ower al kyl, haloal k and aryl
groups; het er 8ed @Japeprsxgkept | dkulthio; agylgi; ; aming; \ﬂ)P’flﬂx}bn%ryLar“ﬂ‘?ﬁye | ower

al kyl, hal oal ky]. Lo or X | cl oal kyl
optionally suﬂé{l?r?l@gé%m# {bﬁeqo‘ﬁ('ta}p %}e %D%%k?%%rﬂwgﬁﬁ%#?lﬁ%g%gﬁlgr nd aryl
groups; or padiphehylphdsphiaylexstoptiohlyesubstimutedawith lonk or metilowat bkykubst i t ued
with one or nore |lower alkyl, haloal kyl and aryl groups, 20 Certain of the -
conpounds of hhle qsrhaleateyl ighemps: hetero eRrtignally subs '%‘?‘gmtgtﬂﬁ‘ﬁl"é MQE| udi ng

optical i _ The. | i i i ' h th
P eerts 1wt cidbiery Ayl CHABRAIN dofC A Brotbs, neRITOLARIIGS, Bobrdfly " t e
enanti oners t hatistittey With 689er ajoes lowet atkdi,rigldatkyieni e drbegs; partially

unsaturated heterocycloalkyl optionally substitued with one or more lower

alkyl, haloalkyl and aryl groups; or partially unsaturated heterocycloalkyloxy
optionally substitued with one or more lower alkyl, haloalky! and aryl groups.

20 Certain of the compounds of the present invention may exist as
sterecisomers including optical isomers. The invention includes all
stereoisomers and both the racemic mixtures of such stereoisomers as well as
the individual enantiomers that may be separated according to methods that
are well known to those of ordinary skill in the art.

25 Examples of phaxmaceut_ically acceptable addition salts include
inorganic and organic acid addition salts such as hydrochloride, hydrobromide,
phosphate, sulphate, citrate, lactate, tartrate, maleate, fumarate, mandelate and
oxalate; and inorganic and organic base addition salts with bases such as

sodium hydroxy and Tris(hydroxymethyl)aminomethane (TRIS, tromethane).




are well known to those of ordinary skill in the art. 25 Exanpl es of

phar maoweobi/tebd y acceptabl e addition salts include i norBEHU800238660r gani C
acid addition salts such as hydrochl oride, hydrobrom de, phosphate,

sul phate, citrate, lactate, tartrate, naleate, funmarate, nmandel ate and

oxal ate; and inorganic and organi ¢ bag®-addition salts with bases such as
sodi um hydroxy and. Tri s(hydroxynet hyl.) am nonet hane (TRl tfonet hane). WO
01/ 16093 PCT/ uscx&%é@&?@g °¥EEP‘@$§&B1%§ S?mm‘g’gﬁ 835 °F§%E‘P‘E|E%I E’[a?fﬁ&ﬁus of
‘Fornul ae | -1k wher.gl I §r adubaitkick V¥ PorBlin SR bE UERCo@lKYindr oup such
as CH2OCH3 ansd CH p(Aﬁ\/l ester%é. %1&2 P%\E/}e%tl on ?gs aﬁg% ialll;rect ed to a
met hod for tICHHOCQCH] GAvidstes). 5 responsive to the inhibition of caspases

in animals suffering thereof, Particular preferred enbodi nents_ of
conmpounds for use IR iopentian: Koglser direeted fo,domethod fof, tregtig, diserdesy by

previgously defd r oll| s | AVENt:] may be
pr epasfed usi %&pﬁﬁ.{fy}%@gﬂﬂ(@%&m& %f%a%g%ggg'{: [ %gi}lﬁ&#[ grref[o P g%éé@% cally,
conpounds of preferied embddimlents ¥ compbuids forl asoiTEthB Yhethéd-BF higinvemisian be
prepared as illustrated by exenplary reactions in Schenme 1. Reaction of

hydr oxy aci d aif renresended by presiopsly sefingdhliermulaed-Bar banat e protected acid.
Coupling of the agi i [ r jate ydr o 1 ne. (Re et al.,
Tetrahedron Lett. @g@é%ubggé}fﬁggﬁﬁgﬂ&& (I)n(?gcgé(’j P?éri’%%am“%}&é I'Ef\?ﬁgéstl on of
the hydroxy ghewn tbythdleskillddrihithe afta Bpekifithlly comipbuiids bPFhevdas 161 al .
(Tetrahedron Lett. 35:9693-9696 (1994)) gave the ketone as a m xture of

di astleri oner &vitha Aueromethyh (CHF)reseureeansbecprapased asiblystrated py gxemplary
Dess-Martin reagent. idi¢l ud ridini hl or achr. te (.PCC). TFA catalyzed
cl eavage of trﬁaé:g?l-‘%’& éelg‘f"@ﬁpr il _8?10?&]%&3’&( ﬁc.l&\?\’ﬁ?‘ﬁ?e&%lo‘@%“yéﬁf%% 23566
-21 Schene 1 gkHcaibhmateQprddeteRYadidll NCoupfin® of the acid with the intermediate

hydroxy amine (Revesz et al., Tetrahedron Lett. 35:9693-9696 (1994))

produced the amide. Oxidation of the hydroxy group by Dess-Martin reagent
15 according to Revesz et al. (Tetrahedron Lett. 35:9693-9696 (1994)) gave the
ketone as a mixture of diasteriomers. Other oxidation reagents can be used in
place of Dess-Martin reagent include pyridinium chlorochromate (PCC). TFA

catalyzed cleavage of the 7-Bu ester produced the acid.



N Dess-Martin EDC/HOBT

C02t-Bu H2N 0 CCRBu-t HO _ \

CO2Bu- t k‘fg YN NTFA _
of Formulae™l F with a dichl orobenzoyl oxy (DCB) group

illustrated by exenplary reactions in Schene 2. Reaction

OHOF HO p

(
~Y F CH2CI2 HO O F H O O fcfusés/28ssspounds

can be prepared as
of the
The Z

br ononet hyl ket one wi t h di chl or obenzoi C-Zik;i d gave the ester.

whi ch was

protecting group was renoved by hydro

nation to give the am ne,
G@I The t-Bu ester was cl eaved by

coupled with the acid to produce the
10 TFA to give the acid. Schenme 2 0 C1 OC1 H2/Pd f -- .~ J~ --~ Z + HO KF
Z 0 d ~CO02Bu-t 1 C02Bu-t O Cl~Jl~OpO-|H2N- _/~10-~0
Cll VNON/ \/ @\
~OH + )
HO NCO Pyridine
COgt-Bu
HaN
. I’r CO,Bu-t
HO' O\ )I\ Dess-Martin
EDCVHOBT ji
Q] L ™ QL L

Compounds of Formulae I-II with a dichlorobenzoyloxy (DCB) group

5
can be prepared as illustrated by exemplary reactions in Scheme 2. Reaction
of the bromomethylketone with dichlorobenzoic acid gave the ester. The Z
protecting group was removed by hydrogenation to give the amine, which was
coupled with the acid to produce the amide. The t-Bu ester was cleaved by
10 TFA to give the acid.
Scheme 2
c1
c1 Hy/Pd
£ KF \é)l\/ N
\cozsu-t o NcoBu-t
o g *Xr
Hz“\)'\/ O\ )l\
Ncogpu-t & EDCVHOBT é
\COZBu-t ¢l

e QX

copH

Gl



0 d (C02Bu-t EDCI/HOBT HO N, CO2Bu-t 0 C1 TFA G LolX? CLNIly O HOC1L O
~CO2H W 9ilibd$H93 PCT/ US00/ 23566 -22 Similarly, conpouneGT/S00R23566ul ae | -1 |
(trifluoromethyl)pyrazol -5-yloxy (PTP) and a

with a 1-phenyl - 3-
di phenyl phosphi nyl oxy (DPP) group can be prepared as illustrated by
[ ~-respectively. 5 Scherre 3 gg HO Ph O
3 0 H2N

“exenpl ary reactions |n Scherre 3 and
Ph H2/ Pd ZEN Br, KF.c, 9N ~C0 t .CF3 C02
0 ON Ph HO CH 0 é“PHa‘H N‘r"&‘l’e‘&ﬁ‘&i Npf , Forpulagy %EP |
C02Bu-t CF3  (trifluoromethyl)pyrazol-5-yloxy (PTP) and a diphenylphosphinyloxy (DPP)
group can be prepared as illustrated by exemplary reactions in Scheme 3 and

4, respectively.
5
Scheme 3
o Ph o
g wo. u Ph H,/Pd
Br N ’
7 \i)k/ . I%N ___,KF 7 N\:)K/O N\ ———————
X 2 Lo
COyBu-t \COZBu-t
CFy

58 Q i
HZN
i Pn
e Q
COzBu- ]:( EDCVHOBT A x/

/lln

CFy
C02Bu t
CF,
TFA 0 a g Ph
- )k N\)k/o 15
N (8] .;. A Y
? AN L
CO,H
CF;
Scheme 4
o)
o Ho/Pd
,ﬁ\)k/Br wo. P H Ph 2/
27 Y ~p—Ph = N O~p—pn
= ] KF B n
~ o = 0
CO,Bu-t \COZBu—t

o] O
H N\)I\/O " i 0 0 0
2 ~
Y P—FPh -
Q\ J‘\ E\)‘\/O\ 'Ph
g 0 : ﬁ-Ph
Q

i
0 EDCI/HOBT

10



Ph = IN TFA OloArLAO O NI CO2H CF3 Schene 4 HPh HO Ph H2/Pd Z IN Br
HOB ! ~ wobvrewez - - - -~ - 0- + P-Ph ICF 2 P-Ph \Q02Bu-t 0 @ezRisedr23366 ~ O 0 O
~ ' Ph H vvO0PPhO, OgO0OOPh OP- h co26u-t EDCUHOBT o n P O
~C02Bu-t 0 TFA oYi N~0 O - ~P-Ph 10 0 \CCRH O WD 01/ 16093 PCTI US00/ 23566
-23 An inportant aspect of the present R®wention is the discovery that
conmpounds having Formulae |-11 are inhibitors of caspases. Therefore, these
inhi bitors are expedbciprogtany aspest ob (s present| inyention 1Sntb& diseqvery, that

cl i ni cal  condiih 005l il ShkliGe (99 S0l i b AAUESTRL AL e or 9ans

occurs. 5 The ce resen |nven i on can e used to

reduce or preindititotehle élgattad itd sldve dﬁajlaau&llsusitnrth(éamhay ¢fndlitidal cor d,
and peripheral nervous systenlo under various conditions of ischema and
exci t ot oxi Ci tycondiltmlsemwhgh shoit cells tisseas or gntireegansiogewdni a due to

Th ry S (Emery et al The el BB QR bt Bl B0 Sar uscho BRPR oy et
al ., Nat. Med. oxSpr%%n 616 dedth 9P the)neréi spakrnl (BHHim spitaP&dd] &nd periph€al t he

effects of oxygen deprivation which can occur during the birth of infants
in high-risk |resweus aystm)omdqxgvanouhecooditnon@laft ischemia windoexcitotoxicityso be

used to reduce. Ofudﬂag, ent {edq

inc 5t ot Timi cal 1schem1a due to stroke and global ischemia
due to cardiac arrest, as well as spinal cord injury (Emery et al, J
10 Neurosurgery 89:911-920 (1998) and Springer et al, Nat. Med. 5:943-946
(1999)). One particular usage is to treat the effects of oxygen deprivation
which can occur during the birth of infants in high-risk labors or drowning.
The cell death inhibitors can also be used to reduce or prevent cell death in the
nervous system due to traumatic injury (such as head trauma), viral infection
15 or radiation-induced nerve cell death (for example, as a side-effect of cancer
radiotherapy). The cell death inhibitors can also be used to reduce or prevent
cell death in a range of neurodegenerative disorders, including but not limited
to Alzheimer’s disease (Mattson et al, Brain Res. 807:167-176 (1998)),
Huntington’s Disease, Parkinson’s Disease, a prion disease, multiple sclerosis,
20 amyotrophic lateral sclerosis, and spinobulbar atrophy. The in vivo
neuroprotective properties of cell death inhibitors of the invention can be
tested in a rat transient focal brain ischemia model (Xue et al., Stroke 21:166
(1990)).
The cell death inhibitors can also be used to treat or ameliorate cell
25 death in the central or peripheral nervous system due to acute bacterial
meningitis.

The cell death inhibitors of the invention can be used to reduce or
prevent cell death in any conditions which potentially results in the death of
cardiac muscle (Black et al,, J. Mol. Cel. Card, 30:733-742 (1998) and Maulik

30 et al, Free Radic. Biol. Med 24:869-875 (1998)). This includes myocardial

infarction due to myocardial ischemia and reperfusion, congestive heart failure



nervous systemdue to traumatic injury (such as head trauma), viral

i nf ect zypisesddr radi ation-induced nerve cell death (for PETAIHENRIS6Gs a
side-effect of cancer radiotherapy). The cell death inhibitors can al so be
used to reduce or prevent cell death_in a range of neurodegenerative

di sorders, including but not limted-2¢o Al zheiner's disease (Mattson et

al., Brain Res, 8Q7:167-176 998) ). , Huntj.ngton, s D sease, Parki.nson's
Di sease, a pfibgagipyapatbyn, Qhe,p '§E]13’ér38311 ,OEdsa?WBT‘ﬁ‘ﬁﬁkﬂrcpﬁeé{?’gr al

sclerosis, apdoshiiaP&l Rafh AldcBREYn cerfin Vital\ihetioRUFtRPRG@KESCt i ve properties
of cell death’inhibitors of the invention can be tested in a rat transient

focal brain ischefhaimvde hctivitysofahe atll death indlikitard of 66 inya8i®d)can bEhe cel |

death inhibitorg can also be ysed to treat .or ,angeliorate . cell 25 death in
the central BRelaSBIAr SRoRE: s epogiotisn model dGCRt & BRdEizAt ol

meni Rgi tis. t h z.0hhpist -~ | ti dto
redu?e or pg@é%%k%g{jﬁd)gzﬁx % Vr%uhgcg/é%?)gn’id? (?I?oggy%'i gﬂmﬁigf}g%#?’a#% results
i n the deat haeftreatedrinravenonsty (18) WttearkamiFas hntibody wWiith irdetes rfiassive

30: 733-742 (1998) ,and Maulik 30 et al., Free Radic. Biol. Md, 24:869-875
(1998)). Thi apqpkesis,tetherlinss apdiother qrgansy leading ta generplingd orga8; ilutes cheni a

d f us on, ' t ' . 6 u 3566 -24
and car ai ony e TG orais, SRl nedhl ' BRI Bihe e S et

myocar di al chioavalRbility as theceellr deathninbibifodd 6f the lidventith,eat welhas tHeirtipe heart .
The in vivo activity of the cel| death inhibitors of the invention can be
t estl®d usi ngvivaeantigneptotici propertisspilbeieell death| inhibiters BEdheingeionguez et

al. 5 (Rodri,qu et al. 4. 7r - hi s nodel ,
mce are tr eggée orlencﬁ?i\%lﬁ%dt]fg Ré/&tcle\’\é%%\;ﬁvt%ﬁt aé’ﬁ’gg)ﬁ{si%g ig'elggﬁ%ﬁg}é%lf S \ﬁﬂ‘ldéh i nduces
nMassi ve  apoplepafofogyn21:632-1642r (1599@?)0?5{1&{ ariflagspsis| Gaekchke ted general i zed
organ failure and death. This nodel is useful for indirectly testing the
system ¢ bi daneunelaBpf:3480-3486 (P8P andj bereditarsiHiyrasingmia gype Ae(HFMent i on, as

ol 2 o PR A SRR Mo SR .
apopisosi s of jhibifrs £ tHeSinveRSaled cat be usédERAHLA MEpaitls (§i3dkil Phec.(1998) )
such as in sepsis (Jaeschke et al., J.
Soc. Exp. Biol. Med. 217:450-454 (1998)).
The cell death inhibitors of the invention can be used to reduce or
prevent cell death of retinal neurons (Kermer et al., J. Neurosci. 18:4656-4662
(1998) and Miller et al., Am. J. Vet. Res. 59:149-152 (1998)) as can occur in
20 disorders which increase intraocular pressure (such as glaucoma) or retinal
disorders associated with the aging process (such as age-related macular
degeneration). The inhibitors can also be used to treat hereditary degenerative
disorders of the retina, such as retinitis pigmentosa.
The cell death inhibitors of the invention can also be used to reduce or
25 prevent cell death in the kidney. This includes renal amyloidosis (Hiraoka et
al., Nippon Jinzo Gakkai Shi 40:276-83 (1998)), acute renal failure (Lieberthal
et al. Semin Nephrol. 18:505-518 (1998)), murine tubular epithelial cell death
induced by cyclosporine A (Ortiz et al. Kidney International Supp. 68:S25-
S29 (1998)) and HIV-induced nephropathy (Conaldi et al. J. Clin. Invest.

30 102:2041-2049 (1998)).



| munol . 160: 3480- 3486 (1998)) and hereditary tyrosinema type | (HT1)
(Kubo etwgl n (Bl[;'oc. Nat|. Acad. Sci. USA 95:9552-9557 ( 1988pnsseokBssscel |
death 15 II’?FII%I ors of the invention also can be used to treat hepatitis
(Suzuki, Proc. Soc. Exp. Biol. Med. 217:450-454 (1998)). The cell death

i nhibitors of the invention can be used5.0 reduce or prevent cell death of "

retinal neurons (Kernmer et al., J. Neurosci. 18:4656-4662 (1998) and
MIller et al., Am The célltdeatRashibiitrs bf thelinReriticdSan Jalsasbeasad ¢x vaduce or 20
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degener ati on) sy b1} Bichesi Aol 561 P 52AG9lio0b [ RRIBer edi tary

degenerative | sorders o e retina, such as reti pi gnent osa. The
cell death inhibit dite cefl detwh inhiborsiof thecinnertionacah@alsodedised to educseoror 25

prevent cell death in the kidpey.. This includes renal anyloidosis (H raoka
et al?, N ppdRevFnhIRPRRH 1‘&#@‘ W%%P%‘ﬁreeﬁ%g?y%&'e} ?&’i’ﬁ‘l’eaf%i | ure
(Li ebert hal A ﬁzm I ; - i , murine tubul ar
epi t hel i al ce?lto'?e%% ﬁ%llsn uce %yal'ég/)g?%g%o%ﬁ%g%%?}gb%)fz et al. Kidney

I nt er nati onal Supp.ThHe&eBaleath32Kibitdr 98 the iawehtidn\éan atbodbedchsad phredped dry
(Conaldi et al. J. djn. Invest. 30 102:2041-2049 (1998)). WD 01/ 16093
PCT/ US00/ 2356 @reventeetideathain plapts(Richberg ¢ qlo Cario ORm Llpnt Al i7AS0ARS al so be

ol conol | ngest o) PR B PG b SEaH WE 1o WK ep PERCH U (LB 05 1000

(1998)0. The @&1129dKaRI{1998)iahd Goeenbarg ef BE Caly FAISE568 {OB)B0 be used to
reduce or 5 prevent apgptotic cell death in acute pancreatitis (lovanna,
Int. J. Pancreat ol .Thezglldpath inkibisers pf thednveptioncan glso bemised targducederrg.- 82

1999)). Th [.hi i | .00 4 dt
Foduce or | deiept 8t Rediohl'sh Raindon balf plebeiRviRRsEAM: BRRaPE BT 1D
Bi ol . 1:480- 4&mcogd@IF)2555256B (F8Y). ant cel | death due to pathogens (Pozo
et al., Curr. Not 10 8:1129-1132 (1998) and G eenberg et al., Cell,

77:551-563 (1994)) Theicell death indbitors of thednyention gan alse bewehto sAucear al so be
879 P o0y P, be B s b AR syromes
(MDS) (Mundle et al., Am. J. Hematol. 60:36-47 (1999)).

The cell death inhibitors of the invention can also be used to reduce or
prevent organ apoptosis, such in thymus and spleen, in the early period after
burn injury (Fukuzuka et al., Ann. Surg. 229:851-858 (1999)).

20 The cell death inhibitors of the invention can also be used to reduce or
prevent premature death of cells of the immune system, and are particularly
useful in treating immune deficiency disorders, such as acquired immune
deficiency syndrome (AIDS), severe combined immune deficiency syndrome
(SCIDS) and related diseases. The cell death inhibitors can also be used to

25 treat radiation-induced immune suppression.

The cell death inhibitors can also be used to treat or ameliorate an
autoimmune disorder including lupus erythematosus, rheumatoid arthritis and
type I diabetes.

Transplantation of human organs and tissues is a common treatment

30 for organ failure. However, during the transplantation process, the donor

organ or tissue is at risk for cell death since it is deprived of its normal blood



Oncogene 17:2555-2563 (1998)). The cell death inhibitors of the invention
can al swobrieosed to reduce or 15 prevent apoptotic deatPCHPSWEAEOar r ow
cells in myel odyspl astic syndromes (MDS) (Mundle et al., Am J. Henatol.
60: 36-47 (1999)). The cell death inhibjtors of the invention can al so be
‘used to reduce or prevent organ apopt%l s, such in thynus and spleen, in

the earl eriod afte bum | 9: 851- 858
e 1Y el bl o i BHRC hiPbe AE W B, 250 2
reduce or  prRANCEI aemaﬂoﬁwﬂfw&oﬁﬂhb&hofdoh&eof Q& by and are
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and tissues is a com*ron tr 30 for organ failure, Howev during
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death since i @ ; w | { OO 23566
-26 supply pp?ofg&%gﬁgfé@r% Ffr?rp alr#,?légﬂlilg‘ﬂ%eﬁgtﬂg V& él sc% Gg gtgate can be
treated wi t Examplescdfandh orpiistant sissuel yndluwfeusiticont ilmhtatlbinmdﬁemlhversgan or
tissue, or b direct addition of the cell _death |nh|b|tors to the

orgamtlssue ma&&r??éaﬁ’&mgs Gorpeas, ﬂ%ﬁ@ ERBTANLNEERA tifSU€s e in t he
storage medi um ORIk R oo delih htididoAISH] A6 1Ok 07 gan or

tissue into a mamm |nh|b| ors rraya mnls ered to

animals to regent die destiedft hanhh oteadithal Bpérhe and sps Wwedain/ i $8re after it
has been transpl ant ed tocg\yeot ect |t fromthe effects of host immune cells

which kil | t Hestilizationgeroeedyges: r These inkibitess sn dsi wsed dugingpthe hapkestingh or gans
and tissues i W t neys,.livers, 10 hearts,
p?&eysdﬁld a}ngsHbelﬁ ?\%ﬂ éo 27 ¢ démhl gral tissue. The
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to produce large amounts of recombinant proteins (such as antibodies,

-
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enzymes or hormones) for industrial or medicinal use. The lifespan of some of
these cell lines is limited due to growth conditions, the nature of the
recombinant molecule being expressed (some are toxic) and other unknown
20 factors. The lifespans of industrial cell lines can be extended by including
these cell death inhibitors in the growth medium in a concentration range of 1-
100 pM.
The factors governing hair growth and loss are largely unknown.
There is some evidence, however, that hair follicle regression (referred to as
25 catagen) may be due at least partially to apoptosis. Therefore, it is
contemplated that the cell death inhibitors of the present invention can be used
to treat hair loss that occurs due to various conditions, including but not
limited to male-pattern baldness, radiation-induced or chemotherapy-induced
hair loss, and hair loss due to emotional stress, by administering the inhibitors
30 to the hair or hair follicles of an animal. There is also evidence that apoptosis

may play a role in the loss of hair color. Therefore, it is contemplated that the



prevent the death of human or animal sperm and eggs used in in vitro
fertili z&biommggocedures. These inhibitors can be used dugcyrgsdosses
harvesting process and can al so be included in the storage nedium 15
Manmal i an cell lines, insect cells and yeast cells are commonly used to

produce | arge anmounts of reconbinant pg2f%eins (such as anti bodi es, enzyrres.

or horrones) for industrial or nmedicinal use. The lifespan of sone of
these cell |i el deathlinhibitors ofithe tpyesgnioimventiosnetint alsmbe used imtreating of t he

reconmbi nant nol ecul.e bei ng. expressed. . SouE 3re toxi c) and ot her unknown 20 -
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factors. The PFEEPMREsE: S WFS BfpYing s can be extended by

including these cefye 4@ Bf iskipl SpittRIisl tellst &M ScaMaferRepasitd fo m%? -
concentration range of 1- 100 M The factors governing hair growth and | oss

are |argely unévetsiwof radiftionchéat os chemisalsddh decortemplated, thaththe delideatho| i cl e
regression (referred as 25.catagen) nm ue at,least partially to
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the present 'Wﬁé‘&fﬁ&n%ﬁ&a&é 5 8fe pﬁﬁicﬁ{aiﬁrﬁnﬁglg‘gﬁénﬂt%%eﬂ hRhthOmAibitersdue to

various conditions, i1ncluding but not to mal e-pattern bal dness,
radi at i on-i ndwar e appldaspattaf agypicaldousalatitrgierg. ko ointmeant ththerskinoefs due to

enotional stress, by admnistering the inhjbitors 30 to the hair ar hair
follicles of &R a&H’P%iﬁ? tregtacte qVer- ﬁ‘%oé“’é"\/tf’gié"rﬁf’é‘ ar‘ﬁeﬁ’ PSPt Eléqtgnn play a

role in the | : | f.zgo0l or. Therefore, it is contenplated that the WO
01/ 16093 PCT/ %%%6%%@@%&1@27 cell death inhibitors of the present invention

can aleo be used i rGdlderg engl. (Varurer Garenics hir442:44% (96 repartadr recentlyyi ng  of

the hair. The death of skin epithelial cells can_occur ter expqsure to
high |evels &kathygtingtingd Prafsiy profugt oS Huntingtoniy dlﬁ@&éﬁﬁér&ﬁ?&t%ﬁ%hat the

cell death 5 _jinbibi e tod ' Al eat,
reduce or pr e&!a%?é({)?ﬁ; gﬁ’?ﬁgé“%{&égﬁn anr%%tgﬁ&{]{rl]ﬁ%ﬁg %artbﬁgﬁggpéggﬁ]i cation,
the cell deat bfiaQAG tomclestide doahadplenddofathepHDt garfe. a Thetrinadledtilenul at i on,

e.g. an ointnment, to the skin of an aninal ta tre%acute over-exfposure to
dberg et

the sun and t 6Xpansiparfxcesding 36 ropgats syiasspaiater wjthothe dlipical prgsentaiion

al. (N)at ure Gi—ﬂit i’fh% éﬁ&é&hﬁé&n &#&8&):3 cfegﬁ%@toﬂtﬁlﬁﬁ&m h)y CPP32, thus

links the role of CPP32 in the apoptotic cell death in HD. Compounds of the

present invention with CPP32 inhibiting activity are useful in blocking CPP32

induced apoptotic cell death, thus in preventing and treating HD and other

disorders characterized by expansion of trinucleotide repeats such as myotonic

20 dystrophy, fragile X mental retardation, spinobulbar muscular atrophy,
spinocerebellar atoxia type I and Dentato-Rubro pallidoluysian atrophy.

The cell death inhibitors can also be used to treat or ameliorate small
bowel tissue injury after intestinal ischemia-reperfusion, by administering to
an animal in need thereof. See Farber, A. et al., J. Vascular Surg. 30:752-760

25 (1999).

The invention relates to a method of treating, ameliorating or
preventing oral mucositis, gastrointestinal mucositis, bladder mucositis,
proctitis, bone marrow cell death, skin cell death and hair loss resulting from
chemotherapy or radiation therapy of cancer in an animal, comprising

30 administering to the animal in need thereof an effective amount of a caspase

inhibitor.



that huntingtin, a protein product of Huntington's disease (HD) gene, can
be cl qryadstns CPP32 but not | CE. The nutation underl|yi RGTRIS09/2Z356
expansion of a CAGtrinucleotide at the 5 end of the HD gene. The
trinucl eotide expansion exceeding 36 repeats is associated with the
‘clinical presentation of 15 HD. The 5 expansion pronotes cl eavage of

huntingtin by CPR32, thys . links the role of CPP32 ipn the apo tic cell
death in HD. Conp ﬁ’_&lsa‘H\“a{Sh_@m p?eééegntw‘_f'bn {qogﬁ:r%eyﬁc Cﬁggﬁs iaﬁhiljoﬁi ting
activity ar eraaﬁﬁgmo kil BhoG!dells) daRRRGntdd MUC SRR ROME BbbStof€ ikatHREL N, thus
in preventing and treating HD and other disorders characterized by

expansi on of rapidiyndividing nde-camgee atlis. sSadh wom-capoerocells igdudly seltsogfithe fragil e X
mental retardation, .spinobul ba l.ar atrophy, .. spinocerebel |ar atoxia

r, musc
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I nt egti nal i]g%%g%}ngf’ %‘i‘g@%?%éf%ﬂmé@f a %aﬁx?x??%tgrleﬁg&?%c}f %%F%%Cénﬁeﬁlgn need
t her eof . SeetoFprett apéptosis oflsuch dellas nibapreferred entoditheht,/the caBfas¢ 1999). The

invention relates to a nethod of treati ng, anel i or at i,nglsor preventing oral
mucositis, gaBtbitgrshamesadministessst bacally.se.gpfoHgeraskgriestipglstractypopth,t j s, " pone
mar r ow cel | ' .ql}q] i L . T i na..fr .

chenot her apyg&(;lﬁg?gc |£’;H18%%%+feag’§g{?|§gf ca%gggrtmlluﬁé%r? agflﬂll%nlg* ) &é%r?g%g ing 30

adm ni st eri ngells®ut Jﬂﬁ)vﬁﬂ%mmé dedib ofltHehane@icely) Eidspin onecexafple) it iof a
caspase inhibitor. ilil WD 01/16093 PCT/US00/ 23566 -28 When aninmals are

tredfed wit hpessidifothaealpbwin canggewith shemetherapy dir adistion shezapy apdncer

cells, an unwant side effect. is,t apopt ot i rapj di vi di ng
non- cancer cBf’ e§€g§u3‘heﬁ1§ﬂ§’c§aEg_?suscg%%oqfnﬁﬁ nﬁgjgragtg?x{k{; bgﬁt“e f'hagl%ww

gast roi nt est jodall admiABtratisikéMNa cAphse inBibitoR ONE tHERIEO VF BRIl Infucodi€is,0thdi Ng to the
5 present invention, caspase inhibitors are adm nistered to such non-cancer

cells to preaspase inlpbiterosandeapplied Horenample, lim the formfofarmoutbrwasliionent , t he
caspase inhibitors are admnistered locally, e.qg. to the gastrointestinal
rant . mout nmoudiiegh 2@y PectoBatan ook rdesst orBee BORPHL eat | nal
mouty, skin QiivB@d of caspases and apoptotic cell death induced by the

chemotherapeutic agent or by radiation. In the case of gastrointestinal

mucositis, the caspase inhibitor can be applied in a form such that it is not
absorbed systemically or in a form that coats the surface of the gastrointestinal
tract, or a suppository formulation for the treatment of gastrointestinal
20 mucositis. In the case of proctitis, the capsase inhibitor may be applied as part
of an enema or suppository. In the case of bladder mucositis, the caspase
inhibitor may be applied though a bladder catheter. For prevention of radiation
or chemotherapy-induced hair loss, the caspase inhibitor can be applied, for
example, to the scalp in the form of a hair rinse, hair gel, shampoo or hair
25 conditioner. Importantly, the caspase inhibitor can be applied prior to the
administration of the chemotherapeutic agent or radiation, thus preventing or
reducing the onset of the damaging effects of the chemotherapeutic agent or
radiation to the normal cells.
Compositions within the scope of this invention include all
30 compositions wherein the compounds of the present invention are contained in

an amount which is effective to achieve its intended purpose. While



cells but allowing for the death of the cancer cells. Thus, in one exanple,
it is 1Q¥§§fl§ge to treat brain cancer w th chenot her apycayusoadisesi on

t her apy dS otect the outer skin, hair cells, gastrointestinal tract and
bone marrow by |ocal admnistration of a caspase inhibitor. In the case of
oral mnucositis, the caspase inhibitor-20an be applied, for exanple, in the
formof a nouth wash or nouth rinse, in a gel, or in the formof an oral

sl ow rel ease [miredgs needspracy; aletermhination of aptiroal rafiges of pectiveampuaisaift ot i c

cell death induged by the chemthet tic ent or by radiation. In the
case of gast r GG CETHAREH lsr’mmei %I?Bﬁgleﬁ%ggwcqlﬁhﬁb% C_B?po&lgﬁs %@yappl i ed
inaform Sucpetahﬂﬁ 'k&ﬁustoriﬁ&mﬁi%sergbﬁanﬁu@t&m,cadwogg of 0.0025 @ ot hat
coats the surface of the gastrointestinal ‘tract, or a suppositor

fornul ati on f eng/kd)eort apatquinalendfanyasit refi thee pharmake\Rivaly casseptable the case
of proctitis, the capsase_.inhihitor mag be appl,.ed as apn enenma or

h of
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exanpl e, to tpelysgaickitneyt dicedserimmineasysteinr disbriss, artdasepsige| Brefetablpoo or

hair 25 conditioner. Inportantly, the caspase inhibitor can be applied
prior to the abRHHOPkta ahqusd0anekeds Eﬁi‘ﬁtﬁdﬁ%?léﬁ?@?ﬁoéf%%ﬂ’r‘?wmr%@ﬁat i on,

thus preventi r ' o ' embshalfoft he
chenot her apeutEl %8p%§sén$&g§ﬁ%%f]§af ?gﬁﬁ%og’ ?‘ﬁ?ﬁ%ﬁ%ﬁ%‘g Iaga.;litCorrpgsiot I ons
wi t hirp t he sceeoral ddsBi Foi enagiplé, dor trentrenter prdventidh cfwamosriat cadhdeatiher ei n t he

conpounds of the present invention are contained_in _an gnou whi.ch is
effective to achitehle intragmyseylandasg W%B%ém\h#rqoéﬁfbab&‘}t o@yr)‘tﬁ%rﬁ“@som 23566

-29 indivi dual %Fﬁr%%g%bﬁéﬁﬁoﬁgﬁﬁtwm’iaﬁgut;s{(ﬂ%ﬂ%m' ranges of effective

anounts of e IS Wthinthe f the art. Typically, the
conpounds nmay be gugiunitséral dosd magrisiise fony abbutn®ak to abalt O atg,a dose of
0.0025 to 50 m%/ kg, or an_equi val ent anopunt of the har,n%%eutic |1y

accept abl e salpreterablyeabent 0.1 s abey i 0gng of therrompopad-gifhe gpitdREe WA¥YRI ~ bei ng
treat for a t QSL S- ' ' 1S - C : th, heart
di sea’gscej, reti ﬁ%‘%@%‘%?&g?g?%°§g|“%§§{aﬁg "%P&ﬁé’gm |r§2%%§?%%cm#gal§§ tem

di sorders and fgapshout 0Rrt6 bbsal10yconveniently about 0.25 to 50 mg of the compound

or its solvates.
In a topical formulation, the compound may be present at a
concentration of about 0.01 to 100 mg per gram of carrier.

20 In addition to administering the compound as a raw chemical, the
compounds of the invention may be administered as part of a pharmaceutical
preparation  containing suitable pharmaceutically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the
compounds into preparations which can be used pharmaceutically. Preferably,

25 the preparations, particularly those preparations which can be administered
orally or topically and which can be used for the preferred type of
administration, such as tablets, dragees, slow release lozenges and capsules,
mouth rinses and mouth washes, gels, liquid suspensions, hair rinses, hair gels,
shampoos and also preparations which can be administered rectally, such as

30 suppositories, as well as suitable solutions for administration by injection,




about 0.01 to about 10 ng/kg is orally adm nistered to treat or prevent
such gicc@hdess. For intranuscul ar injection, the dose PETGIS0&23S66Yy about
one-hal f of 10 the oral dose. For exanple, for treatnent or prevention of
neuronal cell death, a suitable intramuscul ar dose would be about 0.0025
"to about 25 ng/kg, and nost preferab3@, from about 0.01 to about 5 ny/kg.
The unit oral dose may rise fromabout 0.0Q1 to about 50 preferably

{ conpri
about 0.1 t copisaliy o1 ®raly. sentapt frogh Akt P-Olrie SGrpercets prefrrgbly drom 5
adm ni stere | Jol . h containing
From about b0k Q23 k0T PepbtSR el bnuRle), Qtectits Sulih Bl Be " 12
conpound or its ABbMatladed Wwithin theceped of thenpresdnt diventibe aéotheomord nmay be
present at a concentratjon of about 0.01 to 100 ng per gramof carrier. 20
| n additi on ‘osicapharmaseuticallyy acerptablensalim @f athe acomppunde rpfcthe, pYepent conpounds
of the invent|.on. nay LS ed _a toof 4. r [
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conpri si ng " exgtiQilanie! aath ammbitdrarof eke phisedt ihognitiont withk aps@wsisong of the
conpounds into preparations which can be used pharnaceutically. Preferably,
25 the prepapharmasputicallyraccentable ngnende acigd sughmashydsechlows adid.cumatie
adm ni stered__.oral,ly or, topical v and which. can .he used faor the .noreferred
type of adr‘r?‘i’ﬁ?’srp?lg‘iéia& > 5 %& cﬁg%t g%el%gtagl,d(’:ﬁpﬁ 8%1?3 tagﬁawvaf;@r g%fggmgo_zenges
and capsul esacid,"FHésphdric&ss, Hilc M, RndaRO fike. Wisto salistat FoRHEPBPSi ONS,
hair rinses, hair gels, shanpoos and also preparations which can be
adnilfli st er edmixing akolytion ofthe partigolas oglpdesith mhitétors efstheptdsentsneantipnbl e

solutions for.adm nj stration.by injection, 1/ 16093 PCT/ USQQ 23566 - 30
topi cal ly or “Bﬁa? Isﬁi,u%‘%n?tja? rPhtai,‘B_ ?ﬁeﬁiﬂﬁayty 6‘?'?6?1!%’% §§“'g‘é§“&é’|‘?§f SB%yﬁér ably from
about 0.25 tgdhan !ﬁ?ﬂl‘éﬁﬁfeaﬁﬁtaﬁﬁﬁﬂ ufdrsﬁiaa,oamﬁé h{d&ﬁﬂﬁ} Siurtichibohdte

excipient. Also included within the scope of the present invention are the

non toxi c phfrisrektheilikel | y acceptable salts of the conpounds of the present

5 invention. Acid.addition salts are fornmed by m xi.ng a solution of the
particul ar cell d ?hpflﬂmas?‘{%ﬂ‘z B?mPW%ses‘?afnt'g]Fm}@%mt‘Sﬁ vi®h &%sol uti on

of g5 phar maggithistatd ¥ AyCRRhANRCH Ay ePbtenRe it Betehciafefidty G&RLori ¢ acid,

fumaric

compounds of the invention. Foremost among such animals are mammals,
e.g., humans, although the invention is not intended to be so limited.
The caspase inhibitors and pharmaceutical compositions thereof may
be administered by any means that achieve their intended purpose. For
20 example, administration may be by parenteral, subcutaneous, intravenous,
intramuscular, intraperitoneal, transdermal, buccal, intrathecal, intracranial,
intranasal or topical routes. Alternatively, or concurrently, administration may
be by the oral route. The dosage administered will be dependent upon the age,
health, and weight of the recipient, kind of concurrent treatment, if any,
25 frequency of treatment, and the nature of the effect desired. In general, the
caspase inhibitors are administered locally to the tissues that are to be
protected from apoptosis and separately from the chemotherapeutic agent. For
example, cisplatin may be administered by i.v. injection to treat a cancer such
as brain, lung, breast, liver, kidney, pancreatic, ovarian, prostatic cancer, and
30 the caspase inhibitor administered locally to treat, ameliorate, or prevent

apototic cell death in the mouth or gastrointestinal tract, such as a mouth wash



acid, maleic acid, succinic acid, acetic acid, citric acid, tartaric acid,
car boni Gyo@d¢aéhes phosphoric acid, oxalic acid, and the |i kT EB8RIS66al tS are
formed by 10 m xing a solution of the particular cell death inhibitors of
the present invention wth a solution of a pharmaceutically acceptable
non-toxi ¢ base such as sodi um hydroxi€d; potassi um hydroxi de, choline

hydr oxi de, sodi um car bonat ris and t |.i ke. The pharnmaceutj cal

conposi ti ons &¢F @ﬁé‘eﬁ?ﬂﬁ'@ﬁ?feﬁirm0%gs§ ap dmeﬁiaéleeqqgaoqscﬁggwnéjﬂx ﬁﬁl whi ch
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achi eve t hei r forfhe Haament pigaskointestinal pancesitispciuding progiits.  hhs ¢AsP#8y be by
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wei ght of t he cpeRTsnidyithe easpesednhibiters maydierapplieditopically to theasﬂy\, andfrf r equency
of treatnent, t n f f1 . W r ral., e
caspase i nhi bls?arfoéj go g?aé,. a H{O%ltgto léi’%ge'ﬁoaggﬁoygt% %ﬂ fi %felhto #gglggggtsﬁétcégge to be
protected from apfphes iembadithent PRE ahenbtHetpautid agait aifDidrtion atay Geagent .

For exanple, cisplatin may be adm nistere bK i.v. injection to treat a
canceld such  &Bplisdalogally tnigeatis lagakized| Gapegr, sugh s dyrainp limgs baasts livear i an,

tati d 30 th i nhi bitor adm.pi d | Ly t
Proat - amel 1 ofey.” BpnciPattve,vaRaRs piostahe. Shiolt A B, RAR bsr °
gastroi nt est i Bahidiftaed sysisaiais e, mpq._tvhim@e'iign,vi@t%_{, BERH3rACH S0 23566

-31 for the treatnent of oral nucositis; and |V injectabl e aqueous sol ution

for the treaapepotioéelbdeath ofitheogastrointestinalt tact gelds, anoush epithelialngelds, i on
suitable for ,coating the gastrqjntestinal syrfaces or. an ene Qr

Supposi tory.  BPRUTATPY,Fellbin frdlsing Ralresiis.o 0 3k 646 of OB CIHRPOM R osi ¢ s

i ncl udi Ng pr ogidid bahcerlthéatrAER PRSP @xample i &ilsb&%intﬁﬁﬂoﬁhﬁfao%n@mhé@éiet hrough a

bl adder catheter for the treatnent,” anelioration or prevention of bladder
mucosi tis. Al ther himbdbediy bmrier can be applied, for example, systemically by i.v.

injection followed by irradiation of the brain tumor. This would protect the
oral mucosa from the harmful effects of radiation but the caspase inhibitor
would not protect the brain tumor from the therapeutic effects of radiation.
20 Importantly, the caspase inhibitor can be applied prior to administration of the
radiation, thus preventing the onset of the damaging effects of the radiation to
the normal mucosa cells.
The pharmaceutical preparations of the present invention are
manufactured in a manner which is itself known, for example, by means of
25 conventional mixing, granulating, dragee-making, dissolving, or lyophilizing
processes. Thus, pharmaceutical preparations for oral use can be obtained by
combining the active compounds with solid excipients, optionally grinding the
resulting mixture and processing the mixture of granules,-after adding suitable
auxiliaries, if desired or necessary, to obtain tablets or dragee cores.
30 Suitable excipients are, in particular, fillers such as saccharides, for

example lactose or sucrose, mannitol or sorbitol, cellulose preparations and/or



concurrently, the caspase inhibitors may be applied topi %SIHJQ/O ég he skin
and/ or waeldlépdx o treat, aneliorate or prevent apoptotic K §253% of hair
and skin cells. In a further enbodi nent, the chenot herapeutic agent or
radi ation may be 10 applied locally tg.treat a |ocalized cancer such as
“brain, lung, breast, liver, kidney, % ncreatic, ovarian, prostatic cancer,
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effects of t cosa cel pharmaceut i cal

pr epar at i ons sediuinh @lgitias e NAukileies iade) sbove HRNAbAciegilating mgentdBamer whi ch
is itself known, for exanple, b'ii means of _ 25 conventional m xing,
8

granul ati ng, héhricgets. feikexagople, sitied. ialey, stesric| gaihHir salisntherepbesucheas Thus,
pharjmceutical_ preparatiqns for.oral use c be o@)t ned by .conbining the
active Comoﬁaéeﬂﬁ?hs(%l%%@?&ré’%}‘g‘?8{??‘3?3’886@5%]31‘3 yg?ﬁenéim%'t r@ge‘? esul ting
m xture and RbRESeSS phelidddewith dubtible YoaBh@WhiRE, iffddsired aatdi resistani tabl e
auxiliaries, if desired or necessary, to obtain tablets or dragee cores. 30

Sui t abl e excigpstentivices. e For fthigpurpasel eencenirated sacobanide aglutionscmayibies, for

exanpl e | act ose, ar, .Sucr ose,.. nital. or sorbitoql, cell.ul pse preparations
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such as starchpaste, USing, for exanple, nmamize starch, wheat starch, rice
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acetylcellulose phthalate or hydroxypropymethyl-cellulose phthalate, are used.

Dye stuffs or pigments may be added to the tablets or dragee coatings, for

example, for identification or in order to characterize combinations of active
20 compound doses.

Other pharmaceutical preparations which can be used orally include
push-fit capsules made of gelatin, as well as soft, sealed capsules made of
gelatin and a plasticizer such as glycerol or sorbitol. The push-fit capsules can
contain the active compounds in the form of granules which may be mixed

25 with fillers such as lactose, binders such as starches, and/or lubricants such as
talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds are preferably dissolved or suspended in suitable liquids,
such as fatty oils, or liquid paraffin. In addition, stabilizers may be added.

Possible pharmaceutical preparations which can be used rectally

30 include, for example, suppositories, which consist of a combination of one or

more of the active compounds with a suppository base. Suitable suppository



such as the above-nenti oned starches and al so carboxynet hyl -starch, cross-
linked Red¥iigesd pyrrolidone, agar, or alginic acid or aPEaUSOVEBPEof, such
as sodium al ginate. Auxiliaries are, above all, flowregulating agents and
| ubricants, for exanple, silica, talc, stearic acid or salts thereof, such
as 10 magnesi um stearate or cal cium st®8rate, and/or pol yethyl ene gl ycol .
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pol yvi nyl pyrr one, polyethylene glycol and/or tani um di oxi de,
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may be added to ets or dragee coatings, for exanple, for
i dentification or iSuitableeforrhalatidres fot paremterat @dipinisttationsinofude caqueeus 20

conmpound doses., Qt her _pharaceuti cal, preparations. which can .be used orally
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The push-fit capsules can contaln the active conpounds in the form of
granul es whi chompyuis a8 xmdoptiatevioill ihjectien suspansiomss maydieosdminfsteredr s such
as starches, and/or |ubricants such as talc qr magnesium stearate and,
opti oHhl |y, stSaipbleJipephili¢ solyents OE&?J'é’E}F%g‘,"h{dﬁéaﬂya%‘?ﬁ’g‘ér TIPS Ay e

pref erably di ssol . ' ' [ Al LD 2 fatty oils,
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phar maceut i calpopfefiyidn@tdipdus-400i(the dfipohadsise dolublet il PEG-480).i Aghewis, f or
exanpl e, suppositories, which consist of a conbjnation of one or re of
the active conpiectinfissuspensions sayRosiain sybstages W&Ght‘&‘if?@es‘{li)ﬁﬁﬁ?st‘% WO

01/ 16093 PCT/ USOQ 23566 -3 as or. I nt hetic
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exanpl e, |i quisthbilizetst yceri des, pol yet hyl ene gl ycol s,

In accordance with one aspect of the present invention, compounds of
the invention are employed in topical and parenteral formulations and are used
for the treatment of skin damage, such as that caused by exposure to high

20 levels of radiation, including ultraviolet radiation, heat or chemicals.

One or more additional substances which have therapeutic effects on
the skin may also be incorporated in the compositions. Thus, the composition
may also contain one or more compounds capable of increasing cyclic-AMP
levels in the skin. Suitable compounds include adenosine or a nucleic acid

25 hydrolysate in an amount of about 0.1-1% and papaverine, in an amount of
about 0.5-5%, both by weight based on the weight of the composition. Also
suitable are B-adrenergic agonists such as isoproterenol, in an amount of about
0.1-2% or cyclic-AMP, in an amount of about 0.1-1%, again both by weight
based on the weight of the composition. Other suitable types of additional

30 active ingredients which may be incorporated in the compositions of this

invention include any compounds known to have a beneficial effect on skin.

TN



5 or paraffin hydrocarbons. Suitable fornulations for parenteral

admi ni swoea1716e93i ncl ude aqueous sol utions of the active ®SHIEUPES6S n

wat er-sol uble form for exanple, water- soluble salts and al kal i ne
solutions. In addition, suspensions of the active -conpounds as appropriate
oily injection suspensions may be adni®fstered. 10 Suitable Ii pophilic
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i njection suspensions may contain substances which increase the viscosity
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capabl e of increasing cyclic-A s in the skin Ui tabl e conpounds

i ncl ude adenosheneeight of the cbmpositian.d A2fypieabkerhtpphistic hgentiis esad tartinein about
0.1-1% and papavering, in a unt of  apout 0.5-5% both by weight based
on tHE wei ght %PW%JEW&F#&%@ N“gf?hns’&'i i gmougt 8%@99%98g‘@%ibé’ agoni st's
such as i sopr QlfheHkh bdstd 81 1 'H e ositfinl- 2% or cyclic-AWP, in an
anount of about F%l.’l- 1‘V}; Saggllrlln boét’iﬁﬁtbdf%el gﬁosng)géed on the wei ght of the
.conmposi tion. O her Theitdpidal eomygeitiorsiof akig invieation adFofinilated preferablint s whi ch
may be incorporated in the cqonpositions of this _invention include any
conpounds kno@HstcEcamsy lotiong,inimentsandethe dike bycheice of approprigieccarrieas o3

PCT/ US00/ 2356§, :+1.34 .SUIC, jnclu reti.noids, such,as Vitanmin A in
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or alderivati veft paraffin), branched chain fats or oils, animal fats and high molecular

weight alcohol (greater than C,,). The preferred carriers are those in which the
active ingredient is soluble. Emulsifiers, stabilizers, humectants and
antioxidants may also be included as well as agents imparting color or
fragrance, if desired. Additionally, transdermal penetration enhancers can be
20 employed in these topical formulations. Examples of such enhancers can be
found in U.S. Patent Nos. 3,989,816 and 4,444,762.
Creams are preferably formulated from a mixture of mineral oil, self-
_emulsifying beeswax and water in which mixture the active ingredient,
dissolved in a small amount of an oil such as almond oil, is admixed. A
25 typical example of such a cream is one which includes about 40 parts water,
about 20 parts beeswax, about 40 parts mineral oil and about 1 part aimond
oil.
Ointments may be formulated by mixing a solution of the active
ingredient in a vegetable oil such as almond oil with warm soft paraffin and

30 allowing the mixture to cool. A typical example of such an ointment is one



thereof in an anount of about 0.1-10% by wei ght, both based on the wei ght
of thewi®speedsti on. Additionally, anti-inflammtory agewrcs/us00/23566

kerat opl astic 5 agents may be incorporated in the cosnetic conposition. A
typical anti- inflanmatory agent is a corticosteroid such as hydrocortisone
or its acetate in an anount of about 3525-5% by wei ght, or a '
corticosteroid such as dexanethasone in an anount of about 0.025-0.5% by
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keratopl astic,aggat is coal tar in an 10 ampunt of about 0.1-20% or
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vei gh. administered as necessary.

In the case of an animal suffering from decreased hair growth, the
compositions of the invention are administered in an amount sufficient to
increase the rate of hair growth. Amounts effective for this use will depend on
the extent of decreased hair growth, and the general state of health of the

20 patient being treated. Maintenance dosages over a prolonged period of time
may be adjusted as necessary. For veterinary uses, higher levels may be
administered as necessary.

When the compounds are to be administered to plants, they may be
applied to the leaves and/or stems and/or flowers of the plant, e.g. by spraying.

25 The compounds may be spayed in particulate form or dissolved or suspended
in an appropriate carrier, e.g. in water or an oil-water emulsion. The
compounds may also be combined with the soil of the plant. In this
embodiment, the compounds are taken up by the roots of the plant.

In a preferred embodiment, the caspase inhibitor is formulated as part

30 of a mouthwash for the treatment, amelioration or prevention of oral

mucositis. Such mouthwashes are aqueous solutions of the caspase inhibitor




Lotions may be conveniently prepared by dissolving the active ingredient,

I n a suwpani1eddi gh nol ecul ar wei ght al cohol such as prop?F@ﬂ@mW? ycol or
pol yet hyl ene glycol. In addition, these conpositions may include other
medi ci nal agents, growh factors, wound seal ants, carriers, etc., that are
known or apparent to those skilled i m6he art. The conposi tions of the

I nvention are_adm nistered to rm. bl eoded..ani nal .. such gs man,
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necessary. WhEomphrey (980 pp.dD48r H460 1526 adni965st ered to plants, they may be

applied to the | eaves and/or, stens and/or flowers, of the plant, e.g. by
sprayPng. 25 Theatf”cﬂ‘Pﬁ aeeforsed qrabodimentthe caspape inkihiter & fognmlatsd asi ssol ved
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of a nout hwashxdmples R gastointestinal mugesitiy ineluds esephageal, mueositis, @astHc al
nmucositis. S o} £S: u 0 i f the caspase._.i nhibitor
W0 01/ 16003 FEr R ST sl B REE  SudP by REng ke GrERRE RS ] Cor

synthstic swegitsidy Sucln@s SdlithBfén carbonate, aluminum hydroxide gel, bismuth

subnitrate, bismuth subsalicylate, calcium carbonate, dihydroxyaluminum

sodium carbonate, magaldrate, magnesium carbonate, magnesium hydroxide,
magnesium oxide, sodium bicarbonate, milk of bismuth, dihydroxyaluminum
aminoacetate, magnesium phosphate, magnesium trisilicate and mixtures
20 thereof. Other additives include without limitation H,-receptor antagonists,
digestants, anti-emetics, adsorbants, and miscellancous agents. See
Remington’s Pharmaceutical Sciences, A.R. Gennaro, ed., Mack Publishing

Company (1990), pp. 774-778.
Chemotherapy agents such as cisplatin and radiation therapy often
25 induce early and late onset emesis in the patient. Thus, in one embodiment an
antiemetic is coadminstered together with the caspase inhibitor to avoid
emesis and retain contact of the caspase inhibitor with the gastrointestinal
tract. Examples of such antiemetics include without limitation compounds
that block the dopaminergic emetic receptors such as metoclopramide and
30 trimethobenzamide, and cannabinoids. Metoclopramide may be administered

orally prior to and/or during chemotherapy/radiation therapy/caspase inhibitor



active, flavoring and coloring agents. They may al so contain anti-infective
agents guydi/posnexetidine and cetyl pyridiniumchloride. Poeusoozlsesshes
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gel, bisnmuth subnintd fattfer dthtithbntSthe TadpaSe/infititor ARy be YHnaRA0D AAHE

di hydr oxyal um num sodi um car bonate, magal drate, nagnesi um carbonate,
magnesi um hy dhositiertable selytien ifomthgxiresémento amghiorptiom ob preveatiomof boné bi snut h,
di hydr oxyal um num alg1 nqﬁlcet ate, magnesi um phosphate, magnesiumtrisilicate
and m xtures ?6"?‘1‘{& Ao her additives include without limtation

H2- recept or ant agomheSdomposiiofle st M lcdmpaitibneMBy b6 ddmAsEGed 8 SarNd

m scel | aneous agents. See Rem ngton'S Pharnmaceutical Sciences, AR

GenndPo, ed., blpedsd @itwal, stichops Damprs nalreadp Sfferipg . front Acheéd®thefipynot her apy

agents such as.,cj.spl.atin.and radiati on thergpy often 5.induce early and

| ate onset erf@g’iaéo‘?hefaﬁ@" ‘glcie@ﬂ?’."c‘?‘?ﬁ?%?elrﬁeagﬁé’r’éﬁ%dﬁrﬁéﬁbiyage OLhPf enetic is

coadm nsteredd‘&ﬂgqﬁé}gﬁymtﬁ thr};@h@,g@p@,sﬁdjaﬁ%bi tor to avoid enesis and
Inhibitor wt

retain contact of the’caspase In the gastrointestinal tract.
Exanpl es of such dittei folewingsxamplesdre illustiative, But mbt limiting, cbthp metistsl  t hat

bl ock the dopami nergi ¢, enmetic receptors such_ as mnetocl opram.de and 30
t ri met hobenz AR O™ ﬁ’&°€%ﬁ£§1ﬁ PFS?‘H'E.‘“‘WEP%I gﬁPéﬁ‘i“&i’?de’g’aﬁﬁﬂﬁ st er ed

| i | , afvy
Pt b e br | Vo I BAGST Gy lly oF SORUAGESY fahtin b QbR BRULARRRFSC

in clinical therapy and which are obvious to those skilled in the art are within

-

the spirit and scope of the invention.

Example 1
20 S-1-(Carbonyl-Asp-CH,F)ethyl N-Phenylcarbamate

Step A t-Butyl  5-fluoro-3-[S-2-(phenylamino)carbonyloxy-
propionamido]-4-hydroxypentanoate. A mixture of S-(-)-2-[(phenylamino)-
carbonyloxy]propionic acid (201 mg, 0.96 mmol), EDCI (98 mg, 0.51 mmol),

25 HOBT (74 mg, 0.48 mmol), DMAP (28 mg, 0.23 mmol) and t-butyl 3-amino-
5-fluoro-4-hydroxypentanoate (101 mg, 0.49 mmol) in THF (6 mL) was
stirred at room temperature for 17 h. It was diluted with 1:1 hexane/EtOAc
(80 mL), washed with water, 2N HCI, water, saturated NaHCO,, brine and
dried over Na,SO,. The solution was evaporated and the residue was purified

30 by flash chromatography (hexane/EtOAc 3/2) to give the title compound as a
white solid (80 mg, 0.21 mmol, 43%). 'H NMR (CDCl,): 7.40-7.05 (m, 6H),




therapy to prevent the early enesis response and then |later by intranasal
admi niworane®d according to U.S. Patent Nos. 5,760,086 BREUSIEZS6G36 1o
prevent del ayed onset enesis. During the period after

chenot herapy/radi ati on therapy, both t he caspase inhibitor and the
‘antiemetic may be coadministered 5 t¥-treat, aneliorate or prevent

oAt 01ty Rl TACRS) i S o B 3 7RS) B 5 R 2R,

amel i or ati orgppr 1 RO@MEOHH.0n of bone marrow cell death. The conpositions of
the conpositions may be administered to a warm 10 bl ooded ani mal, such as
human, al r eady SLStéplB dg(Garbmyé-Hapm-B&rthﬁﬁzdFBethyldﬂwkenmrbmtap)A| nduced

e U A e T L T

| im§ing, mé}@lcaﬁm&% gpﬁxgpm o at&,gns gfrat cRGERSAO(8H WYENGopn. Ot her

sui tabl e no I ONS an apt e variety of conditions and
paramet er s namol) ih dichieromethane(b mhb) elas refhacledtfdneﬁﬂalpy&krctomdcmrm obvi ous

to those skilled in the art are vylthln the spirit an scop he
i nvention. HSWRgIaBIe, zosagnpte?cav By | ;@fboemmtewﬁ w%ﬁ%aﬁ% mate Step

A. t-Butyl
pr opi onam dofﬁlkfﬁlﬁﬁgp; §£§I£aéﬁoét e. ﬁ{& re O?ﬂl%ﬁ%fxt)ure wfs(?) rgsrtliy Cani no) -
car bonyl OXy]pthFdxﬁ'Bd:téd agittl 1(12mxamlEt0A%(8mﬁiL)) EhClorgfific phaseOwad mmol ), 25

HOBT (74 ng, 0.48 mmol ), DVAP (28 23 mmol ) _and t-butyl 3-am no-
5- f 1@or o- 4- hyeshed yyithwaies and bpmmdnr% O\cﬁr&gdmsqlfat%aqﬂeormnmty Was stirred

) Cwashod VEEh tgielf e (e ooyt ¥ irbitads phils SRR ST (7o

over Na2SOA.miag, sfs%)ut‘rpnmecm@porw-e(isqnﬂ S5H)e7.1851.6iuen,vEx), 51801 f i ed 30 by
flash chromat o%raphﬁbghexane/ Et QAc 3/2 give the title conpound as a

white solid 4-80mpdH) 306-Hb(m, 4&pg .56 Mm%@a@f@)(s 9H)40-7.05 (m 6H), WD
01716093 PCT/ USO étz 35? { éé fgny]?%s%%H%F)_etlgzl N- p]h%lcarbamae 95T£n11 4H,

2.75-2.51 (m 2H)"
15 solution of 1-(carbonyl-Asp(O-Bu-t)-CH,F)ethyl N-phenylcarbamate (69 mg,

0.18 mmol) in 3 mL of CH,Cl, was added 1 mL of TFA. The resulting
solution was stirred at room temperature for 1 h, diluted with EtOAc (80 mL),

neutralized with saturated Na,HPO, to pH~5, washed with water and brine,
dried over Na,SO, and concentrated in vacuo to give the title compound as a

20 white solid (26 mg, 0.078 mmol, 44%). 'H NMR (DMSO-dg): 9.86 (br s,
1H), 8.67 (br s, 1H), 7.45-7.27 (m, 4H), 6.99 (br s, 1H), 5.30-4.80 (m, 4H),
4.59 (br s, 1H), 2.72 (br s, 2H), 1.37 (br s, 3H).

Example 2
25 2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-Phenylcarbamate

Step A. 2-Phenylaminocarbonyloxy-3-methylbutyric acid. To a

solution of 2-hydroxy-3-methylbutyric acid (0.20 g, 1.7 mmol) in pyridine (8

ml) was added pheny!l isocyanate (0.184 mL). The resulting solution was

30 stirred at room temperature for 4 h, acidified with 2N HCIl to pH~2 and diluted
with EtOAc (30 mL). The organic phase was isolated, washed with water and



3H), 1.42 (m 9H). Step B.  1-(Carbonyl Asp(O Bu-t)-CH2F) et hyl

N- pheny{yedd; P gidte. A mxture of periodinane (0.49 g, 1.@#6rasuBsend
t-butyl 5-fluoro-3-[S-2- 5

(phenyl am no) car bonyl oxypr opi onam do] - 4- hydr oxypent anoate (80 ny, 0.21

mmol ) in dichloronmethane (6 nmL) was re39-uxed for 20 h. After cooled to room
tenperature, a saturated_sodi um bicarbonate aqueous solution (10 niL)

cont ai ni ng 0. bying, driedavesNaSQuand epneentratethin, vacup+ Thegresidue Wé%ﬂe‘ktl rred

vashed wi th vl aricitbidph, (oo BRRERONG M Honel 8 HAFHE BAETS OOin

vacuo to yi eldnﬁﬂmnﬂlah laecotoress bl (206 ni, bmrmﬁIbQFBO%)IWH NMRl(DMS@Q my, 0.18
nol , 85% . ' VR ( CDCl 3%4 7.40-7, Z?a'_g)n% |-(i) é , 5.30-
4.87 (m 4H), dd? %013’711{)( 744y T =17.% 38(m1=3lzl)3 2!:1):4'20 4t J 8, step C

1- (Ca bonyl h a 15 sol ution of

1- (ca bonyl - m%&b’g %ﬁz%‘g?ﬁvnﬁﬁéﬁewg’?%@h@ﬁé (69 ng, 0.18 mmol) in
3 mL of CH2CL2 wasTirddigid dontpeoudll Wad prdpaeed &8 hiceNgepss @k Uddseribedasn stirred
at roomtenperature for 1 h, diluted vvlth Et OAc (80 nL), neutralized with

sat urat ed NaZEwople b from 2phenylamindcavbonyloxy-3methylbetytinacid anditdutibver Na2SO4
and concentrajed.in.ygacuo ive the tit, e solid
(26 ny, 0.07§F}WB}°'5 H%°‘4‘L¥F‘ﬁﬂf? iRy ﬁ%@ﬁ%?z)aﬁﬁ(ﬁi’% (br s, I
H), 7.45-7. 27 63s, 4H), 7.87 & 1D 85 213,H.28 &, $L-78 881 MooAk) s = 78,38  br s,
1H), 2.72 (br sz,r(éH)H,b 1.33@(br s, 3%1). Egtarrple 2 Zé 2-07\'5:;2 yl--1- 8carbonyl
Asp- OH2. F) pr dbi4-41G0Fe AH), 2812668 1(m, ZH) 2. 10 (m, 1H), 0.97-0.93 (m, 6H)

2- Phenyl am nocar bonyl oxy- 3-net hyl butyric acid. To a solution of
2- hydr oxy-3-nmet hyl butyric acid (0.20 g, 1.7 mmol) in pyridine (8 nl) was
added phenyl isocyanate (0.184 ni).g gﬁtﬁ'l??ul ting solution was 30 stirred
at roomtenperature for 4 h aC| d|f|e 2N HCO to pH2 and diluted

with Et OAc (30 nmL)s.2-h& i,,%ﬂ{,m nyjfeastashaté t h water and
WO 01/ 16093 PCT/ US00/ 23 -39 rin ed over Na2SO4 and concentrat ed

i n vacuo. The residue was pur| fied by chr omat ography (3:2 hexane/ Et CAc
t henl? tOAc) to i eth% 5193 é&rx%ound was prepared in four steps as described in
Examples 1 and 2 from S-(+)-2-hydroxy-3-methylbutyric acid and phenyl
isocyanate. '"H NMR (DMSO-dg): 9.79 (s, 1H), 8.60 (s, 1H), 7.47 (d, ] = 7.5,
2H), 7.28 (t, J = 8.2, 2H), 7.00 (t, J = 7.2, 1H), 5.14-4.58 (m, 4H), 2.80-2.71
(m, 2H), 2.10 (m, 1H), 0.98-0.93 (m, 6H).

20
Example 4
S-1-(Carbonyl-Asp-CH,F)ethyl N-Benzylcarbamate
The title compound was prepared in four steps as described in
25 Examples 1 and 2 from L-(+)-lactic acid and benzyl isocyanate. 'H NMR

(acetone-dg): 7.81-7.00 (m, 7H), 5.37-4.33 (m, 6H), 2.89-2.67 (m, 2H), 1.40
(d,J=6.9, 3H).



conmpound as colorless oil (200 ng, 0.85 mmol, 0% 6,%% d6)

9. 80 (sW0P1/19°937 47 (d, J = 7.8, 2H), 7.28 (t, J = 7.8, HE%% (t, =
7.8, 51H, 471 (d, J =4.2, 1H),2.17(m1H) 1. 02- 97(m6H) The
title conpound was prepared in three sgps as described in Exanple | from
"2- phenyl am nocar bonyl oxy- 3- et hyl butyri c acid and t-butyl -

3-am no- 5-f | uor o- 4- hydr oxypent anoat g a VR (DMBO-d6) @ 9.79 (s, 1H), 8.62
(s, I H, 7.47 (d, J =7.8, 2H, 7.2 J =7.8, 2H), 7.00 (t, J = 7.8,

-111), 10 5. 14- 4. 60p_pemyt H)-(ca%a?lg ﬁsﬁ@H,F)per}l,N-%eh@lédﬁbawa 0.97-0.93 (m
6H). Exanple 3 S 2Methyl--1-(carbonyl Asp-CHpropyl N Phenylcarbanmate 15 The

title conpound was prepared |n four steps as descrl bed in Exanples 1 and 2

from S (+)-2-hyd b t d .3 H NVR
(VB 06) 0. 76 (5155 YE pniid e Bebloglyfn RS Yips ASHRGHL 1y TN

= 8.25 2H), T7gQfn IEs 11 am? 2, frlah') 2~ﬁy&6x§1-351§e&91bu a8 Oand- Trk m 2H),
2.10 (m 111), O. 3 (m 6H) S -(Carbon I g CHZF) et hyl

N- Benzyl car balsamanme ‘HlNMB (&Mﬁebdu} Waés (Ss éHé.r&iP Bﬁlf(lmﬂﬂé,t'h%

ooyanate. * (PaNE 10RELo ey 5346 bnihy 1A 50 B S ERTRY o)y

2.89-2.67 (mg J / US00/ 23566 -40
Exanpl e 5 2Met ﬁl_?l-{z’ljz-%gg%?%gﬁyﬂq)&ﬂgp@@-}éIlzl\f%))r%(lmlﬁ\)&%eﬁggl carbamate The title

compound was prepared in four steps as described in 5 Exanples | and 2
from 2- hydroxy-3-net hyl butyric acid and benzyl isocyanate. 'H NWR
(Dvsd0d6) : 12.48 (s, 1H), 8.59-8.515%gmp 6" 7.90-7.80 (m 1H), 7.33-7.24

3Tbs 2 5 (m oH) , SEYeHPIrcaspons-dp-ET M b Srpensooctampee ¢

The title compound was prepared in four steps as described in
Examples 1 and 2 from S-(+)-2-hydroxy-3-methylbutyric acid and benzyl
15 isocyanate. '"H NMR (DMSO-dp): 8.46 (s, 1H), 7.86 (t, ] = 6.3, 1H), 7.34-7.21
(m, 5H), 4.97-4.56 (m, 4H), 4.18 (d, J = 6.0, 2H), 2.68 (m, 2H), 2.02 (m, 1H),
0.91-0.86 (m, 6H).

Example 7

20 S,S-2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(2-Methyl-1-
methoxycarbonylpropyl)-carbamate

Step A S,S-1-Carboxy-2-methylpropyl N-(2-methyl-1-
methoxycarbonyl-propyl)-carbamate. To a solution of S-(+)-2-hydroxy-3-

25 methylbutyric acid (0.2 g, 1.69 mmol) in pyridine (10 ml) was added methyl-
(S)-(-)-2-isocyanato-3-methylbutyrate (0.243 mL, 1.69 mmol). The resulting

solution was then stirred at room temperature for 24 h, acidified with 2N HCl

to pH~2 and diluted with EtOAc (30 mL). The organic phase was isolated,

washed with water and brine, and concentrated in vacuo. The residue was

30 dissolved in saturated NaHCO,, washed with 4:1 hexane: EtOAc. The
aqueous phase was acidified with 2N HCI to pH~2, extracted with ethyl



S-2Met hyl -1 - (carbonyl Asp- CHZF) propyl N Benzyl carbamate The title conpound
was pr e egheoss four steps as described in Exanples 1 amdTAIS00/23I866
S-(+)-2-hydroxy-3-nethyl butyric acid and benzyl 15 isocyanate. 'H NWR
(DVBO-d6): 8.46 (s, 1H), 7.86 (t, J =6.3, 1H), 7.34-7.21 (m 5H),
4.97-4.56 (m 4H), 4.18 (d, J = 6.0, 2#4; 268(m2H) 2.02 (m 1H),

L oE 8t ) b BB S i PO PSR P e o
1- Car boxy- 2- %@ﬂéﬁ%oﬁﬁ d v JZ%@Y&%%&%{%{?@?%%W% ’é(ll?ythé fifer bamate. -

To a solutio +) - 2- hydr utyric acl 0.2 g, 1.69
mml ) in pyri domporidlasth kcolorlessacit €92 g, 10y334 mmol 20%) 'H NMR (DMSO-
(S)-(-)-2-isocyanato-3-net hyl butyrate (0.243 resul ting

ol ut ] on ves %bmcdrte&ttmmﬁwm 20 a%a 1m 09 B0 2041 9 LR oN

HC pH—2 OQAc (30 nmL). The organic phase was
i sol at ed gﬁigﬂi/\#?&%\%ate brine, and concentrated in vacuo. The

resi due was 30 di sseép/edB.n sat SIS p- Mty HCGAbanp BN 3- Im’t}tIh 4iﬂuchex4ine:
Et OAc. The aqueous phase was acidified with 2N HC to extracted with

et hyl WO 01/ 1&p9gxmeriansdie2dimeryl- 41 acet atéf(@mlavlnlwethvwamhi c layer

Soncent rated PrORETRare &R of S L e Bz heReRIT L NBAREES (o0,
ng, 0.334 mmlt,macﬁ&ﬁycarﬂdnwyfép@@w&ma@)gz&ny0(395 shrol)3-BDCI 66 ndg,08- 3. 99

(m 2H), 3.62 (d, 3H),” 2.04-1 20094083(m12H)
Step B S, S 20N86Hymol), H&Htt(a&yngwtii mql), BMAPUG00mE, 047 aemel) gadt anoat e- 3

|
50 B CaY boxy. By ARG TR Rty penBieal! 0 3aPn oS r@ifl Hhar banmt e
(52 19, 0. 335 THIDI(0 SBFIwkOGAR o3P 400 b6 Fiid Gnd35 ol )

tert-butyl - 3- apnacotried Imoaagual hBher regidpe rwasnpuarified( BY chrpmayo@aphyntd?) in  THE
(10 ) was st eread 28 Nibd BRELAL Wipbdia 20 Yolohkds' &I b 82%0.043
15 mmol, 13%). 'H NMR (CDCL,): 6.98-6.86 (m, 1H), 5.50 (d, J = 9.3, 1H),
5.10-5.05 (m, 1H), 4.90 (d, J = 4.2, 1H), 4.50-4.00 (m, 5SH), 3.76 (s, 3H), 2.74-
2.48 (m, 2H), 2.33-2.13 (m, 2H), 1.44 (s, 9H), 0.99-0.93 (m, 12H).
Stet) C. S,S-2-Methyl-1-(carbonyl-Asp(OBu-t)CH>F)propyl N-(2-

methyl-1-methoxycarbonylpropyl)carbamate. = A mixture of Dess-Martin

20 reagent (0.2 g, 0.47 mmol) and S,S-2-methyl-1-(carbamyl-N-(t-butyl 5-fluoro-
4-hydroxypentanoate-3-yl)propyl N-(2-methyl-1-methoxycarbonylpropyl)-
carbamate (20 mg, 0.043 mmol) in dichloromethane (10 mL) was refluxed for
20 h, cooled to room temperature, and 25 mL of saturated sodium bicarbonate
aqueous solution containing 0.2 g of Na,S,0; was added. The resuiting

25 mixture was stirred for 2 days, diluted with EtOAc (50 mL), washed with
water and brine, dried over Na,SO, and concentrated in vacuo. The residue
was purified by chromatography (3:1 hexane/EtOAc) to yield the title
compound as a colorless oil (12 mg, 0.026 mmol, 60%). 'H NMR (CDCl,):
7.25-7.10 (m, 1H), 5.52-5.44 (m, 1H), 5.31-4.84 (m, 4H), 4.34-4.25 (m, 1H),

30 3.77 (d, J = 1.2, 3H), 3.09-2.66 (m, 2H), 2.34-2.12 (m, 2H), 142 (d, J = 1.8,
9H), 1.00-0.88 (m, 12H).



concentrated in vacuo. The residue was purified by chroma]rgﬂ (9%%6
hex anewoltt 593 to yield the title corrpound as a col orl 8§ ng 0 043
15 mol, 13% . 'H NWR (CDC13): 698 6.86 (m 1H), 5.50 (d, J = 9.3, 1H,
5.10-5.05(m 111), 4.90 (d, J = _4} 4.50-4.00 (m 5H), 3.76 (s, 3H),
"2.74- 2.48 (m 2H), 2.33-2.13 (m 2H) 144(s 9H), 0.99-0.93 (m 12H).

Step C. S, S 2- 'Vm@ééh' - (£ %@MM-AX% 1 AshACerT %@%g%ﬁ N*(é-%z[e tayl -1

- met hoxycar bonyl propyl’) car. arrate ure of rtin reagent (0.2
-g, 0.47 ol methoxyc8bodyipedpyljl-cdrbgmatebamfo- 4- (sblduony lof SSTS-Zlme(&lyl-l-

car bamat & ( 2645 a”°3§18A§’a(éW§>%mma§ﬁdD@ ettt o p RO FRTORRPOT “uxed fo
h, | ed
aauoous. sof ot e 12 B ROl e A 2 D of G ag R E0T il 100 25

m xt 8re was TFAr I’I&iéréﬂﬂtnig dﬂm‘ion dad all ®dedniot stir fat £in ¢(erfiperatire fonrdhgd Wit h
wat er and brine, dried over Na2804 and concentrated in vacuo. The residue

was purifi ecdibjed pyith&H]s 43y 163ml)heonceatratedir \vacep o ive tthFetlfPt I e

d 6
R0 rforua A he yelib: SBha, 023l Rlops Sithy, oeNIRLANCD
H, 30 3.77 (adetoﬂe-ﬁg)l 7215-B4D (msmy &sﬁs 82N(m, AH), 5343412 211N 4@H), 1.42
(d, J = 1.8, 9H), 0-0. 88 . liil WD 01/16093 PCT/ US00123566 - 42

Step D. S,'S QBMﬁhQH)J 4.684430 ,I lHQsﬁ 8-} fmo gil), A71 As N 2-88-2.60

xycar bo 0 S ion of S, S-2-nmethyl-1-
(cat] onyl - Q%’C%b ?XB—QIZ% %@rsﬁﬁ@‘ﬁ@? ﬁ;#& - met hoxycar bonyl propyl ) -
carbamate (12 ng, 0.026 mol) in 1.5 nL of CH2A 2 was added 0.5 nL of 5
TFA. The resulting solution was allowed to stir at roomtenperature for 4
h, diluted with CHC13 (3 x 15 nlL)Exammpler8rated in vacuo to give the title
conpound as a i ellowsolid (10.25 ng, 0.025 mmol, 96% . 'H NMR
(acet one- d6) : .3. ~Methpl--fearbeqyl-A3peCHDCB)propyl N-Phenylarrbamae (m 1H),
4.84- 4.80 (m 2H), 4.58-4.43 (m 1H), 4.18-4.11 (m 1H), 3.71 (s, 3H),
2.88-2.60 10 (m 2H), 2.16-2.05 (m 2H), 0.98-0.86 (m 12H).

15 Step A. Benzyloxycarbonyl-Asp(OBu-t)-CH2DCB. To a mixture of
benzyloxycarbonyl-Asp(OBu-t)-CH,Br (300 mg, 0.75 mm), 2,6-dichloro-
benzoic acid (215 mg, 1.12 mm) and KF (217 mg, 3.75 mm) was added
anhydrous DMF (5 ml). The mixture was stirred under Ar at room
temperature for 12 hours, and then was diluted with ethyl acetate (30 ml). The

20 solution was washed with saturated aqueous ammonium chloride solution,
brine, and then dried over Na,SO,. The solvent was removed, and the residue
was purified with flash column chrdmatography (Hexane:EtOAc, 2:1). The
title compound was obtained as a colorless oil (296 mg, 0.67 mm, 89%). !
NMR (CDClL;): 7.34 (m, 8H), 5.97(d, J = 8.7, 1H), 5.21 (d, J = 6.6, 2H), 5.16

25 (s, 2H), 4.70 (m, 1H), 2.90 (m, 2H), 1.28 (s, 9H).

Step B. S-2-Methyl-1-(carbonyl-Asp(OBu-t)-CH2DCB)propyl N-

phenylcarbamate. To a solution of benzyloxycarbonyl-Asp(OBu-t)-CH,DCB

(150 mg, 0.34 mm) in ethanol (20 ml) was added Pd/C (30 mg) and aqueous

HC1 (0.2 ml, 6N). The mixture was stirred under H, for 3 h, and then the Pd/C

30 was removed by filtration. The ethanol solution was concentrated, and the

residue was carried on for the next reaction. A mixture of S-2-phenylamino-



Exanpl e 8 S-ZMet hyl -1 - (carbonyl Asp- CHZDCB) propyl N Phenyl carbamate 15 Step
A. Benzywaoxgiaasedsonyl Asp(OBu-t)-CH2DCB. To a m xture of PCT/US00/23566

benzyl oxycar bonyl - Asp(OBu-t)-CH2Br (300 ng, 0.75 nm, 2,6-dichloro- benzoic
acid (215 ng, 1.12 mm and KF (217 ng, 75 mm) was added anhydrous DWVF (5
m ). The m xture was stirred under Ar dt¥“room tenperature for 12 hours,

and t hen was S vvashed
wi th saturat edé aquggol}ygﬁwﬂﬁ}lj%ﬂ&ﬁg%gkgl ‘@glolr%ﬂ)rgﬁlm brélﬁr?ei%ymaé)m%\% dried
over Na2SO4. Thmodp HEBE (32amgl O3dveehol R DMAPe(Hemig 020 mamlpad NHBd with -
flash col um chromat ogra}t‘gn%(Hexane Et OAc, 2:1). The title conpound was

obt ai ned as a 48 P64 ing HI) ( Wm%waggx;gred 3t roppteupeatiee : 7. 34
40 ok B afad @ﬁﬁ 3*%%3’“?@"}*‘?3 apela (0 . Al sofbf s dsied =1

- (car bgnyl Asp(wfthia is gp;gggebusmrmmﬁmam dried @esp:la;so on of
benzyl oxycar bonyl - Asp(OBu-t) - 150 ny, 34 mt? in ethanol (20 m)
was added Pd/ d‘quawlwgs)n wasicengertrated, apdithg Gszglumwasmu;l eqhy fashicolummas
stirred under H2 for

h h f
The et nano scironahetaly Rl et drhnd o £ratt Sl G EE @b 4 0420 1 OT o

the next reactmg)22%)MRNMR (CDCE)27.08 enysHE srus / 489 1A 80/ 23566
-43 car bonyl oxy- -ma?h Ibutyr(l c agl gmy 2 Mpm Ql%Dgfl;j_( 65 ny, 0.34

mol ), HOBt (5,2 )ZJSB@nrrfié),)l42mML9H)(Qﬂlrﬁg,6H) 20 mml) and NH2-

CH2DCB- f
76 hy T hem i 1 (TR wi & et Ryl Gaat ehsp CHBRBp R " Cvashea
5 with aqueouw%km&mwe amyegus%lﬁiﬂn of ND‘MthIUﬁ(caﬁB&MlAkﬁ@B&V T Na2SO4.

The sol ution was ‘concentrated, and the residue was purified by flash col um

chr omat ogr ap hyCHngiBm-opjddV-phMyécacbnmw lrdCHgﬂla(ZJmﬂ)avgeedddodvﬁdl GldnbAl ny,
0.07 mm 22%.. ' H NVR 4. 67 .(m 1H),
2.88 (m 2H),TIbs K ansqs iﬂfezlf‘ Z%"%? |?<)>rol %fﬂlw@ ity &b
S-2-Methyl - - (aj?ﬁ ZD@HQ I%Rn%h \blés RASKRY GathbaRhfRd aaeaussol ution
of 2-Methyl -| car bonyI
15 Na,HPO,, and dned over NaZSO It was evaporated and the residue was dried
under vacuum. The title compound was obtained as yellow color solid (18
mg, 0.03 mm, 47%). 'H NMR (CDCL,): 7.29 (m, 8H), 5.00 (m, 3H), 4.21 (m,

1H), 2.91 (m, 2H), 2.35 (m, 1H), 0.97 (m, 6H).

20 _ Example 9
S-2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(3-Fluorophenyl)carbamate

The title compound was prepared in four steps as described in Example
1 and 2 from S-(+)-2-hydroxy-3-methylbutyric acid and 3-fluorophenyl
25 isocyanate. 'H NMR (DMSO-dg): 10.09 (bs, 1H), 8.73 (m, 1H), 8.29 (m, 1H),
7.35 (m, 3H), 6.83 (s, 1H), 5.18 (m, 1H), 4.69 (m, 3H), 2.60 (m, 2H), 2.11 (m,
1H), 0.96 (m, 6H).

Hie



CH2DCB) pr opyl N phenyl carbamate in CH2C12 (2 m) was added TF m). The
m xt urworeaae®si rred at 25C under Ar for 12 h, and then \K&g’qﬁ)@ﬁ’%ﬁj wth
ethyl acetate (30 m). The solution was washed with saturated aqueous 15
Na2HPO4, and dried over Na2SO4. It was ,evaporated and the residue was dried
- under vacuum The title conpound was tfained as yell ow color solid (18

ng, 0.03 mm 47%. IHNNR(CDCB):OE%?;'@’# 8H), 5.00 (m 3H), 4.21 (m
1H, 2.91 (m 2H, 2.35 (m 1H, OC. qu-i) 20 Exanple 9

S-2-Methyl -1 - (anpapyl 1. ff;)r;i? [ pPSpy BNTUO PN ) Capbipiddt € - The
title conpoun a/aag&ﬂrielpg?gb nﬁ%sg'ur ‘)s‘d?%pgﬁyas descri bed j|))n Exanple 1 and 2
fromS-(+)-2-hydroxy-3-nethyl butyric acid and 3-fl uorophenyl 25 isocyanate.
"H NVR (DVMBO-d6): .10.09 (bs, 1H), 8.73 (m, 1H), 8.29 (m w 17-35 (M
3H), 6.83 (s, 1H) ,Tﬁs.titge (qqfnpfpalka wass gronereds gy | foyr ¢teps s Z%Q,nbfdllf (m

111) . 0.96 ( B i=id ~ Y0 014 1609 S : .40

S 2l\/est hyl -1 -(car E%nlyl aﬂgspz- O% #%ﬁﬁﬁﬁiﬁﬁ%{r‘%ﬁg&ﬁ %mgﬁdﬁt%‘ The
title conpoufilosphenyl ¢y ashtd. 'H NMR {DMBO):dRF3: (bspeH), 8156 SosFiH)pl e 1 and
2 fromS-(+)-2-hydroxy-3-nethyl butyric acid and 4 fluorophenyl isocyanate.
“H VR ( DVBOTd8)(, ZED73.001(8, 2Hhp 05etns 6 HDpd.55 1y H):72.58 (ps 2HBHS7 (000 (s,

2H), 5.05 (ml_@l—% §1.5 (m 3H), 2.52 (m 2H), 1.97 (m 1H), 0.81 (m 6H).
10 Exanpl e 1]1. - ﬁ}erﬁ’y =1 - (carbonyl Asp-CHI F)propyl N-(3,4 D

j uorophenyl )carbamate The title conpound was prepared in four steps as
described in Exanple 1 and 2 from S-(+)-2-hydroxy-3-nethyl butyric acid and
3,4 6 di fluorophenyl isocyanate. Exawmple VSO d6): 10.09 (bs, 1H), 8.65
(bs, I H) 7.56 (m 1H), 7.37 (m 1H), 7.24 (m | H, 505 (m | H, 4.65
(m 3H), 2. P32-Mgthylrl-(capbonyl-Asp-GH 1K) propys-(3.4rDifluprophenyidcarbamate

S-2Met hyl -1 - (carbonyl Asp-CH F) propyl N (4-Phenoxyphenyl)carbanate

The title compound was prepared in four steps as described in
Example 1 and 2 from S-(+)-2-hydroxy-3-methylbutyric acid and 3,4-
15 difluorophenyl isocyanate. 'H NMR (DMSO0-dg): 10.09 (bs, 1H), 8.65 (bs,
1H), 7.56 (m, 1H), 7.37 (m, 1H), 7.24 (m, 1H), 5.05 (m, 1H), 4.65 (m, 3H),
2.73 (m, 2H), 2.11 (m, 1H), 0.95 (m, 6H).

Example 12
20 S-2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(4-Phenoxyphenyl)carbamate

The title compound was prepared in four steps as described in
Example ] and 2 from S-(+)-2-hydroxy-3-methylbutyric acid and 4-
phenoxyphenyl isocyanate. 'H NMR (DMSO-dg): 12.45 (bs, 1H), 9.84 (bs,
25 1H), 8.65 (m, 1H), 7.48 (d, J=8.7 Hz, 2H), 7.35 (dd, J=7.5, 8.4 Hz, 2H), 7.08
(dd, J=7.2, 7.5 Hz, 2H), 6.95 (m, 3H), 5.22 (m, 1H), 4.69 (m, 3H), 2.62 (m,

2H), 2.09 (m, 1H), 0.93 (m, 6H).



The title conmpound was prepared in four steps as described in Exanple |
and 2 fr §]°§ﬁ§-‘f§%\|— 2- hydr oxy-3-net hyl butyric acid and 4- phgEgusdeRess
i socyanate. MR (DVMBO-d6): 12.45 (bs, 1H), 9.84 (bs, 25 1H), 8.65 (m |
H, 7.48 (d, J=8.7 Hz, 2H), 7.35 (dd, J=7.5, 8.4 Hz, 2H), 7.08 (dd, J=7.2,
7.5 Hz, 2H), 6.95 (m 3H), 5.22 (m 1H45-4.69 (m 3H), 2.62 (m 2H), 2.09
(m I H, 0.93 (m 6H. WO 01/16093 PCT/ USOQ 23566 -45 Exanple 13
S- 1- Cycl ochexyl - 1- (car bonyl Asp- CH2Exmempld 13\ Phenyl car bamat e The title
conpound was prepared in four steps from(S)-(+)- 5 hexahydromandelic acid
and phenyl isocyaﬁa&i@cbyhmuffecmwldé%éfaémﬂt I N-Phenvlearbamate 2 as a
white solid. "H NVR (DMSO-d6): 9.76 (bs, 1H), 8.68 (bs, 1H), 7.44-7.27 (m
4H), 6.99 (bs, 1H), 5.30-4.80 (m 4H), 1.80-1.45 (m ©6H), 1.14 (bs, 5H).
10 Exanple 14 S-2Mgichyiie| chmpol Wras”phefatddr ik R stbhd Zrém 8-
Di chl or oyphenyl ) carbamate The title conpound was prepared in four steps as
descried in hesalfpdeomdndelic acid dhdf phemylispeyanatenly thex methodeddsptibadt ir i ¢ aci d
and 2,5- dichlorophepyl ,isocyanate...H ™ ( , 8.69
(bs. "1y, 7. Fagiple §knd g agcn wikis licy BNDIR (HUIS g Srg{ps By 34y °2¢ 7
Hz, 111), 5. 19 ( R 2 - 01001, , 0.93
(m 611). 20 32%#5)5"% 7.%2@1‘%7(3{@9'6?2((135,{1%%%%3"0 ﬁ@(&%§b3§?>}l4swb%’z,4-
Di chl or oyphenydH)chi#éésa5H).The titl e conpound was prepared in four steps as
described in Exanple 25 1 and 2 from S-(+)-2-hydroxy-3-nethyl butyric acid
and 2, 4-di chl orophenyl isocyanate. 'H NWVR (CDC 3): 8.10 (dd, J=8.7, 3.9
Hz,1Hge 7.39 (m 1H), 7.26 (m 3H Example(rd 2H), 4.88 (m 2H), 2.87 (m
2H), 2.32 (m 111), 0.97 (m ©6H. I11If

S-2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(2,5-

Dichloroyphenyl)carbamate

The title compound was prepared in four steps as described in
15 Example ] and 2 from S-(+)-2-hydroxy-3-methylbutyric acid and 2,5-
dichlorophenyl isocyanate. '"H NMR (DMSO-dg): 9.39 (s, 1H), 8.69 (bs, 1H),
7.75 (d, J=6.6 Hz, 1H), 7.52 (d, J=8.4 Hz, 1H), 7.24 (d, J=8.7 Hz, 1H), 5.19
(m, 1H), 4.72 (m, 3H), 2.75 (m, 2H), 2.10 (m, 1H), 0.93 (m, 6H).

20 Example 15

S-2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(2,4-
Dichloroyphenyl)carbamate

The title compound was prepared in four steps as described in Example
25 1 and 2 from S-(+)-2-hydroxy-3-methylbutyric acid and 2,4-dichloropheny!
isocyanate. '"H NMR (CDCl,): 8.10 (dd, J=8.7, 3.9 Hz,1H), 7.39 (m, 1H), 7.26
(m, 3H), 5.12 (m, 2H), 4.88 (m, 2H), 2.87 (m, 2H), 2.32 (m, 1H), 0.97 (m,
6H).




WD 01/ 16093 PCT/ US00/ 23566 -46 Exanple 16 S-2Methyl-I1-(carbonyl

Asp- CHRBIgthpesapy! N-Phenyl carbamate The title conpound R&IYH0 €d in 3
steps as described in Exanple 8 5 from benzyl oxycar bonyl - Asp( OBu-t) - CH2Br
and 5- hydroxy-1-phenyl -3- (trifluoronethyl)pyrazole. "H NVR (CDC13): 7.72

“(m 1H), 7.32 (m 10H), 7.17 (m 2H465.08 (m 3H), 4.86 (m 1H), 2.81 (m

2H, 2.31 (m 111), 1.03 (m 6H).E10 %%e 17 Enzynme Activity The
activity of S-2-nmethyl-I-(carbonylEXEft propyl N phenyl carbamate as an

i nhi bitor of cas ; S,.nga ' I ONR by | me assay.
Enzyme activity &%gﬁlﬁég’?%ﬂgﬁr 3%?%‘39%%%%‘%}#9%8%%5&%1&%’@%}%s attached to
a fluorogenic | eaving group. C eavage of the synthetic substrate by the

enzyme results in a fluorescent signal which is read in a
spect r of | uor onet eThe title gomppundwasrprepared i 3 steps e dessribed in Exaraple 812

Costda i t ngomh PRIERrSHIERHOPRITErtly | ahl eoliektiacaheyhas ne = ©

presence of QrMGofdmARARR oD UL RATRACTICN): Phvar hNURY, 7.92 Ragtiomdi vi si on

conpany, San Di ego, »°various concentrations of test conmpound, 10 M
caspase 3 suldfr@,2H 50R\D, AV, ¢SBQM,DHO28]1 (yr2aged (oDl ty
Control |l ed Bioc 1 cals, Inc. Hopkinton, MA) and caspase buffer (20 mM 25
Pl PES, 100 nff , 10 MM DTT, 1 nM EDTA, 0.1 % CHAPS and 10 % sucrose, pH
7.2) in a total volunme of 100 L. The enzyne reaction was carried out in a
96-wel | plate and incubated at 37 C for 30 mnutes. The plate was then
readjgMm th a fluorescence pl ate reaBsam WALLAG 1420-002) using
excitation filter at 355nm/ em ssion filter at 460 nm The data were 30
anal yzed usi ng G aphPri sm sof t war Engyonegidetivign | CSO val ue of 17 nMfor S-2-
met hyl -1 - (car bonyl - Asp- CH2F) pr opyl N-phenyl carbamate. WO 01/ 16093
PCT/ USCQ 23566 - 47

The activity of S-2-methyl-1-(carbonyl-Asp-CH,F)propyl N-

phenylcarbamate as an inhibitor of caspase-3 was measured in a fluorometric
15 enzyme assay. Enzyme activity was measured using synthetic peptide
substrates attached to a fluorogenic leaving group. Cleavage of the synthetic
substrate by the enzyme results in a fluorescent signal which is read in a
spectrofluorometer or in a fluorometric microtiter plate reader.
12 concentrations of the test compound ranging from 30 pM to 10 uM
20 were tested in the enzyme assay. The enzyme reaction was conducted in the
presence of 2 ng rCaspase 3 (purchased from PharMingen, a Becton division
company, San Diego, CA), various concentrations of test compound, 10 pM
caspase 3 substrate Ac-DEVD-AMC (SEQ ID NO:1, purchased from Quality
Controlled Biochemicals, Inc. Hopkinton, MA) and caspase buffer (20 mM
25 PIPES, 100 mM NaCl, 10 mM DTT, ImM EDTA, 0.1 % CHAPS and 10 %
sucrose, pH 7.2) in a total volume of 100 pL. The enzyme reaction was
carried out in a 96-well plate and incubated at 37 °C for 30 minutes. The plate
was then read with a fluorescence plate reader (EG&G WALLAG 1420-002)
using excitation filter at 355nm / emission filter at 460 nm. The data were
30 analyzed using GraphPrism software to give an IC,,; value of 17 nM for S-2-
methyl-1-(carbonyl-Asp-CH,F)propyl N-phenylcarbamate.



Exanple 18 Cell Protection Activity 5 Cell protection activity was

det er m RQ ﬁogyﬁoggam ning the ability of S PCT/US00/23566

2-met hyl -1 - (carbonyl - Asp- CH2F) pr opyl N-phenyl carbamate to bl ock HeLa cell
death induced by TNF-a. In this assay, 25,000 HeLa cells are seeded in
96-wel | plates 24 hours prior to testitg- On the assay day, the cells are
pre- incubated for 30 mnutes wwth the test conpound at eight different 10
concentrations and the cells are then challenged with TNF-a (25 ng/nl) and

cycl ohexi m de (30 gg/m ) and incuba Eﬁ%}%f r for 24 hours. The dead cells
ofs

are then renmoved by two PBS washes an of a cell-mass indicator
solution (calcein AM final concggﬂpa&*&m»ﬁkéﬂbqys added. After a 20 m nute
i ncubation, the fluorescent signal is neasured at 485/510 nm and the data
are 15 expressed as percent control, using control cultures treated only

Car Bonyl - Asp- OH lL&e%??ciﬁpex oS delsziined Sygramyog i SEVGN S5 150 nu
Havi ng now f uly l‘?“Fﬂ?ﬁ' P{]IA[S \(;ﬁﬂ{, ﬂnNﬁHen Lulbaﬁﬁ eul%iq; @ﬁLQy t hose

of ordinary ski arre can e per orrre n a wde
20 and equi valcelhtieathﬁmmced bydTNF-th dnsth:sfassayuﬂﬁa,ﬂ()@mhLarcdlls)aﬂeseechﬂrmrret ers

w t hout affecting the scope of the invention or any enbodi nent thereof. All
patents, pat @ftWelhplates ¢ hoves BHer 9usTingatPn e w%eabhébfep Isare preg) | y

I ncor por at ed e t hei | 416093 .

PCT/ US00/ 2356 °“bﬁ'§a {iftac?) & ‘EﬁﬁE%] n‘gﬁh ! "ISFP‘% Ffﬁ’t"i‘d E\t ‘J"%*%ouncf avi ng the

E}c;rzgliim I |cbi1dehtrhtldds|dnklhh&l:éllslarwthdn &aﬂeﬁgeﬂ with INR-a_(@5Ing/ml)lAAd R4 R3 5
cycloheximide (30 pg/ml) and incubated further for 24 hours. The dead cells

are then removed by two PBS washes and 100 pL of a cell-mass indicator

solution (calcein AM, final concentration 8 pM) is added. After a 20 minute

incubation, the fluorescent signal is measured at 485/510 nm and the data are

15 expressed as percent control, using control cultures treated only with

cycloheximide. In these experiments, the EC,, of S-2-methyl-1-(carbonyl-
Asp-CH,F)propyl N-phenylcarbamate for cytoprotection is 150 nM.

Having now fully described this invention, it will be understood by

those of ordinary skill in the art that the same can be performed within a wide

20 and equivalent range of conditions, formulations and other parameters without

affecting the scope of the invention or any embodiment thereof. All patents,

patent applications and publications cited herein are fully incorporated by

reference herein in their entirety.

il



or a pharmaceutically acceptable salt or prodrug thereof, R, is an
opt i onwidlog/1se8Bst i t uted al kyl or hydrogen; R2 is hydrogeﬁCSfUSB‘Bﬁsﬁﬁal ly
substituted alkyl; 10 R3 and R4 independently are hydrogen, optionally
substituted aryl, optionally substityted heterocyclic, optionally
“substituted heteroaryl, optionally substituted carbocyclic, optionally

substituted substituted alkenyl, or optionally
substituted ?wr&fl &?‘i@%}gﬁtn optionally substitut ed al kyl ~-opti onal 1y -

substituted carbocyclic, 15 optionally substituted het
optionally substituted aryl or optionally substituted ‘Wmlmgh!““ "H"H&“b
S, NRB, or (CRIRI1D)., wvetmpokid hiingithd Herulaidependent | y «are

al kyl or cycloalkyl, and nis 0, 1, 2, or 3; and Xis a peptlde of 1 2

am no acids or a bond. 20 2. The co ound of claiml1l, wherein R3 and R4

I ndependent|ly are hydrogen, erlb_fcy ic, heteroaryl, C3.10 alkyl,
al kenyl , al kynyl, or C 350\ 2/)0 by one or nore hydroxy,

hal ogen, carboxy, ani no, arf de, er, g anadizno, tHiol, al kyl thiol, aryl,
het erocyclic, or heteroaryl grou&é %md 2 5 LS an optlonally substltut ed
al kyls, C4-C7 cycl oal kyl, saturated or unsat afed het erocyclic, aryl or
heteroaryl group. 3. A corrpound according to claiml, wherein R, is H M,
Et or acet osymphampacewtioaliyCréptabio sdt MCoUBEThaseh e/herest® 4. A conpound

di t I 1, h fl t hyl I thyl,
Ayl acyl oxyrrBt e OREPpRtEs et NSRSy et 1 or e nomet vl
| 11111111111&1%%%;%}3%&11& s%ﬁtutédélk A conpound according to claim1,

wherein X is a bond.” 6. A conpound accordl ng to claim1, wherein Zis 0, S,
NH d0 CH2. R,and R, mdependently are hydrogen, optionally substituted aryl optionally

substituted heterocyclic, optionally substituted heteroaryl, optionally

substituted carbocyclic, optionally substituted alkyl, optionally substituted

alkenyl, or optionally substituted alkynyl;

R; is an optionally substituted alkyl, optionally substituted carbocyclic,
15 optionally substituted heterocyclic, optionally substituted aryl or optionally

substituted heteroaryl;

Zis O, S, NR,, or (CRyR,(),, where R;, Ry and R, independently are hydrogen,

alkyl or cycloalkyl, and nis 0, 1, 2, or 3; and

X is a peptide of 1-2 amino acids or a bond.

20
2. The compound of claim 1, wherein R, and R, independently are
hydrogen, aryl, heterocyclic, heteroaryl, C, ,, alkyl, alkenyl, alkynyl, or C,
alkyl substituted by one or more hydroxy, halogen, carboxy, amino, amide,
ester, guanadino, thiol, alkylthiol, aryl, heterocyclic, or heteroaryl groups; and
25 R; is an optionally substituted alkyl, C,-C, cycloalkyl, saturated or unsaturated

heterocyclic, aryl or heteroaryl group.

3. A compound according to claim 1, wherein R, is H, Me, Et or
acetoxymethyl.
30



10 7. A conmpound according to claim1, wherein R3 is hydrogen and R4 is

strai ghtwsbpigeed or branched CL_6 al kyI cycl oal kyl, arylPCIVUS90RIH6Gr y| . 8.
A conmpound according to claim1, wherein R3 is hydrogen and R4 is

strai ght-chai ned or branched C, -6al kyl optionally substituted by hydroxy,
15 hal ogen, carboxy, anino, ami de, est &49- guanadi no, thiol, al kyl thiol,

aryl, heterocyclic or heteroary 9. .,A conpqund accort di to.laimil,
wherein R5 is opti dnal I cg{mgtﬂiu{ G?@ddlﬂérfﬁg}“ﬁ g erey é{;%ﬁ(}@mﬁ?gﬁﬂ’cordl ng

to claim1, 13&? nyl or '
het er oar yI. W‘%ﬁ‘ g‘é und cc }j#% to%%?%%ﬂ%ﬁg?el n sar —c%iypouﬂd—h&s

25 the Formul éheiel'oarﬁloﬁyrﬁethyl oRfminomethyl R2 (1 | ) ~ R4 R
pharmaceutical ly accept abI e salt or prodrug thereof wherei n H.m »m],”m
FErrrrr et vl ' NN PCT USOO/23566 CLI MS -50-¢

indep;ndently are drogg @dﬂé ero ?iakrﬁlsﬁgéfeiﬁdxggbﬂﬁd(yl C4 C7

cycl odl kyl, heterocycli C, are conbi ned
together with the nitrogen to forma heterocycle 5 12. A conpound

according to claim1l, wherein R2 is hydrogen, . fl uoronet
acyl oxynet hyl , aryltacy| dxgampayad aceerding |1, whe @erelol&r‘i HYHethy! , or
am nonet hyl . A conpound according to claim 11 wherein R, is H, |ve Et

or 10 acetox thyl . 14. A conpound according to claim11l, wherein R3 is
hydr ogen

10 7. A compound according to claim 1, wherein R, is hydrogen and

R, is straight-chained or branched C, ; alkyl, cycloalkyl, aryl or heteoaryl.

8. A compound according to claim 1, wherein R, is hydrogen and
R, is straight-chained or branched C, 4 alkyl optionally substituted by hydroxy,
15 halogen, carboxy, amino, amide, ester, guanadino, thiol, alkylthiol, aryl,

heterocyclic or heteroaryl.

9. A compound according to claim 1, wherein R, is optionally
substituted benzyl.
20

10. A compound according to claim 1, wherein R, is optionally

substituted phenyl, naphthyl or heteroaryl.

11. A compound according to claim 1, wherein said compound has

25 the Formula II:

0 0O H 0]
R J‘l_'O N
oy >8L_ R,  (II)
1'27 Ry Rz
CO,R;

or a pharmaceutically acceptable salt or prodrug thereof wherein




and R4 is straight-¢hained or branched C, .6 al kyl, cycloal k | or
isopaied

het eoay) o1/16863 15. ing to claim 11 \mé’r%f hydr ogen
and R4 is straight- ﬂm“m‘njmu mmmed C, .6 alkyl optionally substituted by
"hydroxy, hal ogen, carboky," anl no, ani ester, guanadi no, thiol,

~al kyl thiol, aryI het erocyclic or het®roaryl. 20 16. A conpound according

to claim1l, It ut ed
phenyl , naphtl*h ﬁ%e‘?‘?&oﬁ‘?@%%ﬁﬁi 5%{]%&15? (kﬁ;o%gﬁ 8 hg%:(%(grg?%g‘to claim
11, wherein Rg &yl [0 Geroceélic, Rifyl, Shetdro@l,i on &, | ahdSlmSérbt coreined kyl . 25
18. A compound according to claim1, wherein said conmpound is selected
from the grodggethenavith the gitogen to formahsigrocyRlsy- CH2F) et hyl  N- phenyl car bamat e,
1- (Car bonyl - Asp- CH2F) et hyl N-benzyl carbamate, 30

2- Met hyl - | - (car bonyl - Asp- CH2F) propyl N-phenyl carbamate, 2-Met hyl -

- (carponyl - Asp- CHAB) pr 0 bmboBRNaXRAAL R Idn MO WHediA0R3is! hydrogen) | 111111
"~I et rr 1l PCT/Uso0/ 23566 CL MS -51-

t hyl - | - ( Cwobamsthylis p- Mm&ﬂmﬂ leaﬁybkﬂhbthybpheny}rl9mn¢$byiat e,

thyl -1-(garbon (2 5-di chl orophenyl ) - car banat e,
thyl -1 - 3’3 °"¥E‘Bﬂ‘gj %"5 % (2, 4- di chi | or ophenyl ) - car banat e,

t hyl -1 -(car bonyl - Asp- CHZDCB)propyI N- phenyl carbamate, 5
t hyl -1 - (car bonyl - Asp- CH2DCB) pr opyl N-(2, 6-di chl orophenyl)- carbamat e,

Ve
Me
Me
Me
Me
Met hyl -1 - ( car borhl. - A cGipéuird) arcagdyig t8-ghdianldl, odreoan®, és H, Me, Et or
Met hyl -1 - (car bon -@p CH2PTP) propyl N-(2, 6-di chl orophenyl ) -carbamat e,
I\/ef yl -1 -(@&F‘BES)H‘%‘F p- CH2DPP) pr opyl N-phenyl car banmate, 10
Met hyl -1 - (car bonyl - Asp- CH2DPP) pr opyl N- (2, 6-di chl or ophenyl ) - carbanat e,
Met hyl - | - (car bonyl - Asp- CH2F) propyl N-(2-net hyl -1 - et hoxycar bonyl -

op

I
2
2
2-
2-
2-
2-
2-
2-
2-
2-
propyl ) carbamate, Bind A compound according to claim 11, wherein R, is hydrogen

and R, is straight-chained or branched C, 4 alkyl, cycloalkyl, aryl or heteoaryl.

15 15. A compound according to claim 11, wherein R, is hydrogen
and R, is straight-chained or branched C,4 alkyl optionally substituted by
hydroxy, halogen, carboxy, amino, amide, ester, guanadino, thiol, alkylthiol,

aryl, heterocyclic or heteroaryl.

20 . 16. A compound according to claim 11, wherein R, is hydrogen
and R, is optionally substituted phenyl, naphthyl, heteroaryl or benzyl.

17. A compound according to claim 11, wherein R¢ is hydrogen

and R, is an optionally substituted alkyl.

25
18. A compound according to claim 1, wherein said compound is
selected from the group consisting oft
1-(Carbonyl-Asp-CH,F)ethyl N-phenylcarbamate,
1-(Carbonyl-Asp-CH,F)ethyl N-benzylcarbamate,
30 2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-phenylcarbamate,

2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-benzylcarbamate,



Z-Val i ne 2-nmet hyl -T-(Tarbonyt=Asp-CHZF) pr opyl ester. 15 19. A conpound

28?12[2{ irkﬁatog?&bgi_ %%H“’“ﬂ"ﬂ“l Elmﬂ” nmpound i s sel ected pEpOsdoRssa oup

p- CH2F) pr opyl

N- (3-fl uorophenyl)carbanate, "2-Rethyl-I-(carbonyl-Asp- CH2F) pr opyl

N- (4-fl uorophenyl)carbamate, 20 2- Met hygtd - (car bonyl - Asp- CH2F) pr opy!|
N- (3, 4-di fl uorophenyl ) carbamate, 2-Methyl-I-(carbonyl-Asp- CH2F) pr opyl
N- ( 4- phenoxy ph2Methylal-rartmngl-Asf-CHB)poopyt N-@stp-dichitFygheap¢arbamate,

1 D Car oyl - AcE Mt -taronslehgp CREBIREHR RAi2 kbLoromgny D carbAmas,

2-(4-1m dazoly. ca - ASD: ¥o )\ 1

2- Phenyl -1 - ( ca#%#ﬁl-%%%ﬁhyk e#y?lé\gr gi%%@f%ﬁpﬁ@fbﬁmate,

2- Met hyl -1 - ( c a2-Mutlyl-1AgmartionZFAbp-CH,DEB) pvepyl N-phbayledrbamate,

> Car bSnyl - he - Dby etonK- AR DR EDRRRYe. 30 | N-(,6-dichloropenyl)-

1-(2-Chl or ophe&%(‘l))a)ﬂ-1 é(car bonyl - Asp- CH2F) net hyl N-phenyl carbamate, 1
y -

- (4- Chl or ophen - (car bonyl - Asp- CH2F) net hyl N-phenyl carbamate, | WO

01/ 16093 PCT/ USBYRASEarbobil-Asi0E, PTR)syépyl Mstenpleabamatep- CH2F) met hy |
N- phenyl carbamate, 2- Chl oro- 1-(car bonyl -ASR,- CH2F) et hyl. N-phenyl car bamat e,
and 11111111112-Methylt}-(carbonyl-Asp-CH,PTF)propyl N-(2,6-dichlorophenyl)-carbamate,

2,2,2-trifluorgsl- r | - - | te. * CLMs 5
20. A phar mace%'Meéé\’ﬁ?léﬁ‘%@égﬂeg%ﬁ%g#gw@y%g&'g&glg}r/?poun ?ég? claiml, and a
phar mageut i cal J-yiakfeR{caionykAsS-OpLDPRprogyl met hod  q¥-(2,64didhildroplgengt | deat h

of a cell or tissue, conprising contacting said cell or tissue with an
ef fective anou¢arbamhate, conpound of 10 claim 1. 22. A nethod of treating or

otinal neuroreMeg-GarRb ERF S Rl <) B QRPEREH SRR
conpri sing adng@hslh@kbdithtd,Oaridne ani mal in need of such
Z-Valine 2-methyl-1-(carbonyl-Asp-CH,F)propyl ester.

15
19. A compound according to claim 1, wherein said compound is
selected from the group consisting of:
2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(3-flucrophenyl)carbamate,
2-Methyl-1-(carbonyl-Asp-CH,F)propyl N-(4-flucrophenyl)carbamate,
20 2-Methyl-1-(carbonyl-Asp-CH,F)propy! N-(3,4-difluorophenyl)carbamate,

2-Methyl-1-(carbonyl-Asp-CH,F)propy! N-(4-phenoxyphenyl)carbamate,
1-(Carbonyl-Asp-CH,F)propyl N-phenylcarbamate,
1-(Carbonyl-Asp-CH,F)butyl N-phenylcarbamate,
1-(Carbonyl-Asp-CH,F)-2-propenyl N-phenylcarbamate,

25 2-(4-Imidazolyl)-1-(carbonyl-Asp-CH,F)ethyl N-phenylcarbamate,
2-Phenyl-1-(carbonyl-Asp-CH,F)ethyl N-phenylcarbamate,
2-Methyl-1-(carbonyl-Asp-CH,F)butyl N-phenylcarbamate,
3-Methyl-1-(carbonyl-Asp-CH,F)butyl N-phenylcarbamate,
1-Phenyl-1-(carbonyl-Asp-CH,F)methyl N-phenylcarbamate,

30 1-(2-Chlorophenyl)-1-(carbonyl-Asp-CH,F)methyl N-phenylcarbamate,
1-(4-Chlorophenyl)-1-(carbonyl-Asp-CH,F)methyl N-phenylcarbamate,




15 treatnment or aneliorating an effective anmount of a conpound of claiml1.
23. Th@owhbed of claim?22, wherein said cell death is PETUSE2IS6ht ral or
peri pheral nervous system and is due to one of: (a) a condition of

i schem a and excitotoxicity selected fromthe group 20 consisting of focal
‘ischem a due to stroke and gl obal i sciémi a due to cardiac arrest: (b)

traumatic inj : ), viral jnfectiaqn: r adi ti nlnduced nerve cell
death; 25 (eﬁ@’%’ﬁ%@%‘m _F\%% Eﬁpﬁé}dﬂ)lga%g T‘Pﬁtﬁ the gro -
consi sting Oﬁ-C}ﬁtJ;réhﬁdZﬁ{ %@#Fe N Héﬂlba?bﬁawaﬁe ap ilt"ﬁ

mul tiple sclerosis, it ? i clat e}?al bscl erosis, and spin Ilmﬂfﬁﬂ”““,
at r ophy; (f)Z,Q;ﬁ-tnﬂuom}ﬂdcarhpn;dy%spe@H@;th&bNﬂélebﬂcarbmaﬂe meni ngi tis.
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24. The nethod of claim 22, wherein said cell death is in the central or
perigheral nervousgsyste aﬁﬂ&i htScafl Us ROR2RSIPAsiRE 4 Mdonoha@t éstle

repegts of the Hunti ng%‘oﬁhs Di geasag gene s 5 25. %h(sal éret hoddﬂce))f claim 22,

wher ei n sai dclaihll, alebd pharmackntically addepibbleghmier.s Di sease. 26. The net hod of
claim?22, wherein said cell death is in cardiac nuscle tissue, and is due

to nyocardial infarction, congestive heart failure, 10 cardionyopathy or
viral infection okythe é@!ﬂﬁ: said cell
death is in reti ngf néﬁgﬁgdé’% lgﬁg%ue !E&?l?lgiaegéslgg{?l%tafaoc ri%l&pressure
age-rel at ed powtadting said geliasratissae vath aetdffectives amognteof aseompdund8of The

met hod of claim22, wherein said cell death is in the imune system and
is df% to anclalne deficiency disorder selected from

22. A method of treating or ameliorating cell death in the central or
peripheral nervous system, retinal neurons, cardiac muscle or immune system
cells of an animal, comprising administering to the animal in need of such

15 treatment or ameliorating an effective amount of a compound of claim 1.

23.  The method of claim 22, wherein said cell death is in the
central or peripheral nervous system, and is due to one of:
(a) a condition of ischemia and excitotoxicity selected from the group

20 consisting of focal ischemia due to stroke and global ischemia due to cardiac
arrest;

(b) traumatic injury;
(c) viral infection;
(d) radiation-induced nerve cell death;

25 (e) a neurodegenerative disorder selected from the group consisting of
Alzheimer’s disease, Parkinson’s Disease, a prion disease, multiple sclerosis,
amyotrophic lateral sclerosis, and spinobulbar atrophy;

(f) spinal cord injury; or
(g) acute bacterial meningitis.
30



t he group consi sti ng of—acquitred—+frune defici ency syndrone, severe
conbi nedw'brm}ig%:,defi 1 nd radi ati on-i nducedPCTVIIESLISE50
suppr essi on. . Theﬂmmm’ﬁm gﬁw 22, wherein said cell death is due to
an autoi mune di sorder selectedsire@mthe group consisting of |upus

eryt hemat osus, rheumatoid arthritis and53ype | diabetes. 25 30. The nethod

of claim22, wherein said cell deafh is e o rype,l .diahetes. 31. A
method of treating ¢ prEdemethng Bglcif’é‘?s&j w ?rawegméi%‘f@aéﬁ 1342 BRal

anyl oi dosi s, " I i i | ar

epi theli al ce?%“&glaéﬁkﬁgrl%}%l ﬁ%@%sdg’ﬁ%gﬁ?ggé% E§° g’r é’g%g%n&g/o gr“y‘%drﬁéggg?lesi s in
an WO 01/ 16093repéats 61300 HRBGAGon"s Tidcadd gk 1111111111111 |1 101 * CL M S
animal, conprising adm nistering to the animal in need of such treatnent or
preventing an effective anount of a conpound of claiml1l. 32. A nethod of
prot .ecg' ng a manmal if.” O theod bf S 37 Whkkin satd (et dbafili® ble to
deprivation of nornd@l" bl 6od supply, conprirsing contacting sard organ or

ti ssue with anHghtiggén’yPiseageint of a conpound of claim 1. 33. The nethod of
claim 32, wherein said organ or tissue is present in a storage nmedium
prior to transplant into a manmal. 10 34. The nethod of claim 32, wherein
said tissue is enbryoni Cqy NI ly td e . . Ln32,
wherein said contacti'ng —g%enfl)j(rgl{h;%gsotfq%ﬁll %%’Sgl?%%m%?m;%%g%%{nﬁsgtﬁéﬂ%o t he
organ or tissugysdé tisilehand i9Hus & ehyoearaial Gfifarciofis bengestive Bdadtr aglareyredi um
whi ch conprises said conpound. 36. A nethod of reducing or preventing cell
deat h1Dn a doneardiomyapathy pr viral dnfectign ofithe heatas been transpl anted into a
host due to the effects of host 20 inmune cells, conprising adm nistering
to said host in need thereof an effective anmount of a conpound of claim 1.

27. The method of claim 22, wherein said cell death is in retinal

neurons and is due to increased intraocular pressure, age-related macular
degeneration or retinitis pigmentosa.

15
28. The method of claim 22, wherein said cell death is in the

immune system, and is due to an immune deficiency disorder selected from
the group consisting of acquired immune deficiency syndrome, severe
combined immune deficiency syndrome and radiation-induced immune

20 suppression.

29.  The method of claim 22, wherein said cell death is due to an
autoimmune disorder selected from the group consisting of lupus
erythematosus, rheumatoid arthritis and type I diabetes.

25
30. The method of claim 22, wherein said cell death is due to type 1

diabetes.
31. A method of treating or preventing polycystic kidney disease,

30 renal amyloidosis, acute renal failure, cyclosporine A induced murin tubular

epithelial cell death, HIV-induced nephropathy or anemia/erythropoiesis in an

il



37. A nethod of reducing -or preventing the death of mammal i[il’n m or
SRR

€ggs uswa 01/m609% vi f Lo ' pr ocedur es, corrprisiﬁﬁT ng 25
sai d sperm or egglmﬂmiﬁ“ Hmnnng amount of a compound of claim1. 38. A
met hod of extendi LI T €Span 0 av\%mml ian or yeast cell I|ine,

"conprising contacting said cell line With a compound of claim1. 30 39. The

nmet hod of cl gj 8 Lel i:d .G i | ' | aid
conmpound in Zahcmle%f c%r}‘l‘gﬁm ° %%@%%%5@%6%%3&%%30 /sgg@g}g%éﬁg of
FEEETTTEETTT Ipréventihg bh effedtive lainouhfofG dconpdtind @f claimdt hod of treating or
aneliorating hair loss or premature graying of the hair in a mamal,
conprising contacting the hair or hair follicles of the manmal in need
thereof with a co und | : . [ wher ei n
hair loss is trea{ge%c;, a%gegéﬁbfﬁéfercﬁééén%@ﬁ%%gﬁg?g-ggﬁlgt@elé%e%al dness,
radi a§ion, chiathi & @pdepaivatioiDof foralal bidodesipply] GoriprisiAg ehtactingfaid r eat i ng
or aneliorating skin damage of a mammal due to expasure to high | evels of
radi ati on, he@g%?rt@ﬁwg%FﬁéﬁﬁﬁrW“ﬂgOf%lWl}q%qfﬁlal“ﬁel-skin of the
manmal in need thereof with a conmpound of claim1. 15 43. The method of
claim42, wherein said conpound is applied as part of an ointnment. 44. The
nmet hod of clai m 4233 wheTlg) Methad @f slsirh 3d2wWR&RIn! s3idlorgar Br tisld iepreveit - exposur e
to the sun, and wherein said treating reduces blistering 20 and peeling of
t he skin. 45.inA steragromedifim pricaitd trgnaplant intd aoraammalg sepsis in an ani nal ,
corrpibsi ng adm nistering to the animal in need thereof an effective anount
of conpound of claim1. 25 46. A nethod of treating or aneliorating
hepatitis in an am4ral , The EMddS b Gl Fhérein Gaill Otidshie 1§ nBHori@ need
t hereof an effective anount of

nigral tissue.

ot

35. The method of claim 32, wherein said contacting comprises
15 infusion of said compound into the organ or tissue, or bathing of said organ or

tissue in a storage medium which comprises said compound.

36. A method of reducing or preventing cell death in a donor organ
or tissue after it has been transplanted into a host due to the effects of host
20 immune cells, comprising administering to said host in need thereof an

effective amount of a compound of claim 1.

37. A method of reducing or preventing the death of mammalian
sperm or eggs used in in vitro fertilization procedures, comprising contacting

25 said sperm or egg with an effective amount of a compound of claim 1.

38. A method of extending the lifespan of a mammalian or yeast

cell line, comprising contacting said cell line with a compound of claim 1.

30 39.  The method of claim 38, wherein said contacting comprises

including said compound in a cell growth medium.



a conmpound of claim1. WO 01/16093 | 111"l 121221 "~I0L C0ees 00 @il
PCT/ USOQ#¢0f8es &1L M S -56- 47. A nethod of treating or pemRiSI@23566 ng
heredltarytyrosm m a pe.1in an animl, conprising adm nistering to
the animal in needimlm ﬁ'ﬂmmr m tive anount of a compound of claim1. 5
48. A nethod of tr Etl-ﬁ@- chroni ¢ al cohol ingestion induced
buccal nucosa cell death tn "in fani *mal , conprising admnistering to the
animal in need thereof an effectl ve am)unt of a compound of claim1l. 49. A

met hod of treati ng, r nge e A ag@ll %lporb&ghgptlgsso& flegla gwers,

conpri sing adni ni st SN M nead t Rereor an

ef fective amgnyingf oﬂtlféOHﬂﬁliﬁCh edantrhal| rébﬁapn&ﬁg ddnkaeting dhethairr @ahairg or
aneliorating radiation or ultraviolet- irradiation induced cell death in an

ani mal , conpr fallicles efithe magmesl imgeadshernef witlsa sompeund of daimd -t her eof an
effec ive anount of a conpound of claiml1l. 51. A nethod of treating or

anel i orating apoptotic death of bone marrow cells in nyel odysplastic
syndrones (MDS), c@pri $hé cheBbd of it 40)0vhdréintHAR 188Y Wteated, RRESKIA her eof an
effective amount of a conpound of claim1l. 20 52. A nethod of treati ng or
amel i or ati ng hgiojssis dnede maleipattem baldness,radiatiem chemethetapy or emptional ng
admnistering to the animal in need thereof an effective anount of a
conmpound of cfU§%h 1. 25 53. A nethod of treati ng or preventing the
inflanmatory response in psoriasis or inflammatory bowel disease,
conprising admnistering to the animal in need thereof an effective anount
of alGonpound of cH2i mAmahodAfmmIgd:ramehmaang skin damageetfl mammag or gan

apoptosis aft burn 30 inju 0 mnisifering to the animal in
need t her eof g‘r‘F & FERAsKtFeto h‘ﬁéu‘ﬁi’éﬁp f}}?&t 8f ¢© T"Ewﬁgicmﬂﬁlﬂlﬁ 16093
PCT/ US00/ 2356%3&%%&%&&# e~mmﬂnkeh'1$1déélh'théﬂe§f WithS2 cofpBRid1@f Of
treating or a ating shall  bowe tissue injury
claim 1.
15 43.  The method of claim 42, wherein said compound is applied as
part of an ointment.

44.  The method of claim 42, wherein said skin damage is due to
acute over-exposure to the sun, and wherein said treating reduces blistering

20 and peeling of the skin.

45. A method of treating or ameliorating sepsis in an animal,
comprising administering to the animal in need thereof an effective amount of
a compound of claim 1.
25
46. A method of treating or ameliorating hepatitis in an animal,
comprising administering to the animal in need thereof an effective amount of

a compound of claim 1.



after intestinal ischem a-reperfusion, conprising admnistering to the
ani mal wg ¢i/16e3d t ive anount of a conpou®ETHISORRYOen 1. 5 56.
A nmet hod of treat ﬂmﬂrmnﬁglﬂﬂ!“ or preventing oral mucositis,

Mcosi tu S a

gastroi ntesti nal er mucositis, proctitis, bone marrow cell
"death, skin cell death or hair |oss re8ulti ng from chenot herapy or

radi ati on therapy,of cagncer, i,n an animal, c r.isi.n m ni stering to the
10 animal in need_‘”?‘ner fneg}?d.e?fggﬁfqgeoglmﬁgpaapgéwg LS ﬁgoglpexg}ag! m1l. 57.
‘The method Ofyiel1anBn S RimiN GRS hdinmiRHEE theaniBIh&leh&Eoft 4P cal |y or
orally. 15 58" The nethod of claim57, wherein said conpound is fornul ated
as part of aeffective\aasiunt offa ¢dmpaund af olaith 1. anel i orati on or prevention of
oral nmucositis. 59. The nethod of claim57, wherein said conpound is
formul ated 20 as part of a slow rel ease buccal |ozenge. 60. The nethod of
claim 57, wherei ngai d ACRRMRUIA theftifd biingliidting ShrBfifclalGhoRiruRRaS  tOr Y. 25
61. The nethod of claimb57, wherel ﬁ és)ai COWp(l)teﬁlﬁ iSchI’m(.l)| gt%gd as part of
a gel. 62. Theiuoed boctabucbsai cellSdeathvire are ianinsad cbnprigimg ) adimimsteraggioni st er ed

t hrough a bl adder, catheter for the treatnent, anelioration, or, 30
preventi on ofheanimaldn nsed thereof an effgstiye ameyokofia qompoup O@Flg}mlillll VI 1]
111 PCT/USO0/ 23566 C L MS -58- 63. The nethod of claim56, wherein said
conmpound is admnistered as part of an enena for the treatnent,
anelioration or pdgventA adethod of tregting! b ameliériting leell rdzathoth plantsl & M 56,
wherein said conpound is fornulated as an oral formulation which is

capa® e of c&avicHy comprigng adwinistedng fatheqlants oe flowersyingneed theseafam: |

anel i orati on 8L

%ggﬁ' I Qi tinal nucositis. 65. The net hod of
cl ai m 64, wher e?tiryesal t’:]gf;‘f ?%?‘%ﬁlglgto?h@&?mcosi tis

50. A method of treating or ameliorating radiation or ultraviolet-

irradiation induced cell death in an animal, comprising administering to the

15 animal in need thereof an effective amount of a compound of claim 1.

51. A method of treating or ameliorating apoptotic death of bone
marrow cells in myelodysplastic syndromes (MDS), comprising administering
to the animal in need thereof an effective amount of a compound of claim 1.
20
52. A method of treating or ameliorating apoptotic cell death in
acute pancreatitis, comprising administering to the animal in need thereof an

effective amount of a compound of claim 1.

25 53. A method of treating or preventing the inflammatory response
in psoriasis or inflammatory bowel disease, comprising administering to the

animal in need thereof an effective amount of a compound of claim 1.

54. A method of treating or ameliorating organ apoptosis after burn
30 injury, comprising administering to the animal in need thereof an effective

amount of a compound of claim 1.



10 i s esophageal nucositis, gastric nucositis, or intestinal nucositis. 66.
The met hag ohsd aﬁﬁﬁ—wg_mm conmpound i s adm ni SpCE/ESDON2YSE6. V.

i nj ection for t |ioration or prevention of bone narrow
cell death. 15 67 ﬂ:@ﬂlﬂ!’ i m56, wherein said conpound is
adm ni stered as par | cé#7-conposition conprising a

phar maceutical |y accept abl e carri er 20 68. The nethod of claimb56, wherein

said conpound is administered after chenotherapy or radiation therapy of

cancer 15210 A0 AR TRONRYof by B BB oS,

I's adm ni stered durihg erapy o) erapy o
25 animal . 70. aﬁIhmtémhhpﬂcﬁa‘nualr@dﬂﬁﬁﬁn, ebiepriding admthigterifotonthel himal

adm ni stered prior_ to chenotherapy or radiation therap?/ of cancer in said
ani mal . in need thereof an effective amount of a compound of claim

5
56. A method of treating, ameliorating or preventing oral

mucositis, gastrointestinal mucositis, bladder mucositis, proctitis, bone
marrow cell death, skin cell death or hair loss resulting from chemotherapy or
radiation therapy of cancer in an animal, comprising administering to the

10 animal in need thereof an effective amount of a compound of claim 1.

57. The method of claim 56, wherein said compound is

administered topically or orally.

15 58.  The method of claim 57, wherein said compound is formulated
as part of a mouthwash for the treatment, amelioration or prevention of oral

mucositis.

59.  The method of claim 57, wherein said compound is formulated

20 as part of a slow release buccal lozenge.

60. The method of claim 57, wherein said compound is formulated

as part of a suppository.

25 61.  The method of claim 57, wherein said compound is formulated

as part of a gel.

62. The method of claim 56, wherein said compound is
administered through a bladder catheter for the treatment, amelioration or

30 prevention of bladder mucositis.
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63. The method of claim 56, wherein said compound is
administered as part of an enema for the treatment, amelioration or prevention

of proctitis.

64.  The method of claim 56, wherein said compound is formulated
as an oral formulation which is capable of coating the gastrointestinal surfaces

for the treatment, amelioration or prevention of gastrointestinal mucositis.

65.  The method of claim 64, wherein said gastrointestinal mucositis

is esophageal mucositis, gastric mucositis, or intestinal mucositis.

66. The method of claim 56, wherein said compound is
administered by i.v. injection for the treatment, amelioration or prevention of

bone marrow cell death.

67. The method of claim 56, wherein said compound is
administered as part of a pharmaceutical composition comprising a

pharmaceutically acceptable carrier.

68. The method of claim 56, wherein said compound is

administered after chemotherapy or radiation therapy of cancer in said animal.

69. The method of claim 56, wherein said compound is
administered during chemotherapy or radiation therapy of cancer in said

animal.

70. The method of claim 56, wherein said compound is
administered prior to chemotherapy or radiation therapy of cancer in said

animal.



